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Highlights 19 
• A deglacial ΔR value of −164 ± 56 14C yr in the western Laptev Sea is determined by matching marine 20 

authigenic 10Be/9Be changes to ice core 10Be fluxes. 21 
• Compound-specific radiocarbon dating of terrestrial biomarkers reveals mobilization of strongly pre-22 

aged materials from thawing permafrost. 23 
• Pre-depositional 14C ages of terrestrial fatty acids indicate varying sources of organic matter between 24 

periods of elevated coastal erosion and periods with high river input. 25 
• In the western Laptev Sea, major peat inputs originated from aged permafrost during the last 26 

deglaciation. 27 
 28 
Abstract 29 
Rapid mobilization of organic carbon from thawing terrestrial permafrost into the Arctic Ocean has been 30 
documented for several intervals during the last deglaciation based on marine sediment archives. 31 
Assessing the significance of this process for the global carbon cycle requires robust chronological control 32 
to better constrain the potential environmental drivers of terrestrial organic carbon mobilization. 33 
Identifying the sources of the mobilized terrigenous material is equally critical, as terrestrial permafrost 34 
deposits of different ages vary in their potential to release greenhouse gases upon thawing. Motivated by 35 
these needs, this study derived a precise age model for a sediment record composed of two cores 36 
retrieved from the western Laptev Sea (PS51/154-11 and PS51/159-10) and investigated whether the 37 
sources of mobilized permafrost materials during periods of rapid terrestrial permafrost thaw varied over 38 
time. This was achieved by aligning 10Be/9Be variations between marine sediment and ice core records, 39 
revealing that the age difference between local and global marine reservoir ages (ΔR) was -164 ± 56 14C yr 40 
on the western Laptev Sea shelf and remained relatively stable from the last deglaciation to the present. 41 
The previously published radiocarbon-based age-depth models for the two cores were refined using this 42 
updated ΔR value, enabling a precise temporal assessment of these records. Radiocarbon ages of 43 
terrestrial biomarkers were determined from intervals of maximal terrestrial organic matter delivery 44 
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recorded in cores PS51/154-11 and PS51/159-10. Compound-specific 14C ages of high molecular weight 45 
(n-C28:0) fatty acids indicated source variations influenced by transport mechanisms, with a higher 46 
contribution of aged material during periods of rapid coastal-eroded terrestrial permafrost mobilization 47 
and a dominance of near-surface, younger permafrost during intervals of elevated river discharge. In 48 
contrast, mid-chain (n-C23+n-C25) and high molecular weight (n-C29+n-C31) n-alkanes suggested ancient 49 
permafrost to be the predominant source for terrestrial inputs to the marine shelf during periods of 50 
accelerated land-to-ocean exchange. Our findings on the pre-depositional 14C ages of terrestrial 51 
biomarkers highlighted the complexity of permafrost mobilization pathways as captured by different lipid 52 
compounds. 53 
 54 
Keywords 55 
Last deglaciation, permafrost thaw, 10Be/9Be, ΔR, compound-specific radiocarbon analysis, CSRA, 56 
terrestrial biomarkers, pre-depositional age  57 
 58 
1. Introduction 59 
Permafrost, defined as soil that remains below 0 °C for at least two consecutive years (Van Everdingen, 60 
2005), is widely distributed across the circumarctic region (Obu et al., 2019). The persistently low 61 
temperature of permafrost facilitates the preservation of organic carbon within it. In Siberia and Alaska, 62 
permafrost deposited during the Pleistocene comprises a major carbon pool (Schuur et al., 2015; Strauss 63 
et al., 2017), and constitutes an important source of organic matter (OM) to Arctic marginal sea sediments, 64 
including those of the Laptev Sea (Karlsson et al., 2011; Vonk et al., 2012; Vonk et al., 2014; Martens et 65 
al., 2022). Notably, a large amount of Pleistocene permafrost deposited in Siberia and Alaska is 66 
exceptionally ice-rich, making it particularly prone to thaw (Strauss et al., 2017; Strauss et al., 2025). As a 67 
result, thawing and degrading of these deposits can release previously freeze-locked carbon into the 68 
atmosphere, contributing to an increase in atmospheric greenhouse gases thereby amplifying Arctic 69 
warming through positive feedback (Miller et al., 2010; Köhler et al., 2014; Winterfeld et al., 2018; Meyer 70 
et al., 2019). 71 
Permafrost from different depth horizons can be mobilized through distinct mechanisms following thaw. 72 
Relatively young OM in surface permafrost can be mobilized through increased surface runoff and 73 
leaching from the seasonally thawed active layer (Schuur et al., 2008; Schuur et al., 2015). In contrast, 74 
aged OM stored in deeper permafrost horizons can be translocated through active layer deepening 75 
(Stendel and Christensen, 2002; Gabysheva et al., 2022) or eroded from deeper permafrost via coastal 76 
erosion (Overduin et al., 2016; Shadrick et al., 2022), riverbank erosion (Zhang et al., 2022), and 77 
thermokarst slumps (Turetsky et al., 2020). The mobilized terrestrial organic matter (terrOM) is eventually 78 
transported to and deposited on marginal continental shelves. Determining whether the mobilized 79 
terrOM originated from aged or contemporary permafrost sources is crucial for understanding the 80 
potential climatic feedback from thawing permafrost. If aged permafrost constitutes the primary source, 81 
it implies that more carbon is released from long-term reservoirs, thereby increasing the fast-cycling 82 
carbon pool. The difference between the radiocarbon age of terrOM and the age of the surrounding 83 
marine sediments at its time of deposition (pre-depositional age) serves as an indicator of the source of 84 
terrOM (Winterfeld et al., 2018; Meyer et al., 2019; Wu et al., 2022).  85 
Investigating OM movements from hinterland into the marine shelf during the last deglaciation period 86 
(~19−11 kyr BP) offers insights into the mechanisms of permafrost mobilization under accelerated climate 87 
warming conditions (Fahl and Stein, 2012; Lambeck et al., 2014; Marcott et al., 2014; Brosius et al., 2021), 88 
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of which the trend is comparable to the projected future warming in the IPCC report (Meredith et al., 89 
2019). Several studies have hypothesized that part of the rapid atmospheric CO2 rise during the last 90 
deglaciation (~14.6 kyr BP) and the Preboreal (~11.5 kyr BP) may have originated from the release of aged 91 
carbon from thawing permafrost (Köhler et al., 2014; Köhler et al., 2017; Crichton et al., 2016). It has been 92 
shown that indeed, sediments in many Arctic locations contain records of distinct maxima in terrOM 93 
accumulation, likely derived from thawing permafrost, some of which occurred during the intervals of 94 
rapid atmospheric CO2 rise (Tesi et al., 2016; Winterfeld et al., 2018; Keskitalo et al., 2017; Meyer et al., 95 
2019; Wu et al., 2022; Nogarotto et al., 2023; Lin et al., 2025b; Nicolas et al., 2025). However, precise 96 
attribution of the observed peaks to drivers like inland warming or coastal erosion remains difficult, in 97 
part due to dating uncertainties. 98 
