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1. Introduction

We seismologists have long been paying keen attention to the
phenomena seen in some floating lake ice. In some lakes, when a few
days after the lake has frozen over it happens that the air temperature
falls considerably, large fractures are formed at midnight in the ice
sheet without any artificial cause, running from one shore to the other
across the lake, and split the ice sheet into two or three parts. Ac-
cording to the inhabitants of the district, the formation of the fractures
is often accompanied by such a severe shock that it awakens the sleep-
ing people in areas around the lake. This phenomenon is of special
interest to seismologists because of the elastic waves generated at the
moment of formation of the fractures in the ice.

The opening thus made in the ice-sheet is soon filled up with new
ice, but the new ice does not grow as thick as the older ice immedi-
ately, and the crack remains as a week line in the ice-sheet. Usually
the weather is very fine on the day following such a cold night, so that
the whole surface of the lake-ice is heated by the radiation from the
sun, causing the expansion of the ice-sheet. As a result, the margins
of the two ice-sheets bounded by the weak line are pushed up, and a
peculiar ridge of ice is formed along the weak line. The ridge thus
produced has been called “Omiwatari” (the sacred crossing) by the
inabitants of the Suwa district from ancient times. Local tradition has
it that the ridge of ice marks the path along which the God of the
Suwa Shrine walked from the Upper Shrine where he lives to the
Lower Shrine across the lake in which the Goddess lives. Lake Suwa
is famous for this phenomenon of “Omiwatari.” This phenomenon has
attracted the lakeside people’s attention since long ago, and the dates
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of the freezing over of the lake and the formation of “ Omiwatari”
have been recorded almost every year for about 500 years beginning in
1897. The record has been investigated by Fujiwara™® and Arakawa in
recent years as a very valuable material in the field of climatology.

The formation of a crack in the ice-sheet causes vibration of the
ice-sheet. The significance of this vibration to us consists in that it is
not generated by any artificial force but by a natural force. No doubt,
vibrations are also to be generated by causing artificial explosions in
the ice, but it is difficult to determine what similarity there is between
the vibration caused by artificial method and that of earthquakes in
their mode of occurrence. On the other hand, it may be safely assumed
that vibrations caused by the formation of cracks in the ice-sheet closely
resemble those of natural earthquakes in many respects.

By the contraction or expansion of the ice-sheet due to the variation
of the air temperature, stress is accumulated in the ice-sheet until the
strain overcomes the breaking strength of the material. When at last
rupture is caused, the accumulated strain energy is converted into elastic
waves.

Many theoretical and seismometrical studies on the mechanism of
the occurrence of earthquakes have been carried out by good authori-
ties*~”, mainly on the basis of data obtained at seismological stations.
However, the rapid progress of theoretical seismology makes it necessary
to employ a much closer observation net in order to improve the seismo-
metrical study on the mechanism of earthquake occurrence. However,
chief difficulty in this direction consists in financial restrictions. Such
being the case, it has been found necessary to introduce experimental
methods to the study of seismology, and recent years seismic model
experiments have been carried out by many investigators®® to study the
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generation and propagation of elastic waves. It is also along this line
that our studies on the lake ice were planned and carried out, in the
hope that the mode of occurrence of such tremors generated in the
floating ice-sheet may serve as a model for that of the natural earthquake.

Our studies on the floating ice of Lake Suwa were begun in the
winter of 1949/50. To record the vibration generated by such a great
shock caused by the formation of Omiwatari, the great crack, would
be easy enough in itself, for the vibration has a very large amplitude.
But, from the standpoint of carring out observations, there arises the
very difficult problem of how to catch without fail the rare phenomenon
which occurs usually only one time in one winter. In order to preclude
the possibility of missing the great chance that will not come around
until next winter, it is necessary to record smaller tremors that occur
much more frequently all through the winter in the ice-sheet. These
tremors, however, are so small in their amplitudes, that they require
much more sensitive seismometers than those used for the major tremors.

In the first year of our study we
had great difficulties in the observation
of ice tremors, as we had no knowledge
beforhand of their amplitude range, of
the frequeney of the generation, or of
the location of their occurrence. First
of all, we had to know what sort of
tremors were being generated in the
floating ice. The first and second winters
were spent on the preliminary experiment
for the study of these subjects. In the
third year detectors were installed in i .

