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DIRECTION OF FAULTING IN SOME OF THE LARGER
EARTHQUAKES IN 1955-56

BY
JoaNn H. HopGsoN AND ANNE SrEVENS

ABSTRACT
Fault— lane 1;’;sltzlu'mons are presented for fifteen of the larger earthquakes of 1955-1956, and the solutions are
in
INTRODUCTION

The fault-plane projeet of this Observatory was recently examined in two papers
(Hodgson, 1957; Hodgson and Adams, 1958) in which it was concluded that the techniques
of the project had justified themselves sufficiently that the program should be continued,
but that reflected phases should not be used. This is the second paper of a new series
produced with this limitation in mind. The solutions have been based on P and PKP
only, but in each case reflected phases reported in the questionnaires have been tested
for consistency against the completed solutions. This has provided additional infor-
mation on the reliability of these phases.

Because the earlier statistical study (Hodgson and Adams, 1958) suggested that all
stations are not equally reliable and that good stations sometimes have their galvano-
meters accidently reversed, a new technique has been adopted in the present paper.
Tentative solutions were made for as many of the earthquakes as possible. Each station
was then tested for consistency with these solutions, and a chronological list was made
showing the consistent and inconsistent observations for each station. Stations which
were inconsistent about as often as they were consistent were given very low weight in
subsequent revision of the solutions. If a particular station had been consistent most of
the time up until a certain date, and then became inconsistent most of the time, a letter
was sent to the station suggesting that their galvanometer might have become reversed
and indicating the approxtmate date of this. There were nine such stations, on five
different continents. Our suspicions were confirmed at seven of the stations and proved
to be unfounded for one; the ninth station has not replied. The solutions were then all
remade in the light of these findings; reversed observations were corrected and stations
with random observations were given very low weight. The fact that our suspicions
had been incorrect in one case led us to discard the solutions on which that suspicion had
been based. This new method permits an earlier appraisal of station reliability and a
more accurate determination of solutions.

Data used in this paper derive from questionnaires circulated in September, 1956,
and in May, 1957. These covered 29 principal earthquakes and 7 aftershocks. Fifteen
solutions have been obtained, a much smaller percentage than usual. This is largely
due to the fact that all the aftershocks and four of the principal shocks were too small
to provide sufficient data. Two other earthquakes failed to provide unique solutions;
the suggestion will be made that these earthquakes resulted from some mechanism other
than failure under a couple.
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PRESENTATION OF THE DATA

Table I lists in three groups the 29 principal earthquakes for which solutions were
attempted. The first group contains earthquakes for which no solutions could be obtained,

TABLE 1

LisT oF THE EARTHQUAKES CONSIDERED

H Fystiaie Focal :
Date (G.M.T.) Depth Magnitude Remarks
) A
Earthquakes for which solutions have not been obtained
Sept. 26, 1955...... 08:28:20 153°N 92{°W 0.03R 63 Conflict of data
QOct. 10, 1955...... 08:57:44 5°8 153°E 0.00R 73 Conflict of data
Dec. 7,1955...... 15:03:11 263°N 1421°E 0.00R 63 to 7 Conflict of data
Jen. 16, 1956...... 23:37:37 8 803°W 0.00R 7% to 73 | Conflict of data
Mar. 13, 1956...... 13:13:10 7°N 82°W 0.00R 7 Too few and conflicting
data
Mar. 22, 1956...... 06:33:55 34°8 79°W 0.01R 6% to 7 Conflict of data
Apr. 18,1956...... 11:00:13 52°N 178°W 0.00R 63 Too few data
June 9A,1956..... 10:08:32 304°8 704°W 0.02R 61 Too few and conflicting
data
June 9B, 1956..... 23:13:51 355°N 674°E 0.00R 7% to 74 | Conflict of data
July 17, 1956...... 07:34:07 78 1261°E 0.07R 63 Conflict of data
July 18, 1956...... 06:19:15 5°8 130°E 0.00R 7% to 74 | Conflict of data
July 23, 1956...... 19:25:58 | 24°S 112°W 0.00R 61 Too few data
Earthquakes for which solutions have been oblained

Aug. 16, 1955...... 11:46:58 6°8 155°E 0.03R 7%
Aug. 21, 1955...... 17:33:58 3°8 1373°E 0.00R 6} to 7
Aug. 28, 1955...... 20:13:30 14°N 91°W 0.01R 63
Bept. 12, 1955...... 06:09:20 324°N 30°E 0.00R 61
Oct. 13, 1955...... 09:26:44 94°8 161°E 0.00R 7
Nov. 10, 1955...... 01:44:04 15°8 174°W 0.01R 7t07%
Nov. 22, 1955...... 03:24:00 2431°8 123°W 0.00R 63 to 7
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TABLE I—Concluded

Lier oF THE EARTHQUAKES CONSIDERED

H Kyimire Focal
Date (G.M.T.) Depth Magnitude Remarks
@ A
Earthquakes for which solutions have been obtained—concluded
Jan. 8, 1956...... 20:54:13 19°8 70°W 0.00R 7%
Jan. 10, 1956...... 08:52:36 25°S 176°W 0.00R 7%
Jan. 31, 1956...... 09:17:11 4°8 152°E 0.06R 7 to 7%
Feb. 1,1956...... 13:41:44 19°N 1453°E 0.05R 6fto7
Feb. 9, 1956...... 14:32:40 313°N 116°W 0.00R 62
Feb. 18, 1956...... 07:34:16 30°N 1374°E 0.07R 73 to 73
July 9A, 1956..... 03:11:39 37°N 26°E 0.00R 73
July 9B, 1956..... 09:56:13 20°N 73°W 0.01R 63 to 63
Earthquakes for which the data were sufficient but inconsistent
Nov. 23, 1955...... 06:29:29 504°N 157°E 0.005R 7 Different
Mechanism (?)
May 23, 1956...... 20:48:30 1534°8 179°W 0.07R 7 to 7% Different
Mechanism (?)

and gives reasons for the failure: the second group lists earthquakes for which solutions
were obtained: the third group consists of two earthquakes for which the data were suf-
ficient but inconsistent. Two of the earthquakes listed in the Table occurred on the
same date. The earlier has been called A, the later B.

