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The Whillans Ice Stream Subglacial Access Research Drilling (WISSARD)
project is a 6-year (2009–2015) integrative study of ice sheet stability and subglacial geobiology in West Antarctica, funded by the Antarctic Integrated System
Science Program of National Science Foundation’s Ofﬁce of Polar Programs,
Antarctic Division. The overarching scientiﬁc objective of WISSARD is to assess
the role of water beneath a West Antarctic Ice Stream in interlinked glaciological,
geological, microbiological, geochemical, hydrological, and oceanographic systems. The WISSARD’s important science questions relate to (1) the role that
subglacial and ice shelf cavity waters and wet sediments play in ice stream dynamics and mass balance, with an eye on the possible future of the West Antarctic Ice
Sheet and (2) the microbial metabolic and phylogenetic diversity in these subglacial
environments. The study area is the downstream part of the Whillans Ice Stream on
the Siple Coast, speciﬁcally subglacial Lake Whillans and the part of the grounding
zone across that it drains. In this chapter, we provide background on the motivation
for the WISSARD project, detail the key scientiﬁc goals, and describe the new
measurement tools and strategies under development that will provide the framework for conducting an unprecedented range of scientiﬁc observations.
1. INTRODUCTION

in assessing future global sea level change is ice sheet stability in a changing climate. This stems from a poor understanding of ice sheet dynamics and ice sheet vulnerability to
oceanic and atmospheric warming [Lemke et al., 2007].

The latest report of the Intergovernmental Panel on Climate Change recognized that one of the greatest uncertainties
1
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2 SIPLE COAST SUBGLACIAL AQUATIC ENVIRONMENTS

deep-sea vent ecosystems. Priscu and Christner [2004] and
Priscu et al. [2008] estimated that prokaryotic organic carbon 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 sediments 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 geochemical 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 biogeochemical cycles, these environments have yet to be sampled
in a comprehensive, integrated fashion.
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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 investigations by U.S. and international research communities [National 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 groundbased 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 Antarctica’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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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 determining 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 subglacial 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 WAIS, 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 altering 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 interglacial (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 pCO2 and global temperatures 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 temperatures (~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 redox chemistry to ﬁx CO2 [Priscu and Christner, 2004;
Mikucki and Priscu, 2007; Priscu et al., 2008, Lanoil et al.,
2009] to heterotrophic bacteria that utilize the reduced carbon ﬁxed by the chemolithoautotrophs. As such, the subglacial ecosystem may function in much the same way as
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gation. Importantly, this combined approach has not been
applied to the study of the sensitive ice streams draining
WAIS. Whillans Ice stream provides a dynamic system for
investigating the control of subglacial hydrological and sedimentary processes on the rate of ice discharge to the ocean.
Observations and measurements are also needed to constrain
sedimentary conceptual [e.g., Powell and Alley, 1997] and
quantitative models [Alley et al., 2007] that link ﬂux and
accumulation of sediment beneath ice streams to grounding
zone instability. Direct and indirect measurements from the
grounding zone will verify and improve hypothesized models for the migration of modern grounding zones of WAIS
and their sedimentary footprints, by improving our understanding of ice and sediment ﬂuxes and their recent history.
Integration of these data is needed to assess the future
vulnerability of the WAIS.
One subproject of the Whillans Ice Stream Subglacial
Access Research Drilling (WISSARD) plans to collect data
from the Whillans ice stream grounding zone to allow estimation of basal melt rates in the sub-ice-shelf cavity near the
grounding zone and to help constrain models used to assess
the future behavior of the WAIS. Such data are needed to
elucidate the microscale and mesoscale processes controlling
basal melting rates in grounding zone environments to improve parameterizations of ice-shelf mass balance and quantitative models of sub-ice-shelf cavity circulation [e.g.,
Holland and Jenkins, 2001; Jenkins and Holland, 2002;
Makinson, 2002; Holland et al., 2003]. Despite substantial
recent progress in the numerical modeling of ice shelf-ocean
interactions, ﬁeld investigations of processes occurring beneath ice shelves, necessary to establish boundary conditions,
have been scarce. This is especially true for grounding zones
[Steffen et al., 2009].
Further driving this need for in situ data is the idea put
forward by Holland et al. [2008] that warming of surface
waters need not be necessary to enhance sub-ice-shelf warming because the warmer waters that penetrate ice-shelf cavities upwell from depth and thus regional atmospheric
warming may not be required on short timescales. Changes
in oceanic circulation caused by atmospheric/oceanic dynamics may alter the ﬂow of existing deeper warm water masses
onto the continental shelf [e.g., Jacobs, 2006]. Holland et al.
[2008] also show that if a steady warming of offshore waters
were to take place, then melting of the ice-shelf base would
increase at an accelerating rate. They further emphasize that
each ice shelf has a nonlinear melt temperature curve such
that melt rate sensitivity varies with both topography and
temperature. Hence, each region needs to be assessed independently based on local conditions.
Other studies substantiate that in situ data are also required from the upstream side of a grounding line because

Pr

oo
f

Wingham et al., 2006; Fricker et al., 2007]. Many subglacial
lakes (124) have now been designated as “active” [Smith
et al., 2009].
A complex and dynamic subglacial hydrology has the
potential to rapidly change the basal conditions of an ice
sheet. On Alpine glaciers and the Greenland ice sheet, there
is considerable evidence of seasonal acceleration and in
response to meltwater penetration to the bed and likely
subglacial ﬂooding/lubrication [e.g., Joughin et al., 2008;
van de Wal et al., 2008]. These events lead to transient
speedup as well as transient slowdown of the overlying ice,
although the long-term effect of meltwater penetration is still
poorly known. These events are analogous to the Antarctic
subglacial lake drainage phenomena, although the trigger for
subglacial lake drainage is not linked to environmental forcing [Bell, 2008]. The effect of subglacial lake activity on ice
dynamics remains largely unquantiﬁed, however, and there
has only been one observation of glacier speedup coinciding
with a ﬂooding event (on Byrd Glacier [Stearns et al.,
2008]). The reason there have been so few observations of
such speedups in Antarctica is mainly a lack of velocity data
that must be acquired simultaneously with elevation data.
Since subglacial lakes exist along a hydrologic continuum,
the transfer of water from one lake to the next lake downstream ultimately releases subglacial water to the ocean
across the grounding line. To date, there are no observations
of how injection of water into the sub-ice-shelf cavity might
alter water properties, or circulation in the cavity, although a
recent modeling study shows that subglacial outﬂows increase basal melt rates near the grounding line (A. Jenkins,
personal communication, 2009).

