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Magnetic field temporal change estimated by repeated aeromagnetic observations

at Kuju volcano using a drone.
#Mitsuru Utsugl), Takeshi Hashimotd,Noriko Tad&), Toyonobu Ot&,Shin Yosikaw® ,Hiroyuki Inoug’
(1Aso Vol. Lab., Kyoto Univ.(21SV, Hokkaido Univ.(*IMG, JAMSTEC (“Tierra Tecnica

In Kuju Volcano, continuous and repeated geomagnetic field observation had been carried out since the phreatic eruption
in 1995, and significant magnetic field temporal changes have been observed around Mt. lou. The apparent source location
of this temporal change was estimated in the western side of Mt. lou, depth of 300-400 m (Hashimoto et al.,2002).

At Kuju Volcano, high-density aeromagnetic observation was carried out in Dec. 2004, and Sep. 2019. In the aeromagnetic
observation in 2004, the magnetic anomaly was observed using the manned helicopter. In this survey, an observation bird,
which carries the magnetometer (Geometrics Inc., G858 optically pumped total field magnetometer) and GPS, was towed
by the helicopter. The survey area is 2km x 2km around the Mt. lou, with the average height of 150 m above the ground.
In the case of the aeromagnetic observation in 2019, we used the drone aeromagnetic survey system with the potassium
magnetometer developed by Tierra Tecnica Ltd., and survey area was EW 1 km x NS 2 km around the Mt. lou with altitude
of 1750 m from the sea level.

Using these aeromagnetic data, we tried to extract the temporal geomagnetic field change associated with the volcanic
activity. To this end, we applied the method based on the generalized mistie control method proposed by Nakatsuka and
Okuma, 2006, and successfully obtained the temporal changes during the period from Dec. 2004 and Sep. 2019. Furthermore,
we estimated the location, depth, volume, and the shape of the magnetic source that caused this temporal change using 3D
magnetic inversion method proposed by Utsugi, 2019.

In our presentation, we will present the detail of our observations, method for extracting the temporal change, and the
results of our analysis.
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Aeromagnetic survey of Nishinoshima volcano by using drone: the current situa-

tion and future outlook

#Noriko Tada),Hiroshi Ichihard) ,Masaru NakanB,Mitsuru Utsug?), Takao Koyam®& , Tatsu Kuwatarl? ,Kiyoshi Babd ,Fukashi
Maend’ ,Akimichi Takag?’,Minoru Taked

(1IMG, JAMSTEC (?Nagoya University?Aso Vol. Lab., Kyoto Univ.{*ERI, The University of Tokyd®Japan Meteorolog;i-

cal Agency

Nishinoshima volcano in the Ogasawara (Bonin) island arc erupted in 1973-1974 for the first time since its discovery in
1702, and has intermittently erupted since November 2013. According to lizuka et al. (1975), Nishinoshima volcano was
formed after the last geomagnetic reversal event ("0.77 Ma) because all rocks obtained from Nishinoshima showed normal
remnant magnetization. Eruption style changed from Strombolian activity to a violent Strombolian eruption in June 2020
(Yanagisawa et al., 2020). Unfortunately, there is no permanent observation network on or around the island, only satellites
can periodically observe volcanic activities such as thermal anomalies of the island (Kaneko et al., 2019). The volcanic
island offers an opportunity to study island-forming eruption processes (Maeno et al., 2016) and formations of continental
crust (Tamura et al., 2019). Thus, we have approached these issues through magnetic anomalies of the island. The magnetic
anomaly images obtained by satellites are very coarse, and we decided to measure total magnetic anomalies above the island
by using the drone with the potassium magnetic sensor developed by Tierra Tecnica Ltd. (Tokyo, Japan).

The aeromagnetic surveys were conducted during the cruise of the Japan Meteorological Agency weather ship Keifu-Maru
in June 2019, and covered an area of about 3 km x 3 km including the emergent part of Nishinoshima volcano. We extracted
the magnetic anomaly induced by the magnetization structure from the observation data and estimated the magnetization
structure from the anomaly by applying the 3D inversion (Utsugi, 2019), which combines L1 and L2 norm regularizations.
We conducted a cross-validation procedure (e.g., Bishop, 2006) to simultaneously determine optimum values of a regular-
ization parameter and a hyperparameter. We found that Nishinoshima volcano had an average magnetization of about 3.0
A/m and that two more strongly magnetized bodies existed as of 2019 beneath the volcanic vent at about 300 m below sea
level and the northeast slope of the volcano at depths between 300 and 800 m below sea level. These features may represent
large bodies of solidified magma of the previous eruptions in 1973-1974. This study demonstrated the utility of this relatively
safe and inexpensive observation method and this data analysis method for investigating the magnetic structure of remote
volcanic islands. Repeated future surveys of this type may enable us to monitor volcanic activities that affect the magnetiza-
tion structure of volcanoes. Therefore, we will conduct aeromagnetic surveys using the same drone system during the cruise
of Shinsei-Maru in January 2022 in order to compare magnetic anomalies and magnetization structures before and after the
eruption style change.
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Electric self-potential change before and during the 2018 phreatic eruption of lwo-
Yama Volcano, Kirishima Volcanic Complex

