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We analyzed shear-wave splitting beneath Hokkaido and Tohoku, Japan. Waveforms of 912
intermediate-depth earthquakes recorded at 239 seismic stations were used, and 2276 splitting
parameters, the leading shear-wave polarization direction (fast direction) and delay time between two
split waves, were observed. Obtained results show that most of fast directions observed at stations in
the back-arc side are perpendicular to the trench-axis, whereas those at stations in the fore-arc side are
sub-parallel to it. Average delay times observed at stations in the back-arc side are 0.1-0.5 s, and those
at stations in the fore-arc side are smaller (0.05-0.1 s). This systematic spatial variation is observed for
the whole study area, from the southern part of Tohoku to the eastern part of Hokkaido. We infer that
the anisotropy caused by lattice-preferred orientation of olivine, which is probably attributable to the
upwelling flow portion of the mechanically-induced convection in the mantle wedge, is a likely
candidate for the shear-wave splitting in the back-arc mantle wedge. If this is the case, the present
observations for the east of the arc-arc junction may indicate that the upwelling flow direction is
sub-parallel not to the relative plate motion direction but to the maximum dip-direction of the
subducting slab, in contrast with that in the south of the arc-arc junction where the upwelling flow
sub-parallel to the relative plate motion is expected. The anisotropy structure revealed in this study
plays a crucial role on understanding ongoing mantle dynamics in subduction zones.

Key words: Shear-wave splitting, Mantle wedge, Upwelling flow, Lattice-preferred orientation of
olivine
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Fig. 1. Location of 239 stations (solid

squares) used in this study. Gray triangles
and gray line represent active volcanoes
and the volcanic front, respectively. A
white arrow shows the direction of the
relative plate motion (N115°E) between
the Pacific and North American/Okhotsk
plates [DeMets et al. (1994)]. White
squares indicate location of stations used
in Nakajima and Hasegawa (2004).
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Fig. 2. Hypocenter distribution of intermediate-depth earthquakes used in this study. Intermediate-
depth earthquakes with M>2.5 that occurred between January 2001 and December 2003 were

selected.

I3, FRATRRIBZ EEMOERE b LT3 DIINT, Th
ZTHhOEBNOBRETEH SN ¢ OFEEEDHMS
FERT. FElEE HIR oS Ty b L
Thd. ik, HEIMAHIE (38.5-40°N) ic&1 5 S
AT v T4 v I7Ds5 2 % — | Nakajima and
Hasegawa (2004) OEHTHESE A FV 72,

HitEA (BllaaHi o <id, oS
Tid ¢ ZEEHICIZTERT 2 0IH LT, FiElElog
s T REEMIC3IIETTH 5. It (BILAE
L 0E) <, A, FEOBREE S ¢ DAHROD
o D2EPPPOREVY (Fig. 5a), EELAHMENIIHIMHE
DERISE T I3EEIL, Bl OB S TlIZIETRAET
b5, Bonil ¢ OFMIELITEEE L BABEC
B o B nfs Y (BIl&AE) sl Tw
3L AAS. dt OFEEEEETINMOBR S TR
01-05sTd 2 DIizxt L, FislAl o B#l ST 0.05-
0.1s EEMPIOEBR S HANTNESWETSH 5.

AFRIcE D, BEILARICBOTIESHERTY v 57 1
v IS SEER E TERMICBIlEh BT L, T
Yy 54 v rN5 2y — IR & EIETRIZ Y, £
ORI EIERAR TRE CEI LGV T NS
-tz F1, tBEIIBVWTS, SEXFY v 74

YIHBERUE N, S S & EIRIT ¢ OFFErR
BT EMBBEHLMITE -T2, TS DFERE, HILEA
W o TFEIC A CTEMEAE AL TEIER—DE
HHEREIEFINCEE L TE 0, 2 ORI &
LR TRIE B EERLTV S,

§5. % B

ERHMBOBS, FOHEEbICT YV T 2y Y
CHIFR DR ALIE L T 5. 1, “EHERMBEOT
HOHEBETIE, TNOICMATRS TAGIRELTE.
BEFTICAWA T Eicin b, Lih-T, Billahi:
SEATY v 74 v 73, <~ vy w Y, X5
TORGTHEOHEAZITWEEEZONS. Fifich
NtzkAHIT, Bont ¢ &dtid, FIROBRS & FT
TROBHRAIS THEZ O ZEMAROREORE S B8 5.
ZIT, JITRERENLSERAT) v 74 v EE
US#HBEAEOREICOWT, AU S & iRl
HlOBRIS TRl IcE#ERmEITO T LicT 2.

