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Direction of Faulting in Some of the Larger Earthquakes 
of the Southwest Pacifie , 1950-1954 

.Tonx Ir . Tlonc:~o:,.; 

AB:-;TR\.CT 

The clirc•rtion of faultin!!: is cle(C'rmint>d for 2:l earthquak<•s oc·curring in lhC' soulhll't>sl Pa('ifie during lhl' .\'(•ars 
1 !l.5O-1!)5 I. Thes(' solutions :u·e l'Omhi1H'cl \\·ith fivc• publishrd (•arlier hy \Yl·hh and l l\·o puhlisllC'd C'arliPr h>· 1 fodgson 

and ~lorc•y, lo pc>rmiL a ,tudy of tlw failun• pattern in the arc>a. 

It is C'onC'luclecl thal faultin!!: in the' soutl11,·c•sl Pac-if-ic is prinC'ipall.,· strikc•-slip, on slPc>pl>· clipping plan(•s. Th<' 
slrike clire('(ion of thr faulls is nol c·onsisknt nor does il sholl' :\Il,\' syslpmati<' variation ,1·ith latitud<', clc-pth of fonts 

or position on tlw associalC'd arruale fC':llurC'. 

The' solutions ohtai1wcl ,u·C' amhiguous in t bal l wo orthogonal planC'R are' clc(c•rminC'cl , and il is not known \\ hi<'h of 
lhcsC' planrs reprc•scnts thC' fault. \\'hichcver pla1w rC'presC'nls t he fault , tllC' line of inlC'rSC'('(ion of the hm plan(•s is ,1 
linc uniltUC'l_,. delC'rmined hy the solution. The lin<', \\"hic-h is hc•re ('::tlled the " nul! Vl'C'lor" apppai·s lo havP p;rPat siµ;­
nificanc·C'. For th<' ;{pw J fC'briclrs earlhquakes the null veeto,·s li e C'losely pantll<'l lo a Vl'rlirnl planp slrikinµ; X 22 \\', 
thal is, to a VC'rlical plane' havinµ; the clircC'lion of tlw ::t$sociall'd fealure. Similarl>· the nul! vel'lors of earthquakl•s 
assoeialel l \\"Îth the Tonga-Kc•rmacice-:\'c•\\· Zralanc! fealurc lie nmrly parallc>l lo a V<'rlical plan<' slriking X 21 E, 

the mean direction of that fralun•. 

The ph,vsital siµ;nif ieanc·e of tlwse (·orrelalions has noL >'Cl hc•(•n dc•t<•rminc•cl, but il s<•cms l'imr thal tlw assol'iation 
cannot be acciclc•ntal. Und(•1· tlll' cireumsta1H'l'R th<' lPrhniqut•s of tlll' fault-pl,rn(' projel·l must n•c·(•ive a t·onsicl(•r:ti>IP 

d(•p;rl'e of confirmation. 

INTRODUCTIOX 

During the past several years this Ob:-ieiTatory has produced a series of papeni1 -~· 3 · 1 

dealing with the direction of faulting in earthquakes. The present paper will present 
solutions for an additional 23 earthquakes, all from the southwest Pacifie. Data for these 
solutions deri\'e from two sets of questionnaires, one circulated in X o,·ember 1951, the 
other in March, 195-:1:. 

An explanation is due to our collabora tom for the delay in bringing the results of the 
1951 questionnaire to publication. Kine solutions were obtained as n result of this question­
naire, and these olutions were prepared for publication in summary form, without the 
solution diagrams and without a tabulation of the data. This was done with the thought 
that the methocl had by now been estabfü.,hed. Howe,·ei·, so many of the solutions repre­
sent trnnscurrent faulting, contrnry to existing tectonophy~ücal theories, that it wns sug­
gestecl thnt the complete solutions should be published so that critics of the method might 
htn-e an opportunity of examining them. The paper which had been prepnred wa~ t here­
fore not published. In the meantime the second questionnaire had been circulated, and 
it wn~ decided to postpone publication of the first group of analyses until the second had 
been compleled. The results of the first group, consisting of nine 1950 enrlhqunke~, lul\·e 

1 ,J. 11. Hodgson and \\'. (;_ :\lilnc·, '· Dirl•clion of Faulting; in ('prlain Earlhquak<•s of th<• Xorlh l'a<'ific· ", /fo l/. 
811.,111. 801· . • t111., Il , 22l-2~2. l!);jJ. 

2 J. li. llodgson and I'. C'. Br<•mnp1·, "Din•l·lion of Fauliinµ; in llH' .\nc·ash, l'l'ru, l•:art hqtt:tkt• of :S:"v,•ml)('r Ill, 
l\llU, from Tel(•,pismil' Evid(•nc·(•" , /J11//. 81iw1. Soc . . l111. , n, 121-12,>, l!l.>:~. 

3 J. 11. ll odgson and H. S. Store.,·, " Din•1·l io11 of Faultill!( in '-Olll<' of th<' Largc•r Earthqu:ik,•s of 1\11\1", /1111/. 
8118111. Soc . . 1111., 1·1, 5î-8:l, )\},jl, 

• J . li. llodg~on, " Fault l'lanl' Solutiou for llH· Tango, Japan , l•:art hquakt• of 'darc·h î, 1\12, ', /fol/ . .'>l'1s111. 8u,· . 
. 1111., 15, :lî-ll, l\!55. 
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already been included in a summary paper5
, read before the Association of Seismology of 

the International l'nion of Geodesy and Geophysics at the Rome meetingR, , 'eptemher 
1954. 

It will be assumed that the reader is familiar with the methods of the research, which 
have been fully described in earlier papers1

•6 •7 •8 of the series. 

• J. H. Hodgson , "Direction of Faulting in Pacifie Earthquakcs", Geofisica Pura P .1 pplicala, :12, 31--12, 1 !).55. 
6 J . H. Hodgson and R. S. Storey, "Tables Extending Byerley'H Fault-l'lanp Tec- hniques to Earthquakes of 

Any Focal Depth", B ull . Seisin. Soc. Am., 4:l , cl9-Gl , 195:3. 
7 J . H . Hodgson and J . F. J . Allen, "Tables of Extended Dista nC'es for PK!' and Pc- 1'", 1-'uulicalions of the Domi­

nion Observalory , 16, 327-348, 195-1. 
8 J.H. Hodgson and J .F. J . . \lien, "T ahlPH of Extenclnl DiHta,wes [or l'i' a nd pl'", P11 /JliN1tio11 s of the Do11,i,1io11 

Oburvatory, 16, :H9-362, 195-1 . 

TABL~ l 

L!S'l' OF EAR'l'IIQUAKES CONSIDERED 

-

lI Epicenter Focal 
1 

Date (G.:-1.T.) Depth :-!agni t ude Source 
'P 

1 

À 

' 
Earthquakes for which the data were too f ew to permit a solution 

July 23, 1950 15:50:0G J6°S 165°E 0 -00R - U.S.C. and G.S. 
Sept. 10, 1950 15:16:08 15½0S 167°E 0 -0lR 7 · 1 Pasadena 
Oct. 5, 1950 00:41:07 18½0S 170°E 0-00R - U.S.C. and G.S. 
Dec. 2, 1950 19:51:49 18¼0S 167 ½0E 0 -0lR 7.7 Pasadena 
Dec. 3, 1950 07:47:33 17½0S 167°E 0 -00R G-5 U.S.C. and G.S. 
June 7, 1951 22:59:00 27½0S 176°W 0-00H. G-7 U.S.C. and G.8. 
Aug. 13, 1953 09:23:23 21½0S 170°E 0 -02R 6 · U.S.C. and G.8. 
Sept. 17, 1953 21:11:,18: 20½0S 174°\V 0 -0lR 6 -8 U.S.C. and G.8. 

Earthquakes for which the data were sufficient but inconsistent 

:.VIay 21 , 1951 08:27:21 6°S 154~ 0E 0 ·02H. 7-0 U.S.C. and G.S. 
Dec. 6, 1952 10:41:1-1 8°S 157°E 0-00R 7 -1 U.S.C. and G.S. 
Feb. 26, 1953 11 :42:26 11 °s 16-1½0E 0 -00R 7 ·2 U.S.C. and G.S. 
Nov. 4, 1953 03:49:04 12½0S 166½0E 0-00R 7 -3 U.S.C. and G.S. 

Earthquakes fo r which a solution has been obtained 

May 17, 1950 18: 13: 13 21 °S 169°E 0 -00R 7 -0 Pasadena 
May 19A, 1950 02:38: 10 20½0 169°E 0 -00R 6·8 U.S.C. and G. 
May 19B, 1950 07:05: 31 20½0S 169°E 0-00R 6·5 U.S.C. and G.S. 
May 26, 1950 01:17:25 20¼0S 169¼0E 0-00R 7 -1 Pasadena 
May 27, 1950 12: 39: ,13 20°s 168°E 0-03R 6·5 U.S.C. and G.S. 
:\Iay 28, 1950 01 :36 :H 20°s 169°E 0 -00R 6-5 .S.C. and G.S. 
June 21, 1950 06:55:37 20¼0S 169¼0E 0-00R 6 ·9 Pasadena 
June 24, 1950 22:25:3-1 20½0S 169~0E 0 -00R 7 -2 Pasadena 
July 17, 1950 20:17:50 20½0S 171°E 0-0lR U.S.C. and G.S. 
July 21, 1950 20: 32:01 15½0S 168½0E 0-00R 6-8 U.S.C. and G.S. 
July 22, 1950 23 :08:00 1-1°s 167°E 0 -00R .S.C. and G.8. 
Feb. 13, 1951 11 :55:50 15°S 175°\Y 0 ·03R 7 .S.C. and G.S. 
:-Iarch 23, 195 l 21: 38 :54 3 L0S 180° 0 -0-lR 7·1 u. .C. and G.S. 
Aug. 28, 1951 16: 31 :11 2ï0S lï8°E 0 -09H. .C. and G.8. 
Feb. 25, 1952 01:lï:OO 17°S J ï3½ O\Y 0 -00R 6·9 U.S.C. and G.t:i. 
May 9, 1952 lï:-17:41 6½0S 155°E 0 -0lR 7 -0 Pasadena 
July 13, 1952 ll:58:3-1 18½ 08 169!0E 0 -05R 7-0 U.S.C. and G.S. 
July 27, 1952 08 :23 :22 20½ Of; 179°\Y 0 -0ïR U.S.C. and G.S. 
Sept. 11, 1952 22:26:-ll 29°s l ïï0\\' 0-00R 6· U.S.C. a nd G.S. 
July 2, 1953 06 :5G:5 l 18½08 169°E 0 -03 ï -7 U.S.C. and G.S. 
Sept. 14, 1953 00:2G: 36 18½08 l ï8½ 0E 0-00 6 -î C'.S.C. and G.H. 
Sept. 29, 195:3 Ut :36 :-15 36i 0S lïï0E 0 -0-1 î -2 U.S.C. and G.::,. 
J an . 13, 195-1 00:13:06 -190 . 165°E 0 -00H '7 ·2 l.! .S.C. and G.H. 
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PRESENTATION OF THE DAT.\ 

The epicentral data on the earthquakes considered are gi\·en in Table I. It is probable 
that the epicentres are not more accurate than ± ½ degree, nor the depthR than ± 50 km. 
In the words of Gutenberg and Rich ter 9 " Location of RhockR in this region has al ways 
1 een difficult ; it is complicated by the occurrence of shock'3 in the whole range of hallow 
and intermediate focu ". 

It \Yill be noted that in Table I the earthquakes are listed in three groups. For 
earthquakes in the first group too few da ta were recei\'ed to make a solution possible . 
One of the earthquake of this group , that of December 2, 1950, has been successfully 
treated by "\Yebb10 who worked from original records. 

A second group of earthquakes listed in Table I presented sufficient but inconsistent 
data. Readers familiar with the earlier papers of this. eries will recall that moRt solutions 
have numerous inconsistent observations. These normally do not cause serious difficulty 
since they fall in among consistent observations in such a way that no mechanism could 
account for them. The four earthquakes listed in the second group of Table I had large 
groups of observations consistent among themselves but inconsü,tent with other groups. 
No :-;olutions coulcl be ohtainecl and it appears possible that r-;omc mcchanüm1. other than 
failurc undcr a couple may be active. His pcrhap:-; significanL that all the earthquakes of 
this group arc from the Solomon !::;lands region. 

