Micro-Seismometric Study on Eruptions
of the Volcano Aso'
(Part I of the Geophysical Studies on the Volcano Aso)

By Kenzd Sassa

(Received October 20, 1933)

1. Introduction

Volcanic carthquakes arc generally of minor scale, but owing to
the shortness of their periods of ecarth-vibrations they arc very notice-
able to one standing in the neighbourhood of their epicenters. Thus
it was probably well known in olden times to inhabitants in volcanic
regions that certain volcanic districts are often visited by *volcanic
carthquakes during a period of cruption, while in other cases a number
of premonitory earthquakes take place before a violent cruption, es-
pecially when it occurs after a long period of quiescence. After the
cruption has started and when its activity is sufficiently violent, the
volcanic tremors are noticeable even to people in the neighbourhood
of a volcano. At the beginning of the present century, seismographs
came into use for the study of volcanic activity, and the premonitory
carthquakes of a volcanic eruption as well as the earth-tremors ac-
companying it were naturally the first problem of investigators. Thus
it was reported in the case of the recent great cruptions of the vol-
canoes Usu-san®, Sakurajima’, and Taal', that the frequency of occur-
rence of premonitory carthquakes attained a maximuwm oune day or half
a day preceding the first outburst. In the case of the eruption of
Usu-san in 1910, Omori mentions that in the course of the eruptions,
a gradual uphcaval of the earth’s crust took place at a northern part
of the foot of the volcano, which ended in the new formation of a
hill of 135 m. height, and earth-tremors were almost continuously
observed with varying amplitude of from 24 to 86p about in parallel
with the volcanic activity. Interested by the result of observations

I.  An abstract of this paper was read at the Annual Meeting of the Physico-Mathematical
Society of Japan, Kydto, 193t Nov. and Tékyd, 1934 April. 2. I Omori: Bull. Tmp.
LEqke. Invest. Comm. V (1911). 3., F. Omori: Do. VIITL (1922). 4. M. S, Maso:
The eruption of Taal voleano Jan. 30, 191I.
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at Usu-san, he gave a higher magnification to his seismographs at his
Asama-yama volcano-station, where the eruptions are of different type
from that of the above-mentioned volcano, and he came to the con-
clusion that ““'it scems that the opening of a period of great eruptive
activity of the volcano is announced by strong seismic disturbances
10 months or 1.5 years beforchand ” and * *These micro-tremors arc
probably the result of the activity of the volcano, which made throughout
the day under consideration explosions and-detonations.”  Generally
speaking the volcanic cruption is a stage of relatively short duration
in the sequence of volcanic phenomena and follows a very long and
slow process that has gone on under the volcano, in which volcanic
mass and energy are gradually accumulated. Of whatever state of
conditions the physical and chemical process of the volcanic phenomena
might be, it is quite difficult to conceive an abrupt jump from the
carlier state of conditions, in which mass and encrgy very slowly
accumulate, to the subsequent cruption, in which they are rapidly
discharged from the crater. During the time of transition from the
one to the other state of conditions above described, work must be
going on leading to the eruption, and the rate of flow of mass and
energy, in a very wide sense, under the volcano must be gradually
increasing, far beneath the crater bottom, the conditions resembling
what is called “ vielding” in a problem of eclasticity, before a body
breaks under constantly increasing stresses; and it is difficult for me
to conceive a volcanic process going on during this transition stage
without accompanying volcanic tremors, to which in some cases so-
called premonitory earthquakes should be added, cvery eruption thus
being foretold by the volcano itself.  Bearing the above conceptions
in mind we undertook micro-seismometric studies of eruptions in our
Volcanological Iaboratory on Aso, and the results of our studies on
the nature and character of volcanic micro-tremors and eruption-earth-
quakes based on the results of observations with specially prepared
micro-seismographs, were given in the preceding ‘ Part I of the Geo-
physical Studies on the Volcano Aso®. The present paper deals with
the volcanic micro-tremors and ecarthquakes and the tilting of the
carth-crust in parallel that occurred in the latest eruptive activity of the
voleano, and shows that things have gone in a wav not contrary to

1. I. Omori: Bull Imp. Eqke. Invest. Comm. VII (1914) p. 208. 2. F. Omori:
Do. VI (1912) p. 134 3. These Memoirs, A, 18 (1933) 255~204.
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our expectations. As to the micro-seismometers used and observing
stations the reader is referred to the preceding paper, Part I.

2. Activity of the Volcano Aso in recent years

The Volcano Aso, which is situated in the middle part of the island of Kydsyd, is
one of the most active volcanoes in Japan. From very early historical times to to-day the
center of .activity has been Naka-dake, the middle one of the five central cones rising in the
famous great caldera of the volcano. On the top of Naka-dake there are four craters
separated by walls and lying roughly in the direction N235°W. They are named the First,
the Second, the Third, and the Fourth in consecutive order from the north.” According to
historical records, there have been about one hundred eruptions of Naka-dake in the past
thousand years, with frequent outflows of mud and ejections of fragments of rock and dust,
but no trace of lava-flow has been found in historical time. The center of activity of Naka-
dake is not confined to one definite crater but has shifted many times even since the begin-
ningr of the ‘Meiji era, and statistics show that violent eruptions have a tendency to occur
close to a period of maximum or minimum number of sun-spots. The last activity of the
Tourth Crater began with the first sudden eruption which took place -at 11h on April 1,
1927, and when the Wiechert seismographs were set up at the new Aso Volcanological
Laboratory in May 19209, it was still in progress, tremendous quantities of dusts and vapours
being frequently ejected, and occasionally fragments of rock. The activity lasted Il the last
cruption on Nov. 7, 192g. After that a lonz repose period of about one year occurred,
but ‘an isolated violent eruption of the same crater occurred on Sept. 5, 1930 and thereafter
the -volcano was again in repose. In September 1932 the First Crater showed someé activity
and: became gradually more and more active and finally entered an explosively active stuge
in December of that year. The center of activity had been shifted from the Fourth to the
First, and in the spring of the following year terrible eruptions of the Second Crater
occurred together with eruptions of the First, which were followed by repeated eruptions of
the two craters till the end of the year. After this the volcano was again very quiet, and

still remains so. .

3. Micro-tremors and activity of the volcano during

' ~ June-November 1929 '
~ 'The activity of the Fourth Crater which began on April 1, 1927
attained a maximum in Dec. 1928 and then gradually decreased in
strength ; it lasted till the last cruption on Nov. 7, 1929, constantly
cmitting volcanic smoke and vapour in different degrees of magnitude,
and frequently ejecting lava fragments and dusts. When our seismo-
metric observations were began in May 1929, the activity was alrcady
decreasing, but the Wiechert seismographs incessantly recorded volcanic
'micro-tremors, recorded as continuous trains-of- irregular- waves of ca,
1—2 mm. in double amplitudes on smoked paper. They were of periods
of ca. 1 second which we have described as micro-tremors of the
first kind in the preceding paper. Ifg. 1 shows portions of the records
of the Wiechert seismograph obtained at our Volcanological Taboratory
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IFig. 1. Portions of the records obtained from the Wiechert horizontal component
seismograph at the Volcanological Laboratory on June 19-20, 1929. (Time between
two consecutive marks=1 min.)
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on June 19-20, 1929. The daily mean amplitude of the micro-tremors
recorded by the Wiechert seismograph during June-Nov. 1929 is given
in Table 1 on p. 50 and shown in Ifig. ».

The state of activity of the volcano was roughly estimated from
daily observations of volcanic smoke and vapour sketched or photo-
ﬂraphod at the Aso Volcanolomml Laboratory. When some notable
difference in the state of activity. of the volcano was observed, we
hurriéd up to the summit to observe the state of activki’ty of "the
craters in detail. The remarks given in Table 1, and rough- estima-
tions. of the degree of activity in an arbitrary unit shown in-Tig. 2
were based on the data obtained in this manner. The arrowsin Fig.
2 mdicato the time of eruptions in which red-hot fraoments of rock
were thrown out. As will be seen in Fig. 2 the daily mean amplitude
of thé micro-tremors was about 4 microns at the beginning of June,
and: "d‘ocroased gmdually to about 2p at the end of the month, while
the activity of the volcano was opp051t0 in course, incr casing Qrachnl]y
in stronoth from the bomnnmg of the same month and attaining a
maximum on.the 23rd, on which day violent eruptions of tho I*ourth
Crator occurred, red-hot frag mcnts of rock being e]cctod

The daily mean nmphtude of the micro- -tremors, which was ca. zx at the beomnm"
of July, began to ‘increase again ‘from _']'uly 13, ‘at first vapidly ‘and’ then gradually to ca. 4p.
at the bevmnmv of the follo\vm(r month, “but the activities of the volcano. did not” increase
in parallel with this change, and the strong eruptions, -in which red-hot fl_agm'en’ts of lava
were thrown out, took plz\ce on July 30 and Aug. 3, about 10 days- after the daily means-
of the amplltude of ‘the micro-tremors had attaitied a ma\lmum 'lhe cLuly mean 4mp]1tude
of the micro-tremors ‘decreased rapidly on Aug. 9~11 from" 4,u to 2.4u, mamt'unuw ‘nearly

the same lower value till “the eud of the mounth with the exception of Aug. 19,70on which

day a rapid rise’ and’ fall took place. On Sept. 1-2 the daily mean amplitude of the tremors
increased rapidly to 4.2u, but the volcano remained very quict, only emitting slight smoke

and vapour, and nearly the saine state of things continued till Sept. 14, on which day strong
eruptions of the Fourth Crater took place, red-hot fragments of. rock being ejected. The
amplitudes of the tremors began to decrease, gradually at first and then rapidly, to ca. T.5u
at the end of the same month. One more procedure of things of a similar type was re-
peated before the eruptions on Nov. 7 with which the volcano came to rest. The daily mean
amplitude of the micro-tremors which was only ca. T.2u during Oct. 28-30, increased to I.gu
on Nov. I and then after keeping nearly the same value till Nov. 6, decreased rapidly to
ca. 0.0y, on Nov. 8, while the volcano began to emit a great deal of Dblack smoke on the
evening of Nov. 4 and finally strong eruptions of the Fourth Crater took place during Nov.
6-7, the last eruptions of the Fourth Crater of the active period of 1927-1929, after which
the volcano was in perfect repose, and early in I’mu‘uy of l.h(“ following year we found a
hot water pool Alling the mouth of the vent,

The -above observations lead us to tho conclusion that the micro-
tremors of the first kind increase in »amphtudc: one week or more

before an explosive eruption with ejection of red-hot rock fragments
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Fig. 3. An eruption of the Fourth Crater on Nov. 6, 1929. TLooking soatheast from
the northwestern rim of the First Crater.

the Fourth Crater
y

the Second Crater—>

the FirstTCrater
takes place. During the tail stage of the described active period of
the volcano we had four repctitions of similar character. This is
similar to the results of observations made by previous investigators
in cases of the last great explosive eruptions of Usu-san, Sakurajima,
and Taal, the only difference being that the micro-tremors in our case
take the place of the premonitory earthquakes in the latter,—a result
not contrary to our expectations.

4. Micro-tremors and eruptions of the Fourth Crater
during Sept. 5-8, 1930.

After the last eruption of the Fourth Crater on Nov. 7, 1929 the
volcanic micro-tremors of the first kind decreased gradually in amplitude
and finally ceased to occur in continuous trains, but continued inter-
mittently, several wave-groups of fairly regular waves per hour, and
of a fraction of a micron in double amplitudes occurring to the end
of the year. In the following year the same state of things continued
both as regards amplitude and frequency till the end of -August.
During this period the volcano was also very quiet, only traces of
vapour rising at times from the pools of the First, the Second, and
the Fourth Crater. On Aug. 30, 1930 a wave-group consisting of
several regular waves of ca. 5.5¢ in double amplitude, and of periods
of ca. 4.0 seconds, was first recorded at 16"02™ on our Wiechert
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seismographs, and after that wave-groups of nearly the same amplitude
were recorded several times per hour ;—these were the volcanic micro-
tremors of the second kind studied in the preceding paper.t

The micro-tremors of the first kind also began to increase rapidly
both in amplitude and frequency on the same day, Auag. 30, and
finally became a continuous train of irregular waves on Sept. 1, but
were ol some occasions accompanied by micro-tremors of the second
kind and on which cases the train of micro-tremors of the first kind
consisted of somewhat regular waves of even more than 1op in double
amplitudes. The hourly mean of amplitudes and periods of the micro-

Fig. 4
&
|
3 1 Micro-tremors of the First Kind
L2 .
Nll\ ; Amp]itude
—= % '
Wl
1.53"'
' Period
e - \-“u..\’v_‘—, . —
—— T r r T . T : . T T d
s M;(‘I‘O-lrcmors Ortllc Second K;"d
1 /\Inpl;nulc
2
— : ; : .
407, _ Periad
e : : . T .' T T T : . .
16/ Bow w } 1 Frequency
¢ V\- ; et . , : ; . . .
Stute of Activity of the Voleano
I
i ]
- I
Aug. 0 81 Septd 2 3 4 5 6 7 8 9 o

1. Loc, cit.



18 Kenzo Sassa

tremors of the first and the second kind, and the frequency of
occurrence per hour of the latter tremors observed by the Wiechert
scismographs during Aug. 30—Sept. 11, 1930 are given in Table 2
and shown in Idig. 4. IFig. 5 shows portions of records obtained from
the Wiechert seismograph at our Iaboratory on Sept. 1, 1930, when
the micro-tremors of the second kind were very large but those of
the first kind were not yet large, except those accompanied by tremors
of the second kind. IFig. 6 shows a portion of a record of the micro-
tremors of the first and the third kind obtained by the short period
Ifg. 5. Portions of records obtained from the \Wiechert seismozraph on Sept. 1 -2,
1930. (Time between two consecutive marks=1 min.)
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micro-seismographs .S :at our Volcanological Taboratory on Sept. s,
1930. . : '
As shown in Fig. 4 the mean amplitude of the micro-tremors of
the first kind which was ca. o.4g on Aug. 30, increased, at first
gradually and then rapidly, from ca. 1# on Sept. 3 to ca. 4¢ on the
following day when they reached a maximum, while their mean period
increased, first from ca. 1.2 seconds on Aug. 30 to ca. 1.4 seconds
Fig. 6. A portion of a record obtained from the short period micro-seismo-
graphs S at our Volcanological Laboratory on Sept. §, 1930. Thick curves:

