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PaccMoTpeH BajioBblil XMUMUYECKUIA (OCHOBHBIE IOPOI000pa3yIolIie OKCUIBI) COCTaB U CUCTEMATHUKA Pejl-
KO3eMeJIbHBIX 37eMeHTOB, Sc, Cr, Zr u Th npo0 MoBepXHOCTHBIX JOHHBIX OCAAKOB, OTOOPAaHHBIX B PsIAe
petiicoB HUC “Axanemux Mcrucias Kennpim” B HopBexcko-IpermanmckoMm 6acceitHe (xpeO6Thl MoHa,
Kuunosunua, KonbeiiHceit u Orup, kotinoBuHbl HopBexckoro u I'peHIaHACKOro Mopeii, KOHTUHEHTAJIb-
HbIii ckiioH [IInmuubeprena, 3anagHasi KOHTUHEHTaIbHASI OKpanHa bapeHiieBa Mopsi U Ap.) IS ONpeaeie-
HUSI ICTOYHUKOB CJIAralollero MX TOHKOIO ajTloMOCUINKOKIIACTUYECKOro MaTepuana. Eciau aist mpuopex-
HBIX OCAJKOB OYEBUIHO IIEPBOOUYEPEIHOE BIUSIHUE TEPPUTEHHOIO CHOCA, TO B OTKPLITOM MOP€ OCaaKH UC-
MBITBIBAIOT BJIWSIHUE OTHOCUTEIBbHO 0o0Jjiee TEIUIbIX aTIaHTUYECKUX BOH, Bedyllee K pa30aBICHUIO UX
KapOOHATOM KaJIbLMsl, OCHOBHBIMU POAYLIEHTAMU KOTOPOTO BBICTYMAIOT IJIAHKTOHHBIE (hOpaMUHUGEPHI.
CnenaH BBIBOI, YTO MCTOYHUKOM TOHKOI aJIOMOCUJIMKOKJIACTUKU [JIs1 OOJIBIIIMHCTBA MCCIIEIOBaHHBIX
po06 SIBJISUINCH B pa3HBIX COOTHOLLIEHMSIX KaK KUCJIbIE, TAaK 1 OCHOBHbIE MAarMaTU4eCKKE ITOPOabI (BYJIKa-
HU4Yeckue nopoasl Mcnanaum).

Knroueswie croea: HopBexcko-IpeHITaHACKUIA 6acceifH, TOBEPXHOCTHBIE MOHHBIE OCAIKM, XUMHIECKUA
COCTaB, PEAKME U paCCESTHHBIEC DJIEMEHThI, MICTOYHUKHM TOHKON aTIOMOCWIMKOKIACTUKM.
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Kak n3BecTHO, ApKTHKaA UTpaeT OMHY U3 KIlo4e-
BBIX poJieii B (POPMUPOBAHUM KJIMMAaTa Halllell Ijia-
HEThI. AKTYyaJIbHOCTb UCCASA0OBAHMS IIPOUCXOMSIIINX
3/1ech Ha (hOHE U3MEHSIOIIETOCs KJIMMaTa pa3Hoo0Opas-
HBIX TJI00aJIbHBIX IIPOILIECCOB, B TOM Yuciie GOpMU-
POBaHUS U DBOIOINM PA3TMYHBIX CEIMMEHTOCHUCTEM,
TPYAHO nepeoleHUTb. MMEHHO 3TUM OIIpeaessieTcs
MOBBIIIEHHBII MHTEPEC CIIELMAINCTOB Pa3HbIX CTpaH
K OTyYe€HUIO HOBOIO (DaKTUYECKOro MaTepraia, mo3-
BOJISIIOILIETO AETaJIbHO MCCJIENOBATh IPOLIECChI OCaI-
KOHAKOIUICHUS ¥ PeKOHCTPYUPOBaTh Ha OCHOBE I'e0-
JIOTO-T€OXUMHUYECKON M MUKPOITAIEOHTOJOTUYECKOM
MH(OpMalLIM¥ OCHOBHBIE OCOOEHHOCTU KJIMMAaTU4e-
CKUX U3MeHeHnI Ha rpaHule CeBepHO ATJIAHTUKU
n Cesepnoro JlemoButoro okeana B Hopsexcko-
I'pennangckom bacceitne [Grousset, Chesselet, 1986;
Boyle, 1988; Broecker, Denton, 1989; Imbrie et al.,
1992; Hebbeln, Berner, 1993; Lackschewitz et al., 1994;

JlucunpiH, 2014 u gp.]. PaGoTel 1o uccieqoBaHUIO
MPOLIECCOB OCAAKOHAKOIIJICHUS 31eCh BEAYTCS JaBHO
Kak oteyectBeHHbIMU [[opinkosa, 1960, 1965; Ma-
tniioB, 1973; EMennsHOB U 1p., 1975; barypun, 1986;
Marumos, IlaBioBa, 1990; Tpumonuc, 1995; buo-
reoLIEHO3HI ..., 1996; bormanos u np., 1997; Komene-
Ba, AmmH, 1999; Xapun u op., 2003; JleBuran u np.,
2005, 2007; 3axapenko, 2008; YamoB u ap., 2008,
2010; Jlykammn, 2008a, 20080; JIucuuwiH, 2014;
Macmnos u ap., 2022a, 20226], TaK 1 THOCTPAHHBIMU
yueHnbiMHU [ Grousset, Chesselet, 1986; Vogt, 1986; Jo-
hannessen et al., 1994; Lackschewitz et al., 1994;
Stein et al., 1996; Vogt et al., 2001; Vorren et al., 1998;
The Northern ..., 2001; Evans et al., 2002; Farmer
et al., 2003; Andrews, Eberl, 2007; Pirrung et al., 2008;
Verplanck et al., 2009; Andrews, Vogt, 2014; Cruz,
2015]. Ho mompo0OHO XMMHWYECKWIT cOCTaB ITOHHBIX
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ocagkoB B Hopsexcko-Ipenmanackom dacceitie n3y-
qajicsi Majio.

OIHUM M3 BaXXHbBIX aCIIEKTOB UCCIIETOBAHUS JIIO-
601 CeIMMEHTOCHUCTEMbI SIBIISIETCSI aHAJU3 MUHE-
paJbHOrO M XMMHUYECKOTO COCTaBa IOBEPXHOCTHBIX
JTOHHBIX OCAaJKOB B LEJISIX PEKOHCTPYKIIUM COCTaBa
WCTOYHUKOB CJIaralollero ux marepuana. Tpamuiim-
OHHO 3TH pabOThl OCHOBBIBAIOTCS HAa JAHHBIX aHAJIM-
3a accoUMalMii TJIMHUCTBIX MUHEPAJIOB U IPYTHUX
KOMITOHEHTOB ocankoB [JIeButan m np., 2007; An-
drews, Vogt, 2014]. Mbl nonpITaaIuCh PELIUTDH ITY
3ajJlayy Ha OCHOBE MCCIIEIOBAHUS BAaJOBOTO MUHE-
pPaJIbHOTO M XUMUUYECKOTO COCTaBa (OCHOBHBIE ITOPO-
JooOpa3zylole OKCUIbI, peIKHe U pacCesTHHBIE Jie-
MEHTBI) Pa3IMYHBIX TUITOB MOBEPXHOCTHBIX JOHHBIX
0OCaJIKOB, TIPOOBI KOTOPBIX 0ToOpaHkl B HopBexkcko-
I'pennanackoM OacceitHe B 71-m, 75-M, 77-Mm u 80-m
peiicax HUC “AxkamemMuk McrucnaB Kemmbir”.
CuuTaeTcs, 4YTO TaKOM MOAXOM SIBJSETCS OOHUM U3
3(PEKTUBHBIX METONOB PEKOHCTPYKIMU COCTaBa
MOpOJ Ha MajeoBOoAOCOOpax B TeX CiydasiX, KOrja
TPAAULIMOHHBIMU METOJaMM 3TO CHAeJaTh CIO0XHO
i HeBo3MOXHO [Taylor, McLennan, 1985; McLen-
nan, 1989; Feng, Kerrich, 1990; McLennan et al.,
1993; Girty et al., 1994; Fedo et al., 1996; Cullers,
2000, 2002; Lee, 2002; Geochemistry ..., 2003; Brac-
cialli et al., 2007; Negrel et al., 2015; MacnoB u 1p.,
2018, 2020]. OH mMcnonabp30BaH HAaMM paHee TIPU HC-
CJIeIOBAaHUM TTOBEPXHOCTHBIX JOHHBIX OocankoB be-
qnoro, bapenuesa u Kacnuiickoro Mopeii [Macios
u ap., 2012, 2014, 2019].

OBIIAS XAPAKTEPUCTUKA HOPBEXKCKO-
I'PEHJIAHICKOI'O BACCEMHA

IMonsipHast ATIaHTHUKA SIBISETCS KJIIOUEBBIM paii-
OHOM IJI00aTLHOTO KIIMMAaTUYECKOTO KOHBeliepa, Me-
CTOM, IIIe BCTPEeYaloTCss U IPeoOpa3oBhIBAIOTCS BOI-
HBIe Macchl ApKTUKM U ATiaaHTuKu. CucreMa Tede-
HUI B U3y4aeMOM PETrMOHE UTPaeT BaXKHEHIIIYI0 pOb
(puc. 1). Ha ®apepcko-Hcnanackom nopore, B Da-
pepcko-IIleTnmaHackoM xkeyiobe u JaTrckoM mpoauBe
Ha TIyOUHE MPOUCXOAUT ITOCTOSTHHOE WM ITyJbCa-
LIMOHHOE MepeTeKaHre XOJIOIHBIX BOJ C ceBepa Ha 10T
[Sarafanov et al., 2012]. CeBepo-ATIaHTUYECKOE TE-
yeHWe HeCeT TEIIbIe U COJIeHbIe BOIBI ¢ 1ora B Hop-
BEXKCKOe Mope, o0pa3ysa HopBexkckoe TeueHune, KO-
TOpO€ MOAMUTHLIBAETCS ¢ 3arana Takke U Bogamu Bo-
crouHo-Mcnanackoro TteueHusi. Ha moBepxHOCTH
CBO€ii OCHOBHOI1 cTpyeit oHO IpoxoauT Mexny da-
pepckumu u letmaHackuMu octpoBamu. Bropoii
notok Hopsexckoro teuenus (Hopexckoe mpu-
OpeXHOe TeYeHWE) IBUIAeTCs BIOJb I100EpPEXbs
CKaHIMHAaBCKOTO IT-OBa Ha CEBEPO-BOCTOK U SIBJISIET-
cs TIPOJOJIKEHEM TeueHMit n3 bantuiickoro Mmopst u
HopBexckux ppopaos [HukutnH, Kacesaros, 2015].
JlopoTeHcKasi KOTJIOBUHA UTPAET POJIb aKKyMYJISITO-
pa TEIIBIX U COJIEHBIX BOJ, CYIECTBEHHO BIIMSISI Ha
U3MEeHEeHUEe BOIHBIX MacC M TeMIepaTrypy IOBepX-
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HocTHBIX Bo [ Volkov et al., 2013; Dugstad et al., 2019;
Hpui v ap., 2020]. Beime 70° c.u1. CeBepo-ATaaHTU-
yeckoe TeueHue pasaeisietcs: Hopakarckasi BeTBb
YXOOUT Ha BOCTOK B BapeHneBo mope, a 3anagHo-
HInnubepreHcKass ABUTASTCS Ha CEBEP, OXJIaXKIasICh
3a cyeT npuToka Box u3 bapeHuesa mops. YacTb Box
3amagHo-IIImuuoepreHCKoro Te4eHusI BOBJIEKAECTCS
B LIMKJIOHWYECKUI BOIOBOPOT B lLieHTpe [peHnaH-
CKOTO MOPSI, YXOJISI Ha 3aMa/l, a IpyTue ero BETBU IBU-
raloTcsi B CeBepO-BOCTOUYHOM HalpaBieHUU B Oac-
ceitHe CeBepHoro JleqoBUTOro oKeaHa Kak IITyOWH-
HbIe Teruible TedeHus [Rossby et al., 2009; Randelhoff
et al., 2018].

Brnonp BocTouHOTrO modepexbs IpeHnanaum Ha
0T MepeMeIaloTcsl BOJbl, 00pa3oBaBIIUeECs B BICO-
KMX CEBEpHBIX poTax — BocTouHo-I'peHnaHmckoe
Te4eHHEe, KOTOPOe NEPEHOCUT XOJOAHbBIEC BOIBI Yepe3
Jatckuit mponuB B ATinantudeckuii okean [McClel-
land et al., 2012]. B paiioHe 74° c.111. OT HETo OTHesI-
ercs SIH-MaiieHcKasi BeTBb, HaIIpaBJICHHAsI Ha 10TO-
BocTOK. [Tpu mogxone K Xp. MoHa oHa moBOpaYnuBaeT
Ha BOCTOK, a 3aTeM Ha CeBepO-BOCTOK. BTopast BeTBb
OTXOIUT B TOM Xe HallpaBiaeHUU oT BoctouHo-I'peH-
JIAHACKOro TeyeHus B paitoHe 71° c.m. B Mcnana-
CKOIl KOTJIOBMHE €€ Boabl (hopMupyloT BocTtouHo-
HMcnanackoe TeyeHue.

3HauyuTeNIbHbIE yYacTKU nHA B HopBexxcko-IpeH-
JIaHJICKOM DacceiiHe 3aHsIThl U3BECTKOBBIMU OCaiKa-
MU (OT KPYITHO3€ PHUCTHIX IIECKOB 10 UJIOB), 00pa3o-
BaHHBIMU NPEUMYILIECTBEHHO OCTaTKaMU PaKOBUH
dopamuHudep u Kokkoautodopun [Hald, 2001; Jle-
BuTtaH u 1np., 2007]. Boons 6eperos, Ha 11eibde 1 ya-
CTMYHO Ha MAaTE€PUKOBBIX CKJIOHAX IPUCYTCTBYIOT
pa3HoOOpa3Hble TEpPUTCHHBbIC (FPaBUMHO-TajleYHU-
KOBbI€, TecuaHble, TTeCuaHO-aJIeBPUTOBbIE, TIEJIUTO-
Bble U Op.) ocaaku. CylIecTBEHHYIO POJib UIPaeT
3[leCh U MaTepurall JeA0BOTO pa3HOCa; OCAlIKU C Bbl-
COKMM €ro COJep>KaHUEeM pacIlpocTpaHeHbl BIOJb
nob6epexuii [permannun, Heiodaynmienna u JIado-
pamopa [Hebbeln, Wefer, 1991; Stein et al., 1996; Bis-
chof, 2000; Andrews et al., 2014]. B6iu3u Byn1KaHU-
yeckux octpoBoB (Mcnannus, Au-MaiteH u np.) pas-
BUTHI BYJIKAHOTEHHBIE OCAIKU W OCaIKU C 00JIOMKaMu
BYJIKAHMYECKUX TOPOM, IUIAKOB U BYJKAHUYECKUM
neruioM. Ilo mpencraBiaeHUsSIM aBTOPOB paboThI [Jle-
BuTaH u np., 2007], HopBexcko-I'peranackuii 6ac-
CeH MOXeT ObITh MOJpa3/esieH Ha ABE YacTu — B ce-
BEPO-3anagHoOM MpeobdIaaloT XOJI0AHbIE MEHEE COJIe-
HbIe MOJISIpPHBIE BOALI M TOMUHUPYIOT TEpPUTSHHBIC
00JIOMOYHO-TJIMHUCTBIE Wbl C TPOAYKTAMH JIETOBO-
ro pa3Hoca, a B IOT0O-BOCTOUYHOM pacrpocTpaHeHbl
TeTIble 0oJiee CoJIeHbIe aTJIAaHTUYECKUE BOIbI U WJIHI,
3aMeTHO O0oraileHHbIe OMOTEeHHBIMU KapOoHaTaMu
U He cojepxXkalllue marepual JIieJ0BOro paszHoca.
CBoiicTBeHHas1 MOIBOAHBIM XpeOTaM, IiaTo U BO3-
BBIIIIECHHOCTSIM OacceiiHa MOBbILIEHHAs] TUIPOINHA-
MUYecKasl akTUBHOCTb B MPUIOHHOM CJIO€ BeleT K
HaKOIUIEHUIO B MX Mpeaenax 0ojiee KpyNMmHO3EpHU-
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Puc. 1. O630pHast cxeMa CeBepHOI ATJIaHTUKM (a), HOBEpXHOCTHBIE TeueHus, o [ Blindheim, Rey, 2004; Slubowska-Wolden-
gen et al., 2008] 1 mooxkeHNUE TPOO MOBEPXHOCTHBIX TOHHBIX OCAAKOB, OTOOpaHHBIX B 71-M, 75-M, 77-M u 80-m peiicax HUC
“AkaneMuk Mctucnas Kennpim” (6).

ITpoO6bl: 1 — necyaHo-ajeBPUTOBBIX OCAAKOB; 2 — (hopaMUHUDEPOBBIX MECKOB; 3 — WJIOB aJIEBPUTO-TIEIUTOBBIX U MEJTUTOBBIX.
(a): 1—14 — paiionsl oroopa mpoO (1 — KOHTUHEHTAIBHBINM CKJIOH CKaHIMHABUM; 2 — 103KHast YacTh HOpBeXCKOIt KOTJIOBUHBI;
3 — wro-3ananHasi yacth JlohoTreHCKOI KOTJIOBUHBI; 4 — xenoba Ha 3anane bapeHuesa mopst mexny LlnunodepreHom u
0. MenBexuii; 5 — KOHTMHEHTaIbHbIN cKIoH Lnuideprena; 6 — menbd Lnuubeprena; 7 — xp. Knunosuya; 8 — 10XXHOE OKOH-
yaHue xp. KonbeitHceit; 9 — 1o3kHoe okoH4YaHue Xp. MoHa; 10 — ceBepHOe oKoHUaHue Xp. MoHa; 11 — pudToBasi/uieHTpaabHast
30Ha Xp. MoHa; 12 — [latckuii mponus; 13 — Mcmanncko-Papepckuii mopor; 14 — BocTouHast okpanHa [peHIaHICKOTo MOpST);
(6): 6446, 6813 1 ap. — cTaHIMK 0TOOPa MPO6. CHMHUE CTPENIKU — HAMPaBJIeHHUsI IIepeMEICHHYS TOJSIPHBIX BOI; KPACHbIE CTPET-
KM — TO Xe, BoA ATJTaHTMYECKOro OKeaHa; IM(pPHI B Kpy*kKax — TedeHus:: 1 — HopBexckoe ATIaHTUYECKOE TedeHue; 2 —
Hopnxkarnckoe Teuenue; 3 — 3anagHo-InuubepreHckoe TeueHue; 4 — CBanbbapackasi BETBb; 5 — BeTBb I1aTo Epmaxk; 6 — 06-
patHoe ATiaHTu4eckoe TeueHue; 7 — SAH-MaeiiHckoe TeueHue; 8 — BoctouHo-Mcnanackoe Teuenue; 9 — BoctouHo-IpeH-
JIAaHJICKOE TeYECHHUE.

