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Mo tmpkony INpuuckoBoro maccusa U-Pb metonom (SHRIMP-II) ycraHOoBeH GJIM3KUiT cEHOMaHCKUIA BO3pacT
aM(}PUOOIIOBBIX TPAHOIMOPUTOB MAaTrHETUTOBOM 1 WIIbBMEHUTOBO# cepwit (96.91 + 0.88 1 96.5 + 1.2 muH siet). Ha
OCHOBaHUM KOMILIEKCaA MPU3HAKOB (3aMepbl MAarHUTHON BOCHPUMMYMBOCTH, COIAEpP>KaHWE MarHUTHOM
(bpaKIMM, cOCTAaB TEMHOILIBETHBIX M MATHUTHBIX MUHepaJoB, conepxanue Fe?™ u Fe") ycraHoneHs! cy-
IIECTBEHHBIE PA3JIMYMSI MATHUTHBIX XapaKTEPUCTUK OMHOBO3PACTHBIX MHTPY3UBHBIX ITopoa. Cpear OTHO-
CHUTEJTbHO OTHOPOMHOM HEHTPATbHON MIBMEHUTOBOM 30HBI CUXOT3-AJTMHBCKOTO OPOTeHHOTO TT0sIca JI0-
KaJIbHOE TOSIBJICHUE MarHEeTUTOBBIX ITopoj [TprurucKoBoro Mmaccupa oObSICHSIET pacIipeiesIeHUe MECTOPOX-
NEHWI W pyIOIPOSIBIICHUI U3yYeHHOTO y3Jia. Bce MecTopokneHUsT ¥ pyAOIPOSIBICHUS 0JIOBa B TpaHUIIAX
[MpurckoBOro MaccuBa HaXoIsSITCS B 30HE PAacIpOCTPaHEHUs TTOPO MJIBMEHUTOBOM ceprM (BOCCTAHOBU-
TeJbHBIC YCIIOBUS), @ MECTOPOKICHUS U POCCHITTN 30JI0TA U IMPOSIBJICHUS TTOJTMMETATUYECKON MUHEpaIH -
3al[M — B 30HE MTOPOJ MarHETUTOBO cepyuu (OKUCIUTEIbHBIC YCIOBUS).

Karouesvie croea: nIBMEHUTOBAS CEpud, MarHETUTOBAsA CEPUI, HpHI/ICKOBbeI MacCCHB, p€OAOKC-YyCJIOBHUA
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BBEIAEHME

OKUCIUTENbHO-BOCCTAHOBUTEIbHBIE  (PEIOKC-)
YCJIOBUSI SIBJISIFOTCSI OIIPEACIISIOIIMMY B U3MEHECHUN
CTETIEHU OKMCJICHUS DJIEMEHTOB U, CJICAOBATEJIbHO, B
X MOBEICHNU B TeoXuMmnueckux npoieccax (bopucon
u ap., 1991; Muimn u ap., 1988; MuuH, IletyxoBa,
1990; MwymmH, 1994; Rollinson, 2013). Cuxota-
AnuHbckuii oporeHHbIi Tiosic (CAOIT) npoTsikeH-
HocThlOo 1350 kM 1 mmpuHoit 200—250 KM cloXeH
WHTPY3UBHBIMU M BYJIKAHOT€HHBIMHU ITOPOJAMHU Pa3-
JIMYHOTO (POPMAIIMOHHOIO COCTaBa C BO3pacTOM OT
paHHEro MeJia 1o KaifHOo301i BKIounTelIbHO. OCceByIO
300y CAOII npotszkeHHOCThIO 900 KM U LIUPUHOM
150—200 kM cmaraloT ca1aboMarHUTHBIE MarMaTude-
CKHUe II0ponbl, C(pOpMHMpPOBaBIIMECSI B BOCCTAHOBH-
TEJILHBIX YCIIOBUSIX (MiibMeHuTOBast cepust — MC), xa-
paKTEpPHBIMU NMpPU3HAKAMU KOTOPOIi SIBJISIIOTCSI BBICO-
Kasl >KeJIe3MCTOCTh TEMHOLIBETHBIX MUHEPAJIOB, HU3KOE
colepXXKaHHE PYOIHOIO MMHepaia, IIpeacTaBIEHHOTO

FeO

————— < 0.61) u pexe Mmar-
FeO + TiO,

qyani€ MJIIbMEHHUTOM (

__FeO
FeO + TiO,
3TOr0, ¢ HU3KMMM ITI0Ka3aTeIsIMU MarHUTHOI BOC-
npuumunsocty 10 0.5 X 1073 en. CHU (¢pur. 1) (Mu-
IuH 1 gp., 2020). B 30Hy pacnpocTpaHeHUsI MOpox,
WJIBMEHUTOBOM CEpUM ITOJIHOCTHIO BIIMCHIBACTCS
apeajl pacIpoOCTpaHEeHUsI MPOSIBICHUM U MECTOPOXK-
JICHUI 0J10Ba U COITYTCTBYIOIIIETO OJIOBY BOJIbdpamMa
(¢wur. 2). C BocTOKa U 3ar1aga WiIbMEHUTOBEIC IIOPO-
ae1 CAOIT o6paMagioTcst TopogaMu MarHEeTUTOBOM
cepuu, CHOPMUPOBABIIMMUCS B OKUCIUTEIbHBIX
ycioBusix. C HUMM TECHO CBSI3aHbI SIUTEpPMaIbHbIE
30JI0TO-CEPEOPSIHbIE MECTOPOXIECHUS U TIPOSIBIIC-
HUS, a TaKXKe MeTHO-TTOp(UPOBBIE U pexke — MOJIUO-
JIEHOBBIC 1 IOJINMETAJUINYECKUE.

PaitoHBI pacrmpocTpaHeHMsI IOpPOHA MJIBMEHUTO-
BOI U MAaTHETUTOBOM CEPU OTYETIMBO Pa3INndaAIOTCS
mo ¢popMalMOHHOMY COCTaBYy TMIPOTEPMAaJIbHO W3-
MEHEHHBIX opof. B 30He pacrpocTpaHeHus ITOpoI
WJIBMEHHUTOBOM CEpUU OTMeYaeTcsi 0oJjiee BBICOKO-
TeMIIepaTypHbIi COCTaB TUAPOTEPMaIbHBIX MUHEPA-
JIOB, a paCIIpOCTpaHEeHHE METaCOMaTHUYeCKUX 00Opa-
30BaHuUil (hopMaliiyi BTOPUYHBIX KBAPIIUTOB U IJIO-

HEeTUTOM ( > 0.74) u, Kak CcJeACcTBUE
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1anHas  LEeOJUTU3ALMS —  KUCKJIIOUYMTEIbHas
MPUHALIEXXHOCTD ITOPOJl MarHeTUTOBOM cepuu (Mu-
muH, beponaukos, 2010) (¢wur. 2).

HWuTpy3uBHEBIE Tela U ITOKPOBHI BYJIKAHMYECKUX
MOPOJI, PACIIOJIOXKEHHBIE B 30HE MePexo1a OT UibMe-
HUTOBOI CEpUU K MAarHETUTOBOI, KaK MPaBUJIO, UME-
IOT 30HAJIbHOE CTPOCHME C COYSTAaHEM B OMHOM TeJIe
MOpOoa MarHeTUTOBOW W WJIBMEHUTOBOMN cepmii. Tu-
MMUYHBIMM TIpUMEpaMy TaKUX MAacCHUBOB SIBJISIIOTCS
AxcakuHckuii 1 FOxHbIiT CUIMMUHCKWIA TpaHUTO-
WIHBIE TUIyTOHBI (MuiuH u ap., 2020).

I1purcKoBBIN MHTPY3UB SIBISIETCSI CBOCOOpa3HOIt
aHoManueii. Mimest 30HaJIbHOE CTPOEHUE U OrpaHU-
YeHHbIE pa3Mephbl, OH PACHOJ0XKEeH BHYTPU OOIINp-
HOI permoHaJbHOM 30HBI, B KOTOPOU OOJBIITMHCTBO
MarmMaTu4ecKux Mopoj OTHOCSITCSI K UJIbMEHUTOBOI
cepun. IIpuKMCKOBBIIT MAacCUB JOCTATOYHO XOPOIIIO
W3Yy4YeH, UMEIOTCS MOJHOEe meTporpaduruieckoe, reo-
XUMHUUYECKOE U TeOXpOHOJIOTUUYecKoe 0O0OCHOBaHUE
ero rereporeHHoctu (M3ox u ap., 1957; CtpuxkoBa
1980; Ponuonos, 2005; I'oneBuyk u ap., 2015; CaxHo,
2016; Kpyk u mp., 2019). MaccuB mioiaabio 0OKoJIo
200 xkM? pacrnosioxXeH B IipaBoM 60pty p. Bosbiuas
Yceypka K ceBepy oT ¢. MenpbHu4HOoe. B reosoro-
CTPYKTYPHOM IIJIJaHE MAacCCHUB IIPEACTaBIISIET COOOI
BBIXOJIbI MEJIOBBIX IPAHUTOUAOB OJIBTUMHCKOTO U Ta-
TUOMHCKOTO IUTyTOHMYECKMX KoMmIuieKcoB (Kom-
IUIeKT mudpoBhix..., 2020). B npenenax maccuBa u
BMEILAIONINX €TO MOopoj 3a(UKCUPOBAHBI TIPOSIBIIC-
HUSI TUIPOTEPMAIIbHO-U3MEHEHHBIX IIOPOI, IIPOSIB-
JIEHUSI M IyHKTHI MUHEepaJIn3alny BoibgpamMa, 0J10-
Ba, CBUHIIA, MOJIUOIeHA. PyTOKOHTpOJMPYIOIIYIO U
pPyAOreHe pUpPYIONUIYIO POJIb MaCCHUBa TaKXKe IMogdep-
KMBalOT MHOTOYMCJICHHBIE POCCHIIM 30J0Ta, MpPU-
ypOUYCHHBIE K BOAOTOKAaM, JPEHUPYIOIIMM MAacCUB B
ero oxxHoil mojioBuHe (KoMIuieKT nu@poBbIX...,
2020).

