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Abstract

We investigate the variations and other properties of the micro-iremors
at the Volcano Aso observed by the Wichert seismographs in the Volcanolo-
gical Laboratory since 1950. In this paper, we treat the first kind and the
second kind of the micro-tremors of the four kinds which have been clas-
sified by K. Sassa. He studied in decade of 1930 the phenomenon that the
micro-tremors stop rapidly before eruptions and again increased after them.
This time, we perceive the same phenomenon in the eruptions of Apr.,
1953, Dec., 1957, and June, 1958. Next, we can perceive that the values of
NS-component/EW-component of amplitudes of the second kind increase
from O to 1 at the eruptions. It is found that this disposition occured also
in the violent eruptions of 1933. Thus, on the assumption that the crack
parallel to the row of the present craters, which has been infered from the
mode of vibration at the eruption-earthquake by K. Sassa, vibrates after the
eruption, being accompanied with the magmatic reservoir, we calculate the
azimuthal distributions of amplitudes and indicate that the transversal com-
ponent is the same order as the longitudinal component in the direction of

the Volcanological Laboratory.
1. Introduction

The jets of lava and volcanic ashes and gas, the - deformation of the
earih’s surface near the craters, the volcanic earthquake and micro-iremors,
and the volcanic geomagnetic variations have been studied by many investi-
gators. With respect to the Volcano Aso, many geophysical facls were re-
vealed by K. Sassa in decade of 1930V?. Particularly, he studied in detail
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the volcanic micro-tremors which appeared remarkably at the Volcano Aso,
and pointed out that the volcanic eruption could be foretell by investigating
the variations of the micro-tremors which came before the eruption. Ii is
already revealed ihai not only the period but also the mode of oscillation
distinguish the first kind of micro-tremors from the second and that from the
detailed investigations during the comparatively silent time, the mode of
the first kind is a Love wave type and that of the second kind is a Rayleigh
wave typeV. This time, we will furiher reveal these points by investigating
the latest volcanic actions. In the following we describe only the results of
the analysis of recordings of ihe first kind and the second kind of micro-
tremors by Wichert horizontal and vertical component seismographs. For,
although there appear the micro-tremors of the shorter period than that of
the above waves and they are observed by S. Yoshikawa® mnear the craters,
those which have the amplitudes of the same order as the first kind of
micro-tremors at the origin damp so perfecily as to be unable to be observ-

ed at the Voleanological Laboratory, owing to the short period.
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Fig. 1. Positions of Voleanological Laboratory and craters.

2. The micro-tremors and the eruptions between Apr.
aud June of 1953.

The center of the eruption shified from the fourth crater to the first
and the second since Sep., 1932 and afier the comparatively silent period
between 1934~1950, we had a violent eruption of the first crater at 11*32™
on Sep. 27th, 1953. Namely, after the small eruption on May, 1951, we
had the silent time of two years and then the seismographs recorded the



regular waves of the first and the second kinds of the amplitudes of 0.5.4
and 1.5y since Apr. 14th and on 25th they interrupted rapidly and after
calm state of three hours, we had a violent eruption of the first crater and
abundant quantities of lava blocks of diameter of two feet were ejected,
some of them being throwa 600 m. The amplitude of the first and the
second kinds of micro-tremiors which were recorded by Wichert seismo-
graphs at the Volcanological Laboratory during the active period, are shown
in Fig. 2. The arrows indicate the eruption times when the lava blocks
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Fig. 2. Mean amplitude of micro-tremors.
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were emitted. As known from this figure, the first crater exploded also at
Apr. 28th, 29th and May 4th. The mean amplitude of the micro-tremors
of the first kind which was 14, and that of the second which was 1.54 in-
creased 2.5z and 3~7 4 after‘ the eruption, particularly, the second kind
remarkably increased. Such a interruption of the micro-tremor just before
the eruption is a character of. that in April, and this fact gives the power-
full clue for the foretell. We see the same disposition also in decade of
1930.

3. The micro-tremors and the eruptions from
July to Sep. of 1955.

The micro-fremors of the first kind which have been silent since July,
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1953 increased on July 19th and the second increased on 24th. The second
which had been the regular wave gradually became the continuous and ir-
regular wave on July 25th and the amplitude increased to 3z, but, this
time; the phenomenon that the micro-tremors interrupted just before ihe
eruption was not clear and we could asertain only a irregularity in the wave
form. Namely, we had the eruptions a few times on July 25th, particularly,
the erupiion at 10*13™ was considerably strong, many lava blocks being ejeci-
ed, and then the small erupiions were repeated on July 28th and 20th. The
amplitudes of the first and second kinds of micro-tremors in this period

are shown in Fig. 3.
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Fig. 3. Mean amplitude of micro-tremors.

