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3-D resistivity modeling around the Hyuganada area
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Hyuganada area is located on the frontal area of subduction zone where the Philippine Sea plate is subducted beneath
the Eurasian plate. The subduction of the Kyushu-Palau Ridge (KPR) on the Philippine Sea plate is recognized beneath
the south-west part of the Hyuganada area (e.g. Park et al., 2009). Two earthquakes around magnitude 7.5 occurred in
1662 and 1968 on their plate boundary interface. Slow earthquakes such as shallow tremor (Yamashita et al., 2015) and
long-term slow slip event (SSE) (Takagi et al., 2019) have also been discovered there. Moreover, it is known that the
coseismic rupture regions of the 1707 Hoei and the 1968 Hyuganada earthquakes did not reach the subducted KPR,
while it can cause stress concentrations and trigger earthquakes (e.g. Yamamoto et al., 2013). These various events may
be associated to pore fluid and lithological heterogeneity around the plate boundary.

Because electrical resistivity is sensitive to fluids and sediments, exploring a electrical resistivity structure is a great tool
to detect them in the plate boundary. Magnetotelluric (MT) sounding is a passive exploration method to reveal
electrical resistivity structure of underground using natural electromagnetic variations. This method is sensitive to deep
structural heterogeneous compared with other electromagnetic explorations. In this study, we performed 3-D resistivity
modeling around the Hyuganada area based on MT impedances to understand the relationship between various types
of earthquakes and fluids.

Electromagnetic data were recorded at 12 stations around the Hyuganada by Ocean Bottom Electro-Magnetometers
(OBEM:s). We applied the BIRRP code (Chave and Thomson, 2004) to estimate MT impedances from time series data
of the electromagnetic fields. The horizontal magnetic field data recorded at Kakioka Geomagnetic Observatory were
also used as the data of the remote reference site (Gamble et al, 1979). In general, coast and oceanic topography has
strong influence on MT impedances in marine MT surveys, known as “coast effect" and “topographic effect" (e.g. Key
and Constable, 2011; Matsuno et al. 2007). The Hyuganada area has such a complex topography that we must consider
their effects correctly not to lead wrong structures. Thus 3-D forward modeling was performed to confirm whether the
responses reflected on subsurface resistivity structure or not, before an inversion analysis.

We performed 3-D resistivity modelings by using the code of Tada et al. (2012). The resistivity models were
incorporated with bathymetry based on ETOPO-1 (Amante et al., 2009). The calculation area extended about 2,200
km deep and 4200 km * 4200 km widths to avoid edge effects. The number of model blocks used for these calculations
was 63 * 63 * 61 (+7 air layers). The block size inside observation area was 100 m with depth and 5-8 km widths of
horizontal directions. At all stations, apparent resistivities in short periods is smaller than those in long periods, and
they imply the existence of conductive layer regarded as sediment just below the seafloor. Then, we made the resistivity
model composed of a half-space with 0.3 ohm-m ocean and 1 ohm-m conductive layer directly under the seabed.

First, we calculated the models whose the conductive layer thickness was uniform. Because the conductive layer
thickness and background resistivity were unknown, we varied the two unknown values in 0.2-16 km and 2-500 ohm-
m. The optimum model, which was detected by using the least root mean square (RMS) misfit, at each site had indicated
that conductive layer thickness on south side is thicker than on south part throughout the survey area.

Second, we made a model with non-uniform thickness of conductive layer on the basis of above results. This model had
the 1 ohm-m conductive layer whose thicknesses were 0.5 km in north side, 2 km in middle side and 4 km in south side.
The model impedances almost correspond with the observed one in east side stations. However, this result also indicates
that the simple 3 layers model could not explain the observed impedances enough, especially at central and south-west
stations. It implies that MT responses estimated from observed data reflect not only coast and topographic effect, but
also subsurface resistivity structure.

Finally, 3-D inversion analysis was performed by using the model as the initial model. The optimum model involves
that resistive region overlapping with the slip area of 1968 Hyuganada earthquakes (Yagi et al., 1998). It also implies
that the region where KPR subducted is more conductive. These features could reflect heterogeneities of pore fluid and
lithological distribution associating with the various types of fault rupturing in the Hyuganada area.
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