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STRAIN ACCUMULATION AND SURFACE DEFORMATION 
ALONG THE SAN ANDREAS, CALIFORNIA 

NAG 5-740 

V.C. L i  ( P . I . )  

1 - 2 2 9  Department of C iv i l  Engineering 
Massachusetts I n s t i t u t e  of Technology 

Cambridge, MA 02139 
( 6 1 7 )  253-7142 

Invest  i a a t  i- 

1. S t r e s s ing  and rupture of a locked zone adjacent t o  a 
creeping f a u l t  segment i s  s t u d i e d  w i t h  spec ia l  reference t o  
s t r eng th  heterogeneity depthwise and a long-s t r ike .  
dimensional nature  of t h e  problem i s  handled by a " l ine-  
spr ing" procedure. 
s p a t i a l  v a r i a t i o n s  of surface s t r a i n  r a t e  p r o f i l e s  a r e  
compared t o  geodetic measurements on the  San Andreas f a u l t  i n  
c e n t r a l  Ca l i fo rn ia .  

T h e  3- 

T h e  r e su l t i ng  precursory temporal and 

2 .  
is s tudied  w i t h  spec ia l  reference t o  t he  temporal decay of 
s t r a i n  r a t e  observed s ince the 1 9 5 7  and 1 9 0 6  g rea t  
earthquakes, and contemporary sur face  s t r a i n  r a t e  and 
ve loc i ty  p r o f i l e s  a t  severa l  locat ions along t h e  San Andreas. 
F i e l d  data  i s  u s e d  t o  constrain model parameters. 
f ind ings  i n  regional  c r u s t a l  thicknesses and v i s c o e l a s t i c  
re laxa t ion  t i m e  a r e  reported.  
s t r a i n  accumulation over an earthquake cycle i s  implied by 
t h e  model r e s u l t s .  C u r r e n t  work focus on the  e f f e c t  of 
v i s c o e l a s t i c  response i n . t h e  deep aseismic shear zone on t h e  
surface deformation behavior. 

Crus ta l  deformation i n  great Cal i fornia  earthquake cycles 

Important 

A s t rong non-l inear i ty  i n  

3 .  Work has begun on a fundamental reformulation of t h e  
c r u s t a l  deformation problem focusing on ( a )  t h e  c r u s t a l  
deformation process i s  affected by deep aseismic s l i p  a s  t h e  
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s l i p  zone p r o g r e s s e s  towards  an i n s t a b i l i t y  and  as deep  
aseismic s l i p  c o n t i n u e s  p o s t s e i s m i c a l l y ,  (b) t h e  3-D n a t u r e  
of  t h e  problem due t o  geometry and mater ia l  h e t e r o g e n e i t y ,  
and (c)  t h e  t ime-dependent source  coming from t h e  
lithosphere/asthenospheric coup l ing  p r o c e s s .  The non- 
k i n e m a t i c  approach  r e q u i r e s  a c c u r a t e  G r e e n ' s  f u n c t i o n s  i n  
l a y e r e d  media. W e  have d e r i v e d  a v e r s a t i l e  a l g o r i t h m  f o r  t h i s  
from which w e  have o b t a i n e d  t h e  Green ' s  f u n c t i o n s  f o r  s e v e r a l  
s o u r c e s  i n  a l a y e r e d  e l a s t i c  medium. C u r r e n t  work f o c u s  on 
e x t e n d i n g  t h i s  t o  a l a y e r e d  e l a s t i c / v i s c o e l a s t i c  medium. The 
G r e e n ' s  f u n c t i o n s  w i l l  t h e n  be i n c o r p o r a t e d  i n  a boundary 
e lement  program. I t  i s  expec ted  t h a t  t h i s  w i l l  be  a v e r y  
power fu l  t o o l  f o r  a n a l y z i n g  even t h e  most c o m p l i c a t e d  c r u s t a l  
s t r a i n i n g  problem. 

I n  a d d i t i o n ,  w e  have completed a manusc r ip t  f o r  a book 
c h a p t e r  e n t i t l e d  "Mechanics o f  Shear Rupture  Appl ied  t o  
Ear thquake  Zones" d u r i n g  t h i s  fund ing  p e r i o d .  T h e  c h a p t e r  
w i l l  a p p e a r  i n  Rock Fracture Mechanics t o  be p u b l i s h e d  by 
A c a d e m i c  Press i n  S p r i n g  o f  1 9 8 7 .  