Also, this time, the amplitudes after the eruption were larger than that

before it. The micro-tremors of ca. 34 continued during Sep. and then

damped gradually.

4. The micro-tremors and the euptions from Nov.,
1957 to Jan., 1958.

After two years repose, on Nov. 17ih, 1957, the micro-tremors .of the
first kind and the second kind began to increase gradually both in frequency
of occurence and in amplitude. The first kind interrupted on Nov. 18th
the second on Nov. 28th and the eruption occured at 19* on Dec. Ist. The



micro-tremors for this time aré shown in Fig. 4.

After this erupiion, while the amplitude of the first kind was ca. 2 g,
the staie of the second kind continued to rest, and the eruption occured at
1% on Dec. 3rd, and then, the micro-iremors of the both kinds were slightly
stronger than that before the eruption, continued in Dec. and damped gra-

dually to April.

Am

mi?

Second kind

(2]

M
4
First kind

Nov. Dec.
1957

Fig. 4. Mean amplitude of micro-tremors.
5. The micro-tremors and the eruptions during June, 1958.

The smallness of the amplitudes of micro-tremors was a character of
the eruption on June 24th, 1958, in comparison with the scale of the erup-
tion, that is, the Wichert seismographs in the Volcanological Laboratory
recorded only the micro-tremors of ca. 0.2~0.5 ¢ for a few days. Howe-
ver, the continuous micro-tremors of ca. 1 p were recorded for some days
before the eruption by the short period seismographs of very high magnifi-
cations in the Hondo’s Observatory near the crater and interrupted two

hours before the eruption and increased after it.
6. The characters of the variations of micro-tremors.

From ihe variation of the ampliiudes of micro-iremors of the boih

kinds which occured beiween 1953~1958, we can summarize the following.



1) The micro-iremors of the both kinds occur several ten days before
the erupiion, the ampliiudes larger than 1 4 ai the Volcanological Labora-
tory coniinue and ihe micro-iremors which reach a maximum in ampliiude
and frequency of occurence ofien siop rapidly several hours or several days
before the erupiion. However, ihis disposiiion was noi evideni only in the
eruption on July, 1957.

2) Afier the micro-iremors of the firsi kind of ihe ampliiude of ca.
1 4 coniinue o be recorded wiihin the limiis of several days or several ien
days, the siaie of them ofien reiurn to resi without the erupiion. For ex-
ample, the end of June, 1954, the beginning of Jan., 1955, aboui ithe mid-
dle of Jan., 1957, and eic.. These are disiinguished from the disposiiion
of the micro-iremors before the erupiion, by being accompanied wiih the
second kind, and by the gradual siop of the first kind before ii. However,

to foreiell the erupiion, ihere are many poinis to siudy ye:.

7. The variations of the mode of vibration of
micro-tremor of the second kind

Irrespeciive of the aciivity of volcano, there occur ihe volcanic microire-
mors which have been called the second kind by K. Sassa, and the period of
which is 3.5~8.0sec.. The mode of oscillaiion was investigated by means of
the simultaneous observaiions with the Galiizin iype seismographs, which were
set two poinis on Oci., 1932, and which were sei six poinis on Aug., 1933.
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Fig. 5. Direction of horizontal displacements of micro-tremors of
the second kind (after Sassa).
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These resulis are shown in
Fig. 5.

Namely, the second kind
seems io be a2 kind of longi-
iudinal wave from the faci ihai
the direciion of the horizonial
componeni is ihai of ihe pro-
pagaiion. The vertical com-
pononi is ihe same order as
ihe horizonial componeni or
less than that, and then ihey
may be a kind of Rayleigh
iype, bui not ihe ordinary one.
Thai is, the horizonial longi-
itudinal vibraiions viriually co-
incide in phase with the verii-
cal, which are noi in accord
with the iheory of ordinary
These resulis

were obiained during ihe sileni

Rayleigh waves.

period when a series of erup-
iions of 1932~1933 drew io a
close, and the amplitude was
small, e.i. 1 # and at the Volca-
nological Laboraiory only the

EW-componeni was recorded.



