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16  Abstract

17 The on-going global warming is causing rapid changes in the carbon cycle of the Arctic. Yet
18  the response of the Arctic to these environmental changes are not fully understood. In this study,
19  we investigate bulk organic parameters (TOC, TN, §*Corg, 5°N, C/N) and terrestrial n-alkanes
20  (TERR-alkanes) from 19 surface sediments and 5 2!°Pb-dated sediment cores covering up to the
21 last three centuries from the Chukchi Sea. Downcore profiles indicate increasing OC since the
22 beginning of the Industrial Era in all cores. They also show higher TOC and TN values in southern
23 Chukchi Sea cores coincident with decreasing §*Corg indicating an increasing contribution of
24  terrestrial OC that is confirmed by TERR-alkanes. Comparison with regional paleo-records and
25 instrumental data emphasize the key role of air temperature and sea ice cover on the OC cycle and
26  vegetation of the surrounding landmasses.

27  Keywords: biomarkers, terrigenous organic carbon, Arctic region, pre-industrial Era

28 1. Introduction

29 The Arctic Ocean experiences increased organic carbon (OC) supply due to permafrost
30 thawing, enhanced river discharge as well as increasing primary production triggered by sea ice
31 retreat as a result of rising global temperatures (Holmes et al., 2021, Wolken, et al., 2021, Frey et
32 al, 2021). The Arctic permafrost, accounting for about half of global soil OC pool (Hugelius et

33 al, 2014), largely exceeds the atmospheric carbon pool, and can be rapidly mobilized upon
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34 warming and accelerated hydrological cycle, hence representing a “time-bomb” for global
35  warming (Tanski et al., 2019; Fritz et al., 2017). Erosion of the coastal permafrost, representing
36 ~34 % of the global coastline, is responsible for the release of 14 Tg of OC into the Arctic Ocean
37  (Vonk et al., 2012; Couture et al., 2018). However, rivers are also major suppliers of terrestrial
38  OC. While accounting for only 1 % of the global volume of seawater, the Arctic Ocean receives
39 about 11 % (4300 km?® year?) of the global river discharge, emphasizing the importance of
40  continental runoff in the Arctic hydrologic cycle (McClelland et al., 2006; Walsh et al., 2020).
41 Over the last decades, the increasing nutrient supply and the sea ice loss have led to a net primary
42 production rise, the Eurasian Arctic being the most impacted region with an annual increase of
43 12.83 g C m2yr! (Frey et al., 2021). Biological uptake of atmospheric CO; is also remarkably
44 high in marginal seas of the Pacific Arctic Region (PAR) such as the Chukchi Sea, one of the
45  largest CO> sinks of the global ocean (Hill et al., 2018; Neeley et al., 2018; Tu et al., 2021).

46 Much can be learnt about marine-terrestrial interactions from the analysis of marine
47  sediments. Bulk and molecular organic indicators have been widely used to characterize the OC
48  content of sediments in the PAR (Fernandes and Sicre, 2000; Wang et al., 2019; Seki et al., 2021;
49  Suetal., 2023; Bai et al., 2024). In this study, we investigate the spatial and temporal changes of
50 the OC fingerprint using TERR-alkanes and commonly used bulk parameters, e.g. Total Organic
51  Carbon (TOC), Total Nitrogen (TN), *Corg, 5°N and C/N ratio from 5 ?'°Pb-dated sediment
52  cores and 19 surface sediments from the Chukchi Sea (Figure 1a). We then examine the role of air
53  temperature, sea ice concentration (SIC) and inland precipitation on changes recorded since ~1700
54 CE.

55 2 Material and methods

56 2.1 Surface and core sediments

57 Five sediment cores retrieved with a multi-corer and 19 surface sediments (0-2 cm) were
58  obtained from the Chukchi shelf for this study (Figure 1a). The surface sediments were collected
59  from the Chukchi shelf and Chukchi Plateau during the LV77 cruise on board the R/V Akademik
60 M. A. Lavrentiev in 2016 and during the 11" Chinese National Arctic Research Expedition
61  (CHINARE) in summer 2020 on board the R/V Xuelong 2.

