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ABSTRACT 

Vibrational dii-ections of dlreet sh r aves f"l'aa a number of 

ll loeal earthquake· in sout m California., recorded e.t Pe.sadena 

and Ri rs1de., ar-e ci t rm.1ned nd discussed ·1n reb.tion to oor-r-esponding 

faulting t the soure • A theoretical ·relationship be eoo mall fault 

di p · ce ents and we.Yi vibrational direoti~ns is propose•• Using thi 

Pala.ti on hip• di reotions ot SV and SH mot ions ft-om various fault type 

at nor l depths ot toeus a-re dduc ·d· Obsen d 1niti 1 she -v 

motion indic ·te g . neral ly consi ·'t nt SH• wt us lly- le . consistent 

SV di plao · ts . V 'lu s V/SH aS'e consist nt in a t localities~ but 

g ner 1 ly vary idely • l ruation or SH s is ev1d need from the 

data, that of the SV is gge ted. but is not so el tly indicated. 

· ro bly the entire h wav is app!9oxi.Jna ely plan polarized~ rom 

the de.t tt a.pp e.rs t t horie.ontal components of faulting in so~thern 

OaU.torni • within local r<agions ,, usually take place in the same general 

diraetion. Vertical fault direction pp r to vaey. An analy h of 

f. ult ble; t the ou re•• ba ed on a eompari on of obtJ rved SV end SH 

motions with theoretical sh ar motion and ith obsa tions by Gutenberg 

(1941) ot impul es o:f compres ional :ves- i de cribed. A .fault pattern 

in agreem.ent i th the s is ic d t and al o th reg lo l u f'a geology 

i.n ol11es pt-1 ri~ no?ithwe&t$rl7 trending ·right hand d transour!'ent 

faults in sane re,rta. ot southern Califo1'llia• e t e t trending rover e 

or 'thrust fault& in others* and eoexi iJ nee of the t o in a few local.1· 

ti • S what implif.'ied str ss d.istributioa in gte.ement with the dati 

are dlscussed bri fly. A method for determining strains of incident 

he r :ve rran line r train aeisI110gr ~. · recorded thr,ough n 

B ioft' t aducer and short period ga.lvanomet l'1 is a.loo pre anted. 
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INTRODUCTION 

It 1.s w l1 knoiran that first impulse or longitudinal ave 

depend on directions of fa.ult displacementa ·at the .focu of an 

earthquake. Early literature on thi subjeet has b een summe.:r-hed 

by Kawa.sumi (19.37)• Sever 1 Japanese· writer • notably Honda (19.32), 

Ka sumi (1933, 1934), Ka sumi and Yo i yama (1935),,. and S z and 

Kan 1 (19)6), have preeented detailed Jbe.themat1eal treatments of 

ibre.tion l propertie · of s. ismie :ve • They have appU.ed some · ot 

their analy es to pacific Japanese shock • Guten . rg (1941) 1n-

v stigated first impulses of longitudinal w.:v-e rriom large nwnber 

of southern California. shocks. end di euss d relat&d ta.ult motions. 

The purpos of the present investigation is to determine clireetions 

of ini tifil motions of trMsver e ave·s ri-om outhem Ca 11.torni 

hock , and, if po sible, correlate th m With fa.ult displaeement • 

De.ta for thi study oon 1st of initial am litude meaaurement 

of h r :ves recorded tr more than 200 11 loa 1 tthque.ke 

oocurrin betrween 1941 and 1949 . Only "direct n e . between the 

:tocu and sur-face were 1nveE;tiga. tad 1n order to minimiz ef'feets of 

Fetleet1ons and refractions on v1brationa.l direotions. 
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THEORY 

Vibrational diNettons of tran era wav • perpendioular 

to any path , have been di :cussed by Gutenberg ( 1929) . Th 

ve motion can be d cl"ibed in t rm ot eompo . t u. horizon "al 

in the pl ne of' propagation. v • horizont 1 pai-pend icul. l' to t hat 

plan • and • v rtieal. Cu tom l'ily • transver ves are bro 

into SV nd SH eompen ms. whe the SV ibrs.t in the plan ot 

propagation, eonta1n1ng the directions u and • and the SH horbon• 

t lly in the direction v (Fig. 1) . 

Ampl!tude ot SV and SH a!'l"i · ing t the aaitth ' s 

rf'ae can be d e:ribed e. f'unct:i.cn of groWld di placements •. 

Knott (1899) and Zoeppritz (1907. publish d posthumou ly) developed 

equ tion tor the ealcul tion of pirtitions. of energie Xtd mpli• 

tude at di continui tie in the ground. The equations are lso 

pplieabl . at the e rth ' s surface . W1ec~rt ( 1907) pre ted 

convenient eq.i tions relating ground motions to incident v 

displacem.ents a\ th u.rtace. Gutenberg (1944b) reproduced 

Wiechert ' · q tions and als·o pre ented eurv s ·hich sho th par• 

t1tion1ng ot energy and ratio of ground to incident displaoem nt 

t the sui!*f' ce as functions of inc id noe angl • C loulati ons tor 

the e oune ere ma.de by Gutenberg (Zoeppritz . G igei- , and Guten-

berg . 19121 Gelger and Gutenberg . 1912; and Gutenberg . 1944b) and 

Jeffreys (1926) .. The curves indicate tl'B following relevant 

propertie . ot incident SV · ve 
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Vibration directions of tro.nsverse waves. 
Planes shown are vertical• horizontal• 
and normal to the r sY path . 
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At normal incideno , i o = o0 , an SV :ve i reflected at 

th urfao · an SV th no o ng:e in phu J for th 

approxima. rang 0 <. i o < 14 , SV i r fl et d a -
ti lly ueh ·.th mi.nor r o mpre · lO l ( P) 

v 1 for pproxi t ly 14° < i o < 35° • mo t of th SV 

en rgy is r fleet d s P minor rt a. SV # for 

pp x ely 3S0 < 0 < 90°, an SV i reflected entirely 

an SV • but invol v c g • or Poi son' 

r tio of u:a .• 2)9. pplic ble in th "granitic" lay r in 

outh rn C li rn!J , it is een that t i o : 36° an inci-

d t SV :v produ no vertic 1 grou displ c antJ 

for the rang 0 ~ o < 36° • th vertical ground di plac ent 

1 1n the diFeot ion a the eorre ponding component of 

the incid t motion1 tor 36°<i 0 < 90° • the v rt1c l ground 

motion i in tho oppo it dir otion t o the incident motion. 

Sim.1 rly, t i o : 4$0
, an incid t SV :v p oduc no 

horizontal grrund di p cement, ua , in the 1. r-ecti on of 

pro ti onJ for 0 ~ i o < 4$°, u ~ 1 1n the atne di action 

t corr sponding com onent of incident mot on1 and 

foft 4S0 < i 0 < 90° , u j i in the oppo ite dir otion. 

re r fleeted only a SH, r g rdl of inoid no 

u of Poi on ' t1oi h e • incid t SH mplitud a are halt 

th m n1tud or th vd r nd d plac nt 

1947 ). 

l o Bullen, 



In the foll ing •. relation hips b ~ een initial vibrational 

dll"ection s of tran ver e wa:v s and corr spending tau lt motion are 

considered. Little is known a.bout a ctual mec n1 s of displacement 

during f ulting,, and only appro1timation can b sbnula.ted. 

It i a sumed th t •. during the time of f ul~ing, energy is 

not t re.nsmi tt oro· s the t ult plan in pr c able qit tities s 

ua1 0ting in o po te directions are releas d 1mu t -

ously frcn th t o f lt block • Some en rgy may be diff eted 

fttan on fault block into the other. Such GPgy · 11 not only be 

om arativ ly small, bttt will be ro · gat d omewhat lat than the 

initial di turb ce. It thus s e rea onabl to xp et 1niti l 

eompre ion 1 and shear :v to remain within the fault block in 

i ch they originate .. 

From ob erved o d di sp laoanent s of large e rtllqu k s .­

it would se t t mall hock of gni tude 2 .5 to 4.0 on th 

rthquake ma.gnitud oala of Richter (193$) involve 11 di place-

ment of probably leas than few feet. he length of' fe.ulting may 

b tro~ s 1 hundred met r to more ima.n km. At dis 

great _ r than evere.1 f'rom the source~ v g nerat d from small 

f lts 11 bo nearl¥ spherical in isotropic me41a, Tha v 

fronts ll eon ist of two sep ~ate t . lying en_ ither aid of 

plan cont ining the t 1 t surtac • The di p , _ o ant of 

particl u in such a 'tr f rmt oan be expressed by the kno 

q .tion,, 



(1) 

pre ion 1 an · he r v ve citi 
' 

re cti 1y. The 1 pl c nt u c b repre en d b-'/ an irro-

tation eomponent p, i-1 p • o. o 1 no1da l component 

In roducing u ~ p + int qu tlon 

1 to the il quation 

(2) 

1on fo~ isplac 

b iv n by umi (1933) in ~ ot di l di nc l 

cylindric 1 func 0 t le ha oni of 

ord r n. Eq tion of h a i plae that compr s-

ion l ve coo i t not nly of di pon n • • but al o 

ponent • Pe and Pf • The t n er components. 

r with r p ct t l/r than the r ial 

oompon nt. Simi rly. h ar oon ist of r d 1 nd tran er 

eompon ts ,. e ~ nd sr • in ich th r di 1 pon t i of 

high r order th r- · pect to 1/r th a.re th tr a er • A 

pb rioal rec f ram t OU C , t y PP each tru co ·· 

p sio l and shear typ ot i p e ant • 



If' a 11 di pl cement acting o er small fau lt surfac 

ean be repres t d by qu l and opposite c or I~ th n pproxi­

JM.t ly sph rioal mv • fo ed ith in h mupheres in a.oh .f'aul 

block. would a.pp r to hav zim ttal at.:J!Trrm.c:i.'f':ry out I . S lution 

of sumi' que.tions implying azimut l symm try. and involving 

e i ther on or o no al cones in the e front 1 indicate that the 

c ponent s of di pl o ·1 P r t Pe ~ r• and e ex1 ; b.lt th~ th 

r on ble phy 1 ally in itiv 

sumpt ion, hi oh l o r 1 ts in z llUltha. ymm try and not mor 

than two nodal con in the ont , i that just beyond th 

zone or t c ring t he srurce a nt ii' iu about 

prll l to a.ult displa.c ent A Since th component p 'f and 

<f are then n a.rly . zero~ di pl c nt p end 8 · 11 ie pproxi-

mately in a plan formed by the v ctor is th 

y th. Vectori lly ·uh~ s relati o sh p oan be xpr s a 

( 11g. 2) 

n cpe.tion (3) • 11 tud 0 r compr on.al d h 

relat d to the di ~ o ent u by approxi t ly ( ig . 2) 

p ~ u cos e 
s ~ u sin e 

(3) 

(4) 

Initi l motions of s ·ar o r ult· ~ fr f ult di -

plac ment of all gnitud e n b pproxi t d by q tion (3). 

