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Abstract. In this study, we investigated sedimentary or-
ganic carbon (OC) dynamics in Kongsfjorden, Svalbard, us-
ing three multicores collected during the HH22 and HH23
cruises aboard the RV Helmer Hanssen in 2022 and 2023.
We assessed the relative contributions of petrogenic, soil-
derived, plant-derived, and marine OC by applying a four-
source apportionment approach based on A14C0rg, 513C0rg,
and lignin parameters, including the (Ad/Al), ratio and
lignin phenol concentrations, with Monte Carlo (MC) analy-
sis. Age—depth models based on 2!°Pb and *?°Ra data were
used to evaluate temporal variations in the accumulation rates
(ARs) of sedimentary OC. Our results revealed a marked
increase in marine OC ARs over the past decades, closely
linked to enhanced Atlantic Water (AW) inflow. The increas-
ing AW influence in Arctic fjords observed in our record
points to the potential for continued Atlantification under
Arctic warming, as retreating sea ice and glaciers lower barri-
ers to AW intrusion, enabling deeper and more persistent in-
flow. By putting this recent AW trend into historical context,
our study provides valuable insights into the biogeochemical
consequences of ongoing and future climate change in Arctic
fjord systems.

1 Introduction

The Arctic region is currently experiencing rapid climate
change, with surface air temperatures rising nearly 4 times
faster than the global average since 1979 (Rantanen et al.,

2022). This accelerated warming has profound implications
for Arctic ecosystems and carbon dynamics (Dahlke et al.,
2020; Friedlingstein et al., 2020). Arctic fjords, in particular,
are recognized for their high sediment accumulation rates,
receiving substantial terrestrial input from glacial meltwater
and erosion (Winkelmann and Knies, 2005). As a result, they
function as critical hotspots for global organic carbon (OC)
burial and serve as high-resolution archives of environmen-
tal change (Smith et al., 2015; Bianchi et al., 2020). Given
the extreme rates of warming, Arctic fjords are increas-
ingly vulnerable to climate-driven transformations that re-
flect broader shifts occurring across the Arctic system. While
modern observational records provide valuable but tempo-
rally constrained insights, sediment cores and other paleoen-
vironmental archives are essential for reconstructing long-
term trends in OC dynamics over the past centuries (Ingrosso
et al., 2025).

The high Arctic Svalbard archipelago, a key transitional
zone between the North Atlantic and Arctic oceans, is char-
acterized by widespread glaciation, with approximately 57 %
of its landmass covered by glaciers (Nuth et al., 2013). A
major driver of recent environmental change in this region
is the enhanced inflow of warm, saline Atlantic Water (AW)
via the West Spitsbergen Current (WSC), which strongly in-
fluences the western coast of Spitsbergen, the largest island
in the archipelago (De Rovere et al., 2022). This process,
termed Atlantification, has intensified over recent decades,
accelerating the decline of summer sea ice extent, enhancing
tidewater glacier melt, and increasing freshwater discharge
into fjords (e.g., Jernas et al., 2018; Krajewska et al., 2020;
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Skogseth et al., 2020). Kongsfjorden, located on the west-
ern coast of Spitsbergen, has emerged as a key site for in-
vestigating the impacts of recent Arctic warming due to its
dynamic oceanographic regime and sensitivity to AW inflow
(e.g., Tesiet al., 2021). Although previous studies have char-
acterized the spatial variability of sedimentary OC in Kongs-
fjorden using bulk elemental and isotopic parameters (e.g.,
Winkelmann and Knies, 2005; Kuliniski et al., 2014; Kumar
et al., 2016), molecular-level assessments of sedimentary OC
sources, especially over the past centuries, remain limited.

A recent study by Kim et al. (2023) began addressing this
gap by analyzing the sources and composition of surface sed-
imentary OC across eight Svalbard fjords, including Kongs-
fjorden. Their findings provided valuable insights into the
spatial patterns of contemporary OC dynamics. However, the
study did not address the progressive shifts in OC dynamics
linked to Atlantification since the mid-1990s, an era marked
by intensified AW intrusion and ecosystem change. These
longer-term oceanographic transformations have been well-
documented (e.g., Arthun et al., 2012; Polyakov et al., 2017;
Lind et al., 2018; Tesi et al., 2021) but are not yet fully in-
tegrated into our understanding of sedimentary OC in Sval-
bard fjords. The lack of long-term observational and histor-
ical data on AW inflow in this region highlights the urgent
need for sedimentary records to establish baselines and quan-
tify rates of environmental change (e.g., Cottier et al., 2007;
Tesi et al., 2021; Jorda-Molina et al., 2023). Such records are
invaluable for distinguishing between natural variability and
human-induced changes, providing insights into the mecha-
nisms driving environmental changes in Arctic fjords.

Building on the findings of Kim et al. (2023), this study
aimed to generate longer-term reconstructed records to fill
the current gap in long-term observational and historical data
on AW inflow in this region, through the analysis of three
multicores collected along a transect from the inner to the
outer Kongsfjorden. The primary objectives were to (1) char-
acterize spatial patterns of sedimentary OC, (2) estimate tem-
poral variations in the relative contributions of sedimentary
OC sources over the past centuries, and (3) assess the im-
pact of human-induced climate variability on environmental
conditions. To achieve these aims, we applied a multi-proxy
approach that integrates bulk geochemical parameters (car-
bon and nitrogen contents, stable carbon and radiocarbon
isotopes), molecular biomarkers (lignin phenols), and sedi-
mentological measurements (bulk dry density, grain size, and
surface area). This integrative framework provides critical in-
sights into the coupling between terrestrial and marine sys-
tems and highlights the sensitivity of Arctic fjord environ-
ments to both past and ongoing climate change.

2 Regional setting

Kongsfjorden and Krossfjorden form the Kongsfjorden—
Krossfjorden fjord system, which opens westward into the
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Kongsfjordrenna, a submarine glacial trough that incises
the continental shelf off northwestern Spitsbergen (Fig. 1;
Svendsen et al., 2002). This high-latitude fjord complex
spans 78°50" to 79°30' N and 11° to 13°E. Kongsfjorden,
the southern branch (~20km long, 4-10km wide, up to
394 m deep), holds ~29.4 km? of water, while Krossfjorden,
the northern branch (~ 30 km long, 3—6 km wide, max depth
374 m), contains ~ 25 km? (Ito and Kudoh, 1997; Svendsen
et al., 2002). Kongsfjorden’s drainage basin (~ 1440km?)
is ~ 80 % glaciated (Pramanik et al., 2020), receiving sub-
stantial freshwater and sediment from five tidewater glaciers
(Kongsvegen, Kronebreen, Kongsbreen, Conwaybreen, and
Blomstrandbreen) and the Bayelva River (Zhu et al., 2016;
McGovern et al., 2022).

