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Electromagnetic Survey of Fluid Distribution and Migration
—An Example at the Nankai Seismogenic Zone—
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ABSTRACT

Mega-thrust earthquakes with magnitude greater than 8 occur repeatedly at the Nankai Trough seis-
mogenic zone. Existence of fluid on the seismogenic fault has a key role on such great earthquakes. In this
study, we report a field experiment and a numerical simulation of electromagnetic observations near the
Nankai Trough, which can give us useful information on the fluid distribution and migration. ‘

Marine magnetotelluric soundings around the Nankai Trough and the Kumano basin were carried out
in 2002-2003. On the basis of the observed data, the electrical conductivity model below the sea floor was
estimated. According to this model, the Philippine Sea plate has a conductive oceanic crust before subduc-
tion. As the plate goes down the Kumano basin, the conductivity becomes low at the depth of 10 km below
the sea floor, which approximately coincides with the up-dip limit of the Nankai mega-earthquake zone.
Such a decrease of conductivity can be explained by discharge of fluid from the subducting Philippine Sea
plate, terminating at the depth of 10 km. Less fluid condition of the subducting plate may be related to the
locked plate boundary at the mega-earthquake zone.

Although electrical conductivity can be used as an index of fluid distribution, self-potential measure-
ment is sensitive to ‘movement’ of fluid. On the basis of our numerical simulation, self-potential gradient of
0.3 mV/m can be expected when the fluid velocity is almost 10~° m/s within the frontal thrust zone, at the
toe of the accretionary prism. Also, high vertical gradient of 1~3 mV/m can be expected along boreholes.
These gradient values can be observed by using conventional observation techniques. The electrical con-
ductivity structure is essential to model a distribution of fluid pressure and velocity by using self-potential
distributions. Thus, combination of marine magnetotelluric and self-potential surveys can be a powerful
tool to get information on fluid distribution and migration around the seismogenic zone.
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DEBLEFICL2EOYVBEL S ERET S, TN
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Table. 1. MMT24 Configuration (in this experiment)

Total weight In air: 100kg
(W/0 anchor and float) In water: 16.5kg
Max. Water Depth 6000 m
Magnetometer Induction Coils
Freq : 0.0001-700Hz
Electrode Ag-AgCl type
A/D Converter 24 bit
Sampling Rate 6.25 Hz
Number of Recording Channel 4ch (2H+2E or 4E)
GPS synchronization <1psec
Recording Medium 1GByte Compact Flash
Power Consumption <2W
Other sensors Tilt meter and Compass
Other units
10-inch Glass Floats Acoustic Transponder
Release Units Anchor (100kg)
Glass Fiber Arms for Electrodes Flasher
Aluminum Pressure Cases for Recorder and Battery

Induction Coils -

Concrete

Anchor

________

-~

(8m length-on °
ocean bottom)

Photo. 1. OBEM (EMI-MMT24). Deployment at the KY02-12 cruise, 2002.
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Fig. 1. Survey line of ocean bottom electromagnetometers (OBEM) in the Kumano basin and the Nankai Trough, off southwest
Japan (in the left panel). Along the same line, a seismic reflection survey has been already done in 2002. A dashed line is
another seismic profile by Park et al. (2002). Triangles indicate long-term electromagnetic observation sites. A shadow
zone indicates the 1944 Tonankai coseismic slip area with displacement greater than 0.5 m (Kikuchi and Yamanaka,
2001). A detailed bathmetric feature (right panel) is also shown with OBEM locations (circles with site numbers). Gray
zones in the right panel have no detailed bathymetric data.
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Fig. 2. Schematic drawing of deployment and recovery procedures of the OBEM.
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Fig. 3. Apparent resistivity (upper) and impedance phase (lower) at sites 3, 4, 7 and 9. These observed values are estimated
from the H-field parallel to the Trough and the E-field perpendicular to the Trough. Lines indicate calculated MT

responses from the best-fitting model in Fig. 4.
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Fig. 4. Best-fitting conductivity model across the Nankai Trough and Kumano Basin obtained by a two-dimensional inversion
procedure. Triangles indicate locations of the OBEM used for the inversion. Seismic reflectors by Park et al. (2002) are
shown as broken lines (A: top of the oceanic crust, B: decollement, C: splay fault, and D: basement of the forearc Kumano
basin). The seaward distribution of the 1944 Tonankai coseismic slip by Kikuchi and Yamanaka (2001) is also projected

as a blue line. PHS: Philippine Sea Plate.

