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S U M M A R Y . — Velocity values for P-waves below the " 2 0 ° discontinui-
t y " are calculated by applying the Wadati-Masuda method, and by using 
separately calculated travel-time curves for the P-waves and the PdP-
waves of each of the five earthquakes examined. 

The velocities calculated have a mean value of 10.21 ± 0.24 km/sec, 
and are without exception greater than those obtained in a previous piece 
of research (9.57 km/sec). 

As regards the value of the velocity of the P-waves above the "20° 
discontinuity" (8.96 kin/sec), the percentage difference between the velo-
city above and the velocity below the "20° discontinuity" is 14%. 

Application of the Herglotz-Wiechert procedure in the zone of the 
mantle below the "20° discontinuity" does not give significant variations 
in the correlation between velocity and depth, in comparison with the re-
sults obtained by other authors. 

R I A S S U N T O . — Si determinano i valori della velocità delle onde P al 
disotto della "discontinuità 20°" mediante l'applicazione del metodo di 
Wadat i e Masuda, usufruendo delle dromocrone delle P e delle PdP relati-
vamente a cinque terremoti studiati . 

Tali velocità, con un valore medio di 10.21 ± 0.24 kin/sec, risultano 
sistematicamente più elevate di quella o t tenuta in una precedente ricerca 
(9.57 km/sec). 

Relativamente al valore della velocità al disopra della "discontinuità 
20u" (8.96 km/sec) il contrasto di velocità nella zona risulta del 14% circa. 

(*) Ist i tuto Geofisico e Geodetico, 
Messina, Italy. 

Università di Messina 98100 
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I.'applicazione «lei metodo di Herglotz-Wiecliert nella zona del man-
tello sot tostante alla discontinuità non produce significative variazioni 
della legge di velocità in funzione della profondità rispetto a quelle dedot te 
da alt l i autori . 

1 . - I N T R O D U C T I O N 

In a previous article (") (Girlanda and Federico, 1966), the equation 
for the travel-time curve for the /'-waves internal to a spherical sur-
face with a radius r* = 5833.389 ± 10.618 km, was deduced from 
a study of the Sicilian earthquake of 23 December 1959. This sphe-
rical surface was assumed to be the site of a discontinuity in the velo-
city of the longitudinal waves (20° discontinuity). 

The equation for this travel t ime curve is the following: 

= (10.633 ± 0.263) A* — (10.77 ± 1.67) • 10 2 z V + 
+ (25.3 ± 3.5) • 10-*A** [11 

valid between 0° and 11°. 
The values for the P-wave velocities, calculated above and below 

the "20° discontinuity", are respectively = 8.958 ± 0.093 km/sec 
and v^- = 9.575 ± 0.223 lan/sec, with a percentage difference of 
6.89%. 

In addition, by applying the Herglotz-Wiechert procedure to the 
spherical model with radius several pairs of Vk, /'A- were calculated 
using equation [1] in the 0° m 14° range. 

The results, obtained for six different values of zl*, are shown 
in Table 1. 

T A B L E 1 

Results from the Herglotz-Wiechert procedure. 

.1* V Tic hk Vk Ai'k/Ahk 
(leg sec/rad km km m/sec s e c 1 

2 586.2755 5822.60 548.40 9.93 0.015 
4 566.8076 5802.33 568.67 10.24 0.011 
6 550.8196 5778.53 592.47 10.49 0.008 
8 538.31 1 1 5753.96 617.04 10.69 0.006 

10 529.2824 5731.10 639.90 10.83 0.003 
14 521.6638 5702.78 668.78 10.93 
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Table 1 shows a gradient Avt/Ahk notably higher than tha t deducible 
from the calculation of Jeffreys (1939) ("), Gutenberg (1948 and 1953) (8), 
Herrin (1968) (9) and others. Such a notably high gradient, which con-
trasts with the relatively modest jump in velocity, seems to indicate 
tha t the above-mentioned discontinuity is a second order discontinuity. 

Later (Federico, 1971 )(5) the hypothesis of the existence of reflected 
waves PdP on the "20° discontinuity" was proposed, and the travel-
t ime curves of these reflected waves were calculated for various focal 
depths. To verify the hypothesis of the existence of waves reflecting 
of the "20° discontinuity", the calculated travel-times were compared 
with the travel-times deduced from an examination of the impulses 
attributed to this type of wave and registered on the 14 seismograms 
examined. 

