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SUMMARY
We conducted three-dimensional (3D) magnetotelluric (MT) survey over Yunodake and Idosawa Faults in the Iwaki
area, Fukushima Prefecture, Japan. Significant ruptures and displacements occurred along these faults by a strong
earthquake on April 11, 2011, which was one of large aftershocks of the Great Tohoku Earthquake on March 11, 2011.
The purpose of the MT survey was to obtain electrical resistivity structure of the area and to extract anomalous features
along the active faults related to displacements due to past and present earthquakes. We carried out MT measurements
at 164 stations in 2012, of which 56 stations were by both AMT and MT frequency ranges, while other 88 stations were
only AMT. 3D inversions were conducted by using the data of all 164 stations. The study area is mostly underlain by
Miocene and Paleogene sedimentary formations, which are underlain by Cretaceous metamorphic and granitic rocks.
The Cretaceous formations outcrop in the northern and western parts of the area. Yunodake Fault extends along the
boundary between Miocene formation and Cretaceous metamorphic/granitic formations in the north. The 3D resistivity
model clearly indicates a resistivity contrast along Yunodake Fault, corresponding low-resistivity Miocene layer and
high-resistivity metamorphic/granitic formations. On the other hand, Idosawa Fault is located in Cretaceous
metamorphic formations. There is no significant low resistivity anomaly or a resistivity contrast along Idosawa Fault.
Thickness of the Miocene/Paleogene sedimentary layers in the center of the survey area is getting larger toward
southeast. Depth of Cretaceous metamorphic formation is approximately 600 – 800 m in the southeastern part.
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INTRODUCTION
A strong earthquake of M7.0, with a hypocenter depth of
about 5 km, occurred in Iwaki City on April 11, 2011, as
one of the six major aftershocks of the Great Tohoku
Earthquake, whose intensity is M7.0 or larger (as of
September 2011) (Fig. 1). The aftershock in Iwaki area
generated large displacements along Idosawa and
Yunodake Faults. The total length of surface ruptures
and the maximum vertical displacement were
approximately 13 km and 2.2 m, respectively, for
Idosawa Fault (Maruyama et al., 2011). Those for
Yunodake Fault were 18 km and 0.8 m, respectively
(Awata et al., 2011). These displacement were also
observed in a satellite radar data (Fig. 2). There are two
parallel segments in the Idosawa fault system. The
western segment generated large displacements this time
(see Fig. 2), therefore, it is now called Shionohira Fault
to distinguish the two segments. The western sides of the
faults were subsided and the focal mechanism of the
earthquake indicated a normal fault. This normal fault
mechanism was created by an extensional stress, which
was caused by the eastward movement of the Tohoku
region during the Great Tohoku Earthquake.
The April 11 aftershock in Iwaki also caused significant
changes in groundwater aquifers in the area, creating
new hot-spring water outflow at the surface in the

eastern area and dry up of groundwater wells in the
western area (Geological Survey of Japan, 2011).

Figure 1. Location of the main shock and aftershocks of
the Great Tohoku Earthquake as of September 8, 2011
(Website of Japan Meteorological Agency).
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coal bearing zones, and because of that, this area was
one of the most important coal mines in Japan in the past
(until some 40 years ago). These sedimentary formations
are underlain by Cretaceous metamorphic and granitic
formations. These old formations outcrop in the north of
Yunodake Fault and in the western part of the study area.
Idosawa Fault is located in the zone of metamorphic
formations in general.

Figure 2. Displacement distribution in the Iwaki area
between March 3, 2011 and April 18, 2011, measured by
interferometry analysis of satellite radar data (Website of
the Geographical Survey Institute, Japan). One cycle of
color bars corresponds to a displacement of
approximately 12 cm.

Figure 3. MT stations (red dots) in the Iwaki area.
Dashed lines are estimated faults. The blue rectangle
indicates a zone for 3D interpretation.

