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The major intraslab earthquakes have recurrently occurred in the subducting slab of the
Philippine Sea plate in the vicinity of the Bungo Channel and caused great damage. Since the
intraslab earthquakes tend to generate more short period seismic waves compared to plate boundary
and shallow crustal earthquakes, seismic magnitude of historical earthquakes should be carefully
estimated from seismic intensity data. We found that the 1596/9/4, 1749/5/25, 1854/12/26, and
1968/8/6 earthquakes fall under major events in this region. These earthquakes except the 1596
event were identified as intra-slab events. The 1596 event was inferred as a shallow crustal
earthquake occurring at a fault in Beppu Bay from the tsunami record and geological survey. At first,
the seismic intensity data of the 1596, 1749, and 1854 earthquakes estimated from damage records
written in old documents were digitized to analyze their source characteristics. The seismic intensity
data were modified using a site correction factor obtained from a difference of observed intensity from
estimated intensity with the attenuation relationship of recent earthquakes. The inversion analysis
using seismic intensity data was carried out to evaluate short-period wave radiation zones on a given
fault plane. It showed that the location of centroid of short-period wave radiation zone was near the
corresponding epicenter [Usami (2003)] except the 1749 event. We could also obtain an optimum
magnitude M; that gives the minimum estimation error. It was indicated that the 1596 earthquake
was inferred as a shallow crustal event (M;=7.2) near the center of Beppu Bay, the 1749 earthquake
(M;=6.6) quite resembled the 1968 event in short-period wave radiation zone and magnitude, and the
1854 earthquake (M;=7.0) was the largest event among historical intra-slab earthquakes in this
region. Based on the magnitude revaluation, the empirical equation of relationship between magni-
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tude and isoseismal area of Ijya=5 was modified to estimate magnitude of intra-slab earthquakes in

the Bungo Channel adequately.
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List of historical major earthquakes in the vicinity of the Bungo Channel considered in the
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present paper. The location of hypocenter and magnitude are referred to JMA (2007) for the 1968
event and Usami {2003) for other events. Numerals in parenthesis of the focal depth are assumed as
the depth in the upper surface of the seismogenic zone of the Philippine Sea plate beneath the
corresponding epicenter [Matsusaki et al. (2003)]. See the listed equations and figures for the
intensity attenuation relationship and relative intensity for site correction used for the present

analysis.
Focal Intensity Relative
Date Source localion l(.ac:eng). (3‘:(') M | deplh Type atlenualion | inlensily for
g g (km) formula site correction
Shallow - .
1596/9/1 Beppu Bay 131.6 333 7.0 9 crust Eq. (3) Fig. 8
1749/5/25 | Uwa Sea 132.6 33.2 6.75 (33)
1854/12/26 | Bungo Channel | 132.0 3325 [ 74 (50) | Intraslab Eq. (4) Fig. 4
1968/8/6 Uwa Sea 132.38 | 33.30 | 6.6 40
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Fig. 1. Seismic intensity distribution of events around the Bungo Channel; (a) 1596/9/1, (b) 1749/5/

25, (c) 1854/12/26, and (@) 1968/8/6. A cross indicates the epicenter for each event [Usami (2003)].
The area surrounded by a solid line shows the isoseismal area of Ijya=5.
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132° - 133°
Fig. 2.

Number | Maximum
longitude]latitude Depth| of |hypocenter
No| year | date (dgeg,) (deg.) | W (k;) intensity | distance
data (km)
1| 1997] 401] 13244 [33.38 |47] 52 40 162
2| 1907| 403| 132.43 |33.38 [50] 52 | 156 256
. 3]1993|1110 132.74 |33.19 J40] 39 39 107
4l2001] 100] 132.36 |33.50 {4.7] a6 | 254 257
5|2001] 403] 132.02 |33.79 {46] 64 | 237 234
_6}2001] 425/132.34 |3280 |58 30 | 456 256
_7]2001] 908| 13203 |33.09 {43] 48 | 102 188
_8|2002] 40613253 [3343 [44) 42 | 182 207
_9|2002| s06]131.98 |33.29 142 58 70 148
10| 2002] 1013] 132.36 [33.35 [49] 43 | 354 284
11] 2003 531|131.a7 3340 |45 65 | 121 269
12| 2004] 420/ 13225 {3347 [46[ 48 | 102 | 203
b 13| 2605 13229 13332 |46] 54 | 230 208
7, 14} 2005] 904} 132.10 {3350 [43] 54 | 184 243
Y _15]2008] 201]132.30 [3351 [43] 46 | 194 27
i, —?‘B e inalata | s
it le1,Sr 1 v . i - 2
ANHITTE zerendingfr::mt pe—==\  1al2006]1119[ 132.44 |3335 [42] 41 | 110 134