To better constrain the timing of terrestrial permafrost mobilization and enable comparisons between 99 
records, a precise and accurate chronology in marine sediment records is a prerequisite. For most 100 
deglacial marine records, chronologies rely on radiocarbon dating, which requires a correction for the 101 
local marine reservoir age (MRA). Accurate determination of local MRAs is thus critical but requires 102 
chronological constraints that are independent from 14C-dating. Such constraints can be derived from 103 
linking variations in the authigenic 10Be/9Be ratio in marine sediments to independently dated 10Be-104 
records from ice cores (Nicolas et al., 2024). The atmospheric production rate of the cosmogenic 105 
radionuclide 10Be varies with solar activity and Earth’s magnetic field strength, due to their influence on 106 
the flux of galactic cosmic rays that enter the atmosphere and trigger a secondary particle cascade that 107 
produces cosmogenic radionuclides (Lal and Peters, 1967). After production, 10Be arrives in the ocean via 108 
wet and dry deposition and is incorporated into the authigenic phase of marine sediments (Bourles et al., 109 
1989; Frank et al., 2009). In contrast, the stable isotope 9Be, is derived from continental rocks and 110 
primarily transported to the ocean through river discharge (Bourles et al., 1989; Frank et al., 2009). The 111 
authigenic 10Be/9Be-ratio in marine sediments reflects the 10Be/9Be ratio of surrounding seawater at the 112 
time of deposition and is thus driven by changes in the cosmogenic production of 10Be and the delivery of 113 
9Be (Von Blanckenburg and Bouchez, 2014; Ollive et al., 2026). Since global fluctuations in atmospheric 114 
10Be production rate also leave imprints in ice cores, aligning 10Be-production-rate signals contained in 115 
marine sediments and ice cores can be used to establish a 14C-independent chronology for the marine 116 
sediments (e.g., Simon et al., 2020; Nicolas et al., 2024; Loftfield et al., 2025). Combining authigenic 117 
10Be/9Be alignment with 14C measurements then allows the estimation of local 14C MRA and the 118 
refinement of radiocarbon-based age models (Nicolas et al., 2024). 119 
Previous marine sediment records of Arctic permafrost dynamics primarily focused on regions adjacent 120 
to major rivers and may predominantly reflect river-derived signals (e.g., Tesi et al., 2016; Meyer et al., 121 
2019; Wu et al., 2022; Nicolas et al., 2025). In this study, we present two marine sediment core records 122 
(PS51/154-11 and PS5/159-10) from the western Laptev Sea shelf, providing insights into the sources and 123 
mechanisms of terrestrial permafrost mobilization in areas less influenced by major river discharge. 124 
Previous studies on these cores have established a framework including age model studies (Bauch et al., 125 
2001; Taldenkova et al., 2010; Hörner et al., 2016; Lin et al., 2025b), freshwater input history (Taldenkova 126 
et al., 2012), and variations in terrOM accumulation rate (Hörner et al., 2016; Lin et al., 2025b). Building 127 
on these published datasets, we develop a refined age model based on authigenic 10Be/9Be ratios, which 128 
allows tying events observed in the sediment to climatic records from ice cores. We further investigate 129 
changes in mobilized terrestrial permafrost during the last deglaciation by analyzing the radiocarbon ages 130 
of lipid compounds preserved in Laptev Sea shelf sediments. Overall, we aim to offer a more refined 131 
perspective on OM release from permafrost at different depth compartments in response to climate 132 
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variability, which is crucial for predicting the role of thawing permafrost in the carbon cycle under 133 
intensified warming. 134 
 135 
2. Study area 136 
Permafrost formed during the late Pleistocene is widely distributed across Siberia and Alaska. These 137 
regions remained free of ice sheet cover during the last deglaciation (Hughes et al., 2016), allowing 138 
vegetation to grow and become preserved in permafrost soils. This ice- and organic-rich permafrost soil 139 
formed during the late Pleistocene is specifically referred to as Yedoma (Strauss et al., 2015; Strauss et al., 140 
2021; Strauss et al., 2022) (Figure 1). Overlying the aged Pleistocene Yedoma is young permafrost soil 141 
formed during the Holocene, with modern vegetation on top of these layers. 142 
Terrestrial input from Siberian permafrost regions constitutes the primary OM source to the Laptev Sea, 143 
delivered mainly via coastal erosion and river discharge, particularly from the Lena River (Boucsein and 144 
Stein, 2000; Günther et al., 2013; Mcclelland et al., 2016; Martens et al., 2022). Annual sediment input 145 
and particulate organic contributions from coastal erosion in the Laptev Sea are around 2.5 and 4 times 146 
greater than those from river discharge, respectively (Rachold et al., 2000; Stein and Fahl, 2004; Martens 147 
et al., 2024). This is because of high coastal erosion rates due to high cliffs, enhanced wave development 148 
lead by seasonal sea-ice melting (Rachold et al., 2000; Lantuit et al., 2011), and widespread Quaternary 149 
permafrost outcrops along most of the Laptev Sea coastline (Kizyakov et al., 2023). Approximately half of 150 
the terrigenous organic carbon deposited on the Laptev Sea shelf is contributed by Pleistocene Yedoma, 151 
while the other half is derived from Holocene permafrost soils (Martens et al., 2022). Suspended 152 
sediments and freshwater discharged from the Lena River are transported predominantly east- and 153 
northward under the influence of local winds (Dmitrenko et al., 1999; Guay et al., 2001), whereas the 154 
western Laptev Sea primarily receives water and sediment inputs from the Khatanga River and the Kara 155 
Sea (Müller and Stein, 2000). 156 
 157 
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 158 
Figure 1. Map of the study area and core locations. The overview map shows the polar projection of the 159 
Arctic Ocean and the study area, the Laptev Sea (LS). Red dots indicate the locations of marine sediment 160 
cores, including cores PS2458 (Nicolas et al., 2024), PS51/154 (Taldenkova et al., 2012; this study; Lin et 161 
al., 2025b), and PS51/159 (Lin et al., 2025b; this study). The grey area indicates the exposed sea shelf at 162 
18 kyr BP, when the sea level was 115 m lower than present (Klemann et al., 2015), assuming the modern 163 
bathymetry data approximates (Jakobsson et al., 2012). Dark gray areas highlight paleo river channels 164 
(Kleiber and Niessen, 2000). The purple area shows the distribution of the Yedoma domain (Strauss et al., 165 
2016), and dark blue lines mark major rivers (Lehner and Grill, 2013). 166 
 167 
The Laptev Sea shelf is characterized by a flat and shallow topography with an average water depth of 50 168 
m, which was exposed during low sea level periods of the last glacial maximum. Several paleo-river 169 
channels cut through the shelf and are filled by sediments (Kleiber and Niessen, 2000) (Figure 1). The last 170 
deglaciation was marked by several periods of conditions promoting terrestrial permafrost mobilization, 171 
including rapid sea-level rise, accelerated inland warming, and reduced sea-ice coverage. In the Laptev 172 
