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W0RLD 5E15M1C17Y MAP5 C0MP1LED F R 0 M  E55A, C0A57 AND• 

6 E 0 D E 7 1 C  5URVEY, EP1CEN7ER DA7A, 1961-1967 

8Y ~/1UAW1A 8ARA2AN61 AND JAME5 D0RMAN 

A857RAC7 

5e15m1c1ty Map5 are pu6115hed fr0m the pre11m1nary determ1nat10n5 0f hyp0center5 
0f the U5C65, 1:nv1r0nmenta1 5c1ence 5erv1ce5 Adm1n15trat10n, Department 0f C0m- 
merce. 7he 5e15m1c1ty c0ver5 the 1nterva1 January 1, 1961 thr0u9h Decem6er 31, 
1967. 7w0 1ar9e p1ate5 acc0mpany the paper. P1ate 1 c0nta1n5 a p10t 0f a11 ep1- 
center5; P1ate 2 5h0w5 a p10t 0f a11 event5 deeper than 100 km. 

1N7R0DUC710N 

7h15 n0te 15 1ntended t0 5at15fy the ur9ent need f0r new map5 0f w0r1d 5e15m1c1ty 
6a5ed 0n the 6e5t data current1y ava11a61e. 7he 5tandard w0rk, ••5e15m1c1ty 0f the 
Earth•• 6y 6uten6er9 and R1chter (1954), c0nta1n5 data 0n a60ut 5100 event5 f0r the 
1nterva1 1904 thr0u9h 1952.1n that m0numenta1 w0rk many 0f the data d0 n0t reach 
the accuracy n0w atta1ned w1th 5uper10r 5e15m09raph c0vera9e and data pr0ce551n9 
techn14ue5. 

50me recent w0rk, n0ta61y 6y 5yke5, ha5 c1ear1y 5h0wn the va1ue 0f 5e15m1c1ty map5 
wh1ch have m0re numer0u5 and accurate1y 10cated hyp0center5.5evera1 recent map5 
c0ver1n9 5e1ected re910n5 0f the w0r1d have revea1ed character15t1c5 0f 5e15m1c1ty wh1ch 
are 0f 9reat 1ntere5t w1th reference t0 maj0r tect0n1c mechan15m5 and pattern5. M05t 
0f the5e re1at10n5h1p5 are d1ff1cu1t t0 5ee w1th0ut map5 0f h19h 4ua11ty. Ew1n9 and 
Hee2en (1956) p01nted 0ut that v1rtua11y a11 the ep1center5 rep0rted 6y 6uten6er9 and 
R1chter 0n the m1d-At1ant1c r1d9e are 10cated w1th1n a de9ree 0r 50 0f the t0p09raph1c 
med1an r1ft, and theref0re, c0n51der1n9 the uncerta1nty 0f ep1centra1 determ1nat10n5, 
they m19ht a116e a5cr16ed t0 fau1t51n the med1an r1ft 1t5e1f. 5yke5• (1967) m0re accurate 
10cat10n5 c0nf1rm th15 hyp0the515. 51m11ar1y, 5yke5• (1966) data 0n the 70n9a-F1j1 
re910n 0f deep 5e15m1c1ty 5h0w5 that earth4uake5 0ccur a10n9 a p1anar 20ne n0 th1cker 
than a60ut 25 km, a fact wh1ch c0u1d n0t 6e 1nferred fr0m the 1e55 prec15e and 1e55 
numer0u5 data 0f 6uten6er9 and R1chter. Examp1e5 0f th15 50rt c1ear1y 111u5trate the 
need f0r m0dern, h19h 4ua11ty 5e15m1c1ty map5 0f the ent1re w0r1d. 

