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Introduction

The earthquake discussed in this study occured on November 25,
1941, at 18"h03'53"Universal Time. The location of the epicenter
some 600 miles east of the Portuguese coast, was favorable for a
study of the structure of the Atlantic Oceanbasin.

Through the data secured from the seismograms the following
factors have been studied; dispersion of Rayleigh waves along ocea-
nic and continental paths; effects of refraction of surface waves
at continental boundaries; and the Atlantic 'crustal structure as
determined from the dispersion of Rayleigh waves.

-Teoy f ayleigh aves

In 1885, in the Proceedings of the London Mathematical Socie-
ty the third Lord Rayleigh published a study about the "behaviour
of waves upon the plane free surface of an infinite horMogeneous
isotropic elastic solid, their character being such that a distur-
bance is confined to a superficial region of thickness comparable
with the wave length." These type of waves have since been recogni-
zed on seismograms and are referred as "Rayleigh" or "R" waves.

They are a combination of dilatational and shearing distortion.
Their amplitudes die out exponentially with depth. In an elastic
solid with Poisson's ratio equal to i, x in the direction of propa-
gation, z vertically downward, Lord Rayleigh found:

-rz -sz
u=A(e - .5773 e ) sin k(x-et)

-rz -sz
w-=A(.8475 e - 1.4679 e ) cos k(x-ct)

c =.9194J8 s=.3933 k r= .8475 k

where c is the velocity of "R" waves and , of shear waves, k-2r,
A. is a constant, u and w are respectively the components of the
horizontal and vertical displacement.

The combined values of u and w give an elliptical orbit. At
the surface,for z=0, the motion is retrograde and the ratio of
horizontal to ve±tical displacement is 0.68. As the depth increa.
ses the horizontal amplitude decreases. For z=.19X,there is no
horizontal component and the particle describes a vertical path
perpendicular to the direction of propagation. For z greater than
.19 ). the motion is reversed and for z=.46X%, the greatest hori-
zontal displacement is obtained in this reversed direction. At grea-
ter depth the limiting value of.the ratio of horizontal to vertical
is 0.39.

As observed on the seismogram, the velocities, periods and am-
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plitudes of the R waves do not fully agree with the theory. as deve-
loped by Lord Rayleigh. In his theoretical study of the waves the
velocity is independeqnt of the wave-length, on the seismogram howev7-
er the waves show dispersion, i. e. dependence of velocity to
wave-length. He further assumed a sermi-Infinite medium whereas in
most geologic cases there is at least one surface layer with differ-
6nt- density and elastic properties overlying a semi-infinite solid.
The case for such a superficial layer has been worked out by Stone-

ley (1), Lee (2), Sezawa (3), Jeffreys (4), and others.
Stoneley, following the procedure used by Love for an incompree-

sible solid, gives the general equation for the wave-velocity as

9 Y==0

where

b(X cosh rT + Y sinb. rT) - ( 7 T sinh sT 4 tZ cosh sT)

(+-T

b(} W cosh rT + Z sinh rT) - 22(X sinh sT + 12Y cosh sT)

'2 -b 17 cosh sT + Z sinh sT) - 211(.X sinh rT + Y cosh rT)

2'-b(X cosh sT + § Y sinh sT) - 21( W sinh rT + Z cosh rT)

and

and xY== 2( -(Z) I)

YZ==2 - 1 )

W== 2(- I)

- c/3J; (s/k)= 1 - c*/ ( r/k)==1 - c/3f

(s'/k)*= - c/fl'3b ; 2- c/3 ;

fand are the rigidity, T is the thickness of the upper layer,
and the accents are used to denote the underlying material.

Jeffreys (5), has reworked Stoneley's equation and gives from
the boundary conditions:
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-(2 A sinh rT + (2 - c'/f)- B cosh rT - 22 C sinh sT

+ P2D cosh sT=O

2A cosh rT - 2B sinh rT + (2 -cj3*) C cosh sT -(2 - c/f) D sinh sT==O

A + C= E + F

!B + 2D = -E -;!

l- c*/f'), B + 22 D 4 2 -c%) E+2 F

j 2A + (2 - c/k) C]AL2E 4 (2 - / Fj

where A, B, C, D, E, and F are constants. Either set of equations
requires laborious computations and the solution is by trial and
error.

