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Analysis of geomagnetic secular variation anomalies in Japan to deduce existence of
earthquake-related phenomena

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

To find an evidence of earthquake-related geomagnetic changes is a challenging work. Some earlier studies have reported p
or co-seismic changes in the geomagnetic field with sizable amplitudes (10 nT). However the rarity of large earthquakes, com
bined with the sparsity of continuous geomagnetic stations, means that there are few opportunities to reach a reliable conclusic
on the existence of earthquake-related geomagnetic changes.

As an alternative approach, | focus on geomagnetic secular variation (SV) anomalies that are NOT related to earthquakes
other prominent events. SV anomalies up to few nT are reported in several areas in Japan. On the other hand, anomalies in ab:
lute values of the geomagnetic field in the same area are up to 100 nT. If the reported SV anomalies are persistent during sevel
decades, a contradiction arises unless there are &quot;counter changes&quot; which possibly related to earthquakes. Thereft
precise analysis of the SV anomalies may provide an evidence of the existence of earthquake-related changes in the geomagn
field, although indirect.

To determine SV anomalies, the 1st geomagnetic survey’s data provided by the GeoSpatial Authority of Japan (GSI) during
1970-2000, together with observatories data provided by GSI and the Japan Meteorological Agency, are analized. Spatic
temporal variations in the geomagnetic field in the region are approximated by the Spherical Harmonic functions with low
degrees, and the differences between the observed and approximated values are regarded as the SV anomalies.

In many sites, persistent small SV anomalies ("0.1 nT/yr) are determined. Although they are smaller than those reported by a
earlier study, it still suggest the SV cannot continue for several 1000 years unless &quot;counter changes&quot; in values exist
at least in each 100 years. To find generation mechanism(s) of the SV is a future challenge, which possibly leads to an insight c
the relationship between the geomagnetic SV and tectonic processes.
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Observation of electromagnetic pulses prior to earthquakes

# Minoru Tsutsui[1]
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In order to confirm electromagnetic (EM) waves which could be excited prior to earthquakes, we had been observing EM
noises in boreholes. Since we could not detect any EM pulses related to earthquakes, we shifted down the monitoring frequen
from the range around 5 kHz to a range below 25 Hz. As the result, we detected earthquake-excited EM pulses in the earth. W\
also found that the EM pulses were excited due to Piezo-electric effect by vibration of seismic waves in the earth’s crust arount
the EM observation site.

Furthermore, in order to clarify behaviour of EM pulses in the earth and above the ground, we began simultaneous detection
of EM pulses with another EM sensor system installed above the ground and an accelerometer installed on the ground surfac
As the result, we confirmed that EM waves were excited by seismic P wave and amplified by S waves, respectively and that the
can readily leak out of the ground surface [1].

Detailed analysis of EM pulse in the earth and above the ground when an earthquake occurred just beneath the EM observatit
site has resulted that polarizations of the EM pulse above the ground was elliptic whereas that in the earth was a linear one. Th
phenomenon means that the EM pulse was radiated from the deep earth.

Based on such behaviours of EM pulses, we proposed a hypothesis of EM pulse excitations prior to earthquakes as follow:
when a pressure began to load to both sides of two large earth crusts in an active fault where a fragmentation layer exists betwe
the two large crusts, small crusts in the fragmentation layer could be first fractured even by the pressure weaker than that furthe
strong stress at earthquake rupture. By the stress impact at the fracture of the small crust, seismic P wave could spread in t
earth’s crusts, and by the vibration of the P wave in the earth’s crust, EM pulses could be excited due to piezo-electric effect in thi
crust and radiated out of the ground surface. This process would proceed and after that an earthquake would occur. Therefol
this kind of EM pulses can be regarded as a precursor of the earthquake.

Figure 1 shows spectrograms of tri-axial magnetic components and vertical electric component detected above the ground. A
earthquake occurred at 24 km west of the EM observation site at 21:02 JST, January 14, 2015, and spectral lines of magne
components can be seen at that time in the spectrogram. On the other hand, four vertical spectral lines of EM components a
seen at about 7 hours before (14:08 JST) the earthquake. Since the polarization of the EM pulse was elliptical, and the short ax
of the ellipse was pointing to the direction of the epicentre of the earthquake, this EM pulse can be regarded as a precursor of tf
earthquake occurred 7 hour later.

[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)
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Sensing Letters, Vol. 11, No. 11, pp. 1961-1965, 2014.
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Tsunami-generated magnetic fields on oceani islands in equatorial regions

# Hiroaki Toh[1]; Takuto Minami[2]; Issei Kawashima][3]
[1] DACGSM, Kyoto Univ.; [2] Geophysics, Kyoto Univ.; [3] SPEL, Kyoto Univ.

Coupling between horizontal flows and the vertical component of the geomagnetic main field alone has been considered &
source electromotive forces (emfs) in arguing motional induction in the ocean including tsunami-generated electromagneti
(EM) fields. Here we report significance of vertical particle motions in EM coupling with horizontal geomagnetic components
especially around the sea surface in the equatorial regions.

Vertical velocities of the conductive seawater associated with ocean waves such as tsunamis are usually neglected in motior
induction studies (e.g., Minami and Toh, 2013) because of its small magnitudes compared with those of horizontal velocities. Oi
the other hand, horizontal geomagnetic components are also thought to produce negligible emfs since V x F forms a short circu
everywhere within vertical planes in the ocean (Larsen, 1971).