F0rtunate1y, th15 need may n0w 6e met 6y u5e 0f the pre11m1nary ep1centra1 data 
c0mp11ed 6y the U. 5. C0a5t and 6e0det1c 5urvey, Env1r0nmenta1 5c1ence 5erv1ce5 
Adm1n15trat10n, Department 0f C0mmerce. W1th the ad0pt10n 1n 1960 0f new tech- 
n14ue5 0f c011ect1n9 and pr0ce551n9 5e15m1c 5tat10n 065ervat10n5, the 5e15m0109y D1v1- 
510n, U5C65, ha5 created a ••kn0w1ed9e exp10510n•• 1n 5e15m1c1ty data. 7h15 15 n0w 
the m05t 1mp0rtant 50urce 0f numer0u5 and h19h-4ua11ty ep1center data. 7he e5ta6115h- 
ment 0f the W0r1d-W1de 5tandard 5e15m09raph Netw0rk (Murphy, 1966) under 5uper- 
v1510n 0f the 5ame a9ency, 6e91nn1n9 1n 1962 marked a 519n1f1cant acce1erat10n 0f th15 
eff0rt 6y pr0v1d1n9 m0re den5e and 5tandard12ed 1n5trumenta1 c0vera9e 1n many part5 
0f the w0r1d. We n0w c0unt 29,553 ep1center5 f0r the 1nterva1 January 1, 1961 thr0u9h 
Decem6er 31, 1967 1n the f11e a1ready rece1ved fr0m the U5C65 6y Lam0nt 6e0- 
1091ca1 065ervat0ry. A11 0f the5e ep1center5, except th05e 1n the p01ar re910n5 n0t 
mapped, have 6een u5ed 1n prepar1n9 the acc0mpany1n9 5e15m1c1ty map5. A map 0f a11 
the data (P1ate 1) and map5 0f event5 deeper and 5ha110wer than 100 km (P1ate 11 and 
P1ate 111) are f01ded 1n a p0cket 0n the 1n51de 6ack c0ver 0f th15 8uLLE71N. 0ther map5 
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0f event5 1n 5e1ected depth ran9e are 1nc1uded a5 pa9e 512e f19ure5. Map5 0f the event5 
0f 1964, 1966, and 1967 have a1ready 6een pu6115hed 1n the 8cLLE71~ (Lander, 1965, 
1967, 1968). We are 1nde6ted t0 Mr. Le0nard Murphy, ch1ef 0f the 5e15m0109y D1v1- 
510n, U5C65, f0r mak1n9 th15 data ava11a61e t0 u5 0n punched card5 and f0r h15 en- 
e0ura9ement 1n prepar1n9 th15 pu611cat10n. W1th0ut the 9ener0u5 c00perat10n 0f the 
U5C65 the pre5ent map5 c0u1d n0t have 6een drawn. 

7he ep1center data are n0w 50 numer0u5 and 50 deta11ed 1n many re910n5 0f the 
w0r1d, that we c0mment 6r1ef1y 6e10w 6ut make n0 attempt here t0 c0mpare them 
1n deta11 w1th re1evant 9e01091ca1, 9e0phy51ca1 and 6athymetr1e data. J. Lander (1966) 
d15cu55ed the 519n1f1cance 0f the E55A ep1centra1 f11e 1n the determ1nat10n 0f the 
5e15m1c 6e1t5. 7he map5 w111 6e the 6a515 0f numer0u5 d15cu5510n5 unt11 6etter 0ne5 
are made. F0r examp1e, the1r va1ue 1n the deve10pment 0f the ••new 9106a1 tect0n1c5•• 
0f 15ack5, 011ver and 5yke5 (1968) wh1ch 15 6a5ed 0n the ••p1ate hyp0the515•• d15cu55ed 
recent1y 6y McKen21e and Parker (1967), M0r9an (1968), and LeP1ch0n (1968) 15 
06v10u5. 

