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Abstract

Some observations was carried out to examin the natures of the volcanic
micro-tremors of the 1st kind at the Volcano Aso, that is, tripartite method
with horizontal seismographs for determining the velocity and the direction
of propagation of “the tremors and observation with three components seis-
graphs for examining oscillatory modes of the tremers. The results obtain-
ed in this observation are compared with that given by Sassa in 1933. The
mechanism of origin generating the tremors is discussed. It is confirmed that
the volcanic micro-tremors of the 1st kind, found by Sassa at the Volcano Aso,
is generated near or at the crater. The period of the tremors is predominant
in 0.8~2.0 sec. and the propagation speed (corresponding to phase velocity)
is about 1.2~1.35 km./sec.. The distribution of oscillatory modes obtained
in the Caldera are compatible with the mechanism suggested by Sassa. It
is pointed out that a close relation exists between the oscillatory mode and
the direction of valley or cliff near the observing station, namely the longer

axis has a tendency to predominate along the direction of valley or cliff.

1. Introduction

According to Sassa’s geophysical studies!, the volcanic micro-tremors
associated with the activity of the Volcano Aso are clssified into four kinds

of tremors. Among them the micro-tremors of the 1st kind with the period



range from 0.8 to 2.0 sec. did not occur in continuous wave-trains, but in-
termittently, several groups per hour, each of which consisted of five to ten
somewhat regular waves of 1 or less in double amplitude. The vertical
component is defect or very small and the amplitude observed in a pit is
small in comparison with that on surface, and hence the tremors are polar-
ized in horizontal plane and are waves of Love type. Furthermore, Sassa®
examined the oscillatory modes of the tremors to suggest the mechanism
of origin. Frequency of occurrence, amplitude and period of the tremors
were likely to be closely related with the activity of the volcano, and more-
over the mechanism of origin seems to change its mode with variation of
activity. Henceforth, Sassa pointed® out a possibility of predicting an erup-
tion of volcano by observing this kind of tremors as well as the other kinds
of tremors. The writer aimed to observe the tremors of the Ist kind in

more detail than made hitherto.
2. Instrument

Since the period of the tremors of the Lst kind is generally predominant
in 0.8 to 2.0 sec., a seismograph with the peak of its magnification curve
in about 1 sec. is suited for our purpose. Two vertical and three horizont-
al components were prepared, of which all are electromagnetic seismographs
of moving-coil type. Their constants and characeristic curves are listed in
Table 1 and shown in Fig. 1, respectively. The constants were precisely
calibrated, since one of our aims is determination of the oscillatory mode

by drawing the locus (as seen in Fig. 2). These seismographs will be

Table 1. Constants of seismographs.

Compogent (s’{lc) (;’ch) A ko Vmaz
Horizontal (SH-2) 2.0 2.0 1.0 1.0 12000
Vertical (SH-3) 2.0 2.0 ) 1.0 1.0 7000
Vertical (SH-2) 0.85 3.4 1.0 1.0 16300

Ty : Period of pendulum

T, : Period of galvanometer

&y : Damping constant of pendulum

h2 Damping constant of galvanometer

Vomaz : Maximum magnification
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Fig. 1. Chracteristic curves of Fig. 2. A portion of the seismogram of compari-
seismographs. son of the three horizontal seismographs (SH-2).

described for abbreviation by SH—Z horizontal, SH-2 vertical and SH-3
vertical (as shown in Table 1 Iand Frg 1)._

3. Deterr(‘{ination’of| propagation direction and
Yplqcity‘ by tripartite method

According to Sassa’s paper*, it is reported that the propagation velocity
of the tremors of the lst kind is 0.99 km./sec., assuming that'the‘origih
of d‘isturbance is"jlist:'l;élow the bottom of the 1st crater. The value,
however, was obtained from only two observing data, that is, at the Aso
Volcanological Labofat‘ory and Hondb observing room near the crater, and
hence the accuracy is not always well. The propargation velocity of micro-
tremor is usually determined by tripartite method, since, generally speak-
ing, the initial phase can not be recognized. At the Aso Volcanologi‘cal'
Laboratory, a tripartite net was spanned, which was a regular triangle with
its length of side of 580 m. and of which one side was deviated mgé"
northwards from the line drawn from the Laboratory to the 1st crater. On
the other hand, at Koborimaki situated in NE direction from the cratet (the
Laboratory westwards from the crater as seen in Fig. 3), another tripartite

net was spanned, which was an scalene with the following different lengthes
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Fig. 3." Map of the'observing station in the Aso-caldera.



