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A remarkable correlation was found by Ewing and Press” between
the phase velocity of Rayleigh waves and the Bouguer gravity anomaly
throughout the United States. A similar correlation was found by Aki®

for Japan. Fig. 1 shows the phase velocity of Rayleigh waves with
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Fig. 1.

the wave length of 110 km in each region plotted against the Bouguer
anomaly averaged over the region. The Bouguer anomaly value in Fig. 1
is that corrected for the variation in the crustal structure outside of
the corresponding region, and each value may be regarded as representing
the Bouguer anomaly for a horizontally uniform crustal structure having
the same characteristics as the average structure within the region. In
this correction, the variation in the crustal structure was approximately
represented by the thickness variation of a single layer crust having
the density contrast of 0.43 g/ce® to the mantle, and Hubbert’s line
integral method® was applied to a crustal cross-section assumed on the
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basis of the present knowledge available from the gravity®-®-?-®, phase
velociiy? " and refraction studies” . The value of correction is small
for most of the regions, lying between —20 and +20mgal, except in
the Sierra Nevada region (—67 mgal), in the south western Kanto (—60
mgal) and in the Chubu region (—100 mgal). The choice of other possible
models for the crustal variation will not seriously affect the corrected
gravity values, and the values in Fig. 1 are probably correct within the
error of =20 mgal. The experimental errors in the phase velocity deter-
mination are 0.03 to 0.05 km/sec for most of the regions.

It is clearly shown in Fig. 1 that 1) a roughly linear relation (with
the coefficient of about 825 mgal per km/sec) exists between the phase
velocity of Rayleigh waves and the corrected Bouguer anomaly within
each of the two countries, 2) the points for the United States are
significantly apart from those for Japan, and 3) the points for both
countries align nearly parallel to each other. These are purely obser-
vational results except for the small correction on the Bouguer anomaly,
and indicate that there is a significant difference in the material and/or
the physical condition in the crust between both countries. Also, it is
suggested that the variation in the crustal structure within each country
may be governed by the same law. In the present note, the writer
tries to find a quantitative difference in crustal material between both
countries by interpreting Fig. 1 under the following two extreme assump-
tions regarding the crustal structure variation.

In one of the assumptions, the densities, wave velocities and thick-
ness proportions of the layers constituting the crust are kept constant
and the total crustal thickness is taken as the only variable. In the
other, we assume that the layer thicknesses are constant everywhere
and the density and elastic wave velocities vary from place to place.
The former may be called Airy’s assumption and the latter Pratt’s
assumption.

In discussing Fig. 1 under Airy’s assumption, we shall adopt Press’
standard continent as the model of the crust in the United States, and
a modified one® as that in Japan. In Press’ model (case 6E)"™, the phase
velocity ¢ of Rayleigh waves varies with the crustal thickness d at the
rate of about —0.014 km/sec per km for the wave length of 110 km.
The Bouguer anomaly variation 4B corresponding to the crustal thickness

variation 4d may be expressed as
4B d;
—*=‘_‘23G A i—’ y
4d 2 dpeg
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where 4p; is the density difference between the ith layer and the mantle,
d; is the thickness of the ith layer, d is the total thickness and G is
the gravitational constant. Press assigns density values to his layers
according to Nafe and Drake’s experimental curve which gives the
density as a function of the compressional velocity. The average density
contrast > dp/(d;/d) is 0.5 in Press’ case 6E, and 4B/4d is obtained as

—21 mgal Zper km. Dividing this by —0.014 km/sec per km, we have
the result that 4B/4¢ should be about 1500 mgal per km/sec. The actual
value of 4B/4c in Fig. 1 is about 825 mgal per km/sec and the discrepancy
seems to be significant. The average density contrast which explains
the observed value of 4B/4c is 0.28. Thus, if the mantle has the density
of 8.32, the average crustal density must be as high as 3.04. This is
essentially the same result obtained by Woollard, and he thinks that
this high density is geologically unlikely. Also, Tsuboi found that the
density contrast of 0.3 is most appropriate in determining the crustal
thickness variation in California from gravity.

The crustal thickness corresponding to a given phase velocity for
the wave length of 110 km can be obtained by the use of Press’ standard
curves” for the United States, and that for Japan by the use of Aki's
modified standard curves? which give the thickness in agreement with
the refraction result in Japan. Then, the difference in the position in
Fig. 1 between a region in Japan having a given crustal thickness and
a region in the United States having the same thickness must be attributed
to the difference in density and velocities of the crustal material. The
difference is about 0.2km/sec in the phase velocity and about 20 mgal
in the Bouguer anomaly. If the density difference is assumed to extend
to the depth of 50 km, we have the result that the crustal density in
Japan is smaller by about 0.01 g/cc than that in the United States. We
also have the result that the shear velocity in Japan is lower by about
0.22km/sec than that in the United States.