E-W component, Light curves: N-S component.
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on the following day, but then decreased g‘raduaﬂy to ca. 1.0 second
on Sept. 4. These differences of mode of variation betweén the
amplitude and the period of the micro-tremors are to be noticed and
show, as seems to the author, that the depth of center of the dis-
turbances generating the micro-tremors gradually became: shallower
during Aug. 31— Sept. 4, till finally the sudden surface eruption
occurred. |

The micro-tremors of the second kind increased slightly in amph-

tude, from ca. 4.5¢ on Aug. 30 to ca. 6.0z on Sept. 1. The amplitude
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then remained constant, except for a few minor fluctuations, for three
days, but began to decrease rapidly early on the morning of Sept. 4,
on which day the micro-tremors of the first kind attained their maximum
amplitude. Meanwhile the mean period of the micro-tremors of the
second kind had taken an opposite course to that of their amplitudes,
decreasing at first gradually from 4.0 seconds on Aug. 30 to 3.5
seconds on Sept. 1, and afterward remaining at nearly the same value
for two days, then increasing again to ca. 4.0 seconds on Sept. 4.
As reported in the preceding paper, the micro-tremors of the sceond
kind are a kind of surface wave probably generated by the oscillation
of the magmatic reservoir, and so the variation of their periods should
be considered as duc to changes in the internal conditions of the
magmatic reservoir. But in this casc, a change in the physical and
chemical conditions in and near the vent should also be taken in
account; this change must be considered as occurring during the
internal leading up to the cruption, but appears to be too complex
for us to draw a definite conclusion as to its nature from the above
recorded data alone.  The frequency of occurrence of the micro-tremors
of the second kind increased from 5 to 10 on Aug. 30, kept nearly
the same value of ca. 1o, though with fluctuations over a considerable
range, for four days, and then rapidly decreased to a minimum of 3
at 4" on Sept. 4, again rapidly increasing to a maximum of 18 at 17"
of the same day. At this time the first preliminary emission of white
smoke from the Fourth Crater occurred,—a forcteller as afterwards
came to rcalize. Now we will examine the state of things at the
craters. Notwithstanding the increase in amplitude and frequency of
the two kinds of micro-tremors ‘that occurred at the end of August,
the volcano was still in complete repose, only slight vapour rising
from the pools of the First, the Second, and the Fourth Crater. On

ept. 2 we noticed for the first time that the temperature of the water
in the pool of the Fourth Crater was beginning to risec and at 17"
on the 4th we had the first preliminary emission of white smoke from
t_l\le Fourth Crater. At this time the micro-tremors of the first kind,
which had been at maximum amplitude for about one day, began to
decrease rapidly in amplitude while the micro-tremors of the second
kind had already decreased rapidly in amplitude half a day before.
The amplitudes of the micro-tremors of the first kind which abruptly
decreased from ca. 3.3p¢ to ca. 2.2p¢ after the preliminary emission of

O

white smoke did not show any notable change for more than a day,
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while the tremors of the second kind also remained at nearly the
same amplitude, though their frequencies continued to decrease.

The volcano, on the contrary, became gradually more and more
active and it was 6 days after the micro-tremors began to be recorded
on Aug. 30, and 17 and 19 hours after the tremors of the first and
the second kind respectively had begun to decrease abruptly in ampli-
tude, that we had a violent eruption of the Fourth Crater at ritao
on Sept. 5. -~ A large amount of muddy hot-water was effused over
the crater rim and red-hot lava blocks of ca. 200 kgs. weioht were
thrown out to a horizontal distance of ca. 500 m. and abundant quanti-
ties of volcanic dusts and vapours to a height of ca. 1,000 m. above
the rim. Minor eruptions continued from the Fourth Crater till Sept.
8, large quantities
of volcanic dusts
being continuous-
ly and red-hot
fragments of

Fig. 7- An eruption of the Fourth Crater on Sept. 7, 1930.

rock frequently,
ejected. Never-
theless the micro-
tremors of the
second kind de-
creased  rapidly,
both in amplitude
and frequency,
after the great
outburst, and

ceascd to appear
on the Wiechert seismograms soon after midnight on the 6th. This
fact seems to show that the magmatic reservoir, whose oscillations,
in the author’s view, genecrate the tremors of the second kind, had
already exhausted too much active energy to cause further eruptions,
and the remaining activitiecs of the volcano were nothing more than
residual effects. At 13" on the 8th of the month the last eruption of
secondary scale occurred, red-hot rock fragments being ejected to a hori-
zontal distance of ca. 150 m., after which the activity of the crater rapid-
ly diminished. On Sept. 10 the dust emission ceased, only slight va-
pour being emitted accompanied by fechble rumblings at times, and after
some time had passed the hot water pool gradually reappeared in the



22 Kenzé Sassa

basin of the crater. Unlike the micro-tremors of the second kind, the
decay of the micro-tremors of the first kind, which are considered to
be generated by internal eruptions of volcanic gases, was slow and
gradual, considerable amplitudes being maintained even after the surface
eruptions of the volcano had ceased, and months. passed before the
instruments of very high magnification ceased to record a trace of
remaining activities. In the period of waning volcanic activity, Sept.
7—-10, the micro-tremors recorded were mainly of the first kind in
considerable amplitudes, those of the second kind being lacking and
therefore the records obtained at this time resemble those obtained in
the period of waning activity in 19zg9.

The micro-tremors of the third kind seem to be a kind of Rayleigh
waves generated by surface eruptions and internal eruptions at very
shallow places, as already described in previous paper'. Their ampli-
tudes rccorded by the short period micro-seismographs S, at our
Laboratory were ca. o0.25, 1.3, and o.a4 microns on Sept. 1, 3, and g
respectively and the values, though fragmentary, seem to show a
change in parallel with the variation of the surface activity of the
volcano, as is to be expected from the nature of the tremors. Now
we come to the interpretation of the above observed facts and to some
conclusions concerning the process of the volcanic eruptions: The
volcanic mass and energy accumulated up to the latest period of the
maximum number of sun-spots were almost exhausted by a scries of
cruptions during that period, and after the last eruption on Nov. 7,
1929 of secondary scale, the vent of the Fourth Crater closed up,
probably not very far below the mouth, and the tempcerature of the
crater bottom soon bhegan to cool so that there was a pool of hot
water early in January of the following year. ‘The micro-tremors of
the first kind disappeared in the Wiechert seismograms, and those of
the second kind had alrcady disappcared months ecarlier than this.
Months passed during which the former tremors were only recorded
by our micro-seismographs .54 of very high magnification, not con-
tinuously but intermittently in several wave-groups per hour, and the
latter tremors, of the second kind, probably also existed though they
were not observed, for our G-type instruments® had not as yet been
finished. During this period the volcanic mass and energy, imprisoned
in the reservoir by the closing of the vent, and probably of not very
insignificant in amount, were gradually increased by continual new

1, 2. Loc. cit.



Micro-Seismometric Study on Eruptions of the Volcano Aso 23

supplies from the source of deeper origin, and finally -a stage was
reached when it was possible to begin work in an increased speed-to
make a way through the vent for cruption, when the micro-tremors
of the two described kinds began to bhe recorded by our Wiechert
instruments on Aug. 30, 1930. ‘
(renerally speaking, the period of any kind of tremors has a
tendency to increasc with the amplitude, and a part of the reason
why the period of micro-tremors of the first kind which was ca. 1
second hefore that date began to increase to ca. 1.2 seconds in August
30 and then reached ca. 1.4 seconds in the following day can be
sought in this general character of the tremors, or in the fact that
there occurred simultaneously the micro-tremors of the second kind
in a considerable degree of amplitude and frequency. But the author
of the present paper thinks that the described increase in the period
of the tremors of the first kind, as well as the increase of the tremors
of the second kind in amplitude and frequency, was due to some
vielding, in a very wide sense, which occurred somewhere near the
junction of the vent and the reservoir, and with such yielding alone
the work to make. a way to eruption may begin to-increase its rate.
The change of period of the tremors of the first kind to decrease,
contrary to the further increase in amplitude till early hours on Sept.
4 is decidedly due-to the rising of the center of disturbance, causing
the tremors under consideration, through the volcanic vent, and both
the amplitude and frequency of the tremors of the second kind were
little disturbed thereby. The physical and chemical nature of the
volcanic process actually going on in the described stage is too com-
plex to be estimated, but there scems to be a reason for thinking
that the - increase in amplitude of the tremors of the first kind and the
rise of its center of disturbance will not continue till the moment of
the first eruption, but that they will cease for a time before its occur-
rence, for there will be a stage in the course of drilling a path for
explosion through the vent, when the yielding due to the pressure
existing there, becomes easier, finding or creating outlet, upwards or
sideways, for vapours to cscape. At this time the amplitude of the
micro-tremors of the first kind will reach a maximum, and the ampli-
tude and frequency of those of the second kind will begin to de-
crease owing to relief of the load in the volcanic reservoir, and after
some hours we will have a small explosion of white smoke (mainly
vapours) as an indication that the path drilled upwards to eruption
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has reached an areca just below the surface of the crater bottom, a
time heing only left for the coming eruption. As soon as the vent
is open, the amplitudes of the micro-tremors of the first kind will
begin to decrease rapidly owing to the rapid escape of vapours in the
vent, without much disturbance of the tremors of the second kind
which have alrcady decreasced in amplitude. A rapid flow of mass
and energy into the vent or to its immediate vicinity will occur,. in
consequence, suddenly increasing the frequency of the latter tremors.
At this stago violent eruptions arc about to take place, and when
once started they will be repeated so long as the accumulated mass
and energy are sufficient to maintain them, and fluctuations in ampli-
tude of the corresponding tremors will occur in a manner that will
be described in a later paragraph. DBut when the mass and energy
are about to be exhausted, the tremors of the sccond kind should
decrease rapidly in amplitude and frequency and finally disappear,
notwithstanding the surface eruptions still produced by some residual
energy in upper parts of the reservoir.  On the other hand the de-
crease in amplitude of the tremors of the first kind will be gradual
owing to their mode of occurrence, and even after the stoppage of
surface eruptions, these tremors will still have a certain degree of
frequency and intensity corresponding to the internal eruption ‘in
shallower parts of the vent or its vicinity,

5. Micro-tremors in the repose period of the volcano

during Oct. 1930 — Aug. 1932

Ifig. 8. Alean frequencies (I) and mean maximum amplitudes Throughout this
(IT) of the tremors of the first kind. period  the volcano -

was in perfect repose,
G/Huur slight  vapour only
rising from the pools
o of the Tirst, the

Second, and  the
Fourth Crater from
time to ‘time, except
for the one short
period of Nov. 23-27,
1931, during which
we saw the water of
the pool of the First
Crater boiling vigor-
ously and with con-
siderable noise. Ob-
servations  of  the

volcanic micro-trem-
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ors with the use of our Sp type micro-seismographs were made generally for two hours at
first every day, and then every other day, {rom Aug. 1931 at our Volcanological Labovatory.
The monthly means of the observed daily maximum amplitudes, periods, and frequencies of
occurrence of the tremors of the first kind are given in the following Table and shown in
IFig. 8; :

Table 3

4 7 A A ro s
i s, [0 see,
1931 Aug. 0.8t 1.0 2.7 1932 Afar. 0.33 LTI 6.0
Sept, | 0.74 1.05 2.9 Apr. 0.57 1.07 4.0
Oct. .77 1.05 5.3 May 0.54 1.0t 5.8
Nov. 0.78 0.09 4.1 June 0.54 0.95 5.2
Dec. 0.59 1.04 6.0 July 0.64 1.01 4.6
1932 Jan. .70 1.00 4.9 Ang. 0.47 - 1.05 2.4
Ireb. 0,39 1.06 5.0 )

Fig. 8 scems to show clearly a seasonal variation for the frequency of occurrence of
the tremors of the first kind and probably for the amplitude too, though slight in degree.
Observations of the tremors of the second kind with the micro-seismographs Gl, ad-
justed so as to have the maximum magnification of ca. 2,800 at ncarly the same period of
the tremors, were begun in May 1932 and the following table gives the monthly mean of

the observed values till August of the year;
. The gradual inerease in period

Ampl. ‘ jir Period ‘Jl‘_)ﬁqlﬁ?:;» from 4.08 to 5.84 seconds for four

] m sew, - months seems to show  that some

1932 May ‘ 240 408 33 preparation were going on-in  the
June " r.7q 4.2 35 magmatic reservoir gencrating these
July ;T 20 0 434 3.5 tremors for the coming great activity
Aug. L6t . T35 | 584 2.7 which will be described in the follow-

ing article.

