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The present study of the permafrost exposed at the Sobo-Sise Yedoma cliff provides a
comprehensive cryostratigraphic and organic matter inventory. It gives insight into permafrost
aggradation and degradation over the last about 52 thousand years and into their climatic and
morphodynamic controls on regional-scale permafrost dynamics of the Central Laptev Sea coastal
region in NE Siberia. The Sobo-Sise Yedoma cliff is one of the fastest eroding permafrost features
arctic-wide and releases considerable amounts of organic matter into the Lena River.
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The Lena Delta in northeastern Siberia is the largest Arctic delta, whose terrestrial surface
is shaped by three terraces and the modern floodplain [Grigoriev, 1993]. The oldest terrace is
mainly found in the central and eastern part of the delta, and structured by remnants of late
Pleistocene Yedoma Ice Complex (IC) and its degradation features
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Fig. 1. Positions of sediment profiles SOB18-01, SOB18-03 and SOB18-06 shown (a) in a profile scheme, (b) in an
aerial photograph, and (c) and (d) in close-up photographs.
Puc. 1. ITonoxenue paspeso SOB18-01, SOB18-03 u SOB18-06, nokaszanubix (a) Ha cxeme pa3pe3os, (D) Ha
aspodorocHumke 1 (C) u (d) Ha PoTorpadusx KPynHBIM IITAHOM.

The studied Yedoma cliff on Sobo-Sise Island in the eastern part of the delta ranges from
river level to about 28 m height and is about 1.7 km long. During a joint Russian-German field
campaign in August 2018 in the course of the LENA expedition, the entire permafrost sequence
of the Sobo-Sise Yedoma cliff was sampled on rope in 0.5-m vertical intervals (Fig. 1).
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The geochronological record of the Sobo-Sise Yedoma spans the last 52 ka cal BP based
on radiocarbon dating and age-height modelling [Wetterich et al., 2020]. The permafrost
sequence differentiates into three cryostratigraphic units that are interstadial Yedoma IC (unit A,
52-28 ka cal BP), stadial Yedoma IC (unit B; 28-15 ka cal BP) and the Holocene cover (unit C;
7-0 ka cal BP). The cryostratigraphic sequence of the Sobo-Sise Yedoma cliff is not continuous,
but has chronological gaps (hiatus) at 36-29 ka cal BP, at 20—17 ka cal BP and at 15-7 ka cal BP

(Fig. 2).
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Fig. 2. Age-height relation of the Sobo-Sise Yedoma cliff exposure shown in calibrated radiocarbon ages. Note the
sampling overlap of the profiles SOB18-01 (circles), SOB18-03 (diamonds) and SOB18-06 (stars) and their
alignment to cryostratigraphic units A, B and C. The hollow symbols indicate ages of redeposited material or

infinite radiocarbon ages.

Puc. 2. 3aBUCHMOCTB BO3pacTa OT BBICOTHI 0OOHakeHus 00pbiBa Co60-Cuce Enqoma B kanuOpoBaHHBIX
paanoyriepoaHbiX Bozpactax. OOpaTute BHUMaHue Ha nepeKpbiTue BeiOopku mpodumneit SOB18-01 (kpyxkn),
SOB18-03 (pom6s1) 1 SOB18-06 (3Be311bI) 1 MX BhIpaBHUBAaHUE MO KpuocTpaTurpadudeckum equuuiam A, B u C.
HesakpalieHHble CHMBOJIBI YKa3bIBAIOT BO3PACT MEPEOTIIOKEHHOIO MaTepraia UK 3anpeesIbHbIHI
paauoyTriIepoaHBIN BO3PACT.

The chronologic gaps represent traces of past changes in climatic conditions as well as in
sediment deposition and/or erosion regimes. Similar observations have been made on adjacent
Yedoma Ice Complex sites on Bykovsky Peninsula and Kurungnakh-Sise Island (Fig. 3). The
two older gaps are likely related to repeated changes in the regional hydrological systems due to
outburst floods of glacial Lake Vitim along the Lena Valley into the Arctic Ocean as proposed
by Margold et al. [2018], while the youngest hiatus corresponds to deglacial permafrost thaw
(thermokarst) that took place arctic-wide at the late Pleistocene-Holocene transition.

The cryostratigraphic units of the Yedoma cliff are characterized by differing properties of
their clastic, organic and ice components. All units are built of poorly sorted sandy silt but differ
in prevalent grain-size fractions ranging from fine silt to middle sand. The organic matter content
is highest in the thin Holocene cover (unit C: TOC of 11.3+9.9 wt%, TN of 0.6£0.3 wt%), but
still substantial in interstadial Yedoma Ice Complex (unit A: TOC of 4.5+2.5 wt%, TN of
0.3£0.1 wt%) and stadial Yedoma Ice Complex (unit B: TOC of 2.1+1.3 wt%, TN of 0.2+0.1
wit%).

