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J. - lxTRODUCTIO~ 

The times of transmission of the P and S waves rccentl~· 
given by one of us for distances up to 105° seemed, as far as 
one could judge from the residuals, to be reliable within about 
a second. A rediscussion of the available earthquakes has 
now been undertaken. The original abjects were to ascertain 
whether the earth's departures from symmetry, especially 
the difference between continents and oceans, have any seis
mic effects, and to obtain empirical tables for the various 
derived waves, including those reflected at the surface and 
those influenced by the central core. It was expected that 
the reflected waves would give information about the depth 
where reflexion takes place. 

The method adopted previously for P and S was based on 
a classification of the residuals given in the International 
Seismological Summary according to amount and distance, 
means being taken for the residuals in each range of distance 
after the numbers of observations in the various groups had 
been corrected to allow for abnormal observations. The resi
duals, however, depended on the I. S. S. epicentres and 
times of occurrence, which in turn depended on the Zop-
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pritz-Turner tables used in the 1. S. S. reductions. It has con
sequently been suspected (notably by Miss 1. Lehmann and 
Dr E. A. Hodgson) that since these parameters were chosen 

to give the best possible fit with the Z. T. tables, the errors of 
these tables would persist in the corrections inferred. Sorne 
discussion will therefore be needed of the grounds for this 
suspicion, which will be seen to be partly justified. 

1. 1. The problem of the determination of time curves may 

be considered in the first place as one of least squares. Sup
pose that the number of parameters needed to determine 
the times to the requisite accuracy is n. These parameters 

may be the times to a finite number of distances, sufficiently 
close for the times to intermediate distances to be derived by 
linear interpolation; or, if the curve is smooth enough to be 
represented by a polynomial, they may be the coefficients in 
that polynomial. It appears that n is about 50. For each earth
quake, further, there are three parameters relevant to that 

earthquake alone, namely, the latitude and longitude of the 
epicentre and the time of occurrence. If depth of focus is 
considered this number must be increased to four. If then we 
have m earthquakes, the total number of parameters to be 

found is 3 m + n. If the average number of observations for 
each earthquake is 100, we have 100 m equations of condi
sion, which have to be adjusted by the method of least 
squares. But the formation and direct solution of about 
350 normal equations mean an entirely prohibitive amount 

of labour. 
W e can however proceed by a method of successive 

approximation, which has a wide, though not a general, 
application. Suppose that the quadratic form 

1 
2 arsXrXs - erXr (1) 

is to be made a minimum, the summation convention being 
understood. The normal equations are 

(2) 
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and the formal solution is 

Axm =Armer (3) 

where A is the determinant of the ars and Ars is the minor of 

ars in it. But we may proceed as fo1lows. ln each equation we 
transfer all terms but one to the right, thus : 

(4) 

where the summation includes now all values of s except r. 

W e first omit all the- Xs on the right and obtain the first 

approximations 

Xr = Br /arr· (5) 

We substitute these in the right side of the equations and 
obtain a second approximation, and proceed by iteration. 
If the process is convergent we obtain the required solution. 
The method is equivalent to expanding Arm /A in descending 
powers of the elements of the leading diagonal, and will suc
ceed provided the other elements are small enough. If there 

are only two equations, 

(6) 

and 1 /A converges provided a 1:i2 is less than a11 a22 ; that 
is, provided the form ai·sXrXs is essentially positive, and this 
condition is always satisfied. If however there are more 
than two unknowns, the condition that a,.sx1.xs is essentially 

positive is not sufficient. For let us consider the form (sugges
ted to us by Mr M. H. A. Newman) 

~(xi+ X~+ x~) +Ir (x2X3 + X;~X1 + X1 x2), 
=~Ir (x1 + x2 + X;i)2 + ~ (1- Ir) (x~ + x~ + x~) (7) 

which is essentially positive if O<k<L Then 

A = I ' k Ir 1 = 1 - 3k2 + 2!r3 = (1 - !r):Z (1 + 2/r) 
k 1 Ir 
k k 1 

(8) 

The expansion of 1 /A in ascending powers of k diverges 

if k>~. The method is therefore not general except for the 
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case of two unknowns ; but it is clear that there are many 
cases where it will succeed. 

We see that our first approximations to the Xr are simply 
the values of each on the supposition that the others are 
zero ; and that by repeating the process we may arrive at 

the correct solution of the normal equations. N ow it appears 
that this is what has been partially carried out. The 1. S. S. 
epicentres and times of occurrence being found on the basis of 
the Z. T. tables, the mean residual in any range of distance 
is the first approximation to the correction needed by the 
tables in that range of distance. lt is not, however, necessarily 
the final correction, because 've should then have to use the 
corrected tables to obtain corrections to the epicentres and 
T 0, and then reclassify the residuals to get second approxi
mations, the process stopping when the results repeat them

selves. 
N ow three para met ers for each earthquake are special to 

that earthquake alone, and do not enter into the normal 
equations in products with the corresponding parameters 

for other earthquakes. Hence if we have a preliminary time 
curve we can obtain approximations to these parameters by 
considering each earthquake separately. ln this way we 
avoid the task of having to form and solve 350 simultaneous 
normal equations. On the other band, with each approxima
tion to the time curve, every shock has to be discussed 

afresh. 
The process just outlined will clearly give most rapid con

vergence if the coefficients llrs are srnall for r and s unequal. 
ln the extreme case where the determinant A vanishes, one 
of the unknowns can be assigned arbitrarily, and the solution 
fails altogether. This case can arise in our problem. Suppose 
that we have stations to north and south of the epicentre, 
all within 10° of it, but that there are no stations to the east, 
and those to the west are all at distances over 60°. Then with 
an approximate time curve we can obtain a determination 
of the epicentre by least squares ; but it gives no further in-

--~--- ~----------~------
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formation about the corrections to the time curve. If the 
times at distances over 60° need positive corrections, the 
epicentre determined will be further east than the true one, 
and we have no means of checking this. To obtain a determi
nation useful for our purpose, there must be stations in three 
diff erent directions at nearly the same distance ; since 
otherwise the epicentre can be chosen so that the observa
tions will fit any tables within a certain range. If however 
the time curve is well determined this condition is no longer 
necessary. 

1. 2. The preliminary time curves used in the present 

investigation were those recently published 1 (henceforward 
referred to as the J. tables). P al one was used in fixing epi
centres, since there was a doubt about the identification of 

Sin some ranges of distance, especially between 10° and 20°, 
and over 80°. The uncertainty of an S observation is in any 
case greater than that of a P observation, even when there 
is no doubt about the identification. The difference S-P is 
quite unsatisfactory, because it involves the errors of both S 
and P, and is less sensitive to variations of distance than 

is P. This was not true formerly, when a large part of the 
residuals was due to clock errors, which affect S and P 

equally, but it appears now that at the majority of the sta
tions reporting regularly the clock errors are small. The 
earthquakes considered were, in the first place, those used in 
the previous investigation; to these were added others up to 
March 1929 from numbers of the 1. S. S. published later, and 
two later ones from special studies. They were found to fall 
into the following groups, according to the position of the 

epicentre. 
1. The Mediterranean region and Central Asia. These are 

henceforward referred to as 'European' shocks, not so much 
from the positions of the epicentres as because they have 
many of the European stations at distances under 30°. 

1. British Association, Gray-Milne Trust, 1932. 



-8-

2. North and Central America. These are comprehensively 
referred to as 'North American'. 

3. South America. 
4. Japan, with the island arcs to the north and south. 
5. The Pacifie and Indian Oceans. These are generally 

described as 'Oceanic'. 

6. The North Atlantic. 

It appeared that only the first two groups were of much 
use in determining the P curve. In them it was usually pos

sible to find good stations in at least three widely different 
azimuths at short distances. In the South American shocks 

the distribution was less good and the near stations fewer, 
but they were retained to give additional information about 
P at distances over 95°, and about the derived waves. In the 
Japanese shocks there were many near stations to NE and 
SW, but seldom any to NW and SE, the nearest being 
usually Irkutsk and Honolulu, and even these were often 
not available. Consequently an error in the tables at distances 

of 30° and more would be masked by a displacement of the 
epicentre in a northwesterly direction, and would escape de
tection. In the Oceanic shocks there was usually a dearth of 

near stations, and the epicentre had to depend largely on the 
more distant ones. These however were of first-rate impor
tance in studying the tirnes of the waves that travel through 
the central core, since the European stations observe thern. 
The few North Atlantic shocks also have the Arnerican and 

European stations at different distances, so that the epi
centres cannot be found until the P curve bas been corrected. 
On the other hand when the P curve has been found frorn the 

first two groups, it can be used to find the epicentres of the 
others, and we can then proceed to determine the other 
curves. In the Japanese shocks there are stations to NE and 
SW over a fair range of distance, and the tirnes at these are 
on the whole unaffected by the uncertainty of the displace
rnent of the epicentre at right angles to this direction ; hence 
those shocks will give independent information about the 
tirnes of P at short distances. 
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The three parameters associated with each earthquake are 

the latitude and longitude of the epicentre, with a moment 
of time T o. The latter is to be chosen so that T 0 + the tabu
lar time of transmission of a pulse to distance A is the actual 
time of arrival. The tabular times involve an additive cons

tant which can be assigned by convention. The convention 
we choose is that the times of P for small ü shall be propor
tional to ü. Il another convention is chosen, such as that T 0 

is to the actual time of the shock, the tabular times will difier 
for each earthquake, the difîerences depending on the focal 
depth. But so long as the focus is within the upper layers the 

diff erence varies little with ~' and since we have to combine a 
number of earthquakes it appears best to choose a conven
tion that enables us to absorb this unknown correction into 
T 0 • The method of determining the parameters was as fol

lows. The I. S. S. gives the observed times of arrival after 
subtracting an estimated T 0. From these difierences, recor
ded as P, the tabular times from the J. tables were subtrac
ted, giving a series of residuals P 11., which were in most cases 
found to show some correlation with azimuth, implying a 
need for a displacement of the epicentre. These residuals 
were then plotted roughly on a polar diagram and divided 
into groups according to azimuth. If then the epicentre 
needs an angular displacement x to the south and y to the 
east, and the azimuth of the station is ix, measured from 

north through east, the true distance is 

d = .:lo + X COSIX - y sinix (9) 

where il 0 is the 1. S. S. estimate of the distance. If the 1. S. S. 

estimate of T o needs an increase Y, the equations of condition 
are 

or, to the first order, 

Y+ (~d~) (xcosix-ysinix) =Pp. (11) 

Ûo 
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These could be solved by least squares ; but it was more 
practicable to group the stations according to azimuth and 

distance, su ch that mean values of d T P /d~ and a could be 
significantly taken for each group. Then each group was 

averaged in the form 

(clT) - - --
Y+ d~ _ (xcosz-ysinz)=Pµ- (12) 

~o 

It was found best for x and y to rely wholly on the nearer 
stations; in European shocks, those within 20°, in ~orth 
American ones, within 30°. If there were three useful groups 
these three equations were solved directly; if more, least 

squares were used, each average equation as a rule receiving 
weight unity. The latitude and longitude of the revised epi

centre were then found from x and y, and revised distances 
found. ln the first instance the se were calculated un der the 
supervision of Dr L . .J. Comrie, the expenses being covered 
by a grant from the Department of Geodesy and Geophysics, 
Cambridge. Values of the direction cosines of the stations 
to four figures were computed (by K. E. B.) 1 and these were 
used in calculating the distances from the formulae 

cos .l = Aa + B b + Cc (13) 

or 

2 (1 - cos~) = (A - a)'2 + (B - b)'2 + (C - c):! (14) 

The latter, recommended by Turner, was used for ii.<10°; 
but the former was used for .l>10°, as it then gives Â to 00·1 
when four-figure tables are available, and is easier to use 
with a calculating machine. ln the later stages of the work 
the distances were calculated directly only for the nearer 
stations, the corrections at more distant ones being found 

either by interpolation according to azimuth, when possible, 
or from (9). Equations ( 12) give Y, and the value found 
from them was used for the European shocks. But for other 

1. British Association, Gray-Milne Trust, 1933. 
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regions Y as thus found usually had a probable error of some 
seconds, whereas the residuals at more than half the Euro
pean stations agreed within one or two seconds. It was there

fore thought best to take Y equal to the mean residual at the 
European stations after adjusting the epicentre. This of 
course has the eff ect of altering all the resid uals by the error 

of the tables at the European distances, but as this is nearly 
the same for all shocks in the same region it can be dealt 
with later. 

With the revised distances, then, a new set of residuals 
Pµ were found, and from these Y was subtracted, giving Pv, 
the residuals after the best adjustment with the J. tables. 
These were then classified according to ~ and a mean found 
for each range of distance. These means should be the first 
corrections to the J. tables. A precaution was however needed 

since the mean residual had not been adjusted to vanish 
always at the same distance, and if there are errors in the 
tables the mean residuals found for North American and 

European shocks would not be expected to be the same. This 
difficulty was treated as follows. Suppose we have observa
tions at distances 11: ~2 , ••• ~r, ... ~n and that the correspon
ding corrections needed by Tp, with our actual convention, 

are yi, y2 .. ·Yn· The number of observations at distance ~r 

is mr in the first series of shocks, m; in the second. The res

pective means are Tr and T/, which involve unknown syste
matic errors a and a'. Then the equations of condition are 

Yr + a = Tr (weight m,,); y,. + a' = T
1
: (weight m1'.) (15) 

and the fonction to be made a minimum is 

T ~ ' 1 ')•) ~ m,. (y,.+ a - r):. + ~ m
1
• (y,.+ a - Tr -, 

where yr, a and a' are to be found. Hence 

mr (yr + a-Tr) + m
1

'. (yr +a' - T
1
'.) = 0 

L: mr (yr +a- Ti·)= 0 L: m
1
'. (y,.+ a' -Ti:)= 0 

(16) 

(17) 

(18) 

The sum of the two equations ( 18) is the same as that of 
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the n equations (17), so that the conditions are not indepen
dent, as we should of course expect ; so we omit the second 
of (18). Then 

(mr + m;) Yr = mr (Tr -a)+ m
1
: (T:- a') (19) 

and by substituting in ( 18) we have 
1 

~ mr mr, (a-a'-Tr+T:)=O 
mr+ mr 

(20) 

Thus a-a' is a weighted mean of the differences of the values 
of T r and T r' at the various distances, the weights being 
mrmr' /(mr + m/). Thus a- a' is found and can be applied 
as a correction to make the two series comparable ; then they 
may be combined. Finally a cube formula can be found to fit 
the time for 1.<20°, and the constant in this subtracted from 
the whole, thus making the new tabular time vanish at ~ = 0 
and satisfying our other convention. 

The corrections obtained in this way reached - 6s. at 30° ; 
the .J. table for P required little change up to 20°, but nega
tive corrections were needed to about 50°, positive ones up 
to + 1s. as far as 70°, and negative ones at greater distances, 
reaching-3s. at 100°. With the corrected table the epicentres 
were corrected again where necessary, but the further cor
rections needed to the P table were negligible, and the degree 
of approximation needed appeared to have been attained. 

1. 3. It had been thought that the comparison of the times 
of transmission for shocks in diff erent regions would re
veal diff erences for paths of the same length but under diff e
rent parts of the surface ; it would be a matter of some sur
prise if for instance the time of P to 105°, which is about 
14 minutes, should not be affected by some seconds by diffe
rences of structure. If we compare for instance the times of 
arrival of the waves from a European shock in North Ame
rica and Japan, the distance being the same, and there is a 
difference in the velocities under the North Atlantic and 
under Eurasia, there will be a systematic difference between 
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the times. The possible effects of depth of focus and error in 
To are thus eliminated. Unfortunately it proved that such 

differences of velocity, if they exist, are not the most impor
tant cause of differences in the observed times. It was found 
that when we compare European observations of North 

American shocks with North American observations of Eu
ropean shocks, the latter are systematically late by a few 
seconds (T 0 in each case being chosen to fit the near stations) 
and there seems to be no ground for attributing the difîerence 
to focal depth. It seems probable therefore that the diff erence 

is due to the European shocks being comparatively small and 

therefore being read systematically late at distant stations 
on account of the weakness of the movement. Such a syste
matic error may well have different values in America and 
in Japan; hence we cannot disentangle the possible real diffe
rence in travel time from the systematic errors. Considering 
North American shocks, these are well observed in Europe, 
but the Japanese observations are few and irregular; often 
the whole of Japan is at distances over 1050. P from Japanese 

shocks again is well observed in Europe, but usually at only 
a few American stations, and it seldom happens that the dis
tribution of near stations is such as to give a good determina
tion of the epicentre. Hence it was not possible to establish 
definitely any variation of travel time with the region tra
versed ; all that could be stated is that such variation, if it 
exists, does not exceed a few seconds, and that our only 
reliable source of information regarding travel times at 
great distances is the European observations of North and 
South American shocks, possibly supplemented by a few 
exceptional Japanese ones. 

It seemed possible that owing to diff erences of local crustal 
structure there might be systematic differences in the times 
of arrival at oceanic and continental stations ; but the ocea
nic stations are few, and some of them very unreliable, and 
all that could be ascertained is that such diff erences ate 
within the uncertainty of the observatjons. 
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1. 4. The first step in treating other waves \vas to construct 
preliminary tables, accurate enough to be used as a means 
of identification. The previous work gave a table of S ; trial 

values for PP, PPP, PS, SS, and SSS (phases whose existence 
is already certain from general wave theory) were computed 
from the J. tahles by the forrnulae 

TPP (Li)= 2 Tp (~~) (21) 

Tps (~)=Tl' (~1) + Ts (il - :i1) (22) 

with analogous expressions ; where in (22) .:1 1 is chosen so as 
to make T ps stationar~r for small variations of il1. The 

other waves 1 considered were P (il> 105°), S(il> 105°), 

SKS = Sc Pc s = [S], SKKS = (Sc Pc)(Pc S) = ~' PKP = 
Pc Pc P = [PJ = P', P~, PKS, and SKSP. For SKS the 
trial times were taken from Lehmann's readings up to 
100°. Gutenberg gives the times at greater distances to 
0.1 minute; these were smoothed to give times to 1 second, 

and then reduced uniformly by 5s. to bring them into ac
cordance with Lehmann's. The reduction corresponds 
presumably to Gutenberg's different convention regarding 
T 0. Gutenberg's table for SKKS was treated similarly. For 
the diffracted P (Li> 105°) and P' trial times were derived 
roughly from a selection of the present set of earthquakes. 
In earthquakes that appeared normal as regards P, the final 
value of Y that suited P was subtracted from all the rea

dings in the S column of the I. S. S., from all queried readings 
and readings at distances over 105° in the P column, and 

1. We use the notation for waves through the central core given by 
Sohon in vol. 2 of Macelwane and Sohon's Theoretical Seismology. Since 
all waves through the core are of P type it is unnecessary to indicate 
this fact in every case separately; it is enough to use the letter K to de
note that for the relevant part of the path the wave is through the core. 
The K for Kernwellen acknowledges the great contributions to the 
study of these waves made by Gutenberg. Sohon's simplification of 
the notation is a great convenience in typing and printing. The suffix c 
is still required in the waves PcP and ScS to distinguish them from PP 
and SS. 
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from all the additional readings. These corrected times were 
then compared wit h the tabulated times of the various 

pulses under consideration, and all possible identifications 
were indicated. The residuals compared with the tables were 

then found. 
l\o attention was paid to the identifications printed in the 

1. S. S. These identifications are for the most part given by 

the stations themselves, and what the station observes is that 
at certain moments new movements begin on the record. To 
identify these movements with definite phases traceable 
over a range of distance is essentially a matter of the com

parison of records at a number of stations, and therefore for 

the central organization or a coordinating study. The identi
fications at the stations may make this easier, since they are 
as a matter of fact often right, but they can in no case be 

regarded as final. 
1. 5. Sorne discussion is needed of the relation between a 

study such as this, based on the 1. S. S., and intensive stu
dies of original records of individual earthquakes, such as 
have been made by Byerly, Macelwane, Lehmann, and 
Hodgson. Accuracy of reading hardly cornes into the ques
tion ; in several cases the readings obtained in such studies 
have been compared directly with those in the 1. S. S., and 
the agreement is usually within 1s. The difference is that in 
a special study all records are read by the same person, who 

reads numerous phases on each, and traces each phase over 
a range of distance by the principle that the time of arrivai 
must be a continuous fonction of the distance. Here all the 

records are read by different persons, and the tracing is a 
matter for the central organization. This procedure has the 
great advantage that the slowest parts of the work, the 
actual reading and the computation of the distances from a 
preliminary epicentre, have already been clone, and conse
quently that a study of 100 earthquakes can be carried out 
in a time that would be utterly inadequate if the whole of 
the readings had to be done de noîJo. It has however the disad-
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vantage that the majorit~' of the stations report only some 
of the phases actually present (many only what they believe 
to be P and S) so that only a portion of the material existing 
is accessible. This is not, however, wholly a drawback. It bas 
often been suspected, correctly or not, that workers making 
special studies allow their impressions of what they see on 
one record to be influenced b~· what they have already found 
on another, or by preconceptions about the times of trans
mission. Here these considerations do not arise because 
every observer reads only the records at one station, without 
knowing the distance or T 0. Consequently if a pulse can be 
traced among the 1. S. S. readings we know that it is a matter 
of general observation and may have additional confidence 
that it is real. On the other hand if a pulse cannot be so tra
ced it does not follow that it does not exist ; it is quite pos
sible that real phenomena may escape detection unless spe
cial care is exercised. A study of the present kind can there
fore say what phenomena are plain enough to strike the 
average observer in the course of routine work; and it can 
say that other phenomena, indicated either by theoretical or 
observational means, are less striking but may repay special 
study. In the former field it is definitely better than the me
thod of special study, because the material used is more 
abundant, gives a smaller standard error for the mean, and 
provides comparisons between different earthquakes. 

1.6. Depth of focus is one of the causes of systematic error. 
The earthquakes discussed here would ordinarily all be consi
dered normal; they show large surface waves, and focal 
depth is not inferred by the methods used in the 1. S. S. But 
this is not sufficient for our purpose. It would not be expected 
that the surface waves would be much affected by focal 
depths less than about 50 km., and the 1. S. S. seldom deter
mines a focal depth as small as 0.01R, or 64 km. But a depth 
of 50 km. would affect the time of Pat great distances by 6s., 
which proved in the later stages of the work to be directly 
recognizable from the P residuals alone. In obtaining the 
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revised P table earthquakes showing this abnormality were 
excluded; but in treating other waves it proved to be neces
sary to include them and to apply corrections for focal depth. 

As we have said, there are earthquakes in which the P resi
duals, in comparison with the tables, show a steady decrease 
with distance attributable to depth of focus. In all such the S 
residuals show a similar tendency and SKS arrives systema
tically early; so does P' when it is observed. This would be 
expected if both P and S movement are primitive, that is, 
sent out from the focus at the same moment. But there 
are other earthquakes that show no abnormality in P, but 
nevertheless have early SKS. It bas already been noticed 
by Lehmann that in different earthquakes the interval 
between P and SKS has different values, the difference 
being much too great to attribute to any admissible error in 
the epicentres adopted, or to depth of focus on the hypothesis 
that P and S movement are both primitive. But th~ variation 
can be explained on an alternative hypothesis, analogous to 
one that seems necessary in some near earthquakes, namely 
that there are earthquakes involving no perceptible primitive 
P movement, but only S, and that P is generated from S by 
reflexion at the outer surface. In this case the recorded P is 
really sP, in Scrase's notation. There is no doubt, after the 
work of Scrase and Stechschulte, which is here confirmed, 
that there are earthquakes with primitive P movement ; but 
there appear to be others with none, or at least without 
enough to be observed. 

Focal depth raises new problems regarding the best defini
tion of T 0 : for the linear form for the time of transmission of 
P at short distances can hold only for a focus in the upper 
layers. There are obvious advantages in making our final 
tables correspond to a focus in these layers ; indeed the best 
plan would probably be to make them correspond to a surface 
focus. If P is recorded at all distances however small, as 
would be true in an oceanic shock if there are no surface 
layers, then if we know the times for a surface focus we can 

2 
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inf er th ose for a foc us at any other depth. The maximum 
amount of information is therefore contained in tables for 
the smallest depth of focus possible. Our problem is then, 
given tables for zero depth, to find what difference in the 
times would be caused by a small, but appreciable, depth. 
It breaks up, however, into two problems according as the 
focus is in the lower (olivine) layer or one of the upper ones. 

In the figures E is the epicentre, H the focus, and F the 
place where the radius to the focus intersects the top of the 
lower layer. P is an observing station at distance .i. We 
want the diff erence between the times of transit of a wave 
along EP and HP ; but it is convenient to compare both 
with the time along FP. The time of travel in any case is 

J ds /c, taken along the path, where c is the local velocity and 

ds the element of length. 

p 

Fig. 1. Fig. 2. 

It is known that the path is such that (r /c) sin i is constant, 
where r is the distance from the centre and i the angle of 
incidence on a concentric sphere. In all our shocks the focal 
depth is small compared with the radius and we neglect its 
square. Now in Figure 1 draw HG normal to FP. The times 
along HP and GP are equal to the first order. Hence 

Time along FP - time along HP = time along FG 

= FH cos i0 (23) 
Co 

where c0 is the velocity at the top of the lower layer. 

? 
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In figure 2, let the ray HP enter the lower layer at I, and 
draw IK normal to FP. Then 

time along HP - time along FP = time along HI - time 

along FK = [J ds /c ]h - [J ds /c ]~ (24) 

If z is the depth below the free surface, 

ds = sec i dz; FI = [J tan i dz]~; FK = FI sm io; 

F 

[J :s ]h = J sec ci dz = J :~~ ~ s~: io dz. 

Hence (24) is equivalent to 

F 

H 

F 

sin~ J (f,ec i - - tan i) dz = sin Lo J cot i dz 
Co sin i Co 

H H 

(25) 

(261 

For zero depth of focus H must be replaced hy E. Hence in 
case 2, if EH = h, 

h i 

time along HP = time along EP - J (; - sin
2 io), dz (27) 

C- Co2 

0 

In case 1, if EF = H, FH = h - H, 

time along HP 

H 

time along EP - J (!2 - sin
2

o> io)+ dz 
C Co-

0 

h-H . 
- - COS Lo. 

Co 
\28) 

We can evaluate i0 from the time curve, since 

Co cosec io = R d.i /dT (29) 

where Ris the earth's radius. If i0 = 0, the first integral in (28) 
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is half the apparent delay of starting of P with respect to Pg 
in near earthquakes, about 3.5s. If i0 = 90°, it is the time 
needed to traverse the upper layers vertically; the contribu
tion from the granitic and intermediate layers is about 5s. 
Thus the efîect of the upper layers does not vary with ~ to 
any extent that we can determine for a single earthquake, at 
least so long as the focus is above the base of the layers that 
transmit P*. It will however have difîerent values for P and 
S. The second term is easily evaluated : 

(30) 

where the first term is to be evaluated at the smallest value 
of d where the wave exists. This expression varies considera
bly with ~ ; hence we may say that when the P residual or 
the S residual varies by more than 2 or 3 seconds respectively 
with d, the focus is in the lower layer. On the other hand, if 
the focus is in the upper layers and P and S movement are 
both primitive, the second term in (28) for S is about 1. 73 
times what it is for P, and the difîerence may reach 4 se
conds. This is much less than the range of variation found in 
earthquakes where P follows the normal curve. 

If however P is not primitive, but is derived from S by 
reflexion at the free surface, S still satisfies these relations, 
but for P we must add portions corresponding to the passage 
in the S type from the focus to the free surface, while the 
range of z in the P phase is from 0 to H. Then if the focus is in 
one of the upper layers and we use œ for the velocity of P 
and~ for that of S, we have for S 

h f 

Time along HP= time along EP- J (~Q - si~~) i0
)

2 

dz (31) 
;~- IJo-

o 
and for P 

h t 

Time along HP = time along EP + J (~ - sin
2 io) dz (32) 

~2 a2o 

0 
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In (32) the second term hardly varies with i0 , and therefore 
with ~ ; hence in these conditions P, studied by itself, will 
appear to follow the normal curve. But S is systematically 

early, and P systematically late, in comparison with a shal
low focus shock occurring at the same time. The diff erence 
may reach about 13 s., which is about the range of variation 
observed. 

It appears therefore that in studying S we shall do best to 
determine Y specially and not adopt the value found for P. 

1. 7. It was found in all cases that there were abnormal 

observations. The ordinary causes of errors may be conside
red to be ( 1) inaccuracy of reading (2) irregularity in the rates 
of the drums (3), in the case of instruments recording photo

graphically, indistinctness of the edges of the trace ( 4) in the 
case of Galitzin instruments, delay in visible response to the 

ground movement, due to the fact that if the ground starts 
to move with a finite velocity the mirror in a Galitzin instru
ment starts to move with a fini te acceleration. Of these, ( 1) 
and (2) are unsystematic and will average themselves out in 
a statistical discussion. The third and fourth may give syste~ 
matie error, but there seems to be no reason why the error 
should vary with distance or from one pulse to another, and 
so long as they are constant they do not concern us, since 
we are dealing only with diff erences. The stations with Galit
zin instruments were not as a matter of fact found to be 

systematically late ; the error evidently does not exceed 
about a second. The abnormal sources of error are clock 
errors and misidentifications. The former, when they do 
not exceed a second or so, may be considered normal. It was 
clear, however, that there were many stations where larger 
clock errors occurred occasionally, and some where they 

were habituai. 
This applies particularly to the stations in Central Ame

rica. The possibility of misidentification arises with regard 
to P if microseisms are present, when the true beginning of 
the movement may be masked and a sharp microseism read 
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instead; this may happen at any station, whatever care is 
taken in reading. Further, as will be seen later, Pis followed 
by other movements, which may be stronger, and may be 
mistaken for P if the movement is weak ; since we are dealing 
with large earthquakes it is only at the great distances that 
this effect arises. With S and other phases the difficulty is 
greater because they never start from rest. We are familiar 
with the trouble introduced by the existence of SKS before 
S at distances over 85° or so ; but though this difficulty is 
quite well known it does not seem so far to have stimulated 
many stations to read both phases, and the readings of S in 
this range are scanty. lt was, however, sometimes found 
that, though the observation given as S was really SKS, 
the true S was among the additional readings, sometimes 
labelled PS. But at all distances, especially between 10° and 
20°, S seems to be followed by larger movements, as has 
been noticed already in Byerly's readings of the Montana 
earthquake, and the maj ority of the stations record these 
as S. 

Our problem is therefore not purely one of least squares, 
but needs a technique for dealing with abnormal errors. This 
has already been done for the case where the errors fall into 
two groups, the normal one with a small standard error, and 
the other, affecting only a fraction of the observations, with 
a larger standard error and an unknown systematic error. 
The complete solution was prohibitively laborious, but a 
good approximation could be obtained fairly easily 1. The 
readings are grouped according to their values, and if they 
show more large deviations than would be expected from the 
central groups, we apply to all the groups a uniform reduc
tion sufficient to isolate the central groups. A mean is then 
taken for the central groups. It is best to apply this reduction 
right through the central groups as well, and the standard 
error computed from the numbers in the groups so reduced 

1. Jeffreys, Proc. Roy. Soc. A., 137, 1932, 78-87. 
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is a good approximation to that of the normal observations. 
This amounts effectively to estimating roughly how many 
abnormal observations occur in each group and removing 

them. There proved to be some difficulty about this method 
in this case. At many distances for P there was a well marked 
concentration of the deviations from the J. table about some 

particular value, and the process was straightforward. But 
at others the number of observations was small. The correc

tion needed varies rapidly from 20° to 30°, and it was neces
sary to group the observations at intervals of 1°; a little 
arbitrariness was then inevitable in deciding which observa
tions were to be regarded as normal. The only clear rule that 
can be stated is that if observations within a given class 

habitually show abnormal deviations, they do not belong 
to the normal distribution even when, judged by their 
values alone, they appear normal. It was found that the 
Central American observations have a much larger standard 
deviation than the majority of the others, and therefore 
they were all automatically omitted from the statistical dis
cussion. This involves rejecting them even when they are 
good, but the risk involved in this is less than that of retai
ning them when they are bad. This is particularly striking 
when the number of observa~ions is small, for the presence 
of a few abnormal deviations may then entirely destroy the 
appearance of concentration about a central value. 

L K For S the difficulties were greater. When the Euro

pean residuals were first classified for distances up to 20°, it 
was quite impossible to detect any concentration that would 
make it possible to distinguish the normal observations ; at 
most distances the deviations from the J. table were distribu

ted from about -10 s. to + 20 s. with hardly any sign of 
concentration about particular values that would help to 
identify the true S. Beyond 80°, again, the deviations, when 
classified at 5° intervals, were sometimes positive but sho
wed a drift to about - 20 s. with no concentration any

where. The reason for th.e latter phenomenon was soon reco-
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gnized when the deviations were taken, not from the S curve, 
but from the trial SKS curve. It was then found that they 

did show a concentration about one or two values; where 
two concentrations were shown it seemed probable that the 
earlier were readings of the true SKS and the later of 
Scrase's sSKS or perhaps of SKKS. These readings were thus 
indicated as not referring to Sand could be removed. Those 
remaining were then found to show reasonably regular devia
tions from the S curve. 

All readings in the S column and in the additional readings 

were combined in this treatment. There are some readings 

indicated as SKS or SKKS where these arrive a/ter S, but 
no evidence was obtained to confirm these identifications, 
and it seems more probable that they are really later swings 

in the S phase. 
The fondamental difficulty about Sisto ensure that we are 

dealing with the same phase at all distances, and this involves 
finding earthquakes that show a continuous variation of the 
S deviation over a great range of distance. The majority 
of the shocks show great irregularity of the S residuals, 

which made it impossible to say directly which were the true 
S; but a number of North American and European shocks 
were found with a series of observations showing a very 
steady variation of the deviations. These were discussed 

separately. 
In this way an S curve was obtained that could be used 

for purposes of identification. Then a method of successive 
approximation was applied to the whole of the shocks. Y, as 
we have stated, must be determined separately for S and for 
P, but the epicentres are already known from P. The diffe
rences obtained by subtracting the time of S according to the 
approximate table from the time given in the 1. S. S. were 
grôuped for each earthquake, and a suitable average of the · 
central group taken as Y; this was subtracted from the 
whole of the residuals, which were then classified according 
to distance to obtain further corrections to the curve, and 
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the process was repeated until no appreciable change was 

found. 
In the following reductions the quantity Z is defined by 

Ys=Yp+z. (1) 

It should, as we have said, be intimately related to the focal 
depth. P,1 and Sv are given by 

Pv = P (obs.) - P (J.) - YI' 
S,1 = S (obs.)- S (J.)- Ys. 

(2) 
(3) 

Y" and Ys have their final values. In most cases the trend of 
the residuals is sufficiently striking to indicate the nature of 

the corrections on inspection. P c.i and Sw are obtained by 
subtracting the final corrections from Pv and Sv ; they 
should be unsystematic. 

2. 1. At the greater distances the readings of P often see
med to lie on two parallel curves 4 or 5 seconds apart. The 
interpretation ofîered for these is that the earliest is the true 
P and the later a reflexion. The observed fact is the same as 

bas been noticed already by A. Mohorovicié, namely that 
the P movement of ten consists of a series of swings, each 
larger than the previous one, so that stations with specially 
sensitive instruments, or perhaps specially undisturbed by 
microseisms, record the first, and other stations the later 
ones. We difîer however in interpretation, for Mohorovicié, 
followed by Gutenberg, considers the largest to be the true P, 
and the earlier movements to be the result of dispersion; 
whereas we take the earliest to be the true P and the later 
ones to be the result of reflexion. There is no disagreement 
about the observational data, but the interpretation is a 

theoretical question, and must be considered in relation 
to other evidence relating to the theoretical possibilities. 
It appears that all the possible causes of dispersion that have 
been suggested have been examined 1, and that none of 

1. Jeffreys, M. N. R. A. S. Geoph. Suppl. 2, 1931, 407-416; Proc. 
Roy. Soc. A., 138, 1932, 283-297. 
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them is capable of converting a single pulse into a series of 
swings a few seconds a part. Reflexion in the upper layers, on 
the other hand, provides ample opportunities for producing 
later pulses, which may well give movements ]arger than the 
true P if several of them arrive simultaneously, as is theoreti
cally to be expected. It was found, however, that when nu
merous shocks were combined, the separation of the groups 
corresponding to P and its successors was not sufficiently 
clear, so a selection was made of the stations that had given 
the impression of being specially reliable, namely Scoresby 
Sund, Eskdalemuir, Kew, Copenhagen, Hamburg, De Bilt, 
Uccle, Paris, Strasbourg, Zürich, Gottingen, Jena, Vienna, 
Pulkovo, Leningrad, Algiers, Helwan, Makeyevka, Kucino, 
l3aku, Tashkent, Tiflis, Ekaterinburg, and lrkutsk. With 
these the identification of P became much clearer. A few 
South American shocks were included so as to make the de
termination at the greater distances depend less exclusively 
on the Russian stations. 

In the following tables square brackets [ ] indicate the 
range of residuals retained in forming the final average. 
Sorne arbitrariness is inevitable in choosing this range, but 
actually it was found that any reasonable change made 
very little difference to the final mean. 

TABLE I 

SuMMARIES OF Pv. EuRoPEAN SHOCKS 

il VALUE OF Pv 

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 (j 7 8 

0-3.0 0 0 0 0 0 0 0 0 0 [1] 0 0 0 1 0 0 0 
3.1-6.0 0 1 0 0 1 0 0 [1 0 2] 0 0 0 0 0 0 0 
fi.1-9.0 0 0 0 2 0 [3 6 3 4 6 3 1 3 1] 1 3 1 
9.1-12.0 1 1 0 [1 0 3 6 4 13 4 4 2 2 1] 0 0 0 

12.1-15.0 1 0 0 [1 2 3 6 12 15 4 6 2 4 2 4 1] 0 
15.1-18.0 1 1 2 [O '"' 5 5 7 12 13 9 8 5 3 2] 2 2 
18.1-19.0 0 0 1 0 0 0 [2 2 4 1 5 2 3 2 1] 0 0 
19.1-20.0 0 0 1 1 0 0 [2 1 2 10 2 2 2 1] 0 0 0 
20.1-21.0 0 0 0 [O 1 2 1 5 6 1 3 2 0 3 1] 0 0 
21.1-22.0 0 0 0 [1 0 2 5 2 5 2 0 2] 0 0 0 1 0 
22.1-23.0 0 0 0 0 0 0 [2 2 3 1 3 4] 0 0 2 0 2 



23.1-24.0 
24.1-25.0 
25.1-26.0 
26.1-27.0 
27.1-28.0 
28.1-30.0 
30.1-33.0 
33.1-36.0 
36.1-39.0 
39.1-42.0 
42.1-45.0 
45.1-48.0 
48.1-51.0 

51.1-54.0 
54.1-57.0 
57.0-60.0 
60.1-65.0 
65.1-70.0 
70.1-75.0 
75.1-80.0 
R0.1-85.0 
85.1-90.0 
90.1-95.0 
95.1-100.0 

100.1-105.0 
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-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 3 4 5 

0 
0 
0 
0 
0 

0 0 0 [1 0 6 
0 0 1 0 [2 3 3 0 
0 [1 0 2 0 3 3 3 

0 0 [1 1 2 2 0 3 
0 [1 0 0 0 0 0 0 

3 4 1 1] 0 0 0 
2] 0 0 1 0 0 0 
1] 0 0 0 0 0 0 
2] 0 1 0 0 0 
2] 0 0 0 0 0 

0 [1 1 1 6 2 2 1 2 1] 0 0 0 0 0 
0 [2 2 2 1 4 5 1 4 1 

0 [4 1 3 2 5 2 0 0 0 
0 

2] 0 
1] 0 
1 1] 

0 0 0 0 0.i 
0 0 0 1 0 
0 0 0 0 0 
0 0 0 0 0 
0 1 2 0 0 
1 1] 0 0 0 
1] 0 0 0 0 

0 
0 
0 
0 

0 [1 2 0 2 2 1 1 
0 0 0 0 0 [1 3 1 
0 0 0 0 [3 5 1] 
0 [2 0 1 3 1 4 3 

2] 
0 0 
2 1 

0 0 0 0 [2 0 3 2 0 0 

- 7 -6 -5 -4 -3 -2 -1 0 1 3 4 5 6 
2 3 1] 0 0 0 0 
2 0 3 0 1] 0 0 

[1 0 0 4 1 0 2 
0 0 0 [1 1 3 0 

0 0 0 [1 0 
0 

0 2 0 1\ 0 0 

0 
0 
0 

0 
0 
0 

0 0 0 [1 
0 0 0 0 
2 0 0 [1 
0 0 0 [2 
0 0 0 0 
0 2 0 [2 
0 0 0 [1 
0 0 0 0 
0 0 0 0 

0 1 0 3 1] 0 0 
[2 0 0 4 0 1 0 1 1] 
1 2 6 1 3 2 2] 
1 5 1J 0 1 3 
0 0 0 3 2 0 3 
1 1 2 1] 0 0 0 
0 1] 0 0 0 0 1 0 
0 0 2 0 0 0 0 0 1 
1 0 0 0 0 0 0 0 0 

TABLE II 

SuMMARIEs FOR P,1 • N. AMERICAN SHOCKS 

.cl - 7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 

0-3.0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
3.1-6.0 0 0 0 [1 1 0 1 0 0 1] 0 0 0 0 
6.1-9.0 0 1 0 0 0 0 [1 3] 0 0 0 0 0 0 
9.1-12.0 0 0 0 0 0 [2 1 2] 0 0 0 0 0 0 

12.1-15.0 0 0 0 0 0 0 0 [1 0 2 1] 0 0 0 
15.1-18.0 0 0 0 0 0 [1 1 0 0 0 2 1] 0 
18.1-19.0 none 
19.1-20.0 
20.1-21.0 
21.1-22.0 
22.1-23.0 
23.1-24.0 
24.1-25.0 

25.1-26.0 
26.1-27.0 
27.1-28.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 2 0 0 0 0 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 
0 0 0 [1 0 1 1 1] 0 0 0 0 0 
0 0 [1 0 0 3 1] 0 0 0 0 0 0 2 
0 [1 0 1 0 0 1] 0 0 1 0 0 0 

-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 2 

0 0 0 [1 1 0 1 0 0 3 1] 0 1 0 
0 0 [1 0 2 0 0 2 2] 0 0 0 

0 0 [1 1 1 0 2 2 0 2] 0 0 
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-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 

28.1-30.0 [1 0 2 2 1 2 2 3 2 1 1] 0 0 
30.1-33.0 [1 1 1 6 4 2 2 1 1 1] 2 1 
33.1-36.0 0 [1 4 7 2 2 3 2] 0 0 0 
36.1-39.0 0 [1 1 3 2 0 3 2 3 1 2] 0 0 
39.1-42.0 1 0 0 [1 1 1 2 3 1] 0 0 0 1 
lt2.1-45.0 0 0 [1 1 0 1 0 1 3 2] 0 0 0 0 
45.1-48.0 0 0 [1 0 2 0 1 3 2 1 1] 0 0 0 
48.1-51.0 0 0 1 [O 2 2 2 2 4 1] 0 0 1 

-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 

51.1-54.0 [1 0 1 1 4 0 1 0 1] 0 0 0 0 0 0 0 0 
54.1-57.0 1 0 0 0 [2 0 3 0 3] 0 0 1 0 0 0 0 0 
57.1-60.0 0 0 0 0 [1 0 0 1 0 0 0 0 1] 0 0 0 0 
60.1-65.0 0 1 0 0 [1 1 0 1 1 2 4 1] 0 0 0 0 0 
65.1·70.0 0 0 0 [1 0 1 0 1 1 3 3 2 2 2] 0 0 0 
70.1-75.0 0 0 [1 3 2 5 3 3 1 1 1] 0 0 0 0 
75.1-80.0 0 2 4 0 [5 8 5 5 6 7 9 1 3 1] 0 1 0 
80.1-85.0 1 2 2 [4 7 8 20 19 15 8 7] 5 2 2 1 2 
85.1-90.0 4 3 [3 4 12 13 20 15 9 7 7] 9 2 3 2 1 
90.1-95.0 4 2 3 5 4 5 2 5 6 3 2 3 3 3 0 1 
95.1-100.0 0 0 1 0 2 1 1 0 0 0 0 0 0 0 0 

100.1-105.0 0 0 1 2 0 2 1 0 0 0 0 0 0 

N. AMERICAN SHOCKS. SELECTED STATIONS 

-8 -7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 

70.1-75.0 0 0 0 0 1 1 2 2 1 0 0 0 0 
75.1-80.0 0 0 0 0 1 1 3 3 1 0 0 0 0 
80.1-85.0 0 1 3 4 4 14 7 13 3 3 1 
85.1-90.0 0 0 1 7 13 14 9 3 1 1 0 
90.1-95.0 0 1 1 2 3 2 3 2 1 2 1 0 0 0 
95.1-100.0 0 0 0 [1 0 2 1] 0 0 1 0 0 0 

100.1-105.0 0 0 1 0 1 1 1 0 0 0 

TABLE III 

MEANS 

Europe N. America 

il Number Mean Number Mean 
. Differencc . 

We1ght (Amer.-Eur.)Fmal mean 

0-3.0 1 +1.0 1 -1.0 0.5 -2.0 +0.1 
3.1-6.0 3 +o.3 4 -1.5 1.7 -1.8 -0.6 
6.1-9.0 30 +o.3 4 -0.2 3.5 -0.5 +o.3 
9.1-12.0 40 0.0 5 -1.0 4.4 -1.0 -0.1 

12.1-15.0 62 +o.5 4 +1.7 3.8 +1.2 +o.6 
15.1-18.0 73 +o.8 5 +2.4 4.7 +1.6 +o 9 
18.1-19.0 22 +u 0 0 +1.4 
19.1-20.0 22 +o.9 1 0.0 0.9 -0.9 +o.9 
20.1-21.0 25 +o.7 0 +o.7 
21.1-22.0 19 -0.7 0 -0.7 
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Europe N: America 

il .Number }lean Number Mean 
. DiITerence . 

vV eight (Amer.-Eur.) Fmal mean 

22.1-23.0 15 +o.9 4 -1.7 -1.4 
23.1-24.0 21 -1.5 5 -2.4 4.0 -0.9 -1.6 
24.1-25.0 12 -3.7 4 -3.0 3.0 +o.7 -3.5 
25.1-26.0 15 -4.3 7 -3,9 4.8 +o.4 _f±.1 

26.1-27.0 11 -3.5 8 -4.6 4.6 -0.9 -3.9 
27.1-28.0 4 -4.0 9 -4.1 2.8 -0.1 -3.9 
28.1-30.0 18 -5.8 18 -5.3 9.0 +o.5 -5.4 
30.1-33.0 24 -5.4 22 -5.6 11.5 -0.2 -5.4 
33.1-36.0 18 -6.2 25 -5.4 10.5 +o.8 -5.6 
36.1-39.0 12 -4.7 19 -4.6 7.3 +0.1 -4.5 
39.1-42.0 9 -2.3 10 -4.5 4.8 -2.2 -3.3 
42.1-45.0 10 -3.6 9 -4.4 4.8 -0.8 -3.8 
45.1-48.0 20 -3.3 11 -4.5 7.1 -1.2 -3.6 
48.1-51.0 9 -3.2 14 -3.7 5.5 -0.5 -3.3 
51.1-54.0 14 -1.6 9 -4.1 5.5 -2.5 -2.4 
54.1-57.0 11 -0.3 8 -1.7 4.6 -1.4 -0.8 
57.1-60.0 7 +o.3 3 -0.3 2.1 -0.6 +0.2 

Selected Difîerencc Final 
Europe N. America stations Weight (Amer.- me an 

Number Mean Numbcr Mean Numbcr }Jean Eur.) 

60.1-65.0 8 +1.2 11 +o.5 4.6 -0.7 +Lo 
65.1-70.0 9 +1.6 16 +1.5 5 8 -0.1 +1.7 
70.1-75.0 20 +1.7 20 -0.5 8 -1.2 +o.7 
75.1-80.0 12 -0.2 50 -0.2 10 -1.4 0.0 
80.1-85.0 88 -0.3 56 -0.5 -0.2 
85.1-900 7 -1.1 110 -0.9 52 -1.2 -0.9 
90.1-95.0 2 -2.0 18 -2.5 -2.2 
95.1-100.0 2 0.0 7 -3.0 5 -2.8 -2.5 

100.1-105.0 1 -2.0 11 -2.0 10 -2.1 -1.8 

The weighted mean of the differences (N. Amer.-Europe) 
is - 0.3 s. We therefore subtract this from the values in the 
column (N. America, Mean) and forma mean of this with the 
data for European shocks, weighted according the number of 
observations. For distances over 80° we use the selected sta
tions for the North American shocks, to avoid the probable 
systematic errors that have already been mentioned. For the 
range 22°.1 to 23°.0 the American value is taken became 
there seems to be some anomaly about the European one. 

The final means diff er at no distance by as much as a se
cond from those found in the previous approximation, and 
it may therefore be decided that the convergence is complete. 



But as the number of observations beyond 90° is small, it 
was thought desirable to combine them with those of the 
four available South American shocks. The summaries for 
these, be:vond 70°, were as follows. 

TABLE IV 

SuMMARIES OF P,1 : SouTH AMERICAN SHOCKS 

.:\ -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 

70.1-75.0 0 0 0 0 0 0 0 0 [1 2 1 0 1] 0 
75.1-80.0 0 0 0 0 0 [1 1 0 1 0 0 0 1] 0 
80.1-85.0 0 0 0 0 0 [1 2 2 2 0 1] 0 0 1 
85.1-90.0 0 0 0 0 [2 0 2 5 4 2 2 1] 0 0 
90.1-95.0 0 0 [2 0 3 3 2 3 3 2 2] 0 1 0 
95.1-100.0 [2 1 2 1 1 2 0 1 2 0 1] 0 0 0 

100.1-105.0 [1 2 1 [~ 2 3 2 1] 0 0 0 0 2 0 

TABLE V 

S. Amer. ~Iean with 
Number ~Ican N. Amerira 

70.1-75.0 5 +1.6 
75.1-80.0 4 -0.2 
80.1-85.0 8 -0.9 
85.1-90.0 18 -0.4 -0.8 
90.1-%.0 20 -1.8 -2.0 
95.1-100.0 13 ~3.8 -3.5 

100.1-105.0 16 -4.3 -3.3 

The South American shocks are too few to make any useful 
contribution to the table up to 85°; all that can be said here 
is that they show no significant difference from the North 
American and European ones. Beyond that distance, howe
ver, they are well observed in Europe and provide useful 
information. 

The final values still need a little smoothing, but an ins
pection of the final means shows that the smoothing needed 
is very slight and that the results are correct within a small 
fraction of a second except perhaps in the last two lines of 
the table, where the uncertainty may reach a second. The 
smoothing could be done by Comrie's method, but the latter 
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assumes the groups of observations al1 to have the sarne 

weight, which is not true. An attempt was made to cons
truct a numerical method of smoothing on the same prin

ciple, allowing for the differences in weight, but it proved to 
be too laborious, and a graphical method was used instead. 
With this some allowance for weighting could be made in 

drawing the curve, and in any case the corrections are small. 
2. 2. We recall that the J. curve was a smoothed one, and 

that in constructing it a suspected discontinuity in the 

neighbourhood of 20° was smoothed out. It now appears. 
that this discontinuity in the slope was certainly genuine ; 
but when we have a smooth curve to use as a starting point 
it is easier to locate a discontinuity with it than if we use a 
curve with a bend in it, probably at the wrong place. From 
inspection of the corrections, it seems that the J. curve is 
practically correct to 12°, but needs from there to 19° such 
positive corrections as would correspond to a slight reduction 
in the coefficient of the cube term. The bend seems to be bet

ween 19° and 20°, and implies a rapid increase of velocity 
with depth at a depth of about 400 km. (A more accurate de
termination would be possible, but is not made here.) It re
mains uncertain, however, whether the change is a true dis
continuity in velocity or a continuous but rapid transition. 
In the former case we should expect a triplication of the 
pulse, as for a surface layer resting on a medium where the 
velocity is greater : there would be a direct wave in the upper 
layer, an indirect one in the lower, and a reflexion at the 

interface. At some distance, depending on the depth of the 
interface, the indirect wave arrives first and is recorded as P. 
The reflected wave arrives later than the direct one at all 
distances, and is probably smaller and escapes detection; 
but the direct wave may be traceable where it arrives after 
the indirect one. This may be the explanation of the positive 
residuals noticeable between 20° and 25°. A rapid continuous 
change produces a caustic surface, which with a sufficiently 
rapid transition lies within the earth for some angles of emer-

'"--
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gence ; within this range there is a triplication of the pulse, 
so that the effects of a true discontinuity are qualitatively 

imitated. There is, however, a quantitative difference. The 
late branch of the curve, corresponding to de /dtl negative, 
ends at two points there the caustic meets the surface, and 
there will be abnormally large amplitudes there, which would 
be recognizable from a study of the original records. The 
1. S. S. do~s not record amplitudes, and therefore cannot 
settle this question. We understand that Miss Lehmann, who 
detected the bend in the P curve independently, has it under 
examination, and has failed to find any distances with abnor
mal amplitudes. 

Beyond 19° the corrections vary smoothly, and there is no 
sign of any further discontinuity. 

It appears that both European and North American 
earthquakes follow the J. curve within a second up to 12° ; 
this corresponds to a surface velocity, at short distances, of 
7. 77 km /sec, and would be inconsistent with one greater than 
about 7.82 km /sec. This is curious, because the Pn of some 
well-observed European near earthquakes has had a velocity 

over 8.0 km /sec 1. The difference seems undoubtedly real, 
and may correspond to some peculiarity of the Alpine re
gion, where the near earthquakes in question had their foci. 

2. 3. The Japanese shocks were discussed similarly; the 
summaries are as follows. From 70° to 95° a uniform reduc
tion was applied to the numbers of observations in the 

groups retained, but it was only in one case that it aff ected 
the mean by as muchas 0.2 s. The number of observations 
given allows for the reduction. The differences from the means 
for Europe and North and South America are shown in the 
last column. Up to 42° they are within the uncertainty. It 
should be noticed that up to 6° the Japanese observations 
are more numerous than the European and American ones, so 
that this part of the curve is better determined from Japa-

1. Jeffreys, M. N. R. A. S. Geoph. Suppl. 3, 1933, 131-156. 



- 33 -

nese shocks. The agreement of the Japanese shocks with the 
final curve is in any case good. From 54° onwards the times 
for Japanese shocks are mostly between 1 and 2 seconds 
shorter than for the European and American ones, and the 
difference much exceeds the standard errors, which can 

hardly exceed 0.2 s. There seems to be in this respect a syste
matic difference between the arrival of P in Europe from 
Japanese and American shocks. We are not in a position to 
interpret the difference, which does not show in all the 
shocks where epicentres are determined by near stations. 
It might mean focal depth, but this seems to be excluded by 
the near stations. The most likely cause seems to be a slight 
difference in the velocities under the Atlantic and under 
Asia, but it is only 1 part in 400. But it is possible that the 

American shocks are smaller and read slightly late, so that 
we cannot say at once that the difference is real. In the great 
Tokyo earthquake of 1923 Sept. 1 most of the best European 
stations show P 1 to 4 seconds early, and in this case the near 
stations are well distributed in azimuth and the epicentre 

therefore well determined locally. 
The Tango earthquake of 1927 March 7, considered by 

Hodgson, was examined here, but though the near stations 
were well distributed in azimuth it was found impossible to 
bring the I. S. S. observations into agreement with any 

hypothesis about the epicentre and the focal depth. This 
shock was therefore omitted from our discussion. 

TABLE VI 

SuMMARIES FOR Pv. JAPANESE SHOCKS 

il -9 -8 -7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 9 

0-3.0 0 0 0 0 0 0 [1 0 1 1 2 2] 0 0 0 0 0 0 0 
3.1-6.0 0 0 0 0 [1 0 0 1 2 3 3 1 1 1 1] 0 0 1 0 
6.1-9.0 0 0 0 0 0 2 3 [1 4 11 5 1] 1 0 0 1 0 0 0 
9.1-12.0 0 0 0 0 0 [2 1 2 1 0 2 1 4] 0 0 0 0 0 0 
12.1-15.0 0 1 1 0 [1 0 1 0 3 2 0 2 2 1 1] 0 0 1 1 
15.1-18.0 0 0 1 0 0 0 [1 1 3 1 3 3 1 1] 0 0 0 0 

3 
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~ -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 

18.1-19.0 0 0 1 0 0 0 0 0 [1 2 0 2 0 1 0 1] 0 0 0 
19.1-20.0 0 0 0 0 [1 0 1 1 0 0 1] 0 0 0 0 0 0 0 0 
20.1-21.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

21.1-22.0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

22.1-23.0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

23.1-24.0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 
24.1-25.0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

25.1-26.0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
26.1-27.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 

27.1-28.0 0 1 0 0 0 0 0 0 0 0 ·O 0 0 0 1 0 0 0 0 0 0 
28.1-30.0 0 1 0 0 0 [1 1 1 1] 0 0 0 2 0 0 1 0 1 2 0 
30.1-33.0 0 [1 0 0 2 2 1 0 3 2 0 1] 0 1 0 0 0 0 0 1 0 
33.1-36.0 0 0 [1 0 2 1 1 0 0 1] 0 0 0 0 0 1 0 0 0 0 0 
36.1-39.0 0 0 0 0 [1 2 0 0 1 0 3] 0 0 0 0 0 0 1 0 0 0 
39.1-42.0 0 0 [1 0 1 0 1 0 2 1] 0 0 0 0 2 0 1 0 0 0 0 
42.1-45.0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 2 0 0 0 0 0 
45.1-48.0 0 0 0 0 0 0 0 0 0 1 2 1 0 1 0 1 0 0 0 0 

48.1-51.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 
51.1-54.0 0 0 0 0 0 [1 0 3 0 3 1 1 3 2 2 2 0 1] 0 0 0 
54.1-57.0 0 0 0 0 [1 1 0 1 3 0 1 0 0 1 0 0 3 0 1] 0 0 
57.1-60.0 0 0 0 0 0 2 3 0 [1 1 1 1 2 1] 0 0 0 0 0 0 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 3 4 5 6 7 8 9 10 

60.1-65.0 0 0 0 0 0 0 [2 4 8 5 4 5 0 2 1] 3 0 1 0 1 0 
65.1-70.0 0 0 3 1 0 [2 3 3 6 9 10 5 2 1 2 1] 0 3 0 0 0 
70.1-75.0 1 1 1 0 5 0 [5 4 8 4 7 4 5 1 3] 1 1 2 0 0 1 
75.1-80.0 1 2 1 0 [3 9 8 13 21 11 13 5 2 5 3 2] 1 0 0 

80.1-85.0 0 2 0 8 [2 8 12 10 17 20 20 12 13 5 2] 5 2 2 
85.1-90.0 0 0 3 1 0 [6 8 8 13 15 12 13 6 1] 7 4 7 1 4 0 0 
90.1-95.0 0 0 [3 4 5 4 5 3 8 4 1 3 0 3] 0 3 0 1 0 1 0 
95.1-100.0 0 0 [3 2 1 1 3 2 5 1 0 1] 0 0 1 1 0 0 1 1 0 

100.1-105.0 0 0 0 0 0 [1 0 1 0 0 2] 0 0 0 1 2 0 0 0 0 0 

TABLE' VI 

MEANS OF Pv. JAPANESE SHOCKS 

Japan- Japan-
Europe Redue- Europe 

~ Number Mean and America ~ NumberMean tion and America 

0-3.0 7 +o.3 +0.2 19.1-20.0 4 -2.2 -3.1 
3.1-6.0 14 +o.6 +1.2 20.1-21.0 indet. 
6.1-9.0 22 0.0 ·-o.3 21.1-22.0 indet. 
9.1-12.0 13 0.0 +0.1 22.1-23.0 indet. 

12.1-15.0 13 +o.6 0.0 23.1-24.0 indet. 
15.1-18.0 14 +1.6 +o.7 24.1-25.0 indet. 
18.1-19.0 7 +1.8 +o.4 25.1-26.0 indet. 
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Japan- Japan-
Europe Redue- Europe 

.l ~umber Mean andAmerica .:i Number Mean tion and America 

26.1-27.0 indet. 54.1-57.0 12 -1.2 -0.4 
27.1-28.0 indet. 57.1-60.0 8 -0.9 -1.1 
28.1-30.0 4 -5.5 -0.1 60.1-65.0 31 -0.8 -1.8 
30.1-33.0 12 -5.6 0.0 65.1-70.0 44 -0.6 -2.3 
33.1-36.0 6 -7.0 -1.4 70.1-75.0 32 -0.7 -1.4 
36.1-39.0 7 -4.6 -0.1 75.1-80.0 83 -1.6 -u; 
39.1-42.0 6 -5.8 -2.5 80.1-85.0 99 -1.0 2 -0.8 
4;U-45.0 indet. 85.1-90.0 73 -1.2 -0.4 
45.1-48.0 indet. 90.1-95.0 32 -3.4 -1.4 
48.1-51.0 indet. 95.1-100.0 19 -4.1 -0.6 
51.1-54.0 19 -0.9 +1.5 100.1-105.0 4 -2.0 +1.3 

3. 1. It was plain from the start that no progress could be 
made in the discussion of S without some means of removing 
misidentifications. As a preliminary table of SKS was avail
able, the observations attributed to s beyond 82° or so were 
examined, and those that agreed reasonably with SKS were 
removed. But even at shorter distances the S residuals were 
so irregular in most cases that it seemed that the amount of 
variation at any distance was likely to exceed the correc
tions needed to the tables. Fortunately, however, it turned 
out that some of the earthquakes showed S residuals varying 
fairly smoothly over a long range of distance, and the pre
sumption was that in these cases the maj ority of the obser
vations did really ref er to the sa me pulse, which was presu
mably S. These were 

European shocks : 1926 Aug. 30, 1928 Mar. 31 ; 
N. American shocks: 1925 Mar. 1, June 28, 1929 Feb. 22, 

Nov. 18. 
Of these, the Saguenay River shock of 1925 Mar. 1 and the 

Newfoundland one of 1929 Nov. 18 were specially valuable, 
because they had the European stations in the range from 
35° to 80°. A depth of focus of 0.01 R was inferred for the 
former in the I. S. S., but no confirmatory evidence was 
found, and the record from Toronto, a copy of which was 
kindly sent to us by Dr Hodgson, seemed a characteristic 
upper layer one. The Newfoundland shock had not been 
treated in the I. S. S., but Miss Bellamy sent us a copy of the 

• 
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reports from the stations, from which we were able to deter
mine the epicentre and the distances. It was not included in 
the reduction for P, being strictly a North Atlantic shock. 
With these six shocks a preliminary curve for S was found. 
It appeared that the J. table was right within a few seconds 
up to 20°, but that there was then a bend in the curve similar 
to that found for P, and negative corrections were needed 
reaching - 8 s. about 30°. The correction then rose steadily, 

reaching + 5 s. about 65°, and from there on remained nearly 

constant. The resulting curve was not in any sense final, but 
was sufficient for identification. The next step was to deter

mine Ys by successive approximation. The deviations of S 
from the approximate curve were grouped for each earth
quake, and an approximate Ys found for the principal 
group. Some~imes it was found that there were two well mar
ked concentrations of frequency; then the earlier was taken 
as referring to S. Sorne earthquakes showed no marked con
centration at all ; these were omitted from the determina

tion. A second set of corrections was then found by a process 
analogous to that used for P, and the Ys redetermined. The 
next stage showed little change, and the final form of the S 
curve was known. 

TABLE VII 

SuMMARIES FOR S. EuROPEAN SHOCKS 

1927 July 1 and 1928 Apr. 14 omitted. 1927 July 22 kept 

for d >36°. 

D. -8 -7 -6 -5 -4 -3 -2 -1 0+1+2+3+4+5+6+7+8 
0-3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.1-6.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6.1-9.0 0 0 [1 0 3 0 1 3 0 1 0 2 0 1] 0 2 1 
9.1-12.0 1 0 [1 0 0 1 0 0 2 1 1 0 2 0 1] 0 0 

12.1-15.0 1 0 2 0 2 1 1 1 1 0 0 1 1 1 1 0 3 
15.1-18.0 0 1 2 2 2 2 [1 3 3 2 1 4 4] 0 2 3 2 
18.1-19.0 1 0 0 0 0 0 0 0 [1 2 0 0 2 1 1] 0 0 
19.1-20.0 0 0 0 1 0 [2 0 2 1 0 2 2] 0 0 0 1 0 
20.1-21.0 0 0 0 0 0 0 0 0 0 [2 1 2 3 1] 0 4 2 
21.1-22.0 0 0 0 0 [3] 0 0 0 [1 1 1 0 2 0 2] 0 0 
22.1-23.0 0 0 0 0 [1 0 0 1] 0 0 0 0 [1 1 1 1 1] 
23.1-24.0 0 0 0 0 [1 0 2 1 0 1] 0 0 0 [1 1 0 1 
24.1-25.0 0 0 0 [5] 0 0 1 0 0 0 1 0 1 0 0 0 [1 
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-14 -13 -12 -11 --10 -~J -8 -7 -6 -5 -l~ -3 -2 -1 0 1 2 

25.1-26.0 0 0 0 [ 1 0 0 0 1 0 0 0 1] 0 0 0 0 4 
26.1-27.0 0 1 1 0 0 0 0 [1 1] 0 2 0 1 1 0 0 1 
27.1-28.0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
28.1-30.0 [1 0 1 0 2 1 0 3 0 2 1 0 1] 0 0 0 0 
30.1-33.0 0 0 [1 0 2 0 1] 0 0 0 0 1 0 1 1 1 0 
33.1-36.0 1 0 0 0 0 0 [1 1 3 2] 0 0 0 0 1 0 0 
36.1-39.0 0 0 0 0 0 [1 1 0 2 2 1] 0 0 0 1 1 0 
39.1-42.0 0 0 0 1 0 0 0 0 [3 1] 0 2 1 1 0 1 0 
42.1-45.0 1 0 0 0 0 [1 3 1 0 1 2 2 1 1] 0 0 1 

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 

45.1-48.0 1 0 [1 0 1 0 3 0 2 0 1] 0 0 1 2 1 
48.1-51.0 0 0 1 0 0 0 [2] 0 0 0 0 0 1 0 0 0 
51.1-54.0 1 0 [1 0 0 0 1 2 1] 0 0 0 1 1 2 
54.1-57.0 0 0 0 1 0 0 0 0 0 0 1 1 1 2 0 1 0 
57.1-60.0 0 0 0 0 0 0 0 1 0 2 0 1 0 1 2 1 1 

-7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 9 

60.1-65.0 0 0 0 0 0 0 [1 3 0 0 1 2] 0 0 0 0 0 
65.1-70.0 0 0 0 0 0 2 0 0 0 [2 0 1 2 1] 0 1 0 
70.1-75.0 0 0 1 0 0 0 0 [2 5 2 2 1 1 0 'l] 0 1 
75.1-80.0 1 1 0 1 0 0 [1 0 1 0 3] 0 0 0 3 0 
80.1-85.0 0 0 0 0 1 0 0 [1 2 1 1] 0 0 0 0 1 
85.1-90.0 0 0 0 0 0 0 1 0 0 [1 1] 0 0 0 0 1 0 
90.1-95.0 0 0 0 0 0 0 0 0 [1 0 1 0 0 0 1] 0 0 
95.1-100.0 0 0 0 0 0 0 [1 0 0 0 0 1 0 0 1] 0 0 

101.1-105.0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

TABLE VIII 

SuMMARIES FOR S. N. AMERICAN SHOCKS 

1925 July 7, Dec. 10, 1928 Mar. 22, Aug. 4 omitted 

i.l -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 

0-3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3.1-6.0 0 0 0 0 0 0 0 [1 1] 0 0 0 0 0 1 0 0 
6.1-9.0 0 0 0 0 0 [1 0 1 0 1 1] 0 0 0 0 0 1 
9.1-12.0 1 0 0 0 [1 1 0 0 1 0 1] 0 0 0 0 0 0 

12.1-15.0 0 0 0 0 0 0 0 [1 0 1 1] 0 0 0 0 0 0 
15.1-18.0 1 0 0 0 0 0 0 [1 1 0 1] ·o 0 0 0 0 0 
18.1-20.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20.1-21.0 0 0 0 0 0 0 0 0 0 0 0 [1] 0 0 0 0 1 
21.1-22.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22.1-23.0 0 0 0 0 0 0 0 0 0 0 0 0 [1] 0 0 0 0 
23.1-24.0 0 0 0 0 0 0 0 0 0 0 0 0 [2] 0 0 0 () 

24.1-25.0 0 0 0 [1 1 ] 0 0 0 0 1 0 0 0 1 1 0 0 
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-16 -15 -14 -13 -1:.! -11 -10 -9 -8 -7 -6 -5 -li -3- 2 -1 0 1 
25.1-26.0 0 0 0 0 0 [1 0 0 1 0 1 0 1 0 1] 0 0 1 
26.1-27.0 1 0 0 0 (1 0 0 2 1 0 1 1 2] 0 0 0 0 1 
27.1-28.0 [1 0 0 0 0 1 0 0 2 1 2 2] 0 0 0 0 0 0 
28.1-30.0 0 3 2 0 0 [1 0 3 1 1] 0 0 0 2 0 2 0 0 
30.1-33.0 0 0 [1 1 1 3 1 1 0 3 1 1 2] 0 2 3 0 1 
33.1-36.0 0 [1 1 1 1 1 1 1 4 1 3 5 3 1 2] 0 1 1 
36.1-39.0 1 0 0 [1 0 1 1 3 5 3 3 0 0 3 2] 0 2 0 
39.1-42.0 0 0 [1 1 0 0 0 3 1 0 2 3 2 1 1] 0 0 0 
42.1-45.0 0 1 0 0 0 0 [2 0 2 4 1 0 4 3 3 2] 0 1 
45.1-48.0 0 0 0 0 1 0 0 [1 1 1 1 3 4 2 3 4] 0 0 

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 
48.1-51.0 [1 2 2 2 6 2 5 1 3 2 1] 0 0 0 0 0 
51.1-54.0 1 2 0 1 0 [2 3 2 1 0 1 2 0 2] 0 0 5 0 
54.1-57.0 0 1 0 0 0 [1 2 4 1 3 1] 0 1 1 6 4 1 3 
57.1-60.0 1 0 0 0 0 0 [2 2 2 1 3 1 1] 2 4 2 2 1 
60.1-65.0 1 0 0 [1 0 2 0 1 0 2 2 1] 0 3 6 1 3 1 
65.1-70.0 0 0 2 0 0 [3 0 1 3 1 1 4 2 1 1] 1 1 0 
70.1-75.0 1 0 1 1 4 1 0 [1 4 4 3 7 3 4 2 1] 2 
75.1-80.0 0 1 0 1 2 3 1 5 [1 4 2 4 9 6 7 3 2 1] 
80.1-85.0 0 0 1 0 1 3 [2 5 3 6 6 8 8 6 3 6 1] 
85.1-90.0 0 0 0 0 0 0 2 [1 2 3 2 5 2 3 2 2 6 1] 
90.1-95.0 0 0 0 0 0 0 0 1 1 0 0 0 [1 1 1 2 1] 0 
95.1-100.0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

TABLE IX 

MEANS FOR S. 