3

2.2. Grounding Zones

A better understanding of grounding zones is essential
because of their inﬂuence on the stability of ice sheets and
their consequent role in sea level rise under future global
warming scenarios. Although there have been several successful efforts to drill through ice shelves to access sub-iceshelf ocean cavities [e.g., Craven et al., 2009; Clough and
Hansen, 1979], direct study and exploration of ice sheet
grounding zones have been limited to a few relatively accessible locations. Only two grounding lines have actually
been observed and sampled in Antarctica: those of the
tidewater cliff at Blue Glacier, McMurdo Sound, and at
Mackay Glacier’s ﬂoating glacier tongue [Powell et al.,
1996; Dawber and Powell, 1998]. Grounding zones are
currently being mapped using satellite imagery to better
understand their structure and dynamics [e.g., Fricker et al.,
2009]; however, no studies to date have combined remote
sensing and ﬁeldwork in a targeted grounding zone investi-
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bial ecosystems also enhance biogeochemical weathering,
mobilizing elements from long-term geological storage
[Mitchell et al., 2006; Mikucki et al., 2004, 2009]. Integrating genomic and biogeochemical measurements with glaciological and geological studies takes an ecosystem approach
to the study of subglacial ecology and will allow for an
assessment of structure-function relationships in this previously unexplored system.
Ice sheet drilling technologies, to date, have been designed largely for the retrieval of ice cores for paleoclimate
research or for direct access to the bed for glaciological
observations [NRC, 2007]. With the inclusion of biology in
glaciological and subglacial studies, new concerns arise
regarding the introduction of chemical and biological contamination during drilling operations. A recent report by the
NRC [2007] recommended that “the numbers of microbial
cells contained in or on the volume of any material or
instruments added to or placed in these environments
should not exceed that of the basal ice being passed
through.” The WISSARD project will develop, demonstrate, and execute a clean sampling strategy that meets the
needs of the science questions being asked and the recommendations for environmental stewardship in Antarctic;
WISSARD represents one of the largest subglacial exploration projects yet proposed, and our challenge is to recover
data and samples that represent the autochthonous ecological conditions without altering the subglacial ecosystem
irreversibly.
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subglacial bed conditions are an important interactive and
feedback component of the ice stream-ice shelf system. The
pattern of basal melting and freezing beneath an ice shelf
may shift as the shelf evolves [Walker and Holland, 2007],
and this distribution can strongly affect ice stream response
[Walker et al., 2008]. By explicitly modeling the sub-iceshelf ocean, Walker et al. [2008] were able to apply climatic
forcing in a way to avoid arbitrary speciﬁcations of ice-shelf
basal melting to try and isolate the effect of subglacial bed
rheology. In these experiments, they found that the applied
oceanic warming exerts the greatest inﬂuence over the
evolution of the ice shelf-ice stream, with the seawardsloping bed limiting the resulting grounding line retreat,
even when a signiﬁcant portion of the ice shelf is melted.
However, for the same oceanic warming, there is a noticeable increase in thinning and acceleration of the ice stream,
leading to greater ﬂux across the grounding line as the basal
rheology is changed from linear-viscous toward plastic.
Walker et al. [2008] concluded that these results should be
tested using a combination of ﬁeld, laboratory, and remote
sensing data.
WISSARD data sets are wide ranging and include remote-sensing data (seismic and radar surveys and GPS and
satellite monitoring) together with direct measurements.
Direct measurements include multibeam sonar and subbottom proﬁling, hydrological and oceanographic measurements (conductivity, temperature, pressure, current strength,
and direction), ice velocity and deformation data, sediment
cores, and in situ sediment strength measurements. Therefore, this study will greatly increase those sparse data
available on sub-ice-shelf oceanic circulation processes and
ice dynamics of the RIS and will allow testing of the newly
established ideas and models of ice sheet-ice shelf interactions and potential future behavior of WAIS.
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3. WISSARD SUBPROJECTS

2.3. Subglacial Biology and Biogeochemistry

Recent biologic investigations of Antarctic subglacial environments support the hypothesis that they provide a suitable habitat for life [Priscu et al., 1999, 2008; Christner et
al., 2006; Mikucki et al., 2004]. Microbiological studies
indicate relatively high bacterial densities (~106 cell g 1
sediment) in sediments from beneath the nearby KIS [Lanoil
et al., 2009]. If these abundance estimates are accurate,
subglacial water and wet sediments may constitute a significant and as of yet unrecognized pool of organic carbon on
Earth [Priscu et al., 2008]. Just as streaming ice ﬂow is
dependent on availability and dynamics of subglacial water
and wet sediments, subglacial microbial ecosystems rely on
these two physical factors for a supply of water, nutrients,
and energy sources [Tranter et al., 2005]. Subglacial micro-
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WISSARD is interdisciplinary in nature and consists of
three interrelated subprojects, each with a different focus:
(1) Lake and Ice Stream Subglacial Access Research Drilling (LISSARD)
This project focuses on investigating the role of active
subglacial lakes in controlling temporal variability of ice
stream dynamics and mass balance.
(2) Robotic Access to Grounding-zones for Exploration
and Science (RAGES)
This project concentrates on stability of ice stream grounding zones that may be perturbed by increased thermal ocean
forcing, internal ice stream dynamics, subglacial sediment
ﬂux to the grounding zone, and/or ﬁlling/draining cycles of
subglacial lakes upstream from grounding zones.
(3) GeomicroBiology of Antarctic Subglacial Environments (GBASE)
This project addresses microbial metabolic and phylogenetic diversity and associated biogeochemical rock weathering and elemental transformations in subglacial lake and
grounding zone environments.
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The subprojects are connected through a common interest
in coupled ﬂuxes of ice, subglacial sediments, nutrients, and
water, as well as by the common need to characterize and
quantify physical, chemical, and biological processes operating subglacially (Plate 1). Direct observations and real-time
in situ data collected during WISSARD will address fundamental scientiﬁc questions pertaining to (1) past and future
marine ice sheet stability, (2) subglacial hydrologic and sedimentary dynamics, (3) subglacial metabolic and phylogenetic biodiversity, and (4) the biogeochemical transformation of
major nutrients within a selected subglacial environment.
4. REGIONAL SETTING: WHILLANS ICE
STREAM SUBGLACIAL LAKE AND
GROUNDING ZONE SYSTEM
4.1. Subglacial Lake

(Plate 2). It is unknown how long the lake had been quiescent
prior to the start of the ICESat time series. However, these
data do allow for a periodic drainage cycle with a residence
time on the order of 3 years. In the 2007–2008 ﬁeld season, a
continuous GPS station was established on the lake; however,
at the time of writing, the data from that GPS have not been
downloaded since the 2008–2009 season; therefore, exact
timing of the 2009 drainage event is not yet known. During
the 2007–2008 ﬁeld season, ice-penetrating radar surveys
showed that ice thickness above subglacial Lake Whillans is
only 700 m and suggest that the depth of water in the lakes is
>8 m even after lake drainage events [Tulaczyk et al., 2008].
Subglacial Lake Whillans was selected for drilling owing
to its location beneath a major West Antarctic Ice Stream that
is known to have highly variable surface velocity [Joughin et
al., 2002; Bindschadler et al., 2003; Joughin et al., 2005].
Other selection factors included safety (no visible surface
crevassing; veriﬁed through geophysical reconnaissance in
2007–2008) and its proximity to the grounding line (~80 km).
Subglacial Lake Whillans is also accessible from McMurdo
Station and has a relatively thin cover of glacial ice (700 m).
For comparison, ice thicknesses over subglacial Lake Ellsworth and subglacial Lake Vostok, two other targets for
subglacial access drilling, are ~3 and ~4 km, respectively
[Woodward et al., 2010; Siegert et al., 2004; Studinger et al.,
2003]. Concern over inadvertent biological contamination of
subglacial Lake Whillans is allayed by the fact that it is a
small lake at the seaward end of the hydrologic catchment.
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Subglacial Lake Whillans is an active subglacial lake on
lower Whillans Ice Stream. The lake is part of an extensive
hydrological system under the Mercer and Whillans Ice
Streams that was discovered through analysis of repeat tracks
of ICESat laser altimetry data. The ICESat data detected
deformation of the ice surface in response to subglacial water
activity [Fricker et al., 2007; Fricker and Scambos, 2009].
ICESat has monitored the activity of subglacial Lake Whillans
intermittently between October 2003 and October 2009. During this time, there have been two complete ﬁll/drain cycles

