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Buried large block revealed by gravity anomalies in the Tonankai and Nankai
earthquakes regions, southwestern Japan
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We confirmed existence of a buried large block beneath seafloor off Cape Shionomisaki, Kii Peninsula,
southwestern Japan, by improving marine gravity data. We found that the 1944 Tonankai and 1946 Nankai
earthquakes occurred close to this block. The block is characterized by high gravity anomalies of 80 mGal
larger than surrounding area with a diameter of about 40 km. Center of the anomaly is located 30 km off Cape
Shionomisaki, southern end of the Kii Peninsula. This high gravity anomaly can be explained by existence of
a higher density body with approximate thickness of 8 km just beneath the seafloor. This block coincides with
the reported high velocity zone from recent seismic refraction survey in this area. Judging from seismic velocity,
density, and geologic evidences, the block presumably consists of intruded acidic rocks, not seamount.
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1.

Introduction

earthquakes, respectively. Data of epicenters are cited from
Kanamori (1972).
Figure 1(b) indicates Bouguer anomalies in the studied
area with gravity measurement points (white dots). A thick
dashed line indicates a trace of approximate location of the
axis of the Nankai trough. Stars are the same as in Fig. 1(a).
Bouguer anomalies are higher in the Shikoku basin (about
300 mGal) and decrease from trench axis toward land. The
minimum value in the studied area is minus 40 mGal in
inland area.
Though there are not enough gravity measurement
points, high gravity anomalies clearly appeared off Cape
Shionomisaki. Amplitude of the gravity anomalies is about
80 mGal, and an approximate diameter of distribution of
the high anomaly is about 40 km. Center of the anomaly is
30 km south from Cape Shionomisaki. We named this high
gravity anomaly as “Off Cape Shionomisaki High Gravity
Anomaly” (Honda and Kono, 2005). Here we assumed a
Bouguer density as 2,670 kg/m3 . There is no drastic change
in distribution pattern of the Bouguer anomalies by changing this assumption, since ocean bottom topography is so
flat. Water depth in this region is about 2,000 m and rather
flat except the Shionomisaki Canyon. From the topographic
point of view, there are no distinct surface features corresponding to this high anomaly.
Due to dense land gravity measurement points, it is quite
clear that the gravity anomalies over the Kii Peninsula become higher southward to Cape Shionomisaki. There is a
high gravity anomaly of 150 mGal over Cape Shionomisaki
and immediately offshore the Cape (Geological Survey of
Japan, 1977). There seems to be a regional gravity rise,
which includes the southern part of the Kii Peninsula and
the Off Cape Shionomisaki High Gravity Anomaly. However, the detail is not clear due to sparse distribution of marine gravity measurement points.

The Nankai Trough is one of the most seismically active zones in the Japanese Islands. The trench-type great
earthquakes have been recurrently occurring approximately
every 100 years. It has long been believed that trench-type
great earthquakes in the Nankai Trough generally rupture at
each segment (Ando, 1975).
Recently, we recalculated detailed terrain gravity correction not only for land but also for sea, using 50 m mesh
topography data (Honda and Kono, 2005). Assuming both
densities for Bouguer reduction and terrain correction as
2,670 kg/m3 and using the Kanazawa University gravity
database (in preparation; originally Kono and Furuse, 1989,
1990), we produced revised gravity anomaly maps all over
the Japanese Islands and its environs. Marine gravity data is
mainly provided from the Japan Oceanographic Data Center, Japan Coast Guard (JODC, JCG).
In this paper, we report about a distinct gravity feature
observed off Cape Shionomisaki, which is considered to be
one of the boundaries of the rupture segments proposed by
Ando (1975).

2.

Topography and Gravity Anomalies

Figure 1(a) shows topographic relief of the studied area.
Marine topography is based on the data of the JEGG-500
(500 m mesh bathymetric data) provided from the JODC.
The Nankai trough runs southern offshore off Kii Peninsula. Cape Shionomisaki is situated at the southern end of
the Kii Peninsula. Shionomisaki Marine Canyon runs from
the Kii Strait, between the Peninsula and Shikoku, toward
southeast. Two stars around the Kii Peninsula indicate epicenters of the 1944 Tonankai (M7.9) and 1946 Nankai (M8)
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Fig. 1. (a): Topographic relief of the studied area. Marine topography is based JEGG-500. Two stars offshore of the Kii Peninsula indicate epicenters of the 1944 Tonankai (M7.9) and 1946 Nankai (M8)
earthquakes, respectively. Data of epicenters are cited from Kanamori
(1972). (b): Bouguer anomalies in the studied area with gravity stations
(dots). A thick dashed line indicates a trace of approximate location of
the axis of the Nankai trough. Stars are the same as in Fig. 1(a). Two red
lines, A–A and B–B , are the locations of profiles illustrated in Fig. 2.

3.

