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Conr t . . t t r r .d  vnr lFo \  o f  d , \ in .e :  b . rv . rn  19 i  I  rnd  l9?8

Sssnr .n t  D i l lmrc ln l  s . :n r .n r

could ex lc t ly  atcount  Ior  lhe de 'omat ion obsc ed.

l l re .omrutr t io i  has bccn mrde 3s fo l iows:  Ffom

thc L ie i jn i l tun o i the srr r i |  tensor  !  segment  of lengt t r

/  is  deior i .  cd by !  uni in{n srra in € to I  lenglh 1+j /

e iven by:

.  l r  e , ,u ' t '  l1 l

wh3re;  is  th .  Lrn j t  vcctor  in  thc d i rec l ion of  th '  regrncn!

For  r  ho, iuont l l  segnrcf t :

;- 
c,,(u'). + 2e"{"t + eyy(u')' (2j

,1 l i

extcnsiord s l f t in  roughl)  p. r tc  d icr l r r  ro lhc I ru l t
d  " . ' i . ,  . l , . r ' . .  l r ' . r  . l ( J _  ^  l l , r r ,  r  i  N

contr rc l ron in  ! tp .o\Lnr t . ly  rhc sr f ) . , l i t . . r ior .  Thi i
is  r  v . ry  i  r tor l r r r  polnt -

Tectonic obseNat io. \  i f  lhc i .n . r  f lo . r  o l  lhc  l t
vr l lcy s lo$ thr t  br i r l le  dc ioanr t ion (  o i l l ) 'n  r )orJf r l
ixu l ts  a.d open f issurs t r !nding N\v-SE. n '  thc
gencnl  d i rect ion of the r i l i )  o icurs iDsidc r r r  r rer  not
nrorc ! l ta |  3  (x  3 5)  knr  wide h the emer:cd prr l .
' Ih .  !ssunrpt icn lhrr  th is  br i t l lc  d. fo i i r r l ro  

 

exr .n! t \

r . "  l  C .  r  ' . . 1 - , . r . : r . .  r ' '  d  I j

supporred by s. isnr ic  drru,  i .c-  locat i .n  ot  rh.  n i r ' r r

shock rnd pon c, is ' r  sc isn) ic i ty  LS l .
In  oddi l ion io  thc d is t !nce nrec$rcr l .n is ,  thu

re lcr . l l in !  o i r  l ine crossin!  rhe sublcr i3 l  I ' l r  zo 'Le

[7]  shows u rough $bsid.ncc of i rbout  l0  crn st lonsl )

corr . l !1ed wi th lhe tectorr ic  obscrvr l ion ofnonlx l

lau l tnrS.
lU. ! rured cor l t t rc t ions in  rhe norr l ) . rs l  zone!  r rc

l3rger  lh !0 thoJc nr  thc south ivc\ l  ones Th^ is

probetr ly  dLre to thc geol re l r icr ]  co l l f iSUr l r r ion of  lhe

nel ivork $here thc I ror ihwestcrn points ! re c loscr
r . , r ] | ( . r ,  I r . . u , r l .   

 

r r \ .  | . .

to  the shor t  wrvelcngth of the defdnrx i io .  fhc i roJ i_

Thc width of  Ihc br i t i le  r rea is  s tnr l i . r  thr  the

dinrcnsions of  the centr { l  t r isngl .s  \ 'e  c !n con. lu( l '

!h , r t  two of fos i te mech. . icx l  b .havio! rs  have

o.curcd:  3n er lcr rs ion l imi t !C to thc br i t t l .  Tone.

I '  l  ,  c . , r  . ,  r i o ,  , r r J . I | "  | o | c  | | J  \ |  |

Incasured or  the l r i rnSlcs i l ]  thc ccntru l  l r r t  s lN ' r l ' l

b .  smr l ler  t lun the rc tu. r l  exrension nr  t le  br i ! t l '

