
(5) Three flights over the Ford Ranges and the
Saunders Coast area will aid in geological and tec-
tonic studies in that area by the Texas Technological
University group under Dr. F. A. Wade who, to-
gether with J . Wilbanks and L. Osborn, worked as
part of the radio-echo team until January 10.
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The Scott Polar Research Institute /National Sci-
nce Foundation program of long-range flights for

radio-echo sounding of the ice cover of the Antarctic
Continent continued during the 1969-1970 season.
Equipment was mounted for the first time in a C-
130F Hercules aircraft of U.S. Navy Antarctic De-
velopment Squadron Six (VXE-6) in place of the
C-121J Super Constellation used in December 1967.
Use of the ski-equipped C-130 made it possible to re-
fuel at Byrd, South Pole, and Halley Bay Stations,
thus extending the range of the work. The C-130
was equipped with trimetrogon cameras, and use
of these at high altitudes (above 20,000 feet) whilst
obtaining simultaneous radio-echo soundings of ice
depth proved to be of considerable advantage in
studying ice shelves and neighboring ice rises, but
the loss in performance of the radio-echo equipment
with altitude prevented effective sounding from such
high altitudes over the inland ice. Most sounding
work over the inland ice was done at an altitude of
3000 feet (1000 m) above the surface, so that both
surface and bottom echoes could be recorded on the
film. A limited amount of flying was carried out over
crevassed areas at 1000 feet (300 m) above the sur-
face, in order to reduce the duration of surface-echo
returns and thus increase the chance of recording
bottom echoes.

Useful results were obtained in the following
fields:

(1) The ice flow from western Marie Byrd Land
into the Ross Ice Shelf, described in more detail later,

as delineated.
(2) The sub-ice morphology between the Trans-

antarctic Mountains and the South Pole was deter-
nined in some detail. It suggests that major processes
f glacial erosion occurred before the ice sheet

reached its present height.
(3) An improved understanding was obtained of

rounded areas within ice shelves, particularly the
Filchner Ice Shelf.

(4) Detailed flying over the Brunt Ice Shelf in
conjunction with strain and level measurements on
the surface has made it possible for glaciologists of
the British Antarctic Survey to assess bottom melting
and the general behavior of the ice shelf.

The pattern that emerged from some 25 flights
over the region during the 1969-1970 season is shown
by the sketch map in Fig. 1, together with photo-
graphic reproductions of records in Figs. 2 and 3.
The main discharge of ice takes place through
five main ice streams, indicated on the sketch map
as A B C D E. Stream A is largely a continua-
tion of Reedy Glacier, discharging ice from the in-
land plateau. Stream E is bounded on the north by
the ice of Rockefeller Plateau. In between the
streams are domes or ridges of slowly moving ice,
which may be considered as ice rises which gradually
merge into the inland ice sheet of Marie Byrd Land.

The record in Fig. 2 was obtained with the aircraft
flying at a steady pressure altitude of 22,000 feet on
the ICAO scale along the route PQ on the sketch

Figure 1. Sketch map of western Marie Byrd Land showing the
main ice streams (A to E) discharging into the Ross Ice Shelf
and the approximate 200-rn and 500-rn contours. Lines PQ and
RS indicate the positions of profiles shown in Figs. 2 and 3,

respectively.
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Figure 2. Photographic recording of the radio-echo arofile along line PQ of Fig. 1 showing the surface and bottom of the ice. Letters A to E s
radio waves in ice and air. The surface profile is correctly reco

map. Similar conditions applied for route RS in Fig.
3. Since the faster-moving ice streams are crevassed
and the aircraft is at high altitude, the surface echoes
from ice streams are of long duration and spread
across most of the film width. Fig. 2 presents the
profile PQ shown in Fig. 1, which runs approxi-
mately north to south. The crevassed ice streams,
which are marked above the profile, show up clearly
by the nature of the surface echoes and by the nearly
horizontal cross profiles. The ice rises between the ice
streams show up by their steeper surface slopes and
domed form, and by the absence of crevassing. Fig. 3
shows the longitudinal profile of ice stream E. This
ice stream decreases in thickness from about 1000 m
at Point R to around 750 m at the ice shelf. Note
that the mean surface gradient on the ice stream is
around 1:500, implying a mean basal shear stress of
not more than 0.2 bar, compared to a more common
figure of around 1.0 bar typical of the ice rises in
Fig. 1.