Sea, sea level has risen by approximately 115 m from the beginning of the last deglaciation to the present, 173 
with two periods of rapid sea-level rise from 14.5 to 13.5 kyr BP and from 11.5 to 10.5 kyr BP (Figure 3c; 174 
Klemann et al., 2015), coinciding with global meltwater pulses (Lambeck et al., 2014). Evidence for 175 
accelerated inland warming in Siberia was found at 13.2 kyr BP and 10.4 kyr BP (Brosius et al., 2021), and 176 
gradual warming was reported for the early Holocene to the mid-Holocene (Andreev et al., 2011). 177 
Approximately coeval with inland warming, sea-ice coverage in the Laptev Sea was reconstructed to have 178 
decreased (Hörner et al., 2016). Intensified inland warming could drive permafrost thaw and land 179 
destabilization (Schuur et al., 2008). Rapid sea-level rise likely accelerated coastal erosion by allowing 180 
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waves to reach further inland and erode coastal cliffs (Limber et al., 2018; Shadrick et al., 2022). Reduced 181 
winter land-fast sea ice cover results in weaker protection against seawater thermal denudation, wave-182 
driven erosion, and saltwater intrusion into permafrost coastlines (Rachold et al., 2000; Overduin et al., 183 
2016; Nielsen et al., 2020; Irrgang et al., 2022). Due to the broad and shallow shelf of the Laptev Sea, the 184 
rate of shelf inundation in this area was highly sensitive to sea-level fluctuations (Bauch et al., 2001; 185 
Jakobsson et al., 2012) (Figure 1). Inundation rates began to increase at ~14 kyr BP, and remained high 186 
until ~6.5 kyr BP, even though the rate of sea-level rise slowed after 10.5 kyr BP (Figure 3b). These periods 187 
of rapid coastal erosion and warming were found to be associated with high sedimentation rates and 188 
enhanced terrOM mobilization to the Laptev Sea shelf (Stein and Fahl, 2000; Bauch et al., 2001; Hörner et 189 
al., 2016; Lin et al., 2025b) (Figure 3b, c, i). 190 
 191 
3. Material and methods 192 
3.1.  Material 193 
Kasten cores PS51/154-11 from the upper continental slope (77.276 °N, 120.610 °E, water depth 270 m, 194 
abbreviated as PS51/154) and PS51/159-10 from the outer shelf (76.767 °N, 116.032 °E, water depth 60 195 
m, abbreviated as PS51/159) were obtained during the ARK-XIV/1b (PS51 Transdrift-V) expedition in 196 
August 1998 aboard the R/V Polarstern (Fahrbach, 1998; Kassens, 2016) (Figure 1). The cores were stored 197 
at −20 °C and temporarily warmed to 4 °C for subsampling.  ediment samples were collected at 5–10 cm 198 
intervals using syringes and analyzed for biomarker contents, as described in Lin et al. (2025b). Based on 199 
downcore variations in biomarker contents (Lin et al., 2025b), a second set of larger sediment samples, 200 
consisting of slices between 1 and 4 cm thick, was sampled for compound-specific radiocarbon analysis 201 
(CSRA). These samples targeted intervals corresponding to periods of maxima and minima in terrOM mass 202 
accumulation rates (MAR), as well as depths representative of the early last deglaciation and Holocene 203 
periods. 204 
 205 
3.2. 10Be and 9Be measurements and ΔR assessment of core PS51/154 206 
Sediments from core PS51/154 were analyzed for authigenic 10Be/9Be ratios to constrain the ΔR (i.e., the 207 
difference between local and global marine reservoir ages at the same time) during the last deglaciation, 208 
which represents the age difference between local MRA and global MRA included in the marine 209 
radiocarbon dating calibration curve, Marine20 (Heaton et al., 2020). Out of the deglaciation period 210 
studied here, the time interval between 15 and 10 kyr BP was selected for comparison with the precisely 211 
dated ice-core 10Be records, as it was characterized by significant changes in atmospheric 10Be production 212 
rates, likely due to changes in solar activity (Adolphi et al., 2017). Based on the age-depth model from Lin 213 
et al. (2025b), a subset of 38 sediment samples from the interval between 50.5 and 450.5 cm depth was 214 
selected, using the same sample set analyzed for biomarker content. Sediments were leached following 215 
the procedure described in Gutjahr et al. (2007), and beryllium was purified following Loftfield et al. (2024). 216 
In brief, 1.5 g of freeze-dried, homogenized sediment was first decarbonated with a mixture of sodium 217 
acetate and acetic acid. After discarding the supernatant, sediments were subsequently leached with 218 
hydroxylamine hydrochloride to extract authigenic 10Be and 9Be. The leachate was then split into two 219 
aliquots. One aliquot was used for 9Be measurement via Inductively coupled plasma atomic emission 220 
spectroscopy (Thermo Fisher Scientific Inc., ICP-OES-iCAP7400) at the Alfred Wegener Institute (AWI), 221 
Bremerhaven. The other aliquot was spiked with 9Be-carrier and further purified following Loftfield et al. 222 
(2024). The purified samples were transferred into quartz crucibles, calcined at 900 °C, mixed with Nb-223 
powder, and pressed into copper cathodes for accelerator mass spectrometry (AMS) measurements of 224 
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10Be at the DREAMS (DREsden AMS) facility (Lachner et al., 2023). A standard material (SMD-Be-12) was 225 
measured as a reference alongside the samples to monitor measurement uncertainties of 10Be 226 
(Akhmadaliev et al., 2013). Typical measurement uncertainties were around 5% for 9Be and 3% for 10Be, 227 
resulting in an overall uncertainty of 6% for 10Be/9Be ratios. 228 
The refined ΔR value for core P 51/154 was estimated following the approach of Nicolas et al. (2024). 229 
Authigenic 10Be/9Be ratios were first normalized by subtracting a linear regression trend to remove a 230 
potential long-term impact of changing contributions of oceanic and riverine beryllium sources (Figure 231 
S1c, d). Since 9Be originates from terrestrial sources, long-term variations in riverine input with a low 232 
10Be/9Be ratio could influence the 10Be/9Be ratios on the shelf during the last deglaciation, when the sea 233 
level rise caused the shoreline to progressively move away from the core site. The detrended 10Be/9Be 234 
ratios were then compared to the average 10Be-fluxes from the Antarctic WAIS-Divide ice core (Sigl et al., 235 
2016; Muschitiello et al., 2019) and GISP2 ice core from Greenland (Finkel and Nishiizumi, 1997; Sinnl et 236 
al., 2023). Both ice core records were corrected for climatic influences using linear regression against δ18O 237 
and snow accumulation rates, aligned with the IntCal20 timescale, and averaged (Adolphi and Muscheler, 238 
2016; Sigl et al., 2016; Adolphi et al., 2018). In order to be comparable with the marine 10Be/9Be record, a 239 
centennial scavenging residence time of ~200 years was applied to the ice core 10Be record following 240 
Christl (2007). A beryllium residence time (τ) of 200 years was estimated based on the comparison of the 241 
relative variations in 10Be/9Be ratios between the ice cores and core PS51/154. (Figure 2a). This value falls 242 
within the range of τ values reported from the shallow  omonosov Ridge but is lower than the average τ 243 
(800 years) for 10Be in the deep Arctic Ocean (Frank et al., 2009). A shorter residence time is expected in 244 
the shelf area due to higher particle fluxes and shallower water depth in the Laptev Sea shelf compared 245 
to the central Arctic Ocean. 246 
 247 

