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Abstract: Based on the direct S-wave seismic records of the DONET seafloor observation net-
work, this paper obtains the orientation of shear wave splitting fast axis and splitting time of
Naikai area of Japan by using the cross-correlation method and the smallest eigenvalue minimi-
zation method. The results show the fast axis of the anisotropy in the subduction zone is sub-
parallel to the strike of the Nankai trough, and the splitting time ranges from 0.1 s to 0.96 s.
This indicates that the anisotropy of the Nankai subduction zone originates from the mantle
wedge which overlies the subducted Pacific Plate and the subducted Philippine Sea slab. The
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anisotropy of the mantle wedge is caused by the existence of two-dimensional corner flow that
causes the anisotropic mineral crystals to be oriented along the direction perpendicular to the
trench. The anisotropy of the subducted Philippine Sea slab is caused by the “fossil anisotropy”
and the faults related to the plate bending during the subduction. The widely varying splitting
times reflect the inhomogeneous strength and/or thickness of the anisotropic structure beneath
the area.

Key words: shear wave splitting; anisotropy; Izu-Bonin; seafloor observation network;
subduction
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EH ARV, KPRk m P52 8, 78 B —/NaE 5 (1zu-Bonin) ¥ 34 7] JF At 2 1 Ay B
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T RIEHER, 7 24N T 0.2, AT 25 ) S Mok B T A= B vh g 1 HE 51 Y 2L B, G
ZLB R - T RV A G 1) L (HR % A5 R R e S R R A o bR B B R )2 1 4% 1) S
PESEHE, JF H i T3] T 4—5 Hz 8w BT, BB, B I8 o0 R4 BT I e 19 45 1) e P RLJE
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H A g B 0 57 FF & BIL#4 (Japan Agency for Marine-Earth Science and Technology, 455}
JAMSTEC) F 2011 4F- # 5 55 — 1] 155 % i Hb 7% 06 Wl 18 i 08 0 9 2% 45 ( dense ocean floor network
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Fig. 1 The studied region and previous results
(a) Previous shear wave splitting results of the studied region (after Fouch, Fischer, 1996; Salah er al, 2008; Wirth, Long, 2010)
and the iso-depth of the subducted plates (Baba et a/, 2002; Hirose et al, 2008; Hayes et al, 2018). The orientations of the
short lines represent fast directions, and the lengths of the short lines correspond to splitting times, the shear wave splitting

results are plotted in the middle point of the event and station; (b) Seismic events and stations used for shear wave splitting

system for earthquakes and tsunamis, #4i%5 >4 DONET1) , ¥ F F W5 H- 5 H 7 5 i 15 54 79 M
R R 1% 21 (Kaneda, 2010) . DONET1 i JiE UL I (39 i 3440 6 20 A ST AR 7 65 0, X 48
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KME [, % 7 MR E0 8 B ) K X 38 ( Takaesu et al, 2014; I8, 2018) . A SCHUF|
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T K SE 72, IF N H AR 4 )T (JTapan Meteorological Agency) $2 HE () H A< 24 1 b 52 H 5%
(The Seismological Bulletin of Japan, 2020) H $ki% T #u iR ST 2k A GF M /N F 35° BIEWE KT
300 km H R ZAL T Myva3.5—5.5 Z M AR Fo 1 . B A5 BI85 & 2 1R 89 13 AR < 1 (15T 1b
e ), T HLOX S b R 2 WAL T VR e AR B, e T S—P R d AR o7 X A I A3
45347 1) % e (Evans, 1984) .

