
and rotation is slowed or stopped by recrystallization. In
general on ice sheets, divergent flow causes C axes to cluster
symmetrically about the vertical axis, parallel flow causes C
axes to cluster about the vertical axis in a pattern elongated
transverse to flow, and convergent flow causes C axes to
cluster about the vertical plane transverse to flow. Interpre-
tation by Blankenship (in press) of seismic measurements
near Upstream B where the flow of ice stream B is conver-
gent, shows that C axes are clustered about the vertical plane
transverse to flow, as predicted (Alley 1988).

• Melt events in the ridge BC core occur about once every 50
years back to A.D. 1500 but not during the previous 500
years, suggesting recent climatic warming or ice-sheet thin-
ning there. A dynamic thinning might be related to the
unusual ice texture observed below 95 meters in the ridge
BC core (Alley and Bentley in press).

• Interpretation of the temperature profile at ridge BC gives
a geothermal flux of about 80 milliwatts per square meter
(1.9 heat flow units), consistent with recent rifting beneath
the ice sheet (Alley and Bentley in press).

• Ongoing projects on the ridge BC core include study of
oxygen-isotope ratios by P. Grootes of the University of
Washington, and study of impurity distributions byE. Wolff
and R. Mulvaney of the British Antarctic Survey.
Further development and testing of these and other ideas

requires more and deeper cores from the region. Interpretation
of basal heat flux is more accurate if near-basal measurements
are used. Dating of cores from grain size and determination
of cumulative strain from fabric patterns require deep cores.
I. M. Whillans has suggested that ice fabric may determine the
onset of streaming flow and local variations in that flow, but
at present no intact core is available from the Siple Coast ice
streams. We encourage further coring programs to and into
the bed of the Siple Coast to study these and other problems.

We thank W. Boller, B. Koci, K. Kuivinen, and J. Litwak for
ice-core drilling. This research was supported by National Sci-
ence Foundation grants DPP 83-15777 and DPP 85-21038.
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Analysis of data from ice streams
B and C
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Most of the west antarctic ice sheet drains through fast-
moving ice streams that flow like giant valley glaciers embed-
ded in more stagnant ice. A change in the activity of the ice
streams eventually propagates to other parts of the ice sheet.
This could secondarily affect sea level, the production rate of
deep ocean water, and atmospheric circulation. It is thus im-
portant to understand how these ice streams operate and es-
pecially to assess their stability.

Some very fundamental questions need to be addressed. The
high speeds on the ice streams are evidently enabled by lu-

brication from basal water and mobile debris, but the distri-
bution of the lubrication and how it affects the flow needs to
be assessed. Ice-stream flow is quite different from that of
normal inland ice and, in order to understand the reasons for
this type of flow, the processes acting between streaming ice
and inland ice, at the ice-stream heads, and at lateral bound-
aries need to be investigated.

Ohio State University is cooperating with other groups within
the Siple Coast Project to address these issues. Until now, our
principal collaborators have been the National Aeronautics and
Space Administration/Goddard Space Flight Center and the
University of Wisconsin, but other groups have recently joined.
Ohio State University has focused its efforts mainly on the
trunks of ice streams B and C, with ancillary studies on the
intervening ridges and the snow-catchment areas.

A major endeavor has been the determination of the mass
balance of ice stream B by comparing the input from snow
accumulation with discharge by ice flow (Whillans and Bind-
schadler 1988). The input is obtained by determining gross
beta-activity variations along firn cores in the laboratory at
Ohio State University. These variations are due to past at-
mospheric thermo-nuclear tests of known date. Together with
the density profile and sample depths (Whillans and Boizan
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1988), the 20- or 30-year mean accumulation rate can be cal-
culated. This mean accumulation rate is integrated over the
catchment area as obtained from the best available map (Shab-
taie, Whillans, and Bentley 1987). The output by flow is mea-
sured by the repeat tracking of Transit (also called Doppler)
satellites for ground control followed by repeat aerial photog-
raphy and photogrammetry. On these controlled photographs
separate crevasses are traced from epoch to epoch to obtain
velocity profiles across the ice stream. Together with data on
ice thickness, the discharge is calculated. The result indicates
that ice stream B and its catchment are slowly thinning.

More detailed studies suggest that the thinning of ice stream
B is not uniform but is especially large and irregular near the
transition from inland ice flow to streaming flow (Shabtaie et
al. 1988; Whillans, Boizan, and Shabtaie 1987). In contrast,
farther downstream, ice stream B appears to be thickening
(MacAyeal and others 1987).

The main portion of ice stream C is nearly stagnant (Mc-
Donald and Whillans 1988), as had been suspected. The in-
terstream ridges are, in contrast, relatively steady in flow
(Whillans et al. 1987).

The next step in the study of ice streams is to deduce the
mechanics controlling their flow. Once this is understood, it
may be possible to address more fully the causes for the on-
going changes in the ice streams and ice sheet as a whole. To
this end, very complete surveys of the velocity field of ice
stream B are being obtained from repeat aerial photogram-
metry. The results are just becoming available, but the tech-
niques for interpreting these data have been more fully
developed through theory (Van der Veen and Whillans in press
a) and application to the Byrd Station strain network (Van der
Veen and Whillans in press b) and to Byrd Glacier (Whillans
et al. in press).

Other major efforts have been the interpretation of crevasse
shapes on remote imagery to infer velocity patterns (Vorn -
berger and Whillans 1986), a careful study of the reproduci-
bility of positions calculated using transit- satellite tracking-
data (McDonald and Whillans 1988), and a search for velocity

variations with time on ice stream B (McDonald and Whillans
1988).

This research was supported by National Science Founda-
tion grants DPP 83-17235, DPP 85-17590, and DPP 87-16447.
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During the 1987-1988 field season, two holes were drilled
through Crary Ice Rise (83°S 170°W) to install thermistor cables.
The hot-water drill, designed by the Polar Ice Coring Office
melted a hole averaging 26 centimeters in diameter at an av-
erage drilling rate of 0.5 meters per minute. Instrumentation
on the drill stem included inclinometers to measure the tilt of
the hole, thermistors to measure the water temperature and
heat loss, and calipers to measure the size of the hole.

After the holes were drilled, cables with thermistors were
installed in the holes and allowed to freeze in. Freezing took
only a few days after which each thermistor continued cooling
to a final equilibrium temperature. This cooling required many
weeks, so final temperatures will not be obtained until re-
measurement next field season.

The temperature data is used to date the time since the ice
rise grounded. The premise of this technique, first applied by
Lyons, Ragle, and Tamburi (1972), is that the bases of ice rises
are colder than floating ice shelves. Thus, as an ice shelf grounds,
the basal ice must cool, a process requiring thousands of years
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