1944 Tonankai Coseismic Slip

N28.8W Kumano Basin \ Nankali Trough | S528.8E
0 S 7 Conductivity
‘ 9 (S/m)
— 5 e -3
E 10
£ 10 107
o} 4
=) 10
15 i
10

N
o

60 40 20

0 -20

Distance(km)

Fig. 5. Forward models for sensitivity tests. Conductive blocks with 0.2 S/m (C) or resistive blocks with 0.02 S/m (R) are insert-

ed into the best-fitting model (Fig. 4).
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Fig. 7. Distribution of fluid velocity (arrows) and pressure (contours) in the assumed permeability model. The background
(white area) and conduit (a decollement and a frontal thrust: gray area) have different permeability.

T250) ORAOMTKRENCHE ) BRENEE % 7
AMr—AL LTH«) o BilEb T 7 OhHARIIRE %
EF VAL L 72HHIE, ODP Leg. 19612 B\ TREIFLT
DUF VBB b TB) (Mikada et al., 2002),
WARBRE LW OB RREL BRI GEE L EOWYEEDS
BOENTVERPLTHS,

A TOBEFED T RAILUTDO LI TH 5,

1) 2R OKFE 1AM +SRE LI T OFEK
RS A B L OTRAERORAEIT & EHETIRET 5o

2) WTFRADES 5 % Bear (1972) (2#£2WT
HET 5,

3) ENFAOHEDSBRIESMAEFTET L (I
) o

4) Spitzer (1995) 12k 32 3R TERIEEH S0/
T 2EDT, BIRESA D OB T OEMSAEEHE
T5h,

I TREETLEREMDL —F— RO %
RS0 1C RAE S 5 7-%, Fig. 7 IR e & 4EEM 1 fif B
T BB AR EN R A SE LT, 2Ok R L7 2
R X-ZW5DH @ Fig. TE8) LT KL%
FHE L7z BRI Ny 275y Y FRIMERICAHY)
T2 10~ m2, Fig. 7 DJKEETIF 1075 m? L{R5E L

oo TEA800m IZKFICHTZD B EEKBREEEIE
Decollement, KA E X=600m T E TIN5 5%
kAR E5ER 1 Frontal Thrust 2 L T\ 5, EE% &
S Z=4800m, KPEMEX=0mH#Z, Y=—co~+4c0
m#hFICHz, ETFTIVAENDOHAREH 10" m/
s, MAHMHP+X HMTH S LIKE LTz, BMEDMHD
BB 3RTLET IV ETIT 572, 3RILETIVOEEIL
Fig. 7 L i3 &%y, KPMEHE (X,Y) =-—4000~
4000 m, HXZ=0m (JEHE) ~9000m & L7z, €7
WIZE 2 - BRI EEMEIC DWW TIZ ODP Leg. 1318
X U Leg. 196 T1% & i 7z Site 808 T ? Frontal Thrust
fHEouFy 75 —% (Mikada et al., 2002) (2w
T, fihk% 1.67S/m (0.6 Qm), Decollement 3 X OF
Frontal Thrust % 1.11S/m (0.9Qm) ¢ IKE L2 F
RO BRMGEEIZ4S/m & L2, MABENIIHED
2 RICH BN 2 155 72012, REFECIE T A
BENC L o> TRET L2 ERIFE% Fig. 70¥mE L (Y=0)
WZDOARDAERT, SKTLEFNVDOES ) v FTOER
DHERFETE L, RICBELN-EBMES AT Y FEIicY
=—4000~4000 m OFEFH THMEHE T EITI I &I L -
T, X—ZFHED 2 RILW % BRI 2B 720
AE7)V1Z Jouniaux et al. (1999) DT - 7+ 5