However, it has been found that vertical particle motions can be the only source of emfs in the equatorial regions by the analysi
of the analytical solution of EM fields generated by linear dispersive tsunamis (Kawashima, 2015). The vertical velocities can
couple with the horizontal geomagnetic component parallel to the direction of tsunami propagation. The coupling creates emf
tangential to tsunami wave fronts with different phases and depth dependence from the emfs by horizontal particle motion:
and the vertical geomagnetic component. Although they become nil on the seafloor, the emfs by the vertical particle motion:
can generate vertical magnetic components as large as 1nT for a 1m tsunami and a geomagnetic main field with a horizont
component of 35000nT at the sea surface.

This implies that tsunami-generated poloidal magnetic fields can still be observed on oceanic islands in the equatorial region
even in the absence of coupling of the horizontal particle motions with the vertical component of the geomagnetic main field. It
is necessary for effective tsunami detection in the equatorial regions that tsunamis propagate in the north-south direction becau
the geomagnetic main field tends to be horizontal and along the north-south direction. This situation may be realized in the cas
of potential tsunami sources in the Solomon Islands and/or the eastern half of the Java Trench. In this presentation, results
data analysis of temporal geomagnetic variations on the Pohnpei Island at the time of significant past tsunami events as well
three-dimensional synthetic numerical simulations will be further discussed.
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Time-domain three-dimensional simulations of the electromagnetic fields generated by
wide-area propagation of tsunamis

# Takuto Minami[1]; Hiroaki Toh[2]
[1] Geophysics, Kyoto Univ.; [2] DACGSM, Kyoto Univ.

The reports of detectable electromagnetic (EM) fields generated by tsunami propagation attract interests of researchers becat
tsunami EM data allows us to infer propagation directions of tsunamis from a single observation alone. This feature may be abl
to improve the current tsunami early warning systems and tsunami analysis techniques. So far, Ichihara et al. (2013) inferre
a new tsunami source location of the 2011 Tohoku earthquake tsunami by using a seafloor EM data, which is in the norther
area compared to the tsunami sources obtained only by surface elevation data. However, almost all the preceding studies
tsunami EM phenomena, including Ichihara et al. (2013), used frequency-domain calculations to estimate the tsunami-generats
magnetic fields. It is difficult to estimate accurate magnetic fields generated by tsunamis, since tsunamis are inherently transie
so that most of the tsunami simulation are conducted in the time domain.

We, therefore, developed a new three-dimensional simulation code of tsunami-generated magnetic fields, adopting the time
domain finite element method (FEM) with unstructured tetrahedral elements, based on the technique of Minami and Toh (2013’
Tetrahedral elements have an advantage in accurate expression of real bathymetry. In this simulation code, we first calcula
the oceanic flow associated with tsunami propagation, solving the Laplace equation in terms of the velocity potential of the
irrotational and incompressible seawater. Then, we conduct an EM simulation using the observed oceanic velocity field as
source. Use of the same tetrahedral mesh between hydrodynamic and EM simulations allows us to obtain the self-consiste
results between them. Furthermore, we adopted MPI and MeTiS (http://glaros.dtc.umn.edu/gkhome/metis/metis/overview) t
conduct parallel computations so that wide calculation areas up to 1500 km square are allowed in our simulations.

We conducted a tsunami-generated EM simulation of the 2011 Tohoku earthquake tsunami with the tsunami source mode
presented by Satake et al. (2013). Approximately 5 minutes discrepancy in the tsunami arrival time at the DART observatior
sites (DART21418, 21401, 21419) between the observed data and calculation imply some problems in our simulation. Howeve
the comparison between the simulation results and the magnetic data observed at the seafloor shows noticeable differences
the phase lag of the magnetic field to the sea surface elevation between on the eastern and western side of the Japan Trer
which is consistent with the implication by Minami et al. (2015). We plan to improve accuracy our simulation by comparing
simulation results to analytical solutions of tsunami and tsunami-generated magnetic fields, and to reveal important features ¢
tsunami-generate EM fields from our time-domain simulations.

In the presentation, we will report our new simulation technique in the time-domain and important features found from our
tsunami EM simulations. Furthermore, we will discuss the comparison between the tsunami-generated magnetic data observ
at the seafloor and the three-dimensional simulation results of the 2011 Tohoku earthquake tsunami.
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Improvements of the performance in a SQUID magnetometer system for highly sensitive
observation of geomagnetic fields

# Jun Kawai[1]
[1] AEL, KIT

We have been developing a low-Tc superconducting quantum interference device magnetometer (LTS-SQUID) system fo
highly sensitive observation of geomagnetic fields. In our previous study, we reported the performance of the prototype syster
and the results of test measurements at our laboratory in a suburb of Kanazawa city. The system noise was about 0.15 pT/rtt
in the white region, which was limited by the resolution of a 14-bit data logger. The low-frequency noise, which was mainly
attributed to the temperature drift of the preamplifier, was around 0.5 pT/rtHz at 0.1 Hz.

