TEOXHUMHA, 2023, mom 68, Ne 1, c. 48—68

Sr, Nd, Pb 1 Os U30TOITHASL CUCTEMATUKA ME3030MCKHX
BA3SAJIBTOB AHTAPKTHU/IbI, CBA3AHHBIX C INTIOMAMMU KAPY-MO/]
N KEPI'EJIEH, KAK OTPAXKEHUE ITPOIIECCOB OBPA3SOBAHUA MATM
N NX NCTOYHUKOB

© 2023 r. H. M. Cymesckas® *, b. B. Beasaukmii® ***,
I'. JI. JIeiiuenkoB % **** P, I11. KppiMcKuii® **

¢ Unemumym eeoxumuu u anasumueckoti xumuu um. B.U. Beprnadckoeo PAH, ya. Kocvieuna, 19, Mockea, 119991 Poccus

b Beepoccuiickuii nayuno-uccaredosamensciuii eeonoeunecikuii uncmumym um. A.I1. Kapnunckoeo, ®I'BY “BCETEH”,
Cpeonuii np., 74, Cankm-Ilemepoype, 199106 Poccus

¢Canxm-Ilemepbypeckuii eocyoapcmeeHnHtblil yHusepcumem,
Yuusepcumemckas naé6., 7—9, Cankm-Ilemepoype, 199034 Poccus

4 Beepoccuiickuii HayuHo-uccaed06amensckui UHCIMUMYM 2e0102uu U MUHEPAAbHBIX PECYPCo8
Muposoeo oxeana um. U.C. Ipambepea, Aneauiickuii np., 1, Cankm-Ilemepoype, 190121 Poccus

*e-mail: nadyas@geokhi.ru
**e-mail: Robert Krymsky@vsegei.ru
***e_mail: bbelyatsky @mail.ru
****e-mail: german_l@mail.ru

IToctynuna B pegakumio 15.12.2021 1.
IMocne nopa6orku 01.06.2022 .
IMpunsra k nmy6aukanuu 08.06.2022 r.

Ha ocHoBanum n3yyeHust Re—Os M30TOITHO# CUCTeMBI Me3030MCKMX MarM BocToOYHO AHTapKTUIBI U CO-
MOCTaBJICHMSI C TUTePATYPHBIMU JaHHBIMU 110 St—Nd—Pb—Os 130ToMHOI cucteMaTnke 6a3aJbTOB BbISIB-
JICHBI IJIaBHbIE 0COOEHHOCTU MarMaTu3Ma AHTapKTUIbI, CBsI3aHHOTO ¢ rmoMaMu Kapy—Mon (mpoBuHLIMN
3emun Koponesst Moa (3KM), Kapy (toxxHast Adpurka), u @eppap) u KepreneH (pudToBast 30Ha iemHUKA
Jlambepra). IlokazaHO, YTO UICTOYHMKOM pacIIaBOB, MIPOU3BOAHLIX MIoMa Kapy—Mon 180 MuH et Ha-
3aj, MoOrjla OBbITh OboraiieHHas JuTocdepHass MaHTUsA. Bapualmy 3HaYeHUsST M30TOITHOTO OTHOIICHMS
1870s/1880s B mpenenax: ot 0.1242 1o 0.1426 xapaKTepu3yIOT IPAKTHYECKH BCE THITHI PACIUIABOB IPOBUH-
it Kapy n 3KM: Kak BBICOKO- M HU3KO-TUTAHUCTBIE MarMbl, TaK ¥ MarHe3uajbHble BbICOKO-KEIe3M-
CTHIE, CBSI3aHHBIE C TUTABJICHEM MaHTUMHBIX MTMPOKCEHUTOB. DTO HAOIIOAEHHE COMIACYeTCs C paHee BbI-
CKa3aHHBIM TIPEATOJIOXEHMEM O TOM, YTO MarMbl, MPOU3BOIHbIE TMPOKCEHUTOBON MaHTUU HAYaJIbHOTO
sTarna BO3AeCTBHS IUTIOMA, TIPENCTABIISIIIN COOO0M pacTuIaBbl IITyOMHHBIX (hparMeHTOB JINTOC(hEPHI APEBHE-
ro najeokoHTMHeHTa [oHABaHa, 3aXxBayeHHBIX TJIIOMOM. [1py 3TOM reTeporeHHOCTb MaHTUU, (PUKCUpYE-
mast Nd—Pb—Sr u3oTonHbiMu coctaBaMu 6a3aIbTOB, HE TIPOSIBJISIETCS B 3aKOHOMEPHBIX Bapuanusax Re—Os
M30TOMHOI cucTteMbl. U30TOIHBINM cOCTaB OCMMSI UCTOYHUKA 6a3ayIbTOB MpoBUHIIUU Peppap no cpaBHe-
HUIO C UICTOYHUKOM 0a3uTtoB npoBuHUMii Kapy u 3KM xapakrepusyetcsi 60Jiee LIUPOKUM UHTEPBAJIOM Ba-
puanuit 3HaueHnit otHomenus '#70s/'®80s: or 0.10 1o 0.31, ¥ TOHIKEHHBIM COIEP>XXaHUEM OCMUSI, TIPH
OrpaHUYEHHBIX BapUaLMsIX APYTUX U3OTOIMHBIX CUCTEM, YKa3blBasi Ha MPUMECH BelllecTBa 0OOraleHHOro
ncrounnka tuna EM-II. BTo cormacyercs ¢ mpeamnoaokeHrueM O CyOnyKIIMOHHOM BO3ICHCTBUM Ha MaH-
TUIO 3aTTaHOM oKparnHbl AHTapKTUABI (CyleBcKast 1 ap., 2022). I1s yIbTpaOCHOBHBIX MUKPUTOBBIX MarMm
paitoHa nenqHuka JlamOepTa xapakTepeH paaroreHHbI U30TOIHBII COCTaB OCMUS: BETUUYMHA OTHOIIEHUS
1870s/1880s Bapsupyet ot 0.1582 10 0.2388. MICTOYHIKOM 3THX MarM MOTJIO GBITh BELIECTBO IPEBHEN Ie-
TUIETUPOBAHHON MaHTUHM, KOTOPOE BITOCIENCTBUY MPETEPIIESIO MAHTUMHBIM METacOMaTO3 B XOJIe MHOTO-
CTaIUITHOTO B3aMOIEUCTBYS C HACHIIIEHHBIMU (hTIOMIaMU pacTuiaBaMu. [TUKpUTOBBIE pacTulaBhl Maeo-
pudTOBOI 30HHBI JIenHUKa JJambepTa 01M3K1 K UCTOUHUKY MarM npoBuHIui Kapy u1 3KM no Sr—Nd uzo-
TOITHOI CCTeMaTUKe, HO OTJIMYAIOTCS O60Jiee pafuOTeHHBIM COCTABOM CBUHIIA.

Kirouessie ciioBa: n3oTomnHbIi coctaB Os, Me3030iicKue MarMbl BoctouHoit AHTapKTUbI, 1toM Kapy—Mon,
KepreneH-1munomMm
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BBEJEHUWE

ITapagurMa MaHTUITHBIX TUTIOMOB, BO3HUKILIASI BO
BTOPOIi TTOJIOBUHE IBAILIATOrO0 BeKa Ha OCHOBAaHUU
MOJIEJIbHBIX Te0(PU3NYEeCKUX TTOCTPOSHU U MHTEP-
MpeTanuii, COOTBETCTBYIOIINX TEPMUIECKUX U TJIOT-
HOCTHBIX aHOMAaJIVi1 B TITyOMHHOI MaHTUU, U C TeUe-
HYEM BpEMEHMU IIpeBpaTUBIIASICS B JOMUHUPYIOLIYIO
B COBPEMEHHBIX T€ONMHAMUYECKUX PEKOHCTPYKIIUSIX
(Morgan, 1971; Burke, Dewey, 1973; Campbell, Grif-
fiths, 1990; Hill et al., 1992; White, McKenzie, 1995;
Storey, 1995; Dalziel et al., 2000; Jellinek, Manga,
2004; Li, Zhong, 2009; Kranendonk, 2010; Burke,
2011; Buiter, Torsvik, 2014; Gerya et al., 2015;
Koptev et al., 2016; Heron, 2019; Baes et al., 2020;
Hinsbergen et al., 2021; u np.), TeM He MeHee, I10-
MPEXHEMY BBI3BIBAET MHOTO CITOPOB W JUCKYCCHUit
(Kerr et al., 1995; Anderson, 2000; Foulger et al.,
2005; Kerr, 2006, 2013; McNutt, 2006; Sleep, 1990,
2006; Campbell, Kerr, 2007; Ernst, 2007; Hofmann,
Hart, 2007; Foulger, 2010; Niu, 2021; Lustrino et al.,
2022; Niu, 2022). OgHako 1jis1 00bSICHEHUSI IPONC-
XOXIEHUST KPYITHBIX U3BEP>KEHHBIX MTPOBUHILIAI MU-
pa UCIIOJIb30BaHUe 3TOM MapagurMbl IIPeaCTaBIISIeT-
cs OIpaBIaHHBIM U MO3BOJISIET CBSI3aTh ITTyOMHHBIN
pa3zorpeB MaHTUM C CHHXPOHHBIM ITPOSIBJICHUEM Mar-
MaTHU3Ma Ha OOJIBIION IIOIAAN, a TAKXKE C OOJIBIINM
00BEMOM  MenaomMacco-nepeHocda, BBIpAXXEHHOM B
OOWJIMM BYJIKAHUYECKUX U UHTPY3UBHBIX TIPOU3BO/I-
HbIX (Richards et al., 1989; Campbell, Griffiths, 1990;
Carlson, 1991; Arndt, Christensen, 1992; Kent et al.,
1992; Farnetani, Richards, 1994; Ernst, Buchan,
2001, 2002, 2003; Segev, 2002; Campbell, 2005, 2007;
Saunders et al., 2005; Korenaga, 2008; Lohmann et al.,
2009; Herzberg et al., 2007; Hastie, Kerr, 2010;
Sobolev et al., 2011; Austermann et al., 2014; Ernst et al.,

2019; Fletcher et al., 2020 u ap.).!

MaHTHiTHBIE TUTIOMBI CYIIIECTBEHHO TTOBIMSITA Ha
pa3BuTHe 3eMJIM 1 BO MHOTOM OTIPEIEITVIIN KaK TeOIH-
HAMUYECKOE Pa3BUTHE TEKTOHMYECKUX ITPOBUHIIUIA,
TaK 1 xapaktep MarmatusMma (White, McKenzie, 1989;
Dalziel et al., 2000; Burke et al., 2008; Hassan et al.,
2015; ITyukos, 2009; CoboneB u np., 2009; u np.).
Ocoboe MecTo cpeiu TUTIOMOB, C(HOPMUPOBABIITNAX
KPYITHBIE U3BEPXXKeHHBIC TIPOBUHIINM, 3aHUMAET 10p-
ckuit oM Kapy—Mon, KoTopblii BHeapuics
~180 mutH JteT Ha3axd B JIMTOC(epy LeHTPATbHOM Ya-
ctu ToHmBaHbl. B0O3MOXHO, MMEHHO BO3IEHCTBHE

! HecMoTpst Ha cyluecTBOBaHME MPOTHBOIMONOXHBIX TUIIOTE3
TMPOMCXOXKIECHUsI KPYITHBIX U3BEP>KEHHBIX MPOBUHIIMIA, YTO Ya-
CTO SIBJIIETCSI CJICACTBUEM HEMOJHOTHI NAHHBIX TIyOMHHOTO
ceiicMo30HAMpPOBaHMs 1 MeTonoB oopaboTku (Korenaga et al.,
2002; Korenaga, 2011), mbI B cBoux ctaThbsix ¢ 2008 r. ipu u3sy-
YeHUM MarMatu3Ma AHTapKTUKU MCIIOJb3yeM M pa3BUBaeM
Mojelb NIyOMHHOro MaHTuitHoro runoma (CyleBckasi u ap.,
2009). 3a mocnenHue TOmbI MOSIBUJINCH W IOTIOJTHUTEIbHBIC
JIaHHbIE, 0030p KOTOPBIX IPUBEAEH B 000OIIaOIIeil cTaThbe
E.H. Menanxonunoii (2021), ykaspIBalolle Ha OIpenesisiio-
1LIYIO POJIb MAHTUITHBIX TUTIOMOB B 00pa30BaHUM KPYITHBIX Mar-
MaTUYECKMX MPOBUHLINIA.
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Puc. 1. PekoHcTpyKIus majicoKoHTHHeHTa [oHABaHa Ha
130 MuH JIeT Ha3am M O0JIACTU ITPOSIBIICHUSI MAHTUIHBIX
TUTIOMOB Ha TIOBEPXHOCTU KOHTWHEHTOB M PacCKpbIBalO-
LIMXCSI OKeaHOB. | — KOHTUHEHTHI, 2 — KOHTUHEHTAIbHbIC
OKpaMHBI U TIOTPYXEHHbIE T1J1aTO, 3 — 30Ha CYOMyKIIUU,
4 — obnacTb NPOSIBICHUS] MAHTUHHBIX TUTIOMOB (YKa3aHO
Ha3BaHUe IUIIOMa ¥ BpeMsl Hauajla MarMaTr3ma B MJTH JIEeT),
5 — LieHTpalibHasi, HauboJiee ropstyasi, YacTh IoMa Ka-
py—Moz, xapakrepusylolascsl paclpoCTpaHEeHUEM Xe-
JIE3UCTBIX MarHe3uaJlbHbIX PACILJIaBOB, TPOU3BOAHBIX MU~
pokcenuToBoii MaHTuM (CyteBckas u ap., 2019).

9TOrO IUIIOMa MPUBEJIO K MECTPYKIIMU MajleOKOHTH-
HEHTa, U B JaJIbHEUIIIEM OKa3bIBaJIO CYIIIECTBEHHOE
BO3ACKCTBUE HA pa3BuTue MHIMIICKOTO 1 ATIIaHTH-
YeCKOro OKEaHOB BIUIOTH IO HACTOSIIET0 BpeMEHU
(JleituenkoB u np., 2003; Torsvik et al., 2016). Ananu3
reoJIoro-reou3nYecKnX JaHHBIX IT0 AHTApKTUKE U
IOxxHOMY OKeaHy ITO3BOJISICT paclIM(@pOBaTh MeXa-
HU3MBI TUTIOMOBOU TEKTOHUKY U 3BOJIOLIMYA MAHTU -
HBIX pacIjlaBOB, XapaKTep B3aUMOIeiCTBUS TLITIOMOB
C KOHTUHEHTaJIbHOM JTUTOCGHEPOi U PEKOHCTPYUPO-
BaTh yCJIOBUSI pa3BUTHSI OKEAHUYECKUX 0aCCEHOB OT
packojia ToHOBaHBI IO COBPEMEHHOIO CIIPEAMHIA
mopckoro aHa (Ellam, Cox, 1989; Dalziel et al., 2000;
Elliot, Fleming, 2000; Riley et al., 2005, 2020; Tors-
vik et al., 2006, 2016; Leitchenkov et al., 2008; Cy-
meBckas u ap., 2009; Jleituenkos u ap., 2003; Me-
JanxonuHa, CymeBckas, 2019; u MHorue apyrue).
YHukaneHOCTh TIIOMa Kapy—Mon mnposBuiachk
TakK>Ke U B 30HAJIbHOCTU paclpOCTpaHEHUS pa3iny-
HBIX TUIIOB MarM B Mpeaenax 10KHoM AGpUKHU U BO-
CTOYHOM AHTapKTUIbl OTHOCUTEIBHO IIpeamnojara-
€MOTO LIEeHTpa IJII0Ma, CXeMaTUYHO OTpa*keHHOI Ha
puc. 1 (Jourdan et al., 2007; Heinonen et al., 2016;
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Ferraccioli et al., 2005; Luttinen, 2018; Memanxomi-
Ha, CyuieBckas, 2019).