Results and Discussions

Figure 2 shows north-south (A–A in Fig. 1(b)) and eastwest (B–B in Fig. 1(b)) profiles of topographies and gravity anomalies across the center of the high gravity anomaly
region, respectively. In Fig. 2(a), two observed gravity
anomalies are indicated, i.e., gravity anomalies with and
without seafloor terrain correction. It is obvious that the
gravity anomalies were smoothed by seafloor terrain correction.
A model to explain these features is as follows: (1) a
cylindrical block, with a height of 10 km and a diameter
of 40 km, and (2) density contrast of 400 kg/m3 between
the block and surroundings (Turcotte and Schubert, 1982).
If the density contrast is 200 kg/m3 , a cylinder of 20 km
height is required to explain the observed gravity anomaly.
In Fig. 3, theoretical and observed gravity anomalies are
compared in profile B. Variation of marine Bouguer anomalies is scarcely affected by assumed density, because ocean
bottom topography is rather flat in studied area. This model
is consistent with the recent seismic refraction survey in
this region (Line NT03; Kodaira et al., 2004). According
to their results, a P-wave velocity region of about 5 km/sec
(hereafter we call this region as “body”) swells up in sedimentary layers by about 10 km from the lower layer that

B0

50

100

Distance [km]

150

B´

Fig. 2. (a): North-south profile of topographies (upper), gravity anomalies
(middle), and seismicities (lower) across the center of the high gravity
anomaly region (A–A in Fig. 1(b)). (b): East-west profile (B–B in
Fig. 1(b)). Approximate traces of P-wave velocities of 4.5 km/s and 6
km/s (Kodaira et al., 2004) are indicated with dashed blue lines (lower).

presumably corresponds to oceanic layer. Seismic velocities of surroundings of the body are from 3 to 4 km/sec. The
diameter of the body is about 40 km, and agrees with that
of the high gravity anomaly region. In Fig. 2(b), trace of the
boundary of the body is compared with gravity anomalies
along the observed line. This strongly suggests consistency
between seismic results and gravity data.
By converting seismic velocities to density values using empirical relationship such as Nafe and Drake diagram
(Ludwig et al., 1970), density of the body and density contrast between the body and surroundings are evaluated to be
about 2,600 and 300 kg/m3 , respectively.
Seismic refraction studies and its geological interpretation suggest that the basement of sedimentary layer is the
pre-Neogene to early Miocene (Geological Survey of Japan,
1977). Density of rocks of the same period in Japan is usually about 2,300 to 2,400 kg/m3 (e.g., Kono and Furuse,
1989). If the density contrast between the block and surrounding sedimentary layers is 300 to 400 kg/m3, the most
probable density of the block is 2,600 to 2,700 kg/m3 , and
is at most 2800 kg/m3 .
Judging from physical properties inferred from seismic
velocities and density of the blocks, one candidate of rock
type of the block is granitic rocks. According to marine
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Fig. 4. Schematic model of crustal structure around Cape Shionomisaki.
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Fig. 3. Theoretical values (line) calculated using model to explain observed Bouguer anomaly (dots) of the Off-Cape Shionomisaki High
Gravity Anomaly (upper). The observed values are interpolated one.
The model (lower) is a cylindrical block, with a thickness of 8 km from
the seafloor and a diameter of 40 km. Density contrast between the
block and the surroundings was set to 400 kg/m3 .

large in the 1946 Nankai earthquake. There are various discussions on the role of obstacles such as buried seamounts
with initiation of great earthquakes (e.g., Ruff, 1989; Cools,
1992; McCaffrey, 1993; Scholz and Small, 1997). The
present block might be a key to understand the rupture patterns of the recurrent great earthquakes along the Nankai
Trough.

4.
geological map (Geological Survey of Japan, 1977) there
is a small outcrop of acidic rock, which is correlated to
the Kumano Plutonic rocks, Middle Miocene, 10 km off
Cape Shionomisaki. The same types of rocks occur at Cape
Shionomisaki and also in various parts of the Kii Peninsula.
The age of the Kumano plutonic rock is supposed to be preNeogene to early Miocene (Geological Survey of Japan,
1977), and rock densities are reported to be from 2,520
kg/m3 to 2,660 kg/m3 (Tanaka and Kanaya, 1987). We also
remark that a slightly high magnetic anomaly of about 50
nT appears in the same region of the Off Cape Shionomisaki
High Gravity Anomaly (Geological Survey of Japan, 1992).
Taking into account of available information, such as
seismic velocity, multi-channel structure, density, and geology, the block seems to consist of acidic rocks, which
have intruded into shallow crust. This implies that the block
is presumably not a seamount, such as bodies already discovered at the region off Cape Muroto (Park et al., 1999;
Kodaira et al., 2000).
Generally, seismicity is not active around Cape Shionomisaki. Particularly within the block region, the seismicity is very low. It seems only few small earthquakes are
occurring at the bottom of the block. This suggests that the
block is homogeneous.
It is interesting that the epicenters of two great earthquakes (the 1944 Tonankai and the 1946 Nankai earthquake) are situated at the flank of the high gravity anomaly
region (Off Cape Shionomisaki High Gravity Anomaly).
Slip distributions of these earthquakes were simulated from
tsunami analyses (Tanioka and Satake, 2001; Baba et al.,
2002). Kikuchi et al. (2003) also discusses about the slip
distribution of Tonankai Earthquake by analyzing low-gain
seismograms. The estimated slip under the present block
is very small in the 1944 Tonankai earthquake, while it is

Summary

A large high-density block is discovered offshore Cape
Shionomisaki. Amplitude and diameter of the gravity
anomalies are 80 mGal and 40 km, respectively. The block,
which causes this anomaly, is estimated to be 10 km deep
and 40 km wide, with a density contrast of around 400
kg/cm3 . This model is consistent with one of the seismic
refraction experiments. Judging from both physical properties and geological evidences, this block presumably consists of intruded acidic rocks but not either basic or ultrabasic rocks. By carrying out more detailed and various geophysical observations in this area, more accurate distribution of the block and also precise plate boundary conditions
may be revealed, which would resolve the role of the newly
found block to the occurrence of great earthquakes around
the Nankai Trough.
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