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Direction of Faulting in Some of the Larger Earthquakes 
of 1954-1955 

BY 

JonN H. HODGSON AND J. IRMA CocK 

ABSTRACT 

Fault plane solutions are presented for twenty-three of the larger earthquakes of 1954-1955. 

INTRODUCTION 

For several years this Ob ervatory has been producing fault plane solutions by 
Byerly's method . Two recent papers marked the end of the initial stage of this program. 
The first of these papers (Hodgson, 1957) reviewed the method, summarized the 65 solu
tions produced to date, showed that these solutions were self-consistent and discussed 
their implication to tectonic theory. The second paper (Hodgson and Adams, in press) 
was a statistical examination of the data on which the first 65 solutions had been based. 
It was the conclusion of this study that the data from the direct phases P and PKP were 
reasonably accurate but that those from the reflected phases were not acceptable. This 
latter conclusion was based partly on the first 65 olutions, but more particularly on the 
solutions to be presented in the present paper. The conclusion to be drawn from the 
two review papers is that the techniques of the fault plane project have justified them
selves sufficiently that the program should be continued, but without the use of the 
reflected phases. 

The present paper is the first of this second series; it presents solutions for 23 earth
quakes which occmred in the period from February, 1954, to July, 1955. The data on 
which the solutions are ba ed were obtained by means of a questionnaire circulated in 
September, 1955. We are very much indebted to those seismologists who, by completing 
our questionnaire, have made this study possible. 

In this series of solutions we have had, for the first time, data from all the stations 
of the U.S.S.R. This has made it possible to obtain well-defined solutions without the 
use of the reflected phases, and as a result to appraise their accuracy. The technique 
has been to base the solutions on data from P and PKP only; once the diagrams were 
established, data from the reflected phases were plotted and checked for consistency. 
They were found to be inconsistent about as often as they were consistent, indicating 
random data. The detailed results are shown for each solution and a summary is given 
in the paper mentioned earlier (Hodgson and Adams, in press). It should be stressed 
that the data from reflected phases have not influenced any of the solutions given in this 
paper. 

PRESENTATION OF THE DATA 

Table I lists the earthquakes for whirh solutions have been attempted. On three 
of the dates listed there were two earthquakes; in each case the earlier earthquake has 
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been designated A, the later B. The earthquakes are listed in Table I in two sections, 
those for which solutions have been obtained and those for which no solution has been 
possible. In the latter ea ~e the reason for the failure has been indicated. 

TABLE I 

LIST OF THE EARTHQUAKES CONSIDERED 

H Epicentre Focal 
D ate (G.M.T.) Depth Magnitude Remarks 

'P I X 

Earthquakes for which solutions have not been obtained 

Feb. 1, 1954 ... 01:06:54 24!0 143i0 E O.OOR 7t Conflict of Data 
June 15, 1954 ... 13:29:59 5°s 77°\V O.OlR 6i Conflict of Data 
Sept. 17, 1954 ... 11:03:18 21t0 S 177°W 0 .03R 7 Conflict of Data 
Jan. 5B, 1955 ... 23:42:03 16°S 167t0 E O.OOR 6i Insufficient Data 
April 5, 1955 ... 15:09:15 25°N 110°W O.OOR 7 Conflict of Data 
'.\Iay 31, 1955 ... 09:30:44 27°S 177!0 W O.OlR 6i Insufficient Data 
June 14, 1955 ... 06:11:18 20°N 107°\V O.OOR 7 Insufficient Data 
July 6, 1955 ... 01:54:17 51°N 158°E O.OOR 6! Conflict of Data 
Aug. 6, 1955 ... 08:31:25 21!°S 177t0 W 0.05R 61 Insufficient Data 

Earthquakes for which solutions have been obtained 

Feb. 19A, 1954 ... 19:07:48 30°S 177i0 W O.OOR 7 
Feb. 19B, 1954 . .. 21:34:41 12!0 N 87t0 W O.OOR 6i 
April 17, 1954 ... 20:10:37 5lt0 N 179°\V O.OOR 6! 
April 27, 1954 ... 10:06:24 6°N 82t0 W O.OOR 7 
April 29A, 1954 ... 10:49:27 28!0

I 113°W O.OOR 71 
April 29B, 1954 ... 11 :34:34 28!0 113°W O.OOR 7! 
April 30, 1954 ... 13:02:37 39°N 22°E O.OOR 7 
l\Iay 3, 1954 ... 15:29:40 51}0 N 159!0 E O.OOR 6! 
May 14, 1954 . . . 22:39:26 36°N 137°E 0 .03R 7 
July 6, 1954 ... 08:04:42 46!0 N 153!0 E O.OJR 6i 
Aug. 18, 1954 ... 04:42:20 21!0 S 176°\V 0 .02R 7 
Sept. 13, 1954 ... 02:09:55 21°S 175!0 W 0.02R 6! 
Sept. 15, 1954 .. . 17:56:08 18°S 178i0 W 0.09R 7 
Oct. 3, 1954 ... 11: 18:46 60!0 N 151°W O.OlR 6i 
J an. 5A, 1955 ... 17:48:35 16°S 167!0 E O.OOR 6! 
J an. 13, 1955 ... 02:03:43 53°N 167!0 W O.OOR 6! 
March 14, 1955 ... 13:12:04 52!0 N 173!0 W O.OJR 7 
April 17, 1955 ... 18:35:27 52°N 159t0 E O.OOR 61 
April 19, 1955 . .. 20:24:05 30°S 72°\V O.OOR 7 
l\Iay 30, 1955 .. . 12:31:41 24! 0 N 142!0 E 0.09R 7? 
June 2, 1955 ... 00:18:56 51!0 N 180° O.OOR 61 
June 20, 1955 ... 12:07:25 5WN 180° O.OOR 6i 
July 16, 1955 ... 07:07:08 37t0 N 27°E O.OOR 61 

The data on which the solution are based are shown in Table II. The notation 
used i that established in earlier pR.pers of the series (see for example Hodgson, 1956, 
page 173). 
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ANALYSIS OF THE DATA 

In thi ection solutions will be presented for each of the 23 earthquakes for which 
it has been possible to obtain them in the form that has been established in the earlier 
paper of the eries. In each case the solution di::i.gram will be given and a table will show 
the number of observations available and the number of these inconsistent. The 
reflected phase have not influenced the solutions, and these tables provide the material 
for the examination of their value. 

Earthquake of 19:07:48, Feb. 19, 1954. efJ = 30°S, A = 177f 0 W 

We have found two possible solutions for this earthquake, differing quite radically 
from each other, which explain t he direct data equally well. We present both solutions. 

The first solution is shown in Figure 1. In this solu tion we have assumed that 
College is incorrect but that the P: dilatations recorded at Alicante and at Cartuja, and 
the P, separation between Ottawa and Seven Falls, are correct and have obtained a 
solution accordingly. The score for this solution is shown in Table III. 
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TABLE II 

Data on which the Solutions are Ba ed 

Feb. Feb. April April April April April May May July 
STATION 19A, 19B, 17' 27, 29A, 29B, 30, 3, 14 , 6, 

1954 1954 1954 1954 1954 1954 1954 1954 1954 1954 

Aberdeen .. ················· ...... c D (D) 
DD .......... 

