. »
ALFRED-WEGENER-INSTITUT
ArcticNet Annual Scientific Meeting 2015 @ m, HELMHOLTZ-ZENTRUM FUR POLAR-
7-11 December 2015, Vancouver, BC oy | UND MEERESFORSCHUNG

Michael Fritz [1,2], George Tanski [1,3], Hugues Lantuit [1,3]

Quantifying organic carbon and sediment fluxes to
the Arctic Ocean during the Holocene:
the contribution of coastal erosion

1] Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Dept. of Periglacial Research, Potsdam, Germany
] Utrecht University, Department of Earth Sciences, Utrecht, The Netherlands
] Potsdam University, Institute of Earth and Environmental Sciences, Potsdam, Germany

N

[

Background

Arctic coasts are permafrost coasts. With erosion rates
as high as 25 m-yr, the release of organic carbon and nutri-
ents from permafrost coasts has dramatic impacts on the
global carbon cycle, on nearshore food webs and on local
communities which are still relying on the marine biological
resources. However, the fate of the terrestrial material, the
contribution to greenhouse gas emissions and ocean acidifi-
CatIOn, and the ImpaCt on nearshore ecosystems IS Permafrost distribution in the Northern Hemis-
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Modern situation

Recent flux estimates of sediment and particu-
late organic carbon (POC) from coastal erosion
into the Arctic Ocean are ~430 Tg (102 gram) se-
diment per year and 4.9-14 Tg POC per year.
This is comparable to if not higher than riverine
fluxes. However, itis important to note that the fate
of sediment and organic carbon once eroded from
the cliff remains largely unknown and the release
of dissolved organic carbon (DOC) from melting
ground ice in permafrost has not been estimated
yet.

Holocene

During the Holocene, the delivery of
. sediment, POC and DOC varied in
= response to climate and relative sea
level changes. For example, large
parts of the circum-arctic shelves were
subaerially exposed in the last glacial
maximum and became flooded rapidly.
Thus, early Holocene erosion of
coastal permafrost deposits was
stronger than today and released
more terrestrial material. With the re-
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. . . . ©® American Beaufort Sea successively reduced accumulation
coastline whose original configuration is not known @ cmadinBeaforsea . .
d _ t f h . dﬂ: It t Greenland Sea and Canadian Archipelago rates IN the dlstal Shelf areas.
_an on a Varl_e y o mec arysms _I ICU_ O asSSess Modern sediment release (Tg yr') from coastal erosion into the Arctic Ocean _
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Table: Modern sediment and organic carbon contribution from coastal erosion into the Arctic Ocean per year. Length of coastline, erosion rate, and OC content are from
Lantuit et al. (2012).

Sea sector Length of Weighted mean | Modern Weighted mean Modern Reference sion was outpaced and there-
coastline coastal erosion sediment organic carbon organic carbon fore led to reduced shore line
| [km] rate [m y'] release [Tg y'] | content [weight %] | release [Tg y'] retreat. In the middle Holoce-
Chukchi Sea 7,398 0.41 70 2.79 0.80 Rachold et al. (2004) .
American 3376 115 ) 1.33 570 0.15-0.1% Jorgenson and Brown (2005), ne, Sedl_ment fluxes were
Beaufort Sea » - 4. - 497U Ping et al. (2011) more variable than today due
Lanadian 5,672 112 5.6 2.43 0.06-0.19 Hill, 1991, Couture, 2010 to rising sea level and spa-
Bea“ O“S ca - tio-temporally variable flooding
V\f‘ﬁi‘:SSe;a e 117,965 0.42 119 0.92 0.80 Rachold et al. (2004) of bathymetric features and
Rachold et al. (2004), Vasiliev et coastline adjustments.
Kara Sea 25,959 0.68 109 1.51 0.35-1.0 al. (2005), Streletskaya et al. N . :
(2009) Quantitative estimates of erosi-
- Gil on rates along Arctic coasts th-
Lapte\{ Seg and 16,927 0.73 53 4 163 0.66-3 7 Rachold e.t al. (2004); Giinther et g |
East Siberian Sea al. (2013); Vonk et al. (2012) roughout the Holocene are still
East Siberian Sea | 8,942 0.87 66.5 1.64 2273 g%clhzo)ld ctal. (2004).Vonkeetal. | gnharse and need substantial
Total 86,239" 0.68 430.6-431.8 2.05 4.9-14.0 improvement to clarify the fate

2 \onk et al. (2012) report for the Laptev and East Siberian Sea together. We have corrected their organic carbon flux to the marine system (22 Tg y') for the estimated of terrlQGHOUS material in the
input of organic carbon from subsea erosion (11 Tg y') and subsequently corrected for shelf area (East Siberian Sea 987,000 km?, Laptev Sea 500,000 km?) in order to Arctic Ocean.

obtain a value of 3.7 Tqg y ' for the Laptev Sea, and 7.3 Tq y' for the East Siberian Sea. ® From the total classified coast length of 101,447 km in Lantuit et al. (2012) the

here missing 15,208 km account for bedrock coasts (i.e. without erosion) of northern Greenland, Svalbard, and the northern fringe of the Canadian Arctic Archipelago

directly facing the Arctic Ocean.
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