In orcler thaL othcrn may tudy the mcchanism of thcsc shocks all the fi.rst-motion 
clala collectcd arc given in Table II, together with distance and azimuth of each contribut­
ing station from cach of the four cpiccntrcs. 

The third group of earthquakes consists of those for which solutions have been 
obtainecl. These solutions are discussed in the following section : the data on which the 
solutions depend are given in Table III. 

The notation used in Tables II and III is the same as that used in earlier papers. 
The letters C or D, upper or lower ca e, are used to indicate a recorded compression or 
dilatation respectively in place of the letter P in the designation of the phase. Thus a 
P phase recorded a a dilatation would be reported a. " D", a pPi' phase recorded as a 
compression would be listed as "cCi'", and so on. This system works very well except in 
reporting the phase PcP, where the letter c in the phase designation is confusing. In 
this case the observation is reported simply by writing "PcP =" in the tables. The phase 
designations given in the tables are those observed at the stations; reflected phases are 
plotted with a phase change due to reflection. 

Two of the earthquakes listed in Table I occurred on the same day, May 19, 1950. 
To Rimplify reference to these two shocks in other tables the dates have been called May 
Hl.\ and May 19B. 

9 B. C:ute11IH'rg and C. F . lli!'hlcr, 8ris111ù,ly of the Ea rlh, ( l'ri rr c-eton, Prinr<"lon l'nivPrsity l'rPs, ) p. 18. 
10 .J. I'. \\ '<•hh , " .\ f-ipismologi<"al Study of t he T cclon ics of a Portion of the Soul hwcst Pacifie" , Dortornl Dis­

~<' rlalio 11 , S:tinl Louis University, 195-1. 
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TABLE II 

J)i,t anri•, .\1,imulh and Firsl :\lotion Data for .Four, 'olomon I~lancls Earthquakes 

A 11ry11tirr sion indiratcs "" llzimulh mrasurrd 1cest nf north. 

If 

.\la,· 21, 19,jl DC'C'em ber 6. 1952 FC'hruary 26, 1953 Xovemher 4 , 19.53 

Dist.0 .\z. .\lotion Di,t. Az. .\ l otion Dist.0 , \ z.0 .\lotion Di,t.0 ,\ z.0 .\lotion 

140 ·6 

128·4 -14·.J DD 

H2 ·91-35·8 D, ' 
('(' 

--------
143·6 -30·,5 C', ' 

C'C 

149.4 -30 ·2 

f------

149.7 -23·8 

~ -8·71~ 
(',' 

~11~ -22 · 0 (' 1' 
('(' ('(' 

DD C'C DO 
~ -31 ·3 D, ' 145·8 -30·0 ,-(-.-,,--~ -22 5 ~~ -20 4 ~ 

_.,_p_ia_. ______ ,k __ 1 ___ _:__::_ fn ------ i~ _:__c_· __ 
.\rC'ata ... .. .. .. . 8ï-.5 48·6 D 

dD 
·---1-----------------------

,\thens ........ . 128·5 -47·3 D ,' 138·3 -46·0 D, '(?) 
DD (?) 

---------11--- ------ ---- ---------------- ----------------
. \uck lanrl ........ . 

Bandung 

Babel .... 

Belgrad e 

129·9 -28·8 ('i ' Il cc 
11-----

32·9 153·2 D (?) 25·3 164 ·3 C 

48·9 

DD 

-92·1 C'C' 56·2 - 90·9 D 58·2 -90·3 D 

1

------~ -23· ~1~ -22·8 
1 

C,'(?) 

cc 
-- ·---f----------lf-------1---

127•5 -38· 1 D,' 134 ·4 -3.5·8 C', ' 136·8 -3,5•,5 · C,' 
------------,f---- ----- f------- -- ----------------1---
B erkeley ... 88·3 ,51·8 C' 87·6 51·4 C 83·8 49·7 C 83·3 49·0 C 

c·C' 

Bermuda-Columbia 11---· ___ , __ r------
130·1 

. ---1---------

56·9 C'C 129·3 58·4 ('i' 
CC' 

Bogota 

Bombay 

Bozcman 

Bris bane .. 

BurlapC',t 

Butte'. 

( 'a i<-ulta 

Cartuja 

('hic·ago 

( ' hi1w hina 

( 'lu i,tch u, ch . 

('itH'innati 

( Ï!'Y!'land 

131 ·6 

84· l 

89·21~ 

-70·3 D 
-----1 

('(?) 

129
·
2 ~~- ___ CC1ICC 

87 · 1 -70·6 C ~ 
---, __ 1 ___ _ 

94·0 44.4 C 

19·7 - 169·,5 D 19·6 -148·2 D ]9.,5 -141·6 D 
D D 

--21·4 1- lï6·4 

-:n.o DD(?)l;-
--- ---1-------------- ---- ----

133· ,5 -32·0 D,' (?) D, ' 
~I 13.5·8 _=1-6 ~ 

70·fl -63· 7 · (' 

u :i -1 -29·8 C', ' 
J)J) 
,,(',' 

.j(J .fi 

ll î · 6 , 

J,5!1 · î D 

.JS . ~ ( ·,, 

1 dD ,' 

f n , 

HG·l 

:lî,!J 

11 Ï · 1 

-63 ·8 (' 

----
-28·4 (' ,' 

DD 
(•('i' 
---

1 

161·4 (' 

50· l T) [) (?), 

93·0 4:3 ·8 D f"') ~ 43·6 C 

81·7 -65· 1 _( ___ r- ------
];j[ ·9 -20·4 D ,' J.;:3.9 -18 · 2 (' ,' 

------
I I0·ll -19 ·,'i ]) [) 

1 IS ·3 !11·1 ])I) 

:33. J lo9 ·2 T) :Jt,:l lîl · ➔ (' 

112 •,j ·9 -,)_., J)I'! ) 

1 

1 ),5· 2 .j!J . .j 
1 DD 1 ------ __ ,_ 
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T .\BLE II ('011/ /1111rrl 

l)ist a n1·P, Azimuth and Firsl ;\lotion Data for Four Holnmon I~land, l•:a rt hquakPs ('o/1/111 Il('(/ 

A 11ra11tirr sian i11dica/1·N nn r,zi11111th mrasurrd 11·1st nf 11nrth. 
------

Earthquake ~l a~· 21, 19.51 J)('('(' lllhN Il. 19.'i2 F ,,J,rua r., 2G. 1 Ç},):1 '\""o\'Ptnh(•r -1. 1 !1,):1 

:-;tation Di,t.0 .\z.o ~l otion Di,t. . \ z. ~loti on Di,t. .\ z . ~l otion 1 D i,t . .\ z. ,IO iion 

< 'ohh Hin'r 3, .. ; 1;;; . ï (' ;3,; · ï J.'i9 .;; ( ' 
1 

2~ .g lï0 •2 
1 

(' 

( 'oi rnhra Li0·:l - 11 ·0 D ,' 

Il 
1 

Colle11:e 82·-l 21 ·2 ]) H3·-l 20· Ï n 

C'ollm her11: 
Il 

12-1 · Ï -2/H C,' 12ï · ï -2ï-8 D ,' 13.5-8 -2:i-ï Jl t' 
( '(. ]) [) 

('open h a11:en 122 -0 -2-1 ·3 C1 1 12-1-9 - 23-G C, 1:10 --1 -20 ·-l D 1' 132 -5 - l!J ·(i ]) , ' 
('(' 

DeBilt . ('(; 
11 

---
D jakarta . -19- 8 -fJ I 2 (' .jï-2 -90 -2 (' .59 · l -89-ï l) 

clD DD ( '(' 

dDD 

Firenze 1 1-12 -3 -2U·8 ('1' 

-· --
l '°re:-;no 90· 1 ,53 -2 ( . 89--1 .52·!! (' 8.5- -1 .51 .3 (' 8-1 ·8 ,50-7 C 

Fukuoko 45 -6 -28 -,5 (' -18- .5 -30- 0 D ,5,5-0 -3-1 ·9 D 57-.J -:l,'i-8 (' 

----
H alifax 

Il 

126- 8 -1:3.z D,' 

l lelwan. 12-1 ·8 - 59 ·3 D ,' _I __ 135- 1 -(i0 -2 D,' 

11 iroshirna ,56-8 -3:J-ll (; 

1-

11 01111: Konl'( .. ,5 1. 7 - .53 -4 (' ,59 · ;j -5,ï-9 1) 61 .9 -,i6 -2 ( ' 

------

1 l lonolulu .5-1-1 ,5/H (' ,53 · 1 ,55·8 (' 49 -0 .j!J -0 ]) 

1~ 1 l l t1nl-!:rY l lor,c 95-.J -12-1 (' !!2-f, -11 .3 (' 41-0 J) 

c·C 

11 ycl e raha d 78-6 
1 

- 70 -9 (' 8 1-(j - ïl -0 (' 89-(i - ï2 ·2 (' 9 1 . 9 -72·7 (' 

K ara piro 34 · 1 J.53-4 (' 28 •,Ï l(il •,'i (' 2{i-,j rn3 -8 J) 

DD DD 

.Karbru he 128 -5 -28- 0 D, 131 ·-1 - 27 ·2 C',' 1:3; .;3 -2:3·2 ('(' 13H--1 -22·2 !) , ' 
1)1) ('(' [) 1) 

K ew 1:i2-8 - 19 -2 C', ' 

Kiamata :)H-3 l(i(l-1 ]) ;J (j , (j 162-0 

1 

1) :3 1 ·H Jï0 -3 !) 30 · l lï2-, (' 

,,(' 

Il 
( ' ( ' 

Kiruna 11 3 · ï - IG ·,'i (', ' 

J-:oh<' ~-Hi -:li .;J (' 

Ko"hi 4ï -0 -2ï ·0 1) ,;3 .;1 -32• -l J) 

Eodaikanal . ï 8- 4 - ï R-:l ( ' 8 1 ·2 - 78 -:l ]) H!l- 1 - ï!J •.~ (' !l i ., -7H·!I ( ., 

La Paz 129-1 11 8-R ( ', ' 121 · 2 11 Ï ·Ü D ,' 11~ · ï l lfi-\ ( '1' 

('(' 1) 1) ('(' 

L,i rwoln I0ï -fl 19 -8 ('( . 10:1 -:, ,j(l . ï ( ' 

[ .. i:--bon 1-17 · 0 - 20 · 1 c,' Lïl ·\I - J(} .(j (', ' 
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TABLE II- Continued 

DisüuicP, Azimuth and First Motion Data for Four Solomon Islands Earthquakes- Continued 

A nega/il'e sian indicales an azimuth m easured west of north. 

Earthquakc May 21, 1951 Dccem ber 6, 1952 February 26, 1953 November 4, 19,53 
=-======n=========ff========cjf========l(======== 
Sta tion Dist. 0 Az.0 )1otion Dist.0 Az.0 l\fotion Dist.0 Az.0 Motion Dist.0 Az.0 Motion 
========Il=== ======1~~--==~1°=== --- ===•1====1====1,=== ----

)falaga ........... . 143 ·9 -29·4 

J\lanilla .... 
------------tt---
M atsush iro . 