#Koki Aizawa'),Dan Muramatst, Takeshi Matsushima, Takao Koyam& ,Makoto Uyeshim&

(ISEVO, Kyushu Univ(2ERI, University of Tokyo{*ERI, Univ. Tokyo

A small phreatic eruption occurred on 19 April 2018 at Iwo-Yama (or lo-Yama) Kirishima volcano complex, Japan. At
the location 500m north of the eruption vent, magnetotelluric (MT) monitoring station (Aizawa et al., 2013) have recorded
electric and geomagnetic fields before and during the phreatic eruption. We first report that significant electric self-potential
change occurs simultaneously with precursdrground tilt with tremor’, which started 5 minutes before the onset of the
eruption. After the onset of the eruption, the steam effusion became significant, and the northward electric field dramatically
increased. Approximately 5 minutes after the onset of the phreatic eruption, an explosion occurred with a cock’s tail plume
that emitted rocks and blackish ash. Soon after the explosion, the plume return to be steam dominant, and northward electric
field also return to be normal level. The most plausible explanation of the electric filed change is electrokinetic origin caused
by the groundwater movement. Based on the change in ground tilt and electric field, we propose that the electric field
changes were all generated by the movement of shallow cold groundwater above the clay rich layer (Tsukamoto et al., 2018).
The high temperature fluid intrusion, which causédround tilt with tremor’, promotes the boiling beneath the eruption
vent, and subsequently gather the cold groundwater to compensate the vaporized water. Similar self-potential changes were
also observed at the time without eruptions. Our data and interpretation suggest that shallow groundwater flow controls the
preparation process and the occurrence of phreatic eruptions. Shallow groundwater flow can be monitored by electric self-
potential.
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Changes of distribution of the self-potential at Goshogake geothermal area, Towada-
Hachimantai National Park, northeast of Japan

#Shinya Sakanaks Shura Taomote,Keigo Tsubo® ,Ritsu Sakiyam&,Koshi Wakurd), Tomoya Moriwak?, Yuya Tadd
(International Resource Sciences, Akita Uffittoc Constructiori?Hitachi Construction

We have conducted SP (Self-potential) surveys at five times since November 2019 at Goshogake geothermal area. The
area is in a part of Towada-Hachimantai National Park, northeast of Japan and located on the foot of the Akita-Yakeyama
active volcano. Goshogake geothermal area has active fumaroles, mud pots, hot springs etc. So far, in order to investigate the
subsurface hydrothermal structure, we have carried out geophysical prospecting including GPR (Ground Penetrating Radar),
induction method by the instrument called GEM-2, and ERT (Resistivity method). We have found that GPR scatterings are
outstanding at resistive zones beneath a survey line along the shore of the Ooyunuma hot pond and that characteristic subsur-
face conductivity distribution related to alteration by GEM-2.

The positive anomalies of SP in this area is appeared around Ooyunuma hot pond and along the series of hot springs like
as Oname-Motome and Konya-jigoku. On the other hand the negative anomaly is appreciated at the area surrounding Oodor-
okazan. The positive anomalies of SP are in accordance with the geological alteration zones and the high temperature of 1 m
depth.

The change of distribution of SP is inferred to include the seasonal change. Consequently we try to construct the time-
change model of SP distribution with seasonal change. At first glance it is difficult to grasp the tendency of change of SP
distribution but we can put up a model and can explain the outline of SP changes and predict the SP change in near future.
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Application of procedure for multi-point electrical measurement to dry granite
containing artificially slit

#Takeshi Suzuki ,Ryokei Yoshimur& ,Ken’ichi Yamazaki),Naoto Oshimah

(IDPRI, Kyoto Univ.

The proper interpretation of electrical resistivity estimated through geo-electromagnetic observations requires a good un-
derstanding of the rocks’ electrical properties. Previous studies have measured the resistivities of various rock samples (e.g.,
Brace et al., 1965; Coster 1948; Fuji-ta et al., 2004; Fuji-ta et al., 2007). On the other hand, the appearances of small-scale
structures (e.g., fractures) in electrical resistivity in larger-scale electrical resistivity of the rock sample have not been clar-
ified. It is easy to prepare rocks that contain small-scale structures such as fractures and to image the internal structures of
the rocks using non-destructive methods such as X-ray CT scanning (e.g., Kawakata et al. 1999). If we can determine the
internal structures of a given sample together with the bulk resistivity, we may be able to establish quantitative descriptions
of electrical resistivity at different spatial scales by comparison.

