Geophysical Research Abstracts
Vol. 21, EGU2019-16214, 2019
EGU General Assembly 2019
© Author(s) 2019. CC Attribution 4.0 license.

Biogeochemistry of a degrading ice-wedge polygon in the High Arctic
Eleanor Louise Jones (1,2), Andy Hodson (2), Steve Thornton (3), Kelly Redeker (4), Ebbe Bak (5), Kai Finster
(5), and Peter Wynn (6)
(1) Department of Geography, University of Sheffield, Sheffield, UK (eljones3@sheffield.ac.uk), (2) Department of Arctic
Geology, University Centre in Svalbard, Longyearbyen, Norway (Andrew.Hodson@unis.no), (3) Department of Civil and
Structural Engineering, University of Sheffield, Sheffield, UK (s.f.thornton@sheffield.ac.uk), (4) Department of Biology,
University of York, York, UK (kelly.redeker@york.ac.uk), (5) Department of Biosciences, Aarhus University, Aarhus,
Denmark (kai.finster@bios.au.dk), (6) Lancaster Environment Centre, Lancaster University, Lancaster, UK
(p.wynn@lancaster.ac.uk)

Rising air temperatures and melting ground ice in the High Arctic can cause marked changes in the hydrology
and redox conditions in the active layer of ice-wedge polygons. As the ice wedges melt, the polygon rims collapse
into the troughs, and the ice-wedge polygons degrade from low-centred to high-centred. This degradation drains
water from the polygon centres, with implications for the soil biogeochemistry. We compared the active layer and
upper permafrost (transient layer) of a high-centred polygon at Revneset, Svalbard, to ascertain the impact of icewedge polygon degradation on the biogeochemical processes. We highlight ice wedge polygon degradation to be
associated with controlling methane release dynamics to the atmosphere.
We obtained replicate cores from the high-centred polygon, extracted the porewaters of the cores, measured the
aqueous and solid phase chemistry, and incubated the sediments anaerobically for 111 days. Our results revealed
that both the active layer and the upper permafrost were rich in organic carbon (up to 38 % of the dry sediment
mass). This is characteristic of peat formed under anaerobic conditions, implying that these sediments were deposited in a stagnant, low-centred ice-wedge polygon. The upper permafrost sediments supported the prevalence
of anaerobic conditions; methane concentrations in the porewaters were high (up to 560 µmol l−1 ), and the low
concentrations of aqueous iron and sulphate coupled with higher pyrite concentrations were indicative of iron- and
sulphate-reduction. Concentrations of carbon dioxide were relatively low (∼2000 µmol l−1 ). This implies that the
upper permafrost has preserved the stagnant, anaerobic conditions present during peat formation.
In contrast, the active layer was hydrologically-flushed, with a low or fluctuating water table preventing the maintenance of a highly-reducing environment. Carbon dioxide concentrations were high (∼4000 µmol l−1 ). The low
concentrations of iron and sulphate, and high ∂ 34 S values of sulphate, provide evidence for iron-reduction and
sulphate-reduction. Methane was not detected in the active layer porewaters, indicating that conditions were not
conducive to methanogenesis, or that methanotrophy predominated. Despite the absence of methane in the active
layer porewaters, the thawed incubated upper permafrost and active layer sediments produced up to 15 nmol CH4
ml−1 day−1 , suggesting that methanogenesis exceeded methanotrophy under anaerobic conditions.
Permafrost thaw is predicted to cause poorly-drained, low-centred polygons to degrade to well-drained, highcentred polygons. Our biogeochemical data from a high-centred polygon active layer support decreased net
methanogenesis upon degradation, with continued iron- and sulphate-reduction. This is in contrast to the reducing
methanogenic environment preserved below in the upper permafrost.