The absence of a sill at the mouth of Kongsfjorden
allows intrusions of warm (~ 6°C), saline, nutrient-rich
AW (Svendsen et al., 2002; Cantoni et al., 2020). These
intrusions, driven by variability in the WSC and wind-
induced shelf processes, typically enter at intermediate
depths (~ 100-200m), increasing subsurface temperatures
and salinities and altering hydrographic structure (Svend-
sen et al., 2002; Tverberg et al., 2019; De Rovere et al.,
2022). This weakens stratification, enhances vertical mixing,
and impacts sea ice dynamics, glacier melting, and biogeo-
chemical cycles. When occurring during the productive sea-
son, AW intrusions can also stimulate primary productivity
by delivering nutrients to the euphotic zone. During periods
of weak AW advection, colder, fresher Arctic Water from
the East Spitsbergen Current (ESC) dominates, strengthen-
ing stratification and promoting a more Arctic-like regime.

In addition to oceanic forcing, glacial meltwater strongly
influences fjord hydrography and ecology. Meltwater from
tidewater glaciers transports large sediment loads, generat-
ing turbid plumes that reduce light penetration and suppress
primary productivity, particularly near glacier fronts (Ito and
Kudoh, 1997; Svendsen et al., 2002). These inputs also de-
liver terrestrial organic carbon (OC), including petrogenic
OC from eroded bedrock and aged OC from soils. Surface
runoff from glacial forefields and surrounding catchments
further contributes to sediment and OC input. These effects
are sustained by the fjord’s long water residence time and
limited exchange with the open ocean, which support inter-
nal circulation and persistent stratification (Svendsen et al.,
2002; Cottier et al., 2007; Tverberg et al., 2019).

3 Materials and methods
3.1 Sample collection

Four surface sediment samples were collected from Kongs-
fjorden and Krossfjorden during the RV Helmer Hanssen
cruise (HH23) in 2023 (Fig. 1). Three multicores were re-
covered from Kongsfjorden, Svalbard, at water depths of
81 m (core HH23-1058MUC, hereafter 1058MUC; 45cm
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Surface sediments (This study; Kim et al., 2023 and references therein): [ Kongsfjorden 1] Krossfjorden
Small drifted ice containing IRD (Kim et al., 2011): @ Kongsfjorden ¢ Krossfjorden

Coal (Kimet al., 2011; Kim et al., 2023): A around Ny-Alesund

Multicores (This study) : @ HH23-1058MUC (inner) © HH22-1161MUC (middle) © HH22-1159MUC (outer)

Figure 1. Map of the study area showing (a) the Svalbard archipelago and (b) the sampling sites in Kongsfjorden and Krossfjorden considered
in this study. White land areas indicate present-day glacier coverage. Red and blue arrows indicate the main Atlantic (West Spitsbergen Cur-
rent, WSC) and Arctic (East Spitsbergen Current, ESC) water currents, respectively. Filled circles represent multicore sampling sites, while
filled square, diamond, and triangle symbols indicate surface sediment, small drifted ice containing IRD, and coal sampling sites in Kongs-
fjorden and Krossfjorden. It should be noted that the surface sediment samples newly analyzed in this study are denoted by hashed square
symbols. The map was generated using QGIS v3.14 (https://qgis.org/en/site/forusers/visualchangelog314/, last access: 28 Januar 2025) based
on IBCAOV4 (https://www.ngdc.noaa.gov/mgg/bathymetry/arctic/, last access: 5 December 2024).

long), 339 m (core HH22-1161MUC, hereafter 1161MUC;
44 cm long), and 323 m (core HH22-1159MUC, hereafter
1159MUC; 40cm long) during the RV Helmer Hanssen
cruises (HH22 and HH23) in 2022 and 2023 (Fig. 1). The
cores were retrieved using a multi-corer (KC Denmark model
72.000, with 6 core liners; 11 cm outer diameter; 10.5 cm in-
ner diameter, and 0.8 m length each). The multicores were
sectioned on board at 0.5 cm intervals down to 2 cm depth
and at 1 cm intervals thereafter and stored at —20 °C. Subse-
quently, the samples were freeze-dried for further analysis.

3.2 Sedimentological analysis

To characterize sedimentary properties associated with OC
transport and deposition, we analyzed water content, dry bulk
density, grain size distribution, and specific surface area. Wa-
ter content was calculated by determining the weight loss of
wet bulk samples after freeze-drying. The dry bulk density
of homogenized subsamples was measured using an Accu-
Pyc II 1345 pycnometer (Micromeritics, Georgia, USA) at
the Korea Polar Research Institute (KOPRI). The average
of three measurements was used for grain density calcula-

https://doi.org/10.5194/bg-22-4087-2025

tions to ensure precision, with an analytical error of less than
0.0032cm? observed when employing the 1cm?® chamber.
Grain size distribution followed the methodology outlined by
Ahn et al. (2024). Approximately 130 mg of freeze-dried, un-
ground subsamples was treated with 5 mL of 35 % H,0; to
oxidize organic matter. A Mastersizer 3000 laser particle size
analyzer (Malvern Panalytical B.V., UK) was used for grain
size analysis of bulk sediments at KOPRI. Analytical pre-
cision was determined as follows: D(10) as 37.5 4+ 0.3 um,
D(50) as 71.4 £ 0.2 um, and D(90) as 104.0 £ 0.0 pm. Spe-
cific surface area (SA) measurements were conducted fol-
lowing the method described by Kim et al. (2022). Freeze-
dried, unground subsamples were first heated at 350 °C to
remove organic matter and then cooled gradually over 12h
to room temperature. Prior to analysis, the samples were de-
gassed at 200 °C for 2h under a constant flow of N, gas
using a Micromeritics FlowPrep 060 Sample Degas System
at the Korea Basic Science Institute (KBSI, Jeonju Center).
Specific SA was measured with Nj gas as the adsorbate in
a He atmosphere, with an analytical precision within £9 %.
Instrument performance was verified using carbon black
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(21.040.75m? g~ !; ISO 9277:2010, 2010), a certified ref-
erence material provided by Micromeritics.

3.3 Radioisotope analysis

To establish sediment chronology and determine sedimenta-
tion rates, freeze-dried and ground subsamples (~ 5 g) were
analyzed for 21°Pb and *2°Ra activities using gamma spec-
trometry with a well-type high-purity germanium (HPGe)
detector at KBSI. The analytical uncertainties averaged
9.6+2.0mBqg~" for 2!°Pb and 2.7+4.1mBqg~' for
226Ra. Excess 219Pb (210Pbey) activities were calculated
by subtracting the 22°Ra activity from the total 2!Pb
(>19Pbyy) activity, following the approach described by Ap-
pleby (1998). The apparent sedimentation rate (cm yr—!) was
calculated from 2!9Pbe, with the constant rate of supply
(CRS) model (cf. Appleby and Oldfield, 1978) with the fol-
lowing equation:

Apparent sedimentation rate = —A/b (cmyr™ 1), (D

where A is the radioisotope decay constant for 2!9Pb
(0.03114 per year), and b is the slope of the regression line.

