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Estimation of the Source of Tsunami Accompanied by the 1596 Keicho-Bungo Earthquake

Takeo ISHIBE and Kunihiko SHIMAZAKI

Earthquake Research Institute, Univ. Tokyo, 1-1-1 Yayoi, Bunkyo, Tokyo, 113-0032 Japan

The source of tsunami accompanied by the 1596 Keicho-Bungo earthquake is estimated by using marine seismic
profiling records of E-W trending normal faults developed in Beppu Bay, located in a rift valley called
Beppu-Shimabara graben, which is thought to be an extension of the Okinawa trough. Two reflecting-layers are
easily recognized in most records of single-channel reflection profile, namely the Akahoya ash layer deposited
about 7300-yrs ago and the Yufu ash layer (about 2500-yrs BP.). Because the sedimentation rate is higher than the
average slip rate, we expect that all displacements caused by previous events be preserved in submarine strata. A
comparison of the cumulative vertical displacement of the Akahoya ash layer with that of the Yufu ash layer at 67
fault sites shows that the ratio of the former to the latter is almost constant, showing that the characteristic
earthquake model, proposed by Schwartz and Coppersmith in 1984, holds for the active faults in Beppu Bay. In
the characteristic earthquake model, a fault ruptures in a series of characteristic earthquake, each identical, with
the same slip distribution and length. Thus, by dividing the cumulative displacement of the Akahoya ash layer by
the number of events, which took place in the past 6700 years, we can estimate the vertical offsets of the sea
bottom caused by the 1596 Keicho-Bungo earthquake. The initial wave height of the tsunami is calculated from a
set of fault models constructed on the basis of the estimated fault offsets and numerical simulation of tsunami
propagation is carried out in Beppu Bay. Also a simulated tsunami is calculated based on an alternative fault
model consisting of only the Central Beppu Bay Fault, which has the maximum vertical displacement among
Beppu Bay submarine faults. The calculated maximum wave heights based on the model with all the faults show
better fit to the maximum wave heights estimated by Hatori in 1985 on the basis of historical documents. The
Central Beppu Bay Fault model shows much lower maximum heights. We conclude that most of the faults
ruptured at the time of the 1596 event. Since the calculated wave heights at Nata and Saganoseki, which are
located at the mouth of Beppu Bay, are apparently lower than Hatori’s estimates, we infer that not only the faults
in Beppu Bay but also other fault segments out of the bay, probably a part of the Median Tectonic Line active
fault system ruptured simultaneously. Also the calculated maximum wave height is smaller than Hatori’s estimate
in Beppu City. However the estimation based on very vague description in only one short article may not be
reliable. The major trend of the Beppu Bay fault system is in WNW-ESE and the tsunami height in Beppu City,
which lies on the extension of the major axis of the tsunami source, is expected to be low.
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Fig.1 Estimated tsunami wave height accompanied by the 1596 Keicho-Bungo earthquake (unit is meter) (after Hatori,
1985)
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Fig.2 Principle of estimating when and how much a fault slipped at the times of previous seismic events. Schematic
illustration is shown for a case of submarine normal fault.
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Fig3. Distribution of Beppu Bay submarine active faults and survey lines of seismic profiling (Shimazaki et.al., 2000)
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Fig.4 Example of marine seismic profiling record (Okamura, personal communication).
Numbers in this figure show reference points, where longitude and latitude are recorded by using GPS. The
sea bottom lies just below the reference numbers. There are two remarkable reflecting layers. The upper one
is the Yufu ash layer and the lower one is the Akahoya ash layer.
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Fig.5 Relationship between the vertical displacement of the Akahoya ash layer and that of the Yufu ash layer.
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Fig.6 Distribution of fault sites where either one of vertical displacements of the Akahoya or the Yufu ash layers is
measured.(a) and sites where both of them are measured (b).
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Fig.7. Estimated time of earthquake occurrence on the basis of radio carbon dating.

(a) Model 1 (b) Model 2

N S——
- x o
.-. I.
T ._:" 1 —
1 =T - ot |
5 -
- -

|
|
o Ty, .
I | L ||I . 2 2 ~- i {: ] - 3 2ndd |
—— | | I |
— EE— 1§

8 2 SOWIETET /L. (a)Modell: HINFEHEEIERIE R —FEL TEBIL7ZE7 /L. (b)Model 2: BIFFA H b
JEDPMSZU TEBIL7ZET /L

Fig.8 Two fault models. (a) Model 1: All Beppu Bay submarine faults moved. (b)Model 2: Only the Central Beppu Bay
Fault moved.

- 128 -



(a) Model 1

1317 30 131° 40 131" 50 132° 00
(b) Model 2
3330 1
m
30~
15
3320 4|
0.0
1.5
310 ) | [N Y
131° 30 1317 40/ 131° 50¢ 132° 00’

9 BTN E
Fig.9 Calculated vertical displacements for Model 1 (a) and Model 2 (b)
The fault models are shown in Fig. 8.
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Fig.10. Maximum wave height along the coast line
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Fig.11 Tsunami waveform at each city
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