
phy was directed largely to determining if annual strata can be
reliably counted (with a view to possible deep drilling later).

The strain grid at the Upstream B camp was remeasured
(figure).

The weather at the camps showed a strong north-south gra-
dient such that the south camp experienced near continuous
blizzard conditions while the main and north camp had only
light winds. This greatly impeded the work program at the
south camp. The wind pattern confirms a prediction from a
numerical simulation of katabatic air flow in Marie Byrd Land by
Parrish and Bromwich (1986).

A critical factor in our success was the availability of aerial
photography obtained in 1983-1984 by the U.S. Geological Sur-
vey. Patricia Vornberger used the photos in making a sketch
map of the ice stream showing the location, type, and orienta-
tion of visible crevasses (Vornberger and Whillans 1986). The
map was used to select landing sites and flight lines for con-
trolled photography this year. One transect (called the "girdle
traverse") was to have been conducted using snow-cats. It was
outside the area of photo coverage and on reconnaissance it
became clear that the traverse would be too dangerous and
difficult by tractor. It was, however, possible to install most of
the stations by air.

The 1983-1984 photographs are being further interpreted and
crevasse patterns are being used to describe the style of flow of
the ice stream.

Full use was made of a ski-equipped Twin Otter aircraft ob-
tained on lease from Kenn Borek Air, Calgary. The air crew
proved to be skilled and willing and we are pleased with the
support.

The field team was composed of John Boizan, Henry Brecher,
Jeff DeFreest, Andrea Donnellan, Joe Kostecka, Mike Strobel,
Patricia Vornberger, and Ian Whillans. This research was sup-
ported by National Science Foundation grant DPP 81-17235.
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Three field seasons have been completed on the Siple Coast
program of glaciological and geophysical studies in West Ant-
arctica. Our part in this program concentrated in the mouths of
ice streams B and C and around Crary Ice Rise. In this report,
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we discuss the major features of the ice morphology and dy-
namics in the region which stretches from the mouth of ice
stream B to just upstream of Crary Ice Rise. Much of this
research is presented in more detail in Bindschadler et al. (in
preparation).

Airborne radar flights in this area carried out by the Univer-
sity of Wisconsin (Shabtaie and Bentley in preparation) have
improved our understanding of the morphology of this region
since the earlier measurements of the Ross Ice Shelf geophysical
and glaciological survey program (Bentley 1984) and the Na-
tional Science Foundation/Scott Polar Research Institute of
Great Britain/University of Denmark airborne survey (Drewry
1983). Ground control for the recent radar flights was accom-
plished by geoceiver positions established by all the cooperat-
ing groups within the Siple Coast program. Figure 1 shows part
of the map compiled by Shabtaie and Bentley (in preparation)
which covers our area of investigation. The ice stream flows in
from the upper left of figure 1 and approaches Crary Ice Rise
just beyond the lower right corner. The two oblong features in
midstream (A and A') have some characteristics of ice rises
(radar returns free of internal clutter which suggest old, stag-
nant ice) but are not encircled by crevasses and move at the
same speed as the ice stream. Their origins are still speculative.

The grounding line of ice stream B is much more advanced
than mapped by Drewry (1983) (Shabtaie and Bentley in prepa-
ration). We have confirmed the position of portions of the
grounding line by a combination of optical leveling, elevation
and ice thickness measurements, and observations of strand
cracks (Swithinbank 1958). Our interpretation of this area is of a
grounded apron of ice extending for 100 kilometers with a
surface gradient unusually low for an ice stream. The ground-
ing line has only a small surface expression and the details of its
shape are probably convoluted.
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Figure 1. Map of the mouth of ice stream B taken from Shabtaie and
Bentley (in preparation). Surface contours (in meters) are from radar
profiling. Thick solid lines indicate the boundaries of ice stream B
and the grounding line. The thin dashed line marks the boundary
between the two major tributaries of ice stream B. Dotted lines show
radar features with ice-rise-like radar signatures. Labeled dots are
survey stations.

The surface strain rates of the ice have been measured at a
number of sites and are presented in figure 2. The large vari-
ability in the pattern of strain rates over much of the ice stream
mouth is partially due to small-scale topographic effects. An-
other cause may be the frequent occurrence of areas of ice which
are decoupled from the bed by pressurized subglacial water.
The pattern of strain beyond the grounding line is more uni-
form and reflects the presence of Crary Ice Rise which causes
increasing longitudinal compression in the ice.

55 W	 160 WI	
4I0.	

1165 W

Figure 2. Surface strain rates in the mouth of ice stream B. Deforma-
tion is represented by the magnitude and orientation of principal
strain rates. Mapped features are taken from figure 1.