5

Plate 1. Schematic showing the glaciological, geological, and hydrological setting of the sector of the West Antarctic Ice
Sheet to be studied by Whillans Ice Stream Subglacial Access Research Drilling subprojects [Lake and Ice Stream
Subglacial Access Research Drilling (LISSARD), Robotic Access to Grounding-zones for Exploration and Science
(RAGES), and GeomicroBiology of Antarctic Subglacial Environments]. Drawn by S. Vogel.
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Plate 2. (a) Map of Whillans Ice Stream lake system [from Fricker and Scambos, 2009] with annotation of the estimated
ﬂow path from subglacial Lake Whillans to the grounding zone. White boxes outline the extents of Plates 4a and 4b. Inset
maps at left show the location of Whillans Ice Stream with respect to Antarctica (upper inset) and McMurdo Station (McM,
lower inset). (b) Averaged time series of estimated surface elevation and volume changes since October 2003 for subglacial
Lake Whillans [updated from Fricker and Scambos, 2009].
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Plate 3. The sub-ice ROVer (SIR) developed for RAGES showing from left and moving anticlockwise: (a) a CAD drawing
of SIR in its ice-borehole deployment mode with its ﬁberglass “skins” covering sensitive internal mechanisms and
instrumentation, (b) SIR during its build phase unfolding from its ice-borehole deployment mode into its operational
mode, (c) another of SIR during its build phase but in its operational mode showing its four rear thrusters and ballast
bottles, and (d) another CAD showing the SIR open in its operational mode as it will be in the sub-ice-shelf cavity, with
yellow blocks representing foam ﬂoatation on top and the instrumentation bay on the bottom.

zone wedge is accumulating with a consequent thickening of
the Whillans Ice Stream such that ice thickness at the grounding line is greater than that of adjacent ﬂoating ice of the RIS
(which is in hydrostatic equilibrium). Grounding zone
wedges may stabilize the position of the grounding line so
that it will tend to remain in the same place until sea level rise
of at least several meters overcomes the excess ice thickness
[Anandakrishnan et al., 2007]. If the condition of a dominant
subglacial sediment ﬂux occurs around Antarctic grounding
lines, then recent Antarctic ice volume changes cannot be
attributed to sea level rise [Alley et al., 2007]. Sedimentforced stability may be overcome through fast ice stream
thinning across the grounding line either by melting (from
ocean warmth or geothermal heat) or by subglacial lake water
lubricating the bed. Understanding these interactions, rates,
and magnitudes will assist in predictions of future grounding
line dynamics. Furthermore, these grounding zone studies
will also provide prime data for testing assertions that synchronous behavior of ice sheets on millennial timescales
implies ice sheet teleconnections via either sea level or climatic forcing [cf. Alley et al., 2007; Naish et al., 2009;
Pollard and DeConto, 2009]. Certainly, large sea level rises,
such as the ~100 m rise at the end of the last ice age, may
overwhelm the stabilizing feedback from sedimentation, but
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Any potential environmental impact is therefore conﬁned to
a limited area close to the ocean with a relatively short
hydraulic residence time, as inferred from ICESat observations [Fricker and Scambos, 2009; Figure 2b].
4.2. Grounding Zone

The most likely ﬂow path from Subglacial Lake Whillans
to the grounding line has been estimated from the hydrostatic
hydropotential derived from a surface digital elevation model
and bedrock digital elevation model and suggests that the
outﬂow enters the RIS cavity in a near embayment (84.35-S,
163.06-W) (Plate 4b). The ﬁnal location of the grounding
zone site will depend on our geophysical site surveys, which
will include collecting extensive high-resolution radar and
seismic data. Surveying this part of the grounding zone will
allow us to determine the effect of lakes on grounding zone
processes and their stability, and vice versa, in addition to
their effect on subglacial sedimentary processes and oceaninduced basal melting.
One area of the grounding zone of Whillans Ice Stream has
recently been the target of remote sensing and modeling
studies [Anandakrishnan et al., 2007; Alley et al., 2007].
These studies have indicated that a sedimentary grounding
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Plate 4. (a) Proposed LISSARD drill site locations on subglacial Lake Whillans (black squares); regional context is shown
in Plate 2a. Background is estimated hydrostatic hydropotential. Outline of Subglacial Lake Whillans is from Fricker and
Scambos [2009]. Black arrows show the inferred directions of water inﬂow and outﬂow to/from Subglacial Lake Whillans.
(b) Proposed drill site locations at the RAGES grounding line site downstream of Subglacial Lake Whillans (red squares).
Final site locations will be made once ground-based geophysical surveys are complete with the concept that sites 4 and 5
will be upstream of G and 1, 2, and 3 will be approximately equally spaced downstream of G. Inset is schematic diagram
showing the key features of a typical ice shelf grounding zone, based on Smith [1991], Vaughan [1994], and Fricker et al.
[2009]. Point F is the landward limit of ice ﬂexure from tidal movement, point G the true GL where the grounded ice ﬁrst
loses contact with the bed, point Ib the break-in-slope, point Im the local minimum in topography, and point H is the
hydrostatic point where the ice ﬁrst reaches approximate hydrostatic equilibrium. From Brunt et al. [2010].
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smaller sea level changes may not have synchronized the
behavior of ice sheets in the past [cf. Alley et al., 2007].
5. SCIENTIFIC GOALS OF WISSARD