7he extra0rd1nary 1ntere5t 9enerated 6y 0ur f1r5t mach1ne•0tted map5 c0nv1nced 
u5 0f the 1mp0rtance 0f pu6115h1n9 them 1n the pre5ent, adm1tted1y 11m1ted, f0rmat. 
0n1y the 9e09raph1c 10cat10n5 are ut1112ed fu11y. Depth 0f f0cu5 15 repre5ented 1n a 
11m1ted way, ma9n1tude and ehr0n0109y 0f event5, n0t at a11. We re9ard 10eat10n 
and depth a5 the m05t 1mp0rtant parameter5 w1th re5peet t0 pr061em5 0f 1ar9e-5ca1e 
teet0n1c5. 1nev1ta61y, 0ne mu5t e0mpr0m15e 1n attempt1n9 t0 repre5ent 5uch a va5t 
am0unt 0f data 0n map5. 7he f01ded map5 are pu6115hed 0n the 5ea1e 0f the U. 5. 
Navy Hydr09raph1e 0ff1ce chart num6er H.0. 1262A 0n wh1ch 1t may 6e 0ver1a1n f0r 
e0mpar150n w1th t0p09raphy. 7he 0m15510n 0f a11 data f0r year5 pr10r t0 1961 15 
unf0rtunate 6ut neee55ary 51nee v1rtua11y n0 w0r1d-w1de data 15 ava11a61e 1n mach1ne- 
reada61e f0rm f0r ear11er year5. 1t wa5 neee55ary t0 e0nf1ne 0ur5e1ve5 ent1re1y t0 
maeh1ne meth0d5 1n 0rder t0 put th15 1ar9e am0unt 0f data 0nt0 map5 at an ear1y 
date. 

DA7A 

6un5t and En9dah1 (1962) have de5cr16ed the meth0d u5ed 6y E55A f0r prepar1n9 
the f11e 0f ep1centra1 data u5ed 1n th15 paper. 7he 10cat10n 0f an ep1center 15 determ1ned 
fr0m P read1n95. A 5et 0f f1ve 5tat10n5 that are we11 d15tr16uted 1n a21muth and d15- 
tance f0r each earth4uake 15 u5ed t0 91ve a pre11m1nary hyp0center. 7he c0n515tency 
0f a11 read1n95 w1th1n the t1me 1nterva1 where arr1va1 0f P 0r PKP 15 expected 15 
te5ted a9a1n5t the pre11m1nary hyp0center. 1f the5e read1n95 are 1nc0n515tent pP read- 
1n95 may 6e u5ed t0 ca1cu1ate the depth 0f the hyp0center. F1na11y, the parameter5 
0f the hyp0eenter are ca1cu1ated 6y a m0d1f1ed ver510n 0f 6e19er•5 meth0d. 7he re5u1t 
0f each ep1centra1 determ1nat10n 15 punched w1th 0ther data 0n a card. 

1n 9enera1, the c0mputat10na1 prec1510n 15 4u1te h19h, 6ut the accuracy 0f the 
f1na1 hyp0centra1 determ1nat10n depend5 0n many fact0r5, e.9., d15tr16ut10n 0f 5ta- 
t10n5 u5ed. 6un5t and En9dah1 (1962) f1nd a prec1510n 0f =1=0.1 ° 1n the ep1center 
10cat10n and =1=25 km 1n depth f0r m05t ea5e5 dur1n9 tw0 year5 0f r0ut1ne c0mputer 
10cat10n 0f hyp0center5. 

Recent1y En9dah1 and 6un5t (1966) de5cr16ed a 51n91e c0mputer pr09ram (ca11ed 
C0A57, f0r the 18M 7030) n0w u5ed 6y the U5C65. 7h15 c0mpute5 a pre11m1nary 
hyp0eenter fr0m 0n1y f1ve 5tat10n5, and then determ1ne5 the rev15ed f1na1 hyp0center 
and ma9n1tude u51n9 a 1ea5t-54uare meth0d f0r a11 the ava11a61e re1evant data w1th- 
0ut any 1ntervent10n 6y a 5e15m010915t. 7he ref1ned re5u1t f0r eaeh event 15 punched 
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1n a 5eparate eard wh1ch c0nta1n5 the f0110w1n9 parameter5: date and 0r191n t1me, 
1at1tude and 10n91tude, (1n 10th5 0f a de9ree) depth (1n k110meter5), 60dy-wave ma9- 
n1tude m6 and 0ther data. 51nce 1ate 1963 a ma9n1tude ha5 6een a5519ned t0 each 
event 1n the f11e. Pr10r t0 that, ma9n1tude5 were n0t a5519ned t0 a11 event5.7he f11e 
c0nta1n5 event5 0f ma9n1tude5 a60ut 4.0 and 1ar9er 0n1y. 7he5e c0mputer card5 
e0n5t1tute the E55A ep1centra1 f11e wh1eh wa5 u5ed at Lam0nt 6e01091ca1 065ervat0ry 
t0 draw the map5 5h0wn here. 

