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Land-ice studies

Short-term variations
in the flow of ice stream B,

Antarctica
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Geophysical institute
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Fairbanks, Alaska 99775-0800

This is part of a multi-institutional project to study the dy-
namics of the ice streams of the Siple Coast, Antarctica. Our
observations have been carried out on ice stream B near Up-
stream B camp. We have searched for short-term variations in
flow as possible indicators of the flow mechanisms acting at
the base of the ice stream. It is known that processes at the
base must account for virtually all of the motion, at least in
the area of our observations (Blankenship et al. 1986; Engel-
hardt et al. 1990).

Measurements of surface velocity at 1-day and lower reso-
lution have so far not revealed any variations (Harrison and
Echelmeyer 1989; McDonald and Whillans in press); however,
high-resolution vertical strain rate measurements, and the
counting of seismic event activity, do reveal variations. These
measurements were carried out at three sites separated by
distances of typically 3 kilometers, at ice depths of about 60
meters. Measurements began in late 1988 and continued through
early 1990, with time resolution of 1 hour. The strain resolution
was usually 2 parts per million and was measured with resis-
tance wires about 1 meter long.

An example of the strain data is shown in figure 1. The
curvature in the first 75 days or so of the record is a transient
associated with the freezing in of the strain wire. Subsequently,
the strain is compressive (the strain decreases), and the rate
tends to increase with time; this effect is probably not asso-
ciated with the transient. A short-lived event of rapid change
in strain rate occurs at about day 160. Events of this type were
not coherent at different sites and are probably due to changes
in local crevassing.

An expanded view of strain data from a different site is
shown in figure 2. The data were obtained from two different
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Figure 1. A year of strain data from site 3. The behavior for the first 75 days is dominated by a transient due to installation of the strain
wire. Note the event at about day 160. (ppm denotes parts per million.)
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Figure 2. Example of the diurnal behavior in strain at site 2. (ppm denotes parts per million.)
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Figure 3. Example of the diurnal behavior in seismicity at site 3.
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wires at the same site. The different trends during this period
are partially due to transient effects, but these effects tend to
diminish with time. The difference may be primarily due to
crevassing or other inhomogeneity in the near-surface strain
field. While the wires at this site showed different trends in
the strain rates, two wires at a different site gave the same
strain rates.

The most striking feature of figure 2 is the diurnal oscillation
in the strain rates. We have sufficient control to eliminate vir-
tually all possible instrumental effects. The diurnal variation
is intermittent and does not occur at all sites. The seismic event
rate also showed intermittent diurnal behavior, as seen in fig-
ure 3. Moreover, there was noticeably more seismic activity in
winter than in summer. The locations of the seismic events
were not determined and could have been near the surface.

The diurnal behavior, at least in the strain rate, is a surprising
and as yet unexplained feature. We are doubtful that it can be
explained by thermal stresses, as determined by Sanderson
(1978).

This research was supported by National Science Founda-
tion grant DPP 87-16604.
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Ice flow
on deforming sediments:

Ice stream B-
and Lake Michigan?
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The existence of a deforming bed beneath ice stream B (Alley
et al. 1986) remains probable but unproven. Identification of
the basal mechanism of ice-stream flow will allow us to con-
centrate on finding its parameters for numerical models, a
development which will lead to improved predictions of the
rate at which the ice sheet will respond to perturbations such
as those possibly caused by greenhouse warming or those
already triggered by past climatic changes. Ongoing field stud-
ies associated with the Siple Coast Project seek to identify the
mechanism of ice-stream lubrication unequivocally (Engel-
hardt et al. 1990).

Over the last year, I refined a possible one-dimensional steady
model for basal behavior and found that this model is consis-
tent with available data (Alley 1990); this consistency continues
to favor the deforming-bed hypothesis. This model suggests
that ice streaming is initiated when enough basal meltwater
accumulates to raise basal water pressures quite close to flo-
tation; a poorly consolidated bed that erodes easily to produce

sediments enhances lubrication and causes ice streaming up-
glacier of the point where it would begin over hard bedrock.
If the geothermal flux is low or subglacial aquifers are efficient,
ice streaming can be suppressed even if the bed is melted.
There may be two steady states for ice-surface profiles in some
regions:
• a steep surface slope that causes rapid internal ice defor-

mation but drives basal meltwater through subglacial aqui-
fers so it does not lubricate ice flow, and

• a gentle surface slope that slows internal ice deformation
but allows meltwater to accumulate at the bed and lubricate
basal sliding or bed deformation.
The next step in this modeling effort, now in progress, is to

conduct time-dependent simulations and check for consistency
with available data. If the model still appears to be adequate,
then we can begin to assess the stability of the ice-stream
system. Of course, further data from the ongoing Siple Coast
field programs are the most direct and valuable test of ice-
stream dynamic controls, but modeling provides a useful ad-
junct.

The probability of a deforming bed beneath a large antarctic
ice stream raises further interest in the fast-moving ice that
drained the Laurentide ice sheet during the Late Wisconsinan,
and that deposited widespread till sheets. The antarctic de-
forming-bed model leads to a better understanding of how the
deposits of a deforming-bed glacier might.appear. Comparison
of predictions of the deforming-bed model and of other basal
models with observed characteristics of basal tills deposited
by the Lake Michigan lobe in Illinois shows that the deforming-
bed model fits the observations better than other models. It is
an interesting possibility that ice stream B and the Lake Mich-
igan lobe may be quite similar in ice and sediment dynamics
(Alley et al. 1988; Alley in press).

This work was supported in part by National Science Foun-
dation grant DPP 87-16016.
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