62  Cores 14R09 (74.61°N, 168.98°W; 33 cm long, only the upper 13 cm are analyzed here; 184 m
63  water depth) and ARC11-R1 (hereafter named R1, 74.64°N, 169.13°W; 15 cm long; 200 m water

2
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64  depth) were recovered from the northern Chukchi Sea during the CHINARE expeditions in 2014
65 on board the R/V Xuelong 1 and in 2020 on board the R/V Xuelong 2, respectively. Core ARC4-
66  CO7 (hereafter named CO7, 72.54°N, 165.33°W, 20 cm long, 51 m water depth) was retrieved from
67  the Chukchi shelf during the CHINARE expedition on board the R/V Xuelong 1 in summer 2010.
68  Core 14S03 (72.23°N, 157.05°W; 51 cm long, 172 m water depth) was collected from the eastern
69  Chukchi Sea during the CHINARE expedition in 2014 on board the R/V Xuelong 1 while core
70 LV77-4 (69.20°N, 174.9°W; 44 cm long, 60 m water depth) was retrieved from the southwestern
71 Chukchi Sea during LV77 cruise on board the R/V Akademik M. A. Lavrentiev in 2016. The ?1°Ph
72 and *¥'Cs measurements (Astakhov et al., 2019; Bai et al., 2022; Su et al., 2023; Jalali et al., 2024)
73 indicate that cores 14R09 and 14S03 cover the last three centuries while cores LV77-4, R1 and
74 CO7 span from the 1820s to 2014. These sediments were analyzed for bulk parameters and TERR-
75  alkanes.

76 2.2 Bulk analyses

77  For Total Organic Carbon (TOC) and 8%Coqg analyses, about 0.5 g of freeze-dried and
78  homogenized sediment was acidified using 1 mol Lt HCI, heated in a water bath for over three
79  days to remove carbonates. Samples were then washed three times using ultrapure water and
80 placed in an oven at 60 °C until complete dryness (Williford et al., 2007). About 4 mg was then
81  placed into a silver capsule and analyzed for TOC on a CHNOS elemental analyzer coupled with
82  an isotope ratio mass spectrometer (IRMS) Thermo, Delta V advantage. IAEA-CH3 (cellulose
83  with 83C = -24.724%.) and Urea (CH4N20; WC=20%) were used as standards for 5*Corg and
84  TOC measurements. Based on replicate analyses, the analytical errors for §*Corg and TOC were

85  estimated to 0.2 %o and 0.1 %, respectively.

86  For total nitrogen (TN) and nitrogen isotopic composition (5*°N), between 10 and 20 mg of non-
87 acidified freeze-dried sediments was placed into a silver capsule and analyzed on CHNOS
88 elemental analyzer coupled with an isotope ratio mass spectrometer (IRMS) Thermo, Delta V
89  advantage. We used Urea (CH4N20; WC=20%) and IAEA-NO3 (KNOs; 5'°N=4.7%o) as standards
90  for TN and 5!°N measurements, respectively. The standard deviation of TN and 8'°N was estimated
91  to 0.005 % and 0.2 %o, respectively.

92 2.3 Terrestrial alkane analyses
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93 Lipids were extracted from 2 to 4 g of freeze-dried sediments using a mixture of
94  dichloromethane/methanol (2:1 v/v). The total extracts were then separated into compound classes
95 using silica gel chromatography (Ternois et al., 2000). The fraction containing n-alkanes was
96 quantified using a gas chromatograph Agilent Technologies 7890 (30 m HP-1MS column, 0.25
97 mm in diameter, and 0.25 pm film thickness) coupled to mass spectrometry Agilent 262
98  Technologies 5975C inert XL. 5a-cholestane was added to the fraction as an external standard
99  prior to Gas Chromatography-Mass Spectrometry (GCMS) analysis. The GC oven temperature
100  was ramped from 60°C to 100°C (at 25°C/min), held for 10 min, and then from 100°C to 310°C
101 (at 2°C/min). The injector temperature was set at 280°C and the carrier gas (helium) flow
102 maintained at 1.2 ml/min. Detection of n-alkanes was achieved using selective ion monitoring
103 based on mass spectral detection of selected ions (m/z 57 for n-alkanes). The same was done for
104  the external standard Sa-cholestane (m/z 372). The relative abundances of n-alkanes were
105  determined by comparing their peak areas to that of the external standard Sa-cholestane. The data
106  were then normalized to dried sediment weight and TOC %.