Europe N. America 
Number Mean Kumber Mean Final mean 

0-3.0 0 0 
3.1-6.0 0 2 -0.5 -0.2 
6.1-9.0 12 -0.9 4 -0.2 -0.7 
9.1-12.0 9 +o.9 4 -1.2 +o.5 

12.1-15.0 3 +o.7 +LO 
15.1-18.0 18 +1.5 3 +o.6 +u 
18.1-19.0 7 +3.0 0 +3.0 
19.1-20.0 9 +0.2 0 +0.2 
20.1-21.0 9 +3.0 1 +3.0 +3.0 
21.1-22.0 

j .~ -4.0 0 ! -4.0 
+3.3 +3.3 

22.1-23.0 ! ~ -~.5 l -2.5 
+6.0 +4.0 +5.7 

23.1-24.0 
!~ -1.6 l -1.6 

+7.8 2 +4.0 +6.5 
24.1-25.0 l ~ -5.0 2 -4.2 ! -4.8 

+9.5 +9.5 
25.1-26.0 3 -7.0 5 -6.2 -6.3 
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Europe N. America 
J\urnLer Mean Nurnber Mean Final mean 

26.1-27.0 
!~ 

-6.5 8 -7.1 ! -6.7 
+rn.3 +10.3 

27.1-28.0 1 1 -7.0 9 -8.0 ! -7.6 
13 +15.3 +15.3 

28.1-30.0 12 -7.7 6 -8.6 -8.1 
30.1-33.0 !1 -10.0 15 -8.7 -8.7 
33.1-36.0 7 -6.1 26 -7.1 -6.7 
36.1-39.0 7 -6.1 23 -7.5 -7.0 
39.1-42.0 !1 -5.8 15 -6.8 -6.4 
42.1-45.0 12 -5.2 21 -5.3 -5.0 
45.1-48.0 

I~ 
-2.7 20 -3.8 ! -3.3 

+5.o +5.o 
4.8.1-51.0 1 2 -3.0 29 -2.6 1 -2.3 

! 2 +5.5 t +5.5 
51.1-54.0 

!~ 
-3.0 8 -2.7 ! _9 7 

+6.8 +6.8 
54..1-57.0 

!~ +1.8 12 -1.5 -1.2 
+6.7 

57.1-60.0 9 +2.0? 12 -0.3 0.0 
60.1-65.0 7 +u !)" -1.3 +0.2 
65.1-70.0 15 +o.5 +o.8 
70.1-75.0 1'1 +2.2 29 +2.8 +2.8 
75.1-80.0 5 +2.8 39 +3.5 +3.7 
80.1-85.0 5 +2.4 55 +3.0 +3.2 
85.1-90.0 2 +2.5 26 +3.7 +3.9 
90.1-95.0 3 +3.7 6 +5.5 +4.8 
95.1-100.0 3 +3.3 1 +4.0 +3.7 

100.1-105.0 0.0 0.0 

On comparing the European and North American means 
as for P it was found that the latter needed on increase of 
0.3 s. to make the series comparable. This was applied, and 
then a weighted mean was taken for each range of distance. 

The reduc~ion is somewhat unsatisfactory, as the fraction 

of the observations of S that have survived in the final means 
is small. Wholesale rejection of observations is always 
objectionable, but it is clear from inspection of the summa
ries that without it no means of any sort could be obtained 
at many of the distances. The principles that have been follo
wed are ( 1_) that if the pulse under discussion is real its time 
curve must be continuous and curved downwards (2) there 
should be a maximum of frequency of the residuals near the 
value that corresponds to any real curve if is to be established 
at all. The method of weighting, and the method of the uni-



- 40 -

form reduction, are hardly applicable because in many cases 
the number of observations in the groups is too small. The 
method adopted was to arrange the whole of the S,1 in order 

of magnitude and notice by inspection the position of the 
maximum frequencies. The ordinary errors of S observations 
seem to run up to about 4 s., so that with possibly a series of 
nearly parallel curves about 7 seconds apart the maxima 
would not be clearly separated. The usual practice was to 
retain observations to about equal distances on both sicles 
of the mode, but the range retained varied with the epicen
tral distance and was chosen in accordance with the actual 

distribution. 
3. 3. At distances under 20° the North American observa

tions, though rather few, nearly all seemed to correspond to a 

single curve. For European ones, on the other band, they 
were scattered up to over + 20 s. with concentrations near 
a few values that tended to repeat themselves at diff erent 
distances. They may be arranged as follows. 

TABLE X 

6. 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

3-6 1 
6-9 2 1 1 1 
9-12 2 2 1 1 1 

12-15 3 3 1 2 2 1 
15-18 2 3 1 1 3 4 3 2 2 2 2 
18-19 1 2 1 2 1 1 
19-20 1 2 1 1 
20-21 4 2 1 1 3 

There seems to be a strong tendency for S to be read about 
8 s. late, and similar, but less marked, tendencies for it to be 
read about 14 s. and 22 s. late. This agrees with what was 
suspected in an earlier paper, and attributed to the existence 
of several swings of increasing size in the S phase ; this 
agreed with Byerly's actual readings in the Montana earth
quake. The effect is clearest in the range 12° to 15°, where it 

was found impossible to form a summary for the true S in 
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European shocks ; it may therefore be suspected that in this 

range the true Sis unusually small. 
3. 4. Beyond 20° the S readings seem to fall into two groups, 

one showing positive and the other negative residuals. There 
is a natural interpretation for this when we consider the 
physical explanation of a sharp bend in the time curve. The 

phenomenon is very analogous to that arising in the study 
of near earthquakes, where P g is the first movement on the 

record up to about 100 km., but Pn overtakes it there and is 
the first movement at greater distances. Here we may 
expect that the bends at 19° are the result of a finite discon
tinuity in velocity at some depth, the indirect wave first over
taking the more direct one at 19° for both P and S. ln these 
conditions we should expect the direct wave to be the larger, 
but since the indirect P begins the record it will in any case 
be read as P. But since the S movement does not start from 
rest in either case it is problematic whether the first or the 

second will be read, and apparently it is sometimes the one 
and sometimes the other. The later observations lie fairly 
near a smooth curve, which continues the S curve for shorter 
distances, and therefore probably represents the direct wave. 
In the final tables the direct P and S are found from 20° to 
25° by extrapolation on the supposition of a constant second 
diff erence. 

3. 5. From 51° to 65° there are a number of observations 
lying 4 to 7 seconds late, but clearly separated from the ear
lier group. ln the earlier approximations the separation was 
not clear and the mean of the whole suggested that the table 
needed positive corrections up to 5 s. in this range. It appears 

now, however, that they are truly distinct. The earlier seems 
to join more smoothly on to the curve for shorter distances, 
and is taken to be S. The means still rise with distance, and 

suggest that the mode at + 3 s. beyond 70° is S. But there 
are some early readings outside the main group. A possible 

explanation of these is that when S enters the upper layers 
it may be partly transformed to P, and this movement 



would arrive a few seconds earlier than the wave that has 
been S all the way. It will be smaller than S, but may be de
tected by the more sensitive instruments. 

3. 6. Beyond 90° the number of S observations is rather 
small; but they can be supplemented from those given in 
the paper of 1. Lehmann and G. Plett 1. Their readings of S 
are incorporated with the 1. S. S. ones in our tables for the 
Philippine earthquake of 1925 Nov. 13 and the South Ameri
can one of 1928 July 18. The Marianne Islands shock dis
cussed by them has not yet appeared in the 1. S. S., but they 
give readings of S up to ~ = 105°.6. These are particularly 
welcome because the scarcity of S observations beyond 100° 
had left some doubt as to whether S is identifiable at these 
distances at all. It may be noticed that Gutenberg 2 stops the 
S curve at 96°. Lehmann and Plett give the slope of the S 
curve at 100° as 8.9 s. per degree. That of the J. curve is 
8.8 s. /1°. Thus the correction to S at 105° is 0.5 s. more than 
that at 100°. This may be within the uncertainty of the de
termination, but at any rate it shows that the correction 
0.0 s. at 102°.5 is not permissible. 

The only South American shock that gave appreciable help 
was that of 1928 July 18. The means of S,1 are 

80°.1 to 85°.0, +3. 7; 85°.1 to 90°.0, +4.1 ; 90°.1to95°.0, +5.6; 
95°.1to1000.0, +3.1. 

Again the means centred on 92°.5 and 97°.5 suggest a cor
rection decreasing with distance, but the data are not enough 
to establish it. 

The best procedure seems to be to use the data of Lehmann 
and Plett for the Marianne Is. shock. Forming Sµ we have 
the. following means : 96°.2 to 100°.0 (Bergen omitted), 
-10.1; 100°.1to102°.3 (Chicago omitted), -10.4; 103°.0 to 
105°.6 (Stonyhurst omitted), -10. 7. 

It appears therefore from their data that the correction 

1. Gerlands Beitrage, 36, 1932, 38-77. 
2. Handbnch der Geophysik, 4, 212. 
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decreases slightly with distance in this range. In forming Sc.> 
the correction was taken as +5 s. beyond 97°, but +4 s 
might have been better. In the final smoothing of the S 
curve the correction was taken as +4 s. beyond 85°; this 
appears to be within the limits of error attainable at present. 

3. 7. The summaries of Sv for the Japanese shocks were 
much less satisfactory. Up to 20° very few readings lay any
where near the S curve; the tendency for S to be read late 
was even more marked than for Europe. It was only at dis
tances over 51° that any summaries were possible ; they are 
as follows. 

TABLE XI 

'1 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 G 7 8 9 10 

51°1-54°0 1 0 0 1 0 0 [1] 0 0 0 [3 3] 0 1 1 0 2 1 0 
54°1-57°0 0 0 0 1 0 [1 0 1 0 0 1] 0 0 0 0 0 0 0 
57°1-60°0 0 0 0 0 0 0 0 [1 0 2] 0 0 0 1 1 0 0 0 
60°1-65°0 0 0 0 0 1 2 0 0 [3 2 4 2] 0 2 0 2 0 0 2 
65°1-70°0 1 0 1 1 0 2 0 [1 2 1 2 2 3 5 2 4 2] 0 1 
70°1-75°0 1 3 0 0 0 [2 1 2 1 1 6 7 3 4 4 2 2 2] 1 
75°1-80°0 0 3 1 1 0 3 3 2 2 [4 5 7 16 5 6] 1 2 1 2 
80°1-85°0 2 0 1 0 0 2 2 [3 3 8 12 4 10 6 4 3 3] 2 5 
85°1-90°0 0 0 0 2 5 1 0 [2 3 2 3 6 4 1 3 2 2 2] 0 
90°1-95°0 0 1 0 0 1 0 1 0 2 0 0 0 1 2 1 0 1 'l 0 
95°1-100°0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 1 0 0 

100°1-100°5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Means : 51.1-54.0, -2, +2.5; 54.1-57.0, 0.0; 57.1-60.0, +0.5; 
60.1-65.0, +1.5; 65.1-70.0, +4.3; 70.1-75.0, +3.7 (reduction 
1 applied); 75.1-80.0, +3.8 (reduction 2 applied); 80.1-85.0, 
+3.1 (reduction 2 applied) ; 85.1-90.0, +3.4 (reduction 1 ap
plied) ; 90.1 -95.0, +5.0. 

From 70°. onwards these means agree well with those al
ready obtained. At shorter distances the J apanese values 
are a little late ; this is opposite to the phenomenon noticed 
for P, but the data are scanty. It appears that Sin Japanese 
shocks tells us nothing that we have not already found from 
the European and American ones. 

4. 1. We now proceed to the waves influenced by the core, 
and begin with the diffracted P at distances over 105° and 
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the compressional wave P' or PKP through the core. Both 
waves are difficult to observe, and it is therefore necessary 
to limit ourselves to shocks well observed at European sta
tions. Since these waves are observed only at distances over 
105° only epicentres in the Southern hemisphere are rele
vant. Depth of focus and crustal structure near the focus 
will affect these waves by nearly the same amount as P bet
ween 70° and 105°. Hence if we determine a mean of P w at 
the latter range of distance and subtract it from the times of 
P (~ >105°) and P' we eliminate these effects and obtain 
times comparable with th ose of P. For the diffracted P only 
the four South American shocks were useful ; the wave was 
well observed to 115°, but beyond that the observations 
were few, there being only 6 in all beyond 125°. Four of 
these were on 1928 Dec. 1. The curve proved to be a straight 
line, as was expected. The summaries of the final residuals 
are as follows. 

TABLE XII 

il -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 

105.1-'110.0 0 0 0 1 1 [2 3 2 3] 1 1 1 0 1 0 1 
110.1-115.0 1 3 0 0 [1 1 0 2] 0 0 0 0 2 1 0 0 
115.1-120.0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
120.1-125.0 none 
125.1-130.0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
130.1-135.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
135.1-140.0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
140.1-145.0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Means : 105.1-110.0, + O. 7 (reduction 1 applied); 110.1-115.0, 
-0.2; 115.1-120.0, +1.0; 125.1-130.0, +1 ; 130.1-135.0, -1 ; 
135.1-140.0, 0; 140.1-145.0, O. 

The straight line is therefore well within the probable 
error of the determination. Its slope is 4.87 s. /1°. That of P, 
as corrected, is 4.60 s. /1°. It appears therefore that the dif
fracted wave does not merely continue the P curve, there 
being a finite change of the slope where diffraction begins. 
This might have been expected. The movement is small and 
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therefore liable to be read late, especially as, to judge by 
various reproduced seismograms, the beginning of the dif
fracted movement is an emersio rising slowly to a maximum. 
Thus an observer, having to wait till the displacement is large 
enough to be perceptible, will read it later than the true 
beginning, and the delay will increase with distance both on 
account of the decrease in size and, probably, on account of 
the inc~easing time to the first maximum. This systematic 
error increases the slope as found by observation ; it is inter
esting that the empirical curve is still a .straight line, since 
this means that the systematic error increases linearly with 
the distance. 

P' (= PKP) and P2 '. 

5. 1. A rough preliminary table for P' was first formed from 

the South American shocks ; corrections were obtained by 
using also some oceanic ones. The residuals given in the 
reductions for the individual earthquakes are with respect 
to this second approximation. Then the whole of the South 
American and Oceanic shocks were combined in one sum
mary; as for P (~> 105°), the mean of Pw for~ between 70° 
and 105° was subtracted from all the P' residuals before 
summarizing, so as to make the resulting table correspond 
to that for P. The New Zealand shock of 1927 July 18 was 
reserved, because there were not many observations of P 
and it seemed that the probable error of the mean of P w 

might be large. 
ln most of the ranges of distance the residuals were very 

scattered and it was difficult to form satisfactory means. 
Late readings are to be expected frequently, since the move
ment is small except about 145°; but we have to do our best 
with the data. It is often noticed that horizontal component 
instruments record later than vertical ones ; this has been 
explained by previous writers as due to the smallness of the 
horizontal movement. The square brackets [ J indicate the 
observations at first retained in forming the means. 
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TABLE XIII 

SuMMARY FOR P' 

:l -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 

105.1-110.0 0 0 [(1 0 0 O) 0 0 0 2 0 0 0 1] 0 0 0 0 0 
110.1-115.0 0 [(1 1 0 0 1) 0 0 0 0 0 0 1 0 0 0 1] 0 0 
115.1-120.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
120.1-125~0 0 0 0 0 0 [(1 1 1) 0 0 0 1 1] 0 0 0 0 0 0 
125.1-130.0 0 0 0 0 0 0 0 0 [(2) 0 0 0 1 21 0 1 Q 1 0 
130.1-135.0 0 0 1 0 (1 1 1 [3 2 1) 4 0 2 2] 1 0 1 1 0 
135.1-140.0 0 0 0 [(3 0 1 1 1 0 1) 0 5] 0 0 1 0 0 1 0 
140.1-145.0 [(2 1 1 1 3 1 1 1) 1 1 4 0 1] 0 0 0 2 1 0 
145.1-150.0 0 (1 0 0 1 [3 3 2) 2 5 '• 5 3] 1 1 2 2 2 1 
150.1-155.0 (1 0 0 0 1 [5 3 2) 0 1 1 1 0 3] 1 0 2 1 1 
155.1-160.0 (1 0 [2 0 2 1 2 2) 0 3 1 0 2] 0 1 3 0 1 0 
160.1-165.0 0 0 0 0 0 [(3 1 1 2) 0 2 0 2] 0 0 0 1 0 1 
165.1-170.0 0 (1 0 [1 0 1 0 1 2 1) 0 1 1] 0 1 1 0 0 
170:1-175.0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 
175:1-180.0 none 

TABLE XIV 

P' MEANS. 

1. S. S. 1927 July 18 
il Redue- Difîe- Final 

Number Mean tion Number Mean Weight rence me an 

105.1-110.0 4 -0.7 0 -0.7 
110.1-115.0 5 -1.8 0 -1.8 
115.1-120.0 1 +6 0 +6 
120.1-125.0 5 -0.8 0 -0.8 
125.1-130.0 5 +1.8 0 +1.8 
130.1-135.0 8 -0.6 1 1 -11 0.9 -10.4 -0.8 
135.1-140.0 12 -1.4 0 -1.4 
140.1-145.0 18 -3.2 0 2 -9 1.8 -5.8 -2.7 
145.1-150.0 19 0.0 1 4 -5.2 3.3 -5.2 +o.4 
150.1-155.0 9 -1.8 1 1 -13 0.9 -11.2 -2.0 
155.1-160.0 7 -2.0 3 -9.3 2.1 -7.3 -1.9 
160.1-165.0 11 -1.0 0 8 -9.7 4.7 -8.7 -1.5 
165.1-170.0 8 -1.1 0 2 -7.5 1.6 -6.4 -0.9 
170.1-175.0 3 +3.7 0 5 -5.6 1.9 -9.3 +2.6 
175.1-180.0 0 -4.0 +3.6 

Mean -7.6 

Sorne of the ranges may include abnormal observations 
affected by systematic error. This is the case that the me-
thod of the uniform reduction was designed to meet. 
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The shock of 1927 July 18 gave a fine series of observations 
of P' to 175°.6. :Most of the residuals were about -8 s. from 
Ekaterinburg ( 133°.2) to Algiers ( 175°.6) a part from some 
plainly abnormal observations. The difficulty about this 
shock was that P was observed at only four stations beyond 
70°, namely Manila, Zi-ka-wei, Phu-Lien, and La Paz. Three 

of these would fit a mean for P w near 0, but then the whole 
of the P' observations are about 8 s. earlier than we should 
infer from the shocks that provide more material to deter
mine Pw- On the other band Pw at Zi-ka-wei is -7 s., which 
agrees well with the mean of the P' observations. It seems 

probable therefore that Zi-ka-wei is nearly right and the 
other three stations late. The alternative would be to suppose 
that Zi-ka -wei observed a microseism as P and that P' is 

systematically late in all the other shocks, which hardly 
seems reasonable. Accordingly this shock was combined with 
the others by the method already used in combining the 
observations of P in the European and North American 
shocks. The weighted mean of the differences between 1927 
.July 18 and the others was -7.6 s. ; this was subtracted from 
all the means for this earthquake and final weighted means 

were taken. 
At distances over 120° the corrections vary smoothly, 

except perhaps beyond 170°. A shorter distances they are 
less satisfactory ; they are fairly smooth, but there is a good 
deal of arbitrariness as to which observations should be re
tained. The approximation used in forming the residuals was 
a smoothed one, and the observations with small residuals 
were such as to make the corrected curve smooth. It seems 

certain therefore that they are the real diffracted P '. There 
are also a number of negative residuals about -20 s. and 

-30 s. between 105° and 120°, but these cannot be made to 
lie near any smooth continuation of the P' curve. Their inter
pretation cannot be undertaken at present ; they are a mi
nute earlier than PP and three minutes la ter than P. 

G. 2. Additional information can he ohtained frorn the spc-
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cial studies of Macelwane on the earthquake of 1924 June 26 1 

and Lehmann on that of 1929 June 16 2 • Neither of these 
was included in the reductions for P, S and SKS, the former 
because the I. S. S. observations were scanty, and the latter 
because when the reductions were made the I. S. S. was avai
lable only to :'.\Iarch 1-929. But both give good series of obser
vations of the waves at great distances, which have an ad
vantage over those in the I. S. S. because the single observer 
examining the whole of the records is more likely to adopt a 
uniform criterion about the beginning of a phase. 

Macelwane gives the epicentre 56°56' + 14' S., 155°38' + 
77' E. ; T 0 = 1 h. 37 m. 25 s. We found that this left some sys
tematic variation of the P residuals with azimuth, and the 
epicentre was accordingly moved to 55°56' S., 156°44' E., 
T 0 being increased by 12 s. The epicentre, even as it is, is not 
verv reliable. To the north-east there are three stations, 
which are not very consistent ; but those to NW and SE 
agree, and it seems that the epicentre requires little change 
in this direction. • 

Miss Lehmann's epicentre required no change, and was 
indistinguishable from that used in the I. S. S. Her estimate 
of the time of the earthquake is 22 h. 4 7 m. 27 s. The I. S. S. 
gives 22 h. 4 7 m. 18 s. ; we adopt 22 h. 4 7 m. 31 s. The I. S. S. 
readings leave some doubt about the allowance for focal 
depth expressed in the P w at distant stations ; from Batavia 
(67°.7) to Hyderabad (104°.2) they show two maximum fre
quencies, one at -5 s. and -4 s., and one at 0 s. If we take 
a simple mean from -10 s. to + 5 s. we get -2.1 s. +0.9 s. 
On the other hand Lehmann gives readings in this range 
at Honolulu, Batavia, Manila, Hong Kong, and Santiago and 
Zi-ka-wei, which yield the value -4.0 s. +0.5 s. It seems 
therefore that the earlier group from the I. S. S. represent 
the true P, and the zero of time for the study of P' and P 2 ' 

was accordingly taken to be 47 m. 31 s. - 4 s. = 47 m. 27 s. 

1. Gerlands Beitriige, 28, 1930, 165-227. 
2. Gerlands Beitriige, 26, 1930, 402-412. 
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Horizontal components had been noticed to give later rea
dings of P' than vertical ones, and to avoid systematic error 
the discussion was restricted to the latter. 

The uncertainty of the epicentre and the focal depth in 
Macelwane's earthquake combine, since most of the Euro
pean stations are in azimuths near 260°; the consistent 
groups for P are towards Japan and China in azimuth 340°, 
and South America about 150°. The distant P therefore 
gives us no help in finding the allowance for focal depth. 
This earthquake while useful in fixing the forms of the curves 
for the core waves therefore leaves them with an indetermi
nate additive constant. Macelwane does not indicate which 
readings were made on vertical instruments ; the whole were 
therefore grouped according to distance and means taken for 
the chief group. Comparing these two shocks with the results 
already found from the 1. S. S., we have the following mean 
residuals. 

TABLE XV 

L S. S. 1924 June 26 1929 .June 16 
il n Mean n Mean n Mean 

110°-120° 6 -0.5 -1? 1 +5 
120°-130° 10 +o.5 -1 1 -4 
130°-140° 21 -1.2 O? -3 
140°-150° 43 -1.1 8 -6.1 -6 
150°-160° 18 -2.0 16 -4.9 2 -5.0 
160°-170° 29 -1.3 8 -5.3 7 -3.6 
170°-180° 10 +2.8 0 

5. 3. Lehmann's readings are systematically earlier than 
those inferred from the I. S. S. ; the weighted mean of 
the differences is -2. 7 s. N ow the mean of the distant P w 

from her observations has a standard error of about 0.5 s":., 
and Europe is in nearly the same azimuth as Japan. It 
seems unlikely therefore that the systematic difference is 
due to wrong estima te of P w or the epicentre; and the agree
ment of the majority of Lehmann's residuals (even re
membering that some observations have been rejected) 
suggests that the difference is unlikely to arise from inaccu-

4 

\ 
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racy in her readings. The utmost error liable to arise in the 
discussion of this shock seems unlikely to exceed 1.5 s. The 
more probable interpretation of the systematic difference 
seems to be that late readings have been still retained in the 

reduction of the 1. S. S. data. This suggests then that our 
best plan is to use the 1929 June 16 residuals to indicate a 
different selection of the 1. S. S. data. This is shown in 
table XIII by the brackets ( ). It will be noticed that in 
nearly all cases the selection indicated now is one that might 
have been chosen originally; the respective dangers of rejec
ting and keeping ~oo many observations are that in the one 
case we increase the probable accidenta! error, while in the 
other we risk introducing systematic error. The new means 
are as follows, omitting 1927 July 18. 

TABLE XVI 

1929 1927 1924 
I. S. S. Junc16 Total July 18 June 26 Final 

a n Mean n Mean n Mean n Mean n Mean n Mran 

105-110 1 -7 0 -7 0 0 1 -7 
110-115 3 -6.3 0 3 -6.3 0 1 -10 4 -6.9 
115-120 0 0 0 0 1 -1 1 +o.4 
120-125 3 -3.0 1 -'1 4 -3.2 0 -1 5 -2.5 
125-130 2 -1.0 0 2 -1.0 0 0 2 -1.0 
130-135 9 -2.2 1 -3 10 -2.3 1 -11 0 12 -2.3 
135-140 7 -3.9 0 7 -3.9 0 2 -13.5 9 -5.7 
140-145 11 -5.7 0 11 -5.7 2 -9.0 4 -7.5 17 -5.6 
145-150 10 -3.8 1 -6 11 -4.0 3 -6.7 3 -6.3 17 -3.8 
150-155 12 -4.2 2 -5.0 14 -4.3 2 -10.0 5 -5.4 21 -4.3 
155-160 10 -4.7 0 10 -4.7 3 -9.3 10 -4.1 23 -3.8 
160-165 7 -2.6 4 -5.0 11 -3.5 8 -9.7 5 -7.2 24 -4.1 
165-170 7 -3.1 3 -1.7 10 -2.7 2 -7.5 4 -4.0 16 -2.7 
170-175 0 1 0±3 1 0±3 5 -5.6 0 6 -0.7 
175-180 0 0 0 2 -4.0 0 2 +o.8 

There is no longer any systematic difference between the 
1. S. S. results and those derived from Lehmann' s readings. 
The latter are accordingly combined with the former to 
give the columns headed 'total'. We now compare the 
readings for 1927 July 18 and 1924 June 26 with these. In 
taking means for these we can now be more severe then be-
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fore in rej ecting la te readings. Determining weights as before 
we find that P' in the 1927 shock is early by 4.8 s., instead 
of by 7.6 s. as we found previously. In the 1924 one it is early 
b~r 1.4 s. W e now subtract these me ans and combine the re
sults from these shocks with those in the column marked 
Total (mean). These are added to the trial times to distances 
107°.5, 112°.5 and so on to give empirical times for P ', 
which are now ready for smoothing. 

5. 4. The 1. S. S. observations for P '2 were few and unsuited 
for giving corrections. The trial curve adopted was a straight 
line, and the data used were taken from the papers of Macel
wane and Lehmann. The mean residuals were as follows. 

TABLE XVII 

1929 .June 16 1924 .Junr~ 26 
il n :vlean n Mean Final mean 

150°-155° 0 -1 +5.3 
155°-160° 0 8 -9.0 -2.7 
160°-165° 9 0.0 7 -8.4 -0.9 
165°-170° 12 -1.9 3 _fi.3 -1.2 
170°-175° -4 -4 
175°-180° -1 -1 

Macelwane's readings are early by 6.3 s. on an average; 
allowing for this difîerence, part of which may be due to the 
position of the epicentre, and part to focal depth, we ohtain 
the final means. W e now combine our corrections with the 
trial times and obtaip the following times for P' and P '2 • 

TABLE XVIII 

P' P' 2 
Trial Corrcc- Correctcd Trial Correc- Corrcctf'd 

il Ti me tion Timc Ti me tion Ti me 

m m m rn 

107°.5 18 21.0 -7.0 18 14.0 
112°.5 31.5 -6.9 24.6 
117°.5 42.0 +o.4 42.4 
122°.5 53.0 -2.5 50.5 
127°.5 19 5.0 -1.0 19 4.0 
132°.5 13.0 -2.3 10.7 
137°.5 21.5 -5.7 15.8 



P' P~/ 
Trial Correc- Corrected Trial Correc- Corrected 

.1. Time tion Time Ti me tion Ti me 

m m m m 

142°.5 19 31.0 -5.6 19 25.4 
147°.5 42.0 -3.8 38.2 
152°.5 49.0 -4.3 44.7 20 13.0 +5.3 20 18.3 
157°.5 55.5 -3.8 51.7 35.0 -2.7 32.3 
162°.5 59.5 -4.11 5.5.1 57.0 -0.9 5fi.1 
167°.5 20 fi.5 -2.7 20 1.8 21 19.0 -1.2 21 17.8 
172°.5 8.0 -0.7 7.3 41.0 -4 37.0 
177°.5 10.0 +o.8 10.8 22 3.0 -1 22 2 () 

3. 5. ln attempting to improve the tables further we can be 
guided by some theoretical principles. The curves represen
ting P' and P '2 are the lower and upper branches of a curve 
with a cusp near 143°. The mean of their times should be a 
curve of finite curvature in this neighbourhood ; and their 

H 
difference should be proportional to (i'.l-143°)~. The conca-
vit~r of the P' curve should be downwards everywhere, while, 
since the wave emerges normally at the anticentre, its time 
at great distances should be of the form a-b(180°-:i) 2• Th~ 
concavity of the P '2 curve should be everywhere upwards. 

A wholly satisfactory solution has not been obtained. lt is 
natural to use the difference of the times of P' and P'2 , so as 
to evaluate the coefficient of the semi-cubical term directly; 
but on investigation it was found that the only distances ca

pable of determining this interval are 157°.5 and 162°.5, and 
at these the effects of higher terms are already appreciable. 

The procedure adopted for P' was to smooth between 
1470,5 and 177°.5 by Comrie's method, namely to subtract 
1 /12 of the fourth difference. This left three smoothed values 
in the centre of the range, with first differences -5.4 and 
-5.3. Beyond this distance extrapolation was carried out on 
the supposition that the first difference is proportional to 
180°-1'.l. The method worked well because the groups, except 
the two last, which have to be replaced by extrapolation, are 
of nearly equal weight. No improvement could be made in 
the value at 142°.5, which is affected by the strong curvature . 
near the cusp. 
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Before 142°.5 the second differences found from the larger 
groups were roughly constant. A parabola was therefore 
fitted to the observations. The solution is 

T = 19m. 24.06s. - 0.978 (142o.5 - ~) 

- 0.0327 (1420.5 - ~)2. (1) 

For P 2 ' the curvature was too small to be determined; the 
solution adopted from the three main groups was 

T = 20m. 55.4s. + 4.55 (1-162°.5). (2) 

The tables can now be computed. It will be noticed that 
the gradient of P' has a sharp discontinuity at 142°.5; this 
is presumably connected with the proximity of the cusp, but 
to interpret it would require more knowledge of the diffrac
tion of pulses in the neighbourhood of caustics than is at 
present available. To fill in the time between 142°.5 and 
147°.5 with any accuracy will also probably need further 
investigation; in particular the distance of minimum devia
tion needs to be redetermined. 

TABLE XIX 
l' I p I 

2 
T (cale.) 0-C T (cale.) 0-C 

il rn m 

107.5 18 '.J.8 +4.2 
112.5 25.3 -0.7 
117.5 39.2 +3.2 
122.5 51.4 -0.9 
127.5 19 2.0 +2.0 
132.5 11.0 -0.3 
137.5 18.3 -2.5 
'142.5 24.1 +1.3 
147.5 38.2 0.0 
152.5 45.0 -0.3 
157.5 50.8 +o.9 20 32.7 -0.4 
162.5 56.2 -1.1 55.4 +o.7 
167.5 :.W 1.5 +o.3 21 18.1 -0.3 
172.5 5.1 +2.2 40.9 -3.9 
177.5 6.9 +3.9 22 3.6 -1.6 

SKS. 
6. 1. Sorne attention had to be given to this wave before S 

\ 
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could be investigated at the greater distances. On account of 

the closeness of the two pulses there had been much difficulty 
in tracing the true S in the 1. S. S. work, and though lately 
attention has been given in the 1. S. S. to their separation it 
appears that it is still far from complete, especially at the 
distances up to 87° or so. The observations of SKS are 
the more numerous, and as already explained, it was found 
necessary to identify them as well as possible before S could 
be determined. Later we returned to SKS to find its time
curve more accurately. It was found, like S, to be systemati
cally early in some shocks and in others la te. W e had there

fore to proceed in the same way as for S. Residuals were 
first found for each shock against a trial table ; these were 
inspected for a maximum frequency, and a mean taken for 
the group around that maximum. This mean was subtracted 
from the whÔle of the residuals, thus effectively allowing for 
the variation of T0 (SKS) between different shocks. Three 
South American shocks (omitting 1927 Nov. 14) were then 
combined ; these were chosen because they gave observa
tions over· a great range of distance. Means of the residuals 

over 5° ranges were then found ; thus the times were deter
mined except for an additive constant. 

W e see that variation in focal depth and in crustal struc

ture near the epicentre will ordinarily be expected to affect 
S at distances over 70° and SKS by about the same amount. 
ln diff erent earthquakes with foci in the upper layers these 
effects will simply displace the S and SKS curves up or 
down equally, and the times will differ by the same amount 
at the same distance. If we choose the additive constant for 
SKS so that it fits the observations for an earthquake with 
Z = 0, the times of SKS in all other earthquakes with f;Dci in 
the upper layers will be found by simply adding Z to the 
tabular times. In this way the standard S and SKS curves 
can be made to refer to the same focal depth. Further, even 
if the focus is in the lower layer, focal depth will affect SKS 

by the same amount as the distant observations of S, and we 
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shall still have correspondence provided that Z is deterrnined 
only from the distant observations. W e have therefore to 
find what value of the mean SKS residual corresponds to 
Z = 0, and add it to the SKS trial times ; then the SKS 
curve will be comparable with the S one. This was done in the 
first place by merely taking the means for the North Ameri

can earthquakes. It appeared after the correction was made 
that the two curves cross about~ = 81°.6. 

ln this way we found a second approximation to the SKS 
curve. The residuals in the reductions correspond to this 
approximation. Finally the whole of the North and Sou.th 
American, :Japanese, and Oceanic shocks were taken together 
and the process repeated. Several of the latter showed the 
influence of focal depth in either P or S, or both, but with the 
precaution that the mean SKS residual has to be found for 
each shock separately there is no difficulty. ln the Japanese 
shocks Z had already been found, effectively, from the dis

tant stations, since the S observations at near ones are few. 

TABLE XX 
SuMMARY FOR SKS 

~ -10 -9 -8 -7 -G -5 -4 -3 -2 -1 0 1 2 3 4 5 G 7 8 9 10 

s2°0-85°0 1 1 2 0 0 1 [2 7 6 11 12 10 12 10 3] 1 0 0 0 0 0 
85°1-90°0 0 1 3 3 1 [7 7 7 13 11 17 26 14 26 9 8] 2 2 4 8 1 
90°1-95°0 1 2 [3 4 3 5 6 10 12 13 18 18 7 5 7 5] 2 1 0 4 1 
95°1-100°0 2 0 3 2 2 [4 6 9 8 8 5 8 13 10 2 3] 0 3 0 0 1 

100°1-10500 1 0 2 0 [4 3 2 0 4 6 5 2 2 2 2 1 0 2] 1 1 3 
105°1-110°0 1 0 0 1 [2 3 0 4 1 3 3 0 2 4] 0 0 1 0 1 1 0 
110°1-11500 0 1 0 0 1 [2 1 2 0 3 2 3] 0 0 0 0 0 1 1 0 0 
115°1-120°0 1 0 0 0 1 0 [2 1 1 3 0 4] 0 1 0 0 2 1 0 1 0 
120°1-125°0 0 1 0 [1 0 0 2 1 0 0 0 0 1] 0 0 0 0 0 0 2 0 
125°1-130°0 0 0 0 0 0 0 [2 0 0 0 0 1 0 1] 0 0 1 0 0 0 0 
130°1-13500 0 0 0 0 0 0 [1 0 0 0 2] 0 0 0 0 0 0 0 0 0 0 
135°1-140°0 -20 
140°1-145°0 none 
145°1-150°0 -26, -26 -17 +25 +26 +33 
150°1-155°0 +2 +rn +43 
155°1-160°0 +rn 
160°1-16500 none 
165°1-170°0 -3 +12 +52 

\ 



.i Reduction Number 

82°.0-85°.0 1 64 
85°.1-90°.0 2 123 
90°.1-95°.o 2 88 
95°.1-100°.0 2 54 

100°.1-105°.0 1 22 
105°.1-110°.0 1 14 
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MEANS 

Mean .i 
+o.4 110°.1-115°.0 
+o.7 115°.1-120°.0 
-0.5 120°.1-125°.0 
-0.2 125°.1-130°.0 
-1.4 130°.1-135°.o 
-1.1 Beyond 1350 

Reduction Number 

1 7 
1 5 
0 5 
0 4 
0 3 

indeterminate. 

Mean 

-1.1 
-0.3 
-3.2 
-1.0 
-1.3 

It seems that some of the scattered observations beyond 
135° may refer to PPP. According to our trial tables we have 
the following comparison. 

SKS PPP SKS-PPP 
à m s. m. S. 

145 26 39 26 5 +34 
150 26 59 26 41 +18 
155 27 4 27 18 -14 
160 27 9 27 53 -44 

Thus somewhere about 153° these two curves theoretically 
cross, as js shown also in Gutenberg's diagram. It appears 
therefore that some of the negative residuals before 150° and 
some of the positive ones beyond that distance are really due 
to PPP. ln any case we have here no observational evidence 
that SKS exists beyond 135°. 

ln the above discussion we omitted a number of shocks 
that we could not find mean residuals for. These were : 

North America : 1925 Mar. 1, Dec. 10; 1928 Feb. 10; 
1929 Feb. 2, Nov. 18. 

South America : 1927 Nov. 14. 
Oceania : 1926 Jan. 18; 1928 Mar. 9, Sept. 22. 
Japan : 1924 Aug. 25 ; 1928 June 1. 
6. 2. The corrections found to our second approximation 

are so slight, especially at the distances where observations 
are most numerous, that it was unnecessary to redetermine 
the mean residuals of SKS, and we proceed at once to com
pare them with Z. The results are as f ollows. 
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TABLE XXI 

North America South America 
z SKS mean z SKS mean 

1924 Mar. 4 0 0 1928 July 18 +2 +4 
May 1 -1 -3 Nov. 20 -2 -5 

1925 June 29 +8 +8 Dec. 1 -1 +1 
1927 Aug. 10 -1 0 

Nov. 4 +3 +2 Mean -0.3 0.0 
1928 Mar. 22 +2 +3 

Apr. 13 -2 0 
Aug. 4 -2 -2 
Oct. 9 0 +2 

1929 Jan. 24 +2 0 
Feb. 10 -3 -4 
Feb. 22 0 -1 

Mean +o.5 +o.4 

Oceania Japan 
z SKS mean z SKS mean 

1925 Nov. 13 -9 -12 1923 July 13 -3 -2 
1927 July 18 -10 -13 1924 Mar. 15 -1 0 
1928 :Mar. 16 -4 -7 May 6 +1 +1 

June 15 -7 -7 Aug. 14 -2 -4 
July 9 0 -4 Dec. 28 -8 -6 

1925 Jan. 18 -10 -11 
Mean -6.0 -8.6 Jan. 28 -2 -3 

Feb. 20 -5 -5 
Apr. 16 -7 -7 
Aug. 3 -1 +1 

1927 Feb. 16 -5 -5 
1928 May 27 -5 -5 

Mean -4.0 -3.8 

Mean square variations Correlation coefficient 
z SKS mean 

N. America 2.8 3.0 +0.91 
Occania 3.6 3.4 +0.93 
Japan 3.1 3.4 +ü.89 

It appears therefore that the variations of Z and the mean 
of the SKS residuals are nearly equal and closely correlated. 
This is in accordance with what was expected theoretically, 
but it is desirable to have it verified directly, since it affords 
a check on the whole of our work up to this point. The earth
quakes used in this comparison include all that provided 
good determinations of both these quantities. 
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The difierence between the means of Z and the mean SKS 
residual should be applied as a correction to the table for 
SKS to make the SKS and S cm:ves correspond to the same 
conditions. ln the North American, South American, and 
Japanese shocks it is a small fraction of a second and not 
always of the same sign. It appears to be within the possible 
error and we need make no allowance for it. But in the Ocea -
nie shocks SKS seems to be about 2.6 s. early in comparison 
with the others. It seems to be significant, but we are not in a 
position to say whether the peculiarity is in S or in SKS. 
ln any case 3 seconds in a time of transmission of 24 minutes 
is not a large variation. 

The results were prepared for interpolation by first adding 
the corrections to the trial times, as follows. 

TABLE XXII 

Corrcc- Fourth 
.:i Trial Timc tion Correctcd time differencc Final Time 

m. s. m. s. m. S. 

83.5 22 47.4 +o.4 22 47.8 (22 47.8) 
87.5 23 16.0 +o.7 23 16.7 (23 16.7) 
92.5 47.8 -0.5 47.3 +o.\J 47.2 
97.5 24 13.8 -0.2 24 13.6 +1.6 24 13.5 

102.5 38.7 -1.4 37.3 -5.9 37.8 
107.5 25 2.8 -1.1 25 1.7 +o.s 25 1.6 
112.5 25.3 -1.1 24.2 +0.2 24.2 
117.5 43.3 -0.3 43.0 +10.0 42.2 
122.5 59.7 -3.2 56.5 -17.0 57.9 
127.5 26 14.1 -1.0 26 13.1 (26 12.1) 
132.5 24.5 -1.3 23.2 ( 26.3) 

Smoothing was carried out by subtracting 1 /12 of the 
fourth diff erence ; in the first two lines the original values 
were retained, and the last two were found by extrapolation. 

The final time is less than Gutenberg's by 14 S. at s20, 5 S. 

at 100°, and 10 s. at 120°. Considering that his table is calcu
lated to suit P' alone, and that a constant diff erence is hardly 
significant, the agreement is very good. 

SKKS. 
7. 1. There are many observations of this pulse, but unfor-
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tunately few good series ; the only shock that could give a 
determination of the curve, however rough, is the New Zea
land one of 1927 J uly 18. For this shock we have already had 
difficulty with P, and there are few distant observations of_ 
S and SKS. It appears that we cannot proceed by successive 
approximation as for SKS, since we have hardly any means 
of separating the additive constant special to each earth
quake from the error in the tables in the range of distance 
where we happen to have observations. On the other hand 
we shall expect the additive constant to be the same for 
SKKS as for SKS and for distant S. Accordingly we proceed 
directly to allow for the additive constant by subtracting it in 
each case from the whole of the SKKS residuals. We take 

either the mean of the distant Sw or the mean SKS residual, 
whichever appears the better determined, as our value of the 
constant ; the whole of the differences for the shocks are then 
assembled, and the resulting corrections are suited to the 
same depth of focus as the standard s curve. 1927 July 18 is 
reserved for separate treatment. On account of the scantiness 
of the observations it was found necessary to group them at 
intervals of 15° instead of 5° ; but in any case the second 
diff erences are so small that this change of the range intro
d uces little error. In the oceanic shocks the SKS mean was 
taken without reference to S, since whatever the nature of 
the anomal y found in S KS for them may be it is likely to 
occur also in SKKS. 1925 Dec. 10, 1927 Nov. 14, 1928 
May 9, and 1928 Sept. 22 were omitted. 

90°-95°.0 
95°.1-110°.0 

110°.1-125°.0 

TABLE XXIII 

SKKS SuMMARY 

Residuals. 

-13 -12[-8 -G -6 -3 -3 -2] +3 
-16 -14 -13 -11 -8 -3 -3 +2 +s +7 +10 +rn +15 +ls 
-17 -11 -11 [-3 -1 -1 -1-1, o +t + 2+ 3+3 +3 +4 +s +7J 

+12 +13 +14 +18 +18 +19 +19 +24 +24 +28 
-38 -28 -23 -10 [-5 -1 +3 +s +s +10 +10J +14 +28 
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140°.1-155°.o -21 -21 -20 -19 -16 -14 L-5 -3 +1 +2 +4 +6 +7 +7 +7 
+8 +8 +8 +8 +8 +9 +10 +12 +13] +11 +19 +20 +25 
+32 

155°.1-170°.0 -23 -18 -16 -11 -11 -8 -7 [-1 -1, o, o +1 +5 +5 +9J +12 
+14 +16 +rn +17 +26 

170°.1-1800.0 -12 -8 +4 

1927 July 18 
Number Mean Number Mean Difiercnce Weight 

90°-95°.0 6 -4.7 0 
95°.1-110°.0 1 -9 

110°.1-125°.0 14 +1.5 3 -9 -10.5 2.5 
125°.1-140°.0 7 +ri.3 1 -5 -9.3 0.9 
140°.1-155°.0 18 +6.1 4 -6.7 -12.8 3.3 
155°.1-170°.0 8 +2.2 6 -7.3 -9.5 3.4 
170°.1-180°.0 3 -5.3? 2 -8?? 

The weighted mean of the differences is -10.4 s., which is 
in agreement with the SKS residuals at Victoria and lrkutsk 
and with those of S at Hong Kong and Zi-ka-wei. The de
termination may therefore be considered satisfactory. We 
now subtract this from the mean residuals for 1927 July 
18 and take final weighted means. These are given and ap
plied to the trial times in the following table. 

TABLE XXIV 

Num- Trial Cor- Corrected Calculated Calculated 
ber timc rection time time (1) 0-C time (2) 0-C 

~ m. S. m. S. 

92.5 6 24 12.2 -4.7 24 7.5 24 7.5 0.0 23 54.9 +12.6 
102.5 1 25 15.5 +B 25 16.9 25 16.2 +0.7 25 12.1 +4.8 
117.5 17 26 57.8 +1.5 26 59.3 26 59.4 -0.1 26 59.3 0.0 
132.5 8 28 31.5 +4.4 28 35.9 28 37.2 -1.3 28 37.6 -1.7 
147.5 22 30 2.8 +5.7 30 8.5 30 8.0 +o.5 30 7.9 +o.6 
162.5 14 31 29.3 +2.6 31 31.9 31 31.9 0.0 31 31.9 0.0 
175.0 3 32 45.0 -2.2 32 42.8 32 36.5 +6.3 32 37.8 +5.0 

The weakness of the groups centred on 1020.5 and 175°.0 
made interpolation difficult. The rnethod adopted was to 
assume that frorn 117°.5 to 162°.5 the time is of the forrn 

T =a+ bx +ex'!. 

where 

15x = 1- 1400. 
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Direct comparison of the times at 117°.5 (x = - 1.5) and 
162°.5 (x = +1.5) determined b, and times were found to 
1320.5 and 147°.5 on the assumption that the relation was 
linear. On account of the term in cx2 the actual values were 
in excess ; but by taking a weighted mean c could be found 

and hencc a. The result was 

a = 29m. 23.5s. ; b = + 90.87 ; c = -3.51. 

Values were then found from 120° to 180° from the for
mula ; but it made the time to 92°.5 too short, and a lincar 
formula was adopted at distances from 92°.5 to 120°, therc 
being no data to determine the curvature. The final results 
are shown in the table. Inspection of the last line shows that 
too many late observations have probably been retaincd at 
distances over 170o. 

Sc S. 
8. 1. Attempts were made to trace this pulse and P cP in 

the readings, but they were too scattered to be of much use. 
The importance of these pulses reflected on the outside of the 
core is very great, because they should provide our best 
means of determining the size of the core. Dr Whipple, at a 
Geophysical discussion at the Royal Astronomical Society on 
1933 February 24, when a preliminary account of this work 
was given, suggested a method of constructing the ScS times 
from those of SKS and SKKS. Consider a ray descending 
from the surface at a definite angle, sufficient to make it ca
pable of entering the core. Then the core breaks it up into 
various portions, three of which are SeS, SKS, and SKKS. 
All emerge at the same angle and therefore with the same 
value of dT /di1.. Suppose that the angle tra,versed in the 
shell is e ; then o is the epicentral distance of ScS. If SKS 
travels an angular distance cp in the core, it emerges at dis
tance e+qi ; while SKKS travels distance 2 r.p in the core and 
emerges at distance e + 2 9. Similarly if the time of travel of 
ScS is T 1' and if S KS takes a time T 2 for its j ourney in the 
core: the total time of SKS is T 1 + T2 ; and that of SKKS is 
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T 1 + 2T 2. Both the times and the distances of the three 
waves are in arithmetic progression. 

Hence if we have tables for SKS and SKKS, and can locate 

points on them where the gradients dT /d~ are the same, we 
can find corresponding values for ScS by using the relations 

~ (ScS) = 2~ (SKS) - ~ (SKKS) ; 
T (ScS) = 2T (SKS) - T (SKKS). ( 1) 

The obvious difficulty of the method is that d:"!T /d/12 for 
S KKS is small, and there may be difficulty in identifying 
accurately the distance corresponding to a given value of 
dT /d~. But it can be shown that this does not lead to se
rious error. It merely gives errors in both T and ~ for ScS, 
which by construction are in the ratio dT /d~, and therefore, 
provided the value of d2T/dt1.2 for ScS is small in the neigh
bourhood, the effect of the error is merely to give us the value 
of T corresponding to the value of~ that we actually find. 

To put the matter formally, suppose that the correct times 
of SKS and SKKS are given by the fonctions 

T (SKS) = F (/1) ; T (SKKS) = G (~) ; (2) 

and that the times in our tables are aff ected by small errors 
f (11) and g (~) respectively. Then we definitely choose a 
value of /1 that gives an assigned value of F' (~) + f' (~). 

The same gradient of T for SKKS would be found at a dis

tance ~ + <p, where 

G' (11 + 9) = F' (11) (3) 

if the tables were accurate. Actually it will be found at a dis

tance /1 + 9 + Cf', where 

G' (~ + Cf+ cp') + g' (/1 + 9 + 9') = F' (11) + f' (/1.). (4) 

Neglecting squares of the errors and ~sing (3) we get 

9' G" (11 + cp) = f' (~) - g' (~ + cp). (5) 

W e now try to calcula te the time of ScS ; the estimated dis
tance will be /1 - 9 - 1' and the estimated time 

2 F (il)+ 2 f (6.)- G (il+ cp + 9') - g (il+ 1' + q-') (6) 
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The true time at distance ~-;--- ip is 2 F (ô.) - G (Ll + cp), 
and the slope is F' (ô.). Hence the true time at distance 
Ll - cp - q;' is 

2F (tl) - G (ô + q;) - 9' F' (~) (7) 

and the error of (6) is 

2/ (tl) - g (ô. + q;) - q;' G' (il+ rp) + q;' F' (il) (8) 

ln this the terms in q;' cancel by (3); hence the errors in ScS 
at the computed distance are of the same order as those in 
the tables of SKS and SKKS used. 

The calculation is exhibited in the following table. 

TABLE XXV 

dT/d~ SKS SKKS S<'S Divided 
(se<'./1°) ii T ù T ù T Di fîeren<'PS 

m. S. m. s. m. s. 

6.8 87.0 23 15.1 92.5 24 7.5 81.5 22 22.7 
6.68 

6.6 88.0 23 20.0 121.0 27 22.7 55.0 19 17.3 
6.2 89.5 23 29.5 135.0 28 52.8 44.0 18 6.2 

6.46 

6.0 90.5 23 35.6 142.0 29 35.5 39.0 17 35.7 
6.10 

5.8 91.5 23 41.5 148.0 30 10.9 35.0 17 12.1 
5.90 

5.6 92.5 23 47.2 155.0 30 50-8 30.0 16 . !i3.6 5.70 

5.4 93.5 23 52.7 161.0 31 23.8 26.0 16 21.6 
5.50 

5.2 95.5 24 3.3 167.0 31 55.7 24.0 16 10.9 
5.35 

5.0 97.5 24 13.5 174.0 32 31.5 21.0 15 55.5 
5.13 

8.2. The time of SKS to 81°.5 is 22 m. 32.2 s., and can 
hardly be altered by a second ; and that fo{ind for ScS is 
shorter than this by 10 s. This is impossible because SKS 
must necessarily arrive before ScS at the same distance. It 
appears therefore that our time for SKKS at 92°.5 is too 
great by at least 10 s. If we make such a subtraction we find 
that the time should be 23 m. 57.5 s. ; this exceeds that of 
SKS at the same distance by 10.3 s. It seems probable there
fore that our trial intervals between SKS and SKKS at dis
tances up to 95° or so are much too long, and that actually 
SKKS follows SKS so quickly as to be indistinguishable 
from it. There is additional evidence in support of this. Leh-



- 64-

mann and Plett remark on p. G9 of their paper that they have 
sought SKKS without success except for one possible observa
tion at 115°. It is unlikely that this is due to the pulse bei_ng 
small, seeing that it is clearly observed at much greater dis
tances by ordinary observers ; it is much more likely that it is 
too near to SKS. According to Gutenberg's table it s"Pould 
overtake S et 88°, where it is already 24 s. later than SKS ; 
but his interval between SKS and SKKS is remarkably 
constant with changing distance, considering that it must 
disappear at the distance where SKS first emerges. Our cal
culated ScS at 81°5 is 8 s. before our S ; Gutenberg's value for 
this interval is 3G s. later than S ( computed from the tables 
on pp. 185 and 215 of the Handbuch). Since ScS must neces
sarily be later than S our result is impossible. Again, we 
found it impossible to decide in Table XXIII which obser
vations of SKKS should be retained in the range from 95° to 
110°; but there is a strong group of negative residuals, 
whereas our calculated time is 3.5 s. more than the trial time. 
On all these grounds it seems that our results for SKKS at 
distances up to 1200 are unreliable, and need a substantial 
reduction. 

8.3. We can however proceed further by using our new in
formation. The time of SKKS at 92°.5 must be more than 
that of SKS, which is 23 m. 47.2 s. Our time inferred in 
Table XXIII is 24 m. 7.5 s., which we have seen must be 
reduced by at least 10 s., giving 23 m. 57.5 s. Within a range 
of 10 s. we have at present no definite evidence to guide us. 
Somewhat arbitrarily, then, we take the time to 92°.5 to be 
23 m. 55 s. We now assume that for SKKS 

where as before 

15 X=~ -14Qü 

and repeat the previous calculation. The values of a, b, and c 
found from the groups centred on 117°.5 to 1G2°.5 now in-
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volve d, which has to be found from the additional equation 
for 92°.5. We find 

a= 29m. 23.6s. ; b = 90.40; c = -3.56; d = + 0.21. 

Using these we find the values in Table XXIV under « calcu
lated time (2) >l. For 102°.5 we find a value 3.4 s. less than the 
trial time; the original residuals included two of --3, which 
happens to be the only repeated value ; but little weight can 
be attached to this, and we can only say that our solution is 
not obviously wrong. At distances under 120o it can be used 
for identification, but not for theoretical inferences. 

The times of ScS can now be recomputed, as follows. 

TABLE XXVI 

dT /dj. SKS SKKS ScS T (Gu1enlwrg)T-G 
ù T .l T il T 

m. S. m. s. m. S. m. S. 

7.7 83.5 22 47.7 97.0 24 30.2 70.0 21 5.2 21 30 -25 
7.2 85.5 23 2.7 109.0 25 59.7 62.0 20 5.7 20 26 -20 
7.0 86.5 23 9.8 113.0 26 28.1 60.0 19 51.5 20 10 -19 
6.8 87.7 23 17.8 118.0 27 2.8 57.4 19 32.8 19 50 -17 
6.4 88.5 23 23.2 129.0 28 15.3 48.0 18 31.1 18 42 -11 
6.2 89.5 23 29.5 135.0 28 53.1 44.0 18 5.9 18 16 -10 
6.0 90.5 23 35.6 141.0 29 29.6 40.0 17 41.6 17 52 -10 
5.8 91.5 23 41.5 148.0 30 10.9 35.0 17 '12.1 17 23 -11 
5.6 92.5 23 47.2 155.0 30 50.7 30.0 16 43.7 16 58 -14 
5.4 93.5 23 52.7 163.0 31 34.6 24.0 16 10.8 16 33 -22 
5.2 95.5 24 3.3 172.0 32 22.4 19.0 15 44.2 16 15 -31 
5.1 96.5 24 8.5 177.0 32 48.1 16.0 15 28.9 16 6 -37 

ln the last column but one we give the times of ScS for the 
same distances interpolated from Gutenberg's table, and in 
the last the differences between our times and his. Our deter
mination of the time of SKKS is reliable only from about 
120° to 160°, and in the corresponding range our times of 
ScS are earlier than his by 11 s. on an average. At the greater 
distances the difference is greater, but our time for 70° is 
68 s. later than S and at least is not obviously impossible. At 
the smaller distances the time of ScS should be of the form 
a + M.2 : there is no sign of this in our results, but those for 
distances up to 24° depend on the extrapolated part of the 

5 



- 66 -

SKKS table and will require re-examination theoretically. 
\\Te may remark that ScS emerging at the epicentre would 
correspond to SKS emerging at 180° and SKKS at 360°, so 
that it is far beyond the range of our determinations. 

8. 4. U seful series of observations of ScS and P cP are given 
in the studies of deep-focus earthquakes by Scrase and 
Stechschulte, but are not ready for comparison since the al
lowance for focal depth is not yet known with accuracy. Our 
final table for PcP has been found by simply dividing the 
times of ScS by 1.825, the ratio of the times of P and S at 
70°; it is to be regarded only as a means of suggesting iden
tifications. 

PP, PS, and SS. 
9. 1. Trial times for these waves were found from the J. ta

bles. For PP and SS we used the formulae 

PP(~) = 2P (i ~) ; SS (~) = 2S (~Li) 
~ ~ 

(1) 

and for PS we took 

(2) 

where ii,1 is chosen to make the sum stationary. The residuals 
given in the reductions are found b)~ comparison with the 
resulting tables. There was an abundance of observations, 
which we hoped would settle a number of dubious points, 
such as the depth where these waves are reflected. 

The actual time of transmission of any wave is not the 
time as given in the tables ; the true time of arrival of P at 
distance Li is T 0 + P('-1) and the actual time of the earth
quake is T 0 -a, where ais independent of~. Hence the time 
of transmission is a + P(ii). For a surface focus a takes a 
special value A, say; the time of transmission from a sur
face focus is A + P(ii). Similarly for S the time of arrival is 
T0 + Z + S(ô), and the time of transmission is a+ Z + S(ô) 
For a surface focus this is A + B + S(ô), where B is the 
value taken by Z for a surface focus. 

For reflexion at the outer surface, the time of arrival of P 
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at a place at distance ~ d is T 0 + P(~ ~) ; and the path 

from distance ~ ~ to ~ takes a time A + P(~ ô). Hence the 

time of arrivai of PP is T0 +A + 2P(~ d). It appears further 
that Ais practically the apparent delay in starting of P with 
reference to Pg- in near earthquakes, and this has usually 
heen found to be about 6 or 7 seconds. We have therefore a 
determination of the times of PP. Since we have obtained a 
correction to the times of P, the correction required by PP 
should be double the correction to P at half the distance, 
together with a constant equal to about 7 s. 

S arrives at distance ~ ~ at time T 0 + Z + S (~ d) ; and 

the path from distance~ ~ to :1 takes time A + B + S(~ d). 
Thus the time of arrivai of SS, measured from T 0, is A+ B + 

z + 25(~ d). 
For PS, starting as P and reflected as S, the time of arrivai 

at distance ~1 is T 0 + P(i.1,1 ). The part of the path traversed 
as S takes time A + B + S (~ - ~1 ). Thus the time of arrivai 
referred to T0 is A+ B + P (i.11) + S (~ - i.11). 

For SP, on the other hand, the arrivai at distance ~ - i.11 

is at T 0 + Z + S (~ - ~1 ) ; and the part of the path traver
sed as P takes time A + P C~1 ). Thus the time of arrivai of 
SP referred to T0 is A+ Z + P(11) + S(~ - ~1 ). For a sur
face focus Z is equal to B, and PS and SP arrive together; but 
for other depths SP arrives first. 

On the other hand, if PP is reflected at the top of the lower 
layer, it seems that at short distances its path is indistinguish
able from that of P, and its time will be a linear fonction of 
~ with the same constant term as for P. Hence when T0 is 
taken as the origin of time, PP at distance ~ will be just 

2P(~ i.1). At greater distances, however, this relation will be 
modified, since the delay in penetrating the upper layers 
varies with distance. The variation is not, however, more 
than 2 s. or so, so long as the focus is in the upper layers. lt 
was previously shown to be probable that up to distance 35° 
or so the PP wave reflected at the top of the lower layer 
would have the larger amplitude, whereas beyond that dis-
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tance the larger would be the one reflected at the free sur

face 1. Thus at the shorter distances we might expect PP to 
be read about 7 s. earlier than for reflexion at the surface. 

We have seen also that there is a sharp bend in the P curve 
about distance 19°.S. Presumably the smooth curve tra
ceable before this distance is continued a little further, but 

the more direct waves corresponding to this portion of the 
curve are later than the indirect ones and therefore not read 

as P. But they may nevertheless be the larger, and in that 
case their reflexions would be recorded as PP, between dis

tances 39° and 50°, perhaps. 
A further complication may arise if reflexion takes place 

under an ocean. The structure of the upper layers at the 
point of reflexion is then probably difîerent from that below 
the continents, and the loss of time in traversing them may 
therefore be difîerent. It is easy to see that for PP the delay 
would still have the same form, but the value of A to be 
taken would be that corresponding to oceanic and not to 
continental structure. 

9. 2. The residuals of PP against the trial tables were first 
classified according to distance, in ranges of 5°. There were 
signs of concentration about particular values at some dis
tances, but it was not sufficiently clear whether they should 
be regarded as two series with concentrations about difîerent 
modes, or merely as a single distribution with a large scatter. 
But there is no reason to doubt the general theory of PP as a 
reflexion of P somewhere near the surface, and on this 
theory the time of PP should difîer from 2P(~ ô) by a quan
tity independent of the distance. W e therefore revised the 
calculated times of PP to correspond to the revised times 
of P, by subtracting from all the residuals in the range from 
80o to 85°, for instance, twice the correction to P at 41°.25. 
These revised residuals were then reclassified over 20° ranges 
of distance. The results were as follows. 

1. M. N. R. A. S. Geoph. Suppl. 1, 1926, 345. 
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TABLE XXVII 

EuROPEAN, ~ORTH AMERICAN, AND JAPANESE EARTHQuAKES 

-20 to -15-14 to -10 -9 to -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 91011to1516ro20 

0°-20° 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 1 
20°-40° 5 4 18 7 4 2 2 4 6 7 5 5 4 3 7 2 6 1 
40°-60° 6 6 2 0 0 4 0 0 6 7 4 4 3 3 17 5 
60°-80° 2 2 3 3 2 1 2 3 3 2 5 6 4 6 5 9 20 12 
80°-100° 6 4 12 3 5 6 3 3 6111510181719171412 54 39 

100°-120° 4 3 2 0 1 4 1 3 3 6 3 7 7 5 4 3 7 6 20 2 
120°-140° 2 4 4 3 2 3 3 1 2 0 0 2 2 0 0 3 3 
140°-160° 2 0 0 0 0 0 0 0 0 0 0 1 1 0 1 O' 0 1 3 
160°-180° 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 

SouTH AMERICAN AND ÜcEANic EARTHQU AKES 

-20 to -15 -14 to -10 -9 to -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 9 10 11 to 15 16 to 20 

0°-20° 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
20°-40° 0 1 0 1 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 
40°-60° 'l 0 0 'l 0 0 2 0 0 1 0 2 1 0 0 0 0 0 0 
60°-80° 0 1 3 0 0 0 0 0 0 2 0 0 0 1 0 4 3 
80°-100° 3 3 6 7 3 2 1 6 4 2 3 9 9 4 3 3 13 15 

100°-120° 5 4 13 2 5 6 3 5 7 8 5 8 5 5 4 3 17 7 
120°-140° 1 3 8 5 4 6 6 3 3 5 7 3 7 5 4 1 2 2 7 2 
140°-160° 3 0 6 2 1 4 0 3 5 3 3 0 3 1 0 1 3 0 6 3 
160°-180° 0 0 0 1 0 4 0 2 0 1 1 0 0 4 3 

The eoncentration of the residuals still leaves much to be 

desired. In most ranges, however, these is a mode about 

+5 to + 7 ; there are often subsidiary maxima about -- 2 to 

0 and also about + t5. It is natural to interpret the chief 

maximum as due to the true PP ; the early one can then be 

interpreted as PP reflected at the base of the upper layers, 

and the later one as due to a PP that has undergone one 

reflexion between the outer surface and the base of the upper 

layers before it has emerged. But, apparently owing to the 

standard error of an individual observation being in the 
neighbourhood of 3 s., the maxima are not clearly separated, 

and it seems better to use special studies to determine them. 

