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Abstract

Arctic climate changes have profoundly influenced the polar environmental changes in recent years. The Arctic
Oscillation (AO), as a key component of the Arctic climate system’s internal variability, affects the source to sink
processes and interactions across the multilayer Arctic system by regulating the land, ocean, sea ice, and atmospheric
processes. The East Siberian Arctic Shelf (ESAS) has experienced significant changes in the input, transport, and burial
of sedimentary organic carbon (OC) due to climate warming and shifts in the AO phase in recent decades. This study
analyzes grain size, total organic carbon (TOC), total nitrogen (TN), and stable carbon isotope (8!3C) in two sediment
cores from the ESAS to reconstruct the burial record of OC over the past few decades and examine the response
mechanism of sedimentary OC records to regional-scale climate forcing. The results show that the OC in the two
sediment cores originates from mixed sources with a dominant terrestrial contribution. In the LV83-28 core from the
Laptev Sea, the TOC and TN contents have increased at an accelerated rate since the 1990s, with a noticeable rise in the
contribution of terrestrial OC. This trend is linked to an increase in terrigenous input caused by the positive AO phase.
Core LV83-39 in the East Siberian Sea could have accumulated more terrestrial OC transported along the continental
shelf during the positive AO. This implies that, under the interannual regulation of the AO regime, the input and cross-
shelf transport of terrigenous OC in the ESAS showed consistent sedimentary responses. This finding could enhance the
understanding of the burial mechanism of sedimentary OC and its environmental response to regional climate change.
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1 Introduction has been significantly higher than the global average,
leading to rapid climate changes that have intensified sea-

In recent decades, the rate of warming in the Arctic land-air interactions (Chylek et al., 2022; Serreze and Bar-

Foundation item: The National Natural Science Foundation of China under contract Nos 42130412 and 42376068;
the Fundamental Research Funds for the Central Universities under contract No. 202241001; the Ocean Negative
Carbon Emissions Program and the Taishan Scholar Program under contract No. TSQN20182117; the Russian
Scientific Foundation under contract No. 21-77-30001; the Ministry of Science and Higher Education of the Rus-
sian Federation under contract Nos 124022100083-1 and 124022100084-8. http://www.aosocean.com
*Corresponding author, E-mail: hulimin@ouc.edu.cn E-mail: ocean2@hyxb.org.cn



64 Luo Jialong et al. Acta Oceanol. Sin., 2025, Vol. 44, No. 4, P. 63-74

ry, 2011; Wu et al., 2019). The Arctic Oscillation (AO),
the dominant mode of atmospheric circulation variability
in the Arctic, is considered as a key factor in the internal
variability of the Arctic climate system. Shifts in the AO
phase regulate the processes of land, ocean, sea ice, and
atmosphere, which have a profound impact on the Arctic
climate (Wang et al., 2021). These processes play a cru-
cial role in the exchange of material and energy across the
Arctic system (Solomon, 2007).

The Arctic Ocean holds the world’s largest continen-
tal shelf system, which is characterized by intense sea-
land-air interactions. This region is a key site for materi-
als and energy exchanges within the Arctic multilayer sys-
tem and serves as the primary repository for organic car-
bon (OC), accounting for about 11% of the global OC
burial (Stein and Macdonald, 2004). Due to the Arctic cli-
mate change, the processes of OC supply, burial, and
preservation on the Arctic shelf are also changing, which
in turn has direct feedback on both the regional and glob-
al carbon cycle (Chen et al., 2015; Martens et al., 2022;
Stein and Macdonald, 2004). The East Siberian Arctic
Shelf (ESAS) is an important component of the Arctic
continental shelf, receiving substantial amounts of fresh-
water nutrients and terrestrial OC (Terr-OC), playing a
key role in the biogeochemical cycle within the Arctic
coastal margins (McClelland et al., 2016; Sanchez-Garcia
etal., 2011; Vetrov and Romankevich, 2019).

