Fate of OC in the Arctic nearshore zone: Rapid removal and degradation due to
hydrodynamic and ice-related sediment transport
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Abstract
The present study investigated the fate of terrestrial carbon in shallow coastal areas. Surface sediment samples near
Herschel Island, Yukon, Canada, were collected to infer sediment- and organic matter (OM) transport processes and to
determine the origin and state of degradation of organic carbon. We determined total organic carbon (TOC), total
nitrogen (TN), TOC:N ratios, stable carbon isotopes (δ13C), and grain size distributions. Sediments are predominantly
silty, moderately to poorly sorted mud (<64 µm fraction). A significant correlation of TOC (mean: 1.02 % wt.) was
found with mud content (silt and clay). Sediments are largely of terrestrial origin (up to 70% of the total carbon pool),
yet contain up to 90% less TOC than terrestrial sediments in the area, suggesting rapid offshore transport and
degradation.
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Introduction

Study Area

Fluxes from the permafrost carbon pool (1300±200
Pg of carbon in the upper 3 m) occur via permafrost
degradation, microbial mineralization, river discharge,
and coastal erosion (e.g. Macdonald et al., 2015; Rachold
et al., 2000). Particular organic carbon fluxes into
nearshore areas resulting from coastal erosion are
estimated at 4.9-14.0 Tg a-1 (Wegner et al., 2015),
corresponding to the annual amount discharged by
rivers (Rachold et al., 2004). The nearshore zone (< 20
m depth) accounts for 20% of the shelf area in the
Arctic (Fritz et al., 2017) and constitutes a key interface
in the land to ocean transition, yet the fate of terrestrial
carbon in the arctic nearshore is not fully understood.
We determined the patterns of sediment and OM
distribution, identified responsible processes, and
provide new information on the contribution and fate of
terrestrial carbon in an arctic nearshore environment
through the application of sedimentological and
geochemical methods.

Nearshore areas were sampled off Herschel Island
(69o36`N; 139o04`W), in particular an embayment
southeast and a shallow lagoon southwest of the island.
The island is composed of perennially frozen marine and
glacigenic sediments (Lantuit and Pollard, 2008), ground
ice contents reach up to 60-70 % by volume in the upper
10-15 m (Pollard, 1990). Coastal retreat releases
significant amounts of organic carbon to the nearshore.
Organic carbon contents in island sediments range from
0.6-38.9 % wt. (Couture, 2010; Fritz et al., 2012).

Methods
Sedimentological and geochemical analyses were
carried out on samples obtained using a Van Veen grab
sampler during 2012 and 2013 summer expeditions by
the Alfred Wegener Institute (AWI). We analyzed grain
size distributions (GSDs), and bulk geochemical
parameters, i.e. total organic content (TOC), nitrogen
(N), and stable carbon isotope composition.
Radosavljevic et al. (2016) provide a detailed
methodology.
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Figure 1 Location of Herschel Island in the Canadian
Beaufort Sea

Results
Approximately 200 samples were analyzed (Table 1).
Table 1 Results of grain size and bulk geochemical analyses
and their standard deviations (in parentheses) shown by Thetis
Bay (TB) and Workboat Passage (WBP) locations.
Location
Parameter

TB

WBP

Overall

mean [ϕ]

5.30 (1.72)

4.44 (1.23)

5.20 (1.68)

sorting [σ l]

2.07 (0.49)

2.09 (0.35)

2.07 (0.48)

TOC (% wt.)

1.03 (0.92)

0.97 (0.62)

1.02 (0.88)

TIC (% wt.)

1.17 (0.37)

1.65 (0.31)

1.23 (0.39)

TN (% wt.)

0.15 (0.05)

0.14 (0.02)

0.15 (0.05)

TOC:N (atomic)

11.06 (3.30)

11.63 (2.24)

11.13 (3.18)

-26.32 (0.38)

-26.55 (0.25)

-26.35 (0.37)
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Discussion and Summary
The data gathered in this study show both
hydrodynamic- and ice-related processes affect the
spatial grain size variation. Ice processes are evident in
the generally moderate to poor sorting beyond the 4 m
contour. TOC concentration in nearshore sediments is
~90% lower than concentrations found in terrestrial
sediments along the Yukon Coast and Herschel Island.
We found a correlation with mud content since physical
processes tend to focus OM in the fine fraction, where
greater mineral surface area also aids sorption of OM
(e.g. Blair and Aller, 2012). We conclude that while
degradation occurs in the nearshore, some portion of
the terrestrial carbon is transported offshore as
suspended load. The isotope end member model is
questionable, yet it indicates the significant contribution
of terrestrial plants to benthic OM.
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