For various focal depths the coefficients of the travel-time curves 
of the PdP waves of the type t = A + BA2 + CA3 + DA* are given 
in Table 2. 

T A B L E 2 

Coefficients of the PdP travel-time curves for different deep-focus 

h 
km 

A ! B o D tw] 
• 

0 130.207770 0.705062 —2.0497-10-2 2.30-10-4 I.98-10-2 

40 123.981917 0.721901 —2.1500 2.47 2.19 
80 118.934408 0.745470 —2.2938 2.72 2.25 

100 116.407652 0.751493 —2.3676 2.85 2.29 
150 110.202418 0.791612 —2.5836 3.24 2.49 
200 104.136778 0.830776 —2.8415 3.72 2.73 
250 98.172171 0.876169 —3.1551 4.33 2.93 
300 92.292136 0.928868 —3.5363 5.11 3.13 
350 86.481284 0.991352 —4.0156 6.15 3.25 
400 80.728694 1.066804 —4.6343 7.59 3.22 
450 75.021918 1.160681 —5.4703 9.69 2.95 
500 69.345282 1.282802 —6.6829 13.13 2.21 

For the seismograms reproduced in the above-mentioned article 
and in this article, it is possible to see tha t the impulses attr ibuted 
to the PdP, and the observed times of which are consistent with the 
calculated times, are of an amplitude comparable to tha t of the PP. 
The basic elements of the new information are given in Table 3. 

i 
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T A B L E 3 

Earthquake data 

No. Date Ori gin Time Locality Depth /IMC(*) li-tip O-C 
lir min sec 

Locality 
km Deg sec sec 

1 17 Oct 64 09 50 28.0 Crete 18 8.55 167.78 + 2.22 
2 13 Jun 65 20 01 50.8 Turkey 33 10.87 186.07 —2.87 
3 26 Jul 67 18 53 01.1 Turkey 30 19.36 274.78 + 1.12 
4 30 Jul 67 01 31 01.0 Turkey 18 1 1.84 197.26 —5.96 
5 4 Ju l 68 21 47 53.6 Greece 20 6.08 149.14 + 1.26 
6 28 Mar 6!) 01 48 29.5 Turkey 4 10.14 183.85 + 1.35 
7 31 Mar 69 07 15 54.4 Egypt 33 18.65 264.30 0.00 
8 14 May 70 18 12 28.0 E. Caucasus 44 24.35 328.08 + 0.72 

(*) Messina epicentral distance 

There are two possible explanations of the sizeably gradient of 
the velocity P-waves below the "20° discontinuity". I t may be because 
equation [1] was deduced from the adoption of laws of velocity as a 
function of depth, which, in their details, are rather different from 
those previously proposed by Jeffreys, Gutenberg and others; or, it 
may be that the equation [1] is valid within too limited a range for 
a successful application of the Herglotz-Wiechert procedure. A com-
parison between the amplitude of the PdP waves and the amplitude 
of the P-waves suggests, furthermore, a coefficient of reflectivity in 
the zone of discontinuity higher than tha t suggested by the jump 
in velocity found in the preceding piece of research. 

1.2. - I t is necessary, therefore, to re-examine the jump in velocity 
across the "20° discontinuity". This can be done by reducing to the 
surface of the "20° discontinuity" 7J-wave travel-time curves which have 
been deduced at sufficiently wide intervals (20° < Zl° < 90°), and 
which have been deduced from the data for a sufficiently large number 
of seismic events, the hypocentral parameters of which have been 
determined with sufficient precision and wealth of data. 

Such a reduction can be easily obtained using, together with the 
travel-time curves of the P-waves and the travel-time curves of PdP 
waves, the procedure adopted separately by Wadati and Masuda 
(1934)(13) and by Gutenberg and Riehter (1935)(6) in order to determine 
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the velocity of the P-waves in earth core on the basis of the trasmission 
times of the ScS and SKS and of the PcP and PKP, respectively. 

The procedure adopted by the authors cited above, and which 
has been extended to the case being studied, can be summarized as 
follows: let Si be the focal depth surface of a given earthquake, and 
let & be surface of the "20° discontinuity". The seismic ray of a P-wave 
originating in F under angle i„ intersect the surface of the discontinuity 
in A. Let p be the parameter of the seismic ray FA. Two longitudinal 
waves originate in A: a reflected wave AB, and a refracted wave 
ACD. The refracted wave, after it has traversed the zone below the 
surface of the discontinuity S2 for a distance AC, intersect at D under 

an angle i, which, given the symmetry connected with the spherical 
model adopted, is equal to tha t of the reflected wave AH. 

