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W3noxeHbl pe3ynpTaThl M3Y4YEHHs IIOJIOKCHMA TpPAHUIBI OJICICHEHHS B BOCTOYHOM
IIpUHOBO3eMeNbCKO yacTu Kapckoro mops. Mcnonp3oBaHue KOMILIEKCa METOAOB (ceficMopa3BeIKu
CBEPXBBICOKOTO  pa3pelleHHs,,  BBICOKOYACTOTHOTO  HEMPEpPhIBHOTO  CEHCMOAKyCTHYECKOTO
npoQUINPOBAHUS, MHOTOJIYYEBOIO 9XOJOTUPOBAHUS U JIp.) MOATBEPIUIIO paHee CACNAaHHbIA BBIBOI
0 TOM, 4TO Iesnb(pOBbIH JeqHUK 0. CEeBEpHBIN B MO3HEBAIIAUCKOE BpeMsl B BUJIE JIEOBOTO MOCTa
nepekpriBan Boctouno-HoBo3zeMenbckuii kemod W OCTaBMII Ha IPOTHUBOIIONIOKHOW €ro CTOPOHE
MOpEHHBI MaTepuan. [IpsAMBIM  [OKa3aTeIbCTBOM OSTOTO  COOBITHA  SBJSIETCS  BICPBBIC
oOHapyXeHHBIE Ha MPHHOBO3EMENbCKOM Ienb(e Kapckoro Mopss meramacmraOHas JieTHUKOBAS
JMUHEWHOCTh (T. H. «TUTAHTCKHE MIAIUanbHBIE 00po3apl). K 30HE KpaeBBIX JIETHHUKOBBIX (popm
CleyeT OTHECTH TaKKe OIHCAaHHBIC B paboTe 00pa30BaHHS MEPTBOTO IbAA - TEPMOKApPCTOBEIC
3aIaInHBL

Kirouebie cnoBa: Kapckoe mope, wenv@h, kpaesvie 1eOHUKOBbIE (POPMbI, Me2aMACUmMadHas
JIeOHUKO08ASL TUHEUHOCMb, TeOHUKOBbIE OMIONHCEHUS, MEPMOKAPCMOBble 3aNAOUHbL.

PexkoHCTpyKIIMSI TIPEBHHUX JIEIHUKOBBIX TMOKPOBOB OTHOCHTCS K TJIABHEHIIMM BOIPOCAM
naneoreorpadun miekcrorena [Mamuwos, 2008)]. Jlnst pemieHus 3Toi MpoOIeMbl IPUMEHSETCSI
HIMPOKUI KOMIUIEKC METO/I0B Tajneoreorpauyeckux pekoHCTpykuui. Cpenu HuX oco0oe MecTo
3aHMMAlOT  pa3HOOOpa3Hble  METOABl ~ TeoMOop(oJIOrHYecKkoro  aHaimu3a, B T.4.
najgeoreomMopdoaoruueckuit MEeTOJ [Poviuacos, 2016]. OmnpIT BOCCTaHOBJICHUS
najneoreorpaduuyeckux  coObITMH B  HEOIUICHCTOIlEHE M  TOJOLEeHe  IMoKas3al, 4YTo
najxeoreoMop(oIornueckuii MeToJ], Hapsily ¢ COOCTBEHHO MaJICOTIISIIIMOIOTMUYECKUM, SBIISIOTCS
OJITHUM M3 OCHOBHBIX IIPU HUCCIIEAOBAHUIX Maneoreorpaduyeckoro pa3BuTUs meabpa 1 MOPCKUX
noOepekni, 0COOEHHO MpHU PEIIEHUH BOIPOCAa O IPOCTPAHCTBEHHBIX pyOexkax IOCIEeTHEro
oneneHeHus.  Mcmone3yss — maneoreoMop(ojOTHYECKMH ~ MeTOJ] W, B YacTHOCTH,
MOP(OCKYIBNTYPHBIA aHamu3 GopM penbeda 3Ty TpaHUIly C JOCTATOYHON CTETNEHBIO TOYHOCTH
IPOBOJIAT C YYETOM PACIIOJIOKEHHS KPAeBhIX JIEAHUKOBBIX (hOpM: KpaeBbIX MOPEH, KaMOB, 030B,
3aHPOBBIX PaBHUH U T. 11. [Kpueep u op.,1983; @nunm, 1963].