Particularly, the river basins and coasts of the ESAS
are rich in permafrost, making them highly sensitive to
climate change (Lantuit et al., 2012; McClelland et al.,
2016; Peterson et al., 2002). In recent years, rising tem-
peratures have caused the increase of precipitation and
permafrost degradation, which have changed the freshwa-
ter circulation in the Arctic, leading to an increase in river
runoff, transporting more terrestrial sedimentary OC to
the adjacent continental shelf (Chen et al., 2015; Hu et al.,
2020; Shiklomanov et al., 2021). Furthermore, the per-
mafrost thaw also releases large amounts of permafrost
OC into the continental shelf, thus increasing Terr-OC ex-
port to the ESAS (Lantuit et al., 2013; Ni et al., 2019;
Stein and Macdonald, 2004). The release of permafrost
OC not only produces greenhouse gases and yielding pos-
itive feedback to climate warming (Irrgang et al., 2022),
but also releases old, buried carbon into the shelf sedi-
ments, thereby altering the composition of the sedimenta-
ry OC pool (Broder et al., 2019; Hu et al., 2020). More-
over, climate warming has reduced sea ice coverage, pro-
moted shelf primary production, and increased the contri-
bution of marine-derived OC (Ardyna and Arrigo, 2020;
Arrigo and Van Dijken, 2015; Shi et al., 2022). Therefore,
understanding and assessing the changes in the sources
and sinks of OC on the ESAS under rapid climate change
is scientifically significant for understanding the climate
response of the shelf OC cycle (Bianchi et al., 2018; Du-
darev et al., 2022; Macdonald et al., 2015).

Previous studies on sedimentary OC in the Arctic shelf
have focused on the spatial distribution patterns of OC,

along with its burial and preservation mechanisms, indicat-
ing that Terr-OC is the main source of modern sedimenta-
ry OC on the ESAS (Karlsson et al., 2016; Martens et al.,
2022; Vonk et al., 2010, 2014). However, in the context of
rapid climate change, the ecological system of the ESAS
has also been changing in recent decades. This involves
not only the direct emission and deposition processes of
carbon between land and ocean, but also the atmospheric
regulation of carbon input or output processes either on
land or in the ocean, which have significant impacts on
the source-sink processes and fates of OC (Macdonald
et al., 2015; Solomon, 2007; Stein and Macdonald, 2004).
For example, the AO regulates the atmosphere-ocean cir-
culation in the ESAS, affecting both river runoff (Bauch
et al., 2011; Zhu et al., 2021) and the rate of coastal ero-
sion (Nielsen et al., 2020), which leads to the changes in
the flux of Terr-OC (including older permafrost carbon)
transported to the ocean (Giinther et al., 2013; Hu et al.,
2020; Wang et al., 2020). Additionally, the AO also pro-
motes the cross-shelf transport of materials (including nu-
trients and particulate OC) carried by shelf circulation
along different pathways, potentially affecting the deposi-
tion patterns of varied OC components on the continental
shelf (Charette et al., 2020; Gobeil et al., 2001; Macdon-
ald et al., 2015; Stein and Macdonald, 2004).

In general, the large-scale interactions between the sea,
land, and atmosphere significantly influence the source,
transport and burial of OC within the ESAS. However,
previous studies have primarily focused on the direct pro-
cesses and effects of carbon emissions between land and
sea. With relatively fewer studies on the transport and de-
positional response of OC with the large-scale factors, such
as the regional climate patterns. In this study, we analyzed
the OC burial records from the ESAS in recent decades
and highlighted its sedimentary response to AO shifts,
which could improve our understanding of these process-
es to interpret the source-to-sink and fate of OC in the
Arctic coastal margins in the context of climate change.

2 Sampling and methods

2.1 Study area

The ESAS includes the Laptev Sea (LS), the East
Siberian Sea (ESS), and the Russian part of the Chukchi
Sea. The ESAS is covered with ice for the majority of
year, which is an important area for sea ice formation
(Stein and Macdonald, 2004). Along the coast of the LS
and ESS, sea ice generally begins to melt in June and July.
Ice cover in these regions has significant interannual vari-
ability (Osadchiev et al., 2021). The surface ocean cur-
rent system in the shallow continental shelf area of ESAS
is driven by wind (Dmitrenko et al., 2008; Steele and Er-
mold, 2004). In the absence of strong wind forcing, the
Coriolis force promotes the eastward transport of Eurasian
freshwater along the coast to the ESS and even to the
Chukchi Sea (Osadchiev et al., 2021). In addition, as the
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starting point of transpolar drift (TPD), a large part of sea
ice and some fresh water in the ESAS can also be trans-
ported northward to the central basin across the shelf
(Charette et al., 2020).

The LS covers an area of nearly 500 000 km?2, with an
average water depth of 48 m (Stein and Macdonald,
2004). It primarily receives freshwater input from the
Lena River, one of the largest Arctic rivers with an aver-
age annual runoff and sediment transport of approximate-
ly 566 km? and 20.7-28.6 Tg, respectively (Holmes et al.,
2002). Most of the suspended particulate matter
(85%-90%), including particulate OC, is deposited in the
river deltas (Sanchez-Garcia et al., 2011). About 30% of
the Laptev coast consists of ice complex deposit (ICD)
which are ice-rich Pleistocene permafrost. The total OC
flux entering the LS through coastal erosion is approxi-
mately 1.8 x 10 t C per year (Stein and Macdonald,
2004). Additionally, the coast of the LS has a high sea ice
formation rate, which is the most important source for the
TPD (Stein and Macdonald, 2004). Sediments (including
OC) may become incorporated into sea ice and transport-
ed into other areas (Chen et al., 2015; Hu et al., 2020).

