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The effect of the seismic attenuation on the S-wave polarization anisotropy

/N { (Hitoshi Oda)*

We investigate the effect of the seismic attenuation on the shear-wave polarization anisotropy by
numerical experiments. For the experiments, the P-wave receiver functions are synthesized by
assuming that a plane P wave is incident on an anisotropic multi-layer structure with anelastic
properties. The synthetic receiver function shows smooth Ps phase waveforms with small
amplitudes due to the attenuation of high-frequency spectral components, compared to that
calculated for a multi-layer structure with perfect elasticity. From the shear-wave splitting of the Ps
converted phases in the synthetic receiver functions, the S-wave polarization anisotropies for the
anisotropic layers are measured as a function of propagation direction of the incident P wave.
Consequently, we conclude that the seismic attenuation has a minor influence on the measurements

of the S-wave polarization anisotropy.

Keywords: shear-wave polarization anisotropy, shear-wave splitting, seismic attenuation, Ps-
converted phase, P-wave receiver function
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Fig. 1. Orientation of coordinate axes and numbering of
layers and interfaces. The X, axis is perpendicular to the

X, — X3 plane.
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Fig. 2. Radial (R) and transverse (T) components of
synthetic receiver functions calculated as a function of the
P-wave propagation direction measured clockwise from the
north. Black and red lines show the receiver functions
calculated for elastic and anelastic velocity structures,
respectively. Ps phases generated at the first and second
discontinuity interfaces (see Fig. 1) appear around 4 and 8
s after the first P-arrival time.
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Fig. 3. \Variations in the splitting parameters (FPD and
split time) of Ps phase versus propagation direction of the
incident P wave. Circles and crosses indicate the splitting
parameters estimated from the Ps phases in the elastic and
anelastic receiver functions, respectively. The left and right
diagrams are the results for the 1% and 2™ layers,
respectively.
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Table1l.  Anelastic velocity structure.

Layer  ag(kmi/sec) Bo(kmisec) p(glem®)  h(km) Qp Qs A°) £°) B E
1st layer 6.0 35 2.8 35.0 25 35 0 0.02 0.05
2nd layer 6.7 4.0 3.0 35.0 100 50 65 0 0.02 0.05

Bottom layer 7.8 43 3.3 - -

a, and g, are the isotropic velocities of the P and S waves, respectively. p is the density and
h is the layer thickness. A and & are the azimuth and inclination of the hexagonal symmetry
axis, respectively. A is measured clockwise from the north, and & is the angle from the vertical

downward direction.

B and E are the anisotropy intensities of the P and S wave velocities,

respectively (see Eq. (21) ). Other parameters A, C and D are assumed to be zero. Qp and Qs
are the dimensionless quality factors of the P and S wave attenuations. For a perfect elastic body, the

inverses of these quality factors are equal to zero.

Table 2.  Splitting parameters estimated from Ps phases in the elastic and anelastic receiver functions.

elastic

anelastic true

FPD (°) split time (s)

FPD (°) split time (s)

FPD (°) split time (s)

35.0+0.0  0.50+0.00
63.6+0.7 0.45+0.00

1st layer
2nd layer

35.4+0.9  0.50+0.02 35 0.50
65.2+2.8 0.38+0.03 065 0.45

“True” column shows the values of splitting parameters that are predicted from the anelastic velocity
structure given to produce the synthetic receiver functions.
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