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Seismicity of the 2016 Kumamoto earthquakes controlled by resistivity structure

# Aizawa Koki Research Group for the resistivity structure around the regions of the 2016 Kumamoto earthquakes[1]

[1] -

The Mj 7.3 Kumamoto earthquake that occurred at 1:25 JST, on 16 April 2016 not only triggered aftershocks in the vicinity of
the epicenter, but also triggered earthquakes that were 50 to 100 km away from the epicenter of the main shock. The number
aftershocks and triggered earthquakes that exceeded Mj 3.5 reached 230 on 8 May 2016, located mainly along a NE-SW strikir
line that is approximate to the western extension of the Median Tectonic Line (MTL). The active seismicity can be divided into
three regions: (1) the vicinity of the main faults, (2) the northern region of Aso volcano (50 km northeast of the mainshock
epicenter), and (3) the regions around three volcanoes, Yufu, Tsurumi and Garan (100 km northeast of the mainshock epicente
Notably, the zones between these regions are distinctively seismically inactive. The electric resistivity structure estimated fron
one-dimensional analysis of the 247 broadband (0.005 to 3000 s) magnetotelluric observation sites clearly shows that the eart
guakes occurred in resistive regions adjacent to conductive zones or resistive-conductive transition zones. In contrast, seismici
is quite low in electrically conductive zones, which are interpreted as regions of connected fluids. We suggest that the series ¢
the earthquakes was induced by a combination of local accumulated stress and fluid supply from conductive zones. Because t
relationship between the earthquakes and the resistivity structure is consistent with previous studies, evaluations of seismic ri
generally can be improved by taking into account the resistivity structure.

Research Group for the resistivity structure around the regions of the 2016 Kumamoto earthquakes consists of following mem
bers,

Koki Aizawa, Hisafumi Asaue, Katsuaki Koike, Shinichi Takakura, Mitsuru Utsugi, Hiroyuki Inoue, Ryokei Yoshimura,
Ken'ichi Yamazaki,Shintaro Komatsu, Makoto Uyeshima,Takao Koyama,Wataru Kanda, Taro Shiotani, Nobuo Matsushima,
Maki Hata, Tohru Yoshinaga, Kazunari Uchida, Yuko Tsukashima, Azusa Shito, Shiori Fujita, Asuma Wakabayashi, Kaori
Tsukamoto, Takeshi Matsushima, Masahiro Miyazaki, Kentaro Kondo, Kanade Takashima, Takeshi Hashimoto, Makoto Tamura
Satoshi Matsumoto, Yusuke Yamashita, Manami Nakamoto, and Hiroshi Shimizu.
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3-D resistivity modeling around a seismicity gap in the Dohoku area, northern Hokkaido

# Hiroshi Ichihara[1]; Toru Mogi[2]; Toshihiro Uchida[3]; Yusuke Yamaya[4]; Noriko Tada[5]
[1] KOBEC, Kobe Univ.; [2] Fac. Eng., Hokkaido Univ.; [3] GSJ, AIST; [4] FREA, AIST,; [5] D-EARTH, JAMSTEC

A high seismicity zone associated with rapid crustal deformation is recognized in the eastern margin of Japan Sea (e.g., Sagiy
2001). Because a heterogeneity in the crust is known as one of the major causes of the localized deformation (lio et al., 2002),
detailed investigation of crustal structure is essential to understand the crustal dynamics. An obvious seismicity gap, a bounda
between high and low seismicity areas, is recognized in the Dohoku area, northern Hokkaido Island (Takahashi and Kasahar
2005). In addition, a slow earthquake of Mw 5.4 is estimated around the gap (Ohzono et al., 2015). Thus, an imaging of crusta
structure in this area will provide us important knowledge to discuss the localized crustal deformation and slow earthquakes. Ii
this study, we conducted a magnetotelluric survey at 45 sites in the Dohoku area and modeled a resistivity distribution based on
D inversion procedure. The inverted resistivity model shows the following features. 1) A surface conductive layer is distributed in
the most part of the study area. The thickness of the conductor increases toward westward and reaches approximately 5 km at 1
Japan Sea side. The conductive layer is interpreted as Tertiary-Quaternary sedimentary rocks. 2) A dyke-shaped conductive zo
is distributed near the seismicity boundary. It possibly reflects the pore-fluid rich area between Sorachi-Yezo and Hidaka belt
which was discussed for the southern Hokkaido Island by Ichihara et al. (2016). It may relate to the cause of the seismicity gar
3) An ultra-conductive area (0.1-10 ohm-m, 0710 km deep) is distributed around the fault of the slow earthquakes. Based on th
surface geological distribution, the conductor possibly reflects serpentine-related geological structure, which may be associate
with the slow slip events. However, a careful interpretation is required because a serpentine in the same geological unit is not s
conductive (10-100 ohm-m) (Okazaki et al., 2011).
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Large-scale electrical resistivity structure around the long-term Slow Slip Events in the
Bungo Channel

# Ryokei Yoshimura[1]; Ken’ichi Yamazaki[1]; Yasuo Ogawa[2]; Jun Nakagawa[1]; Shingo Kawasaki[1]; Shintaro
Komatsu[1]; Itaru Yoneda[1]; Yuhei Ouchi[3]; Tomohisa Okazaki[4]; Atsushi Suzuki[5]; Zenshiro Saito[6]; Yoshiya Usui[7];
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.

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). In order to reveal a large-scale three-dimensiona
resistivity structure around SSESs region, we are carrying out wideband magnetotelluric (MT) surveys. We also plan to establisl
a permanent long-term MT monitoring network that aims to detect temporal changes of resistivity structure during SSE cycle.
As of June, 2016, MT surveys were performed at 31 sites by using Phoenix wideband MT instruments. In the most of sites, higl
quality MT responses were obtained using the BIRRP code (Chave and Thomson, 2004) for the period range 300 Hz to 10,00
sec. The spatial distributions of the phase tensor ellipses and the induction vectors suggest that resistivity contrasts are locat
around SSEs.
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Signature of the oceanic lithosphere asthenosphere system from seafloor electromagne
and seismic observations

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

In-situ geophysical observations provide key information to understand the signature of the oceanic lithosphere-asthenosphe
system (LAS), although the relation between physical and mechanical properties of the mantle rocks is neither simple nor wel
understood. Recently magnetotelluric array studies have been carried out in different tectonic settings mostly in the Pacifi
Ocean with wide range of seafloor age (0-150 Ma). Results are inverted to either 1D, 2D or 3D model of electrical conductivity
distribution in the upper mantle down to depths of several hundred km, and all available 1D profiles are compiled. Generally,
thus estimated 1D profile consists of shallower low conductivity and deeper high conductivity layers (called as LCL and HCL,
respectively). The LCL-HCL (LH)-transition occurs at depth of 50 km or deeper, and some results show a good correlation to
the seismologically determined LID-LVZ transition. Below the LH-transition, electrical conductivity is almost constant or its
variation is very gradual.

We examine the age dependence of the LH-transition depths and the typical HCL conductivity values based on thus compile
1D profiles. The HCL conductivity is found to show little age dependence, taking value of about -1.4 in log scale (about 0.04
S/m). Only exception so far obtained is the result from the Cocos plate subduction zone (Naif et al., 2013), in which the typical
conductivity value is as high as about 0.2 S/m (isotropic part). On the other hand, the age dependence of the LH-transition depit
is apparently more complicated. However, if we exclude a few profiles near plate boundary such as the EPR (Evans et al, 200!
or the NW Pacific subduction zone (Baba et al., 2013), we found that the transition depth is mostly following the cooling of a
plate, implying dominance of its thermal control. Of course available observation data are not enough to rule out other possibls
interpretation (e.g., compositional control). We definitely need more array observations (seismic and EM jointly) from different
areas, as well as understanding the basic physics that relates physical to mechanical properties, for further elucidating the ocea
LAS.
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Three-dimensional resistivity structure around the Iheya North Knoll in the middle
Okinawa trough

# Yoshiya Usui[1]; Takafumi Kasaya[2]; Yasuo Ogawa][3]; Hisanori Iwamoto[4]
[1] Earth and Planetary sciences, Tokyo Tech.; [2] CEAT, JAMSTEC; [3] VFRC, Titech; [4] JAMSTEC

The lheya North Knoll is located on the northern termination of the Iheya Graben, a depression in the middle Okinawa Trough
extending around 100 km in an ENE-WSW strike. In the knoll, the volcanic body penetrates through a sedimentary sequence ar
rises about 500 m above the seafloor (Tsuiji et al., 2012). On the eastern flank of the western peak of the knoll, hydrothermal fiel
with about tens of active hydrothermal mounds were situated, facing the Central Valley (Ishibashi et al., 2015). In the middle
Okinawa trough, Shimakawa and Honkura (1991) revealed the two-dimensional resistivity structure along a profile orthogonal tc
the Ryokyu trench-arc system by using the magnetic transfer function. Since, however, the minimum period of the data was 3
minute and the observation sites were sparsely distributed, detailed resistivity structure in the crust has not ever been obtained
the middle Okinawa Trough, including the area around the lheya North Knoll.

