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P~OPAGP.CJO~ 0( ONO.O.S ElASTICAS fN liN IIEO!O SHUNrJNlTO. 

' 

rranclsco J Shchu-s~,.... 

l. I!I'I'RODI!C:CION 

Las ondas oísmJcas se propa9an desde la fuente de acuP.rdo 

con h& propiedades rnec~nicu del ,.~dio en que viajan y, 

por supuesto, dependen también de las cacacter!sttcas de 

la· fuente. Lo dcscdpci6n del fcn&.eno ha pOdido ha,erse .. 
de fonoa sathhctoria al recurrir a s!t~~plific:adonea ~ 

·hipótuh que ll.,van a la formulaci6n d" modelos qu 10 repre . .. ' -

ondas en la tierra. Es usud aceplar que la tierra· es un 

me<lio eUat1co linea.l, ho1110qdn .. o e hotr6pi=. En un me· 

dio de esta naturaleza con ex~ensi6n tHnrrr .. u., ae :·~· dc.1 

propa11ar dos Upos de ondas <'lhtic~s; las ondu P o de 

compresl6n y las ondas S o ~ .. cort~nte. Las prlm.,raa ~" 

propagan cnn rr.a:¡<>r vclocjd"d .Y por eso s" l.,s "uala llamar 

primariao miontr~s que las so11undas reciben .,1 nornbre ~e 

acundH!aa. Edste" div.,rsaa soluciones p1lra h• ecua-

• 

dones que 9ob:le~nan .,¡ fen(.meno de I-<;,p~<¡~~i6n. lid, p«a 

u,a fueHe puntual &e -r><><!r!a habhr de ondas esférica•, 

que a <¡n.ndes <lhuncla8 de h fuente se pueden r .. pruen 

tar COIIIO ondu planu. En alguno• '"'S08 se modela el pt!!_ 

ble.na <'ie prop.ogaciOn <:o;oo bidimendonal y las solucione. 

para una fuente ¡,., d,on en términoa de ondas c1Undrlcn, 

que también a qnndes distano1u son ap'roxirnadarnente phnu. 

le• puede encontraue en el Ucelomto texto de Ewtng, 

La existencia de una supe~fici10 libre introduce reflexiones 

d<> l~s on<las al llegar a <>ota. Para estudiar. l.a !lAturahza 

de las re!l~xionaa dicha supar!ici" debe considerarse libr<> 

d~ estuer2oa. Dado q"e a grandes distancias de la tuent .. 

l~s ondas pueclen suponerse planas y· que para las longltudu 

de onda oe int,rh la curvátura do la ttena es, comparat!· 

vam<!nte, pequeña u estudiar! ~1 pmblema de reflexi6n de 

ond"-5 planas por la superficie de un medio elhtico scmin-

finito. Dicha 5up.,r!icie se supondr¡ plana. 

A o;Ont;n.,oc16n •a presentan algunos upecto• de h pro· 

pa11aci6n de ondaO en un medio el!stico de ext<"nsi6n ilim! 

tada y so Hproun laB ecuacian~s quo gobiernan ol fcn6m!. 

no en tl<rminoa da potenc!~lU d~ d~oph<amiento. Po•t•

riorn:e,te "" discute la nflex16n de ondaa planas por la 



•· 

y que v•vl,..t). -De lu eca 1 ae obUene '1'1• 
• 

••• 
"' • 

y la sol~ci6n tiene la mis..., for""" que la ee 4 pero apr.!. 
• 

senta on<!lae que viajan con una velocidad S, dond~ 

Debe notarae que el movind<>nto es perpendicular a la di

receHin de avance. Puede demostraue c¡ue lao aolueionu 

de la ec S Upreaentan ondas de corhnte, &Jn ca>Ot>Jo de 

vol""'en, 

Las ecuadonea de movimiento pueden resolverse de una "'!. 

r.era mh <J<>neral por medio d" poú~dolu dt duplua,..ic,;~~-

-Si el vector deopluamtento "" "'I'''"''' c~n.o 

V·i •· o '" 

:·ul, puede ~~mcslr"rse c¡ue la '"' 6 reprennta una solu-

~.,s) si f 

de onda: 

' --,.- '" 
• 

' -,~ 
..• -

-;-¡> 

• 

'" 
l\s:[, por ejemplo, una aoluc16n de h ec 1 que reprea~mta 1m1 

onda plana de canpr~s16n que viaja en una 'direcct6n 

rilo. est.:l. dada pOr 

arbitr!. 

t • r lt· '") "' 
donde 1,' "• n ,. cosanoa ~e los ::ugulos !ornuodoa por 1• <Hrooc 

Si i' • (x, y, z) y ñ • (l, m, n) <!onde i' • ve<:t<>r de poal•_ 

d6n y n • vector unitario:> que da l:o <!trecc16n de prop.ao¡a· 

cl6n, 1~ eC 9 puacle ca<:ribirse COt!OO E 

( ! o) 

Es evi<lcnte que ooluuium>~ sirnilar"s pueden .,,cont.r~rse P!. 

vectorial y rcpr~5en . -
tarbn onclaa de cortante viajando con una velocidad S· 

En cocrdonadu rectang-ulares " •• ' •• dc~arrolla ·-
- .. • 

... ..,_ 
• a--.- .,- •• 

" 
... • 

at~· 
(¡ 1 ) • - = ~ " ., •• "· • - • . --¡y .. . '· 



' 

·~••y runy • {1 J) 

Plc;no hori,ontol 

F.ig l. 

" 
h onc!a ~etlejada uU. dada almplto,.enta por 

0' ''''"''''i-''C'"'"'"'L ) ( 1 ~ J 

•q~l T ~ ~ngulo d@ !ncideneia. Puo:de veriflcane que 

v ~ v(l) + v(r) satisface la ec 12 y h condicHin da qua 

el plano X • O <>~ti!, Ubre de esfu<>rzo pues lo& On1coa ea

fuar•o• relevantes cst~n dados por 

•• ..-- 1 1 S J 

y combinando las "-CS 13, 14 y 15 resulta que 1 • O ., 00 

x • o. <>ebe observaue que "" eotu cor,didonea el IOOVi-

,.lento en x " O, la superficie libre, u puede escribir 

( 1 6) 

por lo que el factor d<> amplificaci6¡, eo doa. 

~n la p>·opag~cJ"~ de o~d~s P y SV <>l movimh,nlo eot.1 on <>l 

phno xz, ~~ decii: u • u(><,z,tl. "• w(~,,,l) y v • O, );n 

••• h' • 
u 
'" { 1 7l 



que loa potencU.leH sean tinitoo, Al definir t como 

narto ne;rati\ro con 1 • .,¡e se oba~.rva quo el producto 

. ¡ h 
• 

imag~-

(17) 

representa una onda arn,:inica que vtaja en h direcctl'in po

a1t1\'a de a con una velocida<l de fue e, st e u n"9';ati"il. 

la dire<:cil'in dn viaj<! eB "" la dir<~<:cil'in nagativa da :. 

Eo tl!rminos de los ángulos de laa !19~ 4 y 5 u tiene qua 

• • • • ' ( 2 8) 
><n y S 

con estu definJciones JO y (deben uro rnlU o imagtna

rioo pues, de }as e~s 25 y 2~, ~e tiene que 

,, . •' . .,•¡a' •w'(11c' ·1/a1) ( 2 9) 

' K' • 1' • .,•¡~' • w' ( l/c 1 ·liS') (lO} 

A•!, para S< o< JcJ, ~y ( ~>on i""!l!n~rios¡ pata 

e< JcJ < o, ll es ~e"l y K !magina:do¡ para JcJ < S< a, 

~ y ¡; son reales. 

t"ara el pri~t~~r caso, S < a< JcJ, ae llen<!n Jo• r-o<cncialcs 

(l1 ) 

' . 
donda • . O>/c, •• 

,, ··lh¡ •lh ,. . 
.,(1/~ 0 -l/c 0 ) 1-i ' J • 

u 

(12) 

01(1/8° - 1/c' ¡'1,. 

"' 111=() .. tiene •' cno mcutrado '" " "' • 
,, inciden· 

do ,, onda a •• '" ca,¡, Jo .. . , • • .. tendd in<:Jdencia 

,, ondas ''· Sustituyendo ,,. ••• " ' " •• "" ~- " 
i 22, hacieOO.o <¡ue a,.•T:u•O en ><•0 y reaolviend.D el ab 

t=a de ...:;uaci<>nea resul hnt& ae obthne que 

., Para 111- o 

2 . • cot Tp cot y S (e o t' Ts -ll' . , ' cot T P coty S • (cotl Ts -rJI ( J3) 

0~) 

donde '• ' !ingulo " Jne!~encl" ' ,, r-oflex11in de .. en~ a 

• ' 
,, • ~n.,ulo ~e r-e!lcx!6n '" •• cnd" ~V • Debe recordar-

•• , .. ,, veloci~"d apar~nt<t .. ~ dada ,,. 

• (H) 

. .. 
~c<><ys(<ot'Ys 

_, ' 

• "' l p <Ot '•, (<otl_y 5 ·1L' 
{36) 

., 
-..-- • ,., lr'"' '• 

. (<<>< 1 ls -1)' 

' .. , lp<Ot '• . (<o<' ls ·11' 
( l1l 



f--1-.:_· J.-e 1;1~-+-++-~ ''~·-~ 

1-. --~' ~,H*-' +--\-+~,!-------+----:,. h,', ---1-------1 

" 

Fi.g 1, 'hú Cl!abad;:' d< !a. ulac.i6n ~~ •~ugla. "-•!.!<jada 
4 onug!a. üoi.de".l~ P""-" an4 •nda. SV <-no<d•n.tt u 
""" '"P•"-íi.ci.c li.b"-t 

. ' . 
(eot 'Ys ·1 )' •lo 1 ( 1 -e' I<I') h<<>t y 

5
• <gn;. 

.{cot'Ts'IJ'·Ioi(J·c'ln'l'hcot y ,qn<o> ' . 

cidoneia de ondu ~V con ~r.gulos ,, _, . 
que &nn U/<>) <¡¡enern on-'··· .' ,., 

(lo o) 

(~1) 

.. 

un d tercer callO, )e)< B < a, se tiene que 

( ~ 2 ) 

,londo m • ¡..,)(1/c' -· 1/a'¡'hy k- )w)(l/c'- 1/S')'I.. " 
han el !minado !1.

1 
y B

1 
puu no representan onda e incidente~ 

con potnncial~a finttoa. Las ecuacioMS de esfuenos nu-

lea an >< • O conducen a 

21{1-c 1/S 1 )
1
¡, <gnO> 

l·c> a• 

2 ·c'IS' 

COIOO lu oc~ U y 45' deben ser J'iiU.les se obtien" ..,. .. la 

\reloc:idad de fue, e, debe satis(ac"r la si<¡ui<>nte ""ua-

. (1 - e' 'h. -\(1--) •• (H) 

La ruz rod de c&la "'"uac16n, "R' encontrad~ po~ vez prJ

""ra por R.oylei9h, '~a la V@l~ddad ~e li.s Ua~>~claB ondaa 

~" RaylQJgh, r.n la ti9 8 "" P""sentu> valN"s de c 11 para 



t~g 1t. 

,,, __ _ 
- J 

lla.ta~.i6~ p~U un u-0."-.to ub~e un .... ..: .. pacú 
d:Ut.i~o 

. '• ' •~' 
•• ,, 
para el sernüspacto. 

( ~ 8) 

Haciendo uso de soluciones del t!po de las ecs 23 y 2~ se 
• 

v 
1 

• (A - k y " • • • • •ky 1><¡ elk(,-ct) 
( ~ 9 J 

,-,- ' 0-ky,x • lk(z-c<) 
(5o) 

dond<> ,, -(1-c'll;') 'h 

' ,, - (1-c'IB') 'h •• observa , .. 
' ' ., • < ',. ., -" cuando < • • 

" 

L~G cond!ciones" de fronten """ 
en x•O y que ' -~. 

O en 1< -':'_-H: Estas condiciones conducen 

a un siHerna de ecuacioneS IÍon>Og~no>o en A, E y c. Pau 

qu<> se tenga solución diferente <le cero el determinante 

( S 1) 

es la "Ctlación para c.Utm.er la veloeida<i df! las ond~s de · 

Love. 
• 

Si ~~ < e2 la ec 51 da valores H!aleo de e, en el intervalo 

6
1 

< e< 8
2

, que dependen <le k y H. Pueden obtenerse ondas 

de Lave de forma general ~uperponiendo ondas de Leve del 

tipo de la ec 49 con' diferentes k. 

La dependencia de h velocidad de propag~ción de lo>. frecuen-

es el caso en medios ~slratificados. 

6, !IIBLlO;;RAF'Ill 

D.Jj, .. -., :1. Ou<¿~L"'Y• >• S y ~"Qss, P, Eh6U~ "'<lVU .l~ !ayM< 
modu, t\c Gtaw-HiH !look co, t1u~w• York, l957 · 

Wh~t", J E, Seümü wac•eP JLad<atü" tka"MÜ6.éon ar.d ~Hcr.u< 
· .Uon, He Gcaw-Hill B<>ok eo., ""eva 'lorlt, 1965 

rung, ~e, Fou~d~tion• e¡ oo!i_d moc.h~r.Jo•, PrenHcu-Hall, Inc, 
Engl~''ood Cliffs, Ku~va J"r~ey, 15"5 
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EFECTOS SISlo!ICOS EN SUELOS CllANUr.ARES 

' 

IN]'JI(l[)UCCION 

El c=portal:liento adecuado de los suelo• y las ci.,entacionc~ d~ra!! 

caUva de su reshtMcia, conduciendo a !all.1s inducida<> po< ternbl~ 

res, no aon, al met.O& hasta h Ce<;h"- (junio, 1917) co:opletactente 

enten~Jdu y co~stHuyen un cazopo fcrtil. de investi9od~n y dQ gun 

utilidad J>ilra la pr~ctica pro!ooional de h r~genier!~ Civil. 

'" numaro~as oca"ionP-s duranto Jos te.:ohlor~• p~sados. 

-,. 
. ' 

De lBel a J94S se ha !nCormado de 229 desli>illllie.ntos, que cau'! 

ron d desplnhr:~iento to~al de 25 odllones da 11 1 de arena, tn 

llolan<la; a orUHts d~t los nu:>erosos cst;echos que e>Oisten, ha 

habido gran cantid~d de desli>a<'lientos que h~n provo~ado el r9 

pir>lento de di~ues y, por tanto, la !nunda<:JOn de g~a!ldU exte¡ 

&iones de terreno. 

cle que durante el •hmo de 1959 

(Har!ial, 1961), un gr~n trar>o de la """rgen hqul,.rd» d~4 do 

O::O...tucoalcoa tuvo d<!Splau,-.icnt.o~ verUcalu y horhontal~~ dj 

fuporÚncia. Mochas in•Ul~ciones do h zona de a~tillcros uu· 

frieron hu,dtmlentos baJo h <:iO>entacll'ln y el as.entamiento ~en1 

ral fue r.otable despd·• del "~"""'· Algunos tramos de loa 1\\Ue

lhs ci,.entaclos se>~re pllOI<>s "'"~~llcos de 10 n de l<>n9Hud ~u-

fr.ieron dc•pluarnie~tos apreciables en direcciOn horüont•l. L'o 

de les ,.ueiies se dBpla,.O hacia d do rn!is de 1/2 "'· TaleS "'S 

vlll'llentos se han atribuidO »l !cnCr.~cno da llcuaciOn en los man

tos arenolirnosos y Il!:loarcnosos i¡ue allf se encu~ntran entre O 

y a ,. de profundidad. En vista de laS altu :relael.on<>s d01 vac$ 

'J de la granulcmet<!a u~i!onoe d<> diehos suelos, no puede <l<>Sc'1 

t~~se .,ot~ ¡oorrfbjl; • · 

Durante el t=b!Or Ce Chile, en 1960, re ior.uron ••tensas ~ona 

de falla. ¡.a tierra fue arr»Str~da hada.,¡ r.ar a lo la' S" de 

la costa de ~00 m, ll~v~"do conol90 to~''" l1o5 uotrucluras ~e re 

reforzado fueron aba~idU 'J luego a.rrutrad~s. En este mlsfOO 

temblor, hilG .un~ pre~a '~"1<1•\•> a la licuacl~n del •uelo da ci

rnentod6n, 



.. 
- ' 

A.3 LI"TUV!OS llt PWS1FJCI.C101/ 

Zs Wl hecho bien •~t.abhcid<> <¡ue la aplfeaci6n de Car<;a ctcllca 

tan dc•arrollado (Broros y Fors~blad, 1969). 

-El <OSo do vlb~acie;,es venicales para ¡>rodudr la C:er.s1~1cac16n 

tes de arenu secas indudda~ por ~randes" M:<>l~radones llorizO!!. 

tales y un gran nt1mero ¿., ciclos de p~<;~er,a 1lrlplitu~ M han Jn

'•csti'=i~do utilHando- cajas de =rte colocadU oobre !'lesas viLr!. 

doras (B<~rkan, 1962; You<'l, l970), VH fi<¡ ~ 

H .. mejanteo a los e~¡>a;aclos '" te,.blores itl~eMos, han 10ostrado 

~'"" la -''"'!'l:tL1d c':e cldo~,.,•d!n, co,.-.p~ci<l<~d rcl~tiva :· ntL-oero 

,;., cic~os de c;;rsa son los :>~!r.c!;>al€s ~<~ctore~ -:u~ ~c:'.>lerm•n 

• 

-. -
Seed, Pyh ¡ t!a<tin (1$75), uaUur~n una_ aerie de ensaye5 de 

corte sioapla tanto en =• (") co= en doS (x,y) direr<:i<>;;U. 

Se utiliuron dos patrones bh:lccs <!e <...>virclentc, en les ~~u-

yes bld1racc1onales. 

se resumen rn la Hg a, en donde se en;::uentr~ ~~ a.enUI."c,;~~tc 

clondo> 'h , <!S el tl.li,.tmo urue~"" ~o~tanU> horizontal y, a,. 

es el esfuerzo vertical aplicado. I:stas pru~bu confirma~~:. 

las concluoiones de silv<!r y f.ee•l ll97ll, quo para un nivel ~-> 

' d~tom.,ctones cortantes el auntM,Iento ·Inducido es 1n:lep~ndl"!: 

ba bajo condlclonH óe ~sfiX>rz<;. controlAdo, las eef¡¡=o~'"··~• 

cortantes c:!clfcas, y por t•nto los asentar.>jento•, oe inor~~.on· 

tan.con el lncremoo,to <le 111 rolaci(;n de esfuenos. !'ara un va- 1 

lor dado de h relación <!la cofuerzns se P'Jed<! ver que el as~nt! 

ro..1ento causados por dos corepcne,tes de I:IDV~ro..iento es aproxi;oad!.¡ 

Clo!nte i<¡~u&l a Ja su.--;:a de los a<=:>t<>.mientoa causado• por ·cada 

una de los "é''"poncntes. 

Sobr" la base de estos resUHodos r~recQ r.>zon"bl~ post\'l~r qc'": 

para arenu saturadas ens•yada~ hajo cone~c~on~s no dr.:,~<"as, 

el .:'ncrc;;~ento de la .-resi{.n de poro ser:í. aptc.xi~"'¿"'·ln~; Gcs '"!. 

ooes ¡.~yor ba:Jo dos c-ooopcnentes e., '-'-"'"i"'icnto q"e t.aj<> '-'~• '"'h·, 



- ' -• -"-

c~~e a un nCunero M_uivaleooo '' •'•ooo < < •• ,.. ~~~ <> '" t;-;ac. un cortan 

te de ""'?lHud constante. 

~) ~nl1car e' nf\r.ero <!e co•,'•o ' ' • o• .- • ~ '"' e.nrr.ac ~n eon ·:>te, d~~er~ 

::>i·aCo en (b) a "'"4estru 'lo o < • nona <>nsa¡·a ao ... ajo condlelcmes 

de corte sil:lp;e Y c~:;c.-::;i:~u hs deforr.ociones volwo(;trlcu 

Y a partir de htds coooccr las ~Hoooac!On<:s vertic~leo re 

~ulhntes, 

d) ~e:e~tr el procediciento do (e) pda cadot caoa ciel estrato 

o Jn;,.<gr,.r las ¿~fno:-.acionc• verticales p,o.ro oblener ol 

><:oic~.to tot•l. 
... '"' 

I:l p,uo (bl involucr• u;>.a apro><i=ci6,, ~~~rtin et al (l97S) h" 

d<:roostra¿o c¡uo el efecto d<> una hiotoria lt-~~9ular de dcfornaclo 

nos de cortante dorendc no llnic:>l:lentc <l<> la "'a:·n-ttud dc loo pu.!_ 

sos en P.! registro, co:.o t~:-ili!.~n <:el orden en ')Ue ellos son apl.!_ 

.,.,.:Q~. El procod:lrni<lnto para dotennínar el n!l.":lel"' esotvalento 

de ciclos no te,.. en cuenta- el hec.'10 ant<!S onncionaclo. 

!,! expresar analH:Icar.>•nte la r~lacilin entore doíon-adon~s de 

cort<nte y los c~i':'s de vo¡uznM, '"' pueden <!llminar los puoa 

b, e y d """'" <:U<:C<le con el <:~:oilo ile t:arttn ' ctal (1>75), el 

··~~~ <"S c;>h~ol>lc al c;:!culo clc tocc.'-<.:-.J.er,tc~ <la e$lr~tos de 

• rGr,~ ~""·' o "~::c~ol'--""~"' se.tundll. 

r<ol>able~.enle uno de lo" ef~cto~ m~s ~'stooo• y CS¡>eCtacu:uu 

que ;., puedan enccntrar "-" ingenle:!a •ho:ica U debtn al r .. n~ 

:-"·"'de ;~ licuadGn e~ arenas. 

ex:lstent .. s. 

¡,a diocrepanda cmpieu con h propia d<>finic>O,,-del c'•rmit\o l.f. 

cu,.ci6n. llJentrd que para See<l (1966) el thmino "ücu~:ih 

.lM~.ld" es la condiciOc. Ce una >a:~Hca ~e a<oMt e" h cu•l h. 

pr<>sl6a de po~o Jnduciila por la dvli~~c!Gn de carga c:cliea al-

cu~'.16n tctot" <>S la c"trUiciOn '·"rr~spondlen~e para que la" &J!. 

tra aleone" uaa ar.plitud d<> ee!onoaci.:'in d,.l 10\1 Casagrande en 

1969, utili>a los Unoinos 11cua::1Gn y novllldad cicllca que 

duputis tr.odlfica (Cas.>grac.de, B16) cleUniendo por "t.lcu4cUn 

~ut" a la re•puc8ta de to7.a ~.--~sl.ca de aana suelta Y saluudo 

c~sos exlre-

"'<'~ a flujo de uludcs, y p~·r 'U<uoú6n c!d.tc~• la """;>UeOta 

cl<t 1m copGó11.on ~ihtant" de '·"'"" cua, .• Jo so 1" e~•~,.,_ <.n cr.,,,._ 

U!~Xial clc!1ca y h prcs!6n de poro se cluva en !or..a in-
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el) M~~nitud ~•l e~!ue~zo ~e~etido 
. ------
tu~l~uier depl'isito con una rclaci6n dB v~c1os m~)'or que ou • m1n 

:;vi~e"c.i"s da cc..':lpo der..uest-n~ '>ue dapOoitos da arena suelta han 

r<>s!St-i<:o sür;os ele poe-a intensidad (0.005 sl y se han l10"1lado 

;o,n\-.; la ;o,cc~6n cl~ d""'os intenLas (0.16 !J), (~ecd e r<.lriu. 1971). 

La reshtcnch a la l1C1;~c~6n decr,.ce al a=entar la I:la9nitud del 

7cdos los ~st~dios ~e lo!oratario ~nd.icon ~ue ~~una mucslra s~ 

j~.h a carga repH.ida, eor. un nivel ~e csfu"rzo o de!"on--"d6n 

;orucr!to, el l7•~c1o de la lieuaci6n dcpcr.dcr.:i <.le la apl1cae16n 

' ¿e un n~;ocro requerida ele cidos <l~ ""fllOr:io. 

Esto se con!1no6 en Ancha~as.,, durant< .. el te."':lblor de 196~, ya 

.:¡un las dcsl.iz..,ientao ocu~dcron <lespuh <.le ~O ses de in1eiacio 

el """"'lroO:cnto. 

~ke (H70, 1.,,<.:¡ tl974 y 1~7~) y J:uli1U et al (1915), han "!!. 

;~¡,tu¿o q~e lll mHcJ.o de p~~"aracilin ·GQ"la rc.¡.:es~ra (e"truetu~a) 

h~sta en un 200l , 

E><perl.,ncias ~e l~horatc io indican qua mues~oas i<Un~icu so~ 

r•elldU " CMS•s sosH.n . . a• ,.,r <'"r(odoo .,.:e ndaron cie 0.1 a 

lOO dtas ,.ntu del ensaye, se vieron a~ccta<.l~s <!n la rdacJGn 

<.le c~tuerzos hasta en un 251. Estos recuHados pc=tten oupo~ 

.ne>" que el docto ele la ~~a~ dd ~e;>6sito os un r•ctoc;; tnport.ar, 

te. Oebi<lD a la eno=c d.ifer<>nc.la <Jo escalas ele Hc:n?O enlre 

hboutorio y c=po t.e puede su:;>oner una ""1"• dife:encia <;u& 
' 

Es~e 1>:¡>o~tante !actor !ue ~ehlodo por rlnn et ol en H70, f.e~ 

cluy6: • 

o1 to ''"",_c¡,~.¡~r. ¿e qu• .fa. .cú.tt'-'''-'" dt wt dq!H,to 

no p<lt~e •e.~ dt,tf.'J""~ '·' ~r.o !~"" """'-'"d{~ .,,. 
¿¿,_,t, el '"'"U' <i< "'-'<..lt-".4.1 Í"'"'.>.;iu •-" Ll Wo-\o

.:_MJ.~ a<!n ¡¡ '""'''do a i<-''1" to1 '"..w~"" .-.<.t..o...U.: ¿, 

U<~<.lw ~ae ,¿ ~t:pl•.{J;o. r""c.u ~~'.fa. •u..-..~ ... "-'"' 

a .fa. (..c"o.w:tci{~ .~lo fX'Od~ ··~ c'nl<Aó{CI"On.tc d<.(<J< 

.-_.:,.,.<{:¡ ll\ <~<:Utlt<Y .úuUL\.::.<h.! ~ 
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l•lor (atrtbuyendo el ••t~Jc ~<! ~e!o=aclcn~& del sudo e la 

prop~<,;•=l6n d• onóo ~ co.-tante). 

~.:3.,.¡~~adu desnitu. Un espécllh!n satu<edo de forma cil~n-

d~:ic~-se cc•n~olida a un e~!uerzo ;;., y poot~rlornente con el 

üconaje cer~ado se so,...te a c.-. eBf""-rzO axial c~clico dft roa~-

~ •• (fi<,; H), ~ste FOCC<'lifO!<"nto ptc,porcicn~ es!uenos 

cortantes c:Iclic"s 'hv en 100 plano a 45•. 

Son VGr~lt.S las l~ .. :aacfones <!~ l;t C~"'-"="- triuhl dcUca y 

'SLM ~e ""'ncic:>~n en la Lte:ratuca, ~i~n<l.O una d<> Ju pr!c.ci-

)'~les llt. !alta de ~nundi~n\ento do b condición ee campo que 

1:1 co~•;x>rleml<tnto Oe lA~ m~estno.cle arena •uclta, so01ot!<las 

al unsoye ~on ~~o-..,ra triaxial dcl1ca, se caracteri~~ por un 

al:l'IOnto <;rndulll <le la presión <le poro sin q""- haya ¿.,fC!r=ci~n 

0>!-.1 <.;>~cciohCe, ),osta que se produce el incra;,.ento q""- eleva 

h pr"siGn de peoro h>4to el valor de h ~rco1Gn confiHante, ~ 

' ...,nlo a parUr d<>l cual la "'""5tra se deforua &(.bita..,.,nte !<.lis 

<1<11 20L LU Hena~ •-n estado co',.pacto exhiben un c~r.~poru-

- a -

"" 
forN s(:btt&, sino que h def<>r<r4ct0n se lncre,.,nta <,;radual

.,.nU. 

Seg!ln el cc·~ccplo de S~ed 'f Lee (19~6), cud'!lller ~spr•cl••>tl a~ 

arena es •u~ceptJ!>le d• Heuaru no t"f>>rlllnÓO su compadd1d 

rehtiva. Lo3 par:lne~roa o:ás .ir.portantes , e11lln estoo lnvas:! 

9"-dores son• .,¡ nr.mero de elelos de esfuerzo(¡¡~)! para a~c~I'_ 

ur la conclicitn- 1> ~ G¡ , la rdaciOn el e~fueno cor-

y la relac!On de tanta ~ximo y el <>sfueuo conUc .... ~u, 
' . 

vac1o~. 

Cutro (1969) al :realizar ~us ~nsayas en dmara triax!al c!cli 

ca c,b•en·~ <¡u~ <!c~a~te la prueba se <!asarrolla.n tet~rogencida~ 

des en las rn\la~Lras, da mon~ra ecpcclal en la zona soFcrio:r. 

T..tr!Luye a esus hetuog~neldode~, induciolu ¡.cr el e~uyc, el 

gua cspeci""'nes denso~ d~~<o-.cen la condic!6n u • o¡ 
' 

La prll<!ba de corte slrrple clcli~o se <lesarroll6 con la !dea. de 

!!no rle los pd,.,rcs •parAto~ Ce c·orte Si<'•Ph fue ~~ rleur:r-clla 

aH). ' s~n er.lbargo, este ~par.ato tenia el inconvcni<'-nte de ut_! 

-d6n horüontal no pueden ~er , .. ,Jfor"·~s). 
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' 
can n~jo< d~ matet"h! produci<l<:>s ¡-~r el 1ncromento de la r.re

uUn de poro or1q1n~<la por lo• eo.=!lios ""1 nivel del rio. 

r:sto <Or!:-rio <'csarroJl¡do .,~ ~usia, en un, permite c~timar 

chn<lo explotH sucesivamente Ues carg~s d~ dlr.•mita de 5 K\J. 

colocadas a una pro!U!1didad 0cdh d"- ~.5 ..: y deteninando des

pués <l"- c~d~ e><plo-.Um, e.l as~nta"'l~nto ¡;r.,.,dio de la superfi-

eJe dentro de ,_, radio de ~.S r.. La ~anUdad y pro!,.,didad • 

<;ue ~oe ~uelo n<:> u "Uscertible a lic~aci6n. 

Cr! te do de I(JOhida 

l:Ue criterio esU biOsado en .,1 an~lid~ de. las cor.dicionu 

' ' del ~u~lo de J sit.tos en los que ocurr!!5 licuac.i6n, (Khl1l.da,-

l9~9). ' Dajo s!o:1os de ig~al 
•. '· 

rr.•gnltud; puede ~currir .licua<:i6n .. ' . . ' 

d el ~ivel fre~ticc está ce~ca "de la super Ud e, ai laa ca-

I:l eopesor del estr~to ¿~ ~oolo'r.O llc,.able; ¿rriba <!el 

' 
. - 22 -

•• 

J11sh1da tu.bi<ln concluye que los suelos no 50n :~:oo~¡.:!Llea • 

la licuación ail 

La prui6r. ~fectiva de cc.,hn<,-.ientc rs •~i'""Jor a 2 

' JO;<;¡¡= o, 

- La co,.raddad reJutlva es su;>~rior a 75\. 

Criterio do Oohaki 

Este criterio (05!laki, 19U) eatab!.,ce q'-'" les •u~los coc. nh•"-l 

hoiti~o core.,no a ll\ sup<!r(Jcb puea.,n Ue~•a·' si •a pre~er,

' tan las siguiente• can.cterJ:otic•u <;Um¡lornH~.t~as: 

2run ~ o,0 > 0.2 rrn; 0 10 < o.l mm 

"dJcJcn.,h:cnte, esu;,lece '1"" c•t"s '"''los te:;dr.in poca proba

bilidad <!e licuar." si el r,(urero de ~ Jlpo:~ rlsp en prueba <la p~

netrdci6n ut&n<l~r es rnoycr qu~ 2z, en qt"> z ~• la pro{to.ndida~ 

<!n metro. 

. ' 
resiS~~r.ch obt.,nida en p>uebas de lDboratodo, con lo• es-

fucir>.os que provocar~ Pl sismo, calculados en forrn• ~lrnpli-

' En .,sta cat .. go<!a se cladflca" los r..~ledos pro¡>ló~atoo r-cr 

r.eel ~ Idrho 11970) y por COC"-gcando (l9n). 
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Los ufu~r•os <;rne provocartn le licuad.'in M un ~uelo a u.-.a._C<"!!. 

¡-actdad relatn·a da~a, .se pu~den ded~cir en tor,.. aproxim.>.da de 

lo~ experi,.,ntos llevado• a cabo por <!1ver~o5 1nveH1gadore~, 

e~• que pe;-;iten estim~r si ocurrir~ lic,..acH'in en un $Uelo so""' 

• ¡.~e) dada y d&U,,.ina<:o t~=.ño 
"• 

po::: el ¡;, 0). !:n hs f!gs U y 

19 5e p~esec.tan M~as grHicas para ·""" "'CCmpacidad relativa ~ .. 

50\. 

c~~·:"•d~ad relativa se ·ws" el bec\'.o ec.<p<'ri=ntal de que la rel" 
• 

<:l{;r> d~ liS!.,.,rzo• ! de¡ e• aproxi,-..:.C~"""te proporcion;ol s h 
'"• 

co:opac!dad rel.tiva !!19" 18 y 19). En h5 O>l.St.'Ut.5 !lg~<:ii~, se 

n, 0 • o. oH""-"'· 

1'0"·'"do en cuenta que el <>sf~eno ".lis significativo, en la li-· 

<uOci(\~ le·un •~~lo bjo la acción de un te!l"!llor, ea el es!ue!_. 

"' cortante actu;-nte e~ ,.¡ phno hor~zontal; la pru.,ba ~e c<>rte 

s!r;>l<' e& la q»e =jor as~,.,ja lu ~,_~¿~~ionc" de de!<>::=>~i6n 

en que 
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(~) corte Birple ., 
e .. depende dt- la c=;~cj;lad 
o·.·-·····,-· 

• e ( de¡ triaxhl 
o 2~<: 

~elat1va {fiq 2J), 

Comparando los esfueno• pro:lui:>dus mo el terreno por un te>,,.::Olo1 

dete=in~r si el ~uelo present<Há o no .,¡ !en&oeno de li~uaci6n. 

Seed e Jóri~• pretentan un 1''"""=•-H"'iento ~{,..plUJcado que penoi· 

te aplicar <"l tr.Hodo antericr "" tema ~•ped:\· r.~dür.te grHJ.

cas ~e pen~traci6n e~t~nd&r contra la proíon~í~•d• PlGbot~~a~· 

para 2 profunoliclade!l tfpica~ ol-1 nil-el frchJro y pora 2 at~)Q-

a .. delí::tHan tres zonn: .un•, en h ~u~l no habr~ lic~aci~nt 

otra, en la qu~ po<lrh. o no pres~~tara" 11euac16n depen~ieno.'~ 

de la~ '"'"'~~ter~U.icas 9t~r:ulornHrica.: del JDaterlal y de la ,;a9. 

nitud del ts:nblorr y la tcrc~u en la cual us "my pro!oable qu" 

al moterial se )ic~e. Las fron~eras entr" lu zonas ant~~iOr<!l 

se detcrn(nÚon par~ un~ compacidad rel<>ti.va de 50l y con~spc~ 

den a condiciones extreroas ~n cuanto al ~oG!:Icro de cicles s!o;ni-

•• • ,~¡., 1'" ~lO> co.">lbina~o con la n«.nulo;-,~t>·~o ~~J; c.<c-• o~r. ~ ·'s;> , 

rial rne100S susapUl>lt! a la L"euo=l6n !n, "' Z '""1; la [roc.L~ra 

' ' ' 
a la derPcha <le la cud oe d.ke no haLr~ lic\lact6n ~e obtu"o 

co...b!na~~o el JC::>dt>o nf¡n,o.o ~e ciclos ra;.onable !N•? ~ 30) con 



,_ 

tin-Cavidenkov. 

r..a ger.eue16n Ge h pr~si6n <l;, poro se calcula. a partir de 

~re;,a:!as (Lee y A~baesE, l9H), cuy~s \'arhbles son; 

• a'- u6u.v.zo dt cor.4olú!ael.h 
• 

' "dp .U6~"-''" Je¿v.iado~ elo!.úo 

•¡,) pitu.a-. ú pMo Btnrt.ada p~ .. a N e.icfo¿ 

" • Nt: r.O .. uo d~ e.icLo¿ pU.a plto"ceaJt l.4 UC<Hit.<~n 

• 
:.1 Hp>ecsonlar lH rchcioncs N/NL vs-¡¡. so obt!eno una 

• 
!n~ja ~n9o~ta ¿e fono" pec1.ühr q"e se re¡oresenh r>ediaH<> 

. ¡· o'!)· 
• 

trans!orn~ar dicha historh . .,.,·un n(.or.~ro de ci~los e~~iva-

por Secc! et al lS75. 

S) !.u ecuacion~& de n:ov1M1ento se int~g~an con el mHodo del elo 

nio de la :recuenda; o h!en """ directo, r·~•o a 3~0 en ,.¡ de 

"'in:lo del tiempo: 

6) F.l arnorti~uamicnto conol<1"r<>do e• el lineü ·equivalente (S~ed 

e Idr.!ss, U10) o bien el <¡Ue reouHa de ccn~!derar un I:>OÓelo 

h1ster~t1co. · 

7) La clülpacJ6n cl<> la l'<oo16n Ce poro se calcula con ha•~ ~n la 

~' ~nci6n ~e la pH'<f6n ~e ?Oro conocida y la Tcorla l.<' Ccn

~olli':~:i6~ U"l<linensional. 

!lea con el método lin~3l e•:!Oivalcnt<>, r.~ientras <¡ue f"'U los 

Probi.,-...os no lineales incte<oenule• &e considera t:'lic~; .• c,te el 

cuo unidimensional. 

uca, co:o~ la de <¡ue el ~l~t .. ,..~ r"gxne a ~u ;>oclc1~n <le "~~~li

br!o y no se tcnron clislortiwne5 ~ñgula<"-S pcrm¡,n~nte~ al LO"~' l 

dO<lo ¡>redc::in:.nte <'~l "celerO<¡rcru~ eot·resp<>ncla con el perfoclo 

!ucdll>r.ento.l del de~d to. 
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Lao tr•yocto<l•• d> ~••0><90 f roon~o oe de•ecl~on ~óh~te el <<1 

'"'lo t!¡>o ~.,;o. i?J~o, 101;1 

~ • c!"' h-•,1 

' ' 
1 ! l + 

Y.-_Y '• 

' -

·-

oon lo defo,...d5n e=uOu y""'"""" oo,-tante dd' 
punto dondo oeu<ro lo lnvorotl!ln do ••!•n<o 

oon el ~Mulo al eortonto y ol "'"""" oononte no
¡><Ootlv~nte para el <lv\o 11, ex¡>t<!•<<l.oo ~ort 

'•• J ... '""-

¡; • 
L u, • 

•• • 
!¡;;--ll/2 

•• 

•• • ,_, 
·~ 

~,,11,, H, y H," """~atontes e•port""'ntalea 

•• • oon lo< eo!uo<>o• vertlooloo 
' e inletal ;• 'i"'etiva""'n to 

ofectivoo on el ciclo N 

<1 4 9enorut~n <l• la preo!&. do i'Oro oe calcula ...,41.,<e el <"'jJ 
b<o <lo "ol.,...n •••~•'•do, obtenido e>po<irnenta1<ute. Lo exP"j 

1
¡ 

si( o ••1 /;tr<r.-<ntu do1 "'"""''" de •ol.,..;..n "" 1 ,) . , •' • •• 
T+C·<~d 

' 

·, 
' 
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e 1 , e 2 , c 1 y e, oon oonstonteo up<«mentoloo QU< t=on on cut!n

to ~1 tlpo de ooeno y Jo compooldod celot!vo. 

En cond!c!oneo oe-dcenodoo y oo~;loto satutoolOn, ol !no<•"<nto 

"" lo r<e5J6n do por<> ~uront.o ··~· ln.ernlc ,. ···~i'<> do lnto

yuc!e.t •• calculo ... dion<o 

S) l-Oo ~ouo<lenoo do ..,v!m!eoto oo c••""l""n e<>n ol ~todo do dHo

rnntho finHoo y lo lnt•o,.oten oo llevo o <o~Q con ol molto<l.o 

~oto do , • .,..,k. 

O) Mo~.!l del a..,n!guaiD.Iento hlotrcHI"", M pudo lnelulr ....,,t1-
9UU.Jento vtscooo, ~· "''"'".SO con el or<uc!o do "'rlel9h. 

1) La dUtpactd., do lo p<es16n do ,.,,... .. ca] culo o:en ~ose on lo 

'"••rh do la conool!daot~n Unldll.,.no!oool. 

O) •1 ""dolo es unld!..,nolonol y loo e<no<lon•• ~ ••OV.~'ento y 1•• 
do dlo!poo!6n do lo p<eo(<\n do i'<><O oe <nteq••n en fD=o lnd•J .. ~ 

~¡ -.lo pet,.;te 

t<rs do d<en¿je. 

o) no pormit<ondo r<dlstribnolen do lo pre<l<ln dO poro 

b) pormH!<ndo ••dlott!bucl<ln pOrO no permltlondo disi,..cl&l "

la pres!~o de por"O 

,;¡ poooitleodo dhlpoU&. 

f.oo rooult•do• obtenido< rnue.eun o)ora,.ote 1• Jnfluenola do loo 

condlclo""" de dr<>noJo oobre el deoorrollo <lo lo preol~n de poro. 

a. )o hlctorü d• acelo<a<!one• !X), dulorm••<onOo de cortante (T) 

y loo ••herzoo cor<ontc'O (•1 on cado c•p• • 

b) El do<O«ollo de lo prul6n"" ¡>01"0 (ni, 
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•:l~lo. el L>JU' ¡H,o<f~~U•• •ulgU• Ju .. Jid (!<,.! dooorr<>ll,! 

~o p<>r 5••~ y aooker UHU. 
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FOJGC.~~ ~,10~ O[ iL,; ~:-1~i~·,c;:,1 J!"·'"'b/c ve.'""· l\r·C~l"'l" ~ifiCL"l')lL '•l'-'\••r;>< o: 
scbsy,tcr.-.s a:¡, ocr.,iti~c to ~::r,•:,·at ~rou~.d r.wtion e:;~mctc:-i;Cics, Lhc tc:m 
ir. !cr::;i/;¡ ch;;r~c/cr!¡;!ic wm he :.:;;e "l.! t:~:-01.:~~-oct t~-:s ~='a;"ltc:- to :.-.~~" ~ ;>~:lic
uiar r~:-;:mc:.<¡,- or sct o[ J1~'""~'''~rs ol '·" c:.:l.!\l)_a:.:;c ::-.o~:uc., ::.:e:::-:¡ 0¡ 
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¡;t(n;;"! aocclcr~tion, or thc pc~k ¡;ro~r.t! vclociLy. 

Jn ll"-~c.-~i. lm·~l ioc,\rumcnta\ itlf(Jr~l~l:or. C:oes r.ot s:.:!:i~c :"o:- cstimatin~ 
Loe ¡;rc;~,~~;~:ty t!i>trihulior:s of "'::xi::-.t::-:' i:-:te:-:sit-,· c:--.a:~c~e:-i<ti~s, ;:::-:e! '"" 
;;,,. !(J he '"".;)'-' o: C:~ta or. Hlh.;cct.=w m~~-'"'~'' o[ io:!c.1si!i"" o: •"'-'S! ea,-~.~
C."'·;"'-'• o:· ~:odel< o: .'m:d -'~'"''"'ciiy, um! o: cx¡>re,;Co"" :dotiCL¡;""ch:.ntcteris
tlc~ '.'."ith -~"'3~ilm!c aod sil<>·lo-oourcc <!isl~ncc. )l~~c!clo <J." !oooi ~~j¡¡;\ioi\y 
ro ;-.~isl, :r.~ ~~ust, o!: ux~rcSJ:o:.s 'r "-btin~ :-n~~"!luc!cs_ e!: c::.."!C-<;"~:<e.> ¡:~~.~:;:.ter.! 
i.-, ~;-_.,.~ wl::J:-r.c:. o: t!--.c c~:-lh's c:us~ wit!: t:,_-::- rct:::-;o pe:ioC:o. ¡.,:ora or:.c" 
th~t: .,,,:, ~ "'-"'"'-' dct~::cd clo>cri:,tio:\ of lncnl oais:lCicity '" ;'"1"''~'!, i:-.clc:~
ir.~ u.1li~.:otco c>." !.l:c r..o~inmw :-.1r.r,nitc:~c tll~t ce.:: llo ~c~c,-~tNl ir. lile•~ 
-,o:Hmcs, ~~ '-'iol: _.._, ¡o:-~b~lliilsti~ (s!.o~;::l>:Íc ¡ll"OCC.'») a10.:c:s o: :~.e po;.;i~lc 
Cóto:ics o: :.e!: ;ni e c·.-~r:ts (<~cf!coc<! hy ::-.:.:¡..!!.mlcs ~~e coo:---Ji::~tco J. 

Ti·.is ch~¡ltcr tlr.,!s with thc v~.:ou;; ~:qs to be :o:~owo<! ¡,::,o cv~l\:ntion 
o: scior::ic ;,sk a: ,:tes whcrc !r.iorn~ation o\hc:· ti:~a <li:-ect iJ:sln.tmc::t:;l 
:eco:-ó o; ir.tc;.sit:es ~.:lS to b.: :JscC: !dc:.t:::;!r.g ;.cten~!~l sm:rccs o: ~c
t!víty r.c::.:- t::c sitc, ;"o;:nt:l:r.ti:.;; :-.--;.~t!:cn:ntCc~: ::-.oCciso!' ;ocai ;ci>:':licity for 
e:. e!: ;ou:oc, ohtcir.:~.g ~!-.o contr :Jnlior. o:" e o el: ~o·.:ccc :o ~cisc.;Cc ~is!; ~~ :;,e 
sitc nnd ~C:dCn~ t:r> cnntdblllÍoa., oi thc ''~o·iouo soJ:~cs ;.r.d con:bir.:nr: in· 
form:.Uo:: o~t.,it:c<! ;"rorr. loca! Sl.-.'smidt:' o[ SOt:!\.•.:-; .~cu: ~::.:-,;:e w!!)-; ¿,:, 
oc. i"st :c:,-;c~:l~ o: Sl:hjcctivc i::!_c,~itics cJscc.,,.! :tt :::o sólc. 

Thc !o ;~;oir.r, 'lcps considcr U>U of :~.:o,..,-,:~Uon • te::•min~ f LT • .:l sourccs ol 
dif;"~¡~"t nr,\urc. Quantit:t~iv~ Vlllluo Cc::-.-c~ t!:c·co:rom ate ~r~;,,,,;!y tic<! te~ 

,._.;,:e ll<'cc:~ainty mar~ins. llcncc thcy dcr.-.~c.tl proJahi~i,tic c·:~l~:ttion, cvcn 
t!,oc:~h t'.ocy car.not aiways be i:·.'.c::o:-ctd ::: tcr::-:s of :-clativc !;~r¡uencics o; 
o'-ltco:r.cs o:: ~Ív<·n cxpcrimcr.ts. c!h:.ts, ¡:co:o¡;istl t~~:< of thc mc.-.-.,;inHl:n :r.::;:· 
nit:"i" t:o.-.~ can ¡,e r,cne:.;lcd in a ~iv"" a:ea, ''"''"""'' !J)"loo::ir.~ al the <!i
"'C"·"'"~-' o." thu ~eolo~ic~\ ::tcc¡C:Qc.ls ~~.:!:_,y cxt:~'"':~:i~~ t:1c o;,s~;vatiur.• 
e: o!i;~c '";:io:1s w!úh ::v~ib\'!~ c>i~cnc~ n:lcws :o b:-c . .::l .u''"'""'" :o th<' 
o~c ni in!,:-cst; tbc eslím~l<:; ;>'()<luce<! ~ce ,.bviom!y "~c~o!nin, nm! th<' 
de;:-ro·~ ,,: c:nccrlnl~\y sr.ou!,\ !le c;..prc;oc..: [<.¡:e! he.- wilb lhc ;::o;l r:ol>~b!c 
v:; \"e- i'o l!~winr, tle:;:ly par:tl:c~ ~,,eS, so::-.~ ~<'()p:1ysicisls C$\it:::.tc the C"N;,--y 
t:-.~~ en:~ he ::L>c:-nt••l O:y ~si~~!~ ,:-:ock l:: ~ ~:~~" u:c~ by m:V.::1~ c,:.:a.lti:~:Cvc 
iiS<~m:,t:o;-¡s ~boa! '"':rcc ~i::-.~co.,ío~s. ¿:s!oc~t:~r. nco·.¡:¡:iluJc ,.,,¿ st,.css <leo;;, 
co">';:,tc;-.t wit.~ tec•!onic r..o<.lcJs _,; t.io rc~io:: !<,,(.],.:;a~;, wit.~ comp.~:iso.-u 
wit:1 arcos cf simi!;1r tcdo:-.~c chnr.tctc:-í•t:cs. · 
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"'al <·•tremo{\' '-"1:~:·.'""""' 'tudit•• rdalÍJJ¡: fmolt ruplurc nrP~, slro'5S dwp, 
ruul m;•¡;nitudo• IIIWIH', ]~JI;~),¡,()\'; lh"t, J'<JJ"id<•tio:: n<ll UllU\Ilally hi¡:h 
strpos <lwp,, it ú"~" 11ot lal.e '""'Y J.¡q:e ·'""ren dinwn'Í<>ns lo r:•·t m;,r,nitudes 
B.O "'"1 ¡:ro;aler, ;o¡¡<J llww bludj,.e, mu t•Jadic:Jily restri<'lr•<l lo thc simples! 
typ<'5 <>f fau!t <li•plan·,u;nl. H ;, 1mt ckar, lloereforo•, that rc~li•tic boumls 
c::m always he ~"i~ncol to polo·ntbl m.1;.:nilll<los in ~i,·o•n '"''"' or that, when 
lhis is ú·a;it,J.,, lho<e boun<.l< ""' ~uffidcJJtly low, so th.1l tl<·.<ip>in~ slmcturcs 
lo " i lh:;t;md llw eofrespoml 1111: i ntr• nsilic;> i< c·ctHIUm i•:olly >O•lllli, particular· 
ly wh"n <Jccum·•wt• uf tl10sc inl<'"'iti"s is uol •·er¡: likcly in the rwar futurc. i 
B<>eauoc unc~rtai!lti•·• in ma.,imum fc~silol~ magnitudes ano! in ulhcr param- · 
clcts dcfininr, ma¡;nitmle·recurrence laws ,.,,be ~• siGni(icant as thcir mean 
valucs wlwn tryin¡: to make rnti<Jnal sl'ismic <lcsi¡:n d(;CISI<IIlS, tilo<~ UIJCC<· 
lamlics hnH lo IHl <•xplici!ly nwo¡;11izcd and nccoun\c•<! for by ""'""' o( 
;~rl<'<¡uatc prul>al>tlistic critcrin. A cotollnry is :hat gcophysi~ally bascd csti· 
maL<·s of ..,;smicity paramclcrs should IJc accompanicd with corrcsponding 
unccrlainty ""~'""'"'· 

Sci•mic ,;,;. <·stima\Ps are ortc'n bnscd only un stali<tical in(ormatinn (oh-. 
"'"''''d "'"I!IIJWd<·< iuul hypo<:ontral coortlina:<•s). Whcn this is done, a wcalth 
of rcie'<ant r:~n¡ohysical informati<Jn is nc::tcdcd, \\hil<' tbc pwbabilistic ¡lfC· 
diction of tbc futurc is madc lo ro•!y 011 a samplc U1at is oftcn nnall and of 
Jitll~ val u e, particularly if lhe &~mp!in¡: pcriod is short as compare<! witl1 the 
cl<"sirahlc return pcriod of thc evcnls capai,Jc of •cvPr<•ly damaging a ¡;iven 
&ystcm. 

The critcrion ad•·oealcd hcrc intcnds to unify thc f<lfJ.'!:Oing approachcs 
;nd rolioo.1lly to ~<.<imilate thc con<'<po11ding ph~·cs uf i:Jformation. Jts 
philosophy consi,ls in usin~ thc ~<'ulo¡:ic~l. GCDphysic:~l, and ~11 oth"r uvail
abl~ n<liH\.Jli>lical <'Viúo'n<:c for producir>~ a set <Jf allc•rn:>tc assumptwn; 
:o ncernin~ a mathcm~tic:ol (slo<"hastic procPSS) moti e] of scismicity in a gi•cn 
;ourcc ~rca. 1\n initial probaloility di,lrihution is assi¡.1lc<l to thc >el of hy
Jot!Jc,cs, nml !he >~1li<li<'n1 in f ormation i< 111<'11 '"''d to impro• e th~t pwiJabil
.ty as>~gl1n1Cill. Thc critnio.n ;, ba:c•,l on opplication of /!"Y':S lhcun•IIJ, nlso 
:allcd ti:~ r!wurcm o[ lhc probabdrlic.< o{ !JypoUroscs. Suocc estimules of 
·isk dcpcnd br¡:cly on conc<·ptual modcl.• of the ¡;eophy•kol proccsscs in
;olvcd, a.Jld tlwse are l:nown with diff,•rent dc~rces o[ unccrtainty in diffr-r
mt zuncs of thc carth's crust, tho~.c estimat .. s will be dcrivcd fmm stoch~>llc 
oruccss mudci< with UJJ<:crlain [<mus or p.<r.Hm·tcrs. The d,·,:r~c lo wlnch 
.hese uncert~mlics c~n be rcduc!'d dcpend~ on thc limitalions o[ the slate 
lf thc :1rt of ¡:eophy&i~nl scicnccs and on lhc cf;'ort that can be pul into 
:ornpibtion am! intc·r¡>ro•lotion of ¡:eophysical ~nd st:Jti•tical inform~tion.
rhis is an ccon<Jinical prol>lem that should l>o handlcd, forrnally or informal
y, by tho crit.cri~ of dccision making ¡.mdct uncerl.llnty, 

18~ 

.!ITt:NSITY ATH:NUATION ,, 

Availablc crileri:o ft>T the Pvnlunllon of lhc conlriloution of pul,.nlin\ seis
míe sour•:•·s lo thc riok nt a si le m:d1e u:;c .,¡ illtelld(y oll<-mmtiort '''l'h'~'ions 
th~l n· bt~ in te nsity d>arac· tr•ri>l ics wilh rnJ¡: nilmlc and distan ce f ro m sil e to 
sourcc. lkpcndin~ on thc "l'Pii•·~tion CIIVi<.~¡:cd, the inlensity charoc\cristic 
to be prrdicted c~n be cxpn••w<l in n numbcr of mann<'ts, r.1n~i11~ from a 
subjectivc i11d••x, wch J< the ¡\/ndi[ird likrC<J!IJ illlc,..<JI)', tn n coruhi11nlion o[ 
one or mnre ¡¡uantilalivc me:mneo <>f ~rouml shnkin~ (S<'~ Chapter l). 

A. numhN of cxprc5'ÍllllS for a~tenuaLion o{ various inlcnsity characleris
tks with dist~ricc havc bren dcvdol><•d, lm~ thcre is litllc a~rccm<"nl among 
mosl of liH·m ¡,\mbraseys, Hl73). This ¡, duc in par\ lo discrcpancics in thc
definitions of some pnr"mctcrs, in thc '""~''' of l'ah•c~ ~naly>.~d, in thc ac· 
tual wavc prop;¡;;ation propcrties of thc ~cological formalions lyinc bctween 
source wul sitc, in thc dominating shock mc..:hanisms, and in thc forms of 
the anal)'tic~l cxprcssion< adoptcd ~priori. 

J..lost intcnsity·altcm>aliDn ~ludies conccrn thc prcdiction of c~rlhr¡uake
charactc•ri•lics on rack or finn ~mund, and "'"""e thnlllu•"' choroclo•rislics, 
propcdy nlodihed in tcrms o( frl'qnency·do•pt•n<lcn\ soil am-phf<cati<>n faC· 
tors, should constitu\c the basis for cstimati11g thcir countcrparts on soft 
¡:round. Obren:alions abom thc innuencc of soilpropc·rtics 011 carth¡¡uakc 
damagc support thc assumptiun of a stron¡: corrclation hdwN·n typ¡• of local 
grountl ~nd intensily in a ¡;iven shock. Allcmpts lo nnnlylically prrdict the 
characlcrlstics of motions on soil Gi•·cn those on firm ¡:round or on lordrock 
ha•·c not lx'cn too succcssful, howc,·cr (Crousc, 1973; lludson and U<lwadia, 
1973; S~lt, 1974), with lhe exception of sorne p<·culi~r ca<.es,like ~ll'xico 
City (!!crrc:ra ct ul., J%5), whrre local conditiom fnl'or thc [ulfillmcnt 
of thc assumplions im¡>licd by usual annlytical models. The followin¡; para
graphs cont·~ntratc on prt'diction on intensities on firm ground; thc influcnce 
of loca\ .oil is discu•ocd in Chapter 4. 

6.2.1 /lllc•mily allelluo(iOII 011 [irm grou11d 
• 

\\'hcn Í>O~ismals (lincs joinin~ silcs showin~ c¡¡u~l intcnsity) of a gi,·en 
shock nre b=d only on inlensill~• obscn·ed on hom<>~<·•W<Jl!S ~rnund con: 
diti<Jns, su eh n< ficm ¡:roomd (e<Hil['·"'l soil•) or !Jcdwck, tlley nre W\l~hly 
rllipticul .ond the ori""!:oti<Jm ol \11<• curr"'fl"'"lin~ ax•'·' ar<• <>ft"n cum·lnteJ 
with local or re~ion.,_;l r.c•olo¡.:i<·al tr•·nd< ( Fi~<. r. .1-G.:l ). 1 o •om<' H'¡!ÍIII" - f<Jr 
instan~e ll!'ar major fnu lts in thc wcslcrn U" itcd Sta les- thos~ lrcnd• ~re w~ll 
ddinod and thc corrcl~tions are cl~ar enouGII os to pcrmitpredidion of in· 
tcnsity in tlw ncnr und far fidds in tcrms of mo~nitudc nnd distancn lo lhc 
¡;cne•atin~ tault orto thc ccntroid of thc cncrgy liberntin¡:volumc.lo othct 
rc~ions, such as thc castcrr. Unitcd St.atcs and most oí J..1cxico, isol<:ismals 
¡cem to clongate sy•tcmaticali)' in a dircctiol! th.o.t is a. íunc~on oí the epi· 

• 
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fjg, 6.1, r.o .. lsmolo of "" •~rthqunko 1• ~IHioo. (AfiO< FituorO>, 19G3.) . 

ct•nlral coordiJ•atcs {Jiollin~cr, 1 (17~: F;~unoa, 19G~l- In that case, inte~><ity 
shoulcl be cxprc.,;e<l as a íundion of ma~tlilutlc an<l coortliu~tcs of sour~e 
and site. For mo•t are.,. in th~ world, inlensity h~s lo he pr•'<licted in terms 
of simpl~- ""d cr1.<<.IN.- c.\¡n<·•sions thot dcpcnd only on ma:;ni:mlc and 
dist~lle<• fmm ;ita to Hostrum"nlal hypo<;entcr. Thi& sl<•ms fwm inndeq\LMC 
know)NI¡:c of r.•·ntcclonic cundirions ~mi frorn limi!cll informMion con· 
ccmin¡.: thc volumt• wll<·rc cnN~!Y ¡, lihcr~kd in ··~eh shock. 

A cDmpart;on of ti"' rates of atl<•nu~tion <>f intcnsiti~s on fLrm r,rnund for 
;~o<" k< on w .. ;l<'m ,.,,¡ ~a''''"' North ,\nH·rica has lli.<closcd sy;L~mauc dif· 
fcrrnccs Uct\v~cn lhosc ralt•s (1.\ilnc ~nd lla•·~nport.lé!G!J). This is thc sourc" 
of ::1. h::I.Sic, but oftcn un::~.voitlahl••, wc~l;n~ss of most intcnsily-att.<::r.uation cS
prc"i"n.l, Uccu"'" th"y MC ha•,,·d on hPlt"r<>g<·neom dal::~., rcc•ordcd in di~
fcrcnl ZOIWS, UILd tl>c ,-~ry t>allll'l' <>f lill•ir :q>plicatwtw implies that thc lc5> '" 
k11own about !'""ihlc syotPmatic clc;ütions in ::1. ¡::ivcn zonc, "-' a consc· 
qucnce of thc mca~crncss of l<><:al informatíor., the crcatcr wci~ht is ~;,,n 
to ¡ncdiotions wilh '"'1"'~1. to <>b.,crvations. 

C.2.1 .1 Mml•/icd Mcrcalli /11 /cllSities · . 
An ruoalysis of thc ~!ocli:iccl )icrc~Hi intcnsi:ics on firm ~rour.d rcportcd 

tor urthquakcs occurrin¡: in ).!c,.Jco ir. UlC l~•t íew decadcslcads to the íol· 
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Fi~. 6.2. Elongation or ioo .. i•m•ls in tho """th .. •l•<n Unilod Slaloo. (Aile. a~llin~<r, Jnl.J 
. .. 

.. 
.. 

lowin:;- cxp":'ssior. rclalinc ma¡:nitude M, hypocentral dist.nnce R {in kilo· . 
melero) and mtensity 1 (Estco·a, 1968); · . 

.1 a 1.45 M- 5.7lo¡:10 R + 7.9 {6.1) 

The pr,.dictinn error, defincd as the difference bctwcer. obscrvcd nnd. 
c_omputcd intcnsity, is roughly normally distributC<l, with a st:mdard dcvia
lton of 2.0·1,_ wh!ch mcans that thcre is a prob:tbility of 60% thnt :In ob
s.>n·cd tntenstty ,. more !han onc llc¡:rcc ¡:reatcr or smallcr th:tn its prc-
d•cted nlue. . 

6. 2. 1 .2 P~ak gro,nd acc~lcrat io115 a11d t.-cloc/1 les 
A fcw of thc avai!oblc cxprcssions will be <lcscribcd. Thcir compnrison wiU 

show how caut"~'"ly o do•>igncr i~1tenrlin¡: tn "'~ tJ1c 111 ,¡,,,¡u ¡>r•>c<·Pd. 
l_lousncr stuciJc~ \[]~ uttcnu:t!1on of peak ~round "ccderotion; in severo! 

re¡;tor:s of \he UmtC<l Statcs :tr.d presente<! his rcsults ¡;raphic::~.lly (1969) in 
lerms o! f:tult lcngt.h (in tum a function of ma¡:r.itude), sbpc< oí isoscism::t.ls · 
llnd :u-e":' expcri~ncing_ir.tensilies srcater thon ¡:iven vaJues (l'i:;-. 6.4 and 6.5) •. 
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F1g. G.3. r...,,.¡,m•l• in Colllornia.(Afl., Dolt, 1970,) 
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1-11 

1- n 

He showed th~t intcnsilit'S att.cnu~te fa•lcr with Jistance on the w~st coast 
t~an in thc res\ o( lhc country. Thts comrarison ls in a~rccmcnt with ~liliH! 
anU J>avcnport (HlG~). who pcdurmcd 11 simil:u ll.:'lnlysis !or G~nadn. From
obscrvations of slron~ ear!hquak~s in California arid in Jkitish Columbi~. 
thcy tlevelopcd thc following ,•:-.prcssion for "· the pe:>k cround ac<·cleriltion,. 
"-S a fradion o! cravity: 

afg • 0.0069 e1.._'1{{Ll e'·'"+ R') (G.2) 

!!ere, R is cric·clltral <.!istancc in kilon¡etcrs. Thc ucccle,·ul!on '"aries 
rou~hly as e•-••·" ¡¡--• !or la:~c JI, und ~• e0·••·" whcre R n~proaclles :tero. 
'!"his rd!ects to sorne cxt.cnt thc fa~t that cncr;:y is relca~d not llt a si.i~lc 
;><>int but from a finíte volumc. A Jatcr study by Dnvcnport (1972) Jcd him 

. ' 
' 

,. 
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Flr. 6.4. Jd .. li><d oontcur liMo of·intenoJty or ft<>Und •h•kln(. (Afl<r lloo•n«. \96'.1.) 

Flt. ~.S. Ar .. In oqoor• mil e• u~rionoinz ohokint or"' ~ ortr .. tor for oho.Xo of d;ffor· 
<ni m..-;rtitodoo. (Af<or t!oo•nor,J%9.) 

t.o propase \he cxprcs.ion: 

o/g • 0.279 "•·"-"¡n'·" (6.3) 

The s\atislical error o! thls equation wu studil!d by fitting a lo¡:normal 
probab;lity distribution to thc ratios o! obsencd to computcd nccelorntiom. 
A standard devialion o! 0.74 was !ound in \he nnturnllogarithnu of \hose. 
ratios. 

Esteva nnd Vilbverde (1973), on the ba.si1 o! accclcntions rcport.cd by 
Hudson (l!l71, 1972n.b), dcrived cxpressions for peak ¡:round nccelerations 
and vclocaies, as follows: · 

(6.4) 

u'" 32 e·"¡(R + 25)1·r (6.5) 

llcrc u is pe~k ground velocity in cm/scc and thc olhcr symiX.ls mean thc 
san1c ~· al.>ovc. Tlw standard dcvi;!lion of tl1e nolmallo~;rritlun <>f lile ratio 
of obscncd lo prediclcd inlcn"lY is 0.64 for accelcrations nnd 0.74 for 
vclocitics. lf jud~<-d l>y this paramclcr, cqs. 6.3 and GA secm <'QUally rCiiaille. 
How,cr, a• shown by l'ig. G.G. thcir mean vnlucs differ .<ir,nifi<·antly in sorne 
rnngcs. . • 

With thc exccpt\on o! eq. 6.2, a!l !he forCKoin~ ntteouation exprcssioos 
111:e producls of a !unction of R an<l a function of M. This form, whieh is nc· 
ccptablc whcn thc dimcnsionl of thc cncr~y-lil>cratin~ •ource nrc &nHIII com· 
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Fi:. 6.8. Soiomicity of m•:ro<oh•<. (Af<or F..<l~"· 19G8.)' 