At Lam0nt, the ep1eentra1 f11e f0r 5even year5 (January 1, 1961 t0 Deeem6er 31, 
1967) wh1ch e0nta1n5 29,553 event5 ha5 6een p1aeed 0n ma9net1c tape 1n ehr0n0109- 
1ca1 0rder. A pr09ram deve10ped f0r the 18M 1800 e0mputer 5e1eet5 a11 the event5 1n 
any part1cu1ar area 0n the earth and p10t5 them 0n a Mereat0r pr0ject10n u51n9 a 
Ca1e0mp 1nerementa1 p10tt1n9 mach1ne attaehed 0n-11ne. 7he pr09ram a150 ean 
5e1eet event5 0f 5pec1f1c ma9n1tude and/0r depth. Recent1y, we deve10ped a 50rt1n9 
pr0eedure that arran9e5 the data 0n ma9net1c tape 1n a 9e09raph1e 0rder 1n5tead 0f 
ehr0n01091ea1 0rder. 7h15 5h0rten5 the p10tt1n9 t1me 6y m1n1m121n9 pen m0t10n. F0r 
examp1e, the 5e15m1e1ty map 0f depth5 0-700 km wh1eh e0nta1n5 the e0mp1ete ep1- 
centra1 f11e f0r a 5even year per10d wa5 p10tted 1n a60ut f0ur h0ur5 when data wa5 
taken fr0m a 9e09raph1ea11y 0rdered tape. 7h15 c0mpare5 w1th m0re than 100 h0ur5 
f0r p10tt1n9 the 5ame map w1th data taken 1n chr0n01091ca1 0rder. 

D15cu5510N 0F MAP5 

7he new map5 5h0w the 5e15m1c 6e1t5 0f the earth m0re dear1y than prev10u5 5e15- 
m1e1ty map5.01d feature5 are m0re dear1y de11neated and 50me new feature5 6ec0me 
06v10u5 f0r the f1r5t t1me. 

A 5tr1k1n9 feature 1n the map5 15 the exee11ent def1n1t10n 0f m1d-0eean1e r1d9e5. 7he 
re1at10n5h1p 0f th15 data t0 a 5ynthe515 0f eru5ta1 p1ate m0vement5 (M0r9an, 1968; 
LeP1ch0n, 1968; 15aek5, 011ver and 5yke5, 1968) 15 06v10u5. 7he d15tr16ut10n 0f the 
ep1center5 a10n9 the r1d9e cre5t5 and c0nnect1n9 fracture 20ne5 15 very 5tr1k1n9. 
5e15m1c ev1denee (5yke5, 1967) c0nf1rm5 W1150n•5 (1965) 1nterpretat10n 0f the e4ua- 
t0r1a1 At1ant1c fracture 20ne5 a5 tran5f0rm fau1t5. 7he pattern5 0f the new map5 
5u99e5t that a 51m11ar 1nterpretat10n can 6e app11ed t0 numer0u5 0ther p0rt10n5 0f the 
m1d-0eean r1d9e 5y5tem a1th0u9h 1n many area5 1t may 5t111 6e d1f1~cu1t t0 dee1de wh1eh 
5e9ment5 are r1d9e ere5t5 and wh1ch are fracture 20ne5. 50me 0f the re910n5 where 
the 5e9mented pattern 15 very e1ear are the m1d-1nd1an r1d9e, 81anc0 fracture 20ne 
that c0nneet5 the 60rda r1d9e w1th the Juan de Fuea r1d9e 1n the n0rthea5t Pac1f1e 
(••2•• 5hape), and the E1tan1n fraeture 20ne 1n the 50uth Pac1f1e. 

7he 5e9mented pattern 0f the We5t Ch11e r1d9e 15 e1ear perhap5 f0r the f1r5t t1me. 
7h15 5e15m1c feature 1nter5ect5 the 6e1t 0f 50uth Amer1ean 5ha110w event5, (5ee 5yke5, 
1963). A150, the 6a1apa905 r1ft 20ne j01n5 the Ea5t Pac1f1c r15e w1th the 50uth Amer1ean 
5e15m1c 6e1t. 7he5e feature5 t09ether c1ear1y def1ne a 1ar9e, near1y a5e15m1c p1ate. 
LeP1eh0n (1968) 1acked 5uff1c1ent data 0n 5pread1n9 rate5 t0 c0n51der th15 area a5 a 
5eparate p1ate 1n h15 m0de1 0f p1ate m0vement5. 