WHE - 28 - =0 ORT - KE - RN - B - L IR D E

7 COWRBNEM OEMBEFTE LM L T 5795, Decolle-
ment (ZH YT B EK Y — U BB AN EE X 83, &
B (RFALE X=1000m) TEIEEETWRDS @K E
(B o5TWA, Z it Decollement [ A8 Y4 O Hi B %
KEEHOBMUEE R AR TELT L &
(Shipley et al., 1994) »56# 2 C, BFULRETH S,
F/2AREFT IV E Jouniaux et al. (1999) OFEE % HErt
52 LIEoT, EXRBREOMEGEOEL I T HRAED
FENRERBMODA NS =D k) B EY 52
Ak iEm T AT ENTE B,

7 BREMSH

437 R R B MR O T 5545 B & Ui E5 & Fig. 7
128 L 726 FE 7% 4 13 Decollement'$ X UF Frontal
Thrust 128> TR LS s o0z m L Tnh,
F 7- Frontal Thrust & Decollement (23 - Tt # D K

Hole A
4000

Hole B
L s

BRFEN L RAEOS E BB OMW—FHE T 7261 LT— 447

RIS DAT B LD hh b, TOFENSAICHES
{ BALOA % Fig. 8 12 L7z, BONT-HRENSA
(Fig. 8) 1%, EJi5#A (Fig. 7) X788 — v &R ¢
ZEDbh b, &5 Fig. 8 0EBEMWITIL, it
Y DBESCED 5N D (KEALE 500 m #HiET) o
Z 1% Frontal Thrust 124§ 4 K EREEE O #b i
(Fig. 8WE#N) & 2O FMOEEFEDE WHIE & OB
FIHEBET B0, ZOL)BLBROND LE2L
b,
BMABIZDWTIE, KFEFMLD DSHEHRDFD
KEWZ EPHMTH D, WIER ECORMYEITN
0.3mV/m Th 5, MEED S ERE S OB RIS
LY RELER L, Fig. SICRL- 3EFTHE (I
& 4000m) %5 1000m F5 (B 5000m) F THHE
itV ZOINTEMSA ZME LHEICTHES R
BB % Fig. 910K L7z, Fig. 9lcR&EN B L9

-
—

Hole C

1
\
R

4200 -

4400+ T
F— T
T

4600 -

4800

* «<— Depth(m)

—]

-2 (Volt)

Y axis

5000 T T
0 200 400 600

800 1OIOO 12|00 14|00 1600 1860 2000
Distance(m)

—» Xaixs

Fig. 8. Self-potential distribution generated by pressure distribution in Fig. 7 (unit in volt). A dashed line shows the high permea-
bility region with conductivity of 1.11 S/m (0.9 @m) while the surrounding zone has conductivity of 1.67 S/m (0.6 Qm).

4000 : } |
—e—Hole A(X=400m)
—=—Hole B (800m)
—a—Hole C (1600m)

4400

Depth (m)

4600

4800

4200 p-mrmm— gl

-3.5

-2.5
Self Potential (Volt)

-3

Fig. 9. Vertical self-potential profiles along boreholes A, B and C in Fig. 8.



448 PR 8556%5 65 (2003)

12, MAOEANFEVHIBICAET S Hole AB LY
Hole B Ci 2~3mV/m O 2 BEM IO 5
NBY, FARED OB IR ALE $ % Hole C Tty
0.8mV/m CHo7zo T/-Hole A, BTRIEIOREDIDE
WHIR (X 4800 m) CTEMIIHR/MEZR L7,