Good series of observations of PP are given by Lehmann and 

Plett in their paper for the Philippine and Marianne Islands 

shocks. The former is included in our reduction; the resi-
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duals of PP for it, against our corrected times, can be grou

ped as follows. 

-4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 

80°-100° 1 1 0 1 1 0 0 0 1 3 5 3 2 1 0 
100~107° 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 

ln the first place all the residuals were arranged in order, 
and the mean for the main group was +6.2 s. Then in cases 
where alternative readings were given only the one nearer to 

this mean was retained; Ravensburg, which gave +4 and 
+8, was omitted. The final mean was +6.1 s. 

The P resid uals in this earthquake show signs of focal 
depth. PP would be reflected at an average distance of 48°. lt 
is possible that part of the positive residual at Manila is due 
to this cause. The mean for Amboina, Zi-ka-wei and Phu-lien 
is 0.0. At the great distances the average P residual, omit
ting Piatigorsk and A thens, which may be affected by clock 
errors, is -4 s. lnterpolating for 48° by 1.6 (30) we find that 
at 48°the residual of P should be-3.1 s. This is supported by 
a number of stations about that distance, the mean from 
lrkutsk to Sydney being -3.4 s. + LO. This gives an esti

mate of the eff ect of focal depth on PP at distance 96° ; allo
wing for this we find that PP for a focus in the upper layers 
would be late by 9.5 s., with a standard error rather over 1 s. 

For the Marianne Islands earthquake there is no sign of 
focal depth in P. PP is on an average late by 4.5 s. + 0.6. If 
we subtract the mean residual for P at the distant stations 
the mean becomes +4.9 s., but still 'difiers from that found 

for the Philippine earthquake by nearly 3 times the sum of 

the apparent standard errors. A simple mean gives +7.2 s., 
but in the circumstances we cannot expect it to be trustwor
thy within 2 s. or so. As it stands it agrees with what we 
expected from near earthquakes. 

At the same time it is clear that the PP studied here is re
flected at the outer surface or near it. But there are a few 
early readings, mostly associated with readings in the main 
group, and these may be due to PP reflected at some depth. 
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The J. S. S. observations at distances less than 40° show 
some concentration of the residuals at small values, and these 
may correspond to reflexion at some depth. Unfortunately 
we cannot test for the reflexion of the direct P beyond 20°, 

for this pulse reflected at the base of the crustal layers would 
arrive at about the same time as the indirect P reflected at 
the outer surface, and much more detailed work will be nee
ded to separate them. 

9. 3. The observations of PS and SS in the 1. S. S. were 

classified, but led to no useful result. Lehmann and Plett 

give a series for SS in the Mariannt: Island shock, with mean 
residual +4.2 s. Vnfortunately there is an acute doubt about 
Z for this shock, the mean residuals for S and SKS being 
respectively -16.3 s. and -~8.9 s. This difference of 7.4 s. 
between the results of two excellent series of observations 
seems inexplicable. If we take SKS as correct, we find 

A+ B = + 12.t s. If Ais+ 7 s., this gives B = + 5 s. We 
have had values of Z up to + 8 s. The result cannot however 
be considered satisfactor;· without confirmation from normal 

earthquakes. 
9.4. A difficult;- was found in computing the times of PS. 

It was found that P arriving at distances up to l9° would be 
reflected as PS to distances from 46° to 87°; but then the 
sudden change in the slope of the P curve implies a disconti
nuity in the distance travelled as S, and the beginning of 
the indirect P corresponds to PS arriving at 1-00°. lt can then 
be computed to 139°. The gap in the t·able for PS does not, 

however, mean that it does not exist in that range. The direct 
P beyond 19° will be reflected to distances beyond 87°, and 
the indirect P before 19° will be reflected to distances less 
than 100°, and it possible that the ranges where these re
flexions emerge will overlap and the pulse will be duplicated 

or triplicated. The range from 87° to tü0° includes most of 
Lehmann and Plett's observations, so that it is difficult to 
separate the syste1natic delay of PS in reflexion from the 

corrections to the form of the PS curve. 
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For the Philippine earthquake Lehmann and Plett have 
only three rather inconsistent observations beyond 100°, but 
there are several in the I. S. S. The series of negative resi
d uals at the American stations, increasing with distance, 
may correspond to SKSP. We therefore corrected the PS resi
dua]s between 100° and 110°, including those of Lehmann and 
Plett for the difference between the trial and corrected PS 
times. They are as follows : 

-6, -2, -1, 0, +1, +3, +6, +7. 

The extreme residuals are at Cape Town, Paris, and Ox
ford. AU are open to some suspicion, and if we omit them the 
mean of the rest is +0.2. The standard error as computed is 
0.4, but this is probably an underestimate. SKS is rather 
more consistent than S, and if we determine Z from it as 
-10.6 we find that PS is late by 10.8 s. 

ln the Marianne Islands earthquake there are many obser
vations of PS beyond 100°; their mean is -5.7 s. Subtracting 
the mean S residual we get + 10. 6 s. ; subtracting the mean 
SKS residual we get + 3.2 s. In this case therefore, unlike 
SS, SKS gives a less plausible result for the correction than S. 

An attempt was made to use Miss Lehmann's earlier rea
dings for the Mexican earthquake of 1928 March 22, but here 
again there is some abnormality. From the I. S. S. Z was de
termined for Sas + 2 s.; the mean SKS residual was + 3 s., 
and the agreement is good. But Miss Lehmann gives many 

more la te readings for S, with residuals near + 7 and + 15 s. 
For PS, the I. S. S. residuals against the corrected tables are 

-10, -4, 0, +6, +10, +12, +13, +13, +15, +16, +20, +29. 

Lehmann's readings give 

o, +6, +s, +9, +13, +14, +14, +rn, +19, +:w, +:w, +:21, 
+28, +35. 

There seems to be some suggestion that the group from 

+ 6 s. to + 16 s. represents the real PS, though we cannot be 
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certain. The mean of all observations for this group is 

+ 12.3 s. + 1.1. Subtracting the mean SKS residual we have 
+ 9 s. Combining all results it seems that PS is late by about 
10 s., an amount rather more than we inferred from PP, and 
much less reliable. 

9. 5. The next step was to attempt to extend the table for 
PS into the gap. The mean residual for PS against the final 
tables, determined from distances outside the gap, was sub
tracted from the residuals against the trial tables within the 
gap. The three earthquakes just mentioned, including all the 
I. S. S. observations, were used. The resulting residuals, from 
which most of the abnormalities of the particular earth
quakes have probably been eliminated, are as follows. 

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 2 3 4 5 6 7 8 9 10 

81~90° 1 o o o 1 o o o o o o 1 o 2 2 o 1 1 o 1 
90~95° 0 0 0 0 0 1 0 1 3 0 1 0 0 0 3 1 1 0 2 
95°-100° 0 0 1 0 0 0 0 1 0 2 0 2 0 1 3 2 0 2 2 

There are signs of a concentration near + 6 s., but it is not 
very clear. lt agrees, however, with what we already know. 
Comparing the trial and revised times, we have 

~ 70° 75° 80° 850 100° 105° 110° 

Trial Time 20 38.7 21 !14.0 22 47.4 23 48.9 26 42.2 27 35.7 28 26.8 
Rcviscd Timc 38.1 44.4 48.9 51.2 45.4 37.8 27.9 
J)iffcrcncc -0.6 +0.11 +1.5 +2.3 +3.2 +2.1 +u 

Thus the corrections we have made increase towards the 
gap on both sicles, and we shall expect PS to need correc
tions of over 3 s. within it. What the observations show, and 
what might otherwise be in doubt, is that the gap is not real, 
PS occurring at ail distances within it, and that we are there
fore justified in trying to extrapolate from both sides into it. 
It appears that extrapolating from below will imply a correc
tion of +3.1 at 90° and +3.9 at 95°; from above, +4.3 at 
95°. The two latter agree. There is however a suggestion that 
the character of PS changes about 95°. \Ve carry out an 
extrapolation; the two sicles meet at 96°, the slope appa-
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rently changing suddenly from 11. 7 s. per degree to 11.0 s. per 
degree. It remains possible that some of the PS readings at 
greater distances are derived from the direct P ; but it does 
not seem worth while to study them in greater detail until 
more information is available about the direct P itself. 

SKSP. 
10. 1. The theory of this wave is the same as for SP, and 

that of the companion wave PSKS the same as for PS. It 
appears that SKSP should arrive before SP at all the dis
tances that we can compute times for by means of our results 
for P and SKS. Consequently it may be possible to trace it at 
shorter distances, and if so we should be able to use it to re
construct part of the table for SKS at distances where it 
arrives after S ; thus we obtain information for higher levels 
in the core than is provided by any other observable wave. 

A fair number of observations were found in the 1. S. S. 
These were corrected for focal depth by subtracting in turn 
the mean residuals for P at distant stations and for SKS. 
There was little to choose between the results when they 
were classified ; but as SKSP would normally be expected to 
arrive before PSKS it was inferred that most of the observa
tions would refer to SKSP, and accordingly the SKS residual 
was preferred. Gutenberg's table, however, was found to con
tain considerable errors. When the P and SKS tables were 
ready, however, a theoretical table was obtained for SKSP by 
the method used for PS ; this was possible from 127° to 
beyond 180°. This is given as the final SKSP table. The diffe
rences from Gutenberg's times were -38 s. at 130°, -21 s. 
at 140°, 0 at 160°, and -14 s. at 180°. 

Accordingly the residuals of SKSP given in the reductions 
are in comparison with the final table. When corrected for 
focal depth they give the following results. Sorne observa
tions between 115° and 127° that seemed too early for PS 
were reserved for further examination. 
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TABLE XXVIII 

-9 -8 -7 -6 -5 -4-3 -2 -1 0 1 2 3 4 5 6 7 8 910111213 

130°-140° 0 0 1 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 
140°-1500 0 0 0 1 0 0 0 0 0 1 1 2 2 1 0 1 0 0 0 3 1 1 
150°-160° 1 0 0 0 1 0 1 1 1 1 0 0 0 1 2 1 0 0 1 0 1 0 0 
160°-170° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 (J 

Total 1 0 1 0 [1 1 1 2 2 1 4 4 4 1 1] 0 1 1 4 1 1 

Macelwane's readings for 1924 June 26 gave the following 
residuals. 

TABLE XXIX 

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

130°-140° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
140°-15°0° 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
150°-160° 0 0 1 1 0 1 1 0 1 1 1 0 1 0 0 1 1 1 0 0 
160°-170° 1 0 0 0 0 1 0 1 1 0 2 0 0 0 0 0 1 0 2 0 

Total 1 0 1 1 0 [2 1 1 2 1 3 0 2] 0 0 1 2 1 4 0 

For 1929 June 16 Miss Lehmann kindly supplied us with a 
copy of her readings, which have not yet been published. ln 
this case the mean SKS residual is -4.5 s., but it was thought 
better to postpone subtracting it till later. A few readings 
from the 1. S. S. have been added. 

TABLE XXX 

-11-10-9-8-7 -G-5-4-3 -2 -1 0 1 2 3 4 5 () 8 9 10 

127°-1300 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
130°-140° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
150°-1()0° 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1G0°-170° 0 0 1 1 0 1 2 0 3 1 0 1 0 3 1 

Total 0 0 1 2 0 [1 4 0 3 1] 0 1 1 3 1 

There is in no case much sign of a variation with distance ; 
none is of course to be expected if the P and SKS tables are 
right and our theory of the nature of the pulse is also right. 
But there are signs that the residuals fall into groups. The 
means for the main groups are, for the 1. S. S., + 2.7 +- 0.6; 
for Macelwane's data, +3.5 + 0.7; for 1929 June 16, 
+ 1.1 + 0.8. From the last we must subtract the SKS resi-
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dual, giving +5.6 + 0.8. The delay is in all cases rather less 
than we should expect ; to understand it, however, would 
require attention to be paid to the place of reflexion. Miss 
Lehmann's data are probably the most reliable, in spite of 
the apparently slightly greater standard error; the I. S. S. 
observations are few in any one earthquake, indicating a 
difficulty of reading which may introduce systematic error, 
and if the epicentre in Macelwane's earthquake is 0°.5 wrong 
it will affect the residuals by nearly 3 s. 

10. 2. We next consider the observations before 127° that 
may refer to this pulse. After allowance has been made for 
the SKS residual they are as follows : 

~ T il T 

113.6 28 44 121.4 30 18 = PS +4 
113.7 52 121.5 17 = PS +1 
117.1 29 29 121.5 0 
117.9 48 = PS + 3 122.1 9 
118.0 6 = s 122.4 2 
118.9 50 = PS -2 122.8 24 
118.9 56 = PS +4 122.9 32 = PS +t± 
119.0 30 4 = PS +11 123.7 36 = PS +1 
119.0 1 = PS +8 125.1 48 = PS +o 
119.1 29 59 = PS +5 126.6 48 
119.7 30 3 = PS +4 126.8 31 7 = PS +4 
121.4 15 = PS +1 127.0 30 49 +7 = 30 56 = PS -9 

The tabulated value for 127° has been corrected roughly 
for the delay in reflexion by adding 7 s. 

On comparing these readings with the corrected PS times 
we obtain the residuals indicated; the mean is +3.4 s. If then 
these observations are SKSP, this pulse must lie so near PS 
in this range that there is little possibility of separating it 
by observation. On the other hand they may be really PS. 
It is possible that this pulse passes partly through the upper 
layers as P, as we have already suspected for some observa
tions of S, so that some early readings are to expected. ( It 
must be recalled that the corrected PS table makes no allo
wance for the delay introduced on reflexion; the normal 
delay would be expected to be about 7 s.) 

10. 3. The reading at 118°.0 may be S. If we extrapolate 
the S table linearly to this distance we get 29 m. 5 s., in good 
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agreement with the observation. The rarity of S observa
tions beyond 95° is remarkable, since the S rays are theoreti
cally less curved than the P ones, and therefore would be 
expected to reach a greater distance than P without striking 
the core. Lehmann and Plett give an observation at Toledo 

('I '15°.3) in the Marianne Islands shock at 27 m. 38 s. The cal
culated time without allowance for Z is 27 m. 40 s. ; but Z is 

large and negative, making the residual + 14 s. 
The other observations seem too early for PS, but are not 

consistent enough to determine a table for SKSP. It seems 
therefore that we cannot at present extend the SKSP table 
from observational material; the final table has been exten
ded linearly for some distance merely to assist identification. 

PKS. 
11. 1. In general features this pulse resembles P', emerging 

with a large amplitude at minimum deviation about 131°, 
according to Gutenberg. About 150° its time is almost the 
same as for PP, from which it is there separable with diffi
culty. The mean residual of SKS was subtracted from all the 
I. S. S. residuals; for 1927 ~ov. 14 this was taken to be zero. 
~ o satisfactory observations were found at distances under 
130°; these would be analogous to P' at distances under 143°. 
The results are shown in the following summary. 

TABLE XXXI 

130°-135° [-21-17 -13 -11 -10 -10 -8 -7 -6 -6 -6 -4 -4] -2 -2 +7 
135°-140° [-18 -17 -16 -15 -13 -12 -11 -5 -4] -1 +12 +23 
140°-145° r-17 -10J +2 +3 +22 
145°-1500 +6 +10 

132.5 
137.5 
142.5 

Mean 

-9.3 
-12.3 
-1-3.5 

n 

13 
9 

Trial 

m. 
22 
23 
23 

Ti me Corrected Time 

S. m. S. 

52.5 22 45.0 
11.5 23 0.3 
26.0 23 12.5 

It appears from the scatter of the observations that the 
slope cannot be determined from them with any accuracy 
comparable with that of Gutenberg's theoretical determina

tion. It seems best therefore simply to take a weighted mean 
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of the residuals, which is -10.8 s., and add it to the trial 
times without altering the slope. The trial times, however, 
were not very satisfactory, because they did not show the 
increase of d2T /dô.2 as the cusp is appoached. They were 

therefore smoothed in such a way as to introduce such an 
increase, though we cannot at present be sure of its amount. 

The standard focal depth and related problems. 

12. 1. We have adjusted our tables so that all of them refer 
to the same depth of focus, the standard depth being within 
the upper layers. Several methods appear to be capable of 
evaluating it, as follows. 

(1.) We can compare our results for large earthquakes with 
those for near earthquakes, for which the depth can be esti
mated with an uncertainty of the order of 5 km. by methods 
given elsewhere by one of us 1 . Then Z could be found for near 
earthquakes of known depth and we have a standard of com
parison. Unfortunately the methods applicable to near earth

quakes do not give significant results for any earthquake con
sidered here. The pulses P g and Sg, and probably P* and S *, 
are recognizable in the Montana earthquake, but the epi
centre depends on a single station (Victoria), and if this is 
not right we have no means of finding Z. Further, the near 
earthquakes studied are confined to Western and Central 

Europe, and we cannot assume that the velocities are the 
same in the regions considered here. 

(2.) W e can however determine the velocities of P and S 
at short distances from our present data. We have however 
a feature that does not arise in the study of near earthquakes. 
ln the latter we practically confine ourselves to stations at 
distances under 8° or less, so that the cube terms in the times 
of transmission are negligible. lfore we have few observa
tions at short distances, and must use those up to 19° to 
evaluate and eliminate the cube terms. The solutions for P 
and S then contain constant terms, and the difference bet-

1. M. N. R. A. S. Geoph. Suppl. 3, 1933, 131-156. 
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ween them should provide a means of finding the focal depth 
without our needing to suppose the European velocities uni
versal. 

(3). If a focus is at a finite depth, even within the upper 
layers, there will be reflexion at the outer surface, giving 
Scrase's waves pP, sP, and sS. If there is no primitive P mo

vement, the apparent P movement is really sP. The intervals 
between P and pP, and between Sand sS, depend directly on 
the focal depth and should provide a means of determining it. 
U nfortunately however the intervals in these shallow focus 
earthquakes are short, and pP and sS cannot be distinguished 
from other pulses following P and S by a few seconds. 

( 4.) Sorne earthquakes show the eff ects of focal depth in 
the P residuals 1 showing that the focus is in the lower layer 
and that there is primitive P movement. From the variation 
of the P residuals with distance we should be able to estimate 

the depth of the focus below the top of the lower layer. We 
can then correct S for this depth and find Z for a focus at the 

top of the lower layer. 

12. 2. The most promising method seems to be (2). We 
assume that the time at distance À is 

T =a+ M-d3 (1) 

Then each range of distance gives an equation of condition, 
weighted according to the number of observations. These 
equations can be solved for a, b, and c by least squares. Alter
natively we can adapt a method suggested by Eddington for 
determining a linear representation of a series of observa
tions. If the independent variable is uniformly distributed 
over a range, the observations in the centre of the range have 

little weight in determining the slope, and if we simply find 
the slope by comparing the mean of the first third of the 
observations with the mean of the last third, the standard 

error is only slighdy greater than that given by a complete 
least squares solution. Here we proceed as follows. We divide 
the observations now into three ranges, simply adding the 
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cquations of condition for cach range, and then solve di
rectly. 

The standard errors of individual observations are found 
first by simply considering the P,1 and S,1 up to t8°.0; they 
are crp = + 2.4 s. ; u8 = + 2.7 s. 

For P our results are, for Europe and North America toge
ther, as follows. 

TABLE XXXII 

.l T (trial) Correction T (obs.) n T (cale) 0-1. 

! 
1.5 21.1~ +0.1 21.5 2 21.19 +o.31 
4.5 64.1 -0.6 63.5 7 64.12 -0.62 
7.5 106.4 +o.3 106.7 34 106.58 +0.12 

110.5 148.0 -0.1 147.9 45 148.23 -0.33 
13.5 188.4 +o.6 189.0 66 188.77 +0.23 

l 16.5 227.0 +o.9 227.9 78 227.88 +0.02 
1 18.5 251.5 +1.4 252.9 22 253.00 -0.10 

The equations of condition for the groups are formed and 
their averages found as indicated by the brackets, the 
weights being the numbers of observations. Standard errors 
are calculated from crp. We find 

a+ 6. 733 b - 348.6 c = 95. 70 ± 0.37 (2) 
a+ 12.284 b -1932.2 c = 172.34 ± 0.23 (3) 
a+ 16.940 b-4896.8 c = 233.40 + 0.24; (4) 

whence 

a= -0.36 + 0.86; b = 14.369 + 0.18; c = 0.00197 + 0.00033. 

ln the column T( cale.) we enter the values found for T 
with these values of a, b, and c. 

For S we have similarly the following. 

TABLE XXXIII 

T (trial) Correction T (obs.) n T (cale) 0-C 

l 4.5 115.2 -0.2 115.0 2 113.8 +u 
7.5 191.2 -0.7 190.5 16 190.7 -0.2 

110.5 265.7 +o.5 266.2 13 266.0 +0.2 
13.5 338.3 +1.0 339.3 3 339.4 -0.1 

116.5 408.5 +1.4 409.9 21 410.1 -0.2 
18 . .'l 453.5 +3.0 456.5 7 455.6 +o.9 
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Grouping the equations of condition in pairs as for P we get 

a = -3.31 + 3.8; b = 26.07 + 0.53; c = 0.00369 + 0.00086. 

Thus c for S is uncertain by one part in 4; for P it is uncer
tain by one part in 6. But the P and S curves are very simi
lar in form, the ratio of the slopes and curvatures being about 
1.75. The ratio of the most probable values of b found is 1.80; 
of those of c, 1.86. In the range from 40° to 50° the ratio of 
the mean slopes is 1.83. Thus the ratio of the values of c is 
better known than either of them individually. Accordingly 
we take as equations of condition for c 

c = 0.00197 + 0.00033 
1.8 c = 0.00369+ 0.00086 

(5) 
(6) 

and combining these by the usual methods we get the impro
ved values 

c = 0.00200 + 0.00027 
1.8 c = 0.00360 + 0.00049 

(7) 
(8) 

It appears that any permissible change in the ratio (say to 
1. 9) will not affect either of the c' s by a third of its surviving 
standard error. These values may therefore be taken as 
sufficiently definite. Then (2) and ( 4) give, the uncertainty 
being now taken to be wholly expressed in c 1, 

b = 14.382 + 0.120; 

and the whole of the P observations, suitably weighted, give 
for a 

a = -0.48 + 0.82. 

Applying the same methods to the S observations we get 

b = 26.02 + 0.23 
a = -2.97 + 1.55. 

1. This is an approximation, based on the fact that the uncertainty 
in a and b does seem to arise mostly from that in c. Strictly we should 
take the equations of condition for a, b, c for P, a1, b1, c1 for S, with 
cl = 1.8 c, and solve for five unknowus, 

6 
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The values of b correspond to surface velocities near the epi

centre of 7. 73 km /sec for P and 4.270 km /sec for S. The 
uncertainty in each case is about one per cent. The T( cale) 
values for S are derived from this final solution. 

The value of a for Sis less than that for P by 2.5 s., and the 
standard error of this difîerence is about 1. 7 s. It is therefore 
probably significant. If however there was primitive P mo
vement the difîerence would be in the other sense, S being 
more delayed than P in passage through the upper layers. 

12. 3. This difîerence can be calculated roughly from the 
data of a previous paper; we simply adopt the delay-depth 
coefficients for the velocities of Px and S0 there given. The 
delay of P, for a surface focus, is 

2( .173 H) + 2 ( .131 H1) + 2 ( .101 H2) + 2 ( .093 Ha) 

where H, H1 , H2 , Ha are the thicknesses of the sedimentary, 
granitic, and upper and lower intermediate layers respecti
vely. Taking H = 4 km., H1 = H2 =Ha = 10 km., we get 
for the delay 7 .9 s. That for Sis 1. 79 times this, and the difîe
rence is 0.79 X 7.9 = 6.2 s. The constant term in the time of 
S should exceed that in P by 6.2 s. ; act.ually it is less by 
2.5 s. Even if we assume a focus at the base of the lower in
termediate layer, P and S still have to make the upward pas
sage through the upper layers, and the constant term for S 
should still exceed that for P by 3.1 s. 

It appears therefore that our standard earthquake, with 
Z = 0, cannot have primitive P movement, P being gene
rated from S by reflexion at the free surface. On this hypo
thesis we recalculate the delays for various depths. For a 
surface focus there is no change. For one at the base of the 
sedimentary layer the calculated delay of S with reference 
to P is 1.9 s. ; for one at the base of the granitic layer it is 
-2.7 s. ; for one at the base of the upper intermediate layer, 
-6. 7 s. ; at the base of the lower intermediate layer, -10.4 s. 
The numerical values will need some rediscussion, because it 
is not certain how far the European structure can be conside-
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red general, and even in Europe the depths are uncertain by 
a few kilometres. But it seems that with our present know
ledge we can account for the data for an earthquake with Z 
equal to 0 by supposing that its focus is near the base of the 
granitic layer and that there is no primitive P movement ; 
while for a surface focus Z would be + 8.9 s., and for a focus 
at the base of the lower intermediate layer without primitive 
P movement Z is -7. 7 s., and for one at the same depth 
with primitive P movement it is + 5.8 s. It appears that this 
range of variation covers that actually found. 

12. 4. The fourth method suggested requires the use of 
earthquakes showing the effects of focal depth in the resi
duals for P. These are recognizable only in the Oceanic 
shocks, with two exceptions, one European and one Japanese. 
For the oceanic ones we have the following results. 

Date Distant Pw Distant Sw or SKS +3 

1925 J\'ov. 1.'l -4 -9 
1926 .Jan. 18 -8 -11 
1927 .July 18 -5 {from P') -10 
1928 Mar. 9 0 -6 

Mar. Hi -1 -4 
.June 15 -11 -7 
.July !) 0 -4 
Sept. 22 -3 -5 
Dce. 12 0 -3 

.Mean -2.8 -6.6 
Standard deviation 2.94 2.59 

The correlation coefficient is +0.80. But we should have 
expected the variations of the times of arrivai of P and S at 
distant stations to be in the ratio of the velocities ; actually S 
varies less than P. If we try to estimate Z for a focus at the 
top of the lower layer we should expect it to be equal to 

- 6.6 + 1.8 X 2.8 = - 1.6 ; 

and this is for an earthquake with primitive P movement. If 
this result is to be accepted we must therefore suppose that 
there is no surface layer below the oceans. This is possiblé, 
but hardly probable; even if there is no granitic layer there 
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should be some basaltic material. On the other hand the P 
means seem to fall into two groups; there are four of 0 or-1, 
and five from -3 to -8. For the former group there is no 
evidence of a focus in the lower layer. The .means are for P, 
-0.2 ; for S, -4.2 ; and this is consistent with the absence of 
primitive P movement. For the other group the means are 
-4.8, -8.4, correlation coefficient +0.79; and 

-8.4 + 1.8 X 4.8 = + 0.2. 

The suggestion is therefore that for a focus at the top of the 
lower layer with primitive P movement Z is +0.2. But there 
is a great deal of uncertainty in the determination, and the 
accuracy of the epicentres is insufficient to determine a quan
tity of this amount. The value of Z for a focus of this type in a 
continent is = +5.8, so that at least we have evidence that 
the crustal layers are thinner below the oceans or else less 
clearly distinguished from the lower one ; but a clearer under
standing of the data must await a fuller examination of 
actual seismograms of oceanic earthquakes at the nearer 
stations. • 

The European earthquake showing a deep focus is that 
of 1926 June 26, not included in the present tabulations. It 
was destructive in Crete and Asia Minor; the I. S. S. epi
centre was 36°.0 N., 28°.0 E., in Rhodos. In the present dis
cussion this was found to be too far east, and the revised epi
centre was 36°.8 N., 27°.4 E., near Cos. But the P resi
duals diminished by about 10 s. with distance, giving a clear 
indication of focal depth, which is supported by the wide 
extent of the macroseismic area. Unfortunately, however, 
Helwan is the only station to the south, and those to the 
north-east are inconsistent. Hence it is difficult to deter
mine the epicentre accurately when the new unknown, the 
focal depth, has also to be introduced. 

The Japanese one is that of 1927 Aug. 5. Mizusawa and 
lrkutsk are both near azimuth 300°, so that the epicentre 
is fairly well determined locally. The P residuals diminish by 
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3.5 s., the mean of the best marked group of distant S is 
-5.6 s., while the distant SKS residuals are about -8 s .. 
but rather irregular. Now 

-5.6 + 1.8 X 3.5 = + 0.9. 

l3ut the P residuals at Mizusawa and lrkutsk are +4 s. and 
-2 s. respectively, and the uncertainty of the determination 
is therefore at least 3 s. 

It appears therefore that this method, while possibly sug
gesting future lines of progress, is not suited for giving infor
mation of use at present. 

12. 5. To test the third method we asked Mr Scrase to exa
mine the Eskdalemuir and Kew records of all the earth
quakes except the European ones for his near reflexions. He 
has been kind enough to do so, and has supplied us with rea
dings that appeared as if they might refer to the pulses in 
question. His readings of P, S, and SKS in general agree 
with those given in the Summary. We need therefore consi
der only the differences pP-P, sS-S, sSKS -SKS. 

North America. 

pP-P sS-S sSKS-SKS z 
1927 Aug. 10 14 -1 

Kov. 4 3 18 +3 
1928 Feb. 10 28 -6 

Aug. 4 13 -2 
1929 Jan. 24 11 27 +2 

N. Atlantic. 

1929 Feb. 2 16 :.!8 0 
Feb. 22 5 0 
Nov. 18 :.!O 0 

S. America. 

1928 July 18 4,14 +2 
Nov. 20 20 -2 
Dec. 1 10,17 19 17 +1 



Japan. 

1924 Aug. 14 
1925 Jan. 18 

Jan. 28 
1927 Aug. 5 
1928 May 27 

June 1 

Oceania. 

1926 Jan. 18 
1927 July 18 
1928 Mar. 9 

Mar. 16 

pP-P 

10 
12 
17 
18 
12 
10 

9 
8 
6 
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sS-S 

20 
28 
21 

sSKS-SKS 

10 

z 
-2 
-10 
-2 
-6 
-5 
-3 

-11? 
-10 
-6 
-4 

ln other cases no possible identifications of the near re
flexions were made. These include several oceanic shocks 
where the effects of deep focus are traceable in the residuals 
of P. It appears therefore that in some cases where these 
waves must exist they are too vague to be recognizab1e. ln 
the above list the correlation coefficient between pP -P and 
Z, excluding ambiguous cases, is only -0.08. It seems there

fore that the pulse read as pP is something else, possibly not 
always the same. This entirely corresponds to the hesitation 
of Mr Scrase himself about the identifications. On the other 
hand the intervals recorded as pP-P and sS-S are correlated 
and in about the theoretical ratio 1.8. There is therefore a 
suggestion that the pulses following P, S, and S KS are inter
nai reflexions ; but a definite interpretation hardly seems 

possible at present. 
It may be mentioned that pP and sS are clearly traceable 

in the 1. S. S. readings of the Turkestan earthquake of 1929 
Feb. 1. A large number of stations read something about 
50 s. after P and about 85 s. after S, these additional readings 

being presumably pP and sS. The corresponding depth of 
focus is about 220 km. This is a true deep focus shock and is 
recorded as such in the 1. S. S. ; but a fuller discussion would 
be outside the scope of the present worlc 

In Lehmann and Plett's readings of the Marianne Islands 

earthquake there are a number about 22 s. later than S and 
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SKS; these rnay be sS and sSKS, but agam we cannot be 
sure. 

TRIAL TABLES 

ALL RESIDUALS IN THE REDUCTIONS FOR THE INDIVIDU AL 

EARTHQUAKES EXCEPT Pw, Sw AND SKSP ARE WITH RES-

PECT TO THESE TABLES. 

Â p s pp PS SS Â p s pp PS SS 
0 0.0 0.0 41 1 44.3 13 57.6 9 10.0 16 33.6 
1 14.3 25.7 42 52.4 14 12.0 21.2 54.6 
2 28.6 51.l± 43 8 0.4 26.3 32.4 14 26.4 17 15.4 
3 lâ.8 17.0 44 8.3 40.5 43.4 40.6 35.8 
4 57.0 42.5 45 16.1 54.6 54.4 54.8 56.0 
5 11.2 2 7.9 46 23.9 15 8.6 10 5.0 15 9.1 18 15.8 
G 25.4 33.3 2 34.0 47 31.5 22.4 15.6 23.4 35.6 
7 39.4 58.6 1 39.8 59.4 48 39.1 36.2 26.0 37.5 54.8 
8 53.4 3 23.7 1 54.0 3 25.0 49 46.5 49.9 36.4 51.7 19 14.0 
9 2 7.4 48.6 2 8.2 50.4 50 53.9 16 3.5 46.4 16 5.8 32.8 

10 21.2 4 13.4 2 22.4 4 15.8 51 9 1.1 17.1 56.4 20.0 51.4 
11 34.8 37.9 2 36.6 41.2 52 8.3 30.5 11 6.4 34.0 20 9.6 
12 48.4 5 2.2 50.8 5 6.6 53 15.5 43.9 16.0 48.0 27.6 
13 3 1.8 26.3 3 4.8 31.8 54 22.6 57.3 25.6 17 2.0 45.2 
14 15.0 50.2 18.8 57.2 55 29.6 17 10.6 35.2 15.9 21 2.6 
15 28.0 6 13.7 32.8 6 22.4 56 36.6 23.8 44.6 29.8 19.6 
1(i 40.7 37.0 46.8 47.4 57 43.5 37.0 54.0 43.5 36.4 
17 53.2 59.9 4 0.8 7 12.4 58 50.4 50.1 12 3.2 57.3 53.0 
18 4 5.5 7 22.4 14.8 37.2 59 57.2 18 3.1 12.4 18 11.1 22 9.4 
1~1 17.5 44.5 28.6 8 2.0 60 10 4.0 16.1 21.6 24.7 25.4 
20 29.2 8 6.1 42.l± 26.8 61 10.8 28.9 30.6 38.3 41.4 
21 40.6 27.3 56.0 51.1± 62 17.5 41.7 39.4 51.9 57.2 
22 51.7 47.9 5 9.6 9 15.8 f)3 24.2 54.3 !±8.2 19 5.5 23 12.8 
23 5 2.5 9 7.9 23.2 40.2 64 30.8 19 6.7 57.0 19.0 28.2 
24 13.0 27.4 36.8 10 4.4 65 37.4 19.0 13 5.8 32.4 43.6 
25 23.2 46.4 50.2 28.6 66 44.0 31.3 14.6 45.7 58.8 
21} 33.1 10 4.8 6 3.6 52.6 67 50.5 43.4 23.2 59.0 24 14.0 
27 42.8 22.6 16.8 11 16.6 68 56.9 55.4 31.8 20 12.3 29.0 
28 52.3 39.8 30.0 40.4 69 11 3.3 20 7.4 40.2 25.5 44.0 
29 6 1.6 56.5 43.0 12 4.0 70 9.6 19.2 48.8 38.7 59.0 
30 10.8 11 12.7 56.0 27.4 71 15.8 31.0 57.2 52.0 25 13.8 
31 19.7 28.6 7 8.8 50.8 72 22.0 42.6 14 5.6 21 5.1 28.6 
32 28.5 44.1 21.4 13 14.0 73 28.0 54.2 14.0 18.1 43.4 
33 37.3 59.4 34.0 37.0 74 34.0 21 5.7 22.4 31.1 58.2 
34 45.9 12 14.5 !±6.4 59.8 75 39.9 17.1 30.8 44.0 26 12.8 
35 54.4 29.5 58.8 14 22.4 76 45.7 28.3 39.2 57.0 27.6 
36 7 2.8 44.3 8 11.0 44.8 77 51.4 39.5 47.4 22 9.7 40.2 
37 11.2 59.1 23.0 15 7.0 78 57.0 50.5 55.8 22.4 56.8 
38 19.6 13 13.8 35.0 29.0 79 12 2.6 22 1.3 15 4.0 35.0 27 11.4 
39 27.9 28.4 46.8 50.8 80 8.0 12.1 12.2 47.4 26.0 
40 36.1 43.0 58.4 16 12.2 
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il p s pp PS SS SKS SKKS p' Pi' PKS 
81 12 13.4 22 22.7 15 20.4 22 59.9 27 40.6 22 29 
82 18.6 33.1 28.6 23 12.3 55.2 36 
83 23.8 43.4 36.6 24.5 28 9.6 44 
84 29.0 53.6 44.8 36.7 24.0 51 
85 34.0 23 3.6 52.8 48.9 38.4 58 
86 39.0 13.5 16 0.8 24 0.9 52.6 23 6 
87 44.0 23.3 8.8 12.9 29 6.8 13 
88 49.0 32.9 16.6 24.8 21.0 19 23 39 
89 53.9 42.5 24.4 36.6 35.2 26 46 
90 58.8 52.0 32.2 48.4 49.2 33 53 
91· 13 3.7 24 1.4 40.0 25 0.2 30 3.2 39 24 0 
92 8.5 10.7 47.8 11.8 17.2 45 7 
93 13.3 19.9 55.4 23.4 31.0 51 15 
94 18.1 29.1 17 3.0 34.9 44.8 56 22 
95 22.9 37.8 10.6 46.3 58.6 24 2 29 
96 27.7 47.1 18.2 57.7 32 12.4 7 37 
97 32.5 56.1 25.6 26 8.9 26.0 12 44 
98 37.3 25 4.9 33.0 20.1 39.8 17 51 
99 42.1 13.7 40.4 31.2 53.4 22 58 

100 46.9 22.5 47.8 42.2 32 7.0 27 25 5 18 6 
101 51.7 31.3 55.0 53.2 20.6 31.5 12 8 
102 56.5 40.1 18 2.2 27 4.0 34.2 36.3 19 10 
103 14 1.3 48.8 9.4 14.7 47.6 41.1 25 12 
104 6.1 57.6 16.6 25.2 33 1.0 46.0 32 14 
105 10.9 26 6.4 23.8 35.7 14.4 50.9 38 16 
106 15.2 31.0 46.1 27.8 55.7 45 18 
107 38.0 56.4 41.2 25 0.4 51 20 
108 45.2 28 6.6 54.6 5.2 57 22 
109 52.2 16.8 34 7.8 9.9 26 4 24 
110 59.2 26.8 21.2 14.5 10 26 
111 19 6.2 36.7 34.4 18.9 17 28 
112 13.2 46.6 47.6 23.3 23 30 
113 20.0 56.4 35 0.8 27.3 30 33 
114 27.0 29 6.1 14.0 31.1 36 35 
115 33.8 15.7 27.0 34.7 42 37 
116 40.8 25.3 40.2 38.2 49 39 
117 47.6 34.8 53.2 41.6 55 41 
118 54.4 44.3 36 6.2 44.9 27 1 43 
119 20 1.2 53.7 19.2 48.3 7 45 
120 8.0 30 3.0 32.2 51.7 13 47 
121 14.8 12.3 45.0 54.9 20 49 
122 21.6 21.5 57.8 58.1 26 52 
123 28.2 30.6 37 10.6 26 1.3 32 54 
124 35.0 39.8 23.4 4.3 38 57 
125 41.6 48.9 36.0 7.3 44 19 0 
126 48.4 57.9 48.6 10.1 51 2 
127 55.0 31 6.8 38 1.0 12.8 57 4 
128 21 1.6 15.7 13.4 15.3 28 3 6 
129 8.2 24.6 25.8 17.6 9 7 
130 14.8 33.4 38.0 19.7 16 9 22 45 
131 21.4 42.2 50.7 21.7 22 11 48 
132 28.0 51.0 39 2.6 23.6 28 12 51 
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à p s pp PS SS SKS SKKS p' P2' PKS 
133 21 34.4 31 57.7 39 14.6 26 25.4 28 35 19 14 22 54 
134 41.0 32 8.5 26.8 27.1 41 15 58 
135 47.4 17.3 38.8 28.7 47 17 23 2 
136 53.8 26.1 50.8 53 19 23 6 
137 22 0.2 34.9 40 2.8 59 21 10 
138 6.6 43.7 14.8 29 5 22 13 
139 12.8 52.5 26.6 12 24 16 
140 19.2 33 1.3 38.4 18 26 20 
141 25.4 10.1 50.2 24 28 23 
142 31.6 18.9 41 2.0 30 30 25 
143 37.8 27.7 13.6 36 32 27 
144 44.0 36.5 25.2 42 34 Hl 35 29 
145 50.0 36.8 48 36 40 30 
146 56.0 48.4 54 39 44 32 
147 23 2.0 59.8 30 0 41 49 33 
148 8.0 42 11.4 6 43 53 35 
149 13.8 22.8 12 44 57 36 
150 19.8 34.2 17 46 20 2 37 
151 25.6 45.5 23 47 6 39 
152 31.4 56.6 29 48 11 40 
153 37.0 43 7.8 35 50 15 41 
154 42.8 19.0 41 51 19 42 
155 48.4 30.0 46 53 24 43 
156 54.0 41.0 52 54 28 44 
157 59.6 51.8 58 55 33 45 
158 . 24 5.2 44 2.6 31 3 56 37 45 
159 10.6 13.4 9 57 41 46 
160 16.0 14.2 15 58 46 47 
161 21.4 34.8 21 59 50 48 
162 26.8 45.4 26 59 55 48 
163 32.0 55.8 32 20 0 59 49 
164 37.2 45 6.2 38 1 21 3 50 
165 42.4 16.6 44 2 8 50 
166 47.6 26.8 50 3 12 51 
167 52.8 37.0 56 4 17 51 
168 58.0 47.2 32 2 5 21 52 
169 25 3.0 57.2 8 6 25 52 
170 8.0 46 7.2 14 6 30 53 
171 13.0 17.0 20 7 34 53 
172 18.0 27.0 26 8 39 53 
173 23.0 36.8 33 8 43 54 
174 28.0 46.6 39 ~ 47 54 
175 33.0 56.2 45 9 52 54 
176 38.0 47 5.8 51 10 56 55 
177 42.8 15.4 57 10 22 1 55 
178 47.8 25.0 33 3 10 5 55 
179 52.6 34.6 9 10 9 55 
180 57.6 44.0 15 10 14 55 
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FINAL TABLES 

Italie figures denote very uncertain values, only given to 
suggest possible identifications. 

p s pp PS SS PcP ScS Pd Sd 
0 0 0.0 0 0.0 
1 14.3 25.7 
2 28.6 51.4 
3 42.8 1 17.0 
4 57.0 42.5 
5 1 11.2 2 7.9 
6 25.3 33.3 
7 39.4 58.6 
8 53.4 3 23.7 
9 2 7.3 48.6 

tO 21.1 4 13.4 2 22.4 4 15.8 

11 34.8 38.1 36.5 41.2 

12 48.4 5 2.6 50.6 5 6.6 

13 3 1.9 26.9 3 4.7 3UJ 
14 15.3 51.1 18.8 57.2 
15 28.5 6 14.9 32.8 6 22.3 
16 41.4 38.5 46.8 47.4 

17 54.1 7 1.7 4 0.7 7 12.3 
18 4 6.6 24.6 14.6 37.2 
19 18.8 47.1 28.4 8 2.0 
20 29.7 8 6.8 42.2 26.8 8 40.2 15 49.4 4 30.8 8 9.3 
21 40.3 26.3 55.9 51.5 43.0 54.8 42.6 31.1 
22 50.6 45.9 5 9.6 9 16.2 46.1 16 0.1 54.2 52.6 
23 5 0.6 9 4.7 23.2 40.7 49.0 5.5 5 5.5 9 13.7 
24 10.4 23.1 36.8 10 5.2 51.9 10.8 16.6 34.5 
25 19.9 41.0 50.3 29.5 54.9 16.2 27.5 54.9 
26 29.1 58.4 6 3.8 53.8 57.9 21.7 
27 38.2 10 15.4 17.2 11 18.0 9 0.9 27.2 
28 47.2 32.0 30.6 42.2 3.9 32.7 
29 56.1 48.2 43.8 12 6.0 7.0 38.2 
30 6 5.0 11 4.1 57.0 29.8 10.0 43.7 

31 13.9 19.8 7 9.9 53.4 13.1 49.4 
32 22.7 35.3 22.8 13 17.0 16.2 55.1 
33 31.5 50.7 35.5 40.2 19.3 17 0.7 
34 40.3 12 6.0 48.2 14 3.4 22.4 6.4 
35 49.1 21.2 8 0.6 26.3 25.5 12.1 
36 57.8 36.3 13.2 49.2 28.8 17.9 
37 7 6.4 51.4 25.4 15 11.7 32.0 23.7 
38 15.0 13 6.4 37.6 34.2 35.2 29.6 
39 23.5 21.4 !~8.5 53.9 38.5 35.6 
40 32.0 36.3 59.4 16 13.6 41.7 41.6 
41 40.4 51.2 9 10.0 33.3 45.1 47.6 
42 48.6 14 6.1 20.6 53.0 48.4 53.6 
43 56.7 20.9 30.9 17 12.4 51.7 59.7 
44 8 4.7 35.6 41.2 31.8 55.1 18 5.9 
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p s Pl' PS SS PcP ScS SKS SKKS 

45 8 12.7 14 50.1 9 51.2 17 50.6 9 58.J 18 12.1 
46 20.7 15 4.4 10 1.2 15 4.4 18 9.4 10 2.0 18.4 
47 28.5 18.6 11.0 18.7 27.8 5.5 24.7 
48 36.2 32.8 20.8 32.9 46.2 9.0 31.1 
49 43.8 46.9 30.3 47.4 19 4.1 12.6 37.5 
50 51.4 16 0.9 39.8 16 1.4 22.0 16.2 43.9 
51 58.9 14.7 49.0 15.6 39.4 19.8 50.4 
52 9 6.4 28.4 58.2 29.8 56.8 23.5 57.1 
53 13.9 42.1 11 7.3 43.9 20 13.8 27.1 19 3.8 
54 21.3 55.7 16.4 58.1 30.8 30.7 10.6 
55 28.6 17 9.3 25.4 17 12.2 47.4 34.4 17.4 
56 35.9 22.8 34.4 26.3 21 4.0 38.1 24.2 
57 43.1 36.2 43.3 40.4 20.2 41.9 31.0 
58 50.3 49.5 52.2 54.3 36.4 45.8 37.9 
59 57.4 18 2.8 12 1.1 18 8.2 52.3 49.5 44.9 
60 10 4.5 16.0 10.0 22.0 22 8.2 53.3 51.9 
61 11.5 29.1 18.9 35.8 23.9 57.3 59.0 
62 18.4 42.0 27.8 49.5 39.6 11 1.2 20 6.2 
63 25.2 54.8 36.6 19 3.2 55.1 5.1 13.5 
64 32.0 19 7.4 45.4 16.8 23 10.6 9.0 20.8 
65 38.7 19.9 54.2 30.5 26.0 12.9 28.1 
66 45.3 32.4 13 3.0 44.1 41.4 17.0 35.4 
67 51.8 44.7 11.8 57.7 56.7 21.0 42.8 
68 58.2 56.9 20.6 20 11.3 2lk 12.0 25.2 50.2 
69 11 4.5 20 9.1 29.4 24.7 27.2 29.2 57.7 
70 10.7 21.1 38.2 38.1 42.4 33.3 21 5.2 
71 16.8 33.1 46.9 51.5 57.5 
72 22.9 44.9 55.6 21 4.7 25 12.6 
73 28.8 56.7 14 4.2 17.9 27.7 
74 34.6 21 8.5 12.8 31.2 42.8 
75 40.3 20.1 21.4 44.4 57.8 
76 46.0 31.5 30.0 57.6 26 12.8 
77 51.6 42.8 38.5 22 10.6 27.8 
78 57.1 53.9 47.0 23.4 li2.8 
79 12 2.5 22 4.8 55.5 36.2 57.7 
80 7.9 15.7 15 4.0 48.9 27 12.G 
81 13.1 26.4 12.8 23 1.5 27.5 22 28.2 
82 18.2 36.9 20.8 14.0 42.4 3G.1 
83 23.3 47.2 29.0 26.5 57.3 43.9 
84 28.3 57.5 37.2 38.9 28 12.2 51.6 
85 33.3 23 7.6 45.3 51.2 27.0 59.1 
86 38.2 17.5 53.4 24 3.5 41.8 23 fi.3 
87 43.1 27.3 16 1.4 15.7 56.5 13.3 
88 47.9 36.9 9.4 27.8 29 11.2 20.0 
89 52.7 46.5 17.4 39.7 25.7 26.4 
90 57.4 56.0 25.4 51.5 40.2 32.6 23 35.1 
91 13 2.1 24 5.4 33.4 25 3.3 54.5 38.G 43.1 
92 6.7 14.7 41.4 15.0 30 8.8 44.4 51.1 

93 11.3 23.9 49.2 26.7 23.0 50.0 59.0 
94 15.9 33.1 57.0 38.4 37.2 55.4 24 6.9 
95 20.5 42.1 17 4.7 50.1 51.4 24 0.7 14.7 
96 25.1 51.1 12.4 26 1.8 31 5.6 5.9 22.5 



92 -

p s pp PS SS Pel' ScS SKS SKKS 

97 13 29.7 25 0.1 17 20.0 26 12.8 31 19.7 24 11.0 24 30.2 
98 34.3 8.9 27.6 23.8 33.8 16.0 37.9 
99 38.9 17.7 35.2 34.6 47.8 20.9 45.5 

100 43.5 26.5 42.8 45.4 32 1.8 25.8 53.2 
101 48.1 35.3 50.3 56.1 15.6 30.6 25 0.7 
102 52.7 !±4.1 57.8 27 6.6 29.4 35.4 8.3 
103 57.3 52.8 18 5.3 17.1 43.1 40.2 15.8 
104 14 t.9 26 1.6 12.8 27.5 56.8 /±5.0 23.2 
105 6.5 10.4 20.3 37.8 33 10.5 49.8 30.6 

p p' pp PS SS SKS SKKS PKS SKSP P2 1 

106 14 11 18 4.8 18 27.8 27 47.9 33 24.2 24 54.6 25 37.9 
107 16 8.2 35.2 58.1 37.8 59.3 45.2 
108 21 11.4 42.6 28 8.1 51.4 25 4.0 52.5 
109 26 14.6 49.9 18.0 34 5.0 8.7 59.7 
110 31 17.7 57.2 27.9 18.6 13.3 26 6.9 
111 35 20:8 4.9 37.7 32.1 17.7 14.0 
112 40 23.8 19 11.8 47.3 45.6 22.1 21.1 
113 !±5 26.8 19.0 56.9 59.0 26.2 28.1 
114 . 50 29.6 26.2 29 6.5 35 12.4 30.0 35.2 
115 55 32.5 33.4 15.9 25.7 33.6 42.1 29 15.4 
116 15 0 35.2 40.6 25.3 39.0 37.2 49.0 23.2 
117 5 37.9 47.7 34.5 52.3 40.6 55.9 31.0 
118 9 40.5 54.8 43.7 36 5.6 43.9 27 2.8 38.8 
119 14 43.0 20 1.9 53.0 18.8 47.1 9.6 46.6 
120 19 45.5 9.0 30 2.2 32.0 50.3 16.3 54.4 
121 24 47.9 16.0 11.3 !15.1 53.4 23.0 30 2.2 
122 29 50.3 23.0 20.3 58.2 56.4 29.7 10.0 
123 34 52.5 29.9 29.2 37 11.1 59.3 36.3 17.8 
124 39 54.7 36.8 38.2 24.0 26 2.2 42.9 25.6 
125 44 56.9 43.6 47.1 36.8 5.1 49.4 33.4 
126 49 59.0 50.4 56.1 49.6 7.9 55.9 41.2 
127 54 19 1.0 57.2 31 5.1 38 2.2 10.7 28 2.4 49.0 
128 59 3.0 21 4.0 13.9 14.8 13.5 8.9 56.8 
129 16 3 4.9 10.7 22.8 17.3 16.4 15.3 31 4.6 
130 5 6.7 17.4 31.6 39.8 19.2 21.7 22 33.2 12.4 
131 13 8.5 24.0 40.4 52.3 22.0 28.0 37.8 20.2 
132 18 10.2 30.6 49.2 39 4.8 24.9 34.3 42.1 27.8 
133 23 11.8 37.1 58.0 17.1 27.7 40.6 46.2 35.4 
134 28 13.4 43.6 32 6.7 29.4 30.6 46.9 50.1 43.0 
135 33 14.9 50.0 15.5 41.6 33.4 53.1 53.7 50.5 
136 38 16.3 56.4 24.3 53.8 59.3 57.1 58.1 
137 43 17.6 22 2.7 33.1 40 6.0 29 5.4 23 0.3 32 5.6 
138 48 18.9 9.0 41.9 18.2 11.5 3.3 13.1 
139 52 20.2 15.2 50.7 30.2 17.6 6.2 20.4 
140 57 21.4 21.4 42.2 23.6 8.8 27.7 
141 17 2 22.5 27.5 54.2 29.6 11.2 35.0 
142 7 23.6 33.6 41 6.2 35.6 13.5 42.2 
143 12 27.5 39.7 18.0 41.5 15.7 49.4 
144 17 31.3 45.8 29.8 47.5 17.7 56.5 
145 21 33.7 51.7 41.6 53.4 19.5 33 3.7 
146 35.6 57.6 53.4 59.3 21.2 10.8 
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p p' pp PS SS SKS SKKS PKS SKSP P'>' 

147 19 37.3 23 3.4 li2 5.2 30 5.1 23 22.7 33 17.8 
148 38.9 9.2 17.0 10.9 24.2 24.8 
149 40.4 14.9 28.6 16.6 25.6 31.7 
150 41.7 20.6 40.2 22.4 26.8 38.5 19 58.6 
151 43.1 26.3 51.6 28.1 28.0 45.3 20 3.2 
152 44.4 32.0 43 3.0 33.8 29.1 52.0 7.7 
153 45.6 37.6 14.3 39.5 30.2 58.6 12.2 
154 46.8 !13.2 25.6 !15.1 31.2 34 5.2 16.8 
155 f18.0 48.7 3G.7 50.7 32.1 11.7 21.3 
156 !19.1 54.2 ft7.8 56.3 33.0 18.2 25.9 
157 50.3 59.G 58.7 31 1.8 33.9 24.6 30.4 
158 51.4 24 5.0 !14 !Ui 7.4 34.7 30.9 35.0 
159 52.4 10.4 20.5 12.9 35.5 37.1 39.5 
160 53.5 15.8 31.4 18.3 36.2 43.3 44.1 
161 54.6 21.0 fâ.1 23.8 36.9 49.4 48.6 
162 55.7 26.2 52.8 29.2 37.5 55.5 53.2 
163 56.8 31.3 45 3.3 34.6 38.1 35 1.5 57.7 
164 58.0 36.4 13.8 40.0 38.7 7.4 21 2.2 
165 59.1 41.5 24.1 45.4 39.3 13.2 6.8 
166 20 0.1 46.6 34.4 50.7 39.9 19.0 11.3 
167 1.0 51.G 4"1.7 56.0 40.4 24.7 15.9 
168 1.9 56.6 55.0 32 1.4 40.9 30.4 20.4 
169 2.8 2.5 1.6 46 5.1 6.7 41.4 36.0 25.0 
170 3.5 6.6 15.2 11.9 41.9 41.6 29.5 
171 ft.2 11.5 25.1 17.1 42.3 47.1 34.1 
172 ft.8 16.4 35.0 22.4 42.7 52.5 38.6 
173 5.4 21.3 44.8 27.6 43.0 57.9 43.1 
174 5.8 26.2 54.6 32.7 43.3 36 3.3 47.7 
175 6.2 31.0 47 l±.2 37.9 43.5 8.6 52.2 
176 6.5 35.8 '13.8 43.0 43.7 13.8 56.8 
177 6.8 40.6 23.4 48.1 43.8 19.0 22 1.3 
178 7.0 45.l1 33.0 53.3 43.9 24.2 5.9 
179 7.1 50.1 42.5 58.3 44.0 29.3 10.4 
180 7.1 54.8 52.0 33 3.4 44.0 34.3 15.0 

NoTES ON THE FINAL TABLES 

The tables are adapted to a single focal depth, which ap-
pears to correspond in continental conditions to a focus near 
the base of the granitic layer without primitive P movement. 
At most distances the times of P are probably correct for ave-
rage structure within a fraction of a second. Those of S are 
less reliable, but the uncertainty is probably under 2 s. For 
foci within the upper layers the times of S may be later, 
with respect to P, by an amount Z which is independent of 
the distance and may apparently range from about +8 s. to 
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-10 s. For this reason the S-P interval should not be used 
to determine ~ if much accuracy is aimed at, though it is 
useful in a preliminary approximate determination of the 
epicentre. 

At great distances a larger movement often seems to fol
low P after about 7 s., and is often read as P where the true 
P is too weak to be visible. P' also is often read la te, espe
cially on the horizontal components. It appears probable 
that the true S is usually feeble between 10° and 20°, and 
that other pulses 7 s. or 15 s. later are often read for it. Spe
cial attention should lead to a considerable improvement in 
the determination of S in this range. 

Sis overtaken about 82° by SKS, which here, with normal 
depth, follows P by 10 m. 23 s. This interval increases to 
10 m. 43 s. at 100°. If the apparent S -P interval is in this 
neighbourhood it may be suspected that the apparent S is 
really SKS, and search for the true S after it may lead to 
valuable results. 

The times given for SKS are about as accurate as for S; 
the chi~f uncertainty in this wave is in the additive constant 
needed to adapt the times to the same focal depth as for S. 

There are discontinuities in the values of dT /d!l for both P 
and S at 19°. Special examination of seismograms between 
190 and 30° for the direct P and S waves, which continue the 
curves applicable at shorter distances, is desirable; and the 
same applies to the search for possible places of large ampli
tude before and after 19° that would be expected if the 
change in the slope is due to a continuous transition. On the 
other hand if there is a true discontinuity it should give rise 
to reflexions, and if these can be traced they would lead to a 
more accurate determination of the depth than is likely to be 
possible otherwise. This applies especially to PP reflected on 
the inside of the discontinuity. 

The times given for PP, PS, SS, and SKSP are calculated 
and make no allowance for a systematic delay that is pro
bably introduced by reflexion, but may have different values 



-"--- 95 -

according as the reflexion takes place below continents or 
oceans. The delay seems likely to be about 7s. for PP, 
Z + 7s. for SP and SKSP, Z + 12s. for SS. Reflexion seems 
also to occur sometimes at the base of the upper layers ; 
when this occurs the delays are smaller. 

SKKS, PKS, and P 2 ' are less reliable than any of P, S, 
SKS, and P'; but the tables are certainly accurate enough to 
serve as a basis for identification, and may be used for 
theoretical work if they are found to be consistent with re
sults obtained from the better recorded pulses. 

There is n~ed of special study to determine the behaviour 
of S, SKKS, and probably PScS between 90° and 120°, 
where there is at present a curious lack of observations. 

According to the cubic formulae derived for the times of P 
and S at short distances, the trial tables require small nega
tive corrections at distances up to about 3° for P and 6° 
for S ; but these seem to be within the possible uncertainty 
and have not been applied, pending a direct investigation of 
the times at these distances. 

P cP is likely to be confused with S, Sd, SS, or the surface 
waves up to about 25°; near 47° it nearly coïncides with PP. 
U p to about 34° ScS will probably be hidden by the long 
waves, and it is only from about 4 7° that it precedes SS. 

In conclusion, we must express our indebtedness to the 
work of the International Summary, initiated by the late 
Professor Turner, to all the observatories that have contri
buted toit, and to Mr J. S. Hughes and Miss E. F. Bellamy, 
who have carried on the work since Prof. Turner's death. 
Without this the present investigation could never have been 
begun. We are also grateful to Mr Hughes and Miss Bellamy 
for information received in the course of the work, and in 
particular to Miss Bellamy for an advance copy of the rea
dings for the Newfoundland earthquake, which was the star
ting-point of our solution for S. Much of the computation of 
distances was done under the supervision of Dr L. J. Corn-
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rie, the expenses being covered by a grant from the Depart
ment of Geodesy and Geophysics at Cambridge. W e wish also 
to thank many colleagues for information given privately, 
which has enabled us to decide many points that would other
wise have remained in doubt. This refers particularly to 
Miss 1. Lehmann for communicating her discovery of the late 
P and S beyond 20°, which decided whether the curves in this 
region are double or merely simple curves with strong cur
vature, and for her additional readings for 1929 June 16; 
Mr F. J. Scrase for his special search for pP and sS in many 
of our earthquakes ; Prof. Byerly for information about the 
Montana and Santa Barbara earthquakes ; and Dr E. A. Hodg
son for information about the Saguenay River earthquake. 
W e have also to thank the Seismological Committee of the 
British Association for making a grant of ±: 60 in aid of the 
printing of the reductions for the individual earthquakes, 
and Mr C. W. Brannon, of the Isle of Wight County Press, 
for his great persona! attention and ingenuity in devising a 
suitable arrangement of these tables. 
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NOTES ON THE HEDUCTIONS OF THE 
INDIVIDUAL EARTHQUAKES. 

A station often gives a number of readings a few seconds apart for a 
single phase. If there is little difference between them they probably arise 
from the phase not being equally clear on all components ; but a difference 
of several seconds may mean a later pulse, such as a refiexion near the epi
eentre. The policy adopted has been to take only the earliest where the 
differenee does not exceed 3s. ; for greater differences all readings are given. 

Originally many readings that might be either S or SKS were given in 
bath the corresponding colmnns, and were included in both frequency dis
tributions until a criterion was available for separating them. Consequently 
it \Üll be found, if any reader is disposed to check our classification of the 
residuals, that those given in the text will be somewhat more numerous than 
in the final tables for the individual earthquakes. In general this will show 
chiefly in the larger residuals. In the final tables such readings have been 
compared with the final meanR of S and SKS, and each has becn entered in 
the column wherc it gives the smallest residual. 

A determination of the epicentrc was not in general consi!lered satisfactory 
unless there \vere at least two accordant P observations near each of three 
well separated azimuths. It was found occasionally that even the best 
stations might be in disagreement with the bulk of the others, possibly owing to 
microseüims ; and in discussing an individual shock it sccmed desirable not 
only to kno\v that a station was usually reliable, but to have confirmation from 
another station that it was correct on the particular occasion. For this reason a 
considcrable number of the shocks used in former papers have had to be omitted. 
A few that did not satisfy the criterion have, hmvever, still been retained for 
special reasons, notably the Montana and Santa Barbara earthquakes. 

Search was made in the I.S.S. for all readings that might be P, S, PP, PS, 
SS, PPP, SSS, SKS, SKKS, P', P'2 , PKS, and SKSP. Ail of these are given 
here cxcept PPP and SSS, which seemed too irregular to be likely to give 
useful results. As 13 sets of residuals had to be fitted, for purposes of printing, 
into 9 columns at most, some rearrangement has been needed ; overlapping 
has been avoided in any column, but it has non been possible to keep a uniform 
arrangement throughout. Ail other readings were finally plotted to see if there 
was any sign of other phases traceable over a range of distance; but there were 
no convincing indications of any. There were a number of readings that might 
be ScS, and others that might be S at distances over 105°; but they were not 
sufficiently numerous or consistent to enable tables to be made. 

The names of the stations are given as in the I.S.S., except for the restora
tion of some accents and modification marks. In general it is probably more 
convenient to use the form of a place-name that is current in the place itself, 
rather than an Anglicized form, but we have thought it undesirable to adhere 
to this principle where reference to the I.S.S. has been habituai and may have 
to be made frequently again. 

The geographical classification of the epicentres on the whole explains 
itself ; but two epicentres in the N orthern Hemisphere appear among the 
Pacifie ones. These are in the Philippines ; they are 3° south of and 2° 
and 6° respectively east of another Philippine epicentre, which has been 
included with the Japanese ones. It might have bcen more natural to include 
all Pacifie earthquakes north of the equator with the Japanese ones, but the 
information given by these two approxima.tes to the oceanic type, notably 
in the long series of distant SKS observations. 

Epicentral distances were adopted from the I.S.S. when the epiccntre 
was not shifted. \Vhen the epicentre was shifted the distances of the nearer 
stations \vere recalculated ; in general greater distances were evaluated by 
applying a correction according to azimuth, except in the case of stations 
in unusual azimuths, which were recalculated. Those recalculated arc 
indicated by retaining the second decimal. Dr. Comrie and his assistants 
recalculated the whole of the distances in the earthquakes submitted to them, 
but in some of these further corrections to the epicentre proved necessary. 
Errors of computation in the I.S.S. were so rare in the distances aetually 
recalculated that it did not seem worth while to undertake complete recalcu
lation in other cases. But as both the I.S.S. and Comrie's distances were 
rounded off to the nearest 0°·1, and the corrections also were rounded to 0°·1, 
it is to be expected that the final distances will occasionally be wrong by 
0°·1. The resulting errors in the times for a given distance are comparable 
with those introduced by the normal sources of error and therefore will have 
affected the results only by a slight increase of the standard error. 

The mark * indicates that a miscount of an exact number of minutes is 
suspected ; the mark t that a clock crror is suspected from the agreement of 
large residuals for two or more phases. In many cases stations whose obser
vations all lie outside the range of residuals retained in the summaries have 
been omitted ; also stations recording no identifiable phase among those 
considered here, but some in the shadow of the core have been kept so that 
the distances may be available for any re-examination of the records. 

W e give T o in the following way. 
1925 Nov. 13d. 12h. 14m. 40s. +15s. =14m.55s. 

Here the time first given is from the I.S.S. ; + 15s. is our correction ; 
1Jm.55s. is our corrected time together with an exact number of hours. Z is 
the difference between the values of T 0 that suit P and S. \Vhere we cannot 
determine Z we write "Z taken -= O." The "first revised epicentre" is 
obtained using the J tables. 



EPICENTRES IN EUROPE, 

WITH THE MEDITERRANEAN AND WESTERN AND 

CENTRAL ASIA. 

1926 Aug. 30d. llh. 38m. Os. +5s. =38m. 5s. Z=+l. 

I.S.S. Epicentre 37°·5N. 23°·0E. First Revised Epicentre 36°·78N. 23°·23E. 
Final Epicentre 36°·64N. 23°·05E. 

Athens 
Mostar 
Naples 
Sarajevo 
Belgrade 

Sebenico 
Rocca di Papa 
Helwan 
Zagreb 
Budapest 

Laibach 
Florence 
Graz 
Vienna 
Lemberg 

Innsbruck 
Moncalieri 
Ravensburg 
Marseilles 
Zürich 

Cheb 
Hohenheim 
Neuchâtel 
Make:revka 
Algiers 

Strasbourg 
Besancon 
Barcelona 
Piatigorsk 
Tortosa 

Bagnères 
Alicante 
Hamburg 
Paris 
Uccle 

De Bilt 
Al me ria 
Baku 
Granada 
Toledo 

Malaga 
Kew 
Oxford 
San Fernando 
Pulkovo 

Rio Tinto 
Leningrad 
"\Vest Bromwich 
Stonyhurst 
Bidston 

A=+ ·7384, B = + ·3141, C = + ·5966. 

