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Figure 2. Snowpit stratigraphy at gridpoints 50N, 30C, and lOS (figure 1) across "McMurdo Dome." Pit lOS, located south of the dome in
the Portal, shows horizontal layering of fine grained firn with an increase in density continuous with depth. At the 30C locality layering is
mostly horizontal while the profile shows considerable fine structure in density contrasts, grain size, and bonded grain crusts. Occasional
hard layers, representing buried sastrugi, break the horizontal layering, but these account for less than 20 percent of the profile. At 50N
the fir, except for a windpacked hard layer at the surface, is coarse grained and shows no fine structure comparable to that at 30C. Hard
layers (buried sastrugi) make up more than 40 percent of the profile, reflecting the rough local surface. The 50N profile is an extreme case
of the snow stratigraphy in the north grid area, and indicates that this area is less suitable for a deep core site. H, M, 5, and VS indicate
hard, medium, soft, and very soft firn layers, respectively. A hardness gradient within a layer is indicated by a vertical arrow.

Glacier geophysical studies
for an ice core site
at "Taylor Dome*
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Based on an airborne radio-echo-sounding survey at 10-15-
kilometer line spacing, Drewry (1982) identified a distinct top-
ographic dome centered at 77°40'S 15°00'E, above and west of

*"Taylor Dome" is not listed in the Gazetteer of the Antarctic as anofficial
name, but it is a distinct geographic feature.

the McMurdo Dry Valleys, McMurdo Sound area (figure 1).
"Taylor Dome" is a promising target for an ice-core paleocli-
mate study (Grootes, Steig, and Massey, Antarctic Journal, this
issue) because the record will be relatively simple to interpret
if all the ice originated locally. Such an ice core, taken to bed-
rock at 600-1,000 meters depth, could provide a climate record
for the McMurdo Dry Valleys area over the past 20,000 years or
more.

Our goals over the next 3 years are the following:
• to characterize the surface and bed topography and the ice

flow regime,
• to select a drill site, and
• to analyze the ice-flow and temperature data through models

to provide a time scale for the core, a paleotemperature and
paleoprecipitation record for the area, and ice flow-related
corrections and interpretations for time series in the ice core.

Three programs in 1990-1991 contributed to site characteri-
zation.
• Early in the field season, we installed an automatic weather

station (star in figure 1) to monitor air and snow tempera-
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Figure 1. Map of "Taylor Dome," showing regional surface con-
tours from Drewry (1982), the University of Washington 1990-1991
strain net (circles), Geoceiver locations (hexagons), weather sta-
tion (star), and 10  10-kilometer square (shaded) for detailed site
selection work. Dashed line A-B marks radio echo sounding profile
in figure 2. Inset map shows location relative to Ross Ice Shelf and
Ross Island (McMurdo).

tures, wind speed and direction, visible and infrared inso-
lation, and relative humidity. Typical diurnal variation was
10 °C, with maximum temperatures in the range —20 °C to
—15 T. The wind came predominantly from the southwest,
at 2-8 meters per second. The measured 10-meter-deep firn
temperature of —45°C should approximate the mean annual
air temperature at the site. Tthe automatic weather station
will continue to collect weather data for the duration of the
project.

• Surface topography has been established from the initial
strain-net survey (described below).

• Using ice-penetrating radar, we obtained bedrock topogra-
phy in a 10 x 10-kilometer area deemed most suitable for cor-
ing.
Two projects contributed to drill-site selection.

• A strain net was established in 1990-1991. A large-scale grid
extending 80 kilometers west-northwest from bedrock at the
Lashly Mountains was emplaced and surveyed using theo-
dolite and electronic distance meter (see figure 1). Survey
poles are spaced 2.5 kilometers apart. This large-scale grid
with bamboo flag lines also provides a road network for work
on "Taylor Dome."
Magnavox Geoceiver 1502 transit satellite observations at

both ends and at selected crossarm intersections, combined
with simultaneous data from two fixed nearby locations, Mount
DeWitt (77°12'S 159°45'E) and McMurdo Station (77°51'S
166°40'E), accurately constrain the grid position.

A 10 x 10-kilometer square intermediate-scale grid was estab-
lished in the hatched area in figure 1, which we consider to be
the most promising region for an ice core (Grootes et al., Ant-
arctic Journal, this issue). Markers spaced at 2.5 kilometers
within this square were surveyed from as many neighboring
poles as possible.

When the core site is selected in 1991-1992, a small-scale grid
will be placed around it, with survey poles approximately 0.5
kilometers apart, i.e. approximately one ice thickness.

We hope to conduct repeat surveys on all three grid scales
in coming field seasons to allow us to calculate ice surface
velocities for "Taylor Dome."