!ice of scisrnic zonin~ in the Soviet Unían ha• beco bn1c<.l on tlois conccpt 
(Gzo\·~~Y. 19G2; Annniin ct al., l!J(;S) ~ml in m~ny counlrics dcsiGn •pcctra 
fn:- t·cry import~nt •huctures, <'JCh ~s nuclc~r rcnctors or ¡,.,r,~ dnms. me 
m~;d]y dorived fmm lb~ assutnplÍ(•n of a maxitnum crctlilll<· intensity al a 
sil e, th~ol inlr>mity is or<llnntily oiJt,Lincd by to"ing lhc nln,llnwn of Lhe 
ÍI11Pn,itics thal r(•sult nt thc sitll when at cach nf th" pol<'ntial sourccs an 
carlhr¡t:r.kc with ma¡:nuud<' cquol to thc rnaxinu:m fca•ihlc v:cluc for th~t 
¡ouTL·e i; ¡;cncr~tc<l at thc most unfavoural>lc location within thc s~mc 
Sl>urcc. 1\'hr.n this crit<'fion is "I'Plic·d no ntl<•ntion is ustJn!ly pnid to thc 
""ccr!.oin~y in thc ma~imum fc,.il!lc mn~nit.udc 1Wr to thc prob~bility that 
an e~r!h<]unl<c with that ma:;nitiH.lc ,,-¡¡¡ occur durin¡: a givcn time pcriod . 
Th" nc~'tl lo formulatc s.cismic-rilk·rcla:.ed dccisions that account both for . 
\lppc; houml; t.o ma~nitudes ""d for !h~ir proi>abilitics of occuuencc ;ug
¡:cst' aclopl in n of m a~ ni tu de rccurrencc cxpressions of thc form: 

•O forM>Mu. (G.7) 

whcrc M~ • lowest masnitude who~ contribution to risk ls_si¡:nincant,M u 

• 
• 



a m.oximum "'•":ibl~ omo¡:.,itudu, nml (;'(M) y compkom•tllary cumul:itivc 
protwbilily tl~<lrihulic>n of m:o¡:niludr• ~very time lhat un c:·cnt P: :> ~/¡_) 
occurs. A particular f orm of G • (M) that lcntls 1 tsclf to ~nalyt1ca! dcnvuttuns 
is: 

c•(M) • 11 0 + A 1 cxp{-(JM)- A 2 exp[-{¡J- p, }M] 

whcrr: 

A o., A¡J, cxp[-¡J(.\Iu-MJ.l] 

A 1 ., A {¡J -- ¡J1) P>.p(¡JM d 
A,_ .. A~ np(-!J,Mu ~ /1-lld 

A "[¡J{1 -cxp[-fl,(Mu -Mdll-fl, {1-cxp[-fl(Mu-Md]l ¡-• 

(6.8) 

As M tcnds tu ,\h from nhovc, e<¡. G.7 approadh'S cq. 6.6. ,\doption of 
ad<"q unte \'alncs of M u uml ¡J, pcrm its suli•fyins t ,~-o _udd!t!on?l ~on~it_io_"": 
thc mnximum /o•asihlc ma~nctudc und thc r~:e of,·urta:lon o.:\ tn tl.svtcuuty. 
Whcn 11, - "'· rq. G.S tcnds to an cxprc5>ion pro¡•o•cd by Corncll and 
V~nrnurár {l!lG!l). . 

y,.1:ululp ond Kuo (1974) havc appliP.d thc thco¡y of cxlrc~nc _vuluc~ lo 
cstimalin~ the proilabilitics thut ~iv<'n lll:tgnitudcs are cxccNled tn gtvctl ttn_tc 
~~t~rvols. They assumc thosc prob~hililics lo !it an extreme type-ll! dts· _ 
tribution ¡:ivcn by: 

• • FM (.tfll)~cxp{-C(Mu-M) 1] {orM<.tfu 
m" -

•O forM>Mu (6.9) 

1 lo·r~ F" (M 11) indi<:.,l ~s thc pr,hnbility that tlw "'" ~ imu m mu~n iü=<l~ o b
~rH·d i~"i'ycars is omnll<:r than ,\1, M u hos thc &nme mcuninc ns ubovc. 311d 
C :md K ore zonc-d~J>l'll<lcnt p:tramctcn;. "lllis distrthUiion is cousistc."t 
with thc as..<umplio 11 lhnl <•arth<¡u.JkPS with mo~nitod,.s r.n·ntcr thnn .\1 luKc · 
pluc<' In uccordantc with a l'oi,on pru<·•·ss W!lh mean ratc :\ cqua] tn C:(.\lu 
-M)". Equ"tio 11 G.!lprndt"'('S ma~llilttolc rc,·urre:we curves th:~t fit ,¡,,,,,,ly 
the stali<lil':.] <laL1 '"' whidJ thoy ""' ¡,,.,,,¡] for lna¡:t\i(udc• nhovc ~-Z nnd 
rcttHn ]'Prind' frc.m 1 t<> 50 ycars, e\·en thou¡:b tloc ,-ulu<'s of Mu \llut 
rcwlt from pur" st;>tisticul analy<is m<: not rcliablc IIIN<mcs of thc u¡opcr 
bound to mu~nituoles, sine!' m mun}' ,.a"-~ thcy turn out in~dmissiLly hi~h. 

For low mar.nitu<ie•, only n fraction uf tha numbrr of shoc~s that ~ah 
pbcc is de'lcctc<i. As n comer¡ucn<·c, 11-vabcs bosed "" stoti>licol m!unna· 
!ion lic l"'low thme ""'"]Ht\r'd an·nr.lin¡~ l<l <''1'- G.G and G.tl for ,1! >~nall<:r 
thnn nlwut 5.:>. In ntl<litiun, Fi~. G.!l, takcn frum \'c~nl"lp nml Kuo (1~17•1), 
shows thullhc numhcrs ofdctcclcd shocks fit :be extreme typc lll in eq. 6.9 
bNtcr lhJn thc cxtrcm~ typc-l di•tribution impEcd by cq. 6.6., co;.:pl~ wi:h 
thc ~L»umpti"" of Poi•son_distribution oí thc rrumber of eyents. lt tS not 
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Fi~. n.g, ~hzniludo ouoi>Uco In tho Aleutlan hl•uclo ro¡kon_- (llr\01 Yotulalp •nd Kuo. 
l~H.) 

clcur wh~l portian of th<• dcv1o\ion frorn the cxttcnw typc-1 di.,tribul'oo'n is 
duc lo thc luw votucs oí thc detPctnltilily lcvcis nn<l whut portion comes 
fronl diffNenccs betwccn the actual fornt uf \"arinlion of )\ with ,\1 and lh~t 
¡:i,·en by cq. G.6. Tll~ problcm dcs,•,--,·es aLt~ntion !)('~a"'" cstitnnl.es of expcct
«llo&!{'S duc lo nonstruchmol cbm~~~ may he SCI!sitiv<• to Lh~ valucs of )\ for 
'"'"11 m~r,nihtdcs {s.1y hclow 5.5) and lwcm"c lile cvuluntion of the levd ot 
sci<mic ad ivi ty in n rq:i<m is oftt•n mnd ,, !ro de• ['Ot1<l "" th~ rt•<·ordNl "'"'' 1 ><'ts of 
smull tn;o¡;nitudc slH>c·ks no1<l <ln ussumc<l dctcctabihtr lcvels, i.c. of ratios ot 
nutHbcrs of dctect .. d ~11d occurrcd c:•rlhquakcs (Kaila nml l\arain 1971: · 
Kalla P\ al., 1!172, 1!17-1). 

!\'on" of lhe c>.pre55ions for )\ prcs,nh•d in this chaplN ro<S-<'s. Uw dcsir· 
ablc propcrty that it.s appli!",1hility ovcr o llUmbcr of non·O\"Cr]upping r~¡:it>ns 
of !he carth'> c-rust ímplics thc validity of nn ~~pl<•S<Í<>Il of llw '"me foron 
cvcr llor aclJition uf !hose regions, '"'h'" snmc ro••Lrkti<ms nrc impo•ed on 
thc pararncters of caeh 11. For in>tancc, thc atlditi<>n of cxprt'S>Íons likc G.G 
¡;i\·es plaec to un cxprc·<sion of !he somc form only if {1 is thc umc for nll 
tcrrns in thc su m. Similar ohjcclions can be madc to eq. 6.8.Jn what follows 
thcsc forms wil! be prcscrvcd, howcvcr, as thcir accuracy is consistcnt wlth 

• 
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thc :unount e mila!Jic lnforrnntion nml thdr ndoption offcrs si~niricant 
advantagcs ir1 tlo~· 'cvatualion of re~ional seis m idty, ns shown lutcr. 

6.3.2 Variarion willo dcfllh 

Ocpth of prcvailing seismic activiLy in n rc~ion dcpcmls on its lcdonic 
structurc. For instancC, mo>L of the activity in !he wcs~l'l"n coast of the 
Unitcd !iwtcs aml Ganada consists of •hocks with hypoccntral dcpth.< in thc 
rnn¡;c of 20-JO km. In oth~r arcas. such as thc south~rn coMt of 1-lcxico, 
scismic cvcnts cnn be ~rou¡ocd into Lwo en•emblc<: onc of sma!l >hallow 
shncks ~m.l onc of rarthquohs with mo~nit~iks compriscd in a wi<lc ran~c, 
and with dcpths whosc mean \"Jillc incrcascs with distum:c froon the shorclinc 
(Fi~. 6.10). l'i~ure G.ll shows t!Jc d•,pllo dislrihulion of l"arlhquakcs with 
nw~nitudc uhooc 5.lJ for th~ wholc circurn.P~cific bclt. 

6 .. 1.3 S!oc/ioslic modC/$ o{ car!loqudw occ1<'rcnc~ 

Mean cxcecdnncc rnlcs o{ givcn mn~oitu<l<'J nre cxpcdcd avcragcs durin~ 
long time iotcrvals. For d~dsion-makin~ ¡mrpose< the times of cartilqna~e 
occurrcncc nrc nlso •i~nifieant. At prcscnt thosc time< can only be prcdicted 
wiLhin a prob:tbili<tic contcxt. 

J.ct 1, (i • l, ... , 11) he thc unlmOwn tim~s of occurrcncc of earthquakc' 
ccncml<"d in ngiv<"n voltomc of Lhc carth's crust<luring a ~i,·cn time interval. 
an<l lct M, he lile corrcspondiul( mn¡;nitudco;. For thc rnnmcnt it will be as· 
;um<~l that lhc risk is tnuformly distrihut<-d lhrou~houL th~ giwn vo\nmc, 
ao'd hencc no ~\lcntion will he paid to thc focal coordinatcs of cach shock. 

Cbssical on<•thntls of timc·s~ncs am~\yois havc l,(.•cn app\ied by di[fcn•nt 
rc«•arch~rs :tiL'""'I'lin¡: to dni;e analylieal nwJcl' for random carlhquakc 
so"¡ucn<""'· Thc followin¡: oppt·o11chc> M<' uftcn íuHncl in the litoraturc: 

(~) l'lottín¡: of hi•lo~mms of wuiti11~ tim<"S betwccn shock> (Knopoff, 
l!lG·l: i\ki, l~lr.:t¡. 

(b) J·:v~\uatiun of Poissnn's indcx of db¡wnion, thaL is of the <Jlio of thc 
samrlr ··~tin11cc o[ Lhc numhcr of shock• to its e~pcctm\ vnlue (\"c;c·Jllnes, 
1~70: Shii~n aml 'foksór., 1!:170). Tiois. intlex cquals unity for l'oiswn pm·· 
ce.,;cs, Í• sma\l~r for nearly pcriodic s<x¡ucnc~s. and is crcntcr than onc when 
e\"~nls l.<:nd tu ch"tcr. 

(e) !ktcrmin~ti<>n of aulocovMinncc functions, thut is. o! !unctions rcp· 
rc><"'tin~ th~ cnvarí:111cc of !he numhcro o! cvcn\5 uhscn•<"d i<l ~Í\"Cn time 
intcrval•, t•xp«··'""'l in tcrms of thc tim~ c\;¡pscd l>dw<"CO tho>c inlcn-als 
(\'crc·Jonc<. 1!170; Slolicn ""d Tnh;;, .. l~íO). Tl«' aulueovori~ncc functoQn 
of n l'oi.<Son pro ce•<> is a IJinoc dt•\ta Íllllt·tion. "J"I>i< fc•alllr<" is do.tract<•ri>lic 
for LIW l'vi>>.<JII rnoclt•l sincc it dues noL ho\tl for nny nlhcr ,]ochastic 1'"'"'"''" 

(d) Thc ha1.ard functoon lo(/), dcflllc<l so that /r(t) d! Í> tbc condili<mal 
probal>ility th"t an c•·cnt will tnke place in \he interval (1. t + dt} ¡:l,·en tlo~t 

A 19H,IO_,W A' 

~''"'Jiffl33." 
o 

o 

-
1-

o 
. -200 o ~00 ·100 

18N IO>W • - ' • • • - -. r:-
- 1-

o . o <OO 

o' 
11N,IOGW ,·· " ' 0 ·¡z~o 

• . 
o o'-

• 
- 1-

o • 

o' 

-

o " ·<00 

' o 

-

' 

16N 99"N 
' 

-~~ 
" 

.:~,f}t? - " ... .. . ' - -·1 
o <00 

I~H 99"N 

" 
. 

-1-E' 
• • 

~- . - "'!é .-
• 

o •oo 000 ,. ""·?."" 
' 
,, 

o· ... 

1-- ~ • • • 

• OO • 

f"l~. G.lO. Eo.thqu>k< h)"¡><>oonl<os pn>Íoolo~ onto & .. .;.,u( •<~lio•l><"cilona tltrou¡h • 
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no cvcnts huve occurred beforc /. Jr F(l) ls the cumu!ativc probability dis
trib~tion o! thc tim~ toctwccn cocnts;. 

lo(/) .. /(1)/[l- ,~(/)] 

whcrc {(/) ~ ~F(t)/n 

(C.IO) 
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'i~. 6,1 2. Evaluollon ·o( Poi .. on P'~'""' uoump<ion. (A hu Knopoll. l9G4.) 

' far(N)av JL"[IV1(t,r))dr (G.H) 
o 

Parzeo (19(;2) ¡¡ivcs ~lso an c~prcssioo for the probability gcncratins func
~on 'i~H (Z; f) oí t~o di&t.tibutioo o! N in tvrm• of 'iJw (Z~ 1, T), th& sencrat-

------------------- ------ ------ -------,----,------, 
' 

' " 

.. , 
oo'--,--o:C-'--,;,--,/0 o o.~ 1.0 1.~ 

Timo lnlor.ol ,yoor'o 

f"ie. ~.l 3. Vni•n .. -limo cuno for Now Z.oland •hollo• olw>ck-. (Aflcr Vo..-.lo-o, 
19GG.) 

in e fuocti' '1 o! cach of thc componcot proceue1: 

' 'iJH(Z; 1) "'exp {--vf +" J </I~(Z; f, r)d_r) 
. o 

wherc: -
¡!r •. (Z; f. r) ~ E Z" P{ W(t, r) • n} 

••O 

. ' 

(G.lS) 

(6.16) 

and lhc probability mass !unctioo o! N can be obtaioed from if-H(Z; f) by 
Il'callioc that: 

lf<N(Z;I)'" Ez"I'(Nan) 
•-O 

exp~odinc o!J." in powcr series of Z, and tnkios P{N • 11} cqua! to the coe!· 
ficicnt of Z" in thot cxpansion. For instance, if it is of intercst t.o compute 
P{N g 0), e~pansion of oiJN(Z; 1) in a 'l'aylor'• 5eries wlth respect to Z'" O 
]ea!ls lo: 

o!J"(Z; 1) B ~·"(O; n + z,¡.;.., ¡o; 1) +:;,¡,;,;¡o; 1) + ... (6.17) 

whPt<" tbc primn >i~nifi~• dNi•·ativc with resped to Z. From the !ldinition o! 
o!J~·, P{N g O)~ oJ¡,.(O; 1). . 

ll~c~u•c tb~ c<>~nponent pro<"csscs nf 'tri¡:¡:<•r'·ty¡m time serie• appear mw
bpp~d in somplc hi<tories, thcir analyl!cal rcprcsent~tion U<ually cn!ail5 
•tmly of ~ numhcr of ¡¡\!crn.1tiV<' mo<.!ds, c>timation of thcir par¡¡mcteu, nnd 
comp;1l"ison of modcl and sam¡>lc propcrti~- o!l<.ln 5econd-or!ler proputie¡ 
{Cox ¡¡nd Lewis, l9G6). 

Veri!.Jone• modelr. Applicability o! 1ome general 'tri!;~cr' modcl1 to rep-



rescnt local sci<tnicity procc"-'~> was discu•sc.'tl in n comprcbc,;,¡,.c p~per hy 
. \'~re-Jones (! !l70), whu calihratL'ti thcm rn~inly a¡:ainst wcord; Of sci.lmic ac
liYity in Ncw zc.,lam.!. In add;tion tu simple nml compound· Poisson pro
ccsses (Parzen, l!lG2¡, lrc cunsitlcred ~cymnn-Scott and IJar!!c!t-Lcwis moJ
cls, bo!h uf whicil nssumc th<lt ~"r\hqu~lws occm in dusters ami that \he 
r11lmhcr of cvcnts iro ea<.:h clm,\cr is stocnsiit:.11ly imlcpcnGent of its ori~in 
timo. In thc Neymnn-Swtt mod<'i, thc pwce.<s oí clu>tcrs ¡_, ~osuffiL'LI station
ary nnU l'oiswn, un<! cach cluster is dcfincd by flN, thc probJbility m;css 

· f llnclir>n <.>f its 11L11nhcr of c•cn L', ami 11(1 ), lile cum ulativc cl istr;bulion func· 
tion uf lhc time of llll cvcnt corrcsponding tu a ~ivcn cluster, mcusurcd from 
thc cluster ud~in. '!'he Ba•tlclt-Lcwis mude! is n special case o! the !ormcr, 
whcrc cach clu>lcr is n rencwal proccss that cnds aft.cr a finilc-numbcr of 
rencwaiS. In th""' modcls the cunditional prubnbility uf'"' c•·cnt taldn¡: 
place during tiJC intcn·al (/, 1 + di), gi•·cn that thc cluster consists uf N 
shucks, is eq u al lo N/\( t)dt, whcm )\( r) • a,\ ( 1 )Id t. · 

!Jcca!lse clu•tcrs ovcrbp in time thcy cannot casily be i<lenlificd and 
scparakd. I::slir.,alion of preces; pnrnmctcr5 is accomplished by assumir1~ 
r.lifferent scts r>f thosc parntneluro ~m! cvahralirl)-( thc eurrcspomling goodncss 
of fit with <.>\JScrvetl rJ;,lh. 

- Vru-ious altcn1"\ivc forms of N~ymun-Scott's mude! wcrc comp<!Ted by 
Vcrc-Joncs with oU<crvccl daln On lhc basis o! firsl- und sccond-order stalis
tics: lw>ard func\ions, intcrvnl clistri\J•,¡lions (in lhe furm uf powcr sp~ctr:r) 
nnd variancc time curves. Tire ;b!i"ical rccorcl compriscs abou~ une t.hou· 
santl Ncw Zcaland carthquakcs with m~gnitudcs ~cater t!>an ~.5, rccordcd 
frum 1942 to HlGl. ~'i¡:urcs 5.13-13.15 show results uf the a:1alysis for shal- · 
Jow Ncw Zc'lJand shocks as wcll as thc comparison of observed da:a with scv-

'·''r--::-----:-:--:-:------, 
----- E•pooonliol model 

0,4 • 

--- hl powor lo" modol 
-·-2nd 1•0"" low modol 

• • ' 

Wrloncc 
.Y.oon 

~~ ? •• , •• ~··· "" ... , '-~"" ,.., 
·~ oo 1• '.,"- r 

Fi~. 6.14, Smoolhc•<l perlodo~rom for Now Zoolnnd 1hollow <hod••· (Art<r V<ro.Jon~o, 
!%G.) 

ZQ2 

0,!00 

Hotmd .•~o<k< 
por doy 

0.200 : 

~< 60 <m 
......... T~oor<r.ool 

OO•m•d 
' - --~l•on rore 

--------

o ,f---'--;,~,:-jj-''--,,\,,-~·c• .:..-¡,_~-"--;,!,,~ 
""""'"''"' '"'"""' l<n;rh,do,, 

Fir. G.J5. H••ord r unotion lor, N<w %o•l•n~ •~>llow shr>ek•. ( Mror v ore.Jon«, 1970.) 

eral al\c~ati~C n.todcls. Tire proccss o! cluster urigins is l'ui<surr in all c~sos, · 
hu\ llw diStnbu\roriS <.>f cluster oizcs (N) nnd of limes,_,¡ cwnts within clm
t~rs d!Jcr among:. lh~ va;ious in~\ance•.: in \he Poisson modcl no 6\Lstcrin~ 
takes ~lace (thc dislr¡~lUtron ?f l-. is a Dnac dcltn funct:on c~ntcrcd oth'- 1) 
Wh1le m the exponcnt¡~J and rn !he powcr-!uw mo<.lcls thc dis~!'ibu:ior: uf.\' is 
.cxlrcmely skewed towards J>' a 1, ~nd A(l) is taken rcspcct!vcly ,_, 1 - c-•r 
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• '" 
""'1!- [e{( e+ I)J" for 1 ;. O, ~,oJo.'"'" /or 1 <·o, wh,·•c A, r. ~m! 6 urc 
¡>~>'l\ac pu·,n,trro In l'i¡¡<. G.l:!-C.15, b N 0.?.5, e~ 2.3 <.!ay<, nnd ), " 
D.DGJ slwck>/day. Tloc <'¡¡ni!icant·~ uf cluot~rin:: is cvidence<l !1y th~ high 
,-~lu<' o f l'oiswn 's dis;~e.sion imlex ·in Fi~. G.l 3, "'hile no ,;~ni[ic:Ul~ p<'riotl
icity can he• inkno'<l ft<.>n> ~-;¡::. IL11. llo~h fi¡¡urcs show thnt \he power-!'IW 
mrnlcl provides thc bes\ fit lo llw .<tatistic.< o[ ll>e sampks. ,\similar arl:>IY>Ís 
for :-!<·w 'l.<'ai" nd '.< d r•c•p shor:ks slwws ~'u eh les.< clustcrlng; !'oisson 's !lisper· 
~ion i.~tle~ <·qu;.', 2, am! tlw J;az;or!l lunctio" !.< ncnrly con>:.nnt with timt•, 

Still, da:.a rc:>ur\c<J lJy Gaisky (!9G7) h:we hazmd functions that su~~··•t 
nl<>Ckls w!•crc the clt"ter origins '" well '" thc· duskrs themselves m ay be 
rt•pr,.;enLeU by renewnl processc•s .. \lca:1 reLum pcrioUs fir<' of thc ordc•r of 
,...,,·~ral mo,(h<. a"d Jwnee thcSl• proc~•= do no: rorrcspo.~d. at :cas: in the 
lin•c <cale, to thc :"o(css o! al:crnate pcrioo:!s o! activity and quit•sce,sc of 
so"''' C<'olor.ica\ s:n,cturc·• c;:,·d i>>' 1\c:lcht•r <'tal. (1!)73), whkh ha<·c leC to 
thc ~o" ('(•pt o r • te m p<.wd -'"""' ic ~:ar><.' discusscd be lo w' 
, S<mplipcd trim¡cr modcls. Shlic'' '"d Toksiiz (1970) proposed a sim;>!e 
parliculnr ca<c of lhe ;-.:,.yman-ScoU proc~s.~; thcy !ump('(] toj!cllwr a!l e~~:h· 
<Wal;cs t.•ldn~ p:~cc durin¡! non-ovt·rbppinr. time intcrvals o! a gh·cn lcngth ,,._¡ 
Ut•<~nc<i Uwrn u' clu>'ICI< f"' whi,•h ,\(!) was a Dirac dclla funeticm. \\'or~i"g 
with o:Jc-<Jay in\cn·~l,, t.hey "-''""wd t''c m<~1llor of cvcm< per dust~r to 
be clistribtl:~U in :tccortl.,!lcc with tl>e <.li..,rclc l'"rct.o iaw :uul ~p;>liffi" m:l~i· 
~•um-lik~lihood crit<'riu:J lo thc i~formation consistin~ of 35000 ~~rtll· 
qual;es rc]lOrtt•d by thc USCGS fr''"' o

0anu"I'Y 1n11 \o :\u::"st 10{;!\. Tlw 
mudel proposc•d r~prt•sents re"son~l>!y wcll Uuth \he dislrib"cwn o! \he nu:n
hcr of carthquahs in onc-<!:oy intN\'a!s ancl :he dis;,crsion "'dcx. l!owe\'N, 
owin¡,: to the as.,umption :ha: no clus•.er bsts mor~ 1.ban onc d~y, thc modcl 
f.i[¡, to reprrscnt. thc :tutocorrel,otion funcl.inn of \he daily numhcrs u( 
siB>ei:s for smali tinw ;"~'· Tilc d<·~ree of cl«st,•rinl: is s!wwn tu be a '<·~ion~[ 
fu~nion. ancl to dim:n:sh wit!> t.hc ono~nitutlc thr,·shold l'alu~ a:1d wit~t thc 
fo~~: dcptlL 

/.(l<•n;/:ocl; .<<'q"c"crs. The ~ri~~cr processrs dcscCLL~<l ha<·~ bccn bta~tlcd 
~' n·a>on,Llu rc·prc<c=>talion' o( r•·~iunal sei<.,:ic :octivtty, c<·•·n wh~n ,,flor· 
sltot·:: sc-<¡<=cne~< ami ca.thq<HLkc sw:ums :•t·c S"Jlpr~swd f:om s\a~isücnl 
:eco!'\!s, hoWCI'<>' ,,;,¡,,~,y :¡,,, ,,:ppre»ion m~Y be. 'l11c mos: si~nif•cnm 

:n<~nm·es of cl">lcrín~ n'e rc•!a:t·d, hr>WC\'er, to nft,•r>hock «''!"'''"'''' w'''"h 
ofl,•n fo•:o\1' s't:.llow ,;hnch and <~nl_v rnr~l)l inl<-,lledia:c and Uc•<'l' ""''"''· 
1\•r.i>tc•ncL' or hr;~e nunl!>Ns of aft,•rshocks f<>r a few d~;-s or WL·<·ks has 
;"opittnlcd lile c!cta:O<~l Mn~i•lical ~=>:t!yois of thosc S<.'qu•·nccs s!:Jce bs: 
«·ntury. ()mori (:S0·i) poinlt•d oU\ :he <lec~;· in :h~ meo" rnte of nfter
sitock occut·rc·•"·c w:th l. the ¡¡,,. c·br""d sine·<' the mn111 •hnck; he "·'l''""'·d 
tlt,,, r;,te os invc·<SL'!y proportwt>:d lo t + r¡, wl"'"' q is an '''"]>=ric•al const"'lt. 
Ut-u (:OGl) p:o;•owd ~more ~c,cr~: cx;>rc;sion, propur'.iona\ to (1 + d-t. 
wherc ¡- ;s ~ cons\3n~; Utsu's pro;>osa! ;, con•i•~"' with th~ powcr·bw ex-
¡>!C1>ior. for A(l) prcscntcd abovc. · 

' 
Lomni\z and Jlax (HIGG) ]lfO[lO~c·d :o clus\NÍ"'·' mod<'l lo r•·rn·«·"l nfter

shor~ "''qucnccs; it i; " moUified .,.,.,;,,. of N<·yrno" nlld Scu\t's rnoth~l. 
whcrc tite proccss of cluster ori~ins is non-homo¡:c,cous l'obson with mean 
ratc dccayins in accot<.!anc•: with Omori's law, thl' nun1h-crof cv~nts Íll ··~eh 
cluster has a l'oisson <lbltil>ution, and A(r) is r~poncntial. Al\ thc rcsults 
and <llClhodo of "naly,;, d<·•.:tibed by Vero-Jnncs (1~70) fnr \he s\"tic>llarr 
proccss of du>ler ori¡:,ns can be applicd 1.0 thc nonst·ttion"'Y c:c<c thruu~h a 
\:-;:nsfonna:ion of thc time scalc_.·_J'ittin¡: of par;nnctcrs to fonr a[l<·rshock 
·wquenc~s was accomp!ishcd throu~h usn of thc wcorul.mtlo•r infom,a\ion o( 
the samplc dafin,.cl on a lt'~nsfurmcll tino~ scalc. Hy opplyinr, this eritNirm t.o 
carthqunkc se\s hn>'Ín\~ magnitudes above differ~nt tlucshnld valncs ·,: was 
noti«'d thal the de¡-:rc~ of elustcrin~ dccrc:tS<'s a~ thc· thrcshuld \'aluc in· 

The macnitndc of thc main shock influ<'ncc• llw numl>~r of nft,:rslwcks 
anU thc <li>t;il!ution of th~ir mn~'nitudt•s ilnd, allltou¡tlo \lw rote of adi•·ity 
decma'lCs <Íth time, thc di•tribution of m~ituo.l.s romn'ms st;~lJic throu~h
out cnch seq<:cn<'C (Lonmitz, l!lGG; Ut•n, l!lG2; Drakupou!os, 1971). Equa· 
tion G.6 represen\> fair!y.wdl thc <Ji,tril!utiun of m:,gnitLalc•s olJScn•ec.l in 
moe\ nftcrshock >Cquencc.;. Vnlues of ¡J ran¡;e from O.!l to :J.!land dc•(:fC:I-<c 
as tbc clcpth incr~ascs. Since vn!ucs of ¡J for rc~ul"r (maon) cnrthqnakcs are 
u.<<:ally cstinÍalcd from rclativc!y ~mal! numbors ol ~lwcks ~,·,NatM 
\h,ou~hout crust volumes lm>ch wi<IN lh~n thusc active dmin~ ~fl<'rshock 
sequenccs, no n•]¡<\ion hn< bc(•n ~•tnl>lishc;d """'"ll f!·o·n]u,•s for 'cri"s uf ;,.,u, 
trpcs of N'Cnts. Thc parametN< of Ut.>u's cxprc .. ion for llw d~c.,y o! altcr
s.~ock nctivily with time ha>~ lJc.:n c>lln,atcd for r.c·,·,·ral ~oCqucncc;, for in· 
Sl~llC~ \hOW foi\QWÍnl( thc :\\~Uti~n C:ll'\\oquakc Of ~]:nch \), J~J;>7, thc CL'Il· 
tml Aln'b carthqC~ah of April7, l~C>IJ, and tho Southcasl<'Hl ,\ln<ka •·arlh· 
quakc of July 10. l%S (Ul<u. 1%2). with mar.nilmlc< "'1""1 to S.3, 7.3, 
2.:1<:! 7.9, rcspcclivclr: e (in óy•) was 0.37, 0.~0. nml 0.01, whilc ¡- was 1.05, 
:.05 and 1.13, respcctln·ly. Thc a·iationship of thc total num!J~r ni after· 
shoás whosc ma¡'·"l\ucl,• c.Xt"c<"ds a r,iv~ll vodtoc wi\h the m·.o1:n'llU<hl o/ thc 
main shocl< was _,tu<li•·d Ly Drotkopotolos (1971) for 140 nflers!,ock •c
qnenccs i<l Grccce from 1912 to I9GS. l!is result> can be c~¡>reS•<.'ll ]Jy 
N(:.!) '",\ ~xp(--iJ.ll), where N(M) is thc total num!Jcr o! aftcr<hueks with · 
m~~nilml~ grcotcr than M, mulA is n fu11ction of M 0 , \he ""'~nitudc uf thc 
m~in shock: 

A~ c>..p(3.G2 ¡J + 1.1.\10 - 3.-16) (G.lSJ 

Forrnu!.1\Íon of stocha<tic proc-e;s rnodcts for ci,·cn earU,quakt• "''l"~nc·cs ;, 
fcusil,lc ""c'c !his rc•la~ionshqo and \he ""ti.-ity <i<'C"Y \aw me nv:tilal!Jc for thc 
SOU!cC uf i"tcrc>l- !'or >cismk-risk c.<tin"'tiun ato ~Í>'cn SLlC \ho •putl~l dís
~ril!<:tiOil o! a!tcrshocl« mny l!c a> •i~nifiC~Ilt as th~ cliS~.nlnotiun of n1o¡j·. 
r.i:udcs nn<l thc tinl~ vari~tion of ncti;•ity, pnrtkubrly for •oure<ts of rd~
tively laq¡c dimcnsiot>s. 
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1! sl><lll[llOpun lU\{1 ·'Fid <O'<l:J .;¡trcJJO Jh)lJ"I"I'" ~'11 pua sscut 1~1"~"\1 
·U<).l ;n[1 JO UO;JJUl~)H) ~1(1 Á<¡ o\¡<')r.'10Jd p.::>¡c.rau.;~ ~.ro "f"Ol{S M<lj¡r.<[S U~lllj 
·pp0.\1 ~1[1 ll; S\IOl~;lJ .J~¡l~U lS<JUl .1\]1 JO ~UO '0~\XJW JO 1<~0~ liJJI{lllO. Olj] 

Aq p:>p)AOJ<! SJ ilJCin):il') UV 'HJilt~llJJS jl.l~!~O¡=~ JO lOQWilU U ~uO¡r-Á]\A\Pll 
a¡w•ms JO uo;¡cJ~!W 041 JO ;¡s.\¡uue ~-'!1'.'1Jitnb .{¡Joau ¡o SJ{OS.lJ llq pauo<l 
·<.JOS Ál!E!l111Jl SI .ÚOJ\{] S)'IJ. 'SdD/1 ~!IIIS)JS ;o UO!JU,\11~C JjpOJ.!Jd JO Á!o:llj) 

ay; ~u¡tuaauoa (f:L6l) ·¡u 10 JJljOII"){ JO worsn'¡:moa Ulll l11!M ¡ua¡s¡mro 
5J UO)PUIIJ piezr.q ~UIA\OJ~ ~JO ¡(i,)Jl\OJ D'I,L 'SJij<!lU! UOJ]dWilS"" U05>')0J Dl[J 
s11 Wtqsuo~ u¡,wa• 1"" pur. 'lliJAJ ¡so¡ "'11 ~""" p.os<;1n1a ow¡¡ oq·, '!l!IA MOl~ 
p¡no~; uoqa"n) ¡lJr,;rul{ et{l ·nuur.tu ~nuwa¡;.\s sso¡ .10 o;ow t: u¡ SAIOJJ! uo¡~ 
·JJ U UJ pi>101S ',{:JJOUJ u¡nJJ• Jl '<IHiJ, ·;,l:H!.Jl~S IU:l)SÁt[\10;¡~ JU a;fpO[AIOU~ JO 

o1Jt:11 'll[l llllhl ]uu¡SISUO:l OJU 1'"~1 ¡n q.l)l{A\ s¡ororu 01 )li\Or! ÁCIU UOl]UJDUJ~ 
O~tllbq1 IC~ JO ><>"<•J.JOJd jUJ)S~I[d al{] JO U0)1>'1:lr!SIIOJ QA)]U]!\CH!; 'S{t:AJJ]U) 
mup :ruo¡ '"·'O P!i~A •¡opow ~11"!llt~¡us ¡o UO!WinmJOJ a\{1 SJar"!'l u¡11p ¡uo 
·)lS)Jt:]S JO ':a~{ 0114,\\ 'JJ~UOI lO ,\Jnl\100 0"0 JO lQ[llO ~ltl JO SjP.fi,W)ll) ~U!Jilp 

· S\l)~!lO JO)Sn¡~ JO SSJOÚJt! J\{) JO Jlll1Ull Jljl,UO UOJSSLlO<)¡> .IOJ pllllOJ~ J¡'{Clap:. 
•UOJ S'] ~JUt¡1 'JJ,\J,\\Ol/ 'S~~Ol[S .-o¡¡ut¡s \jl\·" ju;¡cap ll•lt{M 1SEJ{ 1~ 'a¡nJ illjj 
~r' ~li!JU)Sil]J 1"1lJI;m:J¡s )Ulf1 )qnop ]lliO,\aq SAIO\j~ <l,O!WUUOJUJ a¡<¡P.{)~AV 

· .<pn1s JJq]>n 1 1n0411hl 'I"AJa¡u¡ am11 Ja~uo¡ puc sp¡oq>:>J<Il "P"1!" 
, ·:li:W JJlj:\lt¡ 01 pJ¡,¡odnJ)XJ ;¡q ]OU\1~.) Sl•>1•np IJiJ,l,\\1~'! SiJIU)1 JO SIIO))!li!!Jl 
-«p ~•n pun po.uosqo ~u¡Ja¡snp ¡o '"'"~•'P u~.J. "'J"afl uu¡ ¡som 1n JO s¡uA 
·JOJU! .ouu1 :rupnp pap¡n;¡;u ~I'[Ol{•·'lll1 ""1 .\¡.JA)l~l"' ~Anqr. '"l"'l!lr:l"'" ~1!-" 
<J1jCll~l[11t:J 1110<[" ~OI]"UJJOJU! lW p~o11q :un P·"I!"'"'P 't-Ji'OU> '·'~·~!'1 Jlf,L 

s¡JpOw ,\'<nrw/ · 'J /{ ¡; 'f:'E: '9 

~·o o 



)'or Uw l""l""c of il111,lr"tion, Id it i>c ~"luJm•d lhal n fixcd ill\1] Uel.,r· 
mi,hlkaliy :1:ww" Jama::•· }) 0 UCLII" ll'llcn"vc·r a ""'~Hi\ll<l<• ahovc a l!il'•·n 
vnlu~ i> ~~·twra\!'<1 ;,t a ¡;ive11 wurcc. !f /(1) is lhe pr<Jb.ll>iiity·<.lcn;i~y f<llldiUII 
of thc w¡,j[i~:: time tn liH: nc<:urronC(' of ¡¡,,. ómn:;in~ <:ven t. un<J if t.h" ri-<~ 
lcv~i is >uffici,.nUy low tita\ nnly tloc fi"\ fai!urc "of coltccm, thc c.\pcctc<J 
vnluc <.>f tlLu nctu~:izNl cos\ of <Jnmn~c is (sec Chaptcr 9): 

(G.:!O) 

• 
whcrc ¡ is thc discount {or compouml inlcrc>t) cot·ff¡cit•nt and thc o\'cr!Ínr 
<Jeno:cs exp<:cta\io:l. ][ thc pruccss is Poi<son with mean r.1te v, thcn /{1) i< 
expon<:nti~l nnd jj;:, D0 vf'r; however, if <lama~i·i~ e•·cn!s tak~ plal·c in 

- c:u>lcrs am.l mo>~ of ~he <l~•nnl[c ¡>rO<.Iu~c<l by cach clu<IN correspont.ls to its 
!ics~ ,.,-cnl, t!,e corn;>ut~~ion uf lJ sho"lt.l makc use of :he menn ratc '' ~or
'~'l'ondi"ll \o \he clu•tcr•. in,\e~<l of llm\ ap;>licaLie :o individ11al c<·cnts. 
':'aL!~ ú.l.l 'hows a compari;un of >Cismic ,-;,~¡ t.lctcrmin~t.l "'"!er the "l:orna· 
~;,.~ ""'""]'\ion• of a l'oisson an<J a ~~lnllla mo<lcl (h = 2), lmlh with the' 
s.::me ""'"" rcturn pcriml. /."/!' (E,tl•\"a, l!J7<1)_ 'l'hre<: dcscriptions o! ri•k ore 
¡He<cntt-d as func\ion> of \hQ time lo ebpsed """e lhe la<l d~ma~in~ Cl'•'nt: 
T 1, the cxpcc:<·d ti:ne to Lhu !WXl event, measured frOJn it"\"11\ lo: thc ~~
IWCkt! vnlHu of LILe prc;en\ cost of faih:rc compute<.: frvn1 eq. G.20, nnd tiH• 
hat:m.l function {or '""'"' íailurc rn!e), Since eu.<t~rin~ is nc~:Ioc!cd, ,;,:, of 
af~er.hoc:; o<·cuJr.,nco tlH15\ U~ either inclurJcd in JJ 0 or supcrimposeli '"' 
t.l!a\ Jisp!oyud in \he tuhlc. 

This tui>1<· shows \'Cf)' si~"ifkor.\ differ~nccs mnon~ ris:.C levcls íor l>o\1! 
proccsscs. /\t smu:t va!Hes of t 0 , ris~ i> lowcr !or ::w ~~mrr-.a proccss, bu' i¡ 

T,\tll.B 6.11 

Corn¡•a•i•<>n of Poi~wn nn<l C·"""''' pro<< .. <~ 

-¡" <'/~· 1", ~11:. r.,;,...," P'"""· 1.- • /oi.-/V T, V/k Gamm• ¡m><:e", /1 • ~ lok/v 

fJ/ilo fJ!lJ0 

-,Mv•JO -,1.-tv•!OO .,¡,,, .• " b!.-/V•JOO 

, l.O O.O~~S 0.000-l , 
o.: o_n 0.0:>11 0.0036 0.367 
o.z 0.8ti ~-Oti'/5 o 00[,~ o 6(.'/ 
0.~ 0_'1[, n.oun 0.01[}0 ¡_33J 

' LO 0.0909 0.00~9 ,, O.fo'l 0.1~0 0.0132 2.000 

' O.GO 0.139 o.o:o~ z.GG7 

' o .5 ·\ o .1 ,,_., 0.017~ 3 .JlJ 

" ' ·-· . o.:-.~ U.lti!l 0.0!57 3,CJJ 
o r.o 0.167 0,01% 4.000 

' 
i~TOW> wi\b time, •.>n\il it oulrirles that for thc l'oi•son prac .. ss, which rcmains 
COII>tont. Thc tliffercnccs shown clo:arly affc,·t cn¡:inccrin~ tlcci~IO!U. 

GA ASSESS~mN'!' Of LOCAL SElS~llClTY 

Only cxceptionally can ma~nilude·rceurn•m·c r~la!ions for sm~ll volumc< 
nf thc earth's crust and stati>lical eonclation functions of thc proCe'iS of 
carthquakc gen<·>a\ion be t.lcri<'ct.i cxclusivcly from slatbtin11 nnnlysis of 
wc-orded shoc~s. In most cases this information Í< too limitrd for thal pUr
posc ~m! il <loes not nlways rcflccl gcologic"l nit.lcnce. Since ll>c lattcr, a-; 

":cl.l n.s Íl.s co~ncction with scismicity, i• l.wsct with widc uncertainty mar
. gms, 111fonnat.on of diffcrcnt naturc hns t.o Le ~•·nluat<-d, ;¡, uncertainty 

analyz<l<l, Rll<.l concltt•\ons rcachcd consisten~ with ~llpicceo nf informntion. 
A prol,abili>lic eril<•rion that accomplishcs Lhis is ¡nrscnte<! hcrc: on tilo 
L~>is of ~eot<-clonic data and of <·onceptual modcl> of thc ph )'>ic:1! proccs>cs 
invulvct.l, a .,.¡ of n!krna1.c a,;umpli<>u> can lw m11<1c conn·ming thc fun~-' . . . 
·"'"' l!l qliCS\10" (magnitudP rceutrencc, time, am! s¡o:occ "'""'•lation) nml au 
lnil!al prolm!>dity di>tribution nssir,nc<l thcrdo; staU>ti<-:ol inforn>:.lion 
is use(/ \o judcc th~ likcli!>o<>d of c:u·h n.-ump\i<>n·, '""1 a poslo•rior prob
nl¡ilil)' d islribct \ion ¡, obcoined. Huw stntistkal iJ tlorw atio 11 ''"" ¡ 11 '"\e> lo thc 
pu•lt•dor probuhiltlics of tbe "1\erna\" assu•o¡>lillt" dc•pends on \he cxtcnt oí 
tlt:.t infonn"lit>n ond on tlw dc·¡:n·c of llolc'Nlam\y implL<•Jl by llw initi<il 
pr<>Uab!lities. 'l'l>us, if ~~ological cl'irl~neo supporls coltficlence in a partieubr 
n;sumplion <>r ran~c uf os<tl<nptions, stali;tic:~l infurm:t(i(>ll .•l>ould no: 
~r<·ntly modify tbo init;al proiJabilttJos. lf, '"' lile otb~r hand, a Ion~ and 
rcl'talilc sl~\istical r~t·ord \s m·~itaLJle, it practically d<•tcrmines thc form aml 
p.'U'n>nders oí the mathcmalic"l mo<.lel sclccted ta rcpro·SC'nllocal scismicity. 

B")'esian s::ttisti~s prol'ille a fr:uncwork íor prol>abilistic in!t•rcncc that 
nccount< for prior probabiliti~s as.si¡;nc<l to a S<"\ of altcrnnlc hypothctical 
mod~l~ o{ n gi;·~n phenomcnon as wc!l as f or >latisti<"al samp:,•s of cv~nl s ,;,. · 
J.,:ct.l Lo that phm1omcn<>n. L'nlil<c cOnvcn\ional rncllwds of statbtic::d in
frrcnce, ll"yesinn mcthucls cin• weight Lo proLaLilit)' mcawr"s ohtnil><-d 
from samplc' ar ÍWnl olhcr suur,·e<; num\>.:rs, t·oordinatc• a11<1 m~~nitudes 
oí carll~<]~IÚc< ub;~n·e<l in ¡:i<·cn time intt·f\':~s "''f\'C to nsc·o•rtain thc prcL· 
aLlc vahJ!!y of <'~eh of \he allern~~Í\'C m•,Jels of l<>rnl s~i>midty \hat """be 
p<>>!uln:~<.! "" thc ~rolmrls of t~N>lo~ical .-vidente. Any critc>io 11 intcndctlto 
wci~l> inform~t'"" <>f Jif!cr~nt not"rc and <lifforcnt dc::n·e., of unccrt~lnt)' 
>hactiU lea<! tu prabab'tlistic condusion.• con>i<t••nt with tlw tl.•¡:rcc of con· 
flti<•llcc nitaclwd to ench '"'""" of inform~lion. 1'his is nccornp!i;lwd by 
B~y,••iun >ndhods. 



~wc~ o.:~cn u~.,~ :m¡ ·~um:o; _as~~>"' ;o """!::'~• .,, ·~~o¡q p:;c:o"J:¡t:c~ ~~¡d 
-wo:> ¡o .:o¡.lec¡~q mn pu~ sp¡u;q< ¡onuo~!l"O~ ¡o :,-o¡;l..o: M:]~uu; ,\¡¡"~.n:úlc 
u¡ ·~-1o:¡s jO a~u.o.uto~.oo ~41 :>.:~ P'"''·"•~¡>un ¡¡J\\ S"SO{ n•,.¡ -~.>¡J~¡:·.:~.oq ~1c¡d 
~uo¡u l'1<.10pu p.>p~d,.-~ JO op~1!"~'"" JO s1urw ""'1'1" "ll~''·'i ¡u P'"'" ·''1 ""-~ 
¡me '1'·"'!"'1·'1·'1' ;:"!·"1 Jlo ""''"'~'i'l .\;!:""" 1{1!·" P·'1r.{~!trJ~ s.>¡qc;r:.\ ~HlJO 
Oll:<>' Jt> S·"lll',\ [<'.l!lJl!,\U •"11 'S.l,S.¡-><ud O!ll0P•>1 •'i"·'"·011C] JO ;hrnUtT'-'•'i'"il 

Dll1 0) .~.0,1',!1 '·'!""l-'•>1·•>J>:¡<J JO '""1'"1!-'J'!O.l 0111 jt> 1lt1,-,)! l: C\0 'oJ~r.:r; '.:,•,,;¡ 

·0\0tl 'p-lpoJ<ixu uq Pl""'l' '""''l''·'!ld<l" i'"" '1·""'""' 1trcpO<!u:¡ ''·""P"'IS 
"'"'11 Jo SUO[JlOd Ui'·\!:l ll! •1\L!!J'!'Lr' .1.1<! jllll: Jlutqn,, ])ttO l•ld [>Jj-1'){[1[ ;1<¡ 0] 

p,>p,od\,) i'<¡ 011!.1 1'"11 /i~.lJL:~ i'l\1 O) 1~~d,;JJ '11!-" S·'Jt1]0.~1¡$ I"·'!~O[O·'~ U~Jq 
JO lO¡.>ct¡U<¡ l[U.!J.W J\{1 JO <)<.(]~<IC ~l[l l1! JUO(l \(,),)<j St'l{ :¡1<>.\\ ló~lllll )".'( 

·•¡;c;u¡> 
j~-101 jO .{¡m¡< ~ljl UP.ljl]U~.l'Jl!I~!S ~1<'>\Ll ;:JOJO S! ~Jlt1P~l1< ~~~!;:!o¡o~:J ~J¡d 
·lUOJ JO JO)·""i"<i !lUl,l,\0 <ll!l JO U0!1C-<•1P!'UOJ '.1.1!1,>¡¡ '.C:<>¡JOW ,IC J.>U,>i'!·'·l 
J~~JlO$ OU" JJ,1!11 ,lJJl{.\\ S.1l:<1"L ll \lp!: ljil;.', )'ll!i~Jjl UJI{.'.\ pJOCJ J<¡ ppO.\\ HO!J 

·C~1!S ~:GC> Jtt.J. ",l.lliU)JOdl'l) 1UJ1,1JJ!i' JO S]jll~J U] p.l1Cl1t:-1Jt:t>:> \l~q¡ .1CiliJC1 

J\H1l[Oil H.lh!~ o u¡ j>•>]IHI!JlS!l' '! .\1!·'!1JC ;Jjll:Sh1S J\[1 JO 1'~d ¡;;;o¡ ¡t: 1"'11 
"o¡;dtun»U 0<111·'1""' l'·ll""I".-·J "ll U<Jlll 1\t:tU li1!J!llt0!·'> {Cllo¡:lv(í 'OC'~"t<H 
lJ" JO ""!~t:\]tr ,>J. lJJ 1 ¡J ~ J{lnl .l.>ld [l.JtrltUJU h' 1' ,,_,, '01 <:\'] [lJCl(¡;) ~"-lO J l[J:t¡.-.> li ;¡ \\ 
J;.>n•nVJ~ ]UJ!~!J)J\~ll! o1'{1 [lHO ',(1l~!PC puo 'S·>~ll '""'" )l!OJ:);J!r ;o >l¡nr.j JO 
~~""lnrnqc ·"11 JJ-Jl[.ll ""''"'"!;u '>'"·'l!)Ol<l -'""'" "! n¡cnl!.>¡>""! .ro .-¡¡q;scVJ'"' 
J<¡ ""J 1]ti"-'~~J"d :Ju¡":I"'"J ·"11 "! r·"i""'·'l' ""!·'•':!'J J<¡: ;o uo¡w•::tiú1· 

'( :19!; [ '·' :¡S-'-'"i"";l~.:!) ~J!l 
·ll1~1JJJ'-t;¡ J:lllej U] p:l1lJUJJ '! •J::<>c:J~~"I<l"!iJ 1UJ."lM JO ~liS Jl(i ;_;::.\\. {>~l~í·'l 
-•o~ ;\¡~""'·' i\1uo ;uc suo¡¡~¡~1 v~uull.-c~-·1·J¡>HJ!U:Inw 1"'11 pcJ ~:u. -i>""~!• 
-sn ""!",IH¡111SIP li:;<w¡c<¡oJ<! 1"!1'"! "" 1"'" ·wur.n1r..,.~ ·'1"\"lZJJun ~"!!'""':'•'' 
•JOJ ~:11 '{tLGl ·~utll¡¡ {>Un '~!·'"-O :oLG[ ·~~"lit.\\) pol¡S!I'I"l'" nq u~.> '·'1'"1 
·]Uo'ii:1U UTl\!~ JO S[!'.Uljt:] ~-1ll->l.J(lJ-J1 ~l!l _lO D~'.\Jll fl\1\,' "i~<lq> ,{(] l'J1"-'Jfl![ 
1\~JDUJ JO pu¡; d~u·~ JO ~pr.]!ll;:~lU JO J,lp.to Olp 'p.>Wll!!J',.l '"1 t\CJ ~l':l! 1;1111 

''"1 '1'·'~'-'-,-,"''l'h!P "~'"" UJ<l,\\ ·po.r~oJ:ilUI """!1 l'"''~o¡o.•;l 1"•'·'·" '" "'"'"" 
-~UT;[d'!l' '!~'11 {llll' '"])n'CJ [).lCjlnS ,<;q [>•l:J!'liO[l! •'<{ \Ir,,} >~.>111<)> ~>¡C\IlH¡1J>',l 
[UJlU•l]Oo\ 1111 1lll¡1 H'O)O '] 1! >T;OJ" D\Um llj 'lln!JI\10.\~ [lll~ "lll).ll'J\S [~.1-1U,><J 

·s~ 1\<>M "" '1";;.->p 1"·'"1 '"!'!""'" 1""-" uo!P:"""J"! ~~~!:lo¡o,,·J JO s;s,\¡""\' 
'(G J;n 

-1.h:t¡:) ~a•) <~JOP<lll< ¡ur.-votl'-'·'! .{¡.>ttl.:.,po:.u ;o "~!R[l Ut.¡l lOJ JJ1~":;:.n:<l '!'11 
JO """~"!;!":l!• ~'1: a¡¡ds~p ·~!'~'" tuop¡u< ~'" "1'{ J<> <·11~1U!1<~ l"!l'" ¡ ·" n· "'"'u 
·)Ji,>',{<>tp U~l{•\\ '/i:ph]lCJ\lt:•nh U~t¡; .\¡J.l!\':l'lt:Oh ,>JOUI 'S1<¡;10{<)0~ ,{q il",Ja¡> 

li:ucn"' <1 ~!'1.1, "'""n~nns v¡uop"10·>~ •~¡¡w:> /i:;q¡><od 111!-'•'· ""'!'~'~"'o~ '!·"11 
un 1""' pomos •'li':L<i>l]lll'" [C!l"·llml J<l '"'!l"l""'·'"J n1¡1 lto !'"'"~ nq p¡nn;¡< 
•uo]u<tlo J<J'-{1 ·~¡p:.>p¡ ·r.¡;·¡¡ 1""' ;,¡;·~o¡ 101!'~!• lt:t•;wni>.J .<:q i'·'""'JJJ "' 
• .J '"''l·'""J "Jo '"""1 "! r-~>-•ld~., l''"' 1'''1·"'1.•~1"! ~'F'l""¡,·'P" .-,q p;:"''i'· ,<;1 
·"!"1-'·"'"" JO '"!:1"''" ilu)l"'"d:;.-,,, > ·''11 ll"" '>i·'l""" ~·;.n¡¡ JO "'·'P""'""I ~1il 
1""'1" '<¡Jpou¡ .-'j'l'"l""lll"''l" '1'.-!·'!''•(qdo,-,~ 1"'~ 'l"!:rn1oo:r l" su~;u¡do '"i"l 
: 'j·!.fMll)( l" "'"" 'l<>d.\ '1 ,;'!l'"'·'·' 11 r: n¡ ¡>.nt:l¡•,,, >•lll' ¡;o 1'''1 •>Jd ¡ ''! l! "! "l ~:.11 ;: ,,, .. 

"" 

·'•~" Q<¡ m~' '~'"""'~·~ ,(~)"!""!~• 'üJJ~.1S •; ;JO!l~allOj\1) \"~iJ<OJU1e "J~li.\\ 
sp,~ow ¡rJ¡¡ ~'1; co<iÁI{ jo •~! ¡:¡¡qvqn"l ¡DJI!"I ;-1 'V9 

(~(;'\1) jp{Jl.{(l_l! :_~-"-_'):{! (~''()J,. (1 :~ .... [~\') j 
("'·~¡¡ :·Jf\'.1,¡ ' ' ' 

: ( Jl')\: JO l!Oil•ctU!W~ m¡l \l! d.>:< 1'-']; ~ "' ' 1'-' l>Lil1q l1 Sl HO!'·'~'' b:J ~l:l :,\~no¡ 

•''11 ¡><ni '1 ~w11 ;i',!l"''' ~J': o.ooq~ ·'1'"1'":'""' 'il!"'· '·"1''"1''·11·"''' Jo 1.1q•.H~u 
,.,,.1 . ··.V -''CJ 1 '-''-'.'Hixv ""' 11 '·' 1Jt: J F·'·"~<ljO ·>'-1.,' ... , ,_ •1·. \\ll:JUd ,, ''11'1 ·"11 J" ~"'ll 
;<> .\:>'--'.-'P""tl.•¡"" I'":"'"""o; ·"l ·'11'""" "~-' 

1
X ;o u"!1'""!1'':-r ·1\[-";l-'.-,¡,-,,, 

·u P"" ·•x .<q "''';"\ ~'l ·'"'u '"'11 sJ:tf"·' 11" .rn; 1'""1'' 1"'11 '"'~'~"""·' ·''"'""!' 
'"~ Q P'-'" 1 p~c ';w;pun¡ -~l!H"'I' .\;:[!<il"lO-'d 10'-lJJ><J<I ~<¡; <! (')j c>,Jt[.'h 

1-···n) 
"'·" --

'IP/P( 'J'i}) [_'1 'J! l : ·'·H~.' ·::._:~':'_'~'!]•! f! (R · ~'i.)) g { ¡ : ·''w :· .. • 'w¡¡¡ •. , Y.).) 
[U'''\;¡:x:u""'~III'IUI],¡ ·· · 

: l\lle' J ~\{1 Soll[lll UO!'sa;.J~~ , $~.(¡:¡¡ ' ·''lU '·"' '" w •1 111 

"'~-" •->pn¡!"~"'" -'!J'!l ¡t:t;l 1'"" 1 1"'-1"1"! ""'!1 ;lu¡;np 1'•'"-'''"1" J>·'·" -<.>:¡~nl> 
• '11 '"~ N ¡e·~ 1 ,,, c-G d ''' '"-'" ,, ¡;, '·' ·"'.-! ·¡ ''-'·'''"'-' ,-¡ '"! 1 "·'·'!;1 " ;: "! m p nomo' <:Jh!:l 
~ "! p~:~.\U\1,\)1 s.q:niJ<¡p;,l [jt: JO <:>pn1!U',fr:<\J <Hi).\<¡ p.•:.~.lHlA~ ~q U\1~-'/ 'or::o.> 

-¡no f'·''-'-'"'1" vq,r, '(¡7""'\l.J 'fi 1"": ·rx J" ''"!J->UL>J ..:1!""'1' ·'1!1!'i~'i"·'d ~'-''"[ 
ll'!1 !'.!! ~~1 Jq pV'>•ll<ix•l ~<::~ S !'1 \ U] 1! ,\)l,lll.ltsp< JO u o! ¡nq! >1'! ¡> \U! 1; '.1) -J\j, i. 

·"¡·; 1"-'" :¡ ,(<¡¡m:tp¡> •¡ ff'p-•1•1••1'" '!¡¡·a-¡__,~ J! 
: n¡r 1"'~ '':1 ·¡; "' 1\i-'·'il"'lll<,,, ¡cnhu "'""""'!" ·'-"'11 ;o "'P·'·'" <! R ':r~ ·t>o 
.'lq "~-'!j •~ ""'i'"l.: (:,-)'{;! 'tQ;n:¡<u; Jo_.¡ ·r:\'l'{ J" v,h:q~ ~111 ·'"!PP 1qi •u 
.... ''¡¡ >'JlJtU::.~d {u;c"~-~uu) ;o J<>;~-'-' v:p >! 11 l'"c 'll01:t:t"!l"" "'ll "! p~>n 
>'1Ujl{~-1:1"l";S ,:o JJ< .11¡; JO p¡ot.¡>;w¡¡ <>¡>111\ll~tau ~\11 '! "1[\' ,JJ,1ll/,\ •. ,1\' -~ /1' 

, ll)!,\1 ~~~lll>!Jj.l~Cl n JO ilO\!•lJJn,l.lU ·"11 l\J.\;0! S,l[ll11!ll;i;,tu JO lHl)1llfl!JlS!¡> f,JL1 
·\l,>tliJ{dUIOJ [t:COI)r¡:>tlO.'l '"11 OJIC'Ili.>o> '(¡¡"¡:·).;} ll<l!].>HOJ ,)o\1'!{< C ,<;q (''J;')\( 
~ .,, liO!P""l ·')C.t e ¡o Pllpn;•l "'11 ce(;-.')'\ -JOit'1 '"''Jd.tt>tl1>~<11 ;o_.¡ ··"I''"T> 
·<j\11;.> u~ JO """·'""''"' "!1 ,,,_,¡:\ '"l"'l!LI:!uw J" ""'1"'1!-'1'·!1' 1''''"!1!"""-l 
ll\jl '1;[1:1,>1ll.\11\l),) 'JO (Jl')'{ Jo ""''lj< .11!) .l<ltj<)j} 1"'!1 O,t.\¡.HHll,ll'd ·"ll J" •''"'!1 
SU \l·'h' \U t:,>!\1 t:Cl.\ltl" ll! q;<i.>p 'll!-'·' tio¡1C!tll.\ '1! p•tt: (¡¡•)~ j<> ''''""'!1'·' [<li]IW 
JM~Jdtu! o¡ ¡>Jm Jt¡ """ "'·'-1'>-1\l) .•·•-'"11 '1¡su """''~' 1" ""il'"'l"·'" ~'ll u¡ 

' V Olll!l.111\ !l ]'•>•U·'"l'-' ~; 11 U.1:.¡;1 ''ltll \ •;¡ 'JJ ll •H ¡dw 010>-, 
W\.¡1 .>l!l!'l"flOld (lO!l01><><1) Jlj1 •! U0)1Cnll-• s!'il "! '·"l"""" 1'"J ~'l.!.-

(JZ-'9) 

"JJ!'~li) "'"'"·"i' ,sol'c\l \10<11 '"1"1 s¡ 
J'tl '! ('mvl.r n '"'"'11otf~q 1¡.1co 

('Hi.XH.i'!l!·(:;__(,!l)d B (VI'{{),/ 

'
,.,.,,, j' 1 ' ' • 

:1r.<p '"1"1' í:mr;r 'JOJ!rlll"c; 1""" 
1!! S]S~q¡oli.~<i .-''":-' "! \' J•> ~'l!l"!"'l"ld 
01 ('¡j),f /;]l[!'l"•:rud [t:!1!ll! \Jll ""!-'"C 

"-11 V '''"''·')tHl ::u¡.uoq¡u n>opl] ''"'"""""'""!'!" '1·"" J" ''""'·'1"" 1'~-'-1•''•'1<> 
.11¡1 J<¡ \' 1·•1 1'"" '"'"~"'o"'''l'·l "·""Ull FtP·'i·'·'d"" '""·'!:: >: :ru!U'"·"'"" """1 
-dttl\t<';r: ·'~'"'!""' 1\l[t:lljlllll jn 1••5 "·'!';\l,"[·'"huo.l ll "'1 (11 •--· ' [ ~ ,1) -'¡¡ l•''l 

r,!;;: 



··----- -- ------·· 

{ 
,. 

pro¡:"'" i< <'X l"'O:i<'<l in liH: >hnl Y <•f ""'·u O:lltla tinn of _,¡ res«•,; in th~ r·n":. 
/(rHml<'l::n r.f lho: ¡:<'"h:i<·:.l :.lfl"'lom: <":lll so•n•t•lo formul:ole inili:d pr<<l>· 

~IJil i ly di,¡ ri!>u ¡¡,m "f ,,.¡.,.,¡,.¡¡y '''""'' wiwn , 1 "'"ll ;:.,¡¡,-,. '"~ vf ~··ophy.<ic. ,¡ 
infrm11a~ion <•:<·rm l><:y•ind "''"'h. l11iliol Jll<>h"l"!ity di,Lrihut1;1ns "f Jo;·,:l 

-< .. icrni<·ity l'""'"'''kr·: 11,,, /i in ti~<: .<m;tll mlun"" of lhe ,._,.,¡,·5 """\ that 
crmlrilnrlc .<i¡:nif¡c·:ur:ly L<> ,,.¡""'" ri,l: ,¡ " sil<', c.-.:1 ¡,~ "-'·"~"~d by n•m
fl'!li<oll with llw "'"'""!'.<~ scitdntcily <ll»cno•d in wit'<•'r ore." 0 [ simúor leo· 
luni" <"h,LOar:lr•ri.>lk.<, ur wiH·rc thr: cxt•·nt oml C<>m¡lit•:ec:<'>> of ,;atistic«l 
!ni<Jrlllaloon w:nTanl r('!¡,,¡,¡, <:.,um"lcs of nco:~"""d'::,\'CLtrr<•:lce tU<''GS. 

{l:,lc"l", l!IC!J). lu lhi·: n::lrlJL"l" 11'<' <"""• fOL" ¡,,tanc<', LIS~ lhc information 
"'""'l th~ '"'"'"::•: ,¡¡,¡rilwti<''' of lit<• <lerths o! co,-ti:nuúes 0 : doffcro:Jt 
r::,,r,~:itud·" thruto¡;hnut ~ cci''"'~ pwvincc lo ~st""·"e tl:c con-~opotHl;u• 
di,trihutinn in''" ~f<·a of tha: ¡·w·•inc:c•, whcre ~dil'lly hob ¡¡¡·en luw u,,;n~ 
thc obsor·<ali"n inl""'al, ,.,.~,n thcw::l' tlwn: m1~h: he no a¡,;>arcnt ¡;('()¡>hysical 
r<·:twn Lo '""""un: for 1 h<• dl (fcrc•nn•. Si m ibcly, Uw e.~ poctcd \·al u e :md cuc:fi· 
cicnl of v"'ialion o( ~~.in a ¡:iv~n :Jr<'<t of HOO<k<~l<' u e lnw oei,mici:y (as~ con· 
~'.n<·:lt:ll <lndd} e1r. he oiJt:úr.~tl from th~ <!~¡;,¡;<·• o: tbe rr:o~;on• ori¡:Ln:t<cd 
at ,,JI !h~ Sllppor"-'dly St:¡hlc or n"•hmic r~¡:ions in ti·.c <•:o:ld. 