---

Messina .......... . 
---

i\Jineral. . . 89·2 49·5 
---

J\1ount Hamilton . 88-8 52·4 

D, ' 
DD 

---

---
C 

C 
cC 
DD 

146·8 

42·2 

47.7 
---

134 · l 
---

88-0 

-27·9 

------
-57-9 D 50·1 -60·4 D 52·5 -60·5 D 

------
-20-5 C 55.7 -27-5 C 

------
-43· 1 C1 ' 

---
85·1 47-5 C 84-7 46-8 C 

- --
52-0 C 84· l 50-3 C 83·6 49.7 C 

cc cc 
- --------11----1----1----jf----1----1------tt-----1--- ---------- - ---

Mount Wilson .. 91 ·3 55-9 C 
---------11--------------------- ---I----.Jl------1---- ----

Nemuro ... . ...... . 58·8 -17·7 C 
-----------lt-----1--- ------------------11---11--- --- - - --

New Delhi . 8,5-0 - 60-3 D 
------------------ - --

New Plymouth . . . . 34·5 156-2 D 29·2 164·6 D 27·2 167·1 D 
('(' cc 

---
Osaka .. . . . 55.4 -31·1 C 

---
Ottawa .. . ........ . 121 ·5 39.4 C,' 121-4 41 · l D,' 118·3 45· l cc 

------ ---
Palomar ...... . .... . 92·1 56·9 C 86·7 55.3 C 

--------------- ---
Pasadena . 91 · l 56·0 C 90·2 55.7 C 85·9 54-2 C 8-5-2 53-6 C 
---------111--- ------==-----=---------------- - --

Pierce Ferry ... 94·7 54.3 C 
---------lt--=-1---·l----+----I·--= ------------11---1--- - --

Prague ... .......... . 127 •8 -29-7 Di' 133-9 -26-5 cc 136·2 -25-8 
---------lt----1----1----lf----1·=-- ----~------------ ---

Pretoria . . . 120·0 -125 -8 C,' 
---------11--- ----1----jf----1--------10---1------------ ---

Quetta . . .. 94-0 -60·2 C 
--------11---------11---1--- ------------11---1------

Ratbfarnham . 132-9 -13-6 C1' 137-2 -8·1 C,' 138-9 -6·6 C,' 
cc 

- - -
Heno ... ·•····· .... 90·5 50·5 C 89-9 50·2 C 86·2 48·7 C 85·7 48·1 C 

DD PcP=C 
-1-----1+----1--- 1----+--- - ---- - - - - - --- - -------

Resolute Bay . . .. 101 ·2 14-7 C 102-5 15-0 C 
c!D cc 
DD 

---------11--- ------------1---1------- ----lf-----1---- ----

Heykjavik ..... 122 - 1·9 D,' 
--------11---------------1----+---- -------- ----------

Hiven;icle ..... 91 ·8 56-2 C 90·8 55.9 D 86-5 54.5 C 85-8 54·0 C 
---------11---1----1----+----1---- ---- -------- - --- -------- ---

Hiverview . 27-8 -174-0 C 
cC 

26·2 -169·0 D 
cc 

25·7 -153 ·8 D 
c!D 
PcP=D 

25·3 -149·1 C 
cC 

--------11---------------1-----!I-----I---- ---- ---------

Rome .... . . 130-9 -37--1 C, ' 134-0 -37-0 C, ' 
--------111--- --- --

Salt Lake Cit:-,· ... 92-4 49·1 DD 
----------11---- --

San .Juan ü9 · 1 ( ', ' 71 ·8 (', '(?) 

Santa Clara 88 · .5 1 .52· ➔ (' 

--------11---1----1-d_D_--+1----•--- -------------11----1-------

87-8 52-0 D 83-9 50-2 D 83· ➔ -19 -6 C 
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T .\ BLI<; II Concluded 

D iHt :rnrc•, .\zimulh and First :\Iolion Data for Four Solomon Islands Earthquakps- Concl11ded 

.. 1 1uaati1·r si(}n i 11d ica lcs ,w azi 11111lh m easur cd 1cest of norlh . 

Earl hq uak<' 1 )fay 21 , 1951 Dere mber 6, 1952 February 26 , 1953 :SO\'('!lll)('r -1, 1. 953 

lïï 

---1 -------11-- ---- - - - - 1----------
Station Di,t. . \ z .0 1 ~lotie~ ~ ~ ~lotion Di,t.0 

_ ·' ::'._ ~lotion Dist.0 .\ z.• :'>lotion 

Sap1>oro .. 

Saskatoon . 100·2 38·,5 

- l !J -9 

(; 

( ' 000 - 21·1 ( 

PeP~C __ --1-
- ,I Scoresby-Sund . . Il 11 5-6 

- ·-------lt-

Scattle . ... 89·8 

Sendai . .. .. 45·9 

Seven Falls . . 

Shasta .. 8 .7 

Sitka .. . .......... . 

-- 1 - ·-
-1·3 ('(' 

--- ------
-1 2·2 (.' 

- 14·9 D 4S·5 - 17·0 C 53-8 -23-0 C 56-0 -2-1·2 
--- - - - · ------- ---- ------- ----11----1----

49-0 C 
dD 

121·2 42 -2 
11----1---- ---- ---- ----1----11----1---

1----11----1----1----tl----1------------

31·1 D 
dD 

---------11--- . ------ ----------- ---- ---- ---- ---- ----

Stuttgart . . .. . 128·3 -28·7 

D 

Suva ..... . 12-8 117 · l D ________ ,, ___ . ------ ------- --11----1--- ---------
Tamanrasset 145 . - 57 •7 

_T_a_n_M_a_r_h_~_-_·_·_·_··-----i-- _J __ 11----1---- ---- -

C, '(?) 111· 1 - 115·3 
---

Tinemaha 91 ·4 53·0 C 86-6 51·4 C 6-0 50·8 C 

-25 ·6 C (?) 
---------,'--- ------------ , ___ _,,_ ___ , ___ ----11----1---

-T-ok_J_'O_ .. _._ .. _· ._. _· ._îl ~ - 17-4 ~ - 19·4 :.i__ 52·0 

Trieste .. . . . . . . . -11 0 -33·8 C, ' 
CC (?) 

54.3 -26· C 
DD 

139·7 - 29-8 C l '('/) 

-------- ------- ---- ---- --- ---- ---------------
Tuai . . ...... . 3 -5 1.51 ·l C 35·6 152·5 C 

_T_u_cs_o_n_. _·_· ._._·_·_·-!Ill!-- 9-7--1- ~ 0 1 = = ~ . 57 6 -C-- ~ ~ C 

Uccle.. .. . ... . . .. 139·2 -17·3 D,' 

Ukiah . .. . 87-2 50·0 D 
---------11-----1---- ----------------- ----,------;----,---
Uppsala .. .. . 117-2 - 22·8 cc 120-0 - 22·3 DD 

·-------------------------11----1----

Yictoria . . . 86·7 39 .3 D 6 -6 38·8 

----- ---- -------- ---- -- --- ---- ----1------;j-----l---

Wellington ... . 39·5 155 ·8 D 36·7 157 · -1 D 31 ·-1 165· 1 D 29 ·5 167 ·3 
---------11---------1---· --- ---- ---- ----1-----11----1---

\Veston ... 122·5 46-6 D, ' 122·0 47·7 

_w_i_tt_e_v_e_e,_1._._· _·_· __ 
11 
____ ----i---->~1_2_9_·3_ - 22· 8 D 1' ---------

---------11----------1-- -1~---

Zurich .. . . . . . . . . . Il 132·5 -28-9 C, '(?) 140·7 - 23· 8 

71309- 2 

D 
DD 

D 
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.·\ herdecn . 

.A l~C'r:-. l'nh. 

.:\ li('H ll tR. 

.-\ lmr ria 

A pia ..... . 

Ampun i . 

Ar<'ala . 

:;; 
!:; 

~ 
:.' ,.. 

~ 
;] 
>, 

~ ,.-, 

( D ,') 
cc 

(]).')I D ,' 
D,' 
cc 

C',' D ,' 

D 

., C 1 (D ) 
(C'C) 

~ 
(;1 
:,, 
~ ,.., 

:;; 
;:; 
<Ô 

"' >, 
..!: ,.-. 

( D, ') 

DD 

C 
DD 

0 :g 

::::;' 
>, 

..!: ,.-, 

0 0 :g .,, 
;:; 

~ ;;; 
:,, ., 
.:l C 

~ ,.-, 
-

( D,') 

D 

(D l I C 

TABLIE III 

Data on whir h the Solutions arc Bascd 

0 .,, 
!:; 

0 .,.., 
;:; ... 

"' 
...: 

" C 
:, 

>, 
;; 

~ 

( )),') 

C',' 1 C,' 
DD 

(C) 

0 0 ;;; .,, .,, 
;:; ;:; C, -
;;; g:i" ~ 
>, .ô >, 
;; ~ 

., 
~ 

(dD,') 

(D ,') 1 (D ,') 1 cC,' 
(CC) (D ,') 

D 

C 

D 1' 

(D ) 

--
~ ~ "' .,, 

oô !:; 
~ "' ., i .c "' ~ :, 

.ô ,. 
" :, ., 
"' < ~ 

cc 

( D,') 1 D,' 
(C,') (DO) 

D, ' D,' 

C D 

"' "' .,, .,, ;:; ;:; 
.,; ~ 
>, >, 

" - :, .-. ~ 

C,' 
cc 

(Di') 1 C,' 

(D ) 

(C) 
--,---,---,---,---,---,---,---,---,---•---•---•---,---•---•---,---

At hens ............. 1 C,' D ,' 

A uck land . C C C 

Basci ·••l Ci' (D ,') 

C,' 

D C 

C,' 1 (D, ') 1 D ,' 
(DD ) 

C,' 

C C D 

C,' 

C 

C,' 
cc~ 

(D ) 

D 1' 
cC1' 

(D ,') 

D 

D,' 
C,' 

(Cl 

C,' 

C,' 
C,' 

D 

C ,' 
cc 

C,' 1 C,' 
(cC,') 

D D 

C,' 1 C,' 
(CC) 

"' ~ 
~ 
>, 

~ 

DD 

"' :g 

o. ., 
'/) 

D 1' 1 (D 1') 
(DD) 

C,' 

C,' C,' 

(Cl 

C 

D,' C,' 

M 
:g 
,,.; 
>, 
;; 

C,' 
)))) 

C,' 

C 

C1' 

J) 

dD 

Ct' 
cC'1' 

M .,, 
C, 

..; 
o. 
" :,:; 

( D t') 

D 1' 
( ))))) 

(Ct') 

D1' 

J) 

D1 ' 
( DO ) 

1---1---1---,---1---1-- -1---1---1---1---1---1---1---1---1---1---1---•---,-- ,, __ 
Belgrade . . . . . .1 C' 

Berkeley ........... 1 C 

Bermuda . 

Br~ançon . 

Bidslon ... 

(C,') 

D D 

(D ,') 

C 

cc 

C 

D ,' C,' C,' (D ,') 

(C) C C (D ) 1 D 

(CC) 1 (CC) cc 

C,' 

D D D 

C1' 

(dD1') 

C,' C,' 

( IX) 1 (C,') 1 Ct' 

C 
cc 

C 
cC 

C 

( Dt' ) 1 D t' 

C 
J))) 

cC 

C,' 
(CC) 

M :g 

g 
..; 
o. ., 

00 

C,' 
d D 1' 
]))) 

( D t') 
cc 

C' ,' 

C 

.,, 
°' 
o,; 

" ~ 

' )) )) 

(C t') 1 C',' 

D 

(D 1') 1 C,' 
cC1' Il:' 

( DD ) 

D,' 

C 
dU 

C,' 
cc 

C'C 

D 1' 
C'C 

l---1---1---1---1---1---1---1---l---l---l---l---l---1---l---1---1---1---1---1-- -1- __ , ___ ,_ 
Bogo\'1 . DD DD (CC) (CC) (C) C,' C,' ( ))))) 

-

---O---l---1---1---1---l---l---1---1---1---1---1---1---1---1---1---1---1---1---I--- --I 1- --

Bologna . •I ('1' C'1' C,' C,' C1' C,' (D1 ') (D,') 1 C,' , ___ , __ , __ , ___ , ___ , __ 

.... -, 
:X, 

V ,..... 
:;,; -:..., 
") 
;,.. 
1-3 
~ 
~ 
u3 
~ ._ .,, 
1-3 
;r; 
:"l 

0 
0 
a: -:,,: 
....... 
0 
~ 

0 
c:; 
Ul 

~ .,.. 
► 1-3 
0 
;::;J 
~ 



llombu~ . 

