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The utility of marine controlled-source EM in subduction zone
applications: Imaging the Nicaragua megathrust plate interface
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Electrical resistivity soundings are ideally suited to map fluids and quantify porosity, and provide
important independent constraints that are complimentary to seismic observations. As a result of recent
technological advancements in instrumentation and numerical modeling, the controlled-source
electromagnetic (CSEM) method is emerging as a reliable tool for imaging offshore tectonic margins. In
2010, we collected CSEM data along a 280 km profile spanning the incoming plate, trench, and forearc
slope offshore of Nicaragua, the first large-scale survey at a subduction zone. The results highlight the
utility of CSEM for imaging seafloor gas hydrates, fluid pathways along faults, and subducted sediments
marking the plate interface. We used the porosity estimates from the resistivity observations to quantify
the fluid budget in the incoming oceanic crust and the outer forearc. The data were highly sensitive to the
channel of subducted sediments, allowing us to track the evolution of the fluid budget along the
megathrust plate interface in the region that ruptured during the Mw 7.7 1992 tsunami earthquake.
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We obtained a three-dimensional (3-D) electrical conductivity image of the upper mantle around the
Society hotspot in French Polynesia, and we have found four high electrical conductivity anomalies in the
upper mantle. One of them has already been introduced in Tada et al. (2016), which is a distinct high
electrical conductivity anomaly and may be continued from the transition zone up to at a depth of
approximately 50 km below the sea level. Although the other conductive structures have not been
mentioned in Tada et al. (2016), they are also distinct features. Besides, collaborating with results from
seismic tomography (Isse et al., 2016; Obayashi et al., 2016), it is crucial to check sensitivity and validity
of each anomaly. So, in this presentation, we will present detail procedures for obtaining the 3-D
electrical conductivity structure and discuss what we really constrain in the 3-D structure.
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Noise reduction of horizontal components of magnetic field by means
of Independent Component Analysis and its application to the
Magnetotelluric survey in Boso peninsula
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We carried out a MT survey in the Boso peninsula (Chiba, Central Japan) to investigate the resistivity
structure of the area where the slow slip events have occurred at least five times within 20 years. Large
artificial noise contaminated in the MT data and the resistivity and phase showed near field effect at the
frequency band below THz. To avoid the local noise, we attempted to apply the independent component
analysis (ICA).

ICA is one of the multivariate analysis methods and in which complicated data sets can be separated
into all underlying sources without knowing these sources or the way that they are mixed. It assumes that
the mixing is liner, and yields the relation x(t)=As(t), where input signals x(t), mixing matrix A and source
signal s (t). The matrix W (=A") is computed in the ICA. In this study, we used the frequency domain ICA
program for complex signals to deal with the phase part. This is an extension of FastICA algorithm which
was introduced by Aapo and Hyvéarinen (2001) and is based on a fixed-point iteration scheme for complex
valued signals.

We applied the ICA method to improve horizontal magnetic components in MT data. Two components
of ICA using both the data observed in Boso area and the noise free magnetic data observed in Esashi,
Sawauchi or Kakioka Magnetic Observatory was applied for each magnetic component. The magnitude of
magnetic intensity varies over large ranges in wide frequency band. To work ICA effectively, we needed to
divide into narrow frequency bands and applied the ICA at each band. After applying ICA, in order to
extract noise free component which showed high correlation with data in noise free site, we kept the
noise free component and set to 0 in other noise component. Then we applied inverse matrix of W to
obtain original x, i.e. x(t)=W'u'(t), where u'(t): components vector after ICA, x(t): the original data vector.
Finally, we used the BIRRP processing to calculate the apparent resistivity using improved horizontal
magnetic components.

After the ICA processing, the apparent resistivity showed gentle change and the phases take non-zero
values. This result meant that some parts of the noise components such as near field noise were removed.
These results revealed that ICA has a potential to handle noisy data. But, the ICA processing not every
frequency band worked effectively and the horizontal magnetic components were well improved by the
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conventional remote reference method. Finally, the most suitable apparent resistivity and phases were
chosen for each frequency band from the results of both methods.

We estimated the resistivity structure using the improved data and discussed the structures in relation
to geological structure and the presence of fluid.

F—7— K : MT methods, Magnetotelluric., independent component analysis
Keywords: MT methods, Magnetotelluric, independent component analysis
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MT survey at Boso Peninsula, Japan and its preliminary results
-Effectiveness of Multi-channel Singular Spectral Analysis (MSSA)-
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Reevaluation of resistivity sturcture beneath the Ohara fault of the
Yamasaki fault zone, southwest Japan
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i Ew &, MILERBNSEERAERBERICHEY, roHIRILEES, ILIGHETELR, E/MED
3ODEEMBICRAINGEMBHE CHD. ZDH5, ILIBHERIHMIE, SFEEEEETHELERED
EBWH S, KEE, ThlE, REME, BRkEN S0 21EEHE, EERMES LUT=KEELN S22
ZEREBICRDINS (HMERETHRHEEARBBEREZE R, 2013).

LGB B X TIE, MBI A Y MEZ DI TEECZENONEWCED L D ISERKL TWLWEH %R S H
IC93Z&%BME LT, Audio-frequency Magnetotelluric (AMT) SEEEIEREAINTWS (e.g.
Yamaguchi et al, 2010) . Z I TAMTE & &, HESHMEREZO—ET, LBEHNEVERE (HHz~M10k
Hz) OEWHIZEE%=EFTRE L, HTEBE2EVWERIEETHETZSFETH .

