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We welcome Clark’s (2011) interest in our deglacial history of the 
Ellsworth Mountains, West Antarctica. The essence of his Comment is 
to ask why we did not consider an alternative interpretation that the ice 
sheet limit we dated represents a recessional position during the end of 
the last glacial cycle, rather than its maximum position. In this alternative 
model, the limit would have formed during thinning from an earlier and 
thicker cold-based ice sheet. Below we outline the reasoning behind our 
suggestion that the dated limit is a maximum position and why the reces-
sional model appears less likely to have occurred. Before doing so, we 
should note clearly that we do agree that ice has been above the altitude 
of the limit, but it is the age of this thicker ice sheet that we disagree upon 
(Bentley et al., 2010).

First, we noted in the paper the strong weathering contrast between 
clasts below and above the limit. Clark provides an excellent summary 
of the debate in the Arctic regarding the presence of fresh glacial mate-
rial deposited over weathered, older surfaces. Indeed, the same situation 
also occurs in the Sarnoff Mountains of Marie Byrd Land, West Ant-
arctica (Sugden et al., 2005). One key difference between the Ellsworth 
work and the Arctic work to which Clark refers is that we found no fresh 
erratics above the limit. This is in spite of looking for fresh erratics at 
all altitudes, including above the 480 m limit because we initially sus-
pected that the higher Denton et al. (1992) trimline was the Last Glacial 
Maximum (LGM) limit (Bentley and Anderson, 1998). Furthermore, the 
erratics we dated above the limit, and those dated by Todd et al. (2004) 
all gave old ages, substantially predating the global LGM, contrasting to 
the Arctic where cosmogenic nuclide (CN) ages of erratics showed the 
presence of younger over-riding ice (e.g., Davis et al., 2006; Briner et 
al., 2006). In the Ellsworth Mountains, those samples with paired Al and 
Be analysis showed continuous exposure for several 100 k.y.

Second, from our understanding of depositional regime, we suggest 
it is unlikely that a thicker ice sheet could have existed without leaving 
a signifi cant drift deposit. As with many other Antarctic locations (e.g., 
Todd et al., 2010), the majority of moraines in this part of the Ellsworth 
Mountains are currently deposited from supraglacial debris on marginal 
blue ice areas (Fogwill et al., 2011). Given mean annual temperatures 
(~−30 °C) at these locations, marginal ice sheet thicknesses of only tens 
to a few hundreds of meters, and ice sheet fl ow patterns past numerous 
source areas for supraglacial material, it seems likely that supraglacial de-
position has persisted as the dominant mechanism. Yet Clark’s hypothesis 

would require an abrupt shift from a no- or sparse-deposition regime to 
one of extensive supraglacial deposition, in order to form the extensive 
drift layer as the ice sheet thinned to our mapped limit.

Clark makes a wider comment about the potential for thicker ice in 
two other areas of Antarctica where geomorphology and CN work have 
been used to infer former ice sheet limits. Other studies (e.g., Todd et al., 
2010) have defi ned maximum ice sheet elevations in West Antarctica from 
ice-marginal locations similar to ours, where supraglacial deposition is 
dominant, where there are abrupt drift limits, and where workers are cog-
nisant of the cold-based ice debate. As in the Ellsworths, no young erratics 
have yet been found above the inferred LGM limits.

Clark’s Comment raises the diffi culty of interpreting negative evi-
dence. We cannot rule out a short-lived thickening of the ice, but without 
some evidence of its existence in the form of fresh erratics or glacial geo-
morphology, and without some explanation of the contrast in drift deposi-
tion, we fi nd the most parsimonious explanation to be that the mapped 
limit represents the maximum limit. The future discovery of any younger 
(post-LGM) ages in the zone above the trimline would invalidate our hy-
pothesis, but as yet such erratics have not been found despite extensive 
searching in a range of locations.

In summary, we cannot rule out Clark’s interpretation, but in the ab-
sence of evidence for a thicker ice sheet during the LGM, the simplest ex-
planation supported by the data available is that the limit marks the LGM 
extent of the ice sheet.
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