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Analytic 2-D electrostatic fields by underground electric current sources considering
seas and mountains

# Tsutomu OGAWA[1]
[1] ERI, Univ. Tokyo

A certain sort of analysis of GPS-TEC suggests appearance of ionospheric disturbances prior to huge earthquakes. Especia
when considering the ionospheric perturbation prior to huge earthquakes in the subduction zone of oceanic plates, the moul
tains along island arcs are expected to efficiently propagate the electric field from the electric current source generated in th
subduction zone to the ionosphere through the atmosphere. These expectations, however, lack considering the attenuation of
electric field along the seas which are more conducting by orders of magnitude than the solid earth. The present study shows tl
procedure to analytically evaluate the electric field which appears in both the ground and the air considering the existence of bot
the seas and mountains due to a certain electric current source in the ground, no matter what the generating mechanism is, ba
on assuming the simplest structure of the electrical conductivity.

The structure is assumed to be 2D of which the strike is along trench axis. The ground and the air which are assumed t
be isotropic and homogeneous are regarded to be a conductor and a dielectric, respectively. The existence of the ionosphe
is ignored in the present evaluation for simplicity. The seas which are parts of the boundary between the ground and the a
are approximated as perfect conductors with infinitesimally small thicknesses. The shape of the mountains surrounded by tr
seas are expressed so that its boundary to the air on the section perpendicular to the strike coincides with two legs of an isosce
triangle of which the height of the base coincides to the sea level. The resultant boundary conditions for the electrostatic potenti
are: zero along the seas for both the ground and the air, and zero gradient in the ground perpendicular to the boundary betwe
the air and the solid earth due to the disappearance of the electric current density perpendicular to the boundary.

When solving 2D electrostatic potential, expressing the section perpendicular to the strike with a complex plane, and expanc
ing the electrostatic potential to a complex potential, its imaginary part can express the electric field lines. By obtaining the
electrostatic potential caused by the electric current source and satisfying the boundary condition, the stream function expressit
the electric field lines can be obtained with the electrostatic potential and the Cauchy-Riemann equation.

At the limit of the flat mountains with seas, the electrostatic potential can be obtained with the Airfoil equation (Tricomi,
1985) which is an inhomogeneous Fredholm integral equation of the first kind with the Cauchy kernel, satisfied by the tangentia
electric field at the boundary between the solid earth and the air. The mathematical expression of the complex potential in bot
the ground and the air can be obtained with the electrostatic potential on the boundary using Chebyshev polynomial expansic
of the first and second kinds (Tricomi, 1985).

At the limit that the height of the mountains is hon-zero and that the seas are neglected, the complex potential can be obtaine
with a conformal mapping of the potential from another complex plane on which the height is zero and the boundary is flat. The
transformation formula is given as a Schwarz-Christoffel transformation which transforms both a part of the flat boundary to
the legs of the isosceles triangle, and the rest of the flat boundary to flat boundaries, expressed with the Gauss hypergeomet
function.

By the combination of the derivations of the complex potentials, the potential can be obtained considering both the seas an
the mountains. The characteristics of the electrostatic potential and the electric field lines are shown in detail for two cases the
the electric current source is located along inland faults and subduction zones.
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Heterogeneous electrical resistivity image around the long-term Slow Slip Events
beneath the Bungo Channel region, southwest Japan
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Komatsu[1]; Itaru Yoneda[1]; Yuhei Ouchi[3]; Tomohisa Okazaki[4]; Atsushi Suzuki[5]; Zenshiro Saito[6]; Yoshiya Usui[7];
Koki Aizawa[8]; Mitsuru Utsugi[9]; Masahiro Teraishi[1]
[1] DPRI, Kyoto Univ.; [2] VFRC, Titech; [3] Earth and Planetary, Kyoto Univ; [4] Kyoto Univ.; [5] earth and planetary
sciences, Tokyo institute of technology; [6] Department of Earth and Planetary Sciences , Tokyo Institute of Technology; [7]
Earth and Planetary sciences, Tokyo Tech.; [8] SEVO, Kyushu Univ.; [9] Aso Vol. Lab., Kyoto Univ.

Recent geodetic observations detect recurrent slow slip events (SSEs), which occurred beneath the Bungo Channel and sou
west Shikoku Island, with interval of approximately 6 years (e.g. GSI, 2010). To reveal a large-scale three-dimensional resistivity
structure around this SSEs region, we carried out wideband magnetotelluric (MT) surveys around the western part of Shikokt
Island. As of June, 2016, MT surveys were performed at 31 sites by using Phoenix wideband MT instruments. In the most of
sites, high quality MT responses were estimated by using the BIRRP code (Chave and Thomson, 2004) for the period range 3(
Hz to 10,000 sec (Yoshimura et al., 2016). In addition, we used 8 more MT and telluric data obtained for different purposes; 6
sites from the opposite side of the Bungo Channel, namely the eastern part of Kyushu Island, measured by Metronix ADU an
NT System Design ELOG systems (Aizawa et al., 2017) and 2 sites from the region of the central part of SSEs measured b
Phoenix MTU system (Okazaki et al., 2017). These additional data were also reprocessed by the BIRRP code. In this study, w
totally used 38 sites for three-dimensional inversions.

Using obtained MT responses, we constructed a three-dimensional resistivity model around the SSE region. We inverte!
the impedance tensor and the vertical magnetic transfer function by the &quot;femtic&quot; inversion code developed by Usui
(2015). The &quot;femtic&quot; inversion code employs the edge-based finite element method for unstructured tetrahedral el
ements and estimates the subsurface resistivity structure and the distortion tensor for each observation site. The total numt
of nodes and elements in the discrete model are 211,378 and 1,321,175, respectively. The elements, excluding those located
the air and sea water regions of the mesh, were grouped into 41,282 unknowns of model parameters. The main features of t
obtained three-dimensional model are 1) a moderate conductive zone in the central part of SSEs 2) whose trenchward extensi
shows more conductive and 3) conductive zone surrounding the SSEs regions. These results suggest that the lateral electri
heterogeneity could have controlled the slip distributions of SSEs along the upper boundary of the Philippine Sea slab.
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Magnetotelluric transect of the Unzen graben and its correlation with seismic profile
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We conducted broad-band magnetotelluric (MT) survey along north-south trending survey line across the Unzen graben. M’
survey line is located approximately 2 km west of the latest lava dome and consisted of 27 stations on 9 km profile. We estimate
3-D resistivity structure and investigate its correlation to the seismic reflection structure by Matsumoto et al. (2012), which
was conducted in the same survey line. The best-fit resistivity structure shows the first resistive layer underlain by the secon
moderate conductive layer. The first resistive layer, which is interpreted as a water-unsaturated layer, is cut by four faults, i.e.
the faults are relatively conductive. The second layer, which is interpreted as water-rich layer, also shows relatively conductive
values near the faults. By assuming that the faults are imaged as relatively conductive zones, we infer the dip angles and its de
extensions of four faults. Beneath Chijiwa fault, which is the longest and the most active fault of the Unzen graben, the dominan
conductor (C1) with the width of 2 km extend down to a depth of 4 km. C1 corresponds to the zone of strong reflection, and the
pressure source B of Kohno et al. (2008) is located near the C1. In this study, we interpret C1 as the zone of fracture networ
generated by the Chijiwa fault to which the magmatic volatiles are supplied from the deeper pressure source B. In the center ¢
the study area, vertical high resistive body (R1) exist and correspond to the zone of low seismic reflection. We interpret R1 a:
the zone of cooled dyke complex that may acted as a volcanic conduit.
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Resistivity structure beneath the Nagisen fault zone, Yamasaki fault system, southwest
Japan

