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Abstract. Arctic permafrost stores vast amounts of terrestrial organic matter (terrOM). Under warming climate
conditions, Arctic permafrost thaws, releasing aged carbon and potentially impacting the modern carbon cycle.
We investigated the characteristics of terrestrial biomarkers, including n-alkanes, fatty acids, and lignin phenols,
in marine sediment cores to understand how the sources of terrOM transported to the ocean change in response to
varying environmental conditions such as sea-level rise, sea ice coverage, inland climate warming, and freshwater
input. We examined two sediment records from the western Laptev Sea (PS51/154 and PS51/159) covering the
past 17.8 kyr. Our analyses reveal three periods with high mass accumulation rates (MARs) of terrestrial
biomarkers, from 14.1 to 13.2, 11.6 to 10.9, and 10.9 to 9.5 kyr BP. These MAR peaks revealed distinct terrOM
sources, likely in response to changes in shelf topography, rates of sea-level rise, and inland warming. By
comparing periods of high terrOM MAR in the Laptev Sea with published records from other Arctic marginal seas,
we suggest that enhanced coastal erosion driven by rapid sea-level rise during meltwater pulse 1A (mwp-1A)
triggered elevated terrOM MAR across the Arctic. Additional terrOM MAR peaks coincided with periods of
enhanced inland warming, prolonged ice-free conditions, and freshwater flooding, which varied between regions.
Our results highlight regional environmental controls on terrOM sources, which can either facilitate or preclude

regional terrOM fluxes in addition to global controls.

Short Summary. In order to understand the mechanisms governing permafrost organic matter re-mobilization, we
investigated organic matter composition during past intervals of rapid sea-level rise, of inland warming, and of
dense sea-ice cover in the Laptev Sea. We find that sea-level rise resulted in wide-spread erosion and transport of
permafrost materials to the ocean, but erosion is mitigated by regional dense sea ice cover. Factors like inland

warming or floods increase permafrost mobilization locally.

Keywords. Last deglaciation, n-alkanes, fatty acids, lignin phenols, permafrost thawing, organic matter

mobilization, organic matter mass accumulation rate, lignin phenol flux
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1 Introduction

Circumarctic permafrost plays an important role in the Arctic carbon cycle and is strongly affected by rapid Arctic
warming, which is greater than the Northern Hemisphere average (Miller et al., 2010; Rantanen et al., 2022). It is
one of the main terrestrial carbon sinks at present (Hugelius et al., 2014; Strauss et al., 2017). However, global
warming could lead to permafrost thawing, potentially shifting these areas from a carbon sink to a carbon source
(Winterfeld et al., 2018; Lara et al., 2019; Laurent et al., 2023). Permafrost is defined as ground that has remained
below 0 °C for at least two consecutive years (Dobinski, 2011). Due to the low ground temperature, organic matter
stored in permafrost soils remains protected from degradation and release into the modern carbon cycle (Van
Everdingen, 2005; Hugelius et al., 2014; Strauss et al., 2017). When permafrost thaws, the organic matter is
transported through fluvial networks and coastal erosion to the ocean, eventually being deposited in marine basins
(Schuur et al., 2008; Zhang et al., 2022). During thawing and transport, the previously freeze-locked organic matter
can be decomposed by microbes, releasing greenhouse gases such as CO, and CHa.

The extent of organic matter degradation from thawing permafrost varies between sources and transportation
trajectories (Strauss et al., 2015; Vonk and Gustafsson, 2013). Permafrost deposits from different depths (and ages)
are mobilized via different pathways. Initially, increasing land temperatures and precipitation mobilize surface
permafrost by deepening the active layer and expanding wetland areas. In later stages, the development of
thermokarst and taliks exposes and mobilizes deeper permafrost layers (Schuur et al., 2008). Accelerated coastal
erosion facilitates the transport of deep permafrost from cliffs to the ocean, particularly in regions with high cliffs
such as the Siberian coast (Vonk and Gustafsson, 2013) (Fig 1). However, permafrost mobilization caused by
accelerated coastal erosion can be mitigated by the presence of land-fast sea ice (Rachold et al., 2000; Overduin et
al., 2016; Irrgang et al., 2022; Nielsen et al., 2020). Understanding the dominant pathways of permafrost
mobilization under different environmental conditions is critical for evaluating the response of Arctic permafrost
to future warming. Changes in terrestrial organic matter (terrOM) mobilization and environmental conditions can
be recorded in marine sedimentary archives.

Paleoclimate records from the last deglaciation to the early Holocene (c.a., between 19 and 11 kyr BP) offer
insights into Arctic permafrost changes in response to warming and rising sea levels (Clark et al., 2012). During
the last deglaciation, atmospheric CO; concentrations increased, and global sea levels rose, including rapid events
and meltwater pulses (Lambeck et al., 2014; Kohler et al., 2017). Rapid increases in atmospheric CO; concentration
occurred at 16.4, 14.6, and 11.5 kyr BP. The 14.6 kyr BP event coincided with an accelerated global sea-level rise
and a period of reduced Arctic sea ice cover, while the 11.5 kyr BP event coincided with intensified inland warming
and a drop in sea ice cover in the Arctic (Marcott et al., 2014; Lambeck et al., 2014; Brosius et al., 2021; Detlef et
al., 2023; Fahl and Stein, 2012; Miiller and Stein, 2014). Studying these periods of rapid environmental change
can improve the understanding of how current abrupt warming, sea ice loss, and sea-level rise might affect
permafrost stability and the release of previously freeze-locked carbon.

Marine sedimentary archives from the Laptev Sea covering the early period of the last deglaciation (>14 ka BP)
are scarce, and existing records often have low temporal resolution and are discontinuous (Martens et al., 2020;
Tesi et al., 2016a; Keskitalo et al., 2017; Martens et al., 2019). Here, we present two high-resolution sediment core
records that have continuously covered the last 17.8 kyr. We characterize the properties of organic matter exported
from Siberian permafrost and relate changes in terrestrial carbon sources to respective climatic conditions. Further,
we explore the interplay of potential factors driving rapid terrestrial carbon translocation, including sea-level

fluctuations, inland permafrost stability, and variations in sea-ice cover.
2
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Fig 1. Map of the Arctic Ocean. The names of the marginal seas and archipelago are indicated by acronyms (BS:
Beaufort Sea, CS: Chukchi Sea, LS: Laptev Sea, SV: Svalbard archipelago, FS: Fram Strait). The purple area indicates
the modern Yedoma domain (Strauss et al., 2021; Strauss et al., 2022; Strauss et al., 2016). The white area shows the ice
sheet cover at 18 ka BP (Hughes et al., 2016; Dyke et al., 2003). Grey lines indicate the main river streams in the Arctic
(Lehner and Grill, 2013). The exposed continental shelf area at 18 kyr BP is labeled in grey. The black line is the —115
m contour line, which is approximately the sea level at the early period of the last deglaciation (18 kyr BP) (Klemann et
al., 2015). Yellow dots show the cores from the Arctic used in this study, including PS51/154 and PS51/159. Red dots
show the other cores from previous studies that are used for comparison, including cores ARA04C/37 (Wu et al., 2020),
4-PC1 (Martens et al., 2019), PC23 (Tesi et al., 2016b), PS2458 (Spielhagen et al., 2005), HH11-09 (Nogarotto et al.,
2023), PS2837-5 (Birgel and Hass, 2004), and MSM05/5-712-2 (Miiller and Stein, 2014; Aagaard-Serensen et al., 2014;
Zamelczyk et al., 2014). The map background is from the International Bathymetric Chart of the Arctic Ocean (IBCAO)
(Jakobsson et al., 2012).

