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Figure 2. Upper curve:
12-month running mean of

2 pack-ice extent around
Antarctica, plotted on ter-

_J minal date. Scale on right.
Middle curve: Average ice
extent for November.
Scale on left. Lower curve:
Ice extent at the end of
November. Scale on left.
Range of uncertainty in
1968 and 1969 is shown by

the vertical bar.

Iceberg thickness profiling using
an impulse radar

AUSTIN KOVACS

U.S. Army Cold Regions
Research and Engineering Laboratory

Hanover, New Hampshire 03755

Development and refinement of radio and radar echo
sounding techniques over the last decade have resulted in in-
struments that provide continuous profiles of subsurface
features and interfaces in snow, ice, and ground that
previously were unobtainable. During the 1976-1977 austral
summer, I used an impulse radar system to obtain con-
tinuous profiles of the relief and lateral extent of the brine
infiltration layer in the McMurdo Ice Shelf and of saline ice
growth on the bottom of the Koettlitz Glacier tongue
(Kovacs and Gow, 1975, 1977).

The impulse radar also was taken to a 100 to 500 meter
tabular iceberg drifting in McMurdo Sound (figure 1) to
determine if the system could be used to measure the
thickness of icebergs. A helicopter from USCGC Northwind
transported us to the iceberg. Besides an antenna, the radar
equipment consisted of an electronic console, a graphic
recorder, a 12-volt car battery, a 12-to-115 volt converter,
and an electronic interface box. This equipment was placed
in a lightweight Fiberglas boat sled (Ahkio). The antenna
rested on the snow surface and was fastened to the back end
of the sled with a 0.5-meter tether. The sled antenna
assemblage was then pulled by a member of the helicopter
crew along the major axis of the iceberg. Care was taken to
keep well back from the ends of the iceberg, which could
have calved because of wave erosion undermining the ice
walls at sea level.

The center frequency of the impulse radar system is in
part a function of the size of the antenna used. In this study,
the antenna fan was approximately 1 meter long, which

resulted in a pulse center frequency of 100 megahertz and
frequencies of 50 and 150 megahertz at the - 3 decibel
points. In theory, the transmit-receive antenna radiates
short pulse electromagnetic energy that penetrates below the
surface and is then reflected from one or more subsurface
features back to the antenna. The two-way travel time of the
pulse is displayed in real time on the graphic recorder in a
manner similar to a single-trace acoustic-profiling system
used for subbottom profiling of marine sediments. The
return times are equated to distance by assuming an effec-
tive dielectric constant of the medium between the surface
and the subsurface reflector.

Figure 2 shows the graphic record of the travel times for
the reflected impulse signal along the 400-meter-long
traverse. This record shows that the firn on the south end of
the iceberg contained a brine layer (Kovacs and Gow, 1977).
The concentration of the brine within much of the layer ef-
fectively blocked transmission of the radar impulse.
However, near its terminus the layer must have been thinner
and contained weaker brine that allowed the antenna-
radiated electromechanical energy to pass through, because
the bottom relief of the iceberg is plainly in evidence. It is
apparent from the record that this iceberg had significant
bottom relief. A third horizon, which extended across the
north half of the iceberg near the bottom, also appears on
the record. The nature of this reflective interface is not
known.

Sy assuming effective dielectric constants of 2.1 for the
firn above the brine layer and 2.8 for the firn and ice be-
tween the top and bottom of the iceberg, the depth to the
brine layer and the thickness of the iceberg can be deter-
mined from:

Ve =
	r

where V = effective velocity
c = velocity of radar signal in air = 3x108 meters

per second
= effective dielectric constant
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D=Ve

and then:
where D = depth

td = travel time from transceiver antenna on surface
to and from subsurface interface (scaled from
graphic record)

The calculated depths of the brine layer at the south and
north ends of the profile were 13.7 and 17.4 meters respec-
tively. The calculated thickness of the iceberg at station 4.5
and stations 5 through 17 ranged from 90.0 to 60.5 meters.

The apparent freeboard, based on the depth of the brine
layer at the south end of the iceberg is about 14 meters. The
average calculated thickness is about 72 meters. This gives a
freeboard-to-thickness ratio of 1 to 5.2, which is higher than
the 1 to 3.6 freeboard-to-thickness analysis of Gow (1968)
for antarctic ice shelves of similar thickness. This difference
implies that the iceberg has a thinner layer of firn and may
be of glacial rather than shelf origin. The highly irregular
bottom relief also suggests a glacial origin. Differential
wasting of the iceberg is of course another explanation for
the high ratio. The iceberg sides were not vertical. At one
site on the northern end they bulged out below sea level
presumably as a result of wave erosion and subsequent col-
lapse of ice from the undermined cliffs. As Kovacs and

Figure 2. Graphic record	South	
25m

of impulse radar profile in .	r	1
formation obtained during	I
traverse along major axis
of iceberg. Time between
each horizontal scan line	 Sea level
is approximately 30 nano	---_

seconds.

October 1977

Mellor (1971) have shown, this calving can influence the
flotation level of small icebergs, that is, increase their
freeboard-to-thickness ratio. Conversely, at the south end of
the iceberg the sides could not be seen extending below sea
level. This would indicate that the keel sloped back under-
neath the iceberg.

This study has shown that thickness profiling of an iceberg
is possible. One might obtain similar results from the air by
mounting the antenna on a helicopter, as did Kovacs (1977)
when using impulse radar to measure the thickness of first-
year and multi-year sea ice in the Arctic.

This study was supported by National Science Foundation
interagency agreement DPP 74-23654. Helicopter and crew
support by USCGC Northwind is gratefully acknowledged.

