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Magnetotelluric observations around the focal region of the 2007 Noto Hanto
Earthquake (Mj 6.9), Central Japan
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On 25 March 2007, a damaging earthquake (Mj 6.9) occurred near the west coast of the Noto Peninsula,
Central Japan. A wideband magnetotelluric (MT) survey was carried out in the onshore area of the source
region immediately after the mainshock, with the aim of imaging the heterogeneity of the crustal resistivity
structure. The final observation network had consisted of 26 sites. As a preparatory step for imaging three-
dimensional features of the resistivity around the focal region, we constructed two-dimensional resistivity models
along five profiles using only the TM mode responses, in order to reduce three-dimensional effects. Four
profiles are perpendicular to the fault strike, and a fifth profile is parallel to the strike through the mainshock
epicenter. Significant characteristics of the resistivity models are: (1) beneath the mainshock hypocenter, there is
a conductive body which spreads to the eastern edge of the active aftershock region; (2) a resistive zone is located
in the gap of the aftershock distribution between the mainshock hypocenter and the largest eastern aftershock; (3)
one of the largest aftershock occurred at the boundary of the resistive zone described above. These results suggest
that the deep conductors represent fluid-filled zones and that the lateral heterogeneity could have controlled the
slip distribution on the fault plane.
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1. Introduction
The 2007 Noto Hanto Earthquake, Mj 6.9 determined by

the Japan Meteorological Agency (JMA), occurred at 09:42
(JST) on 25 March 2007 near the west coast of the Noto
Peninsula (Noto Hanto) which is located in the back arc area
of Central Japan (Fig. 1). According to a preliminary mo-
ment tensor solution of the National Research Institute for
Earth Science and Disaster Prevention (NIED, 2007), this
earthquake has a compressional axis in a WNW–ESE direc-
tion, and the focal mechanism shows a reverse fault with a
small amount of strike-slip component. The faulting geom-
etry was also estimated from a Global Positioning System
(GPS) analysis by the Geographical Survey Institute (GSI,
2007) as a reverse fault type with a strike of approximately
N55◦E and a dip of approximately 63◦. A previous large
earthquake, which occurred about 10 km off the northeast-
ern tip of the Noto Peninsula in 1993 (Mj 6.6), also occurred
on a reverse fault (e.g. Ito et al., 1994), similar to the earth-
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quake in 2007.
The two largest aftershocks, both Mj 5.3, occurred at

18:11 on 25 March near the northeastern edge of the after-
shock region and at 07:16 on 26 March near the southwest-
ern edge. JMA (2007) reported that there are gaps in the
aftershock distribution between the mainshock hypocenter
and the two largest aftershocks. Also, the two largest af-
tershocks occurred at places where stress had accumulated
due to the mainshock, based on a variation of the Coulomb
Failure Function (�CFF) analysis.
We performed a wideband magnetotelluric (MT) survey

immediately after the occurrence of the mainshock with the
aim of showing along-strike variations of the structure—
i.e. differences between the mainshock hypocentral region,
the gap in the aftershock distribution, and the region of the
eastern largest aftershock. Electromagnetic investigations
have recently played an important role in grasping proper-
ties around seismogenic regions of not only plate-boundary
(e.g. Unsworth et al., 2000; Ogawa and Honkura, 2004;
Tank et al., 2005) but also intraplate earthquakes (e.g. Mit-
suhata et al., 2001; Ogawa et al., 2001; Uyeshima et al.,
2005). In view of the sensitivity of resistivity to the ex-
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Fig. 1. Magnetotelluric (MT) site locations are shown by gray triangles. The epicenters of the mainshock and the two largest aftershocks are indicated
by gray stars, have been relocated by Sakai et al. (2008). The other aftershocks determined by JMA are plotted as open circles. The fault plane
estimated from a GPS analysis (GSI, 2007) is represented as a white rectangle. Two-dimensional inversions of the MT data were carried out for the
thick gray lines labeled with the profile ID. Contours in the sea represent the water depth with intervals of 100 m (GINA global grid; Lindquist et al.,
2004). An index map is shown at the top right with active faults around Central Japan. A black diamond indicates a far-remote reference site.

istence of fluids, joint interpretations of electric properties
with other geophysical information will extend our knowl-
edge of the field conditions around source regions of in-
traplate earthquakes.

