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Fluid Effects on Seismic Waves in Hard Rocks  
with Fractures and in Soft Granular Media 
--------------------------------------------------------- 
J. G. Berryman 
 
Earth Sciences Division, Lawrence Berkeley National Laboratory 
 
 
ABSTRACT 
 

When fractures in otherwise hard rocks are filled with fluids (oil, gas, water, CO2), 
the type and physical state of the fluid (liquid or gas) can make a large difference in the 
wave speeds and attenuation properties of seismic waves. The present work summarizes 
methods of deconstructing theses effects of fractures, together with any fluids contained 
within them, on wave propagation as observed in reflection seismic data. Additional 
studies of waves in fluid-saturated granular media show that the behavior can be quite 
different from that for fractured media, since these materials are typically much softer 
mechanically than are the fractured rocks (i.e., having a very small drained moduli). 
Important fluid effects in such media are often governed as much by fluid viscosity as by 
fluid bulk modulus. 
 
INTRODUCTION 
 

Detection and resource management of fluid reservoirs are commonly performed 
using seismic reflection surveys. When reservoirs contain fractures or cracks, these 
sources of high permeability and fluid-saturated porosity have a strong impact on the 
seismic wave analysis. Of special significance to seismic waves is the fact that aligned 
fractures result in seismic wave anisotropy [1]. We can also understand very directly the 
sources of the anisotropy due to fractures by considering a method introduced by Sayers 
and Kachanov [2]. Elastic constants, and therefore the Thomsen [3] parameters, can be 
conveniently expressed in terms of the Sayers and Kachanov [2] formalism. Furthermore, 
in the low crack density limit (which is also consistent with the weak anisotropy approach 
of Thomsen [3]), we obtain direct links between the Thomsen parameters and the fracture 
properties. These links suggest a method of inverting for fracture density from wave 
speed data. 
 
THOMSEN’S SEISMIC WEAK ANISOTROPY FORMALISM 
 

Thomsen’s weak anisotropy formalism [3], being an approximation designed 
specifically for use in short offset velocity analysis for exploration geophysics, is clearly 
not exact. Approximations incorporated into the formulas become most apparent for 
angles θ greater than 15 degrees from the vertical, especially for compressional velocities 
νρ(θ) and vertically polarized shear velocities νsv(θ). Angle θ in seismic exploration is 
typically measured from the spatial z-vector pointing directly down into the earth. 
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