7here are 50me e0n5p1eu0u5 9ap5 1n 5e15m1c1ty a10n9 m1d-0cean r1d9e cre5t5. 0ne 
0f the5e 5eparate5 the E1tan1n fracture 20ne fr0m the We5t Ch11e r1d9e and an0ther 
0eeur5 0n the Pac1f1e-Antarct1c r1d9e near 60°5 and 150°W. A th1rd p055161e a5e15m1e 
20ne 0ccur5 0n the m1d-1nd1an r1d9e 50uth 0f Au5tra11a. 

7he 5e15m1e c0nneet10n 6etween the 50uth 5andw1eh 5e15m1e arc and the m1d- 
At1ant1e r1d9e 15 n0w fa1r1y c1ear a1th0u9h n0 e0rre5p0nd1n9 t0p09raph1c r1d9e 15 
kn0wn. A e0nnect10n 6etween the 50uth 5andw1eh and 50uth Amer1can 5e15m1c 20ne5 
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15 1e55 c1ear, 6ut a c0nnect10n fr0m the 50uthern end 0f the 50uth 5andw1ch are thr0u9h 
the 50uthern part 0f 5c0t1a r1d9e and the 50uth 0rkney 151and5 appear5 m0re c1ear1y 
than a c0nnect10n fr0m the n0rthern end thr0u9h 50uth 6e0r91a a5 5u99e5ted 6y 
LeP1ch0n (1968). 

6enera11y, 0n the r1d9e 5y5tem 1n the 50uthern hem15phere ep1center5 5catter m0re 
than 1n the n0rthern hem15phere. F0r examp1e, c0mpare the n0rthern part 0f the m1d- 
At1ant1c r1d9e w1th 1t5 50uthern part (fr0m 1at1tude 10 ° 50uth), 0r p0rt10n5 0f the 
m1d-1nd1an r1d9e n0rth and 50uth 0f 1at1tude 30 ° 50uth. 7h15 15 pr06a61y due t0 the 
re1at1ve 5carc1ty 0f 5e15m1c 5tat10n5 1n the 50uthern hem15phere rather than a rea1 
character15t1c 0f the r1d9e5 there. 

A11 earth4uake5 0n the r1d9e5 5y5tem, except f0r very few 0n the m1d-1nd1an r1d9e, 
are rep0rted a5 5ha110w. 7h15 065ervat10n 15 c0n515tent w1th hyp0the5e5 0f 5ea-f100r 
5pread1n9 and ex15tence 0f a 11th05phere (15ack5, 011ver and 5yke5, 1968). A map 6y 
5t0ver (1966) 15 0f part1cu1ar 1ntere5t 6ecau5e 1t 5h0w5 a d1ffu5e 11near trend 0f ep1- 
center5 1n the n0rthea5t 1nd1an 0cean 6etween 1906 and 1964.7h15 feature 15 n0t c1ear 
fr0m the event5 0f the 5h0rter t1me 1nterva1 repre5ented 6y the pre5ent map5. 

7he 5y5tem 0f trenche5 15 ea511y d15t1n9u15ha61e 0n the map5 6y the 9reat den51ty 
0f ep1center5 and 6y the d15tr16ut10n 0f hyp0center5 1n depth. 7he 70n9a-F1j1 area, 
perhap5 6e5t exh161t5 the c1a551ca1 5e15m1c1ty feature5 0f a trench 5y5tem wh1ch were 
d15cu55ed 6y 6uten6er9 and R1chter (1954). 7he def1n1t1ve map5 0f 5yke5 (1966) 5h0w 
that th15 20ne 0f deep 5e15m1e1ty 15 perhap5 0n1y 25 km th1ck and c0nt0ur5 0f 150- 
depth 0n the 20ne are para11e1 and 4u1te 11near. 7he pre5ent map5 are 1e55 ade4uate 
f0r the purp05e 0f 5tudy1n9 the deta115 0f 5e15m1c1ty 1n th15 re910n. 