The t ime required to cross the zone below the "20° discontinuity" 
can be calculated by taking seismic rays which emerge at the same 
angle and by subtracting the propagation time trar of the reflected 
wave from the propagation time tp of the refracted wave. I t is neces-
sary, in other words, to calculate from the equations for the travel-

time curves tPap(A) and tPr(A) the respective pPdn = ' '^"j ' and the 
d tPr 

Ppr="6\A' 
The travel-times and the distances relative to the zone underlying 

the "20° discontinuity" are deduced, for the same value of the seismic 
ray parameter, from the difference of the travel-times and of the dis-
tances of the two travel-time curves tPr(A) and tPaP(A). 
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1.3. - The list, of the earthquakes chosen for this study is given 
in Table 4. 

Since the procedure for reducing the experimental travel-time 
curve to the surface of the discontinuity is always the same, only 
tha t relative to earthquake N. 1 of January 3, 1960 is given in detail. 
For the others the global results only are given. 

The travel-times relative to distances between 18° and 93° were 
calculated using the results obtained by Federico (1963)(3) and using, 
in addition, other observation data given in the International Seis-
mological Summary (I.S.S.). 

Using data from 43 stations, the following equations for the Pr 
were obtained: 

tpr (44.35 ± 2.57) + (11.18 ± 0.18) A — (4.035 ± 0.355) \0~2A2 + 
+ (3.499 ± 2.130) 10"5Z|3 [2] 

and therefore: 

pPr = 11.182006 —0.0807041 A + (10.496518)10 >A- [3] 

For the PdP the following equation was obtained: 

trap ---- 94.11 + 0.9125 A2 — 0.03418 A3 + 0.00048 A4 [4] 

the coefficients of which were obtained by using Table 2. From equa-
tion [4] tlie following derivation is obtained: 

PP„P = 1.8251 A — 0.10255 A2 + 0.0019 A3 [5] 

In equation [3] the values of pPr relative to distances of 18° and 
93° are, respectively, 9.76330944 sec/A0 and 4.584369014 sec/zR I t is 
necessary, therefore, to t ry to obtain from equation [5] the interval 
of the distances which correspond to values of pp<u> included between 
the above values of the parameter. With this aim in view by attr ibut-
ing to A in equation [5] values of each half-degree between 3° and 
9.5°, the corresponding values of ppap were calculated. These, when 
substituded in equation [3], gave the values of A p,. Then, by using 
equation [2] and equation [4], the travel-time of tp and tp,u> respectively 
were calculated relative to these distances. The results of these cal-
culations are contained in Table 5. 
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The differences APr—A pap and tP — tpdp make up the pair of 
values A* and t* of the distances and of the travel-times for seismic 
rays, relative to a predetermined value of p, which radia te exclusively 
in the zone of the mant le below the surface of t h e "20° discontinuity". 
(Table 6). 

From the 14 pairs of values A*, t he following relationship 
was obtained 

/* = (10.034 ± 0.035) A* — (2.7218 ± 0.1249)10"2Zl2* + 
— (2.9 ± 1.027)10"5Zl3

H. [6] 

valid between 9° and 90° and which makes up t he equation of t he 
travel-t ime curve of t he P-waves which radiate exclusively in the zone 
of t he mantle beneath the "20° discontinuity". 

From equation [6] i t follows t h a t : 

p* = = 10.034 — 0.05443 A* — 0.0000875706 zl2* [7] 
dZl* 

and therefore t he value of the velocity immediately below the surface 
of t he discontinuity is: 

V*~ = 180 ^ = 1 0 ' 1 4 6 4 k m / S 6 ° 
- (P*)j=0 

The same procedure, applied to earthquakes 2, 3, 4, 5 of Table 4, 
gives the following equations: 

Ear thquake N. 2 of 25.3.62 (Southern Tyrrhenian sea) 

i* = (9.9253 ± 0.0059) A* — (23.3527 ± 0.2211) 10"M* 2 + 
— (6.00 ± 0.20) 10 5 Z1*3 [6a] 

= 10.2577 km/sec 

Ea r thquake N. 3 of 22.7.67 (Turkey) 

