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Direction of Faulting in Some of the Larger Earthquakes
of the North Pacific, 1950-1953

BY

Jouxn H. Hobpagson

ABSTRACT

The direction of faulting is determined for 11 earthquakes occurring in the north Pacific during the years
1950-1953. One of these is the great Kamechatka earthquake of November 4, 1952. It is shown that this earth-
quake was probably a double one; solutions are presented for each of the postulated shocks.

Combining the present solutions with those published earlier provides 24 solutions for consideration. These
indicate that in Alaska, British Columbia and Washington faulting may be normal, thrust or transcurrent with
no pattern yet apparent in the direction of strike or dip of the planes. In other areas of the north Pacific transcurrent
faulting on steeply dipping planes seems to be the rule.  The strike direction of the planes seems to be random, but
the dip vectors and the null vectors appear to lie parallel to nearly vertical planes. These planes probably have
some tectonic significance, although so far it has not been possible to establish its exact character,

INTRODUCTION

A paper has recently been published! giving fault plane solutions for a number of
southwest Pacific earthquakes. The present paper gives solutions for 11 earthquakes
in the north Pacific; the two are to be regarded as companion papers, the same form of
presentation being followed in each. As in the earlier paper, it is assumed that the reader
is familiar with the methods of the project.

The solutions here presented derive from questionnaires circulated in May, 1952
and in March, 1954.

PRESENTATION OF THE DATA

Table 1 lists the earthquakes for which solutions have been attempted, in three
groups. In the first of these no pattern was apparent, either because the earthquake
was too small or because the beginning was complicated. Whatever the cause, the
distribution of compressions and dilatations was random. The second group consisted
of five earthquakes, all lying within 3° of 503°N, 1563°E, all with a focal depth of 60
km., and all oceurring between July and November, 1953. No solution could be obtained
for these earthquakes, but for a different reason. Here whole groups of stations would
be consistent among themselves, but the several groups could not be brought into a single
solution. It seems clear that some mechanism more complicated than failure under a
couple is responsible for these earthquakes. In order that others may study these inter-
esting cases all the motion data collected are listed in Table II, together with the distance
and azimuths of each of the contributing stations from each of the epicentres.

The third group of earthquakes consists of those for which solutions have been
obtained. Table III lists the data on which the solutions are based.

The notation used in Tables II and III has been described in earlier papers.

1 J. H. Hodgson, “Direction of Faulting in Some of the Larger Earthquakes of the Southwest Pacific, 1950-
1954”, Publications of the Dominion Observatory, 18, No. 9, 1956.
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TABLE I
List oF EARTHQUAKES CONSIDERED
Epicentre l
Date (G_ﬁm) ’ 115‘23111 Magnitude Rernarki
@ A
Earthquakes for which the data were too few to permit a solution

April 20, 1950 09:50:44 45°N 150°E 0-00R 61 Too few data
Aug. 26, 1950...... 04:39:27 65°N 162°W 0-00R 63 Too few data
Sept. 2, 1950 02:47:23 524°N 169°W 0-01R 6% Too few data
Sept. 16, 1950...... 21:58:15 521°N 178°E 0-01R 63 Too few data
Jan. 18, 1951...... 21:15:50 52°N 177°W 0-00R 6% Too few data
Feb. 13,1951...... 22:12:58 56°N 1553°W 0-00R 7 Conflict of data
June 25,1951...... 16:12:32 61°N 150°W 0-01R 1 Too few data
July 19,1951...... 20:41:25 513°N 1773°W 0-00R 6 Too few data
Aug. 24,1951...... 14:21:15 47°N 151°E 0-00R 64 Too few data
Nov. 6,1951...... 16:40:06 47°N 154°E 0-00R 7 Conflict of data
Nov. 8,1951...... 13:45:09 5431°N 160°W 0-00R 1 Too few data
Nov. 12,1951...... 08:09:26 47°N 154°E 0-00R 63 Too few data
Nov. 15,1951...... 19:42:12 524°N 160%°E 0-00R 61 Too few data
Jan. 5, 1953...... 07:48:17 54°N 170°E 0-00R 63 Conflict of data

Earthquakes for which the data were sufficient but inconsistent
July 1,1953...... 02:59:35 503°N 157°E 0-005R 62 Conflict of data
July 22,1953...... 05:11:15 51°N 157°E 0-005R 63 Conflict of data
Sept. 4,1953...... 07:23:05 50°N 1563E 0-005R 3 Conflict of data
Sept. 23, 1953...... 02:14:36 501°N 156°E 0-005R 7 Conflict of data
Nov. 10, 1953...... 23:40:20 503°N 157°E 0-005R 7 Confliet of data

Earthquakes for which solutions have been oblained

Feb. 28,1950...... 10:20:58 46°N 1433°E 0-05R 73
March 27, 1950. . . .. 13:04:40 533°N 173°E 0-00R 3
June 27, 1950...... 15:41:54 451°N 140°E 0-00R 3
June 22, 1952...... 21:41:53 46°N 1533°E 0-00R 7
Nov. 4,1952...... 16:58:24 524°N 159°E 0-00R 8%
Nov. 29A, 1952 08:22:34 53°N 160°E 0-00R 7
Nov. 29B, 1952 23:46:25 56°N 155°W 0-00R 3
Jan. 12, 1953...... 17:23:39 493°N 156°E 0-00R 62
Feb. 25, 1953 21:16:18 56°N 1564°W 0-00R -
Mar. 5,1953...... 21:01:23 51°N 158°E 0-005R 3
Oct. 5,1953...... 04:31:40 533°N 1604°E 0-00R 63
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TABLE 1I
Distance, Azimuth and First Motion Data for Five Kamchatka Earthquakes for which no Solutions were Obtained
EARTHQUAKE July 1, 1953 July 22, 1953 September 4, 1953 September 23, 1953 November 10, 1953
StaTION Dist.® Az.° Motion Dist.° Az’ Motion Dist.® Az’ Motion Dist.® Az?® Motion Dist.° Az’ Motion
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ANEERIAN T NI VRT ST 1e) somarn o (o5 P e patoke N of T o ohew o) e S b 89-5 | N20-6W e
Alicante.................. 89-1 | N17-5W D 88-7 | N17-5W & 805 | N17-9W D 89-0 | N18-3W D 89-1 | N17-5W D
DD DD DD DD DD
Almerig........cocoeenne 91-0 N16-3W C 905 N16-3W C 91-4 N16-7W D 90-8 N17-1W D 91-0 Ni6-3W D
DD
AR o o g o8 82-6 | N35-5W c 82-2 | N35-5W ) 82-9 | N35-8W o) 82-3 | N36-2W /61 82-6 | N35.5W ©)
T U S SRR | S| [ S [ p— 71-6 |N127.-5W (o] 70-8 |N127-6W C 70-8 [N128-2W D
cC
18T e IR, & f o SRR 5 6 o | b SSOEE L 20| e Dot = | ol 78-2 | N20-6W C 790 | N20-9W C 78-4 | N21-2W D 78-7 | N20-6W C
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cC cC eC eC
Bermuda-Columbia... ... 89-5 N34-2E C 89-1 N34-2E C 90-1 N33-9E C 89-8 N33-5E C 89-5 N34-2E
CC CcC
I3 TIVEW bocm] 000 dlob b o sxhe Fow 120 b b Jab o S 08 Sob.S 1k D co b ot £ 109-4 | N55-3E (e Ot o, T e ol [ B 1,0 5 A L 0 che oty o P e A Beer ot 1563 & 109-7 | N55-4E (5{¢
Bologma......... 00 coceiomnfleerressoedbonidiniifonsranans 80-2 N24-2W C 80-9 N24-5W C
BOmNEY. Jo. - e oot e 71-9 | N82.3W (o] 71.7 | N82:3W C 71-3 | N82-8W @
Bozeman................. 57-4 N56-3E C 58-2 Nb55-5E C 58.2 N55-5E C
Brisbane.................. 78-4 (N176-4W (0 N e Y O et | N o 77-9 |N177-3W C 77-9 |N176-4W D
Budapest................. 753 | N28wW C 76-0 | N28-2W cC
Batds. ., ...ooouqicviiiia 56-4 N56-8E LS Pt [ o S e e 5 v, 57-2 N36-0E C 56-6 N56-615 C
(2717 R S [ (Y (1 1 R - 255 H & S RSN o S, S 59:1 N91-3W C 58-8 N91-9W C 53-4 N91-2W D
Cartuja...........oovn. .. 90-4 N15-4W D 91.2 N15-8W DAL N | el 18 i o e I e 90-8 Ni5-4W D
CC DD
PcP=C
Chicago-U.8.C.G.S....... 71-6 | N45-3B C 72-0 | N45-2E D
Chihuahua - 72-5 | N66-2E C
CHinCRITIAR 7517 3 erire £ Sekone = . D . . C 109-1 N55-TE CcC 108-6 N56-6E C
(0] 31 o e M R o G . C . . C 78-6 | N22.8W C
OCineimmaticn. .. o oose bl 75-6 N44-9E C 75-2 N45-E 76-1 N44-5E C 76-0 N44.2E c 75-6 | N44.9E C
dbD eC
Cleveland................. 75-0 | N41-6E D 746 | N41.7E 75-5 | N41-2E C 75-4 | N40-9E @ 75:-0 | N41-6E (&
DD
cC dD cC cC cC
(o] i70Y 0y 1 e A Tt i | o o g ]| L M T e | | LB B0 Bt e oo s Y 89-0 | N11.5W D
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Distance, Azimuth and First Motion Data for Five Kamchatka Earthquakes for which no Solutions were Obtained

