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Abstract Observations beneath the ”oating section of Pine Island Glacier have revealed the presence of
a subglacial ridge which rises up to 300 m above the surrounding bathymetry. This topographic feature
probably served as a steady grounding line position until sometime before the 1970s, when an ongoing
phase of rapid grounding line retreat was initiated. As a result, a large ocean cavity has formed behind the
ridge, strongly controlling the ocean circulation beneath the ice shelf and modulating the ocean water
properties that cause ice melting in the vicinity of the grounding line. In order to understand how melt rates
have changed during the various phases of cavity formation, we use a high-resolution ocean model to simu-
late the cavity circulation for a series of synthetic geometries. We show that the height of the ridge and the
gap between the ridge and ice shelf strongly control the in”ow of warm bottom waters into the cavity, and
hence the melt rates. Model results suggest a rapid geometrically controlled increase of meltwater produc-
tion at the onset of ice thinning, but a weak sensitivity to geometry once the gap between the ridge and
ice shelf has passed a threshold value of about 200 m. This provides evidence for a new, coupled, ice-ocean
feedback acting to enhance the initial retreat of an ice stream from a bedrock high. The present gap is over
200 m, and our results suggest that observed variability in melt rates is now controlled by other factors,
such as the depth of the thermocline.

1. Introduction

The dynamics of many Antarctic ice streams are controlled by the presence of ”oating ice shelves, which
form at the grounding line and extend into the adjacent sea, where they lose ice through basal melting and
iceberg calving. Recent observations have shown that many ice shelves in West Antarctica and around the
Antarctic Peninsula are undergoing dramatic changes, with a consistent decrease in extent and thickness,
and a complete disintegration of some shelves [Cook and Vaughan, 2010;Pritchard et al., 2012]. This has
resulted in accelerated glacier ”ow, grounding line retreat and increased discharge of grounded ice into the
ocean [Shepherd et al., 2012;Park et al., 2013].

The region undergoing some of the most dramatic changes is the coastline of the Amundsen Sea (Figure 1,
inset), where the 200…1000 m thick ice shelves have thinned by up to 5.9 m a2 1 over the period from 1992
to 2001 [Shepherd et al., 2004], and up to 6.8 m a2 1 from 2003 to 2008 [Pritchard et al., 2012]. Most of this
thinning can be attributed to increased basal melting, caused by the interaction of the deepest ice with
lightly modi“ed Circumpolar Deep Water (CDW) [Jacobs et al., 2011]. This relatively warm (� 1� C) and saline
(> 34.5) water originates in the Antarctic Circumpolar Current offshore of the continental shelf break [Jacobs
et al., 1996]. A combination of dynamical processes at the shelf edge, such as the interaction between the
shelf-edge currents and the topography of the shelf break, drive the CDW into cross-shelf troughs which
lead toward the grounding zone of the ice sheet [Walker et al., 2007;Thoma et al., 2008;Wahlin et al., 2010;
Walker et al., 2013;Assmann et al., 2013]. Although the mechanisms that modulate the on-shelf transport of
warm water are not fully understood, it is suspected that a net increase of heat onto the continental shelf
has been an important driver for the thinning of the adjacent ice shelves [Shepherd et al., 2004]. Numerical
simulations of ocean processes in the Amundsen Sea indeed relate temporal variability in ice-shelf melt
rates to variability in the shelf edge heat ”uxes [Thoma et al., 2008]. On the other hand, a model-based study
by Schodlok et al. [2012] stresses the importance of local ocean-atmosphere forcing over the inner shelf.

Observations at the calving front of Pine Island Glacier (PIG), one of the largest outlet glaciers in the Amund-
sen sector, have con“rmed the presence of CDW below a depth of 600 m [Jacobs et al., 1996;Jenkins et al.,
2010a;Jacobs et al., 2011;Dutrieux et al., 2014]. In addition, measurements beneath the ice shelf have shown

Key Points:
� Enlargement of Pine Island ice shelf

cavity has let to rapid increase of
melt

� A subglacial sill controls the
sensitivity of melt to ocean variability

� At present, melt rates are modulated
by changes in ocean heat content
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