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~ l v a r e z '  &. and others2-6 have provided phys i ca l  evidence f o r  t he  impact of an e x t r a t e r r e s t r i a l  
o b j e c t  contemporaneous wi th  t h e  Cretaceous-Ter t iary  (K-T) boundary (63 Ma). A 1  t o  150 cm c l a y  l a y e r ,  
of g loba l  e x t e n t ,  i s  enr iched i n  noble meta ls  and o the r  elements r e l a t i v e  t o  c r u s t a l  abundance6 by a  
f a c t o r  of 5  t o  1000. Because t h e  c l a y  l a y e r  is a t  t e  K-T boundary, it has been argued t h a t  t he  
impact i s  the  cause of t he  K-T e x t i n c t i o n s  of biota.' The most compelling evidence f o r  t he  c o r r e l a t i o n  
of an  impact $ v e n t  wi th  t h e  K-T e x t i n c t i o n s  i s  conta ined i n  t he  marine sediment r eco rd  of t he  
phytoplankton The e x t i n c t i o n  of phytoplankton h  s a l s o  been c o r r e l a t e d  wi th  l a y e r s  of 
microtekt i tesT8,  and smal l  g l a s s  sphe ru l e s  ( t e k t i t e s ? ) .  4 

We have examined t h e  mechanics of l a rge - sca l e  (d iameters  10 km) a s t e r o i d a l ,  cometary and 
me teo r i t e  swarm impact t o  determine whether or n o t  t h e  phys i ca l  evidence i s  compatable wi th  an  impact 
event.  

Our c a l c u l a t i o n s  show t h a t  dur ing t h e  i n i t i a l  penet ra  on of t he  atmosphere, r e l a t i v e l y  l i t t l e  mass 
o r  energy i s  t r a n s f e r r e d  from l a r g e  bo l ides  (- 10 km)." The dominant mass and energy t r a n s f e r  
processes  occur upon impact with t h e  Earth.  The impact-induced flow f i e l d  e j e c t s  10 t o  200 t imes t h e  
bo l ide  mass i n t o  t h e  atmosphere depending i n  d e t a i l  upon t h e  impact v e l o c i t y  and the  bo l ide  type.  The 
e j e c t a  t h a t  i s  propel led  e a r l y  i n  t he  c r a t e r i n g  flow i s  enr iched i n  bo l ide  t e r i a l  and has  
concen t r a t ions  i n  t h e  range of those  measured i n  t h e  K-T boundary l aye r  material.'. We i n f e r  t h a t  
the  e x t r a t e r r e s t r i a l  component i s  h igh ly  shocked and c o n s i s t s  of vapor,  melt  and f i n e  s o l i d  p a r t i c l e s .  
The melted and vaporized e j e c t a  which can be l o f t e d  t o  s t r a t o s p h e r i c  he igh t s  (Fig.  1)  c o n t a i n s  a  
s i g n i f i c a n t  f r a c t i o n  of f i n e  p a r t i c l e s  t h a t  couple mechanical and thermal Tnergy t o  t he  atmosphere. 
The e j e c t a  p a r t i c l e  s i z e  d i s t r i b u t i o n s  were es t imated from nuclear  explos ions  and impact e j e c t a i 2  
s t u d i e s  (Fig.  2) and from d r o p l e t  a t a b i l i t y  cons ide ra t ions  (Fig.  3). The p e n e t r a t i o n  of t h e  
atmosphere c r e a t e s  a  hole  i n  t he  atmosphere t h a t  is subsequently f i l l e d  by a  flow f i e l d  t h a t  i s  inward 
and upward (Fig.  4). The upward component l o f t s  t h e  vapor,  and f i n e  melted and s o l i d  e j e c t a  t o  
he igh t s  g r e a t e r  than 10 km. This r a p i d  upward and outward flow of t he  atmosphere a long the  path  of 
t h e  i n i t i a l  p r o j e c t i l e  i s  t h e  primary mechanism f o r  ca r ry ing  impact melt  ( t e k t i t e s )  out  of t h e  upper 
atmosphere a s  dep ic t ed  i n  Fig. 4. Because t e k t i t e s  a r e  e j e c t e d  a long t h e  d i r e c t i o n  of o r i g i n  of t h e  
bo l ide ,  t h e  east-west o r i e n t a t i o n  of t h e  s t rewn f i e l d s  is i n t e r p r e t e d  a s  r e f l e c t i n g  t h e  p r e f e r r e d  
inc idence  of bo l ides  from t h e  plane of t h e  e c l i p t i c .  

We e s t ima te  t h a t  1  t o  20 t imes  the  mass of t h e  bo l ide  is i n  f i n e  p a r t i c l e s  l e s s  than 1  vm t h a t  can 
be l o f t e d  t o  h e i g h t s  g r e a t e r  than 10 km and thus  be d s t r i b u t e d  world wide. Ca lcu la t ions  o f  s o l a r  

5 
6 t ransmiss ion r educ t ion  due t o  dus t  i j e c t i o n  show t h a t  10 g ,  uni formal ly  d i s t r i b u t e d ,  would reduce 

photosynthes is  by a  f a c t o r  of 10 . Although t h e  atmosphere r e c e i v e s  l i t t l e  energy upon d i r e c t  
i n t e r a c t i o n  with t h e  b o l i d e ,  once impact upon t h e  s u r f a c e  occurs ,  t h e  subsequent e j e c t a  t r a n s f e r s  both  
i t s  k i n e t i c ,  and f o r  m a l l  p a r t i c l e s ,  i t s  i n t e r n a l  energy t o  t h e  atmosphere. The energy t r a n s f e r  t o  
t h e  atmosphere was computed from t r a n s f e r  of k i n e t i c  energy by atmospheric drag  and i n t e r n a l  energy 
v i a  thermal t r a n s f e r ,  t ak ing  i n t o  account t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n s  f o r  t h e  vapor ized,  3 l t e d  
and s o l i d  e j ec t a .  The f r a c t i o n  of bo l ide  energy t r a n s f e r r e d  t o  t h e  atmosphere is - 15%. For 10 e r g  
impact t h i s  would r e s u l t  i n  a  g l o b a l  average  tempera ture  of - 1 0 ' ~ .  Although t h i s  
temperature excess  i s  r a d i a t i v e l y  l o s t  i n  s e v e r a l  days,  Emil iani  ZZ'' sugges t  t h a t  i t  might be 
i n t o l e r a b l e  f o r  many b i o t a  [ e s p e c i a l l y  l a r g e r  r e p t i l e s  (> 25 kg)] .  95 t r oposphe r i c  tempera ture  may 
then  sha rp ly  dec l ine  due t o  t h e  d u s t  i n j e c t i o n  i n  t h e  upper atmosphere. 
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Fig. 1 LoglO (energy i n  melt and 
vapor e jec ta ,  and t o t a l  e j e c t a l i n i t i a l  
meteorite energy), versus,  loglO 
(minimum ejec ta  he ight ) .  
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Fig. 3 Maximum droplet s i z e ,  
versus , f  low velocity dif-  
ference for dynamic s tab i l i ty  
for liquid s i l icate(300 d/cm) 
drops. 
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Fig. 2 Ejecta cumulative mass fract ion,  versus, 
ejecta diameter and maximum s i z e  fragment 
ve loc i ty .  
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Fig. 4 Flow f i e l d  for im- 
pact of 10 km diameter 
silicate(An) projectile 
onto a 10 km thick 0.001 
g/cm3 atmosphere over- 
lying a s i l i c a t e  (An) 
half-space. 
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