Cpenu akTyaJlbHBIX BOIIPOCOB Tajieoreorpaguu aksaropuu Kapckoro Mopsi — xapaktep u
rpaHulla MOCIEAHEr0 HEeOIUIEHCTOIIEHOBOIO JeqHUKOBoro nokposa (anmoxu MUC 2). Mmenno
3aKOHOMEPHOCTH PaclpoCTpaHeHHs KpaeBbIX MopeH Kapckoro Mopsi, BEISIBIIEHHBIE € TOMOIIBIO
HemnpepbIBHOTO cericMoakyctuueckoro mnpodunupoBanus (HCAIT) u monHoro ompoOoBaHUS
[l aiinanos u op., 2005, /fubnep, 1968; Polyak et al., 2000; Polyak et al., 2002; Svendsen et al.,
1999] mocnyXWiu OCHOBOW Uit OOO3HAYEHHWsS MPEIIOJIaraeMON TpaHUIIBl ITOCIEIHETO
JIETHUKOBOIO MaKCHMMyMa BJIOJIb BOcTOYHOro 6opra  Bocrouno-HoBosemenbckoro sxenoda
[Svendsen et al., 2004 ], B T. u. Ha KapTte 4eTBepTHUHBIX 00pa3oBaHuii TeppuTopun Poccuiickoi
Oeneparun [ Kapma wemsepmuunwix ..., 2014 1.

Uccnenoanuss Ha HUC «IIpodeccop lltokman» B 3amagHoit dactu Kapckoro mops,
Bkovatrone HCAITL, sxonotupoBanue u mpo60oTdop, Mmokasaiu, 4To MocjeHee OJeeHeHne
Ha 1enbpe Kapckoro Mopst HOCHIIO CpaBHUTEIBLHO OTPaHUYEHHBIN XxapakTep. [ 1aBHBIM HEHTPOM
onenenenus apx. Hosast 3emnu 6bu1 0. CeBepHblil. KoHeuHO-MOpeHHbIE 00pa3oBaHus (O3 THHHA
BIOpM) ObLITM OOHApYKEHbI Ha 3amaJHoON OoKpanHe 3anaaHo-Kapckoro nmoaHsTHs, Ha HEKOTOPBIX
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TEPPacoOBBIX YPOBHSAX BOCTOYHOTO CKJoHa Bocrouno-HoBoszemenbckoro sxemoba u  Ha
OTJICNIbHBIX OCTaHI[AX BEPIIMHHON TMOBEPXHOCTH Yy 3alagHOro ckiIoHa xenoba. Cpennue
OTMETKM pacHpocTpaHeHusi MopeH coctaBmsitor  250-260, 140-150, 80-100 M Huxe
COBPEMEHHOT0 ypoBHS Mops [buprokos u op., 1989, /lynaes u dp., 1995]. Cnenyer 3aMeTUTb,
YTO 10 MHEHMIO psAJla aBTOPOB IOCJIEIHEE OJIEACHEHHWE paclpOCTPaHSAIOCh JMIIb Ha YacTu
Cesepnoro octpoBa Hooit 3emiu [ Pexanm u op., 2017].

HccnenoBanuss mocienqHux J€T € HUCHOJIb30BAaHUEM  JAHHBIX  CEMCMOpa3BEAKHU
CBEPXBBICOKOTO paspernieHus (CCBP) u BBICOKOYAaCTOTHOI'O HEIIPEPBIBHOIO
ceificmoakyctuueckoro npoduupoBanus (BU HCAII) moarBepaunw HaIWMYue MOPEHHBIX
obpasoBaHuii B paccmarpuBacMoM paiione (Puc. 1).

& apx. Hoeas 3emns ﬂf )/

y
Yw }/

0. CesepHbii B\J
Nif

Puc. 1. O630pHas kapTa paiioHa McciaeqoBannil. MakcumainbHas riyOuHa yuactka — 336 M, MUHAMaIbHAsE — 229 M.
Pacnionoxen B 70 KM K 10r0-BoCcTOKy OT apx. HoBast 3emitsi. VI3y4deHHbIiT yuacTOK pactonoKeH B yCThe OOLIMPHOM
JIOIMHOOOPAa3HOH AETPECCHH, OTKPBITON B CTOPOHY BocTouno-HoBo3emenbckoro xenobda.