3.4 Bulk elemental and carbon isotope analysis

To determine the content and isotopic composition of OC
and to infer its sources, we conducted bulk elemental and
carbon isotope analyses, including 813C0rg and A14C0rg. The
bulk elemental and carbon isotopic composition were deter-
mined using the procedure based on Kim et al. (2023). In
brief, total nitrogen (Ny) and total organic carbon (TOC)
contents, as well as carbon isotopic compositions (813C0rg),
were analyzed using an elemental analyzer (Thermo Elec-
tron Corporation Flash EA 2000, Thermo Fisher Scientific,
Germany) connected to an isotope ratio mass spectrometer
(Finnigan Delta Plus, Thermo Fisher Scientific, Germany).
TOC and 813C0rg were measured on decalcified samples us-
ing 1 M HCI for 24 h. The 813C0rg values were expressed
in delta notation (%o) relative to the Vienna Pee Dee Belem-
nite (VPDB) standard. The analytical precision was within
0.5 wt% for carbon, 0.5 wt % for nitrogen, and 0.5 %o for
813Cop.

Sediment samples were pretreated with HCl and NaOH
to remove carbonates and humic acids, followed by drying at
60 °C. The alkali-insoluble fraction was combusted at 900 °C
in sealed ampoules with CuO to produce CO,, which was
then purified and converted to graphite following the method
of Vogel et al. (1984). Radiocarbon (!*C/'3C) measure-
ments were performed using accelerator mass spectrometry
(AMS) at the Center for Applied Isotope Studies (CAIS),
University of Georgia, USA. The radiocarbon results were
presented in delta notation (A14C0rg, %o), as defined by Stu-
iver and Polach (1977).
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3.5 Lignin phenol analysis

To trace terrestrial OC inputs, particularly those derived from
vascular plants, we analyzed lignin phenols using CuO oxi-
dation followed by gas chromatography mass spectrometry.
CuO oxidation and subsequent analyses were performed fol-
lowing the procedure described by Kim et al. (2023). In brief,
homogenized subsamples (~400mg) were subjected to al-
kaline CuO oxidation in the presence of cupric oxide and
ammonium iron (II) sulfate hexahydrate. This process was
conducted using a Microwave Digestion System (MARS 6
microwave, CEM Corporation, USA) at 150°C for 1.5h af-
ter adding a Np-purged NaOH solution. After oxidation, a
known amount of internal standard (ethyl vanillin) was added
to the CuO oxidation products. The resulting products were
analyzed at KOPRI using an Agilent 7890B gas chromato-
graph (GC) coupled to a 5977B Series Mass Selective Detec-
tor (MSD) (Agilent Technologies, Santa Clara, CA, USA).
Analyses were conducted in single ion monitoring (SIM)
mode with a DB1-MS capillary column (30 m x 0.25 mm,
0.25 um, Agilent J&W). The analytical uncertainty for lignin
phenols concentrations, determined through replicate mea-
surements of the same sediment samples, was typically less
than 10 %. Calibration was performed using commercially
available standards.

3.6 Accumulation rates

The accumulation rates (ARs) of each OC source in the sed-
iment cores were calculated to investigate OC fluxes over re-
cent timescales. Wet bulk density (WBD) and porosity (PO)
were determined using the water content and dry bulk den-
sity of the samples, as described by Hamilton (1971). The AR
was calculated based on the sedimentation rate (SR), WBD,
and PO of each sample, as follows (cf. Gealy, 1971):

-2 -1 PO
AR(gcm yr ):SRX WBD - 1.025 x (1o ) |- @

As the next step, the ARs of bulk OC were calculated using
Eq. (2), as follows (cf. Nam, 1997):

Bulk OC AR = (TOC of sediment sample/100) x AR. (3)

The ARs of petrogenic, soil-derived, plant-derived, and ma-
rine OC were calculated from bulk OC AR using Eq. (3), as
follows:

AR of each OC source = (each OC source fraction/100)

x bulk OC AR. @
4 Results
4.1 Sediment properties

The depth profiles of water content, dry bulk density, grain
size distribution, mean grain size, and specific surface area
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(SA) for the three cores are shown in Fig. 2. Water con-
tent displayed distinct trends across the cores. The high-
est water content was observed at the outermost site (core
1159MUC), ranging from 30.3 % to 47.5 %, with an average
of 38.5 3.2 %. At the middle site (core 1161MUC), water
content ranged from 31.7 % to 42.2 %, with an average of
35.3 2.2 %. The innermost site (core 1058MUC) exhibited
the lowest range, from 19.7 % to 32.6 %, with an average of
27.94+2.3%.

Dry bulk density measurements showed a decreasing trend
from the innermost to the outermost core. Core 1058MUC
had a dry bulk density ranging from 2.74 to 2.77 gcm?; for
core 1161MUC, the range was 2.68 to 2.80 g cm>. For core
1159MUC, the range was 2.60 to 2.69 g cm>.

In general, silt content was predominant in all three cores,
with the highest average observed at the innermost site
(core 1058MUC), where it reached 90 £2 %. Mean grain
sizes varied across the sites, with the innermost site (core
1058MUC) showing the largest grain sizes, ranging from 8.8
to 13.3 um. The middle site (core 1161MUC) exhibited a
slightly smaller range, from 7.9 to 13.0 um, while the out-
ermost site (core 1159MUC) ranged from 8.3 to 11.0 um.

Mineral-specific surface area (SA) values decreased with
distance from the inner fjord site. Core 1058MUC showed
values between 10.0 and 16.5m? g~ !, core 1161MUC ranged
from 8.6 to 13.9m? g~!, and core 1159MUC exhibited the

lowest range, from 8.3 to 11.0m? g~ .

4.2 219pp geochronology

The depth profiles of total 210py (210pp,,) and excess 219Pb
(>19Pb,y) activities for the two cores are displayed in Fig. 3.
A sediment core collected in 2000 by Zaborska et al. (2006)
from inner Kongsfjorden, near the core 1058MUC site,
showed a sedimentation rate (SR) of ~0.15cm ylr_1 based
on 2!Pb dating. However, core 1058MUC was excluded
from 2!9Pb analysis due to the potential for high sedi-
mentation rates and intense sediment mixing near glacier
fronts, which can disrupt sediment stratigraphy and reduce
the reliability of age—depth models (e.g., Aquino-Lopez et
al., 2020; Schirone et al., 2022). Core 1161MUC exhib-
ited 2!0Pbyy values ranging from 89.3 to 233.0mBqg~!,
while core 1159MUC showed a broader range from 22.1
to 246.6mBqg~!. For ?'9Pb., core 1161MUC had val-
ues between 59.6 and 207.2 mBq g !, while core 1159MUC
displayed a range from 9.3 to 216.0mBqg~!. Based on
these profiles, the sedimentation rate (SR) was calculated
as 0.36cmyr! at the middle site (core 1161MUC) and
0.12cmyr~! at the outermost site (core 1159MUC).

