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Three-dimensional P- and S-wave velocity structure
beneath northeast Japan from travel time analyses
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Earthquake Research Institute, University of Tokyo

Abstract

We obtained a new model of three-dimensional (3-D) P- and S-wave velocity structures in the
central part of Tohoku District, northeastern Japan, using data obtained from temporary seismic
observations with a satellite communication telemeter system. The observations were part of the
Joint Seismic Observations in the Tohoku area during the period from October 1997 to June 2000.
We used the arrival time data to estimate 3-D P-wave velocity (Vp) and S-wave velocity (Vs)
structures. We inverted 23,590 P- and 13,313 S-wave arrival times from 396 local and regional
earthquakes recorded by 108 stations. Then we determined Vp, Vs, and Vp/Vs models in and
around the backbone range of the Tohoku district by applying a seismic tomography method to the
arrival time data. The velocity distribution obtained shows strong lateral heterogeneities in the
crust and the uppermost mantle, which vary with a wavelength of 10 to 20km in the east-west
direction. The structure has a north-south strike in general. Low Vp and Vs anomalies are visible
under the Quaternary volcanoes. High Vp/Vs zones are also revealed in the lower crust beneath the
volcanoes. A high Vs and low Vp/Vs anomaly was found in the Kitakami Massif.
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Fig. 1. Map showing the tectonic background
geography of the central Tohoku region. Dashed
lines and solid triangles denote active faults and
active volcanoes, respectively. Thin lines show
rivers. Stars indicate the epicenters of the 1896
Rikuu earthquake (M 7.2) (a) and the 1970 Southeast
Akita earthquake (M6.2) (b). The inset map shows
the location of the study area and the major plate
boundaries in and around Japan.
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Fig. 2. Map showing the distribution of seismic
stations and the surface topography in gray scale.
Solid diamonds show temporary stations and solid
squares show the JMA and Tohoku University
stations. The box shown in dashed lines denotes
the present study area.
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Fig. 3. Map view (top) and cross-sectional views
(bottom, right) of the distribution of earthquakes
(open circles) used in this study.
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Fig. 7. Results of the checkerboard resolution test for P-wave velocity structure. (a) Okm, (b) 10km, (¢) 20km, {d) 30

km, (e) 45 km, (f) 60 km, (g) 80 km and (h) 100 km.
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Results of the checkerboard resolution test for S-wave velocity structure.
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Fig. 9. Results of the checkerboard resolution tests for E-W vertical cross-sections. (a) Vp (39.45°N), (b) Vs (39.45°N), (c)

Vp (39.0°N) and (d) Vs (39.0°N).
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Fig. 10. Results of the checkerboard resolution tests for N-S vertical cross-sections. (a) Vp (140.75°E), (b) Vs (140.75"E},
(c) Vp (141.25°E) and (d) Vs (141.25°E).

Table 1. Average values of the inverted P- and Xhdb-tehfhiTdhsd (Fig 12b), Vp/Vs i Vs D4y
S-wave velocities and Vp/Vs ratio for each depth. Lty —vTHs (Fig 13a). HE O PEIC B B

Initial values are also shown.
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Fig. 12. P-wave velocity perturbations. The perturbation is defined as a deviation of velocity from the average value
in grids at each depth as (%). Purple lines and black triangles show active faults and volcanoes, respectively. White
circles denote the epicenters of earthquakes relocated in this study. (a) 0 km, (b) 10km, (¢) 20 km, (d) 30 km, (e) 45 km,

(f) 60 km, (g) 80 km and (h) 100 km.
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Fig. 14. East-west vertical cross-sections of velocity
perturbation and Vp/Vs distribution at 3945°N
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show active faults. White circles denote the
locations of earthguakes within a width of 20km
relocated in this study. (a) Vp. (b) Vs, (¢) Vp/Vs.
Contours in (a) and (b) are drawn for the
perturbation with an interval of 2%. Contours in
(¢) are drawn for Vp/Vs ratio with an interval of
0.1.
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as in Fig. 14. {a) Vp. (b} Vs, {¢) Vp/Vs.
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Fig. 16. North-south vertical cross-sections of vele-
city perturbation and Vp/Vs distribution at 140,75"
E beneath the central Tohoku. Red
triangles show active volcanoes. Others are the
same as in Fig. 14, (a) Vp. (b} Vs. (¢] Vp/Vs.
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Fig. 17. North-south vertical cross:sections of velo-
city perturbation and Vp/Vs distribution at 141.25°
E beneath the central part of Tohoku. Symbols are
the same as in Fig. 14. (a) Vp. (b) Vs. (¢} Vp/Vs.
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