ITnroMOBBINE MarMaTu3M B Mpeleiax BOCTOYHOM
Anrtapktunbl, Kak cuurtaercsa (Coffin et al., 2002;
Kent, 1991; Storey et al., 1992), mpencraBieH elle 1
MEJIOBLIMM 0a3aJIbTOMAAMU ITOBBIIIEHHO 11eJIOYHO-
CTH, pacIipoCTpaHEHHBIMHU B 30HE JieAHuKa Jlambep-
Ta, HO €r0 CBSI3BIBAIOT C MarMaTHM4eCKOM aKTUBHO-
cteio KepreneH-mmoma. TepMmajibHOE BO3IECTBUE
MOCJIEIHEro 3aTPOHYJIO OOIIUPHBIE PAiOHBI BOCTOY-
aoit Mo n 3anmagaoit ABctpanmu 130—110 maH et
Ha3an (Chalapathi Rao et al., 2014; Ghatak, Basu,
2013; Ingle et al., 2002, 2004; Frey et al., 1996; Rad-
hakrishna et al., 2017; Olierook et al., 2017), a cam oH,
110 MpEeNCTaBJIEHUSIM aBTOPOB HACTOSIIEH CTaTbH,
SIBJISICTCSI TIPOU3BOAHBLIM OCHOBHOIO MAHTHUITHOTO
wnoMa Kapy-Mon (Cymesckas u ap., 2017, 2018).

IIpn u3yyeHUM IUTIOMOBOTO MarMaTu3Ma 4acTo
MMEHHO U30TOIHBIN cocTtaB Sr, Nd u Pb 6a3zanbro-
BBIX PACITJIABOB ITO3BOJISIET YCTAHOBUTH FeOXUMMUYE-
CKMe mapaMeTpbl OCHOBHOTO MAHTUITHOTO MCTOYHU -
Ka, a TAaKXKe HaJIn4ue B HEM BelllecTBa, 00J1a1alo1ero
cBoiictBaMu oborameHHbix (EM-1, EM-II, HIMU)
Wi aeruieTupoBaHHBIX (DM) MomeabHBIX KOMITO-
HeHT (Hart, 1984; Ellam et al., 1992; Armienti, Lon-
g0, 2011). B npeacraBiaeHHOi1 cTaTbe Mbl OCTAHOBUM-
cd Ha OCOOEHHOCTSIX M30TOITHOIO COCTaBa ILIIOMO-
BBIX MarM BOCTOYHOII AHTapKTUIbI, CPABHUM HX C
cocTaBaMU CUHXPOHHBIX MAarMaTUTOB I0XKHOM Adpu-
KU, ONpeAeIuM OTINUYUTEIbHbBIE XapaKTePUCTUKUA U
JaauM BO3MOXKHYIO MHTEpPIpEeTalnIo reogruHaMuye-
CKHX YCJIOBUM (opmupoBaHusa. Ocoboe BHUMaHME
IIPU 3TOM OyIeT yIelieHO M30TOITHOM CUCTeMaTuKe
ocmus (1870s/880s).

OCHOBHOM 1I€JIbI0 PabOTHI SIBISUIOCH M3YYEeHHE
BO3MOXHOCTHU NpuJioxkeHUsT Re—Os M30TOIMHOM cH-
CTEMATHUKHU [JIST XapaKTEPUCTUKU MCTOYHUKA ME30-
30MCKMX MarM B pa3IMYHbBIX ITPOBUHIMSIX BOCTOYHOM
AHTapKTUIbI, CBI3aHHBIX C MAarMaTUYECKOI aKTUBHO-
cteio mmoMoB Kapy-Mon u KepreneH. Xopoio u3-
BECTHO, YTO M30TONHBIA coctaB ocmus ('870s/1¥0s)
0a3aJIbTOB MO3BOJISIET HE TOIBKO YCTAHOBUTH IIPOMC-
XoXxaeHne MaHThitHoro ncrognuka (Carlson, 2005;
Day, 2013; Lorand et al., 2013), HO 1 onpeneauTh Ha-
JIM4ue, Jaxe B HE3HAYNTEIbHOM KOJIMYECTBE, KOPO-
BOro Marepuajia B 3ToM ucrounuke (Widom, 2011).
OTanuyne peHUuii-oCM1UEeBOM U30TOMHOI CUCTEMBI OT
TPpagUILIMOHHO MCIIOJIb3YEMBIX B MU30TOIMHO-T€OXUMU-
YeCKUX UCCIIeTOBAHMSIX (TJTaBHBIM 00pa30M, M30TOII-
HBIX CUCTEeM JINTO(MMIILHBIX 3JIEMEHTOB) OIpeeIsieT-
¢ cuaepoPMIbHBIMA Y XaJbKOMDMILHBIMUA CBOI-
crBaMu 3THX 3jieMeHTOB (Shirey, Walker, 1998). B
OTJIMYUE OT OCMHUSI, KOTOPBII MPU YACTUYHOM ILJIaB-
JIECHUM MaHTUU IIPEUMYIIeCTBEHHO KOHLICHTPUPYET-
Cs1 B MAHTUITHOM pECTUTE, pEHUM SBJISIETCS YMEPEH-
HO HECOBMECTUMbBIM 3JICMEHTOM M HaKaIrlJIMBaeTCs B
KOpe, OIpeesisisi BEBICOKOPaAMOIreHHBI COCTaB OCMMUS
KOPOBBIX ITOPOI, YTO 1 MO3BOJISIET MCHOJIH30BaTh U30-

TOITHBIN COCTaB TOCIIETHETO, KaK O9eHb YYBCTBUTEITb-
HBIM MTHANMKATOP TIPOLIECCOB KOPOBO-MaHTUITHOTO B3a-
nmoneiicTeus (cMmemeHust) (Gannoun et al., 2016).

OCOBEHHOCTU ME3030MCKOTI'O
MAI'MATHU3MA AHTAPKTWbI
N KPATKASA XAPAKTEPUCTUKA
M3YYEHHDBIX OBPA3IIOB

Honeputbl TpaHCaHTapKTUYECKUX TOp (CU/UIBI U
Jaiikn) oO6pa3oBaiCh B pe3yJibTaTe paclpoCcTpaHEeHUs
MarmaTU4ecKoro Marepuaia ruiroMa Kapy Ha paccrosi-
Hue 6oJiee 5000 KM OT OCHOBHOI 00J1aCTH €ro MpOosIBJie-
HUS BIOJIb 30HBI PACTSKEHUs JUTOChEPDI, 00YCIOB-
JIeHHOIt TuxookeaHckou cyomykumeid (Kyle et al.,
1981). IllenouHble MUKpUTHI JenqHuKa JlamGepra (B BU-
JIe IITOKOOPa3HbBIX TeJl U JaeK), TakKkKe KaK 0a3abThl U
JaMripodupbl MarMaTU4ecKo MpoBMHLIMM Pamkma-
xaJl Ha TeppuTopun BoctouHoit Mumuu (Kumar et al.,
2003; Ghatak, Basu, 2013), aB1s10TCSI IPOM3BOTHBIMU
pacriaBamu mmoMa Keprenen (CyieBckass U Jp.,
2017).

Bonpmas wu3BepxkenHas mipoBuHIMSA Deppap,
npoTtsaruBariascs ot 3emiu Korca yepe3 TpaHcaH-
TapKTuueckue ropol 1o HoBoii 3enanauu, copmu-
poBaiach 183—182 miH jeT Ha3ad, MpaKTUISCKH Of -
HOBpEMEHHO ¢ (hOPMUPOBAHUEM MarMaTUYECKUX MPO-
BuHumii Kapy u 3emmm Koponessr Mon (Kyle et al.,
1981; Elliot, Fleming, 2004, 2008, 2018; Hergt et al.,
1989, 1991; Mortimer et al., 1995). 'eoxumuyeckue u
MEeTPOJIOTUYECKUE UCCIEIOBAHMS MOKa3aly MPUHIIN-
MUAJIBHOE CXOJICTBO MarMaTM4ecKuX IMPOU3BOIHBIX
Pa3IMYHBIX PAliOHOB BIOJIb BBITSIHYTOI, O0Jiee YeM Ha
5000 kM, mpoBuHLMU Deppap (CylueBckass u ap.,
2022). @eppapckue MarMaTUThl OTIIMYAIOTCSI OT ME30-
30MCKMX 0a3aIbTOB BOCTOYHOI AHTApKTUKU 1 FOXKHOI
Adpuku 6oJiee HU3KUM CoJiepXKaHUEM TUTaHa U BbICO-
KuM comepxkanuem Kamms (CymeBckas u ap., 2022).
CocTaB UCTOYHUKOB ME3030MCKHUX MarM BCEX Tpex
pernoHoB (npoBuHLusa Kapy, 3KM, ®deppap) xapak-
Tepu3yeTcs orpuliaTeIbHBIMU Nb 1 Ta aHoManmusammn.
TakuMu e OCOOEHHOCTSIMM OO0JIafalOT U MarMbl
npeBHux (¢ Bo3pactom 500—1000 MJH JeT) maekK B
penenax npoBuHIMKM Peppap, 9To yKas3bIBaeT Ha Cy-
ILIECTBOBAHUE JTOJTOXUBYIIETO UCTOYHMKA MaHTU -
HBIX pacrjaBoB, pacroJjiaraBilierocsl B TOHIBaHCKO
Jutocdepe OT MO3AHETO MPOTEPO30sI U JO ME303051
(Cymesckas u ap., 2022). Psag uccinenonareseit 00b-
sicHsIeT (hopMUpPOBaHUe MPOTSIXKEHHO (heppapckoit
MarMaTu4eCcKoi NPOBUHLMM, MPOLIECCOM OpPEBHEN
CyOnyKLIMU OKeaHWYeCKOoi TIUThI nona [oHaBaHy
(Rapela et al., 2005), c oOpa3zoBaHreM 0OOTaIICHHOI
JIETYYUMU MaAHTUM TIpU DIYOMHHOW Aeruaparanuu
nopon okeaHnyeckoit Kopel (Hergt et al., 1991; Mol-
zahn et al., 1996; Choi et al., 2019). I1pennonaraercs,
YTO BMHOCJENCTBUU, B ME3030MCKOE BpeEMSI, 3Ta MeTa-
COMaTU3MpOBaHHAsI MaHTUSI MpeTepriesia KpaTKoBpe-
MeHHoe miasiaeHue (Ivanov et al., 2017). bauzocts ak-
TUBHOW TPAHULIbI TUIUT CYIIIECTBEHHO CKa3bIBaJIaCh Ha
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00pa3oBaHNN HU3KO-TUTAHUCTBIX 0OOTraIlleHHBIX MarM
npoBuHLIu ®eppap (Cymesckast u ap., 2022), HO
MPUYMHOI TUIaBJIEHUSI MAHTUU MOIJIO OBbITh, Kak
mwnoMmoBoe BosznmeiictBue (Luttinen, 2018; Panter,
Martin, 2021), Tak u obpa3zoBaHUE ITPOTIKEHHOTO
pudrta B 3apyrosoii ooaactu (Elliot, Fleming, 2021;
Panter et al., 2022). ABTOpBI HACTOSIIIEI CTaTbU B Ka-
yecTBe Moaeau (popMupoBaHUs peppapcKoii Tpar-
nosoii popmanuu (CyiieBckas u ap., 2022) npuaep-
XKMBAIOTCS €€ IUIIOMOBOTO MPOUCXOXISHUS M KOH-
LEMLMU Pa3BUTUS TUIIOMa BOJM3U IOJTOXMBYIIEH
cyonykuuoHHoit 30HbI (Betts et al., 2012; Fletcher,
Wyman, 2015; Choi et al., 2019; East et al., 2020;
Hinsbergen et al., 2021).

Hano momuepkHyTh, YTO camMa CTpyKTypa TpaH-
CaHTApKTUYECKUX TOop (hOopMHUpOBajach B TEeUCHUE
JINTEJIbHOTO BpEMEHHU OT HEOIIPOTEPO30sI A0 paHHE-
ro I1ajeo030s IIPU CIOXHBIX TEKTOHMUYECKHUX IIpeo0-
pa3oBaHUsIX, CBSI3aHHBIX ¢ 0Opa3oBaHMEM U TPaHC-
dopMmanueii najeokoHTuHeHTa Ponunus B [oHnBa-
Hy. Bce mnaBHBIE 3Tambl pa3BuTHS [OHIBAHCKOTO
KOHTUHEHTa ((popMUpOBaHUE OCATOYHBIX OACCEMHOB,
CKJIagJaThIX 30H 1 OPOT€HOB), TaK WJIM MHAYE, 3ariedar-
JIeHbI B uctopuu ee popmuponBanus (Goodge, 2020).
B panHeM neBoHe (hopMUpYyeTCsl aKTUBHAsI KOHBEP-
TEHTHasI OKpanlHa CO CTOPOHEI THXOTo ITajieooKeaHa
(Rapela et al., 2005), a B cpenHei 1ope MHTCHCUBHBINI
MarmMaTHU3M B pa3HbIX 4acTsIX TpaHCaHTapKTUUECKUX
rop NpuBeI K 00pa3zoBaHUIO heppapCKOil U3BEPKEH-
"ot mpoBuHLMM (Elliot, Fleming, 2021). O6pa3usl
31K, 31H u 69A, 1a6Gpo-HOPUTHI U JOJEPUTHI, ObLIN
OTOOpaHbI U3 JTaeK Me3030McKOoro Bo3pacta (Dun-
canet al., 1997) xpeota Can JIxxoHc B paitone Cyxux
JonvH Ha 10)KHOM OKOHYaHUU TpaHcaHTapKTU4e-
ckux rop, Bonu3u Mmopst Pocca (17 CAD, CymeBckast
u ap., 2022).

