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Parameter setting for spherical cap harmonic analysis of AWAGS data
#Masahiro Ichiki?, Kiyoshi Fujita?, Liejun Wang®, Andrew Lewis®, Adrian Hitchman®
YGrad. School of Sci, Tohoku Univ.,” Technology, Osaka Univ,” Geoscience Australia

To separate internal and external potential of the static geomagnetic Sq field in Australia, we evaluate the optimal
parameter setting for spherical cap harmonic analysis (SCHA). We discuss an appropriate spherical cap width and
degree of expansion in this study.

Torta and De Santis (1996) describe that over 60 degrees is acceptable for the cap width of SCHA for European data.
This study does not treat Fourier harmonics in time domain, but snapshot of the Sq field model. We utilized the
synthetic Sq field data based on Malin (1974) model. The three-component Sq field is synthesized at AWAGS stations
(Chamalaun and Barton, 1993) in terms of UT=2 h and p=1 (period=24 hour) with 3 % Gaussian noise. Our previous
SCHA program (Toh et al., 2004) uses a priori information assuming frozen-flux theory (Gubbins, 1983) and the
singular value decomposition. In this study, we used the original program of Haines (1988), but evaluated the solution
using Akaike Information Criterion (AIC). The SCHA program of Haines uses the stepwise regression method. Using
the synthetic Sq data described above, we tested spherical cap width 20, 30, 40, and 60 degrees with various degree of
expansion and F-level.

The sampling theorem tells the allowable maximum degree of expansion decreases as the spherical cap width goes
narrower. But the use of the maximum degree of expansion and small F-level threshold, says almost zero, leads
inappropriate solution which gives very small AIC and data misfit but different Sq spatial pattern. This indicates
calculated values coincide with observed data at only station points, and fictitious smaller wavelength components
survive. To avoid this, we should limit the maximum degree of expansion smaller than that deduced from the sampling
theorem, and confirm that AIC has minimal value in terms of the number of parameters. When we use an appropriate
maximum degree of expansion and F-level, AIC takes larger values with wider spherical cap width. However, the spatial
pattern calculated from the result by 60 degrees of spherical cap width most recovered that of synthetic data.
Consequently, we should use over 60 degrees of spherical cap width in SCHA for Sq data of p=1 with AWAGS station
distribution, and our test results in the same conclusion of Torta and De Santis (1996).
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Three-dimensional combined inversion scheme of the wideband-magnetotelluric method and

the Network-MT method
#Yoshiya Usui
ERI

I developed a three-dimensional combined inversion scheme of the wideband-magnetotelluric method and the
Network-MT method, using the edge-based finite element method. When using the wideband-magnetotelluric method,
it is sometimes difficult to obtain accurate long-period data especially in noisy areas, resulting in lower sensitivity to
deep subsurface structures. In addition, observed data of the wideband-magnetotelluric method can be affected by small
near-surface heterogeneities of the electrical resistivity because the electric potential differences measured by dipoles
with relatively small length (typically from several tens of meters to hundreds of meters). With the Network-MT method,
in which metallic telephone cables several kilometers in length are used to measure electric potential differences, above
two problems are alleviated owing to long observation duration and long electrode spacings. The Network-MT method,
however, has a disadvantage that it has a lower resolution to the shallow fine structure because it is often difficult short-
period data, typically of periods shorter than 10 s. The combined inversion of the wideband-magnetotelluric method
and the Network-MT method has a potential to estimate subsurface electrical resistivity structure from the shallow part
to the deep part because it comprises the advantages of the two methods and makes up for each other's disadvantages.
In this presentation, 1 show the algorithm of the developed combined inversion scheme and the results of the
verifications using the synthetic models.
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Dense broadband magnetotelluric array around the Atotsugawa Fault System

#Ryokei Yoshimura, Yasuo Ogawa®, Masato Fukai®, Jun Nakagawa', Ayako Namigishi", Koki Aizawa®, Yuto
Yamamoto®, Tomoya Yamazaki?, Tsutomu Miura", Mikihiro Nakamoto!, Airi Nagaoka', Naoya Takamura®, Naoto
Oshiman?

