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The Hear t  Mountain deco l lement  i n  Northwestern  Wyoming, U.S.A. 
o r i g ina l l y  comprised a  p l a t e  of rock up t o  750m thick and 1300km2 i n  area. 
This p l a t e  moved rapidly  down a  slope no s teeper  than 2O during Early Eocene 
time, transporting some blocks a t  l e a s t  50km from t h e i r  o r i g ina l  positions. 
S l i d i n g  occur red  j u s t  be fo re  a  v o l c a n i c  e r r u p t i o n  and was probably 
accompanied by s e i s m i c  events .  The i n i t i a l  movement was a long  a  bedding 
p lane  f a u l t  i n  t h e  Bighorn Dolomite,  2  t o  3  me te r s  above i t s  c o n t a c t  w i t h  
t h e  Grove Creek member of t h e  Snowy Range fo rma t ion  ( s e e  Fig.  1 f o r  a  
s t ra t ig raph ic  section). The major pecular i ty  of t h i s  f a u l t  i s  t h a t  i t  l i e s  
i n  t h e  s t r o n g ,  c l i f f  - forming Bighorn Dolomite,  r a t h e r  t h a n  i n  t h e  weaker 
underlying shales (Pierce, 1973). 
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Figu re  1. S i m p l i f i e d  s t r a t i g r a p h i c  s e c t i o n  showing t h e  f o r m a t i o n s ,  
ass0ciat;;d with the  Heart Mountain fau l t .  I n se t  shows a deta i led section 
near the  plane of t he  bedding faul t .  After Pierce  (1973). 
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The H e a r t  Mounta in  f a u l t  s h a r e s  t h i s  p e c u l a r i t y  w i t h  o t h e r ,  d e e p e r  
s e a t e d ,  d e c o l l e m e n t  s u c h  a s  t h e  Keystone  and Mormon Mountain s y s t e m s  i n  
Sou the rn  Nevada, U.S.A. ( B u r c h f i e l  - e t  2) a1 19821, I n  t h e s e  l a t t e r  deco l -  
lements t h e  detachment horizon l ies i n  s t rong  pla t formal  dolostones sever& 
hundred meters  above a  contac t  w i t h  weak underlying shales ,  s i l t s t o n e s  and 
limestones. A l l  of these  decollements developed a t  shallow c r u s t a l  l e v e l s  
( l e s s  t h a n  5km depth) .  None of  them show any e v i d e n c e  of h a v i n g  been 
lubr i ca ted  by high pressure pore f l u i d s  (Guth e t  a l a s  1982). -- 

The paradoxical  l o c a l i z a t i o n  of f a u l t i n g  i n  t h e  s t rong geologic u n i t s  
i n  t h e  H e a r t  Mountain and t h e  o t h e r  d e c o l l e m e n t s  p r o v i d e s  a  s t r o n g  con- 
s t r a i n t  on t h e  dynamics of the  process t h a t  produces detachment. I t i s  a l s o  
c l e a r  t h a t  t h i s  p r o c e s s  l u b r i c a t e s  t h e  f a u l t  p l a n e  t o  a n  e x t r a o r d i n a r y  
degree -- t h e  Heart Mountain decollement s l i d  f r e e l y  down a s lope  of l e s s  
than ZO, and the  c l a s s i c  d iscuss ions  of the  mechanics of over thrus t  f a u l t i n g  
(Smoluchowski, 1909; Hubber t  and Rubey, 1959) imply  a  s i m i l a r  d e g r e e  o f  
l u b r i c a t i o n  f o r  the  Keystone and Mormon Mountain sys tems.  Al though many 
mechanisms have been suggested t o  account f o r  t h i s  reduction of f r i c t i o n ,  
none so  f a r  expla ins  t h e  o f f s e t  of t h e  f a u l t  plane i n t o  the  s t ronges t  of the 
adjacent  rock units .  

Ip previous work (Melosh, 1979; 1983) 1 a t t r i b u t e d  t h e  f l u i d i z a t i o n  of 
rock debr is  i n  impact c r a t e r  col lapse  and l a r g e  ca tas t roph ic  l ands l ides  t o  
t h e  p r e s e n c e  of  a  s t r o n g  random a c o u s t i c  f i e l d .  A s m a l l  f r a c t i o n  o f  t h e  
a v a i l a b l e  p o t e n t i a l  ene rgy  i s  c o n v e r t e d  i n t o  sound waves t h a t  a r e  
s u f f i c i e n t l y  s t rong t o  b r i e f l y  r e l i e v e  t h e  overburden pressure  i n  a  por t ion  
of the  rock m a s s ,  t h e r e  al lowing s l i d i n g  t o  occur under low n e t  d i f f e r e n t i a l  
s t r e s s  and, inc iden ta l ly ,  a l s o  regenera t ing  the  sound energy. 