2 Study area

The Laptev Sea is a marginal sea of the Arctic Ocean located north of Siberia (Fig 1). The average depth of the
Laptev Sea shelf is around 50 m, with a sharp shelf break located between 70 and 100 m water depth. Several
sediment-filled paleo river channels cut through the shelf (Kleiber and Niessen, 2000). Due to its shallow water
depth and flat topography, the Laptev Sea shelf is highly sensitive to sea-level fluctuations. During the last glacial
maximum, the Laptev Sea shelf was not covered by an ice sheet and was exposed during the low sea level stand
(Hughes et al., 2016), allowing the accumulation of permafrost deposits. The majority of the shelf was inundated
between 12 and 6.5 kyr BP, with the rate of inundation slowing down thereafter (Klemann et al., 2015; Jakobsson
et al., 2012) (Fig 2g). This rapid shelf inundation led to southward shifts in both the coastline and the locations of
major sediment deposition, causing a significant reduction in sediment input to the outer shelf (Bauch et al., 1999;
Mueller-Lupp et al., 2000; Bauch et al., 2001). Today, in the Laptev Sea, sediments from water depths < 10 m are
transported further offshore, and the primary deposition center is located at around 30 m water depth (Kuptsov and
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Lisitsin, 1996; Are et al., 2002). The Laptev Sea plays a crucial role in the Arctic climate through extensive heat
exchange with the atmosphere in summer and sea ice formation in winter, making it a key region for studying the
boundary conditions of the Arctic environment's response to climate change (Liu et al., 2022; Rudenko et al., 2014).
The Laptev Sea shelf receives substantial sediment inputs from both coastal erosion and river discharge
(Mcclelland et al., 2016; Lantuit et al., 2011). Due to high cliffs and intensified wave-induced erosion resulting
from summer sea ice melt, the Laptev Sea receives a large proportion of terrestrial material from coastal erosion.
Erosion rates along the Laptev Sea coast are higher (0.7 m yr'!') compared to the Arctic coastal average (0.5 m yr-
') and may even reach more than 10 m yr'!' (Lantuit et al., 2011; Rachold et al., 2000; Giinther et al., 2015).
Additionally, the Lena River serves as the primary source of riverine sediments (Holmes et al., 2021; Mcclelland
et al., 2016), but coastal erosion contributes more than twice the amount of terrestrial export compared to riverine
sources (Rachold et al., 2000).

Most of the water discharged by the Lena River is transported eastward and northward, driven by local winds,
carrying suspended sediments in the same direction, and guided by the sea bottom relief (Dmitrenko et al., 1999;
Guay et al., 2001). In summer, drift ice and river discharges trigger high productivity of the Laptev Sea shelf
(Horner et al., 2016; Ovsepyan et al., 2015). Large amounts of terrigenous suspended particles in the Laptev Sea
are incorporated into the sea ice (Dethleff, 2005). This terrigenous-material-rich sea ice is transported to the Fram
Strait by the Transpolar Drift, accounting for 20 % of the total sea ice flow to the Fram Strait (Stein and Macdonald,
2004; Rigor and Colony, 1997).

3 Materials and methods
3.1 Materials

Marine sediment cores PS51/154-11 (77.276 °N, 120.610 °E, water depth 270 m, abbreviated as PS51/154) and
PS51/159-10 (76.768 °N, 116.032 °E, water depth 60 m, abbreviated as PS51/159) were obtained with Kasten
corers during the ARK-XIV/1b (PS51 Transdrift-V) expedition in August 1998 aboard the R/V Polarstern
(Kassens, 2016). Core PS51/154 was taken from the upper continental slope, and core PS51/159 from the outer
continental shelf (Fig 1). After retrieval, the sediment cores were stored at —20 °C and subsampled at 4 °C.
Subsamples were collected with 10 mL syringes from the cores in 5-10 cm intervals. The sampling intervals in
core PS51/154 corresponded to an average temporal resolution of approximately 120 yr before 10 kyr BP, and for
core PS51/159, the average temporal resolution was about 270 yr. Due to the spatial proximity and consistency of
biomarker proxy records between the two cores, we used the PS51/159 record to complement the low temporal

resolution in core PS51/154 during the Holocene.

3.2 Microfossil radiocarbon dating and age-depth model

The age-depth models for cores PS51/154 and PS51/159 are based on microfossil '4C ages, initially established by
Bauch et al. (2001), modified by Taldenkova et al. (2010) and Horner et al. (2016), and refined in this study. Six
new microfossil radiocarbon dates from core PS51/154 and one from core PS51/159 were added to the existing
data sets (Table 1). Sediments were wet-sieved through a 63 pm mesh, and bivalve shell fragments were picked
from the > 63 pm and oven-dried sediment fraction. Bivalve shells were examined under a microscope for species
identification and photographic records (Table 1). Samples containing more than 250 ugC were converted to
graphite targets, while samples containing less than that were analysed as CO, gas using the gas interface system

4
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(Table 1). Both types of analysis were conducted using the MIni CArbon Dating System (MICADAS) accelerator

mass spectrometer at AWI (Mollenhauer et al., 2021). We used the Marine20 curve for calibration (Heaton et al.,

2020), with a time constant AR = —95 £ 61 yrs determined from bivalves in the Laptev Sea (Bauch et al., 2001).

The dating results are reported as calibrated ages (cal. yr BP). Age-depth models were constructed using OxCal

145 software 4.4 (Bronk Ramsey, 2009), with low model agreement datapoints identified as outliers and removed from

the age-depth model. The outlier data are still shown in Table 1 and Fig S1.