Alicante . c; c D (C) (D ) c c D c (D) 
D; DD DD cc DD 

Almeria .. 
Andijan .... c; . . . . . . . . . . D c 

CCC · · ········ ....... . . . . . . . . . . . ........ 
Apia ..... . . . . . . . . . . . ...... ··· ····· D; 
Ashkhabad. D c D c 
Astrida .. ·········· 

At hens .. .......... D c c 
Balboa 'Heights. . . . . . . . . . . (D) D 
Banclong .... ····· ··· · ···· D c ·········· 

cC 
Barcelona .. . c 
Barrett ... ····· .. ... 
Basel. .... c; c c c (D) D D c 

D; (cC) 

Berkeley. . . . . . . . . . . . . . . . . . . . . . . c D D c c c (C) c D (C) 
PcP=D cc DD cc .......... dD 

(CCC) . - . . . . . . . . .......... 
PcP=C 

Besancon . (D;) (D) (D) D D D 
Bogota . (DD) c D c D D (CC) cc 
Bologna . ······ . .. .... . ... . . c 
Bombay .. D cc;l DD D c c 
Boulder City. .......... c c D c D D D c D c 
Bozeman .. .. . D D D 
Brisbane .. . ............... (D) (D) (C;) D c 

(PcP=C , 
Budapest .. .. .... . .... . ......... . ... .... .. ·········· 
Butte .... c c (C) c D D D ... ...... . D (C) 

(CC) 
Calcutta . . DD D c; D D c (D ) 
Cartuja . c; (D) c (C) c c (D ) D c c 

n; DD (CC) cc DD DD cC DD (DD) (CC) 
cc (clDD ) PcP=C (DDD) (DDD ) (DD) clD 
clD; PcP=C clDD 

(dDD) 

Chicago ..... D c . ......... . ......... . .. ....... 
Chihuahua .. D c (D) . . . . . . . . . . . . . . . . . . . . 
Chimkent ... c; c 
Chinchina ... D ..... ... .. D D ········· · -···-
Christchurch .. cc;) (D) 
Cleveland . . .. c D c D . ... ...... c 

Coimbra ..... . . . . . . . . . . . (D ) c . .. .... .. . (D) 
DD 

College ... ........... (C) c c c c c D c (C) D 

cc ........ .. ... .. 
Columbia .. c c c c D ······· ··· c 
Copenhagen .. . . . . . . . . . . (D ) D D c D c 

Dehra Dun . . . ·········· D (C) (D) (D) 
Djakarta ..... c cc;) D c c 

(C;) cc cC 
cc ........ . . .... . ........ 

(CCC) 
Erevan . D D c D c 
Fayetteville . D D 
Fergana ... . . ......... 
Frunse .......... D c !" .. c 
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T AB LE II- Continued 

Data on which the olutions a re Basecl-Co11lin11 ed 

Aug. Sept. 

I 
Sept. I Oct. J a n. J an . Marc h A pri l Apr il ~f ay June June .July 

18. 13, 15, 3, 5A , 13, 14, 17, 19, 30, 2, 20 , 16, 
1954 1954 195-1 1954 1955 1955 1955 1955 1955 1955 1955 1955 1955 

I ----

( ;) (DD) DD D c D (D ) c 
DDD cc DD 

(C;) n; n; (C) n; c c (D ) c c c D (C ) 
(CC) DD (D ;) . . ..... . .... (CC) DD cc cc n; c (D ) c cC (D) D 

c (D ) (dD) ....... .... 
D c D D 

...... . ... c; · ·· · · 
(CC) 

(cCC) 
n; c ; D ··· · ·· · ··· ... (D ) (D ) . . , , . I 

I . . .. 
D D c D 1· ··· (DD ) (cC) 

DD D cC 
I .. .. ~ .. .... D .... . .. 

n; n; c; D n; c c c c (D ) D D 
cc; cc; (dD) (dD) 

(CC) 
c D c c c c c D D D c 
cc cc (PcP =C l . . . PcP = D (DD ) . . . . . . . . . . 

(dD) (cC) 
n; c ; D ...... ....... .. 

n; DD n; D cc c D (D ) D 
n; D n; (D ) 

.. .. . . . .. ..... 
c D c c (D ) c c c D c D D 
D c D c (D ) (C) (D ) D c 
D (C ) (D ) c D D D D c (C) D (D; ) 
cC cc (cC) PcP = D (DD) 

(PcP = D (PcP =C 
(C;) ···· · ·· ···. . ... c 

D . .. .. .. .. . D c c (D ) (D ) I (C) (D ) (C ) 
.... 

l D (D ) c 
n; n; n; (C) c; c (D ) c c (CC) c (C ) (C ) 

(C;) (C;) c~ (DD) c; c c cC (dD) (CC) (CCC) DD (DD ) (D D ) 
(CC) (CC) (CC) DDD (CC) (CCC) (cCC) cc CCC clDD rC DDD 
cc; cc; (cCC) PcP=D PcP= C (cCC ) PcP= D 

dDD (rC;) (CCC) CCC 
(DDD) 

c c c 
D 

.... 
n; (C) DD c D c D 
D D D c D D 

c D c c D (C) c D 
dD 

(C;J n; n; D c c D D 

(C;) DD (D;) (DD ) 
(CCC) DD 

D c c D c D c D n; D (D ) (D ) 
(C;) D c c c c D 
n; n; D D c c c D c 

DD 
(clD ) 

D D DD D c clD c D 
(DD ) (cC) 
dD 

(C; ) D . . . . . . . . . . .... . ....... 
D (D ) D (D ) I •. D 

c c 
.. 1 

c c D 
n; c; D c 

DD 

95 128- 2t 
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TABLE II-Continued 

Data on which the Solutions are Based-Continued 

STATION 
Feb. 
19A, 
1954 

Galerazam ba . . . . .. . .. .. . .. .. . . . ...... . 

Feb. 
19B , 
1954 

Gharm.. . .. . . . . . . . . . . . . .. . . ........ . 

Goris . .......... .. ...... . 

Grozny ......................... . 
Guadalajara ................. .. c 
Guantanamo Bay . . . . . . . . . . C 

Halifax. ....................... . . . . .... . ...... . 
Helwan ...................... (D; ) 
Hong Kong .................. C 

Honolulu ................... .. . . 
Hungry Horse ....... C 
Hyderabad. ................. (DDD ) 
Irkutsk ........ . ............. . 

Jersey .. . .................... . 
Juj hno-Sakhalinsk ...... . 

Kabansk ................... .. .. . 
Kalocsa .............. . 
Karlsruhe .................... . D; 
Kew ...... . .... . ........... . .. . ········ · · 

Khorog ........................................... . 
Kirkland Lake ......................... . 

Kiruna . ... . . . . . . . .. . . . . . . . . . . . . c; 
(DD) 

Kodaikanal. ............ . .... .. 
Ksara .............. ... . . .. .. .. c; 

Kulyab ... . 

Kurilsk ................... . 

Kyakhta .............. . 

La Paz .............. . 

Lembang .................... . 

Lincoln ... .... ................ . 
Lisbon ......... . 

Logan ......... . 

Lwiro ... . .................. · · 

Lwow ............. . 

DD 

c; 

c 
(CC) 

DD 

c; 

c 

(CC) 

(C) 
(DD ) 

cc; l 

April 
17 , 

1954 

D 
cc 

April 
27 , 

1954 

DD 

D D 
cc 

DDD 

D 
(DD ) 
(D ) 

D 
D 

(C) 

D 

c 

DD 
(DDD ) 

(C) 

D 

·········· 

D 

(DD ) 

D 
cc 

c 

D; 
cc 

(CCC) 
(C) 

c 

c 

D 

D 
cC 

c 

D 
(DD ) 

c 

... 

c 
(CC) 

(P cP =C) 

c; 

April 
29A, 
1954 

(D ) 
DD 

D 

(D ) 

c 
cc 

(D ) 

········· · 

. ...... 

... 

cc 

April 
29B, 
1954 

(CC) 

. . . . . . . . . . 

(C ) 

c 

(D ) 

c 
cc 

(D ) 

. .... 

. ........ 

