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JucceprannoHHas padoTa BbINOJIHEHA B DeepalbHOM roCyJapCTBEHHOM OIOHKETHOM
yupexaeHnn Hayku DenepanbHblii HccienoBaTelbckuil 1eHTp "Kosibckuid HaydHbBIN
ueHtp Poccuiickoil akagemun Hayk".

Hay4Hblil pyKkoBoaMTE/Ib:

O¢uunanbHbie ONMOHEHTHI:

Beaymasi opranuzanms:

bassnoBa Tamapa bopucoBHa, JOKTOp TI€0JIOrO-
MHHEPAJIIOTUYECKUX HAayK, [€0onornyeckuii MHCTUTYT
Kosbckoro naydnoro unenrpa Poccuiickon akaaemun
Hayk (I'M KHI] PAH), rnaBHbIii HaydyHBIH COTPYIHHK,
3aBeAyromias  J1abopaTopuell  T'E€OXPOHOJOTUU U
M30TONMHOU reoxumun Ne29.

ApecroBa Haranmsi  AJleKCaHAPOBHAa,  JOKTOP
reoJIOr0-MUHEPATIOTUYECKUX HAYK, BEAYIIUNA HAay4HbBIN
COTpyIHHUK MHCTUTyTa T€0JOrMM W T'€OXPOHOJIOTHMHU
nokeMopust PAH (r. Cankr-IlerepOypr);

Hymkapés EBrenmii BiagumMupoBu4, KaHIWIaT
re0JIOr0O-MUHEPAIOTHYECKUX HAYK, H.0. 3aBEAYIOLIETO
nabopaTtopuei IIETPOJIOTUN MarMaTH4eCKuX
dbopmanuii, Beaymuid HaydyHbli coTpynHuk MHcTHTYTa
reojorni u reoxumun uMm. A.H. 3aBapuukoro
VYpanbckoro otaenenust PAH (r. EkarepunOypr).

denepanbHOE roCyapCTBEHHOE OroIKETHOE
yupexaenne Hayku denepanbHblid HCCIEA0BATEIbCKUI
uentp "Kapenbckuidi HayuHbli uUeHTp Poccuiickoi
akanemuu Hayk" (r. IleTpo3aBojick).

3amura cocroutcs 29 despans 2024 roma B 11:00 Ha 3acenmanuu AUCCEPTAIMOHHOTO
coBera 24.1.050.01 nmpu DenepanbHOM TOCYAAPCTBEHHOM OIOKETHOM YUYPEKICHUU
Hayku MWHcruryte reonmorum u MmuHepanoruu um. B.C. CoOoneBa Cubupckoro
otaenenus Pocculickoil akagemuu Hayk 1o azapecy: 630090, r. HoBocubupck, mpoct.

Axanemuka Kontrora, 1. 3.

C nuccepramueit MoxHO o3HakomuThess B OouOnmoreke UI'M CO PAH u Ha caiite
https://www.igm.nsc.ru/index.php/obrazov/dissovety.

OT3bIBBI HAMpaBISATh YYCHOMY CEKPETaplo AMCCEPTAIIMOHHOTO COBETa MO afpecy:
630090, r. HoBocubupck, npocn. Axkanemuka KonTrora, 1. 3, UT'M CO PAH.
dakc: +7 (383) 333-27-92. Dnexrponnas nouta: Kotlyarov@igm.nsc.ru

ABTtopedepart pazocnan «22» saBaps 2024 rona.

YdeHbIl ceKpeTapb AUCCEPTALMOHHOTO COBETA

24.1.050.01, x.r.-M.H

b1
; /A.B. KoTnspos
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mailto:kotlyarov@igm.nsc.ru
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OBILIAA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTh_HccaenoBanusg. DyHaaMeHTaIbHbIE TPOOJIEMbl METAJIOTCHUN
IOKeMOpHUsl — JpeBHEHMIIEro M OJHOTO M3 BAXKHEHIIMX 3TalloOB Pa3BUTHSA 3€MIH —
OCTAIOTCSl OJJHUMH U3 aKTyaJbHBIX BOIIPOCOB COBPEMEHHOW reosioruu. JlokemOpuiickue
CTPYKTYPBI SBJISIOTCS OCHOBHBIM PE3€PBYapOM MHOTHX TOJIE3HBIX HCKomaeMbx: Cu-Ni-
Co, Cr-Ti-V u Pt-Pd opyncHeHre B pacCIOCHHBIX WHTPY3HSX, 30JOTOPYIHAS
MUHEpaIn3alus B JOKEMOPUICKUX 30HaX CABUTOBBIX Jeopmaiuil 1 peaKoMeTalIbHas
Li-Nb-Ta munepanuzanus, cBsI3aHHAsE C HCOAPXCUCKUMH TIETMaTUTAMH.

[TaneonpoTepo3oiickue 6a3uT-runepoa3zuToBbic MacCuBbl PEHHOCKAHUHABCKOTO
MIMTa HA TMPOTSHKEHUM MHOTHMX JIET CUMTAIOTCS MEPCHEKTUBHBIMU Ha OOHapykKeHUE
omaropoguoii  OIII' m  Cu-Ni  wmunepanmusanuu  (MenHo-HHKENIEBBIC..., 1985;
MurpodanoB u ap., 1994, 2005, 2013; Hoxun u ap., 2000, 2001; I'poxoBckas u ap.,
2003, 2012; Paccmoennbie WHTpY3HH..., 2004a, 20046; Alapieti et al., 1989, 1990;
Halkoaho et al., 1989, 1990; Schissel et al., 2002; Iljina, Hanski, 2005; Maier, 2015;
lljina et al.,, 2015; Maier, Hanski, 2017; Mitrofanov et al., 2019 u nap.). Dromy
MOCHYKWJIA  OTKPBITHSI ~ MecTOopoxkaeHut B @DenopoBo-IlanckomM  maccuBe U
pyaonposiBiicHMM B mpenenax MonuerytoHa, ropel ['eHepanbckoin B Kombckom
perunone; OJIaHICKOW TPyNIIBI MHTPY3ul, bypakoBckoro maccusa B Kapemuu; m psne
MaccuBoB B @uuisanauu ([loptumo, Ilenukar, Kemu wu gp.). dopmupoBanue
MIEPEUYUCIICHHBIX BBIIIE MACCMBOB CBSI3aHO C MOIIHBIM HMMITYJIbCOM MarmMaTu3ma,
CBSI3aHHOTO C MOJIbEMOM B Hayajie MaJeoNnpOoTEPO30s1 KPYIMHOIO MAHTUHHOTO ILUIIOMa, U
Ha 9TOM OCHOBAaHUU OHU OBUIM OOBEIMHEHBI B OOIIMPHYIO U3BEPKEHHYIO MPOBUHITUIO
(Sharkov et al., 1999) wumu Bocrouno-CKaHIUHABCKYIO OOIIUPHYI 0a3MTOBYIO
u3Bep)KeHHYI0 npoBuHIKIO (Bayanova et al., 2009; Mutpocdanos u ap., 2013). Oanako
OCTaeTCsl OTKPBITBIM BOMPOC O XapakTepe UCTOYHUKOB 0a3UTOBBIX MarMm. Hecmotpst Ha
TO, 4YTO B OOIIEM TEOJOTMYECKOM pa3pe3e MNalleonpoTepo3oickue  Oa3uT-
runepOa3uTOBbIE MHTPY3UMM CXOXH M MPEACTaBISAIOT coOoi auddepeHIrnpoBaHHYIO
CepHIO MOpOoJ, UcciieqoBaHusl MaccuBa MoHueTyHApa (MoOHYEropckuil pyaIHbIi paioH,
CeBEpO-BOCTOYHAsT 4acTh MEHHOCKAHIMHABCKOTO MIUTA) OTPA3WId BEIIECCTBCHHYIO
HEOJHOPOJIHOCTh 0a3UTOB U 00pa30BaHUE UX B Pa3HOE BPEMs, YTO CBHUJIETEILCTBYET O
Oosiee cioxkHoM mporecce (popmupoBanuu maccuBa (Heposuu u ap., 2009, 2014;
bopucenko u ap., 2015; Kynakky3sun u ap., 2015; Hamwmna u ap., 2017, 2018, 2020;
Kunakkuzin et al., 2020). HoBble KOMILIEKCHBIE T'€OXPOHOJOTHUECKAE M H30TOITHO-
reoxumuueckue wuccnenoanus (U-Pb, Sm-Nd, Rb-Sr cucremartuku, cogepxanue u
pacrpeneneHrue peIKo3eMeNIbHbIX 3JIEMEHTOB U 3JIEMEHTOB IIJIATUHOBOW TPYMIIBI) TOPOJT
MaccuBa  MOHYETYHJIpa  TO3BOJSIOT  BBISIBUTH ~ MPUYMHBI  T€OXMMHUYECKOUN
HEOJHOPOTHOCTHU MOPOJI U UX CBA3b C MAHTHUITHBIMU UCTOYHUKAMMU.

Heau u 3ampaum_ucciaenoBanus. OCHOBHOU IENIBIO JUCCEPTAIMOHHON PabOTHI
ABJISUIOCH M3YYEHHE KOMIUIEKCOM TMETPOJIOTUYECKUX M M30TOMHO-TEOXUMUYECKUX
METO/IOB XapakTepa B3aUMOOTHOIICHUI MEXAy TNIaBHBIMH Pa3sHOBUAHOCTAMH MOPOJ, a
TaKKe BKJIQJa Pa3IMYHBIX HCTOYHMKOB POJOHAYAIBHBIX MarmM mpu (OpMHUPOBaAHUU
MaccuBa MoOHUYETYH/IpA.

s oCTHKEHUS TOCTABICHHOM LIEJIM PEIIAIUCh CIEAYIOINE 3A0auu’

1. U3YYEHHUE TIEOJIOTUYECKOTO CTPOEHHS HOro-BOCTOYHOW YacTU MacCHBa IO
JAHHBIM MOJIEBBIX PA0OT U KepHA CKBAXKUH,;
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2. KOMIUIEKCHasi meTporpaduueckas W TEOXMMHUYECKas XapaKTepUCTHUKa
MOpPOJl, CPABHUTENBHBI AaHAIM3 COCTABOB IMOPOJ M XapaKTepa paclpeAciieHHus B HUX
PEAKHX M PACCESTHHBIX DJJIEMEHTOB. BBIsBIEHHME OONIMX T'€OXMMHUYECKHX YEepT H
pa3IMYMil MEXy pa3HOBO3PACTHBIMU PYIIIIAMHU [TOPO/;

3.  YCTaHOBJICHHE BO3pacTa TPAXUTOUTHBIX M MACCHUBHBIX T'aOOPOHOPUTOB
BepxHel 30HBI m3oTomHBIM U-Pb MeTomom m xapakrepa B3aMMOOTHOIICHWA MEXIY
HUMU;

4. ompejieNieHue Bo3pacTa MeTaMophUYecKHMX TpeoOpa3oBaHUl  MOPOJ
n3otonHbiM SM-Nd meroomMm;

5. uzydenne SM-Nd u Rb-Sr u30TOIMHBIX CHCTEM B MOpOJaxX M ONpEAcicHHE
MX U30TOITHO-TEOXUMHUYIECKUX MTapaMeTpOB;

6. MCCIICJIOBAaHHUE PACTIpeACIICHUS JIEMEHTOB TUIATHHOBOW TPYMIBI B TIOPOJIaX
1 UX CBS3b C BEIICCTBCHHBIMU XapaKTEPUCTHKAMU;

7. WHTEPIpPETANs] COBOKYITHOCTH TOJYYCHHBIX MAHHBIX IS OINpPEAeTICHUs

BKJIaJIa pa3IUYHBIX UICTOYHUKOB POJOHAYAIBHBIX MarM B (GOPMUPOBAHUM MACCHBA.