B pesynprare aHanu3a BOJHOBOM KapTHUHBI B IPUIIOBEPXHOCTHOM 4YacTH pas3pes3a IIo
nanaeiM BY HCAII Beinensiercst nse ceiicmonauku (Cllla u CII16) (Puc. 2), rpanureit Mexmy
KOTOPBIMHU SIBIISIETCS MPOTSHKEHHBIN oTpakaronuii ropu3oHT HO1, oTy€TimBo kKoppenupyemblid
Ha BCEW IJIOIIA M UCCIIEI0BAHUM MO0 CMEHE aMILJIUTY/ Ibl BOJIHOBOW KapTHHBI.

CIlla pacnpocTpaHeHa 1o BCel IUIOMIAIN U3BICKAHUI U TIPEACTABICHA TPEUMYIIIECTBEHHO
aKyCTUYECKHM Mpo3pauyHoi 3amucbio. EE€ MOIIHOCTH XOpoIIo BhlIEp:KaHa IO IUIOHIAAM U B
CpEeIHEM COCTaBIISIET OKOJIO 4-5 M, YMEHbIIASCh JIMIIb HA JIOKAJIBHBIX Y4aCTKaX MPaKTHYECKH J10
HyneBbIX 3HaueHu# (Puc.2). Ha HEKOTOpBIX ydacTKaX MOITHOCTh PACCMaTPUBAEMBIX OTIIOKEHUN
IIOCTUTAET 8 M.

Otnoxennst Cllla o0nekaroT HEPOBHOCTH U 3aMONHSIIOT HU3MEHHOCTH B KpOBJE
HIDKeNexaliel madyky, criaxuBas ee penbed. COBMECTHBI aHAIW3 JAHHBIX HH)KEHEPHO-
reonorudeckoro Oypermst u BU HCAII mo3Bonsier caenath 3akiIIOYEHUE, YTO OTIIOKEHUS
celicMOImayKu la MPEICTABIECHBI MOPCKUMHU BEPXHEHEOTIEHCTOIEH-TOJI0LIEHOBBIMU
TIMHUCTBIMU UIIAMU.

CII 16 xapakTtepusyercsi XaOTHYECKHMM THIIOM 3aIllMCH, BBICOKMM YPOBHEM aMIUIMTYA.
[MomomBa ceiicMonauku 16 ykazaHHBIM Te0()U3UYECKUM METOIOM HE MPOCISKHUBAECTCS. Takue
MIPU3HAKYU, KAK HEPOBHAsS, XOJIMUCTAsI IOBEPXHOCTh KPOBJIH, BBICOKHME AMIUIUTY/AbI, OTCYTCTBHE
KaKoW-1r00 coucToCTH MO3BONISAIOT MHTepnpeTrpoBaTh CII 16 kak MopeHHBIEe oTioxkeHus. [1o
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JaHHBIM 6prHI/I}I B BerHeﬁ YaCTH OTJIIOKCHUA MPCACTABJICHBI CYTJIMHKAMU TequeHHaCTHqHOﬁ
KOHCUCTCHIIMHM, a B HIWKHEH — TJIMHAMH OT TCKy‘ICHHaCTH‘IHOﬁ J0 TerHJI&CTPI‘IHOfI
KOHCHUCTCHIIMH.
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Puc. 2 Brinenenue nByx ceiicMonadek no nanasiM BU HCAIL. CIIla cooTBeTCTBYET MOPCKUM
BEPXHEHEOIJIEHCTOLIEH-TOIOEHOBBIM ocajkaM, CI110 — ie IHUKOBBIM OTJIOKECHUSIM.

i

[To nanapiM CCBP B BepxHell yacTu pa3pes3a BbIIENSETCS JIB€ NAUKHU MPEATOI0KUTEIBHO
JETHUKOBBIX  OTJIOKEHHMM,  Pa3/leJeHHbIX  4YETKOM  CyOrOpM3OHT&JIBHOW  3PO3MOHHOM
MOBEPXHOCTBHIO, UMEIOIIUI XapaKTepHbI BBIpOBHEHHBIN penbed (Puc.3). OueBuaHO, HIDKHSSA
YacTh BEpPXHEW MauKu COOTBETCTBYET celicMornauke 10, BeiaeneHHoi no nanasiM BY HCAILL