^ = (9.9575 ± 0.0021) A* — (24.3451 ± 0.0785) 10 3 A*2 + 
— (5.35 ± 0.07) 10"M* 3 [6b] 

v = 10.2246 km/sec 
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Earthquake N. 4 of 26.7.67 (Turkey) 

t* = (9.8616 ± 0.0105) A* — (24.6139 ± 0.3863) 10"M* 2 + 
— (4.98 ± 0.33) 10 5 A*? [6c.] 

v*- = 10.2204 km/sec 

Ear thquake N. 5 of 30.7.67 (Turkey) 

= (9.9679 ± 0.0123) A* — (24.6905 ± 0.4532) 10 3 A*2 + 
— (5.17 ± 0.39) 10-5 A** [6(1] 

v*- = 10.2139 km/sec. 

The Herglotz-Wiechert procedure, applied at distance intervals 
from 0° M 90" and, separately, to the five relationships [6], [6a], [6b], 
[6c], [6d], gives the results summarized in Table 7. 

In Fig. 9 the results listed in Table 7 are given in diagram form 
and are compared with those obtained by other authors (curves 2 
and 3). The circles represent the limits of the interval of minimum 
and maximum values of the propagation velocity found in corrispon-
dence with various depths, in the five different sets of calculations. 

2 . - C O N C L U S I O N S 

2.1. - The hypothesis which formulated the coexistence of the "20° 
discontinuity" and of the "low velocity channel" is supported not only 
by the experimental evidence of the reflected waves (Federico, 1 9 7 0 ) ; 

it also receives further support from the results of the present study 
which tend to indicate a clearer velocity contrast across the discon-
tinuity. These results are consistent with those suggested by a com-
parison of the P P phases with the PdP phases on the seismograms 
examined. In fact, from the procedure which reduces the experimental 
travel-time curves of the five earthquakes studied to the surface of 
the discontinuity, propagation values for the P-waves immediately 
below the surface of the discontinuity were obtained which are system-
atically higher than those previously obtained (Girlanda-Federico, 
1 9 6 6 ) . In percentage terms, the average increase in relation to the 
value of the velocity of the P-waves above the "20° discontinuity" 
(8.96 km/sec), is 14%. 
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2.2. - As it can be seen in Table 7 and even more clearly in the 
diagram (Fig. 9), the application of the Herglotz-Wiechert method 
produced, for each depth value, an almost uniform distribution of 
the velocity of propagation of the P-waves, with moderate standard 
deviation, of the order of 0.04 km/sec. 

in addition, by comparing the diagram of the Fig. 9 with curve 1, 
A r t 

it is possible to note the elimination of the high initial gradient 
previously found. 

2.3. - The analysis of the velocity values calculated for the part 
of the mantle below the depth of 700 km does not show significant 
variations in the con-elation of depth and velocity in respect to tha t 
obtained by other authors (Jeffreys, 1952; Gutenberg, 1959; Herrin, 
1969). 

However, immediately below the surface of the discontinuity and 
down to a depth of 700 km, the propagation values for the P-waves 
are systematically higher than those obtained by the above mentioned 
authors. 

This difference is to be explained, in part , by the particular cha-
racteristics of the reduction method adopted, and, more importantly, 
by the structure of the velocity models proposed by the other authors 
for the upper mantle. 

Jeffreys, in fact, does not take into consideration low velocity 
zones under the crust; Gutenberg, on the contrary, excludes the pos-
sibility of discontinuities in the zone; Herrin envisages neither of 
these hypotheses. In contrast, the present writer adopted a model 
in which the asthenosphere and the "20° discontinuity" coexist. 

However, if the travel-time curves of the live earthquakes here 
studied are to be consistent with the law which correlates velocity 
and depth, it is necessary, in all of the models used, tha t the mean 
velocity values, in a wide interval around the surface of the discon-
tinuity, are almost equal. These mean values corresponding to depth 
of 400, 450, 500, 550, 600 km are the following: 9.49 ± 0.39 km/sec 
(Gutenberg, 1959), 9.68 ± 0.48 km/sec (Jeffreys, 1952), 9.68 ± 0.41 
km/sec (Herrin, 1968)(9) and 9.52 ± 0.89 km/sec (present work). 