TABLE II—Continued

EARTHQUAKE July 1, 1953 July 22, 1953 September 4, 1953 September 23, 1953 November 10, 1953
STATION Dist.° Az’° Motion Dist.° Az.° Motion Dist.? Az° Motion Dist.° Az’ Motion Dist.° Az° Motion—
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Distance, Azimuth and First Motion Data for Five Kamchatka Earthquakes for which no Solutions were Obtained

TABLE I1—Concluded

EARTHQUAKE July 1, 1953 July 22, 1953 September 4, 1953 September 23, 1953 November 10, 1953
STaTION Dist.® Az® Motion Dist.® Motion Dist.® Az° Motion Dist.° Az’ Motion Dist.° Az’ Motion
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EARTHQUAKES OF THIE NORTH PACIFIC, 1950-1953 225
TABLE III
Data on Twelve Earthquakes for which Solutions were Obtained
Feb. | March | June June Nov. [ Nov. | Nov Nov, Jan. Feb. | March | Oct.
STATION 28, 27, 27, 22, 4A, 4B, 204, 29B, 12, 25, 5, 5,
1950 1950 1950 1952 1952 1952 1952 1952 1953 1953 1953 1953
ABETABEN. rar b s [ erarereiils wrerss 3 e llexcver seemons [ ohoger« A (50 Fon R EUN TR A o (D) RN i et h eroro ) (o]
DD DD
AN obiin IV ETE Uy 1 1o | R trekere | o Vene e (8 | ot ewomdl | o loke 3 4| [XTone oot [T ALl Seoress (€5} )| s C D
ANBBTEAA Lo A AR L cvivert o zrsine oheese by (& et o apases C C (D) (v e - 0 C
(CC) DD (CC) DD DD DD CcC
Almeria............. L D (D) (CE IRAR & C C C (C) (D) D
DD
T e o | P NP P Poe | s ey 7. SR S | T S B O [ e e C
Arapuni. . D
AT COIAT ot o LR Tt C C
Athensi..oom. o sas Ié (@ IR ST (O TR (R S 1 = o p Ve, @I sy e TN (N e (C)
¢
Auckland. .......... 1l | ST Werit| (st | S 0 A O E T o o et | s ot & | o O S| P 6 B e D
e A I 4 STk | g ST s ) e S owowd ovoreat e & 2 |l x e g C D LR e (L © O e (D) ©)
DDD
[Beetl S e St C D (Crg | E ot Gl rooed C C D (@] C
ccC
Belprade s Ll b et D C s fennzr ¥ D (] D C D C (C)
Berkeley............ (€ C C D C Gl N e D D C C
(cC) dD cC
e TN 5 COIUIABIE | I evewors 1 8 |revofomsrdhotel s 0 T vl 7 oboen AR AL Froverdd [sdgs o6 S R I e A IR s D C CC
c
Besancon................; .................................................. DD
Bogotac. et telfa s (G S oo d 5 [P - Bty L] (o e - EF . N () (CC)
DD DD
BOMOEDREL ... . doied dueafl indsbe e bt B Fon il et o D
B DT L P a7 s S L s T | Wyewet £ v 3 B T reareronst ML Stk [ e ety 290, S, Dovewate L e ol e St C
Bolden Gityh e soas oellie o s ores 2 C C
Bogeman............ (O] [P IF e, S, D (N e M T & Koo 5 o D D D C
IBTISHANS e AR AL D D D C ({6 1S [ B D C C D ) (C)
DD
Budapest........... (6 i = g 5 o (D) (1 5)) o [ UTDNE IR 5 ot 1B vy o S BN Sy e o C
DD
LA e ot p e e T 0D B TR [ 8 o ol [ S, (ep WS F e C ) D D C C
Calcutta............ Y e L e | [ T ey e o e gy o (1 o | ST il (gt s C
(BT 1 S £ U0 (S B D C TETE e e D (D) C (C) (D) D
DD DD (CC) | (CC) | DD | (CC) DD
dD PcP=C
Chicago—
PSSO GerBiar s o [0 ok oaler e I A s g 2| s W i+ | (40l =t (D) 1 NS S (D)
China Lake......... (6] C
G HERIE I Ve tvors | b, e ST are e | B o St (o R s e oo (CEY U Attt ot <)
D C (@]
D (o] C
cC
D C C
cC
GO ok o8 & 3 7 eere o ol D C S A (D) () D C D
Collmberg.......... ' : T TRy FESERP S, || SR SN ) (SR (G AR S | e R C C
Colombo............ )
Columbia........... G e Sl R o e C G (o)) (S B8 lpieerioet D C C
COPENIARETI N - 1 Yore]lf Sle el e ol ere o = oreh (B Eopers 4 (O | L e I TR e (S e s s (D) C (D)
DD
PcP=C PcP=C
DeBilt............. G | -cpes C (R e g | o o C C ©) C C
(CC) cC (dD)
Djakarta........... 35 O o e s[5 o B 5l |olo & S B o off o o D (©) Gl R C (C)
DD CC (dD) (cC) DD
DDD
Fayetteville........] .......1........]..coete (Oh) R S S e C D C D C C
T T 2 (B 1y Toace| 40 A T C A R [ e (AR R D C C
ELESTION Soverd et renele's C C D D B s £ 7 C ©) D D (@]
(dD) eC dD
Fukuoko............ C [ (R p s 1D LR e e (PO s S S D C C C
S LTI CONTI Fovord e | S S| ot g 1t s 1y cwemeysvesebet L S g o e e aren 2 e R ST o vl a1 o D;
Haiwee......... .. C C D
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TABLE II1—Continued
Data on Twelve Earthquakes for which Solutions were Obtained—Continued

Feb. | March | June June Nov. | Nov. | Nov. | Nov. Jan. Feb. | March | Oct.