Table 1. Radiocarbon dates of cores PS51/154 and PS51/159. The calibrated ages are shown as median ages, with 94.5
% probability ranges in brackets. The ages were calibrated against Marine20 curve (Heaton et al., 2020), with AR =-95

+61 yrs.
Lab ID Depth  Material Radiocarbon  Calibrated age Reference
(cm) age (yrBP) (cal.BP)
PS51/154-11
KIA-27682 25 foraminifers/  3425+30* 3302 (3529-3044) Taldenkova et al. (2010)
Yoldiella sp.
KIA-6919 31 Yoldiella 1540+45 Bauch et al. (2001)
intermedia
KIA-32811 39 bivalves/gastr 1800435 Taldenkova et al. (2010)
opods
KIA-32810 39 foraminifers 5040+50* 5343 (5570—-5065) Taldenkova et al. (2010)
KIA-27683 51 foraminifers 9570+£60* 10286(10530-10024)  Taldenkova et al. (2010)
/ostracods/ Yol
diella sp.
KIA-32812 73 foraminifers 9410+£70* 10343(10561-10117)  Taldenkova et al. (2010)
KIA-32813 73 Yoldiella 9605+45 Taldenkova et al. (2010)
lenticula
KIA-27684 85 foraminifers 9505+50* 10389(10604-10151)  Taldenkova et al. (2010)
/Portlandia
arctica
KIA-32814 115 Yoldiella 9630+50* 10566(10864—10263)  Taldenkova et al. (2010)
lenticula
KIA-32815 131 Nucula tenuis  10085+45* 11156(11348—10857)  Taldenkova et al. (2010)
KIA-6920 138 Macoma 10120+55* 11182(11383—-10890)  Bauch et al. (2001)
calcarea
KIA-6921 204 Nucula tenuis  10235+45% 11381(11641-11124) Bauch et al. (2001)
11524.1.1 223.5  Macoma 10145£104*  11463(11740—-11170)  This study?
calcarea
11525.1.1 247 Macoma 10482+91* 11702(12039-11330)  This study?
calcarea
KIA-6922 300 Yoldiella 10725+50* 12183(12475-11834)  Bauch et al. (2001)
intermedia
339.5 bivalves 12040+55* 13479(13712—13243)  Horner et al. (2016)
KIA-6923 375 Yoldiella 12180+60* 13663(13882—13436)  Bauch et al. (2001)
lenticula
11526.1.1 392.5 Macoma 12257+35% 13741(13963—13514)  This study'
calcarea
11527.1.1 420.5 Macoma 12189+97* 13850(14090—13582)  This study?
calcarea
KIA-6924 440 Yoldiella 12525+55% 14091(14417-13777)  Bauch et al. (2001)
intermedia
KIA-6925 518 foraminifers 13120+60* 15113(15427-14804)  Bauch et al. (2001)
/Portlandia
arctica
11529.1.1 520.5 Macoma 12855+122 This study?
calcarea
11528.1.1 530.5 Yoldiella sp. 14502+44 This study'
KIA-9976 567 foraminifers 13540+90* 15659(15971-15339)  Taldenkova et al. (2010)
KIA-9977 569 foraminifers 13570£110*  15687(16006—15365)  Taldenkova et al. (2010)

PS51/159-10



https://doi.org/10.5194/cp-2024-60 Climate

(© Author(s) 2024. CC BY 4.0 License.

Preprint. Discussion started: 18 September 2024 of the Past
Discussions
KIA-6927 11 Macoma sp. 845+30%* 380547-175) Bauch et al. (2001)
11523.1.1 32.5 Portlandia 2940+24%* 2633(2841-2391) This study'
arctica
KIA-6928 56 Portlandia 4980+35* 5194(5446-4944) Bauch et al. (2001)
arctica
72.5 bivalve 6610+40 Horner et al. (2016)
KIA-6929 90 Portlandia 6305+35%* 6629(6865—6399) Bauch et al. (2001)
arctica
KIA-6930 131 Portlandia 8955+40* 9526(9790-9305) Bauch et al. (2001)
arctica
KIA-6931 215 Portlandia 9420+50* 10160(10416—9886) Bauch et al. (2001)
arctica
KIA-6932 315 Portlandia 9650+45* 10501(10773—-10230)  Bauch et al. (2001)
arctica
KIA-6933 410 Portlandia 10720+55* 12012(12376—11703)  Bauch et al. (2001)
arctica
KIA-6934 485 Portlandia 11060+£70%* 12517(12732—-12210)  Bauch et al. (2001)
arctica

150

155

160

165

170

175

*Dating results that were taken for the age-depth model calculation. 'Sample analysed as graphite. 2Sample analysed as
CO2 gas.

3.3 Bulk analysis

Stable carbon isotope compositions of total organic carbon (5'3C) in cores PS51/154 and PS51/159 were analysed
using 15 mg of freeze-dried, homogenized sediment acidified with 1.5 M HCl in silver boats to remove carbonate.
The acidified samples were then dried in the oven at 55 °C. §'*C values were measured using a Thermo Scientific
FLASH 2000 CHNS Analyser coupled with a Thermo DeltaQ IRMS via CONFLO IV at the Institute of Polar
Sciences, National Research Council (CNR-ISP). §'3C values were reported in parts per thousand (per mil, %o)
relative to Vienna Pee Dee Belemnite (VPDB). The standard error for replicate analyses of in-house standards was

less than 0.15 %o.

3.4 Lipid extraction and analysis

The lipid extractions were done following the procedure by Winterfeld et al. (2018). 1-5 g of freeze-dried,
homogenized sediment samples were weighed and subsequently submerged in 25 mL dichloromethane (DCM) +
methanol (v/v =9/1) followed by ultrasonication (15 mins) for three times to acquire total lipid extracts (TLE). An
internal quantification standard containing 889.6ng squalane and 1558 ng 19-methylarachidic acid were added
before extraction. After drying the TLE under a stream of nitrogen, the TLE was saponified using 1 mL of 0.1 M
potassium hydroxide (KOH) in methanol/H>O (v/v =9:1) at 80 °C for 2 h. After saponification, the neutral lipids
(NLs) were extracted from the TLE with 3x1 mL hexane. Hydrochloric acid (HCL, 37 %) was added to acidify the
remaining TLE until pH < 2, and the fatty acids (FAs) were subsequently extracted with 3 x 1 mL DCM. The
neutral lipids (NLs) were further separated into three polarity fractions of hydrocarbons (containing alkanes),
ketones, and polar lipids through a silica column by eluting with 4 mL of hexane, DCM + hexane (v/v = 2:1), and
DCM + methanol (v/v = 1:1), respectively. The fatty acids (FAs) were methylated by adding 40 uL 37 % HCl and
1 mL methanol and heated to 50 °C for >12 h to form fatty acid methyl esters (FAMEs). Prior to sealing, the head-
space of the sample vials was filled with pure nitrogen gas. The FAME fraction was extracted from the methanol
solution with 3 x 1 mL hexane after methylation was completed.