In order to reveal the resistivity structure around the Iheya North Knoll, we performed three-dimensional inversions with the
data obtained by marine magnetotelluric survey of Japan Agency for Marine-Earth Science and Technology (JAMSTEC). In the
inversions, so as to prevent the misinterpretation of subsurface structure due to the bathymetric effects on the observed respor
functions, we utilized the scheme proposed by Usui (2015), which enabled us to incorporate precise bathymetry around th
knoll into the computational mesh with the aid of the unstructured tetrahedral element. In the obtained resistivity structure, there
was a conductive surface layer (lower than 3 Ohm-m) and an underlying resistive layer (higher than 100 Ohm-m). The formel
conductive layer is considered to be consistent with the pelagic/hemi-pelagic sediments and the highly permeable zones withi
the upper crust where hydrothermal fluid migration occurs (Tsuji et al., 2012).
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One-dimensional resistivity structure of Iwo-yama, Kirishima Volcanoes

# Kaori Tsukamoto[1]; Koki Aizawa[2]; Wataru Kanda[3]; Kaori Seki[4]; Takahiro Kishita[4]; Makoto Uyeshima[5]; Mitsuru
Utsugi[6]; Takao Koyama[7]
[1] Grad.Sch.Sci.,Kyushu Univ.; [2] SEVO, Kyushu Univ.; [3] KSVO, Tokyo Inst. Tech.; [4] Earth and Planetary Sciences,
Tokyo Tech.; [5] ERI, Univ. Tokyo; [6] Aso Vol. Lab., Kyoto Univ.; [7] ERI, University of Tokyo

Iwo-yama is located in Kirishima volcanic group, southern part of Kyushu Island, Japan. Around Iwo-yama and Karakuni-
dake, tectonic earthquakes have increased since December 2013, and volcanic tremors have occasionally occurred since J
2015. In December 2015, fumarolic gases appeared at the southwest of the crater of the lwo-yama for the first time in 12 year
Moreover the leveling survey detected the ground uplift more than 1 cm during June to December 2015 (Matsushima et al.
2015), while the interferometry observations detected the ground uplift at 4 cm (134th Coordinating Committee for prediction of
volcanic eruption). These events suggest that volcanic activity has been increasing in lwo-yama.

Previous magnetotelluric survey at the site 400 m northeast of Iwo-Yama imaged the electric conductive zone approximatel
at a depth of 0.1 to 0.7 km, and interpreted it as the low permeability altered clay layer (Aizawa et al., 2013). The upper level of
the hypocenters of tectonic earthquakes corresponds to the bottom of the conductive zone. In addition, the pressure source by
leveling survey also corresponds to the bottom of the conductive zone. These spatial relationships suggest that the supply of hi
temperature fluids has increased beneath Iwo-yama, and causes the increase in pore pressure beneath clay layer, resulting in
increase of earthquakes and ground inflation. In order to examine this hypothesis, we conducted the broadband (0.005300C
magnetotelluric (MT) measurements around the lwo-yama. As compared to audio-magnetotellurics (AMT), broadband MT have
advantage in that it can resolve a resistivity structure to a depth greater than the bottom of the shallow conductive zone. Durin
11 April 2016 to 30 April 2016, we recorded two components of electric fields at 20 observation sites and five components of
electric and magnetic fields at 7 observation sites. In this presentation, we will show one-dimensional resistivity structure of eacl
station, and discuss the association with the earthquakes and inflation source.
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Three Dimensional Resistivity Structure under the Kutcharo Caldera

# Ryo Honda[1]; Hiroshi Ichihara[2]; Yusuke Yamaya[3]; Hideaki Hase[4]; Toru Mogi[5]; Makoto Uyeshima[6]; Mitsuhiro
Nakagawa[7]
[1] TRIES, ADEP; [2] KOBEC, Kobe Univ.; [3] FREA, AIST; [4] KSVO, Tokyo Tech; [5] Fac. Eng., Hokkaido Univ.; [6] ERI,
Univ. Tokyo; [7] Hokkaido Univ.

Kutcharo caldera is the biggest caldera in Japan, which has been repeating large-scale eruption. It is very important to clarif
the eruption mechanism of the Kutcharo volcano, which has potential to cause catastrophic eruption. The eruption history with it:
mechanisms has been investigated based on tephra stratigraphy (e. g. Katsui et al., 1975, J. Fac. Sci. Hokkaido Univ.; Hasega
et al., 2008, Earth Monthly; Kishimoto et al., 2009, Kazan). There are some report for the caldera structure by gravity surveys
and AMT explorations (e. g. Yokoyama, 1958, J. Phys. Earth; Honda et al., 2011, J. Fac. Sci. Hokkaido Univ.; Ichihara et al.,
2009, EPS), however, no obvious structures which associate any volcanic activities has been reported. We report the result of t
3-Dimensional analysis of the resistivity structure in and around the Kutcharo caldera.

We already noted about the observations and the data in Honda et al. (2011, J. Fac. Sci. Hokkaido Univ.). Again, we compile
the wide-band MT data from Ichihara et al. (2009) and Ichihara et al. (2013, Tectonophysics), which are the observation dat:
around the focal area of Teshikaga Earthquake. We adopted the remote reference analyses (Gamble et al., 1978, Geophys
to those MT data. We used the reference magnetic data of Kakioka Magnetic Observatory and the Esashi station for the lon
wavelength and the wide-band data, respectively.

The summary of the characteristic resistivity structures assumed by 2-D analyses by Honda et al. (2011) was as follows
1) Surface tephra layer which exhibits 100 ohm-m, 2) Tertiary under the tephra layer which exhibits more low resistivity, 3)
Further deeper part shows high resistivity again, and the back-ark side exhibits lower values compared to the for-ark side, 4
The extraordinary low resistivity body is piercing the high resistivity layer towards the Atosanupri volcano from the deep layer.
As &quot;4)&quot; is three dimensional structure, there was an importance for the three dimensional analyses. The three
dimensional analysis is executed by WSINV3DMT (Siripunvaraporn et al., 2005, PEPI; Siripunvaraporn et al., 2009, PEPI). As
a result, the conductor under the Kutcharo caldera became more sharpen. We also recognized the conductor under the Ak
volcano, the western part of the research area. We will report the overview of the result.
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Wide range MT and GDS responses at Kakioka, Kanoya and Memambetsu

# Ikuko Fuijii[1]
[1] Meteorological College

An attempt to estimate the magnetotelluric (MT) response at periods ranging from 6 sec to 8 days is reported.

Geoelectric voltage differences have been continuously observed at Kakioka, Kanoya, and Memambetsu in Japan for mol
than 60 years by Kakioka Magnetic Observatory, Japan Meteorological Agency. Fujii et al. (2015) estimated the MT response:
at the three sites by using the geoelectric and geomagnetic fields measured for a recent 11-year period (2000 to 2011); t
responses were stably computed at the three sites at periods of 6dec@Gind the period was extended t0®"$6c at Kakioka
and Memambetsu. However, the responses at the longest period band have large error bars or show unreasonable behaviors.

In this study, | update the MT responses at all three sites at periods longer themcnplete a response data set at a very
wide period range. Sq variations and a long-term trend caused by the instability of the observation system need to be remove
before estimation of the response in this period band.

The least squares fit of the sinusoids over specific periods were used to remove the Sq and tidal influences from both th
geoelectric and geomagnetic fields. Periods considered are 24 hours and their harmonics including seasonal variations of the
amplitude as well as major tides.

The robust Kalman filter procedure was applied to the geoelectric field to remove the long-term trend. A hyper parameter for
the trend component was set for a flexible variation and estimated trends contains variations at periods longer than 2 days.

Then, | tried to estimate the MT response at periods fromtdQl(® sec at the three sites. Four tensor components of the
response at periods shorter than abotit € are successfully obtained. The responses connect smoothly at the peridd of 10
sec to those at shorter periods. At periods longer thansg@, the MT responses related to the northward component of the
geomagnetic field (Zxx and Zyx) are stably computed, while those related to the eastward component of the geomagnetic fiel
(zxy and Zyy) have large uncertainties. This is probably because of the source field geometry. The coherence between tf
geoelectric and geomagnetic fields starts decreasing*aridstarts increasing at the period of 2 Xs@c.