OTHeceHue TPaHUTOUIHBIX MACCUBOB K MarHeTu-
TOBOI (OKUCITUTENbHbBIE YCIOBUS (DOPMUPOBAHUS) U
WJIbMEHUTOBOM (BOCCTaHOBUTEIbHBIE YCI0BUS (hop-
mupoBaHus) cepusm (Ishihara, 2004; MuimuH u np.,
2020) sBisieTcs OMHUM M3 BaXKHBIX METAJJIOTEHUYE-

KOHOBAJIOBA wu np.

CKMX KpUTEPHEB, B OCOOEHHOCTH MPU MTPOTHO3UPO-
BaHUMU OJIOBSIHHOTO U 30JI0TO-MEIHO-MOJUOIEH-
nopduposBoro opyneHenust (IlerpoB m ap., 2019,
2020a, 20200 u op.).

METOAbI UCCIIEJOBAHWA

B xo1e mosieBbIX paboT OBLIM OIIPOOOBAHEI TOPO-
nbl [IpunckoBOro MaccuBa, IMPOBENCHEI AeTalbHbIC
MapIIpyThI C 3aMepaMy MarHUTHO BOCTIPUUMYNBO-
ctu (MS) c moMolpio KarmameTpa KT-5 yepe3 2—50 m
B KOPEHHBIX BBIXOAAX BIOJb JIECOBO3HBLIX JOPOT U B
ooprax pek, cekymux maccuB (1-s Illenpunka, 3-s
Hlenpunka, bonbsmas Yccypka). st Bcex mpooO ObI-
JIM U3TOTOBJICHBI IeTporpadudecKue g5, OIpe-
JIeJIeH MUHEPaIbHBII 1 XUMUIECKUIA COCTaB.

B ananutuueckom uentpe UTul’ JIBO PAH no-
JIydeHbl pe3ynbTaTel P®A (S4 Pioneer ¢upMbl
Bruker, I'epmanusi — aHanutuku M.A. Acrtanos,
B.O. Kpyrukona, JI.M. Uneun), UCII-MC ananm-
30B (ICP-MS Elan 9000 (Kanama) — aHalWTUKKU
B.O. KpytukoBa, A.B. IlltapeBa, B.E. 3a3ynuHa,
A.IO. Iletposa). i1 HanbOonee mpeacTaBUTEIbHBIX
Mpo0 omnpeaeseHbl XUMUYECKUM METOJO0M CoAepxkKa-
HUsI OKUCHOTO U 3aKucHoro xenesa (Fe3* onpenensi-
JIOCh TPUJIOHOMETPUYECKUM MeTomoM, Fe’™ — 6u-
XpOMaTHBIM MeToaoM, aHaiuTuK B.E. 3asynmna).
ITpoaHanu3MpoBaH cOCTaB TEMHOLIBETHBIX U PYIHbBIX
MUHEPAIOB, OTOOPaHHBIX T0J OMHOKYJISIpPOM (pacT-
POBBIN 2NeKTpOoHHBIN MHKpockon VEGA 3 LMN
(TESCAN, Yexusi), sHepTOAMCIEPCUOHHBINA CIEK-
tpoMeTp X-Max 80 (Oxford Instruments, Bemuko-
oputanus). DororpadupoBaHue o6pa3LOB U MOUCK
MUKPOBKJIIOUEHU BeJICSI B peXXrMe o0paTHO pacce-
STHHBIX 2J1eKTpoHOB (BSE — meTekrop), aHaIMTUK —
B.O. KpyrukoBa). MwuHepaJornyeCKuM MarHUTOM
A5 CouneBa u3 n1po06sieHoli mopoasl padmepom 0.25—
0.5 MM BbLIEJISITIaCh MarHuTHast bpakius, pacCUnThI-
BaJIOCh €€ MPOLIEHTHOE COJIEp>XKaHUE B MOPOJIE.

PaGoTel 10 OIpeneseHno pagruoIOTHIECKOTO
Bo3pacra rpaHomuoputoB IlpuMHcCKoBOro maccuBa
BBIMIOJIHSUINCh  HAa HMOHHOM  MMKpPOaHAJIU3aToOpe

@ur. 1. CxeMa pacrpocTpaHEeHUs] MarMaTMYeCKUX ITOpOA MJIbMEHUTOBON M MarHetutoBoii cepuu B CAOII Ha ocHoBe

(Grebennikov et al., 2016) ¢ 1o6aBIeHUSIMI ABTOPOB.

1 — PanHue naneo3oiickue KOHTMHeHTaJabHble 010K1: BR — Bypennckuit, KHN — Xankaiickuii; 2 — najaeo30iicKue oKpauH-
HO-KOHTHMHEHTAJIbHbIE TeppeiiHbI, HAIBUHYThIE Ha IOPCKHE aKKPEIIMOHHBIE TTPU3MBI; 3 — TeppeitHbI I0PCKOM aKKPEILIMOHHOM
MPU3MBI, colepxKaliue (hparMeHThI MaJIe030MCKUX O(UOIUTOB, KPEMHUCTBIX CJIAHIIEB, N3BECTHSIKOB U TPUACOBBIX KPEMHU-
cThiX ciaHueB: SM — CamapkuHckuii, NB — Hananbxana- bukunckuii, KHB — Xab6apoBckuii; 4 — TeppeiitH cpenHeMeJIoBOi
aKKPELIMOHHOM MPU3MBI, ColepKallnii hparMeHThI IOPCKUX 0a3aJIbTOB, KDEMHUCTBIX CJIAHIIEB U MOPOJ PAHHEMEIOBOI OCT-
POBHOI1 Iyru; 5 — TeppeitH paHHEMeJI0BOI (HEOKOM) aKKPELIMOHHOM MPU3MBI, cofiepKallrii ¢parMeHThbl JEBOHCKO-TPUACO-
BBIX U3BECTHSIKOB, 0a3aJIbTOB U MO3IHEINAIC030MCKUX U TPUACOBO-IOPCKMX KPEMHUCTHIX cilaHleB U aprwuiutoB: TU — Ta-
YXUHCKMIT; 6 — TeppeiiH paHHEMEIOBOro TypouauTosoro 6acceitHa: ZH — XKypapieBcko-AMypcKuii; 7 — paHHEMEIOBast OCT-
poBHas nyra: KM — Kemckasi; 8 — najneoreHoBble TpaHUTOMIBI (a) U ByJIKAHMYECKUE Moponbl (6); 9 — no3nHuii ansd —
paHHeCceHOMaHCKMe TPaHUTOMILI () U ByJIKaHUYecKue mopoasl (0); 10 — mo3gHeanb0cKue rabopo-MOHIIO-TPaHUTBI U CUEHHU -
THI; 11 — mo3mqHEeMeT0BbIe TPAHUTOUIHI (a) U ByTKaHNYecKue mopobl (0); 12 — rotepuB-anTckue rpaHuTonasl; 13 — LieHTpanb-
HbIll CHUXOT3-AJIMHBCKUI pasiioM; 14 — rpaHuiia pacnpoctpaHeHus nopon marHetutooii (MC) n unbmenuToBoii (MC) ce-
puii, BblIEJIEeHHAs! [0 KOMITJIEKCY MPU3HAKOB (a) 1 1o cooTHoeHuio Fe,05/(Fe,03+FeO) (6) (MumuH u ap., 2003); 15 — uH-
TPY3UBBI, Ha KOTOPBIX 3aJOKYMEHTMpOBaHa 30Ha Iepexoja WIbMEHUTOBOM cepuu K MarHeTuToBoit; 16 — IlpuuckoBbiit

MacCCHB.

TEOJIOTUSA PYOHBIX MECTOPOXIEHU
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®@ur. 2. Cxema pacrpeesieH1ss MarMaTu4ecKuX MopoJi MarHeTUTOBOM 1 wiibMeHuToBoi cepuit B CAOII ¢ aneMeHTamMu MeTa-

JioreHuU Ha ocHoBe (MuiuH u ap., 2020; MuHuHa u 1p., 2019) ¢ no6aBieHUSIMU aBTOPOB.

1 — MarmMaTuyeckue nopoabl WIIbMEHUTOBOM CEpUU; 2 — MarMaTU4eCKKe MOopoIbl MArHETUTOBOM cepru; 3 — 00J1acTh C TpoMe-
XYTOUHBIMH XapaKTEPUCTUKAMU OKUCIUTENBbHBIX ycinoBuit (?) ¢ MemHO-MOphUPOBBIMU 1 Au—Ag pyIONpPOSIBICHUSIMU; 4 —
nposiieHus (a) 1 MectopoxaeHus (6) Sn, u Sn—W; 5 — (Moub6eH)-MeqTHO-TTOp(UPOBBIE PYIOIPOSIBICHUS (), MECTOPOXK-
nenus (6) (MunuHa v ap., 2019); 6 — 3ayiexku BBICOKOIJTMHO3€MUCTBIX BTOPUYHBIX KBAPLIMTOB; 7 — MECTOPOXKICHUST U PyHO-

IIPOSABIICHUS 30J10TA.