Results 

1. L i  and  Fares s t u d i e d  t h e  effect  of  s t r e n g t h  h e t e r o g e n e i t y  
a l o n g  s t r i k e  and w i t h  d e p t h  on t h e  s t r e s s i n g  and  s l i p  r a t e  
d i s t r i b u t i o n  t e m p o r a l l y  and s p a t i a l l y  p r e c u r s o r y  t o  a l a r g e  
r u p t u r e .  They accomplished t h i s  by a l i n e  s p r i n g  p rocedure  i n  
which t h e  l o c a l  f a u l t  s e c t i o n  w i t h  s t r u c t u r a l  geometry shown 
i n  F i g  1 of  Appendix A i s  modelled as a ' s p r i n g '  r e l a t i n g  t h e  
ambient  stress 0 t o  t h e  r e l a t i v e  s l i p  d i sp l acemen t  6 .  T h i s  
' s p r i n g '  i s  embodied i n  a p l a t e  model ( f i g  2 o f  Appendix A ) ,  
and t h e  r e s u l t i n g  boundary va lue  problem i s  s o l v e d  by means 
of a boundary e lement  f o r m u l a t i o n .  The p r o g r e s s  o f  t h e  s l i p  
zone i s  c o n t r o l l e d  by t h e  load ing  and mater ia l  p r o p e r t y .  
S t r e n g t h  v a r i a t i o n  a l o n g  s t r i k e  and  w i t h  d e p t h  w a s  model led  
as s p a t i a l  v a r i a t i o n  o f  f r a c t u r e  energy ,  as shown i n  f i g . 3 ,  
and t h e  r e s u l t i n g  s p r i n g  r e l a t i o n s  are shown i n  f i g . 4  of  
Appendix A .  The l e n g t h  of  t h e  c r e e p  zone ( z e r o  f r a c t u r e  
ene rgy  and hence z e r o  s t i f f n e s s  f o r  t h e  s p r i n g )  i s  model led 
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a f t e r  t h e  creep zone along the San Andreas f a u l t  i n  c e n t r a l  
Ca l i fo rn ia .  The ana lys i s  provide reasonable es t imates  of 
cyc le  time, s l i p  r a t e  d i s t r ibu t ion  i n  t h e  creep zone, and 
sur face  s t r a i n  r a t e  p r o f i l e s  which a r e  comparable w i t h  
observed f i e l d  da t a .  I n  pa r t i cu la r ,  it was shown t h a t  t he  
s l i p  r a t e  a t  t h e  locked section adjacent t o  t h e  creeping zone 
may be expected t o  acce lera te  beyond t h a t  ins ide  t h e  creeping 
zone a s  an earthquake i s  approached. The t i m e  va r i a t ion  of 
s l i p  r a t e  d i s t r i b u t i o n  i s  shown i n  f i g .  5 of Appendix A .  

T h e  present  work demonstrates t h a t  t h e  u s e  of t h e  boundary 
element method and t h e  l ine-spring procedure allow treatment 
of r a t h e r  complex f a u l t  geometry and mater ia l  property 
changes. Further improvement requi res  t h e  incorporation of 
coupling between the  e l a s t i c  l i thosphere and v i s c o e l a s t i c  
asthenosphere i n  order t o  capture t h e  precursory c r u s t a l  
s t r a i n i n g  processes accurately i n  t ime. However, it i s  
expected t h a t  shor t  wavelength changes along s t r i k e  i n  
mater ia l  p roper t ies ,  a s  bes t  exemplified by t h e  Parkf ie ld  
' p a t c h ' ,  requi res  b e t t e r  resolut ion than can be obtained from 
t h e  l ine-spr ing approximation. T h i s  r equi res  t r u e  3-D 
simulation, such  a s  t h a t  performed by S tua r t  (PAGEOPH, 1 2 2 ,  
793-811, 1984/5). 