Puc. 3. /e mauku pa3HOBO3PACTHBIX JIEAHUKOBBIX (MOPEHHBIX) OTIIOKEHUH, pa3/ieIeHHbIE
CyOTOPU30HTAIBHOM MOBEPXHOCTHIO. JKENTHIN MyHKTUP — TPaHUIA, PEATIOIOKUTEIFHO 3PO3UOHHOH JICTHUKOBOU
JIOJIMHEI, BEIPAOOTaHHOW B KOPEHHBIX TIOPOAAX (TYPOH-CAHTOHCKUE apTHILTUTHI).

HanexxHpIMM ~ MHIWKATOpamMy  TIISIHAJIBHBIX — OIMOX, TO3BOJSIOIIMMH  ONPENEIHUTh
HalpaBJICHUE BIKCHUE JPEBHUX JIGAHUKOBBIX MMOTOKOB SIBISIETCS JAPYMIIMHBI, IPYMIIMHOHIBI,
THTaHTCKUE TIISIHATbHBIE OOPO3.Ibl, THTAHTCKUN (PIIOTHHT (T. H. JCTHUKOBBIE (POPMBI BTOPOTO
pona). Ux monpobHoe ommcanue Ha cymie (apx. HoBas 3emus, o. Baiirau) B paccMarpuBaeMoM
peruone npuseneHo B padore M.I'. I'pocBanbaa [1 pocsanso, 2009].

MeramacmrabHas JieHHKOBas JTuHEHHOCT, (Mega-scale glacial lineation) (B mamnO#
pabore MbI ymoTpeOiseM yKa3aHHBbII TEPMUH B KadeCTBE 3aMEHbl TEPMUHA «TUTAHTCKUE
TISIHaTbHBIe 0OPO3/IBbl) MPEACTABISET COO0H CHCTEMY CONPSIKEHHBIX, HEPEPBIBHBIX, JTIMHEHHO
BBITSIHYTBIX NapaJljIeNIbHbIC TPSIJI, pa3eIEHHBIX 00PO3/IaMHi U OPUEHTUPOBAHHBIX B HATIPABJICHUN
IBIDKeHUs NenHuka. Cleayromuye moKa3aTelld XapakKTepu3yrT MeraMaciiTabHyIo JIeTHUKOBYIO
muneitHocTs (MMJUI): mmaa <1-180 kM, mupuna 39-5000 M, Beicota 1-100 M [Spagnolo et
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al., 2014]. Inomaau pazsutuss MMJIJT 1O0CTHralOT HECKOJIBKHUX THICSY kM u Gonee [Clark et al.,
1993; Dowdeswell et al., 2004]. HecmoTpst Ha HekoTOpoe MOP(HOIOrHYECKOE CXOACTBO (cepus
napajulebHBIX 00pO31 MOXKET OBITh CJEICTBUEM BO3JIEHCTBUS Ha JHO MHOTOKHJIEBBIX
aiicOepros, JeNsHONW IUIOTUHBI U JIp.) TEHE3UC 3THX oOpa3oBaHuil pasnuueH. [Ipenmonaraercs,
4TO, KaK U B ciydae GaoTHHT-MOpeH [Jlaspywun, 1976], dopmupoBarre MMJLJI, nmpoucxoauio
B OOCTaHOBKE JIOKAJIbHBIX U PErHOHANBHBIX AeQOopMaIiil PhIXJIbIX MOIIEIHUKOBBIX OTJIOKEHUN
MO/ AaKTUBHBIM, OBICTPOTEKYIIUM JIGTHUKOM. Takue (OpMBI SK3apallMOHHOTO penbeda
HAOMIOIAMUCh TOJ COBPEMEHHbIM PyThOpIACKMM JIEIHHUKOBBIM TOTOKOM B 3amagHou
Awntapkruke [King et al., 2009]. Hanmuune MMJIJI Ha aHe apKTHYECKHUX MOPEH MMeET OOJIbIIoe
3HAUEHUE JIJISl TAJIeOTeOTpaduIeCKIX PEKOHCTPYKITHIA.

