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On the temporal changes in MT responses independent from source field

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

MT responses have been used for visualizing subsurface resistivity structure and recently are used for discussing tempor
changes in subsurface environment. However, the temporal changes in MT responses often are considered triggered by unsta
source field (e.g., Romano et al., 2014). Romano et al. (2014) reported that the negative correlation between Ap index an
apparent resistivity with period band of 10 - 100 seconds, and additionally they considered that the cause is not artificial noise
We therefore must pay attention to the source’s condition when discussing the temporal changes in MT responses, and then \
must judge whether the changes reflect the source’s condition or subsurface environment. Romano et al. (2014) focused on t
general relationship between geomagnetic conditions and MT responses. However, some temporal changes in MT responses
their paper cannot be explained easily by source’s condition. We therefore derive the temporal changes in MT responses with tt
period band of 10 - 100 seconds, where MT responses depends largely on source field. Then, evaluating the strength and spa
characteristics of geomagnetic activity, we discuss the cause triggering the changes. We show that the MT responses can refl
the changes in subsurface environment even if the analyzed period-band is affected largely by source field.

We use the MT data obtained at Kakioka Magnetic Observatory, Japan (KAK) with 1 Hz sampling rate for local data and the
magnetic field data at Memambetsu Magnetic Observatory, Japan (MMB) for reference data. The data at each month are divide
into three sections a) 1 - 10, b) 11 - 20 and c) 21 - last day of the month. We derive the MT responses with the period of 64
seconds using FDICA-MT (Frequency Domain Independent Component Analysis based MT processing algorithm (Sato et al.
2019 submitted)). Romano et al. (2014) reported the MT responses become unstable under the condition of Ap index lower tha
10. We therefore define that the sections with averaged K index over 20 are affected not so largely by the strength characteristi
of geomagnetic activity. Also, we use the inter-station transfer functions (IS-TFs) between the geomagnetic-field data obtaine
at KAK and MMB for evaluating the spatial characteristics of geomagnetic activity. However, IS-TFs are not indicating correct
value when there are several spatial characteristics of geomagnetic variations (Sato and Goto, to be submitted). We use IS-TFs
gether with Multi-Channel Nonnegative Matrix Factorization (MC-NMF (Sato and Goto, 2018)). MC-NMF can expose whether
there are several spatial characteristics of geomagnetic variation or not. As a result, we can judge whether IS-TFs indicate corre
value. The sections satisfying both i) no changes in IS-TFs and ii) no changes in spatial characteristics of geomagnetic variatio
are defined not largely affected by spatial characteristics of geomagnetic activity.

Is is exposed that the MT responses with the period of 64 seconds derived from each section change temporally. In man
sections, either strength characteristics or spatial characteristics of geomagnetic activation is not satisfied. However, some r
sponses change temporally even under the condition that there is no large abnormality of strength and spatial characteristics
geomagnetic activity. Comparing the total rainfall before and after the changes, there is ten times difference. Therefore, the ten
poral changes in MT responses can be considered reflecting subsurface environmental changes at the shallow depth (e.qg., rain
effect). In summary, evaluating the strength and spatial characteristics of geomagnetic activation, the MT responses are availak
for discussing the subsurface environmental changes even if the analyzed period-band is affected largely by source field.
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A series of 3-D resistivity change models of Aso volcano from 2014 to 2015, as inferred
by five ACTIVE data sets

# Takuto Minami[1]; Mitsuru Utsugi[2]; Hisashi Utada[3]; Tsuneomi Kagiyamal[4]
[1] EVRC, Nagoya Univ.; [2] Aso Vol. Lab., Kyoto Univ.; [3] ERI, Univ. Tokyo; [4] Graduate School of Science, Kyoto Univ.

The latest magmatic eruptions started in Aso volcano in November 2014, after 20 years of the quiescent stage. A research gro
of Aso Volcanological Laboratory, Kyoto University, has conducted five campaigns of ACTIVE (Utada et al. 2017) observations
from May 2014 to August 2015, including the magmatic eruption period (from November 2014 to May 2015). ACTIVE is
a controlled-source electromagnetic volcano monitoring system consisting of transmitters with earthing electric dipoles and ai
array of induction-coil receivers that measure the vertical component of the induced magnetic field. Minami et al. (2018) revealec
temporal variation in the three-dimensional (3-D) resistivity structure from August 2014 to August 2015, by focusing on the two
data sets. However, there remained the other three data sets that have not used in the analysis, i.e. those obtained in May 2C
November 2014, and February 2015.

In this study, we performed three additional inversions to reveal detailed evolution of the hydrothermal system of Aso volcano
over the magmatic eruption period from November 2014 to May 2015. Using the five ACTIVE data sets, we resolved the
evolution of the change in the 3-D resistivity structure from May 2014 to August 2015 into four snap shots of 3-D resistivity
change models for Period 1 (May 2014 to Aug. 2014), Period 2 (Aug. 2014 to Nov. 2014), Period 3 (Nov. 2014 to Feb. 2015),
and Period 4 (Feb. 2015 to Aug. 2015). In Period 1, which corresponds to the rainy season, the resistivity decreased in th
surface layer, probably due to heavy rainfall. Furthermore, a resistive change was modelled just beneath the bottom of the fir:
crater of Nakadake, which is consistent with the lowered water level and drying of the crater lake in this period. In Period 2, the
surface resistivity in turn increased. It is likely because the surface layer dried after the end of the rainy season. In Period 2,
resistive change 400 meter beneath the crater bottom was modeled in the same zone as Minami et al. (2018). This can be due
drying of the hydrothermal system driven by ascending magma just before the start of magmatic eruptions in November 2014
From Period 3 to 4, the trend of resistive change is reversed to conductive change at the depth of 400 m. We interpreted th
change in the trend as recovering of ground water in the hydrothermal system after the peak of the magmatic activity in Februar
2015. In this presentation, we plan to report details of our inversion method and explain the features of the four 3-D resistivity
change models.
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On the utility of satellite main field model for magnetic monitoring of volcanoes

# Seiki Asari[1]; Shingo Nagamachi[1]; Norimichi Mashiko[1]; Kosuke Takahashi[2]; Takao Koyama]3]
[1] Kakioka Magnetic Observatory, Japan Meteorological Agency; [2] none; [3] ERI, University of Tokyo

Continuous magnetic observations are widely practiced on active volcanoes as one of physical observation methods to monit
and evaluate volcanic activities. They are expected to detect signs of eruption relatively early in magnetic field changes arisin
as a long-term precursor associated with thermal demagnetization evolving with magma supply within the body of volcanoes. A
report indeed exists that a prognostic feature already began to emerge about five years in advance to the 1986 eruption on Iz
Oshima, the basaltic volcanic island. In analyzing those data it should be a key to properly isolate volcanic signals on timescale
of months to years. This is generally not an easy task. Marginally affected by inductive contributions at the relevant frequencies
data still consist of variations of different origins. Among them are also apparent variations due to the so-called DI-effect on total
intensity observations.

Here, we specifically discuss influences of the geomagnetic main field variations on the continuous measurements and i
subsequent evaluation of volcanic activities. For a reference model of the main field, CHAOS-6 is adopted which is producec
by DTU Space based upon satellite magnetometry. It is one of time-dependent main field models that ensures the highest ev
precision and spatiotemporal resolution. Of particular notice is its update frequency; for recent few years the model period ha
been extended every few months by incorporating the latest data. CHAOS-6 is vastly superior to the IGRF model in that evel
the most recent variability of the main field can be well delineated.

We present two kinds of analyses to demonstrate the utility of satellite main field model for magnetic monitoring of volcanoes.
Either would be a case where a proper conclusion is hardly drawn, if the information at hand was restricted, as before, to statio
data and the IGRF model alone.

The first is an assessment of reference station data in regard to their long-term stability and accuracy in describing the mai
field evolution. The University of Tokyo runs a reference station of Izu-Oshima, OSM, about 4.8km to the northwest of the
crater. Around 2015 the trend of OSM proton data w.rt. CHAOS-6 total intensity changed by +3.6nT/yr. Overhauser data
at a neighboring station TBT of Japan Meteorological Agency (JMA) have a trend in common. Meanwhile, the trend change
is +2.2nT/yr at the university’s former reference station, NOM, about 3.5km to the west of the crater. It is implied that the
area around OSM is particularly seriously influenced by some local magnetic changes. The comment &quot;Remagnetizatio
tendency slowing&quot; in the activity evaluation report is to be revised down, if either the satellite model itself is used, or NOM
is taken back again, as the total intensity of the island’s reference field.

