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Abstract : The electromagnetic signals associated with the seismic activity in the
south—east offshore of Kii peninsula, Japan, were clearly recorded at the MT sites
in Jeju island, Korea. In this research, we have identified the co—seismic
electromagnetic signals associated with the seismic activity and have analyzed the
characteristics of significant electromagnetic variations. The analysis of phase
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velocity, power spectral density, MT impedance and polarization direction shows
that the significant earthquake signals have the frequency band of about 0.05 to 0.5
Hz and that the sources of electromagnetic field are local effects of passing
seismic waves. The simple approximation using electrokinetic effect successfully
explains the co—seismic EM signals coincides with measured data but cannot
explain the localities of electromagnetic variations.

Keywords : Co—seismic EM signal, Magnetotelluric, Electrokinetic effect

1. A&

HZ B2 #F A5 g3 AF L4 A ULF oA Axr]3d dgo] ggdins
Atdo]l gejglor o]lF o] &3 AR st s AFEo] 3] o|FoA 1 g
o ol AAUIRY nde AHAFste ditUEFe=E  ¢A7) (piezoelectic) A
(Ogawa et al, 1985), #7198 7 (electrokinetic) &} (Fenoglio et al, 1995), 5%
Z}7] (hydromagnetic) & (Draganov et al, 1991), % w©A-A2}7](inductive
seismo~electromagnetic) A3} (Surkov et al, 2003) o] AAHoIgort d7AL
of gt #dd A, #F "y, BF F4 Zo] wat A7) WES Ao WS o
2A vdetta gloA BFEA T AFF 4B FL FH33 AU EFe] Aol g
ARoltt wd, AW AT FAlA B FAZ (co-seismic) AR7|F, §3] XA
18 Astgl #EHO B AV HES AZXFY] #AAAo] no HEEI] g
of ole] digt FekF ojsjrt XX BHE AAVIZ WHF S oldsted =30 2
F Ao X2 Azt g3 R ARV WEL Fees AYAUE F43] F
7t A3 ZHste e XRgel Peo] AFEE FEHE UE £ gloH, F
Y EF #5 AAY 73U A7 B XA T2 wl¢ W@EA kS
st AR 4elA dth(Nagao, et al, 2000). HT AFZA AAE A7|AAF
(Magnetotelluric) A} A2 A2 Kii #E G52 dolq 24 AAWEH
B¥E AR ol BEHQeH, AA7F A5 547 drhiEe B4tz @
.

2. MIPIE 2& ,

2004'd@ 9€¥ 5¢Y U9 Kii ¥tE HFFEF Yol AN-EF-439 FHE 7HAE
AREFol A= 104 7RUD O 72 6.99 Aol LAIFYTL 144 578
UD el FE 7.49 Exo] 243Gt 7bd & 7L FE 6.49 Aoz 94 69
2341 298 (U)ol LA A A EL Nankai |7& walt £¥30, QA LA7F
T 95 WY 4592 Ure 9959 FHE RAEt BXA 7R 74 AR A
€2 10 km Zolo] XA}

Z2 A7 9€ 54%H 9¥ 169 ¢ AFZAAALATLL AFTLd NN 271X
A7 BALE AABIG2n Agxe #3404 99 5 S A 2374 Adg A
717 MEol &AHAT 9¥ 5ol AFEY 357 T & AT A 7EH
M FHo] o]FolFon RE FHA ANF{A A7t X HH, 53] AFE 5F
S (JJE-355)A 7t & AZ7t 7155t

¢
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Fig. 1 The epicenter of earthquakes (stars)

and location of MT sites (circles) and seismic
observation sites (squares)

2% EE2AE ARRA oF 258 5, HU AFL o 5% JFHYUCH A
7Ee 30EUQoltt. & A7t} A EAIZHE 18k Soy mdabr 548 Aud o
A7) 2] Mol BASE Aoz AZHAY. SAHH AR ARE2FEH AXTE Al
3E FEI7] HEME Ase FaF d9s A7 et o A #dE A
g MBS Fihe S0l W Feix QX gov vl MT AE R FAg AT
S5 A% Fads S4S W FHAIL 44 2ok WG MT AIEFE AW
4AE ARG WS FESY] g5t A/NF Y AHELY A e Wats
Ay
UT TIME(hour)

Fig. 2 The time variations of power spectrum of Ei(a)

and E,(b) at JJE—355. The color scale indicates the

normalized amplitude for all frequencies in the log scale.
Sl AHEE MTU—5A Al2gE 2400Hz(BE 3), 160Hz(WE 4), 15Hz(ME= 5) &
MEZ Fu52 st 3709 MEES X3 Aok ME 59 A$ SR AHEL "H@E
2 543t E’}‘?‘;, HME 3 3 e 45 ASFHOE FSASHA ¢ 1083 74 1%
z B¢ SASA HER, o] MEE AS 10% A9 Ho AHE EAEAT ﬂ”E

- 199 -



o]8] % . o] F>) - WY F . %F2 . e F . £F3% . o]&E - Toshihiro - Uchida

3(320—35Hz) 9] 7% AJztel wE u49]e) Wk AsA YEua glew A B
A AFol & ¢ = ZA%o] gtk ELF ¥ VLF oA A Az2A
9 AAI)F WMES] W o B ApeA #Zd A8 A$ 1080t 1E8F
o7 2 ANER & =]

ot.