As it can be seen, the value obtained by present author is inside 
the range of the previously calculated values but shows a higher scat-
tering, justified, in fact, by the presence of the discontinuity surface. 
The higher scattering explains, therefore, both the lower velocity values 
above the discontinuity and the higher values below it. 
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Ear thquake epicentral da ta 

X" Date Locality Lat i tude 
(deg) 

Longitude 
(deg) (hr 

Origin-Time 
min sec sec) 

Depth 
(km) 

D a t a (*) 
Source 

1 3 Jan GO S. Tyrr . Sea 39.061 ±0.041 15.413±0.07 20 19 34 .5±0.40 284.5 ± 6 . 1 F 

2 25 Mar G2 S. Tyrr . Sea 39.065±0.033 14.558 ±0 .04 21 38 26.1 ± 0 . 4 0 337.6 ± 4 . 0 B 

3 22 Ju l 67 Turkey 40.670 ±0 .027 30.690 ±0 .02 16 56 58 .0±0 .15 33 .0±3 .3 BCIS 

4 26 Ju l 67 Turkey 39.540±0.024 40.380±0.02 18 53 01.1 ±0 .14 30 .0±2 .3 BCIS 

5 30 Jul 67 Turkey 40.720±0.018 30.520±0.02 01 31 01.8 ±0 .57 1 8.0 ± 4 . 3 BCIS 

(*) F = Federico (1963)(3) 
B = Bot ta l i and Lo Giudice (1975) f1) 
BCIS = Bureau Central Internat ional de Séismologie 
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T A B L E 5 

Wadat i and Masuda's method. Values of the seismic ray parameter and 
corresponding times and distances for the PdP and P r . 

V A pap APr tpdp tpr 
sec/zl° deg deg sec sec 

4.60502037 3 92.66264070 101.4405248 761.8733907 
5.21521103 3.5 82.86507080 103.8973235 713.7826383 
5.78435016 4 74.00524340 106.6488938 665.0676947 
6.31389836 4.5 65.98302570 109.6750751 616.5493310 
6.80531625 5 58.71515660 1 12.9564372 568.8816767 
7.26006443 5.5 52.13119560 116.4742798 522.5837080 
7.67960352 6 46.17063320 120.2106334 478.0629987 
8.06539412 6.5 40.78078190 124.1482586 435.6341376 
8.41889685 7 35.91519620 128.2706463 395.5332855 
8.74157231 7.5 31.53247400 132.5620175 357.9299717 
9.03488112 8 27.59532320 137.0073240 322.9367488 
9.30028388 8.5 24.06983090 141.5922476 290.6172725 
9.53924121 9 20.92487830 146.3032005 260.9931086 
9.75321371 9.5 18.13166840 151.1273247 234.0495506 

T A B L E (i 

Wadati and Masuda's method. Values of the seismic ray parameter for 
the distances and travel-time under the "20° discontinuity". 

V -'1* <* 
sec/zl0 deg sec 

9.75321371 8.6316684 82.9222259 
9.53924121 11.9248783 114.6899081 
9.30028388 15.5698309 149.0250247 
9.03488112 19.5953232 185.9294248 
8.74157231 24.0324740 225.3679542 
8.41889685 28.9151962 267.2626392 
8.06539412 34.2807819 311.4858790 
7.67960352 40.1706332 357.8523653 
7.26006443 46.631 1956 406.1094282 
6.80531625 53.7151566 455.9252395 
6.31389836 61.4830257 506.8742559 
5.78435016 70.0052434 558.4188005 
5.21521103 79.3650704 609.8853148 
4.60502037 89.6626407 660.4328659 
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ót = »107* 

PP PPP 

- — • • " ' • • • ' " • • ; • -

PdP 

Fig. 1 Ear thquake N. I of October 17, 19(54 (Orete). Z - Sprengnether 
soisinogram, /IME = 8.55°. 

dU-17 * 

PP PdP 

Fig. 2 Ear thquake N. 2 of June 13, 1965 (Turkey). Z - Sprengnether 
seisinogram, /IME 10.87°. 