N3yuennsrii B xoae O0arumerpudeckoit cbeMku B 2012 r. u neranbHO n3ydeHHbIH B 2018-
2019 rr. ywyacToK MOpPCKOrO JHAa B BEepxHEH YacTh BocTouyHOro Oopra Bocrouno-
Hososemenbckoro xenoba (Puc. 1) Hecer Ha cBoelt moBepxHocTH siBHBIE ciieisl MMILJT (Puc.4).
Jnuna rnsuuansHbeIx 60po3n konebnetcs ot 0, 4 km 1o 1, 6 kM, mmpuHa -50-150 M, cpenHsas
riyOouHa -2 M, KpyTH3HA CTEHOK - 110 5°, opuenTtrpoBka-H3-CB (65-70°).

MMJIJI saBasieTcsi MpsIMBIM J1I0Ka3aTeJIbCTBOM CYIIIECTBOBAHUS JIGHWKOBOTO ITOKPOBa B
BOCTOYHOU yacTu Kapckoro Mopsi B BEpXHEHEOIUICHCTOIICHOBOE BpeMsl. AHalOTUYHbIe (POpMBI
paHee ObUTH OOHAPYIKEHBI B pa3IMuHbIX paiioHax bapeniieBa mops [Dowdeswell et al., 2016].

K ancambmio kpaeBbIX J€IHUKOBBIX (JOPM CIEAYET, BUIUMO, OTHECTH TaKKe BBISBICHHbIC
HeOoJbIIMe 3amaguHbl U WX CKOIUICHHs - TepMokapcroBblie moHmkeHus (kettles, kettleholes)
(Puc. 5). OHu, kak npaBuiIo0, UMEIOT H30METPUUHYIO (popMy, Ii1yOuHa Bapbupyercs oT 5 M 10 12
M. JInameTp Briagun coctarsier 70-180 m. Ykion creHok 12- 17°.

B o0mieii cxeme kimaccuukanuy KpaeBbIX JEAHUKOBBIX 00pa3oBaHUil Takue (GOpPMBI
oTHOCAT K rpymie «KpaeBbix 00pa3oBaHuit MepTBOTro Jbaa» [I yoenuc, 1963].

Puc. 4. MeramacuitabHas TIsIIUaIbHAS TUHEWHOCTH B FOT0-3aIaJHON YacTH yJacTKa UCCIIeJoOBaHmid. B BepxHeM
JICBOM YTITy PHCYHKA - pa3HOHAIIPABICHHBIC PEIMKTOBBIC OOPO3IbI JIGAHUKOBOTO BHITAXHBAHUS (IUTyTMAapPKH).
UepHasi cTpeska- HanpaBieHHe JBUKEHUsI JIEAHUKOBOIO MOTOKA, KPACHBIMU CTPEIKAMU MOKa3aHbl 3aaJuHbI,
MIPEIIOI0KUATEIILHO CHOPMHUPOBAHHBIC B PE3yJIbTATE TASTHUS KPYITHBIX TIBI0 MEPTBOTO (IIOTpeOCHHOTO) JIbJA ¥

KOHIIA JIETHUKA.
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Puc. 5. Ilpumep, MpeAnoaokuTeabHO, TEPMOKApCTOBOI 3ana uHbl. Ha Bpe3kax — npoduinb noHmwkeHus (BBepXy) U
€ro NOJIOKEHUE B TpejieNiax yyacTka (BHU3Y).

BrlsiBiieHHBIE HA yYacTKe IUTYTMapKd OTHOCATCS K Oojiee IMO3JHEH CTaauH Jerpajaiiu
JeTHUKa, KOTOpasi COMPOBOXKANack TpaHcrpeccueil Mops. OHM MPOCIIEXKUBAIOTCS B JHANa30He
rryoun  -130-340 wm. IlpeoGnamator U-oOpasHbie IIyrMapku. Takoe cedeHus Oopo3ja
00yCJIOBJIEHO 3alOJHEHUEM MEpBOHAYAIbHO V-00pa3HbIX IUIYTMApOK OCaJ0YHBIM MaTepHalioM,
9PO3UOHHON MepepaboTKON CKIOHOB 0OpO3/1, BBIMOJIAKUBAHUEM MX CKIOHOBBIMH ITPOIIECCAMH.
O6pazoBanue U-o0pa3HbIXx 00Op037 BO3MOXXHO CBS3aHO TaK)Ke C BO3JCHCTBHEM Ha JIOHHBIC
OCaJIK! KWJIEH cTOI000pa3HbIX aiicoepros (Puc. 6). [TmyrmMapku xapakTepu3yOTCs CIeIYIOINMHI
MopdomeTpudeckuMu napamerpamu: jiuHa 0,1-4 kM, mmpuna no 300 M, rmy6uHa 10 8 M.
[IpeoGmanaromas rimyouna 6oposn 0,3- 0,9 M. Ykitousr 6opToB 60po31 gocturarot 20°.