In the earthquakes of the third group one circle could be defined for each earthquake
but the second circle could have been drawn in either of two quite different positions.
No justification could be found for selecting one position rather than the other, since
both involved sacrificing a small group of reliable stations. The distribution of data
in these unsolved ’quakes may indicate a mechanism more complex than failure under a
couple. To facilitate additional study of this problem, first motion data, epicentral
distanees, and azimuths are given in Table II for all stations recording the two earth-
quakes. It is interesting to note that the earthquake of Nov. 23, 1955, occurred at a
focal depth of 60 km. in the Kamchatka region where five similar unsolved earthquakes
took place in 1953, (Hodgson, 1956). The shock of May 23, 1956, was the first of this
type in the Fiji Islands.

50749-1—2
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TABLE 1I
Distance, Azimuth and First Motion Data for Two Anomalous Earthquakes
A negative sign indicates an azimulh measured west of north
EARTHQUAKBD Nov. 23, 1955 May 23, 1956
StaTiON Dist.° Az.° Motion Dist.° Az’ Motion
22037 (o I G R TR B ki SRty pa iy 71.2 | - 12,0 | C 138.4 | 4+ 2.4 Ci
CcC CC
Abuyama.......... i e, S o — — — 66.3 | — 40.0 C
3 UTCr, byt e NI S TS sonl oo 0l THLR — —_ — 80.3 | + 32.8 D
A SRR TSR LG 2 T s L I 159.0 | — 4.6 1
D;
AHCHANE i . vt e o b i R g 89.5 | —17.7 | C 157.3 | + 2.9 Ci
CC
SAImErTE T e e e ST A LT S 91.1 — 16.5 D 158.6 + 7.5 i
Angra do Heroismo.................. ..., — — — 146.1 | + 41.7 Ci
e e R e Tl — e — 7.3 | + 77.0 C
ATEABR TN T 4 T BRSSO B A — o — 76.0 | + 40.0 C
Ashlkhabad. . 0l ol S dbriatin s e ol — — — 125.0 | — 54.4 1
AErdar, SUHTASNCE Bl RIS R e 115.0 - 61.5 D; 146.1 —-120.3 1
cCi
eCC
ST Pt R Ry STXE g S 8.7 | - 3.7 |C 150.1 | — 38.1 H
AR 0050 ol i e aale (2ie v & o 15 et — — — 22.0 | —166.6 D
DD
BN 5 4 SR b s Loa oVl TS & ol barol e 71.3 —-127.6 | C — — —
1557501 GRPAMBG —NEReR L A . * LN D — —_ — 8.6 | + 34.4 C
IBAYTOil e o ey L - 63.6 | + 7.2 | C — -— —
1501 EEAUL APPSR B L1 iy I S 78.9 | — 20.7 | C 147.8 | — 8.6 C
Belgrade ... iR ¥RG 200 Skt o502 e 77.7 | — 3.2 | D 146.6 | — 25.9 ¢
Bensberg M S o e I s — - — 1445 | — 6.8 Ct
Bepkilay: A7 BN S sl e T e 56.6 | + 69.6 | C 75.3 | + 43.4 C
Bermnida: <. . e ARieEn e St Bl 89.5 | +34.1 [ C 118.8 | + 61.3 D
Bologna........ el | B M 8.8 | —24.4 | D 149.8 | — 6.5 1
¢C{
§ 5 RTS o (8] S S Bt il S 62.2 | + 66.5 | C 79.5 | + 48.0 (o}
Bogemant |l -l L R L L s S, 57.8 | 4+ 55.9 | C 86.4 | + 40.6 C
1Y i e e, SRR e 1 e 56.9 | + 56.4 | C 8.7 | + 39.9 C
Cartuiarcis iy, ubl wolrbey et nile 91.1 | — 156 |C 158.1 |+ 9.9 | D;
DD Ci
CccC dD;
PcP=D CC
ChED.. e o et S o T o it — — — 144.5 | — 13.0 Ci
DD
c¢CC
Chihunhaan oo oo oo s ap,disie siaisiomis o b el 72.7 | + 66.0 | D 83.3 | + 57.7 C
Christchurch................. PRt ®, S ) 95.0 | 4+168.5 | D 28.8 | —167.5 D