In previous studies, as a basis for the electrical tomography of laboratory-scale rock samplesn(), we developed a
procedure for stable, multi-point, electrical measurement on rock samples (Suzuki et al., 2021). This procedure was applied
to measurements using a 40-electrode array, potential distribution on an intact dry granite (diameter 52 mm, height 100 mm)
surface in response to an injected current was measured. Obtained potential distribution agreed well with that predicted by
forward modelling. It demonstrated the robustness the new procedure in array measurements.

In this study, as the first step towards electrical tomography to the rock samples containing heterogeneous structures, we
performed multi-point electrical measurement of dry granite (diameter 52 mm, height 100 mm) containing artificially slit.
The slit with a thickness+{2 mm) equivalent to that of the fracture generated by the compression test was included in the
granite, and the potential distribution on the sample surface generated by a point current source was measured by 40 electrode
arrays. The potential distribution, including the local potential changes caused by the slit, was measured, which was in good
agreement with that predicted by forward modeling. From this, it was shown that thin planar structure in the rock sample can
be detected by our procedure.
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Introduction of a pilot Network-MT survey in the north island of New Zealand

#Makoto Uyeshim&,T. Grant Caldwel),Maki HATA®),Yuki Oband

(1ERI, the University of Tokyd2GNS Sciencé?ERI, the University of Tokyd*Engineering Science, Osaka Electro-Communication
Univ.

Beneath the east coast of the North Island of New Zealand, westward subduction of the Pacific plate takes place. On the
northern part plate interface, the slow slip earthquakes (or events, SSE) frequently occur. One candidate reason to explain the
SSE (and not high-speed normal earthquake) occurrence is existence of interstitial fluids on the plate interface.

Electrical resistivity is a physical quantity which is sensitive to existence of interstitial water and, especially, to its connec-
tivity. Therefore, if we can confirm temporal resistivity variation, where resistivity value reduces with enhanced connectivity
on SSE occurrence, we will reinforce the hypothesis that the fluids cause the SSE occurrence.

Aiming at confirming such temporal structural variation associating with the SSE activities, we decided to perform the
Network-MT survey in the northeastern coastal area of the North Island. In the target area, subduction angle is low, and
the plate interface is located at depths of from 12 km to 20 km. Especially in the northern part of the east coast, SSE more
frequently occur with recurrent interval of about 2 years. Thus, the target area is one of the best research fields to investigate
temporal variation of the electrical resistivity structure with SSE occurrence in the world.

In the Network-MT surveys, copper telephone line network is used to measure the electrical potential difference between
the electrodes. This enables us to measure the electrical potential differences using dipoles from several kilometers to 10s
of kilometers length. The magnitudes of natural electric disturbances are much increased and integrated electric field data of
high S/N ratio can be obtained. Very high S/N ratio measurements are needed to detect any temporal variation of the electrical
resistivity associating with fluid transport near the plate interface.

In this presentation, we will describe our pilot Network-MT trial that commenced in December, 2019 at Tolaga Bay, about
40 km northeast of Gisborne. The survey was planned to evaluate feasibility of the Network-MT survey in the New Zealand.
We will show observation configuration and discuss on quality and stability of the Network-MT response functions in the
frequency domain between the electrical potential difference and the magnetic field.
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Attitudes of induction vector in NE Japan, and a character of quadrature phase
induction vector

#Masahiro Ichikl), Toshiki Kaidd), Yasuo Ogaw®&

(IGrad. School of Sci, Tohoku Uni{?VFRC, Titech

We had observed the electromagnetic field variation at about a hundred observation sites with an interval of 20 km in NE
Japan for about 2 months, and obtained the in-phase and quadrature-phase induction vectors. The induction vector here is
a Parkinson vector. We have reconfirmed the in-phase Parkinson vector nature of the strait effect by the Tsugaru Straits
(Nishida, 1982 JGG) and the ocean effect caused by the Japan Trench. On the other hand, the quadrature-phase Parkinson
vectors point outwards from the Kitakami belt at a period of 1280 seconds, and those of northern Akita prefecture, northern
Iwate prefecture, and Aomori prefecture point northwards at a period of 7680 seconds. Bailey & Edwards (1976 Geophys. J.
Roy astr. Soc.) studied induction vector in Great Britain and suggest that the in-phase induction vector reflects the coast effect,
while the quadrature-phase induction vector reflects the geological structure inside the Earth. Supposed that the quadrature-
phase induction vector reflects the structure inside the earth, the quadrature-phase induction vector at a period of 7680 seconds
in the Tohoku region indicates the existence of high conductors beneath northern region of the Tsugaru Straits. The final goal
of this study is to elucidate the behavior of the quadrature-phase induction vector of the Tohoku region, and this presentation
reports the result of numerical simulation of the behavior of the quadrature-phase induction vector.