107 2.4 Calculation of indices and composites

108 Several indices were calculated based on the n-alkanes distribution: the average chain length
109  ACL, the carbon preference index (CPlak) and the P using equations (1), (2) and (3),
110  respectively:

111 @))]

112 ACL2731= (27 x [C27] + 29 x [C29] + 31 x [C31]) / ([C27] + [C29] + [C31])

113 2

114 CPlak has been frequently used to assess the relative contribution of terrestrial sources
115 (Kvenvolden, 1966).

116 CPlak = 05 x ((C23+C25+C27+C29+C31) / (C22+C24+C26+C28+C30)) +
117 ((C23+C25+C27+C29+C31) / (C24+C26+C28+C30+C32))

118 (3)
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119 Paq = (C23+C25) / (C23+C25+C29+C31)

120 The relative contribution of Sphagnhum, a common Arctic moss species, to n-alkanes was

121 calculated from Vonk & Gustafsson (2009) using equation (4):

122 4)
123 % Sphagnum = ((C25/ C25 + C29) - 0.07) / (0.72 - 0.07) x100
124 Where 0.07 and 0.72 represent the two end-members of the C25/ (C25 + C29) ratio for higher

125  plants and Sphagnum, respectively.

126  Composites of the ACL.7.31 and TERR-alkanes were calculated based on the individual
127  reconstruction of the five cores. For TEER-alkanes, each time series was first normalized by
128  subtracting its mean and dividing the residual by its standard deviation. The 5 normalized time
129  series (original ones for ACL27.31) were then merged chronologically to produce a single
130  composite. The composite was then averaged into 10-yr bins for comparison with air temperature,

131  sea ice concentration and inland precipitation.

132 3 Results
133 3.1 Bulk parameters

134 New 8'°C, TN and 5'°N data generated from cores 14R09, 14S03 and LV77-4 and earlier
135  published for R1 and C07 are shown in Figure 2 (Table S1). TOC from the 3 new cores (Figure
136  2a) can be found in Jalali et al. (2024). In all cores, TOC and TN values increase since the early
137 20" century, but this trend is more pronounced at the northern sites. The southern cores LV77-4,
138  CO07 and 14S03 show higher TN values (0.18 % and 0.25 %) than the northern cores (14R09 and
139  R1) (0.08 % to 0.15 %) (Figure 2c). C/N in the two southern cores are similar and quite stable

140  while lower and decreasing in the northern cores (Figure 2e).

141 The 5'3C values fluctuate between -22.2 and -21 %o in core LV77-4, from -25.4 to -22.7 %o in
142 core 14S03 and from -25.4 to -22.6 %o in core 14R09 (Figure 2b). All records depict a decreasing
143  trend since approximately 1850-1900 except for the northernmost station R1 where they show
144  continuous increase and more depleted values. 5'°N values are broadly stable around 8 %o in cores