LB ER ESOILEIRICAE T 2 KRB TIE, £EHS (2009 ; 2011) A, REHT0kmDAKR (KR
AR EER) ED7RTAMTERAIZ 1TV, BRI 2kmfHE £ TO2RTHLIBERBEET IV ERKDOTWS. L
L, BRARERAEVNCE, 6IC, BAFT—YICAEREBICERT 2 EBHns ATHWEMSK / 1 XDEA
PROLNZMmEAHZZ NS, LEALOETILOEESREESVEFEZARW. 22T, KREAKRLT, £
HSDOBHASRARTT 2L 11 AORBA%EH%IF, AMTEAIZ1To7. £/, T— 9 #EH#TICRemote
referenceix (Gamble etal, 1978) ZRW37=HIC, LIHDOEY RN SHSkmILICBENIATL / 1 XA

B, WD ENEFNKE2ES D S, Remote referenceXZICE DI UWT, 10,40070.35HzOMTIHEEE %
BH L. EFTIETEICHK,ILSE, Phase tensorik (Caldwell et al, 2004 ; Bibby et al., 2005) =\ T, LbiK
MEEDRITEERAEROIIER, 2RTHEETH Y LIBEMEEDERIINASW—S45EEKFE -7, ZL
T, Akaike's Bayesian Information Criterion (ABIC) IC & 2 EB{bRAT & 228k TR A /=Y 3 v 3—R
(Ogawa and Uchida, 1996) =AW T, RS 2kmfHiE & TO2RTTEIRET IV (OHRETIV) ER&DT-.

OHRETILIE, 1D DEILIEHEE (R1) £4DDELIERMEE (C1~C4) THEDIF SN 3. FHEHCE
KRERTEHER ML —RETOMTLERIC, RIHC2(EMET ML —RILRA O THIkmIC, C3EHiRz L —X
EEAOH TH.5kmICIET 5.

FEHITEITIE, KRB E T HEAHET 250 2 2 BRISHA D 2R THIERET L (OHIET
Vs £, 2011) &, TAMEZMEY 2 RR% Y 20685 2R THIERETIL (HIMET
JU ; Yamaguchi et al,2010) B REINTWVWS. NS EXRFRDOOHRETILTHRLONTETILALLLRT 2
&, ROIDDEFHHEDHONz. (1)3DDEFIVICHBLT, MiBHR ML —XETH LI, HET M
RN —RCHEENLBEHOMTRIBICIE, BEVELERBEIEET S, (2)3D20ETMICHELT, M
BhER ML —XEAEAIOFRS Tkm{TE%E LHE § 2 ELIENBENELET 2, Q) ARMBEA#E22D00ET
JVICIE, BREHER b L — RIERAIDFE X 0.5~ 1.0kmHEICE LB AEE I FET 5.

AREKTIE, OHRETILORERS & OILIGHEREEILEKRETEL 5> T HME ICE 28 EE O FHHIE
FBEICDWTHRKT S
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Reliability estimation of MT-data inversion using principal component
analysis
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EWIREED—FETH % Magnetotelluric (MT)i%(1Z, BERFEVCEMBRAEICAVWLONATWS. HTFDOLIE
FEEAHET ZEICIE, MTEICE > TKRO SN BEIER - 1484 &I L TR (1 >
N=23Y) HITHTEH—BHNTHDE. HESNI-HIERTT IV, BERBO/ A X0, fvIN—Vavk
75 LETCOREFNDIEDHIC, EQLBRBEE IIRELZELUEEERAS. > THIEBERETILOEEMDER
BHREFRTRTHD. WHEROHETIE, LERETILO—POAZEE L -FICRELIETRCABICE DRED
TDELCDIDESELT, IBEMETILOZYEICDOWTKRIEA R EINTEL., LHALADD, ZOWRIEA
EIEEEMONDOEBRENREDOTHY, MIDSFTENMBEITRVWE WD BELH . AR TIEID K D EEE
RS BRL, WEBERETIOEENN DOREMLEREHREEERARL L.

EHEEHEEZITOLT, BRARETIMNRSIA—YDTRTCETMT 2 DIFETEREBOHN ERTETH S
B, LIERETILFOBBNALEREERICOVWTEMT 2 I L IXTETHS. ZFITHAMETIE, M
T—YHRDEERBEERHTZBICAVLNZERDDNICEB L, LHIEREEADOBEROFHENHH %
Hlo. BAAMICIE, FT2RTLIERET N EZEHDO1RT FER) LEREFTILADEIL, ThOOERET
WICH L TERD DI AEITD. BONLERDICIEEARICHET 2HIBERBEIRNDI EEAONDS. &5
ICBEERDPEREBRBHICELRIE LT, ERMIEREEFEZRBE, LAED, FALEROEDOER%
TV, 30FBBOH - RBRETIVOERER A=, FIERETILHOBONIEEE L EAEDKRZE ZFHN
DHBICEDODWT, HEBERETILOZRLBOFBRGEEEML, EEEOHEEITH .