Figure 1. Iceberg profiled in McMurdo Sound.

North

Brine
Liy.r
/

Transmitter
Kick Back

(Nois.)

Reflection
Source

-

Return from	 -'	 .- Crack Signature
-South End Wall

Bottom

Return from
North End Wall

Stations

141



References

Cow, A.J. 1968. Deep core studies of the accumulation and den-
sification of snow at Byrd Station and Little America V, Antarc-
tica. U.S. Army Cold Regions Research and Engineering
Laboratory. Research Report, 197. Hanover, New Hampshire.

Kovacs, A. 1977. Sea ice thickness profiling and under-ice oil en-
trapment. Offshore Technology Conference, Houston, Texas.
Paper, 2949.

Kovacs, A., and A.J. Gow. 1975. Brine infiltration in the McMurdo
Ice Shelf, McMurdo Sound, Antarctica. Journal of Geophysical
Research, 80: 15.

Kovacs, Austin, and Anthony J. Cow. 1977. Subsurface measure-
ment of the Ross Ice Shelf, McMurdo Sound, Antarctica. A ntarc-
ticJournalof U. S., XII(4): 146-148.

Kovacs, A., and M. Mellor. 1971. Investigations of ice islands in
Babbage Bight. Creare Report, TN-118. Creare Incorporated,
Hanover, New Hampshire.

seasons combined. Only 12 to 15 new sites remain to be
visited.

Three small camps were established for meteorological
and tidal gravity programs. In addition, field camps were
established on Roosevelt Island and at location C-7, where
shallow drilling to a depth of 50 meters was done and ice
cores collected.

RISP management office personnel in the field were P.
Breckenridge, B.L. Hansen, K. Kuivinen, W. Rierden, and
the author. Preliminary results are described in the follow-
ing reports. The work is supported by National Science
Foundation contract DPP 72-02685.

Ross Ice Shelf geophysical
survey, 1976-1977

CHARLES R. BENTLEY and KENNETH C. JEZEK

Ross Ice Shelf Project, 1976-1977

JOHN W. CLOUGH

University of Nebraska-Lincoln
Lincoln, Nebraska 68588

The third season of the Ross Ice Shelf Project (RIsP) was
the busiest to date. After being delayed for 2 years the RISP
drilling was begun this season. The RISP drill camp (J-9) was
occupied from October 19 until December 31. Antarctic
Development Squadron 6 airlifted over 400,000 pounds of
cargo toJ-9 from McMurdo.

Unfortunately, the shelf was not penetrated. When the
wireline drill became stuck and an access hole was not ob-
tained, several science projects were postponed or diverted
to other areas of Antarctica. Those projects are not included
below but are described elsewhere in this issue.

The Ross Ice Shelf Geophysical and Glaciological Survey
(RIGGs) began on 10 November with the reopening of
Roosevelt Island camp for the resurvey of strain networks
placed there during the 1974-1975 field season. A Twin Ot-
ter airplane chartered from the British Antarctic Survey
(BAS) arrived on 21 November to support the resurvey.
Thirty-four strain networks in the Roosevelt Island area
were remeasured. The resurvey was completed on 18
December, and the glaciologists moved to a new camp at
Q. 13. Survey work was conducted from this camp until 24
January, when the BAS Twin Otter left McMurdo for the
Antarctic Peninsula to conduct rescue operations there.

A second new camp, C-16, was occupied from 1
December until 8 February. A Twin Otter airplane,
chartered from Bradley Air Services, Ltd., was used to con-
duct survey work in this area from 17 December to 7
February. Despite poor flying conditions and interrupted
Twin Otter service, 80 new survey sites were visited. This is
equal to the number of stations visited during the first two

Geophysical and Polar Research Center
University of Wisconsin-Madison

Madison, Wisconsin 53706

The Ross Ice Shelf Geophysical and Glaciological Survey,
1976-1977 (RIGGs III) geophysical program continued work
from the 1973-1974 and 1974-1975 seasons (Bentley et al.,
1974; Clough and Robertson, 1975; Bentley, 1976).

The geophysical program started at J-9 drill camp in late
October with radio echo sounding profiles that indicated a
complex pattern of bottom crevasses in the area but con-
firmed the drill hole location previously selected as satisfac-
torily free of bottom crevasses. In November, extensive
geophysics was done at J-9. The main products were (1) ice
thickness profiling of an area 3 by 5 kilometers with a 0.5-
kilometer spacing, (2) two 1-kilometer wide-angle radar
reflection profiles perpendicular to each other, (3) ex-
periments with collinear radar antennas, which show a bet-
ter near-surface resolution than obtained from parallel
antennas, (4) three seismic P-wave refraction lines to a
distance of 2 kilometers with close spacing at short distances
(profiles were along azimuths differing by 60 degrees), (5)
two S-wave short refraction lines at right angles extending to
400 meters, with both SV and SH recorded, (6) excellent
determinations of both ice thickness and water depth
beneath the ice from shots fired in the bottom of the aban-
doned 150-meter core hole, (7) a gravity survey on the
radar-profiling network, (8) two electrical resistivity profiles
to 600 and 700 meters, respectively, at right angles to each
other (good results were obtained; there was no evidence of a
resistive basal layer, in agreement with the previous observa-
tions at RIGGS I base camp almost directly upstream), (9)
ultrasonic wave velocities measured in three directions on ice
core samples (see Kohnen and Bentley, 1977), and (10) a
complete radar polarization experiment, with each antenna
being rotated stepwise in 15-degree increments.

Early in December the University of Wisconsin group split
into two parties, one going to station C-16 and the other to
Roosevelt Island base camp. At C-16, most of the first
month was spent doing geophysics near the camp, owing to
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