Using the principle of stationary. periods, Jeff reys (6), gives
an approximate solution for the wave-velocity equation;

(- 1.2409 + (= 1) L + 0.845341.2409 4 - 1)IF

where L and M are evaluated from the values for the homogeneous crse.
For small values of kT ( less than .2) Lee's (7), approximate-

formula mtay be used; where

kT= - 1707C3' A 3.7O3 -

For the comparison with the data secured on the earthquake of
November 25, three dispersion curves were used.

The first one was taken from Jeffreys. His curve is for the
case of a crustal layer whereA =3.3 andfi= 4.5. The second curve
was computed by Sezawa. This fits roughly the case of an upper
layer having/3 =3.6 and the lower medium being as previously sta-
ted. Sezawa gives no tables and the curves available are too small
to permit accurate reading. Consequently the values are subject to
inaccuracies.

The third curve was computed by the writer taking /p=7/6 and
ft% 10/7, so that3=4.0 and f)'= 4.5 I./sec. For the computation
of this curve both Stoneley's and Jeffreys equations were used.
For kT,<.20, the calculations were based on Lee's formula. Table 1
gives the approximate value of c/A obtained by Jeffreys stationary
period method, table 2 is from the formal solution. The values
from tables 1 and 2 are shown graphically in figurQl.
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TABLE 1

Approximate Computation

/ 7/6 710/7

IT c

0.0 1.01739
0.1 1.01455
0.2 1.01297
0.3 1.01219
0.4 1.01190
0.6 1.01194
1.0 1.01074
1.5 1.00395
2.0 0.99225
2.5 0.97881
3.0 0.96570
4.0 0.94513
5.0 0.93264
7.0 0.92245
co 0 .91940

TABLE' 2

Theoretical Dispersion

1.0174
1.0170
1.0150
1.0140
1. 0120
1.0100
1.0000
0.9900
0.9800
0.9700
0.9600
0.9400
0.9300
0.9250
0.9210
0. 9194

< 7/6

kT

0.000
0.015
0.065
0.090
0.200
0.964
1.535
1.945
2.214
2.445
2.710
30500
4.637
5.804
7.450

J3T/P

411.87627
95.23542
68.84920
31.04337

6.45327
3.96415
3.26314
2.89584
2.60141
2.41512
1.90978
1.44146
1.17033
0.91572
0.00000

c/

1.01740

1.01061
1.01012
1.00422
0. 97099
0 .92738
0.88702
0.86293
0.85865
0.89135
0.90235
0.90585
0.91131
0.91940
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The group-velocity was calculated from wave-velocity using the
well known relation

C _ ____/J

where C is the group-vel city. The derivative, d5 / ltJ , was ob-
tained graphically. The results are also given in table 2. In fig.
2, the dispersion curves for the three cases are plotted.

Data

The earthquake from which the data were obtained occured Nov.
25, 1941. The location of- the epicenter and the time of occurence
was provided by Dr. J. T. Wilson.

Location 90=37*0 0' Time of occurence 0=18 : 03 ; 53 I.T.
.=19* 00'

The location of the epicenter was such that surface waves were
received at a number of stations after having travelled a large por-
tion of their paths across the Atlantic basin. Vertical component
data from six stations were available - Weston, Fordham, St. Louis,
Mt. .ilson and Huancayo. Most of the seismograms show a well devel-
aped group of Rayleigh waves. The seismograms of St. Louis and 7Nas-

ton are more irregular than those at the other stations.
In measuring the periods an arbitrary zero line was drawn (8).

The times of crossing the zero line were carefully measured. The
time of each crossing point was taken as the time of arrival for
the following full period. This method offers the advantage of sim-
plicity and elimination of any possible error in the reading of any
single period.

By the beats of the waves and the amplitudes, the beginning
of the Rayleigh waves were noted carefully. The readings were taken
within the groups where there was no visible interference by any
other type of waves. For the Weston record it was possible to corii-
pare the vertical and horizontal components of the disturbance: .
The resulting motion was a retrograde ellipse, having the same
characteristics expected for a surface wave of Rayleigh type.

The seismograms of Weston, St. Louis and 1t. Wilson are repro-
Cduced in fig. 3. The group of Rayleigh waves for Which period read--
jIngs were taken are marked AA.