Pv 
0 

1 ·44 +.5 
7·81 +4 
8·04 + 17 
8·04 +2 
8·41 +1 

8·97 -11 
9·37 +2 
9·73 0 

10 ·6 0 
11 ·24 +3 

11 ·40 -3 
11 ·48 + 1 
11 ·8 -1 
12·6 -4 
13·28 +1 

13 ·8 -2 
14·3 0 
14·9 +6 
15·0 +69 
15·2 + 1 

15 ·5 -1 
15·76 -3 
15·80 +2 
15·84 +3 
16 ·02 +3 

16 ·3 -4 
16 ·5 + 1 
16·88 +2 
16·94 + 17 
18 ·O +4 

18·54 +2 
18·72 -1 
19 ·2 + 1 
19 ·3 + 1 
19 ·4 +2 

19 ·9 + 1 
20 ·4 +6 
21·28 +1 
21·3 -2 
21 ·4 0 

22 ·O -2 
22 ·2 0 
22·9 -11 
23 ·4 +2 
23·6 -3 

23·6 -14 
23·7 -3 
23·7 -3 
24 ·6 -6 
24·7 -4 

Pw 

+5 
+4 
+17 
+2 
+1 

-11 
+2 

0 
0 

+3 

-3 
+1 
-1 
-4 
+1 

-2 
0 

+6 
+69 

0 

-2 
-4 
+1 
+2 
+2 

-5 
0 

+1 
+16t 
+3 

+1 
-2 

0 
0 

+1 

+1 
+6 
+1 
-2 

0 

-1 
+1 
-9t 
+4 
-1 

-12 
-1 
-1 
-3 
-1 

Sv 

-23 
-4 +31 

-6 
+1 
-12 

0 

-47 
+22 
-8 
+8 
-4 +20 

-10 
+17 
+9 
+86 
+4 

-1 
-5 
+8 
+3 
+3 

+3 
-4 
+7 
+24 

0 

+4 
+1 
-5 
-3 
+3 

+3 
+14 

+4 
0 

-4 
-1 
-14 
-2 
-15 

-15 
-85 
-15 
-5 

Continued on next paye. 

Sw 

-23 
-4 +31 

-6 
+1 
-12 

0 

-47 
+22 
-8 
+8 
-5+19 

-11 
+16 
+8 
+85 
+3 

-2 
-7 
+7 
+2 
+2 

+2 
-5 
+5 
+22t 
-2 

+2 
-1 
-7 
-5 
+1 

+2 
+14 

O(d) 
+1 

-2 
+1 
-nt 
+1 
-11 

-Il 
-81 
-10 

0 
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!;.. Pv Pw 8v Sw 

Lis bon 25~5 -7 -3 -18 -12 
Edinburgh 26·1 -2 +2 -12 -5 
Dy ce 26·5 -7 -3 -59 -52 
Ekaterinburg 32·0 -5 +1 -19 -10 
Azores 38·4 +8 +12 

Simla 44·6 -I2 -9 -25 -20 
Bombay 46·9 -3 0 -9 -5 
Hyderabad 52·1 -4 -2 -9 -7 
Kodaikanal 55 ·5 -11 -IO 
Irkutsk 56·9 -2 -2 -7 -6 

Calcutta 57 ·4 +50 + 74 
Colombo 59 ·5 +4 +4 +4 +4 
Halifax 63 ·I +1 0 -10 -11 
Harvard 69·0 +2I +20 -2 -5 
Ottawa 70 ·2 +1 0 -17 -1 -I9-3 

Cape Town 70·8 +25 +23 
Fordham 71·5 +5 +3 
Ithaca 72·3 -1 -2 +3 +1 
Toronto 73 ·3 -2 -3 -5 -8 
Ann Arbor 76·7 + 17 +17 -6 -9 

Hong Kong 7 7 ·7 0 0 
Zi-ka-wei 77 ·9 -3 -3 
Chicago 79·3 -1 -I -10 -14 
Taihoku 81 ·6 +6 +6 
Osaka 85 ·O +11 +I2 

Mizusawa 85·2 -5 -.t 
Nagoya 85·5 -7 -6 
Manila 87 ·5 -2 -1 
Batavia 88 ·7 -3 -2 
Victoria 89·8 -1 0 

Malabar 90 ·3 -I 0 
Tucson 98·7 0 +3 -I -6 
Lick 99·I +IO +5 
Sucre 100·0 +6 +IO 
La Paz I00·8 -17 -13 

Other readings : 

6 P' SKS SKKS pp PS SS 
0 

Bagnères 18·54 -4 
Alicante 18·72 +2.10,18 
Toledo 21·4 +3. 12, 27 +Il 
Oxford 22·9 +23 
Ekaterinburg 32·0 -8 

Irkutsk 56·9 +17 
Harvard 69·0 +6. 16 -8 
Fordham 71·5 +16 -21 
Toronto 73-3 +6 
Ann Arbor 76·7 +28 +5 

Chicago 79·3 -16 -10 -16 
Batavia 88·7 +I -19 
Victoria 89·8 -Il 
Malabar 90·3 +9 
Tucson 98·7 +6 

Lick 99·1 -Il +32 
Sucre 100·0 -22+8 +20 
La Paz 100·8 -li -4 -13 
Honolulu 122·1 -li +2 
Riverview 138·0 +2 

Honolulu 30m.IOs. may be SKSP. 

NoTE.-According to The Times, I926 Sept. 1, numbers of dwellings collapsed at 
Sparta, and important buildings were damaged at Athens and Phaleron. 
The epicentre is 70 km from Sparta and 160 km from Athens. 

The P residuals are normal, but those of S are strongly negative from 
Pulkovo to the distant stations. The distribution suggests focal depth :for 
S, but no depth would suit all the distances. 
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1927 July Id. 8h. 18m. 54s. +6s. =19m. Os. Z= +5. 

l.S.S. J<~picentre 37°·5N., 23°·0E. Revised epicentre 36° ·7N. 22° ·8E. 

A=+ ·7392, B = + ·3107, C = + ·5976. 

!:, Pi· Pro Sv Sw 

Pompeii 7 ·6 +4 +4 -52 -52 
Naples 7 ·8 -1 -1 -54 -54 
Belgrade 8·3 -2 -2 +3 +3 
Rocca di Papa 9·3 0 0 0 +41 0 +41 
Helwan 9 ·9 -1 -1 -17 -17 

Zagreb 10·5 -28 -28 +10 +10 
Ksara 11 ·0 +2 +2 -14 -14 
Budapest 11 ·l +4 +4 
Laibach 11·2 0 0 
Florence 11 ·3 +1 +I +20 +20 

Graz 11 ·7 -2 -2 -2 -2 
Venice 11 ·8 +4 +4 0 0 
Vienna 12·5 -2 -2 +3 +3 
Lemberg 13·2 +4 +4 +16 +15 
l\Ioncalieri 14·1 0 0 +18 +17 

Prague 14·7 0 0 -10 -11 
Zürich 15 ·O 0 0 +2 +I 
Cheb 15 ·3 0 -1 +5 +4 
Grenoble 15 ·4 +5 +4 -2 -3 
Hohenheim 15 ·6 -1 -2 +1 0 

Algiers 15·8 +3 +2 -7 -8 
Makeyevka 15·9 +4 +3 +4 +3 
Strasbourg 16·2 +2 +1 +1 0 
Jena 16·3 +1 0 -1 -3 
Besancon 16 ·3 +2 +1 -15 -17 

Barcelona 16 ·7 +1 0 +2 0 
Feldberg 17 ·O +1 0 +9 +7 
Potsdam 17 ·1 +3 +2 0 -2 
Puy de Dôme 17 ·4 0 -1 +19 +17 
Tiflis 17 ·7 +8 +7 +8 +6 

Tortosa 17 ·8 +6 +5 -3 -5 
Kônigsberg 18 ·2 +4 +3 -8 -10 
Bagnères 18·3 +4 +3 +4 +2 
Alicante 18·5 +4 +3 -5 -7 
Hamburg 19 ·1 +1 0 -1 -3 

Paris 19 ·1 +1 0 -2 -4 
Uccle 19·3 +1 0 0 -2 
De Bilt 19·8 +3 +2 0 -1 
Copenhagen 20·2 -1 -1 -3 -3 
Almeria 20·2 0 0 -5 -5 

Granada 21 ·0 0 0 +l +2 
Toledo 21 ·2 0 0 -4 -3 
Baku 21 ·4 +3 +3 +2 +3 
Kucino 21 ·7 -2 -1 -9 -7 
Malaga 21 ·7 0 +l -4 -2 

Kew 22 ·1 -1 0 -3 -1 
Oxford 22·7 -2 0 -7 -4 
San Fernando 23·2 0 +2 -12 -9 
Upsala 23·4 -3 -1 -11 -8 
Helsingfors 23·5 +1 +3 -2 +2 

Pulkovo 23·6 -1 +l -12 -8 
Stonyhurst 24·4 +2 +4 -10 -6 
Edinburgh 26·0 -3 +1 -17 -10 
Dy ce 26·4 -5 -1 -20 -14 
Ekaterinburg 32·1 -17 -11 -34 -25 

Tashkent 36·0 -5 0 -22 -14 
Simla 44·9 -3 0 -10 -6 
Bombay 47·1 -1 +2 -8 -4 
Hyderabad 52·4 -4 -2 -14 -12 
IrkntRk 57 ·O -2 -2 -10 -9 

Continued on next page. 
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6 Pp Pw Sp Sw 
0 

Ottawa 70 ·O +1 0 -6 -S 
Cape Town 70·7 +20 +IS 
Fordham 71·3 +16 +15 -s -10 
Ithaca 72 ·1 -s -9 ~23 -21 
Phu-Lien 73·0 -1 -2 -14 -17 

Ann Arbor 76·5 -15 -lS 
Hong Kong 77 ·9 ~11 -14 
Zi-ka-wei 7S ·l 0 0 -19 -22 
Chicago 79 ·l -3 -3 -29 -32 
Osaka S5 ·l +4 +4 -1 -5 

Mizusawa S5·3 0 +1 
:Manila S7 ·7 -3 -2 
Batavia SS ·9 -32 -31 

Other readings : 
6 P' SKS SKKS pp PS SS 

0 

Kënigsberg 18·2 +9 
Uccle 19·3 +10 
Granada 21·0 -3+13 
Toledo 21·2 +15 
Baku 21·4 +30 

Ku ci no 21·7 +4 
Ekaterinbur11 32·1 -17 
Tashkent 36·0 +6 
Irkutsk 57·0 -19 -13 
Ottawa 70·0 +17 

Fordham 71·3 +3 -16 
Ann Arbor 76·5 -9, 3 
Chicago 79·1 +Il -43 
Mizusawa 85-3 -9 -25 
Mani la 87-7 -12 

Batavia 88·9 -24+11 
Victoria 89·7 -7 
La Paz 100·5 +20 +s 

NoTE.-The P residuals arc normal, but thosc of S inclicatc focal dcpt.h. This earth
quake was not uscd in forming· the S curvc. 

1927 July 11 !l. 13.h. 3m. 5.51:<. + ISs. =4-m.l:~s. 7, = -3. 

I.S.S. cpicentre 32° ·ON. 35° ·5. Rcvised c.piccntrc 31°·9N. 35°·3E. 

A=+ ·6929, B = + ·4-906, C =·;ïZS4-. 

6 PP Pw Sv Sw 

Ksara 2·0 +1 +l 
Helwan 3·9 +I +I +17 +17 
Tiflis 12·4 0 () +16 +16 
Baku 14·5 0 0 +14 +14 
Makeyevka 16·3 -3 -4 +4 +3 

Belgrade 17 ·± -1 -2 +13 +Il 
Pompeii 18·9 +11 +IO +21 +rn 
Naples 19 ·l +5 +4 +70 +6S* 
Lemberg 19·S +± +3 +11 +10 
Budapest 19·9 +1 +1 +16 +16 

Zagreb 20 ·4 +3 +3 +23 +23 
Hocca di Papa 20 ·5 +1 +1 +14 +14 
Laibach 21 ·4 0 0 
Graz 21 ·5 -2 -1 +IO +11 
Vienna 21 ·7 -2 -1 +9 +Il 

Florence 22 ·3 +3 +4 +19 +21 
Venicc 22·3 +6 +7 
Innsbruck 23·8 0 +2 +16 +20 
Prague 23 ·9 -2 +1 -1 +3 
Cheb 24 ·9 -2 +1 +2 +7 

Continited on next page, 
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L. Pv Pw Sv Sw 

M:oncalieri 25·1 -4 -1 +64 +69* 
Ravensburg 25·1 -7 -4 +14 +19 
KônigRberg 25·2 -2 +1 +2 +7 
Zürich 25·5 -3 +1 +27 +32 
Hohenheim 25·8 -4 0 +17 +24 

Jena 25·8 -5 -1 +3 +17 +10 +24 
Potsdam 26·1 -5 -1 +13 +20 
Grenoble 26·5 -10 -6 +12 +19 
Strasbourg 26·6 -6 -2 +2 +9 
Feldberg 27 ·O -2 +2 +9 +16 

Algiers 27 ·O -5 -1 +11 +18 
Besançon 27·1 -5 -1 -7 0 
Barcelona 28·0 -9 -4 +17 +24 
Pulkovo 28 ·1 -8 -3 -10 -2 
Hamburg 28·2 -6 -1 +18 +26 

Puy de Dôme 28 ·5 -10 -5 
Tashkent 28·6 -9 -J -7 +1 
Copenhagen 28 ·7 -7 -2 -14 -6 
HelRingfors 29 ·1 -6 0 -10 -2 
Tortosa 29·2 -2 +J -2 +6 

rccle 29·6 -7 -1 -9 -1 
De Bilt 29·8 -7 -1 -7 +1 
Paris 29 ·8 -7 -1 -4 +4 
Alicante 29·8 +5 +11 +20 +28 
Upsala :rn ·3 -8 -2 -10 -1 

Ekaterinburg 30 ·4 -10 -4 -10 -1 
Almeria 31 ·4 -4 +2 +11 +20 
Granada 32·3 -5 +1 +3 +12 
Kew 32·5 -7 -1 +6 +15 
Toledo 32 ·6 -5 +1 -8 +1 

Malaga 32 ·9 -2 +4 -1 +7 
Oxford ;33 ·2 -7 -1 -6 +2 
San Fernando 34·4 +4 +9 -8 -1 
Stonyhurst 34·6 -9 -4 -5 +3 
Bidston 34·8 -66 -61 * -69 -61 * 
Simla 35·5 -53-5 -45 +3 
Edinburgh 35 ·9 -9 -4 -14 -6 
Dy ce 36 ·0 -7 -2 -7 +1 
Bombay 36 ·1 -(l -2 -5 +a 
Hyderabad 41 ·5 +1 +7 

Kodaikanal 44·5 -8 -3 
Irkutsk .52·8 -4- -2 0 +2 
Phu-Lien 63 ·8 -:{ -J -1 -2 
Cape Town 67 ·7 +5 +;{ 
Hong Kong 69·4 -2 -4 

Zi-ka-wei 71·2 -6 -7 0 -2 
:Manila 78 ·8 +1 +l -:{3 -37 
Ottawa 80 ·7 +3 -1 
Toronto 83 ·8 +12 +8 

Other readings : 
P' SKS L. SKKS pp PS SS 

Innsbruck 23·8 -10 
Moncalieri 25·1 +11 
Konigsberg 25·2 +4 -6 
Jena 25·8 +11 -21, 8 
Strasbourg 26·6 +6 

Pulkovo 28·1 +10 
Tashkent 28·6 -38 
Upsala 30·3 +10 
Ekaterinburg 30·4 +10 
Aime ria 31·4 +5 -29 

Granada 32·3 +7 
lrkutsk 52·8 +10 +22 
Victoria 97·5 0 
La Paz 109·8 +5 

NoTE.-Up to 27° M:akeyevka and Prague seem to be the only stations recording the 
truc S, 
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1927 July 22d. 3b. 54m. 54s. + 23s. = 55m.1 78. Z= +4. 

I.S.S. epicentre 34°·7N. 54°·0E. Retained. 

A= + ·483, B = + ·665, C = + ·569. 

6 Pv Pw Sv Sw 

Baku 6·5 +5 +5 +18 +18 
Tiflis 10·0 +2 +2 
Tasbkent 13 ·7 -2 -2 +8 +7 
Ksara 15·0 +I +I +22 +21 
Makeyevka 17 ·9 +3 +2 +16 +15 

Simla 19·7 -13 -1 -14-2 -3 +:3 -5+1 
Helwan 19·7 -6 -7 +IO +8 
Dehra Dun 20 ·6 +11 +11 +6 +6 
Ekaterinburg 22·6 -2 0 -18 -15 
Bombay 23 ·O 0 +2 +64 +67* 

Kucino 23·8 0 +2 +15 +19 
Lemberg 26·5 +I +5 +3 +IO 
Belgrade 27 ·5 -26 -21 +5 +12 
Hyderabad 27 ·8 +2 +7 +11 +19 
Budapest 28·9 -1 +4 +40 +48 

Pulkovo 29 ·4 -5 +1 -6 +2 
Konigsberg 30 ·6 -3 +3 -13 -4 
Zagreb 30 ·7 -6 0 +38 +47 
Vienna 30 ·9 -9 -3 -12 -3 
Graz 31 ·2 -6 0 -9 () 

Helsingfors 31 ·6 -12 -6 -25 -16 
Naples 31 ·7 -8 -2 +24 +33 
Laibacb 31 ·8 -6 () +4 +13 
Calcutta 32 ·3 +8 +17 
Prague 32 ·5 -3 +3 +22 +31 

Rocca di Pa·pa 32 ·9 -6 () -19 -IO 
Venice 33·2 -4 +2 -5 +4 
Uheb 33 ·8 -8 -2 +4 +1:{ 
Potsdam 33·9 -5 +1 -2 +7 
Florence 33 ·9 -6 0 -14 -5 

Innsbruck 34·0 +ll +17 -18 -9 
Jena 34·4 -1 +4 +19 +28 
Upsala 34·5 -9 -4 -12 -4 
Copenhagen 35·2 -4 +I -16 -8 
Ravensburg 35·3 -9 --! 

Hohenheim 35·6 -6 -1 
Hamburg 36·0 -5 0 -6 +2 
Zürich 36·0 -7 -2 
Feldberg 36·3 -2 +3 -6 +2 
Moncalieri 36·5 -8 -3 -9+7 -1 +15 

Strasbourg 36·6 -8 -3 0 +8 
Besançon 37 ·7 -6 -1 +7 +15 
De Bilt 38 ·6 -5 -1 -5 +2 
Uccle 39 ·O -5 -1 -6 +1 
Irkutsk 39 ·5 -4 0 -6 +I 

Paris 40·0 -5 -1 -6 +I 
Barcelona 40 ·8 +27 +31 
_-\Jgiers 40 ·9 -15 -11 -11 -5 
Kew 41 ·9 -3 +1 -2 +4 
Oxford 42·6 -5 -1 -8 -2 

Tortosa 43 ·2 -14 -10 -30 -25 
Alicante 43·3 +IO +14 +41 +46 
Stonyhurst 43·3 -3 +1 -4 +1 
Dy ce 43 ·4 +12 +16 -3 +2 
Bidston 43·7 +9 +13 -2 +3 

Edinburgh 43·8 -5 -1 +7 +12 
Aime ria 45·1 -5 -2 +9 +14 
Toledo 45·7 -5 -2 -7 -3 
Granada 46·0 -7 -4 +6 +IO 

Continued on next page, 
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ù Pv Pw ~V Sw 

Malaga 46·7 -:) 0 +19 +23 
Phu-Lien 48 ·O -3 0 --10 -7 
Zi-ka-wei 55 ·6 +4 +5 0 +1 
.Manila 62 ·9 +20 +19 0 0 
Sumoto 64 ·6 0 -1 

Cape Town 76·2 +4 +1 
Ottawa 87 ·9 0 +1 
Perth 88 ·4 +2 -2 

Other readings : 
6 P' SKS SKKS pp PS SS 

Ekaterinburg 22'6 +2 
Helsingfor• 31·6 -34 
Calcutta 32·3 -3 
Hohenheim 35·6 +11 
Feldberg 36·3 -22 

DeBilt 38·6 +8 
Uccle 39·0 +3 
Almeria 45·1 -67 
Granada 46·0 -77 
Phu-Lien 48·0 +19 

Batavia 64·3 -10 
Su moto 64·6 -7 
Ottawa 87·9 -6 
Toronto 90·9 -9 
Chicago 95·9 -15, 8 

Victoria 96·9 +2 -42 
Melbourne 111·1 -25 
Riverview 113-8 +18 
Sucre 124-4 +2 
La Paz 125·5 -1 +39 

NOTE.-Pulkovo or possibly Dehra Dun is the nearest station to record S. Stations 
from 36° on were used in forming the Stable. 

1927 Sept. lld. 22h. 15m. 40s. +Ils. =15m . .'ils. Z=-4. 

I.S.S. epicentre H 0 ·5N. 34°·5K Revised epicentre 44°·4N. 34°·3E. 

~.\ = + ·5902, B = + ·4026, () = + ·6997. 

6 Pi· Pw Sv Sw 

Makeyevka 4·44 +I +1 
Tiflis 8·11 -2 -2 -4 -4 
Lemberg 8 ·85 0 +8 0 +8 +1+7 +1+7 
Belgrade 9 ·85 -- 2 -2 +9 +9 
Ksara ]() ·6 7 0 0 0 0 

Budapest 11 ·00 -1 -1 +19 +19 
Kucino 11 ·6 +1 +1 +6 +6 
Baku 12 ·1 +6 +6 +22 +22 
Vienna 12 ·9 0 0 +30 +30 
Zagreb 13 ·O 0 0 +21 +60 +20 +59 

Graz 13 ·4 +1 +1 +31 +30 
Kônigsberg 13 ·7 -1 -1 -2 -3 
Laibach 14 ·O -1 -1 +27 +26 
Prague 14 ·6 -2 --2 +24 +2:) 
Helwan 14 ·7 +.5 +5 0 -1 

Pompeii 15 ·O +6 +6 +27 +26 
Venice 15 ·5 +15 +14 +20 +19 
Pulkovo 15 ·6 -6 -7 -9 -10 
Cheb 15 ·8 +4 +3 +23 +22 
Ro<"<"a di Papa, 16·0 +2 +1 +16 +15 

f!ontinued on ne:rt pa(le, 
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/:,,. Pi- Pw Si- Sw 

Potsdam 16·2 +23 +22 -4 -6 
Jena 16·5 +2 +1 +4 +22 +2+20 
Florence 16·5 0 -1 +25 +23 
Ravensburg 17 ·4 0 -1 +20 +18 
Chur 17 ·5 () -1 +11 +9 

Hohenheim 17 ·7 +3 +2 +13+43 + 11 +41 
Copenhagen 17 ·9 -4 -5 -16 -18 
Zürich 18 ·1 ~2 -3 +19 +17 
Upsala 18·4 -6 -7 -8 -10 
Strasbourg 18 ·7 -1 -2 +IO +8 

Moncalieri 18·8 () -1 +5+10 +3+8 
Besancon 19 ·8 () () +9 +8 
Grenoble 20 ·2 +5 +5 +8 +5(d) 
Ekaterinburg 20 ·6 -2 -2 +1 +1 
De Bilt 20·8 () () +11 +11 

Marseilles 20·8 +5 +5 +14 +14 
Uccle 21 ·0 0 0 +17 +18 
Paris 22·1 +2 +3 +6 +l(d) 
Puy de Dôme 22·1 +3 +4 +16 +ll(d) 
Bergen 23 ·5 -9 -7 +15 +8(d) 

Barcelona 23·6 -1 +I +8 O(d) 
Kew 23 ·9 -1 +l +5 -3(d) 
Bagnères 24·5 -1 +2 -9 -4 
Oxford 24·7 +12 +15 +8 -l(d) 
Algiers 24·8 -4 -1 -2 +3 

Tortosa 25·0 -5 -2 +4+25 -5(d)+16(d) 
Stonyhurst 25·5 +6 +lOt +3 +9t 
Tashkent 25·6 +12 +16t +15 +21 t 
Bidston 25·9 -9 -5 -14 - 8 
Dy ce 25·9 +7 +11 +2 +s 

Edinburgh 26·2 +2 +6 +8 -2(tl) 
Plymouth 26·5 +19 +23 +21 +IO(d) 
Alicante 26·6 +9 +13 +21 +lO(d) 
Almeria 28·6 -3 +2 -5 +3 
Toledo 28·6 -7 -2 +4 +1:3 

Granada 29·3 -5 +I -7 +1 
Malaga 30·1 -9 -3 +1 +10 
San Fernando 31 ·6 -1 +5 () +9 
Simla 35 ·9 -23-5 -18,0 -6,0 +2+8 
Bombay 41 ·0 -1 +3 -6 0 

Hyderabad 45·7 -6 -3 -15 -11 
Calcutta 49·0 -6 -3 +11 +15 +14+18 
Kodaikanal 50 ·3 +31 +33 
Colombo 54·4 -2 -1 +1 +3 
Phu-Lien 63·1 +3 +2 +4 +3 

Zi-ka-wei 66·8 -2 -3 +6 +5 
Hong Kong 67·5 +6 +5 +5 +4 
Ootomari 69·2 +2 0 
Harvard 70·7 +43 +42t +44 +42t 
Hukuoka 71·0 -36 -38 

Ottawa 71·0 +1 () +7 +12 +5+10 
Sumoto 73·3 -26 -29 
Osaka 73·4 -29 -30 -42 -45 
Ithaca 73 ·5 0 -1 +3 0 
Toronto 74·0 -3 -2 +2 -1 

Ann Arbor 77 ·2 -2 -2 +13 +10 
Manila 77 ·5 +12 +12 () -3 
Sitka 78 ·2 -45 -48 
Chicago 79 ·4 +4 +4 -3 +12 -6+9 
Cape Town 79 ·7 -4 -7 

Batavia 82·1 +17 +17 -5 -8 
St. Louis 83·1 +18 +19 -8+2 
Victoria 85·2 +4+10 +5+11 +13 +9 
Berkeley 95·1 +5 +7 
Amboina 95·4 -35 -33 
Tucson 97·0 +11 +14 

Continued on next page, 
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Other readings : 
6 P' SKS SKKS pp PS SS 

Jena 16·5 -1+5 
Grenoble 20·2 -5+2 
Puy de Dôme 22·1 -4 
Granada 29·3 +22 
Zi-ka-wei 66·8 +14 

Hong Kong 67·5 -1 -3 
Ottawa 71·0 +9 
St. Louis 83·1 -12, 2 
Victoria 85·2 +7 
Berkeley 95·1 +6 +32 

Rio de Janeiro 97·5 +1 +2 
La Paz 110·3 -30 -2 -3 +15 -42 
Honolulu T.H. 113-3 +10 
Pilar 117·0 -9 
Adelaide 123·1 -7 +14 
Riverview 131·1 -25 +33 

1928 :\Iar. 31d. Oh. 29m. 42s. + IOs. =29m.:i2s. Z=O. 

I.S.S. Epicentre 38°·5N. 28°·0E. First Revised Epicentre 38°·3N. 27°·9E. 
Final Epicentre 38°·1N. 27°·7E. 

A=+ ·6967, B = + ·3658, 0 = + ·6170. 

6 Pv Pw s,. Sm 

Ksara 7 ·86 +1 +1 +7 +7 
Yalta 8 ·02 +2 +2 -2 -2 
Belgrade 8 ·63 +57 +57* +82 +82 
Helwan 8 ·79 -3 -3 -4- -4 
Theodosia 8 ·98 +:~ +3 +:~_ +3 

Mostar 9·13 +22 +22t +32 +32t 
Pompeii 10·;)8 () 0 +31 +31 
Naples 10 ·8 -- 2 -2 -3 -3 
Budapest 11 · l +1 +1 
;l;agreh ll ·67 -] -1 

Lemberg 12·07 -11 - ti -11-.'i +3 +21 +3 +21 
Rocca di Pa11a 12 ·l -1 -1 +4 +4 
Makeyevka l:h18 +7 +7 +28 +28 
Laibach 12·5 +2 +2 -1 -1 
Graz 12 ·7 +11 +11 t +16 +I6t 

Vienna 1:3 ·O -3 -3 -6 -6 
Venice 13 ·6 () () 

Florence 13 ·7 -1 -1 -3 -4 
Innsbruck 15 ·O -8 -8 -12 -13 
Chur 15 ·9 +:3 +2 +17 +16 

Ravensburg 16·3 +7 +6 +16 +15 
l\foncalieri 16 ·4- +1 () -1 +64 -3+62 
Zürich 16 ·7 0 -1 +12 +IO 
Hohenheim 17 ·O +5 +4 +7 +5 
Jena 17 ·l +4 +3 +13 +11 

Baku 17 ·30 +s +7 +25 +23 
Ki:inigsberg 17 ·5 -3 -4 -3 -5 
Potsdam 17 ·56 +3 +2 +12 +IO 
Neuchâtel 17 ·6 0 -1 -5 -7 
Marseilles 1 7 ·7 +29 +28 +46 +44 

Strasbourg 17 ·8 -1 -2 +6 +4 
Grenoble 17 ·9 -8 -9 -6 -8 
Feldberg 18 ·2 +2 +l +11 +9 
Besançon 18 ·3 0 -1 +6 +4 
Kucino 19 ·O -9 -10 0 -2 

Continued on next page. 
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6. Pv Pw Sv Sw 

Algiers 19·58 -2 -3 +2 0 
Hamburg 19·68 -1 -2 +2 () 

Puy de Dôme 19·9 +1 +1 +15 +14 
Barcelona 20 ·O -5 -5 -3 -3 
Lund 20 ·1 -1 -] +1 +1 

Copenhagen 20·33 -1 -1 +2 -l(d) 
Uccle 20 ·8 -1 -1 +4 O(d) 
De Bilt 21 ·0 +2 +2 +7 +3(d) 
Paris 21 ·0 +2 +2 +8 +4(d) 
Tortosa 21 ·2 -5 -5 +2 -2(d) 

Bagnères 21 ·4 +1 +1 +1 -3(d) 
Pulkovo 21 ·73 -3 -2 -4 -2 
Helsingfon; 22 ·1 +3 +4 +8 +3(d) 
Alicante 22·1 -23 -22t -20 -25t 
Upsala 22·8 -1 +1 -4 -1 

Kew 23 ·7 0 +2 +1 +5 
Almeria 23·89 -2 +1 -4 0 
Oxford 24·4 -1 +2 -5 0 
Toledo 24·7 -5 -2 -5 0 
Granada 24·8 -2 +1 -5 0 

Malaga 25·4 -2 +1 +2 +8 
Bidston 26·0 -1:{ -6 
Bergen 26·4 -29 -25 -4 +3 
San Fernando 26·9 -4 0 -6 +l 
Edinbnrgh 27 ·1 -1 +4 + 1.5 +2(d) 

Dy ce 27 ·4 +14 O(d) 
Ekaterinburg 28 ·6 -3 +2 -5 +3 
Tashkent 31 ·8 -3 +3 -12 -3 
Entebbe 38 ·2 -9 -5 -18 -11 
Scoresby Sund 41 ·3 0 +4 -:~ +3 

Bombay 43 ·4 -2 +2 +3 +8 
Irkutsk 53 ·17 +1 +3 +9 +Il 
Tananarive 59 ·9 +5 +5 
Phu-Lien 68 ·9 +1 0 +2 0 
Ottawa 71 ·9 +l -1 

Zi-ka-wei 74 ·O +1 0 
Ithaca 74 ·1 +1 -2 
Toronto 75·0 +2 -1 
Georgetown 76·6 +6 +6 +8 +5 
Chicago 80 ·7 +4 +13 0 +9 

Cincinnati 80·8 +1 -3 
St. Louis 84·4 +2 +3 0 -4 
Yicto1fa 89·8 +8 +4 

Other readings : 

6. P' SKS SKKS pp PS SS 
0 

Jena 17·1 +2 
Konigsberg 17·5 +9. 16 
Feldberg 18·2 +6 
Barcelona 20·0 +10 
Kew 23·7 +32 

Oxford 24·4 -5 
Dy ce 27-4 +7 
Scoresby Sund 41·3 +7 +14 
Georgetown 76·6 -5 
St, Louis 84-4 +I +13 
Sucre 103-9 -18 
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1928 April 14d. 8h. 59m. 43s., + 18s. =9h.Om.ls. Z taken =0. 

I.S.S. Epicentre 41°·7N. 26°·3E. Revised Epicentre 42°·2N. 25°·7E. 

A=+ ·6674, B=+·3213, 0=+·6717. 

D. Pv Pw Sv Sw 

Belgrade 4·6 -7 -7 +9 +9 
Sarajevo 5·6 -4 -4 -47 -47 
Yalta 6·4 0 0 +6 +6 
Budapest 7·0 +7 +7 
Sebenico 7 ·3 +7 +7 +18 +18 

Theodosia 7 ·4 +4 +4 +9 +9 
Lemberg 7 ·7 +IO +10 +19 +19 
Zagreb 7 ·8 +1 +1 -34 -34 
Pompeii 8·4 +6 +6 +6 +6 
Naples 8·6 +8 +8 -17 -17 

Graz 8 ·7 -2 -2 +12 +12 
Vienna 8·9 -2 -2 -12 -12 
Laibach 9 ·O +1 +1 +32 +32 
Rocca di Papa 9 ·7 0 0 -36 -36 
Florence 10·6 +5 +5 +18 +18 

Innsbruck 11 ·4 -7 -7 +17 +17 
Ksara 11 ·5 +3 +3 +48 +48 
Chur 12 ·3 +3 +3 +82 +82 
Ravensburg 12 ·6 +2 +2 -54 -54 
Jena 12 ·8 0 0 +5 +4 

Helwan 13 ·1 +1 +1 +25 +24 
Konigsberg 13 ·1 0 0 +8 +7 
Zürich 13·2 0 0 +11 +10 
Potsdam 13·2 +2 +2 +8 +7 
Hohenheim 13 ·3 0 0 -37 -38 

Moncalieri 13 ·3 -2 -2 +33 +32 
Neuchâtel 14 ·2 -1 -1 +15 +14 
Strasbourg 14·2 -3 -3 +15 +14 
Grenoble 14·7 +4 +4 +16 +15 
Besançon 14·9 -1 -1 +13 +12 

Marseilles 15·0 +3 +2 +28 +27 
Hamburg 15·4 +2 +1 +19 +18 
Kucino 15 ·7 -7 -8 +8 +7 
Lund 15·9 -3 -4 
Copenhagen 16·1 -2 -3 -1 -3 

Puy de Dôme 16 ·7 -4 -5 +8 +6 
Uccle 17 ·O +1 0 +11 +9 
De Bilt 17 ·1 +1 0 +14 +12 
Barcelona 17 ·5 +1 0 +16 +14 
Paris 17 ·5 +1 0 +8 +6 

Pulkovo 17 ·7 +1 0 +3 +1 
Helsingfors 18·0 -1 -2 +25 +23 
Baku 18 ·2 +6 +5 +17 +15 
Algiers 18·2 +2 +1 +3 +1 
Upsala 18·3 0 -1 +3 +1 

Bagnères 18 ·7 +2 +1 +2 -1 
Tortosa 18 ·8 +3 +2 +9 +7 
Kew 19·9 +3 +3 +15 +14 
Alicante 20 ·2 +5 +5 +14 +14 
Oxford 20 ·7 -1 -1 +7 +3(d) 

Stonyhurst 21 ·9 -10 -9 +8 +3(d) 
Almeria 22·1 +8 +9 +16 +ll(d) 
Bergen 22 ·1 +8 +9 
Bidston 22 ·2 +3 +4 +5 O(d) 
Toledo 22·4 0 +1 +9 +3(d) 

Uontinued on ne:d page. 
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!:::, Pv Pw Sv Sw 

Edinburgh 22·7 +6 +8 +15 +9(d) 
Granada 22·9 +2 +4 +IO +3(d) 
Malaga 23 ·8 -3 0 +8 O(d) 
San Fernando 25·1 -5 -2 -2!) -24 
Ekaterinburg 26 ·5 -1 +3 -10 -3 

Tashkent 32 ·l -1 +5 +27 +36 
Reykjavik 34 ·8 +4 +12 
Scoresby Sund 36·8 () +5 +9 +17 
Entebbe 42 ·4 +3 +6 -24 -18 
Bombay 45 ·9 +2 +5 +5 +9 

Irkutsk 51 ·6 +1 +3 0 +2 
Calcutta 54 ·9 -16 -15 
Kodaikanal 55 ·2 +IO +11 
Colombo 59·2 0 0 -7 -7 
Tananarive 64·3 +3 +2 -1+5 -2+4 

Harvard 67 ·1 +21 +20t +H +13t 
Ottawa 68·1 +1 0 +6 +4 
Johannesburg 68 ·2 +I -1 
Phu-Lien 69·5 +3 +2 +7 +5 
Ithaca 70 ·2 +3 +2 +9 +7 

Toronto 71 ·2 +I 0 +l -1 
Georgetown 72·8 -6 -7 -:rn -42 
Zi-ka-wei 73 ·5 +2 +1 +13 +10 
Hong Kong 74·0 +5 +4 
Charlottesville 74 ·6 +I 0 +34 +31 

Ootomari 74 ·9 +8 +5 
Cape Town 75 ·l -34 -37 
Chicago 76 ·7 +1 +l +4 +I 
Cincinnati 76·9 +2 +2 -25 -28 
Hukuoka 77 ·6 -6 -9 

Toyooka 78 ·8 +5 +5 +18 +15 
Sumoto 79 ·4 -66 -66* 
Osaka 79·8 +14 +14 +36 +33 
St. Louis 80·4 +2 +2 +5 +1 
Manila 84·0 +6 +7 

Spokane 84·5 +I +2 +7 +3 
Victoria 85·4 +1 +2 +Il +7 
Batavia 87·6 -9 -8 +Il +7 
Tucson 95·5 0 +2 

Other readin11s : 
!:::, P' SKS SKKS pp PS SS 

Toledo 22-4 +5 +25 
Scoresby Sund 36·8 +4 
Tananarive 64·3 +16 +I 
Chicago 76·7 -21 
Cincinnati 76·9 +3 

Osaka 79·8 +1 
St. Louis 80·4 +6. 12 
Manila 84·0 -1 +8 
Spokane 84·5 +19 
Victoria 85-4 +5 

Batavia 87·6 +4 -16 
Rio de Janeiro 90·8 -7+1 +9 
Lick 95·0 -12 
Tucson 95·5 -7 -JO 
Sucre 103'2 +9 

La Paz !03·9 +5 
Adelaide 128·4 -27 +14 

Also 134°·3 (Melbourne) PKS-12. 
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1928 April 18d. 19h. 22m. 37s. + 19s. =22m.56s. Z=+l. 

I.S.S. Epicentre 41°·7N. 26°·3E., revised later to 41°·8N. 25°·0E. 
First Revised Epicentre 42°·4N. 24°·9E. Final Epicentre 42°·2N. 25°·2E. 

A=+ ·6704, B = + ·3154, C=+·6717. 

!::. Pv Pw Sv Sw 

Belgrade 4 ·3 -1 -1 +15 +15 
Sarajevo 5 ·2 +13 +13 -23 -23 
Budapest 6 ·8 +4 +4 
Sebenico 6·9 +2 +2 +31 +31 
Yalta 7 ·0 -2 -2 -1 -1 

Zagreb 7 ·5 0 0 -1 -1 
Lemberg 7 ·7 -3 -3 
Theodosia 7·9 +1 +1 +3 +3 
Pompeii 8 ·2 +7 +7 +8 +8 
Naples 8 ·4 -1 -1 -21 -21 

Graz 8 ·4 -2 -2 +15 +15 
Laibach 8 ·5 0 0 
Vienna 8 ·6 -3 -3 
Rocca di Papa 9 ·3 -2 -2 
Venice 9 ·8 +2 +2 

Florence 10·3 0 0 +18 +18 
Makeyevka 10·8 -3 -3 +4 +4 
Innsbruck 10·9 -2 -2 +15 +15 
Ksara 12·0 0 0 +37 +37 
Chur 12·0 0 0 

Ravensburg 12·2 +4 +4 -32 -32 
Jena 12 ·7 -4+2 -4+2 -8-4 -8-4 
Zürich 12·8 0 0 +8 +8 
Hohenheim 12 ·8 +5 +5 -19 -19 
Moncalieri 12 ·9 -1 -1 

Konigsberg 13·0 -2 -2 
Potsdam 13 ·0 +2 +2 
Helwan 13 ·4 -3 -3 +5 +4 
Neuchâtel 13 ·7 -1 -1 +8 +7 
Strasbourg 13 ·7 -1 -1 +12 +11 

Feldberg 14 ·O 0 0 +12 +11 
Grenoble 14·3 -14 -14 -6 -7 
Besançon 14 ·4 -1 -1 +9 +8 
Marseilles 14·5 +6 +6 +10 +9 
Hamburg 15·1 +1 0 +14 +13 

Lund 15·5 -1 -2 0 -1 
Copenhagen 15·8 -3 -4 +l 0 
Kucino 15·9 -2 -3 +22 +21 
Puy de Dôme 16·3 -6 -7 +10 +8 
Uccle 16·5 +5 +4 

De Bilt 16·6 +4 +3 +14 +12 
Paris 17 ·0 +2 +1 +13 +11 
Barcelona 17 ·l 0 -1 +15 +13 
Pnlkovo 17 ·9 -4 -5 -10 -12 
Algiers 17 ·9 +l 0 +4 +2 

Helsingfors 18 ·O -14 -15 -3 -5 
Upsala 18·2 -2 -3 +1 -1 
Bagnères 18·2 +3 +2 +12 +10 
Tortosa 18·4 0 -1 +9 +7 
Baku 18·6 +5 +4 

Kew 19·5 +2 +l +9 +8 
Alicante 19·9 +4 +4 +7 +6 
Oxford 20 ·2 +3 +3 +4 +l(d) 
Stonyhurst 21 ·5 0 +1 +4 O(d) 
Bidston 21 ·7 +3 +4 +6 +l(d) 

Bergen 21 ·8 -21 -20t -16 -2l(d)t 
Aime ria 21 ·9 +7 +8 +IO +5(d) 
Toledo 22·0 -1 0 +5 O(d) 
Edinburgh 22·7 +1 +2 +4 -2(d) 
Malaga 23 ·4 -4 -2 +6 -l(d) 

ConUnued on next page. 
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6. Pv Pw Sv Sw 

San Fernando 24·8 -8 -5 -11 -6 
Ekaterinburg 26 ·8 -1 +3 -7 0 
Tashkent 32 ·6 -72 -66* -68 -59* 
Scoresby Sund 36·7 -1 +4 +1 +9 
Entebbe 42 ·7 -9 -5 -14 -9 

Bombay 46·4 +9 +12 +21 +25 
Hyderabad 51 ·4 0 +2 -2 0 
Irkutsk 52·0 -1 +1 -7 -5 
Calcutta 55·6 -4 -3 +8 +9 
Tananarive 64·8 -1 -2 0 -1 

Harvard 66 ·8 +14 +13 
Ottawa 67 ·6 +1 0 +4 +2 
Itha0a 69 ·9 +5 +4 +8 +6 
Phu-Lien 70 ·1 +4 +3 +1 -1 
Toronto 70 ·7 +3 +2 0 -2 

Georgetown 72 ·5 +4 +3 
Zi-ka-wei 73 ·8 +6 +5 +12 +9 
Charlottesville 73·9 +6 +5 +4 +1 
Hong Kong 74 ·6 +3 +2 +10 +7 
Ootomari 75 ·3 +6 +6 +2 -1 

Cape Town 76 ·4 +11 +11 -7 -10 
Chicago 76·4 +6 +6 +4 +1 
Cincinnati 76·6 +1 +1 +8 +5 
Hukuoka 78 ·0 +1 +1 
Nagasaki 78·2 +12 +12 +8 +5 

Toyooka 79·2 +9 +9 +13 +10 
Kobe 80 ·0 +7 +7 
Sumoto 80·1 +1 +1 
Mizusawa 80 ·1 +5 +5 +10 +6 
St. Louis 80·1 +1 +1 +2 -2 

Osaka 80 ·3 +13 +13 +9 +5 
Spokane 84 ·2 +5 +6 +4 0 
Manila 84 ·5 +5 +6 
Victoria 85·2 +3 +4 
Batavia 88 ·1 -5 -4 +2 -2 

~Ialabar 89 ·3 +5 +6 -1 -5 
Rio de Janeiro 90 ·6 -3 -1 +1 -3 
Berkeley 94 ·3 +4 +6 +7 +2 
Lick 94·8 +7 +9 +3 -2 
Tucson 95·2 +9 +11 +7 +2 

Other readings : 
6. P' SKS SKKS pp PS SS 

Scoresby Sund 36·7 +4 -9 
Ottawa 67·6 +23 
Georgetown 72·5 +4 +29 
Charlottes ville 73·9 +7 
Cincinnati 76·6 +6 +19 

St. Louis 80·1 -11. 6 +17 
Spokane 84·2 +2 +6 
Victoria 85·2 +3 
Denver 86·4 -4 -54 
Batavia 88·1 +5 +2 

Tucson 95·2 -3 +9 +15 +19 
Sucre 102-9 -2 
Penh 1 JI ·3 +16 
Honolulu T .H. 116·0 + 13 +14 
Adelaide 128·8 -4 
Riverview 137-4 +57 

Also 137°·4 (Riverview) PKS-1. 

Note.-The epicentre is only 0°·5 from the last, 
residuals shows that the difl'erence is real. 

but direct comparison of the 
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1928 May 2d. 2lh. 54m. 2ls. + 14s. =54m. 35s. z =0. 

I.S.S. Epicentre 39°·7N. 29°·3E. ReviF;ed Epicentre 39°·60N .. 29"·1 E. 

A=+ ·6733, B = + ·3747, c = + ·6374. 

!::. Pv Pw Sv Rw 

Yalta 6·18 -5 -5 -1 -1 
Theodosia 7·14 -1 -1 +.5 +5 
Ksar a 7 ·92 +1 +1 +14 +14 
Belgrade 8·24 -5 -5 + 17 t 22 +17+22 
Mostar 9·24 +62 +62* 

Helwan 9·92 -3 -3 -6 -6 
Makeyevka 10 ·55 0 0 +9 +9 
Budapest 10·73 +10 +10 +10 +10 
Lemberg 10 ·87 -8-2 -8-2 
Pompeii 11 ·2 -1 -1 +4 +4 

Zagreb 11 ·4 0 0 +2 +2 
Naples 11 ·5 0 0 +IO +10 
Graz 12·3 +2 +2 -44 -44 
Vienna 12·6 -12 -12 +6 +6 
Rocca di Papa 12 ·7 --3 -3 +2.5 +25 

Venice 13·6 +3 +3 +9 +8 
Florence 14 ·0 -1 -1 
Innsbruck 14·9 +4 +4 +50 +49 
Baku 15 ·8 +7 +6 +33 +32 
Chur 15 ·9 0 -1 +14 +13 

Ravensburg 16·2 +2 +1 +15 +13 
Kônigsburg 16·3 0 -1 +3 +1 
Moncalieri 16 ·7 -1 -2 +11 +9 
Zürich 16 ·7 +6 +5 +12 + 10 
Jena 16 ·8 +58 +57* +2+fi 0 +J 

Hohenheim 16 ·8 - 1 - 2 +7 +5 
Potsdam 16 ·9 0 -1 -6,0 -8-2 
Kucino 17 ·1 -11 -12 -1 -3 
Strasbourg 17 ·7 -2 -3 +9 +7 
Feldberg 18 ·O -2 -:~ +1+8 -1+6 

Grenoble l 8 ·1 +5 +.J- +12 +IO 
Besançon 18 ·3 +l 0 +13 +11 
Hamburg· 19 ·2 0 -1 -1 -3 
Lund 19 ·2 +1 0 -1 -3 
Copenhagen 19·5 +l 0 0 -1 

Pulkovo :.!O ·2 -3 -3 +3 -l(d) 
Barcelona 20 ·5 +3 +3 +3 -l(d) 
Uccle 20 ·5 -1 -1 +7 +3(d) 
Helsingfors 20 ·7 +2 +2 +7 +3(d) 
Algiers 20 ·7 -4 -4 +7 +3(d) 

De Bilt :W·8 -3 -3 +5 +l(d) 
Paris 21 ·0 0 0 +4 O(d) 
Upsala 21 ·6 -3 -2 -4 -2 
Bagnères 21 ·8 +35 +36 +10 +5(d) 
Tortosa 21 ·8 -1+3 0 +4 +6 +l(d) 

Alicante 23·0 +2 +4 +7 O(d) 
Kew 23 ·5 -3 -1 -2 +10 +2,+3(d) 
Oxford 24 ·2 -6 -3 -5 -1 
Almeria 24·8 -4 -1 -18 -13 
Toledo 25·4 -5 -1 -7 -1 

Bergen 25·6 -1 +3 +27 +33 
Stonyhurst 25·6 +12 +16 +2 +8 
Granada 25 ·7 -4 0 -3 +3 
Bidston 25 ·8 -3 +1 -11 -5 
Malaga 26·4 -28 -24t -35 -28t 

Ekaterinburg 26·7 -2 +2 -2 +6 
Edinburgh 26 ·8 -4 0 +9 -2(d) 
San Fernando 27 ·9 -16 -11 -33 -25 
Scoresby Sund 40 ·4 -3 +1 -1 +5 
Bombay 42·8 -2 +2 -1 +4 

Continued on next page. 
B 
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!:, Pv Pw Sv Sw 
0 

Hyderabad 47 ·9 +1 +4 +4 +7 
Irkutsk 51 ·3 +1 +3 +4 +6 
Kodaikanal 51 ·9 +20 +22 
Phu-Lien 67 ·5 -2 -3 -1 -2 
Ottawa 71 ·7 +1 -1 

Zi-ka-\vei 72 ·3 +1 0 +9 +7 
Toronto 74 ·8 +1 -2 
Georgetown 76 ·5 +1 +1 +4 +1 
St. Louis 84·0 -7 -6 
Victoria 88 ·8 +3 -1 

Other readings 
!:, P' SKS SKKS pp PS SS 

Scoresby Sund 40·4 +8 
Toronto 74·8 -22 
St. Louis 84·0 +2 +23 +5 
La Paz 106·0 +32 

1928 Oct. 15d. 14h. 1!.Jm. 32s. + 14s. =19m. 46s. Z=+l. 

I.S.S. Epicentre 28°·5N. 66°·3E. Revised Epicentre 28°·6N. 67°·2E. 

A=+ ·3402, B = + ·8094, C = + ·4787. 

!:, Pv Pw Sv Sw 

Dehra Dun 9·6 -15 -15 -58 -58* 
Bombay 10·86 -5 -5 +52 +52* 
Tashkent 12·82 -1 -1 
Hyderabad 15·22 0 -1 -7 -8 
Frunse 15·6 -2 -:~ -2 -3 

Alma ta 16·7 -35 -36 
Baku 18·45 +2 +1 +4 +2 
Calcutta 20·05 0 0 -11 +12 -11+12 
Kodaikanal 20·73 +25 +25 
Colombo 24·8 -6 -3 +11 +2(d) 

Ksara 27 ·20 -1 +4 -1 +6 
Ekaterinburg 28·62 -4 +1 -12 -4 
Theodosia 29·99 -7 -1 +72 +80 
Yalta 30·64 -3 +3 
Simferopol 30·81 -5 +1 

Sebastopol 31 ·1 -10 -4 
Helwan 31 ·22 -5 +I -3 +6 
Kueino 34·23 -5 0 -15 -6 
Irkutsk 36·20 -4 +1 -4 +4 
Phu-Lien :16·50 --3 +2 -8 0 

Lemberg 38·8 +12 +16 
Pulkovo 39·90 -3 +1 -5 +2 
Belgrade 40·18 -14 -10 -3 +3 
Budapest 41 ·5 0 +4 +3 +9 
Konigsberg 42·4 -4 0 -5 +1 

Helsingfors 42·4 -3 +1 +2 +8 
Hong Kong 42·7 -9 -3 
Vienna 43·4 -5 -1 -3 +2 
Zagreb 43·5 -3 +1 -8 -3 
Entebbe 43·77 -3 +1 -4 +1 

Graz 43 ·8 +9 +13 
Pompeii 44·3 +3 +6 -32 -27 
Naples 44·5 +2 +5 -7 -2 
Upsala 45·6 -11 -8 -5 -1 
Rocca di Papa 45·7 -5 -2 -3 +1 

Continued on next paoe. 
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6 Pv Pro Sv 8m 

Venice 45 ·9 -1 +1 
Potsdam 46·1 -2 +1 +5 +9 
Innsbruck 46 ·6 -9 -6 -34 -30 
Zi-ka-wei 46·6 -2 +1 -1+5 +3+!J 
Florence 46 ·7 -15 -12t -20 -16t 

Jena 46·7 0 +3 +1 +5 
! ... und 46·7 -3 0 -1 +3 
Copenhagen 47 ·1 -4 -1 -3 +1 
Chur 47·9 -9 -6 --3 0 
Ravensburg 47 ·9 -2 +1 -42 -39 

Hamburg 48·1 -:~ 0 -3 0 
Hohenheim 48 ·2 -4 -1 -46 -43 
Zürich 48·7 -4 -1 -- 7 -4 
Feldberg 48·7 +1 +4 +8 +11 
l\foncalieri 49·2 -6 --3 -59 -56* 

Strasbourg 49 ·2 -4 -1 -3 0 
Besançon 50 ·3 -3 -1 -9 -6 
De Bilt 50 ·9 0 +2 +3 +5 
Tananarive 51 ·17 -7 -5 -10-5 -8-3 
Uccle 51 ·3 -1 +l +5 +7 

Bergen 51 ·6 +2 +4 +11 +13 
Manila 51 ·5 +18 +20 +6 +8 
Batavia 51 ·6 -12 -10 
Paris 52 ·6 0 +2 -1 +1 
Nagasaki 53 ·3 +6 +8 

Harcelona 53 ·5 -3 -1 -1 -tl 
Algiers 53 ·7 -4 -3 -5 -:{ 
Kew 54 ·2 0 +1 +3 +.5 
Tort osa 54 ·8 -3 -2 +2 +3 
Dy ce 55·2 +14 +15 +6 +7 

Stonyhur8t 55 ·4 +2 +3 +3 +4 
Bidston 55 ·8 +2 +3 +5 +6 
Edinburgh 55 ·8 +7 +8 +2 +3 
Alicante 56 ·1 +2 +3 +3 +4 
Sumoto 57 ·0 0 0 +7 +8 

Kobe 57 ·1 +2 +2 +6 +7 
Osaka 57 ·4 +2 +2 +10 +Il 
Almeria 57 ·9 -2 -2 -1 0 
Toledo 58·4 -1 -1 +3 +3 
Nagoya 58·4 -22 -22 +4 +4 

Granada 58·8 -:1 -:~ +1 +1 
.Malaga 59·5 -22 -22 -;) -3 
Ootomari 60 ·2 -5 -5 
Mizusawa 60 ·6 +4 +3 +4 +4 
San Fernando 61 ·0 0 -1 +3 +3 

Scoresby Sund 62 ·91 +3 +2 +15 +15 
Perth 76 ·1 +25 +22 
Ottawa 98 ·6 +4 0 
Toronto 101 ·5 0 -4 
Georgetown 104·6 --2 +2 
Cincinnati 107 ·4 -4 

Other readings : 

6 P' SKS SKKS pp PS SS 
0 

Ksara 27-20 -2 
Theodosia 29·99 +I 
Belgrade 40·18 -35 
Konigsberg 42-4 +6 +23 
Hong Kong 42-7 +17 

Vienna 43-4 -12 -59 
Zagreb 43·5 +10 +24 
Upsala 45-6 +1 +16 
Zi-ka-wei 46·6 +12 +35 
Florence 46·7 +41 

Uontinued on next paye. 
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/.:). P' SKS SKKS pp PS SS 
0 

Jena 46·7 +14 
Lund 46·7 +8 -42+ 18 
Copenhagen 47·1 +5 
Ravensburg 47-9 -9+27 
Hamburg 48·1 +17 

Hohenheim 48·2 -14+18 -64 
Feldberg 48·7 +38 
Strasbourg 49·2 +3 
DeBilt 50·9 +7 
Tananarive 51·17 +7 

Uccle 51·3 +16 
Bergen 51·6 +20 
Kew 54·2 +47 
Granada 58·8 +1 
Ootomari 60·2 +57 

Mizusawa 60·6 -8 
Scoresby Sund 62·91 -9 
Adelaide 92·2 -7 
Melbourne 98·3 -6 +3 -46 
Ottawa 98·6 -4 +8 

Sydney 101·0 -47 
Toronto 101·5 -5 
Victoria 102·8 0 -26 
Ann Arbor 104·2 -3 +li +4 
Georgetown 104-6 +4 +11 

Chicago 105·9 -76 
Charlottesville 106·0 -6 
Cincinnati 107-4 +1 +6 
Florissant 109-4 -4 0 +9 
Rio de Janeiro 117·8 +20 

Tucson 119·2 -53* -50* 
Sucre 135-7 +6 0 
La Paz 137·2 +2 

Alsol35°·7, PKS-21; 137°·2, PKS-14. 
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EPICENTRES IN NORTH AND CENTRAL AMERICA, 

WITH THE NORTH ATLANTIC. 

1924 ).Jar. 4d. lOh. 7m. 36R. + 17s. = 7rn.53s. 7, =0. 

I.S.S. Epicentre 9° ·5N. 84° ·OW. First Revised Epicentre 9°·8N. 84°·3W. 
l<~inal Epicentre 9°·9N. 83°·9,V. 

A=+ ·1047, B - ·9795, 0=+·1719. 

6. Pv Pw Sv Seo 

Balboa He:ights 4·4 -16-6 -16-6 -4 -4 
Port au Prince 14·2 0 0 +36 +35 
Tacubaya 17 ·6 -- 7 -8 +6 +4 
Porto Rico 19 ·7 +11 +IOt +19 + 16(d)t 
St. LouiR 29·3 -2+3 +4+9 

Cheltenharn 29 ·5 +5 +16 +11+22 -9 -1 
Georgetown 29·6 -11 -5 -9-1 -1+7 
\Vashington 29 ·6 -8 -2 -3 +5 
La Paz 30 ·7 -1 +5 -1 +8 
Chicago 32·1 +2 +8 -9 0 

Ann Arbor 32 ·4 -7 -1 -7 +2 
Ithaca 33·2 -6 0 -5 +4 
Tucson 33 ·5 -9 -3 -10 -1 
Toronto 34 ·O -19 -9 -13-3 -8 0 
Northfield 35·6 -2 +3 -3 +5 

Ottawa 36 ·2 -6 -1 -8 0 
Halifax 38 ·8 -2 +4 +8 +15 
Lick 43 ·6 -4 0 -22 -18 -17 -13 
Berkeley 44·3 -8 -5 -3+3+10 +2+8+15 
Victoria .50 ·7 -6-2 -4,0 + 14 +29 +17+32 

La Plata 51 ·l -4 -2 -4+4 -2+6 
Rio de Janeiro 51 ·6 -4 -2 -3 -1 
Honolulu 71 ·6 +27 +26 -1 +33 -3 +31 
Lis bon 72 ·O +6 +4 
San Fernando 74·4 +1 0 +9 +6 

Granada 76·4 +2 +2 +7 +4 
Eskdalemuir 76·6 -2 -2 
Bidston 76 ·6 -79 -79 -4 -7 
Edinburgh 76 ·6 +3 +3 -1 -4 
Stonyhurst 77 ·O +8 +5 

\Vest Bromwich 77 ·3 -6 -() +4 +1 
Oxford 77 ·7 -4 --4 +3 0 
Tortosa 79·6 0 0 +6 +2 
Paris 80·2 +1 +1 +3 -1 
Barcelona 80·6 +11 +11 +4 0 

Uccle 81 ·3 -3 -3 0 -4 
Alg:iers 81 ·7 0 0 +1 -3 
De Bilt 81 ·7 0 0 +4 0 
Strasbourg 83·7 -5 -4 0 -4 
Moncalieri 84·2 -11 -lOt -9 -13 

Hamburg 84·3 -4 -3 -1 -5 
Zür:ich 84·4 -4 -3 -1 -5 
Innsbruck 86·3 +5 +6 +11 +7 
Florence 86·9 +3 +4 
UpRala 87 ·1 -6 -5 +5 +1 

Venice 87 ·3 -7 -6 +3 -1 
Rocca di Papa 88·3 +2 +19 +3+20 +7 +3 
Vienna 89 ·4 -1 0 +7 +3 
Pompeii 89·9 -34 -33 
Belgrade 93·0 +59 +61* 

Pulkovo 93·2 -1 +1 +22 +18 
Athens 97 ·5 -35 -32t 
p;katerinburg 107 ·2 +61* 

Continu.cd on next pa.ge, 
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Other readings : 
,6. P' SKS SKKS pp PS SS 

La Paz 30·7 -14+10 +3 
Lick 43·& -28 
Rio de Janeiro 51·6 +5 
Honolulu 71·6 -38 
Bidston 76·6 -14 

Edinburgh 76·6 +30 
Stonyhurst 77·0 +30 
Paris 80·2 -21 
Uccle 81-3 +14 
Strasbourg 83-7 +7 +17 

Hamburg 84·3 +3 + 10 
Zürich 84-4 +3 
Florence 86·9 -5 
Vienna 89·4 +1 +21 
Belgrade 93·0 +4 

Pulkovo 93·2 -1 -2 -'l.9 
Athens 97·5 -14 
Kucino 98·7 -21 
Wellington 104-9 -25 +26 +25 +32 
Cape Town 105-8 -6 +12 

Helwan 106·3 -33 -3 +8 
Ekaterinburg 107-2 +7 +2 + 10 
Baku 114·0 +1 +46 
Riverview 124·3 +50 15 +30 
Zi-ka-wei 132-4 -8 

Bombay 143·2 -5 
Hong Kong 143'3 +57 
Manila 145·2 -1 
Calcutta 146·7 + 10, 30 
Hyderabad 147·6 -12 

Perth 151 ·3 +71 +10 
Batavia 168·7 +47 +21 

Also 133°·9 (Adelaide), PKS-9; 147°·6, SKSP+ 13. 

"'.\1ean P residual ( ,6. > 70°), 0 ; 8, (); SKS, O. 

1924 May Id. 19h. 54m. 15s. + Hs. =54m. 29s. Z=-1. 

I.S.S. Epicentre 14°·0N. 89°·0W. Revised epicentre 12°·7N. 88°·15"'· 

~'- = + ·0316, B = - ·9750, c = + ·2198. 

,6. Pv Pw s,. Sw 

'Tera Cruz 7 ·7 +16 +16 
Balboa Heights 9 ·O +16 +16 
Tacubaya 12 ·6 -14 -14 -8 -9 
Port au Prince 16 ·3 +5 +4 +40 +:rn 
.'.\fobile 18 ·O -H -45 -:rn -32 

~Iazatlan 20 ·3 -14 -14 -5 -5 
Porto Rico 22·7 -2 0 +12 +6(d) 
St. Louis 26·0 -2 +2 -4 +2 
Clheltenham 27 ·9 -6 -1 -16 -8 
Georgetown 28 ·O -11--7 -6-2 --6 +4 +2 +12 

Washington 28·0 +17 +22t +21 +29t 
Tucson 28 ·6 -9 -4 +4i +55 
Chicago 29 ·l -8 -2 -H -6 
Ann Arbor 29 ·9 -9 -:l --1;') -7 
Denver :rn ·8 -17 -1:{ 

Ithaca 31 ·4 -;j +I +25 +34 
Toronto 31 ·9 -7 -1 -11 -2 
Northtield 34·2 -3 +2 -6 +2 
Ottawa 34·4 -3 +2 -4 +4 
La Paz 35 ·3 -7-3 -2+2 -2 +6 

Continued on ne:rt par,e, 
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L Pv Pw s,. Sw 

Halifax 38·2 0 +4 0 +7 
Berkeley 39 ·4 -1.5 -11 -17 -10 
Victoria 46·1 -7 -4 -7 -3 
La Plata 55 ·(j -8 -7 -12-4 -11-3 
Rio de Janeiro .56·6 -2 -1 0 +1 

Sitka 57 ·O 0 0 +8 +9 
Honolulu 66 ·7 -51 -52 -83 -84 
Lishon 73 ·6 +2 -1 
San Fernando 76 ·1 +5 +.5 +11 +8 
Edinburgh 76 ·7 +7 +7 +2:1 +20 

Dy ce 77 ·2 -3 -3 -3 -6 
Stonyhurst 77 ·2 -2 -2 0 -3 
Toledo 77 ·4 -10 -lût -11 -14t 
Oxford 78 ·1 +1 +1 -5 -8 
Granada 78 ·1 +1 +1 +5 +2 

Tortosa 80 ·7 -1 -1 +2+9 -2+5 
Paris 80 ·9 +1 +1 +7 +3 
Uccle 81 ·8 -4+1 -4+1 -2+7 -6+3 
Barcelona 81 ·8 0 0 +4 0 
De Bilt 82 ·O +1 +1 +2 -2 

Algiers 3;3 ·4 +1 +2 
Besançon 83 ·5 +3 +4 
Strasbourg 84 ·4 -:1 +2 -2+3 
Hamburg 84 ·.5 -2 -1 
l\foncalieri 85 ·1 +17 +18 +2 -2 

Zürich 85 ·2 +2 +3 +1 -3 
Upsala 86 ·7 -4 -:3 
Innsbruek 87 ·O -1 () 

Florence 87 ·!J -:~ -2 
Rocca di Papa 8!J ·.5 +2 +:{ 

Vienna 89·9 -2 +30 -1 +31 
Kônigsberg 90 ·O -1 0 
Pulkovo 92·5 -5 -3 
Kucino 98 ·1 -3 0 
Ekaterinburg 105 ·8 -12 -7 

Helwan 107 ·9 +25 
Irkutsk 114 ·1 -12 
Baku 114 ·3 -4 
Melbourne 126 ·7 -21 

Other readings : 

L P' SKS SKKS pp PS SS 

St. Louis 26·0 +12 
Toronto 31·9 +49 
Ottawa 34-4 -14+4 
La Plata 55-6 -4 -15-8 
Oxford 78·1 +4 

Granada 78·1 -4 
Paris 80·9 -26 
Uccle 81·8 0 +2 
Barcelona 81·8 -1 +19 +46 
DeBilt 82-0 -2 +28 

Aliriers 83-4 0 
Besançon 83·5 -1 
Strasbourg 84-4 -8 +9 +24 
Hamburg 84·5 +I 
Upsala 86·7 -3 +3 

Innsbruck 87-0 0 
Florence 87·9 -17 
Rocca di Papa 89·5 -2 
Vienna 89·9 -2 -21+42 
Konigsberll 90·0 -5 +7+23 

Continued on next vaue. 
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Pulkovo 92·5 
Lemberg . 94·0 
Kucino 98·1 
Athens 98·7 
Wellington 103-6 

Ekaterinburg 105·8 
Helwan 107·9 
Cape Town 110·7 
lrkutsk 114·1 
Baku 114·3 

Hong Kong 138·7 
Manila 140·3 
Bombay 143·3 
Perth 150·8 
Batavia 163-9 

Also 143°·3. PKS-18. 

P' SKS 

-7 
-8 
-5 
-5 
-13 

-63 -13 
-4 

-66-46 
-3+5 

-4 
-3 
-9 

+24 

Mean SKS residual -3. 

24 

SKRS 

-4 
+16 

pp 

0 
+40 

+17 
+17 

-5 

+8 

+8 

+16 

PS SS 

-41 

+5 

+23 
+6 +8 
+21 +63 

Note.-The P, S, and PP residuals at Uccle, as obtained from the I.S.S., were 
unusually large and negative, and Prof. Somville was consulted about the 
possibility of a clock error. He has very kindly read the reccords again, 
and his readings are given above. The movement at P - 4 may be the 
true P : in that event the larger one at P + 1 and those read at most of the 
other station,; are sP, as for shocks without primitive P movement. H is 
possible that the second and larger S movC'ment is the true S, and the 
earlier one a P wave generated when S entered the upper layerR. 

