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Improvement of oceanic T-wave excitation

modeling method and its application
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SUMMARY

A Mw 9.0 thrust—fault earthquake occurred in the Pacific coast of Tohoku, Japan, on March
11, 2011. We applied a cross—correlation method to the continuous data recorded in the Hawaii
hydroacoustic array operated by International Monitoring System (IMS), and calculated back-azimuths
of T-waves generated by the earthquake sequences. The back-azimuth values of the major events
show somewhat scattered pattern, which is a different feature from that of the Great
Sumatra-Andaman Earthquake. This imply that the rupture is not likely to propagate linearly through
the thrust fault line. Local peaks of the waves coincide with spatio-temporal slip distribution
estimated from broadband seismograms [Ide et al, 2011]. There were a foreshock and two
aftershocks of Mw > 7. One of the aftershocks is a normal fault event (Mw 7.6), and it shows
different envelope shape and frequency contents from other thrust fault events. These differences
might be caused by different source mechanism and excitation mechanism.

Hydroacoustics has been successfully applied to detect and locate submarine tectonic
activities that have hardly been recorded in land-based seismic arrays. However, to extend the
utilization of T-waves for extracting other important source parameters such as source strength, the
roles of earthquake focal mechanisms and source depths in T-wave envelopes have to be thoroughly
understood. We perform 3-D numerical modeling considering anisotropic source radiation and realistic
scattering in the oceanic crust for different focal mechanisms and depths to investigate the effect of
source radiation and focal depth on abyssal T-waves. By . analyzing the synthetic T-wave envelopes,
we found (1) stronger SV-energy radiation generates higher intensity T-waves for same source
magnitude, (2) anisotropic source radiation of a double-couple source makes azimuthal changes in the
shapes of T-waves, and (3) deeper earthquake produces gentle-sloped envelopes but the slopes also
depend on the azimuths of receivers and focal mechanisms.

A gravity meter has been used for exploring subsurface mineral resources and monitoring
long—period events such as Earth tides. Recently, researchers found several other intriguing features
that we could even detect large teleseismic earthquakes and monitorseismic ambient noise using
gravimeters. The zero-length spring suspension technology gives the gPhone (Micro-g LaCoste)
excellent low frequency sensitivity, which may have implications for investigating much longer—period
natural events (e.g., Earth’s hum, tsunami waves, etc.). In this study, we present preliminary results
through temporary operation of the gPhone at Geumsan in South Korea for 9 months (Nov. 2008-]Jul.
2009). The gPhone successfully recorded large teleseismic events and showed a clear seasonal

variation of the Double frequency microseisms during its operation period.
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H 1 & a2 ase e ¥ suie Jisie 28

A2 5ol A AAZHoE ol d AARLOR AT AN v B AAAsh A )

7} & ek 58 20049 HAF FriE A, 20089 BT T 2 A 2 20114
39 AR FAR GAROR Fu, FAwe] At wARG 1F FriEd Aw AR
o Fukstel AHAe AN woh 4% 42w 248 AH, FAH £

A% AT QB AE skl q ditE Aol BAF Ae AL BHoR st FHE

& ddrbe] mAll v 2 d7E oldE = S 2 RS0 viste] A A AR

ol

g Tae Sl AXE AxA AH9A P, S 37t =g o]F AA FAnegos Al
gl olet= o m & T(Tertiary) 3= M= A}t (Linehan, 1940). ©]&

g el Tobe= 1950 o8 242 #53 A7) o] Fojxon, o] & ¥ A4 Adrt &
Ak G Toes WA A S g sA4elA BAG A7 o7t A F3 F£3Fo] vhs
oA TSIz HIEo =5 Zo] oF 1000 m Ftol dAHo & SOFAR(SOund Fixing
And Ranging) Sol ZHIAH 234 Aot T 9= 145 715 km/s 9 52 2 A Ao
= Adetr] Wl sk ZA7F 1/r 24 32k dom dapsts Azl ws| 7]z 7}
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2AMo R A #g A7 A8 @ S v sjato] A g 'A B F
g fdl HesHEYE dAdte AHAAs F&F¥ #HFYS Sound Surveillance System
(SOSUS)<] dlo]EE National Oceanic and Atmospheric Administration (NOAA)l Al 1991
FE] #ehd BHom AMEY ¢ A slmerA BEAHoR A5, Fox et al (1995)
¥ Dziak and Fox (1999) °lAX = 535 ol&dte] Tdalde st &es BA AL,
Dziak et al (1997), Okal and Talandier (1997) oA+ A Aol A AE xR oz HE A
H FeedE BAste] A3 A 9sks et o™, Dziak et al (1996, 2001) Aol A=
T 35 A6t MadIFolA o] AT S g aith