145  LV77-4 and 14S03, except for the marked increase since the second half of the 20™ century (Figure
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146  2d). This is in contrast with the rapid increase from 5.5 %o to 9.5 %o, at the northern sites (R1,
147  14R09).
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149  Figure 1: Map showing the location of the five cores (blue diamonds) and 19 surface sediments (blue dots).
150  Surface sediments used for comparison are also shown (red dots) (Bai et al., 2024). Main ocean currents,
151  geographical locations mentioned in the text and main seas of the western Arctic Ocean are also shown.
152 Two red rectangles represent the grid points from which data of air temperature and precipitation have been
153  extracted (discussed in detail in section 4.3). (b) and (c) combine TERR-alkanes and C/N data from all
154  surface sediments (Table S2).
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156  Figure 2: Bulk parameters from the five sediment cores. (a) Total organic carbon, (b) 5'*Corg, (c) total
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157  nitrogen (TN), (d) 8*°N and (e) carbon to nitrogen ratio (C/N) (see text). (a) Data published in Bai et al.
158  (2022), Su et al. (2023) and Jalali et al. (2024). (b), (c), (d) and (e), data from the two cores R1 and CO7 are
159  from Bai et al. (2022) and Su et al. (2023). The same color coding of the cores is used for all figures.

160 3.2 TERR-alkanes

161 TERR-alkanes in surface sediments were more abundant in the southwestern Chukchi Sea on
162  the path of Siberian Coastal Current (SCC, 266 to 303 ug/g TOC, Figures 1 and S1, Table S2).
163  They showed intermediate values (190 pg/g TOC on average) in the rest of the Chukchi Shelf and
164  lowest ones on the Chukchi Plateau (131 pg/g TOC on average).

165 Downcore TERR-alkane values are generally highly variable (Figure 3a, Table S1) ranging
166  from 30 to 270 pg/g TOC at the northern core 14R09 with a steep decrease from the 1700s until
167  about 1830, followed by a moderate increase towards present. Values in the other northern core
168  R1lvaryinasimilar range (120 to 228 pg/g TOC) while in core C07 the range of variation is lower
169 (32 to 107 pg/g TOC). In the southern core 14S03, TERR-alkanes display large amplitude
170  fluctuations, notably until about 1870, spanning from close to 0 to 250 pg/g TOC. The other
171 southern core LV77-4 shared similar characteristics over the overlapping period (from 1830

172 onwards) with values ranging from almost 0 to 400 pg/g TOC (Figure 3a).

173 ACLy7-31 of the southern LV77-4 and 14S03 cores are again those exhibiting the largest
174  fluctuations (Figure 3b), spanning between 28.4 and 29.3 with two deep drops around 1730 and
175 1820 in the longest 14S03 record. Values at the northern sites are broadly less variable except for
176  core 14R09.

177 The P4q ratio, used as an indicator of the contribution of aquatic plants, indicates stable values
178 inthe northern cores, around 0.4, and strongly variable ones in the southern 14S03 core until about
179 1870 (Figure 3c). Noteworthy is the decreasing trend of Paq in LV77-4 while ACLy7.31

180  concomitantly increases.

181 Finally, CPlak indicates similar values in all cores except at the northern site R1 where it is
182 markedly lower (Figure 3d). The % sphagnum, ranging between 35 % and 90 %, exhibits similar
183  features as Paqincluding the steady decrease since 1850 accelerating after 1970 at LV77-4 (Figure
184  3e).
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Figure 3: Downcore records from the five cores of (a) TERR-alkanes C27-Cs: (in ug/g TOC), (b) Average
chain length of TERR-alkanes ACL7-31, (C) Py ratio, (d) Carbon Preference Index CPlax and (e) percentage
of Sphagnum to the total TERR-alkanes. The same color coding of the cores is used for all figures.



https://doi.org/10.5194/egusphere-2025-325
Preprint. Discussion started: 13 February 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

189 4 Discussion
190 4.1 Spatial distribution of terrestrial biomarkers in the Chukchi Sea

191 In this section we compile the new TERR-alkane data from the 19 surface sediments with
192  previously published TERR-alkanes data and bulk parameters from 107 surface sediments (Table
193  S2;Suetal., 2023; Bai et al., 2024) to assess the spatial distribution of terrestrial OC in the modern
194  Chukchi Sea (Figure 1b,c). Both high TERR-alkanes and C/N ratio demonstrate a strong
195  contribution of terrestrial OC in the coastal sediments of the western Chukchi Sea (Figure 1) and
196  eastern East Siberian Sea where the riverine influence is predominant, in agreement with the
197  &%Corg data of Su et al. (2023). This is in contrast with the weaker terrestrial OC fingerprint at
198  more northern latitudes reflecting higher primary production (pelagic and sympagic) and more
199  distant terrigenous sources (Figure 1b,c).