2 .  L i  and L i m ,  i n  collaboration w i t h  Rice a t  Harvard, s tudied 
t h e  per iodic  c r u s t a l  s t r a in ing  processes assoc ia ted  w i t h  
repeated s t r i k e  s l i p  earthquake. The ana lys i s  was performed 
w i t h  a model shown i n  f i g .  1 of Appendix B having t h e  
following c h a r a c t e r i s t i c s :  A depth L ( I H )  extending downward 
from t h e  Ea r th ' s  surface a t  a transform boundary between 
uniform e l a s t i c  l i t hosphe r i c  p l a t e s  of thickness  H i s  locked 
between earthquakes.  It s l i p s  an amount cons is ten t  w i t h  

remote p l a t e  ve loc i ty  Vpl a f t e r  each lapse of earthquake cycle 
t i m e  Tcy .  

s l i p  continuously so a s  t o  maintain constant r e s i s t i v e  shear 
stress.  The p l a t e s  are coupled a t  t h e i r  base t o  a Maxwellian 
v i s c o e l a s t i c  asthenosphere through which steady deep-seated 
mantle motions, compatible with p l a t e  ve loc i ty ,  a r e  
t ransmi t ted  t o  t h e  surface p l a t e s .  The coupling i s  described 

Lower por t ions  of t h e  f a u l t  zone a t  t h e  boundary' 
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approximately through a generalized Elsasser  model. We argue 
t h a t  t h e  model gives  a more r e a l i s t i c  physical  descr ip t ion  of 
t e c t o n i c  loading, including t h e  t i m e  dependence of deep s l i p  
and c r u s t a l  stress build-up throughout t h e  earthquake cycle,  
than do simpler kinematic models i n  which loading i s  
represented a s  imposed uniform d i s loca t ion  s l i p  on t h e  f a u l t  
below t h e  locked zone. Parameters of t h e  model a r e  chosen i n  
accordance with seismic and geologic cons t r a in t s  and t o  f i t  
t h e  apparent time-dependence, throughout t h e  earthquake 
cycle, of surface s t r a i n  r a t e s  along present ly  locked t r a c e s  
of t h e  1857 and 1 9 0 6  San Andreas ruptures ,  a s  shown i n  Fig.  2 
of Appendix B .  We f i n d  t h a t  p red ic t ion  based on t h e  
r e s u l t i n g  parameters compare reasonably t o  da ta  on va r i a t ions  
of contemporary surface s t r a i n  and displacement r a t e s  a s  a 
funct ion of dis tance from t h e  1857 and 1 9 0 6  rupture t r a c e s ,  
although t h e  da ta  i s  generally a f f ec t ed  by asymmetry r e l a t i v e  
t o  t h e  f a u l t  and by adjacent f a u l t  s t rands .  Spec i f i ca l ly ,  w e  
f i x  Vpl = 35 mm/yr, T,, = 1 6 0  y r  and L = 9 t o  11 km a s  a 

r ep resen ta t ive  earthquake nucleation depth w i t h  a 2 km 
allowance f o r  possible  upward motion of t h e  locked zone 
border during t h e  earthquake cyc le .  We then f i n d  t h a t  the  
geodet ic  da ta  i s  described reasonably, w i t h i n  t he  context of 
a model t h a t  i s  l o c a l l y  u n i f o r m  a long  s t r i k e  and symmetric 
about a s i n g l e  San Andreas f a u l t  s t rand,  by l i thosphere  
th ickness  H = 1 7  t o  25  km and Elsasser  re laxa t ion  time t, = 1 0  

t o  1 6  y r .  Computed s t r a i n  r a t e s  compare favorable w i t h  
observed s t r a i n  r a t e s  i n  t h e  Palmdale Area (King & Savage, 
1 9 8 4 )  and a r e  shown i n  Table 1 of Appendix B .  Reasonable 
model pred ic t ions  i n  displacement r a t e  ( sur face  ve loc i ty)  
p r o f i l e s  a r e  a l s o  shown f o r  Palmdale a rea  and Point Reyes 
Area i n  F ig .  3 and 4 of Appendix B .  We conclude t h a t  t h e  
asthenosphere appropriate  t o  descr ibe c r u s t a l  deformation on 
t h e  earthquake cycle time scale l i e s  i n  t he  lower c r u s t  and 
perhaps crust-mantle t r a n s i t i o n  zone, and has an e f f e c t i v e  

v i s c o s i t y  between about 2 x 10l8 and Pa-s, depending on 
t h e  thickness  assigned t o  t h e  asthenospheric l a y e r .  

