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1. Introduction.

Although in the previous papers,® the writers stated that volcano
Mihara® was calm then and likely to remain so for a while, rumblings,
small explosions, and volcanic tremors never cease even in this calm
period. For the purpose of recording the variations in the amplitude
of the volcanic tremors, which serve as a measure of this voleano’s
activity, a microseismograph of magnification 400 was installed on Feb-
ruary 1936, at Gozinka-tyaya,® on the western summit of the somma.
Similar seismographs were installed later (August 1937) at Sendu,® the
northern coast of Oosima, and at Sasikidi,” the south-eastern coast. Since
then, continuous observations of the volcanic tremors and earthquakes
were carried out by means of these seismographs.

The micro-tremors that were observed at Gozinka-tyaya were of
the order of several microns in amplitude, without any marked correla-
tion with the speed and direction of the wind. They vary incessantly
in amplitude, no distinet regularity having been noticed in the manner
of their growth and decay. These features, however, are those that
are apparent in a period of calm, such as the present. In a more ac-
tive period, the tremors may have very large amplitude, as has been
reported by F.Omori®; or an intimate relation may be found to exist
between their growth and decay and the activity of the volcano, as
observed by K. Sassa™ at Aso.

When F. Omori,” in 1912, observed micro-tremors at several points
in Oosima, he found that the tremors east of Kagamihata,® the highest
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peak in the western somma, have larger amplitudes than those observed
on the western slope of the central cone; also that the tremors at Mo-
tomura® are only one-third the amplitude of those observed at Kaga-
mihata. The result was the same in the case of the tremors observed
at Yuba,™ the distance of which from Kagamihata is the same as that
of Motomura. These results led him to conclude that the source of
the tremors is not immediately beneath the crater, but at a point from
500 to 600 m beneath Kagamihata.

Since to ascertain the origin of the tremors is one of the pressing
needs in the study of the voleano, the writers made observations of
micro-tremors at 19 stations in Oosima, using a portable microseismo-
graph of magnification 2000.

2. Instrument.

The seismograph used in these observations was the inverted pen-
dulum seismograph'” designed by M. Ishimoto. For portability, the oil
damper used in the original pattern of this
seismograph was replaced by an air damper.
The improved pattern of this instrument is
fitted also with a device for obtaining three
changes in magnification, namely, 500, 1000,
and 2000. When damped almost ecritically,
the period of proper oscillations is 20 sec.
Since none of the micro-tremors involved have
periods exceeding a second, this seismograph
is admirably suited for the present purpose.
The records were obtained optically on bro-
mide paper wound on a drum, revolving with
sufficient uniformity, the length of the record
always corresponding to 3 minutes within an

error of 05 mm. Fig. 1. Seismograph used
It was therefore easy to measure the peri- n ti’e present measure-
. me .
ods of the tremors with an accuracy of 0-01 1“ SMirror

sec. The bromide paper recorded for 3 min-
utes. !

2. Roller
3. Air damper

3. Stations and Observations.
Since the topography of the island made it impossible to distribute

9) FoA, 10) B
11) Bull. Earthq. Res. Inst., 1 (1926), 1.
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our 19 stations uniformly there, they were distributed as shown in Fig.

2, namely, 7 on the route from Motomu-
ra to the crater, 2 on the rim of the cen-
tral cone, and the remaining 10 as uni-
formly as possible over the island.

The seismograph at every station was
installed directly on the ground. To avoid
the effect of winds, the observations were
made at points as far as possible from
big trees and houses. In the present meas-
urements, only the horizontal component
of the tremors was observed. Since for
ease of transport, only one seismograph
was used, the component “station-crater”
was first observed, followed immediately
by observations of the component perpen-
dicular to it. Observation at a station
usually consisted of taking two records
for each of the two components. The
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Fig. 2. Distribution of stations.

Numerals indicate Station Nos.

instants of beginning and ending of a record were carefully noted for
comparison with the continuous observations at Gozinka-tyaya. ‘

The character of the

tremors at Gozinka-tyaya  ,*
was studied as the first
step in this investigation,

using two identical micro- 2
seismographs at the same
time. The two seismo-

graphs were installed in 0
directions at right angles
to each other. The com-

bined horizontal motion of 2
the ground thus obtained,
which is shown in Fig. 3,

is very irregular in shape, 4

. . s A
with no pronounced direc- w

tion of oscillation; that is,
when the oscillation is vig-

orous, the amplitude is large in all directions and vice versa.