of sides ; 700, 550 and 480 m., respectively, and of which the side of 480
m. was deviated in 21° northwards from the line drawn from Kobori-maki
to the Ist crater. Three seismographs of SH-2 horizontal component were
set for each observing system: An example of records obtained at the
Volcanological Laboratory is shown in Fig. 4, in which regular sinusbi:éz:il
waves with period of about 1 sec. are the tremors of the Ist kind. Pick-
ing up such clear phases as marked by arrow in Fig. 4, time difference of

each pair was read.
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Fig. 4. An example of record obtained by tripartite method, at the Vol. Lab.
on Mar., 10, 1961.

Number of phases identified amounts to about 180 for the records ob-
tained at the Laboratory, while only 10 for those obtained at Koborimaki.
The ditribution of propagation direction does not have enough sharp peak
to determine uniquely the most probable direction. At the Laboratory, the
directions distribute in the range from E20°N to E80°S., and the average
direcpion corresponding to the peak of distribution curve points to E20°S..
On the other hand, at Kobbri-maki, number of fully regular waves to be
used for analysis are not over about 10, and all directions distribute in the
range from S7°W to S73°W. These results are shown in Fig. 5 and Fig.
6. From the latter figure, it may be suggested that the origin of the tre-
mors of the Ist kind appears to be situated near the place of about 1 km.
“southwards from the 4th craters (the craters are named the 1st, 2nd, 3rd
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Vol. Lab.. tremors of the 1st kind at the Vol. Lab..
Table 2. The list of observing station.

Swton | Adjmth from | Digance 50m | g | Nethol of
The Laboratory w 7.3 km 568 m TriPaé_fgmp‘
Hakamano W27.7°S 5.7 580 3-comp.
Yoshida W87.5°S 5.1 480 3-comp.
Zigoudani S80.0°E 6.6 1040 3-comp.
Higashi-kurokawa S 8.6°E 5.3 548 3-comp.
Kusasenro W 9.2°N 3.2 1100 3-comp.
Sensui-kyo E46.5°N 2.4 900 3-comp.
Hond6 W41.5°S 1.0 1170 3-comp.
Sunasenri S34.0°E 1.8 1280 3-comp.
Kobori-maki E48,0°N 3.7 700 Tripa.
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A protion of record obtained at Zigoku-dani on Mar., 17, 1961, showing the most typical volcanic micro-

tremors of-the" 1st kind.

and 4th consecutively from the north).
However, this suggestion seems to be
optimistic.  For fexample, owing to
exsistence of any anormaly 1n ,gﬁo-
logical structure, deflection of ' Wave:
causes the deviation of its propagatmg
direction. In fact, Sassa® reported
that the deflection of earthquake waves
were found at the Laboratory and there
might be an anormaly in geologicai
structure of upper crust.

The propagation speeds also dis-
tribute in the range from 0.6 to 5.0
km./sec.. The average speed of pfo-
pagation is 1.2 km./sec. for the data
obtained at the Laboratory and 1.35
km./sec. at Koborimaki, respectively.
These values are regarded as phase
velocity and if the tremors of the lst
kind are a kind of surface waves of
Love type, the variation of velocity
with period may be found. In fact,
such variation can be found, at least
tentatively, but the quantitative esti-
mation can not be possible, notwith-
standing the fact that appreciably re-
gular waves were recorded. At any
rate, it is thought reliable that the
tremors of the Ist kind are originated
near or at the crater. The southwards
deflection, dispersive property _aﬁd ete.;
as above described, will be examined
in the further study prepared at our
Laboratory.