UDPRI, Kyoto Univ.,”’ VFRC, Titech,”Earth and Planetary science, Tokyo Tech.,YSEVO, Kyushu Univ.,”Earth and
Planetary Sciences, School of Science, Kyushu University,” NT System Design Inc.

The Atotsugawa fault system, the northern part of central Japan, is in a deformation belt with high strain rates, known
as the Niigata-Kobe Tectonic Zone (NKTZ). This system is composed of three right-lateral strike-slip faults (the
Atotsugawa, Mozumi-Sukenobe, Ushikubi faults). In 1858, the Hietsu Earthquake (M 7.0) occurred along the
Atotsugawa fault. Although high seismicity has been observed along this fault by the recent modern seismograph
network, the distribution of microearthquakes shows a spatially heterogeneous feature. To discuss the role of the
Atotsugawa fault system in the NKTZ, Yoshimura et al. (2009) revealed a two-dimensional electrical resistivity model
passes through the relatively low-seismicity segment and the deepest area of the seismicity cutoff along the Atotsugawa
fault. Yoshimura et al. (2006) tried to clarify the heterogeneous electrical resistivity structure along the Atotsugawa
fault by using two-dimensional profile data parallel to the fault. Although such two-dimensional modeling is of value to
grasp an essential image around the fault, it is necessary to obtain a three-dimensional electrical resistivity structure for
a detailed comparison with the spatial heterogeneity of the seismicity along the Atotsugawa fault. To investigate the
relationship between the heterogeneous distribution of microearthquakes and electrical resistivity structure, we
planned to conduct dense broadband magnetotelluric (MT) array and estimate three-dimensional resistivity structure
around the Atotsugawa fault system.

In addition to the above existing MT data, we obtained magnetotelluric/telluric data at 46 new sites around the
Atotugawa fault system in 2019 by using MTU5A (Phoenix Geophysics Ltd.) and ELOG-MT/ELOG-PHX (NT System
Design Inc.) systems. The number of sites can use in this project amounted to 73, including 27 existing MT data. The
average recording duration of new sites was 10 days. At the telluric-only sites, magnetic data from the nearest
magnetotelluric sites were used for estimations. In most sites, high-quality MT responses were estimated using the
BIRRP code (Chave and Tomson, 2004).

In this presentation, we will introduce the outline of our project and show the preliminary results of broadband MT
observations.
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1-D Resistivity Model around the Summit Area of Mt. Ontake Volcano

#Shuhei Nishijima", Hiroshi Ichihara", Shinichiro Horikawa", Yuta Maeda", Kazushi Tanoue", Kenjiro Matsuhiro",
Takahiro Kunitomo"

YGraduate School of Environmental Studies, Nagoya Univerisity

Mt. Ontake volcano is located between Nagano Prefecture and Gifu Prefecture and is the second highest volcano in
Japan. Mt. Ontake volcano erupted four time in recorded history. Because electrical resistivity is physical quantity
sensitive to molten rocks and pore fluid in rocks, investigating of its distribution in volcanoes is essential to understand
mechanisms of eruptions. Around the Mt. Ontake volcano, two previous studies investigated 3-D resistivity distribution.
Abd Allah & Mogi (2016) modeled subsurface resistivity distribution beneath the top of Mt. Ontake volcano using the
grounded electrical-source airborne transient electromagnetic (GREATEM). Ichihara et al. (2018) clarified resistivity
distribution below the southeast flank of Mt. Ontake volcano based on the magnetotelluric (MT) sounding. However,
resistivity structures below 1 km depth have not been investigated around the top of Mt. Ontake volcano. Thus,
distribution of magma chamber and origin of hydrothermal activities are not well understood. In this study, we
conducted MT measurements around the top of Mt. Ontake volcano to clarify the 3-D resistivity structure including
deep area.

