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Abstract

The writer determined fault parameters of the great Kanto earth-
quake of 1923 on the basis of the geodetic data by triangulation and
levelling. Thus he attempted to establish a dislocation model which
reasonably explains all the available data on the surface displacements
associated with this earthquake.

Basically the fault line is assumed to extend from the Kozu area
southeastward with its strike N45°W, parallel to the trend of the
Sagami trough. The shape of the fault plane is assumed to be a
rectangular plane. The fault models which was finally accepted is as
follows.

total length: 180km, width: 65km, dip. 45° and a fault dis-
placement: 6 m (right lateral strike slip) and 3 m (reverse dip slip).
Generally speaking, this earthquake seems to indicate a differential
movements of the two crustal plates bounded by the Sagami trough.
The fault’s dimension, geometry and direction of the slip are all in
good harmony with the seismological evidence on wave radiation.

1. Introduction

Recently anomalous vertical deformation in the Boso and Miura
peninsulas has drawn the scientists attention again to the great Kanto
earthquake of Sept. 1, 1923. Specially so, as the high rates of anomalous
uplift revealed by precise levelling executed by the Geographical Survey
Institute (G.S.I.) may herald an earthquake of similar magnitude and
prediction appears in this case to be possible. Despite intensive scientific
and engineering studies by many investigators, little was known about
the origin of this particular earthquake, the exact location of the
epicenter, and the dimension, geometry and location of the fault as-
sociated with this earthquake. Recently Kanamori and Miyamura (1970)
interpreting the necessary seismograms from various countries re-located
its epicenter more accurately. Kanamori (1969) analysed the geodetic

* Comminucated by K. Kasahara.
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data in connection with amplitude to propose source-parameters, such
as the dimension and geometry of the proposed fault origin model.
However some ambiguities remained, especially on the strike of the
fault ag anticipated by Kanamori who envisaged the possibility of
future modification. Kasahara (1970) and Matsuda (1970) discussed
geologic and geodetic data and concluded that the neotectonics in the
South-Kanto district, including the earthquake of 1923, is attributed to
a large submarine fault of right-lateral reverse sense, running south-
eastward along the Sagami trough.

In the present paper, the author applies the static, elastic disloca-
tion theory to the surface deformation associated with the Kanto earth-
quake in order to determine the fault parameters at its origin. Method
was developed by Savage and Hastie (1966) using the Alaskan earth-
quake of 1964. Similar studies were made by Savage and Hastie (1969)
on the Fairview Peak Nevada earthquake of 1954, Plafker and Savage
(1970) on the Chilean earthquake of 1960 and Hastie and Savage (1970)
on the Alaskan earthquake of 1964.

2. Location of the fault trace

A fault trace is defined as the intersection of the fault plane and
the earth’s surface. It is assumed that the fault trace of the great
Kanto earthquake extends from a point adjacent to Kozu and strikes
N45°W, based on the following evidence:
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Fig. 1. Sketch map of the south Kanto district (right), assumed fault
trace and supporting evidence of it. 1, assumed fault trace; 2, submarine
faults after Kimura et al. (1971), 3, Kozu-Matsuda fault; 4, fracture trace
of the great Kanto earthquake after Kaneko (1969); 5, location of submarine:
cables cut; 6, location dead fishes. :



A Fault-Origin Model of the Great Kanto Earthquake 21

(1) the Sagami trough trends N45°W,

(2) a series of steep cliffs exist along the northeastern periphery
of the trough (Mogi, 1953), which seems most likely represent fault
sceraps,

(3) submarine faults parallel to the trough were discovered by
Kimura, Kagami, Honza and Nasu (1971), which cut the Plio-Pleistocence
Sagami group sediments,

(4) on the coast of the Sagami Bay, the Kozu-Matsuda fault strikes
N40°W, and is regarded as the northwestern extension of the Sagami
submarine fault along the trough, which on land separates the Tanzawa
mountains from Ashigara area of subsidence.

