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Development of 3D resistivity structure analysis method considering the effects of
seafloor topography.
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The purpose of this study is to advance the understanding of the magma supply system leading to giant caldera eruptions.
The Kikai caldera volcano, the subject of our research, is located in the southern part of Kagoshima Prefecture and has
repeated giant caldera eruption. The existence of lava dome inside the caldera suggests that the magma was supplied to
this volcano even after the latest giant caldera eruptions at 7.3Ma (Tatsumi et al., 2018). We explore the magma supply
system by estimating the resistivity structure beneath the seafloor of Kikai caldera volcano. For this reason, we are acquiring
new seafloor MT data by installing and recovering Ocean Bottom ElectroMagnetometer (OBEM), and developing a method
to analysis obtained data. In locations with highly variable seafloor topography, such as around Kikai caldera sea area, an
analytical method that can accurately account for topographic effects is necessary because the electromagnetic field distortion
caused by topographic undulations affects the estimated subsurface structure. Baba and Seama (2002) proposed the FS
technique as an easy way to represent seafloor topography with a small computational grid. In this method, they set two
horizontal layers of equal thickness (hereafter referred to as FS-seawater layer and FS-crustal layer) in the depth range
where the seafloor surface exists, and represent the undulations of the seafloor topography by varying their resistivity values.
Araki et al. (2021) applied the FS technique into ModEM (Egbert and Kelbert, 2012; Kelbert et al., 2014), which is the
three-dimensional inversion code for subsurface resistivity structures. In an ideal tanh-functional bathymetry model, they
confirmed that the inclusion of a thin boundary layer between the FS-seawater layer and the FS-crustal layer produces results
similar to those obtained when topographic changes are directly represented by a large number of small-sized grids.

Aiming to estimate the resistivity structure by effective analysis of the observed data in the Kikai caldera sea area, we
1) have further improved the ModEM method by applying the FS technique, 2) show the effectiveness of this method in
inversion, and 3) investigate the sensitivity of the method to the expected subsurface structures such as magma chambers. 1)
For Further improvement of the analysis method, we solved the problem in the conventional method where the calculated
MT impedance at short periods deviates from the predicted value. Since it became clear that this problem was caused by the
conversion of the resistivity values of the FS-crustal layer, we developed a method to convert only the resistivity values of
the FS-seawater layer and named this method "ModEM+FS”. Forward modeling with ModEM+FS showed that more than
20% decrease in apparent resistivity from the predicted value at a period of 10s, was reduced to about 2% on a cos-functional
mountain bathymetry model when the FS layer was set so that the vertical length of the crustal grids at the summit was
transformed by half. Note that the results obtained using ModEM with a finer discretization of the model were closer to
one obtained with ModEM+FS. This indicates that ModEM+FS can accurately represent topographic effects without fine
discretization of the grid. 2) Inversion is performed using the pseudo-data. We get pseudo-data (pseudo-data including
topographic effects) by calculating the forward result by ModEM+FS in a model with resistive and conductive bodies placed
underground and cos-functional mountain bathymetry, and adding noise. Inversion results are confirmed by the degree of
recovery of the anomalous body. In addition, we compare the inversion results of the pseudo-data without topographic effects
assuming a flat bathymetry, and confirm that the developed ModEM+FS inversion can take proper account of the topographic
effects in the data. Furthermore, we compare the inversion results of the pseudo-data including topographic effects assuming
flat bathymetry, and confirm the importance of properly accounting for the undulations of the seafloor topography in the
model when inverting data with topographic effects. 3) In the sensitivity test, the resistive and conductive bodies are placed in
the subsurface of a model that represents the seafloor topography around the Kikai caldera, and inversion is performed using
ModEM+FS. The calculation position is adjusted to the observation points in the Kikai caldera sea area. The sensitivity to
magma chamber is checked by changing the size of the resistive and conductive bodies.
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