We measured AMT (Audio-frequency MT) data at nine sites on 10-12 September and 7-11 October, 2019. The
observation sites were located mainly near the point of eruption in 2014, on the Otaki trail and on the Kurosawa trail
in the south part and east part of MT. Ontake, respectively. We used ADU-07e system from Metronix Geophysis Co.
around the top of Mt. Ontake volcano. The sampling frequencies are 32, 1024, 32k, and 524kHz. The data were
recorded 1-2 days for the two lower sampling rate data and 1-3 hours for the two higher sampling rate data. Then, we
estimated MT impedances at each observed site using BIRRP program (Chave & Thomson, 2004). We applied the
remote reference technique. For the two lower sampling rate data, we used horizontal magnetic field data from site
OKR at Ohkura village, Yamagata Prefecture observed by Geothermal Energy Research & Development Co. For the
two higher sampling rate data, we used horizontal magnetic field data at the observation site which observed the same
time with target observation site. The calculated MT impedances can be estimated with good accuracy down to about
3 Hz at seven sites, except for two sites located near the top of the mountain and observed on the same day. The
estimation accuracy of the two stations set up around the summit was poor at all frequencies. This is thought to be the
effect of external noise.

One-dimensional resistivity modeling was performed from the MT impedances at the seven AMT sites. We
assumed that the subsurface consists of three horizontal resistivity layer and searched the best fit resistivity parameters
to explain the estimated MT impedances. Although the fitting quality differs at each observation site, the estimated
one-dimensional structure generally explains the MT impedances. At the three observation sites in the south area, a
high resistivity layer (>1000 Qm) was found in the surface layer and a resistivity layer of about 100 Qm was found
underneath. At the three observation sites to the east area, a high resistivity layer (512-2048 Qm) was found in the
surface layer and a low resistivity layer was found underneath. The resistivity model in the site near the crater of the
2014 eruption shows a trend of low resistivity (5-64 Qm) for all the layers. In contrast to the results of Abd Allah &
Mogi (2016), our results show a thicker high resistivity layer on the surface and a lower resistivity in the second layer
at the southern site. The resistivity values and thicknesses in the eastern sites are relatively consistent with previous
studies up to the second layer, but the third layer suggests the existence of a lower resistivity layer.

In the future, we will conduct long-term observations to clarify the deeper resistive structures and investigate the
causes of the noise that affects the MT impedance, especially at the low frequency, and improve the MT impedance.
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3-D resistivity structure and magma plumbing system of Meakandake volcano inferred from

broadband magnetotelluric survey

#Tomohiro Inoue, Takeshi Hashimoto", Ryo Tanaka', Yusuke Yamaya?
DISV, Hokkaido Univ.,2 FREA, AIST

We performed a broadband MT survey around of Mt. Meakandake in 2018 and 2019. Meakandake is one of the active
volcanoes in the southwestern part of Akan caldera in eastern Hokkaido. Recently, a remarkable ground inflation
occurred on the northeastern foot of Meakandake. We planned a magnetotelluric survey to investigate the electrical
structure to cover both Meakandake and the deformation source. In this study, we describe our 3D resistivity model
and discuss the magma plumbing system beneath Meakandake.

In recent years, a remarkable ground inflation was reported on the northeastern foot of Mekandake from 2016 to 2017.
The main pressure source was modeled as an opening of a sill-like crack at a depth of about 3 km from Meakandake to
Lake Akan hot spring area (about 7 km long and 2 km wide) (Hokkaido Univ, 2019). However, relationship between
the ground deformation and the volcanic activity of Meakandake was unknown. Neither of the previous resistivity
surveys (NEDO, 1992; Takahashi et al., 2018) did not cover the above-mentioned inflation area.

Therefore, in this study, we newly deployed 26 broadband-MT sites by using the MTU-5/5A system (Phoenix
Geophysics Ltd) at 26 broadband-MT sites around Meakandake. Then, we performed a 3D resistivity inversion by
ModEM (Egbert and Kelbert, 2012; Kelbert et al., 2014) based on the data combined with supplemental AMT/MT
data that was previously obtained in 2010. We started from the initial model with a uniform resistivity at 100 Qm that
was meshed in 48(x), 48(y), 85(z) blocks (horizontal 250 to 128,000 m, vertical 25 to 256,000 m). The atmosphere and
sea water were fixed at 108 Qm and 0.3 Qm, respectively.