The ESS extends for more than 1 200 km from west to
east, covering an area of approximately 987 000 km?2 with
an average depth of around 58 m (Brdder et al., 2016;
Stein and Macdonald, 2004). The Siberian Coastal Cur-
rent (SCC) usually flows eastward along the coast of the
ESS, which significantly affects the western part of the
ESS, inducing that the ESS contains two distinct deposi-
tional environments (Dudarev et al., 2022; Semiletov et al.,
2012). In the western ESS, the sedimentary conditions re-
semble those of the LS, primarily influenced by river in-
put and coastal erosion. The sedimentary OC in this re-
gion mainly originates from terrestrial sources delivered
by rivers and coastal erosion. In contrast, the eastern ESS
receives significantly less Terr-OC than the western re-
gion due to the lack of major river inflows. Nevertheless,
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this eastern area is influenced by the inflow of the Pacific
water, which supports higher productivity (Brdder et al.,
2019; Dudarev et al., 2022). As a result, marine OC pro-
duced by phytoplankton serves as a major component of
sedimentary OC in this region (Dudarev et al., 2022; Stein
and Macdonald, 2004).

2.2 Sampling

In this study, sediment cores LV83-28 and LV83-39
were collected using a multi-tube sampler from the ESS
and LS shelf during the China-Russia Arctic Joint Expedi-
tion in September—October 2018 (Fig. 1). After the sam-
ples were taken to the deck, they were divided, sealed, and
stored at —20°C until analysis.

2.3 Methods

2.3.1 219Pb measure and dating method

The activities of 219Pb and 226Ra were determined us-
ing a low background HPGe ~-ray detector (GWL-120-
15-LB-AWT, AMETEK). 22°Ra was used as an index of
supported 21°Pb (219Pb, ), the excess 2!°Pb (2!°Pb,,) activi-
ties were calculated by subtracting 226Ra activities from
210pp activities.

In this study, the constant flux and constant sedimen-
tation (CFCS) model was applied to calculate the average
sedimentation rate. The sediment dry bulk density was
calculated based on the water content of the sediment, and
subsequently, the cumulative mass (g/cm?) was deter-
mined to exclude the influence of porosity on the sedi-
mentation rate. An exponential curve was fitted with the
activities of 219Pb,_, (dpm/g, 60 dpm = 1 Bq) and cumula-
tive mass (g/cm?) to obtain the average Mass Accumula-
tion Rate (MAR).

2.3.2 Grain size analyses
The sediment grain size analysis was conducted using
a laser particle size analyzer at the Laboratory of Marine

Erosion rate
3 <0m/a
—30-1m/a

Fig. 1. Study area and sampling station. The black rectangle in a highlights the important research area, and the brown
dot in b is the collection station of cores. The black and purple arrows indicate the approximate location of transpolar
drift (TPD) during negative AO (AO-) and positive AO (AO+), respectively. Coastal erosion rate from Lantuit et al.
(2012). AO: Arctic Oscillation; SCC: Siberian Coastal Current; ICD: ice complex deposit.
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Geology and Mineralization, Ministry of Natural Re-
sources. A 0.2 g sample was immersed in 15 mL of 3%
hydrogen peroxide for 24 h to eliminate OC content. Sub-
sequently, 5 mL of diluted hydrochloric acid (3 mol/L)
was added for another 24 h to remove inorganic carbon.
The sample underwent repeated acid washing and cen-
trifugation until the supernatant reached neutral pH. Final-
ly, ultrasonic vibration treatment was applied to the sam-
ple and tested with the Mastersizer 3000 laser particle size
analyzer. The instrument has a measuring range from
0.02-3 500 pm with a resolution of 0.01 um in diameter,
ensuring that the relative error is less than 3%.

2.3.3 Total organic carbon (TOC) and total nitrogen

(TN) analyses

The experiment was completed in the Laboratory of
Marine Geology and Mineralization of the Ministry of
Natural Resources. First, the sample was freeze-dried, and
ground to 200 mesh. About 1 g of sediment was put into
the centrifuge tube, and the inorganic carbon was re-
moved by adding hydrochloric acid (1 mol/L). After that,
the sample was washed with ultra-pure water until the su-
pernatant was neutral. The sample was then dried at 60°C
and weighed to about 30 mg. It was wrapped with a tin
boat and tested to obtain the percentage content of total
carbon and TN. Quality control was performed using the
GBWO07309 (GSD-9) (China Stream Sediment Reference
Material) standard and blank samples. The percentage of
TOC is then calculated as the difference between the
weight before and after pickling.