s ® W

BT 7 e BRIGERE €TV (Fig. 4) T,
WEERHEAOTHCERGEEOELFRD LN
720 Park et al. (2002) ORIz iU, K& A it
HALT7 4 E TV — N OWERR EEIAH ST
%o F7-Nakanishietal. (1998) 2t hiX7 414U ¥ Uik
FU—rOESRHSkm THBLEDbNE, EoTE
SEBEOELE, hAZH 74 VEVEESL— O
HFHBRATELTWALEEZOLNSL, BET 10km T
DIRELME (% 150-200°C, Hyndman et al., 1995) %%
Bhid, REERE COBRGER IMAOFLEICK
ELRETHEEROND, o TILARRINED HEE
R OBERGZEEELIE, HHEBZRICE TN TAAR
HLESINEZEICLDFEHSIAELEDNSE, 2Dk
) RIFBUI RO - EITEREREEOKRICIIRO S
N\ve fEo T, BRIZEERE I B OFAELS A
DWT, MOFETIIELILDTELRWERTEZ S
LEbIB,

T4 ) EVET L — b OWEERERDEKRENTR AR
- T T ABERE LTiE, EAB I UBENOZEL
BEZOND, L ORI, HHEBZROBBIEN]IC
Lo THRENLZLICLY, BRBAS T4V EES
L= 2ok EniznbEZONE, 20BE L
T, WTREMOEEE BFIHE o THRE B OB E A 25
HEATRER, EREWH O IAKDBIA SN TRt Z 2
bns (#21F Hyndman et al., 1995), 245 O3k
CFEBAKENTKIEZT L — MR SIENTE R o T
BERNEBEIT5Z L FHRENE, EHIZ, 74U ¥
VilET L — P OBSIZEEIET LIGD 5 #I8 OKFEE
BE30~50km # ) TiF, SL— MERWE (KHE
A) %5 Decollement | (KEIH B) 4lkiiE (K&
HC) P EEE LTS, T-AHiEIE1944EFE0
BB OB O EERIES (Fig. 4 OFH) OFEH
ICH7-0, BEEEERCIIBEE M NMUBES RSN
7\ (Obana et al., 2003), ZThS5DFEFE, SHBEE
DRPFAET 5 LBTRRENET T, L2E2ADY
L, 74VEYET V- FOBBRIGEE M (K
PEEE30~50km X D) TlXMEEHMBEIS S — Mg
FR Bl A~ KSBIE ZNTBY, D705k
J& %> Decollement T 2SFE T 5 D Tl v & HEH &
N5, FREREBRMEEEOMIE (KT 30~50 km
LOH) TET74 VTV~ b OBERZRD D DK
DEEEITH->TBY, Z0-0Il SV — MEROBE
BLEMRY, TL— TR & A A PR

PEZELTWIOTE R LENSIE, 20LH%
BEEHI, 5L E2BICTNTREGHEE— X}
B 55EE (7 AN 51 . Layetal, 1982) &7
D95, TOX) RAMHBSFZLUNED P& FHET 5720
i, WERERFEO LI Y v — T REREZE D AN
REBRACEERERET B I, HRERERBEL L
LIBT DL UBETHL, FLERIGEELEK
= . WO HBIEE & OBRICOWT, BAERR
WHIRE - oxX o 77—y L BETTO, LDE
EMLBERETOLENDD, SBORETH S,

REFFMEA CIERETHI D & ) BEICHEREZEERI R
OOHNE, TNTREFHZOMMBIBEKREELRL
TwaHhbDeEZLNS, T-FOTORETHECHEIL
D (% 0.1S/m) (ZMIERICHLS T 5 L Bbhs,
KEEHCIRFL -1t ronpliliEEZz 5N, T
kT X9 (I TR S IR AR D TEAE AR S
TWBH, KPR CIEIHE CIE) BERTZEERE
OEFRD LN TWir vy, KEE CRALOBERGE
FE IR AT OfZEE (Shankland and Ander, 1983)
IDBEBPICHE N LD, FIERTEEEOM AR
WKHIEEEL s 7y I PREZELTEY, SJEEEE £
DOREBOIEEE > b T A FH/NE W20 5B
WOTARDIEIDEE L WTTRE D D 5, HIE, HBENO
W ERCEEREEHL IS AHEMT, 2 b
— VY =A%k AR ERIIEELEORE £ DD
» 1 (Seama et al., 2003), ULk % & T 5HHl 22 A
REEREOBREZSBO I LTV ALY, FLEET
DOBEEHER T, WERTESOBMEEZHL 2T
BICERADGH D, ZO20BERD D VIZATERSE%
BEEIFLATEET A2 & T, SBENERS 7L — MEO
BREEBEOBGEEZ FIFONIHEERIEZ LN
5o FHIRTHON-BERGEEMEL B LT, 4
BN OFFM O Feasibility OFEig e Efm L7z &
EZTWh,

