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ABSTRACT

We investigate the 2-D frequency-independent and 1-D frequency-dependent
seismic attenuation characteristics beneath the northeastern Japan to better understand
the detailed mantle dynamics and fluid migrations. We collect seismic data from inland
(Hi-net and F-net) and recently deployed offshore (S-net) observatories. For the
offshore data, we correct the rotation angles of S-net sensors to ensure precise spectra
amplitudes of P and S waves. We measure the spectra amplitudes in multiple
frequencies using wavelet transforms. All measurements are referencing to the 1-D
synthetics to eliminate the path effect of reference model, geometrical spreading, and
part of the source effect. We fit the spectrum from each event-station pair individually to
obtain a 2-D frequency-independent attenuation model. Furthermore, we invert the
residuals of observed and synthetic spectra amplitudes for 1-D frequency-dependent
attenuation models (@r, Qs, @r/@s). The 2-D frequency-independent models suggest
stronger attenuation in the volcanic area and the collision region of the Kuril and Japan
arcs. On the other hand, the raypaths passing through the subducting slab are
characterized by low attenuation. To analyze the results of our 1-D model more
specifically, we divide our research region into 3 zones which include arc-arc junction
in the subduction zone (north zone), typical subduction zone (west zone), fore-arc
region and oceanic plate (east zone). The north zone is characterized by stronger
attenuation and lower @r/@s compares to the west zone. This observation may be caused
by the anomalously abundant fluid generated by a series of processes owing to the arc-
arc collision. By contrast, the weak attenuation of east zone reflects the dense oceanic
crust and the low-temperature fore-arc region; and the strong frequency dependency

suggests high heterogeneity in the east zone. Low- @p/ Qs anomaly is observed at the
v
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shallow depths of the east zone, suggesting rich fluid content, which may be contributed

by the hydrous fore-arc with the aqueous mineral filled in the oceanic plate.

Keywords: northeastern Japan, seismic attenuation, subduction zone, arc-arc collision
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% 1 5Hz~ iz @ 10Hz » /& %% 5 4~ 4~$3]) (Lin & Jordan, 2018) » % iﬁ‘f#i’% 3 ‘Fﬁ"f"l?]

4o 2 B4R WA o

001 T - - —— 100
(a) — Q'=Q,w/w)*
° QP
° Qs
0.005 200
300
5 ¢,=0.38+0.05 200 ©
0.=0.43+0.04
0.002 § 500
1 " L " " " " L " 1 1
0.001 1 5 5 10 000
Frequency (Hz)

B 1- 11~ %@ 1-10 FR g2 S Apki > =d 2 Pt~ Fd 2 Sik(Lin&
Jordan, 2018) * fii g 5 47 5 > Gigh 5 & BATFEIFR Ti92 QE > MEw fFid e

HExwir REAFHEIPEEDSFKa ap 95 038~ as X5 043 -
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10—y

— =022, ¢=8.1%, a=10km

— — v=0.22,e=8.1%, a=5 km
., T v=0.22, e=10%, a=10km
o, = =" v=05 ,£=8.1%, =10 km
N

Q'10°f |,
_ ) A
[Ll 22 \\
" ‘\
~ \
=4 o
- :;I M \\
0.9 \\“
A\
[ os 50° 2
- \\“
! ToT 10° 0" 1 \\'\
wavenumber (1/km) i
10+
10° 107 100 10! 107

wavenumber (1/km) (V,=6.3 km/s, V,=3.6 km/s)
Bl 1-12~ iz ~ §¢ 8.4 %] 5 Lin & Jordan (2018)¢ Py Stz Q'@ #ck
(wavenumber)ef# % (cutoff scattering angle w=40 &) > = ~ J B 5 7+ F S8kl
£ 2 Sato-Fehler $78¢ % & #-3] » BRI T AL 22 24 #03] & £ =8.1%, a =10km, v =0.22,

we=40 B P54 $ E 5 & (o ~ 9 ) (Lin & Jordan, 2018) -

BT R R E T R R R i A S AR S
A3 UE R RARE S FAPENHE R PR REHR o MY
Mt (1) ML A R A e ey B R RBRE Rl %
b A R 4] 5 M E (2) 9% Lin & Jordan (2018) = 2 > ¥ o] i e 1
PIRGAFT R N - AR RRR R 2 E Q/QEH TR (a
)R B KA P oA 2 R A4 o & (fluid saturation) ~ Hig B T 2 B %R