D 
(DD ) 

.. (PcP =C) 

c; 

D 

c; 
(CC) 

c 
c; 

D 
P cP = D 

c; 
(CC) 

April 
30, 

1954 

D 
(DD) 
DDD 

D 
(CCC) 

D 
D 
D 

c 

D 
c 

(C ) 

D 

D 

D 

D 

D 
DD 

D 

c 

(D ) 

May 
3, 

1954 

c 

c 

c 
D 
c 

c 
c 
c 

c 
c 

c 
(D ) 

c 

c 

c 

c 

c 
(CC) 

D 

]\fay 
14, 

1954 

D 
(dD ) 

cc 

D 
c 
c 

(C) 
D 
c 
D 
cc 
c 
c 

D 

D 

D 
(DD) 
dD 

D 

D 
DD 

c 
D 

cC 

D 

D 

D; 
(DD) 

.. I 

c 
(CC) 
cC 

dDD 
PcP=C 

D (C) 
(P cP =C1 (DD ) 

dD 

July 
6, 

1954 

c 

c 

c 
c 

c 

c 

c 
(CC) 

c 
c 

c 

c 
cc 

(' 

(D ) 

c; 
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TABLE II- Continued 

Dala on which the 8olutions arc Bas<'d- Continued 

Au~. ept. ept. 0C"t. Jan. Jan. March April 

I 
April May June June July 

l • 13, 15, 3, 5A, 13, 14, 17, 19, 30, 2, 20, 16, 
1954 1954 1954 1954 1955 1955 1955 1955 1955 1955 1955 1955 1955 

(CC) (C) I .. .. 
(C) c c D 

..... .. .. cc 
o; (D; ) c c c D 
o; (D;J .. . .... .. . ....... ... PcP=C 

c . .. 
cc (CC) D cc c (C) D 

CCC (CCC) cc 

I . . (C;) (C) D 
(C;) (D;) (C) (D) (D) (D) (C) 
D D D (C) c c D 

(CC) 
c c D (D) D (C) D . . . . . . . . . . 

(C) D c (D) (D) c c c c D c c c 
D c D cc c c c cc c c (C) (C) 
D D c D c c c c D 

DD (dD) cC 
D 

D 

I 
D c c c (D) c c D 

(cC) (CC) 
D D c D D c c c c c D 

I . . . . . . . . . . .. ..... .... . ... . . 
cc; o; c; D n; c c c c (D) D c 

dD . ..... PcP=C (dD) cC (PcP=D) (PcP=C) 
c; n; c; D (CC) D (D) (D) (D) (C) c (C) D 
c; (dD;) CCC DD (CC) cc PcP=C (PcP=C) 

(DDD) cC 
CCC 

. . ······· .... . . . . . . . . . . . ····· · ···· ······· ··· 
D D c D (C) c D D 

(cC) 
cCC 

cc; o; c; D c; D c c (CC) D c D 
DD cCC .... . (PcP=D) cC (dD) 

(dD;) PcP=C . . . . . . . . . . cCC 
. . . . . . . . . . D c ...... (C) (C) 
. ... . .. . .. n; c; D c; c c DD (D) c (C) (C) 

cc DD (DD) DD 
(cC;J 

o; D c c c .. ..... . .. c ..... . .... · · ·· · ··· ·· D 
(DD) .......... ·········· ... . ... .. . (DD) 
DDD 

c c c c c .. ... . .. .. 
dD 

D D c D D c c c c c D 

c c cc D n; n; (C) n; c; (DO) (DD) 
DD (CC) DD DD DO (CC ) cc (CC) 
cC C'C 

(l'CC) (cCC) 
D D c (cCC) D (dD ) (D ) . ····· · ·· · · 

dD (DD) (CC ) 
(OD) (cC ) CCC 

. ·· ········ o; o; c; D c (D) cc; i D D 
(CC ) DD 

c c D c 
(cC) (DD ) 

(cC ) 
o; (C;) o; co;i cc; i c· c; cc; i (D ) ' l 

dD; c· cc (CC ) (CC) cc ;i (CC ) c l 

(DO) cc CCC 
cc ;i (D; ) D c c (D ) (C l 
DD (DO ) (DO) (00) (CC ) cc 

DOD .. ., .. DDD 
I PcP = D 
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TABLE II-Continued 

D ata on which the Solutions are Based-Continued 

Feb. Feb. April April April April April May l\lay July 
STATION 19.\ , l9B , 17, 27 , 29A, 29B, 30, 3, 14, 6, 

1954 19.5-1 1954 1954 1954 1954 1954 1954 1954 1954 
--1 ---: 

,\l agadan (C ) D (D ) (D ) (C) 

:\!akh'lch-K aln .. c; D n ; 

I 
c D c 

:\l ahirn .. C' c (D ) (Cl D (D ) c 
(CC) 

I ~J ani Il a (D ) (C) D (D ) c c 
:\fanzanillo (D ) I 
.\Iel hourne (DD ) 
Merida (D ) 
:\l i'.imi (D ) cc 
J!i nera l c c c D D D c D D 

(DD ) 
Moscow C' c D (' 

:\lou nt Hamilton. . .. 

I 
c D c c D D D D D 

cc 
Myrp;ab. 
Xarin .. c; D D c D c 

cc DD 
:\clson . c c D c D D D c D c 

: .. ::I DD P cP=D (DD) 
:\euehatel 1::: : '.'{('".Delhi (C) D 

I c 
D 

Xoun1 ctt c c D (D ) c 
cc (CC) . (DD) (dD) cc 

(DDD ) (PcP=D) ...... . . . .. . . <PcP=C ) CCC <lD 

Oaxaca c (C) D 

Obi-Gharm . D D c D c 
(CCC) (PcP= D 

Ottawa n; c c c c c D (D ) D ( D ) 
Pali>adcs c (D ) c c D c D c 

DD (CC ) cc 
(cC) 

Palomar . . . . . . . . . . . . 
Paris ... . . .......... .. . 
Pasadena . . . . . . . . . . . c c D c D D D D D 

(DD ) 
Pavia D (C) D c 
Perth c c 
Petropavlosk . . .. . ..... . . (C) c (D ) D (CJ D 

(DD ) (cC) 
DDD DD 

Philadelphia (D ) 
Poona . c (C;) D n; c; c; (C) c c c 
Prato c 
Puebla c c c 
Pulkovo c; D c D c 

DD DDD dD 
CCC DDD 

Quella .. c; n ; (C) n; c; D c (CJ 
cC 

Rapid City .. ... . .... 
R athfarnham c (C) (C) (CJ D D c 

(DD ) (DD ) (DD ) (cC) 
PcP =C (PcP=d ) 

Reggio Calabria . .. ...... \ .... . I .... . . 1 
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18 , 

1954 
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ept. 
13, 

195-1 

Sept. 
15, 

1954 

Oct. 
3, 

1954 

T .\BLE II-Continued 

Dala on which the Solutions arc Ba~cd-C'onli1111ed 

Ja n. 
5A, 
1955 

Ja n. 
13 , 

1955 

March 
14, 

1955 

April 
17, 

1955 

April 
19, 

1955 

~lay 
30, 

1955 

June 
2, 

1955 

June 
20, 

1955 

July 
16, 

19.5.5 
---1--- ------1-------1----1---1--- --- --- ------

D 
dD 
n; 
D' 

DD 
D 

D 

(DD) 
(CCC ) 

c 
cC 
n; 

c 

n; 

c 

D 
dD 

c 
cc 
n; 

n; 
(C) 

(DD) 
cC 

(cCC) 

n; 
c 
n; 

D 

D 

n; 
cc 

D 
n; 

D ' 
(CJ 

c 
... 

(C') 
(CC) 

c 

c 

... C .... I D 

DD 

D 
cC 
n; 
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TABLE II- Continued 

Data on ""hich the Solutions arc Based- Continu9d 

Feb. Feb. April April April 
I 

April April )[ay )fay .July 
STATION 19A, 19B, 17 , 27, 29A, 29B, 30, 3, 14, 6. 

