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Temporal variations in magnetic signals generated by the piezomagnetic effect for
dislocation sources in a uniform medium
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Fault ruptures in the Earth’s crust generate both elastic and electromagnetic (EM) waves. If the
corresponding EM signals can be observed, then earthquakes could be detected before the first
seismic waves arrive. In this study, I consider the piezomagnetic effect as a mechanism that
converts elastic waves to EM energy, and I derive analytical formulas for the conversion process.
The situation considered in this study is a whole-space model, in which elastic and EM properties
are uniform and isotropic. In this situation, the governing equations of the elastic and EM fields,
combined with the piezomagnetic constitutive law, can be solved analytically in the time domain by
ignoring the displacement current term. Using the derived formulas, numerical examples are
investigated, and the corresponding characteristics of the expected magnetic signals are resolved.
I show that temporal variations in the magnetic field depend strongly on the electrical
conductivity of the medium, meaning that precise detection of signals generated by the
piezomagnetic effect is generally difficult. Expected amplitudes of piezomagnetic signals are
estimated to be no larger than 0.3 nT for earthquakes with a moment magnitude of >7.0 at a source
distance of 25 km; however, this conclusion may not extend to the detection of real earthquakes,
because piezomagnetic stress sensitivity is currently poorly constrained.
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Three-dimensional node-based FEM method using unstructured grid for electromagnetic
volcano monitoring systems
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In recent years, magmatic and/or phreatic eruptions occurred in many volcanos in Japan. In Aso
volcano in the centre of Kyushu island, Japan, for example, a magnetic eruption occurred on
November 25th, 2014, for the first time since the last magmatic event approximately 22 years ago.
To monitor the activity of Aso volcano, our group in Kyoto University have been operating an
electromagnetic (EM) monitoring system, ACTIVE (Array of Controlled Transient Electromagnetics for
Imaging Volcano Edifice; Utada et al, 2007), around the active first crater of Aso volcano. ACTIVE
system in Aso volcano consists of one transmitter that transmits electric currents into the ground
through two electrodes, and several induction-coil receivers that observe only the vertical
component of the magnetic field, bz. By means of this system, we succeeded in detecting temporal
changes in ACTIVE response functions, amplitude ratios of bz to the transmitted electric current
(nT/A), before and after the magmatic eruption on Nov. 25th, 2014.

In order to quickly analyze data obtained by the ACTIVE-type EM volcano monitoring systems, we
developed a new three-dimensional forward code, by adopting the node-based finite element method
(FEM). We use unstructured tetrahedral grid to represent arbitrary conductivity structure and
complicated topography of volcanos. We directly solve the induction equation only in terms of the
magnetic field, since only the magnetic fields are obtained in ACTIVE observations. The reasons why
we adopted the conventional node-based FEM are that (1) the node-based FEM is superior to the
popular edge-based FEM methods (e.g., Schwarzbach and Haber, 2013) from the perspective of the
computational memory, (2) the continuity of the magnetic field is naturally guaranteed provided
they are defined at nodes, (3) linear problems in node-based FEM are easily solved by iterative
methods, e.g. Conjugate Gradient (CG) method, and thereby (4) we can easily implement parallel
computations using MPI. It was illustrated that our forward code is able to calculate the accurate
vertical component of the magnetic field, in comparison to the analytical solution of Ward and
Hohmann (1988), when a horizontal electric dipole is located just on 1-D layered structure. Now we
are trying to improve the convergence ratio in COCG (Conjugate Orthogonal CG; van der Vorst and
Melissen, 1990) solver using the divergence free condition of the magnetic field.