4.3 Bulk elemental and carbon isotopic compositions
The depth profiles of bulk elemental and carbon isotope pa-

rameters for the three sediment cores are shown in Fig. 4.
The TOC content showed clear trends depending on the core
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location. Core 1058MUC had values ranging from 0.2 wt %
to 0.4 wt % (average 0.3 £ 0.0 wt %), while core 1161MUC
ranged from 0.9 wt % to 1.5 wt % (average 1.2 +0.1 wt %),
and core 1159MUC exhibited the highest values, ranging
from 1.9 wt % to 2.5 wt % (average 2.2 £+ 0.2 wt %). A similar
pattern was observed for total nitrogen (Nyy) content: core
1058MUC ranged from 0.01 to 0.05 wt %, core 1161MUC
ranged from 0.08 wt % to 0.13 wt %, and core 1159MUC ex-
hibited values from 0.22 wt % to 0.26 wt %. Previous stud-
ies conducted in various Svalbard fjords showed that sur-
face sediments contained a substantial proportion of inor-
ganic nitrogen, up to 70% of the Ny, content (Supple-
ment Fig. Sla), with a significant correlation between in-
organic nitrogen and clay mineral content (Schubert and
Calvert, 2001; Winkelmann and Knies, 2005; Knies et al.,
2007; Knies and Martinez, 2009; Kumar et al., 2016; Kim
et al., 2023). Consistent with the strong linear relationship
(R2 =0.89, Fig. Sla) between Ny, and organic nitrogen
(Norg) reported in surface sediments from multiple Svalbard
fjords (Kim et al., 2023), our subdataset from Kongsfjor-
den and Krossfjorden showed an even stronger correlation
(R?> =0.96, Fig. S1b). This high degree of correlation al-
lowed us to estimate Norg from Nio¢ using the derived re-
gression equation: Nopg =0.7863 X Nop — 0.0096. Based on
this method, the estimated Nor content ranged from 0.01
to 0.03 wt % (average 0.01 &= 0.00 wt %) for core 1058MUC,
from 0.05 wt % to 0.09 wt % (average 0.07 =0.01 wt %) for
core 1161MUC, and from 0.14 wt % to 0.17 wt % (average
0.15£0.01 wt %) for core 1159MUC. However, it is impor-
tant to consider that inorganic nitrogen content can vary with
sediment type and depth, which may influence the accuracy
of the estimated Nore. Therefore, although this regression-
based method provided a practical approximation, caution
was warranted when interpreting the estimated Noyg values,
particularly in sediments with heterogeneous stratigraphy or
mineral composition.

The molar N/ TOC ratios were lowest in core
1058MUC, varying from 0.04 to 0.12 (average 0.06 £ 0.02),
followed by corel 161MUC, ranging from 0.06 to 0.11 (av-
erage 0.07 £0.01), and core 1159MUC with values between
0.08 and 0.11 (average 0.09 & 0.01). The Ny / TOC ratios
showed a similar pattern, being lower than the correspond-
ing Ny / TOC ratios, with core 1058MUC ranging from
0.03 to 0.08, core 1161MUC ranging from 0.04 to 0.07, and
corel 159MUC ranging from 0.05 to 0.07.

The § 13C0rg values exhibited a distinct offshore-increasing
trend. Core 1058MUC displayed values ranging from
—24.6%0 to —22.5%c0 (average —23.5+40.5%0). Core
1161MUC values ranged from —23.9 %o to —22.3 %o (aver-
age —23.2 + 0.3 %o0), while core 1159MUC showed the most
enriched values, ranging from —23.5 %o to —22.4 %o (average
—22.740.3%0). A similar pattern was observed for A14C0rg
values, which increased from the innermost to the outermost
site. Core 1058MUC ranged from —839.2 %o to —743.5 %o
(average —793.9 = 31.1 %o). Core 116 1MUC exhibited values
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Figure 2. Depth profiles of water content (%), dry bulk density (g cm?), grain size distribution (%), mean grain size (um), and surface area
(m? g~ 1) for the cores (a) HH23-1058MUC, (b) HH22-1161MUC, and (¢) HH22-1159MUC.

from —555.9 %0 to —405.7 %o (average —504.9 +44.0 %o),
and core 1159MUC showed values between —469.3 %o and
—396.7 %o (average —433.5 £21.7 %o).

4.4 Lignin phenol compositions

The depth profiles of the products of alkaline CuO oxida-
tion for the three sediment cores are presented in Fig. 5.
Total lignin phenol concentrations, which represent the
sum of eight lignin-derived monomeric phenols (vanil-
Iyl (V), syringyl (S), and cinnamyl (C) units), normal-
ized to TOC, showed clear variation with depth and lo-
cation. Core 1058MUC had the highest total lignin phe-
nol concentrations, ranging from 0.24 to 0.66 mggOC™!
(average 0.4040.12mggOC~"). Cores 116IMUC and
1159MUC showed similar concentrations, with overlapping
ranges and comparable average values. Specifically, core
1161MUC ranged from 0.07 to 0.19mggOC~! (average

Biogeosciences, 22, 4087-4105, 2025

0.14 £0.04 mg gOC™ 1), and core 1159MUC ranged from
0.06 to 0.22 mg gOC~! (average 0.12 +0.04 mg gOC~!), in-
dicating no significant difference between the two sites.

The S/V and C/V ratios, which reflect the type of or-
ganic material derived from vascular plants, followed a con-
sistent pattern, with higher values at the innermost site. For
core 1058MUC, the S / V ratio ranged from 0.01 to 0.63, and
the C / V ratio ranged from 0.00 to 0.55. At the middle site
(core 1161MUC), the S/ V ratio ranged from 0.07 to 0.36
and the C /V ratio from 0.00 to 0.25, both decreasing rela-
tive to the inner site. Core 1159MUC showed S /V values
between 0.13 and 0.49 and C/V values from 0.14 to 0.41,
which were higher than those at the middle site but still lower
than those at the innermost site.

The 3,5-Bd/V ratios, indicative of the extent of lignin
degradation, varied significantly among the sites. Core
1058MUC showed values from 0.06 to 0.55, while core
1161MUC exhibited a broader range from 0.47 to 2.59. Core

https://doi.org/10.5194/bg-22-4087-2025
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Figure 3. Depth profiles of 210pp, (mBqg™1), 226Ra (mBqg™1),
and 219Pbey (mBqg~!) for the cores (a) HH22-116IMUC and
(b) HH22-1159MUC. Open circles indicate the data points used
in the linear regressions (yellow and blue dotted lines) of the nat-
ural log-transformed 210ppe, versus depth, which were applied to
estimate sedimentation rates.