The other analysis is an attempt to evaluate the Dl-effect due to the geomagnetic secular variation. For this to be done
long and stable reference of the three-component secular variation is necessary. Not eligible are, however, records of vect
variometers at reference stations, their baseline being undetermined. A time-varying satellite model may be applied in place.
case is reported here for proton stations, MIK1 and MIK2, of JMA at the north edge of the central cone summit of Izu-Oshima.
Despite their proximity in between (40 meters), the MIK1 and MIK2 trends differ considerably: +2.8nT/yr and +6.2nT/yr w.r.t.
OSM for 2007-2012, respectively. By referring to CHAOS-6 vector time-varying field in a forward calculation of the DI-effect
from results of our in-situ measurements (with a 5’-resolution surveying compass and its self-customization into a dip measure
at MIK1 and MIK2 as well as of our absolute observation at OSM, it is revealed that the trend gap is explained by the Dl-effect
to a notable extent, though not fully. The MIK1 and MIK2 trends after the correction are +1.9nT/yr and +4.0nT/yr, respectively.
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Relationship between Non-double couple earthquakes and resistivity structure, Unzen
volcano, Japan

# Tasuku Hashimoto[1]; Koki Aizawal[2]
[1] Kyushu Univ.; [2] SEVO, Kyushu Univ.

Volcanic Earthquakes indicated low frequency under the Unzen volcano since 1995 stopped eruptive activity. However, thes
showed steadily increase tendency the volcanic earthquake occurrence number of times beneath Heisei-Shinzan lava dome ¢
Mt. Fugen (1"2km below sea level) from 2010 (Japan Metrological Agency (JMA)). The notable point is that few hypocenters
were located at above sea level occurring sporadically. Shallow earthquakes above sea level were reported 6 times in 2018 a
4 times in 2019 by JMA. The P-wave arrivals of the earthquakes above sea level show the downward motion at all stations o
JMA, MLIT, and Kyushu university. The coda, which shows relatively longer period oscillation, continues approximately 20 to
30 seconds. Hashimoto et al. (2019 JpGU) was reported the preliminary analysis of the shallow earthquakes obtained from tt
dense seismic records. To obtain more accuracy determination hypocenters of shallow earthquakes we established 12 seist
stations around Mt.Fugen and Heisei-Shinzan lava dome (2km x 2km). As a result, shallow earthquakes have features that ma
seismic stations get downward motion on the other hand a few seismic stations get upward motion. And hypocenters wer
decided 200m in depth below Heisei-Shinzan lava dome. Mildon et al. (2016) reported the similar non-double couple (non-DC)
earthquakes at Krafla volcano, Iceland, however characteristic earthquakes occurring at Unzen volcano have a little different th
hypocenters are very shallow beneath Heisei-Shinzan lava dome and first motion polarities has a few upward motions.

We will present analysis of the shallow earthquakes obtained from the dense seismic records from August 2018 to Augus
2019. And 2 seismic stations were established on the lava dome (Heisei-Shinzan). Furthermore, focal mechanism is estimat
non-DC earthquake by assumed occurring closing crack and shear at the same time (Shimizu et al., 1987) (Hayashida et al., 20
JpGU). Besides magnetotelluric observation carried out at around Mt. Fugen and Heisei-Shinzan from October to Novembe
2018 to research contribution of the fluid for these shallow earthquakes. We recorded telluric fields at 12 sites around Mt. Fuge
and Heisei-Shinzen lava dome, and recorded MT fields at two sites at the mid flank of the Unzen volcano. This study discusse
the relationship between characteristic shallow earthquakes and hydrothermal system assumed result of MT observation.
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Relation between electrical resistivity and earthquake: Lessons from the 2016
Kumamoto earthquakes

# Koki Aizawa[1]
[1] SEVO, Kyushu Univ.

The MIMA 7.3 Kumamoto earthquake that occurred at 1:25 JST, on 16 April 2016 not only triggered aftershocks in the
vicinity of the epicenter, but also triggered earthquakes that were 50 to 100 km away from the epicenter of the main shock. The
aftershocks and triggered earthquakes are located mainly along a NE-SW striking line. The active seismicity can be divided int
three regions: (1) the vicinity of the main faults, (2) the northern region of Aso volcano (southwestern region of Kuju volcano),
and (3) the regions around three volcanoes, Yufu, Tsurumi and Garan (100 km northeast of the mainshock epicenter). Notabl
the zones between these regions are distinctively seismically inactive. The 1-D resistivity structure by using the 247 broad-ban
MT sites (Aizawa et al., 2016) showed that earthquakes occurred in resistive regions adjacent to conductive zones or resistivi
conductive transition zones. By adding the new broad-band MT data, we will show the 3-D resistivity structures around (1) the
Kumamoto earthquake, (2) Kuju volcano, and (3) Tsurumi volcanoes, and argue its relationship to the hypocenters quantitatively
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Trial use of a commercially-supplied drone as an aeromagnetic survey tool in an
experiment for bachelor course students

# Ryokei Yoshimura[1]; Naoto Ishikawal[2]; Satoshi Sakai[2]; Mamoru Kato[2]; Tetsu Kogiso[2]
[1] DPRI, Kyoto Univ.; [2] Human and Environmental Studies, Kyoto Univ.

Since most of the bachelor students have not studied earth science as science education until they entered university, it
important to provide subjects that attract their interest in earth science in experimental courses as well in terms of broadening th
base of the field. On the other hand, traditional/textbook-like methods are utilized in experimental courses, and the content is n
necessarily something that accelerates the interest of students. In the introductory level of education, we examined the possibili
that it could be a means to attract students’ interest by actively using state-of-the-art/much-talked-out technologies.

In this presentation, we report an attempt to use a commercially-supplied drone as a tool for airborne magnetic exploratior
at the course of the general education in Kyoto University for undergraduate students. In this class, the students took part i
trial and error, and successfully conducted airborne magnetic surveys by using Phantom 4 (DJI) and FLFG 17 (Tierra Tecnice
Fluxgate Magnetometer and Logger). We introduce what we are doing and how we overcame the problem, and to look at th
future direction.

RPN ETOHRAE L LT, HERRIZO2Z U R R U T2 2252 DD in W BIE, BRI B THEBRRI A Bl
s EMZRMTZ T ik, DT ZEH 2N 2ERTCLEETHS, — . BMIRETIZONE L, 5K
BRI BN FEZEME T2 2L, BT LEZEDRKZIET 2 NE LR > TWEY, EALN)LDH
BT, BRI OGEOEMiZ BTG T 2 C & T, AEOENE S E 1T 2 TR & RS EEM 2T Uiz,

RIS, 5RO ER H THRFPAIHERR AR ) I 5, Tl Ruo— > 2 ZEhRiSiEaED Y —)L b
LTI LA ST 5, COBBETIIZHEZEIZ. DIMHSR Phantom 4x 5T, 757 7 ZiftR FLFG17 (7
T AT — MESIEN s vl —) VAT LERAWT, BITERRIC K D SR E 2 R Uiz, M2 HWS, EDK S
WCERERE TR U 2O RN L. S5BOTEZ B LW,
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Healing process of the Nojima fault damage zone deduced from repeated water injectiol
experiments

# Hideki Murakami[1]; Naoto Oshiman[2]; Ryokei Yoshimura[2]; Tsutomu Miura[2]; Masato Kamo[2]
[1] Natural Sciences Cluster, Kochi Univ.; [2] DPRI, Kyoto Univ.

http://scl.cc.kochi-u.ac.jp/"murakami/

The 1995 Hyogoken-Nanbu earthquake (Mw 6.9) ruptured the Nojima fault, Awaji Island, southwest Japan. To investigate the
healing process of a fault damage zone after a large earthquake, repeated water injection experiments have been conducted e
few years in an 1800-m-long borehole near the Nojima fault from 1997 to 2018. In experiments, the variations of self-potential
have been observed around the borehole. From the resulting data, the hydraulic parameters of the fault damage zone decrea
until 2003, and then, it stabilized or increased slightly through 2018. These changes in hydraulic parameters indicate that th
fault damage zone stabilized within 8 years after the occurrence of the earthquake.

