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DC potential imaging of a granite surface

# 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 planning to perform resistivity imaging of small-scale ("10cm) rock samples. Resistivity imaging of objects with
geophysical scales ("100 km) have been carried out for quite a few targets. However, it is unclear how the resistivity structure:
with such scales are quantitatively related with mechanical structures including fractures and cracks. In contrast, mechanic:
structure of rock samples with laboratory scales (10 cm) can be directly observed. For this reason, resistivity imaging of rock
samples possibly clarifies quantitative relationship between mechanical structure and resistivity structure.

To achieve resistivity imaging, it is necessary to inject electric current into a resistive rock sample and to measure the potentie
distribution on it. In our previous works, we have established a high-density electrode arrangement on surface of rock samples.W\
measured the potential distribution by using electrometers with a high input impedance of over 200T ohm (Suzuki et al ., 2017
JpGU). However, obtained values of voltages have not been stable, possibly because of two reasons. First, current intensity
the injected current (over 1nA) to the sample is not very stable. Second, injected current is leaked through an electrometer.

In the present work, we have made the following two improvements to the measurement of voltage distribution. First, we use
a new direct current source with a maximum voltage of 110 V that can control intensity of the current with an accuracy of a few
nA. Second, we use differential measurement method to prevent leakage current through the LO terminals of electrometers.|
differential measurement, HI terminals connected to potential electrodes and each LO terminal is connected to LO terminal o
current source. Because the input impedance of HI terminal is much higher than insulation resistance between LO termine
and ground, we can expect no leakage current from terminal of electrometer. We also use Guarding to remove leakage curre
through cable. In the Guarding, the signal line is surrounded by a conductor with high impedance. By keeping the voltage of the
surrounding to the signal voltage, leakage current is avoided.

Abovementioned improvements of measurement method produce the following result. Intensity of the direct current injectec
to a rock sample are kept stable during more than one hour with the order of 10730 nA. Leakage current is prevented by th
differential measurement, which is confirmed by a fact that there was no leakage current from the HI to LO terminal of the current
source. The time required for the measured values of potential differences to be stable is reduced to several ten seconds.Beca
of these improvements, we have succeeded to obtain measurement values of the potential with high precisions.
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Construction of resistivity property database of rock samples
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Electrical and electromagnetic methods that survey subsurface resistivity structure are used in many fields such as resour
investigation, disaster prevention investigation and scientific investigation. This is because the range of the resistivity of rock:
and soils is considerably wide and difference in the feature of the target geologic structure is expected to be reflected in resistivity
The resistivity of rock is generally interpreted by the empirical formulas such as Archie’s law, which relates the resistivity of
a rock to its porosity, the resistivity of its pore water (fluid) and the water saturation. Since the resistivity of water changes at
salinity and temperature, the resistivity of rock changes with the environment where the rock exist. It is known that the resistivity
of the rock containing clay minerals is lower than the value generally estimated from Archie’s law. The resistivity of the metallic
ore is not applicable for the Archie’s law because many of metallic minerals are a good conductor or a semiconductor.

In order to interpret the resistivity structure obtained from the electrical and electromagnetic methods, it is necessary to knov
resistivity of many rocks which form various geologic structures. Therefore, the construction of resistivity property database of
rock samples are stated in the National Institute of Advanced Industrial Science and Technology (AIST). In this database, th
complex resistivities of rock and soil samples measured in AIST are recorded with the measurement conditions. Other physice
properties such as density, porosity and susceptibility, and geologic and geochemical information are also recorded as much
possible. It is thought that the resistivity property database becomes a powerful tool for utilizing the result of resistivity structure
survey if the contents are enhanced.
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Electromagnetic Shielding by Conducting Spherical Shell of Infinitesimally Small
Thickness
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Since the mid-1990s, several simulators for global EM induction in a 3D sphere have been developed on the basis of the finit
difference method (FDM) or the finite element method (FEM or the edge-based FEM) (e.g. Everett and Schultz, 1996; Maritinec
1999; Uyeshima and Schultz, 2000; Yoshimura and Oshiman, 2002). However, in those simulators, a thin sheet approximatior
which is very useful for modeling ocean distribution on the surface of the Earth, is not implemented.

EM induction studies using a thin sheet approximation of conductor have been made since Price(1949). Most of all thin-shee
numerical modeling with finite electrical conductivities for global electromagnetic induction are based on the methods of quasi-
analytical solutions after representing the EM fields in terms of toroidal and poloidal potential. Kuvshinov and Pankratov(1994),
Koyama and Utada(1998), Kuvshinov et al.(1999), and Sun and Egbert(2012) developed numerical solvers for global EM induc
tion including a surface thin sheet cell structure.

There are very small numbers of numerical approaches to thin sheet modeling based on solving the differential equation il
the spherical coordinate systems. Rikitake(1992) proposed numerical methods to solve EM induction problems of axially sym:
metrical cases of finite electrical conductivity distribution in a thin sheet, such as a spherical shell having a hole, including the
potential value at the origin of the spherical coordinates. However, due to the power of the computer, only a few calculation
results were shown in Rikitake(1992).

| extended the method proposed by Rikitake(1992) in order to solve problems of full 3D induction modeling of thin sheet
spherical shell, namely cases of non-axial and non-uniform distribution of the electrical conductivity of the thin sheet shell. In
this presentation, | will show results of electromagnetic shielding by non-axial symmetrical and non-uniform shell of a finitely
conducting thin sheet, together with results of axially symmetrical cases.
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3-D Inversion using ACTIVE data for temporal change in resistivity structure beneath
Aso volcano through magmatic eruptions
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Magmatic eruption occurred in Aso volcano on November 25, 2014, for the first time since the last one 21 years before.
The magmatic activity continued until the crater bottom collapsed in May, 2016. Since the explosive eruption on October 21,
2016, the volcanic activity of Aso volcano have been quiet. Before and after the magmatic eruption in November 2014, ACTIVE
system (Array of Controlled Transient-electromagnetics for Imaging Volcano Edifice; Utada et al., 2007) was operated to monitor
the activity. The system consists of a transmitter and several induction-coil receivers that detect the vertical component of th
magnetic field affected by conductive anomaly beneath the volcano. By this ACTIVE system, temporal changes in response
were detected between observations in August 2014 and in August 2015. A previous one-dimensional (1-D) analysis reveale
that a part at a depth of 100 to 150 m became resistive at the western rim of the crater. However, the 1-D analysis did not tak
the topography effect into account, which makes quantitative interpretation of the result difficult.

We developed new forward and inversion codes for ACTIVE responses, by adopting three-dimensional finite element methoo
and tried to infer temporal changes in resistivity structure which account for the obtained ACTIVE responses in August 2014 anc
August 2015. Topography was represented by tetrahedral elements where the numerical mesh was generated by a freeware, Gi
(http://gmsh.info/). We adopted a kind of Heaviside function for the term of source electric currents (Ansari and Farquharson,
2014). To make our inversion scheme be a reasonable choice for eruption prediction system in the future, we applied the dat:
space inversion method (Siripunvaraporn et al., 2005) and adopted MPI parallelization in terms of frequencies so that dramati
reduction of the calculation time was achieved. Accuracy of our forward calculation was confirmed by comparison with an
analytical solution for grounded long-wire electric current source problems (Ward and Hohmann, 1988). On the other hand, ou
inversion succeeded in determining a right position of conductive anomaly beneath the crater in a case where signals from thre
source wires are received at 20 receivers, which demonstrated accuracy of our inversion code.

We conducted inversions using the real ACTIVE data in a similar manner to the previous 1-D analysis, because, for full 3-
D inversions, the number of receiver data points were quite few, i.e. four and three, for observations in August 2014 and in
August 2015, respectively. Then we divided the model space 3 by 3 horizontally and conducted limited 3-D inversions with
3-D topography of Aso volcano. The obtained resistivity structures for before and after the magmatic eruption allowed us to
investigate temporal changes through the eruption in November 2014. Our inversions revealed that at the western rim the part
a depth of 120 - 150 m from the surface beaome resistive, which corresponds to 1150 m in altitude and slightly below the altitude
of the crater bottom. This result can be interpreted as escape of ground water during magma ascent in November 2014, as t
previous 1-D analysis speculated. We plan to conduct sensitivity analyses and to confirm that the inferred temporal change
necessary for the observed temporal change in the ACTIVE responses.

In the presentation, we are going to explain the methodology of forward and inversion scheme tailored for controlled source
problems especially for electromagnetic volcano monitoring like ACTIVE. Furthermore, we will discuss possible reasons for the
inferred temporal changes in resistivity structure through the magmatic eruption in November 2014.
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Novel “high-order” integral equation solver for electromagnetic sounding problems

# Mikhail Kruglyakov[1]; Alexey Kuvshinov[1]; Takao Koyama[2]
[1] ETH Zurich; [2] ERI, University of Tokyo

Electromagnetic (EM) methods are widely used in geophysics to model the subsurface electrical conductivity distribution.
Conductivity is affected by rock type and composition, temperature, and fluid/melt content and thus can be used in various en
gineering and industrial problems such as detection of hydrocarbon (low-conductive) and geothermal or ore (high-conductive
reservoirs. Measured electrical and/or magnetic fields are further interpreted via calculations using a given three-dimension:
model of the conductivity distribution.

However, still 3-D EM numerical simulations - which are a core part of any 3-D data analysis - with realistic levels of com-
plexity, accuracy and spatial detail remain challenging from the computational point of view. To overcome this challenge the
first-ever “high-order” solver for the volumetric integral equations (IE) of electrodynamics is presented. In contrast to previous
IE solvers based on piece-wise constant approximation of the fields inside anomaly, the novel one is based on the piece-wit
polynomial representation. Utilization of Galerkin method for constructing the system of linear equations provides not only guar-
anteed convergence of the iterative numerical solution, but also ensures that the system matrix is well-conditioned irrespective ¢
the polynomials order.

