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The most abundant  non-hydrous v o l a t i l e - c o n t a i n i n g  mine ra l s  i n  t h e  
t e r r e s t r i a l  p l a n e t s  a r e  t he  c a r b o n a t e s .  Carbonates  make up a  s i g n i f i c a n t  
f r a c t i o n  of t h e  s u r f a c e  m a t e r i a l s  of Ea r th  and probably  Mars and Venus, s o  
impacts  i n t o  t h e s e  m a t e r i a l s  a r e  l i k e l y  t o  have an e f f e c t  on t h e  e a r l y  
composi t ion  and e v o l u t i o n  of t h e  atmospheres of t h e s e  p l a n e t s .  The magnitude 
and n a t u r e  of t h i s  e f f e c t  depend on t h e  q u a n t i t y  and composit ion of vapor  
r e l e a s e d  by t h e  ca rbona te  rocks  when they  a r e  shocked. The r e l e a s e  of 
v o l a t i l e s  durirLg impact  i s  a l s o  an  important c o n t r o l l i n g  f a c t o r  i n  t h e  
mechanics of t h e  c r a t e r i n g  p rocess  i n  ca rbona te  t e r r a i n s ,  and may m a n i f e s t  
i t s e l f  i n  t h e  c r a t e r  morphology (1) .  

Two expe r imen ta l  approaches were taken  t o  i n v e s t i g a t e  t h i s  problem. 
F i r s t ,  Hugoniot and r e l e a s e  d a t a  were ob ta ined  f o r  a  s i n g l e  c r y s t a l  of c a l c i t e  
shocked t o  35 GPa. The r e l e a s e  p a t h  was de termined a t  two p o i n t s  (F ig .  1)  
u s ing  t h e  r e a r  s u r f a c e  b u f f e r  impedence-match method ( 2 ) .  These two p o i n t s  
d e f i n e  a  sha l low r e l e a s e  p a t h  t o  low d e n s i t i e s  (h igh  s p e c i f i c  volumes) 
s u g g e s t i n g  p o s s i b l e  v a p o r i z a t i o n  upon r e l e a s e  from t h e  peak p r e s s u r e .  

The second approach was t o  measure t h e  r e l e a s e d  vapor d i r e c t l y .  Two 
s o l i d / v a p o r  recovery  exper iments  were c a r r i e d  o u t  u s ing  t a r g e t s  d e s c r i b e d  by 
( 3 ) ,  on samples of c a l c i t e  cu t  from t h e  same c r y s t a l  used i n  t h e  r e l e a s e  
a d i a b a t  exper iment .  I n  t h e  f i r s t  recovery  exper iment ,  a  0.297 g  sample was 
shocked t o  17.4 GPa. About 0.8 umol of C02 were r ecove red ,  which co r re sponds  
t o  0.012 w t  p e r c e n t  of t h e  i n i t i a l  sample,  o r  0.027 w t  p e r c e n t  of t h e  
a v a i l a b l e  C02. An approximate ly  e q u a l  amount of a d d i t i o n a l  gas ,  which would 
not  condense i n  a  l i q u i d  n i t r o g e n  co ld  t r a p ,  was a l s o  recovered .  I n  t h e  
second exper iment ,  a 0.371 g sample of c a l c i t e  was shocked t o  18.8 GPa. T h i s  
t i m e ,  2.2 pmol of C02 were r ecove red ,  accoun t ing  f o r  0.026 w t  p e r c e n t  of t h e  
sample, o r  0.059 wt p e r c e n t  of t h e  a v a i l a b l e  CO 