Th<" ~ignificancc of :niti.il prr.hah:litics in s~i>~ú ri;k ~,;.,~t~s. ~;~inst 
lhc ··-c~!1: r,i;·cn lo pul'< ly st:tti<ticOll infcnr.~tiCl::, beco"'"' ~··id~nt in ¡!-·.e 
<'>.~rnpi" of Fi~. G.IG: if l·:~lldli·r's lhcu!y ~.!H>ut "ctiv,tio:> of sci<::li<.: ~"'''" is 
tmc, ri<l: ¡, t:r<'atcr otlhe ~"P~ tlwn :.nrw!:~"' el"' "lo::g- th" con;:;;: ¡•",;;~son 
::w<ld~ ~re <k<'ll:NI rcprc••·:Hatil·c of th~ ¡<mee« uf <':l(·rgy !<i, 00r:1tir>;t, ;he cx
W:>t of sl:!ti~_tic~l informa:iun i; '-"''""~¡, to s~b':~'"'"''-" :i1c i:ypo:hcsis of 
rcdnc<:d ri>k at 11"1"- llr-~"""~ lwth "'"<1~1.' are >::ll co;,t,o•-~r>i~l. ~m:! r~P· 
_resent at mo.,~ two ~~~r~mc pn.<J\!olls con~<·r~!n~ ll·.e ¡nc;;1cc:k; of thc 
.ac',c;o.lprncc.>S, ri;k c.<tinl:Jlcs will nrcc,~ar:!y rdlc•o\ s~bjc~~Jvc upiniolls. 

6.-1.1.!! St;:n iFiroll<·c o! si n1 i.<l 1~.:1 in! o m:~ :;o11 
¡;, f 1 IIW/.'<Jn O[ ~ L. . ¡\PI 1! ÍC'~ l ion "f Nj. G.2 :l lo e>Lltn,\:e AL ;, ,cl~pctHlt•;> t!y 

o{ Ol!l(·r P'"'""e\<'1.' will 1<." !ir.<[ di«:"'"'d, bccot:oe il "a rcl.-.l:vcly oi:1:p!e 
probh·:n ,,,u bc:·~me ~ •. i< ti~·":Lily ,,wrc unc~n,,;, tbn _.',fu at:d m~c·it nwm 
so [!,,, ¡l ' 

i\ :nud,·l ;:s ddin1•d ¡,y "'t· n.l!l will be """'"N! lo :.pply. lftb~ pusoi\1!~ 
""'""Pliom con<:<'HIÍll~ thc v;ohL<·; of ~ 1 . enn-t¡tu:n a con:!t\u<.>l.:> ""''"'""\, 
lhc initiul pwl!"hiliiic'< ni tiJ•: aitt:Jil:Jiive lt;·pr.th~5<'1 """be ~"J''CS.<~J in 
knns o[ a pt<lh,,ll'tlity~l·'"'·Í\;- fwtcliül\ ¡¡fA,,. lf, ia c,cid!~'o:c, .1 ~~~·::tin :>S· 
SL:mption i< madc· ~<>n<·<·rnin~ liL<• fotm of th!< p,ulúb'E:y-<h•:»i:y iul!ction. 
only tlw ;,¡¡¡~¡ •·all: .. s of /,"(t,,_) a:J<l V(>.,.) haw tn !w o<<:;:·1,'1. lt ;, aó·,,,:~
r.e<>"• lo at.si¡:n 1<> ,. • !dl.'('l') a ~""'"'a <!::otri!lllii<H>. "ll:c·~. ;:- p ::.:•<! 1-' ~'" ;~'~ 
!'·'''"""te-r.< of ¡¡,¡, initial <li•tril,ulinll of v, if 1: is ~~t:mcd :~U" known, a::J 
if th~ <>hwn·c<.l uutcomc is C>.f'r<'><,•<.l n• :l.e ti:~-'' t. c!~p.;~:l <lt:ri~.i, + 1 
com~ecti·:c c•·<•nts (e:lt\hqual<•:s witl' :na~~litt:<.lc :----.\!,], ~;>r!!e~tion of NI· 
6.:!3 ~~~s to thc condusion th~t thc ¡;o,~crlor prob~b!!l:y_ ¡~~~:ion 0 ~ ,_. ;, 

' ' 
~\,;o ·¡:amtna, 110W with l'~'"""'lCr> fJ • ni: :m<! 1' + /,.. Thc iuitial nnd thc 
l•<>.lktiur ,., 1,."-:"d >'lh:c·> uf"''''' t<'='i"'''Ül'·<·iy 1''1"''1 t•• ¡•IJ•, :.ntl tu (p' ,.¡,¡¡ 
(¡1 ~ 1.,). \','l>•·n ;,:iti:d LHltTft"inty a!1out '' 1' ,,:nall, 1' ,.,.,¡ 1' wd]\¡¡: l.u-¡:e an<l 
tlLt• !niti"l an<l tLc postccior ex¡wt'\,•Ll v:.lws of v wil\ nul dtff<·r r.rc·ally. On 
ti:'' <>lh"r h:,H! , i f o nly ;t" Li>lieal id nnnoti<>ll w1•re de e nwd si¡:ni [j(·an L. p aml 
J1 ,.!Jnllld he ~1\'CIL ·•cry <mall v.,]u~o ln Lhe initi.d di,uihutlon, :.nd );(>•), ;Jlld 
h~ncc ~.' will ll~ r,.JLtl<"ally t!dt:l~<l by r:, h, :.m\ 1,.. 'fhi' '""""" thc.t thc 
¡,¡L¡,¡ r·;Íit:<<L\~s of r,<•olo¡~i<ls ;hould not only indwl~ "XI'"~tc·d or most 
prob.ohlc .,,.\L!rs 0 ! tlw di[forc:ll r~r~me,.,,,, but ~lw olal<-nH·nts ;dJoul ron~~s 
of l'Dsoible v::!uC"\ und Llo¡:r•'C> of cor.fidcncc a\lnchcd h> ~ach. . 

Jn tlw "·"'' 't"<.!icd ~hove only ~ pooti<Hl of tlw •t~t"t'c~l tnformalLOil was 
uw<.!. In most C·"'~"' esp~ctnl!y ,¡ scisn>i<= nclLvity b~s 1-w.:n !ow durin~ !he 
ob>cr1·ati<l" in~crvnl, si;snilic~r.t inior:-:toLi<l" is pro•·id<·d by thc dur~tinns of 
thc in\cl"':~ls c\c.p>N ¡,.,, t:,,-, iniCiotio:t oi: ohscr-:ntinns to the first of titen+ 
1 cv·mts con<idn,nC, ~n<l frotél t!tn bs: of thc•c <>Venu unti\ thc cr.<l of thc 
ohsccv~t:un periocl. H~rc, ~pp:ic~:!on of cq. ¡¡ .23 l~a<ls lo ""l'f<'~sion• sli~h\ly 
more conlp1:.>1.C<1 \!:an tho>c o~J~:t;:.c<.l ,,-hcn only infocn;n~io" allout 1. is 

u•c<l. 
'fhc pc.rlicul~r caw whcn t_:.c s~~~is~ic~l record_ rcporL• _no cvcn.ts clu:in~ cf 

l:.~s: O"l ínter:~! (0, 10) co:::cs up !·r.'qc:ently m ¡Jr~d""·"l ¡~roto\C>:\S. 11•e 
¡.ro!J~!.l:lity-<h:ns!\y fCJnc:ion of t!:c ti:t:e T1 from la _lo \he occur;cncc ?f 
t):c fir>t e;·~n: nt::': ~c~m,.,: for :C.;, co,:-c.<]lO\l!:iln~ sl::ftm~ of thc llmc aXJS. 
F:::-t!oecr..on:, ;; \he ~imc o! occu:-rc~cc of thc !ast ev<"nt h~fore thc nri~in is 
unl:noll'n, thc dis:ribCJtion o; :he wai~in;: lime from /"Oto thc fir~t cvcnt 
co;ncidcs wit;, ¡hal. of thc cxce.'.< li[e in a r~r.cwal procc•• at ~n ~rLi:rary 
v~\ue of ¡ cllr.t ~pvo~chcs ;,-,[ir.i:y (Pur~cn, 196:!). For lite pn•ticul~r C;~>~ 
wiwr. tbe woitir.~ times e<."'"'"'""~ ptnnl;t ¡>rooc<S<, ·¡:, is mo~surcJ fro~: 1m 
0 T is tilo w:~i·.inr, t!t11e Letw~e~ con,ccutivc cvcn~>, :md it is known that. 
r', ;;. ¡

0
, llw con:\i\io:;3l dPmity iun::tlo:> o[ 1 1 ~ {'f1 -10)//'"('f) is ¡:ivc11lly 

e;;. (;.2·1 (Esteva, 197-\), wñcm u0 = 10/l,'(T): 

(G.21) 

' ----
(n-1)! 

c.;,111 si:!c' L\Ow thc i:np!i,o:io:o< o! llny•••i~n ~n~ly•i~ wht•ll np¡oiiNl to'cm~ of 
tilo ~.:i<:nk ~e.ps i.~ Fi~. G.lG, u:tdc' :he conrlitio"s implidt in"'!· G.2·L ,\n 
in!:i:l se~ of 0s.,um;1Lion< ~nd co"c'l"'"dic.~ pro\o~hilttics w:u aclop\.L~l a• 
t!c>cribc'<l in :h~ fo!lowi:>¡~. Fro:n ,.,c;·io"; s~n<l!cs rcfcrrlnr. te ~11 :he south· 
e:.·. ceas: o! ~~ox!oo. !uc:tl >~i>mlci:y in tlm ¡;op arca (mc:U.ur~<.l in tcm,. ot 
¡, for .:1;:. G.5) w:>.> rcpr~;cr.!ct! by a ~~:nn:~ proccss with h • 2. An initl~l 



pmh.,htliry d<·n.<Jty f<lLH'iihLl for L' \\':¡< e>clrlpiPcl .<l!<:h li!:Lll]Lo (•.X]h'c'1<•tl \":liuP 
c,f (,(¡;_;,) fnr liLL· r•·::ir,;1 ,.,,;,"·idPd witl. it~ a""""l:•: tiOJLJLlL'houl thc , . .,,,;•!••te 
>cisr::¡~: pr•;litH'<;. Twu '.",LIL:cs of ¡; "•·re Cúll>Íd<·rc<l: 2 .uLcl 10, ,-,hiel> r:r;r

H''I'""cl ln ""el'" :, · nh or ,-ari:.:ioa o f O, 71 ~r.d o.;l~. rc.<¡><·,·li 1·cl y. v ~~'-'~' in 
T"iJlc G.I!I w<•rc ol!l:Linc<l fur lile r~tio <>f \he fin~l lo \ILC initi:•l ~~¡>Ccl<•d 
1·aiU<'> o f 1', i" I<'Tm> o f 11 n • • 

Th<· la<l two co!umns in th~ t~blu rnnl~in \he Latios of tl:c cump\L~<.! 
I'OIU<'> of ¡,~("i" 1 ) and /0'(1') w!wn L•i; l~l.•·n ••><>n,ual r<·spcctiw!y to i:;in:>i.J.l. 
-"' l" it.s l""·l'''''"" c:q>····t~:<l vabe'. Tl:i.< tnLic shuws tb:. for p ~ 10, tiL'l i; . 
wh~11 lH1<"•'f[;¡j"'Y nltadocd tu lhc ¡~c<>I<>J:i.::Lll¡: ha.<cd ""'""l'~ions is !ow, thc' 
cxpcct"! v,,]uc of lhc limc tn thc !WSl ~>--CL\~ kccps (l,·cr~~<i::~. in Qc~or:.br."e 
with \he <"O"c!t:sion> uf 1\<'l!ehN ct 31, ( l !J7:t¡. l iowc.-cr, ~s time ~oc• on (l.:: e! 
no c·:cnt.< occur, lile >tati,ti,~! <·<·idi."LICe k:~<ls tu a rcth:ctio>l in tl:c cstin1~:.od 
risk, ""~>ich shows ;,_ thc inc_rt·~$<.'<1 ~o:~ditior.ul e~ ¡;ce: cd vah:<.>s of T 1 . f"ot p ~ 
2, thc ¡:colo¡;<c~l c<·:dcucc 1< lcss SIJ.:lllfL<·~nt and ri•k cstimatcs Cccrc:.sc ata 
f~slc' ra:c 

G. 4. l. 3 Iloy<'Ú<m ~SI! mr./ in u "' joiul/y <!i<lri/.ml ,.J 1'""""'/ crs 
b tl\c r,<':\C·r.=l c~sc, cst:ma:ion of IJ wi\1 to:uist in \he (!c:c:r.tina:~or. of 

ll:c 1""•_-'Cc.-ior l~:cycoC~n joio:t l'·.""!>~bi1ity :'o:m:tion of its cn~:por.cr.:.;, \~~;~ 1: 
:.s s!ol,W:~I cvtdcr.C<' tlw rd~t:<u ír~qutn~ic.> of ol>s~r.·,,d :no~nOtmlcs. 'fht:s 
·r A · ' · ·' • L NCnt " <-~.,cnll~u as thc uc~UJwnn• oí N ;hoc~s. with r.wg'!:.:u¿cs 
m,, ... , mN, ~nd b, (i" 1, ... , r) ~r~ vn!uostb~\ rr.ay be a<!opted by :i1e corn· 
ponents of vector Il bein¡; "s\im~lcd, cr¡. G.2l llecomcs: · 

r;; íi''' ... , b, 1,1 ) ~ ----· __!!, (/> !..:....:::.:. ~~:~( '116
' .... , {¡ ':'' --,.,, 

_ f ... f ¡;,¡,. 1 , ... , u,)i'(,i:u,, ... , L<,)du,, ... , du, 

\':hc'c /'(/! lu,, .. , u,) io pm¡>orlionallo; ,. 
n ¡_•(m,¡,,,, .. , L<,) 
i• ' 

~r.<l¡;(m) ~ -·:lG' (m)/iJI,, 

(6.25) 

Clos"d.¡.,,,, m!uiious f~>r f" ~S r,:·.·cn l,y c·q. G.2G nL•' nol ícn•iblc i:t ¡Jc'Llcr"i." 
.Fur (!;e 1""!'""' uf ~,·,¡!ll~lh>¡~ ris!<, hnwe\l''• c'liLua:c~ oí !he pu,;:t·,:n:· fi;o.t 
"'"! ''écond mon;c·n\s 0f f" ¡·:tn l>c ohlain,•d from "•!· G-~~. mahin::: ,,n vf 
'"·,,:!:;hk fHsl-un!c' op¡>r<l.xi:n~\iot>; (!.k"j~min otid Co,:ciJ, 19<0; Ho><·.o· 
L:ta•:h, E!7S) TI"''• \11~ ]H><L~riur ~~l":dNl v:.lu~ "f 1!, i> r.iv~n L¡: j r (rl) 
"<b wln·rc [" ¡,) ~ f f ¡··¡ ) ' cl '· : "•; ... ""'·····''• ""•··--, :<,~ndtb~nu:l:l¡ll~i::tc-
~'~1 " oí ""!~r r - 1, bcc~.:•~ it i:; 1\oe c,;tondc<l to thc dor.>inio" o!: lJ,. 
tl,·~cc: 

(13.::?6) 

! 1'AHLI: G 1li 

' lbyc.<i:•n ,-,Lin;"l<·-' of ><·Í•nLicil~ ir .. ''"'" "i"nio ~ap 

, 
" o.; 

' 

r/v)!E'(") 

" . ' ,, 
C.9~ 

0.7-> 
o_;.s 
0.~0 

O.ll 
O.OG 

/,'"11',1'1", 

¡> ~ lo '"' ,, 0.?5 
0.99 O. 7G 
0.9-1 0.(11 
0.~7 l.: •, 
o_c,: 3.1l 
0.3G ~-'•7 
0.22 10.~0 

,, 

.. 101/l,"l'l'l 

p- lo 

0.75 
o:1 ·l 
0.71 
0.7J 
1.0~ 
1.55 
2.48 

l';l\cm E' ~=:dE" ,~~"d !:or ;niti~l ~nd rosl"riorc~rc~blion, Qnd subscripl B 
'"~~"" th<>~ cx¡>cctMion is takcn wi~h respcd to :.11 lile compo,:enls of B.
! .;:,cwi-:~. tl:e fu!low:ng poslerior mom<m :s can be obt~incd: 

Exvctcd <':t!ue of /,(.:!) . . ·. 
E" [)..(M)] • E"(").., )1-:"{G•(M; ll)] 

.. .<:n ro· (_'.1; /J)/'(, t 1 n, ..... n, l 1 
~ E ().., ) ---;,--· ·;- .... __ • --- -,--· .... • 

]," [/'\/llii,, .. _., L,)] 

(6.27) 

{6.28) 

.\/ao¡;ina 1 d "r ~~ ¡,, lwn<. 'l'he po<t.,rior I."Xp~d n\ion nf 1-,(.".1) is in >o me ca'c' 
~11 Chc,t is r~c¡uir~d to <lesai!JL' sc·i,midly fnr <kdSLoLI·LLtl>king pur¡i<>l<''· Of· 
kn, hJwe·,.t·r, ~::c~rt,:dy in :O,(M) ""'"' ;d,o ]L~ :'"''""'~<1 for. l'ur ÍLlS\nnca, 
ll><.· p,r,i>~b:J¡Jy nf e~ccdJnLc ol' "~;'"''" "'"l~llllUd<· dHrin;~" ¡~iv••n lime intcr
\':tl h~s \o be oillnined "s tiLo cNpcdoLitll\ olth,• "'-'""'l"'"':ing l"'oh.lhililk:; 
u·,-,·r all ~llc·n~i"''' hypo\hetcs C<>LH'<·I·Ilill~ !,(,',/),In \l1i< LL):tllllCr il ~.tn he 
'lou·;:n tL~t. if lh uc·ccnT<'t:cc uf c:>rll•4"·'kc.l is_ n l'<lis,un l""' css ~ntl \he 
ll ... ,.,.,i~ll ,¡;,¡,j])HLon uf AL" ¡::>mmn witl1 •m·.1n A1, :LLLd <"(IL•Ifi<'icnt ofvar;,. 
""" 1 · L , :''e n::o•e!:~:tl <] i>'·' ibuli''', uf th~ ':"mi,,., ol '"" ! h'l u :.k''' i> n~r,.ttivc 
binm11i:<l wit:, ""''·" ;<,,_. In p:nlicul:tr, tl,c maq:inol prold>ility uf >.ero 
e1·cn l> dc:ri:p l i "'e ir, IN<":ll t - er¡~ i,•al<:n tly, 1 ha ,.,,., ¡>lcnu·Lllary tlistnbution 
!'"'c:io:. of'íh~ w.tilin;¡ \im.: lwtwet•n <:<'Cnls- i.< <·qu"l \u (1 + t/1")_," 
<-.·it~r~ r" ~ VL" ~mil'~ r"(Í.,,. Thc m~r~in:tlprn~>~hility~l<'noity func\icm ol 
the w.,i!ir.¡;: ¡;,,~. that ohou!<~ he suboü~ulL'd in cr¡. CL20, ;, Xdl + t/1")-··-, 
whid: tc,ds :o thc c~:'"""·~li.<lpr<>b:..LiE\y fundiun as r" :..nd ¡• tcnd le 
~-.;;,;:y [~nd V t. ·• 0) whi!c th~:c rJ\io rcm":~s cc¡uo! to 5.¡.. 
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:u u~ ¡nt¡)11S! 1' ]t!U!OI!L l[lliU a<]l st lll·'·'" ~!'11 ¡o ,\1q;qr:qmd nyt '>: <! "'11 UJ.\1 :J 
"SJ\\ozqll< J\[1 WJ s.1oqc~m.: ~utpuocts . .,,to.o Q<n (< .... '¡ ~!) '" pe:•: 'ur~''''' 

~<[1 Ul r·'1UJ~lt·l~ S·l~l;:llll[).11i,l ;o J.)qmnu 1''1"1 ·"11 ·,,.[ i\q P·''l!·r.oqp ~s~J '!'11 
"! >) O·.,~L·ljl)hJ ¡coo·,s:¡l!JS '8(;'~-S(,'') .,¡,,, 'll po¡ JULil ;J¡dtoulld "'""' J\[1 O) 
:Jc::rw.1.Jt: 1"·'"!''1t¡o "'"''U pu?('<IJ.cr ¡o '·'"1"·' JO!l·li"\1 '(L-~)1!-" ,<f pete 
s/t ~ ('r:") .. i o¡ P"·'i ¡~oHLOJ)llJ\\1 '"~'P'.\1'·'' "'11 ',d ~ lirJ 1ll·O!·'!JP"·' ""!1"1-'l 
·<a~ J<:a:< "'11 '"·'>'S<ld 01 l'·'<Jt~;>u·.,," 1 ¡.1 "'d ''d '"!'"1 11" p·.n: 0\HlJi"P"<.lxJ 

¡t:nb., ]'·'"~'"" '"" >;<~ 11" JI ·o ~ 'd:;; ."'·' '¡ ~ ('ri).:-t ":" "'11 ¡o ""'1"'1!11'!1' 
Ál![!<]"'i"'d 11J)tl[1C!J)(It ,Jlj) """"'!J"I!1J>.>t l!,\1] ,.1\lJoiHl! SJlf.l, '(.o '<1:;: S'l!''fliCI 
""" '"L,t ~ '·>,::;_: ,•;,.,;,),)•.{ "I]J1ll!! ,(¡m J<!J 1¡/ [ll11! 1r.' ;lll'Hllt: W!I)T;[:llJ[J,¡ 'J1iJ JO 

l""' 'ti JO ""11"'1"1'·'1' t:ttli'l'''!'wl 1"!1!"! un ¡n '""'·'1 u¡ fl"""wrx.J "'1 ""J l·t~ 

: ¡ ¡; 



~,{y)mK0 +K1 y-"•-K,y-'> 

whcr": 

K;~[b 1 ¡:(R))''A 1XLdV (1"0,1.2) 

r0 ~0, r1 -(J{b,, r;•((¡-(J,)/b, · 

(6.3-1) 

{6.35) 

(6.3;;¡ 

(G-37) 

. Sul"tiluli':n <:f'cq. G.35 into 6.34. coupkd wit!1 ti·.· ,O,,sc:r.1 p~i<.m that In e 
ls no"n~lly d,.tnl>ul<.-d with r.u-~n m ~nd st:mdanl d~vi~:io,-, 0 Je~t!s to: 

l-'(y) =coK o + é1 /í ,y-'1 - c2 ]{~y-'' (G.3S) 
wht·,··: 

o·, ~ ~~p(Q.) [ Q (~~~-" 1!¡) - (> (~-~- =:~)] 

' 
Wh<'Ll i nkn <i: y -u·cLHrc>" ce· fu n<:l ion' nrc ddcrnlinccl f or a mun IH•r of si tes 

wilh unifurm !oc-.•1 t:w<md ,.,,n,litions u,, reoull> '''" ''"'"""ni•·ntly rep· 
''"·'""l~·cl l!y S<·t:; of ::o•iS~ni~ pwl>:.hility '"""'· t•:.eh rn;,p 'l"'wi111: cUnt<>urs 
of il•l<:n,ili<·s lh.,¡ eolr•"·l"""l tn" givet1 n•l<llll ¡><·riod. For ;,,st;,ncc, Fir'-'· 
G. J !J '" Ltl !l.~ O •how ¡wak ~ro'.ILHI wlocitic·" :otld a<·.:(• leratiu "'' lhat ¡·c;rre·.pond 
to lOO)'(.'""',-,.¡,,., ]h-ri<ll! on ¡¡,-.,,¡:r•""'d in ~k"ico. 'J'h~'·" ""'1'' fm:n p~rt 
of a >d \1¡:.\ , . .-;o, c.htuincd thro~r.h npplica~ion of thc crit<·ri.l d~>c¡·¡llell in 

'lino t:ha:>ter. ll<'•'"""" tlw ratio of ¡>~uk ¡:rollrHl uoc"leratinns :oml •·dodtieS 
dot•s 1101. ICill<lin constan\ tllroughout a re¡;ion, tl1c '""~~pOtHlin~ .lesi~TI 
spt·dra will not o11ly v.u-y in sc:olc but also in •hupe (frcqucnoy contcnt): in 
oth~r \\'Ol'<!S, scio:nic risk Wl!l uscull;< h~v" to be cxpr,,.;cd in torms of at 
le~'-~ l.lttl •·~\<.¡e; <>f t.wo p:ll"am~tc:.< ( ~'" ir.o\::.ncc, as in this case, pellk srou r.d 
ucoclcr~tions ::nd vcloci:ic;; thut concspond to various rlsk lcv~ls (rcturn 
pcriod.•)). 

6.5 .. 7 .ti icra~o~:ing 

l"'p\ieit i11 lhc abo,·e cdcria for cv~luation of rc-:;ion~\ seismicity is thc 
~<!~,,~inlt of ;,~cn,:ty ::.tlc~u~:ion e>:pr~.sio"s val;d on firm ¡:rour.d. Srattcr 
of actual int~ns:ti<·< wilh rcqw<:t. to pr~dict<.-d •·alucs was mnihcd to dif!er· 
onc,,s in so urce n1cch~rtisms, prop~¡::otion p~t.hs, ar~d \ocal•itc c011ditior.s; at 
lcast \he btt~r ~mur of V2ri~blcs can illt<odocc systcmatic dcviations in the 

1 

j 

,. 

--: 
_;.,. •. . 



·f 

tryinr, to fi: ¡ ho;ondnry for lhc pur¡moc of prctlictin~ \he lllOlion ~~t. 
top of a h!l)\, Lhc slopc stahility of a hi~h diff lltt•lws: 1~174)._ . . 

Jt c"n IJe concltalcd that rational formu:ntion nf m:crozon1n~ f<>r sc¡~m•c 
• 1< ¡- still in il• inl:lllq' aml \hat ''""' crikria will ur•:>car th;tt WJII P''"I'"IJiy 

"' ' '· ' · ' 1 Ll · fl e ·e of loe~! ro-quirc inlcnsity ntt<•tHI¡o(JOil mm.le!" W•li<'Jl lllColJ( e ~e ltl u n~ 
s w-,n 1atk pcr\urlmtiuns. Whctlu•r tht$C modcl~ are nva:l~blc or !he :wo-s\cp 
:..occss dc<crillcd abovc ;, ucccplablc, iñtcnsity-rccurrcn_cc ~xprc"'"''". can 
00 oblainL~I :1$ for thc llrli'Nltlrbalcd case, aftcr multJplyllt¡;- thc sccond 
mcmlwr 0 ¡ cq. G.3~ by an.adcquatc illlcn.ity·dcpcmlont corrcc~JVC factor. 

' 

1 

¡ 
' . ·~ '"' ., .. .,,., 

... 

. ·· 

ltio of aclu;tl to prcdic!.ed int<>nsilies; and ¡:coiogical <.lc~a!ls m~y siJ;:nlfi· 
•nt!y alter local seismicity in u smoll region, ns wdl ns cilcr~y r~diation fl:JL· 
m¡;, and hc:mcc regional scismicity Cn \he nci~hbourhood. 'l'lll'SC sy 5Lomutic 
cvialiom ac·~ lhc maltcr of mkrozoninG, that h, of locul mod¡fkJtion of 
sl¡ maps oímilar \o Fi:;s. G.Hl and G.20. 

/-.!o>! of lhc cf!or( in,·cstod in micrm~oninc h•\S bccn dcvot.c<J :o s~udy ot 
'" influcnce of loco.! soil slratigrapllY on thc in:c:>sity and fr~qucncy con
ni of ·c~rlhq IH>kcs {scc Chapt1·r 4 ) . An nlytic;¡J modc!s h:'!v" b~~n w~c·li<·ally 
11it~d to res pon <e <>nalysis of <tr.lt:fL¡,d form:lliow; oí lir1rar or nonlint•ar 
ils lo vm·ticnlly truvoling shonr waws. Thc ruSidls Óf con•parin~ ob.<cn·c•cl 

od prc.:lidcd i.Jch~vior havc rnn~cJ from satisf~cto0· {Herrera~; ~1.. l!!G~) 
'poor {lludson ~nd Udwndin, 1!172). Topo¡;r~phic in-~~ul~ritics, M hil]$ or 
•pc•s of firm ¡;rounJ form~~ions und<'riYíng sc·dlmcnls, mny intmdllc~ <i~
ficrull syst~m"lic pcr'urbnlions in ¡h,. surfnc~ molion, a< n c•ons~guc•ncc o{ 

LV(' fl>cn_,¡,~ or dynamic m11plif1~"tion. Tiw 1.1tlc-r eff(•d \\''" prob.tbl)-' ,., .. 
~n,;ihle for lhc cxco>plionnlly hi~h ocederotions n·co•d~li at tlw n!>ulmt•nt. 
!'ucoim~ dam <hll-iJ:¡:- th~ l!l71 S:cn I'crnn:ldo cnrlhqu"kc, 
l'rcscr>L pr:,cticc 'or microzonin~ c!ctrrmincs sci<mic intcmiUcs or <k-si¡:n 

• 1"->n•ctcr< in two <Lcps. Fir<t thc vah!cs ofl.ho;e ]""·'meten on firm ¡:rouc.d 
· ~.<lim~tcd by menn; of ;uitahlc .1ttCnllation <'~j>rc•ssions nnd lhc·" tll<')' '"'" 

p:if•<·d nccordin¡: tn L! 1 ~ propcnic.> of !.>c·nl <CJil; IJut tl>i:. !:n?li<'s "" :cr
~ary tlecision \t:> w;>icb •cismic ri<k i.< vcry sen<i~ivc: <clcctinr. t::':, boun<.!

bclwecn soil nn<.! firm cround, A spccially difficu!t pro\> km s~cn:s wlwn 



:.:cGu"'· !Ul •. 1~7-:. s,.;,.,;, >'roctural '"'~'""'" ,;,~ .,,,,;¡>i• inoorp<>r"!i"~ pe,\¡ re· 

'!"""" "">'"""'""' "" ""'h<¡.,ake m'l:"""''" ""'1 dÍ'\·'""'"· ,1:"'·'· lti<l. "J""'""'''·· /!,·,o. e, .. ¡;.,,.· .. 117-1·~:. 
. '.ic·ri., )l.ol. U<lcl 0Jrno!l. G.i\., 1~73. Sei'J»ic rh1< at>•IY•i• 1,:,,, . .¡ on" quoJrol1c "'"~"'" 

lm!c·- lrc·q "' uoy l."v. 1<,1!. Sci<>,ul. ~oc. ,\ '"·· G3 ( G): 1 'J")~-·~'JOG. 
;.io!no•, 1'.".(0. ,.,d U•'"'"l'"''· ri.G., 1%~ r:,Lho1ua~o proh<'i>Íiily./'r"c . .J/It ll'~rld Con{. 

f."or!ll!¡onl.-r ¡;,~ .. ,)"u"/ ioN. 

:.:uc.•. :: .. ! %~. S<u<ly ol <' 1.-lic >!oock< c>u>ecl l>l' !loo fr,,choro or hol<r<>~•·nooc" m.1teri,11, 
orod "' rC:,,.iun> tu '"""l"¡ua~o rhcnumcno. }!u/1. L"arl!<~o¡a!:: Un in>l. 7"o.':yu, 0:0: 
:~~-:n. . 

:.:o~o>r, 1'. onol S•l.<>, J,.n., !%,. Toc<onios o! tb~ Gori~~••n ""~ \\óddlo A morÍ<> '"~ion, 
f "''" r""'¡ ,,..,.¡,.,;,.,,. >to<l ,..;,,.,;c¡l¡·. Go<>l. Suc. ,\m. /ll.ll., SO: 1 ~39. 

:.!"""'~• ~.:.;. ,,,.¡ H<>«"n!.lvNio, t::., i97L Fundamcnlal• <>( l;ar/h~u•~• J;r.¡;iMui"¡:. 
1•,.,, ;,..1 : "ti, :; o.,; ¡,.""" <1 Cli ff ~ 

Omooi. V .. lo~<. On !h• Oft•·f'l><•~~· of <ocl~qua1:«. J. C~/1. Sd. I"'P· Univ. ':uhyo, o: 
JI; -:'011. 

,.,,.,;,, C., : %~. S!ocloo•l ic !'roe~""· Uo1<1on :J.,y. s.,n i-'ron<i•co. 
~'"''"'1"·"\.y, ll.A., l%G. Tl.e G<"<o/o~i<ul l''"'d"'"""'"l' u{ Seo;,, ir Zo>nÜ'I/. Socon(;r;e 

•¡ ,,,, .. :,,,;,., ,;,.,...;co, orO•·• r,OJ2, Ann "-'''"', U~A. 

;;:~;;:~~~.:~:·~',':: ¡¡~•l;!~i¿~~· /~~' ,1,;,r;¡;;,;~·~.1-~;~ ~~;~'·;;;f,~; :.:.~~;:,~~:;~¡};~~-;~·;. ·~~-~~- rg,~·f:ror .• J. 
1: .. ~. ,'./,.,.¡,. /Ji o•. >JU (1:~10 ): ¡ ~~ -~ : •1. 

Hu><·,'JI.i<ll•. 1·:., 1%'1. Sc·i•micll)' ""'] t·:.lth(Jl<O!,e oi<nuloLion. No¡,. 1.'.\'F·UCL"!·:i: Coo¡f 
&rllu¡u"l"' ¡;,~. 1/r.., /'"'"'''""'"• L'l'· ·~7·G·I. 

:•.o""!' loO"LI', 1:. l u·n •. ¡•,;,,¡ J.;,¡¡"'"''"' {or /'<vboloj/ily ."do"""""· ~' ,,, ;.,.,.1 Ll"i'"""Y of 
;,,,.,¡"'• ¡,,, iLu lo< nf l!,~ioL«"<i"LI, ~le· xi<v (;, Ly. 

l(u"' ,l,lod lo, K, ¡, 1'"'1'-"·'''""· OpLioo« no <bio:n fur in!"·<¡< ""' <li>< url"ft«·>. 
lto'o', 11., IU'J.:. /,,,;:,.,;,,¡,.,,,.,,¡,o b /.; mc•¡;c,·izquimlo do· Cl,c<>nsé". ~ .. <ional 

l.:ooio '""il¡· .,¡ ,\le•ieu, ''"'""'··· o>[ t.:n~ineerin~. l•lc.<o<o Col y. 
Sol!, /".1:, 1~71. &·i•mio ,;,. "''1K'""'· !lull. S. 7.. ,\"•</ .. ~u<. l:o•li"J"•": .~<'f., 7 (~); 

63-77. 
' 

Sd,<ú, C. i 1., l ~CS. Th.• fr"'' uc~c¡·-,,...,,;,~,•e relaLi<>n of mi«o!<>Nurin¡: An~ i!l re~o:io.~ 
lo c.uth<JU"~''· /1,1/ .• ~<i,.,wl. S<•<. A m .. :;8: 3~9--.; \7. 

Slo!k·n, S. on•l Tui:W•, .\1.~ .. : ll"/0. A d~;c •• .;n~ uLO~cl fur o>Hloqu>~< Occurren~<$. }ju/1. 
.l"ri>•l"'l. S•><. ,\m., CO (G): l7G5-:7~7. 

Son~lo, S.K .• 1 n5. /.Ir., iro" I'~Jco,ic ¡;,u: Sumr C""'""""l' '"' ~ :.¡,,,¡, 1 J'ro¡•~•r<! by F. 
:.:~""'· ~ •• ¡ ¡,,,,¡ e,,;,,., oit )" uf ~lc<ico, !o<t•Lut.. of l>n;•tnorril'~, ~k~ico C1\)". 

·;·,;¡"""'"· :.o.JJ. In~. ¡;¡.,.,,,,.,;, .. ,¡ion of ""~o""' ,p.;w .• ~.1 · ~""'""'''" ,.,..,,,;,r. th~ 
~"'~' "'''"''' uf ,.,,,\llqu:.h '"'""" n•erh.m"'"'· /';uc. ~!Ir ll'o<lof Cuo!{. J."a<ll«¡•ml,. 
l."n¡.'., li•o..,o,pp. 'iOl-'JL) \. 

'l"s<>Ooi, C l , .. ,~. ¡.:,HII<l'"""'" l""'"ln<r. Dom,in of ;¡·onp;o\lw\io coi, mi< ,,oli1·iL ¡,.,, J. 1'1<,., 
I"o<lll ,: (1 ): :J:,-.;~. 

:.;¡,,, "!" .. 1%1. /. •'-•tLlio • .l ''"'ly '"' lloe "'<'"'<'"'" ,¡ .,¡,, . .,,,,,:" Gropli.V>. ,1/G~ .. 
·r,.,;¡,. ~~= r.~t·-~l''•. 

UL'"· T.,\%~. o, Ji,.• ,.,,¡,, .. ,¡ thn•o i\\.1<b afLor>hocl; "''1"'""«' ,¡ 1~57 >11<1 l~I>S. 
j¡,/1 Sri."""l . . ~uo,.:,,.., ;.~. l"lll-~~7. 

v.,.,.,;,.,,, \J, '""' Cu,.l<·ll, {;,,\., ::•72. l·."ari/L<¡"'>~< muolo·lo "i<h 'l"tiol ,.,,¡ <ompo<;ol 
"""""'>" (ur ,.,.,. '"'"'';"" , .. ,;.,,;" "''· ,,,,,¡, ,;,, /./"''· ¡,,¡, 1',.,.¡,,,¡_, //.·;• Cm !:"t· 

Ve« .'uu•·•.!), ¡~·10. ~'"d""''i< on~•'•l< r~, oorLh<¡uo~ •. """'"'"""·J. 11. S/01 .. ~oc., 32 
{1): 1-,\~. 

\'."""""· ICK, \D70. ~: ... :ho¡u.•~•· '''""'r.« ;,,,,,.,1, ou \loe S.•n h\dov•• ~·•ult. (;,·~/. 
Su<. ,',ni. J/n/1., ~ \ : ~~·¡ "-~o~tO. 

Y,,:u!-1¡>, 'i".~1. o~ol l('"'• ~.1', l~H. SOa!;,Licol pr<"<liclion ol lho oc.·uncnt-.,o uf m»i· 
mum <n • .,nitucl• o.rliL<:~.,h·•.JJ,.I/. S<i•nool. S<><.'''"·· G·l (~)' l'3-~l-:. 

1 

};,,¡¡"1""/"" ¡;,~, llonl•"il" 
E;LCV.<,!., 19~0. Cu,<iol<·r:.ciune< I"·;,·Lic.» ,., 1" o>lir,ociÓ" i>•Y<•'""' de''"'"" ,;.,n•ou. 

N«lt. u,¡, .. ,..,_,¡¡ . .,,'"''·¡.·,~. J:,-11. ~-:s. 
!•:.Lev,;, ]. , 1~7·1, G,·ol.,,y ,,.,,¡ prulo.<l,doly "' Lhe O»Ciónl<""l u/ >Ci<mÍ< ,;,k./'wc. 2n<l/nl . 

Co•l,~'· 1'11. A""'· li"K· (;,.,.¡., Stw 1'<"'"'-
Esc.•;·,,, !.. '"d \'j\l,,<ede, 11, 1~73 .. <;..;,,.,¡e ri.~. deoi~u •1"""''·' "'"1 ilrU<IU<ol ,..¡j,;bil· 

ily. /'m<. ~!lo Wur/,J /,'¡m(. f:orlloq«,l.t• }.""· llumc, PV· 21obG-2!o~7, 
Ficu«<>•. J., l %3. J>u,i""' ,!,· m.<<rnsi;mo> <nc·~io,.nu<. ln"c.úcrio. :l~ ( 1 ): 4 5-CR. 
Goisl.y, \'.N .. 19GG. •¡·¡,.. lin>o oli•tn~u<ion o"f '"'""• de•'\' •··<lho¡u.l.e, f•um Lho l'an;;,.:.. 

1 hndu· Kto•h. /!o;hl. ,t/:ud. ,\'•"~ Tadjll: s .. ~.1: .. 9 ( ~): 1~-21. 
Goi>~y. V.N .. J9G7. On •im•lanty """'""" cclle<Lion• of <>rlhGUol.e>, Lho <Oo\o:o·<Lion• 

klwccn Lhom, om! L!oei• L<ndency Lo porioo<!icily. ri•. Xrnoli. 7: 20--28 (l::n;:luh 
...,,].,pp. ~~~--131). 

G''"'''"· 1::. ""d l~>mm:., C., l%0. S<i•mic proo·inceo ol Chilo./'roc. 2od ll'or!J Con{. 
!:or!loq¡¡al.< ¡;,g., 'foii~O. ¡>p. \~29-!~40. 

Gu!<nba~. IJ. anol !lio!"'"', C.l' .. l %~. Soi••nidly <•{ rhc /;"artlo. l'oil'oN<m tl<>i>"«.!Ly l'r<S>, 
l'rin<..run. 

Gz~>·••r. ~l.G., 101;2, Todonu¡>hy.;., ond e>tlhQU•k• fur<·on,Lin~. lluil. :;,¡.,,,.,¡, So<. 
,1m .. 52 Pl: 4Héo-5U~. 

llenc·r;, 1., ll<o.~·nl>lu<"lh, ~:. ,;nrl ll.,«Ón, O.i\., 1 %5. l'.othqu,,~,. •1•ecl!um ¡•<• <11ol iun 1 o• 
Lhe \';\le)" ol .\le>i<. ... /'rvc. ;¡.,¡ In f. Cv,{. Hnr/i<qu"hc ¡;,g., A o.chlo"J ,,.,.¡ \L'di"'CI~n, 
J Gl-'/.1. 

1 :""'"'"', (~ .'.'/. 1 %9. En!\ :n«•riH~ ,.,.¡n>ale< of ~'"''""" '""" n 1: :unl ""''""""' ••o~LIH¡ ""'" 
n>O~ni«,l•·.l'"''"· 1/11 11",,;.1 l."o,{. J:or/hc¡uol:o· IOn~, s.,,¡¡"l."" 

lluJ•o", LU:., 1n l. 8/ron¡; .lloljo" /"'"""""'"' /J"Ia "" 111 , .• ~011 Fmoam/¡o ¡;0,¡¡,.1 ., 0¡,_ 
<>{ ¡:,.~'""'·' 9. 19 7 l. t;.,lifun\" ln,«Lu<c ul "l"och ,,¡,,~y, 1·:,., ""<"·''" ¡.:.,,• '"""''"'' ilo' 
"'"d' L.o~Mo1<><)', . ' 

!!ud>on, ll.E., 1~7~>. !.ocol di<.l,ihoti~n• el •Lwn~ e•llh<¡ual.•· ~'"""~ •~•kln~. Jlu/1. 
Sd,.,,ol. So<. ,\m., G~ (f•). 

llu<l,.,n, ll.l:., 1~7~1>. ,\nulpi• o{ Sir"'~~ JI,;,;"" /,",r/1"1'"'"< Ac<dt<v""'"'> /11 Re· 
•pono .. • S¡,.·rl••. /'o</ .1. C~l;¡orni• ln.Lilu!e of 'fechnok>¡!y, J:,.,,¡,, 1uo~• J>~cm:orin~ 
n...,,,.¡, Loloo"'"'Y· 

!!ocl>On, ll.l:; >mi \'!IW~ollo, ~.E .• 1973. l.o.r~! di•tril>uLi•uo of ihun~ ~•nh~u·~• ~·ouml 
""'""'"· 1 "-C. 511< 11 '"''' L~Qr. J;n,lhqnolc< ¡¡,,~ .. /:"'""· 1<1'· G~ 1-100. 

li:>il>, K.l .. ""~ :O:or.in, 1!., 1 ~71 . A new "'''""~eh ¡.,, p«r>•·•'"'" o! o¡uMtiloli•~ ><·i•mic· 
hy '""~'' '' >:>pli,d to r\l¡oiol,• ll.Lt-S""rl" Are .,d O<lj,.;,,;.,~ "''"'· JJull, s,.¡,,.,,¡, Soc. 
Am .. Gl (5): 1~7;,-¡~~l. . 

Kaib, K .1 ... Gour, \'.K. ,.,,: 1'/,or:.in, )J., 1 n2: Qu .. nt ,.,,¡,.0 .,.¡,micily mor• uf ¡.,,¡¡0 /!u// 
So·i>'•<ol . . ~o<. ,¡,.._, ti~ (lo): 1110-11 ~~. · · 

lbol.o, IU .. , !loo, ,\'.~1. ''",¡""'"'"·H., !01·1, Se,.nw\o•r\n"i< m.opl o>l wulhw<·•L A•i• 
ro~i"" <"ompo ;,;,~ ,.,,¡,, u '! '"''''1", C.;u<·NL>, ¡•,,,.;,, !•I.<J , . .,.,, M!!lo·'" '"·"' , 1><1 11 11 ,.1,. 
k u oh. 11"11 .. 'ld,mo/. So><. ,1m .. {0.¡ ( :q: 65 7-CG~I. " 

Ko·llelocr, J., S¡•l.o·< •. 1 •. ,;.,,1 01.'""'• J., 1~J7,1. p,.,,;l¡\0 ,.;,.,.;,, ¡.,, po.·Ji,•Jin¡,' •··.rLI"I""'' 
lo<"L'"'" ""1 Lhm "1•1<1~<··•"•"' lo m.ojur 1•'·"" buu,,l,""''<>fll>o ¡•.,,.,r,..,,.,l 11n• e,.,~,. 
""''"· ·'· e; •• ~''''·"· "'· . 78 ( 1 1 J: ~r •. J 7-·~r.~"-

Kn"''"" , L., 1 UG·i, '1 ¡,, ''·'' ,,¡,., uf t "' lhq,.doo> in ,~uLiwro> C,,¡,fo,"oi ... lJ¡~//. ,.;,.¡,lOtO!. 
~·,c. A m , ~l : 1 S71-l S7l. 

L<.n.,>il>., C., 1 ~CG, ~b~uiLu<!o •'•~i!it¡· in oorlh<¡u.l.e '""''"'""<•·>. J!nll Hd•>llul. ~·ur. ,\m. 
"G' ~-17-2·1~. " 

U.mnil', G. •L><l !l.-, A., l ~G~. Clu><o·duc in olto'ihuol. ..-qu•·n<•·•· In: J.S. Sto·lnhML •11J 
T. Jefl,.,..,, S<n<Lh ( <~i<uro), n,. l:o<ll< """'~"' rh.· c.,.,,¡,,,¡, i\on. Ooophy,, Uniun, 
1'1'· !>0~·~0~. 



-- --~--~~·--------· '"" -···· --·--------- . .. -. ., ""'·' ., . .. '.,.'. ~ ' ., \ 
_,,,,.¡,.,,., ., '·""'li""· ¡;.,,q,l,••·l) ,,.l,·•¡.,.o:c· ,¡,.¡,.,¡,¡,,ni"'~'"' 
~'""'" 1 ,.,,,, ; .. , ...• ,. r ,,, '", "'"" ,, ... , .. '"" ... , .... r.r , , ., .. ,, .• ~- .. ~·· ,,.,,¡ ,.,. 
,.1 , .. ,.,.1• •··::•··:·1··· ·•' ,_,,.r·,,¡r~ ".¡,.," .r, .•. ;,.". 1 .. , ,,_,¡.,, 1.,,,¡.., ''· "' 
r.i;:l.h .,.¡ .. ,,;,. ,.,~; ....... ,r,.,.,;r. ,¡ ,,,,.r;,., .. r ,¡,,. ,:,,;,,.,,, '"""1"·,. .• ,.1 
],,.,,¡,., ,.¡ .,, .. ,.~, '"'''"'iJ]" """Id¡.,.,.,,,.,,,.,¡¡,, 1],· •¡ .. ·•·o:ol ,,,.¡¡. 
¡¡.,,. .• ,¡ ,¡,,.1'·"'" ,.J.,,¡¡, .. ].",,,,,¡,.¡,,,,, ,.,.,.,,,,.,.r .. :i.,,., ¡,,.,,,.,.,.,., 
,11 ,.,1¡,.,, .,j" ¡,,_,1¡.,, "''" ,;., ,.,,c).,r;· lo ti«· 1";,,.. ol•;•·• 1 .,¡ ,.,,.,,¡,,:,: 
¡] 1,0¡ .ol ]o·.o•l """"" inln¡¡n.o!Ínll .,¡ o·n~"<ol<"I"LÍLLI! r . .ltto· \\.",]]f". ,.f,l.LÍI""'J 

lor .• 11 '''""': .r .. ,l.; .. )!. 
Fnr ,¡,¡, l'"'l'"''"· ;: ;, ,..,.,,.,,,,.,,.¡,.,]:J..,¡""' fc\\o·r:ko:o f.,,, •ln•to<.! 

"'"' ¡,, ,,,,.,. J, ·r<>~> ;o pi" 1 ,.. ¡, .t.oll•·• l. "l"wo .,¡ ¡1,.". ·.i ·""1 ,¡ 1 "" l ,,.,,..,] w 
,..,.,..,¡ ,.,,.¡),.1,..,lo· onntio>l" in :f,.. ¡;,.,.,.),¡;.,.,, """1 illn lu ''"""""'" 
,,,.,, ,,,_,) ""'i"""'"· 1'"' ,]_,,,., ¡],.. r .. m.d.üi"l< ¡,,¡,.,,,.,,¡. '""'" ,¡¡,., 
),,. ""'""''"') "" ,,l,,.l: .• c·Joh, '" .11 '"' ·•l•l·f•·p•i:.l<· ,;¡, "'ti. e· ;,,,,.,¡¡_,¡,• 
, i<"ÍioÍI)" <oltlt,· ol "'' Llo"l "uol o],,.;,.,,))·¡,¡],,.,,,,,]¡, '''")"' ""·')·),)· 
¡.,, .• r ·-~·· .. 1· """'' .• ,, '" ,, .. ,¡ ¡,._,, "' ,.,. ·r;". ''"'' ,,,..,~-. '·• """·"'"·,· d ..... , .• 
'i'"""", ·"' .,,,.,1)1)" ],,. """'"""'] all\1"0 ddl;·r<"IIL ],, .olÍ<>•" '"' ¡],. c·r~·l, 
.... ¡,, "l'i''"' ,~,.¡¡,.,¡,., ,J. .. ,J,lill<•)" ··d•!; :lo<·y .],..,),\ ""lite• ,,,.,,,¡,..¡ "" 
•J«"<"Í d "'!""'''''"''"'"' tl,,LI '"·'Y ;,¡,.,1,,." ],,.._,r;_,,.,~ ,¡_,""k 1><·· 
l,,;,r. 

"1 ;,.. 1''"1""'" ,,f ""'t"iriu;: ¡.,·., ¡,.,,,.,,,,.,\, fur <·.'< '·• fo·.n<li<"> ¡, l<l 
~¡,.,.·"""e ;,.,Ji,._,¡;,, ,f 1lw ,,¡fmmilr ,f ,.,,,¡;,;,,,;,, ,,,.] to '""'""" 
"'""" """f"l iufi>nn:oli<>o in oloc ,.,.,.": nf¡,.,¡,.,,.,: on .• !!;,,.,.:;,.,. 

. lrn·INu¡:w¡<h ¡,,,¡n/J..·:;,., "'"! .'./o~Í<~I•""""<"'" li ¡, ,.,., ... ,;.,111,.,¡1111• 
'"'''"""""'' ,,. , .. ,·J1 1, .. ,,., ,, .r r, .. ,., ,.,,.¡, ,.,, ;,,,, .. '·'·" ,,,,!;,,,,, ·'' 
j1.,,,.t¡,,~ 111 <"\<<""'''" ">11>'11'"1 lt•lllill"f.ololoo"'• .:11.! fp'llt ~ 'llljl<"IÍil:: <>1" 

,,,,.J,li,,,. ·¡1,. ,,, ... ¡,.,"'''·'1'¡,· "¡,¡,¡,;.,,¡,,..,,~o ,,.,.:;,,'"""r' r._,. ~o 
... ,,¡,,..,,." h· ·lll ... ,,;,,, ,,.,, '" ,¡,.. ,.,,, .,¡, .. ,, ¡,,. ,.,.,,.,.,;,.,,¡¡_,. ¡,. 
,~ ,¡J,.,J ;, •.r ... ····"", .. r .. ,¡,_,,..,,,., ... ,~\;,, .. ,¡ .. ..,.,,. •···""· '" ~.o~r .. ,)·"r" 
<].no>. lflH' '1'·'"' ,.,·,¡,¡, I~J"" ¡, .OI·.,il..lolo· '""·"·' ,,.;,_,;,¡,. •<i<·, .. n ¡,,.,. 
).,¡,.,¡ '"' ¡.¡] ,.,., 1,.,,,;. '<·.:In! :o•: .• i:"! "'"·'''''"' :n•d i:.~, ,¡;., . .,, <" :·.no 
n•<l.t:ly ].,· 1'"" j,f,·d In·:],,. io:•l"""'""l 1>\.,.nol.<tlu'<"f ;; • ,..,,,.,,.,;,~,· 
''"'· "11,0• ,,.,.,.r,.,,.,:r.:p!o ,],.,,¡,¡¡". firo01l; lo<<lt,·d ,!"""!o :o,.,,,..,,.,,. 
r ... "" l.o! inn. ·" 'Jlt"l"ifi··d lo; ti,,. i" •1"" : ;,,, ... : ,¡,. )) '' '""'" ·n! ) ..... ,. 
,r ... ,,,.,_ 

r;¡,,., 1.; ~o::.,.,_,¡,.,,.,_,,,, .. ,,,] ,..,.¡, i ••:: ,¡ 11"· .... , • ], '""!:.n],. .!,.,,],\ 
1"· ,-,.,.,¡,.,¡ '"·'"".o r,··:od.;l "].,.,¡,.¡..,,.,.,.,.¡¡,.~ l>' ¡].,. ;.,,,:,,..,,.,,, .,¡" 

1¡,,. ¡11 ,¡ 1111 ,,.,¡ "'""'!·"""'"'· Ji,. 11 ¡,,,. ,,.,;,,,.,.""·" '·"' .,,u.d],·l,,· 
, .. ,,·,.,¡ '"" 1 ., .• ,,.:~·.r ... ,,,.,,,¡"., ,,·n ... ,,.,.¡,.,;,."': ,~.,rl. ;; ,,. ;, ~;, ,., ·' 
,,,_,¡¡ ,¡,.~ 1 ,.,. ,.¡ •¡Wt·i.,fi,.Li,.in·~. Si11Lil..dy. i:hlni<·IÍ""' ¡, Li«· prn¡><"' 
1 >' ,., ,. ¡"\".LI Íon < 1 f > ,.,., .,., ), ,,.,]¡ i11 ·i 1 1 1.11 1 •> I>Í 11 . .1 (o.,. 'J.. t., l >1' ,,., . ., i 1 '~ ,.,,, ] ,,. 

~'"""• ·'" ,¡,_,, il><·r ·"'" ""' ¡,,, ,¡,,,.;,:.: ,,, ,,¡¡,.,. ·"' ···"'l:.:.,.o\.,·. 

,¡,.,,,;.:w¡t!1 (:1,,¡ 1:1/i"wtn. ,,,.,.,.¡,.,,.~'·'1'1" ,,.,.,.lj,,•: 11, .,. 
0/ co.n \\"<IO:iH"IoO(•Ioh ,o\1" t<>illl<l<"!>"l.<ll\· .L\·.oif.ololt• :O( l'!~"- ]"i""' llt 1],, 

~2.illllll., ~2.)11(),.,,~ •.. ,\ ''"' ,¡,¡,. l""''"l"lil<·l"'"''"": •.. ,,'"",)])·f.,. 
1'"";,!,.,]. ¡¡ ,,.,.,., .. ,,_, .. !",., ~.~lllllo ~1,111111 Tlw ""!.• .,.hlíli,,,.d ,.,,., ,¡ 
;,,:.ol'..,·.w·.> wd)f,,. r],,. Jt''"¡,¡,, o\· ,¡,,,el.,,) ,.¡,.,.lri<: lio:L·, '" '"\·" 
p.onc·J, (.,, ]dlo·¡y IIÍ<l-1<· ¡·]o:,r;.:>~•::. "I"lw ¡.,¡,,] 1!!7/i <"'"( .,( .L 1\(\lc;.J 

rn<>llllJL<·"tkd ')'1'""' will rl<><• ),. :o)JLnol Sl2.1111LI. 

l.l><"al St·i."nogr:t)Jll ::-..:dw••rks 

.\". ! """'k p.'"'' <IÍ ,.,.,,. ,,r' . -~·. "' ·, 1 i' '. "";' ;¡ 11 >;:• ·' ;>1" l<' "" ·. """. 1 "' ·' 1 
,._,ti..¡ •.. ,;_..,""",,,,,.,¡,,..,,,,];¡,,,,~ •. ;,.¡],..\" ¡,!1)" .,¡ ,,,,_¡,.,,,""·lo.>; 
1.1q:•· r i ,;, ", '" ,d ""' l• ·." 1' ·. 1<"1"' , 1 ".¡;" ,. '" ,.¡.,,. < ""' l1 "'"' Í< "' lw;.:i" '· "J"I" · 

1 ,, 1·~·"''"' ni"'"' 11 oo>•lo ,,,,.,¡_,¡¡,.,. .. ,..In 11) d<·l<"• ,.,¡,.,. ,¡,_,. ¡,,., ,.,,.'"'y,.¡· 
1," .d , ··" 1 r.. , " .• ~,., ( n· ,,,,. 1: ( 21 ,¡,.: ,., ",;,,_. ti,. l<w.ol ;, •11 .. r "·h "' ¡,. ·" 1 ;,.. 
,.,. :on,J ;,, ,¡, 'lllo: (.1id<·lt·nHit»· ,¡, '"·'~"iln.lt• :o<>ol """'" i>odi;·:olinH ,f 
f,;, .. d noc·d,.n;;,,,, oi" 11,.. o·.utl:.¡<l:cln; (\) ;~llnw (·"·didi"" .,( th~ 
<"""'''" .,¡ ,.,.,~!><¡a.ol.•• '"""""~"'"""· 

lk."'""'l•l;- l"<"<·i·~ ),,,.¡i.,, oi" "" t·;u1l""'"'h· ¡¡,..,, ,,.,,.,;ro·· ±h.,¡ 
:lw ,.,,,., ,( ]> '"'·'""' (al><l :.1•<> .\ '"",' "],..,.. ~¡._,.¡¡,¡,.¡ ),.. ,, . .,,,¡,.,)lo 
._,., "'"'"''""~ ,f ::11.1 "., . .,,.r "' ¡,,.,,..,, .,t " ,,;,;,,,,, .. r r,,, '" .nLy 
,,.¡"""'''"'l;l ... "]"],.,. '"'"' l>e a '"""'"·"" ¡¡,,,. ],.,.,. lnr .. 11 .,.;_,,., . 
<::.•;•! .•. _,,,¡ ¡),,.) _,¡,,,¡,¡ ¡,],·.dir ,,,,..,,, .. ] ¡¡.,. •··:.:11,,. <>1", .. nL•t"·'l.c 
:lL jl\ ¡,, .. ].",, ,).,,.,. ,¡,. '" •·:· . .11 .,;,,, !".".» 1 h" .o u' •llopl ¡,¡ ,.,¡ ¡,. t\1 o ,• ... ·.••·•. 

¡,, il:c- .,,.,¡,,.,,,. •1.:~<·. \\;,,.,. 11><· "'""" l'"'t''"'";, ¡,,,.,,_,¡,¡,,¡, ¡¡ '""" 
lo,.·::l , . .".,li.qn:ob•, :,1.<11 '"''" """"·di).•' t>>inÍIIL>IIII 111"1\\"Jl. ,.f¡!.,,.,. 
,J.,><t- 1·.,.,:,.,) ,,.,.l"· . .l·c·nii•J""""'d ·""'"""'"'":'·" '" <)" l.¡• .,(1\, io·~o!. 
\',"¡:!, ,,,¡, ·' '" l\\0>1. ·' '""~h ¡,,: :tdo"<J"·'''" '"''"'"'"""' ,.¡ r •.• ,l~'"'""l 
, .... tl .. 1 ... ; ~,. !",·o¡,,.,,.' . r .. , .... ¡,,, , ,,.;,.~ ~, ..... 1 s " ·" ,., ¡. ,,,1 "'·'~"' t "' J,. 
,.,.,, ;,,. ¡¡,,,.\•·. lfl,., .. ,) ¡·.ntlu¡n.olo·• :U<"[lF<">,olo·,.l tho• lo<"(""n!l ,¡,,..,),ji,.• 
,., 1 '·" .d, ·d ¡, :o! ], ··••• r .. ,, ,,. ¡. '"" :c:q:l" ... iilo d ... ,,,¡,¡ ;,;.., '·' 1 .,.¡" ,,,,,, .. 
(,·¡ :.• "'·" ;,. 1'""¡¡,],. In i111· .odi)[· ,!>t·.L. 

,\!":,·r ·~·'"' '¡ ...... , .. ir ¡, _,,¡,;,,,;.1,·. "t lloc· ¡,._,,,, (u "1''"'"'"" ·' r .. ,,. 
•1.11'·"'• '""".1\"l\: ~o.r ·' po·:'.,,\ nlt·i.olill;! 'l>:>><" '<"·"·,].,•)"lid !)~o·¡¡,,_. 
"r"·" '"·""'""" ;.,.1,,,,,,¡;,.g ¡, ""''~'¡,.,, .. 11" ..... ,,,,.,,., ... r ,._,,,,. 
,,,_,].,._, ,;,.,., ,,.,.,.,.. lioL·" ¡),. 11\"l\\"("k ,],,Lid L.· ,¡,.,,¡f"i,•d. ~ •. ..t. 
,,,,¡¡,., ,e,.,,.,.,,.¡,. ;,,¡,, ,.,¡ ''"'""¡,,¡, ""' oll)· \1 ·'""·"'' •p<·d.ol .... 
"'·"'·h. Ti o< 1\"<¡olil<·l'lt"lol tl.o'H ''lo> nhi.LÍtl .111 ,\1"\"llr.L\")" in llo<•\(Ot".oti"" 
t>f ,._.,-,¡,1,. ,:,,. ¡;,,.; ,f :.],,.,, 1 \,;¡,.,,~:c·r. '" lh.ot ,.,,n,·l.\\i!lll> wul: 

:,:,.,,].,·.:ic"l ::,,:~.o'"""¡.,. 111.«1~. 



_ ..... : ... )-
".,,,' ""' .... 

1 '"" ¡,, 11 ... ··'"1'1 ¡ ¡¡,.'' ·" ,, 1 ' .. 11.1"!1 .. , "" 1" ,] ¡,..¡ "'' .,¡ 1 ,: ' .• '· .\' : '" .... , "" ¡. 
i11~ •l.olinll. ,,.).]i:ioo .. ol¡om;<·l ¡, ,,.,·d,·d ¡,., 11.,. ,¡~,..,1 .¡¡,"¡"""'·ll"r', 
"'"i>lil~o·r•,.<llll ,¡,.,,., .10od '·']"" ll"lf.,do·"· "JI,I· ')'""'" j, ,.,.¡],,. 1 llo.lll 
S)·,¡,.,.,.\ lwo·:lll"·<" ,]"11,. <""'' ,¡ 1.,,.¡ li111·•· J¡, ~···:.: .. d, ... ,:.1;'c ¡, 11,,. 
l"•"odr .. lif.:olinll ,,]" l<"l<ltdi.,~ .ot '""" '"'""'""¡, . .,¡ .1!"11"'''!.1<- ],"".<li""· 
~l.'""'"·"·''" 1""''"1''" 1 """¡,¡ '""·],· ,,.,.,¡ ¡, ,¡,¡¡ ,¡,. ,,.;,,,,,,,,.:,.,, 
iu illl•fi<·ld. Cnlll)l<o!II"Hh nfllo~ lt•!t·r.,<"lo·a·d >)"'!<·no .ore· llloW :tll ,.,,,,. 

"""" ·bll)" '""·' ¡).,1 ,¡, .. 

.\"o /11.,11. f)¡)("lriiH<rllllui.\O<tdo¡oil. Op.-r.oli .. u ,f,·il],.., ,.,.:"'"~ .\ '"' 
ll •.lo<.,dd ,.,¡ ll•<jllltl" iio<IIIWI<·III.Lti<"l <jl<"<"Í.oli•l• 1o1 .1 <\.of!" """" 
:nld":ti<l. "]"]., C"lllit:d ll"ljllil<·llll":lh ¡, .oll <11< lo,:,,!;,._, ¡,f "·i'liOi~il.l" 
,,.,. • ""tilo,ily ni" n¡><·1.din1• :nod ,,¡,¡,,,,,. ') ,,,.,, ;,)j 11 ,:,,.,t-_ 

For .,;:¡,., •Y•kn1. "" <o¡lo·r.,¡,,. """¡,¡,,.,.,]tu ,¡,_, 11 ~ 1 - 11,,. p.o¡1<·r 
1<-< ,.,.¡, ,.,,,.¡, d,,, • .,¡·,¡.,. \\ c•••k .o! ;tl><oll: :;,.. '"'"'" ],.,.,,, 1 J.. """"]li ,,,,.,! 
lo '"·"t ti o<· oh:,.,,.,.¡ ).,,._,¡;,., '"' <·.llb '' ;,,,~'·'"'· .\111· ,,¡,.,)ni<"!\· 
,.,'l·tlli.ol < luiL\!<."> i11 ')'lt·tll d<.or . .,·l<·<i,lic' \\t111ld "' ,·oli;l ),~ lu\!·~o·oi. 
1t 111.1)" lw llo·<·< "·"Y· 1"11>111 tilla· lo li11w, lo L<".,,]j,;,¡ .• )1<1 ¡·.:!:\.c.ol<." li~t• 
_.,.¡, .. ,.,,,,.¡,." Ío¡ a< <«1<1 ll"iilo t\11· p;<l< ¡·,]1111"' :¡¡•·< di,·d ),) t:,,. l"<jLLip· 
... ,.,,, ,,_,,,¡ ".:,,,.,,. 

¡:.,, ill(• i<"l•·llw!Jy <·)·1···" n. Jbc· ,¡¡,,,¡,,;,,_,¡<11"'· ,.,,¡,,_ ("] .. ct. _,,¡ 
l"l"<••l"<li11:: d1o:Lm <.ILI "'""']])" he• lnco.i<·d i11 .1 •1,,<!1 '"'"" i11 ¡],,. ,.,. 
¡:iJ,¡•t•lilq.: <JIL.ol"lt·l'. "J"l11• oll" jlfl\l<•r ¡, Lo<L¡_.]].\" ¡,·.d\.,1,]<". S!"l•"l<'~f.LII" 
,._,, oflt•JI ¡,,. l".\.Lllli .. ,.,, ,,.,¡ ,,,,.,.,¡ ;, :J ... '·"'"" ! .... ili!\" .. \:! ,.¡,,,,,,. 
¡:r.t¡.l<i<· ¡,,:,,,,.,,¡_,¡,..,, ,¡,,..,¡,; ).,.),.\¡,.,¡ :n li,. lo~ :o:.!:,·.·~ ,: 1o:<l•lf<" to 
l'"""""' ,,,,.,,,.,, ..... ¡ ,!,,, .• ~·· ¡, ''"" <"·1'1" ,;,,,, ... .::! ....... t •.. 

