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Abstract

We measured shear-wave splitting parameters from local earthquakes at three stations in the
Shimokita Peninsula, northeast Japan, and found the station-dependent feature of splitting. Polari-
zation of fast S-waves at station OGM in the central part of the Peninsula is restricted to NNW-SSE,
irrespective of source location. Because the polarization direction is consistent with the trend of
P-axes of shallow earthquakes that occurred near the station, we interpret the origin of anisotropy
as the preferred orientation of cracks aligned parallel to the direction of the maximum compres-
sional stress in the crust. Conversely, the splitting observed at stations KMN and STK is character-
ized by N-S polarization for eastern ray paths and E-W polarization for western ray paths, which
suggests the existence of two anisotropic bodies in the mantle wedge. The boundary of anisotropic
bodies parallels the strong, positive magnetic anomaly that runs N-S from Hokkaido to the east
coast of central Iwate prefecture.
Kitakami pluton that causes the magnetic anomaly. The origin of N-S polarized anisotropy is
possibly the alignment of solidified melt that had formed during the intrusion of magma in the
Cretaceous age, and/or the mineral re-orientation enhanced by the magmatism.

The N-S polarized rays pass through a region beneath the
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Fig. 1. Map of northern Japan showing the study areas (rectangles) of shear-wave splitting and the trend of P-axes of
shallow earthquakes. Focal mechanism solutions were taken from Kosuga (1996).
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Fig. 2. Location map of temporal stations deployed
during 1998 seismic observations on Shimokita
Peninsula. The symbols of stations denote the type
of seismometer. We used three stations with large
symbols in the splitting measurements.
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Fig.3. Map of northern Tohoku showing the
distribution of earthquakes (solid circles) and
stations (open triangles) used in the analysis. In the
E-W cross-section (bottom), small circles represent
background seismicity. The solid triangles denote
active volcanoes.
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Table 1. List of earthquakes used in the analysis.

No. Date Time Latitude (° N) Longitude (° E)  Depth (km) Magnitude Stations

1 1998 6 20 9 17 36 42254 141.886 125.0 39 OGM, STK

2 1998 6 26 17 45 48 41.706 141.688 73.5 33 KMN, OGM, STK
3 1998 6 28 19 50 21 41.601 141.571 125.0 3.0 KMN, OGM

4 1998 6 30 13 45 48 40.876 141.682 113.6 4.0 KMN, OGM, STK
5 1998 7 3 12 10 46 41.509 141.301 100.3 29 STK

6 1998 7 3 12 15 3 41.804 141.494 132.2 34 OGM, STK

7 1998 7 6 18 41 6 40.842 141.811 99.3 2.5 OGM, STK

8 1998 7 7 14 45 23 41.381 141.791 67.5 3.1 KMN, OGM

9 1998 7 11 23 42 51 41.365 141.132 9.8 1.5 KMN

10 1998 7 14 18 48 16 41.276 141.139 11.3 1.9 OGM

11 1998 7 16 2 53 15 41.711 141.681 82.5 2.8 STK

12 1998 7 26 16 47 51 41.776 140.752 126.4 3.1 KMN

13 1998 8 4 13 16 36 41.221 141.440 76.5 29 KMN, OGM, STK
14 1998 8 13 6 31 29 40.927 140.245 162.5 29 OGM

15 1998 8 23 4 21 54 40.773 141.851 100.0 35 STK

16 1998 9 4 15 58 44 41.333 141.210 99.9 2.8 OGM

17 1998 9 20 7 26 51 41.134 141.562 77.1 2.6 STK

18 1998 9 20 19 11 50 41.945 141.506 83.8 2.9 KMN

19 1998 9 24 9 51 39 41.825 141.415 81.7 32 STK

20 1998 10 4 49 33 41.616 141.991 98.8 35 STK

21 1998 10 6 6 15 48 41.490 141.780 103.3 3.6 KMN

22 1998 10 12 21 6 40 42.008 141.521 85.7 34 OGM

23 1998 10 15 14 4 6 40.446 140.442 145.1 37 STK

24 1998 10 17 12 38 46 41.209 141.471 83.1 3.0 OGM, STK

25 1998 10 24 16 4 13 42.302 141.816 92.3 34 KMN, STK

26 1998 11 1 19 13 19 41.879 141.699 91.8 4.5 STK

27 1998 11 5 23 19 3 41.940 141.303 107.1 4.5 KMN, OGM, STK
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Fig. 4. An example of shear-wave splitting measurement. A set of horizontal waveforms of two components and a
diagram of particle motion are shown for the traces before (top) and after (bottom) correction of splitting. The bars
below the traces indicate the time windows for the plot of particle motion. The middle figure is a plot of

cross-correlation coefficient on rotated angle-lag time space. The white star expresses the pair of angle and time with
the maximum correlation coefficient.
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Fig. 5. (a) The distribution of polarization direction of a fast S-wave plotted at the station location. (b) Plot of splitting
parameters at the source location. The lengths of bars represents delay times. Three types of shading classify the

results of three stations.
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Fig. 6. Map and cross-sectional plot of splitting parameters and ray paths. The solid and open symbols correspond to
the results of stations STK and KMN, respectively. The lengths of bars in the map view and the sizes of circles in

the cross-section show lag times.
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Fig. 7. As in Fig. 6, but the symbols represent the direction of polarization. The solid circles and the solid lines show
the roughly N-S polarization and the open circles and broken lines denote nearly E-W polarization, respectively.
The approximate boundary of polarization direction (thick dashed line) extends N-S along a line of about 141.5°E.
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Table 2. Anisotropy in the mantle wedge.

Study area Direction of fast wave

Origin of anisotropy

Reference

parallel Preferred orientation of olivin
perpendicular  Aligned melts

Tohoku, Honshu Mixed

OKADA et al. (1995)

YANG et al. (1995)

Shumagin Islands Arc parallel Strain induced preferred orientation
Colombia Arc parallel Mineral reorientation SHIH et al. (1991)
parallel Compressional normal stress in the back arc

Central western South America Mixed

New Zealand
Mariana Arc perpendicular

Arc parallel

POLET et al. (2000)

perpendicular  Slab-entrained flow
Shear deformation due to oblique subduction
Entrained mantle flow + slab anisotropy

MARSON-PIDGEON et al. (1999)
FOUGH and FISHER (1998)

Direction of
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141°E 142°E

Fig. 9. Map view of polarization direction superposed on the magnetic anomaly. The gray zones illustrate areas with
a positive anomaly having a total magnetic intensity greater than 100nT (Okubo and Matsunaga, 1994). The thick
dashed line represents the approximate boundary of polarization direction.
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Fig. 10. (a) E-W cross-section of northern Tohoku showing the seismic ray paths classified by the direction of

polarization.

Small circles represent background seismicity.

The gray polygon demonstrate the 2-D model of

Kitakami pluton by Finn (1994). (b) Schematic illustration of Cretaceous subduction modified from Tsuchiya and
Kanisawa (1994). The approximate boundary of polarization direction and the 2-D model of Kitakami pluton are also

plotted.
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