Vo .. . B ig. 1. Location of detectors on
such disposition as shown in Fig. 1 and the ice-sheet in the winter of 1951/2.
with these eleven detectors the observa-
tion of the tremors was carried out. By analysing the records obtained
from the observations we learned that, although we were able to catch
a large number of tremors, it was extremely difficult to locate the foci
of the tremors that occurred in the area covered by our observation
net. It was found that a great many of the tremors traced in our
record were generated at points very near the lake shore, presumably
by minor fractures in the ice-sheet near the shore line of the lake.
Therefore in the next winter of 1953, our observation net was set up
far into the lake, at a distance of some 500 meters from thes shore, and
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in this same winter we used, in addition to the seismograph equipment,
such other instruments as extensometers, thermocouples, ete.

2. Instruments used

Prior to the description of the phenomenon taking place in the
ice-sheet, a brief sketch of the instruments used in the observation of
ice tremors will be given.

a). Equipments for the recording of the ice tremors.

In recording the ice tremors two systems of recording assemblies
were used. Both systems were alike in that the detectors were placed
on the ice-sheet, and that the recording equipments were installed in
the Suwa Branch Station of CMO standing on the lake shore. They
differed, however, in that one system had a very long recording time,
longer than twelve hours, while the other had a very short recording
time with a high paper speed, about 40 mm/sec. Also the latter was so
constructed as to record the oscillation curves of the vibration of a single
tremor caught by many detectors simultaneously side by side on a sheet
of bromide paper.

i) Long recording system. This long recording time system con-
sists, fundamentally, of detector—preamplifier—direct current amplifier
—galvanometer of pen-writting type—and recording drum wrapped with
smoked paper. The specifications of each unit are as follows—

Detector: A moving coil type electro-magnetic detector was employed
in order to convert the mechanical energy due to the vibration of the
ice into the electric one. The natural period of the detector was adjusted
at 10 cps, and the sensitivity at this eycle was about 0.1 volt/kine.

Preamplifier and direct current amplifier: The overall frequency
response of the tube amplifying units was about 90 db in the range
from 1 to 50 cps. The details of the frequency characteristics of the
preamplifier and the D.C. amplifier will be described elsewhere.

Pen-writing galvanometer: In order to have a visual recording, a
pen-writing galvanometer recording tremors not on photographic paper
but on smoked paper was used. This enabled us to record continuonsly
for more than 12 hours with a paper speed of 4 mm/sec. In carrying
out the observation, overall gains of the amplifying units were adjusted
at such a sensitivity as the input of 1004V at the preamplifier produces
a deflection of 1 mm at the end of the index of the galvanometer. Time
markings were put on the record at every six seconds.
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ii) Multi-channel recording system. This system consists, funda-
mentally, of—12 detectors—12 amplifiers—12 channel oscillograph—and
a recording camera. In the operation of this system each of the 12
detectors was connected by a cable to the recording equipment which
contained 12 low frequency amplifiers, one for each detector, and an
oscillograph to record the ice tremors on a sheet of photographic paper.
This multi-channel recording of the output from the twelve detectors
was aided by the time-makings of light line across the paper placed at
intervals of 10 milliseconds, making possible the picking up of the time
of onset of energy to the nearest millisecond. The photographic record-
ing paper was made to run through the oscillograph camera with the
speed of 40 mm/sec and a role of bromide paper 25 meters long was
consumed in 11 minutes.

b). Extensometer

Extensometers were used for the purpose of measuring the contrac-
tion and expansion of the ice-sheet. The construction of this instrument
is as follows: One end of a bar about one meter long made of fused
silica is fixed to a wooden plate frozen to the ice-sheet, and the other
end is placed on a roller supported on a frame also fixed on the ice.
The rotation of the roller is magnified by a bow—and—string mechanism
and recorded automatically on a paper wrapped around a drum. In this
manner the relative movement of the silica bar and the ice was recorded,
magnified to 10* times the actual amount. In the winter of 1952/3,
extensometers were set in two different directions, making an angle =/2
to each other.

¢). Temperature measurement

In the study of the phenomena in the ice-sheet, needless to say,
temperature measurement is indispensable. Strictly speaking, it is de-
sirable that the air temperature should be measured on the lake ice,
but as the Suwa Branch Station of CMO, standing so near the lake
shore, was kind enough to place its record of temperature measurement
at our disposal, we used the temperatures measured at the station, to
whose courtesy our heartfelt thanks are due. In order to know the
temperature within the ice-sheet we used in the first year an under-
ground thermometer and in the second year a thermometer of a thermo-
junction type.