2

0 2

Fig. 3. The combined motion of the ground as
observed at Gozinka-tyaya.

More-

over as plotted in the manner shown below, the growth and decay of
the two components are nearly parallel as shown in Figs, 4a, 4b.
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When th1s character of the 0sc1llat10n of the tremors, as shown
below, obtaing at other stations
as well, we may then ignore
altogether the question of the
dominant direction of the oscil-
Jations in the present investiga-
tion. The fact cited above may
thus be interpreted as justify-
ing the method used at the
other stations, where the two
components are not observed 0 i 2 T,
simultaneously.

Since the variation in the
amplitude of the tremors usu-
ally amounts to 50 percent, \//\\/\\, /\
when we speak of distribution,
the amplitude of the tremors \\)/\N\/ \:\j
as measured at each station

must be compared with simul-

apmyduy

opnaduy

. 0 2 min T
taneous observations made at =tme
. . Figs. 4a, 4b. Paral!ehsm in the growth and
some standard station, for decay of the two horizontal components.

which we selected the micro-
seismograph of magnification 400 installed at Gounka—tyaya

In these circumstances, strict agreement in time between the field
stations and the standard station was difficult to attain, there being a
discrepancy of probably several seconds, as the result of which it was
impossible to investigate the phases, so that all the measured amplitude
must be discussed only with reference to their mean values with regard
to time.

4. Results of the Measurement.

In Figs. ba~5c Pl III~V, are shown a number of records thus ob-
tained at the various stations. As will clearly be seen from these fig-
ures, some of the curves show merely simple harmonic oscillations of
varying amplitudes, while others are composed of several harmonic os-
cillations of different periods, or are quite irregular.

There are at least three possible causes of these tremors. They
are either propagated from a common source, or they are free oscilla-
tions -of the superficial layer of the ground induced by the former
cause; or they may be forced oscillations. Volcanicity is not necessari-
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ly the cause of these tremors; the sea waves and winds may induce
these tremors exactly as in the case of common pulsations. Consequent-
ly, in order to determine the cause of the tremors, it is necessary to
make simultaneous observations, using one vertical and two horizontal
component seismographs. The relations between the phases of the
oscillations will also have to be investigated at the different stations;
that is, we must ascertain what sort of elastic waves the tremors con-
gists of.

When tremors of a definite period appear at all the stations, we
naturally conclude that they were propagated from a common source.
With these meanings, we made the following frequency analysis. The
time intervals between each successive instant £=0, where @ is the dis-
placement, were read off from each record, and a frequency curve was
drawn as shown in Fig. 6. According to necessity, the same- process
was repeated with the smoothed curves, in which the oscillations of
shorter period were eliminated by joining the middle points of successive
&=0’s. The process then gives the oscillations of long periods.

A number of frequency curves thus obtained are shown in Fig.
6, a and b. If there are two curves in a diagram, they correspond to
the original and the smoothed records respectively.

Fig. 7 shows the predominant periods at the various stations. As
will be seen from this figure, oscillations of period 0:32~0-30 sec. ap-
pear at all the stations, except one. Moreover, at such stations as No.
7 and No. 8, where the tremors have only a single period, the period
is 0832~0-30 sec., without exception. It will also be noticed that, at
the central cone, the tremor is composed of several oscillations of dif-
ferent periods, while at the slope of the somma the tremor is compara-
tively simple, although there are of course several exceptions to this
rule. For example, at stations Nos. 14 and 15 there are oscillations of
such short periods as 015 and 0-20 sec., while at stations, Nos. 10, 12,
13 (all coastal stations), we find irregular oscillations of long periods.
These exceptional oscillations however occur only in one of the two
components, as shown in Fig. 5, Pl. III~V., whereas the oscillation of
period 0-32~0-30 sec. appears in both components.

From these facts, it may be said that tremors, which are composed
of oscillations of different periods at the central cone, become simple
oscillations with increased distance from the central cone, and again
become irregular at the coast.-

Since owing to a storm at the time, the measurement were made
indoors at stations Nos. 14, 15, the short period oscillations observed
there are probably those of the station houses. The irregular oscilla-
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Fig. 6a. Frequency curves of the periods of tremors observed at the various stations.

B. The component in the direction of the crater.
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A. The component that is per-
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Fig. 6b. Frequency curves of the periods of tremors observed at the various sta-

tions. B. The component in the direction of the crater.

is perpendicular to B.

