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Preliminary report on the physical and stratigraphic properties
of the Taylor Dome ice core

J.J. FITZPATRICK, U.S. Geological Survey, Denver, Colorado 80225

D
uring the 1993-1994 austral field season, a 554-meter (m)
core to bedrock was recovered from Taylor Dome drill

site (77041.7'S 158°43.1'E). Site information and details of the
core recovery are presented elsewhere (see Grootes and Steig,
Antarctic Journal, in this issue) and in earlier reports (Grootes,
Steig, and Massey 1991; Waddington et al. 1991, 1993, pp.
499-516; Grootes and Steig 1992; Morse and Waddington
1992, 1993). Physical properties, including density, grain- and
bubble-sizes, temperature, and differential ultrasonic p-wave
velocity, were measured in the field within a few hours of core
recovery in a subsurface laboratory near the drill site. The
preliminary results of these analyses are presented here.

The visual appearance of the core was noted as drilling
progressed both from whole core and from thick sections
taken shortly after recovery. The stratigraphy follows a pre-
dictable diagenetic sequence from highly porous firn to ice
with large, irregularly shaped bubbles and then to ice with
spherical bubbles that decrease in size with increasing depth.
No notable bubble-free lenses, layers, or glands were seen,
although the presence of thin (less than 1 millimeter), clear-ice
crusts is ubiquitous in the upper part of the core. These crusts
were observed forming on the surfaces of wind-packed sastru-
gi as a result of solar-induced sintering. They are easily dis-
cernible in the core to a depth of 200 m. Beyond this depth,
they become increasingly difficult to see, and by 250 m, they
cease to be visible at all. Subdued density contrast due to vary-
ing depositional conditions and possible postdepositional dia-
genesis is also present in the upper part of the core, but like
the clear-ice crusts, becomes indistinct below 250 meters. No
clear annual signal is present in the stratigraphy. Visual clues
to the annual stratigraphy will require the eventual compari-
son of the visual and isotopic records. A zone of anomalously
elongated bubbles between a depth of 360 to 390 m was noted
in the field. This zone is judged to be anomalous because ice
both above and below this interval contains only spherical
bubbles. The bubble population in this anomalous interval
consists of a mixture of both spherical and aligned, elongated
bubbles. The elongated bubbles vary in aspect ratio from 3:1 to
5:1 and, upon reconstruction of their absolute direction from
the core azimuth, point in the direction of current surface
motion at the site (or 180 0 away from it), that is, toward the
Skelton Névé (Waddington personal communication). The

cross-sectional diameter of the elongated bubbles appears to
be about the same size as the diameter of the average spherical
bubble measured in the same section. Elongated bubbles in
this depth interval display plunge values near 0 0 . This is in
contrast to the zone of elongated bubbles that is close to the
bed in which bubbles display chaotic plunges as much as 350.
The characteristics and significance of the anomalous zone of
elongated bubbles are the subject of ongoing study.

The ice began to exhibit brittle behavior by a depth of
about 300 m. By a depth of 335 m, ice was consistently broken
and fractured as it was unloaded from the core barrel. The
onset of this behavior corresponds to a load pressure of about
27 atmospheres. The deepest ice at this site experiences a
hydrostatic load of 47 atmospheres and is too warm (approxi-
mately -26°C) to allow the formation of air hydrate clathrates.
As a result, all core recovered below a depth of 335 m dis-
played brittle behavior.

The density/load curve for the core is shown in figure 1.
Densities were measured in the field within a few hours of core
recovery. Densities above 85 m were determined volumetrical-
ly; those below 85 m were determined by immersion in satu-
rated iso-octane. The depth of the firn/ice transition was inter-
polated from a linear fit of the volumetric data above 85 m. The
depth of this transition at approximately 72 m was confirmed

0	100	200	300	400	500	600
Depth (m)