Intra-slab earthquakes in 1997-2006 adopted for the evalualion of empirical intensity

attenuation relationship and relative intensity for site correction. Their fault mechanisms are
depicted at the epicenter on the left map and their parameters are listed on the right table. The
events whose magnitude is greater than 4.0 in JMA scale, recorded intensity is larger than 3 in
JMA scale and focal depth is less than 70 km are selected. Numbers shown in the map correspond
to event numbers in the first column of the right table. The depth contour of upper surface of the
seismogenic zone and the bending front estimated by Matsusaki et al. (2003) are depicted by thin

and thick broken lines, respectively.
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Fig. 3. Seismic intensity distribution; (a) the 1997/4/3 event (M; 5.0} and (b) the 2002/10/13 event (M;

4.9). A cross shows its epicenter.
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Fig. 4. Relative intensity distribution for site correction; (a) the 1997/4/3 event and (b) average of the

other intra-slab events shown in Fig. 2.
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Fig. 5. Fault plane (strike=203°, dip=72°, 20
X 16 km? depth: 35-50 km) of the 1968
event from Shiono and Mikumo (1975). A
black star shows the epicenter of the main
shock and circles show epicenters of its
aftershocks (M;=3.6-5.3) within two
months [JMA (2007)]. Broken lines show
the upper surface of the seismogenic zone
(Matsusaki et al. (2003)].
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Fig. 7. Attenuation relationship of seismic intensity data of shallow crustal earthquakes; (a) the 1975
Central Qita earthquake (M;=6.4), (b) the 2000 West Tottori earthquake (M;=7.3) and (c) the 2005
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Fig. 9. Attenuation relationship for seismic intensity data over hypocentral distance for the 1968 and
1596 earthquakes; (a) Original intensity data of the 1968 event, (b} intensity data of the 1968 event
correcled by relative inlensily, {¢) original inlensily data of Lhe 1596 event, and (d) inlensity data
of the 1596 cvenl correcled by relative intensity. A solid line shows altenuation formula of
equation (3). Two broken lines show the intensity bound of +1.2.
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errors of intensity estimation in terms of magnitude and (b) released short-period energy
distribution for the case of least error. An area surrounded by a solid line shows a short-period
radiation zone (SPRZ) and a triangle shows its energy centroid. A star shows the epicenter [JMA
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Fig. 11. Results of the intensity inversion analysis for the 1854 earthquake. (a) Fault plane models for

analysis, (b) root mean square errors of intensity estimation in terms of magnitude and, (c) released
short-period energy distribution for the case of least error. An area surrounded by a solid line
shows a SPRZ and a triangle shows its energy centroid. A star shows the epicenter [Usami (2003)].
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Fig. 12. Results of the intensity inversion analysis for the 1749 earthquake. (a) Fault plane models for
analysis, (b) root mean square errors of intensity estimation in terms of magnitude, and (c) released
short-period energy distribution for the case of least error. An area surrounded by a solid line
shows a SPRZ and a triangle shows its energy centroid. A star shows the epicenter [Usami (2003)).
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Fig. 13. Results of the intensitly inversion analysis for the 1596 earthquakc. (a) Faull planc models (or
analysis, (b) root mean square errors of intensity estimation in terms of magnitude, and (c) released
short-period energy distribution for the case of least error. An area surrounded by a solid line
shows a SPRZ and a triangle shows its energy centroid. A star shows the epicenter (Usami (2003)].
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Fig. 14. Comparison of the relationship be-
tween magnitude and isoseismal area of
Ima=5. Diamonds and triangles are
eslimaled from Lhe allenuation relation-
ship equalion (4) neglecting relative inten-
sity for site correction. Crosses and black
circles are calculated from equations
(6) and (7), respectively. A star shows an
observation value of the 2001 Geiyo earth-
quake.
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