2.3.4 Stable carbon isotope (63C) analyses

The 8!3C was determined using a high-temperature
oxidation method in the Laboratory for Marine Geology,
Qingdao Marine Science and Technology Center. The
samples, after carbonate removal, were wrapped in a tin
boat (containing about 30 pg of OC) for testing. The mass
spectrometer model MAT 253 plus was used for the test,
and the sampling equipment was EAlsolink. IAEA-600
and USGS-40 standards were selected as quality monitor-
ing standards. The 813C ratio adopted the international
standard V-PDB, and the value of §'3C (%o) was calculat-
ed as follows:

6]3C = (Rsample/Rstanda.rd = 1) x 1 000%o, (1)

where Ry, and Ry,,q,,q are the isotopic 3C/!2C ratios of
samples and standards, respectively. The standard devia-
tion is less than 0.1%o.

3 Results

3.1 Profiles of excess 21°Pp

The profiles of excess 2!%Pb (?!°Pb,,) activities with
cumulative mass depth are shown in Fig. 2. The 2!%Pb,,

activities in Core LV83-28 decay exponentially with cu-
mulative mass depth, indicating that the sedimentary se-
quence of the core is relatively continuous and stable, with
an average sedimentation rate of about 0.35 g/(cm?-a).
In contrast, the 219Pb_, activities in the upper 15 cm of
LV83-39 decreased exponentially with accumulated mass
depth, while fluctuations observed below 15 cm. It is
speculated that mixing or inversion likely occurred in the
lower part. Based on the upper 15 cm of sediment, the av-
erage sedimentation rate for Core LV83-39is approxi-
mately 0.33 g/(cm?2-a), which is used to estimate the age
of sediments below 15 cm of accumulated mass depth.
The sedimentation rate of Core LV83-28 in the LS is
comparable to that of Core LV83-39 in the western ESS.
Finally, the chronological framework was established
based on the sedimentation rates obtained from 219Pb_,
over the past few decades.

3.2 Grain size

The grain size of cores LV83-28 and LV83-39 is
shown in Fig. 3. The vertical variation of sediment grain
size within the two cores was minimal. The grain size of
LV83-28 core from the LS is finer compared to that of
Core LV83-39 from the ESS. The main components of the
LV83-28 core were clayey silt, with the silt component
ranging from 57.86% to 72.31%, averaging 61.08% =
2.52%. The variation range for the sand and clay compo-
nents were 0.18%—-2.35% and 25.33%41.41%, with aver-
ages of 1.04% = 0.40% and 37.87% =+ 2.83% respectively.
The average grain size ranged from ©6.96 to ®7.66, with
a mean of @7.50. In contrast, the sediments from LV8&3-
39 were primarily clayey silt, with the silt component
varying from 62.86% to 75.22%, averaging 69.53% =+
4.19%. The sand and clay components ranged from
0.03% to 6.84% and 21.59% to 36.39%, with averages of
2.70% £ 1.40% and 27.77% =+ 4.11% respectively. The
average particle size varied between ©6.67-®7.47, with
an average of ©6.95.
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Fig. 2. Variation of 219Pb specific activity of Cores
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depth. The red squares are abnormal data points that were
not involved in chronological fitting.
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Fig. 3. Vertical distribution profiles of grain size, TOC proportion, TN proportion, C/N mass ratio, and 8!3C parame-
ters of Cores LV83-28 (upper column) and LV83-39 (lower column). The age of sediments before 1970 in Core LV83-

39 was estimated by the upper sedimentation rate.

3.3 TOC, TN, and &"3C

TOC, TN, 8'3C, and C/N mass ratios of cores LV83-
28 and LV83-39 are shown in Fig. 3, and the results of the
two cores were significantly different. The TOC and TN
contents in Core LV83-28 were relatively high, ranged
from 1.75%2.11% (mean = 1.89% + 0.08%) and 0.17%—
0.24% (mean = 0.20% =+ 0.01%) respectively, and in-
creased from the bottom to the top. The 813C values
ranged from —25.7 %o to —26.1 %o, with an average of
—25.8%o0 £ 0.10%o. The 8!3C values were stable initially
and then gradually became lighter from the bottom to the
top, while the C/N mass ratio gradually decreased. In con-
trast, the TOC and TN contents in Core LV83-39 were
relatively low, ranging of 0.67%—1.03% (mean = 0.89% =+
0.08%) and 0.13%—0.15% (mean = 0.14% £ 0.01%), re-
spectively, with a relatively high value during the 1970s
to the 1990s. The 8'3C values ranged from —25.1 %o to
—25.7%o, with an average of —25.5%o + 0.16%o. The 5!3C
values were relatively stable at the bottom but has been
abnormally depleted since about the 1960s, while the C/N
mass ratio showed a relatively high value during the same
period (Fig. 3).