T)w ""·•1) ,¡, ,¡,¡,. ,¡"¡\,.\ri;tl<·~·<i" '.<•h•loJ .,¡:,., ,,. 1 ~ 10 ;;,., '"""" ,,.¡,. 
,,,¡.,.~;,_,] npo•lli"· Spo d.d a::.no·~''"'"'"' ·<1<" 1.o: ,,.,.,¡,.,i. ol '"'"'<·. 
if "" "' H·IY !"c·~o· ],,._,¡ o•.ul\"1"·':..., ,,,.. ".,.,.,.¡,.1\. Jlm~<·n·o 1f ti«· 

H·;:l••" Í< 'l""',:o;:¡· 1•1. ,¡J '< ,J.IIH. if 1:,. ], .:! ""Í'lllic·ll\" """"·'''"·' "" 
,\,,, .. , •• (11" ],.,¡),. i: ¡, 1"< ,,,,, ... ,,¡,.,1 ,,, ll "''·"" ,¡ .. ·. i .• l .• :hi«· !.,. ,.¡,. 
l.oÍII•"<] 011 :ll<.oh >1< :·,.,,, .1 , . .,,,,,\¡,IL>I '' ¡,.,,.,!od•l. 

e,,, ¡;,:;"m!<"·'· TI,."''"!'"'"""";,"'''"'"'.\ .n .. l 1\ """ ,,,,. '""'" 
,, .. ,1,· '"·-~:u,¡,. ""d" ;,l,·lr ,,, .11"· ,,.;, .. ,,;,~;,¡,_ .\: ;;¡:;-. !,;,.,.,_ :;.,. 
,,.¡,, •1owh-1< i11 ~;<••m .\ , ... ,,,;.,,,,~~.(~XI .. \ ,.,.L¡>),,,. :o,1<.oh!t· 
,.,., ,,,¡¡,~ '' ,¡, . .,, •···" ],,. ,.¡,,_,;,,.,! :"".,r ': i.l:io(J .. '. •1111.:!>\,· ,.,!..:;e)],,.¡¡ 
;, .,¡,,,¡ ' .. :;on ar-'olinll. T\.,. 1 .. 1.:1 ,,,: ,¡f" J~,,,.,: .. l;,, .. ,".:"'" .. rs,.,_ 
\o"io1.l ¡, i"" ¡, 1\:u, _,¡.,,, ~~O,IIiiO. C\n ,.,":;, in,·h:d,·.l ¡,,. :"• p ..... :::.,; ,,r 
l"'' "' ];(,,¡,,:. 

"l"l«· '"'"' ,f il.-i.lll.lli"" ,{" 1],,. ¡,,.¡,.,.,.d s,,¡,.,, H ¡, ""'".,._.],.:: 
¡, i¡:l ,. r. TI,. _,,.; '"'", ,,.:,.,. .. ,, 1·1; n, .,.,, ,·ill:.l,,. ,.._,, ~-'"''" .• 1 , ·" ¡, , i:,. ; , 

9J 
. ",,_ 

~1.o¡<l1, , dio 11 <1.·:,.,,¡, "" ¡n.wli<·.ol ,.,,¡,¡,.1.oli""' ,,.¡, .,, '" < ,.,,¡,¡]it;· 
.,,.d .llioiol.oLL(<" ,,¡ """'"" liou """o l. llo\\o"\1"1, '<"l<"l.tl ~,.,,.,_,) ""1· 
,¡,¡,.,,,¡¡,., :l«nd,l ~•·<<"111 1],,". ,,.,],¡:<no~ii••LI In¡]¡,. Jt«·.ot<-•1 <·<11·111 
pr.,·Ji,·.:l:)· l"'''il,\o· ¡:¡,,¡, liot· ,¡¡,. ,¡,,.,¡,j 1"• 1111i1<.111Li)· 'l"'"•<ol iu 

.,,¡l,lolh ·''""""d tlll· 1"".1•"< l. 
"]"],.. ¡,¡,.,,,,,¡¡,., ,¡¡,¡·"""'" ,¡,,.,¡,¡,,.,¡¡,,. '"'"'·lh.,, alnmt 30 ~iln11w· 

!•·<• <•f lt·" tl.:m :; li!oo:o1o h·f<. h.tli<idn.ol •ill" wh·dÍ<IlO ,],.,,¡,¡ ti.•¡>t•>o<l 
11:><•1• :1,•],, .. 1¡ !<·• :n1.ic '1111<1<110"'· 11 i< ),.,¡ 1<> lo,·;ol<· :la· il·''""'""llh 
'"' ,,:,.,.,:" .,r¡,,,,.,.,.1.: 1<1<1. ,,,,¡ tlwy ,Jwn!d lo.-·" re.,,,,,.'" 1'""¡. 
1 o\ 1 • [¡ • >111 (<<10•\1"11< ( ioto :Le·: ¡, ; lio "< • 'l¡ 1 "• 1111< • L j ll." J )"i 11\!, ':OÍ!\<\ :.; '• Ool ol 1 '!1 

""· :-;,,.,.1.tlly. ,¡¡,., ,¡,,,¡,¡ ¡,.. ,.¡,,,., '" tlo.ll lb•·)" do Llnll~;;«• In loe 
,¡,¡¡¡, . .¡ iloJIIL¡;',\o,,ll 1111, lii<- of"tl11· pr~<j<·ll. 11 ;, ,,¡,., l.r·ll'l""\ lo 111.1"0..: 

¡¡,.¡,] 'lii<L)' .,¡¡¡,. h"l.oiÍ\1" ],."k!t"""''l llli(ll<\l"i"IIÍC" I>IJÍW :ol ]JI"• 

'JI•"' ¡¡,, ,¡:.--. wiil, 11,. "'<· ,,f" a l"''t.d•l<- .... ;,"'"!tr.q>l,;,. ".,,,.¡,,. ¡,. .. 
r,,,. !, ..• ti•«>- ,,. i:o •. .J;_,.,¡_ 

11 !;.,he·<·" f,,.,,.],,.l,·qu:<i<· :" ¡>l.ll"l" thc ""'""""""''"'' iB <h.dlm<" 
pi!• (.,]x,.,t l LH<·It"l ,], o·p) ;,, d:c >mlici.d ro¡·l. A ~<·lo~l.olly ,,J,,¡n.ol~ 
¡,,,.,,,,_,;, ·' ,,,.,.¡ ,¡,,,,," illo a "·'tcrti¡:ln .. ,,.,.,, th.LI i< ><"1 """"''"""k 
)L<lllf<·<i .Lllhc· h<:ll""' «f ti.¡· pit. 

s,· ·' \ "' .. ,;, 1."/•1< h· Cl' li 1 ilrl ,., i' 1 i {" \. . \ \ ":< 1 il"l)" o!"' 1' i 1.1 l ,¡" , . ., 1 ''i""' ,.,¡' ¡, ,, 
,[ (<•Ji.,\Jic• ],¡~j,.~.1ÍIL _,.¡,,,.,~o·.oplol(• ":,:,•JLI L• loOW LIIILI"H"n·..J])" ,(\",01]• 

..hk. T),,, ""'"'"1""' ') ,¡,.,,, <"·'" lw <ini¡:nc·d :" ,,,.,.¡ tl~t• "'"" ]llc·li· 
m<-1>· ,.,,_,¡.¡¡,¡,.,).Tia· l" .. ll,mi~o:! IWo :~llo•111alil<: 'l"'''"lll.<-.~ .tnol 
ll--:.;o' 1 1!w ,,¡,;,,,,, ;·,·<JIÚ<"Lho·nt .011d ha«" ¡,.,., fi<·!d :.-,:,·<1. lu 
),.,: l., 11, · r. ., ~,,,,. ,;j d ". "' <" r.oll ,,.;_,,.,~r .. :<l o k •y,tc·:n ,¡,,,¡,¡ l «" ]){·· 

l«<"l"IL 5 L<·rlt. ;n.d 50 l1<·tU. 

S,.;,.,,,;.!··i)'1Ji1· -'!1•1<""< .·\. Tl.c: '·''1<-111 ,,,,],,., """ uf;.\·.,il:.\,),·¡Ho~l.t· 
\,\e· ".¡,,,,,,..,,.~, ·'"t! ,.¡,,,,¡ ,.., .,,¡ •:•:! ""'''· ·n,. ,,.¡"""'' •l.1li"'" "'"" 
'"'' ,.,,,,..,.¡,.;!, ,,.,,! c!,·:><·,t! ''" ""\).Lr.o!c· "' <l.d ,.:,,, ),, :<1 o·.tch ,..,.,.,,¡,.,., 
\\, ,.,,.\in•: i• '·'"' ,,_,])<· ''" ''""k,.,¡ po.p:·¡ an.lll~t· J\'<;'<·1 1 ,.,.,.,,1, ""''t ¡,,. 
1 ·h.:=.~ .. ,¡ '"',:,, ,l.,;·. 1'¡,;, ,·.on 1 ,,. 'lm ,,. lo:- " """'"l""r ,r llw "'·'i"k''·'""" 
,\¡¡]¡· <di j, oLl! •:><Ti.d lr.oÍioiB~. 

TI"" l""".:;hic· ''"':,·::1 f, ,._,,.¡, ,; :o· i, in f,,,. 1'"" h: ( l) '' ·: • '"'" nt•l <·r: 
(:!) ,, .. \k;·, '"'"f > ;,;~!, ··l'·" \;.:~, <! 11 .,.,,]i 11~ t:11it ,,.¡¡), lo .• ::,.,.¡,., l ,j '1" ·•P· 
!""'""·':,·!:·50 c1 ,.,;,,,.,,.,, !.;· .00 {"(·ntin,,.,,.,, \,:· 23 < ,.,,;,«·:•·••): {3) 
,.,,];, , . ._.¡,,.,: ¡:) 1'""'"' ,,,,.,. ,.,d, "' ,.,).,·),,,¡¡,.,.,. tha•¡.:,.,. 

S,.,·,.,.,,~,,_.!'¡,¡c S:¡•l<"m B. TlLi' >:>1<-llt !<·h·n>c•lc•" lhc· >i~n.:h fw111 
j, ,: ;, ;.! tul ·".¡"'" ,,,.:,• r.• ,,r t he "~'~~"~" \, lo " "'"'" r.<l ,.,.,·nr• \; "" "'""' h,· 

' 
' 



li,•lo el,,¡ .do<o<ll ~1,\1~1 iH ] 1 1~-~ ,\( IIO<· ,.,.,:,.,! ,..,,.,.¡,,~ l'wdot;·. ,.,,..¡, 
di>< • ;, .,;. ,,,¡,,.," ·'1'~ i 1 h ·o·"·,-.,, <~•·r p.o<-l.>c:<· ,.,.,¡. _,¡,,,,¡ ~:!)jiJ!l. _\ '.,;,. 

;o]olo· <"lY,I.ol l ].,, ~ i• :oJ,,,.,¡ ~ l,"¡ll~l.o>"1.o \1"\',Y l . .olin 0<'( <:il <"1 ).J(¡(!, TI": 
,.,¡,,.._,k,li<ol.ol ,.,,¡ ,r lb·;.,,;,.,,,.,.,_,,,,, .11 ,.,,.,.,¡ :,¡,.,., ;, t],,, 
:o;.:.dto .ti,.,,: -~~fl.llfll). ],. "'!,!i:;.,,, homo'H·r. ilo<·L<· ;, 11"· "";uf rl,e 
nl(·obL<l ,,.¡,.,,,.¡,;> ;¡,.,.,,leo '"'"'" ;,n·.,, "''"'"'''-.-;,; to·lo·p)..,,.,. linn 
,.:o; 1"· .1\· .. il..hlt- lnr wni.ol. (IH <<·11:<:, ¡,,_,¡¡,,,, !W r ... !in 1<-lc·u•~ll)" 
linl, '"·'Y 1•~ ,.,;,_,\,k.) 

----··-------·-·--
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~¡,; .,,,. o! ,e-,;;;' e~""''" o'~'""""l<o. 5totht !< iu.s, ero t.'le 

«kr ~-. or< f'''" o::,."" thcir ptodi;<!<>oo oi tho fu''·'* ucldivclr 

on U..~.,¡, e!""'"'""'""" m • >""Pl<, ¡.,....,.., >ut~tr thu >""Pl< Ñy ~. 

~-M thc>e Op¡rroothe!, by it>olf, '"ff!«> to prov!Jo o >.thf"to¡y 

"""" to thc '"'"¡""'"" of Jecbi"' ""ler>: ~""'r >tlthtlcal .,,¡y,¡, 

¡, """'";>t•bl< becau,. lt negloctS • we•lth of td"·ant intorNt!.,, atld 

!t h not <loar ti)at bo~._,;, can ,¡,¡y; bo '"11'1«1 to "'~oltud,. In ¡:i>·rn 

'"U, t• th.ot, •'·'"" <'i> is fea<i~le, thO>t oc..,,¡, uc oufflcl.,tlr '"" 

u,.: J<>ipoin¡; fe: '''"' ;so "'"'1'-!1¡ oc..o>J, ,, . ., lf thoy ><< "'" ,-,ry 
lllclr to oc= LO t!--< •"'"' ["'""· In fact, '- mdJ., rehtir.¡: '""'« 

41><-t::>h:n>, """ dtO? .. -,¡'"'-""<>do"'- U..t,,<=ld<rll>: 110< -.oual!r 

U¡h '"''" Jto;», 1t ,;,.,, '"" toko ''''l' !u~ IC>n'(.O dl>ornol<><» to 1•< ..,... 

r.J:.;" t.~ .,; -~~ "". 

In U>ln; tho !;'-""l"':l"l, &<'?"r>kOl ot Lot oth« """~"•t!ot!..,¡ cvld•nce 

for ~•<>.!.~<:in¡ • '" of alten-.>" .,.u;¡,tl"'' <ooe<mln~ a •-'th<m.~tlcol 

("od-'5tio ptOCc,;) «>del of <d .. !dty iJ1 ' ~h<n l<•no:c "''· Áo !nJtlal, 

"' ¡cloc, l'"""'lll<r;, "'.l¡nod to ••<h hypoth"ll, oru! tho •:.tlotlcal 

Jnfo'"O!ioo l! thon ""'' for L.,rO>'in¡ tl.at prol•blllty "''11'1'"'"'· 

nlt<tl«~ ¡, b"<J ao >:':'lic.'lon cf &t•• th<<m", •loo '"\l<J tJ,. "" 

.-.-,J;od tl>routh ,,.. in«,..«!"' or NlHdl"':p:h>¡y ~~·"'u.."'"'""' 

""""' ef ,.¡.,¡< r'•k >'l.dlt• ¡oerf~ In U.. ¡.,t f"' ! .. "' ~" f~y·:.:: ('-o): 

,_-,,, ~,,,_;,.,¡, a<>J :Joo.,. ,,. lime"'"'-'>., ;or•><"t, ..._, .. '"•";,-,_, •·• 

Til>od ho.o tO.n ••lutlono ¡!""''· 

lct y¡,. • '""'"'< o.f ~uth<¡UO)c L,tonsfty, t..:oordLc¡ te thc p¡cO..:: •• 

ha·od, y r~r b< r•-"' ,....,¡ ><<ol"nlon, •·doo!ty, :¡--eotral crdlr.ct< '"' • 

of tl-• 'l''"" ""J" Hl>ly, Thlo ""111> t!.ot a re;atioo =o k"";; ,;,J 

b<t>=n tl.e illtcrul<y o! o ¡!v"' "''thqu>l' Olio! <he <OI'f<>;<:"'ir.¡ lo:• C•{>;. 

A ~,tly o;pl\<d <rlirtl001 .,,_. that <d..,;.c Thl ,;¡..,10 b< """"'.-..! 
by :1>< hl;:h<->t lnton<!ty '""'con bo uwN" tbo •H• by U.. lor¡o"~ 

.,.¡;--,!t..!< <Ottlv¡w.¡,. tllu '"' ¡, ¡<n<ntod" "'J' of ti>< ''""'"i>l ,.¡..,¡< 

'""'"''in th<" vldnity. lb>.evor, on,l,."IIIJ or>t..., o;onnot ol~•Y> O. 

d.s!~ foc tl.e oorst rooolblc coru!ltlon to b< •"1""<«1. IO>te>J, ó...:J.i...,. 

t .... "' ¡,., ~.,.,¡ ""coot·boO<f!t ot..!Ju, .,." d<>i.,in¡;: for ·~•. 

a •l¡n!ficant co!t '""' ls ""clo of U,. vol"' of <he <>:¡>eetod aot"'li<rl 

co>t of da,-.,. .. ot !olluro, •• ¡!von bJ U.o followin.!: «r'-'tiotl: 

E 1 F[ ·J·6e""dt 
' • 

(1) 



' 
.. . _., 

1'b, • R' "' 
,. '" R' • J.. • ~.: R """ ¡,. ¡il'<"l'l l.o U¡..,. t<'> ood b1 , 01 , t 1 a.-.d ~, >r< 

fi'"" ¡·_ 7>~1< 1, >~:,~. •loo >h~-~ :•·• '~"'o oll<l t'-' stado;J ~"'·io:>"'' 

• . . 
¡., •• , .... for: •, ' ·l'l • o 

• lo21o•d " '.o '·' " 
,_,. o.,, 

. • (oo/o•< 1l • "' ••• ,. .. ••• •••• .. 
¡- ''"'""'' ' 

,, '.o '·' " o "' o." 
- ¡,._ .. ,.>¡ .. •:• ••• '·' " • . .. " 

- ----~--- ---- - -
';!-, ,;;-oóóh,.·,t ~l>;ooor>!o:l of t'><:. <x.~eU!<"'• hflitd by,¡,,. !.O¡~"!""" 

o!' ~ , ;, ""' fli"IY to ~~~l< )-~·d.·.¡; bt,-~ oOuln.d {Tm dot< oí «rtl-4""'" 

coi¡;ór"'ti.·~ i• ~O!f.,t.OO ><••r«> ,_...,¡ 1~•·111¡ diff<t..-.: =¡..,-,¡,..,. '""! ;oco¡¡o

,,,;~-.; :h,, T'.< ¡,,.,.o{ [J¡ < tlv.o fl>«, -m·or, too¡"'" ·.oriacion 

of int=UI" '-'ith ro>)'«t to IIL>¡:oh""•• 1.-. th< "'"' fiold ''"" •~•' "'"'"' 

in""""~"'-""'' tl.o lHt":rotla> o[ '""11 h ~l,.db<te,)thtou¡;fv><ot '"'""'' 

,;,,., CO•ore-lt·-• "'"¡,. •lmlCJ-o.•.t oltll ><;r«t to ti.• 'Ho-to·"'"'' rli>· 

>c·.-o. -e,¡, rdot!><lY low ;en>l1!\!ty ofy >i<h '"'~""'' to Hin thenoar

f,_¡¿ :."le<> '·'fi:lod in fT><tito ot ho" loo,.,.-.!,, .. -_;.,: .-d.,ood ~Y • 

·'"".o;;, ¡,.o<~·-"'bm \lC, 11). lJ>JJ dl"t W," I"C'"'"·''~ by •'T·'""''-"' 
--_;." '.q<, Úh, \$ t·:oo, for ~"''':o,< oJo ;";""l,"A• !<~'(C• 0:). 

'",-;o,"', b t),, "h'' <"'lt, l(lo~, tlw: 0\'cr-.;o '<h•> of 10{'3 "'"" 

Ce;,; '"'' !!.t,.,-."•l•, " , 1-• r,¡ro.<J>.t<d u f•ll< ""• 

IC"J .... 

"" • 
•• • forH>J.I, '" 

·,.,..,., 1, ;>a,, M, 1s • •~z:,ltu.!, ¡,,~ >M<h t!8o i> a LO¡'"o nte of 

'•or,-,_.; o! l(l-1) •·H~ ..Ot'\ltu.!o: O«\tln:Jity ot ~, "'"~"~'"' th.t o, n¡--'&.1 

o, •xr Ha,· ! 1 l M, l • 

.: __ ,. <IJ-, X)" • '"''"¡,• r~-.c:Jo:-. L'o.it ,_, ¡, coo;.,·-J ._, -k>.,--,-;o-,¡ 

On ;.,r :1, 

' 

·'•O>< "'""""";, :.rhltTor!ly "''-"--'~ 10 ho "'lli¡itl) o--=.1. ¡,.,.,¿, it 

•!ooOI.la l~ "-7"•'"od ¡, ""'~ of !],o rroh.'ol!!ty ~;,,;)o::_, •f ü,, "'-'"""' 

,."'""'' "~'"'"t.. ,.,_.,,,,J" r!\"" ''"'"' '-": .. , ,-, __ . t~ .• ¡::icLs. 

,-,,.,, ¡•rnk~illl;" 0<;><-:.l"' t),, fo]!;,lr.o !><;.,:~ 

~1 Ft<'o•"f•'l'"'~""l''.Jo roll!!o.u {or ,_~:¡ ,.,;,.~., of ,: '<'rlh's <""-'' 
~) S"'tloticd «>n•l"!"" f=<i<n' <f U' r, "'' <f • ,_-J<;><>c ~· ·'"'''"-' 

in <bo mtl '1"''<-. 

• 



" 

part!culorly In <-->11 ""' <7 !or Jor•• ""¡;nltal«, A!'t...- co.-.,;&<~>t!m 

of' '"" o«pl>)">l;ol F<«S><> In phy it !s '<>>O'ccO!e to conchdo, ~--'''"'• 

th>l 1f nr-ol.o ""<TD' >ten><! J.o • ~<¡ion V'"'-~ i., •-.. oc !•,. >Yot•:~tic 
..,-...,,, the rbk f....ctl<u olooul4 p-•-HI> !.be té·.o <l<,"'d •in<< tl>e ]Ut 

.. ....-.t. hel~"lr .. 'Y >to.Hstl<al ..-.dpil el ll>e >oltL.,. ''""" ....,......, 

ocru., .. ~,, oitll .,.,.¡...,,~-S..,. I.G >-">J F<>-''' In,,...., •·h-_jc ~""""~ 

In ti.-, ,,_,,¡,,. =<t of l<ck'O """'"' thot lf obo<;;<s ... ~ • .,-fod In tl.o <~•, 

.. ~.:.ore ~-In<< >1t.~~ o fo¿ ""'""' of Nch othc- ,,.. ¡~ :o;<'-'"" ... 

pt"C:<l:.>tt.!l>)' • '"""' r~-;;;·.1,., >"-~h ~ • l. -=u,,,..,¡,.~ .... -,,.,, 1 .... 

:r¡lfo"'. P~J]o~;o r.->l;n:J<n> o! &lt<::7 ... 0 a•~-st:= C>oO•;T.b-.¡;); ..,¡l) 

¡~,.. '" "" r..rt'olir"" ;-.:.-::~ of ti,.'''"'"' of ,._.,.-.~, c=-J ;¡•_·:Hlo.-. 

ltoo,-JIJ>i to <qo 1 ..,,.¡ l, th< oct<>aliztd ,-oJ,., of tt.• .....,«•~ '"'' of 

· .!.N;o or hUero !s a furdial of •, {y), •·hiel! l< o !=ction r.ot "''ly of 

l(K) In U.e .. i¡lol<=ln¡: ,.¡,-,;o """"""• Jx,t <l<o of tho f'cOol;iJity 

~i>trl\>.¡t!on M T/E(T), TI,o r·,itlo ü¡;~ific""o. o( the va)uo of l In th• 

, .. d,ble> U..t •fffct ,.¡..,;, <k>i;n <iod<i"'> <an be ll>f<n-od ¡,.... Tol.le 2, 

>l>ich <~c>r.< t!,. lo!tlal .00 ti'• <oodi<lon.ol "'!'«'"<~ _.¡,.,, of tt"' t~:l> 

\~ no>t '"''"'• "•dl.., t~ "'~',¡,.,¡ '"'""' of ti•• ""P""'"' <Nt of 

h~ ¡ < •• { ot t~e 1, ;,oo >Jll t~e <"'-~• proc<"<>· 1'1 "' ~o .. oti : "' ' .. • 

co.o;>o1N 1)- '~•·• of tlm <>-;'t<COl""> <lcv<l'\'0'1 In ti.' ':?<''.dé:.. n,o oct\c,:;o..O 

" 

(12) 

TM> <'P"<»lm U c"""l>t<f'l ~l'h t~ Ol"'l'tlm> tltot • """''"" fa!l• 

-- • ¡h·m IJ>to:ultr •i:h <<1•" pa!od L(TJ b u«<d~, tl«t U-• ·"'' 

of tl-.at f&ll= u ll, Uld that U.. , 1., .. h nct teb.ollt aft•< hH=. k 

041 "''~ 11 l, Uld t .. Vo\UU of yE{l'J ,...., <_,ld<no!t ID Uld 100. 

••• o.ono ···-'·" '·" o,oSlt .. .,,. .... .. ,, O,CI,. . ..... 
.., "·" '·" . .. , .. 

' ' 

.... ··"" . ·' ...... ···"' • .... 
' ••• .... . ..... 
• '·" 0,10 ...... .. 0.>1 .... o.O!n 

" •••• ••• .. , .. ... , . 
nrt> uble •'-' '''rt •lrnlf!oont dlffo<M~<<I lo<,.,., ti><<''!"'"...,¡ a"t of 

r.n,., for both pr«:'"''' At =11 .,¡ ... ,o( •:J(f)IO r~r the rol>'<» 

'""' u~• ror 1ho·¡ ... ·.~ P"''"• bot .. ,¡.., '''" on 

occ-"1', ~(1')/D ~'.""' g<a.lally {or tl<e 1"-''"" P"'·""• ,.-ti! 



" 

• .;, cf :•. -··" . ' --"- "'"-•• ·'-~'"'"'o. '<""?lox ¡:"lo;iul "ru:tu,-<> !.J ¡, 

1'"""'-l ~"''" >i¡:;:lfi=.t tbon th< >t~T oC loto) ~<t.lb, 

10 t!; .col.oro'• )>)o-l.C¡c, oot =h ,..,.):¡..,O<.,,¡.,, :r. th• .,.,.¡y,¡, of 

t.'>e ,_,,,¡¡ l•oloodoor of l>T¡o i<Olo,io¡.J st;-u:t~ •·!ti "'"""' to the 

"""01 tl->t '"" k <r¡><et<N to t>e lit.,,..,.''' .• ,, ' o 
-· 1"<> """ "" pcr mit 

,¡,.,in ¡!o'tn ¡~.c¡..,,_of thooo """""""- ,_ ... , ,, ... 
- • , ·····-• "''"''" ~~ <ppllc-

"1'"'' >b.:; bo '"'"'"'"'•' l."""'"'• silo<•, "• ,,,w_, of ,¡,, <«>«11·,·_;,., 

of ""'"'~'~PI"' t<otoc.l" t!,O'Ol")' to th< '"'"""''''li"l of '"'!' ><•l< tocto-

r.!< ·,,oo'"''• •!.• ,., · ' ' ' . -- ,, •• """o '"""OÍ th< \'•d•>l•• (Otr•lo<«l 

•1tl. ""''U ll'•e,..tfon "' fobg ~,-,.,-,],,.,!, ._,d un¡,, l"d '' ¡,.,, 10 

<''-<Lo o.~· oc, tf c...;;ohdo o! •"T'<'"~ «tivi:y •loo;: pl>t< 0"-<>.l.>d<S, 

H< ¡,, '="•~er"ool OTo tlle OC<U!'"«O<O of >l>oi:ks ln a.C'l<r,tly h'"Í>'O 

'' 0'"'"-' 'or <oc.ciJ.co" ol •'>ioli' a,~ Uc b<h,_-,...,. of <=pi, < eoo<l.ot"'d 

l"•O>-S or tc0 ion• of L\tcn•o ''•""> '< •> ·- ~• • <ru c\~n • ><ro '""" pro.;'"" ¡, """' 

~ t=I><od in tl>o ""'oC,., __ ,,,,,, oC · • 
. --~ . •• • ....... "' .... '"''' (ll}. 

forru)•<• initlol r•o~•-

Lility ól<ttii;,tl<·-O>"of ,.¡,,_kity c\cn •hcn 'f-"'•Ú"lÍVo "" ol ¡oo;•i.Y<iool 

¡,,[,,-, •• ,.;~, ''""' bcy,..d ><e<h, lo\thl p:-o:..lillty di,tl"ll.•tioo of l<x:o.l 

.,,;oohót,· ''"'"'"'"" o 0 >< "• <) e'' '.,· ' ' ' e ''"l <-,.o "''''·1-Cf>C~]VO~OOS<' t!,e 

<>'·h'c """ t:~t ":<·H•oto sJ;nifb.otli to u.o ,.¡,.;¡, r;,; ot ; ,;,. c>o 

• 

tof'"<i (1). In t.\1> '~"'·" •• <<~>. for ~"'''""· ll><- ·.:., lr.lo,-~uon 

,:..,..,, U.o 0\"er>¡< dlsttl\r;t!co o!~: .. Lo;,ho o! ,,,.:.;4\.e> of liff:ror.t 

~in~ dhtribut!c:r~!:. 11\ U<O of U,t '""'In'< •1-.ro <tti>"lty h.,¡...., 1"" 

~,]n¡ tho ol>>trv>.tlon l.ot<""l <""" tl<>o;h ti"><ro ~~¡;~t 1-e no'~'~'""'"' 

i"''i'~r>l<-ol ""'"" for U• dlfftrtnoo. ~!<<-><!><, tho .,,..;td ,.,1"" >~~d 1ilo 

,,.rt~cl<nt .r '<rlotl"' o(~('!) 1:1 o olvon "'"" of' ~·~'' or ¡., odo• 

•. idtr (111< o <O>t:'nM!<l ,n¡,.¡¿¡ <a.' loo ol1olllod '""' tloo """tl>tl<> of 

11,, "''1"'' orl¡\n•t,..!" rll th< •·~;oo>~l) suble or oocl>.<.lc T<tlau 1:1 

r¡¡-. T lllt.•tl"" ll.o ¡,o,l of """'P' tl<'t '"'·' h.oo to r<;~l!or '!"" try· 

L•a \o"" oll "~ll>bl< lr-'oro-~tl-1 for_u,, <r'-"!u\i,·o :·rc!·:.l~'i>t!c 

,,,J¡-ol' of od,d< rl>i. Tho >ot.<lo<tn '""" of l"l>l<o h 0.10 e! ll>o 

><¡l<;u of l.!¡h~>t "tl;lty In ti" '""'Id, :"•' d~l~o.¡ ohoch '" ¡on.:!""d 

1/tl.o !o:c.&et!on of ti" U>ntlllcntol '·'" '-"J u,o "''"" h>HOIII'> ploto 

¡r.ocoo pl•") W.t '"'Je<thn"u !t. ~ .. J,,.,lo¡¡!col ''"'" '''""" oii"'Hicanc 

''"' o! oct!•Jtr •1"'1" the co01t durln¡- tloe P"""' '""""'J' ond not =h lo . ' ' . 
0 l·ooc~ "boot P""l""> f,¡,¿t)', At ,,;¡,;,. •lO"J o.loO><> ¡e;» ,oJ.•io Tl,); 

.,,;.~'•• ¡,.cd""' ,;,,.,d !nt<,,J,h; o·wJd ¡,. q•~to ""'"• N' d¡;tiflcc·.t 

' 

. , 
/'. ' 

.. ' .. · .. •:o:-.,¡ 

• 
' 



' " 

><< t!u, p.>ta""''''' or thh lr.l~Jol dl.<:r!klt\on <J. v, 1f 1< lS "''""'--d to b• 

"'-"""· ,_,; lf t!>, ob>or.r.l """""'"!o<:<;,.,~., th< ti.=e '• ''"f'.d b,

'"'-' n• 1 <._,.!Ocu:J>o <'><1:'",> (••n>::l:J.oo w!t~ .. .,.1"'~' > ·~,; •;;Ewdm 

of !.¡ 1l l .. d• to tilo <ON:lusloo "'" t'o l'>'terlor ~"""'-~¡¡;,_ r"",otion <>i' 

the ro«<rlor <>:p«tr.l ,..¡.,., of v oz; n.¡...<l.,..l7 "'1""1 to d~ . .,.¡ to 

(o • r.l}tl;i" • <,J. >:..., lnltS.~ ""''"'l.o'l'llxut v ;, ...,¡¡p.,.,¡~ ...;u 

bo nh.•h-.:y l..-¡• &no! ""' l.o!Ud mol tl>e ¡><»ter!<>r """""'.,¡ ,..¡,, of v 

•'iii not diff•r ft .. Uy, O. 1ho oU... hlnd, lf 011ly stathtieal lnfo=

·""ffi •·•• do-.e.J >lo;;lllo.,·,t, p IJ>l,; '~'"'Id be flv., '"'Y =ll ""'"''In 
''"' bitial ~istdtu¡J,, .,_,~ fM, ._.,J 1-en.::o ID~, >oul~ ¡, pro:otlo.J:y 

,¡,_;:ir.d 1¡ n, ~ .,-,1 t,. 7'>1• '~'"' \f~t t1e lnl•lal <>ti·<to<'oi oeolo;i•'> 

.;k_.<ld nct vnlr ¡,,¡..o,"'""~ or 1 t rrobotle ,~~es of the ~iffue,,. 

!"'C.''~""• but oho ""''"~"" o\<>01 t..n¡eo 0; poo.,n,, :oeo and <k"'" 
of ""·,r;d, ,:o "'"ho:l to <>eh, 

1~ tho ii>~ ->tuói..J ob<»·o '<T.ly o ).>Ort!m of tho lt~dotko) info=•tion ,..., 

''"-'"-' 'l;. -=t n><•, <rp<elolly if ><loa! o oct!vlty 11.>, ken l"" ""'Úti" 
U.o o! 'orv>tlm' L·,)<n-o) , tl¡nlfiC11lt !nf.,...tlon ! s p;..,d0o4 b)' the m.,-. 

"'"'" of U.. L'lt<.-,-o.J• el>p>«< rrc• tl".o Jnlt!.:lat ol -""ti""' to U.• 

{;,, of o±;" • 1 ""'~" «O>!O,.od ;.~~!ro:>¡¡,,¡.,, of ¡ _,.., ., . .,,. c.:il 

tOo .,J of U.. •~•m>tioo 1•dool, ~~ ... ,¡:¡llc••l= of F-'1 ¡; ¡.,:~:;'" .__,. . . 

:-..• r;ü•~'~• =' ,,.,. -.J.e >~•tlotl<&l , •• .,~ ''l""'"U ,., ,,-.,_,t.s ~;,¡; <loe 

t, """'' 1;> f~tlT In pr;.<t:td f>"~l=s. :-,.,-,.,.,¡<L\1 >;'Plh.Olo to 

• 
" 

ll>ot >ltu.1tl"' an r,.,.,,,.¡ tO U.. •r;>-•diJ:, "'u; «-'l>)dcr th<ic ar
~11<"1'"' to or.o of ti.. ><kolc p;• 111 r¡~ 1, A, '-"ioi>l "' of ., ... .,.. 

• tlo.-.. ,,,.¡ oo;:o,;'004t.e pr<l-.bill:i•' ..-.. oC:;¡:td"" Ouccil-e! In tbo fol• 

'""i.n.l:- f«" pr<~l""' "'-"les ,.,¡.,,;,¡ to oll th< '""ti><"' coon <>! ~~•1«>, 

In , .. .,.. of ~ for M~ 6.5) "'*' 
r<¡>_.,u,¡ b)' o¡_.. ¡-roC.., vlt~ k • z. kl ir.iti>l r-~Jllcy ~olly 

f...ction for v ""' odo¡>ted 1o ..U o =..,- tl .. t u-.. o>pe<tod , .• ¡,,. o; 

l(~.IJ fe..- t!;e r.¡Íoo col.ocli!ed •-ith !ti •••"« throu¡.._t tho e<r;>l"• 

><i<mlo rrovl~~<:o, ""' ,,.¡ .... , of o '-''' ""''-'•!d•..-1·. z ~ 10, '""'"" "'""" 

"l"'' In !oblo l ·~r• oM;!=! for the r"io of tO. final to 'h' idtl•l 

o.T,-~",.J ,.¡.,., ~~ "• In''""-' of u,, th• r>:io of ilio lec.ich of tho ,· .,,,,. 

th>n ¡,,.,._,¡ to ¡¡.,'Loili-'11 o,;¡>ec:td w.IUL of :'oo '"'""'!'"'o:-, C{T), 

. . 

. <"(")"' ¡,¡ '"(t,tT, > t,l. 

" . •o'<(Tl --¡;-;--~ • •• 10 ~, " . " • ••• . • •• 0.15 '·" ••• o,n .... ••• l •. ,. 

. ••• o.>S • •• .... '·" • ••• ··" '_,. .... 
• ••• '·" '·" • ,_ .. .. 0.11 .. ,.- '·" ,_ .. .. ••• ·-·~ "· .. ,_ .. 

-- -- - --:-
'" l<· t \•'> <o!•~~ •< "-• «~:o '""'~'- lh r.do; ,, r;., <O •·" .. ~ .. .,. 
,, L:f,) ,.-.J 1.(11 ,¡_;., " !> " .. -. . ·; •• "'~<O: he:¡- " ;,, ' _lt!•l " '" :u 



" 

•· J, l.;,;~~ .,Id 1.. Enrn, 1!,.~ >l»d<o •• n :"u""' ¡-;,,00¡, 
k<;!.:t_·:~ <{ '<;¿ ·~·-il<;, •:,::= ::;.;-;·<tdtT d i:,.;m (191:l) 

• 5, 1<. "· 1-"-"'"·"• 1¡-"'-itl ¡of """'"o! fo,¡Cot!oo "'"tloh in 

t ?!OOo.t.-. 1 e<¡fo"> of '''"'·1 urt;,o!k<<; P.to.,.,, ~h "'>•hi ~; .¡,. '-""' 
•~ '""'-ti..;""-'< '-.s<'r.<<'_.,, ~em-,. (l!m} 

6, 1>. f. ~'""· :.nol7111 of "•o.; co!!on orrtho¡ltrh o-::oJ..,...,,;., 

Yo!, 111, k'r=• '~'"'• , ut J., rnt, t.u..;., "·•""="• c.u¡; 
(1i7Z) 

', 7/ !•. F, fo'.ÚO't, t.!., l'tm.¡ oot!"" !"'"""""¡ Cltl 00 t~o ~''~''"~"do 

'""'""''' of ''1""1 P, lill, ;-:;¡, éc.l~<U., l'o>•-~•·.o, C.li!. (:PI) 

• 

• 

~- !, ll4cn, s•...-ong o;O!Un nrtOo<•l• O<<Olvov".,.· di~lth<d ,..,. 

¡;.,._, ~"'• Vol, 111, «,..,.«<<><! "='h~>= ond !r.oo,ntod pr-=-1 

'"IOClt)' =l W:,..:l><u:o~t """''• P.<."t A, f!~l, C...UU~, !',.»;=>,C.· 
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TIIE INTI·:fHOR OF 'I'HE I::Atrl'll 

k.,F '1 F-.; 

' ',, "' 

] 

-,.,:, )"<-' lOor '"o'c '""i"' ,•,nth
-~ ~;,.~"' sh>ke tl1c '""rlh. Tj,,. ,..,,11. 
-~ e11 of !Toe m r• leo<<< a [,out • t!.ou-

'~"~ lllnes <r>or~ o·n<•U tb>.n an "tomio 
¡..,.,¡,, ¡J,e !"'""' <>111J<;uake o! Au¡;u.t, 
l'J'ill, h,d ahooot 1U~,OOO throe> ¡],,¡ ,·n

' <I:J• TI¡e "d, ,., >• l • •:• \.,,. ti"'"' ''"" ul
oi<<O< tr-1<cl iltr""l',h tloe ''holc ¡,.,,.,¡or 
t<f tl>c ooollo, .;,,]vdi•l • ti.- "''-"• ~:"\ lhc•ir 
¡•••]., .,, • ...,,,., ,<1,'.;•¡~·1:,; th ,¡ .•• 
•• : 1 b~ 1 • ' ¡;' ;,.. • ' 0111 ' """"" ~-... :rFAoo ' • -

... :o 1'•··- .... , ~,,,,.x_ ·•k ·~· " ' '' ···--.•·-·1{-•. , ¡•,. -.~..,.,.,,.,. 
Id! " H ~c-.- -.~ r<"<i\'eJ •1 ... ....., ,.,. 
,,,ot..~o·•] M <•. t. , o~ th~ .,,rf,<l'" (! O(>•"· 
.,¡ '- •o ¡,,, . • piclu., 0>1". tho. -. .. ¡, 

er .r 11. • """"I.Jp" x""l"' ~ ~'"· 
,.. -" ,¡ •t :;._.,.-,.t : ~··""",'" ~:r.-., 
,!, • :~--

~_.;,,,,¡,:;, J,.,, moc<i "u' '"''ion< 
"¡,u.,ll),~jni<LÍvl uf~'" pl•n<l ÍJúJ<l ll•e 
reolm uf '1<1!•1 •fl'OC'•L>lion lo lhe ''·'!:" .,¡ 
"Í< n-'•~•· ,, ·""'''"''M _.,,¡ ,.,.¡j."·'
"""-<1 •~fn··n,.,·•. ,-;-.,,.,¡,¡,.,.,_¡ .,;¡h ¡;«>
I-J:Iool '<\!<'rnlolin11 >b~ul -''"""'" ro<lJ, 

1 .. ~'-''"'""" ~-!'~'"""''' '"' '""'' "' h•gh 
pu«ur<:. ''"J nrl.1in o.lrO>l~l,ie-•1 .,¡,. 
>Cf\.1::~:", il ~ÍI'e> lO< .i W<i; ¡,, 1.-ruing 
ll!motl.b;; _hc .. o tJ.~ <".i<ious <<>mli!lor;o 
in ¡¡,o .... , intNior~ ;., ],....,,..¡ >ltt><'ture, 
1he m•te;i>l<, ¡),Ó\r p!l¡;ical <ute, ol.e 

)""""""' ,.,,¡ ;o on. 
n.c >Lud¡ uf ,.,,.,),,¡uake< ;, o luioly 

·<"' "''"KC. ln 1750 o "~¡,,., "" ¡),e 
.uL je<t in tf,e rloi!<J><•¡oloi<al Tron>a<lio"" 
.! the R~~~ Society of London o;><>l<>
¡;ind lo -u,o;e "),o ~~~ opt to k uf
¡,,r>.,J 01 >l>J .<llc·onpl> lo ~i10. ll.>lu"J 
•'<<'OU»I e/ <"a<1h<JII•'h'.~ Ilul oJ,<r\0• 
tion> Qf r·:.rtb•¡IJ' ¡_,. o·Ueots OO<'Ur."IU )_¡lr·d, 

onJ ).''"In lhe 19th ~cnl<rry ,.;.,no:~&.'" 
1·~~011 lo <n<.~&• 00 a n·a\ qu;n~i!>ll<e 
""~"" \\!.'-"" liJ<' F.ngli>hm•n j~J,n 
,\1i!no ror.<tn><INI in J•ran • ,.,;,.,o. 
s~>~h ,,;,,,\,lo fcr "o<l•l ,.¡Je u>~. ·n.~ 
><hono~l •ph ,, .• , bt,' Jo,' hp~•l f "' ll.er, 

not•l•l¡· lo¡• E. Wit-chort in C<·m,c.ny, Ly 
l'rinc·e (;,,¡;,,;, in R•"-''-' .,,.,] roccnllv 
by l!ug<> !len.oiT ol ihe o:olif~mia lnOii
tu:e uf T e.louolngy. 

r ['loo "1<-l•e ol <·Lulk >lo•in coersy .,, 
lhc '"u""· CJt "foco"," of an eO>t)\. 

']UO<o J'<I'J<>O<'S """'"' "bkh J.ogi'l lo 

mJi.,tc in oll olin·c·liO.Il< from lhc fo<:u<. 
In l8D7 R. D. Uhlhom uf Eugbt~d iJ<n· 
o,J;ed on ..,;.,ugram• thwe m•in types 
uf <einnie "'""""' (l) primory (P) 
"'"'"• "hi<:h ••~ rompre«ion·•nd-ea
pamion wa'"' Ulc tho.<e o[ ><ound; (2) 
;crondary (S) wavo•, which 'ihrale al 
right ar>glcs tu 1\•e ditection of Ira vol,"-' 
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l;ght WO>r> do; (3) su,f .. )e• wavc:~, ,;.llich 
ap¡w•r In the uppe• 20 rnfles or so noar 
thc ,.uth's ,,u<faee. TI>< P waves trove\ 
rhrooJgh both ,.,¡¡d and li'luid parts ol tho 
ear!h; the S wav"" only through so~d. 

S w•ves !ravel •r obour two thirdo al 
rJ,e opeed of P waves. The speed of bolh 
varir·S with dcpth in the oar1h; lor er;. 
amp\c, tlrro r waves trav<-1 ut 8~ nriles per 
'"'"<md, lhdr "'""irnwn opeed, ot • depth 
of 1,800 miles and at aLout th>= mil,. 
per «<ond fn roe:>.. nur !he earlh's sur
lace. D<-eanoe oi the cbange of '!'<'<'<L tho 
p•th o! the wavcs' travd uouany curves 
upward. ll'hon rhey a,-ivc ola boundary 
betwr·r·n b}'Cr$ thc}' may he rofractecl or 
reHr-cted, ond en ro•doing the corth 
erust they "'" rellect.-d down"·ard again. 
M a boundary dth<> a P Cr an S wave 
moy gi>e rioe lo borh P ond S wav.,., 
Thuo •ny one sebnogr:rm hom a par
ticular r•otllrr¡uakc may show many rlio
tinct plra<I'S, sig,.ifylng lloro stage< of the 
"'ave<' rouleo anrl tlr<ir dronges of form. 
A 1)1>i~l "'i<mog<•m illu>lr>llng ..,vu
._¡ ph•= Jo >hown on tlre no>t 1 wo p.ageo. 

With rhio l;nd of ovidcnoo Olrfham 
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prov.-d. in 1906that lhe ear1h ha• o hrge 
<'ontral core, ond ln 1914 Ikno (",.,len
berg, then in Grmnany, located the 
boundary o! the """' at 1,800 mneo be.. 
10w the earth's ourl'•'-"'· Sinot the udlus 
al U.. ..-hole earth ls •bout 3,960 mneo, 
the tenlrol core hu a n.dius of •ome 
.2,100 nriles. 

The discovery o! tlrn rore carne aLout 
from' the ob..,,.atlcn ol •h•dow zoneo 
wb.re re\atively lew P ""'""' were =
oord.-d. Ca!UKio• P waves !ssulng hom o 
majo< e.arthqu>h with il!: focuo ot the 
~outh Pn]e. The<~ "'"""' ,.could be nJ,. 
•nved al !he '<><lace ll¡roughooJI the 
Southcm l!ernisploore and up lo 15 rle. 
gr<eS abo,·e tloe er¡uotur (;e., the lalitude 
o! Guatemala) in !he Northem H=is
phae. Bul hctw.,<n thela~tudc~ of Gua· 
tem•la ond Winoipcg ~ll]e inclicalion of 
P w•vcs "-ould be rr·<'<'ived. Thcn,lrom 
o lolitude o! 52 <lcgrees notlh lo lho 
North Pole, the '""""' would rorne in 
again strongly. Tho wlrole of the U. S. 
woul<! thlls he part el o -,h•do.r.· zone" 
lor thot e..-tlrr¡u•~e. On •••mination, it 
"'"' seen that lhe r·xi<lenoe o! such 

shadow zone• roquired llre Pre•ence ol 
a eenlral rore which would bend >h"'J>IY 
dowowardo the oeismlc: royt .,n'ling it 
from above, ..,._.h.at afte< the monne. 
in which ~,ht ray< from o sticlr !ro wala 
are bcnt by tloe warer nrrface. 

Ü"" of tho greatlabors o! •elsmnlogisl1 
_ during tloe lint 40 years ol this 

centwy w&< 1<> evoh-e <eliaLle tnbleo /or 
tbe limes of tuve\ o! P on<l S "'"""' 
.long tho ~ario"' pb.....- of 1h~ir roulO$.. 
Io 1930 Sir ll•rold JeHrey< of tl•e Uni· 
worsity of C>nrhrid gc, su•pocling ll>al rhe 
nistiug "lravcl·tirne tablc•" "'nb.ioed 
largo en<>n, beg•n a long ooric• ol slu· 
dies lo corr"" them_ The author of this 

-article "'"' o<<ocial.-d "itJ, Jdl'rcy• in tlris 
work hum 1931 lo 1939. 

Tire Jr-lfroyo·llrrl]en l.,hlos ,¡ llHO 
are now U•crl inl<·malionolly. Tiooy agree 
clo>ely, jo lloe moic, "itlo trove! limes 
deri<·ed abooot lhe oame time by Culeo
berg ~nd Charl"' F. Richter at doe Cali
fornia I!Utllule of y...,hnology. The trav
el-time rabie< ore ol cardinal im!"'rlance 
fnr clr•rting rhro slmcture. of tlro o·orth's 

oion. WJ,,n r] .. <O.r), ,J,.[.,, olo< ¡,.ndulum• ""d On "'"J ,,¡u_ 

n.;, '""'''"' ,..,; •• ;, ''"" ,.,.,d.J Lr • •·•" ., , L,,., .r 
n,¡.,, On, of o!,. )'<ndol•m~ •"•P••d•d Lr • ~ori>onlol arm ••d 
•~• dh,on;l ~;,.._ ;, ,;,ibl< ., ri,ho In oh• rh•'"'"''h ., !<h. 
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of:l>\lOGR.Hl bl "" ••<tiHJ~•~• bullo< ¡;,..,¡.,,l, P<nlno•l• In 

,.;¡.,.,;, ~·• '''''"~'d" ''" Lomont C.«lofl<>l O~""''"'>· Th• 
"'~'"" lio., "' o<lu&ll¡ '''" ~r, '""''""""' ,1,;,,J """· •~'"" 
11om ,;,ho lo Id~ un • d«ul" J'"'"· Tho lnl<o••l l•<l~«n '""'~ 

int.·6o•. lt is po»ihle tu dcdue<' f rotn 1he 

,,,[,]"' lhe ,.eJocilies of P "'•"'''' "'"!S 
\\'~'-"'in '"'iou< l'·"" of lbo inlcdnr, 
St\Od\ iug lh<· '•ri.üio'ls of 'clodl\ 11 ilh 
olq•lh, one con < ''"' t dilft·o , . .,¡ h) ,:r; nnd 
loc.lte boHHdodes. 

\l'ilh tlw "''" ¡,¡,¡,., Jdho·¡o o·.1lc,.bt
,.,] tkd Gulcnbcrg's mc,t<llr<'m<'l'l, pl.10· 
ing il>o bound,or)' uf lhe cc·ntral corc al 
1,~00 miles bclow the o·aotl(< >utf""· 
"" rone<'l nilhm llm·c '" ¡,,, rnil.,, 
M lcost the outer parl of lhe <ore is 
i•"'g"! lo be molten. S wa•., do nol p•>~ 
tlorou¡;h 11, an<l its ~uid ch,,.•cler i< os. 
l.lhli<hed by othet .-·;Jo,.,.,, iocl~Jiug 

d.Ha on tbe tidal <ldormation of tite 
>o];,¡,.,,,¡, onJ "'"onomkal d.HA nn the 

"'""'""'"" <>f the ,.,.,¡,·, p<.>b. J!. 
Talcndoi ol ]opon loas c.,kuloted thot 
lhis tc•gion is "' mosl one JOOth as tigod 
O! tho n<>t oul\\'ard hyer. 

'fl><• ""' nf rl.- tcnns '\nli•l" ond 
"flni•l" Íll ''"'"""<'tinn "ilh tloc hugo p1 <!

'""'' p«l'.liling Íll the earth's inletior i• 
>Ototctbn" '1""-'tioned. \\'hot a gro
rh."ioi•t tm·an• ¡,_,. the l<n-n '\nlid" in 
this mnto.l is simply that thc d.l<lic he
h><·iOf ni tloe material in <¡oestion c-~n he 
<l«<r>hed by "'JOOtiom whicb mdt<h 
tho"' npplying lo oto:lioary solodo in 

normal laLotolOt)' <"OttJitiuno. Thooc 
oqu.,ions Ítlvolvo thr '"" ,¡ two t'Ot'ffi· 

,.¡,.,.,., "tnto"'l'"'"iLility," whith is the 

'"''"'"''' ,¡ .,.,;,toute lo p1e<Su1o, and 
"rigiclity," <ignil¡i>•g t<·si<loncc to <he.t.
iug <lr<ll. 111 tlw '"·'"" ,¡" n,;,], the re· 
,;,¡.,,n-lo,¡,.,, is11wtlt ,,,,n, r than the 

1C>i<lallct• '"""n>!'"'"ion. This is l'h)' a 

n,;,] <loe•• not '""'""''S""'"· 
,\1] th< •·•tlh nut>id•• tho '"'" ¡, call•·d 

tl.e montlo. Th• l'holo of !he montle 
(apart lrom tho uo·an• ond pocket! of 
n>.>pn• in •·oko~tic t<·giom) is now 
knD'<\ n to].., M1<n!iolh· ..oliJ' both S ond 

r w••·c• ttO<ol through <'«''}' P·"' ~~ it. 

t.\ltTI!'5 CRO:"S ~LCTIO:'< ;, d>•i~.d loto di<oinn J,,., 
oluoutl• '""''~ ,.; . .,;. "" .. , ... r" ~.ft ..... • , ... t •. n .. ""''' 

<o« ;, '"d;.,,.d L) tht H,hl<r 1ont of <olor; lht lnn" <o<o, 
J,, ,¡,. d"h' ton< ol <olor. G¡tr 11 hlh<tl,in ""'' oltl" <><1h. 
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'"' ,¡ 0,. ;, 0nc '"'""''· Th• r,"' "'""'¡""" "'""l'<l w" ti .. l' 
""' d .. l,noleol),y ti,."'"""" l. Tl"n fnllow•d th< "oulolply ,._ 

ft-.t-.1 P ~"'"' >nd ]_ S~""¡,,,¡,. o< po.ltlon 1, 1"11"~"1 hy 
"'"ltl¡•lr .,A .. ,,~ w,.., " S, 6 ond 1. s.,¡,,. ,.,,, "·"' " 8. 

In 1909 the Croolion "'i<mologist A. 
~!ohoro•·id~, otudying the "ismograph 
of • Bolhn ~atlh'luah, di>ro•·eted •n 
importan! <li«<>nlinulty (bonndary) 
now kno1vn tn he sorne 20 mib bolow 
tite ea<th', '"'¡ """· Tite P"'' ni the o31lh 
al>U> e rhe ~!nltot o•·idc <li<eontinuity ],,,. 
eorne lo !te callo·ol the cnllt. But now
otln)'> tite t""'' "t·uut" ha< only a wn· 
··~ntional mc,,ning. -~=rdlng lo ,.,;,mic 
e\·ldewo(! the mnl io oot mo<c rigid than 
the m•lmnl jml hdow it. 

Scismologk.>lly op .. ~ing, the oru>l 
<bffcrs frou\ thc und<~l¡in¡>, part of the 
mnntle ;, olw [,H'I 1),,1 P and S wa•·er 

lrovol in it more ,lowly ond wilh more 
""riable <peffi. Thh in~gul•dty oi tra•·el 
wlOC>.Iy onah,. dela~eJ ~h.,ling of the 
~rmt dilliC\rlt. Tbe ,.,or\. i> bdn g pur.<ued 
•·igoroe>!ly, hol' O\·er, by tloo qudy uf sur. 
!;(.,."'·""·o[ P and S W0\'0< fmm near 
'""rll"l'"'"' (near tho "'OUr<ling sta
lion). of I'"U'L"S lrom l•ogc "'""'maJe •~· 
plo>lon> (>uch., thc one on l!elgolond 
in 19H) and by ,.;smie probio>&> "ith 
dynamite. "-';, oil pro>p<><ting. One im
portanl dis.,.,ery ¡,., been th>llhe crust 
;, rnuob thinnu undcr lhe ocean< tl,.n 
uoder 1l.e rontincnl$. 

Soo·cn di<linct <egions or ;hell< h.,ve 

now b.en iJentiNe<l in the oatth. In 
1936 ~¡¡,. l. L.eh.,...nn of Den.,..,~ dis· 
rovorod th>t the rore was r>OI unifonn 
bul ooorne<l to '"'"'íst e{ atlc.151 h<o dlf. 
fer~nl P""· Looking olo<cly allloo rola. 
livdy ,.,;,..,, r waveo thol emorg" iu thc 
ohadow '""" on thc >miare. ,¡,., o·nnchl<l· 
ed llool tho·<e w.wc> might corne lo the 
>nrl'oc.., bccaH•c they \\ere bcnt sloorply 
up"'ord by •n innet ro,.., "here P wav., 
travel..d l•sler than in the oulor rore. 
Her propo».l lat<r r~eh...d >upporl 
from work b)· Cut~nbcrg. Ridrt« and 
Jclf<eJ''· Tb~ ino>« <'Ore h., • oodha of 
>ome Sllll onHO<, '0 lbe !loickn~" ,,¡ tloo 

f.AHT!I Q\1,\ J.;¡; U' A 1 t~ "' Le" . .o~ "n.n.d " <f,.¡ "" <1 hom 
1hdr '"""'·Sol;,) 1;.,,¡ "'"'""' r '"'"~ <1 .. 11.,1 ¡:,.,m 5 "''"' 

r ...... ~ 1,, ""«llon. TI. e""''!'~ .... ,¡,,'"'"'" In lo 11" •h·~·w 
'"'" >r• ,,;,.,, ~hid, '"'" ol,. ;,.,,., '"" ood m '""rlr ¡,..,,. 
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UE'ii.JTI ol oLt •• nh"o .,.,.,,,¡ ;"""'" •>oh d<pth. n,, .. nd 1\ot ,J,o,, •b• '""" p,.l>
•1·1• ,.¡., ot "'h dopth ond !1,, <•O) "''"" ou~i"" 11< ¡.ooLoLlt ""1' o! t<nm'lointr. 

ou:eo '''"" \<Oul~ L<: ohnut ,300 mi\,·>. 
On tl"· ¡,,,.;, o! .¡, n<ill ,.,,. ;,,, ions o lo<· 

", ;, .. 1.." ,Ji, id, ,tn,.. ¡,;.~, ,¡ ,¡,,, ,..,, h 
;,¡, sn·cn ,.g'""'• •·.dJ,.,¡ A. B. c. n. r:. 
F ""~ e I-"" J "'~""'' "" l"'~c 2 4]. ·n,~ 
A r•·givn is tl,o \'111>1. TI-< rc~l nf lhc 
m.onde l.oel~w is ,¡¡, iolrJ inlo 11, C and D. 
"ilh D >uLdi<·iJ..J !nto O' ~oxllr. n,.,., 
Jil'isioru ""' >lill lenloli•e Jx.came of 
<eolain un<wlainli<> in e<lionat<.-< of 
<d<oeily grodient<, TI,e ontr·r 1'"1 ol 
o],~ '"'" is calle<! E, "'"! tloe i<lner p>rl, G. 
lklween tbc inn<·r awl <>UI<"r rore Jd· 
lrcp r,,.~, o l•}Cf F, sonw 80 miles thkk, 
"lo"'e the vdocily o! P "'"'"' <leelir><< 
<loarply. Gutcol.oerg h>< 1>0! /ound thi< 
la¡·er, but has sa.id th•l hil d•ta do'"'' 
c>dnJc Hs e>ist<IK'< • 

llow ean ''" <~lim•l• tl.e p•~><ur<"> 
""d ph)·sical cb•t><lrri<ti« o[ m.,ltcr al 
tl,e>e \'ario,..< olc¡>lh• ho the hoch• o! the 
<·otth? Tioc •·clvcili<·• .,¡ P ond S "'""'' 
••• <ktermined h)' ll.c clen<ity, <-ompre<'
iLUity and rigi~ily of t],e maloriol 
through "hioh th<) pa«, butthey d~ .,t 
pro•'ide cnough lnfonno~on t<> ..,¡,. 
<">><1 <"]UOtions for t)o"'< \'alu<'$, Tioet< 
or., h=·Cico, iudio«1 du .. \\hich holp 
us lo anii'C •1 ulimM<I-iO>formotion un 
tl,e •·•dh'• m>IS noHI momont of .,,.,,¡,, 
r,,.¡,] oL,ervolion< ·'"'] ],,lxot .. to') o 1 ped
"'' nls vn roe~•. ,nat).,.,,,,,¡,.,¡ tl.emies ol 
< lo•lictty an~ g<>l'itoiiunal atlt.tclion. 

B¡· <U<h mtao¡>lhe writer has estimal· 
ed that tl.e carth'• dcmit~· i<=<_.,., 
gr•d,ally from 3.3 s••= p<t nobie <"<'llti· 
mttt·r jmt l.oelow tl•< <no<l to ~~ gram• 
pt•r c.c. at U o< Lottom .,¡ tho montle, ""'" 
jnmp.< sud~cnly lo 9~ grams at tloc tu¡> 
of tho <"Ore and 1),.-rr•;,ftet iu<«"O<O! 
>O<·.odily lo ll~ g••m• al lhe hottom of 
tloo o u ter wre. 

A reloted c;lcubtion ~··•the inc.(,.,e 
in pl<«ure "~th doplh in tl,e earth. Al 
the hottorn o/ the Paci~o O«,an tloe prn· 
>\>te i> about SOO •lm<»plo<o,., Onl-'· 200 

, tn!le• do«-n in tl« m~totlo tloe p•c<>ure is 
oln·ady 100,000 altno!pl,ot<·!- a! grc.at a< 
tl•c highe<l P'~'""" r,.,,} \1'. Britlpnan 
nf Han·ard UHile<$lly l••• heen aLle 10 
produNe in th~ laboratory . .lt the ba"" of 
the manUc, l,BOO milo• ~own, tbo P""' 
!U<< reacbe> the imm<n .. 6gu•t o/ 1~ 
rnlnion atrnosp!oer..,., ond at lh< O<"nter o1 
thc ~•rth il;, nearl)· !OUI rnillion atmos
phor.,-, 

:-->e>t !loe calcul.>tions ykldcd the •ur· 
pri>ing fiuJing tl"t lho rigid't}' of lh< 
mato·rial in the n•antl< ino.ea~cs "ith 
dcpth until, al tlot mantlt's ha>e, il i< 
neafly /our u,,..,. that o/ 11 ... 1 in ordinar)' 
<"<Ondotioru. Bolow thio, in tJ,, oul<r core, 
th• ..,;.,.;e <"'idtnc-o ,¡, • .,., thot t},e 
r!g;d¡ty sinl, lo pt•<lkoU_'· :«ro, mun
ing that the matui•l h <·>><ntiall) Huid. 
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Porhop• the rno>t important fruils of 
thiJ ..,,te<-of co.lcul.,tion< ha•~ b.en the 
&nding• on rompre.,ibolity. In >pite of 
tloe sh.up chonge< in den>ity •nd in 
rigidity al the boun.!.><y betwNn the 
montle ond the coro, the compr ... ibllity 
of the material don no! change sul><tan
ti>lly ot the bo"nd.uy, ocoon;ling to the 
""lcubtion>. Thi> foo><ling lcd the writer 
lo <>ami no the th<:mdlcol eHect of pros
>We> of a million otm05phere. or ..,.. on 
motorl>.4likely lo k pr<'>ent in the~
Taklng into oorount a v•riety of ev!
clentt, the L'Ondn,lon '""' that boun<U 
roulcl Le set lo lbe cumpres,loilotie• of 
moteri:tl• in the core. 

Follo,.·lng thiJ ¡¡..., of argum~l. 11 
>e<"ms highly pmbable thot the inner 
cure, unlike the outcr ._.,.,,ft, ;, solid In 
thc m'IP dcr.ned. 'J1,o ;deo that thc inn« 
""'" ¡, •olid, sug¡;e,.ed by !he l'.rile< in 
1940 and since clevdope<l, would ••· 
pl•in the spee<lin¡: up o/ P " .• ,.,. when 
thcy p<notr~te into the inn.,- COr<". Cal
r·ulotion inrlkotes ¡¡,_,, tho inner """ i< 
pro~ahly "1 lea<t lwl"" as rigid •• oteel 
al ordina<y P'""'",....· 

On the oarne J;,.. of evidence .ve <::~n 
aho <">timo te,"' we rould not belote, the 
clcnslly of the innor <·me. Jlppatenlly al 
the co·t>lor ni tho ""'h thc den•Hy ¡,be
twoon H~ and 18 gmms prr cubio 
""ntimetn. Y el .>oothor in/e...,,., ;.that 
the inoroase o! d<nslly with <kpth In the 
irmor rote (and al tilo b,.e o/ tho ,nan
tlc) is g•~atcr ti"'" aYeroge, implying 
S<Jme Yori.•bihty i11 the rompo,tion ol 
thal rrgion. 

'vhot is the decp interior o/ the t•nrth 
ma<lc ol' Fo,: '"''"-" p·ors ¡¡,.,, ,. hove 

hcen good gronncl• !or believing thnt 
mue!, o/ the mnntle btlow the .,., rnn
oiou oi ultrab,.ic rocl ouch "' mog
nedum-iron sili,..te. The «gion 8 "'"'"' 
lo be compo,cd of ,, ""''erial h\,e the 
lnown rnincrol olivi""· C ·'PP""'' to be a 
lran>itlon tegion w],.,,e the cornposition 

• <h-•nsoo. perhal" onl~ from ono s«>
met•k lorrn of olivino 1o anothor, Tloe 

tegion D' mny '""'"'" '"""'"' tli$llnct 
ph.><e<, ,.,,•h as _,¡Jioo, rn.1gnesia •nd iron 
oxidr. 11« l<lttom of the monlle, IY', 
i$ probobly oi v•ri>.ble <Ompo<ition, bul 
th~rc i> o> yet no widcly ~=pt...J ogt<"<'· 
mcnt on wlo.ot mat<rioh would haYc srav
itat<d tr> thi, dopth. 