The main computational challenge of presented approach is the computation of matrix coefficients i.e. the double volumetric
integrals of the product between Green’s function and polynomials. These challenge has been overcame by the generalization
the “quasi-analytical” approach proposed by first author for his previous IE solver, based on piece-wise constant approximation

The numerical experiments demonstrate the possibility to decrease number of unknowns by several orders of magnitude wit
corresponding memory saving and speed up.
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Two-Dimensional Inversion of Marine DC Resistivity Survey using FCM Clustering
Constraint
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SMS (Seafloor Massive Sulfide) deposits, including rare and precious metals, have been often found in the vicinity of hy-
drothermal active areas: for example in the Okinawa Trough, 1zu-Bonin arc, and Azores triple junction in the mid-Atlantic ridge.
Geophysical explorations with electromagnetic (EM) methods are recently carried out around the SMS deposits in Papua Ne\
Guinea because the SMS deposits are known as low resistivity material. The resistivity distribution below the seafloor can b
a good indicator for the buried SMS deposits. However, the resistivity structure below hydrothermal active areas has not bee
clearly investigated. In this study, we developed a 2D inversion of a marine deep-towed DC resistivity survey as an effective
tool to the exploration of SMS deposits. The finite-difference method is applied in the forward modeling calculation to solve
potential difference between the electrodes at the electric current injection to the seawater. The real distributions of SMS deposi
are concentrated at narrow (thin) zones. Therefore, we add a guided Fuzzy C-Means (FCM) clustering constraint into the ok
jective function in the inversion procedure in order to obtain sharp-change of resistivity matching the petrophysical information.
Although the two balance parameters in this objective function should be controlled in the inversion, the optimal ways to adjust
these parameters have not been proposed. Therefore, we propose an algorithm to choose these parameters properly. The
algorithm is based on the two stages; the first stage with the ordinary Occam scheme, then the second stage with the FCM clu
tering constraint where the inverted model in the first stage is used as the initial model in the second stage. The other paramete
are decided with the searching scheme. The refined inversion results show that the inversion can produce sharp boundaries
resistivity structure, which can also handle with the realistic petrophysical information. Finally, we applied the inversion code
to the field data obtained at the Okinawa Trough; the inverted resistivity anomalies are consistent with the known geologica
investigations of hydrothermal fluid flows and the observed distributions of seafloor venting sites.
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The magnetotelluric sampling theorem

# Hisashi Utada[1]; Tawat Rung-Arunwan[2]; Weerachai Siripunvaraporn[3]
[1] ERI, Univ. Tokyo; [2] Mahidol Univ., Thailand; [3] Mahidol University, Thailand

Here we consider a general case of Magnetotelluric (MT) study to reveal three-dimensional (3-D) distribution of the electrical
conductivity within the Earth based on measurements of electromagnetic (EM) fields by a two-dimensional (2-D) array. MT
array observation can be regarded as a sampling of MT responses (impedances), and each observation site can be regarde
a sampling point. This means that the array configuration must follow the sampling theorem. This paper discusses how thi
sampling theorem is applied to MT array studies, with special attention to the resolutions in the space and spatial wavenumbe
domains. Spatial Fourier transform of impedances in an array helps us to relate the EM scattering theory with spatial distributiot
of observed EM fields. The EM fields measured at a site are composed of their primary and secondary (scattered) componen
The DC component of spatial Fourier transform relates the primary components of electric and magnetic fields. The scattere
components are responsible for the spatially variable (AC) component of the impedance, and can be separated into signals tf
are resolvable by the array and noises (distortions) that are spatially too localized to be resolved. The regional (undistorted) fiel
can be expressed by a combination of the primary component and signals of the secondary components. It is shown that ¢
accurate estimation of the DC component is possible under the presence of galvanic distortion by using ssq rotational invariant
It is also suggested that the spatial and spatial wavenumber resolutions constrain a proper range of frequency for the analysis
MT array data.
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Noise reduction method of MT data based ob Frequency Domain Independent
Component Analysis

# Shinya Sato[1]; Tada-nori Goto[2]; Takafumi Kasaya[3]; Hiroshi Ichihara[4]
[1] Engineering, Kyoto Univ.; [2] Kyoto Univ.; [3] CEAT, JAMSTEC; [4] Nagoya University

Magnetotelluric (MT) method is one of the electromagnetic soundings to image deep subsurface resistivity structures. Elec
tromagnetic data (MT data) often contain noises. The noises cause large errors in inferred MT response functions and to fa
subsurface resistivity structure analysis. Recently, subsurface structure monitoring by MT method is conducted (e.g. Aizawa €
al., 2011). In the case of high noise environment, temporal change of resistivity structure cannot be imaged clearly due to larg
errors in MT responses. Hence, noises must be removed properly. Conventionally, a robust remote reference processing (e
Chave and Thomson, 1987, 2004) is applied for noise reduction and estimation of MT response functions. However, a robus
remote reference processing is less effective for MT data with continuous noises or coherent noise between electric and magne
data. In this study, we focused on Frequency-Domain Independent Component Analysis (FDICA), which can decompose multi
component observed data into independent signals. FDICA and rrrMT (Chave and Thomson, 1987) were applied for MT datz
obtained at Kakioka Magnetic Observatory to check the reliability of our proposed method.

The outline of FDICA application for MT data was suggested by Sato et al. (2017). Four MT data (four components; electric
and magnetic field of N-S and E-W directions) are decomposed into four independent signals (separated signals) by FDIC/
at each frequency. As a prior examination with Kakioka MT data, we estimated minimum SN ratio of magnetic field data by
Gram-Schmidt orthonormalization, and confirmed SN ratio more than 1. Separated signals with high contribution to magnetic
field data were considered as major MT signals. Conventional FDICA cannot separate noises and MT signals, which are nc
independent. In this case, separated signals considered as noises can contain MT signal components, and MT signals extrac
by FDICA can contain noises. In order to overcome this, from such noise signals we removed spectrums with more power tha
median and recognized as minor MT signals. After this, stacking and remote reference processing are applied to reduce nois
in MT signals by FDICA.

Raw MT data at Kakioka Magnetic Observatory during Feb.1 &amp;#8211; Mar.16 in 2015 and during Mar.1 &amp;#8211;
Mar.16 in 2015 were analyzed. Former sampling rate is 1/60 Hz and latter is 1 Hz. FDICA and rrrMT were applied for the MT
data, and apparent resistivity and phase curves were obtained. The apparent resistivity curves and phase curves by FDICA
almost same as ones by rrrMT, but estimated errors are much smaller than the case of rrrMT. However, at high frequency (arour
0.1 Hz) and low frequency (lower than 0.1 mHz), the estimated errors by FDICA are as large as those by rrrMT. At low frequency,
the longer MT data are processed, the smaller errors are expected to get. However, at high frequency, signal separation or sig
judgment are failed. To verify FDICA performance, we added artificial noises to raw MT data at frequency with small error
bars. As a result, only under two condition FDICA performance declined. First, magnetic field data have a low SN ratio. In this
case, MT signals and noises cannot be distinguished properly. Another condition is noises strongly correlated with MT signals
Maodifications of our code are necessary under these conditions. In this study, we developed new MT data processing methc
based on FDICA. The results were greatly improved compared with conventional method rrrMT. And condition for FDICA high
performance was evaluated.

HIRESEETRE (MT 1) &, SBRERELEO—fTH D, M NEHO RIS OMNT N EETH 5. L L, HiELT:
WG T — 2 ) A AMNRA LTSS, IWWEBBOHEERANRKEL KD, fFOHITREEDET IVEAREE L 5 5.
Fiz, METE MT B2 AW RSSO T2 1) v 78I N T3 (fl, Aizawaetal., 2011)3, /A AHE
AT 5T & THIBTIOREEI N HEER e FR5 2 L8 EZ NS, TOkY, BRLET—XEA LR/ A X%
£EUT, WEREREORRIT— 2 h SINEREZ ST 2 080 H 5. HiEklE, Robust Remote Referengk (Chave
and Thomson, 198%f & % / 1 ADKEA R TN T E /2, BRI T— 2 HE UliICEAT 2 X 975/ A ZDBRE
WBNHETH -7, 22T, ZRHGBIT—2M05, MNTAN5 Z 4 T & 2 RS 155 7747 (Frequency-Domain
Independent Component Analysis: FDICEW S THEICH DL, #ilz/x/ A ARETFEZHFE Uz, AT, ST
Fili e H g S BRI B8\ THUS & Nz BBREYS 7T — Z Ikt L FDICA B X UHEKIETH % rrrMT (Chave and Thomson, 1987)
ZiEH Uz,

C T Tld Sato etal. (2017XCH2E L7z FDICAIC K% MT 7 — ZfRHTIC DWW T O Z /RS, BGE NIz - rgdtss
OB T— 2 (GaF 4 57) I FDICA i3 % 2 & °C, AT L IcENZENHIMN 20855 (G514 07) g
bNz. ZTTEY, BUS U T— 2D SNEEW L ETH B T &%, Gram-SchmidiizZH W THEREL, BiET—
AT BHEGNREVDTHESE TERESRD EART L e Lz, Fiz, /A RS EEEROH 7RI Tk
W ENBHY, FDICAICKD /A AT EAZ 5T D@ BN N L 7525, COMEZRIRT 578, /A X5y



