Canadian Arctic expedition: Exploration of gas venting and associated geomorphologies.

The sediments beneath the continental shelf of the Arctic Ocean are arguably undergoing some of the most dramatic warming on earth. This warming is associated with the transgression of sea level at the end of the last ice age, when relatively warm ocean water (mean bottom temperatures >-1.8° C) flooded over a much colder terrestrial periglacial landscape (mean annual surface temperatures <-12° C).  The thermal wave generated by this transgression is still propagating down into subsurface sediments causing warming and initiating the slow decomposition of both permafrost and gas-hydrate-bearing sediments. The geologic processes (i.e., sediment strain, gas and fluid flux) and geomorphological manifestations that result from the subsurface gas hydrate and permafrost-bearing zones changes are poorly understood. Nevertheless, these processes appear to be preferentially focused at the edge of the continental shelf, where the ice-age shoreline was and where the steepest lateral thermal gradient currently exist.

We participated in a cruise in 2010 to provide ground truth observations of the seafloor along the outer shelf edge and slope of the Beaufort Sea. Multibeam mapping in 2009 identified water column acoustic anomalies that were inferred to be gas plumes. These features are distributed over an extensive area roughly following the 90 m contour along the shelf edge. ROV diving and sediment coring during the 2010 cruise documented that methane is in fact venting from the seafloor in this zone. The ROV observations show that the methane is coming out in small amounts over a widespread zone aligned along the shelf edge, rather than being focused into fewer discrete conduits. Moreover the 14C depletion in the venting methane near the edge of the slope is consistent with a fossil gas source derived from decomposing relict permafrost and gas hydrate. 
The high-resolution multibeam data collected in 2009 revealed the occurrence of a previously unknown shelf edge morphology. The shelf edge at 90-100 m depths contains numerous scattered isolated topographic highs up to 5 m high and a few 10’s of meters across.  Images in these areas provided by the ROV also show a distinct rough texture. Below these depths large submarine landslide scars with headwalls scarps that commonly extend across much of the continental slope up to ~110 m water depths are common. Collectively these observations suggest that the unique morphologies along the shelf edge and upper slope may be the result of sediment failures associated with the decomposition of the exposed permafrost. Exploration and documentation of the relict permafrost thawing and its impact on the Arctic shelf landscape has not been done to date. Achieving an understanding of the currently active processes that affect the shelf and slope stability may prove to be critical before offshore development activities should be considered in the Arctic slope. Thus, characterizing and estimating the impact of gas hydrate and permafrost decomposition on the edge of the Arctic Shelf from 90-100 m depths is one of the goals of this return expedition. In 2012 we plan to systematically observe and sample around the shelf edge topography with both the ROV and sediment cores. 

Several very large circular structures occur on the seafloor further down slope in 290, 460 and 750 m water depths. A few cores were taken from the tops of two of these structures in 2010. The vigorous release of methane upon core recovery, their mousey textures, and the low sulfate and chlorinity pore water concentrations observed in the cores taken from the crests of these circular topographic features on the slope indicate that not only gas hydrate are present on these topographic highs but they also may imply that these morphological structures were likely created as a result of large-scale fluid expulsion. These observations are among the first documentations of gas hydrate within the Arctic Ocean basin. Our ROV operations in 2010 were limited to <150 m water depths, in part due to the inherent limitations of the Phantom ROV.  However, in the 2012 visit we plan to use the new flyway ROV to explore the crests of these large seafloor structures and confirm that they are in fact related to fluid and sediment expulsion from depths. 

The existing cores from the tops of the sampled gas venting sites surprisingly have not produced any evidence for the existence of either authigenic carbonates or shell hash from the clams or mussels commonly associated with chemosynthetic biological communities (CBC) that are so characteristic of marine methane seeps elsewhere. It is intriguing that these organisms and diagenetic features have not been found (yet). Possibly it might be due to the limited exploration of the seafloor within the Arctic Basin. On this expedition we plan to visit the tops of the recently discovered venting structures with the goal of locating these markers of biological activity. The large mounds on the slope are the most suitable environments for the proliferation of chemosynthetic biological communities because adequate methane is available to support them.  This discovery would be the first documentation of chemosynthetic biological communities within the Arctic Basin proper. Upon finding the CBC, we plan to collect and preserve samples of the megafauna for taxonomic, DNA, and physiologic analysis. Similarly, we intend to preserve samples of the sediment for microbial analyses to establish whether the characteristic anaerobically-methane-oxidizing bacteria of are present. Conversely, if CBC are not encountered, this will indicate that either active sediment reworking associated with the intense fluid and gas flow prevents CBC communities from being established, the kinetics of methane oxidation are too slow to support CBC communities, or other environmental factors, such as the very low temperatures at the sea floor (>-1.8° C), prevents this type of communities to develop at this high latitudes. 