It is known from the experiments™ on rocks at high pressure that
the density may be expressed as a roughly linear function of the com-
pressional velocity for a variety of rocks. The linear coefficient is about
lg/cc per 3km/sec. If this formula is applied to the shear velocity
difference between the United States and Japan, the expected difference
in density may be obtained as 0.12 g/cc on the assumption of Poisson’s
ratio 0.25. Since the density difference derived from Fig. 1 is 0.01,
we may conclude that the difference in crustal density is negligible
between the two countries despite the significant difference .in shear
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velocity. This is the consequence of Airy’s assumption. Now, let us
see what will arise from Pratt’s assumption.

Since, in Pratt’s assumption, the crustal thickness is kept constant,
the phase velocity of Rayleigh waves will be determined mostly by the
shear velocity of crustal material. We may assume that the phase
velocity varies -linearly with the shear velocity at the rate of 0.92.
Then, 4B/4c may be expressed in terms of 4p/ V, of the crustal material
as follows,

4B _2:Gd_dp 4V,
de 092 4V, 4V,

where d is the crustal thickness and V,, V, and p are the compressional
velocity, shear velocity and density respectively. According to laboratory
experiments™, 4p/4V, is about 1/3g/cc per kmj/sec. Assuming the
Poisson’s ratio of 0.25, we have

4B _95.35d (in k 1

e 22 xd (in km) mgal per km/sec.
Comparing this with the observed value of 825mgal per km/sec, we
obtain the crustal thickness d of 37 km. This value is very reasonable
as the average crustal thickness in the continent, and we see that Pratt’s
assumption explains the crustal variation, as well as or even better
than Airy’s, as far as the phase velocity-Bouguer anomaly diagram is
concerned.

The crustal thickness of 87 km gives the density difference of 0.13
g/cc between the coast and the mountains (Sierra Nevada, Basin and
Range, and Rocky Mts.) in the United States. Thus, if the average
crustal density in the coast is 2.85", it is 2.72 in the mountains. The
elevation in the mountains required for Isostasy is, then, computed as
1.7km, which is not far from the average elevation of the regions
concerned. On the other hand, the corresponding elevation computed
under Airy’s assumption (with the density contrast of 0.28 g/cc) is 1.4 km,
which is a little smaller than the actual.

According to Birch™, for variety of rocks at high pressure, the density
may be expressed as a linear function of the compressional velocity with
the mean. atomic weight as a parameter. The value of 4p{4V, which
we adopted in computing 4B/4c is nearly equal to that for a constant
mean atomic weight. Therefore, if the crustal velocity and density for
various regions derived under Pratt’s assumption are plotted on Birch’s
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diagrams, the points will align parallel to the line for a constant mean
atomic weight. The points for Japan and those for the United States,
however, will not lie on the same line, but on separate lines with different
mean atomic weight. The difference in the mean atomic weight may be
evaluated as follows.

As shown in Fig. 1, the difference in phase velocity between a region
in Japan and one in the United States with the same gravity anomaly
is about 0.18 km/sec. Since the same gravity anomaly means the same
crustal density under Pratt’s assumption, this difference may be regarded
as the difference between the crustal material with common density.
The compressional velocity difference corresponding to the above phase
velocity difference may be about 0.35km/sec. Birch’s diagram shows
that the mean atomic weight changes with the compressional velocity
at the rate of —1 per 0.8 km/sec if the density is kept constant. Thus,
we have the result that the mean atomic weight of the crustal material
in Japan is greater by about 0.4 than that in the United States. This
suggests that the crustal rocks in Japan may be relatively rich in
minerals with heavier elements. Prof. H. Kuno mentioned that there is
some evidence of relatively high concentration of Fe in the rocks in
Japan. Geological evidence, however, seems not to give a definite
statement on the compositional difference between Japan and the United
States.

‘The differences in crustal velocities and density between both
countries derived under Airy’s assumption may also be attributed to
nearly the same difference in the mean atomic weight. However, since
the mean atomic weight may not be the only factor which determines
the velocity-density relation, we cannot exclude other possibilities which
may explain the observation. For instance, the presence of magma
patches in the crust in Japan might account for the low velocity crust
with a very slightly reduced density.
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