In the presentation, we first introduce the ACTIVE system operated in Aso volcano and share some
observed data before and after the magmatic event. Second, we show the methodology of our new
three-dimensional node-based FEM code and show its accuracy through some numerical experiments.
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Examination of Estimation of Geomagnetic Changes Using Deep Learning Technology
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Development of Data Server for Proton Magnetometer with the Crustal Deformation Database
System
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Recognized the importance of demagnetization monitoring to phreatic/hydrothermal eruptions, we have
developed a data server system for proton magnetometer time-series data processings. PM201-SCS
(Neo-Science, Co. Ltd.), one of the most popular proton magnetometer in Japan, is equipped with
semi-real time data transfer system. The time-series data are transferred with an e-mail once a day
through 3G network in the PM2@1-SCS. After receiving the e-mails from PM2@1-SCS at each site, the
developed server right away performs the following data processing automatically: (1) diagnose
status of each site’s magnetometer, (2) convert the e-mail data into user-friendly formats
including WIN-format (cf. http://eoc.eri.u-tokyo.ac.jp/WIN/index.html), (3) reduce noise, and (4)
store the data in the Crustal Deformation Database system (CDD). (DD was developed by Yamaguchi et
al., (2010), and user can use functions such as drawing and download the time-series from Web
browser. Our server enables users to access the daily time-series through the CDD. In this
presentation, we will introduce the details of the server using an example of time-series data
observed around Zao volcano.
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Time-domain inversion of the electrical conductivity profile in the Earth using
ground-based magnetic observatory data.
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We estimated radial electrical conductivity distribution in the Earth using both vector geomagnetic
observatory data and a forward solver in time-domain. The major difference between the time-domain
and frequency-domain approach rests in the way of processing the finite-length time series of
transient inducing and induced fields. In the frequency-domain, response functions are usually
estimated at discrete frequencies, by splitting the time-series into multiple segments and applying
Fourier transformation to each segment. As the periods increase, quality of response functions is
reduced in the case of the frequency-domain approach. In addition, the frequency-domain approach
should not be applied to the transient data since Fourier transformation premises periodicity for
the time-series in concern. On the other hand, the time-domain approach exploits all the data in
the time-series by fitting the entire waveform of the magnetic field including rapid variations
such as sudden storm commencements. The quality of long period signals that are able to penetrate
the deeper region of the Earth is not reduced in the time-domain. We can, therefore, estimate the
deep distribution of conductivity using shorter time-series than in the frequency-domain.
Specifically, we applied the time-domain approach to the vector geomagnetic observatory data with
one minute sampling interval all around the globe. In order to extract the induced field, we
subtracted the vector average for 5 quietest days of the month from the raw time-series. Contrary
to the newly available data sets from recent low-Earth-orbiting satellite missions, the traditional
ground-based data has biased distribution over the globe. We eliminated observatories in some
congested places. We then separated the residual time-series into internal and external origin. The
separated internal magnetic field can be reproduced using forward response of the radially
symmetric conducting sphere to the separated external magnetic field. A heterogeneously conducting
shell was placed at the top of the radially symmetric sphere so as to account for large scale
surface contrast such as ocean-continent distribution. We solved an inversion problem with an
objective function consisting of linear combination of data misfit and a regularization term that
constrains the smoothness of the conductivities. Moreover, we estimated the internal Gauss
coefficients' sensitivities for each shell of the radially symmetric conducting spheres by F-test
and revealed that the lower mantle conductivity has a large influence on the magnetic field on the
surface of the Earth after about more one day from the instance when the external magnetic field
was applied. As a result, we estimated a conductivity profile of the Earth. This is the first
profile that was estimated by a combination of inversion in time-domain and the vector geomagnetic
observatory data over the globe. We will further discuss the necessary length of time-series in
order to estimate the lower mantle conductivity accurately.
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One-dimensional resistivity structure of Iwo-yama, Kirishima Volcanoes
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Self potential (SP) survey at the Rokugo alluvial fan in Akita Prefecture, Japan
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Sources of self-potential variations associated with Nojima water injection tests

1 £ #E
*Hideki Murakami'