Figure 1. Density and load profile, Taylor Dome main core. (Kg-m-3
denotes kilograms per cubic meter. atm denotes atmospheres.)
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when fluid (n-butyl acetate) was added to the hole for the tran-
sition to wet drilling. As shown in figure 1, the pore pressure
equalization depth for this core is at approximately 130 m.
Above this depth, densification proceeds quickly due to the
rapid collapse of bubbles, which are underpressured with
respect to the hydrostatic load. Below this depth, densification
occurs at a much-reduced rate. Because the phase boundary
for the enclathratization of the pore gases was not reached by
the time the bed was encountered, bubbles were present in the
deepest ice. Accordingly, the maximum density measured for
the core, 918.5 kilograms per cubic meter (kg rn-3), is well
below the theoretical single crystal density of 920.15 kg rn- 3 at
the bed temperature (approximately -26°C at 46 atmospheres).

Maximum grain dimensions and bubble diameters were
measured on thick sections in the field with a pocket com-
parator (figure 2). With the exception of bubbles in the anom-
alous zone, bubble diameters show the expected decreasing
trend with increasing depth. As previously mentioned, vary-
ing percentages of the bubbles within the anomalous zone are
elongated and aligned with each other. Bubbles between the
anomalous zone and the basal ice are spherical, and bubbles
in the basal ice are elongated and deformed. Basal ice bubbles
do not display consistent alignments and generally exhibit
steep plunges.

Maximum grain dimensions increase to a depth of about
360 in a marked drop in grain size occurs. This behav-
ior is interpreted as an indication of the transition from inter-
glacial to glacial conditions. Hence, the climate transition at
the close of the last glacial period is placed at 360-370 in
the Taylor Dome site.

The speed of propagation of sound both transverse (Vt)
and parallel (V1) to the drilling direction was measured in the
field using a portable ultrasonic testing unit fitted with 1-inch
diameter, 2.25-megahertz, polled-ceramic p-wave transduc-
ers. The normalized signal attenuation relative to a lucite
standard was also recorded at the same time. The results,
shown in figure 3, indicate that to a depth of about 180 m, the
ice is acoustically and crystallographically isotropic. Below
this depth, values of V1 and Vt begin to diverge and, as indicat-
ed by inspection of the thick sections taken from this interval,
the ice begins to display c-axis orientation. A marked increase
in the differential velocity is evident in the samples from 340
to 360 m. This increase is accompanied by a distinct drop in
grain size as well as the occurrence of elongated bubbles (see
figure 2). The differential velocity and degree of orientation
remain high from this depth to the bottom of the core. The
acoustic loss is isotropic to about the same depth as the veloc-
ity. Below 180 m, the normalized loss is consistently higher in
the longitudinal direction than in the transverse direction,
with the exception of the anomalous zone. Loss behavior in
the anomalous zone is nearly isotropic.

A preliminary approximation to the hole temperature
was made by recording the drilling temperature from the
instrumentation package on the drill string. The actual hole
temperature is probably slightly lower and will be logged dur-
ing the 1994-1995 season after a 1-year equilibration period.
The data comprise composite measurements made in a

10.16-centimeter (cm) shallow, air-filled hole at the Taylor
Dome site and the main 13.21-cm hole. The 10.16-cm hole
was logged by the Polar Ice Coring Office with a thermistor
string shortly after completion. Aside from warm tempera-
tures measured near the surface, the hole temperature shows
a consistent, linearly increasing trend from -4 1°C at 10 in
-26.7°C at the bed.

The successful acquisition of this core depended upon
the cooperation and hard work of a broad spectrum of people
from the Polar Ice Coring Office, National Science Founda-
tion, Antarctic Support Associates, the U.S. Geological Survey,
and the University of Washington. The author wishes to
express her heartfelt appreciation to all these people, most
especially the drilling, support, and science staff working in
the field, who persevered in the face of adversity to make this
drilling project a success.
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Figure 2. Maximum bubble diameters and maximum grain dimensions
determined in the field by pocket comparator. Increase in bubble
diameters between 350 and 400 m and in basal ice indicates zones of
elongated bubbles. (mm denotes millimeters.)
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Figure 3. Differential ultrasonic velocity and acoustic loss. The "t"
refers to direction transverse to core axis. The "I" refers to direction
parallel to core axis. (m/s denotes meters per second. dB/mm denotes
decibels per millimeter.)
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Instrumentation to quantify snow accumulation and transport
dynamics at two locations on the Ross Ice Shelf