And also in tihe case of ithe erupiion of Oct., 1932, they were about ihe
same, These waves which occured iowards ihe close of volcanic aciive period
seem io be creaied from the magmaiic reservoir of the considerable dimen-
sions which is under the craier. We investigaie ihe variaiions ai erupiion
of the mode of vibraiion of ihe second kind of ihe period of ca. 3~4
sec., because the micro-iremors of the period larger than 5 sec. were
noi recorded. Thai is, the daily mean values of NS-component/EW—com-
poneni of ihe second kind in Apr., 1953, July, 1955 and Dec., 1957 are
read. The resulis are as follows.

The values increase from 0.2 to 0.8~0.9 ai the volcanic eruptions.
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Fig. 7. Portions of records obtained from the Wicherts seismographs
on Apr., 15, 1953 and May 17, 1953 at Vol. Lab.
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Namely, the NS-component
which do noi occur yei before
the erupiion occurs afier it
Also the mean values for the
eruptions of 1933 are read, as
shown in Fig. 6. As known in
this figure it is evident that the
same phenomena iook place also
in them. This faci suggesis ihat
a wave generaies from ihe vibra-
ttonal origin other than the mag-
maiic reservoir, being accom-
panied with the vibraiion of it
Nexi, NS-componeni/V-compo-
nent observed at the Volcanologi-
cal Laboraiory are ploited in Fig.
8. We obiain the resuli corres-
ponding to the case of NS-com-
poneni/EW-component. Thai is,
while the verijcal componeni of
the same order as ithe EW-com-
poneni boih before and afier ihe
erupiion, NS-component occur
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Fig. 8. Ratio of NS-component to V-com-
ponent of amplitude of micro-tremors of

the second kind.

—R

« Hondo

N
Sara-yama
Fig. 9. Distribution of initi-

al motions of eruption-earth-

quake of the First Crater
in Aug. 1933 (after Sassa).

only after it.

Previously, K. Sassa studied ihe mode of
vibration near the craier of the small erup-
tive earthquake on July, 1933. The primary
shocks are shown in Fig. 9.

[i was indicated that the observed faci of
the erupiion'earihquake could be fairly well
explained by the vibraiion of crack parallel io

the row of the preseni active craiers.
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Afier the considerable erupiion, the ground will loosen near the reser-
voir and then ihe above veriical crack will become io be able io move per-
pendicular to the crack plane, being accompanied with the vibraiion of
reservoir. Then the remarkable variaiions afier ihe erupiion of the mode
of vibraiion of ithe second kind seem io be due to ihe waves generaied
from the above movemenis. In order tha:i we examine if ihere occur ihe
iransversal component of ithe same order as thai of the longiiudinal com-
ponent in the direciion of ihe Volcano'ogical Laboraiory, we calculaie ihe
vibraiional modes of the waves round the crater generaied from the move-
menis of crack of ca 1km., which coniinues to the reservoir and is parallel

io the row of craiers.
8. The distributions of amplitude.

There lie ihe above crack of finite dimension, a ceriain depih under
the surface, however, the compleie ireaimeni of such a problem would
be so difficuli o solve thai we negleci ihe effect of the free surface
and assume for simplicicy ihai ihe lengih of ihe veriical direciion is
infinjte, that is, the problem is reduced io iwo dimensional one. As we
calculate the horjzonial propagaiion of wave in the above problem, ii seem

to be valid. Using the ellipiic coordinate, the wave equaiions are writien

as follows
024 A+2u [ 0°4 33_41) l
0782 T c*(coshEE—cost 1)\ OE2 © O D
Po _ u (Po | T J ) (
0 B2 = ¢2(cosh? £ —cos? )\ OE? 5772)
x=c¢ cosh&-cos 7
y=csinh&-sin 7
{0 (u 0o(v
a=m{oe (e )+ 57 (Gl
0/ v 0/ u
2o=hef g (5 )+ 57 (i)
%:cZ (cosh? & —cos? 7),
1
where

#,v =componenis of displacemeni refered io curvilinear coordinaies,

p=densiiy of isoiropic solid,
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A,n=Lames elasiic constants.
According to K. Sezawa,”™ ihe solutions of these equations are express-

ed as follows

=3 BuHa(8, G, o™ | |
=0 J .................. (2)