We consider a two-dimensional model including land-sea distribution and the uppermost mantle conductor beneath the
land. The quadrature-phase induction vectors point in the direction of the ocean and the mantle high conductor depending on
skin depth. The in-phase induction vector points to the ocean regardless of skin depth or period.

We considered another model imitating a rectangular island with the uppermost mantle conductor beneath it. The quadrature-
phase induction vector points to the mantle conductor for long periods, while the quadrature-phase vector shows a pattern of
avoiding the coastline in a medium period range. In the short periods, it was shown to point towards the ocean. The in-phase
induction vector points to the ocean at all periods.

Considering from above model simulations, the quadrature-phase induction vector is less affected by the ocean than the
in-phase induction vector, and is sensitive to the high conductor inside the earth. The next future problem is to consider the
effects of seafloor topography to the quadrature-phase induction vector in NE Japan.

Acknowledgement: This study is financially supported by KAKENHI Nos. 20K04121 and 26109006.
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Three-dimensional electrical resistivity structure beneath the back-arc side of the

southern Tohoku region

#Yoshiya Usul),Makoto Uyeshim& ,Hideaki Has@ ,Hiroshi Ichihard) ,Koki Aizawa® , Takao Koyam® ,Shin’ya Sakanaka,
Tsutomu Ogawd, Yusuke Yamay®,Nishitani TadasHP’, Yasuo Ogaws) ,Ryokei Yoshimur&? ,Shinichi Takakur&) ,Masaaki
Mishina® ,Morita Yuichi'®)

(1Earthquake Research Institute, the University of ToldEarthquake Research Institute, the University of Toky@eothermal
Energy Research & Development Co., LitiGraduate School of Environmental Studies, Nagoya Univerditgtitute of
Seismology and Volcanology, Faculty of Science, Kyushu Univet$ifgrthquake Research Institute, the University of
Tokyo,"Faculty of Engineering and Resource Science, Akita Univeféiigrthquake Research Institute, the University
of Tokyo,?Renewable Energy Research Center, Fukushima Renewable Energy Institutd!4a&Tlty of Engineering
and Resource Science, Akita Universitjolcanic Fluid Research Center, Tokyo Institute of TechnoldéRisaster Pre-
vention Research Institute, Kyoto UniversityGeological Survey of Japan, AIST:Graduate School of Science, Tohoku
University(!>Center for Integrated Volcano Research, NIED

M7-class historical earthquakes have occurred beneath the back-arc side of the southern Tohoku region (e.g., the 1804
Kisakata earthquake, the 1894 Shonai earthquake). Since aqueous fluids can significantly influence subsurface rocks’ me-
chanical properties, including the shear fracture strength of seismogenic faults, imaging subsurface fluid distribution is es-
sential to understand the earthquake generation process. In addition, there are some volcanoes (e.g., Chokaisan, Gassan, an
Zaosan) in the back-arc and backbone range area of the southern Tohoku region. It is considered that the volcanic activities
of the area are also related to the subsurface fluids. An effective approach for imaging the subsurface fluid distribution is
conducting an electromagnetic induction survey that delineates the electrical resistivity structure, which is sensitive to the
interconnected fluid in subsurface rocks. Thus, to investigate the relationship between the subsurface fluid and the seismic
and volcanic activities beneath the back-arc area of the southern Tohoku region, we carried out magnetotelluric surveys
around the area and estimated a subsurface electrical resistivity structure. To reveal resistivity structure, we first estimated the
impedance tensor, the vertical magnetic transfer function, and the inter-station horizontal magnetic transfer function using
the BIRRP code (Chave and Thomson, 2004). The estimated response functions show characteristic features that seem to
be related to the volcanos and faults around the study area, although the response functions appear to be strongly affected
by the difference of the near-surface resistivity between relatively resistive mountainous areas and the conductive plains and
basins. We then performed inversion to image the three-dimensional electrical resistivity structure of the survey area from
the estimated response functions. In the inversion, we used the three-dimensional magnetotelluric inversion code FEMTIC
(Usui 2015; Usui et al. 2017) and incorporated both terrain undulation and land-sea distribution into a computational mesh.
This presentation shows a preliminary result of the three-dimensional inversion analysis.
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Electrical resistivity structure beneath the southern part of Tohoku, NE Japan,

revealed by magnetotelluric (MT) survey

#Dieno Dibd),Makoto Uyeshim& ,Masabhiro Ichik?),Shinya SakanakiMakoto Tamur&, Yoshiya Usut)