4 Discussion

4.1 Sources of sedimentary OC

The 813C values were widely used for determining the
sources of sedimentary OC, reflecting the relative contri-
butions of marine and terrestrial OC. The 8'3C values for
C,; and C, plants are approximately —27%o and —14%o, re-
spectively (Yin et al., 2012; Zhang et al., 2018). The study
area is influenced by riverine input from the Lena River,
where the predominant vegetation in the basin consists of
C, plants (Ogneva et al., 2023; Vonk et al., 2017). Conse-
quently, the end-member 3!3C values were selected as
—27 %o for Terr-OC and —21 %o for marine OC origins
(Semiletov et al., 2011; Vonk et al., 2014). Utilizing the
two-end-member mixing model is an important method to
evaluate the relative contribution of Terr-OC to TOC
(Walsh et al., 1989), Terr-OC can be calculated using the
following equation:

13 13
3 Csample_8 Cmar

Terr-OC =
813Cterr - 813Cmau'

x100%,
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where 8'3C,. and 8!3C_,, are the isotope values of the ter-
rigenous and marine OC endmembers. The results indi-
cate that the Terr-OC contribution in cores LV83-28 and
LV83-39 ranges from 77% to 84% (mean = 79%) and 68%
to 78% (mean = 74%), respectively. Overall, the sedimen-
tary OC in both cores was derived from a mixture of ter-
restrial and marine sources, with Terr-OC being the pre-
dominant contributor, which aligns with findings from
previous studies on surface sediments (Karlsson et al.,
2016; Semiletov et al., 2011; Vonk et al., 2014).

The C/N mass ratio also serves as an important index
for the origin of sedimentary OC (Schmidt et al., 2010;
Yin et al., 2012). Generally, the C/N mass ratio for Terr-
OC is predominantly derived from higher terrestrial plants
is more than 15, whereas marine OC typically exhibits a
C/N mass ratio at around 6 (McClelland et al., 2016; Xia
et al., 2022; Zhang et al., 2018). It should be noted that the
C/N mass ratio is defined as the ratio of TOC to total or-
ganic nitrogen (TON). Given that TN in sediments can be
influenced by the binding of sedimentary clay particles
with inorganic nitrogen (Miiller, 1977), corrections must
be applied when utilizing the sediment TOC/TN ratio as a
substitute for the C/N mass ratio in assessing the source of
OC. Otherwise, the obtained C/N mass ratio will be un-
derestimated (Stein and Macdonald, 2004).

The C/N mass ratio of Core LV83-28 ranged from 8.2
to 10.4, with a mean value of 9.6, higher than the average
value of 6.5 observed in Core LV83-39, which ranged
from 5.0 to 6.9. A previous study has indicated that the
corrected C/N mass ratio for sediments in the LS is be-
tween 10 and 25 (Stein and Macdonald, 2004), aligning
closely with the C/N mass ratio observed in Core LV83-
28. In contrast, the lower C/N mass ratio of Core LV83-39
indicates that of marine OC origins, which contradicts the
313C results (Fig. 3). As illustrated in Fig. 4, when the
TOC content of Core LV83-28 is zero, the TN value is
less than zero, suggesting minimal influence from inor-
ganic nitrogen. However, the TN value of Core LV83-39
exceeds zero when the TOC content is zero, indicating the
influence of inorganic nitrogen. The diagram of the rela-
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tionship between TOC and TN is helpful to estimate the
content of total inorganic nitrogen (TIN), and the positive
TN intercept at TOC content = 0 represents the estimated
TIN content. After a correction for the proportion of TON
(using TON = TN — TIN), the corrected C/N mass ratio
for Core LV83-39 ranged from 12.1 to 18.1, with an aver-
age of 15.1, which closely resembles the C/N mass ratio
of Terr-OC. This finding implies that Core LV83-39 is
predominantly influenced by terrigenous input, in agree-
ment with the §!13C values. Furthermore, based on the du-
al-end-member scatter plot delineating terrigenous and
marine sources (Fig. 5), the data from both cores are situ-
ated in the region between the terrigenous and marine end
members, with the corresponding mixed OC sources.