Puc. 6. TIpumep mupokoit (1o 300 M) 6opo3zapl Ha GatuMeTpuueckoi kapte. Ha Bpe3kax - 6aTHMETpUUeCKHid
npoduItb, MPOXOIAIIUH yepe3 60po3y (BBEpPXY) U €€ MOJIOKEeHUE Ha KapTe (BHU3Y). [IpennonoxurensHo
BbIpabOTaHa KPYITHBIM CTOJI000pa3HbIM aiicoeprom. GUKCUpyeTCs TONBKO Ha MPUIOAHSATOM yyacTKe JiHa (KpacHbIe
TOHA).

179



Penveg u uemsepmuunvie obpasosanus Apkmuxu, Cybapkmuxu u Cegepo-3anada Poccuu. Buinyck 7. 2020

BrimonHeHHble Hccen0BaHus MOKa3ald, 4To reoMopdonoruueckuil aHanus HuGPOBBIX
moneneit noHHoro penbeda B kommuiekce ¢ CCBP u BU HCAII sBnstorcs HaaeKHBIMU
METOJIaMH JJIi PEKOHCTPYKIIMH JAPEBHUX JIEAHUKOBBIX MOKPOBOB M, B YaCTHOCTHU, U3YUEHUS UX
KpaeBbIX (hopM. B pesynbraTe paccMOTpeHHs MaTepHAaoB, MOJYYSHHBIX C TIOMOIIBIO YKa3aHHBIX
METOJIOB, a Takke OypOBBIX paboOT, MOATBEPAWIUCH Majieoreorpapuueckue peKOHCTPYKLUU
AMOXM TOCIETHEro JeAHuKoBoro Makcumyma (LGM) cBunmerenscTBylomme o TOM, 4YTO
bapenneBo-Kapckuii muT B CTaguio CBOEro pocta (CapTaHCKOe BpeMsi) MOJHOCTBIO MEePEKPhIBAT
Bocrouno-HoBo3zemenbckuii xeino0.
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NEW SIGNS OF GLACIATION IN THE KARA SEA: MEGA-SCALE GLACIAL
LINEATION IN THE EAST-NOVOZEMELSKY TRENCH

'Rybalko A.E., >Mironyuk S.G., *Roslyakov A.G., *Kolyubakin A.A., *Solovieva M.A., *Terekhina
Ya. E., ®Tokarev M. Yu.

'Saint-Petersburg State University, St. Petersburg, Russia
’Moscow State University Seismic Data Analysis Center, Moscow, Russia
3Lomonosov Moscow State University, Moscow, Russia
*RN-Exploration LLC, Moscow, Russia

The results of studying the position of the glaciation boundary in the eastern part of the Kara
Sea near Novaya Zemlya are presented. The use of a set of methods (ultra-high resolution seismic
exploration, high-frequency continuous seismoacoustic profiling, multi-beam echo sounding, etc.)
confirmed the earlier conclusion that the glacier shelf on in the Late Valdai time, the North Island in
the form of an glacier bridge blocked the East-Novozemelsky trench. He deposited moraine material
on the opposite (eastern) side of the trench. Direct evidence of this event is the mega-scale glacial
lineation (the so-called «giant glacial grooves») discovered for the first time on the shelf of the Kara
Sea. The formation of «dead ice» - thermokarst pit described in the work should also be attributed to
the zone of marginal glacial forms.

Key words: Kara Sea, shelf, marginal glacial forms, mega-scale glacial lineation, glacial
deposits, thermokarst pit
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