J& % ~ B - fz(intrinsic absorption) 7 £ 43 & (scattering)*72 ¥ o
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¥-% FE3iE

AR TRASL PR A £ ST QB E B R F W 2R

FHmeh i B

Hi-net/F-net/S-net
& EH T 3 (NIED)

S-net 7 &) & IE
(Takagi et al., 2019)

y A 4

{ ENU% # 2RTZ 5% & ’

L PIEP ~ Sik ‘

bser Fa‘i?ﬁ\

P AR Ao 2- 1 Ao e

1 R EHETR }
(NIED)

| — R R }

0=100(s’km)xV

s — 4
AR

E R BRI MR SR

‘ F-K4& m }

e

( EVETE S US ’
15 8 98 % (fc) g+

FEHR F AR AR R IRAR Y
(2-D)

Bl 2-1-

FEUARS B oo

Njﬁ

3R R AR AR FRARE Y
(1-D)
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2.1

- AR

AEF AP AN FF BT 7 #T(National Research Institute for Earth Science

and Disaster Prevention, NIED) P~###7 3 & [fl2. = 4 R i & 1@ (Matsubara et al.,

=L
F

2019) > $ kT2 B A TIHEFNEIFA R L2 - BE RECAI(R 2-2 2) 0 *

FERRGZAHBGEL 25 8)  HFH- BERFAIL - RFEER 2GR

s

B % Q=100(s’km)x Vs (Olsen et al., 2003) » 3+ & #1 & * L 3)(R 2.5 &)2 F j5i- ‘&

TR BeA 2 A7 Ao HER) (B 2-2 ) WeAlFE A

2)e

A5

BRE 582

T

bR 3 (0~260 2

Q initial model
Vs model Q
300 350 400 450 500
0 -~ Op ooy o — T
\\\
~—
50 50 -
100 100
- -
E £
= E
£ =
= =
o o
[ Q
T -l
150 150
200+ 200 -
250 250 -
1 | 1
3 35 4 45 5 3.2 3 2.8 2.6 2.4
Vs (km/s)

2.2 2
1/Q

Bl 2-2~d NIED# iz g p A= ﬁ@ﬁ/ﬁﬁi—é Pl T 05 E N2 - B BT

(2)& - &b QI(s)
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22 » RPESERBIR

AT R 59 B FHE ﬁi(/ﬁ’ﬁiﬁf’ﬁﬂ

4 5.5~6.9 2 ) »

T BRI PRT L T S B ROBLIR| e 2 A

10~260 22 ~ p & § % Bk BARHC

—

AL(E® 2-3): (1) % R &+ 2 ELP % (High Sensitivity Seismograph Network Japan, Hi-

net) > (2) B W 3+ Z P % (Broadband Seismograph Network, F-net) > 12 2 (3) p

A R B2 L BLR) e (Seafloor observation network for earthquakes and

tsunamis along the Japan Trench, S-net) ©

46°

® Event
B Hi—/F—net

B 2-3~» RFEEPELTHE -

44°

42°

- 40°

e

) ," »

) } /‘ TJi,)t/l//

§ / ’j} '/’ ‘

’ 21 dert M
AN

4 A

142° 144° 146°

¥

,
y

38°

Ed FB LR RER S F B 2 A u;

MEF P G * e (Hi-net 2 F-net)£ /% 32 (S-net)Lip| =k
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23 ¥ RFTFHRE
2.3.1 S-net * = &t

Snet B HA A Ay Bk H= ARy Bk 3 4Bt s RFRDA
(R 2-42 ¢ Ffgpdpe) Rk TR S X(FHEEH)Y(EEBAH) - 2(E
EAR)AR2L e T AN £EAFELE SR - Takagietal (2019) 348
7 S-net & RIEEATRSIE I 22 = & ¢ (azimuth) ~ P & 2 (tilt)2 *2dE & A O (rotation)
(] 2-5) > 342 R = gL R

sinpcosA  singsinAsing + cos@pcosf singsinlcosf — cosgsinf

cos@cosd cos@sinAsing — sinpcosf cos@sinAcosf + singpsind
R= ( ) (¥ 2-1)
—sind cosAsind cosAcos@