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

TOM 65 Ne 3 2023

257



258 KOHOBAJIOBA wu np.

SHRIMP-II 8 IUN PT'YIT “BCEI'EN” U-Pb me-
TOJIOM M30TOITHOTO JAaTUPOBAaHMS 110 aKIIECCOPHOMY
LIMPKOHY, a TaKKe MCIOJIb30BaJIUCh MHOTOYMCIIEH-
HbIe ONpeAcieHUsT BOo3pacTa M3 OITyOJIMKOBAaHHBIX
pabort (CaxHo u ap., 2016; I'oneBuyk u ap., 2015; Po-
nuoHoB, 2005; Kpyk u ap., 2019)

Mudopmaiiysg o mMojie3HbIX UCKOITaeMbIX CHUMAa-
JIaChb C KapThl NOJE3HBIX MCKOIMAeMBIX MacliluTaba
1:200000 (KommiekT ungpoBbIX..., 2020). MHdop-
Mallysl O MarHUTHBIX aHOMAaJUsIX — C KapThl aHO-
MaJIbHOTO MarHuUTHOTO moJjs MacmTaba 1 : 500000
(KoMmriekT ungpoBbIX..., 2020).

Paznenenue rpaHUTOMIOB HAa MAarHETUTOBYIO U
WIBMEHUTOBYIO CEPUIO IIPOBOAMIIOCH 10 KOMILJIEKCY
IIPMU3HAKOB, ONUCAHHBIX B padoTax (MulluH U ap.,
2020; MumH u ap., 2022) (¢ur. 3a). 3a rpaHuiy
MEXAY MAarHETUTOBOI U UJIbMEHUTOBOM CEPUSIMU 11O
MarHuTHOI BocnpumuMuuBocTu (MS) Opajioch 3Ha-
yenue 0.5 x 1073 en. CU (Pur. 36).

ITo K03 puLIMeHTy OKUCIIEHHOCTHU Kejie3a, BhI-
YUCIIEHHOMY 110 (hopMyJIe

f= Fe,0; _Sio,
Fe,0; + FeO 200

(MuimH, 1994), pasgeiieHre MEXIy CEpUSIMU IIPO-
XOIUT Mo 3HavyeHuto 0.3.

I'panu1IBl MEXXOYy MAarHEeTUTOBOM 1 MIIBMEHUTOBO
cepusiMu MHTPY3UBHBIX ITopon CAOII mo mMarHuT-
HOM BOCIIPUMMYHMBOCTU U KOS(DDOUIIMEHTY OKHMCIICH-
HOCTH KeJie3a KOPPeJIUPYIoT MexKay coboit (dur. 3B), a
rpaHulIa IO MAarHUTHOM BOCIIPMMMYMBOCTH COBIIAIaeT
¢ maHHbIMM 13 paboTtsl (Hart et al., 2004) (¢wur. 4).

0.38

T'EOJIOTMYECKOE CTPOEHUE
1N METAJUIOTEHMA ITPUNCKOBOTI'O
MACCHBA

ITpuncKoBBIii MacCUB BBITSIHYT B CYOIIMPOTHOM
HaIpaBJIEeHUU U UMeeT JJaKKOJUTOIIOJ00HYIO (hopMy
(M30x 1 op., 1957). IOxHas yacts ero (140 km?) ciio-
JKeHa TAaTUOMHCKUM MOHIIOHUT-AUOPUT-TPAHUTHBIM
KOMILIEKCOM ajib0-ceHoMmaHa. Ha cesepe (60 km?) —
9TO OJIbTMHCKUIA TPAaHUTHBIA KOMIUIEKC (CaHTOH-
KaMmIiaH) (¢ur. 5), KOTOPBI UMeeT PBYLLINE KOHTAKThI
C BMELIAIOIIMMU TEPPUTEHHBIMU TIOpOJaMM BaJlaH-
KUH-TOTEpUBA U TPAHOAMOPUTAMU TATUOMHCKOTO
KoMIuiekca (TabJ. 1, Tad. 2). C nocjiegHUMU TpaHULA
OOJIbIIIeH YaCcThblO TEKTOHUYECKAsI MO IIIMPOTHOMY pas-
JioMy. B 3K30KOHTaKkTax pa3BUTbl KOPAWEPUTOBBIE U
OMOTUTOBBIE POTOBUKM (IIIMpHHA apeayia — 1—2.5 KM) 1
rpei3eHU3MpoOBaHHbIE TTOPObI. B OTIENbHBIX CIydasx
IrPaHUTBl Ha KOHTAaKTe€ C TEPPUTCHHBIMU IOpPOAAMU
oboranieHbl OMOTUTOM C IIMPUHONA OOOTaIlIEHHBIX 30H
1o 1 M. Mectamy TpaHUTOU/IbI OJIBTUHCKOTO KOMILIEK-
ca MpOophIBAIOTCS JaliKaMu JUOPUT-TTOPHUPOB U Criec-
CapTUTOB NAJIBHETOPCKOTO AUOPUT-TPAaHOOUOPUT-Tpa-
HUTHOTO KoMmIuiekca maactpuxta (Komruekt uudpo-
BBIX..., 2020).

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

I'paHOIMOPUTEL IOKHOI YacTH MAacCHUBa HMEIOT
CAeoyIOIUiA MUHEPAJIbHBI COCTaB: ILIAarMoKJIa3
(47.5%), poroBast oomanka (8.1%), onotut (7.7%),
kayummar (16.7%), kBapir (19.9%).

B rpanuTax ceBepHoit yacTu Kanummnart (33.6%) u
kBapl (34.8%) mnpeoGiagaloT Hal IUIAarMOKJIa30M
(27.4%) n omotutoM (4.2%) (CrpixkoBa, 1980).

ITo OHY6J'II/IKOB3.HHBIM JaHHBbIM, BO3pacCT IIOPpOI
HpI/II/ICKOBOFO MaccuBa COCTaBJIACT:

— rpaHoguoputhl — 105 = 2 mutH e, U-Pb MmeTon
o uupkoHy (SHRIMP-11) (Caxuo m ap., 2016); 97 +
* 2 mutH et (K-Ar mo 6motuty), 100.5 = 3 MiIH net
(K-Ar no nmape ounotut—amdubdosn, mo ampuodomny),
81.1 = 1.9 maH net (K-Ar o nape 6uotTutT—amdpuodom,
o 6uotuty) (loHeBuyK 1 Ap., 2015); 84 £ 1.9 MuH e,
Rb/Sr (Ponnonos, 2005);

— TpaHUTH ceBepHoit yactu — 80—85 MIH ner
(Kpyxk u 1p., 2019); 80.8 + 1.9 maH net, K-Ar no 6uo-
tuty (l'oHeBuyK m np., 2015).

Ilo uMpkoHy u3 rpaHoanoputToB IIpurckoBoro
MaccuBa U-Pb meromom (SHRIMP-II) nomydeHbl
OlleHKM Bo3pacTa 96.5 + 1.2 muH Jet (mpoba EK-
2157) m 96.91 + 0.88 murH net (Tpo6a EK-2159).

B meTanmnorennyeckoMm miaHe [TpumcKoBowIif Mac-
CUB MPUYPOYEH K COUJIeHeHUIO 3a0bITOro Bojabdpa-
MOBO-0JIOBOPYIHOrO 1 bllarogaTHEeHCKOro 30J10TO-
PYIHO-POCCHIITHOTO y3JI0B.

Huxe nepeducieHbl pyaHbie OOBEKTbI, MPOsSIB-
JeHHble BOM3U ITpunckoBoro Maccupa (Komiuiekr
KapT..., 2020), mpencTasisgolIre UHTepeC IS BBIIS-
JIEHWSI 30H OKMCJIMTEJIbHO-BOCCTAHOBUTEIbHBIX
yCa0BUii OpMUPOBaHUSI MarMaTU4eCKUX ITOPO.

Ha paccmatpuBaemoii Tepputopuu (cM. ¢ur. 9)
HaxXOoOUTCSI 6 MecTopoxXaeHui oitoBa (PynHoe, 3a0bI-
toe, Hepcy, pyd. Koneunniit Jlor, Tyenry, CpenHe-
MukynuHcKoe, 3uMHee) U 2 MECTOPOXKIESHMS 30J10Ta
(bnmaromatHeHcKkoe, Imyxoe). Bce mepeudmciieHHBIE
MECTOPOXIEHHUS OJI0Ba, 3a UCKIIOUeHUEM pyd. Ko-
HeuHbIl JIor — KOpeHHbIe, MecTopoXaeHue 3UMHee
OTHOCUTCSI TIO 3aracaM Pyl K CpenHei KaTeropuwu.
brnarogatHeHCKOE MECTOPOXIIEHNE OTHOCUTCS K 30J10-
TOpYIHOU MaocynbpuaHOit hopmarnu, a [myxoe — K
30JI0TOHOCHO YepHOCIaHI1IeBOi (hopmMaliuu.