Thi i the an lyei u ed in figure 3 through 8. in which surface 
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Relationsh_ip between the_direction of fault 
movement (A), ray path (R), and vibration 
2.irections p and 8, assuming a displacement 
u, just beyond the zone of fracturing, 
parallel to A. 
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distribution of initial SV and SH disple.cem ts,. gener tad from 

the f'ollo :ing types of f ults. are Ulu tra.ted 

1. Tl'an current (strike slip ) 
2$ Vel*tice.l, with va ic 1 di pl eem.ent 
3. Iorizontal 
4. o· 1 
5. averse d tmaust 

ons made in d ,ermin. · ng theoretical wave displao ants in 

the di cu sion to roll are c 

i ot op1e medi.). 

igina.te . 

current ( tl"ike slip) fault 

Shear ve radiated horizont lly ft'Om transourrent f' ult 

so re con ht of' only SH co on ts,. F1 ure 3 illustr t di. tr1-

but1on ot initi l SH motion tor horizontal ray • An in the plan 

of the ti u~ indio dir otions o f ult d ve motion • 

In th eros &ectian.,, "1 "r er to motion no · 1 to and direct d 

into th p r1 oonve sely, 'out" refei- to motion out of the pl 

o the pe • 

tr·ike o the fa 1 t ~ the lar ,t SH pl1 tu f o:.r gi dial 

d·a nos tho in 11n "11th tha f: ult :ve z ro e.mpU.tudes. SH 

p itud s ar of nteJi".tnediat m9.gn1tud b tween tha two 

d reot on • 

T sourrent fi lting at normal depth - of focus. about 16 km 

(Gut berg. 1943. 1950) in southern C 11fomia.6 produces the surface 
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di ribution of r tion illustrated in figure 4. In the plan vie 

of the tigur , rro s indicate initial mot1 ais in the horizont l 

di rections u d VJ "upft d "down" indicat di epla.e nts in the 

vertical di ction. At rand :ve th oriantat ions., both $V 

SH :v s ?Tive at the ur ce. Only SH components exi t i n direc-

tions no 1 to the fault stri e~ Both r d SH litud s a.re 

all in th vicinity or th pl containin th fault u:rf c • 

T pUtude ~ t1o sv/sH i usually less than unity in 1nte edi te 

ir oti on 

rtical fau 1 t) 

Shear v s gener tad by vertical fault ·th vertical di -

plae ta c i t of only ff'/ com onant • e.mplitud for th 

surface di tribution illu tra.ted in f ur 5 ar ppr-oxi taly 

eon tant at iven radial di ncas , except n r t e p ns c nta.in g 

t fa l t urf ca here they pp eh zero . Changing he oo l 

depth for th typ of f ul ltai- the r tio u/i of th e • 

Horizon l fault 

Horizon 1 f l ting t no 1 d th or focus reduces 

r c i trib tio of 1nit1 1 shear moti ns s 1n i ure 

6. y no 1 to t dir ction o ulti contain no c o-

n nt , tho in th am d1r oti on no SH component • 

both SV d SH e 11 arrive at the urfac • 
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Nornal f ult 

No l f ults ha.vin di of proxi tely 60 de Jre ., 

end ori i t i n g t · bout 16 km de t h _ produce initi l SV and SH 

motions at t urfa a e.s i llustra.t d in fi ur 7. Ray propagated 

p r _. ndieul r to the strik of the fault contain no SH component • 

In t he ic1nity (l)f a l e conte.i~in t h r ult ur ce,, and SH 

litud are s 11 nd the tio SV/SH i a mini fol- the di ... 

t on .figure 7 • SV a SH · '1e exi t b tw en the 

two dir d tha ratio SV/SH i r t r than unity fora th 

fault d um • The a. the dip of the fault 

iner s. 

D p of r er and thru t f ult • r ngi from bout 1$ to 

7$ de ree originating t normal depths of tocus 8 r sul t in 

~eQtiops pf 
id tic l surf~ ce dl.stributions of initi 1 SV ::;HAd1, lac ment 

(F g . 8). ioula~ to the st~i~ to th fault contain 

no Sf! o ponent • In the· vicinity of pl containing the f ult 

surf e , SV H plitud a.re ·s 11 an the ratio SV /sH i th 

to~ the i tr1bution ho on th .t"igU?e. At 1' dom -:v 

th both D SH ;a arriv t t he rt o • The tio /SH 

l.ncre se . s the t ult di ner s. 

oh of th fiv f lt t yp illu tr .'b d in figur s 4 

through 8• originati _ at nor l e· th of focu • is e n to r ult 

in distinctively different over 11 surf ce distribution of initial 



SV and SR diep1acemants,. Acoo~ingly, the figure seem to be 

die.gnostic, tor the given ssum.ption , in evaluating fault 

motion related to observed SV end SH displacement • 
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Distributions of initial SH vibration directions 
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SV motions are zero for such wave paths. Motions 
in plane of paper indicated by arrows; motions 
perpendicular to paper indicated by "in" if di­
rected into paper, and "out" if out of paper. 
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c Ro·ss SECTIONS 

Surface distributions of initial SV motions gener­
ated by a vertical fault displacement at normal 
depth of focus. No SH waves are generated by such 
fault movements. 
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Surface distributions of initial SV and SH motions 
generated by a horizontal displacement at normal 
depth of focus. 
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Surface distributions of initial SV and SH motions 
generated by a normal fault displacement at about 
a 16 lan depth of focus. 
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METHODS D TERIAI.B 

In ·.hi tttdy only "dire ct f t nsv r ve re usedJ 

t ·s minimiz a tfeet of reflections and r traction on original 

ttibration l direction + T tbs of th e av r 

b c istent with Gutenber 's (1950) r cent hy oth 1 on the 

true ti" of th upper crust. in ieh ho izont l leyers of dif• 

f r nt v locitie above the normal d pth of toeu po tulat d 

( ig, 9 )t The 'd1t-eot" v r con qu tly '!' fraot to minor 

xte :t ithin th u per ci-u t • In southern Cali£om1a hocks• the 

direct tr ver e v are t e first h ar ve to arriv at the 

surf' oe for! e ieentftll di tancee ging from 0 to at lea t lJO 

tan. For shoe b ond this epice tral r e~ :ves i-er a.ot d thzeou h 

d l" l yef!s e.rriv before th "dU' et" ':fl' • 

Init! l plitud of trensver 

sr.> u :rn C l if orni rthqµ r ool'd 

from nwn rou lac l 

ur in thi study 

d r olved. into co onding 1nc1d nt mot n . In the ly 

e of t hi r-e ea.rcht beg prior to Dr. Gut b rin 

}\y othe is• am lltttd of s.. t t :t time consid red to b the 

di~ ct e ( , , • Guten J, 1943. 1944a., 1945), su· d. 

gin in pie tral di tanc fl'Om 0 to 75 km and 100 to 

200 laa J:'e u d. Tho e be een 75 d 100 km. re d l' arded to 

void interfer c be en and S1 e rgies. UndeP th9 n }\ypo­

th 1 , S ves are the d 1rect one only for epioentral di te.ncea 

of a than about 75 km. and Sy f'o~ tho e of gr :ti r iatance • 



S mnplitud m. urem nts r r hocks at more than 100 Ian pioantr l 

di no s, accordingly. he. . to be disc :rd d nd er repl oed by 

measure nt of Sy v s for hoc b en 75 and 130 km di t nc • 

11 

th 

,. 

nitud hoc s, lly r nging from 2.s to 4.o, 

4.$ n the Richt ( 19)$) rthquak 

d. Ad t in ing 11 hooks a (1) 

gnitude 

y 

records from random epic nt r loo ti al a r =ta Uab l ; ( 2 ) point 

o~ro pproxi tio t th focu • implify1ng interpret tion of 

t ~ ult 1 can b made. 

Am li tu. ere me.d on P 

i mogrems. U ful r co from the 

from th llowing in t nt • 

d e.nd Rl er 1de 

te.tion er acquired 

(1) Tor io i mograph J two hor1zont l compon t • natural 

p riod• 0. 8 COnd.SJ d ping constant , 0. 8. 

(2) Benioft el ctroma etic g ph s one ~ rtie l n 

t · o hoPizon 1 component J p ri 1 cond.1 

dam.ping con tant , o.8; hort and long period galvan-

om ter , 0 . 2 90 cond , r p ctively. r oord d 

ch in ttument . 

(3) B ieft str in eiamographs J two horizont component : 

in trum ts und p d: g lv>anometer p 1od# 70 eond • 

In trum nt ation con 1 t of t horizont 1 

component tor ion i mog p d on hort p riod vertic l 
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Bani off type. In this study records from anly the horizontal 

seismographs are u d., rhe Riv rdd instl't.ml.en'b hav nearly the 

same eonste.nt s as the o orre ponding ones at Pasadena.. 

Short p rio torsion seismograph ,. recording t rough opt io 1 

systems, provid the mo t u . eful record . for this work,. he . magni "" 

fio tion nd r ponse of these instruments to transient ground d1 • 

plaeem.ent are mor reliably knov.in than t hose of the Deni.off type 

~ cording through . lectri eal system • Bani of£ instl'ument seismog -

are used in this erk primarily tiO <h ck tor ion recottl dbpl eement 

direction • 

An ly es of 1trains e•eat d by i neident shear waves as re­

cord d by B niof£ tr in instruments ere a.tt ptEtd• 'lhe instnt• 

ments eurr n ly operati ng t hrough 70 s oond gabranometei-s an 

do not p pt-oximat short period ground train r liablyo Howev . , 

. enioff bas recent 1 d el oped a transdueer 1 oh,, on st rain m tru,. 

menta reeording through an 0.1 second gal anometer . Vi ll reproduce 

gr und strains dir' ctly for all v s o peri ·ods gr-ea ~ than about 

0.2 to 0.3 econds. th such transducers and 

g lv 01oot n y eventually be m talled at the l r sei olo i• 

cal ·t t1on. In th"6 pp dix a p ~oedu:re 1s gi en for d t rrnining 

incident she r ve 1i1n.in with uoh strain G i mographs. 

:ve er 1deni:itied on the sei ogre.ms with thi 

aid of s-outh mCalifOrni tr . l tim curve (Gutenber.g. 194 ). 

Initial amplitude and eorre ponding periods of these ves ere 



me sured. nification ourv a for in trum.ent t the Pa adena 

t tion re used to obtain oorrespondin round di laeemants. 

The s me OUM' indicate grrund di plac m on the River ide eh-

mogr s xc . t or cons nt ttground facto tt. Since plitude 

tios rather than absolute di plac ents a.r of' intere t in t his 

tudy, the " round faot or" d f ferenee botween th t 

unim o tant. 

t tiona is 

rl ods record d t den.a and River side ran ed f rom 0.3 

to o.8 s conds . The torsion instrument t iver ide ner lly 

record d slightly shorter p riods then thos at asadena. 

Di ecti s nd magnitudes of tot 1 horbont l ground dis-

1 c ent i.; ere lou a ted a.s vector urns of north outh d t 

· st d1 pla e nts . Ho izontal oom onents u i n the direction ot 

pro gation nd normal to that direction were resolved f m th e 

total values. Vertie 1 ~ispl '0 ents w were obtain d fr ~ vertical 

component instruments. In t his tudy; u i define<! poaiti e wh n 

di ected from th picenter to station, v positive in a direction 

rote.t ed. 90 deg re clockwise from osi tive u , and osit" e down rd. 

