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Abstract Detailed organic geochemical and carbon isotopic (5"*C and A'*C) analyses are performed on
permafrost deposits affected by coastal erosion (Herschel Island, Canadian Beaufort Sea) and adjacent
marine sediments (Herschel Basin) to understand the fate of organic carbon in Arctic nearshore
environments. We use an end-member model based on the carbon isotopic composition of bulk organic
matter to identify sources of organic carbon. Monte Carlo simulations are applied to quantify the
contribution of coastal permafrost erosion to the sedimentary carbon budget. The models suggest that ~40%
of all carbon released by local coastal permafrost erosion is efficiently trapped and sequestered in the
nearshore zone. This highlights the importance of sedimentary traps in environments such as basins,
lagoons, troughs, and canyons for the carbon sequestration in previously poorly investigated,

nearshore areas.

Plain Language Summary Increasing air and sea surface temperatures at high latitudes leads to
accelerated thaw, destabilization, and erosion of perennially frozen soils (i.e., permafrost), which are often
rich in organic carbon. Coastal erosion leads to an increased mobilization of organic carbon into the Arctic
Ocean, which there can be converted into greenhouse gases and may therefore contribute to further
warming. Carbon decomposition can be limited if organic matter is efficiently deposited on the seafloor,
buried in marine sediments, and thus removed from the short-term carbon cycle. Basins, canyons, and
troughs near the coastline can serve as sediment traps and potentially accommodate large quantities of
organic carbon along the Arctic coast. Here we use biomarkers (source-specific molecules), stable carbon
isotopes, and radiocarbon to identify the sources of organic carbon in the nearshore zone of the southern
Canadian Beaufort Sea near Herschel Island. We quantify the contribution of coastal permafrost erosion to
the sedimentary carbon budget of the area and estimate that more than a third of all carbon released by local
permafrost erosion is efficiently trapped in marine sediments. This highlights the importance of regional
sediment traps for carbon sequestration.

1. Introduction

Arctic permafrost soils are an important terrestrial carbon reservoir and currently store about 1,300 PgC
(Hugelius et al., 2014). Under climate warming scenarios, widespread erosion and thaw of permafrost in
the Arctic may lead to massive mobilization of this freeze-locked terrestrial organic carbon (OCe,y). As a
result, Arctic coastal waters are believed to receive increasing OCi.,, fluxes from rivers draining permafrost
terrain and from eroding permafrost coasts (Fritz et al., 2017). Such increase would result in drastic impacts
on global carbon fluxes and their climate feedbacks, on nearshore food webs, and on local communities.
However, the fate of the released material in the nearshore zone is quantitatively not well assessed. It may
(i) degrade into greenhouse gases (Tanski et al., 2019), (ii) fuel marine primary production, (iii) be buried
in nearshore sediments, or (iv) be transported offshore (Fritz et al., 2017; Vonk & Gustafsson, 2013).

Erosion rates along Arctic permafrost coasts, which account for 34% of Earth's coasts (Lantuit et al., 2012),
can be as high as 25 m/year (Glinther et al., 2015; Jones et al., 2009). Erosion of unconsolidated permafrost
soils that can be rich in frozen organic matter (Hugelius et al., 2014; Schuur et al., 2015), results in an annual
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release of 4.9-14 Tg of particulate organic carbon (POC) into the nearshore zone (Wegner et al., 2015). This
represents more than 4 times the amount of POC contributed by the major Arctic rivers (3.1 Tg; McClelland
et al., 2016) and highlights that coastal erosion plays a significant role in the marine carbon budget of the
Arctic Ocean. For the southern Canadian Beaufort Sea, Couture et al. (2018) estimated that ~12% of eroded
carbon was sequestered in nearshore sediments, whereas Hilton et al. (2015) estimated a significantly higher
burial efficiency (~65%) of riverine POC dispatched from the Mackenzie River. Sedimentation rates for the
area adjacent to the Mackenzie River range from 2 mm/year near the delta to less than 0.1 mm/year in more
distal areas (Harper & Penland, 1982). However, very little information exists on rates of sedimentation and
carbon burial for the shelf area to the west of the Mackenzie Delta toward the Yukon-Alaska border. The role
of areas with high sediment accumulation such as nearshore basins, troughs, and canyons has not been
taken into account in previous studies examining carbon burial rates in this region. OC,, derived from
coastal erosion might be substantial in quantity and more bioavailable than riverine and marine OC due
to short residence times and high proportions of bioavailable OC in permafrost (Vonk et al., 2012). Thus,
the fate of OCy,y, its burial rates, origin, age, and vulnerability to decomposition in the nearshore zone
remains largely unqualified and uncharacterized.

