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This article is intended as a brief overview of some of the key work carried out in this area. Suggested reading is provided

Jor more details.

Itis commonly assumed that a stacked seismic trace
is the convolution of a wavelet and a vertical incidence
reflection coefficient series. In reality seismic energy in a
shot record strikes any given boundary with a wide range of
incidence angles resulting in P to S wave conversion. It is
easily shown that the resulting reflection coefficient depends
on P-wave velocity, S-wave velocity and layer density and
that the variation of P-wave reflected amplitude with angle of
incidence (or offset) depends on Poisson’s ratio and density
contrasts between layers. Various authors including Shuey
(1985) have published simplified approximations of the full
Zoeppritz equations. The AVO response equation at a
boundary between two layers is commonly expressed as:

R(6)=R cos’8 + { Ac/(1-0)*} sin’0

where R(8) is the reflection coefficient at angle of incidence
8, o is Poisson’s ratio and R, is the reflection coefficient at
zero offset.

Note that this two term equation is valid only up to
30 degrees angle of incidence. The two terms tell us that the
AVO response is dominated by R at small angles and the
contrast in Poisson’s ratio at large angles. The equation also
tells us that an increase in Poisson’s ratio across the boundary
will cause an increase in reflected amplitude with angle of
incidence and vice versa. So intuitively, an interface may
show a positive, negative or zero R, and the amplitude may
either increase or decrease with offset. This leads so far, to
six potential observations on a seismic gather.

The original AVO classification scheme proposed
by Rutherford and Williams (1989) was limited to gas sands
underlying shales which exhibit a subset of the range of
possibilities now recognized:

Class 1 — high impedance sands
Class 2 — near zero impedance contrast sands
Class 3 — low impedance sands

High impedance gas sands show a positive reflection
coefficient at the top boundary. The decrease of Poisson’s ratio
entering the gas sand results in a dimming with offset. A class 3
sand will show a negative reflection coefficient at the top boundary.
The decrease in Poisson’s ratio causes a further decrease in reflection
coefficient with offset; the event gets more negative across the
gather resulting in the classic Gulf of Mexico “bright spot”.

The AVO response equation expressed above can
be simplified further and written as follows for angles of
incidence less than 30 degrees; the angular dependence of
P-wave reflection coefficients is now expressed in terms of two
parameters, the AVO intercept (A) and the AVO gradient (B).

R(0)=A + B sin2

where A represents the normal incidence P-wave reflectivity
or intercept term and B is the gradient term containing the
AVO effects.

Seismic data in the field is of course recorded in the
shot domain and transformed to a common depth point (CDP)
gather with variable offsets. The angle of incidence at a
boundary will depend on the depth of that boundary from
the surface and the dip of the boundary. It is necessary
therefore to transform the data from the AVO (amplitude
versus offset) domain to the AVA (amplitude versus angle)
domain for analysis. Doing this accurately requires an
accurate smooth velocity model and good estimates of horizon
dip. It is usually achieved by ray-tracing.

It should by now be apparent that amplitudes for
any event across a seismic gather can be plotted against
incidence angle as shown in Fig. 1. This allows the intercept
amplitude to be computed for any event in the gather and the
computation of the zero-offset or intercept stack; this is more
representative of the compressional impedance than the full
stack in which the amplitude variations with offset are simply
averaged out. This in essence is why AVO interpretation has
become key; the stacking process is by its very nature
designed to average out amplitude variations across the
gather. But these amplitude variations are caused by changes
in Poisson’s ratio (which can be directly related to
compressional and shear velocities) and density, which the
geophysicist wants to relate directly to useful rock properties
— changes in lithology and fluid.

Referring to Fig. 1 again it is also possible to compute
the value of gradient B for any particular event in the gather.
This leads to the AVO gradient section. The gradient section
shows areas where AVO anomalies are present as high
amplitude events. In the absence of a gradient the section is
quiescent. The gradient section led directly to the
interpretation methods first commonly used in the industry
where the gradient section functions as a screening tool.
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