
Field operations began with an air drop of fuel and lumber
on 19 November followed by an LC-130 put-in on 21 November
of PICO personnel and equipment. All equipment was trans-
ferred to the first drill site on 22 November. Set-up and testing
of the drill equipment took until 3 December. Drilling began
on 4 December but was stopped due to the inclinometers in-
dicating the drill was angled. We resumed drilling the next
day even though we still received readings that the drill was
angled. It was assumed that the inclinometer reading was wrong,
so drilling continued. Bedrock was reached at 370 meters after
18 hours of drilling.

The camp was then moved approximately 15 kilometers to
the second drill site on 7 and 8 December.

Drilling of the second hole began 15 December and the ice/
bed interface was reached at 480 meters after 20 hours of drill-
ing. After drilling through the ice, the drill buried itself in the
sub-glacial material and when raised to the surface, till samples
were recovered.

All equipment was moved to the landing area 16 and 17
December. Three LC-130 flights brought equipment and per-
sonnel back to McMurdo on 18 and 19 December.

The Polar Ice Coring Office is supported under National
Science Foundation contract DPP 83-18538.
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A modern radar
for ice-sheet sounding

KENNETH R. DEMAREST, GARUDACIIAR RAJLJ,
and RICHARD K. MooRE
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Lawrence, Kansas 66045-2969

Radar sounders have been an important tool in antarctic
research for many years, yielding information about ice thick-
ness, layering, and bedrock surface characteristics. A new very

-high-frequency ice-sheet sounding radar has been developed
at the University of Kansas and field tested at the Siple Coast
Downstream B (154°0'W 84°12'S) from both a sled and an air-
craft. D.I. Rummer, E.J. Zeller, C. Raju, and C. Davis from
the Radar Systems and Remote Sensing Laboratory of the Uni-
versity of Kansas Center for Research, Inc., were in the field
from 19 November through 22 December 1987.

The University of Kansas radar was designed to make full
use of state-of-the-art radio frequency and digital technology.
The radar operates at a frequency of 150 megahertz and uses
coherent integration (also called stacking) and pulse expansion/
compression (also called chirp) techniques to produce the
equivalent of 450-kilowatt 59-nanosecond pulses (correspond-
ing to a 5-meter resolution in ice) with an output radio-fre-
quency amplifier rated at only 20 watts. The receiver of this
radar also features a sensitivity time-control system that alters
the receiver gain dynamically throughout the receive cycle so
that the receiver can be operated with peak sensitivity during
the weak signal portions of the returns (such as internal lay-
ering and bottom echoes), but yet does not saturate the system
during the strong signal returns (such as at the ice surface).
This sensitivity time-control characteristic is fully program-
mable and can be tailored to the specific environment being
tested.

The radar is completely computer driven. The computer used
in the 1987 field season was a Compaq II, with a NEC color
monitor and a "Bernouli Box" disk system for mass storage.
The system software is completely menu driven. From the
menu, the operator can vary the number of coherent integra-
tion samples (nominally 256), change the pulse repetition fre-
quency (useful when converting from sled to aircraft operation),
and change the type of graphic display. Two types of graphic
display are available in real time—images and "A scope." In
the image mode, a time history of the amplitude vs. depth vs.
time is displayed. In the "A scope" mode, amplitude vs. time
plots of single records are displayed. These "A scope" plots
are useful because they show the actual pulse shape of the
reflections of the various layers within the ice, from which the
roughness of the layers can be deduced.

The total volume of the radar, excluding the antennas, is
approximately 35 cubic feet (3 cubic meters). It is housed in
two standard racks, and the total weight is roughly 300 pounds
(140 kilograms). The receiver and transmitter are packaged
separately in rugged metal boxes. The number of intercon-
nection cables necessary between the computer, transmitter,
and receiver have been engineered to a minimum.

The sled-mounted configuration of the radar is shown in
figure 1. For the 1987 field season, separate transmitting and
receiving antennas were mounted above a mobile hut, which
was hauled by a Tucker Sno-Cat. The radar can also be con-
figured with a single antenna that is mounted on a Nansen
sled towed behind a Sno-Cat, Spryte, or similar vehicle in
which the electronic units are mounted.