PacripocTpaneHune MeI0BOTO IUTIOMOBOTO MarMa-
tu3Mma (120—110 Mu1H JeT Ha3ad) MPUYPOUYEHO K 1LIEH-
TpaJIbHOI YaCTH IajIe0301CKO-Me30301CKOM pudTO-
BOM CTPYKTYpHI JienHuKa Jlambepra (oasuc dxerTn,
MmaccuBbl @umep u Mepeaur) (JleitueHKOB U Ip.,
2018). BHenpeHue 1IETOYHO-YAbTPAOCHOBHBIX MarMm
B oasuce /IXXeTTu MapKuUpyeT CyOMepHUAMOHAIbHYIO
30HY ITTyOMHHBIX Pa3pbIBHBIX HAPYILIEHUI B BOCTOY-
HOoM OopTy pudTta (AHApOoHUKOB, 1987; Jlaiiba u ap.,
1987; JleitueHkoB U np., 2018). Cpenu MarmMaTu4ecKux
o0pa3oBaHMi1, IABHBIM 00pa30M, Pa3BUTHI BBICOKO-
MarHe3uajbHbIC IIEJIOYHbIE aCCOLAIIMU, BO3ZHUKIIINE
B pe3yibTaTe IUIABJICHMSI MeTacOMaTU3UPOBAaHHOM
KOHTMHEHTAJIbHOM MaHTUHU IIpU TemrepaTtype 1270° u
Ha miyouHax 130—140 kM (CymeBckast u np., 2017,
2018). AHaJIOTUYHEIE II0 COCTaBY U BO3pacTy Marma-
TUYECKME MOPOIbI OITMCAaHbI B MPOBUHIIMM Pamkma-
xan B Uupun (Chalapathi Rao et al., 2014). Hamu
MpEeAIIeCTBYIOIIEe MCCICAOBaHMS ITOKa3aJii, 4YTO
MaHTUIHBIA UICTOYHUK BEICOKOMAarHe3MaIbHBIX pac-
IUIaBOB paiioHa jenHuKa JlambGepTa oTinyaics mpu-
CYTCTBUEM KapOoHaTa, OMOTHUTA M JIETYyYnX. A caMu
oOorailieHHble 1IEJTOYHO-YJIbTPAOCHOBHBIE MarmMbl
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GJIM3KMU TI0 XapaKTepy paciipeaesieHUs TUTO(MIbHBIX
3JIEMEHTOB U M30TonHOMY coctaBy Nd u Pb (Cy1ies-
cKas u ap., 2017). JIna aHanu3a Re—Os U30TOMHOI
CHUCTEMBI OBbLIN BEIOpaHBI IIPEICTaBUTEIbHEBIC 00pa3-
LBl M3 pa3JIUYHBIX PalilOHOB JiemHMKa JlJambepTa: 06-
pasen [1-4 ipeacTaBiisieT co60it OJIMBUHOBBII MeJa-
HedelMHUT U3 nuatpemMoBoro Tena [1nockoe Ha 1ore
oazuca Ixxertu; oopazen 49113-1 ¢paoronur-oamuBu-
HOBBII TIMKPUT MaccuBa MepenuTt U3 IIeHTPaTbHOMN
qyactu JiemHuka Jlam6epra, 34107 KapOOHATUTOBEIN
KUMOepauT MaccuBa @uiiep U3 EHTPATBLHON YacTh
JnenHuka Jlambepta, 34/9-5 — naiika MMKpUTOB ILJIAT-
dopmbl KameHucTast Ha ceBepHOM OKOHYAHUY 0a31-
ca Ixertu (CyueBckas u ap., 2017).

METOIMKA OITPEAEJIEHUA COOEPXKAHWA
Re, Os U U3OTOITHOI'O
OTHOLUEHUSA ®¥70s/"®80s

KoHuenTpayum peHust 1 OCMUS OIIPEASIISIN Me-
TOJIOM M30TOITHOTO pa3basiieHus B LleHTpe n3oromn-
HbIx ucciaenoBanuniit ®I'bY “BCEIEN” (Cankr-Ile-
TepOypr). s aHaiu3a MCIOJb30BajJd PEareHThI
cBepxuucrtoit (Merk™) nim TpexKpaTHOU MUCTUILISI-
1K 1abopaTOpHOTO KadyecTBa. K HaBecke UCTepTOro
obpa3sia (2—5 r) B cocyne MIs1 pa3jioKeHUs U3 KBap-
eBoro crekiaa ooremoMm 100 mi mob6asisiu 300 mMr
CMELIAaHHOTO U30TOMHOro uHaukaropa '#Re—190s.
IMocne nodanenus K cmecu 3 Mt 11N HCI cocyn 3a-
MopaxuBaiau npu Temmneparype —20°C B TedeHUe
30 muH. PaznoxeHue npoObl MPOU3BOAMIN B KBap-
LIEBBIX COCylax B TeuyeHue 2 4 MIpHU TeMIepaType
260°C u paBiaeHuu 140 6ap (MHEPTHBIN Ta3) B MUKPO-
BOJIHOBOM peakTope BbicoKoro mnasiieHust Ultra-
CLAVE 1V (Milestone™).

Cemnapanusi ocMUsI TPOU3BOAMIACH C TTOMOIIBIO
KUJIKOCTHOM 3KCTPaKIIU OpOMOM Y MUKPOIUCTUI-
JISIIUYA 10 METONMKE aHaJIOTMYHOI OIIMCAaHHOM pa-
Hee (Birck et al., 1997). Ocrasiuiics rmocie a3KCTpak-
L1 OPOMOM PacTBOP IIPOOBI B CMECH KOHLICHTPUPO-
BaHHbIX Kucior HCI-HNO; BbinmapuBaics u
nepeoauiics B pactBop 2 N HNO; u uentpudyru-
poBaics B 15 mu1 mpooupke. PeHuit BeIASIISIIICS METO-
JIOM XKMIKOCTHOM 3KCTpPaKIMM C M30aMUJIOBEIM
cnuptom, 2 N HNO; u Bonoii (Birck et al., 1997).

HM3MepeHre M30TOMHOTO cocTaBa U olpeesieHue
KOHIIEHTpalMu Re mpou3BoanIoch Ha OAHOKOJJIEK-
TOPHOM Macc-CNeKTPOMETPE C UHAYKTUBHO-CBSI3aH-
Hoii tasmoii MCIT-MC ELEMENT-2 (Thermo).
OtHoueHue usoronos peHus '$Re/""Re uszmeps-
JIOCh HAa YMHOXUTEJe B IMHAMWYECKOM PeXUMe MpU
BBOJIe MPOOBI UICTOYHUK Macc-CIIEKTPOMETpPa B BUIE
3% a30THOKUCJIOTO pacTBOPa C TIOMOIIILIO KBapIIeBO-
ro HeOynaiizepa. s BBoga rmpo6 B mpudop NCHOJIb-
30BaJICSI IepucTaTudeckuii Hacoc (4.5 00./MuH), a
Takke Ni KkoHyca. MI3aMepeHusT OCyIIeCTBISUIMCH TTPpU
HU3KOM pa3pelIeHnn Macc-criekrpomerpa (AM = 300).
ITapameTpsl MCIOTB30BAaHHOM aApPrOHOBOM TIIJIA3MBbI:
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Ta6mma 1. Conepxanust Re u Os u 3HaueHns '370s/'380s B Marmax nposuHmu ®eppap 1 paitoHa TenHuKa Jlam6epra

Cyxue JloaHbl nenHuk JlamGepra
Kommonent JOJIMHA JIOJIMHA xp. CeHT- LI MacCUB TEJIo MacCuB
Buxktopuu | Bukropuu JI>oHC Kamenucrasi | Mepuout IInockoe Duiiep
O6pa3zer; 31K ra66po- | 31H ra66po- |69A moiaeput 34/9-5 49113-1-on. | I1-4 nukput (34107 nUpKUT
HOPUT HOPUT MUKPUT MMUKPUT

Re HI/T 0.3089 0.6770 0.1261 1.92 3.022 1.399 3.451
Os Hr/T 0.0612 0.0644 0.0335 0.0805 0.0610 0.1976 0.0789
187Re /18805 24.65 51.85 18.59 117.0 243.6 34.43 214.8
1206, % 0.5 0.5 0.5 1 1 1 1
18705/1830s 0.27364 0.35718 0.36726 0.21886 0.23880 0.15822 0.23351
120, % 0.25 0.22 0.45 0.34 0.16 0.24 0.53
+20 0.00070 0.00080 0.00165 0.00075 0.00038 0.00039 0.00123
Bospact B it JIeT| 180 180 180 120 120 120 120
("¥70s/'880s), 0.1996 0.2014 0.3114 H. 0. H. 0. H. 0. H. 0.
206py, /204py, 18.5983 18.5063 18.5787 18.7020 18.5580 18.6210 18.4460
207pp /204pp 15.6359 15.6304 15.6462 15.5630 15.6180 15.5740 15.6234
208py, /204pp 38.4135 38.4918 38.3985 39.2270 39.0680 38.8950 39.2921
(®7Sr/®88r), 0.7105 0.7105 0.7108 0.7049 0.7058 0.7051 0.7049
("®Nd/"Nd), 0.5122 0.5122 0.5121 0.5126 0.5124 0.5125 0.5124

HpI/IMC‘{aHI/IH. H. 0. — HE ONpE€aCICHO.

oxJaxnarwommii ra3 — 15.5 1/MuH, raz ob6pasua —
1.03 1/MuH, HONOIHUTEIbHEBIM ra3 — 1.02 J1/MUH, MOIII-
HocTb Tu1a3Mbl 1031 Bart. [J1st KoppeKiuy usMepsie-
MBIX M30TOITHBIX OTHOIIICHWI Ha IMPUOOPHOE Macc-
dpakIIMOHUPOBAHUE UCITOIb30BAJICS METOI “OpeKe-
THpOBaHUsS” pacTBOpoM Re cranmapra. PesynbTrpy-
oIIIast TOYHOCTD U3MEPEHMST N30TOITHBIX OTHOIITEHUM
185Re/'®Re 6bL1a ayuie 0.5%.

OO61mue xuMudeckre 0JaHKW aHaju3a (XOJIOCTOMN
onkbIT) coctaBwin: Re — 70 nikr, Os — 1 nkr. Pe3ynb-
taThl aHaim3a ctangapra UB-N (ceprieHTuHuUT): Re
0.2218 + 0.0064 Hr/r, Os 3.65 £ 0.12 Hr/T, '¥’Re/'#80s
0.292 £+ 0.014, 70s/¥80s 0.127176 + 0.000091 xopo-
1110 COTJIACYIOTCS C TUTEePATyPHBIMU JaHHBIMU (Mei-
sel et al., 2003). Pe3yabraThl U3y4eHUsI U30TOMHOTO
cocrtaBa Os B 6a3anbpTaXx AHTAapKTUIEI M paHee onpe-
JIeJICHHBIX U30TOIMHBIX oTHOIIeHn# Sr, Nd 1 Pb B Hux
(CymeBckas u np., 2018, 2021, 2022) npuBeaeHbl B
Tabm. 1.

M3oTonHbIi cocTaB OCMUSI U3MEPSIIICS HA TBEPIO-
¢$a3HOM MYJIBTUKOJJIEKTOPHOM MaccC-CIIEKTpOMETpe
BhICOKOTO paspenteHus Triton (Thermo) B orpuma-
TEJIbHO 3apsSKEHHbIX MOHAX B CTATUYECKOM PEXUME
Ha KoJuteKTopax Papaaes Ujiv B ITMHAMUYSCKOM pe-
JKMME Ha MOHHOM cyeTyuke. s cTaHmapTuU3aluu
YCJIOBUM U3MEPEHUN BO BPEMS AHAIIUTUYECKOM cec-
CcUM mpou3Boamiaoch n3Mepenmne crangapra LOsST ¢
M30TONMHBIM OTHowmeHueMm '370s/'¥80s 0.106913 +
+ 0.000022. BeimenenHas gppakiuimst ocMus B popme
OpoMUIOB HaHOCWJIach Ha Pt-JIeHTy wucrapurtens
coBMecTHO ¢ 0.2 mxi amutrepa Ba(OH), + NaOH.
Hnst ioBbiieHUs1 3¢b(GHEKTUBHOCTUY MOHU3ALUN KC-
MoJIb30BaJIaCh YCTAHOBKa Hamycka Kucjioponaa (P =
=2 x 1077 6ap) B Kamepy Macc-CIIEKTPOMETpa IIpU
Bakyyme 7 X 1078 6ap u oxmaxkneHue XUIKUM a30-
ToM. TeMnepaTypa Hakaja IUIaTUHOBOM JICHTHI MpU
n3MepeHusx cocrasisia 730—750°C. M3Mepsuinuch
MOHHBbIE TOKM OKcHaoB '5ReO;, ¥0sO;, ¥70s0;,

1830505, °°0s0;, u 20s0,,.

COIEPXXAHMUE Re U Os, U BAPUALIMUA
OTHOWIEHMUA '¥0s/"**0s B TIOPOJAX
MAI'MATUYECKHUX IMTPOBUHLINN
AHTAPKTHUJbI

Hano otMeTuTh, 4TO OMyOJMKOBAaHHBIX JAHHBIX O
colepXaHWU PEHUS U OCMUSI B IIOPOAaX AHTapKTUII
KpaliHe MaJjlio, YTO CBSI3aHO KaK C TPYJO0EMKOCTBIO Ca-
MOIi METOIMKY aHaan3a, TaK U ¢ MaJIbIMU coAepXkKa-
HUSIMM 3THX 2JIEMEHTOB B 0a3aJIbTax, UTO IIPUBOJIUT K
HEeOOXOAMMOCTH aHaau3a OTHOCHUTEIBHO OOJIBIINX
HaBecok (1—5 r) mpeaBapuUTeIbHO TOMOT€HU3UPO-
BaHHOIO BelllecTBa. Hamu ompenencH M30TOITHBIA
cocTtaB Os 1 comepKaHUsI peHUS 1 OCMHUSI Tad0pO-110-
JIEPUTOB I03KHOI 4yacTu TpaHCaHTApKTUYECKUX TOp
(Cyxue JlonuHBI) U IIEJIOYHBIX MUKPUTOB paiioHa
nemnuka Jlamoepra. Ha mmarpamMme puc. 2 mokasaHBI
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Sr, Nd, Pb 1 Os UBOTOITHASI CUCTEMATHUKA ME3030MCKHNX BA3AJILTOB

conepxanusg Re 1 Os B n3ydeHHBIX JonepuTtax u3 Cy-
xux JJOJIVH U IIEJOYHO-YJIBTPAOCHOBHBIX MOpPOAaX
U3 paiioHa negHuka JlamGepTa B CpaBHEHUU C U3-
BECTHBIM COIEpKaHWEM 3THUX JJIEMEHTOB B Marmax
nposuHLu @eppap (Molzahn et al., 1996; Choi et al.,
2019), Kapy (Ellam et al., 1992, Heinonen et al., 2014)
u 3emuin Kopoinessl Mon (Heinonen et al., 2010).