1. BHNXHEMRBEARZER

1.Research and Education Faculty,Kochi University

19954 LT EE IR ERINE (Mw=6.9) DR INEMB CTHIHEMB(CH VT, HBEDOOEBREERARDTHICED
RUEKERAS CIHEDNTU D, FKERTIE, BEMBEFEICEREINZ1800nTLICEKES KL, SFK
HHSKARHET BEDENEILN, EFEICKBE I NIZ800mFLODEKEPLESNEL, BIEDBUNTEEE
&), ZUTHRICHITIEARBAEHNEEEL TULD, 1997FEDFKRERER(CHVT, SFXICEEEL TEASEN
DEENHER ST TROKLDEEFHERD D ENDH oIz @ 1) SEKDIRECEB L CEABUNEZENT
3, 2) FXABEINEMANGRICEET D, 3) FXKINSEENDEZEBODARETIHNNS LD, 5D
BRBUZEBOIFHEE, FKINSKARE T BRICHKET DIREBMEFKALDT -2V - I8 TMEX
3EWSETIL (Line Source Model:LSM) (CKDEEIRTE S, LU
&, 20004, 20034, 20044, 20064, 2009FEMNFKERICSVWTERBKRDEIEDERINTED, 1997F M
52003FFTOT—INSHMTOEKEHNNS K EO>TUVDEHELZ (Murakami et al.,
2001,2007) , ARRISIER(E, BAREVPET T DERAHNSERF/SNTUL D,
SEKCHES BRBUREBNEARNISHEIE, BORUEKERICHSVTERCEINSINTULDN, 2004FLIRE
<‘: DD(F2006FLIRE, SFKFLICREIT VARKRODEKILN S4mELE(CH (T EREBUZREHERITIE7L < EA
ZEUlze CNUZE, LSMEFTILTIEIERATETEVEEBTH D, ZENIEKDBBEFELIECETE U ZZELED
T, FXKEFEREITZ2EREBMUEHTH D EFRHEVEL, LML, REDLSMETILTIIEHBANTEE
Wo LSMEFILTIE, KRN TITK ABICHET I ENERICDVTIIERE, LEEESHEDEENE L
TU\Eo SEKILD S HZ40m~T7omU A DRIEEE A L EDERNEFEE T NSEKILHN SBENZ IR TERE(
ZEINEMMICERICEILT DIHEENRH D, EDERMNEKINS—EDERHICERIRICOMLTLDIEVDSE
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An attempt of a four-terminal measurement to the cylindrical-shape rock sample for the
high-density resistivity imaging
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Large-scale electrical resistivity structure around the Western Part of Shikoku
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(Chave and Thomson, 2004) %= {HF U ZRFRFIEETIC KD, 300HzN\ S 1AM OERET(CH L\ TRELMTIGERE
BEHRTE U, MTISBDAIMET VYL VD3 URD RILDODFH S, SSERAMEE A FT LHIBFESED
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AMTEZEEAT—IHNSBSNHhREBSENES (ARLIRER) OXIBLUETEE
Shallow Resistivity Structure around the MTL Fault Zone (Izumi segment) deduced from the
dense AMT observations

KA EE BN SR BF KE. KA B LB kit KER BA’

*Yuhei Ouchi', Ryokei Yoshimura’, Daisuke Tanaka®, Itaru Yoneda’, Tomoya Yamazaki’, Naoto Oshiman’
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RREBEIRET OMRLUMEZTI XV ~ TR, HAIICERABKE, BAlCEBFaMBNEREAAMICAUEL
TL3. COMETCILE@EEDREPEE BRIE ULhFmiEMagnetotelluric (MT) &8I X S LHIBTIBEREAMN
EEINTUD (REARZBGSSHZTAT, 2015) . #HEINZABLIETEETE, MBS ESB(ICIBERI Y ~
SARDERTETZITON, MTRBOBEREI+DEFSXT, AEITIHAFANE L EBTAMBOREILE
BOEEERIDCEFH UL, ZCTAARTIE, SRELEAICKDAKERIOFMESERESHNCT
B EEBRIC, 20145118 (CHAZEFAudio-frequency MT (AMT) ERRIEERELTZ.
MILESEOREIZCH O THRSkmO AR ZEREL, S38GRASRCTERIZE T —SEelE L. AEEREIETF
PN4mEFEBICELERATH D. RITEARTRELGMTIGENEETE . ZOINEERVEDRITT Y
N—T 3 VEENOER, TTHRICHERL TR ICENRBELZMBENEEINZ. COEESNFHE
BEOHNSONX SEIBBHEEE M T 320(C, AMETEFIELEETIVEEHMEEEZRUVERL
2. IREFETE, SYFLICHEUSRISOMEEE (40088) CElC2RTTYN—T3aVeETL, ZD
HIEEL S UICEREREDRERHTUS.