Glermont, . £ ST L i s SRR — — | = 150.1 |- 3.1 | G
Cleveland . <% ials 500 s vpin® s re i wriee — — — 105.8 | 4 50.8 D
dD
D;
Cobb River....... AL P IRAE 10 e T3 5 =i — — — 26.4 | —165.9 D
cC
Coimbra. ...... ROk . Sy SR ) 88.8 | — 11,2 | D 154.2 | + 16.5 Ci
Ci
College.......... TR ey P L T 31.8 |+ 423 | C — - —
Collmberg: .. oo ovs siss s o oars hlsr o iy 739 |- 228 [ C 143.4 | ~ 12.9 Ci
CC
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TABLE II—Continued
Distance, Azimuth and First Motion Data for Two Anomalous Earthquakes
A negative sign indicales an azimuth meagured west of north
EARTHQUAKE Nov. 23, 1955 May 23, 1956
SrtaTroNn Dist.® Asz° Motion Dist.° Az° Motion
LO0 1o iR SRR A S 81.7 | + 45.3 | C 105.2 | 4 58.4 C
Copenhagen o 08 . L UL el 70.1 | — 20.6 | D 139.2 | — 10.2 Ci
4
1
CC
Eonvsiliige: 89 LG SR S L, — — — 7.4 | + 39.0 C
10 Co S0 0 st e IO A W ST S R 749 |- 178 | C 143.6 | — 4.6 1
4
1
DD
1 gl B SR RIRERS LARRE. e AT 71.1 | —126.5 | C 73.1 [ — 91.8 C
ADNEE b L o IR R s 73.6 - 13.1 C 140.9 + 2.2 O
CC DD
Hiyreidans M e AR T L el 59.2 | +64.3 | C 80.3 | + 44.6 C
B veBrasatler. L) e g S —-— — — 95.1 | 4+ 53.9 D
Bloreneent ! F et SO0 s LS 81.6 | — 246 | C 150.8 | — 15.5 Ci
N e D . KSR R & 73.1 | + 488 |D ) il i
PcP=C
1k sl P SRR WU o SR AR e 58.8 | + 69.0 | C 76.4 | + 45.5 C
DG P Ea g e M Tl I S ey SR 54.3 | — 64.2 | C 112.5 | — 49.9 C
I o ] TS A R BRI R 259 | —-121.2 | C 68.6 | — 43.8 C
Fongs Ll e Pl YoM s T 71.8 | — 49.8 | C 134.0 | — 49.9 Ci
Gadalajara. <. s DA TR L — — — 82.7 | + 66.1 C
5o e R L SRt Rl IS e 788 |+ 28.2 | C 119.0 | + 47.1 Ci
ERavari & . T e T e 46.0 +112.6 C 42.3 + 30.4 C
HElan b AN A B L ) — — —_ 148.7 | — 58.2 Ci
6 E T T s 1 R S T g RSN — — 127.2 | —161.1 DDD
Hong Wonge il e o aold i B8 D0 e 43.7 1144 | C 75.4 | — 61.8 C
oo TR I, < S R T =0l I e — — 42.3 | + 30.4 C
Horseshoe Bay, d.b .o o homa. L el — — — 81.2 | + 33.3 C
Hungry Horsell 360 05 0 008 L 0 L ivih 54.6 | + 55.1 | C — — -
) I BINUYT RIS TS G S e T 324 | —66.4 | C 94.1 | — 37.0 C
Teabelte. ; oo e b 4 s O SRR 60.3 | + 69.0 | C — — —
s e Wi R N R S R — — — 144.9 | — 38.7 Di
Jernnalein. { . BN e S o8 83.4 — 472 | D 144.9 — 56.9 Di
Jujhno-Sakhalinsk....................... 10.0 | —105.0 | C — — —
09T 1 s PSS SRR R R A - SRRt — — — 28.2 | —165.1 D
cC
o gl W e A S S T ARSI« 90.0 | 4+165.3 | C 22.8 | —168.9 D
cC
Karlsruhe........... L ST 3 77.2 | - 209 | D 146.3 | — 9.2 Ci
PcP=D dDi
DD
|2 R e 2o IV . 3 S A 76.5 - 146 | C 144.3 + 1.4 Ci
DD
Eaklgf Thke . . . JE0L, 0 A a0, e 70.2 | 4+ 36.6 | C 107.6 | 4+ 44.0 CC
]ty o AL SR S e — — — 133.6 | — 48.5 1
L4 T e SN O ol RTINS SRS 57.6 | — 18.2 | C 126.5 | — 9.2 Ci
Koohl. o, i coneians i TR LD 24.3 -126.1 C 66.6 — 42.4 C
. U A T SO o e o 81.2 | — 46.5 | C 143.7 | — 54.0 Ci
CC
87T e e R R T et AP el 130.7 | 4+ 62.9 | Di 104.8 | +112.0 D
CC dD
DD
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TABLE II—Continued