_ 1 Boulder City C C 

~ Bozeman 
~ -------- 1---,---

Brii,;bane .. 
1..:, 

Budapest 

D 

••• 1 C1' D1' 

C 

D 

C C D C C 

D (D ) 1 D I D 
(DD ) 

C,' D1 ' (D1' ) 1 (D1') 

C 

D 

C 

(D) 

C C 

D,' 

D C C 

C,' 
(D,') 

C 

(D) 

(Ci') 

C 

D 

(Ci') 

C 

( 1) ) 

]) 

C 

C 

D1 ' 

l(C~I _-
c 
1) 

D,' Dz' 

·l---l---1---1---1---1---1---1---1---1---1---1---1---1---1---,---·,---,-- ·•· -

Bulle 

C'akutüt 

('artuj:t ...... . C,' DD 
C 

Chcb 

Chic·a.~o-Loy(1la 

CI11ra~o-u .;.; ,(',(:. K 

('hma Lah,• 

( 'hin('h11m 

(D 1') 1 (D 1') 
CC DD 

(D 1') 1 (D1') 1 (D1 ') 1 C,' 
DD (DD ) CC CC 

D, ' 
DD 

C,' 
(DD) 
cC11 

D1' 

D1' 
D 2' 
(DO) 
cC1 1 

(d l) ) 1 C 

(CC) 1 C 

C,' 
DD 
dD,' 

C 

C,' 
( 1)1) ) 

dD,' 

(Di') 
dD,' 

DD 

C 

C,' 
cc 
(cC,') 

C,' 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 DD C 

( 1)) 

D1' 
C,' 

C 

C 

( l) i') 
C' ,' 
(d D,') 
(CC) 

1) 

D,' 
(C,') 
cc 

]) ,' 

(Ci') 

cc -,-,--,-1-1-1-1·-1-1-1-1-1-1--1---1-1- 1 -1 D - - - - - - - - - - - - - - -
.,-,-,. ---- ·-· -----·--- ·----·--

1)1) C,' 

(',' 
( D,') 
cC,' 
(cC,') 
1)1) 

1)1) 

('hri::- tchur('h 
C 1 - I (~C) 

C C C C C D IC 
(DD ) CC 

C 

D 

cc 
C C C l) (C) J) I.e~ C -

C hur 

( 'inrinnat i 

( 'l<•,·eland ( D ) 
(',' 

('obbHin•r .. . .. 1 (' 

('oimhra . . . . . . . ,1 

<"ollr~c· ... C 

Collmberl{ 

(D l 

(' D 

C 
cc 
(D1 ') 

D 

(C) 

(D ) 1 D 

cc C,' 
cc 

(D ) 

C D 

(C) 

D 

C 
cc 

cc 

(D ) 
cc 

D 

D,' 

C I D,' 
(d D ) 

(DD ) 1 C 

D 

D (C) 

D,' 
dD 

C 

C 

1 - 1 - ~ ! -- 1 - l_:J- 1 - 1 - /3:~ 1 ~(:. 

C 

D 
(dD) 

D,' 
D,' 
cC1' 

n 

(Cl 

J) 

C,' C,' D,' 

cc C 

(D,'J I C,' 

C J) C 

(CC) 

C,' 

C 
1)1) 

cC 

C 
( D ,') 

1) 

C,' 
( I>,') 

D 1' 

I_ 
1)1) 

(C) 

c·C,' 

1 

( 1),' ) 

C1' 
J)l) 

<'C'1' 

C 

D,' 
(CC) 

le 

D I D I D - -

1 -Z,---1(0,') 1-- 1 (C,') 1 C,' 1>,' (',' C,' 
DD (Dl) ) . ])I) J>,' Dl ) 1 C,' 

( Dll ) CC 
•·- --

t-1 
:,... 
;:::I 

""" ;r: 

'° " ;,... 
-< ,,, 
~ 
C 
-=:: 
"'j -::-i 
':E 
~ ,..... 
e-Î 
~ --~ 
Y. 
>-l 
"'O 
:,... 
I'") 

': 

,.=, 

? 
"'' J,,. 

~ 
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Colombo. 

Copenhagen . . 

De B ill .. 

DJaknrt.a ...... . 

l'ayettn ille .. 

0 0 
0 

,,., .,, 
0 0 0 0 0 "' a, 

"" - ~ 
.,, .,, .,, .,, 

C !:; "' !:; !:; p:î -r. ,.: !:; !:; t :;; oô ~-
"'' "' "' ~- ;,, >, >, >, >, " " " " " "' "" "' C C - - - :, :, ,,._ ,.., ,.., ,,._ ,.., ,.., ..... ..... 

.. , ( D ,') 1 (D 1') 1 CC C,' (D ,') 

(',' C,' C,' C'1' C,' D 1' C,' C,' 
('(' cc cc cc 

TABLE III- Conlinued 

Du.ta on whiC'h the Solutions ru.· C' Bascd 

0 0 0 

~ 
.,, .,, 
!:; !:; 

,.: ~-
"" >, >, >, 

"3 "3 "3 ..... ..... ..... 

C, 

(D,') 1 (C,') 

C 

-.,, 
"' -
M• -_,:; ., 
µ.; 

D 1' 

D 1' 
(dD,') 

;;; 
O> -
~ 
..c 
" ~ "' ::;: 

C,' 
C,' 
(CC) 

.,, 
"' 
oô 
"" .., 
"' :, .. 
:, 

-< 

"' .,, 
"' "' ~ -

:,;i ai 

'" ~ 
,.; 

_,:; >, ., "' .,.., 
~ ,,-, 

>, 

~ 

C 

C 

"'' .,, 
::: 
~ 
>, 

~ 

D 1' 

D 

"' ~ 
..: 
..; 
C. ., 

Cf. 

1) 

"' ~ 
r.-Î ,., 
"3 

J) 

J)I) 
d Il 

"' ~ 

..; 
e 
:r. 

C1' 
C'C1' 

( 1) ) 

1---1---1---1---1---1---1---1---1---1---1---1---l---l---l---l---1---1---•--- , ___ ,_ 

C C C 

M ,,., 
c:, 

è. 
"' 
o. ., 
:r. 

( Il ,') 

~ 

~ 

::±" 
è 

..:; 

c 11) ('(' cc 
"c 

---------l---1---l---l---l---1---1---1---1---1---1---1---1---l---l---l---1---1---1---•---,-- - , ___ , ___ _ 

Finger Bay .. 

JtJorenc·e. . . . . . . ..... D,' C1' 

I) 

(D,'J (C 1') 
(d D, ') 

C,' 
cc 
dD1' 

--------- 1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1- --,--
l'resno .... . . . 

Fukuoko .. ... . C C D 

(C) 

C C 

D C 
cC 

C C C 

D (C) 

C C 
d D 

C 
DD 

C C 
_________ ,, l---1---1---1---l---1---1---1---1---1---1---l---1---1---1---1---1---1---1---1· , __ _ 

Crahe.mstown. 

Jl ulifux .... 

Hurn1rd .. C,' 

ll elwan . 

Hiros l1imu 

Hong lfong 

llonolulu (C) 

(C i' ) , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ ,__ , __ _ 

C,' cc C I C,' 
cc (D 1') 

C,' 

D ,' 1 C,' 
(DD ) CC 

C,' 

C,' 
DD 

C,' D 1' 

cc C,' 

(D 1') C,' ( D1') 

,' 

(C,'J 

C' ,' 
cC1' 

C,' 

C 
_, ___ , ___ , __ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , __ -, 

C C 

((') D (C) (C) l) C l) J) 1) D J) C 
-

C,' 

(('} 
(cl D ) 
cc 
C 

(' 

C 

D1' 

~ 

r-: 
.:X:, 
::-' 

0 
;,.. ...., 
~ 
~ 
:i 
~ 

-=:; 

-3 

:=; 

;:J 
0 
:!::: ..... 
:,,: ..... 
0 
:,,: 

0 
;:c 
"1 
t=J 
;::) 
,: 
> 
>--3 
0 
::;; 
~ 



li ungry I lorl:I<' 

H ydcrn lll\<l . 

I vigtul 

J\aloc.i!L 

... . ··1 c_l c 1 - 1 c ·I - 1 - 1 - 1 CD > 1 (D l I c 1 - 1 D I D ·[ - 1 c ·I - 1 c 1 ( DJ 1 . - I_ c __ 1 <C> - --·-

- ,, __ ,- - - - - - - - - - - - - - - ' ( D ) - - 1 - 1 - 1 (C) 1. CC 

(D i') 1 D ,' 

(D,' ) (D1') C' (C' ,') 
-------- ·1· - t---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1• 

1 ( D ) l{arapiro .. D D (C ) - C 1) J) I C 1 c; 

l\arlRruhe C,' D ,' C,' D,' 1 D,' 
dl),' 

( DD J --1- 1-1· -( D i') (cC,') ( D,'J - - C, ' D,' ( Di') 
1 

( l> ,'J 
C c.:c cC 1' (dD,'J C',' D,' 

("(; 

Iü·rskcmet C,' 
cc 

---------[·--l---l---1---1--- l---l---1---1---1---1---1---1---1---1---1---1---1---,-

Kew .. .. C,' C,' (D 1') 1 C ,' 
DD CC 

(D ,' ) 1 D,' C,' 
(DD ) 

---------1---1---1---1---1---1---,---,---,-

l\iamata .. .. (0 ) 1 C C (D ) C 

D,' 

D C 

C,' C,' C,' 

D C C D ( D J D D 1) 1) u C 
- 1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1-- -1-- 1----1---1----

1\imberley . ... C,' C,' (C, 'J 
---------1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1---1----1---,. 

l\ irk lund Lake D 1' (D1') 1 (D t') 1 (DD) C,' Ci' 
l---l---l---1---l---l---l---l---1---1---1---1---1---1---1---1---1---1---1---·I -1----1-- ·I ---

l\iruna . 

J\odai kunal 

Koti ., C 

J\sa.ra C,' D,' 
(DD ) 

La Pa7. .. (CC) 1 C 
(CC) 

La Plata 

Lrncoln 

Li~bon C,' 
cc 

Lwiro .. 

Malaga 

\l anill:1 

o\labu." hiro ...... . 

D, ' 

(D ) 

(D,') 1 D,' 
cc 

C 1c 
(CC) DO 

D 
cc 

C,' 
cc 

C,' 
cc 

D 

C,' 

C 

C,' 

(DD )I (D ) I c 
(CC) (CC) 

C,' C ,' 
cc cc 

D 1' 

C 

(D , ') 1 CC 

C 
(CC) 

C 
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cc 

D 
(DO ) 

cc 

D 1' 
D ,' 

cc C,' 
cc 

C,' 
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D 

cc 

1) 
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J) 

C 

(DD) 1 (D,' ) (CC ) C 
cc 

C 
DD 

1 - 1 D1' 

(Ci') 1 D,' 
(C,'J CC 

D 

D1' 

C 

1 C,' 1 - 1 - 1 - 1 C,' 1 C,' (D ,') ( D,' ) D ,' 
(d D,') 
cC2' 

C,' 
DD 

(CJ 

(D t') 1 C ,' 
cc 

(D ) 

D 
DD 

J) 

DD 

D1' 
nu 

(U) 

C 

C 

C 

C,' 

( D ) 

(C ) 
·c 

IC,' D:' 
c·C 1' 
(dD,') 

D 

C 
___ , __ _ 

C,' 

c.:c 

l'd'=C.: 

1 C,' 

( . , 
,1 

cc 
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1)1) 

~ ;..•., 
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;;; 
>-3 
~ 
.0 
c-: 
;:,... .... ,,. , 
t:=; 
C/1 

0 
"IJ 
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;:i::: 
t=J 
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>-3 -::::: 
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~ 
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0 
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H 
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~1 <•'s:-.ina 

.M inf"ra l . 

. \ lount .1 lamilton 

Mount\\ ,lson 

Nagoyu .. 

Nemuro .. 

New Pl) mouth -- -
New York C'.C. 

Oisak,t. 

Ottawa 

Palo Alto 

Pa lomar 

Puri.-, 

Pasadena 

Pu\"la .. 

Pert h 

l'l,iludelphia .. 

Pierce Ferry 

~ 
~ 

,.: ; 
3 ~. 

~ ,.-. ~. 
C1' 

C 1) 

~ 
.ô" 
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~ ,,., 

C 

~ 
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C,' 

C 
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C 
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oô 
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;;; ., 
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~ 
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TABLE III-Continued 
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.\X.\LY:-;r:-; OF THE D.\TA 

1 n 1 hi:-; :-;ection :-;o]ution:-; will be pre:,;ented for each of the twenty-three earthquakes for 
which it ha:-; heen po:-;:-;ible to obtain them. In each case the solution diagram will be given, 
together with a table :-;J10wing the number of observations of each sort of pha:e which were 
arnilnble and the number of these inconsistent with the published solution. The more 
serious of the inconsistencies will be <liscw,sed and, finally, a discussion will be given on any 
geological implications of the solution which seem pertinent. 

The solutions are base<l on the tables of extended distances already published by this 
OhsetTa tory6 ,; •\ as well as on tables not yet published, * gi ving extended distances for the 
phase pP'. 

Earthquake of 18:13:13, May 17, 1950. c/>= 21 °S, À= 169°E 
As shown in Table IY, there are a total of 13 inconsistencies out of 71 observations. 