IRES SOV 2 LR — a7 NS E S E SH 10km OB ETE L, 19954 TLE IR m iz (Mw6.9) DRI WifE
FEE QLD ASEEPFEFICH 1-2mARET N L, £ 0.5-1.2mB&tE U7z, 19954 L IR ma i M2 I /6179 % B Bl E 2
BTN R ER SR OHEETEENIEK 1100-2400FT L HE TN T W5 GEERAMHEEIIZEH,2002 , DX 9 ICH:
DIRLUHER G| ITHIE T, ROMBICHITEDLIET EMEETVWEIDTHA I M, MERF|IEK TR
WDITIE, BAHEERTI2RENDH D, TOEOIC—EHWWEROEZE (EEk DTS5 EMHEEI NS,

19954 i WL p S Z LA OB Bl ORI A Z E =2 —3 5 L 2 HIWNE LT, HE 1800m THiE L H &
BLR=Y LM LT 19974 h 5 20184 K £ TIZ 8 BIDTH/KEBRMDEfME Nz, T ORIKIERTIX, Wil
R HKELD S ISR DMLY 2 BROB /KIS K D FHMET %, HKIEERRRICIE, BEET 5 R—1 v 7 fLoksa
ER=V VTINDE, FEUOMyNGELS), 770 A K B HERHE, 7 U CHARBMOFHINIME Nz, 2013
2 RR < HKFBRTIE, RE 540mDA—V VT OMEFH M SlkZz LTz eHEEET NS 720, B EWEONE
PR D a7 87 Tld 7z < Z D FIE OFE KR EDRFZ LIS DWW T HAEN GO RN 518X 5,

HEKFLERL O I B % HIRBAIII/KIHC RO 3 DO A RS 1) HKFLEINELCEICZ LT 3,
2) ZHERIIHKILD B OMHEEN K E L 55 L/NEL KB, 3) TNBDOZALIZAIKOBNE < ZEIRICFEBL T3, chbd
ORHLE, K=V T LR LT EBEO S AR ZRINS C LIC K O RET 2MEEMDR—Y VT r— >
T T A OMRICENEH LA 2 L WVH ETIVTHATE % (Murakami et al., 2001,2007)717kDifi= (J) &
MR OB LB SHEN T B ERE (1) ORI, KR GEKGRE, 29f%, HiiEOED) L EXNRE Oko
AER, E—2BENOBEE) Db LTERIT T ENTES, dkicld, H/KFEEROBISL O Zii 5 /NI DKz
LTHED, 2EIOEZEDHDNSRNICKELRZLIIED SNED > T-D TEXIRBORBREZIZFEZ IV, FDT:
o, g EFRE () OREZIEH FOKBRBOZ(EEZR L TWE EEZ SN, Fil J)ERE (1) 1, 19974FH
5 20034EICHIFTHIRA L, 2018HEDHERIZ 19974EH 5 20004ED FIREXL D &/NE WA 20038 X H L RKENE WS
RICTE> T3, 2004FELED T — ZIIFIRIBENET IV CTHIHTEARVWEFE FENTVE 120D, BMatORMDTES
& DD 199745 200341 H i T OIS HIEEL OEAE TWiE RO OB K EN D LIz EZR L TWS, ARE
TlE, ETFIWVCHATERNEINCOWTORFNC DWW T EMNS TETH S,

ARZEE, REREHE TR E L EMZE (A) BEES 1906 [HE/KFEERIC K 2 NREEE O ERNTE O FH 72 i
iE & SRR ONTZE ) I X D EEE Nz,



R003-08 /5 C 25 UFREE1) B¥RY: 108 24H 11:15-11:45

3IUTHIRERIEZ W e 2011$ﬁjt‘€jﬁim%§&z & BRI K CNEISHOET
v

# KAl IR [1]
[1] HRORHIEE

Modeling of crustal deformation and internal stress due to the 2011 Tohoku-oki
earthquake, Japan

# Akinori Hashima[1]
[1] ERI, Univ. Tokyo

The 2011 Tohoku-oki earthquake caused as large as 5 m displacements on land, and tens of meters in the offshore. Megathr
earthquakes of this kind forms large strain and stress in the surrounding areas, which are relaxed in decadal timescale. Its surfa
expression is postseismic deformation. Two mechanisms have been considered for postseismic deformation: the afterslip arou
the mainshock and viscoelastic relaxation in the asthenosphere. Analysis of postseismic deformation is thus crucial for studie
of earthquake generation and viscosity structure.

In this study, we construct a finite element model incorporating the Pacific and Philippine Sea slab geometries based ol
seismicity. Elastic structure is assigned following the studies of seismic tomography. Fault slip is expressed by a constrain
equation defining relative displacements between two sides of the fault. We impose fixed boundary condition on the sides an
bottom of the model region.

Using this model, we compute 3-year displacements due to viscoelastic relaxation assuming various viscosity structures. The
we invert the residual displacements subtracting computed from the observed to obtain afterslip distribution. The optimum mode
is determined by the minimum of the summation of residuals. Viscosity structure is explored by starting from simple uniform
structure and adding the effect of known structure in a stepwise way such as the layering, the oceanic/continental contranst, tt
cold nose, depth variation of the Philippine Sea slab, and the anomalous low viscosity layer at the bottom of the Pacific plates.

The optimum viscosity structure contains the low viscosity region at the depth of 150-300 km on the continental side and the
bottom of the Pacific plates. The elastic thickness on the continental side is 25 km and the cold nose exists within the horizonte
distance smaller than 200 km from the trench. The depth of the Philippine Sea slab is determined at 100 km. The low viscosity
region at the bottom of the Pacific plate is indispensable to explain the observed westward displacements in the offshore. Tt
inverted afterslip exists between the north and south of the mainshock between past tsunamigenic sources. The displaceme
due to viscoelastic relaxation and afterslip are of the similar magnitude but distributed complimentary; viscoelastic effect in the
south Tohoku and afterslip effect in the north Tohoku and Kanto. The observed horizontal and vertical displacements can thu
be the explained by considering the both effects.

Using the optimum model, we compute temporal change of the crustal stress. Basically, the stress due to the northeast Jap
is extensional of the order of 0.1-1 MPa directing the source region. This stress is gradually propagated westward and th
stress pattern changes from normal-fault to strike-slip type. Such stress evolution can explain postseismic change in the foc
mechanisms of the crustal earthquakes. Also, it is consistent with change in the seismic velocity on land.

201 1AFsRE RIS T IR B m, TR m OZEB) 2 5[ EeC Uiz, T &K 5 B RIEI ARSI R E 7%
BB ZE 2D L, 0%, FEFE~BTHFERXT—IVORRZNT T > DI NS, TOHETOERNDR
A TH %, RNEH 2GS T AAZALIE, AEROEFRMOLEERICE I BRI LT/ AT 2 7ICE
\J B RGBEMERERD 2 DIMEZ SN T VD, Lichi> T, RNZEBOMTI, EIHERECRMERE OHEE D72 & I1Hied T

AT, AR DO RNAT 2N 2 720, BHINCE DS K- 70 U EVET L— b EEOIRZED A
NIARERTET IV 2R LT, SMEMEIIEBIR N7 57+ —Ic X Bz 5-A T, Wi XDIE, WiEmo L
ENMHICHIAZENT 2 5 3 B HIRGEMFIC K DRI UTc, Tz, BRI E 7V O MM & i TN EESRAMT & Uz,

COETNVZRV, bR IRHERSG 2 08 U TREPERANC X 5 3O ZFHRT 5, BALitER 3 OBl
MZENLT— 2 b B RGHPERRANC K B EHAZ N2 72 LS Wi iz 28— a v U, 7 L— M EDORFT N
D7RDB, TUT, KidlEREA & RO\ DI K BEHAZNL L BN OFGED H R Z RN T 5 X5 RET V72
REETIVET B, MTEREE UTid, fHZ—BRREIERGSED 5 HFE L, BHEMROMIAICE EDERE[I~ > hLD 2y
PORJERGE, W~ > Ry REfI~ > VRO KIRES (Cold nose, 7 4 U EVifET L— FOEE O TR, TS
L— b R EROARRGPERRIK D 2 R 72 B BEHINC BN U 7RIS & 7 )V 2 Mt L7z,