4.2 Temporal trends of sedimentary OC

Core LV83-28 is situated near the Lena River Estuary
and exhibits relatively high TOC and TN contents com-
pared to Core LV83-39 (Figs 1 and 3). The Lena River
serves as the primary source of Terr-OC in the LS, dis-
charging approximately 1.2 x 106 t of particulate OC and
3.6 x 10 t of dissolved OC into the estuary annually, with
most sediments being deposited in the nearshore arca
(Semiletov et al., 2011; Stein and Macdonald, 2004). In
Core LV83-28, TOC and TN contents increased from the
bottom to the top, with a more pronounced rise observed
since the 1990s. Linear regression analysis indicates a
strong positive correlation between TOC and TN (Fig. 4),
suggesting that these components originate from the same
source. Conversely, the 813C values decreased toward the
top of the core, contrasting with the increasing trend of
TOC (Fig. 3).

The Core LV83-39 is located near the Indigirka River
Estuary, with relatively low TOC and TN contents (Figs 1
and 3). A positive correlation between TOC and TN indi-
cates that they likely originate from the same source
(Fig. 4). During the early 1970s to the late 1990s, TOC
and TN contents showed higher values, while §!3C values
are abnormally depleted (Fig. 3), suggesting a potential
shift in the contribution and input pathway of OC.
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Fig. 4. Correlation between TOC and TN in cores LV83-28 (a) and LV83-39 (b).
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Fig. 5. C/N mass ratios and 8'3C for samples and two pu-
tative end-members corresponding to the major particu-
late OC sources. The end-member values are taken from
Xia et al. (2022); ICD permafrost data are taken from
Vonk et al. (2017); the points of the LS and ESS are sur-
face sediment data from Vonk et al. (2012).

4.3 Temporal variation in OC records and its
sedimentary response

4.3.1 Evolution of sedimentary OC and the influencing

factors

In general, the amount of OC input is positively corre-
lated with the discharge of Arctic rivers (McClelland
et al., 2016; Mu et al., 2019). The accelerated growth in
the Lena River runoff since the 1990s has contributed to
the increase of Terr-OC input (Fig. 6) (Liu et al., 2021;
Mu et al., 2019). This aligns with the significant increase
of TOC content and Terr-OC records of Core LV83-28

LV83-39
Terr-OC/%

68 70 72 74 76 78 80

(Figs 3 and 6), indicating the influence of enhanced river
runoff on the OC burial in Core LV83-28. Core LV83-39
exhibited a stable contribution of Terr-OC at the bottom,
while the upper section showed an abnormal increase in
contribution from 1970 to the late 1990s (Fig. 6). Howev-
er, the stable runoff of the Indigirka River suggests that
Core LV83-39 received additional Terr-OC supply be-
sides the Indigirka River (Fig. 6). The source of this addi-
tional Terr-OC likely involves processes such as Terr-OC
inputs transported from other areas, which will be dis-
cussed further below.

Coastal erosion is an important contributor to OC
burial in the ESAS. Climate warming has led to
widespread permafrost thaw and ground-ice melt, which
has enhanced the erosion of the Arctic coast (Irrgang et al.,
2022; Nielsen et al., 2022). The acceleration in coastal
erosion rates in response to climate warming could poten-
tially release more ICD carbon that has been preserved in
the ESAS coast (Glinther et al., 2013; Irrgang et al., 2022;
Martens et al., 2022). In addition, both river input and
coastal erosion supply nutrients to the ESAS, thus sustain-
ing primary production and possibly increasing the pres-
ence of marine OC (Terhaar et al., 2021). Therefore, the
diverse sources of sedimentary OC comprehensively af-
fect the OC supply and are subject to change in response
to rapid climate change, which would lead to new changes
in the buried records of sedimentary OC in the ESAS.

4.3.2 Response of OC burial records to the AO phase
The contents of TOC and TN have increased signifi-
cantly since 1990 in Core LV83-28, accompanied by an
increase in the contribution of Terr-OC. The similarity in
average grain size between this section and the bottom
sediments, with average values of ©7.49 and ®7.51 re-

Runoff of the
Lena River/km?

400 500 600 700

20204 T — 32020
."’::,::A- .
- .
2000 £ {2000
——r— - . S — ]

19804 .ll'. T 1 1980
— S e~ L o
g teaf-— ——— —=— - f 5
> 19604  =a {1960 ~

19401 ‘ {1940

19204 {1920

76 78 80 82 84 86 30 40 50 60 70 80 20 1 203
LV83-28 Runoff of the AO index
Terr-OC/% Indigirka River/km?