EHIWT LT B E SIS B IUINEEBSR D DFEET 5 CAREL, /A ZK7T D 5 B THYIMEL, DAY MLZERZEL
2L DOREBRTE LT MT TICEHdT 32 L & Lic. FDICAICK DHIH L2 EBROICE /A AWV aEN S Al RelE
NHZN, ZDX 57K/ A RISEEEEEHT 5 BIC Remote Referencé: 35 & U Stackingi®:% V% T & T L 7z.
G Tt R S BRI I 3503 B B RiE T — Z IS0t L FDICA B X U rirMT Z3EH L. fi#fid 37— %13, 1/60 Hz
YTV T OBEYET— % (20152 A 1 A5 3H 16 HD 44 HE) BX T 1 Hz Y > 7)) V7 OFERYGT— % (2015
EIH1IHNMS3H1I5HD 15 HM) TH5. TNHOMBO K 58T & 1T 15F8E Tl O <IGEIE TH %
%7z, Referencer— & & U CIRIAM O LB ik S BRIFTIC 3B 27— 2 2 A Uiz, rmrMT 38X U FDICA 75
UG8, RENHRY S KONHIERETH 5D, FDICAZHEHT 5 LT, WEBMOHEEBRENVNEL Kot
LU S, mrMT 38K T FDICA OFSHRIC I T A 8 (0.1 HZAREELL 1) SRJE G (0.1 mHzREELLR) T
BIZo—N—PBRKENCELEHLNEES T

FDICA 73 U T 5 Nz B TR K OAAHERERIC DWW T, (REEEATIC BT 2 HEERA DR E VD, H
W MT T7—Z13 44 HRE &0 S HHSIE D W CH 5. 2078, BRI ZEX I C Lick b, REREERICE
F BHEERR A DM AT E NS, SRR TOHEERRADNKEWEINE LT, FDICAIZBWT /A A7 55K
TOEE, FIZZZFD 2 DDHFINA T THZAREENEZ S5ND. ZT T, OEBEBOHEEIREN RN E W
BN ) A RERER G R TCEZTCH T, FDICA Z#HT 52 & T, FDICA @/ A RBEEMEERFLAH L
7z, TOER, XD 2DODDEMEOVWITNHETMIZTIHEICBOTDOR, FDICAZEM TRV EBRHEM ST, 1
DHDZEME LT, MET— 2R LU TKRER /A XMNEAL, BT — 2 NOERKDFGZH D BHE 5 M5
TREL G IGEETHB. OGS, BEKRDE /A XX OHIWNRE L K579, BERTOTHN A7 &%
3. EE, BEEEGRICBWTIE, FRiRGHC K D HEE LIzREE T — X D SNIEOF/IME 1 7% RE> Tz, 2DHO
FME, A XEBERDOKRFEENREVGEETHS. IEXD, SR (0.1 HZRRELL 1) I8\ T FDICA O
F—IN—REVERIE, BHED SNMEL, FEZREALTWS /A ARG ESICREE ERXEIKEL T2 Tk
T, EEZBNS. 51, INSORICET BIMEORENNETH 5.

AWFETIE, FDICA ZHEIC MT 7—2 05 /A RA7ZBRET 28 a Tzl Uz, MADRKELEFEEZEHT 5
T ET, HERE (mrMT) I e, R R TERT X ONAHIROHEETR AV NE K ko Tz, iz, KTFENERNRMF
ICDWTHFHIT AT &N TE.
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Deep Learning Technology Based High-Accuracy Geomagnetic Prediction Using Multi
Site Observation Data

# 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.

As a result of continuous geomagnetic observation in our research group, we reported that small geomagnetic signal generat
at the moment when the earthquake occurred.

In the lwate-Miyagi Nairiku earthquake of 2008, we have presented successful observation of co-faulting Earth’s magnetic
field changes. The magnetic fields began to change almost simultaneously with the onset of the earthquake rupture and gre
before the first P wave arrival. The geomagnetic signal changes was about 100 pT, which is a very small.

Moreover, observation results of Earth’s magnetic field changes caused by tsunami effects from the 2011 Tohoku earthqual
are reported.

To discuss a feasibility of new systems for a super-early warning of destructive earthquakes using measurement of EQ
piezomagnetic effects and/or early warning assist system of destructive tsunami using magnetic measurements, we have import:
problems to be solved. Then we introduced an estimation method of geomagnetic changes using deep learning technology.

In this presentation, we examine deep learning technology based geomagnetic field prediction method using multisite obse
vation data as input signals.

We have tried to predict the geomagnetic signal at our geomagnetic observation point in lwaki, Fukushima. Through our
examination, we have confirmed that the accuracy of geomagnetic prediction is improved by use of multi-input to one output
deep neural network.

BADWIZET N — I8 5 TNE TOWFERERE UT, HIEEFRAE Uz Z OB W EEC 1 S N a i
BEECETENTh>TVS.

BIZIE, 2008FDET « EIMAREIERIC W T, BIRICEWBIR TR ERD S B X THIE D EE
% &0 & IRICHIE SR S — T AIc i > TEE L DDT L.

HIREUE 5 D2 LEIE 100pTHRETH D, JFEINEERESTH T,

Xz, HBERERICB O TEMESKESDZENMEL 2 T e > TS, DX S RHIRERUE 5 I RIS
PEIMUIERIC K o TR U7 B ERFIC BN E N7z, OB EBIABRIC X > THREZ EDTH S D, BnTREOZE(L
NP RERENS.

EBSOMAESICHLTE, TNTNOMBSKESOMAZT 5T LT, RAaHEEHR-CH B mO mEE, &
BLICDRIF BT EMTERLEZD. LALAEDDL, ITNSOMEKESIZ/NE L, BEMZIHT 2 oIcidfig
PRI NRERHEND 5.

PR DOWZET I —T T, Bz B LT, KRBT — X LIRS BIER 2152 C LV TE . 2T T, #AL
&, EEORERERI L 7V ) ALDFEEIC KD FBDERIC > Ie T« — 77—V JEIMCERE L, T oidbhz
N—R & U &R SHEE 2 i L.

KBRS DB T — 23T — T == JICH L TAENTHE LD EEZS.

ARRETE, T4 —T 7=V THENZHOTAEBBINN T — 22 AES & UTHW IS RHEE R R 2 i 5.

BrIZ, RO RS HEE 2 R D BN RIS B U B IR R 2 7 — 2 A e L, A DT IV — T TR
A9 % i BIROD E T SUBIR OIS S HEE 2 it A e

Za—I)xy FT—=Z2HWTAIN 15 1 Th2HAESHEICN LT, #BEilRz AL, Wz
—DBNRTHSE=a—F)xy FT =T ZHWTcETIVIC X B HIEHEE DORSEAKE M E L.
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Preliminary results for the estimation of the tides in the geomagnetic field

# Ikuko Fuijii[1]
[1] Meteorological College

Magnetotelluric (MT) studies at periods from“ 10° seconds suffer the violation of 'the plane wave source assumption’
because of the Sq variation (the ionospheric tide) and the oceanic tide. Those tides are often approximated as a group of sinusoi
waves and are removed from the geoelectric and geomagnetic field data by the least squares fitting so that a usual MT procedt
can be applied to the residuals of the geoelectric and geomagnetic fields. However, the MT response functions tend to scatter
periods from 104 to 105 seconds after the sinusoidal tidal variation is removed. Shimizu et al. (2011) attribute that to remains o
the Sq variation. In fact, the Sq is known to show day-to-day variations and long-term variations.

| attempt to estimate the tidal variation in the geomagnetic field at Kakioka by the use of the robust Kalman filter procedure
developed by Fujii et al. (2015). The procedure can decompose time series data into a roughly periodic variation and a long-terr
trend. | test whether the roughly periodic term can accommodate the tidal variation.

The geomagnetic field data used in this study are a four-year segment of the hourly values from 2002 to 2005 observed ¢
Kakioka. The period of the periodic term is 24 hours to contain the Sq and its harmonics as well as the oceanic tides if necessar

The parameter to control the periodic term is the variance of the periodicitys? gets larger, the periodicity is loosened. As
three cases oPs10~4, 1072, 10° are tested to the three vector components of the geomagnetic field, all cases fit the data better
than the convectional sinusoidal model. The casea1€ shows the best fit indicating that the tides are not strictly periodic
or the period used is inadequate. However, the lafgeses contain rapid fluctuations and, as a result, they include variations
of the magnetospheric origin, too. | choose the casé=f@* as an optimum model of the tidal variation because it seems to
include no magnetospheric variation.

The optimum model has some evident differences from the conventional sinusoidal model. For instance, the amplitude of the
optimum model gets smaller with year, which is consistent with the solar activity. In addition, the optimum model shows less
rapid fluctuations. These results imply that the day-to-day variation and long-term trend of the Sq is not fully represented by the
conventional sinusoidal model and the residual of the geomagnetic field includes remains of the Sq variation.
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Magma chamber beneath Nishinoshima volcano estimated by VTM and OBEMs
observation

# Noriko Tada[1]; Kiyoshi Baba[2]; Yozo Hamano[3]; Hiroshi Ichihara[4]; Hiroko Sugioka[5]; Takao Koyama[6]; Minoru
Takeo[7]
[1] D-EARTH, JAMSTEG,; [2] ERI, Univ. of Tokyo; [3] JAMSTEC,; [4] Nagoya University; [5] Kobe University; [6] ERI,
University of Tokyo; [7] ERI, Univ. Tokyo

We conducted electromagnetic observation on the seafloor around the Nishinoshima using 1 VTM (Vector tsunameter) an
4 OBEMs (Ocena bottom electromagnetometers) from October 2016 to May 2017. VTM got the data during the whole of this
time, while OBMEs observed for a maximum of two months. The eruption activity of the Nishinoshima Island had not been
identified during the first two months, the tilt data of VTM and OBEMs changed from 13th November to 20th November. At
the same time, the total magnetic intensity changed a lot at two sites which were settled on the north side (NS03) and east sit
(NS04) the island.