STATION 28, 27, 27, 22, 4A, 4B, 29A, 29B, 12, 25, 5, 5,
1950 1950 1950 1952 1952 1952 1952 1952 1953 1953 1953 1953
T AT b, o o e o iy, o8 L e € et es D (D) (o] D C C
Harvard............ C C C C
CC
Helwan............. ) D D D SR e o e 50 B e =it (96 oo & (D) (D)
Hiroshima. . R o o I T e o B [ e B2 ol A B VBB o o A5 ikt o Bl el ] [0 S o 2 36 < o [ a0 cee B0l) |8 s LUl C
Hong Kong. e B a8 o B 805 i 6 o <€) |..... o C G v CI N C C
Honolulu............ ©) (AR [ R P A e 0 | L e o | L ot ©) (D)l ()
Huaneayo.......... h
Hungry Horse..... C C (CENR Lok 50 5% o B e 6o | 898 oo o £ S BE S SBR[ o e - ) D C C
cC

Hyderabad........ D 1 e e B SRt 8 1A 0 R (R B A AP s 21 o BRI 0 el 06 O 8 F I oo ot etz B (D)
M 118 00 6850 (i 6 dol[pan e ddo sl b de bt M B s sapp d C

Karapiro
Karlsruhe

New Plymouth..... D
New York City
College. .......... C C (D)
cC

Osaka.............. (G R B | [ i =1 NS JoE T o o | o e C

Ottawa. ............ C o Nl yvws w1 C D S el C C G (i ia C C
DD DD
CCC

Palisades........... C ()0 i EIE - S S TR [ R g e > g [CUINURNY PN S I —— )

Palo Alto........... G [y D

dD)
Palomar............ C (& PR DN S ern s i oy e D D D C C

* See note in text re Pasadena group of stations.
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TABLE III—Continued
Data on Twelve Earthquakes for which Solutions were Obtained—Continued
Feb. | March | June June | Nov Nov. | Nov. | Nov Jan, Feb. | March | Oct.
STATION 28, 27, 27, 22, 4A, 4B, 20A, 29B, 12, 25, 5, 5,
1950 1950 1950 1952 1952 1952 1952 1952 1953 1953 1953 1953
Pasadena........... C
Pavia....... o sl y
Philadelphia. ....... C
Pierce Ferry........
Pietermaritzburg. ...
Pittsburgh........ G
IR OBTRS S 1% Lt v -1
1T el S SR8 C
Pretorias i - oveccn aon
BReRIoRNL oo o
Quetita;. tve S o
Rapid City.........
Rathfarnham. ... ... C
B RO e A D
Resolute Bay....... C
DD
LS oIS i iy o o 0 | S S F | e | et i (N 6 (e My ) el e S S [ A e C
cC
Riverside. 5.0 & C @ NSRS o g o e (g S g o [ D D C C
RV T IO Cs: 5= LS Tovarme | T & A v % et DL AR G T lbotint Al L0y (G [P g D D
CcC
(cC) (cC) dD daD
(| PecP=Cl)
Y aet S R W T e e C D C C 30 1) s s S o (2, ulrmcl i) D C
Saint Louis......... C C C
Salt Lake City...... Gy st L e B e s e (D) D D D C
SanJuan............ (B Y B B ot S0 A 1= o o i: AR I REA S et (& e D] Sl C
CcC
Santa Clara......... (D) D) (i et (G vt (O] S Dy P (C) D (©) C
BRDPOTO.k s ol Heter. i C C D ((CHIRIP 55 ooe G e |1 B0 5 o Iwe oU] ER St T |, e C C
DD
Scoresby Sund......|[........0...c.0 )i G T e A N, S S (D)
) =¥ s C
D D (C) C C C
...................... I 4 [lEA amenll S1E
(R E o D C C
(ST AT e o D3 L R (5 e | et | s ) . T i P - 0 SR e C D C C
dD
1 T e e O | e L e L B iy L e e oo | s C C
[ T (D) (D) (D) ©) (C) T e e ettt [ A (COR |5 el C
R e T T B e LI i 1 el P | o e e | 3y e =t o e e | C
B e L e 0 ot T ool e o G o P T T i 1 [ e [ e C
State College.......|........ ... oo e C
Strasbourg....,..... Pl s stiad C C C C C (C) C C
Stuttgart........... (LSS (R C C C C C D C C
SUNVAT S v ot D
(DD)
DDD
SF7 s LR e B ol 1Y o o e 0 bl Bt al e oyt B e o e e b et (e C
Tacubaya........... | vy, v o L D (@ T e P a0 D
aANEABSO . | -5 e ][ [ew cors orove |5 56 el 3 borore o hik] (C) D
B TS hTE Peac Bo b ks | Ao mekreard) |55 0.0 32 1 50 A B2 0o Lb el E ot e e o ket o 5 o e - | e S S S Pt (9]
CcC
Tinemaha........... C C D e | P verow/Bvai| -t G BT (] IDE SMEL g ot o D C C
Tokyo.......covnnn. (G il mers DT ) A e o (BRI B e e C (]
dD
AN T e Nt el e [ I s [ G e S orev: - C C (D) (C) C C
Ao = ST (LB el Rl o O e e S| o N el e SR ) (C)

* See note in text re Pasadena group of stations.
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TABLE III—Concluded
Data on Twelve Ilarthquakes for which Solutions were Obtained—Concluded

Feb. | March | June June Nov. | Nov. | Nov. | Nov. Jan. Feb. | March | Oct.
STATION 28, 27, 27, 22! 4A, 4B, 20A, 29B, 12, 25, 5, 5,
1950 1950 1950 1952 1952 1952 1952 1952 1953 1953 1953 1953
Tueson........ ..... C C D D (O o el e R D (C) D C C
(DD)
v, A TGS o S . Sy [\ T ) T[S SSSSO NSt S | D D C (D)
PcP=D
Wlaahe . sk it 1 MO o | 8oz o bzl oo bhad b skaaco s D
Uppsala........ G |lo8ados C C G S C G Mehe gt C C
(CC)
PcP=C (| PeP=C|)
Victoria............. C C C D N S 5050 0| o 50 o0 e (3 0.6 ddlcok: D D C
CcC
c¢C cC
b ve s SR E  R ol [E S n e, |86 0 o8t 1o (el oo I a . &5 (SR 30 o | (Bl N M| A | it C
Wellington. ......... D
W CR AN P A ot eoges 74 o o shomore o ey o e SR (20 3abp o d (Gl L = VA | S reertereys (o]
Witemeon.......... 0 ce v i e b e (6 AR (St (ol D ... C
Zurich.............. C ) C G [l reot )l oo iy C C D C C

Two of the earthquakes listed in Table I occurred on the same day, November 29,
1952. To simplify reference to these earthquakes the dates have been called Nov. 29A
and Nov. 29B. The theory will subsequently be advanced that the earthquake of
November 4, 1952 was a double one. In Table IIT the postulated shocks have been
referred to as Nov. 4A and Nov. 4B, 1952.