Kaxk BugHo Ha puc. 2a, MmarMbl npoBuHLIMN Dep-
pap xapakTepu3ylTcss OTHOCUTEIbHO HU3KMMU KOH-
nentpauusamMu ocmus (ot 0.005 go 0.15 Hr/r), yTO Ha
MOpSIIOK HMXe, yeM B Marmax npoBuHuuil 3KM u
Kapy (0.1-5 Hr/r), 11pu OJIM3KMX Bapualsx coaep-
xanus peaus (0.1—1 ur/r). IlleaouyHbIe TMKPUTOBBIE
Marmbl permoHa JieqHuKa JlamGepra OoTIM4yaroT 1Mo-
BBHIIIICHHEIE coaepxXaHus peHus (1—7 HIr/T) 1 ocMus
IO CpaBHEHUIO ¢ Oa3abTaMu PeppapcKoil IPOBUH-
LIUU. DTU MUKPUTOBBIE MarMbl XapakTepU3yIOTCS U
MOBBIIIIEHHBIMU KOHIEHTPALUSIMU JIETYYUX U JIETKUX
JuTomIbHBIX 21eMeHTOB (CyteBckas u ap., 2017).

ITpu BBIMIaBIEHUU MAaHTUIAHBIX PACTIJIABOB MTOBE-
JIEHE OCMMUSI OIIPENEIISIETCS €T0 COBMECTUMOCTBIO C
MaHTUHAHBIMUA CyIb@UIAMU U PE3KO BBIpAKEHHOMN
HECOBMECTUMOCTBIO C CUJIMKATHBIM pacrjaBoM
(Brenan, 2008), Torna kak Re, yMmepeHHO HeCOBMe-
CTUMBIIi, UMEeT CBOMCTBA KaK JIUTOPUIBHOTIO, TaK U
XaJIbKOMUIILHOTO 3JIEMEHTa, U €ro MOBeJeHUE 3aBU-
CUT, KaK OT OKH’CJIMTEIbHO-BOCCTAHOBUTEIBHBIX
YCJIOBUM, TaK U OT COJEp>KaHUsSI Cepbl B 00Opas3ylo-
memcs pacruiaBe (Shirey, Walker, 1998; Righter,
Hauri, 1998). B To xxe BpeMsi, cpenu MaHTUHHbBIX MU -
HEepaJjoB, B 1I€JIOM, OTMEUYAETCS YBEIUYEHUE COMEp-
kaHust Os u Re OT olMBMHA K OPTOMUPOKCEHY U
mrmHenu (Harvey et al., 2010, 2011). Ho mpu yactuy-
HOM IIJIaBJICHUM 3TUX MUHEpPAIbHBIX (pa3 odoraiie-
HUE OCMMEM paciliaBa OyaeT He3HAUUTEIbHbBIM, TO-
Ima Kak comepxaHue Re B oTcyTcTBUU CynbGUIHBIX
MpUMeceil KOHTPOJIUPYETCSI UMEHHO COOTHOILIEHEM
OCHOBHBIX MUHepaJibHbIX (a3 (Brenan, 2008). 1 ya-
CTUYHOE IUIaBJICHHWE MaHTHU OyAeT IIPUBOIMUTH K
GOpPMHUPOBAHUIO pPaCIUIaBOB, CYIIECTBEHHO oOora-
meHHbIX peareM (Luguet, Reisberg, 2016). Ha6mro-
JJaeMoe TTOHIZKEHHOE colep:KaHWEe OCMMS B Marmax
deppapcKoii TPOBUHIIMU MOXET OOBSICHITHCS 00~
HEHMEM MaHTUMHOIO MCTOYHMKA OCMUIi-comepKa-
MU CyIbduIaMU, KOTOPEIE MOTJIM PaCTBOPUTHCS
npu  QIIOUITHOM BO3ICHCTBUU CYOOyLIMPOBAHHOMN
IUIMTHl HAa paHHUX 3Talax 3BOJIOLUMN. AJIbTepHATH-
BOII MOXET OBITh IUIABJIEHME MeTacOMaTHU3WpPOBaH-
HOM MaHTHUM C Y4aCTHUEM JIETyYUX KOMIIOHEHTOB, KO-
TOpble 00ecIeurMBaiv BBIHOC OCMUS TIPU Jera3aliuu,
Hampumep, B Buie BbicoKojieTydyero okcuga OsO,
(Lorand et al., 2003). KocBeHHBIM IOATBEPKACHUEM
3TOTO SIBJISIETCS TO, YTO HauMeHee nuddepeHInpo-
BaHHBIE (heppapCKue MarMbl, Kak OBLJIO YCTAHOBIIEHO
O COOTHOIICHUIO 3JIEMEHTOB ILUIATUHOBOI T'PYIIIIBI
(Choi et al., 2019), o6pa3zoBanuch U3 UCTOYHUKA C
BOOHBEIM (b1ioMaoM, OJIM3KOIrO II0 COCTaBYy OCTPOBO-
IY>KHOMY.
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Puc. 2. Conepxanust Os u Re B Me3030iicKiX Marmax Bo-
cTtouHOi AHTapkTunbl (mposuHimu 3KM u @eppap) u
npouHiMu Kapy (a), a Takxe Bapuaimu Os B 3aBUCUMO-
ctu or kKoHueHTtpauuu TiO, (6) u MgO (B). Iloponsl
(eppapckoit Marmatryeckoit npoBuHuuM (/ u 2): 1 — 6a-
3aJIbThI U aHAe3UTO-0a3a1bThl (Molzahn et al., 1996); 2 —
rabopo-moneputhl (tabn. 1); 3 — 6azanbtel 3KM (Hei-
nonen et al., 2014); 4 — MarMaTuyecKue MOpPoJbl MPOBUH-
mum Kapy (Heinonen et al., 2010); 5 — meno4Ho-yIbTpa-
OCHOBHBIE MarMbl U3 paiioHa JemHuKa Jlamoepra (Tadi. 1);
6 — marmbl TipoBuHIMY Kapy, Tpou3BomHbIE TTMPOKCE-
HUToBOro nucroynuka (CyieBckast u ap., 2021 1 ccbuiku
B Heit). (0) / — rabopo u rabopo-HOPUTHI (peppapcKoit
nposuHumu (Choi et al., 2019); 2 — ra66pounsl Tacma-
Huu. OctanbHble 0003HAYEHMS KaK Ha puc. 2a.
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Puc. 3. Bapuauuy oTHOILIEHMSI M30TOIIOB OCMMUS 18705/18805 B Me3030iickux Marmax nposuHiunii 3KM, Kapy u paitona

nemHuka Jlam6epra. Koppensmus
CM. Ha puc. 2.

Tpenas! ppakKilMOHUPOBAHUSI MarM sl U3y4eH-
HBIX TTPOBUHIUN COMPOBOXAAIOTCS COOTBETCTBYIO-
UMW U3MEHEHUSIMU colepKaHusl ocMmus. Tak mpu
u3MeHeHnn comepxanus MgO or 4 mo 19 mac. %
KoH1eHTpauus Os uameHsiercs B Is1Thb pas: ot 0.03 no
0.15 (puc. 2). Ha puc. 26 u 2B nmoka3zaHbl 3aBUCUMO-
cTu copepxkaHusi ocmus ot TiO, (reHeTuuecKuit Tun
marm) u MgO (creniens nuddepennuanmm). Xopo-
1110 BUJIHO, 4YTO 1151 (heppapCKux MarM KOoppeisiiuu
HET, HO IJISI COCTaBOB 0a3ajbToB npoBHHLIMK 3KM
OHa cyllecTByeT. BbIcOKOoMarHesuajgbHble Marmbl
npoBuHUIUU 3KM, KoTopble OJIU3KU I10 COCTaBY Iep-
BUYHBIM MarmMaM, OTJIMYAIOTCSI MOBBIIIIEHHBIMU KOH-
ueHtpauusmMu Os U noHmxeHHbIMU TiO,. B Toxe
BpeMsl Bapuauuu coaepxaHusi Os BHE 3aBUCUMOCTHU
oT MgO u TiO, MOryT CBUIETEILCTBOBATh 00 U3ME-
HEHUU MacCOBOI NMOJM U XapakTepa Cyab(dUI0B B
marmax (Mungall, Brenan, 2014), B Tom uucie, npu
JIMKBAIIMU, a TakKXKe CTeNeHU BTOPUYHOTO UX M3MeE-
HeHus (Waters et al., 2020).

K BapuauuaM BeJIMYMHBI U30TOIHOIO OTHOLIE-
Hus #70s/380s B Marmax MoXeT IIPUBOIUTH TETEPO-
FEHHOCTh COCTaBa MAarmMaTMYeCKOro WCTOYHUKA,
MTPOLIECCHI CMEIIEHUSI MarM, a TAKXKE aCCUMMIISLINS
BMEILIAIOLIETO MaTepralla MarMaMM IO MEPE UX Iie-
pemerneHus u octeiBaHus (Chesley et al., 2004; Gan-
noun et al., 2016). Beicokue otHomenust Re/Os B uc-
TOYHMKE TUITUYHBIE [JIs1 KOHTUHEHTAJIBHOM KOPbI TIPH-
BOJAT K OoJIee panyoreHHbIM 3HaueHusIM 370s/180s, a
Huskue 3HadeHus '70s/'¥80s, HaobopoT, xapakTe-
PU3YIOT MaHTMIHOE [IEeTUIETUPOBAHHOE BEILECTBO.
Ha puc. 3 nokaszaHbl Bapualyu u3otorHoro ¥’0s/380s
OTHolleHUs1, coaepxXaHus Os (30), U BeJUUYUHBI
Re/Os otHomeHust (3a) B Me3030IMCKUX Oa3zaabTax
AHTapKTUKMH.

Os/*°°Os ¢ BenmnunHoit oTHoeHus1 Re/Os (a) u conepxanuem Os (0). O6o3HaUeHUS

XopoI110 BUTHO, YTO MTOBBIIICHHBIC 3HAYCHUS OT-
HomeHusa Re/Os xapakTe pu3yloT MarMbl IIPOBUHIINN
®deppap u paiioHa JenHuka Jlamb6epra (puc. 3a) u
COMPOBOXIAIOTCS  TIOBBIIIEHHBIMUA  3HAYCHUSIMU
1870s/1880s mpu 6Gosee HM3KMX comepkaHusax Os
(puc. 36). B 11ie10M, BCce M3OTOMHBIE COCTaBbl (hep-
papcKuX pacriaBoB 00pa3yloT Ha AuarpaMme eIuHOe
ToJIe, OTIIMIHOE OT MOJISI COCTaBOB MarM P OBUHITHIA
3KM u Kapy. MOxXHO OTMETUTh KOPPEIISILINIO BEIU-
yuHbl ¥70s/¥80s u comepxaHusa ocMus U1 Marm
TpaHCaHTaPKTUIECKUX TOP U IS IIET0YHO-YIbBTpa-
OCHOBHBIX ITOPOJ, M3 paiioHa negHnKa JlamoepTa, Ko-
TOpasi OTCYTCTBYET JUISI PA3IMYHBIX TUTIOB MarHe3u-
aibHbIX MarM TipoBuHIMU Kapy—3KM (puc. 30).
INoBEIIIEeHHBIE 3HAYEHWSI OTHOIICHHSI W30TOIOB
1870s/1880s MOryT OBITH CBSI3aHBI C HECKOJBKUMU
npuYrHaMHM. Tak ISt MarM ¥ BKITIOYeHUI MAaHTUIAHBIX
TMepUIOTUTOB BOJIM3H 30H CYOMyKITMM OTMEUYAIOTCS TI0-
BbIlIEHHBIE 3HaYeHus '870s/¥80s 13-3a 601 BBICOKMX
Re/Os B ocTpOBOIYKHOIT KOpe, ¥ CYOMyIIMPYIOIIEM CII-
56€, YTO 1 TIPUBOMIMNT K TTOBHIIIEHHBIM M30TOITHBIM OT-
HOILIEHUSIM TIPY YYaCTUM TAKOTO BEIIECTBA B BBITLIAB-
Jnenun marMm (Chesley et al., 2004). Ho moBbIllIeHHbIE
BeJaMYMHBI oTHOIEeHNs ¥70s/'380s MoryT GbITH BbI-
3BaHbl U1 ACCUMUWJISILIMEN KOPHI TTPU KPUCTAIIU3ALIUU
nepBUYHBIX MarMm (Suzuki et al., 2011), 1 BEBICOKUMU
colepXXaHWSMU MarHeTnTa B auddepeHImpoBaH-
HBIX pa3HocTsax (Senda et al., 2016). Kak 66110 moka-
3aHO B paborte (Brauns et al., 2000), MarHeTUTHI U3
noyieputoB TacMaHuu (MX COCTaBbl yKa3aHbl Ha
puc. 4a) OTIMYAIOTCS TIOBBILIEHHBIMUA BeJIUYMHAMU
ortHowreHus '¥70s/80s. Kpome Toro, Henb3s uc-
KJTIIOUUTh Y BO3MOXHOCTb U3MEHEHUSI OKUCIUTEIb-
HO-BOCCTaHOBUTEIBHBIX YCIIOBUM TP KPUCTAIINA3a~
MY MarM, WA B TIPOIIecCe X BHITIJIaBICHUS U3 MaH-
THHHOTO UCTOYHUKA, IIPY 3TOM B 60J1e€ OKMCIEHHBIX
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Puc. 4. Bapuanum BeTMIMHBI OTHOIIIEHUSI N30TOIIOB OCMMST 187Os/ 18805 B 3aBUCHMOCTH OT BEIMUMHBI OTHOLIEHMS] Nb/Th (a)
u conepxanusi U (0). YcaoBHbIe 0003HAUYEHMSsI, CM. Ha PUC. 2, KPECTUKU — MarHeTUTHI U3 1ojepuToB Tacmanuu (Brauns et al.,

2000).

YCIIOBUSIX BO3MOXHA TeHepalusl MarMm ¢ 6oJjiee HU3-
KUMHU copepxaHusamu ocMmus (Mungall et al., 2006;
Dale et al., 2012; Botcharnikov et al., 2013).