Incident EN end SH am.plitud s ere resolv d f rom di laoements 

u, , v3 , and ~ in a.ccorda.nee with Wieeh l"t's (1907) equations fO't' 

rtitions of amplitude inaid. _ t at the earth' urf'a • Incident 

amplitudes e 

P• 99) relati~ 

deterrnined from curves (Gutenberg. 1944b, fig . Jb1 

plitude ratios u~ / sv and ~ /sv to incideno angle 

i 0 • With f exceptions SV amplitude e e obtain d f rom u ~ deter­

minati on as r solved from the torsion aeismognuns , althou some 



r obtained f r om 3 di p cement b s on el ctroma netie in• 

ruments records . Incident SH amplitud s ( ee 5) v 

tively simpl refl ect on charaot ri t ic and r taken 

lf the m gnitudes of the ~ ground dis lacem nts . 

Inci.d nee an les u d for SV amplitud d tenn.i tion ar 

oomputed for dir ct r ys • suming a 16 km depth of foeu nd r y 

p tha ccording to Guteaborg ' (1950) crustal velocity distribution. 

Thickn s s nd tr verse velocitie of th upp r c st 1 laye~ 

a.re shovm on fi ure 9. Incid nc gles at both th souro d the 

1 rfa.ce a.re l o hm an f unctions of a centr 1 di stanee n t hi 

f gure . In r gion 

layer a pear to b 

1ere th r are no e im t ry roe , the pper 

out 5 Jan thick and ha tran erse v looity 

of 3.4 km/i c . A di continuity is id noed b t ee t h is layer d 

tl t bsn th it. 1' lo r 1 y r app rs to ~ an ave g 

v looity of 3.8 km/ o. It thickn s i not kno d i'i it ly bu 

for com utation or incidence an l s , a r on.able lu 0 8 km 

i ssumed. rhis zon gra es into th one b it ithout evideno 

of disocnt nuity . In th vicinity of the 16 

ha decreased to bout Ji lan/ e • 

d pt;h the eloc1ty 

Initial SV e.nd SH motions eo:r:.put · in t h i tudy are plot ed 

on f ult ma s of southern C liforn · ( 'igure 10 through 15 • 

Ob erved di pl c ants are plottod at the epicenter • 
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FACTORS AFFECTING RELIABILITY 0 REStH.iTS 

Fi otor e.ttecting the reli bility of :t sul tent SV • SH. 

and SV/SH det minations e.i- di cus d !n the f'ollo ingt 

1. Rell bility or as ·um d azimuths of r ya 

In thi paper u is ssnmed to be directed from the picentaro 

to the stationi v 1 a. wned to be no al to thi direction. Ep1.• 

central locations upon which the e deberrninatlons depend ar k:nowa 

within S to 15 km. Thu • xo pt for shocks near the tation. error 

ln p1central location will hav minor et.feet on th ttesult • 

Longitudinal ve origin :ting 1n the San Be!*na.rdino Mountain 

r g1on 'It' b observed (Gut nb&rg. 1941) to rriv at P adena 

lightly north of e st th than long a di!' et p th from th e t. 

Th :ves pp r to have been div rted littl north of a dir ·C.t 

th. po e1bly b c us or the presence of e. higher velocity ther • 

A umptione of direct tl*a:'1" 1 plth betw en th se epicent re d 

Pa d should• th retore, introdue only very slight rrors in th 

results . 

2. Initial ampl1tud 1d nt1f1cation on ismog 

SV and SH motions d t nained from initial plitud ob er• 

vation on se1 ogl*ams -re u ua.lly in agreement with thos. exp oted 

ti-om kno euthem ca.lU'ornia tault type • It ppea.rs . therefor -

th t amplitude m urem nte of' the 1ni 'bi 1 :'f'e displacement wer· 

mad rather than tho e of a lat r phaee. The question ~ises whether 
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initial v displacement• tr 'bhe mo~a distant shook r too 

k to b record · • in which case l t r phases might be· m.lst k 

ants. Initi l sh r motion on i mog 

:from 14 atterehoc . of q e · t 130 km pio tral d 1 a.nc in-

die t d, with few xo pt1ons 1 th a.me SV ~nt displ o- ant dir$o-

tion • Since the ller or his g~oup or tt hoeks ho th am 

ticn the r l tively larger one , ~a onable g· era.Us tion 1 

that initial di plac ent r m sured 1n ven tm m.or di ·tant 

hock • 

Uau lly initi- 1 di p e · .nt on . EU"9 l"·S di ly 

d1 oern 1bl f doubttu 1 m w.r i-a not used. 

3. Reliability of amplitude n sure 'b · 

Amplitud mea ur ment .; even -er snall, al' sufficiently 

Utt t to 1ndioe.t horizontal directions of dieplaeement ithin 

± 5 cl gte s. Periods ot :ve- r$ mea ured to thin 0.1 eoond. 

n 1gn1ficant errors for the purpo · or th1 tudy are int-r u by 

the r dings. 

4. R spons of sei mog phs to ground tre.n ient 

Berlag (1930) di CU$ ~ pon e of m ic 1 isno. :ph 

to harmonic tPanaient impul of the form 
_td r = r. t ~ s111 wt 

for v r-ious trequ cy tio • Hi result n b e.ppU . .ed to torsion 

instru ent • r cording through optical system • Berl ge demonst · · te 

that th initial p of 0.5 cond tran ients .. an verage in thi 
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tu<tr. i reoord d uito aocu ·a IY by o.8 s cond instruments. 

Ground tr-ansients are unlikely to be harmcnioa th-refor , torsion 

smo ph r sponses to aotual tr~sients can only b a.p ro,x· • 

ted by Berl get r lts. Une rta.int1.e in ound ·displa.o ent 

reduc by sing p 1tud r tio of ho~izon l inst nts. 

e pons .of B ioff' eleotromagn tie ei mographs to tran ient input 

1 a oombination et locity and di pl cement. Buch re ponses r 

ditfi eu1 t to interpret. 

5. Ani otropy in the upp r crust l 1 y rs 

Stoneley (1949). t the thod ot Rudzk ( 911), oint d 

cut that ani oti-opy in ooo.t1.nent t 111 r au lt in dit• 

f r tial SV and SB v looities. In isot~opic med1 ti eon 

ant r ple.e 1 s ,A dfi in isot opi media. It is ob 

t amplitu.d of ar v- on the hre compon nt is-

mogr a.rriv ithin 0.2 · conds ot on another• r · g rdl ss or 

y dm.ut • di r ~ nc s of this n1 ud pro :bly 

thin the li t or er~or of r cording. Anisotropy in the upp 

of outh rn C l1forn1 i p ~ ntly t o l to b di cern-

ible on eismogtam • 

·6. Rel1 bility of Knott and Zoe pritz q tia'ls 

The Knott nd Zo ppr1tz eq_lat1on ar prob bly r li bl for 

lculations of the titionin ot H ve incid t t th 

ur.f c • Th equations appear to b good pprox tion fol' 

nciden' 5V wav s. but they inv lv imaginaiy reflected com.pr s ion.al 

:ve for the range of SV ine1denc e.ngl. 
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er V5 and v,, ar the shear and oompre sional e v- locitie , 

respect iv y, Th equa on.a (Wiechert, 1907 o Gutenbel'g , 1944b) 

for t e incidence gle ar us with complex que.ntiti • 

Should the equations be 1nco ect approximations, SV oo pu ations 

n y in e ror. 

7. V rt tion in the m dept or roo l1 

V ri tio in foce.l d pths enoount ed in outh rn California 

· 11 not ignificantly lt r i idene angl or cor pondJ.ng SV 

det rmina. ti ons • 

he grea.te devi ti on in o ntst l tructur from t t of 

figure 9 lie in th Lo Ang 1 B Ul r 1 rg thickne or 

iment ove.rly old r rock • h re 1 11 ttle question t t ome 

of th di~ ct v trav lling ao~o s the in nd recorded in 

through th ry laY1 r • S1bo thickn 

d v loci ti s of the a diment a.r not kno 

c 0 8 the in can only be surmised. One important etf t of 

th d i to iner a a 1 e of' ineid nee t th 

ur ct from lower velocity 

ed1m-.t . into higher v locity nite they p roach ad 

Th edlmentaey- bed probably h :v little ttect on initi l di-

rection of SV and SH motion , although they prob 1y do lt r th 

gni illd s of SV and the r ti o SV /SH. 

• 



ln summary, it appears that direc SH v1brat1onal direction.a 

detel'lldn d al" probably reHab a; tho e of ·the SV ~ s may be 

su ject to some uncer inty. Value o SV /SH ce.loulat on may be 

doubtful. 
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DISTRIBUTIO S 0 OBSERVED SV AND SH MOTIONS 

Initial d1veotions of SH vibr tions obsezev d at ad na and 

River id (Figs. 10 nd 11) indi t triking con i nc1e or 

motion thin loe l region • Di rection o SV vibration (Fig • 

12 15) indic t con ide bly les oonsi tenc1 of motion , 1-

tho gh in everal v ey loo li ed region o u.n1f'o ity 1 a a.rent. 

SV /SH ratio gene 1 ly ry oonside bly • but in a f l liti& 

me uniformity or lue 1 lso ob erv d. 

ibr ti o directions of SV waves a kno to be functions 

ne>t vnly of horizontal a.ul c mpon nt zi uth , a.re 

th SH v s ( Fi g • 4 thiao h 8), but re 1 ·O kno to be function 

of vertical fe.u l t di plo.v~~,.,nt • Ther for • the obseM"ed isorep• 

enoi of the IN motion y e l • in ·art , fro inoon istent 

rtioa.l o pon t of ulting. 

he uniformity of SH motion ob rved ndlca. that strongly 

pr r rr d dir otions ot horhonta fault co xi· t in outh rn 

C litom1e.. Tb $V data 1nd1 t di cord.an v rt1oa1 mo• long 

f'au t in the eme vicinity. ConformabiU: y of the SH m t1ons al 

ugge t that the SH -:v a polarized . Pol t'b t1on of the 'SV 

ve i not o clearly inferred, although o i ugg ted. It 

i plaus ibl th the entire hear 1 proximately plan 

po rbed. 



11 fault d· ent ov ., limit taul SUI' o c be 

v n • l.l t ults r 1., ing in 

th record SV b · al.ya by oomparing he. 

ob tiotlS ·th the th l' ti l vibr tion db- eticn oorr • 

pondi t lt igs . 4 · r ugh 8), it d 1 ·tion r&m th 

li en luated . Sino direct 

the ae mpt ion ot 

traight ln th must b ( P• 10) 

t tor t'he pu r os of thi r · a rroh. 

Retn.otion through th crustal layers re•lt 1n a itter o 

1n incid nc 

in 1 nc e.ngl t th ourc , 

OUJ'C • A pl'U: 

t elling th po tul t 

ot idie upp .. oru t &riginating t normal depth of foeu • 

Im Fig 9. En rgy lo o d1 r et SV or SH ':rt t 

r t ot1ons t d1 continuiti in the crust ~ g1ig1bl (Gut berg. 