1954 1954 1954 1954 1954 1954 1954 1954 1954 1954 
---

Resolute ... . . . . . . . . . . . . . c; c c D D D c D c 

Reykjavik .. .......... D D D c (D ) (D ) c 
Riverside .. ... . . .... .. 

1· . .. . 
Riverview . c (C;) c D 

cc cc 
(CCC) 

Rocca di Papa .. D 
Rome . c; (C) D (C) D c 

c; ·· ······ ·· cc 
(DD) . . . . . . . . . . 

Salo . c D (D) 
DD DD 

DDD 
Salt Lake City .. D D D D 
San Juan . . c c D c c D; 
Scoresby-Sund . c D c c c 
Semipalatinsk. 
Seven Falls .. c; 

. 1 
c (D) c c D (D) 

Shasta .... . D c D (C) (C) c D D 
(DD) DD (cC) (eC) 

Shawinigan Falls. (D) c D 
Shemakha ... D; D c D 

Shillong .... C' c D c (C) c 
Sitka . .... D c D 
Stalinabad. c; D D; D D 

State College . c c c c 
(PcP=D) 

(C) D c 
cc (DD) 

DDD 
Strasbourg ... . . ........... . c (D ) D cc c D c 

PcP=D 

Stuttgart . . . . .............. .. . . . . . . . . . . c c D c 
PcP=D 

Sverdlovsk . c; D c D c 
Swan Island . . 

Szeged. · ········ .. c 
Tacubaya . . .. c c D c c c DD 
Tananari ve . D; c; D (CC) 

Tashkent .... D c c 
Tbilisi . c; D D c D c 

Tinemaha . . ........ . . 
Trieste .. (D; J (C ) (D) (D ) c (C ) D 

D ' 2 (DD ) cc 
(DD ) 
DDD 

Tucson . ........ .... . .. ...... c D (CJ c D (C J D c 
Uccle .... ' . . . . . . . . . D c 
Uglegorsk . (C ) c . .. . . .. .. . c c D 

Ujhgorod . D D D 
Uppsala .. C ' (CC ) c cc c c D c D c 

cc "C 

Uvira ... 

·I ::::6:::r l " 
c; 

\'era Cruz ... I c ( D ) 
Victoria D I c D D 
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TABLE II- Cont inued 

D ata on which the Solutions are Based- Continued 

,;\ug. Sept. Se1)t. Oet. J a n. J a n. March April ,\pril M ay June June Jul y 
l . 13, 15, 3, 5A , 1:3 , I l, 17, 19 , 30, 2, 20 , 16, 

1954 1954 1954 195! 1955 1955 1955 1955 1955 1955 195.5 1955 1955 
--------

..... ..... D (C ) ...... ........ 
(DD) 
dD 

(C;) ·· · · · ··· · · D; D .. . .. . . . . . . . . . . (C ) (D ) (C ) c 
cc; (dD;) · ·· ······· . ...... (cC ) . .... . . . . . ' . . . . 

.. ...... . ... D 
D D D c D D D (D ) D D .. . . . ..... 

(DD) (dD ) (cC) (CC) (cC) (DD ) DD (DD ) 
(clD) cc . . ... . .... · ········. (dD ) (dD) 

(CCC) 
(D ) c ... . .. . . . . . . . . . . 

o; n; c; D o; c c c D c c D D 
cc; DD c· DD cc (dD) DD DD (DD ) 

' cc; (CC) cC (dD ) (dD) 
D o; (D) (D) (D ) ' . . . . . . . . . . . 

..... . . . ... (DD) (DD) (DD) DD 
. . . ... . ... (dD ) 

D .......... ·· ·· · · · · ·· .. c (D) (D) (C) ( D) c c 
D; D ........ . . c c c c (C) D 

(C;) (C;) (C) (D) (C) D (D ) 
c c D D 

o; c; D c D D D (C) 
c D (C) c (D) c c (D) c D c D c 
cc cC (CC) (<'C) 

(dD) PeP=D 
D D 

D D; c; 
(DD) (DD) (CC) 

c (C) (C) c (D) c ..... .. ... - · c D D 

D; D; c; D (D) c c (D) (C) 
cc 

(DD) (C) c (D) c D D 

D; D; c; D c; c c (CC ) c c D D 
(c!DD) c; dD (c!D ) (dD) 

DDD 
D; D; c; D c c (D ) c D c 

c; dD . . . . . . . . . . ... (clD) (dD) 
DD 

D c; D c D c (D ) D (C) 
(D) (D) (C) (CCC ) cc 
cc cc 

....... 
c (D) (C) D (D) c 
o; (C;) (C;) (C;) c c o; (D) 

DD 
D; D; (D;) D D c c c c c D D 
(c;i D; D c c c c c (C ) 

(PcP=D). PeP=C 
D 

D; (C;) D D; c c c c c c D D 
.... . . .. . . . D; (DD) (C; ) DD 

... . .. .... (DD) (CC) 
............ CCC 

c c c D c c c c D c D 
(DD ) 

D ....... .. . 
D c c c c c c c D 

(PcP = C) DD . .. .. .... . c!D (DD ) 
. ....... 

DD . . ... . . . .. DD D D c c D c D c 
(DD) DD cc 

(clD ) PeP = D 
DDD 

.. ... . . ... . . . ....... 
c ..... ..... I:::: (D ) . . . . . ..... (CCC ) 1· . c c c .. . ....... D c c c 

95128- 3 
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TABLE II-Concluded 

Data on which the Solutions are Basecl-Conchided 

Feb. Feb. April April April April April ;\lay 1Iay July 
STATION 19A, 19B, 17, 27, 29A, 29B, 30, 3, 14, 6, 

1954 195! 1954 1954 1954 1954 195! 1954 195! 1954 

Vienna .... D D (C) (D ) 

Vladivostok .. c . ......... D 

Washington . c c c c D (D ) (C) 
Wellington .... ...... . .... c 

(CC) 
Woody .. . .. .. ······· 
Yalta. ... ······· c 
Zurich ... ................ . . . . . . . . . . D .......... . . . . . . . . . . D c D c 



DIRECTIOi\ OF FAULTIXG IX SO:\IE OF THE LARGI-.: R EARTHQ UAEES OF 1954-1955 235 

TABLE II-Concluded 

D ata on whi ch the Solutions arc Based-Concluded 

Aug. Sept. Sept . Oct. Ja n. Jan. March April April May June June July 
18, 13, 15 , 3, 5A, i~. 14 , 17, 19 , 30, 2, 20, 16, 

1954 1954 1954 1954 1955 1955 1955 1955 1955 1955 1955 1955 1955 

cc;i cc;J CD;) (C) cc;J c CD ) CD ) D CD ) 
PcP =C DD 

·········· D c c .... . . . . .. ... D 
dD 

····· · ···· CD ) D c c c D 
D D D c .......... ..... . . CC ) D . . ........ ... 

' . . . . . . . . D c D 
. . . . . . . . . . .. . ...... .. . .... ..... · ····· · ··· · 
.. ........ . . . . . . . . . c; D n ; c c c c c D D 

cc; . . . . . . . . .... . . . . ....... cC 

95128- 3t 
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TABLE III 

Direct Phases Reflected Phases Grand 

p p; p; T otal PP pPP pP; PPP I Total 
T otal 

--- --------- ----1 

Total Number of Observations 19 27 6 52 15 1 1 4 21 I 73 

Number of Inconsistent 

I 
Observations ..... . . . ..... . . . . 5 3 0 8 7 1 0 2 10 18 

The alternative solution is shown in Figure 2, and the score is given in Table IV. 
This solution supposes the field to be compressional, so that Ottawa is made inconsistent, 

TABLE IV 

Direct Phases 

p p ; p; Total 
------

Total K umber of Observations. ... 19 27 6 52 

N umber of Inconsistent 
Observations . . . ... ' . . . . . . . . . . 2 4 2 8 

'.. 
Sverdlovsk 

~\. Rom• \_P,lko.o 
Mose~ ~ ~ ""'' 

Uppso'l 

Quella ......._ Hong Kong 
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0 Poono 

"' Mo11illo 

D1okorto 
0 

FAULT PLANE PROJECT 

Alternot1~e Solution of the 

(onhquoke of Feb.19,1954, H • 19. 07·.46U T 

91°3o's >..:i11fW 
h z OOO R 

P Compression O P Dilototion 6 

P'Comprer.sion e P'Dilotol!on ... 

b 

p2• ..,P2
1Bosel 

Korlsruhe 
F.!' OM01Jodan 
2 Trieste 

P~ Rome 

Brisborie 

FIGURE 2. 

