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Fig. 2. The seismic parameter—density relation for olivine with different Fe/Mg ratios. The

contours are derived from D. Anderson’s ® law.

the open circles show hypothetical data points.

are indicated in the figure. The range of Monte
tangles.

point meets at the intercept of the two lines
drawn from the density and the mean atomic
weight surprisingly well.2 If we were to assume
that the olivines of other compositions behave
similarly, a series of lines parallel to a specific
mean atomic weight characterized by the Fe/Mg
ratio in the olivine composition can be drawn.
Knowing the end-point density of the spinel
of the given composition, then one is able to
estimate velocity in that spinel phase. In this
manner, both the compressional- and the shear-

2 Both D. L. Anderson and O. L. Anderson,
during their respective presentations at the Birch
symposium in April 1970, made similar observa-
tions. On the basis of data presented by Mizutani
et al. [1970], the same observation was also noted
by Liebermann [1970] in a paper that has just
appeared in this journal. The writer expresses his
thanks to R. €. Liebermann for sending a copy
of his paper along with a review as a referee
for the present report.

The closed circles show experimental quantities;
Various models of the upper and lower mantles
Carlo (MC) successful models is shown by rec-

wave velocities in the spinel phase were found;
they are plotted in Figure 1 for the compressional-
wave velocity as an example. These hypothetical
data points are identified in the figure with
open circles.

The geophysical significance of these estimated
data points, though they are subjected to con-
firmation, should not be underestimated. As
noted by D. L. Anderson [1967a], recent progress
in seismological advances (surface waves, free
oscillations, large seismic arrays studies, ete.)
make it possible to refine the standard velocity-
depth profiles of Bullen, Gutenberg, Jeffreys,
and Lehmann. One of the more significant
contributions is a refinement of the velocity-
depth profiles in Bullen’s C- region ranging
from about 400 km down to 1000 km in depth.
Surface wave studies by D. L. Anderson and
Toksiz [1963] demonstrated, for example, that
this region consists of a series of relatively thin
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(about 50 km thick) regions of a rapid increase
in velocity. D. L. Anderson [1967a] further
noted that the most notable of these discon-
tinuities occur at depths near 400 and 600 km.
Most of the discontinuities can be attributed
to solid-solid phase changes that have been
directly observed in the laboratory or inferred
from studies of the behavior of analog com-
pounds or shock-wave studies [see, for a recent
review, Ahrens et al., 1969]. From the laboratory
measurements, it has been inferred that near
400 km olivine collapses to the spinel or ‘pseudo-
spinel’ phase with 8%, (for Fe,SiOs) to 109,
(for Mg,Si0,) increase in density.

The seismic parameter—density—mean atomic
weight relation for olivine is shown in Figure 2.
The contours of the mean atomic weights
drawn in the figure are derived from Anderson’s
® law [D. L. Anderson, 1967b]. (See also D. L.
Anderson [1969] for a modification). Figure 2
shows the effect of the Mg-Fe substitution in
the olivine solid-solution system. Clearly shown
here is that the iron substitution in the olivine
lattice is very sensitive to the seismic parameter.
The seismic parameters inferred from the esti-
mated velocities of spinels are entered also
in Figure 2 and identified with open circles.
The widely inferred models of the upper and
lower mantles [Birch, 1961b, 1964; Clark and
Ringwood, 1964 ; Anderson, 1967b; D. L. Anderson
and Smith, 1968] are indicated in the figure.
The range of Monte Carlo successful models
for the upper and lower mantles given by Press
[1968a, b] is also shown by rectangles in the
figure. It is seen that the present data on the
seismic parameters obtained for olivine with
about 839, Fo agree very well with Press’s
upper-mantle models.

Although olivine may be the most abundant
mineral in the upper mantle, a more realistic
discussion of the petrology of the mantle from
the elasticity studies must include information
on the elastic properties of pyroxene and garnet
and their variations with pressure and tem-
perature for these minerals. In a subsequent
series of communications, we shall report these
data; only then will a discussion of the elasticity
and composition of the mantle be attempted.
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