1925 Mar. ld. 2h. 19m. 12s., +9s. =19m.21s. ;!, = -1. 

!.S.S. Epicentre 48°·2N. 70°·8\Y. Retained. 

A=+·219, B = - ·629, C = + ·7 45. 

!:>, Pv Pw S·v Sw 

Ottawa 4·4 +2 +2 +6 +6 
Harvard 5 ·8 -8 -8 +11 +11 
Halifax 6·1 0 0 -3 -3 
Ithaca 7 ·0 -13 -13t -17 -17t 
Toronto 7 ·5 0 0 -1 -1 

Fordbam 7 ·6 -6 -6 -14 -14 
Georgetown 10 ·3 0 0 -3 -3 
Cheltenham 10·5 0 0 -4 -4 
Ann Arbor 10 ·8 +13 +13t +16 +16t 
Chicago 13 ·5 +2 +2 +2 +1 

St. Louis 17 ·O +4 +3 -1 -3 
Mobile 22·0 +9 +10 + 12 +7(d) 
Saskatoon 22·4 +14 +15t +29 +23(d)t 
Loyola 23·5 +61 +63* +67 +60(d)* 
Denver 25 ·8 +8 +12 - 71 -65* 

Victoria 34·2 -1 +4 +IO +18 
Vera Cruz 35·5 +12 +17 -63 -55 
Tacubaya 36·8 -2+2 +3+7 -3+1 +5+9 
Berkeley 38·3 -1+4 +3+7 +5 +10 +12+17 
I<Jdinburgh 40·6 -4 0 -6 0 

Eskdalemuir 40 ·7 -8 -4 -21 -15 
Bidston 41 ·5 -6 -2 -14 -8 
Stonyhurst 41·7 -5 -1 -2 +4 
\\Test Bromwich 42·4 -14 -10 +8 +14 
Bergen 43·4 -25 -21 

De Bilt 46·5 -3 0 -9 -5 
Paris 46·6 -4 -1 -2 +2 
Uccle 46·7 -4 -1 -4 0 
Toledo 47 ·2 -7 -4 -12 -8 
San Fernando 47 ·7 -:33 -30 -8 -4 

Continued on next page. 
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0 Pi, Pw Sv ~O) 

Hamburg 48 ·4 -1 +2 -5 -2 
l\:Ialaga 48 ·7 -6 -3 -~{ 0 
Granada 49·0 ~- :! +1 +2 +5 
Gpsala 49·2 ;{ 0 -1 +2 
Besançon 4-9·4- 4- -1 -3 () 

Tortosa 4-9 .,5 --2 0 -:1 0 
Strasbourg 4-9·7 -- 2 0 +1 +4 
Almeria 49 ·9 - 7 --5 -8 -.5 
Barcelona .50 ·2 -20 -18 -7 - 4 
~\licante !iO ·3 -!l -7 0 +:{ 

Hohenheim .50 ·5 -5 -:3 -:3 () 

Zürich 50·8 -:~ -1 +1 +4-
Ravensburg 51 ·1 -4 -2 -ll -8 
Moncalieri 51 ·6 +31 +:3:{ + 17 +19 
Innsbruck 52 ·5 6 -4 

Konigsberg 53 ·1 0 +2 +1 +3 
Algiers 53·5 - 8 -6 -8 -6 
Venice 54 ·O -- 2 - 1 -17 -15 
Florence 54 ·4- 4 -3 +7 +9 
Pulkovo .54 ·6 0 +1 +5 +7 

Vienna 54 ·7 -4 -3 -3 -1 
Zagreb 55·9 +3 +4 +3 +4 
Rocca di Papa 56 ·4 -2 -1 -10 -9 
Budapest 56·6 -2 -1 +8 +9 
Belgrade 59·0 +57 +57* 

Kucino 60·3 +58 +57* +62 +62* 
La Paz 64 ·7 -7 -8 -17 -18 
Ekaterinburg 67 ·4 +4 +3 +10 +9 
Piatigorsk 71 ·0 +9 +8 + 1.5 + 13 
Honolulu 72 ·4-

Rio de Janeiro 7 5 ·3 -7 -7 -10 -13 
Helwan 75 ·5 -2 -2 0 -3 
Baku 77 ·1 2 -2 +10 +7 
La Plata 83 ·8 0 +l -12 -If) 

Other readings : 
P' SKS SKKS pp PS SS 

Berkeley 38·3 -36 
Bidston 41 ·5 -7 -16+18 
Stonyhurst 41·7 +7 +23 
Uccle 46·7 +19 
Hamburg 48·4 +9 

Granada 49·0 -21 
Upsala 49·2 0 -42 
Strasbourg 49·7 +6 +30 
Zürich 50·8 -3 
Pulkovo 54·6 +7 

Vienna 54·7 +15 
Zagreb 55-9 +23 +34 
La Paz 64·7 -15 
Honolulu 72-4 +29 
La Plata 83-8 -1 

Zi-ka-wei 99·9 +I 
Bombay 105·5 -47 +12 
Hyderabad 106·8 +9 +32 
Hong Kong 109·3 +9 
Manila 116·4 -5 

Colombo 119·2 +13 
Riverview 145·8 +I 0 
Perth 162·9 -18 

Also 134°·4 (Wellington) PKS-16. 

The Saguenay River earthqnake ; see Hodgson, Trans. Roy. Soc. Canada, 21, 1927' 
145-152. 
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1925 June 28d. lh. 20m. 59s. + 15s. =2lm. Us. z = +1. 

I.S.S. Epicentre 46°·4N. 111°·2\V. Revised Epicentre 46°·5N. lll 0 ·ô\Y. 

A= - ·2534, B = - ·6400, c ·~ + ·7254. 

D. Pv Pw Sv Sw 

Victoria 8 ·1 -1 -1 +1 +1 
Berkeley 11 ·7 -2 -2 0 0 
Lick 11 ·8 -2 -2 +2 +2 
Santa Clara 11·9 -1 -1 
Tucson 14·3 +13 +13 -1 -2 

St. Louis 17 ·5 -1 -2 
Chicago 17 ·9 -7,0 -8-1 +2 0 
Sitka 17 ·9 +IO +9 +25 +23 
Ann Arbor 20 ·3 -5 -5 +8 +4(d) 
Toronto 22·8 -1 +1 +4+9+21 - 2(d) + 3(d) + 15(rl) 

Ottawa 24·8 -2 +1 -5 0 
Ithaca 25·2 +1 +4 +9 +5(d) 
Georgetown 26·2 -2 +2 -9 -2 
Cheltenham 26·5 -4+2 0 +6 -12 -8 -.5-1 
Fordham 27 ·6 -4 +1 -8 0 

Harvard 28·9 -3 +2 +5 +13 
Tacubaya 28·9 -5 0 +35 +4:~ 
Halifax 33·1 -8 -2 -4 +4 
Port au Prince 42·7 -6 -2 
Honolulu 4.5 ·1 -5 -2 -1 +3 

Dy ce 61 ·0 +2 +1 +1 +1 
~Jdinburgh 61 ·4 0 -1 +2 +2 
Bergen 61 ·6 -29 -30 -52 -52 
Eskdalemuir 61 ·7 +1 0 -1 -1 
Stonyhurst 63 ·1 +2 +I +2 +1 

\Vest Bromwich 64 ·2 +1 0 0 -1 
Oxford 65 ·O +3 +2 +5 +4 
Upsala 65 ·9 +2 +1 +2 +1 
Ootomari 66·4 +5 +4 
De Bilt 67 ·5 +3 +2 -1 -2 

Uccle 68 ·2 0 -1 +3 +1 
Hamburg 68 ·4 +1 0 +6 +4 
Paris 68 ·9 +1 0 -2 -4 
Pulkovo 69·3 +2 +1 
Lis bon 70 ·2 -15 -16t -17 -19t 

Konigsberg 70·9 +4 +3 +5 +3 
Strasbourg 71 ·3 -1 -2 +6 +4 
Besançon 71 ·6 0 -1 +5 +3 
Toledo 72·0 +1 0 +10 +8 
Zürich 72·6 0 -1 +4 +2 

San Fernando 73·6 -3 -4 +2 -1 
Tortosa 73·9 -1 -2 +3 0 
Moncalieri 74·0 -1 -2 +3 0 
Barcelona 74 ·1 -2 -3 +3 0 
La Paz 74·2 -7 -8 -4 -7 

Malaga 74·3 -1 -2 +1 -2 
Granada 74·4 -3 -4 +1 -2 
Kucino 74·6 +1 0 +5 +2 
Vienna 75 ·1 -1+6 -1+6 +5 +2 
Alicante 75 ·2 -11 -11 t -8 -11 t 

Almeria 75·3 +2 +2 +3 0 
Venice 75 ·7 +4 +4 +16 +13 
Laibach 76·1 0 0 +2 -1 
Ekaterinburg 76·5 +2 +2 +5 +2 
Florenœ 76·6 -3+2 -3+2 +10 +7 

Continued on next pa(le. 



Budapest 
7,agreb 
Algiers 
Rocca di Papa 
Belgrade 

Naples 
Piatigorsk 
Zi-ka-wei 
Baku 
Helwan 

Manila 
'Wellington 

Other readings : 

Georgetown 
Cheltenham 
Fordham 
Tacubaya 
Honolulu 

Eskdalemuir 
Oxford 
DeBilt 
Uccle 
Hamburg 

Pulkovo 
Konigsberg 
Strasbourg 
Toledo 
La Paz 

Granada 
Kucino 
Vienna 
Zagreb 
Belgrade 

Piatigorsk 
Baku 
Helwan 
Hong Kong 
Phu-Lien 

Wellington 
Riverview 
Sydney 

L"' 
26·2 
26·5 
27'6 
28·9 
45·1 

61·7 
65·0 
67·5 
68·2 
68·4 

69·3 
70·9 
71 ·3 
72-0 
74·2 

74·4 
74-6 
75·1 
76·9 
79·4 

86·7 
91·6 
96·6 
99·7 

104·4 

109·5 
118·5 
118·5 

0. 

76·7 
76·H 
78 ·2 
78 ·8 
79·4 

80 ·2 
86·7 
88 ·7 
Hl ·6 
96 ·(j 

102·8 
109·5 

P' 

P1• 

+l 
0 +7 

-1 
+1+6 
-6!1 

+8 
-n:l 
+11 
+2 
+2 

+24 

SKS 

-74* 
+2 
-4 

Also 140°·6 (Cape Town) PKS-20. 

Mean SKS residual - 1. 

27 

Pw 

+1 
0 +7 

-1 
+l+n 
-(j9 

+8 
-62"' 
+12 
+4 
+5 

+28 
+24 

SKKS 

Sv 

+5 
+5 

0 
-13 +3 
+5 

+22 

+19 

pp 

+5 
-4 
-12 
+23 
+6+13 

-9 
+5 
+1 

+li 

-2 
_,_, 

!-32 

+2 
-12 
-1 
+I 

0 

-60* 

-3 

Sw 

+2 
+2 
-:l 
-rn.o 
+2 

+18 

+15 

PS 

+37 

+34 

l 23 
+ 10 
+ 14 

+27 

+3 
-45 
-21 

SS 

+13 

+25 

-6 
+42 
+28 
+21 

+68 

-L43 
+18 
+62 

+33 
+15 
-6 

This is the Montana earthquake, studied by Byerly. There is unfortunately some 
doubt about the epicentre. Byerly's determination was adopted in the 
I.S.S., but depended on the tables of A. Mohorovicic. \\ïth the present 
tables a dis placement of 0° ·3 to the west is needed to fit Victoria. On the 
other hand Byerly's epicentre lay on a known fault. On this ground 
Prof. B;verly was asked whether the field data would forbid a displacement 
of the epicentre, and he informs us that there is no evidence of movement 
on the fault in question during the earthquake. It appears therefore that 
the field data are indecisive. This earthquake is of special importance 
because it is one of the few large earthquakes known from the existence of 
Pg and Sg to have had fod in the granitic layer. 
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1925 June 29d. 14h. 42m. lOs. +rn 42m.26s. Z= +8. 

I.S.S. Epicentre 34°·0N. 119°·0W. Revised Epicentre 34°·4N. 119°·8\Y 

A= - ·4101, B = - ·7160, c = + ·5650. 

6 Pv Pw Sv Rw 

Lick :~ ·3 -1 -1 
Santa Clara 3 ·5 -18 -18 
Berkeley 4 ·O -3 -3 0 +Hl 0 +IO 
Tucson 7 ·8 +21 +21 +2 +2 
Victoria 14 ·2 +3 +3 +26 +2."i 

Tacubaya 23·6 +2 +4 +10 +3(d) 
St. LouiH 24·0 +6 +9 +13 +5(d1 
Chicago 26 ·2 +39 +43 --5 +2 
Toronto :~2 ·4 -4 +2 -10 -1 
Georgetown :~4 ·3 -2 +3 +1 +9 

Cheltenham 34·4 +6 +11 --15 -7 
Ithaca 34 ·5 -2 +3 -5 +3 
Ottawa 35·1 -6 - 1 -9 -1 
Honolulu 35 ·8 -22 -17 -2 +6 
Fordham 36·5 +7 +12 -8 0 

Harvard 38 ·4 -3 +1 +3 +11 
La Paz 70 ·7 +9 +8 -6 -8 
Dyoe 74·5 +2 +1 +3 0 
Edinburgh 74·9 +9 +9 0 -3 
Eskdalemuir 75·3 -4 -4 -4 -7 

StonyhurHt 76·5 0 0 
Oxford 78·5 +4 +4 
Upsala 79·4 -3 -3 +2 -1 
Uccle 81 ·7 -1 -1 +6 +2 
Hamburg 81 ·9 0 0 0 -4 

Paris 82 ·2 0 0 +3 -1 
Pulkovo 82·7 +I +1 -2 -6 
Strasbourg 84·8 -1 0 
Toledo 85·0 0 +1 
Besançon 85·0 +6 +7 

lrkutsk 85·2 0 +8 +12 +1+9+13 
San Fernando 86·0 +4 +5 +10 +6 
Malaga 86·9 -3 -2 +1 -3 
Tortosa 86·9 -10 +3 -9+4 +9 +5 
Granada 87 ·] -2 -1 

Barcelona 87 ·3 -2 -6 
Innsbruck 87 ·4 0 +1 
Kucino 87·9 -3 -2 +4 0 
Almeria 88·0 -20 -19 
Vienna 88 ·6 -2 -1 

Ekaterinburg 88·8 -2 -1 
Venice 89·2 +IO +11 
Laibach 89·6 +8 +9 
Zagreb 90 ·4 +5 +6 
Algiers 91 ·1 -10 -8 

Rocca di Papa 92·3 -3 -1 
Zi-ka-wei 92 ·7 +15 +17 
Belgrade 93 ·O +I +3 
Baku 104·6 +2 +7 

Other readings : 
6 P' SKS SKKS pp PS SS 

St. Louis 24·0 -6+38 
Chicago 26·2 +8 
Ottawa 35·1 +2 -1+37 
Honolulu 35-8 +25 +7+38 
Fordham 36·5 +10 

Continued on next paoe. 
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6 Pv Pw Sv Sw 

Honolulu 48·1 -2 +1 -6 -3 
La Paz 52 ·2 -4 -2 -4 -2 
Rio de Janeiro 75 ·l -9 -12 
Edinburgh 81 ·0 -9 -9 +1:3 +!J 
Dy ce 81 ·l +17 +17 -1 -5 

Eskdalemuir 81 ·2 +5 +5 0 -4 
Oxford 83 ·7 0 +1 
San Fernando 86 ·4 +21 +22 +2 -2 
Toledo 86 ·7 -3 -2 +3 -1 
De Bilt 87 ·1 -1 0 -3 -7 

Paris 87 ·1 +3 +4 +3 -1 
Uccle 87 ·2 -4 -3 +7 +3 
Malaga 87 ·6 -1 0 +2 -2 
Granada 88·0 -6 -5 +19 +15 
Hamburg 88 ·9 +6 +2 

Almeria 89 ·0 -1 0 +19 +15 
Tortosa 89 ·4 +50 +51 * 
Alicante 89·7 +2 +3 
Besançon 89·9 +5 +1 
Strasbourg 90·3 +1+5 +2+6 

Moncalieri 92 ·1 +26 +28 
Innsbruck !J3·0 -4 -2 
Algiers !J3 ·0 +6 +8 
Pulkovo 93 ·2 -6 -4 
Vienna 95 ·2 +66 +68* 

Rocca di Papa 96·9 -30 -27 
Pompeii 98 ·5 -4:3 -40 
Ekaterinburg 102·8 -10 -6 
Irkutsk 103·2 -6 -2 
Batavia 144·9 +67 

Other readings : 

6 P' SKS SKKS pp PS SS 

Lick 22·1 -6+2 
St. Louis 23·7 -9 
Chicago 27·3 +1+33 
Ann Arbor 29·8 -17 
Fordham 35·0 +I 

Ottawa 36·2 +8 +8+26 
Harvard 37·5 +I +22 
Honolulu 48·1 0 -23+20 
Oxford 83-7 -2 
DeBilt 87·1 -5 +5 

Uccle 87-2 +7 
Granada 88·0 -64* 
Upsala 88·6 -5 
Hamburg 88·9 +3 
Alicante 89·7 0 

Barcelona 90·2 -1 
Strasbourg 90·3 -2 +2 
Moncalieri 92·1 -9 
Innsbruck 93·0 +34 
Konigsberg 93·0 -6 +13 

Pulkovo 93·2 +24 -12 
Vienna 95·2 +15 
Budapest 97·1 -29 
Pompeii 98·5 -32 
Ekaterinburg 102·8 0 +15 
Baku 116·1 +15 

Mean P residual ( 6 > 70°), -1 ; S, -3 (1); SKS,-3. 



Harvard 
Dy ce 
Eskdalemuir 
Uccle 
Hamburg 

Pulkovo 
Strasbourg 
lrkutsk 
Tortosa 
Granada 

Kucino 
Aime ria 
Vienna 
Ekaterinburg 
Venice 

Laibach 
Florence 
Budapest 
Rocca di Papa 
Zi-ka-wei 

Belgrade 
Manila 
Baku 
Colombo 

!:::,. 

38'4 
74·5 
75·3 
81·7 
81·9 

82-7 
84-8 
85·2 
86·9 
87·1 

87'9 
88·0 
88·6 
88·8 
89·2 

89-6 
90·0 
90·2 
92-3 
92-7 

93·0 
104·3 
104-6 
134-7 

P' 

Mean SKS residual + 8. 

SKS 

+10 
+7 
+Il 
+8 

-20 

+7 
-53 

-21 

-60-30 

+17 

29 

SKKS pp 

+Il 

0 

+3 

+I 

-Il 

-51 
-13 

-30 

+7 

-45 
+9 

PS 

-1 

+48 
+28 

+Il 
+109 

+23+ 
+9 
-16 
+21 
+3 

-19 

+12 

-52 

+44 

+17 

This earthquake was destructive at Santa Barbara, California. With the I.S.S. 
epicentre it would have been equally destructive at Los Angeles. The near 
stations are not very consistent, but suggested an epicentre in the San 
Rafael Mountains, north of Santa Barbara. Prof. Byerly, when consulted, 
reported that this also did not agree with the field evidence, and gave from 
field data the epicentre adopted here. 

1925 July 7d. 14h. 12m. 12s . .+21s. =12m. 33s. ~= +3. 

I.S.S. Epicentre l9°·6N. 106°·5W. Retained. 

A= - ·268, B = - ·903, u = + ·336. 

!:::,. Pv Pw Sv Sw 

Manzanillo 2 ·1 +86 +86 
Guadalajara 3 ·0 +14 +14 
Tacubaya 6·9 -5 -5 
Oaxaca 9 ·6 -21 -21 -4 -4 
Vera Cruz 9 ·8 -6 -6 +4 +4 

Tucson 13 ·2 +14 +23 +14 +23t +21 +20t 
Lick 22 ·1 0 +1 +17 +12(d) 
Berkeley 22 ·8 -4+1 -2+3 +17 +ll(d) 
St. Louis 23·7 -1 +1 +2 +6 
Chicago 27 ·3 +1 +6 +2+24 +9+31 

Ann Arbor 29·8 -6 0 -16 -8 
Victoria 31 ·8 -5 +1 -12 -3 
Georgetown 31 ·9 -7 -1 -3 +6 
Cheltenham 31 ·9 -1 +8 
Toronto 33 ·0 -8 -2 -3 +6 

Ithaca 34·0 +26 +32 -26 -17 
Fordham 35·0 -9 -4 -5 +3 
Ottawa 36·2 -9 -4 -3 +5 
Harvard 37 ·5 -6 -1 0 +24 +7 +31 
Sitka 43·0 +8 +13 

Continued on next puge. 
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1925 Dec. lOd. Hh. Hm. 42s. + 16s. = 14m.58s. Z dubious, taken =0. 

I.S.S. Epicentre l5°·5N. 92°·5W. Retained. 

A= - ·042, B = - ·963, 0=+·267. 

6 Pv Pw Sv Sw 

Oaxaca 4·4 -±3 -4:~ 
Vera Cruz 5·1 +33 +:33 
Me rida 6 ·1 +45 +45 
Tacubaya 7 ·5 -8 -8 -17 -17 
Guadalajara 11 ·7 +39 +39 +36 +36 

Balboa Heights 14·2 +22 +22 
Ma:r.atlan 15·2 -40 --H -20 -21 
Port au Prince 19·5 +11 +10 +57 +56* 
St. Louis 23 ·2 -2 () +10 +4(d) 
Tucson 23 ·7 +6 +8 +20 +13(d) 

Chicago 26·6 -7 -3 -14 +28 -7 +35 
Cheltenham 27 ·O +3± +38 -9 +14 -2 +21 
Georgetown 27 ·1 -1 +± +19 +26 
Ann Arbor 27 ·9 
F'ordham 30·1 +5 +11 +4 +12 

Ithaca 30 ·2 +10 +16 +24 +32 
Toronto 30·3 -7+1 -1+7 0 +8 
Harvard 32·6 +1 +7 +2 +11 
Ottawa 33·1 -6 0 -1 +8 
Berkeley 34·5 -8 -3 -3 +5 

La Paz 40·0 -3 +1 
Victoria 41 ·5 -3 +1 +5 +ll 
Sitka 52·5 +13 +15 
La Plata 60·1 -4 -5 -19 -19 
Rio de Janeiro 61 ·7 +2 +1 -13 -13 

Honolulu 62 ·1 +2 +1 -1 -1 
Edinburgh 76·9 +1 +1 +29 +26 
Bidston 77 ·3 +8 +5 
Stonyhurst 77·6 +13 +13 +4 +1 
San Fernando 78·0 +14 +14 +59 +56* 

Oxford 78 ·7 +2 +2 +8 +5 
Toledo 79 ·O -4 -4 -1 -4 
Malaga 79·3 -3 --3 -4 -7 
Granada 79 ·9 -1 -1 +1 -2 
Almeria 80 ·9 -5 -5 -9 -13 

Paris 81 ·7 +l +1 -4 -8 
Alicante 82·0 -14 -Ht -12 -16t 
Tortosa 82 ·2 -63 -67* 
Uccle 82 ·3 +1 +1 -1 -5 
De Bilt 82 ·4 +2 +2 +4 0 

Apia 83 ·7 +11 +7 
Hamburg 84·8 +3 +4 
Strasbourg 85·0 +1 +2 +13 +9 
Algiers 85·2 -2 -1 +5 +1 
Zürich 86·0 -2 -1 

l\foncalieri 86·1 -25 -24 
Upsala 86 ·3 -1 0 
Cheb 87 ·4 +32 +33 
Florence 88 ·9 +4 +5 
Kônigsberg 90 ·0 +13 +14 +7 +3 

Laibach 90·2 +36 +37 
Graz 80 ·4 +3 -1 
Vienna 90·5 +13 +15 
Rocca di Papa 90·6 -20 -18 +22 +18 
Leningrad 91 ·7 0 +2 

Continucd on next page. 
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6 p,, Pw Sv Sw 

Pulkovo !H·S -3 -1 +3 -1 
Naples 92 ·O -7 -5 
Pompeii 92 ·3 -52 -50* 
Belgrade 94 ·5 +29 +31 
Kucino 97 ·5 -3 0 

Athens 99 ·9 -24 -20 
Ekaterinburg 104 ·3 -2 +3 
Helwan 109 ·4 +6 
Irkutsk 110 ·7 -6 
Baku 114·1 +10 
Riverview 120 ·2 +42 

Other readings : 

6 P' SKS SKKS pp PS SS 

Tucson 23'7 -Il -2 
Chicago 26·6 +9 
Georgetown 27·1 -9 
Ann Arbor 27·9 +3 
Harvard 32·6 -8+18 

Ottawa 33·1 +33 
Berkeley 34·5 +24 
La Plata 60·1 -4 
Rio de Janeiro 61·7 -5 -26 
Toledo 79·0 +35 

Granada 79·9 +49 +40 
Uccle 82-3 +27 
DeBilt 82-4 +23 
Besançon 84-4 -5 
Hamburg 84·8 +4 

Zürich 86·0 0 
Moncalieri 86·1 -1 
Upsala 86·3 +3 -6 
Cheb 87-4 -3 
Konigsberg 90·0 +14+47 

Vienna 90·5 -1 +3 +49 +33 
Rocca di Papa 90·6 -14 +15 
Leningrad 91-7 +17 +6 
Pulkovo 91·8 -1+28 +7 +12 
Naples 92·0 -13 

Belgrade 94·5 +60 
Ku ci no 97·5 +5 +15 
Athens 99·9 -11 
Wellington 102·1 -14 
Ekaterinburg 104·3 -39-12 +8 +17 

Helwan 109'4 +6 
lrkutsk 110·7 -3 -16 -64 
Baku 114·1 +8 +Il +77 
Cape Town 115·8 +4 
Riverview 120·2 +63 

Sydney 120·2 +43 
Melbourne 125·0 +45 +26 
Adelaide 130·5 -17 
Bombay 142-7 -21 
Hyderabad 145·9 -2 
Colombo 156·4 +26 +6 

Also 130°·5, PKS-19; 132°·3 (Simla), PKS- 2 ; 142°·7, SKSP+3. 

:VIean P residual ( /::,. > 70°), O ; S,-1; SKS dubious. 
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1927 Aug. lOd. lh. 35m. 22s. +9s. =35m.3ls. Z=-1. 

I.S.S. Epicentre 8°·0N. 81°·5\V. First revised epicentre 6° ·8N. 83° ·2W. 
Final epicentre 6°·9N. 82°·6W. 

A=+ ·1279, B = - ·9845, c = + ·1201. 

6 Pi· Pw 8v 8w 

Balboa Heights 3·7 -24 -24t -25 -25t 
Port au Prince 15·4 +7+14 +6 +13 
San Juan 19·8 0 -1 
Tacubaya 20·4 +:1 +3 +19 +16(d) 
La Paz 27·4 -1 +4 +5 +19 +12 +26 

Mazatlan 28 ·1 +2 +7 +40 +48 
Sucre 31 ·0 +1 +7 -2 +7 
Cheltenham 32·3 -55 -46 
St. Louis 32·5 -3 +3 -13 -4 
Fordham 34·9 -9 -4 0 +8 

Chicago 35·1 -14 -9 -20-5 -12 +3 
Ithaca 35 ·9 -4 +1 -7 +1 
Tucson 36·5 -4 +1 -10 -2 
Harvard 36·9 +1 +15 +6 +20 -2 +15 +6 +23 
Toronto 36·9 -7 -12 -2-7 -16 -8 

Ottawa 39·0 -8 -4 -!J -2 
Halifax 41 ·2 +2 +6 +5 +11 
Pilar 42·4 -9-3 -5+1 
Berkeley 47 ·4 -4 -1 +2 +6 
La Plata 47 ·7 +7 +lOt +5 +8t 

Rio de Janeiro 48·7 -15-;') -12 -1 -6-1 -:) +2 
Victoria ;')4·0 -;}-2 -4-1 +2 +4 
Honolulu T.H. 73 ·8 +12 +Il +8 +ô 
Rio Tinto 74·7 -69 -70 -44 -47 
San Fernando 75·0 +11 +11 +7 +4 

:VIalaga 76 ·8 +2 +2 +26 +23 
Toledo 76·8 {) 0 +4+9 +1+6 
Granada 77 ·1 +2 +2 +6 +3 
Almeria 78 ·O +1 +1 +4 +1 
Edinbnrgh 78·i +12 +12 -2 -5 

Dy ce 79·0 +12 +12 0 -3 
Oxford 79·3 +16 +16 -5 -8 
Alicante 79·6 +13 +13 +u +Il 
Kew 79 ·9 -3 ~ ;) -2 -5 
Tortm;a 80 ·3 +5 +5 +5 +1 

Barcelona 81 ·5 +8 +s -1 -5 
Paris 81 ·6 -2 -2 -3 -7 
Algiers 82 ·4 +1 +1 -2 -6 
Uccle 82 ·7 -1 -1 +1 -3 
De Bilt 83 ·1 +1 +2 +1 -3 

Besançon 8i·O -:) -2 
Strasbourg 85 ·O +3 +i +8 +4 
Feldberg 85·3 -5 -4 
l\lloncalieri 85·3 +1 +2 
Zürich 85·7 -1 () 

Hamburg 86·0 -1 0 
Hohenheim 86·0 -1 0 
Copenhagen 87·2 () +1 +1 -3 
Jena 87 ·2 0 +14 +1 +15 
Innsbruck 87·6 -1 0 

Cheb 87 ·9 -17 -16 
Potsdam 87 ·9 +6 +18 +7 +19 
Florence 88·0 +10 +11 
Upsala 89·1 -13 -12 -:) -7 
Prague 89·2 -4 -3 

Cfontinued on next page. 
u 
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L. Pv Pw Sv Sw 
" Rocca di Papa 89·4 +4 +15 +5 +16 Naples 90 ·6 -8 -6 

Vienna 90 ·7 -2 +14 0 +16 
Pompeii 90 ·8 +26 +28 
Zagreb 81 ·0 -4,0+15 -2+2+17 

Konigsberg 91 ·8 +19+27 +21 +29 
Budapest 92·7 +17 +19 
Pulkovo 95 ·3 -5,0 -3+2 
Kucino 100 ·7 +1 +IO +5 +14 Makeyevka 104 ·4 -1 +4 
Ekaterinburg 109·5 0 

Other readings : 
L. P' SKS SKKS pp PS SS 

0 

La Paz 27-4 -4 +8 Sucre 31·0 -4 0 St. Louis 32·5 +4 +s Fordham 34-9 -6 Chica110 35·1 -14+40 
lthaca 35-9 -Il 
Tucson 36·5 -2 
Harvard 36·9 +3 Toronto 36·9 +7 
Ottawa 39·0 0 +15 
Almeria 78·0 +10 Dvce 79·0 -13 
Oxford 79·3 +19 Kew 79·9 +13 Uccle 82'7 -1 +10 
De Bilt 83·1 0 0 +15 Besançon 84·0 -2 
Strasbour11 85·0 +3 +9 +8 Feldberg 85-3 +7 -2 Moncalieri 85·3 +3 

Zürich 85·7 +5 
Hambur11 86·0 +2 -5 
Hohenheim 86·0 +I -2 
Copenhagen 87-2 -3 -5 +8 +44 Innsbruck 87·6 -17 

Cheb 87-9 -10 
PraQ'Ue 89·2 -8 
Rocca di Papa 89-4 +3 
Vienna 90·7 -2 +7 +12 Pompeii 90·8 -9 

Zagreb 91·0 -5-2 +15 
Konigsberg 91·8 +13 +14 Pulkovo 95·3 -6 +Il -8 Kucino 100·7 -4 0 0 +12 Cape Town 103·1 -1 

WellinQ'ton 104·0 +10 +5 Makeyevka 104-4 +6 -7 
Ksar a 109·1 -59 -19 
Ekaterinbur11 109·5 +2 +6 -13 
Tiflis 111-7 -27 -1 +3 +7 

Baku 115·7 +9 +1 -6,0 
lrkutsk 120·5 +39 -22 Tashkent 125-4 +41 +5 +JO +12 Riverview 125·7 +26 Melbourne 127·1 +28 

Zi-ka-wei 135-6 -2 
Bombay 144·6 +7 +7 
Hong Kong 146·6 0 

Also 151°·0 (Phu-Lien), Pa'-3; 170°·6 (Batavia): Pa'-3. 

Mean P residual ( L. >70°), +1; S, 0; SKS, O. 
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1927 NoY Ad. 13h. 50m. 51s. +15s. =5lm. 6s. Z=+3. 

I.S.S. Epicentre 34°·9N. 121c·OW. Revised Epicentre 34°·9N. 120°·7\Y. 

A= - ·±187, B = - ·7053, c = + ·5721. 

li Pv Pw s,, Sw 

Lick 2 ·5 -1+3+11 -1+3+11 +17 +17 
Berkeley 3 ·2 -4+1+9 -4+1+9 -1 +22 -1 +22 
Tucson 8 ·6 0 +13 0 +13 +8 +8 
Denver 13 ·4 +9 +9 +1 +21 0 +20 
Victoria 13 ·6 +2 +2 

Mazatlan 17 ·1 +2 +1 +8 +6 
Saskatoon 20 ·O -16 -16t -12 -15(d)t 
Sitka 24·2 +3 +6 +10 +2(d) 
Tacubaya 24 ·5 -17 -14 +3 +8 
St. Louis 24 ·6 0 +4 +1 +6 

Chicago 26·7 -3 +1 -9 -2 
Vera Cruz 26·8 -36 -32 -19 -12 
Cincinnati 29 ·O -9 -3 +8 +16 
Ann Arbor 29 ·6 -7 -1 -9 -1 
Merida 30 ·6 +6 +12 0 +8 

Toronto :12 ·8 -7 -1 -14 -.5 
Ithaca 34 ·9 -6 +2 
Honolulu T.H. 35 ·4 -6 -1 -5 +3 
Ottawa 35 ·4 -6 -1 -4 +4 
Fordham 37 ·O +4 +9 -7 +1 

San Juan 50 ·8 +122 + 124* +87 +89 
Apia 68 ·7 -1 -2 +2 0 
Ootomari 69 ·4 +1 0 +2 0 
La Paz 71 ·6 -3 -4 -9-4 -11-6 
Mizusawa 74 ·3 0 -1 0 +10 -2+8 

Dy ce 74 ·4 +3 +2 +1 -2 
Edinburgh 74 ·9 -6 -6 +3 0 
Bergen 75 ·0 -4 -4 
Sucre 75 ·3 -4 -4 +:i 0 
Stonyhurst 76 ·5 -3 -3 -11 -14 

Bidston 76·5 +4 +1 
Suva 78·4 -11 +7 -11 +7 -40 -42 
Oxford 78·5 +2 +2 +3 +1 
Upsala 79·2 -6 -6 -2 -4 
Kew 79 ·3 0 0 +3 +1 

Toyooka 80 ·4 +2 +2 +4 0 
Osaka 80 ·6 +1 +1 -20 -24 
Kobe 80 ·7 0 0 -4 -8 
Helsingfors 80 ·8 +2 +2 +4 0 
Copenhagen 80 ·9 +4 +4 +5 +1 

De Bilt 81 ·0 +2 +2 +7 +3 
Sumoto 81 ·1 +42 +38 
Uccle 81 ·6 +2 +2 +3 -1 
Hamburg 81 ·7 -2 -2 +9 +13 +5+9 
Pulkovo 82·3 +3 +3 +5 +1 

Feldberg 83·5 +126 +127* +11 +7 
Kônigsberg 84·2 +9 +6 
Paris 84·3 -7_ -6 
Irkutsk 84·4 -:i -2 
Hukuoka 84 ·5 +4 +5 

Jena 84·5 -2+4+8 -1+5+9 
Strasbourg 84·8 0 +1 +1 -3 
Besançon 85·0 +2 +3 -1 -6 
Rio Tinto 85·1 +19 +20 
Toledo 85·1 -12-8 -11-7 

Continued on ne.et page. 
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6 Pv Pw Sv Sw 
0 

Bagnères 85·4 0 +1 
Cheb 85·4 +5 +6 0 -4 
Neuchâtel 85·6 0 +1 
Zürich 86·0 +1 +2 
Ravensburg 86 ·1 +12 +13 +2 -2 

Prague 86 ·3 0 +1 
San Fernando 86·3 -7 -6 
Grenoble 86·4 
Tortosa 87 ·0 +3 +4 -1 -5 
Malaga 87 ·O -3 -2 

Granada 87 ·2 +3 +4 +13 +9 
Barcelona 87 ·4 +12 +13 +2 -2 
Moncalieri 87·5 -8 -7 
Kucino 87·6 -3 -2 
Marseilles 87 ·7 -3 -2 +8 +4 

Alicante 88·1 -17 -16 
Almeria 88·1 +2 +3 +2 -2 
Ekaterinburg 88·2 -3 +40 -2 +41 0 -4 
Vienna 88·5 0 +1 +7 +3 
Graz 89·1 +1 +2 +4 ,o 
Venice 89 ·1 +60 +61 * 
Laibach 89·5 -17 -16 
Florence 90 ·O -5 -4 -1 -5 
Budapest 90 ·1 -65 -64* 
Zagreb 90·3 +3 +4 +6 +2 

La Plata 91 ·1 -4 -2 
Algiers 91 ·3 -7 -5 
Zi-ka-wei 91 ·9 0 +2 
Rocca di Papa 92 ·3 0 +2 
Belgrade 92·9 +1 +3 -2 -6 

Makeyevka 94·9 +1 +3 
Wellington 96·5 +4 +12 0 +8 
Tiflis 102 ·3 -4+6 0 +IO 
Hong Kong 102 ·7 -1 +3 
Tashkent 103·2 -5 0 

Other readinirs : 

/;:, P' SKS SKKS pp PS SS 
0 

St. Louis 24-6 -3 +7 
Ann Arbor 29'6 -3 +12 
Toronto 32·8 -1 
Honolulu T.H. 35-4 -3 
Ottawa 35-4 -10 

Fordham 37·0 -3 +20 
Apia 68·7 -4 
La Paz 71·6 0 +22 +36 
Üyce 74-4 +10 
Edinburgh 74·9 +3 

Sucre 75-3 +28 -12+7 -11 
Stonyhurst 76·5 +1 +28 -11 
Oxford 78·5 +6+18 
Upsala 79·2 +2 
Kew 79·3 -3 +17 +28 

Helsinirfors 80·8 +9 +16 
Copenhagen 80·9 -2 -21 
DeBilt 81·0 +2 +4 
Uccle 81-6 +3 
Hamburg 81·7 +3 

Pulkovo 82-3 +8 -36 
Feldberg 83·5 -8 
lrkutsk 84-4 +27 -5 +38 
Strasbourg 84·8 +3 
Toledo 85·1 +5 

Continiœd on next paoe. 
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6. P' SKS SKKS pp PS SS 

Bagnères 8S·4 +6 
Neuchâtel 85'6 +7 
Zurich 86·0 +s 
Prague 86·3 +3 +l 
San Fernando 86·3 +s 

Grenoble 86·4 +s 
Tortosa 87'0 +3 
Malaga 87·0 +3 
Granada 87-2 -2 +37 +31 
Moncalieri 87·S -11 

Kucino 87-6 -13 +3 
Alicante 88·1 -6 
Almeria 88·1 +29 
Ekaterinburg 88·2 -1 +16 
Vienna 88·S -3 +6 +19 +28 

Venice 89·1 -3 
Laibach 89·S -14 
Zagreb 90·3 0 
Algiers 91·3 +2 
Zi-ka-wei 91-9 +4 -13 

Rocca di Papa 92'3 +1 
Makeyevka 94'9 +1 0 +13 +13 
Wellin!llon %·S -s -20+20 
Tiflis 102·3 -2 0 -20+17 -6 
Tashkent 103-2 -s +2S 

Baku 104·3 -6 
Sydney 107-2 -4 -21 +8 +23 
Riverview 107-2 +6 -4 -32 
Ksara 107·8 -29 +17 
Phu-Lien 108·S +4 -1 -7 

Helwan 110·1 +4 +8 
Simla 111·8 +9 +21 
Melbourne 113-6 +7 -14 +lS 
Adelaide 117·1 -65 -s 
Hyderabad 124-6 +34 

Bombay 124·7 -27 0 
Batavia 127·8 -42 
Colombo 133-9 -1 
Cape Town 147·0 -2 

Also 133°·3 (Perth), PKS-9. Melbourne 28m.46s. and Adelaide 29m.31 s. may be SKSP. 

::VIean P residual ( 6 >70°), 0 ; S, 0; SKS, +2. 

1928 Feb. 10d. 4h. 38m. 20s.+ 13s.=38m.33s. Z=-6. 

!.S.S. Epicentre l8°·2N. 97°·SW. Revised Epicentre l8°·4N. 97°·9W. 

A=-·1304, B=-·9399, C=+·31S6. 

b. p,, Pw s,, Sw SKS pp PS SS 
0 

Puebla 0·7 -17 -17 +3 +3 
Tacubaya 1·6 +7 +7 
Oaxaca 1·8 +13 +13 
Vera Cruz 1·9 -20 -20 -14 -14 
Guadalajara 5·7 -18 -18 -1 -1 

Manzanillo 6·1 -31 -31 -18 -18 
Chihuahua 12-7 +29 +29 +41 +41 
Tucson 18·1 +4 +3 +18 +16 
Denver 22·1 -32 -31 +20 +22 
Cincinnati 23-8 -2 0 +4 -3d +3 +3+14 

Continued on next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 

Chicago 25·0 -8 -5 -4 +I -12 
Charlottes ville 25·9 +18 +22 +1 +7 
Georgetown 27·3 -3 +2 +40 +47 -14 
Lick 28·1 -1 +4 
Berkeley 28·8 -8 -3 

Toronto 29·7 +4 +IO -15 -7 
lthaca 30·1 -4 +2 -3 
Ottawa 32-7 -6 0 -6 +3 -61 
Victoria 37·1 -10 -.5 -13 -5 
La Paz 45-6 -1 +2 -2+3 +2+7 -46+69 

Sucre 49·3 -4 
_, 

+2 +5 
La Plata 65·4 -5 -6 -4 -5 
Oxford 79·6 +5 +2 
Kew 80·3 -1 -1 +4 0 
San Fernando 80·5 

_, 
-1 +3 -1 

Toledo 81·2 0 0 +3 
_, 

Malaga 81·8 +I +I +2 -2 
Granada 82-3 -1 -1 +7 +3 -~ 
Paris 82·8 0 0 +3 -1 
Almeria 83-3 -2 -1 +2 -2 

DeBilt 83-3 0 +I +7 +3 
Uccle 83-3 -1 0 +4 0 -18 
Tortosa 84·2 -4 -3 
Alicante 84-3 -2 -1 -6 
Hambura 85·4 -1 0 

Besançon 85-6 -3 -2 +5 
Copenhagen 85·7 -3 -2 +12 +8 +39 
Feldbera 85-9 -18+33 -22+29 +-2 -20+48 +6 
Strasboura 86·1 -2 -1 +7 +3 
Lund 86·1 +7 +3 

Upaala 86·1 -3 -2 +14 +10 
Zürich 87·1 -2 -1 +6 +2 
Algjen 87-4 -2 -1 -3 
Jena .87-4 -3 -2 -23 
Moncalieri 87·6 +4 +5 +I 

Rocca di Papa 92-2 0 +2 +7 +3 
Zaareb 92-4 -1 +r -14 
Wellin1rton 100·1 -59 -55• -14 
Makeyevka 102·8 P' +24 +42 
lrkutsk 106·7 -6 -20 

Baku 114·0 +23 
Tashkent 119·1 +7 +19 PKS 
Bombay 141·6 -1 -21 

Mean P re1idual (6>70°),-1; S,+ 1: SKS, 0? 

1928 Mar. 22d. 4h. 16m.50s.+151.= 17m.5s. Z=+2. 

l.S.S. Epicentre 16°·0N. % 0 ·0W. Retained. 

A=-·100, B=-·956, C=+·276. 

6 p,, Pw Sv Sw SKS pp PS SS 
0 

Oaxac:a 1·2 -16 -16t -19 -19t 
Vera Cruz n +14 +14 
Puebla n -14 -14t -8 -St 
Tacubaya 4-6 +12 +12 -6 -6 
Guadalajara 8·5 -5 -5 -Il -li 

Manzanillo 8·5 -15 -15t -14 -14t 
Mazatlan 12-2 +9 +9 +I +I 
Chihuahua 15·7 -15 -16t -IO -llt 
Balbo&. Hei1rhta 17·5 +_16 +15 +42 +40 
Tucaon 21·0 -5 -5 +tl +17d 

Uontinued on next paye. 
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!::,. Pv Pw Sv Sw SKS pp PS SS 
0 

Port au Prince 22'7 +4 +6 -25 -22 +30 
St. Louis 23·2 -2 0 +3 -3d 
Cincinnati 25·2 -2+3 +1+6 -4 +I +19 
Chicago 26·7 -3 +I -7 0 -8 
Charlottesville 26·8 -9 -5 -2 +5 

Georgetown 28·2 -3 +2 -5 +3 -3 -14 
Toronto 31·0 -11 -5 -5 +4 -2+12 -56 
Lick 31·1 -2+2 +4+8 +41 +50 
Berkeley 31·8 -5 +I -3 +6 
Ottawa 33-9 -6 0 -13 -4 -24 

Harvard 33-9 -5 +I +I +10 -7 +6 
Spokane 36·3 -2+3 +3+8 -2 +6 
Saskatoon 37·1 -13 -8 -16 -8 
Victoria 39·4 -7 -3 -2 +5 
Halifax 39·5 -4 0 -11 -4 +27 

La Paz 42-6 -3 +I -9-3 -3+3 -14 +13 
Sucre 46·3 -9-4 -6-1 -7 -3 -18 
Sitka 50·5 +5 +6 +15 +18 
Santiago 55·0 +16 +17t +9 +IOt 
Honolulu T.H. 58·7 -4 -4 -6+4 -6+4 +9 -10+6 

La Plata 62·5 -1 -2 -Il -Il 
Reykjavik 68·7 +5 +4 + 11+37 +9+35 -5 
Scoresby Sund 69·6 +2+7 +1+6 +2 0 +16 +8 
Edinburlfh 78·4 +2 +2 +8 +5 +Il 
Oyce 78·6 +4 +4 0+15 -3+12 +34 

Bidston 78·9 -7 -7 -7 -10 
Stonyhurst 79·2 +10 +10 +10 +7 +2 +7 
Rio Tinto 79·8 -12 -12 
San Fernando 80·3 +6 +6 +9 +5 
Oxford 80·4 -6 -6 +7 +3 +10 

Apia 80·6 +3 +3 0 -4 +3 
Kew 81·0 -1 -1 +7 +3 -16 +22 -28 
Toledo 81·3 -2 -2 -1 -5 -16 
Malaga 81 ·7 0 0 +13 +9 
Granada 82-2 +10 +10 +13 +9 -8+31 +39 

Le Mana 82-2 -15 -15 +3 -1 +2 
Almeria 83-3 +3 +4 +2 
Paris 83·5 -1 0 +2 
Balfn~:res 83-6 0+5 +1+6 +2 -2 +2 +15 
DeBilt 84·0 -1 0 +9 +5 +4 -8 

Uccle 84·0 -1+5 0+6 +6 +4 
Alicante 84·3 -1 0 +3 
Tortosa 84-4 -11-7 -10-6 +4 
Barcelona 85·4 +6 +7 +7 +3 +18 
Besançon 86·2 -3+5 -2+6 +4 +2 

Hamburlf 86·3 -2 -1 +4 0 
Feldberlf 86·6 +7 +8 +7 +3 -Il +15 
Copenhagen 86·7 -1 0 -3+18 -7+14 -20 -6+1 +16 -14 
Grenoble 86·7 +7 +8 +4 
Strasbourg 86·8 -3 -2 -1 -5 -15 

Neuchâtel 86·8 -2+5 -1+6 +5 
Lund 87-2 +I +2 +2+17 -2+13 
Upsala 87-4 -3 -2 -2 -6 0 
AllfÏers 87·5 +4 +5 -1 -5 
Hohenheim 87-7 +4 +5 +3 -1 +23 

Zurich 87·8 0 +I -20 
Moncalieri 88·1 -2 -1 +I -3 -1 
Ravensburlf 88·2 +4 +5 +6 +9 
Jena 88·2 0+5 +1+6 +12 +8 +4 -3+1 +14 
Potsdam 88·4 +4 +5 +13 +9 

Chur 88·5 +6 +7 +5 
Innsbruck 89·5 +3 +4 
Florence 90·8 -7+3 -6+4 +17 +13 - Il -5 -24 -25 
Venice 90·8 +5 +6 -9 
Suva 91·0 +9 +li -12 -8 

Continued on next page, 
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""' 
p"' Po) S"' Sw SKS pp PS SS 

0 

Koniirsberir 91·3 +4 +6 +12 +6 +12+37 
Laibach 92·0 +4 +6 +4 -2 
Graz 92·2 +4 +6 +12 +5 +19 
Vienna 92'2 -5+3 -3+5 +4+9 o+s +2+7 +5 +20+26 -57-48 
Rocca di Papa 92·6 -7+1 -5+3 +13 +9 -9+1 +12 

Pulkovo 92·8 -3 _, -5 
Zagreb 93·0 +5 +7 +15 +Il -6 0 +12 -56 
Budapest 94·1 +6 +8 +2 -5 
Pompeii 94·3 +15 +17 -38 
Lemberg 95·7 -25+5 -22+8 -34+2 

Belgrade 96·2 0 +3 +18 +14 
Kucino 98·4 -2 +I -12+36 -5 
Wellington 99·9 +13 +16 -31+7 +8+14 -71 
Christchurch 101·9 +12 
Makeyevka 104·0 +5 +I 

Yalta 104·4 +32 
Ekaterinburg 104-6 -4 +I -3 -37 
Irkutsk 109·4 -2 -32 -2 
Sumoto 110·2 +14 
Helwan 111·6 -2 -2 

Ksara 112·3 -3 +I +70 
Hukuoka 113-6 +4 
Nagasaki 114·5 -45 
Baku 115-3 +5 SKKS +9 +4 
Riverview 117-6 +2 +2 +9 +8+23 +29+51 

Sydney 117-6 -31 
Cape Town 118·9 -79 -2 
Zi-ka-wei 120·7 -1 P' +I 
Tashkent 121·1 -2 +7 -8 +42 
Melbourne 122-6 +2 +7 

Entebbe 126·7 +4 
Hong Konir 131·6 +4 PKS 
Manila 132-4 +7 +I -Il 
Phu-Lien 137·0 -15 
Calcutta 141·2 SKSP +20 

Bombay 143-4 -13 +4 
Tananarive 145·1 +4 +20 +4+28 
Hyderabad 146·1 -3 
Perth 147·0 +8 
Batavia 155·4 -14+6 
Colombo 156·7 +3 

Mean P rcsidual ( .6> 70°), + 1 ; S, 0: SKS, + 3. This carthquake 
I. Lehmann, Ger'lands Beiirage 28, 1930, 151-164. 

is the subject of a atudy by 

Vienna also SKS - 10. 

1928 April 13d. 23h. 15m. 57s.+ 16s.= 16m.13s. Z=-2. 

!.S.S. Epicentre 15°·5N. % 0 ·4W. Revised Epicentre 15°·IN. %0 ·5W. 

A= - · 1093, B= - ·9593, C= + ·2605. 

t::. Pv Pw Sv Sw SKS pp PS SS 
0 

Tacubaya 5·0 +14 +14 
Merida 8·8 +3 +3 +2 +2 
Tucson 21·6 +6 +7 +18 +13d +62 
St. Louis 24·2 -4 -1 +6 -2d +55 
Denver 25·7 -1 +3 +2+6 -8d-4d 

Cincinnati 26·3 -7 -3 -6 0 
Chicago 27·9 -13 -8 -6 +2 
Charlottesville 27-9 -4- +I -5+3 +3+11 
Georgetown 29·3 -6 0 +8 +16 
Berkeley 32·1 -7,0 -1+6 -7-1 +2+8 

Contirmed on next page, 
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6 P1· Pw si' Sw SKS pp PS SS 

Toronto 32·2 -5 +I -11 -2 
lthaca 32·4 -17 -Il -7 +2 
Han·ard 34·9 -1 .c 4 +2 +JO 
Ottawa 35·1 -JO -5 -8 0 
Spokane 36·9 +10 +!St +14 +22t +8 

Victoria 39·9 +2 +2 +3 +JO 
La Paz 42·2 -3 +I +8+15 +14+21 
Sucre 45·9 -3 0 +6 +10 
Rio de Janeiro 64·5 +12 +11 
Scoresby Sund 70·7 -2+15 -3-t 14 +4 +2 +74 

Edinbureh 79·4 +3 0 
San Fernando 81·3 +2 +2 -7 -11 
Oxford 81·4 +2 -2 
Kew 82·0 +I +I +I -3 -3 
Toledo 82'3 0 0 +I -3 -3 

Granada 83-2 +-2 +3 +Il +7 -5 +21 
Almeria 84·2 -1 0 +4 0 -1 
Paris 84·5 -1 0 +2 -2 
Uccle 85·0 +I +2 +1 
DeBilt 85·1 -1 0 +2 -2 

Alicante 85-3 -7 
Tortosa 85·4 -37 -36 +3 
Hamburg 87·3 -59 -58* -1 
Feldberg 87-7 +3 +4 +7 -20 -1 
Copenhairen 87·8 0 +I +3 -2 +9+69 +Il 

Strasbourg 87·8 -1 -2 
Lund 88·2 +2 -1 
Algiers 88·4 +9 +JO +3 -1 -JO 
Upsala 88·5 +Il +7 
Moncalieri 89·1 +2 +3 -12+2 

Helsinirfors 90·7 +3 
Rocca di Papa 93·7 -29 -28 +18 +44 
Pulkovo 93-9 -2 0 -1 -4 
Zagreb 94·1 +9 +Il +I 
Kucino 99-6 -JO -6 -8 

Makeyevlca 105·1 0 -2 
Ekaterinbur11 105·6 -4 +I -2 +I 
lrkutsk 110·3 P' -4 +s 
Ksara 113·3 -43 
Baku 115·6 +12 +15 

Zi-ka-wei 121·1 +6 
Tashkent 121·4 +6 
Bombay 144·3 +JO 

Mean P reaidual (6>70°), 0; S,-2; SKS, O. 

1928 Aup;. 4d. 18h. 26m. 6s.+ 16s.=26m.22s. Z=+I. 

!.S.S. Epicentre l6°·2N. 97°·2W. Revised Epicentre 16°·6N. 97°·8W. 

A=-·1300, B=-·9494, C=+·2847. 

6 Pv Pw Sv Sw SKS pp PS SS 

Puebla 2-5 +32 +32 
Vera Cruz 2·9 -25 -25 -15 -15 
Tacubaya 3-2 +6 +6 +Il +11 
Manzanillo 6·7 +33 +33 
Merida 8·9 +2 +2 -18 -18 

Mazatlan 10·5 -24 -24t -17 -17t 
Chihuahua 14'4 -21 -21t -17 -18t 
Balboa Heivhts 19·2 +6 +5 +12 +9d 
Tucson 19-65 +4 +3 +17 +14d 
Denver 23-93 -4 -1 -8 -4 

( 'ontintted on next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 

Port au Prince 24·34 +11 +14 -5 -1 
Chica110 26·68 -38 -34t -35 -28t 
Charlottesville 27·34 -3 +2 -8 0 -3 
Ann Arbor 28·38 +6 +11 +26 +34 
Geor11etown 28·7 -4 +1 +8 +16 +3 

Liclc 29·5 -4 +2 +6 +14 
San Juan 30·2 -2 +4 -31 -22 
Toronto 31·3 -10 -4 -2+2 +7+11 -5 
lthaca · 31·6 +21 +27 +21 +30 
Harvard 34·2 -6 -1 -5 +3 

Ottawa 34·3 -6 -1 -3+3 +s+ll +8 
Saskatoon 36·2 -7 -2 -5 +3 -5 
Victoria 38·1 -5 0 -3 +4 
La Paz 44·17 0 +4 -8 -3 +2 +16 
Sucre 47·9 -4+1 -1+5 -8 -5 -15+19 -26 

Sitka 49·3 -4 -1 +3 +6 +7 -14 
Santia110 56·3 +13 +14t +23 +24t 
Honolulu T.H. 56·63 -3+4 -2+5 -5 -4 
La Plata 63·92 -3 -4 -10 -Il 
Azores 65-95 -li -12 

Rio de Janeiro 66·3 -8 -9 -8 -9 
Reykjavik 69·0 +5 +4 +14 +13 +3 
Edinbur11h 78·9 0 0 -7 -10 -3 
Dy ce 79·1 +2 +2 +9 +6 -18 
Bidston 79·5 +1 +1 +15 +12 

Stonyhurst 79·9 -2 -2 +9 +6 -1 
Oxford 81·0 -1 -1 +I -3 +35 +22 
San Fernando 81·47 +2 +2 +5 +1 +22 -9 
Kew 81-7 -2 -2 +12 +8 0 -32 
Ber11en 82·0 +7 +7 +17 +13 +9 

Toledo 82-3 -3 -3 +10 +6 
Malap 82·8 -3 -3 +4 0 
Granada 83-4 -3 -2 +5 +I +9 +1 
Paris 84·2 +5 +6 +1 -3 +8 
Almeria 84-4 -2 -1 0 -4 -3 

Bap~res 84·6 +3 +4 +2 -2 +7 +17 
DeBilt 84·7 -2 

_, 
+4 0 -2 +6 

Uccle 84·7 -4 -3 +9 +5 -4 +Il 
Alicante 85-3 +2 +2 +2 -2 
Tortosa 85-4 -3 -2 +7 +3 

Barcelona 86·3 +I +2 -1 -5 +21 
Hamburg 86·8 -4 -3 0 -4 -1 +10 +Il 
Besançon 86·9 -1 0 +3 -1 -3 +19 
Copenhagen 87-2 -3 -2 +I -3 -18 0 +21 -17+17 
Feldber11 87·3 -58 -57• -43 -47• -31-42 0 

Grenoble 87-4 +6 +7 +15 +Il +25 +26 
Neuchâtel 87·5 -3 -2 
Strasbour11 87·5 -3 -2 +I -3 -5 +12 +12 
Lund 87·6 -2 -1 -17 
Upsala 87·8 -3 -2 -5 -2 

Hohenheim 88·4 +I +2 0 -4 -2 +12 
Algiers 88·5 -2 -1 +3 
Zürich 88·5 -4 -3 +3 
Moncalieri 88·8 -4 -3 +7 
Jena 88·9 -3+2 -2+3 +2+13 -7 +3 

Ravensbur11 88·9 +2 +3 +6 +7 
Potsdam 89·1 +3 +4 +9 -5 
Chur 89·3 +2 +3 -17 
Suva 89·5 +12 +13 +9 +26 
Helsinafors 90·6 +56 +58• 

Florence 91·6 -5 -3 -6 
Venice 91·7 -4 -2 -5 
KoniQ'Sber11 91·7 -11-4 -9-2 -5 -6+8 +3+13 
Laibach 92-7 +2 +4 -1 _, 
Vienna 92·8 +2 +4 -1 -3 -25+16 

Continued on next page, 
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D. p,, Pw Sv Sw SKS pp PS SS 

Graz 92·9 -39 -37 -18 -2 +3+19 
Pulkovo 92·9 -5 -3 -13 0 +17 
Rocca di Papa 93·4 -5,0 -3+2 + 11+33 + 7+ 29 +Il -32 
Zagreb 93·7 -4+2 -2+4 +33 +29 +I -33+25 +li 
Budapest 94·8 +2 +4 -3 

Pompeii 95·1 +5 +8 -14 
Lemberg 96·2 -15-9 -12-6 
Ootomari 96·7 +7 
Belgrade 96·9 -1 +2 -13 -58* 
Kucino 98·4 -25 -22 +14 -28 -16 

Wellington 99·0 - 34- 20 - 31- 17 -13-8 +4 +19 
Christchurch IOl·O 
Makeyevka 104·3 -7 -3 +I +5 
Ekaterinburg 104-3 -8 -4 +3 +4 
Sebastopo) 104·5 +8 

Simferopol I04-6 +7 
Yalta 104·9 -2 
Theodosia 105·1 0 
lrkutsk 108·4 -5 -3 +6 +9 
Helwan 112·5 0 SKKS -1 +6 

P' 
Nagasaki 112·9 -19 -26 +10 
Ksara 113·1 -20 +17 -Il +2 +5 0 
Riverview 116·3 -1 +8 
Zi-ka-wei 119·0 -1 +44 
Cape Town 120·7 +4 +4 

Tashkent 120·7 -7 +I +5 
Melbourne 121·4 - Il +13 -3 
Adelaide 126·6 -17 -10 
Entebbe 128·2 -5 
Hong Kong 130·0 -1 

Mani la 130·6 -7 
Phu-Lien 135·7 SKSP -5 
Bombay 143·2 -6 +2 
Hyderabad 145·7 +17 
Tananarive 146·9 -2 +17 +6 -28 +6 +6+41 

Kodaikanal 152·7 -15 
Batavia 153·7 -36 -22 
Colombo 156·3 +3 

MeanPresidual( 6>70°), -2; S,-3; SKS,-2. 

1928 Oct. 9d. 3h. lm. Os.+13s.=lm.13s. Z=O. 

I.S.S. Epicentre l6°·2N. 97°·2W. Revised Epicentre l6°·2N. 97°·5W. 

A=-·1253, B=-·9520, C=+·2790. 

6 p,, Pw Sv Sw SKS pp PS SS 

Puebla 2-9 -2 -2 -5 -5 
Vera Cruz 3·3 +4 +4 
Tacubaya 3-7 -3 -3 0 0 
Manzanillo 7·1 -12 -12t -13 -13t 
Guadalajara 7·3 +24 +24t +24 +24t 

Merida 8·8 -33 -33 -14 -14 
Chihuahua 14·7 -17 -17t -13 -15t 
Balboa Heiirhts 18·8 -1 -2 +16 +13 
Tucson 20·12 +4 +4 +JO +6d +8 
Florissant 23-47 -5 -3 -19 

Port au Prince 24·13 -6 -3 +5 -3d 
Cincinnati 25-60 -2 +2 +8 -2 +1 +16 
Chicago 27·0 -57 -53* -61 -54* +3 
Charlottes ville 27-49 -8 -3 -8 0 
Ann Arbor 28·6 -5 0 +15 +23 

Continued on ne,rt page, 
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6 Pv Pw Sv Sm SKS pp PS SS 
0 

Georgetown 28·9 -4 +I -11 -3 -1+10 +1+• 
Lick 30·0 -4+4 +2+IO -3 +5 
Berkeley 30·8 -3 +3 -4 +4 -+ 53 
Toronto 31·4 -10 -4 -12 -3 
Harvard 34-4 -33 -28t -32 -24t -15 

Ottawa 34-4 -4 +I -5 +3 -2 -17+ 1 

Spokane 35·5 -15-IO -7-2 
Saskatoon 36·7 -4 +I -7 +I +9 -13+44 
Victoria 38·6 -8 -4 -3 +4 
Halifax 40·3 -Il -7 -9 -2 0 +29 

La Paz 43-68 -2 +2 -2+3 +3+8 +4 +23 
Sucre 47'4 -2 +I -1 +3 +4 -12 
Sitka 49·8 +2 +3 +9 +12 +10 +41 
Santiago 55·8 0 +I +6 +7 
Honolulu T.H. 57·0 +4 +4 +8 +9 -14 

La Plata 63-4 -3 -4 -6 -7 
Rio de Janeiro 65·9 +4 +3 +3 +2 
Reykjavik 69·1 +3 +2 +28 +27 -6 
Scoresby Sund 70·0 -3 -4 0 -2 -2 
Edinburgh 79·1 -3 -3 -4 -7 0 

Dy ce 79·3 -1 -1 +26 +23 +7 -7 
Apia 79'4 +28 +28t +53 +sot +20 +42 
Bidston 79'6 -1 -1 -1 -2 
Stonyhurst 80·0 -3 -3 +3 0 -2 +8 
Oxford 81'1 0 0 +3 -1 +12+46 

San Fernando 81·4 +4 +4 +19 +15 
Kew 81·8 -2 -2 +6+13 +2+9 -3 +13 -32 
Toledo 82·19 -3 -3 +7 +3 
Bergen 82'2 +7 +7 +7 +3 +17 
Malaga 82-7 +18 +18t +26 +22t 

Le Mans 83·0 -37 -37t -16 -20t 
Granada 83'30 -1 0 +4 +32 
Paris 84·24 -1 0 +5 +I +6 
Aime ria 84·3 -4 -3 +I 
Balfilères 84'6 +3 +4 +26 +22 -9 

DeBilt 84·79 -1 0 +4 0 
Uccle 84·8 -1 0 +5 +I -4 
Alicante 85-3 +6 +7 +7 +3 
Tortosa 85'4 -2 -1 0 -4 
Barcelona . 86·3 -1 0 +5 +I +22 

Besançon 87·0 +4 +5 -2 -1 +10 
Hamburg 87·0 -1 0 +7 -6 +18 -4 
Feldberg 87'4 0 +I 0 -4 -15-1 +19 
Copenhagen 87-4 -1 0 -2 -6 -6 -15+19-8 
Grenoble 87·5 0 +1 -71 +6 

Neuchâtel 87'6 +I +2 -7 
Strasbourg 87'6 -1 0 +Il -1 +12 +23 
Lund 87·8 +I +2 +17 +13 +Il -34+19 -7 
Upsala 87-9 -7 -6 -3 -5 
Marseilles 88·0 +19 +20t +23 +19t +39t +32 

Algiers 88·5 -2 -1 +3 
Hohenheim 88·5 0 +I +6 +2 
Zürich 88·6 0 +I +10 
Moncalieri 88·9 +I 0 -25 
Jena 89·0 -7-1 -6,0 +4 0 0 -6,0 +17 -30+42 

Ravensburg 89·0 -3 -2 +3 -1 +3 +33 
Potsdam 89·2 +3 +4 -3 +21 -25-17 
Chur 89·4 -2 -1 +5 
Suva 89·6 +20 +21t +24t +33 
Innsbruck 90·4 -2 -1 +6 +2 0 0 -6+24 

Helsingfors 90·8 -3 -1 +6 
Florence 91'7 -5 -3 +4 
Venice 91·8 0 +2 0 
Konigsberg 91'9 +2 +4 +23 +19 +5 -2 + 14+40 +7 
Lai hach 92·8 -6 -4 +2 +19 

Continned on ne.rt page. 
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6 Pv Pw Sv SKKS SKS pp PS SS 
0 

Vienna 92·9 -4 -2 -8+7 -1 -35+29 +41 
Graz 93·0 +8 +10 -10 +18 -20+31 
Pulkovo 93·1 -2 0 -5 -25 
Rocca di Papa 93·5 -11-2 -9, 0 +I +15 
Zagreb 93-8 +I +3 -3+12 -1 +2+24 -1 

Budapest 94-9 +3 +5 +9 +8 +14 
Naples 94-9 -13 -Il +3 
Pompeii 95·2 -7 -5 +4 
Belgrade 97·0 -9 -6 +5 
Ootomari 97·1 -8 

Kucino 98·6 +13 +16 +9 +10 +26 
Wellington 99·0 -34 -31 -14 +7 
Christchurch 101·0 +9 
Sebastopol 104·7 +3 
Ekaterinburg 104-7 -2 +3 -18 +6 

Simferopol 104·8 0 
Yalta 105·1 -48 
Theodosia 105'3 P' +Il +1 
Kobe 108·7 +4 
Irkutsk 108·9 -16 -6 -1 

Hukuoka 112-4 +3 
Helwan l IZ.S 0 +Il 
Ksara 113·1 -15 -1 -1 
Nairasaki llH +6 
Baku 115·8 -10 +6 +14 

Riverview 116·4 -2 +5 +I +12 +S4 
Sydney 116·4 -Il -IS 
Zi-ka-wei 119·5 +I 
Cape Town 120·3 -6 
Alma ta 120·3 +25 

Frunse 120·4 +Il 
Tashkent 121·1 +2 +3 -2 -12 
Melbourne 121·5 -1 -2 +26 
Adelaide 126·7 +34 SKSP +Il 
Entebbe 128·0 -1 +20 0 

Hong Kong 130·5 +9 -1 +12 
Manila 131·1 +I 
Dehra Dun 133-2 +8+17 -8 +Il 
Amboina 133-4 +3 
Calcutta 140·9 +28 

Bombay 143-6 -1 +4 
Perth 146·0 -7+3 +26 
Hvderabad 146·1 +I PKS 
Tananarive 146·6 -1+41 +13 -13 -1 -15+3 -10 +20 
Kodaikanal 153·1 +45 

Malabar 153'9 0 
Batavia 154·1 -3+3 

Mean P residual (6> 90°), 0 : S, O; SKS. +2. 

