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Studies on the Elastic Wave Velocity in Clastic Rock

Part II Progressive Change of Elastic Properfy through Lithofication

in Sandstone
By
Shozaburd Nagumo

Abstract

1. Introducﬁon

As stated in part i, various information on the elastic properties such as framework,
porosity and.internal pressure in sandy clastic rock can be obtained by analyzing the varia-
tion of longitudinal wave velocity due to the water content. By applying this method to
various .sandy clastic rock, the writer investigated the progressive change of elastic prop-
erty through lithoﬁca’cioﬁ in sandstone.

Soft siltstone is pleistocene was chosen as fche young sediment and the -experiment

was carried on the elastic property of soft sediment 2.

De'velopment of framework through . lithofication is studied with respect to the -

porosity in 3, by separating the elastic wave velocity in framework itself from the water
content-velocity curve. Froﬁq these data, progressive change of elastic property through
lithofication is examined in 4. Standing on these information, the writer discussed in 5
some problems on seismic prospecting concerning the method of the survey techmque and

that of interpretation.
2. Variation of elastic wave velocity with respect to water content in siltstone

“The core used in this experiment was taken from the boring cores in the pleistocene
formation of the Ishikari coal field. The density in water saturation is 1.81; the effec-
tive porosity is 47.3% ; depth of sampling ié 322 m.

The experiment x;vas carried out with the same procedure as that of Part I, and the
variation of longitudinal wave bvelocity with respect to Watef content is illustrated in
Fig. 1. The curve for this high porous siltstone is very similar to the curve which were
obtained in undurated sandstone.

Discussion of results:

(i) Veloc1ty increase due to enforced dried condition )

Comparing the observed velocity increase with the calculated value (Table 1), of
which method is described in the Appendix II of Part I, the amount of vélocity increase
is inferred by .occurrence of the internal pressure in the matrix and cement.

(ii) Velocity in saturated water 7
Comparing the observed velocity variation in saturated water with calculated value

Ce

45— (523)



WmEWENAIR E8E H9 5
for various models, 'namely' for the F. Gassmann’s porous model of o—3 and p=g, and
for the mixture model, the observed velocity variation is quantitativeiy explained very well
by the F. Gassmann’s model of z=a -(Table 2). The assumption of Gassmann’s model of
4=p means that rigidity 2 of the porous medium increased in saturated water state as
_ the same grade as that of framework Whe.nb the bulk, modulus % increases. While the as. '
vsumption of Gassmann’s model of u#ﬁ means that rigidity. # remains constant 'in water }
saturation conditidn, in spite-of increase of bulk modulus. Taking these physical mean-
ing of each assumption into consideration, the variation of poisson’s ratio of the soft
siltstone in sturation condition is examined. )

" Poisson’s ratio ¢ is 'a function of ulk, 6=(3-2 2#)B)](e+2 pjk), and the relation is il-lus-
trated in- Fig, 2. ThevPoivsson’s ratio of the framework of soft éiltstone is about 0.2 ~
0.3 and u/k 0.6(6=0,25), 'accordihg to Dr. Iida’s experiment (1940). The bulk modulus. of
',the framework is rather small, Ih saturated water condition, however, the bﬁlk modulus
k of the rock increases very much due to mixture 6f particle and water. Therefore, k/k .,
becomes véry small. On the otherhand, rigidity # remains constant under the assﬁmption
of p= E Therefore, ufk in saturation state becomes very small so that the Poisson’s ratio
approaches to 0.5. Comparison of calculated value of mixture ‘model With the observed
value will support the above interpretation. » . )

Summarizing these considerations, we can conclude about the elasticity of high
porous siltstone that i) F. Gassmann’s porous mcdel is sui"cable, ii) rigidity in saturated
water condition is nearly the same as that of framework, iii) Poisson’s ratio in that time

" approaches to’ 0.5, while that of framework is 0.24'~ 0.3. '

- 3. Devélopment of framework with respect to the po_rosity

As the variation of the longitudinal wave velocity in saturated and partial saturated
condition is quantitatively explained very well by F. Gassmann's porous model, elastic
property of framework can be separated from the velocity water contenf curve, and the
minimum velocify curve corresponds to the elasticity of the‘ framework. In order to
investigate the development of framework due to lithofication, <10ngitudinal wave velocity -
was obtained by the same experiment of many other ‘sandstone samples,v which are
tabulated in Table 3. As the result, longitudinal wave velocity of the framework is
illustrated with respect to porosity in Fig. 3. ‘ ) ‘

From .this gr?.ph, we can notice such general 'tendency, in the framework that the
velocity variation shows inverse proportion to the porosity. In tﬁe precise view, however,
the variation of velocity in framework is very large even for the same porosity. -