A f u r t h e r  improvement i n  the present  model i s  t o  
incorporate  v i s c o e l a s t i c  response i n  t he  deep aseismic shear 
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zone. This introduces several  e f f e c t s :  (1) The load shed by 
t h e  earthquake w i l l  be p a r t i a l l y  ca r r i ed  by  t h e  v i s c o e l a s t i c  
shear zone below t h e  b r i t t l e  ligament and ( 2 )  t he  post-  
seismic re laxa t ion  of t he  aseismic shear zone w i l l  induce 
c r u s t a l  s t r a i n i n g  superposed onto t h a t  due t o  the  re laxa t ion  
of t h e  asthenosphere. However, due t o  t h e  shor t  re laxa t ion  
t i m e  of t h e  mater ia l  i n  the  shear zone, t h e  e f f e c t  w i l l  be 
l imi t ed  t o  a shor t  post-seismic durat ion.  F ig .  5 i n  Appendix 
B shows a preliminary calculat ion r e s u l t .  A su rp r i s ing  
r e s u l t  i s  t h a t  t h e  s t r a i n  r a t e  i s  negative e a r l y  i n  t h e  
cyc le .  I t  increases  w i t h  t i m e  and asymtotes t o  t h e  s t r a i n  
r a t e  decay curve w i t h  no v i scoe la s t i c  element f o r  t h e  shear 
zone ( i . e .  f o r  t h e  case when t h e  re laxa t ion  time f o r  t h e  deep 
shear  zone i s  z e r o ) .  W e  do not a t  present understand t h i s  
pecu l i a r  fea ture ,  pa r t i cu la r ly  a s  it implies negative 
displacement r a t e  ( sur face  displaces backwards) on t h e  ground 
su r face .  Ongoing work attempts t o  discern whether  t h i s  i s  a 
f ea tu re  due t o  c e r t a i n  deficiency i n  t h e  model or  whether 
t h i s  represents  a r e a l  e f f e c t  i n  a short  t i m e  a f t e r  a b ig  
rupture  which has never been observed before .  

During t h e  course of t h i s  work, we discovered c e r t a i n  
de f i c i enc ie s  i n  a c r u s t a l  s t r a in ing  model (Savage and 
P resco t t ,  J.G.R.,83, 3369-3376, 1978) which has been adopted 
by many researchers  ( e . g .  Cohen and Kramer, Geophys. J . R .  
A s t r .  S O ~ . ,  78, 133-750, 1984; Thatcher, J.G.R., 88, 5893- 
5902, 1 9 8 3 ) .  These models are based on e l a s t i c  p l a t e s  
overlying a v i s c o e l a s t i c  half space i n  which t h e  deformation 
i n  t h e  shear zone below the  seismogenic depth w i t h i n  t h e  
e l a s t i c  p l a t e  i s  imposed kinematically a s  s p a t i a l l y  uniform 
s l i p  a t a constant r a t e  consis tent  w i t h  t h e  remote p l a t e  
ve loc i ty  V p l .  T h i s  imposed uniform shear s l i p  d i s t r i b u t i o n ,  
r a t h e r  than one determined as i n  our model by coupling 
between t h e  l i thosphere  and asthenosphere, s t rongly  moderates 
t h e  time-dependence of c rus t a l  s t r a i n i n g .  An implication i s  
t h a t  f o r  shallow f a u l t s ,  L<<H, coupling i s  predicted t o  be 
almost non-existent i n  t h e i r  model s ince the  near f a u l t  
surface s t r a i n  f i e l d  would be almost completely cont ro l led  by 
t he  imposed d i s loca t ion  r a t e .  Indeed, Savage and Prescot t  
( 1 9 7 8 )  reported t h a t  i n  t h e i r  model, " the e f f e c t  of 

- - -  
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a s t h e n o s p h e r e  r e l a x a t i o n  i s  impor tan t  o n l y  i f  t h e  d e p t h  of  
t h e  seismic zone i s  comparable t o  t h e  t h i c k n e s s  o f  t h e  
l i t h o s p h e r e " .  I n  c o n t r a s t ,  t h e  p r e s e n t  model p r e d i c t s  
r e s p o n s e  o f  t h e  deep  a s e i s m i c  s h e a r  zone and it i s  found t o  
r e spond  i n  a s p a t i a l l y  and  t i m e  v a r y i n g  f a s h i o n  ( L i  and R i c e ,  
manusc r ip t  s u b m i t t e d  t o  J . G . R . ,  1 9 8 6 ) .  