The induction vectors and phase tensor parameters were also computed at the three sites. KAK and KNY have similar inductio
vectors and phase tensor. MMB shows three dimensional features.
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Magnetic changes accompanying the tilt-step events during the 2000 eruption of
Miyake-jima volcano

# Yoichi Sasai[1]; Makoto Uyeshima[2]
[1] EPRC, IORD, Tokai Univ.; [2] ERI, Univ. Tokyo

The 2000 activity of Miyake-jima volcano, central Japan, began with magma intrusion, followed by the depression of the
summit area along with some episodic eruptions from the new sink-hole. The sink-hole enlarged to form a new caldera. During
the caldera formation, a rapid crustal deformation called 'tilt-step’ occurred once or twice a day, which was detected by bore-hole
tiltmeters in Miyake-jima island (Ukawa et al., 2000): it is characterized by abrupt uplift toward the summit area followed by
gradual subsidence with more than several hours duration. Electric and magnetic field variations associated with the tilt-ste
events were observed by the island-wide SP observation network using telephone cables and by proton magnetometers ari
(Sasai et al., 2002). As for the mechanical source for the tilt-step, they assumed the sudden inflation of a spherical pressu
source (Mogi model), i.e. the magma chamber, and ascribed the SP variations to the electrokinetic effect due to the forced flui
injection from the magma chamber. They also ascribed the magnetic variations to the piezomagnetic effect due to stress chang
associated with the inflation of the magma chamber.

However, the forced fluid injection model was rejected recently by Kuwano et al. (2015), in which they concluded that the
uniform expansion source could not explain the spatial sign distribution of SP changes. They proposed the poroelastic electrok
netic model, which could reproduce the observed SP variations accompanying the fluid flow induced by sudden appearance
the mechanical pressure source. They adopted a vertical tensile crack for the mechanical source, which was originally propos
by Kumagai et al. (2001) with the aid of the moment tensor inversion for the velocity wave form of tilt-step events. Sasai et al.
(2002) proposed the Mogi model as the source for magnetic variations associated with tilt-step events. Currenti et al. (2005
obtained the best-fit source parameters of the piezo-magnetic Mogi model using a genetic algorithm technique.

Moreover, new data for magnetic variations are provided by courtesy of NIED (National Research Institute for Earth Science
and Disaster Resilience, Tsukuba, Japan). Fig. 1 shows the location of proton magnetometers (ERI) and 3-components magr
tometers (NIED) in Miyake-jima island. TMF (total magnetic field) changes associated with tilt-step events were observed at
several points, which are reproduced in Fig. 2 (Sasai et al., 2002). The 3-component magnetometers (NIED) were installed :
two sites, MKK and MKT, which are also shown in Fig. 1. The sampling interval of the 3-component magnetometersis 1 second
(GPS-controlled) in contrast to 1 minute for proton magnetometers.

The largest tilt-step event took place on July 14, 2000. Fig. 3 shows X (north), Y (east) and Z (down) component magnetic
changes observed at MKT and MKK, which are subtracted from simultaneous data at Kakioka (KAK). Two blue-colored bars
in each component indicate the duration of the VLP (Very-Long-Period) seismic wave, during which the tilt-step event occurred
(Ukawa et al., 2000). The electric field accompanies the fluid flow induced by an abrupt deformation of the volcano (Kuwano et
al., 2015), which can produce the magnetic field by the piezomagnetic effect. Now we are to examine if the mechanical sourct
for the tilt-step can explain the observed magnetic variations. New 3-component magnetic data should strongly constrain th
mechanical source parameters. According to Kumagai et al. (2001), the first-order approximation to the source was a vertic:
tensile crack. It can be regarded as a far-field solution for the magma plumbing system. Further studies will be required on th
piezomagnetic field due to an ellipsoidal source.

Fig. 1. Observationsites. Blue  Fig. 2. TMF changesatthe  Fig. 3. 3 comp dataat
circle: F. Red square: 3 comp.  tilt-step event on July 14, MKK (NE: Blue) and
2000. Minutely plot. MKT (SE: Red).
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Detecting condition of electromagnetic pulses excited by earthquakes

# Minoru Tsutsui[1]
[1] KSU

Since December, 2011, | have been detecting co-seismic electromagnetic (EM) pulses by an EM sensor system installed at t
bottom of a borehole of 100 m in depth. The excitation mechanism of the EM pulse below 25 Hz was confirmed by a laboratory
experiment as the piezo-electric effect in the earth’s crust [1]. | am confident that EM pulses excited by seismic P waves are
amplified by the large amplitude of the seismic S waves and that the EM pulses were decaying after short distant propagatior
in the earth [2]. Furthermore, | have been also observing EM noise above the ground for clarifying the behaviour of EM pulses
after their radiations from the earth. As the result, it was confirmed that the excited EM pulses can be readily leaked out of the
ground surface [1]. However, any EM pulses which would be exited at the hypocentre of earthquakes have never been detect
at the EM observation site at its rupture time. The reason has remained unknown.

Recently, | found a new data which can explain the reason. An earthquake occurred in 11 km depth of a place 24.8 kn
west-north-west of the EM observation site at 21:1:38.8 JST on July 10, 2016. Figure 1(a) shows a waveform of the east-wes
component of an ELF magnetic field, and (b) shows that of seismic east-west component detected simultaneously at the El
observation site. Their pulses were detected at 21:13:47.66 JST. Although the waveform of the seismic S wave shows a pe:
amplitude at that time, that of EM wave shows an increasing trend in its amplitude until 21:13:48.35 JST.

On the other hand, the earth’s surface at the EM observation site is formed by the sedimentary layer. Since the dielectri
constant of the sedimentary layer is about 40, the critical angle of total internal reflection for the EM waves propagating from
the earth becomes 9.1 degree. Therefore, EM waves can leak out of the ground surface from the earth in directions within th
angle. Since the amplitude of EM waves become maximum at the vertical upward direction, The EM pulse at 21:13:48.35 JST
was the vertical upward propagation. During the period of 0.69 second up to 21:13:48.35 JST, the seismic wave had propagate
horizontally about 2.16 km. From this distance and the angle of 9.1 degree, the depth of the EM pulse excitation region wa:
identified as 13.1 km. This result is consistent with the configuration of EM wave excitation in the earth.

As the result, we can understand that an EM pulse radiated vertically at the hypocentre of earthquake cannot be detected at t
EM observation site fur from the epicentre of the earthquake.

[1] Minoru Tsutsui, Behaviors of Electromagnetic waves Directly Excited by Earthquakes, IEEE Geoscience and Remote
Sensing Letters, Vol. 11, No. 11, pp. 1961-1965, 2014. (DOI: 1109/LGRS.2014.2315208, Now Open Access)

[2] Minoru Tsutsui, Derivation of Electrical Parameters of Earth’'s Medium from Electromagnetic Waves Excited by Earth-
guakes, IEEJ Transactions on Fundamentals and Materials, Vol. 136 No.5 pp.221-226, 2016. (DOI:10.1541/ieejfms.136.221) (i
Japanese).
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Evaluation and improvement of shield noise in LTS-SQUID magnetometer system for
geomagnetic field observation

# Jun Kawai[1]; Masakazu Miyamoto[1]; MIKI KAWABATA[1]; YASUHIRO HARUTA[1]; GEN UEHARA[1]
[1] AEL, KIT

We have been developing and testing a low-Tc superconducting quantum interference device (LTS-SQUID) magnetomete
system for highly sensitive observation of geomagnetic fields. In the previous study, we reported improvements in the perfor:
mance of the system, by developing a low-noise flux-locked loop (FLL) circuits and using a 24-bit data logger. By observing
the Earth fields with the system at Shiramine, Hakusan-city, we confirmed that the system could detect Schumann resonance a
ionospheric Alfven resonance, which are smaller than 1 pT/rtHz.

However, the background noise in the observation was 0.2 pT/rtHz, which was not a smaller value than expected. In order t
determine if the background noise is attributed to the system noise or not, we evaluated the thermal noise of the RF shield mac
of copper foil, which is covered around the SQUID magnetometers. As a result, we found that the low-frequency noise due tc
the RF shield was not negligible and possibly limited the system performance.

In this study, we will evaluate the noise generated from the RF shield. We will also show the performance in combination with
an improved shield and new SQUID magnetometers, whose intrinsic noise is reduced by half compared to that of the SQUIL
used in the previous study.