Of these the (3 inconsistent observations of Pi' and the 3 of PP are so scattered throughout 
the diagram that they could not be brought into the solution by any system of circles . 
Of the 4 incornüstent obsel'\'ations of P, that of Honolulu is described as a " poor" reading. 
The two inconsistent observations in New Zealand appear more serious. That at Kiamata 
was described as a questionable dilatation followed by a certain compression, while that at 
Tuai was described as a certain dilatation followed by a larger compre sion. There is a 
temptation to bring at least Kiamata into the solution by adjusting the po ition of circle 
a, but this, in turn, would make the Japane e station inconsistent. The present positions 
of the circles reduce the number of inconsistencies to a minimum and cannot be far from 
correct. 

* X otP add ed in proof. Th C'~e ta blC's ha vP now been issued. See Publications of the Dominion ObsPrvalory , 1 
8:3-100, Hl5G. 
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T .\BLE ]\' 
p 

Total Tumber of Observations. . .. .. . . . .. . . ... .. 28 
N"umber of Incomüstent Observations .. .. .. .. .... 4 

P/ 
2 
0 

l~ï 

PP Total 
11 71 
3 13 

The solu tion, as shown in the insert dingrnms , repre.,ents two plane., , one st rikinµ; 
N 3~5 E and dipping 79° to the west, the other striking :'\ '2~5\Y and dipping 7 1° to the 
north. \Vhichever of these planes represent::, the fau lt, faulting is strongly transcu rrent , 
with a slight thrust component. There i::, no appreciable rnriation permitted in the position 
of the planes if we accept the points on which the solution is based. 

It i worth pointing out that in this case, where the clip component is a thrust, the 
circle contain dilatations. If the circles contain comp ressions the clip component is 
ten ional. Thi i a very helpful rule to fo llow in interpreting the fault-plane solution 
diagrams. 

Earthquake of 02:38:10, May 19, 1950. 4>= 20 i 0 S, À= 169°E 
In this earthquake it was not clear at first whether the field definecl by the P ' observa­

tion was dilatational or compressional. However, when the P' observations were plotLecl 
on a reduced scale, as shown in the insert diagram, it was found that ail but 5 of the 23 
ob ervation of thi phase could be made consistent by drawing a very large dilatational 
circle. Of the three inconsi tent obserYations, that of Basel was described as uncertain. 

TABLE V 
p 

Total N umber of Observations . .. . ......... 19 
Number of Inconsistent Obt>ervations . .. . ... 4 

1, . ·-
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The second circ le, clra \Yn in accordance \Yith the orthogonality criterion, separate, the 
dilatations recorclecl at Berkeley and at Mount Hamilton from the compression general in 
the rest of Xorth .\.merica. This circle, as drawn, makes Honolulu inconsi tent, but the 
ob:-;er\'ation at thi:-; station is described a. "poor". The circle also contain. four PP 
obsernltions, hm of them consistent and two inconsistent. The PP dilatations might 
ha\'e been sepnrnted from the compressions by a circle ·maller than that drawn , but this 
would ha\'e been nt the expense of the obser\'ations at Berkeley and Mount Hamilton , 
described as "goo<l" by our collabora tors . 

. \. more serious interpretational difficulty aro e in New Zealand, where most of the 
ub:-;ervat ions ,Yere described as doubtful. The preponderance of evidence sugge.-t · that 
a il of K ew Zealand recei,,ed an initial compression. If this is not true, then the large 
t'ircle (designated a in the figure) would have to be swung around to include the New Zealand 
stations; this would destroy the separation accomplished in the P' observations. On the 
whole, the present solution seems to be the most satisfactory. The observations are 
i:; ummarized in Table V. 

The insert diagrams illustra te the geology of the situation. We have to choo e between 
a plane striking N 31 ~5 E and dipping 4° to the northwest , and a plane striking N 56~5 W 
and dipping 71 ° to the northeast. In either case the faulting is strongly transcurrent with 
a \'ery small thrust component. 

Earthquake of 07:05:31, May 19, 1950. <t>= 20½0 S , À= 169°E 

This earthquake is an aftershock of that just discus ed, and the olution, hown in 
Figure 3, is much the same as for the main ·hock. There are fewer observation of P' 
with ,Yhich to c.lefine the position of the larger circle. It has been drawn in a mean position 
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from which a variation of ± l O would be permitted hy the data . The :-:erond eirrle i:-: 
very well defined by a, eparation between Berkeley and l\Iount H amilton . It i:-: intere:-:t ing 
to note a l o that this small circle pro,·ides a separation heh,·een the P/ ob:-:en·ation:-: at 
, traRbourg and Stuttgart, which haYe a clifferent direction of rno,·ement. 

It wi ll be recalled that in the pre,·ious example there wa:-: :-:orne diffirulty in deriding 
whether Iew Zealand should be plotted n:-: a compres:-:ional or clilatationnl area. ln thi" 
case there is no ambiguity, a il the :\ew Zealand P ob:-:ernltion:-: being rlearl.Y eornpre:-::-:ional. 
ThiR suggeRtR that the correct decision ,,11:-: made in the pre,·iou:-: exarnple , where Xe,,· 

Zealand was taken to be compre:-:sional. 

TABLE YI 
p P, ' P., ' pp ppp Total 

Total K umber of Obserrntion:-: ... ... . ... .. 1:3 7 :) 8 1 :H 
N umber of Inconsistent Ob:-:er\'ations . . ... . () 1 0 :~ 0 4 

The distribution of inconsistent ob:-:erYations arnong the se,·cral pha:-:e:-: rceorded i:-; 
shown in Table VI. None of the inconsistencie:-: is :-:e riou :-:. Th e in :-:ert diagram:-: in Figure 
3 illustrate the two geologica l possibilities, which do not diffcr \'Cry much from thosc in 
the main shock. 

Earthquake of 01:17:25, May 26, 1950. cp = 20 ~0 S, À= 16? }0 E 

As is Rhown in T able Vll , while the number of inronsi:-:tcnC"ic:-: in lhc othcr phase i:-: 
reasonably small , t here a re ü inconsistent observations out of :ri ob:-:el"\"a(ion:-: of P i'. 

This number seems very large. Most of the disrrepant observation:-: are not, howeYer, too 
serious, since they lie surrounded by consistent observations. One exception to thi:-: i:-: 
provided by the group of stations in northeastern United Rtates. Harrnrd, Weston and 
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Cle,·elnnd all report "clear" dilatations. It hm; not pro,·ed possible to bring these ob ·erva­
tions into a solution that makes the P compressions, well obse1Ted in California, also 
com,istent. It is necessary to conclude that the P' observations are inconsistent, and these 
corn,titute a seriouR criticiRm of the Rolution. 

TABLE YII 
p Pi' P2' pp pP Total 

Total Kumber of Obser'\'ations . .. . . . . . .... 2ï 31 4 22 1 5 
Kumber of Inconsistent Obsen-ations ...... 4 9 0 4 1 1 

As shown in the insert diagrams of Figure 4, the solution again show. transcurrent 
faulting, with a weak thrust component. 

Earthquake of 12:39:43, May 27, 1950. cp= 20°S, À= 168°E 
This earthquake, which had a focal depth of 200 km., was a little too small to provide 

a satisfactory solution. As shown in Table VIII, there were not a many observation 
reported as usual, and there is a higher percentage of inconsistencies. Mo -t of these 
inconsistencies corne from Pi' observations at distant stations, and undoubtedly reflect 
the low magnitude of the earthquake. In spite of the difficulties it seems worthwhile to 
publish the solution, as shown in Figure 5, since no radically different solution seems 
possible. Note the reduced scale of the figure as compared with earlier diagrams. This 
enable. the observations of P' to be plotted on cale. The insert diagrams to the figure 
indicate that the faulting is almost purely transcurrent. 

TABLE VIII 
p 

15 
2 

Pi' 
16 
7 

PP Total 
Total N umber of Observations .......... . . . 
Number of Inconsistent Observations ...... . 

b 
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Earthquake of 01 :36 :44, May 28, 1950. <.f> = 20°S, À = 169°E 

T he solu t ion for th is ear thqua ke, shO\rn in Figm e (j , scores 10 failmcs out of -1--1: ob"e r­
Yations. These a re en umerated in T able IX . ,\_lmost a il th e in consistent obse n ·n tion s 
ha\'e been described by the readers as doubtful. One exception is th a t for Berkele_,·, " ·hi r h 
is incon i. ten t wi th " good" observations at Nhasta and 1Iount Hamilt on, but whieh is 
it. elf described as a " fair' ' obser\'ation . 

T ABLE IX 

T otal N" umber of Ob:,er\'a tiom; . ................. 

Tumber of Inconsisten t Ob ervat iom; ... . ....... 
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The solu tion shown in F igure 6, has one plane , ·ertical. In fact the data do not ins ist 
on absolute verticality fo r t his plane; a slight curva ture in either direc tion co uld be 1. ole r­
ated . The solut ion , as drawn , represents an a ,·erage position . 

Since the one pla ne has been clrawn vertical, the insert cliagrnrns show t he fa ul l in g to 
be p urely transcurrent. 

Earthquake of 06:55:37, June 21, 1950. <./> = 20 1°S, À= 169~0 E 

The olu t ion fo r t his earthquake, shown in Figure 7, assum es that th e cirrles a re 
dilatational and that t he field shou l<l the refo re be eompressional. . \.s shcmn in T a ble X , 
all bu t 6 of the 26 ob en-ations of P i' support this, and th e inco nsistenr ies a re sca t t e red in 
azimu th . T he score on the other p hases is reasonabl y sa tisfaetor~·-



1!)2 l'l'BLIC.\ TlO\'S OF T Iii •: D0 1'11 \' LO.\' OBS l•: ll \ ',\ TOHY 

T ABLE X 
p P1' 

Total X umber of ObsetTations .. ......... .... . . . 2.5 26 
Kumber of Inconsistent Obser\'ations .. .. . .... . . . 5 6 

P2' pp Total 
1 1.5 67 
0 4 15 

The insert diagrams show that the faul ting is la rgely transcurrent ; since the circles 
contain dilatations, the minor component is a thrust. 
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Earthquake of 22:25:34, June 24, 1950. cf> = 20 ~0 S, À= 169 ~0 E 
The total number of observations, a nd the number of these inconsistenl wit h the 

solution here presented, is given in Table XI. The solution itself, \Yhich is presenled in 
Figure 8, i quite straightforward and requires no explanation. 

TABLE XI 

Total K umber of Observations ................. . 
K umber of In consistent Obserrntions ........... . 

p 
2;j 

4 

Earthquake of 20:17:50, July 17, 1950. c/>= 20½0 S, À= 171°E 

P/ 
2 

0 

PP Total 
Hl 7fJ 
6 17 

The solution of this earthquake, shown in Figure 9, consisb,; of two planes so steeply 
dipping that it has been necessary to p lot the map on a reduced scale. .\s itemized in 
Table XII, the solu tion accounts fo r a total of 42 observations with 8 inconsistencies, none 
of which is serious. 

T ABLE XII 
p 

Total umbcr of Ob.-crvations ....... . . . . . 20 
J umber of Inconsistent Observations . . . . . . 4 

Pi' 
1,j 

0 

P' " 
1 
0 

pp pP 
5 1 
1 0 

Total 
42 

As shown in the im;ert diagrnms, faulting is transcurrent with a slight thrust com­
ponen t. 
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FAULT PLANE PROJECT 
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~ ',,Ill rp • 15''2°S )., , 168 1!•.tt"E 

h•OOOR 
P Compreu1on o P O,lotohon â 

P Compreu1on • P O,lotallon • 
,.. b 

•1gt, ~ t
't.., .• 

b ,.. 
U~I• 

""'•· 
<oc, ot,,o 

Earthquake of 20:32:01, July 21, 1950. q>= l5 ½0 S, À=168tE 
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, o many of the earthquake. analysed in the fault-plane project to date haYe shown 
nearly pure transcurrent faulting that any e,,idence in favour of non-transcurrent faulting 
should be submitted to the reader, even though that evidence is not clear. The solution 
for this earthquake, shown in Figure 10, is publi hed with this thought in mind; the reader 
is cautioned to examine it critically. 

It will be noted in the figure that a separation is clearly indicated in Japan (Kochi and 
Tokyo mo,'e in opposite senses) and also along the Pacifie hore of North America. The e 
separations have been made with circle b. A second circle can be drawn to bring in SuYa 
and the PP observation of Christchurch and to satisfy the orthogonality criterion. The 
extreme and mean positions of this circle a have been indicated. The score for this solution 
is indicated in Table XIII. For the phases other than Pt' the score is not too bad, parti­
cularly since many of the inconsistencies are not serious. For example the Berkeley 
observation is clescribed as "questionable" and in any event Berkeley i::, very close to the 
circle as drawn. Observations at Bozeman, Honolulu, Cobb, New Plymouth are also 
described as questionable. 