 248 
 249 

Figure 2. (a) Normalized 10Be fluxes from ice cores (Finkel and Nishiizumi, 1997; Sigl et al., 2016; 250 
Muschitiello et al., 2019; Sinnl et al., 2023) (pale blue line), and normalized authigenic 10Be/9Be ratios from 251 
marine sediment core PS2458 (Nicolas et al., 2024) (dark green line), and marine sediment core PS51/154 252 
(this study) (yellow line). The blue line depicts the modeled normalized oceanic 10Be changes from the ice 253 
core 10Be data assuming a marine residence time of τ = 200 years. (b)  ikelihood estimations for the ΔR of 254 
core PS51/154 based on the comparison of normalized marine 10Be/9Be and ice core 10Be records. 255 
 256 
The 14C-based age-depth model for core PS51/154 was initially established based on radiocarbon dating 257 
of bivalve shells and foraminifers (Bauch et al., 2001; Taldenkova et al., 2010; Hörner et al., 2016; Lin et 258 
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al., 2025b). We used the latest age models published by Lin et al. (2025b), which were calibrated with the 259 
Marine20 curve (Heaton et al., 2020) using OxCal 4.4 software (Bronk Ramsey, 2009). An initial ΔR value 260 
of −95 ± 61 14C years was applied, derived from the average local reservoir ages of 5 modern bivalve shells 261 
from the Laptev Sea (Bauch et al., 2001), calculated using the Marine20 Marine Reservoir Database 262 
(http://calib.org/marine/). This chronology provides the foundation for refining the ΔR value by 263 
comparing changes in 10Be/9Be ratios between ice core and marine sediment core records. Based on this 264 
14C-based chronology, age models with different ΔR values ranging between −400 and 200 14C years were 265 
calculated in OxCal (Bronk Ramsey, 2009). The resulting 10Be/9Be time series were compared to the ice 266 
core 10Be-stack using a generalized likelihood function (Christen and Pérez, 2009), the mean ΔR and the 267 
standard deviation (1σ) of the likelihood distribution were taken as the refined ΔR estimate and the 268 
uncertainty, respectively. 269 
 270 
3.3. Compound-specific radiocarbon analysis (CSRA) 271 
Lipid compounds were extracted from marine sediments and purified to assess OM radiocarbon ages 272 
derived exclusively from terrestrial sources. Target compounds include mid-chain (C23, C25) n-alkanes 273 
representing dominant inputs from peat, moss, and aquatic plants, as well as high molecular weight 274 
(HMW, or long-chain) (C29, C31) n-alkanes and HMW (C28:0) fatty acid indicative of terrestrial higher plants 275 
(Ficken et al., 2000; Van Dongen et al., 2008; Bianchi and Canuel, 2011). Lipid extractions for CSRA 276 
followed the procedure described in Winterfeld et al. (2018). The required sediment weight was 277 
calculated from the downcore biomarker contents published by Lin et al. (2025b), aiming to obtain 100 278 
μg C of C28:0 fatty acids. Sediments for CSRA were weighed into glass wool thimbles that had been pre-279 
combusted at 450 °C, and the total lipid extracts (TLEs) were obtained using a Soxhlet apparatus with 500 280 
mL dichloromethane + methanol mixture (9:1, v/v) for at least 48 hours. The TLEs were dried under a 281 
stream of nitrogen and split equally into five aliquots for the following steps to ensure complete reactions 282 
and prevent overloading of the silica gel columns. Afterward, TLE aliquots were saponified with 5 mL 0.1 283 
M potassium hydroxide (KOH) in a methanol + water mixture (9:1, v/v) at 80 °C for 2 hours; from there, 284 
the neutral lipids (NLs) were extracted with 5 × 5 mL hexane. The remaining TLEs were acidified to pH <2 285 
with 37% HCI, and fatty acids (FAs) were extracted from the acidified solvent with 5 × 5 mL 286 
dichloromethane. The hydrocarbon fractions, containing n-alkanes, were isolated by eluting the NLs 287 
through silica columns with 4 mL of hexane, and the extracts were dried under nitrogen. The FAs were 288 
acidified with 37% HCl until pH <2, and methylated with 5 m  methanol of known Δ14C value. The mixtures 289 
were purged with nitrogen to eliminate oxygen. The FAs were then heated to 50 °C for >12 hr, allowing 290 
FAs to be methylated into fatty acid methyl esters (FAMEs). After methylation, FAMEs were extracted with 291 
5 × 5 mL hexane and dried under nitrogen. The FAMEs were further eluted through sodium sulfate (Na2SO4) 292 
and silica gel with 4 mL dichloromethane + hexane mixture (2:1, v/v) to remove water and polar impurities, 293 
respectively. From here, the five aliquots were combined into single FAME and n-alkane fractions. A small 294 
aliquot of each fraction (1 μ  from 8 mL) was quantified using gas chromatograph with a flame ionization 295 
detector (GC-FID, Agilent 7890 A) equipped with an Agilent J&W DB-M s column (60 m × 250 μm × 0.25 296 
μm-thick film). 297 
FAMEs and n-alkanes were dissolved in hexane and isolated using preparative capillary gas 298 
chromatography (PC-GC, Agilent HP6890N or Agilent HP7890N) with a cooled injection system (CIS, 299 
Gerstel) connected to a preparative fraction collector (PFC, Gerstel), equipped with Restek Rxi-1ms fused 300 
silica capillary columns (30 m × 530 μm × 1.5 μm-thick film). Retention times of the target compounds 301 
were determined in the first PC-GC run of each sample. 5 μ  aliquots of the samples were injected per run 302 
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until the sample was used up or the accumulated compound mass was sufficient for CSRA analysis. The 303 
carbon content and purity of the isolated compounds were determined with a small fraction (1 μ  from 304 
1.5 mL) of the sample using a GC-FID (Agilent 7890 A). CSRA analyses were conducted on samples 305 
containing a minimum of 40 µg C. Purified compounds were air-dried, transferred to 25 μ  tin capsules 306 
with dichloromethane, folded, and combusted in an elemental analyzer (EA, Elementar vario Isotope) 307 
connected to a gas interface system (GIS). The resulting CO2 was analyzed using MICADAS for radiocarbon 308 
measurements, following the method described in Mollenhauer et al. (2021). CSRA values were reported 309 
as F14C, which were corrected for carbon introduced during methylation (Douglas et al., 2014) and 310 
processing blanks (Wacker and Christl, 2011). Processing blanks were assessed by analyzing modern and 311 
fossil laboratory standards processed alongside the samples, following Sun et al. (2020). The estimated 312 
background introduced during processing contained 5.5 ± 0.5 μg C with F14C = 0.7632 ± 0.0394 for FAME 313 
measurements, and 2.4 ± 0.2 μg C with F14C = 0.3671 ± 0.0296 for n-alkane measurements. For samples 314 
with low n-alkane contents (68 and 142 cm depth in core PS51/154), C29 and C31 n-alkanes were pooled in 315 
the tin capsules to ensure sufficient sample mass. For samples with sufficient n-alkane content (363.5 cm 316 
depth in core PS51/154 and 140 cm depth in core PS51/159), radiocarbon measurements were performed 317 
on individual homologues, and weighted average F14C values were calculated based on sample mass. 318 
 319 
3.4. Pre-depositional age correction 320 
The pre-depositional age, also referred to as the apparent initial age, reflects the time difference between 321 
OM biosynthesis and its deposition in marine sediments (Schefuß et al., 2016). This age indicates the 322 
intermediate storage period of OM in terrestrial reservoirs prior to deposition as well as the duration of 323 
transport to the burial site (Winterfeld et al., 2018; Meyer et al., 2019). Pre-depositional ages for C23+C25 324 
n-alkanes, C29+C31 n-alkanes, and C28:0 fatty acid were calculated following the method of Schefuß et al. 325 
(2016). The Δ14C value of a compound at the time of deposition (Δ14Cinitial) was determined using Equation 326 
1, where F14C is the fraction modern from radiocarbon measurements. λ is the decay constant of 14C 327 
(1/8267 yr-1), and t is the age of deposition, derived from the age-depth model (in yr BP). 328 