Geological Survey of Japan, National Institute of
Advanced Industrial Science and Technology (AIST),
has been carrying out several kinds of geoscientific
studies related to the Tohoku Earthquake, including
tsunami deposits, in-land earthquakes, soil and
groundwater contamination, and ground liquefaction.
This study is a part of the research on in-land induced
earthquakes.
MT MEASUREMENTS
We carried out MT measurements in an area covering
the two active faults, Idosawa and Yunodake, by two
field campaigns in 2012. The number of MT stations
was 164 (Fig. 3). 56 stations were by both AMT (0.35
Hz - 10,400 Hz) and MT (0.00034 Hz – 320 Hz) data
acquisition, while remaining 88 stations were by AMT
only. We utilized Phoenix MTU-5 systems for the
measurement. Remote reference sites were located at
more than 300 km north from the survey area for MT
data acquisition, and approximately 20 km southward for
AMT. To overcome strong cultural electromagnetic
noises from nearby towns and power lines, we recorded
AMT time-series data overnight as well.
Fig. 4 shows geological map of the study area. The area
is underlain by Miocene sedimentary layers and
Paleogene sedimentary formations. The latter contain

Figure 4.
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Geological map of the study area. Light
cyan zones are Cretaceous metamorphic
pink zones are Cretaceous granitic
orange zones are Paleogene sedimentary
and yellow zones are Miocene sedimentary
3D INVERSION

We utilized all 164 AMT/MT stations for 3D inversion.
We set a rectangular zone for the 3D interpretation, with
x-axis of N55°E, and rotated the MT impedances to this
direction (Fig. 3). Fifteen frequencies, 0.0269 Hz - 460
Hz, were used for the inversion. The cell size on the
surface in the interpretation zone was 200m (x) x 200m
(y) x 50m (z), and the number of cells was 99 (x) x 95
(y) x 39 (z) in total for the finite-difference forward
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modeling. Off-diagonal components of the MT
impedance were used as observed data. The number of
unknown resistivity blocks was 21,888. Static shifts
were included in the inversion, while the topography
change was not considered (Uchida and Sasaki, 2006).

layers. The surface sedimentary layers indicate local low
resistivity anomalies along the eastern segment of
Idosawa Fault. Otherwise, almost all part of
metamorphic formation shows high resistivity. So, we
cannot recognize Shionohira Fault in the resistivity
section.

PRELIMINARY INTERPRETATION
A final 3D resistivity model is shown with depth-slice
sections in Fig. 5. Fig. 6 compares resistivity distribution
of the surface layer with the geology. Miocene and
Paleogene sedimentary formations have low resistivity,
less than 10 ohm-m. Here, it is not easy to distinguish
these two different formations. The metamorphic and
granitic formations in Cretaceous time show high
resistivity (several hundreds ohm-m).

Fig. 7 shows four vertical NE-SW cross sections. These
sections indicate that the thickness of the
Miocene/Paleogene sedimentary formations is getting
larger toward southeast. Depth of Cretaceous
metamorphic formation (high-resistivity basement layer)
is 1 km or more in the southeastern part. This is
consistent with the fact that the coal bearing layers,
which are within the Paleogene sedimentary formations,
are located at depths of about 600 – 700 m in this area.

Yunodake Fault is located on the boundary between
Cretaceous formations and Miocene formations.
Therefore, we can recognize a clear change in resistivity
on the surface across the fault. Idosawa Fault, however,
is located in a zone of Cretaceous metamorphic
formations, with some minor young surface sedimentary

We can recognize, from the two top sections in Fig. 7,
that the underlying high resistivity Cretaceous layer
between Yunodake and Idosawa Faults is dipping toward
Yunodake Fault. This might be related to a movement
caused by the extensional stress fields in this area.

Figure 5. Depth-slice sections of the 3D resistivity model. North is upward.
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Figure 7. 3D resistivity model looking from east.