# Kazuki Fukue[1]; Satoru Yamaguchi[2]; Akira Mimura[3]; Daigo Furukawa[4]; Shigehiro Katoh[5]; Hideki Murakami[6]
[1] Geoscience, Osaka City Univ.; [2] Geosciences, Graduate school of Science, Osaka City University; [3] Geosciences, Osak
City Univ.; [4] Geoscience,Osaka City Univ.; [5] Museum of Human and Nature Activities, Hyogo; [6] Natural Sciences
Cluster, Kochi Univ.

The Yamasaki Fault system (YFS) of southwest Japan is a typical left-lateral strike-slip fault system that extends for over 80 knr
and consists of three fault zones (the Nagisen Fault zone, the main part of the YFS, and the Kusadani Fault). The Headquarte
for Earthquake Research Promotion (2013) reported the Nagisen Fault zone consists of the Nagisen and North Tsuyama Faul
Recently, Okada et al. (2016) reported the Nagisen Fault zone is formed by three fault segments; the Koegatawa Fault, tt
Nagisen Fault, and the Nagiike Fault.

The Nagisen Fault zone is interesting in showing different feature in fault activity from other two fault zones (e.g. sense
of horizontal displacement, slip rate, the latest event time). However, even fundamental factor such as fault dip has not bee
determined., so we made an audio-frequency magnetotelluric (AMT) survey to reveal subsurface structure of this fault zone.

An AMT survey was undertaken at 12 sites along a transect of 2 km laid across the Nagisen and the Nagiike Faults in Octobe
2017. We estimated MT impedances according to the remote reference processing procedure (Gamble et al., 1978), then th
were subjected to dimensionality analysis using the phase tensor method (Caldwell et al., 2004). The result shows that resistivi
structure is two-dimensional, and its strike is east-west. The two-dimensional resistivity model (NGS model) along the transec
was determined using the two-dimensional magnetotelluric inversion code (Ogawa and Uchida, 1996). The NGS model i
characterized by northern conductive and southern resistive zones with north-dipping sharp boundary between them.

It is interesting that surface location of the north-dipping sharp boundary corresponds to the surface trace of the Nagiike Faul
and its dip angle is also consistent with estimated dip-angle obtained by surface geological survey. So, we conclude that the sha
resistivity boundary indicates a subsurface fault plane of the Nagiike Fault. As resistivity contrast between northern and souther
zones is difficult to explain by geological setting, we conclude that the resistivity contrast is mainly caused by fault activity of
the Nagiike and Nagisen Faults.
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3-D resistivity modeling and magnetic anomaly analysis around a serpentine area in the
northern Hokkaido

# Hiroshi Ichihara[1]; Toru Mogi[2]; Toshihiro Uchida[3]; Masakazu Fujii[4]; Yusuke Yamaya[5]; Shusaku Yamazaki[6]; Kenji
Okazaki[7]; Noriko Tada[8]
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A large serpentinite body in northern Hokkaido, Japan (Pinneshiri serpentinite mass; Niida and Kato, 1978), for which aero-
magnetic surveys showed a high magnetic anomaly of over 1,000 nT (GSJ, 2005), may be a key to understand fault ruptures al
crustal development of island arcs as the following reasons. (1) Serpentine contributes to the transportation of aqueous fluid i
a subduction zone. (2) Serpentinites largely affect frictional behaviors of a fault. Actually, the serpentinite body is located on a
clear boundary between high and low seismicity areas in northern Hokkaido (Takahashi and Kasahara, 2005), and on the fat
of inland slow earthquake (Mw 5.4, Ohzono et al., 2015). In order to discuss the distribution of the serpentinite body especially
for its deep extension and the distribution of crustal fluid, we conducted a MT survey at three sites on the serpentine body. Usin
the MT data by this survey and existing MT dataset at 45 sites around the study area, we modeled a resistivity distribution base
on 3-D inversion procedure (Tada et al., 2012). A preliminary inversion result shows a conductive zone beneath the serpentinit
body, which implies fractured or clayed serpentinites. In addition, we performed a land magnetic survey across the centre of th
serpentine area using a portable overhauser magnetometer. The magnetic anomaly is about 2,000 nT in maximum and seem:
reflect local distribution of serpentinites (magnetite). Result of the analyses of magnetic anomaly with past aeromagnetic surve
data (GSJ, 2005) will be discussed in the presentation.
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Temporal variation in the resistivity structure of Aso volcano during the active period
from 2014 to 2016

# Takuto Minami[1]; Mitsuru Utsugi[2]; Hisashi Utada[1]; Tsuneomi Kagiyama[3]
[1] ERI, Univ. Tokyo; [2] Aso Vol. Lab., Kyoto Univ.; [3] Graduate School of Science, Kyoto Univ.

In November 2014, magmatic eruptions started at Aso volcano approximately 20 years since the last magmatic events. Tt
magmatic eruptions stopped in May 2015 due to subsidence of the bottom of the first Nakadake crater. However, subseque
eruptions followed the magmatic events, namely the phreatic eruption in September 2015 and the phreatomagmatic explosion
October 2016. After the explosion in October 2016, the activity of Aso volcano led to the current volcanic quiescence.

During the activity from November 2014 to October 2016, we conducted several campaign observations based on the ACTIVE
system (Array of Controlled Transient- electromagnetics for Imaging Volcano Edifice; Utada et al. 2007). ACTIVE system
installed at the first Nakadake crater of Aso volcano consisted of a transmitter located northwest of the crater with four or three
receiver stations of vertical induction coils through the active period. The ACTIVE observations succeeded in detecting tempora
variations in the resistivity structure over the magmatic eruption period. Response variations started in November 2014 has
peak in February 2015 and slightly returned to the values before the eruptions in August 2015.