The r<nnpc<ition cof <he e<ntrol rore 
h» lo.tol)· ¡,.,;,me tho ,nbjecl o/ edtomo
ly inkt~>!in¡; ncw <"<>nj<"<Otnr...,_ lt J¡od 
lot>g lw<·tt '"'umcd th•t the rore <"<Jn>im 
br~dy o! ir<>n or tlichHron, ,,nd thi$ 
''iew "'" '"Pf""lo·d l>,v ano]¡·•[> nf 
motrotile•, bdi<•r-d 10 lw:: pi<""' ol on 
<>piQd, . .¡ pbnet re•ombling !he ronh. 

BUllEN • TH l~TE•toR OF TI< E EARTU 

1 • ' ' ' , 
' ' ' ' ~~~ " - _, 

' ' ' ' 1 ' - ' ' 1 ' ' ' ' ' 1 
• 1 ' ' 1 " ' • I..Y • ' • ' 

,, 
• ' ~-r 1 i . ' 1 ' " " • ,.,--+1 
' ' ' • , " 
' 1 , " 1 , " ' " ' ' " "• / " 1 ' 1 

' ' ' ' ' ' / ' ' • ' . ' ' • 1 • ' ' • . 
• ' • " ' 

,, 
' 1 j ' . 

• ' -1 ,,~ 

' ' 
1 / 

, 
' ' ' ' ' ' , ' ' 1 , .. ' ' ' ' • -t-,r" • ' 1 ' ' ' ,r ' ' ' -' ' i ' ' ' , ' ' ' ' ~ -
' iH::: ' ' ' 

1· ' ' ' o ' ' ' 
,_ 

' ,D", E ,·, 
G 

·= >= 
OEPTH (MilES) 

ELA~'r!C!TY bl ''" ""h'o ;,,,lor lo ''""" or•rloT"IIf abo,., Tlor '"f lin< '"'""'" 
prm""· 1 nromp<t .. il.,]hy ;, inolh·.,,~ hy douod LIM~ );,., ¡ rioioll!f, Ly oolid bl"k l!no. 

But jn 19·-U W. Kuhn on<l JI. Rittmonn 
of Crm"n)' pul forward tloe ,,,dical ideo 
lbot o-ompl'e"rd hplmgen madc "1' tl!e 
cwo. 'lloi> tloeo<y, wholc mnt,dicl<d by 
"<ighly orgume•ot•, gove rise 10 new in· 
>e>tig~tlom """""- on the ideo that un<ler 
incr<>Iingly high P'""ur"' the materinl 
•l th~ ba>e of the c.uth's mantle ml~ht 
•lldMnly Í""'l' in dcn<ity. Thu< tloo outer 
rore '"'Y.,,,¡,¡ no! nf unrombit>cd ú-Qn 
or nic\.el but ol • loigh-d<n<ity modifica
tion ol the roch m>teri•l in thc montle 
j.nt ohove it. TÍ,;, <h.-o!)-· i> highly con
lrrove"ial. On bnlonce of probabilily tl>e 
prewot tvidenre ap¡><'"'' to favm a oom
promi..,, namely, tl.ot !he oulet cote oon
t.oin• l>oth oncombined imn ood ><>me 
m.,rrlal o/ appredably <m~ller atomic -
numbcr. 

Jln intere<ling n>peot o/ the new 
theo<y lotbotit mol <S platmble the ide:t. 
lh.ot thephnets ~!an, \'enu•, ~lorrury 
•nd Eotth :ue all of th< »me pti,.,otive 
o'cr-all t'OmposiliOn. Jo·Ure.•·• l1a> shown 
tlo.\1 thc o·.uth ~a1on<>t hove ,the ••me t•lc
mentol <Omposilion o< the oth<t pl .. neU 
i/ il> rore Í< <:<>mpletel}· di!fe«nl lrorn 
1k monde in rompo"tion. A=rding to-

calculatiOlU by W. 11. Ramsey oi Eng· 
land ond lhe "'rilet, the obmved m"""" 
ami •li•meter< o! Mn11 and Vcnt.,, •nd 
tloc ubl.,tene>' of ~!•n, would b-e ac
rountod for l>irly well by lhe theory thol 
lhey ••• C<Pmpo>ed o/ lerrestriol malerlob 
modified by pte,.me al rlcplh. 

A• t~gord> tloo corth'< inner <"Ore, il 
¡>rnbohly consist• <o[ niclcl and iron wtth 
¡>•rhop> •ome donocr materiab •• well. 

E•timoles of lhe temperot~res in the 
---' interior of <he t•arth arr much le" 

r:-etlai<> ttao e,tirr»lo> o! 1""'"'"· In 
d'-""p min.-. !he tem¡..,rature rio<> 01 the 
tole of ohout 30 clegr<oo Centigrode prr 
rnile a> one deoce..U. JI it '"'< al th" 
rote all the way down to "'" ro•e the 
tempo"'"""'" ¡,. thc <"<'oler r¡f ¡¡,, eorth 
wo .. lcl ««ed 100,000 degrees . .._,.,.,.Jiy 
il ;. proctioally "'"•in lhat the role o! 
inctcaie ¡,¡ -.ry ,ñuch le» in th~ dcpt"-< 
of tl<< eorth. Pn·•cnt <~timal~• ate that 
tl,c 1<-mpooatucc al \),o ccnler is '"'more 
t],,, 2,000 to 6,500 tlogn·c<. In a~oy co.c, 
il;, ¡,¡,¡, d~ar th•t the inctoa>o of tom· 
pera luto. in 1he ,_,fth'• interior i< dw¡uf<d 
by tho inrtea<e in pres<ur<. 
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·¡lorth >cientiru ha>·e o/ten pointed 
-i ""' thot phy<k.al oonditian• h>

. ~ >id e ow- """' pl""cl oreleu weD 
und<-t>l<><>d than tho>e In ,,..,.. light
)<OTS aw•y. Eveo more poroclo<ical U 
¡),e fo~l that the region within • lew 
huto<hd mil"" o/ the sur(,..,., presents 
moro prohlenu aod giv"" ri•• lo moro 
teclonioal conltov<r>y than <he"'!:¡"" he
low. O"" !otlg-<tandin¡; itel>l of deh>.te U 
ll•e zone ealled the Jow-,·elocny lo)<r. 

lo !92li the ..,;,mologist lki>O Gul<D· 
Lerg rugg....ted that earthqu•~" w.-·e~ 
dow clown when they tra~·el through • 
wno roughly 100 to 200 lilometc" (60 
lo 120 miles) below tJ,e out/oee. !le at
trfbute.d the e!Tect to o deorcase in the 
dgidlty of the mat<rW lo the zone com
püed ,.;th that •b<>•e om:l brlow i~ 
Me»\ outlooriti« con<ide>o:d h4 evi<knee 
to be dubl""-' ot bo:<t, ond fot 30 Y<M1' 
they lugely ig.>orod bU propoul. 1\e
«"ntly o m•» o/ doto ¡,., o=muloted 
thol >lwn¡;ly oupporu the ron<'<Pl of 
o low·v•locity, low·rigidity loy«. lls <-'1-
i>lmoc-o ],.., importan! implioolions lor 
&11 tloocries concerned with struetural 
changes in ond near the eorth"s ouñ•= 

""!"he Id .... tlut the eorth ~· plu
tic-il not, indeed, liqu.id-ot mode10le 
dcpths goes bao\ lo the earU01t doy> o! 
g<"<>lo¡:y. \'olconk lovo flo"~ pointed lo 
o molt<·n !nt"'ior nol too lar klow the 
surfot-e. Ob.«on·atiom on !loe rote of in
cu·•>e of t<ffip<<>ture in doop mines in
dicoted tlo>t if the ternperature rontlnues 
lo Wcre><e at the oame rale, roch should 
be molto:n at depths o! 1= tl.an lOO 
k~ometen. ""!"he enormow crael:.o .,¿ 
foldo lound in the eanh"s ciust sug¡ .. t«i 
uphe..-ols iD • mohile rub.tu1Um. Al! 
thi> ogroed \\Íth prenillng ,; ..... ~ ol the 
origin of the •ol:u S)"lt<m, "·hkh l>eld 
t),.¡ tloe ea<tlo and otloe, pi>"<'-' load J.ee, 
toon ¡,.,,.hum the >un and load had 

time lo oolldify only at tloe '"""""· 
One oi tl~e JDO!t {'Ontp<ll!ng atgutnenU 

for some dc.gree ol Duidity !n !he inl<"lior 
carne lrom tho principie o! iiOSI&tic 
equilibrium. As loog ago"" !&54 grulty 
m<a<uo"ements led gcolog;ru lo ru>p<d 
tl>at tho e.artlú en"! BoaU on a do·n>cr 
material. L;l.c olhcr Aoating !.odies, tloe 
"""! ,..,k, on «¡uilobrium, ndi .. g dreper 
where it lo hravier and ri>!ng hlgher 
where il is ligl.ter. Subsequ=t slodia, 
ol botb tJ,e •lr<"flgth o! gr»·iry· ami the 
P'"'"'Vlion of ~tloquale ".-·es, ron· 
trrned !loe no~on, lndie>ting that moun· 
tain> ¡,., .• d..,p rooU lh•t >upporl tloem 
¡ust "'lho oubrn«grd portion of an ioe
Lerg "Opport• lh< par! obove water, 
\\ho<e., plolno r<">~rnhle ke f!O<s, having 
<mwth uppcr onol lower ruríae<o. M,,,.. 
ove•, uhen the lo.od <on aparto! tloe onnl 
o;h.og<> wddenly {on the g«>logloal 
ti,... ><ale), lhe ruríore con be oh>or.-ed 
lo f"'J''OId by rising 01 sinl.ing to re~lore 
oquilibriwr~. For <x.>.mple, huod «>•·ered 
by ire duri"g 1loe la!l glaci>tion io >lill 
rioing 11 !loo rate of oWut • meter p<r 
century. Q],.,·iously thi< hchs•·ior implies 
that tl.e noatetial unde< the cru>l can 
Bow, il only slowly. 

On the otkr hand, ,.,.,..] focll ap
peored to rule out the id ... of ,.;desprud 
JlWd material &n)""·here near the surí """· 
From !he !Mol di<lorti= o! tho oo!Jd 
earth in r<>pon>e lo tbe pulli o! the No 
and moon, Lord Kelvin <alculated thal 
the o>rth ;, rnote rigid !han Oled. Studi<S 
ni oartho¡.,ll.e wo•·<> !ndkatod thot al 
depths do..., to tloou<ands o! ki!ornelenr 
lhe e>rth tron<miU nol only rompre»ion 
"''"' (P waves) lrut aloo tronS\"ene, or 
shear, wavd (S ,..,,.,¡. Sheu """""'· 
"hkh oocilate al right angl<> to !heit 
ditectioo ol motion, ~annot propogoto 
through llqulds b.t-ow.e U quid. hne no 
sh<= otrrngth. w¡,..., liqu.ids ore >ub
ieded lo ohearilog forre., _they oimply 
fio..,·. Fin>.lly, ••i•mologirl> di>COV<red 
thot earthquol.ro originote "" d.-cp u 
700 ldlomrl<tl klow the rurfare. Sir><e 

on e&rthquol.e reprr>et>b the obrupt 
)irlding of r<o<l: lO aocumuloted >Ir<=. 
il chonctedz<S bdttle, nol pla>tioo, <na· 

!erial. 
• The afl.!we< to <his oppaoent ronlro· 

· dic-lion is <ugge>le~ by tlo< p<~pcrtie:; of 
nouorystalJ;ne m•tcrlols su~h •• g]a,. 
'"d pitoh, which behov<' lile oolid• in 

rLASTJC WJ\"E o/ ionh'o m••<lo (colod 
~«opl" •• U).,Jo&ood ro1loo oomo 60 lo 
p"bopo lSO 1 • .<1om<tm Lo1oo l~< our!O<._ 
1• '~' plonk" 1•~· .. 1••"7 ""' tbo ,,.,. 

1 
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the lhort run ond lil<e Rcids ""'" longer 
perlo<!•- Thty tn.nsmil .heu "'"""" oOO 
""" '"PI'Ort loado lor o .bort time, but 
.,.,der o oteady, long-lasting /0<'-"' they 
.,.. p!aotóc: that IJ, \hoy Row ond chango 
thelr ohape pcrmonently. Undor rondi
tlons o! hlgh t~mperotU1e and Mgh prcs
sure the ,-od: under the ""'-'' oould oho 
hehave plaslieolly. 11 ""'uld relpo"d m,. 
a dgld solid lo tho relotivoly short-lived 
otroSie> that huild up lo cau>e oarth
quo\cs and the ""'" brieler olresses in
volved in earthc¡"olo w>ves, while Bow
ing dowly to adju.!l to the long-t«m 
''"""" cncaed by r·hong« In tl"' w~lgbt 
of <>vr·dylng ""'"da!. Sum~ ~enlogiots 
bclicvo thot the pl.,tk sub<t•nce "nder 
the ml>l ;, o glo»y baoalt. lleoent evi
dence sugge!l>, howevor, thol il lo erys
lalline. Al high tcm¡><rolu<e oven o 
'-'}'>lallino material can Aow e>>ily, be
"'""" meloing ot thc boundarie> of in
dividual cry"•l grain• allnw• tbem 16 
diJe""" o~e an6lh<r. 

In 1909 tho Yugo•lo• ,.¡,mologút 
Amirí¡. ~lohoro•iCic' propo><ed that al 
..,_ di>tanoce h.low tt.. sur/o«> there 
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¡, a discontinWty wb.,.. lhe v<loclty oi 
earthquake waves jumP' fn>m obout ..,.... 
en lci!om<le<$ per ...,.,.,¡ 10 eight. 
Subsequ.,t m<amremento ploc-ed the 
Mohor<>vié<é clisoontinuíty, or Mollo, al 
= ovorage clepth oi 35 l;lomelen helow 
lhe swhce of !he eo~linenls •~d only 
oboul 5ve lilo'""t<ro bdow the ocean 
floor. Unde< high mounlains !he Moho' 
is .._, de<p '-' 55 kilomelers. Geologl•ts 
saw in the Moho the lower Lounda')' of 
the rigid, floating crust. The mol oriol be· 
l"O<n the Moho ond tho pr«umobly 
liquid cote of the cartlo thcy n•med lhe 
manl\e. Yet the lael that sci•mic wav<S 
lravella<ter below thc Moho !han ll«y 
do above il implies a grealer rigiJily at 
the top ollhe mantle !han in thc cmst. 
lt now oeems clear that the Moho morl<.S 
o ch•nge in chemkal coml"'lilion or 
r<ysla[ structure r.other !han ·~ abrupt 
l<ansilion lrom strong lo "eal molería!. 

1~he fun ,.,¡,míe e• idence for thio 
tnmi~"" ..... nol lorlhcoming until 

Gutenberg anr.Q<.m~ the low-velocity 
Wfle. Actual! y what he hod founcl WOI & 

decreue In tt.. amplitude oi oomp.-..
slonal wavos reaching !he aurlaoe at a 
W.tanoo be~ 100 ar.d 1,000 W... 
""''"" from .., earthquoh_ Al 1,000 
kilomden !he ompliludos wexe only a 
hnndrodth u gr<al "-' they were al 100 
Womelen. B<y<md 1.000 lilomcte.-. !he 
amphtudcs lncre••od shorply. 

Culcnberg ~•plolnod the dfed by u
ruming o sul»<nface !ayer in whkh the 
corthquolo "'"'"' lra.el slower thon 
they do in the rogion• obove or b<low. A 
wove enlering lhi• !ayer obliquely from 
above w<mld 00 refracled downward, 
"'""Y frorn the sud•ce, •• liglot "' hent 
down"orJ wh~n U P"'"'' lrom ,;, lO 
wotet. Oo loa•lng the hottom of tloe !oy
e< the wove w<Hlld he refracte<! upward 
ogoio (>e< il/u$/ro/ion on pag< JI]. The 
rc~ult i> tlt•l lhe wave would anive al 
the ,.,[ace lortb.r oway from il:i souree 
thao il woulcl iJ thore had b<en no de
crea>< in velocity. llence a g•p would 
•p(l<""< hetw .. n !he lan "roy" th.al had 
mts,.d !he low-vel<>dty !ayer ood the 
finl one 10 ~~..- it. M the illu>t.-.tion 
sbo>o.~, the gap, or shadow urne, ¡, great· 

~""'"" '""'""hOo rl" ... ltloo ,..:., of oh• '""'· Th< Htho•ph«o 
io '"' •!'"'' "' 1-<lul< <o<l: th< oo<h<oOoph.,,, """lino do•-n to 
•fotb'o '""• '"" Aow ond ,.]i.,, "'"'- lo oh;, ¡,;,!JJ nb<m"i' 
""" '"o ion ol •r..-; '""ion •l •o<th, ""'" '"~ ;,r,.d;,,.., ido. 

Do" d<ooto ... tbq•••i !od. Bool<o "'"~' indi<>r. f>O"iblo 
"'""'"""'o( <ootin<n!o "'" """" ],.,¡,._·Solid m•~• '""~ b1· 
poth•ti<..l oliP,..<• o! ~holo liLho•¡·~.,, "'" '"h•nooph<"-
Th< ...... 1:~ •• ,.,.,., •• ". "'""'"' ......... , ... l,.n ··"''" 
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o~t for on o·.lltloqua\.e origin.llin~ j<>>l 
oiH" o· ti,. l~p of !loo l•yor TI o<>'<- «>ming 
horn dt t']"'' lo· o ds co in< e no ~·'P· From 
lho "'''ni.,¡ tl.e shadow lOBO lor dófler
o-nl eorll"¡uol.o, Cutonloorg ,alculatt-d 
thot t),e l»·er is '""'ere.:! ot • depth of 
obout ].30 'Lilomel<,, and thal J>oi,.-.en 
100 and 200 \.ilumetc" the ,·dociiJ ;. 

<Oth<' 6 1""' c.·nli<S< t]m¡ il ;, just unolo·t 
the ~lolou, Sudo • ol.-uo ""'in .cloo.-ol) 
mc.on< lbt thc ooÜ \\Jtloin thc ],,.,., 
mml I>O suhstonti.olly I•'IS oigiol th·'" iJ.e 
rn•h·li>l abme and lk·low Jl_ The .-el<><· 
it• dO<'l not «•eh tloe •aloe it had at tloe 
~ .. uf th< "'"'1 untol >ame 250 o• 300 
\.ilom<le" bdow !loe.,.,¡,,_,, 
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l."<TER:\-~1. ~J !U:<":T\'HE OF Ti! E t:AHTH lo do~o"d hom ,,., ,¡ tim" ol ><iomio ~ '"'
~.¡¡~ ""' «r"""" oomomofonol or P, ~" ''; boo~on lio< "P"""" oh<ot, or S, ~ .. .._ 
Th< lott<r ~]"1'1,." <nli"IJ ot 1h< ODI<r <D<O. lo~l .. olol ,;., tb¡o «1ion h liqoid. l..ow· 
"'"'", ''"' """' dlp '•n '"'"' " '" 1<1<- 1lo1<bln1 •• hl••~ ~;,,,.,. nm '"''"' "'"~' 
lo•-'<lodl> ••••- lt oho "'"'' "'"'";•••••• '~"" h"" '"" o1 ~ ... bol I,<IOIIl;)om<lm. 

U tlw Iom ., < h !'.' 1•; o-o "nc p<·tfeo\
h mul,,.m, and Lltl"· ,.-,.,., t<·.oll1· ,,., .• 

,·1 .. 1 , '·'.''· ,¡.,. sh.•do" ,,.,.,. 'at lhe 
""he-e .,o.,ld ho C<Lmpletdy "hbcl." 
."<o wauo •1 >11 would (·mergo ""loin 
m limito. Aclo>liY lhc la>er io /ull of 
inlo".,rnogonoui•>. ;nd ,.;,,;,io ,,..,.,., dQ 
no! lra\'cl <lr'<tl;· along da"i•·•l '")' 
r•ths_ Likc all "''""'· llocy ¡,,,¡ '"''""d 
<'O,oe.< by dilf,.<tion, tlocreby le,,king 
Inlo •h•do" ,J t<·giono_ !1oth onocto '-"'" 
lflbule lo the <n<rgy llut io /outod in tlo< 
ohad""· zone. 

lt ., .• , pa11ly lhio ~neogy leok lh>t 
rnadc other worhrs reluct•nl In ""~-¡11 
Gut<nberg's em" lnoion. In llmw olays 
sehmologi•u p•id httle allcnliofl lo the 
rornparatil< amphtudO$ 'of eatlho1u•k• 
"'"''"'-- 'Thoy" .re primaril)· inl<t,.t..! "' 
,.,.,.¡times, otod they tended lo -=P' 
ony >igna~ ,...,,l ~r st;ong. il it appo•H•ol 
in thelr record> ol o time whon reo.bngs 
al othe. >eismogiLLphk >lations lo-d th<m 
lo exp..-ct il. 

Moreo""'· ~ •••id~nce lor ¡¡.., low
•·olocity la¡~r "u b¡- no me~n• ol.,ar-<'<>1. 
Tioe >latist~" <« aucmbled lrom m•n)' 
t·•rth~u>lc•, lorgo and srnall, •hollow 
and decp Jl,o <lata (',1me fwm ,..;.,no· 

grapbs o/ diiTo·nnl ~esign> In )Jil cal· 
culaoo, Cut<~>krg L'OU!d moko only 
opp•oúmal< ron<"<:t;.,.s fOT th<>• t·aria
tiono., weU a•lor thel=l irregulouties. 
"'""~)' umnapp<d, in the rocl-. thrm•gh 
.. -hkh dJlerent "'"""' tr.,·ded. 

underg«und nuclear nplooions fonal· 
ly rnade poosibl< a controll.-d «· 

)"'rimental l<St of Cutenberg·s anOl)~Ó>. 
The time, >lrength and locati<on of th<>e 
«"<nls is lnoo<TI >O predsel;· thal o >ingle 
Lla>l P'"''<do> <><·<-llenl data. F"'tloer· 
more, sei>mogroph• t<><'by ore more nu· 
m<rou>, moJe ,. . .,.,,;,e and more >tond
ordtzed !han they ""'"in l\126. Studi,. 
of "''""] e>plotiono ba.·e ronfitmed lho 
rondmions (;utenbeog <>lncted oo tedi
<>U>I¡- f oorn eortl,qnolo 1"'-Drcl, [occ i/lu<
louli¡m on ¡Mg<' 33J, Seen in •loarper 
doloil. tbe ]mo'-\do>eity la}'~ ntendt 
lrom oboul 60 Hlomete11 to aboot 250 
kilom<ton_ (U islnlotesting lo note that 
!he la)'« dampo blott "'"'=so elledi, .. 
ly that mam· oei>mologi"' thinJ.. il po>e> 
o Jnajor ¿¡fliculty for tbe dctection of 
und<>g•ound nudcor test>.) 

S<.-orol ind<p<ndonl pi~ of e,;
clen"' """' >upport lhe idea o/ a ]0\\-
Hki<ilr plas~~ la)<<. One is /umiol•<d 
b¡· >mhce 10>1<1. The>e ar~ '<"i>mk di•
lmLant <" do.!\ follo,.- tloe ""' ,.] ''" f,u < 
of lh< catth />cr· lmllom '"'"''"'¡"" "" 
f'Cgc 32) in>le.ld ol pa,.ing tlmough il> 
body .. ~ltloougl< tho ,...,._.. h~<•l o]nng. 
the •urb<.,, tb<)' ~r.,.r !loe d><li< pr"l"' 
<T1i<> o/ th< utod.tlying material t<> o 
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SEQU!;t<CE OF F.AHT!IQUAKES L<!~«n 1006 oh<l l!U olon, 

w<>1 '"'" of ~olb Am"!"' foUo lolo lh"< ''""P'' ti""""""" 
.~ •• do~• ••• .!,¡<!. ol ·~ lilom<l<n r,,.r..,,..¡ ¿ .... ,.¡..,,..¡ ¡; .. ¡, 
tho" hom 10 to 210 •• SOO lilom<t<to lhl«l doJ~ hl.o<~ ¡;,.,¡ ond 
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thoo< Ioom 300 to 6011 ~llomo<m lop•• do>h, bookon lin<), Tbo oq. 
okol ,,.¡, ,;..~, ,.¡.,;,.,,....,,o! otroln ,.¡;.,M by tb. .... ~ • ._ 

l!t>o~ )o two )0~..,. ••••po .. n...t )<nJ oho~• 1bo1 ti><J "' mo

ohonloaUf oooplod ond ><< ~"¡" "''""'' ho,. ti,. Vl•t><< "'""" 
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PERIOD (SfCONDS) 

SURrACE;-,.H'E DATA "~'" .. ¡., .. ,. of lo~~oiO<IIf ''""· 
Tho too''"'' ol dot "'"'""' o<'ool ohou.-otiooo o!,,¡ .. ,,, oJ 
l•o llndo o!,.,¡,,,""" plo!tod •o•lnot "'" p<dod •• lonrth_ 

Tb.oo<ll<>l ..,,...., loo oo .. nb ollh o lo•·•<lodly ''"' («>ION'.,f 
UA.,( 61 .~ .. <Oolionol olal< (., '""" do .. ll •hon do ''"""i<ol 
'""" lo< •• mth ~~~~•OI • l•~·••lo<iiJ •••• lf,larl /in.,). 
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'd<plh that dependJ: ot1 thrir wa""l..,gth; 
the longet !he wa>e, the d~pet il /oels 
¡....,""Long Earthquake \V ave<," by Jad 
Oh""r; Sct<.'<TtFIC },><~rucAN Oliprint 
B21). Sinoe in general e! .. tioity ;,.. 
cteoo<l with depth, longer w.-eo ..-ovel 
fa"et tlton doortcr onc<, and wa>co thol 
""" out h>gether a<e dispe,.ed, "' 
>p<rad nut. Detoiled analyses of the dóo
pe,..<on pall<m> >how that ela>U<tty d.,. 
t>Ot incte..., rontinuou>ly "ith depth hut 
folls oll in the regioo ol the ktw-,·elooity 
layet-

lo addition tG tbe purely seismic dota, 
''""ral oth., phenomena altesl to a 
lower<d ng;dity in the material ne:u the 
top cf the m>nt!e. Varlalions in otrno<
pherie ¡>re>sure o>n•e m~asuroble dellec
tions o/ tbe eatlh ·, Su<faoo. The amount 
of deflection is much gt<•ater than it 
would b< if the oro>l •nd mantle had the 
»mo !hength. By .. suming a weak layer" 
in tbe nppe1 montle the obser11ations can 
be <>plairt<d quite we!l. ~!nreo..,r, most 
eartbqn•kes origino te in the fin.t 60 ldJo... 

- EA~Trt()UAKE P WAVES. AVERAGE 

moten below tbe rurla..,, •t an a,·erage 
depth of 25 kllometen. Al a dopth ol 
"''"" than BO kilom<ten the nurnher fallo 
•bnrptl)·, lndicatin¡; ·a rudden dr<tp In 
the >lten¡;th of the roek 

From 60 kilon-1<1<"' down tJ,e f<c· 
quenoy of oarthquak., dco<ease• 5te•d· 
ily, dylng oway to uro al about 700 
lilorncten. Thio dóotrtbnUon irnpli<o> thot 
the rock berornos le" brittle •ll tloe ""'Y 
f,om 60 1<1 700 kilomet= and th>.t U 
doeo ""' r<g>in its >ilongth al ooy deeper 

llody wa"'"· which pau thmugh the 
dcep lntclior, provide only o point-by
¡>oint ••mpHng of thc outer ~egiont of 
thc eaith. Sm/acc wa>es, on the uthet 
h.>nd, <0nl.1in infotmotion a\xml the<o 
~egi<'nl nvcr their entire path. Ilcccn\ 
studioo o/ S11rlace waves in <Ju• !Óbo••· 

0 EARTHQUAKE P WAVES RECORDED IN PASADENA 
" TWO N[\IADA NUCLEAR EXPLOSIONS (P WAVESl 
~ NfW MEXtCO NUCLCAR tXPlOSION (P WAVESI 

- EARTHOUAKE S WAVES. AVéRAGE 
o EARIHQUAKI:: S WAVES RECDRDEO lN PASAOENA 

tory at the California ln,.itute o/ Tech
nology oOO o\ Columhi> UniVEtsity ha"" 
demonmoted for the first time that 
the low-vtlocity laye. is ~"""'"' below 
the O<"ellnS U well U below the "'nti· 
nents. Some of the wa\'es us<d in tho 
anolysis ltad lro,·eled around thc corth 
., many "' ><•ven times. -n.,y i'ldic>to 
that th" l:oy<•r is in fact a wotiJ.witlu 
phenom<·n<>n. Compa<ison of occanio 
and continental po.ths >hows that the 
waves ore sl<>wed rno•e under the """""'· t:'l 
EviJCt>tly the geolog!eal difiere~ !,e. :> 

~ ocean ¡,..,¡ns and land ~ üe · ~ 
not limit<d ta the crusl but ""'md kV· 
cral hundr<d ~ilometets into the montlo. 

Condutlve proof of the wofld.wide 
e.te!ll of the low·velooity loy<r come 
ftom tito gteat Clüle•n earthquah of 
May 22, l%0. lt was so viole"\ tk•t it ~ 
..,, tl1c <>rth as a .,.),ole in lo V1b<Otlon, · ~ 
ma~ing it "ri.og"' like a bell. Tho tonen/ ~ 

a bell-that is, the frequencic< •1 which ~ 
it vibrot .. -depends on it< da>Hc prop
erlieS; o steel anda br<>nze bell emil dd
¡.,..,, sounds. From records o/ thc fr.., 
,-ib~>Hot" following a big eauhqu>le 11 
i> po>>thle, with en<""'""' rnathem>tioal 
l>bor, lo olo·Juce the dostic >tructurc o/ 
the eatth. The lol~>r has be en p«fonno·d. 
lt shows th.\1 thc lo\•·veloo·rty ""'" is 
nec<'"'Y tu occount fo, the ob>c.-vc<l 
frequent•i"'. 

In >n Otlo·rnpl to con"DJel a moJd of 
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the oatth that 6to th< cunen\ ..,;,noie 
data, 1 ].,ve been oblig<d lo condude 
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thot the low·velocit}' 7<>ne trat><mils the 
hori>ont>l •rd ''~'"""] \'ik.tions in 
>he>< "''"' al doffe~enl 'f"'ed•. A Cl)"l· 

tollinc m.1torial in \\l>i<·h the <r)!l•l 
gt.,it>< '""'" aligned in QftC dircctiw1 
wouhlln•lt."'" thi< ""Y Onc m«h.•ni•m 
tloot muld i>rlni; al,.,ut such an nl•gn· 
rneut ;, o n~w of thc m>lori.,J. Otloers ·"" 
ditcdion.•l lt<·.rt fiow ond clillctcnli>l 

lüOlOio»>«m >"-'ll,(JQO ¡,¡¡,.,.,,., Ioom ,¡,. ''""' ;, <>u>•d by lo~·••lodoy ,ono.Tho l•o 

'""'' ol ""'"' fO< <o<lhqu>l< P ond S"''" ••« d<1•n L) n.no G"""¡~,, on b,.;, 
of doli Ioom m>ny ..,,h~u>l<o ond oL,_,,..,¡., ,,.j ""''""' -.r\d .• iJ, '"'"''-
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¡..,,¡, T\;,.,;,,, ... "g''"" ~oth • """""" 
el,,tm•- ¡,.,, 1'"'1""'''1 ;,. !Ul-1 b¡ ,¡,. 
u_s_ S''"'"~''' Ju.,·pl• l\,.cil lh· '1"''" 
of an "I'P'-'· tlglol "htho<phc•e" (floro 
th< Cl<'<~ "-utd /ollu», mconlng •tone) 
•nd a lo""· more pl>"ic - • .,m,,.,. 
•pho.c- {from tlo~ C1ee~ w01d .uth<nÚ. 
rneaning '1<>1). Bauell pl•<:<>d !loe 
boundary l><t"·•·t·n the two al • dcptlt oí 
lOO J..llotn<tm Nuw it oppcors lo be llOI 
" ;harp ¡,.,.,.,,].ry lmt a han.,lion ""'" 
•tarting at •oonc r;(J Ulumeler>. 

Tite'"'""""' u/ atro-ngth and "cal.nc" 
in thc fun·golng di<cmsion apph<S lo tloc 
time in "·hich ''""'''" btoild up lo""'"" 
ea<thgu•l.<>. \"10"-«<,on thl> 1cmporol 
>cale the rnantlc undcrg<><> a t.an<ition 
fr-om a ),itllc toa pl»llc <tale •t obout 
60 l.ilnmelcrS •nd lhereaft« incrcooc< ih 
plastrcily. On thc muoh shuct<r time 
<eale ,¡ oartl"¡uah·"'"''C ,·ibratiott1, 
howevcr, thc m•! erial rovcrt< lo a "rong· 
or. or more olas~c, <-onclition ata depth 
el mm-e !han 250 Wometer>. Thc de
"'"""' iD \'Clooty otthe top of tho; mantle 
is gcodual; it is not )d dear wh,ther the 
ba<e of !loe lo"'·'·•locity wno is charao
tcrized by a gradual or an abrupt In· 
c<ease in v.-lcrcity. 
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Almo" <~·rt,ri"l) tl><· >1«><1-lr-n>r ptup· 
•rlrc>thol ,.., "1'·''' tlw low-<do.crt; l.t;
,., aro d<tmnino·d by tltl' l<!npe•otmc 
and prc.,ure of the '"""']<• In relation lo 
¡,. m<lting point al Mlo•rent clcplh>. In 
gene,.] the elas!icity ol •ny n<>terial de· 
crea••" as its lcm¡x-roture •pproaolr<S 
tl.e melting point. 1\ut an increasc in 
pa-><urc rai><·< thc mdting poinl •nd 
o·l.-tirity. 1\r-low thc "''loe o of rlw corth 
buth temj'e;olure .,,¡ P"'"utc increa<e 
wHh rlcplh. and >O thc"t"-o h.-·e op-
po!rng effecu on tire pro•imoty to the 
m<ltirlg point •• "cU oS on the do>tic 
5lr<•n&th o/ rod. Pr«umably al a d"Pth 
nf al.crut 60 ~ilom<"l<t> l<mp<t>ture talco 
the uppcr hond orrd thc wcl. begins to 
appro•ch rU rnclting point. g•~"·ing 
"oal.cr as ~><·<h·pth ir¡c·rc""'· Titi< trend 
LO>\linUO< d01< 11 lO <mt><' 2fl0 ki]OmClC", 

\<l><·re ll '"'''""'· Tlr~n presoure rols"' 
tbe meltit•g point ¡.,,,., !han tbo lemp<r
olur< inc«-'"'" and lhe mated~l beromes 
morc elottic ( w>tJ tlr<' liquid autor '''"" 
;, reached). A 10"-' laborotory• e.pen. 
moniS On rock under high 1<-m!"""ture 
•nd p<e>ruto ><-<m lo rnnfirrn tbis pk· 
lure_ F.xtrapolatirrg tlre ratlocr scanty 
ol>ta imlicatc< a w·ry ].,w str~ngth at a 

clo·ptlr .,¡ '"'"''"¡.,¡ """'" tlr.rn ll'Olrlo· 
"" ... ,, 

ll11go ¡¡,.,,..,rr o! tire C.Morrri; ¡,¡¡, 
ttrl< ol T,.ohnology ],,, oll""'"'ed ifo· 
m••laLie indicatiun o/ dhcontinurt¡· al 
lhc le.·d o[ the lop of tl.e bw--elocit¡ 
"'"'"· In uud;ing a l•rgc number o! 
oortll<¡ual.eo in the Padfio O<'<"•n e•rlh· 
r¡u•l.c Lelt he was aLic tu '""""''! cer
t>irr "-g•«n<"<'S o! <"otl]rr¡u.tl.c-s tu sin~le 
f"rlt "'"ctures_ o,,. "''J<I<II<'C thal oc
comod in Soutl. Amerka botween l90G 
•n<l 1~12 delinc•l<>a groat fauh oJI thc 
"'"'' roost of the continent .. Thclanlt io 
oomc 4.5-00 t.1omct<r> long ar>rl ~.,.. 
do"n 600 Womel<ro-• tcnlh o! the 
cliol•nr-e to tloe '"'"'"o! the rocth. The 
o·artl"l"''"' r~latt·d lo the !O<tlt lall n>t
"'"11' inlo th><-e group" ( l) tho>e <hal
lm><."r lilan 70 kilometers, (2) lhoselrnm 
70 to 250 or 300 J..ilomoln• and (3) 
tho>e from 300 lo 600 lilornotero [su 
top rllullrarirm on ¡.,g~ J2). Anil)~i> o! 
lhe e.ar1h molion< in thc quoleo •"""-·ed 
a marl«< ointilaril) bct"•<n thc inl<r· 
rn«llatc and d«p groups bul no re..,m
bloll<..-- of th~•e lo the ,),.IJowor group 
1 n J'"<licul,r the moliot" "¡ lh< l~·od<'<f'
<"< gwop> changed smlJonly, >»d in the 
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oame way,Jn 11121. Thore "'"-'no""""" 
opondi>og chongo in the oha!lower urth
qu•~""- ¡,;,Jdently lllcre i< oome mochan
ical roup!lng ~""""" !he (o,...,, loy=. 
but !he .. ore ohatply <kcoupled from !he 
region obove70 kllomet<n. Otbet .. ...,. 
el !he cl"'""'"Pacillc IO<;Ionic bdt .ohow 
oirnilat phmom...,.. 

\\'h<n the earthq""ke loci are plott.d 
u, tlu= dimenslons, !hose d.,.., lo 250 
IUlometenloll in o plone obout 900 ki:].,. 

meten wide, dipping about 33 degr...,s 
under tilo ""'lin<nl< with r«pect lo ~~e 
surfoe< ol lho e><tl•-• The deep eartb
quok .. , on the other hand, are on aplane 
tilted al 60 degreeo. Thus, although they 
are mechanlcony ccnnected, the inter· 
m<di:ote ond d...,p !.yen are .$poti>.Uy 
dls«>ntinu,..., The dlmens;oru and k>c.· 
tioo af the lnterm,.¡¡.te byer rorreopond 
do..,]y to those of tbe low-vdoeity zooe . 

A" intaerting due lo the •tate of the 
material In the upp•oc mon~e wu 

furni>h«< by the So"iet voloanolog'-'t 
C. 5. Gorsh\,ov in !957. He found that 
she•r waves from Jap>nc>e eorthquakc> 
do no\ ro>ch !],e Kamchotka Penin.<ula 
when lh.ir p>llos ero« the ,..,!caruc bdt 

A/<PU.SON • 'ti!E FUSTIC UYER OF 'tt<~ EAftTH's MAN'rt.l: 

b.tween Jopan and the J'<nln>ula. 
Gonhkov ooncluded that there mu>t be 
p<><lel> olliquld magma at a d•pth rl. 
M kJ].,.,_,¡.,.. that absor-b the WOVOI. 

App.arrntly In cerWn regi.,.. the tem
penture not only approocl.01 lhe mdt
ing point b<>t evm exceed< 11. Mony orio
mologilu ha,.., r=orked on the !od lhot 
the avengo wovelength o! >hear woves 
11 mony timos longor thao that of O>rn• 
pressWnal waves. The observat!on «>uld 
be O<X'<ltmled for by a weak, P<'haps 
portlally moltrn, layer !],.¡ obsorb• tho 
•hortcr S woves more than the longor 
S wa-. 

V<.tkonoe• """ concentrated in parU 
o! lhe wotld wb.re earthquake.s aro """'' 
ronunon, oD<I the earthquake.s octut.Uy 
.._¡¡¡ed woth ..ol<=>lorn mo>Uy orlgl
""'" at d"l'tho betwe= 60 and 200 Wo
-le\"1. This ruggesu that volooanoos ore 
ronn<"d..d with dloturban'-"" in the re
gion o! the low-vdocity wne. Thercfore 
the dimiLut;,n o! volean<><< c<m>lltute> 
dited evlrlence for tbe temperaturo
mr•ltitog point relallon ¡,,ferre<:l from lab
oratory m~'-'""'ments and suggesl.l that 
the low-v<locity layer may be the •owce 
of prim•<y OOaltio m.>.gma. 

Volooni= •nd tbe l""tglodal uplift 
of tbe onut Wn>titur., tho only dynomlo, 
u opp>Sed to statio; ~logócal "o•peri
monl.l." Both in&telluid.ity, oD<I ''"''" 
d~groe of actual !ow, in the material be
low the <rn>t. lo.loreaver, they ...., con
oUtent witb the [d.,. ola !ayer of mui
mum plosticity in tbe upper mantle. 

Almo~~! al! p<<>ent thoorl<oo of l""'la>y 
aDd tectOflic,, U.cluding lho•• ooncemed 
witb mountain buHding. faulllng ond the 
po»ihle dri!ting of lhe rotollnenU, focu> 
attenti<m on lhe Mohom,iC·IO oli$e<>ottinu
ity, whieb Jivides lhe "'"" nf tloc oartb 
from U><; man~e. If the pi<lure 1 """" 
tri~ to outlme in thlo artlcle i> c<m"•<t. 
the !mport.:u>t diocontinully' ¡, fortber 
down, al the ill-<ldined boundory of the 
rigld hthosphere and u-.. ..... ~ .. utlo.no
•phel-e. MoR ol the activil)' '"l"""!ble 
fc1 the broad-..,.!e futuus o! the oortlú 
,un..,., prob>hly takes pi•"" in • lo"'
volocity ot plastic l•y<rr at the topo! the 
""heno•phere, e>leJtding roughly frorn 
60 ta 2.50 l<:ilometen in depth. In 
par11cular lhe e.ristenoe ni "'"ha plastic 
lay~r m•k"' the idea o/ """linontal drift 
muelo more plausible than lt lo» ><emed 
horctofore. • 

HMPERATURE 
EGRHS CWTlGRAOE) 

DEGREts CENTlGRADE 
ABOYE MRT~ PO<NT 

~TRH>GTH 
{IHOUSANOS Of ATMOSPHERES) 

LARGE EMJH()t)AKES 
PER YlAR 

'·~ ·~ • ·~ • • • " • " " • 

1\ V 
1 v 

1 

/ 
. 

. \ 
\ 

;,1.m•t t_,,,.¡, '"' d""'"'"l '""';,].,~o<on•. T""l"""'" 0¡," .. 
mdtln< ]",¡"' io -.t. ul><•d ( ••m ['"""" _,nJ '' "''""'"" "'""' 

./ / 
. 

\ 
1\ 

\ . 

\ " s.,. .. ,,._ ''"'" '" S01ilom"" ,,,,,._ ;, ,¡,,;,.,¡ ;,.,¡;, .. ,,, 
'"'"' \,)'"'''"'f '""'"'""'"''' 1<\ow <hoo lo;,'" ""·'L'"t ... inn 

)i 
1 



'>/ 



,. 

•. 
7 

THE CONFIRMATION OF CONTINENTAL DRIFT 

"'"'"''!y-'-' fi,e Y""" ago ti"' hy
pothe:;;. that the ruutinenl> had 

· drifted apart wa5 regarded with 
ron<iderable ll:eptidml, par~cularly 
among Au·u,rioan Uwe>Ugator<. Since 
then, 0$ a r.<ult nf a variety of now And· 
ing>, the hy[<llhe•i• ha, gain..;! >O muoh 
support that il> oritics may now be ••Id 
to be on the deFemi,·e. The slow a=pl· 
once of what ís actually a ''"'Y old idea 
provides a good example of the intensive 
ocrutlny to whkh <e\enufic theooi<<' are 
<uhjected, particulady in tloe eorlh sd
ence<, whe<O the eviclen"' i< ofton c<m
Hioting and wh<cc expcrim•ntol dcrnnn
<hoHnm a,.(, u.mally not f'>"ible. 

A> long ago.., 1620 Frands Bacon 
dixo•=.-.:1 the po»ibility tl1at the We>t
ern lfomisphere had once be<n joined 
to Europe and Afrio-a. In 1{¡(>8 P. Placet 
wrote on imaginath·e men>oir titled Lo 
com<pHon du grond e< du pe!it ,no,.de, 
ool ;! es< moollté que dee<~nl le délu~e. 
rAmirique n'élod poml ,épmü ,¡., tm
""' p<Jttl<'• du "'ande ("The co.-ruption 
of the·great and little world, wloe~e it ;, • 
sloown th.1t befcire the deluge, Arne<ica 
wos not separated fcom tloe otlocr paocts 
of the world)_ Some 200 yea" lat.c An
tO<OÍO Snider was struok by tloe stmilari
ties between American aml Eutn¡>""" 
f<l"i] pbnts of tloe CathnnifemÚ< I""dnd 
(alxout 300 million yeors ago) >nd 1"<>
po.s~d thot all tloo "continents Wero nnre 
]"'1 of a single land m•"· Hl< work of 
1 858 wos L"alled La Ctéo!ion el Ses Mys· 

rJT <lF CONTINE~TS loppooi« poge) 

~" •P"miml ond """'-<'"'d on o <om
P""' by Sit Ed~.,,¡ Boll.,d, )_E. E'""" 
•mi ~. G. Smioh ol d,. Unimoioy ol '-••n· 

J .. iJ,._ o • ., "'"" "' d •• """"''"'' tl" ... 
"''' "'''"''"h ¡,no'""' ohon • '''''"· 
y¡,, fio ~" ooooJ, olon& o he conoincn"l olopc 
>li,ht ''"Y''' ,¡,."son.¡,,,.,,."""''""' lino. 
Thc ,,,;,..,, •h"' I • .,J '""'"''• ..,,¡,..¡,., 
>h< ,h,lf. "'"\'[' "' loluk; 1>1""'" •hot< 

'"'"' Dévoilh (-no., CreoHon and !1< 
Myste<ies R""coled1. 

By the end o! the l~th century g«>l<>
gy had rome <esiously into thP discUS· 
sion. At that time t11e Austrian geologisl 
F.duard Sue-" load noted ouoh a close 
ron espondeo"' ni geological fotrnation< 
in the !ando of the Southem Heml<ph<>< 
that he fittcd them into a single rontinent 
he c::tllet\ Condwanaland_ (11'~ n1lme 

com~< ftum Condwana, a key g ..... logio•l 
p;ovin"" in e»t central Indio) In !008 
1'. B. Taylor o! the U_S_ ond in 1910 Al
! red L. Wegener of Cerrnany intlep<n· 
dently sugge<ted mceba.,i>rm that rould 
account for latgo bterol displacements 
of tbe eatth'< crust ond thU> show how 
ront>nen" might be dri•·en ap><t. Weg
enet's "''"k hecome the cenlet o! • de
bate tJ,., ¡,..,!asted to the r•=nt day. 

ll'•·gcnet advanced a tcma.loble 
n>tml,.;r o/ detailed corrchtions, drown 

!mm goolo¡zy and pal'"'"'"ln¡zy, indica!· 
ing a common h,<lmkal rrrotd on the 
two oides o! tltP Atlontic Ocean. He pt<>· 
posed thatall the c"Ontinenl< were ¡oined 
in a single '"'' land ma« belo;e the 
""'' of ¡¡.,, \lcsoroic era (about 200 ,.¡¡_ 
1\on )'""" "go). W•gene. ""lleJ tbi< 
>UP'"'""'""ent Pongoea. Today tbe e•·i
den"" fav<)ts tJ¡e CO\Ue¡>l of two l~tge 

hnd mas5es: Condwonabnd In tbe 
Suuthem Jlemisploe;e ano\ l..onro<Í.' in 
!loo Northom. 

In tloe Sllntl><·m l!emi<pl•••e an addi· 
thonal ,,,,¡,,;;,, ""·'-' f.,und in a '"C· 
<ession nf gl .. dalions that tool.' pl>ee in 
the P<·tmi>n and Carbotoife.ous pe.,ools. 
Tloc>e glaci.1ti<ln> lt•ft a di,inctive "* 
md in the southt·<n P"" ,.¡ Souib Am<r· 
ica. /\frica, AtlSttab.o, in l''""i">"].¡r ln
<lia .<nd ;tad•g>Sca. ,,J, "' ],,,. ¡..,, . ., 
JM'<lVeo<d oecenlly, in Ant.1r<tica. Tho 
""¡, . .,,. of gl .. dalim" i• t-ornrH.·IIing' 
Bt·th d tillolo·--<ol<l, ""''"lid>to·d gl,d.<] 

- ,.,bLic-1""" hl"Cll ''"dio-d in lnnwn 
gl.owt"l H"gion¡ ond .He ""'l""''i<>llc·d 

PATR/CK M. IIURl.F.Y 
Aptil 19611 

eviden"" ni tloe action o! deep ice rover. 
In ~ddoUon mony of the ~!lite• re>t on 
typ!c.tlly g!.eiatcd surl•c•• of hord ery<
talline mck, pbned flat and grooveJ by 
the rock-filled ice moving over th=. 

Thi.!ldnd o! e.,;deure ¡, .. been lound 
throughout the Southem llemisphere. In 
allreglon< the ti!Htos are lound not only 
itt the <amo g<"<)logical ["'tiodo but also 
in a S<:<¡uence nf hotimntal b<d. b<aring 
Ju1<H0 <lÍ i<lentico/ rlant Sp<"CÍO>. This ><· 
qucn<e, inoh¡d"mg the geological p<riod. 
1.-om tho Devonion to tl1e Td'-"k, 1$ 
callod the Condwana sueoe<oion. The 
Jx.ot ro"el.nion< "'" •ppar~nt in t~e 
rmnocarbonilet<lu< kd<, wloere two 
dislincUve plant genera, GL>&ro¡>l'tls 
and Cangamoplctú, '"oehed tlocir p<ak 
o! development. Tho,. pbnts were w 
abundan! that they govc rise to tho C..r

bottife.-ouo "'"¡ me"'"'"· wh!ch .,. 
<"Qmmonly inter~edded ill the Cond· 
wono suceession (see lop W'-"ftall~n on 
ncd !loo pag.o]. 

The Suuth Aldcon grologist Alox ].. 
du Tuit and otloets hove >aug~t out and 
n.apped tll<'<e Comlwana .eque"""' so 
d,]¡~.,ntly tl>at today 1hey p<ovide the 
stmng.,t ovidence nnt nnly thot the•< 
rontino·ntol ••~as W<tO jnin<·~ in t~e pa<t 
hnl o !so thot th<•y <HOC"C w>n<kt<d O\" e< or 
,.¡,.,. to thc South Pole. lt is in«mceiv· 
ahle th.1t the <"'!mpl~x 'f""dation nf the 
Condwana plants e<>uld l»vo e-·olved in 
lho >e¡>at.<te land m.1lle> we ""' (<,Joy. 
lt ta\.es only o ""'"'"' Sllip of w.te., a 
lew leu• of mLlos widc at the mnst, to 
<lo¡> tloc spoead ni a diwr>ifie~ plont ••
gione_ The Gundwano land mm WO< ap· 
l"'"""tly o ""gle <mit uothl tloe _\!t·>"mic 
,.,., "h"" '' bwlt- inlo >c¡>orah• parts: 
-¡ l><·•~•fh·t evnh,_tion pro<"<«l,•<l OH ,¡¡. 
""tgo·nl p.otl», kading lo tho loiolngi<"ol 
<li•·<·r<lty w" nl.,or.·e toda y on !he di lb· 
,.,, rontinonwl "'""-

ll'<'ge""' aonl o,; Tont' puhf,¡,..,¡ \),..¡, 
,,..,¡. ;, tho lO~o·, ,..,,¡ WJ!i"< TI .. · de-· 
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r;o~nll'_,;o;A 5UCCF.SS!O~ io ,¡,, "'"'' 1 i><n " o ¡.,, Polooooio 
'"""';"" of lond ~•pool" !non~ lo ~ouoh ,.,..,¡.,, Aloi<o, ADI· 
mol .. , Indio on~ .\umolio_ Tho '"""'ion'"""'"' b.Jo of oiU"• 

lol•d•l ,.LLI•), to•l ~·v••l" ond o d;..,,;,, of phnl> '"'"''d 
in •••h, '"' ohal porhopo700 ,.;moo '"" ''" th• diff"'"' """ 
m"" hooo bttn a oio,l• lood m"' ~no~n •• Good.onolaod, or at 

La le fo< anJ a~aín" clrilt 1•-<'•m• f>"l•r· 
><<d l"•g<l) hctw«•n grulogisls ,¡ lloe 
Sootbem lleml•phero and the lcodefS 
uf geoph)>ical thought in tloc Wr•tem 
Hemi>ploe<e Emiaenl geopll)'>icisiS such 
as Su lla<<>IJ JeiToey< of ti..- UHhmlty 
o>f C•m],;,Jge \•Oi<..-d SlrOII~ <>p(mitiOH 
lo tloe h¡polloe>" oo 1\.e ~<ou"d' 11101 
1t.o oardl> crml nnd il> ""'hlyi"g m>n· 
ole wero too rigicl W p<rmit SH<h largo 
motion>, «•lo~id<·ring tlo~ limll•·•l ,.,.,.,gy 
lhougl.t lo he av>ilable. 

Not all 1<·11 1hi• "'"''• lo<>"-'<''"'· ho tloo 
late 1~30'• 1he Dutd,"g<<>phy>idsl F.~
\'enlns ~l<inos. proposod lloat lhmnal 
oum<elion in 1loe <·ar!h's m>nll<· ('<>O<ld 
pro,iJe tlor me<hat.irnt. lli! ideas W<·re 
>upparl<-d by loi> S'"';ty "'"'<')'S o'er 
llo< d«'p-><".a tr<-nd<r> and !loe aclja«·nt 
"-l•nd >re> ol the w~>l<m l'•cik 'Tl,e 
><>UII> impla·,! 11"'1 ><>Jne /Or<'<' W>O 

mainlauting ~ .. irrrgular >h>J>e o/ th< 
<>rilo·> >Uth<"< ogah"l it< n>lural lend· 
""'-"' to Ratten ouL Pr•<wnahh tl,, lor<'< 
..,,; "''".-!"'"' r.blo-d lo tJ.,.,;,] <'(lm·..c
tkon. Arthur Holm.-. oJ ,¡.., U ni• «>ity of 

F.ditobo<gh "lded J,¡, weight to the 
O<gHmenl m 10\o< ni tbe b¡potb~si•, 

and h< wao /ollow.-d by ~- W. Carey 
o/ T"manio, Sir f:~"ord ¡¡.,¡¡,,d and 
5. K. lhwccm1 o/ Rritain, 1 •. C. ¡;ing of 
So¡,]), Al rica. J. Tu<o ll'ihon o/ Conoda 
atod <otbm ¡.,.., tl.o ••tide -conti"ental 
l),.ft," Ly J. To><O ll'il«>n, \oeginning nn 
pog~ ~1). Tlw lli,.mk,l ond dynamooal 
<i.OtO<t.·ri<lics ni lhc c"th """' en
g•g•·d thc allcnliun uf """)' non"· geo· 
phy,id<l!, nml l<odJ) ll.o mh·rplay ni atl 
~""' ¡..., of grology ond g.-<oplo)"ic~ gen
,.,.,.,, ¡),o e>dkment <>1 • m·w fronlier 
....... 

Allloough !loe g<·ncral n>]tuc of !loo 
cartlo'• "'"'' i• lamili., to '""'1 ,.,J,,. 
of Scico•!tf'e ,\mpioan, il " "orth r~· 
•·iowitog atod <ummari"ng ><>m< of il> 
rnojor l<atUJO> while ••~ing: llow do 
,¡..,_..¡,,.\¡,.,)ool. in llor <'(In!< o] of <"Dn
li!•ental d!ift? Tioe urth's lof"'graph¡· 
¡,., 1"" prindpollo-.ls: lht be! uf the 

ronlin<nlal sutlace and the levo! o/ tl.o 
OC•-""'" plain<. The, el<"'alion< in be
t»<'<" ><p•e=nl otoly a smalllr><tion of 
the <arlh's lota! mrlace area. Whal 
mainlain< j],~,. le>els? Lelt a\one lor 
billiom of }O""· they should oeach equi
lib<ium at an ave•ag< ele>·ation below 
the P'"'""' «• he!, so thal the e~rth 
"o"ld he t'O\'eted "ith water. ln<lc.Bd 
v.e .<co ,b•rp conllllenlal e<lgr>, """' 
mnunlain hdB, deep trenchc~ in the 
m·can<-in <horl, a lopogrophy that ap
rc''' to l.a>e Leen regubrly rc¡uvenaled_ 

·n.c t'Onlmenlal are" are a mo<a•C of 
bl<och thot ••~ ;ooghly 1,(100 kllomel<" 
""'"" and ].a\'e ages ranging lrom about 
3,(100 m•llion ye~n lo a few '"" of mil
lion• In Ahica tb.,.-c •pJ"'ar to be >e>· 
~ral an<•enl modcar arcU, ot cratom, 
>urrounded by bo:-11> uf ~oung« roch 
~l<>>t oJ tloe ¡oungor h.-ll$ have an >ge 
,.¡ 600 mill•on .'"-'"' Or \<><, rontr•>ling 
d••<pl)' wilh on age of 2,000 million to 
3,000 rnillion ¡·ca" for !loe <:r>lorul . 

A closer loolat lloe younger b<lt1 tells 
us th>l although mud• o/ tl.e material i> 
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·u •~nnl ¡r.Ju¡oru" »f'i" ~<¡; «onu 
~u¡nn~ •'~·"1" 1•P•I<UJ '"i"no; aq¡ 
'Jl!"' '>l"••u:l>< n)"! !''·""' U»g 0."~1 
I<LJI <1[•"1 m<l\>now ~uo¡<o>a>Jd ¡o .>Jn¡ 
"""'1' "'1' ~'"'! 001 .~1 '"'ll sn <A<o>¡< 
»to¡cu »11 '" 1001 '"'O!' Y ·.i¡><.>J" 
>•npnJI< 11 "'1 .>~ l '1 >'·»» '10 '"""'! ·imJ 
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slighlly H>·•gnelit<·ol ¡,. th~ dice<t;cn of 
tlw o·.01th'• "'·'g'"'Li<- f.clol. );nlc" tlú> 
m.ognoti"H i- <li>i<Hhod U;· r<·hcoling O< 

plo~<io.ll di!loninu 11 i> oeooi<>cd "' > 
!"'""·""'"' "'-""¡ .,¡ lho dioection anol poi.,.,,,. ~1 tho , .• ,<];, ro.1<:netoc fidd " 
t!oe tion~ th~ rock w~• fomoe<L nv m~~· 
•~ring 11,. ""ltn~li>m '" «><~• <>! ~ll o¡;<< 
¡,,_,., dúfo·f<'Hl ronlincnl>, il 1..-u b.__,n 
pn<-><Uic tn ""L<m"rucl tloc po;.:inn d 
tloo mog,.diC poi" ito <loe P·"' hl'I"<J <f 
tho ,·,.lh- r.rr.>t ionpctu5 ~os giwn to 
thi' ,.,,¡,. \o.v !' .. \L S. Bl.>c~elt ano! Ruro· 

'"'"· wh•• ,.¡,¡, <>:lwc< '"'"' fou"d th.\t 
tho 1'"¡¡¡,.,, "f lloc 1"'''' ¡,.¡¡,"""" n p.dh 
¡:un": 1'·"'"·'"1 in llflW thnt "''" ,¡,¡¡,.,. 
c«l I<Jr ,.,,,¡, < ""<itl<'iol [" ,. I"J' o!l'"""· 
llnn ''" '"',\1 J•<!go•], 

11w iHt•·q,ct.lli<>« ,,¡ Llois <·llcct "·" 
lh•t tln· <'<lllineat> lo"d <~o;...J """ro· 

"" 

• • • •• 
••• ••• .. 
~· 

,'f> .· • 

do o nw,Jiono ,,.."" '" ,,,;,,.¡,¡, • ;th <~• o<· 

""'""" ,.¡ .r •• ,. ,,.,¡,""''"' '"'""'!"' 
on•l ··•nhq""l" ,¡ ;,,. '""Jiot• d•pLh < ,.,¡. 
;,¡,¡,,,,, <lt·~di"<O '""" •«m <o ooimiol• 
""'1 • ;,¡, .h.oll ,. < ""¡,,,,.,,c., 1 "1"" ,¡.,¡,f. 

'1" •'1 tn tln• 1"''"'"1 l"llitinn of tho m.>~
\l<t<l' f'<<l<•, """ tlo.ot >iOic'O !loo p.oti<l WOLC 

dLITm>Lt f<>r ,.,"¡, ¡,,.¡ "'""· thco· ¡,,,¡ 
"""'"'¡ molo-po.·tl<h·i<1l;·. liot',\U'" ¡', w" 
unh~oh· tlo.ol do~ tn.l~m·l<o f"lc lud 
.,,,.J,.,.,J '"'~ Lor fr«m tho ,,¡, of the 
,.,.,1;, rulol<nn, or lh.>l the ,,;, of r«l~· 
l<<m lo.o•l d,.,~,..¡ pn<Ltion w<th "'!""'1 
to thc r<il•<•p.•l ,,,, ,f thc cauh. it 
1\':u oondUJ<'I tl\.lt tloo otmUncot> hd 
,no,.,! O•rr th<• surhce nf th~ eorth. 
~'"'"'"'· ,;,., .• tho sholt in l.o(¡tnol.; of 
ll.o ,,.,.,¡,,,, "'"line<llS w~> gcne;ally 
>Ohlhw,nl ~<>in~ lo"c·kw.HJ m lione, thc 
onoLiom "'''"' "' ·""""! ,,.,,¡, 1),, o!J,•r 
,.,.,J, . .,,~ j'HiHIL<<¡: ""'·'"] ·' Cu,Jw,\tl.\• 
h<>ol "' ti,• "'"th-pol.oc "'~'"'"- lu ,¡,.,,,, 
thc "'''-~'"'lk ''"'""""' '"l'l""''''l nol '"''-" n ... <l«tiun ,,¡ «<nliucntol ,¡,¡¡,bu! 
,,¡,., 11«• gc'\""' o llnt•"l'"n' [mm ,., ldch tho 
oonlmo'Hl< Loo! nHncd wHidn lhc O]'p~>· 

l''iO!c ti•a• '!"''· 
llm "'"' ,,¡¡ uot •·uoush l<> "'''." tl1e 

I"'~P"'•dor>a"' nf AmrriL·~n >eicntific 
opinóon. l'ino\ly, ol thc annual meo·liu~ 
of tk (A.,Io¡:i~ol Soclety of AmcriC3 m 
S;n r,,.,,.;,.,. in 1%6.' con.lo ti., J.low> 
that L,oko· ti., h.odc o/ !loe "P!"~'tion

~« c"l]'·'fX'" put lmw.ml ''·" lli<>~ new 
,.,¡,¡,.,.,.,, tlo,1t rdotcd thc '""'"l'" of 
<lC<'.I'<·~•••r 'l'"'•"lno~ ""d oom:;,,cntal 
do Lit. ti<'· "''""" ,¡ tho '"""nk· CL<l1:c and 
r .• uh ')'"'''"' ·''"' ,¡,.. ,¡¡,' 'tb<l ""cl time• 
""1,· ,.¡ t],., ,¡,[¡ no••liun>. [, "J<hti<H<. 