T B E B Ay SR, B PR 6] o F0 43 LI [E] 8¢, AR S A 2R 2 A3 B i E A AR 1 43
S B YR I A, (R SERT DL GRE S N R R T S B 52 25 (Xue er al, 2013) . B AR SCHE =47
it 1 5] TP 0. 45— 2 Hz 22 [] (9717 38 U8 ) ok 42 i 15 5 BAR MR 1L . 0 S R AHS 4330l i
FE Y e % AR 5C (cross-correlation) J7 ¥ Fll e /N R fiF {8 % 71N fE (the smallest eigenvalue mini-
mization) J5 1 #E 4T B U 43 24 0 M7 (Ando, 1975; Bowman, Ando, 1987; Liang, 1990; Silver,
Chan, 1991; Kuo et al, 1994) . F| IV i e HAH 5 T7 T5 A8 0°— 180°Fw [l N LA 190 6 K A K
Worme, 75 0—1s ZELL0.01 s 2P KA R 4r R[] 8¢, — B P B IE S /K13 1 0
AU AH ¢ R BOR B B KA, BIAT 8 5€ o0 8¢ (8 2a, ) . BifiJE A FH B /NERAF (B B /N fb 4 7 B
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I, DA A SIS A PRl 5 1] o 1 0 SR TR) 8¢ 50 % 10 A B i 3 24 A (&L 2b, d) . XT3k I A 7
2, 4 HACY R J5 0 5T sz s 800 i i R AR Sy Ze Pk 7 R IA R % e — AR AU . R
P A Ty 0 A5 3 0 R Bl O ) o2 25 /T 15°, UK 1 il 2 — A T 5 O R U 4y B A

2 HESRER

AR SCAAR BT 34 AT 5E AR D o AR (3R 1), AR H R =R 1R 6 b 22 1) R X 7 SR
F, BEE R = R, AT RN, XM 1, MR R0 T 4 3 NNW 5[],
It H K7 w1 5 o ) B e A P AR A T G, M AR I Y TR B R P E 340—
360 km Z 8] . 33X 843 I AT 5 10 A or A%, Pl Oy ] —BUk Ecdr, 28 ENE-WSW
i, s Z4nt ) AR YL 4 K, M 0.13—0.96's, FH 8 0.68s, %N 0.65s. XFFHRAI,
= F AL T Bl i NW 5 ], b= 5 PR IR B AE 375—405 km Z [H] . X #4245 5] 10 S8
Ay, DRl ) — SOk L ISR T 22, (H 2R T 4F, AR Sh A 7E NE-SW [1], 43 24 i []
£ 0.1—0.83 s Z [ 254k, “FH#4 0.38s, HAECH 0.35s. XFFRA, HRH 40T 55y
NE J7 ], Hb 5% 52 U5 IR BE AE 300—350 km 22 [0] . X ¥R 43 He AR 3] 14 48 38k 4> 240, Dl ) 1n) — 2
P2, (HEZAE P AE NE-SW [n] I, 4338 7E 0.11—0.65 s Z M 224k, 34 0.4s, AL
Bk 0.38s (F3).

SRS, A SCI5 28 i 23 2409 Pl oy ) AR 2 NE-SW ], 3 5 T & — /N 5
MG GE N, 5RO R E 3 mAAAE—EJe f, (AR H AR IR i E m —3. 2%
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Fig. 2 Examples of shear wave splitting using two different methods
The selected earthquake occurred on January 11, 2017, My,s4.5, and the focal depth is 351.95 km. (a) The waveform (upper)

and particle motion diagram (lower) of the fast and slow waves before and after the correction by the cross-correlation method;

(b) Waveform (upper) and particle motion diagram (lower) of fast and slow wave before and after correction by the tangential

energy minimization method; (c) The contours of the correlation coefficients obtained by the cross-correlation method; (d) The

contours of the tangential energy obtained by the tangential energy minimization method; (e) The orientation of the fast axis

(upper) and the splitting time (lower) obtained by the shear wave splitting analysis applying different filter bands
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Table 1 Shear wave splitting results of Nankai area, Japan
SHRER . - ‘ AL A \
o oA gl e KL/ REVRRE /km BIFHFR W el 1) G154t A)/s
¢ R