1159MUC had the highest 3,5-Bd / V ratios, ranging from
0.59 to 2.46, indicating more extensive oxidation of lignin-
derived compounds at the outer site. Similarly, the (Ad / Al),
ratios, which represent the degree of oxidative alteration
of lignin side chains, exhibited a comparable trend. Core
1058MUC showed values between 0.22 and 0.89, while core
1161MUC ranged from 0.40 to 1.60. The highest values were
observed in core 1159MUC, ranging from 0.37 to 1.74, fur-
ther supporting the trend of increased lignin degradation in
sediments toward the outer fjord.

5 Discussion
5.1 Grain size end-member modeling

Grain-size end-member (EM) modeling identifies represen-
tative patterns within a sediment’s grain-size distribution,
allowing for inferences about the influence of depositional
processes based on variations in the relative abundances of
each EM (van Hateren et al., 2018). Following the approach
used by Ahn et al. (2024) in Wijdefjorden, northern Sval-
bard, grain-size EM modeling was performed to analyze vari-
ations in the grain-size distribution of the three cores inves-
tigated in this study. Two candidate Q values were identi-
fied (Fig. S2), with R? values exceeding 0.6 for each core
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(Fig. S3). The optimal Q value was selected by comparing
the extracted EMs with the analyzed grain-size distribution
curves (Fig. S4). From the three cores, a total of eight EMs
were extracted (Fig. S5) and subsequently classified into four
primary EM groups (Fig. 6a). EM1 primarily consisted of
fine-grained sediment (very fine to medium silt, 2—16 um),
with EM1b having a relatively coarser-dominant mode (pri-
mary mode: 9.3—-15.5um, very fine to medium silt: 54.3 %-—
59.7 %) compared to EM1a (primary mode: 8.2-9.3 um, very
fine to medium silt: 62.2 %—66.8 %). In contrast, EM2 was
dominated by coarser grains (medium to very coarse silt, 8—
63 um, 66.4 %), with a coarse primary mode of 29.3 um. No-
tably, EM3 exhibited a wide range of grain sizes, including
both fine and coarse particles, with modes at 9.3 and 81.2 um.

The EM results revealed that EM1a and EM1b, primar-
ily consisting of the finest grains, were present in all three
sediment cores (Fig. 6b). These fine-grained sediments are
generally deposited through size-dependent settling of sus-
pended particles from meltwater and/or glaciofluvial dis-
charge (O Cofaigh and Dowdeswell, 2001; Forwick and Vor-
ren, 2009; Elverhgi et al., 1980). The flocculation in seawater
further promotes their settling (Meslard et al., 2018), facili-
tating the transport of both EM1la and EM1b from the in-
ner to the outer fjord. The distinction between EMla and
EMIb deposition is influenced by the strength of meltwa-
ter discharge, with stronger discharge suspending and trans-
porting relatively coarser particles found in EM1b (Ahn et
al., 2024). In contrast, coarse-grained sediments, primarily
represented by EM2, were observed only at the innermost
site (core 1058MUC), situated closest to the glacier front
(Fig. 6b). This area is likely influenced by bottom currents
driven by subglacial meltwater outflow (Meslard et al., 2018;
Torsvik et al., 2019). The scarcity of fine particles in EM2
reflects the winnowing effect of these currents, which prefer-
entially remove finer material and leave behind coarser sed-
iments (Vorren et al., 1984). Such glacially influenced envi-
ronments are typically characterized by poorly sorted sedi-
ments (Hass, 2002) and strong bottom currents (Ahn et al.,
2024) that promote coarse-grained deposition near glacier
fronts. On the other hand, EM3 contains both fine and coarse
particles, with a coarse mode reaching 81.2 pm, significantly
larger than the principal mode of EM2. EM3 was found ex-
clusively in the middle core (1161MUC), located at the cen-
tral site of Kongsfjorden. This distribution corresponds to
the presence of multiple sediment sources in the mid-fjord
region, where fluvial inputs from land-terminating glaciers,
such as the Bayelva River near Ny-i\lesund, deliver mixed
sediments and terrestrial OC (D’ Angelo et al., 2018; Husum
et al., 2019).

5.2 Source of sedimentary organic carbon: bulk
parameters

The TOC values of the three sediment cores varied sig-
nificantly along Kongsfjorden, with the innermost core

Biogeosciences, 22, 4087-4105, 2025
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Figure 4. Depth profiles of TOC (wt %), N (wt %), N / TOC ratios (molar), 613C0rg (%0 VPDB), and A14C0rg (%o) for the cores (a) HH23-

1058MUC, (b) HH22-1161MUC, and (¢) HH22-1159MUC.

(1058MUC) having the lowest TOC (average 0.3 = 0.0 wt %)
and the outermost core (1159MUC) the highest (average
2.24+0.2wt%) (Fig. 4). This variation was also reflected in
the TOC/SA ratio (Fig. 7a-b), which indicates OC load-
ing and serves as a measure of OC preservation efficiency
(Keil et al., 1994; Mayer, 1994; Stein and MacDonald, 2004;
Zonneveld et al., 1997). Values between 0.4 and 1.0 suggest
a balance between OC supply and degradation (Keil et al.,
1997). However, values below 0.4 are observed in the in-
nermost core. In Kongsfjorden, D’ Angelo et al. (2018) re-
ported that lithogenic material accounted for the dominant
sediment fraction (64 %—78 %), and Svendsen et al. (2002)
highlighted significant deposition of mineral material in the
inner fjord. Therefore, the lower OC loading in the inner-
most core (1058MUC) is likely attributed to the deposition
of coarse-grained terrestrial minerals (see Fig. 6b) that dilute

Biogeosciences, 22, 4087-4105, 2025

the OC content. In contrast, higher OC loading in the middle
and outer cores, with values greater than 1.0, suggests en-
hanced OC preservation efficiency, likely due to adsorption
onto fine-grained minerals (see Fig. 6b) that reduce degrada-
tion (Keil et al., 1994; Mayer, 1994; Blair and Aller, 2012).
Similar to TOC, both Niot and N values were highest
in the outermost core (1159MUC) compared to the middle
(1161MUC) and innermost (1058MUC) cores (Fig. 7c; see
also Fig. 4). TOC and N (both Ny and Noyg) contents in all
three cores largely overlapped with those reported for surface
sediments from Kongsfjorden and Krossfjorden (Kim et al.,
2023, and references therein). In contrast, small drifted ice
samples containing ice-rafted debris (IRD) from the fjords
had lower TOC (0.1 £ 0.0 wt %) and Ny (0.04 +0.01 wt %)
contents, whereas coal samples from Kongsfjorden exhib-
ited significantly higher values (TOC: 50.8 £ 11.1 wt %; Ng:

https://doi.org/10.5194/bg-22-4087-2025
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Figure 5. Depth profiles of lignin phenol concentrations (mg gOC_l) and S/V, C/V, 3,5-Bd/V, and (Ad/ Al), ratios for the cores
(a) HH23-1058MUC, (b) HH22-1161MUC, and (¢) HH22-1159MUC.