Melbourne 30m.2s. may be SKSP. 

1929 Jan. 24d. 20h. 36m. 28s.+ 18s.=36m.46s. Z=+2. 

!.S.S. Epicentre l2°·8N. 91°·0W. Revised Epicentre 13°·3N. 90°·7W. 

A=-·0122. B=-·9731, C=+·2300. 

6 Pv Pw Sv Sw SKS pp PS SS 
0 

Merida 7·8 -13 -13 +4 +4 
Vera Cruz 8·0 -28 -28t -21 -21t 
Puebla 9·2 -29 -29t -18 -18t 
Tacubaya 10·17 +2 +2 +12 +12 
Balboa Heights 11·8 -li -lit -8 -St 

Uontinued on next paue. 
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!::, Pv Pw Sv Sw SKS pp PS SS 

Manzanillo 14·2 -16 -16t -11 -12t 
Mazatlan 17·8 -20 -21t -9 -llt 
Port au Prince 18·43 +9 +B +6 +4 
Chihuahua 21·0 -18 -18 -5 -4 
St. Louis 25·35 -5 -1 -6 0 +6 

Florissant 25·6 -7 -3 -Il -5 
Cincinnati 26·42 0 +4 -4 +3 
Tucson 26·44 -2 +2 -4+1 +3+8 
Charlottes ville 27·02 -27-3 -22+2 -11-7 -4. 0 +25 
Georgetown 28·4 -3+7 +2+12 -26-22 -18-14 -8 

Chicago 28·6 -4+9 +1+14 -1+12 +7+J9 
Denver 29·3 -64 -58* -69 -61* 
Ann Arbor 29·7 0 +6 +J6 +24 +4 
Fordham 31-3 0 +6 +I +JO 
Toronto 3J·9 -9-6 -3, 0 -Il -2 

Harvard 33·7 -5 +J -6 +3 
Ottawa 34·5 -6 -1 -8 0 
Lick 36·57 -4 +1 -3 +5 +4 
La Paz 37·23 -3 +2 -9 -1 
Berkeley 37·4 -2 +3 -2 +6 

Sucre 40·9 -3 +J +3 +9 +12 
Victoria 44·26 -2 +1 
Sitka 55-3 +17 +21 
La Plata 57-3 +12 +12 -JI -7 
Rio de Janeiro 59·0 -1 -1 -9-2 -6+1 

Honolulu T.H. 64·J2 +1 0 
Scoresby Sund 70·5 -l -2 -19 -21 +4 
Edinburgh 77·5 +2 +2 +21 +18 -8 
San Fernando 77·8 +18 +18 +4 +1 
Bidston 78·0 +71 +71 +36 +33 +6 

Stonyhurst 78·3 -1 -1 +11 +8 
Üyce 78·5 +28 +28 -8 -11 
Toledo 79·0 -2 -2 +5 +2 
Malaga 79·2 -28 -28 +6 +3 
Oxford 79·3 -6 -6 +1 -2 -J +23 

Granada 79·7 -6 -6 +16 +13 
Kew 79·9 -4 -4 -2 -6 +5 -37+3 
Almeria 80·8 -8 -8 +Il +7 
Berll'en 81·5 +BI +81t +77 +73t 
Alicante 81-9 -11 -11 -23 -27 

Paris 82-2 0 +13 +9 
Tortosa 82-3 -12+ J2 -16+8 
Uccle 82-9 -3 -3 +5 +I +2 
DeBilt 83·1 -1 0 +3 -1 -1 -1 +Il 
Barcelone 83-4 -49 -48 -29 -33 

Algiers 85·1 +1 +2 +4 +24 
Neuchâtel 85·5 -3 -2 +1 +I 
Strasbourll' 85·6 -2 -1 +6 +2 -6 +20 +27 
Feldberll' 85·6 +31 +32 
Hamburll' 85·6 -1 0 +3 +4 

Gottin11en 86·2 -5+2 -4+3 +5 +18 
Copenhagen 86·3 -2 -1 -1 -19 +22 +17 
Moncalieri 86·5 -58 -57* +2 
Zürich 86·5 -19 -18 +2 
Lund 86·7 +I +2 +28 

Ravensburll' 86·9 -6 -5 +2 
Chur 87-2 +2 +3 +2 
Jena 87-3 -32-3 -31-2 -1 +27 +3 
Upsala 87·5 -4 -3 -2 
Florence 89·3 -2 -1 -J4 

Venice 89-4 -42 -41 
Helsinll'fors 90·7 -3 -1 +5 +I 0 +3 
Graz 91·0 +6 +B +J 
Vienna 91·2 -15 -13 +Il 
Za8'reb 91·8 +1 +3 .:....3+11 

Continued on next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 

Naples 92·3 -1 -5 
Pulkovo 93·1 -4 -2 -3+11 +2 
Ku ci no 98·7 -1 +2 -5 +2 +I +3 
Wellington 102·0 -2 
Sebastopol 103-3 0 

P' 
Theodosia 104·1 -35 
Ekaterinburg 106·0 -1 -3 -4 -29 
Helwan 109·5 +2 
Ksara 110·7 +14 
lrkutsk 113·3 -2 -18 +I +JO +21 

Riverview 120·6 -68 +38 +2+16 +I 
Frunse 122·2 -9 
Tashkent 122-4 -16 -1 -1 -23 -35 
Samarkand 123·2 +17 
Melbourne 125·1 -4 +2 -2 -8 

PKS SKSP 
Adelaide 130·7 -8 
Hong Kong 136·8 -3 +20? +23 -9? 
Manila 138·0 - Il 
Tananarive 139-60 +I +15 + 17 
Phu-Lien 141·9 -18 +25 

Bombay 144·0 -6 -3 
Calcutta 144·2 -9 +Il 
Hyderabad 147-5 -3 
Perth 149·3 +28 
Kodaikanal 153-7 +33 

Colombo 157·8 -22 
Batavia 161-3 -1 

Mean P residual ( 6 > 70° ), 0 ; S, 0: SKS, O. 

T ashkent 30m.2s., Melbourne 30m.48s. may be SKSP. 

1929 F eb. 2d. Oh. Om. l 4s. + 11 s. = Om.25s. Z=O. 

l.S.S. Epicentre 1°·5S. 21°·8W. Retained. 

A=+·928, B=-·371, C=-·026. 

L Pv -Pw Sv Sw SKS pp PS SS 

Rio de Janeiro 29·8 -6 0 -14-8 -6, 0 
San Fernando 40·6 -4 0 -65 -59* 
Malaga 41·5 -3 +I +18 +24 
Granada 42·2 -3 +I 
Almeria 42-4 +163 +167t +115 +121t 

Alicante 44-4 -16 -13t -39 -34t 
Toledo 44·4 -12 -9t -23 -18t 
Aliriers 44·7 -5 -2 +JO +14 0 +19 
Sucre 46·0 0 +3 +20 +24 -14 
Tortosa 46·9 -4 -1 -15 -Il 

La Plata 47-4 -5 -2 -4 0 
La Paz 48·0 -7 -4 +13 +16 -5 
Barcelona 48·1 -4 -1 -16 -13 
Bagnères 48·8 -3 0 -7 
Cape Town 49·6 +10 +13 +9 +12 

Grenoble 52-7 +4 +6 +7 +9 
Moncalieri 53-3 -3 -1 -9 -7 
Naples 53·5 +12 +Il -12 -JO 
Florence 54·1 -5 -4 -8 -6 +22 
Entebbe 54·3 +8 +9 

Besançon 54-4 -1 0 0 +I 
Chur 55·5 -9 -8 
Zürich 55-6 -1 0 -2 -1 
Paris 55·7 -Il -JO -21 -20 
Santiago 55·7 -6 -5 +9 +JO 

Uontinued on next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 
0 

Venice 55·8 0 +1 +5 +6 
Kew 56·0 -3 -2 -2 -1 
Oxford 56·0 +6 +7 +I +2 
Strasbourg 56·2 

_, 
0 0 +I +20 +21 

West Bromwich 56·5 -3 -2 

Innsbruck 56·7 -JO -9 -2 -1 +19 
Uccle 56·8 

_, 
0 -1 0 

Bidston 57·1 +6 +6 -l -2 
Laibach 57-3 -1 

_, 
+f8 +19 

Stonyhurst 57-7 -6 -6 -2 -1 

Feldberg 57·8 0 0 0 +l 
Zagreb 57·8 0 0 -16-3 -15-2 0 +20 -21 
De Bilt 58·2 -1 -1 +l +l 
Balboa Heights 58·5 -· 15 -15 -22-18 -22-18 
Graz 58·5 0 0 +7 +7 

Halifax 59·2 +2 +2 +2 +2 
Edinburgh 59·3 +4 +4 -29 
Gèittingen 59·4 -3+1 -3+1 +3+11 +3+11 
Helwan 59·5 +4 +4 +4 +4 
Belgrade 59-6 0 0 +I +l 

Jena 59-6 +l +l +55+70 +55+70 
Vienna 59·7 -2 -2 +6 +6 -9 +39 
Budapest 60·5 +l 0 +16 +16 -18 
Dy ce 60·8 0 -1 -4 -4 
Hamburg 61·1 -1 -2 +5 +5 

Harvard 62-4 +14 +13 -4 -4 
Copenhgen 63-6 0 -1 0 0 
Lund 63-9 +I 0 +8 +7 
Georgetown 64·7 +3 +2 +5 +4 +27 
Charlottesville 65·4 -5 -6 -1 -2 -33 

lthaca 65·9 -6 -7 -7 -8 
Kèinigsberg 66·1 0 -1 +5 +4 -JO +12 0 
Ottawa 66·8 f-1 0 -4 -5 +34 
Sebastopol 67-2 0 -1 
Yalta 67-6 +I 0 

Simferopol 67·8 +I 0 
Toronto 68·3 -14 -15 +l 0 -5 
Theodosia 68·6 +2 +l 
Upsala 68·6 -1 -2 -7 -9 
Merida 70·0 -35 -36t -23 -25t 

Tananarive 70·0 +18 +17 -66 -68 +42 
Cincinnati 70·2 -2 -3 -7 -9 +li +4 +3 
Ann Arbor 70·7 -3 -4 -JO -12 -20 +17 
Helsingfors 71·4 +l 0 +I 

_, 
+24 +JO 

Scoresby Sund 72·0 +16 +15 +25 +23 

Chicago 73-2 -4 -5 -5 -8 -35 
Pulkovo 73-3 -1 -2 -4 -7 
St. Louis 74·2 +5 +4 0 -3 
Florissant 74-4 +2 +l 0 -3 +7 
Kucino 74·8 +8 +7 -4 -7 

Vera Cruz 76·4 -1 -1 
Baku 77-2 +3 +3 +14 
Tacubaya 78·6 +12 +12t +14 +lit 
Ekaterinburg 87·1 +2 +3 -3 -7 
Tucson 90·0 +6 +7 0 -4 

Tashkent 91·8 -15 -14 
Bombay 94-9 +57 +59* -58 -62* +30 
Frunse 95·7 -2 +1 
Victoria 98·7 +36 +39 -30 
Lick 98·7 +5 +8 +19 

Berkeley 99·2 -6 -10 -11 +li 
Colombo JOl ·7 +2 +6 
Sitka J03-9 +21 +17 +21 

Continued on next page. 
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6 PKS P' pp SS . 
Batavia 128·1 -17 
Hong Kong 132'4 -25 

Honolulu T.H. 132'8 -6+23 
Christchurch 133·2 -7 -8 
Wellington 134-6 +18 +15 +44 
Melbourne 138·8 +5 +46 
Adelaide 139·2 -14 

Mani la 141·0 +5 
Riverview 144·1 +9 +22 +51 
Sydney 144·1 -15 
Suva 152-1 -15 

Mean P residual (6>70°), 0;>; S. -6. 

1929 Feb. IOd. 15h. 39m. 4s.+ 13s.=39m.17s. Z=-3. 

!.S.S. Epicentre l3°·9N. 91 ·2W. Revised Epicentre l3°·3N. 90°·7W. 

A=-·0122, B=-·9731, C=+·2300. 

6 Pv Pw Sv Sw SKS pp PS SS 
0 

Oaxaca 6·2 +27 +27 
Merida 7·8 -25 -25 -23 -23 
Vera Cruz 8·0 +15 +15 -2 -2 
Puebla 9·2 +1 +1 -14 -14 
Tacubaya 10·17 +4 +4 -4 -4 

Balboa Heights Il ·8 +9 +9 +33 +33 
Manzanillo 14·2 -14 -14 -57 -58 
Port au Prince 18·43 +7 +6 +66 +64 
St. Louis 25·35 -5 

_, 
+2 +8 

Florissant 25·6 -7 -3 -2 +4 +8 +10 

Cincinnati 26·42 -9 -5 +12 +Id 
Tucson 26·44 -4 0 
Charlottesville 27·02 -2 +3 -5 +2 
Georgetown 28·4 -6+2 -1+7 +21 +29 
Chicago 28·6 -5+2 0+7 -15-7 -7+1 +5 

Ann Arbor 29·7 -7 -1 +8 +16 +9 
Fordham 31·3 +37 +43 +52 +61 
lthaca 31·8 -Il -5 -5 +4 
Toronto 31·9 -7 -1 -19-4 -10+5 -12 
Harvard 33·7 -7 

_, 
-14 -5 

Ottawa 34·5 -5 0 -12 -3 +IO 
Lick 36·57 -5 0 -6 +2 
La Paz 37·23 -1 +4 +13 +21 
Berkeley 37-4 -12-6 -7-1 -8 0 
Sucre 40·9 +14 +18 +13 +19 +12 +14 

Victoria 44·26 -6 -3 -2 +3 
Rio de Janeiro 59·0 +2 +2 +5 +5 
Honolulu T.H. 64·12 +5 +4 
Scoresby Sund 70·5 0 

_, 
-3 -5 -4 -Il 

San Fernando 77·8 -5 -5 +30 +27 -5 

Stonyhurst 78·3 +6 +6 +23 
Toledo 79·0 0 0 +4 +1 
Malaga 79·2 +3 +3 +2 -2 
Granada 79·7 +2 +2 +7 +3 
Kew 79·9 -1 -1 -3 

Alicante 81·9 -21 -21 -40 -44 
Uccle 82'9 -4 -4 -5 -9 
DeBilt 83·1 +I +2 +JO +6 +9 
Al ai ers 85·1 0 +1 0 
Hamburg 85-6 +16 +17 

Continued on next page. 
D 
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D. Pv Pw Sv Sw SKS pp PS SKKS 
0 

Strasbourg 85·6 -1 0 +2 -2 -3 
Giittingen 86·2 -18 
Copenhagen 86·3 -li -JO +2 -2 -7 
Zürich 86·5 -2 -1 -2 
Moncalieri 86·5 -2 

Lund 86·7 +14 +Io 
Chur 87-2 -2 -1 
Upsala 87-5 -11 
Graz 91·0 -4 
Vienna 91·2 -4 -2 +29 

Zagreb 91·8 0 +2 -5 +26 -10 
Pulkovo 93·1 -1 +1 +3 -1 -5 0 +14 SS 
Kucino 98·7 -9 +3 +JO +22 
Wellington 102·0 +4 +26 
Ekaterinburg 106·0 0 -4 0 +4 +24 

Helwan 109·5 +50 +4 
Cape Town 113·2 +10 +16 
Irkutsk 113·3 -14 0 -9 -17 
Baku 115·1 P' +6 
Tashkent 122-4 +2 -2 +2 +34 

Samarkand 123·2 +8 
Melbourne 125·1 PKS +2 +7 +44 
Hong Kon~ 136·8 -JI 
Manila 138·0 -24 
Tananarive 139-60 -5 SKSP 
Bombay 144·0 +4 0 -36 
Calcutta 144·2 -20-2 

Mean P residual (D.>70°), O; S, -2: SKS, -4. 

The I.S.S. epicentres for this earthquake and that of 1929 Jan. 24 difler by 1° · 1, but on revision the 
epicentres were found to agree within their uncertainty. The mean of the revised positions was therefore 
adopted for both. 

1929 Feb. 22d. 20b. 4lm. 39s.+ 13s.=41m.52s. Z=O. 

I.S.S. Epicentre 10°·6N. 42°·5W. Revised Epicentre 10°·7N. 41°·6W. 

A=+·7348, B=- ·6523, C=+·l857. 

D. Pv Pw Sv Sw SKS pp PS SS 

Fort de France 19-4 -3 -4 
Azores 30·5 +31 +37 
Port au Prince 30·7 +5 +li -1 +8 +14 
Rio de Janeiro 33-6 -3+1 +2+6 -Il -2 
Balboa Heights 37·5 -5 0 -8 0 

La Paz 37·8 -5 0 -8 -1 o.+5 -14+23 
Sucre 37·8 -6 -1 -9 -2 -20+17 
Halifax 38·8 -1 +3 -6 +1 +9 
Harvard 40·7 -3 +1 -5 +1 
San Fernando 41·0 -1 +3 -5 +I 

Fordbam 41·4 +37 +4Jt +25 +31t 
Georgetown 42·3 -3 +1 -1 +5 +5 
Malaga 42-4 -1 +3 -1 +5 
Charlottes ville 42·8 -5 -1 -10 -5 +13 -8+9 
Granada 43·2 -2 +2 +2 +7 

Ithaca 43-9 -5 -1 -8 -3 +15 
Aime ria 43-9 +18 +22 +JO +15 
Toledo 44·2 -5 -2 +2 +7 +2 +12 
Ottawa 45·2 -2 +1 -4 {) -6 
Alicante 45·9 +5 +8 +5 +9 

Toronto 46·3 -5 -2 -5 -1 +5 +12 
Cincinnati 47·6 +1 +4 -21 -17 +4 -17+15 
Tortosa 47·7 0 +3 +5 +9 
Algiers 47·8 -3 0 +4 +7 +6 
La Plata 48·2 -8 -5 -11 -8 

Continued on next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 
0 

Ann Arbor 48·4 -4 -1 -4 -1 +2 -1 
Bagnères 48·6 +1 +4 -1 +2 
Barcelona 49·1 +2 +5 +I +4 
Chicago 50·7 -4 -2 -9-2 -6+1 -53 
St. Louis 51·4 -2 0 -1 +1 -16-1 

Florissant 51·6 -5 -3 -2 0 
Santiago 52·1 -13 -li -4 -2 
Oxford 52-5 +2 +4 -2 0 
Bidston 52·6 -2 0 -65 -63* 
Kew 52·8 -2+3 0+5 +2+7 +4+9 -13 

Paris 52·8 -2 0 +4 +6 
Grenoble 53·0 -7 -5 +7 +9 
Stonyhurst 53-2 0 +2 +7 +9 
Besançon 54·0 +4 +5 +7 +9 
Edinburgh 54·1 +5 +6 +5 +7 

Moncalieri 54·2 +3 +4 +9 +11 
Neuchâtel 54·5 0 +I +6 +7 
Uccle 54·8 -2 -1 +4 +5 
Üyce 55-5 +2 +3 +5 +6 
Zürich 55-7 -1 0 -2 -1 

Strasbourg 55-8 0 +1 +5 +6 
DeBilt 55-9 +4 +5 +6 +7 
Tacubaya 56·1 -7 -6 -4 -3 
Florence 56·2 -2 -1 +17 +18 
Karlsruhe 56·4 +7 +8 +8 +9 +14 

Hohenheim 56·8 -2 -2 +6 +7 
Feldberg 56·9 +3 +3 +5 +6 
Naples 57-4 -13 -13 -14 -13 
Venice 57-4 0 0 +6 +7 
Pompeii 57'6 +15 +15 +13 +14 

Gottingen 58·3 +3 +3 +18 +19 -4 -2+2 
Jena 59·0 +1 +1 +5 +5 -4 -9 
Laibach 59·0 0 0 +5 +5 
Hamburg 59·2 -2 -2 -1+5 -1+5 
Graz 60·0 -4 -4 +1 +I 

Zagreb 60·0 +3 +3 -1 -1 +8 -1+6 
Bergen 60·5 -8 -9 +7 +7 
Vienna 60·9 -1 -2 +5 +5 -4 +10 
Scoresby Sund 61·1 +4 +3 -2 -2 +33 
Copenhagen 61·3 -1 -2 +7 +7 

Lund 61·8 +I 0 +7 +7 
Budapest 62-4 +8 +7 +Il +li -Il +23 
Chihuahua 62·5 -7 -8 -9 -9 
Belgrade 62·8 -1 -2 +4 +4 
Denver 62·8 -9 -8 -5 -5 +l 

Upsa)a 64·8 +4 +3 +10 +9 
Konigsberg 65'4 0,+4 -1+3 +2 +1 +17 +24 
Lembera 66·2 +5 +4 +4 +3 +14 
Tucson 66·8 0+6 -1+5 +2 +1 +34 -12 
Helsingfors 69·2 +3 +2 -1 -3 +40 

Helwan 70·0 +3 +2 +7 +5 
Pulkovo 71-7 -1 -2 +4 +2 
Sebastopol 71-9 +5 +4 
Simferopol 72-4 +3 +2 
Yalta 72-4 -16 -17 
Cape Town 72·5 +Il +10 +2 0 
Theodosia 73-3 +5 +4 +3 0 
Ksara 73-7 +3 +2 +8 +:5 -t-26 
Entebbe 74·3 +4 +3 +5 +2 
Kucino 75-3 +6 +6 +10 +7 

Llck 75·6 -3 -3 -6 -9 
Berkeley 76·2 -4 -4 +2 -1 
Victoria 76·5 -1+6 -1+6 -2+3 -5, 0 
Baku 84·3 +6 +6 +12 +8 
Ekaterinburg 87·6 -1 -1 -5 -9 

Continued on next page. 
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6 Pv Pw PKS Sw SKS pp PS SS 
0 

Tananarive 92·6 +4 +6 0 -23+25 +2 
Samarkand 97·0 -1 +2 -1 
Tashkent 98·0 -64 -61"' -15 -26 
Andiian 100·6 +6 +10 +I 
Frunse !00·9 -4 0 

Bombay !09·0 +I +2 
Honolulu T.H. 109·8 -12 +5 +I 
lrkutsk 110·5 P' 
Colombo 119·1 +41 -2 
Calcutta 120·7 -18 

Kobe 134·6 +21 
Zi-ka-wei 135·0 +3 -2 +21 
Phu-Lien 135-6 +JO 
Wellington 135-8 +48 
Hong Kong 139·3 +Io 

Batavia 148·4 +7 
Manila 149·3 +8 +9+16 
Perth 150·4 +21 
Melbourne 152·3 +40 +27 
Riverview 154·1 +28 

Adelaide 155-7 +33 
Amboine 167'6 +8+19 

Mean P residual ( !:.> 70°), + 1 ; s. 0: SKS,-1. 

There is a long series of positive S residuals from Kew (52°·8) 8, Upsala (64°·8); but within this range 
normal residuals occur at Zürich, Tacubaya, Hamburg, Graz, Zagreb, and Scoresby Sund. 
probable that the latter refer to the time S and the others to a strong successor. 

lt seems 

1929 Nov. 18d. 20h. 32m. 5s. Z=O. 

Epicentre 44°·55N. 55°·95W. 

A=+·3990, B=-·5905, C=+·7015. 

!:. Pv Pw Sv Sw SKS pp PS SS 
0 

Harvard 11·2 -Il -Il -8 -8 
Fordham 13·7 -7 -7 -20 -21 
Ottawa 14·0 -6 -6 -12 -13 
Georgetown 16·7 0 -1 +6 +4 
Toronto 16·8 -5 -6 -8, 0 -10-2 

Ann Arbor 20·2 0 0 +3 +3 
Chicago 23'2 -1 +I +4 -3d +13 
St. Louis 26·2 -6 -2 -22 -15 -4+4 -8 
Florissant 26·2 -6 -2 -16 -9 -4+4 -8 
Port au Prince 29-4 0 +6 +8 +16 

Scoresby Sund 30·8 +I +7 -2 +7 
Edinburgh 34'6 +15 +20 -13 -5 
Stonyhurst 35·2 -5 0 -8 0 +18 
Saskatoon 35·5 -5 0 -18 -JO -16 
Denver 36·2 -21 -16 +230 +238* 

Oxford 36·3 -3 +2 -Il -3 
Merida 36·4 -14 -9 -16 -8 
Kew 36·9 -5 0 -10 -2 
Toledo 38·0 -6 -1 -7 0 -24 
San Fernando 38·1 0 +4 0 +7 

Paris 38·8 0 +4 -3 +4 
Bergen 38·8 -5 -l -6 +I 
Malaga 39·2 -3 +I -3 +4 
Granada 39'6 -5 -1 -6 +I +18 -25 
Uccle 40·0 -5 -1 -13 -6 

Continued on next page. 
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!::,. p,,, Pw s,,, Sw SKS pp PS SS 
0 

DeBilt 40·1 -4 0 -9 -2 
Almeria 40·5 -5 -1 -5 -1 +5 
Puy de Dôme 40·6 -13 -9 -4 +2 
Tortosa 40·8 -1 +3 -8 -2 
Alicante 41·3 -1 +3 -4 +2 

Barcelona 41·7 -9 -5 -9 -3 +7 
Besançon 42·1 -5 -1 -8 -2 
Hamburg 42·5 -4 0 -4 +2 +16 
Grenoble 42-6 +6 +10 -3 +3 
Chihuahua 42·6 -95 -91t -128 -122t 

Neuchâtel 42-7 -3 +1 -4 +I 
Strasbourg 42·7 -3 +1 -7 -2 -4 
Feldberg 42·9 -5 -1 +9 +14 +23 
Karlsruhe 43·0 +4 +8 +2 +7 
Gottingen 43·1 -5 -1 -6 -1 

Marseilles 43·1 -19 -15 
Copenhagen 43·3 -5 -1 -7 -2 +15 
Hohenheim 43·6 -4 0 -7 -2 -8 +20 
Zürich 43-65 -3 +1 -3 +2 
Tacubaya 43·7 -3 +1 -35 -30 

Tucson 43·9 -5 -1 -2 +3 +23 
Moncalieri 44·0 -8 -4 -15 -10 
Ravensburg 44·15 -1 +2 -4 +1 +16 
Jena 44·3 -3 0 -10 -5 
Algiers 44-4 -3 0 -4 +1 +Il 

Upsala 44·9 -5 -2 -7 -2 +Il 
Cheb 45·0 +I +4 +I +6 +Il 
Piacenza 45·2 -3 0 -2 +2 
Innsbruck 45·5 -2 +1 -5 -1 +16 
Livomo 46·3 -483 -480"' 

Padova 46·5 -8 -5 -1 +3 
Treviso 46·6 -3 0 -3 +1 
Florence 46·8 -7 -4 -4 0 
Laibach 47·9 -4 -1 -5 -2 +24 +24 
Graz 48·0 -5 -2 +20 +15 

Konigsberg 48·0 -3 0 -3 0 +2 +11 -27+6 
Vienna 48·1 -6 -3 -1 +2 +2 +19 
Helsingfors 48·4 -4 -1 -7 -4 
Rome 48·4 -1 +2 -2 +1 
Rocca di Papa 48·7 -5 -2 -6 -3 +22 

Lick 48·8 -3 0 +3 +6 +6 +8 
Zagreb 48·9 0 +3 -3 0 -13 
Berkeley 49·0 -3 0 -1 +2 +2+6 +2 
Casamicciola 49·9 -5 -3 -8 -5 
Naples 50·1 -3 -1 -3 0 

Budapest 50·1 -2 0 -1 +2 
Pulkovo 51·0 -1 +I -4 -2 
Bari 51·7 +3 +5 -6 -4 
Belgrade 52-2 -2 0 -3 -1 
Trenta 52-25 +8 +IO -3 -] 

Taranto 52·3 +4 +6 
Catania 52·35 -1 +I +1 +3 
Kucino 56·7 -1 0 -3 -2 
Sebastopol 60·2 +2 +I +s +5 
Simferopol 60·3 +I 0 +4 +4 

Yalta 60·6 +I 0 +4 +4 
Theodosia 61·0 +3 +2 +6 +6 
Sucre 64·2 -8 -9 -10 -11 +9 
Ekaterinburg 65-6 -1 -2 
Helwan 67·8 0 -1 -4 -s 

Ksara 68·2 +I 0 +4 +2 
Rio de Janeiro 68·4 +6 +5 -12 -14 
Balru 72-2 +I 0 +3 +I 
La Plata 79·4 -6 -6 -IO -14 
Tashkent 81·1 -19 -19t -29 -33t 

Confinued on next page, 



Samarkand 
lrkutsk 
Alma ta 
Honolulu T.H. 
Andijan 

Entebbe 
Oehra Dun 
Agra 
Kobe 
Bombay 

Hulruoka 
Hyderabad 
Hong Kong 
Tananarive 
Phu-Lien 

Colombo 
Manila 
Batavia 
Christchurch 
Riverview 

Melbourne 
Adelaide 
Perth 

0 

81·4 
81·7 
82'7 
83-2 
83-3 

88·8 
94·2 
%·9 
99·8 

101 ·3 

Pv 

0 
0 

+2 
0+6 
-1 

-2 
+6 
-28 

-3 

101 ·4 +55 
105-4 
112·5 
112·6 
112'7 

P' 
+5 
+15 
+17 

Pw 

0 
0 

+2 
+1+7 

0 

-1 
+8 
-25 

+I 

+59* 

115-3 
120·8 
138·8 
145-6 
156·5 

-6 SKSP 
o. +5 -2 

162-9 -16 
165-3 +29 
165·9 +2 

+7 

Sv 

+I 
-3 
+6 
-1 
+2 

+5 
+4 
-17 

54 

+100 

PKS 
-14 

Mean P residual ( 6>70°), 0; S, -3; SKS, -6?? 

Sw 

-3 
-7 
+2 
-5 
-2 

+l 
0 

-21 

+% 

SKS 

-6 

pp 

+12 

+7 
+20 
+4 

+16 

+31 
+25 
-7 

PS 

+17 
+3 

SKKS 

-Il 

SS 
+4+8 +23 
+3 ·-6 

+6 
-7 

SKKS 
-8 

+14 

This is the shock that broke the Atlantic cables off Grand Banks, Newfoundland. The European and North 
American Stations are nearly in opposite azimuths ; those to the north and south of the epicentre (Scoresby 
Sund, Port au Prince, Sucre, and La Plata) carmot be brought into agreement, and the latitude is prai::tically 
determined to suit Samarkand, lrkutsk, Almata, and Andijan. Scoresby Sund comments on the d;fficulty 
of reading. The uncertainty of the epicentre in a NNW direction of course hardly affects the European 
and North American distances or inferences from them. La Paz gives a number of readings that cannot 
refer to this shock. The near stations, Harvard, Fordham, Ottawa, and Toronto show curious negative 
residuals. There may have been a small foreshock about 6s. earlier ; or there may have been some primitive 
P movement which was noticeable at these near stations and not et others. 
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EPICENTRES IN SOUTH AMERICA. 

1927 Nov. 14d. 7h. 19m. 20s.+6s.= 19m.26s. Z=O. 

!.S.S. Epicentre 30°·2S. 71°·0W. Revised Epicentre 30°·6S. 70°·9W. 

A=+·2816, B=-·8133, C=-·5090. 

~ Pv Pw Sv Sw SKS SKKS pp PS SS 
0 

Santiago 29 +2 +2 -22 -22 
Pilar 6·2 -6 -6 -40 -40 
La Plata 11-7 +4 +4 -1 -1 
Sucre 12-7 +2+20 +2+20 +8 +8 
La Paz 14·3 +10+29 -t-10-t-29 +24+59 +23+58 

Rio de Janeiro 25·8 +3 +7 -4 +2 
Balboa Heights 40·4 -33 -29 
Tacubaya 56·9 -13 -13t -12 -lit 
Chihuahua 68·1 -24 -25t . -23 -25t 
Cincinnati 70·9 0+9 -1+8 +18 +16 

St. Louis 71·5 +1+15 0-t-14 -3 -5 -2+19 
Cape Town 73·0 +4 +3 +5 +2 
Ithaca 73·2 +9 +St +10 +7t 
Tucson 73-4 +2 +I 0 -3 +2 -7 
Ann Arbor 73·8 +1 0 -5 -8 -22 

Chicago 74·0 -7 -10 
Toronto 74·7 -10 -1ot -16 -19t +14 
Ottawa 76·1 -2 -2 -4 -7 +22 +17 
Berkeley 83·6 -2 -2 -5+8 -9+4 -4+9 
Wellington 86·0 -2 -1 -8 +23 -7+8 

San Fem.,ndo 90·4 0 +I +1 -3 
Rio Tinto 90·9 +27 +28 
Malaga 91·7 -3 -1 -12 -10 -1 
Victoria 91·8 -4 -2 -10-6 
Apia 92·1 +30 +32 +18 +13 -27 

Granada 92·5 +2 +4 +13 +8 
Almeria 93·0 -6 -4 -16 -11 -1 
Toledo 93·8 -4 -2 +13 -13 0 
Alicante 95·1 -6 -4 +20 -11 
Algiers %·6 0 +2 +12 -16 +I 

Honolulu 98·2 +2 -3 -21 
Oxford 102-4 +9 +4 +14 -26 +14 
Kew 102-7 -5 -1 +9 +4 +15 -27 -4 +9 +34 
Paris 102·8 -3 +I +9 +4 +16 
Stonyhurst 103·0 -13 -9 +1 -3 +9 

Edinburgh 103-8 -t-16 
Moncalieri 103-9 +4 +8 +10 
Besançon 104·0 -8 -4 +7 
Riverview 104·3 -10 +6 +9 
Sydney 104·3 -19 

Neuchâtel 104-4 -5 0 +16 
Uccle 104-8 -7 -2 +17 -22 
Dy ce 105·0 +18 
Florence 105·5 
Rocca di Papa 105·5 +1 

Zürich 105-6 0 -16 
Strasbourg 105·7 -1 -7 +5 
DeBilt 105·9 0 +17 +2 
Pompeii 106·3 -3 
Hohenheim 106·6 +11 +39 

Feldberg 106·8 -33 
Venice 106·9 

-8 Adelaide 108·8 -15 
Jena 108·9 -6, 0 -12 -32 
Cheb 109·0 +8 +li 

Continu.ed on next page, 
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!:::, P' Pw PKS Sw SKS SKKS pp PS SS 

Hamburg 109·2 -27 -2 +3 +9 
Graz !09-6 +37 
Prague 110·2 -4 -5 +35 
Vienna 110·6 -3 -10 
Copenhagen 111·4 -3 -47 +2+16 -16+1 +3+33 -6 

Budapest 112·0 -9 
Helwan 114·3 +5 +6 
Upsala 115-4 +I +6 
Helsingfors 119·0 -26 -22 +1+5 +4 
Ksara 119·3 +14 +7 +37 

Pulkovo 121·6 -4 +I -2 0 
Makeyevka 124-4 -6, 0 SKSP -7 0 +I +5 
Ti Ais 128·1 +2+9 +16 -3 +5 
Baku 131·7 +I -6 -44 +6 
Ekaterinburg 137·6 0+4 +12 -11 +1 +10 

Batavia 143·1 +8+12 
Colombo 143·8 -4 
Kodaikanal 144·2 
Bombay 145·2 -2 
Tashkent 146·4 -2 +17 

Hyderabad 149·2 +6 +s 
Mizusawa 152·5 +9 
Simla 152·7 +23 
Osaka 157-4 
lrkutsk 158·0 -4 -19 + 19 +5 +4 

Manila 160·6 -3 
Zi-ka-wei 169-4 0 +22 
Phu-Lien 169·9 +I -1 
Hong Kong 170·5 +3 

Mean P residual ( /:::, > 70° ), - 2 ; S, -3?; SKS, -IOor +11. 

Note.-There are signs of focal depth in both P and S, though hardly conclusive in either case. This shock was used 
in determining the corrections to P; Y was then chosen to fit the stations from 70° to 86°, since the focal depth 
effect is nearly constant at these great distances and is thus eliminated. SKS is usually late by about l ls., butafew 
stations show negative residuals, notably Wellington, Victoria, and Zürich, whose time is indicated as correct by P, 
and also Makeyevka. lt is possible that the late readings are sSKS, and the earlier the true SKS. S is early at 
the distant stations as far as Berkeley, but on this interpretation none ol them are late enough to be sS. ln some 
cases SKKS may be alternatively interpreted as S ; these cases are shown by italics. 

Ekaterinburg also P ' - 8. 

1928 July 18d. 19h. 4m. 52s.+ 16s.=5m.8s. Z=+2. 

!.S.S. Epicentre 5°·0S. 79°·5W. Revised Epicentre 5°·2S. 78°·7W. 

A=+·1951, B=-·9766, C=-·0906. 

,6, Pv Pro Sv Sw SKS SKKS pp PS SS 
0 

Balboa Heights 14·2 +12 +12 +20 +19 
La Paz 15·32 +2 +2 +33+61 +32+60* 
Sucre 19·07 0 -1 +21 +19 
Port au Prince 24·56 -Il -8 +16 +Bd -8 
San Juan 26·66 -1 +3 +4 +11 

Merida 28·3 +9 +14 +9 +17 
Oaxaca 28·5 +32 +37t +33 +31t 
Santiago 29·20 -13 -8 +3 +Il 
Vera Cruz 29·8 -3 +2 -2 +6 
Tacubaya 31·8 +7 +12 +14 +23 

La Plata 35·37 -8 -3 -18 -10 
Rio de Janeiro 38·52 -6 -1 -6 +1 
Chihuahua 42·9 +IO +13t +15 +20t 
Charlottesville 43·24 +12 +15t +8 +13t 
Georgetown 44·12 -2 +2 +16 +21 +12 

Continued on rie.ri page, 
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L, Pv Pw S11 Sw SKS SKKS pp PS SS 
0 

Cincinnati 44-7 -1 +3 +2 +7 +23 
St. Louis 4S·l2 -6 -3 -8 -4 -2S +16 
lthaca 47·6 -44 -41 
Chicago 47-7 -23 -20t -22-8 -19t-S -1 
Ann Arbor 47-72 -3 0 0 +3 +JO +20 

Harvard 48·1 -6 -3 -2 +I +14 
Tucson 48·33 -3 0 -7 -4 -17 
Toronto 48·88 -16-9 -13-6 -s -2 +4 
Ottawa S0·67 -4 -2 -6 -3 +IO +s 
Lick S8·3 +I +I -6+18 -6+18 -SS* 

Berkeley S9·1 -s -s +s +8 
Saskatoon 62·0 -IS -16t -14 -J4t 
Spokane 62·8 +12 +lit +17 + 17t 
Azores 65·2 -s -6 +100 +99 
Victoria 66·2 +4 +3 +8 +7 

San Fernando 79·2 +8 +8 +6 +s +SI 
Malaga 80·7 -1 -1 +s +4 
Granada 81·4 +I +1 +6 +s +8 -22 
Toledo 81·73 -1 -1 +3+7 -1+3 +15 +3 
Honolulu T.H. 81·8 +4 +4 +3+12 -1+8 +IO -li 

Almeria 82·3 -4 -4 -9 -13 +2 0 
Alicante 84·0 +6 +7 +3 -1 
Scoresby Sund 84·6 -2 -1 +2! -2 +I +13 
Tortosa 85-3 -2 -1 +3! -1 +6 
Bagnères 85·6 0 +I 

Bidston 8S·7 +2 +3 +41 0 +I 
Stonhhurst 86·2 --2 -1 +7! +3 +6 
Eclin ur1rh 86·3 +I +2 +7! _;_3 +3 
Oxford 86·4 -1 0 +4! 0 +4 +IO 
Barcelona 86·6 -2 -1 +4 

Aliriers 86·6 -2 -1 +2! -2 +4 
Kew 86·9 -1 0 +4 0 +3 -9 -4+14 +7 Dy ce 87-3 -1 0 +Il -3 -1 +17 
Paris 88·14 -1 0 +S! +I +2 
Marseilles 89·2 +I +2 

Uccle 89·6 -2 -1 +3+81 -1+4 +3 
De Bilt 90·3 0 +2 +3 -1 +s 
Neuchâtel 90·7 -1 +I +7! +2 +4 
Moncalieri 91·1 +I +3 -8 
Strasbourg 91 ·S -3 -1 +9 +4 +4 -1 

Bergen 91·7 -15 -13 
Zürich 91·8 -1 +I +5! 0 +4 
Feldberg 92·0 +6 +8 +4 -1 +4 +15 
Hohenheim 92-3 +6 +8 +s -7 
Chur 92·S -2 0 +4! -1 +3 

Ravensburg 92-6 +3 +s +9! +4 +4 -8 
Cape Town 93·1 +3 +s +6 
Hamburg 93-3 -1 +I +S! +6 -20 
Florence 93·5 -2 0 +s 
Innsbruck 93-7 +s +7 +I 

Jena 94·21 -3+3 -l+S +91 +4 +4 -17 +3 -8 
Rocca di Papa 94-4 -4 -2 +4 
Copenhagen 94·9 -2 0 +7+12 +2+7 +<J -1+3 +HIO +6 
Potsdam 9S·I +7 +IO +4 -1 +6 
Lund 9S·3 -2 +I +4 -1 +2 
Naples 9S·5 -9 -6 
Pompeii 9S·8 -15 -12 -4 
Graz 96·S -4 -1 +91 +4 +I 
Za1rreb 96·9 -5 -2 +31, -1 -3+S -IO+ll +3 +4 
Vienna 97·1 -6 -3 -1 -6 +3 -5 +Il +20 
Upsala 97·6 -1 +2 -1 -6 -1 +5 Wellington 98·8 +s +8 0+15 -s+IO 
Budapest 98·9 +s +8 +61 +I +7 
Koniirsberg 99·S +5 +8 +4 -1 +s -16+7 +20 -21 
Belgrade 100·0 +8 +12 +12 +7 -3 

Cordinued on next page, 
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!:, Pv Pw P' P2' SKS SKKS pp PS SS 

Suva 100·5 -15 -11 +22 
Helsinirfors 102-3 +8 +9 +9 
Pulkovo 103-9 -7 -3 -1 -9 
Kucino 108·9 -1 +2 +6 
Simferopol 109-6 

Yalta 109·7 -21 
Theodosia 110·5 +19 
Entebbe 111·1 -J -16 +3 
Makeyevka 111·4 +I +4 +8 
Ksara 113-2 +19 -2 +24 

Riverview 1 IS·9 +11 -s -4 +9 +30 
Sydney 1 IS·9 +22 +21 
Ekaterinburg 119·3 +4 +13 +10 +17 +2 
Melbourne 121·1 +17 +10 
Tananarive 121·S +13 +8 +32 +15 

Baku 122·0 +60* +3 +25 
Adelaide 126·7 PKS 
Mizusawa 130·5 +I -6 
lrkutsk 132-8 -4 0 +4 
Tashkent 133-9 0 -35 +13 

Osaka 136·7 +17 
Kobe 136·9 -!-2 +60 
Su moto 137·3 +10 -11 
Nagasaki 141·6 
Dehra Dun 146·4 +19 +2S 

Zi-ka-wei 147·8 -3+3 -13 +10 
Bombay 149·0 +9 +22 
Taihoku 152·1 
Kodaikanal 155-8 
Manila 15S·5 +6 

Colombo 158'7 +3 
Hong Kong 15S·S +3 
Phu-Lien 163'6 +9 
Batavia 167·9 -1+5 +7 

Mean P residual of P ( 6> 70°), 0; s.-1: SKS. +4. 

Note.-This earthquake is discussed by 1. Lehmann and G. Plett (Gerlands Beitriige 36, 3S- 77, 1932). They 
take the epicentre as 5°·0S, 79°·0W. ln view of the scarcity of readings of S at greatdistances, theirs are incorporated 
in the above table and indicated by the mark 1 Where S is recorded in the l.S.S., the l.S.S. reading is taken ; the 
agreement is in nearly ail cases within a second. The means of Sv are, 80°·1-S5°·0, +3·7; S5°·l-90°·0, +3·6; 
90°·1-95°·0, +5·0 (three readings of +9·0 omitted); 95°·1-100°·0, +5·0. The first two agree with the correc-
tions already derived ; the others are incorporated in the final curve and smoothed. 

192S Nov. 20d. 20h. 35m. 5s.-2s.=35m.3s. Z=-2. 

!.S.S. Epicentre 22°·5S. 70°·5W. Revised Epicentre 23°·7S. 70°·9W. 

A=+·29%, B=-·8652, C=-·4019. 

!:, P·p Pw Sv Sw SKS SKKS pp PS SS 
0 

Sucre 7·01 -2 -2 -2 -2 
La Paz 7-64 -1 -1 0 0 
Santiago 9·77 +31 +31t +23 +23t 
La Plata 15-92 +5 +5 +10 +9 
Rio de Janeiro 25·39 -s -4 -19-11 -13-5 

Tacubaya 51·2 +6 +St +6 +St 
Charlottesville 62·1 -1 -2 -4 -4 
Georaetown 62-9 +I 0 +3 +2 +29 +9 
Cincinnati 64·2 -2 -3 -6 -7 +5+24 -40 
Florissant 65·2 -3 -4 -7_ -s -7 -18 

lthaca 66·3 +3 +2 -2 -3 
Ann Arbor 67·2 +5 +4 -3 -4 -2 
ChicaiQ 67-4 -1 -2 -20 -21 
Tucson 67-7 +7 +6 +3+8 +2+7 -33-27 +22 
Toronto 67·9 +4+16 +3+15 -S-3 -9-4 

Oontinued on next page, 
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L:::. Pv Pw Sv Sw SKS SKKS pp PS SS 
0 

Ottawa 69·3 -2 -3 -7 -9 
Cape Town 76·5 +3 +3 +Il +8 
Llck 77·5 +7 +7 +4 +I +8 
Berkeley 78·2 0 0 +5 +2 +8 
San Fernando 85-6 +2 +3 -3 

Victoria 86·0 +4 +5 -5 
Malaaa 86·9 -li -IO -1 -5 
Johannesburg 87·1 
Granada 87-7 +l +2 +2 +30 
Almeria 88·4 -1 0 +5 +I 

Toledo 88·9 -1 0 -1 
Alicante 90·4 0 +2 0 
Wellington 91·1 +22 +22 +9 
Al ai ers 92-2 -1 +I -8 -13 -7 
Tortosa 92-4 -3 -1 -4 

Barcelona 93·7 +22 +17 -Il 
Apia 94·1 +10 
Honolulu T.H. 95·7 +7 
Puy de Dôme 96·2 +27 
Oxford 96·8 +14 +17 -9 

Kew 97-2 -3 0 +14 +9 -8 -2+9 +1+17 -Il 
Stonyhurst 97·3 -3 
Paris 97-6 0 +3 -4 -6 
Grenoble 97·8 +5 +8 
Edinburgh 98·0 -4 -1 

Besançon 98·8 -6 -4 
Moncalieri 99·0 -8 -5 -5 
Üyce 99·1 -9 +6 -2 
Neuchâtel 99·3 -4 -1 
Uccle 99·5 -5 -2 -7 -5 +2 

Scoresby Sund J()()-2 -1 +4 +18 +13 -7 
DeBilt 100·5 0 +3 -2 -2 -3 
Strasbourg 100·5 -4 0 -4 +14 
Florence 100·7 -5 
Chur 100·9 -2 +2 -5 

Rocca di Papa 101·0 -1 +3 -1 
Ravensburg !01·3 0 
Pompeii 101·9 +1 +5 -4 
Venice !02·1 0 +4 
Innsbruck 102-2 -16 -12 -10 

Entebbe 102-2 +4 +8 0 +5 
Hamburg !03-8 -5 -1 -5 -6 +3+14 
Laibach 103-8 +I 
Jena 103-9 -4 0 +5 -19 +1 +9 
Zagreb 104-6 -1 +3 -3 -27 

Graz 104·7 +12 -5 
Potsdam !05·0 P' -13+20 
Vienna !05·7 -7 0 -10 +5 +12 
Copenhagen !05-8 +5 -2 +14 -2 +2+14 +IO 
Lund 106·2 -12 0 +2 -3 

Tananarive 106·4 -18 +7 +45 +17 
Budapest 107·1 -5 -13 
Belgrade 107-3 +9 
Upsala 109-6 +49 +li -1 -6 
Riverview 109·9 +38 +9 -12+34 +20 +24 

Lemberg 110·0 +1 -2+10 
Melbourne 110·0 +3 +8 +33 0+45 +21 
Helwan 111·6 -8 +15 
Helsingfors 113-3 -2 -1 
Adelaide 115·0 -6 +28 -9 +38 
Pulkovo 115·9 -2 -Il -1 0 -30 
Ksara 116·4 -3 +4 +J 
Theodosia 117-7 
Kucino 119·8 +6 -9 -5 -23 
Penh 124·0 +27 

Oontinued on next page, 
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6. P' Pw SKSP Sw SKS SKKS pp PS SS 

Baku 128·2 +12 +2 0 +JO 
Ekaterinburg 132·0 +5 -2 -2 -27 -7 0 
Tashkent 142·5 -9 -53 0 -Il 
Frunse 145·7 +3 
Bombay 146·0 +12 +15 

Amboina 146·9 +13 
Kodaikanal 147·0 -15 
Alma ta 147-2 +7 
Colombo 147·3 +7 
Mizusawa 148·9 

Batavia 150·0 +13 
Hyderabad 150·7 +10 
lrkutsk 151·2 -2 -3 -20 -1 
Dehra Dun 151·6 +9 P2' 
Nagoya 153-4 +15 -10 

Calcutta 161-0 +20 -15 
Manila 165·5 -36 
Zi-ka-wei 166·8 +6 -15 +19 
Taihoku 168·7 +7 
Hong Kong 175·1 -16 +21 
Phu-Lien 176·5 -12 +17 -14 

Mean P residual ( 6.> 70°), 0; S, dubious; SKS, -5. 

Note.-Most of the SKS residuals are near -7s.1 but there are a number about+ IOs. Algiers and Kew, with possibh 
Potsdam, give readings that fit both series. lt is possible airain that the early series is the true SKS and the latrr 
sSKS. Sis t>.arly at Toronto, Ottawa, Malaga, and Algiers ; late at Cape Town, Barcelona, Kew, and Scoresby Sund. 

1928 Dec. Id. 4h. 6m. 8s.-3s.=6m.5s. Z=-1. 

I.S.S. Epicentre 34°·0S. 73°·0W. Revised Epicentre 35°·7S. 73°·0W. 

A=+·2375 B=-·7766, C=-·5835. 

6. P1• Pw Sv Sw SKS SKKS pp PS SS 
0 

Santiago 2·94 -7 -7 
La Plata 12-27 -1 -1 +2 +2 
Sucre 17·98 -1 -1 +I 0 +6 
La Paz 19·70 0 0 +2+7 +1+6 -2 
Rio de Janeiro 28·79 -5 0 +23 +31 

Balboa Heights 45·1 -1+11 +2+14 -5+1 0+6 
Port au Prince 54·25 +2 +3 -16 -14 
Merida 58·9 -20 -20t -33 -33t 
Vera Cruz 59·1 -31 -31t -29 -29t 
Tacubaya 60·4 +9 +8t +9 +9t 

Guadalajara 63-4 -Il -12 -38 -39 
Mazatlan 66·9 +9 +8t +9 +8t 
Chihuahua 71·5 +14 +13t +10 +8t 
Cape Town 72-0 +5 +4 +25 +23 
Charlottesville 73·9 +9 +8 -9+59 -12+56 -30+42 

Georgetown 74·7 +4 +4 +3 0 +28 +16 
Cincinnati 75-6 +5 +5 -5.+I -8-2 +11+16 -14+8 -24 
St. Louis 76·0 -3 -3 -10 -13 
Florissant 76·2 -5 -5 -18-12 -21-15 -5 
Tucson 76·7 +7 +7 -4+2 -7-1 +8 -7 

Harvard 78·1 0 0 -5 -8 
lthaca 78·2 +32 +32 +15 +12 
Chicairo 78·6 +2 +2 -9, 0 -12-3 -22 -46· 
Ann Arbor 78·6 +7 +7 -1 -4 +12 +49 
Toronto 79·4 -4+3 -4+3 -12-7 -15-10 

Oontinued on next page. 



61 

6 Pv Pw Sv Sw SKS SKKS pp PS SS 

Christchurch 80·6 +30 +30t +38 +35t +38t 
Denver 81·0 +7 +7 +3 -( +5 -2+8 
Wellington 81·0 +14 +14t +11+16 +7+12t +26 
Ottawa 81·1 -1 -1 -2 -6 +12 
Johannesburg 83·1 -38 -38 

Lick 85·8 +4+9 +s+lO +16 +12 -13 -10+49 +17 
Berkeley 86·5 +5+14 +6+15 +6+26 +2+22 +IO +2 +Il 
Apia 88·9 +34 +35 +18 +14 -24 
Saskatoon 92·6 +6 +8 -2+16 -12 -19 
Suva 93·7 -40 -38t -38t -36t 

San Fernando 95·1 +7 +9 -57* 
Victoria 95-3 +14 +16 +Il 
Malaga 96·3 +I +3 +2 
Granada 97·2 -1 +2 +12 +45 
Almeria 97·8 0 +3 -21 

Honolulu T.H. 98·4 +I -20 
Melbourne 98·6 +15 +18 +15 -14+25 +29 
Toledo 98·7 -2+7 +1+10 -7+21 -15 -2 
Riverview 99·1 +25 +28 +29 +24 +6 -44 
Sydney 99·1 +3 +30 

Alicante 99·8 +I +4 +8 
Alaiers 101·1 0 +3 -1 -6 +6 
Tananarive 101·7 +17 +21 +9 +33 
Tortosa 102·0 +5 +9 +20 +15 
Entebbe 102-6 -1 +3 +16 +24 

Bagnères 103·2 +JO +14 +19 +13 
Barcelona 103-4 +33 +37 +13 +18 +15 
Adelaide 103·5 +3 -8 +51 
Marseilles 106·4 +2 +20 +23 
Sitka 106·6 +16 +27 +37 

Puy de Dôme 106·6 +13 -4 0 -1+4 
Reykjavik 107-6 +17 -20+15 
Bidston 107-6 +13 +4 
Paris 107·8 P' 0 +10 +5 
Kew 107·9 -23 -1+10 -2 +8 +8 +7 

Stonyhurat 108·2 +9 +I +5 +6 +37 
Moncalieri 108·7 +4 -2 
Edinburah 109·0 +1 +15 +4 
Neuchâtel 109-4 -16 -2 +15 +18 
Uccle 109·9 -3 +4 +2 +7 

Rocca di Papa 110·0 -26+1 +10 -10+8 
Dy ce 110·2 +7 +12 +9 
Florence 110·2 -13 -5 +9 -4 +I 
Zürkh 110·5 -16 +6 
Strasbourg 110·6 +1 -5 +19 +6 

Chur 110·8 -5 +20 
Naples 110·8 +34 
Pompeii 110·8 +21 +30 
DeBilt 111·0 -2 +8 
Ravensburg 111·4 -25 -6 +2 +22 +6 +35 

Hohenheim 111·6 +6 +I +13 +4 -7 
Venice 111 ·7 +6 
Feldbera 111·9 -19-12 +20 +37 +3+29 
Perth 111·9 +20 +28 
Innsbruck 112·1 -7 -JI +23 +I 0 

Scoreaby Sund 112-3 +13 +15 +9 
Jena 113-9 -29 +41 +9 -7-1+9-2+2 +42 
Hambur1i 114·2 -22 +1 -2 +6 +7 -4 
Zaareb 114·2 -69'" -9 +14 +3 +8 
Graz 114·5 -33 +3 +38 

Bergen 115'2 +15 
Potsdam 115·4 +12 +6+20 +9 
Vienna 115·5 +28 +16 +8 +1 +22 
Belgrade 116·5 -36 +20 +57 
Lund 116·8 +13 +2 +9 +10 +4 

Continued on next JJage. 
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6 P' Pw SKSP Sw SKS SKKS pp PS SS 

Budapest 116·8 -17 -4 
Konif:bera 120·4 -49 +7 +3 
Upsa 120·6 +9 +2 +20 
Lembera 120·7 +29 +6 +21+25 
Ksara 122·9 +28 +42 

Helsinafors 124·3 +10 +7 
Sebastopol 125·0 +34 
Yalta 125-4 +27 
Simferopol 125-5 +Il 
Theodosia 126·4 +16 +7 

Pulkovo 126·7 +4 0 +2 +7 
Kucino 130·3 +4 0 +16;> +3 -5? 
Baku 135·5 +2 0 +17 
Malabar 137·1 +JO +26 PKS 
Batavia 138·1 +8 -5 -35 +43 

Colombo 142·0 +I +9 

~:t:r 142·7 -5 0 +12 -1 
143-1 +27 

Bombay 145·8 +2 +18 
Hyderabad 148·9 -22 -16 -25+34 -18 

Tashkent 150·0 +44 +24 +21 
Ootomari 151·3 +14 -4 
Mizuaswa 152-9 +19 
Frunse 154·1 +14 
Dehra Dun 155-3 +16 

Manila 155-4 +JO +5 +6+18 +40 
Alma ta 155·7 +15 P1' 
Naaoya 155·7 +7 
Osaka 156·8 
Kobe 157·1 +5+15 

Sumoto 157·3 +14 +17 
Toyooka 157-4 
Calcutta 159·1 +8+22 +12 
Hukuoka 160·7 +19 
Nagasaki 161·0 +Il +2 

Hona Konir 161·3 +18 
lrkutsk 163-3 +3 +6 0 
Taihoku 163-7 
Phu-Lien 165·1 -2 +13 
Zi-ka-wei 167·8 +7+17 +2 +26 -2 +18+24 +22 

Mean P residual ( 6> 70°) 0 ; S, dubiou1; SKS,+1. 
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EPICENTRES IN JAPAN 
AND NEIGHBOURING REGIONS. 

1923 July 13d. llh. 13m. 33s.+7s.=13m.40s. Z=-3. 

l.S.S. Epicentre31°·5N. 130°·0E. First revised Epicentre 30°·7N. 130°·9E. Final Epicentre 30°·9N. 131°·0E 

A=-·5629, B=+·6476, C=+·5135. 

D. Pv Pw Sv Sw SKS pp PS SS 
0 

Nagasaki 2·1 -3 -3 
Kobe 5·2 -2 -2 +15 +15 
Osaka 5·3 +3 +3 
Nagoya 6·6 -3 -3 +3 +3 
Zi-ka-wei 8·2 0 0 +2 +2 

Taihoku 10·2 +3 +3 +21 +21 
Mizusawa 11·7 +I +I 
Hokoto 12·5 +25 +25 +25 +25 
Hakodate IH +8 +8 
Sapporo 14·7 +5 +5 +21 +20 

Hong Kong 17'2 -8 -9 
Ootomari 18·2 +20 +19 +33 +31 
Manila 18·7 +2 +I -24 -26 
Calcutta 38·7 +5 +9 +73 +80 
Batavia 43·7 -7 -3 -4 +I 

Dehra Dun 45·2 -21 -18 -35 -31 
Simla 45·7 -1 +2 
Colombo 5H +26 +28 +10 +12 
Bombay 53'6 -1 0 +21 +23 
Kodaikanal 53'6 -42 -41 

Ekaterinburg 54·0 +5 +6 +7 +9 
Honolulu 63'6 +7 +6 +5 +4 
Adelaide 66·2 +49 +55 
Sitka 66·4 -8 -9 -13+2 -14+1 -2 
Tiflis 67-4 +45 +44 +5 +4 +6 

Riverview 67·5 -1 -2 -10-6 -11-7 
Sydney 67·5 -14 -15 
Pulkovo 68'7 -1 -2 +7 +5 +6 +28 +17 
Upsala 74·2 +3 +2 +3 0 
Lemberg 76·7 -6 -6 +35 +32 +2 

Victoria 76·7 -10 -10 +3 0 
Bergen 78·6 +26 +23 
Hamburg 81·4 0 0 +25 +21 
Belgrade 81-5 -1 -1 -12 -16 
Vienna 81-7 0 0 +18 +14 +8 -16 

Helwan 82-4 -1 -1 +4 0 
Wellington 82·8 +3 +3 -10 +39 +2 
Berkeley 83·1 +4+13 0+9 
Athens 8H -60 -64* 
Zagreb 8H -1 0 +3 -1 

DeBilt 84·5 -2 -1 0 -4 +25 
Innsbruck 84·9 0 +I +1 -3 
Edinburgh 84·9 0 +I +2 -2 -2 +31 
Eskdalemuir 85'4 0 +I -1 +I 
Uccle 85·8 -3 -2 -2 -3 

Strasbouri 85-8 +I +2 +13 +9 -31 0 
Zürich 86·2 +1 +2 -3 
Stonyhurst 86·2 -2 -1 +I 
West Bromwich 87·1 0 +I -2 
Florence 87'2 +8 +4 

Pompeii 87-4 +15 +16 +I 
Oxford 87-4 -1 0 -4 
Besançon 87'6 -2 -6 +7 
Rocca di Papa 87·8 o+8 +1+9 +22 +18 +14 
Paris 88·0 +I +2 -2 +3 

Conlinued on next ])age. 
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6 Pv Pro Sv Sw SKS pp PS SS 

Moncalieri 88·3 -1 0 -10 
Puy de Dôme 90·1 -2 -1 
Marseilles 90·7 +13 +15 -17 
Tortosa 95·0 -4+2 +21 
Algiers %·6 0 

Toledo 97·9 -8 -5 +15 +1 +24+36 
Chicago 99·1 -12 -21 
Coimbra 99-6 -4+27 -1+30 -5+15 +14 
Gran a da 99·8 +23 +19 +23 
Ottawa 99·9 -2 +I -6 -2 

SKKS 
Ann Arbor 100·2 +1 -15 
Toronto 100·3 0+6 +3+9 -8-2 +3 
San Fernando 101·6 +5 +9 -3 +Il 
Washington 105·5 P' SKSP +3 
La Paz 157·5 +2 -19 

Mean P residual ( 6> 70°). 0; mean SKS residual (readings -6to+1 retained), -2. 

1923 Sept. Id. 2h. 58m. 28s.+8s.=58m.36s. Z dubious, taken O. 

!.S.S. Epicentre 35°0N. J39°·5E. Retained. 

A=-·6229, B=+·5320, C=+·5736. 

6 Pv Pro Sv Sw SKS pp PS SS 

Nagoya 2·1 -1 -1 -15 -15 
Osaka H 0 0 +12 +12 
Kobe 3-6 0 0 
Mizusawa 4·3 +I +I 
Hakodate 6·8 0 0 

Nagasaki 8·4 -4 -4 
Ootomari 11·9 -3 -3 
Zi-ka-wei 15-6 +3 +2 +13 +12 
Taihoku 18·4 +6 +5 +14 +12 
Hokoto 20·8 +17 +17 

Hong Kong 25·5 -2 +2 -12 -6 
Manila 26·4 -2 +2 
Calcutta 46·0 -JI -8 -12+4 -8+8 
Batavia 51·4 -3 -1 0 +2 
Simla 51·5 -5 -3 -12+6 -10+8 

Malabar 51·9 -3 -1 
Ekaterinburg 55·5 -4 -3 -6 -5 -28 
Honolulu 55·8 +6+11 +7+12 + 11+25 + 12+26 
Sitka 58·7 -6 -6 +18 +18 
Bombay 60·5 +1 0 -1 -1 

C.olombo 61-3 -1 -2 
Pulkovo 68·9 -3 -4 -3 -5 -4 +31 -13 
Victoria 68·9 +I 0 +1+13 -1+11 
Riverview 69·7 +3 +2 -1 -3 +12 
Sydney 69·7 +4 +3 -JI -13 

Adelaide 70·0 +14 +13 -25 -27 
Perth 70·6 +6 +5 -6 -8 
Tiflis 70·7 -8+4 -9+3 +3 +I 0 -21 
Melbourne 73·0 -JO -11 -48 -51 -49 
Upsala 73-9 -9 -10 +I -2 

Berkeley 74·9 0 0 +7 +4 +14+25 +33 
Lick 75·7 -3+1 -3+1 +16 +13 +6 +16 
Saskatoon 76·1 +3 +3 +4 +I 
Bergen 77·5 +7 +7 +5 +2 
Lemberg 77·8 +I +I +8 +5 
Hamburg 81·3 -4 -4 +9 +5 
Budapest 81-9 -68 -68"' -59 -63"' 
Vienna 82'6 -4 -4 +9 +5 +14 +23 +10 
Wellington 82-9 +7 +7 -6 -10 
Belgrade 83·0 0 0 +8 +4 +26 +28 

Continued on next page. 



Edinburgh 
Christchurch 
DeBilt 
Sarajevo 
Stonyhurst 

Mostar 
Innsbruck 
Uccle 
Travnik 
Si ni 

Pv 

83-7 +5 
84-2 -12 
84·2 -4 
84-7 -4 
85-3 +6 

85-3 +2 
85·5 +1 
85·5 -4 
85·5 
85·7 +34 

Pw 

+6 
-Il 
-3 
-3 
+7 

+3 
+2 
-3 

+35 

Bidston 85·8 +4 +5 

Sv 

+7 
-14 

+51 

65 

Sw 

+3 
-18 

+47 

-4 

Tucson 85·8 +8+15 +9+16 +14+21 +10+17 

SKS 

0 
-IHI 
-19 

-6 
-6 
+5 

pp 

+12 
+14 

-15 
+6 
-15 

Strasbourg 86· I 
West Bromwich 86·3 

-3 -2 +4 
+I +2 -~ 

Helwan 86·4 -4 -3 -4 

Venice 
Zurich 
Oxford 
Besançon 
Paris 

Florence 
Pompeii 
Rocca di Papa 
Puy de Dôme 
Marseilles 

Chicago 
Ann Arbor 
Ottawa 
Toronto 
Barcelona 

Tortosa 
Northlield 
lthaca 
Algiers 
Halifax 

Toledo 
Georgetown 
Washington 
Cheltenham 
Coimbra 

Granada 
Lis bon 
San Fernando 
Johannesburg 
Porto Rico 

86·5 +5 
86·7 -5 
87·0 + 2 
87·9 +4 
87·9 -2 

88·2 +5 
88·9 + 19 
89·1 -2 
90·3 -6 
91·2 -6 

91·9 -2 
93·2 -2 
93-6 -13 
93·7 -5 
94·1 +16 

+6 
-4 
+3 
+5 
-1 

+6 
+20 
-1 
-5 
-4 

0 
0 

-Il 
-3 
+18 

95·3 
95·6 
95·8 
97·5 
97·6 

+5 +7 
+I +4 
-4 -1 
-3 0 
-5 -2 

-8 -5 
-44-33 -41-30 
+4 +7 

97·9 
98·7 
98·7 
98·9 
99·2 

+25 +28 -4+ 10 -8+6 
-7 -4 

100·1 0 
100·8 +5 
107-7 -3 
121 ·5 
121·8 

PKS 
132·1 -2 

+3 
+9 
+I 

SKSP 

+27 
+35 

P' 
+2 

+23 
+31 

+2 
0 

-7 
+5 
+6 

-22 
+11 
+6 
-6 

-4 
+2 
+6 

+1+12 
+5 

+15 

+Il 

-3 

+13 

+2 -13 
-26 +7 
+9 -16 

0 +14 
+4 
+5 +9 
+5+12 +4 
+4 -2 

+2 

+5 

+16 

+24 

PS 

+5 

-3 

SKKS 
-6 

Cape Town 
La Paz 
La Plata 

149·2 
165·7 

+23 +3 
+17 

+34 
-20+19 +18 

Rio de Janeiro 167-7 +12 -24-2 +28 

Mean P residual (L':,>70°), -3?; S residual, L':,>70°,+3; SKS residual, +2. 