5.1 HMAOEAHEORR

5.1.1 REAMHHESE

FALEARIC B B EFEME A AV Rk o BB
THEMRE (&2, $E (2002), Okada et al. (1994)]



JLiE S L URILHARLAIRAATFICE T 5 SERAIRAEE <~ b VY = v YND RN

(a) 200104071149 2.4 37.5726 140.4956 94.2km M2.7 DE 85.0

85.16
EW
66.12
NS
) ) . 0.1SECIDIV |

157

AZ 77
microkine
67.00

(b)  Uncorrected (c) Corrected
N N20°E
w E N110°E
S
(d) Lag time (s)
0.0 0.2 0.4 0.6 08 1.0
o [ S — | 1 1 1
Corr. coeff = 0.94
. Fast direction = 110 +/- 25 (deg)
D 40 Delay time = 0.16 +/- 0.03 (s) |
kel
@
=)
S 801 -
c
kel
% 120 -
14
160 - -

f = B
0.0 05 0.8 0.9 1.0
Cross-correlation coefficient

Fig. 3. An example of seismograms observed at station “TU.KNY”. (a) NS, EW, fast S, and slow S
components of seismograms. A dashed curve for slow S component shows a seismogram that is
shifted by the delay time. (b) Original particle motion of two horizontal components for a time
window shown by a horizontal bars in (a). (c) Particle motion corrected by removing the splitting
effects. (d) Result of cross-correlation computation for NS and EW components. The optimal

splitting parameters are indicated by a white
confidence range obtained from the ¢ test [Kuo et
are 110*£25° and 0.16+0.03 s, respectively.
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Fig. 4. Examples of (left) rose diagrams of fast directions and (right) the azimuth and incident angle
stereogram of fast directions and delay times for six stations. Six capital letters and the number
with parentheses represent station codes and the number of observations, respectively. Locations of
the six stations are shown by squares in the map. For azimuth and incident angle stereogram,
incident angles are from 0° (center of the circle) to 35° (edge of the circle), and the direction of each
bar indicates fast direction and its length is scaled to the delay time.
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Fig. 5. Distribution of the averaged fast direction and the averaged delay time for each station.
Length of the bar is normalized to the averaged delay time. Results in the central part of Tohoku
(38.5-40°N) are obtained by Nakajima and Hasegawa (2004). Contours indicate the upper boundary
of the Pacific plate [Hasegawa et al. (1994)]. Gray triangles denote active volcanoes. A white arrow
represents the direction of the relative plate motion. (b) Rose diagrams of the averaged fast
direction for three regions divided by the strike of the trench axis. Each region is further divided
into two regions, fore-arc and back-arc sides of the volcanic front. Circles and gray curve indicate
the location of stations and the volcanic front, respectively. Black dashed lines show the boundary

of regions.
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Fig. 7. Distribution of the averaged fast
direction for each station superposed on
S-wave velocity perturbations along the
low-velocity zone in the mantle wedge
[Nakajima et al. (2001)]. Velocity image is
the map showing the lowest part of S-wave
velocity in the mantle wedge, that is, the
velocity variation within the upwelling
flow. Red and blue colors show low and
high velocities, respectively. Red triangles
denote active volcanoes.
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Fig. 8. Schematic illustration of the direc-
tion of the upwelling flow in the mantle
wedge. Black arrows indicate the flow di-
rection inferred from observed fast direc-
tions. Note that, in Tohoku (south of the
arc-arc junction), the upwelling flow is
generated sub-parallel to the plate conver-
gent direction, whereas it is generated
sub-parallel to the maximum dip-direc-
tion of the subducting slab in Hokkaido
(east of the arc-arc junction).
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