The aim of this study is to differentiate between marine and several different terrigenous POC sources to elu-
cidate the impact of coastal permafrost erosion and associated POC fluxes on Arctic nearshore sediments. As
a case study, we investigate the sources of OC to Herschel Basin, a sedimentary basin situated between
Herschel Island and the Mackenzie Delta in the southern Canadian Beaufort Sea (Figure 1). We quantify
and characterize OC in nearshore marine surface sediments and a sediment core derived from permafrost
coastal erosion, the Mackenzie River, and from autochthonous marine production by using a unique com-
bination of organic geochemical fingerprinting and carbon isotopic composition (8**C, A*C). The carbon
isotopic end-member serves to identify the sources of organic carbon and, in combination with Monte
Carlo end-member simulations, to quantify the contribution of coastal permafrost erosion to the sedimen-
tary carbon budget.

2. Materials and Methods
2.1. Study Area

The study area exhibits ideal conditions to trace the sources, fluxes, and the fate of OC in the Arctic coastal
zone. It features rapidly eroding permafrost coasts with well-defined erosion rates (Couture et al., 2018), a
major river discharging into the Arctic Ocean, and a sedimentary basin, serving as a local trap, that receives
large amounts of material from both sources on short distances. We focus on rapidly eroding coasts along the
Yukon Coastal Plain (YCP) and Herschel Island (69.6°N, 138.9°W) toward the southern Beaufort Sea.
Herschel Island is located 3 km offshore between the Alaskan border and the Mackenzie Delta (Figure 1).
The island is part of an ice-thrust moraine produced by the northwesternmost advance of the Laurentide
Ice Sheet (LIS) during the late Wisconsin (Fritz et al., 2012; Mackay, 1959; Rampton, 1982). The
island's coasts are characterized by steep cliffs (up to 50-m high) which are subject to rapid erosion including
numerous retrogressive thaw slumps (RTS) and active-layer detachment slides (Lantuit & Pollard, 2008;
Obu et al., 2016).

A large sedimentary trap, Herschel Basin (Figure 1), is located to the southeast of Herschel Island and is con-
sidered to receive a large portion of the eroded material from Herschel Island and the adjacent mainland
coast. The basin covers an area of approximately 126 km?, with a spatial extent of 7 x 18 km and maximum
water depth of 75 m (O'Connor, 1984). The basin receives material input from (i) coastal erosion, (ii) the
Mackenzie River plume and other small rivers (Burn & Zhang, 2009; Forbes, 1981; O'Connor, 1984), and
(iii) longshore currents and resulting longshore drift (Figure 1) that are responsible for local sediment and
OC transport parallel to the coast (Forbes, 1981; Giovando & Herlinveaux, 1982; Pelletier & Medioli,
2014). The Mackenzie River, however, is commonly considered to be the major fluvial source of sediments
and OC to the Canadian Beaufort Shelf region (Hill et al., 1991), including the basin.

2.2. Sampling Locations and Bulk Features

Herschel Island soil samples were collected from two outcrops in 2006, 2009, and 2015. They originate from a
500 m wide RTS located at the southeastern coast (TSD; n = 4; Figure 1) and a 150 m wide RTS situated at
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Figure 1. The background map shows the larger sampling area of the Canadian Beaufort Sea. Orange arrows indicate major rivers, currents, and sediment flows
toward Herschel Basin (after Pelletier & Medioli, 2014) and white circles indicate sampling locations from Yunker et al. (1992). The solid white line (black dashes)
indicates the northwestern most extent of the Laurentide Ice Sheet during the Wisconsin. The small map shows the detailed sampling locations of sediment samples
from Herschel Basin (blue circles) and permafrost soils from Herschel Island (red stars).