In this study, we have developed a low-drift FLL circuits to reduce the low-frequency noise, and have replaced the 14-bit date
logger with a 24-bit one. We show improved performance of the system and some results of geomagnetic field measurements.
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Long-term stability of continuous MT monitoring — Analysis of GSI data measured at
Esashi and Wakuya observatories

# Yusuke Yamaya[1]; Toru Mogi[2]; Satoshi Abe[3]
[1] FREA, AIST; [2] ISV, Hokkaido Univ.; [3] GSI of Japan

The MT method has been recently applied to resistivity monitoring of seismic and volcanic activities and geothermal reservoir.
These studies expect to derive a time-dependent resistivity change of target structures. In order to derive such a small change
is needed to remove any other variations, which are caused by variations of electromagnetic source, noise and contact conditiol
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 200t
to February 2015. The apparent resistivity, phase and magnetic transfer function at the ESA station obviously shows season
variations at a high frequency band above 1 Hz. The coherence between the electric field and predicted electric field shows po
quality in winter season (November to April). Large error bars of the magnetic transfer function in winter season imply that
this variation is not caused by only the variation of the electric field noise. Because such variations of ESA are larger than of
WKY, the data can reflect variations of instrumental characteristics and electromagnetic noise. However, it is also possible the
the seasonal variations of electromagnetic source intensity affect the MT responces, because a small change is also recognize
the data at WKY. Although we currently cannot detect a reason for these variations, we would advance the evaluation such as
comparative study with other time series data.
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Reexamination of the conductivity structure of the Gomura fault of the Yamada fault
system in Kyotango city, Kyoto, JAPAN

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

Clear electrical conductivity variation is expected to be identifiable in the vicinity of an active fault as a result of enriched and
interconnected fluid (meteoric waters and/or groundwater) in fractures and/or uneven fluid distribution across the fault becaus
of impeded cross-fault fluid flow (e.g., Ritter et al., 2005). The electrical conductivity distribution can provide a new image of
the subsurface structure of an active fault.

A clear surface earthquake fault appeared associated with the 1927 Kita-Tango Earthquake in the Tango Peninsula of tt
northwestern part of Kinki district, Japan. This fault is named the Gomura fault and is one of the fault segments of the Yamade
fault system. Length of the Gomura fault is reported to be “13 km on land, while it is "43km or more when including a part on
seabed (Headquarters for Earthquake Research Promotion, 2004). A general strike of the Gomura fault is N30W and its dip-ang
is high. The mean slip rates are "0.2-0.3m/1000yrs (horizontal component) and 0.07m/1000yrs (vertical component).

We made an audio-frequency magnetotelluric (AMT) survey at twelve stations along a transect across the Gomura fault. Afte
dimensionality analysis using the Phase Tensor method (Caldwell et al., 2004), a two-dimensional inversions for the TE and TM
modes were carried out (Ouchi et al., JpGU2014).

We reexamined the data and obtained the new conductivity model. The modified conductivity modell(GsviRaracterized
by four conductive regions.

(1) Shallow sub-horizontal conductive layer (C1) between 160m and 300m in depth.

(2) Deep sub-horizontal conductive layer (C2) between 750m and 1200m in depth.

These layers are located to the east of a surface trace of the Gomura fault.

(3) Sub-vertical conductive zone (C3) beneath a surface trace of the Gomura fault.

(4) Weak conductive zone (C4) beneath a surface trace of the Go-seihou fault.

In this presentation, we show the modified model and its interpretation with referring to the 1,300m-long borehole data. Finally,
we discuss on parameters which determine special expanse and conductivity of the characteristic conductive zone beneatt
surface trace of the active fault.
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Three-Dimensional Magnetotelluric Imaging of a Seismogenic Region, Northern Miyagi

# Zenshiro Saito[1]; Yasuo Ogawa[2]; Masahiro Ichiki[3]; Masaaki Mishina[4]
[1] Department of Earth and Planetary Sciences , Tokyo Institute of Technology; [2] VFRC, Titech; [3] RCPEV, Grad. School
of Sci, Tohoku Univ.; [4] RCPEVE, Tohoku University

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 200.
Northern Miyagi Earthquake (M6.2). The 2003 earthquake was well studied and its focal mechanism and aftershock distributior
support 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 most
simply 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 granitic pluton at depth.

The objective of this study is to image the crustal conductor in three dimensions and relate them to earthquake activities in thi
region. The previous studies were by 2D modelings.

We used MT data at 52 sites in total: 24 sites are new and are arranged in an approximately 2 km grid whereas two olde
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)

The preliminary model showed that shallow (less than 5km depth) and deep (deeper than 5km) conductors exist: Shallov
conductors represent sedimentary layers. One of them runs along the edge of the Kitakami Mountains. Deep conductors mz
imply an anomalous body containing saline fluids originating from slab fluids. Two deep conductors are significant. One is
located at south of Izu-numa, which is consistent with the previous result of Mitsuhata et al (2001), but the distribution is highly
three dimensional and tit is rather elongated along the profile of Mitsuhata et al (2001). Another deep conductor exists to the
south toward the hypocentral region of the 2003 Northern Miyagi earthquake. We noticed that seismic activity is high around
the deep conductors. Mitsuhata et al(2001) pointed out that the high seismicity area is imaged as a resistive anomaly, and that
probably represents a granitic pluton. Our 3d model also confirmed their result.
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3D MT Modeling Around the Focal Zones of Iwate-Miyagi Nairiku Earthquake- Crustal
Conductors and Their Implications

# Atsushi Suzuki[1]; Yasuo Ogawa[2]; Zenshiro Saito[3]; Masashi Ushioda[2]; Hiroshi Ichihara[4]; Masaaki Mishina[5];
Masabhiro Ichiki[6]
[1] earth and planetary sciences, Tokyo institute of technology; [2] VFRC, Titech; [3] Department of Earth and Planetary
Sciences , Tokyo Institute of Technology; [4] JAMSTEC/IFREE; [5] RCPEVE, Tohoku University; [6] RCPEV, Grad. School
of Sci, Tohoku Univ.