—F, WBRNREORE)IE) BARBMNSHFIZONT
1%, Decollement % Frontal Thrust 7 & ® & & K=+
TOMBBEEEN 109 m/s D+ —F—ThHhid,
Fig. 8 ® Fig. 9 IR L7 BEEORE ST 5 LI S
N5, WHETOELBE OS5 HEESEAITO OBEM [
1uV/m DT &L, ZhSDBMSA 0 8E
BETHobLWnZ b, FICFig. 9IZRLALEIIZ, £TF
FEDBREMBEAAIHT OEIFMAIC L R LT
50T, WMEFLTEHABMZHE T A2 LIC X D s
DENFARLHAEBEDER L RWIH O 25 L
T&5, EBICIZFig. 8ITRLZE D10, BREMNS
IEETIESA & BRIZEEREE O % B3 5 DT,
OBEM 7 £ V7 BRALEEHEALT L BAREMI
TEOR I wFEMT 5 LB, WBRAOETISA % #in
LEBICERTH D, & 512, FEIFLOZ2RIMDAR 1 I3 BR
DHH5H70, FLCREABEICERTH 2 RERE



Bl R S KT KRR - R - S U0 - WA EREEN R RAOSG L BB OMIE—RE L T 7 2 HlE LT— 449

EH bR HBRAREBEOEFNMLEIT) LT,
HKBENCL DV BOWEREGEE5 252 TEL EER
bhs,

HRREMBEIEX, BENOENEHEL2E=5—-T5F
BELTHORFATEELLEZONS, AHIFEETRE L7
TARDTAEED 1% L L2354, PR R EMIE
WHEIKTE CUE 3 4V/m, EEIFLATIX 8~30uV/m O%
1t 43 %, OBEM ORI S ERED HF 2 T, HBIK
HOMEDHTHNIE0.3%, FLHFHID HbEiTH
/NT0.03% DENEALERZ B Z L HITE BT REEDD

o WIWAENR MR EREN MY ) BT R IR B I
BLTiE, ek Ny 7 —2HWILRIICBIT 5 KER
EAEHDERENTE 220, BREMEHINI Sy 7 —
ELEELZVHLWFEE LTERATE A2 AP D
Lo 127, B8y — 3 v FIIERBMNOSA Y —
CBIUBBIIEDOA F VIEER RS ATRELND
be INHIIMFE D HREMBEDNNA T AWE /A

A leh, TLHERED HVITBEARORNE WERE

ToOBMAE X, BEROBRMNFELRECELZES
WEEESH 5, TNHOFBICEL TR, ERENTO

FRELERARELERL, BREBAEEIC L 2 WBBATRE

EoF Y VS OBBWNRBEELRETATETH S,

9 ¥ & B

KL T, BERBETELOBBATRAEOSME X
BB 2T 5 FEE L OREERABN 05 H
PR L7z, HBARAOSHICELTIE, EiErT 7

RITECOBEMT AEOMN BN L, BiEN7 7

R D M ESGERE OBERITIC LT, LARD
74 ) E VTV — MIEE TR0 km {55 THE B
WEENTVS K] 28K ELEBAL TS Z EAF
HEEN, TLBTFERICEBEEKROHERE D
L7z,

WENTAEOBENICE LTI, BESXVOILATOH
REAMBEED R TH B 2 EHFAHLTRINZ, B
2 E TR BREMSAIE, HBRANOETIHAICKE
CERLTWS, Zokzo, LNTORREMSAiOD
FrrBIPE=Y ) V7 ETH) LT, BBEARED
FENSHRHEB LIRS OREER *#RT 5720
DERGEREZHIEDNTE D,