O0beKT MccaenoBaHus. /71 TOCTHKEHUS MMOCTAaBICHHBIX IIENICH M 3amad ObLIN
M3Y4YEHBl MOPOJBI, CJAralmllhe Iro-BOCTOYHYIO 4acTh MaccuBa MOHYETyHIpa Ha
COBPEMEHHOM JPO3MOHHOM Cpe3€, a TaKKe IMOpOJbl HIKHUX 4YacTed paspe3a H3
ckBakuHbl MT-70 Pt-Pd mecTopoxaeHust JIOWTHAIITHIOH.

dakTHyecknii MmaTepuaJ. /{ucceprainronnas paboTa OCHOBaHa Ha (haKTHUYECKOM
Marepuaie, COOpaHHOM aBTOPOM BO BpeMs MOJIEBBIX padOT Ha 00BEKTE UCCIIECIOBAHUN B
nepuon ¢ 2011 mo 2018 roma, Ha wMaTepuaniax NPEIIIECTBYIONIUX TMOJEBBIX
uccnenoBannii cotpyaHukoB I'eonornueckoro nacturyra KHI[ PAH B nepuoa ¢ 2005
o 2008 rosia 1 Ha TaHHBIX U3 JTUTEPATYPHBIX UCTOYHUKOB (PaccioeHHble UHTPY3UH. . .,
2004a, 20046; basuosa, 2004, 2006, 2010; Hepouu u ap., 2009, 2014; Yamwma u ap.,
2020; Bayanova et al., 2009, 2014, 2019; Pripachkin et al., 2016; u np.). ['eonoruueckuii
Marepuan u3 ckBaxkuHbl MT-70 0wl mo0e3Ho npenoctaBieH 3A0O «Tepckas ropHas
KOMITaHUS», T. MOHYETOpCK.

[lerporpapuyeckoe wuzyuenne Oonee 100 numMdoB nNOpoA MNPOBOAUIOCH C
MOMOIIBIO TOJIIPU3AIIMOHHBIX MUKpockommoB Axioplan 2 ¢ ¢gortonpucraskoit Carl Zeiss
u Jlabollon Bap.3. CunukatHele aHanu3bl /3 TPoO TOPOJ BHITIOJHEHBI B XHMHKO-
aHanuTH4eckou nadoparopuu ['eonornueckoro nucTutyTa KoabCckoro Hay4yHoro eHTpa
PAH (I'M KHII PAH, r. Amnarutel). OnpeneneHus coAepXaHUS PEAKUX U
pPEeAKO3eMEeNbHBIX 3JIeMEHTOB (53 mpoObI MOPo 1) TPOBOAMINCH B IHCTUTYTE T€OJIOTUH U
reoxuMuu uMeHu akagemuka A.H. 3aBapuiikoro Ypanbckoro otaencaus PAH (UI'T
YpO PAH, r. ExkarepunOypr) u HMHcTUTyTE reojoruu u muHepagoruu umenu B.C.
Coo6oneBa Cubupckoro otaencaus PAH (MI'M CO PAH, r. HoBocuOupck) metomaom
MacC-CIICKTPOMETPHUHM C HHAYKTHBHO-CBs3aHHOW miasmoi (ICP-MS). Omnpenenenue
KOHIICHTpAIIUH 3JICMCHTOB ITUIATHHOBOM TPYIIIBI B MOpoaax MaccuBa MonueTyHpa (34
aHaJM3a TOPOJ) MPOBOAMIIOCH B IICHTpalIbHOU JabopaTopun Beepoccuiickoro Hay4qHO-
uccienoBatenbckoro uHctutyra umenu A.Il. Kapnunckoro (BCETEU, r. Cankr-
[TerepOypr) metomom ICP-MS. JlatupoBanue ropasix mopoa u murepaios U-Pb u Sm-
Nd meTomom, onpeneseHue uzoronHoro coctaBa Nd, Sr u konmenrpanuii Sm, Nd, Rb u
Sr (6onee 140 uzmepeHuit) MpOBOIUIUCH B TJa0OOPATOPUU T€OXPOHOJOTMH M U30TOIMHOM
reoxumun Ne29 'l KHI] PAH na tBepaodasubix Macc-cekrpomerpax Finnigan MAT
262 (RPQ) u MI-1201T.
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[Toctpoerre SM-Nd U30XpoH MPOBOIMIIOCH ¢ TOMOIIKIO porpammbl 1soplot 4.15
(Ludwig, 2012), moctpoenue reoxumuueckux auarpamm (TAS, AFM, REE, u T.1.) — ¢
nomomnipio nporpamm GCDKIit 6.0 (Janousek et al., 2006) u AFC-Modeler (Keskin,
2013). OOpabotka TrpaduUecKMX H300paKCHWH MPOBOIWIACH B  IPOTpaMMe
CorelDRAW X4.

HccnenoBanus nposeneHsl B paMkax TeM HUP u Boimonnens! B Jlabopatopuu
reoxpoHosiorun U u3zoronHoil reoxumuu Ne29 I'M KHI[ PAH u npu wactuuHoi
dbunancoBoit mojnepxkke rpaHToB PODOU 18-05-70082 «Pecypcwhl ApkTtuxmy», 18-35-
00152 mon_a, PH® 21-17-00161 u 22-17-20002.

JInuHbIii _BKJIAJ aBTOpa JAHMCCEpPTAllMM 3aKIIOYaJICS B YYacTUU B IOJIEBBIX
paboTax, orbope mpobd, MX KaMmepalbHOW 00paboTKe; meTporpad@uueckoM H3yUYCHUH
[JIaBHBIX Pa3HOBUIHOCTEH MOPOJI; MOATOTOBKE MPOO I NadbHEHIINX IeOXUMHYECKUX
Y M30TOITHBIX UCCIICAOBAHUI; YIaCTHUH B MPOBEICHUH YacTh n30TomHbx SM-Nd u Rb-Sr
U3MEpPCHH, 00pabOTKEe M MHTEPIPETAINH TOJYICHHBIX TCOXUMHUYECKUX M HU30TOIMHBIX
JTaHHBIX.

OcHOBHBIE 3aIMIIIaeMble M0JI0KEHUS

1. CornacHO T€OJOTHYECKHMM B3aWMOOTHOIIEHUSM U TE€OXPOHOJOTHYECKUM
JAHHBIM TIOPOJIBI BEpXHEH 30HBI MacchBa MOHYETYHZpa ObLIM COPMUPOBAHBI B TPHU
srama: 2.50, 2.48-2.47 u 2.45 mapn ner. K mepBomy sTamy OTHOCHTCS OOpa3oBaHHE
TPAXUTOUJHBIX TaOOPOHOPUTOB CYOCHMHXPOHHO C MOPOJAMH HUXKHEH 30HBI, a JABYM
MOCJIEAYIOIUM - MAacCUBHBIX T'aOOpOHOPUTOB U rabOpO-NErMaTuTOB COOTBETCTBEHHO.
Bo3zpacTt meramopduueckux npeoOpazoBaHUil MOPO COCTABISIET OKOJIO 2 MIIPA JIET.

2. ["apuOypruThl, HOPUTHI U MUPOKCEHUTHI HUKHEN U TAOOPOHOPUTHI BEpXHEH
30H MaccuBa MoHUETYH/Ipa UMeNH OJIM3KHE 0 COCTaBY POJOHAYAIbHBIE PACIIABBI, YTO
oTpaskaeTcs B cxoacTBe peakodaemeHTHoro u Nd-Sr mzoromHoro cocrasa (eNd(T) ot
+2.9 gm0 4.1 u ISr(T) or 0.702 nmo 0.704). T'eoxuMmuueckHe ¥ H30TOIHBIC
XapaKTePUCTHKH TOPOJA CBUICTENBCTBYIOT O HE3HAYUTEIBHOW POJM  KOPOBOM
KOHTaMHWHAIINH B X TCHE3HUCE.

3. HNcxonguple pacruiaBel Ui MOPOJ HUKHEM M BEPXHEM 30H MaccHBa
MonuetyHapa ObUTM CPOPMHUPOBAHBI MPU IUIABJIEHUU ACTUIETUPOBAHHOTO (ILJTFOMOBOIO)
U TeOXMMHYECKH oOorameHHoro (IMTocepHOl MaHTHH) HCTOYHUKOB, O 4YeM
ceunerenbcTBYOT obOoramenne LREE, Nb-Ta wunumym, mnosimieHHsie  Th/Nb
otHomeHust U Bapuaruu eNd(T) OT MOJIOKUTENBHBIX 10 OTPUIATETHHBIX.

HayuyHasi HOBM3HA M _NPAKTU4YeCKas 3HAYHMMOCTL. BriepBeie mpoBeneHO
KOMIUIEKCHOE MeTporpauueckoe, NeTpo-reOXuMUIYEeCcKoe, N30TOMHO-TEOXUMUUYECKOE U
re€OXpOHOJIOTHYECKOE H3yYeHUEe IMOpoJ MaccuBa MOHUYETYHApa U COIOCTaBIICHUE
MOJIyYEHHBIX JaHHBIX IO BCEMY pa3pe3y €ero Iro-BocTouHoil wacTtu. OmnpeneieHbl
B3aMMOOTHOIIICHUSI U BO3PACT MOPOJ BEPXHEH 30HBI, U BO3PACT UX METaMOP(PHUUIECKUX
npeoOpazoBanuii. [lomydeHbl HOBBIE NPEACTABUTENbHBIC JaHHBIE 1O H30TOIMTHOMY
coctaBy Nd (35 npo6) u Sr (24 mpoObl) s MOPOA MAcCHBa, KOTOPHIC IMO3BOJIHIN
YCTaHOBUTH XapaKTEPUCTUKH MAaHTHHHOTO MCTOYHUKA W €r0 U3MCHCHHUS BO BPEMCHH, a
Tak)Ke OIpeNeNieH BKJIAJ KOPOBOM KOHTAMHHAIIMHU TpU (HOPMUPOBAHMU DPATUIHBIX
rpynn  nopoj. [lonydyeHHble Hay4dHbIE€ pe3yJabTaThl MOTYT CIYXHTh H30TOIHO-
F€OXMMUYECKUM KpUTEpUEM YCIOBHM U ocoOeHHocTed ¢dopMmupoBaHus Oa3uT-
runepOa3uTOBbIX MACCHUBOB JJI OLIEHKH TMEPCHEKTUB HUX PYIJOHOCHOCTH U OBITh
MCIIOJIb30BaHbI MPU METAJUIOT€HUYECKOM aHaJIN3€ PETHOHA.
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CTpykTYypa M _00BbeM auccepranmu. PaboTa coCcTOMT W3 BBeIeHUs, /7 TIJIaB,
3aKJIIOUEHUs, CIUCKAa JUTepaTypel W npuioxeHuil. O0vem paboTsl coctaBisier 175
CTpaHull, BKIro4ass 53 pucynka, 14 tabmun m 3 npuioxkeHus. COUCOK JHUTEpaTypbl
COCTOUT U3 217 HaMMEHOBaHUM.

AnpobGaums. Pe3ynabTaTel HccaeAOBaHUN MpeACcTaBieHbl B 24 MyOJMKaluUsaxX, W3
KOTOpBIX 4 cTaThM OMyOJIMKOBaHBI B JKypHajaX, pekomeHaoBaHHeIx BAK.
[IpomexxyTouHble pe3ylnbTaThl ObUIM TpeactaBieHbl Ha 20 BCEPOCCUNMCKUX H
MEXAYHAPOIHBIX KOH(PEPECHITUSX.

baarogapHocTu. ABTOp BbIpakaeT 0coOyr0 OJaroJapHOCTh U MPU3HATEIHLHOCTD
CBOEMY HAy4YHOMY pyKoBoAWTENIO — 1.r.-M.H. T.b. basHOBOW 3a pPyKOBOJICTBO U
NOJJCPKKY IPY HANMMCAHUM JHUCccepTalvu U akaaemuky PAH ‘CD.H. MHTpO(baHOBy{ 3a
MMOCTAaHOBKY HAYYHOU MPOOIEMBI.

