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The study of the polarization directions and the travel-time delay between split
shear-waves is particularly~ important in the interpretation of subsurface anisotropy
from seismic experiments. Over recent years, several techniques have been put
forward to analyse the shear-wave splitting to extract these characteristic parameters,
MacBeth and Crampin (1991a) having reviewed most of these methods. Here, the
analysis of vertically propagating shear-waves is placed in the context of a
convolutional model which can be used to simulate the effects of anisotropy, in
addition to the more commonly examined effects of reflection, transmission,
dissipation, and propagative time-shifts, on the shear-waves. The model is a natural
extension of the scalar convolutional model to vector wavefield data. It is viewed as a
convenient starting point from which to derive fast algebraic techniques for processing
shear-wave splitting. Although the techniques are intended to be of use predominantly
with VSP data, they may also be used either in their present state, or with slight
adaptions, for surface data.

Two sets of techniques are developed, those for data generated by two or more
directions of shear-wave source, and those for data from a single shear-wave source.
In the first category are three different techniques. The multi-source cumulative
technique (MCI) is an algebraic technique which estimates the average cumulative
parameters of shear-wave splitting between the source and a particular geophone level.
This technique requires the source wavelets from the sources to be identical, the source
directions and geophone axes to be aligned, and finally that the shear-waves propagate
through a medium with uniform anisotropy. The dual source independent
source-geophone rotation technique @IT) is an algebraic version of the independent
source-geophone rotation technique (MacBeth and Crampin, 1991b). This technique
requires only that the source wavelets from the sources are identical. The DIT
technique is a useful procedure for quality control of the vector wavefield data, and
under appropriate conditions can provide information about a change in the
polarization directions with depth, or a misalignment of the source and geophone

, directions. The polarization changes detected using DIT can be used to guide
automatic layer stripping based upon the convolutional model. The dual source
transfer matrix technique (D’IT) is an algebraic technique based on a transfer matrix
approach. By using differential information from neighbouring geophone levels, this
technique can be used to directly detect polarization changes with depth.

In the second category are two techniques which are designed to analyse shear-wave
data generated by only a single shear-wave source. The single source transfer matrix
technique (SIT) is the counterpart to DTI’ in the case of a single source. Data from
three neighbouring geophone levels are required for each calculation of the polarization
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and time delay. The single source cumulative technique (SCT) is a single source
technique which uses information from two neighbouring geophone levels. These
techniques can be applied directly in the c8se of pohuization changes with depth.
They have obvious benefits of flexibility, and hence can be applied to datasets acquired
without multi-component sources. In contrast, the more robust dual or multi- source
techniques depend on specific acquisition requirements.

All of these techniques are developed from exact solutions of the vector wavefield
convolutional expression for the recorded displacements at each level in a VSP, and
consequently may be rapidly implemented. For example, the MCT and DIT are
respectively about 5 and 250 times faster than their numerical counterparts. The
techniques perform well when tested using synthetic seismograms generated for
shear-wave propagation through multi-layered anisotropic model (Figure 1). The
range of applicability of the techniques is further tested by application to field data
from the Lost Hills, California, and the Paris Basin, France.
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Figure 1. Results of the techniques applied to shear-wave data for a three layered
anisotropic model with different polarization directions in each layer: (a) polarization
estimates, (b) relative time delay estimates.
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