Further several events during the great Kanto earthquake support
this assumption;

(1) submarine cables broke in the Sagami Bay, at the location of
139°40’E and 34°50’N (Land Survey Department, 1926),

(2) a great number of fish were killed and floated up near the
above-mentioned area (Land Survey Department, 1926),

(38) Kaneko (1969) attributed several fracture traces near Kozu to
the great Kanto Earthquake.

3. Dip direction of the fault plane and direction
of the slip vector in it.

The dip direction of the fault plane and the direction of the strike-
slip component of the faulting are derived from the horizontal move-
ments of the crust, which are illustrated as arrows in Fig. 2. These
reduced data were compiled

by Muto (1932) who revised -\

igi Tsukuba
the original data by the Horizontal Displacement
Land Survey Department _ 1884-1925)

(1928). The triangulation
net in the southern Kanto
district was first surveyed
in 1894 and resurveyed im-
mediately after the earth-
quake in 1925. It is evident
from Fig. 2 that the fault-
ing has right-lateral strike
slip ecomponent and that the
amplitudes of displacement
vectors on the northeastern
side of the assumed fault Fig. 2. Horizontal displacement, from Muto (1932).
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Vertical Displacement (in ¢m) trace (broken line) are

N greater than those on the
other side. This suggests
that the fault plane dips
northeastward, i.e., the
northeastern block is a
hanging wall and the south-
western block, a foot wall.
Kasahara (1959) and Walsh
. (1969) suggested that the

(1889 - 1925) surface displancements on
Fig. 8. Vertical displacement, after Miyabe the side of the hanging
(1934), solid and dashed contours represent eleva- wall is generally greater

tion and subsidence respectively. Chain lines than those on the side of
drawn by the author. the foot wall

Fig. 3 cshows the vertical movements of the earth’s surface re-
vealed by levelling (1894-1924). This figure (Miyabe, 1934) was obtained
by high cut filter processing of the results of the Land Survey Depart-
ment (1926). It is clear from the figure that in the northeastern block
the amplitude of uplift decreases with the distance from the fault.
Since the fault plane dips northeastward, this trend suggests that
faulting had a reverse components. It is thus assumed that the fault
plane dips northeastward and has a right-lateral slip and a reverse dip-
slip component.

4, Methods of analysis

Based on a simple dislocation
model, the fault parameters of
this earthquake are obtained, by
changing its parameters, in a trial
and error manner until we arrive
at the best fit. Maruyama (1964)
has given theoretical expressions
for the surface deformation as-
sociated with a Volter dislocation,
which may be used arbitrarily for
the dislocation surface and direc-
tion of the slip vector. In a simple

Fig. 4. Relation of dislocation model model the dislocation surface is
and surface displacements to the cordinate represented by a rectangular plane
system. Ui, U and Us; denote surface . .
displacement vector parallel to Xi, X: and with horizontal length L and

X; respectively. width W, dipping at angle 0. The
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dislocation plane is considered to reach the free surface, i.e., the depth
to the upper edge of the plane is equal to zero. Slip on the disloca-
tion surface has two components as mentioned before: U, and U, de-
noting the reverse dip-slip and the right-lateral strike-slip components
respectively. Thus the dislocation model is defined by the independent
parameters L, W, 0, U, and U,, where the slip is assumed to be uni-
formed all over the dislocation surface. When this model is applied, it
is necessary to tie one corner of the dislocation surface on the assumed
fault trace. The coordinate system which will be used is shown in Fig. 4.