ANALYSIS OF THE DATA
Earthquake of 10:20:58, Feb. 28, 1950. ¢ = 46°N, A = 1431°E

Tasre IV
P P, PP pP PPP PcP Total
Total Number of Observations............ 8 5 6 9 1 1 110
Number of Inconsistent Observations. ... .. 14 2 2 5 0 0 23

The solution for this earthquake is given in Figure 1, the data being summarized
in Table IV. The number of inconsistencies is about normal, and the solution cannot be
much in error. 1t might be argued that circle b should have been made larger, to separate
Helwan and Ksara. This would have made Honolulu correct, but would have made
Athens and the PcP observation of Prague incorrect. In any event the two solutions
do not differ much geologically.

Earthquake of 13:04:40, March 27, 1950. ¢ = 533°N, A = 173°E

The solution for this earthquake is shown in Figure 2. As shown in Table V, there
are 7 inconsistencies out of a total of 48 observations. None of the inconsistencies is
serious. It might however be noticed that circle b is defined by the observation at
Brisbane, which observation is described as doubtful. The position of the circle may not
be as well defined as it appears to be.
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TaBLE V

Earthquake of 15:41:54, June 27, 1950. ¢ = 451°N, A = 140°E

TasLe VI

Total Number of Observations...................
Number of Inconsistent Observations. ............

B

1

Total
48

Total

52
4

None of the inconsistencies which are listed above is serious, but there are 4 other
inconsistencies which have been concealed. These come from four stations of the Pasadena
group, indicated by * in Table III, all of which reported a very small initial short-
period compression followed by a much larger and longer period dilatation.
station observations have been interpreted as dilatations. This was done because the
separation farther north in California was so sharp that it was concluded that the
short-period disturbance was from some preceding disturbance.

These four
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Earthquake of 21:41:53, June 22, 1952. ¢ = 46°N, A = 153L°E

The score for this earthquake is shown in Table VII, and the solution is illustrated
in Figure 4. Circle a accomplishes a very satisfactory separation, both in North America,

TasLe VII
P PP pP PcP P/ Total
Total Number of Observations................ 66 6 3 2 1 78
Number of Inconsistent Observations.......... 16 2 0 0 1 19

and in Australia, the only serious inconsistencies being Sitka and Fayetteville. Circle
b is not so well defined. It might well be drawn with a shorter radius, to make Budapest

=
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Figure 4

and Lisbon correct and Cartuja, Rome and Belgrade wrong. The position chosen gives
the better score; in any event the two solutions would not differ significantly from a
geological point of view.

Earthquake of 16:58:24, Nov. 4, 1952. ¢ = 521°N, A = 159°E

In a paper read before the Eastern Section of the Seismological Society of America,
Hutchinson® discussed the epicentre of this earthquake and of its several aftershocks
and advanced the hypothesis that the main shock had a focal depth of about 40 km.

* R. 0. Hutchinson, “The Kamchatka Earthquakes of November 1952”, Earthquake Notes, 25, 3-4, 37-41, 1954,
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This conclusion was based on the existence of a very large secondary phase which occurred
at many stations about 12 seconds after the initial movement. Hutchinson interpreted
this phase as pP.

In the diseussion which followed the reading of the paper the question was asked
whether a first-motion study had been attempted. Hutchinson replied that an attempt
had been made, but that there were many conflictions. Someone observed that confused
first motion seemed to be characteristic of very large earthquakes and might indicate
that in these cases the speed of fault propagation might be comparable with the speed
of seismic waves.

First-motion data had already been collected by the author. Examination of these
data suggested that the earthquake might in fact be a double one, and that the large
second phase, interpreted by Hutchinson as a pP might be the P of a second shock. To
test this hypothesis the P — H times of all reported phases were compared with the times
calculated from the Jeffreys-Bullen tables. The results of this comparison are shown in
Table VIII.

TABLE VIII

Travel-times of Reported Phases for the Kamchatka Earthquake of Nov. 4, 1952, Compared with those
Calculated from the Jeffreys-Bullen Tables

Station A° Cale.-Obs. I 11
INETIUTO G corvs Lo i AR BN e A e, Y et o 12-9 — 8 C
S5} LT A Y g S TIETE b A i O T oy ot Pl 15-2 -9 C
e L s, I A, s Sl R | N A S e 191 -1 C)
T o g e e Sk Gl & S Db o T s 21-5 -9 (0}
O TR R T I koe o on- o 2 PSR e o - owt v o o ) B 21-6 9 C
N i1 el S S SN Il e P IO ) M ST T B 21-7 -9 C
R R TR e A 1) |91 RO 21-8 5 — —
N EURRATO R o Ry e e B e e vt & L 21-8 -7 C
CIREKAN o ter. s v i RS E e AP gl Al g R e 24-6 —12 C
T e . B B e Sl neroohe e PP AR Kl 26-4 -9 C
(& ey S U S O o SRRt B 29.2 + 2 D
T P MR P e ] cxeurval e i (e Moy o s sy S il 1 36-7 -1 )
Resolute Bay. ..ottt 44-0 + 2 C
45 13 TS N AT e e e R R & ¢ B 5o Broln 36 A SR E 13 95 0. 45-5 + 4 C
O L S O R N T e rae izt o om0 A b L o S 45-6 —10 C
Victoria. ... .. e e e v Rl Ve g 47-2 +1 D
e L R e e A B o) o T Y o me oo VA 48-3 -2 C
L FT 0L oI S0 £ ot B0 o £ it L oFct 1 DDA TEDETEIE 6 S8 old k| 48-5 - 2 ©)
RSB WROR A b B o A Rl T e i o 4 e o ol 53.2 —-11 (§0))]
BUt e, v st T et R el =i At s ) 54.5 + 1 C
o D e o o OO o, R o e g 54-6 + 1 C
—11 C
TG L e | I s R ol & T & SR Dlopclems BAT B I 55-1 —14 C
Mt. Hamilton P, .. .. ... ... i A 55-3 + 4 C
— 6 C
ST TN Y T G o) & B0 o A A S ek ey ol 5 s S 0T S 55-5 - 3 C
4T TR e o B e & o o et b =sob Sl S 8L i e S B 55-9 -1 C
TTESIION o ik Al e S v s s e AN R e T 56-1 + 1 G
REVETSIAE /5t o . £ LS el o S Tl T 60-2 + 4 — —
—10
Palomar......... S R o B R e 60-9 411
= D
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TABLE VIII—Concluded

Travel-times of Reported Phases for the Kamchatka Earthquake of Nov. 4, 1952, Compared with those
Calculated from the Jeffreys-Bullen Tables