A v e r s i o n  of t h i s  t h e o r y  a l s o  a p p l i e s  t o  t h e  H e a r t  Mountain f a u l t  
(Melosh, 1985). The s t r u c t u r e  o f  a  h igh-sound-veloci ty  l a y e r  (e.g,, dolo-  
m i t e )  l y i n g  n e x t  t o  a  l o w - v e l o c i t y  l a y e r  (e.g., s h a l e ) ,  F i g u r e  2 ,  approxi-  
ma tes  a n  a c o u s t i c  r e s o n a t o r ,  c a p a b l e  of  p a r t i a l l y  t r a p p i n g  sound waves. 
Although f u l l y  trapped (S  toneley) waves cannot form under p laus ib le  condi- 
t ions  i n  sedimentary rock sequences, leaky wave modes a r e  possible. Figure 
3  shows one such mode and i n d i c a t e s  t h a t  t h e  maximum wave amplitudes occur 
i n  t h e  high-velocity u n i t  (e.g., t he  dolomite), almost  exact ly  one-quarter 
wavelength above t h e  l i t h o l o g i c  boundary. 

F i g u r e  2. I d e a l i z e d  mathema- 
t i c a l  m s e l  of t h e  r o c k  u n i t s  
n e a r  t h e  bedding f a u l t  shown 
i n  F i g u r e  I. The mechan ica l  
p roper t i e s  used t o  compute t h e  
s t r e s s e s  shown i n  Figure 3  a r e  
shown here .  The Grove Creek 
member o f  t h e  Snowy Range 
F o r m a t t o n  i s  m e c h a n i c a l l y  
g r o u p e d  w i t h  t h e  B i g h o r n  
Dolomite i n  t h i s  model. 
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Figure 3. The r e l a t i v e  magnitudes of t h r e e  s t r e s s  components a r e  shown here 
a s  a  funct ion  of d i s t ance  away from t h e  l i t h o l o g i c  contac t  a t  one i n s t a n t  of 
t ime.  Note t h a t  t h e  maxima of b o t h  t h e  v e r t i c a l  stress s,, and t h e  s h e a r  
s t r e s s  S o c c u r  a b o u t  1 / 4  wave leng th  above t h e  c o n t a c t .  T h i s  i s  t h e  
horizon w x r e  f a u l t i n g  i s  expected t o  occur. 

The above a n a l y s i s  focusses a t t e n t i o n  on t h e  p a r t i a l l y  trapped wave i n  
the  g lobal  sense, spanning many f a i l u r e  events. An equivalent ,  failure-by- 
f a i l u r e ,  desc r ip t ion  can a l s o  be given from the  viewpoint of renormalizat ion 
t h e o r y  ( A l l e g r e  -- e t  a l . ,  1982; S m a l l e y  -- e t  a l . ,  1985) i n  which t h e  e l a s t i c  
energy r a d i a t e d  f rom t h e  f a i l u r e  o f  one e l e m e n t  of  t h e  rock  mass g r e a t l y  
enhances  t h e  p r o b a b i l i t y  of subsequen t  f a i l u r e  a t  a  h o r i z o n  one-quar te r  
wavelength above t h e  l i t h o l o g i c  contac t  of the  s t rong and weak units .  The 
r e s u l t  i s  the  same: s l i d i n g  can t ake  place under extremely s m a l l  average 
s t r e s s e s  and i s  loca l i zed  i n  the  h ighes t  sound-velocity u n i t  near  a  l i t h o l o -  
g i c  contac t  wi th  a low sound-velocity unit.  

The major d i f f e rence  between l ands l ides  o r  rapid  decollement such a s  
Heart Mountain and deeper-seated decollement such a s  the  Keystone o r  Mormon 
Mountain systems i s  t h e  source of t h e  dr iv ing energy. I n  the  f i r s t  case  i t  
i s  g r a v i t a t i o n a l  p o t e n t i a l  energy, i n  the  l a t t e r  i t  is t e c t o n i c a l l y  renewed 
e l a s t i c  energy. The l u b r i c a t i o n  mechanism may b e  t h e  same i n  b o t h  c a s e s ,  
one t h a t  dynamically r e l i e v e s  the  overburden s t r e s s e s  by shor t -wave leng th  
e l a s t i c  waves radia ted  during s l i d i n g  o r  episodic  earthquakes on t h e  f a u l t  
plane. 

T h i s  mechanism e x p l a i n s  why mot ion  (whether compressional o r  exten- 
s iona l )  occurs p r e f e r e n t i a l l y  along sub-horizontal f a u l t  planes t h a t  follow 
l i t h o l o g i c  c o n t a c t s  r a t h e r  t h a n  t h e  steeply-dipping planes of t h e  c l a s s i c  
Anderson f a u l t  model. It a l s o  expla ins  the  otherwise emigmatic o f f s e t  og 
t h e  f a u l t  p l a n e  i n t o  t h e  s t r o n g e r  (more e x a c t l y ,  h i g h e r  v e l o c i t y )  o f  two 
adjacent  geologic units.  
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h r t h e r  e l a b o ~ a t i o n  o f  t h i s  model  should  proceed both t h e o r e t i c a l l y ,  
k&kf@g i n t o  account as & a h  r s t a i i s t i c  d e r a i l  as poss ib le  f o r  well-studied 
&c&ll.enh&ht ~ y s t e m s ,  and observat ional ly ,  Using ei th 'er  n a t u r a l  o r  a r t f P i c i a 1  
khgh-hequehcy sound sources t o  i n v e s t i g a t e  t h e  acoustic t rapping proper t ies  
09 ha ru ra l  rork  systems. 
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