AFEEDZUMERFTT 270, REMNAETILETDERT—4 (TEE— RO BHMEIEH - 148) I L
TAYNR=UavaE{TW, SOoNEEBERETIVOGEHEEHELT . HIAIESLIERAE & ELIERED
2ODNEBEIEFETZIETNICRH LERD DN ET 27223, B—EWMDI2ODEFEFEI B KNE I &
DREHLMNER ST, RIS, BE—ERDDERPBREEAIETHARIBAETIVAER L. 8B - KF
FAICEFILEEESE, EABICKT 2EHEELMCS VT, & - SLHEREDOKTE - ETFUE, 18, b
BROEICODWTORHEELZAIFILTE L. GONLEEER, RN SEREINTUVWAMTE
(TEE—FR) QDA N=YaVERDIERAE —HT I Enah o1,

SIS, FVEHABRETIICHLTEERDOMB LI VCHIBERETINREZT o7, ZTORER, EHRET
WICH L THEBRIREHSNA TS Y, FALEHEEOTMETETH 7. SRIFEBREHREDOHHEAILKT
2RE, FEOBRBRETVY, BEF—INOERETIFTETHS.

F—7— R MTE. EXD M. 2DA v NN—=Ta Y
Keywords: magnetotellurics, PCA, 2-D inversion
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The magnetotelluric (MT) impedance tensor exhibiting anomalous phases greater than 90 degrees are
sometimes observed. Since simple 1D or 2D models do not generate such responses, the appearance of
them puts a difficulty on the analysis of MT data. The origin of anomalous phases due to characteristic
geo-electric structures has been extensively investigated: some attribute to 3D conductive objects and
others to 2D anisotropic structures. On the other hand, noises, imperfection of device or tiny objects near
an observation site might induce anomalous phase behavior. Inspecting these possibilities and
discriminating them for each data will contribute to improve the interpretation of MT responses.

Anomalous phases were observed at several sites in the observation in western Shikoku (Yoshimura et al,
2016). To exploit more detailed properties, we performed a denser, multi-spacing MT observation around
one of the sites showing anomalous responses in that observation. Along with standard MT method
measuring three components of magnetic field and two components of horizontal electric fields (3H2E),
we measured redundant four components of electric fields (3H4E) at two sites. This is intended to
examine the possibility of device or tiny objects.

The estimated response functions show the reproducibility of anomalous responses irrespective of the
arrangement of electrodes, which confirms that the cause is different from device or tiny objects.
Responses at different sites impose some restrictions on the spatial distribution where anomalous phases
appear at this region, and we discuss the origin of anomalous responses.

F—7—R: MTk EEBAHE
Keywords: MT method, anomalous phase
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ARRADEMOFEZENICAET 22N TENE. EEARATDOLLIERD T EKRDDZ I ENTE S, L
M. BEMAESAABICTLREREZMMTI B EBENE# LWL, £ ZORRIC. RAVWERZBCI L
LHLL, 51 AVWERMREZREGAN’SEAMMIEICESEETES - BETZ 2EBRM I VAW, ML
DEHANS. BAANOBMALMAEIFIER L TWan o7k,

Bald, AEFEEIRTSHIET. BERERICLVELIERERAOENDHRHEEZHAATZ, FT. &
EMAEARARNOBMAEELRRYT 270D, BAANIVYE—FVRAOIL Y bOX—9—&RW, £/
EFDORAVEREMSCED, YTFINISVRET—R%EE ELB’JLJJ\%E?%>7EI T4 VTRAEEEEND
FHAAEERW L, ZL T ARRENOSEELEBEEZERT 5D, EEMIRF UHELZREBE
LTRWC,

tROFEEZAVT, BEEFEARICERZHML, ZORABALHZEMISAE L, EOoNEBUIH
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Keywords: electrical resistivity of rocks, laboratory tests, electrometer with extremely high input
impedance, floating measurement, conductive epoxy
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Electrical impedance measurement of geothermal reservoir rock under
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HBEROFHENLMBATREICT 27001, B LARBIFEBEADALEE. (Enhanced
Geothermal System; EGS) DOBFEAATARTH 2. ZDEGSHITH LTIF, T EHMOEEBICH T DEK
BMEDHEMBDTEETH Y, EE, Magnetotelluric (MT)iE%E B W LIEHEEZEBEOEAMEA SN

TW3, MTATIE, BREBBEOA Y E—F Y AT EARS & THTRBOBRESD I ENTES
B, BRA VE—F VR EKBMEDOHEBAERRIZHARIE DRV, KFFRTIE, HMBRITEEEZENRT 2500
KEHEELETA VE—F VY AOBERERBRUFEICE > THEONCTZZIEEBMEL, ERAITODERNSE
KERET o7, YT, AINICBREAERLAZRILE (BWEARSE, ZRE11%) OREI7 (ER
35mm, EE70 mm) &AW, HE20 MPa, BE25 COLUET CEKRBRET o/, TOY Y TILICYRY
KDAG-ACIBIBEE EERFAEYDITBZET, BARRPOESM v E—4 VR CAERKEK102%-10°
Hz) CEMEREEAZAEL TWS, RRIE, ICHICERRGAERLALEZEAR (BKRE10 MPa) TZER
EREIELOL, BEEMEK (1wt-% KCEAR, EXEEE1.75S/m) 2—EEAH (11,12,14,16,18
MPa) TEAL, ZOEMOBR—IEKBIRICE > TKBENELAZTLIETVWS, RILEEBAVWTERS
Tol-ER, EBAKEAFIOESA Y E—F YV RIF10° QDA —45—TH>=DICHL, FARDERA v
E—4 Y 21310° QDA —4—£21F ERD Lz, TOBEERERA VE—F Y RADF L, BEFICHS
DLDEALTWEERRARAD, FALLEKICE > TEBRINEOTHDZEEZOND, £/, TAED
DEFICHEY, EXRAM Y E—F Y RITITRBHRH OISR I N, EAKENT18MPad & = Tlk, 11TMPa®
EXICHRTAO%IFZE RV Lz, FAKEERT Yy T ERIETHREBRRREFARE, FTAKEETRERIET
WCREBRBICBWTEAKDAIEETo7=, TOER, BEBREDOEZDESA Y E—F Y RIF, EEETRE
ICBITBRLCIAKEDEDICHEAPR/NS WMEBICHY, FEAKEHINTT MPad & & TIE27%IF E DR H
RSN, — AT, ERISCHEL TWAEPEEEIIL, FAKEDELICE>TIEREAERLLLANDZ, T
nig, BEBROBNSKEMEDELICH LT, BRA YE—Y Y RBRICRIG LD, PEEETIKZ
DECERBMTERI2LIEERLTVWS, INSDERNS, ERAM VE—9 VR, PREEICLERT
WA KBEMEDEICHT T E2RENIEVWI EDBELMNMI >, TDI &L, HMBAFEBICSITIEPHAR
KEBHMEDELD, ERA VE—FVRICL>TEZY Y VI HEZTREEARELTWS,