The modeling by the 3D inversion has revealed the low resistivity C1 (about 1-10 Qm) extends from 0.5 km BSL to
deeper part of Meakandake, and the low resistivity C2 (about 1-10 Qm) around Mt. Fuppushidake. On the other hand,
no remarkable low resistivity anomalies appeared in the area where the pressure source was assumed at the northeastern
foot of Meakandake. We performed some sensitivity checks, in which the deeper extension of the low resistivity bodies
(C1 and C2) was varied. As the result, C1 was found to be meaningful down to about 30-70 km BSL and C2 was to
about 15 km BSL. In addition, the westward dipping of C1 was necessary to reproduce the anomalous phase at some
sites in the west of Makandake. Furthermore, a low resistivity slab of 1 to 10 Qm that imitated a sill-like intrusion of
magma or hydrothermal water was placed at the presumed inflation source area with a fixed upper depth of the slab at
1.5 km BSL and a varying thickness in order to examine its effect on the MT response. Then, we confirmed that effect
of the low resistivity slab was insignificant when it had a bulk resistivity above 10 Qm, or when it was thinner than 200
m. In other words, our MT data did not exclude the possibility that there was an intrusion event at the location of the
pressure source in 2016-2017.

The low resistivity body C1 was considered to be a part of the volcanic vent, since it was distributed along the lower
limit of the micro-seismic hypocenters at the shallow part of Meakandake. If this is the case, the uppermost part of C1
was probably connected to the active vents of Meakandake through subvertical conduits. Meanwhile, the sill-like
inflation in 2016-2017 was suspected to be a lateral intrusion that branched from a certain depth of C1. Compared with
the epicenter map, regional earthquakes seemed to occur in the relatively low resistivity zones.

As the next step, we plan to perform additional MT measurements to investigate the details of anomaly C1.
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UNDERSTANDING UNZEN VOLCANO MAGMATIC SYSTEM USING BROADBAND
MAGNETOTELLURIC OBSERVATION

#Agnis Triahadini, Koki Aizawa?, Keita Chiba®, Yuto Yamamoto, Kanta Miyano, Kazunari Uchida®, Tasuku
Hashimoto
Grad.Sch.Sci.,Kyushu Univ,”’ SEVO, Kyushu Univ.

Unzen Volcano is an active lava domes complex located in Shimabara Peninsula, Nagasaki, Japan. Since the great
eruption in 1990-1995, this volcano has been receiving intensive observations. From previous studies, magma plumbing
system models have been suggested. The models favor main magma chamber located about 15 km under Chijiwa bay
in west offshore Shimabara Peninsula. Subordinate magma chambers located shallower and closer to the summit,
Fugendake. Geodetic measurement by Kohno et al (2008) proposed four deformation sources (from beneath Unzen's
summit to its west, namely A,B,C,D) from the latest eruption. The four sources are situated below the intensive
hypocenters zone occured before eruption reported by Umakoshi et al (2001). The most intensive sources are D-source
which explains inflation occured after the eruption stopped. Meanwhile the C-source experienced intensive deflation
during eruption. Magnetotelluric (MT) method is highly sensitive to conductive zone caused by fluid rich zone or melt
rich magma. Hence, we present our result from 23 broadband MT stations in southern half of Shimabara Peninsula
which were installed on December 2019. Our purposes of the study are to determine magmatic system of Unzen based
on resistivity structure, comparing to seismic velocity data (Saiga, personal comm), seismicity (Umakoshi et al 2001)
and geodetic data (Kohno et al 2008) and to explain its structural control. Our preliminary resistivity structure outlines
shallow low resistivity layer until about 2 km bsl, particularly in the southern part of Shimabara Peninsula. This low
resistivity zone roughly coincides with position of several faults in southern Shimabara that was reported by Sugimoto
et al (2005). We highlight broad high resistivity zone underlies Shimabara Peninsula at around 5 km bsl to greater
depth. It may represent plutonic rock. On the southwestern Chijiwa Bay, low resistivity zone is imaged and this zone
possibly extends to around D-source. Expanding observation sites are planned to be conducted this year to fully answer
our study objectives.
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3-D resistivity modeling around the Hyuganada area

