Abstract

Intellectual Merit: The Arctic region contains a huge amount of organic carbon,
referred to commonly as the “Arctic Carbon Hyper Pool”, within the Arctic Ocean
sedimentary basin. The Russian Arctic shelf acts as an estuary of the Great Siberian
Rivers. This area has the highest documented rates of coastal sedimentation with
annual accumulation rates of about 10x10°t Corg year, which approximately equals
the amount of sediment accumulated over the entire pelaglc zone of the World
Ocean. Due to the specific features of sedimentation and lithogenesis in this area,
much of this organic carbon survives decomposition, and is buried within seabed
sediments. These sediments are annually (“offshore” permafrost) or seasonally
frozen, representing a substantial reservoir of potentially labile organic carbon.
Global warming in the Arctic region is predicted to be substantial, and possibly rapid,
in next few decades. Upon permafrost melting, the old carbon stored therein will be
reintroduced into the modern carbon biogeochemical cycle, possibly acting as a
strong source of methane to the overlying water and potentially the atmosphere.
Additionally, extremely large amounts of more ancient (Pleistocene) methane are
trapped as gas hydrates within and beneath the permafrost. The proposed work
aims to elucidate the present and future methane flux potential of sediments
and permafrost in regions of the East Siberian Arctic Shelf. As a result of global
warming, seafloor permafrost along the East Siberian Arctic Shelf may experience a
pronounced change in thermal regime. Increased temperature may affect permafrost
in several ways, ultimately leading to its degradation and enhanced CH, release.
This international, interdisciplinary research team will determine the distribution and
stability of permafrost on the East Siberian Arctic Shelf and evaluate this area as a
methane source to the Arctic region. Cores from eleven locations will be obtained
using dry drilling techniques. Rates of biological methane production and
consumption (oxidation) will be quantified in permafrost and sedlments at in situ and
elevated temperatures. Natural abundance stable carbon (*3C and **C) and
hydrogen isotope measurements will be used to quantify the age and source of
methane collected from different sites and depths. These data will be used as input
to numerical models, which will be developed to describe the thermodynamic and
biogeochemical aspects of permafrost methane dynamics. Using field data and
modeling, the current and future potential release of methane from offshore
permafrost will be determined and a methane budget for the East Siberian Arctic
Shelf will be constructed.

Broader impacts/Relevance: The proposed work will advance the understanding of
the coupled physical-geological-biological-chemical Arctic system by elucidating the
impact of global warming on methane dynamics. In particular, the current and
potential capacity of sediments and permafrost to act as a methane source to the
overlying water column and atmosphere will be quantified. The scientific team
includes Pls with experience working in the Arctic (Semiletov, Shakhova, Samarkin)
as well as Pls new to this area (Joye, Meile). International collaborators (Grigoriev,
Rekant, Dudarev) and key persons, Nicolsky and Kholodov, complete the research
team by providing extensive expertise in geology, geophysics, permafrost drilling,
and modeling in this area. Besides supplying crucial data on CH4 fluxes to global
change scientists, this proposal will promote training by supporting students at
various levels and by reaching the public and interested scientists through a
dedicated website. The project will contribute to the active outreach activities
coordinated through the multi-agency Northern Eurasia Earth Science Partnership
Initiative (NEESPI). This proposal will also contribute to the collaboration between
two major Arctic nations, the United States and Russian Federation.
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