 
∆14𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = (𝐹 𝐶 14 𝑒𝜆𝑡  − 1) × 1000 ‰ (1) 

 329 
Pre-depositional 14C age (14C ageinitial) was then calculated using Equation 2. Δ14Catm.ini is the Δ14C value in 330 
the atmosphere at the time of deposition, interpolated from the IntCal20 curve (Reimer et al., 2020). 331 

 

𝐶14  𝑎𝑔𝑒𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = −8033 × ln(
1 +

∆14𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙

1000

1 +
∆14𝐶𝑎𝑡𝑚.𝑖𝑛𝑖

1000

) (2) 

 332 
4. Results and discussion 333 
4.1. Comparison of 10Be/9Be ratios between marine sediment cores and ice cores 334 
The authigenic 10Be/9Be ratio in core PS51/154 varies between 6.3 × 10-9 at/at and 8.6 × 10-9 at/at, with a 335 
gradual decrease from the lower section of the core (450 cm) to the upper section (50 cm) (Figure S1c). 336 
The long-term variation in the authigenic 10Be/9Be ratio in core PS51/154 is less pronounced (R2 = 0.35 for 337 
the linear regression trend; Figure S1c) than that observed in core PS2458, which is located on the 338 
continental margin of the central Laptev Sea (Nicolas et al., 2024) (Figure 1). This discrepancy can be 339 
attributed to the fact that the two cores receive different relative contributions of material from marine 340 
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and riverine sources (Ollive et al., 2026). During the last deglaciation, core PS2458 was located in close 341 
proximity to the Lena River mouth and was predominantly influenced by low 10Be/9Be waters discharged 342 
from the Lena River (10Be/9Be ratio of ~0.6 ×10-8 at/at) (Frank et al., 2009). Today, core PS2458 records a 343 
10Be/9Be ratio of ~2×10-8 at/at (Nicolas et al., 2024), indicating a substantial contribution of beryllium from 344 
the Arctic Ocean, which has a higher 10Be/9Be ratio of ~5×10-8 at/at (Frank et al., 2009). In contrast, core 345 
PS51/154, located on the upper continental slope, is less influenced by beryllium fluxes from the Arctic 346 
Ocean, and is characterized by a low 10Be/9Be ratio of typical Arctic shelf waters under modern conditions 347 
(Ollive et al., 2026). Consequently, the 10Be/9Be ratio remained consistently low throughout core PS51/154, 348 
with values characteristic of inputs from the Arctic Rivers (<1×10-8 at/at; Figure 1) (Frank et al., 2009) and 349 
the Laptev Sea shelf (Nicolas et al., 2024; Ollive et al., 2026). 350 
The normalized authigenic 10Be/9Be ratio in core PS51/154 exhibits strong comparability to 10Be fluxes in 351 
ice core records (Figure 2a), indicating a significant impact of changing 10Be production rates on both 352 
records, allowing for their chronological alignment. This correlation enables us to derive the probability 353 
density function of ΔR and infer a most likely ΔR of −164 ± 56 14C yr during the deglaciation period for core 354 
PS51/154 (Figure 2b), which corresponds to a local MRA of 341 ± 87 14C yr during the last deglaciation, 355 
based on a global MRA of 505 ± 66 14C yr during 15−10 kyr BP (Heaton et al., 2020). These findings are 356 
consistent with previous estimates of local ΔR of −195 ± 61 14C yr determined from radiocarbon dating of 357 
modern bivalve shells collected from the Laptev Sea shelf (Bauch et al., 2001). Notably, our results suggest 358 
that the local ΔR value on the  aptev  ea shelf remained relatively constant from the last deglaciation to 359 
the late Holocene. This finding indicates that the localized environmental variability that drive temporal 360 
changes in local ΔR values at higher latitudes (Heaton et al., 2023) was likely not substantial in this region. 361 
Changes in the normalized authigenic 10Be/9Be ratio in core PS51/154 during the last deglaciation also 362 
closely resembles that of core P 2458 from the central  aptev  ea (Figure 2a), although the updated ΔR 363 
value for core P 51/154 (−164 ± 56 14C yr) is about 500 years lower than the ΔR value for core P 2458 364 
(345 ± 60 14C yr) (Nicolas et al., 2024). To date, all reported reservoir ages for the Laptev Sea are based on 365 
radiocarbon dating of modern benthic shells collected from water depths shallower than 50 m (Bauch et 366 
al., 2001). Within this dataset, one measurement from near the Lena Delta (water depth 8 m) yields a 367 
MRA approximately 500 years higher than those derived from other samples across the Laptev Sea shelf 368 
(water depths 25 to 46 m) (Bauch et al., 2001). This offset suggests an additional contribution of aged 369 
carbon, likely associated with discharge from the Lena River. During the last deglaciation, core PS2458 370 
was situated near the mouths of the Lena and Yana Rivers, whereas core PS51/154 was located closer to 371 
the mouth of Olenyok River (also spelled Olenek River; Kleiber and Niessen, 2000), whose yearly discharge 372 
is less than 3% compared to sum of the Lena and Yana Rivers based on modern observation (Milliman et 373 
al., 2008; Figure 1). The observed ΔR offset between cores P 2458 and P 51/154 during the deglaciation 374 
may therefore reflect varying inputs of pre-aged carbon, with core PS2458 located proximal to the Lena 375 
River being more strongly influenced. Alternatively, the high ΔR value in core P 2458 can be attributed to 376 
differences in water depth between the coring sites, as core PS2458 was taken from a much deeper site 377 
(938 m) compared to core PS51/154 (270 m) (Fütterer, 1994; Fahrbach, 1998). In the absence of 378 
independent constrains of modern reservoir ages from the Laptev Sea continental slope, it remains 379 
difficult to determine which of these two mechanisms dominates. 380 
With this updated ΔR value (−164 ± 56 14C yr), new age-depth models for cores PS51/154 and PS51/159 381 
were generated using OxCal 4.4 software (Bronk Ramsey, 2009) with the same microfossil radiocarbon 382 
dates as previously used in Lin et al. (2025b) and the Marine20 calibration curve (Heaton et al., 2020) 383 
(Figure 3k; Figure S2). The record from core PS51/159 is used to complement the low temporal resolution 384 
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of the Holocene section in core PS51/154. Given the close spatial proximity of the two sites and 385 
consistency of their biomarker proxy records, we assume comparable marine reservoir age conditions and 386 
apply the same updated ∆R value to core P 51/159. Because the difference between the previously used 387 
ΔR value (−95 ± 61 14C yr) and the updated ΔR value (−164 ± 56 14C yr) is small, the updated age model 388 
closely aligns with the previously published age model in Lin et al. (2025b) (Figure S3). According to the 389 
revised age model, three periods of peak sedimentation rates were found in core PS51/154 and one peak 390 
period was found in core PS51/159, coinciding with intervals of rapid sea level rise and fast shelf 391 
inundation (Figure S3). Notably, during these peak sedimentation rate periods, the 9Be content, 10Be 392 
content, and 10Be/9Be ratio remained unaltered (Figure S1a, b, c). This stability indicates that the 393 
authigenic 10Be/9Be ratio was unaffected by variations in sedimentation rates, confirming its reliability as 394 
an independent age control distinct from radiocarbon dating. 395 
 396 
4.2. Pre-depositional 14C ages of terrestrial fatty acids reflect events of rapid coastal erosion and high 397 