>4

Aol BAE AABEL 0 ASaa A
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Bl vt E @ 7
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Ao oa Aol FAUH 5402
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Aol B2 BF FRI) old A} FFLYRE AR AA A FPL welF
2 ek @ @AY AAAF) dFoz A T A@Ho] Asss wele] B gL v
@A Hdel golste] Y Toh ABT2 APl YRS AR Yok HAW AGA HY A
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H 2 & o7t = U8 ¥ 45

2.1.2011d EZF AR F T &=

1) A&
2011 39 119 0546 UTCel ¥4 E35F A4 %2 orultlo] A Mw 9.0¢] )= %l o]
HASEATH o] AL dAUste AAAR BZH olF 4MAR F Aol R 57 HE F

el of Ho] WAt o] A @3 e} (fault solution) € AJZFe] wE o=
o] gk B AfEo] F3EY=d (Ammon et al, 2011; Ide et al, 2011; Wang and
Mori, 2011), A|7o] Az o] &
A& AT B Ao, ESF
2110014 HZZo] stub= w9l ofWlEC} HSz3k Ak A xleo]la stub= AU vpge] st
el A Aot AeF A xlolth

n

70z FZelA 7 e oluAZE ¥EEdaL 1502 74

BAZE FAL FE Tl Wi ofWe Fusg=d 13
E

ELA NI FARKCTBT, 4 A Q8 45 FAGAFAMS) A A= 55 9
AR YA Astel F 109 £FSF BSTL LGska ATk S BET A6 A

s #5% (HIIN)Y A5E &%= o #5
Z3Fo] Al /¥ 2km ool A FEE HXFHo] 9lojA cross—correlation
A AT RS e B4 = Ak (2 21.0). dFsko] BEel 29l
T=F A & e 19 21200 wek 2kel 107100 Hz F3t ti oM = Hi sttt

2 HojFEt 7 #ZLo A= 24-bite] t A EFo] A 2 250

Lt

Ao A= Progressive Multi-Channel Correlation (PMCC) ®% (Cansi, 1995)=
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}o] &H(consistency)S 00 wj-$¢ 7}7-Y R}

bogn =t1g F oz T3 =0 (2.1)

con

AA ARFN M= ol FEFS dEH7] skl T o) ouA 7t Al yEhE 2-20Hz

Abolof Al MEsf 2~ HH " S A 33 ol diste] correlations 35}t
F2l&= 8% A5 5] ddl bandpass ZEHHS A& § 32x%9 UdETE 05%

A o] 5 Al 7] cross—correlations F&SFATE ol E F AAX t,, ty, t;, ZHEH FE HH
E AAbstth 2o AEdes e AdE 5|98 e AdxRds vSste ARE

A5l

(1) Tohe] %8 : 145< v, < 15
(2) Cross—correlation coefficients : c12*c23*c31 > 0.064
(3) Consistency : -0.016 < ¢,, < 0.016

ol# gk AA xRl PMCC ¥R el Wakzt olel= 0.18° olujoltt.