3. Generation of the ice tremors

In order to show the general manner of the occurrence of the ice
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tremors, an example of the record obtained with the smoked paper
seismograph is given in Fig. 2 (Plate). As is seen in the figure, some-
times many tremors take place one after another in a day, while on
other days they occur only very rarely. We see from the figure that the
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Fig. 3. Diagrams of frequency of ice tremors, contruction and expansion of
ice-sheet, and the temperature in the ice and of the air.

tremors resemble more an earthquake in type than a microseism in that
they can be counted one by one. From our observation it became clear
that these tremors were taking place all day long, but since in the day-
time there were too many man-made disturbances caused by skaters,
anglers, etc., we gave up taking record of ice tremors until night, when,
according to the custom of the district, and in view of the obvious
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danger, no one went out on the ice to affect our records. Our obser-
vation was therefore restricted to the time between nightfall and the
dawn. Vicissitude of tremors observed in the winter of 1953 is shown
in Fig. 8. The observation was kept from Jan. 13 to Feb. 1, and the
number of tremors was counted every hour, which rose to more than
one hundred in the most active period, but sank very low in some cases
and there were whole nights when no tremor took place at all. In the
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Fig. 4. An enlargement of part of the curves in Fig. 3, on
Jan. 27 and 28. A is the air temperature, B is the temperature
in the ice-sheet, C and D are records of extensometers and E is
the frequency of ice tremors.

figure, curve A represents the air temperature, curve B the temperature
in the ice-sheet, curves C and D the records of the extensometers, and
curve E the frequency of the tremors in the ice-sheet. In Fig. 3,
these results have been put together. A glance at this figure makes it
clear that on days when diurnal variation of the air temperature was
small tremors were inactive in there occurrence, while on days when
the temperature variation was eonspicuous, a large number of ice tremors
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were generated. However, on looking over more carefully, we find
that the relation of the two is not always so close. In order to study
the relation between the two, we have to examine every part of Fig.
3 in greater detail. For this purpose we have reproduced in Fig. 4 a
part of the former figure covering the period from Jan. 27 to 28, as
in this period all cases are represented. In this figure we notice that
although the air temperature begins to fall at about 15 o’clock, the
temperature of the ice-sheet remains at the freezing point for some
time, and only begins to fall, at about 20 o’clock, and that as soon as
this fall begins the tremors also begin to occur more frequently. The
- curves of the extensometers show that there is no change in the length
of the ice-sheet soon after the air temperature begins to fall below the
freezing point, but two hours later since the air temperature becomes
below the freezing point the extensometers begin to contract, and soon
after the ice-sheet begins to contract the ice tremors also begin to
occur. In the case of Fig. 4 (curves C and D), a small crack seems to
have run under the silica bar in the course of its contraction and a
sudden stepwise extension was recorded in one of the curves of the
extensometer at a point denoted as f,, and a sudden contraction in the
other curve at f,. Though this small crack is supposed to have been
filled up with new ice soon, the curves of the extensometers look some-
what complicated after that points. Calculated contraction based on the
temperature in the ice-sheet is shown by a broken line denoted as C’.
As is seen from Fig. 4, there exists a close relation among the
generation of ice tremors, the temperatures of the air and the ice, and
the contraction and expansion of the ice-sheet. The air temperature
begins to fall rapidly after 16 o’clock and passes the freezing point,
but on the surface of the ice-sheet there is still water remaining un-
frozen in consequence of the warm temperature in the daytime, while
the ice-sheet itself stays at 0°C. As the air temperature goes down
lower and lower, this surface water on the ice finally begins to freeze.
As soon as the surface water is converted into ice the surface temper-
ature of the ice-sheet begins to fall below zero degree. It is just at
this moment that ice tremors begin to take place. To sum up, as soon
as the surface water is frozen, the surface of the ice-sheet comes into
direct contact with the cold air, so that the ice-sheet is cooled and be-
gins to contract, but because of the poor conductivity of heat of the
ice, the lower part of the ice-sheet remains at 0°C for a little while,
and the stress is accumulated in the ice and finally causes the formation
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of small crack. It should also be noticed in this figure that at about
half past 23 o’clock, the approach of warm air mass caused the temper-
ature to rise by about five degrees, and as if to correspond to this rise,
the occurrence of tremors became inactive, until at last at one o’clock
there were no tremors at all. '

4. The frequency of the amplitude of the tremors

There is a well-known relation existing between the maximum
amplitude of natural earthquakes and its frequency. The relation is:—

N(a)a™ =k, oot

where « is the observed maximum
amplitude of an earthquake and N(a)
the number of earthquakes whose i
maximum amplitudes range from a
to a+da, and m and k are mumeri- 100
cal constants.

