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1. Introduction 
Shock ( o r  impac t )  metamorphism [ 1 , 2 . 3 ]  of n a t u r a l  m a t e r i a l s  i s  

mainly d i s c u s s e d  by p h y s i c a l ,  m i n e r a l o g i c a l  and morpho log ica l  changes  
of r o c k s  and m i n e r a l s .  However, t h e r e  a r e  few d e t a i l e d  d a t a  of m i n e r a l  
c o n t e n t s  and d e n s i t y  v a r i a t i o n  of shock metamorphism. 

The purposes  of t h e  p r e s e n t  s t u d y  a r e  (1) e s t a b l i s h m e n t  of new 
i n d i c a t o r s  of shock metamorphism [4 ]  i n  a r t i f i c i a l  impact c r a t e r  [ 5 ] ,  
and ( 2 )  a p p l i c a t i o n  of t h e  i n d i c a t o r s  t o  n a t u r a l  impact  c r a t e r s  and 
C r e t a c e o u s - T e r t i a r y  ( K / T )  bouridars samples .  
2 .  Artificial imuact crater 

Exper iments  t h a t  g e n e r a t e d  a r t i f i c i a l  impact c r a t e r s  have been 
c a r r i e d  ou t  w i t h  r a i l - g u n  a t  t h e  N a t i o n a l  I n s t i t u t e  of Space and A s t r o -  
n a u t i c a l  S c i e n c e  ( ISAS) ,  Japan by u s i n g  t w o  k i n d s  of t a r g e t  r o c k s  ( i . e .  
Khoyama g a b b r o i c  a n o r t h o s i t e  and Tokuyama g r a n i t e )  and p r o j e c t i l e s  ( i . e .  
s t e e l  and p l a s t i c  p r o j e c t i l e s )  performed a t  h i g h e r  v e l o c i t y  from 2 .8  t o  
7 . 9  km/sec. The f o l l o w i n g  r e s u l t s  a r e  o b t a i n e d  i n  t h i s  s t u d y  [ 5 ] :  
( 1 )  Content  of q u a r t z  i s  i n c r e a s e d  a t  t h e  rim of t h e  c r a t e r .  F i g u r e  1  
shows t h a t  r a t i o  of ' q u a r t z '  t o  f e l d s p a r  i s  2 . 2  compared t h e  rim t o  t h e  
c e n t e r .  Even i n  g a b b r o i c  a n o r t h o s i t e  w i t h  l i t t l e  q u a r t z  s m a l l  amount of 
q u a r t z  i s  formed a f t e r  impact .  T h i s  i s  mainly because  K ,  Na and Ca i o n s  
of f e l d s p a r  m i n e r a l s  i n  t h e  o r i g i n a l  r o c k s  a r e  evapora ted  t o  form s i l i c a  
phase ( i . e .  q u a r t z  o r  c r i s t o b a l i t e ) .  The r e a s o n  w h y  t h e  q u a r t z  cou ld  
no t  observed c l e a r l y  a t  t h e  c e n t e r  of t h e  c r a t e r  i s  due t o  f low o u t  and 
remove t h e  m a t e r i a l s  by vapor plume. T h u s  t h e  c o n t e n t  of q u a r t z  between 
o r i g i n a l  rock  and t h e  basement rock  of t h e  c e n t e r  a r e  a lmos t  t h e  same. 
a s  shown i n  F i g . 1 .  Formation of c r i s t o b a l i t e  which i s  t h e  r e l i c t  of 
quenching a t  t h e  impact  e v e n t s ,  i s  a l s o  observed a t  t h e  rim of c r a t e r .  
T y p i c a l  d a t a  of c r i s t o b a l i t e  c o n t e n t  a r e  o b t a i n e d  i n  t h e  g r a n i t e  t a r g e t  
u p  t o  3  v o l .  %. T h e r e f o r e ,  m i n e r a l  c o n t e n t  of q u a r t z  i s  c o n s i d e r e d  t o  
be good i n d i c a t o r  of shock metamorphism. 
( 2 )  Dens i ty  v a r i a t i o n  ( A  p )  i s  a l s o  c o n s i d e r e d  t o  be good i n d i c a t o r  of 
shock metamorphism, though t h e  v a l u e  changes  wi th  t h e  rock t a r g e t ;  t h a t  
i s ,  s m a l l e r  g r a i n s  of q u a r t z  i n t h e  g a b b r o i c  a n o r t h o s i t e  shows l a r g e r  
v a l u e  of A p  ; l a r g e r  q u a r t z  g r a i n  of t h e  g r a n i t e ,  t h e  s m a l l e r  v a u l e .  
3. Auulication to the na'tural imuact craters. 