Fig. 6. Interannual variations of terrestrial organic carbon (Terr-OC) contribution in cores LV83-28 and LV83-39 and
annual runoff of the Lena and Indigirka Rivers. The Arctic Oscillation (AO) index data from the National Oceanic and
Atmospheric Administration (NOAA) (http://www.cpc.ncep.noaa.gov). The Lena River runoff from Arctic Great
Rivers Observatory data set (https://arcticgreatrivers.org/data/). The Indigirka River runoff from the data set [R-Arctic-
Net-A Database of Pan-Arctic River Discharge (http://www.R-ArcticNET.sr.unh.edu)]. AO—: negative AO; AO+: posi-

tive AO.
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spectively, excludes the influence of grain size effect
(Mayer, 1994). Therefore, as mentioned above, the in-
crease in Terr-OC contribution could be related to the rise
in runoff from the Lena River (Figs 3 and 6). River runoff,
as an important factor affecting the input influx of sedi-
mentary OC in the ESAS, is controlled by changes in pre-
cipitation (Mu et al., 2019; Wang et al., 2020). Previous
studies have shown that the interannual variability of pre-
cipitation in Siberia is influenced by the AO phase (Bauch
et al., 2011; Zhu et al., 2021). The positive AO phase in
winter favors spring moisture transport, thus bringing
more precipitation to Siberia, which contributes to the in-
crease of river runoff and riverine OC input (Bauch et al.,
2011; Zhu et al., 2021).

The AO (average from November to April) was pre-
dominantly in negative phases prior to 1990 (Fig. 6)
(Wang et al., 2021), during which TOC, TN, and 8'3C val-
ues in Core LV83-28 were relatively stable. Since 1990,
the increase in the AO-positive phase has been consistent
with a rapid rise in the Lena River runoff (Fig. 6), coincid-
ing with previous findings that the rise in river runoff has
a strong corresponding relationship with the positive AO
(Fichot et al., 2013; Ogi and Tachibana, 2006; Xie et al.,
2023). The contribution of Terr-OC in Core LV83-28 has
increased significantly since the 1990s, further suggesting
that the significant positive trend of AO has enhanced
Terr-OC inputs (Fig. 3). In addition, positive AO has also
promoted the OC input by coastal erosion, which could
contribute to Terr-OC input in Core LV83-28 since the
1990s (Giinther et al., 2013; Nielsen et al., 2020). There-
fore, a shift in the AO phase is a significant factor influ-
encing Terr-OC input and subsequent accumulation in the
ESAS.

The profiles of TOC and TN in Core LV83-39 were
relatively stable before the 1970s (Fig. 3), but with a sig-
nificant change in §!3C values. Based on the estimated age
of the bottom sediments, the §!3C values exhibited a
marked depletion around 1960, which may be attributed to
vertical sediment mixing indicated by the change of
210pp, . (Figs 2 and 3). Conversely, from the early 1970s
to the late 1990s in Core LV83-39, the contents of TOC
and TN were elevated with abnormally depleted 8!3C val-
ues, despite no significant change in the average sediment
size compared to other sections (Fig. 3). In this section,
the contribution of Terr-OC increased in association with
a sustained positive AO, while an opposite trend was ob-
served during negative AO phases (Fig. 6). This suggests
that the record of sedimentary OC of Core LV83-39 may
have been controlled by the AO phase since 1970. How-
ever, as mentioned above, the increase in Terr-OC in Core
LV83-39 was not a result of AO-related enhancements in
river runoff, but rather due to other processes.

Previous studies have demonstrated that the AO af-
fects sediment transport between the LS and the ESS by
modulating the ESAS ocean circulation (Brdder et al.,
2019). During positive AO phases, cyclonic circulation

dominates in the ESAS, strengthening the SCC that trans-
ports sediments from the LS to the ESS (Fig. 7a). In con-
trast, during negative AO phases, anticyclonic circulation
prevails, driving sediment carried by the Lena plume
across the shelf into the deeper part of the Arctic Ocean
(Fig. 7b) (Broder et al., 2019; Charkin et al., 2011; Wegn-
er et al., 2013). Additionally, sea ice plays a crucial role in
sediment transport (Chen et al., 2015; Hu et al., 2020).
During positive AO phases, sea ice can transport sedi-
ments from the LS to the Alaska coast where they may be-
come preserved in the sedimentary record (Darby et al.,
2012; Rigor et al., 2002). Conversely, during the negative
phase of AO, sea ice from the LS is transported to the
Eurasian basin via the TPD, potentially reducing the sedi-
ment transport to the ESS (Gobeil et al., 2001; Macdon-
ald et al., 2015; Mysak, 2001). The sedimentary records of
Core LV83-39 showed that the contribution of Terr-OC
increased with a continuous positive AO (Fig. 6). This in-
crease corresponds with the transport of Terr-OC via fresh-
water and sea ice from the LS to the ESS during positive
AO phases (Osadchiev et al., 2021; Stein and Macdonald,
2004), suggesting that the LV83-39 core received sedi-
mentary OC supplies from the LS during these periods.

