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Abstract:
amplitude versus offset (AVO) analysis and inversion in exploration geophysics. However, the weak 
properties contrast hypothesis of those linearized approximate equations leads to big errors when the two 
media across the interface vary dramatically. To extend the application of AVO analysis and inversion 
to high contrast between the properties of the two layers, we derive a novel nonlinearized high-contrast 

(A PP wave is a reflected compressional wave from an incident compressional wave (P-wave).) This 
novel approximation is derived from the exact reflection coefficient equation with Taylor expansion 
for the incident angle. Model tests demonstrate that, compared with the reflection coefficients of the 
linearized approximations, the reflection coefficients of the novel nonlinearized approximate equation 
agree with those of the exact PP equation better for a high contrast interface with a moderate incident 
angle. Furthermore, we introduce a nonlinear direct inversion method utilizing the novel reflection 

P-wave velocities, S-wave velocities, and densities in the upper and lower layers across the interface. This 
nonlinear inversion algorithm is able to estimate the inverse of the nonlinear function in terms of model 

and suitability of this novel approximation for a high contrast interface, and we still could estimate the six 
parameters across the interface reasonably when the parameters in both media across the interface vary 
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2012b). The Zoeppritz equation gives the precise values of 

intrinsic nonlinearity makes it less appropriate in practical 
applications. Therefore, linearized approximations with 
different parameterization of the Zoeppritz equations are 

different types of linearized approximations see Russell et 
al (2011). The linearized approximations are derived under 
the hypothesis of weak property contrasts between layers or 
limited incident angle. However, these assumptions do not 
hold especially at unconformities or at interfaces between 

al, 2011). Therefore, in this paper, we attempt to derive an 
approximation of the PP reflection coefficient to adjust to 

Pet.Sci.(2013)10:466-476

1 Introduction
The Zoeppritz equation (Zoeppritz and Erdbebnenwellen, 

1919)  and i ts  approximat ions  as  the  fundamental 
mathematical formulae for describing the amplitudes of 
PP reflected waves from P-wave incident plane waves in 
exploration geophysics under plane wave approximation 
play an important role in AVO analysis/inversion (Smith 
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