The hydrocarbon and FAME fractions were analysed with an Agilent 7890A gas chromatograph equipped with a
flame ionization detector (GC-FID) using an Agilent J&W DB-5MS column (60m x 250 pm x 0.25 pm-thick film).
The oven was held at 60 °C for 1min, heating at a ramp of 20 °C min™' to 150 °C and to 320 °C at 6 °C min"', with

6
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the final holding time of 35 min. Cys_34 n-alkanes and Ci43, fatty acids were identified by comparing the retention
times of a n-Cio4o n-alkane standard mix and a n-Cs0 FAME standard, respectively. The uncertainty was
calculated as the average of the absolute

differences between the mean values from duplicate analyses; this was expressed as standard variation (cf.
Grotheer et al., 2015). The uncertainty of the total contents of n-alkanes was 11.6 % (n = 62), and of FAMEs was
12.8 % (n = 68).

3.5 Lignin phenol extraction and analysis

The extraction procedure for lignin-oxidation products was modified from the protocol described by Goiii and
Montgomery (2000). About 200-300 mg dried and homogenized samples, around 300 mg Copper oxide (CuO),
around 50 mg ferrous ammonium sulfate, and 6 mL NaOH (2 N) were added into a Teflon tube in an oxygen-free
environment (02 < 1.0 %). Samples were oxidized in a microwave digestion system (MARS 6) at 150 °C for 90
mins. Afterward, 9.75 pg of ethyl vanillin (Evl) was added as an internal standard; the samples were then
centrifuged, and the supernatant was recovered. The solutions were acidified with 3 mL HCI (6 N). The CuO
oxidation products, including lignin phenols, were recovered by liquid/liquid extraction with 2 x 5 mL ethyl acetate.
Sodium sulfate (Na,SO,4) was added to the ethyl acetate extract to remove any remaining water. The extracts were
evaporated to dryness using a rotational vacuum concentrator and were subsequently transferred into analytical
vials with 500 pL pyridine for later analysis. Prior to analysis, 40 puL of the extracts dissolved in pyridine were
silylated by adding 40 pL N,O-Bis(trimethylsilyl)trifluoroacetamide with 1 % Trimethylchlorosilane and reacted
at 50 °C for 15 mins. The CuO oxidation products were analysed with an Agilent Technologies 7820A gas
chromatograph coupled with a 5977B MSD mass selective detector (GC-MS) equipped with a 30m x 320 pm X
0.25 um-thick film column (Trajan SGE PB-1). The oven was set from 95 °C to 300 °C at a heating ramp of 4 °C
min”! with a holding time of 10 min. Here we focused on 3,5-dihydroxybenzoic acid (3,5 Bd) and three lignin
phenol groups, including (1) Vanillyl phenols (V): including vanillin (V1), acetovanillone (Vn), and vanillic acid
(Vd). (2) Syringyl phenols (S): including syringaldehyde (Sl), acetosyringone (Sn), and syringic acid (Sd). (3)
Cinnamyl phenols (C): including p-coumaric acid (p-Cd) and ferulic acid (Fd). The uncertainty of the total content
for lignin phenols was 6.9 % (n = 10).

3.6 Biomarker parameters

The biomarker parameters we used in this study are listed below. The P, index was calculated as the content ratio
of mid-chain over long-chain (also recognized as high molecular weight, HMW) n-alkanes. As aquatic
macrophytes are known to synthesize more mid-chain n-alkanes and leaf-waxes of terrestrial plants contain more
HMW n-alkanes, a higher P, value indicates a higher contribution from aquatic macrophytes and, therefore, is
commonly used to trace wetland input in marine sediments (Ficken et al., 2000; Meyer et al., 2019; Alves et al.,
2023). The calculation followed Eq. 1 from Ficken et al. (2000). The C, represents the content of n-alkane
homologs. The uncertainty of P,q was 0.008 based on the average standard variation of 31 pairs of duplicate

analyses (n = 62).

P = C23+Czs (1)

99 7 Cp3+Cas+Cao+Ca1

We used the HMW fatty acids to calculate the temporal change in mass accumulation rate (MAR) to evaluate the
terrOM flux into marine basins. Fatty acids in higher plants are dominated by even-numbered HMW saturated

7



https://doi.org/10.5194/cp-2024-60 Climate
Preprint. Discussion started: 18 September 2024 of the Past
(© Author(s) 2024. CC BY 4.0 License.

220

225

230

235

240

245

250

Discussions

fatty acids (Bianchi and Canuel, 2011). The MAR of HMW fatty acids was calculated from Eq. 2. S represents the
sedimentation rate (cm yr''"), p refers to dry bulk density (g cm™), and the Ca4.0, C26:0, C28:0, C30:0 are the contents
of the HMW n-fatty acids per gram of dry sediment (mg g"). The unit of MAR is mg cm™ kyr™! (data in Table S1
and Table S2). The average uncertainty of HMW fatty acids MAR was 14.1 % (n = 68). One can also use other
indices that represent the terrOM source. We calculated the MARs of HMW n-alkanes and lignin phenols in cores
PS51/154 and PS51/159 as well. The patterns between all the MARs were identical (Fig S3). Here, we only show
the MAR of HMW fatty acids for a better comparison to previous studies (Winterfeld et al., 2018; Meyer et al.,
2019; Alves et al., 2023).

MAR = S X p X (Ca4:0 + Ca6:0 + Cas:0 + C30:0) 2)

We used lignin phenols to calculate three indices. The syringic acid over syringaldehyde ratio (Sd/Sl) reflects the
degree of degradation of lignin in the sediments, with higher Sd/Sl indicating more degraded lignin (Haddad et al.,
1992; Hedges et al., 1988). The uncertainty of Sd/S1 was 0.02 based on the average standard variation of five pairs
of duplicate analyses (n = 10). The syringyl phenols over vanillyl phenols ratio (S/V) indicates the relative
contribution of gymnosperm and angiosperm sources, and the cinnamyl phenols over vanillyl phenols ratio (C/V)
illustrates the relative contribution of woody and non-woody tissue, respectively (Hedges and Mann, 1979; Goiii
and Hedges, 1992; Tesi et al., 2010). The combination of S/V and C/V ratios is a good indicator for identifying
lignin phenol sources. The S/V ratio and C/V ratio were calculated with the lignin phenol contents, as shown in

Eq. 3 and Eq. 4. The uncertainty of S/V was 0.003 (n = 10), and of C/V is 0.01 (n = 10).
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4 Results
4.1 Chronology and organic matter mass accumulation rates in cores PS51/154 and PS51/159