#Hayato Nakamura", Hiroshi Ichihara®, Tadanori Goto”, Tetsuo Matsuno®, Noriko Tada®, Shinya Sato®
YGraduate School of Environmental Studies, Nagoya University,” Earthquake and Volcano Research Center
Graduate, Nagoya University,”’ Graduate School of Life Science, University of Hyogo,”Kobe Ocean Bottom
Exploration Center, Kobe University,”Research Institute for Marine Geodynamics, Japan Agency for Marine-Earth
Science and Technology,”Kyoto University, Graduate School of Engineering

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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Simulation of tsunami-generated electromagnetic fields for the 2009 Samoa and 2010 Chile

earthquakes
#Zhiheng Lin", Hiroaki Toh?, Takuto Minami®
DKyoto Univ.,”? DACGSM, Kyoto Univ.,” Kobe Univ.

The motion of seawater by oceanic waves, such as tsunamis, in the geomagnetic field can generate induced
electromagnetic (EM) fields. The tsunami-generated EM field can be observed by the ocean bottom electro-
magnetometer (OBEM) (e.g., Toh et al., 2011). Numerical simulation of the tsunami-generated EM field can help us
to estimate the arrival time, amplitude (e.g., Minami et al., 2015) and propagation direction (e.g., Lin et al., 2019) of
tsunamis. Previous studies on the tsunami-generated EM field simulation have not been done for great epicentral
distances due mainly to weak signals contained in observed EM data. Fortunately, in the geophysical observations on
the French Polynesian seafloor in the Pacific Ocean (TIARES Project: Suetsugu et al., 2012), they observed significant
EM fields by tsunamis of the 2009 Samoa (Mw 8.1) and the 2010 Chile (Mw 8.8) earthquakes. We, therefore, will
compare the observed data and the simulation of tsunami-generated EM fields by these two tsunamis.

The array of OBEMs by TIARES Project was settled at 4000m-5000m depth of seafloor from February 2009 to
December 2010. During the observation period, the OBEMs recorded the 2009 Samoa and 2010 Chile tsunamis by
three-component magnetometers with 1min sampling. The tsunamis passed over the TIARES area after 5 hours and
10 hours from each onset of the tsunamigenic earthquakes. As shown by the Kp index (<1+: Bartels, 1957), external
fields were quiet on both Sep 29, 2009 and Feb 27, 2010. As a result, the tsunami-generated vertical magnetic
component has high signal-to-noise ratios and show similar waveforms with seafloor pressure signals. A wavelet analysis
of the observed tsunami-generated magnetic fields revealed that the main period range was 5 to 16min in Samoa event
and 6 to 30min in Chile event, while both amplitudes were approximately 0.5nT.

Tsunami-generated EM fields were computed by the three-dimensional time-domain finite element tsunami
simulation code (Minami et al., 2017). This code has been applied to calculation of the 2011 Tohoku tsunami-generated
EM field. We used JAGURS (Baba et al. 2015), a kinetic tsunami simulation code based on the Boussinesq dispersion
wave, to obtain tsunami horizontal velocity field for long distance propagation. We confirmed the suitability of JAGURS
simulation by comparing the sea-level change observed by two DART (Bernard et al., 2010) stations (DART 32412
and DART 51406) in the eastern Pacific. Then, we calculated the tsunami-generated EM field at the array of OBEMs
with realistic bathymetry and a high-resolution mesh. In the presentation, we will further discuss possible causes for
the difference between the simulation and observation.
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Performance evaluation of potential distribution measurement on rock surface as a

prerequisite for electrical tomography

#Takeshi Suzuki, Ryokei Yoshimura®, Ken'ichi Yamazaki?, Naoto Oshiman?®

UDivision of Earth and Planetary Sciences, Graduate School of Science, Kyoto University,? Disaster Prevention
Research Institute, Kyoto University