A4 1E LTS-SQUID 7 Fiu 7z s R &G T S A T L DBAF EMGEZ T2 TV 5, HEEEDHETIE, U7 V7D
R 7 b 72K U7z FLL BIEROBAFE & 24bit 7— 2 0 H—DRMIC X % ¥ AT LEREDUGEEIC DWW THE Lz, izl
B AT LW TOANBREILTEHETOBREEROME R, 1pTH HzLLTFDES TH % Schumanntif s X UEHEE
Alfv&amp;#233;nil LB IE T E B MRERE T % T E DR T E T2,

—7. 5/ A XX 0.2pTH Hz@30HZALETH D, TOMHEIFY AT LERERERTOEERDED S E o7z, TOfA
MERFRHEKZON, TN E VAT LHKRIEON ZiHRT 5725, SQUID DJE DI L 7z fifa#ldER; > — )L RicD
WTHMBRE Z1To Tz, ZOMER., IERICBI 2B — IV FOMSZHIKEL, R/ AXEREFETHZ T Ehbho
720

ARETIIEBRH Y —IV RICKD /A XDOFHtiE K TUEICDODWTOHEEITV. ThETHO TV SQUIDIC HERY
DULTRD /A KR L7z SQUID & DA G ORICET %V AT LEREEEN T B TETH %,
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3D magnetotelluric imaging of fluid distribution in a seismogenic region, Miyagi, NE
Japan

# Zenshiro Saito[1]; Yasuo Ogawal2]; Masahiro Ichiki[3]; Atsushi Suzuki[4]; Yusuke Kinoshita[5]; Puwis Amatyakul[6]
[1] Department of Earth and Planetary Sciences , Tokyo Institute of Technology; [2] VFRC, Titech; [3] RCPEV, Grad. School
of Sci, Tohoku Univ.; [4] earth and planetary sciences, Tokyo institute of technology; [5] Earth and planetary Sciences, Tokyo
Tech; [6] VFRC, Titech

Northern Miyagi is located in one of the strain concentration zones in NE Japan (Miura et al.,2004). This area is known to
have high seismicity and experienced two large earthquakes, the 1962 Northern Miyagi Earthquake (M6.5) and the 2003 Northet
Miyagi Earthquake (M6.2). The 2003 earthquake was well studied and its focal mechanism and aftershock distribution suppor
that the earthquake was a high angle reversed fault, which is a reactivation of an originally normal fault, created in the Miocene
during the Japan opening. The surface extension of the fault is recognized as a flexure. Geologically, the area is mostly simpl
covered with thick sediment and is surrounded by granitic rocks of Kitakami Mountains to the east and to the north. A high
magnetic anomaly under the Izu-Numa area may represent the existence of relatively deep sediment. The objective of this stu
is to image the geofluid in three dimensions and relate them to earthquake activities in the region. The previous studies were k
2D modelings. We used MT data at 52 sites in total: 24 sites are new and are arranged in an approximately 2 km grid wheree
two older dataset were along profiles, one NEE-SWW profile with 18 sites (Mitsuhata et al., 2001), and one NNE-SSW profile
with 12 sites (Nagao, 1997). We inverted the data using WS3dMTINV (Siripunvaraporn and Egbert, 2009). Our preliminary
model showed that shallow (less than 5km depth) and deep (deeper than 5km) conductors exist: Shallow conductors represe
sedimentary layers. One of them runs along the edge of the Kitakami Mountains. Deep conductors may imply an anomalou
body containing saline fluids originating from slab fluids. Two conductors are significant. One is located at south of Izu-numa
at 5-10km depth, which is inclined downwards to the west with dip of 30 degrees. Another conductor exists to the south towarc
the hypocentral region of the 2003 Northern Miyagi earthquake at 10-km depth, which is nearly vertical. And, it seems the two
is connected. We noticed that seismic activity is high around the deep conductors covered by high-resistivity. The may imply the
episodic migration of fluid from the fluid reservoir to the upper brittle crust triggers high seismicity.
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Magnetotelluric survey of the eastern segment of the Biwako fault, the Yamasaki fault
zone, southwest Japan

# Shin Kuramitsu[1]; Satoru Yamaguchi[2]; Yusuke Oda[1]; Toshiaki Mishima[3]; Shuhei Ito[1]; Akira Mimura[3]; Hideki
Murakami[4]; Shigehiro Katoh[5]
[1] Geosciences, Graduate school of Science, Osaka City University; [2] Geosciences, Graduate school of Science, Osaka Cit
University; [3] Geosciences, Osaka City Univ; [4] Natural Sciences Cluster-Science Unit, Kochi Univ.; [5] Museum of Human
and Nature Activities, Hyogo

Introduction

The Yamasaki fault zone (YFZ) consists of the Nagisen fault, the main part of the YFZ, and the Kusadani fault. The main
part of the YFZ is further divided into a northwestern (NW) group (the Ohara, Hijima, Yasutomi, and Kuresakatouge faults) and
a southeastern (SE) group (the Biwako and Miki faults) based on their latest faulting events and mean slip rates; AD 868 an
1.0 m/kyr for the NW group vs. AD400 - 600 and 0.8 m/kyr for the SE group (Okada, 1987; Earthquake Research Committee,
2013).

Audio-frequency Magnetotelluirc (AMT) surveys have made at 81 stations along seven survey lines across the faults of the
NW group, while the survey has made at only 29 stations along two survey lines (BVdKd MIKI lines) across the fault of
the SE group.

The two 2-D resistivity models along the BWW (Ito et al., JpGU2015) and the MIKI line (Katsumuet al., JpGU2016)
were already reported. The former model, named the BWihodel is characterized by the clear resistivity boundaries beneath
the surface trace of the western and the location corresponding to the eastern segments of Biwako fault. The latter model, nam
the MIKI model is characterized by (1) the shallow sub-horizontal conductive layer and (2) the broad conductive zone which is
dominated on the north side of the fault.

We made additional AMT survey along the line between the BWKand MIKI lines, because it is important to make clear
the subsurface structure of the whole nature of the SE group to know that of the YFZ and difference between the NE and SI
groups of the main part of the YFZ.

Observation

AMT surveys were undertaken in February 2015 and March 2016 at 24 stations along the transedE (B\&XKacross the
eastern segment of the Biwako fault where is located between the western segment of the Biwako fault and the MIKI fault. The
remote station of the magnetic field was made “18km north from the northeastern end of the transect to analyze the data usi
the Remote reference method (Gambteal., 1978). Two horizontal components of electrical field and three components of
magnetic field were measured at the stations along the BiNiKe.

Analysis

After MT response functions were obtained, we adopted the phase tensor analysis (Cal@e2004 ; Bibbyet al., 2005)
to estimate the dimensionality of the resistivity structure below the study area and to determine the regional strike, if the structur:
is two-dimensional. Then the two-dimensional resistivity model was constructed using the code of Ogawa and Uchida (1996).

Result

This optimum model obtained (hamed BWKmodel) is characterized by the two conductive zones : (1) the shallow sub-
horizontal conductive layer and (2) the broad conductive zone dominated on the north side of the fault. This feature is quite
similar to the MIKI model.

In this presentation, we will show the outline of our observation, data analysis, modeling procedure, and feature of he BWK
model. We, then, interpret the BWE model comparing to the BWIE model with the BWKW model and the MIKI model.

X Colc
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Three-dimensional magnetoelluric imaging of Kii peninsula -preliminary results

# Yusuke Kinoshita[1]; Yasuo Ogawa[2]; Zenshiro Saito[3]; Masahiro Ichiki[4]; Satoru Yamaguchi[5]; Kiyoshi Fujita[6]; Koji
Umeda(7]; Koichi Asamori[8]
[1] Earth and planetary Sciences, Tokyo Tech; [2] VFRC, Titech; [3] Department of Earth and Planetary Sciences , Tokyo
Institute of Technology; [4] RCPEYV, Grad. School of Sci, Tohoku Univ.; [5] Geosciences, Graduate school of Science, Osaka
City University; [6] Technology, Osaka Univ; [7] Earth and Emvironmental Sciences, Hirosaki Univ; [8] INC

Although Kii peninsula is located in the forearc side of southwest Jpan, it has high temprature hot springs and fluids from
mantle are inferred from the isotopic ratio of helium. Non-volcanic tremors underneath the Kii peninsula imply a rising fluid
from slab.

Previously, in the southern part of the Kii peninsula, wide band magnetotelluric measurements were carried out (Fujita ef
al.,1997;Umeda et al.,2004). These studies could image the existence of the conductivity anomaly in the shallow crust and in th
deep crust. Long period observation using network MT data showed low resistivity on wedge mantle (Yamaguchi et al.,2009)
These studies, however, used two dimensional iversions and three-dimensionally is not fully taken into consideration.

As part of the &quot;Crustal Dynamics&quot; project, we have measured 20 more stations so that the whole wide-band MT
stations constitute grids to make three-dimensional modeling of the area.

As an first attempt, we have analyzed previous data (Fujita et al.,1997 and Umeda et al.,2004) by three-dimensional inversion
Preliminaly result showed the followings.

(1) The high resistivity in the eastern Kii peninsula at depths of 5-40km. It is located to the west of the exposed Kumano acidic
igneous rocks.

(2) The western part of Kii peninsula has the shallow low resistivity in the upper crust.

(3) The western most part has a deeper conductor in the lower crust.