F—U—R:BRAVE—Y VR, BEKREE, KEME. SKHAR. EGS (HEHER)

Keywords: electrical impedance, elastic wave velocity, water saturation, fluid-flow test, EGS (Enhanced
Geothermal System)
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Continuous measurement of electrical conductivity for monitoring
contact state of simulated fault during frictional sliding
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ERERICBEVWT, TR TV EERMBOAYHNSIA -9 5MOBHEEEEICEZYINVITEHIE
I, BADEEBSEEVOVWTIIMEDENEAIBE T2 L TCEERBREDLLT. COBANS, FrldT R
DEEDEMREEA T —CE32AREMOHIMBOETRFLICER L. AEFOA Y REZIANT WA
—HEREBRARE LTHAYL, Zho 2K 2RMMRAAFE T 2mE 0t A MBERAREICREL
. TORBREIIR)y T T7AENTZETEEGERTH-o THEGARHDODEV Y —HOERESERMYH
FTZENTES., BR25mMmMTEII0OMMORR %2 2@EERTERICAWV .. BREARHOEBD TE WK
FEZBET 2010, BAAAA YE—F U ZAHN200TQTHZ280DITL - hAX—4%— (Keithley
6514) ZFALA. 18DQIL Y hAX—9—Il&>TEENEBAEYIZEREREZANDL, I18IC
KO THBRIDEMZRE L. ETHRLIIERITBOSINEFMAILET 2720, HHNRETOFHERE
BIRof. BEABROAAICK L TEMMBENRISEERT I END, BMLTWIHBIXEREREFE
AT —FZFOLIERERBIRETHLZIELPALIER >, TOBEIRELY, EEKAH0.1
MPah 58 MPalc &3 BB DIEMB L VX v RO 9V ADEEHEL-EZ D, BEEBANE L LBICDN
BERNEDLF /A IANEMLTWEB I ENDD 2. ZDZ &L, EQEMEE ZDMhDES (FEE
fER) AZNTNERMBFEIVT U —FRFELTHELTWR ERETNIE, SVEEISAICLY 7AR
)74 DEQEMMEMTZ2—ATTARY T A DEINBPLTWEIHDERRTES., LEN>TIDE
BRERIE, 7TARY T4 DBESRCEE (LLIBEROHH) N—ETHBRY, BREFr /N5 XOREEDL
SEDEMEEAL BB ENARETHEIIEERBLTVS. RICKEA I, EHMETNYEE (5.3 x10
Pm/s) TEBEBRANIMPaDRGTICE T 2MEBOERGEEE =9 v /a8 ho-. TOEKET
T, TAMGHEEESCHDOLE TEESI N ERREUIIHBBMNLIRYFILERLE. Thbs, TXYHHE
FZLARFICOBETLERLAK02XETETL, ZD%IF0.2L0.60DETEE L. EXCEBET —Y ITER
BEEEBICECUATEEZRL, BEEEEMEMLABICKESGEESEMLE. 512, BELELES
GEET—F &Y, IRYICEHEAIEOEMRABS LV ZOREOLTLAEHE L. TOBRLY, WHD
TARNFAIEITRY PO I DS TCREICHIEIN, ZORDAVIOMBRTI A XDANTRY
FE7OERICEVWTIRL Y XN THB I EDTEEINE., BRAlXEISICHEEIANYEE (1 m/s) TE
BEISAHN3 MPaD XU TRBDEREZS IR >72. ZOXUETTIE, MIBOERIKEREICK > TARL, %
DBEEKRELLKD ZENMSNT WS, Hirose and Shimamoto (2005)1388t 7O X 4%, 2D DR
T—UEZDEDIDDBIERT—UMNSRY, TNSIXEEBRMPDOAI My FOEKE ZDEDAME
OERICEELTVWSEHRELTVWS. BAOBESGEEE =) VIR EZD2DOBILRAT—VICE TR
ﬁ@m%ﬁwrﬂ&Tb EMNTIIHZPEBICENSDTOERERRBT B EICHYLE. UEORR