194 b ,. · g. 1. , P• 9S) o <th xi veloc ty t' · ·10 · a?1d in l • 

g • 
ir ct SB s . 

t ct l ~ .rs. SV d1 

by 

pl'O .'bly not 

nitu s ot 

1 r ... 

ti ly. th inc1d no ngl • 

Dir'ec rays orlg l d ot tocu . ly 

t vel from 1 velooi ~ '¥ into ov rlying one ot high 'I! 

v .toeity. 

· ted to 

gl I t th $0\lPCa fat' 

about 70° or l (Flg. 9). Suoh 

ch wa.v a.r o leu-

gle r com· bl 



to tho a on Figui-e 4 through 8. Dl~eot ve travelling across 

th basin may. h evel"'• lea the sourc t larger incidence e.ngl h 

It c· be conelud d that obs ned SV e.nd SH mot ions originating 

t'I! fault ms, be imul t by the theoretic l ill}l tions of 

Figul'e 4 through ·8• The data c th nfore be compared to th s 

llu tre.t ens to determi po sible related faul ty es . Th theo-

retiee.l figur may b us d unamend. • cept for 't'ay t:re.vell·"ng 

cro th ba in . inor etf ets on tm vibr tion ot mve t raversing 

th sin may be introduced by th dim.en ts. 

T ctonio • t pretations of the data _ di ous ed. 1n th following ,. 

re based on oompa.ri of the SV and SB dat th: ( l) h :r v 

vib tio 1 dir ot ion d corresponding fault types h 

4 hrough 8; and ( 2) impul of compre s •on.al ave ob d by 

Gut b rg (1941) from hook in the am gen ral r gions th 

pr t tudy . 

ional er not recorded in the pre ent inve ti• 

gation. Thos from Gutenberg's paper in to e.n rli r group of 

· ho 1934 . d 1940) than th d t of ths pr sent tudy 

(1941 to 1949 ) . A all , ocks dul"ing the period 1934 - 1949 undoubt .. 

ly r suited rrcm imilar reg1o l t~ as d1stribltion , compr s icne.1 

date. from th , rlier shocks be used in conjunction th h :r 

dat from t more recent one to d crib re ~ed t: ul~ing. 



In the follo ng , ~ult typ s eon i ten~ wit'h ob erved l.ong .,. 

tudina.1 and tre.n.svei-s impulse r d cribedtt ch pi.dent· r 

us d i d signated by a lett r and a number~ appearing both in 

Figur s 10 t~<>Ugh 1$ and in the fund · te.l da • The 1 ett 

f ·l' to an rea bcundad by a degre of latitude and longitude . 

The numbers inere e from south to n«,rth 1n e c:h let i-ed re ion. 

In Fi ur 10 and l l. · ni tie.l SH vib ti on& at Pas de and River ide 

o • In Figure 12 and 1) , the initial m.Qtions ot t ha hori"" 

aont 1 eompon t , u , or the SV e i-eeorded . 'b th st. ·tioos 

ar • In Figure 14 nd 1$ • th initi l Vertie 1 motions , • 

of' th SV ve and the r tio SV /SH ob ewed t th two t . ti on 

r given .• 

Re5lon £: Gl'Oup of' hocks betw.$en P ad. e. and. Riv r id • 

At both ad and River 1de the g oup of Shoe bAT'!lilU'A,:m 

th e at io · r recorde ith noittherq SH motion . * su gesti 

that the s tion ar both located on £a.ult blooks moving relatively 

north rd. SV metions .. to the a t that th y a igni leant_. 

sug - . that tor s crne shook the st tions ar looat d on the do· -.. 

thr-o fault block. and tor others on the upthrown block• SV /SH 

tio , ot qu .t~on bl. reliability, gg \fide ran . e of fault 

d p • Seven hock of th is group :re r cord d at both 'f' ad 

and Riveraide. All saY indic ~ nortlerly SH di placemantsi 

our 1ndi cated the seun Sf dir otions, and thre oppoa1t directions .. 

Simil )fl SV/SH tdos . re ob e . d. for two o th seven .ehoek at 



both t atio ~ but for the other f ve the r tio vrer mark! dly di -

Simi e.r . Dif'f'erenee in tios at the station were not consistent . 

R 1 ts from these ev n shocks a.re in agreement with the r le. tiv 

con is'beneie in SH e.nd SV ttl.Otion and values of SV/SH ex cted (p .. 

JO). 

Initial impulse o compres ional v from thi epioent l 

re ion (Gutenberg , 1941) u ually rri e t Pa ade a. com r ssion 

d at ·vars de a dilatations ( gs. 16 and 17). 

F ulting in the gion consist t ith th SH and impul e 

i s n pproximately ea t st trending era o~ thru t typ • 

and SV/SH dat r g n lly in a.g t with uch faulting. 

8 Andre t f p or mot ion, no rt t ~ly trend3ng right ha d 

t t • 1 not in agre m.ent th th S'fl di plao ts 

:r o de a.t Hiv r orth of thi group of shock li the San 

dre fe.ul t , prob ly d fining th northerly 1 1t of the o en­

ibly rever e or thru type o 

I i nots.bl t t t a bov m · ticned group or hook record d 

t th ad na t ion re olly compatibl 1th the S n Andi-

o faultingJ r cord ng at both a adEm& and iv .,. id re 

r ired to dete 1.ne th lt t s d cr1b ·. • 

he group of hocks uth ot Pa 

outherl8' SH m tian at both PG1.Q ci1...,..'lil•~ d Riv rsid ~ indicating 

ith 



predominately soutbe:rly displacam.ent of the re.ult bleek en hioh 

th stations e.re located.. Abo t 7S% of .the W from thee epi-

o tar• ar l"ecOl'ded a. up motions t P sad.ens.; mo t of the rel -

t .iv ly t shocks trom this region recorded at Riversid . are down. 

motions. Ra:Uos SV/SH v. )!'tied markedly and ~er quit erratic at both 

t ti n • Gut b g not d that from th e ep.ieentel" dile.ta.tion 

gE11el'ally ai-riv t a.dens. and eanp re sion at River id • 

F ult pa.tt ms cens1stent with th data are not r dily disc Pn• 

ibl • Of the common fa.ul. t type , that most in eg reement w1 th the da 

i a lightly north of' st trending revers or thru · movement. 'l'he 

No 1k fault y be one of ch d'isplacE111ent. Gene , lly San Jndr · 

types of mot ion re not eonsi t th th SH data t Pa dena, al­

though eral tter d hoeks in t h i ~egion do uggest re such 

di pl c nt • Due a.st . t rev r e or thru t t lts ?' not con• 

t nt th ome of the dat · at ivar ide t northea. terly trending 

1 rt hand · tnnseurrent r ult ing i not in close gre m t with SH 

de; t th&.t tation. A •jority of th d t doe not sub tantia.t 

ver-tieal, horizont 1, or normal faulting. 

Regi ~n ! a South st of P e.dena 

SH and SV moti·on from hook south e of Pasadena wer 

tudied only at the P sadena station. SH motions ind eate southei-1y­

disple.cements ot the fault block on mich Pasadena is locat d . SV 

motions a.re 1neon.sisten'k. Longitudinal mv s bav beEm. shown by 

Gut berg to a.rr1v a dilatation at Pasadena and oompr$es1en at 
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Riv r ide. Wave from y of the shocks r cord d at ad 

pJttobably tr ver tM ediments ot the Lo Angeles B in. No 

pttaeiabl changes in H mot.; ion resul tin 1 trom the sediment ar 

evidenc • sv. data ra too rratl to d term.ine po Sible err ct 

or the diment on SV vibrational direction • ult ing ocmsi t :t 

ith both th com r ion 1 and h ar :v- da.t includ ither 

north terly trand ... ng r er..., mov ant or no:rt t rly trending 

n And!' s type or d1 laeements~ 

R gion A ... ~.* North t of Pa 

d SV d t from hoek nort dene. ere tudi 

ly t the P sad station. A majority of the SH tions '!J' 

north9 rly components. SV values and tios SV /SH re inoon istent. 

Longitudinal v eorded at P sad a are s by Gut b rg to 

rr1 e u lly as d11 tations, lthough ever 1 comprea ion e.r ob• 

e d. At R_v r ide both eompres and dilatations r · r oord d . 

Fr m the ta it ·Uld eem that more th.on an typ of f ulting 1 

o on. Sane or the data is eon i t nt with t w st trending re-

v r e o thru t fault ~ rrl som th north ea terly tr ndi ng lef't 

nd d t scurrent f'a.ults. 

Re15i_on C • D • F - G: t and nort st of R1vers1d 

Most SH motion from ok t and north · t ot River id re 

ecorded ith norther~ component t Ri reid • The relatively te 

H d a f~om this r on studi d t Pa ad.ens. indic t both northerly 



outherily mold.on ·• SV Md SV/SH r go.· rally i-ra.tic t 

b . th s'b t1otUh Gutenb rg i:ndicat that at River ide longitlildine.1 

from thl regio a.re recorded pr dominat ly s oonipre dons, 

lthough ome arrive as dil· tat1on • At Pase.den , the lon itudina.1 

s u ally a~tiv oompre sion • Mo t of th da.t is consistent 

wi.th the S Andt ty es of faulting ,. al th ugh . om , incon i.stent 

~ ith such mQVement • a.re m agreement with i-ever·e or thrust taulting. 

Dat rran group of 14 attershock of qu n ar Ca. z • in 1'he 

'\rlcin ty or re th Andr fault · p ~cximately t 

1est for ort di tanoe . 11 sugge r 

Prob bly t n cur%' nt d reve fault typ 

e.r ·t ot Ri 

! 51on F • G: South t of Ri-o-arisid 

r e or thrust faulting. 

co xi t in the gen ra.l 

SH and SV tion f~ ho oks south t of Riverside a!' 

studi d t only th Rt id station. Most or the SH motio . bav 

southerly components, but s en.l, pa!'tieularly in the north&rn pe.tt 

ot this r-egion, •a no therly motian • The SV :ves from shook$ in 

t Li regiaa at more th&.n bout SO km epie tral distances u u lly 

ind o t e contd t t in l d mot on and 11 /SH r t!.o • 

Longitudinal ves recorded at dana.1 eeording to Gutenberg , 

rrive u ua.lly co. pressions, nd t River ide n either compressions 

e.r d lata.t ion • San nd:reas type of movement r gen er lly con­

i tent with the data. Ra.y from such r~ctu e 'bre.vel a.long the 

general line ot faulting toward the t o station • F~ such pa.'bhs 

som of the ri tions observed in the d ta u.ld be xpeot 4. Th 



•39-

re.the!\' unusual censts.tency in botn tha 8' mtltl>ns and in the anall 

ratios of SV/SR are also ·in agre ant with timarily horbont l 

faultin g in nort . esterly and south · te:rly dbecti .ens . 



""' 

3
4

• 
,tj

 
~

,,,.
..-

F
ig

. 
1

0
. 

D
ir

ec
ti

o
n

s 
o

f 
in

it
ia

l 
SH

 
m

ot
io

ns
 o

b
se

rv
ed

 a
t 

Pa
sa

. 
d

en
a.