20 BB EY R BRI B PR e SikiRty > MY * Takagi
etal. (2019) k4 4 Sonet sk 3 F RS w31 > BHERAHX Y Z

AT B(La) N>z ) UL T)s & .

ag (t;) ax(t;)
ay'(t) | =R ay(t;) (3% 2-2)
ay (t;) az(t;)

12 2019/08/15 2_ ¥ B % i+ (5B =14134"E ; A =40.79°N ; /£ & =92.60 =
2P A RRARE Mma=55> B 2-4F 57 ) BiED S-net 5 SANOI P xb
(5 R=141.79°E ; R =40.79°N; = = £="134.27 ; 8 £=3.57+0.0065 ; *cik & &
=0.95+£0.0078 ; B 2- 4 =Bl AJz # Bk ;5 5|(B) 2-6) » gk 2. XYZ 4 & #&4)

Yol 2-6 =7 0 Sl ERER T 2 S SB 2-6 -2 ENU & £ o
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140° 1427 144° 146°

Bl2-4-~SnetBlzb2 TREPIEFRXTLE FRHF>e 2 RREFFL

T

h A REF NE R B EFR L Y (Takagietal, 2019) - § & 5 2019/08/15 % #

53

Z B o 2 BlE SANOL PlzhAr i ¥ o

Azimuth (yaw) Tilt (pitch) Rotation (roll)
3D view
u U
Z S-net cable
4’\' >
E N E N
Azimuth (yaw) Tilt (pitch) Rotation (roll)

N
2D projection

Y Z z
X Y
i ( 18

&/
7 E H = A H x
X

Bl 2-5 el ¢ #h Rk > = & (azimuth) ~ ¥ & (tilt) & *24& & & (rotation)i&

{7 #2 i (Takagi et al., 2019) -

19

doi:10.6342/NTU202203799



0.002 : 0.002
\ N . 1
. 0.000 kb y W\WWM%’W'J .Vk‘l\(\rﬂmhnﬁ\. . 0.000 ./-.m»-na-\t\-vvw‘,\l\{‘r 'AMI‘M*-@W‘.-W'
: ? |
2 —0002 - 2 -0002
E 0.002 - E 0.002
S’ —
_8 0,000 |t An it H W,.\. At At .-g 0.000 - y ‘Iﬂ’m‘\ﬁj ﬂiWﬁ.“rM",wk
2 2
= -0.002 — -0.002
o o
E 0.002 E 0.002
< <
0.000 el e 0.000 Qe e
-0.002 . f -0.002 ; I
20 30 20 30
Time (sec) Time (sec)

B 2-6~ 237+ AP &7 2019/08/15 e B A5 & SANOL 2. XYZ » & %7

(20~ 29 ~ 2T)E RIS G BHENUARRAY(L D 29 ~ 2 T) o

P RGESE RAUVELE BAEALRHE L 0 A 30 0k Rk G AR R
s R F R R SR O R IR g R F R o AN TR e R ELR
B¢ > Hinet plgeid * 3R R A& i R D] g B > $ 2~12Hz g
B s ATR s Fonet Plaeid * Fgs Rk ¥ 0.01~7THz = + a3l 5L3 B R
A& 5 S-net jplxk & * OMNI-2400 ¥ 2 ik < 4> % 11Hz 2 F eng #f A 5 5 At (B
2-T) e 5 WG HIREE > NP2 % % 2 (instrument response) ° #* ¢t > o
WA AR MEEE B 1~10Hz 0 sE il 2 Gi REZRT & € & Hi-net T4
91 1~2Hz ~ F-net F#¢7 7~10Hz £ S-net F L Mg RIA IR EARRIr > 33 = 3F T
W iR A AL e P AE SR o Bl 2-8~B 2- 10 BA 1 AT e
%z (B BB R T o Ak 2019/08/15 B RE R ZABAU(E RS 1

P BN I A “,ﬁ?. REF (o2 &2 FR A H R
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Amplitude response (Hi-net Type 1) Amplitude response (URHF - HHZ)