ERCEENSIEIEFRIRYBEETIR> TVWIMBOEMREZESNMNITIEBNZY—ILTHBZ
t&%brva
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A trial of automatic structure analysis for magnetic survey in case of
sharp boundaries of magnetization
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Utilizing the modern computing technology, highly complex structure can be automatically analyzed by
inverse technique in geophysical exploration. Usually a number of blocks are assigned in the structure
model numerically constructed and finally the parameters like as magnetization, density, and conductivity
are determined for respective blocks. If the number of the blocks is larger than the number of observed
data, that is so-called the under-determined problem. To solve the under-determined problem in
inversion analysis, we have to include additional condition like as smoothness. The smoothness is one of
promising condition in order to solve the under-determined problem and widely used. The resulted
structure model with smoothness is a reasonable model in various cases. However, a structure model with
non-smoothness is sometimes necessary in specific problem. We have an opportunity to conduct a
magnetic survey at the site above the dacite intrusive rocks. This is one of stereotypes of structure with
non-smoothness boundary. We want to have the technique to automatically analyze this kind of structure
with sharp boundaries. Here we try to show one of effective algorithm to seek the numerical model with
sharp boundaries. The algorithm is a kind of grid searches but effectively saving the amount of calculation.
Firstly the structure model with two parameters alone, i.e. with two kinds of the values of the
magnetization. Next the structure model with three parameters and more. So far, the algorithm is able to
apply to the magnetization in magnetic survey or density in gravity survey. But this kind of algorithm is
expected to apply to the problems with conductivity in the future.

F—U— N HWIEE. 7Yy N —F W
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Development of aeromagnetic survey system using multicopter.
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74— RTDTFARNTZ T4 bE LTHEKRXNUTOERABSEN AT o2, M. AFZIE RS TK
EOEBICEHEN T 2720 DME XL AFRETE] O—RE L TITo 7

ER26FE11HIC, EFRALICEVWTKESEANRELZ DEREEH Lz, ZOFEREZIT, XEHR
28 TREORBICHERT 27-DOMBXIERHFRE] OFEO—RE LT, KEKEXEZEOHTREBD
BMREIEEZBENE LEBAAN) D79 —IC & 2 Z2h@ESER %508 L7z, HESERIEthTRE0RED
EENICEDE I BRDHERFONEHS D A THERBICHERDEVWAETHZZEDHMONTWS, S SHITHE
TNA ZDREMEN S, MEEZBVHSENZZhASEBEETITOIEN AR THZ EWVWIAREHER
D, T LEFEEAVAKLOFEEHMTORMRELBZNBETIRET S E1E. BRKOA DX LME
B, SEOEBEAFTA%ZITO LTHEEILEEQBREAL S, LHALSEOHEEXLTIE, HEEMIEORITHASEID
OBANESICE 2B ERET D & HEERD ST,

ek, EHRMSERIEADOMEMEBVNTITONTVWED, SEDHEADL D ICENERIE. XHZXA
2B, BEAFAAEITO LCRELEBELFBRHIEONZICEADLL T, TLMOEEI SFABILTTHRERRRH
BETHD, THLEENS, SEOEBKLUOEFZHIE LT, BFEHKALARTRAICAVLNE LD
ISR 7NBEARE (RO—Y) ICK BTSN AT LAOREEEITOEE L1,

BRI AT LORREIE (B) R4 YA TV RBICEFE L, ZOYRTALATERT B IILFIT4—1EDII
S1000. #WAHEtt > HidBartington Magh667 5 v 7 A4 — R3XDE VY TH B, HWS Y —A TIEL2WH
EEHAIT 2EN MBS, BEOLMAEBAETIZS10000RM O—RE2bINMNIBATLEIEHISSO
IBBRE, ABARIRDEVHERWE, BHNSBOLNIIRAT—Y 52 TICEHOEE KD, WRitEOL
WMHhEEBLHERDZ, ZOBRAUS AT LDEIHARKRSE LT, 2016588 IZFFERKER X ILUE D T2 P S &
EiT o7l KR TIIEARMB(2007)IC & VML LBMARE O LEANERE N TWS, TDT—4ICE
FEGREELEZEDEDEBDSABAS AT LAORBEDKRIEZ1TY, ARKRTIIKERTOEANDT—4 RV
FTORERIODERICOVWTIHRET %,
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Attempt at three-dimensional modelling of temporal change in
resistivity structure beneath Aso volcano through the magmatic
eruption in November, 2014
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In Aso volcano in the center of Kyushu island, Japan, a magnetic eruption occurred on November 25th,
2014, for the first time since the last magmatic event in 1993. Since the magmatic eruption in 2014,
phreatic/phreatomagmatic eruptions have occurred several times in Aso volcano recently. To monitor the
activity of Aso volcano, a group in Kyoto University have been operating an electromagnetic 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. In ACTIVE
observation results before and after the magmatic eruption on November 25th, 2014, we found obvious
temporal changes in the response function, the amplitude ratio of the received magnetic field to the
transmitted electric current (nT/A). At the western rim of the first crater, larger amplitudes of the response
function were observed over frequencies ranging 10 to 100 Hz after the magmatic eruption. Some
movement of underground water/magma may be responsible for the temporal changes.