1 2014-12-06 35.51 135.72 355.12 KMAO1 33.80 136.56 20° 0.87
1 2014-12-06 35.51 135.72 355.12 KMAO03 33.65 136.60 68° 0.13
1 2014-12-06 35.51 135.72 355.12 KMBO05 33.48 136.93 58° 0.8
1 2014-12-06 35.51 135.72 355.12 KMBO06 33.36 136.92 51° 0.89
I 2014-12-06 35.51 135.72 355.12 KMD13 33.22 136.69 55¢ 0.77
1 2015-10-26 35.46 135.83 342.67 KMAO1 33.80 136.56 18° 0.81
1 2015-10-26 35.46 135.83 342.67 KMBO06 33.36 136.92 61° 0.96
1 2015-10-26 35.46 135.83 342.67 KMD13 33.22 136.69 67° 0.88
1 2015-10-26 35.46 135.83 342.67 KMD16 33.30 136.60 9° 0.36
1 2015-10-31 35.82 135.38 362.65 KMBO08 33.47 136.80 35¢ 0.37
I 2015-10-07 33.88 136.31 384.69 KMAO02 33.75 136.65 61° 0.35
I 2015-10-07 33.88 136.31 384.69 KMBO08 33.47 136.80 9° 0.33
I 2015-10-07 33.88 136.31 384.69 KMCI11 33.00 136.78 14° 0.35
I 2015-10-07 33.88 136.31 384.69 KMD13 33.22 136.69 16° 0.83
I 2016-11-27 33.61 135.85 404.01 KMAO02 33.75 136.65 62° 0.47
I 2016-11-27 33.61 135.85 404.01 KMBO05 33.48 136.93 47° 0.45
I 2016-11-27 33.61 135.85 404.01 KMD13 33.22 136.69 30° 0.21
I 2017-01-03 34.03 136.42 376.64 KMAO02 33.75 136.65 31° 0.27
I 2017-01-03 34.03 136.42 376.64 KMCI11 33.00 136.78 10° 0.34
I 2017-01-03 34.03 136.42 376.64 KMD16 33.30 136.60 9° 0.1
I 2014-10-02 34.35 137.12 344.75 KMD16 33.30 136.60 39° 0.51
I 2015-03-05 34.63 137.01 333.94 KMAO02 33.75 136.65 —44° 0.29
I 2015-03-05 34.63 137.01 333.94 KMBO08 33.47 136.80 53¢ 0.65
I 2015-09-21 34.32 137.20 340.06 KMAO02 33.75 136.65 9° 0.45
I 2015-09-21 34.32 137.20 340.06 KMBO08 33.47 136.80 21° 0.32
I 2015-09-21 34.32 137.20 340.06 KMC12 33.13 136.82 —86° 0.67
I 2015-12-30 33.88 137.32 338.23 KMBO05 33.48 136.93 66° 0.49
I 2015-12-30 33.88 137.32 338.23 KMBO07 33.36 136.81 58° 0.44
I 2015-12-30 33.88 137.32 338.23 KMBO08 33.47 136.80 77° 0.33
I 2015-12-30 33.88 137.32 338.23 KME18 33.39 136.38 —81° 0.11
I 2016-07-17 33.97 137.35 333.51 KMD13 33.22 136.69 35¢ 0.31
I 2016-07-17 33.97 137.35 333.51 KMBO08 33.47 136.80 17° 0.28
I 2017-01-11 33.76 137.18 351.96 KMBO08 33.47 136.80 -36° 0.35
| 2017-07-18 34.42 137.56 306.79 KMD13 33.22 136.69 —47° 0.4

iR G B X M AR 1 A 20T, I AR SO MR S R A T ORI IR e AR B 13 RO
T whb e b T 0 A | R R v R R LA K B S T 6 T T BRI SRR £ 2—6 km [ 2R
LK 4) . H T S0 A v 1 B AR B (29 0. 5—2 Hz) , AR5 R ik I 3 K 4 km/s, 81543
e R 1—4 km, 10 R e /N BB A B TR BE Ol 2—6 ke, R b S 286 T 5 o &5 A0 194 45 1) S 14 XoF
B oy 2485 R A vTmk, H R STk A TR B R K ROT T IR o B b 7 e M (R 24
300—350 km) F1 2 40 km JE [ JE A 5106 o A B . 48 BT AT 45 2R (Salah e al, 2008; Wirth,
Long, 2010), A% SCHEBR T BRI AR Bk i 52 0 S A T2 0 00 o Al e 75 e i 2 %o 245 SR8 1) 2 i)