An updated age-depth model for core PS51/154 was established with 15 radiocarbon dates and for core PS51/159
with 11 radiocarbon dates (Table 1, Fig S1, Fig S2). Core PS51/154 covered the period from 17.5 to 3.0 kyr BP.
Three periods of peak sedimentation rates were found: during the end of Belling-Allered (from 14.1 to 13.2 kyr
BP), the Preboreal (from 11.6 to 10.9 kyr BP), and the early Holocene (from 10.9 to 10.1 kyr BP). After 10.1 kyr
BP, the sedimentation rate in core PS51/154 dropped drastically. Core PS51/159 covered the period from 11.9 to
0.3 kyr BP, with a peak of sedimentation rate during the early Holocene (from 10.6 to 9.5 kyr BP), followed by a
significant sedimentation rate drop afterward. The mass accumulation rates (MARs) of all biomarkers were largely
affected by the pronounced sedimentation rate changes and thus, showed similar temporal changes in all terrestrial
biomarkers, including HMW n-alkanes, HMW fatty acids, and lignin phenols (Fig S3, contents of each biomarker

in Fig S4). Fig 2a and Fig 5 1, j show the mass accumulation rate of HMW fatty acids as a representation.

4.2 Bulk organic records in cores PS51/154 and PS51/159

The record before 16.2 kyr BP in core PS51/154 was characterized by high §'3C (=23.8 %o) and low TOC values

(0.57 %) (Fig S5). A slump layer at 15.4 kyr BP (530—-540 cm) was identified by increased grain size (Taldenkova

et al., 2010) and a drop in total organic matter (TOC) (Horner et al., 2016) (Fig S5). However, the §'*C value did
8
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not show a significant change at this layer. The values of 3'*C and TOC in both cores PS51/154 (—=25.6 %o and 0.79
%) and PS51/159 (-25.8 %o and 0.99 %) remained rather constant despite the periods of peak MAR (Fig S5). After
the early Holocene (9.6 kyr BP), the §'C value increased, accompanied by a drop in sedimentation rate in both
cores, indicating a decrease in terrestrial input resulting from fast marine transgression (Bauch et al., 2001;

Mueller-Lupp et al., 2000; Bauch et al., 1999).

4.3 Lipid and lignin phenol records in cores PS51/154 and PS51/159

The Pyq index in core PS51/154 dropped to 0.29 between 17.0 and 16.0 kyr BP (Fig 2b), remained stable afterward,
started to increase after 12.6 kyr BP, and reached its highest value of 0.42 at 10.8 kyr BP. In core PS51/159, the
P,y remained high (0.38) before the early Holocene and decreased afterward (Fig 2b).

In the record from core PS51/154, the Sd/SI ratio was high (0.88) before 16.2 kyr BP (Fig 2c). The Sd/Sl ratio
remained stable in both cores before 10 kyr BP, of 0.61 in PS51/154 and 0.67 in PS51/159. In core PS51/159, the
Sd/Sl increased since 8.8 kyr BP and reached a stable high value of 0.84 after 6.0 kyr BP. The S/V ratio in core
PS51/154 was low (0.64) before 16.0 kyr BP; the ratio increased afterward, peaked at 11.5 kyr BP with a ratio of
0.82, and decreased subsequently (Fig 3). The core PS51/159 record exhibited the same trend. The S/V ratio
reached its highest of 0.94 at 11.9 kyr BP, decreased afterward, and reached a stable low value of 0.70 after 9.5
kyr BP (Fig 3). The C/V ratio remained constant (~0.51) in both records, except for one drop at the depth of the
slump layer to 0.30 at 15.4 kyr BP in core PS51/154 (Fig 3).
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Fig 2. (a—e) The biomarker proxies from cores PS51/154 (dark blue) and PS51/159 (light green) and (f~h) environmental
changes in the western Laptev Sea since the last deglaciation. (a) High molecular weight (HMW) fatty acid (Cz6:0, C2s:0,
C30:0) mass accumulation rate (MAR) of cores PS51/154 and PS51/159 (this study), the MAR peaks are labeled with
numbers. (b) Paq values of cores PS51/154 and PS51/159 (this study). (¢) Syringic acid/syringaldehyde ratio (Sd/Sl) of
cores PS51/154 and PS51/159 (this study). (d) IP25 contents of cores PS51/154 and PS51/159 (Horner et al., 2016). (e)
Age-depth model controlling points from radiocarbon dating measurements of cores PS51/154 and PS51/159. (f) Rate
of sea-level rise in the western Laptev Sea (Klemann et al., 2015). (g) Area of land inundation per kyr in the western
Laptev Sea, calculated from the sea-level reconstruction from Klemann et al. (2015) and the bathymetric data from the
international bathymetric chart of the Arctic Ocean (IBCAO) (Jakobsson et al., 2012). (h) Counts of newly developed
thermokarst lakes, categorized by the basal ages of the reported thermokarst lakes (number within 500-yr bins) in
Siberia (Brosius et al., 2021). The names of different paleoclimate periods are indicated by acronyms (HS1: Heinrich
Stadial 1, B/A: Belling-Allered, YD: Younger Dryas, PB: Preboreal).
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Fig 3. Vegetation source parameters derived from ratios of syringyl/vanillyl phenols (S/V) and cinnamyl/vanillyl phenols
(C/V) of core records in the Laptev Sea and terrestrial records from Siberia. The core records include cores PS51/154
(dots, this study), PS51/159 (crosses, this study), and PC23 (Tesi et al., 2016b). For data from PS51/154 and PS51/159,
symbol colors mark data from different organic matter MAR peaks: blue: MAR peak I period (from 14.1 to 13.2 kyr
BP in core PS51/154); red: MAR peak II in core PS51/154 (from 11.6 to 10.9 kyr BP) and core bottom in core PS51/159
(from 12 to 10.6 kyr BP); green: MAR peak III (from 10.9 to 10.1 kyr BP in core PS51/154 and 10.6 to 9.5 kyr BP in
core PS51/159). Diamond data points indicate Siberian terrestrial records, including Holocene peat permafrost collected
from the Lena Delta (peat PF) (Winterfeld et al., 2015), suspended particulate matter from the Lena Delta (Lena SPM)
(Winterfeld et al., 2015), Yedoma (Tesi et al., 2014), active layer from the tundra region (AL tundra) (Tesi et al., 2014),
and active layer from the taiga region (AL taiga) (Tesi et al., 2014).
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5 Discussion
5.1 Temporal changes of terrOM characteristics in the western Laptev Sea since the last deglaciation

The record from core PS51/154 before 16 kyr BP suggests that land-to-ocean terrOM transport was low, which
could have resulted from permanent sea ice cover (Horner et al., 2016) (Fig 2¢) and the low terrestrial supply due
to cold and dry hinterland condition (Andreev et al., 2003). Specifically, high §"*C and low OC-normalized
terrestrial biomarker contents suggest limited terrestrial organic matter input from land (Fig S5). The high Sd/Sl
during this period indicates either enhanced degradation of the small amount of terrOM reaching the core site due
to longer transport times from land to the shelf caused by sea ice blockage or, alternatively, the terrOM originated
from an already degraded pool (Fig 2c).