lwo f rc !scrn be Polnred oul : lhe coh.rctc" f

rhc observed s l ra in f ie ld rs  i t  is  shown in F i8.  : .  3nd

the c iear  phcnor l ]cnon o iPosr  sei : i r i .  co t r lc l ion,

no!  expe. t .d  l  t r ior i  in  a d inensi lc  r i f t  Tone

T|ese dr l r  sLrggcst  to  !s  that  I  mcchrnjsnr  o ichst ic

s l retc | i rg  fo l lowed by sudd.n br . lk in !  r l rd  '1 ! \ t ic

lebou d s inr ihr  lo  thos.  in l to . luced bv Rerd [91

for  the i  l . rprc l r t i . in  of thd 1L)06 Srn f i r rnc i ico

c r - r l  I  | , L  .  .  r l l r  P l  ' u '  " n o

Thus.  rn ehst ic  rebound m..hrr r isnt  is  f lor t red

to in lerpr . t r te  these datr :  l l . fore a cr is js  J  8 i r ' r r

regiorr  i i  rn  rccreurr  phte boundrv is  $b n l rd Io

, ' "  , : '  '  u  r r '  I l _ i r "

c l r i f t  oa i l ) .  Pht .s  rnd.orr requcnl l !  d ' io ' I iB eLi \ i r '

r l lv .  \ !hcn the ex ler !s ionr l  s l r r in  reJc i rcs t l rc  c l r { ' i

A!

BC

B l t
N L
C D
C E
D E
D H
D I
Lf
I I
l:n"
I \1

H I
I I L

0 0 :
0 .08

, 0 . : l
0 1 9

0 l l

0 . 1 8
, .0  08
-0  t7

0 : l

0 . t 5
0 ! 6
0 0 7

0 2 2
0 5 8
0 . 1 I

l l Q
H1 '
] N
IQ
J L
J S
LS
LT
I IN
\ IR
NQ
NR

QU
QV

S T
Tv
UV

0.01
2.12
0 . 1 1
0 0 5

-0.01
0 . 0 1

i l .5 l

- 4 1 7
0.15
0.20
0.07
0.02
0 . 1 l
0 0,1

0.03

Knowi ig lhe nreasu.cd d! t r  Ary rnd t l 'e  va lucs

," 3nd !Y Ior ench sidc of a singlc triansle, we obtain

a s."-sle r of lltrc€ cqurlions i,r th. irnknowns €jx.

Thus.  the d i rec l icn cnd m3gni tud.  of  p inc i !31

hor izontr l  s t ra in ar :  det .nnjned b l  r  c lass ical  e igen'

The re$rlts of this fomlutstion rre sholvn in

The.esor  suroundins the ]x i r l  sr r i l  shows 3n
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4 3 9

br i r t l .  rh . .shold ( rboul  t .6  X i0  a jn  o l | r  c !s ! ,  r \  sc
nr3 l l  r .e  l , ler ) ,  r l ie  wc:rk .sr  zo.e,  i i  r l rc  ! rncr   oor  o i

: ,  
,  ,  , . '  . . )  I  . .  .  r . - .  a . r ' .

r rur ! ! rg,  I 'sunDg,  !nd nr j .c tn ofn j rsn!  (drk.s)  ! r
lhe resul tu ie { r t rcn i lssures

4.  A nuD' . r ic . lnrod. l

ln  order  to resr  Lt r j j  hvpot t res is  ofet3sr ic i tv .  ra
horn.qeneous.  r f l  f i  n i t . .  t i ro . r i i rnensionat  hor iTonr3L
Douei  t r?s ass 'ned_ iv i th  i  0 :7 ponsol ] . !  r r l io . . Ihe
nrodcr  r \  sut tosed in i t jx l t !  unnrerscd rJrd r f  cq! i t ib ,
nunr .  Tho reht jye dr i f l  o f rhc ,^r rbran !nd Ai r iQn
plates is  srnulated by !n uDi ! \ i r l  s t r . r jn  r3.h i , rg the
thresl lo ld \ r lue just  bcn)re lhe cnsis .  The c. js i5  i tset l
rs  r l r . l '  s 'mulsted bv t t re ( jprn jng ofsorxe f issLrrc5.
r l  I  l u . -  r o . r  J r  I  I  b  , ,  r e  -  . . J  b .  r t r ,  -
r .  I  r ' [ . . i i , . ] . '  r , J  I  , ,  .  I
and sc ' !n ic  dara.  The mi .nnr !n !nbcr  of  f i lsures
nec.sssrv to l l t  !der luate ly  t l t  dr l !  hrs been fourrd
equr l  to  2 by us ing l r i i r lnrodeh.