BONRZHIBRETILASUTO K SIHBFHNAESRSI N, OEBESKESHIZ0E TIEN T 2B LLIETIHER
Ca)IBERBY TR INIEFBABICNG) OLAIICNETDICE, QRAXAMEBIRHEETHDIENDEL
BHYA (AREBECHG) AOAHAEBESICUEL, ZOEBETIC(IHBREELBENEZERIY S X ME
EIdCem@tiene. BHEBEFRIY ASIIMEEREEZXDDEEL L, FHHASEHBEINDIRE
DHEOECERAITZIEHRUEZ. BERAZERAVS L, BHEBEFIRIY LS X MI105~BEDEKEOEEET
L, EEEE U CTIZYULEETRLTCLSD. CORIEBENRNENSBEE L CTARBHMBOEHZEREL
TULDHHEMREZ 5NS.

FoD— R ESHERE. PRESENTEE. STER

Keywords: Magnetotelluric, The Japan Median Tectonic Line Fault Zone, The dense observations
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LLIEKTE R TR E BN T 3 = AKE DS ERAE

Magnetotelluric survey of the Miki fault, the Yamasaki fault system, southwest Japan

B EES. <2 @ L0 BN 0B EN =8 R NE mEE mEk e
Shinji Katsumura?, *Shin Kuramitsu', Satoru Yamaguchi', Yusuke Oda', Toshiaki Mishima', Hideki
Murakami®, Shigehiro Katoh’
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[FU&IC
Wi EE (CE D> T, SEMBDIAEICIMNRET . COBRMEICKKPLHTKRNRATEICEICKLDT, B
Z(CBVESHIER (MUE WIERE K3 ERIEBMERSINDIEERSS. T, MEESHICH > THE
HIA>DTREIT DMLEIZ, MBZEUSAADMTKOTRNELLIFS. Z0HICHBEDHBEILIFICESE
IHMBLGBEE AR SNBSS EH D (e.g. Ritter et al., 2005) . VWFNDIFETE, ERIBDHTIC
(IAFEALLHBNBENFET 5 C EHRBRGES N, SEMEDM TEEZ B AN SHE T S C ENAIRET
3 (e.g. Unsworth et al., 1997; Goto et al., 1998, 2005; Yoshimura et al., 2009; Yamaguchi et al.
, 2010) . HOIEHT RN\ S T EkmBIOSERTE OIS & M S EF & L Caudio-frequency magenetotelluricik
(ANTSE) (FBNEFEND—DOTHS. K, SALHERECKERD CRRFEODEENBEEFINIETNKED
WTFEEERHDIDICEBNTUD.
LLIBKTER (S, BBl LB, LIBKEFREE, EalEN 5D, MIER120knCH LS. T S(CILIEKET
FEIERIEIRAOEV EFHERENSIUAERE MRS CTENS (HMEREMRHERTSBIERE
£8%=, 2013) . KABPEIKXRKE, LHKE, LEWE, SRIEHENSKED, ERBIIEERHBELC =K
WIEMSLS.
Cﬂiti LLIEKTET F B COMBSMERAE FILAES TR, SRR TITONTE . —7, FEEE
(FEBEHEOTANR, 17SHIAKRITUNMTONTH ST, ZAKKIEBTIFTONTUEKL. ZDOHEEREES K
OMh%EmIJiW@MTﬁLEEﬁﬁékH,_KMEGWT%EMEL%EbMﬁtﬁétﬂ%bk.
=AWE(E, tFE—FERAMICED D EMERINGG W, BERITSEDERIE CTH D (EEER, 1999) .
&
=AMBO L Y FHRE (FRED, 2008) MTONCEEE/NFTHBHKREFLELT, ZAMBLER
BRI kmDARREER(T, COANREDNSTAMTERBEZT O, MIGERIBMOE H (CRemote
referencei:x (Gamble et al., 1978) EAWSDzsH, HIRILIHN S 25kmBENTZ ATHERS /) 7 X DDIELVG

