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Attempts to determine the structure of the earth’s crust by means
of the arrival time of surface waves have been made by a number of
investigators, namely, Gutenberg,” Jeffreys,” Stoneley,” Matuzawa,"
Byerly,® Carder,” etc. But, the surface waves studied by them for
that purpose were chiefly of the Love-type, the reason for which is
probably the fact that the dispersion curves that are easily obtained
are for the Love-waves and not for Rayleigh-waves. Provided the
epicentral distance is not small, say not less than 20 degree, it does
not seem that the identification of the initial phase is more difficult
in the case of Rayleigh-waves than it is in that of Love-waves. As
a matter of fact, in a case of this kind the two kinds of waves are
identified with comparative clearness. Having worked out the mathe- -
matical calculation of the dispersion curves of Rayleigh-waves for
various cases,” it may be in order now to reexamine the structure of
the earth’s crust with the aid of the results of our calculations.

There are quite a number of observed results with regard to the
arrival times of Rayleigh-waves and Love-waves that could be drawn
upon for comparison with our mathematical results relating to disper-
sion curves. However, because of the ease with which the original
records could be confirmed and in view of the reliability of the results,
we used Matuzawa’s data® that appeared in our Bulletin for 1929.
Matuzawa’s result with respect to the relation between the velocities
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of transmission and the periods of oscillation of the respective initial
phases of L-waves and M-waves will be found reproduced in Figs. 1, 2.
Since it is possible for different kinds of surface waves™® to exist even
in the case of Rayleigh-waves and it seems that the usual surface
waves, generally speaking, correspond to that kind having maximum
group velocities, the enveloping curves drawn in these figures seem to
give the approximate values of the velocities of transmission of the
usual surface waves.
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After a prolonged study of the subject it is our conclusion that
it is urgently necessary to obtain, mathematically, the dispersion curves
of Rayleigh-waves as well as those of Love-waves that are transmit-
ted through stratified bodies in such cases of (i) p=p’, A=p, V=4,
pir =2, (i) plo' =114, A=p, ¥ =/, p/p' =165, where o', X, ¢/, o, 2, pt
are the densities and elastic constants of the stratum and the subjacent
medium respectively. The dispersion curves of Rayleigh-waves of case
(i) was obtained some time ago,'” that of case (ii) has been elabolated
by Mr. Kanai,”™ while the dispersion curves of Love-waves were con-
structed with very little difficulty. All these curves are shown in
Figs. 3, 4, 5, 6. The values for the group velocities were obtained in
the usual way. .

A careful comparison of the enveloping curves in Figs. 1, 2 with
the curves indicating the group and phase velocities in Figs. 3, 4, 5, 6,
shows that the four cases of surface waves, namely, trans-Pacific and
trans-Continental Rayleigh-waves as well as Love-waves, approximately
agree with the present four mathematical results. It should, however,
be borne in mind that the curves giving the phase velocities in Figs.
3, 4, b, 6 were necessary not only for calculating the group velocities,
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but also for deriving the lengths of the actual waves from the periods
of oscillation as well as from the velocities of transmission. It will
thus be seen that it is possible to find eventually the proper thickness
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Fig. 5. Rayleigh waves. Fig. 6. Love waves.

0/0'=1-14, 1/ =1-65. 0/0’ =114, p/1=1-65.

of the stratum as estimated from every feature of dispersion corre-
sponding to the trans-Pacific Rayleigh-waves, trans-Pacific Love-waves,
trans-Continental Rayleigh-waves, and the trans-Continental " Love-
waves. From the nature of the trans-Pacific Rayleigh-waves we get
H=9km, p=p', A=p, V=p', +/p'[f =82 km/sec, v/ p/p=45km/sec;
from that of the trans-Pacific Love-waves we obtain H=5km, p=/p',
V'l =32km/sec, vV plp=45km/sec; from that of the trans-Con-
tinental Rayleigh-waves we find H=12km, 1-14p'=p, A=p, X =y,
V0" =31km/sec, 1/p/p=3Tkm/sec; while from that of the
trans-Continental Love-waves we have H=40km, 114y =p,
" v/ pfo"=3"Tkm/sec, Vv p/p=4"5km/sec.