AT ORERAT S N T BB RGTERSIE Tl ARREPE R KRERI DR E 150-300 kmé IEAATHEE T L— b OJa iy O
FERICHEAE L. RESRIERA 2 T 9 RREMIOBME DJE E 1d 25 km,  Cold noseD LRI A 5 200 km X
T 74V EVET L— FOIHFAHD TIRIE 100 km & 755 7z, M TBIAIE N TV 2P & DZNIE, KTHET L —
~ T EBOARRETEREIC 50 2 RigPERER 2B 1 L A NUSHI T E 2w, o, FONIERIITND BAE T N0 O
Uit & i i 2R O R DRI & ORIICEREND K S IT/HET %o



KRR & R N DIC K B HEROEH DK E X IIEREIENZE NN RS, KRR SR B, R
B N0 IXEId T & B IO NS T 59 %, W& DEFGIIHMHN T, miEEEbYE % & 2EOBINZAN 2K
e BERE EBICHIAT 2 2 EMNTE %,

D ETHELNTZET IV ERWT, MBS I ORRIZ 2R Uiz, HILHARIC I 2 61 2 RIS FEAR NS =R 5 1)
AD 0.1"1 MPaAt — X —DERIE I TH %, B L & &I, IHBLIZVETICIAD S —T5. /82— FEWE 2 1
ThoTnNaA TNEET D, TOXIRSHEIE, ERHERD T L— b NHED X 7 = X LROZC 7% 35
TBHTENTEZED, ERHEICES FESOMERHEEDZb e LT TH %,
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An analytical solution of the piezomagnetic field generated by a point dislocation source
in a stratified elastic medium

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

In this presentation, a general procedure is presented to derive a closed form expression (i.e. analytical solution) of the piez
magnetic field generated by a point dislocation/expansion source in a layered elastic medium. Although a similar problem ha
been treated by Okubo &amp; Oshiman (2004) by using a numerical integration, the present work derives an analytical solutior
The governing equations described by partial differential equations are reduced to a set of ordinary differential equations afte
a suitable transformation of variables; thus, they can be solved analytically. An advantage of employing analytical solutions is
that analytical solutions for elastic media can be extended to those for viscoelastic media by means of the &quot;Corresponden
Principle&quot; [c.f. Bonafede et al., 1986]. The solution for layered viscoelastic media will be presented in the next meeting.

COFERTIE, SMFEDEMIGEZ L DEE I RUIRDEN H % WIFEWVEWIEDNE NN T8I E TV BKEIRIC
XoTHL 2 (BT V) ORI ZEBEERICBNTHLURE (@i TRDZ7HO—RNTFIE, BXUT
JEDVD IR NG EIT DN T OB E B 2 &5 %,

YL VRG2S 2 B, DAL S G Z LD RRNZIHSMNCT 2 2 &, H20IE, HEKZL
OBANED 5577 « Z2ORICBET %35 A—2 2 #iEd % T L Th % [e.g. Ueda et al., 2005; Napoli et al., 2007; Yamazaki,
2013} ZOFIEOEMEE LT, 2 05E, Bt niEEHOIL)] « ZHENSAE U2 VS OERBK [e.g.
Sasai, 1991; Utsugi et al., 2000J/i\ 51 %, LA UEBEOHTEIR U T—HARERIEE Tla R, D LTSk
FHZER > T3, & LB RNIEN E T VRIGICRE EET 2 45 51, HIE - AU S IR kIc B9
LB 2D % 5 2 TEIEZINZ 208N D 5,

Okubo &amp; Oshiman [2004¥, JERSEFMEEEROBRIRTE IR (LII—XAKRETIV) HhHAEU S L VSR
T3 FIEERRR Uz b DT51EE, Zh—Io1HIEF C B ORI (R TR 2 —I7T, RMIsd 2RbaH
Lz h B4 LB YT RSHARIRD ClliT 3 & O Th B, 724%, Current et al. 20085 L T3 & 512, JF
TR D 2 NVEBWVEWENEN R E R ENZ5E, CLVRBIGLMIRETERET S N TE 5, Tz B ANICTR
TOPARETH 5,

SEERE T 2EMETFIATE, REOHPFREZRIF LT, w5 Tl & N5 il iRz FECEmIic B0 %
W IR E T %, Okubo &amp; Oshima Fl ] L 7z 5 OfE T 5 LTIRSNTZE D TH S D, [ARkD 51k
BRI OV THEARRETH D, WL D PEZER T 5 2 5 Niz7x S IXRE5 716 DT IR & IR TR 5N 5, 5
Pt & ¥ Y RHESEIRIC KX 27245 O DU 2 8L ORRGERNE, IEEZERIC BN TEERFRXE U TRlikd 3
TEMNTES, INSIKK>TEDVHGOERBRAEZH U TEETITENTES,

SRS D BB U5 LV ZRTET 572075 51F, IO X 5 BRI X 2 55T TH 5, fif
W7z R 7= 8L, HHoEHE [e.g. Bonafede et al., 1986 |4 % C & THisiMEEREHE N 54 U % ¥ VRGO
ZHACHGETESZ N5 TH %, ELVHGOREICE W TEMHEEOZEENEETH S T L1X, Kk PR~
IE U 7251715 [Currenti et al. 2008[CEHRENTWVB DT, THUIEESNFETH S, HlEEEHENS5ETS
YIVWSOERRK EZDIGHICDV TR, RDEETHRETZTFETH S,
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Analytic solutions of coseismic global transient/static geoelectromagnetic variation due
to the piezomagnetism of crustal rocks(1)

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

In quantitative theoretical studies on coseismic geoelectromagnetic (GEM) variations (GEMVSs) due to the piezomagnetic
(PM) effect of crustal rocks, principal attention has been paid to the geomagnetic change between the periods before and aft
fault motions. It is, however, expected in principle that the GEMVs due to the PM effect begin as the fault motions start and
continue through the radiation and propagation of stress variation accompanying traveling seismic waves. The present study pa
attention to the derivation of mathematical expression of the GEMVs excited during the sequence of the process of elasticity
In quantifying the transient behavior of the GEMVS, it is necessary to consider the electrical conductivity structure of the earth
in the frequency band in which the electromagnetic (EM) induction is necessary to be considered. In addition, in case that th
GEMVs in wide area is considered, it is necessary to consider whether the ionosphere is negligible in the quantification. Con
sidering above, the present study aims to show the derivation of the analytic solutions of coseismic and global GEMVs cause
by the toroidal displacement (TD) by a fault motion and the magnetization variation due to the PM effect, using the spherical
harmonic analysis (SHA).

Four reasons to pay special attention to the TD can be pointed out. The mathematical expression of the TD is simpler tha
that of the spheroidal displacement (SD) for, firstly, the number of the components is smaller. Secondly, in the quantification
using the modeled earth structure, as the outer core realistically considered is fluid, the spatial region for the analysis shrink
to the crust and the mantle only and, as a result, the number of terms to be considered becomes smaller which makes it eas
to consider whether the ionosphere is negligible. In addition, since the TD is divergence-free, the resultant stress variation is
thirdly, worth being paid attention to for its effective generation of the magnetization variation based on the principle of the PM
effect that the hydrostatic pressure is insensitive in causing the magnetization variation. Moreover, as the divergence of the S
causing the density variation in an elastic body excites the gravity variation, the elastic and gravity fields couple to one anothel
while the TD does not excite the gravity variation. It suggests, fourthly, to GEM studies the analyses of the coupling between the
TD and the GEMVs.

The analytic solutions are derived for a tensor seismic moment in the crust given as a point source in the space in which th
properties varies only in the radial direction discontinuously. Elastically, the earth interior is regarded to be composed of the
crust and the mantle, with the traction-free boundary at the earth surface and the core-mantle boundary. Electrically, the eart
structure is simplified to be four-layer: the ionosphere, the atmosphere, the crust and the mantle, with the outer space and tt
outer core regarded to be insulating and perfectly conducting, respectively. Assuming isotropic and homogeneous properties
each layer, the analytic solution of the transient and static GEMVs can be simply and explicitly derived in the time domain with
the SHA based on deriving the expression of the magnetization variation due to the PM effect in the crust caused by coseismi
stress variations accompanying a fault motion which travel with the propagation of seismic waves, with the initial magnetization
in the crust. The boundary conditions gives the equations of the eigen frequency for the elastic field and the eigen time constal
for the EM fields. The analytic solutions in the time domain can be expressed as the superposition of normal modes.

The solutions and behaviors of elastic and electromagnetic fields are shown together with the quantitative consideratiol
whether ionosphere is negligible.