BERZEEEERTICE L TiZ, OBEM OB 4
BnZEbdh, WRPOERERL S RAE S L B L
T, RBEFEVERZEVNTV, BE, WA
vy =TI/ - Zli T RKEEMTREZ OBEM O3
R ERLTWS, $/2aY ba—b Y — R ERESE
DORFERILNTOBRBENOKRT L ED TS, —
7, BREMAZICEL TR, BETORBALE I
RTEHHZ2OATH Y, HELILNTOBREMFH
AT ADBERENRRD LN T VDS, TIN5 DH 727 HEE
ERAEBENOFECHEORE L HPIFLOBBARNGH %2

BLT, & 0EMZMBBRARARDOBROTEE BIR L
WEEZTn5h,

Ei

W vE MT & 301X, AOA Geophysics # 3 X UF Elec-
tromagnetic Instruments #t, #EAFIFHBHRRESHD
W2k %dDTH 5, Scripps M EMFFEHT A 5 13
OBEMHIZ M Y ARV F—% BEY Lz, HBETO
OBEM O ERIEEICEA L T, BERER [0
L9 ] ORBINERE, BEMR—FMNELzEILOL

T AFME—FBIUWT) T Ty I B

Ww7z7ivw7z, OBEM OMIVAERICE LTI, MERE
PR E Tt~ & — BFIBI#IR, MH R
FERDOEATRIR, ERFHRIK, TRERK, FHER
B I2720 Tz, WEFEREERAN ¥ — OFNEFE L
I EHABERAR RS L EERE T — & iRMtw

ClePwi, BETOERBOBEM IC L 57— ¥ NEIC

DV, EEAZEMEVRIHKEATIZEEOW I X
DERTEZ, TR X OERMENFHT LB
B#RICIE, BRGTEA2RUAERERE 0SS
DR ST 72720n7z, EERETFER O N EFITA
L, ERERTEREMNIBEEZIZIOE, 2R N —
Varv Iy MEFEHIETWZEW, BRYF -5 0
FEHT 12 1% Woodshole i #E0F 32 F1 @ Alan Chave {428
MELAZRRRMT 2 A L7, HREMEE T
Frelberg k= Klaus Spitzer L2 % L7-3 kX TE
RBEEI-FEHERA L, BEMTEBHFOY 7+ 2
THEE, AR EWKCGREIRTRET) oW L 072,
KO —EFORDOVER 1%, Generic Mapping Tools
(Wessel and Smith, 1995) % L72, 2 % OBEAES

EDE, KL LTEL OS2 TEV 2,
s £ X #®

Ando, M. (1975) : Source mechanisms and tectonic significance
of historical earthquakes along the Nankai Trough, Japan,
Tectonophysics, 27, 119-140.

BEHE— - ARE— - FHEA - AEE - BHBESE - ABX
By - RAYEL - AN BT - HRBE - TR - THRHRE
BT - WilEEA (2002) : REEFWREE N T TR
A b OHEEE L G EAK—YK01-04 Leg2 REEF i AR E
—, JAMSTEC #i#gffe, 20, 1-8.

Bear, J. (1972) : Dynamics of fiuids in porous media, American
Elsevier Environmental Sciences, (Biswas, A. K. ed.),
American Elsevier Publishing Company, Inc.

Chave, A. D., and Thomson, D. J. (1989) : Some Comments on
Magnetotelluric Response Function Estimation, J. Geophys.
Res., 94, 14, 215-14,225.

Chave, A. D., Thomson, D. J., and Ander, M. E. (1987) : On
the Robust Estimation of Power Spectra, Coherences, and
Transfer Functions, J. Geophys. Res., 92, 633-648.

Gamble, T. D., Goubau, W. M., and Clarke, J. (1979) : Mag-
netotellurics with a remote magnetic reference, Geophysics,
44, 53-68.

Glover, W. J., Hole, M. J., and Pous, J. (2000) : A Modified Ar-



450 WBEE S56%% 65 (2003)

chie’s Law for Two Conducting Phases, Earth Planet. Sci.
Lett, 180, 369-383.

