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Inversion involves the extraction of information about the subsurface geology from a
set of geophysical measurements. It is one of the most difficult geophysical methods to
implement since our measurements are limited and the earth is extremely complex.
There are many different inversion methods and my talk will focus on one specific
approach: the inversion of seismic amplitude data to extract the velocities and
densities of the earth’s subsurface. | will discuss the history of this method and then
show some exciting new developments.

The earliest approach to inversion assumed that the seismic section is a frequency-
limited set of reflection coefficients which can be recursively inverted to extract the
impedance (the product of velocity and density) of the subsurface. Since most seismic
data are recorded as compressional, or P-wave, data, this meant that the velocity
component would be P-wave velocity. There are several limitations with this method.
First, the low-frequency component is missing and must be estimated elsewhere.
Second, the final seismic section is an average of a number of seismic traces recorded
at various source to receiver distances, or offsets, and thus does not represent true
reflectivity.

To overcome the second problem, the AVO (Amplitude Versus Offset) method was
developed in the 1980s, in which an estimate of the elastic properties of the earth
(which includes shear, or S-wave, data) could be obtained from the offset data. This
allowed us to estimate the fluids within our reservoirs. Most recently, inversion and
AVO have been combined to give a better estimate of the P-wave velocity, S-wave



velocity and density. We can then estimate secondary parameters such as the porosity,
sand content and water saturation of a hydrocarbon reservoir.

This talk will stress the physical principles behind each of the inversion methods, and
illustrate them with real data examples from the Western Canadian sedimentary basin
and the Gulf of Mexico.
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