Kpome KopeHHOIi 30JI0TOpYIHON MUHeEpaiu3a-
1IMU, B Mpeaesax MaccuBa MPOSIBJI€Hbl MHOTOYMC-
JIEHHBIE POCCHITIU 30JI0Ta, IPUYPOUEHHBIE K BOAOTO-
KaMm, ApEHUPYIOUIMM 10XHbIN ¢aanr [IpurckoBoro
MaccuBa Ha y4yacTKaxX pacrpoCTpaHEHWS MOHIIOHU-
TOMIOB MarHETUTOBO CEpUMU.

INETPOMAI'HUTHAA XAPAKTEPUCTUKA
IMoPOJ IMTPUNCKOBOI'O MACCHBA:
CBA3b C OKHUCIHUTEIJIBHO-
BOCCTAHOBUTEJIbHBIMHA YCIIOBUAMU

IIpu xpuctamM3zauuy MarMaTU4YeCKUX IOPOI B
OKMCJIUTEIbHBIX YCIIOBUSX XKEJI€30 HAXOIUTCS Ipe-
Ne 3
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KOHOBAJIOBA u ap.

®@ur. 3. OCHOBHbBIE ITapaMeTPhI /i1 BbIAEACHUS MArHETUTOBOM U MJIBMEHUTOBOM CepUil Cpear KUCIBIX 1 OCHOBHBIX MarMaTu-

YEeCKUX MTOPO/I.

a — BJIMSIHUE OKUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX YCIOBUI1 Ha COCTaB, MOCIEA0BATEIbHOCTb KPUCTAJUIM3ALUY PYIHBIX U TEM-
HOLIBETHBIX MUHEPAJIOB U META/NIOTeHNYECKYIO CIIeLMaIN3alMi0 MarMaTUYeCKUX MOpoJl; 6 — BblAeJeHUe MarHeTUTOBOI U
WJIBMEHUTOBOI CepUii MO MarHUTHOI BOCIPUMMYMBOCTU Ha npumMepe marmatuueckux nopoxn CAOII; B — koadduLrieHT
OKMCJICHHOCTH 3KeJie3a B TPAaHUTOMIHBIX MaccuBax CUXOT3-AJIMHBCKOTO OPOT€HHOTO MosICa, PACTIONOXEHHBIX B 30HE MEPEX0-
Ila WIbMEHUTOBasi—MarHeTuToBas cepun. Maccusbl: AkcakuHckuit (1), KOxupiit Cunumuiickuii (2), [Ipuuckossiit (3); 4 —
rpaHuLa MeXIy WIbBMEHUTOBOI U MarHETUTOBOM CEPUSIMU.
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®ur. 4. TucTorpaMMsl pacripeieJieHus MAarHUTHOM BOCIPUMMYKMBOCTH B TUTyToHMYecKuX mopoaax KOkona (Hart et al., 2004)

C 100aBICHUSIMMU.
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@ur. 5. a — MaduvyecKoe BKIIOYCHUE CPEU CPETHE3EPHUCTOrO KBaplieBOro MOHIIOHHMTA U3 F0XKHOM YacTu [IpurckoBoro Mac-
cuBa (rpob6a K-332a); 6 — KkBaplieBblil MOHLIOHUT ¢ MaUUECKUM BKIIOUEHUEM CPeld KPYIMHO3EPHUCTBIX JIEMKOKPATOBBIX
OUMOTUTOBBIX TPAHUTOB ceBepHOIT yacTu [IpumckoBoro maccusa (mpoba K-334a, 6).

MMYILIECTBEHHO B MEHEE TTOABUXKHOMI TpEXBaJIEHTHOM
¢dopMe, 1 TTO3TOMY Ha JTMKBUYCE TIPOUCXOIUT KPHU-
CcTaJuI3alysl BECOBBIX COOEPKAHWII MarHeTuTa, B
pe3yabTaTe OCTaTOYHBIN pacIiaB 0OeTHSIETCS JKeJle-
30M, a KPUCTAJUTU3YIOIIMECS TTOCIe MarHeTUTa TEMHO-
LBETHBIE ITOPOA000PA3YIOLINE MUHEPAJIBI OTJIMYAIOTCS
OTHOCUTEJILHBIM eulinToM kene3a (MwuiH, Poma-
HoBckuii, 1992; Tleuepckmit, 1964; Ishihara, 1977).
Marmartndeckyie IIopoabl B TAKOM CIydae IIPUHSITO Ha-
3bIBaTh MarHeTUTOBLIMU. [1pu moeBoM onpeneneHun
C HCHOJb30BaHMEM KaIllllaMeTpa MarHeTUTOBBIE U
WJIBMEHUTOBBIC ITOPOAbLI Pa3ACISIIOTCS 110 3HAYCHUIO
MarHutHoi Bocipuumunsocty (MS) 0.5 X 103 en. CU
(MuimH u ap., 2020; Hart et al., 2004).

WM3MmepeHnst MAarHUTHOM BOCIPUMMYUBOCTH B T10-
JIEBBIX YCIOBUSIX TTO3BOJIMJIM ITIOCTPOUTH ITOTNIEPEUHbIC
npodIn pacopoOCTpaHEHUSI OPOI, MATHETUTOBOM U
WIBMEHUTOBOI cepur B [IprMCKOBOM MaccUBe BIOOJNb

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

ooptoB p. 1-a u 3-a Ulenpuraka. O0mee KOJIMIECTBO
3aMepoB — 270, u3 Hux 64 6ombme 0.5 x 103 en. CU, a
206 — MeHBblIIIE.

I1pu nepeceyeHny rpaHULILI MACCUBA BIOJIbL OOp-
Ta p. Tperbst lllenpuHKa MoJie OPOrOBUKOBAHHBIX
aJIeBPOJIUTOB CMEHSIETCSI KOPEHHBIMU BBIXOHAMU
WJIBMEHUTOBBIX aM(UOO0I0BEIX TPAHOIMOPUTOB. 3a-
Mepbl MAarHUTHOM BOCHPUMMYMBOCTH B KOPEHHBIX
BBIXOJAaX cAeJIaHbBI Ha TIpoTskeHnH 2500 M, Bce 3aMe-
pul Mesbine 0.5 X 1073 en. CU.

Bnonb 6opra p. IlepBag lenpunka 3amepsl MS
ObLTU cnenaHbl Ha poTskeHur 3000 M OT TpaHUIIbI C
BMEIIAIOIINMHU OPOrOBUKOBAaHHBIMU TTopomamu. Ha
npoTsekeHuu 2100 M MapiipyTa U3MepeHUsT MarHuT-
HOM BOCIIPMUMYMBOCTU B KOPEHHBIX BBIXOJAX ObLIU
menble 0.5 X 1073 en. CU (wiIbMeHUTOBas cepusl).
Hanee mo MapiipyTy 4epes3 pachamok II0 3amMepam
MS HaumHaeTcss MarHeTUTOBAsI CepUsl.

Ne 3 2023
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KOHOBAJIOBA wu np.

Tadmmua 1. ConepkaHust TETPOTeHHBIX (Mac. %) 3JIeMEHTOB B ITPEICTaBUTEIBbHBIX MP0o6ax rpaHuTonnos [Ipunckosoro
MaccuBa C paszieibHbIM onpeneneHueM Fe,O3 u FeO.