Gain, counts/{(mv/s)
3 3
Gain, counts/(m/s)
s 5
Sensitivity (Vim/sec)
o

3 107 77
" 10% y/an T
10° 105 V/
. T T |OMNI-15-2400-HT
WID-J 10-! 10" 10 mm" 102 1ot e 10t // .:\115872}(.032211. B: 70% (11.8K)
Frequency, Hz Frequency, Hz 1 BT Frequency (He) 100 1000
Bl 2-7~ (4 %3 +)Hi-net ~ F-net ¥2 S-net Bl=k2. ik BB 7F b AF F 2552 a7

A& (National Research Institute for Earth Science and Disaster Resilience, n. d.;

Geospace, n. d.) °

(instrument response removed)
|\

I”JW\ ‘

@] 2- 8 ~ Hi-net 71 SCSH Pzt #7324+ 2019/08/15 3+ RE 22 Z 2~ £ A A R B X

Teds %9 (% )2 A5 54 15 (4 )2 4738 - e -

(instrument response removed)

Hmw

Bl 2- 9 ~ F-net ¢ URHF i#] 3k #3645 2019/08/15 * B 22, Z A £ 75 to th B8

/) =

TAs 59 (5 W) 245 %% 16 (4 )2 43 4
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(instrument response removed)

I '."\I‘F“'W l i i "l"'J|l

B 2- 10 ~ S-net =17 S4NOL JPlxk #7347 2019/08/15  RE 22 Z A £ A LR B

& # Gi W (= B)EH Gi f6 (& B2 A v o

233 & B e ApphiE

M FEPE AP 0 2P - Hi-net ~ F-net 22 2 v & = {5 9 S-net 67973 A7)
FHPAE-NULAEHEBZEIR-T-ZAZ L pZre B TArErAuPEP
A Sz BAp o A3 & * SAC(Seismic Analysis Code)# A 1 = 3% $ei% j 4p 3]
FEETAG FaRT B2 POt ST ISH B R o SE HE A PIEE 14793 B P

g~ 14,084 B S A PR 4 2 28,877 BAE kA, bk o

234 Wik gt
RAPPE P LY S TIPS E - BERWA B RA P EETF

Mo B NE - @R RE DR sk L% S LA (ray tracing) (Koketsu & Sekine,

1998; Huang et al., 2013) » #3F * f 2 {4 2LAp F AP 2 R R - B A S 4p 2 %

R E F R e
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24 BR AT

Lin & Jordan (2018) 4= 3 @ v* #1175 | & #& % (Wavelet Transform) ~ 5 £47 ¥
## & (Multitaper Transform)£2 & = ¥ ## #& (Fourier transform)fé g 23 (B8] 2- 11) - #
SERHTE 2 EREORGIEFALEET Y PR AD > A B R
B E TR DR FPAAETFR 2-11 =) AR5 F 2T T E I

Pt AR R BAR RO 2 E i M A ) AT D iR AR R

RN AFETEY T RABHALIEE ST E o

100 R I R
(c) | I
= Multitaper
Wavelet Transform
80+
- g
- 9 )
3 E
3 2
= £ 40
s g
<
20
0 |'|"| ‘lw"\-'
4 5678910 60 40 20 0 20 40 60
Frequency (Hz) Amplitude difference with Fourier transform (%)
Bl 2-11~(@)®b)A s s Py Sz &= (2 R)- i 4 (F4) e

AR (o )T D] R WA AR Bl AR (S )R S EME
(B4 £ 2ot & 2 F 2 JRipifsda £ 4 cndis B b S T B

B PR 0 P SRR § £ 2 T 39E (Lin & Jordan, 2018) ©
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AR 233 & PeiE 2 4p T| pF(seismic phase arrival) 0 B Pk £ Sk F
P w1 315 S 5(E 6 ) B BulchpE g > £ B~ P A TIPE 5 4)0F 5 ka2
R % 0 I & E ek (signal-to-noise ratio) < ¥t 2.0 2. P Br sk £ 3 152 S
BT E AT c BFHPFRT P L ] 4 (wavelet transform) = PFAR
Bl (spectrogram) ¥ ¥+ P fFF @i ff & 17 T 4% t54F 3¥ (amplitude spectrum) - B] 2- 12
2019/08/15 3+ B ¥ i & SCSHRlzk 2 Z » B(Z)2 T A () chik 2y » ko d & F
§HAMA G S P SHIIFE B S RN PR S R
PE R o RPERT R Y gLk L RIE R (S (] 2- 1I3)H R R A T F
FREAE (B 2-14)> ¢ 27 P(ed F8)-SH(FI F5H) P (d n
)~ S AN (FEI RAR)ZRIFIEH 0 B 2-14 7R TR TS

ik A e
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o )