river input  398 
We applied CSRA to C28:0 fatty acid to assess shifts in terrOM sources during periods of enhanced terrOM 399 
transport to the western Laptev Sea shelf. In cores PS51/154 and PS51/159, pre-depositional 14C ages of 400 
C28:0 fatty acids exhibited values ranging between 20.1 and 11.55 14C kyr during periods between the peak 401 
terrOM MAR and increased river discharge. The high pre-depositional 14C ages of C28:0 fatty acids observed 402 
in this study are comparable to, or even higher than, those reported (10−18 kyr) for modern  aptev  ea 403 
shelf sediments from areas distant from the Lena River, where the terrOM is derived primarily from 404 
coastal erosion rather than riverine sources (Vonk et al., 2014). This similarity in 14C ages suggests that 405 
coastal erosion was the dominant terrOM source to cores PS51/154 and PS51/159. Elevated pre-406 
depositional 14C ages (>30 14C kyr) of C28:0 fatty acids in both cores were predominantly recorded during 407 
periods of peak terrOM MAR (Table1; Figure 3h, i, yellow boxes), while lower ages of around 4.2 and 10.7 408 
14C kyr were found between these periods, coinciding with reconstructed intervals of increased river 409 
discharge observed from foraminifera assemblage changes (Fig. 3b, blue boxes) (Taldenkova et al., 2012). 410 
Based on OM composition and paleoenvironmental information, the three periods of elevated terrOM 411 
MAR appear to be linked to different environmental drivers. The first two peak terrOM MAR periods (13.7 412 
and 11.3 kyr BP) are attributed to intensified coastal erosion, whereas the third maximum period in 413 
terrOM MAR (10.4 kyr BP) is related to reduced sea-ice coverage and rapid marine transgression (Figure 414 
3b, c) (Lin et al., 2025b). The high pre-depositional 14C ages of C28:0 fatty acids during these peak periods 415 
of terrOM MAR suggest an increased terrOM influx from aged terrestrial permafrost. However, whether 416 
the different environmental causes of these peak terrOM MAR periods mobilized aged terrestrial 417 
permafrost through distinct pathways cannot be determined from this dataset. Conversely, during 418 
intervals of increased riverine input, the pre-depositional 14C age of C28:0 fatty acids decreased (Figure 3h, 419 
j, blue boxes), indicating that surface runoff and river discharge transported relatively young C28:0 fatty 420 
acids to the western Laptev Sea shelf. This younger pre-depositional 14C age is consistent with observed 421 
ages of HMW fatty acids (C24:0+ C26:0+ C28:0) deposited near the modern Lena River mouth (5.5 kyr) (Vonk 422 
et al., 2014). Thus, changes in the pre-depositional 14C ages of C28:0 fatty acids in cores PS51/154 and 423 
PS51/159 likely reflect shifts in terrOM sources, specifically between terrOM derived from coastal erosion 424 
and river discharge. 425 
During the late Holocene, the pre-depositional 14C ages of C28:0 fatty acids in core PS51/159 decreased 426 
(Figure 3h). The same phenomenon was also observed in other records from mid- and high-latitude 427 
regions of the Northern Hemisphere (Winterfeld et al., 2018; Meyer et al., 2019). Increased vegetation 428 
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cover in northern Siberia (Naidina and Bauch, 2001; Andreev et al., 2003) and the stabilization of sea level 429 
(Figure 3c; Bauch et al., 2001; Klemann et al., 2015) during the Holocene might have reduced erosion rates 430 
and, consequently, the contribution of deep permafrost export, resulting in surface runoff as the 431 
predominant source for younger terrOM deposited in the Arctic Ocean (Figure 3h). 432 