Ne po6 /' |Cepus| SiO, | TiO, |AL,O3| Fe,03|FeO|MnO| CaO |MgO|Na,O | K,0 | P,05|H,0+ |H,O—| i
1|0I1-722 |0.015 | UC [74.91| 0.05 [13.73| 0.01 |1.06| 0.03 | 1.04 [ 0.08 | 3.58 | 4.91 [ 0.03 | 0.00 | 0.14 |0.43
2 |0I1-721/110.023 | UC |73.63| 0.05 |14.36| 0.01 |0.89| 0.02 | 0.86 | 0.06 | 3.79 | 5.63|0.02 | 0.00 | 0.16 [0.50
3| C-4037 0.075 | UC |74.37| 0.29 |12.96| 0.17 |2.37|0.04 | 1.12 | 0.51 | 3.48 | 4.55|0.00 | 0.00 | 0.00 |0.14
4(C-4039 |0.146 | UC |73.62| 0.29 [13.29| 0.37 |2.38|0.06 [ 0.98 | 0.61 | 3.66 | 4.42 | 0.00 | 0.00 | 0.30 |0.00
5| K-5121 0.183 | UC |62.85]| 0.66 |16.04| 0.62 [4.67| 0.12 | 4.77 | 2.67 | 3.88 | 2.60 | 0.26 | 0.73 | 0.14 |[0.00
6|C-4040 |0.243 | UC |62.17| 0.86 |16.63| 0.95 |4.53|0.02 | 5.30 |2.92 | 3.79 | 2.44 | 0.00 | 0.00 | 0.00 |0.40
71529a 0.299 | UC |62.29]| 0.52 |15.50| 1.33 |4.42]| 0.13 | 4.47 | 3.94 | 3.03 | 2.97 | 0.00 | 0.20 | 0.00 |1.20
8| LIT1-549/1|0.348 | MC [69.09| 0.31 {14.52| 1.06 [2.33]0.08 | 3.78 | 1.48 | 3.54 | 2.67 | 0.16 | 0.00 | 0.89 |0.08
91548 0.378 | MC |65.32| 0.53 |15.40| 1.56 |3.25]| 0.10 | 4.21 |2.35| 3.52 {2.74 | 0.15 | 0.00 | H.0. |0.87
10| LIT1-549/2(0.411 | MC |67.78] 0.33 |15.42| 1.33 [2.26| 0.08 | 3.86 | 1.66 | 3.45 | 2.76 | 0.18 | 0.00 | 0.81 [0.08
11 {270u 0.417 | MC (72.02]| 0.14 |14.96| 0.89 [1.35|0.08 | 1.37 | 0.08 | 3.66 | 4.12 | 0.00 | 0.33 | 0.00 | 1.01
12|571a 0.451 | MC |74.07| 0.01 |14.80| 0.34 |0.43|0.03 | 1.26 | 0.40 | 3.49 | 4.47 | 0.00 | 0.21 | 0.00 |0.51
131258 0.455 | MC |72.61| 0.31 |14.01| 0.99 |1.27]|0.03 | 1.40 | 0.71 | 3.96 | 4.25 | 0.00 | 0.00 | 0.48 |0.00
14| II1-723 [0.468 | MC |65.46| 0.38 |15.00| 1.66 [2.34]|0.08 | 4.47 | 2.04 | 3.57 | 2.86 | 0.21 | 0.00 | 1.78 [0.14
15549 0.49 | MC |75.73| 0.12 | 12.17| 1.33 |1.39]|0.03 | 1.13 | 0.11 | 2.70 | 4.79 | H.0. | 0.00 | H.0. |0.51
16 | 1548 0.497 | MC |75.37| 0.04 |13.29| 0.84 [0.86]|0.04 | 0.44 | H.0. | 2.90 | 4.88 | H.0. | 0.00 | 0.38 |0.96
17722 0.536 | MC [74.68| 0.10 |12.74| 1.61 [1.43]0.04|0.92|0.33|3.20 {4.35|0.01 | 0.00 | 0.12 |0.48
18723 0.593 | MC |65.50| 0.52 |15.09| 2.85 |2.42]|0.09 | 3.80 | 2.07 | 3.49 {2.93 | 0.15| 0.00 | 0.12 |0.98
19308 0.607 | MC [72.68] 0.02 [16.77| 0.59 [0.41|0.05| 1.14 | 0.12 | 3.38 [ 4.45|0.00 | 0.16 | 0.00 |0.22

IMpumeuanue. 1—3 — nruoputsl, 4—8 — rpaHOAMOPUTHI, 9—19 rpaHUTHI: 9 — KPYITHO3EPHUCTBIN OMOTUTOBBII TPAHUT, ciierka nopgu-
POBUMIHLINM, MpaBklii 6eper p. Kyasa, 6113 KOHTaKTa ¢ BMEIIAIOUIMMU opoaaMu; 11 — MeJIKO3epHUCThIM OMOTUTOBBIM rPAaHUT U3 Jaii-
KM, ceKyleil mopdrupoBUIHbIE OMOTUTOBBIE TPAHUTEI, BepX0Bbs p. b. SAIMyTuH3a; 14 — pe3ko nophupOBUIHBIN OMOTUTOBBII I'PAaHUT,
BepxoBbd p. b. AAMyrun3sa; 13, 16—19 — neiikorpanur. 1, 3, 10, 12, 15 — Crpukkosa, 1980; 2, 9, 11, 14 — U3ox u ap., 1957; 4—8, 13, 16—
19 — I'TK, 2020. UC — unbMeHuToBas cepusi, MC — MarHeTUTOBasI CEpPUSI.

ITpu nabopatopHOM oOIpeaeieHUU MHAMKaTopa-
MU OKMCJIUTEJIbHO-BOCCTAHOBUTEIbHBIX YCJIOBUiA
SIBJISIIOTCS: COOTHOIIIEHNE B MArMaTUYECKUX TTOpoJax
JIIByX- M TpexXBaJleHTHOro xeje3a (koadduimeHT
OKHCJIEHHOCTU C pa3MmepHocThio oT 0 no 1), cocras
pYIHOTO MHHepaia (MarHeTUT—WJIbMEHMT), TpPO-
LIEHTHOE COJep>KaHUe MarHUTHOI (pakuuu, Mmar-
HUTHAasT BOCIMPUMMUYUBOCTh MOPON, XKEJIE3UCTOCTb
MOpPOA00OPA3yIOIIMX TEMHOLIBETHBIX MWHEPAIOB
(6uoTuT 1 poropasi oomanka) (MuiuH u np., 2020).

KoadpduimeHT okucieHHOCTH B amM(puOOJIOBBIX
rpaHogropurax [1prmmcKoBoro MaccmBa 4YeTKO ITOKa-
3bIBaeT pasieiieHue 3TUX MOPOJ HAa MarHeTUTOBBIE
(OKUCIIeHHBIE) W WJIBMEHHUTOBEIE (BOCCTaHOBIICH-
Hele) (MummH u ap., 2020) 1 ITOI0XKUTETBHO KOppe-
JIUpyeT C 3aMepaMy MarHUTHOM BOCIIPUUMYUBOCTU

(¢wur. 3B).

Pyauplit MuHepas TIpencTaBieH MarHeTUTOM
(FeO — 100%) vt nabMeHUTOM (GIM3KOE ComepKaHe
FeO u TiO,). ConepxaHue MarHUuTHOM (hpakiinmu co-
OTBETCTBYET MOJIYIeHHBIM 3aMepaM MarHUTHOM BOC-
MPUUMYUBOCTU B 06pasiax (dur. 6), a KeIe3ucToCTh
OGMOTHUTOB PACTET C YMEHBIIIEHEM COIepKaHMs Mar-
HUTHOI (ppakumu B ropone (¢hur. 7).

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

OKUCIIUTEJIBbHO-BOCCTAHOBUTEJIbLHBIE
YCIOBHUA ®OPMUPOBAHUA
IMPUNCKOBOI'O MACCHBA

ITo onmy6mrkoBaHHBIM HaHHBIM (CTpirkkoBa, 1980;
H3zox n nop., 1957; ITK..., 2020; Kpyk u ap., 2019;
Taba. 1), cpenu rpaHUTOB ceBepHOi yacTu [1puncko-
BOTO MaccCHUBa Hapsiiy ¢ WJIbMEHUTOBBIMU, MPUCYT-
CTBYIOT M MATHETUTOBEIEC OOpa3IIbI.

I'eonmornueckass kapra IIpunckoBoro mMaccuBa C
BBIIEJIEHMEM 30H PacpOCTPaHEHUSI IOPOI MarHETH -
TOBOM 1 UJIBMEHUTOBOM cepuii (KapTa OKUCIUTEIb-
HO-BOCCTAHOBUTEJIbHBIX YCIIOBUI (OpPMUPOBAHUS
I[IpunckoBoro maccuBa) (dur. 8) mocTpoeHa ¢ yde-
TOM TIOJIyYEHHBIX T€OXMMMYECKUX JaHHBIX U TPO-
(GUIBHBIX 3aMEePOB MAarHUTHOI BOCIIPUUMYMBOCTU B
XOJIe TIOJIEBBIX paboT. Tam, Iae aBTOPCKUX JaHHBIX IS
MPOBEIEHNSI TPAHULIBI ObUIO HEAOCTATOUHO, UCITOIB30-
BajlaCh KapTa aHOMaJIMii MarHUTHOTIO I10JII MaciuTabda
1: 500000 (KommiekT 1mhpoBbIX..., 2020).

I'panuna pacnpocTpaHeHUsI TTOpoI, cHOPMUPO-
BaBIIMXCAd B Pa3HbIX OKHUCIUTEIbHO-BOCCTAHOBU-
TEJIbHBIX YCIIOBUSIX, HE COOTBETCTBYET PACIIPEACIIEHUIO
nerporparyecKrnx pa3HOCTei. 30Ha pacIpocTpaHe-
HUS TTOPOI, MarHETUTOBOI CeprM, 0Opa30BaBIINXCS B
Ne 3
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Tabmmua 2. ConepxxaHusi IETPOTEeHHBIX (Mac. %) 2JIeMEHTOB B MPENCTaBUTEIbHBIX MTpobax rpannTonnos [Ipunckosoro
MaccuBa ¢ cyMMapHbIM onpeneneHueM Fe,O; u FeO—Fe,05*.