Collinson Head (TSB; n = 3; Figure 1) at the eastern edge of the island. Both locations featured ice-rich
permafrost deposits with fine grained sediments and organic carbon contents between 0.6 and 1.8 wt.%
(Fritz et al., 2011, 2012). These samples serve as baseline and end-member for the terrestrial coastal
environment. Sampling included several stratigraphic layers of the full cliff (up to 20 m height,
underneath the active layer) to account for natural biogeochemical variations of the material mobilized by
coastal erosion.

Marine surface sediment samples from Herschel Basin (0-1 cm; n = 12; collected in 2016) were retrieved
along two transects using a gravity corer to ensure undisturbed sediment surfaces. Transect (A) extends in
southward direction from Herschel Island to the center of the basin and transect (B) reaches northeastward
from the YCP toward the center of the basin (Figure 1). The sediments were of brownish-gray to grayish-
black color and consisted of silty to clayey mud. Sediment core PG2303 was collected at the transition of
the two transect and had a total length of 12.29 m. The sediment core was retrieved with a UWITEC® piston
corer (63 mm PVC liner), which was based on a tripod on the sea ice, and surface sediments were collected
with a UWITEC® gravity corer.

All soil and sediment samples were freeze dried, homogenized, and split for subsequent analyses. Full details
on biomarker, TOC, stable carbon (513C0rg) and radiocarbon analyses are presented in the supporting infor-
mation (Text S1).

3. Results and Discussion
Marine Versus Terrigenous Organic Matter—Sterols, GDGTs, and 613Cm.g

In order to assess the marine versus terrestrial contributions of OC to Herschel Basin the branched and iso-
prenoid tetraether (BIT) index (Hopmans et al., 2004), the relative abundance of sterols and the stable carbon
isotopic composition of bulk OC (513Corg) were used. The BIT index quantifies the relative abundances of
branched glycerol dialkyl glycerol tetraethers (brGDGTSs) relative to crenarchaeol (Hopmans et al., 2004).
brGDGTs are very abundant in various terrestrial settings including mineral soils, peats, lakes, and rivers
(Blaga et al., 2010; De Jonge et al., 2014, 2015; Weijers et al., 2007). By contrast, crenarchaeol is dominantly
produced by marine Thaumarchaeota (e.g., Schouten et al., 2013, and references therein). The BIT index can
be applied to estimate the relative contributions of marine and terrestrial organic matter in marine sedi-
ments. An index value of around 1 indicates the predominance of brGDGTs pointing to relatively high
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terrigenous influence, whereas a value near 0 is typical of offshore marine settings (De Jonge et al., 2015;
Sinninghe Damsté, 2016; Warden et al., 2016). Likewise, the fractional abundances of f-sitosterol, brassicas-
terol, and dinosterol can be used to estimate the OC origin (e.g., Fahl & Stein, 2007, 2012; Horner et al.,
2016). While §-sitosterol is synthesized by vascular plants (e.g., Volkman, 1986; Yunker et al., 1995), brassi-
casterol and dinosterol are produced by marine algae and dinoflagellates (e.g., Volkman, 2016). The frac-
tional abundance of (-sitosterol (fgsitosterol) hence also serves as a measure to estimate the relative
contribution of terrestrial to marine OC. fz gitosterol Was calculated as follows (B-sitosterol/(8-sitosterol +
brassicasterol + dinosterol)). Values near 1 indicate the predominance of terrigenous f-sitosterol and a value
of 0 pointing to full marine conditions.

Herschel Basin surface sediments are dominated by terrestrial OC as inferred from the relatively high fa_sitos-
terol and BIT index (0.7 + 0.1 [mean + S.D.] and 0.8 + 0.1). They show no trends along the two transects, sug-
gesting uniformly high and widespread contribution of terrestrial OC to nearshore sediments (Figures 2a
and 2b and Table S1). This is further supported by the 513C0rg being remarkably consistent (—26.2%0 +
0.3%o) across the transects and within the range of previously published values for near shore sediments
and onshore soils in this area (Couture et al., 2018; Fritz et al., 2012).

