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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.
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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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late arrival of the supporting Twin Otter airplane and
operational difficulties after it arrived. The station work
continued on an opportunity basis to the end of the season.

These measurements were made near C-16: (1) Surface
topography and ice thickness were surveyed on a network 5
by 2 kilometers with 1/2-kilometer spacing, revealing ice
thickness waves about 25 meters in amplitude and a little
more than a kilometer in length that were seemingly no
more than half compensated by corresponding surface
topography changes. An additional 11-kilometer line with
accurate leveling, emplacement of strain stakes, and radar
thickness measurements was established normal to the
"waves" in cooperation with the University of Maine.
Analysis should yield information about stress in, and flex-
ural strength of, the ice shelf. (2) Seismic short refraction
profiles, including P, SV, and SH waves, were completed
along three azimuths at 60-degree angles. (3) A seismic
wide-angle reflection profile was completed out to a distance
of 2.5 kilometers. (4) A 400-kilogram seismic long refraction
shot was recorded at distances of 23 and 26 kilometers. (5)
Two electrical resistivity profiles at right angles to each
other were completed. Results show a much less rapid
decrease in resistivity with distance than would be expected
on a resistivity-versus-depth model similar to that at J-9, yet
no increase as at Roosevelt Island base camp. (6) Radar

wide-angle reflection profiles were carried out along the
same two lines as the electrical resistivity profiles. (7) A
radar polarization study similar to that at J-9 was made.
There is little evidence for any depolarization at C-16. (8)
Seismic reflection (water depth) and gravity profiling were
done to a distance of 10 kilometers north, south, east, and
west from the station. A fifth gravity line was completed
along a diagonal direction to improve the coverage over a
remarkable, nearly circular, regional negative anomaly with
an amplitude close to 40 milligals.

At Roosevelt Island base camp in early December two
electrical resistivity profiles were completed out to 1200
meters with careful leakage control, confirming the ex-
istence of a basal resistive layer in the ice shelf, as previously
reported (Bentley, 1976 a,b). Preliminary indications from
another resistivity profile, 140 kilometers upstream along
the axis of the ice stream, are that a similar basal resistive
layer is found there. A wide-angle radar reflection profile
was completed at a station, probably on grounded ice, just
upstream from the Steershead Crevasses.

In mid-December the party moved to station Q-13 and
did a station program there similar to the one at C-16, ex-
cept that more extensive radar profiling for bottom crevasse
patterns and for delineation of internal layering within the
ice took the place of extensive surface topography and gravi-

Location map for RIGGS.
Heavy dots and lines:
1976-1977 stations and
radar flight lines. Light
dots and lines: 1973-1975
stations and flight lines.
Open circles: previous sta-
tions (Crary et al., 1962).
Large black labeled
circles: base stations

referred to in text.
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ty mapping. Work completed included (1) two wide-angle
profiles using the 35-megahertz radar and one with the 150-
megahertz radar, (2) one electrical resistivity profile, (3) 50
kilometers of radar profiling (on the surface), (4) 30
kilometers of gravity profiling, (5) 2 kilometers of seismic
profiling along radar wide-angle lines, (6) two seismic short
refraction profiles, including all three components of mo-
tion, (7) radar polarization experiments, (8) a seismic wide-
angle profile, and (9) one seismic long refraction shot
recorded at 23 and 25 kilometers.

In December, for reasons including absence of aircraft,
bad weather, and problems with navigational systems, the
airlifted survey of new sites went slowly. In early January the
work was delayed further by a crew change for one Twin Ot-
ter and an extended absence of the other on an emergency
mission to the Antarctic Peninsula. However, by mid-
January the survey program had taken a dramatic turn for
the better. At the end of the season 80 stations had been oc-
cupied (figure), most of them with all geophysical and
glaciological measurements: radar sounding of ice
thickness, seismic sounding of water depth, gravity,
establishment of a strain rosette, position determination by
navigational satellite, and near-surface snow sampling.
Only three desired sites outside of the 190-kilometer
operating radius from McMurdo were not occupied. (Those
three stations are in an interesting area in the north central
part of the ice shelf and will be occupied, if possible, during
the next field season.) Three stations were occupied for 1 or
2 days each, during which electrical resistivity measure-
ments, gravity observations, seismic short refraction
shooting, radar profiling, wide-angle reflection, and
polarization studies were done.

Airborne radio echo sounding was completed along 4,500
kilometers of flight lines (figure). Partly because of cloudy
weather, and partly because of summer snowfall, sighting of
survey sites from the air was less successful than in past
seasons. However, the inertial navigation system in the Twin
Otter was in good operating condition and ice thickness
variations are less complicated than in the eastern portion of
the shelf, so correlation problems are not anticipated.

Members of the field parties were D.G. Albert, C.R.
Bentley, L.L. Greischar, K.C. Jezek, J.F. Kirchner, H.
Pollak, and S. Shabtaie. Extensive assistance with the work
at J-9 by Heinz Kohnen is gratefully acknowledged. Work
was supported on National Science Foundation grant DPP
72-05802. This is University of Wisconsin, Geophysical and
Polar Research Center, Contribution 343.
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the Ross Ice Shelf

ROBERT H. THOMAS and DOUGLAS R. MAcAYEAL

Institute for Quaternary Studies
University of Maine at Orono

Orono, Maine 04473

Strain-rate measurements on the surface of the Ross Ice
Shelf were continued during the 1976-1977 austral summer.
The work forms part of the Ross Ice Shelf Geophysical and
Glaciological Survey (RIGGs), which involves measurement
of ice thickness, depth to sea bed, snow accumulation rates,
local gravity, and surface strain rates at a 50-kilometer grid
network of stations on the Ross Ice Shelf. At some of the sta-
tions, ice velocities are obtained from comparison of precise
position fixes, and holes are drilled for 10-meter
temperatures and for oxygen-isotope analysis of surface
snow samples. Surface strain rates are obtained from Kehie-
type strain rosettes (Zumberge et al., 1960) with 1 to 1.5
kilometer "legs."

RIGGS was started in 1973-1974 when 47 strain rosettes
were planted in the southeast corner of the ice shelf (Thomas
and Gaylord, 1974). Most of these were located and
remeasured during the 1974-1975 season, when 34 new
rosettes were planted in the northeast quadrant of the ice
shelf (Thomas and Eilers, 1975). Logistic problems led to
the cancellation of the 1975-1976 field program, so our
plans for this last season included remeasurement of
already-planted rosettes and installation of approximately
100 new rosettes to complete the survey in the western half of
the ice shelf. Most of this work was accomplished.

The 1976-1977 field party consisted of E. Penn of the
University of Nebraska at Lincoln, D. Schilling of the
University of Wisconsin Center, and T. Hughes, J . Lingham
and ourselves, all of the University of Maine at Orono. J.
Sorenson and D. Hall of the U.S. Geological Survey
operated satellite-tracking equipment to obtain precise posi-
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