FICHIZERRERELZ. SFHART, @%7k3|22552ﬁtmiﬁ3}32ﬁ®5,3|]i76ﬁ97':. B (CBAIER DR
B, BURETL, REICEHAIZEITOIZ.
T

B8, BISOENZENKIE2RD DS, Remote reference’BICHTIUVT, MIGEBE#MEELH L. EL
T, Phase tensori%x (Caldwell et al., 2004) &R\ THUIEHUEEDRTTE EM%E K, Akaike's Bayesian
Information Criterion (ABIC) (CKXBFEBMEHIRMNETLRITIBEYI>/\—3)3 > J—K(0gawa and Uchida,
1996) EHEAL, 2RTTHHBIIET ILERHIZ.
‘ﬁ%%

{BONEZETIVICIE, 2D0OBLIEIEE 2D DELBIEENARES SNz, FIEEHEBUEL D EIERAID
/xnﬁtﬁﬁ{ﬁmu,%“ﬁ(g, %EZ, WBEFET, MBMREEDEXDILERIODXI L EAAIOFEBICEET
D.
KREETIE, SHIBMCELHBETERE OBIC(E, (F(THE CHEBLLEER NS S, C CIFEERITHRE
FRZERT (2008) (CXB=AKKIBOMRMNE & (FFNILT S.
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=ARWIEDILRBFID100mEURT(E, IERAME(CE AFRTT S POELIEF/LBRENMSENTH S, MEMAET
Thnlei—) Y ORBEESE(C/ERSNINERER (EEMMZTAT, 2003) TE. COEIERBEZRD
THENLT 3L SEEHBORFEMEESINTULS.

ARKRT(L, BADOHE - T8 - ETIVEETOBRERTEIC, BOSNLEETILOBRETS.
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Keywords: Miki fault, Yamasaki fault system, active fault, resistivity structure, Magnetotelluric
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FE - MEMSOERNLGETWEISEHREE (2015F%)
A research report on the fundamental investigations of an electrical resistivity structure
beneath Chugoku and Shikoku regions, southwestern Japan(2015)
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AMERTIE, HE - AMLBANCKIBKEOERICEIT Sleo(c, FE - IEMIS(CH O TERBIVILIETWE
EREEETV, MR- VYNV EROZERE - BENRIEMZERSHNCITSCEERNETS. ILBIIHT
(&, EHEFFNCHTDMERE & HHERHR VR ICEAZROE VAL E HRRREE DREEZE AT S C
&, WEEMERAEEE NEEMEZHE (5 3BERUBEICANLT) &LURMBEERDEROBENATE
1, Flz, HEMS T, MRES LURBERBIMEDRERN CEBEMMHEEFICDOVT, BHATE
FIL— D SHEIENBESNEIRALBEED TS CENEETHSD. ABECTIE, Ficlc/BoNeT—5%&
WO ANEHRE - mETS(CH(TIEBALLBIEEREOHMEERET S.

NI TICRERZEMRFAL G (CRIMAZETZEZERLE T SMETIL—F(F, LI5S CEEMS NG
CHVTERLBIBE S EESORCEELEENRSSNESCEERLTER.