• We measured ice thickness by radio echo sounding. Since ice
is partially transparent to radio waves, a radio signal is re-
flected strongly from the ice-bedrock interface and less
strongly from internal layers within the ice (figure 2). These
internal echoes, caused by variations in ice density or varia-
tions in electrical properties associated with volcanic depos-
its, indicate stratigraphic layers that can reveal details of the
glacial flow field.

• The University of Washington's radio-echo-sounding system
(Weertman and Raymond 1990) is similar to the short-pulse
ice radar described by Hodge, Jacobel and Wright (1989). The
transmitter and receiver rode on sleds pulled by a snowmo-
bile with their respective antennas attached to the tow lines.

Figure 2. Radio echo sounding distance-time profile along the 20-
kilometer line A-B in figure 1. The echo return time (right axis), has
been converted to approximate depth (at left). Based on the sur-
face topography, we expect ice to flow predominantly into the
page, with an ice divide near the center of the plot separating flow
to the north (right) from flow to the south (left). (km denotes kilom-
eters. m denotes meters. us denotes microseconds.)
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The center frequency of the transmitter pulse, determined
by the antenna length, was 2 megahertz. A bicycle wheel
counter triggered waveform acquisition. The receiver con-
sisted of a high-gain amplifier and a digital storage oscillo-
scope to acquire the successive waveforms of the reflected
radio pulse and to transfer them to a PC-compatible com-
puter for subsequent analysis. We profiled each of the 2.5-
kilometer spaced lines in the 10-kilometer square intermedi-
ate grid (figure 1). Figure 2 shows the distance-time contin-
uous profile along the 20-kilometer line A-B in figure 1. The
travel times indicate ice thickness ranging from 500 to more
than 1,000 meters on this profile. Internal layers also show
clearly.

Because the bedrock topography varies on length scales
shorter than our 2.5-kilometer line spacing, we hope to do more
detailed radio echo sounding in 1991-1992 to select the final
drill site within the 10-kilometer square.

The presence of strong internal reflectors even near the bed
leads us to expect that the basal ice temperature is well below
freezing, implying that old ice has probably not been lost by
basal melting.

Now that data sets for ice depth, surface topography, net
mass balance, and surface temperature are available, we can
begin the ice-flow modeling study for "Taylor Dome."

"Taylor Dome" appears to be a suitable site for taking an ice
core to bedrock. With more detailed radio echo sounding and
with initial ice velocity estimates from a resurvey of the strain
net in 1991-1992, we will be able to select an appropriate core
site for the 1992-1993 drilling season.

This research was supported by National Science Foundation
grant DPP 89-15924.
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Oxygen isotope data
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During the 1989-1990 field season, as part of a long-term
study of surface debris on the McMurdo Ice Shelf, we collected
ice from beneath the debris cover for oxygen isotope analysis
at 182 sites (table, figure). Isotope values range from -51.28
parts per thousand (%) to + 5.0%. Because our sites are widely
distributed and encompass the range of values reported by
other investigators (Cow and Epstein 1972), they probably dem-
onstrate the full range of values typical for the McMurdo Ice

Shelf. The long-term study spans the 1975-1976, 1976-1977,
1978-1979, and 1981-1982 field seasons (Kellogg et al. 1977;
Kellogg and Kellogg 1984, 1987a, 1987b, 1988, in preparation;
Kellogg, Kellogg, and Stuiver 1990).

Most McMurdo Ice Shelf sites (140) yield isotopic oxygen
(I80) values of 0.0% to +3.0%c. Because of fractionation, sea
water should become slightly enriched in 180 relative to the
international standard, SMOW (0.0%), during freezing (Cow
and Epstein 1972). Such slightly enriched values are, therefore,
diagnostic for ice of pure marine origin (Stuiver et al. 1981a).
We note that such values dominate throughout the McMurdo
Ice Shelf from the end of Minna Bluff to the calving margin and
demonstrate that basal freezing is the prevalent mechanism for
formation of the McMurdo Ice Shelf, as hypothesized by De-
benham (1919).

8 180 values for local precipitation in the McMurdo Ice Shelf
area were measured at - 28.95%o near the junction of the Cen-
tral area and Swirls, 29.21%c south of Black Island, and
- 2751% off Minna Bluff. An unnamed glacier on Minna Bluff
yields - 25.45%. These results are consistent with surface IMQ

values of - 28%c to - 34%c for this part of Antarctica (Johnsen
et al. 1972; Stewart 1975), but not with values from high ele-
vations on the east and west antarctic ice sheets where values
range from - 35. O%c to -57.0% (Morgan 1982).

We suggest the following interpretations for the 39 McMurdo
Ice Shelf ice samples with negative O values:
• the 24 samples with values of 0.0% to - 25.0% represent

mixtures of local precipitation and marine ice;
• the 12 samples with values of - 25.0% to - 35.01Yco represent

local precipitation; and
• the 3 samples with values less than -35.0%o represent ice

formed from precipitation that fell at a high elevation and
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