6. Micro-tremors and the great activity of the volcano
during September 1932 — December 1933

After two complete years’ repose as described ahbove, the volcano
hegan to show traces of slight activity and entered a step-wise in-
crease on Sept. 4, 1932.  Up to this time three years had already
passed since the beginning of our seismometrical observations in May,
1929, micro-scismographs of very high magnifications had already been
at work, and the general character of the micro-tremors of volcanic
origin were already known to us, as described in Part I of the report.
We had also learned how the micro-tremors develop with a change
of voleanic activity, and it was very fortunate to us that the great
activity now to be described was rather waited, ‘and observed com-
pletely to the first time, with these preparations both in instruments
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as well as in knowledge, except that the tiltmetric observations still
were provisional, the special observing room for the purptoso not having
as yet been finished. The activity increased gradually in strength and
the cruptions attained a maximum violence in Dec. of the same year,
red-hot blocks of rock being frequently ejected to a horizontal distance
of ca. 3oom. from the vent of the Tirst Crater. The volcano then
showed a considerable diminution of activity for about two months,
and it was of great interest for us that, during this short space of
time a great many volcanic earthquakes occurred in this district.  They
were indeed ca. 1,500 in number, and at the end of I'eb. 1933, terrible
eruptions of the Sccond Crater took place together with the Iirst,
probably the greatest outburst since the hbeginning of the Meiji era,
large lava-blocks of ca. 3 tons weight bheing ejected to a horizontal
distance of ca. 1km. Since then, the volcano has diminished its
activity gradually in a step-wise manner up to the end of the same
year, though eruptions of considerable strength were frequently repeated.

The daily mean amplitudes of the micro-tremors of the first, the
second, and the third kind, together with the daily numbers of the
volcanic ecarthquakes recorded by the Wiechert scismographs at the
Volcanological Laboratory are given in Table 4 and shown in Fig.
11 together with the daily mean positions of the two pendulums of
the ti?txnczter of Rebeur’s type and the results of meteorological obser-
vations. . The period of the micro-tremors of the second kind is nearly
the same as that of ordinary microseisms and when the amplitude of
the latter is not small it is not casy to get an accurate value for the
former, -but there need be no fear of crror, for the recorded horizontal
displacements of the ordinary microseisms are nearly the same in
amplitude hoth for the N-S and the E-W components, while those of
the tremors of the second kind are practically confined to the E-W
component. Thus observed data given in Table 4 refer only to tremors
which were not disturbed by ordinary microseisms. The remarks given
in the Table are from the data obtained at the T.aboratory as have been
done since 1928, together with the observations at Kusasenrigahama,
3.1 km. west from the crater, at whiclh place we get not only a view
of the entire crater rim but even ejections of rock fragments can he
observed on fine days. As examples, a portion of a record of the
micro-tremors of the third kind, obtained by the short period micro-
seismographs .5, at the Laboratory on May. 7, 1933, is reproduced
in I'ig. g, Plate I and portions of records obtained from the Wiechert
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instruments on Feb. 25, 1933 in Ifig. 10, Plate II; on this day the
amplitudes of the volcanic micro-tremors were the greatest ever observed
at our Volcanological Laboratory.

' 1
i e

7. Micro-tremors and small eruptions of the First Crater in
September 1932

‘We shall now describe the results of micro-seismometric chserva-
tions in parallel with the great activity of the volcano, and this section
refers to the stage at the very beginning of -the eruptions. At the
end of Aug. 1932 the micro-tremors of the first kind began to increase
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gradually both in frequency of occurrence and in number of waves
in each group, though their maximum amplitudes were not increased.
But the mean amplitude of the tremors which was o.15¢ on Aug. 23
decreased to less than o.03# on Sept. 4, at 11"30™ on which day the
First Crater began to emit black smoke calmly and without any noise
from a new small vent at the western corner of the crater bottom.
The diminution of the amplitude of tremors on this occasion was in
the normal manner, and the quiet emission of black smoke was the
first indication of activity in the violently active period of the volcano
after a long repose of 2 years. After that the volcano continued to
emit much more black smoke for the following three days, and after
stopping for two days, again cmitted black smoke on Sept. 10-11.
On the following day the crater emitted slight vapour only instecad of
lack smoke. Ifig. 12 shows the state of emission of black smoke
from the vent of the First Crater, photographed on Sept. 11, 1932.
As shown in Iig. B
11 the variation Wlﬁlg' 12
of the observed |

amplitude of the |
micro-tremors of |
the third kind
was nearly in &
parallel with that
of the activity
of the volcano
during this peri- |
od, and micro-
tremors of the
second kind ob-
served, which
attained a maxi- (Fhoto. Hayashi)
mum amplitude v
of ca. 2p¢ on quiet days of Sept. 8-9, decreased slightly in amplitude
on the following active days of 1o-11th, all of which is in accordance
with our previous experience. But, contrary to the diminution in
activity of the volcano, the micro-tremors of the second kind did not
decrease in amplitude, which remained at ca. 1 74, with a tendency
to increase than to decrease, showing that further active cruptions

were in preparation.
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8. Micro-tremors and small eruptions of the First Crater in
November 1932

The volcano remained in repose during Sept. 12-Nov. ‘6, with exceptions of two short
periods, Sept. 17-19 and Oct. 26-27, during which periods slight black smoke was emitted
quietly without noise. The micro-tremors of the third kind changed their amplitudes nearly
in paralle] with the variation of activity just described, but those of the first kind kept
nearly the same amplitude throughout this reposz period, while those of the second kind
began to show an increase of amplitude from the beginning of Oct. On Oct. 26 the rate
of increase of the amplitude of the last named tremors became more rapid, and on Oct. 30
the tremors of the first kind also suddenly increased their mean amplitude to ca. o.2p.  The
latter tremors soon decreased in amplitude, at first gradually and then rapidly, to a minimum
of ca. 0.0Ty on Nov. 7, on which day black smoke suddenly began to be emitted from a
new pit formed at the southern side of the old pit of the First Crater. The amount of
black smoke emitted from the new pit increased day by day and at last, on Nov. 19, some
fragments of rock began to be mingled with the smoke. Two days previously the micro-
tremors of the first kind suddenly increased in amplitude to ca. 0.42u on Nov. 17, and then
the amplitude gradually decreased to a minimum of ca. 0.151 on Nov. 26. At about 7! on
the preceding day, 25th, a moderate eruption took place, moderate-sized fragments of rock
and plenty of dust being ejected from a new vent formed in the middle part of the First
Crater and after this, eruptions of the same degree were freguently repeated (i1l midnight
of the following day. As shown in Fig. 11 the amplitude of the micro-tremors of the third
kind increased in a step-wise manner in parallel with the step-wise increase of the volcanic
activity. *The amplitude -of the tremors of tlie second kind which was a minimum of ca.
2.8p on Nov. 9 increased to 4.3p on 18th and then kept nearly the same value until ‘the end
of the month, though with minor fluctuations running opposite in course to the fluctuations
of  the volcanic activity.

9. Micro-tremors and great eruptions of the First Crater in

December 1932

As mentioned in the foregoing two - paragraphs, the volcano
showed a certain degree of activity of minor scale for three months
from ‘the beginning of September to the end.of November, the degree
of its strength being rather too trifling to be ‘described in detail, as
is seen from the smallness of the amplitudes of the tremors of the
first and - third kinds..  But it is important to notice that, during
this period, the amplitude of the tremors of  the second kind was
constantly increasing, which shows that something was going on a
large scale in the magmatic reservoir or elsewhere in connection.
The frequencies of occurrence began to increase rapidly on Dec. 3,
and finally they became continuous trains of regular waves on Dec.
6, increasing in amplitude at the same time. The amplitude of the
tremors of the first kind increased from o.3u on Dec. 2 to a maximum
of -0.78x on 6th and then slightly decreased to 0.644 on the following
day. At about 14" on the same day a violent eruption occurred, a
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considerable mass of lava-blocks being thrown out to a height of about
300 m. above the mouth of the vent. After that the eruption of the
First Crater increased in strength and frequency of occurrence day
by day. Especially for the three days of Dec. 17-19, the eruptions,
frequently repcated, were so violent that large red-hot blocks of rock
of ca. 1 ton weight were ejected to a horizontal distance of ca. 300
m. over the crater rim. Tig. 13 is a photograph of an eruption of
the First Crater taken at about 22" on Dec. 17, 1932 at the western

(Photo. Murakami)

crater rim. An eruption at 19"30™ of the next day, 18th, was onc
of exceeding violence and some sight-seers who went too near the
crater could not escape without being injured by ejected fragments of
rock. The maximum amplitude of the eruption-earthquake of this
explosion recorded at our Volcanological laboratory was ca. 0.65u¢
in double amplitude. On Deec. 19 the present writer, standing on the
western rim of the First Crater, observed whitish red molten lava—
probably ca. 1,000°C,—welling up and down at intervals of about 1
second at the mouth of the vent. FEruptions were repeated with rather
fecble detonations at irregular intervals, sometimes every 5-6 minutes
and at other times only every 20-30 seconds. The amount of the
ejectamenta was not great at a single eruption and their directions of
projection were not definite but varied from eruption to eruption.
Generally speaking, the amplitudes of the three kinds of tremors
described increased constantly up to the last mentioned eruptions,
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though with fluctuations in the tremors of the first and the second
kind, a characteristic phenomenon that we have frequently observed.
The tremors of the first kind showed that they had reached a maximum
in amplitude, but the course of variation of the amplitude of the
tremors of the second kind did not show any culmination of activity
in the great cruptions of the month. Near the end of the year the
amplitude of the tremors of the sccond kind suddenly decreased from
6.1 2 on Dec. 28 to 3.5 ¢ on Jan. 2, and three days later, those of
the first kind also began to decrcase rapidly in amplitude from Dec.
31. I the things were as described in the preceding articles, such
a decrease in amplitude of the tremors, especially those of the second
kind, would generally be followed by great eruptions, but the gradual
decrease in volcanic activity which began on Dec. 20 remained un-
changed both in the end of the year as well as in the beginning of
the following year, diminishing more and more as time passed, though
volcanic dusts and occasionally small fragments of rock were still
constantly ejected. Things were very different to our previous ex-
perience, and instead .of an increasc in eruptive dctivity we had
frequent occurrences of volcanic earthquakes, which will be- described
‘in the following paragrapl. ’ }

10. Swarm of volcanic earthquakes and the volcanic activity

Volcanic earthquakes originating inside the old large caldera are
generally rather” few in number.  Their intensity and frequency of
occurrence gradually increased from Dec. 28, 1932 day hy day and
attained a maximum of frequency on Jan. 13 of the following year,
1933, on which day the number of volecanic carthquakes rcécorded by
the Wiechert instruments at our Volcanological Laboratory was 8u,
and the actual number was probably far greater (probably more than
120), but a considerable number failed to be recorded at the times when
the recording pens were displaced by strong shocks.  After this the
daily number of volcanic carthquakes observed by the same instruments
was ca. 20-30 at the beginning of the following month and then
decreasing gradually from day to day towards the middle of February.
Meanwhile the activity of the volcano was rather subdued from the
beginning of the year, only black smoke being emitted occasionally
from the Iirst Crater with feeble rumblings and slight vapour from the
pool of the Second Crater until the middle of IFeb., at which time the
latter crater hegan to increase in activity, first effusing mud on Teb.
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t1.and then emitting black smoke from 19" on Teb. 15  Near the
end of Feb. the daily number of the recorded volcanic earthquakes
was only 2 or 3 and it was about two months after the volcanic
carthquakes began to be frequently recorded, that we had terrible
eruptions of the Second Crater which began to take place on the
carly morning of Feb. 24. The volcanic earthquakes in question are
nothing more than those, if described in usual way, of the premonitory
of the terrible explosions on Ifeb, 24, and the variation of their frequency
of occurrence resembles to that of the tremors of  the second kind,
and the significance of their mode of occurrence should be considered
in connection with the results of observations of volcanic micro-tremors
as well as those of the tiltmetric observations made at our Volcano-
logical Taboratory. We shall return to a further discussion of the
described. carthquakes after a description of micro-tremors during the
great cruption-period, given in the following two paragraphs.

11. Micro-tremors and activity of the volcano during .

Jan. 1—Feb. 24, 1933 -

Amplitudes of ‘the tremors of the first and sccond kinds which
dropped to minimums after the occurrence of the described swarm of
carthquakes, began to increasc again in the middle of January, but at
the end of the month they decreased rapidly in amplitude to minimums
on Jan. 27, on which day a strong eruption of the Ifirst Crater took
place at about 14", some fragments of rock being c¢jected to a horizontal
distance of ca. 300 m. and after that the First Crater maintained its
activity at nearly the same intensity, constantly emitting black smoke
and occasionally ejecting fragments of rock, till the end of the follow-
ing month. Fig. 14 is a photograph of the Second Crater taken in
Jan. 1933, showing the state of the crater before the great eruptions
occurred in the following month. On Jan. 30 the amplitudes of the
tremors of the first and sccond kinds again increased greatly from ca.
0.5/ to ca. 2.6y for the former kind and from ca. 4u¢ to 1op for the
latter and they again decreased rapidly on Ieb. 10. On the follow-
ing day the Second Crater showed the first indication of the comming
great cruptions, effusing mud to. a height of “about 4 m. above the
crater bottom. - After that the Sccond Crater, whose pool dried up,
gradually- increased in activity and finally at about 19" on the 1ith
began to emit a great deal of black smoke, while the amplitudes of
the tremors of the two kinds increased on the 14th and soon began
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to decrease to minimum value on the 23rd, on the afternoon on which
day the rate of increase of activity of the Second Crater began to be
accelerated. The variation of the amplitude of the micro-tremors of
the third kind was nearly in parallel with that of the tremors of the

Fig. 14

(Photo. Murakami)

first kind. A partial reason for this parallelism is probably given by
observational errors, for owing to the large amplitude of the latter
tremors the accurate evaluation of the recorded amplitude of the
former tremors, the period of which is only half that of the tremors
of the first kind, was very difficult in spite of the favourable nature
of their oscillating directions ;—the oscillatory displacements of the
tremors of the first kind are far predominant in the N-S component,
while those of the tremors of the third kind are nearly the same in
both components.