Three i n d i c a t o r s  of shock metamorph i sm( i . e .  q u a r t z  and c r i s t o b a l i t e  
c o n t e n t s  and d e n s i t y  v a r i a t i o n )  a r e  checked a t  impact  samples  of v a r i o u s  
impact  c r a t e r s  [ 6 , 7 ]  ( c f .  Tab le  1 ) .  
1) Anomalous c o n t e n t s  of c r i s t o b a l i t e  u p  t o  2 0  volume p e r c e n t s  a r e  found 
i n  l a r g e r  impact  c r a t e r s  of Manicouagan and C h a r l e v o i x ,  though anomalous 
v a l u e s  of s t i s h o v i t e  and c o e s i t e  a r e  found o n l y  i n  B a r r i n g e r  c r a t e r .  
2 ) D e n s i t y  v a r i a t i o n s  of q u a r t z  a r e  o b t a i n e d  i n  t h e s e  impact  c r a t e r s  u p  

t o  t 0 . 7  % ,  compared w i t h  s t a n d a r d  rock c r y s t a l .  
3 )  P o s s i b l e  impact  c r a t e r s  i n  Japan ( e . g .  Kuga. Ohtaki  and Hoshinoko) 
a r e  checked by t h e s e  i n d i c a t o r s  of shock metamorphism. 
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Sample site 
F i g .  1. R e l a t i o n  b e t w e e n  s a m p l e  s i t e  ( 0 r i g i n a l : O .  C e n t e r .  R im)  a n d  

q u a r t z  c o n t e n t  ( t o  f e l d s p a r )  i n  a r t i f i c i a l  i m p a c t  c r a t e r .  
A C G :  T o k u y a m a  g r a n i t e .  A C A G :  Kohyama g a b b r o i c  a n o r t h o s i t e .  

T a b l e  1. Maximum m i n e r a l  c o n t e n t s  o f  q u a r t z .  c r i s t o b a l i t e ,  s t i s h o v i t e  
a n d  c o e s i t e ,  a n d  d e n s i t y  v a r i a t i o n  o f  q u a r t z .  

S a m p l e  C r i s t o b a l i t e  Q u a r t z /  S t i s h o v i t e  C o e s i t e  A P 

( v o l .  9 6 )  F e l d s p a r  ( v o l .  % )  ( v o l .  %) o f  q u a r t z ( % )  

A r t i f i c i a l  A C G  3  
A C A G  0  

B a r r i n g e r  ( B - 3 )  5 
C h a r l e v o i x  ( 7 . 1 1 )  20  
M a n i c o u a g a n  2  0  
C l e a r w a t e r  L a k e s  2  
L a k e  M i s t a s t i n  0  
D a l g a r a n g a  ( 4 )  0  
G o s s e s  B l u f f  ( 3 )  0  

2 .  2  (rim) 
2 .  2  (rim) 

- 

t o .  3 0  ( r .  c )  
t o .  0 4  ( r i m )  
t o .  6 4  (rim) 
t o .  3 0  [ r i m )  
t o .  08 (rim) 
t0. 42  ( H o l e )  
t o .  4 2  ( m e l t )  
t o .  3 5  (rim) 
t o .  3 8  ( s h a t l  

T h e  a u t h o r  t h a n k s  Dr. R .  G r i e v e  f o r  s a m p l e  p r e p a r a t i o n  o f  C a n a d i a n  
i m p a c t  c r a t e r s .  I am g r a t e f u l  t o  P r o f s .  K .  T a k a y a m a  a n d  A .  S a w a a k a  f o r  
v a l u a b l e  d i s c u s s i o n s .  T h e  p r e s e n t  r e s e a r c h  i s  s u p p o r t e d  b y  t h e  G r a n t -  
i n - A i d  f o r  S c i e n t i f i c  R e s e a r c h  o n  P r i o r i t y  A r e a s  ( S h o c k  Wave R e s e a r c h )  
o f  t h e  J a p a n e s e  M i n i s t r y  o f  E d u c a t i o n ,  S c i e n c e  a n d  C u l t u r e .  
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