14 X

R4 FI T DONET i Ji& WL 9 BIF 5 H A T 1 065 S ORF a7 34 5 90 4% o S 79

3.2 MENRERNWNTHE

R AR SO = 28 ML 7R A 2R 4 2 A
e, R RPLNEEES FEEAT
TR P bR e b B b b A, X B R
LA R T RN b Al B b o3 A R ) B
25 S BN OB U A 2 R 0 B K
(K 3a)3kFE, 680 T | 280 1T A2 A A
P57 ) — 3P 3 NW ] SE & ¥ A2
25, BPBE S T —/NAE R G, OROF
TR b R 1 R 1Y 45 ) S A
R AR, X A5 e T BT B A IR — 2
(Wirth, Long, 2010), {HH T A X H = %
P I — /N A RV VA T ML R £ 3 R R
F, BVERAT 6 il F 5 7 E-W ) Y
A3 AT A R, TC 1 A5 3 KTV A b B
7 R Y A T S 1 S O L — N
TH PR B 2 ) B A D) OC R

AR SCAS B 43 4 6] 55 55 i A 3 18 D
BT S R —2, R E/ T s, I
H A AE K76 B 72 4k (Fouch, Fischer, 1996;
Long, van der Hilst, 2005; Salah ez al, 2008;
Wirth, Long, 2010) . M4>Z4} (] 5 M 5% 5%
TRIRE L R (F 3b) KA, 4r 3t a5 &
PR B2 22 6] 4 AH O R AL 0.016 9, A H
B M OC MR . MR A SOy Ay bR o, 28
11 b 52 =0 1 2R IR B e I, (HP 3843 2
B[] 5 7% U R B R R A S R I3k T A 4
AT 5RAMHEFHNREREES
BN, AR T [ 34 43 ZERS ) L 28 R
MR —fEAA. B E— DR, A
i) 15 3l 0 U0 o) 24 45 R B 7R 1Y) 43 4R R
M TR REEMES, Hlmka 1M
20141206 M52 511, 7 [\] 15 3 15 3] 9 6
4y 4 4 Z4RE B AE 0. 13—0. 89 s Z [H] A8
k. B IA) A AR A E R AR R, RO T %
M XA ) AN S A, B0 5 B AR

135°E 136° 137° 138°
- - 36°
(a) ° N
N e
(L,
AN 35
S
/! ;
—
= °
N % [
w E
I g@ ¢ / $ 13
5 ) “ [ ]
A [ ]
- /IAKMA N
[
70
— FWIBmEARM | L, 1 At W E
— JHNBRSAM | KME 2 * %up
RN 53 2L KMD 4 S
— SZ 0.6 s A
4 DONETHLE & ¥ AKMC 433°
o WEH
12 F
)
10 b .
208 I .
L=
=06+
® .
R 04} . . . e
B il
02| 23w ) °
KA ¢ L
0 A =

300 320 340 360 380 400 420
FEVRIRSE /km

3 HRR iR O 2L
(a) BEPAYRLE R I GE TP Dy 0] AR 7 1h), gk
AR R BEARAR L 43 24T ], AR HIERR IR S G e
R ARG R B R T Rt M Seit,
FHRLC BEACRAR A EG (b)) 43240 o] SR IR R C 2R
Fig. 3 Shear wave splitting results of
Nankai area, Japan
(a) Map view of the shear wave splitting results. The orientation
of the short line indicates the fast direction, and the length of
the short line represents the splitting time, they are plotted in
the middle point of the event and station. The rose diagrams
with different colors give the distribution of fast directions
for types 1—1II results, corresponding length represents
the number of solutions; (b) The relationship between

splitting times and focal depths
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Fig. 4 Schematic diagram of the ray paths
The relative positions of the plates and the seismic ray paths are drawn according to the previous

tomography results (Nakajima, Hasegawa, 2007; Hirose ef al, 2008; Asamori, Zhao, 2015)
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