We implemented three-dimensional (3-D) inversions based on the finite-element method with unstructured tetrahedral mesl
to interpret temporal variations in the ACTIVE response, accounting for topographic effects. The 3-D inversions revealed that
temporal variations in the ACTIVE response were attributed to (1) a broad increase in resistivity at the peak elevation of 750
m to 850 m, present not only just beneath the crater bottom but also outside the crater, and (2) a decrease in resistivity
the elevation of 1050 m on the western side of the crater (Minami et al. 2018). The increase in resistivity can be ascribec
to decrease of the amount of conductive groundwater in the upper part of the aquifer located at the elevation lower than 80
m. The decrease in resistivity might be due to a temporal hydrothermal fluid reservoir during the eruption period formed by
high-pressure fluid escaping from the conduit zone. This study demonstrates that 3-D modelling of ACTIVE responses can b
effective in understanding temporal variations of volcanic hydrothermal systems.

In the presentation, we propose a scenario for variation in the hydrothermal system during the active period from our inversior
results. We also plan to add inversion results from ACTIVE data in August 2017 to the scenario, to extend our scenario to the
present quiescent stage.
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Active seismic source monitoring through the development of ACROSS

# Koshun Yamaoka[1]
[1] EVRC, GSES, Nagoya University
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ACROSS, which stands for Accurately Controlled Routinely Operated Signal System, was conceptually designed by Ku-
mazawa and Takei (1994), and a system for practical use was started to be developed in Nagoya University in 1995. Th
development efforts spread into some institutions and now about 10 vibrators are in operation in and outside of Japan. All o
them have a common design of operation that have established in the first few years of development in the discussion amor
researchers and students headed by Kumazawa. Among them are a GPS synchronization and a repeating frequency modula
(FM) operation, which are principal subjects of ACROSS operation. A source synchronization technique to GPS clock was de:
veloped to make a remote synchronization to receivers because the GPS signal were already used as a reference clock for seis
observations. The repeating FM operation is designed so that a same FM operation repeats with a constant time interval. FI
operation is a combination of up-sweep and down-sweep of rotational frequency of ACROSS source to cover a certain frequenc
range as a source signal. This operation produces multiple narrow spectral peaks with constant frequency interval, improvin
stacking efficiency for quite a long time period to have a good signal-to-noise ratio. Another but notable advantage of the repeat
ing FM operation is separation ability among signals of ACROSS sources that cover common range in frequency. Spectral peal
of repeating FM operation can be shifted so that none of the peaks are shared by multiple ACROSS sources in operation. Th
enables simultaneous operation of multiple sources in a common frequency range.

An important result in the earlier period of the development of ACROSS is the detection of temporal variation of seismic
velocity observed in Awaji test site, near the Nojima fault of 1995 Kobe earthquake (lkuta et al. 2002, Ikuta and Yamaoka, 2004).
They found coseismic delays of seismic velocity caused by strong ground motions. They also proved that the change is induce
by the pressure increase of ground water based on the observation of anisotropic change in both seismic velocity and stra
measurements. The observation of coseismic delays are now very commonly observed in seismic interferometry observation.

Tsuji et al. (2017) found a secular increase of seismic velocity as well as coseismic decrease, probably for the first time in sucl
monitoring experiments. They analyzed the 10-year-long monitoring results of ACROSS source in the central part of Shizuoke
prefecture, Japan, and found a secular increase for 13 Hi-net stations around the source. This can be interpreted as a grad
closure of cracks probably by a precipitation of minerals from the ground water.

Temporal change is also detected in a volcano area, with use of ACROSS being deployed in Sakurajima volcano, Japan. Mael
(2015) revealed the difference of amplitude of transfer function between the active and inactive periods of the volcanic eruptions
Yamaoka et al. (2017) detected a temporal change of transfer function at the time of magma intrusive event of Sakurajima i
2015, suggesting the stress change of volcanic body.

In spite of achievements above the limitation of single ACROSS source became obvious. A use of multiple ACROSS sources
for example, of the order of 10 source operation should be put into practical use. To achieve the purpose low-price ACROS
source should be developed.

Kumazawa and Takei (1994) Abstract of Seismological Society of Japan.
Ikuta et al. (2002) GRL, doi:10.1029/2001GL013974.

Ikuta and Yamaoka (2004) JGR, do0i:10.1029/2003JB002901.

Maeda et al. (2015) GRL, do0i:10.1002/2015GL064351.

Tsuji et al. (2017) Abstract of GA, IAG-IASPEI, Kobe, Japan.

Yamaoka et al. (2017) Abstract of GA, IAG-IASPEI, Kobe, Japan.
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Controlled source electromagnetic approach with EM-ACROSS signal
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The electromagnetic accurately controlled, routinely operated signal system (EM-ACROSS) is a system which was portec
from the seismic monitoring system and applied in controlled source electromagnetism (CSEM) sounding technique. We spe
cially designed this system for a CSEM experiment at Kusatsu-Shirane volcano to investigate the subterranean space in th
volcano region.

We firstly made an initial experiment for confirming the ability of this system by comparing with the magnetotelluric (MT)
measurement. In this initial experiment in 2017, a signal was designed by superposition of 11 harmonics with binary fre-
guencies, same amplitudes and random phases. A function generator, which was synchronized with a GPS clock, stored tl
above-mentioned signal and continuously sent it to an amplifier after a pulse trigger. The amplifier increased the voltage of th
input signal 80 times then outputted the amplified signal to electrode dipole. The output signal from both the function generatol
and the amplifier were recorded by a digital signal logger. The transmitter system sent the signal by electromagnetic wave fron
southern foot of Motoshirane volcano to the receivers which located at Mount Kusatsu-Shirane. We chose the MTU-5/5A serie:
MT units to be receivers. The receivers continuously measured the electromagnetic field from two electrode dipoles and thre
inductive coil censors with 15 Hz sampling rate. The initial experiment was run for four days. The transmitter system which was
used in second stage experiment was modified to two amplifiers, and the transmitted signal was redesigned with pseudo bina
frequencies from primary number to avoid the harmonic distortion.

The frequency spectrum of the data from both function generator and transmitter should be also checked for the accuracy
transmitted signal. The first step of the receiver data processing was time series data division. The whole time series data was (
vided into many ¥'frames¥’ with same data length. The linear detrending method was chosen to remove the effects from strong
long term nature noise. The second step was converting the data from time domain to frequency domain by fast Fourier¥’s tran:
form (FFT) by each frame. The third step was removing the outlier in frequency domain which either the real part or imaginary
part was out of two standard deviation range then stacking the data. We calculated the impedance from the received data whi
was sent from different polarizations of dipoles, and the approximate apparent resistivity and impedance phase to compare wil
the value from MT.