HgeA 1 OIS HIEEEIRIC K B T A A2y J R BRI AZE L OE BIBERIINIC BV T, TNX TRFTEED
DT 1% & AR O RN AR O R DB FICEH SN T E o, LA USHIEKEIRIC & 2 HIERAE RS LI B
ANCIEWTEEB ORAMG & & B IR E D B O BER LARTBICHE S IS I K> Tl X Niil) %, —E Ok 2
il U Tl & N % HUBRAE R S L DT A OE DAL D FHRD—DTH %, £ DORRIC, EPEHI A HIBRAER 2
{LDFHMIC DV TIE, BFHEZE RSN E BRI TR ESUREEME 2 RS 20 E DD %, A TRICILEHY
B2 2B RE T HEICIE. EBEEOZEOEG 2T 2 0E N D %, U EZER U, AFKTRFFCHIEETICHE S
kA ZOVEENIGOFEAIC K B IS ZA IS ISR 2 38 U CREL DR 2 R E T8 5 2 LiIc Kb a1
A T DT — )V 75 R A L O A 72 BRI AR AN ATIC & 08 U 7eb R 2R d,

oA ZOVERIGICIRANCEH UG 4 b 5. 5 LICECAMREL HIZ AT v ZOVZER & HE LT O
BONVPIRO 2D BT H 5 JICBWV T, 3 2 ITERENTHIEROME 2 €7 )WL U TERMNFHEZ1T 5 BE. SRk
TH % TeDITIRNTRRZER TR > )V EHGRFEITITIRT D Ko THED S KT, EHEEE OZ R OZEROMED
BATHB. IMAThOAZVENGIZIERRUENT MV TH 572, B 3ISISTTHEAEI ARG K I U TEEED
ROYINETH % O THALIFIHZA L2 & DR K S REE RGP EHITNER[TH S, BICAT 01 X)VE



A DFEBUEHIEAT OEESDZAL E H> TaAV A AI v VR ENZLDORRIRE A0 il L 'L DHET 2
—J7. FaA ZVERIGIZEIZA L2 Lia, ZOTeSH 418 b a1 2V MIBRER L L 3R E 9 %5
MHTHO, TOFEHIHIRBW S AICEAET - 255K TH 5,

LiOETIE, BT — X F 7 V)L MERNERIC KRR & UTH AL BT 1 20Tic MERic TN 2t d %
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Wi EEENIC &K 2 3V A A 7RIS JZ L OHIERIRIC K 5 (64% & MR NI 1 % ISR &1 K B B2 L DR H
W5 I N O RN 75 ER B R S 2 AL OO f A i X ER I A AT 1 & 0 BRI C R DIBICIE 5N %, ZTORX, 5
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Electromagnetic Induction in a Conducting Spherical Thin Shell in which the Electrical
Conductivity is Distributed Non-uniformly

# Naoto Oshiman[1]
[1] DPRI, Kyoto Univ.

EM induction studies on thin sheet approximation of conductor have been made since Price(1949). Recently, most of al
thin-sheet numerical modeling with finite electrical conductivities for global electromagnetic induction are based on methods of
guasi-analytical solutions after representing the EM fields in terms of toroidal and poloidal potential. Kuvshinov and Pankra-
tov(1994), Koyama and Utada(1998), Kuvshinov et al.(1999), and Sun and Egbert(2012) have developed numerical solvers fc
global EM induction including a surface thin sheet shell structure.

On the other hand, since the mid-1990s, several simulators for global EM induction in a 3D sphere have been developed o
the basis of the finite difference method (FDM) or the finite element method (FEM or the edge-based FEM) for solving the EM
differential equation (e.g. Everett and Schultz, 1996; Maritinec, 1999; Uyeshima and Schultz, 2000; Yoshimura and Oshiman
2002). However, in those simulators, a thin sheet approximation, which is very useful for modeling ocean distribution on the
Earth’s surface, is not well implemented.

Based on Price(1949)’s theory, Rikitake(1992) proposed numerical methods to solve EM induction problems of axially sym-
metrical cases of finite electrical conductivity distribution in a spherical thin shell, such as a spherical shell having a hole,
including the potential value at the origin of the spherical coordinates. In the method, since the inside of the shell is empty,
coupling induction effects between the shell and conductive layers beneath the shell cannot be evaluated. However, thin she
models in which the electrical conductivity distribution represents land-ocean distribution of the earth are very useful to study
global induction phenomena in the Earth’s ocean.

In 2017 SGEPSS fall meeting, | presented the method of full 3D induction modeling of thin sheet spherical shell, namely case:
of non-axial and non-uniform distribution of the electrical conductivity of the thin sheet shell, based on the method for solving
axial symmetrical problems proposed by Rikitake(1992). The calculation code is further extended to a case of a ring curren
type source of inducing magnetic field. In this presentation, several calculated results obtained from spherical thin sheet mode
having the land-ocean distribution under the inducing magnetic field of the ring current source type will be shown in comparison
with model calculation results under the uniform inducing field case.

T O FERGAE M EIC R U T OMERMNIPIZEE. Price(1949D M ERICZF DI —Y B EIHhDIEZ T ENTES, THE, 7
00—/ NV i fEBRR A MG IS B OB RGAE RO & UTE, RO Z5% b oA KUk & Ra A RV i Lz
I AT, M AREAZRICU TR 20 X5 BT EN T L LTEHENTE %, #lZ1X. Kuvshinov and Pankratov(1994),
/Ny« B (1998), Kuvshinov et al.(1999) 7z, L Tld. Sun and Egbert(201Zx & ¢, E7 /LD XM LI R BRRD
BRICEEREZRET 5 EWARETH 5,

— T 1990 T AN 5. BEEAED R ZM K TedIc AL, BIRERE. WEEERELR EOFiEZH
Wz, 3ot/ a— 2 VEKEGFEET ) VT DDA TEIEY 2 2 L— 22— RSN TE Tz, flZX, Everettand
Schultz (1996, Maritinec (1999, Uyeshima and SchultZ2000, Yoshimura and Oshimari2002 % TH %, L
L. INETIKHARINTCERINOMDTEAZREBIC Ul —#HD Y 2 2 L—42—TlX, HBEREmOMES ik &%
ETIELT 2 DI ZFIET 5Lz, ETIVOHFICED AL T X TEE> TR,

Rikitake(1992)&. Price(1949YDFiG7% 4 MR 75 8 KU E T O FREEERR T T IVICEM L. Z207ka it e U Tl
PNCERHER S & WD FERRRELTWS, TOTETIVIHETIE, HEERRNRIE., BRUSE RS F5 iz a0 FLZ2fEK
ELTHEONTVBEDD, Ju— VR ERAEREZ R oIl Mozl e Uil GEnk, AIRE
FER L) IR DAMFHEED DI, IEFICHE LICHETH S LB R D, T TEHE, BRI D Z OREICtR
b BT TETED., 9 TIC Rikitake(1992)h Ml - 7z il FRREEIC B U T DfBEIC R B M & Z DR Tk
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Numerical experiment for reduction of coherent noise included in magnetotelluric data

# Hiroki Ogawa[1]; Koichi Asamori[1]; Yuki Hama|2]
[1] Tono Geoscience Center, JAEA; [2] NMC

In magnetotelluric (MT) surveys, the remote reference method (Gamble et al., 1979) has been widely utilized to reduce nois
included in observed data by calculating the cross-correlation between electromagnetic components at a local site and those a
reference site. However, it is difficult to remove coherent noise, which is correlated between the electromagnetic fields, beside
it is hardly distinguishable from the natural MT signal.

This study presents an attempt to reduce the coherent noise from observed MT data. The time-series data were transform
into the time-frequency data by means of continuous wavelet analysis. Following this, frequency-domain independent componet
analysis (FDICA) was applied to those data. Since the observed data are assumed to be composed of the MT signal, the coher
noise, and the incoherent noise, the time-frequency data were classified into the XY mode and the YX mode so that both inpt
and output of FDICA in each mode would have three components. The input data in each part of FDICA consist of electric and
magnetic fields at the local site and magnetic field at the reference site. Of the three output components (the separated signal
the separated signal indicating the MT signal was assumed to show the maximum ratio of cross power spectrum between itse
and the reference magnetic component to auto power spectrum, according to Negi et al. (2010). Regarding the remainin
two separated signals, we identified the one correlating highly with the local magnetic component as the coherent noise. Th
median of the absolute values of the signal was calculated, and the value during the noise-generated period was eliminat
if it exceeded the median. In the case where two separated signals other than the MT signal correlated highly with the loca
magnetic component, values of those two signals or the one which had higher correlation coefficient were eliminated so as not
change the ratio of reconstructed local electric to magnetic component drastically. After reconstructing the local electromagneti
components, they were divided into several fine sections along a time axis. The sections which had outliers of the off-diagone
components of the magnetotelluric impedance tensors were eliminated to remove the remaining coherent noise after conductil
FDICA. Lastly, apparent resistivity and phase curves were derived from the final magnetotelluric impedance tensor calculated b
above procedures and the remote reference method.