200 4.2 Temporal changes of terrestrial carbon since pre-industrial times
201 4.2.1 Bulk parameters
202 The 8*3Corg, combined with TOC and C/N ratio, have been widely used to discriminate marine

203  from terrestrial OC in the Arctic Ocean (Fernandes et Sicre, 2000; Gofii et al., 2013; Tesi et al.,
204  2016; Stein & MacDonald, 2004) because of distinct isotopic composition of terrestrial §*Corg
205  (—26+1.5%0), phytoplanktonic (—24+3%o) and sea ice algal (—20.5+2%0) material. As shown in
206  Figure 2a, the lower TOC of deep sediments (R1 and 14R09) stands out from the higher values of
207  shallower and more southern cores (C07, 14S03 and LV77-4). The latter group also shows higher
208 TN and C/N but heavier §*Corg values than deeper sediments (Figure 2b,c,e), reflecting mixed
209 inputs of marine and terrestrial OC. Lowest 8Corg values around —22%. suggest significant
210  primary production possibly sustained by nutrient inputs at LV77-4. Another notable feature is the
211 concomitant increase of 8**Corg and C/N decrease in the deeper northern sediments that evidence
212 aprogressive growth of marine OC with respect to terrestrial OC in pre-industrial times, likely due
213 to the retreat of sea ice (Figure 2b,e). This hypothesis is further supported by the steady increase
214 of TN and &'°N (Figure 2c,d). Our findings are in line with Jalali et al. (2024) based on sympagic
215  and pelagic biomarkers (i.e. IP25, HBI-I1, HBI-III, brassicasterol and dinosterol). Note that the
216 downcore 8*3Cqrg record at all sites indicate a more or less pronounced decline since the early 20"
217  century, reflecting enhanced export of terrestrial OC since 1850, except for the northernmost site
218  R1 (Figure 2b).

10
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219 4.2.2 Terrestrial n-alkanes

220 Before 1850, TERR-alkanes in the 3 century-long southern 14S03 core show highly variable
221 values with two major drops at 1720-1750 and 1800-1850 that are concurrent with sharp ACL27-31
222 decreases indicative of humid conditions in adjacent landmasses (Figure 3a,b). Paq values point to
223  a main contribution of submerged/floating freshwater aquatic macrophytes during these time-
224  intervals that suggest an expansion of wetlands (Ficken et al., 2000) (Figure 3c). However,
225  Sphagnum has a similar alkane distribution as macrophytes and thus similar Paqvalues (Baas et al.,
226  2000), but can be differentiated with the two-source end-members mixing model of Cas/(Cas+C29)
227  ratio of Vonk & Gustafsson (2009). Abrupt increase in this ratio up to 90 % between 1720-1750
228 and 1800-1850 leads to the conclusion of enhanced contribution of Sphagnum rather than
229  expansion of wetlands (Figure 3e). In general, the CPlak show moderate decrease between 5 and 3
230  (Figure 3) that is consistent with rising marine production with retreating sea ice (Broder et al.,
231 2018).

232 After 1850, TERR-alkanes show large spatio-temporal variations across the study area and a
233 long-term increase at cores LV77-4 and 14S03, not seen in the northern cores (Figure 3a),
234  reflecting transport of terrestrial OC by the SCC and Alaska Coastal Water currents (Darby et al.,
235  2009; Kim et al., 2017). This trend is consistent with the steady decline of §**Corg. Simultaneously,
236  the increase of ACL.7.31, most visible in the southern core site LV77-4, suggests the gradual
237  establishment of drier conditions (Figure 3b) (Vogts et al., 2009). The Pag and Sphaghum (%)
238 underscore change of terrestrial OC supply to the Chukchi Sea (Figure 3c,e). The CPlaxk values,
239  between 2 and 5 (Figure 3d), reflect mixed terrestrial and marine OC, except at northern site R1

240  where marine OC is markedly higher as testified by other bulk parameters.