The 2008 Iwate-Miyagi Nairiku Earthquake (M 7.2) was an unusually large earthquake, which occurred near the volcanic
regions. To understand the mechanism of inland earthquakes, it is important to study the structure around the area. Okada et
(2012) observed aftershocks precisely and estimated the seismic velocity structure. linuma et al. (2009) detected coseismic a
aseismic slips with GPS observations. Mishina (2009) and Ichihara et al. (2014) conducted 2-D and 3-D MT surveys respectively
However, the MT station distributions of the previous MT surveys were sparse. We carried out denser surveys and showed mol
precise resistivity structures around the area. We conducted MT surveys at 66 stations (59 stations from October until Novemb
in 2012 and 7 stations from October until November in 2014) around the area and estimated 3-D resistivity structures using
inversion code of Siripunvaraporn and Egbert (2009) with full impedance tensor as response functions. The result of our fina
resistivity structures is similar to the one in Ichihara et al. (2014), but is more complex. We found a low resistivity zone to the
northeast of Mt. Kurikoma below 3km depth. This anomaly is connected with a low resistivity zone located under Mt. Kurikoma
below 10km depth. The locations of aseismic and co-seismic slips in linuma et al. (2009) correspond to the locations of low
resistivity and high resistivity zones in our model respectively. This may represent that low resistivity zones are brittle and high
resistivity zones are ductile.
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Anomaly Distribution for 3D-Inverted Resistivity Structure beneath the Kyushu District
Revealed by Geomagnetic Transfer Functions

# Maki HATA[1]; Makoto Uyeshima[2]; Masashi Shimoizumi[3]; Yoshikazu Tanaka[4]; Takeshi Hashimoto[5]; Tsuneomi
Kagiyamal6]; Hisashi Utada[7]; Masahiro Ichiki[8]
[1] AIST; [2] ERI, Univ. Tokyo; [3] KPC; [4] Kyoto Univ.; [5] ISV, Hokkaido Univ.; [6] Graduate School of Science, Kyoto
Univ.; [7] ERI, Univ. Tokyo; [8] RCPEV, Grad. School of Sci, Tohoku Univ.

We have performed three-dimensional (3-D) inversion analyses by using a data set of geomagnetic transfer functions whos
period range is from 20 to 960 s to obtain a subsurface electrical resistivity model beneath the Kyushu district in the Southwes
Japan Arc. Observations of original raw data sets for the geomagnetic transfer functions were carried out at the entire Kyush
island and several islands off the western coast of Kyushu from:$980.990s [e.g.,Handa et al. 1992; Shimoizumi et al,

1997; Munekane et al. 1997]. The geomagnetic transfer functions were determined at 167 sites in the Kyushu district. The
induction vectors, which are produced from the geomagnetic transfer functions and point to current concentration in conductive
anomalies Parkinson 1962], on the Pacific seaboard of the Japanese arcs are known to point to the Pacific ocean of the deej
sea in a large sense [e.gqWkutake et al, 1983]. On the other hand, the vectors on the northern and central Kyushu island do
not point to the Pacific ocean off the eastern coast of the Kyushu island but point to the East China Sea of the shallow sea off th
western coast of the Kyushu islanddnda et al. 1992]. Additionally, the induction vectors on the southern Kyushu island point

to the Pacific ocean in the eastern part and point to the East China Sea in the western part at short period, whereas the vectors
arranged along a direction parallel to a direction of the coast line at long pefBRD(s) [Shimoizumi et al, 1997; Munekane

2000].

The complex behavior of the observed induction vectors remained unable to be expressed well by model calculations of thi
thin sheet analysis and the two-dimensional inversion analysis [danda et al, 1992; Shimoizumi et al, 1997], although
the behavior of the observed vectors suggested existence of highly conductive anomalies beneath the East China Sea. In t
presentation, we will show a 3-D electrical resistivity model whose synthetic induction vectors are consistent with the observec
ones. The 3-D resistivity model is obtained by using a DASOCC inversion cadpdnvaraporn and Egber2009]. We will
also show results, which we try to verify structural cause of this anomalous behavior of the geomagnetic transfer functions ir
Kyushu and to verify previous discussions in 1990s.
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A preliminary result of ocean bottom EM observations in the Hikurangi subduction
margin (the HOBITSS experiment)

# Ichihara Hiroshi Ocean bottom electromagnetic observation group for the Hikurangi subduction zone[1]

[1] -

The Hikurangi subduction margin, where the Pacific plate subducted beneath the Australian plate around the eastern coast
New Zealand’s North Island, is an important research field for study of interplate coupling. Geodetic studies found the signifi-
cant difference of interplate coupling rate between northeast and southwest sides of the margin (e.g. Wallace and Beavan, 201
Wallace et al., 2012). In the northeast side, small plate coupling coefficient (i.e. weakly coupled plate interface) is estimated
Slow slip events (SSESs) frequently occur in this area. Because most portion of moment release in the plate interface is attribute
to the SSEs (Wallace and Beavan, 2010) understanding of the SSE events are also important. On the other hand, high coupli
coefficient (i.e. mostly locked plate interface) is estimated in the southwest side. Heise et al. (2013) found the low resistivity
zone and high resistivity zone in the weakly coupled northeastern side and the strongly coupled southwestern side, respective
based on land magnetotelluric (MT) observations. They imply that the low resistivity zone reflects fluid or clay mineral rich
interface, which decreases interplate coupling. However, plate coupling, SSEs and physical properties in the interface is nc
well understood under the off-coast area. In particular, SSEs mostly occur in the off-shore in the northeastern side. In orde
to study SSEs in this area, the HOBITSS (Hikurangi Ocean Bottom Investigation of Tremor and Slow Slip) experiment by the
international research team deployed 15 ocean bottom seismometers (OBS), 24 absolute pressure gauges (APG) and 3 oc
bottom electromagnetometers (OBEM). RV Tangaroa (operated by NIWA, New Zealand) in May 2014. The instruments were
recovered by RV Roger Revelle (operated by SCRIPPCS, US) in June 2015.