(1ERI, U Tokyo(2ERI, U Tokyo®*Grad. School of Sci, Tohoku Uni{#|nternational Resource Sciences, Akita UfiNdokkaido
Research Organization, Research Institute of Energy, Environment and Geology

Following the 2011 great Tohoku earthquake, intense shallow earthquakes were observed at the lwaki area, which is the
fore-arc side of southern Tohoku, Japan. At the same time, high strain rate accumulation at the back-arc side which corre-
sponds to the Niigata-Kobe Tectonic Zone (NKTZ) was observed before the Tohoku earthquake and continues to this day.
In addition, prominent geothermal activities are distributed along the backbone range in the central part of the area. We are
encouraged to study the mechanism of those crustal activities from the electrical resistivity structure. By combining the result
with the seismic and geodetic data, the physical processes of those activities can be comprehensively understood.

We performed a four years wide-band MT campaign (2015-2018) that consists of 3 survey lines along an approximately
NW-SE direction running across the southern Tohoku. For the first attempt, we revealed a 2D resistivity structure along the
2015 survey line. MT impedances were obtained using the BIRRP robust MT data processing code by Chave and Thom-
son (2004). In addition to that, we also estimated the Tippers and inter-station horizontal magnetic field transfer functions
(HMTF), in which the spatial variation of the horizontal magnetic field among the stations is examined. To obtain the re-
sistivity structure, we developed a two-dimensional inversion code that reproduces the apparent resistivity, phase, Tipper,
and HMTF data. Some prominent features of the resistivity structure will be discussed in the presentation, as well as the
comparison of our result to the previous studies and hypocenters around the study area.
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Distribution of subsurface resistivity before and after the Aso 2014 magmatic
eruption

#Sakura Ishibashi,Mitsuru Utsug?), Takuto Minam#),Hiroyuki Inoue”)

(IKyoto Univ.,(2Aso Vol. Lab., Kyoto Univ.{*Kobe Univ.

Knowledge of the subsurface hydrothermal system of volcanoes leads to understanding the mechanisms of phenomena
such as phreatomagmatic explosions. The purpose of this study is to estimate the changes in the state of the subsurface
hydrothermal system of the first crater of Nakadake, Aso volcano, from the changes in the subsurface resistivity distribution.
Kyoto University has conducted ACTIVE observation, a kind of electromagnetic survey method, around the Nakadake first
crater. In this study, we estimate the resistivity changes beneath the Nakadake first crater from the data obtained from Febru-
ary 2013 to August 2015 including the period of the 2014 Aso magmatic eruption.

In this study, we obtained the subsurface resistivity by inversion based on the method of Minami et al. (2018) using the
ACTIVE data. Around the Nakadake craters, ACTIVE observations were carried out 7 times from February 2013 to August
2015, including the period of the 2014 eruption spanning from November 2014 to May 2015. Using these data, we calculated
the subsurface resistivity structure at each observation time and estimated the resistivity change by taking their differences.
We also reanalyzed the data used by Minami et al. (2018).

In the inversion by Minami et al. (2018), a tetrahedral mesh reflecting the local topography is first created. We then divide
the subsurface calculation domain into large blocks with the dimensions of about 300m x 300m x 100m and assign one model
parameter, i.e. resistivity value, to each block respectively. The subsurface domain far from the crater zone is considered as
a single block. This grouping reduces the number of unknown model parameters. The inversion calculation is done with the
aim of minimizing the sum of the data misfit term, and the roughness term which determines the smoothness of the model. In
the inversion, it is necessary to give an initial model, which is also used as the reference model. In our study, the calculation
was carried out by 1) changing the initial model and 2) choosing whether to include the outermost block as an unknown model
parameter in the inversion. First, we used the AMT resistivity model obtained from Kanda et al. (2018, JpGU) as the initial
model. The resistivity model for each observation period was calculated by inversion of the data obtained from the repeated
observations. It was found that the inversion result for January 2014 resulted in the lowest residual regardless of whether the
outer block was included as a model parameter. This model was used as a reference model of our second inversion, and the
results of four different inversion results were finally obtained, namely two initial models with or without the outermost block
model parameter.