3) A3 2 B9
a9 21494+ Ide et al. (2011)8] @534 4 2y} B AT 539 44
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+ G 9tk ol dole AA FAAE A
Atk R MARE 60xME Addow BEH PO 200 km B 2A @F T4
b dety] Wil oSl os AR Tuke] w& Ak 1002 A Eabd S gk 1ol
T Fubiol= oy oA dojdk oluA FE (o), (1), (o), () ° Heks e} 27] o

H ]3& PMCC %3kzt 4] Ao A= yeht=

rO
o
o

Hl, Tope] & F-i As7h & W¥Fzdo]l dAsHrE o7 AuA7E e =2e Fuke
dE EAHEE S AT F Ak o= AR e AYelA AAE T A2 F3 o

g gtk FHA o fRE 2 dd AFS wE 29 F
el zuke] =¥ w3 b S8 A4 E ¢ A EEF oA dehy e G
B AFES FEAeR 4 H2rF 27] 80% 7HAE 107 15 km/s E vl§ =@urt F
jrol &35 wpf7F M Eem AgEuA 257 3 km/s 2 AEsttial Bt (Ammon et
al, 2011; Lay et al, 2011; Wang and Mori, 2011). o|¥l E&F Az =g/ 9337}

Aoubel 60Z M 80 Abolo] el UAE BEHGT o2 Aste] HEHOE 2 i
w9 $Ue AYsgort 1o W) THEE A0 oA ARTA B AOR o
A% 4 Atk Okal et al (2003) € The] A4l AlYAL 257 Ao 27 2L w7 o
Bol B3 4 £ Y Qe o val JuAoR FF THE AT o9
Lo E5F A9 AE oled BHS W welFna @+

a9 2158 R 799 quF ool W A% Ta A% () Fw 779 F9E
7ol g % T5 ¥4 A5} ($) oIF. (Yun and Lee, 2013) Slk3 A7lo] ela)a A
@ Y Toe) sdEzade AFdA A FE AUAE A3 9

al
BolF Qo AuE AQe AF Tohs AL FRYNE BTy Gud A0urt 3

[e)
°
18 km 2 H %At} (http://earthquake.usgs.gov). A& oA WAl x| Ho] & x2S =
etz AR7F Aol wet nFu Ayt G435 st Yo 2 ddol YEYE

Aoz FAT # Q)
2 z1de] zZlolet Tak Fejele] A AoAA= 2 AWAdeE ¢ da kst 3
HE HoFE Ao® Wiy Qo (Yang and Forsyth, 2003), oWl o 218 Lol A

o

SR Alo]l 2 StelM AR A2HT ¥ ZhubE T S HoFa 3k o= A
o]
l
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i
B\

% 211 @5HelA Y Al Hul mlmH ol AZE Azt (Ide et al, 2011) H1IN
Ao Ao Z47ho] md
(a) (b) (c) (d) (e) )
Times  after the
o 0 40 60 90 115 125
rupture  initiation (s)
Arrival  times after
L 2107 2233 2151 2302 2284 2275
the rupture initiation (s)
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Instrument Response of H11N
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Mw 9.0 Mainshock, 2011.03.11 05:46:24 UTC
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UA WEe) BERe md NS 4%

a.
—
o

o

O
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A1) Mw 7.9 Aftershock, 2011.03.11 06:15:41 A2) Mw 7.6 Aftershock, 2011.03.11 06:25:51

° n
9 o
g’ 320 . g’ 320
.o R .
< T EUPR e cwoten e =3 . N
0 50 100 150 200 250 300 350 400 ) 50 100 150 200 250 300 350 400
s 5
— 4 i T T T T T T T —_ 10 T T T T T
H 3
g ok ’ ' g v ]
£° U £°
< . . M . . . <. . . . . . . .
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
2 10" T T T T T T T T T T T T T v
& ‘ ool
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a8 215 Al (GFE 79 993), A2 (TR 76 A=) F oo st w3zt 2A

MS 284, 29 E=Z 73 (Yun and Lee, 2013).
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2.2. 8% THe] F3 RA}

1) o]24 »7F
g} Akgko] E(wave scattering theory)= o] &3t S| AA R SAFHIY AAZ A A9 5
S-8F 3t (hydroacoustic wave) ¢ 7] @4t (excitation) B AEHA S AAFH o2 dXsl7] 3