Bindschadler, MacAyeal, and Stephenson (in press) show
that there is a slight transverse variation of the longitudinal ice
stream surface velocity in the central portion of the ice stream at
station Downstream B. We have now extended that profile
across the crevassed northern margin of the ice stream by sur-
veying the positions of prominent seracs in the crevassed mar-
gin as well as surface stakes on the ice stream from two stations
on the slower-moving ice outside the ice stream. Figure 3 pre-
sents the average velocities measured over a 2-week interval.
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Figure 3. Velocities at the margin of ice stream B. Resected serac velocities are shown by crosses with vertical error bars; velocities from
geoceiver positioning and survey transects are shown by crosses with horizontal error bars.
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Using the average value of the velocity gradient across the
margin and an average ice column temperature of -13.13°C
(from surface and assumed bed temperatures at Downstream
B), and assuming no other stresses, the shear stress was calcu-
lated to be 1.6 bar. Warmer temperatures (due to strain heating),
additional stresses, or other factors such as fabric enhancement
would all tend to lower the value of shear stress. We feel that the
shear stress is probably not lower than 1 bar.

Our detailed measurements of velocity, strain, and surface
topography have allowed us to calculate the balance of forces in
this region. Across the profile at Downstream B, the average
basal shear stress is 0, while over the entire apron area, the
average basal shesr stress is only 0.005 bar (Bindschadler et al.
in preparation). These small shear stresses underneath
grounded ice are probably achieved by the widespread occur-
rence of pressurized subglacial water. For local areas of floating
ice the creep thinning rates would exceed those of a floating ice
shelf due to the excess ice thickness above sea level.

This research was supported by National Science Foundation
grants DPP 82-07320, DPI' 84-05287, and DPI' 85-14543.
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Paleoclimatic ice core program at
Siple Station
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An ice-core drilling program was successfully conducted at
Siple Station (75°55'S 84°15'W, 1,054 meters above sea level)
during the 1985-1986 austral summer. The overall objective is to
obtain a high temporal resolution 500-year record of microparti-
cle concentrations, oxygen isotopes, conductivity, accumula-
tion, and chemistry for integration with other paleoclimatic
histories for the last 500 years. Emphasis upon the last 500 years
stems from recent analyses of two ice cores from the Quelccaya
Ice Cap (southern Peru) in which the latest Neoglacial event
(popularly known as the "Little Ice Age") is distinctly recorded
within the microparticle, oxygen isotope, and accumulation
records (Thompson et al. 1986).

The drill site was 1.5 kilometers upwind from the station
(figure 1). Summer (November to January) is the only season
with persistent winds: 68 percent of the 3-hourly observations
were from azimuths of 100° to 225°, and 20 percent were from
110° to 150° during the period from January 1982 through De-
cember 1984. Five years of daily observations (from December
1978 to July 1982) yield an average wind speed of 5.7 meters per
second (11.1 knots) with a maximum of 33.4 meters per second
(65 knots). During the 1985-1986 field season (3 December 1985
to 8 January 1986) average working conditions were approx-
imately -20°C with 18 knot winds. The prevailing winds were
150° from true north.

The first core, 302 meters deep, should provide a record to
about A.D. 1440. The quality of the core is excellent to 200
meters after which the core is consistently wafered. Although
wafered, core recovery was very good, and quality is adequate
for microparticle concentrations, oxygen-18 isotopes, con-
ductivity, and chemistry measurements. Figure 2 illustrates the
microparticle (diameters greater than 0.63 micrometer) con-
centrations in a 1-meter section of the 302-meter core. The
concentrations are among the lowest measured and partially
reflect the diluting effect of the high accumulation (approx-
imately 0.55 meter per year ice equivalent, Stauffer and Sch-
wander 1984). The second core (located 1 meter from the first) is
132 meters long, should contain a record to about A. D. 1770 and
is of excellent quality with nearly complete core recovery.

A complimentary program designed to assist in the inter-
pretation of the deeper cores included hand augering nine 20-
meter cores and sampling and stratigraphic mapping of walls in
three pits. Samples were collected from three walls of the 2.8-
meter deep central pit (pit 1) located 0.44 kilometer upwind
from the drill trench (figure 1). Walls A and C (each 1-meter
wide) were positioned parallel to the prevailing wind, with wall
B (4-meters wide) perpendicular to the prevailing wind. Sam-
ples were collected for microparticle concentrations, con-
ductivity, oxygen-18 isotopes, and chemistry. In addition, one
profile was collected for Beta-radioactivity measurements, and
one density profile was measured. Three cores (20-meters) each
containing approximately 20 years were drilled behind wall B
with each core associated with a specific vertical profile of pit
samples. Pits 2 and 3 (figure 1), consisting of two 1-meter
perpendicular walls (B and C), were each 2.2 meters deep. In
each pit two complete vertical profiles of samples were collected
for microparticle concentrations, oxygen-18 isotopes, con-
ductivity, and chemistry, and two cores were drilled, one be-
hind each wall. Additionally, one density profile was measured
in each pit.

The pit and shallow core data contribute to the determination
of the limit to which annual information can be extracted from
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