 433 
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Figure 3. Proxy data to constrain terrestrial organic carbon source changes in the Laptev Sea. (a) Greenland 435 
ice core NGRIP δ18O values (North Greenland Ice Core Project Members, 2004; Rasmussen et al., 2006). 436 
(b) Inundation rate of the Laptev Sea shelf, calculated with modern bathymetry (Jakobsson et al., 2012; 437 
Klemann et al., 2015). (c) rate of sea-level change in the Laptev Sea (Klemann et al., 2015). (d) Pre-438 
depositional 14C ages (pre-depo age) of C28:0 fatty acid in core PS2458 (Nicolas et al., 2025). (e) Changes in 439 
terrestrial organic matter (terrOM) mass accumulation rate (MAR), represented by the MAR of HMW fatty 440 
acids (C24:0+C26:0+C28:0+C30:0) in core PS2458 (Nicolas et al., 2025). (f) δ18O record of planktic foraminifera 441 
N. pachyderma in core P 2458 ( pielhagen et al., 2005) on an updated age model with ΔR = 345 ± 60 14C 442 
yr (Nicolas et al., 2024). (g) Age-depth model control points from radiocarbon dating of core PS2458 443 
(Nicolas et al., 2025). (h) Pre-depositional 14C ages (pre-depo age) of C28:0 fatty acids (green), C23+C25 n-444 
alkanes (orange), and C29+C31 n-alkanes (red) in cores PS51/154 (circles) and PS51/159 (triangles) (this 445 
study). (i) Changes in terrestrial organic matter (terrOM) mass accumulation rate (MAR), represented by 446 
the MAR of HMW fatty acids (C24:0+C26:0+C28:0+C30:0) in cores PS51/154 and PS51/159 (Lin et al., 2025b). (j) 447 
Relative abundance of river-affected (river-proximal and river-intermediate) benthic foraminifera in core 448 
PS51/154 (Taldenkova et al., 2012). (k) Age-depth model control points from radiocarbon dating of cores 449 
PS51/154 (light brown) and PS51/159 (dark brown) (Bauch et al., 2001; Taldenkova et al., 2010; Hörner et 450 
al., 2016; Lin et al., 2025b). Panels h–k are plotted with an updated age model of ΔR = −164 ± 56 14C yr 451 
(this study). Yellow bars indicate periods of high terrOM MAR in panel e for core PS2458 and in panel i for 452 
cores PS51/154 and PS51/159. Blue bars indicate periods of enhanced river inputs in panel f for core 453 
PS2458 and in panel j for cores PS51/154 and PS51/159. For display clarity, the uncertainties in the age 454 
models of cores PS51/154 and PS51/159 are omitted from this figure, but are provided in Figure S2. 455 
Acronyms denote different paleoclimate periods defined by ages derived from the NGRIP δ18O record: 456 
HS1: Heinrich Stadial 1, B/A: Bølling-Allerød, YD: Younger Dryas, PB: Preboreal (Rasmussen et al., 2006; 457 
Hodell et al., 2017). A stacked view of the records from cores PS51/154, PS51/159, and PS2458 is shown 458 
in Figure S4 to allow for easier comparison across datasets. 459 
 460 
4.3. Pre-depositional 14C ages of terrestrial fatty acids from the western and central Laptev Sea shelves 461 
The independent age models using updated ΔR values for core P 2458 from the central  aptev  ea shelf 462 
and cores PS51/154 and PS51/159 from the western Laptev Sea shelf provide a valuable framework for 463 
aligning terrOM transport events on a sophisticated chronological scale. Enhanced terrOM MAR during 464 
the Bølling–Allerød is recorded at both sites, with good agreement in the onset timing of the event (~14–465 
13 kyr BP; yellow bars in Figure 3 and Figure S4). At the beginning of the Holocene (11.7–11.2 kyr BP), a 466 
terrOM MAR peak is observed in core PS51/154 but is absent in core PS2458. In the early Holocene (11.3–467 
9.4 kyr BP), core PS2458 exhibits elevated terrOM MAR. This interval overlaps with the peak terrOM MAR 468 
recorded in cores PS51/154 and PS51/159 (10.7–10.1 kyr BP), as well as a prolonged phase of elevated 469 
terrOM MAR in core PS51/159 between 10.1 and 9.6 kyr BP. Although the onset of increased terrOM MAR 470 
periods appear to lag slightly (~0.5 kyr) behind phases of rapid sea-level rise in the Laptev Sea (Figure 3c), 471 
considering the age uncertainties on both paleo sea-level modeling and marine sediment age models, 472 
these results still support previous hypotheses linking enhanced terrOM fluxes to accelerated coastal 473 
erosion driven by rapid sea-level rise (Lin et al., 2025b; Nicolas et al., 2025). 474 
The overall pre-depositional 14C ages of C28:0 fatty acids in cores PS51/154 and PS51/159 are comparable 475 
to those in core PS2458, indicating similar terrOM sources across the central and western Laptev Sea 476 
shelves. This pattern is consistent with observations of bulk OM in marine surface sediments (Lin et al., 477 
2025a). During terrOM MAR peak periods, the pre-depositional 14C ages of C28:0 fatty acids in PS51/154 478 
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and P 51/159 approach “radiocarbon-dead” values, whereas corresponding ages in core P 2458 show 479 
comparatively little variation between high and low terrOM MAR intervals. This larger variability of pre-480 
depositional ages in the western Laptev Sea records suggests a stronger influence of aged terrOM inputs 481 
derived from coastal erosion during periods of rapid sea-level rise. Notably, the relatively young pre-482 
depositional 14C age of C28:0 fatty acids during the period of increased fresh water input is observed in both 483 
records from the western and central Laptev Sea shelves. Taken together, these results indicate that the 484 
western Laptev Sea shelf is more sensitive to changes in the composition of terrOM supply between 485 
riverine input and coastal erosion, whereas the composition of terrOM input to the central Laptev Sea 486 
appears to have remained relatively stable over time despite variations in the rate of terrOM delivery. 487 
 488 
4.4. Pre-depositional 14C ages of terrestrial n-alkanes indicate invariant sources 489 
Pre-depositional 14C ages of C29+C31 and C23+C25 n-alkanes were determined to assess changes in terrOM 490 
sources across different carbon pools. HMW (C29+C31) n-alkanes indicate inputs from higher plants, 491 
whereas mid-chain (C23+C25) n-alkanes are markers for peat, moss, and aquatic plants (Bianchi and Canuel, 492 
2011). In cores PS51/154 and PS51/159, n-alkane pre-depositional 14C ages are only available for a subset 493 
of the samples analyzed for fatty acid ages due to their lower abundances (Figure 3h; Table 1). The 494 
available ages are all from periods of high terrOM accumulation rates. During these periods, the pre-495 
depositional 14C ages of C29+C31 n-alkanes were lower than those of C28:0 fatty acids (Figure 3h). Previous 496 
findings based on modern marine surface sediments from the Siberian Arctic show that hinterlands 497 
characterized by less stable permafrost supply older C27+C29+C31 n-alkanes to adjacent shelves, and these 498 
MHW n-alkanes are significantly older than the C24:0+C26:0+C28:0 fatty acids analyzed at the same locations 499 
(Feng et al., 2015; Gustafsson et al., 2011). In contrast, regions underlain by extensive continuous 500 
permafrost yield younger C27+C29+C31 n-alkanes to the marine shelves, and the age differences between 501 
HMW n-alkanes and HMW fatty acids are comparatively small or even reversed (Feng et al., 2015; 502 
Gustafsson et al., 2011). Based on these previous findings, we hypothesize that the relatively low pre-503 
depositional 14C ages of C29+C31 n-alkanes compared to C28:0 fatty acids in cores PS51/154 and PS51/159 504 
may indicate that even during peak terrOM MAR periods, permafrost stability in the western Laptev Sea 505 
inland region remained higher than at present. However, verifying this hypothesis requires further 506 
investigation into the relationship between radiocarbon age differences of HMW n-alkanes and HMW 507 
fatty acids, and their environmental implications. 508 
 509 
Table 1. Compound-specific radiocarbon data for high molecular weight (HMW) (C28:0) fatty acids, mid-510 
chain (C23+C25) n-alkanes, and HMW (C29+C31) n-alkanes from cores PS51/154 and PS51/159. 511 
 512 

