1923 FFBRMMBOBIFEOEIICDONT

* %k

& B F &£

Note on the Focal Depth of the 1923 Great Kanto
Earthquake

Nobuo Hamada
(Meteorological Research Institute )

The hypocenter of the 1923 Great Kanto Earthquake was given by several investigators.
Among them, the most widely accepted one was that given by Kanamori and Miyamura(1970).
Considering the seismometrical data which are still available, their conclusions seem quite
reasonable, especially in terms of its epicenter. However, the focal depth given as 0—10km
or very shallow seems to be of poor resolution and require re—examination. They evaluated
the hypocenter using nearly one hundred P arrival times including teleseismic data. They:
erﬁployed the travel time tables of Jeffreys and Bullen (1958).

Unlike them, we included all data which would contribute to hypocenter determination,
including S arrivals and S-P intervals from the local network. S-P intervals were employed
for stations where the time keeping of the seismogram was not reliable. But we excluded
teleseismic data from the study for fear that they may cause poor depth resolution. For
computation, we used the JMA standard travel time tables which are adapted to local
crustal structure. Several trials with different combinations of data set indicate the solutions
are quite stable and the epicenter is located at 139° 8.9°E, 35° 20.8’ N, on the northern edge
of the Kozu-Matsuda fault, an active Quaternary fault. The focal depth estimated at 25km
with an uncertainty of 6km is consistent with the field survey conducted after the earthquake -
that recognized no seismic fault around thé epicenter. . Thus the present study indicates that
the Great Kanto Earthquake started from the lower crust and adds a new example to the
hypothesis that the rupture of a big thrust earthquake tends to start from the bottom of
the fault.
applied to the modern hypocenter determination method.

The study also proved that the Quality of old seismometrical data is worth being
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Fig.1 Open circles show epicenters obtained by different combinations of data set. A is
obtained from data within 100km from the epicenter; B and C are within 200km
and 300km respectively. D is obtained in the same way as B but without S-P data.
E is located by P arrivals only and F by S arrivals only. To obtain G, all the data
are used in the form of S-P intervals. Open circle with cross indicate the epicenter
givéen by Kanamori and Miyamura (1970). Active faults listed by the Research Group
for Active Fault (1980) are indicated by hatched lines and thick lines with sticks on
one side. Other significant geographical features such as railways rivers, coast lines,

towns and mountains are also indicated.
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Method | Latitude(N) | Longitude(E) | DepthGm) Number of
Elements
A 35°20.1"%1.9 | 139° 8.7'+1.8" | 23 *+32.6 11
B 35°20.8+1.8 | 139° 89t14’|25 * 56 23
C 35°20.0'+1.6" | 139°10.0'+1.1" | 21.4%+ 45 26
D 35°21.0'+£2.0’ | 139° 88%£15 |25 £ 6.2 19
E 35°20.5'£3.1/ | 139° 8.9'£23" |27 *10.1 11
F 35°21.6'+2.6" | 139° 8.9+2.1/| 20 *£105 7
G 35°21.5'13.47|139°14.9't4.4’ | 25 (Fix) 12

Table 1 List of epicenters and focal depths
determined by different methods and

different combinations of data. Numbers
of elements (P,S and S- P data) which
were used in the estimation are also listed.
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Fig. 2 Root mean sqﬁare residuals of travel
times as a function of focal depth.
Only results for A and B are indicated.
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Table 22 List of travel time residuals and distances

Stats Distance | Travel Time Residuals (sec) | P Residuals

tation am)  [0-c(P) |0-c()]o-c(s-p)| by (K &M
NUMAZU 38.5 | —05 13" —0.87
YOKOSUKA 4.7 | —03 -2.1 0.11
KOFU 64.1 0.3 -08 - 0.31
TOKYO 67.0 15 18 0.77
TOMISAKI (MERA) 78.0 -24 '
KUMAGAYA 91.3 | —03 -1.0 3.18.
MAEBASHI 117.3 | —84 -79 0.4 -10.17
TSUKUBASAN 129.3 0.7 L= 1.05
MATSUMOTO 145.5 9.4 9.9 05 6.85
HAMAMATSU 148.0 -15
CHOSHI 159.4 | 02 1.1 - 2.09
MITO 165.5 | —14 0.4 - 3.48
NAGANO 169.1 | —1.9 ~ 4.39
TAKAYAMA 193.1 1.8 16.0 - 0.84
NAGOYA ©199.3 | —0.0 0.1 - 2.94
TAKADA 211.2 | 7.0 17.8 : 4.33
GIFU 216.6 2.3
FUSHIKI 247.2 1.6 2.4 — 0.70
TSU 250. 4 19 — 0.51
KANAZAWA 261.9 45.7
HIKONE 263.9 2.9 0.76
NIIGATA 284.6 0.7 - 1.41
KYOTO 313.0 155 135 -2.2 13.39
KASHIWARA (YAGD)| 319.9 2.8 73 0.52

at each station for the hypocenter B.

P and S arrivals are not used in computation for stations where S-P residuals
are indicated. P travel time residuals given by Kanamori and Miyamura ( 1970)
are also listed in the right - most column (K&M ).
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