A mly 7y el #ste] AdEr|E g

==
)
o~
T

e 9 g Fokol Al Abgho] E(scattering theory) sk QJAbe] Abghg

=1
AFeter e FLF 4TS S Uk AF Fol, A& WEEE oA g e
%

kel FAEE FANSE 2ol BE A YA L HBe] FE/AET BHS BA 9
A BAE ATE A, A, wn G delA AsE BEEY, AT g
Tela 9 o] o] 27kA AR Thestsl o] ol x| a v,

al

g2 okt g A A8 fof 53] A F=EEE ToklAE = AHEAA W
H (deterministic method)& E3&te] A UjF-o] nfd 54/

w1960 o] Suto]l S HA g o] EA o] = An] W] uel wo = A Eol

A a Az el Feo A3 A7 A =EHHEA A4 " (stochastic method) o] S8 A0 o

L

Fxjo] ThEe Aol @ @7t RAHoR A=H(AKL, 196051 WA chPHon %
& Ae7h Eol7ha ek

A7h 8 AT EASE Bid T 5o Agkscattering) AA-S WA

AT ] AR Fito] Abehs Tk AlF Ao R ety =AH o R EAEtE o] Enf
Ftik(coda wave)E AT AA7A s F THe] BT AolM= & A (seafloor) =
B ST (water layer) 2 37} ddd wf Hol(conversion) @S AWst7] ] @ed] &
Wk ek (isotropic scattering)< 7188 © v (de Groot-Hedlin and Orcutt, 2001) o= 2 A =}
AdI= Aozt o 53] Az fFol Ao dedaAds Aists 4ol A= A
SHAtES Tt e g Be Y X5 Fr]a

AT d B AT Z(heterogeneous structure)v  YWHA o ® A7 G #FH
(autocorrelation function)& ©]-&3ate] AojatAl €k &4 wide AWY x9 42l £
T VEA zdEHH, ol A 21DI Zo] wiAEZE v, ¢ wdE X 51V 9 For
o] Xt}
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V(x)=V,+6V(x)=V,[1+£(x)] (2.1.1)

A7IA ¢(x) © 59 HE2 W F(factional fluctuation)S YERALH &% Vo] YA E

(ensemble average)= V,=<(V(x)> & AT F o (&ix)>=0 o|tt AAH 27|35

o,
=

-
T

Lo,
M
£
i
H
&
b
o
of
ot
ot
.
%0,
v
i)
b
Lo,
.(iA
M
2
rE
offt
U
N
o
f

R(0)=<ex)?), F2H¢]
Aol A W= & shue]l W49 A3 gl (correlation distance) a & Aol dtt}, 27|
o] FE ol (Fourier transform)S A= ~H9Ed Wx 3h(Power Spectral Density

Function, PSDF)o]™ t}&3 o] Zd ).

m)E//i@R(X)e*imxdx (2.2.3)

o171 m & ¥4 (wavenumber) WEHE YEeRAT v v @ o] FHA (isotropy) ol 2HH = [xl,
m=ml &8 ZtZ} A 5 Qv

@G Abg(single scattering)®] Aol dwrdg oz UAxIAF HE, S Born AHBorn
approximation)& 7} 38 Al ¥},

glo] AeE ey Hi wiAESE v,9F 37H4 wsteke] dow FA T,
V(x)=V,+6V(x)=V,[1+£x)] (2.2.4)

o e AR, <1 ol AR A0e SRS e} o] Aosu,

L xt)|=0 (2.2.5)
X
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oln, & o] W3y} g Hriy,

(A - %8?)71 + %f(x)a?UZ 0 (2.2.6)

0 0
F(wavefield) 7} FH QAL o'9F Abghal o'2 ARG G&3 o] u

w=u"+ut (2.2.7)

u'l < lu’l o2k 7FA gk,

JAL7E F2F 3H5 WA 4 (homogeneous wave equation)s WHETHA,

(A - %E)?)uo =0 (2.2.8)

0

1 2
(A - 78?)1& =— 758?1& (2.2.9)

o} o] A, YA E 329 Y (source)dol YERUH, o] A2 JAtue} Bt wjA
of WAAI7] = AtHTpzhe] A5 AES on gt HII2EE i A A T W e} ZFaa
wd W ©9=7](unit amplitude) (4,=1)5 =Y+l 7} 2z, HFoz HagPsird