Three distinct peaks of HMW fatty acid MAR were recorded in core PS51/154, occurring from 14.1 to 13.2 kyr
BP (MAR peak I), from 11.6 to 10.9 kyr BP (MAR peak II), and from 10.9 to 10.1 kyr BP (MAR peak III) (Fig
2a). Core PS51/159 recorded one HMW fatty acid MAR peak, from 10.6 to 9.5 kyr BP (MAR peak III) (Fig 2a).
The absence of MAR peaks before 10.6 kyr in core PS51/159 may be because the water depth at this location was

too shallow, and the main sediment depocenter of the Laptev Sea was located further north at that time (Stein and

11
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Fahl, 2000; Bauch et al., 2001). The lack of MAR peak II could also be due to the lack of available chronology tie
points in core PS51/159 during this period (Fig 2e).

Our records suggest that different mechanisms of terrOM mobilization led to varying terrOM characteristics.
During the period of MAR peak I, rapid sea-level rise resulted in enhanced coastal erosion on the steep coast near
the shelf break (Fig 4a). The intruding warm Atlantic seawater inhibited sea ice formation, further aggravating
coastal erosion (Taldenkova et al., 2010; Horner et al., 2016) (Fig 2a, d, f, Fig 4a). As observed in modern
environments, coastal areas with high cliffs experience accelerated erosion when rapid sea-level rise causes waves
to reach higher steep cliffs (Limber et al., 2018; Shadrick et al., 2022). The relatively cold and dry Siberian inland
hindered wetland development (Fig 2h) (Hubberten et al., 2004; Brosius et al., 2021). The combination of enhanced
coastal erosion and limited wetland sources is reflected in low P, and low S/V ratios during MAR peak I compared
to the later MAR peak periods (Fig 4a, Fig 2b).

During the periods of MAR peak II and MAR peak III, increasing temperature and humidity in the Siberian
hinterland facilitated contemporary wetland development as well as thermokarst slump formation, which exposed
deep old peatland (Schuur et al., 2015; Hubberten et al., 2004; Yu et al., 2010) (Fig 2h). The Laptev Sea shelf was
rapidly inundated due to its flat topography, and the inundation rate remained high even after the sea-level rise
slowed down (Mueller-Lupp et al., 2000; Bauch et al., 2001; Klemann et al., 2015) (Fig 2g, Fig 4b, c). In coastal
areas with gentle slopes, rapid sea-level rise results in accelerated marine transgression and inundates terrestrial
permafrost. Seawater also increases the temperature of the inundated permafrost and facilitates thawing (Overduin
et al., 2016). The peak P, values during this period indicate that terrestrial wetland deposits, either developed
contemporarily or exposed from deep permafrost, were transported by river or/and widely flooded and mobilized
(Fig 2b). The elevated wetland input during MAR peak II was also reflected by an increased soft angiosperm tissue
contribution, originating from grass-like material abundant in Holocene peats and Holocene permafrost
(Winterfeld et al., 2015) (Fig 3). The S/V ratio decreased during MAR peak 111, indicating an elevated contribution
of gymnosperm plants, likely reflecting the northward expansion of the conifer tree line due to rising temperature
and humidity during this period (Wild et al., 2022; Hubberten et al., 2004) (Fig 2b, Fig 3). Our records highlight
that changes in terrOM reflect varying inland permafrost stability and marine transgression scenarios. An
additional source of brassicasterol, typically ascribed to marine diatoms, during the period of MAR peak II in core
PS51/154 was attributed to increased river runoff during this period (Homer et al., 2016). This additional river
runoff was likely not originating from the Lena River, as the lignin phenol assemblages in core PS51/154 differed
significantly from that of the nearby sediment core records (PC23) (Tesi et al., 2016b) and Lena River suspended
particulate matter (Lena SPM) (Winterfeld et al., 2015) (Fig 3). Instead, the riverine terrOM deposited in the
western Laptev Sea likely originated from the Olenyok or Khatanga Rivers rather than the Lena River (Fig 4b).
This is supported by modern observations that most freshwater and suspended sediment discharged from the Lena
River are transported eastward to the eastern Laptev Sea (Dmitrenko et al., 1999; Guay et al., 2001), and the
mineral assemblages in the western Laptev Sea surface sediment sediments resemble those from the Khatanga
River rather than the Lena River (Dethleff et al., 2000).

Overall, the S/V and C/V ratios in cores PS51/154 and PS51/159 are higher than those in the Lena SPM (Fig 3)
(Winterfeld et al., 2015). The low S/V and C/V ratios in the Lena SPM suggest a significant contribution of woody
gymnosperm tissues transported from boreal forests in the southern part of the Lena River catchment (Tesi et al.,
2016b; Wild et al., 2022). In contrast, the higher S/V and C/V ratios in PS51/154 and PS51/159 indicate that the

vegetation source of the western Laptev Sea primarily originated from higher latitudes, reflecting a regional signal.

12
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This is further supported by the less degraded lignin phenol signals (lower Sd/Sl) in PS51/154 and PS51/159
compared to those in the Lena SPM, which could be due to either a shorter transport distance or a better-preserved

350  organic matter that was freeze-locked in permafrost (Wild et al., 2022).
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Fig 4. Flooded shelf area during the periods of high HMW fatty acid MAR recorded in cores PS51/154 and PS51/159.
(a) MAR peak I, from 14.1 to 13.2 kyr BP. (b) MAR peak II, from 11.6 to 10.9 kyr BP. (¢) MAR peak III, from 10.9 to
9.5 kyr BP. The grey area shows the exposed continental shelf. The red areas show the flooded area during the periods.
The flooded and exposed areas are calculated using the modern bathymetry map from IBCAO (Jakobsson et al., 2012).
The river data are from Lehner and Grill (2013). The dark grey areas denote the paleo river channel (Kleiber and
Niessen, 2000). The thick black line denotes the contour of —115 m sea level, which approximates the sea level at 18 kyr
BP. Red dots are the core locations in the Laptev Sea, including cores 4-PC1 (Martens et al., 2019), PC23 (Tesi et al.,
2016b), PS2458 (Spielhagen et al., 2005), PS51/154 (this study), and PS51/159 (this study). The orange arrow indicates
the period that the Laptev Sea shelf experienced a strong impact from Atlantic water (Taldenkova et al., 2010).