SS 

+15 

+5 

-10 

-26-13 

+17 

+Il 
+30 

This is the earthquake that destroyed Tokyo and Yokohama. Pis well read at near and distant stations. 
The residuals for the former are in good agreement with the !.S.S. epicentre ; those for distant stations 
tend to be negative. The actual distribution of these distant stations would be consistent with any of 
three interpretations : the actual epicentre may be slightly west of the !.S.S. one ; there may be a slight 
focal depth ; or there may be a systematic difference between the times of transmission in American and 
]apanese earthquakes. 

The earthquake is exceptional among ]apanese ones, in that there are near stations about azimuth 270° 
and the epicentre is probably more accurately determinable from near stations than usual ; though there 
is no station near azimuth 315°. lt was found on trial that a shift of the epicentre sufficient to remove the 
negative tendency of distant residuais would result in spoiling the agreement of the near stations. 

The choice is therefore between a focal depth of order 25km. below the top of the lower layer and a smalt 
systematic difference in the times of transmission below Asia and the Atlantic. 

A somewhat similar set of circumstances appears in the earthquake of 1924 Jan. Id., which has nearly 
the same epicentre. ln this case the readings of the near stations are less consistent than here, and for 
this and other reasons the latter earthquake was not discussed. 

E 
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1924 Mar. 15d. 10h. 31m. J2s.+ 12s.=3Jm.24s. Z=-1. 

!.S.S. Epicentre 49°·0N. J44°·0E. First revised Epicentre 49°·1N. 143°· IE. Final Epicentre 49°·1N. 142°·9E. 

A= - ·4559, B= + ·6029, C= + ·6547. 

6 Pv Pw Sv Sw SKS pp PS SS 

Ootomari z.4 +2 +2 
Sapporo 6·1 +6 +6 -30 -30 
Mizusawa JO·I +I +1 +53 +53 
Osaka 15-4 +5 +4 
Kobe J5·5 +2 +J +51 +50 

Nagasaki J9·0 -1 -2 +27 +25 
Zi-ka-wei 24·0 -1 +2 -18 -14 -19 
Taihoku 29·3 +4 +10 +16 +24 
Hong Kong 35·0 -3 +2 -3 +5 +7 
Mani la 38·9 -3 +1 -1 +6 

Sitka 46·7 +2 +5 +27 +31 -22 
Ekaterinburg 47·0 0 +3 -1 +3 -18 -21 
Calcutta 50·1 +7 +9 
Honolulu 54·2 +4 +5 +21+37 +23+39 +13 
Victoria 57·6 -1 -J +7+J7 +8+18 

Pulkovo 58·1 +1 +J +6 +7 
Hyderabad 60·2 -1 -2 0 0 
Upsala 62-3 +4 +3 +3 +3 
Baku 62-3 +3 +2 +10 +10 
Bombay 62·8 -2 -3 +2 +2 

Batavia 63-6 0 -1 +1 0 
Berkeley 65·2 -11 -J2 +10 +9 
Bergen 65·2 +35 +34 
Lick 65·9 +7 +6 +14 +13 
Colombo 67·3 -4 -5 +2 +1 

Lemberg 67'9 +7 +6 +3 
Dy ce 69·8 +7 +5 
Hamburg 69·9 +1 0 +4 +2 +41 
Edinburgh 71·2 +4 +2 
Vienna 72·2 0 -1 +9 +7 -11 +19 

DeBilt 72-6 0 -1 +1 -1 
Stonyhurst 72'9 +16 +13 
Bidston 73·5 0 -1 -23 -26 
Belgrade 73-4 +7 +6 +5 +2 
Uccle 74·0 -J -2 -2 -5 -JO 

Oxford 74·6 -3 -4 -J -4 
Innsbruck 74'7 +I 0 +5 +2 
Ksara 74·8 -27 -27t -28 -3Jt 
Strasbourg 74-9 0 0 +4 +I +8 
Zürich 75·5 +3 +3 +2 -J 

Venice 76·0 -2 -2 -5J -54"' 
Paris 76·3 -J -1 -7 -JO 
Athens 77-6 0 0 +4 +J 
Florence 77·8 -5 -5 -J -4 
Moncalieri 78·0 +34 +34t +32 +29t 

Chicago 78·9 -15 -18 
Rocca di Papa 79·0 -J5 -15 +6 +3 
Ottawa 79·7 -1 -5 
Ann Arbor 79·9 +14 +JO +27 
Toronto 80·1 -7 -7 -3+1 -7-3 

Helwan 80·3 +1 +J -1 -5 
Riverview 83-2 -1 0 0 
Sydney 83'3 -4 
Tortosa 84·J -7 -6 -1 
Perth 84·5 +2 +3 +I -3 

Gontinued on next page. 
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!::>, Pv Pro Sv Sro SKS pp PS SS 
0 

Georl)'etown 85·2 +6 +7 0 -4 +3 
Washinl)'ton 85·2 +I 
Toledo 86·3 -1 0 -2 
All)'iers 86·9 -2 -1 -71 -75 
Lis bon 88-7 

Granada 88-7 -17 -16 +10 
San Fernando 90·0 +4 0 
Wellinwton 94·7 -7 -5 +9 +5 P' -5 PKS 
La Paz 138·0 +9 +33 -8 

Mean SKS reaidual omittinl)' Granada, O. 

1924 May 6d. 16h. 9m. 20s.+ l ls.=9m.3ls. Z=+l. 

!.S.S. Epicentre l6°·0N. l l9°·0E. Retained. 

A= - ·4660, B= + ·8407, C= + ·2756. 

!::. Pro Pv Sv Sw SKS pp PS SS 
0 

Mani la 2-4 +I +I 
Hokoto 7·5 -2 -2 
Honl)' Konl)' 7·8 -2 -2 +26 +26 
Taihoku 9·3 +15 +15 
Zi-ka-wei 15·3 0 -1 0 -1 

Nagasaki 19-4 +I 0 +9 +6 
Osaka 23·8 +I +3 +10 +3d 
Nagoya 25·0 -16 -13 -t-3 -6d 
Calcutta 29-6 +7 +13 +7 +15 
Mizusawa 30·2 -8 -2 -15 -6 

lrkutsk 38·1 -4 0 -4 +3 
Hyderabad 38·8 -2 +2 +3 +10 
Colombo 39·4 -26 -22 -6 +1 +18 
Kodaikanal 40·8 +Il +15 +45 +51 
Bombay 44·0 +12 +15 -32 -37 

Perth 48·1 +Il +14 -7 -4 +16 
Riverview 58·6 +13 +13 -15 -15 
Sydney 58·6 -20 -20 
Melbourne 59·1 -24 -24 
Ksara 75·3 +6 +6 +15 +12 -12 

Pulkovo 75·6 -2 -2 +3 0 -Il 
Wellinl)'ton 77·1 -5 -5 -7 -10 
Honolulu 77·9 +9 +6 
Helwan 80·2 0 0 -3 -7 
Lemberll' 80·9 -5 -5 -7-1 -11-5 

Upsala 81·8 -7 -7 -1 -5 
Athens 84·3 +8 +9 +I 
Belgrade 84·7 +6 +7 +1 
Vienna 86·2 +I +2 +5 +1 +36 -26 
Hamburll' 87·9 -20 -19 +4 

Innsbruck 89·7 -4 -3 -1 
Rocca di Papa 91·0 +5 +7 
DeBilt 91·2 +5 +7 +4 +JO 
Florence 91·2 +22 
Zürich 91·4 -1 +I -6 

Strasbourg 91·4 +3 +5 +Il 
Uccle 92·2 -3 -1 -6 +8 
Üyce 92·2 +1 +3 +5 +29 
Moncalieri 93·0 +16 +18 -10 
Besançon 93·1 +14 +16 -3 

Continued on ne.et page, 
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b. P11 Pco S11 Seo SKS pp PS SS 
0 

Edinburgh 93-3 +8 +4 -28 
Eskdalemuir 93·7 +17 +19 +I -2 
Paris 93·8 +I +3 +I -6 
Stonyhurst 94·2 +38 +40 +2 
Oxford 94·7 +28 +24 +23 

Bidston 94·7 -Il -3 
Victoria 95·1 +8 +10 +3+8 
Barcelona 98·2 -4 +8 
Tortosa 99·5 +9 
Toledo 103·0 -12 -8 0 

Granada 104·2 -13 -9 +17 -23 
Ottaw11 117·2 P' +6 +7 -29 
Chicago 117·2 +24 
Toronto 118·0 +45 -25+16 -37+6 +8 
Ann Arbor 118·0 +li 

lthaca 119·8 +12 -1 
Washington 123·0 -14 
Rio de Janeiro 162·0 +37 
La Paz 173·1 +7 

Mean SKS residual + 1. The epicentre is fixed by near observations. Toronto 29m.7s. may be SKSP. 

1924 Aug. 14d. 23h. 27m. 24s.+7s.=27m.3ls. Z=-2. 

!.S.S. Epicentre 36°·0N. 142°-DE. Retained. 

A=-·6375, B=+·4981, C=-t-·5878. 

D, Pv Pro Sv Seo SKS pp PS SS 

Mizusawa n 0 0 0 
Nagoya 4·2 +I +I 
Osaka 5·5 +5 +5 
Kobe 5-8 -1 -1 +16 +16 
Sapporo 7·1 +10 +10 +3 +3 

Nagasaki 10·6 -2 -2 
Ootomari 10·7 +2 +2 -6 -6 
Taihoku 20·7 +9 +9 +26 +26 
Hong Kong 27·9 -11 -6 +16 +24 
Manila 28·5 +7 +12 

Irkutsk 31·1 -8 -2 -12 -3 
Calcutta 48·1 -23 -20 
Simla 53-3 +2+8 +4+10 -2+4 0+6 
Batavia 53-6 0 +I -5 -3 
Honolulu 53-7 +12 +13 -t-33 +35 

Sitka 56·6 +12 +13 
Hyderakd 58·7 -3 -3 +26 +26 
Bombay 62·5 -2 -3 +7 +7 
Victoria 66·7 0 -1 -1 -2 
Baku 69·1 0 -1 +18 +16 +28 +23 

Pulkovo 69·1 -2 -3 -3 -5 
Riverview 70·4 +2 0 
Adelaide 71 ·I +8 +6 
Perth 72-3 -44 -45 -22+ 19-24+17 +19 
Berkeley 72-7 +12 +Il +8 +6 

Lick 73-4 +10 +9 +6 +3 +14 +8 
Upsala 73'9 -6 -7 -7 -JO 
Kënigsberg 76·3 0 0 -16+1 -19-2 -13+27 
Bergen 77·3 -23 -23 +4 +I 
Lemberg 78·2 -14 -14 -13 -16 

Hamburg 81-3 -2 -2 +4 0 
Dy ce 82·0 -1 -1 +2 -2 
Ksar a 82·0 +I +I -2 -6 
Budapest 82'2 +8 +8 +13 +9 -3 
Vienna 82·9 -1 -1 -31+14 -35+10 -20 

.Oontinited on next page.! 
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6 Pv Pw Sv Sw SKS pp PS SS 
0 

Wellington 83-0 -6 -7 
Belgrade 83·5 0 +l +9 
Eskdalemuir 84·0 -5 -4 -6 +9 +26 
DeBilt 84·2 -1 0 +13 +9 -3 
Stonyhurst 85·0 +14 +15 +18 +14 

Uccle 85·6 -3 -2 +4 0 +8 +19 
Bidston 85·6 +8 +9 + 11 +7 
Innsbruck 85·8 -2 -1 +19 +15 
Strasbourg 86·2 +9 +10 +9 +5 
Oxford 86·6 -1 0 +1 -3 

Venice 86·7 -23 -22 
Zürich 86·9 -4 -3 0 
Helwan 87-4 -5 -4 +15 +li 0 
Paris 87·9 -1 0 +7 
Besançon 88·0 -2 -1 +12 +8 

Florence 88·6 -13 -12 -3 
Pompeii 89-4 -11 -10 +6 +2 
Rocca di Papa 89·5 +8 +9 +3+17 -1+13 -2 
Chicago 89·9 -36 -35 -60 -64 
Ann Arbor 91·3 +21 +23 +6 +2 +20 SKKS +19 

Ottawa 91·8 -7 -5 -2 -6 +10 -6 +16 
Toronto 91·9 +22 +24 -7 
Mazatlan 92·3 -22 -20 -2 
lthaca 94·0 -11 +11 
Tortosa 95·5 -12 -9 -2 

Harvard 96·0 -65* -62* -7 +3 
Georgetown 96·8 -46 -43 +7 +3 +20 
Algiers 97·8 +13 +16 +11 
Toledo 98·0 -2 -5 +16 
Tacuba)'a q9.9 +9 --1-12 +21 -7 

Granada 100·2 -1 +2 +1 -3 -2 
Malaga 100·9 -23 -19 +13 
San Fernando 101 ·8 +4 +R PKS +10 +19 +48 
Cape Town 134·5 P' +2 
La Paz 146·9 +5 
La Plata 163-8 -29 -15 

Mean P residual (6> 70°), -1 ; S. -2; SKS, -4. 

1924 Aug. 25d. 14h. 30m. 48s.+7s.=30m.S5s. Z dubious, taken O. 

!.S.S. Epicentre 36°·0N. 142°·0E. Revised Epicentre 35°·9N. 142°·9E. 

A=~ ·6461, B= + ·4886, C= + ·5864. 

6 Pv Pw Sv Sw SKS pp PS SS 
0 

Mizusawa 3·5 -5 -5 0 
Nagoya 5·1 +2 +2 
Osaka 6·4 +1 +I 
Kobe 6·7 -3 -3 
Ootomari 10·7 +3 +3 -9 -9 

Nagasaki 11 ·5 -41 -41 
Zi-ka-wei 18·7 -7 -8 -10 -12 
Taihoku 21·5 -6 -7 +46 +47 
Hong Kong 28·7 -4 +1 +5 +13 
Mani la 29·1 +1 +7 

lrkutsk 31·8 -11 -5 -21 -12 
Honolulu 52·8 +63 +65* +24 +26 
Simla 54·2 -1 +I 
Batavia 54·2 +1 +2 -1 +I 
Ekaterinburg 56·7 -2 -2 -5 -4 -s 

Continued on ne:rt page, 
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!':,_ Pv Pw Sv Sw SKS pp PS SS 
0 

Hyderabad 59-6 -6 -6 -8 -8 
Bombay 63-4 -1 -2 +5 +4 
Victoria 66·1 +7 +6 +13 +12 
Pulkovo 69-6 -2 -3 -6 -8 -6 
Baku 69·9 -1 -2 -2 -4 

Riverview 70·2 +JO +8 
Lick 72-7 +7 +6 -13 
Upsala 74-4 -4 -5 -6 -9 
Konigsberg 76·8 +I +I -3 -6 
Lemberg 78·8 0 -3 

Hamburg 81·8 0 0 -6 -JO 
Dy ce 82-3 -1 -1 -5 
Ksara 82·8 +2 +2 -7 -Il 
Budapest 82·8 -1 -1 -3 
Vienna 83-4 0 +I -8 +21 

Edinburgh 83·8 +I +2 
Belgrade 84·1 -10 -9 -14 
Eskdalemuir 84·3 +I +2 +2 
DeBilt 84-6 0 +1 +3 
Stonyhurst 85·4 -1 0 +4 0 

Uccle 86·0 -2 -1 0 0 
Bidston 86·0 +6 +7 +4 0 
Innsbruck 86·3 +I +2 
Strasbourg 86·7 +4 +5 +3 -1 
Oxford 87·0 +4 +5 -3 -7 

Zurich 87·3 -1 0 -3 
Paris 88·3 0 +I +8 
Besançon 88·5 +4 
Florence 89·1 +Il +12 +7 
Ann Arbor 89·9 -23 -22 +2 -2 

Pompeii 90·0 -26 -25 
Rocca di Papa 90·1 +3 +4 -5 -9 +8+13 
Ottawa 91-5 -1 +1 -7 +2 +13 
Toronto 91·5 +5 +7 -10-1 
Georgetown 96·4 -16 -13 -64 

PKS 
Cape Town 135·1 P' +5 
La Paz 146·2 +Il 

Mean P residual ( /':,.> 70°), + 1 ; S, -5?; SKS, -5? 

1924 Dec. 28d. 22h. 54m. 52s.+ 12s.=55m.4s. Z=-8. 

!.S.S. Epicentre 43°·2N. 147°·2E. Retained. 

A=-·6128, B=+·3949, C=-·6845. 

!':,_ Pv Pro Sv Sw SKS pp PS SS 
0 

Sapporo 4·3 +1 +1 -7 -7 
Ootomari 4-7 -1 -1 -13 -13 
Mizusawa 6·2 +1 +1 +1 +1 
Nagoya 11·3 -14 -14 +13 +13 
Osaka 12-5 -5 -5 -2 -2 

Kobe 12-7 -1 
_, 

+78 +77 
Nagasaki 17-2 0 -1 
Zi-ka-wei 23-6 +7 +9 +17 +IOd +16 
Taihoku 27·8 +2 +7 +18 +6d 
lrkutsk 29·8 -11 +5 -1 +7 

Hong Kong 34-4 -6 -1 +6 +14 
Mani la 36·4 -2 +3 -24 -16 
Sitka 48·6 +2 +5 +24+35 +27+38 +13 
Honolulu 50·1 +16 +19 
Calcutta 52-4 -5+6 -3+8 +2 +4 

Continued on next paye, 
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6 Pv Pw Sv Sw SKS pp PS SS 

Ekaterinburg 53-3 +8 +10 +2 +4 +25 
Simla 55·5 -7-1 -6, 0 +Il +12 
Victoria 58·9 -48+20 -48+20 +14 
Batavia 61·4 -2 -3 -3 -3 
Hyderabad 62·8 -2 -3 +7 +7 

Pulkovo 64-8 +I 0 +1 0 
Berkeley 65·5 -2 -3 +13 +12 +21 
Bombay 66·0 -5 -6 +5 +4 
Baku 68·1 0 -1 +8 +6 
Kodaikanal 68·3 +17 +15 

Upsala 69·0 -4 -5 -8 -10 
Kèinigsberg 72·0 -2 -3 +15 +13 
Lemberg 74·6 ·-6 -7 -3 -6 
Tucson 76·2 +19 +16 
Breslau 76·4 +8 +8 +32 +29 -6 

Hamburg 76·5 -2 -2 +5 +2 
Riverview 77·2 +10 +10 +4 +1 +28 
Sydney 77·2 +4 +1 
Budapest 78·5 -4 -4 +8 +5 
Adelaide 78·6 -3 -6 

Vienna 78·9 -4 -4 +20 +17 +17 -17 
DeBilt 79·2 +3 +3 +19 +15 
Belgrade 80·1 -1 -1 +27 +23 
Perth 80·5 -6 -6 +2 -2 
Uccle 80·6 -3 -3 +8 +4 

Ksara 80·8 -2 -2 +5 +I 
Melbourne 81·1 -2 -6 
Innsbruck 81·5 -2 -2 +2 -2 
Strasbourg 81·6 -4 -4 
Zürich 82-4 -5 -5 +1 -3 

Paris 82·9 0 0 +4 0 
St. Louis 83·1 +5 +6 +2+7 -2+3 +11 +7+16 -6 
Ann Arbor 83·1 -4 -3 +25 +21 +25 
Besançon 83·4 +5 +6 
Ottawa 83-6 -9 -8 -7 

Toronto 83-7 -19 -18 +15 +Il -6 
Athens 84·2 -82 -81 -22 -26 
Florence 84·6 -26 -25 +9 +5 
Moncalieri 84·8 +25 +26 +43 +39 
Rocca di Papa 85·8 -2 -1 +16 +12 

Pompeii 85-8 +18 +19 +23 +19 
Helwan 86·3 -5 -4 +18 +14 
Harvard 87·8 +17 +13 -2 
Wellington 88·1 -1 0 +Il +9 +6 +14 
Fordham 88·1 +1 +2 -5 

Georgetown 88·6 -56 -55 +3 -1 
Cheltenham 88·9 0+21 -4+17 
Barcelone 89·7 +JO +Il +2 -2 
Tortosa 90·7 +5 -1 
Tacubaya 92-7 +4+13 0+9 

Toledo 93·0 -4 -2 0 -4 
Algiers 93·6 -7 -5 +9 
Almeria 95·2 -30 -28 -24 
Granada 95·3 -2 0 +25 +21 
Rio Tinto 95·6 0 

Malaga 96·0 -64 -61* -1 
San Fernando %·7 +16 +21 PKS 
Cape Town 139·5 P' -16 
La Paz 139·8 +3 +35 +22 
Rio de Janeiro 157·9 +7 
La Plata 158·9 +8 

Mean P residual ( 6>70°), -3: S, -2?: SKS, -6. The epicentre is determined by near stations. We 
have the same phenomenon as in the Tokyo earthquake: but here the large negative value of Z needed to 
fit many of the stations seems to imply absence of primitive P movement. In that event the effect of focal 
depth would not show in P : and the negative residuals of P at distant stations will have to be attributed 
to a difference in the times of transmission. 
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1925 Jan. 18d. 12h. 5m. 52s.+7s.=5m.59s. Z=-10. 

I.S.S. Epicentre 48°·8N. 153°·5E. First revised Epicentre 48°·0N. 153°·5E. Final Epicentre 47°·9N. 153°· IE. 

A=-·5979, B=+·3033, C=+·7420. 

.6. Pv Pw Sv Sw SKS pp PS SS 
0 

Ootomari 7·1 +Il +Il +30 +30 
Mizusawa 12·3 0 0 0 0 
Tokyo 15·7 +2 +I +14 +13 
Nagoya IN -6 -7 +7 +5 
Osaka 18·6 +Il +10 +33 +31 

Kobe 18·8 +4 +3 +23 +21 
Sumoto 19·2 +61 +60* +3 +I 
Nagasaki 23·1 0 +2 +18 + lld 
Zi-ka-wei 29·2 0 +6 +6 +14 
Irkutsk 31·1 -7 -1 +2 +Il 

Taihoku 33·7 -10 -4 -17 -8 
Hon11"Kon2 40·2 -IO -6 -4 +3 
Sitka 42-4 +9 +13 +5 +Il -16 
Manila 42·5 -IS -Il 
Phu-Lien 46·1 -4 -1 

Honolulu 47·3 -15 -12 +7+17 +11+21 -9 +10+17 
Victoria 52-7 -7 -5 +2 +4 
Amboina 56·1 -12 -Il +82 +83 
Calcutta 56·8 +Il +Il + 17+58 + 18+59 
Dehra Dun 58·4 -7 -7 +I +2 

Simla 58·5 +I +I +2+14 +3+15 
Berkeley 59·7 -4 -4 +12 +12 +12 
Lick 60·4 -4 -5 -5. 0 -5, 0 +25 +5 
Pulkovo 62·7 -3 -4 +5 +5 
Ku ci no 63·2 -3 -4 

Upsala 66·4 -3 -4 +I 0 
Hyderabad 67·0 -4 -5 0 -1 +9 -1 
Batavia 67·6 -1 -2 +4 +2 +23 
Malabar 68·1 +I 0 +4 +2 
Bergen 68·6 +17 +16t +16 + 12t 

Baku 68·7 0 -1 +13 +Il 
Apia 69·0 +12 +Il +6 +4 
Bombay 69·7 -5 -6 +5 +3 
Kéinigsber2 69·9 0 -1 +7 +5 +33 +27 +26 
Tucson 70·4 +2 +I +6 +4 

Dy ce 72-9 +4 +3 +3 +I -5 +28 
Kodaikanal 72·9 -14 -15t -24 -22t 
Lemberg 73·0 -1 -4 
Hamburg 73·8 -1 0 +7 +4 0 
Colombo 73·8 -2 -3 +38 +35 

Edinbur2h 74·3 +6 +3 
Eskdalemuir 74·8 -2 -2 +5 +2 
Chicago 75·5 +3 +3 
Stonyhurst 76·1 +I +I +27 +24 +I -3 
DeBilt 76·3 -2 -2 +7 +4 

Cheb 76·5 +45 +45t +51 +48t 
Bidston 76·7 +53 +53t +73 +70t 
Budapest 76·7 -4 -4 -3 -6 -29 +21 
Ann Arbor 76·8 +5 +5 +4 +I +8 
St. Louis 76·8 +2 +2 +5 +2 -8 +15 

Vienna 76·9 -4 -4 +6 +3 
West Bromwich 77·3 0 0 +8 +5 
Ottawa 77-4 -3 -3 -3 -6 
Toronto 77-4 0 0 +I -2 
Uccle 77-7 -3 -3 +4 +I -1 +9 

O"ford 77·9 -2 -2 +5 +2 -9 
Hohenheim 78·5 -1 -1 +5 +2 
Bel2rade 78·6 0 0 +4 +I 
Strasbourg 79·0 -2 -2 +4 +I +3 -38 
Innsbruck 79·3 -6 -6 +2 -2 

Cordinued on next page. 
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D. Pv Pw Sv Sw SKS pp PS SS 

Ravensburg 79·3 -2 -2 +4 0 -24 
Ithaca 79-6 +31 +31t +19 +!St 
Mazatlan 79·7 +2S +2St +38 +34t 
Zürich 79·9 -4 -4 +4 0 
Paris 80·0 -s -5 +2 -2 

Sarajevo AO·I 0 0 +9 +s 
Besançon 80·6 +2 +2 +7 +3 
Venice 80·7 -s -5 -9 -13 
Mostar 80·8 -1 

_, 
+4 0 

Harvard 81·6 +4 +4 +7 +3 -18 -6 

Riverview 81·8 -7 -7 -7 -10 +19 
Sydney 81·8 +13 +13 -8 -12 
Fordham 81·9 -1 -1 +4 0 -7 
Moncalieri 82·3 -3 -3 +4 0 
Georgetown 82-4 -3 -3 +I -3 

Florence 82·S -2 -2 +2+8 -2+6 
Cheltenham 82·6 -2 -2 --1-2 -2 +3 -6 +12 
Athens 83-2 -3 -2 0 -4 
Loyola 83-3 +3 +4 +8 +4 
Rocca di Papa 83-9 -3 -2 -22 -26 

Adelaide 83-9 -19 
Mobile 84·1 -2 -1 -8 
Pompeii 84·2 +Il +12 +IS +Il 
Helwan 86·6 0 +I -11 
Perth 86·6 +8 +9 +5 +I -JO +16 -23 

Tacubaya 86·8 -13 -12 -10 
Barcelone 87·1 0 +I +9 +5 -s 
Tortosa 88·0 -1 0 -11 
Toledo 89·9 -7 -6 -10 -28 -20 
Alicante 90·6 -2 0 -14 

Algiers 91 ·2 -4 -2 -16 
Wellington 91 ·2 -13 - Il +3 +9 
Lis bon 91·9 -14 -12 -24 
Granada 92-4 -17 -15 -26 
Al me ria 92·5 -2 0 -16 

Malaga 93·0 -s -3 -14 
San Fernando 93-6 -C-3 -+-5 P' SKKS -9 PKS 
La Paz 133-9 +18 -16 -21-1 +7 
Cape Town 143·S -4 
La Plata ISH -16 -18-11 

Mean P residual (/:,.> 70°), - l ; S, 1 1?; SKS, -JI. 

192S Jan. 28d. 4h. Sm. 25s.+ 13s.=Sm.38s. Z dubious, taken O. 

!.S.S. Epicentre 43°·2N. l47°·2E. Revised Epicentre 43°·7N. 147°·2E. 

A=-·6078, B=+·3916, C=+·6909. 

D. Pv Pw Sv Sw SKS pp PS SS 

Ootomari 4·3 +8 +8 
Mizusawa 6·4 0 0 -3 -3 
Tokyo 9·8 -1 -1 -13 -13 
Nagoya Il ·6 +16 +16 +3 +3 
Osaka 12·8 +9 +9 

Kobe 12·9 +2 +2 +s +4 
Su moto IN +4 +4 -81 -82 
Nagasaki 17-4 -2 -3 +41 +39 
Zi-ka-wei 23·8 +2 +4 +I +s 
Taihoku 28·0 +15 +20 -12+10 -4+18 

lrkutsk 29·5 +68 +74 +I +9 
Hong Kong 34-6 -8 -3 -10 -2 
Mani la 36·7 -2 +3 
Phu-Lien 40·7 -3 +I -10 -4 
Honolulu S0·4 -s -2 +5 

ConHnued on ne.rt page, 
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11 Pv Pw S1• Sw SKS pp PS SS 
0 

Calcutta 52-4 +3 +5 +12 +14 
Ekaterinburg 53·0 -2 0 -7 -5 
Simla 55·4 +6 +7 
Victoria 58·6 +2 +2 -6 -5 
Batavia 61·8 +I 0 -6 -6 

Hyderabad 62·8 -1 -2 -3 -3 
Kucino 64·1 -3 -4 -5 -6 -2 
Pulkovo 64-4 -1 -2 -7 -8 +5 
Berkeley 65·2 -10 -Il -3+11 
Bombav 65·9 +2 +I +6 +5 

Baku 67·8 +4 +3 +10 +8 +JO 
Upsala 68·5 -3 -4 -4 -6 
Colombo 69·0 +7 +6 +15 +13 
Konigsberg 71·6 +I 0 +2 0 
Lemberg 74·2 -16 -15 

Dy ce 75·9 -2 -2 +I -2 +20 
Hamburg 76·1 -1 -1 +4 +1 
Edinburgh 77·3 -1 -1 +12 +9 
Riverview 77·6 -Il -Il -13 -16 
Eskdalemuir 77·9 -3 -3 -1 -4 

Budapest 78·0 +25 +25 +9 +6 
Cheb 78·3 +59 +59* +58 +55* 
Vienna 78·4 0 0 +5 +2 -IO+l3 
DeBilt 78·7 -1 -1 +2 -1 +I 
Stonyhurst 79·1 +6 +6 -6 -9 

Belgrade 79-6 -41 -41 +13 +9 
Bidston 79-6 -1 -1 -1 -5 
Uccle 80·1 -2 -2 +2 -2 
West Bromwich 80·2 +2 +2 0 -4 
Hohenheim 80·5 -5 -5 +5 +I 

Oxford 80·7 +I +I -1 -5 
Perth 80·9 -10 -14 
Innsbruck 81·0 +7 +7 -7 -Il 
Strasbourg 81·1 +I +1 +5 +I 
Ravensburg 81·2 -5 -5 0 -4 

Chicago 81·4 0 0 +1 -3 
Melbourne 81·6 -13 -17 
Zürich 81·9 -18 -18 -3 
Venice 82·3 -3 -3 +7 +3 
Paris 82·5 +2 +2 -3 

Ann Arbor 82-7 +12 +12 +12 +8 +38 +42 
Besançon 82·8 +I +I -1 
Ottawa 83·1 -2 -1 -5 -7 +Il 
Toronto 83·2 -2 -1 -4 
Athens 83-7 +17 +18 0 

Florence 84·1 +2 +3 -30 
Moncalieri 84·3 0 +I -9 
Rocca di Papa 85-3 -2 -1 +3 -1 0 
Pompeii 85·5 -15 -14 +16 +12 
Helwan 86·0 -2 -1 -2 

Harvard 87·3 -4 -8 -4 -12+10 
Georgetown 88·2 -1 0 0 
Wellington 88·5 -12 -Il +9 
Barcelone 89·3 +8 
Tortosa 90·3 -5 -4 -3 

Toledo 92·5 -5 -3 -4 
Algiers 93·2 -3 -1 -Il 
Gran a da 95·0 -8 -6 -4 +17 +Il 

~1!-nando 95·5 -14 -Il +26 
96·3 -4 

P' PKS 
La Paz 139·6 +14 -16 
La Plata 158·8 +20 -15 

Me!Ul P residual (6> 70°), - 1 ; S, -2~; SKS, -3. 
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1925 Feb. 20d. lh. 2m. 20s.+ 12s.=2m.32s. Z=-5. 

!.S.S. Epicentre 46°·0N. 149°·0E. Retained. 

A=-·5954, B=+·3578. C=+·7193. 

/'::, Pv Pw Sv Sw SKS pp PS SS 

Ootomari 4·4 +17 +17 -1 -1 
Mizusawa 8·9 -3 -3 -2 -2 
Nagoya 14·1 -5 -5 +18 +17 
Osaka 15-3 0 -1 +22 +21 
Kobe 15·4 +1 0 +24 +22 

Hukuoka 18·8 +3 +2 +30 +28 
Zi-ka-wei 25·9 -7 -3 -2 +4 
lrkutsk 29·5 +4 +10 +12 +20 
Hong Kong 36·8 -10 -5 -26 -18 
Manila 39·2 -8 -4 

Phu-Lien 42·7 -8 -4 -1 +4 
Honolulu 49·3 -13 -10 +15 
Ekaterinburg 52-2 -2 0 +5 +7 +5 
Amboina 53·0 -23 -21 +9 +Il 
Calcutta 53-8 -1 0 +6 +8 

Victoria 56·2 -10 -9 -5 -4 
Simla 56·2 +2 +3 +1 +2 
Kucino 63·1 -2 -3 +10 +9 +27 
Pulkovo 63·1 -1 -2 +2 +I +32 
Hyderabad 64·1 -4 -5 0 -1 

Batavia 64·2 -2 -3 -3 -4 
. Upsala 67·0 -3 -4 -3 -4 +4 

Bombay 67·0 +22 +21 
Baku 67-6 +3 +2 +11 +10 +36 
Piatigorsk 68·7 -2 -3 +11 +9 +35 

Kodaikanal 69·9 +3 +I 
Konigsberg 70·2 +2 +I +9 +7 +30 
Lemberg 73-0 -6 -7 +3 0 
l)yce 74·1 -8 -11 
Hamburir 74·5 -4 -5 +3 0 

Edinburirh 75·5 +25 +22 -7 
Eskdalemuir 76·0 -3 -3 +6 +3 +4 +30 
Budapest 76·8 -8 -8 +10 +7 
DeBilt 77-2 -2 -2 +3 0 +20 
Vienna 77-2 -3 -3 +10 +7 +35 +28 

Stonyhunt 77·3 -4 -4 +27 +24 -8 
Bidston 77·8 +2 +2 -55 -58* 
Uccle 78·5 -4 -4 +2 -1 
Belgrade 78·5 +3 +3 +6 +3 
Chicago 78·8 -7 -10 -12-7 

Oxford 79·0 -38 -38 +6 +3 
Hohenheim 79·1 -3 -3 +4 0 
Innsbruck 7% +2 +2 
Strasbourg 79·7 -3 -3 +3 -1 +21 
Riverview 79·8 +20 +20 -5 -8 +8 

Ravensburir 79·8 -1 -1 +3 -1 
Ann Arbor 80·0 -4 -4 -9 -n -2 +14 
Zürich 80·5 -1 -1 +JO +6 
Ottawa 80·5 -11 -11 +10 +6 +7 
Toronto 80·6 -6 -6 -8 -12 +18 

Paris 80·8 -1 -1 +2 -2 
Venice 80·9 +1 +I -1 
Besançon 81·4 0 0 +5 +I 
Adelaide 81·5 -18 -18t -19 -23t 
Florence 82-8 -5 -5 -8 -12 

Gontinued on next :pa(le, 
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D. P1• Pw Sv Sw SKS pp PS SS 
0 

Moncalieri 82·9 +3 +3 +5 +I 
Rocca di Papa 84·1 0 +I -3 
Pompeii 84·2 -2 -2 -15 
Harvard 84·8 -17-11 
Georgetown 85·6 -1 0 -7 -Il -18-5 

Helwan 85-6 -1 0 -8 
Barcelona 87-7 -16 -15 +6 +2 -4 +6 
Tortosa 88·8 0 +I -7 
Wellington 90·2 -5 -44 
Toledo 90·8 -9 -7 -9 0 

Alicante 91·4 -17 
Algiers 91·8 -3 -1 -3 
Almeria 93·3 -33 -31 -41 
Granada 93·3 -IO -12 0 -9 +23 
Malaga 93·9 -30 -28 -8 

San Fernando 94·6 -16 -14 -7 -11 
P' 

La Paz 137-3 +3 +14 -5 
Rio de Janeiro 154·9 -11 

Other readings : ,6. SKKS 
Toledo 90·8 -Il 
San Fernando 94·6 -8 

Mean P residual (,6.> 70°), -1 : S, 0: SKS, -5. 

1925 April 16d. 19h. 52m. 30s.+ 13s.=52m.43s. Z=-7. 

!.S.S. Epicentre 22°·0N. 120°·5E. First revised Epicentre 21° ·SN. 120° · 7E. Final Epicentre 21°·7N. 121°· IE. 

A=-·4799, 8=+·7956, C=+·3698. 

6 Pv Pw Sv Sw SKS pp PS SS 

Hokoto 2-3 -Il -Il 
Taihoku 3-3 +4 +4 
Hong Kong 6·4 -4 -4 +64 +64 
Mani la 7·1 0 0 
Zi-ka-wei 9·5 -4 -4 +5 +5 

Phu-Lien 13-4 +3 +3 +27 +26 
Nagasaki 13·7 -7 -7 
Hukuoka 14·7 -8 -8 
Su moto 17·8 -Il -12 +8 +6 -5 
Kobe 18·2 0 -1 +15 +13 

Osaka 18·4 0 -1 +15 +13 
Nagoya 19-6 -24 -25t -30 -31t 
Mizusawa 24-7 -7 -4 -5 0 
Calcutta 30·2 -15 -9 +2 +Il 
Ootomari 30·8 -6 0 +5 +14 

Batavia 31·0 -3 +3 +8 +17 
Malabar 31·6 -1 +5 -3 +6 
lrkutsk 33·1 -8 -3 -5 +4 
Simla 40·1 +4+10 +8+14 +3+9 +10+16 
Hyderabad 40·1 -4 0 +13 +20 

Kodaikanal 43·2 +3 +7 
Bombay 45·0 0 +3 +6 +Il 
Perth 53-9 -5 -4 +3 +5 +15 
Ekaterinburg 55·8 -60 -59* -53 -52* 
Adelaide 59·1 +2 +2 

Baku 62·0 +3 +2 +15 +15 
Riverview 62·5 +9 +8 -4 -4 +17 
Sydney 62·6 +Il +Il 
Piatigorsk 66·6 -7 -8 +2 +1 +12 +9 
Pulkovo 71·5 -2 -3 +2 0 +7 +23 +49 

Continued an next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 

Honolulu 74·7 -1 -2 +3 0 -34-21 -28 
Upsala 77·8 -3 -3 0 -3 
Lemberg 77·8 -9 -9 0 -3 
Konigsberg 78·1 0 0 +4 +I +8 -13 +22 
Helwan 79·1 -1 -1 +3 0 

Budapest 81·7 +6 +6 0 -4 
Belgrade 81·9 +2 +2 +I -3 -27 
Bergen 82-9 -6 -6 +7 +3 +11 +9 
Vienna 83·1 0 +I +8 +4 +8 +22 +42 
Hamburg 84·2 +1 +2 +1 -3 

Zagreb 84·3 -11 -10 +10 +6 +20 
Cheb 84·5 -3 
Innsbruck 86·5 +1 +2 +2 -7 
Venice 86·8 -26 -25 
De Bilt 87-5 +3 +4 -3 +4 

Pompeii 87-6 -60 -59* +25 +21 
Naples 87-7 -69 -68* +1 -3 
Strasbourg 88·0 0 +1 +6 +2 
Zürich 88·1 0 +1 +2 -2 
Florence 88·3 0 +1 +7 +3 

Rocca di Papa 88·3 -1 0 -20 
Uccle 88·6 -1 0 -t-3 -1 -6 -1 
Edinburgh 89·1 +4 0 
Eskdalemuir 89·5 +3 -1 
Besançon 89-7 -8 -7 +12 +8 

Victoria 89·7 +6 +7 -12 
Moncalieri 89·8 -20 -21 -9 
Stonyhurst 90·1 -6 -5 +6 0 
Bidston 90·6 +7 +9 +8 +12 
Paris 90·7 -7 +11 

Oxford 90·8 -4 -2 
Grenoble 91·0 -51 -49 -41 +4 
Marseilles 92-2 -29 -27 -9 
Puy de Dôme 92-2 +1 +3 
Barcelona 95·2 +9 +2 

Berkeley 96·1 -22 
Tortose 96·6 -56 +7 
Algiers 97·2 -6 -3 -7 +3 
Alicante 98·6 -10 +8 
Toledo 99·9 -10 

Almeria 100·8 -13 +22 
Granada 101·3 -5 -1 0 +4 
Malaga 102·1 -1 
San Fernando ION -17 
Ottawa 111·0 +15 +60 

Chicago 111 ·2 +9 -25-10 
Toronto 112·0 +14 +12+56 
Ann Arbor 112·1 +45 +23 +64 
Harvard 114·8 P' P1' 
Fordham 115·8 +2 +3 

Georgetown 117·0 +2 -1 
Rio de Janeiro 165-3 +36 
La Plata 166·8 +22 +37 
La Paz 170·3 +32 +71 

Mean P residual (6> 70°), 0 ; S, 0 ; SKS, - 7. Epicentre determined from near stations ; but here, unlike 
1923 Sept. ld. and 1924 Dec. 28d .. there is no concentration of negative P residuals at the wreater distances. 
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1926 Aug. 3d. 3h. 41m. 30s.+7s.=41m.37s. Z=-1. 

!.S.S. Epicentre 22°·0N. 121°·0E. Retained. 

A=-·4775, B=+·7948, C=+·3746. 

!:::. P11 Pro Sv Sw SKS pp PS SS 
0 

Taihoku 3·5 +68 +68• +75 +75• 
Manila 7·0 -1 -1 +25 +25 
Hong Kong 7·1 -1 -1 
Zi-ka-wei 9'7 -4 -4 +9 +9 
Nagasaki IH -1 -] 

Phu-Lien 14·1 +3 +3 +32 +31 
Hukuoka 14·3 +2 +2 
Su moto 17·3 0 -1 +19 +17 
Osaka 17·9 +I 0 +36 +34 
Nagoya 19·1 -2 -3 

Mizusawa 24·2 -2 +I -7 -2 
Amboina 26·0 +l +5 +26 +16d -4 
Ootomari 30·4 +I +7 -23 -14 
Calcutta 30·8 -3+12 +3+18 
Batavia 31·3 -16 -JO 

Malabar 31·9 -4 +2 
lrkutsk 33-6 -7 -1 +7 +16 
Simla 40·8 -8 -4 -1 +5 
Hyderabad 40·9 +2 +6 -22 -16 
Colombo 43·0 +23 +27 +68 +73 

Bombay 45'8 +68 +71 0 +4 
Ekaterinburtr 56·4 +4 +5 +3 +4 
Balru 62'7 +5 +4 +Il +Il 
Piatigorsk 67·3 -17 -18t -21 -22t -4 
Makeyevka 70·1 0 -1 +2 0 +35 

Pulkovo 72·2 +I 0 +2 0 +26 +16 
Leningrad 72·2 +2 +l +3 +I +28 
Honolulu 73-9 +14 +13t +17 +14t +'l7 
Upsala 78·3 -4 -4 -2 -5 
Budapest 82'4 0 0 +10 +6 

Athens 82'9 +2 +2 -6 -10 -8 
Vienna 83-7 0 +I +Il +7 
Graz 84·8 +Il +12 +2 
Hamburg 84·8 0 +I +3 
Zagreb 85·0 +2 +3 +3 +10 

V~nice 87-4 +14 +15 -8+1 
Hohenheim 87'7 -19 -18 +8 +4 
DeBilt 88·1 +10 +Il +2 
Pompeii 88·2 +7 +8 +6 
Üyce 88·4 +6 +7 -4 -8 

Strasbourg 88·6 -1 0 +3 -1 +8 +8 
Zürich 88·7 -5 -4 -7 
Florence 88·9 0 +I +2 -2 
Rocca di Papa 88·9 +2 +3 -53 -5~ 
Uccle 89·2 +2 +3 -14 -18 +3 

Edinburgh 89·7 +Il +7 
Moncalieri 90·5 -Il -9 +10 
Stonyhurst 90·7 +39 +41 +5 +I 
Kew 91·2 -1 +I +2 +I 
Bidston 91·3 +28 +30 +Il 

Paris 91·3 +9 +Il +2 
Barcelona 95'8 -3 +19 
Tortosa 97'2 -3 

*1~::: 97·9 +10 +13 -3 +6 
100·5 -21 

Granada 101·9 +6 +3 
San Fernando 104·0 +Il 
Ann Arbor 112·0 P' -10 
La Paz 169-4 +13 SKKS 
Sucre 173·0 +18 +5 

Mean P residual (f:::.>70°), + 1; S, O; SKS, +I. Epicentre determined from near stations. 
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1927 Feb. 16d. lh. 35m. 12s.+ 16s.=35m.28s. Z dubious, taken O. 

l.S.S. Epicentre 46°·0N. 154°·0E. Revised Epicentre 46°·4N. 153°·4E. 

A=-·6166, B=+·3087, C=+·7242. 

/';, Pv Pw Sv Sw SKS pp PS SS 

Ootomari 7·3 +2 +2 +Il +Il 
Mizusawa 11 ·5 -2 -2 -6 -6 
Nall"Oya 16·7 +4 +3 +30 +28 
Toyooka 17·6 +2 +l 
Osaka 17·9 -] -2 

Kobe 18·0 +3 +2 +15 +13 
Su moto 18·4 +2 +1 
Hukuoka 21·6 0 +l +17 +12d 
Nagasaki 22·5 +2 +3 +19 +13d 
Zi-ka-wei 28·8 0 +5 0 +8 

lrkutsk 31·8 -7 -] -7 +2 
Taihoku 33·1 +3 +9 -31-25 
Hong Kong 39-6 -4 0 
Manila 41·6 +2 +6 
Sitka 43·2 +3+13 +7+17 -3 +2 +12 

Honolulu T.H. 45·0 +14 +17t +6+20 + 11+25t +29 +18 
Phu-Lien 45·6 -2 +l +6 +10 +7 +5 
Victoria 53·0 +2 +4 +4 +6 
Ekaterinburg 53·9 -3 -2 -5 -3 -20 +3 0 
Amboina 54·6 -13 -12t -15 -14t 

Calcutta 56·9 +12 +12 +8 +9 
Tashkent 58·0 0 0 +7 +8 +l +29 +39 
Simla 59·0 -7 -7 +5+11 +5+11 
Berkeley 60·1 +l 0 +3 +3 -1 
Saskatoon 60·1 -2 -3 0 0 

Leningrad 63-9 0 -] +Il + 10 0 -24 +45 
Pulkovo 64·1 -3 -4 +6 +5 -5 -27 +45 
Kucino 64·5 -62 -63* -61 -62* +26 -28+5 
Helsingfors 65-4 -13 -14 +22 +21 -29 +31 
Batavia 66·8 -2 -3 +17 +16 

Upsala 67·8 -8 -9 -7 -8 
Baku 69·7 0 -1 +16 +14 +3 
Bombay 69·8 -1 -2 -2 -4 
Makeyevka 70·0 -1 -2 +13 +11 -1 +24 
Bergen 70·1 -8 -9 +9 +7 

Tucson 70·7 +2 +l +5 +3 -1 
Konigsberg 71·3 -2 -3 -7+10 -9+8 +8+38 
Tiflis 71·6 -4 -5 +6 +4 +29 +29 +62 
Kodaikanal 72·9 +5 +4 +40 
Hamburg 75·3 -3 -3 +3 0 -1 +11+22 +15 

Potsdam 75·6 +l +1 -8 -li 
Edinburgh 75·8 -6 -6 +4 +l 
Chicago 76·5 +4 +4 +2+9 -1+8 
Stonyhurst 77·1 -4 -4 +li +8 +JO 
Prague 77-3 -5 -5 -6 -9 

St. Louis 77-6 -10 -10 -4 -7 +l 
Cheb 77·8 -2 -2 -3 -6 
DeBilt. 77·8 -2 -2 +3 0 +25 
Ann Arbor 77·9 +16 +16 -1 -4 +37 
Budapest 78·0 -3 -3 

Bidston 78·2 -5 -5 -2 -5 
Vienna 78·3 -5 -5 +13 +JO +4 
Toronto 78·5 -2 -2 -6+1 -9-2 
Ottawa 78·6 -9 -9 -6 -9 
St. Anne 78·8 0 0 -3 -6 

Continued on next page. 
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6 Pv Pw Sv Sw SKS pp PS SS 

Feldberg 78·8 -3 -3 -1 -4 
Uccle 79·2 -5 -5 +I -3 -6 +4 
Graz 79·.5 -3 -3 +2 -2 +20 
Oxford 79·5 -2 -2 -4 -8 +2 
Kew 79-6 -3 -3 -3 -7 -7 +33 

Hohenheim 79·8 -3 -3 +2 -2 +27 
Riverview 80·3 -5 -9 
Sydney 80·3 -.1 -5 
Strasbourg 80·5 -4 -4 -3 -7 -3 +6 
Zagreb 80·5 -3 -3 -5 -9 

Innsbruck 80·6 +4 +4 -6 -10 
Ravensburg 80·6 -7+3 -7+3 +3 -1 
lthaca 80·7 +2 -2 
Zürich 81·3 -4 -4 -1 -5 
Plymouth 81·3 +19 +19 -3+5 

Paris 81·.5 -1 -1 -2 -6 
Chur 81·6 -2 -2 0 -4 
Ksara 82·1 0 0 -1 -5 
Besançon 82-2 -4 -4 -8 
Adelaide 82·5 -5 -5 -66 -70* 

Harvard 82-9 +I -3 -6 
Fordham 83·1 -1 0 +2 -2 +2 +26+40 
Cheltenham 83·8 -5 
Florence 83·8 +2 +3 -77 -81* 
Moncalieri 83·8 -4 -3 -.5 

Melbourne 84·3 -13 
Puy de Dôme 84·3 -7 -6 +4 0 
Athens 84·5 +2 +3 -3 
Loyola 84-6 +5 +6 
Rocca di Papa 85·2 +I +2 -3 -7 -8 

Perth 85-3 -5 -9 
Pompeii 85·5 +26 +27 
Naples 85·5 -.5 -4 +23 +19 
Bagnères 87-4 +6 +7 +4 
Tacubaya 87·5 0 +I -2 

Helwan 87-6 -2 -1 -5 
Barce!ona 88·5 +2 +3 +I -3 
Tortosa 89·5 -8 -7 -2 
Wellington 89·7 +15 +16 -10 -Il 
Toledo 91·4 -3 -1 0 

Alicante 92·1 -13 -Il 0 
Algiers 92-7 -8 -6 -7 
Rio Tinto 93-9 -2 
Granada 94·0 -12 -10 +16 +2 +13 
Almeria 94·0 -4 -2 -6 

Malaga 94·5 -2 0 -7 -Il 
San Ftrnando 95·1 -3 -1 -16 -20 -3 
Entebbe 110·6 PKS P' -10 +I 
La Paz 134·5 -2 +5 +56 
Sucre 138·2 +18 +10 

Pilar 148·1 +9 
Rio de Janeiro 153·1 
La Plata 154·0 

Malaga S-11 =SKKS-2. 

Mean P residual (6> 70°), -3; S,-3; SKS,-5. There are indications of slight focal depth. 
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1927 Aug. 5d. 21h. 12m. 50s.+11s.=13m.ls. Z taken=O. 

I.S.S. Epicentre 38°·5N. 142°·5E. Revised Epicentre 37°·9N. 142°·3E. 

A=-·6243, B=+·4825, C=+·6143. 

!:., Pv Pw Sv Sw SKS pp PS SS 

Mizusawa 1-5 +4 +4 +10 +IO 
Nagoya 5·1 +5 +5 +15 +15 
Osaka 6·4 0 0 +18 +18 
Toyooka 6·4 0 0 0 0 
Kobe 6·6 -2 -2 +15 +15 

Su moto 7·0 0 0 -20 -20 
Matuyàma 8·7 +11 +Il -22 -22 
Ootomari 8·8 -1 -1 
Hukuoka 10·6 -4 -4 
Nagasaki 11 ·4 -3 -3 0 

Zi-ka-wei 18·4 -? -3 -3 -5 
Taihoku 21·8 +ï +2 -5 -3 
Hong Korn~ 28·7 -5 0 -13 -5 
lrkutsk 30·0 -8 -2 -12 -3 
Mani la 30·0 -6 0 -22 -13 

Phu-Lien 35·2 -10 -5 -19 -Il 
Amboina 43-6 -6 -2 -18 -13 
Calcutta 48·3 -12 -9 -15 -12 
Dehra Dun 52-7 -Il -9 -38 -36 
Simla 53·0 -4 -3 -9 -7 

Honolulu T.H. 53-7 -4 -3 -2 0 
Tashkent 54-6 -3 -2 -4 -3 +13 
Ekaterinburg 54·8 -5 -4 -5 -4 -3 
Sitka 55·1 -30 -29 +6 +7 -18-10 
Batavia 55·1 -5 -4 +4 +5 

Hyderabad 59·0 -4 -4 -8 -8 
Bombay 62-6 -9 -IO -7 -7 
Kodaikanal 64·0 +4 +3 
Victoria 65·2 +3 +2 -3 -4 
Apia 67·3 -26 -27 -1 -2 +9 

Pulkovo 67·5 -4 -5 -3 -4 -6 
Baku 68·1 -3 -4 -3 -5 +34 
Tiflis 70·6 -2 -3 -5 -7 -14 +51 
Makeyevka 71·0 -5 -6 +3 +I -7 +24 +3 
Berkeley 71·5 -3 -4 -2 -4 

Upsala 72·2 -5 -6 -4 -6 
Riverview 72·2 -8 -9 -13 -15 -2+24 -16 
Sydney 72·2 -28 -30 
Adelaide 72·9 -10 -Il -5 -7 
Konigsberg 74·8 -3 -4 -2 -5 -12+24 -2+6 

Bergen 75-6 -8 -8 -7 -10 
Melbourne 75·8 +21 +18 +35 
Lemberg 76·8 -15 -15t -14-2 -17t-5 
Copenhagen 77·2 -5 -5 -4 -7 -4 +10 
Potsdam 79·5 0 0 +14 +Il 

Hamburg 79·7 -4 -4 +I -2 
Dy ce 80·3 -3 -3 -3 -7 -20 
Budapest 80·8 +17 +17t +14 +IOt 
Prague 80·8 -3 -3 -2 -6 0 
Ksara 81·0 -3 -3 +9 +5 +8 +27 +8 

]ena 81·2 -1 -1 +16 +12 -5 
Vienna 81·4 -6 -6 0 -4 -19 
Cheb 81-6 -1 -1 0 -4 
Edinburgh 81-7 -3 -3 +20 +16 
Belgrade 82·1 -1+11 -1+11 -1 -5 +16 

Continued on next page. 
l!' 



82 

/::,. Pv Pw Sv Sw SKS pp PS SS 
0 

Tucson 82-3 +I +I -4 -8 -17 -18-4 
DeBilt 82·6 -4 -4 -8 -3 
Feldberg 83·0 -1 -1 +8 +4 
Stonyhurst 83-4 +I +2 -4 -10 -2 
Zagreb 83-4 -6 -5 -8 -1 

Bidston 83-9 +4 +5 -4 -8 
Uccle 83-9 -5 -4 -6 -3 
Hohenheim 83-9 +I +2 -3 -7 
Laibach 83-9 -3 -2 -9 -12 
Innsbruck 84·2 -5 -4 

Ravensburg 84·5 +4 +5 -19 +4 
Wellington 84·5 -19 +4 
Strasbourg 84·6 -5 -4 -7 +2 +22 
Kew 84·8 -3 -2 -8 -2 +12 
Oxford 84·8 -5 -4 --9 -24 

Zürich 85-3 -5 -4 -2 
Venice 85-3 +23 +24 
Paris 86·2 ,.....3 -2 -9 -1 
Besançon 86·3 0 +I -12 -16 
Helwan 86·5 -5 -4 -13 -4 

Florence 87·1 -8 -7 -14 
Moncalieri 87-6 -li -10 -15 
Pompeii 88·0 -40 -39 +6 +2 
Rocca di Papa 88·0 -3 -2 -Il 
Naples 88·1 -5 -4 +5 +l 

Chicago 88·3 -7 -6 -14 -18 +1 -2 -8 
Puy de Dôme 88·7 -7 -6 +5 +I 
St. Louis 89·5 -5 -9 
Ann Arbor 89·5 +3 +4 0 -4 +25 +Il 
Ottawa 89·9 -5 -4 -11-5 -15-9 -15-9 -12 

Toronto 90·1 -2 0 -7 -Il -9 -4 
Bagnères 92·0 -2 0 -13 
lthaca 92·3 -2 0 -12 -16 -14 
Barcelona 92·8 +9 +li -13 
Tortosa 93-9 -8 -6 -12 

Fordham 94-6 -7 -5 +16 +12 -19 -4 -9 -41 
Toledo %·3 -6 -3 -13 0 
Al!liers 96·4 -6 -3 0 
Alicante 96·4 -6 -3 -6 
Aime ria 98·5 -18 -15 -27 -7 0 

Gr a na da 98·6 -7 -4 +l 0 +30 
Malaga 99·3 +Il +14 -16 -1 
San Fernando 100·1 +Il +14 -14 
Azores 103-6 +17 +13 
Cape Town 135·0 0 

P' 
La Paz 145·8 -3 PKS 
Sucre 149·5 -1 -6 
La Plata 163·5 -40 

Mean P residual (/::,.> 70°), - 3·5 ; s. -5-6; SKS, -8·5~ Focal depth is indicated. 

Other readings : /::,. SKKS 
St. Louis 89·5 -14 
Ann Arbor 89·5 -9 
Ottawa 89·9 -12 
lthaca 92·3 -13 
Barcelona 92'7 -8 
Ahriers 96·4 -15 
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1928 May 27d. 9h. 50m. 18s.+ 12s.=50m.30s. Z=-5. 

!.S.S. Epicentre 40°·0N. 142°·5E. Retained. 

A= - ·6<J77, B= + ·4663, C= + ·6428. 

6 Pv Pw Sv Sw SKS pp PS .;;s 
0 

Mizusawa 1·4 +2 +2 
Nagoya 6·6 +1 +1 -10 -10 
Ootomari 6·6 -1 -1 
Toyooka 7·5 +3 +3 +JI +Il 
Osaka 7·8 0 0 +22 +22 

Kobe 7·9 0 0 +9 +9 
Sumoto 8·3 0 0 -28 -28 
Sikka 9·2 +I +I +12 +12 
Matuyama 9·9 -15 -15 -58 -58 
Hukuoka 11-6 +3 +3 

Nagasaki 12·5 -1+5 -1+5 +10 +JO 
Zi-ka-wei 19·2 -3+20 -4+19 +25 +23 
lrkutsk 28·8 -7 -2 -2 +6 
Hong Kong 29·8 -6, 0 0+6 +5 +13 
Manila 31-7 -4 +2 +92 +101 0 

Phu-Lien 36·1 -7 -2 -8 0 
Amboina 45-6 -1 +2 -11 -7 +2 
Sitka 53-4 -15 
Honolulu T.H. 53-6 0 +I -8+3 -6+5 
Tashkent 53-9 +I +2 +3 +5 

Batavia 56·7 -5 -4 -1 0 
Hyderabad 59·2 -6 0 -1 -1 
Bombay 62-6 -4 -5 -11 -12 
Victoria 63-6 +5 +4 +3 +2 
Colombo 64·8 -2 -3 +2 +I 

Ku ci no 65·0 +5 +4 +28 +27 0 +10 
Pulkovo 65·9 +I 0 +5 +4 
Baku 67·1 +2 +I +22 +21 
Spokane 67·3 -2 -3 0 -1 -12 
Helsinirfors 67-6 -1 -2 +5 +4 

Apia 68·6 -5 -7 +22 
Scoresby Sund 69·0 -1 -2 +8 +6 -1 +17 +4 
Makeyevka 69·5 0 -1 +Il +9 
Berkeley 70·1 +4 +3 +4 +2 
Upsala 70·4 -3 -4 +2 0 

Lick 70·8 -3 -4 +2 0 
Theodosia 72·8 0 -1 +10 +8 
Konigsberg 73·0 +2 +I +29 +26 +4+10 0 +11 
Simferopol 73-6 -3 -4 +3 0 
Bergen 73·7 -16 -17 

Yalta 73-8 -6 -5 
Riverview 74·3 -1 -2 -7 -10 -12, 0 -6 
Adelaide 75·0 -6 -6 -7 -10 
Lund 75·1 -2 -2 +4 +I -5 -4 
Lemberg 75·2 -5 -5 -2 -5 

Copenhaven 75-3 -3 -3 +6 +3 -1 -1 +25 
Hamburg 77·8 -1 -1 +5 +2 -1 +14 
Potsdam 77·8 -2 -2 +22 +19 
Melbourne 77·9 -20 
Dy ce 78·4 -2 -2 +26 +23 0 

Budapest 79·2 0 0 +24 +21 -8 
Jena 79·5 -5 -5 -2 -5 +19 
Vienna 79·8 -4 -4 -17+34 
Edinbur11h 79·8 -2 -2 +4 0 +JO 
Ksara 79·8 0 0 +18 +15 +6 +33 

Continued on next page. 
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!:::. Pv Pw Sv Sw SKS pp PS SS 
0 

Belgrade 80·6 -1 -1 +3 0 
DeBilt 80·7 -1 -1 +6 +3 +I +11 
Tucson 80·9 -3 -3 -6 -9 -30 
Graz 81·0 -2 -2 +29 +25 -13 
Feldberg 81·2 -12-1 -12-1 +4 0 -5 -12 

Stonyhurst 81·4 -2 -2 +3 -1 +7 +18 
Zagreb 81·8 -13 -13 +4 0 -6 +9 
Bidston 82·0 -] -1 +2 -2 
Uccle 82·1 -2 -2 +6 +2 0 
Hohenheim 82-2 -2 -2 0 -4 +10 +15 

Ravensburg 82-8 -3 -3 +10 +6 
Strasbourg 82·8 -7 -7 +4 0 -12 
Kew 82-9 -1 -1 +5 +l +l -7+29 +12 
Oxford 83·0 -1 -1 +2 -2 0 + 11+35 
Zurich 83·5 -1 0 +2 -2 

Chur 83-6 -2 -1 +2 -2 
Venice 83-6 +3 +4 +I -3 
Paris 84-4 -1 0 0 
Neuchâtel 84-4 -2 -1 -2 
Besançon 84·6 0 +I -3 

Helwan 85·4 -3 -2 -4 
Florence 85·4 -3 -2 +8 +4 +4 +17 +29 
Moncalieri 85·8 -3 -2 -6 
Chicago 86·4 -4 -3 -7 +11 -18, 0 
Wellington 86·4 +12 +13 -16 -21-17 

Grenoble 86·4 +I +2 -1 -5 
Rocca di Papa 86·4 -4 -3 -13-4 +3 
Pompeii 86·4 +9 +10 +14 
Naples 86·5 +5 +6 +14 +JO 
St. Louis 87·8 -4 -3 -1 -5 -8+7 .,..-] 

Ottawa 88·0 -4 -3 -4 -8 -5 +Il +5 
Toronto 88·2 -8 -7 -9+9 +6 
Marseilles 88·2 +24 +25 +4 0 
Cincinnati 89·9 -41 -40 +3 -1 -4 -8-3 
Bagnères 90·2 0 +l -26 

lthaca 90·3 -7 
Barcelona 91·0 -14 -12 -4 
Tortosa 92·1 -6 -4 -2 
Harvard 92·2 0 -4 
Georgetown 93·2 -2 0 -12 -16 -8 

Charlottes ville 9N -13 -17 -5 -25 
Toledo 94·5 -6 -4 -7 +4 
Algiers 94-6 -4 -2 +7 
Alicante 94·7 -18 -16 -17 
Almeria 96·6 -12 -9 -12 -1 

Granada 96·8 -4 -1 +8 +4 +6 +36 
Mal1'ga 97·5 -19 -16 -18 
San Fernando 98·3 -8 -5 -7 -27 
Entebbe 105·2 -12 -8 -11 -2 
Tananarive 105-7 -8-3 +JO +20 +10 

SKSP 
Cape Town 135-6 PKS P' -1 -29 
La Paz 144·5 +19 +2 +17 
Sucre 148·2 0+4 
Rio de Janeiro 162·2 -1+5 

Other readings : !:::. SKKS 
Cincinnati 89·9 -10 
La Paz 144·5 -3 

Mean P residual (6>70°), -2; S, 0; SKS, -5. 
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1928 June ld. 13h. 12m. 13s.+ l ls.= 12m.24s. Z=-3. 

!.S.S. Epicentre 40°·0N. 143°·5E. Revised Epicentre 39°·7N. 142°·8E. 

A=-·6129, B=+·4652, C=+·6388. 