(’U,O (X,t) _ Aoei(ke3X7 u)f))

)

(A - %af)ul = ok2ed el e o) (2.2.10)

0

of o]l yEpd = dom, o714 I (wavenumber) = k=w/V, 2 FOJXITH
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(A — L \at = sx0(t) (2211)
VO
ol i, 5= Wb S b, g e o) xdd 4 dew),

i W
Glet) = - 5( X ate (2.2.12)
5 o] &3td, Atekdi(scattered wave)w Th9] & FA(convolution) A2 02 T & F T}
ut (x,t) = foo dtlff ) dx’G(x— X',t—t')2k2£(x')Aoei(ke3x/_wt/) (2.2.13)

__ 1wtﬂ d k(e +x—x'l)

(Lh) 2AIEOIE

g7t B A v d S dAvbe] zhel mhEla] AEke kU Ak (single scattering)9] 7 -$-E.Uh
= A olF2teH(double scattering), 4tsAF#H(triple scattering), T tlol7} oAk (multiple
scattering)®] d-%° Y5 s Ho o3 vEakste] ZAE AAH R sfdsty] 9
sto] WAL Go] E(radiative transfer theory)S A -83l7]12 st} o] wWhHe] 7jEZubyg A 2
o9l A A (transfer equation)©] 2} Eglw 7]d] T8 o2 &3 AlLEE Bolzmann WA

Hol g @t o WApAHe £ ol e}, AR, Belst 5 we FoplA del 4

hSA

J

S5 93, 58 Aok AE 1980d ] F Wu(1985)7F A7 stel H-§3t7] A Z3te]
Ht o] oplA W ThFE A7t o] FelA: gl

Zeng ¢1(1991)+= 3x FZto A9 vzt A S 23 shed At JdelA
Al7ol 0¥ o impulsive 78 source WALES 7FASAl H W, source ANU A= Wot)= TdH

). 7Hd 9H(coherent wave)2] 3o whE o 2] W= (energy density)i,

(Vogo + b)t 6(t—1Ixl/Vvy)

; (2.2.14)
471' V0|X|

We
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ol Ao Al Vg, AFeH7H4] (scattering attenuation), b+ IL-+7H4] (intrinsic attenuation)

S yeERdY 7182 (geometrical spreading) 9t AFeHA| (scatterer)9F A1 7He] M bl wE
AR A S 183 A HH g2 22 o YA E(energy flux density) 21S 2A o}

—(Vygy+0)(t—1t")

(2.2.15)

, o, / |X_X|
/dt VoE(X',t")go6(t —t V, ) 4rlx— x|

x'of #al A9HE F V= A Y Fibedel e F gk dyA dEE A "k
of 7ol 2 ute] oA s vt HHY HFHor vFo AEds 4 "o

Et)= W)+ vig, [ [l 6ax -t B ara (2216)

e AHEAS A H(analytic)e.®Z o E7]dlE= B o]y %o] o]  Gusev and
Abubakirov(1987)+= #H 7= =2 EAFYH (Monte Carlo simulation)2 ©]£3Fo] X2 u} ¥4 S
DAL WS AASEA Y o] B goatet A4S FE S = 8] 5

o] WM AZelA wjAe] BEHEEE A

R

NI
=
ol
ol
s
=
il
Ach
2
ofo
i
2
O
w
&
=4
o
o
S
o,
)
o
=5
@
Is!

1998). Yoshimoto(2000)= Azt -] S3p sivtE FA 4o m KAL) 913 Ad Al Wil
Direct Simulation Monte Carlo (DSMC)E =93ttt o] W b5 22 27H4] G
ZHA A Ak (1) B AbeEs Ad2HA Fdrbse, (2) af 3
(3) 329 £ FxolA Py SutE REHT 5 glom (4) AU BEFH} ZE T8 =7

s Ade HAsA 4842 5 Aok

v
il
rr
il
N
ke
i
>
N
k=l

2) #3 =z P

e SARYY S EF AG TH A WAUZE T2 A7E dale] A B
olAe] Tk mele wEe AEA e Toe ¥eae ma
AL M5 oqA warel dAA el AThe] ke a3 ALY o7}
T wehde] Gejsh oluA £900] ML ZE FHsLA st AW AFAQ

