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Fig.1. Two layer model composed of a surface layer and a
semi-infinite elastic media. When an upcoming
compressional plane wave is incident to the boundary
between the two layers, diffracted compressional (P) and
converted shear (S) waves are generated at the
boundary. An inverted triangle depicts the location of a
tri-component seismic sensor that records seismic
signals. Allows indicate the raypaths of compressional
seismic waves, while an allow of a broken line the
raypath of converted shear waves. The thick line is the
raypath that is incident to the receiver. Parameters in
the figure are explained in the text.
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Fig. 2. Schematic Receiver Function including surface
multiples after the deconvolution of horizontal
component with the vertical. Annotations indicate
as follows: “P” for compressional waves either
upcoming in the second semi-half layer or
downgoing, in the surface layer in Fig.1, “p” and “s”
for respectively compressional and shear waves
upcoming in the surface layer, “h” for reflection at
the interface between the surface and the second
semi-half layers. Amplitudes for PpPhs and later
phases are exaggerated for visibility.
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Fig.3a. A realistic oceanic crust model used in the simulation
(Tsujimoto, et al., 2009). OBS’es are aligned on the
seafloor. The crust is composed of two horizontal
layers. Upper mantle is expressed by a half-space. A
constant water depth of 4 km is assumed. Total 120
receivers are aligned on the seafloor spaced every
1km. In the simulation, compressional and shear wave
phase velocities (Vp and Vs, respectively) are given as
follows: surface layer: Vp=1.5 km/sec, Vs=0, 2nd layer:
Vp=2.0 km/sec, Vs=1.4 km/sec, 3rd layer: Vp=3.0
km/sec, Vs=2.0 km/sec, 4th semi-half layer: 6.0
km/sec, Vs=4.0 km/sec.
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Fig. 3b. Schematic figure to explain how seismic sources are
given to the model in (a). 10 artificial sources on the
surface are arranged at the top-left and at the
top-right of the model. Each upcoming natural
earthquake is expressed by a plane wave that is
simulated by simultaneously applied vertical normal
stresses along the wavefront of the wave at depths
between 20 to 60 km. Ten different upcoming
directions were chosen as shown in the figure.
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Fig. 4. Vertical component Seismogram from the sea surface
shot. Refracted waves through the seismic velocity
discontinuities in far field can be observed.
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Fig. 5. Horizontal component Seismogram from the sea surface
shot. Refracted waves through the seismic velocity
discontinuities in far field can be observed as in Fig. 4.
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Fig. 6. A Receiver function section obtained for a shot located

at the sea surface at the horizontal distance of 20 km
from the left end of the model in Fig.3b. Both
sedimentary and deep interfaces are imaged. Thick
line indicates a true time section expected for the
structure shown in Fig. 3.
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Fig. 7. Schematic relationship between true and apparent
and true converting point for shear converted waves
from refracted P waves (Tsujimoto et al, 2009).
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Fig. 8. Result of time migration to receiver functions for
data obtained for the surface shot shown in Figure
6. Thick lines indicate the true locations of P-S
conversion for refracted P waves.
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Fig. 9. Schematic illustrations of (a) ZSR trace, (b) exploding reflector model employed in poststack migration in reflection

seismology, and (c) the similar exploding convertor model (Chen et al, 2005). Each reflected waves are assumed

generated by point sources aligned on reflector in (b), while P-S converted waves by point converters on a plane (c). In

the present study, the model (c) is assumed to migrate obtained receiver functions.
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Fig. 10. Depth migrated receiver functions shown in Fig. 8.
False converting planes due to multiples are imaged
for a depth about 8 km from center to right, and as
branched curves starting from a depth about 18km
left. Migration artifacts are visible as hyperbolae
whose apexes are located for depths from ca. 16 km
down to 20 km.
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Fig. 11. Final image after the summation for receiver
functions for 10 different seismic signals incident
to the structure shown in Fig. 3 (Tsujimoto et al.,
2009). The number and the location of surface
shots or the incident angle of upcoming plane
waves are indicated in the text. After the stacking
of 10 migrated receiver function sections,
underground velocity discontinuity interfaces are
found appropriately close to the modeled depth
and horizontal locations.
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Imaging of underground structure
using receiver function for P-S converted waves

—Exploitation of both natural earthquake and refraction survey data—

ABSTRACT

The estimation of crustal structure is a key to reveal the tectonic history of the Japanese island arc and to
study the future tectonic activity, such as earthquakes, volcanic eruptions, or associated tsunamis. Refraction
or reflection wave exploration is one of the methods for deep oceanic crust investigation, but in these methods
mainly used is only compressional wave or the vertical component of seismograms. If we use shear wave or
horizontal component of seismograms, more precise investigation of crustal structure would become possible.
As the first step of such investigations, we focused on the receiver function analysis that estimates the location
of subsurface seismic-velocity discontinuities using shear waves from natural earthquake. This study tries to
apply receiver function analysis to image subsurface structure using refraction survey data not only from
earthquake but from artificial sources on the surface. In the processing of refraction survey data, time
migration is first necessary to move each converted point to the true location where refracted wave is
generated from the head wave. This is because P-S conversion point, i.e., imaging target, of refracted head
wave is different from reflection point of reflection survey data. The f-k migration is then applied to time
migrated receiver function for depth imaging. Finally, migrated sections for different source locations or for
earthquakes are stacked to produce a single section. Our results demonstrate that the receiver function
analysis is applicable to refraction survey data for imaging and results from various seismic methods can be

combined after receiver functions are produced and migrated.

Keywords: subsurface imaging, receiver function, refraction survey, natural earthquake, seismic migration

495

Subaru Tsujimoto*, Hitoshi Mikada**, Eiichi Asakawa*3, Tada-nori Goto**, and Kyosuke Onishi*4

Manuscript received January 6, 2011; Accepted February 7,

2011.

* Geophysics lab, Dept. Civil and Earth Res. Engineering, Kyoto
University (Present: Central Japan Railway Co. Ltd.)
Kyotodaigaku-Katsura, Nishikyo-ku, Kyoto 615-8540, Japan

**  Geophysics lab, Dept. Civil and Earth Res. Engineering, Kyoto
University

©2010 SEGdJ

*3  JGI Inc.
5-21, Otsuka 1-chome, Bunkyo-ku, Tokyo 112-0012, Japan
*4  Geophysics lab, Dept. Civil and Earth Res. Engineering,
Kyoto University (Present: Graduate School of Engineering
and Resource Science, Akita University)

A part of this paper was presented at the 117th in 2007 and at
the 119th in 2008SEG fall .