Tilt data can include both crustal movement and instrumental movement itself, but there is no significant instrumental move-
ment except a OBEM at NS06 according to the record of three-component fluxgate magnetometer. The tilt changes occurred
the middle of November were recorded at four sites, which means that the tilt changes were caused by crustal movement.

The differences of the total magnetic intensity were calculated at each site using NO2 (VTM), which is the farthest site from
the Nishinoshima, as a reference site. Whereas the total magnetic intensity of the north site (NS03) increased, that of the east s
(NS04) decreased. These variations were about 10 nT, and these changes were consistent with thermal demagnetization occui
inside the island.

The large variations of the tilt and total magnetic intensity were related to volcanic activity of the Nishinoshima and might be
caused by the movement of magma. Moreover, the large variations were occurred five month before the Nishinoshima restarte
eruption activity.

In this presentation, we will introduce the results from analyzing the tilt and total magnetic intensity variations to estimate the
position and size of the pressure source and the source of thermal demagnetization, respectively. And we will also discuss the t
and total magnetic intensity variations recorded by VTM after November 2016 when the large variations occurred.

Acknowledgement: We thank the scientific party, captain, crews of R/V Shinsei Maru (KS-16-16) and Keihu Maru (KS17-
04 leg?) to deploy and recover the VTM and OBEMs. We used the observatory data on Chichijima of Japan Meteorological
Agency.

A& lE, 20164F 10 A S 20174 5 Al I T, V2 BEADOMIEKIC 1 5O 7 VG (Vector tsunameter; VTM)
& 4 BOMBIKENN, /17 (Ocean bottom electromagnetometer; OBEWERE L. &K EINZIT> 72, VIM IZDW T,
LHIMICBOWTT— 2 Z2HIGT 5 M TELD, OBEMICDWTIX, REEZIORAK 2 ¥ AT —2 2053 %
TEMTEZ, 5BRTODT—ANEENTVEH2 r AOM., HWZEOEXIEINIIHEREINTHWAEWD, 11H 13 HEH
M5 11 H 20 HEDOH 1 EROHARIC, VTM & OBEM OEFECERICEHZ REHH R 5Nz, EFEIRHHIC, HZBD
JEfl (NS03) & sl (NS04)D 2 BIHISIC BN T, BEE R R OEBHED 5Nz,

VTM ¥ X T OBEM DERIFTOFCER I HIHRZE) & Mz DF) & & OWi /572 F G20, Wi 3 adekh SHEEI NS
HgsOmEELA D SHIWTT SR O, JLPERNCRE LTz 1 50 OBEM(NS06)ZFRrE, ARAHERO#ZIIED 5N/, 11
HAHa)OERIZENT, BEOETHIIEN TS EEH D, HREHICKDEDEEZENS, LM LENS, £H)
EIFIEFICRE L JUBIHS (NS03) Tl 1 < I & 5o

ERINCTONWTIE, TH2BED SRbEEN Tz NS0258 (VTM) 2SN L TAERRD S & JLRIBTIE (NS03) TIED
28, WAEHS (NSOA) TADEHMMNR bNS, BEEIIZNTNN IOnT TH %, BHDL > Zid, AN TENY
AL T o 72 & DRI & 7 JE L7xW,

ERAE) & WG AT € 2SRRI TEENCE D 2 KERAZEITH O, I/ <DFEN TN D OLHICEf%
LTW3E5ThHb, L., ThEDOKREZEINE, N2 EOHBEANT % 5 7 HEfic@BiilEni,
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Large-scale electrical resistivity structure around the long-term Slow Slip Events beneatt
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]; Tomohisa Okazaki[3]; Yuhei Ouchi[4]; Atsushi Suzuki[5]; Zenshiro Saito[6]; Yoshiya Usui[7];
Koki Aizawa[8]; Mitsuru Utsugi[9]; Masahiro Teraishi[1]
[1] DPRI, Kyoto Univ.; [2] VFRC, Titech; [3] Kyoto Univ.; [4] Earth and Planetary, Kyoto Univ; [5] earth and planetary
sciences, Tokyo institute of technology; [6] Department of Earth and Planetary Sciences , Tokyo Institute of Technology; [7]
Earth and Planetary sciences, Tokyo Tech.; [8] SEVO, Kyushu Univ.; [9] Aso Vol. Lab., Kyoto Univ.

Recent geodetic observations detect recurrent slow slip events (SSEs), which occurred beneath the Bungo Channel and sou
west Shikoku Island, with interval of approximately 6 years (e.g. GSI, 2010). To reveal a large-scale three-dimensional resistivity
structure around this SSEs region, we carried out wideband magnetotelluric (MT) surveys around the western part of Shikokt
Island. As of June, 2016, MT surveys were performed at 31 sites by using Phoenix wideband MT instruments. In the most of
sites, high quality MT responses were estimated using the BIRRP code (Chave and Thomson, 2004) for the period range 300 F
to 10,000 sec (Yoshimura et al., 2016). In addition, we used 8 more MT and telluric data obtained for different purposes; 6 site:
from the opposite side of the Bungo Channel, namely the eastern part of Kyushu Island, measured by Metronix ADU and NT
System Design ELOG systems (Aizawa et al., 2017) and 2 sites from the region of the central part of SSEs measured by Phoen
MTU system (Okazaki et al., 2017). These additional data were also reprocessed by the BIRRP code. In this study, we totall
used 38 sites for a three-dimensional inversion.

Using obtained MT responses, we constructed a three-dimensional resistivity model around the SSE region. We inverte!
the impedance tensor and the vertical magnetic transfer function by the &quot;femtic&quot; inversion code developed by Usui
(2015). The &quot;femtic&quot; inversion code employs the edge-based finite element method for unstructured tetrahedral el
ements and estimates the subsurface resistivity structure and the distortion tensor for each observation site. The main featu
of the preliminary three-dimensional model are 1) a moderate conductive zone in the central part of SSEs 2) whose trenchwar
extension shows more conductive and 3) conductive zone surrounding the SSEs regions. These results suggest that the late
electrical heterogeneity could have controlled the slip distributions of SSEs along the upper boundary of the Philippine Sea slal
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3-D electrical resistivity distribution beneath the Beppu-Shimabara graben by reanalysis
Network-MT data

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

We performed a three-dimensional (3-D) inversion analysis by using a data set of network-magnetotelluric (network-MT) data
in a period range from 640 to 10,240 s to obtain a subsurface electrical resistivity distribution around the Beppu-Shimabar:
graben in Kyushu. Active Quaternary volcanoes, such as Aso with a caldera, Kuju, and Yufu, exist with an interval of 20 km
in the graben. Among the three volcanoes, Aso has been the most active volcano in recorded history. Aso caldera had be
formed by a series of huge eruptions during 270-90 ka and post-caldera cones were formed in the caldera. A post-caldera co
of Naka-dake has repeatedly erupted since the 6th century. Thus, we especially focused on the resistivity distribution benea
Aso caldera. Network-MT surveys for the electric field (the electric potential difference) were performed around the graben from
1993 to 1998 by using long metallic wires/dipoles of the commercial telephone corspaetyworks [e.g.Janaka et al. 1998;
Hashimoto et al. 1999; Uyeshima et al. 2002; Hata et al, 2015]. We determined two components of network-MT response
functions between the potential differences and the two horizontal components of the magnetic field, which were recorded a
the long dipoles and at the Kanoya Geomagnetic Observatory respectively. Fifty dipoles, which were densely distributed in Asc
caldera, were selected around the graben of 110 by 150 km in the north and east directions to obtain a 3-D resistivity model b
using a data space Occam'’s inversion code modified for the network-MT dataJeiguinvaraporn et a/.2004]. The obtained
3-D resistivity model had significant conductive anomalies, which appeared at depths of less than “10 km in Aso caldera ant
extended to a deep part of the crust beneath Kuju volcano. In this presentation, we will show in detail on the 3-D resistivity
model.



R003-14 215 C B¥RY: 10 B 16 B 16:00-16:30

20164 FREAHIEBE FTICHIN 7= IER B E MSTID

i =EAT[1]
[A] AEK -« R - HhbkekE

Stagnant MSTID immediately before the 2016 Kumamoto Earthquake

# Kosuke Heki[1]
[1] Hokkaido Univ.

http://www.ep.sci.hokudai.ac.jp/"heki

We examined if detectable ionospheric anomalies preceded the foreshgé&2)Mand the mainshock (J\7.0) of the 2016
April Kumamoto earthquake sequence, shallow inland earthquakes. We analyzed changes in ionospheric total electron conte
(TEC) using Japanese dense network of Global Navigation Satellite System (GNSS) receivers. We did not find anomalies of th
kind we often observe before larger earthquakes (in contrast, we found a typical one before the Mw7.8 Ecuador earthquake c
the next day of the Kumamoto mainshock). This supports the empirical relationship by Heki and Enomoto (2015) that sizes of
the preseismic TEC anomalies depend on Mw and background vertical TEC, but not on maximum seismic intensities. We foun
that a stationary linear positive TEC anomaly, with a shape similar to medium-scale traveling ionospheric disturbance (MSTID),
emerged above the epicenter “20 min. before the Kumamoto mainshock. Unlike typical night-time MSTID, it did not propagate
southwestward; instead, its positive crest stayed above the epicenter for 30 min. This unusual behavior may reflect crust-origi
electric fields, but further studies are needed to conclude.