At 17 6 

— - - — 
Ti—' 

. V1 

r , v, V V ; w w C ^ 3 ^ 
j- — i — l . — — , — 

Ò t = -17 s 

Fig. 2a - Ear thquake N. 2: N-S Galitzin seisniograin. 

dP P P 

PdP PP 

Fig. 2b - Ear thquake X. 2: E-\Y Galitzin seisniograin. 
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<it= + 6 7,56 

PdP PP 

Pig. 3 - Ear thquake N. 3 of July 26, J 967 (Turkey). Z - Sprengnether seis-
mogram - / lM E 19.36". 

iit =+67.5 

Fig. 3b - Ear thquake N. 3: E-W Galitzin seisniogram. 

dt= -68 .2 s 

Fig. 4 - Ear thquake X. 4 of July 30, 1967 (Turkey). Z - Sprengnether seis-
mograni - /IMP, = 11.84". 
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Al =-68,2s 

Fig. 4a Ear thquake X. 4: X-S Galitzin seismogram. 

At - 68,2s 

— — — _ 

1 

/ •—»» 

PdP PP 

Fig. 4h Earthquake X'. 4: E-W Galitzin seismogram. 

pp Pd P 
ó t= - 8 . 5 s 

1 

Fig. 5 - Ear thquake X. 5 of July 4, 1968 (Greece). Z 
niogram /IME = (i.08". 

- Sprengnether seis-
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<n=+i6,5s 

Fig. 7 - Ear thquake N. 7 of Mars 31, 1969 (Egypt). Z 
seismogram - ZIME = 18.65". 

I T - - 1 2 5 . 1 ' 

Fig. 8 - Ear thquake N. 8 of May 14, 1970 (Eastern Caucasus). Z -
Sprengnether seismogram - Z I M E = 24.35". 

Fig. 6 Ear thquake N. 6 of Mars 28, 1909 (Turkey). Z - Sprengnether 
seismogram - /lME =-- 10.14". 

- Sprengnether 





T H E V E L O C I T Y O F P-WAVES B E L O W T H E " 2 0 " D I S C O N T I N U I T Y " 0 3 

R E F E R E N C E S 

(*) B O T T A R I A. and E. Lo G I U D I C E , 1975. - On the P-wave velocity and plate-
tectonics ini,plication for the tyrrhenian deep-earthquake zone. "Tectono-
pliysics", 25, pp. 187-200. 

( 2 ) B U L L E N K. E., 1964. - An introduction to the theory oj Seismology. Uni-
versity Press, Cambridge. 

( 3 ) F E D E R I C O B., 1963. - Dromocrone delle onde P dedotte dallo studio del 
terremoto profondo del basso Tirreno del 3 Gennaio 1900. « Annali di 
Geofísica", XVI, 3. 

( 4 ) F E D E R I C O B. and A. G I R L A N D A , 1966. -La "discontinuità 20°". "Annali 
di Geofísica", XIX, 2. 

( 5 ) F E D E R I C O B . , 1 9 7 1 . - Onde longitudinali riflesse sulla "discontinuità 20°'\ 
"Annali di Geofísica", X X I V , 3. 

( 6 ) G U T E N B E R G B. and C . F . R I C I I T E R , 1 9 3 5 . - On seismic waves. "Gerì. 
Beitrage zur Geopkysik", 4 5 , pp. 3 3 4 - 3 6 0 . 

( ' ) G U T E N B E R G B., 1944. - Energy ratio of reflected and refracted seismic 
leaves. "Bull . Seism. Soc. Am.", 34, pp. 85-102. 

( 8 ) G U T E N B E R G B., 1953. - Wave velocities at, depth betlieen 50 and 000 
km. "Bull. Seism. Soc. Am.", 43, pp. 223-232. 

( 9 ) H E R R Í N E., 1968. - Seismologieal tables for P phases. "Bull. Seism. 
Soc, Am." , 58. pp. 1193-1241. 

( 1 0 ) J E F F R E Y S H . , 1 9 2 6 . - The reflection and refraction oj elastic waves. 
"Monthly Not. Roy. Astron. Soc. Geophys.", Suppl. 1, 321. 

( « ) J E F F R E Y S I I . , 1 9 3 9 . - The times oj P, S and SKS and the velocities oj P 
andS. "M.N.R.A.S. Geophy. Suppl.", 4 , pp. 4 9 8 - 5 3 4 . 

( 1 2 ) J E F F R E Y S H . and K . E . B U L L E N , 1 9 4 8 . - Seismologieal Tables. British 
Association for the Advancement of Sciences. 

( 1 3 ) W A D A T I K . and K . M A S U D A , 1 9 3 4 . - On the travel time of earthquake 
waves, Part VI. "The Geophy. Magaz.", Tokyo, 8, p. 187. 

5 




