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Introduction..

Since the violent carthquake of September 1, 1923, which shook the
southern part of the Kwanté district, the science of Seismology has made
considerable progress in Japan. To enable better observations several
new stations, equipped with improved or newly designed seismographs,
have been cstablished by the Earthquake Rescarch Institute of the Tokyd
Imperial University. With the increased and more accurate data thus
made available, many new studies in fields hitherto unexplored or
insufficiently investigated have been prosecuted.

This paper is merely an attempt to examine these newly acquired
data. It discusses the general characteristics of earthquakes that trouble
the Kwantbé region, their activities, and the distribution of the seismic
foci during the period between 1924 and 1931.

Variation of the Yearly Seismic Frequency.

Although in the north-eastern part of Japan, the sea floor of the
Pacific off the Hokkaidsd, the Toéhoku, and the Kwantd districts shows
marked activity, the first two are relatively quiet, so far as the land is
concerned. As to the Kwantd, over 500 shocks are recorded a year,
which number, in 1931, the year of the severe Titibu carthquake of
September 21, rose to 1481. The yearly frequency of sensible Kwanto
earthquakes sinee 1924 is shown in the following table.

Table 1.
Year ﬁ 1924 1925 1926 1927 1928 1929 1930 1931
Frequency % 504 247 187 176 221 168 213 360

The yearly diminution in the frequency of sensible shocks since
1924 indicates the waning influence of the great 1923 earthquake.
The yearly frequency of sensible shocks in Tokyd, the center of the
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Kwanto district, may be seen from the following table.
Table II.
Year 1914 1915 1916 1917 1918 1919 1920 1921 1922
Frequency 19 49 24 34 25 24 12 12 57
Year 1923 1924 1925 1926 1927 1928 1929 1930 1931
Frequency — 128 77 58 72 81 50 92 82
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This table gives an idea of the great difference in seismic activities
before 1923 and after, and shows how strong has been the influence of
that severe earthquake of 1923 on the seismicity of the district in
question during the years that followed.

Epicentral Distribution.

An ideal method of studying the seismic activity of any particular
region would be to find the epicentres of all earthquakes that occur
there, both sensible and insensible. But, in practise these determinations
cannot accurately be made with the present network of stations and
their equipments for observation, because only one or two stations could
record the insensible shocks. Some of the stations may miss even the
fainter shocks that come under the class of perceptible shocks. Under
these conditions, determining epicentres is largely a matter of approxi-
mating, so that not more than one-tenth of the number of seismic foci
determined for sensible earthquakes can be regarded as accurate.

In this paper, therefore, only earthquakes whose origins have been
seismometrically determined are considered, all small earthquakes and
carthquakes that have occurred in the margins of our network or outside
of them having been disregarded. We shall then find that the earth-
quakes tend more or less to pack within the net and are scarse in the
margins and outside them.

As to the determined foci, those deduced by stations belonging to
the Earthquake Research Institute of the Tokyd Imperial University
‘will most largely be used in this paper, while references will frequently
be made to those that have been deduced by the Local Meteorological
Observatory. Earthquake number whose foci have been determined.

Table III.
Year ‘ 1924 1925 1926 1927 1928 1929 1930 1931
TFrequency . 33 25 40 43 51 28 30 57

The datum for 1931 are from the Seismometrical Report of this

Institute.
The late Dr. Omori,” who was the first to investigate the dis-

1) F. Oxory, Seismological Notes of the Imperial Iarthquake Investigation Commiltee,
No. 2 (1922).
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tribution of earthquake origins in this district, in examining the sensible
carthquakes of Tokyd during the period between 1914 and 1921, noticed
that the earthquakes there originated chiefly from three regions, (1) the
Bosd peninsula; (2) the drainage of the rivers Tonegawa and Kinugawa ;
(8) the Tanzawa mountainland and the Sagami Bay and vicinity. Accor-
ding to Mr. Yasuda,” the immediate after-shocks of the earthquake of Sep-
tember 1, 1923, occurred almost in the same regions as found by Omori.