6. Pv Pw Sv Sw SKS pp PS SS 
0 

Mizusawa 1·8 0 0 +4 +4 
Nagoya 6·6 0 0 +14 +14 
Ootomari 7·0 +1 +1 +55 +55 
Toyooka 7·8 0 0 +Il +Il 
Osaka 7·9 -3 -3 +27 +27 

Kobe 8·2 0 0 +15 +15 
Su moto 8·4 0 0 +17 +17 
Matuyama 10·2 -32 -32 +29 +29 
Hukuoka 11·9 +3 +3 +42 +42 
Nagasaki 12-7 0 0 +31 +30 

Zi-ka-wei 19-6 -5 -6 +17 +15 
Taihoku 23-4 -7 -5 -2 +2 
lrkutsk 29·4 -5 +1 +1 +9 
Hong Kong 31·1 -4 +2 -2 +7 
Manila 31·6 +7 +13 

Phu-Lien 36·5 -7 -2 -13 -5 
Amboina 45·3 +4 +7 -18 -14 
Calcutta 49·2 -12-4 -9-1 +5+13 +8+16 
Honolulu T.H. 52·9 +8 +10 
Dehra Dun 53·1 +25 +27t +27 +29t 

Ekaterinburg 54·0 +3 +4 +8 +10 
Tashkent 54·5 -4 -3 - Il -10 
Batavia 56·7 -4 -3 -3 -2 
Hyderabad 59·8 -2 -2 +19 +19 
Bombay 63·3 -2 -3 +2 +1 

Victoria 63·5 +5 +4 
Colombo 65·2 -6 -7 
Pulkovo 66·5 -2 -3 +5 +4 
Kucino 66·6 +47 +46 +6 +5 
Helsingfors 68·2 0 -1 +2 0 

Scoresby Sund 69'4 0 -1 +7 +5 -2 +10 
Berkeley 70·0 +I 0 +3 +1 -19 
Makeyevka 70·3 +1 0 +6 +4 
Upsala 71·0 -4 -5 0 -2 -7 
Theodosia 73'6 +2 +1 +5 +2 

Konigsberg 73·7 -2 -3 +7 +4 +4 
Riverview 73·8 -43 -44 -3 -6 +8 -1 
Sydney 73·8 -12 -15 
Bergen 74·2 +13 +12 
Simferopol 74·3 -2 -3 +3 0 

Yalta 74-6 -4 -5 
Lund 75·7 -1 -1 +3 0 -6 
Lemberg 75·9 -9+3 -9+3 +1+7 -2+4 
Copenhagen 76·0 -3 -3 +2 -1 -4 -9 +8 
Mel boume 77·5 -6 -9 

{)yce 77·8 +27 +24 
Potsdam 78·4 +2 +2 +I -2 -3 
Hamburg 78·5 0 0 +4 +1 
Edinburgh 78·7 +23 +19 
Budapest 79·8 0 0 +4 0 

Jena 80·0 -2 -2 +3 
_, 

Vienna 80·3 -4 -4 +5 +I +9 
Ksara 80·6 -1 -1 +1 -3 
Tucson 80·8 +1 +I +3 -1 
Belgrade 81·2 -1 -1 +1 -3 

DeBilt 81-3 0 0 +3 -1 0 
Graz 81'7 -1 

_, 
+2 -2 

Bidston 82·5 -11 -11 +6 +2 
Zagreb 82·5 -5 -5 +1 -3 -JO +13 
Uccle 82-7 -2 -2 0 -4 

Continued on next page, 
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D. Pv Pw Si• Sw SKS pp PS SS 
0 

Laibach 82·9 -7 -7 +I -3 
Ravensburg 83-4 0 +I +5 +I +7 +19 +12 
Strasbour11 83-4 -1 0 +4 0 -4 
Kew 83-5 +I +2 +4 0 0 -2 
Oxford 83·5 +3 +4 +6 +2 

Zürich 84·2 -2 -1 -3 
Paris 85·0 -1 0 +2 
Neuchâtel 85·1 -2 -1 -2 
Besançon 85-2 0 +1 
Florence 86·1 -3 -2 +4 

Moncalieri 86·5 +5 +6 -1 
Rocca di Papa 87·1 -3 -2 -5 -4+8 
Naples 87'2 +4 +5 +7 +3 
Pompeii 87'2 -24 -23 -19 
St. Louis 87'7 -5 -4 0 -4 -9 +1 

Ann Arbor 87·8 -4 -8 +6 +7 
Ottawa 88·1 -3 -7 +8 
Toronto 88·3 -14 -13 -5 -9 +7 
Bagnères 90·8 -6 
Barcelona 91-4 -4 -3 +3 +30 

Tortosa 92-7 -2 -1 -5 
Geo!'ll'etown 93-3 -8 -7 +I 
Toledo 95·1 -2 0 
Al!liers 95-3 -10 -23 
Alicante 95-3 -34 -32t -37t 

Aime ria 97·3 -7 -4 -2 -6 +3 
Granada 97-4 -2 +1 +7 +3 
Malaga 98·1 -18 -22 
San Fernando 98·9 +3 
Tananarive 106·2 -6 +5 +36 

P' 
La Paz 142·8 +3 
Sucre 148·1 +4 

Mean P residual, D.> 70°, -1 : S, -1 : SKS, -5? Readings at Ann Arbor, Ottawa, and Toronto are !liven 
under both S and SKS, but may refer to an intermediate pulse. 

1930 Oct. 24d. 20h. 15m. Ils.+ 1 s. = l 5m. l 2s. Z taken=O. 

Lehmann and Plett's Epicentre l8°·4N. 146°·8E. Revised Epicentre l8°·4N. 147°·0E. 

Ail readings are from Lehmann and Plett. 

b. Pw Sw SKS pp PSw SS PSv 

Koti 19·3 0 
Nagasaki 20·9 -2 
Mizusawa 21·3 +I 
Taihoku 24-5 +3 
Mani la 25-2 +2 

Phu-Lien 38·0 +1 
Batavia 46·5 -1 
lrkutsk 47-4 0 
Honolulu T.H. 51-5 +2 
Riverview 52-3 +2 

Perth 58·4 -5 
Tashkent 68·8 +I 
Ekaterinburg 72-7 0 
Bergen 95'4 -5 -Il -Il +I +10 +6 
Lund 96·3 +7 -18-13 -9 +4 -6 0 

Copenhagen 96·6 -3 -18 -9 +5 -6 -1 
Potsdam 98·7 +16 -16 -7 +6 +1+6 -8 
Hamburg 99·1 -2 +4 -3 
Budapest 99·3 +7 -15 -10 +li -5 
lvigtut 99·6 -21 -9 +2 +10 +4 

Oontinued on next pa(Je, 
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6 Pw Sw SKS pp PSw SS PSv 
0 

Leipzig 99·8 -1 -18 -9 +1+7? -5+2 -3 
Vienna 100·1 0+4 -12 -7 +6 
l}yce 100·1 -17 -10 +12 +2 +3 
Belgrade 100·2 +8 -17 -s +ls+22 
Jena 100·4 +2 -18 -10 +1+5 -2 -1+5 

Gottingen 100·7 -19 -9 +5 -8 +5 
Graz 101·4 -15 -10 -2+13? -3 
Chicago 101-4 +4 -5+11 -7 +m +10 +25 
Zagreb 102·0 +2 -16 -10 +3+15 
De Bilt !02·1 -16 -7 +6+16 -3 +I 

Feldberg 102'3 +6 -14 -8 +5 -5 +4 
München 102-4 -16 -9 +4 -8, 0 +6 
Hohenheim !03·1 -18 -10 +2+4 -5 +4 
Stuttgart 103·1 0 -16 -10 +3 -7 +6 
Stonyhurst !03·1 -17 -9 +6 -1 +3 

Innsbruck 103-2 -Il -7 +4 
Uccle 103-4 +2 -15 -7 +5 -5 +5 
Ravensburg 103'6 -10 +3 
Bidston 103-7 -17 -12 +3 -5 +14 
Strasbourg 103-8 +I -14 -9 +3 -5 -4 

Chur 104'4 -3 -12 +4 -7 +5 
Zürich 104-4 -3 -17 -13 +7+19 -9 +6 
Kew 104·5 -17 -9 +5 -8 +1+5 
Oxford 104'6 -20-14 -6 +5 -2 +I 
Toronto 104·7 +13 -14 -9 +12 -18 

Ottawa 105·3 +19 -14 -6 +1 +2 +14 
Neuchâtel 105-4 -2 -17 -10 +3 -10 +1 
Paris 105-7 -18 -9 -8 -9 +JO 
Florence 105-8 -12 
Toledo 115-3 -23 +3 

The residuals PSv are against the trial tables ; 
6>70°, -0·4: S, -16·3; SKS, -8·9; 

ail others are against the final tables. Mean P residual, 
PP, +4·5; PS(6> 100°), -5·7; SS, +4·2. 
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EPICENTRES IN THE PACIFIC AND INDIAN OCEANS. 

1925 Nov. l3d. 12h. 14m. 40s.+ 15s.= 14m.55s. Z taken=O. 

l.S.S Epicentre l3°·0N. 124°·7E. First revised Epicentre l2°·5N. 124°·7E. Final Epicentre l2°·8N 124°·8E. 

A=-·5565, B=+·8007, C=+·2215. 

6 Pv Pw Sv Sw SKS SKKS pp PS SS 

Manila 4·1 +8 +8 
Taihoku 12-6 +15 +15t +14 +14t 
Hong Konir 13-9 -5 -5 -6 -7 
Amboina 16·8 +3 +2 -2 -4 
Zi-ka-wei 18·7 -1 -2 -2 -4 

Phu-Lien 19·1 +I 0 +29 +27 
Nairasaki 20·5 +2 +2 +7 +3d 
Hukuoka 21·4 +5 +6 +2 +3 
Su moto 2H +3 +5 -2 +2 0 
Kobe 23-R -JO -7 +2 -'-6 

Osaka 24·0 -4 
_, 

-8 -4 
Batavia 26·1 -6 -2 +9 -Id 
Malabar 26·3 -6 -2 +6 -4d -16 
Mizusawa 30·1 -10 -4 -63 -54* 
Calcutta 35·9 -5 0 +10 +·18 

Ootomari 37·1 +3 +8 +13 +21 
lrkutsk 42·8 -Il -7 -10 -5 
Colombo 44·6 -3 0 -4 +1 
Perth 45·5 -7 -4 - 15 -li 
Kodaikanal 46·4 -4 -1 

Dehra Dun 46·5 -4 -1 -26 -22 
Simla 47·4 -6 -3 +7 +JO 
Adelaide 49·5 -10 -7 -17 -14 +4 -20 
Bombay 50·2 -2 0 

_, 
+2 

Riverview 53·0 -6 -4 -15 -13 -4 
Sydney 53·0 -10 -8 -9 -7 
Mel boume 54·0 +30 +-3tt +32 +34t 
Ekaterinburg 65·3 -4 -5 -3 -4 --·2 
Apia 68·3 +r 0 -3 -5 -8 
Wellington 71 ·I -10 -Il -33-16 -35-18 -Il 

Honolulu 73-6 -4+6 -5+5 
_, 

-4 -Il 
Piatiirorsk 75·2 -10 -10 -IO -13 
Kucino 77·7 -4 -4 +4 +I -3 
Makeyevka 78·4 -19 -19 
Pulkovo 81·2 -7 -7 -8 -12 

LeninS"fad 81·2 -7 -7 -6 -IO -2 -4 
Sitka 84·5 -2 -2 -4 -8 +22 -28+11 
Helwan 86·5 -5 -4 -43 -47 
Lemberv 87·0 -15 -14t -18 -22t 
Upsala 87-3 -2 

_, 
-8! -12! -21 

Konigsberg 87·5 +I +2 -91+1 -131-3 +51 
Athens 90·6 -Il -JO -18 -IO -9 
Belgrade 90·9 +3 +5 -61 O! 
Budapest 90·9 +62 +64* 
Vienna 92·3 -Il -9 +20! +16! -13 -IO +IOI 

Bergen 92·5 -6 -4 -10 -14 
Graz 93·3 -1 +I -51 -91 -14 -4 +171 
ZaS"feb 93-4 -61 -59 -41+20! -8!+ 16! - 11 ! -21 
Leipzig 93-4 -81 -41 
Hambura 93'7 -7 -5 -2 -6 -16-8! 0 -Il 

Cheb 93·9 -4 -2 -6 
Victoria 94·2 0+12 +2+14 -Il 
Laibach 94·3 -53 -51 -Il 
Gottingen 94·6 0 ! -14! +221 
München 95·2 -101-11-11! +121 

Oontinued on next page, 
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6 p,. p(I) PKS Sw SKS SKKS pp PS SS 

Nordlingen 95·6 -131 
Innsbruck 95·7 -5 -2 -15+3 
Venice 96·0 -23 -20 +3 -1 
Hohenheim 96·4 -14! -13! +6 ! 
Pompeii 96·4 +65 +68 -6 -10 

Naples 96·6 +2 +5 -35 
Ravensburg 96·6 -4! -Il! 
De Bilt 97·0 -7 -4 -5! -91 -1 -7+10! 
Rocca di Papa 97·2 -8 -5 -14-8 -1 
Strasbourg 97·3 -7 -4 +30 +26 -13! 0 +9! 

Florence 97·3 +I +4 -4 -8 -10! +17! 
Zürich 97-4 -7 -4 -10! -14! -13 
Dy ce 97·5 -18! -7 0 +71 
Uccle 98·0 -6 -3 -3 ! -10 +I +9!+21 ! 
Edinburgh 98·8 -6 -3 -3! -12! +6 

Moncalieri 99·0 -3 -14! -10! -i-7 ! 
Besançon 99·0 -9 +25 
Berkeley 99·2 -li -1 
Stonyhurst 99·7 +32 +35 --3 ! -61 +1! 
Lick 99·9 -10 

Paris 100·1 -7 -4 -21 -Il +9! 
Grenoble 100·2 +6 +10 -13 -17 +6 
Bidston 100·3 -3 +I -3 
Oxford 100·4 -4! -8 -3! 
Marseilles 101 ·3 +12 +16 0 

Puy de Dôme 101·4 +9 
Johannesburg 101-6 -17 
Barcelona 104·3 p• -7 +3 
Tortosa 105·7 -4 -3 +2 
Algiers 106·1 -13 0 

Alicante 107·8 -9 
Toledo 109·1 +1 
Almeria 109·8 -4 +4 
Tucson 110·1 +26 0 +36 
Granada 110·4 

Cape Town 110·6 +28 -i-8 
Malaga 111·2 -1 -8 
Rio Tinto 112·0 -8 
San Fernando 112·5 -8 +17 
Lis bon 112·9 -15 

Chicago 117·8 +9 +3 -57 
Ottawa 118·9 -8 -Il -8 +3 
Ann Arbor 119·0 +25 -1 -14 
St. Louis 119·0 -4 +6 
Toronto 119·7 -6 -8 -6 

lthaca 121·4 -15 +10 -9 -3 
Harvard 122·9 +2 -9 -13+2 
Fo1dham 123·7 -28 -12 +37 
Georgetown 124·4 -33 +13 
Cheltenham 124·6 +3 

La Plata 157·8 +2 -12 -32+29 
Rio de Janeiro 164·7 +3 -12+3 +2 
La Paz 167-2 +1+5 +14 +62 

Mean P residual (6> 70°),-4; S,-9; SKS,-12. 

This earthquake is discussed by Lehmann and Plett, who gÏve the epicentre as 13°·0N. 124°·7E, agreeing with the 
!.S.S. Their readings are indicated by the mark ! if not given in the !.S.S. The P residuals are negative 
at the greater distances, implying some depth of focus and primitive P movement. The S readings given by 
their readings fall into two groups, mean -12 · 3 and - 3·2. Those for SKS give -10·6. St. Louis 29m.50s., 
lthaca 30m.7s., Harvard 30m.21s., Fordham 30m.25s., may be SKSP. 
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1926 Jan. 18d. 21h. 7m. 18s.+ 18s.=7m.36s. Z taken=O. 

!.S.S. Epicentre 1°·5S. 88°·5E. Revised Epicentre 1°·7S. 88°·9E. 

A=+·Ol92, 8=+·9994, C=-·0297. 

6. Pv Pw Sv Sw SKS SKKS pp PS SS 
0 

Colombo 12-47 +I +1 
Kodaikanal 16·6 -36 -37t -15 -17t 
Batavia 18·43 -2 -3 +9 +7 
Malabar 19-45 -1 -2 +3 Od 
H:yderabad 21·73 -2 -1 +3 -2d 

Calcutta 24·24 -2+2 +1+5 +9+21 +1d+l3d 
Bombay 25·8 -6 -2 -3 +3 
Phu-Lien 28-4 +I +6 +6 +14 
Dehra Dun 33·7 +71 +77t +64 +73t 
Hong Kong 34-43 -5 0 +4 +12 

Simla 34·6 +3 +8 +I +9 
Mani la 35·65 0 +5 
Amboina 39·3 +42 +46 
Perth 39·5 -4 0 -12 -5 
Taihoku 41·3 +8 +12 +20 +26 

Zi-ka-wei 45·1 -3 0 +2 +6 
Baku 55·1 -4 -3 +4 +5 
lrkutsk 55-5 -5 -4 +3 +4 -13 
Osaka 56·7 +8 +9 +8 +9 
Adelaide 56·8 -12 -Il +9 

Piatigorsk 61·3 -10 -Il -5 -5 +9 +33 
Ekaterinburg 62·8 -5 -6 -3 -3 -5 -17 
Helwan 63-3 -10 -Il +2 
Riverview 66·2 -10 -11 -12 
Sydney 66·2 -29 -30 

Makeyevka 66·4 -7 -8 -3 -4 +23 +28 
Kucino 70·7 -7 -8 -7 -9 +1 -15 
Athens 71·9 -Il -12 -13 -15 
Cape Town 72·9 -9 -11 
Belgrade 76·1 -8 -8 -10-2 -13-5 -18 

Pulkovo 76·2 -5 -5 -6 -9 -8 -12 
Leningrad 76·4 -7 -7 -8 -Il -5 
Budapest 77·8 -2 -2 -7 -10 
Konivsberg 79·1 -7 -7 -7 -10 -10 -7 
Vienna 79·7 -8 -8 -9 -12 -5 -2 

Graz 80·0 -12 -12 -15 -18 
Rocca di Papa 81·0 -9 -9 -13 -17 
Upsala 82·1 -10 -10 -2 -6 +7 -1 
Florence 82-4 -7 -7 -3 -7 
Cheb 82-7 -6 -6 -4 -8 

Innsbruck 82-8 -8 -8 
Christchurch 84·2 +16 +12 -27 +9 
Hohenheim 84·5 -6 -5 -li -15 
Zürich 84·7 -9 -8 -23 
Hamburll' 84·8 -8 -7 -4 -8 +1 +10 +6 

Moncalieri 85·0 -5 -4 -6 -10 0 
Strasbourg 85·4 -9 -8 -7 -Il 0 +3 
Wellington 85·7 -15 
DeBilt 87·5 -8 -7 -9 -13 +3 +I +11 +10 
Alll'Îers 87-7 -10 -9 -li -15 +2 -6 

Uccle 87·8 -8 -7 -12 -16 +1 -Il +14 +Il 
Barcelona 88·7 -2 -1 -13 -17 +3 
Paris 88·9 -7 -6 -7 -11 +6 
Tortosa 89·9 -11 -10 +7 
Alicante 90·6 -6 -4 +Il +7 

Kew 90·8 -1 
Dyce 92·0 0 +2 -7 -Il +25 
Almeria 92·1 - Il -9 -2 -6 
Stonbhurst 92-2 -10 -8 +7 +3 
Edin u~h 92-6 0 +4 +11 +~ 

Continue.à on next page, 

" i 1 
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6 Pv Pw Sv Sw SKS SKKS pp PS SS 
0 

Bidston 92-6 -7 -Il 
Granada 93·1 -22 -20 +1 +3 
Toledo 93·4 -12 -to -13 -17 -8 
Malaga 93·7 -30 -18 -8 
San Fernando 95·2 -4 -2 +9 

P' PKS SKSP 
Ottawa 134·3 +11 +16 -2 
Toronto 136·8 0 
Ann Arbor 138·9 -16 
Chicago 139·9 +6 +6 -2 
Sucre 147-3 -2 +7 
La Paz 151·0 -4 +36 -12 

Mean P residual, 6 > 70°, -8 ; 
The latter may be sSKS. 

S,-11. The SKS residuals fall into two 11roups, one early, the other averaging + 2. 

1927 July 18d. 11h. 19m. 40s.+ ISs.= 19m.SSs. Z taken=O. 

I.S.S. Epicentre 32°·0S. 179°·0W. Revised Epicentre 32°·8S. 179°·2W. 

A=-·8405, B=-·0118, C=-·5417. 

6 Pv Pw Sv Sw SKS SKKS pp PS SS 

Wellington 9·7 +2 +2 -32 -32 
Christchurch 12·5 -2 -2 +39 +39 
Suva 14·8 -8 -8 
Riverview 24·7 -12 -9 +3 -7d -9 -17 
Sydney 24·7 -115 -112* -12 -7 

Melbourne 29·5 -127 -121* +30 +38 
Adelaide 34·9 +17 +22 -13 -5 
Perth 54·0 -7 -s 
Honolulu 57·8 +1 +I +8 +9 
Batavia 73-2 + 17-63 + 16-64 -46-13 -49-16 

Manila 74·2 +2 +1 
Osaka 79·1 +15 +!St +15 +12t 
Hong Kong 84·1 -4 -8 
Zi-ka-wei 85·1 -8 -7 -6 -10 
Phu-Lien 88·7 -2 -1 0 -4 

Victoria 95·3 -10 0 
La Paz 98·0 -4 -1 -19 
lrkutsk 108·0 -10 -9 +9 
Chicairo 112-2 -14 -S -4 
Toronto 118·5 -7 +7 

Fordham 121·5 -6 -6 -10 -42 
Ottawa 121·6 P' PKS SKSP -2 +12 
Ekaterinburg 133-2 -li -20 -17 -s +9 
Baku 140·4 -10 -20 -10 +39 
Tiflis 144·3 -8 

Kucino 145-6 -6 +32 +3 +14 
Pulkovo 146·8 -10 -7 -13 +3 +6 
Makeyevka 148·3 -4 +20 -4 
Helsinirfors 148·4 

_, 
-2 -7-3 +7 

Upsala 150·8 -7 

Ksara 150·8 -13 P~' 
Koniirsberir 154·0 +I -4 
Dy ce 155-S +6 -5 -8 +I 
Copenhairen 155·7 -11 +2 -s 0 -8 0 -44 
Hamburg 158·2 -11 +s 

Budapest 159·8 -6 
PrallUe 160·0 -8 
DeBilt 160·4 -9 -11 -4 +3 
Vienna 160·6 -10 -4 
Oxford 161·0 +6 +20 

Continued on ne:rt paye. 
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.6 P' Po' PKS SKSP SKS SKKS pp PS SS 
0 

Kew 161·3 -9 -1 
Uccle 161·7 -JO -t-3 
Zagreb 162·5 -7 +33 -JO 
Strasbourg 163-4 -12 0 
Paris 163'9 -10 

Zürich 164·3 -Il 
Venice 164·5 +8 -26 
Florence 166·3 +2 -10 
Pompeii 166·4 +7 
Naples 166·6 +9 

Moncalieri 166·7 -6 +39 
Rocca di Papa 166·9 -9-3 +5 
Toledo 171·9 -8 
Tortosa 172·0 -6 -17 
San Fem1mdo 173·2 -2 +I 

Malaga 174·2 -7 
Granada 174·2 -5 +3 +4 
Aime ria 175·2 0 +8 
Algiers 175·6 -8 -32 +Il 

See the text under P' and SKKS for discussion of the P. S, and SKS residuals. Fordham 30m.7s .. mi.v h SKSP. 

1928 Mar. 9d. 18h. 5m. 20s.+8s.=5m.28s. Z taken=O. 

I.S.S. Epicentre 2°·35. 88°·5E. Revisecl Epicentre 2°·8S. 88°·5E. 

A=+ ·0262, B= + ·9985, C= - ·0488. 

.6 Pv Pw Sv Sw SKS SKKS pp PS SS 

Colombo 13·00 0 0 
Kodaikanal 17·1 +26 +25 
Batavia 18·56 -1 -2 +1 -1 
Malabar 19·54 -4 -5 +4 +Id 
Hyderabad 22·53 +3 +5 +8 +2d 

Bombay 26·6 +1 +5 +4 +li 
Phu-Lien 29·54 -6 0 -7 +l 
Dehra Dun 34'6 +25 +30t +13 +21t 
Hong Kong 35'5 -6 -1 -9 -1 
Mani la 36·6 -1 +4 +27 +35 

Perth 38·9 0 +4 0 +7 -32 
Amboina 39·5 +2 +6 
Taihoku 42'4 +2 +6 0 +6 
Tananarive 43·2 +3 +7 0 +5 +14 +14 
Zi-ka-wei 46·2 -1 +2 0 +4 +22 

Tashkent 47-45 0 +3 -35 -32 
Nagasaki 52·8 +Il +12t +Il +13t +16 
Hukuoka 53-6 +I t~~ +15 +17 
Entebbe 55·8 +I +7 +8 
Adelaide 56·4 +8 +9 +17 +18 

lrkutsk 56·6 +I +2 -10 -9 
Su moto 57·2 +2 +2 -1 0 -17 
Kobe 57·6 +3 +3 +5 +6 
Osaka 57·8 +3 +3 +6 +7 
Toyooka 57·9 +3 +3 +8 +9 

Nagoya 59·1 -2 -2 0 0 
Ksara 61·4 +l 0 +2 +2 +12 +6 
Mel boume 62·2 +l 0 +3 +3 
Ekaterinburg 63-6 +2 +I -1 -2 
Heiwan 63-6 +I 0 +I 0 

Mizusawa 63-9 0+8 -1+7 -5+3 -6+2 
Riverview 65·9 -1 -2 +4 +3 +12 ~ 
Sydney 65·9 +I 0 -JO -Il 
Makeyevka 67·1 +I o· 
Ootomari 68·5 +20 +19t +13 +12t 

Continued on next page. 
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/::,, Pv Pro Sv Sw SKS SKKS pp PS SS 
0 

Kucino 71·5 +3 +2 -12 -14 
Cape Town 71·9 +5 +4 +15 +13 
Lemberg 76·1 +4 +4 -3+9 -6+6 
Belgrade 76·7 0 0 -19 -22 
Pulkovo 77·1 +I +I -3 -6 

Budapest 78-4 +7 +7 +2 
_, 

Helsingfors 79·7 -3 -3 -8 -Il 
Pompeii 79·8 +2 +2 -6 -9 
Konigsberg 79·9 -1+3 -1+3 0+4 -3+1 +25 +21 +15 
Zairreb 80·0 +5 +5 -4 -8 -16+20 

Naples 80·1 +JO +10 
Vienna 80·4 -1 -1 -1 -5 +2 -26 +12 
Graz 80·7 0 o· +3 -·I +5 +40 
Laibach 81·0 +JO +JO +3 -1 +8 
Rocca di Papa 81·4 -1 -1 -5 -9-3 

Venice 82-4 +4 +4 +10 +6 
Florence 82·8 -1 

_, 
+I -3 +7 +IO -5 

Upsala 83·0 -1 _, 
+4 0 +5 +9 

Innsbruck 83-4 0 +l -3 -7 
Potsdam 83-4 +17 +18 +8 +4 

Christchurch 83-8 +24 +25 -41 -45 +15 
Jena 84·0 +3+11 +4+12 +6 +2 -1 -18+ 14 +22 -4+28 
Lund 84·1 +3 +4 -2 -8 
Copenhagen 84·5 0 +I +3 -1 -8 +I +7 -Il 
Chur 84·6 +I +2 -1 

Ravensburg 84·7 -1 0 0 +12 
Hohenheim 85·1 +3 +4 +I -3 +14 
Wellington 85-3 +4 +5 -17-6 +4 -3 
Hamburg 85-5 +I +2 +5 +I -4 +14 +14 
Moncalieri 85-5 +I +2 -4 

Feldberg 85·8 +4 +4 +8 +4 +2 -JO +15 0 
Strasbourg 86·0 -2 

_, 
+I +13 +I 

Neuchâtel 86·3 0 +I 0 
Grenoble 86·9 +3 +4 +4 0 +8 
Marseilles 86·9 +2 +3 -2 +4 +li -25 

Besançon 87·0 +2 +3 +2 -2 +Il 
DeBilt 88·1 +3 +4 -6 +14 +18 
Algiers 88·1 +4 +5 -3 -7 +Il 
Uccle 88·5 +2 +3 +I -3 -8 +2 +15 
Puy de Dôme 88·9 -13 -12 -5 -Il -11 -31 

Suva 89·0 -40 -39t -30t -24t -63t 
Bergen 89·1 -2 

_, 
+4 -23 

Barcelona 89·2 +5 +6 -:-9 +8 +4 
Paris 89·5 0 +1 +8 0 
Tortcisa 90·3 +3 +4 -4 -8 +5 

Bagnères 90·6 +9 +Il +8 +IO +16 +9 
Alicante 91·0 +I +3 +6 +4 
Kew 91·5 +I +3 -6 -JO -4 -5+4 +12 -3+1 
Oxford 92·0 +8 +JO -13 +16 -5 
Almeria 92·5 +9 + 11 +14 +10 0 

Dy ce 92-7 +12 +14 +2 -2 -5 +28 
Stonyhurst 92·8 +9 +li +17 +13 -9 +17 
Bidston 93·2 +18 
Edinburgh 93·3 +12 +14 +14 +Io +JO +24 +26 
Granada 93·5 +9 + 11 +12 +8 +7 +22 +37 

Toledo 93-8 +70 +72 -4 -8 0 +I 
Malaga 94·0 +3 +5 +12 +8 
San Fernando 95·5 +Il +13 -4 -8 +12 
Scoresby Sund 99·4 +9 +12 +19 +15 +12 -10 +21 +21 
Reykjavik JOl·3 +17 +18 +28 

Honolulu T.H. 113·0 +9 ...... 48-15 
Sitka 115-6 +15 
Rio de Janeiro 126·4 P' +1+11 
Victoria 126·8 +22 -11-4 
Spokane 129·8 +33 +B +44 +29 

Gontinued on next page. 
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6 P' SKSP PKS SKS SKKS pp PS SS 
0 

La Plata 131·3 +7 
Berkeley 134·9 +4+12 +1 +14 +9+15 +29 
Ottawa 135·1 +23 +18? +15 -8? +38 
Lick 135-6 +17 +16 +22+31 
Harvard 136·4 +8 +10 -18+20 

Toronto 137'6 +17 +18? +13 -11? +25 
lthaca 138·1 +5 
Santiago 138·8 +53 
Chicago 140·7 +28 +8 
Denver 141·1 -14 -9 

Georgetown 141·5 +1 +2 
Charlottesville 142·8 +16 +63 
Cincinnati 143·0 +7 +6 +22 -33 +4 
St. Louis 144·0 0+11 -10 +15 +27 -7 
Tucson 145-4 +4 -4 

Sucre 146·2 0 +12 +6 +8 +16 -10 
La Paz 149·9 +6 +12 +14 -36 

Mean P residual (6>70°), 0; S,-6; SKS, dubious. Victoria 31 m.1 s. may be SKSP. 

Nole.-The epicentres of 1926 Jan. 18d., 1928 Feb. 7d., and 1928 Mar. 9d. are within about a degree of one another. 
The two latter may be identical, but on F eb. 7th the lndian stations were rather inconsistent. P in the 1926 shock 
shows focal depth clearly ; that of 1928 is not decisive, but there is a curious concentration of small positive residuals 
in ail azimuths from 6=36° to 58°. lt is possible that the epicentre should be taken a little further east to fit 
Batavia and Malabar; this would improve Hyderabad and Bombay at the expense of Colombo, Manila, and Zi-ka-wei. 
The change would hardly affect T o, and the times at the distant stations are very consistent and do not indicate 
focal depth. There seems to be a real difference between 1926 Jan. 18d. and 1928 Mar. 9d. in this respect. 

1928 Mar. 16d. 5h. Om. 57s.+ lOs.= 1m.7s. Z taken=O. 

l.S.S. Epicentre 22°·8S. 170°·5E. Revised Epicentre 22°·5S. 170°·4E. 

A=-·9110, B=+·1541. C=-·3827. 

6 p,, Pro Sv Sw SKS SKKS pp PS SS 
0 

Suva 8·7 -13 -13t -24 -24t 
A ·a 19·0 +2 +1 +8 +5d 
Welliniton 19·1 +3 +2 +18 +15d 
Riverview 20·3 +1 +1 +13 +9d -2 +11 
Christchurch 21·1 +4 +4 -31 -30 

Melbourne 26·6 -4 0 +14 +2d 
Adelaide 30·4 -6 0 -17 -8 
Amboina 45·0 -4 -1 -9 -5 
Perth 48·9 +1 +4 +8 +li 
Honolulu T.H. 53-6 -3 -2 -19+1 -16+4 -7 -10+11 

Mani la 61·0 +3 +2 +2 +2 +Il 
Malabar 62·1 -59 -60* +1 +1 
Batavia 63·2 -15 -16t -14 -15t 
Nagoya 65'8 -1 -2 
Osaka 66·0 +6 +5 -6 -7 

Su moto 66·1 -1 -2 +23 
Kobe 66·2 -1 -2 -4 -5 +2 
Taihoku 67-1 -7 -8 0 -1 
Toyooka 67-1 +3 +2 -2 -3 
Nagasaki 67'4 +2 +1 -1 -4 

Miz:usawa 67'4 0 -1 -5 -6 
Hukuoka 67·8 +1 0 -2 -3 
Hong Kong 70·7 0 -1 0 -2 
Zi-ka-wei 71·3 0 -1 -2 -4 
Ootornari 73-5 -16 -17 -2 -5 

Phu-Lien 75·8 -1 -1 -1 -4 
Berkeley 87'4 -2 -1 -8 +4 
Calcutta 91·6 +6 +8 +21 +17 
Victoria 92·3 +4 +6 -3 
Tucson 93·0 +5 +7 -5 -15 

Oontinued on next page. 
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6 Pv Pw s" Sw SKS SKKS pp PS SS 

lrkutsk 94·2 -2 0 +15 +Il -Il 
Chihuahua 95·3 +32 +34 -3 -7 
Spokane 95·3 +21 +23 +8 +4 -9 +10 -1 
Kodaikanal %·6 +16 +19 -13 
Tacubaya 97-7 -12 -9 +8 

Hyderabad 98·3 -6 -3 -4 
Denver 100·3 -31 
Dehra Dun 103·0 -37 -33 -23 
Bombay 103-8 -3 +2 -13 
Tananarive 110·4 0 +3 +29 +20 

La Paz l I0·7 +35 -4 -2+13 +26 -13+23 
St. Louis l I0·9 -30+20 -6 +2 -9 
Sucre 111·6 P' +23 +22 +23 +20 
Tashkent 112-7 +13 -5 +4 
Chicago 113·5 -6 +I +3 +7 

Cincinnati 115-4 -17 -4 0 -2 -2 
Cape Town 117-6 +7 +6 
Johannesburg 119·2 +32 
Toronto 119·7 -7 +3 -28 
Charlottesville 119·8 +29 +41 +40 

Georgetown 121·1 +2 +17 
lthaca 121-7 +5 -26 -1 
Ottawa 122·3 +12 -9 +29 -4 
Rio de Janeiro 124·0 +4 
Baku 127·2 +19 

PKS 
Scoresby Sund 131 ·5 +1+5 -12 -7 -4 +2 -4. 0 -3 
Kucino 131·8 +8 +3 
Entebbe 133·3 -9 
Pulkovo 133-4 ....:.2 +7 +I 
Makeyevka 134·5 -7 +14 

Helsin!ffors 135·3 +13 
Upsala 138·0 +17 +3 
Ksara 138·7 -4 -19 -27 -8 
Konigsberg 140·6 -5 +I +20 
Bergen 140·7 +45 

Lemberg 142·1 +3+9 SKSP 
Helwan 142·7 -Il -4 
Lund 142·8 +7 
Copenhagen 143·0 -5+7 +4 -4 +5 +3+17 +I -9 
Dy ce 144·9 -4 +7 +15 +2 

Potsdam 145·4 +I 
Hamburg 145·6 -2 
Budapest 146·1 +3 
Edinburgh 146·3 +2 
Belgrade 146·8 -5+8 

Vienna 147·0 -8-2 + I0+22 -15-3 
Jena 147-2 0+7 +18 +20 +19 
Graz 148·2 -3+15 +9 
Stonyhurst 148·2 +5 
DeBilt 148·3 -4+2 +28 +Il 

Bidston 148·7 +8 -2 
Zagreb 148·8 -4+4 +3 +19 -8 
Feldberg 148·9 +2+6 +6 -29 
Laibach 149·4 0 +13 +3 
Uccle 149·7 -3 

Hohenheim 149·8 +11+15 +IO 
Innsbruck 150·0 +2+7 
Oxford 150·0 +4+8 +9 
Kew 150·1 -3+3 +2 +Il -3 -15+13 +li 
Ravensburir 150·4 +10 

Strasbourg 150·5 -4 -9 
Venice 150·9 +5 
Zürich 151·2 -2 
Chur 151·2 +7 
Paris 152·0 -3 +I 

Coniinued on next page. 
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6 P' SKSP SKKS pp PS 
0 

Neuchâtel 152·1 +4 +1 
Besançon 152·3 +2 
Florence 152-6 -4 
Pompeii 152-7 +15 
Naples 152·8 -6 

Rocca di Papa 153·2 -3+7 
Moncalieri 153-4 +I 
Grenoble 154·1 +11+23 +2 
Puy de Dôme 154-6 +13 +27 
Marseilles 155·8 0 

Bagnères 157·8 +10 +3 
Barcelone 158·7 +16 +9 
Tortosa 159·8 o+5 
Aliiiers 162·0 +I -2 +17 
Toledo 162·0 -4 -3 

Alicante 162·3 +I +2 
Almeria 164-4 -1 +15 
Granada 164-4 +3+16 -17 -8 -34+43 
Malaga 165·1 -8 +11 
San Fernando 165-8 -16 -23 

Mean P residual (6>70°), -1; S (6>60°), -2; SKS, -2 i 

1928 June 15d. 6h. 12m. 30s.+ 15s.= 12m.45s. Z taken=O. 

I.S.S. Epicentre 12°·3N. 121°·0E. Revised Epicentre l2°·9N. 121°·0E. 

A=-·5020, B=+·8356, C=+·2233. 

6 Pv Pw Sv Sw SKS SKKS pp PS SS 

Mani la 1·7 +3 +3 +5 +5 
Hong Kong 11·4 0 0 +2 +2 
Phu-Lien 15-9 +1 0 +12 +11 
Amboina 18·1 0 -1 
Zi-ka-wei 18·3 -2 -3 +6 +4 

Nagasaki 21·4 0 0 +14 +9d -10 
Hukuoka 22-4 0 +I +7 +Id 
Batavia 23-7 -6 -4 +3 -4d 
Malabar 24·1 -3 0 -50 -58d* 
Su moto 24-9 -4 -1 -2 +3 

Kobe 25-3 -8 -5 +10 +ld 
Osaka 25-4 -23 -19 0 +6 
Toyooka 25·8 -4 0 +15 +5d 
Nagoya 26·5 -2 +2 +9 -2d 
Mizusawa 31-7 -10 -4 

Calcutta 32-4 +1+11 +7+18 -4+11 +5+20 
Ootomari 38·4 -8 -4 +11 +18 
Colombo 40·9 -10 -6 -3 +3 
Hyderabad 41·2 +1 +5 -2 +4 
Irkutsk 41·6 -10 -6 -30 -24 

Perth 45·1 -12 -9 -9 -5 +7 
Bombay 46·6 -3 0 -13 -9 
Adel .. ide 50·7 -9 -7 -12 -9 -14 
Tashkent 53·0 0 +2 +10 +12 
Riverview 54-9 -8 -7 -6 -5 -3 -9 

~:i~~rne 54-9 -86 -85 -24 -23 
55-5 -8 -7 -7 -6 

Suva 64-6 +4 +3 
Baku 67·3 +I 0 +6 +5 
Wellington 73-4 -IO -llt -17 -20t 

Kucino 75·5 -IO -IOt -14 -17t 
Makeyevka 75·8 -2 -2 +I -2 
Honolulu T.H. 77-3 -3 -3 -10 -13 -15+5 
Theodosia 77·8 -2 -2 -5 -8 
Simferopol 78·7 -6 -6 -5 -8 

Continued on next paye. 
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6. Pv pm Sv Sm SKS SKKS pp PS SS 

Yalta 78·8 -4 -4 
Ksara 78·9 -1 -1 +4 +I 
Tananarive 79·0 -4 -4 +I -2 +16 +18 
Pulkovo 79·2 -7 -7 -9 -12 
Helsingfors 81·8 -4 -4 -Il -14 

Helwan 83'3 -4 -3 -3 -6 
Lemberg 84'6 -5 -4 -10-4 
Upsala 85-4 -8 -7 -1 
Belgrade 88·2 -27 -26 -8 -12 
Budapest 88·4 -3 -2 -8 -12 

Entebbe 88·6 +23 +24t +36 +32t 
Lund 89·1 -6 -5 
Copenhagen 89'4 -7 -6 0 -4 0 +16 
Vienna 89·9 -6 -5 +5 +3 -6 -19 
Graz 90·3 +7 +8 +4 0 

Potsdam 90·4 +6 
Zagreb 90·9 -5 -3 -1 -JO 
Hamburg 91·6 -4 -2 -10 -14 
Laibach 91·8 +58 +60* -11 -15 
Jena 91·8 -5 -3 -6-1 -10-5 

Scoresby Sund 92·8 -3 -1 -7 +2 -6 
Venice 93-4 -7 -5 +10 +6 
Pompeii 93-7 +14 +16 +45 +41 -21 
Feldberg 93·9 0 -4 -28+14 
Hohenheim 94·0 -30 

Rocca di Papa 94·5 -9 -7 +4 0 -20 
Chur 94·7 -6 -4 
Florence 94·8 -7 -5 +9 +5 +li +I 
De Bilt 94·8 -3 -1 -9 -1 
Strasbourg 94·9 -19 -17 +3 -1 -23 -2 -3 

Zürich 95·0 -5 -3 +2 -2 
Dyce 95·8 -10 
Uccle 95·9 -9 -6 -6 -2 -1 
Neuchâtel 96·2 -4 --1 -3 -4 
Victoria 96·5 -6 -3 -5 

Moncalieri 96·6 -33 -30 -22 
Besançon 96·6 +9 +5 
Edinburgh 97·0 -Il +6 
Stonyhurst 97·9 -6 -3 -31 -5 +7 
Paris 97·9 -7 -4 0 -17 

Kew 98·1 -5 -2 +JO +6 -5 +I +16 
Oxford 98·4 +48 +51 -21 -3 
Bidston 98·4 -4 
Puy de Dôme 99·2 0 -4 
Spokane 100·3 -13 

Berkeley 102·1 -8 -19 
Algiers ION +4 +9 -4 -8 +15 
Alicante 105·1 +27 +38 
Toledo 106·6 +19 
Almeria 107'2 +37 -15 +31 

P' 
Cape Town 107·5 -22 +7 
Granada 107·8 -4 +5 -30 
Malaga 108·6 +21 
San Fernando 110·0 -25 
Tucson 113·0 -5 -3 +16 

Chicago 119·3 -18 -17 -21 -44-5 
Ottawa 119·8 -4 -3 +10 +9 
Ann Arbor 120·3 +5 +9 -57 
Toronto 120·4 -11 +4 -8 

_, 
St. Louis 120·8 -14 +3 +3 +4 

lthaca 122'4 -4 -3 
Cincinnati 122·8 0 -13 
Georgetown 125-5 -5 
Charlottesville 125·9 -4 -2 -5 

Gontinued on next page. 
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6 P' SKSP pp SS 
0 

La Plata 158·0 -4 
Rio de Janeiro 162·0 -34-16 
La Paz 170·5 -1 +31 +9 
Sucre 171-4 +2 +9 +1 -25 

Mean P residual (6 > 70°), -4 ; s. -7; SKS, -7. 

1928 July 9d. 21h. 23m. 22s.+ 11s.=23m.33s. Z taken=O. 

!.S.S. Epicentre 9°·5S. l60°·8E. Retained. 

A=-·931, 8=+·324, C=-·165. 

6 Pr Pro Sv Sw SKS SKKS pp PS SS 

Suva 19·1 +32 +31t +124 +122t 
Riverview 25·9 -6 -2 -14 -8 0 -17+17 
Sydney 25·9 -17 -13 -12 -6 
Apia 27-2 +32 +37 
Melbourne 31·7 -65 -59* -71 -62* 

Adelaide 32·5 -6 0 -18 -9 
Amboina 32·9 -49 -43t -42t 
Wellington 34·1 +23 +28 -L94 -'-102 
Mani la 46·3 -6 -3 
Perth 47-2 +9 +12 +4 

Sumoto 49·9 +3 +5 +8 +Il 
Osaka 50·3 -4 -2 +4 +6 
Kobe 50·4 0 +2 
Honolulu T.H. 51·0 +7 +9 +10 +12 
Toyooka 51·3 -7 -5 -3 -1 -2 

Taihoku 51·5 0 +2 
Nagasaki 51-5 0 +2 -3 -1 
Hukuoka 51·8 +2 +4 
Mizusawa 51-9 +2 +4 -8+3 -6+5 
Batavia 53·5 -1 0 -2 0 

Zi-ka-wei 55-5 +3 +4 +3 +4 -4 +19 
Hong Kong 55·7 0 +I 
Ootomari 58·4 -2 -2 -2 -1 
Phu-Lien 61·3 +I 0 -1 -1 
lrkutsk 78·3 +1 +1 +7 

Colombo 82·2 -7 -7 +1 -3 
Berkeley 85-6 0+5 +1+6 +4+11 0+7 
Lick 86·0 -2 -1 +4 0 
Victoria 87-9 +4 +5 +4 
Bombay 91·2 +23 +25 0 

Tucson 93·7 +8 +10 +18 +14 +12 
Tashkem 97-4 -2 +I -5 
Denver 99·4 -16 -14 +28 
Tananarive 108·4 +65* P' +1 +16 
St. Louis 110·7 -8 +17 +21 

Baku 112·0 0 +11 +8 
Chicago 112-4 -12 -9 
Ann Arbor 115·2 -8 +21 -33 
Ku ci no 116·0 +15 +22 +20 
Toronto 117·0 +16 

Pulkovo 117-7 -6 +5 
Makeyevka 118·7 -5 +8 -10 
Scoresby Sund 119·0 -3 +9 +38 -3 
Helsingfors 119·7 +9 0 
Ottawa 120·0 -7 +I -41 

Georgetown 120·8 +9 +11 
Theodosia 121·4 +9 
Upsala 122·7 +1 
Ksara 124·1 -16 +Il 
Konigsberg 124·9 -5 +13 

Continueà on next page, 
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6 Pi• Pw P' PKS SKS SKKS pp PS SS 
0 

La Paz 125·0 +28 
Sucre 126·4 +19 
Lund 127·3 +6 
Copenhagen 127'6 -1 -21 +7 
Potsdam 129·7 +7 

Hamburg 130·1 +I +6 
Budapest 130·2 +8 
Belgrade 130·9 -46 +15 
Vienna 131·0 -1 -8 +9 
Zagreb 132'9 -2 -17 

DeBilt 133·0 +3 -6 +9 
Feldberg 133-4 +6 
Stonyhurst 133-6 -19 
Uccle 134-4 -2 -8 +7 +9 
Ravensburg 134·7 

Strasbourg 134-9 +I -10 
Kew 135-3 -5 +9 +23 
Oxford 135·5 +20 
Zurich 135-5 +34 -1 
Chur 136·5 +2 

Neuchâtel 136·5 -2 
Paris 136·7 0 
Florence 136·7 -3 -32 
Pompeii 136·8 +5 
Naples 137·0 +25 

Rocca di Papa 137-3 +2+7 +8 
Moncalieri 137'6 -6 +6 
Rio de Janeiro 140·0 +8 
Tortosa 144·1 -3 +2 
Algiers 146·1 +12 

Alicante 146·7 -2 +3 
Toledo 146·8 +9 +I +4 
Aime ria 148·7 -1 -25 
Granada 148·9 -4 -5 
Malaga 149·7 +I -25 
San Fernando 150·6 -4 +3 

Mean P residual (6 > 70°), 0 ; S, -1; SKS, -4. 

1928 Sept. 22d. 7h. 3lm. 22s.+ 1 ls.=31m. 33s. Z taken=O. 

!.S.S. Epicentre 13°·0S. 165°·5E. Revised Epicentre 12°·7S. 165°·9E. 

A=-·9461, B=+·2376, C=-·2198. 

6 Pv Pw Sv Sw SKS SKKS pp PS SS 
0 

Apia 21·75 0 +I +6 +Id 
Riverview 25-04 -2 +1 -3 +2 
Sydney 25·0 -2 +I +13 +4d +2 +4 
Wellington 29-61 -13-5 -7+1 -22 -14 
Melbourne 31·33 -8 -2 +52 +61* 

Honolulu T.H. 49·3 -15 -12 -10-1 -7+2 -6 
Perth 49·5 +22 +24 -6 -3 
Mani la 52-2 -6 -4 -6 -4 -5 +16 
Nagoya 55·15 -4 -3 0 +1 
Osaka 55-43 -1 0 +I +2 

Su moto 55-5 -4 -3 -8 -7 
Kobe 55-63 -1 0 -5 -4 
Mizusawa 56·8 +1 +1 -8 -7 
Nagasaki 57·0 0 0 +3 +4 
Hukuoka 57'3 +2 +2 0 +I 

Continued on next page. 
G2 
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6 Pv Pw Sv Sw SKS SKKS pp PS SS 

Taihoku 57-4 +3 +4 
Malabar 57·57 +2 +2 +4 +5 
Batavia 58·5 +I +1 
Zi-ka-wei 61·2 -24-10 -25-11 -3 -3 -56* 
Hong Kong 61·6 -1 -2 -1 -1 

Ootomari 62·9 0 -1 -8 -8 
Phu-Lien 67·2 +1 0 -2 -3 
Irkutsk 83-4 -6 -5 -7 -11 +Il +12 
Berkeley 84·0 -17 -16 +10 :+6 -10 +4 
Lick 84-4 +17 +18 +37 +33 -14 

Sitka 84·8 +23 
Victoria 87-3 -9-1 -8, 0 +1 -3 
Colombo 87·6 -3 -2 -3 
Hyderabad 90·9 -5 -3 -12 
Tucson 91·3 +3 +12 

Bombay %·9 +2 +5 -7 
Tashkent 103-3 -13 -8 -10 -2 +60 
Florissant 108·7 -16 -17-11 -10-7 -29+7 
Ekaterinburg 109·0 P' -6 -20 -9 -4 
Chicago 110·8 -1 -36 +21 

Tananarive 111 ·5 -27 -1 0+12 +28+40 
Ann Arbor 113·7 -18 
Toronto 116·7 -15 
Baku 117·9 +6 -2 +28 
Ithaca 118·9 +9 

Ottawa 118·9 -23 -5 -10 +9 
La Paz 119·1 -23 
Georgetown 119·1 -6 -3 +35 
Sucre 120·4 
Kucino 121·3 +14 +19 +12 

Scoresby Sund 122·1 -1 0 
Pulkovo 122·8 -8 -13 -14 -20 
Helsingfor~ 124·6 -12 -29 
Theodosia 127·1 +3 
Upsala 127-4 

Simferopol 128·0 +1 
Yalta 128·1 +9 
Sebastopol 128·5 PKS +22 
Konigsberg 130·0 -24 +1 
Ksara 130·1 +7 +25 +15 +21 

Entebbe 132·1 
Lund 132·1 -28 +6 
Copenhagen 132-4 -10 -14-1 0 +19 
Üyce 133'8 +5 
Rio de Janeiro 134·5 +I 

Potsdam 134·8 
Hamburg 134-9 -6 -18 +4 -35 
Budapest 135·6 -24 
Edinburgh 136·0 +7 
Belgrade 136·5 

Vienna 136·5 -3 -11 -3 
Jena 136·5 -29 +1+6 
Graz 137-6 +29 +23 
DeBilt 137·8 -17 -2 
Zagreb 138·3 +2+14 -24 +30 -4 -21 

SKSP 
Feldberg 138·3 -4 -19 +1 
Bidston 138·4 +3 
Hohenheim 139·1 +6 
Uccle 139·1 -25 +2 
Oi<lord 139-7 -26 -23 0 
Kew 139·8 -17 -20 -17 
Strasbourg 139·9 -19 -Il 
Venice 140·4 -16 
Zürich 140·5 -4 
Chur 140·6 +3 +13 

Cordinued on next page. 
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b. P' P2' SKSP SKS SKKS pp PS SS 

Paris 141·4 -14 -2 
Neuchâtel 141·5 -12 -3 
Besançon 141·6 -3 
Florence 142·1 +5 
Pompeii 142-4 +6 -3 

Rocca di Papa 142-8 -4+13 -42 
Moncalieri 142-8 -7 
Algiers 151·5 +2 -10 
Toledo 151·5 -5 
Alicante 151-7 -16 

Almeria 153·7 -14 -10 
Granada 153-9 -16-11 +4 -6 -16 -5 
Malaga 154·5 -31 

Mean P residual ( b. > 70°), - 5 ; S.-7?; 
Georgetown 29m.52s., ma)' be SKSP. 

SKS,-7?. Ann Arbor 28m.45s., Baku 29m.41s., Ottawa 29m.43s., 

1928 Dec. 12d. 20h. 19m. 40s.+ !Os.= 19m.50s. Z taken=O. 

l.S.S Epicentre 27°·5S. 176°·8W. Retained. 

A=-·886, B=-·050, C=-·462. 

b. p,, Pui Sv Sw SKS SKKS pp PS SS 

Suva 10·4 +25 +25t +83 +83t 
~ia 14-4 -1 -1 +12 +Il 

ellington 15-4 +2 +1 + 35+40 + 34+ 39 
Riverview 28·2 -4 +1 +7 +15 
Sydney 28·2 +4 +9 +27 +35 

Melbourne 33-6 -6 0 +13 +22 
Adelaide 38·6 -6 -? +12 +19 
Honolulu T.H. 52·1 +25 +27 +6 +8 
Perth 57·8 
Manila 73-6 +1 0 +7 

Su moto 76·9 +I +I +14 +Il 
Kobe 77·1 -1 -1 +7 
Mizusawa 77-4 -4, 0 -4, 0 -20+4 -23+1 
Berkeley 82-9 -2 -2 +5 +I 
Lick 83·0 +-6 +6 +7 +3 

Taihoku 84·7 -51 -sot -39 -43t 
Hong Kong 85·0 -13 -12 -15 -19 
Tucson 86·6 +3 +4 +2 
Phu-Lien 88·4 +l +2 -6 
Denver 94-6 -13 +7 

La Paz 98·1 +6 +9 +4 -2 -4 +7 
Sucre 99·0 -2 +I -5 +3 
Florissant 104·2 -1 -5 -7 -4 +-8 
St. Louis 104·3 +6 +2 -7+2 +2 
Calcutta 104·3 +5 

Colombo 105-0 +2 
lrkutsk 105·1 -6 +I -25 
Chicago 107·3 -Il 
Cincinnati 108·5 
Ann Arbor 110·2 -31 +28 

P' 
Hyderabad 110·7 -30 +16 
Rio de Janeiro 112·6 -7 +4 Toronto 113-6 
Georgetown 114·0 +JO +~ 
Dehra Dun 115·7 +46 +22 

Bombay 116·2 -Il 
Ottawa 116·6 -1 +30 
Tananarive 116·8 +3 +12 +14 
Alma ta 119·8 +28 
Taahkent 125·1 +3 -16 -JO +4 

Continued on next page, 



102 

D,. P' P2' SKSP PKS SKS SKKS pp SP SS 
0 

Ekaterinburg 130·4 -3- +28 -6 -1 +7 -Zl 
Scoresby Sund 134-7 -14 +8 
Baku 139·7 -6 -24 -34 
Kucino 142-4 -6 -6 -20 +2 +9 
Pulkovo 142·8 -8 -23 +3 +Il 

Helsingfors 144·2 -5 
Upsala 146·2 -4 +3 
Bergen 147·1 +13 
Theodosia 149·1 +3 
Kèinigsberg 149·9 +2 0 -3 

Simferopol 149·9 -1 
Yalta 150·0 +I 
Lund 150·9 +4 +3 
Copenhagen 151·0 -4 0 +37 +4+22 +2 +19 
Edinburgh 151 ·2 -17 

Ksar a 151-3 -4 
Stonyhurst 153-3 +8 +21 -1 
Bidston 153-3 +18 
Hamburg 153-4 -5 
Potsdam 154·1 +Il 

DeBilt 155'4 -7 -~+1 +17 
Oxford 155·5 +I 
Jena 155-8 -5 -34 +6 
Kew 155·9 -3 +3 +8 
Budapest 156·5 +6 

Uccle 156·7 -4 -6 
Vienna 156·8 -5 +s 
Belgrade 157·9 -18+22 
Graz 158·2 -7 
Strasbourg 158·6 -3 +10 +3 

Paris 158·7 -2 t-6 +I 
Zairreb 159·1 -9 
Innsbruck 159·2 -18 -2 
Zürich 159·7 -2 
Chur 160·1 -3 0 

Besançon 160·2 +30 
Neuchâtel 160·3 -4 -6 
Moncalieri 162·2 -31 
Florence 162·5 -2 -2 +li 
Rocca di Papa 163-8 -4 -9+21 +5 

Toledo 166·3 -1 -1 
Tortosa 166·5 +12 
San Fernando 169·0 -24 
Alic&l'le 168·7 -6 -29 
Gr~riada 168·7 0 -13 +6 
Mala ira 168·7 -18 -7 
Almeria 169·5 -4 

Mean P residualCD,.> 70), 0?; s. 0?; SKS, -6. 

1924 June 26d. lh. 37m. 20s.+ 17s.=37m.37s. 

!.S.S. Epicentre 57°·0S. 159°·0E. Macelwane's Epicentre 56°·9±0·2S. 155°·6 ± l ·2E. Adopted Epicentre 
55°56'S. 156°44'E. 

6 Pw Sw SKS SKKS pp PS SS SKSP PKS 

Wellington 18·4 0 +14 
Melbourne 19·9 -41 +25 
Riverview 22-6 +5 +6 
Sydney 22-6 +2 +7 
Adelaide 24·8 -12 +39 

Perth 37-7 +8 +24 +26 
Apia 48·4 +s +9 +21 +24 
Malabar 62-5 +1 +20 
Batavia 63-9 0 +20 +10 +30 +12 
~anila 77·0 +1 +9 +3 +JO +16 

Çontinued on next page, 
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!::, Pw Sw SKS SKKS pp PS SS SKSP PKS 

Santiago 81-9 +2 -9 +48- +20 +Il 
Cape Town 83-3 -2 +3 
La Plata 83-9 -1 -6 -25 -10 
Honolulu 85·8 -5 +4 -15 +13 +12 
Hong Kong 86·4 -3 -1 +27 

Taihoku 86·7 +17 -27 -37 
Johannesburg 87-7 +19 -11 
Colombo 88·9 -li -22 
Nagasaki 92·0 -3 +12 
Kodaikanal 92·0 +4 -32 -4 

Zi-ka-wei 92·5 -5 +8 -li +4 -15 +19 +25 
Osaka 92-6 -4 + 11 +30 
Mizusawa 96·0 +4 -li 
Calcutta 97-6 +7 +10 
La Paz 98·0 +2 -2 -14 -18 

Hyderabad 99·0 +22 +28 -8 +34 +38 
Rio de Janeiro 99·2 -li -10 -23 -27 +8 +5 +6 
Bombay 102·9 -5 +I 

P' 
Dehra Dun 109·1 -37 +30 
Simla 110·1 +2 +9 

Oaxaca 112·3 
Vera Cruz 114·5 +15 -14 
Pasadena 114·8 -10 +4 -6 -3 -16 
Lick 115·5 +15 +9 +21 
Berkeley 115-6 -] -Il +15 0 -2 +28 

Balboa Heights 115·8 +7 +8 +34 
Victoria 123-3 -] -2 -13 -5 -3 +6 
Sitka 125·2 +4 +15 +33 +25 +29 
St. Louis 133-3 -21 -14 +l +21 +34 +6 -17 
Helwan 134·4 0 

Ekaterinburg 136·8 -18 
Chicago 136·9 -9 +6 -25 
Georgetown 140·5 -7 
Washington 140·5 -9 -23 
Cheltenham 140·5 +7 

lthaca 142·2 -4 
Toronto 142·3 -10 -7 0 -20 
Athens 144-4 0 Pa' 
Ottawa 145-4 -10 +6 -4 
Northfield 146·4 -6 +3 +6 +12 

Ku ci no 147-4 -24 
Trente 149·5 -3 
Belgrade 151·2 +4 -23 
Mostar 151·5 +5 
Halifax 151·6 +12 

Ischia 151·8 -3 -9 
Lemberg 152·0 0 
Pulkovo 152·6 -6 -7 
Rocca di Papa 153'4 -8 -1 -18 
Budapest 153·7 -7 +5 +3 

Algiers 154·4 -3 
Florence 155·6 -6 -3 -4 
Vienna 155·6 -8 -IO -12 -10 -19 
Venice 156·2 -16 -6 
Moncalieri 156·4 +8 

Barcelona 156·5 -3 
Piacenza 157-2 -4 
Granada 157-3 +i -14 -18 +4 
Innsbruck 157-7 -3 +3 
San Fernando 157·8 +2 

Munich 158·2 -4 -15 -46 -3 
Tortosa 158·8 -2 -4 +10 -2 
Upsala 158·9 -12 
Zürich 159-3 -5 -9_ -7 0 -16 
Potsdam 159·6 -2 +2 -4 -6 

Continued on next page, ...-- .--~~-
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,6. P' P2' SKS SKKS SKSP PKS 
0 

Toledo 159·9 -4 -Il -4 +5 
Strasbourg 160·4 -10 -9 -15 -33 -7 -16 
Lis bon 160·6 -16 -14 -5 -22 
Besançon 160·7 +I +6 
Feldberg 161·0 +2 +6 -1 -41 

Hamburg 161·4 -6 -9 +6 
Coimbra 161·8 -5 -2 -27 -47 +4 -29 
Paris 163-4 +7 -6 -15 -32 -4 -21 
Uccle 163-4 -8 -12 -2 
DeBilt 163·5 -7 -7 -14 

Kew 166·6 +19 
Oxford 167·0 +1 -3 -11 -2 
West Bromwich 167·8 -3 
Stonyhurst 168·5 -5 -3 -23 
Eskdalemuir 169·3 -7 -5 -29 -10 
Edinburgh 169·9 -1 

Note.-The readings are Macelwane's throughout. Hyderabad: Macelwane's PPS taken as PS, his PS as S. The 
near stations suggest that To might be increased by 2s. Mean P residual (,6.>70°), -3?; S, -3?; SKS, -7. 

1929 June 16d. 22h. 47m. 18s.+ 13s.=47m.31s. Z taken=O. 

I.S.S. Epicentre 41°·8S. 172°·2E. Retained. 

A=-·7386, 8=+·1012, C=-·6665. 

,6. Pw Sw SKS SKKS pp PS SS SKSP PKS 
0 

Christchurch 1·8 +3 +3 
Wellington 2·0 -2 
Riverview 18·4 +2 +32 +16 +41 
Sydney 18-4 +li +26 
Melbourne 21·2 +60"' 

Suva 24·3 +20 
Adelaide 27·0 +2 +14 +17 
Apia 31·2 +4 +19 -40 
Perth 45'4 +13 +24 +s 
Amboina 54-7 +I +25 +18 

Batavia 67-7 -4 
Honolulu T.H. 68·9 -3 -9 -55 
Manila 73'6 -41 +9 -19 +23 +25 
Isagakiyirna 79·7 +3 +10 
Taihoku 81·6 +17 +4 

Muroto 82·8 +8 +24 
Tokyo 83·0 0 +27 
Koti 83-3 -4 +7 +Il -3 
Nagoya 83·5 -5 +29 
Su moto 83-5 -10 +5 

Osaka 83-6 0 +I 
Hong Kong 83'6 -2 +6 -4 +27 +30 
Kobe 83-7 -5 +7 +12 -9 
Nagasaki 84'2 -5 -22 +15 
Hukuoka 84-6 +7 +6 

Toyooka 84-6 +3 +5 +7 
Santiago 85·2 +5 
Mizusawa 85'7 -1 +I +8 
Zi-ka-wei 86·7 -6 +12 -4 +27 -60 
Phu-Lien 87·1 -4 +9 -5 +8 

Akita 87-4 +6 
La Plata 90·6 0 +3 
Ootornari 92"3 0 +4 
Sucre 99·3 -24 -31 -5 -17 -6 -54 
La Paz 99·4 -28 -9 -20 +21 -36 

Continued on next page, 
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D. Pw Sw SKS SKKS pp PS SS SKSP PKS 

Lick 99·4 -30 +15 +14 -24 
Berkeley 99·5 +18 +9 +10 
Kodaikanal 100·3 -4 +33 
Calcutta 100·4 -13 +23 
Cape Town 100·5 +13 +37 

Tananarive 100·6 +12 +6 -5 +6 +18 +7 
Tacubaya 101 ·7 P' -1 +13 
Tucson 102-3 +9 -42! +5 -12 
Chihuahua 103-0 +14 
Hyderabad 104·2 +4 -2 

Victoria 106·5 0 +Il 
Rio de Janeiro 107·5 +JO -401 
Sitka 108·2 +10 -6 +19 
Bombay 109·3 +5 
Airra 110·6 +Il +21 

Denver 110·7 +3 +JO +4 
lrkutsk 110·9 -6 -4411 -7 -JO +19 +14 
Dehra Dun 112-6 -18 -24 
Florissant 119·5 +l!I -10-3 +Il 0 +10 
Andijan 121·9 

Chicago 122·8 -4 +10 +10 -9+9 -64-28 
Tashkent 124-4 -6 -8!1 0 +2 +5 
Entebbe 124·7 -31 
Samarkand 125·1 +I 
Ann Arbor 125-6 +14 +Il +28 

Charlottesville 127·2 +3 -40+4 0+12 
Georgetown 128·6 -2 -5 +77 -2 +6 
Toronto 129·1 +4 -18 +2 
Fordham 131·7 0 +5 +8+15 +32 +20 
Ottawa 132·1 -11 ! +4 +7 +10 

Harvard 134·1 +21 +13 
Ekaterinburg 135·0 -3! -17! ! +I 0 -19 +8 
Baku 137·3 -7 -711 +9 
Ksara 145·0 -2 -13 -27-16 
Theodosia 148·9 -311 

Simferopol 149·7 0 
Abisko 1 149·9 -10 -1011 
Sebastopol 150·1 Pi' -2 
Scoresby Sund 150·4 -2 -911 +2 +B 
Pulkovo 150·6 -9!1 -3 -19 

Helsingfors 152·9 +211 +20 -8 +21 -14 
Reykjavik 156·2 
Upsala 156·2 +Il! +3 -61 
Lemberg 156·6 
Konigsber11 157·3 +B +9 +Il +Il +3 

Belgrade 159·3 -1 +12 
Lundi 160·5 -21 +191 +Il 
Copenhagen 160·9 -41 -1111 +12 01 
Vienna 161·8 -81 -61 +35 +15 +71 
Potsdam 1 162-4 -Il 01 

Zagreb 162-4 -61 +121 +19 0 -31 -+ 6 
Graz 162-6 -51 +101 -30 +15+31 -42 +91 
Leipzig 1 163·2 -61 -71 +91 
Pompeii 163·2 
Hamburg 163·3 +61 -1111 +21 -41 

Laibach 163-4 +5 -30 +12 +8 +9 
Naples 163-5 +17 
Cheb 163-8 +8 +13 +29 -7 
Jena 163-9 -41 -811 -8 -111 
I}yce 164·1 -1 +1 

Gottingen 164·5 0 ! -211 -34 +14 -141 
Venice 165·0 +B 
Innsbruck 165-3 +4 -21 -5 
Nordlin11en 165-4 +21 
Edinbur11b 165-6 -81 +BI +Il +B 

Continued on next page. 
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l:i. P1' P' SKKS pp SS SKSP PKS 
0 

Azores 165·7 +19 
Florence 165·9 0 
Feldberg 166·0 -8! +2! 
Hohenheim 166·2 -5! +8! - 39- 17 - 8+ 13 +10 +51 -40 
DeBilt 166·5 -4! -71! +6 +2! 

Karlsruhe 166·6 -2! +Il 
Chur 166·7 -3! -6 !! -61 
Zürich 167·1 -6! +711 +41 
Strasbourg 167·2 -Il! -511 -26 +10 +4!+101 
Stonyhurst 167-4 -51 -1 +5 +101 

Uccle 167-7 -5 ! -31! -17 +7 -81+14! 
Bidston 168·0 +10 
Moncalieri 168·3 -1 +4 
Neuchâtel 168·3 -8 
Besançon 168·9 +4 +12 

Kew 169·1 -51 -21! +4+10 +35 -Il 
Oxford 169·1 -61 +8! +62 -2! 
Paris 169·9 -41 +16! +Il +41 
Algiers 170·2 -8! +71 +18 +9 +141 
Marseilles 170·2 +29 +20 +16 

Barcelona 172·6 +151 -16 
Alicante 173·5 +10 -22 
Aime ria 173-6 -6 -21+21 
Tortosa 173·7 +2! 
Bagnères 173-9 -29 

Malaga 174·3 -41 
Granada 174-4 -22 -4!! -24 +24 -24 
San Fernando 174·5 +61 
Toledo 176·6 -5! +8! -2 

Note.-Lehmann's readings indicated by 1 Her readings of P' on the vertical component by ! ! Mean P residua 1 
(l:i.> 70°),-4; s.+6: SKS,+4·5. ;i Chicago 30m.20s. may be SKSP. 