The differences in the calculation methods described in the previous section did not change the structure of the resultant
resistivity significantly, although there were some trivial differences. We then chose the model obtained with the second
initial model with inclusion of the outermost block model parameter as our optimal model, and focused on the subsurface
structure zone between 500m and 850m above sea level just below the Nakadake first crater. 1) From February 2013 to
January 2014, the resistivity decreased from shallow to deep zones just below the crater. 2) From January to August 2014,
this low resistivity zone enlarged. 3) From August to November 2014, the resistivity increased in a region below the crater.
4) On the other hand, from November 2014 to August 2015, the resistivity continued to be higher in a wider region, but the
amount of change was smaller than in the previous period, and on the west side of the first crater, a conspicuous zone with
lower resistivity appeared. A possible interpretation of the resistivity changes described above is as follows; 1) Even during
the quiet period with the crater lake, the gases and volcanic fluids rise through the crack and its components dissolve into the
water in the aquifer. Thus, the resistivity became low below the first crater.

2) As the volcanic activity increases, the supply of gases and volcanic fluids increases, and 3) the magma rises just before
the eruption, and as the result, the temperature and the vapor pressure of the groundwater increase. Then, bubbles of gas in-
termingled with groundwater. 4) After the magmatic eruption ended, temperature and the vapor pressure of the groundwater
made gradient and the bubbles disappeared from outside, so groundwater became just low resistivity fluids.

In our presentation, we will present the details of our analysis, including the resistivity model obtained for each period,
results of the sensitivity calculations, and in addition, we will talk about new observation.
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The magma plumbing system and shallow hydrothermal system of Meakandake

volcano inferred from broadband magnetotelluric survey

#Tomohiro Inou&, Takeshi Hashimotd,Ryo Tanak® ,Yusuke Yamay®,Hiroshi Ichihard

(1Graduate School of Science,Hokkaido Univer§ityational Institute of Advanced Industrial Science and Technology,
(3Graduate School of environmental Studies, Nagoya University

This study reports an updated 3D resistivity model for Mt. Meakandake, one of the active volcanoes in eastern Hokkaido.
On the northeastern foot of Mt. Meakandake, a remarkable ground inflation was observed during the period from 2016 to
2017 (Geospatial Information Authority of Japan, 2018). We modeled the 3D resistivity structure targeting at the inflation
source, based on the BBMT data in 2018 and 2019 (Inoue et al., 2020; SGEPSS) and the AMT/BBMT data in 2010 recorded
on the south shore of Lake Akan (Mogi et al., 2011). Our previous resistivity model has imaged a distinct conductive column
C1 (about 1-1@) m) extending from 0.5 km BSL below the summit to a deeper part of Mt. Meakandake. We considered that
C1 was likely to reflect a part of the magma plumbing system and volcanic conduit system of Mt. Meakandake. However,
the geometry and spatial extent of C1 have not been well constrained by the lack of MT observation sites.

We measured the time series of five components (2E+3H) for about seven days using the ADUO7e system (Metronix Ltd.)
for the four sites in the western foot of Mt. Meakandake. On the summit area, we acquired only 2E using the Elog-dual
recorder (NT System Design Ltd.). In calculating the response functions, we used the BIRRP (Chave and Thomson, 2004).
Then, we performed a 3D resistivity inversion by ModEM (Egbert and Kelbert, 2012; Kelbert et al., 2014) based on the MT
data (48 sites).

As the result of this inversion, the RMS misfit converged to about 3.2 with an error floor of 5 %, and a low resistivity body
C1 (about 1Q m) extending from 0.5 km BSL just below Mt. Meakandake. This feature was similar to the previous model.
The low resistivity layer Ca of about@ m was analyzed in the crater area, similar to the AMT 2D analysis by Takahashi et
al. (2018). This low resistivity layer Ca deviated from C1 and appeared at about 0.5 km ASL.

We estimated the melt fraction using the modified Archie’s law (Glover et al., 2000), assuming a magma reservoir. We
estimated the resistivity of dacitic or rhyolitic melt from volcanic ejecta and calculated the bulk resistivity for different
porosity. As the result, it was found that if the liquid phase was a rhyolitic melt, the bulk resistivity (1+h) of C1 can be
explained by the two-phase system of melt and rock.

The comparison of the shallow resistivity structure of the crater area and the distribution of volcanic earthquakes showed
that the hypocenters near the Nakamachinesiri crater concentrated in the lower part of the shallow low resistivity layer
Ca. This feature suggests that the low resistivity layer beneath the Nakamachinesiri crater reflects the layer altered by
hydrothermal activity, and that volcanic earthquakes were occurring beneath the layer.

As a next plan, we plan to discuss the magma plumbing system and the shallow hydrothermal system of Mt. Meakandake
using petrological information and drilling data.