Fig.1 (caption) The development and movement of an MSTID-like anomaly that appeared shortly before the Kumamoto
mainshock (April 15, 2016), shown by five-minute snap shots with GPS Sat.6. We drew five gray lines with 100 km separation to
visualize their propagation. Typical night-time MSTID should show southwestward movements of 80-200 m/s, but the positive
crest of MSTID on this night was stagnant above the mainshock epicenter (black star).

201 1S EIHIED 40 /7RISR E - T- R EEE 278 78 (TEC) DZ1biZ, Heki (2011 GRL)THRANHRE SNz, 2013-
20151C JGR&E E TRt MG X &, TN 5D (Heki and Enomoto, 2013; 2014; 2016 thNiz. ZTh 501
TNAEIE, GNSSTHWEZENHIEERTD TECZLD, (1) HZEROZIELLIC X % TECHMIIHEINT % Artifact T
Bhanwc e, MU QFHRRICEXDEDTIRENT &, O HICENIN DT IRE L.
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, B A A = X LTI RIAZR SN2V, BEARHIE DN E, MO X 512 SWICEIRS % HUAR &4 MSTID 73\3%@
Lftnt T EMHEREINT NS, RE (Apr 15 16:25 UT)D 20-2577#iC & IbIbPi—mm 8T % 1 TECURRE D IED
WINEUCTER, BIRE RIFHE T 2 SN TSR0V EETZ/R L, HEN 100%IGEAT (KD . M, 7.0 DAEER{IC
4 U 7RISR OB, He and Heki (2017)%R9 & 51 ) CHREEEE 72 HEE T 213 8 Aok, L LZ
DEGPALIE BIG78 U AN 2 MSTID OEMZFFDMIRDE FREREOREZME L, M OELORIFEAHTRIC
HBTDEE D MSTID DX S AN Sah o TEAlREMENE A BN 5.

ARG RRGET 2 72DI1ciE, (1) EOHMIC, (2)GNSSHEMTIEICE T NIZHAYET, 3)HAHREEKER (M7
LA b) DR U Tl 2 R THBMZRARZ BN D 5. FEHIIBUEE TIC T O =Mz 3 ftho iz =
TTEMNTETEDLT, ABREFHCHEDERFEIIZNTZ> TR,
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Medium-scale traveling ionospheric disturbances at mid latitudes

# Yuichi Otsuka[1]
[1] ISEE, Nagoya Univ.

Traveling ionospheric disturbance (TID) is a phenomenon of the electron density perturbations in the ionosphere. It has bee
considered to be the plasma manifestations of atmospheric gravity waves propagating in the thermosphere. Recent obsen
tions of airglow images and GPS receiver networks have disclosed two-dimensional horizontal structures of medium-scale TID
(MSTIDs) which have horizontal wavelengths of several hundreds of kilometers. Most of nighttime MSTIDs propagate south-
westward. This feature cannot be explained by the classical theory of gravity waves. Therefore, the nighttime MSTIDs could be
associated with polarized electric field perturbations.

The ionospheric electric current in the F region are driven mainly by thermospheric neutral wind, and thus flows northeastwarc
during nighttime because the neutral wind blows southeastward. Since the current traverses the perturbations of the plasma de
sity, polarization electric fields could be generated to maintain divergence-free of the electric current. The polarization electric
fields could be southwestward (northeastward) in the high (low) plasma density region.

Recently, it is suggested that the ionosphere is affected by earthquakes. In this presentation, we will review the mechanism f
generating the nighttime MSTIDs, and discuss effects of earthquakes on MSTIDs.

EEEIC I, (R EEE L (Traveling lonospheric Disturbance; TI) KX % B OISR E M 2 85
BHH BT EMNERNSHMLNTED, 1960FE D, TOHSUIKKENKIC K ZTERLKOREDERTH S &
ABNTENE, UL, TEDE « BIERFHOFREIC X > T TID O/KFE RTEREIEDSH S MRS &
RN FAET 2 A TID(MSTID) X B IHAN AL EIC K > TEREN TS T ENPHSMTE>TE, o, h
PRGN EREN S 2 BB A MSTID IC X 8B F#IE OZE IR — &R % & & B0 AR D 721 /7
BEGDERE N, ZTOBEHICEE T I XD EXB KU 7 FAERM MSTID OB EEZZ 5N5 X SICE> TE,

JEEERIC BT, IS B MSTID OFAEBMEIZ. UTOXSICEZS5NS, PHEAARE. SEaB D SR
NS > T 728, WENCBWTREHTIICR L, TORPERGEEIC X D BRE S N EFIE, JLRMETH
%, BEEEICBT 2ESXUREEITEBETREICIHT 5720, BETREOMEENMAET S &, BRO—MHEZRDE
O, BEBTEEOHEK Q&) mEicB T LE) SO MmELENELC 5, TONMERHICKSTF A<D EXB
KU 7 ME, IR ZE (8 @IS L, EFREOHSEMET DL %,

SEAE, HUEBICLES BEEEAEAME TN THD. MSTID NOEEEHRINT VS, AEETIE. MSTID D4k
RICOWTL Y 2a—9 3L i, BN MSTID I RIFTHEORBEMEIC DV THTT 5,
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Evaluating horizontal electric field in the ground corresponding to TEC variatioin prior
to mega earthquakes

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

Vertical electric current from the ground to the atmosphere prior to mega earthquake in the epicentral area is discussed whic
is due to electric polarization or electric current source in the hypocentral area causing TEC variation above the epicentral are:
While previous studies assume the vertical electric current density distribution on the ground, the present study discuss the fe
sibility of such mechanism by evaluating horizontal electric field and the Joule heat in the ground corresponding to assume
vertical electric current density distribution on the ground.

Horizontal electric field and the Joule heat are evaluated accompanying the vertical electric current density on the ground. Th
whole space is assumed to be composed of two half spaces which are isotoropic and homogeneous conductors. The elect
current source is assumed to exist at a certain depth as a simple model. As is assumed in a previous study, the vertical elect
current density on the ground is assumed to distribute in an area with 400km times 900km and its intensity 1-100m&in
imum. Considering the electrical conductivity of the air and the ground a$*14nd 102 S/m, respectively, the corresponding
horizontal electric field and the Joule heat on the ground amount to 0.3-30kV/m and 0.9-9000k@&pectively. The scalar
potential on the ground amounts to the order of GV. Considering the specific heat and density of typical rock, the heating on the
ground amounts to 0.3-3000mK/s and larger in deeper in the ground.

The evaluation suggests that discussing the mechanism that TEC variation is due to the charge transfer from the ground to tt
ionosphere prior to mega earthquake should be discussed with expected accompanying phenomena such as horizontal elec
field and the Joule heat.

EORHEDOEFNICERE FZ2ETHET% & &3NS TECEFHOFRE X A= X LT 3G & LT, HirhoE I B0
5 BRI DR 28 U TRGHPAD, BIIE TOREBRMDEG SN TW5, BT, R 5K EANDOHE
BIREED N ZIG LT 20, ARFEE T OFREBEREE AN T 27K EES M GO Y 2 —)VEVe & BT
ffiL. TORXAAHZZXLOYBERBHT 5,

HERIARE T 2 INEEIRFBE DRI T 2P OE RO M 7Z23KD, T K AP N UTRKHPOE LR TY 21—
JVERE B9 2 BR. BTV & UTZEMICII i « K& ICHEHEEREEARZIGE L, & SICHIMOERIFED AR
B —CEEI KRR INET %o FATIFEDMGES % & 51, HiZE DK - 400km« 900kmPU /7 I KT 1-100nA/n?
DFREEIREE DA 72 BERMEER OBRIBICET 255, K& ROBXUREEZZNEN 10713 )T 1072S/m
BELT DL, HEMEICHET 2B AKELE 10-1000kV/mMIC Y § % H8, #iZRICIB1F BKEE S K O il o
U a— )V ZFNZF 1N 0.3-30kV/m  0.9-9000kW/m FEE L 755 T EhVRE NS, HERDOBMIIHIR =T O 1 dEA 2 5
HEIC U, HIEROINEERBEIMA L RS TRALED, GVA—R—Lh%, I5ICTVa— VAL LHEIND,
HIFRIC B Bl OBRIE, SO DB L BE 2 THE BTN 0.3-3000mK/IFEETH b, HirdzE < Hirdh D FEIRIFIC
Bhd 5138 REL7%&%,

M EORBED D 5IE, ONFICIHEDFIEEARHEE R ICEREIC B W TIZKEES O, 3@ O 2 IS
TIRHED N L ogi by, F2RRCHRICH T 2MEE RSP K E T NUITBIMRIC BT 2 RSO EE R F&
M. BT RHRE LTHEEI NS, BROMEICHE T 2HidH 5 KKPNDERBINC K > T TECETHN L6
NBLTEANZXLOIGHUTH LT, TS OREIISEMT U CERS N2 HERD S,
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The affection of the scattering effect on the coseismic magnetic signals

# Hengxin Ren[1]; Makoto Uyeshima[2]
[1] ERI, Univ. Tokyo; [2] ERI, Univ. Tokyo

The coseismic electromagnetic (EM) signals associated with natural earthquakes have been reported in numerous field obs:
vations. Several numerical simulation works based on the electrokinetic effect have successfully explained some characteristi
of the observed coseismic EM signals. However, there is one problem on the coseismic magnetic signals. When the receivi
is nearby the ground surface, the simulated coseismic magnetic signals will show up as late as the arrival of S waves. That
obviously different from field observations, in which coseismic magnetic signals show up at the arrival of P waves. To explain
this difference, we conduct theoretical analysis on the reflection and transmission coefficients at the ground surface, which im
plies the scattering effect probably has a significant contribution to the coseismic magnetic signal observed before the arrival of

waves. Thereafter, further numerical simulations are carried out to estimate the affection of the scattering effect on the coseism
magnetic signals.
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On separation of Sq field from seafloor MT array data using independent component
analysis

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

For estimation of electromagnetic (EM) response functions at the periods betweand @G seconds from seafloor mag-
netotellric data, the effects of complex external source fields (e.g., geomagnetic solar quiet daily variations (Sq) and tides) ar
necessary to take into account. One of the ways to deal with this problem is to determine the amplitude and phase of tim
variation of observed field for known periods of Sq and tides and to subtract them from the data. However, the reduction of the
effects seems not enough to obtain reliable EM responses (Shimizu et al., 2011).

