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AVO Reflectivity Responses: Pitfalls of High-velocity Layers
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Thickness Variation
High-Velocity Layer

Vp =10000 Vs =5770 p=2.30 Poisson's ratio = 0.25
2000t Vp =10000 Vs =5770 p=2.30 Poisson's ratio = 0.25
Variable  Vp=15000 Vs =8655 p=2.54 Poisson’s ratio = 0.25
Vp =10000 Vs =5770 p=2.30 Poisson's ratio = 0.25
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One of our missions is to examine the variation of reflection amplitude with frequency and offset angle. To this end, we
have tumed to simple reflectivity models for insight. These models reflect some of the eartier work by Simmons and
Backus (2001) and Al-Otaibi (2001) who showed unexpected amplitude variations starting at offsets greater than depth
Our current physical modeling data will also be investigated to verify these simple numerical models. Our prefiminary
evaluation indicates that the physical models with fractures tend to disturb the ampliitude of head waves, so we are
numerically investigating head waves.

for many years that bed thickness affects amplitude (Widess, 1973). Our investigation of high velocity
bed thickness indicates that the head wave is detectable for the very thick bed (2400 f1) but affects the apparent reflection
‘amplitude in less thick beds. The difference between 300 ft and 75 ft thick beds is only seen in the amplitude of the near
offsets and those around critical angle. The difference between 18 ft and 9 ft bed thickness is a very suble amplitude
change at the near offsets and the wavelet does ot change phase beyond critcal angle.
Fractures affect the shear-wave velocity and therefore Poisson's ratio. Our investigation of the effects from changes in
Poisson's ratio shows that for low Poisson’s ratios the head wave is strong at the top of the bed while its asymptotic
partner, the base reflection, has very weak amplitude. Conversely, for a high Poisson's ratio, the base reflection is very
strong but there s litte or no amplitude associated with the head wave.
Most beds in the real world do ot have sharp contrasts as in the previous models. To investigate the reflection effects of
gradational boundaries at large offsets, we have modeled several examples of transitional boundaries, for both higher-

Transitional Zone
High-Velocity Layer

Vp = 10000 Vs =5770 p=

.30 Poisson’s ratio = 0.25

and lower-impedance beds. While the top and base reflections are easily detected for the blocky example, only the 2000 ft Vp =10000 Vs =5770 p=2.30 Poisson's ratio = 0.25
boundary with strong impedance contrast is apparent for transitional beds. Further, for a bed with transitional boundaries
2t oot 9p a0 6356, e oy reflcton s fom th. pint of maximum dference, ofher high o low,
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Transitional Zone
Low-Velocity Layer

Vp = 10000 Vs =5770 p=2.30 Poisson's ratio = 0.25

2000 ft

Vp = 10000 Vs =5770 p=2.30 Poisson’s ratio = 0.25

150 ft

Vp=6000 Vs = 3462 p =202 Poisson's raio=0.25 |

Vp = 10000 Vs =5770 p=2.30 Poisson’s ratio = 0.25

All plots reverse polarity
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