12. Micro-tremors and great eruptions of the Second and the
First Crater during Feb. 24 —March 4, 1933

As amplitudes of the tremors observed in this period were too
large to be given in Tfg. 11 together with the other smaller values,
and as, moreover, a much more detailed study is desirable, the hourly
mean amplitudes and periods of the tremors of the first and second
kinds observed by the Wiechert instruments, mean positions of the
pendulums of the tiltmeter and hourly sum of the maximum amplitudes
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of the sound-shocks recorded during this period are shown in the
following Fig. 15. On Feb. 23 the wave-form of the tremors of the

.

second kind became very irregular with a somewhat elongated périod

Fig. 153
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and in the evening of the same day the period of those of the first
kind was also clongated slightly, the amplitudes of the latter tremors
had already decreased in the evening of the 21st and again increased
slightly early in the morning of the 23rd, while those of the former
tremors had decreased since the evening of the 22nd.  From 3"27™
on Ieb. 24 the micro-tremors of the first and the second kind suddenly
increased in amplitude from ca. 6 to 23 for the former tremors, and
from sp¢ to 34.54 for the latter in only 25 minutes. The tremors of
the second kind kept their amplitude at the upper value for about half
a day and soon after the evening of the same day began to-decrease
rapidly in amplitude to ca. 174 on the morning of the following day,
while the tremors of the first kind, after increasing in amplitiude to a
maximom of ca. qop, kept their maximum value with some minor
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fluctuations for about two days and from daytime on the 26th began
to decrease in amplitude. Fig. 10, Plate Hishows portions of records
obtained from the Wiechert seismographs “on Feb. 25 at our Volcano-
logical Laboratory. Corresponding to these remarkable variations of
amplitude of the tremors, the activity of the Second Crater began to
increase at an accelerated rate from the afternoon of Feb. 23 and finally
in the early morning of the following day violent eruptions of the
crater took place, fragments of rock being ejected to a distance of
ca. 200 m., with loud detonations, repeated eruptions increasing. rapidly
in strength from eruption to eruption. Micro-tremors of the first kind
decreased in amplitude, at first rapidly from ca. qop at 14" on Feb. 26,
and then gradually to a minimum of ca. 64 at noon on the 28th, while
those of the second kind had already decreased in amplitude in the
early morning of the 25th from ca. 34p to ca. 17y, and after keeping
nearly the same amplitude of lower value till the afternoon of the
27th, rapidly decreased to a minimum amplitude of ca. 0.7¢ at noon
of the following day.

On the contrary, as will be scen from [ig. 15, the intensity of
eruptions increased rapidly from daytime on the 26th and attained a
maximum in the evening of the following day, at which time the
eruptions, mainly of the Second Crater, were so violent that a con-
siderable number of red-hot lava blocks of ca. 20 tons weight were
frequently ejected to Sunasenrigahama, ca. 600 m. south thercfrom,
and blocks of ca. 3 tons weight to a horizontal distance of ca. 1km.
or more, with severe detonations, some of thmnf’Béing heard cven at
Beppu, ca. 6okm. NNE of the volcano. Iig. 16 is a photograph of
an cruption of the Second Crater at o"44™ on Feb. 28; 1933 taken at
our Hondd Observing Room and Tig. 17 is a photograph of onec of
the largest lava-blocks which fell on thé western slope of Naka-dake,
ca. 500 m. west of the crater. " On Feh. 28 the Second Crater greatly
decreased both in the intensity and frequency of eruption, while the
eruptions of the IMirst Crater began to be frequently repeated with
nearly the same intensity as that of the Second Crater at the same
time.  Throughout the following thrce days eruptions of the two
craters were repeated, though gradually decreasing in dfrequency and
intensity, red-hot lava blocks of ca. 10 tons weight being ejecfed
frequently to a horizontal distance of ca. 400 m. and of ca. 8oom. at
times. - As to the distribution of the ejectamenta as well as considera-
tions on the mechanism of the eruption, the reader is referred to the
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Fig. 16

(FPhoto. Murakami)

(Photo Hayashi)
preceding paper, Part ' At about 11" on March 2 the present writer
observed the crater bottoms, standing on the western crater-rim during
a short repose interval of ca. 20 minutes, but, instead of finding
whitish red molten lava at the mouth of the vents of the First and
Second Crater as in the case of the eruptions of the former crater in
Dec. of the preceding year, he saw deep and enlarged vents, from

1. Loc. cit.
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which plenty of white smoke was rising. Almost all the molten lava
in the upper - part.of -the -vent scems to be.thrown: out.in. violent
eruptions -sucli as the present one, and-so the molten lava was deep
in the vent during the short repose interval.  The: sequence of an
eruption- observed at the southern rim of  the Fourth Crater, -ca. 600
m. south from the Second, on" March 2 was as follows; -at-the very
beginning a flash, dnd emission of black smoke at the mouthi of the
vent, then cjection of lava-fragments, outrunning. the black: smoke,
and ¢jections of fragments of rock lasted for 6-8 scconds. . 1.9 seconds
in ‘the mean after the flash, the detonation was heard, from which its
velocity of propagation is calculated as being ca. 330 m./sec., if the
flashh and the detonation started at the same moment at the mouth
of the vent which was ca. 100 m. below the crater rim. Amplitudes
of the tremors of the. first and sccond kinds, -though fluctuating ‘over
wide ranges, as shown in Ifig. 15, did' not change in“mean during
the three days of Feb. 28-March 2, but on the following day, the
3rd, they began to decrcase to ca. 3z for both tremors in the early
morning of the 4th, on which latter day the eruptions of' the two
craters decreased greatly in strength and frequency from the early
morning, but -in the evening- thé last violént eruptions -of this short
period of great eruptions took place. On March 3 the eruptions of
the two craters ceased,. but quantities of vapour rising from the craters,
especially from new -
steep slopes ~ formed:
by the ejectamenta

Fig. 18 .

along the south and
southeastern internal
Cwalls of the Second -
Crater, were so abun-
dant that we could’.
not see the bottoms
of the craters. Micro-
tremors of the first
and the second kind
decreased  gradually
in amplitude, with
some minor fluctua-

tions, day by day ,
from March 4 show- FZ 4 6 & 10 12 14 16 18 20 22 Ok
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ing that the activity of the volcano was in the declining stage. The
means of hourly mean amplitudes of the tremors of the first (I) and
the second (II) kind and hourly sums of the recorded maximum
amplitudes of the sound shocks (IIl) during the four days of Ieb. 28—
‘March 3,” in which period the activity of the volcano was of nearly the
same degree, were as shown in Ifg. 18. The tremors of the first kind
changed in amplitude semi-diurnally, with two maximums at 4" and 17"
and two minimums at 10" and 21%, and those of the second kind also
changed in amplitude nearly in parallel with a slight advance of phase
of ca. 1 hour. The mean hourly sum of the recorded maximum
amplitude of the sound shocks as described in the following paragraph,
and the corresponding intensity of eruption of the volcano also changed
semi-diurnally, but the maximums were at 14" and o", and the minimums
at 6" and 20". These semi-diurnal variations of the tremors and the
volcanic activity are to be considered as due to certain effects of
atmospheric pressure on the volcano, which is particularly sensitive
in its active period when its eruptive energy has reached the satura-
tion point.

13. Micro-tremors and volcanic activity during the described great
eruption-period, the occurrence of the swarm of volcanic
earthquakes being taken into consideration together

- with the tilting of the ground

So far we have described the micro-tremors and volcanic activity
of Aso from the very beginning of the active period of great explosion
on Sept. 4, 1932, up to March 5, 1933 when about to enter its declining
stage. The eruptive activity in this case, accompanied by many volcanic
carthquakes, were the most general case of eruptive activity of the
volcano and things went quite in accordance with our general concep-
tions of the mechanism of volcanic eruptions. A few days before the
first indication of very slight activity in the First Crater, micro-tremors
began to be recorded showing that the accumulation of volcanic mass
and energy were already sufficient to begin to find a way to eruption.
Three months passed till the end of November during which period
the feeble activity and micro-tremors were generally in accord with
our previous experience, but the tremors of the second kind were
constantly increasing their amplitude in mean, indicating greater activity
in future. Near the end of November the accumulation of volcanic
mass and energy under the volcano reached such a degree as to cause
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great increase in amplitude of the micro-tremors of the first, the second
and the third kind, and, as will be described in a future paragraph,
the tiltmeter set in our lLaboratory began to record a tilting of the
ground, as if the earth’s crust in the neighbourhood of the crater of
the volcano was gradually upheaved from the end of Nov. 1932, the
rate of upheaval increasing day by day, and at last we had the violent
cruptions in the middle of December, as already described. Near the
end of the year, 1932, the tremors of the first and the second kind
bogan to fall rapidly, everything appearing to foretell the approach
of a great eruption. But by this time we had the swarm of volcanic
carthquakes instead, as already described. The stresses in the crust
(in this locality), in conjunction with the condition of the magmatic
reservoir, were such that they could not resist a further accumulation
of volcanic mass aund energy in or near the reservoir, and consequently
vieldings occurred which took the form of a swarm of earthquakes.
The yielding in such cases necessarily means a flow of mass and
energy tending toward the origins of earthquakes in general, and
therefore a relief of pressure in the magmatic reservoir or its immediate
vicinity, as well as a decrease in cruptive activity and falls in ampli-
tude of the volcanic micro-tremors arc the result. It was as if the
volcano had found new craters in place of the existing one. Yielding
of the earth’s crust frequently occurred in the district extending to
the west of the crater, as will be described in a future paragraph.
The internal conditions of the earth’s crust werc now such that it
could hold against a much higher pressure, and the further accumula-
tion of mass and energy in the reservoir began to find a path toward
the crater as the weaker places yielded, and escaped as eruption.
This was the state of things at the end of Jan. 1g33. Still further
accumulations of mass and energy continued, but they now found two
paths, one towards the crater and the other towards the places where
yieldings occurred in the form of carthquakes. Volcanic micro-tremors
began to increase and the eruptive activity of the crater also, but the
number of earthquakes began to decrease from the middle of February,
the internal conditions of the crust enabling it to stand against the
increasing pressurc. Thus the eruption could be expected to be more
violent than any we had before the occurrence of the swarm of carth-
quakes. As shown in Fig. 15, the ground of the ILaboratory began
to tilt up towards the east from its mean position on Ifeb. 19 and the
tilting constantly increased in degree, and micro-tremors occurred in
the manner already described, and we had the outburst of great erup-



40 Kenzd Sassa

tions on Ieb. 24, on which day the sense of tilt of the ground was
reversed, the west-upward tilt attaining a maximum value on the most
active days of Ifeh. 26-27 and then gradually returned to its mean
position :—a result of the escape of accumulated mass and energy by
repeated great cruptions. The dopréssion of the crust to a position
somewhat above its original one was in the manner normal for such

occurrences.,

14. Sound shocks caused by the great eruptions during
Feb. 24—March 4, 1933

Sound shocks caused by violent eruptions were recorded by the Wicchert and our G4
type vertical component seismographs, even at our Voleanological Taboratory, 7.5 km. west
of the crater. Tig. 19, Plate 11T is a reproduction of a portion of a record obtained from
the Wiechert vertical component scismograph on Feb. 27-28, 1933 and the time ol accurrence

' and the maximum amplitude of the sound
Fig. 20 shocks recorded by the above named instvu-
ment are shown in Fig. zo.

= The sound shock recorded at the Labo-

- ratory begins with a downward motion of the

Feb.24 - T A e ground without a single exception, correspond-
S ing to the compressional displacement of the

o5 ¥ ' 1 ": air wave, and the ratio of the initial to the

e ; ’ . next backward motion was not constant but

varied over wide ranges from 1:1 to 1:35

On March 4 several sound shocks were
recorded by an ordinary Richard barograph,
which was adjusted to register in parallel with
the pens of the seismograph on one and the
same recording drum of the Omori tremor
recorder set at our Honds Observing Room

26EL:” R X N "D at the summit. The initial motions of - the
- barometric disturbances caused by the erup-

Yo . tions, thus observed, were always of abrupt

Marchl - el J! L L, compressional  displacement.  The  relation
- between the amplitude of barometric distur-

‘ | ! “ Dbances at the summit and that of sound shocks

2 i S—— at the foot is not simple, though the number
- of the observed data is not sufficient to draw

N 3111 - any conclusion, but it seems to show that the

3 - form of the pressurc waves caused by the
> eruptions was not constant, but varied greatly

434’ TR, ‘.E' 2(_5 fr.om)eruption‘ tf) Cyl“}l.}?tji()l\,‘ cspfcially -bet\\'cen
eruptions of the First Crater apd those of

the Second.  This is also suggested by the
diversity of the observed ratio of the initial to the next backward displacement of the sound
shocks recorded at the Laboratory. The relation between the recorded maximum amplitudes
of the sound shocks of eruptions and the maximum horizontal distances to which fragments
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of rock were thrown out by the correspond- . Yo, 24
ing eruptions, is given in Iig. 21 and, as lOmrm'
shown in the figure, the maximum amplitude A

of the recorded sound shocks is proportional
to the maximum horizontal distance of the 8 I
projections.  So we may consider Fig. 20
as a record showing the intensity of the
cruptions together with their time distribu-
tion, though all such relatively minor erup-
tions as those in which fragments of rock ak
were ejected to a horizontal distance of

less than 300m. were missed, for the .

maximum amplitude of the corresponding 2
sound shock was too small to be observed D
——
on records, which recorded tremors of o . , '
N - ) 1 -~
much larger amplitude. 200 400 800 800 1000 m.