233

Station A° Cale.-Obs. I )i
QUDEEEIE Rl f o = e 0. o A Lol 84 9 5 319 3 63.6 - 2 C
T e iy R Tt e, o i A e 65-2 -1 C
PATTCO TSl L) B nd et e BRI o A I B i« owoma 66-3 -1 D)
TGRS IERRO ot 7 e 3 fr-sront s pe PR S e 08 & Conert 6 i £y Pl 67-7 + 1 D
B S Ty L S W S N o L e o e L 69-4 — 8 C
[T T o oy e e L N AL A2 ey o O -~ 8 DD
TR R ¥ DAl o s 2 B 2 ot 58 Rl o e Dt cn D g 71-6 0 D
e e I RN S ot g et S A AL B v tirer 98 72-6 - 5 — —
BN R DLk e s e B ey 74 S il B syt s BE s oW 73-3 - 2 (D)
B e e e o s L ST s e svr gt T ol o 73-3 =46, —_ —
TS T o i ond B blio S 0 O Tl Sola o oI U I RESPRGl 1 1 e 2 73-5 - 8 (o]
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(O g T 41T T o S Bt e b o) o0 0 kb & o Bl 50 L Haitio 40 qo oY 106-4 ) — —
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Examination of the table shows that the residuals obtained by subtracting observed
times from calculated times varies as much as —12 secs. to 411 seconds. This certainly
suggests some discrepancy in H time. It was decided that phases with a residual of 0* +4s
would be assigned to a first shock with an H time of 16:28:24, while those with a
residual of —11* + 4® would be assigned to a second shock, with an H time of 16:28:34.
Phases whose residuals fall outside the indicated limits are not used, since it is not clear
to which shock they belong. The table indicates, by entry of the first-motion obser-
vation in column I or II, which shock the particular phase has been assigned to.
Parentheses enclosing a motion observation indicate that it is inconsistent with the
solutions shown in Figures 5 and 6.
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Figure 5

Figure 5 presents the solution for the first shoek, Figure 6 for the second. The
number of inconsistencies in the first shock as shown in Table IX is large, probably
reflecting the small size of this initial shock. On the other hand the solution for the
second, and larger, shock has only two inconsistencies as shown in Table X.

TasLe IX
P PP Py Total
Total Number of Observations................ 42 2 1 45
Number of Inconsistent Observations.......... 8 2 1 11
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TasrLe X
P PP Total
Total Number of Observations. .............coivivii.. 29 2 31
Number of Inconsistent Observations.................. 2 0 2

If Hutchinson’s interpretation is correct, all the observations plotted on Figure 6
as P’s should be plotted on Figure 5 as pP’s. For a normal focus earthquake pP plots
at about the same extended distence as P but at the opposite azimuth, and is plotted with
a phase change due to the reflection. Comparing Figures 5 and 6 it is clear that nothing
but confusion would result if the transposition were to be carried out. This is an addi-
tional argument in favour of the present interpretation.

There is a good deal of similarity between the solutions; in both cases we have steeply
dipping planes, one lying approximately north-south, the other east-west. It should be
noted however that the. motion directions differ in the two cases.

Earthquake of 08:22:34, Nov. 29, 1952. ¢ = 53°N, A = 160°E

The solution for this earthquake is shown in Figure 7, while the data are summarized in
Table XI. The score is rather poor. This reflects some of the uncertainties. For
example, circle ¢ might come inside Pavia and Witteveen, and circle b might be drawn to
make Halifax wrong and Columbia correct. In short, there seems to be some doubt
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close to the line, and many of the inconsistent observations are called doubtful by our
collaborators. In spite of the poor score it seems probable that the solution is very
nearly correct.

TasLe XI
P P, PP pP PPP PcP Total
Total Number of Observations............ 47 1 1 5 2 1 67
Number of Inconsistent Observations. ... .. 13 0 20 2 1 0 18

Earthquake of 23:46:25, Nov. 29, 1952. ¢ = 56°N, A = 155°W

The only serious interpretational difficulty arose in California where Mount Hamilton,
Fresno and Santa Clara reported unqualified compressions whereas the rest of California
reported weak dilatations, with many stations making no report. A different solution
than that shown in Figure 8 might have been drawn to make the separation in California,

TasLe XII
P PP PPP PcP Total

Total Number of Observations.................. 49 10 2 2 63
Number of Inconsistent Observations............ 9 4 0 0 13
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but this would have made a great many other stations inconsistent. The score given
in Table XII is reasonably good, and it is probable that the solution is reasonably
correct.

Earthquake of 17:23:39, Jan. 12, 1953. ¢ = 494°N, A = 156°E

It was mentioned earlier that the second group of earthquakes listed in Table I,
having their epicentres in the vicinity of 501°N, 1561°E, seemed to derive from a more
complicated mechanism than that postulated in these studies. The present earthquake
lies in about the same area, and exhibits some of the difficulties experienced in the main
group. The tentative solution for this earthquake is shown in Figure 9.

Note first of all that the stations in the northwest quadrant of the map, representing
Europe and Afriea, are fairly evenly divided between compressions and dilatations, but
in a random sort of way. Actually, if all the stations were plotted, the results would
be numerically in favour of compressions; moreover the dilatation observations are nearly
all called questionable, or limited in some way. On the whole there seems to be some
justification for taking Europe to be ecompressional.

Turning now to the North American stations, lying in the northeast quadrant, it
seems clear that there is a separation between eastern and western stations, although
the exact point of separation is not clear. Circle a has been drawn to make College
consistent. By shortening up the radius of this circle pP Djakarta might have been
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made consistent as well, but this would have been at the expense of pP De Bilt and P
Karapiro. The circle is probably not much off its true position, but it should be noted
that the unqualified observations at Tuecson and Honolulu are made inconsistent. The
position of circle a being admitted, that for eircle b is closely limited by the orthogonality
criterion and the separation in southeast Asia.

The score for the solution is shown in Table XIII. In appraising the number of
inconsistencies it should be noted that many stations mentioned a double beginning, an
eP followed in 2 seconds by an iP. This might account for errors at the weaker stations.

TasLe XIIT
P P, PP pP DPcP Total
Total Number of Observations............ 50 1 5 6 1 63
Number of Inconsistent Observations. .. ... 11 1 1 3 1 17

Earthquake of 21:16:18, Feb. 25, 1953. ¢ = 56°N, A = 1561°W

The solution for this earthquake is shown in Figure 10. As shown in Table X1V,
the number of inconsistencies is about normal. Two groups of these are worth discussing.
The Spanish stations, Cartuja, Alicant, and Almeria, (only Cartuja is shown) all give
compressions, which are inconsistent. Such a solid self-consistent group of stations,
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inconsistent with the solution, constitutes a serious eriticism of it. A second inconsistent
group is presented by Bogota and Chinchina, both of which give unqualified compressions.
The reader should bear these two groups in mind in evaluating the solution.

TasLe XIV
P P PP pP PeP  Total
Total Number of Observations............ 67 2 6 6 3 84
Number of Inconsistent Observations. ... .. 16 0 2 0 0 18

Earthquake of 21:01:23, March 5, 1953. ¢ = 51°N, A = 158°E

In arriving at the solution shown in Figure 11, two groups of stations presented
serious difficulty. Firstly the dilatations recorded at Almeria, Cartuja, Helwan and
Quetta, together with the PcP at Uppsala suggested that a compressional circle should
be drawn to leave these stations on the outside. This circle could have been drawn to
include College and PP San Juan and Reykjavik in the overlap, but it could not at the
same time take account of the compressions recorded generally in Asia.

A second problem was the separation suggested in Australia by the fact that River-
view and Brisbane indicate opposite senses. It has not been possible to accomplish
this separation, which is unfortunate since the Brisbane observation is regarded as good
by our collaborator.
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Despite these doubts the score for the solution, as indicated in Table XV, is very
satisfactory.