3 00002 g 0.0004

E E

£, g

@ 0.0000 © 00000

= 9

=, =

E =

g, 00002 1 =

E E -0.0004

< - : < ‘
45 50 55 90 95

Time (sec) Time (sec)

B 2-12~2019/08/15 % 2% 2 & SCSH Bk k75 2 5 ZAE 25 TAE -
i B G AN S PSS EIPE ) ki s S B G R AL Pk

Sk R PR T A

15

—
2

Frequncy (Hz)
Frequncy (Hz)

Y

50 50.5 51 51.5 52 52.5 53 535 54 54.5 55
Time (s)

B 2-13~ 9 Bl 2-12 2 A0t PE#E Bl > 25 Pk ~ % 5 SHFREH
2019/08/15 » #]=k : SCSH) »

2019/08/15 SCSH

107t S

Velocity spectral amplitude, nm/sec

Frequency, Hz
Bl 2-14~ 0 B 2- 13 R Tt A @ Pak(cf ) SH(EFHR) Pl

(o &) ~ S w20 (/5 40)2 3 154 3 (F 1 : 2019/08/15 » ipl=k : SCSH) -
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25 F-KE&=m#Hga)

MG &R BT AT E 5 e r R T R 3 ARt SRR 4R
R detf ot TRV ROE BA R F TR S TR QEF
FEEGEL2T &) A REF R ENFEZ PP DFEFRAERRSE
Frequency-Wavenumber (F-K) Method (Zhu & Rivera, 2002) % #if & e77 ;2 > gt =
EEORONPEORT A KA I Rtk Sl XA SR R

B A s EdlY 2 522 - BOFARFR 0260 22 > £ 53 %) &
g * 2.1 a3 2 o RACAE B4 R R(QFT ~ RRES+4(strike ~ dip ~ rake)
BREPIHCE(ER -FR CFR)VEF REAZ BRI EKSE &2 N THR
A5 o B 2-15 & 57 7 12 F-K method 3+ & 2019/08/15 # 2% ¢ @£ 32 SCSH iplzk(F
24 &7 STREOT TR E BRIk G B ERE (F T - S L
He)o HEFHRHESRA )RR DL S BirRtgardke 77 1 (1) 4
4] 20 LR R R v (path effects) (2) A i 2 i (geometric spreading) ~ (3) Ak
»% i (source effect) ~ &2 (4) & k{5 #+(radiation pattern) °

B 2-16 &1 7 2019/08/15 3+ 2% #* @yE 1 SCSH plxk2_ BLipls 24 (B 2-
12)22 F-K & =& R (B 2- 15)5 ] @I en Pk ~ S IRMGHEE o BLIRIE & =

A AR Y W TR AR > 2 F-K £ = endR gl B8 BLRIAPAT o
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L 4 .00
an- | -

r \ 1 -00z
20— ,-\f\/‘”“-/"\;“’AM\/\-—-—JW L
1 -eo4-

@) 2- 15 ~ 12 F-K method 3+ & 2019/08/15 + 2% * @£ 3 SCSH ip|zk(F 2.4 &)2
A LA PR LA SH-TIET2ANL PR SSRAIF ¢ BFEI K

Au L PR ~SHZPERE o

2019/08/15 SCSH

dataiP)
datai5) i
---------- synthetic(P)

---------- synthetic(S)

104t

Velocity spectral amplitude, nm/sec

1 1
10° 10t
Frequency, Hz

B 2- 16~ % i 2019/08/15 ] SCSH iplsp 2 P ik (‘o d F 50) ~ S Bkl 3R g 2 (F

dFR)E L ARG (d ~ ES BLER)
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2.6 FAFF APk E R