5. General pattern of the surface deformations

Before discussing the fault parameters quantitatively, it is neces-
sary to examine the basic patterns of horizontal and vertical displace-
ments on the free surface due to a dislocation of a general type, i.e.,
the one having both strike-slip U, and dip-slip component U,. The
writer tested several sets of the U, and U, values, as examples. The
surface displacement field was calculated for the parameters of L/W=
1/1, 2/1, 4/3, 4/1 and 0=15°, 30, 45°, 60°. (Fig. 5a to 5d shows the
results thus obtained, for the case of L/W=2/1, §=45° and U,=1, where
U,=1v'U2+Uz) It should be noted the pattern of the displacement
field is not seriously affected by changing the parameters over this
range. The general sense of the deformation may be summarized as
follows; (1) U, gives negligible contribution to the horizontal displace-
ment parallel to the strike of the fault, (2) when U, is zero, vertical
displacement still occurs at the end of the fault trace (see Fig. 5b). In
the central part, however, horizontal displacement is dominant as in-
dicated by the arrows parallel to the fault line. (3) In the present
case surface deformation can be represented by superposition of both
of U, and U,. It is clear that the deformation thus synthesized is
very similar to the observed pattern, with respect to their basic mode.
This proves that a Voltera dislocation in elastic half space can explain
the observed crustal deformation reasonably.

6. Parameters

Discussion in the previous section has led us to a conclusion that
anomalous uplift or subsidence tends to appear around extremities of
the fault trace, causing concentration of the equai-value lines of verti-
cal movements. This effect suggests that we can approximately locate
the extremities of a fault trace by searching where equi-value lines
are concentrated as discussed above. In fact, the remarkable subsidence
in the Tanzawa mountains and its vicinity can be attributed to this
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Fig. 5. Calculated surface horizontal and vertical displacements.
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effect. One of the fault’s ex- ., | Observed
tremities ecan therefore be fixed
at point O (Fig. 1), which happens

to coincide with the origin of the o T e
coordinate system. C°'f,"f.'e:, Var o
The next step is to estimate e et B

the length of the fault. Fig. 6
illustrates a result of numerical : o
calculation based on the Maru- oo -

s . Fig. 6. Distribution of U: along the
yama’s expression for U, due to fault line, (a) observation (b) calculation.
U,, where U, denoting the hori-
zontal displacement parallel to the fault trace. U, becomes maximum
at the fault center and decreases gradually away from it. An example
for the case of 0=45° and L/W=2/1 is shown in Fig. 6. A similar trend
is also noticed on the geodetic data of horizontal displacement as shown
in the same figure. Comparison of the theory with observations leads
us to a natural conclusion that the maximum value of U, is seen at
about 656km from the point O, and consequently, the fault length, L,
is 130km, approximately. The dip-slip and strike-slip components of
the dislocation give the negligible contributions to U, and U, respective-
ly, so far as central part of the field is concerned. This relation en-
ables us to deduce U, and U, separately from the respective data of
U, and U,. In Fig. 7, amplitudes of the observed U, (strike slip) are
plotted against the distance from the fault trace, where the solid lines
are drawn manually to smooth the observations. Thus, tne amplitudes
of the northeastern and southeastern blocks are estimated at 5m and
1m, respectively. Similarly, the levelling on U,, which is plotted in
Fig. 8, reveals that the hanging wall of the fault has been uplifted
about 1.5m. However, U, can not be obtained immediately from this
information because the dip angle is not known yet. Let us assume 0

Ut (m)
Observed Us
+6
North-east Block +5 Observed
° ré H5m
/ 3 Northeast Block
re
X2 . L r! hio
Km 80 50

T South-east Block

Km s‘o s'o 4lo 20
Fig. 7. Diminution curve of observed U; Fig. 8. Diminution curve of eleva-

along the profile A-B in Fig. 2. tion in the northeast block along
the profile A-B in Fig. 3.
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and W to be 15°, 30°, 456° and 60°, and L/4, L/2, 8L/4 and L, re-
spectively, we shall thus test the sixteen different sets of L and W to
find the most reasonable fit. According to Kanamori and Miyamura
(1970) and Kanamori (1971), the focal depth of the main shock is shal-
lower than 10km, whereas the largest aftershock during the first 24
hour after main shock is located at about 80km. It may be empiri-
cally accepted that spatial distribution of aftershocks during a few days
after the main shock reflects configuration of the fault plane. Then,
the depth of the present fault plane is safely assumed to be about 30
km, or at least less than 60km. Under these considerations, reasona-
ble models are chosen from the

Table 1. Depth of the sixtee:n sets as shown in Table 1.
Amplitudes of calculated U, at X,=
65km are plotted against the dis-
W e o e 33k - tance from the fault trace in Fig.
30km | 100km | 65km m 9  where broken lines represent

N @n |6y | @ (L/2), smoothed observed value. It is ex-
30° 113 8 56 28 tremely, difficult, of course, to de-

fault plane

(in kilometer)

4§: 9; Zl 42 ig termine ¢ and L/W precisely, be-
6 6 0 3 6 case only a single profile of the

75° 3¢ | 2 17 9 . . .
I A ~~ displacement field is available.