HckpeHHIol0 0aromapHocTh aBTOp BbIpaxkaer K.r.-mM.H. JL.U. HepoBuu 3a
MIPOBEICHHE TMOJIEBBIX PadOT, MPEIOCTABICHUE HAYYHBIX MATEPUAJIOB, KOHCYJIbTAlUU U
LIEHHbIE COBETHI; A.T.-M.H. T.B. KaynuHoiu 3a KOHCyIbTalluK, III0JOTBOPHBIE JUCKYCCHHU
U MOJJEPKKY Ha BcexX 3Tamax paldoTel; A.r.-M.H. B.B. bamaranckomy, k.r.-m.H. T.B.
Pynnksucr, k.r.-m.H. A.B. MOKpymuHY — 3a KOHCYJIbTalMM M KOHCTPYKTHBHBIE
3aMeyaHus NMpU 00CYKJIEHUU PYKONMUCHU U MOTHBAIMIO. OTIAENbHYIO NMPU3HATEIBHOCTh
3a 00CYKJE€HHE pe3yJIbTaTOB U IICHHBbIE 3aMEYaHMs aBTOp BbIpaxkaeT A.r.-M.H. O.M.
Typxkunoit u a.r.-m.H. A.D. U3oxy (UM CO PAH). ABtop OmaromapeH BceM
COTpYJIHUKAM J1abOpaTOpHH TeOXPOHOJOTHHU W m30TOomHOM reoxumuu Ne29 I'l KHII
PAH 3a mnomMomp B IPOBEACHHM AaHAJUTHYECKUX M MACC-CIIEKTPOMETPUYECKUX
HCCIIEIOBAaHMUM, a Takke 3a BcecTopoHHIo0 mnoaaepxky: C.H. [IsaxoBy, B.b.
MaptsinoBy, O.I'. IllepcrennukoBoii, .M. Hlepctoburtosoii, H.B. JleBkoBuu, E.A.
Amnanacesnu, k.T.H. [[.B. EmmzapoBy, k.r.-m.H. II.A. CepoBy u k.r.-m.H. H.M.
Kynpsimosy.

Astop npusHateneH 3A0 «Tepckas ropuas kommnanusi» u M.C. Jlroneko (PI'BY
«BUMC») 3a npenocTaBiieHHEe KAMEHHOTO MaTepuaia JJisi HAyYHbIX MCCIeI0BaHuM. 3a
MOMOIIb TIPH BBIMOJHEHUH AHAIMTUYECKUX HCCIeI0OBaHui aBTop Omaromapen JI.U.
Koncrantunosoit (I'M KHI] PAH), U.B. Hukonaesoit (UI'M CO PAH), B.A. [llunosgy,
B.JI. Kynpsmosy (BCEI'EN), a takxe JI.W. Kosans (I'M KHII PAH) 3a npoBenenue u
OpraHM3alfio MPOOOMOATOTOBUTEIBHBIX PAOOT. 32 BCECTOPOHHIOW MOJIECPKKY MpH
Hancanuu auccepranuu aBtop Omarogapen E.C. bopucenko, E.H. Cremenko, A.B.
I'ynxoBy u A.H. 1BaHOBY.

COIAEPKAHUE PABOTDI

Bo BBegeHnu 000CHOBBIBAIOTCS aKTYalbHOCTb, LI€JIM U 337a4M ucciaegoBanus. B
NepBOM IJIaBe IIPUBEICHA KPATKasl XapaKTEPUCTUKA F€OJIOTHYECKOTO CTPOEHUS CEBEPO-
BOCTOYHOM  4yacTh  DEHHOCKAaHAMHABCKOIO  IIMTa, a  TaKXe  II0JI0KEHUE
MaJeoNnpOTEPO30MCKUX Oa3UTOBBIX MHTPY3UH U CBSI3b C HUMH OJIArOpOJHOMETAIIILHOM
MHUHEpAIN3alUA. BO BTOPOHM IJiaBe IIEPEYMCIICHBI METOJbI, HMCIIOJIb30BAHHBIE IIPU
r€0JIOTHYECKOM, METPO-TEOXUMUYECKOM U HM30TOIHO-TE€OXUMUYECKOM H3YYEHHUH TOPOL
MaccuBa MoHueTyHapa. Tperbsl IjlaBa IIOCBSIIEHA MCTOPUM M3Yy4YEHUS U TE€OJIOTMH
OOBEKTa UCCIEIOBAaHM, W BKJIIOYAET pPE3yJbTaThl T'€OJOTO-NMEeTPOrpaduyecKoro
M3YYEHUS TOpPOJ IOr0-BOCTOUYHOM YacTH MaccuBa. B ueTBepTol IJjaBe MOIpOOHO
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ONMCAHBl IETPO-TEOXUMHUYECKNE XAPAKTEPUCTUKHU TJIABHBIX PA3HOBUIHOCTEN IOPOX
maccuBa (IIpuno:kenue 1). B maATOl riaBe mpencTaBieHbl Pe3ybTaThl W30TOITHO-
reoxumuueckux Nd-Sr wmcciieoBaHuil TIaBHBIX PA3HOBUAHOCTEH IOPOJ MAacCUBa
(IMpuaoxenue 2). B miecToii riaBe paccMaTPUBAIOTCS XapaKTepPhl paCIpPEICICHUS
AJIEMEHTOB IUIATUHOBOM TI'PYINBI B MOPOJAX KAaK OJHU M3 T€OXMMHUYECKUX ITAPAMETPOB
(IMpuaoxenue 3). CpaBHEHNE JaHHBIX XaPAKTEPUCTHK C YK€ PACCMOTPEHHBIMH TIETPO-
F€OXMMUYECKUMHU M H30TOIHO-TEOXMMHUYECKMMHU IapaMeTpaMu. B ceabMoil riase
IPEICTABICHbl OCHOBHBIE PE3YyJbTaThl KOMIUIEKCHBIX HAay4HBIX MWCCICJOBAaHUN U
IPUBEJICHA OLIEHKA BKJIaJa pa3IMYHbIX HCTOUHUKOB IIPU (POPMHUPOBAHUU MacCHUBA.

I'eosioruyeckoe cTpoeHue Oro-BOCTOYHOM YacTH MaccuBa MoHYeTyHapA.

MaccuB  MoHueTyHpa  pacnoyiiaraercsi B~ CEBEpO-BOCTOYHOM  YacTH
DEeHHOCKAaHAMHABCKOTO [IUTa M OTHOCHUTCA K MOHYEropcKoMy KOMILIEKCY
PAHHEMPOTEPO3OMCKUX  PACCIOEHHBIX  HMHTPY3MBOB  BocTtouHOo-CKaHIWHABCKOU
0a3uToBOI O0OmIMpPHON M3BepkeHHOU npoBuHUMU (Iapkos, 2006; Mutpodanos u ap.,
2013; Sharkov et al., 1999). B cocraBe KOMILIEKCa BBIACISAIOT JIBa KPYITHBIX HHTPY3HBa:
MOHUYEropckuii HUKEIEHOCHBIM TrurepoasuT-0a3uToBblii MIyToH (MOHYEIUIyTOH) U
MaccuB Yyna-Monue-Bonbubnx-JloceBbix-Mensexbux TyHap (I'maBHOoro xpeOta),
KOTOPBIM SIBISICTCSI MPEUMYILIECTBEHHO 0a3uTOBBIM. MaccuB MoOHUETyHJIpa SIBISETCS
IOT0-BOCTOYHOM YacThi0 MaccuBa [JaBHOro xpeOTa W otaeneH oT MoOHYerTyToHa
KpYIHBIM MOHUYETYHAPOBCKUM DPa3jiOMOM M MOIIHOW 30HOM OJacTOKaTakjIa3uTOB U
0JIaCTOMUJIOHUTOB 10 Tab0po (MerarabOpo) ¢ rpaHaT-ampuOOIOBBIM MapareHe3UCOM,
OOHa)KEHHBIX Ha TIIOBEPXHOCTH B IOTO-BOCTOYHOM YACTH M BCKPBITHIX TITyOOKOH
CTpYKTypHOU ckBaxxuHoil M-1 Ha riyoune 1030-2038 m (Paccmoennwie unTpy3um...,
2004a; IlapxoB u np., 2006, Puc. 1). Bospact 3anoxeHus MOHYETYHIPOBCKOTO
paznoma wusMepeH B 2.0-1.9 mupa neT M CBA3aH C TEKTOHUYECKOW AKTHBU3ALMEHN
pernona Bo Bpemsi CBekodenckoro oporena (Illapkos u ap., 2006).

HecMoTpst Ha TO, UTO MacCUB CJIOKEH MPEUMYILIECTBEHHO 0a3UTOBBIMU MTOPOJAMH,
OoJiee NeTaJbHOE M3YyYEHHE YCTAHOBWJIO HAJIMYME BapHalMil MOpPOJ B pa3pe3e U UX
B3aUMOOTHOUIEHMUS, OCJIO)KHCHHBIC HaJI0’)KEHHBIMHU TEKTOHUYECKUMH u
MeTaMoppUYeCKUMHU TpoleccamMu. B HacTosimieil paboTe Ha OCHOBaHUM NMPOBEIAEHHBIX
reoJIoro-neTporpapuueckux uccaeaoBaHui OPO B MACCUBE BIACIIAETCS:

- HIDKHSASA 30HA, KOTOpas M3y4eHa 1o MaHHbIM ckBakuHbI MT-70, mpeacraBienas
4epelOBaHUEM  OPTOMHPOKCEHHUTOB,  IUIATMOOPTONHPOKCEHUTOB,  HOPUTOB M
rapuOyprutoB. B  10ro-BOCTOYHOW dYacTM MaccuBa C JIaHHBIMH  TOPOJIaMU
accouuupoBano Mecropoxkaenue DI — Jlownumuron. M3oromusie U-Pb Bo3pacra
dbopMHUpOBaHUS ~ TIOPOJ, HIKHEM  30HBI, TMOJY4YEHHBIE 1O  I[UPKOHY, A
OPTONMUPOKCEHUTOB COCTABIAIOT 2496.3+2.7 MiH jet, ajsa HopuToB - 2500+£2 MIH JIeT
(Hamms u gp., 2020) u ans miaaruonupokceHuToB - 2502.3+5.9 man ner (Bayanova et
al., 2009), xoTopble OJU3KH B MpeeiaX OIIHOOK.

- BEpPXHssl 30Ha, IPE/ICTaBIICHHAs Ha THEBHOM MOBEPXHOCTH, 110 COCTABY SIBIISIETCA
NpEeUMYIIECTBeHHO 0Oa3utoBol. Ha ocHoBaHMM wuHTeprperanuu u3otonmHbix U-Pb
JAHHBIX [0 UUPKOHY M OanjeneuTy B Tpeaesiax 30Hbl YCTaHABJIMBAIOTCSA JIBE
Pa3HOBO3pACTHBIE TPYMIBI MOPOJ: TPAXUTOUAHBIE raOOpOoHOPUTHI Bo3pacTa 2505-2501
viH Jet (Paccmoennble HHTpYy3uH..., 2004a) u MacCHBHBbIC JICHKOTaOOPOHOPHUTHI
Bo3pacta 2476-2471 mmu ner (HepoBmu m np., 2009; basnoBa m ap., 2010). Ilo
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nepudepuu 30HbI paclipocTpaHeHbl MeTaradopo Bo3pacrta 2521-2516 mun netr (Hepouu
u np., 2009, 2014; basrosa u ap., 2010). KonTakT rabOpoHOPUTOB ¢ MeTarabopo He
YCTaHOBJICH, YTO OOYyClIaBIMBaeT UX MPUHAAICKHOCTh K paHHEW rabOpoBoil cepuw,
BEPOSATHO HE OTHOCSIICICS K MacCUBY.