JIUTOJIOTUA U INTOJIESHBIE UCKOITAEMBIE  Ne 5 2023
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CTBIX OCaaKOB, YEM B PACIIOJIOKCHHBLIX PAIOM KOTJIO-
BUHaXx.

Hlenmsd CxkanpmHaBuM nmMeeT mupuHY oT 40 1mo
200 KM 1 BOCHOBHOM II€pPEKPHIT FPaBUIHO-TIECYAHO-
WIMCTBIMU 0Opa3oBaHUsIMU. MopucTee pacioioxe-
HbI JIB€ ITyOOKOBOAHbIE KOTJIOBUHBI, pa3eieHHbIE
pa3ioMHOI 30HOM fAH-MaiieH u 1wiato BopuHr Ha
oro-poctoke. IOxHast (HopBexkckasi) KOTJIOBUMHA
nmMeeT rmyorHs! oT 3500 mo 4000 M. ITo 11eHTpPY ee 11e-
pecekaeT najieocIpeaMHroBbiii xpedet Arup. CeBep-
Has (JJoboTeHcKast) KOTJI0BUMHA 6ojiee MEeJTKOBOIHAS
(ryounsl ee B ocHoBHOM 3200—3300 M, HO ecTb
YY4aCTKHU U ¢ 0oabIuMu, 10 3500 M, rryoruHamMm).

VY oOeperoB 3amagHoro Imuambeprena mrenbd
cpaBHUTENBLHO y3KUi (30—60 KM) 1 B OCHOBHOM Ha-
xonutcs Ha mmyonHax 100—250 m. I[1pu aToMm 3aMeTHO
ooJtee Tryookoe nojioxxenue (Ha 50—100 m) 3aHuMa-
€T MOBEPXHOCThb JHA K IOry oT Xkenoba Mcnplorer.
Kpaii mennpa pacnonaraercss Boojb 0aHOK Ha IJIy-
owmnax 170—230 M, a BIOJb 3Kea000B — Ha TITyOMHax
250—340 m. Cucrema Hermyookux (50—150 M) Kkpae-
BBIX (ITPOIOJIBHBIX) JKeJIO00B 1 HEKPYTHIX (30”) cKito-
HOB pasmenseTr 3anamHo-IInuiidoepreHckuii menbd
Ha BHYTPEHHIOIO (IMTpUOPEXHYI0) U BHEIIIHIOIO YaCTH.
Bnonb o. ITpunna Kapna menbd orpaHnndeH KpaeBbI-
MU XeJ100aMu 1 CKJIOHAMM, KakK € 3amaja, Tak 1 C BO-
croka (mponuB/TpadbeH DopiaHacyHHeT). BaxkHas
0COOEHHOCTH IIeIb(a — pacuwJIECHEHHOCTh €ro IIy0o-
kumu (150—350 M) nonepeyHbMu Kenobamu KoHr-
captonet, Ucaptonet, benbcyHabtomneT u aAp. OHU s1B-
JISTIOTCST TIPSIMBIM TIPOIOJDKEHMEM Ha IIeIb(POBOM
paBHUHE rpabeHooOpa3Hbix HoauH ((pbopmoB) 3a-
magHoro IInmuioepreHa, oo6pa3oBaBIIUXCS B Pe3yJib-
TaTe CBOJOBOTO HEOTEKTOHMYECKOrO ITOMHSTHUS U
npoOieHus apxuneiara [Matuios, 1978].

I'pennanmckoe Mope OTHIEJICHO OT PAaCIIOJIOXKEH-
HBIX PSIIOM 0aCCEMHOB XOPOIIIO BIPAXXEeHHBIMU 10T~
BOMNHBIMU TIOAHITUSIMU (moporamu). Tak, Mcmann-
cko-I'pennanackuii mopor (mryounsl 160—380 M)
otropaxuBaeT JlaTCKuii MpOJMB OT IIPUJIETAIOIINX
paitoHoB CeBepHoil Atnantuku. IlogHsaTuss nHa,
MPOTITUBAIONINECS OT CeBEpHOIT OKOHeUYHOCTU IpeH-
maaoun K 3amagHomy LlmmummbepreHy, OTHeasIIoT
I'pennanackoe Mmope ot CeBepHoro JIemoBUTOTO OKe-
aHa. I'panuneii mexny Ipennmanackum m Hopsex-
CKUM MOPSIMH SIBJISTIOTCSI XpeOThl AH-Maiten, Mona
n Knunosuya [HdyouHuH u ap., 2013]. BocTtouHo-
I'pennannckuii xpedeT menutr IpeHnaHACKOe Mope
Ha Ceepnyto (mryounsr 3100—3200 M) u HOxHy10
(rmyounsl 3500—3700 M) BOaauHBI.

PE3VIIBTATHI ITPEJINECTBYIOIIIMUX PABOT

INpencraBiaeHHLI gajgee 0630p He MPEeTeHAyeT Ha
MOJIHBIN OXBaT IPEAIISCTBYIOIINX paboT. B HeMm 1mo-
Ka3aHBl HEKOTOPBIE PE3Y/IbTaThl CEAUMCEHTOIOTNYC-
CKUX, TEOXUMHNYECKUX U U30TOIMHO-TE€OXUMHNYECKMX
HCCleIOBaHM, Oojiee UM MEeHee KacarolIuxcsl pac-
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cMaTpUBaeMbIX HaMHU BorpocoB. O030p ITOCTPOEH B
XPOHOJIOTMYECKOM MOPSIIKE.

Tak, moutu 70 net Hazan T.U. Topukosa [1965]
yKa3zajla Ha 0COOeHHOCTU HaKOIUIEHMsI KapOOHATOB B
Hopsexcko-Ipenmanackom 6acceitHe, CBI3aHHBIC C
ero penbedoM u TeueHusiMu. I1o ee nTaHHBIM, KapOoO-
HaTbl (POPMUPYIOTCS B OCHOBHOM B pailOHAaX, UCTIbI-
THIBAIOIIMX BIAMUSTHUE TEIUIBIX aTJaHTUYECKMX BOM, a
MaKCUMYMbl KapOOHATOHAKOILJICHUS TSTOTEIOT K 30-
HaM KOHBEPIreHIINHU TEIUIbIX W XOJIOMHBIX BOI (paiio-
HBI K foro-3armany ot Mcmananu n Hlnuudeprena, 3a-
nmaaHast yacTh HopBexkcKkoro 1 ceBepHasi yacTb [peH-
JIAHIICKOTO MOPEIi).

O030p pe3ynbTaTOB UCCAESAOBAHUM ITOBEPXHOCT-
HBIX JOHHBIX ocagkoB Hopsexcko-IpeHiaHackoro
OacceliiHa, ITOJIy4YeHHBIX K cepearHe 1980-x IT., u psi-
Jla CBSI3aHHBIX C 3TUMM paboTaMu APYTUX TEM CleIaH
I1. ©orroMm [Vogt, 1986]. 3HaunTeIbHOE MECTO B HEM
yIEeJICHO M aHalIn3y IIyOIMKanuii OTeYeCTBEHHBIX
cneunamuctoB — T.W. TopmkoBoit, E.M. Emenbsi-
HoBa ¢ koeramu, A.I1. JIucuuwiHa, B.B. benoycosa
u I.b. YauHuesa. [lryboKoBOMHbIE TOHHBIE OTJIOXE-
HUS OacceitHa pacCMaTPUBAIOTCS aBTOPOM KaK CMECh
JIEAHUKOBO-MOPCKOTO JIETPUTA, TTOCTYITABIIETO C CYIIN
IJIMHUCTOTO Marepuaja U OMOTeHHBIX KOMIIOHEHTOB/
M3BECTKOBBIX IJTAHKTOHHBIX (popammHudep. IToka-
3aHo, uto Mexay WMcmannueit 1 Hopserueit usz-3a
OOJIBIIOTO KOJM4YeCTBA 00JIOMKOB (popamuHubep B
MMOBEPXHOCTHBIX OCagKaxX BeEJIMKa OOJs KPYITHOM
dpakuuu. Mexny I'pennangueit u HlnuidepreHom
0O4IbIIIYIO YacTh KPYITHOM (DpaKkiiu cocTaBJisieT, Ha-
IIPOTUB, JICTHUKOBBIMA IECOK, B KOTOPOM Hapsmy C
KBaplieM TIPUCYTCTBYIOT TOJIEBbIe IIIAThl U Ipyrue
aJIIOMOCUJIMKAThl. BylKaHOreHHble KOMITOHEHTHI B
ocagKax IIMPOKO Pa3BUTHL HA PaCCTOSIHUU HECKOJIb-
KWX COTE€H KujioMeTpoB oT Ucinannuu, AH-MalieHa u
BocTtouHo-IpeHnaHacKoi ByTKaHUUECKONH MPOBUH-
uuu. Bonusu Ucaanoun n @apepcKux oCTpoBOB 60-
nee 50% ocaakoB MMEIOT BYJIKAHOTEHHBIN T'eHE3NC.
CMEeKTUT 1 HaOyxalolluii WJUIUT B TOHKOM (ppakimn
0CalIKOB PaccMaTpUBAIOTCS KaK “eCTeCTBEHHBIE Tpac-
cepbl”, TO3BOJISIONINE PEKOHCTPYMPOBATh pa3HOC
ocankoB ¢ HMcmanacko-®Papepckoro mopora Hop-
BEXCKUM aTIAaHTUIECKUM TEUYCHUEM.

Bonbioe BunManue B 063ope I1. Dorta yoeneHo
MMOBEPXHOCTHBIM OTJIOXEHUSIM KOHTUHEHTAJIbHBIX
OKpaWH, XapaKTepU3YIOIINMCS 3HAUYNTEIbHOI I1eCT-
potoii coctaBa. Tak, B mpnopexHoit 3oHe HopBerun
3a npeneaaMu nojockl (5—30 KM) KOPEHHBIX BbIXO-
JIOB W3BEPXEHHBIX W MeTaMOpP(PUIECKUX ITOPOII,
MIPUCYTCTBYIOT ITpyOble OTJIOXEeHUS (IIECOK, TPaBUiA,
pakyiia, KaMHU, TJIbIOBI), CMEHSIIOIIECSI Ha BHEII-
HeM IIejib(e niaMy WX WIMCTBIMUA DIMHAaMu. Mo-
pucTee KPYThIX Y3KHUX IIETb( OB MAaTEPUKOBHIN CKIIOH
1o tryouHbl 1000 M MOKPBIT TSILIMATbHO-MOPCKUMU
BaJlyHHBIMU DIHaMu. Ha 06ibliieii yacTtu menbgoB
I'pennananmn n Mcnannuy pacipoCTpaHEHBI IIPO-
MBITBIE TEUYEHUSIMU JICAHUKOBBIC TIECKU U TpaBUId.
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Ha BayTpeHHEeM nrenbde roro-socroka I'permanainm
KPUCTAJUTMUYECKHE TTOPOIbl MEPEKPHITHI JICTHUKOBBI-
MU OTJIOXKCHMUSIMU, CMCHSIOIIMUMUCSI MECTaMH KO-
PEHHBIMHM BBIXOZaMM 0a3anbTOB. BHemrHMil menbd
COCTOMT 3eCh 13 TPy0000JIOMOYHBIX OTJIOKEHMI KO-
HeuyHbIX MopeH. [paBuii [IInuubepreHckolt oTMenu
MpeACTaBIIEH IIPEUMYIIECTBEHHO MOPOJaMM ME30-
3051, INEPEHECEHHBIMM Ha KOPOTKHUE PACCTOSHUS
MIpUOPEKHBIMHU JIbIaMU. B caMoii MeJIKOBOTHOI Ya-
ct otMenun oT 80 1o 90% ocaaKoB CIIOXKEHbBI, HAIIPO-
THUB, 00JJ0OMKaMU pakoBUH. O0JIOMKHU 06a3a1bTOB (3p-
paTu4ecKue BajlyHbl) Ha IOrO-BOCTOYHOM IIelnbde
dapepckux OCTPOBOB IPEAIIOJIATAIOT IEPEHOC MX
JIBIOM MPaKTUYECKU OO Kpas 1esbda.

B 3ameTtke [Pfirman, 1987] paccmoTpeHo pacnpe-
JieJieHUe 0caJkoB B I pEHIaHICKOM MOpE U MPOJrBe
®pama. YcTaHOBJIeHO, UYTO B KOTJI0BUHEe bopesi/bo-
peac, pacriojiokeHHoO# 3amanHee xp. KHumnoBuua,
BEPXHSISI YaCTh OCAJOYHOTrO pa3pe3a COAEPKUT MHO-
JKECTBO COIIaCHBIX pedaekTopoB. IIpo3pauyHkie ciiou
MeXIy HUMHU, MO-BUAMMOMY, OOpa3oBaHbl TeJlaMu
IrPaBUTALIMOHHBIX TOTOKOB. ABTOpP CUMTAET, YTO U Y
3arnaaHoi okpauHbl I peHiaHacKoro 6bacceitHa MOX-
HO OXWJATh IIMPOKOE pacpOCTpaHEHUE MOAOOHbBIX
o0Opa3oBaHMii, MOCTYINaBIINX ¢ Ieabda BocTrounoit
I'pennananu. Ha 3amane npoanBa ®pama B BEpXHeEi
YacTU 0CaJ0YHOIO yexja TakxKe BeJIMKa PoJjib rpaBu-
TallMOHHBIX OTJIOXeHUH. LleHTpajibHasi yacTb NMpo-
JIUBa XapaKTepu3yeTcs: OOJBIINM Y1 CJIOM COTTIaCHBIX
oTpaxarteseii; OTJI0XEeHUs] MaCCOBBIX MOTOKOB IMpPU-
CYTCTBYIOT 3/1€Ch ¥ CKJIOHOB HEKOTOPBIX BO3BbILLIEH-
HOCTEI, a BOCTOUHAsI HAXOAUTCS IO BIUSTHUEM TIpU -
JIIOHHBIX TedeHUii. B paborax [Laberg, Vorren, 1995;
Vorren et al., 1998; Fohrmann et al., 2001] Takxe
OTMEUYEHO, UTO BIOJb KOHTUHEHTAIbHBIX CKJIOHOB
Hopgexxcko-IpeHnanackoro 6acceiftHa €CTb HECKOJIb-
KO KOHYCOB BbIHOCA, B CTPO€HUU KOTOPBIX Mpeoda-
JIal0T OTJIOXKEHMUSI TPSI3EBBIX U MyThEBbIX TOTOKOB.

B ny6nukanuu [Hebbeln, Berner, 1993] moka3za-
HO, YTO I TTyOOKMX JacTeil mponuBa dpama xa-
paKTepHBI WUIMCTHIE OCAIKH, a TTeCYaHbIe OTIOXKESHUS
BCTPEYArOTCA Ha TMpIIIeXKaIuX Ineabdax. SHAYNTeIb-
HBII BKJIaa B GOPMUPOBAHUE OCATKOB BHOCUT JIEIO-
BhIii pa3Hoc [Berner, Wefer, 1990; Hebbeln, Wefer,
1991]. ITpoayKTUBHOCTh MOBEPXHOCTHBIX BOI CUJIb-
HO BJIMSIET Ha coepxaHue B ocankax C,,. 1 OMOreH-
HOTO OIlajia; POCT UX MPOUCXOAUT C 3arajga Ha BO-
CTOK, B CTOPOHY TeIutoro 3amnagHo-CKaHIMHABCKOTO
TeuyeHUs. KaomWMHUT B ocagkax paccMaTprBaeTCs Kak
pe3y/bTaT aaBeKIMHU C B3BEIIEHHBIM MaTepUaiOM U3
CeBepHoli ATJTaHTUKH M bapeHIieBa MopsI.

Camoe BBICOKOE coaep:kaHMe KapOoHara ycTa-
HOBJIEHO B Hambosee rmybokux paiioHax HopBex-
ckoro Mopst [Johannessen et al., 1994]. Boonb apkTu-
yecKoro ¢ppoHTa cogepkaHme ero rmagaet. [lokazaHo,
YTO HAKOILJICHUE MTPOAYKTOB JIEIOBOTO pa3Hoca Mpo-
HUCXOOUT MPEUMYIIECTBEHHO B CEBEpO-3anagHoil ya-
ctn Hopseskcko-Ipenmanackoro 6acceifHa B ITooce
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BIusiHUSI BocTtouHo-IpeHIaHaCcKoro TeueHus U BOOJb
ApKTHuyeckoro poHTa.

ITo manubIM aBTOpOB IyOMKauuu [ Lackschewitz
et al., 1994], aHanu3 XMMUYECKOTO COCTaBa IMOBEPX-
HOCTHBIX JOHHBIX OCaAKOB OKpecTHocTeit xp. Koi-
OeiiHcell MO3BOJISIET BHIACIUTD TpU UX Ipymiibl. [1ep-
Basl XapakKTepu3yeTCsd BBICOKMMU COIEpPXKaHUSIMU
Fe,0;, V, Co, Ni, Cu u Zn, 4TO CBUIETENLCTBYET O
CYIIECTBEHHOI 10Jie B COCTaBe OCaAKOB ByJIKaHOKJIa-
ctuku. Ocanky TPyIIbI 2 00JIagaroT BLICOKUM COJIEP-
xkaHuem CaCQO;, CaO u Sr, yka3bIBalollIMM Ha Tpe-
obJianaHue B HUX boreHHoro kapooHata. Comepxka-
HHE IIOCIETHET0 MaKCUMAaJIbHO B BOCTOYHOM YacTU
30HBI pazioMa Criap, HaxoAsIIeHcs oI BIAUSHUEM
BocrouHo-Wcnanackoro tedyeHus. Ocanky rpynmsl 3
XapaKTepPU3YIOTCsI ITOBBIIIEHHBIMU KOHIIEHTpPAIIMSI-
mu K, Rb, Cs, La u Pb, npenmoyararoiimMu BBICO-
Kyl0 POJIb B HUX TEPPUIreHHON KOMIOHEHTHI (MpO-
IYKTBI JIETOBOTO pa3HoCa).

