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Abstract: In 2011 we proposed a new method to determine the S-wave velocity structure by combining
P-wave reflection profiling with P-SV reflection waves observed with a three-component geophone.
In that study, we applied this method to waveforms observed at a single geophone in a P-SV reflection
survey line and obtained the S-wave velocity structure to a depth of 2 km below the surface. The result
was in good agreement with those obtained both by the survey and vertical seismic profiling conducted
near the geophone. In 2006, we conducted an experiment to obtain the S-wave velocity structure by
using a three-component geophone combined with a P-wave reflection survey with vertical geophones
in Konosu City, Saitama Prefecture. In the present paper, we provide the results of the experiment and
the S-wave velocity profile obtained using the records of the three-component geophone. The P-wave
reflection survey employed 192 vertical receivers, and the survey line was ~10 km long. Of the five
locations where three-component receivers were installed along the survey line, only one provided
sufficient data for analysis. Several P-SV reflected wave groups are observed in the receiver gather
acquired by the three-component geophone, and the S-wave velocity structure below the receiver is

obtained from the ground surface to a depth of 500 m.

Keywords: Reflection seismology, Shear-wave velocity, P-to-SV converted wave, Station gather, Three-
component geophone, Konosu City in Saitama Prefecture
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Location map of the stations for the 2006 P-wave reflection survey in Konosu City, Saitama Prefecture
(Yokokura et al., 2007). The black broken line indicates the receiver line where up-down component
geophones were installed. The P-wave reflection survey was divided into five parts from northeast to
southwest. During each of the parts, a 3-component geophone was installed in order from Site A to E
(triangle). The waveforms of the up-down component geophones and the three-component geophone
were recorded together on a recording system near the 3-component geophone. In this paper, we
analyzed the observations of the shots at the line a—a (magenta dashed line) recorded at Site A. Below
is a regional map showing the survey line (red line) and Site A (purple triangle) with the drilled well
GS-SB-1 (Yamaguchi et al., 2009) (blue diamond) and the microtremor survey site SB1 (Center for
Environmental Science in Saitama (CESS), 2007) (blue inverted triangle) mentioned in the text. The
thin lines in the figure are the prefectural borders.
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Fig. 2 Schematic illustration of the installation of a 3-component geophone. In a two-dimensional P-wave reflection survey,

Traveltime
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many up-down component geophones are installed on the surface in a line. The 3-component geophone is placed near one
of these up-down component geophones. P-wave seismic vibrators move along the line and its extensions.
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Radial-component receiver
gathers for the 3-component
geophones installed at sites A,
C, B, D, and E. See Figure 1 for
the site and shot locations. The
horizontal axis is the distance,
and the vertical axis is the time
from the onset of the vibration.
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Fig. 4 Station gathers of a) the radial component and b) the up-down component of the 3-component geophone installed
at Site A. Shots are taken from (left) the southwest to (right) the northeast direction. See Figure 1 for site and shot
locations. In a), the identified P-SV reflected waves (red line) and their theoretical traveltime curves (light blue
line) are shown on the gather. In b), the theoretical traveltime curves are shown on the gather. The layer number
where the wave was reflected and the average Vr/Vs are shown on the right. The horizontal axis is the distance from
the site A, and the vertical axis is the time from the onset of the vibration.
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Fig. 5 Schematic illustration of raypaths of P-SV (red) and P-P (blue) reflected waves in a laterally homogeneous two-layer model. Solid
lines are P waves, and dashed lines are SV waves. A three-component geophone (rectangle) is on the far left, and up-down component

geophones (triangle) and sources (star) are along the entire survey line. The velocities within the layers are shown on the right.
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Fig. 6 Velocity profile of P-wave at site A used in the analysis.
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Fig. 7 S-wave velocity profile (Vs) obtained in this analysis at
site A with the P-wave velocity profile (V) of Yokokura
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Fig. 8 Error evaluation of Vs. a) Superposition of Vs obtained when there is an error of =5 % in both the Vp and layer thickness of one of
the layers from Layer 1 to Layer 4 so as not to change vertical traveltime (thin black line). b) Vs (thin black line) of each layer when
a wave after one wavelength of the initial motion is misidentified as the initial wave. The thick lines are the Vs profile obtained in
this analysis and the Vp profile of Yokokura ef al. (2007) shown in Figure 6. Dashed lines indicate Ve/Vs profiles.
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