~-—— Observation
Calculotion

S T T T T T T
130Km (L] /

=100Km (3L/4)

w

=665  (L/2)
=33 (L/4)
L 130 Km

ooOowp

Fig. 9. Diminution curve of calculated U; along X;—65km for various values of
W and 8, broken lines representing the observed value.
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©=45° L=130km W=65km

Lo

(a)

6 =20 L=i20km W=65km

(¢)

©=30" L=130km W=100km

Fig. 10a. b. ¢. Most likely fault madels

(Upper) Vertical surface displacements
(in em), solid and dashed contours re-
present elevation and subsidence re-
spectively, thick and fine lines calculation
and observation respectively.

(Lower) Solid and dashed arrows re-
present calculated and observed horizontal
displacement respectively.
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Therefore, the parameter’s values given in the following may fluctuate
over a wide range. Thus, the writer tentatively prefers three sets of
parameters, i.e., 0=45°—L/W=2/1, 0=30°—L/W=4/3 and §=380°—L/W
=2/1, as the most likely solution. Fig. 10a, b and ¢ show these solu-
tion. From these figures, we learn that the preferred dislocation model
is Fig. 10a; L=130km, W=65km, 6=45°, U,=6m, U,=3m and the
location of the one corner of this fault trace is settled at point O (Fig. 1).

7. Discussion

Although these models explain the horizontal displacement pattern
equally well, Fig. 10a seems most preferable as it fits better than the
other two (Figs. 10b, c¢). For this reason Fig. 10a is preferred finally.
The author believes that this model represents the fault’s conditions
well, because the location and geometry of the fault as derived geodet-
ically from this model agrees well with those from the seismological
model by Kanamori (1971). That is to say, the dip angle of the pre-
sent model is consistent to the one based on the fault-plane solution

by P-wave data (34°), and the
140E 142 amplitude ration of the dip-
slip component to the strike-
slip one (0.58 unit dip-slip to
0.82 unit strike-slip is also
in good agreement with the
Kanamori’s solution (1971).
The fault length of the
geodetic model, 130km, is
equal to his solution, too,
which is derived from the
aftershock area. A slight
discrepancy between the geo-
detie and seismological models
is noticed on the fault’s
width, but this discrepancy
might not be very serious in
view of various error sources
in calculation. The strike of
the fault is estimated at about

Fig. 11. Rectangular planes with the strike
of N45°W and N70°W represent the fault . AR
models deduced from geodetic and seismologi- N45°W which coincides very
cal data respectively. Open circle show the well with the general trend
relocated epicenter of the great Kanto earth- of the Sagami trough as well

quake ‘after Kanamori and Miyamura (1970) and .
solid circles the location of historical great as with the models by Kasa-

earthquakes after Kawasumi (1951). hara (1970) and Matsuda (1970).
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However, the strike of corresponding the nodal plane of the P-wave
solution has been determined to be N70°W (Kanamori, 1971) with which
the present data does not agree so well. There are many faults in
Miura and Boso peninsulas as discovered by Kaneko (1969), some of
them are active and in a trend similar to the solution of Kanamori’s
i.e., right lateral and thrust with strikes of N60°-70°W. The present
writer considers, however, that these are rather miner events in com-
parison with the above-stated fault. The tectonic setting of the southern
Kanto district, discussed by Matsuda (1970) in detail, indicates the
strike of the submarine fault about N40°W. This evidence seems to
favor the geodetic strike of the fault rather than the seismological
one. As discussed previously, geodetic fault model harmonizes with the
seismological results in many respects.

