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Subducted Seamount Imaged in
the Rupture Zone of the 1946
Nankaido Earthquake

Shuichi Kodaira, Narumi Takahashi, Ayako Nakanishi,
Seiichi Miura, Yoshiyuki Kaneda

The Nankai Trough is a vigorous subduction zone where large earthquakes have
been recorded since the seventh century, with a recurrence time of 100 to 200
years. The 1946 Nankaido earthquake was unusual, with a rupture zone esti-
mated from long-period geodetic data that was more than twice as large as that
derived from shorter period seismic data. In the center of this earthquake
rupture zone, we used densely deployed ocean bottom seismographs to detect
a subducted seamount 13 kilometers thick by 50 kilometers wide at a depth
of 10 kilometers. We propose that this seamount might work as a barrier

inhibiting brittle seismogenic rupture.

Large subduction zone earthquakes have
repeatedly occurred along the Nankai
Trough, in southwest Japan, where the Phil-
ippine Sea Plate is subducting beneath Ja-
pan. Recurrence intervals and areas affect-
ed by these earthquakes have been docu-
mented since the seventh century (/). Ac-
cording to the historical literature, almost
the entire length of the Nankai Trough (500
km) has been ruptured every 100 to 200
years by one or two successive large earth-
quakes. The most recent events, the 1944
Tonankai and 1946 Nankaido earthquakes,
are the best studied of the large Nankai
Trough earthquakes (2-5). The seismic
data and geodetic data yield two conflicting
results concerning the rupture process of
the 1946 Nankaido earthquake. The geodet-
ic data show a rupture area of 2.5 X 10*
km? with a slip of 5 to 18 m (3), whereas
the seismic data show a rupture area of 1 X
10* km? with a slip of 3 m (4). The area of
the fault derived from the seismic data
corresponds to the 1-day aftershock area
(5), which is located in the eastern half of
the fault area determined by the geodetic
data.

We performed a high-resolution deep
seismic study in the proposed rupture zone
(Fig. 1) to investigate the rupture process
of the Nankaido earthquake. We used re-
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fraction data generated by a large air gun
along a profile (Fig. 1) running in the
center of the rupture zone (2) at the wes-
tern edge of the 1-day aftershock area (5).
To . resolve the seismic velocity structure
with high resolution to depths of 10 to 30
km, we deployed 98 ocean bottom seis-
mographs (OBSs) with a spacing of 1.6
km on the 185-km-long profile. This spac-
ing of the OBSs is closer than in con-
ventional seismic refraction surveys by a
factor of more than 10. All OBSs were
positioned at sea bottom by means of a
super short baseline (SSBL) acoustic posi-
tioning system.

All observed record sections (Fig. 2)
showed first arrivals (P-wave refraction
arrivals) throughout the entire profile, ex-
cept for OBSs deployed in shallow water

137°

135°

Fig. 1. Topography of the western part of the Nankai Trough and location of high-resolution deep
seismic profile. Contour values denote water depth at 1-km intervals. The 1-day aftershock area (5)
and rupture zone (2) derived from geodetic data are shown as dotted and solid lines, respectively.
Except for the southern end of the profile, the 98 OBSs (yellow dots) were deployed with 1.6-km
spacing. An ellipse on the profile shows the location of the subducted seamount detected by this
study. The off-profile dimensions of the seamount are estimated by reference to the size of one of
the Kinan seamounts located at the southeastern extension of the profile. The subducted seamount
is located immediately outside of the 1-day aftershock zone of the 1946 Nankaido earthquake. The
convergence rate of the Philippine Sea Plate under the Eurasian Plate is 4 cm/year (78). Topography
data used were compiled by the Hydrographic Department, Japan Maritime Safety Agency (79).
Inset abbreviations: EP, Eurasian Plate; NAP, North American Plate; PP, Pacific Plate; and PSP,
Philippine Sea Plate.
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Fig. 2. Examples of observed record
section from the vertical compo-
nent of (A) OBS5 and (B) OBS81,
located at 35 km from the southern
end and 28 km from the northern
end of the profile, respectively. Ver-
tical axis indicates travel time re-
duced by 8 km/s. Horizontal axis
Flofraction fron Coeanio Criist 3 | indicates offset distance from the

; OBS. A 5- to 20-Hz bandpass filter
and automatic gain control with 2-s
window are applied. Travel times of
all observed refraction phases con-
stitute the input data for the refrac-
tion tomography study.
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Fig. 3. (A) Final seismic velocity image (contour interval, , = 0.2 km/s).
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e — Tosa-bae represent interfaces interpreted from seismic reflection data.
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_— result of previous seismic refraction study (7? (contour interval, V, =
0.5 km/s). (C) Travel-time residuals calculated from the starting model
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(water depth of <200 m). The observed
data yielded 44,517 first-arrival picks, from
which we determined the P-wave velocity
(Vp) structure with seismic refraction to-
mography (6). A model was parameter-
ized in 0.5 km by 0.5 km cells. We used a
simple landward dipping structure as a
starting model (Fig. 3), based on a re-
cent model for the Nankai Trough (7). The
root mean square (RMS) of the travel-
time residual calculated from the starting
model is 2.4 s, whereas after the tomo-
graphic inversion, the final model (Fig. 3)
shows that the RMS residual is reduced
to 0.1 s, which is comparable to the uncer-
tainty for the travel-time data (0.02 to
0.10 s).