In this presentation, we will report preliminary result of the OBEM experiment. We used the single glass-sphere OBEMs
developed by Tierra Tecnica and JAMSTEC (JM100 series) (Kasaya and Goto 2009). The data were recorded in the following
locations: the intermediate point between coast and Hikurangi Trench (site OBEM-1) close to the IODP drilling target point,
the point at 20 km landward from the trench (site OBEM-2), and the point at 10 km seaward from the trench (site OBEM-3).
Although one OBEM settled at the site OBEM-2 was not recovered, the other two OBEM recorded high quality MT data. We
preliminarily estimated MT impedances at the two MT sites based on the BIRRP program (Chave and Thomson, 2004). The
horizontal magnetic field data of the other site were used for remote reference. The amplitude of estimated MT impedances i
the diagonal components are comparable level with these of off-diagonal components at any rotation angles. It indicates stror
3-D effect due to bathymetry and/or underground resistivity distribution. They also show out of quadrant phase in the TE-mode
Because the phenomenon is observed when the resistivity in the underground is high (greater than 100 ohm-m in the case
Tohoku-oki area; Key and Constable, 2011), resistivity around the plate interface is possibly high in the slow slip area.

The ocean bottom electromagnetic observation group for the Hikurangi subduction zone:

Hiroshi Ichihara (JAMSTEC), Kimihiro Mochizuki (ERI), Yoshihiro Ito (DPRI), Laura Wallace (UTIG), Stuart Henrys (GNS
Science), Syuichi Suzuki (Tohoku Univ), Takeo Yagi (ERI), Motoyuki Kido (Tohoku Univ.), Tatsuya Kubota (Tohoku Univ.),
Daisuke Haijima (ERI), Noriko Tada (JAMSTEC), Chihiro Kinoshita (DPRI), Satoshi Nakatani (DPRI), Takafumi Kasaya (JAM-
STEC), and Grant Caldwell (GNS)
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Five years of the Normal Oceanic Mantle (NOMan) Project

# Hisashi Utada[1]; Utada Hisashi The NOMan Project Team[2]
[1] ERI, Univ. Tokyo; [2] -

http://www.eri.u-tokyo.ac.jp/yesman/

The Normal Oceanic Mantle (NOMan) project was carried out for 5 years from 2010, aiming to solve two fundamental ques-
tions on the normal oceanic mantle from observational approach, which are: (a) Cause of asthenosphere lubrication, and (|
Amount of water in the mantle transition zone. We selected two study areas (A and B) of similar seafloor age (about 130 anc
140 Ma, respectively) in the northwestern Pacific Ocean where the mantle below is supposed to be normal. This presentatic
will give an overview of five years of the NOMan project, especially of its observational activities and a summary of preliminary
results so far obtained.

In June 2010, we deployed a small array consisting of 5 (both seismic and EM) sites and started data acquisition from are
A, which we call the NOMan pilot experiment. The main observation by long-term seafloor arrays in areas A and B was started
by two installation cruises carried out in November 2011 and in August 2012, deploying state-of-the-art ocean bottom seismic
and electromagnetic instruments (BBOBS-NXs and EFOSSs) in area A that are handled by ROV for installation and recovery
Conventional instruments (BBOBS and OBEM of free-fall/self-pop-up type) were also deployed both in areas A and B. Most
of instruments of the pilot experiment were recovered by the cruise in August 2012. So-called advanced instruments (BBOBS
NXs and EFOSs) were equipped with batteries sufficient for 2 years of deployment, but conventional instruments (BBOBSs an
OBEMSs) only for one year or so. Therefore, we conducted a cruise by W/V Kaiyu in August 2013 to maintain the observation
array by retrieving and re-deploying respective instruments. In June 2014, we conducted another W/V Kaiyu cruise, in which we
recovered most of conventional instruments in area A after conducting a controlled source seismic experiment by using explc
sive sources. In September 2014, we completed a recovery cruise by R/V Kairei with ROV Kaiko-7000II. By these two cruises
conducted in 2014, we have recovered instruments from all sites except only one site (NM03) where a few EM instruments wert
left and are to be retrieved in September, 2015.

The seafloor age difference between study areas A and B is only about 10 Ma, which was thought small enough for the tempe
ature difference between two areas to be ignored at the first order approximation. So we originally expected that correspondin
results in area B show close similarity to those in are A. However, a result of 1-D array analysis of the surface waves indicatec
significant difference in the lithosphere-asthenosphere structure between areas A and B. 1-D inversion results of multi-statio
seafloor magnetotelluric (MT) data also show a certain difference between these two areas. Furthermore, MT results in surroun
ing areas obtained by previous projects imply the presence of further significant heterogeneity in the old oceanic mantle in th
northwestern Pacific toward the subduction zone. For the moment, we are trying to invert each of NOMan geophysical datase
as accurately as possible so as to characterize the mantle structure and its lateral variation. Later we try to clarify the cause f
these lateral variabilities, as it can be one of the key issues to understand the lithosphere-asthenosphere system in the old ocee
mantle.