Depth 

(cm) 

Depositional age 

(cal. kyr BP) 

Compound Mass 

(μg C) 

F14C ±1σ Δ14Cinitial 

±1σ (‰) 

14C age at 

deposition 

±1σ (kyr) 

PS51/154-11 

40.5 6.02 C28:0 64 0.042 ± 0.009 −910 ± 19 20.1 ± 1.8 

68 10.4 C29+C31 59 0.030 ± 0.002 −890 ± 8 18.9 ± 0.6 

124 11 C28:0 78 0.181 ± 0.007 −320 ± 32 4.2 ± 0.4 

142 11.25 C28:0 58 Fossil Fossil Fossil 

142 11.25 C29+C31 42 0.026 ± 0.003 −900 ± 12 19.5 ± 0.9 

273.5 12.05 C28:0 64 Fossil Fossil Fossil 
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363.5 13.7 C28:0 47 0.011 ± 0.013 −940 ± 66 24.5 ± 9.4 

363.5 13.7 C23+C25 86 0.008 ± 0.003 −960 ± 15 26.7 ± 2.8 

363.5 13.7 C29+C31 136 0.025 ± 0.002 −870 ± 11 17.8 ± 0.7 

PS51/159-10 

12.5 0.62 C28:0 40 0.221 ± 0.013 −760 ± 16 11.55 ± 0.55 

82.5 6.42 C28:0 78 0.058 ± 0.007 −880 ± 17 17.3 ± 1.1 

140 9.71 C28:0 119 0.030 ± 0.005 −900 ± 16 19.3 ± 1.3 

140 9.71 C23+C25 123 0.016 ± 0.002 −950 ± 7 24.2 ± 1.1 

140 9.71 C29+C31 146 0.021 ± 0.002 −930 ± 7 22.3 ± 0.8 

190 10.1 C28:0 59 0.031 ± 0.010 −900 ± 33 19 ± 2.5 

280 10.5 C28:0 50 Fossil Fossil Fossil 

401.5 12 C28:0 100 0.073 ± 0.006 −690 ± 27 10.7 ± 0.7 

 513 
 514 
Pre-depositional 14C ages of C23+C25 n-alkanes are only available for two intervals, with 26.7±2.8 14C kyr 515 
during the Bølling-Allerød and 24.2±1.1 14C kyr during the early Holocene. In both periods, these pre-516 
depositional 14C ages of C23+C25 n-alkanes exceed those of the HMW n-alkanes (Figure 3h, Table 1). Values 517 
of the n-alkane derived peat index and the C25/(C25+C29) n-alkane ratio (derived based on Vonk and 518 
Gustafsson (2009)) suggest an increase in peatland input to core PS51/154 between 12 and 6.5 kyr BP (Lin 519 
et al., 2025b). The high pre-depositional 14C ages of C23+C25 n-alkanes in cores PS51/154 and PS51/159 520 
during peak terrOM accumulation imply that mobilized peat during those times predominantly originated 521 
from ancient permafrost rather than contemporaneously developed peat, despite expanding peatland 522 
coverage across the circumarctic during the Preboreal and the early Holocene (Yu et al., 2010; Loisel et 523 
al., 2017; Treat et al., 2019; Treat et al., 2021). In Siberia, peat layers are frequently found within 524 
Pleistocene permafrost, and thermokarst lake deposits often contain reworked Pleistocene peat 525 
(Schwamborn et al., 2002; Hubberten et al., 2004; Strauss et al., 2015; Treat et al., 2019). Thus, the deep 526 
peat source can originate from exposed thermokarst slumps that were subsequently mobilized by rapid 527 
shelf flooding (Jakobsson et al., 2012; Klemann et al., 2015; Romanovskii et al., 2004) and therefore further 528 
support the evidence for the predominant coastal origin of the terrOM accumulating during those times 529 
(Figure 3b). On Canadian Arctic shelves, a high pre-depositional 14C age of mid-chain n-alkanes has been 530 
attributed to petrogenic contributions (Drenzek et al., 2007; Feng et al., 2015), however, this is likely not 531 
the case in the Laptev Sea. Although shale outcrops are present in the western Laptev Sea coastlines, 532 
particularly in Severnaya Zemlya and the western Taimyr Peninsula (Gee et al., 2006), petrogenic sources 533 
are less likely to be the dominant source of C23+C25 n-alkanes in the western Siberian Shelf. This is 534 
supported by the n-alkane degradation index (CPI), which exhibits significantly higher values in cores 535 
PS51/154 (CPI ranged between 4.8 and 6.6) and PS51/159 (CPI ranged between 4.8 and 6.0; Lin et al., 536 
2025b) than the typical values of petrogenic sources (CPI value around 1; Bray and Evans, 1961) as well as 537 
the values observed from the Canadian Arctic shelf (CPI ranged between 1.6 and 2.2; Wu et al., 2022). 538 
 539 
5. Conclusions 540 
Both aspects investigated in this study yielded important results for Arctic paleoclimate studies: 541 

1) By comparing the authigenic 10Be/9Be ratios in core PS51/154 to ice core 10Be flux, a deglacial ΔR 542 
value of −164 ± 56 14C yr was determined for the western Laptev Sea shelf. This value is consistent 543 
within uncertainty with modern ΔR estimations based on radiocarbon dating of locally collected 544 
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modern bivalve shells from the  aptev  ea. This consistent value implied that the local ΔR on the 545 
Laptev Sea shelf remained remarkably stable from the last deglaciation to the present. However, 546 
the ΔR value of core P 51/154 was about 500 14C yr lower than the deglacial ΔR value of core 547 
PS2458 (Nicolas et al., 2024), which was located at the continental margin of the central Laptev 548 
 ea and exhibited a much deeper water depth. Our results emphasized that variations in local ΔR, 549 
even within the same marginal sea region, could be more substantial than previously expected, 550 
and ΔR evaluation for individual sediment cores might be necessary to achieve a precise 551 
chronology. 552 

2) The pre-depositional 14C ages of HMW (C28:0) fatty acids in cores PS51/154 and PS51/159 reflect 553 
different terrOM sources during the last deglaciation, with elevated pre-depositional 14C ages 554 
corresponding to periods of intensified coastal erosion and lower pre-depositional 14C ages 555 
associated with increased riverine input. Pre-depositional 14C ages of mid-chain (C23+C25) and 556 
HMW (C29+C31) n-alkanes indicated a predominant contribution from aged permafrost over time, 557 
with the latter containing a small younger source. The differences in pre-depositional 14C age 558 
change between C28:0 fatty acid, C23+C25 n-alkanes, and C29+C31 n-alkanes provided indications 559 
towards sources and stability of permafrost supplying the terrOM. This study underscored the 560 
importance of understanding differences in biomarker mobilization pathways to accurately trace 561 
the transport of carbon pools in terrestrial permafrost. 562 
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