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The mechanism of ex tens ion  i n  t h e  con t inen ta l  c r u s t  is  apparent ly  much 
more complex than  t h a t  a c t i n g  i n  t h e  oceanic l i t hosphe re .  Recently, Wernicke 
(1,2) has  proposed t h a t  a s i g n i f i c a n t  f r a c t i o n  of ex tens ion  i n  t h e  c o n t i n e n t a l  
lithosphere may occur by a  s imple shear  mechanism along d i s c r e t e  f a u l t l s h e a r  
zones which c u t  t h e  c r u s t ,  and perhaps extend i n t o  t h e  uppermost mantle. 
Clear ly  much of t h e  su r face  evidence f o r  ex tens ion  suppor ts  t h i s  concept,  bu t  
t h e  dep-th e x t e n t  of s imple shear  ex tens ion  i n  t h e  con t inen ta l  c r u s t  is  
unclear .  Ln t h i s  s tudy I have determined, using numerical s imula t ions ,  t h e  
thermal and a s soc ia t ed  mechanical behavior of t h e  con t inen ta l  l i t h o s p h e r e  
i n  response t o  l i t h o s p h e r e  ex tens ion  along a low-angle simple shear  zone 
which c u t s  through t h e  l i t h o s p h e r i c  p l a t e  (Figure l ) ,  i n  order  t o  eva lua te  
t h e  reso lv ing  a b i l i t y  of thermal (heat  flow and metamorphic P-T-time pa ths)  
and e l e v a t i o n  observa t ions  i n  cons t r a in ing  t h e  mode of con t inen ta l  extension.  
The genera l  gometry of t h e  r e g i o n ' i s  shown i n  Figure 1 a t  a time a f t e r  
e x t e n f i o e  h a s  ceased (po in t s  x and x '  were i n i t i a l 9 y  ad jacen t ) .  The 
i n i t i a l  c r u s t a l  th ickness  ac ross  t h e  r eg ion  w a s  assumed t o  be cons tant .  The 
su r face  $e&t flow and e l e v a t i o n  response t o  t h i s  ex tens ion  f o r  t h e  reg ion  
beGween A a,nd C is  given i n  Figures 2a and 2b. Extension was assumed t o  
have sccurred  over a  15 Ma period wi th  a  n e t  v e r t i c a l  motion of 20 km. 
D.uring t h e  per iod  of a c t i v e  ex tens ion ,  t h e  hea t  flow response is  dominated 
by fhe  e f f e c t s  of ( v e r t i c a l l y )  advected h e a t  causing a s t rong anomaly i n  
t h e  v i c i n i t y  of t h e  t h i n n e s t  upper p l a t e .  Af ter  t h e  ces sa t ion  of ex tens ion  
(time > 15 Ma) t h e  h e a t  flow anomaly decrease  and t h e  l o c a t i o n  of t h e  
maximum migra tes  t o  t h e  reg ions  of t h i c k e r  upper p l a t e  a s  a  func t ion  of t h e  
conductive time l ag .  I n  t h e  reg ions  of t h i n n e s t  c r u s t ,  t he  h e a t  flow decays 
t o  va lues  below those assumed i n i t i a l l y  as a consequence of removal of 
(assumed) r ad iogen ica l ly  enriched upper and middle c r u s t .  The width of 
t h e  hea t  flow anomaly v a r i e s  i n  t ime, but  f o r  an assumed d ip  f o r  t h e  shear  
zone of 20°, t h e  anomaly is  approximately 75-100 km wide. By 25 M a  
(t ime = 40 Ma) a f t e r  t h e  ces sq t ion  of ex tens ion ,  however, t h e  hea t  flow 
anomaly has decayed t o  a poin t  where i t  is  l i k e l y  t o  be  d i f f i c u l t  t o  reso lve .  
The e l e v a t i o n  response t o  t h i s  ex tens ion  is  dominated by t h e  e f f e c t s  of 
c r u s t a l  th inning  (and hence t h e  s p e c i f i c s  of t h e  geometry of t h e  shear  zone) 
wi th  only a  s m a l l  t r a n s i e n t  e f f e c t  from t h e  thermal per turba t ions .  For 
t h e  r a t e s  of ex tens ion  used he re ,  t h e  maximum average temperature i n c r e a s e  
i n  t h e  l i t h o s p h e r i c  p l a t e  (during extension)  is  <200°C r e s t r i c t i n g  t h e  
e f f e c t s  of t h e m a l l d e n s i t y  e f f e c t s  i n  e l e v a t i o n  t o  <600 meters.  C lea r ly  t h e  
dominant e f f e c t  (approximately 3 km of subsidence) i s  r e l a t e d  t o  c r u s t a l  
th jnping ,  and thus  a l s o  dependent on t h e  i n i t i a l  c r u s t a l  s t r u c t u r e .  

The thermal  and a s soc ia t ed  mechanical (e leva t ion)  response of t h e  
con t inen ta l  l i t h o s p h e r e  t o  simple shear  ex tens ion  i s  g r e a t e s t  during t h e  
pe r io4  of a c t i v e  extension.  The ' r e l a x a t i o n '  of t h e  thermal f i e l d  occurs  
over a  fime s c a l e  of 10 ' s  of m i l l i o n s  of yea r s ,  whi le  t h e . e l e v a t i o n  response 
is  v i r t u a l l y  complete by t h e  end of t h e  extension.  The a b i l i t y  t o  c o n s t r a i n  
t h i s  ex tens ion  mechanism r e q u i r e s  e i t h e r  d e t a i l e d  c o n t r o l  on t h e  subsidence1 
u p l i f t  h i s t o r y  of t h e  reg ion  and some c o n t r o l  over t h e  p a t t e r n s  of t h e  
p e r t u r b a t j o a s  i n  t h e  thermal  f i e l d .  The u t i l i z a t i o n  of metamorphic 
pressure-temperature-time t r a j e c t o r i e s  ( 3 )  may provide a  means t o  c o n s t r a i n  
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t h e  thermal  h i s t o r y  and consequent ly c o n s t r a i n  t h e  ex tens ion  mechanism. 
Without such c o n s t r a i n t s ,  i t  i s  u n l i k e l y  t h a t  p re sen t  day thermal and 
e l e v a t i o n  measurements w i l l  provide adequate  information t o  d i s c e r n  the  
mechanism of ex tens ion  i n  c o n t i n e n t a l  reg ions .  
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Figure  1. Schematic of model domain and geometry f o r  simple shear  model. 
Shaded r eg ion  r e p r e s e n t s  c r u s t .  A ,  B ,  and C mark l o c a t i o n s  r e f e r r e d  t o  by 
Wernicke (2)  a s  ex t ens iona l  a l l oc thons  (o r  "core complexes"), l i m i t  of 
s i g n i f i c a n t  upper c r u s t a l  ex tens ion ,  and Moho "hinge" r e spec t ive ly .  
P o s i t i o n s  l abe l ed  x and x '  were ad j acen t  p r i o r  t o  ex tens ion .  For a shear  
zone d ipping  a t  20, t h e  reg ion  between A and C i s  approximately 140 km wide. 
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Figure  2a. P red ic t ed  s u r f a c e  h e a t  flow response dur ing  (0-15 Ma) and a f t e r  
(> 15 Ma) s imple shea r  ex tens ion  along f i n i t e  width shear  zone. Dashed 
l i n e  i s  assumed i n t i a l  h e a t  flow regime. 
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F i g w e  2%. Pretlicted'  e l e v a t i o n  response during and a f t e r  simple shear  
extcmsjom. Dashed 19ne i s  i r n i t i a l  datum su r face .  