For the key question (b), high-quality data obtained by the long-term seafloor observations are used to investigate the MT
structure. In particular, electric field data obtained by EFOS (with 2 km electrode separation) provide longer period MT response:
sensitive to the MTZ. Resulting MT and GDS (Geomagnetic Deep sounding) responses are almost consistent with the NW Pe
cific semi-global 1-D model (Shimizu et al., 2010). This indicates that the MTZ conductivity below the study region has weak
lateral variation (well approximated by a 1-D model) and is also consistent with the conductivity of MTZ minerals containing at
most 0.1-0.5 wt.% water.
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Temperature and melt anomalies of hotspot inferred from electrical conductivity

# Noriko Tada[1]; Pascal Tarits[2]; Kiyoshi Baba[3]; Hisashi Utada[4]; Takafumi Kasaya[5]; Daisuke Suetsugu[6]
[1] D-EARTH, JAMSTEC; [2] UMR-Oceanic Domaines, IUEM; [3] ERI, Univ. of Tokyo; [4] ERI, Univ. Tokyo; [5] IFREE,
JAMSTEC,; [6] IFREE, JAMSTEC

The mantle upwellings are one of the most important features for understanding the mantle dynamics. A large-scale mantle

upwelling beneath the French Polynesia region in the South Pacific has been suggested from seismic studies, which is call
the South Pacific superplume. Nolasco et al. (1998) carried out magnetotelluric (MT) survey around the Society hotspot, which i
one of the hotspots in the French Polynesia region, in order to estimate electrical conductivity structure beneath and the vicinit
of the Society hotspot. This previous study is not enough to understand the geometry of the hotspot, because they estimat
resistivity distribution based on two-dimensional inversion although the outline of the hotspot showed tubed like shape accordin
to the results from the seismic study. Moreover, Suetsugu et al. (2009) suggested that the slow velocity anomaly continues frol
the lower mantle to the uppermost upper mantle just beneath the Society hotspot. The geometry, temperature, and compositi
of the Society hotspot remain controversial, however, due to still insufficient accumulation of the geophysical data.

Then, we carried out the TIARES project that composed of multi-sensor stations that include broadband ocean bottom seis
mometers, ocean bottom electromagnetometers (OBEMs), and differential pressure gauges from 2009 to 2010. To obtain thre
dimensional (3-D) image of the upwelling of the Society hotspot in terms of electrical conductivity, we newly settled eleven
OBEMs and obtained MT responses at 20 sites totally. A 3-D marine MT inversion program, which can treat topographic change
distorting EM data, was applied to these MT responses to estimate 3-D electrical conductivity image. The result detected a cor
ductive anomaly elongating from the mantle transition zone to the uppermost upper mantle just below the Society hotspot. Thi
feature is consistent with the slow velocity anomaly obtained from the surface wave tomography (Suetsugu et al., 2009). Higt
conductivity of this anomaly implies higher temperature and the existence of high fraction of volati@saftd CQ) compare
to the surrounding area.
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The gravity and geoelectromagnetic field changes caused by crustal fluid flow 1:
formulation of a 2-D problem

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

Tanaka et al. (2010) suggests a possibility of detecting gravity change due to fluid flow on plate boundaries accompanying slov
slip events (SSEs). Since the fluid flow can cause geoelectromagnetic field changes due to the electrokinetic effect, simultaneo
excitation of gravity and geoelectromagnetic field changes due to fluid flow accompanying SSEs is expected.

Although the theoretical formulation of the static change of the geoelectromagnetic fields due to a homogeneous fluid flow or
a rectangle fault is derived by Murakami (1989), it does not express the temporal evolution of the fluid flow. The present study
aims to theoretically derive the mathematical formulation of the changes of both the gravity and the geoelectromagnetic field:
due to time-evolving fluid flow accompanying SSEs.

As the first step, the formulation of the gravity and electromagnetic field changes due to the fluid flow on a fault with infinite
length and finite width in a 2-D homogeneous half space is discussed. Approximating the electrically conductive half space as
rigid body, based on a simple model that the compressible fluid flows satisfying the law of Darcy on the fault plane in the half
space, the mathematical expressions of the field changes are analytically derived by deriving the expressions of the tempor
and spatial changes of the density and the filtration velocity of the fluid diffusion with the boundary and initial conditions of the
compression and the filtration velocity.

The static electromagnetic fields are separated to TE and TM modes under the 2-D condition. TE mode is excited by the fluic
flow along the strike of the fault. Only the magnetic field is excited and the electrostatic potential filed and the gravity field
change are not excited accompanying the fluid flow. TM mode is excited due to the fluid flow perpendicular to the fault strike.
Though both the electrostatic potential and the magnetic fields are excited, the excited magnetic field cannot reach the bounda
of the half space under an approximation that the domain outside the half space is insulating. The electrostatic potential field ar
the gravity change are observable on the boundary. Under the 2-D condition, it is qualitatively concluded that on the boundan
of the spaces, the gravity change and the magnetic field are complementary and that the gravity change and the electrosta
potential field correlate with one another.

The quantitative discussion will be shown.