A profile obtained in 1967 along ice stream C
(Robin, Swithinbank, and Smith, 1970) suggested
that sub-glacial water was trapped beneath the ice.
This observation was deduced from the surface pro-
files indicating some grounding of ice, with nearly
horizontal stretches of pseudo ice shelves inland of

the grounding. The pseudo ice shelves would be bet-
ter described as part of ice stream C, which was not
visibly crevassed, although surface echoes typical of
crevassing were present as seen in Fig. 2. The sug-
gestion that sub-glacial water may be the cause of
these low surface gradients remains an attractive
hypothesis.

The only direct measurement of velocity which
has been attempted on these ice streams was
ported by Thiel and Ostenso (1961), who studied the
contact zone between the ice shelf and grounded ice
in longitude 151'W. on the north side of the point
where ice stream E has just merged into the ice
shelf. A relative velocity change of 17.0 rn/year be -
tween  the inland ice and a point 2 km out on the
ice shelf indicates a minimum possible velocity of
movement. Steady-state calculations, assuming that
the ice of much of Marie Byrd Land discharg s
through these streams, suggests mean velocities
around 100-300 rn/year. The visible surface cr -
vassing is most marked on ice stream B, which s
comparable in appearance to the valley glaciers mov-
ing into the Ross Ice Shelf at some hundreds of
meters per year (Swithinbank, 1963). Ice stream C,
by contrast, shows little visible crevassing, so it is pre-
sumably moving more slowly.
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With the Japanese Antarctic
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Antarctica, 1969-1970
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Japanese interest in Antarctica began perhaps
with the notable expedition of Lieutenant Nobu
(Choku) Shirase in the auxiliary schooner Kainan-
maru to the Bay of Whales in 1911_1912. 1 Several
pioneering land reconnaissances and oceanographic
surveys of the nearby Ross Sea were made. Since 1934,
Japan has engaged extensively in whaling activities,
particularly in the waters fringing East Antarctica.2
These activities kept alive and encouraged Japanese
interest in Antarctica until plans for the International
Geophysical Year (1957-1958) spurred Japanese sci-
entists to active participation in research.' These
plans culminated in 1955 with the establishment of
an Antarctic Committee in the Science Council of
Japan and an Antarctic Program in the Ministry
of Education. 4 The latter was responsible for prepar-
ing the plans and actively undertaking the first
Japanese Antarctic Research Expedition (J.A.R.E.) .
The Japanese Maritime Safety Board provided the
transportation—a reconstructed 4,200-ton ice-
strengthened patrol ship named Soya.

J.A.R.E.-1 (1956-1958), under Dr. Takesi Nagata's
leadership, sailed with 53 scientists and logistic sup-
port personnel, 240 tons of supplies, 18 Sakhalin sledge
dogs, and a Cessna 180 light airplane. 6 Also aboard
Soya when she left Japan on November 8, 1956, were

*U.S. Exchange Scientist with the Japanese Antarctic Re-
search Expedition, 1969-1970.

two Bell 47–G helicopters, primarily for ice reconnais-
sance. The expedition carried out a reconnaissance of
the Lützow-Holm Bay area of East Antarctica and
erected Showa Station on the bare rock of the north-
east portion of East Ongul Island at 69°00'22"S.
39°35'24"E. This site is 5 km west across the ice-
covered Ongul Sound from the ice front of the
continental plateau. The station was erected on
schedule, and an 11-man group of scientists under
Dr. Eizaburo Nishibori became the first wintering-
over party. Strategically located as this site is for
various operational and reconnaissance activities and
local scientific research, it also has proven to be one
of the most difficult to reach by ship because of the
severe weather and ice conditions.

Japanese occupation of Showa ceased temporarily
in February 1962 as J.A.R.E.-6 returned home
aboard the Soya after sealing the station and stor-
ing its equipment. During the 1961-1962 season, the
Tokyo University of Fisheries completed an oceano-
graphic cruise in east antarctic waters in its ship
Umitaka-maru, a program that has continued un-
abated to this day. Results of the oceanographic and
marine biological investigations have been published
in the journal of the Tokyo University of Fisheries.

Although Japan had closed her station, she con-
tinued an active interest in antarctic scientific pro-
grams. Japanese scientists specializing in polar re-
search participated with other nations in field work
and continued active cooperation with them in a
variety of programs.

While Showa Station was closed between 1962
and 1965, the Japanese antarctic program underwent
significant changes, particularly with respect to logis-
tics. 7 During this period, the Japanese Government
built a modern icebreaker, Fuji," especially for the
antarctic program. This icebreaker has a normal
displacement of 7,760 tons, a draft of 8.3 m (27 ft),
a length of 100 m (330 ft), and a beam of 22 m (73
ft). It is powered by diesel-electric engines delivering
a maximum of 12,000 hp, has a cruising speed of
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