These features are qualitatively consistent with the previous 2d modeling results. Further modeling incorporating with new 2C
sites will be presented.
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Challenge for imaging a magma chamber beneath Nishinoshima volcano by marine
magnetotelluric observation

# Kiyoshi Baba[1]; Noriko Tada[2]; Hiroshi Ichihara[3]; Takao Koyama[4]; Hiroko Sugioka[5]; Yozo Hamano|[6]
[1] ERI, Univ. of Tokyo; [2] D-EARTH, JAMSTEC; [3] KOBEC, Kobe Univ.; [4] ERI, University of Tokyo; [5] IFREE,
JAMSTEC; [6] JAMSTEC

Nishinoshima is an uninhabited island oceanic island generated as a volcano on oceanic island arc, which is located about 1.
km west of Chichijima in Izu-Bonin islands. It has erupted intermittently since November, 2013 and has enlarged its area by
filling in surrounding sea with lavas. It is an on-going process of development of an oceanic island arc and thus valuable target t
study. Many kinds of observations have already been going on. Geophysical (seismic) studies, have not succeeded to image t
magma chamber yet although a geochemical study of the lavas suggested that the magma chamber is in 3-6 km depth (Sanc
al., 2016). Then, we planned to conduct an magnetotelluric (MT) observation using ocean bottom electromagnetometers aimin
to image the magma chamber in terms of electrical conductivity anomaly. It is important to examine if the instrumentation
and analysis methods at the present are useful to image the possible magma chamber reasonably in advance of designing
observation plan. We have studied the sensitivity of MT responses on the seafloor around Nishinoshima to the high conductivit
anomaly presumed as the magma chamber by three-dimensional (3-D) forward modeling. We incorporated the latest and details
bathymetry data around the Nishinoshima, which was provided by Japan Coast Guard, into the 3-D electrical conductivity
structure. The conductivity of the crust and mantle is set as uniform 0.01 S/m, except for the shallowest part of the crust whict
changes from 0.316 to 0.01 from with depth. To this reference model, we superimposed 0.1 S/m conductive column with differen
diameters in different depth. We simulated the MT responses on the seafloor to the reference and modified models and calculat
the difference in the responses between the two models. In case putting conductor of 3 km diameter and 3 km thickness in tf
top depth of 3 km, we observed the significant difference in the periods between 1 and 10 seconds at the location distant 3-
km from the center of Nishinoshima. This result makes us expect that the real MT data can have significant sensitivity to the
magma chamber if the true structure is similar to the presumed structure. We will show further detail of the sensitivity tests in the
presentation. In addition, we are trying inversion tests using the synthetic data which were produced from the forward response
by adding noise to examine if the inversion can reproduce the presumed anomaly. We will show further detail of the sensitivity
tests in the presentation.

PH/ Bl&. /NSRRI E DT 130 kmic (& 2RI LOMANE TH %S, 20134 11 A K D EAEH) 2
MRIE S CTHHEAS THDYL T, BOEBEEILT TV, 1/ BOKITEINE, #EEEEINOEBGEMZ HRT %
LTS TEELRY >V TIVTHD, TNETICT TITHELBINM TON TV 5, TAEY 2 T IVOREREZN AT 5 I,
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Long-term variation of geomagnetic transfer function in Japan

# Masahiko Takeda[1]
[1] Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto Univ.

Geomagnetic transfer function at several pbservatories in Japan was studied in the period of since 1956. Some of the long-ter
variations areprobably caused by the solar activity variation, different behavior of the variation was found at some observatories
which may be caused by time variation of the local induced currents in the earth.

AR DBMIFT T ORGSR O B b iRz, FRCARICOWTIER A 707 2 VL BT ¢ V2V EE N
Tz L EDFIH T E % 195640 b Dk T2 b 2155 T MM TE Tz, 25 HEM Oh-4hLT D7 — &2 & IV TR D 2%
TINE LT 57201 5 S EOHEKRIEDOH 2 HZRN L. 15 HUET =205 2 AICOWTEIEL, Zh5DEHE
fbzFH Uiz, ZDOFERMRIC DOV TIX Yanagihara(1976C 5 & N7z EEIIAZLICE W TH S NS 19704EHED Au D
BEA LN ERIA TR\ ZE N, ZhD T ORSHICRRAERTH o EHIH LTz, ZDiEh, WL OO OEH
AT CIERFRNICZIE L TS — X RSN, HIBRNEBE USRS S 2SN T 2 B8 E RO L2 KM L T\ H]
BEMED D O, L IZFEERFCET 2 TETH %,
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Discriminating Anomalous Phases in Magnetotelluric Responses

# Tomohisa Okazaki[1]; Ryokei Yoshimura[2]; Naoto Oshiman[2]
[1] Kyoto Univ.; [2] DPRI, Kyoto Univ.

Magnetotelluric impedance phases are usually located in the first quadrant, which indeed holds for simple electrical structure
such as 1D horizontal layers and TM mode of 2D structures. In some field data, however, phases largely deviate out of quadrar
Those phenomena are called anomalous phases. Since they make inverse analyses difficult, identifying the cause will impro
the interpretation of MT data containing anomalous phases.

The appearance of anomalous phases changes depending on the observed coordinates. If the sounding curve is not anoma
in a certain coordinate system, it might be so by axis rotation. Therefore understanding the rotational properties is crucia
to evaluate anomalous phases. In this direction, Lilley and Weaver (2010) used the Mohr circles of the impedance tensor t
coordinate dependences. This enabled them to conclude that anomalous responses in their subject area are caused by galv
distortion. However, their method requires geometrically depicting circles for each frequency, so it is difficult to analyze in a
guantitative way.

We constructed rotationally invariant functions distinguishing anomalous phases by combining geometric quantities of the
Mohr circles. A value less than unity indicates that an anomalous phase appears in some coordinates, and a negative val
indicates anomalous phases in any coordinates. In addition, we proposed a criterion judging to which quadrant impedanc
phases belong under axis rotation. It shows full coordinate dependence of phases without rotating the impedance tensor angle
angle.

We apply the obtained criterion to field data to confirm the efficiency. In particular, some data whose sounding curve is normal
in the measured coordinates are judged as anomalous. Our criterion tells the angle of axis rotation for anomalous phases
appear, and by rotating the impedance tensor by that angle, the sounding curve indeed becomes anomalous. We also plan de
MT measurements where anomalous responses are observed in a previous observation so as to increase the number of anoma
data and discuss the spatial change of responses in the criterion we proposed.

MT JBEDA Y E—R YA« T2 NS EBNT, IEARS ONAIGEF S 1 RIS T %, FACKCERUERIES 2 X
JUREED TM E— R TIIEICHKILT % T ENHERINICHIS N TV, & TADEIITIEMIC, SOz KE GRd
HZAMBRRENZ T eAH O, BEMEEEINTVS, ZORKE LUTIE, Fikix /A X0 N OEME R B URE S
MR E VL ODDETIVBERIN TV S, L L, 4 OBIEEFICH U TETIVOEIEZi#ERT 2 DHEUIRT,
ETIVIHE D LRG3 R STV,

BN BEIERIC K o THHEMNELT %, R, JIE L2 BIER TIEE ONMMETE ., BIEZ T % & BENHE
MHRSNZAEENEND 5. BHNCEHNS BEMHOMEZ & N BT B 72DIcid, R 2 R T 2 0B H
%, Lilley and Weaver (2010)Ci&. « > E—& V ADET— )V % HHEICHE. H5EETREMHENHENS X5 &%k
BRAE R AT 2 FEZRE L, ThZHWT, RGeS 0fHIE galvanic dlstortloric_é:% CREERL TV, T2
ZLZOHNEE, TV ZZEHIK RENRD D, KB TERNICHN DS WNEWS R dH %,

Z T TAWIZE T, Lilley and Weaver (2010 5E1C, T—)VHOEM 2R EHAGHDE TERENMHOEEEHET
2 AR BB M U Tce BIBIDMEIC K > T, H2BIETEENMENBN S HEP. EOREMENRSNEHE
ZRAC LICHRITE %, SHIC, PEEERERICTE S MAHDOSRRDOZ 2 RR T % 51k E R Uiz, ThICKD A E—
RUR « TN R P LR Th . BEAC KA MHINEO2KGZHET 5 LW TE S,

P EogSbz8iflls—2icEA L, ELSHRIT 5 T & iz, R, HIEBEERONAIZIER T & HE B
OEENAHDOIFEZ R TSN D 0. Bl EORRZE LAV E— ﬁ‘/x%ﬂﬁs@“% &, BEEEERD BEAHE
IR T MR LTz TS 9 HIC, MAICEEMMHNE S MBI EL TEEED MT Bl 2L 2 TETH
%o BEAMHT—2OY U TINEZEERT L L EIC, AWFEDOHRET 5 HHTEIC X DRk SN 5 0B DZERZIicD
WS %o
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Long-term stability of continuous MT monitoring, Part 2