(loe do 1<'1"1'"'""' ,¡ "''" «n·Lloo<oi<t<l< 
npl.««in~ <li<pl.n·o·n«""l ,\1.\ag louit; 

bn•ugl.l iodu '"~"~'""""' wmc uf Lloe [,". 
morl)· lUtolr,"lic I<>J y "·i>mic l'' iclcnc•·-

lu thc •ttod•· .,¡o o< k m>~o><tiom it ,.,. 
«bo<.-vnl th;i 1ho ..-~,¡lú on>gnetie fidd 
oot o<~l•· ¡.,,_¡ doan¡:n;l di,.,.,limt in the 

P."' loul o!~, ¡..,,¡ '"' <HeJ hco1n<~lk In 
O!d<t lo ""J)· how f¡n¡uenll) ond when 

ti"' '"'"'"'' <O<~·u""l tlu._.., wotkel5 iu 
tloo U.S C<.,Jagicol Su"·cy-Alla<o Co>, 
(;. Hoenl !l>lt)rn¡>lc ami llid.o,J R. 
11<>o•ll-c>rcfullr "'""'""'! tloe on>gn~t· 
i"" iu '""'1'1'·' ni b.<t.olllc meb th<ot 
tloey d.üo·.l l•y do·l•·nnl<liHg lh" an\ü<L<lt 
of "'gcm -1{) ¡,, thc oud-,; f<><mcJ by tho 
de<·.l,v .,¡ < ,,.¡;.,,,. r ¡, <' 1'"' mium ·IÚ. ·¡ ln•y 

,,,¡,¡ " d.,¡¡,, t 1"""'" of < "''Co<.!l< ove< 
~•mo 3fl ,,;¡¡,..,, )'''·"' ['""' "Hn<·o<>i< 
ol tloe l~or ti,', ,\lag,.c(jc FJold." ¡,,. ,lll"n 
f'.o<, C, llt<·nl IJJII ;m pie onJ nich,.d R, 
Do<li; $u~' l « lr. .\> .. L<ICAS, Fcl_onO:H)'. 
1967 ]. Th<u- findin~ ""' ro<:m ('()nfi,-,nnl 
,.¡,,., ;..'o<l D. Üf"l)\.e and ).>m"" n_ 
li>)'S el Colwnloü \hi•·e<>ity lcund tho 
=<le 1'"'"'" i<> go<><S d""""'"'J inlo 
olJ<r l.l)<'f< in otronic mhmoot<. !t ,_-., 
¡¡,.,, <">i>hh,!.,.,¡ tl"t ti.., jl<l1.1<il_l' ol thc 

"'"~"<'lio field h.1d Lmi•rc»ll.•· <<''Ot>e<i 
,tl <WI-du fi,"¡ (nnt·t '" tloe 1''-"-

_llo·.wwhd,• "" < •<lo! p'llt•·ro• n! "'·'~"'''· 
hm on tln• ;.,, l, u! <1« '"'""" l~<lO!I lo.od 

1..-, '' <1--lc,·tod 1"· n,,,._,t,¡ (: _11""'" >mi 
Arthur IJ 1\:oll' ,;¡ ll"··'i"il'l'' I<><Lilulio" 
o! Üc'<.<nngroph<, lhin~ ,1 shipb'""" 

"'·'S"""'"''"'"'· ti..-,· fout>J tbot h.o<:~ 
'"'·" ni <loe ,..,.,, l!oot "e<" on•r,<>cti7nl 
m • '~'!""¡,~,. !""""· romius to<:«h<'r 
the«" pall<n<$. the Ji><<wer.· o! "'·'~· 
n«ie ><>~"als ao .. l!l,.,.·, id•a tlcot thc 
<><:<o.on;c dd~e• ,,.¡ tih• '"'" the !ilc 
of risiog oml >pre;dil<g m>t«o.ol, F. J. 
\'in~. nnw ,\\ Prin<'<loa, >t;<l [)_ IL .\bt· 
the\\S o/ tloo Uni\<·t<Lt,v uf Caonb,.J;c 
pm¡>Osod th.\1 <he h)J<odle>i\ of o he <«n· 

11""""' <«''''"" nf new o<con ~'~"-' 
m1~hl ¡,.. ,,.,,,.,¡ loy '''""illico~ tho mo~· 

'"tic r-""'' " "'' ¡,., 1 • >iJn o! ''" o>cc·' uic 
"clr,e. Th<• <·<IL.<<>rolin,n_> <IL><'O\'l'l\' tbt 
the ¡o.liL<-no "'·" '.''"'"''·ubl wllh i)>e 

ciol~o· "'·" dt·ta""'"·''''d In• \'omo onJ 
TLJJ." 11'>1><;,, who <ltL<li .. ! lhe !wo Sido< 

,.¡" ,;dge ""'t 1<1 \'."""""" ilba<l 
TI"· loi.:nr~· «f \he'"·'~'" 1<0 fichl ¡:o· 

i<>g h.¡cl i<>l<> lhe p><l "'" j,,;J oniiH,;
z.out;,ll_,. "' ,¡,.. m"~uoti<on of the rocbof 
tl« "'"' llo<ll f:OÍ«~ ""'·'Y hmn the r<d~e 
in lXltlo d;,.,.,ti<l"'· h ~;•¡><-.Otl'<l tlut ne'N 

lH>( no.o!c>i>l WM ti<in~ fruon thc tifl in 

tho "'"'''' ~~ '''" rid~• ""·¡ bo<:<''";"~ 
ma~od 1mi iu t!Lo d~tocl•• " ol tho ,.,.¡¡,·; 
f,d;\,¡; it "'"k-<1: it llorn mn,nJ ""'"Ol<!, 
""";'"f', , .. ,¡, '' ,:.,. loh•,·•r ~~ ~"~·,o•i·. 
"''"'"'" ,.,;,.,.,, lb•• ,¡ ',,., ol Li«· <e<"""¡, 
wcr<• 1"''""· lhc• """'""' '" o·.oclo oe· 
<Wio-d (,, ""' 1 Í'•l' :'" o· ""' ' '' l' of 'i"''·"¡. 
in~ n! 1iw '"'''•"' 1:''"' ¡,,.. "'""''' •''"'
¡,~,¡,'" '"' ,.,., r 1 '·.~·-). 

Thi1 t<!<j<•ll<«< \';,.,, «1 WJok ~· . .

<¡uicUy Í<>li"""'''l "P ¡,) J.ui\<'S l~. fh-u:;:
h, \\', c. l'•tt<>;<n, c. ()_ nJcl.,on •nd 
X..•·icf !.<' l'klw<t< gf Culw,.bi>, who 
!~"'' t<OW ,00;_,, tl<.>l >ho tid~~· o! th~ 
Pacilk .ltl>ntk aO<d bod<>u ·~···'"' oll 
c,holoot .on»l>r ¡»li<·«O<. In fad, ,¡...,~ 

""'''"' 1•"• ,¡.,tcctod rero~-'""b~. 
poinh in t!O< hi<lmJ ,,¡ ma~neoc ,., . .,-,-. 
,,,¡, [,á oh<ml SO OnLII;m .' e.o«. Of in th~ 
ÜN,Oft'<><l< j"-'ti•o<l, ,,,.,¡¡,...,. d»~<l j,Q. 

doton 1.,,..,, '-" ¡;,.,., ,.¡ «¡u.ol ·'S"-"'" 
h«g•' '"'1" of !loo "N'"" 1loor.1. fle11ce 
ol" '""" 1"""1'1" '" <l.<lc thc ""'·"' Eoc<S 
,..,,¡ 1''''«"" tll<' liiLcclion an<l '"'''o/ 
thoir 1 ,,,.,,,¡ m•>li<l<l '""1'1.' by mndl!Ct· 

ing a "'·'~"''lio """'; ""'' tlwm, Th,· 
imp!Jc.oli""' fnt 11«' •tml;· ol clc¡flfo~ 
"'"''"""" are imnl<~l ,,, •el y 'PP"""·'-

TIOI''<' ""d oth.-f """ findia~s ,¡,, ""' 
"""'1"'""'>11~- <·oll ¡,, mntincot>l dnft. 

1t mi~lot be 1""""'" IQ ha<e 'c~-lloor 
-'r'""di,~ '"lhout Jnltin~ C'O!\Iloonl~ 
:\onetl ... k·"· tlo< d«rttion• and r.>l<?> of 
moliM lor !.«<lo ><'>-floor >pi<>dm~ anJ 
<ontom••ll>l olrirt ore «llil olv Nmpatlbk. 
.\1""' .oll, t!«• pnndpol <>h¡eoMn lo> 

hj¡><,tlto'i' nf '""'""'"'''1 '"C'<'""" ¡,,, 
"""' "'"'"'"1. 

Lo'-'\.i<1~ I•.O<l. tt i' ¡;,,,., <lio~ 1.-, ,¡,. ~ 
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se,-,.e how oooh "ew pie•<'<' of •·•id<"'" 
presenroJ in the !'~" wa! mct h)· ''""'' 
te<etiden<<- \\'•·gener 's "'"""""diQn, 
for e!taonple, ''"' ""'"''''"'] Ly tH!nlOTO\OS 
g<'<llog;.t< ni><:> [oxol. """'Piio<t lo hio J,~ 
tail«< ar¡;urner,ls- Tbe or¡;mnoto" for tho 
l'<rmO<">rbomlmm! Cotodw~n~ glxi.o· 

tions '"''" rounte<..d by D•1tid l. .'>x<'l· 
ood of the l'm•cr>ity ni Calofotni> 21 
Lo, .\n~oles ond oth<" in thls romotry·. 
Thcy ron tended th.ot m<»l sprd~• o[ f O$· 

oil phnt teml w be rcshio '"¡ In "'"~' 
of l.tblude th.1t holcl for lhe •<>ntinenl< 
in thoir pn•>e=cl pnsili<>n. n f,<-l llo.1( i< 
¡,,d ro <eumctl•· wHlt tloo I"'''"""'J 
P"'"" of gbc'ialnm 'l'k toh·.o l]o.ol the 

g«·,;( Gomlwa"·' l.ond '"'""'' .]¡¡flo•ol tn 
l.otot .. dc har niln locell "l'l'""'d hv F. C. 
~l••hH of C'"' 11'<'"'''" JI,-,,."''' ÍJ,.¡,...,. 
>H}; ~is .<!,dios >YU<'>l th.Lt .o,cionl 
f•uno "oro mO>! Jote"< al tloc ¡.;, 1 u.Ltor, 
atod th.ol the l:o¡u.otu; drOu<ol in thi• way 

has""' sloifted. 

A.,otho,Test of tloc ll)pOtlu·•i• 

Any hypot[.,,¡, ''""' be,,.,,.,.¡ un oU 
poill " uf o¡,, " a """' 1 f"' ·t. Tloc ¡,. louo. 
of C\ ido"« musl he siL on~l)' in i" fa> ur 
befurr it " n·m lonluli<-c]y oc<cptrol, 
""'¡ Ll must ahv,oys ¡., altle -l., m•·<·l thc 
,.¡,"llenr,e of "''W nl•letl'ali•H>~ ,,,¡ <'<· 
pcrimont>_ ~fy """ ¡,.,,.,.." i" ,¡., pwb· 
Iom of '-""'""'"'''¡ droft w.O< <tiotoul.ot•-d _ 
al" WG! ')"'!'";""' ;, Loadmo '1'""" 
""cd bt· the llnyol 5•tdc·l)' "'" 1 a o 1 uu~<-d 
hy Bla~l.ott. IJull~.,¡ ,,,.¡ ll"'""'"· At 
th>t umc llulf.ord .oml hi< u,;,-,.roity af 
Comboidge O>S<><·i.ot"< J E. l·:L'Cr<tl onJ 
A_ C Smilh P'"""'"'l an ,.J,·gont study 
of thc g«>~<aphic maldoin~ nf t'<'lnti· 
'·"nls on bnth siJes ol tln- ~orth >t>d 
:Xmth Adantic. Tlooy load <to>pklyed 1 
oomputer to pnxitoc~ ti,., lx->t fit b.>' thc 
metlood of lea<t "!"""'- 1 n•leod ol u<ing 
sbooelio"''• os ha<l lx-en dotoe in carlio·r 
2!lo·mpl<, lhcv followeol lloe lc•.<d of 
S_ \1'_ C . .,cy: he had chmen lln• co:n<rol 

<lepth ,f thc ·('(Lntinr .. tol ol"l"' "' "'!"''" 
><·nCiog thc Ir too •·d~o <>f ,¡,. '""'"'""'-

']he~( "as rem."~-<blc [,L<'(' ,¡¡,.,lm· 
/ion"'' pa¡;o· 5!;]_ Thc a\"<'TO¡',<' <rr<" wn·' 

no gn'.M< thon one de~m· ovcr """' n! 
the b,uu<ldo;.-. \l)' Nllo•agH<'S aol!l l al 

rhe M"'"'·hoc<ett> "'"''"'" ,¡ Tr.·l""'~ 
ogy now h.e~on to thonk ,¡¡,.,,¡,..,le<!· 

in~ the fJt by oom¡,.,rinS th• "''!"""'" 
and 'ge of ""'l< on oppo<Hc siJor of ,¡,.,
Mbn!ic_ • 

nodimcti•.....t~tiug t«lmi<¡•"'' fur de
tormioing the ab•nlutc oge of rn<·l.s ]c,¡ 
:<ache.J a ¡><>in( whf'te much muf,l he 
le.tt11ed ,¡,,,¡ the a¡;e ,,J hi<toty of 
lx:.tlo the -anctcnt cutonic trgi<'nS oud 
tho )Oun~er re¡">'ena!<~l une<. Fnr oudt 
1""1''""' two !<'domo¡ur> t•au be <m•cl i" 

"'"",-y • nn: ""·" ""' 11 '"' m· CUH"C~l .,_ ''""'r "2--< 
,.,,,¡,,,,d"'"' tloe m~'""eonent ni !ltOto· 
tiuon 37 forme<! in the radtodt'li'<· de<·ay 
of r u Lido "m 6 ;- in ,, lol o 1 <>mp le <>1 ro< ~ , 
.\n<l tlw; me»m<meol ol orgon ~O 

[onn«l in t~e decay of pcl.wium 40 t'l 
mmer>l> ><por>ted Ioom th• <O<. k. A,.,¡. 
l..borotiw elfo" "''-' orr.>n&«l b<!W«Il 

our geochn>n<>lo~~ hbor>tor~ ~nJ tite 
Uni>~"i" of S;o P>ulo in llr>zol (ito 1'"" 
ticular "ith G. C. ~fekh<t atH! U. Cor· 
,¡,,¡ ..f th>t insmulion)_ \\'r ,.¡,, r<>lato:<l 

thoo ,¡,¡ ollield gr'Dlngai< """hao! f,,-,-n 

"ool.m¡: on thc ""'' most ~r Mole• (in 
~tgeria, tho hury Coa<t. J.iLcoia ,.,.¡ 
Si<·t" Lo·onc) onol on tloc ,.,,,. '"·'-'' nf 
ltcud ,,,¡ Vellezuel.< 'l'loc S:,, l'.Litl" 

gmu¡> nnde ti«· !""·"'''"" ·"!\"" .,,..,,. 
""''men" el t].,. tlca¡->[i,,ll rock """l'lt•s: 
"0 rlod thc ruhi¿ium-<tn,.diutn ,,.,,dpt•• 
on somple< from alllocation<-

Euro¡~-.<n ge<odoronnlotgim (uol~Liy 

~1. llonhommo of Fronre anJ ;:.;, J .. ~nel· 
lmg of Hritain) had Jon~ ¡okmotrtng 
t•mo~ on lhe P<ecamhri.uo g""l"¡:y ni fnr
mer l'rench 3"d 1\,ih>lo rokonic• ""d prn
ledora!e< in We>l Mrica. Of <pcci.,] 
in!<r«t to us at tloc stort w.t> tl>< ,foorp 
boumlan hc,ween lloe Z.tlUO-m,llomt· 
~···u-<>IJ, ~rologtcal !''""'"""m Clo.<to.t, 
tloo h·op,· Coo.<t ond "'"lwooJ froon 

thesc ,_,;"''""'· ""cl the foliO tnilli<>ro· 
Y"·"'"ld P"";"'" in Doloc~o<oy, :--,·¡~'''"' 
,wd •·.t>t Tloh b'toll\dary ].,.aol< '" 
ontoth·•·•«·cly <Hit'CLI<t\o tnin ti«• '"''·"' 
, "'·" Aon< ;,. Cln1 '"- lf ¡¡,,_, 1 ),,., 1 ¡,..,.,. 
juonc·d lo Afrioa UOO Jotdlon" Y"" «g<>, 

thc boundory [:.,-."'"'''" tho l"-o l" m·i"''"' 
slul<ild eot!er Suoth Amcric,, dooc to !he 
lown uf Slo l.uio on lhc northoo!l m.ut 
uf B.,.,], Out flrst ooder uf hU-lino$$"'"' 
tiO<t-dore lo date tloc •O<ks fmm tito ,.¡. 
<ÍI>t!L' o! 5.iu Luú_ 

To our rurprise ond ddiglot thc o¡:oo 
Id! inl<J two group" 2,<)00 onilli<m Yt'>r> 
on ti..- we<t on<l GOO •nillioo ,.,.,, on thc 
o.»t of a boundary lme tl.,[lay o•><·tl_v 
wbcto it had bcen pn·oktccl.l!ppJt>·nl· 
ly a ricce o/ thc 2.000-!ot<ll"'"-~""'"hl 
o-m\"" o/ 1\'e•l Afúc·, ¡.,¿ bccn ldt nn 
thc "'"'tiotenl nf s.,,,¡, Ameno·.<, 

In ;uh<c~ucot "otk on l><lth >LJ,,. "'' 
ha•·c f01md no h:""'f'·'''hilitie> i10 ll1c 
"ge of mony geúl.,¡,~c'l prot·int'<'> "" 
Lnch oidc< ol thc South Atl.lnlic [>cO ti· 
iu>"dM<I 0<1 nerl l"'g<']. Fw-thonnoro, 
the '"'"·tu,--,1 trends of the rO<:b aho 
a¡:ree, at k'->l w],~.., tlocy ~re kno""· 
~linctols ch:u>.Oicú>lk o! inJiddu.!l 
btlt-< o/ rocl.> ..-~ a !so lound in jtuto¡><»i· 
tion un lx:.th ,;de>; lor "".tmple, lx:lt< ~~ 
mon~,,ne><, '"'" ~'"·~~~ano! tío ><:<m 
to follow o motdoi!•g polCem .,¡,.,,. thc 

'"''"' """' joine<! 
C.1n suelo romp>n><>no l>< ,.,de ~¡,.,. 

"here' To "'me ""tcnl, J"- Udortu· 
n.olo·l~ thc tiltmg proe<'l> h!· .,¡.,,¡, 

mutin<•nt ~"'"!« up s<ems lo loe gui,J,·J 
Ly tone> of rejule.,otio" bct"C<'U <r.t· 

'"'"· "-> 1f thcsc zone. ""e a !so""""' of 
"">l.nc"' Jeep in tloe """· lt ¡, ne<'<<· 
"'fJ for the Lrca:· to h:tt-e tl'an<.-.;te<l thc 
Strooturc of thc wntincnl, ru!ling ""'" 
>ge 1""' in<:<-<. ,¡ one h to geo a do.., 
rcfittiotg of d.- bloch lo the :O:ooth ,\t· 
lmtic thi< ¡, not lh ""'"· bul thc wnti
nental "'""-' on both "Jos '"'"' >imol
t>otoou>h· .,fi'octed bv an unmiit.1l..hle 
uhlio¡ut· .oro»:"g of ; hlrozoic bol! uf 
~<<>l'lgical acli;·ot' [1<'<' <ll<,¡¡mlion oro 

¡•<Jgc 05]_ Act.,oiÍy lhe bciL '"''en th< 
"'g'o" <>f thr .lppal.\ch,;, ~lou,.l.<i<l< 
oml !lo" ~L<nliroe Prot'Ült~< nf :O:orlh 
tlouo·cit··•· "ith an 01 erbp o long thc CI'.Lil 
ol ll'<·>l .\frie>, and the" <phts illlO l"O 
principal hd". OL'O: e<t<nJing thoO\<~h 
thc lloiti<h lslo> ond atfeottng tloo .lll>n· 
tic <'N<l ol Scanclinot'ia ami Cr,.,nlancl 
and the othet tuoning o1>!Word in:o Eu
ropc. Tho«,; o '"I"''P""lton of al lc"-11 
¡..,, f'<'ri<><l< of rrnMt-.-d actit'!lt' ~lf«l· 
ing tho >arious pam ol thio rump:.-,, All 

fo•1r ore '"l""'enlod on both <odo• of the 
~orlh Atbntio, tn:tkin~ tlou rottellcion 
~>.llcmel~ diiEcult ro <.<plain ,,,!m rhc 
<<mlÜH'nh \\en• '"'"'-' to~c!hcr. 

~ty ,,.¡¡,.,¡:.,,,H. \\', )',,irlooitlt •nd 

IV, H. l'i'>'Oil, Jr., and 1, n> "el! os o!hc•t 

"'"''''"· 1'"'" '""de •g•· moasureJnc~>b 
in thc tt<ttCiocno App;f.\doio"< '""¡ Nowo 

Sc·oti.< for "''•"Y "''""· """ W(' ho"' 
f'"""l al! f""' P''"""' w,.l) rerrr>c"""l 
'" ~,., Engl""d Tho •·adie>t perioJ of 
aclt>olf (1vhich F.oirloaom ],,, tMnoeJ 
l'epo.,<cl) is oldtcd aboot .')'i() m11lioc. 
}<.Ir> ogo; il ts ><en in some of tloe br~c 
roc-k bodieo in e:t>tem ~lasoadousem ond 
l".onnectiout, ¡, !he Choomol llh<ld< olf 

ti..- o>Ortl><"m ''""' of Fr>n<'<', tn ~Q<· 
momly. Scotbnd ancl :O:orw•y. The nexl· 
olclest p<'<iod (the T.1oonic) was •bout 
·150 million ~'"" •go om! is lnu"d on 
lh<' t«·otom r<l~e ol :-.-cw EngJ.nd and 
i10 !'"' t! of tloc !Jritish l<les. Tl.c ne.l pe· 
ri••l. going b." k o00nl360 noil!,.,n ;·c.u<, 
i< ltrongly represe,tod in thc <'lltirt• >pon 

<ol rh., App.<l.oddan< and 1\n"t ''""" 
{wh<"' " " ,._,n,.J ,¡,., Ma.],_,,¡ ,,.¡ m 
¡.;,~bnol ""d ~.'nr'-'·'Y (· ... krt• ot 1< colleJ 
¡¡,., C.tl<·doni.ln). Fon,]ly, ,l.,uL 2:i0 ,,¡. 
lion ;ears nr,o-, the nctivily "~'"'"'! lo 
mov~ ntto ,;ou<lrcm .<:uro["' ano! .\:uuh 
M neo, Wh<'« t\ ¡,,. bc<,n called tl.e 1 Jer· 
O''nl~n. TlU< ac!i,'it>·, howetOr, obo o>· 
l0nd<d in!o :o;cw ·Eng!.:tnd; much ol 
,;oo¡t)•cm ~hi~~. ""'1<;, :o;cw l!am¡r 
ohirc. ,\ho!adoU>elts ~nd c.,,,..,,;cut 
sl"'w rocl.< of t~~' a~e. !!ere the o•cn\ 
is ,.~u,~¡ the Appabohian. 

F.u!h<r ,.,\\Oh tloo l.owet Paleowic 
<rt·lion uf lhe nuotlme•t roaS! of Altim 
{S<·neg.ll) "!'!"'·"' to COL1liome nmJor ihc 

. )"""~'" "'"''"¡ scd.ments of Flnri<l.•. ' 



,, ' " O'" rl~l ~~ IL IH<If l. •f l•f 1 IHIU "'Uf \IHI<'. 1'1> 1'1.1 1 t. H.l:l '"''·' 

n,;, M,;, ·'" 1" 1o ,¡ "'", 1 "~·· "" ~ "'"'' 

""!o-·~·~ ''1""'·''·~·· '" ''"" '''!""'"''· 
,, "' _, t~ , , ., ;, 1. uu· " r d •. ~ .. ""l'''' ,., ~" ,,_ 

TI"' r<~•·ut ''"~"''"' "''"'""'e>! ""' 
1e1~ '" Aut,u·lic> baw ¡;,.. . ., l.idoll· ., .• 

\>',;tdtng Ul "''"'"'""'''"~ Coo>oh:,,,. 
l.nod. ]'"'" '" llw ,.,,] .,¡ tln· ]•,.,,,,,, 

f "'' ic><J 1 1 W ,1 UUU "<'1 ]' .U 1 1 ,¡ " O '' ' <'rU .-\1, l • 

'""''"'"''"'MI"' lu"""'l. o,¡,-, . .,¡. 
~"' .\u!.-.,.-li<·• "'"' ]"''"'"'· ioochoclin~ 
lk ·""''' 1< 1" ,¡ fnlolnl o"'¡_, tkot f """ 
,¡,, TJ.no>:not,nelic 111><11"-'""· Tloo"' 
<"Oio>ht ni'"'' 1'.' u>.•nchow<. '" "din.eul· 
lolled hnugl«o lhe mn<~ Eopaln•luic ,,.,¡ 
!loe auto< ]'al"'""'" [vo· 1//onhnli,,. "" 

pe~·· M]. 'l]w l'ln<'O i<lt n><I'IJt•, l.iiP 

"""""¡";·"' .on<\ ,.,,¡,. Comh""" ><tli· 
"''"'''· wloodo "''"." fnlol<'l ;nnl ,.,,,.¡,~¡ 
¡,_, '~'"'"" ''"\' ,¡,,,,~ !.oto• ¡·,,,.,¡,,,,, 
'" ,.,,¡, Oniullu.l'o lomo•\ f.lh<l\IL ,j[l(l 

mili'"",,.,,. ·'~ni. Thu• dn• inn<r kit;, 
<Omohr !ti ·•~·· In o he "odo••¡~ o•.od e> out Ul 
!loo"'",.¡ Cundwauabnd. h ;, .,,,¡,.¡ 
L, dw C.nnLri.m !""'! Al<h.H·o•notli.,, 
·'" "'''".;'"' oh.,¡ ¡,,md h.,,;,., ,.,.¡, 
1h<>o· <nl.d·lllo "•U<l•ll•• aoo fuwnl 

tr,¡n><·.·totog ,..d,m<n" '" hodie> ~"''"'" 
» hinlocrm•. TI~· O\ll<r heh. ].o;O]o<f 

"·othin "'''"'"' Ant.n<Ok.o, ;, "~<"O>~"· 
,¡,,o lolhl wiolo L<"l'o•o l'.ll<·"IUlO «di· 

'"''"" I.ol< !lw ""'''•crn ."ljlp.ll.t<l,i.l1". 
ot "·" dd"m"'l and ;.,, odo·il ¡,. '~'"""'' 
f<><'h in oh,. mM!dle ond 41< l'•lo-omk. 

~.,,,;., ,, "·" '""'"'d """ ,, '!""'' "'!"'" 
.... ,,,,, ,. e ;,,_,¡""'" "K"~'"'"· """ "' 
O !.1 w 1 ,¡, ·¡• ,.¡ "· < "' 1 .uod ol ;, ''"' · 1 ,]., nh 

T[,..,. ><·o·m• lo¡,.",;,,¡,.,"'"'"!,¡ 

,.,,.,." "' ''·"''''" ''"'"·''"'· Ilw hi-•· 
¡,..,,m "1 ok Cantlm•ll .lrrh ... ·<~·.c.otl" 
me f,.u,J ¡.,o hdi cllmduo~ omlll\>dto! 

¡,.,., .\do·l.oiJo· mod m.u\, ,¡,..<~~e uf·'" 
•·•oh ~"'"~,.,.¡,,e lollo·d "1do _,,.¡,,., ntl 
,,cl.,Jno~ ].,,,. ]•,..,,,..,¡,.,,,, ·'"d f',,,. 
bti.IH '""''· j,,o!<'l ¡, llln\', '""' [,,,],.., '" 

tloc "'"· ~,,.,¡ thkL"<'w'' u! ~.iufiJ<< 
,,,.¡ ¡,,., ... Do<oooi.m ><~lioncl.:S .«w· 
mul.lt<·<l "' lhe T.mn.u¡ """~¡, (',.,. 
P"'"i"" ,.,,¡ IC"COII> '"""'"'" """"'''! 
"',¡,,T.'""·"' o<·o» '" ¡,,.. '"""" "' d~o• 
bt~ l.<m cr lJ,·Iouoi,;n ¡•·no..! tu ti•· onid· 
die ))(o,.,,;,.,, /ol:><Jul 3,'>(1 ,.,m;,.,'""' 

1J:~TAT!\f; ~L\TUJI:<C; ~e''"'"''"!,,.,¡,.,.. •l oho '""' 
"' '''""' [,,,_ >nnoh .\m«i'" •'"d .<f"'" l'<'>~<o,_],j, fotlo•o[ lO· 

o<tl.-r """'' ~"" ,,,lf¡"'' >'·'" "'" ll,l '"'""'' "'''' """'''" 
""¡'"' <on1i""'"·'l J.]o,l•, ,.ti,J mOOn• 1h.<1 m,,¡,,., 1,000 

n1ilhnn '"" <•Jd, Li,h\~.,Jno•d '"" '"' '"""'" '"""' ol <••· 
¡.,,;.,¡ •<1 h <1¡ < ••o• ti, <lu•fh• folloJ ~i<h "~'"""'' •nd •ol-.ni< 
<u<b th" "'" I"Jolod, oom¡.,imJ .<nd ""'"""'' !.) loo o ,._,,;,o,, 

l"""'"• ,; .,.;;~ .,,.; utf.,, ,_,~ \.o,ll<o. ,,¡,,.¡., ol ol.h .,,;. i<) •" 

J;n ,,¡¡[;.,,. '" r,oo ,.,;11o .. n ,, . .,. ''"• '"" """' .,¡ ,, '"'' '' "~ l.IOU 
..,;¡¡¡,,. ,,, .. ,,,. ,r .. ,. ''"'" '"' ,., •• "' ,.,~. ,J.,,, .r ,,, ""'" r.J .. 
D«lnl ¡,~ ¡.,.ou.l in• ,¡,. .u,J.oo', ot ,¡,. _,¡,,,,, ''""'' ln-<it"L< ,¡ 
T «hnol.,,, ,,,.,¡ ''"'' J,noo. '"''' ,.o,¡., Oh>n !.• ... '"il!iun )m•; 

"'"" ''"'' .! ••• ,, '"""'" '"'''· 1 ... "''"" ""' ,., ',.;, " 
'"" .. r '" ·"'''"" """" '"' '""""'" "" ,¡,.. ,,.,, ,,, u,.,;r, ~ 
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A,.,,¡.,,''"'"~'¡,. ;, the tbnO>t uf 1 ndia 
lo\ln E'""'·' th.\1 luml':-d 11"' l hmol.l\ os. 
'to 1 ,,_, km~ ¡,.,.,. luown th.ot llww ";" o 

l."¡:e bocl~- ol "·"" benw•·n .-\1¡ ¡,., :""¡ 
1:"""'" and th:<l a ~nat tlnol.ow« of 
so·domen" "'" d•'l"";,..J thm• ot •orno· 
lim< clu<iu¡: !he .P·"' :200 1<1illion ¡e:m 
Thi• l>O<Iy " ~h<l\\'11 » ,¡,, To·lhy• $.ea_ 
lt w., locot<-ol tl<l<llo of .\r;¡bio and ,.,. 
lo·nckd from olw lmmer lu<a<ioto of the 
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.ll~.n ~louu(oUl< IU o·a•t uf tloe Hon<>· 

\>.1 -''· .~< l h.o-c onn<IW1u:J_ n "1'1"'"' 
ol"' <:.ondn·anal<h~ '"'' oul.<· ¡.,,,,. "P 
h011 ol~l "'"'"J <null<"·'l'l. ,._,,¡, ¡ 11 ,],,, 
:Oiotl .lfnc.o pmh~oo~ up inl•l J,,.,,l<i:o. 
T],¡, mulion "Pl'-''<'1>11_1' <'OU>ed tho ]¡ou k 
hn~ up of >O<I<mt·uti l-O 1 he Tetl<1 1 S!'' 
~"m¡: risc tu¡].,. mount~in rani<·• tlw 
•••w forrn o e<.m\Qrlod d.ai11 hum tho 
"'"'""" A<l.01 ,,~,- ol .. ou~h ,¡,.. ;¡,.J;. 

\ 

t<·nalle.nt, olo· w,-,,,.,, .\lps. th~ Cau

"'"" ,,,.¡ do~ llint.ol"·"-
1h· W>\" 1!«" ]"'">; . .,, onoontain "'" 

1<·m1 nf th~ o'rth f.o)] ;,j,.,,,. eco.ol < "' h-1 o 
"'~'.':''''' tlo•l oloo "'"i'""' in¡],.,.,.,,¡,-, 
"'"''""],,,.,.a 1.1<C<'·>e.ll<· eoh~rcnt·o-, ,.¡ 
tl.,• u,.],·r of tloc ,¡,',.wll>nm• oi th~ <·aolh 
it>oll. Tln• ]liCI-athu~ t·xpbnation >lo·m• 
fomn a u<W load in >cllmfl]O~\'O >?Oto~ on 
,¡,. Cat tlt 01 d rlo plh uf Htll or ~00 l.ii«m· 

' ¡,~(_H:,fOO/>.THA • 
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"''' oloec ¡:.,o ,l<ol.,;di<>. M,;,,, .IU•''" ¡;,, ~\,].<IN•r, o.,J;. Th' 
f.t ;, ot'o!.- I,O«Om<t<r O•e<i< '""'""' ol t!o< <onoin•n"l <lup•· 
¡_." r«uuoLri,., ,.,.¡ l'•l•n•oi• ,,.,,.,.,¡;,,~ "' ""''"'"' foll<J 

''""'"'·in'""'" ,\u<<;oli, '"' ,,.,,,,,,¡ ;, •t·• onJ '""';,., 
~"'' ,, .. ;¡,., ''""'''' ,¡ ..... ,¡,. ·¡ '"""""'"'' ~¡ .. ,"'"'"'· J ''" ,¡, .. ,. 
l'«mi'n l"t;.,, o! noctl'""' .lu•,nlio "''"" tho•c ol lnJio. 
Cl.r"l J<po,ib, hon• •nd m•'" m<> l""'iJ, olh•• oomht;on>f 

•• 



dors ros"''"" ¡,,,J tu '""'"'" '"''"'ic 
w>< es mo« 'lo" ly ti'~" tl,e U~"" abme 
and be!,w ot awl tu alo'Oob ><i>mio 

o·noog-. """" """'~!.' Th11 hm'-<docitv 
"'"'' "g •. ,,.,,¡¡." tho,~l.t Lo <'U">i<l of" 
mat.-n.d "!"'"' stocn~th ¡, oe.lu<,•d b.,.. 
<0'-"e a >m•ll an><>unt of it i1 molten 01 

1><-<•""' '" ''""l'''f'""'~ " 0 PI"""'¡,¡,g 
¡¡,.. mcl!in~ !""''- The >uof,,to ól tl•o 
, ,,¡¡, mav d.,,,.¡,,." mo< e"''"""¡"" thi< 
h•w·>ttet;gtlo 1.<,1<"1 ltke the ,¡,¡,, uf '" 
onion.lt i> ¡,,.¡¡.,,.J the '"''lo !u,, t.""' 
pan!;· by rondo><tOon outwo,J onJ !"'''' 
¡,. ¡,,. rou< .-ctiou ''""""'' '" n.,. «l.ltio <-
1)· tlun b.••·• ,,¡,.., •" th,-" c·,,k """' 'Jlw"' 

''""''""·a- tho·)' h." e h«·H tl•"t""'"l hy 
W.dte< _\[_ El'·""'' uf l'ohlr<'!'>n ""d 
r:¡:nn Oruwon o! _\LIT, funn oother Jht 

"'" < '"' ion <;>•11<. 
A lo;¡>óthr<i< thot;, uom·ntl,v f"'P"b, 

¡, tl ... t lht• '""'''·"'"'" ,¡ 'l"''·"li"g "1 
ti><• '""''"ic ud¡;o·• ;,..,,¡.,., the "'tru-

'"'"'-"' 
•ion o( l,ot tn.>l~ri.>J inlo rupiH«'' ncoc 
t!oo mo!:t<O'. 1 hh m.oteoi.1l i< ti.,. u<ne a< 
th.ll 111 ll1e !OI<•O<lo«it; 7Ul10, l'lhfic;¡t,.J 
1>,< P"'l~ nmltc" "'e\, .. \ >rn.oll P'"l'"'' 
ii•m <•f the ,.,•n~olc·d ,,.,,,.,;,,¡ >•"t".oll;· 

¡.,.,., """0 of 111 tno·lte.l fe>< ti11n "1"'''"1, 
¡:toin; <i'<' to ouk•n"'-"> aud noating a 
tloill ¡,, er (alooou fi, e ~tlomot<-tS tloi<q o[ 
1 obnic ""l. at ti><· ><HI au·. TI"' m_,,., 
ul botou<led m.lto·ti.\1 CO•JI '" tiH·v mo•·c 
1ide" ,\< ,¡..,.,, tl1e < ento .d o id~e, "hich i< 
0\<'ol,.,;, ¡,, ti"' thin b<er ;,¡ <Oiconic 
ou<L Thi< ·, e1ult< iu the ·,~,,_., . ._.,¡ di>hi· 
LHitoOn ol ,.-brnio <elotol•~< •1 l'><iOu< 

,¡,.,,¡,,, 1 .. ·1¡>< '" t·1phin "'"' the ~o .. - ol 
l,.•,ot to tl•o ,,,~, .. ,. dt•cro."''' wttl, J.,. 
¡,,,.<,. ¡,,,. tlw <1d~e ,,.,¡ •<"<"""'' fo, 
tho rottorn ol m•gnetoc <c<cn;ok _\¡ thc 
<inl.in~ o·nd ol the comr<li•m td! thi> 

to·IHI 1< d;- 1 igid hlo• k of m.mtlt• '""'''' i.ol 
1<til1 tt> thiu o<Oio'l nf !•."·"' /¡1l111" llull 
<<W« uf new '<·olim«.t) "'""'' ,¡,,,_ 

• 

<0.\IJ o" au iot<l""'d pl•ue_ 
h i< ~~""' ,.¡,,,. the>o o-on<ept< <>ill 

lo>d. 11 foldo•tl mountain lwlt< "'" tl.o 
"Low ""'''' u! rontiolo·nl< pl.>woog 
tln•" w.oy '"""'~¡, uco.\u n,,.,. ""'¡ '·"n· 
mi~>g i•oto ntJ ... , contiuent<, "'" e•01 ""' 
t],..on to >h«<>' <11 the oel,<lne dio<-ctiu,, 

uf mot>on p<Oor '" thc l>>t g«>t clnft 
<·pi5<<de. 11 "'-'' l.ook at ,¡,,. prc·-d.,ft 

l'.llo•IJ10ic JIIO<t"t.dn belts, "'el' '" tho· 
,\pp.ol.\(1""" lwlt of '.:ooth .-IHO<'dco,the 
llo•<.""·"' of EutO['<' a11d tho t.: .al of 
.l>ú, "" fouJ th.n tl•e;- ooe lu<-tted in!Cc· 
,.¡¡~ '" tho got·ót rontmcnlal mo>>e< of 
1 :,,,]w.m.ol•ud >r>cl buoosi.l. 'j his >U~· 
~,·IL> tlt.LI 1~<'>•' 1" o·-d, Lit >llj"'I<'OLitinet· 1< 
h.oJ boeu fomw•l b,- the iuw.11d !llüli<>Ol 
of <e\ ero! Y'j'.tfOie,l>i<><h, \<),klo 101me 
t<>gdloot lx·fooo tln-;- ¡,.,,\., '1'"'- Ce
,),g»l> ¡,., .• ·' now prne nf che>< to 
1 ,¡_,,, "'"'g ,, >¡•1..-dc.ll Lo.u ol ""'1 ''' ·'"g" 

"""',u~<->. 





15 
THI' SAl\ Ai\DKEAS FAULT 

rrh< !,.,, Fem'>tclo ,·.uthquakc that 
"''''"' 1 cd .d '" """' "" Fdn "" )' !J. 
1')71, jolt<·d """·'' >nutho·m ¡;,¡,, 

fo•uion> intn :teulo ,,,,..,,." that C,li. 
lon,ia "c.lllhqn.l~<· wun"-'· .lhhmo_:¡h 
it "a. CH¡II• a l>w<lcr.de <'·" 1 h• ¡u.<ke (li IJ 
0" oho IHch:cr seolt•), it """' felt iu ~lt·<· 
ico. ,\ li•on>, :-.·"' ,,¡_, an<l "' 1>< norl h >< 
Yo"·ouilc :-;"''""''! l'ork. 'M"' th,¡n 2:;0 
mtlc< lwu1 s,n F<1n-c·tdo. lt ""' u•<ord
ed ol ..-i,.nic >lation< aoound thc \\'or~l_ 
In srilc of '" ,.-1.\\L--d_,. •m•ll >i7c thc 
Son r,.,.,,,,¡, o·:utlu1,_,k,- "·" '""'''""'' 
l_v si¡:Hifi<;or.t l>e·c,¡u<e \\ h>ppc·ne,] '"'"' 
a m;¡or <netropclis and b<cou•~ ol< ,.¡, 
f<·ct> \\'<"re re<uL<kJ on > "ide l>lwh ni 

'"'""¡" ""'""'"'"' '· 11"1< hin 1"'""' . tho· 
aff«t<"l rc;ion w>< ·"""'"' ,-jth ~cOI<>
gi>ls rn>ppiug (>ult, .-md ..,;,molo~i>l< 

"'"'11'"~ ptnlablc· HllltliHH·n" lo HHUH· 
In, alto·c;hoch ,,.,.¡ LiH· ,¡,.¡"""""''" od 
the gm•u>d. h ""~' ul\tlle<li.ltdy d<:..r 
from ,l,,o,, t .. lemekr<~l lo tl1e S~i<molo~i· 
c"l Luhur,\lu• y ,¡ th~ Cth!,,. tu.\ ln>ltll;lc 
nf '1\·dHu\lo~•· in l'.«.:t<lc·l\.1 l1 o m the C.1l· 
t«eh s,·;,,,;c :--;,.'""'' thot tlw eot<l.· 
<¡u,l•· "·" '"'' n·nt~t<d ou th~ mu<h 
lcn11·d ~.-m .\,<In·.<> f_,,;¡ ur. for lh.ot 
matll", on any fa<>lt ·~eul,¡gi"< h.-u! [,,. 
1•·1«1 a< octi•·~. Tt.e toult< ;, tite ~•••· 
ho"'·"·'· '"' all¡wt ol tlw s,, A,J,oa¡ 
f.1uit ',>"1\Cil\ lh.ll IH'<'I< IUHCh of Col,. 
fonoi.o. 

Th<. S>n Aouh<>< l>uh ·~·,tom (and 
;¡, all<'"'l.mt o.ntt.q,ah<i i> !'·"' .,¡a 
~lol>.ll ;;1 ,d uf [.,,.¡¡,, < h.1i111 uf >Ol<·.l\tl'<'l 

., 
and mouo\>in>, ,¡, in thc o>e:<an Ooor' 
.utJ tkc'p 0('<'.\lli" ll<•nch<·> Lhat tqHO· 
>l'n( ti"' bouLO<i.Lii<'< bo"<'ecn the h'l;e 
shihin~ pbtc> th>t m>l.e >op !he,..,¡¡,·, 
l•lho>phc·><· Tho OOL\0<"1" uf rr.n\01\~ 

pbit'>" nO"' luii<Lomelll.<i '" tho lht·LI•.v 
o! """''"'"'"1 ,bilt, whkh ""'long di>· 
puio•d but i> MW g""e<>ll,,• accrpto:J i" 
"'"'¡;r,ed fo1m "" the h.lliS nf mlurni
LIQm ge,!o~k.tl, g<·o¡>h) >ic.tl ,,.,J ~··o. 

ohco,.i<.•l <1'01\,·to"<'. 'fhc llo<ür<" hool r<. 
eei«-<1 >!mng >t<pporl fr<>m tbe JL><O\<'<;' 
th.>t ih<" ~1>0" <>f thc OCC'.IIL\ h»c ;\ «'11· 

L<;l Lh<' OL ,¡,¡~,·, ufto11 ,¡,¡, ,\ •'fl ,;l<>n~ 

thc ";', tb.>t t.m be to><eol "''"""]lite 
~loho. \\'ithin tho nft nt·w cru>t.<l "'"· 
11'11· d " ('OLIL"" ,.,,;!_,.be· in.~ i"¡oclc·d f 1 on¡ 
tite pl.»tt< m.1ntle belo«', fHrmmg; oi>e 
oc IO<l;e 010 o;ch side of the nft. Tite 
no,·lv fo""'<l crmtoi llo.\lerül ,¡;¿,., 
·'""·'·'; fL<nn Lln• li•l:.;o "'is. ~il'<l' tl.o "'·'~· 
<t<tic f1dd of tho e.lcth I"'ILO<h-.!lly «· 
,.""'" \>Olant~. thc """!~· injc'<kd ma. 
w,..ol "["""''" "' slript·• l'"·'llclto thc 
,;,¡~..,""'·«[¡use <lmlh·<outh pol><•tr 
H.cwi>e ,,¡,,.,o:.te>. ll,v ol.\ling ll""e 
>lro¡>t"> '"'e <-010 O>li,>atc !loo Talo of k>· 

n"'" '!"'·"""~· 
Tl~e S.m ,\o,J"'"-' f.H,\1 S>'stom ¡,,m, 

tl..o b<>Uotl.m• Lotwee¡o the ~o,tb .\mor;. 
,.,,., rl.>te .;,J the :-.·o,lh P"otfic pllle 
,,,¡ !<']>lr.M< lhc >o .. th>~,·<l•'"' 1'·"' of 

Coltfomto fn"" t lw r<~t ol ·'"' tb ''"""' 
ic.. ln ~onorol the Paoliio On·•n ano\ 
!h." P·'' 1 !>l r;,,¡;r,.,,¡,, In lhe ""'' uf the 
~.ILI ,\,dro·.« fat~it "'C tll• •1 11'~ IIOL ti O\\'"' 

DIWI.\CE\t>:'r \Ltl~t: ~\>. ,\>;1\I<E\~ PL'L1 ¡, ,¡, . .,¡, ,-,ilol< iu oloj, o.<bl 
ploo\O<<Oph of • todnn • f<w m> k> n~olh o( H.,;., i"ori<. >:>ii!.. ,,;,¡¡,;.;Milo. "''~lo~•>l 
l'f p,_,nl•·u•, «In•« th,. f>ull ntnl •hn>nl ,¡.,,ca.( mi ~• o\, l11i> <'>\·~e<\ <O<Iinn ul the 
'-•n '''"'"'·" Ll<olf" tt.nl ,.¡ the "l.iol"'"''·" .,¡.,.,.ti.,· tmlt "''''''"' '" 1,, ¡,.,¡,.,[. Lhe 
ohut"~"ph" «•to<uJuwl """ nurth ''ti,, nol•t. ll.o hill• "'"""tu ti,.· h·" ''"""' ul tho 
¡,,.¡, hn< i> '""',.o< "P"'..t (u.-1~ •nll ,.¡,¡, "''P" o lo ti•• tl•l l«<.~>oo .o oh• noh<. """"< 
<le .d, ';.,blc """" ;., tl>o· t~u L.'"'" ~ .. t<"""'''' ., thn H"~ onla th~ •lln• ;,¡ t•l.>in. 

00:>: l.. .\:-i'llf.HSO:>; 

,\:oc.mh" 19:) 

wilh re'!""'' to the rol ol the rontinent, 
.tltiL~>U~h th<·t .. ntitic¡;t ntltn<l .lt lo,t;t OS 
f", Vuh ¡,.,.¡, the elle"' ot tho iniO<· 
ootian• ~~ tho•e phi O>. 

11~c• r,.bti>c motoon l<"t»<ootl ;o;otth 
.-litll'liC.t ,,mlil~c' ;-;,,,¡, l'.<c·¡f,c h.a l~ecn 

t">timoteol in • ''"""'Y nf u'"· Sei<nltc 
lt:<:hni'l"~' n~lol •·olue< b<t" """ 1 !¡ """ 
~!, ¡,~¡,,., pZ·r ) e.\1. Tho '~''' ol ¡¡,,. m>~· 
on·tio >lrtp<:l '"' the <t<"<'.lll A<nll in<hc·.,tc 

.> 1.11<' uf ,ob<>nt ~·; tnoho·> f>l'! '''"'· CC"O· 
J<·tic onea>urOmcn" in Calilonn:o gi•e 
mtcs lwL>II't'n two ,,,..¡ tiuec in<IOI'> pe. 
yu;r. 'llu· ,\~{'< of thc 1\l:t~Heltt' ,n<um.•· 
li<< off thc '""' of Cohlomi.l it«h<>tt· 
th11 the ""'"'ic ,;,.., •·>me to inl<•r!<Ct 
!he N>HIIL\t'nl >l ¡,.,,( :JO m¡[JittiO \'C.trS 

a ¡¡o. Ccol,gi>t< anJ b''"l'l"·sid>t• · "' ,, 
"umber of ""ht11tion> (Mt.<bly thc l'ni· 
<'Ot>ily ol Cat11 1.-i<lge. l'rmct ton \Jui• •r· 
><ly ""d tlw St'"l'l" lns!Jiutitm .,¡ 
Oce.>no.~..-ol'h,v) In> e l'"'f"""J ,;,,,, ~,.,. 

~o PfOC<'""' on • e<>t>ttnont ••• P'"' 
fo;,,,]ly allcctecl 11·lwt• ·' ooutinontol 

pl,1l•'" "'"'"eclt·d j,y '" "'"'·",;,. oise. 
.lt thc '"'"' ~i><n .l\;n>O the toul ,¡¡,. 
pb«n><nl a1,;ng tlt~ S•n .\.,Jtoo< t.lu!t 

"""'""'' to .ti ],·,¡>t 010 Lt>tl<~ ,¡ molio, 
<looi<'J wht·" tOe',;,,¡,,¡ thc rontill<'L\( 
»od tl >11 ti«: reblt>e 11>0lion "'" t.lkcn 
"1' on tite !•ult. Dt>pla«""'·~"" lhi• lar~e 
loo'<' HOt ],..,.n P'"l"'"'" In ¡;cnlo~l'''· 
b .. t thc «llic·.¡[ lt'''' «<><>id tnl<lke <Ot· 
<dation of ~<"<tlo:¡c· "' nonhorn C.>lilo-r
,¡_, "'"h ~,.,1"~'' on the """ e<>.>;t ol 
B,¡_, CoiiiOLill.l, .>u ""''' O:,.lt l,o; ~"!.:• 
r<'(><t>ll_v hccn >tudwol in det.11l. {),., ,.,.,, 
;i,uolize loow 1ho .,,.,¡ ro,_1 o\ _,mth 

.lmw<a m.lv h.!><' \oo\.~d J~ Mllion 
)''·"' ·'~" h.•· ·,¡,,,.,~ "1' tlo,. ,-;.,:¡uf C,¡lj. 
ft\OHI.O ,In<\ Uli><HL~ l<·tLIIli .llllllmrih<>n 

C.olifnnoi.o ¡..,,~ ~~""~ tlw ''" ,\Otclo··~• 
l.utlt \LI f,t "'''':he 1''"'' 1 f<liiiW<1 h~· ,¡,.. 
'"·"'!""' ,¡ tk ,,,,¡,.,, h.1ll uf 11.'1·' 
C,Mun1;,. ·¡ t,¡, pi.,.,., •11 uf C.olilon,.o 
,,.,.,( ol tloc ~.ou ,l.,,lt,·.- fonlt MJulh uf 

J 
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~J)!<'l lfii:JJ I',Uil.T ~T,\1' ol ~,l.r.,,,;. i''""¡¡;., in ¡,,_, 1 ¡,¡.,\. ¡;.,,, th• 1""'" ,¡,, 
¡,,,, fi'"' .,.,1., ..,,;.,, "","'"''",;,,.HU;, 1 h< ""'"'""' ol oll 1·•• •~" ,¡ 1h, ""¡,. 
qoo~ .. ;, ,;,.,.in r•.,<nll><'«• "'"lo lh< '"' .,¡ o«ooo.oó-<. Fot "'"'" 1hoo ,.,,.,¡.,,d 
,¡,, inh<•olu<ti"" ol .oi•mol..,. icol ;, ·lo om<nl• ,¡,. m••nioool<o '" o•timoo<d h""' r,;,,.,,;. 
"'""""""· r,, '"" ..... ; .. ,''""''·d .. ''·'"'"•"·'~" "' r•:,, .nJ '"•l. iol""""';"" ;. '"" 
'P"" lo al! .. ~ • ""'"''"''' <>t.m•t•, ''"""" l"'"lld lo 11>< holh ohu~ ,,r,,;,. motion, 

thc p«•oont ,\¡,.,¡,.,,"la,.¡,., 1 •t•· ,uuwo
lion "" f"'[:" 1 50). 

Cahfom>a" ,.dJI...d ,..,,¡, bu\1<, mo" 
nf "loidt U md <o>ugloh• "'"'h"~ll-ooutlo
e~>l, Ol>o mo;t ,,f th~ ~th.,- te'<.'""" nnd 
geolo¡:io fc~lu>c< of Colofom>O (ou<h "' 
the 5i<"rra ¡.;,.,.,da ""d tho Co;,t 
H.mgc·s). The I"""Ünt'l'l t'\C<·pln>111 an• 
the ca<l·W<st·t>t•ndin¡: """" t"r>o , .oug« 
and la,lt< th.>.t rnake ~P a bond oomc 
100 mik< w:idc "''CIHlll,¡i "'~a .. d 11om 
l~·twt~·n Lo, A~>gclt-s and s,,,,, ]l.,. 

har.1. The Sato Cobrid ~lnuntams. wloich 
lorm the mg~cd bacldrop 1o l.<» -~"

g•·lc.. "'" ~'"' .. r ,¡,¡, ,.,,,1'¡,., ~·"1"""' 
rq;iolo, and it wa• hm• th>t tloc Si11 Fer
nando ca,.hqu•~e mue\.. Thc norlll~»l· 
''"'"\iug Cuio<ck bull ,,,¡ thc Ter,.,.¡,,_ 
pi ~~"""'""''· whkh ""!'-"·''" ti><• Stcoca 
~ovad., and the ~foj11'C Desctl, also 
nol ocrO<s tl,e ~,-,.eral gtoi" tof CaiJor
nio. 'Jl.c 3n•;o In the "''>[ nf """' of 
the nO!lht·>t·trt•od"'S f.oulls ;, '""""g 
,~,¡¡,,.,~, "ilh '""f"'<1 to the e,,¡,·m 
>itk. Tltis i< callod nsht-l•leto\ "'"<Ion. 
lf ""'' loob ·"'"'" thc ¡,,¡, ¡,,,, •·ilher 
<.ide, tlw ollter side i< "'""'"S to tl>e 
riglo!. 

~¡,¡¡,,, Ol! ti•< G."lock fault i1 1.-ft
lah•t.t' whkh, ootnLhocd with tbc oight

lawaf '""'""" on tho San ,l.nclr<·a• bd:, 
meo m 1h" tl"' ~fojat·e J),·,.·rt "m<>nng 
easlw,,.,] wttlo 1<'\j>e<l to th< re<t l'f Cah

fonoi.t. r.lfl> olllt< r.,_,¡., tloal hat·~ i><"<"'l 

olm·"od o<;,¡,.,,.,] to ntote ><a lt•ml: 
ol ,,,oh'J"·''''' in ¡,¡,,,.,,. ,,,., a•-· 
shown "' thc 1llu>tration or the k h. Ai«.t 
<hown are tl1c dote< of thc eatll><¡Hah-. 
omlthe magnitwl<· uf .<oln<· of tlw mof<'

impur'"'' ""'''· In g<''"""' ¡,,¡, ohe 
length uf mptuoe ond tln• lntal d>~plaO<"
mc"t """ ~>c01~• fo, the b1¡:cr ,.,,,¡,_ 
'!"·').,-,, llo1i1.•"''"1 ,\,.pi.O<emutt, '" 
gro•t., 21 ¡.,,,,"ere ol-"<"'00 ak•11~ the 
San ,l.n~<C>o hu\t altc< thc San f-'<an· 
cisco o·a~h<¡<t,<l.c ol !!lOO, "·hkl> h><l a 
>n.tg<~tl~t•h· o! ~3 01t tln• H(('ht<T $c.t\.·. 
(The Hodoter scale, d~l'i>t"d by Ch><le< 
F. Hi<'hlcr of C>l T,~-h. ¡, lo¡:ooithmic. 
Alilwugh <'aclo uml ,], . .,,.,,., .1 fn~ lltr of 
lO iu g•ou<o<l amplilud<•, Qr oli1pl.1oe· 
ment, thc ><"lu>l energJ" oaihat...d by an 
ealtlt~nakc is ><>hj<"<"t lo ,-,iom modifi
calin"S-) The S.<!l F<·m.lu<lo eotti><¡Hal.c 
pn:Kiu""d Ji>placc"''"'" d ,¡, fee•, 
wl'""' du>?ClioH was almn>l «¡uall}• di
,.,¿,.¿ ],.-t"<'t•n the l"'Ji'""'•l aurl 1he 
, . .,,¡,..¡_ 

Tioe h«lcl oJ t],.. !ian AoHln'>< lault 
"'sh·no i< 1ou~hl)' unoth\Oest·•outloe••l 
1 '""' S.<a FJ ""'"" lo tiJ<· suurh • ,.,¡ ,r • 
lite Great C.·nlf.<l \'alk-~· (the s~, Jua
'JUin \'a\le~·) ,\luJ .,g,ti" f<to<ll the 1<0,-,h 
.,¡ •1 ,,. S.ol'"" s,-,, ,¡, 1'' ''"''"' 1o ,,,. ~¡,.,_ 
n · .\1 , 1 H n J,. <. 'j'fo, • "'"' ion > 1 ' "' ¡: t ht• 1 ·"' 11 0-



in thr•• ~reos i> p>r>.llol "' the bulo otod 
i> 1Minlv stlil.t•->l>p, '" l101izont.1l. !le
'"'"''" ,¡;,.,e'"'" >cgioll<, r.om thc «mth 
•·nd nf tk S.1n !Lemanh1u> ~!ounl,>i<" lo 
tho G."\od (>ult, ti>~ faub b.nd 
abruptly and 1'111 """¡;' t'.l>l aml '"'"· 
p10•luo<ng a ,.,~;o, <>f ol't'lthcus:in~ >nd 
crml,l! <ho,rnrng [.<e~ tllu<ttalion b<:

/otd. Tb< ""''"'P' of thr '""'~"'' Cali
fotnin plat•· '""gol "'"""d tiH· """"'" 
"'il mo>O> lo ti"' na~th>'<'>l is r<>ponsi· 
l.!e for the C<>1npb ~t'Olo~·y in thc ttons
"'"'' t.>n~cs, ¡,, the .<htupt chan~c in 
thc ronfigutali•>t> nf thc <o»tlint• uotth 
of Los .\n~t·b at>d ubmote\>· for ,¡,..re
cmt San f',.,,.ando eatth•¡u>"to. Tho big 
¡,,.,,.¡uf ti,· S.tn .l<11ln·," L111!L i< cm\1-
monly ro~.;rdrd hy s.·isnu>lu~<>ls aS he
lO~ locM·cl alld po<<obly :u I>Cing the 
locatio~o of tl.c no>t ""'1'" •·.;rth•¡uok~
\lud• of tlw mulion m llti< n·~toto, lo~w
;:, cr, " king t>len up loy <tnke-•lip m,.. 
tion oloro~ huh• pa.ollo·lto tloo ~'" .h· 
dt ""' f.oult ,.,,d l>y u• CL L]u "''"'g "" hoth 

lRANS'IlRSE 
RANGES 

,;.,¡,.. o! the f>ult_ The di<pl""'""'"'' 
"">ei,tod .,¡,~ tloo brg« rart~~uolc• 
iu <Huth<LB C.<hf.,mi.l '"ti,. \'idrli!\' o! 
th•• big bend ~""" .,-,-..,~.,.¡ out '" about 
~·; in~he• 1'''' year su!«' 1500. Tho Kcm 
Colllot~· •·.ttthqtL.Iko L>f W5.~ (llu~nL!Lldt· 
7 .7) "PP"<"tly tool c.ue o! "'"" o! lhr 
.1CCUmubtod "'"in, at lc><t >1 t~e nootlr 
cnd oi tlL~ big bond, tloot hod Lm!t up 
sintc tite¡.'.,,, T••jor~ ••.1rlhqu,,\,· of JH>7 
(magmtudo S\. 

The San .\ndre .. fmlt <)'stcm ""-nnot 
be oomplo·t••h• ""dn<toool imlo·peudonl· 
l.•· of tloo t«l<>nks ,,,d ~colo;:,v of '""" 
o! the "<'ilom pan o! :->orth Amen<> 
or~J tbe Hottheastct>t 1'"' of thc r,cific 
Ou'"'· Thi< \'aSl «·gioa is ol'<·lf onlv a 
1"" of the glol»-1 t~·rtouic pJ\l~lu.' all 
p>ll< of .,¡,;eh"''-'"' to he int<·rrdate<l. 
Tloc ... ,tho¡.,olo·, lectm"~ .,,.¡ onountai!o· 

¡,,¡,¡;,~~ '"''"''~' ,¡ ,..,,,,.,, ~"''" 
.ln>enC> •re mt!motch· relate~ to the 
robtL,-e motiom of tbc l'acific an•l Xorth 
.-lrneJL<>n pbtos. Jmt 0< il is tni<lc•,\dLtog 

SI~RRA NEV.>OA 

";;;JO 
to thinl: of tk San .lndn·>• Í>ult "' on 
><obt<·J mcchani<al ')SI<'m, so Jt i< tms
loadin~ lo think ol the ••ntire S->n Au
dro., foult as ~ <ingle <)'>!cm. 1-¡,. p>rt 
of tloe foult tloat loe< in nort]l<tn Calllor
n» '' '" acti ' .<te< 1 ,.,. 1 " r o ,.¡ ¡,_, 1 Ll " '.,.,¡ 
focthcr th:m thc "'"thcm Cohlon<b •«· 
tion. Tho north<m porhon h les< ><tll'< 
<cisJL>icallv tha" t bt• southe~u <c..:-too" ond 
scem< lo ¡;,,.e l~·t'll ctcatcd in o dolft·r<L>t 
way. 1t i< ~!so tMvin~ rn a <~ghtl; dr!f<r
rnl dircction_ 

Thcto .ue ,.,.,.,¡ "'"''' to me"--me 
dospl.l<'t•mcnts "" mojor LLlLII,, F.tiLiy 
«"<:ent d«placeO\<'nl! are I!'~C<ted '" off· 
>el ''''"" channcl• ¡..._., ,//,maria" on 
pago J 1~] .. \t,ony ><wh nlhcts "'"·'""''" 
in thnnsands o! [,•ot are apporerol a<roS> 
the San Andoea> laoJt 1ft <:entr.J Whfor
ilia. >om•• o! "hid• """ he dLLe<tl;• oe
l.>ted tu oartht¡n;,l-o·> of h"'"'"' '"""' 

IIOTJO:< or f: \ltTn·.< (1\\i.<T ;. '""'''"'" c,ra .. ,;,;, o•nml· 

t. """''"''1''"'''' ~''"'' ''" '""" """1' ,.¡ 1.1 .... , ''"'"""'"' 
'"- .r .. P root •• r lh< ~; • .,, X•nd• .. lo oh;, 0.;.,, ,,_ Lt .. ~• .,, 
~¡,..,.,¡ to th< l•ft (•<.ti, ""'mo oh<'"""'"'""'" •n•l • 

¡,;, hcnd ;. oh• ~'" ,\nd;.,. hui< .,,,.m Aloe><,¡,. h-n.l 11>' 

¡,¡.,,l. '"""""' ,¡,.;, """""""''' "''""· '""''"' th• ¡;,,.,, 
B•••" .;lh Lh<m. 1h< ó•lton·~ .. ttoooh" lh< l••" mhl '"' 
d,ntly """""" , .,¡, oh>L h" d<O<Io¡ .. d ¡,.,.,.., <•• Llo<l.~ 
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fEA JURES 

FOlOING 

IIIRUSTING 

TRE'lCHING 

lHICKENING 

HFSP0!'.'\:1; OF !',1\l'O'l'.IL PJ.\'rfS to '"'""'""''" ¡¡,¡,r ond 
""''"" (•i<h!J '"'"''" 1., mool O<olooi< ''"""'· A«<"drno lo 
th< "''"''' d ... , •••• ~ '""""' ·' phi< ""'"'"· ''" .,.~-. """' 
''' ¡, ''""d L, ''"''· ;;,;,l¡doo.oth>l '"" bo ooiH,fi,.,, olrJuo, 

/ .• ·' 

nr r-r r~· oc u 1' rwon ¡..,¡,.' ;,.;, '"" ''"" ,.,;,., ''"'""' .,¡ 
""',;¡, ¡ol,,r, l<cl,.ni<O. Tho ,;¡, it Lot.lmoll•) o ti•t "' tido• "'' 
ol<d b> '"''"'' pu•h•J up r,,,. tho monol• bdow, rt .. m'''"' 
,.¡,~,r,., ~irh o mo,.,•ti< p01,.io¡ '"'"'l'""j'"' to tloo< ol ,¡,. 
<>oth. 'ill«n," '""' h>io·n.lo, 1],. ""'''• ,,.,bnt¡ '"''""'• ti" 
r•olmty .,¡ u<~lr ¡,.,.,,.J """"''""loo, ""hin o in,"""'"" 

TE"StON'Il 
ffATUI~ES 

RIHING 

:;;/ 

1"•' ''" onoth" ot <'o lo''"< 'P"'- T!.o tHtlno "'"'11' """'in tloc 
"'"" ftoo<. Tb< ~'" And"'' looh ,...,;., tlo< lu<><;on ~hm two 

"'"" '" ,],din• ""' "'h otl"'· l'lot< l<<loni<o ),.]1" !o "' 

'"''" ,, •• ''" '""'"""" ''"" <ldh•<l '"''' ''"'' "'"'"" '"""'"'· 

RISt TRfNCH 

COf:TINENT 

.' ' ,, 
' t..<ltGNEHC 

," STRIPES 

of ""''"';, "otdp•>-" A '""'" '"""• "'"" on .,,,.,,;, t•l•t< 
m"" o oontin<nl>l pht.. A fu<lu« oon< ond tnn•Jnun foult <<'

oult .loen t~• ¡ol.t<> '""" P"' .,,h oth<<. !:o~1o¡u•l" <Joul 

""""'""' ''"" """',;' '"""""' Tho ""'"'"'leo 'm tlo< "' 
.;.,;,, ol• ,;., ""' ''""'' '""'r""" <,.,,, "' ohollo•. ¡¡,.,,,,,.,,"' 
<><doqu•l" """'~lo<« o dnin< """"'' t•l•t• lo.,... o "'"'h.' 



• 
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Et<»i<m d«ho;-< thi> kind of o•idenc-e 
'"'}' qui•·lly. Hy m . .tehmg "1' <listU,ol"'" 
rock tHlil> thal ha•c ~eon broken up >nd 
mon•J w1lh re>p<~t tn o·"th othe< ,¡ " 
pc«ible to documeut .,¡¡,._.,, of teno to 
lnmdmls of nub. A "·dmH•ntary b,,.,,. 
often holill dobri< th.tt coulol n~t p<><· 
<ibl;· ¡..,, .• been d~m...d lrom anv of 
the \oc,! <nüuntai"'· matchiH~ up thC>O 
h...,in< '"'h th" nppro¡m.dO '""'"' t•'· 
gion on the utl,-r !ide of tb~ f>ult ean 
pro<ide e• idcnr" o/ sti!l l>r~~r d;,~la<e

rnenl•. 111wn th•·>" •~riou< kmd< o! in
fomwlinn 'Te c·nmhinetl, Oll•' ohlaLn! • 
rale of al••ut hall >n inch pcr ;·ear for 
motion on the San Androa• fault in 
nonht·rH .tnd cenLrdl Cal,forJtl.l o~<·t ""' 
pa.<l 0<\'0ralte<LI n/ nulhon< of ;·e:u<. 