3 MT Az=z3Fd F3sA 7832 5 e A &4
0.5-0.05Hz °]9 FEHalA FEEHAE $A7 2Hz FE74A
ATt o] 9 /\17P°ﬂ g ‘?i

Byxain Azbo] 26 wlet 0 B ol &
St} g Zﬁ-rir«l E A g}o| «1611*1 o} (dispersion) &7l
1739 J‘IUMI oA A=)l TrE =) a‘ & Sk olgd A3 oA &
AA7] Az Adefa 28 Fo] ofy g Aste] N FrEE ¥
= YAg _
HEy 242738 vig o 0.05-0.5Hz9] F3¢ t9E 7t oY
3o Fig. 39 E=A&Hgh SR AN 713 77ke RS 3
F #FAJIUCIH 20Hz AEY FIFE M= FHG FEA 7t
Z1E5H A ARG HEt A 4P E Hlwsd A9 vd °J’é}-% Bt 4
HEE AA7EE o)fdte] AFE §% SHJIE-355) % A% o
7158 A3 T AIZF AolE A A4BE T AL A o &
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Fig. 3 Broad band seismic velocity signals of (a) M 6.9
earthquake and () M 7.4 earthquake at JIU
seismographic station and band—pass filtered
electromagnetic signals of (c) M 6.9 earthquake and (d)
M 7.4 earthquake at east MT site (JJE—-355). The
frequency band of band—pass filter is 0.5—0.05 Hz.
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Aot AL ouldte] BRI FAL 2AEF (near—field) Ao S AA3

oz Uehi Qow, B3 A71ge 35, 940 dasel yehbE #h.
EHoz Rot ARt g% A/ BAo] FRAA AWy F= L 5
A48 T2 8 A58 2oz 4zac

5. NI 28 MAPIIE HES2 M3LS

ARse] Agel #BHAF AR HFY dAez2 A7) (piezoelectric), A
(piezomagnetic), 7198 A (electrokinetic) EFE 13T + Yot A3iAY &F
of g3 FEEH+ YA wl$ FA2 polu] dEe] ANtd Edfou; dAe AHS &
A7), &7 A9 #FE wF X g AJY9Ed g3+ FF5 A S (streaming
potential) o|Z T 3}, HaHAL FHo] oA WAL wet LFI}e B LA o
A BN FEHE T2H 9 (zeta potential) off sl TAEA Hcot FAF wfA A
FEAY(AV)S ¢EA(AP)Y BAE d&H 2.

AV/Az= (AP /Ax) (e /o) (1)

o714, AFEL M A EA4E YeERE e2 FA4S (dielectric constant), (¥ &
ZA49, pE FA, ot HNAREE Yedd. AFAHA g 4z 80/(4rx
X 9% 10% F/m, 1072~107'V, 10 *Pass, 107 S/m o]tk (Mizutani et al, 1976). E%¥3}
AR YERE 1 g/enBt L 7HE3HE, 7FEETE 1 omfsec? € W HEAE 10 po/mZ
A = e BR AFFZ 2 A TMEEQ 0.1 omfeecr= 223 A7 EF
ae] 2% A= o 0.8-8 i em®lth BF ZFHJIJE-355)9 #F AL
t JAZo] 11.0 my/em 12 ME ZHJIW-360)2 A% Al 2Z9) 0.65 mV/kmZ
AAbx] 8] gk 3H-E thA Rejues g JHATh
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Fig. 4 Relationship between .the power spectral density of seismic acceleration and
EM field signals: (a) horizontal magnetic field, (b) vertical magnetic field and (c)
horizontal electric field. The units .of PSD of acceleration, magnetic field and
electric field are cm/(s®Hz"?), nT/(Hz"® and mV/(Hz"® respectively.

Takeuchi et al(1998)2 +& A7|1Z7 A=Y 7t Eeke] AFAHJA FHBAE o
3t A Aspo] A A7)EY WFo] GG ) ¥ Aoz HAFA. o
Bo] F\zate] AR &z HY AYEHY AR FHYETH
o9 2dEYS JBBAE SASAT(Fig. 4) NHEE FHA Fe A9
AR E WA MT Az 98 Uehdn gon N&Ert AAFE g 4
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ok, AHe BAS AREE REN Bao] AxE Re 17T g A$ 107
cm/s?Hz? o4 A& oA AAART ¢ FBBAE Hold AFTY ALE o
Be NIEEAE AA1RY B9t FAer] ol ol@ B4 Aslded &

37 75459 Bo] 98-S etk

6. =2
AFToA #ZH

A 715349 v, MT ?J-‘ﬂ‘%iﬁ-‘l] H 5} %—94 EHogzRE A5
FHAA 28 AR FDHY, -4 A4 gHd
A YeyE ReR Hol £3 FHE AV W A

Aol A H+EL ¢ F Uk ArgEd a7 g 1@s I #52 AR
7182 A717t ol&4 A fAMEE ¢ & AReH JAARY #H7 MEE SHe
o} dH3] #AFHAYS S & 5 Utk aEY SHA “}"4' AR71 S A7)9F BEol
AA zel7t Y= AL AYstr] YA E 75 A7] (inductive seismomagnetic)
T AVq&H wtiF ol anE 1A Havt v FF 2o @S 7‘}5&’-
53 248 B3 AAse #ddE AANNF 6FY 2o A v7hdE 3
F AE AoF Alg”r}
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