Ha puc. 4 nokazaHbl Bapyaliui U30TOIMHOTO CO-
cTaBa OCMUS TTPU U3MEHEHW Y BEJIMYMHBI XapaKTepu-
CTMYECKMX OTHoIueHui, Hampumep, Nb/Th (Nb
aHoMaJiusl), U cofepxkaHus ypaHa (puc. 4), KOTOpble
OTpakaloT CTEIIeHb 000TalleHHOCTH JTUTO(PUIIHLHBI -
MU 3JIEMEHTAMM MarMaTU4eCKUX MCTOUHMKOB. Tak
OpUMHATHUBHEIe MarMbl npoBuHIM 3KM u Kapy ot-
JmyarTcsa no cogepxanuio U u BenuuuHe Nb/Th
Mpyu OJIU3KUX 3HAYEHUSIX OTHOIIEHMUS U30TOIOB
1870s/180s. TTosblleHHBIE KOHLeHTpauuu U, sie-
MEeHTa HECOBMECTUMOTO M TOJABUXHOIO B CyOmyK-
IIMOHHBIX YCIOBUSIX, B MarMax ¢beppapckoii IpoBUH-
uuu (puc. 4) mpeamnojaraloT oboralieHUe ypaHOM
MarMaTu4eckoro MCTOYHMKA, KOTOPOE, BO3MOXKHO,
MpoUCXoanJio Mpy (JIIOUIHOM BO3AEHCTBUU Ha Be-
IIECTBO MAaHTUM.

M3oTonHbIil cocTaB OCMUSI MAHTUITHOTO UCTOY-
HUKa paciuiaBoB npoBuHIY 3KM xapakrepusyercst
uHTepBasiom 0.125—0.143 (¥70s/'®80s). i marm
npoBuHLMK Peppap MHTEpPBa 3HAYEHUIA 3TOTO OT-
HoeHus 0.1—0.3, Torga Kak U30TONHBIN COCTaB OC-
MUSI M3Yy4EHHBIX HaMK O0Opas3loB 06ojiee paauoreH-
Herii: 0.2—0.3. PaHee BeIIeNIeHHBIC TUITHI MarM, pas-
JIMYalolmuecss Mo BeauuyuHe oTHoimeHusi Nb/Th,
npoBuHumy 3KM (Luttinen, Furnes, 2000) wu npo-
BuHumu Kapy (Heinonen et al., 2014, 2018) He oTimya-
1oTcd 1o BeymurHe oTHoweHusa #70s/®80s (puc. 5).
Brinensiorcest muiib oboraiieHHbIC (peppOITUKPUTHI U
6asanbThl (TUM E-FP o Heinonen, Luttinen, 2008) ¢
MOBBIIIIEHHBIMU 3HAYEHUSIMU OTHOILIEHUSI 30TOMOB
ocmust 0.1401—0.1426. OcranbHble TUMBI MarM Ka-
KOM-JIN60 crielu(PUKOM U30TOMHOIO COCTAaBa OCMUS
1870s/1880s ne BoIEnsIOTCA (PUC. 5), BKIIOYAs U BbI-
COKOMarHe3HaJIbHbIe XeJIe3UCThie MAarMbI (BbIIEICH-
HBIE€ CEPBIM IIBETOM Ha puC. 2, 3, 5) U3 LIECHTPaJILHOMI
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YacTU ILIIOMA, IIPOMCXOXICHME KOTODPBIX MOXKET
OBITh CBSI3aHO C MAHTUITHBIM MCTOYHUKOM ITUPOKCE-
HutoBoro cocraBa (CyuieBckas u ap., 2019). Kak nmo-
KazaHo B cratbe (Molzahn et al., 1996), cyOKOHTH-
HEHTaJIbHASI MAHTUsI AHTApKTUILI AEIJIETUPOBAHA U
XapaKTepU3yeTCs HHTEPBAIOM 3HAYEHUI M30TOITHO-
ro otHoureHus ¥70s/®80s: 0.105—0.131, HO HEKOTOPBIE
MaHTUIHbIE KCEHOJIMUTHI UMEIOT 00Jjiee paavOreHHbI
cocTas, BIUIOTh 1o 0.138. Jls nerieTupoBaHHOI oKea-
HUYECKOI MAHTUM BearmdrHa oTHoueHus '70s/'¥80s
nocturaet 0.132—0.158, Torga Kak 0a3ajbThl TOPSYMX
TOYEK UMEIOT OOJILILMI MHTepBas cocTaBoB #70s/180s
0.12—0.15 (Day, 2013; Gannoun et al., 2016).

Takum 06pa3oM, UICTOUHUK MarMaTUYECKHMX pac-
ninaBoB npoBuHLMit Kapy u 3KM 01130k 110 Beau-
yrHe u3oTornHoro otHomeHus 70s/¥80s, kax k co-
cTaBy TUNUWYHOU JuTochepHoit manTuu (0.115—
0.135, Scott et al., 2021), Tak ¥ K cOCTaBy MaHTHUU I1OI
AHnTapkTtunoii (Molzahn et al., 1996). Beicoko-kene-
31CThIe MaTHe3WaIbHbIE MarMbl, 00pa3oBaHHBIE MPU
IIaBJIeHUU (parMeHTOB MUPOKCEHUTOBON MaHTUU
Ha HavaJbHBIX 3Tamnax BosmeiicTBus 1unoMa Kapy,
BEPOSITHO, SIBJISIOTCS TIPOM3BOIHBIMU TOM K€ JIMTO-
cepHOI MAaHTUMN.

Kak mnosy4eHHbIe HAMU PE3YyJIbTAThl, TAK U JINTE-
paTypHbIe JaHHbIE, YKa3bIBAIOT Ha OTaM4Yne deppap-
CKMX MarMm OT JIPYIMX, TAKXKe CBA3AHHBIX C TUTIOMOM
Kapy, moamkeHHBIM conepxxanueM Os m Oonee pa-
JMOTEHHOM BeJmunHol otHomeHud #70s/1380s.

NCTOYHHUKHU MATM IMPOBUHLIUN KAPY
N BOCTOYHOU AHTAPKTU/bI: Nd—Sr—Pb
N30TOITHAA CUCTEMATHUKA

M30oTonHO-reoxuMuyeckass xapakTepucTuka me-
30301CKOTro MarMaTu3Ma B mpejieiax BOCTOUHO AH-
TapKTUIbl U FOXHOI YyacTu AdpuKU, CBI3aHHOTO C
posneiictBueM TnmoMa Kapy—Mon, mo3Bonmmna He
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Puc. 5. 3aBucumocTtb 187O's/ 18805 or Re/Os B pa3nuyHbIX TUMAX MarM, OJIM3KKUX K MIEPBUYHBIM BbITUIaBKaM MpoBuHILnit 3KM
(Anrtapkruna) u Kapy (FOxnas Adpuka) (Heinonen et al., 2010, 2014). YcnoBHbIe 0603HAYEHUS CM. puC. 2.

TOJIBKO BBIIEIUTD OTACIbHBIE TUIIBI PACIIABOB, HO U
CBSI3aThb MX IIPOUCXOXIECHHE C OMpEeacIEHHBIM Mar-
MaTU4YeCKMM MUCTOYHMKOM WM mpoiueccoM. Hecmor-
pSI Ha OTHOCUTEJIbHYIO OTPAaHMYEHHOCTh JaHHBIX: HE
oosiee 50 aHAMIM30B M3OTOITHOIO cocTaBa Pb mopon
JUIST BCeX MPOBUHIIMM, Ha HAIll B3IJISIA, ObLIM Cliena-
HBI IPUMHLMINNXAIBHBIE BEIBOABL. Tak ObLIO ITOKa3aHO
(MenanxonuHa, CymeBckas, 2019 1 cChUIKM B Heil),
YTO MCTOYHMKOM IIE€PBUYHBLIX PACIUIaBOB IJISI BCEX
HUCCclIeayeMbIX HAMU palilOHOB IUIIOMOBOTO MarMaTH3-
ma (npoBuHumu Kapy, 3emiuu KoposneBol Mon, u
Ddeppap) gBisieTCS OpeBHSSA aUTOChEpa MajaeOKOH-
tTuHeHTa ToHaBaHa. B pasnuuyHBIX pervoHax oHa
peTepIrieBaja HEOTHOKpaTHOE U3MEHEHNE B paHHUE
9Tamnbl CBOETO Pa3BUTUS U B Pa3HOM CTENIEHU MOTJIa
OBITH OOOTraIIeHa JSTYYUMU U JUTOGUIBHBIMU 3JI€-
MeHTaMH. IloBBIIIIEHHBbIE BEJIWYMHBI OTHOIICHUS
M30TONOB cTpoHLMs 87Sr/%Sr MOryT yKasblBaTh Kak
Ha WCXOTHO OOOTallleHHBIN JIMTOMMILHBEIMA 3JI¢MEH-
Tamu (1, IIpeXAe BCEro, pyonareM ) ICTOYHUK MaHTHUH,
TaK ¥ Ha CYIIIECTBEHHYIO IIPMECh KOPOBOI'O MaTepHaia
B M3y4yeHHbIX pacruiaBax (Cyiiesckas u ap., 2019).
YBenuuenue otHouienuss U/Pb npu metacomatuue-
CKOM ITpeoOpa3oBaHUM MAHTUM TAK>Ke MOTJIO IPUBO-
JIUTh K 00pa30BaHUIO UCTOYHMKA, 000OTallleHHOTO pa-
nuoreHHbBIM Pb. Marmatusm B nipenenax UHmuiicko-
ro OKeaHa, CBI3aHHBI C aKTMBHBIM BO3OCHCTBUEM
Keprenen-tunoma, Takke o0nagaeT reOXUMMUIECKI-
MU METKaMM XapaKTepHBIMHM IUISI JUTOChepbl AH-
tapktuabl (CyiueBckast u ap., 2017).

M3yyeHne MarMaTM4eCcKUX MPOU3BOAHBIX ILUTIOMA
Kapy—Mon I103BOJMJIO YCTAHOBUTH YHUKAJILHYIO
reOXMMUYECKYI0 30HAJbHOCTh IIJIIOMa, OTpaxKaro-
myo ero 3pomounio (Heinonen et al., 2010, 2018;
Natali et al., 2017; Luttinen et al., 2010; Luttinen,
2018; CymeBckas u ap., 2021). ITo nepudepun mpo-

BUHIIMU TTpeo0iafaloT 6a3aibThl HU3KO-TUTAHUCTOM
TPYIIBI, IJISI COCTaBa KOTOPBHIX TUITUYHBI TTOBBILIIEH-
Hble oTHomeHUsT Nb/Y mo cpaBHEHHMIO C COCTaBaMU
0a3aJIbTOB IIEHTPAJbHOTO pailoHa MPU OAMHAKOBBIX
BeanunHax Zr/Y otHouueHus. [TpoucxoxnaeHue Bbl-
COKO- M HU3KO-TUTAHUCTBIX Pa3HOCTEl CBSI3aHO C
IyOMHOI UX TeHepalluy U3 MaHTUU MEPUIOTUTOBO-
To cocTaBa, Mpy 3TOM BbICOKO-TUTAHUCThIE TUTTBI 00-
pasyloTcsl Ha OOJbIIMX TIyOMHAaX MpU TUIaBJICHUU
MaHTUMHOTO UCTOYHMKA, B COCTaBE€ KOTOPOTO MpU-
cyrctByeT rpaHar (Jourdan et al., 2007). D10 mpuBo-
JIUT K TOMY, UYTO BBICOKO-TUTAHUCTbIE 6a3aIbThl UME-
IOT OoJiee BBICOKME 3HaYeHUsI Sm/Y, yeM Hu3Ko—Ti
MarMbl, oOpasyloluecss U3 MeHee DIyOMHHOTO HcC-
TOYHMKA B IIpUCYTCTBUM InuHenau (Jourdan et al.,
2007). dns npoBuHIIMU Kapy 3TH MarMbl OTJIMYalOT-
CS U M30TOIMHBIMU XapaKTePUCTUKAMU — BBICOKO-
TUTAHUCTbIE PA3HOCTU XapaKTEepU3YIOTCS TMOHU-
>KEHHBIMU BeJIMYMHaMHU oTHoleHus 22°Pb/2%4Pb. Ha
auarpaMMe B KoopauHatax 2%8Pb/204Pb—20Pb/204Pb
HabJiroacsl TpeHI UBMEHEHUST COCTaBa paciljlaBOB
3a CUET YBEJIMYEHUS NO0JIM BellecTBa MaHTUHHOIO
koMmrioHeHTa EM-I B cocTaBe ncrounuka (CyieB-
cKag u ap., 2021).

B TO Xe BpeMs1, cocTaBbl HM3KO-TUTAHUCTBIX
MarMm oOpas3yloT TPEHI, OIpPeAcsIeMBbIil IPUMECHIO
BelllecTBa oborameHHoro kKomrnoHeHTa EM-II tuna
(puc. 6). OborameHHOe MaHTUITHOE BeriectBo EM-11
THUIA COOTBETCTBYET B WM30TOIMHO-TE€OXMMUYECKUX
napaMeTpax oOoramieHHOW JuTocdhepHOl MaHTUM
najieokoHTMHeHTa [oHaBaHa, ¥ TaKXKe MPOSIBIISICTCS
B OoJiee MOJIOABIX TUIIOMOBBIX Marmax (130 miH et
Ha3ad) NpOBUMHLMM ODTeHaeKa (roro-zamamHas Ad-
puKa, MaHTUIHBIN oM Tpuctan (MenaHxonuHa,
Cymesckast, 2018).

Ne 1 2023
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Puc. 6. UzotonHsbIii coctaB Sr v Pb B Marmax, cBsizaHHBIX ¢ Tu1roMamu Kapy—Mon u KepreyeH. MarmMatndeckue nopo/abl IIpo-
BuHLMU Kapy: (/) HUBKO-TUTAaHUCTBII TUI MarM, (2) BBICOKO-TUTAHUCTBIN TUIT; (3) MarMaTudeckue rmopoasl 3emiim Kopoite-
Bbl Mon (3KM); (4) MarHe3naibHbIE KeJIe3UCThle TMKPUTHI IIEHTPpaIbHOM YacTu ruiroMa Kapy; (5) cocTaBbl MOIETbHBIX MaH-
TUIAHBIX UICTOYHUKOB (Armienti, Longo, 2011); (6) marmbl ipoBuHLIMK Deppap; (7) 1IeJ0YHble ITUMKPUTHI U3 PU(GTOBOI 30HBI
snenHuka Jlam6epra. [ToasiMu BbleeHb BApUALIMKA COCTaBa OTAEIbHBIX MPOBUHIIMIA. MI30TOMHBIN COCTAaB MepecunTaH Ha CO-
OTBETCTBYIOIINI Bo3pacT m3nusHusi. CocrasneHo 1o (Cyiesckas u np., 2018, 2022; Heinonen et al., 2010, 2014)

Jasg marMm npoBuHIMM 3KM 1TogoOHBIX M30TOT -
HO-TE€OXUMMYECKUX 3aKOHOMEPHOCTEN He Habona-
eTcsl, U pa3JInyHbIe 10 BeJnuuHe oTHoleHust Nb/Th
nopoapl (Luttinen, Furnes, 2000) o6pa3ytoT eqrHbIA
TPEHI OT JETUIETUPOBAHHOTO MCTOYHMKA K obora-
IIIEHHOMY, C HM3KMMU 3HAYEHUSIMM OTHOIIEHUS
206pp /204Ph, HO BEICOKMMU BenuunHaMu 87Sr/%0Sr or-
Hourenus (puc. 6). Mcxonsg s Nd—Sr—Pb uzotor-
HOM CHUCTEeMaTUKU 3TUX 0asuTOB, Ipearojaraercs,
YTO MOAOOHBII UCTOYHUK MOT 00pa30oBaThCs 3a CUET
CMEIIIEHUS BelIeCTBA IBYX KOMITOHEHT KOHTPACTHO-
ro cocrana: (1) BellecTBa, XapaKTepHU3yIOIIEerocs Imo-
HUXEHHBIMU BETMUMHAMMU 3JIEMEHTHBIX OTHOLIEHU I
U/Pb u Sm/Nd, 1 noBeiiieHHbIMU Rb/St B cpaBHeHUM
C COCTaBOM TUITMYHO JIETUIETUPOBAHHOM MaHTUU, U (2)
00OTallleHHOTO, C XapaKTepUCTUKaMW MaHTUITHOTO
koMmnoHeHTa EM-II tuna (CyieBckas u ap., 2019).