4 Oscillatory mode

According to Sassa’s paper?, the tremors of the lst kind are of Love
type, that is, horizontally polarized. And that he determined the distribu-
tion of oscillatory mode by observing the tremors in three components at
several observing. stations in the Aso-Caldera. Moreover, he suggests that
the mechanism of origin is a doublet in active stage of the volcano while
a singlet in quiescent stage, situated at the north wall of the lst crater,

and each oscillator is polarized in horizontal plane.
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Fig. 8. Typical orbits on horizontal plane of the volcanic micro-tremors of the
1st kind. .(a) :, Vol. Lab., (b): Hakamano, (c¢) : Zigoku- dam, @@:-: ngashl
kurokawa, (e) Kusasenrl, (f) : Sensui-kyo,, {g):. Hondo.
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To examine more pre-

— =z

cisely the mode of the
tremors, the writer carried
out observation with three
components of seismographs
at nine observing stations
in the Aso-Caldera, of
which the loca{)tions are
shown in Fig. 3 and Table
2. A typical example

/Sensui- kyo

Crater

. . f records obtained at
PR , okudari  ©
Kusasenri Hando “jgSunaserri \’&(lg a

Zigoku-dani is shown in
Fig. 7. In the other re-
cords as well as this record,
the vertical component is
‘. slightly found, but examin-

Yoshida ing them in detail, the ver-

tical component increases

600" Courtour-ling . g ]
2 Showing deep cliffor valley m; somewhat wit ecreasing

of the distance between the

Fig. 9. Direction of the major axes of the volcanic station and the crater, but
micro-tremors of the 1st kind.

Miyadi

\ l Hondo
Volc. Laboratory

Kusasenrigahama Sara-yama
0 | 2 3Km
s T %

Fig. 10. Direction of the major axes of the volxanie micro-tremors
of the Ist kind (after Sassa, 1933).
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not over 1/10=amplitude of vertical comp./amplitude of horizontal comp..
Picking up as regular waves as possible, the locus in horizontal plane was
drawn., Some examples are shown in Fig. 8. Most loci obtained show ap-
preciably regular elliptic forms, and hence those waves may be thought
undisturbed by noise caused from any unknown force. The longer axes
of those loci also coincide with each other almost on each wavelet in a
single-wave train. The average directions of these axes obtained at the
observing points are indicated in Fig. 9, in which the directions obtained
at Yoshida and Sunasenri are indicated by dashed lines, since the observed
waves at the both stations were not regular so that the loci were ap-
preciably distorted.

Let us compare these oscillatory modes with the previous results obtain-
ed by Sassa” (see Fig. 10). Since the results obtained by Sassa express
the condition in Aug. 1933, and the writer’s in Mar., 1960, the both
results would be not always same. In fact, if the location, dimension and
physical properties of origin change, the period, amplitude and mode of
the tremors of the st kind shoud be forced to change. In other words,
examining the variation of” the oscillatory mode enable us to obtain some
informations on the development of the origin. From this point of view,
several interesting suggestions can be deduced from comparing both data.
The ocillatory modes at the Laboratory and Kusasenri seem to be almost
unchanged, while the mode at Sunasenri is appreciably different from the
prévious one at Sarayama, of which location is deviated about 10° from
the former observing point when the each observing point is connected by
straight line with the origin suggested by Sassa, and the distance between
both points about 600 m., but the difference between both directions of
oscillatory mode amounts to 50°. This discrepancy in the directions appears
to be untenable to the mechanism given by Sassa, but the variation of
oscillatory mode is extremely large near the origin, especially in close
vicinity to an axis. That is, oscillatory mode is remarkably distorted by
the slight difference of distance from origin, or angle between observing
point and axis. The oscillatory modes found at the Laboratory, Kusasenri,
Hond06, Sunasenri and Sensui-kyo are likely to be compatible with the mecha-
nism (in the case of n=2%) of the origin, adopted previously by Sassa,
excepting the slight removing of origin and the rotating in some degree of

of the axes, on which the azimuthal displacement alone appears and the
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tangential disappears. On the other hand, the oscillatory modes found at
Hakamano, Yoshida, Zigokudani and Higashi-kurokawa can not be reconcil-
ed with the mechanism. To find the effect of irregularity in surface struc-
ture mmithe mode, cliff or valley closely situated at the observing points
are shown in Fig. 10. From the figure, the tendency of predominating of
oscillatory direction along the valley or cliff seems to be recognized. The
modes at Hakamano and Zigokudani may be deviated due to'such-a effect,
and those -at Higashi-kurokawa and Yoshida may be so, if there are any
anomalous' structure beneath the observing points. Of course, those at Hndo,
Sensui-kyo and Sunasenri, must be influenced by the existence of cliff or
valley near the observing point, those points are situated relatively near
the nodal axes and hence the deviations do not appear to be conspicuous,
since the cliff and valley is pointed to the favourable direction.