# Yusuke Yamaya[1]; Toru Mogi[2]; Hiroshi Asanuma[1]
[1] FREA, AIST; [2] Fac. Eng., Hokkaido Univ.

The magnetotelluric method has been recently applied to resistivity monitoring of a fault zone and volcano and geotherma
reservoir. These studies expect to detect a time-dependent resistivity change of target structures. In order to detect such a s
change, it is needed to remove any other variations, which are caused by variations of electromagnetic source, noise and cont
conditions. This study aims to evaluate the long-term stability of MT data and to present a way for an application of resistivity
monitoring. We analyzed the MT data continuously measured by GSI at Esashi (ESA) and Wakuya (WKY) observatories from
June 2005 to June 2011. The 'BIRRP’ time series processing code (Chave, and Thomson, 2003) estimated the MT responses
using 30-day-long data every 10 days. The 30-day-long data brought much better quality of the MT responses, which showe
small error bars, compared to the ones from one-night data. The apparent resistivity, phase and magnetic transfer function at t|
ESA station obviously shows seasonal variations at a high frequency band above 1 Hz. The coherence between the electric fie
and predicted electric field shows poor quality in winter season (November to April). Large error bars of the magnetic transfer
function in winter season imply that the variations are not caused by only the variation of the electric field noise. The phase
tensor (Caldwell et al., 2004) can avoid an effect of the electric field distortions. Because the phase tensor parameters at tt
ESA vary with over 10 % range, the variation of the MT responses is not the effect due to the distortion. Additionally, because
such variations of ESA are larger than of WKY, the data can reflect variations of instrumental characteristics and electromagneti
noise. These results show that an external factor can bring notable changes of the MT responses even if at the site where a
structural temporary change is not expected. In order to apply the MT method to a detailed resistivity monitoring, it is required to
previously know a background variation for the term without structural change, using continuous measuring at multiple stations.
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Possible causes of observing no self-potential changes during 2013 Nojima water
injection experiment

# Hideki Murakami[1]
[1] Natural Sciences Cluster-Science Unit, Kochi Univ.

Water injection experiments have been conducted in a borehole of 1800m depth at the Nojima fault to investigate healinc
processes of the Nojima fault, which is a surface earthquake fault of the 1995 Hyogoken-nanbu earthquake(Mw6.9). During
the 2013 water injection experiment water was injected into the fault system through the open hole part of the borehole (1800n
depth). Self-potential variations around the 1800m borehole were not observed or very smaller than those in the previous watt
injection experiments (1997, 2000, 2003, 2004, 2006, and 2008) at 540m depth and did not appear clearly to synchronize wit
the operation of the water injection. The previous observed self-potential variations were explained by the streaming potenital
however, no observation of self-potential variations durring 2013 water injection experiment was not explained by the streaminc
potential. Zeta potential depends on ph, salinity, aluminum ion of the fluid. If zeta potential is zero or very small, no observation
of self-potential is explained due to the same model. In this study, we discuss effects of clay minerals, carbonate minerals, an
sea water on zeta potential.

19954F FL i IR EE (Mw=6.9) DHIRHERE T 2 5 EWifE O REIRREZ RS 7z 19974, 20004,
20034, 20044, 20064, 20084F, 20134 LBy EWiEZ E < 1800mDH—"1) > THAANDHIKFEN LT N TV 5,
MR AR IEIRICIE, W A5 TR EENIC X D R S NIZIRAED 72 8D1C, WiSERIET N\ DIEKETT 5 &K LR
MICHENTD LD, WEOEBEEREDEITLTL % EKIFMNC KA ETHREINS, 19974EM 5 20084EF TDHF:
IKRIEERIE, SEBUCIIHT 1800mEEDWIE I NDIF/K TIE/R L, WHE 550mDKR—1) » FLOMKET-H 5 JE PN
IKEW S REFERIC R 5 120, HERAEZ D 199741 LEREL KD FHRNIC K < &b, HEBEUE TIRIE @I IR
LIRS TS T e RIER LTz, TOf5HE, 1800mfLIEREICH % 800mILDIFE/KEZ(L®, YiNEEE, Z L THIRICE
% BEREMNEZFOFH & Vo 72N ARIEIC X D EE I NZZNFNOFGHRINIE L TV 5,

FKFEBRIC X Ol N TKOmEIMNE E NS, REIEMAFET S ENWRFTE S, 1997405 20084EDEERT
&, FKICFEAL e BREMAF M RIC B O TEIIE N iz, TOHREMZENZ, 1800mfLDT — V781 THi
HEME LTERHLTWS WS EFIVTIRIRZ T 5 LMW TE Tz, LHL, 2013F0H/KFERTRAVKICHEBIL 72 H
SRENZT 28T 5 T ENTE AN o7, 2013FDTIKEERTIE, TEROTIIKEERTHi/KZ LTz 540mEEE TO
/KA SR 72 52 LK 2 92 LTz INTREERT DR R D728, 1800mEEE M5 Dt TH > 7 T E MR T E TldWix
WA, WA DHKICE S TV e DEEZEZSENT VS, LML, TEROAVKER L FkOZEN (1)), &) T
Ffii L7z & o 5 HIREMZF DB S Nah o 72 T L Z2TERDET IV TIEFIAN TE &L,

MEFEADONRE S ZRET 5 (B, HARD pH, 7, 7IVIAF VR EIRMKFEL TR T EDHLNT WS,
BASDOERICE D (EMMIFFIT/NE o> TN, TEROTIKEROREME (£, s DR TH->TLHA
BAATDBENTN T ENHIITE %, ST TR, WIER T 2T 2R3V, IREEHIY), < L Cifikod ¢
BANDLEZERT %,
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Comparison of Deep Learning-based Estimation Methods of GeomagneticField
Variation

# Yuta Katori[1]; Kan Okubo[1]; Nobunao Takeuchi[2]
[1] Graduate School of System Design, Tokyo Met. University; [2] Res Cent Predict Earthq Volcan, Tohoku Univ.

We have reported successful observations of co-faulting Earth’s magnetic field changes[1]. To develop a new system for
super-early warning of destructive earthquakes, these observation results are very important. On the other hand, these obser
tion results suggested that the geomagnetic variation signals are very small. In the result at lwate-Miyagi Nairiku Earthquake
the magnetic fields began to increase almost simultaneously with the onset of the earthquake rupture. This amount of change w
approximately some hundreds pT. As another observation result, at the lwaki-observation site in Fukushima, we also succes
fully observed a similar signal by our high-resolution geomagnetic observation system using HTS-SQUID magnetometer. This
amount of change was approximately 50 pT.

To detect small co-faulting Earth’s magnetic signals for developing new system for a super-early warning of destructive earth-
guakes, a signal processing method is very meaningful. Then we presented a nonlinear processing method of geomagne
estimation by the deep neural network (DNN) using stacked-autoencoder[2]. In this study to improve the precision of estimation
we employ some estimation methods using the deep-learning technology to solve our problem. We perform an evaluation an
report an effective estimation method using deep learning in this presentation.

[1] Okubo et al., EPSL,2011.
[2] Katori et al., JpGU Meeting, 2016.

A DOMFETIN—TTIETNE TOWFERRIC K D, HFERERICE U2 M/ N SE S 2 b 28T 2 T LISk
HLTW3 [1], T 5OFRKERIE, HSESZ AWK D &dia BRI Y A7 LEREOT N ZH -8 D TH
. L LMD, BoNSESRIFFITNESRES TS, HIZIX, AT « SANREERER ORI 3B % Hif
KBRS R T, 3 RSB BV TG D HIERAED S HERDRES 2 £ TORMRMIC, X 100pTREDOKEEZD
W NS E S 2182 T N TER, Tz, WOEBIHETE, mssquMﬁﬁ%ﬁwk%@Eﬂ@%ﬁMmﬁw
T, 201359 H 20 BRSO 2B L 9% M5.9 OHIEEDFAE UTER, ERORIC 50pT R ORIkl Na g &
BEEBHT 2 LIS Lz, TNHORENS, 2L OGS h,ﬁ*%ihuib%%mxm%zmuﬁ$fﬁéu
ENTREEINS, TN MNaHIERZTT S Todlcid, HEFEAERNCAE UMVl SE 52 ) 7 IV 2 A LISHRATY
51 DOEENHFENRETH 2D, BIE, MUNGHIBSKES 2T 2 2D DFE ML L TWiawv, £ THRA
BTFa—7S—=V7HMcERL, FOHEMD—D2TH 3 Stacked-Autoencode® FAW 7z IERFIEAE ST K 2 Mg
BT ITERIERL, ZOHEFHEEZAM Ui oa—7)Vix B E Sz R Uz [2]. AR Tl HEE R
Eom bEzHIEL, 74— =22 FHEIMCED SEBOTFEZ ARSI UTHEA - gL, V7))L 2 A LI
EZEHEE DD DEN T 4 —TF—=2 T FE=ZRT,

[1] Okubo et al., EPSL,2011.
[2] Katori et al., JpGU Meeting, 2016.
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3-D EM induction modelling in a spherical heterogeneous Earth by external sources of
higher degree modes

# Takao Koyama[1]; Hisayoshi Shimizu[1]
[1] ERI, University of Tokyo

For aiming to investigate an electrical conductivity structure in the Earth’s mantle by the EM induction method, it is essential
to properly consider a source distribution in low frequency ranges unlike a common MT method. A simple P10 distribution
assumption is valid in a period range over 5 days (e.g. Semenov and Kuvshinov, 2012), and most of conventional global EM
induction studies have performed under this assumption (e.g. Kelbert, 2009). Recent studies, however, revealed that it's invali
in a period range between 10,000 sec and 5 days even if well-known Sq field effects are separated and removed (e.g. Shimizu
al., 2011, Semenov and Kuvshinov, 2012). Observed EM field data at the surface in a period range described above are sensiti
to the electrical conductivity structure in a lower part of upper mantle and a upper part of mantle transition zone, and thus it is
inevitable to analyze the EM field data in those periods to fill in our understanding for a missing region. We've developed a 3-D
modelling code of EM global induction mainly by P10 excitation so far (Shimizu et al., 2010, Koyama et al., 2014), and need to
modify it further to be able to adapt in a period range mentioned above.