5.2 Environmental change affecting rapid organic matter transport to the ocean on pan-Arctic and regional
scales

In order to evaluate whether the described terrOM MAR peaks reflected pan-Arctic scale climate dynamics, we
compared our HMW fatty acid MAR results with other terrOM MAR records from the Arctic marginal seas.
Studies have used different biomarkers to trace terrestrial inputs. Branched Glycerol Dialyl Glycerol Tetraethers
(brGDGTs) are found in membrane lipids from soil bacteria. Campesterol and B-sitosterol are biosynthesized in
vascular plants and thus reflect terrestrial signals, in contrast to dinosterol and brassicasterol, which are found
abundant in marine plankton (Bianchi and Canuel, 2011). Data were collected from sites in the Beaufort Sea
(ARA04C/37) (Wu et al., 2020), the Chukchi Sea (4-PC1) (Martens et al., 2019), the Laptev Sea (PC23) (Tesi et
al., 2016b), the northern Svalbard continental margin (HH11-09) (Nogarotto et al., 2023), and the Fram Strait
(PS2837-5 and MSMO05/5-712-2) (Birgel and Hass, 2004; Aagaard-Serensen et al., 2014; Miiller and Stein, 2014;
Zamelczyk et al., 2014). Further we included one terrOM MAR record from the high latitude northern hemisphere,
Bering Sea (S0202-18-3/6), in our comparison (Meyer et al., 2019) (Fig 1, Fig 5). Records from the Chukchi and
Bering Sea supplement the North American Arctic records. Before the Bering Strait opened at around 11 kyr BP
(Jakobsson et al., 2017), the coastlines of the Beaufort Sea and the Chukchi Sea were connected, allowing the
potential westward transport of terrOM from North America. Therefore, we consider the record before 11 kyr BP
from the Chukchi Sea (4-PC1) as a representation of terrOM signal from the North American Arctic.

TerrOM MAR largely depends on changes in sedimentation rate, which can vary significantly between age models.
Using age models with dense chronological control points is crucial. To ensure confidence in the timing of terrOM
MAR peaks, we selected records with multiple chronological tie-points both below and above the identified
terrOM MAR peaks (Fig 5d, e, f, h) or multiple records from the same region to provide a more comprehensive
regional pattern (Fig 5i—j, k—m).

Age-depth models for these records were recalibrated against the Marine20 calibration curve (Heaton et al., 2020)
or a combination of Intcal20 (Reimer et al., 2020) and Marine20 curves, depending on the original studies to
achieve congruent age control across all records. Reservoir ages were taken from the original publications. We
further calculated the age uncertainty of each terrOM MAR peak by including +1-sigma uncertainty from the age
models. The possible age ranges of these terrOM MAR peaks are shown in Fig 5. The only exception is the record
S0202-18-3/6; as this was calibrated based on laminated sediments and ash layers, we adopted the age model

published by Kuehn et al. (2014).
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Fig 5. Environmental changes since the last deglaciation and terrestrial biomarker mass accumulation rates (MARs) of
core records in the Arctic Ocean and higher-latitude northern hemisphere. (a) Atmospheric CO:z concentration (Kohler
et al., 2017). (b) Rate of global sea-level change (Lambeck et al., 2014). (¢) Compilation of basal ages of thermokarst
lakes (number within 500-yr bins) in North America (Brosius et al., 2021). (d) Campestreol+p-sitosterol MAR from core
395 ARA04C/37, Beaufort Sea (Wu et al., 2020). (e) Lignin phenol MAR from core 4-PC1, Chukchi Sea (Martens et al.,

2019). (f) brGDGT MAR from cores SO202-18-3/6, Bering Sea (Meyer et al., 2019). (g) Compilation of basal ages of
thermokarst lakes (number within 500-yr bins) in Siberia (Brosius et al., 2021). (h) Lignin phenol MAR from core PC23,
Laptev Sea (Tesi et al., 2016b). (i) HMW fatty acid MAR from core PS51/154, Laptev Sea (this study). (j) HMW fatty
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acid MAR from core PS51/159, Laptev Sea (this study). (k) Lignin phenol MAR from core HH11-09, northern Svalbard
continental margin (Nogarotto et al., 2023). (1) HMW n-alkane MAR from core PS2837-5, Fram Strait (Birgel and Hass,
2004). (m) B-sitosterol MAR from core MSM05/5-712-2, Fram Strait (Miiller and Stein, 2014; Aagaard-Serensen et al.,
2014; Zamelczyk et al., 2014). The blue bars highlight the period of rapid sea-level rise. The black intervals under each
MAR peak indicate the age uncertainty range of the MAR peaks, calculated by the £1-sigma age models. Meltwater
pulses are denoted as mwp-1A and mwp-1B. The names of different paleoclimate periods are indicated by acronyms
(HS1: Heinrich Stadial 1, B/A: Belling-Allered, YD: Younger Dryas, PB: Preboreal).

5.2.1 Pan-Arctic factor: sea-level rise

The rapid global sea-level rise during meltwater pulse 1A (mwp-1A) was an important process in terrOM
mobilization across the pan-Arctic region. TerrOM MAR peaks during this period are observed widely in records
from the Eurasian Arctic and the Bering Sea (Fig 5b, f, h—m) (Lambeck et al., 2014; Nogarotto et al., 2023; Birgel
and Hass, 2004; Meyer et al., 2019). Inland temperatures in both North America and Siberia remained low during
this time (Fig 5c, g). These concurrent terrOM MAR peaks suggest that rapid sea-level rise was the primary cause
for pan-Arctic permafrost mobilization, possibly contributing to the rapid increase in atmospheric CO2
concentration (Marcott et al., 2014; Winterfeld et al., 2018). The lack of radiocarbon tie points below the peak
makes it difficult to determine whether the late starting time of MAR peak in mwp-1A in core MSM05/5-712-2
from Fram Strait compared to other regional records may in fact be due to age model uncertainty or was a real
feature.

During mwp-1B, terrOM MAR also increased in records from the Bering Sea and the Laptev Sea (Fig 5f, h, i).
However, this peak was absent in records from North America and Svalbard/Fram Strait (Fig 5d, e, k, 1). One of
the possible reasons could be the lack of radiocarbon age controls in these cores during this period. Also, the
amplitude of sea-level rise and even the existence of mwp-1B remain debated (Lambeck et al., 2014). The lack of
widespread terrOM MAR during mwp-1B suggests that this event did not affect the pan-Arctic region as
extensively as mwp-1A did. Still, records from SO202-18-3/6, PC23, and PS51/154 collected adjacent to areas
that remained largely unglaciated during the LGM and were covered by extensive permafrost deposits show
terrOM MAR peaks (Meyer et al., 2019; Tesi et al., 2016b), and we attribute this to a combination of rapid

widespread inland warming and rapid sea-level rise during this period.