College 

Ref-lectecl Phases 

pp pPP pP; PPP Total 
---

15 1 1 4 21 

5 1 0 l 7 

r R'solute I / 
Cortu10 Mo logo 

,6,\llconte 

a 

A PzcorluJo 

0 Bulle 
QM rnerol 
OBerkeley 

Q Posodeno 
O Tucson 

0 

SevenFolls JI':. 
Ottow~ 

Qlocuboyo 

0 Guontonomo 
Boy 

@® 

Grand 
Total 

73 

15 
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and gives the . olution in terms of a smaller pair of circles. As shown in Tables III and 
IV the core for the direct phases is the same in each case, whereas Figure 2 scores better 
on the reflected pha e . Despite this better score we prefer the solution shown in Figure 1 
because the null vector points in the direction we have come to anticipate. For this 
reason the inconsi tencies liflted in Table H are those associated "·ith Figure 1. 

Earthquake of 21:34:41 , Feb. 19 , 1954. cf> = 12t 0 N, A = 87t 0 W 

The solution for thi earthquake is shown in Figure 3 and the score is given in Table V. 

The earthquake is not large, and the percentage of inconsistencies is consequently higher 

Tola! X umber of Observations ... . . ..... 

Xumber of Inconsistent Observations ..... 

~okor10 

e Pz' 

Oj akor1., 

b 

p 

36 

7 

TABLE V 

Direct Phases 

p ' 
I 

p; 
--

4 1 

3 1 

FIGURE 3. 

Total 

·H 

11 

Lo Pa z 
0 

Reflected Phases 

pp PPP 
- -

6 

3 

# Poona 
Quetto 

Strosbouf"9 
~Basel 
Besonion 

Al iconte 

C ortu 10~ 
Mo lo90 

1 

1 

PcP 

2 

0 

FAULT PLANE PROJECT 

Total 

0 

4 

Earthquake of Feb 19 , 19 54 H • 21 34. 4 1 U T 

~ · 1Zf*N , ). •87f•w 

11 •0 OC R 

P Co mpreu1on 0 P Oilo to lton 6 

P' Comprns ion • P' Di1 0101 1on A 

Grand 
Total 

50 

15 

than normal, but the solution must be approximately correct. The most serious criticism 
of the solution i the poor score shown for the PKP observations, 4 out of 5 ha,·ing been 
made inconsistent. Ho\Ve\'er all of these obsel'\'ations were described as weak, and it 
seem better to sacrifice them rather th3.n some of the nearer observations. 
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Earthquake of 20:10:37, April 17, 1954. <P = 51~0N, 'A = 179°W 

This earthquake is another with a magnitude of 6!, a little too small for a satisfactory 
solution. As a result there is a good deal of ambiguity, and we haYe found bvo po ible 
solutions, which explain the data about equally well. 

The first solution is shown in Figure 4, and the core is gffen m Table VI. This 
solution has a ·lightly better score on the direct pha es, and many of the obsen'ation 
made inconsistent in this solution have been described as doubtful by our collaborator . 

ErevaiA 
Ma kl'oach-kolo A 

A Askhobod 
!:>. s~erd k 

OuelloQ 
0. Toshke n.1 

.O.Bomboy 

0 Koda1kanol 
e,. Calcuua 

U;!etprsk O 
JuJhno· Sokhalmsk O 

6.Hcn;i Kong 

0Mon 1llo 

601o kor10 

FAULT PLANE PROJECT 

Earthquake ol Apri l 17, 1954 H• 20 10 37 UT 

q> • 511; N ).. • 179• W 

h • 0 OOR 

P Compr ession 0 P 01loto11on A 

P' Compression e P' Ollo tollon & 

Unll 01stonu 

FIGURE -1. 

TABLE VI 

Direct PhaRc 

p p; Tota l 

Total Number of Observations .......... 77 2 79 

N'umber of InconsUcnt Observations ..... 19 0 
I 

19 

A 809010 

A Vtclono 

Shos10 A l::.ch1huohua 
Berkeley llo, Posodeno 

!:>. Honch.du 

I Hcflectcd PhaRes 

PP PPP pPP PcP Total 
1--1---

1-l 5 1 3 23 

-1 3 l 1 9 

The alternative solution is shown in Figure 5, and the score i given in Table VII. 

Grand 
Total 

102 

2, 
I 

Becau e the solution shown in Figure 4_ has the fewer inconsistencie , we have u. ed 
it as the solution in marking the inconsistencies in Table II. 



DIRE TIOX OF FA UJ./rI:\G IX O:\lE OF Tirn LAHC:Ell l·:.\HTJIQt:.\KES OF 195-l-1955 239 

T .\BLE nr 

DirC'rl PhaseR 

p p; 

Total Number of Observation .... .. .... 77 2 

:\umber of Inconsistent Observations ... . . 22 0 

\ ~~~"A 
Makhoch-Kolo A 

Pulkovo 
AAslrlhobod 

A Sverdovsk 

Q Ouello A roshke n1 

6 eomboy 

Kod0tkonol 0 
Calcutta 

QMom ll o 

ADJokorlo 

FAULT PLANE PROJECT 

Eorlhquoke of April 17, 19!54 H & 20 10 37 UT 

h • OOOR 

P Compreu1on 0 P 01lolol1on 6. 

p' Compression e P' 01101011on .4 

Untl O•s lonce 

Total 

79 

22 

FIG URE 5. 

Hefl l'cted Pha~C's 

' 
pp PPP pl'P Pel' 

------

H 5 1 3 

I 
7 5 0 2 

Son on 
N 87 :.; E l:l.~ven fol ls 0 

c%'~e ~? ~ ~~~e0~11ege 
Guontonamo Boy 

b.aOQolo 

t;. 
Honolulu 

Earthquake of 10:06:24, April 27, 1954. <f> = 6°N, A = 82 ~0W 

Grand 

Total 
Tota l 

23 102 

1-1 36 

This earthquake presented no problems; the solution is shown in Figure G and the 
score i~ given in Table VIII. It will be noted that the score is remarkably good ; this 
undoubtedly reflects the fact that almost all stations in North America received an 
unambiguous recording of the earthquake. 

TABLE VIII 

Direct Phases I H.efl ected Phases 

___________________ 1_' _J_1~__:rotal ~J~-1~1 

Grand 

Total 
Total 

Total XumbN of ObsC'rvations .... 52 7 5\J 9 1 2 I 12 71 

I 
Xumber of Inconsistent Observations 6 ·l 0 7 

I. 
5 12 
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QM09odon 

0 ° ui;i legorsk 

Petropovlovsk 

®@ 
b 

a 
Bogolo 

Lo Poz 
0 

FIGURE 6. 

Kinino 

Ouetto ~ • Pco~omboy 
T A1t1emokh1;1 

~penhogen 

FAULT PLANE PROJECT 

-Lwlro 

[orthquokt of Apri l 27, 1954, H•l0 :06: 24 UT 

~-6·N >.0 e2fw 
h = O.OOR 

?Compression O P O!lototion Cl. 

