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2 SIPLE COAST SUBGLACIAL AQUATIC ENVIRONMENTS

Disintegration of the West Antarctic Ice Sheet (WAIS) alone
would contribute a ~3.5 m rise in global sea level [Bamber et
al., 2009]. Furthermore, WAIS has recently been shown to be
warming faster than previously thought [Steig et al., 2009];
this has raised scientific concern that the WAIS is potentially
susceptible to internal or ocean-driven instability. A number
of glaciological studies in West Antarctica have highlighted
the importance of understanding ice sheet interactions with
water, including studies at the basal boundary where ice
streams come in contact with active subglacial hydrologic
systems [Gray et al., 2005; Fricker et al., 2007; Bell, 2008]
and at the seaward margin where the ice sheet is exposed to
oceanic forcing [Rignot and Jacobs, 2002; Anandakrishnan
et al.,2007; Alley et al., 2007; Pollard and DeConto, 2009].
Water and wet sediments play an important role in determin-
ing the rate of ice stream flow and in triggering changes in
flow rates on short timescales [Hulbe and Fahnestock, 2007,
Peters et al., 2007; Vaughan and Athern, 2007]. Evidence for
a direct link between ice stream dynamics and subglacial
lakes is emerging: e.g., on Byrd Glacier drainage of a sub-
glacial lake has been linked to an increase in ice velocity of
10% sustained for 14 months [Stearns et al., 2008]. At
grounding zones, thermal ocean forcing may represent a key
mechanism for destabilizing the WALIS, thereby increasing its
contribution to global sea level rise [Oppenheimer, 1998;
Rignot and Jacobs, 2002; Shepherd et al., 2004; Walker et
al., 2008; Pollard and DeConto, 2009] and potentially alter-
ing ocean and atmospheric circulation. Scherer et al. [2008]
demonstrated that the Ross Ice Shelf (RIS) and the WAIS
responded to warming during an early Pleistocene intergla-
cial (MIS-31) and that at least during this interglacial, ice
sheet retreat in the Antarctic led that of the Arctic. Similar
scenarios are known to have occurred repeatedly throughout
Pliocene times when atmospheric pCO, and global tempera-
tures were similar to those predicted for the coming centuries
[Naish et al., 2009; Pollard and DeConto, 2009].

In addition to their potentially important role in ice sheet
dynamics, subglacial environments in Antarctica are an
unexplored component of the biosphere. The low tempera-
tures (~0°C), complete darkness, and direct isolation from
the atmosphere for millions of years make them one of the
most extreme environments on our planet. Despite their
perceived inhospitable nature, the available data imply that
Antarctic subglacial environments may support a diversity
of microorganisms. The metabolic diversity discovered
range from chemolithoautotrophs that use energy from re-
dox chemistry to fix CO, [Priscu and Christner, 2004;
Mikucki and Priscu, 2007; Priscu et al., 2008, Lanoil et al.,
2009] to heterotrophic bacteria that utilize the reduced car-
bon fixed by the chemolithoautotrophs. As such, the sub-
glacial ecosystem may function in much the same way as
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deep-sea vent ecosystems. Priscu and Christner [2004] and
Priscu et al. [2008] estimated that prokaryotic organic car-
bon within the subglacial Antarctic ecosystem exceeds that
of all surface freshwater lakes and rivers on our planet,
which are considered to be biogeochemically important
systems. Mineral weathering of basement rock and sedi-
ments is extremely rapid [Mitchell et al., 2006; Mitchell and
Brown, 2008] and appears to be enhanced by microbial
activity [Wadham et al., 2010]. Recent estimates suggest
that the amount of weathering beneath the Antarctic ice
sheet rivals that of the Amazon River in terms of geochem-
ical input to the oceans and that much of this weathering is
microbially mediated [Wadham et al., 2010]. Despite the
potential importance of subglacial ecosystems to biogeo-
chemical cycles, these environments have yet to be sampled
in a comprehensive, integrated fashion.

2. BACKGROUND

2.1. Subglacial Hydrology (and Lakes)

Subglacial lakes and grounding zones of ice streams have
been identified as high-priority targets for scientific investiga-
tions by U.S. and international research communities [Nation-
al Research Council (NRC), 2007]. The presence of water
beneath the ice sheet has long been known; however, the
subglacial environment is one of the most inaccessible places
in the world and is consequently poorly studied. Thus, our
knowledge of distribution and flux of subglacial water and the
processes that drive subglacial hydrology remains limited.
There have been isolated field campaigns to certain regions of
the ice sheet, notably including the upstream portion of the
Whillans and Kamb ice streams (KISs) [Kamb et al., 1990;
Kamb, 2001; Engelhardt, 2005]. Water or wet sediment was
encountered at the base of many of the boreholes, including a
shallow water cavity beneath the KIS. Subsequent ground-
based radar surveys [Jacobel et al., 2009] provided new data
on the areas of basal melt. Improved ice sheet models are
helping to predict where water may flow on a regional basis
[LeBrocq et al., 2009].

Despite the lack of field data, our knowledge of Antarc-
tica’s subglacial environment has dramatically changed over
the last 5 years. A major breakthrough was the realization
that subglacial lake activity (both filling and draining) causes
changes in surface elevation of the ice sheet that can be
detected by satellite instruments. The inventory of subglacial
lakes tallied 145 lakes in 2005 [Siegert et al., 2005], but such
lakes were thought to be inactive. Since 2005, satellite results
have shown that the lakes can be active: Lake volumes can
fluctuate, and rapid fluxes of water can occur periodically
between them via subglacial floods [Gray et al., 2005;
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