15. Micro-tremors and eruptions of April 5-6, 1933

After the last eruption of the great cruption-period on March 4,
the volcano was relatively quiet, only emitting continual white smoke
and occasional dusts with feeble rumblings throughout the month
except on the gth, on which day one strong‘ eruption: of the Sceond
Crater occurred at 16"0¢™. The amplitude of the tremors of the first
kind, which kept nearly the same value of ca. 2.0¢ from March s,
began to decreasc to a minimum value of 1.2 on the 2+th and then,
after a slight rise on the 31st and April 1, rapidly fell to a minimum
of 1.0z on April 5, on which day a violent eruption of the Second
Crater took place at 19"50™. The amplitude of the tremors of the
second kind, which was decreasing gradually from March 5 with some
minor fluctuations, suddenly decreased from 8.2z to 4.5 on March
27, and then after a rapid rise to 8.4¢ on March 31, again fell to
2.4 on April 3, two days after which the cruptions began, while the
frequency of occurrence and the intensity of volcanic carthquakes
which increased greatly during March 22-27, decrcased at the very be-
ginning of April. The cruptions of the Sccond Crater, which began
on April 5, were repeated till midnight of the follmving day, large
volumes of black smoke heing continuously emitted and fragments of
rock occasionally ejected with loud detonations. After that the vol-
cano diminished in activity day by day except for April ¢, on which
day one strong eruption occurred at ahout 19",



42 » o Kenzé Sassa

16. Micro-tremors and activity of the volcano during
May — December, 1933

During this declining period there were seven remarkable eruption-
periods as follows :
L. Zruptions of May 4-8, 1033. The volcano began to increase in activity at the end of
April and on May 4 the cruptions of the First Crater began to occur. Thereafter the
strength of eruptions gradually increased till the 8th, on which day red-hot lava Dblocks were
thrown out from the First Crater to a horizontal distance of ca. 300m. and from the Second
Crater to ca. 100m., and after this the eruptions decreased gradually as time passed, though
volumes of black smoke were constantly emitted and fragments of rock occasionally thrown
to a short distance until the next active period of May 18.
2. Lruptions of May 18-30, 1033. The First Crater suddenly increased in activity,
frequently ejecting fragments of rock on May 18, and the Second Crater also, on the zznd.
After that the eruptions were repeated, those of the former crater being most severe during
r3h-16Nh30m on May 29, fragments of rock being ejected to a distance of ca. 2z50m.
3. Lruptions in June 1933. At the beginning of June the two craters diminished greatly
in activity.- On June 8 moderate eruptions occurred and continued for several days, small
fragments’of rock being ejected at times. Owing to a succession of rainy and cloudy days
detailed observations of the volcanic activity could not be made in the second half of June,
but on the nights of the 27th and 29th of the month we observed a red cloud lit up by the
crater-glow- and caused by the molten lava, ejected or lying at the mouth of the vent. Such
a bright crater-glow which was observed even at our Laboratory, has happened only when
violent eruptions were frequently repeated, and the state of activity of the volcano at such
times may be inferred therefrom.
4. Bruptions of the First: Crater during July 9-13, 1933. From the beginning of July
the volcano increased.in activity and on the night of the gth strong eruptions began to be
frequently repeated with loud detonations. The eruptions were continuously repeated until
the 13th of the month, and after that the volcano constantly emitted black smoke and dusts
from the First Crater with feeble rumblings, without cjections of fragments of rock.
5. Eruj)ﬁbm of the First Crater during Aung. 9-18, 1933. From the beginning of August
the First Crater gradually increased in activity, some smull fragments of rock being occasion-
ally ejected to a short distance, and from midnight of Aug. 9 strong eruptions were frequently
repeated till the 18th of the month. The strongest eruptions took place during the three
days 15th-17th, lava-blocks of ca. 200 kgs. weight being ejected to a horizontal distance of
ca. 250m. over the northern crater wall at times. On Aug. I9 the strong eruptions ceased
and after that the First Crater -constantly  emitted white smoke and occasionally volcanic
dusts and small fragments of rock. ) i ) :
6. Eruptions of the First Crater during Sept. 25-28, 1933. From the middle of September
the volcano was quiet, only emitting slight black smoke from time to time from the First
Crater, with fceble rumblings. On Sept: 25 violent eruptions began to take place with loud
detonations, the sound. shocks of which were recorded by the. \Viechert instrument at our
Laboratory. ,Strong,eruptions lasted till 28th of the month, the strongest one taking place
at I4h on that day, on.which occasion lava-fragments were thrown out to a distance of ca.
300m. Strong cruptions ceased at the end of the month and thmugh‘out the following month
the volcano was in repose, only emitting white smoke from the First and the Second Craters
!md, rarely, black smoke and slight dusts from the former.
7. Lruptions of the First Crater of Now. 1-2, Dec. 2-5 and Dec, 13, 1933. Small erup-
tions of the First Crater took place frequently on Nov. I-2, small fragments of rock being
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cjected to a distance of less than 100m.  After that the volcano was again in repose
throughout the month. On Dec. 2 small eruptions of the First Crater bagan to take place
and gradually increasing in strength, attained their maximum violence on Dec. 5, on which
day many small fragments of rock were thrown out to a distance of ca. Toom. On the
following day the eruption ceased and the volcano was again in repose. On Dec. 13 strong
eruptions of the First Crater suddenly took place and lasted throughout the day, lava-blocks
of ca. 200 kgs. weight being ejected to a distance of ca. 150m. This eruption was the last
ot the great eruptive period of 1932-1933. Since then the volcano has been in perfect
repose, only emitting slight vapour at times. The vent of the Second Crater was gradually
buried by old volcanic ashes and dusts pouring into it, and a sandy bottom appeared in the
following year. The volcano is now in repose, the present state of the four craters being
as shown in the following photographs, taken on May 23, 1935.
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Corresponding to the seven principal groups of the described eruptions in this period,
there were seven principal fluctuations of amplitude of the micro-tremors of the first and the
second kind as shown in Fig. 11, and the relation between the micro-tremors and the volcanic
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activity observed in these cases is exactly similar to that observed in the most simple case
of eruption of the Fourth Crater on Sept. §-8, 1930, already described in one of the preceding
paragraphs ; this was as already expected from our previous considerations on the mechanism
of the volcanic activity. Speaking in somewhat greater detail, the amplitude of the micro-
tremors of the second kind increases at first, and keeps its maximum value for several days
with rises and falls over a considerable range, and then begins to decrease rapidly, aud soon
after this the frst eruption of the group takes place suddenly. As long as the eruption is
repeated, the amplitude of the tremors generally keeps its lower value. The variation of
amplitude of the micro-tremors of the first kind is nearly similar to that of the tremors of
the second kind described above, but speaking more accurately, the amplitude of the former
tremors generally keeps its maximum value, ov rather increases even alter the amplitude of
the latter tremors has begun to decrease, and begins to decrease only a short time Dbefore
the occurrence of the first eruption. 1In the case of the small eruptions of Nov. 1-2, 1933
the variations of amplitudes of the tremors of the first and second kinds werc on a very small
scale but behaved similarly to the other cases.

The amplitude of the tremors of the first kind observed in a
rainy season was abnormally great as compared with that of the tremors
of the second kind, and the activity of the volcano also increased
slightly in the same scason. These facts are to be considered as due
to the effect of water poured or sunk into the magmatic reservoir
from the crater or its neighbourhood, exciting the internal cruptions
generating the tremors to greater frequency and intensity. Ashes
and dusts taken together with water into the vent will produce the
same cffect, inducing a certain load on gases and vapours not free to
escape. The micro-tremors of the third kind changed, as shown in
Fig. 11, in almost a similar way to those of the first kind did. The
amplitude of the micro-tremors of the three kinds, especially those of
the sccond kind, changed in a period of, roughly, 27 days, the synodic
period of the sun’s rotation, and this is probably duc to the effects of
certain meteorological conditions upon the volcano. The daily mean
values of atmospheric pressure observed in the whole active period
of the volcano were as shown in Fig. 11. The relations of eruptions
of the volcano to the variation in atmospheric pressurc are not apparent
from the daily mean values of the latter, but there scems some tendency
for the first eruption of an ecruptions-group to occur more frequently
at the time of low pressure than at the time of high pressure. This
observed result secems to be due to a relief of load owing to the low
atmospheric pressurc.
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17. Micro-tremors and minor fluctuations of the

eruptions-activity

Observations of the micro-tremors at our summit station of IHondd
were made three times during the last: active period of the volcano,
and two typical examples worthy of notice, showing the relation
between the variation of the amplitudes of the micro-tremors and that
of the volcanic activity in a short interval of less than an hour, will
be described below. 7The observed amplitudes of the tremors of the
third kind, the eruption-earthquakes, and the barometric disturbances
during 17"-20" on March 4, 1933, on the evening of which day the
violent eruptions of the Second Crater took place, were as shown in
Fig. 23. At that time the micro-tremors of the third kind were most
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predominantly recorded, those of the other two kinds being utterly
masked by them. After a strong eruption of the First Crater at
17701"42% the same crater ceased to erupt, only emitting black smoke,
aud the Sccond Crater was also in repose, emitting only slight vapour
at times. The micro-tremors of the third kind began to be recorded
at 17"13", and increasing rapidly in amplitude, soon attained a maximum
value of ca. 30 microns about 2o minutes after their first appearance
on the record, as shown in Fig. 23. At 17"35™17" they rapidly de-
creased in amplitude to only ca. 5p, and it was at 17"47"30" that slight
fragments of rock began to mingle with the black smoke emitted from
the First Crater. The amplitude of the tremors again increased to ca.
sou at 17"509™ and soon decreased to 20p, keeping the lower value for
about 20 minutes. At 18"19™ it suddenly decreased to such a small
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value that it éompletely disappeared from the record, and about 6.
minutes after that a strong eruption of the Second Crater suddenly
occurred, large lava blocks being ejected to a horizontal distance of
ca. 300 m., and several sight-scers standing near were injured by the
cjectamenta.  After the eruption the same crater very frequently, or
rather continuously, ejected small fragments of rock to a height of ca.
room. till 18"30™30% after which time both craters again hecame quict.
At 18"33™ the micro-tremors reappeared on the record, their amplitude
sometimes reaching ca. 7, but they soon went out of sight again
from the record at 18"54™. About 6 minutes later a violent cruption
of the Second Crater took place with loud detonations and after this
eruptions of the same crater were frequently repeated.  Of these, the
cruption at 1¢"52"40” was the most severe, many large lava blocks
being ejected to a horizontal distance of ca. oo m.  Tig. 24 shows
recorded amplitudes of the micro-tremors of the first and the second
kind and those of the cruption-earthquakes observed at the Hondd
Observing Room during 12"28"-13"24™ on Aug. 17, 1933, on which
day the cruptions of the First Crater were frequently repeated at
intervals of about one or half an hour, fragments of rock being cject-
ed to a height of 'ca. 150 m. above the mouth of the vent. As
shown in Fig. 24 the eruptions occurred at 12"28"43" lasted till
12"37"14% and then ceased. The amplitude of the micro-tremors of
the first kind began to increase rapidly from 12"34™ and after keeping
nearly the same value of ca. 1.5z for half an hour, again rapidly
decreased to a value of ca. o.5¢ at 13"03™, while those of the tremors
of the second kind increased from !o.6p at 12"32" to 11p at 12"37",

1

soon decreasing togu at 12"41™ and after keeping the lower value for
7 minutes, they began to decrease rapidly. At 13"0y™37” the first erup-
tion of the next group suddenly took place and then eruptions were fre-
quently repeated for 15 minutes. Thus in a stage of surface eruptions
of an active period, there are cases in which amplitudes of the tremors
of the first and sccond kinds have already decreased and eruptions
ocecur, not in a continuous series but intermittently, 2 or 3 groups per
hour. The above examples show that, in such cases, the changes in
amplitude of tremors of the first and the second kind, corresponding
to the succession of groups of eruptions,occur in a manner very similar
to their occurrence in cases where the factors of time and magnitude are
on a much larger scale, as frequently described in the previous para-
graphs, and that, when cruptions arc on a small cnough scale to be
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considered.as having their origin at a shallower place in the magmatic
reservoir or somewhere in the vent, the tremors of the third kind that
come into play have to be considered in place of the tremors of the
first kind considered in the case of eruption on a larger scale. The
above result is a very interest, and may be summarized in the form:
Whatever may be the nature of the eruption, whether continuous or
intermittent, and whatever the scale of time or magnitude, the fluctua-
tions in amplitude of the micro-tremors corresponding to the fluctua-
tions in volcanic activity occur in quite similar ways; the micro-tre-
mors begin to increase in amplitude, reach a maximum, and begin to
decrease, and then cruptions take place, the meanings of the terms
* micro-tremors ’ and ‘ eruptions’ must be properly interpreted accord-
ing to the particular nature of the casc.

18. Tilt of the earth’s crust observed in the
active period of the volcano

The horizontal pendulum apparatus of Rebeut’s type made by
Repsold, which was used by Prof. T. Shida to observe the change of
plimb line at our Kamigamo (cophysical Observatory in 1910-1911,
was provisionally sct up in an underground room of our Aso Volcano-
logical Laboratory in May 1932, at which place the daily tilts due to
the complicated cffects of solar radiation were proved to be minimum ;
for the specially constructed underground observing room of ca. 4o m.
depth-in volcanic rock was not vet finished at that time.  The pendu-
lum No. 1, the SE comp., records the variation of the direction of
plumb finc in azimuth F42"S-W42"N and the other one, No. 2, the
NE comp., that in azimuth Ng2"E-S42"W.