There is evidence that from 1990 to the late 1990s, the
positive AO facilitated the transfer of low salinity waters
from the LS to the ESS, accompanied by the disappear-
ance of the cold halocline layer in the Eurasian Basin
(Dmitrenko et al., 2008; Morison et al., 2006; Steele and
Boyd, 1998). This further supports that substances
(including OC) could be transported from the LS to the
ESS carried by fresh water and sea ice, thus increasing the
Terr-OC  contribution observed in Core LV83-39
(Fig. 6) (Charette et al., 2020; Macdonald et al., 2005;
Stein and Macdonald, 2004; Wegner et al., 2013). Since
the late 1990s, the contribution of Terr-OC in Core LV83-
39 has declined to low values, aligning with a medium or
negative AO phase (Figs 3 and 6). This decline corre-
sponds with the recovery of the cold halocline layer in the
Eurasian Basin (Boyd et al., 2002), indicating a shift of
freshwater and sea ice carrying sediments back to the LS.
The reduction in sediment transport from the LS to the
ESS has significant implications for the decrease in Terr-
OC content in Core LV83-39, indicating that the Terr-OC
supply in Core LV83-39 returned to being influenced pri-
marily by the Indigirka River. Conversely, the contribu-
tion of Terr-OC in Core LV83-28 has shown an increas-
ing trend during this period, likely related to rising runoff
from the Lena River (Fig. 6), indicating that it is primari-
ly influenced by changes in OC input flux. Therefore,
compared to Core LV83-28, Core LV83-39 is more sig-
nificantly affected by ocean circulation patterns governed
by the AO, highlighting its sensitivity to changes in cross-
shelf transport of OC under the AO control (Fig. 7).

As mentioned above, the sedimentary records of both
cores remained relatively stable during the continuous
negative phase of the AO; however, during the positive
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phase of the AO, the input of sedimentary OC in both
cores exhibited significant variability. The primary con-
trolling factors for the Terr-OC changes in the two cores
were different. Core LV83-28 was dominated by varia-
tions in sediment input flux, while Core LV83-39 was
predominantly controlled by changes in the transport path-
ways of sedimentary OC within the shelf. In recent years,
with global warming, the AO has tended toward a posi-
tive phase (Chylek et al., 2022; Jeong et al., 2022; Shin-
dell et al., 1999). The variations in river runoff, per-
mafrost, and coastal erosion have changed the input of ter-
restrial sedimentary OC into the ocean (Irrgang et al.,
2022; Lantuit et al., 2013; Macdonald et al.,, 2005;
Martens et al., 2022). On the other hand, the accelerated
decline in Arctic sea ice concentration enlarges the inter-
action area between the ocean and the atmosphere, further
amplifying the influence of the AO on the transport of OC
in the shelf by regulating the Arctic atmospheric circula-
tion system (Fig. 7) (Hudson et al., 2024). These process-
es are likely to become more complicated and variable
with ongoing climate warming and the positive trend of
AO. Therefore, further understanding the response of Arc-
tic sedimentary OC to climate change is of great signifi-
cance for elucidating the dynamics of the carbon cycle in
the Arctic.

5 Conclusions
The TOC and TN contents in Core LV83-28 from the

LS were higher than those in Core LV83-39 from the
ESS. Vertical profiles of TOC and TN contents of Core

LV83-28 showed an increase from the bottom to the top
of the core, with an accelerated rise observed since 1990.
Core LV83-39 exhibited stable TOC and TN contents at
the bottom layer, with high values from 1970 to the late
1990s, followed by a decline at the uppermost section.
Sedimentary OC in both cores showed high Terr-OC con-
tribution, mainly influenced by riverine inputs and coastal
erosion. Since the 1990s, the positive trend of the AO has
promoted a greater Lena runoff and accelerated coastal
erosion, resulting in an increase in the contribution of
Terr-OC in Core LV83-28. From 1970 to the late 1990s,
positive AO promoted the development of SCC, which led
Core LV83-39 to receive a larger influx of OC from the
LS, resulting in the corresponding increase in the contri-
bution of Terr-OC. These changes demonstrate that OC
inputs and dispersal under shelf ocean circulation, con-
trolled by the AO, could modulate the spatio-temporal
patterns of OC burial within the shelf. The sources, trans-
port patterns and sedimentary records of OC in the ESAS
vary with changes in the AO phase under the rapid cli-
mate change. These shifts, in turn, affect the burial and
fate of shelf sedimentary OC, and have important implica-
tions for further understanding the impact of climate
change on the translocation and fate of OC in the Arctic
Ocean.
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