In order to interpret the ACTIVE data obtained before and after the magmatic eruption including
topographic effects appropriately, we developed a three-dimensional forward code, by adopting a vector
finite element method (FEM). In our forward modelling, the induction equation in terms of the vector
potential, A, is solved with the gauge potential of phi=0 (Hano, 1991). We adopted unstructured
tetrahedral mesh to represent arbitrary resistivity structure and complicated topography of volcanos. We
demonstrated accuracy of our forward code in comparison to an analytical solution of Ward and
Hohmann (1988), in a situation where a horizontal electric dipole is located just on one-dimensional
layered structure. Currently, we are trying to apply an existing background conductivity structure obtained
by AMT surveys to the background structure in our modelling, to investigate the cause of the temporal
changes in the ACTIVE responses. In our presentation, we plan to show our results of forward modelling to
interpret the temporal changes observed by ACTIVE system before and after the magmatic eruption in
November, 2014.

F—7— R :[fER. KL, B, E=4 Y VU, LIER
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3-D electrical resistivity model beneath Aso caldera for clarifying
magmatism in the lower crust
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Aso caldera, with a diameter of up to 25 km, is situated on the island of Kyushu in the Southwest Japan
Arc. The caldera was formed during 270-90 ka by four huge eruptions that produced hundreds of cubic
kilometers of pyroclastic deposits. A number of post-caldera cones/volcanoes exist at the central part of
the caldera and Naka-dake, one of the cones, has cyclically erupted since the sixth century. In the past
few years, Naka-dake experienced a magmatic eruption in November 2014, a phreatomagmatic eruption
in September 2015, and an explosive eruption with spewing volcanic ash 11,000 m into the air in October
2016.

The crustal structure beneath Aso caldera has been studied previously by electromagnetic and seismic
surveys. Seismic tomography of the crust has identified low-velocity anomalies beneath the caldera that
may correspond to magma chambers [e.g., Sudo and Kong, 2001; Abe et al., 2010]. Sudo and Kong
[2001] reported a spherical low-velocity anomaly centered at 6 km depth that flattens at 10 km depth to
the west of Naka-dake. Abe et al. [2010] reported a large, low S wave velocity layer at a depth of about 17
km, corresponding to the Conrad discontinuity in and around Aso caldera. Hata et al. [2016] revealed a
possible magma pathway in the form of a significant series of electrical conductive anomalies in the upper
crust, extending north from Naka-dake at depths of >10 km. However, the space resolution of a
magnetotelluric (MT) survey was insufficient to examine the lower crustal structre in the electrical
resistivity/conductivity model for a deep-seated magma reservoir associated with the post-caldera
magmatism beneath Aso caldera.

We had carried out a MT survey of about 40 sites mainly at the outer part of the caldera from Nov. to Dec.
2016 in addition to the previously obtained about 50 sites in the caldera from Nov. to Dec. 2015. By
using the period range between 0.005 and 2,380 s of MT data for about 100 sites in total, we try to
perform three-dimensional (3-D) inversion analyses in order to obtain a crustal-scale electrical resistivity
structure (model). In the inversion process, we use a parallelized DASOCC inversion code [e.g.,
Siripunvaraporn and Egbert, 2009]. In this presentation, we will show the new crustal-scale resistivity
model beneath Aso caldera.
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Predicting 3-D resistivity structure from magnetotelluric data in the
southern geothermal area of Hokkaido, Japan
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tBEmEBICMAET 2ESYEIE. HERARIEL. FICHRIAET Z2NAE-B)IV—id. REOXLE
BAROLNAWSREEV, O TR, HMEJKIFRMCERNZCHEREINTEY, INETICHBRARRE
EREIBRA L FETITONTE L, FFETIE. 2015FICHICTONEMTEET —92BWT, 2Rt
4 > /"—2 3> (Ogawa and Uchida, 1996)%1T\\, ZDRRAZMEEFRE L, ZD%. ALARDOT—%
% LW TModEM( Egbert and Kelbert, 2012) IC& 23RTA /N\—Y a v aRIT, TOER. 2DM >V
N=I a3 VDR EIERZLERBENEONZ, TD3M U N—Ua VEROZUMERARS O
I, HB2lE, BEARBEERAVWTA U N—Ua VvOBEET AN &1T o7k, TORR, FHEMRTHAEL <E
BLEAROT—92AVWEERIE. EL<BEINEZDY. 2DOBEERALCEIDRHATIH. 1~
N=TavofgREAILEIMEONAED T, TOERHL, IRTNAN—2 a3V TIWERZRF I, HREY
AR SREI T — 9 DBBRETH D Z & bh o lc, NEMIGICHSRIIEFRUTHRSTEHZDT, £
NEFIALEA YNR—Ya VRRIEBELWERESIFVARWVWTH S,

F—7— K : MT/A. 3RTA /=Y 3>, ModEM
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Wideband MT survey in Aridagawa non-volcanic earthquake swarm
region, Wakayama Prefecture
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T—HIC& B TRTHIEMESEITOFER, BERMEREHOP TEHMBAANICELBERETEZ®RE L, REHLE
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To. AERTIEINSOBRICMA, EIBEH, (2010) IKBWTSEIORAKRETEBINARERBREMZ
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A research report on the fundamental investigations of an electrical
resistivity structure beneath Chugoku and Shikoku regions,
southwestern Japan(2016)
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Nation-wide spatial distribution of the ultra-long period magnetic
transfer functions in the China Mainland
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China mainland located in the south part of the Eurasian continent is an interesting area, where the
Pacific plate is subducting from the east, and the Indian continent collides from the south. Recently,
several seismic tomography researches revealed stagnant Pacific slab deep below the central to northern
part of China. High crustal heat flow as well as the Neogene-Quaternary basaltic volcanic activities in the
NE China area has been interpreted due to the subducting or stagnant Pacific slab and possible fluid
supply from the slab. India-Eurasia collision also causes significant crustal uplift in the Tibet and clockwise
rotation in the eastern part of the suture. Investigation of nation-wide very deep electrical conductivity
structure beneath China mainland will enable us to have a better understanding of the dynamics of the
continent and generation mechanism of the intra-continental earthquakes and volcanoes, since electrical
conductivity is particularly sensitive to the presence of interconnected highly conductive phases, such as
partial melts or aqueous fluids.