A. The component that
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tions that were obsarved at stations Nos. 9, 10, 11, 12, 13, 16, 17 ap-
peared only in the direction indicated by the bars in Fig. 8. Except
No. 16, all these stations lie near the western coast of Oosima.

NO.3
nNo.2
NO.4
NO.5
NO.T

Gozinka-
Tyaya

NO 6
NO.16
NO 7
N08
NO.9
NO13
nNO.12
NOT1
NO10 .
NO14
NO.15
NO17
NO'&

0 02 04 06 08 1-0sec.
period

Fig. 7. Predominant periods at the 19 station.

Since during these measurements, the wind was blowing at the rate
of 5~10m/sec from the west, it is highly probable that these irregular
oscillations are due to sea waves, although their mechanism of genera-
tion is not simple, seeing that they appear only in a direction parallel
- to the coast.

Since the tremors undergo incessant growth and decay, in order to
ascertain the distribution of the amplitudes of the tremors in Oosima,
the amplitude of the tremor must be compared with that of the tremor
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that is continuously observed
at Gozinka-tyaya, the stand-
ard station. As already stat-

ed, this comparison is not

one of phases. But since the
period of growth and decay
of the tremor is from 2 to 4
sec., we can take as a meas-
ure of variation in the am-
plitude of the tremors the
curve obtained by plotting
the maximum amplitude dur-
ing the successive periods of
growth and decay. The curve
thus obtained may afford a
means of comparing the field
record with the standard at
Gozinka-tyaya.

Actually, we plotted the
maximum amplitudes for eve-
ry 10 seconds against the
time. As shown in Fig. 9, a
and b, this simplified meth-
od yields practically the same
result as the former, in which
the maximum amplitude of
each wave group was plotted.
It is therefore sufficient for
the .present purpose.

The standard microseis-
mograph installed at Gozin-
ka-tyaya records only the
component that is parallel to
the direction of the crater.
Since, however, the growth
and decay of the tremor is
practically the same for the
two components that are per-
pendicular to each other, as
already shown in Figs. 4, a
and b, it will be quite in

Fig. 8. Directions in which irregular oscilla-
tions appear and the distribution of the am-
plitudes of the tremors in Oosima.

S
3
g
& (a)
(b)
0 i 2 mr Time
Fig. 9a. (a) Maximum amplitudes of succes-
sive wave groups.
(b) Maximum amplitudes every 10 sec.

spmudicy

e (b)

0 4 i 7" mn Time

Fig. 9b. (a) Maximum amplitudes of succes-
sive wave groups. .

(b) Maximum amplitudes every 10 sec.
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order to compare the field observation made in an arbitrary direction
with that by the standard seismograph installed in a particular direction.

If treated as de-

scribed above, the trem- fZ . N

ors cbserved at some of & > *

the stations show, as in : "t @)
Fig. 10, nearly the same ’ . MNo.8

manner of growth and
decay as those at the
standard station, while
those observed at other
stations show, as in Fig.
11, no remarkable corre-
lation. In the latter
case, we took the ratio c M8

of the mean amplitudes = s £X .

for 3 minutes. \/\\/ \\/
The amplitude of cozI-Tn (b)

tremors thus determined

Fpninpday

0 1 2 min Time

are given in Fig. 8, in
which the amplitude at Fig. 10. Comparison of the field and standard
Gozinka-tyaya, the stan- stations. ) .
dard stati h b (a) Field station.

ard station, fas been (b) Standard station.
taken as 5 #. Since there
are no more than 19 »

. ] .
stations, we do mot ex- | _____, _ . . o ®
) g S HEAN (a)

pect any conclusive re- & * " oo VALVE
sults from the present . . -
measurements, but the .

tremors seem to have the B : . .«

. A N ibul MEAN ()
largest amplitude at the .. v VAUE
f:rafcer, gradually dimin- PA———
ishing as one recedes . -

. B : mn
from it. There seems to 0 ! 2 Time ®
be no locality where the Fig. 11. Comparison of the standard and field
amplitude is abnormally stations. . .
lar r small Al (a) Field station.
arge o mall. a (b) Standard station.

though this result does
not necessarily refute the conclusions of F. Omori, his conclusion is at
least suspect, as his measurements were not made simultaneously.

The volcanic earthquakes that shake Oosima do not always origi-
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nate from underneath the present crater.