11



https://doi.org/10.5194/egusphere-2025-325
Preprint. Discussion started: 13 February 2025
(© Author(s) 2025. CC BY 4.0 License.

(a)
0 T T T T T T T T 294
@
® > 20 29.2
o= 5
-— N ~
O =2 d‘“
z%) 5 40 +29.0 <
usr e o
33 P
6( 288 Q
E
(o]
O
80 1286
10( T T T T T T T T 284
1860 1880 1900 1920 1940 1960 1980 2000 2020
Age yr AD
b)
Q -20 ( 29.4
%) - 1 T T T T T T T
S 2 29.2
% ) oo
EE | g
E % -29.0 _j
» O 404 O
3% s
S o <]
£ 2 60 288 g
g © | ‘@
v ) o
N 2 0 [}
& E = 286 E
o 5, o
S € 100 4
2 E 1 L28.4
(72} 120
o
Q.
S 140 T T T T T T T T 282
1650 1700 1750 1800 1850 1900 1950 2000 2050
Age yr AD
(c)
291 L T T y T T T - = T
® Reconstruction (1700-2010) -
29,04 ® Walsh et al. 2019 (1850-2010) i
. 289 4
_Ia'
o 288 B
<
G 287 J
2
D Pearson's r = -0.39 [ ]
g B8 Rr=015 . 1
g Slope = -0.004 =
O 2854 p<005 1
Pearson's r = -0.83
2844 R*=07 . 4
Slope = -0.007 -
28.34 p<0.05 a
T T T T T T T T
20 30 40 50 60 70 80 90 100
241 Summer (JAS) sea ice concentration (%)
242
243
244
245
246

12

)
-
©

t

-derived summer (JAS) SIC

Composite of P_IP.

Composite of TERR-alkanes STD anomaly

s (Walsh et al., 2019)

es (This study)

rom our five core

EGUsphere®

T T T T T T T T T
1840 1860 1880 1900 1920 1940 1960 1980 2000 2020

Age yr AD
(e)
T

Y

140 T T T T T T T -3
1650 1700 1750 1800 1850 1900 1950 2000 2050
Age yr AD
1.5 T T T ® T T T
® Reconstruction (1700-2010)
@ Walsh et al. 2019 (1850-2010)
v w
1.04 -
0.54 4
0.0 &
Pearson's r = -0.56
054 R'=032 -
Slope =-0.035
p<0.05
1.0 1 Pearson's r = -0.64 e o 1
R*=0.41
Slope =-0.03 e o L)
159  p<005 b
T T T T T T T T
20 30 40 50 60 70 80 90 100

Summer (JAS) sea ice concentration (%)

Composite of TERR-alkanes STD anomaly

Composite of TERR-alkanes STD anomaly

Figure 4: Comparison of the ACL7.31 composite obtained from our 5 core sites with (a) the average
summer (JAS) sea ice concentration (SIC) from historical and satellite data at our core sites (Walsh et al.,
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247  summer (JAS) SIC from historical and satellite data (Walsh et al., 2019) and (e) composite of reconstructed
248  summer SIC based on PslP2s data and the calibration of Jalali et al. (2024). (f) Cross plots and correlations
249  calculated from 10 year bins of the dataset (d) in red and (e) in blue. (a), (b), (d) and (e) Thick colored lines
250  represent 10-year adjacent-averaging smoothing.