The frequency spectrum of received data presented the enhancement in the signal-to-noise ratio (SNR) by data stacking. T!
anti-noise ability of this system was confirmed with a data from one site which measured some broadband continuous anthrc
pogenic noise. The MT data was strongly affected by that noise which presented abnormal apparent resistivity and impedanc
phase. Nevertheless, the approximate apparent resistivity and impedance phase from EM-ACROSS was much closer to the val
in other sites. The initial experiment in our first stage presented the requirement of a greater number of the frames to reduce tt
noise floor in longer period, that is the reason of the decision for running a long-term measurement in the second stage.

The initial experiment pointed out several details for improvement which were considered while we modified the design of
transmitter system. It provided at least twice of the frames in one day by using two amplifiers with parallel injections. The
forward modeling which used the parameter from transmitter data from the initial experiment in the first stage can be used tc
check the radiation pattern of this system, and be a reference for the allocation of new sites.
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Disturbance of geomagnetic transfer functions by spatial heterogeneity of source field

# Shinya Sato[1]; Tada-nori Goto[2]
[1] Engineering, Kyoto Univ.; [2] Kyoto Univ.

It is well known that the heterogeneity of source field strongly affects the magnetotelluric (MT) responses and geomag-
netic transfer functions (TF). These electromagnetic responses are used for visualization of subsurface structure, and recen
time-lapse MT has been conducted for monitoring the subsurface environment, especially around geothermal area. Therefor
understanding of behavior of the heterogeneous source field to the MT responses and TFs becomes a key for accurate imagin
of subsurface structures and their monitoring since the false temporal changes can be triggered if the geomagnetic variation is n
homogeneous (e.g., Egbert et al., 2000; Romano et al., 2014). In the conventional methods, the TFs of horizontal magnetic fie
between two sites have been used to evaluate the spatial characteristics of geomagnetic variation since the horizontal magne
field basically reflects the strength of source field. However, the TF-based evaluation of source field characteristics requires lon
time-series data for accurate estimation of TF at both sites. In this study, we focus on the raw spectrograms (i.e., time-frequenc
domain) of geomagnetic data, which have huge information and will be suitable for accurate and detailed discussion on th
source field. We applied the Non-negative Matrix Factorization (NMF) (Lee and Seung 2000; Kameoka et al., 2009), which
can extract the independent components from the spectrogram, and expanded the NMF to the Multi-Channel NMF (MC-NMF)
in order to extract the common components from several geomagnetic spectrograms. We applied MC-NMF to the horizonta
geomagnetic data obtained at several geomagnetic observatories, and extracted the independent components. We found no
south heterogeneities of some components in horizontal geomagnetic spectrograms. Then, we calculated the temporal stabil
of TFs during 2000-2010, and found that the low stabilities of TFs are obvious if the components in geomagnetic spectrogram
have large spatial heterogeneities. We also found that the horizontal-vertical geomagnetic transfer functions (so called as tippe
indicate instabilities in case of larger spatial heterogeneities of geomagnetic spectrograms. As a result, we conclude a success
evaluation of the spatial characteristics of geomagnetic variation based on our method. In further studies, we expect that ot
method will reduce the unwanted effect due to the heterogeneous source field, and derive the TFs and MT responses with high
accuracy.
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Comparison between observed and calculated Sq variations at the surface of the Earth
preliminary results

# Ikuko Fuijii[1]; Yuka Murata[2]; Shigeru Fuijita[3]
[1] Meteorological College; [2] Japan Meteorological Agency; [3] Meteorological College

We report on a preliminary result of analyzing the observed computed Sq variations at the surface of the Earth on Oct.8-10
2007. The computed Sq variation was obtained from the GAIA model by Fujita et al. (2018). The observed one was collected by
the INTERMAGNET program, WDC for geomagnetism, Kyoto, Geospatial Information Authority of Japan, the 210MM project,
etc. We used the 1 hour values of the geomagnetic field for 3 days to extract the Sq variation for comparison with calculated on
by GAIA.

The three vector components of the geomagnetic field were decomposed in order to remove unnecessary variations such as
main field and variations of the magnetospheric origin. The main field was estimated by using the CHAOS-5 model. Spherica
harmonic coefficients of the residual show that a significant dipole field is included indicating the existence of the variation of
the magnetospheric origin. Since the dipole component shows a long term variation, a trend component computed by a Kalma
filter procedure was removed from the residual geomagnetic field.

The spherical harmonic analysis was applied to the extracted Sq variation at worldwide sites and obtained SPH coefficients fc
the external field were compared with those from the geomagnetic field computed from the GAIA. A location difference between
the computed and observed Sq was investigated in order to a spatial shift which the GAIA model contains.
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Plane-wave and flat Earth approximations in EM induction studies

# Hisashi Utada[1]
[1] ERI, Univ. Tokyo

In electromagnetic sounding methods, such as the magnetotelluric method, studies are usually carried out by treating (2
the inducing field as spatially uniform and (2) the Earth as a semi-infinite conductor with a plane surface. These treatment:
are both approximations of the electromagnetic induction due to the incidence of a laterally non-uniform inducing field into
the conducting spherical Earth. Although the basic theoretical concept was established many decades ago by A.T. Price, |
Cagniard, T. Rikitake, S.P. Srivastava, etc., the physical conditions for these two approximations are not fully and systematically
understood, and some confusion appears in the literature. This presentation attempts to re-examine the basic formulation of t
electromagnetic induction within the homogeneous conductor in both spherical and Cartesian coordinate systems and to claril
how the conditions for the two approximations were derived in a systematic manner. The result reveals that solutions in the
two coordinate systems are consistent with each other at an appropriate limit and that the two approximations result in neithe
indefinite nor non-unique problems, as suggested in some previous studies, if approximation conditions are properly applied. |
addition, a few corrections to related chapters and/or sections of classic papers and textbooks are obtained as a by-product of t
research.
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3-D electrical resistivity models beneath Aso caldera by reanalysis network-MT data:
The evaluation of dipole arrangements

# Maki HATA[1]; Makoto Uyeshima[2]; Yoshikazu Tanaka[3]; Takeshi Hashimoto[4]; Ryokei Yoshimura[5]; Naoto
Oshiman[5]
[1] ERI, the University of Tokyo; [2] ERI, Univ. Tokyo; [3] Kyoto Univ.; [4] ISV, Hokkaido Univ.; [5] DPRI, Kyoto Univ.

Aso caldera was formed by a series of huge eruptions, with a volcanic explosivity index of 7, during 270-90 ka and post-calderz
cones were formed in the caldera. A post-caldera cone of Naka-dake is a quite active volcano, which experienced magmatic ar
phreatomagmatic eruptions, and an explosive eruption with spewing volcanic ash 11,000 m into the air during 2014-2016. Thus
it is important to understand the subsurface structure in the caldera. In and around Aso caldera, network-MT surveys for th
electric field (the electric potential difference) were carried out in 1995 by using long metallic wires/dipoles of the commercial
telephone company’s networks [e.g., Tanaka et al., 1998; Hashimoto et al., 1999; Uyeshima et al., 2002; Hata et al., 2015]. W
determined two components of network-MT response functions between the potential differences for every dipole and the twc
horizontal components of the magnetic field at the Kanoya Geomagnetic Observatory.