0.86 = 0.04 wt %). The Nt / TOC and Noyg / TOC ratios
were also highest in the outermost core (Fig. 7d; see also
Fig. 4). Additionally, the 813C0rg values were more enriched
in the outermost core (Fig. 7d; see also Fig. 4), suggesting
an increased contribution of marine OC to sedimentary OC
toward the outer fjord. Notably, the 613C0rg values from all
three cores fell within the range observed in the small drifted
ice containing IRD samples (—21.8 + 2.1 %o), coal samples
(—24.4 £ 1.6 %0), and surface sediments from Kongsfjorden
(—23.0£ 0.7 %0). However, the 613C0rg values of most sur-
face sediments and small drifted ice containing IRD sam-
ples from Krossfjorden were higher than those from Kongs-
fjorden, generally falling outside the range observed in all
three cores. This difference may be associated with the Qua-
ternary marine deposits exposed in Krossfjorden (Fig. S6;
Dallmann and Elvevold, 2015), which could supply older,
13C-enriched marine-derived OC. These observations sug-
gest that the contribution of Krossfjorden to sedimentary OC
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in all three cores was minimal. The A14C0rg values of the in-
nermost core (1058MUC) were more depleted than those of
the other two cores (Fig. 7e—f). Similarly, small drifted ice
containing IRD and surface sediment samples collected near
the marine-terminating glacier front in Kongsfjorden exhib-
ited similarly depleted values. Notably, the AMC()rg values
of the other two cores fell between those of the glacier-front
samples and those from the outer fjord. These results align
with Kim et al. (2023), who suggested that the significant
depletion of A14C0rg in the surface sediments of Svalbard
fjords indicates that recently fixed terrestrial and marine OC
alone cannot account for the sedimentary OC. Instead, a sub-
stantial amount of old OC, likely from petrogenic and soil-
derived sources, contributes to the sedimentary OC in Kongs-
fjorden.

The relationship between TOC and mean grain size
showed no clear correlation, with the sediments predomi-
nantly consisting of silt fractions (Fig. S7a). Similarly, TOC

Biogeosciences, 22, 4087-4105, 2025
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content did not exhibit a distinct relationship with sedi-
ment sorting values (Fig. S7b). The sediments were gener-
ally poorly sorted, with high silt content, a characteristic fea-
ture of glacial environments, where deposits are typically in-
completely sorted due to the non-selective nature of glacial
transport (Singh et al., 2019). The consistently poor sorting
observed across all morphological zones, along with the ab-
sence of correlation between TOC and mean grain size, sug-
gests a glacier-fed depositional system influenced by variable
hydrodynamic conditions driven by meltwater discharge. At

Biogeosciences, 22, 4087-4105, 2025

the middle site, the presence of EM3 indicates a contribu-
tion of terrestrial material via fluvial processes. However, the
proportion of EM3 was relatively low (18.2 + 14.9 %) com-
pared to EM1a and EM1b (81.8 & 14.9 %; Fig. 6), suggesting
that glacial meltwater remains the dominant sediment deliv-
ery mechanism at this site, with only a minor influence from
surface runoff processes. Overall, the sedimentary character-
istics of Kongsfjorden indicate a fjord environment signif-
icantly influenced by glacial input. The repeated cycles of
glacial advance and retreat have resulted in the accumulation
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of sediments with varied grain sizes and sorting patterns, re-
flecting the dynamic and complex interplay between terres-
trial and marine OC processes within this glaciated fjord sys-
tem.

5.3 Source of sedimentary organic carbon: lignin
phenol parameters

In a previous study conducted in Svalbard fjords, Kim et
al. (2023) defined two OC components (petrogenic OC
and biogenic OC) to identify the source of '“C-depleted
OC in sedimentary OC. To further investigate the contri-
butions of biogenic OC sources to Kongsfjorden, we ana-
lyzed lignin phenols obtained through alkaline CuO oxida-
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tion. Lignin phenols serve as valuable terrestrial biomark-
ers because they are exclusively synthesized by terrestrial
higher plants (Hedges and Mann, 1979; Goii et al., 2005).
The ratios of S/V and C/V are used to evaluate the
relative contributions of four components: non-woody an-
giosperms, woody angiosperms, non-woody gymnosperms,
and woody gymnosperms (Hedges and Mann, 1979; Goiii
and Hedges, 1995). In the three Kongsfjorden cores, lignin
phenols primarily consisted of a mixture of non-woody gym-
nosperm OC with inputs from gymnosperm wood-derived
tissues, along with some contributions from non-woody an-
giosperms, consistent with previous studies (Fig. 8a). The
strong gymnosperm signal observed in both surface and
downcore sediments, despite the current dominance of an-

Biogeosciences, 22, 4087-4105, 2025
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giosperm vegetation in the Svalbard archipelago, suggests a
substantial contribution of OC from older terrestrial sources,
such as permafrost-stored material. This implies that the ter-
restrial OC preserved in these sediments likely reflects in-
puts from past vegetation communities, rather than repre-
senting solely contemporary plant cover. Lignin phenol con-
centrations were highest in the innermost core (1058MUC)
compared to the other two cores (Fig. 8b; see also Fig. 5)
and fell within the range observed in surface sediments from
Svalbard fjords, including Kongsfjorden and Krossfjorden
(Figs. S8a and S9a).

