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1. C.F. Richter and J. M. Nordquist’ observed small aftershocks, the
principal shock of which occurred near Riverside, California, on Feb. 18, 1948,
The Benioff seismometer at Riverside recorded 98 aftershocks during Feb. 18
and 19. The magnitude of the smallest aftershock was determined to be 04
in Richter’s scale, and the energy released in the shock was 10! ergs in the
order of magnitude. .

The present authors made the observation of very small aftershocks of
the Fukui Earthquake? during the period from July 14 to Aug. 8, 1948 by
means of the electromagnetic seismometers, of which the magnification was
about 40,000 for the vibration of 20 ¢/s, and found that the micro-earthquakes,
having the amplitudes of about a few hundredths of a micron, were occurring
every three or four minutes on the average.

They also carried out the observation of micro-earthquakes in June, 1949,
at Washishiki, Tokushima Pref., and at Kagami, Kochi Pref., in Shikoku
District® At Washishiki 16 micro-earthquakes were recorded during 16.6
hours, and at Kagami 9 were recorded during 43.2 hours. It is remarkable
that many micro-earthquakes were registered at Washishiki and Kagami,
although 30 months had elapsed after the Nankai Earthquake, Dec. 21, 1946.

The results of the observations above mentioned show that many micro-
earthquakes can be registered if the sensitivity of seismometers is sufficiently
high, especially in the area where aftershocks of an earthquake occur frequent-
ly, and moreover, Ishimoto-lida’s formula holds good between their frequency
of occurrence and their amplitudes.

The present authors made the observation of micro-earthquakes after the
Imaichi Earthquake, Dec. 26, 1949, for a further research on micro-earthquakes.

2. The seismometers used were of horizontal component type having the
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natural period of 1.2 seconds.  Magnification
Their transducers were of mov- ;55 500 |
ing coil type. The type-D vibra-
tors for YEW oscillograph were  70,000_
connected. The shunt resistances
of 20 ohms were used and the 1,000
seismometer-pendulums were
over-damped. ' The frequency
response curve of this seismo-
meter is seen in Fig. 1. These
seismometers are more sensitive
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than those used in the case of c]cle/‘fecl 7 10 oo
Fukui Earthquake. The frequen- ’
cy response curve of a Benioff
vertical seismometer with a

Fig. 1.

micro-moll-galvanometer is also given in Fig. 1 for reference’ sake. The
difference between the two curves is essential for obtaining legible records of
such micro-earthquakes.

Three seismograms were recorded side by side on a photographic paper
which was carried by a tape-recorder at the approximate speed of 9cm/min
or 30 cm/min. The temporary tripartite station was set at Tamozawa, Nikko,
Tochigi Pref., the one side of the triangle being 150 meters long. The obser-
vation was made during the period from Dec. 29, 1949 to Jan. 10, 1959, and
seismometers were operated exclusively at night, when the ground was not
much disturbed by artificial noises. The total duration of the observation was
17.7 hours and 623 micro-earthquakes were registered, that is, they occurred
every 1.7 minutes on the aver-
age.

3. The secular change in No. of Egks /Min
the frequency of occurrence of 1-0_|
micro-earthquakes is given in '
Fig. 2. Those of the earthquakes
registered by Ishimoto-accelero-
meters at Nikko and Imaichi are
also seen in Fig. 3, A and B
respectively. The tendency of
the secular decrease in number
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day is seen in all cases.
frequency distribution of P—S Fig. 2.
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duration times of micro-earthquakes and of shocks recorded by the Ishimoto-
accelerometer arg shown in Fig. 4. The distributions in both cases are con-
siderably different from each other. But it is premature to conclude from
this fact that the geographical distribution of the foci of micro-earthquakes
and those of comparatively large
shocks are different. If the pre-

dominant periods of earthquake-  00_ 20_
motions are dependent on their Elecfro_magjlc[jc . Ishimoto-
epicentral distances, the earth- Seismometer Bl Accelerometer

quzkes having larger epicentral
distances might be missed more
frequently in the observation by
the electromagnetic seismome-
ters than in the case by the : " GRahEie
Ishimoto-accelerometer, because 0 20 30 o 20 30
the sensitivity of the electro- P=§ Interval (sec)
magnetic seismograph becomes Fig. 4.
lower as the reriod becomes )
longer, then it is possible that the frequency distributions of P—S intervals of
earthquakes recorded by the electromagnetic seismometers and those of shocks
recorded by the Ishimoto-accelerometer are apparently different.