Th.i< >< mueh lo" lh>n the 2~ inche• 
per r••• that" itofef1od f"' the !>le of 
'"!''""''"" nf ll.oj.o Calofomoi.o and """'" 
!.ami .\lo·""' .lnd tloe r~t~ th>t i< mf<-rt<·d 
hom «i<o,ologieal <ludie• in ""-ltho:m 
Californi.l. Tht•re ar< .ewral pos>Oblo <">· 
plmlali"'" f~r tll<' ,¡,,·rop."" ~.' .':oo ¡¡,,.,, 
and >Cm!hern C.olilumO> '"·'Y ¡_.., HH'lYin¡; 
>t d.Jfeoe"t t3l«: this >('rms unlok,·ly 
sinoe tlu·~ '"' ¡,.,,¡, .ottadcJ le> 1hc "In" 
p,,.,fi,·pl.olo·. Ou ti..- nlhcr IUrHI, pa<l of 
tho comprn->oon in thc trouwer>o ran¡;c> 
m>y resull fmm a do!T~.-..nti1l motoo" bc
lwee" tl1<· two p.ons uf tlm lt.ote . .-lowllo· 
or p<><<olllloty '-' !h.>t all Q[ tloe ,..¡,¡,.·e 
motion [,.,1\I'L"<'ll tloe Korth .-lmeric-.n 
plale nnd !loe l'.o~or.c pl.,e ;, not bcin¡; 
tnkero up by tho S.oro AndO<'•" fat~lt or 
rvcn hy thc S.lto Andre.Js l.oult >)'""'" 
but cltcnds wcll inb .. J. 11oe lraoture 
z.ones ni tloe !'.o,·ofic «"Cm ¡., •lf.-.:t the 
grol .. gy ni !he '"""'""ni fnr a di.<I"H'I' 
ol•t lca•t ""'""'·'' homdrcd un h. 

The e,.-.,\ Ccnlfol Valle>· and ''"' 
Sieno 1---:o·v.>da he l><t\\o·en "two mojo' 
fraotm~ '""'" th.ot "¡"'' thc Cal•fonll-' 
ro,.¡, tl1e ~lendocmn hoctw~ Ume .,,.¡ 
the Murr>y froctonc 7on~. 11oe non<· 
\'Cr>e '""k"-''· tloo .\luj." e D•·><·rl >nd tlH• 
Garlod. l.1ult ""' >11 in luou wotlo th" 
Mu,-,oy h""""~ ,,.,..._ flPC•·nt <nlconi<nl 
Jin,., up 1\ nh thc •·>leu<ion> ni th<- CIJ<i· 
ou ¡,,,,.¡,,~ ,.,..,. aurl thr• .\!emlncuw 

ho1otm•· w.,e_ Thc lu;ms o mi ron~e gro· 
k>gi~\ pn>l'ince of thc I'C>II'ffi \J.S., • 
re¡:ion of CnJsl•l len>ion ond m1rdo ,.,¡. 
coni<m, Uló)" rc•pfl•sent o'""·"!'""" ni 
ddorm.1tion betwe~n the Pociñc plot~ 

ond th" :-;"orth ""'""''""" pl>te p<opn 
Sei>m>C ""'"'ity " <ertainl" >po~ad ovo•r 
• larb'<', dáfme I<"MIOn ni Lhc I'C>I<·rn 
05. 

Alt~on~l< tloe >nhje<ot b.<S ]>rlOn quite 
"'"'""'o•11iol, noo'l go·ulo~;isll .ne """ 
willmg tn dCCCpt ].¡rge ''""'ont:tl di>· 
pl=mcnls on tho foulu m C>lifomi>, 
p>rticul.rl)' the S,,, Andrr><: lli<pl."'" 
me'"'·" t. .. g,- "'.¡:;u nuh ,¡ right-lot• 

•. t.tA(lt."A 

• 

CHEt/,CAL 
fqACHQ.~AllO" Of 
DESCE"Dl':(l PlAl[ 

1:'\TF.R.-ICTIO:'i Pf.Tv;-(1~-.; IIISE ,\:'\1) Tm::;cU lood• to motu! o~n;~;t.oi•n. Th< 

'""'" lorm•d u oh• omni< pbt • .¡;,,. und" 1ho '""''"'"''' pi•"· ol••ly hilo .. ioh 
><dio""" <ani .. l t,, ''"" o nO "'""" 1 '"P 1. ,\\""~ h;t, <h< rn<lrino ot ,¡,. """'"''"' 

,,,¡, '"''" ••~ '"""'"¡ '" '"" '""''"'"' hom lo< lo~. Wh<n '"' .,;, ol th< ''" ""'"' ,¡., 
<doo o( <h< <onlin<n~ lh< ftn• o!'"''"" on!o oh< 1ilt ;, '"' oft ond l<<n•h .,,¡,'"'"" "' 
>t<'¡~d OoiD th< """m 1 !h" io, k!< 1 "'" o( oh< "'""'' plot< 1 .,;.¡,¡¡, 1, Th< d<o<<ndin' 
"''" d'"""'"'" ,,.,¡.,oh<'"'""""' •n•l oh< ,.,tim<nto ,,..,¡ '"" <h• """"" phi• obn!
'""''· n,. """1"'" pm ni'"'~'"~"''''"¡,,¡, ""' ""' 1«n (,.,,,..¡ in ,¡,;, "''· ~ 
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oral ohp ho"< been propooed !or tho 
northÚ" .,.~mento! the !.u\t. Di>ph«'· 
m<n!> on tho >outheru San .-\ndO< ·a¡ bult 
are pul ol no mom than 3()0 moh-s. Thio 
do<erepancy h., ],...•u pu.,.lmg to ~eolo
gi>ts. ~ty own roJ><"lu•Km ;, th~t tht part 
o! no.tl1cm aud crnora\ Cahlomoa wert 
,,¡ lho S•n Andre" lault hos n10wd 
n<uthw<" mo"' thon 100 mtl .. ond thot 
th< ><>ullo<'m San ,O.ndre:u foult has 
olippcd >houl 300 moles, 1\hirh makc¡ 
thc •pp.>«'U( o]L,U<"]l"n<y <'<'<"ll '-'Or><· 

The di~paocy du.oppoar> if one dropo 
the COOC<l'' o! a sin~lu San Andt<» !.ult 
ond aduul< the po»ihihtv thnt thc '"" 
><gmcnts of tbc lnu\t "''"' itnBt!l<'d at 
dille.enl tim<'<. 

The '"'!>- louk ~~poi h<~i> " >upport<<l 
by <!taight!n,-v.·a,.] <·•lrnpol,touu of thc 
t<OOrd "" the ""'"" lloor. Tho two s,,., 
Andr<"' hult, f<mn<'d at dJkrent hrnes, 
in dtff<'Trnl wavs ami ma'' be mO<mg al 
Jtffennl ''"''' Th,• "'''nnl mdi<·al<·• tlut 
the w~>tnn pact nf No1lh A<uorico 
t>uglot up ,.;¡¡, a wction of thc ~~ 
]'aqfi< ,.¡..,. ><>m•·w]wt<· hctwO<"n 25 ,,¡]. 

lin" ,,,.,¡ .111 n>illio!l )''""' agu. lid""" ti'" 
rull¡,jon o deop Ol'""!•io ''"'"'h <'>isle<l 
olf lhc co;><t suoh 01 ''"''' ,.,¡,., fao1hc• 
lo lhc .,,,,¡, o[ (~·nlr'<l Amrnca •nd 
South A m• dca ·n,• lr<'noh 1""1 ,.,¡lt,•d 
fru ntany nnllion< of yca!5, «<ei•in~ 

oediment• f,om thr ron~incnl: sub>e
quenth· the std<mtnl< were o>oc<ied 
down iniO the mont\o b•· lh<· d<">C"Ondm~ 
oe<anic plato, whi<h V:·as d,ing unde-r 
lhe ro"tin<nl. Boscd 0<1 whot we kno"' 
of henoh oreas thatote aro•·• todov one 
can "'"'me that th< plato 01nl. ~ 700 
lolomolrr> and thal the pre><<'" was aC· 
rompaniod hy earthquale< "'lh sha\\o'''> 
inte<mediole and d~ foti. · 

Let us examiiio o Lttle mo.re closdy 
what h•ppens whr11 "" oceamo tise, th•• 
!O mee ol ,,.,,. <><-<·:onic cmst, app<ooch<> 
O t«n<lo. wh1ch •cts as a ,;,.O, Or CO!I· 

onmer of cru•'- E•id<ntl\' tl•c ri<e a1od 
11,., \rcnrll onnLl,\atc ,.,;o], <llhl'r 1 h<• 

<><"eanic ''"'" and '" load of <nntmcnt.<l 
debris. ,.¡,¡oh "•• lonnerlv m tloe tren<: h. 
"'"Lec"'"' the m•" is no l<mger ron
LL<-cl<·d tu thc· pl•t" lh.ot w.o< phmgin~ 
undr< tho• tontmcnt. 1 he tr<n< h <icp<~'" 
»e oo thi<k tloey <v<ntua\ly rise a\xr.o 
«a bcl ond l>eronw pa.t of tbe ronli· 
no·nt TI'" ,¡''P""" '"'' ,,.11 ,,li.O<hod to 
ti.,- o<c.noic plote, how.-"·;:an~ \.av..l 
wilh il [><'€ illu<!mtwn '"' ¡or.-c.-du<¡: 
l"'t<l-

ln lh·· ''·"" o( ¡¡,., Pacilio plato <di 
f'--'llilorni• the dq<osit< mo•·e nO;thwo!l 

!-'Oh\!' llO,-; Of ~AS A~ lJRUS f.\ UL T ~Y >TUl ¡, d•¡,<«oi ,.¡""'"'"¡;' in L1• ,;, 

~'"''''"' "'" ,¡,¡,. '~" l'"'"· ~""" H ,.,llton "'" "" tlo·{n "" ""'"" "" ''"'"' ]of 
off Oh<'""'"''' ol!'io"b AHmi"• ~\,;<Jo"" ""i<.! lo) o plol< oDD>ioo '"~"~ lh< ,;,. 
'""'~ n. '""""'""¡ ph« .,,,.;d., '"" ¡•.,ir., "'"'· , ... ~.,;,, , l••• "'"'"· )!<o•
~bil, oL• •nlÍ'< l'a<ifi< plao< :1 mo<ino no!'!h~"'- Al<", 1.~ ... ;n:.,n '"" jo;,h<l <h• 

''" ""'"' '"' '"'""""' ;, ''"" .. ff. 1),. '""'" "' ...... "" '"'" f,]kd ,;,\, '"""''' 
" 0J'>i hoh> lh< noHIÍt><nl. Th ... Jo'[""'" will '"" ¡,., .. m, l\0< CoHiomio .;.,.,, llon,•l. 

-witl\ roop<ct to th•· rontincnt. Thi> ¡, th<• 
"ull of roasta\ Co\dom,. nortl, o( ~anta 
fhob>ta, parlicu\a!l)· the Co>$1 RanfOS
AtTonling lo tb" ,.¡,,w, the nnrtllem l<'g
menl o( tOe San Andrea< fou\t """-' hmn 
at the '""""tune •• noo1hcm Ca\tlom••· 
The riso and the Uench uutiallv in,.,. 
•d<d """'San Fronci><''· ,.¡,,~¡, rh,-n 
"'" nea1 Ensen•da in Eaja Caltlomia. 
Enocnoda in hm< ,. .• , ne•• thc northem 
ond of tloo Gu!l of Cahiom1.._ whkll .,.., 
tOen clo•ed. 

Tloc l<"<tomcs and geo\ogic bmor~- o( 
C,l,lo.mio, and m foct much oJ !he"""" 
em 1).5 .. an· """ hegmning tn lx• 
undor>tm'd in tcnll< of tiH• l<t'W L(¡,.,, 
dc,-elop<-d m tlw throrie< o( ..-.a-!locor 
>p•eadin~. rontiiWI>tal drilt •lid plat•· 
to-ctonio. Ma<N of the L-""' ron«·pl! 
w<-re ¡_,¡,¡ dow;, 1"· ti,- ¡,,\(' li.lr>l' 11. 
lle" ol l'rinc..-ton ·,,,¡ llolo·rl 5. Óic1< 
of the EM·ironm~IH•I Scwn<-e 5.-n·i•-<-• 
Adn\Í""''"¡;""· T-'""'' ,,,,..,.,., of lln· 
Unner.<ily nf Colif,;,,ia al s_,,. D1t·~o 
~od ll'al1'("0' lbmillon of tloc u_s_ \.<"0-
lug•c-•1 Sorwy ,,nd lht-i< ,,,n,.,,~~"" ¡,.,.,. 
,.,aJe P'"lit·ub<ly ""f'V''"'' <"n<Hlli"'" 
"""' ~~~- >pplyu<~ the con«'l"' of ri.'"' 
lcctonia lO ro"tÍIK·ntal g<"«lo¡:y. 1\"o·, 
now lnuw th>t ti"' uutct 1.1ye< of tf,.. 
oarth " im'"''"'''l)' "'"hih·. ·¡ ¡,¡, L<y<'l, 
tho l.lh'-"phero. " rdall'<'l}' ruld .,,¡ 

r:onnn:~::o: cE<.:T!O:< .r s.,,. -'""'"' 
l•ull i• ""'"' ,¡,,, lh< ¡,.,,..,, """'' 
d<po"" I'<<Dm< oLO"b<d lo<],.'"",¡,.,,!. 
mo•mo !',.;~, '"''" U•!n n. "'" -'"' 
,¡~,. louh 1: .. l·<O~<co ll« <~o •l~"'"d 

'"""' i•"""'; .. , .. , ..... ,.¡,., '""'¡"" .. 
¡¡,.,~h:l< •• ''" '""'" • ,;¡,,,¡ ,;,. '"'' 

&3\ 



'""1">1 ""'< l•p-ou><".''l ¡o'""''" ·~• """1 P"'l"! pum• 4'!4" ''"'"'' '""''"" 
'4' """' ~'"lq '!"'"1'1':1 •1011 '4' ¡o pu> 4""" '41 lO ""!""dwo> >qj. '"»P!" 'I!P"" 
'!"'"l'l':J ¡o !1°:1 "4' O'~"' 1 ~"~•·~~'!""" """' '1 """"""' '!"'"1!1':1 •!•H ,,-''!"-'"1 
·•¡•;11" 11":1 "1'''" """"'" 'mo¡ ,,,,,., '"""J'I'.l•<•H 1" "'"]~ .,.,. >ql 01 ~"'l'i"JI 
'"V'P 4"4" ''""'"""" ""!1'"""'1 u.o;: P"' 'P'",; '""~ •qt 'l""" "1' •• "'"'""" 
p>'""' <¡M•r ~·•· ··~m"' r•• "'1" "''!''"'Y 4""--< '4' , ... •••r•r• '"!'"l1'"1'1'!w•¡ 
.,,~ •!•11'4'" l•l•¡p P'"'!"' <¡¡n¡ ••• '! 'I"'I'"'P"V ••;; ¡o ¡,;m_¡.:n<; J.a.ll!l.JJO,O 

¡¡n•¡ 'u.o"J'""'I • u¡ '11"'"' ""'""'' 1""1"1 
pur ~,.,,,, ~ '" <ljM>J ""!«aidw<>:> ';J<U 

,. "! '111><01 '"'''"·'!. 'ÁI'¡,,_ 10~101 ·"'''! 
-·'! H) W.>.>$ <·>IC]<I OH,.,»> O~J. "<C>jll<1l 
-»1 pu< k.lo¡ool! OOU<·>.:><> J" UO)ihiOAO 
"'fl :lu¡uor¡~>.l u¡ ¡n¡=" Áj~<1l'CW 
·>J "·'·"1 "''1 '"""P"""'I 1)0~1 1~ l!H1pr 
·•·'''" !"'" "><J'"' s,~lJr.o 0~1 uo P"""" 
~"!·'"'" ''""IJ P'~" ¡o 1J.»uro ~•u 

·uoo<OJ> liqp-><Ooh.> pu< 
>O,>ll•) \ltJIIJlldll ,(1] OO"JU<> nop 01 ['0!' 

·J<> Slll '1""" •.~uoo 0~1 u¡ q¡dop '""'~ 
,. Át"'"'' >),.,. ..m;..., ""'!-" 1"'"'-'01 
V'" >'1'""'~ JO '"'lli o~• e¡ • >l ~l'W'Il''l 
~-'"!'"'·'·"""·'!S ·"{1 "' '1·"" '~''l"'ll"'l 
"""'"'~ o~nq """!o¡ <.>nJ •wls•w o¡¡w 
• .,~ 1q~•1 "'!l. ·;¡tu.,~"'"') pur ¡¡ow 01 
IUO!Lil""" oq¡ •·'P"" po:'t'.irJp Á¡.>lrUl!ll" 
'! ""''"'!P•" m¡¡ jo oo¡u'"l Y -""1·"'·"1 
1•1>«>> oq¡ 01111 >iii>W!!"" l'~"""""ro 

¡o '""'"lo' >~n'l dwnp P'"' o.\!)>OJ¡> 
·""'" otuo.ooq <.<>Jo¡\'""!"''" 'Áoud"n'l 
JO •'"'"""l '-'~~1'1 '·"!' puo '""'-'"11 
]U~U))(IQ.} 0~) ·~· '¡»U;)~'l~l pu< ¡»UUOj 
0'" IIU>U!)UO> MO~ ;:,.., ~U)OU!AUro. m 

mqd,o o¡ a¡q• '! """""¡ -""" •u. '•'l'.b 
>001Hltlti00 < ti) 1""·'1"'" OWO< OL(I Á] 

"1'1'""'"" Átl<'> '!l"" ""'"'"·'"""-"''""~':! 'qo¡~·" u¡ 'p.>z1¡•n<!' _.;¡u•wopmo ~uo "'11 
WOlj l"·"·'lf'f' <S<>~ll] ><11 '"l''" .. ~UI 
''!"'""· '"J '"'-''"'P""' '!'"' ""'1'""-'' ·O<lJ ¡r.;>ow>q> ¡o UO)I;>npo•Jm ~q.l 

'""''P''"'' 
""'"!' ,...,:¡ 1"'1" J" u.J o~'"' • ,Jn .~.,. 
dn <owoo '"'!"¡o urd "~'"l v ··'P"<Lh 
,,,.,o¡ 0~1 01 P·'PP" " l"u-wu> "'""P 
"'"' pu• '""" "'!1 01 I"'PP• <! 1"">1 
·<W l4~>j M.>U <<<JO<lJJ '!'JI ·'\1 ')00 WOI 

·1<•1 "1 ""·'" 11 '""'1" '''"''"'"l!ll/0~ 
m <OL<ow """"·" .;q P•'V"'I O<j "'' <¡<¡< 
llu¡ollu.,op ""ll p¡lo.-'\ >•[1 ¡o >U.J "'-"0$ 

"] '"1'"'"' "'11 "'"' '''4''"l """'' ll '"'!1 
''·'1'1''>" 1> ·"""'"'11"'" llO)IOL'lj ill>loop 
•A!Uj < ]5<Ij ><4 JI ~m<:>"J q10q 'OPLjcl5 

-<lU>I(lre Oql t>l ]<U>l<W ~UipU! .. LIO< 

>ql "'41 l>$1t.>p MOit >! >l<ld '·'·""1 "'J1 
lll ~"""rw.ot 1''"·''"'" Olj L '~U•ll"-l4ll>p 
-UI\ 0~1 JO ll""" •" P"I'I"Op Á¡¡•!lll>su 
>] l<fiJO O~J jO """'P!'II ~~J. ('"!JI~~d "'!1 
pu1lOJJn< 1•111 <->~OU.111 Ot{l pt<l~'"l SO'" 

P"''l" "'t••" '" '"I"·'P"".ÍI)l"W)HI '1 ~'" 
·JCj•t~:) u¡ ~"•~S ¡uno¡~ -."¡rowy q1nos 
jO lo¡>''V "'fl WO>j >W<U <1! <0~01 VOl 

''~.1.1 ·qou>JI "'11 JO op¡< 'lqu>•11'"'" JO 

'I""·"P""I "'1' ""'"""'1 01 '' '"q" too,,. 
P"01'! o• '1'1"''1 q:o¡q.n ·~I!»P"• ,_.,_, "'f1 
'""'"-""~ owin.u "'{l '>i~¡d ,..Jdn "'fl 

¡o )'<·d "'""''·~\o¡ '·"1' 1'\jl ,UJS,.,, ''" 
-u•t~-""1 • >p¡>c( ¡t 'l¡>W o¡ "-'"' •Jo¡d 
l3.ntll ;><¡¡ U"'!.\\ -~,.>ll t <.>u.t00'"1 ..:,, 
-punoq >~J. 'OJ>qd,.,u."l"" 10q "11 OIU• 
l'·"l'"d Su¡-•¡ ·'l"td '"""'~1 •~1 ''"'IIO 
Oj 1 ~"" opu 01 >poo¡ ~uo 'op_,nro "'"'d 
"''"'~d"'4l~ "!""""" "1'11 0,-'\j ""ti\ 

'"'"4""" '4' 01 <••••ol-11! '""' puo 
Ol'ld ·~•><,¡ >41 OJ ¡uq"'" ""'""'! 4'!4• 
•o¡nw¡u>d '!"'"J!I':> •!•u >ql ¡o uod o 
~" '''"'11"1'"' ""'''11'" •u '"!"'"I'I'J 
o(Oij )O 41"00 >Uijl"'" >q¡ Uf l'"'J O " 

•• r•• '"'"'"'"' •q• '"'"""'"' •• •P.,, •! 
<''"";'!P )" o¡od '"~ "1' u¡ '1'1!'!' 1•< 1•~1 

"-)¡__ 
,,.,. ;.,. 

'' ' 

'\\.~ ,,_ ~ 

l1';'1d\\:'
~ .. )1>f~o";';l' ','<¡ __ 

HJ>!ON ·\-
',•'-
· .. -
' ' --

\ 

'"'l""b 
·ql>"" ]«JO)"'dl MOII~I(< 'IJ"'"' JO OJ!< 

"'11 '1 1'"" »w¡d ""·"1'¡,"'11'1 "''''"'1"'1 
1<!'0 '"'[1 itopuno'l 1" ,,](, ·"ti ¡o """ 
>1 ""' "'1-~ ·o,¡oq> '·'tclnro->p ,\1""'""1 
·)-> !'"" "'"'l'l'ou.np<e '"11 P"" >>><[d'<O 

• \ [1 ' 1 >tp " "·' "1·"1 ·'"'!'" "'"1 ·" 1' ... "0! ·~~~ 1 
<>1 '·'·""' "'·"t'h"''·"ll'" ·"11 '" 11·"" oq¡ 
•¡;ruo "'"'" J" "O!li!UtlOJ "'11 JO) owls'rw 

~111 ~0!P'-'0'd "' """'1'1'• "1 -""'"'JI l" 
.,,. ·"11 '"'"1 Áom '"1'11• Ápu,,,¡,,,~.,, 
P"' "'"1 "' <JJU Jt "") ''"'11 '.>.>q<l¡<>~ 
"'JI Ul 1JU ~~1 ~~~'<~ 11'1(1 (¡rut>)lOI!·"''~ 
Ái'l"""'""'l¡ '~""IJ<""!•u~¡ ~w~• "'11 "' 
l'·'""h>" 1"'-'·' "'"" ·"LL '1'"'·' '!"""oo 
"'"" WJOj !"" 0<0·") <oj <¡jll O!IJ~ 
·¡>!W >ql 50 >pns UO)<UO] JO <;>uo• j< """J 
'"" "41 "1 •·"!' ·ow~"" l''ll"·' 'aJo~d' 
·Oti>\jl'>: ·"11 jO U~ll->'1>) \\.JijüW 301-L 

·iWO><¡l '"'Ol"-'HI<¡d "! p;>wnm' .\¡uouo 
·Wo.:> ,-; '"''Jl JOUUNI ~~nw ><¡ \\o> >¡~¡d 
~IJ),tOW 0'-;1 11'1j1 puc j<ltl) JO !!Oj 0011 JO '0 

>P'I' uoo l<fil·' ,.,,hin "'11 ><ql .\l'l"l"""cl 

~q1 00~1 '! ~•>qJ. 'llu¡po¡< o¡ """"'" 
.,, ~"'1 1011~ "1 1'"" '1'~"~'1' l)0\(1 ""'1 
"1 'l"'" 1"1'"''' ¡o s.>d.\1 '""ll·" o1noo 01 
Jl><)l )5'U.J ~'j) Ul \j)ii\OU,) 'j~!'( ,1\U'="J. 

..,m¡.,>o:lw>l >qt ••uoo~,u ¡rJU~"!J""'' 

Ul <) 11 « '1·"'{1 '! l"\13 >•11 >l>lj,\\ 
._,,,,J,ouoq¡« 

""'l""' .<11•_,,,.r ·,o•l "'l' uo """'''!' 
""' ~1"'1 41!"' puno~< ••pn< 1''" P!~!-' 
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E~Rl.Y A:-<D 1.\H;~T.H:r_,. in tho hi""" ol th< ~'" ·'"~'"" 
r..lt '"~'"'"'~-T ...... ¡;,. ,.;w •• '''" .,. <l•l•ll<•i• c,r;. 
fotnio pmumoLI¡ ,.,,,¡,J ''''"" .,,.,,r,.,J ""''"· 1"1.o ""' "'' 

''"'' "' "''""'' .;., r ...... , .. ''" 'r""'' h''"'"" """ "'"' •h• 
p.,.,,.., ''"""" '""' hh ju" <olliolo J • ;,¡, !h< '""'''"'"· 1 <'n<h 
d<,.,•it• '" "''"''"' onol ¡,.,om< ""'o[ Oh< <.:o.,1 ¡¡.,.,., of (o)]. 
loonio.ll>< hlool <ontoinJn' oh,""""' Oon !non·•• "'' tJo•~ 
.o/o<i lo ol•out tu oioot it, Ion, nodh•O<d jou<n•>· A loiO<l un· 

,,,¡¡,,,¡, "' ''" ,.., ,¡¡,r, ,.¡,, ''''"'"" ""d ... l , .. ,¡,.¡•,.;¡, 

..... "'"' '" "' "'' 1 h ¡, ; ..... "'"' ·~·'"" , '" .~ ... "''"'"" "'" ''"""' 
Lomo. lht<< mJII,.,n \<•h •ro om,J,JI.o !11< (;ull ,.p !;ol;rocn,. 

hh •l•"•d 10 opon .. \1 th< 1'•";"'"'' "'""' n" f<p,. m>ml>nd 

_(' 

' ' 

' ' ' 

,' 

~l••i<o • ..,,¡., ul ,;¡.,'''"""·foil •ilb "''''"' onJ "' .n,., ~' 
""""""' "'""'" ll•i• ¡:,¡;¡.,,., .... , ],,., ¡,,." '"" .. ff ; .. 
""' ,.;,,. "' ¡., olhm. Soo<h"''' ¡-,¡;¡.,..,,. ,,.,¡ llojo ¡:,¡;r.,.,,;, 
,,.,¡,, <dglon ''""""'" '" ,,,¡, .,.,,¡..,.,, ,,.;.,., ,,,. .~o11h ,\H,.,¡. 

"" m•:nlond. 1 '" ollu-t"'"'" ,¡,., • ru•i"' ¡,.,¡, '' ''"'" ••·1 n~. 
'""" l<o•tu« '"""· Un th< ¡,,,;, ol un•qu< '"'~ !onn>O;.,,. 

•••'•••·•· ;.¡., ''"' th< l..oo ·'"'''•· '"' ''" '"""" """"'"' 
oLnot 13<J mil•o oh' 10 !Jo in <1« j•>•l '" onillinn """ 01 ¡,.,, 
"''"' """'" ;,.,¡,..,,""'ti" l'olo .\lto •· ,;.,., ¡.,, '"''" .,,.,.,¡ 
,¡,.,,., ""''"''''o(." <o(;¡_',.,,.¡""'' tn ,¡.,. "'"''' ol o'.no ¡..,,, . 
,;,,. ho" ¡,.,,. ,¡;.,,¡,.,,¡" ¡,,., 'OL> mole, Lf' tu .i 1 ond , ... ,¡,.,., 
"mu<b" l:iO mil<> lA" lo Al Jn tlo< '"" lO ,.;u;on Y""· 



0 nJ .< f<>clwo '""'' ¡,..,. bortor>< i/1""'"' 
ti<>n o .. pu-;e H6). The mt<·»ction o[ 
<><""=icono! <V<Ilin.-nt>l pbl.,., ~r of lwo 
rontinenlal pl>te, is >pp>rrntly much 
O <lOO r• compl«'>lOo!, ond lh» is '""' r<',\>011 

tbc ncw com·•·¡>t, '"''" Je-eloprd by 
<tuJ)' o! the O<'COI\ ¡.,""'" tather th>n 
cvntir><ntol grologv. 

The boundo¡;- ¡,._.'"""'" lwa =•nic 
pbte• con be o ~«'P ocoanic t,.-nch, an 
occ.mro "" or n 'tnlc-sl ip f.•lllt d<·¡wnd
mg on whether lho plote< aro opptoJch
ihg. <OcedU<g l10rn ur n<o<in¡: P.·"' c:>eh 
0\hr!. The lor.-.·• in\ohed •.,, re· 

s¡~~ 1 i' d;- '""' p """'"" A te ros iou>l >mi 
shr,in¡: \\ ¡,. n ,, ohkl cunt"''"'·'l pi:. te 
¡, it"''>h·cd, conr["'""'"" ,.,., . .l<n u·sulL 
in lrigh upthrml o1<J foldt·d uoounl•iu 
rang<'<. The llim>h\"-'' r«uhe<l ftom o be 
o:<>tlt<ion of lhe suhronhne"t ol \ou!ia 
witlo Asb. 1 sholi >how lh>t !loe ""'"
'"'"' rongcs ior t;,,¡,r,.,,¡,, "'""' looom·.l 
iu > <iu.,l.lr '""· T<""'""' CJH ""'!t on ' 
wiJo• <nt<C ol 'c•u•t.o\ lhinuin¡;. rooom.1l 
fauhi"~ anJ ,ole.,,;,..,, i! con ,¡,., coe· 

otc • bidv """""' nlt ni oho \.íoul l<•und 
in th•· c,;u of c.,lifun<u •nJ 1111· 1\cd 
Se:~ [.<cr Wp ,1/,.,tiirli<>" "" I'"W" 1-W] 

Thc inte<>clion uf """""' 1-io<lh 
Atn<rioa ,.,,¡, thu l'>e<fio pbtc h.s k-d 
lO br¡;o· l.:rrizontal onulinn< obn~ tk 
So" Amhc~s l•uh, to ron=<>t,.\eol nft
ing "''"o hu,,,.¡,,,.,~.-., lnno.~lo ,,.,,¡ th·· 
c .. IJ .,¡ c.,hfnmo.o, '" dilfu•u ,,¡,,~ ·'"'[ 
uorm.•l f"olton~ •'<~'""'1'-'""~1 L.v ';,¡, .• .,. 
i>m iu tl<f' b.>.<in< dnd r>n~~ prm io«~ of 
CalífornL>, :.;,.,,<!,,, Vl>h a,d .\nroo,a, 
'" ,,,~, "'''"""\ "[>hfl by,,.,,¡,..,¡,.,~ 
"' ia tlw tr.<m><-tlc r.<ng<'' '"'"h _,,.,¡ 
wc•l <lf Los ,\n.~<·l•·•. tu llw g•·neo.<loun 
o! l>•ge OO.tl<Ohtl" "'d' •• tho s;,.,, 
,'\cv><l• >uJ lo oloc inror¡>OroU<m ol 
J.,·p-••·• tn·udo "•·•h·n:ol on thc ,.,J~c uf 
tlw <"Onl<n<·nt l!itill>.<h·l;- tl..- g•·ul"~''· 
lt·•·l<>nie< ond "'Í"HicJtv of C.<bf,rr•i.o 
~""he rel>teJ to ol,., <-oll1Soon .,¡ ;-.¡,,,¡, 
Amu;c-" "ith tlr~ 1' JCofoe phto. 

. \1<>>1 o! ti"' 1'.1cofi~ 0<-~>n i< ho~on&x\ 
hv lonod"" ,.,,.¡ hl,oml ares, Two.,hc·s 
~~>Od<•t J•<j'-<H, ,\I.J<l,<, r':<•nl<,¡] ,\n""<Í<.<. 

Soull< Am~rie.< arrJ :-;,.,. h·•l.<u<L ¡,¡,,.J 
-'<<> "<<" n.J"'"''-""tNI h_v llre .\l,·oJli.>ll~ 
l]o~ ¡,;.,,;;..,, the -'l•rhn."· ·'"" Goin~a. 
ti>O TOl>~·" ond F,¡,. The aros·'"" tl«·nl· 
,..1,.,., I<Oodcred l,y ln·ndoe<. ,\11 t!w<e 
""""' are clo>rU<'h'n«·d hv ,.,,.¡,,,,,.. 
",¡,.,,.,;,,., .,,.¡ ,¡,.,·p-focu< <">rllo<¡ualr.. 
\\'o•\lt'm :<:orth ,\mene-a " lacl¡n~ > 
lrcndo ,¡nrl l\ol> <>nk >hal!uw <'.!rlh
'l""l'''• lmt llre ;;•·ol¿!!..'' ondrc~h·< lh.>t 
''"'"'"·"once,,'"''"" oll ohe 1\'c·•t 
c.,_.,,_ .onJ in l • .,·tlkn· ,._,. "'"", ""'

'!he p ... ,..,, "'"''"<'' ol " "'" "'"' , 
trmd•. o!,.,·''"'''""'' o! d"·p-[,,..,, coroh
'1"""''' ,,.,¡ the ,.,;,h-ncc .,¡ <oplrl<··•l 
<h-cp-"'·' '"'¡"'"'"" ,., ,. ,oll ;,·l.rh·ol. · 

Tra<·in~ ~.le~ thc ho<tor; of thc irrt¡·r· 
achOI\ of ohe P .>eific pl•l• "ith the :o;ortlo 
Ameoic•n pl,e. oM ;, forced lo <Xm· 

clu& th,t the nol!hcm p>tt >nd 1he 
\O\llh<·m 1'·"' .,¡!loe S>n _\\lclte.l> foull 
origin,rlc'<! ·'' <bllcocrrt lunes :.nJ in <hf
fm·nl "'·'}'· The notthcrn p~rt '''' .,.,. 
denth• formed about 30 milbon '~"' 
o~o .:-htn a pootion of ri><' bet.,.,.~ thc 
_\fet>cb:i<oo ~oc\ure ton< on<l tho ,\!u">v 

!""'"'"' '-'""' •PP"'·'d,.•d '" of¡,¡,,,~ 
!tendr l"<nlemr<; oh,• wotheno P"' ol 
:\orlh -~mc'IO.I .. '<.l th>l time lhe ".,' 
"'""' .,¡ :<:orth A<neoic• '""'n<h\eJ th< 
pn·.,.nt Poco~c ""·"' of Soulh Ameriooo 
thc<c ""'" ,, dcq> "•·ndo ,,rr,hurc, hi~h 
'"o""'·'''" p.uoll•·kd tlr<• ,..,_.,,¡.,,, ,.,¡ 
l,,.~c unJeothouslm~ c·>rth<¡uol,., W<IC 

osooci.>leJ <'<lh th< Jo,.ngoin¡: hth<>· 
sphnc. 

,\, thc ri>e opproochcJ the conli.,cnl 
OOth th< g«>metry ao~J the d~oo...-ni•·• of 
mlcr><l«>n ,h,nged {><"< illc>lrorions on 
l"'~N 1-1~ mul l l?). l)epenclng "" lh< 
'['"'10iill~ t.>te ul lht' rwW UU>t ~\'111'[• 
oled ,,¡ tlw ti>c ouJ ti"• r .>(C .!l which ll•e 
ri<e ot1<'1f appr<Md«"5 11« con!U«'IIl, ti«' 
relatiw moti<m hetw ... -n thc ti>c anol 
thc e<<nlo.,cnt.•l pl.ot•· "oll <h 'l"-'><", >l<>p 
<lr JO'''""'" wl"'" ti«' me lllts dlt· \t<'"<h. 
Tl,c [""'''' leq><llg tlw lrt·nch '" ''"'' 
len<"< "oll thcrdorc cb <<-'><. stop or 1<· 
""'"'· J,·dclm~ to uploft uf 1), S<-di1nen· 
l•ry on•lc·ri•l lh•l hd< \~-.-n del"'"'"!"' 
tl"' '""'h. lro ,.¡,"ic.<l ~,.,.¡.,,!,e tc·rnO> 

lhc"' are '"'"'" ·" , . .,~''"'P'd"'·'l ,¡, •• 
1"""· .llthmo~h tlwy lr,l\'t' 1~·• n '''!~'"'! 
to ,.,¡~ n><><lcrat~ l<·nop<tóiUf<•,, th<'y 
lww 1~-.-,. <oi~<"<ICJ to ~reot P'''""""'· 
'"'' ¡, hydo ,,, "" ¡o" "' ~ tu t heor de pll ' uf 
Lut" 11 ,.,.¡ d<ocotion.< ll<n''''~ to 1 0<• In"· 
iwnt.•l '""'!'"'""'" lmCe> ~d\\ee" th<• 
1mpmgiro\( pl.>t<->). l·:,.~"'"'"durol ,..,¡,. 
men" >re tho:-rel<~•· >tmngl~· deimrn«l 
~nd bo.'('Oo~oe ~"'" Otoon• >O >< lloev >O~ 
co""""'d "nd ,¡,,.,,,,¡ du"n~ ,;phlt. 
;,¡.,, ¡, ,¡ the ""''''''" ,.,¡~,. ,¡ e"¡,¡,,.,,,, 
,,.J !Jdj" C.thlomi.o o;,.,,.¡..,¡_.,,. 1., oloi< 
m>l<ri.ll. c>lled lh" 1"r.1nmc>n l~rnu· 
tion. TI,., form•lion " physicall;- al
t>ch<"<l tn the l'~o,r.c plak and ;, ''""e· 
f<m· "'""'"g >oortln\,·>l wolh "''f""'"' lo 
thc ,..,, .,¡ -.;,,,¡, ,\,.,.,;,,,, TI,• !'""'
"" l•mn<brv" ti«• lt<>rlhem p"<t uf 1bc 
Son And"'"' faulo. Todo~- this >c:rlicn o/ 
th. San Andrcas .,-.,~m e<te>od< hom 
C.lpc M<•nd<.><:i""· nurllo ,.¡San h.or«Í>
cu, In '"'""" ¡,,., .. >O<IIh ,.,,¡ ,.,,,. of ~-""·' 
ll.orh.r t>." ""'" thc ¡,._.~¡.,,.¡.,~ of rf.,. ~,.-,,t 
¡,..,.Jo/ ti« San .\~tJr<.t.< f"ult, \\l11·re 
lhe Son ,\ndteas ><oJ tloc Carloc:k fonlh 

'"'"'"""" \1,.,,.,.,¡,1,·, :)U '"'11""' )"·'" •g<>. ,,_ 

,-,,c?h 
olh<'t "'-IÍon of th" ,;,. SOllth of ,¡,,. 
'lurray h.o<ture mne "" •lrll oA>hor<', 
to~<llwt "oth an >eh><' lron<h. Baja C.ll· 
<fomi,o wos >toll a<l•d,.~i to lhe mdfn
bnd of .\t,•,ico ·'"'! ti,, Culf of Coli
lomi., lo.ul not' el Of".'""l "~· The >Ootlo
em P"'' nf the ~>n An<l«.<> bult h>d nol 
¡·et bccn fonned. 

The ;hrupt ch.:tn~e m th< diJectoon of 
<!te roosthne >Oolh of the tip o! l\Jj,, 
Cahfornio •u~gests tlt.<llw<e tire""" >p· 
pmochcJ lite Nntil>c-lll "''"" O\lJ "" 
lhan LrnoJ<;Je. A <lh<r of """ing «m· 
tonen! w•• w~lded unto the l'aO<f.e pl>tc 
ond nlted ,..,., .. from ~le<iro, th~s foo rn· 
>ng lb¡• CJhfom<• •ml1hc Culf ol C.<h· 
¡,,,;,._ ·n.,.,..,,Jtu H.<p <:.,ldorn•-' f'·"" 
t i« ¡Mlt•d ¡,. t he norlh '"" rl v mo 1 ""' of 
O he 1' •cif\c plate, wuh tloc r<>ult ohat ti"' 
Gulf of Calofomu ".dcn"l progr.-.so,.ly 
witlo timo. 

Abou\ r,, e mollion )'<"·<l! "ore rc•¡llu«l 
r,, n<ltlhmo C.hfollri.l, "hich haJ loro
km .. ~ from Ao1• Cololorro<.l, to ¡_, c;r
n.d aboot ~00 mole. lu t).,· nO\ll"'"''· Al 
thc end of thal t<mc oh, Culf ,.¡ Colo· 
¡.,,,.;,, o11J tho SJllon Se.¡ trnu~h ho<l '"'' 
r•·• "1"'' wd. The ¡,,1¡, 1 lo.<t th•lint•ot,. ¡1,· 
"'·'1'" s··"l"~'o blods "' """hern e,,],. 
fomia load '"" yct lx~·n octin<ed. ·rt.e 
blocl l><arin~ th. ~o" Cohrid !.,.\t, "'"'' 
"'"'h uf Soro F<·momiP. "'""oi•·d oh., fu· 
""'' s,t,,,, s,., ,,.,~¡,_ ·¡h.- '""'"""'' 
'""~'"' woll C\e<1lu.,!lv ¡,.forme<) [w«< 
1)..- S.11rl-• U,,¡.,".~-"' CaLuel and S.on 
llcrnanli11" lolocl> hy "'on~ compr<">· 
'"'" ["'"' o he "'"'h "1« ro lla¡-1 Colilomi,; 
Lrt·ah lo<)>c twm mJilllo.,J ~Iom~. Tho; 

_ aho opc·r" "P thc Cull ut ¡;,¡,¡.,,,,, '""1 
thc SdltoH Se.o trnn~l.. 

A< "'"tl"'<n e,¡,¡,.,,¡, ¡_, beon~ ,..,. 
ried d<VdY lrnm llop CtlolomM bv lh< 
Po~oEic pl.>t<' '"'oo!.cr >epm·nt of '"'""""' 
<r¡c ~noth ,¡ tllc ,\!uor>.v IO>ctut<' "'"'' 
·'PI'"'·""''' lhc ,,.,,¡,. . .,, lo"lf .,¡ H.1¡., 
C>i<fomid, ,.¡.,,.. tllc '"••·•!ion .¡, . .,., rl..·cl 

obo><• " '"!"'""'' '"""1" oluo th< ,,., . 
<t<>t •·ncoon~c" • •"-'•r beod iu dw 
c<mtlono .>nd the <n·nd, hus ¡u>! '""'" 
.,¡ tho ''1'"¡ tho P''"''""l.>. :..·ow '""'"·'J 
<>f Oj>J""·"hur~ \be \<\u!ment more• '" 
\e,; ¡.,.,.,¡,;,¡~ tite ti><· .lppro~d.-' tl..
rol\tiowot <nol M- ,\loi"Un<l _\lr;iro " 
>1<11 dc"""pled frum thot P'" o! lho 1'•· 
eolio pl.u,• '" the """ .,¡ thc risc h; -,¡,,. 
I\SP ,,.,] tiw lt<'l\do. 11.<¡.> C.1hf<>nri,<, 

howe-n, i< no"' C<<opi•..J !o the ""''"· 
"'""'""~-m•"ing 1'..-of"' pboe ood ll•i·• 
Cohfonoi.• " tom ~'"'' hom 1hc ,.....,,. 
la.,d. Tloi< h>pp<-u<'<l botnc-<--n lour ,.,.1 
'" .,.,¡¡,.,, )''-'" 'h"· ,\¡,,~m.t from tiH• 
'<1'1""' .,,.,,ole wdl< up '"''' tl<e 1111, lomO· 
In~ o ncw ro>< thol "'"~' '" "·"' north 
int<> tlw wiclenm~ ;:ull .• \lten>.lt<<.-1>. llu• 
'-n:i re • J'<-•~til»u l\ 11f l\,\f.l ( :ohf On>O> ,.,,.¡,j 
J,,,.,.¡,.,.., . ., oll f<mn .;.,. ,,,.,¡,,.,¡ ·•111,.• 
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St:Qlll:,W;t; OF 51~1l'I.!FILIJ V!EU'S ,¡,.,~,lb< mo•<to•nl of mojoo l•lo•).• ;n oou¡h<m 
Cohlorolo ""' th< P"' 12 ..,,u,on ''"'·In tho r.,., •i<w ¡,t..,,,¡ tho Cull of Cohfomi• 
boo hOl >" opp«t,.hl, Op<n<d hut tb< hlo<k .-• .-,;,, '"'("'"Ron<" 111 h'" '""•d 10 
m .. , .. pidly """h••" with """''"" ol oo.,hom ~'""'"" ol Son Andtno loolt. (fo,. 
ol.o• o<i<in and "'"'' oho" ,¡,.,,¡,.,,,., ol S<n 11"'"· Loo An,,J,. ond ;..nu il.,h,.o. 

PACIF/C OCEAN 

Tlli'O MIU.IO:'i YI:Ail~ AFTER ACJII"ATIO'\ uf,¡,. ouuth.m '""''"" ol th< S..n An. 
do ... loult luu< ¡,¡,.,o, 12. 3, <. 7¡ ¡,.,, h.cn lo'"'l .,,¡,,.,ti" .te.¡o ""'" ol th< S;.,;, 
Nnodo ond Oon O"n"rlino Moun1oino. C""'P""''"' ¡,..,, """ tito'""'"'" """'· 
M<on•h<l< tho blo<k ""''"' th< (o.,l 1<•••" \!) bu h<•O ,.,,¡,,¡ ¡., to th< """""'"·' 

GWtOGY OF ~OUTtn:R'\ C.\l,lf"OI!'\1 \ TOO.\\ ;, domi••"d br '"'"V'"''" lo"'' 
'1"''''"1 io oho l•irl•<"d of th< ~on Ahd«u fool~ whi<h <ODD«b tbo oooth«o ood no"f>. 
<m ~·~• ~r ti .. '''""'· Colmod doto oloow >h< \oootion of .. nhqno~" ;,. th< """' P"'· 

ume Ilmo. Al the penimol•. induding 
¡=ti of ••ulh<rn C...blumi•. mov<•$ 
nMlo ot rolltd<·s W>th !'"''' uf tl11• <"Ont¡
nent th•t are otill w~c·h«l to the malfl 
:O.:orth Amerio;m plate. Th,. ..,.,,¡,. in 
rompre>>.iOTt, o•~rthrustm~ ~r-.l<he>r~og 
ond the .-~ntu~l fonnoUon of the tr.n•

'"rse ran!'!'"· 
The •uL>II<1·m part oflloe Sa1o Andreos 

lault "~'""' wa• theoefooe lomoed bv the 
rifttni oEf ni o P'""' of ronhn•nt. T~a~ 
it Tepre><'tlts the l.mnd_,- bo:iw""" two 
pan> of tl1~ ronhnental p!.t~ th•t """ 
mm·mg wtlh J<>p<"<Ot !o raclt oth<•r. Th, 
part of t],., S.oh Andteas lault "'"-' f<>rrnt·d 
wdl e,_,t, O< inbnd. of ¡).,• >o>Uthward 
puojectioo o! the northem Son Andr~.as. 

The north<-olo· """"¡, o! ""'them Caj;. 
!omia .,,d u,¡; Cahfomoa .,.,.m, to ha. e 
bo:en blod,,·d wkn thc mo»tog plateen. 
<'OuO!Orf'd I]Jt, thicl. eonti"''"t•l '""''tu 
ti>< nMlo, pmkulorl;.· thc rn.,.ive W•
nilic San llcnoaod..-.o !OOUto!~i.i f>U~e. 
which ioclud"' tloe 11,405-font Son GOT· 
genio ~touhtoiu. ~inN.' lac~" and high 
mouu\auo '"''g"' havc ol"'l' ""'"· t),., 
cm<t m thi< rq~ion is pwh•hly '"UCh 
thicke< th~n nmno•l, f"'lhaps 0< tl>i<·k ~~ 
50 kilom<lt'l>- F.aoth~ualc< l!l thi> ,... 
gion are all ,],.llo>Wc< thon ~U kolometers. 
whido '"-'Y]., tlw thi< J.,,..,.,¡ tb" sb<]. 
mg piar,.;_ Thc hloch Y«"< v.c"w•nl 
onJ "'" >lmtogly o;erthrutl "' tl ... y :.t
lcmpt t~ gol otuollld the olo.L><·l•·: th;s 
'""""""-"'¡:<"O><"'"'"' th< bi~ bctl<i in the 
San Andu-a< bult <;""'"- TJ,• dt•A""ted 
bloth e> eu\u.<lly ¡um "!' v. <1 h tln· hOn]t. 
etu Cabfnmi:L hkot-1.. 

Earthqualc Country 

Fmm a >oc;al ano! <mnnmto point o[ 
•·icw eadbqu.,~r> are on•• ol tho most 
'"'!""'""'- "'·"' ,r,,r,twios uf 1,¡,.,,. ,,,.,_ 
"""""- Frorn • ociet1to6c J"'i"t .,¡ vi<·w 
ih<'Y rupply a thitd duncttsion tu !he 
>tudy o/ l>ui!S >nd 11.., ndiU!<' of the 
inl«act"n" !><"""'" C!U>I>I h\<><:l<, tn
dud<n¡: tho ''""<" iu•oho·d ,.,.,¡ lhe 
""''"''o!¡],,""''"""-

S.i>rnolo~i<IS at thc U"'""""Y o! C.l
¡/orrÜ> •1 J<.·rl<·l•·v .,.,¡ •• tlu· r.ol Tech 
Sei>mological ._.¡bor.tn<y loa>·e bo:en 
'""P"'.<: tr•d ~~ •·anhq .. al.~ •«i"'Y m 
Co~lonota lor """" tlo•n 40 ;x'·'"· Both 
g<'"'l" loa-·e ih>l•llcJ "'"Y' of S<'t>tllOm· 
•t•·« tloat to·l,•nw·!(-' ><-«onoc d~ta to tloeu 
labooAtrn-ie• lor pro~.,sing ond di•-=-~
nation to tho •rpropnato p>lblio agen
c;.,._ p,_,_.;_~¡: ¡¡,~ 3"-~-e~' ¡• oi<><l J9.1J 

througlo l\iG!I llw<c wcct· moo~ thaB 
7 ,3GD e,\<tho¡ual.e> "1th a 11 n ¡,,,., mogni
tude ol 4 O< ¡;«·ate' m >outlwm CoiJ!or· 
o¡[a and adj""•"l «goon• [>«" 11/u"oolion 
~" pag~ 151). ~l.my ,¡,.,...,"'¡, more 
canhqu,,\,,., ,.¡ >noolle< rnagmoudc are r 



rDUtinely lo<:>t,..l •nd ,...port<d in the 
"'"mologlcal bullotin• . .'llthou;h dom· 
age d~pe"d' on·l•><.·>l g"'lo;k•l """d1· 

tion• ood ''"' "·"""" nf the "'"'"!""'"· 
A 10ugh n,[< nf li<<imb >< th.ot d "'""l>:-' 
e>rth<¡ualo Q[ tn.<~n<hul<· 3.J or gro·>ter 
ean "'""' <tmcton•l d"m•~•· TI,.,,_.,. 
age onnuol monol><·r of t••rthr¡n•~« of 
m•gnitude 3 nr gro•.lto;·r on <nuther" <:,¡;. 
fmnoa IOror<k<l <111<•" 103~ ;, 110. tlw 
n<>rnbc·r iro orn· nut· 1 <·.or h.» ; .mo·d from 
a kow of 97 ¡,;.o higio oí 3~ 1 The <tr<>ro~· 
<>1 •••th<¡u>lc no tbt< period "'' tbe 
J.:ern Couom- ~'"""' of mo~nituJ• ;,; in 

J!l.j~ The ~lt<•r>ht.>C!s ulllldt """"' on· 
<l<"d><"J tbe lnt.ll uuorlber uf.,,.,.,, f¡., 
..,,.,.,.¡ )'" '" tin-o,.,,¡,, r. 

In g<·m·,.[ t he l.or~< r rht· o;·..cthr¡o L•l<. 
tho greoler tlw <h>pl•<•"n<<nl • .,.,.,, • 
bu\t and th• ~'""'' lh .. lo:-n~th uf foult 
,¡,, bn·•l... n ... gro"t e.ml"l"'l'"' ni 
)nCJO nnJ 1 S 57 1 <"<J><•<l 11dv e.<H>•·• [ lu~'U 

,¡"1''·'"'"'''"'' •""'"" ,¡,.. '""'"'""' ... J 
«"nlroll p,utl ,¡ ,¡,. 'i.ou .~ ... ¡,.,_ r.,¡, 
owl relie-e<l th•• ·""""""l't'·d "'·'"'m 

tll<'><' "'"'· n ... """"m"'·'''"" uf '""'" 
in >OUiheno c.l,f<>n<i.o ;, n·he".J n~11nl> 
Ly slrp on " .,.,¡,., ,¡ p.ualld fault< ·'"d 
by O<'t•rlhru>hn.~ "" lo~ulL> al"" ,uo~h· tu 
tho mail> S.11o ,ludre» W>l<•Hl; tlo.ot L< 

whot h.>pp<·u···l '" ..... ;;..;,. e, .. ,¡, .. oml 
So111 f~manJn <·ariiH[H•k<-s. Tf,• """!"" 
.,,.,..,,_,,..,.<]¡,.~ tr.onsw,.. '""~'"' 

"""''" forn.,~l m tl•i< 'l·>v. In tl""l'"~'"" 
J,.,.l'.""·''•·d ·""""""' ""'' '"""" "1'¡,¡,,.¡ 
""" "'P"'''d lw '"'"""" 

An .. tht·r ,..¡,,.,¡,.,llv aohw ·"•"·' ·'""" 
tiat...J With too.j"' f.nolh 1< "~ot[, o>l the 
~1"1"" !), . .,.,. ,,...., S.m lktno~O<Iu~•. 

whNe the J.mlt< '"""" .1 >udden d"ugt• 
ito <liot"<tinn. Tlw << utralpo~ot ,.¡ tlu- \In· 
1·"'" [),.,,.,¡ " _,¡,, """¡,.,·'''"" .... ,,,.. 
Thio ~ oo,.,¡,.,.,¡ "''" tlw .,¡,.,; th.<lllw 
>lodmg litlo"'ph< "" " ,¡;, o·rtt.J lo)· th•' ~·"' 
l~·mard""' ~lnlltoldin<. Foull5 .,,J evi· 
<knre of r<"ldti\<·h· re<xnt \<>k>nic 
<"\"""" af>o:<u<id "' tbe dO e d. Tht• B<Htl"""' 
p.orl nf ll.oj.< C.olll<>i!li,L 1> .1110 '1"'''" OC• 

til"<•. An int<"""''"'~ h•atme ni""""'""'')" 
m.ops of >out h~"' e,¡,¡.,,.,;, is tl1~ .<hcn· 
mcnt <>l carth<¡u.LLO> in m""' th>! ,..;:,J 
mughl;- <>Ottl~·,t·..,<thucst. >rf""~"· 
«>>Id~ ~• ,;ght ""~¡,., to tbe m.•jm l1011d 
ni ¡[,., Saro ,~,,.¡,..,, w>tom. 

"l"loe '"'!' '"' ,¡,. ,;." pa~c shm>< tl .. t 
ti•~ S"n ,\..,],. .• ,. lo~11lt Ltself h>< pb;<.J 
only a >mo~ll t<>lo on tbe 5<"Í>m;,.oty of 
><>Uthem C.di!o11oio 0' or the p.><l :l{).odd 

¡•·.to~. Ono """' '"'' loL~ot. hrme""'• 
th.ot the g~c·•t •·.utl"i"''" nf IH:;7 pwh· 

;,[.1)· '""''" tlw ~-'" A"'l"··" lo~<ilt ¡.,, 
•l""'' lOO ,,¡,., '""''"''"'' .,.¡ ,.,.,¡[..,"t 
ff<>m tl.c < pi<>"hh·r. Tlo>t •·¡>i<,·uh·< o> 

tho<1~hl to h•"" l•·•·n O<"·" Fn<t "l'•¡"<Hl. 
"hitlo is do'<" tn tl,.• pmj<ct<"<l iut•·<>« .. 
¡¡.,., .,¡ tl11· C.tolucl ><>d S.11o ,lrnl""'" 

s:.•t mA~ClSCO :e<':i ~ER,.COUIII' 

D 1! []]]] D ~ 
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Vll"t '" 

,, 
'"''f:l"l \!. CU' Jot!l< 'l 11" '"""' Oh< <ull<rn .,.,¡ inLL""''" of <nHmd·•~•""' ?ro• 
old< ed In <loo 190ti ''" F un<i><·n o•rtlo<t<O<~O ot m>~mtud< ,,:). 11« j<\;! ~<n< C<>Unh """" 
<tnA< ni m•<nil~••• 0.7 .,.,j oho '"'' ~•" l-"emo~mlo o.~l,,.,,l,·nfm""'"""d' f,~ Tho 

"""'·"' """""'"'' ;,u;'"''" '" "" "' ,,.,. .;,.,¡ '"''""';"' ., d,.¡,,.u '" '"· '"""'''1;,.,¡ ""'· 
•·•11• ,._,¡,. 1 ''"'" ,¡,.,.,,,,,,.,, ,.¡ •"•<h ¡0,,.¡ in o loe'"''"'"''"·"';., lhe '"' "'' ,.,,·,. lO>. 



"' ''""- u",,_..,, ,-~, t ' • ~n " "'"'' ' "' '"''~ "" ~~ "- """ T 

fauh<. tl"' actuallocaln"' oiiiK· epir•ch· 
l<J ¡, nnn·otano ¡,, hundn·ohol ,..,¡,., lK•· 

<'>U><' tln·n· '"'"' '"' >Ó>m<r m>!mm<nl< 

in ti""'- ti>'<- ~"''~ lhal tom< thi< p><l nf 
>autheno C~111hmn• ],., kcto .,-marbhh 
<juiel aud ><t·m> In be ¡,._~ • ..J. ~<'I>CoalH<O 
ne>the. e><ll<4tl~lo·> ""' no~·p- Mlnol\ 
~km; th<- _<,.,. .~1\dlto< fault porh up 
ne>T Coaliu~.<. "!oído Í> .1bout midw>~
L<t<"~.., H,olt·<>bdd •nd ~ato flaPl<Í><'<>. 

Ali¡::nmeut< of •·•otln¡uol.e> "''" "!'!'-'"'"' 
aloo~ tloe ~-'" !-<<:out<.> .md lml"'""l l•ull> 
in the Saltooo ~-• '""'~h ••·ar tl<r ~lt-\i
<>.n b<ndo·o •. \hhnu~h tlo<'><' f•ula lie 
'""' of tln· ,.,,,. ~"" .-\udt<·» fault.tlO<·.I' 
a<~ p><l ofthe Sa., .\u<.he.l> <~>lo·uL lloe 
Wh"'· \\'ulf l•uh, "lnd<" uuo~hwo-.;1 u! 
and p•nalld to tl><· C.rln<~ buh. h» .¡,.., 
be-en qun~ ocu•·~. !"'rli<-ul~rly ah~r 

-. 

• ÜJ •• 
• 

\ 

th~ 1-;~rn Count> ~ort!O<¡u•~•·· "¡,;,¡, <><·· 
L"Uned uu th" ·l.u!L 1¡,;. \\luto· ll"o>ll 
l•ull lm« ur ,,,¡, ,¡,,. .,.,,, ¡¡,,¡,,,, 
Channd ·,,..,, "ho~h ¡,., >Omol."l' 1• '"" 

qun~ •~'"~· 
One """~· td G"'""(•· tl•• ><•hmicot~ ni 

>Ootho.·n• c.1.r ....... " '" "'""' th~ ntm>· 
lx·r nf .-.rth<lu>l.<·> f'<"< n·•r f""' [.(MMt 
>qo>re l.tlom<t<r> o11d o-omp.oro· th" fo~· 

ure lor tloe "orld •• • "holo. For "''"'" 
pie. »:>utloem C,hforni• ale»~•·• '"'" 
<"~rthqn•l.r of maemtudo· 3 or ~oral<"r 

f""' ,. .• , p<:< ].(J()U "1",,.. l..oloroctm. 
Thu< "·o:hm tl..- mtore rt·~oon tlt<·ro """ 
aLout 200 suoh o·>rth<l""''"' !""' .'"<"ar. 
TI., rato for tart1N¡ua~<·S of n .. ~notnJe 
6.6. the "''" of <],.- ~ ... r,,., .. ndo ···rth· 

<¡u>l.o, " •bout ont· '""""" b•o <>< m 
)"' .. "· lñe actual tat<->. h<>""""'· '"""" 
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• 

• • 

• 

• 
• 
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• 
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1 lllltl \ ·01'1.·) 1:\1; E.\lt"tll<.>tl.\~ E JtFU>lllJ ''"", ti" rpl< '"'"'' 01 oll "<ni~ ni ,..,,. 
nnuJ, 5 nr "'"" reonrJrJ In onntl""' C.liloonlo .,,¡In oh• nootl,.,n t••" ,¡Boj> C•ll· 
r ..... ;, r, .... , !IJ< ;t ...... ,r. "'"'· 1; .. ,., .... "'" ;, ''"' , ...... , .... ,,., •• ,,¡;, '"'''"' .r ..... .:., 
;.,¡,;,¡¡.,.l.. ''"" ..... ~ ',,¡ .. ,, .. ,,' , .. ,~.'" ..... t.i. '"""'""'"''.o, ..... '""'.;,,,,'" 
'"'''""''" ,.¡ n .. p.,;L .. ,], G n< ''"'"'· Tt., '" 0"''""'". ti•• '"'"" "' o too '"" ,,) ¡,,.¡, '" "" 
, .. ,, ... """'• •. ""'" '""'' '"''" ¡,,].,, ''" '"'''" '" ''"""' '"" .... , .. , •• h•.• '''" ,,.,. 
q•<nll> .,],.,.,.,¡ '",¡,.."'Ion. In''" lf.,., ,.,.,h.J '""''"'"e,¡;¡.,'";" •nJ '"'Í·''""' 
"';on• ,.,,.,.;,n,.,] "'"" d,.n ;,1f•U <"•"'""'"''" ~;;t, o "'•F""Ud< ,.¡ j "'m""· L .. Lio· 
qu•l<• '" ,],,.,, 16 olm<> '""'" f«·qu<nt In o]o;, ""',¡,.,,oh<> '";,.ti"~"'''' •• a,¡,.,":. 

"~"fJtr>hh· f,tn IC>J ]O lo"df OOHI dr
¡x•«l '""""1~1<>1 ,,,," lhe '"';,. <nt<·ll>l ol 
u K" .ampl<". llK" numlo·J ol ,.,.,¡,.j>ld~•·• 
do·ut·ows Japidl<- w1lh ,;,e, and th<" ,.,.,. 
""" ,..,,.,,,.,,,. ,,,,.,.,.1 ""'" "··11 ,,,.[,. 
],,1,..,1 im tho·ldf~t·r <>rlh<¡oA~o. ~u\lt· 

, . .,, C•tolom•• " •OOut JO "'"''' moro 
aeo·~ .,.,micalh· thatt tloe "odd •• • 
whul<·. llhK·I· ;, ~<mpl)" '" ··~· ,¡,,, c.h. 
tu. noa " •·•nho1u•~•· """"'~. 
Ahhou~h «"rt•tn ••~•• in i<lothom 

C>lofotJ<I• ~~~ tel•H•d•· ¡,.., of o·orth· 

'!""''"'· '"''"" is """"";, Í<om ti><"' ,.¡. 
!"""· On~ of thr ldo~o·>t '1U<rl """" is 
tho "<"<t<no p..ort ol the ~h,¡.,:,. llr«"ol 
,,..,J~~- Thi; i• 5Utpt"i>in~ k<-•u>< ti .. 
,..~,.., "I..,.,,J..d "'' ti,...,.,¡,..,, and 
~mothuc>t lo~· ,,...,, th~t aoe ob>·iomh

nndcr 1•·~·· ;..,"'P"""ittn. a< !S sh"'' tt b;. 
ti•: np\l<n"t mmml•<l<> il< the tlan>>cr>o 

>ood Tdldd>opo '""~"' ;,d the brge 
oH·rtlllu•l <·anh<¡u>l<·• th•t U<'l:um·d 
¡n 1-:wo CuU<tl.'" attd Son f<·m>ndo. lt 
•PI"""" th.u th~ re~tott i> km~ p•o· 
lt-co..d hom tl«· nodl>l\o"""".'" m.uoh ol 
tht· >O<ol)..,.m Calofo,.<>-11>¡• Caldottoia 
blocl ¡,,. thc· S•n llemordwo boJholoth 
and "'"Y ~<·pt<Sonl • Ua¡:nohon 01c• on 
ti><· lo"L" <>f lloe ll>dUtt\aim. Q,),· O >matl 
numl>:t .,¡ O>tthquo\.o·< o: e. C<"ft\c:ed 

ncor San [¡,.~"· .lthnucl< ti"' larger 
euthqua\.,, '" nnrth< m ll.<j• C•Mom, 
attcl in tito mount.•ir" bct•w•·n ~•n !),.,.. 
g>< a»d tloo Salton Sea ar<• tolt m S,n 
Dio·~o Tloo c .. •.n Coull•l \"ollev north 
nf lhlh·"l<eld .uod the <'a<l<m P"' t el tlw 
s ...... , ;-,:,.,.,,J; >ro' ;.,¡,. tlla<lL•c. a< ;, • 

l.r~•· or•·o no;th Q{ ~.,.., B.,L>ta ;., tloo 

Coa" llang•·•· 

1t ;, >orrwwhat <l<"I"'"P'"~ '" plo! earth· 
qu•l.<•> •• >mal\ po<nl> un a mop. Tloo 
poin!> '"P""""nl \he< pi<"<"nlOf' th~ poin! 
on thc stui•<"t" abo,.e 1ho lnilial break. 
Onc ,. th<• hro·ok ;, <\art~d ll 0011 rontmue, 
<l.the "'th•¡uah· l< •' onajor nnr, lot 
lH>ndL<·d• ol mil<">. Eaothq<>-•loo o! \ho 
thmst 1)¡><. ";,,¡, n•<ul! hom • ¡,,]. 