3 .  
seismic moment ( n u c l e i  o f  s t r a i n )  s o u r c e s  i n  a l a y e r e d  
media. W e  divided t h e  problem i n t o  smaller components: (1) 
D e r i v e  a v e c t o r  image a l g o r i t h m  f o r  g e n e r a l  s o u r c e s  i n  
l a y e r e d  media, ( 2 )  Der ive  t h e  Green ' s  f u n c t i o n  f o r  a n u c l e i  
o f  s t r a i n  i n  a l a y e r e d  e las t ic  media, (3 )  Der ive  t h e  Green ' s  
f u n c t i o n  f o r  a n u c l e i  of s t r a i n  i n  a l a y e r e d  
e l a s t i c / v i s c o e l a s t i c  media, ( 4 )  Implement r e s u l t i n g  G r e e n ' s  
f u n c t i o n s  i n  a 3 - D  boundary element  f o r m u l a t i o n ,  and ( 5 )  
S o l v e  problems w i t h  i n h e r e n t  3 - D  n a t u r e s ,  such  as f a u l t - f a u l t  
i n t e r a c t i o n ,  r a p i d  change i n  f a u l t  s t r e n g t h  (e  .g .  P a r k f i e l d  
a r ea ) ,  and t h e  l i k e .  I n  t h i s  fund ing  p e r i o d ,  w e  have 
accompl ished  t a s k s  (l), ( 2 )  and p a r t s  of  ( 4 ) .  W e  expec t  t o  
comple te  (3 )  and make f u r t h e r  p r o g r e s s  i n  ( 4 )  i n  t h e  n e x t  f e w  
months.  Wi th in  t h e  n e x t  funding p e r i o d  (assuming 
c o n t i n u a t i o n  of  t h e  NASA g r a n t )  w e  shou ld  have s o l v e d  some 
p h y s i c a l  problems of  t h e  type  mentioned i n  ( 5 ) .  

L i ,  Fares and  L i m  a n a l y s e  t h e  g e n e r a l l y  3-D problem of  

More s p e c i f i c a l l y ,  w e  have d e r i v e d  an a l g o r i t h m  based on  a 
v e c t o r  image method f o r  e l a s t i c  problems w i t h  p l a n a r  
i n t e r f a c e s .  
s o u r c e  s o l u t i o n s  f o r  two bonded e l a s t i c  h a l f s p a c e s .  S p e c i f i c  
cases have been worked o u t  and shown t o  c o i n c i d e  w i t h  w e l l  
known s o l u t i o n s  i n  t h e  l i t e r a t u r e .  The a l g o r i t h m  i s  t h e n  
ex tended  t o  derive G r e e n ' s  f u n c t i o n s  i n  a l a y e r e d  r e g i o n  
c o n s i s t i n g  of a p l a t e  p e r f e c t l y  bonded t o  two h a l f s p a c e s  
( F i g u r e  1 i n  Appendix C ) .  The  d i sp l acemen t  f i e l d  s o l u t i o n  i s  
i n  t h e  form o f  a sum o f  an  i n f i n i t e  series o f  "image 
d i sp lacemen t  f i e l d s " .  The  i n f i n i t e  series i s  t h e n  t r u n c a t e d  
and an  e x t r a p o l a t i o n  t echn ique  i s  used  t o  s i g n i f i c a n t l y  
improve convergence .  

The a l g o r i t h m  has been used  t o  d e r i v e  p o i n t  
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Sample r e s u l t s  f o r  s u r f a c e  d i s p l a c e m e n t  f i e l d s  due t o  a 
n u c l e i  of s t r a i n  are shown i n  f i g u r e s  2-4  i n  Appendix C .  
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Appendix A 

F i g u r e s  f o r  C r u s t a l  S t r a i n i n g  and S t r e s s i n g  of Locked Zone Adjacent  
t o  a Creeping  F a u l t  Segment. 

z 
Fig. 1 Plate margin model of loci11 cross-sectional slice of fault. with 
slip zone pcnctration A in lilhosphcrc of thickness H. 