The instruments used at different stations were for:
Berkeley - Small Wiechert Vertical
Weston Short Period Benioff Vertical
Fordham Short Period Benioff Vertical
Huancayo - Long.Period Benioff Vertical
Mt. Wilson - Short Period Benioff Vertical
St. Louis - Sprengretten Short Period Vertical

The periods and the corresponding "mixed"t group-velocities for
the different stations are given in table 3. The velocities for each
period were obtained by dividing the distance from epicenter to sta-
tion by the difference between the time of arrival and the adopted
time of occurence. This is in accordance with the theory of diaper-
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TABLE 3

"OBSERVED" DISPERSION DATA

Now 0 Map "Idpwompows,

Berkeley Fordhma . Huancayo Mt. Wilson .St. Louis . Weston

P V.P V.P V.P ,V P V ~P V

99 3.36 23 3..68..25
21
22
21
21
21
20
19
19
1i
18.
18
16
14
15
16
16
16
15
16
17
17
17
17
15
13
13
13
14
15
16

3.34
3 * .32
3.31
3.29
3.27
3.26
3.25
3.24
3.23
3.22
3021
3.20
3.19
3.18
3.17
3.16
3.15
3*14
3.13
3.12
3.11
3.10
3.09
3.09
3908
3*07
3.06
3.o5
3004
3.03

22 3.66 25
21 3.63 23
20 3.60 20-
21 3.57 22
21 3.54 24
20 3.52 22
19 3.49 21
19 3.47 22
19 3.44 22
19 3.41 22
18 3.39 20
18 3.37 19
18 3.35 .20
18 3.33 19
18 3.31 19
19 3.29 20
20 3.26 20
18 3.24 18
17 3.22 15
17 3.20 17
17 3.18 19
17 3.16 20
18 3.14 20
17 3.12 18
16 3.11
16 3.09
17 3.07
17 3.05
16 3.04
17 3.03
16 3.01
15 3.00
16 2.98
16 2.96
17 2.95

3.61 24
3.58 25
3.56 24
3.54 24
3.52 24
3.50 26
3.48 24
3.47 22
5.45 22
3.43 21
3.42 21
3.41 21
3.39 20
3.37 21
3.36 20
3.35 18
3.34 18
3.33 18
3.31 16
3.29 15
3.28 14
3.37 14
3.26 16
3.24 16
3.23 14

17
15
15

3.41 22 3.67 26 3.73
3.40 23 3.65 23 3.69
3.38 26 3.62 22 3.65
3.36 28 3.59 21 3.62
3.34 27 3.57 22 3.58
3.33 22 3.55 21 3.55
3.32 23 3.52 20 3.52
3.30 22 3.50 20 3.49
3.29 21 3.47 19 3.47
3.27 21 3.44 18 3.44
3.26 21 3.42 20 3.42
3.25 21 3.41 20 3.40
3.23 21 3.39 20 3.37
3.22 19 3.37 19 3.34
3.21 17 3.36 19 3.32
3'.19 19 3.35 20 3.30
3.18 20 3.33 18 3.28
3.17 21 3.30 21 3.25
3.16 20 3.28 20 3.23
3.15 17 3.26 17 3.20
3.14 18 3.25 18 3.18
3.14 14 3.23, 18 3.15
3.13 14 3.22 16 3.13
3.12 15 3.11
3.11 16 3.09
3.10 17 3.07
3.09 17 3.05
3.08 16 3.04

16 3.03
15 3.01
14 3.00
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sion (9), where considerin: a Zone of disturbance, the waves sprea-
ding from this zone are recorded at distant stations as a train of
waves of gradually changing periods; each period travelling with
the appropriate rroup-ve2locity and arriving at a time corresponding
to that group-velocity.

The dispersion curves for each station, obtained from table 3,
are given in figure 4.

The Effect of Refraction

In accordence with the ordinary theory of wave propagation,
an incident wave at the interface of two medituns of different den-
sities and elastic constants will b6 reflected and refracted. Sur-
face waves crossing the continental shelf are subject to such re-
fraction in a horizontal plane due to the variation in thickness
and composition of the rocks foarming the continental and oceanic
basements. At the continental edge a certain amount of energy is
lost, but it is as mned that a large portion of this energy is-
converted into refracted waves of the same type as the incident
wave. As a result of refraction, the path followed by the wave will
not be the geodesic track, as it is assumed to. be for an unrefrac-
ted wave,

The angle of incidence and refration follows Snell' s law

c4 /c, sin e, /sin 0

where c and c, are respectively the continental and oceanic wave-
velocities; , angle of incidence; i4angle of refraction. The waves
are refracted according to wave-velocities, whereas they travel with
the group-velocities (10). The time of transit of the waves across
the interface is considered to be stationary.

Stonblpy (11) has studied the effect of refraction at the con-
tinental margin, but no examples involving actual data are given.