HREDAE - JELBR - KRS - BEE - BT M- Al
& o mW - KE OE (2002) @R EEMGEE MT %5
FTEEFDA VN—=T a VN, 1060 Y B RS

Hashimoto, T., and Tanaka Y. (1995) : Self-potential observa-
tions on Unzen volcano, Shimabara peninsula, Kyushu is-
land, Japan, Geophys. Res. Lett., 22, 191-194.

Heinson, G., White, A., Constable, S., and Key, K. (1999) : Ma-

‘ rine self potential exploration, Explor. Geophys., 30, 1-4.

Hyndman, R. D., Wang, K., and Yamano, M. (1995) : Thermal
constraints on the seismogenic portion of the southwestern
Japan subduction thrust, /. Geophys. Res., 100, 15373~
15392.

Ishido, T., and Mizutani, H. (1981) : Experimental and theoret-
ical basis of electrokinetic phenomena in rock-water sys-
tems and its applications to geophysics, J. Geophys. Res., 86,
1763-1775.

Ishido, T., and Pritchett, JJW. (1999) : Numerical simulation of
electrokinetic potentials associated with subsurface fluid
flow, J. Geophys. Res., 104, 15247-15259.

Jouniaux, L., Pozzi, J-P., Berthier, J., and Masse, P. (1999) :
Detection of fluid flow variations at the Nankai Trough by
electric and magnetic measurements in boreholes or at the
sea floor, J. Geophys. Res., 104, 12, 29293-29309.

SRES IO K- BRERME - RIB OB - SHEAF - #IE
B -Zr8% K5 # (2003) : KFLBICBIT BT
SLIRPUE S RA, WBELE, 56,6 (FIRIH).

FHIIESE - W EEF (2001) @ BEAERKBEOBKIEAE =T A<
)74 OFE, ¥4 AE, 1,67

E -+ I (2002) © BAE2000.04E (8, E+ hE TR,
B1, No. 35.

Lastovickova, M. (1991) : A review of laboratory measure-
ments of the electrical conductivity of rocks and minerals,
Phys. Earth Planet. Inter., 66, 1-11.

Lay, T., Kanamori, H., and Ruff, L. (1982) : The asperity
model and the nature of large subduction zone earthquakes,
Earthq. Pred. Res., 1, 3-72.

Moore, G. F., and Shipley, T. H. (1993) : Character of the
decollement in the Leg 131 area, Nankai Trough, Proc. Oce-
an Drilling Prog., Sci. Results, 131, 73-82.

Mikada, H., Becker, K., Moore, J.C., Klaus, A., and the Leg
196 Shipboard Scientific Party (2002) : Deformation and
fluid flow processes in the Nankai Trough accretionary
prism: logging while drilling and advanced CORKs, Proc. O-
cean Drilling Prog., Init. Repts, 196.

Nakanishi, A., Shiobara, H., Hino, R., Kodaira, S., Kanazawa,
T., and Shimamura, H. (1998) : Detailed subduction struc-
ture across the eastern Nankai Trough obtained from ocean
bottom seismograph profiles. J. Geophys. Res., 103, 27151~
27168.

Obana, K., Kodaira, S., and Kaneda, Y. (2003) : Micro-seismic-
ity around rupture area of the 1944 Tonankai earthquake,
submitted to Earth Planet. Sci. Lett.

Ogawa, Y., Mishina, M., Goto, T., Satoh, H., Oshiman, N.,
Kasaya, T., Takahashi, Y., Nishitani, T., Sakanaka, S.,
Uyeshima, M., Takahashi, Y., Honkura, Y., and Matsushi-
ma, M. (2001) : Magnetotelluric imaging of fluids in in-
traplate earthquake zones, NE Japan back arc, Geophys.
Res. Lett., 28, 3741-3744.

Park, J., Tsuru, T., Kodaira, S., Cummins, P. R., and Kaneda,
Y. (2002) : Splay Fault Branching Along the Nankai Sub-

duction Zone, Science, 297, 1157-1160.