In this experiment, the observatory located in Kirishima City, Kagoshima Prefecture, and the Esashi Station of the Geographice
Survey Institute of Japan were used as the two sorts of local sites, while that located in Nishiwaga town, Iwate Prefecture, a
the reference site. We used 15-hour data sampled at a rate of 15 Hz and acquired at each site in January 2015. Coherent sqt
wave noise was added to all of the horizontal electromagnetic components of the data at the local sites. Each amplitude of tf
square wave noise was set randomly ranging from 1 to 5 times as large as the median of the amplitude of the corresponding re
time-series component.

As a result of applying the proposed method to the observed data mentioned above, the quality of the magnetotelluric spectra
both two local sites improved so greatly that the trends of their apparent resistivity became clearer. In the frequency band abov
0.01 Hz, especially, values of the reconstructed apparent resistivity were much closer to those before contamination. Thes
results verify that the effect of the coherent noise on the observed data was reduced by the proposed method.

Acknowledgement: We thank the Nittetsu Mining Consultants Co. Ltd. for kindly letting us use their continuous MT records
in Kagoshima Prefecture along with the reference geomagnetic records in Iwate Prefecture.
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etal, 1979 ML FHETNS. LHL, BHEGETHE SO —L Y b/ 1 G EREBEHRIZIC X 205 & ORFID
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Challenge in noise reduction from natural EM data based on independence and
multiband

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

It is important to conduct a MT survey near a population area when surveying an active fault for evaluating disaster risk.
However, it is difficult to visualize the subsurface resistivity structure because electromagnetic (EM) noises contaminate the EN
data acquired at such area. Near a population area, two conditions are expected: a) most time-series of EM data are contar
nated by large EM noises, and b) the number of EM signals and noises is more than the number of observed components (i.t
underdetermined system). Many methods for noise reduction of MT data have been suggested and have succeeded to derive |
responses with high accuracy from noisy data (e.g., Egbert, 1997; Chave and Thomson, 2004; Weckmann et al., 2005). HoweVve
these are not assumed to be used under such a great noise-level environment. The noise reduction method based on Indepen
Component Analysis (ICA) at Frequency Domain was suggested by Sato et al. (2017; 2019, submitted), and can decompos
noisy data into EM signals and EM noises with high accuracy. However, the accuracy of ICA-based method degrades whe
three or more large noises are included in MT data at a station. We therefore must remove EM noises directly from EM date
under an underdetermined system in order to derive MT responses at a population area with high accuracy. We newly propo:
noise reduction method maintaining its accuracy under an underdetermined system focusing on their statistical independence a
characteristics of multiband. The proposal method is named Independent Multiband EM-Signal Analysis (IMEMSA).

Here, we introduce the algorithm of IMEMSA shortly. IMEMSA is designed combining ICA and Nonnegative Matrix Fac-
torization (NMF: Kameoka et al., 2009 or Multi-Channel NMF: Sawada et al., 2013; Sato and Goto, 2018). ICA can estimate
source signals with high accuracy under overdetermined and determined systems. However, it cannot be applied theoretical
under an underdetermined system. NMF can estimate the components Basis constituting source signals focusing on signa
characteristics of multiband theoretically even under an underdetermined system. However, NMF has its instability to work
properly. Additionally, NMF’s cost function focuses on only large amplitude, and this is the reason for its difficulty to apply
to EM data including large noises. For example, when electric field data and magnetic field data have S/N below 0.1 and 0.
respectively, EM signals cannot possibly be reconstructed by NMF. At first in IMEMSA, we apply ICA to EM data and obtain
independent separated components. Using magnetic field data at a remote site, we divide the separated components into t
class: a) including EM signals much (defined here as)¥and b) including noises much (Y). We make the spectrogram of
Y _s combining Ys obtained at each frequency. Applying NMF to the spectrograms, NMF can start near the EM signals and
derive Basis. We apply the same process tn,Yand NMF can start near the noises and derive Basis. These obtained Basis are
classified into noises and EM signals using reference data. As a result, we can separate and extract EM signals and noises fr
the underdetermined system.

In the presentation, we introduce the detail algorithm of IMEMSA and the application example to synthetic data.

KB AT EDFDIC, MT ENEMEFEICHOON TV, KEHIEMBTORIEHNIRENTHS. 4B
T Tl /A ADER, (EM) T—X\DEAICKD, M PRGN L 225802 0o THS. TR, KR
FDOREINC K ERIRIEE R > T /A ABIRBALTWB T &, HhD, BllT—Z20OHEDE EMES « /A XDOHD)5
MENT & (BURERE) WY ENS. BiAln /A ABRZEEDTNE TRESNTE D (B Z1X, Egbert, 1997; Chave
and Thomson, 2004; Weckmann et al., 2005) D X 5 ZZEREE N COfTI3E T N THRW. K7z, MY 7T (ICA)
ICHDEERE /A X% EM 7—2h 55789 % Tk (Sato et al., 2017; Sato et al., submitted, 200 R S N7zhy, 1 &
DEM 7T—RICHUTKREE A AWM IMALULRAE LGS, 7EEIK T2, Z2hil, SifisTo EM 77—
MO EVIEE T MT INEBSZE T 5721, HIRESRN T CTHEE EM 77— 205 J A A%zt - BRET 2 080
HB. AWIRTE, B5E /A XMCE T 1) MBI U 2) EigHcEHT 5 2 L T, HIREEFFICBW T,
EM 7T —2M05 /A AZFRETEZFE, SxbbMETE EM 5 5##4T (Independent Multiband EM-Signal Analysis:
IMEMSA) Z#i 72ICHE % T %.

T T T IMEMSA O 7 )L3 1) ZLISDOWT, BHICHINTT 5. IMEMSA I ICA L IEATHEITAIIA 777481 (NMF: Kameoka
etal., 2009; Sawada et al., 2013; Sato and Goto, 2048)7 )L TV X LE Wb DTH . ICA ZEREEN FTIE,
B OHEZ B OHETRETH S —77, HIRERMFE T TIREA TS &MLV, NMF TR, E5oimEiticsH
L, M ETRBHREZETICBNTE, RIESEMNT 2R " Basis” ZHENREATIETH S D, EE50EORE
PEICRIENFES . NMF O HINBIEIE, KREBRIRIBORES « /A ZANDEANKEL, (EFT—FLIEEED) LG
Fe A XZEZEEM T—RICHEAIENREETH 2. HIZE, EHO SIND 0.1, #ad SIND 0.5 EDHE, EMES5%Z
NMF CTIIEBHTERWATEEEN D S. Z T TIMEMSA T, £9 EM 7—XIH U ICA ZEH LN /2 7 BiEHE 5 7215
5. EHEEICHUT, SREBNNTEE S NS T — 2 2 5B, EMESZZ{BATVS8D(YSs)E, /A X
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Magnetic structure of the central cone of Aso volcano .

# Mitsuru Utsugi[1]
[1] Aso Vol. Lab., Kyoto Univ.

On Aso volcano, to reveal the subsurface magnetic structure of the volcanic bodies, some aeromagnetic surveys were conduct
in previously: on 2002 by Kyoto Univ, 2004 and 2005 by CRIEPI (Central Research Institute of Electric Power Industry), and
2013 by MLIT (Ministry of Land, Infrastructure, Transport and Tourism) and Nippon engineering consultants CO., LTD. On this
study, we tried to analyze these previous data, and tried to obtain detailed subsurface 3D magnetic structure of Aso volcano.

To the IGRF residuals of the observed data, terrain effect correction and linear trend surface analysis were applied. Furthe
block mean of this data over each 50m x 50m x 50m region was calculated, and this result was used as the input data of the 3
magnetic inversion.