DAVID A. BRAATEN, Department of Physics and Astronomy, University of Kansas, Lawrence, Kansas 66045

S
now accumulation and transport dynamics on polar ice
sheets cause an almost continuous evolution of the local

snow profile due to several controlling factors including pre-
cipitation events, wind transport, vertical redistribution (mix-
ing) by wind, sublimation and deposition, gravitational
forces, and metamorphic snow-crystal processes. These fac-
tors and their relationship to the procession of ice-sheet evo-
lution are complex, time-dependent, and geographically vari-
able. Wind transport of snow and the formation of snow sur-
face features constitute an especially complex process which
is essentially nonlinear, in that the turbulent air flow distorts
the snow surface which in turn distorts the flow. Quantitative
measurements of blowing snow in Antarctica have been con-
ducted by Budd, Dingle, and Radok (1966), Kobayashi (1978),
and Wendler (1989, pp. 261-279) using innovative experimen-
tal techniques to examine various characteristics such as
mass flux, and snow grain size as a function of height and
wind speed. Snow surface features associated with blowing
snow in Antarctica have been investigated in terms of external
properties such as size, shape, distance between features, and
movement (Budd et al. 1966; Kobayashi and Ishida 1979);
however, microphysical properties associated with surface
features, such as snow grain transport and mixing, remain
largely unknown.

To obtain greater quantitative insight into the time-
dependent processes of annual ice-sheet snow accumulation
and transport dynamics, new instrumentation has been
developed and was deployed January 1994 at two Ross Ice
Shelf locations influenced by different local wind regimes, but
generally influenced by the same synoptic-scale storms.
These sites are adjacent to the Willie Field (77.85°S 167.08°E)
and Ferrell (78.02 0S 170.800E) automatic weather stations
(AWSs) in the Ross Island region. This instrumentation,
referred to as the microsphere dispersal system (MDS), auto-
matically activates for a 10-second interval once every 14

days, dispersing inert, colored (high-albedo) glass micro-
spheres with a diameter of 120 micrometers onto the snow
surface. The microspheres act as a time marker and tracer to
quantify accumulation rate and microphysical processes of
snow transport, mixing, and surface feature formation which
influence ice-sheet growth in a windswept environment.

The MDS consists of three aerosol generator units, each
mounted on an aerodynamic mast (figure 1), and a pneumat-
ic system controlled by a microcontroller- based timing sys-
tem. The nozzle of each unit is positioned approximately 1.5
meters above the snow surface in a radial arrangement to
maintain consistent spatial microsphere dispersion on the
snow surface regardless of wind direction. Polyethylene tub-
ing connects the aerosol generator units to the pneumatic
system, which is buried at a depth of 1.5 meters. Each aerosol
generator unit consists of four individual aerosol generation
chambers containing approximately 300 milliliters of a single
color of glass microspheres (pink, green, orange, yellow.) Dur-
ing each activation, high-velocity dry nitrogen gas (approxi-
mately 100 meters per second) with a volumetric flow rate of
approximately 1,700 cubic centimeters per second supplied
by two 6.2-cubic-meter tanks of compressed nitrogen enters
one chamber of each aerosol generator unit, aerosolizes the
microspheres, which are located in the lower half of the
chamber, and exits through the round outlet nozzle with
approximately 25 milliliters of glass microspheres as shown in
figure 2. A total of approximately 5x10 7 spheres from the three
aerosol generator units is dispersed during each activation
and settle on the snow surface in elliptical patterns with
approximate dimensions of 5x1 meters and roughly oriented
in the direction of the mean wind.

A schematic diagram of the pneumatic system is given in
figure 3. The pneumatic system consists of two pressure reg-
ulators, four solenoid valves, and a microcontroller timing cir-
cuit. The pneumatic line downstream of each solenoid is
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