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On the Second Volcanic Micro-Tremor
at the Volcano Aso

by
Michiyasu Shima

Geophysical Institute, Faculty of Science, Kyoto University
(Communicated by Prof. K. Sassa)

Abstract

At Volcano Aso, four kinds of volcanic micro-tremors have been observed
by K. Sassa. And each of them has been named the micro-tremor of the
first kind, of the second, of the third and of the fourth, of which the second
one is of a long period, 3.5~7 sec. and its origin seems to be considerably
different from the rest. So it is supposed that this micro-tremor is generated
with the explosive motion of gasriched magma in a reservoir and that its
period, 3.5~7 sec. is the free one of magmatic reservoir, and then the dimension
of the reservoir is calculated. In case that the reservoir begins to vibrate by
the explosion of gas-riched magma, the mode which vibrates only to the pro-
pagating direction of wave appears chiefly, and therefore the equations of the
wave motion of such a mode are solved and the radius of the reservoir, 696~
1392 m., is gotten, being applied the velocity of seismic wave calculated from
the records of volcanic earthquakes. This result suggests that the above

mechanism may be expected for the micro-tremor of the second kind.

At Volcano Aso four kinds of voleanic microtremors have been observed
by K, Sassa.” And each of them has been named the micro-tremor of the first
kind, of the second, of the third and of the fourth. Generally, the micro-
tremor of the first kind, of the second and of the third have been observed
independently each other, but the second one has been frequently observed to
be accompanied by the first one, and the latter has been recorded from 0 to
20 sec. before the recorded initial phase of the principal part of the former.
The micro-tremer of the second kind is of a long period, 3.5~7 sec., while
the other periods are less than 1 sec.. These facts suggest that the origin of



the second kind is considerably different from the rest. With respect to their
vibrating modes, every direction (of the horizontal displacement) accords with
the propagating direction of wave, inthe six observing stations and these waves
propagate as compression waves except a weak tension wave observed in one
observing station. Thus, this long wave should consist of a kind of longitudi-
nal waves generated with the explosive motion of gas-riched magma in a re-
servoir. So, it is supposed in the following part that the period of the micro-
tremor of the second kind, 3.5~ 7 sec. is the free one of the magmatic
reservoir, and then the dimension of reservoir is tried to calculate.
2.

The equations of wave motion in a homogeneous and isotropic medium

are expressed as follows using the polar coordinate,?’
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The solutions of these equations are given as follows by Sezawa.
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where Sni1,2, Nn+1,2 are respectively the Bessel functions of the first
kind and the second, and P.™(cosfl) is the associated Legendre function. So
we can obtain the displacement components, which we denote as u (#-compo-
nent), ¢ (§-component) and w (¢-component) respectively, from (2). And
these displacement components are resolved into three parts u=u+us+us, v
=01+ 0yt v, w=w;+ws+ws. The second part of them, uz, ¥2, w2 are not
necessary since the rotation component w, vanishes in this case.

3.

For simplicity we treat the vibration of the reservoir fillled with the gas-
riched magma in the infinite medium, discussing that of the reservoir under
the surface of the Earth. For, although the surface of the Earth effects the
interferences betwsen the waves reflected from the surface and the vibration
of the reservoir, we neglect the effect of the surface for the small proportion
of the reflecting waves returning to the reservoir.

Assuming the reservoir to be the spherical cavity of radius a, it is easily

shown that the displacement components, which are denoted by suffix “i” in

the reservoir and ‘‘o” in the elastic medium, are as follows:
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We adopt the solution, H2psy,5(Bor) = Tner yo(ho? )+ ENas 2 ho?) expressing the
divergent wave in the surrounding elastic medium and Ju+1,2 (#47) having the
finite value at origin, in the reservoir.

As the vibration of the reservoir arises from the explosion of gasriched
magma in the reservoir, the wave of =0 and #=0 generates principally and
there appears the mode of vibration which has the same direction as the pro-
pagation of wave. The tension wave which is observed only at ome station
seems to appear on account of deviation from the sphere of the form of the
TeSETVOir.

The boundary conditions at the reservoir are given as follows,
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Introducing the general solutions (3) and (4) into the above boundary

conditions
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We obtain the following equation determing the pericd by eliminating the

coeflicients A, and B, from these two equations,
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This system containing the reservoir damps with elapsion of time and p is the
the complex rumber p=p1+7p2, of which the imaginary part p» expresses the
damping factor.

Introducing the following terms into (8),



sin {a(‘bl+1p) sin ab: coshapz-f—z cos- ps ha‘b‘
Vps Uy U

cos{alPr+ip))

U])l

o . a aps
(,OS-"—LOSh bz _; Gin®Prginn Pz
Upl pt m UJ)[

we obtain,

ap, @£+ Beos® ap smha‘b‘-{—Ccos apy “leosh = ap
Un Upi Up Yur Une

+D sm—g»lsmh ap: =0 €))

Upi

Bsin ‘bcosh aps —A cos vplsmh aps Dcos p cosh ap:

Upt Upe Upi
+Csin?Pisin 422 o (10)
. 4% 4o” 504 f op
= (= py gt 2 P pr g L 3pipepin))

B=2ppa="g 2prt- O = 2pi52— L (0 =3p.5:2))

8v%4, 4vso®

C= (D =300 )+ = pape= " n
D

avy;

47)90
» Do

(3p12pn—p_3)+»—~ 0 (pn -p2)—

The velocities of p wave and s wave calculated from the records of the
eruption earthqake on Nov. 22, 1932V are

V0= 1.25km
Ugo= 098km.

and the sound velocity of the gasriched magma calculated by K. Sassa from the
records of the eruption earthquakes on March, 1933" is
v],5=0.79km

As the density of the gas-rich magma in the reservoir is uncertain, it is assumed

that the density is the tenth as much as that of the surrounding solid medium.
Introducing these values into (9) and (10),
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_ 105000
b=
Introducing the period 3.5~7 seconds of the micro-tremor of the second kind

into (11), we obtain as the radius of the reservoir
a=60696~1392 m.

That the damping factor p. is large seems to correspond to the rapid decay of
the observed micro-tremors of this kind. Although the calculated radius is rather
large, in comparison with ca. 0.5 km radius which is estimated from the region
of the remarkable crustal movement in the vicinity of the craters for the active
period” and from the depth of the origin of the micro-tremor of this kind,"
these results suggest that the vibration of the reservoir accompanied with the ex-
plosive motion of the gasriched magma may be expected for the origin of
the micro-tremor of the second kind.

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

instructions.
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