








traverse route crossed a number of these recently drained
lakes. In addition, we found at least two other water-filled
subglacial lakes that do not appear in the existing lake
catalogues.

We crossed the edge of lake 1 (Fig. 3) between ice-core
site 06-4 and site 07-1 (818 S, 1398 E). The bed is quite rough
in the area identified as a subglacial lake (km140–151), but
there is a distinct and abrupt depression in the bed surface
(Fig. 6a). There is no indication of higher reflectivity
generally associated with subglacial water. Lake 2 is located
in the deepest basin crossed during the traverse with ice up
to 3.3 km thick. It is just outside the southern Byrd Glacier
zone of thick basal ice, located at or very near the drainage
divide between Byrd and Nimrod Glaciers (Fig. 6b).

Lakes 1 and 2 were identified by B. Smith based on rapid
deflation of the ice surface elevation, as seen in Ice, Cloud
and land Elevation Satellite (ICESat) altimetry measurements
(Smith and others, 2007). The cause of the deflation is
interpreted to be the drainage of water from subglacial
cavities (Fricker and others, 2007). It is important to note that
while the basal reflectors are not rough, there are occasional
scattering reflectors indicative of bumps or cracks in the ice.
These may indicate that the ice lies directly on the bed,

which is not as smooth as one might expect for a water-filled
lake. The bed at lake 1 is quite rough for a subglacial lake,
although there is a deep notch at km142–145. While the
basal reflector at lake 2 is relatively smooth, the low basal
reflectivity seen in the 3MHz radar data leads us to believe
that there is currently little or no water present at these sites.
This supports the observation of recent drainage and that
there has been virtually no subsequent refilling of the basins
(Smith and others, 2007). Future work, including modeling
of attenuation, is required to develop the quantitative
reflectivity of the basal reflectors. However, the apparently
low basal reflectivity compared to adjacent regions of rough
bedrock at similar depths, leads us to conclude that there is
no significant basal water present at these sites at this time
(Carter and others, 2007).

Lake 3 is located 40 km north of Titan Dome (Fig. 1). It is
a bright, relatively flat reflector at km1034–1041 (Fig. 7).
The geometry of the local topography would indicate a
possible water depth of 10m or more. In general, the basal
reflectivity in this region is much higher than for lakes 1 and
2, both of which are within the Byrd Glacier drainage.
Englacial stratigraphy is concave upward in this area and
visible to within 100m of the bed and there is little evidence

Fig. 3. Locations of thick basal ice zone (blue line) in the southern half of Byrd Glacier. The locations of buried dunes (yellow lines) are
superimposed over the thick basal ice and red line of the traverse route.
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of a basal ice layer with high attenuation, as was seen in
lakes 1 and 2 in the Byrd Glacier drainage.

The relatively high reflectivity and smooth reflector
indicates the probable presence of ponded water at
km1034–1041. At km1046–1055 there is a bright, relatively
smooth reflector, at the bed, but it is not horizontal. The
diffraction hyperbolas within the basal reflector indicate
some basal roughness, but they are mostly masked by the
strong smooth reflector. We hypothesize that water in this
area is flooding much of the basal roughness, and is perhaps
flowing into lake 3.

Lake 4 is a small feature roughly 19 km southeast of ice-
core site 07-4 (Fig. 1). The basal reflector is smooth and very
intense (Fig. 8). A neighboring reflector (km12–15) in an
elevated basin is also a very strong reflector, but the roughness
implies that the bed topography influences the ice contact.

The presence or absence of subglacial water is an
important factor in ice-flow dynamics, and the use of ICESat
data to identify the movement of water is a key step in
characterizing the extent and activity of sub glacial hydrol-
ogy. Ice-penetrating radar provides critical information
about the extent of water drainage and the morphology of
the glacier subsurface that will be needed in order to
calculate water flux if any lake empties or starts to refill.

FUTURE WORK
We are completing the processing of the entire radar dataset,
including migration to recover a more accurate geometry of
the reflector surfaces, and digitizing reflector horizons for
quantitative measurements of total ice thickness and
changes within englacial stratigraphy. The digitized layers

Fig. 4. Profile C–C0 shows evidence of buried dune structures. (a) 200MHz data show near-surface dunes. The hazy white bands are
interpreted as zones of intense metamorphism. (b) 3MHz intermediate-depth data from the low-gain channel showing a complex
depositional history. (c) Full 3MHz profile showing relatively simple bed topography.
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Fig. 5. Profile D–D0 is an example of layers intersecting the ice
surface. (a) 200MHz data show the intersection of near-surface
layers with the surface. Some prominent reflectors are highlighted.
(b) Migrated and elevation-corrected 3MHz data show that a
subglacial mountain has created a vertical strain in the ice and a
topographic high where aeolian erosion rates are higher. The
horizontal stripes at 1200m are an artifact of the horizontal filter.

Fig. 6. (a) Profile E–E0 showing the bed reflector and deep stratigraphy at lake 1 (defined by satellite from km140–151). A deep cleft in the
bedrock is visible in the rough bed surface. (b) Profile F–F0 showing the bed reflector and deep stratigraphy at lake 2, location of the thickest
ice seen in the 2007 traverse. The bed rises about 300m along the center axis of the proposed lake bed. Reflectivity is relatively constant in
both regions.

Fig. 7. Profile G–G0 (high-gain channel) showing a subglacial lake
(km1034–1041) and submerged terrain where water may be
flowing down a slope (km1046–1055).

Fig. 8. Profile H–H0 showing subglacial lake 4, a small pond
roughly 1 km across. The adjacent basin at km12–15 has a strong
reflector, but a rough surface, implying that the bed surface
influences the ice–bed contact.
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provide a more quantitative comparison of the density-
related reflections of the 200MHz radar with the conduct-
ivity-dominated reflections of the 3MHz radar system. The
basal reflections at the subglacial lakes will provide a
calibrated reference for the reflectivity analyses.

Mapping the spatial and vertical extent of the dune
structures will lead to a better understanding of the temporal
longevity of dune-forming conditions. As work continues to
understand the wind and accumulation rate processes that
govern dune formation, we may be able to recover past
climatic conditions in these areas that will enhance our
ability to tie together the ice-core glaciochemical and
climate results.

The basal layer seen in Byrd Glacier and the differences
between the northern and southern halves indicate the
presence of two distinct regions feeding the main outlet
glacier into the Ross Ice Shelf. Common-midpoint profiles
recorded along the traverse should provide details about the
dielectric attenuation within the drainage basin and allow
comparisons with attenuation measured in West Antarctica
(see MacGregor and others, 2007; Jacobel and others, 2009).
Ongoing work to determine the formation history of the
prominent basal deformation in the southern half of the
drainage will lead to a better understanding of the contri-
bution of ice from Byrd Glacier into the Ross Ice Shelf.

Determination of conditions within recently drained
subglacial lakes is significant for understanding the impact
of such lakes on ice flow. We have found that at least two
lakes identified by satellite-derived surface topography have
little or no water today. Subsequent altimeter evidence of ice
surface inflation, indicative of water refilling the subglacial
basin, would provide incentive for repeat radar surveys to
determine the presence and volume of water.Wewill attempt
to identify other likely sites of subglacial lakes utilizing more
quantitative methods (e.g. Oswald and Gogineni, 2008).
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