However, the effect of structure on propargation of Love Wave is at
present not studied enough to be dealed with quantitatively and hence it
must be remenbered that the explanation, as above''described, is simply a
suggestive one. Since the further observations are aimed by the writer,

the more information on this problem may be obtained.

5. Conclusion

In the present paper, the location of origin of the volcanic micro-
tremors of the 1st kind is mainly dealed with. From the observations at
two points by tripartite method, it is deduced that the origin is situated
southwards in 1~2 km. from the south end of crater, in spite of our ex-
pectation that the origin may be near the lst crater, the north end of
crater. However, considering each value obtained on propagation velocity
and direction is considerably different from the other, and remenbering the
suggestion of existence of anomalous structure, causing the deflection of
of wave, it is, p'robable that such deflection is recog'n'ized in the propagation
of the volcanic micro-tremors of:the -1st. kind.

+ On the other hand, the observations-in three components of the voléanic
micre-tremobs of the.Ist kind were tarried  out at mine stations in the ‘Aso: .
Caldera. Erom their' orhital motions, this tremors are horizontally polariz-
ed and of Love type as pointed out ‘previously by Sassa. The distribu:

tion of the oscillatory modes. also seems to support Sassa’s opinion on
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the mechanism of origin, disregarding the slight removing of the location
of origin and the rotation of the axes in some degrée. Of course, a ques-
tion whether this slight change of coordination of origin expresses any true
changé of mechanism or not, could not be resolved without the further ob-
servation and analysis. To increase number of observing points in the Caldera
in future enable us to resolve the question, whereas the effect of structure
beneath path of propagation on oscillatory mode should be fully considered
not only experimentally but also theoretically. At any rate, it is suggested
that the longer axis of orbit predominates along valley or cliff near the

observing station.
6. Acknowledgment

The writter wishes to express his hearty thanks to Prof. K. Sassa of
Kyoto University for bis construction and to Dr. T. Wada of Kyoto Uni-
versity for his kind advices. Present work greatly indebted to menbers of

the Aso Volcanological Laboratory for the observation and the fieldwork.
Reference

1) K. Sassa, Volcanic Micro-Tremors and Eruption-Earthquakes : Mem. Fac.
Science, Kyoto Univ., Series A, 18, 255~293 (1935).

2) K. Sassa, loc. cit. 1).

3) K. Sassa, Micro-Seismometric Study on Eruption of the Volcano Aso Mem.
Fac. Science, Kyto Univ., Series A, 19, 11~56 (1936).

4) K. Sassa, loc. cit. 1).

5) K. Sassa, Anomalous Deffrection of Seismic Rays in Volcanic District : Mem.
Fac. Science, Kyoto Univ., Series A, 19, 65~78 (1936).

6) K. Sassa, loc. cit. 1).

7) K. Sassa, loc. cit. 1).

8) H. Nakano, Some Problems concerning the Propagation of the Disturbances in
and on Semi-Infinite Elastic Solid Geophys. Mag. 2, 189~348 (1930).



Publications of the Disaster Prevention Research

Institute

The Disaster Prevention Research Institute publishes reports of the
research results in the form of bulletins. Publications not out of print may
be obtained free of charge upon request to the Director, Disaster Prevention
Research Institute, Kyoto University, Kyoto, Japan.

Bulletins :

No. 1 On the Propagation of Flood Waves by Shoitiro Hayami, 1951.

No. 2 On the Effect of Sand Storm in Controlling the Mouth of the Kiku River
by Tojiro Ishibhara and Yuichi Iwagaki, 1952.

No. 3 Observation of Tidal Strain of the Earth (Part I) by Kenzo Sassa, Izuo Ozawa
and Soji Yoshikawa. And Observation of Tidal Strain of the Earth by the
Extensometer (Part II) by Izuo Ozawa, 1952.