P'Compress i on e P'Ollo1ot1on 4 

Un it D1stonce 

Earthquakes of 10:49:27 and11:34:34, April 29, 1954. p = 28t 0 N, "A = 113°W 

These two earthquakes had the same epicentre, and their mechanisms were so nearly 
identical that a single solution suffices for the two. This is shown in Figure 7, the data 
plotted being those for the main shock. It will be noted that a good separation is obtained 
in California, between Berkeley and Mount Hamilton, and again in Mexico. There is 
howeyer a good deal of confusion in Europe, and this has resulted in a high number of 
inconsistencies in the r observations. We have drawn circle bin a mean position ; if we 
had drawn it smaller we might hn.ve made Rathfarnham correct, but at the expense of 
Tacubaya and Puebla. If we had made circle b larger the European dilatations could 
have been correct at the expense of the European compressions. Since most of the dilata
tions were called doubtful, and most of the eompressions were not qualified the present 
solution seems the best compromise. We must admit an uncertainty in the dip of plane 
b of about ±4°. 

The score for the foreshock is given in Table IX and that for the main shock in Table _,_r. 

TABLE IX 

Direct Phases Reflected Phases Grand 

p p; Total pp PPP PcP Total 
Total 

--- ------

Total Number of ObservationR . . . ' . . ' .. . 40 :3 43 9 1 l JI 5-1 

X umber of Inconsisicnt Observations. . . . . . I 10 0 I 10 4 I 0 3 15 

i 
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TAB LE X 

Direct PhaRC'R 

p p; T ola I pp PPP l'cl> Total 

Grand 
Total 

-----------------------1--- ____ , ___ ------ --------

Total X umber of Observations .. 

X umber of Inconsistent ObR'rvationR . . ... . 

' Colcurto 

o L'mbon9 

FAULT PLANE PROJECT 

Eorthquokt al Apr11 29, 1954, H • II 34 34 U T 
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h• 0.00 R 
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.JO 6 

\) 0 

FIGURE I. 

\) 

~pso lo Alnrstt 

6 Korlsruht~Boul ... 
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tf1 Bo9010 
Ctuneh1no 

Earthquake of 13:02:37, April 30 , 1954. </> = 39°N , f... = 22°E 

J-1 60 

2 7 16 

Lw 1r~ 

Tononor~ 

The solution for this earthquake, shown in Figure 8, is a ,-ery satisfactory one, 
although the exact position of circle a may be questioned. As shown in Table XI, the 

TABLE XI 

Direct Phases 

----------------__ P_!. -~-J_?olal ~-> _~_!_!>pp 
I 

Total Xumber of Observations ........... . 76 80 15 (j 

:\um brr of InconRiRtt>11L Observations . 10 \) 0 :~ 

Total 

Grand 
Total 

----1----

22 102 

12 2.) 
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score for the P phases is satisfactory, and although the P ' phases have a very poor score, 
most of these observations were described as doubtful by our collaborators. We might 
have made circle b smaller, to make San Juan inconsistent and Lwiro consistent; however 
the San Juan observation was described as an i while the direction observed at Lwiro 
was described as doubtful. 
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College 6. 

t::,. Foyellev1He 
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A stollnobod 
flbllisl 6.Shemokl'lo 
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o..eno 

Bombay A A Hyderobod 

A 
6.Monillo 

Hong Kong 
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The position of circle a appears to be very closely defined by the data but we must 
remember that the extended distances for short epicentral distance are not too reliable, 
so that the smaller circle may not be as closely defined as it appears to be. There seems 
little doubt however that the faulting is approximately normal. 

Earthquake of 15:29:40 , May 3, 1954. <f> = 5l t 0 N, A = 159t 0 E 

The solution for this earthquake is shown in Figure 9, and the score is given in Table 
XII. The solution is straightforward except for some difficulties :ll1 Europe. A number 
of Italian stations (only Rome is shown in the diagram) recorded compressions. These 

TABLE XII 

Direct Phases R eflected Phases Grand 
Total 

p T otal pp 
~PPP ' PcP T otal 

Total Number of Observations .. ' .. . ... . 74 7~ 6 I 2 

I 
4 13 87 

:'\umber of Inconsistent Observation~ .. II JI :J 0 0 :3 6 17 
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could have been made <'onsistent by increasing the radiu i-5 of circle b slightly, but this 
would ba,·e made a number of other stations inconsistent , as shown in the figure. The 
pre ent olution i a compromise which cannot be \'ery far from conect. 
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Earthquake of 22:39:26, May 14, 1954. </> = 36°N, A = 137°E 

The solution for thi earthquake is shown in Figure 10 and the score is given in Table 
XIII. The solution is qui te straightforward, and the number of inconsistencies in the 
direct observations is gratifyingly small. 

Total :'\umber of Observations . 

:\umber of InconRistcnt 
ObRervat ionR .. . . 

TABLE XIII 

Direct Phases Heflected PhascR I Grand 
--------1--- --- Total 

_ l_' -1~-1-T-ot_a_I -I~:~:!~ 1~~1~1:_ 1 Total 1-
HI 1-1 16 2 ;37 I :31 

10 0 JO 7 7 0 0 2 l(i 2() 

Earthquake of 08:04:42, July 6, 1954. </> = 46t0 N, A = 1 53 ~ 0E 

We ha Ye not been able to obtain a unique solution for this earthquake; to illustrate 
the difficulty all the stations ha,·e been plotted on the diagram, although only a few of 
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them haye been identified. As shmYn in Figure ll, circle b i::> well defined, but circle n 
may vary through wide limit.' . It has been shown in its extreme po;-;itions, and also in 
that po ition which would give pure thrust faulting. The insert diagram show· t.hat 
aHything between pure thrust fau lting and almost pure strike-slip faulting would be 
con istent. " ·ith the data. The score of the solution i:S girnn in Table XIV. 

TABLE :Xff 

DirecL Phases ReAected Phases Grand 

p p ' 

I Total pp pP Total 
Total 

I 

Total Xumber of Observations .... . . . . . ..... 77 l 78 I JO ;3 l :3 \) l 

Kumber of Inconsi. tent Observations. . . . . . . . . 12 I 0 12 :3 l 
I 

-! 1G 

Earthquake of 04:42:20, Aug,ust 18, 1954. </> = 21 ! 0 S, A = 176°W 

The solution , shown in Figure 12, is straightforn·ard. The number of observations, 
and the number of these inconsistent, is shown in Table XV. 
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There is some doubt about the proper position for circle b. As drn.wn (see Figure 13) 
it makes Tue on, Bozemn,n and Palisades correct, the l\1exican stations, Swan I::.:land, 
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TABLE XV 

Reflprted Phases Grand 
, , , Total 

P I P, P, T otal PP PPP pP pP, pPP PcP T otal 

Total :\umber of ObservalionR . 

Xumber of Inconsistent 
Observations . .. 

49 ~~1-:- ~--2--:-1--6 -1--3-.--1-~i-:-
2 9 2 13 11 2 0 2 20 

Fayetteville and a large number of reflected phases inconsistent. A better score would 
be obtained by drawing a larger circle. This has not been done because most of the 
dilatations have been called doubtful ob ervaticms whereas most of the compres ion 
have been called certain. In any event the difference would be very slight geologically. 

The score is given in Table XVI. 
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As shown in Table XVII, there is a rather high percentage of inconsistencies among 
the PKP ob. ervations in this olution, but these inconsistent observation are so spread 
among co11sistent one that no separation can be made, and they do not contribute a 
source of much doubt. There is some doubt about the exact position of circle b 
(see Figure 14); Tacuhaya might ha,·e been made correct at, the expern~e of Victoria. 
However the difference is slight. 
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TABLE XVI 

Direct Phase8 Rl'flcrted Pha8t'S 

p I~/~ Total pp l'PP pl' pPL' pP ; pP~ Total 

Total ::\umber of Observations .. 