 
A

rr
ow

s 
p

lo
tt

e
d

 a
t 

e
p

ic
e
n

te
rs

. 
L

e
tt

e
rs

 i
n

­
d

ic
a
te

 a
re

as
 a

nd
 n

um
be

rs
 

ep
ic

en
te

rs
 a

s 
in

 t
a
b

le
 1

 

18\
 

/]$
 

''"'-

SC
A

LE
, 

KM
 

3!j•1
 

~
 

11
'1

!•
 

r ~
 \ 

t 
1,"
~
 D

 
13

 
...

...
...

...
 

'" __
__

 to
, .... 

\ 
&

 
h 

, 
~
~
 

l
"
'
~
,
r
~
 

\:
 

)
1 

.. , 
~
~
 

3
4

• 

~'
 F
 ~
 

¥,
 
I 

I s I 



F
ig

. 
1

1
. 

D
ir

ec
ti

o
n

s 
o

f 
in

it
ia

l 
SH

 
m

ot
io

ns
 o

b
se

rv
ed

 a
~
 
R

iv
er

­
si

d
e
. 

A
rr

ow
s 

p
lo

tt
e
d

 a
t 

e
p

ic
e
n

te
rs

. 
L

e
tt

e
rs

 i
n

­
d

ic
a
te

 a
re

a 
an

d 
nu

m
be

rs
 

ep
ic

en
te

rs
 a

s 
in

 t
a
b

le
 1

. 

' 18
 

E
 

D
 

.
.
 

J
.
 

• 
I 

.J
I'

"'
 

T
 t:

"'
-'.

...
...

::
:=

 
:5

4'
 

~
 

~I
'.

 
14

 
~"

'I
i"

 

~
 

.J
 

/ 
~
 

G
 

"/I
 



" 
..

. s
 

..
. 

3 

;
i
-
.
 

F
ig

. 
1

2
. 

D
ir

ec
ti

o
n

s 
o

f 
in

it
ia

l 
co

m
po

ne
nt

 u
 o

f 
th

e
 S

V
 

w
av

e 
o

b
se

rv
ed

 a
t 

P
as

a­
~ 
en

a.
 

L
e
tt

e
rs

 i
n

d
ic

a
te

 
ar

ea
 a

nd
 

nu
m

be
rs

 
e
p

i­
ce

n
te

rs
 a

s 
in

 t
a
b

le
 1

. 

1
1

e
• 

J
~
 •

 

f'
-l

tJ
 

-
,
 

Jl
.j,

 \
 

\ 
"
'
 

4
-
lf

 

P
A

S
A

D
E

N
A

 •
 

.
.
/
 

j_
 
~
 :zlJ 

-i
lk

T
 

14
 -+

/ 
4':

; 
-
-
-
-
.:

u
-
+

 M$
11

,.
U~

 
19

._
. 

l,
J 

,
,
 .
..

. 
U

>
 

1 
~
-
-

-1
 
~
 

JP
 

~ tl/1
.9

' 
1

1
-

,,
 
/$

-~
 

-
<

.f
! 
~
 ~
 

A
 

i4
 ~
 

#
-

\ 
_
,
n
,
,
~
.
.
_
,
o
 

l;
,!

1"
 

~
 

J.
a

jl
 
~
 

u 
4Z

~ ..
..

 41
 

18
,,

, 
:ii

: 
\ 

"zt1
lJ 

' 
~ ~

 
{( 

.... ,
,, 

~
~
 

,,
, 

/0
 

; 
~ 

"
~
 

..
..

..
..

 
"
'"

 
' 
~
 ~ 

/9
 

""
8

 

~
13,

 
//. 

15
° 

_l
{ 

"1
-3

 
'.

lJ
. 

' 
~
 9
~ 

/3
 

" 

~ ~
17 

i~ 
~
 

.. 
. 

E
 ,l 

f I 

2
0

 
4

0
 S
C

A
L

E
,K

M
 8

0
 

1
0

 
1

0
0

 

F -.
!~

 I 

4
-J

ll
 

11
7•

 ~
 \ 

~
~
 

.#
!: 

11
 

I' 
....

....
.. 

.....
 

I
~
 

+
1

1
 

3
5

• 

D
 \ 

I ~
 

l\
.)

 
I 



F
ig

. 
1

3
. 

D
ir

ec
ti

o
n

s 
o

f 
in

it
ia

l 
co

m
po

ne
nt

 
u 

o
f 

th
e
 S

V 
w

av
e 

o
b

se
rv

ed
 a

t 
R

iv
­

e
rs

id
e
. 

L
e
tt

e
rs

 i
n

d
i­

ca
te

 a
re

as
 a

nd
 n

um
be

rs
 

ep
ic

en
te

rs
 a

s 
in

 t
a
b

le
 

1
. 

_,8
 

E
 

11
1•

 I 11 

,,p
_.

. 
2

9
..

:p
 

.J
O

 
:z.1

-:. ...
....

....
.. 

,?
' 

..
..

 
/8

 
' 

17
 

35
• 

~
 ~
 

~
~
 

D
 

~
 

' 
-rt

' 

9-
:_

_i_
 6_

. 

I 
:w

--
--

1
 
~
 

~
 

I 



" 
! .I
A

IJ
 

..,,.
, 

{ 5.
JI

) 4J
>

D
 

F
ig

. 
14

. 

D
ir

ec
ti

o
n

s 
o

f 
w

 c
om

po
ne

nt
· 

o
f 

SV
 w

av
e 

an
d 

ra
ti

o
 S

V
/S

H
 

re
ce

iv
ed

 a
t 

P
as

ad
en

a.
 

L
et

­
te

rs
 n

u
n

 
an

d 
n

o
u

 
re

fe
r 

to
 

up
w

ar
d 

an
d 

do
w

nw
ar

d 
SV

 
co

m
­

po
ne

nt
 s
. 

N
um

be
rs

 
re

fe
r 

to
 

ep
ic

en
te

rs
 a

s 
on

 t
a
b

le
 1

 
an

d 
to

 S
V

/S
H

 
v

al
u

es
. 

io
 

•1
3

u 

't .I
S

O
 

11
r 

l
o
~
"
 c 

~;,
.,"

-..
." 

J6
 

,_J
_J.J

•u
 .J
:~

v 

s
• 

-
.
/
 

=,.
,,. "

"!
, 

-
.l

.S
IJ

~ 
~
 IJ

V
 

1
Z

.J
(J

 

j.
, 

I 
' 

f 
':k

 ~
;u~

o ~
 

JO
 

JJ
..,

. 
JI

 
l 

1.
71

1 
'j
 

S 
f 

.]
 •

11
5V

 
..

 " 
• 

4.
7V

 
IJ

 
,l,

/)
IJ 

.JS
' 
~
 

0
0

 
-_•

0~-
~ 

~ J
l<'D~

fOCJ 
4.

0<
/ 

JO
 

j,
O

tJ
 

4.
e0

.J
1>

o~
Jo

~V
 

• 
.,"

u•
 

u 
.;!

 ..
. 

-
--

-
4'

 
;
.
,
 

.,
_

,_
 

~-..
 

.
,
,
:
 

&
• 

" 
-

.
,
,
,
 • 

''-
o.

1v
 

o..eo
~UD 1

:"o
 

,,
 

,;
, 

• 
" 

, 
..

..
. 

.,
. 

'.:
;' 

&
J.

..
. 

;
;
 

·~· 
~ 

\ 
~~

iP
~ ~

J.SIJ
 :;

;:i
':' 

•J:J
" 

J.l~'
·~JA1

.DO 

0 

'--
--Y

 
lM

tf
-:

J.
JI

J 
I.I

 
<

U
O

 

'•
 

S
: 

1.s
v 

~JO 
-
-
-
-

2
.I

D
 

4
• 
lo

., 
ff•

 I
.J

V
 

~
 

E
 ::

.o"
 

1
0

 
4

0
 

..
 O

<J
 

J.
W

 

'· .I.JO
 

S
C

A
L

E
, 

K
 ..

 ao
 

F 

8
0

 
10

0 
~~

 



F
ig

. 
15

. 

'!
 

4.
0U

 

D
ir

ec
ti

o
n

s 
o

f 
w

 c
om

po
ne

nt
 

o
f 

SV
 w

av
e 

an
d 

ra
ti

o
 S

V
/S

H
 

re
ce

iv
ed

 a
t 

R
iv

e
rs

id
e
. 

L
e
t­

te
rs

 
"U

" 
an

d 
"D

" 
re

fe
r 

to
 

up
w

ar
d 

o
r 

do
w

nw
ar

d 
SV

 
co

m
­

p
o

n
en

ts
. 

N
w

nb
er

s 
re

fe
r 

to
 

e
p

ic
e
n

te
rs

 a
s 

on
 t

a
b

le
 1

 
a

n
d

 
to

 S
V

/S
H

 
v

a
lu

e
s.

 

.... 

/ E
 

IQ
 

1
7

 

lJo
 
..

:o
;:

o,
~u

 
'!

 
45

/) 
' 

1
.8

1
) 

~
 , M

P 

1
0

 
4

0
 

1
0

 

~
,
.
 

11
1•

 ~
 \ 

""
'{ 

D
 

...
 '1

 ~"
"'

f ..
 v 

..
..

 

o
.t

V
 

.....
.....

. 
ii

.J
IU

 
1

4
 

G
 

~ 
0

.7
P

 

1
0

 

I ~
 

CJ
1 I 



-46-

119° 118° 117° 
35'0 

v 0 
0 

\J v 0 
0 v v \J 

~ v 
v 

oO Oo v 
Oo 0 v 'Q oi' Vo vv 
0 

Vo PASADENA 0 v v • v 
0 34° 

vvv ~00 0 

0 0 v 
o C{)ooo 

0 
v 

VO 0 

0 °o v 
0 0 0 

0 0 v 0 
v v 0 ov 
Vo 

0 

Fig. 16. Initial compressions (triangles) and dilatations 
(circles) received at Pasadena. Impulses plotted 
at epicenters. After Gutenberg, 1941. 
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Fig. 17. Initial compressions (triangles) and dilatations 
(circles) received at Riverside. Impulses plotted 
at epicenters. After Gutenberg, 1941. 



FAULT PATT S IN SOUTHERN CALIFORNIA 

deno for :r gio 1 cNst l tructu.r ea and 

fault mmr nt .. in $ th rn Ce.li£omi Er>. p viously d1 • 

cuss 'by Gut b rg (19411 1943) d l ood (1941) • P . · tioulat'ly 

of Guten.b rig • (1941) finding on the im.puls 

of long1 tudinal fran hocks south of th Tm. avet R g • 

The impul. ar u ually aon 1, tent th northw ster trending 

right hand d t · sourrent (strik slip) a of displ e ent (San 

And ea. typ of :movem t) in vnioh the sruthw sterly block ov . 

?' l tivaly northw t T r sult · ar repo t aly to b con 1 · • 

tent ith left han ed motions long uch f ults. 