ol
32
o
o
(L
re
-
=2
X
uls

o



Aot Aol ol HAF oUuAE B A HAXZLS T AHS dosi A
o e 2 AgsA "k o] duAE A" EEete FESIFRE [AdE o|F FF A
£%EZF<2 SOFAR Aldel z2+3A Hdupdch, 19 2228 Rddy WS d9ysts B4 ko|th
A MR = DSMC WHE ol&ate] Axlo] oJafja HleHAow e oUAE BASte] &
A zh Ao gk Pe} SV 39| oA E Aatsgd
¢l DISPERSO (Saito, 1988)& ol&3dto] B =9 ZA=E A4ttt
g Fatel 747t AeA o7iE T3 xS WENL FAAA EY AIRES AlAbste]

TR RN Al Ta xS EASHI T

I
[JVU
i
dlo
2
ol
(S
[
[
X
[
]
bl
I
i)

Lol g el 7pa} A~ ZA] East Pacific Rise (EPR) A 9ol A WA sl A=
G371 2S 7HA A = FUle A RS o] gAY sty 2001 5 219 AT AEE A

Zola g sy 20024 19 24Uof L AsE FeFkE x| Holt} o] F A X2 EPR A 9o
AAE %5 2% d=YoE B0 ) oz o] F x7& 052101 I} '012402" A

Aoz Aspegdh 2= F4 To 248 T3 oluA7E & #3425, 10 Hzol F3
F Gl mAstgith Global CMT 7z 6] maw o] F K] JYziolE 15 kmiE
e QAR $-2l= K09 Zlo] aaks wEsky] fske] 47k 10 km ¢ 15 km A= HE F
ololl et RS Al Toh 2o WIS dEety] fste] = 8749
TAZIZE 45k tA R widE e gl e A]l 93 #E5TS JHdsslt EPR 55 ¥
ALAEE 1000 kmz $2171% 5 750 m Zele] 1A shivta A4

o]
. B2 EPR a0 &3 Ty 7552 1002 A= Zolf 3dS BoF07] W

i

of ol vgowr Y FW 7] 79 A7]E 300 km AFe Ao AU A4 A2
X A7) Arrgow Aokt zF AL DSMC ARt HAolA = FA14¢ o

ol A o] AE Tt of7ld wol= 234 ke 985 s dvh 4 AL F3a

Frildow FHo A vle] A7 27] il H Axz VP 5 glvh ARAg

BAe 7 sEdz ol AAs 4gE Aol

ol
rir
P

Ty of7] mdlge] AW dAE ajAHolA P ¢ SV olyx FeHS AAaksl=
olth, g+ F AW AA RWE ®©lA (moment tensor) © tdle] T A A 18 &

y
a

Ao oyA WAaleks Axtetdth -2l DSMC ALt el A 107 Ao olvA]l JAE W
Abetth 72 g A mvith WatE ol | A ke WEE -7t A YA Al ES uhg

_80_



o2 AAsgr. ¥ 2232 ATE AZA 052101 AFe] duA] WAL HEHe HAFa
224 FEolsdF A 0124029 WAF HES HoFEd &Fst e AE A
(double—couple source)d | P3te] & w7t Subo] Lo /3 wf HA A el djsto]
Pl o =)o) 7} 4% F== g4 Attt 1t SV v 9] Bl ERlE "M upe)
G o E 5o AdF 062101 A8 A9 SVeluAl= dAd Ao 72%E5 24 A A
Tk Fko] w2l 012402 AW Aol= 19%] E3edh ol Ao wEdiyl Pyket
SVIt7h dgke o] 7= Tk ouvxe Jaks m3 & Ad5S BolFrh Dziak (20012 &
e o] AXE US.Navy's SOund SUrveillance System(SOSUS) Woll A #=3 5=
Ede &3 FFek T olyAete] 44 ZadAE BHasaith