M.A. JIeButaH ¢ coaBTopamu [1995] yctaHoBUIN,
YTO MOBEPXHOCTHBIE JOHHBIE OCAIKU APKTUKM Xa-
pakTepM3ylOTCsI Ha KOHTMHEHTAJbHBIX OKpanHax
JIOCTAaTOYHO KOHTPACTHBIMU/JIOKAJIbHBIMM accollra-
LUSIMA TIMHUCTBIX MHUHEPAJIOB, COCTaB KOTOPHIX B
OCHOBHOM KOHTPOJHMPYETCS COCTAaBOM IIOpOH, ITpHU-
OpeXHBIX paiioHOB cyIIn. MopucTee KOHTPACTHOCTh
TaKMX aCCOLIMAlIMii YMEHBIIIAETCsI, OTpaxKasl TOMOTIe-
HU3aIWIO MaTeprajia U3 pa3aIndHbIX UICTOYHUKOB.

P. IlITaitn ¢ coaBropamu [Stein et al., 1996] onu-
cald Ha KOHTUHEHTAJbHON oOKpaumHe BocTouHOii
I'pennanaun Mexny 68° 1 75° c.111. BbIpaXkeHHbIE Ba-
puyalLy coepKaHUsI MaTepuaia JISAIOBOTO pa3Hoca B
ocagkax. DTo yKa3blBaeT Ha U3MEHEHUS ITOJIOXKEHUS
KpoMKHU IpeHIaHaCKOTO JIEIOBOTO IIIUTA W pa3ind-
HYIO 4acCTOTY IOCTYIJICHUM alicoeproB B I'peHnaH-
CKOM Mope.

Anamm3s 6onee 20000 odpas3moB MaTepuaia Jeao-
BOT'0 pa3HOCa 13 roJIolieHOBBIX 0cankoB HopBexkcko-
r0 MOPSsI TTIO3BOJIMIT YCTAHOBUTD, YTO CPEIU HUX Mpe-
00J1aJal0T OCaOYHbIe, a TAKXKE U3BEPKEHHbBIE U Me-
TaMopGUuUecKue ropHbie TTOPOJIbl, KBapll U MOJIeBbIC
mmiatel [Bischof, 2000]. McTouHMKOM cMeKTUTa B
ocagkax BeictymaioT Mcimannms u ee menbd. KaoauHur
noctynaet u3 CeBepHOIro Mopsi, a XJIOpUT — U3 KaJie-
monun LlentpanbHoit HopBernu u cBsiaH, Kak Iipa-
BUJIO, C alicOeproBbIM pa3HOCOM. MICTOYHUKOM WMJI-
JIUTa MOTYT ObITh Me30301cKHe OTJIoOXeHUs1 HopBeruu.

Ananu3 notokoB C,,. B TOJIOUEHOBbIE OCAIKH BbI-
saBull B HopBexkcko-IpeHmaHacKoM OacceiiHe 1Lmp-
KYMKOHTHUHEHTAJIbHYIO 30HAJIbHOCTh: MOBBIILICHHbIE
abcomoTHbIe Macchl C,, TATOTEIOT K KOHTUHEHTAM U
KpynHBIM ocTtpoBaM [Taylor et al., 2002].

ABTopamu pa6otsl [Farmer et al., 2003] onpene-
JIeH u3oTonHblii coctaB Nd, Sr u Pb ToHKO3epHU-
CTBIX OCAJIKOB psiga paitoHoB CeBepHOI ATIAHTUKU.
CpaBHeHUe TTPUWISTHUKOBBIX OTJIOXKEHMIT U MaTepU-
aJjia JIeMOBOI'O pa3HOCa M0Ka3aJio, YTO IJIsl HEKOTOPKIX
MHTEPBAJIOB, CBSI3aHHBIX C coObITMAMU IeHpuxa,
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I['yn30HOB MpPOJIMB SIBASIETCSI BO3MOXKHBIM MCTOYHM-
KOM KJIACTUKHU C HU3KUMU (<—15) BETUUUHAMU Eny.
O06J10MOYHBIN MaTepuaa ¢ 00jiee BLICOKUMU 3Haye-
HUSIMH €yy MOT TIOCTYHaTh KaK M3 PeHHOCKaHIIH-
IINM, TaK U ¢ 1oro-BocToka JlaBpeHtnn. Ocagku Ko-
HYCOB BbIHOCA Y 0. MenBexXuit U KOHTUHEHTAILHOTO
menbda HopBerum mmeror n30ToImHbIMA coctaB Nd,
Sr 1 Pb, HEOTIIMUMMBIIA OT OTJIOXXeHUI 3amuBa CBsI-
Toro JlaBpeHTust. OTJI0XEHUSI CeBEpHOM 1 3amaaHoi
nepudepun Mciananm xapakTepus3yloTcs 3HaUeHU-
AMU Eng (5.7—6.2) 1 ¥7Sr/36Sr (0.7042—0.7050), m03-
BOJISIIOIIMMU CUMTATh UX UCTOYHUKAMU BYJIKAHUYE-
ckue rioponasl Mcnanmun. Ocanku 1eibda Boctounoit
IpeHnanmuu oGnamator Gojiee HUBKUMU €ny (—6.5...

—4.2) u 60nee Boicokumu ¥’Sr/%Sr (0.704—0.713).

HM3yyenne ocaakoB IIaTo BOpUHT ITO3BONMIIO
M.A. JleButany ¢ coasropamu [2005, 2007 u cchIIIKIA
TaM| MoKa3aTh, YTO MAKCUMYM ITOCIECAHETO OJIeIcHE -
HUS MapKUPYyeTCsl HAKOIJICHUEM OCaIKOB C IOBHI-
LIIEHHBIM coAepkKaHueM Itecka. Ha moBepXHOCTH IIaTO
pacrpocTpaHeHbI U3BECTKOBO-INIMHUCThIE UJIBI C CO-
JepxXaHueM KapooHarta Kanbuus oT 10 mo 30%. Ma-
Tepuasl JIEIOBOIO pa3HOCa OTCYTCTBYET; INIMHUCTBIE
MUHEpaJIbl IIPEACTaBICHbl WJJIMTOM U XJIOPUTOM.
OCHOBHBIM UCTOYHUKOM TEPPUTeHHOTO MaTepuana
I 1aTto BOpMHI CyXKUT, O MHEHUIO aBTOPOB
yKa3aHHOM paboTbl, CKaHAMHAaBUsI U €€ KOHTUHEH-
TallbHast OKpauHa.

B nyonukauusx [Andrews, Eberl, 2007; Andrews
et al., 2009, 2010, 2014] paccMOTpeH COCTaB OTJIOXKE-
auit menbdoB Bocrounoit [permanonm n Ucmanoum.
IToka3zaHo, 4TO XapakTepHass UX OCOOCHHOCTb —
HaJIM4Me XOPOIIO pacro3HABAEMbIX JOKAIbLHBIX MC-
TOYHUKOB OcagoyHOTro Matepuaia. [locienHee Thi-
csiuesieTue O3HaMeHOBAHO MOSIBJICHUEM JTalleKUX UC-
TOYHUKOB (KOMILUIEKCHI Tmopon EBporeiickoit wiu
Kananckoit ApkTukm).

ITo manHbIM aBTOPOB MOHOTpacduu [JleBuTtaH u ap.,
2007], oCHOBHBIM MCTOYHMKOM CMEKTHTA B TIOBEPX-
HOCTHBIX JOHHBIX ocankax Hopsexcko-IpeHmanacko-
ro 6acceiiHa BeicTynaeT Mcianaus, a HOMYMHEHHBIMUA
apisiiorcs Mapepo-Ucnanackuii nmopor, SxH-Maii-
€HCKasl 30Ha pa3IoOMOB, Xp. OTUP U IOTr0-BOCTOYHBIE
paiionbl [peHnanaus. KaoJlMHUT U XJIOPUT B OCaAKU
MIOCTYHAIOT IIpeuMylIecTBeHHO co CKaHIWMHABUM U
HInuubepreHa, a takke n3 bapeniesa Mmopsi. Kpome
TOTO, XJIOPUT MOXET TOMNaaaTh B OCAAKU 1 MPU 3PO-
3UM KOMIUIEKCOB IMOPOJ BOCTOYHON U CEBEPO-BO-
crouHoit Ipenmanmuu. IlokazaHo, 4TO Bapuallnuy
CKOpOCTell OCaJKOHAKOIJICHUSI B yKa3aHHOM Oac-
ceiiHe B IIOCIEOHEM JICMIHUKOBO-MEXISTHIKOBOM
LIUKJIE OOYCJIOBJIEHBI U3MEHEHUSIMU 00beMa KOHTHU-
HEHTaJILHBIX JIeAHUKOB CeBepHOIo MoayIuapus, T.c.
KOHTPOJIMPOBAJINCh KJIIMMATOM, a aIBEeKIMs aTjaH-
TUYECKUX BOJ, CIIOCOOCTBOBABIIASI MOCTYIJICHUIO B
ocajgKy OMOTeHHOTO KapOoHaTa, Urpaja HOTYMHEeH-
HYIO POJIb. DIIOXY YCUJISHHUS IIPOLIECCOB alicOeproBo-
ro pa3Hoca CBSI3aHbI C IEpUOJaMM HACTYIIaHUS U Je-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

MACJIOB u np.

rpagaliiy JCAHWKOBBIX INMTOB,; B MCXKJIICAHMUKOBbA B
ocaJgkKax Bo3pacTacT JOJIsd OMOreHHBIX KOMIIOHEHTOB.

AHanun3 nsoronHoro cocrtaBa Nd u Sr B ocankax
IOT0O-BOCTOYHOTrO IIeibda IpeHaaHIuu TTO3BOJIMII
OLIEHUTH BKJIaJI 00JIOMOYHOI'O MaTepHajia pa3InIHbIX
paifoHOB B MIX COCTaB B TeUeHUe ITocenHux S0 ThIC. JIeT
[Verplanck et al., 2009]. YcraHoBJIeHO, YTO TUAMUK-
Thl KOHYyCa BbIHOca Xenoba CkopcOu-3aHa MMEIoT
JMAana3oHbl 3HAYEHMI €y U ¥7S1/%0Sr, mpennonararo-
mue ux GOopMHUPOBaHUE 3a CUET IIPOAYKTOB 3PO3UU
MaJIEOIIPOTEPO30MCKOTO M/MIN KaJAedOHCKOTO (DyH-
JlaMeHTa 1 TpeTUUHBbIX 0a3anbToB I'peHnanauu. FOx-
Hee ocalkM Takxke o0JagaroT XapaKTepUCTUKAMU,
YKa3bIBaIOIIMMU Ha 00pa3oBaHME MX 3a CYET MECT-
HBIX THelcoB. Bo Bcex ucciemoBaHHBIX palioHax
MECTHBIM OEeTPUT MepeMelllaH ¢ MaTepuaJioM, 00j1a-
NAIOLIMM MHBIMU 3HAYEHUAMU Exg U 87S1/%St. Bepo-
SITHO, 3TO MaTepHaJj aiicOeproBoro pasHoca.

MccnenoBaHusi M30TOMHO-TEOXUMUYECKUX OCO-
OeHHOCTEl TIOBEPXHOCTHBIX OCAIKOB MpoJrBa
®dpama mokazaiau, 4TO B HUX IPUCYTCTBYET MaTepural
kak ¢ apxunenara IInuudepreH, Tak U U3 Mopen
Apktuku [Maccali et al., 2012]. OtHowenus 2°°Pb/
204pp y 208Ph /206Ph B ocamKax YKa3bIBAIOT HA CMELLIe-
HME TIPOAYKTOB 3po3uu nopod Kanaael, Cubupu u
I'pennanoum.

B mucceprauuu K. Temnep [Teschner, 2013] oc-
HOBHOE BHHUMaHHE COCPENOTOYECHO Ha OOMEHE BOI-
HBIX Macc Hopexcko-Ipenmanackoro 6acceitHa n
CeBepHoli ATJIaHTUKY U BapyalUsIX KIuMaTa Mminuo-
LIcH-TUIelicToleHa. et B Heil pedb 1 00 U30TOITHO-
TCOXMMMYECKNX XapaKTepUCTHUKAX OCaakoB. Tak,
U30TOIHBIN coctaB Nd 0cagkoB KOHTUHEHTAJIbHOM
okpauHhbl [lInunbdepreHa paccMaTpuBaeTcsl Kak pe-
3yJbTaT CMEILICHUS ITOPOI apXuIlenara U OTJIOXEHUI
EBpa3zuiickoro menbda. M30ToMHbBIE XapaKTepuCTr-
k1 Nd u Sr ocagkoB njato BopuHI conmocTaBUMBI €
TeMM, YTO XapaKTepHHbI I 11esib(pa HopBerun u mo-
oepexbss Mcnanauu. PaguoreHHBIMU MCTOYHUKAMU
KJIACTUKM i1 HUX MOINIM OBITh ocanku bapeHieBa
MoOpsi, IIpMHECEHHBIE alicoepraMmM UM MOPCKUM
JIBAOM, a TaKXKe OCHOBHBIC BYJIKAHMUYECKUE MOPOAbI
HUcnanguu. HepaguoreHHbLIM HMCTOYHUKOM aBTOP
CUMTAECT OTJIOXEHUSI HOPBEXCKOTO Ienabda, CJIo-
KEHHbIE B OCHOBHOM IPOJIYKTaMM BbIBETPUBAHUS
nopoz Inajeonporepo30s1 OeHHOCKAHIUH.

B pab6ote [Andrews, Vogt, 2014] cymMupoBaHbI
pe3yJibTaThl PEHTIEHOCTPYKTYPHBIX MCCJIeIOBaHUM
dpakusa <2 MM IOBEPXHOCTHBIX OCAIKOB 3amana
Hopsexcko-Ipennanackoro 6acceitHa. Bo3aMoXXHBI-
MU UX UCTOUHUKAMMU SIBJISIIOTCSI, TI0 MHEHUIO aBTO-
poB, TOoKeMOpuiickue mopoasl dyHaaMeHTa, IeBOH-
CKHE KPaCcHOLIBETHI U 00Jiee MOJIOABIE OTJIOXKEHUS, B
T.4. Oa3JIbTHI.

ITo manaepiM [Cruz, 2015], B aucTtajgpbHOI YacTH
rUApoTepMabHONM cucTtemMbl TposuibBerreH (SH-
MaiieHCKUIi TUAPOTEPMAJIbHBIN pailoH, paCcIIONI0XeH
BOCTOYHEE OCeBOM 30HBI Xp. MoHa Ha 71° c.u1.) do-
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HOBBIM KOMITOHEHTOM OCAIIKOB SBJISTIOTCS TIeTarnde-
CKUe U TeMUIIeJIaTun4eCKUe UJIbl, B KOTOPBIX PUCYT-
CTBYIOT KaK BYJIKaHWYECKHE MOPOIBI (IIpEeUMYIIe-
CTBEHHO 0a3aJbThl U BYIKAHMIECKOE CTEKIIO), TaK 1
MMPOIYKTHI TUIPOTEPMATBHOM AeSTETbHOCTH.

M. /1. KpaBuuinuHoii ¢ coasTopamu [2019] mpuBe-
JIEHbl pe3yJbTaTbl UCCIEAOBAHUM NOHHBIX OCAJKOB
TUAPOTEepMaIbHOTO MoJisi TpoJIbBEITEH, PacIojio-
JKEHHOT0 BOCTOUHEe O0ceBoi 30HbI Xp. MoHa. ITo ux
JIAaHHBIM, OCaJKU C TUIPOTEPMAILHOI MUHEpaIn3a-
nueit ooborameHsl Ba, Sr, Zn, Pb, Cu, Mo u U u xa-
DPaKTEPU3YIOTCS TTMPUTOBOM U OGapUT-MapKa3uTOBOM
MUHEpaIbHBIMU accoliauusMu. Ilo3nHee BbITON-
HEHO M3y4YeHUE MUHEPaJOTUYeCKUX M HM30TOITHO-
reoXMMMYECKNX ocobeHHocTeil Fe-Mn kopku fH-
MaiieHCcKOro THIpoTepMaibHOro paiioHa [Kpapuu-
muHa u ap., 2022]. IMokazaHo, 4yTo coaepxaHve Mn
B Helt yBesimuuBaeTcs, a Fe u peakozeMenbHbIX de-
MeHTOB (P33D) ymeHbI1aeTcs OT OCHOBaHMS K IIO-
BepxHocTU. PacrnipenesieHre JaHTaHOUIOB, BHICOKUE
3HAYEHUsl Eyy U MOHVKEHHBIE BeaMYUHbI 37Sr/8%6Sr
MO3BOJISIOT, 10 MHEHUIO aBTOPOB, MpPEAIojararh,
YTO IJIAaBHBIM MCTOYHMKOM BEIIECTBA KOPKMU ObLIU
TUAPOTEPMaJIbHbIE PACTBOPHI.

Cratbs [XapuH, Epomenko, 2020] o6o061maer nc-
cllieloBaHWSl KaMEHHOro MaTrepuajia YeTBEePTUUYHBIX
ocaakoB Mopeit Apktuku, CeBepHoOit ATIaHTUKU U
AnTapkTuku. OTME4EeHO, YTO ocagku y oeperoB IpeH-
nanauy 1 CkaHnMHaBuM comepxar 6omee 100 kr/m3
MaTtepwuasna JeIoBOro pa3Hoca. Y mooepexbsa Hopse-
TMU BCTpeyaloTcss rabobpo, MUPOKCEHUTHI, TUOPUTHI,
CUEHUTbI, KBApLUTHI, aM(UOOIUTHI U KpUCTAINYE-
cKue cliaHlibl, a B ocagkax HopBexckoii KOTJIOBUHBI
n ®apepo-Ucnanackoro ropora — 6a3aiabThl, Ipa-
HUTBI U TPAHUTO-THEMCHI, IPAHOAMOPUTHI, TMOPUTHI,
MerMaTuThl, TUPOKCEHUTHI, aM(DUOOIUTBI U KpUCTATI -
Jqudeckue ciadibl. B Hopsexcko-IpeHnaHackom
bacceliHe BblAEJIEHO HECKOJIbKO TEPPUTEHHO-TIETPO-
rpapuyeckux NpoBUHLMI. Tak, THelicO-TpaHUT-
aMdUuOoIUT-OUIIUTOBAST MPOBUHIIMS XapaKTepHa
JUIsL 10TO-BOCTOUHO# yactu HopBexXckoro mops.
Ha xpeo6Tax Peiikbsinec u Konb6eitaceit (Mcnanackast
0azasbTOBasI MPOBUHILIMS) CPEaU TpyOOro MaTepuaa
npeoo6analT 0a3aJIbTOWIbI, TPUHECEHHbIE alicoep-
ramu u3 Mcnanauu.