ERERFRZAERIREAES > 51 BE E BT R ] BRI

Ay (f) = Si(f) X L;(f) X Ri(f) X exp(—71ft;;) (3% 2-3)
Befalis ~A(HD a2 mg <] ~ S5 RRMEH L) RE»
Ri(f)# 174 £ 2 Ha»cfis ~ exp(—mft™) 5 i @ 4 FitiR1FE & hR Foe ~t7 5
B % 8 B 5 (tT-operator) 0 F B R @ 4 FenR a0 H e R LR FA D

BT QU PR AR A

1
t*ij :f —dt (;T\: 2- 4)
pathQ
AT ER AR P # & Brune-type source model (Brune, 1970) > & R4 3%

ST 7 5

Si(f) =ﬁé)z (3% 2-5)

fo & ¥= g AR S 235 & 4F & (corner frequency) 0 F PE BRI o #-50 2-5 %~ 5% 23
6 RIgHHEA;()F LR 5
1 ) R
Aii(f) = 7. X L;(f) X Ri(f) X exp(—7ft;;) (3% 2-6)
1+ (f—_ 2
Cl
A * e L% (grid search) » 3k TR 4 "5 Ao (stress drop) E 7% A 0.1~20

MPa e B b 345 01 d i o038 & 47 5 o (corner frequency) £ B fT % 58 B 5 t* o

\

Bl 2-17 ¢ chiE s FIBIATT 0 A P45 ends S 455200 24 4p2 B % B /)

RAE REE > TSI RS AERSAER S ASMSFER L4 ET s R4
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SB35 & A 5 M % (Madariaga,1976; Eshelby, 1957; Ko et al., 2012) » d ¢ B] ¥ Fz32
Aty dends R AE S 2 J5 4 TR e R

BEF AP =T/Q(T % 233 &7 L 1 PFz 4 )P t'FE SRS
I 35 Q ie(path-averaged Q) > #-F F " 0.3 B 11 03 R gl > T ikdp
234 &9 B Nl GBI 0 P SE L BRERYTF ARD QESNET IS
EF - e BRRRRAGEL3] &) B2-18 5 Pk St BFERZF R
AARBEEALTR > d P BT LB 50D L FRAFRSFAE AR 0 F A

AP RRREAY AP R 0~50 2 LER PROTA R EGE o

Mw
5 5.5 6 6.5
10— — -
Qoo @ 10
100/;,, S
G S ®5
. Tl .1
40: - \‘\\
20p, - Tl
Ma S~ T
IMpe‘\ hd T Tl
\\\ ® o “\\\ “\\
Y 100F-- S ® e b
. \\\ [ ] \\\
T T e e = .
Qg - R . e
Moy RN . e A
\\\\ \\\\ - -
-1 L L
101016 1017 1018 1019
Mo

Bl 2-17 ~ 2873 3 Borst B 0 ket B 4 4F Mo (seismic moment) 22 #2382 1) &
4% & 4F & f. (corner frequency)»> # B(B® ¥ <~ FIE > Fl2 & | f &4 2#KE)-
}i;ﬁé TF'/::{:}: S/ﬁvli}i f‘; 4.5m/s ]:_E*‘: s A }]E-)f&’} L5 (Stress drop’ AO-)'L‘ ke %4 :*.E'—,'fi}'g

& 4 & B %+ (Madariaga,1976; Eshelby, 1957; Ko et al., 2012) °
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)

depth(k

250

P wave raypath distribution

0

2000 4000 6000 8000 10000 12000 14000 16000

number of raypath

)

depth(k

250

S wave raypath distribution

0

2000 4000 6000 8000 10000 12000 14000 16000

number of raypath

Bl 2-18~ Pk ~Sih(=~+)2 ¥ RARBEFAAL TR -
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27 B AR i % 8

RO FORRRCE Sl B QB ETR 0 AP F BLRIR AT ¥
A (f) & & R A ()P PR e Ve SoadR gl L A Pk
J& ~ Brune-type 2 k> (source effect) ~ & k4§ +(radiation pattern) ' % %3 -7
T & TR E % 2 (path effect) & BLRIFR 1 P 4oif 0 AL BN AT 5 dy(f)
(G 2-7)» & 77 (1) 3K Brune-type ZRHcAl 2 BRA Ls; ~ (2) B3