Distanes, Azimuth and First Motion Data for Two Anomalous Earthquakes
A negative sign indicates an azimuth measured west of north

EARTHQUAKE Nov. 23, 1955 May 23, 1956
SraTION Dist.® Az.° Motion Dist.® Az.° Motion
LaPlata.......... e e B B 150.4 | 4 71.2 4 = =t ey
Lembang: .5 . %88 .o b BOEE.L BL il 71.4 | —-127.6 [ C 72.0 | — 92.6 C
TINS5 2 A BT e B e 90.3 | — 10.9 155.3 | 4+ 19.0 Ci
'
L
dD{
1Py oo e SN 34 S H T 8 - F el T — — _ 147.2 -120.7 i
cC
CC
eCC
Macquarie Island. . ........cooiinaiinn, — — — 42.3 | —-161.2 D
cC
CC
DDD
Malaga...... S L Rt A 91.7 - 1.0 | D 1568.5 + 11.5 D,
CC D4
DDD
Mdbdadd. Lol Sk A T b adE <L 46.3 —-128.0 | D 66.5 — 66.5 (]
NIEDZARIITON, - & TN . e et e B e e — — — 81.3 + 67.4 C
Matstshiral. 2 S e L0 8UNY Do 8Ll 19.7 —129.2 C 65.6 — 36.9 C
1% CUAT A W i e SRR O 5 S CRPRE R — — — 80.9 | + 62.8 C
VEBour. | Co Lt B ik et 115.3 - 6.5 CC —_ c —
0% (2 {61077 (e i S5 S 1 S B S e 88.8 | —170.7 | C 38.7 | —132.0 D
dD
Mendalt. | o o0 BRET L R 87.9 |+ 590 | D 95.1 | 4 69.7 C
17 Vo I PR o S SN A O SRR 85.3 - 29.7 C 154.2 - 27.2 Ci
INEREral, | . B T M A e o B et i 55.5 | + 66.8 | C 77.1 | + 41.5 C
MIVARGY. . L. % . 3 oo it b s i — — — 66.0 | — 32.2 (0]
Miyazaki.......... kL Y e S — o — 66.9 | — 4.7 C
IV Eove il A RN S S B P B TSI S AL e 82.5 - 220 | C 151.6 — 10.2 Ci
OBV R B e iio o B BB B el 62.8 | —33.9 {D — — —
Mount Hamilton...............coveunn. 57.4 + 69.7 C 75.4 + 4.2 C
dD
Nagoyhy. 5. P8R on g Foltil - 85 e — — —_ 65.5 | — 38.9 C
Neudchatel. S % o v ot Wb A bo 0 L 79.4 } - 205 |C 148.6 | — 8.0 Ci
New Plpmauth. 53l o< .. 8000000 b b 8 — — - 24.3 | —167.0 D
INOUmERE. .17, vimott S0 0000 73.8 | 4170.7 | C — — —
dD
PcP=D
pPcP=C
OBRBRIAT . § oo v os wrteidaone s alewiere s e Sl A TS — —_ — 87.5 | + 71.8 C
O ULETERL 2 573 s 25 e e ohane ot sbons wior's olejaline < 3 o8 74.1 | 4+ 35.6 | C 110.3 | 4 46.8 C
PaliBpdes: .5 . 0 i s ot S e o e e 784 | + 36.8 | C 111.5 | + 51.7 C
CC cC
G
cC
PRIOAKS: o vl ot ds oo B0l s b — — — 75.1 | + 43.6 (0]
A 57 Gy T R R e Y o o (B cr Al 1 B iy 63.0 | + 700 {C — —_ —_
PHSAAGRN, .+ + oveere s e aaaia s vs o5 obags etein 655 (e oxmne 61.7 4+ 70.1 | C 76.2 | + 48.1 C
ERVAR o0 o8 Grores s 6 fostes g SR B ok Gt 80.6 | — 22.6 | C 149.8 | — 11.5 i
cCi
POFEN: |, 5 Gredorstslo o G S s B 6 R ey — — — 60.8 | —118.2 D
cC
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TABLE II—Continued
Distance, Azimuth and First Motion Data for Two Anomalous Earthquakes
A negalive sign indicales an azimuth measured west of north
EARTHQUAKE Nov. 23, 1955 May 23, 1956
SraTioNn Dist.° Ag° Motion Dist.° Az° Motion
Pittsbifgh.. .28 ve. 4o A G0 ers R 76.6 { 4 41.2 | C 106.7 | + 51.9 D
Praguety ok B, 4. 5 80 s, o o . — — o 144.0 | — 15.0 Ct
Quettald. ol b Bras. 5 SN 67.4 | — 7.0 |C 118.3 | —64.3 | C
cC
Babanl K 88 dsn . BT T e i — — e 30.2 [ — 71.4 C
Rapld Cityr « 8008 5 0. & 400E0 0l 5 — — — 90.9 + 4.4 D
Rathfarnham............... STAL TEMi e — — - 142.2 | + 7.0 Di
eCi
DD
Relizan®: -5 . 8. %% wed . 5. I o e — — — 160.2 | + 1.1 Di
Ren0k o - a1 A5 T - S 57.0 + 66.6 C 7.7 + 42.9 C
Resolatel 59, £ 85 w0, 8 BEE. T ... a 56.4 + 20.6 C 103.3 4+ 15.8 C
Reykjavik......... T R L 658 | — 0.8 |D 120.0 | + 12.7 ;
Riverside. .. ... W RS S T e T 62.1 { 4+ 69.7 | C — — —
IRETORGIRWAS [ = el o S S e 84.2 | —-175.2 | C 32.5 | —129.3 D
PcP=D dD
T g S T S IR R AR Sl T — - — 152.1 | — 18.7 Ci
Saint Louis.............. i o e, ozt 73.4 | 4 488 | D 98.8 | + 52.3 D
PcP=C dD
CcC
LT G I M SN A i e S 60.7 | + 60.7 | C 83.7 | + 4.8 C
ST 1 o S P S 5 - —_ - 116.3 | + 76.8 |
St b g e e e e PR — — — 76.2 | + 43.9 C
EATIPOREE Sk R T R 13.2 | —-119.5 | C 68.7 | — 30.3 C
Beorestiy Bund. 5 V0L s DL 0T 59.3 — 0.6 |D 123.4 | 4+ 9.0 Di
T e R STy T 50.6 + 60.0 C 80.9 + 35.0 C
Semipalatimsk: ., b, o0 ol cElRe L s 46.8 — 59.3 C 108.6 — 41.6 C
ST e O N SR D g — — — 65.3 | — 33.9 C
o s I e WO R S S 74.3 | 4+ 31.7 | D — — —
BIREEE it et ma aiviead i oo o g i 54.8 + 66.9 (] 76.9 + 40.8 C
Shawinigan Falls. . ..........cceovvannns — — — 112.5 | 4 45.6 C
CC
Skalnate Pleso. ...oovvrerrernnneeeannas 74.0 | — 28.1 | D 143.1 | — 21.4 Ci
I R e e i P A AL A Y — — — 131.6 | — 7.0 1
B BBl oot s s o S e e oa 81.0 | 4+ 522 |C —_ — —
St Dt A L Al L IR e (| RS el e ) 144.9 | — 20.5 1
BtateCollege.". . iv- , s5aan oo eilsn v's 77.2 | 4+ 39.7 | D 108.4 | + 51.8 D
CC
B ABDOREIE : 1 Fo i n e ok end o ST s Shotera B o § 77.8 — 20.6 C 146.8 - 8.4 Ci
cCi
CC
dDD
SR R e s S ot S vy 77.2 — 21.4 (6] 146.4 — 10.1 Ct
Tacubaya.........oovuvnne R et 84.0 + 67.1 D 86.0 4 68.6 C
P oA BbaI a8 i e R S s — — — 66.7 — 41.3 C
PATNBRTRABIOt . . o4 oo o o5 b s s oo slose s aieere o 8 — — — 171.7 — 30.3 i
DRENKBRG s G5 65 o T cvonas e s ol IS (250 orers 58.3 - 627 | C — —_
CCC
ABOIOARE LT o 2057 o) [+ 5 b ey o waie o Sata s o lalolh 59.5 + 67.7 C — — =
BT O n e </ i 58 o e ove ss SN ELR T s oot oo 19.6 —133.8 C 64.1 — 36.7 C
%R T e Ay U M el IS A S A S 88.5 — 14.7 C 155.4 + 9.1 Ci
TRBDEATITIES e oTociis o fols) o rovtelsloka otere sfslo oo e7als — — — 24.2 | —171.1 D
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TABLE II—Concluded

