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Abstract Through amplitude versus offset (AVO) inversion, we can obtain parameters which
can be used to describe the properties of subsurface fluid and lithology. However, prestack
inversion problems are multidimensional and ill posed. So it is necessary to obtain reliable and
stable inversion results. In this article, we develop a new method which combines PP wave and
PS wave to invert for three parameters including the density contrast, P- and S-wave moduli
contrast. Because the moduli contrast is more sensitive to the fluid, we use the relationship
between velocity contrast and moduli contrast from rock physics, and substitute the velocity

contrast with muduli contrast in Aki-Richards approximation equation. Then we can derive AVO
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approximations in terms of these moduli. Combining PP wave and PS wave, we construct an
objective function to invert density contrast, P- and S-wave moduli contrast. First, this method is
based on Bayesian parameter estimation theory, Gaussian distribution is used for likelihood
function and modified Cauchy distribution is used for prior distribution. Second, covariance
matrix is adopted to describe the degree of correlation between the parameters. Tests on synthetic
data and real data show that all parameters are well retrieved. Compared with the conventional

inversion method only using PP wave, the joint inversion method is more stable, accurate, and

antinoise, which demonstrates its reliability and effectiveness.
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Fig. 2 Synthetic data. (a) S-wave section; (b) P-wave section
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Fig. 3 Density contrast. (a) Joint inversion result; (b) PP inversion result; (c¢) Real value; (d) Error comparison
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Fig.4 S-wave molulus contrast. (a) Joint inversion result; (b) PP inversion result; (¢) Real value; (d) Error comparison
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Fig. 6 Density contrast. (a) Calculated result; (b) Real value; (¢) Error
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Fig. 7 S-wave molulus contrast. (a) Converted result; (b) Real value; (¢) Error
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Table 1 Error comparison of inversion results at the well location

SIS A B R 22 YU B T R 22
HIEH 0. 2205 0. 3581
B L 0.0832 0. 2547
AT L 0.0512 0.0578
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Fig. 9 Synthetic data with noise (SNR=2). (a) S-wave section; (b) P-wave section
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Fig. 10 Density contrast. (a) Joint inversion result; (b) PP inversion result; (¢) Real value; (d) Error comparison
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Fig. 12 P-wave modulus contrast. (a) Joint inversion result; (b) PP inversion result; (¢) Real value; (d) Error comparison
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