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This paper deals with attenuation and dispersion of seismic waves in consolidated porous
media (rocks). The Asymptotic Ray Theory (ART) is applied to the model characterized by
the arbitrary tensor relaxation function (TRF). This function describes a generalized viscosity
that occurs in anisotropic and laterally inhomogeneous rocks.

The ART solution is based on the assumption that the TRF is analytic near the wavefront.
Then a Taylor series expansion of the TRF can be used for times which are small compared
with the relaxation time. Taylor coe�cients are referred to as the instantaneous relaxation
coe�cients. Such an expansion leads to ART formulas, which are similar in form to those for
a perfectly elastic medium, except that traveltimes and amplitudes are frequency-dependent
and include the instantaneous relaxation coe�cients. The formalism is also used to compute
re�ection/transmission coe�cients for two anelastic media separated by a plane interface.

The theory is demonstrated for two particular examples of P-wave attenuation and dispersion
in homogeneous porous media. The phase velocity and normalized Q factor are obtained as
a function of frequency. Both attenuation and velocity are proved to be in a good agreement
with the Gurevich-Lopatnikov micro-inhomogeneous model.

Another speci�c example is the frequency-dependent velocity average equation derived using
the �self-�eld� �rst-order scattering theory. Laboratory determinations of the velocities of ul-
trasonic waves in water-saturated sandstones are compared with the values calculated using
the frequency-dependent and traditional �static� equations. When an appropriate matrix ve-
locity is used, the frequency-dependent equation yields a better �t to the laboratory data for
medium-porosity rocks. This equation can also be used to derive additional information about
the pore geometry and �uid properties.

By using a perturbation method for tracing complex rays, an e�cient ray tracing algorithm is
developed for body-wave calculations in 3-D weakly anelastic, TI, inhomogeneous media with
interfaces. The algorithm is incorporated into the C++ recursive cell ray tracing package.
It eliminates the need for tracing rays at each sampling frequency. A simple Hamiltonian
formulation is adopted by utilizing Cartesian coordinates. Numerical VSP examples have been
presented to con�rm the fact that this is an accurate and e�cient method of involving weak
attenuation and dispersion e�ects into the asymptotic Green's function.

The method is used to examine attenuation of DF/BC, the amplitude ratio of the DF and
BC branches of anomalous PKP recorded at broad-band GEOSCOPE stations, in terms of
axisymmetric anisotropy of the inner core with the fast direction parallel to the Earth's spin
axis. Both anisotropy and mean attenuation are included to �t real observations.