An important geophysical issue is determining the resistivity of rocks under various conditions. Previous studies have
measured the resistivities of various rock samples in a variety of conditions. However, most previous studies focused
only on the bulk resistivity of rock samples. To characterize the internal resistivity structure of rock needs electrical
data from many small electrodes attached around its surface, which is difficult. Therefore, we developed a new method
for stable, multi-point, electrical measurement on rock samples that is effective at high contact and sample resistance.
By using the new method, we performed the electrical measurement of intact granite samples using a simple electrode
array constituted the first step toward electrical tomography measurements. A 40-electrode array acquired the potential
distribution on the granite's surface in response to injected current. Spatial distribution of the obtained potential fairly
agreed with those estimated for a cylindrical sample with a uniform resistivity, indicating the preciseness of the obtained
potential distribution.

The measurement with the electrode array was also applied to dry granite with vertical dike cuts of a few mm thickness.
Changes in the potential distribution caused by the vertical dike cuts were detected. It indicates that inhomogeneous
structures such as fractures can possibly be visualized by our measuring procedure.
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Detection of Fluid Passes by Audio-frequency Magnetotelluric Survey in the Wayang-Windu

Geothermal Area, Indonesia
#Tada-nori Goto, Yuji Yamada®”, Mohamad Nur Heriawan®, Irwan Iskandar®, Katsuaki Koike?
Univ. Hyogo,?Kyoto Univ.,”Institute of Technology Bandung

In the Wayang Windu geothermal field, Indonesia, the hydrothermally alteration zones are detected based on the
remote sensing, which are located near the of topographical lineaments. The alteration zones are also characterized as
high radon anomalies in soil gas. These findings imply that fracture zones in this field play an important role for path
way of deep high-temperature fluid to the land surface, and also have a potential of deep hydrothermal reservoirs. For
verification of this hypothesis, geophysical surveys at the ground surface of the Wayang Windu field with the non-
destructive way are useful. In this study, we conducted the audio-frequency magnetotellurics (AMT), which is one of
the electromagnetic geophysical surveys in Wayang Windu. Since the resistivity greatly decreases at buried water-
rich/clay-rich geological zones, the AMT survey is known to be a powerful tool for imaging the fracture zones and
related hydrothermal alteration zones beneath the geochemical anomalies. The AMT data were obtained at 38 sites in
northern and middle of the Wayang Windu field. The obtained apparent resistivity includes the static shift and
distortion effects. We applied the spatial averaging of apparent resistivity densely obtained in this study, and estimated
the degree of static shift at each site. As a preliminary result, we constructed quasi three-dimensional (3-D) resistivity
structure in the Wayang-Windu area from the surface to the depth of about 1km. It is based on a one-dimensional (1-
D) structure using a rotational invariant value of impedance (Zssq). Before the application to the field data, we checked
that a stitched 1-D model, used as a quasi 3-D structure, is valid to understand regional subsurface features in a
geothermal field based on numerical simulations, although the detailed resistivity anomalies could not be resolved. In
the preliminary quasi-3D structure, we found that low resistivity features are obvious along fractures and lineaments.
Some of them are located close to the manifestations. Our result possibly can indicate fracture zones with the deep and
high-temperature gas/water upwelling.
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A hydrothermal model of Aso volcano based on multiphase flow simulation and resistivity
structures from ACTIVE and AMT survey data

#Takuto Minami", Marceau Gresse?, Mitsuru Utsugi®, Wataru Kanda®
DKobe Univ.,”ERI, Univ. Tokyo,”Aso Vol. Lab., Kyoto Univ.,YKSVO, Tokyo Inst. Tech.

