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tation of the convergence of seismic horizons 

bracketing pinch-outs may comprise very useful 

information. Also, relatively small lateral con- 

vergences in seismic transit times may reveal 

differential compaction, and lateral variation in 

transit time may indicate lateral change in the 

physical characteristics of the bracketed rock. 

Direct seismic reflection evidence, however, 

typically involves lateral variation of interfer- 

ence patterns of reflections from the top and 

bottom of a reservoir rock. Evidence furnished 

by gravity observations is even more subtle but 

can be applicable in some cases. 

Many laboratory studies have been made to 

show how P-wave velocity in rocks is affected by 

pressure and fluid saturation; these studies 

principally USC ultrasonic techniques. When the 

samples are cores recovered from wells, condi- 

tions that exist in the earth can be reproduced 

with a fair degree of realism. As a result, a num- 

ber of significant relationships for 1’-wave 

velocities of rocks under different conditions of 

stress and fluid containment have been estab- 

lished. 

A change in rock lithology or composition how- 

ever cannot be simulated very satisfactorily in the 

laboratory. Consequently, no rclevant relation- 

ships between different specific parameters are 

well established. Commonly then, we must resort 

to empirical correlations based on field data. Such 

correlations generally entail some unknowns, so 

they are satisfactorily applicable only for particu- 

lar formations and environments. 

An illustration of the wide range of P-wave 

velocities and lesser range oi bulk densities for the 

more prevalent sedimentary rock types through 

a wide range of basins, geologic ages, and depths 

(to 25,000 ft) is given in Figure 1. 

An additional consideration is a general ten- 

dency for velocity and density to increase with 

increase in depth of burial and with increase in 

age of formations as verified by Faust (1953). 

Successively deeper layers may differ materially 

in composition and porosity with accompany,ing 

marked local departures in velocity and density 

from progressive increase with depth. 

An understanding of interrelationships between 

different rock properties and environmental con- 

ditions, however, requires recognition and con- 

sideration of the nature of rocks in general as 

being granular with interconnected fluid-filled 
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FIG. 1. Velocity-density relationships in rocks of 
different lithology. 

interstices. As a consequence, porosity, mineral 

composition, intergranular elastic behavior, and 

fluid properties are primary factors. These factors 

are dependent upon overburden pressure, fluid 

pressure, microcracks, age, and depth of burial. 

ROCK COMPOSITION AND GASSMANN’S THEORY 

The three components which characterize the 

composition of rocks and the superscripts which 

indicate symbols of their properties arc: 

(1) the solid matter of which the skeleton or 

frame is built (index *); 

(2) the frame or skeleton (index-); and 

(3) the fluid filling of the pores (index I). 

Properties of the whole rock are indicated by 

symbols without superscripts. 

In a classic paper, Gassmann (1951) showed 

that when a rock with its fluid is a closed system, 

grossly isotropic and homogeneous, the use of ele- 

mentary elastic theory yields the following inter- 

relationship between the rock parameters: 

k = @ + @A~ + Q>, 

where 