N (6)
NS :
\><:::‘ 250128 :
. XUNUKHIOHYOPP Y 01t ®
A '.:d‘ ﬂ( s x
a /NG 2 %
7 NP ¥ 2504.4£2.7 &
\\ / N O\ 9\.2507.547.7 2

\ / \N %6

“‘ \ // \_ \\ Xo .
y . NA\}  “Cke. MT-70 e
N/ R\ *
YN 33‘\\0 R\ | L
a

.

‘\J’ Momen:n-mp 247149 \ b
. \ 3&0 :

200

<« | 3¢2505:8 o | Lol

@ ]
o\ /
') \\ ,I 300+

0 1000 m \
N .

G
(o}
///
o
@/ y
oz
e
2B
\E\\N
* i =
N o
o
(2]
H
N
N 0|1
HuxHasa 30Ha

.

340 m_]

C1+1 (2 E3 B4 E]15 Ele 27 BB [Oo
o 11 12 113 N1 [PRl15 16 o 17

Pucynok 1. Cxemaruueckoe crpoeHne Monueropckoro pyaHoro paiona (a) mo (Paccrmoennbie
UHTpY3UH..., 2004a; Yamun u ap., 2015), roro-BocrouHoit uyactu MaccuBa MonueryHapa (0) ¢
m3MeHeHusMu U jpononHeHusmMu 1o (bopucenko u ap., 2015) u paszpe3 ckBaxunsl MT-70 (B) ¢
u3Mmenenusmu 1o (Jlrompko, 2009). YcioBHble o0o3HaueHus: Ha cxeme (a) ykazansl: MT — maccuB
Mounuetrynapa; MII — maccuB Monuerunyton; YT — maccuB Uynarynnapa; O — OCTpOBCKUI MaccuB;
MIIB — maccuB Monvenonyoctpos; Sl — maccus SpBa-Bapaka; IIK — apxelickue nopozs! LlenTpansHo-
Konmeckoro ©Omoka; WB — Wwmanapa-Bapsyrckas pudtorennas crpykrypa; TA — Tepcko-
AnnapedeHCKHU 3eIeHOKaMEHHBIN Mosic. Y CloBHbIE 0003HaueHus K cxeme (0) M pa3pe3y CKBaKMHbI
MT-70 (B): 1 — meTarab6po; 2 — TpaxuTOHAHbIE TAOOPOHOPUTHI; 3 — MacCUBHbIE TAOOPOHOPUTHI; 4 —
TOPU30OHT YEPEJOBaHUS MACCHUBHBIX TaOOpOHOPUTOB U  OJMBHHOBBIX TaOOpPOHOPUTOB; S5 —
PaccliOEHHOCTh B TPAaXUTOMAHBIX TabOpoHOpHTax; 6 — aMduOOIM3UpPOBAHHBIE TPAXUTOUIHBIE
rabOpOHOPUTHI; 7 — JaKKU MEIaHOTPOKTOJIUTOB (Tappu3UTOB); 8 — (@) THE3/J0BbIe rab0pO-TIerMaTuTh U
(6) rTabOpo-mermMaTUTHl B pa3pe3e CKBAKWUHB, 9 — wHoputbl; 10 — OPTONMMPOKCEHUTHI |
IUTArHOOPTONUPOKCeHUTH; 11 — rapulypruthl; 12 — nyHuTel; 13 — TeKTOHMYecKass 30Ha,
OJIaCTOMUJIOHUTBI 1O rab0po; 14 - naiiku r1aOOpo-nosnepuToB; 15 — 3JEMEHTH 3aJeraHus
TPAXUTOUJHOCTH M CIOMCTOCTU (a) M ciaHneBatocTH (0); 16 — 30HBI JIOKAIBHBIX TEKTOHUYECKHUX
HapyuieHuii; 17 — mecra orbopa npoo.

- IETMaTOUTHBIE JIEHKOTaOOPOHOPHUTHI, TA0OPO-aHOPTO3UTHI U THE3IOBBIE Tab0OPO-
nmerMaTuThl Bo3pacta 2456-2451 mun ner (MutpodanoB u ap., 1993; Heposuu u ap.,
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2009; basiHoBa u nip., 2010; CmonbkuH U ap., 2022) GopMHPYIOT CaMOCTOSATEIBHBIC TEla
pa3TuIHON (POPMBI M BCTPEUAIOTCS KaK B BEpXHEH, TaK U B HUKHEH 30HAX.

Pa3pe3 maccuBa OCJIOKHEH CEKYLIMMH KujiaMu radopo-nermMatutoB (2445.1+1.7
MIH JeT) ¥ amuToB (190049 MuH 7neT), naikamMu JOJIEPUTOB M rabOpOIOJIEPUTOB
(HepoBnu u np., 2014), MenaHOKpATOBBIX TPOKTOJUTOB-TAPPU3UTOB PA3IHMYHON
MOIHOCTH W TpoTsbkeHHocTH (YmcrsakoB, Kynapsmosa, 2010; Bopucenko, 20156), B
HUKHEH 30HE BCTPEYAIOTCS MIPOCIION AYHUTOB, KOTOPBIE, BEPOSITHEE BCETO, TE€HETUYECKU
He cBs3aHbl ¢ MaccuBoM (Yamun u ap., 2021; Kunakkuzin et al., 2020).

IleTpoxuMuyeckas XapakTepuCTHKA MOPO MaCCHBA.

B noponax HmxHel 30HBI cogepkanue MgO BappupyeT B IIMPOKHUX Ipeaeaax oT
9.72 no 34.46 mac. %, a B mopogax BepxHeu 30HbBI - oT 2.87 1o 10.64 mac. %. ['ab0po-
MEerMaTuThl Xapakrtepusytorcs coaepxkannem MgO ot 1.04 mo 991 mac. %, a
Metaradbopo ot 1.08 mo 5.33 mac. %. CorinacHo BapUalMOHHBIM JHarpaMMam
cootHomeHuss MgO k riaBHBIM mOpogooOpasyronmM okcugam (Pue. 2), B mopomax
MacCuBa MPaKTHYSCKN He HaOromaeTcs oTanduii B cogepxkanusax 110, (0.11-0.49 mac.
%) 3a UCKJIIOYCHHEM HEKOTOPBIX 00pa3IoB MacCHBHBIX radOponoputoB (0.62 mac. %),
rabopo-nermatutoB (o 1.12 mac. %) u HoputoB (10 1.42 mac. %). Ilpu sTom
HaOmomatorcs detkue TpeHabpl yBeiawuenus AlL,O; m Na,O ¢  ymeHblmeHueM
MarHe3uajbHOCTH B KKJIOU M3 30H, YTO XapaKTepHO I AudPepeHITMPOBAaHHbBIX CEpUit
MIOPO/I.

30 25
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Pucynok 2. Bapuanuonnsie nuarpamMmMbl cooTHouenust MgO k riiaBHbIM okcuaam (Mac. %) JUist TOpoJT
MaccuBa MoHUeTyH/Ipa.
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[To comepxanmio CaO mopomer Bepxuei 30HBI (10.31-15.62 mac. %) wu
meTtarabopo (9.17-13.56 mac. %) xapaktepusyioTcs 0oJjiee BRICOKMMH 3HAYCHHSMU TI0
cpaBHEHMIO C Tmoponamu HuxkHer (2.02-10.07 mac. %). MOXHO OTMETHTBH, 4YTO
conepxxanue FeO; B mopomax BepxHel 30HBI 3aKOHOMEpHO cHrKaercs (3.79-10.74 mac.
%) c ymenbiienueM MO, 9To B mopojax HIDKHEH 30HBI HE OYEBHIHO, U MPH 3TOM
HaO0/1aeTCsl MIMPOKask BapHaTUBHOCTH cojepxkanuil (mo 22.29 mac. %). JlanHas
BapUATUBHOCTh, MO BCEW BHUAMMOCTH, CBSI3aHA CO 3HAYUTENIBHBIM KOJIMYECTBOM
PYIIOHOCHBIX CYJIb(HUIOB B IOPOAAaX HMKHEH 30HBI. J[Ba 0Opasiia rabbpo-nermaTura us3
ckBaxuHbl MT-70, koTopble oboraIeHbl CyIbQUIHON MUHEpATIU3alUeH, TaKKe UMEIOT
noBeleHHble conepxkanus FeOt (10.43-15.83 mac. %) 1Mo CpaBHEHHIO CO CBOUMH
aHajoraMu M3 BEpPXHHUX YacTeil paspe3a MaccuBa MonueryHzapa (6.40-8.41 mac. %). B
[EeJIOM MOpOoJAbl MaccuBa MOHUYETYHIpa 1O METPOXUMUYECKUM MapaMmerpam
0OHapy>KUBAIOT 3aKOHOMEPHOCTH, XapakKTEpHBIC ISl TOPOa Oa3WTOBBIX HHTPY3UH, C
00JIpIIE BAPMATUBHOCTBIO JJIA MOPOJI HHXKHEHW 30HBI M rab0po-nerMatutoB. B mopogax
KaXI0W W3 30H HaOmojaroTcs TpeHabl auddepennuanuu. Haubosiee 3HaYMMBbIE
OTJIMYMST BEPXHEH 30HBI OT HMKHEH BBIPAKAIOTCS B 00Jiee BBICOKHX COJIECPKAHHUSIX Mac.
% CaO, Al,O3, Na,O u nmonmxkennbix FeO; B nepBbIX. OTiHuns MacCUBHBIX (2.48-2.47
MJIpA JIET) OT TpaxutouaHbiX (2.50 mupj jieT) rabOpOHOPUTOB BBIpAXKAIOTCA B Oosee
BBICOKHMX coaepxkaHusx mac. %, Al,Os;, Na,O m mHm3kux FeO,. IlpumedarenbHO, 4TO
caMble JpEBHHE IMOPOJLI B Mpeleiaax MaccuBa — MeTarabOpo - MEeTPOXUMUYECKU
SABJISIFOTCSL CaMbIMU U (P dEepEHITUPOBAHHBIMU CPEIN U3y4aeMbIX TOPO/I.

OBOCHOBAHUE 3AIIUIIAEMBIX TOJIOKEHUM

IlepBoe 3aIMIIAeMoe 10J10KEeHHe: Coenacro 2e0102Uu4ecKum
83AUMOOMHOUWEHUAM U 2€OXPOHONIOCUYECKUM OAHHBIM NOPOObl 8epXHEl 30Hbl MACCUBA
Monuemynopa ovinu chopmuposanvt 6 mpu smana. 2.50, 2.48-2.47 u 2.45 mapo nem. K
nepeomy  amamny — OMHOCUMCA  00pa308anue  MpaAxXumMouoHvlx  2abOPOHOPUMO8
CYOCUHXPDOHHO C NOPOOAMU HUMNCHEU 30Hbl, a 08YM NOCIeOVIOWUM - MACCUBHBIX
2abbpoHopumos u 2abbpo-neemamumos COOMBEMCMEEHHO. Bospacm
Memamopghuieckux npeobpazoeanuii NOpoo coCmMasisien 0Koao 2 Miapo aem.

[Topoapl HUKHEN 30HBI U TPAXUTOHUIHbIE TAOOPOHOPUTHI MEPBOMl (Da3bl BepXHEM
30HBI UMEIOT OJIM3KUI BO3pacT KpUCTALTM3alMU B Mpeieiax omuooK - okoso 2.50 mipa
net. [Ipu 3TOM B3aMMOOTHOIIEHUS MOPOJ HWKHEW U BEPXHEN 30H HOCSAT MHTPY3UBHBIN
XapakTep: OTMEYaIOTCsS CEKyIIHe KOHTAKTBI, a TaKXKe KCEHOJMTHI U KPYIHBIE OJIOKU
MOPOJT HYXKHEHN 30HBI B nopoaax BepxHeil (Hamwmn u ap., 2020). B npenenax BepxHeit
30HBI, HECMOTpPS Ha XOpPOIIYI CTENeHb OOHAXEHHOCTH, OYEBUIHBIC WHTPY3UBHbBIC
KOHTAaKThl YCTAHABIMBAJIUCh TOJBKO [UISI CEKYUIMX Tel Trab0po-TerMaTuToB, IaeK
JIOJIEPUTOB U TEJl MEJTAHOTPOKTOJIMTOB (TapPU3ZUTOB).