Resistivity structures inferred by inversions of Magnetotellurics (MT) or other electromagnetic (EM) sounding data
always face difficulty in interpretation. In volcanic regions, imaged low resistivity zones are considered to be
hydrothermally altered rocks that sometimes act as impermeable cap rocks (e.g. Yoshimura et al. 2018, EPS),
hydrothermal fluid-rich zones (e.g. Gresse et al. 2018, SR), sulfur-rich zones (e.g. Kanda et al. 2019, EPS), or zones
for high fraction of partial melts (e.g. Hata et al. 2016, GRL). Hence, constraining the cause of low/high resistivity
values requires additional information. Hydrothermal multiphase flow simulation appears as an effective choice to
interpret shallow resistivity structures in volcanic regions. Multiphase flow model can deal with the phase change in
hydrothermal fluid due to temperature-pressure conditions within volcanic edifice, where the temperature and the
volumetric fraction of hydrothermal fluid in porosities are connected to resistivity values.

We tried to interpret the three-dimensional (3-D) resistivity structure inferred by AMT (Audio-frequency MT) surveys
(Kanda et al. 2019, EPS) and the 3-D resistivity change model (Minami et al. 2018, EPS; 2019, SGEPSS), inferred by
a controlled-source EM volcano monitoring system, ACTIVE (Utada et al. 2007), by multiphase flow simulation using
the TOUGH2 code (Pruess et al., 1999). We constructed a simple hydrothermal model with input of magmatic source
at depth of crater bottom (H2O source with high temperature-pressure) under axisymmetric configuration centering
the first crater of Nakadake with azimuthally averaged topography. For the path of magmatic source, we set a cylindrical
conduit of 65-m radius just below the crater bottom which has a relatively high permeability compared to the
surrounding rocks. We set porosity to 0.2 and the heat capacity to 1000 J/kg/K homogeneously below the surface. After
obtaining a hydrothermal model, we converted information of temperature, fluid phase, and rock properties to
resistivity values via Archie's law, neglecting the surface conductivity. Our simple resistivity model based on the
multiphase flow simulation succeeded in reproducing the macroscopic features of the 3-D resistivity structure of Kanda
et al. (2019, EPS), hereafter referred to as “KA model". We found from the comparison that the high resistivity layer
just below the surface of KA model corresponds to highly air-saturated zone, while the conductive cone below the crater
bottom of the first crater of Nakadake in KA model can be attributed to temperature distribution due to upwelling hot
hydrothermal fluid. Furthermore, our simple resistivity model generated high resistivity zone in the conduit ~100 m
below the crater, possibly corresponding to resistive change 400 m below the crater bottom imaged by the ACTIVE
inversion (Minami et al., 2018). This resistive change is due to pressure reduction and change to gaseous phase of the
input hot hydrothermal fluid. The discrepancy in the elevation of the resistive change may be accounted for by the
presence of impermeable zone beneath the crater bottom (Kanda et al. 2019, EPS), which is not included in our
hydrothermal model currently.

As well as the hydrothermal modelling, we recently started to develop a joint inversion code incorporating ACTIVE and
MT inversions. The part of ACTIVE inversion follows the methodology of Minami et al. (2018), while the MT part
follows that of Usui et al. (2017). We are going to update the resistivity change model obtained by ACTIVE inversions
(Minami et al. 2018, EPS; 2019, SGEPSS) by conducting joint inversions of ACTIVE and AMT to explain time
evolution of ACTIVE responses and AMT survey data consistently. In the presentation, we plan to report our updated
resistivity change model and their interpretation using a hydrothermal models based on the multiphase flow simulation.
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Self-potential variations associated with water injection experiments
#Hideki Murakami
Natural Sciences Cluster, Kochi Univ.

We observed the self-potential around the water injection borehole installed on the Nojima fault during repeated water
injection experiments from 1997 to 2018. The observed self-potential variations included large leakage currents and
some small self-potential variations associated with water injection. Most of the self-potential variations associated with
water injection can be explained as streaming potential due to the water flow from the borehole to rocks. However,
there were self-potential variations that could not be explained by the streaming potential even though the variations
of self-potential started with the start of water injection. In this paper we discuss the possibility that these variations
are caused by redox reactions induced by water injection.
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