The continental shelf was assured to be at the 5,000 ft. sub-
sea contouar. The coast line was taken as a straight line in the re-
gion of the crossing. The geodesic path from station to epicenter
was then located. In fig. 5, the geodes:c path for the six stations
and the angle of this path with respect to the continental edge for
four stations, Jeston, St. Louis, Mt. Wilson and Huancayo, are given.
five or six points were computed on each side of the coastal line
to locate the wave path which was then plotted on a large scale map
and the angle at the crossing read directly. The distance from epi-
center to the crossing was computed and the percentage of oceanic
to continental path was thus obtained.

Two sets of equation are involved in computing the effects of
refraction: The time equation, t=r, /C, + r /C,, , where r, and r
represents the oceanic and continental paths of the refracted wave,
C, and Cq the group-velocities; and the previously stated Snell's
law. The subscripts 1 and 2 refer respectively to ocean and conti-
nent.
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To compute the effect of refraction the values of c, C, and
ce, C,, were taken respectively from curves 1 and 111 (fig. 2) and
the values for T were assumed. For the continent T,=20 km., for

the ocean T,= 15 km. Results are given in tab.
S Considering fig. 6, the spherical tri-

angle SPE gives;o-= 160 - ), and
cos D=cos r cos r - sin r sin r cos(e, -)(
In triangle EPP and SP:

4.

sI

Zee

<0

sin r=sin d,tosex/cos'

sin r-sin dzcosN/Cos

(2)

(3)

In solving the equations, first a value of a
Fig. 6. is assumed and the corresponding value of 02

computed from Snell's equation. From equation
and (3) the values of r, and r. are found and substituted in (1).
solution is by trial and error. Since the Value of D is known,
process is repeated untill equation (1) is solved. Those values

(2)
The
the
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TABLE4

- - 0 -OWEMOM -No ---- -- - - - - - - - - - i a - - -

P C C Cf

IBM- --- NFAMMOMM*lw

20

15

10

40040

4.*032

49004

3*896

3.696

3.e678

4.*024

30984

3.888

3*468

3.624

3o678

3 3.02

373

3.468

3.049

3*034

*3515

3 .218

2.706

2.772

2.o987

3.034

0.*9409

0.09207

0.8662

0*8173

0*8254

0*.8249

TPABLE 5,?

Eff ect Of Refraction

*p St. Louis Weston. Mt. Wilson

56.72% oceanic e, 13'0 79.40% oceanic e=200-30 80 oceanic &=60*

p v Vv YV v . C

25 .3.89 .3.80 .2.*3 3.93 3.*91 1.0.5 .3.65 3.*64 0.3

20 3.81 3.65 4.2 3.85 3.80 1.3 3.4 !0 5.40 QQG

15 3.60 3.38 61 3.69 35 . 2.97 2.96 0.

10 3.37 3.17 5.9 3.37 3.'30 2.1 2.95 2.94 0.3

5 3.50 3.35, 4.3 3.52 3.47 1.4 3.15 3.14 0.3

0 3.56 3.4,-0 4.o5 3.57 3.52 1.4 3.20 3.*19 03
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of r, and r. that solve equation (1) are then used in the time equa-
tion to obtain t.

The computation was carried for three stations: Weston, St.-
Louis and Mt. Wilson. For these stations, the problem was also so]kved

considering the earth flat. Between the two considerations, the
divergence in time and velocity was found to be less than 1 per cent.

According to the previously mentioned theory of dispersion,
the velocity for the corresponding period, for a value of t, was
obtained by dividing the total distance by t. The results are giv-
-n in table 5; where V is the velocity obtained by taking the re-

fraction into account, Vav. is the velocity of the waves, with sa-
xi-e period, but assumed to be fallowing the geodesic path.

From a study of table 5 and fig.5, the effect of refraction
is seen to depend on two factors.

1- The ratio of oceanic to continental path
2- The angle at which the path crosses the continental edge.

For the first factor it is fairly obvious that if the continen-
tal portion of the total path is negligible, the effect of refrsc-
tion will likewise be negligible. Approximately 10% continental
path seems to be necessary before the refraction shows apprecia-
ble effect.

The second factor is actually the nori important. The angles
of crossing of Weston, St. Louis and l1t. L-ilson are respectively
20030' 13* and 60* For Mt. Wilson, where the angle is 60, the ef-
feet is negligible. For such angle the refraction is expected to
be small, since the angle of incidence is approching the normal.
This result agrees with Stoneleyts (12). In his case, the angle
of incidence was taken 550 49', the resulting effect found to be less
than 1%. But for Weston and St. Louis, the effect of refraction
is as high as 6%, which is a fairly serious divergence. For both
paths the angle of crossing is small and the amount of refraction
relatively large. Thus the effects of refraction are particularly
important when the angle of crossing is small and the continental
path an appreciable portion of the total path.