No. 4 Earthquake Damages and Elastic Properties of the Ground by Ryo Tanabashi
and Hatsuo Ishizaki, 1953.

No. 5 Some Studies on Beach Erosions by Shoitiro Hayami, Tojire Ishihara and
Yuichi Iwagaki, 1953.

No. 6 Study on Some Phenomena Foretelling the Occurrence of Destructive Earth-
quakes by Eiichi Nishimura, 1953.

No. 7 Vibration Problems of Skyscraper. Destructive Element of Seismic Waves for
Structures by Ryo Tanabashi, Takuzi Kobori and Kiyoshi Kaneta, 1954.

No. 8 Studies on the Failure and the Settlement of Foundations by Sakurd Murayama,
1954.

No. 9 Experimental Studies on Meteorological Tsunamis Traveling up the Rivers and
Canals in Osaka City by Shoitiro Hayami, Katsumasa Yano, Shohei Adachi and
Hideaki Kunishi, 1955.

No.10 Fundamental Studies on the Runoff Analysis by Characteristics by Yuichi Iwa-

aki, 1955.

No.l% Fundamental Considerations on the Earthquake Resistant Properties of the Earth
Dam by Motohiro Hatanaka, 1955.

No.12 The Effect of the Moisture Content on the Strength of an Alluvial Clay by
Sakurs Murayama, Koichi Akai and Toru Shibata, 1955.

No.13 On Phenomena Forerunning Earthquakes by Kenzo Sassa and Eiichi Nishimura,
1956.

No.14 A Theoretical Study on Differential Settlements of Structures by Yoshitsura
Yokoo and Kunio Yamagata, 1956.

No.15 Study on Elastic Strain of the Ground in Earth Tides by Izuo Ozawa, 1957.

No.16 Consideration on the Mechanism of Structural Cracking of Reinforced Concrete
Buildings Due to Concrete Shrinkage by Yoshitsura Yokoo and S. Tsunoda. 1957.

No.17 Onthe Stress Analysis and the Stability Computation of Earth Embankments
by Koichi Akai, 1957.

No.18 On the Numerical Solutions of Harmonic, Biharmonic and Similar Equations by
the Difference Method Not through Successive Approximations by Hatsuo Ishizaki, 1957.

No.19 On the Application of the Unit Hydrograph Method to Runoff Analysis for
Rivers in Japan by Tojiro Ishibara and Akiharu Kapamaru, 1958.

No.20 Analysis of Statically Indeterminate Structures in the Ultimate State by Ryo
Tanabashi, 1958.

No.21 The Propagation of Waves near Explosion and Fracture of Rock (I) by Soji
Yoshikawa, 1958.

No.22 On the Second Voleanic Micro-Tremor at the Volcano Aso by Michiyasu Shima, 1958,

No.23 On the Qbservation of the Crustal Deformation and Meteorological Effect on It
at Ide Observatory and On the Crustal Deformation Due to Full Water and Accumu-
lating Sand in the Sabo-Dam by Michio Takada, 1958.

No.24 On the Character of Seepage Water and Their Effect on the Stability of Earth
Embankments by Koichi Akai., 1958.

No.25 On the Thermoelasticity in the Semi-infinite Elastic Soid by Michiyasu Shima, 1958,

No.26 On the Rheological Characters of Clay (Part 1) by Sakurd Murayama and Téru



Shibata, 1958.

No.27 On the Observing Instruments and Tele-metrical Devices of Extensometers and
Tiltmeters at Ide Observatory and.On. the. Crustal Strain Accompanied by a Great
Earthquake by Michio Takada, 1959.

No.28 On the Sensitivity of Clay by Shinichi Yamaguchi, 1959.. Lo

No0.29 An Analysis of the Stable Cross Section of a Stream Channel by Yuichi Twagaki

... and Yoshito Tsuchiya, 1959.

No.30 Variations, of Wind Pressure against Structurgs in the Event of Typhoons by,
Hatsuo [shizaki, 1959, ’

No.31 On the Possibility of the Metallic Transition of MgO Crystal at the Boundary
of the Earth’s Core by Tatsuhiko Wada, 1960.

