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TABLE 4. Parameters of Least Squares Solutions of the Form
Vp = g + bP Corrected for Length Changes

a, b,

Rock km s~! km s-! kbar~!
Pyroxenite, Montana 7.918 0.0137
Pyroxenite, Washington 7.846 0.0126
Dunite, Washington 8.369 0.0108
Eclogite, Norway 8.149 0.0097
Eclogite, Czechoslovakia 8.333 0.0096

Vp is given in km s~!; P is given in kbar.

the pressure coefficient of velocity for his bronzite differed
significantly from that calculated from single-crystal data
of bronzite reported by Frisillo and Barsch [1972], and
because of this, he questioned the use of single-crystal data
to predict rock properties.

Measurements of elastic constants, related pressure deriv-
atives, and calculated Voigt-Reuss-Hill aggregate velocities
and their pressure derivatives have been reported over
limited pressure ranges for garnet, olivine, and pyroxene.
The pressure derivatives of velocity for these minerals are
given in Table 5 and are shown in Figure 3, where the
aggregate velocities are extrapolated as dashed lines to 30
kbar. Rock velocities determined between 10 and 30 kbar
from the solutions of Table 4 are shown as solid lines in
Figure 3, and extrapolated ‘zero porosity’ velocities are
dashed between 0 and 10 kbar.

Comparisons of the single-crystal and rock data in Fig-
ure 3 illustrate, as noted by Wang [1973], that pyroxenites
have significantly lower pressure coefficients of compres-
sional wave velocity than the Voigt-Reuss-Hill average cal-
culated from single-crystal data of bronzite. The reasons for
this discrepancy are at present unknown and must await
additional velocity measurements in rock-forming minerals
and rocks at pressures above 10 kbar. The Stillwater pyrox-

TABLE 5. Pressure Coefficients of Velocity
from Single-Crystal Data

avq/ap,
Mineral km s-1 kbar-! Reference

Bronzite 0.02057 Frigillo and Barsch [1973]
Olivine 0.0102 Kumazawa and Anderson [1969]
Garnet 0.00784 Soga [1967]

enite has a nearly random fabric, and thus preferred mineral
orientation does not significantly influence its pressure co-
efficient, of velocity. The lower pressure coefficient of ve-
locity for the Twin Sisters pyroxenite compared with that
of the Stillwater pyroxenite is interpreted as being due to
the significant olivine content of the Twin Sisters pyroxe-
nite, although it is possible that composition and anisotropy
due to preferred mineral orientation in the Twin Sisters
pyroxenite may be partially responsible for the differences
in the two pyroxenites.

The pressure coefficient of compressional wave velocity
calculated for single-crystal olivine is in excellent agreement
with that measured for the Twin Sisters dunite. Velocities
extrapolated between 2 and 30 kbar closely parallel the ob-
served dunite velocities (Figure 3). The slightly lower
velocities of the dunite are expected because of the acces-
sory minerals present in the rock.

Velocities in the two eclogites fall between those of single-
crystal garnet and the pyroxenites. The pressure coefficients
of velocities of the eclogites are intermediate between those
of garnet and the pyroxenites, thus suggesting that the
elastic properties of omphacite do not differ significantly
from those of enstatite and bronzite. The Czechoslovakian
eclogite contains more garnet and less alteration products
and therefore has higher velocities than the Norwegian
eclogite.

It is concluded that extrapolation to high pressure of
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Fig. 3. A comparison of 30-kbar rock velocity data with extrapolated single-crystal data. Extrapolated velocities

are shown as dashed lines.
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velocity averages from single-crystal data may lead to a
valid prediction of rock velocities, as has been illustrated for
the Twin Sisters dunite and single-crystal olivine. For py-
roxenites, however, extrapolated velocities determined from
single-crystal data are not in agreement with rock measure-
ments. Thus the extrapolation of laboratory measurements
determined below 10 kbar from both rocks and single crystals
to elevated pressures must be viewed with caution.
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