2. Data Acquisition and Inversions
2.1 MT measurements
To reveal the subsurface electrical resistivity structure,

we carried out MT measurements (320 to 5 × 10−4 Hz) at
26 sites around the focal region of the 2007 Noto Hanto
earthquake. A location map of the MT sites is shown in
Fig. 1. The MT data were recorded from 4 April to 1 May
2007. We used up to 17 units of a five-component (three
magnetic and two telluric channels) wideband MT system
(MTU5/5A Phoenix Geophysics Ltd.) and two units of
a two-component (two telluric channels) system (MTU2E
Phoenix Geophysics Ltd.). The instruments were synchro-
nized via signals from GPS satellites. In order to use the re-
mote reference technique for reducing artificial local mag-
netic noise (Gamble et al., 1979), we also acquired mag-
netic field data with the same type of instrument in central
Tottori Prefecture, about 350 km southwest of the study area
(Fig. 1). We calculated MT impedances using data only
during 00:00–05:00 (JST) for each day to avoid electrical
noise, especially the noise due to the leakage currents from
DC electric railways. For the telluric-only sites (six of 26
sites), magnetic field data were taken from nearby sites with

good-quality data to calculate impedances. The different
locations of the telluric and magnetic fields measurements
were taken into consideration in the two-dimensional inver-
sions.
2.2 Two-dimensional inversions

As a preparatory step for imaging three-dimensional fea-
tures of resistivity around the focal region, we constructed
two-dimensional resistivity models along five profiles using
only the TM mode responses. Previous studies (e.g. Wan-
namaker et al., 1984; Wannamaker, 1999; Ogawa, 2002;
Siripunvaraporn et al., 2005) have shown that TM mode
data are least affected by three-dimensional effects. Four
profiles (L00, L01, L02 and L04 in Fig. 1) are perpendicu-
lar to the fault strike, and the fifth (LAL in Fig. 1) is parallel
to the strike through the mainshock epicenter. To implement
the two-dimensional inversions, we rotated the impedance
tensors (55◦ and −35◦ for profiles perpendicular and par-
allel to the fault strike, respectively) and classified their
off-diagonal terms into TM and TE modes. The electric
field is parallel to the two-dimensional profile for the TM
mode. Figure 2 shows the five resistivity models following
the two-dimensional inversions using the code of Ogawa
and Uchida (1996). In the inversions, the error floor values
for the apparent resistivity were set at 5%, and equivalent
values were set for the phase. The root mean square (RMS)
values of the five profiles were 0.64 (L00), 0.78 (L01), 0.69
(L02), 0.89 (L04), and 0.90 (LAL). The resistivity struc-
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Fig. 2. Obtained resistivity models of the profiles; (a) L00, (b) L01, (c) L02, (d) L04 and (e) LAL, which are represented in Fig. 1. (f) Bird’s-eye
view of all profiles from the southern direction. Inverted triangles indicate the locations of the MT sites. The mainshock and the largest aftershock
are shown as red stars, and other aftershocks in a 4-km wide swath are plotted as open circles on each profile. Features labeled C1, C2, and R1 are
discussed in the text.
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Fig. 3. Pseudo-sections for the observed and calculated data. Rows 1 to 5 show the profiles L00, L01, L02, L04 and LAL, respectively. Columns 1–4
are the observed and calculated apparent resistivity, and the observed and calculated phase for the TM mode, respectively.
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Fig. 4. Spatial distribution of the real induction vectors (black arrows) and the phase tensor ellipses for 48 (left) and 0.0088 (right) Hz. The induction
vectors point towards zones of conductors. Phase tensor ellipses (Caldwell et al., 2004) are shown with their principal axes. Gray scale indicates the
skew angle of the phase tensor. The phase tensor is unaffected by a galvanic distortion of the electric field and its skew angle indicates the asymmetry
of the phase response produced by the three-dimensional structure. In the case of the two-dimensional electrical structure, the ellipses will be oriented
either parallel or perpendicular to the electrical strike of the structure.