Herschel Island soils are more heterogeneous than the surface sediments. The f itosterol Varies between
0.24 and 0.86 (0.7 + 0.3) and the BIT index between 0.51 and 0.98 (0.9 + 0.2). The majority of samples
show a predominance of {3-sitosterol (four out of six samples) and brGDGTs (five out of seven) pointing
to a terrestrial origin of the OC. However, two samples from the Collision Head RTS show higher contri-
butions of the marine compounds (i.e., crenarchaeol, brassicasterol, and dinosterol; Table S1).
Hydrochemical signatures of massive ground ice bodies on Herschel Island suggest that the island consists
of upthrusted nearshore sediments deposited during the Late Wisconsin advance of the LIS (Fritz et al.,
2011, 2012). This is in good agreement with bulk organic radiocarbon ages of ~25 + 6 kyr BP (F”COrg
= 0.056 + 0.041; Figure 2d and Table S1) obtained from our sampling sites on Herschel Island. The con-
tribution of allochthonous marine sediments to the deposits on Herschel Island might explain the rela-
tively high abundance of marine biomarkers in these two outcrop samples. Perennially frozen
conditions suppressed microbial degradation of OC in Herschel Island soils and leading to accumulation
and preservation of several millennia old OC, as observed widely in permafrost regions in Siberia and
Alaska (Strauss et al., 2017). Further, the organic geochemical composition (high BIT and f itosterol) Of
the soils suggest that the pre-glacial sediments that later formed Herschel Island were also dominated
by terrestrial OC comparable to the current regional setting. Thus, the mixture of allochthonous and auto-
chthonous sediments on Herschel Island explains the heterogeneity of the biomarker distribution observed
in our data set.

Origin of OC in Herschel Basin—Hopanoids and Radiocarbon Ages

The hopane composition and radiocarbon ages show distinct differences between terrestrial soils on
Herschel Island and marine sediments from the basin. Radiocarbon ages of soil bulk OC (25 + 6 kyr BP)
are older than the basin sediments (11 + 2 kyr BP). Samples from the center of the basin and closest to
Herschel Island are the oldest, whereas the youngest samples are located close to the mainland of the
YCP (Figure 2d). This is in good agreement with lower cliff heights and thus higher volumes of younger
material eroded along the mainland coast (Couture et al., 2018) in contrast to Herschel Island. Herschel
Island soils are dominated by the C3paf-hopane and C,gar3-norhopane thermodynamically and geologically
stable hopane stereoisomers. These are degradation products of “biological” BB-hopanoids (Peters &
Moldowan, 1991) which are synthesized by bacteria (Rohmer et al., 1984). Similar to Herschel Island soils,
geological Cspa-hopane and C,gaf3-norhopane are abundant in Herschel Basin sediments, but these sam-
ples are additionally characterized by high abundances of the biological diploptene (Csoff-hopene).
Whereas the Csqaf3-hopane and Cygaf-norhopane show high relative abundances consistently throughout
the sample set (i.e., Herschel Basin and Herschel Island), the relative abundance of diploptene shows a large
variability relative to these two compounds, particularly across the basin (Figure 2c and Table S1). Therefore,
the ratio of diploptene to the sum of diploptene, C,qa3-norhopane, and Csqotf-hopane (hereafter referred to
as diploptene-ratio) can be used to identify different clusters within the sample set and is suitable to charac-
terize the molecular fingerprint of Herschel Island soils and Herschel Basin sediments. The diploptene-ratio
ranges between 0.3 and 0.7 (0.4 + 0.2) in Herschel Basin sediments and 0.0-0.3 (0.2 + 0.1) in Herschel Island
soils (Figure 2c and Table S1) and hence discriminates Herschel Island soils from Herschel Basin sediments
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Figure 2. Surface maps of organic geochemical parameters. The color code refers to single measurements of each surface
sediment sample (n = 12). The number in the center of the island represents the average value of all soil samples (n = 7).
(a) BIT index (Hopmans et al., 2004); (b) f3-sitosterol = B-sitosterol/(-sitosterol + brassicasterol + dinosterol); (c) diplop-
tene-ratio = diploptene/(diploptene + Cga3-norhopane + C3paf-hopane); and (d) conventional radiocarbon age of bulk
OM in kyr BP.