No0.32 Variation of the Elastic Wave Velocities of Rocks in the Process of Deformation
and Fracture under High Pressure by Shogo Matsushima, 1960.

No.33 Basic Studies on Hydraulic Performances of Overflow Spillways and Diversion
Weirs by Toejiro Ishihara, Yoshiaki- Iwasa and Kazune [hda, 1960. :

No.34 Volcanic Micro-tremors at the Voleano Aso by Michiyasu Shima, .1960.

No.35 On the Safety of Structures'Against Earthquakes by Ryo Tanabashi, 1960.

No.36 On the Flow and Fracture of Igneous Rocks and On the Deformation and
Fracture of Granite under High Confining Pressure by Shogo Matsushima, 1960.

No.37 On the physical properties within the B-layer deduced from olivine-model and on
the possibility of polymorphic transition from olivine to spinel at the 20° Discon-
tinuity by Tatsuhiko Wada, 1960.

No.38 On Origins of the Region C and the Core of the Earth —Ionic-Intermetallic-
Metallic Transition Hypothesis: by Tatsuhiko Wada, 1960. i

No.39 Crustal Stucture in Wakayama District as Deduced from Local and Near Earth
quake Observations by Takeshi Mikumo, 1960. . .

No.40 Earthquake Resistance of Traditional Japanese Wooden Structures by Ryo. Tana-
bashi, 1960.

No.41 Analysis With an Application to Aseismic Design of Bridge Piers by Hisao Goto
and Kiyoshi Kaneta, 1960. -

No.42 Tilting Motion of the Ground as Related to the Volcanic Activity of Mt. Aso
iﬂglg Micro-Process of the Tilting Motion of Ground and Structure by Yoshiro It5,

1.

No.43 On the Strength Distribution of the Earth’s Crust and the Upper Mantle, and
the Distribution of the Great Earthquakes with Depth by Shogo Matsushima, 1961.

No.44. Observational Study on Microseisms (Part 1) by Kennosuke Okano, 1961.

No.45. On the Diffraction of Elastic Plane Pulses by the Crack of a Half Plane by
Michiyasu Shima, 1961.

No.46 On the Observations of the Earth Tide by Means of Extensometers in Horizontal

Components by Izuo Ozawa, 1961.

No.47 Observational Study on Microseisms (Part 2) by Kennosuke Okano, 1961.

No.48 On the Crustal Movement Accompanying with the Recent Activity on the Vol-
cano Sakurajima (part 1) by Keizo Yoshikawa, 1961.

No.49 The Ground Motion Near Explosion by Soji Yoshikawa, 1961.

No.50 On the: Crustal Movement Accompanying with the Recent Activity of the Volcano
Sakurajima (Part 2) by Keizo Yoshikawa, 1961. )

No.S:]l.9625tudy on Geomagnetic Variation of Telluric Origin Part 1 by Junichiro Miyakoshi,

No.52 Considerations on the Vibrational Behaviors of Earth Dams by Hatsuo Ishizaki
and Naotaka Hatakeyama, 1962: ' a

No.53 Some Problems on Time Change of Gravity, Part 1. On Effect of Oceanic
Tides upon the Tidal Variation.of Gravity and Part 2. On Analytical Treatments
for Data of ‘the Tidal Variation of Gravity by Ichiro Nakagawa, 1962.

No.54 NaftureNof t}’i‘e VOICfBEiC Mli)crofgrell\z’[lors at the Volcano Asg, Part 1. Observa-
tion of a New e of Long-Perio icro- -Peri i
B e Kamg,P1962. g o-Tremors by Long-Period Seismograp

No.55 Nature of the Volcanic Micro-Tremors-at the Volcano Aso, Part 2. Somp’
Natures of the Volcanic Micro-Tremors of the lst kind at the Volcano Aso b}"
Kosuke Kamo, 1962. ’



Bulletin No. 53

Published March, 1962 |

BM37T4 3 AITH E H
FEf37 4£ 3 A20H % f7

g 3
3 fr &

FD il =
ED K0 B

3K & K 2 Bh K BY 5L A

I b s = RS
FOB T EREF 2 A A
wAREREISH