The daily variation of temperature of the pendulum room was not
small though not oxccodihg 0.1°C, and the daily variation of zero-point
displacement calculated as tilt was 0./7 for the SE component and
0.3 for the NE component; the annual variation of tilt in the same
meaning was ca. 12’ for the SE component and ca. 57 for the NI
component. The changes of the daily mean position of zero-point,
alculated as tilt of the ground in the period under consideration, arc
as shown in Fig. 11 together with the observed results of the volcanic
micro-tremors, volcanic earthquakes, atmospheric pressure, air tem-
perature, and amounts of precipitation.  All the eruption-groups, 20 in
all, started in the periods of rapid increase of the cast-downward tilt
of the earth’s crust, or speaking more accurately, the east-upward tilt
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attained a maximum a few days before the eruption and then the
sense of tilt was reversed down towards the east, and at this latter
time -the first eruption took place. So long as the eruption centinued,
the east-downward tilt increased, and when the eruption: ceased the
carth’s crust returned gradually to its mean position. . For -the casc
of the great ertption-group of Feb. 24— March 4, 1933, a more detailed
study has already been given as a typical example in the preceding
pages (see Fig. 15). The apparent variation. of tilt due to the variation
inmeteorological conditions is generally verfy great when observed
near the surface of the ground, but the above described variatioiis of
tilt cannot be- considered as mainly due to a change in the .meteoro-
Togical conditions, for the former nearly always took the same direction
in all 2o cases, while the latter did not, as shown'in Ifig. 11. Accord-
ingly the variation of tilt of the earth’s crust observed at the times of
cruptions above described should be considered as being mainly due to
the variation of internal conditions of the volcano, as is to be expected
from the observation of micro-tremors; the above result may be
interpreted as follows i~ , ,

During the stage of gradual accumulation of mass and energy in
the vicinity below the vent, the carth’s crust in the neighbourhood of
the vent is gradually uphcaved, but when the rate of drilling a way
to eruption increases, the cffect will be the same as occurred in yield-
ing, and the rate of upheaval of the ground will decrease, and then
reach a maximum, and the ground will begin to be depressed before
the eruption is ready to start. During the time of repeated eruptions
the earth’s crust under consideration will be more and more depressed
owing to the escape of mass and energy from the vent, and will finally
come to_its mean position when the volcano is in repose. Proceeding
a step further and considering things from a broader aspect, the mass
and cnergy accumulating in the vicinity beneath the crater during the
entire active period of the volcano, should have caused an upheaval of
the earth’s crust in the neighbourhood of the crater from the position
of the period of repose, the only differences being of time scale and
the amount of tilt. The monthly mean values of the ground observed
are vectorially shown in Iig. 25, in which the positive sense .of the
vector corresponds to the upward tilt of the ground. As will be seen
from the figure the tilt of the ground observed turned rapidly to
cast-upward in Dec. 1932, deviating greatly from its. path. of.annual
variation, and attained a maximum in Jan. and IFeb. -of :the following
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year, corresponding to the increase in the activity of the valcano in
Dec. 1932. In January and the beginning of February of the following
year great numbers of volcanic earthquakes occurred in the neighbour-
hood of the crater as already described, while the surface eruptions
of the volcano were relatively quict, the maximum eruptive activity
being from the end of Feb. to the beginning of March of the same
year. Soon after the volcano went into the declining stage of its activi-
ty in March, the tilt of the ground was reversed to west-upwards, and
in the summer of the same year the amount due to volcanic activity
was virtually nothing, a permanent zero-displacement of ca. 7”7 of the
pendulum for the SE component being due to other causes.

19. Volcanic earthquakes

The volcanic earthquakes obscrved at our Volcanological Laboratory
during the last mentioned actiye period of the volcano were ahout
1,500 in number, and thosec with the initial motions undoubtedly read
from the Wiechert seismograms will be studied in this paragraph.
The positions of their epicentres and depths of origin were roughly deter-
mined are shown in Figs. 26 and 27 respectively. The epicentral dis-
tance /A was calculated from the formula, A km.=4.5x (duration of
preliminary tremors), obtained from the observed velocities of propaga-
tion of the 2 (1.25 km./sec.) and the .S (0.98 km./sec.) waves in the
district excluding the immediate vicinity within about 1 km. of the
crater. The real emergent angles observed at the I.aboratory were
almost always greater than 40°, being independent of the durations of
preliminary tremors, and moreover those of the earthquakes occurring
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Fig. 26.
of carthquakes {w) and distribution of the epicentres and the direc-
tions of the cracks in the period of (h) Dec. 28, 1932—Jan. 28,
1933, (¢) Jan. 29-Feb, 28, 1933, and (d) March 1—Dec. 31, 1933.
(O : Pull, @ : PPush, Annexed figures: Depth in lom., Cross:
Position of the Laboratory).

Map of a part of the Volcano Aso, showing region

(a)
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T.aboratory. As will
he seen in Idg. 20
(b)) the greater num-
ber of  volcanic
carthquakes observ-
ed for one month
from Dec. 28, 1932
to Jan. 28, 1933,
during which period
a gradual .upheaval
of the earth’s crust
in the neighbour-
hood of the crater
occurred, took place
in  the westorn
slopes of Kisima-
dake, Kusasenriga-
hama, Ebosi-dake
and along the Ta-
teno bharranco, and
the number of the
carthquakes Q)
with initial motions
in pull-phase was
about  twice as
many as that of the

(o)

mao-

carthquakes
having initial
tions in the push-
phase. But, as
shown in Fig. 20
(c), the origins of
carthquakes obser-
ved for one month,

e.g. Jan, 29—Feb,

28, 1933, in which period the described upheaval of the crust remained

at its maximum value, were distributed sporadically in the district ex-

tending over to the west of the crater, and the earthquakes (O) with
initial motions in pull-phase were nearly the same in number as those
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(®) with initial motions in push-phase, while earthquakes obscrved
during 10 months of subsidence from March 1-Dec. 31, 1933 took
place mainly in the western and northern slopes of Naka-dake, Kisima-
dake, and Ebosi-dake and along the internal side of the western part
of the old great caldera as shown in Fig. 26 (d). In this latter period
the number of earthquakes () having initial motions in pull-phase
was about half that of the earthquakes (@) with initial motion in push-
phase. = As. described above, almost all these volcanic earthquakes
occurred.in the district west but not cast of the crater, and when their
intensities are considered, this cannot simply be attributed to errors in
position of epicentres calculated from the observations at a single
station, the Laboratory, 7.5km. west of the craters. A certain number
of these earthquakes was recorded by Wiechert instruments cven at
Beppu, ca. 6okm, NE of the volcano. Accordingly the above fact
makes us consider that the active magma of the volcano lies at present
mainly in the district west of the present active craters, which is in
harmony with the result of considerations of the district. from the
geological and topegraphical points of view. There are two main
rupture lines running in the E~W and the N-S directions and cross-
ing ecach other somewhere near the explosion crater of Kusasenriga-
hama. 7They were probably formed after the formation of the great
caldera as a result of subsidence. In the E-W line, the four cones
of Neko-dake, Taka-dake, Naka-dake, and Ebosi-dake, counted from
the-east, stand in a row, and the Tateno barranco together with the hot
springs Yunotani, Totinoki lic in the western extension of the line,
while in the N-S line, there stand Okamado-yama, Ebosi-dake, Kisima-
dake, and Ozyd-dake in order from the south. The hot springs,
Digoku, Tarutama, Yunotani, Utinomaki, and the beautiful tiny parasitic
cone of Komeduka lie along the western side of this line. The two
cones of Neko-dake and Taka-dake, standing in the east of the present
active craters of Naka-dake were formed and probably ceased to be
active in an earlier age than the three cones of Kisima-dake, Ozy6-dake,
and Komeduka, standing to the west of Naka-dake. The ahove fact
together with the fact that the hot springs are only in the western
district of Naka-dake makes us consider that the active cnergy of the
volcano had its scat in the district extending over to  the west . of
Naka-dake from early times. ‘

.~ ‘Mechanisms of occurrence of carthquakes are geuerally difficult
to- determine from observations at a single observatory... But if it is
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assumed that' the mechanism of occurrence of an earthquake is- some-
thmg like Shldas crack type in a vertical plcmo, as was observc,d to
be the case for eruption-earthquakes at the volcano as well as almost
all earthquakes of shallow origin in Japan, we can roughly determine
the direction of crack of an earthquake from the observed initial motions
of the £ aud the S waves at a single station, taking into considera-
tion the effect on their amplitudes of refraction and reflection of seismic
waves at the free and the internal discontinuous surfaces. On this
assumption the directions of crack of the volcanic earthquakes under
consideration were calculated for those cases in which the initial motions
of the /2 and .S waves had'been accurately recorded, and they are
shown in Figs. 26 (b, ¢, d). As will be seen in the figures the cracks
of volcanic earthquakes observed during the period of upheaval of the
crust near the crater were mainly in the E-W direction, and those
of the carthquakes obscrved during the time of subsidence mainly in
the' N-S direction, while for the timc of transition from the former
to the latter their directions were mixed, both of the E-W .and the
N-S directions being nearly the same in number. These facts, when
considered with the tilting of .the upper crust during the period under
consideration, make us consider .that the direction of the crack caused
by the upward mass movement or the upheaval of the upper crust
due to increasing pressure, is-at right angles to that of the crack
caused by the downward mass. movement or:the subsidence of the
carth’s crust due to relief of pressure. B CeT

The significance of the frequent occurrence of the! \'o](,amc earth-
quakes with repect to the volcanic activity has already been discussed
in the preceding: pages, - and it.is in satisfactory agreement with. the
distribution of the directions of. crack of  carthquakes with respect to
time and space as described above. The. calculated depths of the
observed . earthquakes are shown in Figs. 26 (b, ¢, d) and Fig. 27, in
which they arc pr'ojeéted on: a wertical plane in the E-W dircction.
In mountain regions- both outside and .inside the great caldera the
distribution” of the depths of earthquakes was almost uniform within
a range from o.5 to:ca. 6 km., but in -valleys, or speaking more
accurately, along'the internal cliff of the western part of the old
caldera, they were about 3 km. deeper in mean than those in. the
former regions. This fact together with the fact that only a few
earthquakes occurred in the valleys of Aso and Nangd are very interest-
ing in connection with the formation of the great caldera.
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. Ifig. 27  Depths of the volcanic carthquakes and mean height above sea-level
of the region AA'BB’ of Fig. 26 (a), projected on a vertical planc.in the E-W

direction.
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TFrom the results of the above described studies on the cruptions
of the volcano, wwe may conclude that volcanic eruption in general
may be a single cruption of any degree of -violence or a series of
cruptions repeated over any period of time taken as a whole and is
always foretold by micro-tremors, and sometimes by earthquakes in
addition, and the tilting of the ground near the volcano gives some
indications of eruptions also, which is quite in harmony with the
conceptions which guided our present study; and it is not difficult
to give a forecast of the commencement of an active period of the
volcano as well as of its intensity, and even for the commencement
of an cruption-group in an active period, if it is constantly observed
with micro-seismometers and tiltmeters. There are some other interest-
ing problems concerning the mechanism of volcanic activity, not
conclusively studied in the present paper, which is only micro-seismo-
metric and rather preliminary, and to come to any further conclusion
the study must be extended to other branches of geophysics.

Hoping that this study may be undertaken, l.conclude the present
paper with my best thanks to Prof. Toshi Shida for his kind sugges-
tions and encouragement in the work and to Mr. H. Hayashi, the
Assistant, to whose diligence the success of this and other observatory
work is largely due.
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Errata
1o the preceding paper © Volcanic Micro-Tremors and Eruption-Earthquakes™ (Thesc
Memoirs A. 18 pp. 255~293).
p- 255, line 10, for “have not been” »ead “ have been.”
p. 253, linc 28, for « Mathematico-Physical ” read ¢ Physico-Mathematical.”
6

p. 236, line 19, for “vetical ” read © vertical.”
p. 257, line 24, for « Cardan springs ™ read * springs.”
p. 267, line 3, for “a” read “1fa.”

p. 258, line 27, after “instead ” 7niroduce * of.”

p- 275, line 3, affer “ 1 min” iutroduce <.
p. 288, line 6, for “is™ read “are”,
Plate II, linc g, for %1933 #ead ¢ 19327

3

Nolations in the following tables;

Ay, gy Ay Mean amplitude of the tremors of the first, the sccond and the third kind
respectively.
WLyt Mean period of the tremors of the first and the sccond kind respectively.

£y Frequency of occurrence per hour of the tremors of the sccond kind.

A Ashy smoke emission. B: Brown smoke cmission.

Black smoke emission.  V: Vapour cmission.

R : Rumblings were heard. D: Ash-fall.

E: Explosive eruptions occutred, red-hot fragments of rock being ejected.

P: New vent formed. Em, an: LEruptions of the First and Second Crater re-
spectively. w:  weakly or feebly. s: strongly or heavily. t: intermittently.