Distance, Azimuth and First Motion Data for Two Anomalous Earthquakes
A negative sign indicates an azimuth measured west of north

EARTHQUAKE Nov. 23, 1955 May 23, 1956
SraTioNn Dist.° Az° Motion Dist.° Az.° Motion
hiestoll . |- WL v LU R 79.0 | — 25,5 | C 1484 | — 17.0 C
Pokular, &0 L0 o R Wk S — — 64.4 | — 36.0 C
TN e bt s % e 3 L REE S R — — 23.3 | —172.7 C
A W sy 3 ) AR S P R N e 67.3 | + 66.9 | C 80.9 | + 52.9 C
Jiecle. o et 2o B BHE S5 mioiS 144.9 — 3.8 Ci
Wletahy 8T 0 e P e R L o o — 75.4 | 4+ 41.8 C
Uppealah— e 4508 2 RARE v BT T 65.2 | —21.4 | C 134.3 | — 11.9 Ci
(Dt = Tl S SRR e S R S e — 146.2 | —121.9 Ci
CC
Wera O o ol o T A L e — — — 88.8 | + 69.9 C
BVichorine. | Su TR Mg, Sl s TR Lol 49.5 + 59.7 C 80.8 4+ 33.9 C
ST T A S S 4 T e SN 76.0 | — 26.2 | C 145.1 | — 18.2 Ci
Wellington s ~Fo Sl ris, 5 RGURE . 2, D 93.2 | 4+166.6 | C 26.2 | —169.4 D
p 0 T St e f RON Tl i IR DS Sl 2% 78.3 + 34.3 C — —_ —
cC
T e YRR Pk SRR ot S ¢ L 1 — — — 142.8 | — 5.8 Ci
DD
Woody ... Bt Wl o 1MUY RE o gete 60.1 | + 69.3 | C — — —_
ZARTEIRY. By i nd S B R R 78.1 - 26.8 | C — — —

The data on which the 15 solutions are based are given in Table III. The notation
in Tables II and III is the same as in previous papers.



TABLE III

Data on which the Solutions are Based

8 Aug. 16, | Aug. 21, | Aug. 28, | Sept. 12, | Oct. 13, | Nov. 10, | Nov. 22, [ Jan.8, | Jan.10, | Jan. 31, | Feb.1, | Feb.9, | Feb. 18, July 9A, | July 9B,
FAIIOH 1955 1955 1955 1955 1955 1955 1955 1956 1956 1956 1956 1956 1956 1056 1056
ABSEAGON: . 5 o onic tsjbinemics cc (cC) (D) (C) — (€1 cc - (Ds) — — ma C c D
o D) (CC) cc
DDD
AbDuphEns.............000 —_— — _— — _ — — =2 e = S B C 'l a3
F 11T VR o & —_ — - — — _ -— — P s D 45y e - e
N TRyl o = Bt = = = e = i = = D 5 s 5 B
3 T BT Ay e — _— — —_ T — — - P i D — =YW g b
A]gﬁl‘ ..................... 57 = = - C; = == D =5 = = -— —_— P D
Alicante.......... B A : c%‘) C = D o D, s ©) (Cu) D, (&) D ©) C —
Al L e ®) | a D D D D; S ©) D; e o | o s ©
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TABLE III—Continued

Data on which the Solutions are Based
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TABLE IITI—Continued

Data on which the Solutions are Based
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TABLE ITI—Continued

Data on which the Solutions are Based

962
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TABLE III—Concluded

Data on which the Solutions are Based

STATION Aug. 16, | Aug. 21, | Aug. 28, | Sept. 12, | Oct. 13, | Nov. 10, | Nov. 22, | Jan.8, | Jan. 10, | Jan. 31, | Feb.1, | Feb.9, | Feb. 18, | July 94, { July 9B,
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EARTHQUAKES OF 1955-56 299

ANALYSIS OF THE DATA

The 15 solutions are treated individually in this section. A solution diagram showing
a representative group of stations, a short discussion, and a table summarizing the incon-
sistencies for all phases are given in each case. Although reflected phases occur in the
tables, it should be stressed that they did in no way influence the solutions; rather the
solutions were used to test the accuracy of the reflected phases.

Earthquake of 11:46:58, Aug. 16, 1955. ¢ = 6°S, A = 155°E

The solution for this earthquake is shown in Figure 1, and the score for the solution
is given in Table IV. The score for the direct phases is poorer than usual. This is chiefly
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age " Banft,
ot lungry H°'"OABoz an
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" & i BerkelcyAA
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\\’-’A A Natsushiro Tocuboya
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@ strida
: \_____/ a Onoumea
ATononarive Riverview A e i'?rum
Wellington
Macquarie O FAULT PLANE PROJECT
Islond Earthquoke of Aug.16,1955. H=11:46:58 U.T.
@= 6°S A=S5°E.
h s0-03R
P Compression O P Dilotation A
P’ Compression @ P' Dilatation A
a b

Unit Distance
il

Figure 1

due to the large number of inconsistent observations of PKP. However these inconsistent
observations of PKP are surrounded in most instances by consistent observations and
do not introduce serious doubt about the solution.
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TABLE IV