In this study, in order to elucidate the mantle electrical conductivity structure down to the transition zone
beneath whole China mainland, we investigated the geomagnetic records obtained by the National
Geomagnetic Center of China. We analyzed hourly geomagnetic data from 42 stations with absolute
measurements for nearly 8 years (2008/01/01-2016/12/31). After we calculated the angle between
azimuth of the geomagnetic pole and that of the geographic pole at respective stations with the aid of the
IGRF models, we obtained the geomagnetic data rotated to the geomagnetic dipole field coordinates. The
vertical component to the horizontal components transfer functions (GDS transfer functions) and inter
station horizontal field transfer functions of periods up to 100days were estimated with the aid of the
remote reference method with a robust estimation scheme. In the presentation, we will show the
characteristics of the spatial distribution of both the GDS and the horizontal transfer functions. We will
also show results from the OCCAM 1-D inversion with minimum and smooth structure constraints by using
the GDS transfer functions.

Keywords: geomagnetic depth sounding, horizontal transfer function, china mainland, ultra long period,
mantle electrical conductivity structure
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Synthetic test for a 3-D global inversion of the electrical conductivity
by using the Sq band

wINIIE-—F 3
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The electrical conductivity is sensitive and enhanced due to the presence of fluids, high thermal anomaly,
metals and so forth, and is one of the important physical parameter to elucidate the interior and dynamics
of the Earth. The electromagnetic sounding is a suitable tool to reveal the electrical conductivity strucutre
in the deep Earth, and has been widely used for over a hundred years. For shorter periods than 10000
sec, a plain wave approximation of the EM field may be valid and generally used in, say, magnetotelluric
method. For longer periods than a few day, a simple P10 distribution approximates well the EM variations
in global scale. An intermediate band, however, has complex distribtusions and careful consideration of a
spatial distirbution of the EM variation must be necessary.

In this study, we test the 3D global inversion by using the syntetic data with higher modes of the spatial
distirbution. In a forward modeling part, an integral equation method is used, as the boundary conditions
are already satisfied in synthtic Green's functions and thus numerical grids are not necessary in the air. In
an inversion part, a quasi-Newton method and an adjoint approach are adapted to reduce a number of
forward calculations.

In this presentation we show the synthtic results and discuss the possibility to elucidate the electrical
conductivity structure in the mantle, especially, mantle transition zone and around by using the Sq field
data.

¥F—7—NK:Sq. EXEEE. 11—V 3 VEtE
Keywords: Sq, electrical conductivity, inversion
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Estimation of the seafloor electromagnetic responses in the mixed
excitations band by using Sompi Spectral Analysis
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Electromagnetic (EM) responses such as magnetotelluric (MT) impedance and geomagnetic depth
sounding (GDS) response in the period range between several minutes to one day are used to study the
electrical conductivity in the upper mantle. Spatially uniform and quasi-random magnetic field variations
due to geomagnetic disturbances are considered as the source field in regional EM induction studies
using the EM responses. However, the magnetic field variations in the period range from 10* to 10°
seconds contain those with different spatial structure such as the solar quiet (Sq) daily variations and
those induced by the ocean tide. Because of this, the period band is referred to as mixed excitation band
(ME band). Careful treatment of EM field data is necessary to estimate responses in the ME band that
reflect actual conductivity structure. For example, Baba eta al. (2010) estimated the EM responses using a
method based on Fourier transform after removing line spectra of EM field variations at periods of Sq field
variation and constituents of ocean tides. However, it has been shown that the estimated observed
responses in the ME band still contain signatures of non-uniform and westward- propagating source field
(Shimizu et al., 2011). Estimating EM responses free from these effects in the ME band is a challenge for
the ocean bottom EM induction studies. In this study, we aim to have better estimates of EM responses in
the ME band by selecting signals of the vertically propagating plane-wave source carefully. For this
purpose, we employ the Sompi method (e.g., Kumazawa et al.,1990) that can identify existing wave
elements (or namisos) in time series with a high frequency resolution. The Sompi method is applied for
two horizontal magnetic field components at once (Asakawa eta al.,1988) to find complex frequency of
namisos and then the amplitude and phase of three magnetic field and two horizontal electric field
components are determined by assuming that they have common frequency of variation. Obtained line
spectra for the EM fields are used to select suitable namisos for EM response estimation by a least square
method. The criteria to select namisos are (1) selecting namisos in period ranges that are sufficiently away
from those of Sq harmonics and ocean tides, (2) selecting namisos that do not show the westward
propagating nature similar to the Sq field, and (3) selecting namisos with a quasi-linear polarization in the
vertical plane. In this study, we applied criterion (1) at first. Then, the criteria (2) and (3) were applied to
the namisos selected by criterion (1) separately. It was confirmed that responses estimated using (2) or (3)
at periods shorter than 10* seconds are almost identical to those estimated by Baba et al., (2010) within
the estimation error at periods shorter than 10* seconds. However, the abrupt change of EM responses at
periods around 10 seconds in the previous work became smaller after applying criterion (2). On the other
hand, the value of EM responses estimated using criterion (3) also reduced significantly at the shorter
period of the ME band. Results of these two cases show that signatures of the Sq field variation in the EM
responses are reduced at the shorter period part of the ME band up to 2x10* seconds. However, we could
not obtain statistically significant responses at longer periods because sufficient number of namisos was
not available after the namiso selections. Using Sq field variation itself as the source field at the longer
period in the ME band is another way to utilize EM field information to constrain the electrical
conductivity of the mantle.