Ne mpo6 y _lz/IS, Cepus| SiO, | TiO, | Al,O3 |Fe;O3*| MnO | CaO | MgO [Na,O| K,O | P,Os | nnm
10~ en. CH

1|K-331-3 — — 54.88 1 0.80 | 1591 | 9.26 | 0.15 | 4.36 | 3.24 | 4.58 | 4.42 | 0.23 | 2.16
2| K-334a — — 64.13 | 0.50 | 1548 | 524 | 0.12 | 3.70 | 2.35 | 5.69 | 1.67 | 0.16 | 0.96
3| K-336 0.16 HNC | 62.01 | 0.66 | 18.96 | 5.13 | 0.09 | 1.62 | 1.98 | 3.93 | 3.99 | 0.13 | 1.50
4|K-389 0.22 HUC | 64.38 | 0.57 14.88 | 4.95 | 0.10 | 4.68 | 3.29 | 3.88 | 2.38 | 0.18 | 0.71
5| K-331-1 0.24 HUC | 62.10 | 0.55 | 16.14 | 5.18 | 0.10 | 3.87 | 2.52 | 5.54 | 2.70 | 0.18 | 1.12
6| K-392 0.26 NC | 61.82 | 0.53 | 1597 | 3.37 | 0.10 | 5.03 | 2.39 | 3.36 | 6.76 | 0.23 | 0.45
7| K-332a-2 0.27 UC | 63.50 | 0.54 | 14.86 | 5.47 | 0.11 | 3.80 | 2.94 | 4.58 | 2.79 | 0.21 | 1.20
8| K-335 0.30 HUC | 61.16 | 0.53 | 18.74 | 5.05 | 0.10 | 3.88 | 2.16 | 4.07 | 2.80 | 0.18 | 1.34
9| K-336-1 0.33 NC | 64.29 | 0.64 | 1589 | 5.08 | 0.09 | 1.79 | 2.18 | 5.25 | 3.46 | 0.13 | 1.18
10| K-332-2 0.34 HUC | 51.35 | 0.92 | 17.20 | 10.45 | 0.16 | 7.63 | 4.33 | 4.94 | 1.84 | 0.28 | 0.90
11 | EK-2157 0.34 HUC | 63.46 | 0.60 | 14.77 | 5.40 | 0.11 | 5.00 | 3.12 | 3.77 | 2.84 | 0.17 | 0.76
12| K-332a-1 0.37 HC | 56.62 | 0.75 14.49 | 9.00 | 0.19 | 5.02 | 4.75 | 498 | 2.69 | 0.18 | 1.34
13| K-332 0.38 HUC | 54.60 | 0.80 | 17.17 | 8.84 | 0.16 | 6.77 | 3.76 | 5.64 | 1.26 | 0.21 | 0.80
14| K-331 0.55 MC | 62.03 | 0.55 | 16.29 | 524 | 0.10 | 4.23 | 2.60 | 5.01 | 2.86 | 0.18 | 0.90
15| K-391 0.62 MC | 61.33 | 1.02 11.79 | 8.80 | 0.16 | 7.94 | 5.24 | 1.41 | 1.43 | 0.24 | 0.64
16 | K-390 0.70 MC | 5947 | 0.87 | 1446 | 8.07 | 0.14 | 7.84 | 5.65 | 1.29 | 1.07 | 0.21 | 0.92
17 | K-388 1.06 MC | 50.26 | 1.37 1448 | 9.57 | 0.14 | 8.03 | 7.21 | 4.67 | 0.97 | 0.71 | 2.59
18 | K-3346 1.10 MC | 7495 | 0.07 | 12.22 | 1.18 | 0.03 | 0.70 | 0.07 | 3.79 | 4.69 | 0.02 | 2.27
19 | K-396-3 13.00 MC | 5427 | 0.67 | 1413 | 9.68 | 0.24 | 6.77 | 6.50 | 4.45 | 1.26 | 0.22 | 1.80
20 [ K-396 14.10 MC | 63.45 | 0.51 1593 | 471 | 0.10 | 496 | 3.21 | 435 | 1.47 | 0.18 | 1.12
21 | EK-2159 2.29 MC | 65.07 | 0.60 | 14.05 | 5.48 | 0.10 | 4.63 | 3.14 | 3.09 | 3.27 | 0.15 | 0.42
22| K-396-2 5.34 MC | 53.77 | 0.70 | 14.62 | 881 | 0.25 | 647 | 7.13 | 499 | 1.24 | 0.17 | 1.85
23| K-329 5.49 MC | 61.42 | 0.59 | 16.90 | 4.81 | 0.10 | 4.26 | 2.76 | 5.33 | 2.45 | 0.19 | 1.20
24| K-333 6.00 MC | 60.20 | 0.58 | 18.27 | 5.53 | 0.12 | 4.16 | 2.82 | 3.93 | 2.80 | 0.19 | 1.40
25|K-330 7.36 MC | 61.46 | 0.57 | 16.61 | 496 | 0.10 | 4.08 | 3.02 | 5.29 | 2.61 | 0.19 | 1.12
26 | K-236 7.83 MC | 63.26 | 0.57 | 14.29 | 535 | 0.11 | 4.70 | 3.07 | 4.83 | 2.89 | 0.18 | 0.76
27| K-236-1 8.80 MC | 62.31 | 0.63 | 14.11 | 5.60 | 0.11 | 5.01 | 3.85 | 4.67 | 2.69 | 0.20 | 0.81

IIpumeuanue. 1 — MOHLIO-rabOpPO, 2—5 — MOHLIOAUOPUT, 6—12 — MOHLIOHUT, 13—14 — nuopwur, 15 — cueHur, 16—22 — KBapLEBbIit
MOHILIOHHUT, 23—26 — rpanHoauopur, 27 — rpanut. UC — unemenuroBas cepust, MC — maraeTuroBas cepusi. Hazsanus nmopon B Ta0II.

1 u 2 nanwl B coorBerctBuu (Middlemost, 1994).

OKHWC/IMTENIbHBIX YCIOBUSIX, 3aHUMACT I0XKHYIO, 3araj-
HYIO M YaCTUYHO BOCTOYHYIO 00JIACTU aM(PUOOIOBBIX
TPaHOAMOPUTOB, a TAKXKe 3aXBaThIBAET 3araJHbIiA BbI-
ctyn rpaHuToB. LleHTpanbHas, ceBepHas M YaCTUYHO
BocTO4Has1 ob1acTu [IprurckoBOro MaccuBa MpencTaB-
JIEHBI IOpoJaMy WJIBMEHUTOBOI cepuu, chOpMUPO-
BaHHBIMU B BOCCTAHOBUTEJIBHBIX YCIIOBUSIX, KaK U BCSI
neHTpanbHas 30Ha CAOITI.

I'paHoIMOpUTHI I0KHOM YacTHM MaccuBa, OTOOpaH-
HbIE TI0 00€ CTOPOHBI BOCTOYHOI TpaHWUIIBI pacipo-
cTpaHeHus1 Topon MarHetutoBoit (o6p. EK-2159) u
uinbMeHuToBoii (00p. EK-2157) cepwuii, nmMeloT ogu-
HAKOBBII CEHOMAaHCKWM BO3pacT. DTO CBUACTEIb-
CTBYET O TOM, YTO KPUCTAJUTU3AIUsI MarMaTUIeCKIX

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

Imopon rmpoucxoanjga OOHOBPEMEHHO B OKHUCIINTEIIb-
HbBIX 1 BOCCTAaHOBUTCJ/IbHLIX YCJIOBHUAX.

OnHaKo 30HA JIOKAJIbHBIX OKUCIUTENIbHBIX YCIIO-
Buit BOm3u I[IpurckoBoro MaccuBa He orpaHudeHa
BBIXOAAMU MarHETUTOBBIX TPAaHUTOMAOB. TaM, TIe Ha
JTHEBHOI IIOBEPXHOCTU OTCYTCTBYET MarmMaTu3M,
MOXHO MCITOJIb30BaTh KOCBEHHEIE JaHHEIE: pacrpe-
JIelleHUe pyOqHOM MUHEpaIu3aluyi Y aHOMAJIMU Mar-
HUTHOTO MOJIs.

IIpenmnosioXuTeIbHbIE TPAaHULILI 30HBI OKMCJIM-
TEJIbHBIX YCJIOBUM (POPMUPOBAHUS MarMaTU4YeCKUX
nopon Boau3u IlpurckoBoro maccuna (pur. 9) KoH-
TPOJIMPYIOTCSI PACIIOIOKEHUEM OJIOBOPYAHBIX Me-
CTOPOXIECHUIT U PyIONPOSIBIEHUIA, MHINKATOPHBIX
IIJIsT BOCCTAHOBUTEIBHBIX YCJIOBUIT (DOPMUPOBAHUS
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®@ur. 6. CooTHOILIEHUE COiep>KaHUSI MATHUTHOM (DpaKLIMK U MarHUTHO# BocnipunmunBocTu (MS) (a) B rpanuTounaax [puuc-

KOBOT'O MaccuBa, ¢ aetanusanueii ot 0 1o 1% (0).
| — MIIBMEHUTOBAsI CEPUST, 2 — MATHETUTOBASI CEPUSL.

MarMaTu4ecKux IIOpo, a TakKe HyJIeBO M30JIUHU-
elf ¢ KapThl aHOMaJIMit MarHUTHOTO 1oJist. [TocTpoeH-
Hasl Ha (pur. 8§ 30Ha MarHeTUTOBBIX Mopox [Ipuncko-
BOTO MaCcCHMBa pacLIMpsieTCsl Ha Ioro-3arai, Ior, a B
BOCTOYHOM HAIIPaBJICHUU — JI0 30JIOTOPYIHOIO Me-
cropoxaenus Iyxoe.

OKUCIUTETbHO-BOCCTAHOBUTEIBHBIN OTEHIIUAT
(Eh) B 1uTocdepe cyiiecTByeT He 3aBUCHMMO OT Mar-
Matusma (Psouukos, 2003), Tak Xe, KaK U JIETY4eCTh
kuciopona (fO,) (Psouukos, Korapko, 2010). Ilo
aHaJIOTMU C TEMIIEPATYPHBIM MOJIEM, UMEIOIIUM ITO-

0.7

<+

FeO*/(FeO* + MgO)
=

0.5 ! )
0 2 4

ConepxxaHue MarHuTHOM ppakuuu, %

@ur. 7. COOTHOILLIEHUE COAEPXKAHUSI MATHUTHOM (pak-
LMY U XeJe3UCTOCTH OUOTUTOB B rpanuTounmax [lpuuc-
KOBOTO MaccuBa. YCJIOBHbIE 0003HAYCHUST CM. (ur. 6.