Bricoko-tuTaHucThie (DeppOIMKPUTHI B IIpeaesiax
marmatudeckux nnposuHuii Kapy (Adpuka) u 3AKM
(AnbMmaHplorreH, AHTapkTuiaa), oboraiieHHble Ti,
Fe nu Mg, u3 LiIeHTpaJIbHOM YacTH IUTIOMa SIBJISIIOTCSI
pe3yIbTaTOM ILIABICHUSI MAPOKCEHUTOBOIO MCTOY-
Huka (CymeBckas u ap., 2021, u ccbliku B Heit). Bapu-
alM U30TOITHOTIO COCTaBa TOI0 MCTOYHMKA COIOCTAa-
BUMBI C BapuallMSIMU COCTaBa BBICOKO-TUTAHUCTHIX
pasHocTeii marm nipoBuHLMU Kapy (CyieBckas u ap.,
2021). D10 OTpaxkeHO Ha AMarpaMMe B KOOPIWHATAX
87Sr/8Sr —20°Pb/204Pb (puc. 6). B 11e710M, U30TOIHBIA
COCTaB ITMPOKCEHMTOBOTO HCTOYHMKA OTIMYAJICS
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YMEPEHHO 0OOTalEHHBIMU XapaKTEPUCTUKAMM: SII-
CWJIOH Heoauma +1.6, OTHOLIEHME ypaHa K CBUHILY
~7.7 ¥ BeJIMYMHA U30TONHOTO oTHOIIeHus ¥ Sr/%¢Sr ~
~0.7049 (Cymeckas u ap., 2019).

[Ipenmonaraercs, 4To BO3pacT 3TOT0 KOMITOHEH-
Ta cocTaBisieT He MeHee 2.6—2.3 mupn et (CytieB-
cKas u ap., 2019). Oto moriu 66ITh hparMeHTHI APEB-
Hell auTocdepshl, WM IPEeBHUN PEIMKIMPOBAHHBIN
KOPOBBIII Marepuaj, ComepXKalluiicsa B IIOTHUMAIO-
mieMcsl TUIIOME, KOTOPBIA HayMHajl IUIaBUTHCS Ha
nryouHe 170—150 km, o6pasyst pacruiaBbl aHIE3UTO-
BOIO COCTaBa. 3a CYET B3aMMOACUCTBUS 3TUX aHIE31 -
TOBBIX PACIUIaBOB C MNEPUAOTUTOBBIM CyOCTpaTOM
MaHTUM OOpa30BBLIBAJICSI PEAKIIMOHHBIN ITHPOKCE-
HUT. 3atreM, Ha miyomHax 150—120 km, IUIaBlIeHUE
peakLMOHHOTO MUPOKCEHUTA MPUBOIUIO K 00pa3o-
BaHMIO MarHe3uajbHbIX BBICOKO-XKEJIE3UCThIX pac-
mnaBoB (Cob6oneB u np., 2009). Btu pacmiaBel Ipu
0J1arONpPUSITHBIX YCIOBUSIX, HAaIIpUMEp, KOTIa JIMTO-
cdhepa moaBepkeHa paHHElH NeCTpyKIMM ¢ 00pa3oBa-
HHMEM ITyOMHHBIX Pa3JIOMOB U CABUTOB, MOTJIU JIOCTH-
raTh 3eMHOM MoBepxHOoCcTU. [1o m3oTOITHOMY COCTaBy Sr
1 Pb MarMbl mpOKCEHUTOBOIO IIPOUCXOXKICHMSI: Mar-
He3uaJlbHbIe, BBICOKO-XeJIE3UCThIe, OJIM3KU radbdpo-
nosieputaMm npoBuHuMii 3KM u Kapy, 4yTto xopoiio
BUIHO Ha AUarpaMmme B KOOpAuHaTaX U30TOMHBIX OT-
HoweHuit ¥’Sr/%¢Sr—2°°Pb/204Pb (puc. 6). Ilo Mepe
SBOJIIOLIMY BOCXOJSIIEro TUIIOMa J0Js MUPOKCEHU-
TOB YMEHbIIIAJIaCh, U pacIlIaBbl IIPHOOPETAIN XapaK-
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TEPUCTUKA TUIaBdgIIeiics nuTocepHON MaHTUU C
ImpeoObJiafaHueM BelllecTBa 00O0TallleHHOTO MaHTUI-
Horo koMmroHeHTa tTurnia EM-I11.

Jnsg npoBuHumu 3KM BBISIBICHBI MarHe3uallb-
Hble, OETIETUPOBAaHHbBIE BBICOKO-TUTAHUCTBIE Mar-
Mbl, KOTOpbIE PenKo (bUKCUPYIOTCS Cpeaud TLIIOMO-
BbIX Marm. IX mpoucxoxneHue cBI3aHo ¢ NepuaoTH -
TOBBIM MAaHTUHHBIM MCTOUHUKOM, COCTaB KOTOPOIO
0J1M30K COCTaBY COBPEMEHHOTO ¢/1abo000oraIeHHOTO
WCTOYHMKA OKEaHMYeCKOro marmatmaMa (Armienti,
Longo, 2011) ¢ W3OTONMHBIMM XapaKTePUCTUKAMM:
87Sr/3%6Sr ~ 0.70296 (0.70241 DMM),*Nd/"**Nd ~
~0.51282 (0.5132), 27Pb/?4Pb ~ 15.48 (15.44),
208ph/294Pb ~ 37.5 (38.04), 2°°Pb/?**Pb ~ 18.1 win
okosio 17.75 (18.106), cornacHo cpeqHeil BeIUYUHE
HauboJsiee AeTUIeTUPpOBaHHBIX cocTaBoB (CyllieBcKast
u ap., 2022).

®dopmupoBaHue peppapcKoro MarMaTu3Ma B 30-
He NaJIeoCyONYKIIMA COMNPOBOXIAIOCh WHTEHCHUB-
HBIM B3aMMOJIEAICTBMEM IMOTHMMAIOIIETocs ILIIOMa
Kapy—Mon (Betts et al., 2012; Choi et al., 2019) ¢ i1u-
TOoC(hepHBIM BEIIECTBOM, UTO M OTPa3WIOCh Ha CO-
CTaBe MEePBUYHBIX PacIIaBOB — O0OramieHUeM KpyIi-
HOWOHHBIMU JIMTOGWILHBIMU 3JIEMEHTAMU, TAKUMU
kak U, Th, m Rb, 1onm Bo3meiicTBMeM MaHTHUITHOTO
dmounma (East et al., 2020). Pe3yiapTaToM 3TOro npo-
mecca ctajio (popMHpOBaHME PACIUIaBOB, UCTOUHUK
KOTOPBIX B Pa3JIMYHOM CTENEeHM OOOrameH KOMIIO-
HEHTOM C XapaKTepUCTUKaMM 00oralieHHOI MaHTU
EM-II: "Nd/"“Nd ~ 0.5124, ¥Sr/%¢Sr ~ 0.716,
206pp /204Pp ~ 20.5, 207Pb/2%4Pb ~ 15.7, 2%8Pb/24Pb ~ 40.
OTanyreM U30TOITHOTO COCTaBa 3TOro 00OralleHHO-
ro KOMIIOHEHTa OT COCTaBa MCTOYHUKA pPacIIaBOB
npouHuMii Kapy m 3KM (Jourdan et al., 2007; Neu-
mann et al., 2011; Luttinen et al., 2015; Luttinen, 2018:
CyiieBckasi 1 ap., 2022) siBasieTcsl BLICOKOPaaIUOTeH-
HBIi cocTaB Sr u Pb (puc. 6).

ApyruM npuMepoM ITyOMHHBIX MarM, CBSI3aHHbBIX
C aKTUBHOCTbHIO MAaHTUITHOIO TIJIIOMa B Mpeaeaax Bo-
CTOYHOI AHTapKTUJIbI, SIBJISIIOTCS BBICOKO-MarHe3u-
aJibHbIe, CYIIECTBEHHO OOOraileHHbIe JETYy4UMHU U
1ejiouaMu, MarMbl u3 palioHa jenHuka Jlambepra.
Mx mponcxoxaeHne CBI3aHO ¢ TITyOMHHON MaHTUI-
HOUW KOHBEKUMEeH Ion uneHTpaabHoit T[oHmBaHON
(Hassan et al., 2015). Mb1 nonaraeM, 4to oM Ka-
py—Mon pacnpocTpaHsicsd B BOCTOYHOM W 3ana/-
HOM HampaBieHun B TeuyeHue 40—50 maH Jer
(puc. 1), 1 6onee Mojioaple (Ha4aJlo MarMaTU4eCKOMI
aktuBHOCTU 130—120 MJIH JIET), TIPOU3BOAHBIC TLIIO-
MBI BBI3BAJIM 00pa30BaHUE KPYITHBIX MAarMaTUYECKUX
npoBuHLMI T1aTo KepreyeH (1oxxHast yactb MHanii-
ckoro okeaHa) u Ilapana—39teHneka (FOxHass Ame-
puka — 1oro-3amnagHas Adpuka) (Cymesckas v ap.,
2014). MenoBoit marmatusM (120—110 MIIH JIeT Ha-
3aj1) pacIpOCTPpaHEH B CEBEPHOM OKOHYAHUM JIEAHU -
Ka JlJamOepTa, pudTOBOIT 30HBI IPEBHETO 3aJTOXKCHMUS
(KypuHuH u ap., 1988). M3otonHbiit coctas Str, Nd u
Pb sTx Marm ykaseIBaeT Ha IPUCYTCTBUEC B MAHTUI -

HOM MCTOYHHKE OOOrallleHHOIro BellecTBa, aHajlo-
TMYHOTO MO COCTaBy MOJIEJIbHBIM KOMITOHEHTaM EM-
II u HIMU tuna (CyiieBckas u ap., 2018). BausiHue
BEllleCTBA C TOJOOHBIMM XapaKTepUCTUKaAMU, Kak
YK€ YKa3blBaJOCh BblllI€, OTMEYAJIOCh U [IJISI UCTOY-
HUKa HU3KO-TUTAHUCTBIX MarM U3 nepudepuyeckmnx
qacteit mpoBuHON Kapy—Mon. YepenHennnie xa-
PaKTEPUCTUKU U30TOITHOIO COCTaBa IIEJTOYHO-YJIb-
TPAOCHOBHBIX 0a3UTOB paifoHa jemHuka Jlambepra:
43Nd/“4Nd 0.512485, %Sr/3%6Sr 0.70637,
207pp /204Pb 15.671, 2°°Pb/?4Pb 18.391,
208pb/294Pb — 38.409 (CymeBckas u ap., 2018) or
oOorallleHHbIX pacriaBoB ¢eppapcKoil MpOBUHIIUU
OTJINYAIOTCS TTOBBILIEHHBIMU BeJIMUMHAMU OTHOIIE-
HMil nzoronos 2%®Pb/2*Pb u “Nd/“Nd (Cyumies-
cKas U ap., 2018), Ho noHkeHHBIMU ¥ Sr/%°Sr (puc. 6).
IMpy 3ToM BeaMYMHBI OTHouieHUit 2°Pb/?*“Pb u
207Pb/24Pb mist MarM 06eMX TIPOBUHLMI 63Ky, B
11eJIOM, U30TOITHBIM COCTaB MUKPUTOBBIX PACILIAaBOB
najeoprudToBOif 30HBI JegHUKa JlamGepTa GIM30K
cocTaBy UCTOUYHMKA Marm nposuHimii Kapy u 3KM,
YTO OTpaKkaeT AEIUIETUPOBAHHBIM XapakTep JUTO-
ctheproit mantum lonmBaHbel. Ho, 3TOT MCTOYHUK
OTJINYAETCs TOBBIIICHHBIMU 3HAYEHUSIMU OTHOIIIe-
Huit 2°Pb/24Pb u 28Pb/2'4Pb.