3,5-Bd is primarily produced during soil degradation pro-
cesses, leading to its enrichment in soils (e.g., Prahl et al.,
1994; Goni et al., 2000; Houel et al., 2006; Otto and Simp-
son, 2006). As a result, the 3,5-Bd / V ratio is widely used
to assess the extent of lignin degradation and to trace in-
puts of soil-derived OC to aquatic systems (e.g., Prahl et
al., 1994; Goiii et al., 2000; Houel et al., 2006; Otto and
Simpson, 2006). Similarly, the (Ad / Al), ratio reflects lignin
oxidation, as the conversion of aldehyde functional groups
into acidic phenols through propyl side-chain modification
serves as a key indicator of lignin degradation in sedimen-
tary organic matter (e.g., Hedges and Ertel, 1982; Goiii and
Hedges, 1992; Otto and Simpson, 2006). (Ad / Al), ratios
below 0.3 typically indicate relatively fresh vascular plant de-
tritus, whereas values exceeding 0.5 are generally associated
with extensively altered soils with significantly depleted 4C
signatures (e.g., Hedges and Ertel, 1982; Gofii and Hedges,
1992; Otto and Simpson, 2006). Among the three cores, both
3,5-Bd / V and (Ad / Al), ratios were lowest in the innermost
core (1058MUC) (Fig. 8c and d; see also Fig. 5). Notably,
coal samples also exhibited relatively low values, averaging
0.48 for the 3,5-Bd / V ratio and 0.49 for the (Ad/ Al), ra-
tio, similar to those of the innermost core (1058MUC). Both
the 3,5-Bd / V and (Ad / Al), ratios were higher in the outer-
most core (1159MUC) compared to the middle (1161MUC)
and innermost (1058MUC) cores, indicating a higher degree
of lignin degradation toward the outer fjord. This trend likely
reflects cumulative degradation processes occurring during
offshore transport rather than differences in terrestrial OC
sources alone. Notably, the inter-site variation was more pro-
nounced for the 3,5-Bd / V ratio than for the (Ad / Al), ratio.

Previously, Kim et al. (2023) suggested that biogenic
OC includes not only recently fixed terrestrial and marine
biomass but also pre-aged OC from soils, which can be
transported to fjords through glacial erosion and surface
runoff. Therefore, we examined the lignin phenol concen-
trations and (Ad / Al), ratios of these biogenic OC sources
— plant-derived, soil-derived, and marine OC (Fig. S8). Most
core sediments exhibited lower lignin phenol concentrations
and (Ad/Al), ratios compared to the average values of
soils collected in the Ny—;\lesund and Longyearbyen regions.
Thus, the soil values encompass the range observed in all
three cores and most surface sediments collected in Svalbard
fjords. However, surface sediments from Krossfjorden exhib-
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ited distinct (Ad / Al), ratios and 813C0rg values, which fell
outside the soil range. This difference may result from the
complex bedrock types present in Svalbard fjords (Fig. S6),
which can influence OC characteristics (Kim et al., 2023).
These findings suggest that the contribution of Krossfjorden
to the sedimentary OC in all three cores was limited.

5.4 Four OC source apportionments

In this study, we adopted the OC source classification con-
cept from the surface sediment study in Svalbard fjords
(Kim et al., 2023) and defined four distinct sedimentary
OC sources: petrogenic, soil-derived, plant-derived, and ma-
rine OC. To estimate the relative proportions of these OC
sources, we applied a four-source apportionment approach
based on A14C0rg, ) 13Corg, and lignin parameters such as
the (Ad / Al), ratio and lignin phenol concentrations, using
a Monte Carlo (MC) analysis. End-member values for each
OC source, as reported in Kim et al. (2023; Table S1 in the
Supplement), were used in the analysis.

Firstly, similar to the previous study by Kim et al. (2023),
the relative proportions of the four OC sources were cal-
culated using Method 1, based on A14C0rg, 8‘3C0rg, and
the (Ad/Al), ratio (Fig. 9). The petrogenic OC fraction
was highest in core 1058MUC, located at the innermost
site, with an average of 79.2 £3.4 %. This was followed by
core 1161MUC (average 44.7 +5.7 %) and core 1159MUC
(average 37.8+£5.0%). In contrast, marine OC fractions
were highest in core 1159MUC at the outermost site (av-
erage 44.0 5.2 %), followed by core 1161MUC (average
38.4 +7.8 %) and core 1058MUC (average 19.0 £ 3.9 %).

Secondly, we calculated the relative proportions of the four
OC sources using Method 2, which is based on A14C0rg,
813Cory, and lignin phenol concentrations. This method was
chosen because previous studies used lignin phenol concen-
trations for source mixing models, assuming a value of 0
for marine phytoplankton (Tesi et al., 2016; Pempkowiak,
2020). To validate this approach, we first applied Method
2 to surface sediments previously investigated by Kim et
al. (2023). Overall, the estimated relative contributions of the
four OC sources were within a similar range to those reported
in the earlier study, and the spatial distribution pattern ex-
hibited similar trends between both approaches (Fig. S10).
For the three sediment cores in this study, the results from
Method 2 were also consistent with those from Method 1.
Petrogenic OC fractions were highest in core 1058MUC, lo-
cated at the innermost site (average 79.2 4= 3.3 %), followed
by cores 1161MUC (average 46.6 4.4 %) and 1159MUC
(average 40.7 £ 1.7 %) (Fig. 9). In contrast, marine OC frac-
tions were greatest in core 1159MUC at the outermost site
(average 50.4 + 4.7 %), followed by core 116 1MUC (average
42.9+£5.2%) and core 1058MUC (average 16.5+3.2 %).
These findings suggest that Method 2 did not significantly
alter the trends observed from Method 1. However, it is im-
portant to note that some surface sediments from Kongsfjor-
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den and Krossfjorden exhibited (Ad / Al), ratios outside the
range of soil values (Fig. S9b). In contrast, the lignin phenol
concentration data were well within the expected range for
soils (Fig. S9a). Given this, Method 2 appears to be a more
appropriate approach than Method 1 for assessing the relative
proportions of the four OC sources in the Svalbard fjords.
Nonetheless, both methods showed that the plant-derived
OC fraction contributed minimally compared to domi-
nant sources such as petrogenic and marine OC. However,
soil-derived OC contributions were higher in the middle
(1161MUC) and outer (1159MUC) cores than in the inner-
most core (1058MUC), suggesting an additional input likely
associated with surface runoff. This is supported by the pres-
ence of EM3 in core 1161MUC (Fig. 6b), indicative of sig-
nificant input of both fine and coarse particles, a feature not
observed in the other two cores. Given that core 1161MUC is
situated closer to the Bayelva River (Fig. 1), the occurrence
of EM3 at this site likely reflects the localized influence of
surface runoff. This runoff facilitates the transport of terres-
trial material, especially soil-derived OC, into the fjord via
riverine discharge from the adjacent catchment. This mecha-
nism is consistent with previous studies, which have shown
that surface runoff significantly influences the biogeochemi-
cal composition of particulate and dissolved matter in Kongs-
fjorden (e.g., Hop et al., 2002; Svendsen et al., 2002). These
inputs are known to deliver high loads of suspended sedi-
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ments, nutrients, and terrigenous OC, especially during the
melt season when hydrological connectivity between the land
and fjord is enhanced. The proximity of core 1161MUC to
the Bayelva River mouth therefore increases its susceptibility
to these runoff-derived materials, which can be subsequently
advected toward the outer fjord.