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

JIOKUTEIbHOE U OTPULIATEIbHOE 3HAYEHHE OTHOCU-
TeJILHO TeMIIepaTyphl 3aMep3aHus BOJIbI, Mbl BBOJUM
MOHSITUE OKUCIUTEIBHOTO M BOCCTAHOBUTEIBHOIO
(penokc-) ¢hoHa oTHocuTeNIbHO Oydhepa FQM, onupa-
SICh Ha UCCJIEAOBAHUS PEIOKC-COCTOSTHUS TUTOCHEPHI,
obobmeHable B padortax Kamnka, Jlykanuna, JletHu-
koBa u np., (Kamuk, Jlykanun, 1986; Kamuk, 2003;
Jletnukos, 2006; Wang et al., 2020; Li et al., 2020;
Hong et al., 2020; Foley, 2011; Duan et al., 2022).

PervonanpHBIN BOCCTAaHOBJIEHHBIN (OH B IECH-
TpanbHoit 30He CAOII cymectBoBan B JUTOChEepe
pernoHa Kak MUHUMYM C TOTEPMBA IO CEHOMAaH, Mar-
MaTu3M SBJsieTcs ero Bu3yanusauueil (TaaTelKuH u
ap., 2020). JlokanbHble OKUCIMUTEIbHBIE YCIOBUS
KPUCTAIIN3ALVU TTPU (POPMUPOBAHUHU I03KHOM YaCTU
ITpurckoBOro MaccyuBa MOTJIM BOSHUKHYTh MTPU B3a-
UMOJENCTBUM MarMaTu4iecKux (MIIONIOB C OIpee-
JICHHBIMY BMeEIIAIONIMMU ITopoaaMu. Borpoc o ripo-
HUCXOXIEHUU JIOKaJbHBIX penokc-ycioBuii B CAOII
noka eie usydeH cirado (TanteikuH u op., 2021).

Ha nuarpamme Na,O + K,0—SiO, Touku cocta-
BOB I1OpOJ, MarHETUTOBOM U MJIBMEHUTOBOM Cepuii
00pa3yloT enuHbli poit (dur. 10). MUHepabHBII CO-
CTaB MarHETUTOBBIX W WJIIBMEHUTOBBIX TPAHUTOUIOB
I0)KHOI YyacTu MaccuBa Takke coBmnanaeT (cdwur. 11).
D10 eme pa3 moaTBepkmaeT BeiBombl 111. Mimmxapa
(Ishihara, 1977) o Tom, uto pasaenenue Ha UC u MC
He ToApa3yMeBaeT CYIIeCTBEHHbBIX Pa3IMYMil B MeT-
porpaduyeckoM cocTaBe. Pazmmuust ectb cpenm ak-
LIECCOPHBIX MUHEPAJIOB: B WJIBMEHUTOBOI cepuu 10
0.1% wnnbmeHuTa, a B MarHeTuTOoBOM — OT 0.1 10 3%
MarHeTuTa, a Takke uibMeHuT (Ishihara, 1977).
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" JEK-2159, MS =229 x 10-3 SI
96.91 + 0.88 Ma

| ‘/’ /
i EK-2157, MS = 0.34 x 1073 SI}
96.5 £ 1.2 Ma

4 [* * |5 |= |6

=8 [
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®@ur. 8. ['eosornueckast Kapra [IpuKMCKOBOro MaccuBa C BbIIEJICHUEM 30H PaclpoCTpaHEeHUs TOPOJ MAarHETUTOBOI U UIbMe-
HuUToBOl cepuit. [Ipyu mocTpoeHUM KapThl 32 OCHOBY ObLTU NPUHSATHI JaHHbIe (30X 1 Ap., 1957; ToneBuyk u ap., 2015; Kom-
TUIEKT UGPOBHIX..., 2020). 1 — amduboI0BBIE TPAHOIUOPUTHI; 2 — MEJIKO3EPHUCTHIE M CPEMHE3EPHUCTHIE JICMKOKPATOBbBIE
OMOTUTOBBIE TPAHUTHI; 3 — KPYITHO3EPHUCTbIE OMOTUTOBBIE TPAHUTHI; 4 — BMEILIAIOIIME BaJJAHXUHCKME TEPPUTEHHBIE OTIIOXKE -
HUSsI; 5 — KBaplieBble IMOPUTHI; 6 — TOHAJIUTHI; 7 — TPaHUT-TTOPOUPHI; 8§ — naiilku 6a3UTOB MpeA- U MOCTTPaHUTHBIC; 9 — 30Ha
JIOKQJIBHBIX OKMCIIUTEbHBIX yCIOBUI (hOopMUpOBaHUS (TTOPOIBI MATHETUTOBOM cepum); 10 — Touku oTO6Opa Mpod MITBMEHUTO-
BOI (a) M1 MAarHETUTOBOIA (0) cepuii; 11 — MecTOpoOXXIeHUS U pyIONPOSIBICHUST Au (B T.4. pocChinu) U Sn; 12 — pasiomMsr; 13 —
30HbI TPUKOHTAKTOBOTO OPOTOBUKOBaHUsI. MS — MarHuTHast BOCIPUUMYUBOCTD.

ITomoOHBIE MACCUBBI C yYacTKAMM MarHETUTOBBIX
TPAaHUTOUIOB B WJIBMEHHUTOBOM 30He CHXOT3-
AJIMHBCKOTO OPOTI€HHOIO II0SICa, BUAMMO, HE pel-
KOCTh. ABTOpaM1 OOHAPY:KeHO HECKOJIBKO IMOJIOXKM -
TEJIbHBIX aHOMaJIuii MAaTrHUTHOIO IIOJISI HaJ TPaHUT-
HBIMM MaccuBaMu B oceBoit yactu CAOII, B 30He
pacrnpocTpaHEeHUsI MarMaTU4eCKUX MOPOJI MJIIbMEHU -
TOBOU CEpUMU.

Takue aHOMaIMM He NPOTHUBOpPEYAT HAIIUM
B3IVIsIIaM Ha IIPUPOAY PErMOHaJIbHBIX 30H C pa3ind-
HBIMU PEOOKC-YCIIOBUSMU KPUCTAJIIU3AlIMA MarMa-
tuTOB (TanTeikuH u ap., 2020), T.K. SIBISIOTCS HpU-
MepaMM JIOKAJIbHOTO YPOBHSI OKMCIUTEILHO-BOCCTA-
HOBUTENBHOrO (poHa. CBI3aHBI JIU OHU C PEIOKC-
aHOMAaIMSIMU B 3€MHOI KOpe, BIUSHUEM Cephbl WIN
rajoreHoB Ha (pyTMTUBHOCTH KMCJIOPOJA WUJIU IPYTi-
MU (paKTOpaMU — 3TO OfHA U3 3a1a4 JATbHEMIITNX C-
CJIeHOBAaHUM.

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

Psn pa6ort (Soloviev et al., 2019a, 2019b; Sillitoe,
Lehmann, 2022), mocBsILIEHHBIX pa3JIMYHBIM 3Tariam
BO3HMKHOBEHUS MECTOPOXIECHUII OjJ0Ba, MeIU, a
Takke cMenraHHbIM Sn—Cu NpoSBICHUSIM, HE JTalOT
OTBETa Ha BOMPOC, MOXET JIU 3Ta MUHepaJu3alus
UMETh TETPOJIOTMYECKN EAVHBIM MarMaTHU4eCKMiA
WCTOYHUK, Pa3IMYHbIC YACTU KOTOPOTO KPUCTAJIM-
30BaJIUCh B OTJIMYAIOILIMXCS OKUCIUTEIbHO-BOCCTA-
HOBUTEJIBHBIX YCIIOBUSX. Hammm wccienoBaHUS T10-
Kas3aJiu, 4TO IaXe B CiIydae JIOKAITbHOTO (OAHOPOIHO-
I'0 110 COCTaBY Y BO3PAacTy KPUCTAJUIM3alI1 ) MAaCCUBa
PEIOKC-YCIOBUSI KPUCTAIU3ALUM €TI0 YacTeil MOTYT
OBITH pa3HBIMMU.

Taxske aBTOpaMH 3aKapTUPOBAHBI MUKPOJIOKAJTb-
Hble aHOMAJIMU TIPY 3aMepax MarHUTHON BOCITPUHUM-
YUBOCTU B OOHAXKEHUSIX AKCAKMHCKOTO TPAaHUTOUIHO-
ro maccuba (ceBepHas yactb CAOIT). Dt MUKpoaHo-
MaJIMA TIPEICTABIISIIOT COO0I 00JIaCTH THMAMETPOM IO
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®@ur. 9. 30Ha TOKATbHBIX OKUCIUTENIBHBIX YCIOBUIA (hOpMUpOBaHUs MarMaTuyecKux nopox Boau3u [IpruuckoBoro maccusa u
CBSI3b C METAJUIOTEHUEH.