Example; sCopp B3y 9%« Rt means that” Large quantities of black smoke werc

continuously emitted to a height of ca. 1000 m. above the crater rim and explosive erup-

tions of the First Crater occurred at about gV, red-hot fragments of rock of about o.zky.

weight being ejected to a horizontal distance of ca. 1001, Rumblings were heard at

times.”
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Table 1
1929 June July August September October November
Date| <, Remarksf Ay Remarks| «, |Remarks ;'11 Remarks| <, Remurks A, {Remarks
I 4'.)8 wA zl.LS sD 3p5 wC 3?8 AR Ips AwD It‘(‘) wVit
2 138 wA 2.8 40 | sC.D 4.2 1.6 | AwD | L7 | wA
3135 AR 21 A 39 CPREJ4s | wa 7| a 19 | wA
4 136 | sA 2.1 49| C.D 39 | wA 16 A 2.1 | wC-sC
5 (431 A 2.8 3.7 | C.D.Rt[3.5 | wA 1.3 | A 1.6 | sC.R
6 135 2.8 4.7 I R 3.9' wA 1.6 | sAD |23 sCt:w
7 o134 A 2.2 4.0 | C.D 3.4 | AR 1.8 | wA .6 | wE e
§ 1381 A 2.0 | sChy 4.0 CDR 3.6 sAR |1.7|sAD o8 | wv
9 1301 V.R 2.3 1 At 4.0 C.D.R (3.6 .6 A | 06wV
10 1406V 2;3 sCsD 3.1 C.D.R 4.7 I 1.9 | AR I.1
IT |31 2.3 sCsD |24 ! CD.R |38 C.D 8] AR jog | wV
1z 13.4 23 1sCsD {26 CsR |33 C.D .8 | sAD.Rj0.6 | wV
13 [3.6 | sB 2.9 1 sCsD j22 | VR 38 |sCD |rr 6 wA 0.6 § wVit
14 2.9 | sB.D 28 1sCD jz24 | V.R 431 E™gh 13| A 0.6 | wVt
’ I5 |2 sB 34 | C.D 2.3 351V .7 | A o7 |Vt
16 {31 sB 32| CD {251V 2.7 | wVv t3lA JoblwV
17 13.0 | sB 3.2 C.D 241V 3.0 1 sAD lrs | A o5 wV
8 3.0 28| C.D 2.9 2.9 | A 1.6 | sAD |07 | wV
19 (2.6 sB 37 CD 4.5 3.6 | C .2 | sAD |06 wV
20 3.4 | AD 4.4 2.6 341 C e sA.D |05 | wV
21 28 3.5 7 3.6 C 1.4 { sAD (o5 | wV
22 123 wA~-sC 3.4 | wB 2.6 28 |sC.D 13| CD 08 wV
23 |23 | sDE2138 | wC |29 | sAR |21 |sCD |16 [©5P7 Jos | wv
24 L5 wA 3.2 | CD 26 | wWAR |12 | CR a1 0.5 | wV
25 | L6 3.3 1sCsD |20 V ro| C 7 D oy wV
26 2.6 | A 3.0 CsD |28 1.8 D 0.7 I wV
27 120 ;3.3 2.3 1.3 1 wC wV o8 wVt
28 1.8 A 34 | wC 24 | wAWRI LT | wC 12| sC.D 0.7 | wVt
29 26 AD 3,3.2 $Cang-sDi 2.3 | wAWR| 1.3 .z wV 0.6
30 (L8 R i3.6 sCsD.X|3.0 | wAwR |14 | CD 3wV 0.4
3t 411 C.D 2.6 1.6




Table 2 g
Kenzd Sassa
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Hour | 4, 7 A, Ty | I Hour | 4, Ve A, 7, | & Hour | 4, 7, 4. T, | 7,
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15 .05 I.2 o 15 g ) . ' .
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: 43 ol By e i o -2 A F 5| I 5.9 -7 6 | 2.00 1.0 | 40| 11 | 1.55 .o | 24 | 5 L.I0 | L.20 | .95 57 24
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22 gg ‘ 1.§ 4% 40 | 4 20 .63 1.2 5.I 3.7 | 12 20 | 2.55 I.I b0 3.9 6 7 38| 7|18 e =0 MRS R 5 o 20
. I 4. 3.9 2 21 .92 1.2 . 6 | 12 . i
ol A 20|02 | 12 ) 4 | 3612 21 330 | LI | 55 | 38 113 8 | 218 | ro |39/ 8|13 | o9 | 1.8 ] 1| 140|115 | 8 4 28
o 3 L2 p ?9 3 4 33 22 | 2.35 1.0 5.7 3.9 8 5 3
. I . I. . . . 2
3] 44 3 9 23 | 408 | ro | 57 | 39 |12 9 3.7 145 | 09 | 1.4 | 2| 120 |LO5 | 75 | -39 | -33
10 38| 6 I.I 4 | L25 | .00 .50 .45 .27
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ug. 31, Sept. 2. Sept. 4. 11 3.6] 11 . 1.4 I 080 | .80 | .35 .23
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1932 Scptember 1932 November 1933 January 1933 March
T 3 T J, Y i
Date | A, A, 7, Ay %:])l\(.:[ .chmrks Date | A, | d, | T Ay %r(l)l\ (f;f Remarks Date | <, A, 7% <y ;\Z:I\ c(:( Remarks Date| 4, A 7y <y %c?l\ ezf ] Remarks
W s see, [ oy w see. [T W [ sec, 2 i 1S sOC, D
I | 005§ 0.025 0 wV 1 | 018 2 A I .68 | 4.00 .2 2 CsR.wEe I {19.50 |19.0§ 5.0 [3.570 2 sEeny,am,b0d
2 -03 2 wV 2 JI4 1 2.43 59 o wC 2 | 1.22 | 3.55 4.6 I Do. 2 |17.00 l22.90 | 4.6 |1.980 2 Do.
3 .05 [ wV 3 14 | 2.61 5.9 |0.010 (o} wC 3 | 172 | 405 4.1 2 Do. 3 | 530 |t14.40 4.5 [1.230 2 Do.
4 .00 o P, 11hwC, 4 17 010 1 A 4 1.25 | 2.85 4.0 10.234 12 ) 4 | 3.95 |10.60 4.4 |1.425 4 .SE<I>~<H>~E$3
5 05 | r2g | 4.4 | 082 o C.D, 17h. 5 II | 3.00 | 5.9 o} A g | 116 | 3.00 | 4.0 9 sC.R 5 |22 7.05 | 4.0 | .460 5 Y%
6 .10 | r.oo | 4.8 | .056 o wD 6 13 | 386 | 6o o 6 | 142 | 3.15 4.0 | .105 8 sC 6 }305 |73 | 40 |.520 I \4
7 .10 | 1.61 5.0 | 051 I wD.R 7 .01 .020 o] 7 | 1.19 | 285 4.0 | 182 19 Do. 7 | .80 | 775 4.3 | 475 5 v
8 .10 041 I D 8 .05 o AP $ | 119 | 275 4.0 | 175 | 23 8 | 230 | 7453 4.0 | .52% 2 VawR
9 .05 | 2.32 4.0 | .057 ¢} 9 .07 | 275 5.4 o v 9 | .16 | 3.55 4.0 171 | 21 C 9 | 310 | 920 | 4.0 |.025 4 V.sEqy, 16"
10 15 | 143 4.0 | .100 [¢] D 10 .16 | 4.07 6.2 | .020 [¢] A 1o | 063 | 3.05 4.3 143 Iy Do. 10 | 2.40 (11.30 4.0 | .610 17 R
Ir .15 | 16T 4.8 | 098 o C i1 I3 | 364 ] G2 o WA 11 09 | 3.15 4.2 4r | 49 | Do. It | 265 | 920 | 4.2 |.525 8 V.R
12 .05 0235 o 1z .12 [} wA 12 .86 | 3.85 4.3 12 12 2.20 | 8.85 4.2 470 9 V.awiit
13 .05 o135 o 13 .08 .025 [e] A 13 .96 | 3.25 4.3 | .121 16 I3 275 | 8.55 4.0 | 410 3
14 05 o015 o |V 4 | .03 T 14 | 158 | 375 | 4.2 89+.x 14 | 215 | 7.35 | 4.0 | 473 9 | V.R
135 .05 015 o \% 15 .08 o A 15 (ogr | 265 | 45 I35 A 15 | 2.00 | 8.15 | 4.0 | 415 8
6 08 010 o wV 16 .03 .040 o 16 | 071 | 2.45 4.3 1L - Do. 16 | 2.20 | g.35 4.0 | .405 It
17 .05 .030 o A% 17 42 o A 17 1.86 | 5.00 4.6 7 Do. 17 | 235 |10.15 3.9 I
18 -1o 030 o 18 40 | 430 | 6.0 o |sV 18 1055 | 535 | 42 | 105 2 sA 8 | 125 | 810 | 4.0 |.345 3 Y
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21 035 | 143 5.0 | .035 [¢] A 21 .17 | 5.80 5.8 [¢] A 2r | 043 | 4.15 4.3 14 A 21 2.50 | 850 4.0 | .390 4
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m 3 sec, [ w w see, © ® ® see, W i ®w [ sec ®w
I | 020 0.015 0 AwD I {035 | 530 o AsR 1 | 285 [10.7 4.8 |0.595 | Ir 1 | 1.86 | 835 | 4.2 [0.220 9
2 .10 | 1.07 5.0 | .0IO o) wV 2 31 1 5.48 5.7 [o) Do. 2 | 275 |1n8g 4.7 | 520 3t 2 | LST | 4.70 4.0 | .2I0 12 AsR
3 .05 1 WA 3 .56 | 5.I1 5.6 |0.060 o sC 3 | 3.25 |1L9g 4.2 | 510 34 ! 3 | .25 | 240 | 3.8 |.125 5
4 .05 .010 o wA 4 .66 | 4.82 5.8 o sC.sD 4 | 3.20 {12.0% 4.2 | .507 | 32 . C.EsR 4 | .00 .250 7 v
5 25 1 WA 5 72 | 5.57 5 [} 5 | 3.I5 {12.50 4.4 650 | 19 Do. 5 | 1.00 .200 I3 EsE, zoh
6 .00 .010 o] wV 6 7 5.90 | 5.4 | .125 o 6 | 3.10 (12.05 4.2 41 Do. 6 | I.20 .280 6 C.Et
7 .10 o wV 7 .64 | 6.60 o sC. By 141.Eyq 7 1255 11380 | 4.2 | 48| 49 7 | 150 | 340 | 3.7 |.268 13
8 .10 .010 o wV 8 8o | 7.20 o 8 | 305 |12.85 4.4 | 497 | 1 wC.wR § | 1.50 | 340 | 3.7 |.34% 8 C.R
9 .10 01§ [¢] wA 9 9o | 6.12 LII5 o C.E g0 o | 250 1285 4.3 33 Do. 9 | 4.50 | 9.30 3.8 j1.650 5 CE
10 .05 .0I0 o wA 10 | 1.oo | 6.49 145 o sC.E, 4 10 | 250 | 9.80 | 4.2 20 Do. 10 | 3.40 |15.40 | 4.3 | .470 8 C.sR
II .05 | I.43 4.3 | .or0 2 11 | Iy {550 31 o) sC.R.E;, 11 | 2.24 | 8.35 4.2 | 452 | 14 [ PansV.awR 11 | 2.65 {ro.yo 4.0 | 450 5
12 5 | 214 5.2 | .0I0 I A-C 1z | 1.67 | 6.25 o Do. 1z | 240 | 8.05 4.6 | 385 | 36 1z | 2.60 |10.10 | 4.0 | .595 o B.R
13 .15 | 1.61 48 | .o10 o wA 13 | L54 168 I Do. 13 | 2.30 | 7.85 4.5 | 400 | 14 sR 13 | 2.30 | 8.55 4.0 | .595 15 Do.
14 .10 .010 1 14 | L.30 | 5.70 173 ¢} Do. 14 | 3.55 |II.20 4.4 | 0683 4 C 14 | 3.50 | 9.45 4.0 | .480 7 Do.
Ig .05 .010 o 15 | L.76 | 5.50 173 ) sC.sR.Eyg, 15 | 4.25 |15.00 | 4.8 | .645 | It Pan, 19hsC 15 | 1.95 | 8.10 | 4.0 | .408 10
16 .05 o 16 | 1.61 | 6.08 178 o Do. 16 | 3.25 |14.90 | 4.2 | .6I3 5 A 16 | 3.20 | G50 | 4.0 |.310 12 Do.
17 .05 4 v 17 | .76 | 6.13 172 o sE2000.4504 17 | 3.3I {13.35 | 4.6 | .620 | 11 A% 17 | .80 | 8.25 4.2 | .540 2 AR
18 .05 2 18 | 143 | 6.90 .211 0 Do. 18 | 3.28 |10.03 4.4 | 720 | 13 18 | 3.10 |IL30 | 4.2 | .540 2 Do.
19 .10 o wA 19 | 204 | 7.49 .215 o Do. 19 | 3.42 j10.40 5.0 | .820 4 V.R 19 | 2.15 | 9.50 4.0 | .310 4 Do.
20 10 | 2.14 .| 6.0 o WA 20 | 1.84 | 7.64 .243 [¢] Espoa 20 | 3.74 |rz.40 4.7 8oy 13 sAsR 20 | L.75 | 4.30 4.0 |.105 4 Do.
2% .10 | 1.66 6.3 o 2r | 77 | 671 217 0 sR.E 21 | 3.50 | 9.10 | 4.8 630 | 13 21 | .75 | 5.90 | 4.0 | .390 6
22 .05 | .96 6.1 I v 22 | 1.37 | 6.83 o] Do. 2z | 271 | 8.60 | 4.5 630 | 17 22 12065 | 590 | 4.0 {.545 2 sAR
23 a5 | 218 6.3 o A 23 | L74 | 711 223 0 Do. 23 | 3.00 | 7.55 5.0 | .600 9 Eioo 23 | 2.20 | Q.I§ 4.0 | .360 6
24 .05 | 1.69 5.9 o wA 24 1.61 | 7.62 o) 24 {30.00 148.55 4.7 |3.750 3 Ey, 0b-sEqn 24 1.80 | 8.25 4.0 | .390 I C
25 .05} 1.98 5.9 o wA 25 | 1.86 | 7.92 238 5 Do. 25 |32.50 [37.50 | 5.0 |5.550 o Eay,an. 3500 23 | .95 | 6.25 4.0 | .305 12 Do.
26 .05 | 2.82 6.0 o wC.wD 26 | 2.14 | 7.22 3 sRt.IE 26 27.50 {35.08 4.9 |4.320 T Do. 26 | 1.90 | 3.75 4.0 | .223 2 Do.
27 .15 o A 27 | 1.55 | 6.39 250 (o] wvR.E 27 |17.40 |29.25 5.0 |3.450 2 Do. 27 | 1.40 | 3.85 4.0 | .145 I sC.R
28 .05 o wA 28 | .91 | 6.12 I 28 [13.00 [2I.0§ 4.8 |3.150 2 Do. 28 | 1.50'| 3.75 4.0 | .120 12 Do.
29 .05 . o SA 29 | 1.66 | 5.1t 257 23 RtE 29 | 1o | 365 | 4.0 |.155 7
30 .20 o A 30 | 172 | 4.45 4.0 3 30 | 1.00 | 430 | 4.0 |.183 5 A
3t 20 o A\ 31 | 1.64 | 4.21 4.2 | .307 3