Acknowledgments: This study was supported by the Ministry of Education, Culture, Sports, Science and Technology
(MEXT) of Japan, under it's the Second Earthquake and Volcano Hazards Observation and Research Program (Earthquake
and Volcano Hazard Reduction Research).
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Three-dimensional resistivity modeling in the eastern lburi district, Hokkaido
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A magnetotelluric (MT) survey was carried out in October to November in 2018 at 14 sites around the epicenter of the 2018
Hokkaido Eastern Iburi earthquake (September 6, 2018: Mw 6.6). We inverted full components of the MT impedance and
tipper to estimate a three-dimensional (3-D) electrical resistivity model of this area by using the BIRRP (Chave and Thom-
son, 2004) and ModEM programs (Egbert & Kelbert, 2012). The main shock was located at a depth of nearly 40 km, and its
aftershocks were concentrated in a depth range from 20 to 40 km. It is important to investigate the subsurface structure of the
seismogenic zone of such an unusually deep intraplate earthquake. Previous studies have suggested that the low resistivity
regions in the mid-crust under active faults are saturated with aqueous fluid, and that pore water pressure increases as the
fluid migrates to the surroundings, driving earthquakes (e.g., Ogawa et al., 2001). A distinct mid-crustal conductor was also
found by Yamaya et al. (2017) beneath the Ishikari-teichi-toen fault zone (ITFZ), the western neighbor of the target area of
our study. They presumed that the pore space created by ductile deformation of the lower part of the thick sediment layer was
saturated with fluid. In our 3-D model a low-resistivity layer of aboutt1@n was found at a depth from the surface down to
c.a. 10 km. Similar conductive thick sediments were reported in the previous studies that dealt with the MT data across the
Hidaka collision zone (Ichihara et al., 2019), and that investigated the ITFZ (Yamaya et al., 2017). On the other hand, in a
depth range from 20 to 35 km, our 3-D model at present shows no distinct isolated conductor that is suggestive of saturated
region. Instead, a slightly resistive zone of several hundieth was imaged in the north of the hypocenter region. In the
next step, we will incorporate the long period data obtained in 2021 into our inversion model to improve the sensitivity in the
deeper part.

Acknowledgments: M. Takada (HU), K. Saito (JMA), and M. Masuda (ERI, UT) contributed to the fieldwork and data
acquisition in 2018. This study was supported by ERI JURP 2018-F2-04 for the MT instruments, and financially supported
by MEXT KAKENHI Grant-in-Aid for Special Purposes #18K19952.
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Interpretation of conductivity structure of the Atera fault, central Japan, with the

results of seismic survey and borehole data

#Kei Ito") ,Miki Suyam&-®),Satoru Yamaguchi, Tadanori Got®,Shigehiro Kato® ,Hideki Murakam?
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ence, University of Hyog&*Museum of Human and Nature Activities, HyoffdJatural Sciences Cluster, Kochi University.,
(6QYO Corporatiorf Present address)

Surface and near surface structure of many active faults have been generally studied by geomorphological and geological
surveys. Geophysical methods (seismic, electro-magnetic and gravity methods etc.) are useful to reveal subsurface structure
of active faults.

The Atera fault zone in central Japan is one of the largest active faults in Japan and comprises the Sami, Shirakawa and
Atera faults. The Atera fault is about 70km long, left-lateral and highly active (2-4m/1000yrs.) fault segment. Furthermore,
some geophysical and boring surveys have been made around the fault. Therefore, it is possible to obtain reliable structure
by combining multiple geophysical results. We further made an Audio-frequency Magnetotelluric(AMT) survey to add new
constraint on the subsurface structure of this fault.

In this presentation, we show a newly determined resistivity model (ATR2021 model) and interpret subsurface structure
around the Atera fault considering this model, borehole data and results of seismic survey.

An AMT survey was newly conducted at 8 stations in November 2020 in addition to 18 stations obtained at the 2019
survey. Magnetic reference station was operated at the point about 9km apart from the center of the survey line. MTU-5A
systems (Phoenix Geophysics Ltd., Canada) were used at all stations.

MT impedances were determined according to the remote-reference processing procedure (Gamble et al., 1978), then they
were subjected to dimensionality analysis using the phase tensor method (Caldwell et al., 2004; Bibby et al., 2005). The
result shows that resistivity structure is two-dimensional, and its strike is’"N8530° E. The ATR2021 model along the
model line (N6C E-S60° W) was determined using the two-dimensional magnetotelluric inversion code (Ogawa and Uchida,
1996).