Ha 1oro-BocTouHOM CKJIOHE MaccuBa B pailoHe CKkBaXuHbl M-1 Obul u3ydeH
KOHTaKT MEXIy MaccuBHbIMH (2.47 mipa JeT) u TpaxuTtouanbiMu (2.50 mapn ser)
Pa3HOBUHOCTSIMU TaOOPOHOPUTOB BEPXHEU 30HBI MAacCCHBA, KOTOPHIA UMEET CJIOKHBIN
XapakTep W yCTaHABIMBAETCSA IO HAJIWYMUIO B IMOCIEIHUX IJIACTOBBIX M JIMH30BUIHBIX
TEJ MacCHBHBIX Jieiikora0opo (Puc. 3). MoIIHOCTh Ten BapbUPyeT OT HECKOJIBKHX
caHTuMeTpoB a0 1-1.5 M, oOmiee mnpocTUpaHWe COBMAAAET C CEBEPO-3amagHOU
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OPUCHTHPOBKON TPAaXWUTOMIHOCTH BMEIIAOIUX Tab0poHopuToB. Ha OTHEIBHBIX
y4acTKax W3YYCHBl WX CEKyIIHe B3aUMOOTHOIICHUS: TIPH BBIKJIMHUBAHUHA TEJ
MACCUBHBIX JIEHKOrabOpo OTMeEUaeTcsi IIepeceueHrue WX KOHTAKTOB M OOIIEro
HAIPaBJICHUS TPAXUTOMTHOCTH BMEMIAIONIMX IIOPOJ, a TaKXKe BCTPEUYAIOTCS
MaJIOMOIIHbIe armo¢u3bl. [10100HbIC B3aUMOOTHOIIICHHS XapaKTEPHBI JIJIS CEKYIIUX TEJ
neiikorabOpo um anopto3utoB demopoBo-IlaHCcKOro KOMIUIEKCA, TAE€ OHHU SIBIISIOTCS

OTJIMYUTEIBHBIM MMPU3HAKOM HIKHETO M BEPXHETO PACCIOCHHBIX TOPU30HTOB (JIaThImoB,
Yuctskosa, 2000).

Pucynoxk 3. JIMH30BHIHBIE M IUIACTOBBIE TeJla MACCUBHBIX (2.47 wmiupna JieT) Jielikorabopo B
TpaxuTOUAHBIX (2.50 MIIpA JIET) ME30KPATOBBIX rabOpoHOpHUTax MaccuBa MoOHUYETYHIpa.

Hns  w3oronHoro U-Pb ID-TIMS npartupoBaHus MOpPOJ W MOCIIEIYOIIETO
COMOCTAaBJICHUS BO3PACTHBIX IAHHBIX ObUIM OTOOpaHbI MPEACTaBUTEIbHBIE MPOOBI U3
JIMH3Bl MACCUBHBIX JIEUKOTAa0OpPO M BMEIIAONIUX HMX TPAXUTOUJHBIX TaOOPOHOPHUTOB.
[Tonyuennbie Bo3pactHeie U-Pb ID-TIMS nanHble MO IMPKOHY W OaIieiIenuTy st
TPaxXUTOUIHBIX TAOOPOHOPUTOB OTPAXKAIOT BO3pacT (popmMupoBaHuUs paBHbI 2507.54+7.7
u 2504.4£2.7 maH neT, a JUIsS JTUH3BI MAacCUBHBIX JieiikorabOpo - 247142 muH JerT.
HogBrbie Bo3pacta B mpeenax ommOOK XOPOIIo COBMNAIAIOT C paHee OMyOJIMKOBAaHHBIMH,
4TO HAPALY C MeTporpadudecKUMH M TETPO-TEOXUMUYECKUMH JTAHHBIMHA OIPEACIISICT
MPUHAIJICKHOCTh JIMH3 JISMKOTa00pO K MOpojiaM BTOPOW MHTPY3UBHOU (ha3bl BEPXHEU
30HbI. Takum oOpa3oMm, QOpMUpPOBaHHE JAHHBIX BEMIECTBEHHO-CTPYKTYPHBIX
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B3aMMOOTHOIICHHI CBSI3aHO C BHEJPEHUEM KOMILIEKca 00J1ee MOJIOABIX MOPOJ, KOTOpPhIE
MHBEIIMPOBAIN TOJCTUIIAIONINE TPAXUTOUIHbIE TaOOPOHOPUTHI, UTO CBHIETEIBCTBYET O
($ha30BOM COOTHOIICHUH MEXIY HUMH.

[loponbl BepxHEM 30HBI B IIpeAenax Iro-BOCTOYHOM 4YacTW MacCHUBa
XapaKTEePU3yIOTCsl XOPOIIeH COXPAHHOCTHIO MEPBUYHBIX CTPYKTYp U TEKCTYp, OJHAKO
MeTaMoppudecKue mpeoOpa3oBaHUus HAOMIOMAIOTCS BOJM3M 30H TEKTOHHMYECKHUX
HAPYIICHAM, KPYIMHEUIIEH W3 KOTOPBIX ABIAETCS MOHUYETYHIPOBCKUUA pPasioM,
OTIEISIONIMN U3ydaeMbli MaccuB 0T MoHnuerutyToHa. [Topoabl maccuBa MoHYeTyHIpa
HEpaBHOMEpPHO MeTaMopdu3oBaHbl 0 amMduodboauToBol damuu ¢ o00pa3oBaHHEM
rpaHata, poroBod oOOMaHKHM, HW3MEHEHUEM IUIaruokiaza | IpeoOpa3oBaHUEM
TUTAaHOMAarHeTUTa B MarHeTUT U WIbMEHUT. |15 u3ydeHus: Bo3pacta MeTaMOpPUIECKUX
npeoOpa3oBaHUM MaCCHBHBIX TaOOpOHOPUTOB OBLIM OTOOpaHBI JBE MPOOBI B paiioHE
IOT0-BOCTOYHOM dYacTu MaccuBa. M3 mpol cpemHe-KpyMmHO3EPHUCTOTO MAacCCHBHOTO
neiikoraboponoputa (Ne 1/106, Puc. 4) u cpeqHe-KpyIMHO3EPHUCTOTO TaOOPOHOPHT-
anoprozutra (Ne 7/106, Puc. 4) Obuin BbIAEIEHBI MHUHEpAIbl METaMOP(PUUYECKOTO
napareHesuca (M3MEHEHHBIH IUIarMOKIa3, TpaHaT, WIBMEHUT M CMeCh TpaHaTta |
wibMeHHTa). [lomydeHHsle HOBbIe wu30TOmHBIE SM-Nd Bo3pacTa Mo MuHepaiam
MeTaMoppuUecKkoro mapareHesuca, pasHele 2020+50 wu  2017+£38 wmuH e,
WHTEPIPETUPYIOTCSA KaK BPEMs HAJIOKEHHBIX METaMOP(PUICCKUX MPeoOpa3oBaHMM, TPU
KOTOPBIX TPOUCXOIUT (POpMUpPOBAHUE TpaHaTa, WIBMEHHUTA, a TaKXKE HW3MEHEHUE
iaruokiaza. OtpunartenbHas BenuuuHa éeng(T) paBHas -2.2+0.4 xapaktepHa IS
MAaCCHBHBIX Tab0poHOPHUTOB B 1ie0M (Heposud u nip., 2009; Kynakky3un u ap., 20150), a
BenmunHa eng(T) paBHas -7.6+0.9 MokeT CBHIIETENHLCTBOBATH 00 M3MEHEHHH HU30TOITHOTO
coctaa Nd rabOpOHOPUT-aHOPTO3MTA B Pe3yJbTaTe MeTaMOP(UUCCKHX MPEeoOpa30BaHHIA,
HAJIO)KEHHBIX HA TIOPO/IBL.

2020+50 mnH. net
0819 1 g (T)=-2.2+0.4
CKBO=1.7

2017+38 MnH. net
08122 1 g (T)=-7.6%0.6
CKBO=0.45

05117 | 0.5118 |

|43Nd/144Nd
143Nd/1aaNd

0.5115 | 0.5114 |

7/106 lim+grt

1/106 lim

05113 F 0.5110 F

1/106 PI 7/106 PI

“'Sm/"“Nd “Sm/““Nd

0.5111 L L 0.5106
0.12 0.15 0.18 0.12 0.16 0.20

Pucynoxk 4. M3otomuapie Sm-Nd H30XpoHBI IO MUHEpaAIaM U3 MAaCCHBHOTO JIeHKorabOpoHopuTa (mpobda
1/106) n ra66ponoput-aHopTo3uTa r. Monuerynapa (npoda 7/106).

Pesynmbratel  um3otonHbeix SM-Nd  wmccnenoBaHuii 1o MeTaMOPPHUUECKUM
MHUHEpajaM M3 MacCUBHBIX raOOpOHOPUTOB MO3BOJIAIOT ONPENEIUTHh BpeMs HanOojee
OTYETJINBO MPOSIBICHHBIX B MOPOJAaX MaccUBa METAMOPPHUUECKUX NPeoOpa3oBaHUil, C
KOTOPBIMHU CBsi3aHO (POPMHpOBaHHE TpaHaTa. V3mMepeHHble HOBbIe m30TONMHBIE SM-Nd
BO3pACTHbIE JAHHBIE COBMAJAIOT CO BPEMEHEM 3aJI0KEHHS MOHYETYHAPOBCKOTO
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pasnoma (IllapxoB u ap., 2006). MoxHO cienaTh BEIBO, YTO MAaCCHBHBIE TAOOPOHOPHUTHI
ObUIM MOABEPXKEHBI MeTaMOp(UUYECKUM TpeodpazoBaHusIM B mepuoj okojo 2.0 mipn
JeT Hazad, BO BpeMs TEKTOHMYECKON aKTHBH3AIMd CEBEPO-BOCTOUYHOM dYacTu
DEeHHOCKaHIUHABCKOTO IIUTa, CBSA3aHHOM ¢ (POPMHUPOBAHHUEM CaMOTO KPYIMHOTO B
JAHHOM parioHe MOHYETYHAPOBCKOTO pas3jioma.

Takum o00pa3oM, B pe3ynbTaTe TMPOBEACHHBIX T'€OJIOTMYECKUX, METPO-
T€OXMMUYECKUX U TEOXPOHOJOTMYECKUX HCCIECOBAHUN CTAHOBJIEHHWE BEPXHEH 30HBI
MaccuBa MOHUYETYHpa MOXHO MPEACTaBUTh B TPU dTama: Ha nepBoM dTane 2.50 mup
JeT Tpou3ouio (GOPMUPOBAHUE TPAXUTOUIHBIX TaOOPOHOPUTOB, CHUHXPOHHBIX C
OpoJiaMd HWXHEW 30HBI, B KOTOpble B mepuop 2.48-2.47 mipa J€T BHEIPUIIUCH
MAacCCUBHbIE TaOOpPOHOPUTHI. 3aKIIOYUTENbHBIA 3Tan 2.45 MIpI JET COOTBETCTBYET
(GhOpMUPOBAHUIO TEJ TErMaTOMIHBIX JICMKOrabOpOHOPUTOB M TabOpO-NErMaTUTOB B
MopoJiax HIDKHEN U BepxHed 30H. MeTtamopduueckue npeodpa3zoBaHus MOpPo BOIU3U
TEKTOHWYECKUX HApPYIICHUH CBSI3aHBI ¢ TCKTOHMYECKOW aKTHMBU3AIMEH PETHOHA OKOJIO
2.0 mapp Jnier.