The most notable discrepancy between the two models is, perhaps,
the net slip in the fault plane. Slip amplitudes, which is derived from
the geodetic model is about 6.7m whereas the seismological, 2m, ap-
proximately. This discrepany seems too large for an error in computa-
tion. The writer recalls the similar effects observed in some other
cases and considers that these discrepancies reflect on the focal processes.
For the Nankaido earthquake of 1946, Alaskan earthquake of 1964 and
Niigata earthquake of 1964, the fault’s slips are calculated as shown
in Table 2. The geodic slip exceeds the seismological slip significantly.
Geodetic and seismological refer to differnnt time-bases. One of possible
explanations for this discrepancies is therefore attributed to the fact
that time constants for the displacements differ in seismic radiation and
geodetic deformation. Generally, the seismological slip refers to a
fracturing, or wave radiation on relatively short time base, say, several
minutes, whereas the geodetic data represent the deformation which
accumulated for a longer time. Deformation having a time constant

Table 2. Displacement on the fault plane deduced from
geodetic and seismological data

(in meter)
Magnitude Geodetic Seismological
Kanto (1923) (8.3) 6.7 [¢H) 2.1 2
Nankaido (1945) (8.1) 10 3) 3~5 4)
(5~18)
Alaska  (1964) (8.5) 15.8 5) 7 6)
Niigata (1964) (7.5) 8 ¢h) 4 8)
(1) Present paper (2) Kanamori: (1971),
(8) Fitch et al. (1971), (4) Kanamori (personal communication),
(5) Hastie et al. (1970), (6) Kanamori (1970),

() Ando (1971), (8) Aki (1964)
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longer than several minutes can not contribute to the generation of
seismic waves.

The agreement of the origin to the fault plane for the geodetic
and seismic model is another interesting aspect. The hypocenter of
this earthquake from P-wave solution located just at the corner of the
fault plane which was independently decided from the observed vertical
displacement field which also explains the shallowness at the hypocenter.

This earthquake was accompanied with reverse right lateral fault-
ing, and this fault runs along the eastern boundary of the Sagami
trough which can be considered as the surface trace of the fault sys-
tem. The Sagami trough extends from the eastern submarine slope in
the Sagami Bay southeastward as far as the junction of the Japan
trench with the Izu-Mariana trench in Fig. 11. Along the trough some
of historical great earthquakes occured (Kawasumi, 1951). The Boso-
oki earthquake of 1953 (M=8.0) whose epicenter is located just at the
junction should be noted.

‘In summary, the mechanism of the great Kanto earthquake of 1923
is well explained, both geodetically and seismologically by a differential
movement of the two crustal plates which are bounded by a large sub-
marine fault along the Sagami trough.
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3. MR ThD> &5 ke o 1923 HERET KIE DB/ ¢ 5 * — 2 —

S

1923 SEDOBHFEFHEDOER < T 4 — 2 — B HEIFR A {0 CHEE L7,

fofo kT, PEIER T Y modify U T RBED KRR & EiomALE OREE T
H5.

WA, EEREE AT EFMC AT B L L, FORETOEMIT—HiliDL L
fo. ZOX ST LTEADOEM IO (0T, AT o data & L ALHT TS
pattern 5.2 BB T A — 2 — B LI,

B e,

IrfEE R 130 km
& 65km
dip 45°
dip direction N45°E
WH T 05D
thrust component 3m

right-lateral component 6m
7 BRI L3R & ORI, HEROHIEA RS B, [EFFHE N45°W fHEx o FfizES
1R EE L.
HFRET D BRDIFEIE AT 2 — 2 —1%, WEELLEONLCLDERL—FK LTS, L
slip ORI HIZEOTTVHEE LD SHEREAT L,
ZOMERY, AR LT~ ) 7 g L O & DB I MUB M T TR X0 THE
WEND 20D crust DY wy 7 OEBP/GEHZ L OTIRZ SN DEHEL BRS,