balance and stability. We expect to synthesize data and concepts developed during LISSARD to determine whether
subglacial lakes play an important role in (de)stabilizing
WAIS and to recommend how their impact on subglacial
hydrology and ice ﬂow may be incorporated into models of
ice sheet evolution and mass balance. In particular, we will
assess whether active subglacial lakes have an important
modulating effect on ice stream dynamics. Essentially, there
are two scenarios that we are trying to distinguish between
(1) subglacial lakes are part of the distributed subglacial
hydrological system enabling ice stream lubrication or
(2) subglacial lakes connect to a separate network of localized conduits draining subglacial water without signiﬁcant
impact on ice ﬂow. In order to achieve this, we will establish
the fundamental characteristics of subglacial hydrological
systems associated with Subglacial Lake Whillans, including
where water originates and whether subglacial volcanic and/
or geothermal activity play a signiﬁcant role in determining
lake location, mass balance, and evolution.
A second goal of LISSARD is to derive information on
lake history using sediment samples collected from and
below the ﬂoor of subglacial Lake Whillans. Owing to the
short length of satellite records (2003–2008) compared to the
activity cycles of the lakes [Fricker and Scambos, 2009], we
have no information about lake activity before these observations began. The lake sediments are predicted to contain
microfossils and cosmogenic isotopes that will help constrain when the most recent period of grounding zone retreat
beyond these lakes occurred. Such observations may also tell
us whether subglacial drainage patterns and lake connectivity have changed over timescales ranging from years to
millennia. We will analyze archives of past basal water and
ice ﬂow variability contained in subglacial stratigraphy, sediment pore water, lake water, and basal accreted ice and use
this information to reconstruct the history of WAIS and ice
stream stability.
The ﬁnal goal of LISSARD is to provide background
understanding of subglacial lake environments to beneﬁt the
other subprojects (RAGES and GBASE). LISSARD’s investigation of subglacial water and sediment ﬂuxes will create a
dynamic link between subglacial lakes and grounding zones
that together will elucidate any change in grounding line
position. LISSARD will provide data on the subglacial microbial habitat by determining what physical and chemical
characteristics of subglacial hydrological and sedimentary
systems impact geomicrobiological conditions.
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WISSARD involves a spectrum of scientiﬁc approaches to
studying sub-ice-sheet processes, including satellite remote
sensing, surface-based geophysics, borehole observations
and measurements, and basal and subglacial sampling (Plate
2a and Table 2). This broad research strategy permits investigation of the dynamics of subglacial environments and their
potential impact on ice stream and ice sheet stability over a
range of complementary spatial and temporal scales. Exact
selection of drill sites will be determined before drilling
occurs based on safety considerations and accessibility criteria (e.g., crevasses) derived using radar and seismic data
collected by the surface geophysics teams and data from
satellite images. The surface geophysical surveys will also
determine the regional sedimentary and hydrologic structure
of the bed, constrain long-term history of ice ﬂow across the
region, and will provide spatial context for interpretation of
borehole ﬁndings.
The boreholes will be used to (1) collect samples of
subglacial water, sediments, and basal ice for biological,
geochemical, glaciological, sedimentological, and micropaleontological analyses; (2) measure subglacial and ice shelf
cavity physical and chemical conditions and determine their
spatial variability; and (3) investigate sedimentary features
and components, subglacial water discharge, oceanography,
and basal ice at the seaward side of the grounding zone and
within the nearby sub-ice-shelf cavity using sub-ice ROVer
(SIR), a multisensor remotely operated vehicle (ROV);
sediment cores; thermal and geotechnical probes; and
oceanographic moorings, some erected as long-term observatories (Plate 3).
Direct sampling of subglacial Lake Whillans and the
grounding zone downstream of it is expected to yield seminal information on the glaciological, geological, and microbial dynamics of these environments and test the overarching
hypothesis that active hydrological systems connect various
subglacial environments and exert major control on ice sheet
dynamics, geochemistry, metabolic and phylogenetic diversity, and biogeochemical transformations of major nutrients
within glacial environments. Each subproject has its own set
of scientiﬁc goals, which are discussed below.
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5.1. LISSARD
5.2. RAGES
The primary goal for LISSARD is to obtain measurements
that will be used to improve treatments of subglacial hydrological and mechanical processes in models of ice sheet mass
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nental shelf deposits [Sjunneskog and Scherer, 2005], these
grounding zone wedge accumulations are likely to contain
microfossils eroded from older sediments, and thus, the
wedge may preserve evidence of Holocene and Plio-Pleistocene history of WAIS dynamics in response to past climate forcing. These fossils also provide physical constraints
on subglacial shearing [Scherer et al., 2004].
Lastly, RAGES assesses the role of subglacial microbial
activity on the ﬂux of weathered materials to the WAIS
grounding zone, the RIS cavity, and the Southern Ocean.
The project will assess biological and biogeochemical diversity and whether there are signiﬁcant amounts of subglacially
mobilized carbon and nutrients released at the grounding line
and what their impacts might be on oceanic biogeochemical
cycling. This goal provides an important link with the
GBASE studies.
5.3. GBASE
GBASE will examine both the subglacial lake site (ice, bulk
water, and sediments) and the grounding-zone site to provide
genomic and biogeochemical data across the hydrologically
linked subglacial system, thus providing an assessment of
biodiversity and structure function dynamics across these distinct subglacial environments, into the ocean. Since the biology of subglacial environments is largely unexplored, GBASE
will be driven by both discovery and hypothesis-driven science. The subglacial environment associated with Whillans
ice stream is dynamic, which is likely to impact the microbial
ecosystem and its biogeochemical processes. Within this context, GBASE will assess the metacommunity structure beneath
the Whillans ice stream and determine the metabolic and
physiological properties of its constituents. International scientiﬁc committees have identiﬁed this as one of the hottest
topics in contemporary glaciology [e.g., NRC, 2003, Priscu et
al., 2005; NRC, 2007], and the GBASE subproject will be the
ﬁrst to address this subject in a multidisciplinary and interdisciplinary fashion. Speciﬁcally, our study will provide new
information on the biogeochemical and phylogenetic diversity
of Antarctic subglacial microorganisms and their role in mobilizing nutrients to the Southern Ocean.
Molecular-based surveys have revealed that strong phylogenetic relationships exist between bacteria inhabiting subglacial
sediments from around the world [Priscu et al., 2008; Nemergut et al., 2007; Lanoil et al., 2009]. Betaproteobacteria related
to the heterotrophic genus Comamonas and the chemolithoautotrophic genera Gallionella and Thiobacillus appear to be
common in these communities. Similarly, studies of samples
from Antarctic subglacial lakes and marine-inﬂuenced subglacial systems have detected phylotypes related to bacteria with
metabolisms dedicated to iron and sulfur respiration and
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cavity ocean water, and sea ﬂoor sediment. RAGES ﬁeld
sampling integrates surface geophysical surveys with a wide
variety of borehole and subglacial sediment and water cavity
sampling and measurements. RAGES will primarily assess
the stability of WAIS relative to the magnitudes of sediment
delivery to grounding zone wedge sediment, geotechnical
properties of that sediment, ice ﬂux across the Whillans Ice
Stream-RIS grounding line, melting of subglacial ice by
ocean waters in the sub-ice-shelf cavity, and subglacial meltwater discharge. Of particular concern are the degrees to
which the grounding zone wedge in the Whillans Ice
Stream-RIS region as reported by Anandakrishnan et al.
[2007] resists rapid ice ﬂow to stabilize the grounding zone
and the rate at which sediment is delivered to the wedge to
counteract the effects of ocean-induced basal melting.
Ice ﬂow in the transition from grounded to ﬂoating ice
across the grounding zone is complex and may well be
associated with sediment wedge geometry, form, and physical properties. Thus, sediment geotechnical measurements
will be made, as will spatial patterns of strain and stresses
throughout the ice column. Measurements of the rate of basal
melting from ocean heat delivered to the grounding line will
be used to constrain the scale of basal melt contribution to ice
stream thinning as it goes aﬂoat. RAGES aims to determine
whether the basal melt rate has been relatively stable in the
recent past using basal thermal proﬁles. Geothermal heat ﬂux
inﬂuences ice thinning, and evidence of geothermal activity
in proximity to the grounding zone will be assessed. It is very
unlikely that subglacial Lake Whillans will be draining at the
exact time of our investigations, but that record will be
evaluated from glacimarine sediment cores in front of the
grounding line and through deployment of long-term oceanographic observatories in the ice-shelf cavity.
RAGES will further assess the degree to which grounding
zone sedimentary systems preserve important records of
past WAIS dynamics, on short and relatively long timescales. Grounding-zone sedimentary depositional systems
are known from continental shelves but are notoriously
difﬁcult to sample. More precise understanding of processes
and rates of grounding zone formation in modern environments will improve our interpretations of older deposits,
establish constraints on past ice sheet dynamics and inform
future response to external forcings, and improve ice sheet
modeling. Sediment cores from the grounding zone will aid
our assessment of whether the most recent period of relative
grounding line stability, as documented by satellite data
over about the last few decades, is part of long-term stability or an intermittent stage in a continued WAIS retreat. The
cores will also provide insight into the short-term variability
in grounding line position during the current period of
grounding zone stability. As has been found in older conti-
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transformations of key elements in these environments
may have global signiﬁcance [e.g., Sharp et al., 1999;
Christner et al., 2006]. The complete absence of light
within our subglacial study sites implies that energy requirements for new organic carbon production depend on
the activity of chemolithoautotrophs, with electron transport to and from inorganic material. Potential redox couples include dissolved gases and ions and solid phase
minerals [e.g., Neal et al., 2003]. These compounds can
be derived from subglacial ice melt or from the underlying
substrate via microbially mediated mineral dissolution [cf.
Hodson et al., 2008].
6. IMPLEMENTATION OF WISSARD
6.1. Logistics and Management
WISSARD is a complex, logistically challenging project
that has required many years of planning with the National
Science Foundation (NSF), the U.S. Ice Coring and Drilling
Services (ICDS), and Raytheon Polar Services Corporation,
the U.S. Antarctic Program’s logistical subcontractor. This
planning process is presently under way, and the remaining
timelines for WISSARD are presented in Table 1.
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oxidation [Priscu et al., 1999; Christner et al., 2006; Mikucki
and Priscu, 2007; Mikucki et al., 2009]. Thus, we predict a
similar bacterially dominated community in the sediments
and lake water from the Whillans Ice Stream. Processes
responsible for the incorporation of debris into basal ice
remain enigmatic [e.g., Waller, 2001]; however, that entrainment will have occurred farther up-glacier, and glacier-lake
interactions are unlikely to be the source of the debris-rich
ice. Microbial phylotypes present in the basal ice are therefore expected to be similar to those in upstream sediments
and distinct from inhabitants of the lake water. As the subice-shelf cavity is connected to marine open waters, the
microbial community in these waters and sediments is hypothesized to be similar to that observed for other deep
Antarctic marine water and sediments, respectively [e.g.,
Bowman and McCuaig, 2003]. Thus, grounding zone wedge
sediments are likely to be a mixture of marine-derived and
subglacially derived microbiota as that region receives input
from both environs. The water and sediments will be analyzed using new DNA sequencing technologies that allow
the Bacteria, Archaea, and Eukarya present to be comprehensively inventoried.
Little information exists on biological elemental cycling
in subglacial environments, despite evidence that bacterial