Re ults f m rfa g ologic pp·ng indie t that two type 

o f lts h prevail d in th gen r 1 vioini "tW of the Los Ang les 

sin 0£ out lam 0 liforn • * One i a northw terly t r ndi 

m t or too Se.n Andr typ end th othe i an east w t 

tr- ding e ential 1y verti l typ of di p c · ent • Suoh e. t ult 

tb e is fundeJru nt ly consi t n sei mie d ta. obtained 

in t hi tuctr e.nd by Gut berg ( 1941 ), ugg ting that pres · t dq 

f ulti rra.y very imi to th t of th recent geologic st. 

In ome rts of outhern Cal· fornia it ppears that one o.r th 

oth r of these t o f 1 t type p vails 1' al though the:re are somo 

region in which both ap ar to xist . A regional distribution of 

*oral communication, Dr. J. P . Bu l 



of the t ult tzy'pes !.n gr ament with t ei m1o · m y bet 

1- '!' so rent dis:P c ants 'tr ndlng north '11 rly occur 

th San .Andr f ult d north. st and south t 

fl,i'iom Riv rdde. Ea t of Riv r 1de- in the vioin ty Gt 

Oabazon; the de.t indioa:be t'tat in ad iti·on to tran current 

mov nts .n'WII rcus st west trending r v r or thru t 

f ults may ld.st. In ·this region the San Andreas fault 

st~ike pproximately east w st for a hort dist.nee. It 

.y well b that displac portion of the San 

Amr s fe.ul t itself r pri rily verti 1 ther th&.tt in 

the u l horizontal dir etion. Initi l motion of a ries 

£ aftershocks from thi region are all consi ant with !*e-· 

v r or thrust nl.Qvem.ants • Sout 9l>t of ths Los An el 

~er e,, thru t• osa S Andre t e ot di • 

pla.o ant a.re in e. ement ith the data. 

2. ever e o thrust fault trending st west 6 i som 

v ri tien in trik $ a.pp r to p:tevail in m,ost of the 

Lo .Angel Basin. Known displ o . nt of this typ in 

the vioini ty of th basin includ the fihi ttie.r, No lk, 

and Foot'hill faults. Approx t dip of individual fault 

plane oannot b determ as the SV and SV /s data. re 

not consist nt. Proba.bl.y the dips vaeyi oma my b low 

angle,., e.lthoogh many, from the ov r 11 e.v raga SV/SH ratio . 

appe r to be hi h angle. North ~ly fault dips re sugge ted 

by th SV d rom s one shook and outherly from other • 



.3• Coexi t ·oe <:Jt $'t st trending r Urlt .. and 

northe sterly tending tran current fault is iiad1e ted 

in the Transverse Ranges nor'bhw of . Pass. ena. i !l.ost ot 

the tranaeu.rr-ent tau lts °"' ld app r to be 

i.e.,. th notthw t block move r latiYely sout 9 t • 

F da re in ag reement ith :nGrthwest tr ding right 

handed Sen Andreas types of movement. 



POSSIBLE STRESS DISTRIBUTIONS IM SOU CALIFO I.A 

ha ouro oting in outh l'D. Oaliforni i not 

kn • but. a pointed out by Gutenberrg (1941), it is probably 

rel ted to dif'ference n the P cific nd Continental t uotur 

in the oru t . R gional trir ss dist:tibution 't' sulting from th ob• 

erv lt p tt rn d eonei tent 1th the 1sm1o data can, 

ho ever, be o tulat d v ry generally. 

On 

nia (Gutenb 

'b depth, in 

distribution in southern 11£or-

' 1941) involv s es entially aring tr a.ct ing, 

nort st · out h direetion . A diff r t type ot 

distribution, involving principally oom 

de crib th over 11 ta.ult ?ltt rn. Such di tr but1on, ndoubt dly 

ifi d by complicat ions at d !Jth, is di cu ed in the following . 

All of th fault typ mentioned in thi a.per could be produo d 

by -a · :um prino pal stre s acting in north south di otion. 

Th trik of both the tran currant and thru t faults are n gr e­

m t ith prin ipal dir ct d very roughly north outh. t 

st . e.n v rtic l . variations rom th a directions mn.y ppr ei-

abl.e in th mounta.inou regions . 

Ander on (1942) has pointed out ( ee Tarzaghi . l94J~ for gener­

li d theory) that e st est tr ding thrust f ults may result if 



e G;; i the. north outh princip l tr s , G;" the e t 

t,, and ~ the v !'tie principal tre s, and that north est-

rly nd north rly tr nding ti-an current ta.ul ting re ult if 

T inte~med t principal tre s li in th f'e.tll t le.n • n 

the horhont l principal at r ses ~e n rly qu l but l r the. 

the v rtical. th n ( ee nder on) irr gule.r tr1kin _, thru t fault 

oocur1 i.e. 

When th vertic 1 princi 1 stre s and one of the horizont l principle 

·~ ...... ,~.,, a.r nearly qu l, but SJm.1 ler than the other prinoipal str 

thl'llst n tr curr nt fru lting may oo x1 t 1 .g. 

Av ry g ne Uzed tr s di tribution in southern Ce.lU'omi 

roughly oons1 t t with th se1 mic data y thu b po tule.t d e. : 

1. In the region of th S n Andr s fault north st d outh­

st of Ri er id .1 and os ibly al o in th l'egion outh: . t 

cf the Lo Angele Basini 



st ot Ri er side he re the S n And fault trik e 

t at for hort di ta.nee . and in the Transv rs 

Rang · north ~ of Pa adene.: 

3. In mo t of the Lo Angel Ba in tar a Ri !l's1 • 
and ioula.rly in the r gion between Riv r ide d 

d ' 

V riations in the trike of' th e au lts,. in 

they exi , gg t t in t gion G; y not b 

muhl rg rt <Je" • 

C mpli tion t epth undoubt d~ alt 

re dis ribution ~ or exampl , t 

t :rly and norths t ?~ly tr ding tr scurr 

.,. en the S And~ and Gar look tau 1 t • 

h ov rsimplified 

aen the north-

t f lt , a ~id no d 

s u u lly la.rg ·r th· 

ul b con i ta 

f: ult 

ta.ult 

readily 

involv 

• i:h thi a pl piotur • Also, although thru 

pla.inabl by is tr distribution, r rs 

dditional tre es. pie ur 

po tulat comp lem nt 'l"j ys m of fault • urfi o o ogy it 



pp re that on et of the oomplem.e tary sy tems i con de bly 

mo1•e active than the other. indicating that other crustal stres ses 

re ptrob .b ly also ft ot ive. fonethe , th overs. 1 fa 1 t p tten 

in outhem Cal ifor-ni 1 with st di -

tribution in 1ch north south rineip l st , · a dir ction 1 

imum, nd n eh. in om , ~ > Uv • in other 

~ ~ (Jv • end in t 11 others. CJ; < CJ-: .. 



A'P IDIX 

DETEm I TIO 1 OF SH AVE STRAI S 

Lin in r tad y c i tur e 

detenn ned p t h Beniotf' str n ei mom ters. Th 

ce cy of th rox tion a d pend on the fr qu noie of the 

at r ro , co ding g lva.n t r and the ground d . tu · ance. 

on for tl"ain of inc dent t n er v ill be d rived 

1n th :t'ollo · ng . 

Let 1t b 

T y will i: ~1 to horizont l displacan nt 

r 

lysi cf io ft { l 93S) . the cc pon t of ground 

di p c nt llel to th nstr en rod (Fi • 18) l 

el9 the gl Y i a. u d in oloo dir ction b t en the 

instrum t d th d ot1 on ot od.zont 1 g ound di pl c 

be th di ec ~on or t e r • T lin r ground tr in t x 
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-c • e 
:II .... -., c 

PLAN VIEW 

I 
I 

. (/. 
I '!f 

Fig. 18. Relationship b~tween strain seismograph orientation, 
horizontal direction of shear wave propagation, and 
horizontal components of ground and incident wave 
displacements. 



di pl o nt be ean th n tr ant pier ; pe. ted a dist o 

L, i th 

/., 

b. = J ~ cos rd~ 
Jx 

() 

($ ) 

Wh th rru d :ve (pl e) are long com ared to the length of th 

in t rument rod~ I and J f; /J J(. a a proximat ly o on ant . Th 

train be teen the se1 mom t r pier i th 

Ll 

L 
.::.. cos I 

Beniof i' 1935) h t for g nd d1splao ant or the f'o 

t; - f (t- %) 

wh r r i the eo rd.in.at in t i t 

ent velooity,that 

f3 being the angl • clockwi f an th i t nt , 

(6) 

(7) 

(8) 

th rod and direction ot propagation. A line r t · in b Ell th 



i nst rument pie rs i s noi. by subst itution• 

L1 
- = 
L 

(9 ) 

Sine (. i g . 18) 

(10) 

qu ti on (9) o be ritten as 

Ll 
- == ijJ_ 
L c Jt 

Gl"Qund di 

t r oord ; 

ent· u j d vj • d t rmined r m endulu in trru• 

re al t d to the ang l f by 

(11) 

Stra. n m ur en t of incident t r a.n ient n c 1 tat s i o• 

graph t t r sp ond di 1'l ctly t o ground di pl e ent. In trument n n.ow 

in use e.t P ad do not ha.v uch a re on e to hort period t n-

ient • Howev •. Beniof'f' ha d signed n tran due r , which, u ad 



on str n eismog-raph ~ording through an O.l cond l ometer, 

m eur '8 ground displ cem ts of all period . gr t -x- t han about 0.2 

to 0.3 cond • 

ment with such t 

pli tua s n-i ttan on saismo ramg by t in inst~­

duo rs and ho rt per 1od ge.lva.nom.et fl i- pro-:-

ort1ana.l to ,round t in • viz. 

Z =- K (
. L)L ) 

(12 ) 

re 1 proportion 1ty ctoi-. b t1tut:lng 

or 

(13) 

For tr in inst t o rlen d p rp ndicularly in the direoti n 

d X i. 

l, = K', ~ GOV (' 
Jx, (14) 

ti ;::. K 1-

dfJ 
C4"J y 

Jxi 

fining (15) 
y' = 



end ub tituting gi es 

2, = - I<, ~ c>x, /.JA/V7 ((3+-t;/) 

5 
(16) 

zl = Kl- Go--J ( f3t- t;i) 
Jxz. 

Hoi-bontal compon . t of' greund .:\ inciden di plac nt o 

b i .. lated by ·t;he q.i tion (Fig . 18) 

&fJ ( = 

r~· ter to i cid t mot 1o • and 

t the rth' rtac incld t H di pl teement ar r lated t;o 

· ound disp c ent > using th Knott 

th :b v,;, equal 

~(ef)1 = ± r; ~r 

5=z(~)r 

Sine angle / Dl ( 11' eon te.nt for plan v 11 , 

(17) 

(1 ) 



1-

2£ ~ ·z (~) ijj_ 
Jx, Jx, 

~=2(~) J f:· {19 ) 

n J l-i. ~cf 
Substituting 

. ( ) ( ~) )~· 
l, ~ - 2 K. ~ f3 -r t;J (..(] cf J x, 

2, = z K~ 4J ( f3 r ¥l) ( ~ ) 1;~ 
Tronspo ing and rlti k for 1/(2K} 

(20) 

I c1d t r :v- t 1 ar (Fig . 18) t 

r-:,' ){ 
J ft· 

tA-J f ::: )[; . ( ) 
=: - d x, 4VV1 13-1-1 Jx. 