Xumber of Inconsi lent 
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Ear thquake of 11:18 :46, Oct. 3, 1954. </> = 60t 0 N, :\ = 151°W 

The solution , shown in Figure 15, is perfectly straightforward, and the number of 
inconsistent obseffations shown in T able XVIII is about normal; note however t he 
surprisingly good score of the pP and PPP phases and the very bad score for the PP. 

Hong Kong 

T otal N umber of Observations . 

Number of Inconsistent 

6.0utllo 

Ksoro (l 

"' Tbll 1si 
6.Romt 

6 (lTosMtnl t::. 

Zurich 6 6 
Besonconn 6 Lisbon 

(lKtw New Otlhi Moscow 
6 

Svtrdtovsk 
6. Rothfornhom 

Brisbone 

'C, Rivtrvitw 

p 

90 

"' Honolulu 

6, Kiruno 

b 

J 
FIGURE 15. 

TABLE XVIII 

Direct Phases 

p; Total pp 
---

l 91 15 

6,Showinigon Foll 
6,Polisodes 

6Cleve1ond 6SonJuon 
Colvmb10 

Boulder C11y 

FAULT PLANE PROJECT 

Eorthquokeof Oct.3 1954; Hzll:IB : 46 UT 

~·6o~·N ),.= 1s1"w 

h"- O.OOR 

PCompression O POilototion 6 

P'Compression • P'Oilototion • 

Unit Ois to nc t 

R eflected Phases 

PPP pP pPP PcP 
---------

G 9 3 2 

Observations. . . . . . . . .......... I~ 1 15 11 0 1 1 1 

Earthquake of 17:48:35, Jan. 5, 1955. </> = 16°8, A = 167t 0 E 

Grand 
T otal 

T otal 

35 126 

H 2\J 

As shown in T able XIX, there are fewer observations than usual in this solution , but 
the percentage of inconsistencies is about normal. The solution is shown in Figure 16. 

TABLE XIX 

Di rect Phases Reflected Phases Grand 

p p; p; T otal pp Pl'P pP PcP T otal 
Total 

--- -----

Total N umber of Observations. 26 21 2 .J\) 12 1 2 1 16 65 

Xumber of Inconsistent 
Observations .. ............. . . ,j 2 0 6 6 0 2 l 9 15 
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Earthquake of 02:03:43, Jan. 13, 1955. <j> = 53°N, /.. = 167! 0 W 

The solution for this earthquake, . hmm in Figure 17, . hould be approximately 
eorrect, but there is Rome doubt about the exact position of circle b. A drawn it make~ the 
Mexican stations inconsistent, and the stations at San Juan and Bogota consistent. If 
the circle were to be reduced in radius to reYerse this, it would make Kiruna, pp. ala and 
Kew inconsistent. Howe\·er something might he accomplished by . winp:ing the circle 
around, and the fact that a number of Italian stations reported doubtful dilata,tion (not 
shown) might support this. There would be no geological significance in the change. 
The inconsistencie in Italy and Mexico contribute most of those shown in Table XX. 

TABLE XX 

Direct Phases Reficcled Phases Grand 
Total 

p p ' 
' 

Total pp pP PPP PcP Total 
----

Total X umber of Observations ... . . . . .. . 77 1 78 12 2 4 5 2:3 JOI 

:\umber of Inconsistent Observations . . . .. 14 1 J5 6 

I 
l 1 2 9 25 

Earthquake of 13:12:04, March 14, 1955. </> = 52! 0 N, >.. = 173! 0 W 

The solution i shown in Figure 18 and the score is given in Table XXI. The solution 
requires no comment. 
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TABLE XXI 

Direct PhaRcs Refl ected Pha~eR 
I Gra nd 

---1 
Total I p p ' Total pp PPP pP pPP l'cP T ota l I 

--------------

1--:.5 
-

Tota l :\'umber of Observa tions. ... 71 2 73 -I I 15 l 2 2:3 

Xumber of Inconsistent 
Observations ... ........... .... 12 J 13 l I 7 l 0 10 2:i 

Earthquake of 18:35:27, April 17, 1955. <P = 52°N, "A = 159t 0 E 

In the solution, shown in Figure 19, the position of circle a is clear, but circle b cannot 
be fixed exactly. As drawn, it makes Kiruna, Uppsala, Copenhagen and Paris correct , 
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Kew, Alicante, Almeria and Malag;a inconsistent. These cnuld have been re\'ersed by 
increasing the r:Ldius of the circle to correspond to a dip of 82°; the difference is of no 
geological consequence, but the uncertainty is reflected in the high percentage of error~ 
in the P observations, as shown in Tahle XXII. 
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TABLE XXH 

Direct Phases I Heflected PhaseR 

P I p ' Total I PP pP PcP 

Total :\umbel' of ObRel'vation~ .. -. -. -I-:-__ 2_' -i--5-8--I--~- --2----:~-
:\"umber of Inconsistent ObsrrvationR . . .. 0 0 

Earthquake of 20 :24 :05, April 19, 1955. <P = 30°S, /.. = 72°W 

Total 

2 

Grand 
Total 

6Ci 

J.5 

There are relati,·ely few data for this earthquake, but the solution shown in F ·gure 
20 account:" for these so well that publication seems juRtified. The percentage of incon
Pistent observations in the directest phases is gratifyingly low, al'> shown in Table XXIII. 
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Earthquake of 12:31:41 , May 30, 1955. </> = 24 ~0N, ;\ = 1 42 ~ 0E 

There were so many incon. istent obserrn.tions in the direct phases m this ~olution 
(s e Figure 21 and Table XXIV) that we seriously considered withholding it publication , 
particularly . ince many of these inconsistent obsen'ations came from stations which arr 
normally dei::endable. However most of the e obsetTations were smronnded by consistent 
one so that the solution has a reasonable degree of probability. 

The very high percentage of inconsistencies in pP is wo rthy of note. 
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TABLE XXI\' 
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In this earthquake, which occur::; at the junction of the two sections of the Aleutian 
arc, a line striking N"86°F. ·eparates most of the compressions, lying to the north , from 
most of the dilatations, lying to the south. To show how well 1.hi. has been accomplished 
all the points hflve been drawn in Figure 22 although only some of them have been identi
fied. As drawn, the line pa ses through Hong Kong, Kurilsk, Berkeley and Mount 
Hamilton, and they may be regarded as correct. The only serious problem arises in the 



25-1 PUBLICATIO:\S OF THE DO:\IJSIOX OBSERVATORY 

stations of western North America. Hix of the tation - Hungry Hor e, Victoria, 
Shasta, Boulder City, Tucson and Woody- recorded compressions, eight of them- Butte, 
Bozeman, f'alt Lake City, Mineral, Nelson , Berkeley and Mount Hamilton- recorded 
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dilatations. If no second circle is drawn through the area the six compressions and the 
dilatations at Berkeley and Mount Hamilton are consistent, against six inconsistent 
dilatations. If we draw a circle to include the dilat::ttions at Bozeman and Nelson all 
the dilatations become consistent but all the compressions inconsistent. Clearly there 
is no statistical justification for drawing a second circle through the area. Hence the 
second circle could he any small circle drawn on the line a as centre- in particular the circle 
of zero radius drawn at the centre and representing a horizontal plane through the focus 
would be justified. ln any case the direction of the null vector, but not its dip, is known. 
The data are summarized in Table XXV. 