11

Table 1. Timetable for WISSARD
Period

LISSARD

RAGES

GBASE

Pr

September 2009–
Preparation and testing of equipment for drilling, clean sampling, and measurements
August 2010
Integration of sub-ice robotically operated vehicle, borehole instrumentation and drilling technologies
September 2010–
Preparation and testing of equipment for drilling, clean sampling, and measurements
August 2011
Surface geophysics at subglacial Lake
Whillans and autonomous GPS/seismic
installation further afield
Clean technology testing at Madison
Oceanographic instrumentation field test at Lake Tahoe
Sampling and analyses
September 2011– Surface geophysics survey of subglacial
Surface geophysics at GZ and
of R1 materials
August 2012
Lake Whillans region
autonomous GPS/seismic
Subglacial Lake Whillans data analyses,
installation further afield
interpretation, publication
Drill, clean technology, and instrumentation field test at McMurdo—“WISSARD shakedown”
September 2012– Traverse to subglacial Lake Whillans
Traverse to subglacial
August 2013
Lake Whillans
Drill and sample subglacial Lake
Drill and sample
Whillans (8 weeks)
Subglacial Lake
Whillans (8 weeks)
Additional surface geophysics and servicing
September 2013–
Traverse to GZ
August 2014
Drill and sample GZ (8 weeks)
September 2014–
Removal of remaining autonomous instruments
August 2015
Data analysis, interpretation, synergy, and publication of results
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Table 2. Measurements to be Made During WISSARD
Measurement and Techniques

Purpose

oo
f

LISSARD/RAGES/GBASE: Grounded Ice
Glaciology
ice flow: imagery, GPS velocity, strain rate grids
site survey
ice thickness: radar, seismic
characterize modern and paleoice flow
surface and englacial flow features: satellite, radar
spatial context of borehole measurements
thermal profile: borehole observations, thermistors,
basal thermal regime, melt/freeze rates
radar attenuation
Bed conditions
till properties: cores, probes
continuity of bed properties along flow lines
sediment transport and flux: cores, ice, water samples,
influence of bed properties on ice velocity and sediment flux
borehole observations
hydrology: water samples
lake/GL role in transient ice stream behavior
geothermal flux and thermodynamics: cores, probes,
basal thermal regime, GL melt/freeze rates
seismic, radar
water, sediment, ice and gas chemistry: samples, probes
Ice/bed interaction (physical and chemical parameters)
ice-bed contact: borehole observations
history of basal freezing/melting
till: borehole tools and cores
present freeze/melt conditions
quantify erosion and sediment flux
Biology (ice, water, sediment)
characterize in situ geochemistry
describe metabolic processes in s/g environments determine the
influence of s/g metabolism on the rate and flux of weathered
materials
characterize microbial species diversity and measure
evaluate metabolic and genetic diversity in s/g environments
metabolic activity
Paleontology, petrography, sediment chemistry
s/g provenance and ice sheet history
sediment: cores, composition, chemistry
s/g weathering rates
pore waters: cores, composition, chemistry
paleo-s/g sediment flux
sediment and nutrient flux to Southern Ocean

Pr

LISSARD/GBASE: Subglacial Lake
Lake/Ice sheet interaction (physical and chemical)
lake temperature, chemistry, and currents: moorings,
constrain energy balance and melt/freeze rates
water samples
turbulent and conductive heat flux: mooring, modeling
constrain meltwater flux through lake
frazil ice concentration and particle sizes: mooring,
s/g lake circulation models
Subglacial Lake Exploration Device
natural hydrology tracers (meltwater flux): mooring,
assess factors of lake position and motion
water samples
water, ice, and gas chemistry: mooring, water samples
assess ocean surface water input under Ross Ice Shelf (RIS)
sediment and nutrient flux to Southern Ocean
Subglacial hydrology (lake and conduit flows)
water temperature and currents: moorings, water samples
lake geometry and water levels
turbulent and conductive heat flux: mooring, modeling
conduit drainage network
natural hydrology tracers (meltwater flux): mooring,
sediment properties, transport and flux
water samples
water, ice, and gas chemistry: mooring, water samples
influence of bed properties on ice velocity
particulate transport and dispersal: borehole observations,
influence on s/g water and sediment flux
mooring
Subglacial lake sediment
lake sediment properties: torvane, heat flux probe, cores
West Antarctic Ice Sheet history
paleontological record: sediment cores, basal ice cores
ice stream stability
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Table 2. (continued)
Measurement and Techniques