""" in '""'!"""''"'• trpbll; first brc.•k 
"''"Y owb l•dow the <uda«•; lhc >Uf· 
1 m• ¡.,,.,~ a .. J '""''¡"""" cbm,ge can ¡,.. 
1 O mil<·• "' <ndH" f ""'' the <·pi< en loo. Th~ 
o;,,,,.., """' ... h<t h "'""g !hock> ""'e 
kit duro"g thm· l•rgo· C .• ldootoia caoth· 
qua><•< iLl \lois <'<"n\my (19\16, )~"E •nd 
1971) c'n lw rt"pL e>cnt<"d b; plottmg <<0-

"'i'n"k line> uf '"'1"'1 ¡,.,,.,..,,,. ¡.,.,. ,¡. 
ln>l ,.,¡;o, "" l'""""'lr"g !""b<") Tk >ha pe 
of ti"· !'""'""' ~ario• "Llh tho lyp~ .,¡ 
,.,.,¡"1"·'''" .,.,1 woth thc ''"""" "¡ !he 
h·.,l ~<·1>10~\·, >lntCIUL<S Otl dtop ,..J,. 
"''"'''"".'h.'""' nr "" ""'"'"l"""d f,ll 
¡;<1 ol tlOOf<" <H1<"<t"" \],J.tng ll"t< 'tlUC• 
lur<·> "" loc-d«-<~ "]"].,. '"'"""mal• of tite 



~,,,,la'.>·"""'"' '1'·'1"-""' ·'Id.,,,.¡'! '1'"" 

'""'·''"' !11''-"·'1\ ·"1' '"'1' "'·'P" '1 
: "" ·"1' '''"! """"11 ·' ,. 

,,.,_,¡,10 .,,.,,, ·'1"·"' '! ·'~''"1"(1 '11).: 

·-·1·"-"·'' '"'"1 
_, ... '1"'1! 1'"""'~ ·"11 "' '·"""!) 1'""11 
'1"''""·'1' ·'"' ·-·~1';'11 ~"'1""'' "'""'·"·-· 
•. uul>'"" ·'"'"""' "'"" 1! '·"·':! '1\: 

''·'1"1'1''"'1 

~~'"1 -.ill'l~'l' "'-~1 "'" '1""!! '1'-'-'''"""1' 
·''" <·"""""' "'[""'·" 11""1'11-'" owo~ 
•<JOUepu<>OI Jl.>~l ~"" 1'-'·''"1'·'1' "-'" 
«>.JnlJIUl' O lB\'>) pm• .iUW>l'til 1"'1~ -:..: 

·puno>~ '"ll "' 'P'''·' 
'"""'!.¡,, .. _, ,.._¡,.¡ 1'"""'~'·'1'"" pu.· 
'"""""'' "' -~""''1' •nop.><; ·•rt"!l'l'"'l 
!''"""''~'" 1•> ••J"II'"' l'"'"'d "·""' 
-onu• 1~'"~"'1' ~11"'-"""' '" ai'I"'·'P!' 
-u"> •> 0~\'WI'(I "·'!"''¡ l'"·'"':l 'XI 

'['-' "--'" ' '·"" '! ·" '"! "-'" 1 
i>c->JI ''~"'1'1""1 p>P<'-'1<110.1 i1mnd "! 
'""''~ "'-''""ru" p>n~><•p ·'11"!""'' "! 
¡o¡f•'l'" ~~c..OI<(] '11'1 JO'"·"' •'·'"'"!~3 
'11"1 '11"·" ·''""'~tu ~tuos .,,., 1>.\\0J~I 
·"" '11"" I~""J """'1 '"·'~'1' 1">110<; 1°

11 

1' '""!'''Puno¡ ·~· "'""' ''"""~ """"JJ 
'['-'1>->Jl'" "'Wl"""'"'" Jn ~uu.~% "1!1,\ 

''•'l"nbo¡uo.• "'~'-" 
,,,..,, "' P-''"·'"'':h~ .i¡~l" " --~ 1 l'l'""" 
1'"" i>¡¡e,\ "1'',.''-'·'.i "'' Ul-"1""" ;><¡¡ 
_¡o <"-'~ 11""" r "' !"·"'>u><i•~ -""·" 

'1·"·'1 -'·"''·''"' ~'"""11'>1 ·"U .,¡,.,u 
~J>.~ l>Cj -'" 'l"'''"jll<'·• "1'"""'·'.-J UI'S 
-"ji ~"" 1"'1'!""'" u¡n<l ~""!"" "'1' 
1" '"1"" 01 "' "-'~ ""1''·" ~>u.•u-><1» ¡u• 
.u;.~ ~q¡ Oj •¡>Uo•J.,moo 1!.\ -ii<<U>IHj 

-,I,..J 1'"' >puod uo »•~.11 

·••m'-""" r·"'~'"l' .i¡pr<¡ '" '1"'~ .i¡ 
·Jood u¡ •l'l""'P'"'"·' ''""'·""" "-'""'P 
_,, >¡mq·u»• "! ~m·'l""'' o¡ 1'1~!1' .,.,,, 
-o~u¡<uo> pue "~!'·'P 1""-':i l" ,:,u!l'l"''l 

'" ''l'li:lTI~·"' '! ,,;;,.,,,.(] ''--11''1"111"1°'' 
1" "·"!'1' ~'11'00!1''-" ,¡, 1'""""11111011 
·j>(j ''"'"l'l'"' '"" ·'ld"xl 1"'11 11.\ 

'1'1~'1'" 

-'~'"""1' 1"""-'"'" ·"!'"'"11'' '''"""'"!·' "1 •• ~ ...... 1' 1''""!""'·'0 -~"'' '11-''l 1""'1'' 
1'"'" 11·""'1·' 11'01S ''11°" 11" •·""P!<l P"" 

'·"1·"1' II"_I'·'P"'1 ·''" 11'"'! 'P-"0"' '! 
o>J>liiUlllf A.m>lj "'"OS '5JOüplOW II>U pue 

1''"-'1~~!-'J 010 ;,'W '11" .iq 11•1 '].\ 
·v•-"' ·'"" J~I"IJ ,,,dn Jo p.no¡d<¡p 

·"" <n->1<¡» "1'1"'"" II"'"S 1"'"~1"-"" 
,(ucon 'O<IO.if,l\·'-;j'OOu iq 1[·'.-J -.\ 

··""1 .i<¡ """Pino·,;,.,, .iq """!'"' 1iO.i 
.,,,ruo .i.coo1 ¡o ~"!"!!d 0'11 •1'1 """"' 
.... ><; ''1'""0' ~,,, •• , ~1"'" 'lf".\1 -~¡1 

·1« ""'P pu< ~>q<>p "'""1'"!.\\ ',\] 

'!'-''""' ·pL> "'1 uro ~"'J<q< ·'~1 '" uopr.~<>a 
-,pru> ~~~'1 ¡o ~"!""J "'11 •1•1 "'"!1 
·•-''!1.\ ·~lcllluj)1<0 U< « Ol!IJM.>.ll IUU 

op .>¡do.od ~"""' 1nq "'-'""P"' 1!'.-f ·m 

'~"' ·PI"''l ¡o "'"'ll <><Ido ~11 uo ·'1''1"><1-'<J 
.,,, 1• ""''"·,.¡ '") • .iq .i¡>1o ¡¡>,¡ 11 

·.ij·""l' 3UI.<" Á <U! <IO!j•'P 
-uro¡> p<>r <-'OOP '~""' ,...,, • i«~un OJO 

<fC!IIIII\' l'""'l"!fl -,.,.,.,.w~ ¡<1.>.-><1< 
l>f'UO A>o>j ,;,~,_ T ~<¡ 1d>:n.> ij>J 10:-; -¡ 

; P-''"'1 '! ·'1""' !11""'"'" 041 q '"1 " "" 
'~'""·"'!" J<> P'"l >~1 """'P'" '<tl011 
..Ju-....¡• '"~"''1 wru¡ po:ipuq< •.iH>u.Jl"! 

'" '"'"1""'·'"""~' ~., '"'11"1 •u ·o¡•'-"> 
·''""·''"! •u•"-'·'1' 1'·'9'I"'J\ ·'4'" ·'"1"'' 
.~,., ... , '"''"'""' "' ,,,._, ''""""' ·~1. 

'P"' P'l"' "" <<»< 1"='r• "'41 ,_,, 
·••"~"" J.>q~!'! ,,,.,~., lt'·" P"' ~"11"'1' 
·f'"""'~ A¡m~rtu 11'" 11~ p>>o.dumoun ¡o 
><·"' f'UT >lti.>W>I>J< 1)"" -,_ i>it<'-1"'·'"11" 
1°""·'~ U] ·pnnu¡~ 1~'-'"'1 "'11 )" am¡ou "'11 
ti<' <pH.x\•p j>H>' """<I"P 41'-1\ '-''--'"' A¡>< 

'"P'"P modo ll!"q ••"1 '"1' '-'""" '"'1" ,.,.""~'"' >•!•11: '"'' '"' ·~~'"!¡,,¡o 
"" '""'' u•" 1'"~•--~4~'0" '"!P!I' '! ,.,,,,, 'l"'l ""1'"1' "'i ·~> l' '"" '!"'"1'1':> 
""~'""' o•q• '"'"'"! "1'"~'~"" "' P'"''' 'l'"'!r •~-~:un:" 'IJ>l<J :> \1~>"1:11\:n 
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-u.wu ·"1' "·11'""1"11'"·' "0 J" ·'P"''""""' 
0'1' 0l'I":I '11\: "' l '""'J '!~"'""'" "~'" 
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"' 
lim>.te tho inton<olv from hu 0"71 '>· 

penence d .. rin~ On ~arthgual.e_ Thc N•· 
tional Oceanic >nd A'mospheno Ad
mini>t,.tion «>mpol<·> onforrn,.ion <>n 111· 

temitn:< b~; m•thn~ out ~uest>onn,.r.s tu 
• J&mple o! the populahon u,·in~ in 
an atea that ¡,., e>perien<ed • uubl• 
earthquo1<e. 

In Otder to ob,.in mo•• e'"ct inloo· 
m>b<m about the vound mcti<>n:~ m
voh·ed m •·•rthqua~es en~'"'"'"" ha'<' 
de,"elop<'d "ron~-mntoon accekrorm·ters 
that •utmn.\L<c.,lh· lri~g<c a .. d >1"11 111 
<e<ütd "h<n <h.Lh•n ,. . .,.,ok. ~lrut ni 
th<!.e it11ltumcn" ore m>talk.J iu the 
,.;,mie ><ea• ol the 1.!.5., ""ha r>rtiru
\arl~ hcow conrentration"' and around 
Loo Angdeo. TI>e ;,strum""" are .,. 
~"""'''"" and mult he located 'en· <·l"'e 

_ lo •n earthgunk lo p•o>uie u~·htl data. 
More than 250 of th~ m>l<unocnts ww• 
triggored dudng the San Fctnand() 
earthquah. ond ""·c•lth o! ongom·o-,;,,~ 
d..t> wrll b.· pro•·ido·d b,. these reror<h 

A stron¡:-motion tmtrum<nl rr<:orth 
ground at'<'<:l<<>tion •• a fu..oticm o! 
nmr. Acce1..-atioru are commcmlv ,... 
pco1«1 Ós lractions o! a g. the ,.,.;¡.,,. 
tion duo tu gr»ily al tl,e earth'• surfotc. 

On~ ~ i< rou~hk · 10 '"'""' p<"r ,..,. 
ond pcr >mmd. loo dc>l~nin~" hLOildm~ 
lo '"lh<land mo<h-<Jto eaoth~ual.e>. ('fO

P"'"" .u~ '"""'""""'¡ o·h•A,· "'rth the 
ma"mum ao..,·lerot"""· the penod m 
he~'"""-<'' o! >hakin~ and the duration of 
>h.long. ÍluoldJng> ;;, ~ao1h~u1l.e-hazord 
re¡:><~ns ,..,¡h """~""' bmldin~ rode> 
ate usuti\~· dnr~"'-..J to "'tlutand at 
!ea<t .1 ¡: of a<"C"<Ierolion, thi> rotT<· 
>pcnds to an inl<n>otv o! about VI! on 
the l!crc•l¡, "-'•lo•. · 

Altloough tlwr•· h no olin·ot co"o\,. 
Mn hetwe<·n tnl«<~itv and ma.m.tuJe. 
the ><>ne of destru<to.;n Jncrea>e; o$ the. 

magmtude """"''''" f<>r sh.llow-f<><"U< 
eao1hqu.o).,._ In ¡:.nrrol the largor tlw 
ma!;Ottu<le of an •·•rthqu.le, the lon~er 
tht• iault length. th< lar¡:« the dJ>p0o.-e

. mont "'"'"" th~ loult and the longer thr 
dur>tion of oh•bng. The longer lault 
lo·ngth alone "''-"""" for much .,¡ tloe 
oncrca..,J "''" o! <i<-struotlon. Fur <'x· 
ample, the S•n Ft>tooi><u eatth<¡u•kc of 
1!100 hadan inten>•ty of \'JI o.r g>eat<"l 
out to • d»:arore o! 500 mile> from the 

"~''"""""· o..d th" m•~ ""' hd•-e b«-n 
thc hrg.o<l C.t.fomia e:..-thquoke m¡,;".. 
toric tm>e> 11,e Son francl!;ro e•o1h-

1 
NORH-1 

JIYl'OCEl<Tf.R OF SA:\' !LR:\'.<:\'1>0 J:AnT!IQt;AU: !.!u~ colot 1 o! l•<t f<h'"""' ~•· 
lliJioowt<n J,.¡o ond lO l.oloowo•n "'"'lo o!,¡,. orco.¡..,, Llo• ['rin«¡,.] ''"""d-ol .. l.in, 
'""""'d. Th< '"''"'"'"' <ollor"d ""'""'o!'"" ""'pitol• in th< $on l"<rnondo \'all<,. ""'"'M 11,,,, '"" '" "''""']' .-.,1.«".! <1<" ••rthon .,¡¡ ol ti"\",., :-<on•"" ll"n" <ho 
nortlomo "'d o•! Lh< óoo ¡...,,.,d., \'oll,, '''"' RO,tOO v•ool• h,;.,, l"lo• ti,. <l•m h•d ln 
¡.,., th•ir loon"' """' <h, """ ¡.,,¡ [n tb< """•U <ould L< l •• .,,d, Tot•l domo•• 
"""d lo, th .... tbquol.o ;, ,,; ..... ~ .. $500 moti ion" !l hilionn. n;. thr<•·dim,n•ionol 
,.;,, io k.oo,d on o dr .. in, pt•PO"d b, t•O ol tb< '"hot'• <oll"'""'• n,u,.rd :-lom"< 
.. d n~ .... lo•d··· .h. •orl.•d •ioh lolorm11ioo >upolitd by ••• ¡.,; ... ond ,,.pt., .. 
l<iol< ol tho Coliloroio lo";'"" o( T,.hnolon. Tho ,;,. ;, loo~lno (OMord l.oo .-\no<l<>. 

~u oh had • m>,enotude of b 3_ TI"-' 1952 
¡;,·no Cuunl\' <·•o1h<jud\.,• {.,.,,~LHlOde 

7.7) had an intemotv of \"11 "' tu·al<·• 
nut tn Sil mil«. Tlw ,..,.,.,,.s,,,. Fn
""'do o·>rth<¡uo>.e lma~'"'"do· ~ hl d>rn
·~etl older >lruotur"' out •• 5 mtb. 
.~n e>rthquah of ma~ntll~k 5.5, the 
rarlfield <..-thquok~ oi 1966, pn>du<'«< 
cotnpar.tble dama¡:<" !o • d,., • ....,. o! 10 
mtlt•>. 

The February f.arthquol.• 

Tho· Son Fenoando e~rthqualt• ()0-

ouned in the San Gabriel ~lount.>in• ¡u>t 
north of the ~"" FenoanJu \'.lli<"V, a 

dero"'\~ pcpulat.d northem •uhnrb o! 
Lo. An~<l'-'>. The San \.ab.,~l ~foutt

laJn• ate 1'"'" of !loe <tructmol¡"o""'" 
o! lho tranS"e"" ran~e>. tht- h•nd of • .,, _ 
"~>l·lrcndtn~ mou~t>m>, v>lh·• and 
f•Loll> th.ot " cbaracteriz«l lo~· "1 omg and 
¡:t·<>IH~LC·llly '"'""" tecto"k ole! u< m.>lion 
C:t'Oiog"" reco!':"o"< thil the r.•goon " 
"''" of tecent =<t•l ohotterlln~ <><J>ed 
h~ '""'h-wuth comp<««on. The maon· 
tairu. pr..duced by but:ld"'~ arod tloru>t· 
tn¡;. are one <""uit o! tht> oru•<•l •hooteu· 
inJ:- 11><)' h»e b.;,n tltrlo<lln~ o''"' tho 
v•llt-ys to the >Oulh [o.•.t lo •>< hve m;l-
1ion yeor< oloro~ fauh pl.oHCS thAl cltp lo 

tloe nortl• '" northe.-L 
Althou~h maHv !oLJill ól< lnm\'0 to 

¡,.,e loo"" aoti•e in thi• >r<o ¡, the 
f"'>l .,..,.,¡ tloouw>d W>f>. 1 f.t• ~-" r~r· 
""',<lo e.rthr¡uo; e prodoxo-.1 tloe fi"' b 
torie ~-.mpk of sotf•oo fo·tlttH. Th. 
Sa" Cabrid >ruuntam> ,¡.., a!Yuptly 
•orno• S,OOO fecl abo' o th<' ~.,. Fe<non
rlo l 0alky and tbo l.n> -~"¡:,·1« b.o<Ln to 
¡¡,.. '"uth. Dunn~ thc ,-,onl«poale of 
l·'<~tU.<"' \) a wedg<·>h>p<d p< ism nf the 
ory<talhne ba<Omenl rod <·ntnpmin~ the 
Saro Gabriel >lountam< wao th1<1>t over 
the San Fernando \'all<>· to the <outh-
"""'· tkreb;- raWn¡; ,¡,.: cle,-a~ion oi a 
O<'Clion of thc Son r:ahri•l >lou~tall" 
onrl ,¡,d,ng !l >li~htly l<> ti•• ""''· Tbe 
d"ro,,..,,,.,," rond,•·nt with ti .• "'"" 
lion• tll'l lm'<' lwm ,~·cotrriug for mol· 
Holl> of ."cars, as one r·.oto inf•·r !runo 
~oologic off<ets and uplift•- !t olso agree• 
wltlo the genc,al p«ture P"'""""'d here, 
n><nrly tloat the tun>><f'O '""~"' ""'" 
¡..,..¿ by doe c-ol~oiOT\ of th<- >OOthem 
arod !\aja C.lifumia Llocl. Wtth th~ <'<'n
tral aod north< m Cahforni• blod. ond 
wtth the coniTpl tloat thc ,outhom Cal
ffomio block" ht·i,.g cli<.-oto·d tu lho· 

'""" by the '""''"'" S•u !h·m"~'"" 
¡,_,,¡.,,¡,¡¡,_ One <·•n mlot thot tlt<• tldd.
~"ing ni the CIU>I tmoho•J ¡., tl.e o<er
ll:ru>!i"¡; a!ld ~pt.ft ol t}.,. S;n r.,lmd 
>10LJnl•in> m>rl~ thi> tegioll On addLliOn
•1 oh<tacle lO the t>oJtlt«ntctl~ rn>rch o~ 

f/ 



tlw >OUthcm Cahlomta block. 1f 1t did. 
thh wouM lenol aoltltltottal >uppmt lo 11"' 
notioo that lhe plalt•> in Caitfomia >te 
o11h- 15 tn ~O;,¡"'"'"'"" thH .. \u"'' 
tri¡:uin~ ¡M<ib•l•l; "tl<>t the "PI"" 1"" 
of the cru>l" >lt<hng ""''h Jeba,.-h· l.t
tle friclioH on a ¡,,.., of ""'' r><h 10 

tl.e "'''"'' 1 "''P'-"""~' ·. 
The h•pocontcr, or point of miti.11 

mpluo<·, of tite S;n r,·rnanJo •JOih
qual.e ".,, al a depth ol 13 ltlmnetm 
umh the Sau C.1Lrid ~I<>Ur.tai'" ·¡¡,.. 
f.ult m<>lt<lH was pcop.og.>l<-d t.> lhe ""' 
loe< almog a f.l,.¡, md.,,..,¡,.,cth·ml .ol 
an oo~lo· of ~~ ,],•en·••• .>nd hntl.t· tlw 
<url.oo;. "'"" lhc <1~''' of S.m ]',.,., . .,,lo 
>nd ~dm'f, al thc ¡.,,.,.,1..,,. 1.,.¡,,.-eu 
tho U\'stollinc rocl, <>1 th~ .'"""''¡"¡'" 
anol the ,,.Ji,.,,.,".,¡ rhe ,,,¡\c,, ¡,,,. ,¡_ 

/"*""'"' '"' pagt· 1.'>6]. T";' ¡,,.,1,¡y 
J.11no¡;eJ lwlpll.ol< <<c'tO Letwt>cll 11:., 
tpiccnter and the -""fo<e ht<·.1l. ·""¡ 

~\t>f.ll"" • Tlll:_,,, '")HI_\,1\Lt.r ,.; f.:¿_ 
'"'"' tl•·<tÍ•'I<· 011 11~· 11pthuul, e, ,.¡, .. 
<al<~l. hhl.. Tho lnnod«~l• ct _¡[h·r
'i><><l• lollo"ill~ !he •·><llo~u.ol~ ,,,.. 
,.,. d on _,,., ,¡ -'1'1"~'""·",.¡·' JliO 
"1""~ l..lota<t~r>, llo< total \Olumt" ,,¡ 
<od lofl"! up ,.,, about :'.,500 cuhic 
l¡fouwlN>. 

lO<~n ti>Ou.',h ,¡.,. ,.¡, «:i<>ro tMl'··"''"" 

b"'"""" thc [''''' .,¡ the ~ .. , e_,¡"""' 
~lou""""• lu<h >< .\luuHt 1\'ol<on .,,J 
.\lount ll;•ldy. ond th<• fit.otto ~1 the _,J. 
¡ato·ut llif,•)< i$ in>¡>lo"\>!w, JI Jot-< 11<01 

""!''"""'" tho lut>l 11pldt. J:ru'lon ,. •. 

"''" « '""'' <i.ll ¡ '""' ¡¡,,. """'"'"'" .1 ,,¡ 
d<'f"'"" Ll '" thc •·,;lln>. 1'1..· tnt;l 
""'"""¡ ,¡ tlLilo•t<·nti.ll ,;.rlicol '""'""' 
¡>~Hh:oloh o·><o·o·ol< 1\lll ;rnl" h ,:¡ .,,),.,, 
,,,¡ ho.ril~lll-<1 ,¡,,1'¡"'"""""" in tln· 
"·''""''"' '"".~"' pool.,Ll~· ,.,,,.,.J 2~ ,.,¡,.,_ .ll,•m· ,¡,,,,._,,,¡, ,¡ •'.tr1h<¡,,,l.o·> 

col the s,,. ¡\,, .. ,,¡, '.''1'·· "''"' ¡,,.,.,. •~-
•·ur·10d '" 1hc "'''·' .,.,., the P·"' ,,.,.,.,.¡ 

millron \<"><>. 
s.,;,,;;c '""dllan«.> ol the r.-gion "llh 

;"""''"""" e,,., OOd ,,¡,. ¡,,, J'-"'
,cl,·•. ln thi> l"''"'o.l ti"' "~otltem So" 
rm,.nolu Yalle~ ""' ¡~, """'" ,.,;,. 
mk•lk th>n m•n•· otlw r ~,,,. o! t!.e 
gre>tc·r l.os .\n;~'''' >fl".l, •hhou~h <l 
11>> romp>r>ble lo the a<~C'~e feo oll 
><>uthem C.llrlomi>. On the b,,;, o! thc 
<ei<mio d>to there \\O< no rea>on toLe
¡¡,.,~ the San F,·on>udo "'"" "'"' '"' 
"""~orle» bld_,, tb>u a"." other '""ton 
uf roCt·nl ll\Om<'->¡n-lm,!Jmg "' «mthem 
C>bfumi> ln ~lpt·rknce a l>r~e eaoth· 
'l'"k On li1<• othcr h.,ud, tl,.·tl,u.:.no 
nntl l~'nthn~ ,,,oc¡,,,.,¡ ,.,,¡, the R,,;-. 
¡,.~¡< proCI'>«'> in ,¡,,, H"~Íuu, .>nd, tln· 
tilti<lg tb>t 11"» ""<><"ioieJ ,,.¡, tl,e 
,.,,,¡,"<¡.,,le a11d "' ofto•f'hnch, <ug&<"'' 
tl"t .1 demo• net"orl uf tol1mt ''"" I'IH<Id 
¡>cnll~t· ·' -"·""'"~ uf lhc ""'' l.ug•· ,.,,,¡,,¡,,]..,.¡,,,,, 

• 



- . 

• 

• • 

• 
... ,., J .. ' 

DE 
DE 

VII CURSO 1NTLRNACIÓ1'AL DE lNG!:NIERIP. SISMICA 

SlSMOLOGIA Y SISMICIDAD 

" ' 

-----
Ing. Ahraham D~az Rodrigue~ 

Julio 1981 

Mó>ico 1, D. F. T ol: 521-40-20 

' 

Apdo. Po•tol M-2285 



' 

• 

MODELOS NUMERIWS DE LA DINAMICA DE SUELOS- COMPORTAMIENTO 
SISMICO DE DEPOSITOS DE ARENA 

lo ,.,r••"o'dlnSmloa de loo der>o\•lro• """'''.,u 
u•>O do loo pm~l"""'< de la dln.! .. lco <lo "'·'"'que 
tiene"''" I"Ierh en \a ln•oniO'fo'ohmlco y, que 
debido o'" <<>m¡>lejidod, oe hace nooo,.rlo haoor 
uoo de loo ~~o~o> nu~óri<oo poro !le•" o ooluelo 
no> aproplod., en ..,uelloo probl._..,., en loo cuolol 
loo '""dlclooeo de '"'"'"" oo >on ol""l", y que 
dlcl>o "'· "'" la< <ituoc¡.,.,,, .... .:lo rrocuonu ... ~ 

<• "' '"'"'""•"· 
En .. ,, trobojo <e dlocuten lo. "'deloo n..-fd~o • 

y oe ''''""'' """ L'••• deocdpd6o'de In urocto 
""''"' ..O• ¡""""""'"' qu< a _luido do r.,. outo"" 
re> Oon 1<>< <oh repreoen,otivo> poro cuontlll<4>r el 
r ... &oeno de licuod6n de., ..... t....:.r ........ ... 
u on •J~Io <le ooliooción poca'"'""'' lo v<rootT 
lld•d de lo ...,,.,.;,.nta n-rico. -

E. objeto Oe e>to seec;ón hoce< uno bro.o ~e>erlo· 
el6n Oe loo eanetcd<tl<o>"Oo olgu""' do loo""'"" 
loo n~rlcoo que,. han ut;lioado en ol onlllolo
dol fon6mono de ¡;e u~< 100 y oue , Oe .cuerdo «>n lo 
.. p<rlenelo de lo• auto"'· ,. '""'ldorao loo.,.¡, 

'""'''""''''""'· 
Lo d.,edpd6n de lo>-.,,"' n....!deoo <On>ldoro· 

o 00> oe ~,¡con ba>e en 1• for~locl6n O. loo ecuo 
' donoo <le l<lvl~leo<o ..., el conte•to •• lo toorlo-

dol -dio e<ntln"". >or tonto, oe horl ónfoolo en 

. lu •<...,eloneo ""'"""''""' ~.1 m>torlol, lo ... g
nltud·<le loo d.,plo>.,.leoto> <.<>nol<lerodoo, lo ....,.e 
loel6n <le "lo ge,.cadón de oo•o, .,r •- ol roótcdo 
do oolu<l6n de ¡., eeuoclon"' de tncJVI~Ieoto. 

~oopoCto ol ..;;,,,,,,, el enfonue qu• 10 htt otguldo 
paro ou ""'do ladón <OOOIHe en doflnlr por "0"'""' 
r.l '"'"f""'""iento d"l ~•quel<to nol '"""' lno combl"" 
volum..l!ri<M qu< ocoslono lo den>lflcoel6n. Lo< 
por¡""""' de la• "'uadon., oe Ool;non b~•lco,.,nto 
do rrueb., ont• ca•~•• ddlca> dt omplliud eonH.n 

"· 
1.1 lloddo; P..Jn•oU.ulo• .., L1. U.ú..,JUid.1d dt 

C<tt.:(o"ltit, Bo.,~e.l'~ 

loo reforoncl•• ~a 8, «or<«nt.,. ...,. Olbli"'Jr•ll• 
>electo que 4i><ute lo. ....S.I~• d"Of'Oilodo> en lo 

" 

Abroh""' nluz lln<lri')~•z 
Rom0n Corv~nt•~ B~ltrón 
Víctor Porro• Sllvo 

Proloooroo,Dlvlolón oo E~tudio• oo 
Po•gt·o~o, rooullod <lo Ingeni•do, 
UNA>\, ' 

Univer,ldad de Coi lfornlo, cuya> 
princ;pales oono 

•• ,.,,.,¡' t i <0> 
• 

1) htable'' ¡., oeuaolon•• C• ...,ulmiento on fun
o16n de <>fuorwo touloo 

<) ConoiOOfon el pro"l"''' Oo ;.,,l.,am'•nlo> P•-ou~ 

"' 3) [1 <O"'!'<'ftomlentn no·llnool d• io• suolo• >< t'O 
to ya ••• ""'dlonto un o•oe<d;~lont~ liooal •oui
vol...,te o ""'diente un <eltodo tlp.o "'>lng(i~)-;
quo P""do oor..., ~-•g-O•S""" n un ~•"in-
D.- idenkov(7) . 

4) U. goonoroel&o <Se lo prul6n do pOtO oe <al<ulo 

• 

a portlr do ruultotloo do P'"'~" trio•i•lu el 
elle., <on>olidodOI·no drenod.,(IO), e•cyao •arTo ""' ,...,, 

o>fueno o. eonooild•<i6n 

.,fuorzo d"vlodo< dclioo 

pre>l6o de poro gen.,oclo ,.,a" dtl~• 

nú...,ro de <lelo> poro provoe., lo 11· 
euoti.S., 

" Al reprooento• loo roloeioo" li/N¿-., 0~ ,, 

~Dliene uno fronjo '"9''"' de fonaa-;>e<"fior .,u< 
•• pre>ento ... ~looto 

.: • [fíl " COl ~Q (1 . 1) 

<>..., """""''• """ · ... .,.,.,. dol tlp.o Oe ''""• y 
.. 1 .. eondlelon" do pr .. bo(1). -' oollnr lo 
e>q>reol6n U. i) ooro ..,, ~luMio lrrooulor de 
<i<loo de o>luo<roo oo O<<•>orlo tran>for~r di 
'"" hlotorlo"on ""oGo,uo Oe tl<lo• equi .. i<nt., 
de ,..,oltud '""'lonie, O<gUn el erll<rio de>er; 
to"" lo telcrcnclo(H). -

S) lo• eeuoeloneo de ""vlmlento so lnleg;on con el 
""''000 ""' elc.,.nto finito'' •e• oon ol <rit<
flo del ~~lodo llneol oqulvolonto o bien en fc•r 
mo lner.-,.ntol. lo lntcgra<ión ce>o«lo al ,;,;;;, 
00 oc llevo o e•Oo """"'"'"''"" e>que""' que utill 
<e el dominio de lo ftoouentlo¡ o bl<n uno"""' 

to, """ • oa>o. on •• """'"'" "'1 11<"'1'0. -
6) El '"""'""''"''•"• eon>IOcr>Oo., ei Hnool """1 

volente CO'"-' " dolloo en lo rd 11; o bl<n el
••• r<>ulto •• ,..,,, • .,,,. "" ...... ,. h;••••<ti<Q. 

/)Lo diolrociórr d• lo p•o>i..., d< ooro >< eoleui• 
"'" b.,e •• lo 90••n<i6n de lo pr.,iOO de porn 
<onodd• y lo Icor! o do ton>oHOoeiM U, Id; ... ,. 
olonol. 



1 
' 1 

1 

• 

8) Pa<a pro~I<IOO> bldl,..n>io..•l•• lo ,.,P"'"• dlná 
alea so cuantlflca-co.. el .,¡¡todo llnool oqui.a-
]ente, •ionl•u ~.,.para lo> p"¡l>loan M linu· 

1<> lnc""""""''' ,. "''"'""• (,lco..,nto el ca>O 
un 1 d imono 1 .,.,.¡ , 

Ok·drt<> Vc.>oPLHUndo '" l~ tbo.ive¡w,<d.ut de 
&t.iU.It Co/~n. v....,oou~ 

'"' .-odolo >< d.,crlt>. ~ la> «Fe rene l., 1) a 15, 
coo lo> >iguionte> coc>ctero.,¡, .. , 

1) (>tabl<ec lu ecuacione> de ~•iaiento en fuociOo 
de e>fue,o> ol•ctl•oo 

2) Conoide. a ol proble"" de de>plazomlento> poque-

"' JI Lo cueva c>foe.,o-defor""'clón p•co ol es~uoleto 

e> del Upo ~lporbóllco 

T • Gmo r/(1 • G.., Y/T,..,) (¡_¡) 

donde 

e> el '"""'"'" tlln-ie inidol ,.¡.¡,.,, y 
e> el e>fue"o cort ... te ,..¡;,¡..., oln P<OV<><OC 
la fallO 

~·• tcay•cl<>cl•> de de"arga Y '''•"9" " d"cd 
ben "'""''"''el critodo '-ipo "••ln9(lb). 

T·T, c..,(l-Y,)/ 
-¡• 1 {!• ¡,_ J) 

<onde 

-\ y ., '"" lo defo•...,<Tón <<"lOO!< y edoer<O 
con•nte del P""'O 6oode oeurre l• in
·,.,.;&, de •>fuuzo 
son ol ~dulo al eonan<o y el e>fu.,
zo cort•nto, respedlvo""'nto, o•'O el c!_ 
elo N , «P«>ado> poro 

o' 
~~·n 
o •• 

(Z. 4) 

·~ [' • ~"'':""'~ •• ;;;¿1 . ' . ~ 
•• (2 ) 1/Z 
<>vo , 

(1. S) 

donde .. , 
"•·"··"· y"· 

O' •• 

1' lo defo, .. e;OO Y<>l..,¡;trlea oeu~ ... 
"'" ccn>t..,te> ••P<•I.,..,ut.o 
son lo> .,fu«zO> Y<ftlcol" efectl 
voo en el ciclo N e lnlclol, •«pee"' ,,,..,,,. 

~) l• o<ne<aei6n <le lo o•« Ión de poro se colcul• 
""di ante el <O""' lo de '"'l"""n ''"""l~do, obteni
do exoeci~nt•l...,nte. la e<Of<>l6n del '"".-e,), 
tO Otl cooobio de ...,¡._., eo: 

1>. 6) 

t,.t,. e,, t, '"" """"""'"' <>r«l,.,nt•l•• que 
l<•mon en cuenta el tll"' de""" y 
1• comoaddad relotlva, 

En e.ondkione> n<>·d<eMdas y uomplou •atUfO-
e lOO, el inc.e..,nto de la orcsiOO do 0<"0 dufan 
te cada int<•volo Co ti'""" de intog••eiOO se
calcula mediante' 

"" • r, ~,., 
clon•le 

(?. 7) 

e, e> el rildulo do f<<"l'<"caci6n elhtlco unldi 
...,noional 

>) las ecuaciono> de O>Ovimlento •• •••uolv<o e"" el 
«'todo de dlf<«ndO> finito• y 1• lot<g••ciOn 
>< lkva a eol>o <011 el ""''o~o Oeta d• Ue-d<. · 

'l Ad•"'"' del amonlgoa~ieoto h;>tec.!tleo, so oue 
de in<luif ·"~•tigt,.mientc viscoso, 6o •<u•rdO 
con el uitocio de •oyleigh. 

)) La disipació-t <lo la P'"""" de po,o <e o.lc'll• 
""" b•>< co 1• Trod• do ta Consottdocl6" Unldi 
""",;""al. 

8) El ..,dolo" ..,;dl..,oolon•l y 1., ocuaclo•"' ~. 
n>viOIIooto y In de dioipa.ciOO de lo pr.,lóo do 
pom se iotogron en fo• ... iod<i'<"ndi.,te. 

t.l lt.:tdW Vc.>"-"OU"dc ut ff1 u.,io<-,irl.-!d do 
JU<:Nii.o, litb<uta-C!,~" 

En lo col 1~ " "'"'""" lo formul•illin de •>te"" 
dolo, cuyos <a'O<I<duioas se'""""" • <ontlnu•"' 
ol6n: 

1) L•• «u>el<>nel do • .,vl•lonto oe fono.JI.., 
d., de lo• .,r.,.,.o, efectivo>· "' f'"' 

¡) (oooidera el P•oble.,. de d.,ola>a~l•ntos 

••• ¡)Utilizo <OC\0 e<uocl., constitutivo ol "'dolo de 
,,.,ollado por lohlhor• Y sus ooi•Oo.,dn•<>, de> 
cf,lto eo hs ,.re'<nola> 20 y ll. lo """olón
dol esq .. IHo, v~lldo h•>ta el inicio do 14 11· 
'""iOo, P"• fOprosentar la aplieocl&t de la 
<Ofga·(tanto oooltlva <0«1 nogatlv•) reoul,. sor 

r c0 s...,~ 

y e, + 5 ... ~ (-'1...) •• ll -~) 

-· • •• es el rsf"'"" '"'""'" 
la ,,.,;oo efe<tlv• 

' ,, ¡, rlefo,mool&t aogula. 
el «t5dulo do figido> al ''"""'" 
<> el _v•lo' do·_q/p:._cuood<> Y 
finito 

lnlclol 
ti""'" a in ·-· 

L•• troyo<tori•• de de«.,o• >e "'"'ldot.., lineo 
los; con pcndi<nte C, hasto quo ol<on>o el voloO' 
•hi.., o •iolro previo Ce q/p', 6oodo po•tefi~ 
""""" oo.,.l~•• vllldo la •c 1.8 

Do acuerdo con l"' ref.,enolas >u y 11; lo licua 
cl6n inic;ol "'"''" euondo et e•fuo•<o •• ooro-
•lma, ''",,., .. ,.la 11ne• do r.,lla, dcnomio~ 
do •"•do cdtico, cuyo «uaO'On >< 0""0< "'" 

bif """'" 

f •q·o'tont•O 
' . 

51 p' " el "'""'"efectivo inlehl del ,..
totlaY eo condldonu no dfCoad», la tr•••«O· 
fio de .,¡.,.,o, en el plano o'·o >e "'''"'' w•o 
..., cuacto do olip>e, o•prosada P<lf l• ecuoclón 
>l~;lonte: 

' ' ' 
' j 

• 



~~""" u .. ¡onuJ •• o>••!•l"• op ,....,,, .. ,, ••1 (S 

·• 9"0 ~ "":'o¡d 
"91'0iOJ o¡ Jod op¡u¡¡op 1'1'1"1 "9P•"' 

11 •t ... ,., ••••• '''"'1 "0"""'9"01 1° •• ,.,." 
... uo <•do» 101> <Oj uod uo>!JI"'""' ><~A Y 
<0}~>¡>!1001 001 "1' lojOlU"'J-''"""0 .. JOjOA lO] 

,~¡uo¡nG 

-1• og¡<>Jdu o¡ ON'lq> •• '"9''"1"'"'"1 '"' "' 
'"""'11!1" '' """ •~1"'"'"'1'"""' ''"P <o¡ ond 

• fl>p '"'!"IJ ••uG¡>ow. 
JO¡>p op JOIU>I jO Ol .. jp..,.¡U>JOl 'JOI>OJAUp 

uuop•ouo¡"'' op JOOU>l ¡op "'""""""! ¡o<> flop 

.. , 
(~n) 

(En) 

~·~·1 ~ f'l f!..pflo¡o~~ 'JP 

-~ p (9)1 >p 

(>)J wO> 

" • 
' 

:.,..,.,nG¡o u¡p¡uJcl>r>OI ''"" 
·''"'' ,,.., >Uq o¡ '""'' "10111' "1' OJ-;!U jO 

A OJod op "91UJd 01 
Jo¡nluo "''I"'"'"I"P >p pnll(dWO o¡ 

"""il»J~ "1'1'1"1 o¡p ... ouon¡n ¡o 
., • ., .... 0"""1'" , ••• 

~o 
• 

· • "":•1• • 9 u¡uu"'!'"""' n¡qop 
-" 1•1 "OJO~ op "9I<OJd "1' "''I'IP""""' "<op•u 
-"P ou '"""'""' pn>JI""' op '<•>¡¡>¡> 'o¡dW¡< 

"'"'""' op nqoOJd uo onq uoo ""'IJI'"""' o¡ 0> 
0
0>jJ}""'jOA "9PNJO)op O] "H>I ¡>¡> <O~ 

;-.,, O"p¡qop • o, "9P•>"'"""' o¡ JO>IJ!'"'"' 1" 
0HI'j"00l >< <>Jod op "'}]UJd o¡ >p "9j>oJOU>Ii O] (~ 
_ "OApo¡>o-<o au 'Jl"'"IJ ap o¡6 
» oun '"" -I"Ol-J~OW op •11•1 •p o¡•»l" 1° 
opuod<"""' •P"'IIl'" "P""'I! >p >l>ljJOdn< •1 

·popp!J<OidOl<OI> •1 op """""""' "91'""'" 
., ""'"I"P"" •• 01>119' I"P "'""1~.,..~. ll (( 

'<apUOJ5 
OOluai .. O>Oid"'l' IOj Of' •01q0Jd jO OJo¡>ji'""'J (¡; 

"IO.IllOJO <OV""JU 10( op 

"91'""1 "' "'"'1~1'"" •• '""""""" '"1 ""l"""l (1 , 
'"91""""""' • """""'" •• '"'!"!' • "il>OJO> 101 A 91 JO.I 01 UO "'li"''P 01 opoll"' Ol<] 

t">l""'O .,._ 
>p l'l'P)"Ol?o'1""1! "1 ..., ·~a oppo¡j s · ¡ 

"IOUOII""'IPIUO •• o¡ap""' \l (B 
. .,~. 

I>P OlU>I~fA ... 1' J<>d opO,.,.OJd jO 0 O>jli.>Ol<)q 
(O •• Ojop<>ol 1> u• Olj>Jl""l D(U>!0 ... 611J-1J (! 

·on5o 
j>p OlU>I~I"OW 10 JO¡>p~ (O 011>!1~1 ~'OJ U> 

OJOp¡<Wo» >< OJOd ap "9J"Jd 01 >p 09p0diiiP 01 (9 
"'-'91>"1"' ••• ,.,., ... 1' uo ... , •• ,. ••• 

'""'""'" "1 op o¡uo1,..¡do>• ¡o A U>JU¡J>l 
_:;>OJO> '"1 "1' OFDli'" 1' ••» """llqo"' <>lU>I'"I' 
"'" >p IOUOj>0<\10 U( "1' '-'91"'101 '1 '"91'""'"'" 

"P • ''"''"" •o "'1""' •p '""'1""" >p .,.,o¡ 
uo U">Oiqou• >< Olu>IWIA"" ap >OUOj>OO>> ••1 (S 

. .,,.a •• '"1 •1 '"'111'" A"""" 

.. I"P ¡oo¡u,. o(n\l ¡o •••op¡•uG> ¡o "'Jl>>JO •• 
"'""l .. ido">• 11 ... h ¡>p otu>l'"l""' 1• J~¡do>O 
1• OJ>pjiU<>l >< OJOOI op "91<>Jd >p U9i'OJOU>6 OJ (~ 

. (9l 
J")&OI"W >p OjJ>ljJ> t> OZJijln ><'""""P • 

•fin> '11 '"''"""'"'u¡ JIUIJ>p '"d ·• • 11 
'o ...., "9P'""' ..., p0<>6•o-6•-•o op o¡......, 1•P 
IOJ} ... ,.IOd <Ol "jOUOji"""IPI'"' ... o¡qoJO j> OJOd 

·n 1"' •t ..,, "P"'"" •p "'l"'l"' •• '-""""'"'" 
Ood<>J 'opopo<o """""' "'-'"'1" 1' l. <>I"'IHI 
-IUJJUj "UO)> .... JOJ•P •••d OIUOlJO> 10 l>p¡ÓJJ ~p 
~I"P\'" (O O>P"""<OJJO> dl l. ", '11 '"OIOA <Ol 

0Ajl,.j0 t•>llJOA OIJ>nj<> 10 ·~ 
l. J01nSuo "91"'"'01"!' 01 l. 

OlUOl'"> O>J""J" j> <> l 

"1U01n8¡0 ... JQj Oj ap 0U9j0<0 .. ,0j0p 'od OlU>jWOp 

""'"'""' "'"'IIIP"" p.,e,,_¡;,. .. ~ .. o¡>pw un 010¡ 
-onb<> 1• "'" ''11"11"""' "9P"',. """' "11110 (¡ 
.......... '"'"'l''"''ld>Op ....... ,.,., .... 1' ... .,, ...... , (1 
_ .,.,.1»•1• IO>Jon¡u 001 •p "91, 
..., ... ·~ .. ~~., .... "'""1"1"'" ....... p .. ~• .. , (1 

'"'" <>lodpu¡Jd '''1"1""•'"' ,.,.,, 'U9JU>n> U> 0100"' IOP OllOJJOUp 10 OJod 0010<101 
D>U>I•JP>>OJd "(> uoq¡J">P !l A 11 IOj>U>»!OJ O•l 

~"'''l' • .., · ... ~ >¡> ~.....,?"11 ""l "' "PP'n<>VW"<l OJ'PO!t 1" • J 

"1'""''"'""'''"" oun uo 9'1"1"'"'"• » 1.," 11 ou ""'l~oJd ¡o OJod '"'''~' "1' '1'"""!1 e'"' 
JO OJO. 10J>uo6 .. uo¡ U> 0110./JOUp 01 Oj>po.o ll (i 

"'"""!' od¡t I>P "'"''" 
-on6¡lJ<MO t• """I'IP• op>nd •• "11~"1 "'"""' 

I'P OIUO(WI'"" 1' ,,. OOOOOAOJd ¡>A Ol(HJ>l<l4 
10 <> O¡Op"'" ~~ uo Ol¡l)ldW¡ OtU•Iw•nÓJlJ""" ll (l 

·oneo I'P •>•>!~!"'" I'P "''l"t'P"' •1 uo 01 
!>¡¡Qu¡ f!<> oJod., "9!<0J~ 01 ., "'}j>od¡<jp 01 (9 
·uo•11~.., .,,., opo>r• 1• "'"'" •• -~~ 1• 

otnd<OJ "91'"'6""1 •1 OJO• "jOlU..,>nu¡ """'"J 
U> UOJO(»(qOl .. 01 • (111 1") 01>1191 ¡op IOOU 

!\ ou 010>1••>•-o> ¡o oJOd "PI"' ""'"''PI'""' 
~• ~'""'"'~l»l<~O "OljUIJ o>u~•1• ¡op·opo>;w 1• 

..,, '"""'"'"' ''"" ""'"I""'"J ><A (S! l"') 1""" 

.11 -~-· (> ..... 1""""" "''01 •• "'"''"~'~·· <> >< ol""'l'"!5jJO OlU>J•I""" "1' <OUOj>""» <01 (~ 
·uu¡ ><>p '"" DPI"'"""" IOJJ>IN 1° '"' 

Op¡<""> 10 (~Z ¡>J) 10,~ op O)JOOl Oj U> >"q 01 
OlU•I~OjdO>o ll ·on60 I'P OlUOj~l"'"' 1> "loJO>O 
~~ OJOPI<UO"> >< OJO<i >p U91<0Jd op U~l'"'ouOÓ 01 (' 

·•11•1 >p •1 •P """'"JIP opo>O>'
*•u'"' uouodoJd (ll JOI) 1• >• ~'"~1"" '¡op¡u¡ 

"'}¡000011 '1 >o <;>nd.op Ol"'J'"OIJ~> j> OJOd 

·•11•1 •• .. u¡¡ o¡ "'' "91"""' "''"' 
-,...,,,, op 'I'Ol>>'"' •< >p "91'"'"'"' 01 •• 

( 11' ¡:) 

(01. ¡:) 

'• , 
"P""P 

' 

• 



o.' todo <lol olco,.nto fini"' y la [o<,·~<adolo co;
pe<tu ol tlon'l'o •• lleva o <abo"''"'''"" oo -.\lo 
do P•''" a""" b.,,,c.., .. '"' ,,q..,., ••plklto ;0 
Olforcocl., «•t•ol••-

6) Ade..l> dol '""'rtigu•mi .. to hl"orftico, '' '""'i 
do 'O el a..,nlguuiento •i><o•o «1'1 •l «itUio
"" R>YI<'•gh. 

7) No CM>idoro el decto "'- lo di>IP<O<Ión de la 
prc>l6n .t. poro. 

6) la for"'"l•c 16n p .. oenta4o, '"'""' ''n" al • '" d•
•••'<>ll• 0"0 ol probl...; hldl,.n>l<>nal. [n lo> 
•jc..,lo> '""'!dorado<'"""'"""" el ""'"lguaflien 
to «mdu<e a una ""'"' tiagooal y,., d""d" re>uf 
to m.l> do·"ivo el"'"""'" dc "llorenclo> ccnt<O 
le> o•• <> condidooal,.le <>toble (ref 17). -

EJ( .... lQ 0( A!'LlCAClCO 

Paca lluH•" lo utlli>oc1¡;."" loo """"lo> n....,.,. 
<<» do>crllo>, >• pre><nta 1> '*'P"'"" dlni•ica d<l 
d<pihlto orcno>o ..,,,,.®.,.lo fl' 1. 

fl moOelo utllboOo com·_..do ni d«Orcollado en 
la Un',croldod de Bcld•h [olumblo, Voncouver, ..,. 
diante ol ero9"""' de co""'wtadoro DE>M·I (•ef 29). 

El >i'""' <o"'lde•ada '"''""-'"' o 1<" dl<l prlme
•o> ;,,...,o,. dol •colemo•- .t. El ~onrro do 19~0, 

'"""""'"'" N-5, <>ca lodo «» .. nlente..,nto. 

lo> concepto> d< ... yoc lo~e~o quo •• c"'"tlflcan 
"'el doo6>1to, """vario> o<eloroeloneo dol >1>· 
""• "'" 1., >19uient<>: • 

o) Acol.ro ... .., colculado"" la Ouporllcle 
b) Hlotocla de lo 9<n<roción de Ofo>l~n de poto 
d HioLoda de lo> dofor,...cioo., ongul•••• 
d) tucvo> o>fuer•o-deformacióo. - . Oon ol onJIIol> ;ln.§~lco ofe<tuodo o< detor~lnan 
lo> cle..,ntoo •«•>arico paraoHI,..r la potonclall' 
O..d do 11<,..<1&. d<l depO<ito on ,.,.>ti&.. Tol eo-= 
tl~.ociOO >< ho<o ol cu.:mtiflc.or lo ocel«ocl6n má
,¡..., d<l teri>lor q...., provot• el Inicio do lo llc ... -
ci.S., en olg....., d< loo o<trotoo ol.l d<O(io!to, ol 11 
nal o duc•nte el >l>n<>. ton <>lo lnfo,nodóo >< -
puede asevotar qu< el feo<lneno do lle"'cl6n,. pro· 
paoo euondo oeurc• "">1<= de O>Oyor lntcnoldod o . - ' 

, •. f· ~~----;:'-". 
• 

J- l. 

lm d<p6>1too do >oeloo granular., <lo lo <O>to'<i<l 
Pacifico d< lo ReoWiico J'l<"icooo pucdon oer Yrac 
«•1••- """'"'' d<o6olto> <1< >uoloo ,ronulore> fi-= 
no> do ""ucturo "-"IU como areno> finO> v """'· 

-Ade,..>, tienen'"'" olta co'"'""'IOIIIdod y >u>«P<i· 
Oilido<i o gr.>nd" .,...,101 ,olumótrleoo ontc >OIIol· 
tacian<'> dol icoo. 

~· *o6'''"' d< """'· ""' on gooerol """""va
roo>""""' el<''"""''· prO"•non <le lfM>porta· 
clón·>cdl.-cntoe1&. ~llca, ... .tno y fiY>IOI. Su 
g<a,ul.,...,trf•., <eloti••"'"" ..,lfot...,, o.-.que lo> 
d<p6sito> puedoo oer l><to~eo> ><gr., h••• >Ido 
la hiotorlo do ou fo...,clón .. 

,_ 

lo flg 1 •ooto><n" ""perfil e>tratlgraflco do 1" 
coro<led<tica> >O~olad.,. .rtlbo. 

¡, tfrmlno> 9"ncrol., cl d<p6ol<o <OO<I>t• d<:"" 
r.llono d< l. 5 ~ do <>P">Oc. fo• .. do por boleo>, gr! 
• .,, •••o•> y """'· S"'u«nt< al <elleoo oe en· 
<o"'nlra...., esttato d< orclllo de 1.0 "d< <>p<>O•i 
>19'-"• al .,t,.lo do o•d!lo. '"'.,t,.lo do ••en• IJ: 
no con '"' •>p<>or do /.0 •· En ><guida >< pc.l<nto 
un e>ttato de 9""' oreno>a> d• 1.0 ~de "P•>or. 
'" olgue un •><•ato de "'""' fin> ¡¡.,,. .. 10.0 ~ 
.. e>peoor_ Po; iiltimo >e tlen• una <apa Je '""" 

y "'"'"" """l'd" "" J.s .. oo """"'" 
El nivel de agua> hcOtlc., (NAf) 1< lo<OII2a al.O~ 
<lo prof...,<lidad. 

].1.7 PropieO..do> ..,,¡,len .t. lo>"''''"' 

Poro utlll<a< el m<><!elo n....,¡,¡,o ><lecdona® <> no 
""rlo definir lo> proplcdo<l<o """~ni ca> de loo •i: 
trotO> que for_<an al dop6olto. Con Oo>o en lo.Hr! 

'tlgrofla ro>t,.da en 1• flo 1, lo ldc•li••ción ,.1,~ 
eiono<lo del deoO>ito s< "'"""'" on '' fig 1. {nul 
figuro,. ~ucdo ob,ocvat que •1 c. lleno de 1.5 m y 
ol e>t•oto de orclll• "Ou>tltwen por una >oOro· 
corg• dc ].75 t/•1 y ol elceto d<l <>troto .t. •rel· 
!lo >e Conoid<ra ado..:S> coro ..,a lron12ra i""P<r ... l" 

Olc. El d<pÓ>ito >o ••bdlvld/6 en once <«rotO>. 
Lo ec..aciOO con>titoU•• P"• codo ~>trato q..,..;., "!. 
flnldo ""diant< la>'""" nqueloto /nidal I>Vb>! 
cu<n<o>. lo eurvo <>qUOieto ln;clol qoodo ol.flnldo 
.,.dlonte lo; poo.lmc,.o> o.., y ,.., , v "~btuvi~ 
""'do acue<do con ol <rltorlo dodo por lo nd H· 
,., '"""' <>qoeloto ''b>c<...,nt<> q...-d'" definido> 

·..,dl.nto ornt V 'mt ""'· • '" '"''• qoedan deflnl 
dn odlante 1•• con>lOOt<> H1 • H,, H1 Y H, i V" 
obtlenon de acuerdo con el criterio .,poolfocodo on 

'to rof JO. 

Lo li"O<roclón d< pr<>ión ol. poro. Av • queda dofin[ 
da ..,dl..,te 1• ,....,,¡fieocll5n d< la dofo.-...cll5n ...,. 
J...Otdcapcoduel""- lo coopoctoci§n, &vd. y 
ol ooód•lo de "'""'roc16o olhtlco, ¡r· Lo dolor~ 
cl00 V<01.....0!'ica >< dotor~lno ... diMtc ]O> par.i""· 
troo C1 • e,, t, v '•, v,. ••'•«lonan do acoordo 
con lo ref JO. El módolo Oe '""""ación el.l>tleo 

- ""'"" definido mediante lo$ porl•~tra> ~,, m y n, 
Poco to,..r en cuenta lo dl>lpodOO do la pr<>16n do 
poro •• nec<>OC!o cono<or loo v>lO•<> de lo poc ... o• 

-bllldod,•k•. • , • -~<l<mio ... 1 •=rUg.,..,lonto hl>torhlco, lq,llclto 
en Jo for ... loelón d<l ....... lo ~...,;rico, "~ol<lo..S 
.., ...,.,¡ll""•iento dol tlp<> viocooo dol --porcl•2 
to ,..dionte los pa<O..,lrOI <>V 8 qu<: dofinon ol 

criterio de ~''''•~· 

lo> vol<>f<> do lo> oar.5""""' qve >< utill>.uon cn 
el onill>;> <kl <kpó>ito oo mue>troo on la flg 2. 

l.t ~._.""._..ca da V'-P6•<-tP '"" f'"'><tvn Sup<Mo• 
1"'1'"""''""!• 

Ál ofo<tu•r ol ••.111>1> din.looico d<l dot><i>l<o oo 
oncontr6 q.,. el aceler<>gr ... dol ,¡,.., q"' p,o..,e.o' 
~1 Inicio d< la licu•c1ón., o! QU<.>< ..,,,.,. on 
'• flg ), con oce1erod6o oohlao 6o O.to<. 9 (1.01 
""o') dcwldo g ., lo ueel~•><l6n de h grovedod, E! 



ocolero~''""' <>lculodo rn lo luporfl<lo >e'"""'"" 
cnlollgl. 

.., elto cno el'""'" licuado<> el >uperflclol, 
ldontlflcodo con el n!."'"" "'"· Tal ""'d"'lóo >< 
p.odc ""'"""' ol ob>or.ar en lo flg S, lo •orlocl6n 
do lo relación do pro> Ión do poro u/~0 • (ln<r .. <!!_ 
todo pre>l&. do p<>ro. u • y pr .. l<'ln .. rtl<•l drc· 
tlvo Inicial, a0 .). l">te fen&.,no •-Ión •• <ello 
jo en ol ln<r<..,nto Hc .. lvo do lo d<f<>r .... dOO, -
"''"' ><puedo ob>orvor en lu flg< 7 y 9 . 

Poro ,.,,., ..,, ldoo objetivo do lo >nno of.c,.do 
por lo llcuodón. en lo fig ¡G >< muc>tro lo •Hio 
dún do lo pr<>lón do poro wooerodo •n el ln>tootO 
en q"' ><Inicio la llcuaciOO. En tal figura •• o;t> 
><rvo quo ol do"o" locall>o ""lcoo..,.te cn 1• ,.,: 
te >upedor <lol dopó>lto. ~fin do do<t.,.r c<~n<>•· 
<ocloool I>O>I«Iorc>, en lo> fl7> 6. 8 ' 10 •• ore· 
•enU lo lnfo .... cl6n <Ort"'P"""""'" ol «t<o!O m,. 
•• 
l.l ~upuuto d<l ~<p5-t.i.to """ r...,...t...._ ~ 

r ..... ubtf. 

Ante lo po>lbllld•d d< tron>lorrnor lo lrontoco lm
pcr""oblc en por,.,oblo, '"'dlonlo "'"''"16n o d'"-oo]e, 
<> oeeourlo cuonllli«tr el efe<lo do tal ooluciOO 
en f..,dón <lo lo pr>toncl•lldod do llc ... dón"clel do· 
p(l•lto. • 

Al ulculor lo "''"'""" d<l dop(l>lto con frootero 
,.....,.able onto ol 11"'" quo pro"""" lo llcuoci;;., 
clel dop(lolto <M'""''"" lmper..,oOio. >e O<>ftcluye 
q"" no >e Pr<><Oto el lenÓ<hOno <lo ll<uociOO ="' 
puodo ob'"""'".., la• fl~> 11, 17 y 16. 

El '"'l"o'""" dol ,¡,.., quo p•ovoco ol Inicio do 
la llcuodón"dol clep6•1to eo <o.,tl6n <o ~••>tro en 
lo flg 18 <0t> ocolorociOn "'hlmo do 0.198 9 
(1.94 ,.¡,l¡ y ol eor...,<pMdlonto o<olorog••"" colcu 
lodo en lo •-rflcle >< lndl<o en ·lo flg 1~ • -

la 1 kuodlln dol <lop(lolto" Inicio en el .,ti-ato 
.• ...,,.., o loo 6.Q2 >eg..,do•. coo.:r puedo ob>eroaroo 

.on loo 111121, 2), 25 y 26; El lncro..,nto de lo 
p•.,l6<1 ele poro en el e>trUo >uporf!clol ., priotl 
u-nte dooprodoblo "'""<o..,..,,. en 1., fl¡> -
2D. 22, ;1 y 16 • 

Dohloo ol nr..,.., de:lootor., q,. goblom.., ol fon6· 
.,..,. do llc ... cl6n (,..¡Ji} •• ...,_,lontc oclonc 
quc J.o eonclu>lonu •on opllublu Gorc-•le ol 
•)•~lo utllludo y no ei ro<-ndoblo·>u eotrapOb 
e!óo o Otro< oondlclono> quo dlfleron do 1., ....,.¡:" 
derod ... 

En el dop6olto "'"!ro'""" •"'"'rlor lmpor..,oble lo 
licuación>< Inicio en el eltroto h~er(or, lo q,. 
provoco O"* lu lnfluoncla •• pr<><>OIUO ol ><i"""' y 
'""''<>troto (11¡ 26). El ofouo do b ... duccl6n 
<1c lo prool6n efonl•• cn ol ... ,odol clel <>tr•to 
I"P"rfldol <><O>Iono q'-" el t.ldulo * rlgldo> ol 
«>«ont< >< red"' u >en<lbl.-nto, OC'"" o in oc., lo• 
nor lno• do hl"""'''' •igolflcotho> (11 9 '};lo 
cual no lu<edo o Nrt(r dol t<<cer .,,.,. (flglO). 
lo '"""""" de ocelerocloou on lo >U~erflclr •• 
o.,llfleo <Mtlnu.,•••nte durantc ol >1>= ¡...,, flg• 

' y 4) • 

" 

SI •• coooldero quo ol deoó•lto" encuontro o""' 
dlotondo oplcontrol do )O km. la ""•nltud dol olt· 
'"' q"" oco;lonorlo lo li<Yoclón "" M • 5.6 (rol 
)1). 

Al con<lclero• ol <.>>O do •"" >eo ,.r..,oblo lo fron· 
toro <upedor clel dor>6>1to. lo ~•puo<lo onle ol 
>1>.., do ""''"ltud ~.6 .....,lo rodlcoh»nle •"" .. ~~ 
lct> Indicio< do lleu.ocl6n, •~•"" •• ob,.r.o on h• 
llg> 11, 1•. 16 y 16. ti .. rorlol dol utroto Ho. 
1 no'"'"' oblon .. ~(onlo y pr.lctlca.,nte '" <"'-r
lo~lonto •• lloool (vor 11¡ 16). U. rooouolto <lc 
ocolo"ciOO en lo oupodlcle •• próctico.,.nlo lo 
ml>mo q"" •• obtlono en el co>n d< frontero >u¡>Orlor 
l"""'"'"ble. 

tle oc..,rdo con ol a<ole<09<0.,. quo oc.o>IO..o lo 11· 
<""dóo d<l dop6o!lo con frontero pe ..... •ble, lo~ 
n!tud dol ,¡,.., corrupondlcntc •orlo Igual ., 
M- 6.6 ¡,..¡ ¡2). La llc ... clón •• Inicio on ot u
troto~. o """ prof..,dldod do 15.15 ro ( .. r 111 ll) 
y por e>to roz6n >U lnfluonclo oe reflejo<" lo.,.. 
yorlo do lo• eotrOIO<, ><9~0 •• ob>ervo en lo flg 
26. Lo r<>pue>to de o<elcroclone> •n lo >uoorllclo 
oe O"''llflca <lU'onlo ol tic.,., en quo •• ol<on>O 
'"'" r<locl&> de pr01lón do ¡>Oro (u/a

9
) d<l ordon 

<lol 85 porclento, y o P"tlr do.,. •notonto o•luc 
'-"O reducciOO notable (.,..r llg> 1~ y 21). El....
porl.,.(ento <lol Ntorlol en la <ono llcuo<lo <> olro 
"'"'"no llnc•l ( .. r llg 25). lo• do> O>I<OtO> '"-:
por/ore> prictl<a..,nlo no '"" lnfl~dodo> pnr el 
fon&oeno do llcuocl6n. 

•• CONClUSIOKES Y ~ECDME~OACIONES 

lO> «>nclu<lonu gonorolu quo >< puodon dorl•or 
do ono trebo)o ....,, 

o. Se ho dooo>troOo lo crlcacla de lo> -<!todo> nu·, 
~riCo> paro cuo•tlflcor lo potenclolldod do 11 
cuadón de un dopóolto cuando 1., ecua<lonu d0 
OKWirnicnto le OI!Oblecon en f""cl6n do lo> O>· 
fucr.o• electl•o>. 

b. lo .-.dl>trlbuc!óo y dl>lpoc16n do lo pr •Ión do 
poro 9enor~do tlooo ..,. 9'M> lnft ... nch eO lo 
ouo.bllldod dol.dop(l>lto.- -- • 

' - ' --.-

[) co-rta~lcoro dlnl~l«> do lo< <uolo> gn•uloru 
<<><1>11tuyo. <lcntro do lo <ilnl•lco de <urdo•. ""o de 
lo> problr"'' q,. o<t""l""ntc e<!á lejo> <1c "'' -
pr•ndiOo te!OI..,nlo y u aucho lo quo hito por di:" 
lucidor en temo o •llo y, por tanto. """"ltur•"' 
...,...., fhtil <1c ln .. 1119oclón. [n .,,. lineo •• 
puodon ~uoc lo< 1l9ulontu ro""""ndoclonu: 

o. Conllnuac con e\ <io>•rrallo t~ilrlco do lu <<•!. 
clone• eoo<lltutl'n q.,. "'P'odu«on <OO ""yor 
Oproxl""'cl6n el <omporlo~looto do ""dio< do do> ,., ... 

' 
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{s n'<<">.>rlo dc<-woll." tl:cnlro> c•porl,cnt•· 
¡,.en el l.'bor•l<"lo paro la dele•~ln,,ol6. de 
lo> parS"•tro> ~uc hotor.lenen"" ..-.s.lo> numO
rico> bldio~n>l.,.,ol.,, .,¡ "'"" lo c.l lbra<16n 
do t•leo l'bd<loo P••• "'"" dOfccont<> a ho 
ele! ka> do -lltud ''"'"""'"· 

Se n«e>lta 1• ~r<>lo.><lón de ]o> '<>Uitad<>o 
""'""'""' """ondclo> ,.,...:,¡,.,,con lo> obte· 
nido> en ..,di el""" dc ••"J'' en ,.,óoloo o <>en 
lo ""'"'•1 óoblddmento ln<tru...,nlado>. 
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