Using this data as an input, the magnetization intensity distribution inside the volcanic bodies was determined by L1-L2 norm
regularized magnetic inversion. For this process, we divided the central cone of Aso volcano of about 10 x 10 km and the dept
up to 2.5 km into 200 x 200 x 50 small blocks (where, the dimension of each block is 50m x 50m x 50m), and we determined the
magnetization of each block. At this time, it was assumed that the magnetization was constant in each block, and the directio
of magnetization was parallel to the current direction of the earth’s magnetic field. In this presentation, detailed results of our
magnetic inversion will be introduced.

On this research, we provided the magnetic data from CRIEPI (Central Research Institute of Electric Power Industry), MLIT
(Ministry of Land, Infrastructure, Transport and Tourism), and Nippon engineering consultants CO., LTD, and received the
permission for data use.

ffggR LTk T nE Cic, iifdfEEOEZ B, RO THRAK R EZETAY a7 2 —7Z Tz 22 i
BIAT TN Tz, 20024F1CIEHE _E22 2km x 2kmO#IFH T, O EEIC BT % 22BN Th Nz, 20044 K
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Aeromagnetic survey by drone in lwoyama, Kirishima volcano

# Takao Koyama[1l]; Takayuki Kaneko[2]; Takao Ohminato[3]; Atsushi Watanabe[3]; Yoshiaki Honda[4]
[1] ERI, University of Tokyo; [2] ERI, UTokyo; [3] ERI, Univ. Tokyo; [4] CEReS, Chiba Univ.

In Mt. Iwoyama, Kirishima, volcanic tremors have occurred since the end of 2013, and then some fumaroles are observed. /
small phreatic eruption has occurred in the south of the edifice on 19th April 2018, in which the last eruption has occurred abou
250 years ago. According to geodetic deformation measurements, inflation of the edifice was detected. The pressure source |
cation is inferred at about 1km below the surface. Also, according to MT surveys, a clay layer is detected in the shallow area du
to hydrothermal alteration. Therefore, the phreatic explosion may have happened due to vaporization of volcanic fluid througt
cracks of the clay layer (Tsukamoto et al., 2018). It is important to observe thermal change and gas emission at such a crac
prior to explosions in order to understand the process of the phreatic explosion.

We have conducted high-resolution aeromagnetic survey by drone in lwoyama in order to detect temporal variation of subsur
face thermal distribution by repeating measurements in the future. In our survey, the DJI Matrice 600 Pro multicopter is usec
and Geometrics G-858 cesium optical pumping magnetometer is installed on it. The magnetic sensor is hung down at 5m fror
the drone. A GNSS receiver with barometric altimeter is also installed in order to correct the time and measure the position. I
totally flew more than 15 km by 10 flights in a half of days. The flight courses were programmed prior to flights, and thus they
can be reused again in the future surveys, and retrieve geomagnetic data along the same course.

We have carried out flights in 50 m and 100 m above the surface. In the west of survey area, geomagnetic total intensit
anomaly by 750 nT at 50 m above and 500 nT at 100 m above were found. In the east, which is just above the Mt. lwoyama, th
anomalies are 400 nT at 50 m above and 100 m above. It indicates that demagnetization is occurred beneath the Mt. lwoyama
inferred. By conducting repeated surveys, we try to detect the temporal variation of the thermal condition in the future.

FEMEILTIE. 2013FRED S A LUEMEINBIIIE N, ZOBREKDMEET %75 &7 OIEE) ZiER{b X T, 2018
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3-D multiphase flow modeling: a method to constrain electrical conductivity structure of
volcanoes

# Marceau Gresse[1]; Takao Koyama[2]; Makoto Uyeshimal[3]; Tsuneo Ishido[4]; Yuichi Morita[5]; Yoichi Sasai[6]; Jacques
Zlotnicki[7]; Hideaki Hase[8]; Wataru Kanda[9]; Yasuo Matsunaga[10]; Koki Aizawa[11]; Hideki Ueda[12]; Tawat
Rung-Arunwan[13]; Maki HATA[14]; Yusuke Yamaya[15]
[1] ERI; [2] ERI, University of Tokyo; [3] ERI, Univ. Tokyo; [4] AIST; [5] ERI, UTokyo; [6] EPRC, IORD, Tokai Univ.; [7]
CNRS (France); [8] KSVO, Tokyo Tech; [9] KSVO, Tokyo Inst. Tech.; [10] Tokyo Tech; [11] SEVO, Kyushu Univ.; [12]
NIED; [13] Mahidol Univ., Thailand; [14] ERI, the University of Tokyo; [15] FREA, AIST

Measuring the electrical conductivity of rocks is a classical approach used to investigate volcanic edifices at depth. The electri
cal conductivity of rocks has two main contributions: (1) the conduction in the bulk pore fluid, induced by fluids saturation, ionic
strength, and temperature of pore water, and (2) the surface conductivity, related to secondary minerals. These two contributiol
are controlled by complex interactions between hydrology, geology, tectonic settings and magmatic forcing. As a consequenct
the interpretation of electrical conductivity images is strongly non-unique and thus, remains poorly constrained on volcanoes.

Here, we demonstrate that extracting accurate physical information (e.g. temperature, gas saturation, pressure) from an ele
trical conductivity distribution is achievable using multi-phase flow modeling. Indeed, multiphase flow modeling represents the
coupled transport of fluids (liquid, gas), and heat through porous and fractured rocks. Therefore, such simulation can be directl
connected to electrical conductivity of rocks.

We applied this technique to characterize the electrical conductivity structure of Miyake-jima volcano obtained from a Magne-
totellurics survey. Results of the 3-D multiphase flow model successfully explain the electrical conductivity structure of the vol-
cano in term of temperature, fluids saturation and their distributions. We reveal a deep conductive body (1-5 ohm&amp;#8901;m
formed by a high-temperature, liquid-dominated plume connected to the fumarolic area inside the Oyama crater. In addition, wi
explicate the shallow resistive layers (500-1000 ohm&amp;#8901;m) as unsaturated and low-temperature deposits. These restL
are consistent with surface observables (soil temperature, direct and diffuse degassing) and the distribution of hypocenters. Tt
multidisciplinary approach brings new insights into a better understanding of volcanic edifices and their structures.
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3-D electrical resistivity models beneath two active volcano groups in a graben by
Network-MT data of reticular arrangements

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

Mt. Aso with a large caldera and Mt. Unzen, which are composed by active Quaternary volcanoes, lie at the Beppu-Shimabar
graben. The graben travels across the island of Kyushu almost in an E-W direction. Aso caldera was formed at the central pa
of the graben by a series of huge eruptions, with a volcanic explosivity index of 7, during 270-90 ka. A post-caldera cone of
Naka-dake in Aso caldera is a quite active volcano, which experienced magmatic and phreatomagmatic eruptions that spew
volcanic ash at a maximum height of 11,000 m into the air during 2014-2016. On the other hand, Unzen, a back-arc volcano &
the western edge of the graben showed a dome-forming eruption at Fugen-dake cone during 1990-1995, preceded by a signific:
eastward migration of volcano-tectonic seismicity from Tachibana bay to the summit. The total amount of extruded dacitic lava
was 2:10° m? DRE, and the repetitive partial collapses generated ~10,000 pyroclastic flows [e.g., Nakada et al., 1999; Yamamotc
etal., 1993].

In and around Aso caldera and Unzen volcano, network-MT surveys for the electric field (the electric potential difference)
were carried out during 1993-1998 by using long metallic wires/dipoles of the commercial telephone company’s networks [e.g.,
Uyeshima et al., 1995; Tanaka et al., 1998; Hashimoto et al., 1999; Hata et al., 2015]. We determined two components ©
network-MT response functions between the potential differences for respective dipoles and the two horizontal component
of the magnetic field at the Kanoya Geomagnetic Observatory. Three-dimensional (3-D) inversion analyses were performe
by using network-MT data in a period range from 480 to 20,480 s for obtaining each electrical resistivity model beneath Aso
caldera and Unzen volcano. In addition, the 3-D resistivity models for each volcano were obtained based on separate data s¢
of reticular dipole arrangement which respectively cover the two target regions. Through the 3-D inversion analyses, we used
data space Occam'’s inversion code modified for the network-MT data of long dipoles [e.g., Siripunvaraporn et al., 2004]. In this
presentation, we show details of the respective 3-D resistivity models beneath Aso caldera and Unzen volcano.
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3-D resistivity modeling of Kusatsu-Shirane volcano, with revisited magnetotelluric data

# Kuo Hsuan Tseng[1]; Yasuo Ogawa[2]; S. Bulent Tank[3]; Yoshiya Usui[4]; Wataru Kanda[5]; Masato Fukai[6]
[1] EPS, TITech; [2] VFRC, Titech; [3] EPS, Titech
KOERI, BU; [4] Earth and Planetary sciences, Tokyo Tech.; [5] KSVO, Tokyo Inst. Tech.; [6] Earth and Planetary science,
Tokyo Tech.