T .1.BLE XIII 
p l\ ' P' t pp pP Total 

Total X umber of Obsernltions .. . . ;:30 18 1 1; 1 67 
Xumber of Inconsistent Obsen·ations . . ... 6 8 0 5 1 20 

It is \\'ben one turns to the observations of P 1' that doubts arise. Here 8 out of 1 
obsernttions sho\\' dilatations instead of the compressions demanded by the published 
solution. Repeated attempts ha,·e been made to find a system of circles \\'hich would 
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effect a separation of compression. and dilatations in the P1 1 and sti ll satisfy the separation:,; 
in Japan and California. No such system ha:-; been found and it has been necessar,v to 
conclude that ail P t' obserYations should be compressional. There is some justification 
for thi. in that at least four stations reported a small initial compression followed b,v a 
much larger dilatation. Perhaps the inconsiRtent stations fai led to record the small 
initial compression. 

The insert diagrams are based on the mean position of circle a. E,·en in this case the 
thrust component is very large. Had the smallest ,·alue of circle a been plotted the 
thrust nature of the faulting would have been still more pronounced. It will bear repeat inp; 
that this solution is being published, despite the doubts which attend it , becau,;e it doe:-; 
suggest the pos ibility of a large dip componen t of motion . 

Earthquake of 23:08:00, July 22, 1950. </>= 14°S, À= 167°E 

This earthquake was rather small, and was not widely recorded, but, m, shown in 
Table XIV, the percentage of inconsistencies is about normal. The solution is shown in 
Figure 11. It should be noted that this figure is drawn to a reduced scale because of the 
large size of circle b. The insert diagramR demonstrate that the faulting is again trans­
current, with a very small thru.-t component. 

T AB LE XIV 
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Earthquake of 11 :55 :50 , Feb. 13, 1951. <t> = 15°S, À.= 175°W 

This earthquake was Yery widely recorded, a total of 74 obseiTation being a\'ailable. 
The solution shown in Figure 12 accounts for all but 16 of the e obseiTations. 

This solution marks the fi.r. t time that the phase pPi' has been used to any large extent 
in plotting. In order not to confuse the diagram only a few of these ob ervations have 
been plotted on the figure. 

TABLE XV 
p Pi' P/ pp pP pP1' Total 

Total Xumber of Observations ... . .. . .. . . 32 21 3 6 2 10 74 
Xumber of Inconsistent ObserYations ...... ü 1 2 2 1 -! 16 

The insert diagrams illustrate that the faulting is almost purely tran ·current on almost 
,·ertical planes. 

Earthquake of 21 :38 :54, March 23, 1951. <!> = 31 °S, À.= 180° 

The solution for this earthquake, shown in Figure 13, has 21 inconsü,tencies among 
7S oliserrnlions. Three of the P inconsislencies are for California stations and lie well 
:-:urrounded by con:-:i:-:lent ob:-:en,ttions. T\\'o other P incon:-:istencies are from Nunl and 
Tuai which lie so clo:-:e to the epicentre that slight errnr in focal depth, epicentre or in our 
tables of extended distances could account for the errnrs. 
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Jone of the inconsistencies in P t' is particularly serious. The circle a might have 
been drawn la rger to include Resolute Bay, Strasbourg and Zurich , but thi:-- would have 
been at the expense of 8tuttgart and Karlsruhe. Ceologically the difference is :-- light , 
a n increase of about 1 ° in the clip of the plane. 

The insert <liagrams illustrate the two geological possibilitie:--. The uncertn inty m 
the dip of plane bis ±,5°, since the circle bis not closely limitecl bv the da1:1. 

Earthquake of 16 :31:11 , Au~u st 28, 1951. cp= 27°S, À= 178°E 

The solution for this earthquake is shown in Figure 14 and the data on which it is 
base<l are summarized in T able XYII. Of the four inconsistent obsernltions of P , 
two are from stations (Auckland and New Plymouth ) so near to the ep icent re that slight 
error in epicentre or focal depth could account for them, ,,·hile a third is for Pierce Ferry , 
which lies in a cluster of consistent readings. The two inconsü,tent observatio ns (Butte 
and College) of pP hn.rn been shown in the figure. Both readings a re described as doubtful. 

TABLE XYII 
p P ,' P/ pp pP pPi' Total 

Total X umher of Ohser\'ations ....... . . . . 22 !) 4 2 (j 2 -1:) 

:-i'umher of Inconsistent Obsernltion:-, ...... --1- 2 2 () 2 () 10 
• 
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This earthquake had a focal depth of O · 09R, one of the deepest for which a fault-plane 
solution has been obtained. As hown in the insert diagram to Figure 14 the faulting is 
almost purely transcurrent, on almo t vertical planes. In an earlier paper3 a solution for 
a normal focus earthquake from the same area (the Kermadec·) wa given. The two 
olution are almost identical except that, wherea the normal-focu earthquake wa 

solved with dilatational circles, the present deep-focus earthquake reauires comnression ::i l 
circles. 

Earthquake of 01:17:00, Feb. 25, 1952. </>=17°S, À=173½ 0 W 

The , olution of thi earthquake is shown in Figure 15, while the data on which it is 
based are summarized in Table XVIII. One group of inconsistencies is worthy of dis­
cussion. Three of the K ew Zealand stations showed compressions, three dilatations, but 
the stations were not aligned in such a way that the two groups could be separated. Only 
one station , Auckland, has been shown on the diagram, and the solution assumes the en tire 
X ew Zealand area to be dilatational. 

TABLE XVIII 

p Pt' P/ pp pPi' Total 
Total Xumber of Ob:ervations . ....... ... ;32 2-! ù 11 3 75 
Xumber of Inconsistent Obsernüions . . . ... ;) -1 3 3 1 Hi 
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The solution for this earthquake i:-; shown in F igure lü, while the data on wh ic h it is 
hase<l a re :-;ummarized in Table XIX. There a re :-;o rn e a nomalie:-; in t he :-;o lut io n \\'h ic h are 
worthy of discu:-;sion. C' irr le a, as drawn , make:-; C' hri :-; tchurch and C'ohh <'mTP<' ( , Brisbane 
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and Kiamata wrong. If the radius had been increased this could have been reversed, 
Brisbane and Kiamata becoming consistent at the expense of Christchurch and Cobb. 
By a complete reorientation of the circle all of these stations might have been made con­
sistent, but the orthogonality criterion would then have demanded an inconsistent position 
for circle b. The solution giYen in the figure is the best compromise, and is probably not 
very far from the truth. 

TABLE X IX 
p p; P2' pp pP pPi' Total 

Total Number of Observations .... . ... . ... 29 29 1 6 1 4 70 
N umber of Inconsisten t Observations ... .. . 5 7 1 1 0 3 17 

It should be noted that this is the first solution obtained for an earthquake in the 
Soloman Islands. 
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Earthquake of 11 :58 :34, July 13, 1952. <!> = 18 ½0 S , À= l69½ 0 E 

The solution for this earthquake is shown in Figure 17, while the data on which it is 
based are shown in Table XX. 

TABLE XX 
p Pi' P/ pp pP pP,' Total 

Total Number of Observations . .. . . . . . . . 40 28 1 18 2 3 92 
Number of Inconsistent Observation::, .. .. 8 9 0 4 1 1 23 

The position· of the circles as drawn in the figure may not be entirely correct. By 
shortening up the radius of circle b, Apia, Fukuoko and the PP observation at Cartuja 
could be made consistent, but only at the expense of College and Sitka. On the other 
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hand, increasing the radius of circle b would make llda and Nanta Clam consistent, but 
at the additional expense of Victoria and Seattle. Circle b is therefore drnwn in a mean 
po ition, and none of the inconsi tencies mentioned is too serious. 

Earthquake of 08:23:22, July 27, 1952. cp= 20 }0 S, À= 179°W 

The data on which Figure 1 is ba ed are summarized in Table XXI, which also 
show the number of inconsistent ob en'ations. Some of these inconsi tencies are dis­
turbing. In particular, the inconsistencie in P/ at Prague, and in Pi' at Prague, Chur, 

tuttgart and Alger lie grouped about the ame azimuth in such a way as to suggest that 
they mu t be brought into the olution. No way has been found to do this without making 
many other tation inconsistent, but the reader should bear in mind this group of observa­
tion in appraising the value of the solution. 
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TABLE XXI 

p Pi' P 2' pp pP 

Total N umber of Observations ............ 35 20 2 11 5 
J umber of Inconsistent Observations ...... 4 5 1 4 2 

Earthquake of 22:26:41, Sept. 11, 1952. cp= 29°S, À= 177°W 

pPi' Total 

1 74 
1 17 

This earthquake provided a smaller body of data than most of the other considered, 
but the percentage of inconsistencies is about normal. The solution in terms of one \"erti­
cal plane eem to be demanded both by the distribution in New Zealand and by the fact 
that the Pi' and the P2' observations for Cartuja are in opposite senses. The number of 
inconsistencies, as shown in Table XXII, is about normal. 
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TABLE XXII 

Total Number of Ob:-;ervations ........ . 

K umber of In consistent Observation:-; .. . 

~,c,nre / Al,ner,;, / J 
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Stu11p,1 

PUJT Of P: 08SER\ATl(:,,lj 

""'"°"'•..C:f 

, ; 
ù•tu)i, • 

, ; 
l,.o,mb•• · 

N 

p 

H) 

2 

l) 

Pi' 
14 

2 

3 

1 

pp 

3 

1 

FAULT PLANE PROJECT 
Eor1hquoke of Sep! 11, 1952 H=22 26 41 UT 
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FAULT PLANE PROJECT 
Eorthquoke of July 2, 1953. H• 06•56°51 U.T. 
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FIGURE 19 and 20. 
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Earthquake of 06:56:51 , July 2, 1953. </>= 181°S, À= 169°E 

203 

The solution for thi earthquake, shown in Figure 20, j,, not clo::;ely defined , since any 
circle lying between a' and a" would satisfy the data satisfactorily. The inconsi:-;tencie:-­
hown in Table XXIII are based on circle a', but a single ob:-;ernltion of PP is nota suffi­

cient basis for insisting on the circle a' and so throwing out the possibility of purely thru,;t 
faulting. 

T BLE -" XIII 

p P i' P2' pp pP pPi' pP2' Total 

Total umber of Obse1Tations .. .. .... 54 37 3 15 1 126 
J umber of Inconsistent Ob ervation .. 5 5 2 3 1 2 0 18 

The insert diagram suppo es that plane b repre:-;ents the fault, and indicates that the 
motion may lie anywhere between tran current in either sense to pure thrust. 

Earthquake of 00:26:36, Sept. 14, 1953. </>=18i 0 S, À=178~ 0 E 

Thi i the first earthquake which we have considered in the vicinity of the Fiji Islands, 
and it seem worthwhile to publi. h the tentative. olution shown in Figure 21 even though 
the number of inconsistencie is higher than normal, for it is clear that the solution must 
be at least approximately correct. 

FAULT PLANE PROJECT 
Eorthquoke of Sept 14, 1953. H • 00-26 36 U.T. 
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FWL' RB 21 
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Of the inconsi. tent ob. ervations of P, two are in New Zealand and derive from EW 
eismographs. Since the stations are almost south of the epicentre the error is not . ur­

prising. Three other inconsistencies corne from California station lying ,·ery close to 
circle a. 

TABLE XXIV 
p Pi' P' 2 pp pP pPi' PcP Total 

Total K umber of Observations ...... . . 33 21 3 10 1 3 1 72 
N umber of Incon i tent Observations . . 4 1 7 0 2 0 22 

The most serious group of inconsistencies is provided by the PP pha e. Five of the 
recorded inconsisténcies derive from stations lying between Basel and Cartuja in the over­
lap zone of the two circles. Most of these inconsistent observation are described by the 
reader a "doubtful", but the olid group does con t itute a criticism of the solution. 