We performed three-dimensional (3-D) inversion analyses by using the above-mentioned network-MT data in a period range
from 640 to 10,240 s, and obtained two electrical resistivity models to evaluate the difference of model resolutions due to
the difference of dipole arrangements. One of the models was obtained by inverting a data-set whose dipoles were arrange
independently in the caldera [Hata et al., 2018]. The other model was obtained by inverting another data-set whose dipole
shared the endpoints with the adjacent dipoles. In the caldera, the dipoles are arranged in a meshed pattern. Through the
D inversion analyses, we used a data space Occam’s inversion code modified for the network-MT data of long dipoles [e.qg.
Siripunvaraporn et al., 2004]. In this presentation, we show the details of the 3-D resistivity models and comparison between thi
two models.
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Three dimensional magnetic structure of Kusatsu Shirane volcano

# Mitsuru Utsugi[1]; Wataru Kanda[2]; Takao Koyama[3]
[1] Aso Vol. Lab., Kyoto Univ.; [2] KSVO, Tokyo Inst. Tech.; [3] ERI, University of Tokyo

Kusatsu Shirane Volcano is located in the northwest of Gunma prefecture, Japan. The activity of Kusatsu Shirane volcano i
divided into three active phases. First phase was the activities of Matsuozawa volcano formed in about 600,000 years, spewir
andesitic lava and volcanic clastic materials to form a compact stratovolcano. The second phase was about 550,000 to 300,0
years ago and spurted pyroclastic flows and thick andesitic lava flows into the east and south direction. The last activities begz
about 16,000 years ago, with the period of inactive during the period from 20,000 to 300,000 years in between. During this
period, the main activities were occurred at the summit of the mountain, and forming a Shirane and Moto-Shirane volcanos a
well as Yugama which is a most active area during the recent activities.

On this volcano, aeromagnetic and aero-electro-magnetic observations were conducted by the MLIT in 2013 in order tc
obtain the information about the electro-magnetic structure of this volcano. Using the magnetic anomaly data obtained by thit
observations, we tried to investigate the detailed subsurface magnetic structure of this volcano by the 3D magnetic inversion. |
our presentation, we will show the results of the estimated 3D magnetic structure of Kusatsu Shirane volcano.
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Preliminary report of three-dimensional electrical resistivity structure in Miyakejima

# Marceau Gresse[1]; Makoto Uyeshimal2]; Hideaki Hase[3]; Koki Aizawa[4]; Yusuke Yamaya[5]; Takao Koyama[6]; Maki
HATA[7]
[1] ERI, Univ. Tokyo; [2] ERI, Univ. Tokyo; [3] KSVO, Tokyo Tech; [4] SEVO, Kyushu Univ.; [5] FREA, AIST; [6] ERI,
University of Tokyo; [7] ERI, the University of Tokyo

Miyakejima has a last eruption in 2000 and the next event is going to be expected soon. To detect the temporal precursor
change of the resistivity structure, it's essential to infer the resistivity structure in a still state.

The ERI has conducted the MT surveys in 2003-2005, and 2012 in Miyakejima. By using these MT data, the three-dimensiona
structure is estimated.

The WSINV3DMT code (Siripunvaraporn and Egbert, 2009) is used to invert the full impedance and geomagnetic transfer
function data by various mesh refinement and data filtering.

As the result, a highly conductive area is detected just beneath the crater, especially, southern part of a crater which is a curre
active region with fumaroles. It may be a cray cap rock commonly found in the volcano with hydrothermal system.
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AMT measurements around Lake Showa, Kurikomayama volcano, northeast of Japan

# Takuya Kobayashi[1]; Shinya Sakanaka[2]
[1] International Resorce Sciences, Akita Univ.; [2] International Resource Sciences, Akita Univ.

Resistivity is one of important physical parameters in order to research underneath structure of active volcanoes. The existen
of volcanic fluid like as geothermal hot water and magma is closely related to the resistivity and conductivity (conductivity is the
reciprocal of resistivity). MT (Magnetotelluric) method which is making use of natural electromagnetic variation is especially
useful to estimate the subsurface resistivity and to investigate the volcanic structure. AMT is one of MT methods using the
electromagnetic wave ranging the audio-frequencies and its exploration depths are from a couple of hundred meters to sevel
kilometers. Since exploration depths of AMT are thought to most important active zone of volcanic fluid, AMT method and
auxiliary using of wide-band MT method are recently expected to figure out the structure and to monitor the volcanic activity.

Now we focus the Kurikomayama volcano closely at the triple junction of borders of Akita, Iwate and Miyagi prefectures,
northeast of Japan. Kurikomayama volcano is one of important active volcanos and its most recent striking activity was &
phreatic eruption in 1944. The site of 1944 eruption is now remained as a crater lake called Lake Showa. Besides the Lak
Showa, upstream of a gorge called Jigoku-dani and volcanic gas is even now emitted there.

We installed several AMT sites on the volcanic body of Kurikomayama volcano and one of sites is alongside Lake Showa anc
Jigoku-dani. We just collected the time series of geomagnetic and telluric date of AMT and report the characteristics of primary
data and initial analyses using phase tensor, induction arrow, one- and two-dimensional structure analysis.

So far the several researches of 2- and 3-dimensional resistivity structure of the crust including Kurikomayama volcano hav:
been reported (for example Mishina, 2009; Ichihara et al., 2014). Mishina (2009) firstly report the 2-dimensional resistivity
structure targeting the deep volcanic fluid beneath the Kurikomaya volcano. The result of Mishina (2009) suggested the existenc
of volcanic fluid at the depth of several kilometers under the volcano. Our research target is shallower depth than the research
Mishina (2009) and the purpose is the volcanic structure and the fluid related to phreatic eruption.
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Wideband Magnetotelluric Survey across the Dabbahu Rift in the Afar Depression,
Ethiopia

# Ryokei Yoshimura[1]; Naoto Ishikawa[2]; Tesfaye Kidane[3]; Shin-ichi Kagashima[4]; Nobutatsu Mochizuki[5]; Ameha
Atnafu[6]; Kirika Kitagawa[4]
[1] DPRI, Kyoto Univ.; [2] Human and Environmental Studies, Kyoto Univ.; [3] Earth Sci., Addis Ababa Univ.; [4] Yamagata
Univ.; [5] Kumamoto University; [6] Addis Ababa Univ.