Tig. 2. Distribution of the epicentres in Fig. 8. Distribution of the epicentres
the period 1914-1921. (after Omori) in Sept., 1923. (after Yasuda)

During September frequency was
greatest in the Bosd peninsula, with
Sagami Bay and vicinity ranking next
in order, although the individual
shocks were severer in Sagami Bay,
where the main shock had occurred.
The Tonegawa-Kinugawa regions,
which were the very active in the prece-
ding period were now relatively quiet.

In October, November and De-
cember of the same year the distri-
bution greately changed. A few shocks  Fig. 4. Distribution of the epicentres

originated in the Tanzawa mountain-  in the period Oct.-Dec., 1923.
land and in Sagami Bay, and fairly (after Yasuda)

severe oncs in the southern half of the Bosd peninsula, but the drainage
ralleys—the Tonegawa and Kinugawa regions began to show activity,

- 2) MHERED RERBEIMITIG SR () (1929,
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while Musasi plain and the northern part of Tokyd Bay and vicinity,
which had hitherto been very quiet, rapidly became active. The wane
of energy in the Bo6sd peninsula, from south to north, had however been
noticed already in September.

The late Dr. Omori, in his investigations, largely used the observed
results for Tokyod with reference to those for Mito and Tyosi, and
determined the epicentres by means of the duration of the preliminary
tremors and the direction of the initial motion, without paying much
attention to the focal depth. The result was that, although his deter-
minations of the origin of earthiquakes of the Tonegawa and Kinugawa
region were fairly correct, those for earthquakes that occurred to the
south of this region are supposed to show large errors, particularly those
of Toky6 Bay, where, as will be shown later, fairly deep-seated earth-
quakes are known to occur. Working with present day equipments and
improved methods of observation it is doubtful whether the earthquakes
set down by Omori as having originated in the Bosd peninsula, had not
actually originated in Tékyo6 Bay.

The epicentral distribution for each year during the period between
1924-1931 are shown in Fig. 5 and for the entire period in Tig. 6, in
which the depths are also given. _

‘We can sce from this that the regions of seismic activity were not
fixed, but shifted from place to place cvery year, with the result that
sometimes they were seen in the samec localities as in 1925 and 1928.
Generally speaking however the earthquakes throughout the period in
this district were confined to the lowlands, rarcly occurring in the high

Fig. 5 b.
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Fig. 6. Distribution of the epicentres in the period 1924-1931.

mountainous regions, especially in the Kwant6 and Mikuni ranges, which
form the northern and western boundaries of this district. The most
active regions during this period were the Tonegawa-Kinugawa and the
northern part of Tokyo Bay.

The Musasi plain, the Tama upland, the Tanzawa mountainland,
the BosO peninsula, and the neighbourhood of lake Kasumigaura were
uniformly and moderately active. The comparatively dense distribution
near Titibu is owing to the severe earthquake of September 21, 1931 and
its after-shock.

In Tig. 6 will be noticed two quict regions in the lowlands, south
of Mito and north of Tdgane, where no epicentres appear. In the latter
region, as a matter of fact, no earthquake of any consequence occurred
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during this period. whereas in the former, small shocks often originated
in the neighbourhood of Kakioka and Hinuma, although the one of
June 1, 1930, near Mito, is seen to have been severe, however, owing
to the difficulty of accurately determing their origins on account of their
small magnitude and marginal position, these earthquakes are not con-
sidered in these discussions.

Depth Distribution of the Seismic Origins.

As an aid in the quest for the cause of earthquakes in any region,
a study of the vertical distribution of seismic origins is of the utmost
importance. Studies made of such distributions in the case of the Tango
earthquake® and in those of the It earthquake swarms® by Mr. Nasu
have given remarkable results.

We shall now try to get the depths from which the earthquakes of
this district originated. The next Table gives the frequency according
to depths of origin of 318 earthquakes whose foci were determined.

Table IV.

Depth ‘0—101“YL 11-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100-

Frequency{ 16 14 3 4 69 43 42 26 10 6 6

It will be seen that the number of shocks gradually increase with
depth of foci, attaining maximum at 40-49 km., where it is 69, whence
it deminishes with depth.

Tig. 6 shows that the focal depths of carthquakes of a certain region
keep on the whole to the same order of depth. To illustrate, those
originating in Tékyé Bay generally do so at depths greater than 50 km.,
while most of those in the Tonegawa-Kinugawa region come from depths
of the order of 40km. For earthquakes that have originated in the
Tanzawa mountainland, Sagami Bay, and the Bos6 peninsula, the depths
are much under 30 km.