METOAbI UCCIIEAOBAHHUA

Hamu uccinenoBansl 45 mpo6 (13 Hux — 10 mpoO
AJIIOMOCUIMKOKJIACTUYECKUX TMecYaHO-aJeBPUTO-
BBIX 0CaAKOB, 6 Mpob ¢opaMUHUPEPOBLIX IECKOB U
29 npo6 MEeJIUTOBBIX U aJIEBPUTO-MEJIUTOBBIX HJIOB)
MOBEPXHOCTHBIX AOHHBIX OCaJKOB, OTOOPAHHBIX B
71-m, 75-m, 77-m n 80-m peiicax HUC “AkameMuk
Mcrucnas Kennpimn” (cMm. puc. 1). OnHoit U3 nenei
ATUX BKCTICAULIMI SABJISIIOCh KOMITJIEKCHOE U3yUyeHUe
CEeIMMEHTOCUCTEMBI (pacCesTHHOE OCalOuyHOEe Bellle-
CTBO MPUBOIHOTO CJI0SI aTMOC(ePhl ¥ BOTHOM TOJIIN —
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BEPXHUI CJIOI OcamKa — IIOACTIIIAIONINE TOHHBIE OT-
JoxxeHust) CeBepHoil ATiaHTUKU [ KITIOBUTKUH U Op.,
2020, 2021; HoBurarckmii u np., 2019]. MccnenoBa-
HUSI OXBaThIBaJIU PailOHBI aKTMBHBIX YYACTKOB YJIb-
TpaMeIJIECHHOTO cIipeauHroBoro CpeamHHO-ATIaH-
THUYECKOro xpebrta: MoHa (B TOM 4MCJie aKBAaTOPUH,
MIPUMBIKAOIIEe K TUAPOTEPMAJIbHBIM IIOJISIM B €TO
JOKHOI 1 ceBepHOIi yacTsx), Knunosuya, KosabeiiH-
ceii, IajicoOCIIPEAUHIOBEII XpebeT Drup, NIyOOKO-
BomHbIe KOTIOBUHBI HopBexkckoro u IpeHmanackoro
MOpei, KOHTUHEHTAJIbHBIN CKJIOH apxuriesara Hmiir-
o6epreH u xenoba Ctypdwopn u Kseittona 3amnan-
HOII KOHTUHEHTAIbHOM OKpauHbl bapeHiieBa Mops
(Tabn. 1).

IMToBepxHocTHBIE (0—2 CM) TOHHBIE OCAAKU OTO-
OpaHbI ¢ MOMOIIBIO AHoYepnareneii “OkeaH-0.257,
“Oxean-50”, a Takxke myirbTukopepa KUM Mini-
MUC K/MT 410. LIBer ocagka ormnpeneyieH C Mo-
MOIIIbIO KaTajiora ILIBETOB MO InKaje MaHceluia
[Munsell ..., 2012], a ero i nmo KiaccuUKanumn
MOPCKMX HAOHHBIX OocaakoB [be3pykoB, JIMCHUIIBIH,
1960]. I'panymoMeTpHIEeCKUii COCTaB OCAJIKOB YCTa-
HoBJieH 110 MeTonuke B.I1. [Metenuna [1961].

I1poO6k1 aj1s1 aHaIM3a XMMHWYECKOTO COCTaBa BBICY-
IIMBAJIUCh B JJabopaTopuu npu Temieparype +70°C
W PACTUPAIUCH 10 COCTOSHUS ITyAPHI C ITOMOIIBIO
rwtaHetapHoii MenbHuLbl Pulverisette 6 (Fritsch, T'ep-
MmaHus). Ilepen pactupaHveM MpoOblI HE MOABEpra-
JINCh KaKOM-JIMOO IIpenBapUTeIbHOM 00paboTKe, 3a
WCKIIIOUEHUEM OTCeMBaHUs (ppakiuu >1 MM.

ConepXaHue OCHOBHBIX TOPOA000Pa3YIOIINX OK-
cunoB, a Takke V u Cr B 17 nipobax TeJIUTOBBIX U
aJIeBpUTO-MEIUTOBbIX WIOB U 4 TMpobax MecyaHo-
aJIEBPUTOBBIX OCAJKOB OINPEAEIEHO PEHTTEHOCHEK-
TpaJIbHBIM iyopeciieHTHbIM MeTogoM (P®PA) Ha
CPM-35 u EDX-8000 B MHCTUTYTE I€OJIOTUM U T€0-
xumuu YpO PAH (r. ExatepunOypr, aHaJIUTUKU —
H.II. T'opGyHoBa, JI.A. TatapuHoBa, 1.A. XKenyHu-
muH 1 A.A. Hekpacosa). Ilpenens omnpemeneHuUs
Ca0O, V, Cr m MnO cocTaBiIsiii COOTBETCTBEHHO
0.30, 0.003, 0.003 u 0.02 mac. %.

PentrenoaudpakiiuoHHbIA aHaIU3 (pa30BO-MU-
HepanbHOro cocrana 10 IIpo0 ITeIMTOBBIX U aJIEBPHU-
TO-TIEJIMTOBBIX WJIOB (HaBeCKM 1—2 I) U3 3TOM Ke BbI-
Oopku BeImoIHEeH TaM ke A.Jl. Paackoii u T.A. I'yas-
eBoit Ha agudpakromerpe SHIMADZU XRD-7000.
ITapameTpsl cbeMKH — GUIBTPOBAHHOE MEIHOE MU3-
JIydeHHe, guana3oH ymioB 20 3°—70°, ckopocTb
1°/mMuH. Pa30BO-MUHEPAIIbHbBII COCTAaB MPOG ompe-
JieJieH MeToaoM PuTBenbaa ¢ MoMOIIbIO TPOrpaMMbl
SiroQuant (Sielectronics, ABctpanust) [PsaHckas u op.,
2015a, 20150].

ConepxXxaHUe peIKMX U pacCesHHBIX 3JIeMEHTOB
BO Bcex Ipobax omnpenesieHo B UI'T YpO PAH (ananm-
tuku J1.B. Kucenea, H.B. Yepennuuenko u JI.K. e-
proruHa) MmerogoM ICP-MS Ha XBampyIoJbHOM
macc-criekrpoMeTpe NexION 300S (“Perkin Elmer”,
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NCTOYHU KN MATEPUAJIA TIOBEPXHOCTHBIX JOHHBIX OCAIKOB

CHIA). IIpenensr ooHapyxkeHms saeMeHToB — 0.005—
0.1 Mxr/T 11pu TOuHOCTH aHanu3a 10—15 otH. %.

I1pu 0O6paboTKe aHANTUTUYECKUX TaHHBIX BBIIOJ-
HEHO COIIOCTaBJIEHNE MX C TAaKUMU peepeHTHHIMU
0o0BeKTaMM, KaK CpeOHMU MocTapxelcKuii aBcTpa-
ymiickuii cinanenr (PAAS [Taylor, McLennan, 1985]),
CpeIHUN apXeMCcKuii apTuJLUIUT, CpeaHUue TPaAaHUTOU -
Ibl apxesi 1 0OazanbThl Me30-KaliHo30s1 [Condie,
1993], cpennuii eBponeiickuit cnanen (ES [Haskin,
Haskin, 1966]), coctaBHast 1mpoba ¢aHepo30MCKUX
cianueB CeBepHoii AMepuku (NASC [Gromet et al.,
1984]), 6a3anbThl CPEAMHHO-OKEAaHUUECKHUX XpeOTOB
(N-MORB [Gale et al., 2013]) u psmoM IIOPOTHBIX
accouuanuii Mcmanguu [Wood et al., 1979; Hards
et al., 1995; Slater et al., 2001; Kokfelt et al., 2006;
Peate et al., 2009]. IIpuBneYeHBI TaKKe TaHHBIE MO
reOXUMMU Pa3TNYHbIX KOMILJIEKCOB MOPOJ ITPUOpEkK-
HBIX paitoHoB CkanauHaBuu, 3amagHoro Hmuncep-
reHa 1 BocrouHoii I'peHaHIMM, KOTOPBHIE MOXKHO
paccMaTpMBaTh B IIEPBOM MPUOJIUKEHUN KaK MTPO00-
pa3 UCTOYHMKOB OOJIOMOYHOIO MaTepuaia IJIsl I10-
BEPXHOCTHBIX TOHHBIX ocaakoB Hopsexcko-IpeH-
JIaHJICKOTO OacceitHa.

GAKTUYECKUI MATEPUAJT
Obwas xapakmepucmuka Uccae008aHHbIX 0CA0K08

Ha cranumsx, pacroyioXkeHHbBIX Ha 00paiieHHOM
B HopBeXCKy10 KOTJIOBUHY KOHTUHEHTAJIbHOM CKJIOHE
CkaHIMHABCKOTO IT0JTyoCcTpoBa (paiioH 1, cM. puc. 1a),
TTOBEPXHOCTHBIEC TOHHBIC OCAIKH TTPEICTaBICHBI OKHC-
JICHHBIMU TIeCYaHO-aJIeBPUTO-TICIMTOBBIMU MJIaMU
CBETJIOTO OJIMBKOBO-KOpWYHeBoro 1seta (2.5Y/5/3)
(0.5—1 cm), Huke KoToporo (1—4 ¢cM) MPUCYTCTBYET
BOCCTaHOBJIEHHBIII MEJIKO- U CPEIHEe3epPHUCTHIN ce-
po-kopuuHeBbiii  (2.5Y/5/2) dopamMuHU(DpEpPOBHIi
MECOK C MPUMECHIO aJIeBpUTO-MeIMTOBOTO Mia (~10—
15%) w TpaBuitHO-rajiedHoro Marepuaia (cT. 6813,
m1y6. 433 m). Mopuctee (cT. 6814, T1y6. 1115 M) 3ame-
raloT ajJeBPUTO-TIEJIMTOBBIC WJIBI TEMHOTO KeITOBa-
To-kopuuHeBoro 1Beta (10YR/4/4). ConepxaHue
KajblmTa B HUX — 33% (31ech U najiee — 1o JaHHBIM
peHTreHoaMdpaKIIMOHHOrO aHaau3a). Jlajee K ceBe-
py Ha craHIsIx 6815 1 6816 (wryouHs! 1511 M 1 2163 M
COOTBETCTBEHHO) BCTPEUEHBI OKUCIICHHBIC TEINUTO-
BbI€ MJIBI TEMHOTO XEJITOBATO-KOPWYHEBOTO II[BETa
(10YR/4/4) c mpumechio (~5—10%) cpemHe-KpyITHO-
3epHUCTOrO (hopaMUHMGpEPOBOrO IecKa, a TakXkKe 00-
JIOMKOB Tiopon, (~5%) rpaBuitHO# U rajeyHoii pas-
MepHocTu. B unmax Habmopgarorcst Fe-Mn Kopku u
CTsDKeHU, a Takke Fe-Mn TpyOKH 110 Yexsram moJTm-
xeT. ComepxaHue KaJlblUTa B IIpobe 6816 mocTuraer
55%. Ha cT. 6817 (miry6. 2871 M) ocanku mpencrasJie-
HBI TIEJTUTOBBIM (popaMUHUGEPOBLIM WJIOM TEMHOTO
cepoBaTo-kKopuuHeBoro 11BeTa (10YR/4/2) ¢ obmom-
kamu Fe-Mn kopok (0T 1 10 4.5 cM), oXeJIe3HEHHbI-
MU CTSDKeHUSIMH, a Takke Fe-Mn Tpybkamu, oGpa-
30BaHHBIMU MO yexjaM mojimxeT. Ha moBepxHOCTH
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ocajika HaOII0JAI0TCId TOJUXEThbl U UX OXeJIe3HEeH-
HbIE TPYOKU.

Ha cr. 6129 (m1y6. 3761 M) B 1oxHOo# yactu Hop-
BEXKCKOM KOTJIOBHUHBI (paiioH 2) B OKPECTHOCTSX
Xp. OTHpP, TMOBEPXHOCTHBIC OCAIKHN TIPEICTABICHBI
MSTKUM TOMOT€HHBIM aJIeBPUTO-MEINTOBBIM (hopa-
MUHHU(EPOBLIM MJIOM (comepXaHne KamblinTa 70%)
kopuuHeBoro 1Beta (10YRS5/3) ¢ penkumu msiTHaMu
0oJiee TEeMHOTO U 00Jiee CBETIOTO OTTEHKOB.

B 1oro-3anmamgHoit yactu JlopoTeHCKOM KOTIIOBU-
HBI (paitoH 3, cT. 6818) Ha ryouHe 3277 M HabIOMA-
IOTCSI OKMCJICHHBIE TEMHBIC CEpPOBAaTO-KOPUIHEBBIC
(10YR/4/2) aneBpUTO-TIEIUTOBBIE WUJIBI C TIPUMECHIO
TeCYaHOro ¥ TPaBUITHOTO MaTepyrajia U JUH3aMU (P o-
paMUHUGDEPOBOTO TIECKa.

Mexmy 10XXHBIM OKOHYaHHMeM apxurreiara Im-
GepreH u 0. MeaBsexuii (paiioH 4) Ha ctaHIUSAX 6173,
6175 u1 6176 (tnyounbl — 264, 360 1 268 M) B Xemo6e
Crypdhbopn MOBEepXHOCTHBIE OCAIKM ITPEACTaBICHBI
TEMHO-CEPBIMH  AJICBPUTO-TIEJIUTOBBIMUA WJIAMU  C
MPUMEChIO HeOKaTaHHBIX 00JIOMKOB IT'paBUITHOM pas-
MepHocTH, cnabo pearupytomumu ¢ HCI (comepxka-
HUEe Karputa — 2%), OKMCIEHHBIMH TIeJIMTOBBIMHU
WJIaMU KOPMYHEBOIO IIBETa U CEPO-KOPUUHEBBIM,
pearupytommM ¢ HCI, meckoM ¢ aieBpo-TIeTUTOBOI
W TpaBUITHO-TAJIEYHOM ITPUMECHIO. 31eCh K€, PSIIOM
C METAHOBBIM cUITOM (cT. 6841, rnyouHa 395 M), pas-
BUTHI TEMHBIC OJIMBKOBO-KOPUYHEBEIE aJIeBPUTO-TIE-
sutoBbie uibl (2.5Y/3/3) ¢ cunbHbIM 3amaxoM H,S.
B Hux comep:KuTcs OOMBILIOE KOJTMYECTBO MTOrOHOMOP
" ux Tpyook. B xxemo6e KseitTona Ha mmyoune 296 M
(cT. 6179) HabIIOMAIOTCS OOHOPOMHBIE OKUCICHHbBIE
aJIeBpUTO-TIEIUTOBBIE MBI, pearupyromue ¢ HCI
(comepxanue KanbinTta — 20%), a 3aIltamHee Ha TTy-
6une 327 M (ct. 6172) NPUCYTCTBYIOT TEMHO-CEPHIE
aJIeBPO-TICJIMTOBbIE WJIbI C MECYaHOM U TpaBUMHOM
mpuMechlo, Takke pearupytomue ¢ HCIL. Ha cr. 6177
(IIImubepreHckas 6aHka, r1y0. 153 M) TOOHSATHL He-
coptupoBaHHbie pearupytomue ¢ HCI cepo-kopuu-
HEBBIEC TECKM C aJIEBPUTO-TICIMTOBOM M TPaBUITHO-
TaJICYHOI ITIPUMECHIO.

Ha ct. 6170 (m1y6. 2038 M), pacHoOJIOXEHHON Y
MOJHOXMUSI KOHTMHEHTAJIbHOro ckjioHa bapeHieBa
Mops (palioH 5), TOHHbIE OCAAKU TIPENCTaBICHbI e~
JIMTOBBIMU WJIAMM CEPOBATO-KOPUYHEBOTO 1IBETa C
npuMechio (popamMuHUPEp IIecCIaHOi pa3MepHOCTH.
Ha mmyounax 2452 u 2321 M (ctanuuu 6168 u 6169)
HaO0J10/1a10TCSl KOPUYHEBBIE MEJIKO3EPHUCTBIE (hopa-
MUHUDEPOBBIE MECKU C AJIEBPUTO-NIETUTOBOMN MpPU-
Mechlo. CeBepo-3amanHee Ha cT. 6840 (m1y6. 1519 M)
MPUCYTCTBYIOT OKMCJIEHHbIE aJIeBPUTO-TEJIUTOBbIE
WIBl OJMBKOBO-KOopuyHeBoro IBera (2.5Y/4/3) c
MpUMeChIO TtecyaHoro marepuana (~5—10%, dopa-
MUHUDEPBI U OOJIOMKU BYJKAaHUYECKOTO CTeKJIa).
ConepxxaHue KaablMTa 31ech focTuraer 25%. B ocanke
HaOII0aI0TCSl KaK KMBBIE MOJUXEThI, TaK U UX YeX-
JIbI, a TAK3Ke 00MIve CIMKyJ ryook. Ha ct. 6171 (rny®6.
1279 m) BcTpeueHnl pearupytonie ¢ HCI cepo-ko-
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PWYHEBBIE AJIEBPUTOBBIE WJIBI C TPAaBUWHOW MpHU-
MECBHIO I KOPUYHEBBII MEJIKO3EPHUCTBIN ITECOK C HE-
OKaTaHHBIMU TPAaBUUHBIMU OOJIOMKAMU U TPECBOMA.