The values of the constant m
with respect to some earthquakes
are given

500+

7 T

m=1.924+0.04 Micro earthquakes
of Fukui after- sk
shocks'®

m=1.8+0.16 Micro earthquakes
of Imaichi after- .
shocks™ SRRy~ P

m=1.8+0.16 Aftershocks of the Fig. 5. Frequency distribution of maxi-
Tottori Earthqu- mum amplitude of the ice tremors. The
ake™, data of the curve A are obtained from the

detector installed at D; in Fig. 9, and of
curve B from Ds.

The frequency diagram of the
amplitude of ice tremors is shown
in Fig. 5. From this figure the value of m can be calculated as

m=1.84+0.2
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This agrees well with the value of m obtained with respect to
natural earthquakes.

5. Velocity of the elastic waves in the ice-sheet

As to the velocity of elastic waves that propagate in the ice-sheet
many authorities?™*® have made many reports. We also made some study
on the point, which will be roughly sketched below. A shock due to a
small quantity of explosive caused to burst in ice was picked up by
eleven  detectors arranged
along a straight line at inter- 10%SEC
vals of fifty meters. The time
distance curve deduced from
the record of these detectors °
is given in Fig. 6. The first
phase to arrive of the waves
at had a velocity V,=38200 m/s,
the second phase a velocity 10 o
V,=1820 m/s, the third phase
a velocity V;=1460 m/s, and
the fourth phase a velocity V,
=330 m/s. It appears probable 4
that the wave with the velo- oEF— L 1 L L
city of 3200 m/s was due to 100 200 300 400 500 M,
the P wave, while the ratio Fig. 6. Travel time curves for various event
of the two velocities V; and (::;Sr;e dth:n Sszo?::on from the small charges
V, is V,/V,=1.78. Had the
second wave been an S wave (phases due to the shear waves), this ratio
would have been about 2 in the ice-sheet, so that this velocity due to
the second phase can hardly be accepted as that of S waves. The third
phase apparently is due to the waves that passed through the water

20
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beneath the ice-sheet. These three phases were followed up by still
another wave with a definitly long period, of which the velocity was
calculated as 330 m/s. These velocities here obtained, however, were by
no means constant in all cases. For example, in Fig. 7 the values of
P waves observed at the same place every two hours are contrasted to
the air temperature at which the observation of velocity was made.
As is seen from the result, the velocity differs in the range from 2900
m/s to 3230 m/s. The velocity obtained from a single shot may be ac-
cepted as fairly accurate as the probable errors were small as shown in
Fig. 7. This may indicate that the elastic constant of the ice-sheet
itself has changed. In it will be noticed that the velocity increases as
time goes on, in the same way as it increases as the temperature goes
down. In the daytime, when the air temperature is 5°C and the ice
is soft, waves with a velocity of 2900 m/s propagate in the ice, while
as it becomes cold at night and the temperature is —10°C or so, the
velocity is 3230 m/s.

M/Sec

3300
l M/SZC

500}

130

bo:
3000 }{ r

! "o L i s
-10 -5 o ¢C 0y 5 10 20 40 10°%SEC
Fig. 7. Velocity of p waves in the ice Fig. 8. Dispersion curve of flexural
versus air temperature. waves in the ice-sheet.

The fourth phase may be considered due to the flexural waves of
the ice-sheet. Glancing at a record of this type we at once notice the
dispersive nature of the waves. A dispersion curve will be shown in
Fig. 8. As is well-known the thickness of the ice-sheet has a great
bearing upon the velocity of the flexural wave, and so the measurement
of the thickness of the ice-sheet was made once every day, we found
from the measurement that the ice-sheet became thicker as days go on
by 0.25 cm/day on the average.
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6. Determination of epicenters of the ice tremors

As the ice tremors were known to be of the shock type in nature, 0
we wished to know the point from which tremors originate™. For this
purpose 12 detectors were distributed on the ice-sheet as is shown in
Fig. 9 and the position of each detector was measured with great care
by using the Wild theodolite and a steel tape 100 meters long. With

Fig. 9. Location of the origin points of the ice tremors.
x Location of detectors connected to the recording oscillograph.
% Location of detectors connected to pen-galvanometer.
<> Location of extensometers.
@® Origin points of the ice tremors.

these twelve detectors the observations of the ice tremors were carried
out. As is seen in Fig. 3, the occurrence of tremors is irregular, that
is, under some conditions there take place so many tremors, while -
under others they are very few. While recording the tremors close
attention was paid every night not to miss the time of the most active
occurrence of tremors which lasted for one hour or so on the average.