(21) 

(Z 1 -= )(,, 4;!{== ,) (; l-rJ ( 13 +-17 ) 
J l.i. JX.z. 



-62-

Incident strains can then be written as 

(~). L, 1 
(22) 

(~} 
zmt 1 inc1d nt st in n r dily b loulated from 

t st 1n c pon nt • 
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BASIC DATA 

Th b d th initial vib tienal d1 pl.ao ent in th 

dir ct1on u, •, and are sh on th following pe.g , ch shock 

id tit1 d by 1 tt r d numb r corra ponding to tho 1n tigur 10 

through 15. Le.t1tud d longitud s or picent rs, origin t , 

d gnltud or th hock 'U d er determined by th 

elogi 1 1 be 1Jei-y · tt • Odg1n t r gi v by y r, 

th, d y, hour, · d minut • Ground ampU. tud m ur nt 

gi v n in microns J p riod ot the v in conda • 

S 1 mograms eur d r danot d by thr 1 tt r t T r B, to~ 

torsion er B i ft ph; s or L, for hort or long period in• 

trum.entJ d N or E, f r north south or t t c pon t in ru-

t. Thu TSE indicate th st e t o pon nt of th h · rt period 

orsi n e ism.cg ph. 

t or th . ti on th tor 1012. • 

Although only et ot t eh tation r 11 t d on 

:tly er de on 

fr th horizont 1 tord on and/ or th hori• 

zent l 1 Beniot'f in trument • Torsion r ing , 

of other r obtained, 

og • 

Initi l di pl e ent direction re indicated by th compon t 

u, v, and w. A plus u i in th direction of pieenter to t tionJ 

plu . v 1 rot ted 90° clookwi e f'ram po itiv UJ e.nd is 1nd.1oat d 



by "tr' f r up "D" tor d otion. 

A ampl loul tim ill 11 tra'b th m thod r d rmining 

1 dir ~ti s. F r th 

z t 1 gr 'und di 

t d 2120 cl c 

a no h. 

212 r 10 . 

1 · cc rding4r • 83 )A ., in dir 1 on ro• 

n rt • 1'h · y ziltuit 1 jl) 

i th 313° -

fr th d1r ti 

Canpon t in th g tlon, ug, d nb 1 to th 

dir cti , • b r elv d fro th tot l horizon 1 diep oe• 

m ( .83,,µ ). g .. ·ug -.16f and g • ... Blf . 

cl a l :yer oru t cc rding 

to Gutenb rg• (1941) finding , th incid no tr uoh i-

o (Fig. 9) 1 64 • SV lettl tio b ed on curv t 

g/WI v 0 (Gut b rg. 1944b, f"g• 3 , P• 99) indl t t t th 1nel• 

ls +.32j1 , r th plu rat r tot ign f th 

u • Th SH l!tud ' lf' th f Vg 1 -41;«. 
. /SH o.a. Thu . 1 is •,, u1 + 
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lat Day St 
Bo. Long Tim M. Dist Inst pl Per. v u SV/SH 

G 

l 33 2$ 49-.1 ... 22 3.2 R TS •. 4$S o.4 - + D 0.4 
116 57 13:1) 77 TSE .SJ 0.3 

2 33 26 48 -20 3.5 R T .70 0.5 •. .... D o .. B 
116 13 l3.c29 100 TSE ·:4SW 0.5 

3 13 29 49.2.5 3.0 R TSN .21s o.6 - - u 0.2 
116 JS 22t24 9.3 TSE .2sw 0.5 

4 33 29 48-12 .. 28 4.o T .53s o.~ u 0.7 
116 42 04&5.3 84 TSE .7ow 0.5 , 33 33 4S-9-22 3.8 R TSN .a1s 0.3 - - u 0.1 
116 $0 Oli05 72 TSE 1.1 0.3 

6 33 31 47.a.21 3.2 R T .42S o.4 - - u 0.7 
116 57 23t59 57 TSE .$6 0.4 

7 33 4) 49.1 .. 8 2.4 R T .35s o.s ... + D o.4 
116 54 2~2t2l 50 TSE .1 0.5 

8 33 45 48 9.16 3.2 R TN .281 0.3 + 0 0 0 
116 55 11.a22 49 TSE .18E 0.3 

9 33 47 47-10-6 2 .. 6 R T .18N o.4 ... + D 0.9 
116 so o6.1a $6 SE . .14E o.4 

10 33 $3 47 .. 9 2.9 R T • 1&1 0.3 + + D 1.0 
116 44 07sl2 54 TSE .11 0.3 

11 33 ,, 43.11-17 4.S T .70 o.s + + D 2.8 
116 42 03t28 138 TSE .?OE 0.4 

12 3.3 58 44-6-12 3.7 p T .359 0.5 - + D 43 
116 4) 02.50 130 TSE .2BE 0.4 

1.3 33 $8 44-6 .. 12 3.5 p TSN .18s o.4 - + D 5.7 
116 4) 0.)113 130 TSE .18E o.4 

14 33 SB 44-6 ... 12 3.8 p 'l .6os o.s - + D s.a 
116 4S O$s4$ 130 TSE .4)E o.4 

is .33 58 44-6-12 3.s p 'lSN .10s o.4 - + D 10 
116 4$ o6a43 130 TSE .18E 0.4 



t 
o. Long 

16 3.3 SB 
116 45 

17 33 58 
116 4S 

18 33 58 
116 4$ 

19 33 $8 
116 4$ 

20 33 $8 
116 45 

21 .33 SB 
116 4$ 

22 33 SS 
116 45 

23 33 58 
116 4S 

24 33 ,8 
116 4S 

as 33 $8 
116 4$ 

26 33 58 
116 45 

27 33 58 
116 48 

aB 33 sa 
116 48 

29 33 59 
116 46 

30 33 59 
116 52 

44 .. 12 
12t22 

44...6-12 
14121 

44...6.13 
09~30 

44-6ffol3 
10t37 

44-6-.13 
l7t21 

44-6-13 
19131 

44 -15 
12:44 

44-6.-23 
l)a28 

44-6-27 
22c5S 

44-7-1 
02:53 

4S-12-l4 
l0t49 

44-6-10 
03tll 

44-6-10 
03,1S 

48.4.-29 
1.314$ 

45-9·7 
07i45 
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st 
., Di t Inst pl Pert v u SV/SH 

3.6 .10s o.4 ... + D J .• 6 
130 SE •01E o·A 

4.2 p 't .10s o.4 • + D 4,5 
130 TE .6oE 0.4 

3.7 TSN .10s o.4 ~ + D 10 
1.30 E .14E .4 

.'h3 p TS .1as c.4 - + D 4.1 
130 .18E 0.4 

.3·3 p .21s o.4 • + D s.s 
130 SE .14E o.4 

.3·3 p !SN .1as 0.4 - + D 4.0 
1)0 E .18E 0.4 

3.8 p ,su .s2s o.4 • + D s.o 
]JO SE .4S 0.4 

3.6 p .lON o.4 ~ • D 3.7 
130 TS • 14E o • 

3.7 p TSN . 21s o.s • + D 10 
30 SE .351 o.s 

3,.7 p T .37s o.4 .... + D 3.7 
130 TSE • 2BE o.4 

2.6 SN .31s o.4 - + D 6.3 
51 SE .2~ o.4 

4.S :;.1s 0,3 - + D 3.4 
130 SE 2.)E o.4 

4.0 p T .46s 0.3 - + D 9.4 
130 TSE .70E 0.3 

.'.h5 p TSN .14N o.4 .. - u 2.0 
1)0 TSE .llE o.4 

1' .4$N o.4 + - u 4.8 
56 TSE .5 o.4 

3.0 R TSH ·.35• 0.4 + + D 9.7 
53 TSE ·3SE 0.4 



• 

l 

2 

.3 

4 

$ 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

. t 
ng 

33 21 
117 23 

33 23 
117 oa 

33 25 
117 20 

33 28 
117 48 

33 31 
117 24 

33 37 
117 24 

33 40 
117 00 

33 40 
117 >B 
33 41 

117 g1 

33 41 
117 '7 

33 47 
117 17 

33 47 
117 17 

33 47 
117 ~2 

33 48 
117 08 

33 48 
117 )2 

T 

42-10-19 
15·127 

47 .. $ 18 
2li28 

47 .. 9.,.6 
08 48 

48-6.2 
10 06 

48-4-5 
02t28 

48-4-S 
02;28 

43-4.15 
23t04 

47.1 .. a 
18:20 

48-.3-3 
lli.32 

45 .. 2.17 
12109 

46.12 .. 30 
101S7 

48-4-30 
041$2 

43.10 .. 29 
OS-1.31 

47-9•7 
oo·,2s 

3- 11 
0810 

s 
• Di t Xn. t 

3 p BSlf 
109 BSE 

3.6 TSN 
13.3 TSE 
R SN 

70 TSE 

2.9 R T 
TSE 

3.8 
69 TSE 

3.0 R T 
42 SE 

3.0 p B 
90 LE 

3 B 
117 BSE 

3.3 
56 BLE 

2.8 p 

SS TS 

3.2 p 
6o TS 

2.7 
24 s 

2.6 R ! 
24 TSE 

3.5 p 
so TSE 

2.9 R SB 
29 SE 

p BLN 
36 BLE 

l r v u 

.4as 0.3 - + D 2 

.24W' 0.3 

.07s 0.4 - - u 1.7 

.1 o.4 

.B?s 0.3 - + D 0.7 -· 0.3 

.42N 0.3 +- - u 7.0 

.20E 0.3 

.70s 0.5 + + D 1.0 

.4$W o .• 5 

.10s 0.3 - + D 3.5 

.9 0.3 

.3 o.s .. .. u 22 
• $6V o.s 
.09s 0.3 0 + D 00 

. 16E 0.3 

1.3 0.5 .. .. u 26 
~.3 o.6 

.21.N o.6 + - u 1.) 

.as o.s 

.JSN o.,6 + - u 1.2 

.4 o.4 

1.6N 0.3 + - u 3.1 
l.2E 0.3 

.aas 0.3 .. + D s.1 
• S2« 0.) 

.39s o.s - + D 0.3 

.4 o.) 

.$JN 0.3 + + D 1.7 

.94E 0.3 

.30s o.6 ... - u 2.4 
1.1 o.6 
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t :y $ 
N · ng 'l' M. Di Inst pl Pr v u sv/sH 
F 

16 33 48 47·8'"18 2.8 p BLI .40N o.6 - .. u 10 
117 !53 111$6 44 BLE .J o.6 

17 33 48 47 .. 8 8 2.8 R 'r .21s 0.3 + t D 1.a 
117 53 lla56 48 'l'SE 0 o.4 

18 33 49 47..,1 18 2.7 R 'f N . • 2Bs 0.3 of- + D o.s 
117 4$ 22148 39 SE .llE 0.3 

19 3.3 so 4.3 .11 3.5 p T .2Bs o.s .. + D 3.0 
117 04 $128 104 TSE .llE 0.4 

BLtf 

3) 33 so 48-12-10 2.7 !. e$3:S 0.3 0 + D 00 
117 11 1$io6 24 SE .S3E o. 