K zanany or llInuibeprena (paiton 6) BKkpecT 3a-
nagHo-IInmuidepreHCKOro TeueHust, HECYIIEro Tell-
Jible aTJIAHTUYECKUE BOAbI HA CEBEP, TOBEPXHOCTHHIE
JMIOHHBIE OCAIKKN UCCIeA0BaHbl Ha HECKOJBKUX CTaH-
nugx. Tak, Ha cT. 6162 (Tny6. 238 M), pacIoIOXeH-
HOIi Ha wenbde apxurnenara, NPUCYTCTBYET IJIOXO
COPTUPOBAHHBINA KOPUYHEBBIN MECOK C TPUMECHIO
cj1a00 oKaTaHHbIX 0OJOMKOB I111eOHsT U ApecBbl. Ha
CT. 6163 (rmy6. 433 M, BnaguHa Iienbda) Hab0Ia-
IOTCSI OKHWCJICHHBIC MEIUTOBBIC Wbl CEPOBATO-KO-
PUYHEBOTO 1IBETa C MpruMechlo ajneBpuTta. Coaepxka-
HUE Kaibliuta B HUX Bcero 2%. Ha ct. 6155 (my6.
1108 M) TIpUCYTCTBYIOT CEpPO-KOPUYHEBBIE aJIEBPUTO-
BbI€ WJIbl C TPABUMHOW NMPUMECHIO U KOPUYHEBBIA
MEJIKO3EPHUCTBIA MEeCOK ¢ TIpaBueM U OPECBOIM.
Ocanku pearupytoT ¢ HCI. Takoii xe 1ecox ¢ Imjioxo-
OKaTaHHBIM rpaBUeM HabIogaeTcsd Ha cT. 6161 (niy6.
555 M). I'myGxke (cT. 6153, m1y6. 1865 M, cT. 6152, m1y6.
2213 m) pacnpoctpaHeHbl pearupytoine ¢ HCI ko-
pUUYHEBbBIE TIEJIUTOBBIE UJIbl C MPUMECHIO (hopamu-
HUubDep.

B uenrpanpHoii yactu xp. Knunosuya (paiioH 7)
Ha cT. 6151 (r1y6. 3511 M) IIpUCYTCTBYIOT pearupyro-
mue ¢ HCl kopuuHeBbie TIeJIMTOBbIE Wbl C aJeBpU-
TOBOI MPUMECHIO, TpyOKaMu TMoroHodop, npumMas-
KaMH 4YepHOTIo 1IBeTa U peaKuMu ¢opaMuHUdepamMu.
Hecxkonbko ceBepHee Ha cT. 6154 (n1y6. 3495 M) Ha-
O01a10TCsl KOPUYHEBbIE CUJIBHO OMOTYpOUpPOBaH-
HbIe MEJIMTOBBIC WbI, Takxke pearupytomue ¢ HCI.
Ha ceBepHoM okoHuanuu xp. Knumosuua (ct. 6157,
n1y0. 1871 M) pacrpocTpaHeHbI IIPUMEPHO TaKHE Ke
0OCajKu, coJep:Kalllde ajJeBPUTOBYIO U IIECYaAHYIO
npumMech. Ha cT. 6150 (rmy6. 3013 M), pacroyioxeH-
HOIi Ha 10XKHOM OKOHYaHuU Xp. KHumnosuya, npu-
CYTCTBYIOT aJIeBPUTOBbIC KOPUYHEBbBIEC UJIbI C PEIKU-
MU (hopaMuHUbEpaMy U X0IaMU UJI0EI0B; OHU pea-
rupytoT ¢ HCL. 3anagHee, Ha cT. 6164 (Ti1y6. 2453 M),
pa3BUThl KOPUYHEBbIE (popaMUHUGbEPOBbIE 3aUJICH-
HbIe TIECKY, a BOCTOYHEE Ha CT. 6167 (Ti1y06. 2558 M) —
MEJIKO3epHUCTbIe KOpUUYHEBBIE (hopaMUHUDEPOBLIE
MEeCKHU C aJIeBPO-TEJIUTOBOM MPUMECHIO.

Boau3u cesepHoro mobepexbs Mcmangum Ha
CT. 6446 (Tny6. 690 M), B OmHOIM M3 BHOAAWH IOXKHOMN
yactu Xp. KonbeiiHceii (paitoH §8), pacmpocTpaHeHbI
MEeJIMTOBbIE TOMOT€HHBIE 3€JIEHOBAaTO-TEMHO-CEphIe
(10Y4/1) unbl ¢ TOYEYHBIMU BKparuieHUSIMU TUAPO-
tpounura. OHu He pearupyrot ¢ 5% HCI, numeror cia-
OBIif 3aI1ax cepoBOAOPO/IA 1 COMEPKAT MEJIKHUE PaKO-
BHMHBI IBYCTBOPOK, CIIEMEHTHUPOBAHHBIE CTEHKU XOIIOB
WJIOENOB W HE3HAYUTEIbHOE KOJWYECTBO MEJIKOTO
rpaBuUsl.

Ha 1oxxHoM okoHYaHuu Xp. MoHa (paiioH 9) no-
BEpPXHOCTHBIE OCaIKu OTOOpaHbI Ha YETHIpEX CTaH-
nugx. Co mHa mTyOOKOBOMHONM BHAAWHEI Ha CT. 6143
(m1y6. 2375 M) NOMHSTHI OMHOPOOHBIE ITOJIYKMIKUE
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teMHo-cepble (10YR3/2) neauToBble MBI ¢ IpUMeE-
ChI0 MeJIKo3epHucToro necka. Ha ct. 6146 (ry®6.
620 M) oOHapykeHBI TEeMHBIE CepOBAaTO-KOPUYHE-
Boie (10YR4/2) menko-cpemHe3epHUCTBIE MECKU C
OCTPOYTOJIbHBIMU OOJIOMKaMM BYJKAaHUYECKUX MO-
pon pasmepom 1—2 cM. Ha ct. 6821 (Ti1y6. 344 M),
pacroyIoXKeHHOM B Mpenesiax MeJIKOBOAHON Braau-
HBI, mpuiexaiieii K fH-MalieHCKoMy THUIpPOTEp-
MaJIbHOMY palioHy, MPUCYTCTBYET ajeBPUTO-IIC/IM-
TOBBIIA UJ TEMHO-0OJIOTHOTO 1IBETA C MPUMECHIO
MecKa W BKJIIOYEHUSIMU BYJIKAHOTEHHBIX JIPECBBHI U
1eOHs, a Takke ayTureHHbIX Fe-Mn kKopouek. EcTb
3/1eCh paKOBMHBI MOJLJTIOCKOB U TToJinxeThl. HakoHell,
Ha CT. 6822 (mry6. 1282 M) MOIHATHI OKMCJIEHHBIE
TemHo-KopuuHeBble (10YR/3/3) necuaHo-aneBpu-
TO-TIEJIMTOBbIE Wbl C IPUMECHIO TPAaBUIMHOTO U Ta-
JIEYHOTO MaTepuana.

Ha ceBepHoM okoHuaHuM xp. MoHa (cT. 6148,
n1y6. 2150 M), mpuexaiineM K TMAPOTePMaIbHOMY
nomio Jloku Kaca (paiton 10), ToBepXHOCTHBIE OCaI-
KW TIPEICTaBICHBl OKMCJICHHBIM PBIKEBATO-TEMHO-
KOPUYHEBBIM MEJIUTOBBIM WJIOM C mpumechbio (10—
15%) cdopammumndep mecuanoit pasmeproctu. Co-
JIepxkaHue KajabluTa B miax okosno 50%. Ha ct. 6149
(rmy6. 2650 M) B TaKuX e Wiax HAOIIOdAeTCs Mpu-
MeCh YepHOTO BYJTKAHMIECKOTO CTEKIIA.

B pudToBoii 30He Xp. MoHa (paiioH 11) Ha cT. 6836
(rmy6. 2600 M), THe mpenroyiaraeTcss MPUCYTCTBUE
ByJIKaHUYEeCKMX IocTpoek [bormaHos m ap., 1997],
pPa3BUTHI OKHMCJIEHHBIE ITeCUYaHO-aJIeBPUTO-TICIUTO-
BbI€ MJIBI TEMHOTO OJIMBKOBO-KOPWYHEBOTO IIBETa
(2.5Y/3/3) ¢ npumechlo riecyaHoro (B OCHOBHOM (o-
paMuHUGbEPHI) MaTepuala W BKIIOUYESHUSIMM BYJIKA-
HU4Yecknux objioMkoB. Ha ct. 6838 (mry6. 2800 M)
BCTpPEUYEHBl OKHUCJICHHBIC TeCYaHO-aJIeBPUTO-TICIH-
TOBBIEe Wbl KopuuHeBoro 1BeTa (10YR/4/3) c He3Ha-
YUTETbHOM IMTPUMEChIO TPaBUIHOTO 1 TAJICYHOTO Ma-
Tepuaia. B ocagkax mpuUCyTCTBYET OOJIBIIOE KOIUYe-
CTBO BYJIKAHUYECKOTO CTEKIIA.

Ha ct. 5890, pacnoynioxkeHHoit B JlaTckoM mposiuBe
(paitoH 12) Ha nryouHe 268 M, TIOBEPXHOCTHBIE TOH-
HBIE OCAIKU CJIOKEHBI COBPEMEHHBIMM TETIJIOBOIHBI-
MM IIJIAHKTOHHBIMU popaMmuHudepamu (~80%) nec-
yaHOI pa3MepHOCTH. JINToreHHasI ImecyaHo-aJIeBpH-
ToBast npumech (1o 20%) mpencTaBieHa KBaplieMm,
MTOJIEBBIMU IITIATaMK, 00JIOMKaMU ITOPOII, BYJTKaH-
YeCKMM CTEKJIOM, PYIHBIMM MHWHEpaJaMH, a TaKKe
MUPOKCEHAMM, SITUAOTOM M OJIMBUHOM.

Ha Hcnanacko-PapepckoM 1opore (paiioH 13)
Ha cT. 5898 (m1y6. 110 M) DpUCYTCTBYIOT MECYaHO-
aJIeBPUTOBBIC WJIbI, B COCTaBe KOTOPHIX IIpeodiagaet
BYJIKAHMYECKOE CTEKJIO, PyAHbIE MUHEPAIbI, 00JIOM-
KM BYJIKAHMYECKUX IIOPOJ, KBapll, BCTPEUAIOTCS 1~
pokceHbl, aM(duOoIbl 1 OJMBUH. broreHHass mpu-
Mech (~10%) npencrasieHa peIKMMU TUIAHKTOHHBIMU
dopamuHUpepaMud U pa3HOOOPA3HBIM KOMILIEKCOM
OeHTOCHBIX X paszHocTeil. ComepkaHue KapOoHaTa
KaJIbLMsI cocTaBisieT okojio 10%. Ha cr. 5908 (ry6.

Ne5 2023



NCTOYHU KN MATEPUAJIA TIOBEPXHOCTHBIX JOHHBIX OCAIKOB

445 M), pacoaoXeHHO! IIPUMEPHO ITOCEPEeIHE MeX-
ny Ucnangueit 1 @apepcKUMU OCTPOBaMM, OCaIKU
MpeACTaBIICHbl IIECYaHO-aJIeBpUTOBLIMU WJIaMH, B
KOTOPHIX MpeobJiagaroT 00JJOMKY MOPOoA U KBapll, a
colepKaHUSI ByJKAHUYECKOTO CTEKJIa M PYIHBIX MU-
HepaJioB 3HAYNTEILHBL. buorennas npumecs (~10%) —
5TO pelKue TUIAHKTOHHBIE WM Pa3HOOOpa3HbBIe OeH-
TocHbIe (opamuHudeprl. ConepxxaHue KapOoHara
KaJibLyst He Boiie 10%.

Boam3m BocTOYHOU OKpauHBI [peHIaHICKOTO
Mops (paiioH 14) Ha craHumax 6165 (y6. 3013 M) u
6166 (rmy6. 3480 M) oOGHaApYKeHBI KOPUTYHEBBIE MEJT-
KO3epHUCTbIe (PopaMUHU(EPOBEIE TIECKU C aJIeBPO-
MEJIMTOBOM TIpuMecklo, pearupyromiue ¢ HCI.

Hcxons u3 0ocobeHHOCTE rpaHyIOMETPUUECKOTO
cocraBa, UCCIeAOBaHHbIE MTPOOLI MOTYT OBITh OTHE-
CeHBbl K TpeM rpyIiIaM: 1) mecyaHO-aJIeBpUTOBBIC
MPEUMYIIECTBEHHO aTIOMOCHINKOKIACTIYECKIE OCal-
K1 (mpoObl, OTOOpaHHBIE Ha cTaHIMAX 5898, 5908,
6146, 6155, 6161, 6162, 6169, 6173, 6176 u 6177). I1o
BeanuuHaM log(SiO,/Al,0;) u log(Na,0/K,0) ocan-
k1 Papepcko-MciraHacKoro mopora cornocTaBUMEI €
rpayBakkamu [MacnoB u ap., 2022a]. K rpayBakkam
WM JIMTUTAM TIpUHaIIeXaT ocaaku eibda -
GepreHa M KOHTUHEHTAJILHOTO cKJToHa CKaHIWHABUN;
2) TpeuMyllecTBeHHO (opaMUHUPEPOBLIE TECKU
(rpo6n1 5890, 6164—6168); 3) MBI IEJIUTOBBLIE U
aJIeBpUTO-TIEJINTOBBIE (MPOOKI 6129, 6143, 6148—6154,
6157, 6163, 6170—6172, 6175, 6179, 6813—6818, 6821,
6822, 6836, 6838, 6840, 6841 u 6446). Bricokoe co-
nepxaHue B psiae npob nocnenHeit rpynmnsl CaCO,
MpeanojaraeT BO3MOXKXHOCTh BbIIEICHUST YeTBEPTOit
IPYIIIbI — KapOOHATHO-MEIUTOBBIX UJIOB U, COOTBET-
CTBEHHO, TUKTYeT HeOOXOIMMOCTh MepecyeTa Coaep-
KaHUS B HUX PEIKUX U PACCEIHHBIX DJIEMEHTOB Ha
OeckapboHaTHoe BellecTBo. Ho moka 4ucjio Takux
Mpo6 B HaIlleM PacHOPSKEHUU HEBEJIMKO; MO-BUIM-
MOMY, 3TO JIeJI0 OYIYIIEro.

Munepanvuuiii cocmae ocadkos

CopepxaHue KBaplia B HCCICHOBAHHBIX HaMU
mpobax rpymiisl 3 Bapbupyet ot 2 (cT. 6143) no 46%
(cT. 6175). MakcuMalibHOE colepKaHWe KBaplia Ha-
GmogaeTcsl BAOJb I0XKHOM, IOro-3anaaHoil 1 3amnaj-
Hoit mepudepun apxunenara HInuibepren (craH-
uuu 6152, 6840, 6163, 6175 u 6179), a Takxke BOIU3U
3anmagHoi okoHeyHocTn CkaHaumHaBuM (cT. 6814).
B nipo6ax, oro6paHHBIX Ha cTaHIMAX 6163 u 6175 y
nobepexbst lInuudepreHa, comepkaHue KBapia B
ninax gocruraet 43—46%, Torma Kak coaepsKaHue
KaJbLIMTa MUHUMAJIBHO (~2%). OgHako yxXe B He-
CKOJIBKUX JIeCSITKaX KUJIOMETpax MopucTee (CTaHLUU
6179, 6840 u 6152) oHo ToBBILIaeTcsa A0 25—29%.
Bo3MoOXXHO, 9TO OOBSICHSIETCSI BIMSIHUEM Ha COCTaB
MOBEPXHOCTHBIX OCAAKOB Ha IMEPBBIX IBYX CTAHIIMUSIX
MaTepuasa, MoCTyMapIIero ¢ apxuIiesiara, Toraa Kak
MOPUCTEE PACIIOIOXKEHHBIEC TTOBEPXHOCTHBIE OCAIKU
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WCHBITHIBAIOT BIMSHUE “OTHOCUTEJIBHO OOJiee TeIl-
IeIX” aTnanTudeckux Bod. CokpallleHue comepKa-
HUS KapOoHaTta Kanblus 10 <10% B MOBEpPXHOCTHBIX
ocajKax OT LiEHTpaJIbHOM 4acTu IpoauBa @pama K
KOHTHHEHTAJIbHBIM cKJIOHaM I pennanauu u Hlmuii-
OepreHa IOIUYEpPKUBAJIOCh U paHee (CM., HAIIpuUMep,
[Hebbeln, Berner, 1993]). CBs13aHo 3TO, 0 BCeil BU-
IUMOCTH, C TSITOTEHHEM OCHOBHEBEIX IIPOAYLICHTOB
KapOoHaTa — IJIAaHKTOHHBIX (hopaMUHUMEP — K TETI-
JIBIM aTJlaHTU4YecKuM BoaaMm. I1o maHHbIM [Johannes-
sen et al., 1994], makcuMaJbHbIe KOHIEHTpPAIUU
KapOoHaTa B 0CaJKax XapaKTepPHHI IJIsI LIIEHTPaJIbHOMI
yactu HopBexXcKoro Mopsi, TOraa Kak BEICOKHE CKO-
pOCTH CceAUMEHTaluu B psige paiioHoB IpeHnanHm-
ckoro, Mcmannckoro u HopBexckoro Mopeii, BeoyT
K YMEHBIIIEHUIO ero coiaepxkaHus. Baonb ApkTtuye-
ckoro ¢poHTa, IIe pa3zdaBieHUEe TEPPUTSHHBIM Ma-
TepraIoM MUHUMAJIBHO, COIepXXaHne KapOoHaTa co-
craBisseT 20—40%. Ha KOHTMHEHTAJbHOM CKJIOHE
Hopserum (cranumu 6814 1 6816) conep:xaHue Kaib-
LIMTa BapbupyeT oT 33 10 55%.

KonmuecTBo miarvokiasza B Ipobax rpymnmsl 3,
MMOAHSTHIX HA OONBIITMHCTBE CTAHIIMI, BapbUPYET OT
7% (ct. 6129) no 15—20% (paifoHBI K 10Ty ¥ 3aramy OT
Imnoeprena). MakcuMmaabHOE COOEepXaHHE €ro
(42%) xapakTepHO WIS IOXXHOM nepudepnu xp. Mo-
Ha (cT. 6143).

Copep:kaHe MYCKOBUTA B OCagKax IPYMITbI 3 13-
MeHseTcs oT 8 (ct. 6143) 1o 16% (ct. 6163). K 3amany
n 1ory ot IInuibdepreHa ero KOJIM4ecTBO COCTABIISIET
ot 11 1o 16%. Ha tore xp. MoHa 1 B LIeHTpaJIbHOM Ya-
ctu HopBexxckoro Mopst coaepXXaHue MYCKOBMUTA
CHUXaeTcd 10 ~8%, a Ha KOHTUHEHTAJIbHOM CKJIOHE
Hopserumn ysenuunBaercst no 10—14%.