The rnol . l  conrr ins r .n fararrcrers:  the,atLte anu
oI |enta l io i  or  lhe Lnr  ia l  s l r r i I  t i . td  bcfore the
cnl ls  l rwo f ! rsnreters)  and l t re coo.d i i [ les o l  lhe
endf-onts olthe nvo fissurcs (eiglrt tr.ametc6) (see
r r g .  j l .

' l  
he st la ins in  our  rs .oat i rnensionct , I lodel  ht r re

been codr Iured us jng rhe d lspt !ccmenr d isco r , rurL!
nerhod I10.1 I  I .  ln  th is  t rc t |od rhe cx! . r  sr re$ rnd
drsfhcenre. l  l ie ld  i i  I  l incrr ty  c i rs i ic  t iomogefeous
nedium ! re Ccr ived,  undcr  pt rne st r rh co d i t ion by
'ncrns o i  thc Pl tkovi rch fufcr iDis I r : j ,  t iorn r t re
drsFl iccmenr drsconl inui ty  ex is l inq in  a i tcgmenr qrrh
Dolh nonnr l  rnd l rngcnt i r l .  non_7jro constrnr  v j lues.
T  .  . ^ t L  ̂ 1  J o r  r )  o " .  n .  r - .  N
oDt lnrcd i ry  i rnerr  conrbinxr jon o i  r t re eteJncnIr ry

Bccause l re are de! t rng wi th s t r . lns a.d nor  wr in
s l resses.  rhe resutrs  r re lndetendenr o l  ih .  vr l i t r
tak. ' r  for  lhe Yourrq l  nodulus.

,  
Thc conpurr i jon of  r r i ! t  , r1 j , l . ts  by t lus mcuro. l

re lor  to  r r ! t ts  t l i r t  ! tp .o. rch thc obscn,ed st r r i , ,
l ie l .1  NevcJhr le less,  s jnce ih .  ndrrber  of indepen
ocnl  o l rsened drra t \ , :  l3)  is  lugcr  rh an rhc nur) rber
o  .  I  l r a  r ' .  -  . . ,  J . , . r . , r  1 .  r t /  . 0 1  ̂
.  ' "  |  . t  0 , "  I  c r r c , r : r . . e ,
c l r .u l l re  rhc b.s inodei  th ] r  r i ts  rhe d! r ,

r i !  l .  ( ! )  lhe  Jnonc l tun  bc io re  Lhc . ,nn .  rnc  & j r , \ !u
p . r rn rerJ  { .  lhe  v r tues  rnd  or ien la l ion  o i  rh .  un i r \ i r l
rc!1onxl nr)D snnuLlhg dre rclrlive drilt of ihe Afuu[n
ard  A l r i c r r  ph t . \ .  ah)Th€mod. i lus t r r r r r  lhc . .$ .  lNo' i  . '  , r .  1 . d r o . , - , i n r , . f , . \ .  i  r r , l . s , r - r r .
r.!rltnrS irnrr rbis oprnij)-! !re dedur!d I.rorn tnc dirlirence
bB$v.cn  n i i . s  l ! )  xnd  (b ) .  Ihe . i !h l  co${ t jn t r r .s . f  o rc  rour
po in r r ,1 ,  R ,  C r rd ,D,  !nd  t t rc  l vo  p tuan. tc rs  o i  I  jg .  . l r ,
a rc  the  parxDercr  o f lhc  nod. l .  po isso . ,s  r r r io  n  l ] \q r
.qu : l  l ( )  0 .1 t ,  bourdr r ies  Id  supp.sed vcry  la r  t rom l ] j€
r rsLu$.  !D ,  ,n .  r r ,  ind  dr  rc  ihc  ,nmr t  !nd  r rn tenr i r l
dbpbcc  e . t !  rnd  s t r tscs  nnpos.d  r j  bornJ ! ry  co .d j !ons .

5 .  Reml ts  o f  the  iNeNion

The inve6 ion  ! lgor i thn  usc ! l  i I  t t r i s  s tudy  is  d . -
c r ibed jn  thc  A t tend ix .  Or ig in r l  d ! r r  fo r  Lh .  i j t reNon
a .  r l " .  r , J . : r  I r ' r 1 . r r ' . . . . i , , r . . . . \ ' | n _ r  r
geodcl ic  net  of  lE poin is .