In this study, we’ll show how to modify our original code to be able to input source fields of mixed higher degree modes than
P10. Our code is based on an integral equation method, and non-ohmic electric current source distributions are required to inp
as source terms in our code. Now we're just considering the source effects of electric currents in ionosphere and magnetosphe
as source terms. These current systems actually include both toroidal and poloidal components, but the effects of poloidal curre
components are vanished in the air, and thus only toroidal current components are needed for EM soundings in the Earth. So
turns that it is just required to know equivalent source distribution at an arbitrary radius above the surface. In our original code.
Green'’s functions are expressed as spherical harmonic expansions which are core parts of our code. Thus, it is convenient a
suitable that external source current densities are also expressed by using spherical harmonic coefficients. Supposing that we
just already known Gauss coefficients of external magnetic field in those periods by geomagnetic data analysis, we can know tt
input source datasets which are expressed as spherical harmonic coefficients, because a conversion to external Gauss coeffici
into spherical harmonic coefficients of equivalent electrical currents are easily derived (e.g. Koch and Kuvshinov, 2015).

In our presentation, details of modification of our original code are discussed and some numerical results of 3-D forward EM
induction modelling will be shown due to, for examples, supposed Sq field excitations.

THa—VER Y MVOMED X 5 ISR E XU B EME 2 HR 5 1o DICEERA L 2RI H 3 2 55, BUR i~
N OEEF OEMS T — 2 DB OInZ, SRV — AZEFE O MT EO X S I PmEGE Lz #EHT 5 LId T
. VAR ZIEL L BET 2080 H 5, [EROWSGEINT — 2 i@t OW7eh S 8B HEBLL DY — A mic ki L
T, JEFICEHZ PLODA TR AU TER T EMNHISNTED (e.g. Semenov and Kuvshinov, 20122 NE TD Y
O— VA VRS 3 VOWFEDIFEAE TR, V—ANHITE T OELZ#EH U CERIZEE I HEESNTE
(e.g. Kelbert et al., 2009) LA L. —/5 TJ&1¥] 10,0000~ H DI Tld Sqia D2 LD Bz & LT E T Dl
WNIE D T lzi2 0T E DB DG 5bh > TE 7z (e.g. Shimizu et al. 2011 Semenov and Kuvshionv, 2012 F&EDJE
PRI, B~ P~ MVERE LTIREN D 5128, BXILEEOWEMEHE L, 5K M7y
U RS BAF I ADERENS LT, COFRHROMNIDMD THEETH S, EELEINET () Fu—
2NV 3 Rt AUREEHEHEE 20k D P10V — ZAld ® & TS T E 7z (e.g. Shimizu et al., 2010, Koyama et al.,
20147, it OEMIE TR ZOEFEMT 2 LT TETBIERMITHRENTTE R,

ZTTOARMAETIE, TNETIKEFRLTEIMAAERECKZ 3/ u— A VB a>yDT7+T—Rad—
RIZDWT (Koyama et al., 2014) P10 X D & @ ROBKEAEE— FZ2Fi B, D, EROE— FAEET 5 X 5 HEH
WY —ZAATNCRH L TEMHTES LS5, I—RZRE L, T Tid, BEEEE - WKE TOERBGEEHY — X010
% non Ohmicx &R EY —ATH 5 & LT, MABNEOERSEY —AHICEA % LI 5, ik - ik
TOBREIE Y — A Ra A ZVEFG & oA ZIVEFRGOm DG E N5 D FOBRGGEEREZ % LTI,
haA ZVERGEGY — ARG ZEZ T KV, DD, KOHMEL T, HEXD L TOHAEEOFERICBIS b
A ZWVIRFEMEFIG DM RO KT LIcm b, (RO I— RIZFESAHRRNETREE 557 ) — VTN T
NOIKPEME—FICXZ2EREDEE L TERLTEDT, AMATIEZO 2R, S50 — A ZEREISE— F
B USRI TERA ST LICT %, FERNEET — 2 \OMHZHEF IO, Tz & ZISHIBER T — 2 TS D 54
RIS AT B H T ZEBDNTHZEDE LTaA—RICANTZ T EICHIET %, K. BRSO /T A
BB S b oA Z)VEREBREEUER LTz & & DRBANOZBUI AR E D (e.g. Koch and Kuvshinov, 2015 AHf
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Development of the aeromagnetic survey system using drone multicopter

# Mitsuru Utsugi[1]; Takeshi Hashimoto[2]
[1] Aso Vol. Lab., Kyoto Univ.; [2] ISV, Hokkaido Univ.

Aso Volcanological Laboratory and Neoscience Inc. has developed an aeromagnetic survey system using drone and mult
copter to use near the active area of the volcanic region. This system consists DJI S1000 multicopter and Bartington Mag56
fluxgate magnetic sensor and it can be measured magnetic 3-component data at very high sampling in the specified area fu
automatically. Using this system, it is expected that we can acquire the magnetic field data on the active volcano even while
eruption is occurring.

To test our survey system, we conducted an aeromagnetic survey on Komezuka volcano, located in the northwestern part
the post-caldera central cones of Aso volcano, central Kyushu Island, Japan, on Aug. 2016. Komezuka is a basaltic monogene
volcano comprising a scoria cone. On this volcano, Hasimoto et al. (2009) measured dense magnetic total field anomaly b
ground-based observation. Applying procedure of the magnetic upward continuation to this data, we can estimate the magnet
anomaly on the arbitoraly point above the Komezuka volcano. Comparing this estimated anomaly and observed data acquired
our test survey, we will verify the accuracy of our survey system.

FESRAKILIIg > 2 — Tk, ARESAA T A 22 A%k CRIRFFRmTTEE 5 TH 11-22 NOZRGFEHFHEE L TN
RARE (Fo—2) ZHOW2KEEEGEFIC BT 288 A7 LOMRZIT., T4 — VR TOTANT T
A b & U TSN ILTOZ RSB Z1T o 7o . RFZHEISCBRES EFORRICEHNT 2 72 Ok L
BUHIEHSSEHE ) O—BRE LTIt T2,

SRR 26 4 11 A, fFE NS B TRZESEADFE LE L OB 2 Uiz, TOFEEEZT, GRS 5%
EORGRICERT % 72O OHE A LTI E R ] OFEO—ERE LT, HAGRGENAE O FEGSOZTIRRER R % H
e Ureze &R, BT A ANY a7 Z—rz v izZethh b OB ZTT S FEEHE Lz, UL LBIES 4%
HUs A RATHRHITEIKIC R E SN TV B OB RIS % T EAHRIZWIRINTH %, RGBT RS OIRED
ZERINIC ED X S Btz FF O 2% 5 2 TIEFISHEORWTIETH 2 T EMHNSENTVS, SHICHETINA A
DLEEWN S| W2z FAOCHIRE SN Z 28 & SRS T2 O ARETH 5 LW IH RSB HEFFD, T95 LieFik
WAL O TR R OZARIRAE % S REE THWE S % T L1d. BAD X A= X LR, 5H%OEATHlZTTS FT
JEWICEHEERERE TS, LMLINE T, T LEHEEDOHEEICIZE ANDRITHEONY 372 —FHNWTE, ito
THRIOEHNLDEGED K S ITHNERICIZ, TORA I VT TERANZALEH, BATZETS FTREEET
HBICBMID 5T, BEMOBUED SHENRIRERIRNDRE TH B, TS5 LIENS, 5RO LD % 2L
e UT, EERLEHRTEACHNENS XS Ik T/ VAR (Fa—2) 1K 228G AT OB
FairoHEHE Lz,

B AT LOBRIE () 3 AV AT AT LIz, TOYVATLTHHAT 35 ~)VF a7 % —id DI S100Q
W15 > ¥ & Bartington Mag5667 5 v 7 A7 — bk 3t U TH %, WA — A TI 217251119 % Fh—fk
M7EH, BHEO IR 15HE S10000XA 01— REDIMSHEZI TLE S FEhSSEIFHRE, HEHO Iy
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Resistivity Tomography Applied to Cylindrical Rock Samples

# Takeshi Suzuki[1]; Ryokei Yoshimura[2]; Ken’ichi Yamazaki[2]; Naoto Oshiman[2]
[1] Earth and Planetary Sciences, Kyoto Univ.; [2] DPRI, Kyoto Univ.