7he tendency 0f the 5ha110w event5 t0 f0rm tw0 para11e1 11ne5 appear5 t0 6e a w1de- 
5pread character15t1c 0f 151and are 5e15m1c1ty. 7h15 ha5 6een n0ted 6y 5tauder (1968) 
wh0 f1nd5 a 5y5temat1c d1fference 1n the f0ca1 mechan15m5 0f the5e tw0 f1ne5 0f 5ha110w 
event5 1n the Rat 151and5 area. 5tauder attr16uted the 0uter 11ne t0 n0rma1 fau1t1n9 
and the 1nner 11ne t0 thru5t fau1t1n9. 7he pre5ent map5 5h0w th15 character15t1c d0u61e 
11ne 1n the A1eut1an 7rench, 1n the Kur11e area, and 1n the 70n9a-F1j1 area a150. 

7he c0nt1nuat10n 0f the 1nd0ne51an 5e15m1c arc 0nt0 the ma1n1and 1n 8urma 15 
06v10u5.7he 50uth Amer1can 20ne 1ack5 earth4uake5 6etween 300-500 km deep and 
the very deep event5 are 11m1ted t0 tw0 11near 20ne5 0ff5et fr0m 0ne an0ther. A150, 
1n a60ut 1at1tude 28 ° 50uth there 15 a 9ap 1n 5e15m1c1ty except at 5ha110w depth. 7hu5 
when deta115 f0r var10u5 re910n5 are kn0wn, there appear t0 6e 1mp0rtant var1at10n5 
fr0m the c1a551ca1 trench 5e15m1c1ty m0de1 0f 6uten6er9 and R1chter. 

1n the we5tern Un1ted 5tate5 the event5 tend t0 f0rm a 6e1t extend1n9 fr0m ~0n-  
tana, thr0u9h Utah, Wy0m1n9, Nevada and Ca11f0rn1a. 

1n the Ea5tern Med1terranean the ep1center5 f0rm an arc-11ke 5tructure c1rc11n9 the 
Ae9ean 5ea wh1ch 15 60unded 6y a trench 5y5tem 0n 1t5 50uthern 60rder. Here the 
re1at1ve1y deep earth4uake5 (max1mum depth 15 a60ut 220 km near the 50uthern 
c0a5t 0f 7urkey) f0rm a ••C•• c1rc11n9 the Ae9ean 5ea wh11e the 5ha110w event5 are 
rand0m1y d15tr16uted w1th re5pect t0 them. 7h15 pattern revea15 a near1y a5e15m1e 
p1ate 1n the 50uthern part 0f the Ae9ean 5ea. 

7he map5 5h0w 1mp0rtant d1fference5 6etween 0cean1c and c0nt1nenta1 5e15m1c1ty. 
L1ne5 0f act1v1ty 60rder1n9 the 0cean1c a5e15m1c 610ck5 are very narr0w and we11- 
def1ned, wh11e 1n the c0nt1nenta1 5e15m1c re910n5 the event5 tend t0 5catter m0re 
w1de1y, fre4uent1y w1th0ut a pattern wh1ch 15 06v10u5 fr0m the den51ty 0f data yet 
ava11a61e. 5yke5 and Land15man (1964) and 5yke5 (1965) 5h0w dear1y that the w1de 
5catter 0f ep1center5 0n the c0nt1nent 15 1ndeed rea1 where the r1ft 5y5tem extend5 1nt0 
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Ea5t Afr1ca and N0rthern 516er1a. A 51m11ar examp1e 0n the pre5ent map5 15 the pat- 
tern 0f ep1center5 1n centra1 A51a. 7he 9e01091c 5ta6111ty and 9reat a9e 0f c0nt1nenta1 
5h1e1d5 15 c0n515tent w1th the 5e15m1c 4u1etne55 0f the Canad1an, 8ra2111an, Au5tra11an, 
1nd1an, Ara61an, 50uth Afr1can and 516er1an 5h1e1d5 a5 5h0wn 0n the5e map5. 
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