MakcuManbHOE coaepkaHue amM@puOOoJIOB, XJIO-
puTa, KaoJIMHUTA U IOJOMUTA B OcCajkax I'pymIbl 3
nocturaet 5—8% [MacnoB u np., 2022a]. Xnopur (3—
8%) TIpUCYTCTBYET B COCTaBe OCAAKOB ITOYTHU Ha BCEX
CTaHIUSIX, pacHoNOXeHHbIX BOM3u IlInunbeprena
n CkanauHasuu. HeT ero Toibko B penenax xp. MoHa
U B LieHTpaibHOM yact HopBexxckoro Mops (ctaH-
unu 6129, 6148 1 6816). HanboJiee BbICOKME KOHLIEH-
Tpaluu xjaopuTa HabmonaoTcsa B HopBexxckom Gac-
ceitHe BOM3M CKaHIMHABUU, KOMILIEKCHI METaMOp-
¢dryecknx Mopoa KOTOpOil M BBICTYMNAIOT, IO Bceil
BUIMMOCTH, ero uctouHukoMm [Grousset, Chesselet,
1986]. B ocankax ct. 6143 BocTtouHee o. SIH-Maiien
YCTaHOBJIEHO BbICOKOe comepkaHue (40%) MoHO-
KJIMHHOTO MUPOKCEHA.

PacnipeneneHne TiepeyMCIEHHBIX MHHEPAJOB B
psie MpeaCcTaBUTEIbLHBIX TIPO06 MOKAa3aHO Ha puUc. 2.
Bonee moaHas uHGopManus o pe3yIbTaTax aHaIu3a
MUHEPAJIOTUYECKOTO COCTaBa OCalKOB IpUBeAcHA B
pabote [Macnos u np., 2022a].
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Puc. 2. PacnipeneneHre OCHOBHBIX MUHEPAJbHBIX KOMITOHEHTOB B MPEICTABUTEIbHBIX ITPOOaX MEJIUTOBBIX U aJIeBPUTO-TICIIM -
TOBBbIX ocankoB HopBexcko-IpennaHackoro 6acceitHa 1o 1aHHBIM PeHTreHOAU(PaKLIMOHHOTO aHau3a (B % OT 00lLIero Ko-

JINYECTBA).

6814, 6163 u ap. — cTaHLMK OTOOPa IIPOO.

JIUTOJIOIA U NOJIE3HBIE NCKOITAEMBIE
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Si0,  TiO, AlLO; Fe,04*

MnO

Na,0  P,Ojs

Puc. 3. HopMupoBaHHbIe K cpenHeil BepxHeil KoHTruHeHTalabHoit kope (UCC) comepxkaHus psiia OCHOBHBIX IIOPOI000pa3yIo-
11X OKCUIOB B MEJIUTOBBIX 1 aJIEBPUTO-TIEIUTOBBIX ocaakax HopBexcko-I'peHnaHackoro 6acceiita.

Xumuueckuii cocmae ocadxkos

Conep:kaH1e OCHOBHBIX ITOPOIO0OPAa3YIOIINX OK-
CHIIOB YCTAHOBJIEHO HAaMU TOJIBKO B TIEJIMTOBBIX M
aJleBpUTO-TEJUTOBBIX ocaakax (rpymmna 3, BCero
20 po6, Tabu. 2). CogepxaHue IIMPOKOIrO CIIeKTpa
PEIKUX M PACCESTHHBIX 3JIEMEHTOB OIPEACICHO IS
0CaJIKOB BCEX TPeX IPyIIIl.

Cpennee copepxanue SiO, m Al,O; B mpobax
rpyrmbel 3 cocrasiasiet 44.76 £ 10.94 u 10.69 *
3.03 mac. % (cootBerctBeHHO 0.63 1 0.71 UCC (Bepx-
HSISI KOHTUHEHTaIbHas1 Kopa 1o [Rudnick, Gao, 2003])
(puc. 3). Bemmuuna TiO, e PaBHa 0.90 + 0.67 mac. %
(1.47 UCC); makcuManbHOe coaepzkanue (2.61 mac. %)
XapakTepHo 11 WioB cT. 6821. CpenHee conepxkaHue
cyMMapHOTo xeJje3a B Bune Fe,O; coctaisieT 5.54 =
+ 2.20 mac. % (1.03 UCC). [Napamerp MgO e 3a-
MeTHO MeHblIe, YeM CaO,epee (2.53 £ 0.95 mporus
13.20 = 7.10 mac. %). MakcuManbHOE coaepXKaHKe
CaO B umax gocturaet ~25 Mac. %. CpenHee conep-
xkanne K,O (1.99 * 0.48 mac. %) B TETUTOBBIX U
ajieBpuTo-neauToBbix uiax Hopsexcko-IpeHiaHma-
CKOTO OacceifHa HECKOJIBKO HIDKE, UeM CpeTHee CO-
nepxanue Na,O (2.57 £ 0.85 mac. %); MakcUMaITb-
HOE cofiep>KaHWe Ha3BaHHBIX OKCUIOB JOCTUTAET CO-
oTBeTcTBeHHO 2.71 (cT. 6163, mrenbd LlInmuubdepreHa)
u 5.15 (c1. 6446, 10xHOEe OKOHUaHMe Xp. KonbeitH-
ceit) Mac. %. PyOsqpenee B UCCIIENOBAHHOM BHIOOPKE
npo06 rpynmsl 3 cocraBisieT 2.50 UCC; makcuMaib-
Has BeanuuHa PyOs;o6./P)Osycc (4.82) xapakTepHa
IUTSI JKeJITOBATO-KOPUIHEBBIX OMOTYPOMPOBAHHBIX MJIOB
CT. 6814 (KOHTMHEHTAILHBIN CKJIOH HopBerun).

Copep:kaHU€e PEIKUX U PACCESTHHBIX JIEMEHTOB B
MpeACTaBUTENBHBIX ITPO0aX pa3IMYHbIX TPYIIH U paii-
oHoB Hopsekcko-I'peHmaHackoro 6acceitHa IpuBe-
neHo B Tabu. 3. CpegHee comepxXaHue SC B IIpodax
rpynmbl 1 (aIlOMOCUIMKOKIIACTUYECKUE ITeCYaHO-
aJIeBpUTOBbIE OCAaIKK) cocTaBisieT 16 & 9 Mxr/T (puc. 4).
Conepxanue Cr Haxomutcs B nipeaeiax 40...160 Mxr/T
(Crepennee ~67 £ 34 mxr/1). [Mapamerp Copeppee CO-
crasiser 16 + 10 mxr/r. ComepxxaHue Zr BapbupyeT
ot 100 mo 260 mkr/T. CpemnHee comepxaHue Zr B IIPO-
6ax rpynmnsl 1 paBHo 148 + 55 mkr/r. CpenHee conep-
xanue La u Yb paBHo 18 = 4 u 1.15 * 0.28 MKr/T.
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Konuenrpamuss Th usmeHsieTcss B ocagkax 3Toit
rpynnbl B uHTepBaie 1—8 MKr/T, a Thye,,e. cocTas-
et 5 £ 2 mkr/r. Cymma P39 Bapwupyer ot 61.5 1o
108.5 MKT/T (EP3Dpeppee — 83.0 £ 14.6 Mkr/T). Co-
nepxanne La m Yb B mpobax Bapeupyer oT 13 1o
25 mkr/r u ot 0.8 1o 1.6 MKkr/T. CpenHee coaepKaHue
nerkux (JIP3D, or La mo Eu) u tsoxensix (TP33,
ot Gd go Lu) nanTaHounoB coctaBiisieT 74 £ 141 9 +
+ 2 Mkr/r, aJIP3D/TP33,, e BapbupyeT oT 5 110 10.
Benuuuna (La/Yb)y (Iipy HOpMUPOBAHUU COAEPKA-
Huii P39 HaM1 MCIOIb30BaHbI JaHHbBIC IJISI XOHAPU -
ta u3 [Taylor, McLennan, 1985]) uamensiercst B ocam-
Kkax rpynnsbl 1 ot 5.49 no 13.51. 3nauenust Eu/Eu* ot-
BeuarT uHTepBany 0.63—1.02.

[TapaMeTp SC,pepyee B TPOOAX rpyIsl 2 (popamu-
HudepoBbie Tecku) coctaniseT 11 + 2 mxr/T. Cpen-
Hee comepxkaHue Cr paBHo 50 * 9 mxr/T. [TapameTp

MKT/T
200
01
02
150 | 03
100 “I
500 I]
f
la
o 0 Ogl
l]al]l ||]I]| | | | | |ﬂs|]||:||:ICI
Sc Cr Co Ni Rb ' Y Zr La Pb Th

Puc. 4. AGcommoTHbIe coaepxkaHus (cpeaHee apubMeTr-
yeckoe * cTaHIapTHOE OTKIIOHEHUE) psiia PEIKUX U pac-
CEeSTHHBIX 3JIEMEHTOB B OCaKaX pa3HbIX TPYIIIL.

Ocanku: 1 — necyaHo-ajJeBpUTOBbIE; 2 — (popaMuHubpe-
pOBbIE TIECKU; 3 — TEJUTOBbIE U AJIeBPUTO-TICIUTOBbIE
WJTBI.
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10 ¢

0.1 ——

1 1 1 1 1 1 1 1 1
Li Sc V CrCoNiCuZnGaRb Sr Y Zr NbMoCs Ba

1 1
La Ce

| | | | | | | | | |
Pr NdSm EuGd Tb DyHo Er TmYb Lu Hf Pb Th U

Puc. 5. HopmupoBanusie kK UCC comepXaHUsI peIKUX U PACCESTHHBIX 3JIEMEHTOB B AJTIOMOCUMJIMKOKIIACTUYECKUX TIeCYaHO-
aJIeBPUTOBBIX Ocankax (a, 6) u popaMuHmdepoBbIX MecKkax (B) pa3IuYHbIX paiitoHoB HopBexxcko-Ipennanmckoro 6acceiiHa.

1—14 — HoMepa paitoHOB (CM. puc. 1a).

Copennee COCTABIAET 15 £ 2 MKT/T, 4TO TIOYTH PaBHO
cpenHeMy coaepxkaHuio Co B ocagkax rpynmnsl 1. Co-
nepxxanue Zr BapbupyeT oT 88 mo 120 MKT/T, cpenHee —
105 + 14 mkr/1. Cpentee conepxxanue La u Yb paBHO
16 £ 31 0.92 + 0.12 mkr/T. KoHnienrpauwmst Th uzme-
HsIETCSI B 0cagKax I'PYIHIbI 2 B uHTepBaie 1...8 MKT/T,
Thepepyee COCTaBISAET 4 + 2 MKT/T. DTO IOYTU CTOJILKO
Ke, Kak 1 B ocankax rpymisl 1. Cymma P39 Bapbupy-
eT oT 54 10 92 MKr/T (EP3D)eppee — 72 * 13 MKI/T).
Cpennee conepxanue JIP3D u TP3D cocrasisger
65+ 121 7.2 £0.8 mxr/r, a IP3D/TP33 ¢ y1cc PABHO
9 t 2. BenuuuHa (La/Yb)y u3MeHsieTcsl B ocaakax

*
cpeHee

rpyrmsl 2 ot 7.51 mo 12.67. 3nauenue Eu/Eu
pasHO 0.73 + 0.04.

B nipo6ax rpyniisl 3 (eJIMTOBbIE U aJIeBPUTO-TIe-
JIMTOBBIE UJIbl) CpellHee CoJAepKaHUe SC COCTaBJIsIeT
12 + 4 mkr/t. CpennHee conepxkanue Cr paBHO 55 *
+ 32 Mkr/r (MUHUMYM — 18, MakcumyM — 160 MKT/T).
Bemmunna Co, e cOCTaBsAET 13 £ 6 MKT/T. Conep-
KaHue Zr BapbupyeT oT 50 mo 300 MKr/T, cpenHee —
109 mkr/T. Conepxxanue Mn musMeHsiercst ot 160 mo
2400 MxT/T (cpennee — 963 * 489 MKT/T), a cpenHee
conepxanre Mo paBHo 1.36 + 0.77 MKT/T (MUHUMYM —

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 5

0.33, makcumyM — 4.10 Mkr/r). COOTBETCTBEHHO
sHadeHnsT Mo/Mn BapwupyoT oT 0.0008 mo 0.0036
(cpennee — 0.0016 £ 0.0008). KonuenTtpauus Ba me-
Hsercs ot 160 mo 600 mkr/r. Conmepxanue La u Yb
B mpobax rpymmnbl 3 BapbupyeT oT 9 10 33 MKT/T U OT
0.60 mo 1.80 mkr/r (cpemnee — 18 + 6 u 1.13 *
* 0.25 MKT/T, 4TO COIIOCTaBUMO C UX CPETHUMU KOH-
LIEHTPALSIMU IIJIs OCaaKoB Tpyrmbl 2). KoHlleHTpa-
uusa Th usmensercsa or 2 1o 8 MKr/T, a Theye. CO-
craBiser 5 + 2 mxr/r. Cymma P33 Bapbsupyert ot 40
1o 146 MKr/r (EP33, e — 83 £ 25 MKI/T; B PAAS
2P3D — 185 mkr/r). Ilapamerp JIP3D ¢ yee COCTAB-
nser 74.6 £ 23.3 mxr/r, Benuuuna TP39 .. PaBHA
8.8 £ 2.0 Mxr/r. CoorBeTcTBEHHO JIP3D/TP33D )0 111cc
numeeT 3HaueHue 8 * 2. Bennuuna (La/Yb)nepemsee €O-

*
cpenHe:

crasnuset 10.71 + 2.74, a 3HaueHue Eu/Eu
Ho 0.74 £ 0.08.

. paB-

CorrocTaBiieHHE aOCOIOTHBIX COMEPKaHMIN HEKO-
TOPBIX M3 TEPEYMCICHHBIX 3JEMEHTOB B OCaIKax
npuBeneHo Ha puc. 4. Ero paccmMoTpeHue mo3BoJisieT
clIeNIaTh BBIBOI, YTO C YIETOM ITOTPEITHOCTEM comep-
JKaHWe PEIKUX M PACCESTHHBIX 2JIEMEHTOB B OCalIKax
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MACIJIOB nu np.

10

T

Li Sc V CrCoNiCuZnGaRb Sr Y Zr NbMoCs Ba La Ce Pr NdSm EuGd Tb DyHo Er Tm Yb Lu Hf Pb Th U

Puc. 6. HO]Z)MI/I]I)OBS.HHI)IG k UCC CoamCpXKaHuA PCAKUX U paCCCAHHBIX OJICMCHTOB B IICJIMTOBLIX U aJIEBPUTO-IICJIMTOBLIX MJIaX

pasnuyHbIX paitoHoB HopBexcko-IpeHnanmckoro 6acceifHa.
1—14 — HoMepa paitoHOB (cM. puc. 1a).

Bcex rpymnn cornocraBuMo. HopmupoanHeie kK UCC
COIepsKaHUSI DIIEMEHTOB MOKA3aHbI HA pUC. 5 1 6.

OBCYXJIEHMUWE 1 BbIBO/bI

MaxkcuMmanbHble BeanmyuHbl Zr/Sc m Th/Sc Bo
Bceil BBIOopKe 1mpo6 He npessiaoT 20 1 0.76. Coot-
BeTCTBeHHO Ha auarpamme Zr/Sc—Th/Sc [McLen-
nan et al., 1993] ¢urypaTuBHbIE TOUKM TOBEPXHOCT-
HBIX OCAIKOB pPACTOJIOKEHBI B 0O0JacTU TpeHIa,
oIpeesisieMOli COCTaBOM MOPOJ Ha MajeoBon0cOo-
pax (puc. 7a). I3 ckazaHHOTO cJIenyeT, YTO TOHHBIE
ocagku Hopsexkcko-IpeHmaHackoro d6acceifHa clio-
KeHbl MaTepuajoM IIepBOro CeAMMEHTAIlMOHHOIO
mukia. CienoBaTeIbHO, TEOXUMUIECKIE XapaKTepr-
CTUKHM OCAIKOB TO3BOJISTIOT JOCTaTOYHO KOPPEKTHO
CYIUTb O COCTaBE MOPOJI-UCTOYHUKOB CJIaraoiiein nx
ATIOMOCUITUKOKIIACTUKM.

CootHouieHue JIP3D u TP3D B meauToBbIX U
ajleBpUTO-NeanuToBbix unax (rpymmna 3) Hopaexcko-
I'pennanackoro 6acceitHa momMeniaeT nx GUTrypaTuB-
Hble TOUKU MeXIy pedepeHTHbIMU TouKaMu PAAS u
CpeaHero Me30-KaiHo3oiickoro 6a3anbsta K. Konon.
Pa3znoo6pa3Hbie mopogHble accoumannu Mcmanonm

JIUTOJIOIA U NOJIE3HBIE NCKOITAEMBIE

[Hards et al., 1995; Slater et al., 2001; Kokfelt et al.,
2006; Peate et al., 2009] o 3TMM mapaMmeTpaM TaKkKe
3aMEeTHO OT/IMJaloTcst oT wioB [MacioB u ap., 20220].
CkaszaHHOe JaeT OCHOBaHWE CYUTATh, UTO WUJIBI TPYTI-
ITbI 3 CJIOKEHBI MPOAYKTAMMU Pa3pylIeHU KaK OCHOB-
HBIX, TaK M KUCJIbIX MarMaTu4eCKux IOpod, a JOJIst
MOCJEIHUX B HUX HECKOJIbKO BHIIIIE.

Benuuunst (La/Yb)y, (Gd/Yb)y u Eu/Eu* co-
CTaBJISIIOT IJISI M€30-KaitHO30MCK1X 0a3aIbTOB COOT-
BercTBeHHO 2.75, 1.20 m 1.07, a mist apXeiicKux rpa-
HuTOMOOB — 16.89, 1.89 m 0.48 (Bce IO HAHHBLIM
[Condie, 1993]). PaznuuHble MOpOIHbIE ACCOLIMALIMU
HMcnangum xapakTepu3ylOTcsl 3HAUYCHUSIMM Ha3BaH-
HBIX MapaMeTpoB B npeneiax 0.69—5.42, 0.96—2.30 u
1.00—1.12 [Hards et al., 1995; Slater et al., 2001; Kok-
felt et al., 2006; Peate et al., 2009]. Takoii pedepeHT-
HBIIT 00beKT, Kak N-MORB [Gale et al 2013], umeer
sHayeHust (La/Yb)y, (Gd/Yb)y u Eu/Eu* 0.86, 1.12
u 0.97.