251 4.3 Factors controlling sedimentary terrestrial OC
252 4.3.1 Role of inland precipitation

253 The terrestrial hydrological cycle undergoes major changes due to global warming and its
254 amplification in Polar Regions. Precipitation in the Arctic occurs mainly as snow that is released
255 in summer into the river systems thereby contributing to the run-off and soil erosion in watersheds
256  (Wagneretal., 2011). Rainfall has globally increased since 1950 and is expected to further increase
257 in the future (Calvin et al., 2023), including in the Arctic region. However, modern observations
258  and paleo-reconstructions also show a strong heterogeneity and seasonality of precipitation across
259  the Arctic region (Linderholm et al., 2018; Walsh et al., 2020). We thus used gridded total annual
260  precipitation from the Global Precipitation Climatology Centre (GPCC) at Alaska and Chukotka,
261 for comparison with our records (Figure S2, Table S3). The obtained time series indicate a
262  substantial increase of annual precipitation over the 20" century and a pronounced change at 1920-
263 1960 that is not observed in the TERR-alkanes and ACL 2731 composites (Figure S2a,b), that shows

264  no significant correlation with precipitation (Figure S2c,d).

265 4.3.2 Role of sea ice

266 Here we examine the role of SIC, using the historical and satellite observations from Walsh
267 et al. (2019) at our core-sites (Figure 4a,d; Table S3) to compare them to TERR-alkanes and
268  ACL27.31 composites over the same time period. Paleo-SIC were also calculated from the PglP2s
269  data of our five cores and the calibration of Jalali et al. (2024) to generate a 300-year long paleo-
270  SIC composite to extend this comparison to pre-industrial times (Figure 4b,e). Note that the proxy
271 composite and observational summer (JAS) SIC time series are significantly correlated over the
272 overlapping period (1850-2013) (Pearson’s r = 0.72). Summer SIC indicates a gradual but
273 moderate retreat of sea ice between 1850 and 1920 accelerating after 1980 (Figure 4a,d). This
274  feature is also captured by the paleo-SIC composite, that also reveals generally higher SIC in pre-
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275  industrial times and a period of outstanding sea ice retreat between 1750 and 1800 in the southern
276 Chukchi Sea (Figure 4b,e).

277 Both observed and reconstructed SIC time series show a significant negative correlation with
278  the TERR-alkanes and ACL.7-31 composites (Figure 4c,f). However, these correlations weaken for
279  the 300-year long proxy composites, possibly due to uncertainties linked to the use of sea ice
280  proxies. Nevertheless, these results support the key role of sea ice in the remobilization and
281  transport of OC in the Arctic Ocean (Eicken et al., 2005; Darby et al., 2009) including in pre-
282 industrial times as exemplified by the sea ice retreat between 1750 and 1800 coinciding with higher
283  terrestrial OC.

284 Transport of terrestrial OC by sea ice involves the resuspension of the continental shelf
285  sediments at shallow depth and their incorporation in newly formed sea ice and advection as far as
286  the central Arctic (Darby et al., 2009). Land-fast ice can also modulate the thermal erosion in
287  coastal areas and contribute to the supply of terrestrial OC (Irrgang et al., 2022; Nielsen et al.,
288  2020). The role of sea ice in large-scale remobilization and transport of permafrost-derived OC
289  has been evidenced during the warm Bglling Allergd of the last deglaciation (14,700 and 12,900
290 year BP) (Nogarotto et al., 2023). Overall, our 300-year records provide evidence of a significant
291  link between sea ice and terrestrial OC export (TERR-alkanes) to the Chukchi Sea back in pre-
292 industrial times, as far as in the 1700s. The negative relationship between sea ice and ACL27-31 is
293 more tricky to interpret. It is possible that changes in ACL27.31 reflect changes of terrestrial OC
294  sources/vegetation. However, based on previous studies, we can also speculate that with increased
295  vegetation cover associated with sea ice retreat, enhanced evapotranspiration over the landmasses
296  could be responsible for drier surface conditions reflected by ACL27.31 (Wrona et al., 2016; Bring
297  etal. 2016).