TapLe XV
P P{ PP pP PcP Total
Total Number of Observations............ 71 2 8 5 3 89
Number of Inconsistent Observations. ... .. 8 1 2 2 2 15

Earthquake of 04:31:40, Oct. 5, 1953. ¢ = 531°N, A = 160}°E

The score for this earthquake, as shown in Table XVI, is very good. Despite this
there are some doubts as to the exact position of the circles, although the approximate

TaBLe XVI
R P, PP pP PcP Total
Total Number of Observations............ 84 1 5 2 1 93
Number of Inconsistent Observations. ... .. 12 0 0 0 0 12

position is not in question. For example (see Figure 12) Bandung and Djakarta, both
of which recorded compressions, could have been made consistent by an increase in the
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radius of circle a but this would have made at least five other stations wrong (Helwan,
Uppsala, Kiruna, PP Almeria and PP Cartuja). Despite this problem, it is clear that
the solution cannot be much in error.

SUMMARY AND DISCUSSION

In the fault-plane project to date, solutions, or partial solutions have been obtained
for 24 north Pacific earthquakes. This number compares favourably with the 30 solutions
which were available for discussion® in the southwest Pacific. In the present case however
the epicentres are spread out over a much wider area, and there are not sufficient data
for any one are to allow an independent discussion such as that given for the New Hebrides
arc. Instead we shall be guided by the findings in the southwest Pacific and investigate
whether similar patterns may exist in the north Pacific.

Data for the 24 solutions available are summarized in Table XVII; the table includes

data taken from three earlier papers **°. As in the analogous table of the earlier paper

there are three principal eolumns. The first lists the earthquakes, gives the pertinent

3J. H. Hodgson and W. G. Milne, “Direction of Faulting in Certain Earthquake of the North Paeific’’, Bull.
Seism. Soc. Am., 41, 221-242, 1951.

4 J. H. Hodgson and R. 8. Storey, ‘‘Direction of Faulting In Some of the Larger Earthquakes of 1949, Bull.
Seism. Soc. Am., 44, 57-83, 1954.

5 J. H. Hodgson, “Fault-Plane Solution for the Tango, Japan Earthquake of March 7, 1927, Bull. Seism. Soc.
Am., 45, 37-41, 1955.



TABLE XVII

Summary of Fault-Plane Solutions Available for North Pacific Earthquakes

Earthquake Plape a Plane b
Strike Dip Strike Dip Strike Dip Strike Dip
No. Date @ A h Direction | Direction| Dip |Component| Component|Direction | Direction| ‘Dip [Component| Component
Japan
15 March 7,1927..........cccoivvnnn 35°6N 135°E Surface | N55°E S35°E 79° -931 + -365 N29°W S61°W 64° <979 + -204
Vladivostock Area
24 April 5, 1949. .. ...... ... o 43°N 131°E 0-08R N67°E N23°W 684° -831 -+ 556 N6°w NS4#’E 60° -863 + 506
Sakhalin Islands
3 June 27,1950... ................. 454°N 140°E 0-00R NO°5W S89°5W 75 <957 — 201 N85°W N5°E 74° -941 — -339
4 Feb.28,1950. .. .................. 46°N 1433°E 0-05R N14°5E | N75°5W 55° 955 — 295 N66°5W| N23°5E 76° -807 — +591
Kurile Islands
5 June 22,1952............... ..l 46°N 1533°E 0-00R N2I°E S60°E 82° 974 — -227 N71°W NI19°E Tie -990 — -143
64 Nov.3,1049.... .....ovviivvn... 48°N 15¢°E 0-03R N25°E S65°E 79° 973 — 229 N67°W N23°E 77° 981 — -196
74 May 3,1949............c.oo et 49°N 153°E 0-01R N89°E NI1I°W (DN -962 4+ 274 Né6°wW S84°W 75° <941 + -337
8 Jan. 12,1952, .. ... ..o 401°N 156°E 0-00R | N24°E S66°E 77%5 -850 + -528 N58°W | S32°W 59° -968 + 253
Kamchatka
9 March 5,1953..................... 51°N 158°E 0-00R N47°E — 90° ‘914 407 N43°W N47°E 66° 1-000 0-000
10 INOVL @ATI08Z. L Lo ey st 524°N 159°E 0:-00R NI10°E S80°E 79° 937 - -349 N84°5W| N5°5E 70° 979 — 203
11 Nov 4B, 962, . .. .ccae o avumte s i 524°N 159°E 0-00R N82°E N§°'W 89° 1-000 - 017 N&25W S81°5W 89° 1-000 — 017
12 Nov..20A, 4952, . v vvvnvann B8 5FF o 53°N 160°E 0-00R N30°5E | N59°5W 76° -908 — 419 N53°5W | N36°5E 66° -964 — 265
13 37 IR L R e 534°N 160}°E 0-00R N16°5E | N73°5W | 72° 957 — 290 N69°5W | N20°5E 74° 947 — 322
Aleutian Islands
14 March 27,1950.................... 534°N 175°E 0-00R N60°SE | N29°5W | 80° 960 =+ -280 N3295W | S57°5W 74° 984 + -181
154 August 25,1949, .................. 524°N 17°W 0-00R N9°E N8I°W 83°4 |¢—— Not Defined —->|¢ Not Defined ——— =
163 | April1,1946.................c.00. 531°N 165°W 0-00R | N22{°E | N674°W | 85° -906 — 424 N65°W | N25°E 65° 995 — -096
17 Feb, 28, 1953: .. ...ovivrveisunnons 56°N 1564°W 0-00R N65°E N27°wW 7% 932 — 362 N35°W S56°W 0w -938 — 346
18 Nov.29B,1952. .................. 56°N 155°W 0-00R N75°E S15°E 81° <987 — 158 N16°W N74°E 81° <087 — +158
Alaska
193 Oct. 16, 1947............covvvnnnn 64°N 145°W 0-00R N30°W N60°E 78° - 000 —1-000 N30°W S60°W 12° -000 —1-000
20 | Sept.27,1949..................... 60°N 149°W 0-00R |« Not Defined ->| N70°W N20°E 7%° }¢&— Not Dafined —=>
British Columbia and Washington Coast
213 August 22,1949, ... ... 54°1N 13226W 0:00R N§4°E 826°BE 72 <972 + -237 N29°W N6I°E Tl -948 + 317
224 DDees 300 WAL L © oo s eribbareloie Bl dovh 51°N 131°W 0-00R N56°E S34°E 67° -536 - 844 N65°W N25°E 39° <784 + -621
233 June28, TME,............c0 000 e 49°9N 124°9N 0-00R NI°E NBg°w 33°8 424 — 906 N23°wW No67°E 60° 270 — 983
244 April 13, 1949, ............cvvnvnn 47°N 122°6W 0:-00R N49°E N41°W 83° +170 4 -985 N76°W S14°W 12° -810 + -586

474

AYOLVAYHHASIO NOININOQ HHL A0 SNOILVOIIdAd
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data about them, and attaches numbers to them. These numbers have been assigned
in a clockwise direction around the Pacific; on the Asian side they run from south to
north, in the Aleutians from west to east, and in North America from north to south.

