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New data on the variation with pressure of the elastic parameters of a hot-pressed specimen
of MgO are reported. Within the uncertainty of the measurements the elastic constants are
independent of direction but the pressure derivatives are not.

The elastic parameters of periclase (stoichio-
metric MgO) are important for several reasons.
Because flawless centimeter-sized single crystals,
both natural and synthetic, are available, data
of very high precision can be obtained with the
usual ultrasonic techniques. Polyecrystalline ag-
gregates that have been hot-pressed to nearly
theoretical density yield equally precise data.
Such data can be used to model the behavior
of ionic materials, to test the forms of equa-
tions of state, to test the validity of both the
Voigt-Reuss-Hill approximation and the im-
proved limits of the Hashin-Shtrikman bounds,
and so on. Of equal importance in geophysics
is the consideration that periclase is a rock-
forming mineral and may be present in the
mantle as a separate phase.

The recent publication by Schreiber and
Anderson [1968] of a new set of elastic data
on polyerystalline MgO that differ considerably
from their earlier data [Anderson and Schreiber,
1965] prompts us to publish additional data
obtained on another hot-pressed specimen.

The elastic properties of a hot-pressed cube of
polycrystalline periclase, cut from one of the
eight specimens used in an earlier study of
elastic constants at room temperature of this
material [Chung, 1963], were measured as a
function of hydrostatic pressure to about 10 kb
with the MeSkimin pulse-superposition method.
The microstructural characteristics of this speci-
men were described in detail in Chung [1963].
The chemical purity was 99.7% MgO. The
specimen density was 3.582 g/cm?® at 25°C. The
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experimental procedure followed in the present
work was described previously [Chung and
Simmons, 1968].

The primary data measured in our ultrasonic
experiments were (1) P and S velocities in
three mutually perpendicular directions of the
specimen at 25°C, and (2) pulse-repetition
frequencies corresponding to these velocities as
a function of hydrostatic pressure to 10 kb. The
frequencies were linear with pressure. The first
pressure derivatives of isotropic elastic moduli
were then found from
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where Fj, and Fsr are the corrected pulse-
repetition frequencies at zero pressure and at
pressure P, respectively. Kr is the isothermal
bulk modulus (i.e., Kr = K,/(1 + «Ty), where
the quantity (1 + «Ty) is 1.0147 at 25°C) and
M, is an elastic modulus. The subseript j refers
to either longitudinal or shear modulus. From
the values of {dM,/dP}» -, we calculated values
of the first pressure derivatives of velocities
from
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where p, is the initial density of the specimen.
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TABLE 1. Experimental Elastic Data for Polycrystalline Periclase
po = 3.582 g/cm3, at 25°C.
Specimen Directions
Recommended Values
Elastic Properties* I 1I III (Arithmetic Mean)
V,, km/sec 9.717 9.690 9.687 9.698
V,, km/sec 6.028 6.004 5.995 6.009
po, V2 10" dynes/cm? 33.821 33.634 33.613 33.689
poV,% 101 dynes/cm? 13.016 12.912 12.874 12.934
K,, 10" dynes/cm? 16.467 16.418 16.448 16.444
V,', 1073 (km/see)/kb 8.10 il 7.58 7.80
V,', 1073 (km/sec)/kb 3.93 3.72 3.60 3.75
V2 7.72 7.43 7.34 7.50
(pV.,2) 2.50 2.40 2.34 2.41
a5t 4.39 4.23 4.22 4.28

* Primes denote the isothermal derivative with respect to pressure.
T Three directions are orthogonal; direction I is parallel to the pressing direction.

In Table 1 the results of these calculations along
with the measured quantities are summarized.
Direction I is parallel to the direction of hot-
pressing.

It should be noted that for the three orthog-
onal directions the largest differences in P and
8 velocities at room conditions were 0.3 and
0.5% of the mean values. These differences are
about the same size as the estimated measure-
ment errors; at room conditions, therefore, this

specimen was considered elastically isotropic.
Note that dV,/dP and dVs/dP depend on direc-
tion, and each shows about 8% difference. Be-
cause these differences are more than twice the
size of the estimated experimental errors, we
infer that the specimen is anisotropic with
respect to the velocity derivatives. Pressure
derivatives of elastic properties measured in one
direction only of a hot-pressed specimen may
not yield correct isotropic values of the aggre-

TABLE 2. Comparison of Elastic Data from Several Sources
All data are at 25°C.

Anderson Schreiber
and  Sogaand and
Schreiber Anderson Chung and Anderson
Properties* Chung [1963] [1965] [1966] Buessem [1967]7 [1968] Present Work

po, g/cm? 3.581 3.5800 3.581 3.5819 3.5797 3.582
V,, km/sec 9.68 (40.06) 9.7662 9.723 9.693 (40.025) 9.6605 9.698 (4=0.020)
Vs, km/sec 6.00(=£0.03) 5.9635 6.039 6.008(=%0.012) 5.9974 6.009 (+=0.010)
V', 1073 (km/sec)/kb T.71 8.66 7.80(=0.11)
V,', 1073 (km/sec)/kb 4.35 4.23 3.75 (£0.08)
Ry 3.916 4.58 4.28
a’, 107% (kb)™* 5.63 19.5 18.4
3 0.18 0.203 0.186 0.187 0.186 0.187
u, 101 dynes/cm? 12.90 (£0.10) 12.73 13.06 12.93 12.88 12.934
K,, 10" dynes/cm? 16.0 17 .17 16.44 16.41 16.24 16.444
K, 101 dynes/cm? 16.91 16.206
K, 3.94 4.35%

* Primes denote isothermal pressure derivatives.

T Based on Chung’s [1966] measurements but taken an arithmetic mean of three values determined on

the three orthogonal directions of the specimen.

I Calculated from B+ by using Overton’s [1962] equation.
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