Direct Phases Reflected Phases

P Pi Total | PP | pP | pPi | PPP | pPP | PcP | Total

Total Number of Observations. ..... 49 35 84 24 7 8 3 5 2 49

Number of Inconsistent Observations| 8 11 19 12 4 5 1 4 2 28

Earthquake of 17:33:58, Aug. 21, 1955. ¢ = 3°S, A = 1373°E

Figure 2 gives the solution for this earthquake. The score is shown in Table V.
The score in P is better than usual, but the total for the direct phases is about average
because of the lower score in PKP. The inconsistencies in the latter are so distributed
that it is impossible to produce a solution which would make them correct.
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TABLE V

Direct Phases Reflected Phases

P Py P Total | PP | pP | PPP | pPP | PcP | Total

Total Number of Observations...... 33 19 1 53 21 1 2 1 1 28

Number of Inconsistent Observations| 4 4 e 9 9 0 1 0 0 10

Earthquake of 20:13:30, Aug. 28, 1955. ¢ = 14°N, A = 91°W

The solution for this earthquake is shown in Figure 3. As shown in Table VI there
is a very high percentage of inconsistencies in P. These derive largely from European
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Figure 3
stations and reflect the doubts about the exact position of circle a. Rathfarnham, Paris,
Basel and Ksara, for example report clear dilatations, but if circle a is increased in radius
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to include them, it makes inconsistent Kew and Palisades and a number of other stations
not shown. The indicated solution is the best statistically; in any event the required

variation would not be geologically large.

TABLE VI
Direct Phases Reflected Phases
B P; Total | PP | pP | pPi | PPP | pPP | PcP | Total
Total Number of Observations...... 68 8 76 13 5 2 4 1 2 27
Number of Inconsistent Observations| 18 0 18 4 3 2 1 1 2 13

Earthquake of 06:09:20, Sept. 12, 1955. ¢ = 32}°N, A = 30°E.

The solution for this earthquake can be seen in Figure 4. Table VII shows the score.
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Nearly all the inconsistencies in P are contained well within areas of consistent data and
thus cannot be brought into the solution. While the large number of inconsistencies
is disturbing, it does not cast serious doubt on the solution.

TABLE VII

Direct Phases Reflected Phases

P P{ | P; | Total | PP | pP | pPi | PPP | pPP | PcP | Total

Total Number of Observations....... 90 4 1 95 4 3 1 4 1 2 13

Number of Inconsistent Observations.| 19 1 0 20 2 3 1 0 0 1 7

Earthquake of 09:26:44, Oct. 13, 1955. ¢ = 91°S, A = 161°E.

In this earthquake all but 12 observations of the direct phases (P, PKP;, and PKP,)
indicate compressional first motion, and the dilatations are in all cases so surrounded
by compressional ones that no way could be found of putting them into any system of
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circles. It was necessary to conclude that all the observations should have been com-
pressional, and that the solution would consist of a pair of dilatational circles drawn in
the area, close to the epicentre, which was free of observation. This could have been
done in an infinity of ways. The diagram (Figure 5) shows one possible set, a pair of
planes striking N and each dipping at 45°, but a circle representing a plane dipping as
much as 63° could have been drawn in the free area.

In drawing a second circle however we would have been limited to circles having
approximately the same strike direction; from this we may conclude that faulting is
probably thrust, on a fault having an unknown strike and dip.

We regard this as a solution in the sense that the observations have been satisfactorily
accounted for. The score for the solution is given in Table VIII.

TABLE VIII
Direct Phases Reflected Phases
P P P; Total | PP pP PPP | Total
Total Number of Observations....... 63 37 3 103 19 3 2 24
Number of Inconsistent Observations. 5 7 0 12 12 1 1 14

Earthquake of 01:44:04, Nov. 10, 1955. ¢ = 15°S, A = 174°W.

The solution for this earthquake is shown in Figure 6. Circle b with radius 10.3
units separates the PKP compressions at Quetta and M’Bour from the PKP dilatations
at Ksara and Bermuda respectively, and is large enough to include all the observations
between these latter two stations. The strike of circles a and b and the dip angle of
circle b are well defined. There is a possible variation of +20° in the dip angle of circle a.
The mean position of circle a is shown by the heavy line circle, the maximum and minimum
positions by the dotted lines. It should be noted that even this tentative position of
circle a depends very strongly on the observation at Apia. Since this was described as
a doubtful observation by our collaborator we should recognize that circle ¢ may in fact
dip either to the east or west, at any angle of up to about 50°. This uncertainty has been
indicated in the single insert:diagram.

The score for the solution is shown in Table IX. The score for the direct phases is
somewhat poorer than usual. This is largely due to the large numbers of inconsistencies
in PKP, and PKP,. The inconsistencies in the former are so scattered among consistent
observations that they do not affect the solution. The inconsistencies in the latter,
however, occur in one fairly narrow azimuth. These, together with the inconsistencies
from dependable stations like Berkeley, Mt. Hamilton, Butte, and Sapporo, are puzzling,
yet it is impossible to find a solution which will satisfactorily account for these data with-
out producing a much poorer score in the P observation.
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TABLE IX
Direct Phases Reflected Phases
P P P: | Total {| PP | pP | pPi | pP: | pPP | PcP | Total
Total Number of Observations| 42 42 5 89 16 2 8 1 1 1 29
Number of Inconsistent
Observations............. 8 10 4 22 11 1 2 0 0 1 15

Earthquake of 03:24:00, Nov. 22, 1955.

Figure 7 gives the solution for this earthquake.
all the PKP dilatations in the NW quadrant.

exclude all PKP observations.

¢ = 245°S, A = 123°W.

Circle a is large enough to include
Circle b has sufficiently small radius to

From Table X it can be seen that the number of inconsistencies in the direct phases
is rather high. Nevertheless the solution is submitted with some confidence because
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there is no other pair of circles which will account for the data without a much higher

percentage of inconsistencies.
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Figure 7
TABLE X
Direct Phases Reflected Phases
P Pi P Total PP PPP | Total
Total Number of Observations. .............. 41 13 1 55 3 1 4
Number of Inconsistent Observations......... 10 4 0 14 1 0 1

This is the first earthquake in this geographic area—the Eastern Tuamota Archi-
pelago—for which a fault-plane solution has been obtained.