ture of the Sea of Japan, which surrounds our study area,
was included in the inversions by specifying the bathymetry
along the two-dimensional profiles and a resistivity of sea
water as 0.25 � m. In each inversion, a uniform earth of
100 � m, including the topography, was used as the initial
model. Figure 3 shows comparisons between the observed
and calculated data for each profile.
The results show a good general agreement between the

four profiles across the fault strike and the profile along
the strike. These models exhibit two significant features.
The first observation is that there are two conductive blocks
at a depth greater than 10 km, one near the lower part of
the fault (C1) and the other in the region of an eastward
extension of the fault (C2). The other observation is that
there is a resistive zone (R1), which extends from near the
surface to greater depth, around the eastern edge of the
fault. Although the configurations of the blocks are slightly
uncertain because of the three-dimensional effects, the data
are found to be sufficiently sensitive to the main features of
the model.

3. Discussion and Conclusions
The hypocenter of the 2007 Noto Hanto Earthquake is

located above a conductive block (C1), and the aftershocks
associated with the mainshock are also distributed along the
top surface of this conductor. Recent results of other MT
surveys that image regions of intraplate earthquakes (e.g.
Mitsuhata et al., 2001; Ogawa et al., 2001; Uyeshima et
al., 2005) show that seismogenic regions of intraplate earth-
quakes are located near boundaries between resistive and
conductive blocks. There are several possible candidates for
explaining the existence of conductors within the Earth’s
crust and upper mantle, including fluids, partial melting,
and high temperature. In our study area, it is difficult to
consider the latter two possibilities as explaining the exis-
tence of the conductor because of the distance from the vol-

canic front. Kato et al. (2008) elucidated a detailed velocity
structure by using data from a dense temporal seismic net-
work and detected a distinct low velocity anomaly near and
beneath the mainshock that corresponds to the C1 block.
This correlation between the seismic tomography and mag-
netotelluric images may suggest that the conductor repre-
sents a fluid-filled zone. However, the MT observation sites
do not cover the whole region of the earthquake because
the southwestern half of the fault is located under the sea,
as shown in Fig. 1. In order to confirm the whole image of
the conductor, we expect to perform several ocean bottom
magnetotelluric measurements.
We also find that eastern part of the conductor (C1) seems

to spread toward the edge of the active aftershock region,
and the resistive zone (R1) appears to block the eastward
broadening of the conductor. In addition, this resistive
zone is located in the gap of the aftershock distribution be-
tween the mainshock hypocenter and the largest eastern af-
tershock. The good correlation between the absence of af-
tershocks and the location of R1 implies that the hetero-
geneities of the lateral structure could have controlled the
slip distribution on the fault plane. The largest aftershock
occurred near the boundary between R1 and C2. JMA
(2007) pointed that stress is accumulated from the main-
shock in this region. Accordingly, it is suggested that the
resistive zone (R1) may be interpreted as a segment that re-
mains locked.
Figure 4 shows the spatial distribution of the induction

vectors (IV) and the phase tensor (PT) ellipses (Caldwell et
al., 2004) for 48 and 0.0088 Hz. Although the IV and PT
ellipses for the higher frequency, which represent the shal-
low region, comprehensively support the results of our in-
versions, the distributions of the IV and PT show an essen-
tially three-dimensional situation. On the other hand, the
distributions for the lower frequency, which represent the
deep region, strongly indicate a two-dimensional structure.
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The IV and PT results suggest that the study area is under
the situation of three-dimensional/two-dimensional. From
this point, we will expand our study to a three-dimensional
analysis including the complete data set in order to reveal
the detailed features of the electrical structure around the
focal region.
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