—mfAt]; ~ 2 (3) Habrar 0 L Z AT LR RA R FHAY = e 0] Sk e

4y =320

7 f)] = si(f) = T AL () +75(F) (+ 2-7)

He S REE R Rl fRES o BTN e § AL () A S

At (f) = j:maxTij(Z)AQ(Z, fldz it 2-8)
Tij(z) # B j= + e Fréchet kernel » 77 3 2 #8 5 §= [ /1 % 1-10 Hz » > B #E4F
B BB ER Y LRI BT (2) 0 Aqz ) EFFEF RARRFFQHE £
TR RAFERTFOQ DL ALE:
Aq(zf) = Q7 @) - Q=D 2-9)
HP z 3FRB fAME o AELHEHWANSIEFR(EFS 225 -k FR
0~260 2 2) Hl4 » #irg TR gaE A Ld(f) (34 2-7) % » g o
(£ 2-10) P~ Sk en 10 BH (5 1Hz - BHF > 1~10HZ)A W& 7 5 i °
Gm=d (% 2-10)
# ¢ m 5 model vector > ¢ 7 7 59 B & ehis;(f) ~ 326 BRIz (f)E 53 K 7 F
iFR ¥ iPAq(z, f) 0 + 438 B A fraf o G 4B (Gram matrix) P & —mfT;;(2) -
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IR ALY o AR TR < O] Sden B e TN R AP fA
AP RE = 5 42 TR 42 (overdetermined problem) > H {3 5 e — HCA|fF o do x
3.1 (regularization) ¥ 14 FT B4 A 3 48 7 2hel — fRenigff k3L TP ARG B F jFen

Tk & ¢ pri] weighting ~ damping ~ ¥ smoothing = T $-8c > 34 & S8z = 2 4o

(1) weighting @ d ** Rk ~ Bl E R A AR RE TR ZTEZ B
FR A REPRERER > AP ELET I RO A PR QEZ
weighting (Wo)H 2_5 1 > T35 5 &k 22 P =k e weighting (Wsource ~ Wreceiver) 1€ 1
W source*Gsource = W receiver*GRreceiver = WG o B 6 2V 1 % * W=l ~ Wiouee=66.8

Wreceive=66.8 1% 5 &% = ‘e {7 S #ick J# 78 0 weighting °

(2) damping : 2 7 % ) damping=100~100000 74 /& -] % 2 (model norm)
g1 Fofd % R (variance reduction)sHP~45 & A (trade-off curve) » T 5 7 P H4f FEH &
4% Bh2. damping " RS P ORCAI AR RO A AR HCR] G TR Y X 3 DG H
TALERER c A FPABRREL G H(A® D EFLAGLE2-24) AP
DA E TR 2B RE L ¥ R 2 dmaximum curvature) 48 8L R 2
damping # 1~10Hz %4 %] 5 [500, 500, 500, 500, 500, 1000, 1400, 1800, 2000, 2400] -
gt e damping F R 20 03] 4o B 2- 20(F )91 o Bl 2-20 B o+ 7 10Hz #o3) 2 Beds
¢ A0 10Hz #5732 35 8 23 2 Bh4E T A0 3% e damping & 5 2400 o # -7 4P 2
ARG PR D Ak RA TR ZFRFFT TR A A o 2t
#.7 I damping &A@ = L £ > AP * [5000, 5000, 5000, 5000, 5000,
10000, 14000, 18000, 20000, 24000](B@] 2- 20 © eHEBE » Bodad 2. 2 33 8E)E2[5, 5,
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3.2.1 Or/ Qs