The second principal ecolumn in Table XVII gives the strike and dip of plane a and,
supposing it to represent the fault, gives the projection, in the direction of strike and in
the direction of dip, of a unit vector drawn in the direction of the displacement. Similar
information for plane b is given in the third principal column. Where possible in Table
XVII the designation a has been given to that plane striking into the northeast quadrant,
the designation b to that plane striking into the northwest quadrant. In two cases
(earthquakes 3 and 19) neither plane strikes into the northeast quadrant so that the
system breaks down.

It should be stressed that the designation of a particular plane as a or b is quite
arbitrary, and there is no reason to believe that the planes listed as a are in any way
related. The designation is simply a matter of convenience.

Nature or THE FauLring

Examination of Table XVII shows that for those earthquakes numbered 1 to 18
inclusive the strike component is much greater than the dip component. This indicates
strike-slip, or transcurrent, faulting. Within the limits of these studies then, strike-slip
faulting is the rule in Pacific earthquakes from Japan through the Aleutians as it was
in the southwest Pacific. It is only when we come to the earthquakes of Alaska and the
British Columbia coast that different conditions obtain. In this area only one earth-
quake, the Queen Charlotte Islands shock of August 22, 1949, resulted from transcurrent
faulting. Three others (numbers 19, 22 and 23) were the result of normal faulting while
one (number 24) apparently resulted from thrust faulting.

These findings may be summarized as follows: strike-slip faulting is the cause of all
north Pacific earthquakes investigated except for those in Alaska and off the coast of
British Columbia and Washington. In these latter areas normal, thrust and strike-
slip faulting all occur.

TABLE XVIII

Relationship of Compressional (+) and Tensional (—) Dip Components to Focal Depth

Area
Vladivostok | Sakhalin | Kurile Aleutian Columbin
gg;’g}ll Japan Area Tslands | Islands | BKamchatka | “rp.ng.° | Alaska Was?lri)r(ligton Total
Coast
N T
o R R S g SR R (e T S5 R JRCIS (PRl RIS S e e L S|
oy o) s (el RS SRR I R (WS SR R PR PR P e PR, SR R
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In Table XVII a sign has been assigned to the dip component of displacement in
each case, a negative sign indicating a tension displacement, a positive sign indicating a
thrust displacement. These data have been collected in Table XVIII, where they are
listed by geographical location and by focal depth. While the data are too few to permit
a final conclusion, it does not appear that either tensions or compressions are associated
particularly with any arc or with any range of focal depth.

DirEcTION OF FAULTING

The earlier paper on southwest Pacific earthquakes' dealt with shocks principally
associated with two features, the New Hebrides arec and the Tonga-Kermadic-New
Zealand arc. Each of these ares has a relatively simple form and can be approximated
to by a single direction This simplified the attempt to relate features of the fault
solutions to features of the associated arc. In the present case there are a large number
of arcs to be considered. Most of these have high curvature so that there is no single
direction which can be associated with any arc. Add to this the fact that we have much
fewer solutions for each arc and it becomes clear that only a very tentative analysis of
the data may be attempted.

For the purpose of this analysis the north Pacific will be divided into three areas,
the northwest Pacific, from Japan through Kamchatka, the north Pacific consisting of
the Aleutians, and the northeast Pacifie, comprising Alaska and the British Columbia
coast.

The strike direction of the fault-planes for the northwest Pacific group is investigated
in Figure 13. The earthquakes are numbered according to the same system used in
Table XVII, the two sets of numbers corresponding to planes ¢ and . Recalling that
plane a by definition was that striking into the northeast quadrant while plane b was
that striking northwest, it is clear that there is no uniformity of strike direction. In
this area numbers were assigned from south to north. If the planes associated with a par-
ticular arc were to have a common direction we should expect to find a consecutive group
of numbers (as, for example 9 to 13) associated with a single direction. This does not

Strike  Directions Japan — Kamchatka
Figure 13
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occur. In Figure 13 the focal depth of the earthquakes are indicated by the length of
the line. It is obvious from the figure that there is no relationship between the depth
of focus and the direction of the planes.

Figures 14 and 15 give the equivalent data for the north and northeast Pacific areas
respectively. While the data are scanty, there is certainly no clear indication of a syste-
matic arrangement to the direction of planes a and b.

w E
Strike  Directions —
Aleutians.
Figure 14
N
w E

Strike  Directions
Alaska -— Washington.
Figure 15

Direction of Dip

In the earlier paper on southwest Pacific earthquakes' it was shown that the dip
vectors for the earthquakes associated with a particular arc have a tendency to lie parallel
to one or other or a pair of planes, steeply dipping but bearing no obvious relationship to
the direction of the associated feature. This was demonstrated by diagrams drawn with
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an inverse stereographic projection in which the epicentre of the earthquake rather than
its antipodal point is used as the pole of the projection. It is a property of the projection
that a plane passing through the origin, having a certain strike direction and a dip & will
project into a line with the same strike direction and at a perpendicular distance = cot &
from the origin.

This projection has been used in Figure 16 to study the dip vectors of the earthquakes
lying between Japan and Kamchatka. The open symbols have been used to refer to
planes a, closed ones to planes b. Examination of the figure shows that the open symbols
tend to lie in a direction N 70°W, and that the closed ones tend to lie in a direction
N 38°E. There are two exceptions to this, earthquakes 2 and 7. By interchanging open
and dark symbols for earthquake 7, which is justified since there is no significance to the
designations a and b, this earthquake can be brought into line. This leaves only one
shock, number 2, inconsistent.

We conclude that for all but one out of thirteen earthquakes, the dip vectors define
a pair of planes. One of these planes strikes N 70°W and dips to the southwest at an angle
of 88° + 6°, the other strikes N 38°E and dips to the northwest at an angle of 86° + 8°.
The uncertainties are not standard deviations but simply the limits necessary to include
all_‘observations.

Focol Depth | Plone o Piore b
Surfooe -0-00R o =
00IR-003R o ]
004R-0 0BR a a
Figure 16

Figure 17 gives similar information for the Aleutians. Admitting that the data are
too few to permit any final conclusions to be drawn, two directions seem to be favoured,
one striking N 23°W and dipping to the southwest at an angle of 86°5 + 2?5, the other
striking N 61°E and dipping to the southeast at an angle of 88?5 + 1°%5.
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The points of emergence of the dip vectors for the area from Alaska to Washington
are shown in Figure 18. Within the limits of the present data it seems clear that the
arrangement here is random. It has already been shown that this section of the Pacific
is unusual in that transcurrent faulting does not predominate; the random orientation of
the dip vectors is another indication that this area differs from other circum-Pacific ones.
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Direction of the Null Vectors

The null vector is, as defined in the earlier paper’, the vector joining the points of
intersection of the two circles. It is drawn always in the sense from the epicentre fo the
other point of intersection. In the southwest Pacific it was found that the null vectors
lay nearly parallel to an almost vertical plane having the strike of the feature with which
the earthquake was associated.