Bropoe 3ammiaemoe moJioxkenue: / apybypeumol, HOpumsl U NUPOKCEHUMbl HUNCHET
u eabbporopumvl eepxuell 304 maccusa Monuemynopa umenu OIU3KUE NO COCMABY
POOOHAUAIbHBIE PACNIABL, YMO OMPAdNCAemcst 8 cxoocmee peokodiemenmuoeo u Nd-Sr
uzomonnoco cocmasa (eNd(T) om +2.9 oo —4.1 u ISr(T) om 0.702 oo 0.704).
l'eoxumuueckue u uU30MoONHbIE XAPAKMEPUCMUKU HNOPOO  CEUOEMENbCMBYIOM O
HEe3HAYUMEIbHOU POJiU KOPOBOU KOHMAMUHAYUU 8 UX 2eHe3UCe.

Ha nuarpammax pacnpeneneHuss HECOBMECTHUMBIX PEIKHX U PEeIKO3EMENTbHbBIX
aneMeHTOB (PHc. 5) moponmbl HMKHEH 30HBI MacCHBa XapaKTEPH3YIOTCS CXOXHMHU
CHEKTpaMHU PpAaCIPEENICHUs] HECOBMECTUMBIX 3JIEMEHTOB MEXIy coOou. ['paduk ux
pacnpeneneHus ciiabo OTpULATEIbHBIN, YTO BbIpaXkaeTcsl B 00OTallEHNU TaHHBIX TTOPOJ
10 CPaBHEHUWIO ¢ NMPUMUTHUBHOW MaHTHEH Takux djemeHToB kak CS, Rb, Ba, u Sr,
ormeuaercss Nb-Ta w Sr makcumym. bBosbimias BapUaTUBHOCTh KOHIIGHTpAIUA
HECOBMECTHUMBIX 3JIEMEHTOB HA0JIIOA€TCSI B HOPUTAX.

[lopogel  BepXHHMX  4YacTeil  pa3pe3a  IOro-BOCTOYHOM  YacTH  MaccuBa
XapaKTEPU3YIOTCS CXOXKUMHU CHEKTpaMHu pacIpesiesieHuss HECOBMECTUMBIX AJIEMEHTOB,
HOPMUPOBAHHBIX Ha NPUMUTUBHYIO MaHTHUIO. OT Tpaxutouanbix (2.50 mupp ner) k
MaccuBHBIM TabOpoHopuTam (2.47 miapn ner) u rabOpo-nermatutaM (2.45 Miapa JeT)
HaOmogaeTcss  oOuiee  yBEIMYEHHE  KOHLEHTpauuid  anemeHtoB. [lpm  sTom
yBennuuBarotcs konmentparuu Cs, Rb, Ba, makcumymsr o Sr, Eu, munumymsr o Nb-
Tau Zr-Hf.

Ha mmarpammax pacnpenenenus P332 (Puc. 5) u COOTHOMICHHUSIX T€OXMMHUECKUX
napameTpoB P33 no otHomenuto k conepxxkanuto MgO (Puc. 6) mopoabl HUKHEW 30HBI
OTpaXKaIOT MIMPOKHUN pa3dpoc creneHu ppaknuonuposanus kak JIP3D ((La/Sm)n = 0.5-
5.8), Tak u TP3D ((Gd/Yb)n = 0.6-1.2), xapakTepu3yloTcs Kak caaboi OTpHUIIATEIbHOM,
Tak ¥ ciaboit monoxkutenpHou anHomanmed Eu (0.7-1.5) (Puc. 6A, B, B).
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Pucynok 5. MynbTUdIEMEHTHBIE JAMAarpaMMbl pACHpPENENCHUs HECOBMECTUMBIX pPEIKHX |
PEIKO3EMENbHBIX AJIEMEHTOB MO OTHOIICHUIO K mpumuthBHON MaHTuu (ITM) (Sun & McDonough,
1989) u auarpamMmbl pacrpefeneHus] peIKo3eMeIbHBIX AJIEMEHTOB MO OTHOIIEHHI0 K xoHaputy Cl
(Boynton, 1984) ams mopoa maccuBa MonueTyHapa. Iyt CpaBHCHHs TPUBOAATCS paclpeieieHUs
HecoBMecTHMBIX 31emenToB B OIB, N-MORB, E-MORB, DM mo (Sun & McDonough, 1989, Salters,
Stracke, 2004).

B mopomax BepxHel 30HBI cTeneHb (pakimoHupoBaHus P3D yBennumBaeTcs C
yMmeHbIieHneM cojaepxkanus MgO B OombiimHcTBEe citydaeB (Puc. 6A, B). MoxHO
OTMETUTh, 4YTO MOPOJABI BEPXHEH 30HBI M TabOpPO-NETMATUTBl XapaKTEPU3YHOTCS
NOJIOXKUTEIbHON aHomanmueit Eu (1.2-2.4), WCKIIOYeHHE COCTaBiIIeT OJUH oOpaselr
rabopo-nermatuta 0e3 anomanuu (Puc. 6B). [{ns mopon BepxHeill W HMKHEH 30HBI B
cpennem BenuunHa NbD aHomanuu omuHakoBa (.24-0.26, mpu 3TOM HaOIIOAAETCS
mmpokuit pazopoc ans HoputoB (Puc. 6I'). B 1iemoM, coriacHO JaHHBIM O PEIKUX U
PAcCesHHBIX 3JIEMEHTAaX, MOXHO CJIIeJaTh BBIBOJ YTO XapaKTepbl UX PpacHpeiesICHHs
HaxOJAT CXOJCTBO B IOPOJAX HUKHEN U BEPXHEH 30H.



15

6.0 2.0
5.0 4 -
’ 161,
1 O
4.0 . N o
= £1.21 m
E = D. £ s OCQO Dl:h
% 3.0 1 A (075 A DED m g 1 % (5]
= &0 855 2081 o
2.0 ?@ @ O D- = = E ]
O HuxHsis 30Ha )
1.0- o 0.4
BepxHaa 30Ha ]
= A b
0 T \ . 1 0 \ \ . \
0 10 20 30 40 0 10 20 30 40
MgO, mac. % MgO, mac. %
2.5 0.8
AO
A
2.0 06
Q@ : a
C15{ 0 9% g ]
> 0o o -]
g A AO oo - o < 047 ° o
Wio ,,AD,D,# H < ] og © -
o mm A Om
% B 0.2 0 opE g =
0.5 1 A A OO -
B r
0 ; , ; ‘ 0 ; ; ; .
0 10 20 30 40 0 10 20 30 40
MgO, mac. % MgO, mac. %
HwxHas 3oHa (2.50 mnpg net)  BepxHAs 3oHa
[ - Mapubyprut <> - Tp. rab6poHopuTs! (2.50 mripa ner) A - Mra66po-nermatuTsl (2.45 Mmnpa ner)
[l - MNMupokceHUThI © - Mac. rabbpoHopuThl (2.48-2.47 mnpp neT)
[ - Hoputbi

Pucynok 6. CooTHOmIEHHE TEOXMMHUYECKHX ITapaMeTpoB pacrpenenenuss P3D 1o OTHOMIEHUIO K
conepkanuto MgO (mac. %) nns mopon maccuBa MonueryHapa. OtHomeHus anemenToB (La/Sm)n u
(Gd/Yb)n HOpMmHpoBaHBl K HOpUMUTHUBHOM MaHTHM 1o (Sun & McDonough, 1989). Benuuuna
anomamnu EU paccumrana mo dopmyre EWEU*= Euy/N(Smy*Gdy), Bemmumua amomammn Nb
paccuntana o dopmyiae Nb/Nb*= Nby/N(Thy*Lay).

Paznuuue Mexay BEpXHEM W HW)XKHEH 30HaAMHM MaccuBa MoHYETyHApA
HaOIOAAeTCsl B XapakTepe pachpeneseHUus] dJEMEHTOB TuiaThHOBOM rpymmbl (D1110)
(Puc. 7). Crextpol pacnpeaencaus I B TpaXxMTOMIHBIX H  MACCHBHBIX
raboponoputax (Puc. 7B) npu MOJOXKHTEIHHOM HAKIOHE, 3a HMCKIIOUYCHHEM BYX
00pa3IoB, OTIUYAIOTCS OT CHEKTPOB MOPOJ HUKHEH 30HBI BBIPAKCHHBIM MUHHUMYMOM
no Pt, yTo oOyciaBnuBaeT BoIcOKHEe 3HaueHuss oTHomeHus Pd/Pt ot 10.6 mo 35.1 (cp.
3Ha4. 26.7) B maHHOUW rpynme mopoi. B mopomax HmkHe#d 30HBI oTHomieHue Pd/Pt
BappupyeT B mpenenax oT 0.9 go 6.3 (cp. 3Hau. 2.5), mpu 3TOM 3aBUCUMOCTH OT
coaepxkanusi cymmbl OIIIT He HabmomaeTcsi. MOXXHO OTMETUTBH, UTO B HCCIICIYEMBIX
oOpaszuax nopon BepxHei 30ub1 cymma OIII" He npessimana 0.21 r/T (cp. 31au. 0.17 r/1),
YTO 3HAYUTEIHHO HIDKE, YeM B TTOPOAaX HIKHEH 30HBI (cp. 3Had. 0.54 1/T), ¢ KOTOPBIMH
cBsi3aHo MecTtopoxaeHue JlonnumnioH. dopMupoBaHre MECTOPOXKIECHUS 00YCIOBICHO
KpUCTAJUTH3AIIMENd OCTATOYHBIX PACIUIABOB, OOOTAIICHHBIX PYIHBIMA KOMIIOHCHTAMH U
bmounamu (Yamme u ap., 2020; Yamwmn, MBanuenko, 2022). [lo Bcell BHIUMOCTH,
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JAHHBIE MPOLECCHI MTPOUCXOANIIN TOJIBKO B NIOPOJAX HMKHEW 30HBI, YTO IPEANOJIAraeT
dbopMUpOBaHHE  OJHOBO3PACTHBIX TMOPOJ  HIKHEH 30HBI U TPAXUTOUIHBIX
ra00pOHOPUTOB BEPXHEH 30HBI B PA3TUYHBIX YCIOBUSX.

o
-—

10

FA HWxXHss 30Ha EB BepxHss 30Ha

c  F . T E
§ C §[_ C Mab6po-nermaTuThbl o
é - MUPOKCEeHUTBI é s u3 cks. MT-70 Z
B B
Q = [[api a C
o] - . o] -
o - 2 ; Mac. ra66poHopUThI

Sl S L

- SE

S S

QS T T T T T T S T T T T T T

S Os Ir Ru Rh Pt Pd S Os Ir Ru Rh Pt Pd

Pucynox 7. Crektpbl pacnpexaenenust conepxkanuit DI, HopMupoBaHHBIX 10 XOoHIpUTY (Jochum,
1996) B mopogax maccuBa MoHueTyHpa.

[Mopoasr MaccBa MoOHUYETYH/Ipa XapaKTEPU3YIOTCS OMU3KUMHU M30TOMHBIMU Nd-
Sr xapakrepuctukamu (Puc. 8): 3Hauenus Bemmunubl eNA(T) U3MeHSIOTCS B Ipeenax
or +2.9 1o -4.1, a ¥'Sr/*°Sr(T) Bapeupyror ot 0.702 mo 0.704. CormacHo paGoTam
(bastHoBa, 2004; Yamwmu u ap., 2008; Kpuoayukas u ap., 2010; Bpesckwmii, 2011;
Pesixko m np., 2012; Huhma, 1990; Hanski, 1992; Amelin, Semenov, 1995; Amelin et
al., 1996; Snyder et al., 1996; Sharkov et al., 1999; Bayanova et al., 2009, 2019; Lauri et
al., 2006, 2012; Hanski, 2012; Krivolutskaya, 2016; Yang et al., 2016; Mitrofanov et al.,
2019 m gp.) maneompoTepo30MCKHE paccloeHHbIEe MHTPY3UH MDEHHOCKaHIUHABCKOTO
IIUTa B IIEJOM XapaKTEpU3YIOTCS OJU3KUMH MEPBUYHBIMU W30TOMHBIME Nd-Sr
XapaKTEPUCTHKAMU: 3HAYEHHs BEIMYHMHBI Engry OT -5 10 13, a lgym) oT 0.700 mo 0.706
(Puc. 8). Tarke mopoabl MHTPY3UH HMEIOT CXOXKHE T'€OXHMHUYECKHE OCOOCHHOCTH:
noBbIIICHHBIE KOoHIIeHTpanuu JIP3D u La/Sm otnomenus, Haanune Ta-Nb munmmymon
u Sr makcumyMa. Ha oCHOBaHMM ATHX JaHHBIX MPEACTABISICTCS MOACITb (POPMUPOBAHUS
MHTPY3UM W3 JOJTOXKMBYIIETO MAaHTHUHHOIO IUIIOMA, KOTOPBIM B3aUMOAEHCTBOBAI C
MOpoJaMi KOHTHHEHTAIBHOW KOPBI, YTO TPHBEIO K IOSBICHUIO BAapUATUBHOCTH B
u3otonHoM coctaBe Nd 1 000raIeHn0 HEKOTOPBIMU PEAKUMHE JIIEMECHTAMH.