Kusatsu-Shirane Volcano is an active andesitic volcano which situated north of the Kanto Plain. Three pyroclastic cones, Mo
toshirane, Shirane and Ainomine, were formed in Late Pleistocene. The Shirane pyroclastic cone has three major craters at t
summit: Yugama, Mizugama and Karegama. The previous studies in geochemistry and seismology fields provided a basic con
prehension of the hydrothermal system beneath these craters. Moreover, the 2-D resistivity modeling with magnetotelluric dat
in the past study demonstrated the resistors and conductors beneath Kusatsu-Shirane Volcano which supplied the understanc
of subsurface structures in hydrothermal system of Shirane. Considering the Shirane may have 3-D structures which could pror
to error in the 2-D modeling interpretation due to the galvanic effect, a 3-D modeling is necessary to further comprehend the
hydrothermal system beneath Shirane pyroclastic cone.

For monitoring the effect of the hydrothermal system changes due to an activity in 2013, we did a magnetotelluric survey in
2017 for obtaining the present data, and combined them with past magnetotelluric and audio-frequency magnetotelluric dat:
which was permitted in the previous study for 2-D modeling, in the model inversion. The resistivity model was generated with
tetrahedral elements and considering the topographic effect. Another model only permitted the past data for comparison.

The final model demonstrated two major conductors. One conductor has 1000 to 500 meters thickness located at 300 mete
depth beneath Yugama crater, and extends to the east slope of Shirane pyroclastic cone until Sesshougawara fumarole zo
Another deep conductor on the west of Yugama crater has 600-1000 meters thickness and connects with Manza geothermal fie
The model also demonstrated a bell-shape resistor beneath Yugama crater.

The conductor beneath Yugama crater is corresponding to the assumption of hydrothermal system in the previous geochemist
studies. The bell-shape resistor denotes the cap structure of hydrothermal system. With referring to the borehole data, this c:
structure represents a clay cap that block the path of heated water. Combining the microseismic monitoring data and inflatio
data, the fracture in the cap rock is inferred to be the path of upward fluid flow. The newest model demonstrates an obviou:
difference in the connection between major conductors, which was denoted separately in the previous 2-D model. This resu
indicates that the system of Manza geothermal field may have stronger relationship with Yugama system then we assumed befol
We additionally found a large downward extension of conductor at the southeastern slope of Kusatsu-Shirane Volcano, where |
close to Sesshougawara fumarole zone, by comparing the same modeling section with past 2-D model.

The newest 3-D resistivity model provides additional information of the subsurface structures beneath Kusatsu-Shirane Vol
cano. The comprehension of hydrothermal system beneath Yugama crater is promoted due to the new interpretation.
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Imaging of SMS deposits using an inversion algorithm for 3-D marine CSEM survey
data

# Keiichi Ishizu[1]; Tada-nori Goto[2]; Weerachai Siripunvaraporn[3]; Takafumi Kasaya[4]; Hisanori lwamoto[5]
[1] Kyoto Univ.; [2] Kyoto Univ.; [3] Mahidol University, Thailand; [4] CEAT, JAMSTEC; [5] JAMSTEC

Hydrothermal circulation of sea-water through permeable ocean crust leads to formation of seafloor massive sulfide (SMS
deposits, which have potential for mining. Controlled-source electromagnetic (CSEM) surveys can be used to map SMS deposi
due to the low resistivity features compared to surrounding sediments. 2D inversion algorithms of CSEM surveys have beel
used for imaging of SMS deposits. However, 2D inversion often images artefacts for SMS deposits because the deposits ha
3D structures. We have developed a 3D CSEM inversion algorithm to image resistivity structures of the deposits. By applying
the inversion algorithm to synthetic and real data, we found the 3D CSEM inversion algorithm is useful for mapping resistivity
structures of SMS deposits.
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Elucidation of crustal fluid distribution in NE Japan backarc active zone by wideband
MT observation

# Masato Fukai[1]; Yasuo Ogawa[2]
[1] Earth and Planetary science, Tokyo Tech.; [2] VFRC, Titech

Fluids play an important role in magmatism, metamorphism and crustal deformation processes that cause volcanic and seisir
activity. In the subduction zone, it is considered that a large amount of fluids is released into the mantle by dehydration of
the subducted oceanic plate, but it remains well unconstrained where fluids migrate and accumulate and how the correspondil
distribution of volcanic activity takes place. Tohoku Japan is one of the most geophysically observed subduction zones, bu
there are many unknown points in the fluid distribution in the crust, in the forearc and backarc. Ogawa et al. (2001) is one of
the crustal fluid studies in the Tohoku-Japan backarc. They performed two-dimensional resistivity modeling of the northeastert
backarc active zone, and detected low resistivity zone in the mid-crust, which was considered as fluid distribution. They founc
that the earthquake hypocenters cluster at the edges of the mid-crustal conductors.

In our present study, we re-analyzed the data of Ogawa et al (2001) by three-dimensional modeling using the full tenso
impedances. We also included forarc data which are located in the eastern extension of the dataset.
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Does the tsunami-generated magnetic field arrive earlier than the sealevel change?

# Zhiheng Lin[1]; Hiroaki Toh[2]
[1] DACGSM, Kyoto Univ.; [2] DACGSM, Kyoto Univ.

The motion of the seawater in the geomagnetic field can generate the induced electromagnetic (EM) field. Tsunamis, therefor:
can generate the EM field which has been detected by ground and seafloor EM stations. Ground EM stations can only receive tl
poloidal component of the tsunami-generated magnetic field, while seafloor stations can receive not only the poloidal componer
but also the toroidal component with better signal-to-noise ratios (Schnepf et al., 2016). The tsunami-generated vertical magnet
field, bz, and the sealevel change by tsunamis have a direct relationship with each other (Tyler, 2005).

By detecting the sealevel change, we can build a tsunami early warning system; the same is applicable by detecting the tsunar
generated magnetic field. Minami et al. (2015) show that the tsunami-generated bz has the phase lead with respect to the seale
change by tsunamis. It means that the magnetic field may be more effective for early warning purposes than the sealevel chanc
In the 2006 and 2007 Kuril earthquake events, bz arrived earlier than the tsunami-generated bz and bz which are considered
phase with the sealevel change (Toh et al., 2011). However, in the 2010 Chile earthquake event, the tsunami-generated bz f
been reported to have arrived in phase with the sealevel change (Sugioka et al., 2013).

In order to clarify the relationship between bz and the sealevel change by tsunamis, we compared the arrival time of bz an
the sealevel change in the 2009 Samoa and 2010 Chile tsunami events. Since the tsunami-generated magnetic signal contair
variety of frequency components, we compared the phase lead of bz with the sealevel change for different frequencies.

Our magnetic and sealevel change data were observed at Site SOCS8 by the TIARES experiment conducted at the Fren
Polynesian seafloor from 2009 through 2010 (Suetsugu et al., 2012). This data contain the tsunami signals of the 2009 Sam
and 2010 Chile earthquake events. Sampling intervals of sealevel change and magnetic signals are 1 second and 1 minu
respectively. We compared the tsunami arrival time of bz and sealevel change. The bz signal was processed by a zero-phase fil
to remove variations whose periods were not in the tsunami period band (5min“60min). Raw sealevel change was deconvolute
by following the procedure by Araki and Sugioka (2009). We then compared the tsunami arrival time of bz and sealevel change
for the periods of 7min, 15min, and 30min. We used a wavelet analysis method to show the frequency dependence of the tsunat
arrival time.

Our preliminary result shows that the tsunami-generated bz have a small phase lead to the sealevel change, which is in harmo
with Minami et al. (2015). In addition, at longer periods, the tsunami-generated bz has larger phase lead to the sealevel chang
Although this result still needs further examination, it may lead to building the tsunami early warning system based on the
detected magnetic field.
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