TABLE XXV 

Direct Phases Reflecled Phases Grand 

p p; Total pp PPP pP pPP PcP I Total 
Total 

----------1 

Total .'\umber of Observations .... 78 3 81 6 2 1 1 4 14 95 

:\umber of Inconsistent 

I I Observations . ......... . . . .. . . . 16 0 16 4 0 0 1 2 7 23 
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Earthquake of 12:07:25 June 20, 1955. </> = 5lt0 N, A. = 180° 

Thi earthquake ha the same epicentre as that just discussed, but the solution , shown 
in Figure 23 iR completely different. The pereentage of in<>onsistent direct obser\'ations 
is again rather high, and it seems probable that both these solutions should be arrepted 
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with reservations. Most of the inconsistent observations derive from compressional 
observations at the greater distances, such for example as San Juan, Lwiro, Kodaikanal 
and the like. These are persistent enough to suggest the possibility of another mechan
ism. The score is given in Table XXVI. 

TABLE XXVI 

Direct Phases Reflected Phases Grand 

p p; p; Total pp PPP pP PcP pPPP Total 
Total 

------------------------· 

Total X umber of Observations .... 71 2 1 u 10 -! 7 () 1 28 102 

Xumber of Inconsistent 
Observations .. . . . . ......... .. 16 1 1 18 5 2 -! 4 0 15 :3:3 

Earthquake of 07:07:08, July 16, 1955. </> = 37t0 N, A. = 27°E 

The solution is shown in Figure 24. Circle bis extremely well defined by the separation 
in Europe and in the western United States, but circle a is not so well limited. It might, 
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for example, be made larger to make SYerdloYsk correct and l\fagadan incorrect, or it 
might be made much smaller. The score is given in Table XXYII. 

TABLI~ XX\"II 
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It was mentioned in the Introduction that this is the first in a second eries of papers 
giving fault plane solutions. "Cntil more solutions ha,·e been completed in this new series 
there is little to add to the discussion gi,'en in the recent paper (Hodgson, 1957) which 
reviewed the solutions of the first series. For that reason we simply provide the summary 
shown in Ta.ble XXVIII; the form of this table and the order in which the material is 
arranged is lhe same as that used in the review paper. 

Throughout the present paper the solutions have been based on P and PKP alone, 
and the reflected phases have been tested for a.ccuracy with reference to the e solutions. 
The score for the reflected phases has been gh'en with each olution, but the results for 



DIRECTION OF FAULTING rn SOME OF THE LARGER EARTHQUAI~ES OF 1954-195.'i 

TABLE XXVIII 

EARTHQUAKE 

Dote 

New Zealand - Kermadecs - Tongas - Fiji 

E - .:.:. 
0 I 
u~ 

~ a. 
"' 0 

c: 
"' .2 = u 

~ u; a 

PLANE a 

c: 
0 

.e- ·~ 
0 .~ 

0 

a. 
0 

February 19A, 1954 I 30°s 1177. 7°w I Nonnal N29. 5°E 560. 5°E 87° 

- Alternative Solution - N78.5°E Nll.5°W 73° 

August 18, 1954 150 S63°E 81° 

September 13, 1954 21•s 175.5°w 

September 15, 1954 18°s 178.5°w 600 N5l. 5°E N38. 5°W 83° 

New Hebrides 

January 5A 1 1955 16°5 167, 5°E Nonnal N56. 5°E 533. 5°E 56° 

Bon ins - Japan - Sakhal ins - Ku riles - Kamchatka 

c 
"' c: 

a. 0 
·- a. a E 

0 
u 

c: 
"' .2 = u 
-= ~ (/) Ci 

. 985 +.175 N60°w 

.889 +.459 N21°W 

. 932 -. 363 N67°W 

PLANE 

c: 
0 

0. ·.;: 0. 

a ~ a 
a 

s69°w 64° 

N23°E 69° 

. 939 - . 345 N75°W Nl5°E 70° 

.864 -.504 N34.5°W N55.5°E 60° 

. 999 - . 022 N33. 5°w N56. 5°E 89° 

May 30, 1955 24. 5°N 142 . 5°E 600 N70°E N20°W 35° l. OOO - . OOO N20°w s1o•w 90° 

May 14, 1954 250 . 991 + .132 N31°W N59°E 83° 

b 

c 
"' a. g 

a E" 
0 
u 

. 999 + . 053 

. 946 +. 325 

.986 -.168 

NULL 
VECTOR 

Q) 

"' c: 
2 
a... 

N48°E 79. 5° 

58° 

.994 -.112 N32°E 69.6° 

. 990 -.141 N39.5°E 59.4° 

. 820 -. 572 535 . 5°E 55 . 9° 

.574 -.819 N21°W 35.4° 

.926 +.378 Nl4.5°w 66.9° 

...J 
<[ c: 
0:: .2 
..... -x .2 
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~~ 
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b 

b 

July 6, 1954 46. 5°N 153. 5°E 100 Not defined --- + ~ N22. 5°W N67. 5°E 62° ~ + -----Not defined -----<H 

May 3, 1954 51 . 5°N 159. 5°E Normal N9°E N81°W 70° . 938 - . 346 N74°W Nl6°E 71° . 932 - . 362 b 

April 17 , 1955 52°N 159. 2°E Normal N51°E .978 -.210 N38°W N52°E 78° . 994 -.107 N25°E 76.9° 

Aleutians - Alaska 

June 2, 1955 51. 5°N 180° Norma l N86°E 1..----- 90° ----------Not defined---------- N86°E ---------1 

June 20, 1955 51. 5°N 180° Normal N38°E N52°w 58° .752 - . 660 N27°W N63°E 56° .769 - . 639 N7.5°E 39.7° 

April 17, 1954 51. 5°N 179°W Normal N87. 5°E N2. 5°W 82° . 994 - . 106 N3°W . 990 - .140 a b 

- Alternative Solution - . 96 5 - . 261 N46 °w . 994 - . 108 b 

March 14, 1955 52. 5°N 173. 5°w 100 Nl9°E N71°W 70° . 979 - . 203 N67 °W N23°E 79° . 938 - . 348 

January 13 , 1~55 53 ° N 167. S0 w Normal N52°E S38°E 89° .961 +.275 N39°W N51°E 74° .999 + . 018 N66°E 73.3° b 

October 3, 1954 so. 5°N 151°w 100 S54°E 52° .958 -.285 N45 . 5°w s44 . 5°w 77° .775 -.632 531°E 49. 3° b 

Pacific Coast of North Ameri ca 

Apr il 29A, 1954 . 925 +. 379 N45°w . 999 +. 038 

April 29B , 1954 . 925 +. 379 N45°W .9% +.038 N50°E 68° 

February 198, 1954 12. 5°N 87. S0 W Normal N28 . S0 E N61. S0 W SS 0 .985 -.170 N55°w .815 -.579 N44°W 53.3° b 

South America 

April 27, 1954 6°N 82. S0 W Normal NG. S0 E S83. 5°E 85° . 970 - . 243 N85°w N5°E 76° . 996 - . 090 N27°E 75.2° 

April 19, 1955 N35°E N55°W 72° . 946 - . 325 N49°W N41°E 72° .946 -.325 

Mediterranean 

July 16, 1955 37. 5°N N50°W 84° . 995 +. 105 N50°w .995 +. 105 N5. 5° W 81° b 

April 30, 1954 39°N 22°E Normal N4°W 18° . 998 - . 069 N46°W .954 - .301 N48. 5°w 
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TABLE XXIX 

PHASE 

pp PPP pP pP' pPP PcP 

N umber of Observations ... ............. 277 58 109 19 21 48 

Number of Inconsistencies ......... ....... 128 25 52 6 10 25 

P ercentage of Inconsistencies . ....... ... .. 46.2 43 .1 47.7 31. 6 47.6 52 . 1 

all the solutions are summarized in Table XXIX. This table will be discussed in more 
detail in another paper (Hodgson and Adams, in press), but it is clear that the reflected 
phases are producing random observations and should not be used. 
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