Qp/Qs ¥t £ F P cridl4e{o & v Vp/Vs % 7 a7 (Chen et al., 1994; Winkler &
Nur, 1982) » = 7 M jE_Qp/Qs LB % B2l 5 P 3% % & $08 % 5 #72 F(Clouser
and Langston, 1991) » F]pt A 225 7 = B %3 eh Qp/Qs SEIEAE % AR F 1 (B 3-
14) o & £ F ? G4 30 4 47 ok i (partially water-saturated) & > P g vt S
% 18 { % (Wang & Zhao, 2019; Winkler & Nur, 1982) » Qp/Qs<1 ; § £ & ¥ 48
Je*t % 2 48 {e(fully water-saturated) P > S enf i € KPS B (A )~ Pk &
# R ¢ ¥1% wave-induced pore fluid flow @ j 33 (Qr 3 % ) (Winkler & Nur, 1982) »
ERQp/Q>1 o Qp/Qs+ T AL F PRI P IRR R AR R TR Qs
T E TP RRT A d B BB T A7 1 % (Clouser & Langston, 1991) » %]
% Pk (scalar)t 42 S & (vector) { 7 % FlATs A 4 % (AKkd, 1972; Sato & Fehler,
2009) © gt 2 b0 ok TR ARig A IR R B R SY § PR R R
it BRI A R EE RS 4 dissipation peaks 0 dissipation peak ¥*t Qp
Qs ¢ 3+ 7 kAR h5 & (Jackson et al., 2004; Wang & Zhao, 2019) » i&@ #

Qr/Qs %] - Wang & Zhao (2019) %7 Qp/Qs%1 7 B (R H ~ LT
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AR EEY o Qs iEE R S ERFROLFTF RSB Aol
FERE 2 hd R R G R HE 0 & Wang & Zhao (2019) ¢ A7 B aia iF
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FA, % MK IEd GNER 3+ g 88 (Nakajima et al., 2013) » Kita et al. (2014) 12
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322 HAEHF AP
ARG 24 8 K2 %2 Qs SRR L aE d7 A w5
(DA % @ ar=0.4740.04 ;  as=0.28+0.05 ;
2)F %  ar=0.6210.05; as=0.711£0.04 ;
B)X % : a=0.88+0.06 ; as=0.88+0.05 ;
d AP ApREEE > ARG P ISR T R BRI AR
TERRIE N I SRl e I el e
Maeda & Sasatani (2004) £2 Maeda & Sasatani (2006) i * a4 g L $8<03 B¢ R
#hiv 2 3F % K & ik (ocean-bottom seismimeter, OBS) » H-gLip| 7 AL 3B b = F &
78 a f2(fore-arc side mantle wedge, FAMW) ~ 9% {4 3 & #2(back-arc side mantle
wedge, BAMW)& f si(plate)= B R d 50 BRI TS Ap iRt o & 2t 5 )
i FAMW 2455 % 4 40 % & 8 5 4P & 2 (aramw = 0.97 ~ @plaie = 0.69) > 3 33+
BAMW 7 4p4t FAMW 245 B & 5525 5 enlf S pp e (FIF PR EFL A B 0 9
Hinapanw B) o B AT T2 B RAPRLT A F B FRIFAPELAT
BEAEF A RZ A FE od BT R ) ERER RA LT BHERTG 7
FREZ RF &7 d P RARRIIEFPRMERE RIUTHSE FiEwE- g4
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Kennett (2005)~ 47 B4 5+ R R TR 42+ RA VS RER A - TEELF
B2 A T g d FR R LRI B RAATH TR S R

SRS FALE SRR

b

#(guided wave) > # P3u 5 B V4R 7 5
® 13 % - Matsumoto & Hasegawa (1989) 3-8 71 p & L #* coda Q 2- #f & 4p i& &

5 0.6~12 (B 3-17) &8 et 5 ) sk chd T2 AR R Bvm & o
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Average integrated Q for all events
ap(N) = -0.45308; ag(N) = -0.46344

(8]

p(E) =-0.55301; a (E) =

-0.54144
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Yr ¥ 2%

AFF 3 W B 7 M (Hi-net ~ F-net)£2 /3 32 (S-net)3 2 ELP| 4% F 4L ~ ¥ S-net 73]
AR e R o v k3 B JR A X 1 F-K (Zhu & Rivera, 2002) 175
& A Atk A e R L B R RO~ B R AT R R RO o A
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EN RN SIS AT RS FRB¥ > 72 Kitaetal (2014) #
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o bt ® 110 2 L FA TR TR Q/QGE ¥ > APRG EWRAERE TR
RIEH JRR R G (AS PBR AR BRI 0~50 2 2 )G i Qp/Qs R
¥ oo F s BB i e B EE L E A AR R L G D BT R
Pt R E M AR RAGNR TS EE ST R I RN ERR 0 T
AR R RS DREG AR ARG P RS AR R L
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