In the same way, during an

active period of the volcano, the source of its tremors may be situated

elsewhere than the present cra-
ter, so that we cannot reject
Omori’s conclusion in toto.
Judging from the present
results, the sourse of the trem-
ors seems to lie underneath the
present crater, so that we have
plotted the amplitudes of the
tremor that were determined
in the manner stated above a-

oyt
L

S

gainst the distances of the re-
spective stations from the cra-
ter.. Fig. 12, thus obtained,

® 0 I
9 4 3 4{?, Km
Distance

Fig. 12. Decrease in amplitude with in-
creasing distance from the crater.

seems to show a hyperbolic decrease of amplitude with distance.
The manner in which the amplitude of the tremors diminishes with
distance from the crater was carefully studied in detail, particularly

with regard to the stations on the
route from Motomura to the crater.

- Assuming that the source of the
tremors lies 400 m below the crater
mouth, the measured amplitudes are
inversely proportional to the hypo-
central distance 7 of the stations,
as shown in Fig. 14. Assuming now
that a point sourse

vt
Aye®

is at the origin, the amplitude of the
spherical waves that are propagated
from it are given by

A Ao )

4ny

where v is the velocity of the wave.
Here amplitude A is inversely pro-
portional to the distance ». In our
case, the measured amplitude is not
A, but is its horizontal component.

1d
st
&
Y
«10 L
5t
01 05 10 20 40 éom
lygr
Fig. 14. Decrease in amplitude with

hypoczentral distance.

This seems to support the idea
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that the tremors observed by us are forced oscillation of the surface
layer of the ground that is in turn induced by the primary wave pro-
pagated from the origin. The excited wave will then have an ampli-
tude proportional to the exciting wave.

It is therefore very probable that the origin of the tremors is at
the bottom of the present crater, or at a point 100 m below it, at the
most, and that the tremor is generated by the same cause that causes
the small explosions and rumblings at the crater bottom.

Another interesting phenomenon noticed in the course of the pre-
sent measurements is that the tremor, which is nearly the same in am-
plitude with regard to both horizontal components at stations outside
of the somma, has an amplitude nearly twice as large in direction to-
wards the crater as that in direction perpendicular to the former at
stations within the somma, especially on the central cone. We cannot
tell from the present measurements, however, whether this phenomenon
is due to some independent oscillation of the central cone, or to the
gradual excitation of the transverse oscillation by the wave generated
originally as a longitudinal wave from the crater bottom.

5. Conclusion.

These outlines of the nature of the tremors in Oosima are the re-
sult of our studies of the present measurements described above. Gen-
erally speaking, tremors of period 0:32~0-30 sec. are generated at the
crater bottom in the form of longitudinal waves, whence they are pro-
pagated to the whole island of Oosima. '

In view of these charactistics of the tremors, we constructed a
microseismograph that records directly the growth and decay of the
voleanic tremors. This instrument is an inverted .pendulum type seis-
mograph, almost identical in form with those used in the present mea-
surements, and having an oscillation period of 0-3 sec, but without any
damper. With this instrument we hope to get a large magnification
through resonance with the tremors. The record is made on smoked
paper wound on a drum that revolves once a week. In Fig. 15, Pl. VI,
is a reproduction of a record obtained by this seismograph, which shows
well the growth and decay of the tremors.

Since our measurements were made with a portable microseismo-
graph with a proper oscillation period of 2:0 sec., and since there are
3 station seismographs of magnification 400 and a proper oscillation
period of 1‘0 sec., the measurement are good only for waves with peri-
ods of less than 1-0 sec. We cannot, however, know anything about
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Fig. 5a. Records of tremors observed at the various stations. In the
figure, 44 mm corresponds to 10 sec.
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IYig. 15. Records obtained with the new seismograph which records direct
on smoked paper the growth and decay of the tremors.
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oscillations whose periods reach several seconds, which, since they were
observed by K. Sassa at volcano Aso, we may expect also at Mihara when
it is active. We may also expect surface waves of long period in the
form of Love waves. As already stated, in order to increase our know-
ledge of the nature of the tremors to a further extent, measurements
of the phase relations by rigidly controlled simultaneous observations
are indispensable. We are now making preparations for solving these
problems relating to the tremors in Oosima.

In conclusion, the writers wish to express their hearty thanks to
the Hattori Hokokai, with the aid of whose grant the present measure-
ments were made. '
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