27) A. P. CrARY, Bull. Seis. Soc. Amer., 45 (1955), 1.
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Vibrations due to an ice
tremor picked up by the re-
. spective detectors were record-
ed side by side on a sheet of
bromide paper. An example
of the record of ice tremors
is reproduced in Fig. 10 and
Fig. 12 (Plate). By reading
off the commencement time
from these records the foei
of tremors can be easily calcu-
lated. In order to obtain some
measure on the accuraey of a
focus of an ice tremor, a small
amount of explosive was caus-
ed to burst at a known instant
and at a known place. From
the commencement times of
vibrations caused by this ex-
plosion recorded at 12 points
the location of this explosion
point was determined. This
calculated epicenter was com-
pared with the actual spot of
the explosion, and the result
is tabulated in Table I. As
is seen in the table, the two
values, for the calculated and

bromide paper.

Table I. Comparison of the calculated and the true origin
points due to explosion of small charges.

T Co-ordinate of the Co-ordinate of the '\ Calculated } Calculated
’ . true origin point calculated origin point ’ origin time velocity
X |1 X Yoo 7, v

m ‘ m m m x10-%sec m/S

0 | 0 - 4.9+1.1 ~2.8+1.2 —1.4+0.1 3290470

! 0 —-4.545.1 ~0.54+4.7 | +1.5+0.5 33604-170
|

‘ 0 . —=3.9+2.8 +4.4+2.9 +1.1+£0.1 3306 4106
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given locations, are in good accord with each other.

Attempts at the determination of sourse points of tremors was
carried out every night from Jan. 25 to Feb. 1, 1953. Thus we have
succeeded in recording a great many tremors, of which, however, the
foci of only about 30 tremors could de located. In the calculation of a

Table II.
No. Date Obtsi;erx;zed T X, Epicenter - Velocity ;I\Olg?b;gi:tf
h m T°C m m " Km/sec
F-1 |Jan.21 | 20 10~20 |-2.1 71.9+ 1.5 |— 82.1+ 8.8 | 2.62 +0.03 10
F-2 23 | 18 12~20 | —-2.7 11.94 7.4 |—-192.1431.0 | 3.45 +0.13 10
F-3 27 123 57~09 | —3.8 |— 40.0+59.0 [~ 53.1+29.0 ] 3.24 +02.0 10
-4 28| 0 15~25 |—-4.0 57.44 5.8 1-172.2+ 8.0 | 2.90 +0.07 9
F-5 ” ” r |— 8.4422.9 —114.54-32.3 1 2.95 +0.15 9
F-6 ” ” 7 |- 68.9430.0 — 57.9+36.0 | 3.01 +0.27 9
*-7 ” " v 24.04+12.0 |~141.94-18.0 | 3.05 +0.03 10
F-8 ’ p » | 121.3+ 6.7 | 30.1+ 2.8 | 3.05 +£0.37 | 9
F-9 ” ” r |— 66.0+13.0 |—-129.0+23.0 | 2.84 +0.11 10
F-10 12 110~20 |—4.6 |— 12.0+ 1.0 -105.0:+£18.0 | 2.99 -+0.23 8
F-11 ” ” ” 23.04 0.9 |—-119.3+ 3.8 | 2.85 +0.04 11
F-12 " 1 21~31 |—-4.8 8.3+ 2.1 {—-209.3+ 6.5 2.90 40.09 10
F-13 r 1 49~2 00 —-5.3 137.0+22.8 8.4+12.1 | 2.50 +0.09 12
F-14 r ” ” 66.24 7.1 (-~ 55.7+ 5.3 | 3.38 £0.20 11
F-15 ” 2 04~15 -5.5 191.0+14.2 - 77.64+ 7.3 | 2.52 +£0.04 9
F-16 ” ” r |- 19,4+ 4.4 1—126.84- 7.5 | 2.85 £0.24 10
F-17 ” ” ” ~149.7+14.7 |~141.0+4-11.1 | 3.14 +0.07 12
F-18 ” ” ” 75.54+19.0 98.3411.0 | 2.83 +0.18 10
F-19 " ” ” 147.0+£13.0 26.0+ 5.0 | 2.85 +0.11 10
F-20 ” ” r |—135.3+20.0 —151.6419.0 | 3.19 40.30 11
F-21 " 6 17~23 |-2.2 7.6+ 4.0 |—-139.3+ 9.1 | 2.87 40.03 11
F-22 " 6 30~33 " 113.0+28.0 59.0+18.0 | 2.69 +0.16 10
F-23 ’ p s | 149.8+414.8 — 21.44 6.9 | 2.80 +0.09 7
F-24 ” 707~10 |1—-2.1| 9.5+ 4.9 {~165.54+14.0 | 3.05 +0.08 10
F-25 1 0 15~25 |—4.0 17.24 3.7 |—169.1+ 8.1 | 3.08 £0.25 9
F-26 | Feb. 1 | 20 14~17 ” 48.04 1.5 100.0+30.0 | 2.65 +0.01 7