(independent ¢ test p value << 0.05). The highest relative diploptene content was present closest to the YCP,
whereas the lowest content was detected directly off Herschel Island.

The spatial distributions of radiocarbon ages and diploptene ratios are potentially related to each other as
diploptene contents decrease with increasing age (Figure S1). The oldest radiocarbon ages are found directly
off Herschel Island while the youngest material was deposited close to the YCP. The basin receives a mixture
of OC from coastal erosion on Herschel Island (older, low diploptene content) and from additional sources
that provide younger, diploptene-rich OC (R*=0.7, p value << 0.05; Figure S1). The BIT and fg_sitosterol SUE-
gest that marine OC contribution is limited, and the major additional sources of OC are terrestrial.
Diploptene was shown to be formed by soil dwelling bacteria and is vastly abundant in coastal peats along
the YCP and POC from the Mackenzie River (Yunker et al., 1992, 1993). Hence, the most likely additional
sources of terrigenous OC are coastal erosion from the YCP (Couture et al., 2018) and fluvial discharge from
the Mackenzie River (Drenzek et al., 2007; Macdonald et al., 1998; Yunker et al., 1993). Yunker et al. (1993)
report high diploptene concentrations in POC samples from the Mackenzie River retrieved before freshet
(April to May); however, with increasing sediment load during and after freshet (September), the relative
diploptene content decreased. Before freshet, the hopanes are sourced from local YCP peats (dominated
by biologically produced diploptene, lean in diagenetic Czoo3-hopane, and C,oaf3-norhopane) within the
catchment of the delta, whereas later, during freshet, the relative abundance of petrogenic material
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(including Cspaff-hopane and C,oa3-norhopane) increases (Yunker et al., 1993). The petrogenic contribu-
tion is presumably derived from the Devonian Canol formation in the Mackenzie River hinterland
(Yunker et al., 2002). However, the diploptene ratios of Mackenzie Delta POC (0.5 + 0.1) and shelf POC
(0.8 + 0.1) vary significantly and show that the relative diploptene content increases from the center of
the delta toward the shelf edge (Yunker et al., 1992, 1993). This implies significant contribution of eroded
coastal peats (diploptene ratio 1 + 0.1; Table S3), to the shelf POC. Mackenzie River POC shows a mixture
of fresh biologic diploptene and, depending on the season, increased contents of petrogenic hopanes from
the Canol formation (Yunker et al., 2002). The ternary plot (Figure S2) shows the relative abundances of
diploptene, Cspa3-hopane, and C,oaf3-norhopane. Whereas the Herschel Island samples, summarized as
the Herschel Island soil end-member, are enriched in diagenetic hopanes; the YCP peat end-member is
highly enriched in diploptene and depleted in diagenetic hopanes. The Herschel Basin sediments plot along
a mixing line between the two end-members, suggesting varying contribution of freshly eroded coastal peats
and eroded Herschel Island soils. However, due to ill-constrained and highly variable diploptene-ratios for
Mackenzie POC (Figure S2), the hopanoid distribution does not allow a quantitative source apportionment
for the basin sediments. Nevertheless, they point toward a complex mixing and efficient trapping of OC ori-
ginating from terrestrial sources.

3.2. Source Apportionment

In order to identify potential contributions from the Mackenzie River and the YCP, our data from Herschel
Island and Herschel Basin are compared to the carbon isotopic composition of POC from the Mackenzie
River. The stable carbon isotopic composition of Mackenzie River POC (5"3Cptackenzieroc) Was obtained
from the literature on samples collected between March and September in 2004 and 2005 (Guo et al.,
2007; Holmes et al., 2018). It varies significantly and is independent of sampling location and time of the
year. The 8"*CpackenziePoC ranges between —30.8%0. and —22.1%o ("3 Cpackenzieroc = -28.3%0 + 2.4%o;
Table S2) and on average is slightly depleted relative to Herschel Island soils and Herschel Basin sediment.
With an average of ~6.6 + 1.2 kyr (F**Cpackenzieroc = 0.441 + 0.066; Table S2), Mackenzie River POC,
shown to be derived primarily from top-soil permafrost thaw and riverbank erosion in the catchment
(Guo et al., 2007), is significantly younger than Herschel Island soils.