SEH7MER EARE FoEFe AR fEE 47 FFstolA ALke e A
o] gt F WE A= v Ao #AC v My = EWE JFfRoli My= N-m

2
My,= §log10 (M,)—6 (2.2.17)

7y Fab gido e HlEo U A= Aki and Richards (1980)2] "omega-square” =9 2&

M,
w| M(w)|= W (2.2.18)
o714 f= Y T34 d o] A2 Thatcher and Hanks (1973)2] RWlE Jf&e} 27 75
G2 9l 2.2199F Watanabe (1971)¢] FUFabao} R PR 429l 22200 2 5-F A4S
ATH

logh, = 15M;+16.0  (22.19)
logf,=1.5—0.20M, (2.2.20)

ZHIIEZ A EHoA2 Park er al (2001) ATolA AEd Hmgtx mdl
"vel98x2"ell A FRHAT. 17 22565 FFH WA HAZF, sAAZ, AFUETAY £
Lrewst agzoln, o] RYle HE v gAY g A REE EHAJY 539 &
L%+ Levitus ocean speed database (Levitus and Boyer, 1994) oA 2.25 km Z o] &%
of tigk Aelar, Azt 225 km oA 4 km 7HA = A Az Bdg wbgelh. 123l 4 km
ol o] A zty} AR wWE HE2 PREM 29 (Dziewonski and Anderson, 1981)< uwhskt}.

A A7t B TERE F 2o oA DSMCE AT o] F =& ujA o]

il
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A

T WE7F FA4sA Weke AW 21 km oA Atk ARFe FAEAST (total
scattering coefficient), g0 # 2 EPR #|9 ¢ 73] A (Swift er al, 1998)5 vl o= 0.11%
Fhekar, sk S g0 g2 IWbAQl % 7Fe] 7kl 0.01 (Sato and Fehler, 1998)= A A &} Sl ch.
I 72 E ZHZF 1000 (Hoshiba, 1997)9F 2000 (Gusev, 1995) o= Foktl. sjAwo)| =
Ergin (1952)¢] AF+E ulgto = oyx A AGE A 8319 T)

a9 2.26-112 052101, 012402 F+ Azl whste] F x¥zlo] (10, 15 km) A 7zt
T e (2, 5, 10 Hz)oll thstel DSMCH S o]&sto] ALkgE olyA] &3 Aot} w9

i

I

o

Y2
v_L_

Hm

= 10 °J/mPolt}. o B 7 Ao Ao Aztel whel glabakE ouA S mE oz A
WSOl AT o] BREEE Byl 54 R A uAZF ZeA deE 2SS B 5 g oA
o Tt ¥egHdeA thF 9ag 1 dole]l g}, 7+ Az A ~AALe 7 Amof A2
Ax e 1Eom AAaksith 062101 A9 Aol (29 226-8), P oluAE <l
a7t Aol FR b Qe AL B F dog SV uA s T oA ouix ¥=2sh JE ue
o Q= AL B 5 oolrh 012402 AF e ALolE (229-11), P9 SV ouA] ®E ] A<
Jux a7t YepdS B 5 ok dgzole] w2 WatE steld B o 2o R o
o Qe I3 e A7k Reln A B dbsiAE RS 2 5
km A%e] 9= oA e Ha ML 10 km A9 WIS el & ) $a

g 2o A5 ouA AE WAL oW tluA Hagte Furl Eold4E 7has)

AL B 5 o ot ¥e Fuy Uge] 2 29 9% 3

[
i

B

Hf

A
o,
oy

e

(Lh) Sk o7

§-2l= Saito (1988)°] DISPERS0 SEE o &3te] At RE 7|8 74 F35 dY
H=zZ ALkt et WE REE AQAI 7] 7] flste] A 917 S E(cut-off phase velocity)
T 446 km/s= AASIATE o] A f1d HFE= Qlste] 2 HzolAl+= 7THHA 7hA ¢ REVH
5 Hzoll A= 185 A B=7bA] Alsbebadnt. 10 Hzoll A= shi-3o = gho] YF zholA A4t
Hol A 100km 744 A4S AAlete] 116WM A =714 A4S skl