Table 4 (B)

1933 May

1933 July

1933 September

Kenzé Sassa

1933 November

No. of

Date | A, A, 7, e i:ghc(s)f Remarks Date | 4, y 7, Ay i\?jc(;l\e(;f Remarks
13 ® REC, ©w [ U seC, [y
1 | 535 | 70 | 3.6 jo.194 2 A I 280|390 | 37 0222 5 A
2 | .80 | 2.65 3.8 | .152 2 2 {295  rio | 36 | .83 2
3 | 265 | 340 | 3.6 |.160 2 3 [345 | 3.60 | 3.9 |.222 I ARt
4 | 1.45 |} 2.25 3.9 | .I1§ 2 B.wEt 4 | 355 | 2.80 4.1 | .168 [} sA
5 | L.55 | 4.20 3.7 | -I59 24 5 {505 | 1.30 4.0 | .248 o Do.
6 | 170 | 6.05 4.T | .I39 iz E 6 | 2355 | 1.20 4.2 | .164 o] wA
7 1.20 | 4.I0 4.1 | .X39 5 Ew 7 1.35 | o.10 3.9 | .00 2 A
8 | 210 | 640 | 4.1 |.133 4 Em*,Ean!™ 8 | 205 | o060 | 3.8 |.296 5 wA
9 | 1.95 | 5.00 4.1 | .137 5 9 | 2060 | 1.90 3.8 | .216 I
10 | 205 | 530 | 4.1 |.147 I BsR 10 | 2.65 | 2.05 3.6 | .229 5 B.avEt
I 1.0 | 4.80 4.2 | .156 2 B.R. 11 | 2.25 | .90 3.8 | 129 [o) B.D
12 | 1.85 | 4.40 | 4.4 |.134 6 B.R.WEm 12 | 220 | o085 | 33 |.080 0 C
13 | 165 | 3.80 | 4.2 |.162 3 B I3 | 1.30 | 040 | 3.7 |.120 I sC.D.Et
14 | 1.25 | 3.40 4.3 | .I22 2 wB.WwR 14 | 2.05 | 0.55 3.2 | .100 I sC
15 | 2.0 | 4.60 4.2 | .II7 4 wA 15 | 1.80 | 0.00 .005 I Do.
16 | 2.80 | 5.00 | 4.2 | .209 3 16 | 1.70 | 0.00 099 I C
17 | 2.15 | 3.20 4.7 | .254 I wA 17 1.25 | 0.00 .066 3 B
18 | 230 | 520 | 4.2 |.668 0 R.WE 18 | 145 | 0.25 078 3
19 | 4.00 | 4.35 4.4 |.219 T wALR 19 | 1.45 | 0.00 097 I whB
20 | 3.15 | 8.75 4.5 {.239 [¢] wA 20 .75 | 0.00 129 o) Dao.
21 | 220 | 585 | 41 |.253 " 2 B.wEtan 2t | z.60 | 085 .085 o wA
22 | 3.45 | .30 4.0 | .309 3 Ct.R.Eqp 22 1.55 | 0.00 124 I wA
23 |275 | .85 | 3.7 |.253 2 C.Eqy, 16M 23 | L.5O | 0.00 -I27 I
24 | 2.65 | 2.7§ 3.9 |.253 I 24 | I.bo | 0.00 145 1 v
25 | 305 | 210 4.1 | .238 6 sA.wR i 25 1255 | 075 178 I
26 | 340 | 260 | 39 |.238 4 |sARt 26 | 230 | 075 165 o
27 | 310 | 320 | 3.8 |.203 2 AR 27 1240 | 025 | 39 |.160 I wA
28 3.50 | 2.65 | 41 | .443 3 Do. 28 2.40 | 1.60 4.7 213 o Do.
29 | 360 | 305 | 39 |-392 I sA.E(ryzo0a 29 | 225 | 295 | 44 o sB
30 | 340 | 215 | 3,9 |.313 o | ARWEt 30 | 2.30 | 265 | 4.4 |.196 I | BR
3L 2.95 3.1I0 4.1 _358 3 A 31 2.30 |1 0.90 4.3 214 (o] Do.
1933 June 1933 August
Date | 4, 4. 7. Ay No. of Remarks Date| 4 A 7, A, No. of Remarks
2 2 Eqkes. ! 2 ? 3| Egkes.
P 1 sec, 12 1w ©® sece, 29
1 | 3.65 | 410 4.0 [0.675 3 AR I | 260 | .50 4.2 |0.118 I wB
2 | 335 | 345 4.1 | .309 1 ARt 2 | 210 | L7§ 171 2 wEt
3 | 366 | 255 4.0 | .439 2 Do. 3 1235 | .90 I R
4 | 4.95 | 740 3.9 |.339 2 Do. 4 | 185 | 3.10 .239 o R
5 | 495 | 735 | 35 | -449 o} B.Rt.wEt 5 |27 | 130 | 38 o sR.wE
6 | 385 | 265 | 3.5 |.327 I 6 | 225 | 1.35 | 4.3 | .213 I
7 | 405 | 4.40 3.4 | .400 o 7 1.55 | 0.00 X D
8 | 470 | 800 | 335 |.330 I wER 8 | 1.45 | 000 [ D
9 | 4.95 | 2.9% 3.4 | .314 o AwR 9 | 1.15 | 0.00 1 E@ya00
10 | 3.60 | 2.45 3.4 | .424 I Do. 10 {060 | .00 I A
1T | 355 {360 | 3.7 |.316 2 Do. T 6o | .co 2 wB
12 | 4.55 | 2.55 3.6 | .33t 3 Do. 12 .63 .00 o Do.
13 | 3.90 | 4.10 3.4 | .322 I sA 13 I.15 .00 [o) sB
14 | 2.85 | 1.65 3.4 | .30L I A 14 9o | .00 o
15 | 2.95 | 1.6o | 3.4 |.365 0 Do. 15 | .1o | .00 I Rt.Et
16 ]335 | 1.40 | 3.4 |.359 o Do. 16 8o .00 3 B.E(rya0o
17 | 2.80 | 0.80 3.5 | .322 o Do. 17 1.7§ .00 3 sC.wEtqy
18 | 295 | 1.73 3.3 | .250 o WA 18 | L.50 .00 0 C.Enage
19 | 2.00 | 1.35 3.4 | .242 7 19 | 1.35 .00 I sC
20 | 290 | 1.9o | 3.4 |.169 2 wAWR 20 | L.IO .00 1
21 | 195 | .60 | 3.4 |.233 I 21 | 1.45 | .00 o
22 | 2.55 | 0.35 3.6 | .393 o 22 | 1.85 .00 3
23 | 225 | 130 | 3.8 |.186 o) 23 | 145 .00 o wlt
24 |3.50 | L70o | 3.6 |.210 o A 24 | .80 | .00 I B
25 | 295 | 1.00 | 3.2 |.220 5 Do. 25 | .jo | .00 2 wB.wEt
26 | 320 | 260 | 3.4 |.279 3 v 26 | 1.85 | 060 | 3.7 3
27 | 3.10 | 1.80 3.4 | .250 I E(?) 27 | 1.30 JI0 3.6 3
28 | 3.50 | 3-50 3.7 | .252 o 28 | 1.45% .00 I wA
29 | 3.85 | 405 37 | .277 1 E(?) 2 1.40 .00 3 Do.
30 | 2.90 | 3.1 3.6 |.174 6 wA 30 | 1.65 .70 o B.wEt
31 | L.go 15 2 wB

Date | ., <y Z, Ay ]l}:«(])l‘c:r Remarks Date | 4, <, 7y Ay Eqkes. Remaxks
©® v Ree, i 1 13 Ree, "
1 | 1.65 | 0065 | 4.4 I I | 1.35 )02 3.3 0.054 4
2 | 195 .90 c wB.wWEmD;, 2 | .70 .15 o AWED)00
3 o Do. 3 1135 | .00 037 0 Do.
4 o Do. 4 | 1.45 .25 3.8 I wA
5 I wB.wEm,, 5 | r.=3 .50 .034 I
6 | 1.95 .00 0 wB 6 | 1.50 50 | 4.3 o
7 | 2.10 | L.2§ 3.9 0.III 2 Do. 7 | 1.30 | I.25 3.0 |.045 o) wak
8§ | 220 080 | 4.0 o Do. 8 | 1.55 .30 3.5 o] Do.
9 | 195 | 1.05 3.7 logI [¢] wB.wIlt 9 | .50 .35 3.8 | .047 T wB.wR
10 | 2.I0 | 0.95 34 2 wB 10 | L.35 .20 33 6 Do.
1r | 220 | 230 | 38 ¢] Do. 11 | 1.45 .35 3.5 | 042 o A
12 | 245 | 070 | 3.6 o wB.R 1z} 150 | 45| 3.3 o wB
13 | 2.55 | 2.30 3.7 2 13 | L.55 90 052 o Do.
14 | 2.20 | 1.40 3.8 2 A 14 | 1.80 .15 3.4 I SA
15 | 195 | 0.90 | 4.2 | .I5I o A 15 | 1.75 75 3.5 | .040 o wA
16 | 1.85 | 0.25 4.3 I wA 16 | 1.35 .00 o
17 | 2.00 | 0.10 4.3 | .181 [ Do. 17 .85 .00 .035 [o) wV
18 | 2.55 | 0.65 4.2 I I8 | 145 .00 o] A
19 2 19 I.7§ .00 034 z w.l
20 2 20 | I1.3§ .00 I Do.
21 | 2z a5 1 | wa 21 {190 | .00 038 o
22 2.10 | L.1I0 4.1 b 22 1.35 .00 1 wB
23 | 3.20 | 1.45 4.3 | 332 o 23 I.50 .00 034 o] wC
24 | 095 | 0.65 4.5 o Ct 24 | 170 | .00 [¢] wV
25 ] 0.85 | 0.00 044 o C.Emyoe 25 1.35 .40 3.5 1031 o
26 | 115 | 0.00 I B 26 | r.10 | .00 o
27 | o5 | 0.00 044 3 C 27 | 1.3% .00 .044 I
28 | o060 | 0.00 o Ct.Emyz0p 48 28 {115 | .00 0
29 1.05 | 0.00 074 2 wC 29 1.30 .50 3.3 .0 A
30 | o.55 | 000 1 30 | 130 | 00 053 o Do.
1933 October 1933 December
- -
Date | 4, 4, 7, Ay gg]‘{ec;f Remarks Date | 4, A, 7, Ay %gl\cl: Remarks
® [ see, 12 P W SeC. W
1 | 0385 | 000 o 1 [ 1.60 |0 o A%
2 .55 | 0 0.023 3 wB 2z | 1.80 |0 0.045 I AR
3 95 | o 2 wA 3 | 200 0 o B.wEmy;
4 95 | o .085 3 wB 4 | 165 {0 .053 o Do.
5 | L.I5 | o 2| B 5 | 1.85 o o Do.
6 | 120 |o 058 3 6 |z00 |0 .039 2 B
7 o o 7 | 180 |o I wB
8§ 1095 |o .043 o) 8 | 160 |0 .031 3
9 | LIO |o [ wA 9 | 185 | o I
10 | I.Io { o o wC 10 | 1.j5 | © o
Ir .70 | o 043 o wA IT .85 | o 029 o}
1z 1.05 | o i Do. 12 | 230 | O 2 SA
13 | .30 | o 042 I Do. 13 | 140 | O 2 sB.En*130a
14 | 130 |o o B.Rt 14 | 1.60 |0 015 o WA
15 1.20 | o .063 2 15 | .25 | O 3 v
16 | I.10 | o X 16 | 125 | o 022 1
17 | LIS | o .029 I B.Rt 17 [¢] 3
18 | Loo o I 18 | 1.30 | O .021 2
19 o 047 o 19 | 1.60 | O o]
20 o o 20 | L50 O .049 I
21 1.65 | o 054 o wA 21 | 175 | O 2
22 | ILI5 | O 3 wV 22 | 135 | O 027 I
‘23 | LI5 |o .035 o 23 | IO | O I
24 | 135 jo 0 WA 24 | LI5 | O 016 o
25 {205 |0 073 o] Do. 25 | .10 | O o]
26 | 1.65 | o [ Do. 26 | 1.00 | O .0II o A%
27 | I40 | O I Do. 27 {130 { O o
28 (130 |0 o] 28 | 120 |0 011 1
29 | 095 |0 o wA 29 {095 | O o wB
30 |55 | O 050 b Do. 30 [ L35 | O .014 [o) A%
3r | L.IO | 0.25 4.0 I Do. 3r | 1I§ | O .020 o Do.
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Plate 1
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Fig. 9. A portion of a record of the micro-tremors of the third kind obtained by the short
period micro-seismographs, Sg at the Volcanological Laboratory on May 7, 1933. (Time bstween
two consecutive marks—=TI min.).

T u? 7, ul k v

Instrucmental constants: 0.55%¢ 0 0.55 0 25,600 19.300
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Plate II
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— (3/5 % the original records)
Tig. 10. DPortions of records obtained from the Wicchert scismographs on Feb. 25, 1933.
On this day the amplitudes of the volcanic micro-tremors were the greatest ever observed at
our Volcanological Laboratory. (Time belween two consecutive marks=T1 min.).
T v r
Instrumental constants: Horizontal comp. I0.0%¢C: 41 I 200
Vertical comp. 4.6 4:1 150
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Plate III
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Fig. A portion of a record obtained from the Wiechert vertical component seismograph at the

Voleanological Taboratory on Feb. 27-28, 1933. The quick vibrations are the sound shocks caused by

the eruptions and the slow vibrations tremors of the second kind. (Time between two consecutive marks

=1 min.).
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Instrumental constants : .Gree. : I 150
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