Purpose

gas isotopes and geochemistry: sediment and ice cores,
water samples
physical sediment properties: torvane, heat flux probe, cores
paleontological record: sediment cores, basal ice cores
gas isotopes and geochemistry: sediment and ice cores,
water samples
sediment facies, assemblages, and geometries: cores, seismic
geothermal heat flux: probe and modeling

paleoflow variability in basal water and ice
s/g lake sedimentary processes
sedimentary modeling (modern subglacial, lake)
interaction between lake systems and ice motion
sediment provenance and mixing
s/g geology

Pr

oo
f

RAGES/GBASE: Floating Ice
Ocean/ice shelf interaction (physical and chemical)
constrain energy balance and melt/freeze rates
ocean temperature, salinity, and currents: mooring,
Geochemical Instrumentation Package for Sub-Ice Exploration
(GIPSIE), sub-ice robotically operated vehicle (SIR)
turbulent and conductive heat flux: mooring, GIPSIE, SIR, modeling constrain melt water flux across GZs
frazil ice concentration and particle sizes: SIR, mooring,
sub-ice and global ocean circulation models
GIPSIE
assess factors of GL position and motion: tidal, hydrology
natural hydrology tracers (meltwater flux): mooring, GIPSIE,
SIR water, sediment, ice and gas chemistry: mooring, GIPSIE, and sedimentology
SIR, cores
assess ocean surface water input under RIS
sediment and nutrient flux to Southern Ocean
Subglacial and marine sediment (release and dispersal)
particulate transport and dispersal measurements:
GZ sedimentary processes
borehole observations, mooring, SIR, AVO and seismic
water and sediment chemistry: cores, mooring, GIPSIE, SIR
sedimentary modeling of modern GL systems
sea floor morphology: SIR swath and seismic
interaction between GL systems and GL motion
sedimentary facies, assemblages and geometries: cores,
sediment provenance and mixing
borehole observations, SIR, seismic
geothermal heat flux: probe, SIR and modeling
s/g geology and ice sheet history
s/g weathering rates
s/g suspended load transport
sediment and nutrient flux to Southern Ocean
Biology (ice, water, sediment)
potential recovery of protists and macroorganisms
document genetic diversity and describe ecology
geochemical processes, cycles, characterization
genomics, metabolic rates
Paleontology, petrography, and sediment chemistry
filter diatoms suspended in water
identical to Grounded Ice reasons

6.2. Surface Geophysics
WISSARD’s surface geophysical investigations (reﬂection
seismic imaging, radar, GPS) will be conducted at both subglacial Lake Whillans and the grounding zone sites. Surface
geophysical surveys will be conducted in standard grid formats, and the continuous GPS monitoring will be established
in networks to determine surface elevation and ice dynamics
in the two regions of interest.
Surface geophysics will be used for site selection for
both the LISSARD and RAGES drilling and is providing
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critical glaciological observations, tying satellite, and aerogeophysical data to borehole measurements. Dense grid
surveys will provide high-resolution depictions of geological and dielectric conditions at and below the basal interface, optimizing drill site placement over subglacial Lake
Whillans and at the grounding zone sites. Geophysical data
also provide a link between the high-resolution, but spatially limited, borehole observations to the low-resolution,
but spatially extensive, satellite-based observations. Geophysical investigations dovetail with the borehole-based
science by providing constraints on spatial variability in
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All WISSARD equipment including the hot water drill and
tower, operational structures, vehicles, and supplies will be
transported to the drill sites by traverse from McMurdo
station (see Plate 2a for location with respect to WIS) across
the RIS at the start of the 2012–2013 season. A new ﬂeet of
vehicles and sleds will be used for this purpose in addition to
a new custom-designed structure for operations around the
borehole and for use of the clean-access equipment (see
below).
6.4. Clean Access Drilling
WISSARD adopts protocols to ensure minimal chemical
and microbial contamination to the pristine subglacial environment. “Clean access” is relevant to both the drilling ﬂuids
used to establish boreholes and the instrumentation and sampling equipment used in exploring and characterizing the
sub-ice environment. A recent report [NRC, 2007] used data
from Vostok glacial and accretion ice [Priscu et al., 1999;
Christner et al., 2006] to recommend that microbial numbers
be reduced to ~100 cell mL 1 within the drilling ﬂuid in that
system. The level of cellular contamination for the WISSARD project will be based on what we measure in the basal
ice in the Whillans Ice Stream basal ice. During the WISSARD planning phase, WISSARD PIs (led by GBASE) are
working with ICDS to establish technologies and protocols
that will minimize chemical and microbial contamination of
the subglacial environment and samples during LISSARD
ﬁeld activities. In order to reach the NRC target, the hot water
drill under development will utilize a large volume microﬁltration and UV treatment system to continuously remove
microbial cells and organic carbon from the hot water within
the borehole water. The ﬁnal ﬁlter size will be 0.2 mm, which
should effectively eliminate all bacterial cells and other particulate matter. The drilling water will also be maintained at a
temperature >90-C, which has been shown to signiﬁcantly
reduce the number of viable cells within the drilling ﬂuid
[Gaidos et al., 2004]. This drill will produce a borehole of at
least 20 cm diameter that will remain open for ~8 days.
DNA-containing bacterial numbers will be monitored by
enumeration and molecular analysis to determine the microﬂora present in the source water and from drilling contamination. Microﬁltration and UV sterilization procedures are
effective strategies for reducing the viable microbial cell
concentration from large volumes and surfaces. Cables and
drill hoses will be cleaned by a two-step process prior to
deployment down the hole. Cables and hoses will ﬁrst pass
through a collar of high-pressure, hot water jets that will
remove particulates, cells, and salts. The hoses and cables
will then pass through a series of UV lamps for ﬁnal microbial sterilization. Instruments and sampling devices sent
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subglacial conditions and spatiotemporal variability in ice
motion.
Site selection includes radio echo sounding and activesource seismology, along with kinematic and static GPS
surveying. Radio echo sounding provides information on ice
thickness, englacial stratigraphy, and bed properties. Lowfrequency, high-power systems may also penetrate some
distance into the bed providing information on subglacial
bed properties. Active-source seismology complements the
ice-thickness data from radio echo sounding. Furthermore,
seismic observations provide information on water depth
both within the lake and in the sub-ice-shelf cavity at the
grounding line. Perhaps most signiﬁcantly, seismic observation establishes a seismic-stratigraphic framework for both
the subglacial lake and grounding line sedimentary systems.
Seismic stratigraphy is used extensively in a range of sedimentary systems to delineate stratigraphic architecture and to
infer its history and genesis [e.g., Vail et al., 1977, 1991].
The modern systems under study in WISSARD have never
been investigated, and it is likely that new facies frameworks
will be needed. To do this, we build on previous glacial and
glacimarine models of system architectures, internal geometries, and facies motifs [e.g., Powell and Alley, 1997; Powell
and Cooper, 2002; Dunbar et al., 2008; Dowdeswell et al.,
2008; McKay et al., 2009].
Additional surface geophysics components will acquire
snapshots of the ice surface, through kinematic GPS measurements, and continuous time series of any variability in
surface elevations or ice displacement, through continuous
GPS. Also, passive seismic observations provide additional
information on styles of deformation at the bed and possibly
record the movement of subglacial water.
WISSARD affords the opportunity to link data on a number
of spatial scales. At the ﬁnest resolution, the in situ borehole
observations will provide direct samples of water column and
subglacial materials.Above this scale, the SIR will provide
water column and bed sampling and sub-bed geophysical data
in the ocean cavity. Surface geophysical observations will
form the next level of resolution, tying seismic observations
into the high-frequency sub-bed proﬁling. Satellite-based observations will form the top tier of data, bringing the in situ and
surface geophysics into a large-scale regional context.
6.3. Drilling Equipment and Transport
WISSARD will use a new NSF-funded hot water drill
under construction by Caltech. This drill design is based on
previous hot water drilling technology ranging from that
used to complete 119 boreholes through West Antarctic Ice
Streams with thickness up to nearly 1300 m [Kamb, 2001;
Engelhardt, 2005] to the IceCube system.
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data as well as collecting and recovering samples. The wide
range of sensors and sample collectors provides data for
studies in oceanography, sedimentology, stratigraphy, glaciology, biology, microbiology, geochemistry, and geophysics
and includes visual imaging (four cameras), vertical scanning sonar, Doppler current meter, multibeam sonar, CHIRP
sub-bottom proﬁler, CTD, DO meter, transmissometer, laser
particle-size analyzer, triple laser beams for sizing objects,
manipulator arm, thermistor probe, shear vane probe, ice
corer, sediment corer, and water sampler.
6.5.2. Ocean and lake water instrumentation. A variety
of modular oceanographic instruments on inductive wireline
lines will be used in various combinations, depending on the
mission and objective of each deployment. The basic instrumentation includes CTDs, DO meter, transmissometer, and
Doppler current meter immediately below the ice to measure
turbulent heat ﬂux across the ice-water interface, termed the
basal energy balance mode. Below this most commonly will
be a McLane Ice Tethered Proﬁler that includes a conductivitytemperature-depth with added Doppler current meter that continuously proﬁles water column structure and currents. The
McLane proﬁler is a Woods Hole Oceanographic Institution
(Woods Hole, Massachusetts) design that has been used
through sea ice deployments in the Arctic Ocean. All data are
telemetered to a surface data logger for real-time monitoring. If
desired, this Ice Tethered Proﬁler can be exchanged with
nodular oceanographic sensors set at speciﬁc depths in the
water as in standard oceanographic moorings. Other forms of
oceanographic instrumentation are long-term moorings that
will be deployed during the last phase of science operations
at a site. They will be left making their measurements for 1 year
or more by relaying their data to surface recording units. A
prime tool to be used in RAGES subproject is GIPSIE (Geochemical Instrumentation Package for Sub-Ice Exploration)
that is deployed on a standard oceanographic wireline with
real-time telemetry system. GIPSIE consists of an array of
standard oceanographic sensors and samplers that include
CTD, Doppler current meter, transmissometer, laser particlesize analyzer, DO meter, automated 48-port water sampler,
water column nutrient analyzer (Si, NO3, PO4, NH4, CO2,
CH4, chlorophyll), sediment pore water chemistry analyzer
(T, pH, redox, O2, H2S, H2, N2O), and a down-looking color
camera. Individual instruments are repacked and mounted in a
proﬁling housing for deployment through narrow diameter ice
boreholes. The design is modular, allowing mission-speciﬁc
conﬁguration and the future addition of supplemental sensors.
GIPSIE provides real-time in situ measurements of critical
physical, geochemical, and nutrient properties; acquires in situ
water samples from water masses of particular interest; and
measures the in situ redox state in subglacial and glacimarine
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down the hole will be cleaned with a disinfecting solution of
either peroxide or hypochlorite prior to borehole deployment. Quality control of the drilling ﬂuid and instrumentation
for purposes of environmental protection will be an ongoing
process that will be done in close coordination with the NSFOfﬁce of Polar Programs environmental ofﬁcer.
We intend to demonstrate a clean sampling strategy that
conforms to the NRC’s recommendations by conducting two
intensive tests of this technology before any attempt at subglacial access drilling. The ﬁrst test will occur in a U.S.based lake located near ICDS (Lake Mendota, Wisconsin, or
equivalent); the second will occur on the RIS near McMurdo,
which will more closely resemble conditions to be expected
at the study site. This test phase will allow examination of the
effectiveness at reducing microbial cells >0.2 µm in drilling
ﬂuid using pasteurization, large-scale ﬁltration, and germicidal ultraviolet (UV-C) irradiation and the ability to remove
contaminants from the exterior of down hole instruments and
sampling devices using power washing and disinfectants.
The testing will assess the ability of the ﬁltering and cleaning
technology to reduce the total biological cell concentration
as a function of time and volume processed and for the
assessment of bioburden increase associated with drill and
instrument deployment in the borehole. Furthermore, the
ability to maintain reduced microbiological loads in borehole
water over timeframes relevant to WISSARD subglacial
access requirements (7–8 days) can be evaluated, and WISSARD sampling technology can be demonstrated to be compliant with the environmental requirements.
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6.5. Specialized Scientific Instrumentation