In this study, we apply independent component analysis (ICA) to separate Sq field from the observed magnetic data. Sq fiel
is based on the current in the ionosphere, which is excited by heating by Sun. Then, we may suppose that instantaneous mixil
model can be applied by treating the data with local time of each station. We applied the ICA to the seafloor MT data collectec
from the Philippine Sea for about one year from November 2005. For detecting Sq component, we investigated the detailed tim
variation and power spectrum of each independent component and correlations of mixing coefficients to longitude and latitude
to detect Sq related components. We will demonstrate the detail of the analysis and discuss the feasibility of the source separati
and better EM response estimation.

M MT 7 — 2 & O SKUSE B2 HEE T 2104720 10'~10 BOFEFIFIC B W TR, BRIV Y — A (H
HESEER H 22 1L (S) iy ia &) O 2B BT 208 N D 5, 1ERIE. RERYIT— 20 5 BUHID JE I D 25 8)
73 DRI « HiAHZ BN T IRINICHEE L TR LEIK T EMThN TV A D, BRESUSEREBIE T 0B RETIERE 59, Sq
Bl EQREDNTERTH B EMHELTVE EEZISNTWVS (Shimizu etal., 2011,

AR T, ZEBHFIEDO—DTH M N2 MK MT 7 LA 7 — 2 ~N#MA L. Sqin 2@l 7T — 205
TS BT LidH B, Sqld. EEEEMN AR K > TRO 5N 22 KM LIZERRICE > T0BDT, 7LAT—
2 EBIROREICHDE e a—h)VITHi A 2 T LI K D NitHEEREZ Z RS TRVWET 5 &, REHEMAEFESE
BETIV ESHRMENRLUICEST %) ZEHATE %, PRINEHETE LT, 7« U EiET 20054 11 A 51
1R U 723 MT 7 — 2l U7e, 0B L7EMNIE 50 5 SqIc B L7e i 2 iE g 2 7edic, &#E50
RFRIZZBIORFRDIE D, /N7 =AY ML, BERBOMRE - 8L OMBZSEIC LTz, ARKTIR., ZTORHM%Z
AU Sl DFHIRIRENE & EBRKUCE BRI O HEC R LA D RTREM: 2 39 %o
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Frequency Expansion of MT Impedance Tensor for Anisotropic Layered Media

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

The recursion formula of the impedance tensor is known for 1-D anisotropic layered media (Pek and Santos, 2002). This
formula involves matrix operations, so it is difficult to perform analytic calculations except for a few number of layers. Okazaki
et al. (2016) conducted frequency expansion of the impedance tensor for any layered structure at the first order, which describ
the long period behavior of the MT response. By applying this formula to dimensionality analysis, they discussed the dependenc
on subsurface parameters and physical meaning.

This presentation improves the above algorithms. We derive the second order formula to deal with dimensionality analysis
in more detail. We see that higher order expansion requires more and more tough calculation because the coupling betwe:
layers exponentially complicates. Finally, we discuss the difference in the form of real and imaginary part to extract subsurface
resistivity structure from long period behavior of the impedance tensor.

BHHEENEZENDS LROTHERSICB N T, 4 Y E—X Y AZFHET 2 RANEHIHI SN TS (Pek and Santos,
2002)7%, TORNREITHREHE Z O, HORD DI WG EZ RN TRCET R Z RT3 5 C LIdRHEETH S, 22T
Okazaki et al. (2016)CIEJEIEED 1 XRE TIERT 52 & T, EEDBMET A Y E—X V ADERHTORE N Z3did
THNAZEM Uiz, ZTOERNICIOTHIEZEH L, H THEED /35 X —ZA\OIAFE & Z DY BRI EIA 2 #6m L 72,

AFEXTIE, FRlDREMZERL LA E A2 T %, N2V T 2 ROBRARZE L, JotHEZz K&t
HCH D, EHICERDIEFZER L. KD EDBITONTIEBOBIGRIED RN EHEICEZ e 2 R5, &
Bic, BHO—BIPICENS A Y E—X V ADFEMEBEHOARICEH U, ISEHBO R OMREE N S N O L
TUCEET 2 IR TFRICDWVWTERT %,
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Electromagnetic monitoring of the Lake Baikal

Sergey Korotaev[1]; Darya Orekhova[l]; # Mikhail Kruglyakov[2]; Nikolay Budnev[3]; Takao Koyama[4]
[1] Schmidt Institute of Physics of the Earth RAS; [2] ETH Zurich; [3] Irkutsk State University; [4] ERI, University of Tokyo

Being the deepest lake in the World, a unique active rift structure - a nascent ocean, the Lake Baikal is a huge natural laboratol
for different studies. The vertical component of electric field Ez in the hydrosphere can be free from telluric interference and
therefore it is of particular interest for monitoring purposes. This idea has been implemented in the long-term Baikal experiment
This experiment is aimed at the studies of the water transport, the hydrosphere segment of the Global Electric Circuit (GEC
and the earthquake precursors. The monitoring of Ez on the basis surface-to-floor started in the southwestern part of the Lal
Baikal in 2003. In 2012 a novel setup, providing the facilities to control the self-potentials of electrodes and other possible noise
sources, has been put into operation. This setup in the configuration, includes, besides Ez, the measurements of sea currents
magnetic field (and its gradient) on the shore.

The experiment has confirmed absence of the telluric component in Ez. Fig. 1 shows an example (2013/2014) of compariso
of the spectrum Ez and magnetic field modulus B received by simultaneous measurements by the nearest magnetometer. Cl
and large first and second harmonics of the diurnal variations in the spectrum of B do not have any response in the spectrum
Ez. On the contrary, the characteristic features of the Ez spectrum have no correlation in the B spectrum.

The characteristic features of the Ez spectrum reflect the strongest (synoptic) sea currents in the Baikal within a period of 2-1
days with a random spectrum and the sole periodic sea current with a period of about 15 hours. Due to the fact that Ez, measur:
on a long base, does not depend on either the geoelectric section or on the flow structure, it's attractive for the monitoring of th
integrated sea currents velocity, important for hydrology, but rarely practiced because of its highly cumbersome implementatior
by direct methods.

At the periods longer than 10 days the sea currents in the Lake Baikal are very weak. However, unexpected strong Ez variatior
were discovered at the periods 100-160 days, which could not be motionally induced. We interpret it as manifestation of the GEC
current on its hydrosphere segment: the X-ray variation influents on the ozone layer, which slowly causes the convective currer
variation in the troposphere and then the conductive current variation in the hydrosphere.

On August 27, 2008, 1h 35m UT the earthquake of magnitude M=6.4 happened near the setup. The depth of the hypocenter w
17 km; the distance from epicenter was 16.4 km. The fast amplification of negative Ez began 15 hours ahead of the earthquak
The amplification of the field by 25 microV/m ends with the extremely sharp separate splash, which is induction effect of tsunami
wave, emerged exactly at the earthquake instant. The magnitude of the splash 9 microV/m corresponds to the magnitude of tl
water velocity about 50 cm/s, which is a quite real estimation of emerged small tsunami. Thus we observed the results of twc
different field excitation mechanisms: 15-hours precursor caused obviously by electrokinetic mechanism (at amplification of
deep underground water filtration before the earthquake), and practically instantaneous induction tsunami effect.

Considering the complex character of electromagnetic monitoring, with planned extension of the observation network, detailec
knowledge of the geoelectric cross-section over entire Baikal Rift is required. Therefore a preliminary detailed 3D geoelectric
model of Baikal and the entire surrounding land has been constructed on the base of all available geoelectric and other geophysi
and geological data. This model has helped to clarify some geological views by Ez monitoring and can serve as a basis for futur
areal regional and detailed magnetotelluric studies.

6 0,045
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Magnetic changes accompanying tilt-step events during the 2000 eruption of Miyake
volcano revisited

# Yoichi Sasai[1]; Makoto Uyeshima[2]; Jacques Zlotnicki[3]; Malcolm Johnston[4]
[1] EPRC, IORD, Tokai Univ.; [2] ERI, Univ. Tokyo; [3] CNRS (France); [4] USGS

A new caldera was formed at the summit during the 2000 eruption of Miyake-jima Volcano, central Japan. It began with
the collapse on the top and was finally built up until the August 18 largest eruption. During the caldera formation, the ground
deformation called the tilt-step occurred once or twice a day. The velocity wave form of the tilt-step was the seismic VLP event
with 50 seconds duration. Although the amplitude of VLP event was different one by one, its duration was always constant.
Associated with the tilt-step events, the geomagnetic and electric field variations were observed. The magnetic change was :
abrupt step-like one similar to the tilt-step itself, while the SP variation had a single wave form with 100 seconds duration. Two
different models were proposed for the generating mechanism of the tilt-step, i.e. Kumagai model (Kumagai et al., 2001: &
cylindrical piston entering into the magma reservoir) and Kikuchi model (Kikuchi et al., 2001: underground explosion of a vapor
reservoir injecting fluids into the surrounding rocks).