The isotopic composition separates the OC sources (i.e., Mackenzie River POC, marine POC and Herschel
Island soil OC) nicely in a dual-carbon isotope plot (Figure 3a). Therefore, we estimate the carbon isotopic
end-member composition of Mackenzie and Herschel Island based on the mean §'*C and F**C values. Due
to the absence of appropriate data, no isotopic end-member for the YCP can be defined, and marine §"*Cpoc
varies widely in Arctic waters (Vonk et al., 2012, and references within). As no data constraining the carbon
isotopic composition of local phytoplankton is available for the basin the 8'3C marineroc value (—24%o + 1%o)
proposed by Vonk et al. (2014) and the estimated reservoir age (1.1 kyr; FYCmarineroc = 0.872 + 0.011; Text
S2) were used to define the marine POC end-member. Herschel Basin sediments plot within a mixing trian-
gle between the two terrestrial OC end-members and with limited contribution of marine POC, in line with
the findings from the BIT index and fj gjosterol €laborated above.

The relative contribution of sources to the basin sediments was calculated by end-member mixing analysis
using Monte Carlo Simulations. This approach was previously used for source apportionment calculations in
Arctic sediments (e.g., Karlsson et al., 2011; Vonk et al., 2012, 2014). The model was described in detail by
Andersson (2011) and Sheesley et al. (2011) and allows to account for end-member variability. The bulk
organic carbon isotopic composition (§*C and F**C) allows to construct an end-member mixing model to
calculate the contribution/fraction of Herschel Island eroded OC to the basin sediments (fiierschel 1sland)-
The end-member values of marine POC, Herschel Island soil and Mackenzie River POC were defined above.

The contribution of eroded Herschel Island soil OC (f yerschel 1s1and) t0 the sediments are shown in Figure 3b
and Table S4. The model suggests lowest contribution of Herschel Island OC to sediments closest to the YCP
and highest contribution to sediments closest to Herschel Island and toward the center of the basin.
However, the model does not account for the contribution of coastal peats (due to the lack of data).

3.3. Central Basin Sediment Core

Based on radiocarbon dates of marine mollusks (Text S2) the 12.3 m long sediment core PG2303 covers the
last ~4,000 years (Text S2, Figure S4, and Table S5). This equates to an average annual sedimentation rate of
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Figure 3. End-member model and resulting source apportionment surface maps. (a) Dual carbon isotope plot illustrating data used for Monte Carlo Simulation.
End-members for Herschel Island (green), Mackenzie River POC (brown), and marine POC (blue). Basin sediments (black) plot along a mixing triangle between
all three sources. (b) Surface map of calculated fractional abundance of OM sourced from Herschel Island to the surface samples (n = 12) based on the dual-carbon

isotope end-member model.

0.33 cm/year in the center of the basin. The sedimentation rate, TOC content (1.8 + 0.1 wt.%) and 8'*Coyg
(—26.2%0 + 0.1%0) were stable over time (Figure 4 and Table S6), although TOC slightly decreased for the
last 500 years. The organic geochemical proxies also show no significant variation with depth and time.
BIT index and fa.itosterol indicate that the marine sediments were dominated by terrestrial inputs and
FMCOrg suggests that the terrestrial OM was preaged prior to deposition. The calculated contribution of
Herschel Island derived OC (fyerschel 1siand) to the basin was also constant through time, suggesting very
stable conditions and sedimentation patterns.