* T. Air temperature.

focus its depth was assumed to be zero as the thickness of the ice-sheet
was not more than only 19 or 20em. Accordingly in calculating the
focus of a tremor we had only four unknowns, namely, the coordinates
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of the focus, = and y; the velocity V of the elastic wave that pro-
pagates in the ice; and the origin time 7',. In this case of the obser-
vation, 12 detectors were used, and we were able to determine those
four unknown quantities by means of the least square method. In Table
IT the results of calculation are shown. The diversity of the calculated
values of velocity is about 10 percent. Some noticeable foci are repro-
duced in Fig. 9.

It has a great significance that we could determine the epicenters
of these ice tremors.

Among these 30, three shocks, F-4, 5 and F-6, in Table II are
especially interesting. These three shocks, as is seen in the table,
took place successively in the interval of about 100 milliseconds. Asis
seen in Fig. 11, the distance between F-4 and F-5 is 80m and the
time interval between the two is 63 milliseconds, while the distance
and the time interval be-
tween F-5 and F-6 are 120 X X %

m and 215 milliseconds re-
spectively. These facts may
indicate that a crack that
started from the focus of
-4 proceeded to F-5 and
then to F-6, It will be
seen from this example that
a crack generated at one
point in the ice-sheet sends

out elastic waves from its
origin point and at the same
time the crack itself goes Fig. 11. Progress of a fracture in the ice-sheet.
forward with some finite

velocity smaller than the commpressional elastic P waves in the ice,
and in the course of its progress releases a strain energy in the ice-
sheet in the form of elastic waves. The progressive velocity of a crack
will be given as 1270 m/s and 560 m/s from the curve F,-F.-F; in Fig.
11. These numerical values may not be highly accurate as the speed
of progress of a crack, but the tendency of the speed of the earlier
stage to be greater than that of the latter stage seems to have some
meaning, because in the formation of a crack, a large amount of strain
energy will be released and converted into elastic waves by the first
shock, and lesser part of the energy is due to the second shock, and
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when a less strained field of stress energy is released, the speed of
the progress of a crack will be retarded.

A word will be added on the determination of the epicenter. We
have a few foci which were determined by means of the commencement
times of the flexural waves. The beginning of the flexural waves is
not so distinet as that of the initial P waves, but not so indistinet as
the beginning of the surface waves of natural earthquakes.

The probable errors of the foei thus determined from the flexural
waves are of course somewhat large as compared with those due to the
errors in the P waves. Seeing from the facts that the two foci are
quite near in their positions, and the probable errors of the respective
locations of these two foci are so small it will not be too much to say
that the two waves, the compressional wave and the flexural wave,
started from the same point at the same instance.

In our coming paper more detailed description on the nature of
the ice tremors will be attempted.
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Record of ice tremors. (full size)
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Assemblage of recording instruments.

A:
B:

Amplifiers and oscillographs.
Long recording time system.
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/s Cables that connect detectors to the recording equipments.

A:  Cables mounted on bamboo poles.
kit B: Getting cables ready.



[S. OMOTE, Y. YAMAZAKI, N. KOBAYASHI and S, MURAUCHI] [Bull. Earthq. Res. Inst., Vol. XXXIII, PI. XCIV.]

Instrumen

ts set up on ice.

A: Extensometers and thermo-couples.

B: Detectors.



[S. OMOTE, Y. YAMAZAKI, N, KOBAYASHI and S. MuraUCHL]  [Bull, Earthq. Res. Inst., Vol XXXIII, P1. XCV.]

o Fractures in the ice-sheet.
(2N A: Small cracks.
T*zf B: Omiwatari of a small scale.
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