We are designing a high-resolution resistivity tomography method for rock samples. Such measurements possibly give detaile
information about microstructure of rocks and determine the mixing model that expresses geometric distributions of matrix anc
fluid. Whereas many works have been carried out for imaging heterogeneities with a field-scale around seismogenic zone
very few attempts have been made at applying high-density electrical measurements for rock samples because of difficulties
measurement. On the other hand, at the core-sample scale, the structures including microcracks are measurable by the ot
methods. Several works have observed clusters of microcracks in rock samples with the aim of detecting fracture nucleatio
and understand the process of faulting (e.g., Kawakatd.,, 1999). Such studies allow a comparison of the distribution of
microcracks with resistivity images at the core-sample scale.

As the first step in resistivity tomography imaging, we demonstrate direct-current methods using a high-density electrode
arrangement for a resistive intact rock sample in the present study. We use cylindrical granite samples with 50 mm diamete
and 100 mm long for present experiments. Conductive epoxies are used as electrodes. In order to measure voltage of hi
resistance samples, we use an electrometer with a high input impedaP@@ Tohm). In addition, we use both floating and
guard measurements to prevent leakage current. In floating measurements, ground link between the negative terminal and chas
is disconnected. In guard measurements, an input positive terminal, an inner shield of the coaxial cable, and a metal mountir
plate are set to a same voltage. Therefore, there is no current path except through the rock sample.

In the present work, we obtained a voltage distribution on the surface of the rock sample. The obtained voltage distributior
roughly correlates with numerical predictions, but there are major differences between observed and calculated values. We wi
verify the validity of obtained data and report the problems in this presentation.

A FERIRAIC X 2 M F DTSRG IA A=Y VTR EENTWE D, EBROHLEH S, Sl %
HAH A A—=2 » TR Dz, EBXINTEDNES R, SAEICE TNEMINT v 7 EEOIFBEEEHIIE 9 T
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RN 50mm T i E DY 100mmD AR ekl 2 Fl v iz BRNCEEE 9 2 BN IS B TR+ iR 2 L.
AU B OBIERRET 2 DI AT A Y E—&Z VA (> 200 TohmDIL 7 b A—&—7ffifl L1z, £z, JE
WS EHRPURERHNS O U T HHRP UL Z M 3 2 B8, 1E BB QAT T EUR O & FREEOMEIC R D, ZDFERT —
ARE EZN LIEEREARAVERDVEL D b, Thzlidlid, 7u—T7 ¢ 2 JHIEE H— FHlEZEH
Lico Zu—T 4 Y THERX. T FINVTS5Y RET7—A YK 2MEETH S, H— FHEE. Fihr—7)VoN
D> —)b RER & AR Z [EE T Ml kD NICEE SNz E 7 L— bz R — 7 )LV 0iR & AE ISR DRERE T
HH. WEEEH TR ORI C 2 BN 25T TENTES, TNHICX->T, MBRLSIMCED S E
TiktEg 2 i Ly IMAWVEROREZS T LN TE %,

AWML TIE, RS AN LSS E otz L, sURMIm OB A Z2HE Uiz, ARETIE, 2D
FERICOWVWTHET %, BoNERE. R ZEEEE L INE L TT-> BB R BB K ZoEmo—8E xR
Uieh, — T, BUEFHEREE & FHAEORMICIEH TER VAR BRI NG, TSIV TORZ Y & Bl S
TORMRIFZFEICDONTEHE T 5,
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Publish the Geomagnetic Charts of Japan for the Epoch 2015.0

# Shinya Takahashi[1]; Yasuhiro Sugawara[2]; Satoshi Abe[1]
[1] GSI of Japan; [2] GSI

http://vldb.gsi.go.jp/sokuchi/geomag/index.html

The Geospatial Information Authority of Japan (GSI) has conducted geomagnetic surveys all over Japan since about 1950. |
addition, we established 3 geodetic observatories in a sequential order from 1952 and nationwide 11 observation sites in 19¢
which are collecting both total force and vector components of geomagnetic field at each site continuously. Those data have be
not only opened in public but also used for making the &quot;Geomagnetic Charts of Japan&quot; which describe a normal stat
of a geomagnetic field over Japan. GSI published the charts every 10 years so far and the newest one was done in 2011 for t
epoch 2010.0. On the other hand, there are also some requests for shortening its period to every 5 years which is same interval
world models such as the International Geomagnetic Reference Field (IGRF) and the World Magnetic Model (WMM). In order
to live up to this demand, we develop a new method based on the principal component analysis to reproduce the fully reliabl
magnetic field with less data. GSI is now preparing for publishing a new chart for the epoch 2015.0 in this December. We will
present the detail of both our new method and the upcoming product.

E TG T, HASE ORI ORI 7346 & REZ(L 2R T % 728, 19504FEE ) 5 HARREZ HEf#E S % Hifl
SMIEZEIFNE LT E . 19524 LIRIEXRBHRR & Nz 3 D FrOIHIBIAFTCANZ, 1990FERDZK A 5iE, 2FE 110D
HERERIC BV T IR AN 7 MV ORI 2 L TW5. ZN5 DT —21Z, HPEh b —RICAEN
TW5IED, HAREOZMTHS 7L LT 19704E0 5 104EC EICAE L TV ARG IKIANDO I, HiK Ficisir %
Bt RAtD T NOMIER & U TOMEREADIERZ &, EAEHENTVS. BEAEZL TV S RITOAIXIE,
20114E I/ KR LTz THEAIX 2010.0E(E] TH Y, WaiEHE D THNIREIOWMAKIZ 2021 FEREKEZ DD, T—HFA
D=— AHABEOFEER, HSHARET IV IGRF, WMM) OFEHEE (544F) IADE A KVERANDEEN &N >
el e, EEEBIN T — X ZTEH Uz F0 0TS K 2 #ifc i i 2 b e T VR k2R L (FRTE D, 2019,
SHBIESHETEICNET ST L. ZORHO X 2015.04 | %, KE12HICNKTEZTFETHS.

SEER U7z 7V, THEEIX 2010.0454f | {ERKRFICERH Lz FiEZz itk U, X 0 HMihakifiinfRiezfsoe D &
BoTWa., £z, 7—X2%7 Vv F{bT ZBOZEMMMEO S EEEMEEZEDICHBELZC & T, ik b BEllEOH
BN E O E 75> T3, AE T, SEHUZETIVONAENRORNETED THEAX 2015.06:14# ] 12DW
THET 5.
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A geomagnetic field expression around Japan with the latitudinal and longitudinal power
series of the spherical harmonics (1)

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

The present study aims to improve the geomagnetic variation model around Japan for identifying anomalous geomagnetic fiel
variation. The geomagnetic variation model around Japan by Abe and Miyahara (2015) using natural orthogonal componer
method does not require its magnetic scalar potential expressed as a power series of longitude and latitude to satisfy the Lapla
equation. In the model by Ji et al. (2006) using SCH, while the potential satisfies the Laplace equation, the major part of the
analysis domain is above the sea surface. In the present study, the expression of the magnetic scalar potential is obtained a
latitudinal and longitudinal power series of the spherical harmonics with the maximum order of 4 and the number of expansion
coefficient of 29. For expressing the geomagnetic field around Japan with the expression, a spherical coordinate system is defin
of which its equator runs along the major part of the land of Japan which thus ranges in +/- 0.3 radians in longitude and +/- 0.07¢
radians in latitude in the present coordinate system. The geomagnetic variation model around Japan with the expression of tl
magnetic scalar potential in the present coordinate system and the geomagnetic data obtained by continuous stations of JIMA a
GSlis discussed.

AW, HARBL O Z LT T IV DM I X 2 A Z LB R ZOREZ R L T\ 5, B - 55 (2015)1C
KB ERS DWW AARBLOMBERZLETIICHBEN TR, EKANT—RT V¥ v VA ERED L IER TE
HEINEH, 2T 7T AFEADIREL 722 120D HIEMNT 5N TRV, iz Jdietal. (2006)C K% SCHZ HL
e BAREAOHIE KL ET IV TR, WRA N T —RT Vv VNS TS5 ZJTRROM L 7550, fRETEE O KD g
HLEkxs, RUZE TR, BRIz SR O TIER U, FTH Y0 8k 4, 29D ERFRENC X B REAA
HIT—RTF V¥ IVDOEREZETZ, W THABLOMERZ 2 KBT 20, HAROREHDO K EDFREIC
BV, BEH-0.6T7 Y7 V., #E+-0.15T5 7 > DHIFICINE 2 EREEERZER LTz, TOMBERICBWNTERE I N
WA AN T—RT v )bl KGT KU E b O MR SGEGEI 7 — 2 2 W TS 5 M 3 AR O R 2 b
ETICDVTCHRT 5,
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