Generally speaking the origins are deepest for ecarthquakes that
originate under the northern part of Toékyd Bay, getting shallower as
they originate from the margin of this district, while the very deep
earthquakes, over 100 km., originate under the mouth of the river

'3) WEAURTA HIHELLHiRL 6 (1928), 7 (1928).
4) N. Nasv, F. Kisamvouye and T. KopAtra, Bull. Earthq. Res: Inst., 9 (1931).
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Sagamigawa.

Next, in order to ascertain the focal distribution in detail, we have
tried the method of stercometrical projection, first applied by Mr. Nasu
to the investigation of after-shocks of the Tango earthquake. We shall
assume two hypothetical vertical planes, extending N. W. to S.E. and
N.E. to S. W. in this district, and project on these planes all the earth-
quake foci. The result is shown in Fig. 7.
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Fig. 7 a. Seismic foci projected on a vertical plane extending N.W. to S. E.
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Fig, 7 b. Seismic foci projected on a vertical plane extending S.W. to N.E.

We see from these two projections thaf, excepting those that ori-
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ginated at very great depths, the majority of carthquakes felt in this
district originated from a region having the shape of a shallow bowl,
whose bottom would be about 70 km. beneath the northern part of Tokyd
Bay, with the slope of the bowl inclined about 45° to the earth’s surface.
The diameter of the surface of this bowl, from brim to brim, would be
over 200 km.

It has been pointed out by
Mr. C. Tsuboi, that earthquakes
frequently originate from regions
having remarkable gravity varia-
tion, and the Kwantd region is
well known for gravity anomalies.
The Tonegawa-Kinugawa region,
one of the most seismically active
in the Kwanté has also one of
the steepest gravity gradient in
this locality. ‘

On the other hand, the nor-
thern part of Tokyd Bay, another
active region, corresponds to the

only place in this district that Fig. 8. Distribution of the Gravity
Anormalies in the Kwantd District

(unit: 10-% cm/sec?)

shows a negative gravity anomaly,
notwithstanding that its surroun-
dings show a positive anomaly.

The inference from this is that the structure of the earth below
70 km. from the floor of the northern part of Tokyd Bay differs
markedly from that of the regions surrounding it, and that this
lack of homogenecity in the structure below the earth’s crust inter-
feres with the stability of the upper layers, resulting in numerous fis-
sures in the upper crust with consequent earthquakes along these fis-
sures.

Studies of the focal distribution of the Itd6 and Aziro earthquake
swarms lead us to suppose that these earthquakes give rise to volcanic
activities that are not apparent at the earth’s surface. The two regions
just mentioned lic on the Huzi volcanic belt, which, as shown in Fig.
7 b. corresponds to the vicinity of the intersection of the earth’s surface
and some of the fissures above mentioned. It may therefore be supposed
that these earthquake of the Idu district caused active movements of
magma along some of those fissures in the earth’s crust.
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Summary.

(1) Seismic activity in the Kwantdé district before and after the
great earthquake of September 1, 1923, shows a marked difference, the
influence of the great disturbance continuing to the present day.

(2) The earthquakes in this district have a tendency to originate
far more in the lowlands than in the mountainous regions, the latter
being very rarely disturbed. Of the former, the Tonegawa-Kinugawa
region and the northern part of Tokyd Bay showed the greatest activity
during the period between 1924 and 1931. '

(8) The earthquakes of this district originate in a region having
the form of a shallow bowl with the northern part of Toky6 Bay as its
bottom and its top level with the earth’s surface.

(4) From the distribution of gravity anomaly in this district it is
believed that the structure under the northern part of Toky6 Bay lacks
homogeneity, which leads us to suppose that the numerous fissures due
to the heterogencity exist below 70km., extending into the upper crust of
this district, and that earthquakes originate along these fresh fissures.

In conclusion, the present writer wishes to express his sincere thanks
to Mr. Nobuji Nasu for his kind guidance. He is also much indebted
to Mr. Chuji Yasuda for his kindness in placing the valuable data at
the writer’s disposal.
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