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With the advent of multicomponent sea-oor seismic technology, the study of mode converted shear-waves has become
increasingly common in the industry. The mode converted wave retains the bene�t of both P - and S-wave surveys (Li
et al. 1996) and o�ers the potential for more cost-e�ective reservoir characterization and monitoring. However, due to
the asymmetrical ray path, processing and interpreting mode-converted waves requires more e�ort than single-mode
P - and S-waves. For anisotropy analysis, there are also additional di�culties in determining the polarization of the
fast split shear-wave, compared with multicomponent land shear-wave data.

Crampin (1981) gave a fundamental review of wave propagation in anisotropic media, and the e�ects of anisotropy
examined in his paper are mainly illustrated from numerical simulations. Thomsen (1986, 1988) presented these
e�ects within the context of exploration geophysics, and introduced some analytical formulations of the e�ects under
the assumption of weak anisotropy. Recently, Tsvankin (1996) gave a complete review of the e�ects of P-wave
propagation in a transversely isotropic medium with a vertical symmetry axis (TIV).

In this study, I examine some of the fundamental aspects for both P -P and P -S waves propagating in fracture-
induced transverse anisotropic media with a horizontal symmetric axis (TIH) which is the simplest form of azimuthal
anisotropy. I also study the amplitude behaviour and velocity e�ects for P -waves, and the polarization direction and
time delay for P -S waves. All e�ects are expressed in analytical forms under the assumption of weak anisotropy,
which enable some understandings of various dependencies, and allow the development of processing algorithms to
extract these e�ects from multicomponent seismic data. Although these algorithms are formulated in the context of
sea-oor recording, the concepts can also be applied to other forms of acquisition geometry, such as walkway VSPs,
and vertical cable seismics.

The e�ects of azimuthal anisotropy for P -waves are relatively well known. For amplitude variations, a series of papers
have been presented from several research groups during the 1996 SEG convention. These include R�uger (1996), Li et
al. (1996), Li and Mavko (1996). These studies show that for �xed su�ciently large o�sets, the azimuthal amplitudes
show elliptical variation. Mallick et al. (1996), Lynn et al., and MacBeth et al. (1997) applied this to real data.
For velocity e�ects, Sena (1991) �rst presented the approximations for azimuthal variations, Li and Crampin (1993)
examined moveout variations, and Tsvankin (1995) further evaluated these approximations in both velocity and
moveout variations. Grechka and Tsvankin (1996) generalized the results to inhomogeneous and anisotropic media
and concluded that the short spread P -wave NMO velocity will show elliptical variation. Corrigan et al. (1996)
applied this method to 3D data for determining the fracture orientation from the elliptical variation of the moveout
velocity. For P -wave analysis, the emphasis is on the use of azimuthal variations in the moveout of a target interval
for detecting fracture strike (Li 1997). Comparing with the velocity approach, evaluating the interval moveout
provides more quality control and easy means for overburden correction. A con�guration of four intersecting survey
lines, forming two pairs of orthogonal source-receiver azimuths, can be used for determining the fracture strike. The
method may be particularly useful in marine exploration with repeated surveys of various vintages where continuous
azimuthal coverage is often not available.

The e�ect of azimuthal anisotropy on P -S wave amplitudes is not well understood. Li et al. (1996) �rst presented
the P -S AVO equations for anisotropic media, and they conclude P -S AVO and its azimuthal variations may be more
sensitive to fractures. In contrast, P -S wave polarizations and time delays are better understood as extensions from
S-S studies. For near-vertical propagations, the polarization of the fast shear-wave is parallel to the fracture strike,
and the time delay between the two split shear-waves is proportional to the fracture intensity. These two statements
are also veri�ed analytically based on plane-wave propagation .

For processing P -S waves, I have presented a more robust method for recovering the polarization azimuth of the fast
shear-wave from a 3D cross geometry where the source boat sails across the receiver cable. In this case, horizontal
components within orthogonal pairs of source-receiver azimuths may be sorted into 2x2 data matrices after correcting
for moveout and amplitude di�erences. The polarization azimuth can then be determined by minimizing the o�-
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diagonal elements of these data matrices.

To sum up, the azimuthal variations in P -P amplitude, NMO velocity, and interval moveouts show elliptical variations
in azimuthally anisotropic media. This can be used to determine the fracture strike of the medium and has been
veri�ed from real data. The use of azimuthal moveout analysis shows good potential in overcoming some of the
di�culties existing in other techniques. However, the P -wave e�ects only occur at su�ciently large o�sets and are
often complicated by other factors. This limits the P -wave analysis to some extent. Analysis of P -S waves may thus
prove to be bene�cial. The azimuthal variations in P -S amplitudes appear to be more sensitive to fracturing, and in
particular, for near vertical propagating P -S waves, the polarization and time delay of the shear-wave provide a direct
measurement of the fracture orientation and intensity. A new and more robust method is presented for recovering
the polarization azimuth of fast shear-wave for a 3D cross geometry where the source boat sails across the receiver
cable.
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