Rice, J. (1992) : Fault stress states, pore pressure distributions,
and the weakness of the San Andreas Fault, in Evans, B.,
Wong, T.-F., eds, Fault mechanics and transport properties
of rvocks, Academic Press, London, 475-503.

Seama, N., Goto, T.; Nogi, Y., Ichiki, M., Kasaya, T., Tada, N.,
Iwamoto, H., Kitada, K., Matsuno, T., Yoshida, S., Kawa-
da, Y., Ito, M., Ishii, R., Takizawa, K., Suyehiro, K., Uta-
da, H., and Shimoizumi, M. (2003) : Preliminary Report of
KR02-14 Kairei cruise, JAMSTEC J. Deep Sea Res., 22, 89—
106.

Segawa, J., and Toh, H. (1992) : Detecting fluid circulation by
electric field variations at the Nankai Trough, Earth Planet.
Sci. Lett., 109, 469-476.

Shankland, T. J., and Ander, M. E. (1983) : Electrical conduc-
tivity, temperatures, and fluids in the lower crust, /. Ge-
ophys. Res., 88, 9475-9484.

Shipley, T. H., Moore, G. F., Bangs, N. L., Moore, J. C., and P.
L. Stoffa (1994) : Seismically inferred dilatancy distribu-
tion, northern Barbados Ridge decollement: Implications
for fluid migration and fault strength, Geology, 22, 411-414.

Spitzer, K. (1995) : A 3-D finite difference algorithm for DC
resistivity modeling using conjugate gradient methods, Ge-
ophys. J. Int., 123, 903-914.

Tanioka, Y., and Satake, K. (2001) : Detailed coseismic slip
distribution of the 1944 Tonankai earthquake estimated
from tsunami waveforms, Geophys. Res. Lett., 28, 1075~
1078.

Ting, S. C., and Hohmann, G. W. (1981) : Integral equation
modelling of three—dimensional magnetotelluric response,
Geophysics, 46, 182-197.

Uchida, T., and Ogawa, Y. (1993) : Development of Fortran
code for two-dimensional magnetotelluric inversion with
smoothness constraint, Geological Survey of Japan Open-File
Report, No. 205, 115p.

Unsworth, M. J., Eisel, M., Egbert, G. D., Siripunarvaporn, W.,
and Bedrosian, P. B. (2000) : Along-strike variations in the
structure of the San Andreas Fault at Parkfield, California,
Geophys. Res. Lett., 27, 3021-3024.

Von Herzen, R. P., Kirklin, J., and Becker, K. (1996) : Geoelec-
trical measurements at the TAG hydrothermal mound, Ge-
ophys. Res. Lett., 23, 3451-3454. '

Wessel, P., and Smith, W. H. F. (1995) : New Version of the
Generic Mapping Tools Released, EOS Trans., AGU, 76,
33, 329.

153, REOEHPHAERICESICERESPHOES
*

A TIEUTO I LT, BAEOESMmH» 5 H#
TOBRESHEZRD2o WTRKOBEHIE THEAET
LBEBBEIZOVTHEHIUTOL ) ZEEXITD 5,
(Jouniaux et al., 199903X 1 & 2 2%H)

]conv:Lij grad P (A]-)
L= (e0)/ (nay) o, (A2)

ZZT Jeom - BIWREE (A/m?), PlRMAEES (Pa),
Ly . WEVENARE, ¢ HihkOFELR (F/m), 7. KD
k% (Pas), (. ¥—%&f V), o HithkoESE
BE, o GASKROBERLEE (S/m) Thb, KOf



Tk - A S ORT - KK - AT - BH - B - IR | BRRENRREOSH L BB OMBE—EE N 7RAIL LT 451

Area [i, j]

—> X axis
Yaxis jjla----" el
i il
. Jzjj
WZ, ® “
' JX;j'
¢ . Lt inj
Z axi. L
18+ i+1, 41
Jzij'

Fig. Al. Electric charge density (Q;) at the area [i,7].
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