The total intensity changes were explained as due to the piezomagnetic effect accompanying the Mogi model. Forced injectio
of fluids produced the SP variation owing to the electrokinetic effect (Sasai et al., 2002; Zlotnicki et al., 2003). Currenti et al.
(2005) obtained the best-fit parameters for the piezomagnetic Mogi source with the aid of the genetic algorithm. However, &
new study on the cause of SP variation was presented by Kuwano et al. (2015), in which the fluid flow was induced within the
poroelastic medium by the strain field of the tilt-step source. They employed the Kumagai model, which was approximated by ¢
vertical tensile crack.

Recently, we obtained the 3-component magnetometer data at two sites MKK (NE) and MKT (SE) located on the easterr
slope of Miyake-jima Volcano thanks to NIED. They are more precise (0.01 nT accuracy) and with higher sampling rate (1 Hz),
which enable us to further investigate the generating mechanism of the tilt-step events. Based on new magnetic data as well
a different idea on the tilt-step proposed by Kuwano et al., we reexamined our previous model for the magnetic variations. We
found that the Mogi model cannot explain the observed 3-component magnetic data. In particular, the D component variations ¢
two stations are opposite in sign, which is one of the major defects in the case of the Mogi model.

However, 3-component magnetic data contain apparent changes owing to the rotation of the sensor in the geomagnetic ma
field, which are of the same order of magnitude as the piezomagnetic changes. Even if we take account of such apparent chang
the Mogi model cannot explain the observations, in particular those in the D and H component. A vertical tensile fault is
preferable as the source for the observed magnetic changes both from the sensor rotation effect and of the piezomagnetic orig
Since flux-gate magnetometers fixed to the ground are widely used for tectonomagnetic studies, the apparent magnetic chang
due to the sensor rotation should be carefully discriminated from true "’signals™.
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Induced electromagnetic field by seismic waves in stratified media in Earth’s magnetic
field

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

Seismic waves generate electromagnetic (EM) variations through a variety of mechanisms. The possible mechanisms incluc
electrokinetic effect, motional induction effect, piezo-electric/magnetic effect, etc. Extensive studies have been carried out tc
calculate EM variations arising from each mechanism. Earlier studies suggest that the electrokinetic effect is a major mechanisn
Numerical simulations assuming the electrokinetic effect approximately account observed EM variations during earthquake
ground motions [e.g. Gao et al. 2016, GRL]. However, there are still considerable disagreement between observed and calculat
EM variations.

In the present work, | have derived a formula to calculate EM variations arising from motional indcution effect. An analytical
expression of this kind of EM variation for a full-space medium has already derived by Gao et al. [2014, JGR], but that for
half-space media have not been derived. | derived the required expression by means of a well-established method in seismolo
to consider stratified media [see, for example, a textbook by Kennet, 2013].

I am now planning to compare the resultant expression to a previously derived full-space solution. To confirm whether the
motional effect explains the previously unexplained EM variations is the next work.

HWEENE, EXTEEANZALZE L CEESZE ZERT 20 ZZ DB AN ALICIE, FHPHERS, BINER
HE, CILVEL - MR ED DD, TOHRRICDWT, T BERENZBUHAH O R FENEREN TS,
BUE, FEEANZALREEZEZSNTVW2DRIAEEEHRTH S, I AE. =277 4 —)V FHEEFRHICEIE
TS ABN D5 D OER D FUHEEHR THHTE I LI 2 WMENDH 5 [H A1 Gao etal. 2016, GRL] LA L. i
HIfE & FHEAEORICIIRIR L L TNE L BWVA—BDETENTED, TOMD AN ZXLOHFLEEMEATERVEER
S¥ QR

AWIZE TR, BINERGEEIC X O BUERE IR S N2 BUIGEFO XX ZEH Ui, SRS O BIGAT)
DERBIAE, 9 TIC Gaoetal. [20141VEH L TV 20, HIEROEZIEL < & D Wz EREHOfRIE RO 5N TV
T Sl @R B THIC, BEHIEE T OB I ZR0A T 5 72 DICHIEE A THW SN S 51 [2% ¢ Kennet,
2013]ZH LC. 28N LTz,

e, "o nrfRze. HRREE M2 0E UG Off [Gao et al. 2014, JGRE LR %, £ LT, TN BRI
B 23T % DM DV THEGET 2 TETH %o
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The first report of coseismic EM signals in the 2017 Kumamoto Earthquake Sequences
by the Iwo-yama MT campaign

# Makoto Uyeshima[1]; Koki Aizawa[2]; Kaori Tsukamoto[3]; Wataru Kanda[4]; Kaori Seki[5]; Takahiro Kishita[5]; Takao
Ohminato[1]; Atsushi Watanabe[1]

[1] ERI, Univ. Tokyo; [2] SEVO, Kyushu Univ.; [3] Grad.Sch.Sci.,Kyushu Univ.; [4] KSVO, Tokyo Inst. Tech.; [5] Earth and
Planetary Sciences, Tokyo Tech.

Coseismic EM signals associated with large inland earthquakes were often detected and reported in the previous studies. T
mechanism for generating those signals, however, have not been understood clearly, although several mechanisms were propo
in terms of piezo-electricity, piezo-magnetism, motional-induction or electrokinetic effect. In order to clarify the mechanism, it
is desirable to catch the signal at not a small number of stations and to investigate characteristics in spatiotemporal distributio
of the signals, with seismic recordings nearby the EM sites. However, due to rare occurrence of the inland earthquakes, suc
observations were rarely reported in the previous literatures especially for the main shocks.

In lwo-yama area in the Kirishima volcanic group, in Kyushu, SW Japan, we performed an MT survey to investigate recent vol-
canic activities (inflation of the volcanic body, activation in the volcanic gas eruptions and development of the thermal anomaly).
We put 7 ADUs (Metronix, Ex, Ey, Hx, Hy, Hz) and 20 ELOGs (NT System Design, only Ex, Ey) around the Iwo-yama volcano
and measurements at all the stations started from day time (in JST) on April, 14, 2016. We recorded EM time series of 32 H:
from 0:00 to 23:50UT and that of 1024Hz from 17:00 to 18:00UT, every day. After then, the foreshock and the main shock of the
Kumamoto earthquake occurred respectively at 21:26 JST on April 14 and 01:25 JST on April 16. EM signals cause. The dat
were acquired until day time (in JST) of April 28 at all the stations except 2 stations. Thus, we could get EM signals associatec
with the seismic waves propagated from the Kumamoto earthquake focal areas.

There also exists continuous seismic stations operated by ERI, JMA and NIED in the area. Among all, the station KAR by
ERI was located very close to one of the E stations and we could directly compare the time series of EM and seismic signals fo
almost all the main earthquakes occurred in the 2016 Kumamoto Earthquake sequences. In this presentation, we will show bas
characteristics of both of the pre-wave and co-wave EM signals and comparison with the seismic records.
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Global induction modeling by the GAIA Sq model and its application toestimation of the
electrical conductivity in the mantle

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

The electromagnetic sounding has been widely used to reveal the electrical conductivity structure in the Earth. For shorte
periods than 10000 sec, a plain wave approximation of the EM field may be valid and generally used in magnetotelluric method t
elucidate the structure of subsurface, crust and uppermost mantle. For longer periods than several days, a simple P10 distributi
approximates well the EM variations in global scale and can reveal the structure in a lower part of the mantle transition zone
and lower mantle. In order to unveil the whole mantle structure, intermediate bands are inevitable. The geomagnetic field in thi
band such as Sq field, however, is known to have complicated distributions and careful consideration of a spatial distribution o
the EM variation must be required. On the other hand, geomagnetic observatories are sparsely and unevenly distributed on tl
ground, and thus it is difficult to detect a realistic Sq field distribution from only the on-land geomagnetic observatory data.

In our paper, instead of conventional ways, we use the GAIA (Ground-to-topside model of Atmosphere and lonosphere for
Aeronomy) model to represent a realistic Sq field (e.g. Jin et al. 2011, Miyoshi et al. 2011). The GAIA model is a whole
atmosphere model from the surface to the exobase including the ion and electron dynamics and the dynamo process in tl
ionosphere. It is noted that the GAIA model employed for the Sq calculation assimilates the meteorological reanalysis date
(JRA-55) to the whole atmosphere-ionosphere coupled model. Therefore, it provides us 3-D grid point values of the realistic
electrical current in ionosphere.

By using the Sq model derived from the GAIA and a supposed conductivity model in the Earth, the effect of the global
induction is evaluated to compare the geomagnetic field data on the ground. We choose some quiet days in each season fr
time series of the GAIA model and performed numerical induction modeling in a frequency domain by using the 3-D CIE
numerical code (Koyama et al. 2014). The conductivity structure in the Earth is supposed to be a layered structure with ¢
horizontally heterogeneous structure of ocean-land contrast on the top.

As the results, we found that the vertical magnetic component is reduced by about 50% and the horizontal magnetic componen
are enhanced by 30%. We also found that some phase delays occur due to highly conductive ocean, and they sometimes expl
the observed geomagnetic data better. We should note, however, that the focus of the Sq field is mislocated and thus discrepar
of north-south component between observed and numerical data is large. Then we conducted synthetic test of 3-D inversic
of the electrical conductivity in the Earth by using Sq model and concluded that it is very sensitive to the mantle structure in
200-400 km depth.