Scientiﬁc goals of WISSARD will be met in tandem with
signiﬁcant advances in clean-access drilling and sub-ice
exploration technologies. Innovative conceptualization and
engineering have led to the project being able to use complex
multisensor instrumentation.
6.5.1. Sub-Ice Robotically Operated Vehicle. SIR is a
robotic submarine with a customized “slim line” design
having a diameter of ~55 cm and a length of 8.4 m when
being deployed through the ice borehole. It is rated to
1500 m depth, and its power and data are transferred from
and to the surface through a neutrally buoyant, strengthened,
3 km long umbilical tether of ﬁber optic and power cables.
Navigation is by Doppler velocity logs and a gyro compass
so the SIR is used either in automated mode with this AUV
technology to do spatial surveys, or is manually driven by a
surface operator using real-time video imagery to investigate
speciﬁc features and operate in enclosed spaces. The vehicle
is highly instrumented for obtaining both remotely sensed
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sediment and the release of nutrients from sediment through
microbes utilizing chemical energy of these processes.
6.5.3. Sediment sampling. A variety of sediment samplers
will be used for recovering different types of sediment
mainly based on their stiffness. Soft sediments will be
recovered using short, wide gravity core barrels for recovering the sediment-water interface. A 3 m long piston corer,
proven by Caltech on KIS to recover till, will be used again
for WISSARD, as will a newly designed wide-barrel percussion corer with an active hammer system driven by a
water pump will be used for recovery of up to 5 m long
cores of stiff sediment.
6.5.4. Ice corer. WISSARD will use a modiﬁed 3 m long
hot water ice corer that was used by Caltech on KIS.