The frequency distribution curves of trace-amplitudes of micro-earthquakes
and shocks registered by Ishimoto-accelerometer are given in Fig. 5. Both
curves coincide well with Ishimoto-Iida's formula. (Earthquakes which belong
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to the group of the smallest trace-amplitude are excluded in Fig. 5 in both
cases.) The magnification of the seismometer used in the present case was
too small to detect the “ minimal earthquake”, of which the amplitude is so
small that Ishimoto-Tida’s formula does not hold. More sensitive seismometers
equipped with filters to suppress the background noises will be necessary for
the study of the “minimal earthquake”.

”»

-~ The values of “m” in Ishimoto-lida’s formula,

n (@) da=ka ™da
obtained from the data in Fig. 5 by the least square method are 1.8 in both

cases. This coincidence of the values of “#:” was the case in the study of
aftershocks of the Fukui Earthquake.

4. As the seismometers used were of horizontal component type, we can
compare the magnitudes of the observed micro-earthquakes with that of the
“minimal recorded earthquake’ observed by Richter and Nordquist. The
smallest micro-earthquake registered at Nikko has a trace-amplitude of about
1 mm, and its P—S intervals is about 0.8 sec. The magnification of the seismo-
meter was 6x10' for the vibration of 20 ¢/s, which was predominant in the
earthquake-motions at Nikko as seen in Fig. 10. As Omori’s constant connect-
ing the P—S interval and the hypocentral distance was determined to be 7 in
the vicinity of Nikko by the members of the Earthquake Research Institute,
Tokyo University, the hypocentral distance of the smallest micro-earthquake
was about 6 km. Now it may be assumed that the amplitude decays in pro-
portion to the square of the hypocentral distance. "Then the amplitude of
the smallest micro-earthquake would be 0.17u, if it were recorded by the
Wood-Anderson seismometer (magnification:2800) at a station of which the
hypocentral distance is 100 km, this value corresponding to magnitude —0.77
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in Richter’s scale. By the relation between energy and magnitude®

log E=124+18 M,
the energy released in the smallest micro-earthquake is estimated at 4x101
ergs.

The energy can be estimated by another method. Assuming that the
energy is emitted uniformly in all directions from the focus, the energy flux
F which p;asses through a certain spherical surface around the hypocenter is
expressed as

F:—é '4'7T'pp27'2Ar Vs

where p is the density ; p=27%/7; Ar is the amplitude on a spherical surface
whose radius is 7; Vs is the velocity of the waves. Adopting p=2.7, and
Ve=3.0 km/sec., we obtain F=8.1x100 ergs/sec. If the duration of vibration
at the focus is assumed to be 1 sec, the total energy released in the smallest
micro-earthquake is 8.1 X100 ergs.

In both cases stated above the energy released in the smallest micro-
earthquake is 1010 ergs in the order of magnitude, the value being one hundredth
of the energy of the “ minimal recorded earthquake”.

5. The direction of the ap-
proach of initial waves and their
apparent velocity could be calcu-
lated, as the tripartite station
method was made use of. The
frequency diagram of the direc-
tions is shown in  Fig. 6. The
distribution of the approach of
wave fronts has a maximum of
frequency between S60°E and
N 30°E. On the other hand,
most of the foci of comparatively
large aftershocks determined by
the net of temporary seismolo-
gical stations were located in the
direction between S30°E and
S 60° E from Nikko. This result
leads to three inferences: the
first is that the geographical Fig. 6. H: relative heights of the stations.
distributions of foci are actually

4) B. GUTENBERG & C. F. RICHTER, “Scismicity of the Earth™ (1949).
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different in both cases; the
second is that the difference is
an apparent one mainly caused
by the difference in the ground
structure near each  station of
the tripartite net; and the third
is that the above result is caused
partly by the first reason and
partly by the second one. It
will be necessary for the study of
this problem to know the under-
ground structure near the sta-
tions by seismic prospecting or
other methods.

The relation between  the
P—S interval and the apparent
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Fig. 7..

velocity obtained by the tripartite station mothod is given in Fig. 7. The
velocity of the P-wave in the upper layer is estimated at 1 or 2 km/sec.

In conclusion the writers wish to express their thanks to Prof. T. Matu-
zawa and Prof. H. Kawasumi for their kind advices, to Prof. C. Tsuboi for
his kind encouragements, and Mr. Y. Tomoda for his helpful assistance during

the period of the observation.
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