The thickness of the sub-Pacific stratum estimated from Rayleigh-
waves does not differ much from that estimated from Love-waves, so
that we may be justified in taking the mean value H=(9+5)/2=Tkm
on the assumption that the bottom of the Pacific Ocean consists of a
crust of a single surface stratum. The fact, that the maximum velo-
city of Rayleigh-waves is less than that of Love-waves by about 1095,
seems to support this conception. '

The thickness of the surface stratum of the Continental crust
estimated from Rayleigh-waves is exceedingly small compared with
that estimated from Love-waves. Since the energy of the Rayleigh-
waves accumulates with considerable intensity quite close to the surface
whereas that of the Love-waves is distributed in a sinusoidal form
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within the stratum,™ it is probable that the two kinds of waves are
dispersed through different strata. Thus, the Continent may be as-
sumed to consist of a double surface strata, the thicknesses of the
upper one and the next being 12km and 28 km respectively. Ray-
leigh-waves are practically unaffected by the lower layer, while the
energy of the Love-waves is distributed uniformly, relatively speaking,
within the effective layer of a thickness 40 km. This is also evidenced,
on the one hand, from the fact, that in the case of the Continents
the maximum velocity of Rayleigh-waves is too small compared with
that of Love-waves, and, on the other, from the fact that the ampli-
tudes of trans-Continental Love-waves-are extremely small compared
with those of trans-Continental Rayleigh-waves. Were both kinds of
waves dispersed through a common stratum, the difference in the
respective maximum velocities would not be very great, and the differ-
ence in the general amplitudes of the respective waves would be of such
order as indicated in the trans-Pacific surface waves. Now, the con-
clusion we have reached from our investigation with the aid of the
nature of Rayleigh-waves as well as that of Love-waves is as follows.

The sub-Pacific basin is stratified with a basaltic layer about 7km
thick with a density of 3-0; the transverse waves there being trans-
mitted with a velocity of 32 km/sec. The subjacent medium, through
which the transverse waves are transmitted with -a velocity of
4'5 km/sec, consists of a dunite of probably varying densities, though
slight, ranging from 3-0 at the top to 35 at a depth of 30 km from
the bottom of the basaltic layer. It seems that at such a depth the
medium is completely ultrabasic and of density 35, although the
velocity of transmission of transverse waves differs very little from
45 km/sec, being the same as in dunite.

The Eurasian Continent has two superficial layers. The upper- -
most stratum, which is about 12 km thick, is granitic, of density 2-7,
the velocity of the transverse waves being 3-1 km/sec. The second
layer, which has a thickness of 28 km seems to be composed of a
gabbro of density 3'1, the velocity of transverse waves through this
medium being approximately 3:7 km/sec. The third layer, in which
the velocity of the transverse waves is 4-5 km/sec, may be an ultra-
basic rock of density 3-5.

Figs. 7, 8 are diagrammatic sketches showing the distribution of
the proper velocities of transverse waves as well as the densities in
the superficial structure of the earth. From Fig. 8 it will be seen
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that at a depth of 40km from the level of the Continental surface
the masses are practically in isostatic equilibrium. The problem of
distribution of density, however, is not important in the present prob-
lem; it merely confirms that the estimated distribution of materials
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Fig. 7. Velocity of transverse waves. Fig. 8. Density.

as deduced from the nature of wave transmission does not differ
very greatly even from the distribution of the density proper to each
material. ‘

The result of the present theorising seems to support the views
of both Jeffreys and Stoneley for Eurasia and that of Gutenberg for
the Pacific Ocean. It should however be borne in mind that the
stratification here postulated is merely an effective one. The actual
distribution of these materials would be rather of a gradually vary-
ing type.

In conclusion I wish to express my thanks to Mr. K. Kanai for

his valuable assistance in the present work.
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