Instc ld o l  ubi t r r ry  choosj fg ( l ress 33 inaet i r
dcnt  drr r .  we l l rke for  ! Ie  i . ! . rs ion roul inc r t r .  t5 i
re l ! r ive d i ip l icc ln.nrs bcrween r l l  I )o inLs,  in  orJer  lo
t r r ) i ide t Ic  sJdr !  wcighr i l rg  for  r l t  po inrs i r  thc

wc hrv.  rsu 'ncd !  s t !nd:r ld  crror  of0.05 nr  fd
t f iesc dr t ! .  Th.  sr !n!n!  nrodd for  lhe iDrc6ion o. r rg
the hst  t r , ] l  mod. l  prev iousl i  ob i i in .d-  I i r r .s  in
prr rnreter5 ior  th is  sr r  i ig  drod.J h. rvc bcei  lssunrcd
!o be 0.5 X I0 a lor  rhc fe8iorx l  r r r lm,  t0 '  lor  i rs
or icntr tn)n.  rnC I  k t r r  tbr  t |e  coordinr t . \  o i  rh.
€nd$)nt ts  oJ the l lvo f issu.es.  Ptrn i r l  d . r iu i iv .s  r re
co tuted I lurcr i . r l ly  by me!ns of th.  d is i rhc. r r . r r
dnconr inui !y  nr . rhod.

Thc i l rs t  inver ion hrs g jven rn r . . .p t rb l .  r . ! l t ,
rnd Jro i rerr t ion has been ncedid.

Resul ts  of  t |e  ntvcrs ion r rc  l is rcd in  Ttrb lc  -1.
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W. rhrr )k !  co11.rS! .s  for  l ic lpJ" l  d is .usn)n,  rn l l

| r r l i . rLhr l j -  F I i .  Con. t  who t ro l i iLed h is  For tnn IV
al lon1hl ,  tnr  corxput i tn)n of  . r | ] \ l ic  d. io tnr t rcn.
C.  Job.r t  f r r '1 .  rse i i r l  .orxnrenG rnd sr ig-eesl rons.
IL Ki ! \s . r  | ! , i  !n  cs j .n t ix l  f r r l  j  ors inrzr t  . t  t l , '
l lc lJ  \vork rnd co!nmu.rcJr .d Scodcl ic  re l ts  pr io !  to

At f  rndi \ .  lDveBion r lgor i thni

Let  ( j " )  bc r  veclor  whose co1)rpon.nts 3 ' :  f ie
prr rm.tcrs ofsonre in i l i r lmodcl .  ( ' ,  be !  vc. tor
whosc comtonents rrc the !nl'res ol some nrca-
" L . . l d r r r , , ,  |  ' r t L i .  e c r . r ' , 1 1 .  r . .  i r -
sh i l )  betveen d! ta rnd modclpara$elers.  The model

C bcnrg 3n est inrr te o i  t i re  {nrc model  and rhe , la( r

lL , r ! in f  cxter i rer t l l  e(ors,  uc rssunre ihat  thei r
co\.ln,rrce Inalrices co!(d) rnd co!L!) are knovn.

we dei rne ( , t ' " )  x !d ( ) - r )  as the best  cst i rnal {ns of

l l ie  I rue Dodel  and thc l rue dxt . .  in  thc least  squarcs
senre,  i .e .  they min i . r izc lhe x:  funct ion

x'=(l '  r) '  cov' '(r.) (r r)
+(o v)r  co!- I( t )  (n.  e)

wirh t l ! '  e\ac1 conslra!Dt:

) , = A . O  ( A - l )

$here A js  thc mrt ! j - \  h  the l ine!r  reht ion prcdic !cd
by the rhcory ( "d i rc . t  problcr , i " ) .

