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that the elastic properties of zero-porosity material 
estimated from measurements made on highly porous 
material are inaccurate but also that even the sign of 
the derivatives with respect to pressure may be incor
rect. 

The reliability of measurements made on materials 
of low porosity (less than 1%, say) for the estimation 
of the intrinsic properties is shown by a comparison 
of our data on the quartz sample with the correspond
ing values predicted from single crystal data. The single 
crystal elastic constants of quartz were determined as 
a function of hydrostatic pressure to 3 kb by McSki
min et aL [11] . To compute the isotropic elastic 
parameters from these data, we followed the Voigt
Reuss-Hill (VRH) approximation and the variational 
methods (VM) of Hashin and Shtrikman (see, for 
example, Lowrie [12]). The general expressions for 
the pressure derivatives of the isotropic VRH moduli 
for trigonal crystals have been given earlier in terms 
of the single crystal elastic constants and their pres
sure derivatives [13] . Similar expressions may be 
found for the VM bounds from equations derived by 
Peselnick and Meister [14]. The values for the pres
sure derivatives of the velocities can then be calcu
lated from eq. (2). The result of these calculations 
shows that pressure derivatives of the shear and bulk 
moduli are 0.44 and 6.42, respectively, from the VRH 
scheme whereas the VM scheme yields 0.44 and 6.41 
for the same properties. Soga [15] used the single 
crystal data of McSkimin et al. [11] to estimate the 
pressure coefficients of the isotropic wave velocities 
and the bulk modulus on the basis of the VRH ap
proximation. Comparison of the calculated isotropic 
values with the experimental data shown in table 2 
reveals good agreement between the measured poly
crystalline data of quartz and the isotropic VRH and 
VM moduli calculated from the single crystal data. 
Similar comparisons cannot be made for rutile be
cause the single-crystal elastic constants, as a function 
of pressure, are not yet available. Tables published by 
Simmons [16] list the maximum and minimum 
limits of isotropic compressional and shear velocities 
in units of (km/sec) as 9.607 and 9.071 for Vp and 
5.474 and 4.909 for Vs for rutile . The present values 
of Vp and Vs are within these limits and they are in 
good agreement with velocities calculated from the 
poly crystalline elastic constants [3] reported earlier. 

Commenting on a negative pressure dependence of 

the isotropic shear modulus for some oxides, Ander
son [171 predicted the value of the first pressure deri
vative of the shear modulus for rutile to be "negative 
but close to zero". As seen from table 2, our experi
mental value determined on a dense polycrystalline 
rutile specimen is (aJJ./ap) = + 0.91; this value does not 
support the prediction made by Anderson. 

Quartz has an unusually small value of Po is son's 
ratio. Its rate of change with pressure is greater than 
that of any other oxide or silicate yet measured; com
pare the value of 4.9 per mbar for quartz with 0.18 
for periclase. This fact is an obvious consequence of 
the large change in K s with pressure compared with 
the change in JJ.. The high value of (aus/aph for 
quartz may be an indication of the phase instability 
of the crystal lattices at high pressures. At room tem
perature, Si0 2 undergoes a change of phase from 
a-quartz to coesite at a pressure of about 20 kb and 
from coesite to stishovite at a pressure of about 100 
kb. We speculate that the high value of (au/aph of 
poly crystalline quartz may be associated with the 
phase change to coesite. 

Consideration of the values in table 2 shows that 
rutile possesses some of the common properties of 
oxides: a low value of compressibility, high value of 
<I> = K sip, high wave velocities, and an intermediate 
value of (a Qn Ks/aph. The value of (a Qn Ks/aph of 
3.1 mb- 1 for rutile may be compared with 2.6 for 
periclase and 1.7 for corundum. The properties of 
quartz, on the other hand, are not typical of other 
closely packed oxides: its value of compressibility is 
high, <I> is low, wave velocities are low, and 
(a Qn Ks/3Ph is 17 mb- l . 

A final observation of importance to geophysicists 
is that (a vs/aph is a small negative quantity for 
quartz but a small positive quantity for rutile. The 
small values of (a vs/aph for these two materials 
may imply that excessive thermal gradients are not 
required to produce a low velocity layer in the earth's 
mantle. 
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