©2017. Japan Geoscience Union. All Right Reserved. -SEM19-P10 -



SEM19-P10 JpGU-AGU Joint Meeting 2017

Asakawa, E., et al. (1988). J. Geomagn. Geoelec., 40: 447-463.
Baba, K., et al. (2010). Phys. Earth planet. Inter., 183: 44-62.
Kumazawa, M., et al. (1990). Geophys. J. Int., 101: 613-630.
Shimizu, H., et al. (2011). Geophys. J. Int., 186: 193-206.

F—TU— N hEKHREABREL. ERIISEREER
Keywords: Sq, Electromagnetic response

©2017. Japan Geoscience Union. All Right Reserved. -SEM19-P10 -



SEM19-P11 JpGU-AGU Joint Meeting 2017

51 5FE O HBARD ST £ D BFFNZEL & Rk EEN DR &E
Localized variations in the geomagnetic field and their relation with
tectonic activities

L fE—

*Ken'ichi Yamazaki'

1. REPRZR SRR

1. Disaster Prevention Research Institute, Kyoto University

HMEK[EICE, HRBICEREZEODRINEENATVE VWD TWS, ZOMEIFBREZELPIEAELIC
L HEAMILOEILTHSZDT, MBEREROHMBIE{LEZRARS I L3, WBRRBTECHBERRZERT S
BFICR3 3T THD, LHL, WREERICERT HMMIZLERARD I EIE—MICHEHL V., T, M
EHICERT 2MMIECDORE SIS LABNTRETHY ., NEWHDLTHD, MBKFRRHISEL HEER
TILORWELELS LTESENOE LKA T —ILOEVWELIF, WInbHiFEEICERT 5 HhHIE
fE&WHERMICKE WV, BREFHICERT MWK ELZRARSICIE. BVWEETHOEILRD ZERAED
LABET BRENDH B,

WRGEEICERET MR ECEMOBERAISE LD MBIEEI ST IEOLY EZBELZD
&, EERAT—ILDEVTH S, HIEKERHISELIBERT—ILORVWELS LIUVEBSBLNSEL D[R
T=ILDREWELIE. WThEBTFFOHE2WEZNULDKREREBRAT—ILAFD, —AH., HHREROE
B, IZEAEDHE. RERDEEBICRESINDEEZOLNTWVWS, ZTDEH., ZERAT—ILOKRKEREH
DHEMOMNDFETCREATENL, ZORFAEFAEDEICRNZZLITHBZERTHZ LHPHFTE S,

AFRTIE. EXDIPMERAVTHBSOBAEEOHMEEZRAL, Thid, BEOT—FICDVWTINE
TICHA SN TWB AE (=& Z1E Fujiwara et al. 2001; Yamazaki & Oshiman 2006; Yamazaki & Sakanaka
2011) AL TH B, AWET—%id. BT HERS LTCKKFICL > THA - ARSI TW2HAD1 7
RO EWAOERESAGEE FEEE) THY. HEIX1999F1ANS2014F12BEXTTH D, EFRMA
FEFUTOESY THD, £9. BRTHOLONMIHE CEZI2REECEVARHELEZOL, FE8AISTOH
EHERRIEEE Lz, DEIC. EXDDMICEY . BEFRIEZ, SRORICHBT 2HEELD/INS—>
(HBEFFERAE) & BRKRIEICRFZIETNOLDEH (BEBBIZEEREHR) OBDFTKRIRT 5, b & OEFHE
T EBMANEERHE T RTZOEEFEAIL, BAREEDRBFRINELICBERI NS, ThICHL
T, WY 2BENEERHKOENNS WEHEEERHE BRI N, RoNBAROAICIRN 2 RBATNE
EDRESIND, /-, BEHEBNEEEHZESHDEGEBLTEMLAZE O (ERNEEER) ICBEEH
ZNE, BERRT—ILORERELDAERYHT I A TES, 25 LT, —HOFEEREHRE ZhICH
59 2 EMEEEMA T EAVTERRARTOMMIELEREITNIE. ZERRT—ILOKRERELR, T4
HHEMEKCRRPCERENSE L BELMaNERI N tHHFTE S,

BONDERIZ. BFREATIBEHOIEOW DERAWVNSD, H5WIEREEREHE L TEALRBREE AR
WBEMNCE>TEIELD D, 22T, BROEBHEE. T 4L EDREDRE CRAMMNMESZEILDAHH
ENTVBNCDODWVWT DR %1To%, ZDI AT, RARFHOMEEIFE OLLRAETTo 7=,

BEA T, MBS ABANEL & haRES) & OBEfEARRIZERDHL SN TULAWL,

F—U— KiK. BEEL. BANEL. tREE. ERS DN
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