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The discovery of shocked q u a r t z  g r a i n s  a t  t h e  KIT boundary i n  Montana (1- 
3) provided conc lus ive  minera log ica l  evidence t h a t  a  l a r g e  a s t e r o i d  s t r u c k  
Ear th  66 m.y. ago i n  accord w i t h  t h e  Alvarez impact hypothesis .  A worldwide 
sea rch  f o r  shocked q u a r t z  a t  K/T boundary s i t e s  (4) confirmed t h e  a s s o c i a t i o n  
of shocked q u a r t z  wi th  p o s i t i v e  i r i d i u m  anomalies a s  i n d i c a t o r s  of an  ex t ra -  
t e r r e s t r i a l  impact powerful enough t o  d i s p e r s e  impact e j e c t a  g l o b a l l y .  
Shocked minerals  have been i d e n t i f i e d  i n  North America ( 4  s i t e s ) ,  Europe, ( 5  
s i t e s ) ,  New Zealand, and t h e  North P a c i f i c .  Determination o f  t h e  s i z e  of 
shocked minerals  a t  t h e s e  s i t e s  might narrow t h e  s e a r c h  f o r  t h e  l o c a t i o n  of 
t h e  K/T boundary impact. Using a  pe t rograph ic  microscope, we searched f o r  and 
measured t h e  l a r g e s t  g r a i n s  of undoubted shocked q u a r t z  i n  c lay- f ree  s e p a r a t e s  
mounted i n  immersion o i l s .  The i d e n t i f i c a t i o n  c r i t e r i o n  f o r  shocked q u a r t z  
was t h e  presence of m u l t i p l e  i n t e r s e c t i n g  s e t s  of shock lamel lae .  I z e t t  and 
P i l lmore  ( 5 ,  6 )  r e c e n t l y  discovered shocked f e l d s p a r  g r a i n s  a t  t h e  K/T 
boundary i n  t h e  Raton Basin,  but  shocked f e l d s p a r s  a r e  d i f f i c u l t  t o  i d e n t i f y  
i n  g r a i n  mounts i n  immersion o i l  and t h e i r  s i z e  was n o t  measured i n  t h i s  
a n a l y s i s .  

Table  1 g i v e s  t h e  r e s u l t s  of our  p re l iminary  s i z e  measurements. Because 
of t h e  small number of shocked q u a r t z  g r a i n s  i n  t h e  samples used,  we a r e  n o t  
s u r e  t h a t  t h e  measured maximum diameters  r e p r e s e n t  t h e  t r u e  maximum diameter ,  
e s p e c i a l l y  a t  s i t e s  o u t s i d e  of North America where shocked q u a r t z  i s  r a r e .  I f  
t h e  s i z e  d i s t r i b u t i o n  of impact e j e c t a  r e f l e c t s  a  d i s p e r s a l  and s e t t l i n g  
func t ion ,  analogous i n  some r e s p e c t s  t o  t h a t  f o r  t h e  d i s p e r s a l  of a s h  
fol lowing l a r g e  p y r o c l a s t i c  e r u p t i o n s  a s  suggested by I z e t t  and P i l l m o r e  ( 6 )  
and French (7 ) ,  then t h e  r e s u l t s  suggest  an impact i n  North America ( f i g .  
1 ) .  Our d a t a  show t h a t  t h e  maximum s i z e  of shocked q u a r t z  decreases  away from 
s i t e s  i n  North America, i n d i c a t i n g  a s t r i k e  i n  t h e  h igher  l a t i t u d e s  of t h i s  
con t inen t .  On t h e  b a s i s  of minera log ic  evidence,  I z e t t  and P i l lmore  (6) 
suggested t h a t  t h e  a s t e r o i d  s t r u c k  an a r e a  of h igh ly  s i l i c i c  t a r g e t  rocks  and 
specu la ted ,  a s  d i d  French (7) e a r l i e r ,  t h a t  t h e  Manson, Iowa impact s t r u c t u r e  
might be t h e  l o c a t i o n  where t h e  Alvarez a s t e r o i d  s t ruck .  Considerable 
u n c e r t a i n t y  e x i s t s  r e l a t i v e  t o  t h e  s i z e ,  oomposition, v e l o c i t y ,  and t h e  a n g l e  
of inc idence  of t h e  Alvarez a s t e r o i d  and, accordingly ,  t h e  diameter  of t h e  
r e s u l t i n g  c r a t e r  i s  h igh ly  specu la t ive .  Desp i te  t h e s e  g r e a t  u n c e r t a i n t i e s ,  
some b e l i e v e  t h a t  t h e  Manson impact s t r u c t u r e  i s  too  small .  A poss ib ly  more 
s u i t a b l e  cand ida te  f o r  t h e  impact s i t e  on t h e  b a s i s  of s i z e ,  l o c a t i o n ,  and 
t a r g e t  rock type  i s  t h e  Nastapoka a r c  s t r u c t u r e  on t h e  e a s t  shore  of Hudson 
Bay, Canada. However, p resen t  g e o l o g i c a l  d a t a  do n o t  suppor t  t h e  i d e a  t h a t  
t h i s  s t r u c t u r e  i s  of impact o r i g i n .  
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Table 1.--Maximum s i z e  and r e l a t i v e  abundance of shocked q u a r t z  g r a i n s  from 
t h e  KIT boundary i n  North America, Europe, t h e  North P a c i f l c  Ocean, 
and New Zealand 

Locat i o n  Maximum g r a i n  s i z e  Rat io  of shocked t o  
( m i l l i m e t e r s )  unshocked q u a r t z  g r a i n s  

Raton Basin,  Colo., and N. Mex. 
Brownie But te ,  Mont. 
Red Deer Va l ley ,  Alber ta  
Morgan Creek, Saskatchewan 
North P a c i f i c  Ocean (GPC-3) 
Stevns K l i n t ,  Denmark 
Nye Klov, Denmark 
P e t r i c c i o ,  I t a l y  
Pontedazzo, I t a l y  
Caravaca, Spain 
Woodside Creek, New Zealand 

0.58 High 
.50 High 
.52 High 
.40 High 
.16 High 
.15 Low 
.18 Low 
.19 Low 
.12 Low 
.ll  Very Low 
. l l  Very Low 

M.P 5 
60 million ].can 
Pdcocene (CmozoicJ 

Fig. 1-Paleogeographic world map dur ing Danian t ime showing t h e  maximum g r a i n  
diameters  ( i n  m i l l i m e t e r s )  of shocked q u a r t z  a t  K/T boundary s i t e s  
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