" The variation range of velocity with feépect to the porosity is very wide. When °
the porosity bet:bmes less 20 %, the velocity in the framework seéms to be rather inde-
pendent on porosity. The general dependency between velocity and the' porosity of the
framework" will be due to the compaction and cementation. The wide variation in less

porous medium, however, will be due to both the texture of the rock and the qualit’y' of
cementation materials, ‘

4. Progressive change of elastic property through lithefication in sandstone

Summarizing the experimental data in ‘Part I and Part 11, longitudinal wave velo-
cities’ of unsaturated and saturated framework are plotted with respect to the porosity in

Fig. 4. Reference curve (i) in the Fig. 4 shows the velocity of the mixture model con-
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sisting of elastic particle and watér. Reference curve (2) presents the Veloc1ty of the

assumed mixture model of 6=0.25. The observed longitudinal wave velocity in saturatlon‘

condition is a little larger than the curve (1) at the high porous region. As the porosity
decrease (50% ~ 30%), the observed velocity deviate upwards from the curve (1), When

the porosity is less than about 15 %, the Velomty becomes larger and the development of

the framework. shows remarkable;

From these curves and experimental data described in this report, progressive'

- change of elastic property of sandstone was examined and schematically 'summarized in

Table 4. For the very young sediment, range about from 100 % ~ 50 %, the elastic prop-

erty is mostly determined by the mixture model of elastic particle and water. As the

lithofication phenomenon such as compadtion and cementation, develops with reduction of

pore spaces, the framework begins to develop. In the porosity range of about 50 ~ 20%,

the strength of the framework is still weak. In saturated condition, the bulk modulus

.of the rock become large due to mixture model, while the rigidity remains nearly constant
. as that of framework. Therefore, in saturated ration cond1t1ons Poisson’s ratio approaches
“to about 0.5." When the lithofication develops very much and the porosity decreases less

than 20 %, the elastic property of the framework becomes very strong. In saturation

condition, both bulk modulus and rigidity become large, so that the Poisson’s ratio does

not chang;e in such condition.
5. Consideration and remarks on seismic prospecting

On the bases of above knowledge, the writer has taken some considerations on

seismic prospecting.

(1) Elastic property of low veloc1ty layer surface
By consﬂermg the elastic property of low . velocity layer surface particularly concern-
ing the rigidity, it was remarked that the surface waves should be carefully controlled by

examining the shear wave velocity in the formations.

(2) On the reflection bed

From the physical view point, the reflection horizon is. merely a boundary of
acoustical impedance. The elastic wave velocity is mainly controlled by the porosity and
tkvleframework, and these factois have close relation to classification and description of
rock facies. Therefore, the reflection bed should be correlated first to the rockfacies.
(3) On the correlation between seisfnic units and stratigraphic units ‘

Correlation procedure is schematically presented in Fig. 5. The relation between
Veloc1ty layer and reﬁectwn and refraction horizon should be. studied W1th the stratigraphic

facies analysis such as sand-shale ratio, iso-pack and other analysis.

6. Summary and Conclusion

Progressive. change of elastic proj;)erty in sandy clastic rock was studied by carry--

ing out the experiment on the variation of the longitudinal wave velocity in saturated

condition.

As regards the elastic property of soft siltstone (porosity: 47.3 % ; longitudinal wave

velocity in saturated condition: 1.54 km/sec) in pleistocene formation. Results obtained
are ;

(1) Longitudinai wave velocity variation in saturetion condition is controlled by

47— (525)




W BBEERE®

(8% $£9 %)

the elastic property of framework, porosity and innmer pressure. The F. Gassmann’s

porous model of # = @ seems to be suitable to such high porous siltstone.

(2) The longitudinal wave velocity in saturated state mainly depends upon the
mixture model of elastic particles and water, and the velocity in partially saturated state

" decreases to the Veloc1ty of the framework

(3) The. shear wave velocity is determined by the elastlclty of the framework

and the rigidity does not affected by the water content.

(4) Poisson’s ratio in the saturated state is a little less 0.50.

As regards the development of framework. through lithofication, results obtained

are ;

(1) As a general dependency, the 10ng1tudma1 wave velocity of the framework in-

creases as the porosity decreases.

"(2) When the porosity becomes less than about 15 %, there seems to be no close

relation between porosity and the strength of the framework.

From these data, progressive change of elastic property of sandy clastic rock was

surhmarized and tabulated in Table 4.

Remarks on the seismic- prospecting, from the view point of these elastic proi)erty

of the elasti¢ rock, are; -

(1) Shear wave velocity should be carefully examined in the case of controlling

the surface waves.

(2) Reflection bed should be correlated first to the lithofacies.

3) Correlation procedure between se1smlc units and stratlgraphlc umts is schema-

t1ca11y 11]ustrated in Fig. 5.
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Rock Specimens used in the Experiment and Comparison of Observed Value
with Theoretical Value
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