X 

Fig. 2 Elastic plate model of the lithosphere loaded by tcctonic strcsscs 
0- associated with relative plalc movements. A varying strcss o and slip 
b distribution duc  to strength helcrogeneitics is indicated at the plate 
margin. 

F r a c t u r e  Energy vs.  A / FI 

ii 

A I It 

Assumed fracture energy variation with depth in faull zone. Fig. 3 

d <  . ._  

. !O 

I C  . _ -  
0 
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C 
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0 . I!  

b .20 
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.IS 

. :o 

, , .  . I . . . . I . . . , I . . , . I , . . . .  '....A 

6 x l . O E 4 1 H  
Fig. 4 'Spring' laws derivcd based on the clastic crack plaic-margin 
model and different distributions of fracture energy G,. 

1 , 16.88 

L -  

1 1 *  

Fig. 5 
featurcs of this Figure with that of Figure 2 for a_ /G c 15.8 x 
The parabolic shape. however, is disturbed by thc slip rccclerrtion I t  
the cdgc of thc creep zone lowards the lalcr pan of the earthquake Cycic. 

Distribution of  slip rates at various times. Compare the general 
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Appendix B 

F i g u r e s  f o r  P e r i o d i c  C r u s t r a l  S t r a i n i n g  i n  Grea t  C a l i f o r n i a  
Earthquake Ruptures.  

.-- 

....-.-..........-....- .._-.-.--I-- -..-..... 

( a )  

Fig.  B1: ( a )  E l a s t i c  l i t h o s p h e r e  coupled t o  a v i s c o e l a s t i c  
as thenosphere  d r iven  by deep mantle movement. The 
shaded a r e a  i n d i c a t e s  t h e  s h e a r  zone s l i d i n g  a t  
c o n s t a n t  r e s i s t i v e  s h e a r  s t r e s s  below t h e  locked  
b r i t t l e  zone. ( b )  A c r o s s - s e c t i o n a l  view of t h e  
l i t h o s p h e r e  a t  t h e  p l a t e  boundary, modelled as an edge 
c racked  s t r i p  i n  a n t i - p l a n e  s t r a i n .  

- 
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SAN ANDREAS FAULT, CALIFORNIA 

Tcy-ilOyr V,i =33mm/yr L=9km 

- t,-i2yr ~-22.Sem 
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I . . . . . .  tr -i2yr H-iS. Okm 
. . - . . - tr -12yr 11-30. Okm 

1 
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TIME FROM L A S T  E . Q U A K E  (YRS)  

F i g .  B 2 :  Shear  s t r a i n  r a t e  decay wi th  t i m e  i n  an ear thquake  
c y c l e .  The d a t a  p o i n t s  wi th  e r ror  b a r s  are from 
Thatcher  ( 1 9 8 3 ) .  The s o l i d  c i r c l e s  are from n o r t h e r n  
C a l i f o r n i a  a l o n g ' t h e  1906 r u p t u r e  zone of t h e  San 
Andreas f a u l t .  The open c i r c l e s  a r e  from Southern 
C a l i f o r n i a  a long  t h e  1857 r u p t u r e  zone. Curve f i t s  
are based on model w i t h  i n d i c a t e d  pa rame t r i c  v a l u e s .  
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PALMDALE AREA 

' n  

ot > 
\ ,  
E 
E 
v 

W 
t- 
U 
[I: 

t- 
Z 
W 
I 
W 
0 
U 
-I a 
u) 

0 
H 

3 

0 

-5 

-10 

-15 
T i 0  

Fig.  B 3 :  

t - 1 2 3 y r  Tq-it30yr V,1=35mm/yr 

L-9kn ti-22.5km t = 1 2 y r  

- - --- L-llkn H-20.0kn t - 1 l y r  

a 

\ 

I I I I I I I I 
20 30 40 50 0 10 

DISTANCE FROM FAULT (KM) 

Comparisons of t h e o r e t i c a l l y  p r e d i c t e d  d isp lacement  
r a t e  p r o f i l e s  t o  g e o d e t i c  d a t a  from King and Savage 
(1984) .  S t a t i o n s ,  i n  o r d e r  of i n c r e a d i n g  y ,  a r e :  