T 35 A3t B 37 98t 8= 74 2=l o £X% (group velocity) & 1

o

s
a

Ll

l

g2 aHREUdY (7 2212). #EH5Es dUA7t daets dolE dElFe Mol &
At dE So] 2 HzollA 25-40W 4 =9 #&% 0 m/s 7} ST} ol RE=29 J
Y7k 1A AFE Foke] Ads o ¢ Ak e BB & ETF o]E40] T 19
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5)
9, 4 W), AW, 4, ol=A ) Aol gl tiske] Aol frk T wi
==

Aol ofsf FAE7] wiiEel 48 s ol&shA Ha oA Id

2= T 9 2348 A= Yo Z de Groot-Hedlin and Orcutt (2001)2] w4
= ol&stslth o] AgelA e AL e nlE) ol AV wWEel = 4 A4S T
o o718 224491 A AR hFsth ol® ldte] g-El= AT 23k 3 Azmo A 9]
Res Ao T 35 44T = A HAh

7 XS wEo] fste] stol=2E YAAHR 750 m oA e RE ¢FE S B

T
= FAR P, SV oA xS wowA Atetd. 2 vl fels 7 AdA

SN
o

b

% 2214% Zo] 10 kmollA el 5 Hz &+
o) tate] A Ta xebdola 19 22158 Fdolswh= Ao dste] A3 T}

T
wgtdolnh A9 Fpell whebA, aElan A o) el whebA Tob b JEjrh 2et

B

}/

= FAE 5 A= ol= 19 4ol debd A oA ZE L] Aol Z]QIgHH H]
S A\ AZE BEHE Aols T ol duA Js Aol siAEel AVIA Fal o]

HsANM 4718 iF Torb meats Al 22 Fold 2 oluA7F yebuAl g
weba o5 =Y Alzto]l dEpA A H A oY Hdie] YEuA Ha =dAlzte]

s

_83_



HE Aol shtel HAuRe s
oA BFAE G5E v Ho] HAAE AL #AHY

dzol Ao HERA olUA A GHE TFHAL © tF A7t e ol
4 thE vas T 9] Mang Hold sxel AZsh A Ade: W 24 adle] =2
Gtk 1 22167212 $AF wEe] Wk 9eAs Ao g W va =9 A7
o WaE wolFt adzelth 4wz Axlel Aol Hul AL FAHo] WES} 20

rir
kel
1
rx
oft
=
it
fz
s
N
X
et
O
o
AC)
rir
3
k2)
kel

24l

_?E
>«
o

Wkl M= Zerdo] & st Fa YRR v A5 JHA = wbste] thE UM E us
HAE 7= A B F Utk oA AL olyA HujA A Hed F oA =
Fgutso] 90%t 270 WA= A FAld =ust=d whE] thE Wl As AR AR
2 Fa =gdy] otk wEkad 90Xk} 270% ke FAlHe e o] ouAEol F
owA & AE HAFA Avh. FEIFsAAE Jd dH@H A ek FaaAvE
Hasojgktt (Dziak et al. 1997, Dziak, 2001; Fox et al, 2001). Z1ej1} -2l Ao w2
A3 g2 A B mel GeA Y] el LA7E AAA "o ol R
AE WO = Okal et al (2003) 2 T-Phase Energy Flux (TPEF) & gt Al AlskSth.

iy
o

EF= T k9] oluAs ARb FolA ARshs Ao A 2dE Fr9 vad
Foodth ol mdd dyelA tE AFE ax2dW A dux= gl w2l 5 ol
7] wEel TPEF7F A qtiier me o ke vddAs 7hd Aoz Azt

22167219 of 2 zEE FAA W M vA3 =g A7l 6274 = Abely
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A oo wet T 39 A5 AZF (rise time)o] EEFA] =
Zlolo] wE T 3 ¥FAo W= By Yste] 1 a7zt
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Normal mode excitation
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Seismic energy envolopes on the seafloor

T wave envelope
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Vel (m/s), Density (kg/m3)
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Seismic Energy on the seafloor (2Hz/10km)
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Seismic Energy on the seafloor (10Hz/10km)
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