Paznuuus B cocTaBe MAHTUIHBIX UICTOYHUKOB JLJIST
MarM eppapcKoil IIPOBUHINN U IMTMKPUTOBBIX pac-
TUIaBOB JiegHUKa JlamOepTa CBsI3aHbBI C (DIIOMIHBIM
BO3IeiicTBEM Ha MaHTU1O. [Ipruuem cam drouna, mo-
BUIVMMOMY, UMeJ pa3HbIid cOCTaB: Ijisi (peppapCKoOi
MpoBUHLIMU — 3TO oborameHHblii H,O u Cl, u 6oiiee
okucieHHbIi pmounn (Giacomoni et al., 2020; Elliot,
Fleming, 2021; Panter, Martin, 2022), a ois paiioHa
nenauka Jlambepra — uonun ¢ TpeobamaHueM
CO,, P u K (Andronikov, Sheraton, 1996; Byiikun
u ap., 2014; ComosoBa u np., 2015). B mocnenHem
cllyyae BO3JIEMCTBUE TaKoro ronaa IMpruBeiIo K 00-
pa3oBaHUIO 00OTAIlIEHHO MAaHTUU C TPUCYTCTBUEM
CylIb(pHUI0B 1 KapOOHATOB U COIPOBOXIAIOCH TP~
BHOCOM PaJMOIreHHOro CBMHIIA WM M30bITKA ypaHa
(Andronikov et al., 2021; Foley et al., 2021; CyueB-
ckas u ap., 2018). JIns ¢peppapcKux MarMm ¢ MeTaco-
MaTUYeCKU U3MEHEHHBIM MaHTUIHBIM MCTOYHUKOM
U C TIPUBHOCOM MOOWIbHBIX 271eMeHToB U, Th, Rb u
Pb u3 cyOnyumpoBaHHOI INIATHL (DOPMUPYIOTCS 60—
Jiee paauoTeHHbIE U30TOMHBIE cocTaBhl St 1 Pb (mmo-
BHIIIEHHBIE BEJIMYMHBI OTHOweHuit  87Sr/3°Sr,
206pp, /204pp 207pp /204Ph, 208Ph /204Pb) 110 cpaBHEHUIO
C COCTaBOM MarMaTM4eCKUX MPOU3BOIHBIX IIPOBUHIINIA
Kapy u 3eminu Koponessl Mon (CylueBckass U ap.,
2022). I'enepanus meI09HO-YIBTPAOCHOBHBIX MarMm
Npyd ITyOMHHOM IUJIaBJICHUM METacOMaTU3MpPOBaH-
HOI1, 000TraIlgeHHOM JIeTYYMMU KOMITOHEHTaMH (B YacT-
HoctH, CO, (CymeBckas u ap., 2017)) nepuaoTUToBOM
MaHTUM B paiioHe JiegHMKa JlambepTta coryacyeTcs C
MpeAcTaBieHreM o (OPMUPOBAHUN aHAJTOTUYHBIX T10
COCTaBy pacIUIaBOB M3 MAaHTUIHBIX UICTOYHUKOB, CO-
nepxanux ameuooa1—q@IOronuT—anaTUuTOBbIE IIPO-
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JKWJIKM, KaK CJIEICTBME MHOIOCTAIMMHOIO B3aUMO-
JEUCTBUSI MAHTUH C HACBIILIEHHBIMU (DIIIOUIaMU pac-
wiaBamu (lonov et al., 1997; Deplech et al., 2012).

Re—0Os CUCTEMATUKA U OLIEHKA
COCTABA NCTOYHUKA TIJTKOMOBOI'O
MAT'MATHU3MA BOCTOYHOUN AHTAPKTHU/bI

Otnnuure uzoronHoit Re—Os cucteMaTuKu OT
HanboJIee 9aCTO MCIIOJIb3YEeMBIX IS XapaKTepUCTU-
KM BYJKAHUTOB M30TOITHBIX CHUCTEM JIMTOMUIBLHBIX
anemMeHTOB: Rb—Sr, Sm—Nd, U—-Th—Pb, 3akmnoua-
€TCSI B TEOXMMUYECKIX CBOMCTBAX U BLICOKOI COBME-
CTUMOCTBIO C pacIjiaBaMU JIMTOMDUILHBIX 3JIEMEHTOB
(KaK pooUTEIbCKUX, TaK U fo4epHUX). OCMUL SIBIISI-
€TCSI BBICOKOCOBMECTUMBIM 3JIEMEHTOM M ITO3TOMY
MPpY YaCTUYHOM IIJIaBJICHUM O0oramiaeT MaHTUIHBIN
pectut (Burton et al., 2002; Brenan, 2008; Mungall,
Brenan, 2014). Penuit — MeHee COBMECTUMBII 3Jie-
MEHT, YTO NPUBOIUT K OOOTaIlleHUI0 MM 00pa3ylo-
IIUXCSl paciuiaBOB. DTU CBOMCTBa AeNalOT JTaHHYIO
CHUCTEMATUKy YYyBCTBUTEJILHOM K SBOJIOLIMKU MaH-
TUIHOTIO BellecTBa, u ucrouHuka marm (Dale et al.,
2007; Lorand et al., 2013). OnHako HEOOXOOUMO OT-
METHUTh, YTO CBOMCTBA 3TUX 3JIEMEHTOB CYILIIECTBEHHO
OTJIMYAIOTCS U IIPY U3MEHEHUM OKUCIUTEIbHO-BOC-
CTAaHOBUTEJIbHBIX YCJIOBUM MAaHTMHMHBIX MPOLIECCOB
(Brenan, 2008). Tak, akcriepuMeHTaIbHbIE PaOOTHI
MoKa3ajau, YTO PEHMI SIBIISIETCS YMEPEHHO COBME-
CTUMBIM 3JIEMEHTOM C OPTOIMPOKCEHOM U KJIWHO-
MMAPOKCEHOM ITpY 00pa30BaHUH PACILIaBOB B BOCCTA-
HOBUTENBHBIX YCIOBHUSIX, HO HECOBMECTHMMBIM IIpU
YBEJIUYEHUU aKTUBHOCTU Kuciaopoma (Mallman,
O’Neill, 2007; Righter, Hauri, 1998; Liu, Brenan,
2015). N ecau maHTUiITHasE MaTpMlia COOEPXKUT He-
3HAYUTEbHYIO MPUMECH CYIb(MDUIOB, TO MIPU TLIaBJIe-
HUM B BOCCTAaHOBUTEJBHBIX YCIOBUSIX (hOPMUPYIO-
Imuecsl paciiaBbl MOTYT OBITH OOE€THEHBI PEHUEM
(Fonseca et al., 2007). Bce 3To BbI3bIBa€T HEOOXOM -
MOCTb M3YyYEeHHUSI HE TOJIbKO MAHTHUMHBIX BBHIIUIABOK
IUIST ONpEeOeIEHHBIX PETMOHOB PacIPOCTPaHEHUS
Marmatrusma, Ho 1 COOCTBEHHO 00pa31ioB UCXOTHOTO
MaHTUITHOTO BellleCTBa. MaHTHMITHasI MaTpulla MO-
XKET colepxkaTb NepBUYHBIE CYIb(UIbI, MOTCHIIM-
aJIbHBIM UICTOYHUK OCMUS U PEHMUSI, TJIaBJICHUE KOTO-
pBIX oOoralmaeT cepoil paciulaBbl paHHMX CTaauii
(Harvey et al., 2011). Takue cynbho-comepxkaiiue
CUJIMKATHbIE pacIUIaBbl BCTPEYAIOTCS B JIMKBUOYC-
HBIX OJIMBMHAX B KA4ECTBE PaCIJIaBHBIX BKIIOYCHUM
(Norman et al., 2002). Cama MaHTHUSI MOXKET OBITH M-
TacoOMaTU4YeCKW U3MEHEeHa B TeYeHUE JJIUTEIbHOIO
Ieproaa CBOeil 3BOJIIOLMM, 1a XU caM XapaKTep U3Me-
HEHUSI MOXET OBITh UpEe3BBIYAITHO pPa3HOOOpPa3HBIM
(Dale et al., 2007; Liu et al., 2010; He et al., 2020;
Reisberg, 2021). [To3TOMY MBI IIOIIBITAJINCh UCIIOIb-
30BaThb KOMIUIEKCHYIO XapaKTepPUCTUKY M30TOITHOTO
cocTaBa MarM B TIpenejiax AHTapKTUAbI U IOXHOI
AdpuKU, CBSI3aHHBIX C MarMaTU4eCKOM aKTUBHO-
cthio TuTioMa Kapy—Mon, ripeniecTBoBaBIleit packo-
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sty ToHABaHbBI. DBOJIOLIM IUTIOMA, a TAKXKE MarMaTu3-
Ma JOCTAaTOYHO XOPOILO U3yYEHBI, UTO MTO3BOJISIET, XOTh
¥ Ha OTPaHUYCHHOM I10 KOJIMYECTBY aHAJIM30B MaTepy-
aje, cAeyaTh NpeaBapUTeIbHblE BBIBOIbBI O MaHTUIA-
HOM UCTOYHMKe U ero Re—Os n30TOMHOI cucteme.

Ha 6unapubIx nmarpamMmax puc. 7 B KOOpaIuHaTax
n30TONHBIX oTHOowEeHU ¥70s/1%80s u 3Nd/“*4Nd,
87Sr/86sr’ 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb [IOKa-
3aHbl cocTaBbl MarMm mpoBuHIMi Kapy, 3KM, n
®deppap, 1 paitoHa JengHuKa JlamGepra. Xopolio
BUIHO OTCYTCTBHE KaKOM-JTMOO KOPPEISILUU N30-
TOMHBIX COCTaBOB. Tak, MarMbl pa3IMYHBIX TIETPOTe-
HETUYECKMX TUIIOB, BBIICJICHHBIX OIS IPOBUHIIUIA
3KM u Kapy (Luttinen, Furnes, 2000; Heinonen,
Luttinen, 2008), UMeIOT OOJIBILIYIO AUCIIEPCHIO BEIM-
YMH U30TONMHBIX oTHOoWeHMA "PNd/'*4Nd, ’Sr/%Sr,
206pp, /204pp 207Ph /204Ph, 208Pb /204Pb, HO TIpU 3TOM
XapaKTepU3yITCsl JOCTATOYHO Y3KUM WHTEPBaIOM
3HayeHuit orHomeHusa '%70s/80s: 0.1235—0.1242
(o1 GONBIIMHCTBA COCTaBOB). Takoil M30TOMHBIN
COCTaB OCMUSI XapaKTepeH IS cocTaBa JUTOChep-
Hoit MmanTuu (Meisel et al., 2001). M30TonHEII cocTaB
Sr 1uTocepHOro MaHTUIMHOTO UCTOYHUKA pacrlia-
BOB ITpoBrHIIMY 3KM BapbUpyeT OT IeTUIETUPOBAHHO-
ro (¥’Sr/3°Sr ~ 0.7028) no o6oramenHoro (¥’Sr/%Sr ~
~(0.707), 4TO XOpPOIIO KOPpPEJUpyeT C BeIUIMHAMU
otHoweHus “*Nd/“*Nd. Bapuauuy N30TOITHOTO CO-
craBa Pb marm mpoBunnmit 3KM n Kapy yka3zsiBaioT
Ha CYIIECTBOBaHME HECKOJIbKUX HE3aBUCUMBIX 000-
ralleHHBIX MAaHTUIHBIX MCTOYHUKOB PAacIlIaBOB,
CXOIHBIX MO COCTaBYy C MAHTUIHBIMU MOIETbHBIMU
komrioHeHTamMu EM-1, EM-II u, Bo3amoxHo, HIMU
tuna (Hart, 1984). O6oraieHHbIii KomnoHeHT EM-1
OTJIMYaeTCs, INIAaBHBIM 00pa3oM, 00Jiee paTuoOreHHBI-
mu 3HaueHuaMu 370s/¥80s (Roy-Barman, Allegre,
1995), Torna kak nctouHuk EM-II ¢ Hu3kumu 3Haue-
Husamu ¥70s/180s MoxkeT 06pa3zoBaThcs NpPU CMeLIe-
HUU CyONYLIMPOBAHHBIX OCAAKOB C MAHTUIAHBIMU TI€-
punoturamu (Dale et al., 2007; He et al., 2020; Cai et al.,
2021). TloaTOoMy, OMHO3HAYHO OIPEAEIUTh COCTaB
00OraleHHOro MPUMECHOr0 MAHTUIHOIO KOMITO-
HEHTa, YJaCTBYIOIIETO B IJIaBJICHUM, HE BCEIIa BO3-
MOXHO, T. K. (popMUpOBaHUE JTUTOC(HEPHOrOo MaH-
TUIAHOTO MCTOYHUKA YaCTO OTIMYAETCSI MHOTOSTAIl-
HbIM xapakTtepom (Liu et al., 2010; Deplech et al.,
2012; Reisberg, 2021; CymieBckas u ap., 2019).

Marmbl MMPOKCEHUTOBOTO MCTOYHUKA I10 BEJIM-
yyHe oTHoweHus usoronos ¥70s/¥80s He ormya-
I0TCA OT APYIMX PAcIUIaBOB U HAXOHATCH B €IMHOM
tpeHae Bapuanmii: 0.1242—0.128 (puc. 5). Ecau 651 B
COCTaB BTOr0 MCTOYHMKA BXOAMUJIO BEILECTBO APEB-
HUX CyOIyLIMPOBAHHBIX SKJIOIUTOB C PAAMOTEHHBLIM
U30TOIHBIM COCTABOM OCMUsI, TO UCTOUHMK XapaKTe-
pU30BaJICsl Obl MOBBILIEHHBIMU 3HAYEHUSIMU OTHO-
menud ¥’0s/'80s (Melchiorre et al., 2011).

MaHTUITHBIA MCTOYHHMK pAacIUIaBOB MPOBUHIIAU
Deppap oTIMUaeTCsT 3HAYUTEILHBIMU BapUallUsIMU
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Puc. 7. Bapuauuu uzortomnHoro cocrasa Sr, Pb, Nd, u Os B usydeHHbIX Marmax npoBuHiuiit @eppap, Kapy—3KM u pudroBoii
30HbI JenHuka Jlambepra. (a) 870s/!880s—2%8pb/204pp, (6) 1870s/18805—200ph/204py, () 1870s/18805—207pp/204py,
(T) 187Os/18805—875r/865r, (m) 187Os/1880s—143Nd/144Nd. O0603HaYeHUs CM. Ha puC. 2.

BeanunHbl otHoweHus ¥70s/%80s: 0.102—0.311 co-
mIacHO HaluM AaHHbIM U (Molzahn et al., 1996), Ho
5TH BapWallid MOTYT MOCTUTATh W OOJBIIMX 3HaYe-
Huit: or 0.167 mo 0.67 cornacHo (Choi et al., 2019)
(puc. 3). Kak yka3bIBaJIoCh paHee, U30TOITHBIE Xa-
PaKTepUCTUKHN U3YYEeHHBIX MarM ¢eppapcKoit mpo-
BUHIIUM OJIM3KU M30TOMTHOMY COCTaBy MOIEIBLHOTO
MaHTuiiHOro KomrnoHeHTa EM-II (pannoreHH»bIit co-
craB Pb 1 ¥7Sr/%Sr: 0.710—0.713). McTOuHUK pacruia-
BOB C TAKMMM XapaKTePUCTHKAaMU MOT 00pa30BaThCst
B MaHTHUM KaK pe3yabTaT IJIaBJIeHUs CyOIyKITMOHHO
M3MEHEHHOI JTMTOC(EepHON MAaHTUU, 9TO U ITPEATIO-

JlaraJloch paHee IJisd MCTOUYHMKA Marmatuama dep-
papckoii mposuHunu (Hergt et al., 1991; Hagen-Pe-
ter, Cottle, 2016). CybaykuuoHHass OOCTaHOBKA,
MOATBEpXIaeMass COOTHOIIEHUEM JIMTO(MUIBHBIX
a5ieMeHTOB U Pb—Sr—Nd n3oTomHoli cucteMaTUKOi
(Cymesckast u ap., 2022 1 cCBUJIKUA B Heit), crioco0-
CTBOBaJjla O0EIHEHUIO OCMUEM MarMaTu4eckoro muc-
TOYHMKA, YTO MPUBEJIO K BLICOKUM Re/Os OTHOIIEHN -
aMm (9—400) u BappupylOIIell BEIMYMHE M30TOITHOTO
orHoueHus ¥70s/¥0s. MeTacomaTnuecku U3MeHEH-
Hasi MaHTHSI, CYLIECTBEHHO OO€IHEHHAs TUTAHOM IIO
cpaBHEeHMIO ¢ MaHTHEH paitona Kapy n 3KM, npetep-
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MeBIillasi HEOJHOKPATHOE TIaBJIeHUE Ha paHHUX 3Ta-
nax (CyuieBckas u ap., 2022), Takke Obl1a o0egHeHa
Os. I1o npuunHe, HampUMep, 0O0eTHEHMSI UICTOYHUKA
cyibduaaMu, KOTOpble PaCTBOPUJIUCH MPU HEOTHO-
KPaTHOM IUIaBJI€HUW WU (QIIOUIHOM BO3AEUCTBUU
CyOayIIMpOBaHHOUW THUTHL. Takasi TpaHchopMalus
BEllleCTBA MarMaTu4eckoro MCTOYHUKA COIPOBOXK-
Jlajach IMIPUBHOCOM paauoreHHbIx Pb u Sr (puc. 7).