M t .  P inos ,  F r a z i e r ,  Sawmill, Tejon 4 1 ,  Tecuya, 
P o l i c e ,  Thumb, Wheeler 2 ,  D i o r i t e ,  Gneiss  and Tejon 
3 2 .  
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Fig .  B 4 :  Comparisons of t h e o r e t i c a l l y  p r e d i c t e d  d isp lacement  
r a t e  p r o f i l e s  t o  g e o d e t i c  d a t a  from P r e s c o t t  and Yu 
(19861,  with  e r r o r  ranges  i n d i c a t e d .  C i r c l e  symbols 
a r e  d a t a  from P t .  Reyes, Santa  Rosa and Napa networks. 
T r i a n g l e  symbols a r e  from Geyser network f u r t h e r  n o r t h .  
The two d a t a  p o i n t s  a t  approximate ly  -20 km and -40 km 
a r e  a s s o c i a t e d  with t h e  P t .  Reyes Head and F a r a l l o n  
I s l a n d s  markers.  
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Fig. B5: Preliminary result of strain rate variation with 
relaxation from asthenospheric flow and from flow 
in deep aseismic shear zone. Relaxation time t 
of shear zone range from 2 to 8 yr.. for the 
family of s o l i d  curves from top to.bottom. Dotted 
curve refers to t = 0. For present data set 
best fit appears go be at tf = 4-5 yr. This value 
appears large when compared-to post-seismic 
observations of more recent earthquakes. 

f 
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Table 1: C a l c u l a t e d  and Observed S t r a i n  Rate i n  t h e  Palmdale Area 

- 
Y 

+Palmdale - 0 . 3  
(1971-82) 

+ S . A .  Region 4 . 1  
(1973-83) 

+Tehachapi 1 7 . 0  
(1973-83)  

Los Padres -19 .7  

+Sub Garlock 3 1 . 0  
(1973-83; cal led 
G a r l o c k  r e g i o n )  

(AY) 

3.6 

10.4 

2 0 . 2  

1 9 . 7  

2 1 . 1  

t s u b d i v i s i o n  of Tehachapi n e t  

i ( a )  (b) i ( C )  i (King & Savage, 
1984) 

0.42  0.41 0.38 0.37 2 0 . 0 2  

0 .37  0.38 0.33 0 . 3 4  2 0.01 

0 .29  

0 .27  

0 . 2 1  

0.31 

0 . 2 9  

0 . 2 3  

0 . 2 5  

0.23 

0.18 

0 . 2 1  2 0.01 

0 . 2 1  2 0 . 0 2  
(McGarr e t  a l . ,  
1982) 

0 . 1 7  2 0 . 0 2  

i n  ( p s t r a i n / y r )  and y, (Ay),,, i n  km, p o s i t i v e  t o  t h e  NE. A l l  c a l c u l a t i o n s  made 
f o r  t = 123 yr, Tcy - 160 yr and ( a )  Vpl = 35 m/yr, L - 9 km, H - 2 2 . 5  km, t, = 12 
yr; (b) V (c) Vpl = 32 mm/yr, L = 9 
km, H = 25 km, t, = 12 yr. 

- 35 m/yr, L - 11 km, H - 20 km, t, = 1 4  yr; 
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Appendix C 

F i g .  f o r  3-D Green ' s  Funct ion f o r  Nuclei  o f  S t r a i n  i n  Layered Media 

F ig .  C 1 :  A p l a t e  o f  t h i c k n e s s  H having a s o u r c e  l o c a t e d  a t  
z=h is p e r f e c t l y  b m d e d  ts t w s  e l z s t i c  h a l f s p a c e s .  
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Fig. C2: Surface displacement in the x-direction due to a double 
couple source parallel to the z=O plane and located at 
h/H=O. 5. 

H 
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, \  

H 

Fig. C3:  Su r face  displacement  i n  t h e  z - d i r e c t i o n  due t o  a double  
couple  i n  a p lane  and located a t  h/H=0.5. 

Y 
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F i g .  C 4 :  Su r face  displacement  i n  t h e  z - d i r e c t i o n  
s t r a i n  on a p l a n e  p a r a l l e l  t o  t h e  z=O p 
a t  h/H=0.5 . 
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