[TomydeHHble HOBbIE HM30TOMHO-TeoxuMmHuueckue NO-Sr maHHbIe IS TOPOJ
MaccuBa MOHYETYHIpa XOPOIIIO COTJIACYIOTCS ¢ JAaHHBIMH IS TAJCOMPOTEPO30HCKHIX
uHTpy3uit PenHockanarnHaBckoro muta (Puc. 8), uro mpeamonaraet cXoxuii MEXaHU3M
dhopMupoBaHUS.
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Pucynox 8. uarpamma eNd(T)-ISr(T) mms maneomporteposoiickux maccuBoB (2.5-2.4 mupa jer)
dennockanuHaBCcKoOro murta. Jlanueie st MaccuBoB: MonderntyTon (Bayanova et al., 2009; Yang et
al., 2016); ®enoposo-Ilanckuit maccus (Bayanova et al., 2009); maccus ropsi ['enepanbckas (Balashov
et al, 1993); Kuakka (Amelin, Semenov, 1996; PeBsiko u np., 2012); BypakoBckuii Maccus,
JlykkynaiicBaapa (Amelin, Semenov, 1996); dunckue paccioennsie uaTpy3un (Bayanova et al., 2009;
Bayanova et al., 2019; Mitrofanov et al., 2019).

Jlnst ompeneneHusi CTEMEHH BEPOSTHOM KOPOBOW KOHTAMUHAIIMK TIEPBUYHBIX
pacIuiaBoB TOpoja MaccuBa MoHUeETyHzIpa Oblla NpoBeAeHAa BHIOOpKAa HaWMEHEe
M3MEHEHHBIX 00pasloB: ObBUIM HCKIIOYEHBI O00pa3lbl ¢ MeTaMOphUYECKUMHU
W3MEHEHUSIMU U PYJIHbIE 00Opaslibl MOpOJ HIKHEW 30HBI. Takke ObLIM HCKIIOYEHBI
oOpasibl MeTaradopo, MPOUCXOKIEHNE KOTOPBIX SBISETCS TUCKYCCUOHHBIM, U Tab0Opo-
mermMatuThl. [10105KeHHe TOUeK COCTABOB IOpo, MaccuBa Ha auarpamme - Nd/***Nd-Nd
(Puc. 9) u cooTHOIIICHUE MX C JIMHUAMHU CMEIICHHS C cocTaBamu mopoj LlenTpanbHo-
Kombsckoro 6510ka mpOTUBOPEYHBO. Y CTAHOBUTH €IMHBIN KOHTAMHHAHT TSI BCEX MTOPO/T
HE TMPEJCTaBIsAETCS BO3MOXHBIM. Hwuskume koHmeHtparmu Nd w mpu 3TOM MeHee
paaroreHHbI N30TONHbIA cocTaB Nd B HEKOTOPBIX MOPOJAX HHMXKHEH 30HBI MOXKET
YKa3bIBaTh HA KOHTAMHUHALIMIO C NAJC0apXECUCKMMHU THelicamu npu creneHu 3-4%. JlBa
aHaJIM3a MTUPOKCECHUTOB M YacTh IMOPOJI BEPXHEH 30HBI OTPaKarOT MUHUMAJILHBIA BKJIA]l
KOpPOBOM KOMIIOHEHTHI, a JUIsl OCTaJIbHBIX MOPOJ €€ CTeneHb peAko mnpebimaetr 20% u
coctaBimsier B cpeaHeM 5-10% mnpu wucnosb30BaHUM B KayecTBE KOHTAMHWHAHTA
Heoapxeickux mopona lLlenTpansHo-Koabckoro 6moka. CTOMT OTMETHTh, YTO YacTh
MaCCHUBHBIX TaOOpPOHOPUTOB (OPMHUPYIOT 00JIACTH C  BBICOKMM  PaTUOTCHHBIM
M30TONMHBIM cocTaBoM Nd, xapakrepuyro it auddepeHIMpoBaHHbIX TOpoa, 0e3
KOPOBOW KOHTAMHHAIIUH.
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Pucynox 9. Tuarpamma “*Nd/***Ndi — Nd mis mopox maccuBa MomdeTyHapa (¢ HCIOTB30BAHHEM
JUTEPATypHBIX NaHHBIX, yKa3aHHbIX B llpmnoxenun 2). JIMHUSMH OTMEYEHBI KpPUBBIE MPOCTOTO
JIBYXKOMIIOHEHTHOTO CMEUICHUS C KOpOBBIMM mnopoaamu. Ilpm mocrtpoeHnu nuHUN ObuH
ucnosyib30Banbl ypaBHeHus 9.2 u 9.21 u3 (Pop, 1989). B kauecTBe KOPOBBIX KOHTAMUHAHTOB BBIOPAHBI:
senenas juHusA (Td) — Tponasemutsl (Timmerman, Daly, 1995); kpacuas nunus (I'H) — rHe#cH
KoJbCKoU cepuu (MbickoBa, MusbkeBud, 2016); cunsis nunus (T) — tonamutel (Timmerman, Daly,
1995); cepas nunus — naneoapxeiickue rueiicel Mcya (Hamilton et al., 1983).

Taxkum o0pazom, mpeamnosaracMasi CTENeHb KOPOBOW KOHTAMHHAIIMKM B TOPOJIAX
MaccuBa BapbupyeT B npeaenax ot 3% a0 15%, npu ycnoBuu, 4To OHU MPOU3OUUIN U3
JETUICTUPOBAHHOTO MAHTUHWHOTO HWCTOYHMKA W ACCHMMJIMPOBAIA BEIIECTBO ITOPO/T
HentpanbHo-Konbckoro Omoka. OnHako TpU  CTOJIb 3HAYUTEIBHOW  CTETEHU
KOHTAMHWHAIIMKA JIOJDKHBI TIPOSIBIATHCS W3MEHEHHS HE TOJIBKO B COCTaBE PEIKUX U
paccessHHBIX 3JICMEHTOB, HO M B COJCpKaHUU NeTporeHHbIx snmeMmenToB (Puchtel et al.,
1997). CnenoBarenbHO, HamOoJiee KOHTAMUHHUPOBAHHBIC  0Opas3Ibl  JIOJKHBI
xapaktepu3oBaThcs BbicokuMU (La/Sm)n u uuskumu (Nb/Th)n otHomeHusMu u mpu
3TOM HMMETh MOBBIIICHHBIE coaepxanus SiO, u moHmwkeHHbie FeO, MgO. B mopoaax
JTaHHBIX H3MeHeHHi He HaOmomaercs (Puc. 10), u oHM GopMHPYIOT 00JAaCTH C
XapaKTEPHBIMUA COCTABAMHU JIJIsi KXKJIOW TPYMIIBI, YTO HAPSAAY ¢ HU3KUMHU TEPBUYHBIMU
sHadeHussMu  I1Sr(T) cTaBUT TOJ COMHEHHE THIIOTE3Y O 3HAYUTEIHHOW KOPOBOW
KOHTaMHHAIIHH.
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Pucynox 10. [Tuarpammsr SiO,-FeOt-Mg# otaocutensHo (La/Sm)n u SiO,-FeOt-Mg# oTHOCHTETBHO
(Nb/Th)n mst mopox maccuBa MoH4eTyH Ipa.

Cnengyer TakXke OTMETHUTb, 4YTO, IO BCEHd BHUAMMOCTH, NEPBUYHBIA COCTaB
MCTOYHUKA ObUT OTJIMYEH OT ACTUICTUPOBAHHOW MAHTUU M MOJIEIMPOBAHUE MPOLECCOB
KOHTaMHMHALIMM HE OTpakaeT MCTUHHBIN BKJIaJ KOPOBOM KOMIIOHEHTHI. Takum 00pa3zoM,
MOKHO TMPEANOJIO0KUTh, YTO MOPOABI MaccHBa IMPOM3OLUIM K3 Ooyiee 0OOralieHHOTO
HMCTOYHUKA OTHOCUTEIBHO [ECIUICTUPOBAHHOW MAHTHUH, W KOpOBas KOHTAaMHUHALMS,
CTENEHb KOTOpPOM OblLIa HE 3HAYUTENbHA, HE SBISJACH KIIOYEBBIM (AKTOPOM B
M3MEHEHHUH MEPBUYHOIO BEIIECTBEHHOTO M M30TOMHOTO COCTaBa MCXOJIHOIO PacIiaBa.
Haymume Bappupyrommx u30TOomHBIX NI XapakTepucTHK B MOPOAAaX  MOMKET
CBHUJIETENILCTBOBATH O TETEPOT€HHOCTH HCTOYHHUKA.

TpeTbe 3anuiiaeMoe noJioKeHue: Vcxoouvle pacniagol 051 NOPOO HUNCHEU U
gepxueti 30H Mmaccuea Monuemynopa Ovliu  coOpMUPOBaAHbL NPU  NIAGNEHUU
0eniemupo8aHHo2o (NIIOM08020) U 2e0XUMUYECKU 0002aueHH020 (TumocgepHoll
MAHmMuY) UCMOYHUKOB, 0 Yem ceudemenvcmeyiom ooocawenue LREE, Nb-Ta munumym,
nogviwennvie Th/Nb ommnowenus u eapuayuu eNd(T) om nonodxcumenvHvlx 00
OMpPUYAMETbHBIX.

IHomumo BSaHMOJICﬁCTBHH (IUIIOM-KOHTHHCHTAJIbHas KOpa», I'COXHUMHYCCKHUE M
HN30TOIMHO-TCOXUMHUUCCKUEC XAPAKTCPHUCTUKH, THUIIMYHBIC IOJId H&J’ICOHpOTCpOSOﬁCKHX
I/IH’[pySI/Iﬁ q)eHHOCKaHIII/IHaBCKOFO muTa, MOIyT OBITH IMOJYYCHbI B PE3YJbTAaTC
(GbopMHpOBaHUS POJOHAYATBHBIX pACIJIaBOB U3 JHUTOC(HEpHON MaHTUU WU TPU
BSaHMO,HefICTBHI/I c Heu Oosiee ACIIIICTUPOBAHHOTI'O MAHTUMHOI'O MCTOYHHUKA (CMOJIBKI/IH
u j1p., 2009; Eroposa, 2022; Farmer, 2003; Maier, Groves, 2011; Pearce, Reagan, 2019).
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Ha muarpamme Nb/Yb — Th/Yb (Puc. 11A) mist mopox maccuBa MoHUYETYHIpa
Th/Yb u Nb/Yb oTHOmIeHUS yBeNIMYHMBAIOTCS OT TPAXUTOUIHBIX TaOOPOHOPUTOB K
MaccHBHBIM. [loNO)KeHHME BapHaTUBHBIX TOYEK MHPOKCEHHTOB U TaprOyprura
HAXOJUTCS MEXIY TPAXUTOUIHBIMA U MACCHBHBIMH raO0OpOHOPUTAMH, & TOYKH HOPUTOB
ONMM3KM K TpaxuTouaHbIM radOpoHopuram. CoriacHo pabdote (Pearce, Reagan, 2019)
pacroJio)KEHUEe TOYEeK IOpOJ MacCcMBa Ha JIaHHOW JMarpaMMme COOTBETCTBYET
MOJIOKEHUIO MEXAY apXeHCKUMU BHYTPUIUIUTHBIMH Oa3uTaMH, MPOU3BOIHBIMH
TUTFOMOBBIX ~ WCTOYHHMKOB, H  TPOTEPO3OWCKHUMH  BHYTPHUIUIMTHBIMH  Oa3UTaMH,
NPOU3BOAHBIMU JUTOChepHOU MaHTHed. [lomokeHne W3yYeHHBIX IOpOJ MacCHBa
MoHueTyHpa MOKET ObITh 00BSICHEHO CMEIICHUEM TUTFOMOBOTO BEIIECTBA M BEIIECTBA
muTochepHO MaHTHHM B pe3ysibTaTe TuiaBlieHus. [Ipu 3Tom Gonee MOJIOabIe MOPOIH,
MacCUBHBIC TaOOpOHOPUTHI Bo3pacta 2.47 MIpH JET, XapaKTepu3ylTcs Oolee
Beicokumu Nb/YD u Th/Yb otHOmeHHSIMHE.