In our presentation, we show the forward results of the induction modeling due to the GAIA Sq source and compare the
observed and numerical data. Also we will show a potential to use the GAIA model as the Sq source field to elucidate the
electrical conductivity in the Earth’s mantle.
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Nation-wide deep electrical conductivity structure in the China Mainland

# Yiren Yuan[1]; Makoto Uyeshima[2]; Qinghua Huang[3]; Ji Tang[4]
[1] ERI; [2] ERI, Univ. Tokyo; [3] Pekin Univ.; [4] Geol. Inst., CEA

This presentation gives a description of very deep electrical conductivity structure beneath mainland China by using geomag
netic depth sounding (GDS). We have obtained the C-responses at 42 observatories in the mainland China in the period ran
from 1.3d to 113.8d. The hourly data of the 3 component magnetic field (1995-2016) were retrieved from the National Geo-
magnetic Network Center (GNC). Both the Occam 1-D inversion and rho+ 1-D inversion were applied to the C-responses. We
examined whether the 1-D assumption at each station is denied or not by evaluating RMS values. Except LSA (Lasa) whos
RMS slightly exceed the acceptable RMS and the observatories near the coast, all of the other observatories passed the rho+ ]
inversion check. The resulting conductivity model was compared with the previous work. We found that the mantle transition
zone has a large gradient of conductivity, resulting in a relatively high value about 0.3S&amp;#183;m-1 at the depth of 660km
beneath northeastern part of China, which is more conductive than those of other tectonic settings by at least one order magnituc
In the North China, it shows obviously the different characteristics among the Ordos block, western part and the gravitationa
gradient zone along Daxinganling Mountain-Taihang Mountain, which is correspond to the differences in thickness and stability
of lithosphere. This feather may be due to the subduction of India plate from the southwest and Pacific Plate from the east. W
will also try to evaluate the ocean effect on the C-response to get a more realistic electrical conductivity model of deep structure
of mainland China.
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Three-dimensional magnetotelluric imaging of Kii peninsula (2)

# Yusuke Kinoshita[1]; Yasuo Ogawa[2]; Zenshiro Saito[3]; Rina Noguchi[4]; Masahiro Ichiki[5]; Satoru Yamaguchi[6];
Kiyoshi Fujita[7]; Koji Umeda[8]; Koichi Asamori[9]

[1] Earth and planetary Sciences, Tokyo Tech; [2] VFRC, Titech; [3] Department of Earth and Planetary Sciences , Tokyo
Institute of Technology; [4] VFRC, Tokyo Tech; [5] RCPEV, Grad. School of Sci, Tohoku Univ.; [6] Geosciences, Graduate
school of Science, Osaka City University; [7] Technology, Osaka Univ; [8] Earth and Emvironmental Sciences, Hirosaki Univ;

[9] INC

Although Kii peninsula is located in the forearm side of southwest Japan, it has high temperature hot springs and fluids fron
mantle are inferred from the isotopic ratio of helium. Non-volcanic tremors underneath the Kii Peninsula suggest rising fluids
from slab.

Previously, in the southern part of the Kii Peninsula, wide band magnetotelluric measurements were carried out (Fuji-ta e
al.,1997; Umeda et al.,2004). These studies could image the existence of the conductivity anomaly in the shallow crust and in tt
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 inversions and three-dimensionality 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.

In total we have wide-band magnetotelluric sites. Preliminary 3d inverse modeling showed the following features.

(1) The high resistivity in the eastern Kii peninsula at depths of 5-40km. This may imply consolidated magma body of Kumano
Acidic rocks underlain by resistive Philippine Sea Plate which subducts with a low dip angle.

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

(3) The northwestern part of the survey area has a deeper conductor in the lower crust to upper mantle. This reflects th
Philippine Sea subduction with higher dip angle.
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Three dimensional resistivity structure around the rupture zone of the 2016 Kumamoto
earthquake

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

[1] -

Three dimensional inversion of magnetotelluric (MT) data around the focal region of Mw 7.0 Kumamoto earthquake were
conducted. Previous MT data (Asaue et al., 2004; Asaue et al., 2007; Asaue et al., 2012) and new MT and telluric data with goo
data quality were used for the inversion. Total number of sites are seventy-nine. We inverted the full impedance tensor (fou
complex components: Zxx, Zxy, Zyx, and Zyy) and geomagnetic transfer functions (two complex components: Tx and Ty) by
using the code developed by Siripunvaraporn and Egbert (2009). The horizontal mesh size was set to 2000 m in the area arou
the observation sites and was logarithmically increased with increasing distance from the focal are the Kumamoto earthquak
The model also takes into account the features of topography and bathymetry.

The preliminary result shows two dominant conductive bodies that are located (1) slightly east of the hypocenter of main
shock and (2) beneath Aso volcano. The rupture areas of the mainshock (Asano and Iwata, 2016) are sandwiched by the tv
conductive bodies. We will investigate the spatial correlation to the foreshock migration (Kato et al., 2016) before the Kumamoto
earthquake.
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Magnetotelluric Transect of The Unzen Graben

# Agnis Triahadini[1]; Koki Aizawa[2]; Dan Muramatsu[3]; Kaori Tsukamoto[3]; Keita Chiba[4]; Saki Watanabe[3]; Yui
Odasaki[4]; Yoshiko Teguri[4]
[1] Earth Sciences, Kyushu Univ.; [2] SEVO, Kyushu Univ.; [3] Grad.Sch.Sci.,Kyushu Univ.; [4] SEVO, Kyushu Univ.

Magnetotelluric (MT) method has been employed in the western side, 2 km away, of the summit of Unzen Volcano. Unzen is
grown within the East-West (E-W) trending graben structure, resulting many nornal faults. We accomplished the measurement b
aligning North-South (N-S) trending line crossing the graben structure . We installed 28 MT stations spatially distributed every
300-400 meters, consisted of 4 five-components MT stations and 24 two-components telluric stations. A seismic survey reflectio
survey was carried out along the same survey line (Matsumoto et al., 2012). Furthermore, we are interested in comparin
the resistivity structure with seismic profile to interpret the faults and more importantly the possibly magma conduit of 1991-
1995 eruption that assumed exists beneath survey line. Many research suggests the magma rose obliquely in E-W, from belc
Tachibana Bay in the west offset to the summit of volcano through the inclined conduit. Thus, we calculated impedances
and geomagnetic transfer functions by remote reference processsing using a reference stations located in Kirishima Volcanot
Consecutively, we will show the preliminary result of resistivity structure beneath this profile.
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Synthetic three-dimensional finite-element electromagnetic modelling study of
Nishinoshima magma chamber.

# Anna Avdeeva[1]; Kiyoshi Baba[2]; Takao Koyama[3]
[1] ERI, UTokyo; [2] ERI, Univ. of Tokyo; [3] ERI, University of Tokyo

Most of the currently used electromagnetic (EM) modelling and inversion codes approximate earth subsurface with rectilinea
structured meshes. This is not optimal, especially in a marine environment, as a large portion of the computationally feasible gri
is used up by bathymetry, at the same time reducing the resolution of the upper region. We implement an efficient, flexible an
robust EM modelling code, that is based on finite-element (FE) methods with adaptive unstructured meshes and allows accura
approximation of complex model geometries. Finite-element modelling approaches only recently started to become popular i
the EM community. At the same time, FE methods have been used extensively in other fields, in particular in solid mechanic:
and fluid dynamics, and are the focus of active mathematical research. We transfer the FE experience gained in other fields
geophysics. Our code uses the open source FE lilmasy./l. This library is based on fully unstructured hexahedral meshes
which typically require 4-10 times fewer elements than tetrahedral meshes to obtain the same rate of convergence. In additiol
deal.ll allows for a high level of parallelization and scales to several thousand processors.

We show first results of the application of the code for imaging the newly developed volcanic island Nishinoshima. Imaging
of Nishinoshima’s magma chamber will help to understand the processes that are involved in the development of new continent:
crust. Nishinoshima is located in an area with complex sea-floor bathymetry which has to be properly incorporated into resistivity
models in order to obtain accurate EM responses, as otherwise the responses on the slopes of the bathymetry can differ by ord
of magnitude.

In the future, and outside of the scope of this work, we will employ the newly-developed FE forward code as an engine for an
inversion. We plan to invert the data acquired at the Nishinoshima island that were retrieved from the sea-floor end of May this
year, to image the magma chamber.
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The properties of pores in the upper crust of the western part of Shikoku region
estimated by electric resistivity and gravity

# Hideki Murakami[1]; Yuta Muro[2]; Ichiro Shiozaki[3]
[1] Natural Sciences Cluster-Science Unit, Kochi Univ.; [2] Chishitu-Kogaku; [3] Grad School of Eng, Tottori Univ.

We estimated the properties of pores in the upper crust of the western part of Shikoku region by electric resistivity and gravity
data. The low electric resistivity regions of less than 10ohm-m in the upper crust of the western part of Shikoku have beer
reported. The electric resistivity of the crust is a function of rock resistivity, porosity, pore fluid resistivity, aspect ratio of pore,
and connectivity of pores. In particular, the resistivity depends on the properties of pores and the resistivity value of pore fluid.
The properties of pores are often estimated using seismic tomography data. In this study, we estimated the porosity of the upp
crust of the western part of Shikoku by the Bouguer gravity anomaly data. In the western part of Shikoku, low Bouguer gravity
anomaly regions and low resistivity regions correspond to each other. We analyzed the low Bouguer gravity anomalies on th
assumption that they are caused by low density pore fluid. In this case, the obtained porosity is independent of pore aspect rat
and pore connectivity. We report the properties of pores in the upper crust of the western part of Shikoku that can explain the
observed low electric resistivity value.
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