21 33 so 49.1.26 2.3 R 'fSH .aa 0.3 + - u 3.5 
117 3$ 11:12 26 SE .60E 0.3 

22 33 $0 44-9-20 3.4 p TSN .4 o.4 - + D '·' 117 40 Oth3S 6o TSE .3~ o.4 

23 33 50 44-12· 1.3 J.4 p .86s 0.4 - - u 1.8 
117 50 151$ 46 SE i. 0.3 

24 13 Sl 47 .. 11-7 3.1 p BLN .30 o.6 + + D 1.0 
117 17 19102 86 BLE .JOE 0.6 

as .33 $1 48.-lo.6 3.1 p TSW .2 N o.4 ... - u o.s 
1 7 20 12tl6 82 TSE .07E 0.3 

4•7N 0.2 + + D a.2 
17 !SE 3.3 0.3 

26 33 51 42-8-15 3.$ p BLN .)ON o.6 + + D 3.1 
117 24 17112 15 BLE .60E o.6 

Z"( 33 51 49 .. 2.1 2.8 R TSN ,Bos o,s + + D 3.0 
117 4$ 03t59 38 TSE .2 o.s 

28 33 51 43 .. 10-19 3 p !SN .30s 0,4 - + D 0.2 
117 52 19sl4 38 TS .20E o.s 

29 33 $1 4 9-4 2.3 R T .1as o.4 • + D 5.3 
117 S3 21t3 so '!'SE .l o.4 

.30 33 52 49-1-29 2.7 R '?SN .)3 0.3 + + D 4.0 
117 47 07t44 38 SE .25 0.4 
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lat D St 
No. U!>ng T M. Di Ins 1 Pr u /SH 
F 

31 33 53 46-4-19 3. p .2 s 0.5 - + D a.o 
117 18 01r.5S 85 SE .16E o.s 

32 33 .53 44 .• q.2,S 3.0 p T .1as 0.5 - .. u i. 
17 43 00t20 49 TSE .2 o.4 

33 33 54 49~1·30 2.4 p TSN .11s 0.4 - 0 0 0 
117 58 16121 32 TSE .18W o.4 

.34 3.3 $5 48.3 .. 15 3.1 R SN 4.os 0.3 - + D 0.1 
117 19 19i46 9 T E io.rvr 0.3 

3$ 33 ,, 49-2-28 2.5 '.R TSN l.8N 0.2 + + D 2.3 
117 26 07•47 14 TSE 1.6E 0.2 

36 33 5$ 48-4-16 2.s TS .BBN o.s + + D 2.0 
117 26 o6a28 10 TSE 1.6E o., 

37 33 56 43 .. 10 .. 23 4 p TSN .)2 o.4 + + D 3.0 
117 22 16•29 76 TSE .70E o.s 

38 33 57 4S-11-8 3.5 p T .35N o.6 + ... u 4.0 
117 18 03119 82 SE .21 o.6 

J9 33 ,1 4.S-11.8 3.3 p T .21N 0 + .. u 6.o 
117 18 05·.06 82 TSE .1 o.6 

40 .33 51 43~~q 3 TSN .6)N o.4 + - u 0.2 
117 37 13&53 S4 TSE .2$.>& 0.4 

41 33 58 47.1 . 3.0 3.:$ O.)' + - u 0.3 
117 l 0512 12 TD 1.?-E 0.3 

42 33 58 48-6 as 3.0 p o.4 .. - u 6.o 
117 .39 14112 so 'f SE o.4 

R 0.3 - + D a.a 
25 TS 0.3 

4.3 33 59 47-6-2, 3.2 p r .18.N o.4 + ... u 3.0 
117 20 04:30 78 TSE .1 o.4 

R TSN 6.7N 0.3 ;. - u 0.7 
3 T 4 9E 0.3 

44 33 59 47.a .. 30 2.7 R T .4. 0.3 ... + D 3.2 
117 30 02a48 12 TSE l.2E 0 .3 

4) 33 59 48-2-18 2.3 R l.l 0.3 - + D 13 
117 33 03 •SS 17 TS i.as 0.2· 
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' t Day St · 

• lcag ! • Di t Inst . 1 p t' v u /Sll 
F 

46 JJ S9 48-2-18 3.3 R '?SB 18.0N 0.2 - + D 1.8 
117 33 OSt.)8 17 SE 16.0E 0.2 

47 33 $9 48-2·18 3.3 p TSN .21N o •. 6 + + D 3.0 
117 33 O$i38 $8 TSE .28E o.6 

1 .l3 22 42-4-15 4 p SN .$)S o.4 • + D 3.1 
118 09 2.3 t28 85 TSE .7ow 0.4 

2 3.3 32 4$.6-27 2.8 p TD .1 o.4 + ... u 10 
118 23 09117 69 T.SE .lOE o.4 

3 33 3S 48-5-24 ).6 p 'l'S!l .10 o.s .. - u ).8 
118 01 02e)8 63 TSE 1.1w o.6 

4 33 39 46-11-22 3.0 p TSN .21s o.s - + D 4.0 
118 o6 00il9 SS !SE .1 o.s 

) 33 40 43·S-18 3 p BIB 1.as o.6 + + D 6.o 
118 os 14135 53 DLE 1.)E o.6 

6 )3 40 43-S-17 3 p B .6.5B o.6 + - u 2.1 
118 09 11121 S2 BL!l le3E o.6 

7 33 42 44-8-1$ 3.5 p .46N 0.4 .. • u 3.s 
18 o6 22t32 48 TS ·3SW o.4 

8 33 43 44 .. 10-23 3.6 p 1' .351 0.4 -- u 3.4 
118 10 14•00 44 TSE .3sw o.4 

9 33 44 44-1-14 3.3 p TSN .2 o.) .. - u 3.3 
118 09 00108 46 TSE .30« o.s 

10 33 45 44-7-26 .3 .a p !SN i.as o.4 ... .. u 2.9 
118 14 l4t59 40 TSE 1.0E o.4 

11 33 46 49·2-27 2.6 R !SN .21N o.4 - - u 6.S 
118 10 16117 78 TSE .18E o • .$ 

12 33 47 44 .. 12-24 2.6 p TSI' .18N o.6 - - u 9.$ 
118 02 OOalS 40 !SE .11 o.4 

1.3 33 47 44-7·26 3.8 p· TSN 1.as 0.4 + + D 4.0 
118 is 14aS9 40 TSE l.OE 0.4 
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lat Dy s 
No. Long T • Dist Ins pl Pr v u /SH 
E 

14 3.3 47 42 .. 2-26 3 T'S • as 0 <tit ... D 6.o 
118 25 17128 46 TSE 0 o. 

is 33 48 43.,.7 17 3 TS .a o. + - u i.s 
118 13,33 4 ts .JSE o. 

16 33 49 4$· -26 2.9 p ,28 o., + .. u 0,1 
118 39 l4t00 62 TSE .tlE o.4 

17 33 $1 46 . 8 3.0 'l .1 s 0.5 + - u 2.0 
118 .39 O$i04 56 ti E .21E o.s 

18 33 Sl 47.10.12 3.7 o.6 + + D 7.0 
18 .3 23s25 62 o.6 

o.4 - - u 4.0 
1 0.3 

19 33 sz 47 .. 9.11 2.a 1' o. - + D 21 
118 Ol 13119 35 TSE o.4 

0.3 + • D ).7 
62 !SE 0.3 

20 33 $2 19 2.9 .)OS o.s • + D 14 
118 03 22a02 JS SE 0 0.4 

21 33 )2 44-6- ' 8 2.9 .JS o.4 + + D 2.4 
118 l) 23t28 3S TSE .351 ·o.4 

22 33 S2 44-6 ... 18 2.7 • 8s o.4 + .... D o.B 
11a lS 23•53 35 SE • 56E o.4 

23 33 $2 43.10-20 3 p B .ass o. it- ... u 2.7 
118 31 13a)4 Sl . 70B o.6 

24 33 ~3 7 5-3 2.6 T .2 o.s .. - u 100 
118 00 14139 33 TSE .14W o.s 

2$ 3.3 ~' 48.-2-19 2.9 p !SN .$JN 0.4 .. .... u s.o 
118 os 111)6 29 TSE .,46W 0.4 

R ,. ,31N o.4 • - u 3.1 
6$ TSE .14E o.4 

26 33 SS ~7'""3 2.s p TSN .17N o.4 - - u s.s 
18 02 1$140 27 TSE .)4W 0.4 

'Zl 33 SS 48-2-19 3.6 R TSE' .351 0.3 - - u s.o 
118 13 ·ao.21 78 SE ·lSE 0.3 
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s 

N • Long im ~. Dist In l ei- sv/; . 
E 

28 33 55 47 .. 10- 24 3.0 p a r . lON o,6 ... + D 3.5 
8 28 l :14 38 BLE •3 o.6 

R T .35 0 3 + 1,6 
10 TSE .18E 0.3 

33 56 45... - 18 3.5 p .;) 2~ o. + ... u 10 
11 19 21110 3 s 3 . 7E o.4 

30 33 $6 44-6-18 2.6 SM . 10 o.4 + u 13 
18 22 10:09 30 TSE . lOE 04 

1 33 57 45-2-5 2.4 J TN .18N 0.5 ... u 15 
11 21 06.43 28 SE . 28E 0 5 

32 33 $7 45- 2 3.5 TSi'1 2 6 0 , 4 "" + D 5.3 
118 2 14s$6 28 E 2. E 0 ,4 

33 33 57 47 --16 2. 8 m.1 . 18 o.4 + D 4.6 
8 21 07 59 89 TSE . 1 l 0,5 

33 57 45-2-7 2.6 T .63s o.4 + + D .s 
18 21 0 1 27 TSE .42E o .• 4 

:;S 33 59 43-9--23 2.s .aas 0.3 + ·' 1 8 18 5121 SE 1, 2 0.3 

D 

1 3 00 4 ... 12 3.7 . 42 o.4 + + D 1 
16 42 16tl9 38 TS • .35li: o.4 

4 00 44 8 24 4. 2 .52 o.4 + ;. D 2.7 
16 42 23 30 38 TSE .$ o. 

3 3400 49-.2- 6 2.7 .4 0.3 + • u 1.$ 
l 6 56 03.02 'E . 1 0.-3 

3 03 45-9· 3 3.1 TSN .,; o.4 + .... u .3.2 
116 48 15 08 S.3 TSE J o.4 

$ 34 05' 48 ... 3 3 3.4 SN .1. 0.3 + + D .'.hO 
116 49 08t2$ Sl TSE .}4E 0.3 

6 3 07 48 ... 2-28 3.6 'l .35s o. .. - u 7 0 
16 14 09 s24 103 s • $ o.4 
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I t Day ta 
N Long Time • Di t Ins Ampl Per v u SV/SH 
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Exposure of basal Modelo conglomerates overlying the 
Martinez formation unconf ormably near the junction of 
Castaic and Fish Canyons. 
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Plate II Exposures of the Modelo sandstone and siltstone beds 
along the west hillside of Castaic Canyon. 
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Plate III 
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Exposures of the Ridge Route sandstone and siltstone beds 
along the west hillside of Castaic Canyon. 
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