Ha aumarpamme TiO,/Yb—Th/Yb (Puc. 11B) mojoxeHWe TOYEK JUIS ITOPOJT
MaccuBa MOHYETYHIIpa OTBEYaeT MPOU3BOJHBIM CYOAYKIIMOHHO-MOAU(DUIIUPOBAHHON
auTocpepHor MaHTUH. JJisi MOpoA HUMKHEH 30HBI XapaKTEePEH BEPTUKAIbHBIA TPEH] C
coxpanenueM 3HaueHud T10,/YD otHOmEeHM. 1)1 IOpOT BEpXHEH 30HBI HAOJIOIAETCS
TOPM3OHTAIGHBIA  TpeHA: Tpu  paBHBIX Th/ND  OTHOIIEHMSX, B MacCHUBHBIX
ra00poHoputax 3HaueHue ortHomeHus T110,/YD Bblle, YeM B TPaXHUTOMIHBIX
rab6ponoputax. [lomoOHbIE 0COOEHHOCTH XapaKTEpHBI AJIsi TPEHIOB TUIABJICHHS TTOPO/I,
0o0pa3oBaHHBIX B pE3YyJIbTAaTe B3aUMOJEHCTBHS JHUTOC(HEPHBIX IMEPUIOTUTOB U

acTeHoc(epHBIX pacIljIaBOB, U TOPOJ OoraThiX MUpokceHoBbIME (hasamu (Pearce et al.,
2021, Appendix B2-3).
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Pucynok 11. /Tmarpamma Nb/YDb-Th/YDb (Pearce, 2008; Pearce, Reagan, 2019) (A) u TiO2/Yb-Th/Yb
(Pearce et al., 2021) (b) ans mopoa maccuBa MoHUeTYHApa. 3BE31aMU ITOKA3aHbl COCTABBI [T HUKHEH
(LCC) u Bepxneit (UCC) xontuneHTanmbHON kopwl coryacHo (Rudnik, Fountain, 1995); mons Ha
muarpamme (A) cormacHo (Pearce, Reagan, 2019): AR-Plume — apxeiickre BHYTPHILUTUTHBIC Oa3UTHI,
NPOU3BOJIHBIE ITUTIOMOBBIMU HcTOuHMKaMu; AR-SCLM — apxeiickue BHYTPUIUIUTHBIE Oa3UTHI,
MPOM3BOIHBIE CYOKOHTHHEHTaNbHON nuTocdeproit mantueit (CKJIM); PR-SCLM — npotepo3oiickue
BHYTPUILUTUTHBIE 0a3uthl, npousBonHble CKJIM. A6OpeBuarypsl Ha nuarpamme (b): MORB — Mid-
ocean ridge basalts — bazansTer CpemunHo-okeanndeckux xpebtos; OIB — Ocean island basalts —
bazanbTel okeannueckux octpoBoB; EM+OIB — Enriched mantle-rich OIB — O6oraiienHas MaHTHs U
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oboramiennsie OIB; OPB — Ocean plateau basalts — basansTel okeanmueckux 1miato; SZLM —
Subduction-zone modified lithosphere mantle — Cybaykunonno-moauduiupoBannas JutochepHas
MaHTHS. TpeHmsl Crust — yBeJIMYeHHWE JOJIM KOPOBOTO KOMIIOHEHTa B peE3yjbTaTe IIPOLECCOB
CYONYKIIMU WM aCCUMWIIALUK; Jarnet — yBelWdYeHue I0JM OCTaTOYHOro paciuiaBa (oOoraimieHue
MaHTHHHOTO KoMIloHeHTa); Plume array — mome, XapakrepHoe JUIS IUTFOMOBBIX MAHTHHHBIX
HUCTOYHHKOB.

CyMMUpOBaB MOIYYEHHbIE TEOXUMUYECKUE U U30TOMHO-TEOXUMUYECKUE JAHHBIE
MOKHO MPEANOJOXKHUTh CIEAYIONIYI0 cXeMy (popMupoBaHusi MaccuBa MoHUeTyHapa:
pOJIOHAYaANbHBIE PACIIABBl JJII TOPOJI MAacCMBa MOTJIH OBITh CHOPMHUPOBAHBI TMPHU
TUTABJICHUU JIETUIETUPOBAHHOTO MAHTUIHOTO TUTIOMAa M T€OXUMHYECKH OOOTaI[eHHOTO
UCTOYHUKA - IJUTOC(HEepHOM MaHTHHM, C TOCIEAYIOUEH HE3HAYUTEIbHON KOpPOBOM
KOoHTaMHHanue. CTpoeHue BEpXHEW 30HBI MacCHBa SBJISETCA  PE3YJIBTATOM
AByx(a3HOro BHeIpeHUs 0a3uTOBbIX MarM. bojee Moiio/ible MacCUBHBIE TaOOPOHOPUTEI
BEpXHEW 30HBI Bo3pacta 2.47 MIpI JIET XapaKTepu3yroTcs Ooisiee OOOraiieHHbIM
BELIECTBEHHBIM COCTaBOM, 4YTO, MO BCEH BUAMMOCTH, CBA3aHO C 0oJjee IUTEIbHBIM
IUTFOM-JIMTOC(EPHBIM B3aUMOJIEHCTBUEM.

3AK/IIOYEHUE

1. CormacHO HOBBIM KOMILUIEKCHBIM TI'€0JIOTO-TIETPOJIOTHYECKUM U H30TOIHO-
r€OXMMUYECKUM HCCIIEJOBAaHUSM MAacCHB MOHYETYH/Ipa COCTOUT M3 JIBYX Pa3IMYHBIX
10 COCTaBY 30H, KOTOpbIE ObUTH CPOPMUPOBAHBI B TPH BPEMEHHBIX ATana:

- HWDKHSAS 30HA, KOTOpasi u3y4yeHa no AaHHbIM ckBaxknHbl MT-70, npencrasiena
YepelOBaHUEM OPTONUPOKCEHUTOB, IJIArHOOPTONMPOKCEHUTOB, HOPUTOB, a TaKkKe
rapuOyprutoB. Bospact ¢GopmupoBaHus MOpPOJ HHKHEW 30HBI COOTBETCTBYET
uHrepBaity 2502-2496 wmnH  ser. Ilopoabl  [aHHOW 30HBI  XapaKTEPHU3YHOTCS
BapbUPYIOIIUMH XUMHYECKUMU U HM30TONMHO-Teoxumudeckumu Nd-Sr cocraBammu,
KOTOpPbIE B HEKOTOPBIX CIllydasX OTPa)kalOT HAJIOKEHHbIE W3MEHEHMsI, CBS3aHHBIE C
MeTaMop(U3MOM, MOCTYIUICHUEM PYAOHOCHBIX M, BO BpPEeMs TEKTOHUYECKUX COOBITHH,
(hIrouI0B.

- BEPXHssI 30Ha, IPEICTABJICHHAs HA JTHEBHOM MOBEPXHOCTH, 110 COCTABY SIBIISETCS
NPEUMYIIECTBEHHO rabOpoHopuToBOoil. Ha oCHOBaHMM HMHTEpHpeTanuy reoJOorHYeCKUX
B3aMMOOTHOUIIEHUI U reoxpoHonorudeckux U-Pb naHHBIX 1O UMPKOHY U OaaJeneuTy
yCTaHaBJIMBAIOTCS JBE TJIaBHbIE (pa3bl: TpaxUTOMAHbIE rab0poHopUThI (2507-2501 muH
JIeT) U MaccuBHbIe TabOpoHOPUTHI (2476-2471 muH net). Bo3pact mMeTamopduueckux
npeoOpa3oBaHuil MOPOJ BOJM3U JIOKAJIBHBIX Pa3IOMOB COOTBETCTBYET 2.0 MIIpA JeT.
MaccuBHbIe TaOOPOHOPUTHI XapaKTEPU3YIOTCS BICOKUM cojiepikanueM Al,Oz, 001bmmum
HAKOIJIECHUEM PEJIKUX U PEIKO3EMENIbHbIX 3JEMEHTOB, YTO CBUACTEIBCTBYET O
IIPOUCXOXKICHUH TTOPOJT BTOPOH (ha3bl U3 00jiee 000TaleHHOro HCXOHOTO paciiiaBa 1o
CPaBHEHUIO C IMMOPOJAMHU MEPBOM, YTO, IO BCEW BUIUMOCTH, CBA3AHO C JUJIMTEIBHBIM
TUTFOM-JIMTOC(EPHBIM B3aUMOJIEHCTBUEM.

- Ha 3aKJIOYUTEIBLHOM 3Talle CTAHOBJIEHUS MAacCHBA, COIVIACHO I'€OJIOTMYECKUM M
I€OXPOHOJOTHYECKUM  JaHHbIM  (2456-2445  wmiH  71eT),  (OPMHUPOBAIUCH
JIeKOraOOpOHOPUTOBBIE U Ta00pO-aHOPTO3UTOBBIE  MErMATOMAHBIE  TOPOIB,
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CUHTCHETHYHBIE THE3/IOBBIE M KUJIbHBIC TaOO0pO-TIErMaTUThI, KOTOPHIE JIOKATU3YIOTCS
KaK B BEPXHEH, TaK U HIKHEU 30HaX.

2. Tlopoasl BepxHE 30HBI OTIIMYAIOTCS OT MOPOJ HIDKHEH 30HBI TJIABHBIM
obpasom Oosiee BbicokuMH cojaepkanusmu  CaO, Al,O;, Na,O wm Hmskum FeO,
MOBBIIICHHBIMUA KOHIICHTPAITUSIMHA BBICOKO3APSAIHBIX W OOJIBIIMHCTBA KPYIMHOMOHHBIX
AJIIEMEHTOB. [Ipy  sTOM  XapaKTEpHU3YIOTCS CXOKUMH  TE€OXHUMHYCCKUMHU
XapaKTepUCTHKaMH, TakuMH Kak Hamuune ND-Ta, Zr-Hf MunumymoB u Sr makcumymMma,
oOoramenue JyerkuMu P3D, a Takke ONM3KMMH BeluunHaMHu wW30TOHHBIX Nd-Sr
XapaKTEpPUCTUK, YTO TMpearoiaraeT ux (QopMUpOBaHUE U3 CXOJHBIX IO COCTaBY
MCTOYHHUKOB.

3. PongonauanpHble pacriaBbl JJis MOPOJ MaccuBa ObUTM C(HOPMHUPOBAHBI IIPH
TUTABJICHUH JICTJIETUPOBAHHOTO MAHTUMHOTO HCTOYHHMKA M JIMTOCHEpPHOM MAaHTUU C
MOCJIEIYIONIEH HE3HAYNTEIbHOW KOPOBOM KOHTAMHUHAIIUEH.
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