Drilling priorities to determine the past extent of the Antarctic Ice Sheet
Subglacial Access Science Planning Workshop 2019
Whitepaper contributors: Perry Spector, John Stone, Nat Lifton, Robert Ackert, Brent Goehring, Greg
Balco, Bill McIntosh, Seth Campbell, Matt Zimmerer, Trista Vick-Majors, Dale Winebrenner
1. Introduction and priority research questions
The response of the Antarctic ice sheets to warmer-than-present climates is a pressing scientific question
due to its linkage to global sea level. Evidence of former cosmic-ray exposure in subglacial bedrock can
reveal the dimensions of ice sheets and glaciers under warmer climate conditions in the past. Recent
projects at the Pirrit Hills and the Ohio Range in Antarctica have now demonstrated the feasibility of
recovering intact bedrock cores for isotope measurements, which provide strong constraints on the glacial
history of the sites. As the number and geographic distribution of sites expands, this approach has the
potential to constrain the history and dynamics of ice sheets under various past warmer climates. Major
questions address three critical time periods:
How big was the Pliocene Antarctic ice sheet? Reconstructions of the Pliocene Antarctic ice sheet
envisage a dramatically smaller WAIS, largely confined to bedrock highlands, and major ice loss from the
Wilkes, Aurora and Recovery Basins of East Antarctica (e.g. Pollard et al., 2015; de Boer et al., 2015).
With atmospheric greenhouse gas concentrations now at Pliocene levels, it is critical to verify these model
projections, and the associated implications for sea level rise. This can be resolved by strategic subglacial
exposure measurements with stable and long-lived cosmogenic nuclides, focused on key sites in West
and East Antarctica (Figure 1). Data from the Ohio Range and Pirrit Hills already bear on the question,
and prospective projects at other sites in West and East Antarctica will add further constraints.
What happened to the West Antarctic Ice Sheet (WAIS) during warm and/or prolonged late Pleistocene
interglacials such as Marine Isotope Stages (MIS) 5e and 11? Does collapse always lead to the same
ice-sheet configuration, or do the Ross, Weddell, and Amundsen Sea catchments act independently in
response to differences in their ocean margins? These questions can be answered by comparing the
exposure histories of presently subglacial bedrock surfaces recovered from different sectors of the ice
sheet. In addition, knowledge of interior elevations provide constraints on interglacial ice volumes.
Proof-of-concept projects are underway, and will likely establish whether past interglacial ice sheets were
like the present-day WAIS, or radically smaller. However, more detailed work at additional sites, at
multiple depths below the present ice surface, will be required to establish former interglacial WAIS
configurations. We envisage sampling at key sites within the Ross, Amundsen and Weddell catchments,
and along the divides that separate them. As noted above, initial projects using both the ASIG and Winkie
drills have been completed and were very successful; it is clear these techniques are widely applicable.
Because preservation of the cosmogenic nuclide record requires cold-based, non-erosive ice cover, this
work is likely to be within the depth range and working capabilities of these existing drill systems. At
present, the Winkie drill has only been used to depths of ~30m. Realizing the full potential of the Winkie
Drill (~120 m) will be critical to obtaining continuous profiles that overlap with the capabilities of the ASIG
drill.
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