5.5 Potential future implications on carbon dynamics

The bulk OC AR was 0.47 & 0.06 gcm ™2 yr~! at the middle
site (core 1161MUC), higher than the outermost site (core
1159MUC), which had a value of 0.26 +0.03 gecm ™2 yr—!
(data not shown). The ARs of the four OC sources, deter-
mined by both Methods 1 and 2, are presented in Fig. 10.
For core 1161MUC, petrogenic OC ARs were similar be-
tween Method 1 (0.184+0.03gem 2 yr~!) and Method 2
(0.184+0.02gcm™ 2 yr~!). Among biogenic sources, ma-
rine OC had the highest ARs (0.1540.03gcm™2yr~! for
Method 1; 0.17+£0.03gcm™2yr~! for Method 2), 24
times higher than soil-derived OC and 20-70 times higher
than plant-derived OC. Similarly, for core 1159MUC, pet-
rogenic OC ARs were consistent across both methods
(0.054+0.01 gcm™2yr~!), with marine OC showing the
highest biogenic ARs (0.05+0.01 gem™2yr~! for Method
1; 0.0640.01 gcm2 yr~! for Method 2), exceeding those
of soil-derived and plant-derived OC.

Biogeosciences, 22, 4087-4105, 2025
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For all petrogenic and biogenic OC sources, ARs were
higher at the middle site (core 1161MUC) than at the outer-
most site (core 1159MUC) (Fig. 10). This spatial difference
likely reflects the middle site’s closer proximity to glacial
and fluvial sediment inputs, including the tidewater glaciers
(e.g., Kronebreen and Kongsbreen) and the Bayelva River
near Ny-Alesund. Its location may have facilitated more ef-
ficient delivery and deposition of sediments and associated
OC, resulting in higher ARs. Notably, marine OC ARs at
core 1161MUC have shown an increasing trend since ap-
proximately the 1970s, while petrogenic OC ARs decreased
over the same period. In contrast, no clear temporal trends
were observed in either petrogenic or marine OC ARs at
the outermost site (Fig. S11). This increase in marine OC
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ARs at the middle site (Fig. 11a) coincides with a shift in
sediment composition, characterized by increasing relative
abundances of EM1b (Fig. 11b), suggesting intensified melt-
water discharge from marine-terminating glaciers. This dis-
charge was likely driven by increased AW inflow, which en-
hanced basal melting of tidewater glaciers. Being situated
closer to these glaciers, the middle site appears more sen-
sitive to variability in AW inflow. Since increased AW inflow
to fjords reduces sea ice cover and delivers nutrients that en-
hance marine productivity, this process supports greater ma-
rine OC burial. In contrast, the outermost site, under more
stable AW influence, exhibited relatively consistent marine
OC burial over time. Additionally, its lower SRs, a conse-
quence of its greater distance from the glacier front, may
obscure short-term variations in OC deposition. Overall, the
differing trends in marine OC ARs between the middle and
outermost sites likely reflect differences in hydrographic and
sedimentary dynamics, with the middle site more responsive
to glacial and oceanographic variability associated with AW
inflow.

The rise in marine OC ARs coincides with broader cli-
matic and environmental changes in the Svalbard region.
Since the 1970s, surface air temperatures in Ny-Alesund
have increased at a rate 4 times faster than the global av-
erage from 1975 to 2014 (Fig. 11c; Wei et al., 2016). Con-
currently, the Barents Sea summer sea ice extent has de-
clined rapidly (Fig. 11d; NSIDC: National Snow and Ice
Data Center, http://nsidc.org/data/seaice_index, last access:
7 January 2025), and the Blomstrandbreen glacier has ex-
perienced significant retreat (Fig. 11d; Burton et al., 2016).
These changes suggest a strong link between climate warm-
ing and shifts in Kongsfjorden’s carbon dynamics. Notably,
during the same period, integrated temperatures (50 to 300 m
water depth) from the transect across 78° N, in the core of the
WSC in western Svalbard, also showed an increasing trend
(Fig. 11c; Tesi et al., 2021). This suggests a connection be-
tween the observed warming of AW and broader regional
climatic and environmental changes. Longer-term environ-
mental reconstructions support this connection, with stud-
ies reporting increased AW inflow and associated produc-
tivity in Kongsfjorden in the early 20th century (Husum et
al., 2019; Tesi et al., 2021). Ingrosso et al. (2025) also docu-
mented rapid greening of western Svalbard during the same
period, which they attributed to extremely low sea ice extent,
driven primarily by the strong advection of warm AW into
Arctic fjords. This historical context highlights the likely in-
fluence of enhanced AW inflow on the rise in marine OC ARs
recorded at the middle site (core 1161MUC) since the 1970s,
with increased marine productivity and OC burial contribut-
ing to this rise while driving the concurrent decline in petro-
genic OC ARs.
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6 Conclusions

In this study, we investigated three multicores collected from
Kongsfjorden, Svalbard, to explore the spatial and temporal
dynamics of sedimentary OC over recent centuries. Bulk pa-
rameter analyses indicate that Kongsfjorden was the primary
source of OC in the sediments, with minor contributions from
Krossfjorden. Additionally, a substantial amount of old OC,
likely derived from petrogenic and soil sources, was present
in the sedimentary OC in Kongsfjorden. To estimate the rela-
tive proportions of OC sources, we applied a four-source ap-
portionment approach based on A'*Coyg, 813Corg, and lignin
parameters, including the (Ad/ Al), ratio and lignin phe-
nol concentrations, using MC analysis. Our results revealed
that petrogenic OC fractions were highest at the innermost
site, while marine OC fractions dominated at the outermost
site. The plant-derived OC fraction contributed minimally
compared to petrogenic and marine OC, while soil-derived
OC was more substantial at the middle and outermost sites,
suggesting enhanced input from surface runoff. For all OC
sources, ARs were higher at the middle site than at the out-
ermost site. Notably, marine OC ARs at the middle site have
shown an increasing trend since approximately the 1970s,
likely reflecting enhanced AW inflow, which boosted marine
productivity and OC burial. These findings underscore the
significant role of AW inflow in reshaping carbon dynam-
ics in Svalbard fjords over the past few decades, highlighting
the sensitivity of Arctic fjords to climate shifts. More impor-
tantly, our study suggests that the marked increase in AW in-
flow to Kongsfjorden during the 20th century likely occurred
in two distinct phases: around the early 1900s and the 1970s.
This pattern reflects a two-step process driven by complex
and not yet fully understood mechanisms. To better constrain
the timing, drivers, and consequences of AW variability, we
emphasize the need for future research that integrates high-
resolution climate modeling with sediment core records from
Svalbard. Such an integrated approach will be essential for
improving projections of climate and carbon cycle feedbacks
in the rapidly warming Arctic. Given their role as critical OC
reservoirs, Arctic fjords may function as both sources and
sinks of carbon in a warming climate, emphasizing the need
for further research to assess the long-term consequences of
climate-induced changes on regional carbon cycling.
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