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T
he specter of west antarctic collapse has been with us for
a quarter of a century (Mercer 1968). During that time,

opinions on the likelihood of that collapse have varied widely.
Recently, certain official assessments (for example, IPCC
1990) concerned primarily with the future response to pro-
jected global warming have concluded that Antarctica will not
cause much sea-level rise within the planning horizon of a
century or so.

At the same time, however, startling new results on ice-
sheet (in)stability have been emerging. These results point to
ice sheets being less stable than we previously believed and to
the warming at the end of the last deglaciation as a possible
trigger of future ice-sheet collapse. Here, we review some of
these recent results.
• Heinrich layers in the North Atlantic show basally lubricat-

ed surges of the Laurentide ice sheet. Heinrich layers (or H-
layers; for example, Heinrich 1988; Andrews and Tedesco

• 1992; Bond et al. 1992; Broecker et al. 1992) are quasi-peri-
odic events (with a spacing of approximately 5,000 to
10,000 years) observed in North Atlantic ocean cores taken
from a band more than 1,000 kilometers (km) wide extend-
ing several thousand km across the North Atlantic. The H-
events are short-lived (perhaps a few centuries) influxes of
ice-rafted debris (shown by large detrital clasts in cores)
and meltwater (shown by the anomalously light oxygen-
isotopic composition of the sparse planktonic fossils in the
layers). The average H-layer approaches 0.5 meter (m)
thick in the northwest North Atlantic near the mouth of
Hudson Strait and remains many centimeters in thickness
across much of the North Atlantic.

The volume of ice-rafted debris is large—perhaps aver-
aging 0.1 m thick across a 1,000 km wide by 5,000 km long
section of the Atlantic. If derived primarily from Hudson
Bay (approximately 1,000 km by 1,000 km), this is equiva-
lent to the removal of 0.5 m of till from the bay, or about 5
m of dirty basal ice with debris concentrations similar to
those from the bottom of the Byrd Station ice core, Antarc-
tica (Gow, Epstein, and Sheehy 1979). Basally lubricated
ice motion is almost a certainty for H-events—if the ice
had been frozen to its bed, much of the debris would have
remained attached to the bed, rather than being delivered
to the North Atlantic in icebergs.

The quantity of ice involved probably is large as well.
MacAyeal's numerical model (MacAyeal in press a, in press
b) produces H-layers by thermally controlled self-oscilla -
tion of an ice sheet in Hudson Bay. Each oscillation pro-
duces about 3.5 m of global sea-level rise in 250 years. A
similar estimate is possible from the isotopic composition
of the scarce planktonic fossils observed in H-layers. Their
compositions suggest growth in water that was about
1/30th ice-sheet melt and 29/30ths ordinary water similar
to that from before and after Heinrich events (Bond et al.
1992). The H-layers cover roughly 1 percent of the world
ocean, so a 30-rn-thick mixed layer over the H-layer region
would contain ice-sheet meltwater equivalent to 1 cen-
timeter (cm) of global sea level. If this North Atlantic mixed
layer exchanged with the broader ocean once per year,
then an H-event represents a global sea-level rise of 1 cm
per year or 2 to 3 m in 2 to 3 centuries, similar to the rate
from the model. The mixed-layer thickness and exchange
rate in this calculation are very poorly constrained, and we
do not insist that the sea-level signal of an H-event is large,
but that is the simplest interpretation of the available data.

The H-event story is evolving rapidly as more research
is conducted. For now, it appears that H-events are the
glaciological equivalents of H-bombs: short-lived ice-flow
events from the Laurentide ice sheet that profoundly
affected the North Atlantic ocean several times and that
probably created rapid global sea-level rises.
The west antarctic ice sheet collapsed recently (late Pleis-
tocene? younger than mid-late Pliocene?) (Scherer 1991, in
press; Burckle in press). Tills under ice stream B contain
young, open-water diatoms. Exactly how young is a matter
of debate, but they appear young. These occur several
hundred kilometers from the grounding line; their pres-
ence implies a greatly reduced or absent ice sheet at some
time in the recent past.
The modern west antarctic ice sheet is changing rapidly
locally (for example, Stephenson and Bindschadler 1988;
MacAyeal et al. 1987, 1989; Shabtaie et al. 1988; Whillans
and Bindschadler 1988; Bindschadler, Roberts, and
MacAyeal 1989). In the Siple Coast region, everywhere that
workers have looked carefully, they have found rapid
changes of thickness, velocity, surface character, and so
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forth. Thickness changes exceeding 1 in 	year are occur-
ring.
The bed of ice stream B (and by analogy, of the other fast-
moving ice streams) is exceptionally well lubricated by
water and water-saturated soft sediments (Blankenship et
al. 1987; Kamb and Engelhardt 1991). The question
remains: exactly how are the resistive forces partitioned
among ice-stream sides, the average bed strength, and
local sticky spots in the bed? The importance of bed lubri-
cation, however, is clear.
The modern ice sheet is thinning slowly on average
(Whillans 1978; Shabtaie and Bentley 1987). This probably
is in response to enhanced basal motion and enhanced ice
deformation near the bed resulting from the warming at
the end of the last ice age, which has taken thousands of
years to diffuse through the ice and affect conditions near
the bed (Whillans 1978).

' A model west antarctic ice sheet undergoes rapid collapses
long after forcing and probably related to penetration of
warmth to the bed (MacAyeal 1992). When this model of
the west antarctic ice sheet is forced by a 100,000-year
cycle in snowfall, temperature, and sea level based on the
known glacial-interglacial oscillation, the behavior is quite
unexpected. During some (but not all) interglacials, the
penetration of surface warmth to the bed after many thou-
sands of years increases basal melting and thence basal
lubrication enough to trigger the positive-feedback loop:
faster flow leads to more meltwater production from basal
friction, which in turn leads to faster flow. The ice sheet
then collapses, raising global sea level by several meters in
centuries.

Taken together, we see that ite sheets can undergo basal-
ly lubricated, very rapid collapses; that the west antarctic ice
sheet has collapsed previously; that the west antarctic ice
sheet is basally lubricated and can change very rapidly; that
the ice sheet is on average trending slowly in the direction of
collapse, probably in response to the warmth at the end of the
last ice age; and that according to one model, the ice sheet can
wait a long while after warming and then collapse suddenly.

In legal jargon, this is all circumstantial evidence, and the
jury is still out on whether or not it leads to a prediction of
imminent ice-sheet collapse. It is clear, however, that west
antarctic stability merits further attention. A west antarctic
equivalent of an H-event could raise sea level meters in cen-
turies, with considerable impact on humans. This could occur
in response to the warming that ended the last ice age with no
contribution from any future global warming. In colloquial
terms, the fuse may have been lit 10,000 years ago for a future
ice-sheet H-bomb.
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