I r  crn be shorrn [19]  that  l f1he covar isnce
Ir r t r ice j  lLrve no nul l  Jror  i r l l i i te  d i rgo.r l  c iemc ts .
i .c .  var i rn.es,  the probl .nr  iorn)Lt la t .d here h3s r lwrys
r  $ l r t ro.  ( rn i1r  u l i rc  one) .  I t  is  g iven by:

, t  = IA '  Cov 1( . r , )  A+cov-r(e) l - r

[Ar  cov 1t  )  ]  + cov ' (e)  
e l  (A.3)

Cl lcuhted puramete 's  { ,1 , "1 hrre I  covrr iance nr !
l r i r  thar .an be del lned by:

, r . " , ' , | | i \ r ' d . , r . . .  , ^  .  r , r . r t u  r u r  r , ! a . _ )

C o v ( , r , =  I A t  C o !  r L 1 )  A + C o v - ' ( e ) l - ' ( -s)
,^k i  rnd L.c l l0 l  have s iven r  norc coi r f l i . I .d

exfr .s io l l  o i  thc !orr r ix .c .  nrxt r ix  1. r  r  !cr ) '  s i in ih!
i r lcrsc i ) roblcm. This rs  duc Io 11r .  f r . (  l l r r t  r f  ( l ,c

i , r i r id  f ro, l . l  r r  is  nol  t \ t l i r i t l l  i .Lo i - luc.d in  th.
def i i i t ion of  Ihr  nrnr inr i r ! rg luLrct io .  X? ( .qurr ron
.r - l ) . lh .n l |c  second t .nn in  th.  r ig l r t -ht 'nd snl r  o l
equJt ion ( , \ - ' l )  is  nr i$ ing rnd $rc s i r f r ) l i l lc r t ior  s
lerd ing to e( tu. r l ion (A-5)  c lo not  lskc phce.

The "rcsolLr l ion r l r tnx"  [ ] l  l i l  i l lo$5 to srud)

|  \ r . , ,  r . . r .  - .  b )  J . . .  \ \ ' f  i l r r o

int roduc.  $hr t  rve nJrnc thc i idet ! !nnrr ! 'on

( ^ . 1 )

(A-6)

(^ t)

(1 .10 )

From cqu3t ions fA l )  rnd (A.6).nc oblr jnsi

, = cov(,I,) cov r(e) (A r)

I t  c ;  be  sho$n { l ' x l :

0 <,D"" < 1 (^-8)

l'i'^

C o v ( , r , )  =  [ A r  
'  C o v - ' ( ] )  A r C o v - t ( f ) l - r

, ( , ! )  = co( ,1, )  cov- ! ( r j

and i r  is  c lc l r  f rom equrr ion ( ,4-6)  thr t  i i r " "  's  c lose

to zcrc,  thc t r r3nreter  4ro takes a vrh.  i r rd. ' ,3ndcnt

of  ihe corcspondlug l3nnletcr  pd of  rhc i l r i l i3 l

: , . .  ' . . .  I  '  \ " 1 ,  l "  |  - l  . . . ,  , l t  L v  r ' ,  '  r '  .  i  c

Od is .  wel l  "de( . rnur i r t t 'par3mcrcr .  I i roa is . ldse

io uni ly ,  the turnrc l . r  Od st rongly depenls or  !he

parrnr . rer  9a of  th .  i t i ! l  nro, le l r  thc t r rxr i . l . r  ' t ' "

In  f r . t ,  thc prublenr  \ {e shr l l  t r . . l  is  nol  !  ( r ! .

l i l ]e ! r  t ro l , lcrn Cl is t lacemerts r re not  l iucrr l r  re l r t 'd

lo our  Da'3net . rs) ,  bu!  b.c lus.  our  i r r r l i r l  t rodeld

is nor too lir liorD the finrl solution rf', wc crn, rs it

is  c lusr icr l ly  donc,  work in  ! |e  i lA l . rder  r l f rox '

mat ior  ( " l r r . r r i r .L t  ! robl .nr" ) .  B!  e\prnd 'n:  rn r
' l rv lo ls  scr i .s  onc obl r ins:

s,l l i],1,n . r  f "  L . r = J ; ; t  . , \ r r /  r , ) +

s  J , l -  i  n .+ l - : -  C l v t e , ,  e , )
16 . l - t  o | t

(A4)

o  e = C o ( , I , )  A r  C o v - ' ( - ,  )  L L  - / l t ) l  ( A . l l )

$ l . r ' , , - l  ,  , r . - ' ,  r ( ' ^ i  l  J r ' r r ' J :  r ' r  '  r

nrodcl  ,  (1v i Ih the nor l i , r . r r  !1 i r . . l  p 'oblc t r r ) .  rnd

lalL(,r)'\
From equlr ion iA, i )  i t  c ln  bc shown rha!  lh js  covr . i -

( ' \ - [ )
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