5.2.2 Regional factor: inland warming, sea ice loss, and freshwater pulses

Outside the periods of mwp-1A and mwp-1B (indicated by blue bars in Fig 5), several regional terrOM MAR
peaks were observed in the Arctic marginal seas. These peaks were likely driven by regional inland warming.
Warming facilitates permafrost thawing and thermokarst lake development (Schuur et al., 2015). Lake basal ages
indicate the time of lake formation. A higher count of thermokarst lake formation in a certain period thus implies
intense inland warming (Brosius et al., 2021). In the North American Arctic, terrOM MAR peaks appeared during
the interval between mwp-1A and mwp-1B (Fig 5d, ¢). Inland warming in North American began at approximately
13.5 kyr BP, while the Eurasian Arctic remained cold (Brosius et al., 2021). This regional temperature discrepancy
possibly explains the exclusive terrOM MAR peaks observed in the North American Arctic during the interval
between mwp-1A and mwp-1B (Fig 5c, g) (apart from the Younger Dryas terrOM MAR peak in ARA04C/37,
which is exclusively attributed to a fresh water flooding event; see the discussion below). TerrOM MAR peaks
also appeared during the early Holocene across the North American Arctic, Siberian Arctic, and Fram Strait records
(Fig 5d, e, h—j, m). During the early Holocene, enhanced warming in both North American and Siberian hinterlands

led to elevated terrOM mobilization in both regions (Fig 5S¢, g). These terrOM MAR peaks occurred during periods
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of little sea-level variation, indicating that intensified inland warming could destabilize permafrost and result in
regional terrOM mobilization even in the absence of rapid sea-level rise.

Notably, the observed terrOM MAR peaks in the Arctic marginal seas coincided with regionally reduced seasonal
sea ice cover, as indicated by reduced IP»s (Wu et al., 2020; Horner et al., 2016; Miiller et al., 2009). IP»s refers to
an alkane that is produced by sea ice associated diatoms. The existence of IP»s indicates the appearance of seasonal
sea ice, while the lack of IP,s implies either the lack of seasonal sea ice or permanent sea ice coverage in the area
(Belt and Miiller, 2013). Studies have shown that accelerated coastal erosion can be mitigated by the presence of
land-fast sea ice, which prevents thermal denudation by sea water, direct wave erosion, and saltwater intrusion into
permafrost coasts (Rachold et al., 2000; Overduin et al., 2016; Irrgang et al., 2022; Nielsen et al., 2020). Modern
observations have associated elevated coastal erosion rates in the Laptev Sea with reduced winter sea ice cover
(Nielsen et al., 2020). Modeling studies also indicate a positive correlation between inland permafrost stability and
winter sea ice extent under modern conditions (Vandenberghe et al., 2012). The MAR peak III in core PS51/154
and PS51/159 reflected that even without rapid sea-level rise, the mobilized material triggered by inland warming
was more easily transported to marine basins because of the lack of sea-ice protection on the coast (Fig 2a, d). A
similar relation was shown in the core from the Beaufort Sea (ARA04C/37) as the two terrestrial biomarker MAR
peaks registered in the core both happened during an ice-free period (Wu et al., 2020). The Holocene record of
core PS51/159 shows the opposite condition. The seasonal sea-ice cover started to increase since 7 kyr BP (Horner
et al., 2016). Even though several warming periods in Siberia were recorded since then, no terrestrial biomarker
MAR peak was recorded in core PS51/159 (Fig 2a, e, h). The growing sea ice might play a role in protecting the
warming land from being eroded and keeping the terrestrial material from being transported into the Laptev Sea
shelf.

Freshwater floods triggered by ice-dammed lake breakings could be another regional factor in terrOM mobilization.
These flooding events can be recorded by the decreasing stable oxygen isotope ratio (5'*0) in planktic
foraminiferas (Spielhagen et al., 2005; Keigwin et al., 2018). In the North American Arctic record (ARA04C/37),
the terrOM MAR peak occurring during the Younger Dryas was linked to a well-described meltwater flood event
through the Mackenzie River, based on the drop of both §'0 value in planktic foraminiferas and TOC (Wu et al.,
2020; Klotsko et al., 2019; Keigwin et al., 2018) (Fig 5d). However, freshwater events were less likely to be the
cause for terrOM MAR in the western Laptev Sea. While freshwater flooding events were recorded in an ice-
dammed lake upstream of the Lena River (14.9 + 2.0 kyr BP) and in a sediment record from the Laptev Sea
(PS2458, at 12.7 ky BP) (Spielhagen et al., 2005; Margold et al., 2018), the timing of these events did not
correspond with any of the terrOM MAR peaks in cores PS51/154 and PS51/159. This temporal mismatch suggests
that Siberian freshwater pulses had little impact on the increase in terrestrial biomarker MAR in the western Laptev

Sea.

6 Summary and Conclusions

This study explores temporal changes in the composition and rate of terrOM mobilization to the western Laptev
Sea, as indicated by lipid and lignin phenol records. Three rapid terrigenous organic matter supply events were
identified from 14.1 to 13.2, from 11.6 to 10.9, and from 10.9 to 9.5 kyr BP. Each peak showed different
compositional characteristics, suggesting distinct terrOM sources derived from different mechanisms. The first

terrOM MAR peak was likely driven by enhanced coastal erosion, while the latter two peaks were associated with
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inland warming and rapid shelf inundation. The source shift was characterized by increased wetland input, as
evidenced by both P,q and S/V ratios. Comparing our findings with records from across the pan-Arctic and northern
hemisphere high latitude indicates that the enhanced terrOM mobilization during mwp-1A period was primarily
driven by enhanced coastal erosion resulting from rapid global sea-level rise. However, terrOM MAR peaks did
not always align with periods of rapid sea-level rise, suggesting that other regional factors, such as inland warming,
lack of sea-ice protection, and freshwater floods, also played significant roles.

Overall, the study highlights that the topography of the western Laptev Sea shelf strongly influenced erosion
scenarios linked to sea-level rise, leading to different terrOM sources mobilized from land to ocean. Our results
suggest that while rapid sea-level rise contributed to elevated terrOM mobilization on a pan-Arctic scale, regional
factors such as inland warming, freshwater floods, and sea ice cover decrease were responsible for regional terrOM

mobilization.
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