The Afar area (Ethiopia) is well known as one of continental rifts transitioning to oceanic spreading centers. In order to de-
lineate subsurface electric properties and document an initial stage of the formation process of magnetic stripes, we carried o
wideband magnetotelluric (MT) measurements and ground magnetic survey along a common profile in 2016 and 2017. This prc
file, approximately 55km long, cuts across the Dabbahu rift in the Afar Depression. In MT survey, we obtained electromagnetic
and electric data at 14 sites using MTU-5A (Phoenix Geophysics) and ELOG1K-PHX (NT system design) systems. In magnetic
survey on foot, we recorded total magnetic fields at 2.4 meters above the ground every 4 seconds by utilizing GSM-19 Overhaus
magnetometer (GEM systems). In this presentation, we will introduce the outline of our project and show an inversion result of
MT survey.
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Resistivity structure around the Gomura fault zone using AMT and WMT surveys:
Comparison among three characteristic fault segments

# Akira Mimura[1]; Satoru Yamaguchi[2]; Kazuki Fukue[3]; Shigehiro Katoh[4]; Hideki Murakami[5]; Makoto Uyeshima[6]
[1] Geosciences, Osaka City Univ.; [2] Geosciences, Graduate school of Science, Osaka City University; [3] Geoscience, Osak
City Univ.; [4] Museum of Human and Nature Activities, Hyogo; [5] Natural Sciences Cluster, Kochi Univ.; [6] ERI, Univ.
Tokyo

The Gomura fault zone in the Tango Peninsula, Kyoto, consists of three fault segments, the Go-seihou, Gomura and Chuzer
faults parallel to each other. These faults show different features in fault activity (e.g., mean slip rates and latest events). Th
Go-seihou fault is a very short segment ("2.8km long) with no clear horizontal displacement. During the 1927 Kita-Tango
earthquake, a clear surface rupture has appeared along the Gomura fault, while there was no displacement along the Chuzeniji fe
geomorphologically recognized as an active fault. As they run nearly parallel within about 3km distances of simple geological
setting, the Gomura fault zone is suitable for studying the relationships between differences in subsurface structure and fau
activity.

Magnetotelluric methods are powerful for surveying the subsurface structure of active faults based on electrical conductivity
variations expected around an active fault especially on strike-slip faults, and many studies have been conducted (e.g. Unswor
etal., 1997; Ikeda et al., 2013). In this method, lower frequency magnetic fluctuation is used as a signal source to study the deep
portion including seismogenic regions, but the spatial resolution decreases as the signal frequency decreases. Thus, we must
high-frequency signals to image a shallow part with higher spatial resolution. In this study, we apply both audio-frequency
magnetotelluric (AMT) and wide-band magnetotelluric (WMT) methods to reveal the resistivity structure from the surface to
seismogenic depths for the three fault segments.

We made observations along the same survey line as preceding two AMT surveys by Yamaguchi et al. (2016) and Mimura €
al. (2017, JpGU); seven sites were set for the WMT and two sites were added to the former studies.

We estimated MT responses according to the remote reference processing (Gamble et al., 1978). For the data analysis of t
AMT survey, prior to a model analysis, we investigated the dimensionality of shallow resistivity structure by the phase-tensor
analysis method (Caldwell et al., 2004) and then determined the 2D dimensionality with a strike of N30W. The MT responses of
a lower-frequency band obtained by WMT are supposed to be influenced by surrounding highly conductive sea water, becau:
the survey area is located about 5km inland from the coast line. By forward modeling, we estimated that its effect is restrictec
to the MT responses in the frequency band lower than about 10Hz. Thus, we apllied a 3D model analysis method for the dat
obtained by WMT.

In this poster presentation, we will show the shallow and deep resistivity structure across the three parallel faults, and discus
its geological and geophysical interpretation.
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On the Netowrk-MT observation in the western part of Shikoku

# Makoto Uyeshima[1]; Maki HATA[2]; Hiroshi Ichihara[3]; Ryokei Yoshimura[4]; Koki Aizawa[5]
[1] ERI, Univ. Tokyo; [2] ERI, the University of Tokyo; [3] Nagoya University; [4] DPRI, Kyoto Univ.; [5] SEVO, Kyushu
Univ.

In the Bungo channel region at the western margin of the Nankai megathrust rupture zones, the long-term slow slip event
(SSE) repeatedly occurred about every 6 or 7 years and we expect the next event soon.

In order to examine influence of interstitial fluids on occurrence of the SSE, we have started the Network-MT survey in the
western part of the Shikoku Island facing the Bungo channel since April, 2016. We use metallic telephone line network of the
Nippon Telegraph and Telephone Corp. to measure the electrical potential difference with long baselines of from several kilome
ters to 10 and several kilometers. We selected 17 areas in the western part of the Shikoku Island and installed 3 or 4 electrod
in the respective areas. The electrical potential differences measured in this way are known to be less affected by small sca
near-surface lateral resistivity heterogeneities (e.g. Uyeshima, 2007). We also measure the geomagnetic field by using fluxga
magnetometers at two stations in the target region. With the aid of the BIRRP code (Chave and Thomson, 2004), we coul
estimate the frequency-domain response functions of good quality.

In this presentation we will show the 3-D electrical resistivity structure in the target region and compare with regional seis-
micity. In the inversion, we used the 3-D DASOCC inversion code (Siripunvaraporn et al., 2004), which directly invert the
Network-MT response between the voltage difference and the magnetic field.

This study is supported by JSPS KAKENHI Grand Number JP16H06475 in Scientific Research on Innovative Areas ""Sci-
ence of Slow Earthquakes™. It is also partly supported by the Ministry of Education, Culture, Sports, Science and Technology
(MEXT) of Japan, under its Earthquake and Volcano Hazards Observation and Research Program. We acknowledge staffs of tl
Nippon Telegraph and Telephone WEST Corporation for their cordial support in the survey. We also thank H. Abe, A. Takeuchi
and Y. Suwa for their help in preparing and installing instruments.
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Lateral heterogeneity of nominally 'normal’ oceanic upper mantle in the northwestern
Pacific

# Noriko Tada[1]; Kiyoshi Baba[2]; Hisashi Utada[3]
[1] D-EARTH, JAMSTEG,; [2] ERI, Univ. of Tokyo; [3] ERI, Univ. Tokyo

Old (>130 Ma) 'normal’ oceanic upper mantle, which is expected to be cooled over time just by thermal conduction, has been
investigated through marine magnetotellurics. One-dimensional electrical conductivity profiles were obtained for areas in the
northwest (Area A) and the southeast (Area B) of the Shatsky Rise in the northwestern Pacific (Baba et al., 2017). Supposin
that the bottom of resistive upper mantle layer is defined as the depth where the gradient of resistivity changes from minus value
to almost zero, the thicknesses of resistive layer for Area A and Area B is about 100 km and about 150 km, respectively. The
profiles are significantly different in the thickness, although the lithospheric mantle ages are almost the same; 130 Ma in Area /
and 145 Ma in Area B. This means that it is difficult to explain this difference by the half-space model (Lister et al., 1990) or the
plate-cooling model (Stein and Stein, 1992).