1 — BoccTaHOBUTEIbHBIE YCTIOBUSI (POPMUPOBAHUSI MATMAaTUUECKHUX TTOPOJI; 2 — JIOKAIbHbIE OKUCIUTENIbHBIE YCIOBUS (hopMu-
pOBaHUSI MAarMaTUYECKUX MTOPO; 3 — MarHETUTOBBIE MOPOobl [IpUKCKOBOro MaccuBa (OKUCIUTEIbHBIE YCI0BUsI (hOpMUpOBa-
HUSI MarMaTUYeCKUX Mopo B ipenenax [IpunckoBoro Maccusa); 4 — MeCTOpOXIeHUs (a), pynonposiBiaeHus (6) ¥ TyHKThI MU-
Hepanu3anuu (B) oyioBa: 1 — PynHoe, 2 — lepcy (CunmaryHckoe), 3 — pyd. Koneunsrit Jlor, 4 — Tyenry, 5 — CpenHe-Muky-
JIuHCKoe, 6 — 3uMHee; 5 — MecTtopoxaeHus (a), pymomnposiBieHus: (0) M MyHKTbl MUHepaau3auuu (B) 3omota: 1 —
BnaromarHeHckoe, 2 — [1yxoe; 6 — pocchIIM 30J10Ta IO BOAOTOKaM; 7 — BOJIb(MpaM-MoubaeH-0epuineBoe MECTOPOXKICHUE
3abbiToe; 8§ — Hy/IeBast U30JIMHUSI C KAPThl aHOMAJIMIT MATHUTHOTO MOJIs1; 9 — rpaHULbI UHTPY3UBHBIX TEJ.
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®ur. 10. Juarpamma Na,O + K,0 — SiO, s nopon IIpunckoBoro MaccuBa. YciioBHbIe 0003HaueHUs cM. ¢ur. 6.
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®@ur. 11. Mukpodororpadpuu nopon I[MpuuckoBoro maccuba: (a) EK-2159 — marHeruroBblii rpaHonuopur; (6) EK-2157 —

WIbMEHUTOBBIN I'PAHOIUOPUT.

50 cM co 3HadeHUSIMH MS 3HAYUTEABHO OOJbIIE

0.5 1073 en. CHU cpeau 30HBI pacrpoOCTPaHEHUS
WJIBMEHUTOBBIX IIOPOJI.

PEJOKC-YCJIOBHA U PACITPEJEJIEHUE
PYIHOU MUHEPAJIN3ALIMN B ITOPOOAX
IMPUNCKOBOI'O MACCHBA

Penokc-ycinoBusi, ornpeneinsieMble (QYrUTUBHO-
CTBIO KMCITOPOJa, SIBJISIIOTCSI BaKHeiIIeil xapakTepu-
CTUKOI TEPMOIMHAMMNYECKOTO COCTOSIHUSI MarMaTo-
TFeHHO-PYIHBbIX cucTeM. PacTBopumoctb Sn?* Ha no-
PSIIOK BbIIIE pacTBOpuMocTH Sn**, mpu stom Sn**
MOXET CYIIIECTBOBATh B pacIulaBe B pACTBOPEHHOM BU-
JIe TOJILKO B BOCCTAHOBUTEIILHBIX YCIoBUsIX (bopricoB u
Ip., 1991; Hekpacos, 1984; Linnen et al., 1995).

ITo sxcnepuMeHTaIbHBIM JaHHBIM, Menb (bopu-
COB M 1p., 1991) u monu6aeH (Ishihara, 1977) Benyr
cebg qruaMeTpaabHO IIPOTUBOMOIOXHO OJIOBY. B Boc-
CTAaHOBUTEIIbHBIX YCIIOBUSIX MEIb HAXOOUTCS B pac-
IUIaBaX MPEeUMYIIECTBEHHO B OMHOBAaJIEHTHOM (hopme
U PacTBOPUMOCTh €€ IpPU 3TOM KpailHe HU3Kas.
B okucnurenbHbIX yesoBusx goist Cu®t u ee pactso-
PUMOCTb B pacIljlaBaX pe3KO BO3pacTaeT.

ITo pe3ynbTatraM reoXMMHUYECKUX MCCAESIOBAHUMN
pacrpeneneHue comepxxanuii Cu u Sn B MarmaTuyde-
ckux noponax IIpurckoBoro MaccuBa HaxXOOsITCS B
COOTBETCTBUU C SKCHEPUMEHTAILHBIMU NTaHHBIMU

Taomuna 3. CpenHee comepxxanue Cu u Sn B mopopax
IIpunckoBoro MaccuBa, B CKOOKax — KOJIUYECTBO IPOO.

Cepuu Cu, /T Sn, r/T
NnbMeHuToBast cepust 27.68 (11) 40.52 (11)
MarseTuToBast cepust 32.46 (13) 7.36 (13)

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

(tabna. 3). CiemoBaTelbHO, paclpeiesieHue pyaHoi
MUHEpaIM3alii B TPAHUTOMAAX 3aBUCUT HE OT IET-
porpau4ecKoro cocraBa Iopojl, a IBJISIETCS CIIEACTBU -
€M BaJICHTHOTO COCTOSTHUSI 3JIEMEHTOB, KOTOPOE OIpe-
JIETIIETCSI VICKIIFOYMTEIBHO OKMUCIIMTEIBHO-BOCCTAHO-
BUTENIBHOI 0OCTAaHOBKOM (POPMUPOBAHUS MOPOI.

BBIBO/IbI

IIpocTpaHCTBEHHOE pacipeaeeHUe NIbMEHUTO-
BBIX 1 MAarHETUTOBLIX TTopox I1pucKoBoro Maccusa
HE COBMAAacT C TPaHULAMU PACIIPOCTPAHEHUS CEHO-
MaHCKUX aM(UOO0I0BbIX TPAHOIUOPUTOB U KaMITaH-
CKMX OMOTUTOBBIX TPAHUTOB B IOKHOI M CEeBEPHOIt
4acTIX MaccuBa cOOTBeTcTBeHHO. CliemoBaTellbHO,
OKUCJIMTENIbHO-BOCCTAHOBUTEILHBIE YCIIOBUS CTa-
HOBJIEHUMSI MACCUBOB HE 3aBUCAT OT INeTporpadude-
CKOTI'O COCTaBa M BO3pacTa MarMaTH4eCKux Mopol.

CoBnanawouue pe3yabTaTbl U30TOMTHOTO AATUPO-
BaHUS MarHETUTOBBIX M MUIbMEHUTOBBIX aM(pHO0JI0-
BBIX CEHOMAHCKHUX TpaHOmmMopuToB [IpunckoBoro
maccuBa U-Pb MeTomoM moaTBepXKIAaloT, YTO KpHU-
CTaIM3ans MarMaTUIeCKUX TTOpOH TIPOMCXOmMIa
OMHOBPEMEHHO B OKUCIWUTEIBHBIX M BOCCTAHOBHU-
TEJbHBIX YCJIOBUSIX, CJIEAOBATEIbHO, PEIOKC-YCJIO-
BUsI CTAaHOBJICHUSI MAaCCUBOB HAIIpSIMYIO He OTpaxka-
FOTCST HA XMMUYECKOM U TTeTporpacuIecKoOM COCTaBe
cJlarapimnx UX MarMaTu4ecKux mopoj.

IMomoxurenbHass MarHUTHasE aHOMAIUSI CpeIu
HEMarHUTHBIX M CJIA0OMarHUTHBIX TIOPOH OCEBOM
mibMeHuToBoM 30HbI CAOII cBsg3aHa ¢ MarHeTUTO-
BBEIMU TpaHoauoputamu I1purckoBoro maccuna.

Bce MecTOpoXIeHMs U PyLOIPOABICHUSA OJIOBA
BOM3u IIpuucKoBOro MaccuBa HaXOASTCS B 30HE
pacrpocTpaHeHUsI II0poA  WJIBMEHUTOBOM Cepuu
(BOCCTAaHOBUTEJIBHBIC YCIOBUS), @ MECTOPOXICHUS 1
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POCCHITIN 30JI0Ta — B 30HE MOPOI MAarHETUTOBOU ce-
puM (OKMCIIUTEbHBIC YCIIOBUS).

BoeisiBieHHas1 TeoxuMMYecKasi pPa3sHOPOTHOCTH
OJIM3KUX IO BO3pacTy rpaHOIHOpUTOB [1priickoBoro
MacCHBa MOKa3bIBACT, UYTO IJISI TTIOCTPOSHUS TOTHBIX
KapT pachpeiesieHUus] peloKC-yCIOBUil KaK peruo-
HaJbHOTO, TaK M JIOKAJILHOTO MacITaba, HeoOXomm-
MBI JeTaJIbHBIE WMCCIIEIOBAHUS WHIWKATOPOB OKMC-
JINTEIbHO-BOCCTAHOBUTEJBHBIX YCIOBUI KHMCJIOTO
marmatusMa (Ko3(pGUIMeHT OKUCISHHOCTH XKeJie3a,
MarHWTHasi BOCIIPMUMYHMBOCTb MarMaTUIECKHUX TT0-
poI, cocTaB TEMHOLBETHBIX, pYAHBIX MUHEPAJIOB).

BJIIATOJAPHOCTHU

ABTOpPBI BBIpAXXalOT MCKPEHHIOW 0J1arogapHOCTh pe-
IIEH3eHTaM 3a ClIeJJaHHBIe 3aMeYaHUsT, KOTOPbIe TTO3BOJIM-
JIV CYIIECTBEHHO YJIyYIIIUTh CTATHIO.
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