The final seismic velocity image (Fig. 3)
shows two important features: (i) a thick 7,
= 5.0 to 7.2 km/s body in the middle of
the profile at 25 km seaward from the
Tosa-bae topographic high, and (ii) a struc-
ture with ¥, = 5.0 to 6.0 km/s, which
becomes shallower toward the landward
end of the profile. The thickness and
width of the ¥ = 5.0 to 7.2 km/s body are
7 to 13 km and 50 km wide, respec-
tively, and it thins to 6 km on either side.
According to previous conventional seis-
mic refraction studies at the northern edge
of the Philippine Sea Plate (7, 8), P-wave
velocities of the oceanic crust range be-
tween 5.0 and 7.0 km/s with 6 km thick-
ness. The thick 5.0 to 7.2 km/s body in
the middle of the model may be locally
thickened oceanic crust. Seismic reflection
data acquired over the thick ¥, = 5.0to 7.2
km/s body show that the top of the oceanic
crust rises 1 to 2 km at the seaward side
of the Tosa-bae. The top of the oceanic

Fig. 4. Schematic dia-
gram of a proposed
rupture process of the
1946 Nankaido earth-
quake on the basis of
the seismic velocity
image. Previous seis-
mic refraction studies
off the Kii peninsula
(72) and Muroto (7)
show smooth subduc-
tion of the oceanic
crust without any
structural irregularity
such as the large sea-
mount imaged in this
study.
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crust, as interpreted from the seismic re-
flection data, is plotted on our velocity
model.

From these seismic data, we infer the
presence of a large-scale subducted sea-
mount 50 km wide and 13 km thick. This
conclusion is supported by (i) the exis-
tence of the Kinan seamount along the
southeastern extension of our profile (9),
(i) a magnetic study (/0) that suggests the
possibility of a subducted seamount near
the Tosa-bae, and (iii) a landward in-
dentation of the topography that can be
recognized seaward of the Tosa-bae (10).
The shape of this indentation agrees with
that obtained from analog modeling of
seamount subduction beneath an accretion-
ary prism (/7). The other notable structure,
a region of ¥ = 5.0 to 6.0 km/s that
thickens to landward, is interpreted as the
Japanese island arc upper crust con-
sisting of old accretionary material. Previ-
ous seismic refraction studies (7, /2) near
the Nankai Trough also indicate landward
thickening of the Japanese island arc upper
crust.

The number of rays running through
cells of the model is considered as an in-
dex of the reliability of the model. Both
features of the velocity structure lie within
regions with good ray coverage (Fig. 3),
and these features are well resolved. The
only areas that are not well con-
strained by the data are small areas at
the western edge and the deepest part of
the model. Thus, the model (Fig. 3) re-
solves a subducted seamount in con-
tact with the Japanese island arc upper
crust beneath the Tosa-bae at 10 km depth.
We conclude that the seamount is cur-
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rently colliding with the island arc.

A recent study of tsunami data from the
1946 Nankaido earthquake (/3) showed a
short rise time of the seismic wave in the
1-day aftershock area and slow slip (rise
time of 3 to 9 min) in the area to the west
of the aftershock zone. Cummins et al. (14)
also concluded that the main earthquake
rupture that generated seismic waves is
comparable to the 1-day aftershock area
and suggested that slow slip occurred along
a splay fault cutting through the accretion-
ary sediment to the west of the Tosa-bae.
From these two studies, it could be pro-
posed that two phases of the rupture oc-
curred during the 1946 Nankaido earth-
quake: brittle rupture in the eastern part and
slow slip in the western part. Studies of the
effect of the buried seamount on the cou-
pling between the plates (/5—-17) suggest
that coupling between subducted plate and
overriding plate becomes locally stronger
because of the subduction of the seamount.
From their conclusion (/7), we propose a
possible scenario for the rupture of the
1946 Nankaido earthquake on the basis of
our seismic image (Fig. 4): Seismo-tsu-
namigenic brittle rupture starting off the
Kii peninsula stopped beneath the Tosa-bae
because of strong coupling at the large
subducted seamount; then, only tsunami-
genic slow slip propagated from beneath
the Tosa-bae to the west off cape Ashizuri.
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