6.6. WISSARD Drilling Schedule and Measurements
6.6.1. LISSARD. Drilling at subglacial Lake Whillans will
take place over an 8-week period during the 2012–2013
season. Boreholes will be of >20 cm diameter. There are ﬁve
proposed drill site locations near subglacial Lake Whillans
(Plate 4a): (1) the ﬁrst borehole downstream of the lake basin
in the suspected outlet zone; (2) two to three subsequent
boreholes on the lake itself, including the central parts of
lake basins and suspected areas of sediment accumulation
downstream of water inlet/s; (4) an additional borehole into
the suspected inlet zones upstream of Subglacial Lake Whillans, and (5) the ﬁnal control borehole of each season off
to the side of each lake to explore basal and subglacial conditions in areas that are not under the direct inﬂuence of the
active subglacial lake. One major reason for this sequence of
drilling is that we want to move the drilling activity from
downstream to upstream parts of each study region, to minimize the possibility that microbial/chemical contaminants
from one site will affect subsequent sites.
The anticipated borehole measurements to be made during
LISSARD are summarized in Table 2. Acquisition of samples
for microbial analyses will be of the highest priority as soon
as the bottom is accessed due to concerns with potential
sample contamination by other operations. We will obtain
separate cores for microbiology, sedimentology, micropaleontology, sediment geochemistry, paleomagnetism, and geotechnical analyses. The Jet Propulsion Laboratory (Pasadena,
California)-developed SLED camera will also be deployed
down each of the LISSARD boreholes to provide supporting
imagery.
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6.5.5. Ice strain and thermistor sensors. Borehole strings
with inclinometers and thermistors will be frozen in to boreholes
at WISSARD sites. Data are telemetered to the surface and will
be used in combination with continuously recording GPS receivers to determine relevant terms in the three-dimensional
stress tensor by using measured strain rates and ice ﬂow law
with the ice viscosity parameter estimated from vertical ice
temperature determinations. These units will be left out as
long-term observatories for a year after deployment.

(glacial ﬂutings, subaqueous sediment failures, debris ﬂows,
deltas, drainage channels, etc.) and record signs of possible
bioturbation and/or evidence of benthic organisms.
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6.5.6. Geothermal probe and torvane. A 5 m long probe
for penetrating and measuring heat ﬂux in bottom sediment
to be used in WISSARD is based on an IODP design with
four thermistors at ±0.002 mK resolution. This probe will be
used to determine the natural geothermal ﬂux at each site. A
torvane probe used in the past by the Caltech at KIS will also
be used to determine geotechnical sediment strength.
6.5.7. Subglacial Lake Exploration Device Camera. The
Subglacial Lake Exploration Device (SLED) camera is a
miniaturized, propelled, ice-borehole optical recording device designed to observe the borehole ice properties, waterice interface, distribution of basal debris, suspended particles
in water columns, and sediment surface properties. The
development of SLED is supported by NASA. SLED will
perform the following functions at both Subglacial Lake
Whillans and the grounding line sites: (1) record the borehole
ice properties, investigate the marine ice interface, examine
distribution of entrained debris in basal ice, and observe the
geometry of ice-water interface; (2) inspect the water column
for suspended particles as well as possible aquatic organisms
and search for visual evidence of water stratiﬁcation and/or
horizontal/vertical motion; and (3) investigate the sea/lake
ﬂoor for evidence of erosional and sedimentary processes
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6.6.2. RAGES. Drilling at the grounding zone downstream
from subglacial Lake Whillans will take place over an 8week period during the 2013–2014 season. There are ﬁve
proposed sites across the grounding zone near the predicted
subglacial Lake Whillans outlet (Plate 4b): sites 1 and 2,
offshore (i.e., on the ice shelf); site 3, within range of the
grounding line (point G in Plate 4b inset); and sites 4 and 5,
landward of G (grounded ice).
On the seaward side of the grounding line where the ice is
ﬂoating, the intention is to drill through the ice shelf and sample
the sub-ice-shelf cavity. Here boreholes will be at least 80 cm
wide to allow deployment of SIR, the specialized robotic
submarine, into the cavity (Plate 4) and GIPSIE, the oceanographic and geochemical sensor package, and the ice-tethered
proﬁler component of oceanographic mooring systems. The
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7. EDUCATION AND OUTREACH
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Climate change, melting of ice sheets, and related sea level
change are contemporary issues of social relevance. WISSARD’s large-scale interdisciplinary approach to studying
the Whillans ice stream provides unparalled opportunity to
highlight the interdisciplinary nature of scientiﬁc discovery
and the use of novel technology in Antarctic science. A
coordinated WISSARD education and public outreach effort
will connect cutting-edge scientiﬁc research to public audiences and create the next generation of scientists through
education and outreach initiatives that support and enhance
training opportunities for undergraduate and graduate students and K-12 teachers and learners.

A balanced education and public outreach portfolio for
WISSARD include three focus areas: (1) training of graduate
and undergraduate students; (2) K-12 teaching and learning
through standards-based curriculum and teacher professional
development activities; and (3) local to national community
outreach that engage the public through print and electronic
media (Web, video, and social media); displays and exhibits
(museums and science centers); and interaction with scientists (public lectures and activities). A fourth focus area
includes program evaluation. Evaluation metrics have been
designed to assess progress, adjust programming to reach
target audiences effectively, and to maximize resources most
efﬁciently. These focus areas are being addressed by (1) the
development of K-12 teacher professional development opportunities and inquiry-based activities at participating universities; (2) involvement of undergraduate and graduate
students in activity development and delivery; (3) our K-12
EPO programming is stratiﬁed to serve teachers locally and
nationally, as well as underserved learning communities; and
(4) the initiation of Web-based professional development for
teachers in partnership the National Science Teachers Association, which will expand the national reach of the project.
Print and electronic media efforts will be catalyzed through
a variety of deliverables including a dynamic Webpage
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SLED camera will be deployed down the narrow boreholes of
RAGES borehole to provide supporting imagery.
Once the boreholes have been drilled to the ice base, there
will be a measurement period during which time several
measurements will be made by placing clean instruments
down the borehole, followed by a period when samples will
be collected from the borehole (Table 2). At the end of
science operations at each site, longer-term monitoring instruments will be deployed (Plate 5).

17

Plate 5. Previous images taken from boreholes: (a and b) grounding line till at Mackay Glacier taken by an ROV from
under the ﬂoating-glacier tongue that comes away from the grounding line and perspectively comes out of the page.
Largest clasts in the till are >10 cm across. (c and d) Flutes of till that were traced back to the grounding line and draped
with glacimarine mud and dropped boulders. Flutes are meters high and meters in wavelength [Powell et al., 1996].
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(http://wissard.org), print and digital media opportunities
with national outlets such as National Geographic and Discovery, and incorporation into the Red Planet; Blue Planet
exhibit at the Museum of Science and Industry in Chicago,
Illinois.
8. SUMMARY
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Following more than a decade of promoting and planning
subglacial research, we believe these systems have gone
from a curiosity to a focus for scientiﬁc research [Priscu et
al., 2005]. Largely as the result of these efforts, we enter a
new decade with three funded projects for drilling into subglacial environments (subglacial Lake Vostok [Russia], subglacial Lake Ellsworth [United Kingdom], and WISSARD
[United States]). These three projects will be the ﬁrst to
explore these novel subglacial environments in a comprehensive and environmentally friendly manner.
The WISSARD project is unique among the three projects
in that it targets a lake and the grounding zone downstream
using a multidisciplinary scientiﬁc approach designed to
understand the subglacial-ice-ocean system as an integrated
whole. In so doing, WISSARD will advance knowledge in a
variety of scientiﬁc questions at the cutting edge of glaciology, geology, and microbiology. Results from these three
projects will not only test new theories about these environments, but also provide important new data about the role of
subglacial environments on a global scale. While a major
commitment of resources is necessary to implement such
ambitious programs of exploration and research, the potential payoff in scientiﬁc and educational returns is immense.
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