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Array microtremor surveys in the Echigo plain, Niigata Prefecture, central Japan
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Abstract: We conducted array microtremor surveys at two sites in the Echigo plain, Niigata Prefecture,
central Japan, to infer the velocity structure of that region. We observed microtremors with seismic
arrays, and then estimated the phase velocities of Rayleigh waves in the frequency range from 0.15 to 10
Hz, using the vertical component of the microtremors. One-dimensional (i.e., depth-dependent and
horizontally stratified) S-wave velocity structures were inferred from the estimated phase velocities on
the assumption that the phase velocities are those of the fundamental mode of Rayleigh waves. The
depths of the engineering bedrocks were estimated to be about 80 m for the two sites, and the depths of
the seismological basements were estimated to be about 6 km.
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Fig. 1 Map showing the locations of array microtremor surveys conducted in this study and previous studies.
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Fig. 2 Examples of arrangements of seismic arrays. (a) L-array for KMDN, (b) L-array for SMKM.
Gray lines stand for the edges of roads, and blue lines mean the edges of rivers or channels.
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Fig. 3 Examples of power spectra of the microtremors observed in this study.
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Fig. 4 Dispersion curves of the phase velocities of Rayleigh waves obtained
from the microtremor array observation.
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Fig. 6 Comparison of observed phase velocities (bold gray lines) and theoretical phase velocities of the fundamental mode of
Rayleigh waves calculated from the velocity structures shown in Fig. 3 (thin black lines). (a) KMDN, (b) SMKM.
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Fig. 7 Comparison of observed phase velocities (bold gray lines) and theoretical phase velocities of the fundamental mode of Rayleigh
waves calculated from the velocity structures after Sekiguchi et al. (2010) (thin black lines). (a) KMDN, (b) SMKM.
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Table 1 Geographical coordinates of the center points
of seismic arrays for the microtremor survey.

Site Name Latitude (N) Longitude (E)
KMDN 37°52' 11.5" 139° 05' 59.7"
SMKM 37°37 38.8" 138°52'43.6"

F28 AWMETHEE LB T L—BNICRT 5T LA

Table 2 Array radii in the array microtremor observations conducted in this study.

Site Name Array Name Array Radii (m)
L 3464.2,2598.2, 1732.1, 866.1
KMDN M 1732.1, 866.1, 288.7, 115.5
S 115.5,46.2,23.1,5.8
L 3464.2,2598.2, 1732.1, 866.1
SMKM M 1732.1, 866.1, 288.7, 115.5
S 115.5,46.2,23.1,5.8
B3R HEMIEEHEET DERORRHFE.
Table 3 Search ranges for inferring velocity structure.
Vs (km/s) Thickness (km)
Layer # Central Variation from Central Variation from
Values Central Values (%) Values Central Values (%)
1 0.1 50 0.01 50
2 0.3 50 0.1 70
3 0.4 50 0.1 50
4 0.8 50 1.5 50
5 1.2 50 0.6 50
6 1.6 50 2.0 50
7 2.0 30 1.0 50
8 2.5 30 1.0 50
9 3.0 30 N/A N/A
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(a) KMDN,

(b) SMKM.

Table 4 Velocity models derived in this study. (a) KMDN, (b) SMKM.

(a) KMDN
Thickness Vp Vs Density
(km) (km/s) (km/s) (x10” kg/m?)
0.010 1.541 0.113 1.67
0.076 1.665 0.259 1.76
0.092 1.870 0.484 1.81
1.276 2.267 0.880 1.98
0.603 2.729 1.283 2.16
1.997 3.189 1.652 2.26
1.009 3.810 2.098 2.37
1.017 4.580 2.600 2.47
%0 5.652 3.225 2.65
(b) SMKM
Thickness Vp Vs Density
(km) (km/s) (km/s) (x10” kg/m?)
0.013 1.569 0.146 1.70
0.065 1.673 0.268 1.77
0.094 1.856 0.469 1.80
1.153 2.195 0.812 1.95
0.621 2.723 1.279 2.15
1.886 3.115 1.595 225
0.980 3.814 2.101 237
1.011 4.594 2.606 2.48
%0 5.908 3.366 2.70
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