A=A w T A XY b ((SSENCfES TF L — MEFRICAE U 3R AB DB fER RO E N2 E & 72 59 nlREM:
ARBEN TS (Tanaka et al., 2010) i ABE)II S HBIETI S /28 U THIEREM K22 875 LA %70, HE
HIEREERE S D2 LAY SSEICHE S A ENC X D AR N5 T e W THHE N5,

Wi ORI E S HIERERSZSEIE. Murakami(1989Y\VEETEINIE I _I1c — e AR B 2 E L C S aEmis
DERMEZBENTZD, RABEIORMIBN ST X TZRIT 58D L 75> TEWRW, SSEICf > THREFEET 5Tk
BN I S By & HIEREBRLE D /7 DZL 24— N £ BT 2 HEIEED, AFEOHMNTH %,

AHETIEITORYIOFEL UT, PHE—HE 2 Z0t2 M OIRE - BIREOW = EOWRARBEINE 72 53 i
7B 2L - BRIKZLOERLIC DWW THE T %, WAL U 72 PAERREA PRI AR E U 7z Wil mi B id 2L —
HICIEREIEFRIROBEIAVE U % & OffHZE T IVICHD X, FIAE & FEO B K OIS 53Rk 5N 5 ik
DI K> TE T B TNBIADEKNE L FURORFEMZ b2 £ RD, K> THNICL 65X NS ENGEE
5 DZA b D LI 7% fRAT IS B H U Tz,

2Rz R < T8, FFERE TE - TM T— RIS N5, TE ©— FTREBIEER T RORAEBENC K > T
WD E NB M, EAE & BIGRBRE S MR, —75. TM E— R TRITEERICIER T 2 IRIABE)NIC X > TENL
5 & BRGNS S N B Y, IR 2SR O SV 2 Mtk ik LR L 72, IR ZE IR IS B TN S M7z RES
FEEY, EMHEZLOADERNENS, COHE, B2 E FRRZMER TIEENE NS 720, 2 J0tiEIcBy
THRIRZE R TS N2 5. EIEICiE. BEHRZE L & SN TH 0. BEHIHZEL LB L 3
BNH 5 EWRENS,

HETIEZOERNHRRZIT Do



R003-P02 215 Poster BERS: 118 38

MG LE=2 Y V7% Bia L 2UEEERC O RG] MT Hii B

# 5 AT ER [10; 1Ll g [4]; /N1 BERE [2]; )1 RS [10; FO 1T [2]; /MR 13 RER [1]; K A& [1]; KN & [3]; #K 15
5 [4]; B5E 42 ER [5]; 74 B5A [1]
[1] BUK « BESEWE; [2] SRTOK « ALk, [3] BUK « R « HhEk; [4] SRR B #hzk; [5] BTk - ik

Long-term Magnetotelluric Monitoring in the Western Part of Shikoku for Temporal
Changes Detection of Resistivity Structure

# Ryokei Yoshimura[1]; Ken’ichi Yamazaki[1]; Yasuo Ogawa[2]; Shingo Kawasaki[1]; Jun Nakagawa[1]; Shintaro
Komatsu[1]; Itaru Yoneda[1]; Yuhei Ouchi[3]; Atsushi Suzuki[4]; Zenshiro Saito[5]; Masahiro Teraishi[1]
[1] DPRI, Kyoto Univ.; [2] VFRC, Titech; [3] Earth and Planetary, Kyoto Univ; [4] earth and planetary sciences, Tokyo institute
of technology; [5] Department of Earth and Planetary Sciences , Tokyo Institute of Technology

Recent geodetic observations detect recurrent slow slip events (SSE), 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 three-dimensional resistivity
structure around SSE region, we are carrying out wide-band magnetotelluric (MT) surveys. We also plan to establish a perme
nent long-term MT monitoring network that aims to detect temporal changes of resistivity structure during SSE cycle. In January
2015, we installed a long-term MT instrument as a pilot observation at Sukumo Observatory of DPRI, Kyoto University located
above the eastern edge of Bungo SSE. In this pilot observation, we obtain three magnetic and two telluric data with sampling
rate of 10Hz using a fluxgate magnetometer. Observed magnetotelluric data show quite low artificial noise level and is stabl
transferred in quasi-real-time.

In this presentation, we will introduce our pilot observation at Sukumo Observatory and show the result of stability check for
estimating MT responses. Additionally, we will make a progress report on wide-band MT surveys.
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HE, AAZZXLRT L— Ay 7V 2 T OZRIE 2 BT 5 ETEETH S, T THAIE, BRKGE SSEFEK
JEAD = ey iRE 2 5 M9 % T L2 HIIC, PURIPRERIKIC 85U T 30 iDLt Magnetotelluric (MT) &)
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EOHEE I ZREARIRTH B, MT JSEHEE DLEN 75 EOFRFTRHEO72HIC, 20154 1 H & O BT# R AR ST
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Electromagnetic Imaging and Monitoring of Active Volcanoes: Proposal for
Kusatsu-Shirane Volcano

# Yasuo Ogawa[l]; Mineo Kumazawa[2]; Naoyuki Fujii[3]
[1] VFRC, Titech; [2] ELSI, Titech; [3] CIRENH, Shizuoka Univ.

Diagnostic understanding of active volcanoes is one of the targets of strong social demands, as indicated by the recent phrea
eruption of Ontake volcano on 27 September 2014 and also by many other volcanic activities in Japanese Islands. Kusats
Shirane Volcano, in particular, is the most important target for the volcanologists at Tokyo Institute of Technology.