-
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Earthquake of 20:54:13, Jan. 8, 1956. ¢ = 19°S, A = 70°W.

The solution for this earthquake will be found in Figure 8. Circle a excludes the
PKP dilatations at Matsushiro and Jujhno-Sakhalinsk. The poor score in the direct
phases, as shown in Table XI is a combination of poor scores in both P and Pi.. Since
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the corresponding inconsistencies are distributed at randon among consistent obser-
vations, they do not cast any doubt on the final solution.

TABLE XI
Direct Phases Reflected Phases
P P Total PP pP PPP pPP Total
Total Number of Observations....... 78 11 89 17 3 3 1 24
Number of Inconsistent Observations.| 17 4 21 6 2 0 0 8
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Earthquake of 08:52:36, Jan. 10, 1956. ¢ = 25°S, A = 176°W.

As shown in Table XII there are fewer observations than usual for this earthquake
but, except for the large number of inconsistencies in P: the percentage of inconsistencies
is satisfactory. Circle a (Figure 9) has remarkable success in separating Tuai from the
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rest of the New Zealand stations, and Pasadena from the rest of the California ones, and
is very closely defined. Circle b is not so closely defined, but has been drawn in the mean

position to separate Fukuoko and Shizucko.

TABLE XII
Direct Phases Reflected Phases
P P P Total PP Total
Total Number of Observations........................ 30 17 4 51 11 1
Number of Inconsistent Observations.................. 3 3 4 10 4 4
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Earthquake of 09:17:11, Jan. 31, 1956. ¢ = 4°S, A = 152°E,

This earthquake like that of Oct. 13, 1955, discussed earlier, and that of Feb. 1,
1956 to follow, is so located that the solution circles cannot be defined, even though
the observations are well accounted for. In the present case all but 6 of 66 observations
of P and PKP are dilatational, and the only possible solution is provided by a pair of
small compressional circles drawn in the empty area near the epicentre. A sample pair
of circles has been drawn in Figure 10, but there are an infinite number of ways in which
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this could have been done. We may conclude that faulting is normal on a fault of inde-
terminate strike and dip. The circles could easily be drawn in such a way as to make
Apia consistent ; this has not been done because the observation was described as uncertain.
The score is given in Table XIII.

Earthquake of 13:41:44, Feb. 1, 1956. ¢ = 19°N, A = 1451°E.

Again we present an earthquake (see Figure 11) in which the solution cannot be
defined because of the scarcity of stations close to the epicentre, but in which it is possible
to conclude that the faulting is normal along a plane of indeterminate strike and dip.
The score given in Table XTIV is very good in the direct phases.
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TABLE XIII
Direct Phases Reflected Phases
P P{ Total PP pP PPP | Total
Total Number of Observations............... 40 26 66 6 3 1 10
Number of Inconsistent Observations......... 1 3 4 4 0 0 4
It is interesting to note that for the three

earthquakes in which the nature but not

the direction of faulting could be determined, the normal-focus shock of Oct. 13, 1955,
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showed thrust faulting, while the deep-focus earthquakes of Jan. 31, 1956 and Feb. 1,
1956, showed tension faulting. This is what would have been expected on the contraction
hypothesis.
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TABLE XIV
Direct Phases Reflected Phases
P Pi Total | PP pP | pPi | PPP | pPP | PcP | Total
Total Number of Observations...... 117 14 131 20 12 1 5 1 1 40
Number of Inconsistent Observations| 9 6 15 12 7 1 5 1 1 27

Earthquake of 14:32:40, Feb. 9, 1956. ¢ = 313°N, A = 116°W.

This earthquake was not included in our original questionnaire, but was covered
by a later one sent out in May, 1957, at the request of Southern California geologists.
We are very grateful for the promptness with which it was returned.

The solution shown in Figure 12 must be very nearly correct although there is some
doubt about the exact position of circle b. By making it larger we might have made
San Juan and Cartuja correct at the expense of Lisbon and Barcelona and a number of
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other stations not given in the diagram. The adopted position gives the best score,
but the uncertainty is reflected in the high percentage of inconsistencies in P as shown
in Table XV.

TABLE XV
Direct Phases Reflected Phases
P P Total PP PPP PcP Total
Total Number of Observations............... 82 9 91 4 2 1 7
Number of Inconsistent Observations......... 15 2 17 2 0 1 3

No description of the observed faulting has yet been published, but we are advised
by Dr. Clarence R. Allen* that ‘“tentatively, plane b corresponds very nicely with the
observed break and with the line of aftershock epicentres”.

The same questionnaire sought information on principal aftershocks, with the fol-
lowing H times:
15:24:26,
16:29:53,
16:59:54.

None of these earthquakes was sufficiently widely recorded to permit solution. The
data that were collected suggested that the mechanism of the main shock did not apply
to the aftershocks, but the difference could not be defined.

Earthquake of 07:34:16, Feb. 18, 1956. ¢ = 30°N, A = 1373°E.

The solution for this earthquake is given in Figure 13. The only serious inconsis-
tencies are in the upper NE quadrant where Weston, Shawinigan Falls, and Cleveland
dilatations are found among Ottawa and Kirkland Lake compressions. To bring the
former into the solution would have meant shifting circle b clockwise without significantly
changing its radius. However this would have sacrificed compressions at a number of
European and Japanese stations, not all shown on the diagram. Statistically, the solution

TABLE XVI

Direct Phases Reflected Phases

P| P; |Total] PP | pP | pPi | PPP | pPP | pPPP | PcP | Total

Total Number of Observations....[105 5 | 110 19 23 1 5 2 1 2 53

Number of Inconsistent
Observations................. 19 2 21 10 16 1 3 1 0 1 32

* Personal communication.
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as given is much better and the score for the direct phases (see Table XVI) has about the
usual value. Inconsistencies other than those mentioned are scattered throughout the
diagram apparently at random and reflect no doubt on the solution.
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Earthquake of 03:11:39, July 9, 1956. ¢ = 37°N, A = 26°E.