The presence of huge syngenetic ice wedges in all units and the high content of
intrasedimentary ice amounts to a total volumetric ice content of 88.4 vol% [Fuchs et al., 2020]
in the Sobo-Sose Yedoma cliff. The high ice content in combination with the exposition of the
cliff towards the Sardakhskaya channel results in a very high susceptibility to thaw and fluvial
thermo-erosion. The high mean cliff erosion rate of 15.7 m yr ' (2015-2018) results in large
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organic-matter quantities entering the Lena River (5.2+3.3 x 10° kg organic C per year, 0.4+0.2 X
10° kg N per year; 2015-2018) along the Yedoma cliff [Fuchs et al., 2020].

Ongoing fluvial dynamics and changing runoff regimes with extended ice-free seasons and
warmer water will most likely maintain high erosion rates at the Sobo-Sise Yedoma cliff in the
future and further facilitate high fluxes of terrestrial fossil organic matter into the riverine and
eventually marine ecosystems.
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Fig. 3. Comparison of interpreted chronology gaps (shaded rectangles) in the Yedoma IC records from Bykovsky
Peninsula [Schirrmeister et al., 2002], Sobo-Sise Island [Wetterich et al., 2020] and Kurungnakh-Sise Island
[Schirrmeister et al., 2003; Wetterich et al., 2008]. Infinite radiocarbon dates are given as hollow symbols. Age
evidence for repeated megafloods from the glacial Lake Vitim along the Lena Valley into the Arctic Ocean
[Margold et al., 2018] is shown for comparison by blue symbols.

Puc. 3. CpaBHEeHHNE HHTEPNIPETUPOBAHHBIX MTPOOETOB B XPOHOJIOTHH (3aKpallleHHbIE TIPSIMOYTOJIBHUKH) B pa3pe3ax
Yedoma IC ¢ monyoctposa beikosckuii [Schirrmeister et al., 2002], octposa Co6o-Cuce [Wetterich et al., 2020] u
octpoBa Kypyurnax-Cuce [Schirrmeister et al. op., 2003, Wetterich et al., 2008]. 3anpenenbHble paguoyTiepoaHbIe
JaThbl OGOSH&L{CHI)I ITOJIBIMHU CUMBOJIaMU. COGI:I'I‘M}{ IOBTOPAIOMIUXCA METaIllaBOJAKOB M3 JICJTHUKOBOI'O 03€pa Burtum
B10J16 osinHbl Jlensl B CeBepublii JlemoButeiii okean [Margold et al., 2018] mokazans! [uist CpaBHEHMS CHHMMU
CUMBOJIaMH.
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JEJOBOH KOMILIEKC EJJOMBI OCTPOBA COBO-CUCE (BOCTOUYHAS YACTD
JAEJIbTbI JIEHBI)

1Bemmepux C, 2 Axcenoe A,  Kusaxos A, 1®pumu M., LDamuc M., 1Fr0Hmep D., 4BOﬂbm€p U,
YOnens T, llUupmaﬁcmep JIL, 1lllmpaycc u,'n pocce I'.

1I/IHCTI/ITyT Anbdpena Berenepa, LIeHTp MOJISPHBIX U MOPCKHX HCCICTOBAHUN MIM.
I'enbmromnsia, [lotcoam, I'epmanns
2OI'BY «AAHUW», Cankr-IletepOypr, Poccus
SMT'V um. M.B. JlomonocoBa, MockBa, Poccus
4I/IHCTI/ITyT ouoxumun u 6uonoruu [lorcnamckoro yausepeurera, [lorcnam, ['epmanns

Hactosimmee wuccnemoBaHne BeYHOW Mep3loTH, OOHaxeHHOW Ha yrece Cobo-Cuce,
o0ecreunBaeT BCECTOPOHHIOI KPUOCTPATUTPAPUIECKYI0 XapaKTEPUCTUKY U CBOWCTBA OPTaHUYECKOTO
BEI[ECTBA. DTO JaeT MPEJCTaBICHUE O pa3pacTaHWW W JETPaJallid BEYHOW MEp3JIOTHI 3a MOCIETHUE
~52 THICSAYH JIET, & TAKXKE O KIMMATHYECKOM U MOP(HOJAMHAMUYIECCKOM KOHTPOJIC THHAMUKH BEUHOM
MEp3JIOTHI PETHOHAIBHOIO MacuTaba B MpHUOpeXHOM paiioHe Mops JIanTeBBIX B CEBEPO-BOCTOYHOM
gactu Cubupu. Ckanma Co60-Cuce Egoma - omuH M3 cambIX OBICTPO pa3pymIAIONIUXCS OCTPOBOB,
CJIO’KEHHBIX BEYHOH MEp3JI0TON B MacITabax BCce APKTHKH, 3/1€Ch IPOUCXOUT 3HAYUTEIBHBII cOpoc
OpraHMyYecKoro BeuiecTa B pexy JleHa.

KiroueBbie cioBa: Edoma, n1e008vlii KOMNIEKC, NO30HUL HIeUCmoyeH, Kpuocmpamuzpagus,
2COXPOHOI02US, OP2AHUYECKOE BEUieCBO, PEYHAsl IPO3USL.
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