In the last decade, we have had successfully imaged the edifice of the volcano in three dimensions with 200m horizonta
resolutions to a depth of 2km by measuring impedances using natural electromagnetic fields in the frequency range between 0.11
and 10kHz (Nurhasan 2006). We have found that the peak of the volcano has a bell-shaped electrical conductor, consisting of cl:
minerals (smectite), which works as an impermeable cap to trap underlying vapor and fluids. The micro-seismic hypocenters c
the volcano are consistently located under the bell-shape conductor. The pressure source location for the recent expansion of 1
volcanic edifice since March 2014, is also located inside the bell-shaped conductor. We think that the increase in the resistivit
under the clay cap and the breakdown of the bell-shaped cap itself will lead to a phreatic eruption.

The continuous imaging of the cap structure by the electromagnetic method will thus be a key to successfully monitor the
potential phreatic eruption. We now propose a controlled source electromagnetic imaging and monitoring system, consisting c
multiple current loops sources and magnetic impedance (MI) sensor receiver arrays to be installed around the peak of Kusats
Shirane volcano. Following the concept of ACROSS (Accurately Controlled Routinely Operated Signal System) (Ogawa and
Kumazawa 1996), transmitting signals consist of frequency combs and receiving the signal by a large number of stacking wil
enable detections of small magnetic signals and their temporal changes originating from the deep geothermal system prior |
future phreatic eruptions.

References:

K.Ogawa, M.Kumazawa (1996)Towards the continuous remote monitoring of tectonic stress, H20 and physical states in th
Earth curst by means of acoustic and electromagnetic ACROSS, Annual Meeting of Seismological Society, Japan.

Nurhasan (2006) Electromagnetic Imaging of Kusatsu-Shirane Volcano and its Implications for Hydrothermal System, PhD
Thesis, Tokyo Institute of Technology, 169pp.
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High-density electrical measurement of a cylindrical simulated sample

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

We plan to establish a method of high-density electrical prospecting for rock samples in order to image a high-resolution elec
trical structure and detect a cluster of microcracks generated by compression experiments. In future, we will contrast resistivity
images and X-ray images so as to verify the applicability and scalability of several mixing lows which used interpret resistivity
images.

In our previous studies, we have developed a numerical simulation code of DC resistivity method for cylindrical shape sam-
ples and carried out feasibility studies by numerical simulation as the first step of laboratory experiments. Also, the results o
numerical simulation were compared with results of electrical measurement to simulated sample (conductive plastic).

In this presentation, we will report results of electrical measurements for cylindrical simulated samples using several arrange
ments of electrodes. In particular, we will discuss reproduction precision by numerical calculation and evaluate an effect of
electrode arrangement. Additionally, we will show the future plans of a measurement of rock sample.
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Evaluation of the applicability of the inversion method using unstructured tetrahedral
elements to the marine MT method

# Yoshiya Usui[1]
[1] Earth and Planetary sciences, Tokyo Tech.

The author applied a 3-D inversion scheme using unstructured tetrahedral mesh to a synthetic data of the marine magn:
totelluric method and verified its effectiveness. Topographical effects have been a critical issue in marine MT (magnetotelluric)
modelling and interpretation. Observation sites of marine MT surveys are located on undulating surfaces. Those undulation
make anomalous electromagnetic field at the sites. If those effects are ignored, it is, therefore, possible to misinterpret resistivit
structures. The finite element method using unstructured tetrahedral elements is one of the most effective methods to corre
topographic distortions in the marine magnetotelluric data since it can precisely incorporate the bathymetry into computationa
grids without using too many elements, and a number of robust meshing algorithms have been proposed such as Delaunay tri
gulation method and the advancing front method. Schwarzbach &amp; Haber (2013) has shown the applicability of the elemer
to the marine controlled source electromagnetics. In addition, in relation to land MT problems, Usui (2015) has shown that the
influence of topography can be sufficiently reduced by representing topography with the element. However, when used in marin
MT problems, the unstructured tetrahedral element has been limited to forward calculations. Therefore, the author applied th
3-D inversion scheme of Usui (2015) to marine MT problem and confirmed that that the inversion using unstructured tetrahedra
elements can properly estimate subsurface resistivity structure instead of the undulations of the sea floor.
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Shallow Resistivity Structure around MTL Fault Zone deduced from the dense AMT
observations (2)

# Yuhei Ouchi[1]; Ryokei Yoshimura[2]; Daisuke Tanaka[3]; Itaru Yoneda[2]; Tomoya Yamazaki[2]
[1] Earth and Planetary, Kyoto Univ; [2] DPRI, Kyoto Univ.; [3] Medical Science Research, Yamagata Univ.

Izumi segment fault zone of the Japan Median Tectonic Line Fault Zone (MTL) consists of Gojyodani and Shobudani faults,
etc. Wideband MT soundings were carried out across these faults (DPRI, Kyoto Univ., 2014). The obtained resistivity model
was characterized by a contrast around MTL. However, the shallow resistivity structure was not so clear.

In order to delineate fine subsurface electrical structure of the fault, we carried out audio-frequency magnetotellurics (AMT)
measurements at 38 sites along a 5km profile across the Gojyodani and Shobudani faults in November 2014. As the result
remote reference processing using local and far remote sites, we obtained superior quality MT responses at almost all of tf
AMT sites. Pseudo-sections of responses showed north dipping resistive zone from the surface trace of Shobudani fault.

In this presentation, we will show the outline of our research and report the result of 2D inversion.
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