The strike and dip of the null vectors for north Pacific earthquakes have been given
in Table IXX, and the null vectors for the area from Japan to Kamchatka have been
plotted in Figure 19. Here two planes appear to be defined, one striking N 47°W and
dipping to the northeast at an angle of 86° + 4°, the other striking N 34°E and dipping

TABLE XIX
Strike and Dip of the Null Vectors

Errtigike Strike ‘ Dip B s l Strike l - Dip
Northwest Pacific North Pacific
1 S34°W 61°6 14 w 71°
2 N34°5E 46°1 15 N81°W 90°
3 N47°W 64°4 16 N17°E 64°8
4 N48°W 5126 17 N75°W 6123
5 N53°E 7423 18 857¢5E 77°2
6 N62.5E 7320
5 e SR Northeast Pacific
8 S5°W 55°9 19 N30°W 0°
9 N47°E 65°7 20 Not Defined
10 N36°E 67°5 21 S6325E 67°8
11 N41°W 83?6 22 N69°E 29°6
12 N2°E 6222 23 N17°W 11°9
13 N30°W 65°0 24 S47°5W 97

to the southeast at an angle of 86° + 4°. Two earthquakes lie outside the indicated
boundaries, numbers 8 and 12. These might be regarded as defining a north-south
striking plane, but until many more earthquakes have been reduced for this area it is
better that they be regarded as exceptions.

The equivalent diagram for the Aleutians is given in Figure 20. Here a single
direction appears to be defined, striking N 75°W and dipping to the southwest at an angle
of 87°5—2°5. There is one exception, earthquake number 16. In this case the data
are so few that the interpretation must be regarded only as a tentative one.
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Finally, in Figure 21, are plotted the null vectors for the area from Alaska to Wash-
ington. The scale of this diagram is only 1/10 that of earlier diagrams, so that the linear
arrangement indicated may be more apparent than real. The fact that point 19 is at
an infinite distance dictates one strike direction of N 30°W, and this direction appears
to satisfy earthquakes 23 and 21, if we take the dip as northeast at an angle of 65° + 25°.
A second plane, striking N 53°E and dipping to the southeast at an angle of 65° contains
the vectors for earthquakes 22 and 24.
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In the earlier paper it was shown that the null vectors of the New Hebrides earth-
quakes, for example, lie close to a vertical plane having the strike of the New Hebrides
arc. Similarly the null vectors of the Tonga-Kermadec-New Zealand earthquakes
define a nearly vertical plane having the mean direction of that feature. What inter-
pretation are we to place on the directions defined by Figures 19 to 21?

Earthquake epicentres for the area covered by Figure 19 may best be studied in
Figures 17 and 18 of Gutenberg and Richter’s® “Seismicity of the Earth”. Examination
of these figures will show that the earthquake epicentres make a very complicated pat-
tern and it is probable that interpreters will differ in determining trends. The following
interpretation has much in its favour.

In Figure 17 a line drawn through the point 30°N, 130°E and striking N 38°E is a
good approximation to the bands of islands, volecanoes and normal-focus earthquakes
stretching through Japan, the Kuriles and Kamchatka. The line is, of course, only an
approximation to a number of separate systems, the Japan arc and the Kurile arc, for
example, appearing as scallops on the general line. On the continental side of this line
the foci become increasingly deep with their distance from the line, as if the line corres-
ponded to an outerop of a plane, or system of planes, dipping towards the continent.

A second line, drawn through the point 30°N, 140°E, and striking N 30°W appears
necessary to account for a number of deep-focus earthquakes. There does not seem to be
an accompanying trend of normal focus earthquakes associated with this direction.
However another trend does seem to exist for normal focus earthquakes. This would
be defined by a north-south line running along the 141st meridian.

¢ B. Gutenberg and C. F. Richter, Seismicity of the Earth and Relaled Phenomena, Princeton University Press,
1949,
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In summary, it appears that three directions might be defined by earthquakes in
this area, one N 38°E, another N 30°W and a third north-south. The first of these
directions corresponds very closely to the direction N 34°E defined in our Figure 19
while the second is in fair agreement with the direction N 47°W. There is even some
indication in Figure 19, from earthquakes 8 and 12, of a north-south direction.

Admitting that many more earthquakes must be reduced before the directions defined
in our Figure 19 may be accepted, and admitting further that the trend directions in this
section of the Pacific are open to question, nevertheless there does appear to be some
agreement between the directions of the null vectors and the directions assumed by the
earthquake epicentres. It should be pointed out that there is an essential difference
between the results found in the southwest Pacific and those suggested here. In the
southwest Pacific the null vectors of the New Hebrides earthquakes lie parallel to a plane
having the direction of the New Hebrides are, while the Tonga-Kermadic-New Zealand
shocks have null vectors associated with the plane through that feature. In the north
Pacific however this close association no longer obtains. Earthquakes 3 and 4, for example,
which lie in the Sakhalin Islands and so are associated geographically with the north-south
trend have their null vectors associated with the northwest trend. Similarly the Kurile
earthquake number 7 and the Kamchatka earthquakes numbers 11 and 13 have null
vectors associated with the northwest direction, while the Vladivostock earthquake
number 2 has its null vector associated with the northeast system. If these trends should
continue when more data are available it will be necessary to conclude that the association
of epicentres with particular arcs is more complicated than many authors have supposed.

Gutenberg and Richter’s Figure 7 gives the epicentres in the area covered by our
Figure 20. Here two directions may be detected. The western Aleutians trend about
N 70°W, the eastern Aleutians about N 70°E. As shown in our Figure 20 the limited
number of earthquakes so far available appear to define the direction N 75°W, closely
parallel to the trend of the western Aleutians, but we should note that epicentres 17 and
18 lie south of the eastern half of the arc, almost as if they were on an easterly extension of
the western Aleutians.

Turning now to the area from Alaska through the British Columbia coast to Seattle
we find two directions defined in Figure 7 of “Seismicity of the Earth”. A line drawn
through the length of Vancouver Island passes through several epicentres and, continued
to the north, passes along a line of sea mounts. This line has a direction N 55°W. A
second line drawn along the length of the Queen Charlotte Islands passes through a line
of sea mounts to the south and through a number of earthquake epicentres lying inland
from Sitka. This line has a direction N 15°W. There are thus two directions, N 55°W
and N 15°W; it is not clear with which of these our direction N 30°W should be associated.
There are no obvious tectonic trends corresponding to the second direction, N 53°E.

Discussion

In the earlier paper! the correlation between the directions defined by the null vector
and the directions of the associated geographic features was regarded as a confirmation
of the techniques of the fault plane project, for it seemed very improbable that the cor-
relation could be a matter of accident. In the present examples the correlation has not
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been so definite, partly because the number of solutions available for any particular
feature is lower, and partly because the tectonic trends in the north Pacific are less clearly
defined than they were in the southwest Pacific.

CONCLUSIONS

Twenty-four earthquakes from various parts of the north Pacific have been analysed
by the fault-plane techniques. These fault-plane solutions would support the following
conclusions.

1. Throughout most of the north Pacific faulting is predominantly transcurrent, on
steeply dipping planes. A notable exception is provided by the area from central
Alaska through British Columbia to Seattle. In this, normal, thrust, and trans-
current faulting occur.

2. There is no consistency in the strike direction of the faults, nor any systematic
variation with latitude, depth of focus or position on the associated geographic
feature.

3. Vectors drawn in the direction of maximum dip of the two planes obtained in the
solution tend to lie parallel to two nearly vertical planes; the relationship be-
tween the strike of these planes and the strike of the associated feature is not
clear. In the area from Alaska to Seattle the dip vectors appear to be randomly
oriented, another indication of the anomalous nature of this area.

4. The null vectors associated with particular tectonic provinces exhibit a tendency
to lie parallel to nearly vertical planes. The direction of these planes appears

to be related to the tectonic trends of the areas, insofar as such trends can be
established.
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