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SEISMIC PROSPECTING OF THE ANTARCTIC ICEBERG
AND FAST ICE NEAR THE SYOWA BASE

Sadanori MURAUCHI*, Tetsuo TATEISHI** and Tosimatu MATUMOTO***

Abstract
An iceberg and fast ice were studied by the
seismic method during the period from Feb. 8
to Feb. 11, 1957 in the neighbourhood of
Syowa Base, the Japanese Antarctic base for
IGY, the locality of which is 69°00'S in latitude
and 39°36'E in longitude.

of the preliminary studies for seismic investi-

This work was one

gation of the Antarctic continental ice sheet,
which is scheduled to be carried out in the
coming 1957/8 expedition.

Equipment Seismic equipment used was
ETL M-3 24 trace seismic reflection apparatus,
the frequency of the geophones being 20 cps.
For seismic work, we prepared TNT explosives
in 100g, 200 g, 300 g, 500 g and 1000 g sticks and
three kinds of ice-drills, (one a hand auger and
the other two ice-drills with 3P and 4.5
gasoline engine respectively).

For the purpose of the traverse seismic work
in the 1957/8 expedition, two sledges with a
cabin were prepared, in which we were able
to continue seismic work even in blizzards.
The sledge with a cabin was made of plastic
and its cabin was 4 m long, 1.5 m wide.

Seismic prospecting of an iceberg There
were many icebergs trapped in fast ice near our

base but almost all icebergs were surrounded

by cliffs and therefore we could not mount
seismic equipment on them. The iceberg which
we could survey was situated at a distance of
17km from the west coast of West Ongul Island,
and had two gentle slopes along the principal
wind direction, one on the windward and the
other on the lee. These slopes were formed by
snow drift. The dimensions of the iceberg
were about 300 m X150 m and 15 m high above
the surface of the fast ice.

12 geophones were placed at intervals of 20 m
along a straight line on the iceberg and four
shot holes were bored on the same line. The
charges were sticks of TNT weighing from
300 g to 2200 g, placed in 76 mm diameter holes
in the ice four meters deep with ice tamped
over them.

Travel time curve Several travel time
curves such as shown in Fig. 3 were obtained.
Main phases and some descriptions are shown
as follows.

Interpretation of travel time curves

(1) Viis the velocity of the P-wave travel-
ling in the shallow layer of the iceberg.

(2) Vazis the velocity of the P-wave travel-
ling in the iceberg. We can calculate the
thickness of the upper layer, Vi-layer, as

follows;
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Table 1.
Phases Velocity 1 Description
Vv, 2800 m/s ‘ Intercept time is about zero and this curve crosses Vs—curve at
! 4=60-90 m.
Ve 3600 m/s The most obvious phase in the first arrivals.
Vs 2600 m/s It is detected between V; and V4 phases, is composed of several
waves and develops at far distance in comparison with the other phases.
Vi 1550 m/s The most obvious phase having two or three waves periods 0.015-
0.018 sec.
R It can be slightly detected by the geophones placed near the shot
hole and can’t be detected at a distance of more than 100 m, because
it it disturbed by V2 and V. —phases.

Thickness of V-layer
60 m 10.6 m
90 m 15.9m

(3) If we assume that the velocity of the

Critical distance

P-wave travelling in the shallow layer increases
gradually from 2800 m/s and approaches 3600
m/s asymptotically, we can get the velocity
distribution as shown in Fig. 4.

As it is considered that the iceberg was
separated from the continental ice sheet, the
velocity distribution curve of this iceberg is
compared with that of the continental ice sheet,
as shown in Fig. 4. It is found that there is
not such a low velocity layer as seen in the
continental ice sheet in Greenland and Terre
Adélie. This difference between the icebérg
and the continental ice sheet must be worthwhile
to be noted.

(4) It was not ascertained whether Vi—

wave is S-wave corresponding to Vz—wave or.

not.

(5) Vswave This is considered to be
Rayleigh wave.

(6) R-wave This is considered to be a

reflection wave from the sea bottom. If we

calculate several travel time curves correspond-

ing to some reasonable model structures of the
iceberg’s ithickness and sea depth, that most
suitable figure will be that the iceberg was
about 100 m thick and the distance between
the bottom of the iceberg and sea bottom was

about 20 m. In this calculation, we assumed

that the velocity of the longitudinal wave
travelling in the iceberg and sea water was
3600 m/s and 1440 m/s, respectively.

Seismic work on the fast ice The line of
survey on the fast ice was set in such a way
as shown in Fig. 2 since the thickness of the
fast ice was 240 cm, and the explosives, 100~
1000 g TNT sticks were used in the sea water
at depths of 1-12 m. During the period of
this study, the heighest and lowest temperatures
were+0.6°C. and —9.0°C., respectively.

Travel time curve and its interpretation
As the first arrivals, we can find two clear
phases having a velocity of 2150 m/s and 4300
m/s respectively. And there was a later phase
having a velocity of 1440 m/s. Many reflected
waves were cbserved but it was rather difficult
to analyse them, because they were disturbed
by multi-reflections and bubble-effect. The
velocity of the P-wave travelling in the fast
ice is 2150 m/s and its velocity travelling in
the sea bottom layer is 4300 m/s.

The longitudinal velocity travelling in the
fast ice is generally from 2400 to 2910 m/s in
the Arctic Ocean. Here in the Antarctic, the
longitudinal velocity is 2150 m/s, which value
is considerably slower than the Arctic ones.
However, J. Oliver and others® reported that
2150 m/s, in

According to

they obtained the same value,
Arctic pack ice in the summer.
their opinion, this slow velocity is attributed

to the condition of the ice in the summer



42 RALH - STEE R - AT (258) [FEMER K

when it seems likely that melt water permeates From the reflection wave we could estimate
a considerable fraction of the total thickness. . that the sea depth was about 110 m, or so.
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Fig. 1. Cabooses for seismic work, on the fast ice
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Fig. 2. AA shows seismometer spread on the pack ice.

P shows the position of the surveyed iceberg.
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Fig. 3. Travel-time curves for the iceberg.
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Fig. S. Trayel-time curves for the fast ice and geophysically estimated profile.
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