Figure 2 shows the antenna mounts for the University of
Kansas radar on a Twin Otter aircraft. Here, separate transmit
and receive antennas were mounted under the wings, each
consisting of a four- element dipole array.

The field test data from the 1987 season demonstrated the
sucessful operation of the radar. Both ground and aircraft trav-
erses were made along the well-defined "Z line" so that com-
parisons could be made between echoes obtained from the
University of Kansas radar, the University of Wisconsin radar,
and the U.S. Geological Survey radar. The records obtained
from both the ground and aircraft traverses very clearly showed
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Figure 2. Twin Otter aircraft with antenna mounts for Kansas radar.

a

Figure 1. University of Kansas radar mounted on a sled.

the bottom echoes (at depths of roughly 1.1 kilometers), and
also the internal layers. The "A scope" displays allowed es-
timates of the roughness at the ice/bedrock interface.

Plans for the 1988 field season are to conduct application-
oriented measurements at the Siple Coast Upstream B (USB).
Measurements will be made of a 35-by-8 kilometer area from
a Twin Otter aircraft, supplemented by sled measurements.

A method has been devised for comparing the shape of the
bottom echo with that of a simulated pulse whose shape de-
pends on the roughness parameters: standard deviation of
height and autocorrelation function of height. With this method,
we made roughness estimates for some of the bottom surface
in the Downstream B area.

We have developed a two-dimensional, matched-filter method
for removing the hyperbolas characteristic of point-target echoes
from the bottom of the ice sheet. This method replaces a hy-
perbola with a single image point at the location of the scat-
terer. With such a method, the shape of the bottom may be
more readily interpreted, and weak target echoes are not cov-
ered up by strong hyperbolic echoes from nearby targets.

Other project participants are S. Rao, 0. Sit, S. Xie, and W.
Xin.

This reasearch was suported by National Science Foundation
grant DPP 83-00340.

Ice-core records and
ozone depletion—Potential
for a proxy ozone record
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Time-series of the ionic composition in polar ice cores can
provide detailed direct and proxy records of seasonal to mu -
lenial scale fluctuations in climate, atmospheric chemistry, and
volcanic activity. Even though problems of species-source links
and air/snow fractionation have not all been entirely resolved,
the fact remains that ice cores currently hold the best hope of
retrieving detailed paleoatmospheric records. While direct links
between the chemistry in ice cores and the ozone depletion
phenomenon cannot be guaranteed, ice-core records provide
the only means by which signals related to the ozone cycle
can be produced for pre-measurement periods or for unmon-

itored sites. We propose that measurements of nitrate and/or
chloride in polar snow/ice samples may provide proxy records
of ozone depletion because of the role these species play in
the ozone cycle (e.g., see summary review by Schoeberl and
Krueger 1986). Heterogeneous chemical reactions in the ant-
arctic atmosphere involving catalyzing agents such as chlorine
monoxide, bromine monoxide, and/or nitrogen oxides are known
to be effective in reducing ozone concentrations through their
effect on the general reaction: oxygen plus ozone forms 202
(e.g., McElroy et al. 1986a). Removal of nitrogen oxides by
condensation from polar stratospheric clouds (e.g., Toon et al.
1986; McElroy et al. 1986b; Crutzen and Arnold 1986) triggered
particularly by cooling in the stratosphere helps set the stage
for more efficient removal of ozone by reactions with chlorine
monoxide and bromine monoxide (e.g., McElroy et al. 1986a).
These reactions may result in increased concentrations of ni-
trate and chloride in polar snow/ice cores.

An ozone proxy pilot study. In 1984, we conducted a detailed
glaciochemical program that included collecting a 201-meter
core, collecting snowpit-samples, and taking surface-snow
samples at a site 500 kilometers from the South Pole, in the
Dominion Range (85°15'S 166°10'E, mean elevation, 2,700 me-
ters above sea level). (See figure 1.) This site lies along the
contact between the Transantarctic Mountains and the east
antarctic ice sheet and provides an excellent site for monitoring
the interaction of coastal and inland air masses. This site is
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