2: 
Also ,  25.1 pmol of t h e  

"uncondensable" f r a c t i o n  were recovered .  Of t h i s ,  14.1 umol were found t o  be  
H 2 ,  which presumably came from i n t e r s t i t i a l  hydrogen l o s t  from t h e  s t a i n l e s s  
s t e e l  c o n t a i n e r .  The remaining f r a c t i o n  c o n s i s t e d  of 8.4 pmol of CO, l e a v i n g  
2.6 pmol of some o t h e r  uncondensable gas  o r  gas ses .  The most l i k e l y  c a n d i d a t e  
f o r  t h i s  o t h e r  gas  i s  02, but  4.2 11mol of O 2  a r e  r e q u i r e d  t o  ba l ance  t h e  8.4 
umol of CO,  i f  t h e  only  vapor p roduc t s  of t h e  CaC03 a r e  C02, CO,  and 0 2 ;  With 
H2 con tamina t ing  t h e  system, i t  i s  l i k e l y  t h a t  some H20 and/or  Ca(OH)2 may 
h a v e  formed, accoun t ing  f o r  t h e  mis s ing  02.  The uncondensable p o r t i o n  of gas  
from t h e  f i r s t  recovery  experiment  is  thought  t o  have been of s i m i l a r  
composi t ion ,  bu t  i t  was no t  ana lysed .  I n  o r d e r  t o  demonst ra te  t h a t  t h e  C02, 
C O ,  and O 2  a r e  d e f i n i t e l y  from t h e  c a l c i t e  and n o t  t h e  s t a i n l e s s  s t e e l ,  it 
w i l l  be necessa ry  t o  perform a  c o n t r o l  exper iment ,  i n  which an empty t a r g e t  
c y l i n d e r  is s h o t  and an  a n a l y s i s  i s  performed on t h e  r e l e a s e d  gas .  

I n  t h e  r e l e a s e  a d i a b a t  exper iment ,  t h e  c a l c i t e  was shocked t o  a  p r e s s u r e  
a t  which, acco rd ing  t o  t h e o r e t i c a l  c a l c u l a t i o n s  ( 4 , 5 ) ,  i n c i p i e n t  v a p o r i z a t i o n  
may t a k e  p l ace .  The observed sha l low r e l e a s e  a d i a b a t  is t h e r e f o r e  c o n s i s t e n t  
w i t h  t h e s e  c a l c u l a t i o n s .  I n  t h e  two recovery  s h o t s ,  however, peak p r e s s u r e s  
were w e l l  below t h e  minimum e s t i m a t e  f o r  i n c i p i e n t  v a p o r i z a t i o n .  The amounts 
of gas r e l e a s e d  i n  t h e s e  exper iments  a r e  ex t remely  minute f r a c t i o n s  of t h e  
a v a i l a b l e  v o l a t i l e s  i n  t h e  samples,  and t h e  l i b e r a t i o n  of vapor a t  t h e s e  
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p r e s s u r e s  can probably  be a t t r i b u t e d  t o  t h e  inhomogeneous d e p o s i t i o n  of shock 
energy ( 6 ) .  This  i s  t h e  same p r o c e s s  t h a t  may c o n t r o l  t h e  i n c i p i e n t  r e l e a s e  
of vapor  from a r a g o n i t e  (4)  and s e r p e n t i n e  (3)  shocked t o  p r e s s u r e s  below 
t h o s e  p r e d i c t e d  by t h e o r e t i c a l  c o n s i d e r a t i o n s .  

Carbonates  i n  n a t u r e  a r e  g e n e r a l l y  porous and t h e r e f o r e  l e s s  dense  than  
t h e  s i n g l e  c r y s t a l s  shocked i n  t h e s e  exper iments .  A t  a g iven  shock p r e s s u r e ,  
t h e r e f o r e ,  h i g h e r  t empera tu re s  and s p e c i f i c  e n t r o p i e s  w i l l  be o b t a i n e d  d u r i n g  
n a t u r a l  impact e v e n t s .  Thus we expec t  t h a t  t h e  pe rcen tages  of vapor  r e l e a s e  
observed  i n  t h e  two recovery  exper iments  is  a lower bound; however, even 
t h e s e  s m a l l  q u a n t i t i e s  may have a s i g n i f i c a n t  e f f e c t  on c r a t e r i n g  p r o c e s s e s  
and atmosphere format ion .  
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F i g .  1 Hugoniot and two p a r t i a l  r e l e a s e  s t a t e s  f o r  c a l c i t e  shocked t o  
35 GPa. Re lease  s t a t e s  o b t a i n e d  u s i n g  magnesium and p o l y c a r b o n a t e  ( l exan )  
m a t e r i a l s .  
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