In this study, we investigate the lateral heterogeneity of the upper mantle beneath the two areas separately by using a thre
dimensional inversion approach (Tada et al., 2012; Baba et al., 2013). For Area A, we found that a high electrical conductivity
anomaly elongated from the northeast to the southwest in the area at the depths deeper than around 100 km, which is mos
parallel to the seafloor age of 130 Ma and Kuril Trench. On the contrary, there is little horizontal heterogeneity from the shallow
lithosphere to the deeper asthenospheric mantle in Area B. In this presentation, we will interpret the three-dimensional feature
to discuss the cause of the difference between Area A and Area B.
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Imaging upper mantle electrical resistivity structure beneath the southern Mariana
back-arc spreading ridge

# Tetsuo Matsuno[1]; Nobukazu Seama][2]; Haruka Shindo[3]; Yoshifumi Nogi[4]; Kyoko Okinol[5]
[1] KOBEC; [2] Dept. of Earth and Planetary Sciences, Kobe Univ.; [3] Planetology, Kobe University; [4] NIPR; [5] AORI,
Univ. Tokyo

Back-arc spreading ridges in the southern Mariana Trough are slow-spreading ridges but have features suggesting enhanc
melting beneath the ridges and influences on seafloor spreading processes by fluid derived from the subducted Pacific sl
underlying the ridges. To reveal melting and dehydration processes and dynamics in the upper mantle in the southern Mariar
Trough, we conducted a marine magnetotelluric (MT) experiment along a 120 km-length transect across a ridge segment «
13°N. We obtained electromagnetic field data at 9 stations along the transect, and analyzed them for estimating MT response
striping bathymetric distortion from the responses, and imaging a 2-D electrical resistivity structure by 2-D inversion of TM-
mode responses. A resultant 2-D inversion model showed 1) a conductive area at 10-20 km depth beneath the ridge cent
the center of which slightly offsets to the trench side, 2) a moderately conductive area expanding asymmetrically under the
conductor of 1), 3) a resistive area thickening from the ridge center up to about 40 km on the remnant arc side, and 4) a resistiv
area with a constant thickness of about 150 km on the trench side. These model features suggest 1) a melt body beneath the ric
center, possibly containing slab-derived water, 2) mantle wedge hydrated by the subducted slab, and melting area produced |
asymmetric passive upwelling and buoyant active upwelling in the hydrous mantle wedge, 3) residual lithospheric mantle off the
ridge center, and 4) mantle wedge and subducted Pacific lithospheric mantle that are both cold. The electrical resistivity structur
obtained in the southern Mariana Trough, which clearly contrasts with the structure of the central Mariana Trodghiat 18
that this lacks a conductor beneath the ridge center, provides insights on the mantle dynamics and its relation to the characteris
tectonics and many kinds of observational results in the southern Mariana Trough.

We carried out synthetic tests to check the validity of data analyses applied to the real data, because we have a 2-D transect d
to a possible 3-D electrical resistivity structure at the southern Mariana Trough. The tests consist of 1) Bathymetric correctior
for MT responses produced from a 3-D electrical resistivity structure, and 2) 2-D inversion only using TM-mode response of 3-D
MT response produced from a 3-D electrical resistivity structure. In addition, we conducted other tests to check reliability of the
2-D inversion model from the real data. We will present details of these tests.

M~V 7 F T 7ML KR ORDLRTE, Ykl T T OB E VAR E . REEE RIS ARAATER
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B > BV OEDTERIRIKD I &<V VR A F I 7 A RIASMCT 128, HBEEKEINZ 13°N (HEO#EEY
T AV N ERIMT 2B KT 120 kmEDORIFRICIR> TIT o 2o 9B TH S NI BRIGIRERY T — 2 2t L. BRI
IGERBIC A BN HIERNRZIELTzH L. TM E— ROISEEEOD 2 Koo > N— 3 & b 2 ot bk
THEE UTzs 35N 20T TIVIERD X 5 BRI R S, 1) sl 72 b miaimiiilic $nzig E X2 10-20
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HFEN~ > MV EFIRIC K > TTESE07ERIE. 3) iy M E T 2181050 <> ML, ) KIRO~ > FLY oy
VEMPBANTERFTERT T, i %, Eil~ ) 7 b T OGS, A< ) 7 b T 7 18N R0 LK
Pk & L Tifgaadl R IR IO EEZ R L TED, MU 7T RS TDR Y MIVEALFITAR, Z
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Estimation of electrical conductivity in the Earth’s mantle by using the GAIA Sg model

# Takao Koyama[1]; Yuka Murata[2]; Shigeru Fujita[3]; Ikuko Fuijii[4]; Kiyoshi Baba[5]; Yasunobu Miyoshi[6]; Hitoshi
Fujiwara[7]; Hidekatsu Jin[8]; Hiroyuki Shinagawa[8]
[1] ERI, University of Tokyo; [2] Japan Meteorological Agency; [3] Meteorological College; [4] Meteorological College; [5]
ERI, Univ. of Tokyo; [6] Dept. Earth & Planetary Sci, Kyushu Univ.; [7] Faculty of Science and Technology, Seikei University;
[B] NICT

We've tried to estimate the electrical conductivity of the mantle structure by using the Sq variation derived from the GAIA
(Ground-to-topside model of Atmosphere and lonosphere for Aeronomy).

The GAIA assimilates the meteorological reanalysis data (JRA-55) to the whole atmosphere-ionosphere coupled model an
thus it is the well-modelled Sq field. We use this Sq model as an inducing field.

First we executed spherical harmonic expansion of the magnetic field of the GAIA for 3 day time series up to 50, which
correspond to three sequential solar quiet days. And then, three-dimensional forward modeling in the spherical coordinate we
executed in the frequency domain. Now, we suppose the 1-D structure in the Earth under the ocean-land lateral contrast. As tl
results, the calculated geomagnetic data inversely converted to the time domain could be closer to the observed time series de
compared to the GAIA Sq field itself, that is, total of RMS data misfit at 71 stations decreases by 40%.

