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Introduction.

The present investigation may be regarded as a continuation of the
report given in a previous paper,” dealing with the distribution of the
“conspicuous and rather conspicuous ” earthquakes, especially with
reference to those experienced before' and after the “ deep carthquakes
in Japan.

The investigation was made with the intention of studying the
geographical relation between the epicentres of the * conspicuous and
- rather conspicuous” earthquakes and the “ decp” earthquakes, if such
may exist, and to get a hint on the mechanism of occurrence of the
“deep” earthquakes.

It was also aimed to find out the relation between these earthquakes
and the cyclones which passed over the so-called “deep earthquake
region.”

We were obliged to take only the short period of investigation after
1926, as the data for the ““deep” earthquakes are scanty before that
epoch.

Those data for the earthquakes as well as the cyclones were taken
from the Abridged Monthly Report of the Central Meteorological Obser-
vatery in Japan.

Method of Investigation and Results.

1. Frequencies of Distances.

The distances from the epicentres of “deep” earthquakes to the
epicentres of the “conspicuous and rather conspicuous ”’ earthquakes,
which occurred immediately before and after the “ deep ”’ earthquakes,
during the period of 6 years and half, Jan., 1926 —June, 1932, were
measured, and the frequencies of cases falling in successive 100 kilo-
metres, were counted and plotted as ordinates, kilometres of the distances
being taken as abscissa, as shown in Fig. 1, a. The similar frequency

1) 8. Yamacurs, Buil. Earthq. Res. Inst., 11 (1933), 46-68.



Part 3.] Distribution of Earthquakes in Japan. 501

curve for the distances connecting the epicentres of two successive earth-
quakes taken, in the order of time of occurrences, for all the  conspicuous
and rather conspicuous” earthquakes, which occurred during the same
period, was drawn, as shown in Fig. 1, b, for the comparison with the
above cuive.

From these two curves, we can see at first glance that, before and
after the “ deep” earthquakes, the “ conspicuous and rather conspicuous ”
earthquakes very rarely occur near the epicentres of the former, and
their maxima of frequency exist at about 600, 950 and 1550 kilometres
distant from the
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Formosa, during the same period above cited, were taken, and similar
distance-frequency curve was drawn as shown in Fig. 1, ¢. This curve
shows the similar character as the preceding curve (Fig. 1, a), except that
the maximum at 1550 km. has disappeared, as the origin, from which
the distances are to be measured was defined at the middle part of
Japan.
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A similar characteristic curve may be drawn with reference to the
earthquakes which occurred within 80 days before and after the ““ deep”
ecarthquakes, as shown in Tig. 1, d.

Next, we have drawn a circle with a radius of 1050 tm., and with
a point in the coast of N. Corea (Lat.=42°N, Long.=130°E) as -centre,
of which the circumference touches the coast of Sanriku and the pro-
montory Murotozaki in Tosa. The circular arc was divided into equal
sectors by radii vector subtending an angle of 10°, x=—5, —4,.... —1,
1,2,....8, where the prime vector x=0 passes through the centre of
gravity, G, asshown in Fig. 2, in which, the epicentres of the “conspicuous
or rather conspicuous” earthquakes and the ‘“deep” earthquakes are
marked by o and e, respectively, the numbers affixed to the epicentres of the
latter class, showing the order of time of occurrence. Referring to this
map, the number of “ conspicuous and rather conspicuous ” earthquakes,
and also that of “deep” Sector mumber, .
earthquakes falling in each ~4-g-2 -1 0 1 2 3 4 & 67 §
sector were respectively count-  ” (@) “Conspiouous and rthr conspiouos”
ed, and plotted against the carthaes.
gsector number, x, as shown
in Fig. 8, a, b, respectively. 30{
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few ‘‘ conspicuous and rather
conspicuous ”  earthquakes ?
occur, and that three conspi-
cuous maxima of frequencics
of the latter are found in the regions at —30° 30° and 60° measured
from the maximum of the former. These results essentially agree with
the preceding results as may be expected.

With regard to these results, Prof. T. Terada suggested, that if a
spherical part of the crust at the “deep” earthquake epicentre lying
several hundred kilometres beneath the earth surface, happens to expand
or yield by some cause, the maximum stress may occur in a conical
surface with semivertical angle of about 45° and the vertex at the centre
of sphere, and the fracture may propagate along these directions towards
the earth surface. Therefore, the “ conspicuous and rather conspicuous ”
earthquakes of shallow origin rarely occur near the epicentral region of

Fig. 3. Number of earthquakes in various regions.
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the ““deep " earthquakes, but frequently occur in the regions about 500
km. apart, which distance is comparable to the depth of the “deep”’
earthquakes. ‘ '

To investigate the character of radial (i.e. in the direction normal
to the arc of Japan) distribution of the “deep” earthquakes, the radial
distances, y, (4, directed outward, or towards Pacific Ocean side) were
measured from the circumference of the circle above deseribed (Fig. 2),
and plotted against the time axis, as shown in Fig. 4, in which the
times of occurrences of the “ destructive” carthquakes and the great
volcanic eruptions were marked on the curve, and on the time axis, by
| and o respectively. The result secems to show some alternate radial
“ transfer ” of epicentres of the “deep ” earthquakes with the period of
35 years, as far as can be judged from the present scanty materials.