(1) PIR(E, LESHTSEREB T, BEUNE (19434, M=7.2) OHMEMECH TN - BENEZIUHEL
T, BESMEOERAS LUZNSESHAAREARFERCA S FIRDOMEEENEZ #5) 3 AiR THRE % /i
LU, EERELEICHUSHERNFICAD T, SHIERBATHSMEREBOT, MRRERBLLIETS
MOEFEERSHI(CLTE.
CNERNRSRERRMNARAEN SRS N, ELHIERPSEFREER T —IECLD, BH - BIR
JEEHEIER(C U CHEIMIICER(IC Smm/ FETEM L THD, EHDRERULDDOHBIEMHBAL, <O TOF
HERF | C1FEREUE, 1983FR/EREPIMOME, 2000FSIRAEEIME & DBEIENRESINIZ (B
(2015)) .

ULH\LERS, Sl s DESLIIENRMERT IL—THRRIBL CTELEFIVERAMULVHERR (Flx
(&, 1RIBM(2015)) ERIN, 1943FEREUNEDMMENE T H SEE - SMKTER T REBOELLIBFRREN
EENCEDLSICERT DL ERRAT SLOHDAEMRDEEMNTRIN/. NEMENNEEEFET
DAIEBE(CERET 3BANLLAERICIDEET S (RE, 2009) KI5, CORIEBECDODVNTS
BIITSLIEANIBET —IDRRERZCENUETHS. ARICBIFT—F &€& (CLRILBOLIER
BEDZENSHERSHNCITIVERHS. ECT, Ilc, SINERE - PEIOLEBHR T —5 & 5EM
U, WERBEDRTRUEBETZTV, BE - SHERUZOEDBOERKIFEHIBEDXTS LUE
BEEROREOMEELM . TOBMEREREI S

(2) —73, @EHSICHVTIE, EICHFTORERBRLS, LERHRAN(CIEZLELIENEIRNNEZE

L, ENEHRRE - BN TIIEMEEE QBRBRGEENTREINZ. Cnd, BHERBREZERZ5TE

D, HZSL(FMRARE (OK) B, HERE(CAL TERLREERCIHELETRT. COHRREDLE
BRD—DODIEFEE L TRHFAT T 1 VEVEBTL — ~OBRKRIGICHESKNMEESNDS. BAEARMNICHUNT
HENSEIMAIX TOEMREODNL LTE, FE - MEMALEORSLEBIWWEREEZ T E(CLEER
SERDERNEEIND.

POEI 75 DLEIBMEEEZEBIRIC S U TRKBRS HETVEE DS E AT Sz (c, BERUBESHIC
10REOXY 2 1EH/EL, ERNLIBTIBEMEZ2014FE(CFRB L. REE(GEEMAFERIBHNSHE
AT TR ERY, 2015F108 TINSNBTEICHITON » B, [LHEEMDEEEZE ML

le. BRI, T2y O IMEDRERMTIU-5RUSAZMRAL, RAIE LU THRKIRD EBHZ2MDE/EL
2. ERIOAER THSNEENTHBRRUMEEZDREMEORKES, BEREKEFOEREIHET S &M
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BEEBN T BHCET—INEENRET DINENRDD. Tz, TNV T7VRTVE—SF YV RZERVE
RICEEFFHD, CNZE TICHEMS TE SNz LSRR LIETUEE & EFEONICEREFANINTSH S
EVSFRINAERRESE.

HE . AAEOFATIE, RRAAMEMRERRL S FCHEBR RS RERMTEC L DER U IR EF)
HUlz. EFERANOESBBISIRIIEHIL I VY ILY Y FERSHNEERET -5 THS. 1Lkl

T—S DEFEWICIZ201SEERREILERBE I AR -0 AEMEZBEMESIEORNEZ(T. T, HE
A OEBMLGIKIA R (I ERIZE (L LD TKEEOEBICEIRT o DOME N LERIRFREE | OXEE
Zlz. Tz, BERXZIZEBOFEEE, BFEHE, TR, LAEZ, MHMREOSRKICITEUNE Y

R—kEUz., CCICHEERT.
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