The ATR2021 model has different features between northeastern and southwestern sides of the surface trace of the Atera
fault. In the northeastern side, conductive region is widely recognized to a depth of 1,200m or more, in contrast, the south-
western side shows two-layer structure with a boundary depth of about 200m: shallower layer is conductive and deeper layer
is resistive. These features are well consistent with the electrical and porosity logging data at two boreholes (Matsuda et al.,
2008). Furthermore, these features are consistent with the results of the seismic survey. The upper boundary of the resistive
layer in the southwestern side is well coincide with the remarkable seismic reflector. We interpret the boundary suggests
the top of granitic basement. A flower structure exists near the surface trace of the Atera fault in the seismic section and a
near-vertical resistivity boundary is clearly recognized below it. We interpret this resistivity boundary is the subsurface fault
plane of the Atera fault.
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Electrical conductivity structure of the Kusadani fault, the Yamasaki fault zone
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Introduction

The Yamasaki fault zone of southwest Japan is a typical left-lateral fault system southwest Japan that extends for 80 km
with a general strike of N60 W-S60° E, and divide into the Nagisen fault zone, Main part of the Yamasaki fault zone and
Kusadai fault. The Kusadani fault is located at the southeast end of the Yamasaki fault zone and is conjugate to the main
part of the Yamasaki fault zone (The Headquarters for Earthquake Research Promotion, 2013; Hyogo Pref., 1999). The
subsurface structure of this fault has been determined to a depth of only "4 m by trenching survey (Hyogo Pref., 1999). To
clarify the relationship between the Kusadani fault and the main part of the Yamasaki fault zone in the future, we believe that
information on the deep structure of the Kusadani fault is important. For this reason, aiming to reveal deep structure of the
Kasadani fault, we conducted an Audio-frequency Magnetotelluric (AMT) survey across the Kusadani fault and to determine
the two-dimensional (2-D) resistivity model to a depth of "1 km.

Observation

An AMT survey was undertaken at 11 stations in October 2020 along a transect ("2 km) across the Kusadani fault. A ref-
erence station was set at "34 km NNW from the center of the transect. The MTU-5A (Phoenix Geophysics, Canada) systems
were used at all stations.

Data analysis and Model analysis

MT response functions of each station was determined based on the Remote Reference method (Gamble et al., 1979) using
SSMT2000 (Phoenix Geophysics, Canada). Next, we estimated the dimensionality of the resistivity structure beneath the
study area and to determine the regional strike if the dimensionality were two-dimensional using the phase tensor analysis
(Caldwell et al., 2004).

As aresult, the resistivity structure is two-dimensional and its strike is’¥3830° W. Next, a two-dimensional resistivity
structure model (KSD model) to a depth of 1.2km was determined using the code by Ogawa and Uchida (1996).

Result and Implication

The KSD model is characterized by three conductive regions, that is the deep conductor (C1), the shallow conductor (C2)
and very shallow conductor (C3). The region C1 locates between 0.3 - 1.2 km in depth.

The region C2 is horizontal zone between 0.1 - 0.3 km in depth. The region C3 locates at 0.1 km in depth and spreads
horizontally.

We interpret these regions as follows.

C1: Conductivity of the region is enhanced by groundwater in the damage zone formed by the fault activity of the Kusadani
fault.

C2: Highly conductivity zone indicates the aquifer zone in basement rock.

C3: Highly conductivity zone indicates the aquifer zone in the overlying layer.

Region C1 can be interpreted as a fault zone conductor related to fault activity of the Kusadani fault. There are two possi-
bilities for the location of the subsurface fault plane. One is a vertical plane beneath the surface fault trace of the Kusadani
fault, and another is a plane along the upper boundary of the region C1.
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Electrical conductivity structure of the Gomura fault zone, southwest Japan

and time-variation of the fault zone conductor
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The Gomura fault zone in the Tango Peninsula, southwest Japan comprises the Chuzenji (C2J), Gomura (GMR) and Go-
seiho (GS) faults. These active faults align some km apart and nearly parallel to each other in the granitic rock region under
the same stress field. The 2.8-km GS is shortest with an extremely unclear geomorphological feature. During the 1927 Kita-
tango earthquake, the GMR underwent a significant surface rupture but did not the CZJ, although both are clear left-lateral
strike-slip faults. From the geologic, tectonic, and paleo-seismic background, we can consider this fault zone as a suitable
target for comparing topographic features and subsurface conductivity structure.

We conducted audio-frequency magneto-telluric surveys at 27 stations along the line crossing all of these faults and deter-
mined the two-dimensional resistivity model (GMR2019 model) to a depth of "1.5km.

The GMR2019 model can be divided into three Areas (Area 1 - Area 3). Area 1 occupies the northeastern side and shows
a typical resistivity structure of the Miyazu granite body which is almost unaffected by active faulting. In the Area 2 at
the center, the CZJ and GMR faults locate at the northeastern and southwestern ends, respectively. A nearly vertical highly
conductive zone was detected just beneath the surface trace of the GMR up to "1 km deep. In contrast, no remarkable con-
ductive region was found below that of the CZJ. The GS locates in the Area 3 at the southwestern side and was interpreted
as a secondary fault because of the small and shallow conductive zone and very unclear fault topography with almost no
accumulative displacements.
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