2(u=§ CoHA (8, 4)Ga(n, gD e,
n=0

where

_ kit _ R ppt oY _ e
9="g5 =T33 1y~ LR

Gn(7, @), Gu(7, @") are Mathiues funciions and Ha(£, @), Ha(§,q") are the

solutions of the following equaiions

dZHZ—ég’q)_*_ (h2c? cosh? € —n*)Hn(€,q)=0
............... 3)
d2H§§7Q'>‘+ (k*c? cosh? € —n?) Ha(£, ¢")=0.

u1, U, the componenis of displacemenis of ihe dilaiional wave and v2,
) s P

v; those of the disioriional wave are given by

= MBn OHn (&, )

“m=—2 "p e Gnln, @) et
vy = _i hh§n Hn(f ) aaGn (77 q>eim
n=l K @
_ ilh 1Cn Ha(e, g aGn 7,9 i
= mCn 0HR
V=2 lkC o @ q)Gn(v,q’)e““.

In this case, as the gas rich magma seem io press -only veriically ithe
surface of crack, the boundary condivions are given by

normal 6(“1 +us2)

siress

=[ad+2p{m,

0_ \

iangeniial =‘u[6h (v +1)o) ah (o + ug)]
o

siress o€ o =0

When & approaches 0, asympioic relaiions are known such as

Ha(¢, @)1 %ﬁ"’)—» PNy

Hu(8, gH—1 @5"‘%"1_'.% iy B,
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Taking ihe physical condiiions into consideraiion, Mathieu funciion for
the dilaiaiional componeni is even wiih respeci io 7, while ihat for the
disioriional component is odd. Then, the boundary condiiions (5) are

reduced inio the following expressions

S=u[ L A2 anBaGan, )+ 5 4aC, 290
= n=0 n=1 7
€08 1) 6Gn<77 q) )
-8 1B D 4 5 5,CoGa(r, 4}
_( a'By0Go(1, @) & an'Bn0Gn(n, @) | T, an'Basin2y [
0=z sinfy 07 2n=1sin277 on +n=.o sint 7 Ga(, 0
B4'C, , S 7'Casin2908Ga(n,9") | r'Cu 8°Ga(n, q' ))
Elsm 7 Gn(n, 4D+ 2 LT sinty o7 +s1n 7 09 JJ
.................. 6)
where
— 20V B¢  —n? _ 2
an—2( e —1), Bn=—— T 7T heer
- 2¢2 ,_nE—k%c? 1
=iV hic*— Bo' =" V=

an'= T )
In order io solve the problem approximaielly, we use Mathieu func-
tions of Oth o 6th orders, and negleci ihe higher terms in ¢. The Maihieu
funciions are given by
ce=1444 cos 27, cey=cos 7-+¢ cos 37,
ce:=cos 2v+q< cos 47— 2) ce3=co3 3v+4(—cos v+% cos 577),

e =Cos 4‘0-}—(](— % cos 277+—§— cos 67?),

se;=sin 7+ g sin 37, Se2=sin 29+ —g— gsin4y,

Se3=sin 3v+q<—sin ‘0+% sia 577>, se,=sin 4v+q( —% sin 477+% sin 677).

Using these funciions, the normal siress and the tangeniial siress ai the

crack plane are oxpressed by
So-+3) Sncos n7
n=1

=,u[SuBo +8S12Bs+ SisBi+ S14Co+ S16Ca4- -+
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1

sin? 7

+ (Sz1.By+ SoeBe+ SaaBi+ Sz4Co+ Sos Cy++++-++)

+ (Ss1By+ SseBz+ Sss Byt Ss4Co+ S Co+- -+ -+ )cos 27
+ (SuBo+ SizBa+ SisBi+ SuaCo+ SusCa+--+ -+ Jcos 47

> Se'sinny

n=1

-_—[,l[(Su’Bo“l—Sw,Bz‘i—Sls’Bd +SI4IC2+SIE’CA+ """ )
+ (S21'By+ Saz’ Ba+ Sas'Bi+ Soy'Co+ Sas'Co -+ )sin 27

where

S11=]+84a0 o
Siz= —2q+2a2+% qgas —47‘—% ar

Sm=~i% qa4+4a4—323"—6]%8 ar
Su= —2/92—% q'B:

Su= 88— 4’8,

So1= —ao—4qao

See= —aﬁi qaz+4r+£ ar
3 3
Sez= —a4+167‘+% 4a4+]]7—56qr
Sa=0
Sza=0
So=4q
8 :
Ssz=1+? 4a2—3—32 ar
2 16
Sys = —3 q+4a4+-~5~» da, - 167‘—% qr

Ssi= —8¢'B,
835 = - 12,@4 - % qlﬁd

S41=0

......

cos %
sin® 9
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_2
Siz= 3 q
Sis=1 +g qa4—-45§qr
SA4=0
S45=—84',34

S’ =2a'+8qa,’

12/ =2a" — % qag’

S1s’=2a4’—18—5 qa,’

Su'= —47”—'139 q'r’
Sis'= —87”—:13_% q'r’

Now we consider the case that uniform pressure changes periodically
with time, and the iangeniial siress is zero. Moreover, we may pui for
symmetfy,

B,=B;=C,=Cy=0.