Hpyrum oObsICHEHUEM TIOSIBJICHUST 00OTaIlleHHBIX
paguoOreHHBIM OCMHMEM MarM MOXET OBITh IIPUCYT-
CTBUE U IUIABJICHUE SKJIOTUTOBBIX IMOpon. Tak, KOM-
TJIEKCHOE M3ydeHue n30ToImHoro coctaBa Os, Sr, Nd, u
Hf xmmHommpokceHa 1 cyab(UI0B MAaHTUIHBIX KCe-
HOJIMTOB B CeBEpHOIM YacTu 3emMin Bukrtopun mokasa-
J10, 4TO InTochepHast MaHTUST TpaHCAaHTaAPKTUYECKUX
ropIIpeTepIieia MHOTOCTaANITHOE M3MeHEeHHE (COIIPO-
BOXIaBIIeecs obemHeHneM peareM 3.0—3.3, 2.3, 1.3—
1.4, 0.9—1.1 mupn ner Hasam, 580—620 u 120 MutH JieT
Ha3am) ¢ QOpMUPOBAHUEM SKJIOTUTOBBIX PE3epPByapOB
B 11po1iecce aBoJiroruu (Melchiorre et al., 2011). ITnaB-
JIEHUEe TaKOl CYOKOHTHMHEHTAJbHONH MaHTUU MOTJIO
IIPUBECTU K 00pa30BaHUIO MarM C ITOBHIIIIEHHBIMHY Be-
JIMYMHAMU U30TOIHOTO oTHOIEHUs ¥70s/#80s.

MaHTtus paiioHa JegHuKa Jlambepra TakKe Ipe-
Teprejia MHOTOCTaaAuiiHy0 3Boonuio. Ha ocHoBa-
HUM U3YYEeHUS] MAHTUMHBIX BKJIIOYEHUM, BBIHOCH-
MbIX II€JIOYHO-YJIbTPAOCHOBHBIMU MarMamu, ycTa-
HOBJIEHAa WJIEHTUYHOCTb M30TOIMHBIX cOocTaBOB INd,
Sr, u Pb pacmiaBoB 1 MaHTUIHBIX KCeHOMUTOB (Cy-
meBcKas u ap., 2018). BeposiTHO, 3Th XapaKTepucTr-
KM OTpaxkaroT COCTaB APEBHETr0, 00OTrallleHHOTO Jie-
TYYUMU KOMIIOHCHTaMU, MaHTUMHOTO HCTOYHMKA
(Cymesckast u ap., 2018). M30TomHEBLI cocTaB ocMus
B JIEPLIOJIMTOBBIX MAHTUMHBIX KCEHOIMTAX U3 0a3uca
HOxertn 6Gosee pamuoreHHblii: #70s/'%80s 0.117—
0.128, yeM B TMNHWYHBIX MAaHTUMHBIX TIEPUIOTUTAX
apxelickux kpatoHoB (Kpbimckuii u np., 2011). B To
JKe BpeMs MHTepBaJl Bapualluii U30TOIMHbBIX OTHOIIIE-
Huii #70s/'380s B MarHe3naibHbBIX IEJTOYHO-YIIBTPA-
OCHOBHBIX ITOPOJIaX 1At KOBO-AUATPEMOBOTO KOMITJIEK-
ca mMpe, a caMu 3HadeHus Boie, ot 0.1582 mo 0.2388.
dopmupoBaHre MAaHTUU B IIpeesax JenHuka Jlamoep-
Ta IIPOMCXONMIIO He mo3mHee 2.5—2.4 MiIpI JIET Ha3am,
0 YeM CBUIETENbCTBYET M30TOMHBIN cocTaB Nd u Os
B MaHTUMHBIX KceHonuTax (bensukuii, AHAPOHU-
koB, 2009; KpeimMckuii u np., 2019). BriocienctBuu
JutocchepHasi MAaHTUSI 3TOTO PerMoHa HCIbITauia He-
OMHOKpAaTHbIE U3BMEHEHUSI BIUIOTh 10 KOJUTU3UU KOH-
tuHeHTOB (MHmuu u BocTouHOl AHTAapKTUKM) IpU
dopMupoBaHUM TajnecokoHTUHeHTa Pomunus (Foley
et al., 2006, 2022). TepmansHOe Bo3aeiicTBue Kepre-
neH-moMa 130 — 120 MutH JIeT Ha3am Ha OKpauHEBI
pa3IBUTaOIINXCSl KOHTMHEHTAJIbHBIX OJIOKOB WMH-
I U BOCTOUHOU AHTapKTUIbI TIPUBEJIO K TIJIaBJie-
HHUIO TIIyOMHHBIX YacTeil OOOTallleHHOW JETYYUMH
MeTacoMaTU3MPOBAHHOI HAa paHHUX 3Tarax Bo3ueii-
crBus 1unioma mantum (Deplech et al., 2012; Cyies-
cKas u ap., 2018).
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3AKJIFTOUEHHME

M3ydenue nzoronHoro cocrtasa Sr, Pb, Nd, u Os B
ME3030MCKMX MarMaTudecKux rnopopax BocrouyHoit
AHTapKTUOBI, CBSI3aHHOI'O C TEPMAaJbHBIM BO3Meii-
crBueM 180 miH JieT Ha3and matoMa Kapy, cpopmupo-
BaBIIIMM Marmatudeckue npoBuHIMU Kapy (roxkHas
Adpuka), 3KM u Peppap (BocTouHast AHTApKTUAA),
a Takke ¢ Bo3zaelictBueM 120 MJTH J1eT Ha3al Ha OKpa-
VMHY AHTapKTHUIBI B paiioHe JeaHuKa JlamGepTa rito-
Ma KepreJieH, mokasajno, 4TO BO BCeX CIydyasix UCTOY-
HUKOM MarM ObLIa APEeBHSISI MaHTUSI MaJl€OKOHTHU-
Henta longBana. CdopmMupoBaHHass Ha paHHUX
aTarax pa3BUTUSI 3eMHOM KOPBI perMoHa, TuTochep-
Hasl MAHTUS IJINTEJIbHOE BpeMsI He NCIIBIThIBaIa 3HA-
YUTEJIbHBIX M3MEHEHUM (1o KpailiHeit mepe, ¢ 2.4 1o
1.1 mupn et Hazan, Kpeimckuit u ap., 2011). Ho, x
MOMEHTY TepMaJbHOTO BO3meiicTBUs ioMa Kapy—
Mogn Ha nautocdepy I'oHaBaHBI MaHTHUS ObLIA CyIIIE-
CTBEHHO TpeoOpa3oBaHa Mo BIUSIHUEM pa3InYHbIX
IIPOLECCOB, CIIEM(MUIESCKHX IJIsI pa3HbIX PETMOHOB.
Hauboiee cunpHOE n3MEeHEHNE OHA IIpeTepIiesia IIpu
CyOIyKIIMOHHOM BO3ACHCTBUU Ha 3aIlaIHOM OKpau-
HEe BOCTOYHOI AHTapKTHUIBI, YTO IIPUBEJIO K 00pa30-
BaHMIO BBITSIHYTOIM, OCJa0JeHHOM 30HBI (puc. 1), B
npejenax KOTOpOou, OMHOBPEMEHHO C IPOBUHILIUSMU
Kapy u Mon, pa3BuBajicsi HU3KO-TUTAHUCTBII, oOora-
IIEHHBIA JUTOMUIBHBIMU 3JEeMEHTaMU MarmMaTh3M.
Bapuauuu uzororHoro otHouteHus '#70s/'#0s orpa-
KalOT CTeNeHb METacOMaTUYEeCKOro W3MeHEeHUsI
MaHTHMU IIPU BBIIUIABJICHUY PACILUIaBOB.

MHorocranuitHast BOIONNS CyOKOHTUHEHTAb-
HOI1 MAaHTMU MOTJIa TIPUBECTHU K (OPMUPOBAHUIO K-
JIOTUTOTIONOOHKIX pe3epByapoB (Melchiorre et al.,
2011), mpuMech BellecTBa KOTOPHIX IPU IIYOMHHOM
TJ1aBjeHUU (hOPMUPOBaja MarMbl C MOBBIIIICHHBIMHU
BeJIMYMHAMU M30TOINHOro orHoueHus '370s/¥80s,
oboramieHHbIe JUTO(GUIBHBIMU B3JEMEHTaMU, JIeTy-
YUMHU W pPamvioTeHHBIMU u3oToramMu Pb. [MomoGHEBI
MEXaHU3M MOXET OTBEYaTh 3a BBITUIABJIICHUE IIIEJI0U-
HO-YJIBTPAOCHOBHBIX MTUKPUTOBBIX MarMm C TOBBIIIIEH-
HBIMU 3HAYEHUAMU OTHOLIEHUS n30ToMoB ¥70s/1¥80s
(0.1582—0.2388) paitona nemHuka Jlambepra.

MaHTUMHBIA NCTOYHMK ME3030MCKOIro ILTIOMO-
BOT'0O MarMaTu3ma 10kHoi AQpUKU U BOCTOUHOI AH-
TapKTUABI, OT LIEHTPAJILHOM 00J1acTH 10 ITepudepun
ero pacHpoCTpaHEHUS, JOCTATOYHO-OOHOPOICH IIO
M30TOITHOMY cocTaBy ocMus — 70s/#0s: 0.1242—
0.1426, u 6G1IM30K CpeaHEMY COCTaBY JIMTOCHEPHOIL
MaHTHU. DTOT UCTOUYHUK, COTJIACHO BapyallsIM U30-
TOIHOro oTHOIIeHus 2°°Pb/2*4Pb, npencrassieT co-
0oi1 cMech BelllecTBa IPeBHEN MaHTUM C XapaKTepHr-
CTUKaMH MojaenbHOoro Komnonenra EM-I u npyrux,
JIpeBHUX (parMeHTOB MaHTUHU, OOOTAIllEHHBIX pa-
JIMOTeHHBIMU n3oTonamMu Pb u Sr, oOpa3oBaHue Ko-
TOPBIX IIPEAIIECTBOBAIO PACKOIY MaJIEOKOHTUHEHTA
T'ongBana (CymeBckas u ap., 2022). Nd—Pb—Sr
M30TOMHEIE COCTaBBI PACIUIAaBOB CBUIETEILCTBYIOT,
YTO TETEPOTEeHHOCTh MAaHTHMM OblJla OOyCJIOBJIEHA
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poueccaMum paHHeI),I sBoIOLIMY [ OHIBaHBI. O,I[HaKO
OTHU ITPOLECChI HE ITPUBEJIN K CyLLleCTBeHHOﬁ rerepo-
reHHocT Re—Os U30TOIMHOIT CUCTEMBI.

JIutocepHBIii MarMaTUYECKHUII MCTOYHUK BCEX
TUIIOB PAaCIUIABOB: BLICOKO- M HU3KOTUTAHUCTBIX
MarM, MarHe3uaJlbHbIX BBICOKOXKEIE3UCThIX, CBA3aH-
HBIX C IJIABJIEHUEM NMMPOKCEHUTOB, B IIpeaeaxX Bo-
CTOYHON AHTApKTUIABI M I0XKHOM 4YacTu ADpUKH
MMEET CXONHYIO BeauunHy oTHoweHus '%70s/'#0s.
BO3MOXHO, 3TO SBJSIETCSI PE3y/JIbTaTOM TOTO, 4YTO
MarMbl Ha4aJIbHOTO 3Tana Bo3aelicTeus 1unoMa Ka-
py-Mon, gBigromyecs TpOU3BOIHBIMUA TUPOKCEHN -
TOBOI MaHTUM, NPEACTABIISLIN cO00il pacIuIaBhl [Ty-
OMHHBIX YacTeii utocdepbl [OHABaHEI.

M3otomuneiii coctaB Nd, Pb, u Sr B ucrounuke 6a-
3aJIbTOB MarMaTu4deckoii npoBuHuIKM Meppap oTiiv-
YaeTcsl OT COCTaBa MAaHTUITHOIO MUCTOYHNKA 0Aa3UTOB
nposuHuMK Kapy n1 3KM. Marmsl 310 IpOBUHIINHA
XapaKTepU3yIOTCsI 3HAYMTEIbHBIMU BapUalLlisIMU Be-
muanHbl oTHoweHusa ¥70s/"®80s (ot 0.1 go 0.31) u
MMOHIDKEHHBIMU COAEPXKAHUSIMM OCMUSI, IIPU Orpa-
HUYeHHBbIX Bapuauusix Nd—Pb—Sr M30TOIMHBIX cu-
CTeM, YKa3bIBasl Ha IIPUMECh BEIIeCTBA 00OrallleHHOTo
MaHTUitHOro KkomrioHeHTa EM-II tumna. Takue xapak-
TEPUCTUKM MarMaTAYeCKOIO0 MCTOYHMKA COIJIACYIOTCS
C TPEIIIoJIOKEHUEM O CyOIyKIIMOHHOM BO3IENCTBUU
Ha MAaHTUIO paiioHa 3aragHON OKpauHbl BOCTOYHOM
AHTapKTHUIHI.

Aémopbi 8bipadicarom UCKpeHHIow 61a200apHOCHb C.
H.c. UI'T]I PAH k. 2.-m. n. B.M. Casamenkogy u ano-
HUMHOMY peUyeH3eHmy 34 HUMAMENbHOe PeUeH3Uposa-
HUe pyKonucu U YeHHble 3aMeYaHus, Komopwle cnocoo-
cmeosanu yayuuieHuio cmamou, a maxkyice A. M. Byiiku-
HY 3a pedaKkmupoganue Cmamaol.

Paboma evinonnena no lTocsadanuro FTEOXH PAH.
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