I[Ipu ucnonb30BaHUM 3TUX JAHHBIX IJIS MHTEP-
Iperalnyuy IapamMeTpoB cHekTpoB P3D moBepxHO-
CTBIX TOHHBIX ocankoB HopBexcko-IpeHnaHackoro
OacceliHa HEOOXOOAMMO MOMHUTH 00 OJTHOM BaXHOM

Ne 5 2023
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Puc. 7. INonoxeHre (purypaTUBHBIX TOYEK Pa3HbIX TPYIIIT MOBEPXHOCTHBIX TOHHBIX OCAIKOB B pa3HbIX paitoHax HopBexcko-
I'pennannckoro 6acceitna Ha quarpammax Zr/Sc—Th/Sc (a), La/Sc—Th/Co (6), Eu/Eu*—Th/Sc (), (La/Yb)N—Th/Sc (r, 1),
Cr/Th—Th/Sc (e) u (La/Yb)n—Eu/Eu* (x, 3).

1—5 — aIfOMOCUJIMKOKIIaCTUYEeCKUE ITecyaHO-aJeBpuTOBbIe ocanku (1 — paiioH 4, 2 — paiioH 5, 3 — paiioH 6, 4 — paiion 9, 5 —
paiion 13); 6—9 — ¢popamuHudepoBbie necku (6 — paiioH 5, 7 — paiion 7, 8 — paiion 12, 9 — paiion 14); 10—20 — nesiMTOBBIE U
aJieBpUTO-IeanToBbie Wbl (10 — paiion 1, 11 — paiion 2, 12 — paiioH 3, 13 — paiioH 4, 14 — paiion 5, 15 — paiioH 6, 16 — paiion
7, 17 — patioH 8, 18 — paiton 9, 19 — paiion 10, 20 — patioH 11); 21 — PAAS; 22 — ES; 23 — NASC; 24 — cpennuii apxeiickuit
apruuInT; 25 — cpeaHue rpaHUTOUIBI apxes; 26 — cpeHue 0a3aibThl Me30-KaiiHo30s; 27 — N-MORB; 28 — pasinuHbie 1Mo-
ponHbie accouuranuy Mcnannuu (uudpbl y MaieHbKUX 3Be3aouek: 1 — 6a3anpThl Mcnannuu [Wood et al., 1979], 2 — ByakaHu-
yeckuii ieHTp Snaefell [Hards et al., 1995], 3 — cermenT Theistareykir CeBepHoii BynmkaHu4eckoit 30HbI [Slater et al., 2001]),
4 — HeoBynkanuudeckue 30HbI [ Kokfelt et al., 2006], 5 — moayocTtpoB Peiikbsinec [ Peate et al., 2009]); 29 — GazaibThl B UCTOKAX

p. XBura S; 30 — ocanku ycThs p. XBUTa S, Bce o [Thorpe et al., 2019].

obcrosTenbcTBe. B mybnukaiuu [Thorpe et al., 2019]
paccMOTpeHBI U3MEHEHUS COCTaBa U TeOXMMHUIECKUX
0COOEHHOCTEI 0CagKoB MEePBOIo IMKJIA HEOOJIBIIOMN
(npotrsckeHHOCTh ~130 xM) peku XBura S (Hyvita S)
Ha roro-3armaae Mciaanauu, Bogocoop KOTOPOI CJIo-
KeH IuieificTolleHOBBIMU (~82%) W MOCTIIISIIHATb-
HbiMU (~18%) GaszasbTamMu. ABTOpaMU BbISICHEHO,
YTO Jaxke B YCIOBUSIX XOJIOAHOTO KMMaTa MpU K-
POKOM pacnpoCTpaHEHWH JICTHUKOB, B BEpXHEil Jya-
CTM BOAOCOOpa HAUMHAETCSI XMMUYECKOE BBIBETPU-
BaHUe, TIPUBOISINEE K TOSBICHUIO B OcaagKaX BTO-
PUYHBIX TIPOAYKTOB U3MEHEHUs 6a3aibTOB. BHU3 110
TEYEHUIO CTEIeHb XWMWYECKOTO BBIBETPUBAHUS

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 5

ocankoB HapacTaeT. [To Mmepe yMeHblIeHUs1 pa3Mepa
3epeH MarIeCcKre MUHEPAJIbl B OCaIKaX CTAHOBSIT-
csl MEHee paclpOoCTpaHEHHBIMU, a MeJIKast (PpaKIvst
oboraliaeTcsi CMEKTUTOM W PEeHTreHoamMopGhHbIMU
¢dazamu. MeHsieTcsl U pacnpeneaeHe JaHTaHOUIOB.
Eciiu ucxonHble 6a3ajibThl XapakKTepu3yloTcs 3HaUe-
Husimu (La/Yb)y u Eu/Eu* coorBercTBeHHO 2.53 M
0.74, TO 711 TOHKO3EPHUCTHIX (<45 MKM) pEYHBIX
0CaJIKOB MPUMEPHO B 25 KM HUKE IO TeYEHUIO OT Me-
cTa B3sATUS OOpasila KOpPEeHHBIX IMOpoI MapameTp
(La/Yb)y paBeH yxe 3.84. [TpumepHo B 100 KM HUXe
OH cocTaBJisieT 5.86, a B ycThe peku — 5.60. BennuunHa
Eu/Eu* nipu stom He meHsieTcda. Takum oOpazoMm,
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MOXHO IOyMaTb, YTO paccMaTpuBaeMble Jajiee Wbl
C OTHOCUTEJIBHO HU3KUMU (~5—7) 3HaAUYEHUSIMU
(La/Yb)y cioxeHbl MaTepraioM, IJisl KOTOPOTo Be-
JIMYMHBI HA3BaHHOTO MapaMeTpa B MAaTEPUHCKUX MO~
poliax MOTJIU OBbITh €11e HUXE, T.€. COIMOCTABUMBI C
MPUCYIIIUMU Oa3aTbTaM.

HuanazoH (La/Yb)y B ajllOMOCHJIMKOKJIACTUYE-
CKUX IIeCYaHO-aJIeBPUTOBBIX ocamkax (rpymma 1)
Hopsexcko-IpeHnaHackoro 06acceiiHa COCTaBISIET
5.49—13.51. I1pu 3TOM ocanku paitoHoB 4, 5,6 1 9 06-
JlanaloT BecbMma BbicOKMMU BeanuuHamu (La/Yb)y
(11.26—13.51), Torga Kak rnecyaHoO-aJeBPUTOBBIE OCAI-
ku paitoHa 13 (Mcnanncko-@Papepckuii mopor) xa-
paKTepU3yIOTCs 00jiee HUBKUMU 3HAUYEHUSIMU ITOTO
mapameTtpa (5.49 u 5.86). OtHomrenue (Gd/Yb)y B
ocanakax rpymisl 1 uamensiercs ot 2.03 go 2.52 (cpen-
Hee — 2.24 £ 0.16). Han6Goee BoIpaskeHHOE JETIETH-
poBanme TP3D HabmonaeTcs B ITecY4aHO-aJIEBPUTOBBIX
ocajgkax paiioHa 5 (IOmHOXHE KOHTUHEHTaJbHOIO

3k
ckioHa bapenuesa mopst). Benmnunna Eu/Eu . e

IUIST OCagIKoB 3TOM rpynmbl paBHa 0.75 = 0.12, a Mak-
cumanbHoe 3HaueHue (1.02) cBOICTBEHHO IMOBEPX-
HOCTHBIM JOHHBLIM OCaJKaM IOXKHOTO OKOHYaHUS
xp. MoHa. Bce ckazaHHOe mpenmosaraeT, 9YTo 3a 1C-
KmoueHueM ocainkoB Mcianacko-@Papepckoro mo-
pora mecdyaHO-aJIeBpPUTOBBIE OCAAKM BCEX IPYTUX
paiioHOB CJIOXEHBI MPOAYKTAMMU pa3MbIBa 3PEJIbIX B
reOXUMHUYECKOM OTHOIIEHUN KOMITLJIEKCOB TTOPOI.

DdopamuHudepoBbie Iecku (rpymra 2) paiioHoB 5, 7
u 14 obnanaroT BbicokuMu BeauunHamu (La/Yb)y
(12.01—12.67). Takue xe ocagku paiioHa 12 (Jar-
CKUI MPOJIMB) XapaKTepU3YIOTCs CYIIECTBEHHO 0O-
Jiee HU3kuM 3HaueHuem (La/Yb)y (7.51). dns ocan-
KOB JAHHO I'pyIIbI TAKXKe KaK U JJ1s1 OCAAKOB IpyTI-
bl 1 CBOMCTBEHHO HEKOTOpPOE JeIJICTUPOBAaHUE
TP3D ((Gd/Yb)nepemiee = 229 £ 0.08, mranason — 2.21—
2.48). Cpennee 3nauyenune Eu/Eu* mis Hux cratuctu-

YECKU HE OTIIMYAETCS OT BEJIMYMHBI Eu/Eufpe[lHeC TS
ocankoB rpynmnsl 1. Takum ob6paszom, hopamMmuHUude-
poBble Tiecku JlaTckoro MmposivBa, Mo Bceil BUAUMO-
CTU, COJIEPKAT 3aMETHYIO J10JII0 MPOAYKTOB pa3MbIBa
OCHOBHBIX BYJIKAHMYECKUX Topon McnaHmuu uiu
0a3aJIbTOB BOCTOKA WJIM I0TO-BOCTOKA IpeHnaHanu.
TeppurenHass mpuMmech, OCHOBHOM HocuTellb P30,
B TaKUX K€ Ocajkax Apyrux paiioHoB Hopsexcko-
I'pennanackoro GacceiiHa (KOHTMHEHTAJIbHOE IMOM-
Hoxue bapeHiieBa Mopsi, LIEHTpaJIbHasl YacTh Xp. KHu-
MOBUYA, BOCTOUHASI oKpanHa [PpeHIaHICKOTO MOPs)
MpencTaBjieHa MPOAYKTaMU pa3MbIBa 3peJibIX B Ieo-
XUMHWUYECKOM OTHOIIEHUN KOMILJIEKCOB MTOPO/I.
ITapamMeTpbl HOpMUPOBAHHBIX HA XOHAPUT JaHTAa-
HOMJOB B OcaJiKaxX IrpyIiIibl 3 (ITeJUTOBbIE U ajleBpU-
TO-TIEJIMTOBbIE WJIbI), KaK MOKa3aHO B MyOJMKalUu
[Macnos u ap., 20226], BappupyIoT oT 5.26 1o 18.58
((La/Yb)y) u ot 0.62 mo 0.96 (Eu/Eu*). [1pu 3tom
HU3KUE WK T0CTaTOYHO HU3KMe BeandrHbl (La/Yb)y
HaOmogaroTcs B 4-X U3 5 Ipo0 JOHHBIX OCAJIKOB paii-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

MACJIOB u np.

oHa 1 (KOHTMHEHTAJILHBIN CKJIOH HopBerum), B 2-x
n3 4 npo0 paiioHa 4 (paiioH K 1ory ot llInmuiideprexa)
U B IIpo0Oe u3 paitoHa 8 (xoxxHast 9acthb xp. KomboeitH-
ceit). Bce 3T0 TakKe MOKa3bIBaeT, UTO CPeAr TOHKO-
3epPHUCTBIX MOBEPXHOCTHBIX ocaakoB HopBexcko-
I'peHnaHackoro 6acceiiHa ecTh Wbl KaK ¢ 3aMETHOM
JIOJIei TIPOIYKTOB pa3pyllleHUsI OCHOBHBIX MarMaTH-
YeCKMX MOPOJ, TaK U mopoxd Kuciaeix. Misl ct. 6840
(KOHTMHEHTaJILHBIN cKJIoH IIInuiidepreHa) mo oTHO-
meHuo (La/Yb)y moctaTouno 6au3ku K PAAS (co-
orBercTBeHHO 9.88 m 9.15). B mimax, mMoOmHSTBIX Ha
craHnusx 6814, 6815, 6816, 6817 (KOHTUHEHTAJIbHBINI
ckiion CkangnHaBuu), 6175 u 6841 (xemo6 Crtyp-
dropm), a Takxke 6149 (ceBepHOE OKOHYaHME Xp. Mo-
Ha), BeauuyuHbl (La/Yb)y HECKONbKO HUXE, YeM B
PAAS, HO 3aMeTHO BHBIIIE, YeM B MJIaX I0XKHOI 4acTu
xp. Konbeitnceit. 3HaueHus Eu aHomanum B HUX
MeHble, yeM B PAAS (0.71—0.77 nporus 0.65). He-
CKOJIBKO OTJIMYaeTCsl OT MOAaBJSIONIEro OOJIbIIUH-
CTBa IIEPEeYMCICHHBIX BhIIle IIpob P3D-cucremaTnka
WIOB cT. 6143 (1oXXHOEe OKOHYaHue Xp. MoHa). s
HUX XapakTepHo 3HaueHue (La/Yb)y 6osee BbicoKOE,
YeM TO, YTO CBOMCTBEHHO apXeMCKUM rpaHUTOUIAM,
Habmonaercs nepuuut TP3D u orcyrcrBue Eu aHo-
Mmanuu [Macios u np., 20226]. HopmupoBaHHBIE Ha
XOHAPUT CHEKTphI pacripenencHuss P3D B ocamkax
BCEX TpeX IPYIII U psife pedepeHTHBIX 0OBEKTOB IT0-
KazaHbl Ha puc. 8.

11 olleHKM cocTaBa MOPOA-UCTOUHUKOB TOHKOM
AJTIOMOCUJIMKOKJIACTUKUA B MTOBEPXHOCTHBIX TOHHBIX
ocankax Hopsexxcko-IpeHnaHmckoro 6acceiita (¢ yde-
TOM TOTO, UTO OHM CJIOXKEHbI MaTepuajioM TMEPBOIO
CeIMMEHTAllMOHHOIO 1IMKJIa) HAaMMU TakKXke TMpUBJIe-
YyeHbl AaHHbIe O comepxaHuu La, Sc u Th B psne
KOMIIJIEKCOB TTOpPOJ, BCKPBIBAIOIIMXCS HA AHEBHOM
TMMOBEPXHOCTU B TPUOpEXHBIX pailoHax BocTouHoit
I'pennangnu, Dapepckux U JIopoTeHCKUX OCTPO-
BoB, 3ananHoro IInuuoeprena u 3amagHoii CkaH-
IUHaBUU (1IEJI0YHbIE YIbTPAaOCHOBHBIE JaBbl CeBe-
po-Bocrounoit I'pennanoum [Bernstein et al., 2000],
rpaHoaoputsl Lyngdal m Tranevag, a Takke rpaHU-
Tel Red HOxnoi1 HopBeruu [Bogaerts et al., 2003],
rpanuTonasl Bangenhuk Hio @pucnang, IHmncep-
reH [Carlsson et al., 1995], MeTaaHOPTO3UTHI U Tpa-
HaTcojepKalle rHeiichkl 3amaaHoro rHeiicoBoro pe-
ruoHa Hopseruu [Cotkin, 1997; Peterman et al.,
2009], cunel u gaiiku 6a3aneToB Jameson Land Ba-
sin, Bocrounast I'pennanous [Hald, Tegner, 2000],
MAK TUKPUTOB M OJIMBUHOBBIX 6a3anbToB Dapep-
ckmnx octpoBoB [Holm et al., 2001], kBapI-1moaeBo-
LIMAaTOBbIE Mopoabl najgeonporepo3osi Cesepo-Bo-
crouHoii I'penmangun [Kalsbeek, 1995], mopons cy-
MpakpycTajbHON mnocienoBareabHocTH Krummedal
U JeMKoTpaHUThl KajenoHua BoctouHoit peHnaH-
muu [Kalsbeek et al., 2001], aHOPTO3UT-MaHTEPUT-
yapHOKUT-TpaHUuTHBIN (AMCG) komruiekc Jlogo-
TeHCKUX ocTpoBoB [Markl, 2001], wmetaba3uThl
Buemrnux I'edbpun [Mason et al., 2004], a Takke rad-
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Puc. 8. HopMupoBaHHBI€ K XOHIPUTY CIIEKTPHI pacrpeneneHust P3D B JOHHbBIX ocaikax pa3IUyHbIX IpyI (a, 6 — alloMocu-
JIMKOKJIACTUYECKUE MeCUaHO-aJIeBPUTOBbIE OCaKU, B — (hopaMUHUDEPOBBIC MECKU, T, 1, € — MEJIUTOBbIC U aJIEBPUTO-MEJIM-
TOBBIE WIIbI) 1 paitoHOB (1—14, cm. puc. 1a) Hopsexcko-Iperianackoro 6acceiiHa.

N-MORB — cpenHne HopMaslbHbIE 6a3aJIbThl CPEINHHO-0KeaHnYecKux xpe6ToB [Gale et al., 2013]. TPH g — rpanuTonas! ap-
xest; BA3y 7.z — 6a3aibThl Me30-KaitHo3051, Bee 1o [Condie, 1993]. Cepslit doH — ob61actu criektpos P30 6a3aneros (B) u
nukputoB (IT) pazanuyHbIX TOpoaHbIX accounanuii MUcnannum, o [Hards et al., 1995; Slater et al., 2001; Kokfelt et al., 2006;

Peate et al., 2009].

6po, TPOHOBEMWUTHI W pUOJALUTHI TpoHAXeliMa,
Hopserus [Slagstad, 2003]).

Kpome HUX MBI MCITOJIB30BaM aHAIUTUYECKHE
JMlaHHBIE IUIS1 pa3IMYHBIX KOMILIEKCOB opoa MciaH-
mun [Hards et al., 1995; Slater et al., 2001; Kokfelt
et al., 2006; Peate et al., 2009], cpeau KOTOpPHIX Mpe-
00J1a7al0T HU3KOKAJIMEBBIE TOJEUTOBBIC Oa3albThl
IpU IMTOAYMHEHHOM POJIN CyOIIEIOYHBIX U IIEJIOUHBIX
pa3HocTeii, 6a3aHUTOB, HE(PETMHUTOB U IPYTUX MO-
noOHBbIX Topon. IlocnemHue pasHOCTH (CyOlIenou-
HBIe 6a3aJIbThl 30HbI TPAHC(POPMHBIX Pa3IOMOB U
xp. SIH-MaiieH) nipencTaBieHbI B Halllell BLIOOPKE 110
MaTepuanaM 13 pabotsl [UepHrbllieBa, XapuH, 2007].
DTO He 3HAYMT, KOHEYHO, YTO MMEHHO Ha3BaHHEIE
KOMILJIECKCHI BLICTYTIAJIM HETTOCPEACTBEHHO NCTOYHU -
KaMyd MaTepualia, cJiararollero aJloMOCHUJIMKOKIIa-
CTUYECKUEe M KapOOHATHBIE IEeCYaHO-aJeBPUTOBLIC
0CalIK!, a TAKXKe MEJITUTOBbIE U aJIeBPUTO-TIETUTOBbIC

JINTOJIOTUA U INTOJIE3SHBIE UCKOIMAEMBIE  Ne 5

el HopBexkcko-Ipennanmckoro 6acceitHa, HO co-
CTaB MX, HECOMHEHHO, MOXHO paccMaTpuBaTh Kak
HEeKUI Mpooopa3 TAKOBLIX.