Earthquake of 01:36:45, Sept. 29, 1953. 4>= 36½0 S, À= 177°E 

The largest group of inconsistencies in this solution are provided by the phase Pi'. 
This is not surprising considering the location of the epicentre. Most of the panish 
tations, for example, are almost 1 0° distant from the epicentre. A more erious serie 

of inconsistencies are provided by the normally consistent group of station Djakarta, 
Hong Kong, Hyderabad, Bombay and Athens, a group of compressions all lying along the 
ame azimuth. There does not seem to be any explanation for this group. 
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T .\BLE XX\' 
p P t' P/ pp pP pPt' pP/ Total 

Total N umber of Observations ........ 33 30 G 1 :3 :'5 J:3 :3 10.5 
N"umber of Incornüstent Ob::,e1Yations . . G 11 3 2 1 2 2 27 

Earthquake of 00 :13:06 , Jan. 13, 1954. cp= 49°S, À= 165°E 

This, the final earthquake of the present 8eries, is the most southerly epicentre yet 
considered . It will be seen Lhat, once again, transcurrent faulting a long an nlmost vertical 
plane i8 indica led. 

TABLE XXVI 
p P i' P 2' pp P cP pP Total 

Total N umber of Observation . .. . . . .. .. . . 16 12 7 16 2 2 55 
N umber of Incon istent Observations ..... . 1 l 0 4 0 1 7 

The score on this earthquake, as shown in Table XXVI, is remarkably good. The 
only serious di crepancy is for Riverview, both P and pP. It should be noted that a slight 
shift in the epicentre could have brought both the e ob ervations into consistency. 
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;:;UMMARY AKD DISCU:-3SIOX 

PRESEKTATION OF THE D ATA 
T able XXVII ummarize8 the results of all fault-plane 8olutions available for south­

we -t P acifie earthquakes. Thi8 includes the data obtained by \Yebbt0 for five earthquakes 
and by Hodgson and Rtorey3 for two others. The remaining results tabulated are from 
the present paper. 



TABLE XXVII 

Summary of Fault-Plan(' Solutions Available for Southwest Pacifie Earthquakes 

Earthquake Plane a 
-- --

:--o. Dat<' À h 
Strike Dip 

Dip Strike Dip Strike 
,p Direction Direction Component Component Direction 

--
-

80/0111011 f sla11ds 
1 ~l ay 9, 1952 .................... 6l0S 155°E 0-0lR N38°5E S5l?5E 56° 0 -928 +0•373 N63?5\V 

,V cw lf cl,rides J sla11ds 
2 July 22, 1950 ... ·············· 14°S 167°E 0-00R N57°E N33°\V 76° l ·000 +0·018 N33°W 
:{* Mar. IO, 1951 . .. ........ 15¼0S 167}°E 0·02R N41°E N49°W 840 0·988 -0· 157 N48°w 
4 July 21, 1950 . .. ··· ···· 15tS 168l0E 0-00R N47°E S43°E 35° 0-842 +0·539 N71°W 
,5• Dec-. 2, 1950 . ' . . . . . . . . . . . . . . . 18:0s 167°E O·OOR N45°E S45°E 86° 0-999 +0·034 N44°W 
Gt July 23, 1949 .. ··· ·· ···· ···· lStS 169°E 0·03R N49°E S41°E 67° 0·995 +0-095 N4ü°W 
i July 13 , 1952 . . . .. .... 18tS 16WE 0·05R N16?5E S73?5E 7ü° 0-924 +0·381 NSL0W 
~ July 2, 1953 .. .... ........ lS t S 169°E 0 ·0311 - - - + + N66°5\V 
9 May 27, 1950 . . ········· 20°s 168°E 0·03H. N72°E Nl8°W g70 0·999 -0- 054 N18°w 

10 May 28, 1950. . . . . . . . ······ 20°s 169°E O·OOR N47°E N43°W 68° 1· 000 0·000 N43\V 
11 May 26, 1950 ........ .. ....... 20!0S 169¼°E 0-00R Nlü°E N8ü°W 73° 0-952 +0-306 N74°5\V 
12 June 21, 1950 ... .............. 2WS 169¼0E O·OOH. N10°5E N79?5W 77° 0 -936 +0·351 N75°5W 
13 May 19A, 1950 . ........ 20}°S 169°E O·OOR N31?5E N58°5W 840 0· 944 +0-329 N56?5\V 
14 May 19B, 1950 . ..... ..... , .. 20tS 169°E O·OOR N2°E NSS°W g40 0 -970 +0-243 N86°5\V 
15 JunC' 24, 1950 .. ....... ....... 2WS l69\0E O·OOR N88?5E N1?5W 72° 0-950 +0·313 N3?5W 
J6 July 17, 1950 . ' .. . . . . . . . . 20~0s 171°E O·OlR. N60°E N30°w 780 0 ·999 +0·053 N3ü°W 
17 May 17, 1950 .. ........... .. 21°s 169°E O·OOR N3°5E N86°5\V 79° 0·944 +0-331 N82?5\V 

Fiji Islands 
18 SC'pt. 14 , 1953 ................. 18l0S 178tE 0 -00H. N61°E N29°\V 830 0·999 -0·035 N29°W 

Tonoa Islands 
19 Feb. 13, 1951 ............. ... 15°s 175°\V 0·03R N58°E N32°\V 86° 0-999 +0-035 N32°W 
20• June 29,1948 ................... 16°S 173°\V O•OlR N47°E N43W 86° 0-996 +0-087 N42°W 
21 Feb. 25, 1952 ........... 17°S 173?0W 0-00H. N37?5E N52°5W 87° 0 -951 -0·309 N52?5W 
22• Aug. 6, 1949 .... . . . , ... 19}0S 174i 0W O·OlR N45°E N45°W 8ü° 0-903 +0•429 N52°W 
23 Jul y 27, 1952 ............. 2oi0s 119°w 0·07R Nl7°E N73°W 880 0·883 +0-470 N73°W 
24* Sept. 8, 1948 ........... 21°s 114:0w O·OOH. N28°E S62°E 87° 0-743 +o -670 N59°\V 

K ermadec Islands 
25 Aug. 28, 19.51. ....... . . . . . . . . . . 21°s 178°E 0·09R N47°5E N42?5W 870 0-999 - 0 -053 N42?5\V 
26t Nov. 22, 1949 · ··· · ·· .. . .. . 29°S 118°w 0-00R N49?5E N40?5\V 86° 0·999 +0 -035 N40°5\V 
27 Sept. 11 , 1952.... . . . . . .... .. . ... 29°s 177°\V O·OOR N33°E - 9ü° 1 ·000 0 ·000 N57°W 
28 Mar. 23, 1951. .. . . . . . . . . . . . . . 31°s 1800 0·04R N33°E N57°W 86° 0 -906 -0·423 N59°W 

New Zealand 
29 Sept. 29, 1953 . . . . . . . . . . 36;0s 177°E 0·04R N54°E S36°E 87° 1·000 +0-017 N36°W 
30 Jan. 13, 1954 ... . . . . . . . 49°s 165°E O·OOH. N43?5E S46°5E 86° 0-988 +0·156 N45°5\V 

• Alter Webb, Hclerenre 10. t Alter Hodgson a nd Storey, Relerence 3. 

Pinne h 

Dip 
Dip Strike 

Direction C'omponC'nt 

N26·5E 72° 0·809 

N57°E 890 0-970 
N42°E s 1° 0-99-l 
Nl9°E 72° 0 -508 
S46°\V 88° 0-998 
S50°w 85° 0·919 
N9°E 69° 0·930 
S23?5\V - -
S72°\V 87° 0-999 
-- 90° ·927 
N15?5E 73° 0·952 
Nl4?5E 70° 0·97l 
N33?5E 71° 0 -99-l 
N3°5E 76° 0-994 
S86?5W 81° 0·986 
S60°\V 870 0-978 
N7?5E 71° 0-979 

N6 1°E 88° 0-993 

sss0w 88° 0-998 
N48°E 850 0-998 
N37°5E 72° 0·999 
S38°\V 65° 0-982 
N17°E 62° 0·999 
S31°E 480 0·998 

N47?5E 870 0 -999 
N49?5E 88° 0-999 
N33°E 840 1·000 
s31°w 66° 0-998 

s54°w 890 0 -999 
S44?5\V s10 0·998 

Dip 
Component 

-

+o-588 

+0-242 
- 0-105 
+0·86l 
+ 0-069 
+o-:!93 
+0·3(i7 
+ 
-0·05l 

0-37,5 
+0-30(; 
+0-2:!9 
+O· lll 
+0- 108 
+0 -164 
+0·208 
+0-202 

-0· 122 

+0-070 
+0-070 
-0-052 
+0-192 
+O·O~O 
+0-070 

-0 -0,53 
+0·070 
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-0•070 

+0-052 
+0•070 
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Table XXYII is dividecl into three principal columns. The first column gi\·es the 
time, location and depth of focus of the enrlhquakes and nssigns numhers to them. These 
numbers \\·ill be used in subsequent tables ancl diagrams. In nssign in g; number:-;, the 
earthquakes ha\·e been grouped by geographical areas, and within each area the shocks 
have been arranged by latitude, from north to south. 1Yithin a particulnr area increasing 
number therefore in<licates increasing southern latitude. "\Yhere two earthquakes h:n-e 
the same latitude they are listed in chronological order. 

Since there is no way of recognizing which of the two planes obtnined in any :-;olution 
is the fau lt plane it is necessary to ha,·e two principal columns, corresponding to the pos­
sibilities a and b shown in the diagrams. In Table XXVII the plane which 'trikes into 
the northeast quadrant has been designated a, that which strikes into the northwest 
quadrant being called b. The diagrams of the present paper are consistent with this 
convention ; it has been necessary however to change the published de 'ignation in the case 
of earthquakes 5 and 6. 

For each of the possibilities a and b the strike and dip of the plane, and the direction 
of clip, have been listed. In each case too a unit ,·ector, drawn in the direction of displace­
ment has been resoh·ed in the direction of strike and in the direction of dip. Where the 
dip component indicates that the hangingwall moved up the footwall, presumably indica­
tive of a state of compression, a prefix + has been used. Conversely, where the dip 
component indicates that the hangingwall moved clown the footwall, indicating a state of 
tem,ion, a prefix - has been attached to the dip component. 

NATURE OF 'l'HE FA LTii\G 

By comparing the displacement in the strike direction with thn.t in the dip direction, 
we find thn.t in all but three cases the faulting is strike-slip, or tran ·current. The three 
possible exceptions are pro-vided by the non-defined solution of earthquake 8, by the partially 
defined solution of earthquake 4, and by case a of earthquake 24. In the two former cases, 
which are not closely clefined, transcurrent faulting is not rulecl out. It must therefore 
be concluclecl that in the southwest Pacifie the faulting is predominantly trnn:-;current. 

FoCAI , 
DEP'l'II 

·O\llt 
·Uîll 
·U51l 
-U~H 
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TABLE XXYIII 
R clut,ion of Comprp~siona l ( + ) and T en ·iona l ( - ) Dip Componcnt s To Fot al l)ppth 

. \HE .\ 

80!0111011 
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faland s Isl a nd, Zea la nù 

1--=- 1 + - --1 11· + + - 1 + - 1 + -
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Admitting that the strike component is the principal one, can we draw any inference 
from the sign of the dip component? In Table XXVIII the ign of thi component, as 
defined in the paragraph abo,·e, has been summarized for each geographical area and for 
each focal depth. It is clear that there i. no simple relationship between the ign of the 
dip component and the focal depth of the earthquake , although it may well be that 
where the dip componen t is so small its sign is a mat ter of accident. 

·we conclude that faulting is trnnscurrent n.nd that the direction of dip disphcement Î ' 

apparently random. 

DIRECTION OF FAULTING 

Direction of Strike 
Figures 24, 25 and 26 have been prepared to inve tigate whether there is any ystematic 

direction of faulting in the various geographic areas. In Figure 24 the strike direction of 
each of the planes a and b for the New Hebrides earthquake have been plotted, the direc­
tion of the line indicating the direction of the strike and the length of line indicating the 
focal depth of the earthquake according to the indicated cale. Recalling that plane a i 
constrained by definition to lie in the northea t quadrant and plane b in the northwest one, 
it is quite clear that there i no ystematic arrangement of trike direction. This i true 
whether we consider the data as a whole or consider specific ranges of focal depth. It 
will be recalled that numbers were assigned to the earthquakes in the order of their dis­
tribution from north to south; the erratic distribution of the number in the figure how 
that there i no systematic variation of trike direction with epicentre location. 