298 4.3.3 Role of air temperature

299 Temperature influences the hydrological cycle of the Arctic through its effect on sea ice, snow
300 and glacier melting as well as permafrost thaw. Several studies from Siberia and Alaska have
301  shown increase in melting layers and thinning and/or retreating of the majority of glaciers,
302  deepening of the active layers of permafrost and enhancing coastal erosion with rising temperature
303  (Schuuretal., 2008; Vonk et al., 2012; Winski et al., 2018; Ding et al., 2019). Eurasian and North

14
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304  American river flows have reached unprecedented levels throughout the Holocene (Wagner et al.,
305 2011) and in the most recent decades (Holmes et al, 2021).
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307  Figure 5: Plot of the ACL.7.3: composite from our 5 core sites with (a) average air temperature anomalies
308 (°C) over Alaska and Chukotka (https://data.giss.nasa.gov/gistemp/) and, (b) Arctic air temperature
309  anomaly (°C) from PAGES 2k consortium (2013). (c) Cross plots and correlations calculated from 10 year
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310  bins of (a) in red and (b) in blue. Composite of TERR-alkane standardized anomalies obtained from our 5
311  core sites with (d) the average air temperature anomalies (°C) over Alaska and Chukotka
312 (https://data.giss.nasa.gov/gistemp/) and (e) Arctic air temperature anomaly (°C) from PAGES 2k
313 consortium (2013). (f) Cross plots and correlations calculated from 10 year bins of the dataset (d) in red
314  and (e) in blue. (a), (b), (d) and (e) Thick colored lines represent 10-year adjacent-averaging smoothing.

315 In order to evaluate the role of temperature on terrestrial OC, we used instrumental annual air
316  temperatures from the GISTEMPv4 database (Lenssen et al., 2024) at Alaska and Chukotka
317  between 1896 and 2014 (Figure 5, Table S3). The paleo-reconstruction of annual temperature over
318  the whole Arctic region (North of 60 °N) from PAGES 2k Consortium (2013) was also used for
319  comparison of pre-industrial times (Table S3). The TERR-alkanes composite shows a significant
320  positive correlation with annual air temperature, both for instrumental and proxy data (Figure
321  5d,e,f). Astrong positive relationship is also evidenced with the ACL>7-31 though weaker than with
322  SIC (Figures 4a,c and 5a,c). These relationships also hold for pre-industrial times, but as for SIC,
323 they weaken. Overall our results demonstrate the long-term increase of terrestrial OC export to the
324  ocean and spreading polarwards highlighting the sensitivity of the Chukchi Sea to air temperature
325 including in pre-industrial times.

326 5 Conclusions

327 Based on the distribution of bulk and molecular data of surface sediments and downcore
328  records from the Chukchi Sea, we identified two areas: 1/ southern coastal shallow sediments
329  characterized by high C and N reflecting mixed terrestrial OC eroded from the permafrost and
330  marine-derived OC reflecting sustained planktonic production induced by high nutrient inputs of
331 coastal waters and summer ice free conditions, 2/ northern deeper open sea sediments featuring a
332 prevailing imprint of marine OC but increased terrestrial OC polarwards except for the

333  northernmost site R1 where this influence remained minor.

334 The 300-year composite of TERR-alkanes indicates a long-term increase of terrestrial OC
335  since the early 20" century picking up after 1980. This trend is paralleled by increasing ACLz27-31
336 indicative of progressively dryer conditions. Our data also show that strong terrestrial OC export
337  events occurred in pre-industrial times, e.g. between 1750 and 1800. They also show the strong
338  control of temperature and summer sea ice in the export of terrestrial OC since the beginning of
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339 the 18" century and its acceleration after 1980 reflecting the high sensitivity of the Arctic region
340  to global warming and implications on the carbon cycle.

341
342 Data availability
343 Bulk and biomarker data from all surface sediments and the five sediment cores presented in

344  this paper as well as time series of climate variables (air temperature, sea ice concentration and
345 inland precipitation) used here for comparison, are available in the Supporting Information (Tables
346 S1,S2 & S3).
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