Of couse, the values of the "mixed" group-velocities depend
on the assumptions of -c, C, cC, Ce , T, and T . A reasonable change
in these values, would not alter the result appreciably.

Dispersion Curves and Structures

In observing fig.4, it can be seen that for periods of 20 sec.
or over, the dispersion curves for the different stations present
the same characteristics. They fall in logical order with respect
to period, "mixed" velecity and oceanic path percentage. Since
C,> 02, the station with a higher oceanic path will have a higher
"mixed" group-velocities. But for periods less than 20 sec., the
velocities for Fordham and Weston are seen to fall below those
for St. Louis.

The numbers of period received at any station should be approxi-
mately proportional to the epicentral distance. Howewer, examination
of table 4 shows that even more periods were read at some of the
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nearer stations than at those more distant. It is possible that pe-
riods beyond the Rayleigh wave group have been read.

As an exanple the Mt. WJilson seismograr& and the corresponding
table and graph will be considered. The first period of the Rayleigh
waves was considered to start at 1 0h 15 34". The waves started with

a period of 24?". Towevwer, at 461 33", the period is found to be 26".
From 461 33" to 49107", the periods are decreasing. At 49? 07", the
period is 14".. From this point, although the appearance suggest Ray-
leigh wave-s, the period increases and then decreases. Therefore,
starting from the first wave, the periods passes by a maximum, de-
creases, goes through a minimum, increases and decreases again. The
obvious conclusion to such behaviour is the interference of some

other types of waves with the Rayleigh waves. The arplitudes were
not measured, but in appearance they yield the same conclusion.

The revision of the nmmber of full periods considered to be
"?R"? waves was based on the arguments cited above. The subsequently

drawn curves are shown in fig. 7. Here the dispersion curves do
not cross and the number of periods considered to be R waves at
each station are approximately proportional to their epicentral
distances. Except for some expected minor irregularities the pe-

riods have a steadily decreasing values. In fig. 3, AA represents
the former group, BB the revised group.

From the dispersion curves of fig.7, the intrinsic value of C,
and Czwas obtained graphically. This graphical process is shown in

fig. 8. The straight lines for each period are drawn on the assump-
tion that for a given period the Group-elocity is a line~g func-
tion of the oceanic or continental path. The value of C, and Cz thus
obtained are compiled in table 6.

Using the refraction data, values of C, and C2 were also com-
puted algebrically for several station pairs. Four sets of stations

were used: Mt. Wilson-St. Louis, Tlt. 7ilson-WVeston, St. Louis-
,jeston, and Mt. 7.ilson-Huancayo. The "observed" velocities were ta-
ken from fig. 4. The value of C, and Cobtained for each group, for
a given period, were averaged. For periods of 20 sec. or larger,
the values of C, and Cfor a corresponding period are found to be
in close agreement with the fiprures given in table 6. For periods

less than 20 sec., large discrepancies were found, particularly
when the data from Yeston were used. This of course can now be
explained easily since the curves of fig. 4, had to be redrawn
thus changing the values of the "observed" velocities. The change
were not pronounced for periods larger than 20 sec., but was ap-
preciable in case of Weston and Fordham for P less than 20 sec.

Oceanic Bsin Structure

For comparison with the data three theoretical curves were
used. They are dispersion curves 1, 11, 111 of fig. 2.

Frori the study of "p" waves, for the lowermost layerJ
3 is

found tV be ,etween 4.4 and 4.55 km/sec. In curve lll,Awas taken
as 4.0 andA 4.5 km/sec. Such combination ofJ andfi is considered to
fit closely the oceanic structural combination with basic material
resting on ultrabasic material. Since C, pertains to oceanic group-
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TABIE-j 6

"Observed"&' J-Xoup-Velo cities

pC, 2.

14

16

20

22

2 4

26

3 *33

3.40

3 *48

3.60

3 * 74..

3.83

3.39

3.Q7

3 *08

S* 09

3 *10

3.012

3.13

3.14

TABLE 7

ITheoretical Group-Velocities

P A14-900 Pv4.*06 4.13
T~v2 6 i.T a 2 91'i. T 2Zo3~

10
12
14
16
18
20
22
24
26
28
30

3 *61
3 *58
3 * .53
3.*43
3048
30*62
3.o74
3084
3*89
3092
3*95

3.61
3.55
3049

3*56
3.67
3.80
3.89

3.73
3.70
3.67
3962
3053

3.58
3.70
3.85
3093

3.98
4.02
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velocity, curve 111, was used to match the oceanic data given in
table 6.