Our solution for this earthquake is shown in Figure 14 and the score is given in Table
XVII. It will be seen that the number of inconsistencies is higher than usual. Many
of these inconsistent observations arise in a narrow band, shown shaded in the diagram,
which suggests the possibility that some other mechanism may be operating. The
solution should therefore be regarded with some reservation.

TABLE XVII

Direct Phases Reflected Phases

1% Pi P; Total | PP | pP | PPP | PcP | Total

TFotal Number of Observations............ 96 1 1 98 9 1 2 2 14

Number of Inconsistent Observations....... 24 1 0 25 7 1 0 2 10
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We also collected information on aftershocks of this earthquake with the following
H times:

July 9, 1956, 03:24:05,
06:19:07,

06:22:49,

July 10, 1956, 03:01:27.

There were not sufficient data on any of these aftershocks to permit solutions.

Earthquake of 09:56:13, July 9, 1956. ¢ = 20°N, A = 73°W.

The solution for this earthquake is shown in Figure 15, and the score is given in
Table XVIII. The solution is straightforward except that both circles @ and b have
been drawn in mean positions from which they might deviate by about +5°.
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TABLE XVIII
Direct Phases Reflected Phases
P P; | Total | PP | pP | PPP | pPP | PcP | Total
Total Number of Observations. ........... 89 4 93 15 3 1 1 2 22
Number of Incongistent Observations....... 14 0 14 I 1 1 1 1 11
SUMMARY

The solutions have been summarized in Table XIX, which is similar in form to the
tables used in a recent review paper (Hodgson, 1957). Until more solutions have accumu-
lated in this second series of solutions, no further discussion of the results is justified.
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Table XIX
EARTHQUAKE PLANE o PLANE b Null Vector i 3.
q = Y, = - )
DATE @ A ‘Eé 5% 5§ °5§°§ 5% og o;,-,chog‘ S = '6“2 53
© (5] (5] (&
New Zealand - Kermadecs - Tonga -~ Fiji
January 10, 1956 25° 8| 176° W[Normal| N 25° E| S 65° B| 82° | .981 | -.193|N 67° w | N 23° E 79°|.990 |-.142| N 60° E |76°4 a b
November 10, 1955 15° 8| 174°w| 100 |= Not Defined —————N 80° W [N 10° E 87° | * Not Defined —- a b
Bolomon 1slands
October 13, 1955 9.5 8| 161° E|Normal |[-= Not Defined ~—————i» 41 [¢———— Not Defined ———p +1. l-g———— Not Defined ———-—p
August 16, 1955 6°8| 156°E| 200 | N49°E| N4l°w|[81°] .44 | +.330|n 38° W |N 52°§ 71° | .986 |+.166 | N 26° E |68°9 a b
Marianas - Bonins
Pebruary 1, 1956 19° N|145.5° E| 350 |4—————— Not Defined =——pd =1, |[w¢0———— Not Defined ———p] -1, |«¢———Not Defined ———
FPebruary 18, 1956 80° N|137.5° E| 450 | N 20°E| S 61° E|56° | .802| -.452|N 76° W N 14° E 68° | .798 | -.603| N 78° E [4797 a b
North America
February 9, 1956 $5.5° N| 116° w|/Normal | N 19° E| 8 71° E|85° | .95L | +.311{N 72° w [N 18° E 72° | .996 | +.092 | N 35° E |[70%9 b a
July 9 B, 1956 20° N 73°W| 100 | N13°E| S T77°E|64° | .97T| +.213[Nx 82°w [N 8°E 79° | .894 | +.447 |N 77" E |61%8 b .
August 28, 1955 14° N 91° w 60 | N T°E| 8 83°E|73°| . T80 | +.615|N 85°E [N 5° W 54° 1.932 |+.361 | N 27T° E |48% b a
South America
January 8, 1956 19° 8 70° W[Normal | N 18° E| N T72° W 83°' 919 | -.393{N69° W |N 21° E 67°(.991 |-.132|N 2°E [65°8 b a
South Pacific
Noveaber 22, 1955 $4.5° 8| 123° W|Normal| N 2°E| N 88° w|[89° ] .981 | +.197|N 88° W [N 2°E 79°.999 |+.018|N 1°w [78°8 a b
New Britain - New Guinea
January 31, 1956 4° 8| 152° E| 400 |«————Not Defined » ~1. Not Defined ————{ -1. |«¢——— Not Defined ——— =
August 21, 1955 3° 5|137.5° E|Normal | N74° E| 8 16° E | 60° | .934 | +.357|N 26° w [N 64° E | 72°|.851 |+.526 |s 53° B |54%0 b a
Mediterranean
September 12, 1955 32.5° N 30° E[Normal | N 33° E| N 57° w|64° | .783 | +.623|N 38° w |N 52° E 56° | .849 | +.529| N 4° B |[44°2 a b
July 9 A, 1956 37° N 26° E[Normal | N 43° E| N 47° w ) 72° | .798| -.603|N 62° W S 28° w 65°1.926 | -.37T7|S 65° w [48°1 a b

It was mentioned in the introduction that the reflected phases would not be used in
the solutions, but that solutions based on the direct phases alone would be used to test
the reliability of the reflected phases. The results of this analysis have been given with
each solution, but they are summarized in Table XX. It is clear once again that none
of the reflected phases is reliable.

TABLE XX
Phase PP pP pP; pPi pPP PPP | pPPP | PcP
Number of Observations. ....... M 201 66 21 1 14 33 1 16
Number of Inconsistencies...........| 103 39 12 0 8 13 0 12
Percentage of Inconsistencies. ....... 51.2| 59.1 57.1 0.0 57.1 39.4 0.0 75.0
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