Then, we obtain the following simulianious equations

S21Bo+ Sze By + Sas Bi+ S Ce+ S Cy =
Sa1Bo+ Saz Bz + SssBi+ S5 Cz+S3:Ci=0
SiBo+ Sie By + SisBi+ SuCo+ SisCi =0
Si1/Bo+ S12’ Bz + S1’Bi+ 514 /Co+ S15'Ci =

S11By+ Si2Bz+ Si1aBi+ S1Co+ S15Co = So/ 12 [

We obiain By, Bz, Bi, C:, C: from these equaiions.
When £ is large, the asympioiic expressions for Ha(§,q), Ha(§, 4"

are obiained in the following form.

¢ —thcsinh ¢
e/ =g ]
. (E q,)_)ei_zikiisu:lhf [ .................. (11)
w00k sinh &

Thus, ihe radial componeni of the dilaional wave u, and ihe iangeniial
componeni of the distoriional wave vz ai a disiant are given on inseriion

of (11) inio (4) by
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e B OHA (€, 9) p
=3 P 22 cen(n, Q)€
“ n>—=,0 h%cy/cosh? § —cos? 0§
=_ 2:0 ;;:ii'z%‘iﬁ{a"w”(”’ Qsin(pt—hR)+bncen(7, @)cos (Pt — hR)]’
= Cn 0Hx(§, 4"

= . R— sea(n, et
ve nE:l F2cy/cosh? & —cos? 7 08

{c:;seu(v, q’)sin(pt — kR) +dn$en(77, q')COS(ﬂ - kR)}’

i 1
= ‘Elka/lelz

.................. 12)
where
Bh=an+ibs, Cn=cn+idn
R=the distance from the origin.
New we put
T =4sec.
2¢/vs=1.32,
where 2c=length of crack.
On resulis of calculaiions of @n, bn, Cn, dn, we obiain
a,=0.02346, 2= —0.01584; a.= —0.001562,
bo= —0.09339, b,=0.08791, 5,=0.0008799, | 13

d,=0.1214, d;=0.001355,
c=-0.1645, ¢,=—0.001651.
[U|]

The azimuihal disiribu-

~3
~ ) .
R ilon of #1, vz in this case

OQ.
~

Ab

[ is shown in Fig. 10.

We thoughi previously
that the gas riched magma
in the reservoir which was
infered o exisi under the

craiers frequenily exploded

in the aciive period of the
Volcano Asv and being

accompanied with ii, there

o occured the micro-iremors

of the second kind, and

01 o . LIRS g s 1

Fig. 10. Azimuthal distributions of displace- then indicated that the di-

ments, #; and vz, at a distant point. mensions of the- reservoir
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corresponding to the period of the second kind is ihe order of 1km, on the
assumpiion ihat ihe form of the reservoir is a sphere?®. As a resuli of
the above invesiigaiion, we find thai a iransversal wave propagates simul-
taneously with a longitudinal wave during ihe shori period afier the consi-
derable erupiion. The above calculaiions indicate that when there exist the
crack of ihe order of 1km which conneci with the reservoir and afier ihe
erupiion it operaies as the origin of waves with reservoir, ithe iransversal
wave of the same order as ihe longiiudinal wave propagates in the direciion
of the Volcanological Laboraiory. Therefore, it is infered from ihe ap-
pearance of the iransversal componeni only during the short period after
the erupiion thai there occur the rapid changes in the ground around the
reservoir and in the distribution of the gas riched magma and that they
restore to ihe siate before the erupiion with the decrease of ihe volcanic
activity. As we did not observe at many poinis for ihe long period, we can-
not bring the unambiguous conclusions, however, the above mechanism of
the wave generation near the craier can explains ihe observed resulis.

The writer wishes io express his hearty thanks to Prof. K. Sassa for

his insiruciions.
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