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Co.htingency of the Occurrence of Earthquakes
in Earthquake Swarms
' Y. Tanaka
(Seismological Section, J. M. A.)
Earthquake swarms are divided into 5 types ‘named A, B,C,D and E accordmg to the distribution
of the time- of occurrence of earthquakes as is shown in Fig. 1. .

A-type: Many earthquakes occur during a long period of time without remarkable change in
frequency. . ‘

B-type : Frequency. of earthquakes incifease sudderily, but it decays rapidly after a short time.

C-type : Type of the aftershock sequence of a great earthquake. Great many earthquakes occur
at early- stages, -but the frequency of earthquakes tends to decrease gradually

D-type: Very 1rregular variation with remarkable rise “and fall in earthquake frequency is. ob-
served. . .

E-type: Mixed type of some of the A-, B-, C , and D- types Sudden increase in A‘frequenvcy is
sometimes observed. o . ,

In this paper, the frequency distribution of the time interval 7 between two consecutive earth-
quakes has been studied statistically. The distribution of isempirically expressetl by the following
equations : » ) ) . ' . '
' f(r)dr=ae-dr, (@ ):constants). D
or f(r)dr=br-rdr. &, p: cortstants) 2)

Equation (1) means the random occurrence of earthquakes with Tespect to time, and it is applied to
A- -type swarms and in some case other types of swarms. Equatlon (2) denys- the randomness of the
. occurrence, and it is usually applied to the case of B C-, D-, and E-type -swarms with mcreased
activity. A and p in equatlons (1) and (2) are constants showmg the activity of consecutive shocks )
in an earthquake swarm. And in the case of volcamc earthquake ‘swarms to which equat1on 1) .
is applicable, X increases at the time when the volcano becomes active. When A increases, equation
@) is relaied to equation (2). ‘ ‘ ' :

In the case of C-type swarms, A decreases w1th the passage of tune A-type swarms in 1ater~ .

stages of volcanic eruptlons have the same tendency. . . '

In this paper, marks O and ‘@ -in the figures of the frequency distribution of the time interval

between two consecutive shocks indicate the applications of equations (1) and (2) respectlvely.

§ L 5 s BEIzoVT, H—*ff'aﬂ@féud#f; 9&&%®wuﬁﬁm*ﬂz
o ) S * Received Oct. 23,1961 .
BHEHMBICFZVACAERI D FED B, —o0OHl wx REIT HB R

#



- TEbEh5.

8 : R OB OB OB 2ELE.

- §; /\ a IC“%@
N M\/\ / DW

Fig.1. Types of earthquake swarms.
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Fig. 2. Frequency of volcanic earthquakes of Asamayama, observed at Oiwake, 8 km
\ SSE of the crater.. Before the middle of Oct. 1958, and after Jan. 1959,
variation in frequency was A-type. During the perlod from the middle of

Oct. 1958 through Dec. 1958, 1t was E-type.
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_Fig.3. Time interval T distribution of two consecutive earthquakes at volcano Asama- -
©° yama. These graphs show that the time interval distribution for A-type

earthquake swarms can be expressed by equation (1), but for E-type

earth-

quake swams (Oct.~Dec. 1958) it cannot be expressed by the same equation.
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Monthly values of A and n for vol- . Fig.5. Relation between A and z shown in F1g 4.
‘canic earthquakes of Asamayama. A\ O : Eruption reported.

is given in equation (1), and 7z is the @ : No eruption reported.
mean daily number of volcanic earth- . ’

quakes calculated from the monthly ,

.number.
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Fig.6. Example of B-type earthquake swarm.

* Daily frequency of volcanic earthquakes of -

-*Satsuma-I0jima and time interval distribution

of two consecutive earthquakes for each ‘ob-

servation station.  These stations are equip-

ped with Wiechert’s seismographs, which

have nearly the same instrumental constants.

Relation between epicentral distance A and p
in equation (2) are as follows:

Station ’ (kAm) ’ P ” St_ation. (kAm) ?
Kagoshima 90 | 4.0 | Kumamoto | 230 | 2.3
Miyazaki 165 | 3.7 | Nase 280 | 1.2
Nagasaki 220 | 2.8 || Fukuoka 3201 1.0°

And these values are closely connected by,
the equation

= cA+d
- where ¢ and 'd are constants.
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Fig.7. An example of C-type earthquake swarm.

Left:

Daily frequency of volcanic earthquakes of Un-

zendake, observed at the Unzendake Weather Station.

Time interval distribution of two consecutive

earthquakes (analysed from Feb. 15 to Mar. 15,

Right:
1951).
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Fig.8. An example of C-type earthquake swarm.
Afterskocks of the Tochigi Earthquake -of
Dec. 26, 1949.
two consecutive earthquakes were obtained
for the period from Dec. 26, 1949 to Jan. 31,
1950. , : :
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Time interval distribution of consecutive
 earthquakes of the aftershockes of Tochigi

Fig. 9.

Earthquake for each observationA_ stations.

These stations are equipped with Wiechert’s
Seismographs, which have nealy the same -
instrumental constants. The data were ana-
lysed for the first 10 hours after the principal

earthquake.
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Fig. 10. Left: Relation between A and A shown in Fig. 9.
Middle: Relation between a and A _shoWn in Fig. 9.
M and a is given in equation (1) and A is the epicentral distance.
Relation between N and A shown in Fig.9.

Right:

_ N is the total number of earthquakes recorded at each stations.

Data of Nagano, Sendai, Oshima and Nagoya are 0m1tted in Fig. 9.
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Fig.11. Time interval distribution of two consecutive earthquakes observed at Utsu-
nomiya, for every 5 hours at the time of the aftershock sequence of the

-Tochigi Earthquake.

) in equation (1) decreases with' the- passage of time

" as follows:
-Period A Period ‘ ' Y
d " h m d h m d Em  d h m |
26. 08 30 ~ 26 13 30 | 2.65 27 04 30 ~ 27 09 30 . 1.05
26 13 30 ~ 26 18 30 1.51 . 27 09 30 ~ 27 14 30 0.57
26 18 30 ~ 26 23 30 111 27 14 30 ~ 27 19 30 | 0.72
26 23 30 ~ 27 04 30 1. 00 a
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Fig.12. Daily frequency of eérthquakes and time in-

terval distribution of two consecutive earthquakes’

" near volcano Miharayama, observed at the Oshima

Weather- Station.” Graphs of time interval dis-

tribution are presented for D-type earthquake
swarm using equations (1) and (2).
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~ Fig.13. Example of D-type earthquake swarm.. Daily” frequency- of earthquakes and
' time interval distribution of.two consecutive earthquakes, occurring near Ito in
Izu Peninsula.There are two groups of earthquake swarm with the same nature.
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Fig.14. An Example of A-type and B-type earth
quake swarms.
Monthly number of volcanlc earthquakes and
time interval distribution of two consecutive
earthquakes of volcano-Ususan. . There are
two groups of earthquake swarms, and their

types are seemed to be B-type, but types by

_ daily frequency are regarded to be B-type in
the first earthquake swarm, and A-type in
the second earthquake swarm. These two
groups of earthquake swarm had a great dif-
ference in nature.
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Table 1. Relation detween contingency of
occurrence of earthquake swarm and type
occurrence of earthquake swarm.
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