0, 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 days.
T T T T T T T T T T T i ; : + l‘ t

t + t t t t 1 —t
Hm.&
g B>
8
600+ = 5
=
400 & g = i &
4 [ T e ] 7
s B - =, s [|E
+ £ ¥ T End Erps 5
G Bk ) EVE BgT 2
200 Eas iy At S-S Py ) L
% 5 ke &Y i
B - gy A B L)
oo AN L\ -7 \\;ﬁh i %
+ T 5 N it | |
i \ £ 7 ) RS
~ 2001 7 42 i =17 [1TRTE] (=]
3 iy = =oE\l ael R
1S =] ) a4 e ’"ﬁl
18 : g o g2 mll
400 = g % Eaf'x—z g8 2&5
— 18 2. S .58 < -
18 8 2 E 5 £ £
wm
~00y £
g @
35
-800+ z
[}
SN

Fig. 4. Time and radial (normal to the arc of Japan) distance diagram for
“deep ” earthquakes. Dotted line is obtained, if we include the earthquakes in
Hokkaid6 and Kyfisyf.
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2. Relation between Earthquakes and Cyclones.

The number, =, (z) of the “deep” earthquakes above, cited, for
successive 3 months, was counted and plotted against the time axis, those
which occurred near Hokkaido being omitted, as shown in Fig. 5, a.
Similarly, (b) for the “ conspicuous and rather conspicuous” earthquakes,
which occurred in the region from Kytsyl to the sea off Sanriku
(z=—4....+4), and (c) also for those which occurred in the maximum-
frequency-regions only, i.e., near KyGsyd and near the sea off Iwaki,
as well as (¢) for the ‘“felt” earthquakes, which occurred in the region
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Fig. 5. Number of earthquakes and the tracks of cyclones for three months.
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as shown in Fig. 5, b, ¢, and ¢, respectively. On the other hand, (d) the
number of tracks of cyclones, which passed across the line =0, between
the limitted length of y=-1000 km., for successive 3 months, were
counted, and similarly plotted as shown in Fig. 5, d.

Looking at these curves, there seems to exist some fluctuations of a
long period superposed upon an annual period.

Comparing the curves for the “deep” as well as the
and rather conspicuous” earthquakes, with that for the cyclone, we may
recognize some parallelism between the fluctuations of the longer period,
and a nearly opposite course between those of annual period in general.
Thus, we assumed that the curve for the earthquakes, FE, to consist of
two parts, i. e., one of the longer period, F, and the other of annual
period, Ea, and E=E,+ E. Similarly, for the cyclons, we denoted by

C=C,+ 0, Assuming C,=kE, and C,= —FLE, where k= %I@(gl

have C’,:%(O—}-isE). Now, if the relation, C,= —LE,, holds exactly,

13

conspicuous

C;— curve, thus obtained, must be a smooth periodic curve. Though
"it is by no means so smooth actually, we have smoothed this curve by
connecting successive mean points. The readings of C; were taken from
this smoothed curve, and the values of C,=C—C, were calculated.
Similarly, the values of FE, were obtained, and C,—FE, diagrams were
drawn, taking 4 combinations of respective earthquakes and the cyclone,
above cited, as shown in Fig. 6, a, b, ¢, d.

The results show that the “deep” earthquakes as well as the
‘“conspicuous and rather conspicuous” earthquakes of the two kinds, have
the negative correlations with respect to the cyclone for some extent,
while on the contrary, the * felt ” earthquakes has the positive correlation

" with the cyclone.
, As to the physical meaning of these results, we may suggest the
followings :—

a) The excessive stress, stored in the relatively shallow portion of
the earth crust, may be released by frequent occurrence of the earth-
quakes of such a degree as the “felt” earthquakes, which are affected
directly by the cyclone frequenting the region.

b) When the release of the excessive stress due to the “ felt ”
earthquakes is comparatively little, then the earthquakes of such a degree
as the *‘ conspicuous and rather conspicuous ” or the “ deep ” earthquakes
will occur.
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Fig. 6. Earthquakes and cyclones curves.

¢ conspicuous and rather conspicuous” earth-

quakes which occurred in the maximum-frequency-regions only, apart
from the “deep” earthquake region by some 500 km., the relation is not
so clear as in the other cases, the cyclonic effect being probobly effaced
by other causes such as the characteristic “ habit” of those districts with
regard to the occurrence of earthquakes; nevertheless, we have a small
negative correlation coefficient of —0-23, applying the ordinary formula
for calculation.
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3. Frequencies of the Time Intervals.

The time intervals from an occurrence of the “ deep” earthquake
to the next one, were examined, and the frequencies for the intervals
of successive 10 days, were counted and plotted as ordinates, the days
of the intervals being taken ]
as abscissa, as shown in %2.0 R0 & 1 70 days
Fig. 7,b. For the sake of s
comparison, the similar
curve for the “conspicuous”
earthquakes in Japan, N= 1
124, as well as the devia- s}
tion curve for the Great
Earthquakes in the world,
N=421, were drawn once

50+
w0l

(@) “Conspicuous’ carth makes in Japan.

e 01
more as shown in Fig. 7, 1
a, ¢, reproduced from a

. 2

revious paper. 1

p The p ;‘)Conspicuous ’ f | (b) «“Deep”’” earthquakes in Jayan.
earthquake in Japan has j
very large frequencies for |
the short time intervals

- less than 20 days, especial- af} (©) Great carthqnake in the world,

ly, less than 10 days, while 120
the “deep” earthquake has A A

relatively small frequencies iy / \/ "

N

for the shorter time inter- —0l
vals compared with the
case of purely accidental
distribution.

The “deep” earthquake seems to show the periods of about 27-5,
55, and 105 days, which nearly correspond to the period of rotation of
the sun, 27-8 days, relative to the earth, in fair coincidence with those
for the Great Earthquakes in the world.

Fig. 7. Frequencies of the time intervals.

In conclusion, I wish to express my best thanks to Prof. T. Terada
under whose supervision the entire work has been carried out and who

2) loc. cit., 1).
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has given me many useful suggestions throughout the course of my
investigation.
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