Pacrnipenenenue (purypaTMBHBIX TOYEK TTOBEPX-
HOCTHBIX JOHHbIX ocankoB Hopexcko-IpeHnaH-
CKOro OacceiiHa UM CpemHUX TOUYEK COCTaBa pas3januy-
HBIX TIOpOAHBIX accouuauuii Hopsexcko-IpeH-
JaHackoro OacceiiHa Ha quarpamme Th—La [Taylor,
McLennan, 1985] nmoka3aHno Ha puc. 9a. IlomaBnsio-
mee OOJILIIMHCTBO TOYEK OCAIKOB BCEX TPEX TPYIIII
Ha yKazaHHOM rpacduke HaxoauTcsl Mexay pede-
PEHTHBIMU TOYKAMU CPEIHUX apXeHCKUX TPAaHUTOU-
JIOB U CPEAHUX ME3030MCKO-KafHO30MCKNX Oa3aib-
toB K. KoHau [Condie, 1993], uto yka3biBaeT Ha
BKJIaJl B MX COCTaB KaK KUCJIbIX, TAK U OCHOBHBIX Mar-
MaTtudeckux Topos. PacrpeneneHne ToYeK cocTaBa
MecyaHo-aJeBPUTOBBIX, MEJIUTOBBIX U aJIeBPUTO-TIe-
JIMTOBBIX OCaJKOB Ha rpaduke Mo3BOJSIET TaKXKe Iy-
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Puc. 9. PacnpeneneHne GpurypatuBHbIX TOYEK MOBEPXHOCTHBIX JOHHBIX OCAIKOB pa3anyHbIX rpyrnin Hopsexcko-IpeHnanm-
cKoro OacceifHa U CpeIHUX COCTABOB BO3ZMOXHBIX KOMIUIEKCOB MOPOI-UCTOYHNKOB aTIOMOCUIMKOKIIACTUKY Ha AMarpaMmax
Th—La (a) u Sc—Th/Sc (6, B).

Hudpsl B KpyxKKax: 1 — IIeJ04YHbIe YIBTPaOCHOBHBIE JIaBbl, CeBepo-BocTounast ['pennanous; 2 — rpaHoguopuTsl Lyngdal u
Tranevag, rpanutsl Red, OxHast Hopserusi; 3 — rpanutouast Bangenhuk, HnunGepreH; 4 — MeTaaHOPTO3UTHI 3aMagHOTO
rueiicoBoro pernoHa, Hopserus; 5 — cuuibl 1 naiiku 6a3aibToB, bacceitn Jameson Land, Bocrounast I'peHnanaus; 6 — naiiku
MUKPUTOB U OJIMBUHOBBIX 0a3aibToB, Papepckue ocTpoBa; 7 — KBaplI-TTOJIEBOIINATOBBIE MOPOIbI MaJeOMPOTEPO30HCKOTO
dynmamenTa, CeBepo-Bocrounas [pennanmms; 8§ — mopoasl cynpakpycTaibHOM nocienoBatenbHocT Krummedal u neiiko-
rpaHuThl KasienoHun BoctouHoii ['pennanaun; 9 — noponst AMCG-accouuanuu, JlodporeHckue octpoBa; 10 — MeTaba3uThl
Buemrnux I'eO6pun; 11 — rab6po, TPOHIbeMUTHI U pUOAALUTHI, TpoHaxeitM, HopBerust; 12 — rpaHaTcomepsKaiiye THeiChl 3arai-
HOTO THelicoBoro pernoHa, Hopserust; 13 — cy6iieiouHble 6a3aabThl 30HBI TPAaHC(OPMHBIX pa3JIoMOB U xpebTa SAH-MaiieH.
(B): 1 — craHmapTHOE OTKJIOHEHUE (E 16); 2 — aJlIOMOCUIMKOKIIACTUYECKHE TIECUaHO-aJIeBPUTOBBIE OCallKU; 3 — (hopaMUHU-
(epoBblie necku; 4 — MeIUTOBBIE U aJIEBPUTO-TICIUTOBBIC WIIbI; [1pSIMOYTrOJIbBHUKY TTOCTPOESHBI IO JAHHBIM O cpeHeM apud-

MCTUYCCKOM U CTAaHAAPTHOM OTKJIOHECHUHU IMMapaMETpOB IJId KaxX1oi u3 paccMaTpuBaCMbIX HAMU I'PYIIIIL.

OcranbHble YCJIOBHBIE 0003HAYEHUSI CM. puc. 7.

MaTb, YTO UCTOYHUKAMU CJIaraloliero ux Marepuvaia
MEePBOTo CeIMMEHTALIMOHHOTO [IUKJIa HE MOTJIU, CKO-
pee BCero, SIBJISITbCSI KOMIJIEKChI TOPO, CXOMHBIE T10
COCTaBy CO II€JIOYHBIMU YJIBTPAOCHOBHBIMU JIaBaMU
CeBepo-BocTounoit I'pennananm, rpaHOIUOPUTAMU
Lyngdal u Tranevag, rpanutamu Red IOxHoii Hop-
Beruu u Bangenhuk IlInuubeprena.

Her mepexpbiTHsl Ha Ha3BaHHOW AuUarpamme u
MeXAy O0JacThI0 TOYEK COCTaBa IIOBEPXHOCTHBIX
JOHHBIX OCAIKOB W MOJSIMU (PUTYpaTUBHBIX TOUEK
MUKPUTOB U OJIMBUHOBBLIX 06a3albToB DapepcKux
OCTPOBOB, a TaKXe KBapll-IMOJEBOIIIATOBBIX ITOPOL
dyHnamenTta Cesepo-BocrouHoit I'pennanauu. Ha-
MPOTUB, 3HAYUTEIbHOE MEPEKPBITHE O0JACTU BCEX
¢GpuUrypaTMBHBIX TOUYEK OCATKOB HAOJIIOOAETCSI C TIOJISI-
MU, 00pa3yeMbIMM TOUKaMM cOcTaBa 6a3aabTOB Oac-
ceiiHa Jameson Land, a Tak:ke puUTypaTUBHBIMH TOY -
KaMU MOPOoJ, CYIIPpaKpyCTaIbHOM MOCIeI0BaTeIbHOCTU
Krummedal u neiikorpaHuTtoB KajegoHun Boctou-
Hoil I'pennanauu, nopox AMCG-accouunanuu Jlo-
¢$OTEeHCKUX OCTPOBOB, rabdopo, TPOHALEMUTAMU M
puomauuTamMu TpoHaxeiiMa M CyOILIeI0YHBEIMU Oa-

JIUTOJIOIUA U IMOJIE3HBIE NCKOITAEMBIE

3aJIbTaMU oKpecTHocTeil o. SIH-MaiieH. Pedepenr-
Has Touka N-MORB u cpenHue cocTaBbl IIOpOI ByJI-
KaHM4eckoro mHeHTpa Snaefell U HeoBYJIKaHUYECKUX
30H Mcnanauy oTcTOST OT 00JIAaCTH pacIpoCTpaHe-
HUSI MOMABJISIONIETO OOJBIIMHCTBA (DUTYPAaTUBHBIX
TOYEK BCEX TPEX pacCMaTpUBAEeMbIX HAMU TPYIIIT JOH-
HBIX ocangkoB Hopsexcko-I'pennanuckoro dacceitHa
JIOBOJIbHO nayieko. Cpeau 0caJkoB C OTHOCUTEILHO
HU3KUMU conepkanussMu La u Th mHTepecHoO oT-
METHUTh CXOICTBO COCTABOB aJIIOMOCHINKOKJIACTAYE -
CKHX TIecYyaHO-aJIeBPUTOBBIX OCaaKoB paiioHa 13
(Ucnannocko-®Papepckuii Topor) ¢ COCTaBOM CUILJIOB
" naek 6a3anbpToB bacceitna Jameson Land, a Takke
6azanpramu Mcmannuu, mo [Wood et al., 1979], u no-
pomamMu ByJKaHW4eckoro ueHtpa Snaefell. Touka
dopaMuHUDEPOBLIX TTeCUaHUKOB paitoHa 12 (Jar-
CKUi1 TIPOJINB) pacIiojioKeHa BOJIM3M TOYEK COCTaBa
NUKPUTOB M OJMBUHOBEIX 0a3anbToB PapepcKux
OCTPOBOB U IIOPOJA HEOBYJIKaHUYECKUX 30H McmaH-
IVUH, a TOYKW TICIMTOBBIX U aJIEBPUTO-IICIIMTOBBIX
WI0B paitoHoB 6 (menbd [numndeprena), 8 (xoxkHOe
okoHuaHue xp. KonbeiiHceit) n 9 (1o’)kHO€ OKOHYA-
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HUe Xp. MoHa) TATOTEIOT 31eCh K pedepeHTHOM TOU-
Ke Me30-KaliHo3oiickux 6a3anbToB K. KoHnmu.

Ha nnarpamme Sc—Th/Sc [Fedo et al., 1997] no-
JIaBJIsioniee OOJBIIMHCTBO (PUIYpaTUBHBIX TOUYEK
BCEX TPEX I'PYIIT NOBEPXHOCTHBIX TOHHBIX OCAITKOB
Hopsexcko-IpeHnanackoro 6acceiiHa Takxke pac-
MOJI0KEHO MeXIY pedepeHTHBIMU TOYKaAMU CPETHUX
apXeMCKMX TPAaHUTOMAOB U CPEIHMX ME3030MCKO-
KaliHo3oiickux 6azansToB K. Konau (cMm. puc. 90).
Bue ykazaHHOiT oOnacTu, T.€. XapaKTepu3ysCh, IO
BCeil BUIMMOCTH, IIpeo0JIafaHeM B CBOEM COCTaBe
MPOIYKTOB pa3pyllieHNs] OCHOBHBIX MarMaTUYeCKUX
IIpoHd, HAaXOISATCSI OB€ TOYKM aIlOMOCHIMKOKIACTH-
YeCKMX MeCYaHO-aJIeBPUTOBBIX OCAIKOB, MOTHSITHIX
Ha Mcnanacko-PapepckoM 1mopore, U Touka ¢opa-
MUHUGEPOBBIX MEeCYaHUKOB JlaTCKOro mpojuBa.
M3 ckazaHHOTO MOXHO, OYEBUIHO, CIeJIaTh BHIBOI,
YTO FeOXMMUYECKHE XapaKTepUCTUKN, & UMEHHO —
comepxkanue Sc 1 Th moBepXHOCTHBIX JOHHBIX OCaJI-
koB Hopsexcko-Ipennanackoro dacceifHa B 3HaUN-
TEeJIbHOM CTETEeHU COIOCTAaBUMBI C aHAJOTUYHBIMU
XapaKTepPUCTUKAMU TaKMX IOPOOHBIX aCCOLIMALIMIA,
Kak rpaanTonasl Bangenhuk, IInmnm6eprena, cympa-
KpycTajibHasi mocienoBaTeabHocTh Krummedal u
JIeKOrpaHUTHl KajenoHua BocrouHoit I'pennaH-
muur, mopoabl AMCG-accoumannm JlodporeHCKIMX
OCTPOBOB, TI'paHaTcojJepKalllue THelchl 3amnaaHoro
rHelicoBoro pernoHa Hopseruu u cyOliie10uHbIe 0a-
3aJIbTHl 30HBI TPAHC(OPMHBIX pa3aoOMOB M Xp. SH-
MaiieH.

Ha paccmatpuBaeMoii nuarpaMmme MOXKHO BUACTD
ellle OIHy MHTEPECHYI0 OCOOEHHOCTh MCCleNOBaH-
HBIX 00pa30BaHWI, a UMEHHO — TIOCTPOCHHBIE TIO
CPEIHUM JJIsl pa3HbIX I'PYII OCAAKOB COACPKAHUSIM
Sc n BeamumHaMm Th/Sc ¢ ydeToM ITOrpenrHocTeit
MPSIMOYTOJIBHUKY TTIOJTHOCTBIO TIEPEKPBIBAIOTCS (CM.
puc. 9B). DTo TpearnosaraeT, Kak U ciaeaoBajio, IO
BCeil BUIUMOCTH, OXKUAATh, YTO TEOXUMUIECKHE Xa-
PaKTepUCTUKM OCAIKOB BCEX TPEX TPYITIT KOHTPOJIU-
pYIOTCSI OMHUMU U TEMHU XKe KOMILUIeKCaMU MOpPOJ-
WCTOYHUKOB TOHKOM aTIOMOCUINKOKIACTUKH.

3aBepiras oocyxaeHue (pakTUIECKOTO MaTrepua-
Jla, MOXHO C/ieJiaTh BBIBOJ, YTO PACIIOJIOKEHUE Ha
JTUCKPUMUWHAHTHBIX IMarpaMMax (purypaTuBHBIX TO-
YyeK MOBEPXHOCTHBIX JOHHBIX ocaakoB HopBexcko-
I'pennanackoro OacceifHa MexXay pedepeHTHBIMU
TOYKaMU CPEIHUX apXeHCKUX TPaHUTOUIOB U ME30-
KalfHO30MCKMX 0a3aJbTOB (K ITOC/IeIHEel B BHIOpaH-
HOM MacilTade B TOW WU UHOW CTENEHU TATOTEIOT
TOYKM Pa3IMYHBIX MOPOIHBIX accolmanuii McmaH-
aun 1 pepeperTHast Touka N-MORB) npennonaraer
MPUCYTCTBUE B MX cocTaBe 3ameTHoM (oT 20 mo
30—40% 1o cootnomenuo Cr/Th u Th/Sc [MacnoB
u 1p., 202206]) goau IIpoayKTOB pa3MbiBa MarMaTude-
CKUX TTOpOJI OCHOBHOTO cocTaBa. Cucremaruka P39
MOKa3bIBAET, YTO B3TO CBONUCTBEHHO TOHKO3EPHMU-
CTBIM TEPPUTEHHBIM OCaJKaM KOHTUHEHTAIbLHOTO
ckinoHa Hopsernn, 1oxxHoit yactu xp. KonbGeiiHceii,
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CeBepHOIo OKOHYaHMSA Xp. MoOHa, a TakKxke Kejgoda
Crypdropa.

Conepxanust La, Th, Sc u 3Hauenust Th/Sc B no-
BEPXHOCTHBIX MOOHHBIX OcCagKaX MHOIMX palilOHOB
Hopsexcko-Ipenmannckoro 6acceifHa OJIM3KHA K Ta-
KOBbIM TrpaHuTougoB Bangenhuk IIlnumGepreHa,
CUII0B U Jaek 6a3anbToB bacceiiHa Jameson Land, a
TaK:Ke TTOPOJI CYIIPaKpyCTaJbHOI MOCIen0BaTeIbHO-
ctu Krummedal u neiikorpanutoB KajenoHun Bo-
crouHoit [peHIaHanu, IIopoa aHOPTO3UT-MaHTEPUT-
YapHOKUT-TpaHUTHOM acconuanuu JlodoreHckux
OCTPOBOB, Ta00pO, TPOHALEMUTOB M PUOIALIUTOB
TpoHxeiiMa, rpaHaTcoAepXKalllMX THeicoB 3arai-
HOro rHelicoBoro permoHa HopBernu u cyoOienod-
HbIX 623aJIbTOB OKpecTHOCTel 0. SIH-MaiieH. OTo na-
€T OCHOBaHUeE I10JIaraTh, YTO FTEOXMMUYECKUE XapaK-
TEPUCTUKH KOMILJICKCOB ITOPOI-UCTOYHUKOB TOHKOM
AJIIOMOCUJIMKOKJIACTUKM ObLIM B TOM MJIM MHOM CTe-
MeHU OJIM3KM K XapaKTepUCTUKAM II€PEeUMCICHHBIX
MOPOIHBIX ACCOLIMAITUIA.

HameueHHbIE reoxuMuyeckue ocCOOeHHOCTHU MO-
BEPXHOCTHBIX JTOHHBIX ocagkoB Hopsexcko-IpeH-
JIAaHJCKOTO OacceitHa IeTaTu3upyoT OCHOBaHHbBIE Ha
aHajiu3e accolMalvMii IMHUCTBIX MUHEPAJIOB OCa/l-
KOB TIpelCTaBJeHMUs TIpeallecTBeHHUKOB [Berner,
1991; Hebbeln, Berner, 1993; Bischof, 2000; JleButan
u ap., 2007] u 0603HaYaIOT paMKU, KOTOPbIE HEOOXO-
JIUMO YYUTBHIBATh MPU JATBHEUIITINX UCCIEIOBaHUSIIX.
B nienom, HecMOTpsI Ha BIMsSIHUME HA (DOPMUPOBaHUE
BomHbIX Macc HopBexcko-Ipennanackoro 6acceiitna
KPYIHBIX TEYEHU I (TEII0ro u3 ATIIaHTUKU U XOJIOI -
HOTO TIOJISIPHOTO), TEOXMMUYECKUE XapaKTEePUCTUKHI
0CaJIKOB JOCTAaTOYHO XOPOIIO OTpaxKaroT BKJIaJ B UX
COCTaB BO MHOTMX pailOHaX TOHKOI allOMOCHUJIMKO-
KJIACTUKM U3 JIOKATbHBIX UCTOUHUKOB.
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Sources of Material for Surface Bottom Sediments in Some Regions of the Nordic Seas
(According to Geochemical Data)
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The mineral, bulk chemical (main rock-forming oxides) composition and systematics of rare-earth elements,
Sc, Cr, Zr and Th of surface bottom sediments taken in a number of cruises of the R/V Akademik Mstislav
Keldysh in the Nordic Seas (Mona, Knipovich, Kolbeinsey and Aegir ridges, the basins of the Norwegian and
Greenland seas, the continental slope of Svalbard, the western continental margin of the Barents Sea, etc.)
are considered to determine the sources of fine-grained material of bottom sediments. If for coastal sediments
the primary influence of terrigenous drift is obvious, then seaward sediments are affected by “relatively war-
mer” Atlantic waters, leading to their dilution with calcium carbonate, the main producers of which are
planktonic foraminifers. It is concluded that the source of fine-grained aluminosiliciclastics for most of the
studied samples were both acidic and basic igneous rocks (volcanic rocks of Iceland) in different proportions.

Keywords: Nordic Seas, surface bottom sediments, chemical composition, trace elements, sources of alumi-
nosiliciclastics.
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