However, one noticeable event horizon can be identified ~650 year BP, where for a short period more and
younger terrestrial OC was deposited in the basin. The increase in diploptene ratio alongside a decrease in
OC derived from Herschel Island suggests increased contribution of coastal peats and/or Mackenzie river
run-off. During the late Holocene northern Canada was subject to periodically colder climatic conditions
(O'Brien et al., 1995) corresponding with glacier advances in the St. Elias Mountains (southern Yukon
Territory; Denton & Karlén, 1973) that could cause increased river discharge and hence erosion of coastal

TOC [wt.%] 813C, [%0] BIT-Index Fy siosterol Diploptene ratio FCorq Frerschel siand
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Figure 4. Organic geochemical results for the sediment core PG2303 retrieved from the center of Herschel Basin.
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peats. The timing of fluctuation coincides broadly with the Little Ice Age cooling (ca. 1400-1850 AD;
Campbell et al., 1998), suggesting a response to the short-term cooling and thus confirming the sensitivity
of the applied methods and model to changing environmental conditions. However, the exact mechanism
behind the anomaly cannot be identified. An increase in river discharge due to glacial runoff would increase
the inorganic clastic sediment supply, which would potentially lead to a, not observed, dilution of the TOC
content. Unfortunately, the sampling resolution is insufficient to identify any anthropogenically induced
changes in sedimentation patterns over the last ~150 years.

3.4. Carbon Burial in the Basin Sediments

The model results, based on the surface samples, suggest that 56% + 6% of OC in basin sediments originates
from coastal erosion on Herschel Island. For a first-order estimation of the burial of organic carbon from
coastal erosion, we extrapolate these observations to the entire basin assuming homogenous stratigraphy
and sedimentation rates across the entire basin. With an average sediment density of 1,700 kg/m> over an
area of 127 km?, the basin receives approximately 720,000 t/year of sediment. Considering an average
TOC content of 1.2 wt.%, that includes all surface sediment samples used in this study, the basin accumulates
~8,600 tC/year from different sources. Couture et al. (2018) estimated that Herschel Island loses ~12,000
tC/year due to coastal retreat. From the present calculations the basin accumulates ~4,800 tC/year from
Herschel Island, which converts into ~40% of the eroded carbon from the island. The remaining 60% are
likely transported elsewhere on the shelf, offshore, or are at least partially remineralized by microbial
decomposition in the water column (de Haas et al., 2002; Hedges et al., 1997). This estimation should be con-
sidered as a maximum value for OC eroded from Herschel Island itself, as any potential contribution of OC
originating from the YCP cannot be accounted for due to the lack of YCP soil data.

The results on OC burial obtained here (~40%) suggest substantially higher sequestration rates compared to
previous estimates (~12%) of eroded OC for the entire Yukon coastal shelf (Couture et al., 2018) but lower
rates (~65%) for particulate OC delivered by the Mackenzie River (Hilton et al., 2015). Hilton et al. (2015),
Couture et al. (2018), and this study applied different methodological and conceptual approaches to estimate
the burial efficiency of OC and thus results may not be directly comparable. Data from Hilton et al. (2015)
would suggest that riverine POC is more efficiently buried, whereas OC eroded from the coast may be pre-
ferentially mineralized and, thus, has a potentially stronger influence on greenhouse gas emissions. This
observation questions the traditional paradigm that rivers transport the “fresher” biospheric OC into the
Arctic Ocean. Apparently, permafrost contains a large reservoir of easily degradable OC (Vonk et al.,
2013) even if this OC is old, but it has been kept freeze-locked and undegraded for millennia. This apparent
mismatch highlights the need for intermethodological comparison studies to improve the reliability and
validity of estimated OC burial rates.

Previous results from the Laptev Sea showed that a large percentage of carbon contained in sediments of the
inner shelf originates from erosion of the shelf itself (Vonk et al., 2012) and is further deposited on the outer
shelf (Wegner et al., 2015). Studies in the Beaufort Sea (this study, Couture et al., 2018; Hilton et al., 2015)
highlight depositional environments, where carbon may be stored on long time scales, are actually concei-
vably close to shore. This study highlights the crucial role of sedimentary traps such as basins, lagoons,
troughs, and canyons for carbon sequestration in the nearshore zone. As such, these systems may act as
important sinks for organic carbon mobilized during permafrost thaw and erosion along coastlines asso-
ciated with future warming.
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