Computations based on curve 111, were carried out forA=4.00,
4.06 and 4.11 km/sec. The correspondihg thickness is found by trial
and error. The result are given in table 7. Forj3=4.0 kmh/sec. and
T 26 km., the values found for C, agrees very closely to those gi-
ven in table 6. In fig. 9, this agreement is shown graphically.

For periods over 18 sec., the fit is very good. For periods
less <han 18 sec., the "observed" velocities fall below the theore-
tical.yelocities. Since for shorter periods the waves are influen-
ced more by material near the suirface, the discrepancy suggests a
very thin layer on top.

Consequently, the matching of the theoretical dispersion curve
with the data gives a layer thickness in the order of 26 km., with
a probable thin layer of lower velocity material above. Gutenberg
(13), finds a 25 km. thick layer withI=3.3 km/sec. Under the pre-
sent assumption ofh/ =10/7 and P;/gb-7/6, the thickness of the sur-
face structure is thoughtto be about 26 to 30 km.

Continental Structure

Data secured from local earthquake (14) ive for the continen-
tal structureA/=4.5 km/sec. for the lowermost lsycr,J 3 =3.6 km/sec.
for the intermediate layerJ3=33 km/sec. for the upper one. The
sedimentary layer has here been omitted.

For periods greater than 20 sec., it was assumed that the waves

are influenced mainly by the lower ,section whereA=4.5 and/ 3 3.6
km/sec. This fits the case of a two layer problem, where the bottom
layer is "Dunitic" and the 1 pper "Basaltic". Sezawa's curve, curve
11 in fig. 2, computed forf=4.5 andp=3.6 6 km/sec. was used in the
matching of the continental data.

A value of T was found as previously by trial and error where
the theoretical and observed Cz has been made to agree. The results
are given in table 8. For T -31 km. and for periods more than 18",
there is a close agreement. The fit is shown graphically in fig. 9.
For periods less than 18 sec., the observed velocities fall below
the theoretical velocities. In this case, it is obvious that the
"granitic" layer causes the drop in velocity for the shorter periods.
For periods of about 18 sec., the effect of the upper layer with

Table 8 - for T=31 km.

P _C__

14 3.12
18 5.08
20 5.09
22 5.10
24 3.13
26 3.14

J3=3.= 3 km/sec. becomes apparent.
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The thickness of the "granitic" layer has not been computed.
Tn order to form a true picture of this structure, observation of
shorter periods is necessary. The smallest period obtained from the
records was only 14 sec. Moreover, the theoretical curves have been
computed on the basis of two layers, for periods of about 18 sec.,
the problem actually involves three layers.

Wilson (15), from the study of the dispersion of Love waves,
finds about 30 to 40 km. to be the thickness of the continental sur-
face structure. Taking into account the 31 km. found in this study
for the "basaltic" layer this leaves a thickness of 9 to 10 km. for
the "granitic" layer, which is a logical value for that section.
Gutenberg (16) gives a total thickness of about 45 km. for Eurasia.

Summary

Three theoretical curves were drawn to match the Rayleigh wa-
ve dispersion data obtained from an earthquake that occured in the
Atlantic Ocean on Novernber 25, 1941.

The. effects, of refraction on velocity and path were discussed.
The effect of refraction is found to depend on the angle at which
the path crosses the continental margin and on the ratio of oceanic
to continental path. It is found that when the angle of crossing
is small and the continental path is a significant part of the to-
tal track, the effect of relraction should be taken into account.

The natching of the data with theoretical curves yielded the
following conclusions as to probable crustal structure. Under the
Atlantic Ocean there is probably a layer of 26 km. thick basic ma-
terial overlying ultrabasic rocks, thin layer of lower velocity
material probably lies on top. The thickness of the whole section
is indicated to be about 30 km. For the continent, the thickness
of the intermediate layer is found to be of the order of 30 km.
Considering the total thickness of about 40 km. found by Wilson
for the continent, the thickness of the "granitic" layer is believed

to be about 10 km.
The writer wishes to express his sincere appreciation and thanks

to Dr. J. T. Wilson, of the University of Miichigan, for the inestim-
able advice he has given and under whose direction this study was
madie.
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