Next, we try to find the best fit 1-D model in the mantle. We suppose the basic 1-D model as a standard model in the northwes
Pacific by Baba (2017). We also try other models which are more or less conductive, and as the results, the original model ¢
slightly more conductive model is the best to explain the vertical magnetic field data of Sq. We also try to estimate the 3-D
electrical conductivity model in the Earth’s mantle by using the Sq model of GAIA, and discuss it.
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On estimation of magnetotelluric response for the period range betwéemdd0
seconds

# Kiyoshi Baba[1]
[1] ERI, Univ. of Tokyo

For estimation of magnetotelluric (MT) response functions at the periods betwéeand 0 seconds from seafloor elec-
tromagnetic data, the effects of complex external source fields (e.g., geomagnetic solar quiet daily variations (Sq) and tides
are necessary to take into account. One of the ways to deal with this problem is to determine the amplitude and phase of tirr
variation for known periods of Sq and tides and to subtract them from the observed data (detiding). However, the reduction o
the effects is not enough to obtain reliable MT responses (Shimizu et al., 2011).

In this study, | first revisit the impact of detiding on MT response estimation. The reduction of the line spectra was improved if
the annual variations of the amplitude of these variations, which is manifested as line spectra at both sides close to the periods, &
considered. However, the resultant MT responses still show unrealistic feature. | then applied independent component analys
(ICA) to separate Sqg-like field component from the observed magnetic data. Sq field is based on the current in the ionospher:
which is excited by heating of neutral atmosphere by Sun. Then, | may suppose that the simplest instantaneous mixing mod
can be applied by treating the data with local time of each station. Applications of the ICA to real seafloor array data seem:
that it was succeeded qualitatively to detect Sq like components by investigating the detailed time variation and power spectrur
of each independent component and correlations of mixing coefficients to longitude and latitude. Quantitative evaluation of the
independent components is necessary to study farther for establishing the method applicable to general data.
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Induced electromagnetic field by seismic waves in stratified media in Earth’s magnetic
field (2): Numerical examples

# Ken’ichi Yamazaki[1]
[1] DPRI, Kyoto Univ.

Seismic waves accompany electromagnetic (EM) variations because Earth’s crust involves a variety of EM properties suc
as finite electrical conductivity and ion contents. If we can catch the EM variations just after the earthquake rupture, we will
know the occurrence of earthquake before the arrival of seismic waves at observation point. However, quantitative aspects of El
variations arising from seismic waves have not sufficiently understood.

In the present study, | focus on the motional induction mechanism that possibly explain some parts of EM variations accompa
nying with seismic waves. A theoretical work on EM variations arising from the motional induction has been presented by Gao
et al. (2014), but their work assumed uniform full-space medium. In contrast, the present work assumes stratified media whicl
correctly incorporate the effect of the ground surface. | apply a calculating method developed both in seismology (e.g. Kennett
2013) and in EM studies (Haartsen and Pride, 1997), and derive a set of expressions describing the spatial-temporal variations
the EM field after the onset of rupture.

In a previous meeting, | presented the procedure to derive a set of formula that provides theoretical variations of the EM vari-
ations arising from the motional induction. In the present meeting, | will present some of numerical examples, and discuss or
their qualitative features.

MBI EXE XL AN AL 2@ CTEMH LI 2T B, ZTOANZXLICE, FHHSEHRS, BIERAS.
CLVEK - WKEEDND B, BRICDVT, BRSNS EULZH O EENESREN TS, FEEANZ XL
REZBZOGNTVEDEMIEERETH S, 7oL ZIE/8—7 T 0 —)b FHEERHICEIN & N7 BRI ZB O 7% D OB
DRI EHE THHTE /2L T 2WMENDH 5 [HIA 1 Gao etal. 2016, GRL] LA L. #BIlME & FHHEMED I IFAKIA
ELTUNELBOA—EDEZTENTHED, ZOMDANZXLOFGEMETE R NEEZISND,

AWZE T, BINERGEE (motional induction) f2 K9 % HIERFERIGZEIC DWW TER T %, R cib
NTOERVEMEREDHEAIC OV TEMNT %o WEE (20174F) OFEE T, BN ROEHIC OV TN Uiz, AiiH
T, BARNEEEGZR U, Z ORI OV THERT %,
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ITACFEM-3D: Three-dimensional inversion with tetrahedral mesh adaption for CSEM
problems associated with volcano sounding

# Takuto Minami[1]
[1] ERI, Univ. Tokyo

Controlled-source EM methods are important in monitoring volcanic activities for its steady source power. To promote the use
of CSEM methods for volcano monitoring, | am now developing an open-source CSEM inversion code using tetrahedral mest
adaption based on the finite element method (FEM), currently dealing only with electric grounded-wire sources. | named the
code iTACFEM-3D (inversion using Tetrahedral-mesh Adaption for Controlled-source EM problems based on FEM). Since the
code is developed using Fortran90, it is easy to handle and modify for scientific communities. The inversion can refine the mes|
suitably for updated models through iterations, where the finer mesh is achieved around conductive anomalies emerged. Tl
inversion code adopts the Gauss-Newton scheme and a direct solver, PARDISO, from Intel MKL library. The inversion allows
us to choose either of fixed or decreasing trade-off parameters for the regularization. The former is for L-curve inversions while
the latter for the cooling strategies (e.g. Schwarzbach and Haber 2009). The inversion code has been already applied to the re
CSEMS data obtained by the ACTIVE system (Utada et al. 2007) at Aso volcano, Japan, in 2014 to 2015, without its adaptive
feature (Minami et al. 2018).

In this study, | apply the inversion code to seek effective observation network of the ACTIVE system for volcano monitoring.
So far, our numerical experiments revealed that more than one source with a circular induction-coil receiver network arounc
the crater can clearly image the top of upwelling magma 200 m beneath the active crater when Aso volcano is assumed. |
the presentation, | share results of further investigation about feasibility of several ACTIVE networks for detecting a variety of
temporal variations in the resistivity structure, using iTACFEM-3D.
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Preliminary report of analog simulation of self-potential variations associated with water
Injection at the Nojima fault

# Hideki Murakami[1]; Kazuki Nomoto[2]
[1] Natural Sciences Cluster, Kochi Univ.; [2] Faculty of Science, Kochi Univ

Water injection experiments at the Nojima fault which is an earthquake fault associated with the 1995 Hyogoken-Nanbu
earthquake have been conducted since 1997 to monitor the recovery process of the fault. Negative self-potential variatior
synchronized with the water injection have been observed around a water injection borehole. These variations can be explaine
well with an electrokinetic model with the flow of water from the injection borehole to the ground. In this model, a metallic
casing pipe of the water injection borehole acts a current electrode. However, positive self-potential variations at the casing pip
have been observed. These variations can't be explained well with the simple electrokinetic model. We report preliminary result
of analog simulation experiments using a sand-box to make clear the mechanism of these self-potential variations.
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DOBEN S, HROB KGO LOHEENRADN TS (21X, Murakami et al.,2001:Murakami et al., 2007
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