Figures 25 and 26 present similar data for the Tonga and Kermadec earthquakes. 
While the data in the e case are too few to allow a final conclusion to be drawn, certainly 
there is no clear indication of any relation between trike direction and either focal depth or 
geographical location. 

New Hetx-ides 
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23 
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FH:nm 25 

Kermadec 

Direction of Dip 

The dip of a plane is more significant than ib, stri ke, for it i;; a true vector quantit:v 
giving both the direction and amount of dip. In order to indicate hoth these quantitie:-­
we shall make use of a stereographic projection of the type shown in Figure 27. The 
upper ection of the figure represents the sphere of the earth with an epicentre at E and a 
line EP, striking the earth at P, representing the clip direction of a plane. \Yhereas 
norrnaJly in the fault-plane work we have used the anticentre of the earthquake a:-; the 
pole of projection , we shall here use the epicentre itself as the pole , and project 011 the 
equatorial plane. This has the advantage that point:-- near the nnticentre of the earth ­
quake, uch as P , will plot into a finite region. 
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The lower section of the diagram indicates the map produced by the projection. 
The point P projects into a point P' at the same azimuth as P, and at a distance = cot o from 
the centre. It will be helpful to make one further obser\'ation about the projection. 
Ruppose that , in the upper section of the diagram, a plane be dra,rn through EP perpen­
clicular to the paper . EP would represent the dip direction of this plane. In the pro­
jection the plane "·ould become the straight line P'Q', at right angles to the line joining P' 
to the centre of the map. 

Turning now to the data on dip given in Table XXVII, we plot the clip , ·ecton; of planes 
a and b in the projection just described. The results for the X ew Ilehricles are shown in Figure 
28. In plotting all the data on a single figure we are essentially regarding the clip rnctors as 
free vectors, and mo\'ing them to a single origin. Dip vectors associated with planes a h11\"e 
been inclicated by open symbols, those associatecl with planes b by closed ones. It is 
worth stressing once again that the clesignation of plane a as that one striking into the 
northeast quadrant was arbitrary, and there Ü, no assurance thnt the open symhols, for 
example, do clesignate a connectecl system. Xe,·ertheless it is remarkable that except for 
earthquake 1.) the open syrnbols lie beh,·een parallel lines striking X 58° \Y and representing 
planes, one clipping ~\Y at an angle of s:3° and the other clipping XE at an angle of 8-1°. 
:-;imilarl~-. ,Yith the exception agnin of epicentre 15, the closecl symbols are confined beb,·een 
lines striking X 1:3° E and clipping X \Y nt an angle of 86° and ~E at an angle of 8:3°. If we 
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were to interchange the designations a and b for earthquake 15 there would be no inron­
sistencies in the pattern. This interchange is quite justifiecl since the original designation 
was arbitrary. 

'\Ye ha,'e then the surprüüng conclusion that the clip Yectors of the Xew Hebricles 
earthquakes lie nearly parallel to a pair of \'ertical planes, one striking X 13° E , the other 
K 58° ·w. Is it significant that the mean of these t ,rn directions is X 22? ;'5 E, almosL 
exactly the direction of the geographical feature'? 

The plot of equi,·alent data for the Tonga-Kermadec-Xew Zealancl earthquakes is 
gi,·e11 in Figure 29. In this case the closecl symbols lie parallel to a plane striking X :3:3° E 
and clipping to the l\' \ \' at an angle of 8ï 0 ± .5°. The open symbols lie so closely grouped 
a round the origin that it is not possible to define a plane. In this case in f act the clip ,·ec­
tors might he said to define a single direction. 

\Yith only one set of planes clefinecl it is not possible to i1l\'estigate whether the mean 
direction of the planes is the same as the direction of the feature , but in this case it ,-eerns 
improbable. The mean direction of the Tonga-Kermadec-Xew Zealancl feature i,- nbout 
X 2-1° E. The solid symbols in Figme 29 clefine an angle X 3:3° E ; to gi,·e the proper rnean 
the open ,-ymbols would hil\·e to tlefine a plane striking X 1:3° E. There is no e,·idence in 
,-upport of this direction. Ho\\'e\'er, e\'en \\'ithout this, the alignments :-;ho11·n in Figure:-; 
2 and 29 must be regarclecl as remarkable. 
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Direction of the N11ll Veclor 

It may be objected that the patterns shown in Figures 28 and 29 depen<l on an arbi­
trary designation of planes a and band that this renders the conclu ·ion · of no significance. 
There i,' one line in each fault-plane solution which aYoids this criticism. This is the line 
joining the two points of intersection of circles a and b. Provided the solution is closely 
defined, we can determine in each case the direction and clip of this line. The e have been 
summarized in Table IXXX. 

,Yhat is the significance of this line'? It is a line common to both plane a and b, 
ancl therefore perpendicular to the motion Yector, whichever plane represents the fault. 
1t is in fact the axis of the displacement couple, and as such it is the one line in space which 
certainly undergoes no motion. For that reason we may call it the null 1•eclor. 

In Figme :30 ,Ye hn,·e plotted on the special projection already describecl the pointR 
of ernergence of the null ,·ectors for the :\l'ew Hebrides earthqunkes. Because solutions 
-1- and 8 were not ,Yell defined it has not been pos::;ible to clefine the null rnctors in those 
cases. \Yith the exception of enrthquake 7, ail the null Yectors lie between planes ::;triking 
X 22° Y\' and dipping respecti,·ely 2° to the :-,\Y and 7 ° to the XE. If we were to except 
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earthquakes 10 and 13, the clips of these planes could be reduced to 85° and 84° respectively. 
As already sta ted the direction N 22° Eisa Yery good ,·alue for the strike of the geographical 
feature. 

Figure 31 presents the equivalent diagram for the null vectors of earthquakes of the 
Tongn.-Kermadec-N ew Zealan<l area. The Yectors clearly define a plane striking N 24° E 
and dipping to the NW at an angle of 79° ± 9°. If earthquake 22 is ignored, this <lip is 
87° ± 5°. As state<l earlier, the best average direction for the geographic feature is N 24° E. 

We have then the conclusion that the null vectors in southwestern Pacifie earthquakes 
lie parallel, within narrow limits, to planes having the strike of the geographic feature. 

It is generally agreed, on the basis of the epicentres and focal depths of earthquakes, 
(see for example, Gutenberg and Richter9), that the foci of New Hebrides earthquakes 
clefine a plane having the strike of the feature and dipping to the .r E at an angle of some 

TABLE XXIX 

S·rn1KE AND Drr OF THE NuLL VECTORS 

Ea rthquake 

1 1 

Earthquake 

1 1 

N umber Strike Dip Xumber Strike Dip 

Solomon Islands Tonga Islands 

1 
1 

S87°E 
1 

50° 19 N 66°W 85?5 

20 :\'7°E 82?9 

X e11· Hebrides Islands 21 X28°E 71 ?8 

22 865°\\' 62?8 
2 :\'27?5\Y 75?8 

23 ~1-!oE 61?5 
3 X8°E 79?3 

2-± S23?5\\' -!7?8 
5 S20°E 85?2 

6 S28?5E 66?-! 
Kermadec Islands 

7 N56·5E 60?6 

9 :\'65°\Y 87° 25 X6°E 86° 

10 :\'43°\\· 68° 26 ?\6°\Y 85?2 

11 x:32°\\· 65?5 27 X33°E 8-!o 

12 ~21°\Y 66?2 28 S-!l 0 \\' 65° 

J :3 Xl-l?5E 69?7 

l-l :\'20°\Y 7-l ?3 Xew Zeala nd 

15 :\'20°\\" G9?5 
29 S19°.E 86?5 

10 Î\-l-lo\y 77?8 
30 S21 °\\' 80?3 

17 :\'25°\\' Gï?9 

Fi ji hlaml~ 

18 
1 

X\J 0
\\ · 

1 

82?9 
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70°. ~imilnrly the foci of the Tonga-Kermadec earthquake:-; appear to define a plane ha\·­
ing the strike of the feature and clipping to the :-,;\y at an angle of about -l.'> 0

• It :-;houle! 
be remarked that, \\·hile the plane:-; clefined hy the null \·ector:-; are apprnxirnatel_\' ,·ertical 
they both have a :-;light pref erence for the direction of clip defined b)· the eart hquake l'oci. 

One other point is wort h rnaking. It wi ll he recalled that incrensing number indicalC':-­
increasing southern latitude within any feature . Exarnining Figme :30, we find a :--)·:--tematic 
progres:-;ion through points :3, 5 and(), and a close grnuping of number:-; 10 to 17. This 
latter group of points derive from earthquakes lying between 20° ~ and 21 ° ~- The range 
of latitude inYoh·ecl in Figure 31 is much greater than that for Figure :30, but the steacl)· 
progression of points 19, 20, and 21 and the close grouping of points 2.:5, 2G and 27 prnbabl)· 
hm; significance. It seems po:-;sible that not only do the Yectors for an entire featme 
define a plane, but also that the \·ectors for a particular part of the feature define a unique 
direction. Substantiation of thi.· point will ha\·e to await the accumulation of much more 

data. 

Is there any relationship between point of emergence of the null \'ector and focal 
depth'? The focal depths of the earthquakes haxe been indicated in Figures 30 and 31 
by ymbol . There does not seem to be any systematic distribution of the deep or inter­
mediate focus symbols. 

Two earthquakes, number 1 in the Solomon Islands and number 1 in the Fiji faland:,;, 
haYe been omitted from this discussion. At the point of epicentre 1 the Solomon Islands 
have a strike of about S 60° E, so that null \'ector strike of S 87° E does not differ too much 
from the direction of the feature. It is almost impossible to ar-;sign a direction to the Fiji 
group of islands, against which to check the direction of the null vector. Aline connecting 
the islands woulcl strike slightly west of north, which would be consi:-;tent with the null 
yector direction of N 9° W. s\..t least it may be concluded that there i:,; no ob,·ious in­
consistency shown by these two earthquakes to the conclusion that the plane of the null 
vectors i::, approximately parallel to the strike. 

Drscussrnx 

Until analysis similar to that of thi:,; section ha:,; been appliecl to earthquakes of other 
areas the patterns found in the southwest Pacifie must be regarded a:,; local ones. So far 
their physical significance i:,; uncertain, but one conclusion may safely be drawn. The 
correlation between the strike of the geographical featme and the plane definecl by the 
null vector can scarcely be accidental. rnder the circumstances, the techniques of the 
f ault-plane project recei\·e a considernble degree of confirmation, for in the hands of t wo 
different operators, and over a period of five years, it has produced results which are not 
only consistent with them:-;eh·es but which also indicate relationship:,; with the geogrnphical 

feature · of the men. 
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CONCLUSIONS 

Thirty earthquakes, 16 of them associated with the New H ebrides feature and 12 of 
them with the Tonga-Kermadec-New Zealand feature , and occurring over a period of 
more than five years have been analysed by the fault-plane techniques by two different 
irwestigators. These fault-plane solutions would support the following conclusions : 

1. Faulting in the southwest Pacifie is predomina tely transcurrent along steeply 
<lipping planes. 

2. There is no consistency in the strike direction of the fau lts, nor any systematic 
vari ation either with la titude, depth of focus or position on the associated arcuate feature . 

3. Vect ors drawn in the direction of maximum dip of the two planes obtained in any 
solution tend to lie parallel to two nearly vertical planes; the relationship between the 
strike of these planes and the strike of the associated feature is not clear. 

4. Defining the null vector as that vector common to the two planes, and therefore 
perpendicular to the displacement couple whichever plane represents the fault, it is found 
that the null vector has a strong tendency to lie parallel to an almost vertical plane having 
the strike direction of the associated geographic feature. There is also the suggestion, 
which the data are too few to establish for certain, that for any closely associated group 
of epicentres there tends to be a unique direction for the null vector. 

5. These relationships, although their physical significance is still obscure, tend to 
confirm the validity of the techniques of analysis used in these studies of earthquake 
faul t-planes. 

ACKNOWLEDGEMENTS 

The compilation of dat a and the original plotting of the 1951 earthquakes was carried 
out by J. F. J. Allen. Similar work for the more recent earthquakes was done by R. R. 
Clark. The figures have been drawn by Mrs. I. H. Blüme and P.J. Winter. I am very 
grateful for all this help. I am also much indebted to my colleague Dr. P. L. Willmore 
for helpful discussion on t he fault-p lane results; in particular, it was a suggestion of Dr. 
Willmore 's that led to the plotting of the null vectors. 




