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Anisotropic analysis has allowed the measurement of fracture density and orientation from 
seismic data. It has not been possible, however, to determine the size of the fractures. This is 
because in the conventional equivalent medium theories, such as those of Hudson and 
Thomsen, velocities are given in terms of the crack density, a single parameter which depends 
on  both the crack radius and the number density of the cracks. 
 
We present a method for placing a set of aligned fractures into our previously derived 
isotropic squirt flow model. Coupled fluid motion occurs on two scales: the grain scale and 
the scale of the fractures. A consequence of this is that the predicted anisotropy becomes 
frequency dependent, with the form of the dependence  related directly to the fracture scale. 
 
Previous estimates of the “squirt flow frequency” have given high values, typically between 
the sonic and ultrasonic bands. This has led to the suggestion, implicit in the Thomsen equant 
porosity model, that at seismic frequencies there should be little dispersion.  We demonstrate 
that in the presence of larger fractures, substantial frequency dependence can be expected in 
the seismic frequency band, and as such it is not safe to treat seismic frequencies as a low 
frequency limit. Figure 1 shows predicted frequency dependent shear-wave anisotropy for 
different fracture sizes. Field evidence for such frequency dependent anisotropy from a multi-
component VSP is to be presented in the paper Liu et al. at this workshop. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Shear wave anisotropy at an angle of incidence of 45 degrees to the fracture normal 
as a function of frequency for various fracture lengths. Left hand diagram is for 10 % equant 
porosity, right hand diagram 0 % equant porosity. 


