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Abstract

Precise estimations both for P- and S-wave velocity structures are essential for understanding
the nature of the Earth’s interior. We attempted to estimate P- and S-wave velocity structures
beneath the northeastern (NE) Japan arc by travel time tomography. We used 169,712 P-wave and
103,993 S-wave arrival times read from waveform data of 4,338 events recorded at more than 200
seismic stations. We estimated the velocity structure in the whole area of NE Japan by setting grids
with a horizontal spacing of about 25 km and a vertical spacing of 10~-30km. Low-velocity zones
(LVZs) almost parallel to the subducted high-velocity Pacific plate are identified for both P- and
S-waves. These LVZs have larger amplitudes for S-wave compared to P-wave. Estimated Vp/Vs
ratio is 1.69 on average in the upper crust, 1.75 in the lower crust, and 1.77 in the uppermost mantle.
This difference in Vp/Vs ratios among layers are probably caused by differences in the material
composing each layer. Our results clearly show LVZs for both P- and S-waves in the crust just
beneath active volcanoes. In the uppermost mantle, LVZs are distributed continuously along the
volcanic front. These LVZs have smaller Vp/Vs values in the upper crust, while they have larger
values in the lower crust and uppermost mantle.

Key words: seismic velocity structure, Vp/Vs ratio, microearthquakes, low-frequency microearth-
quakes, northeastern Japan arc
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Fig. 1. (a) Map showing the locations of seismic stations (crosses) and active volcanoes (solid triangle). (b)
Magnification of the area in the rectangle of (a). Solid star denotes 1896 Rikuu Earthquake (M 7.2).

Evs EEAMEREOBREEE I AR O TWE
Mot

—7%, Zhaoet al. (1992) 33> 5 v N, €K, 7
L — MEROERAEEBICANT A voN—Ya viEE
F L, HALHE o =i SR e L 2. 7
Yoy FREIRRIZAREE, BREEAEIC 0.25-0.33 B, BES RIS
2 10-30km T 7O ) v FARE L. #RL
FBLMA I 61 £, 215 [HOEIEHIEE & 255 HD P PEEFE
WEEHOE., @HLEPRE, SEOFHALVEIEIZA
Zh 14,045, 4350 TH -7, HHWEE 0km 2
EoEHEEOREE7 v — F2HBICELHEL, &5
FEKILE T3 SR S i< v b VI E B EEE
HIEEEBNSEEL TS T E2HBIR L. £,
vV by Ty Diid, PEICER L R KL 7
oY MR- THENICOHLTVAE T ERE GG,
U7, S RETIE AR R iy N 1 & DRI
TITHfE L T0W5 [Hasegawaet al. (1991)]. LU
N5, SHHEEHEERBELCHET I EhTER
Mo totc, Vp/Vs B OHEE T » TWLEL,
BUbHA I, BARTRS:, HOLRE, HEARY, S&H
FFrick - TEHOMIE, Kili, HREE O EFERREN
REINTVLEY, 3 5Ic2EORED L UL
HET, AEMEDOF 7 =2 2 OfFA%E B LT 1997
-1998 FFEE I [97-98 HIL BRIt & EIIEEM - &
FHER] 2FEHL, BRUME O IERE IRz i
EEHAREsHEE s . (Fig. D EAN] - SFH (1999)].
COWERBEIFETE N T -4 ZHOTEFZT
2ET, BEOHATEHHRITEL L s IEEDL D

HEMRAEE &5 X 5 2 EalReics 3 S HifFSh
3.

Z TTARTTIR, ThooBllETcEohicT—4
RO TERTHIREEERE 2 HEE T 5. #EROHIZE
TEADEBA A=V EBLIENTERDL > SHED
SIRTTHEEREICOWTH, DFEO I VWHEREE S C
EWBTELEMFHEN, PHREOBEL O DESIET
Vp/Vs OGS OHEE S RIEEICE D, HIES A
BEOBREHRTIIENTELEEDNS.

2. F—HLBIFE

199710 A0 5 1999 F 7 B coflicFE L
HIED S 5, PHROEN 10 S LETHY TV 2HIE
%, FENTSHRPNICHEE LT A L 9 IETH L. &
D& REHTEIRS W R REH 3868 HTH
%. KNI TI Zhao etal. (1992) TEA S NIHIE
470 Bl b 7 — 2 KA, #WEF 4,338 HoHEEF W/, &
D55, BROFESH A0km LD EVHIFEDL 1,647 fE,
40km &£ O EVHIED 2691 HTH 2. ThdOHED
EENG% Fig. 2 1ORT. T L0OHELLELNZP
WoFs &0 #EIF169712MH,, SEOTA & v HEE
103993 T dh »7c. WMEDOFHAEVEEIPHETOL
¥, SHETO2MEETH S, (HA LB 230 &
Th 5 (Fig. D.

A4 /3= 3 ViZid Zhao et al. (1992) DFHEEH
fo. 4 Y=Y 3 YORD Y 5 FEEEX Fig. 3105
T, 7 v FERBKFEARICE 0.25 B, $ABEARNCIE
10-30km [EfETH 5. FIEEREIC D WTIE, HIAR




HAL B A O =0T = MR R

Depth (km)
100 200

Depth (km)

Fig. 2. Hypocenter distribution of 4338 earthquakes
used in this study.
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Fig. 3. Configuration of grids adopted for the
inversion. Solid lines in the vertical cross-section
denote seismic velocity discontinuities.

Table 1. Initial velocity and average of the inverted
velocity at each depth.

Depth | P wave velocity (km/s) | S wave velocity (km/s)
(km) Initial Inverted Initial Inverted
0 5.60 5.42 3.24 3.13
10 6.00 6.04 3.47 3.55
25 6.79 6.61 3.92 3.76
40 7.72 7.60 4.34 4.29
65 7.79 7.69 4.38 4.31
90 7.92 7.73 4.45 4.34
120 8.01 8.27 4.50 4.56
150 8.09 8.37 4.55 4.61
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Fig. 4. (a) P-wave velocity perturbations obtained by the inversion. Crosses and circles represent high and low
velocities, respectively. Solid triangles denote active volcanoes. The depth of each layer is shown at the bottom
right corner of each map. (b) S-wave velocity perturbations obtained by the inversion. Symbols are the same as in

(a).
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Fig. 5. Results of checkerboard resolution test for (a) P- and
shown at the bottom right corner of each map.
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(b) S-wave velocity structure. The depth of the layer is
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Fig. 6. Across-arc vertical cross-sections of P- and S-wave velocity perturbations along the profiles shown in the
inserted map. Upper figures show P-wave velocity perturbations and lower ones show S-wave velocity
perturbations. Red and blue colors represent low and high velocities, respectively. Red triangles and solid lines
represent active volcanoes and seismic velocity discontinuities, respectively. Black circles and crosses indicate
microearthquakes and low-frequency microearthquakes [Okada and Hasegawa (2000)], respectively.
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Fig. 7. Distribution of Vp/Vs ratio. Blue and red colors represent low and high Vp/Vs ratios, respectively. Red
triangles denote active volcanoes, Black squares and crosses denote swarms [Ueki and Takagi (1989)] and
low-frequency microearthquakes [Okada and Hasegawa (2000)], respectively. The depth of each layer is shown at the
top of each map.
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