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ASTEROID AND COMET IMPACTS ON CONTINENTAL AND OCEANIC SITES: COMPUTER - 
SIMULATIONS OF CRATERING AND INF'ERRED Fe / I r  RATIOS I N  EJECTA VAPOR COMPARED 
WITH Fe/ I r  RATIOS HEASURED AT THE KIT BOUNDARY FROM THE SHATSKY RISE (PACIFIC 
OCEAN); D . J .  Roddy, U.S. Geological Survey, F lags ta f f ,  Ariz., R.A. Schmitt, 
The Radiation Center and Departments of Chemistry and Geosciences, and College 
of Oceanography, Oregon S t a t e  University, Corval l i s ,  Oregon, and S.H. 
Schuster,  Cal i fornia  Research and Technology, Chatsworth, Cal i f .  

Detailed s tud ies  of t h e  KIT  boundary show complexity on a global  sca le  
i n  both geochemical and shock metamorphic anomalies, presumably due t o  
mult iple impacts events a s  w e l l  a s  t o  o the r  na tu ra l  processes (1 ,2 ,3 ) .  
Understanding t h e  contr ibutions from impact events versus those from other  
sources is  c r i t i c a l  i n  defining t h e  consequences of major energet ic  events ,  
such as  large-body impacts and/or regional  volcanism, and t h e i r  global  
biologic e f f e c t s .  For example, subs tan t i a l  l e v e l s  of Ir, noble metals,  and 
t h e  presence of shocked s i l i c a t e s  iden t i f i ed  i n  t h e  K/T  boundary a r e  
a t t r i b u t e d  t o  a l a rge  impact e v e n t ( s )  t h a t  vaporized both impactor and p a r t  
of t h e  t a r g e t  rocks and e jec ted  vapor, m e l t ,  and f i n e  p a r t i c l e s  i n t o  t h e  a i r .  
Pa r t  of t h i s  mater ia l ,  especia l ly  t h e  vapor, was then d i s t r i b u t e d  g lobal ly  i n  
t h e  atmosphere and deposited i n  a world-wide f a l l o u t  layer ,  i .e . ,  t h e  K / T  
boundary s t r a t a  (4 ,5) .  Unfortunately, d i r e c t  comparisons between absolute 
values of f a l l o u t ,  such a s  condensed Fe  and Ir, versus those  values predicted 
from c ra te r ing  models a r e  complicated due t o  l imited understanding of e j e c t i o n  
mechanics, i n i t i a l  d i s t r i b u t i o n s  with range and time, and d i f f e r e n t  l o c a l  
geologic processes. A b e t t e r  method is  t o  compare r a t i o s  of c r i t i c a l  
mater ia ls  measured i n  t h e  f i e l d  a t  t h e  K / T  boundary with t h e  same c r i t i c a l  
mater ia ls  involved i n  t h e  vapor e j ec t ion  phase, q u a n t i t i e s  t h a t  can be 
ca lcula ted  using both de ta i l ed  geologic modeling and advanced c r a t e r i n g  , 
computer codes. 

W e  have made a set of preliminary comparisons of Fe / I r  r a t i o s  using t h e  
r e s u l t s  from computer simulations of l a rge  as t e ro id  impacts i n t o  oceanic and 
cont inenta l  s i t e s .  Our calcula t ions  permit d i r e c t  comparisons of Fe/ I r  r a t i o s  
of e jec ted  vapor with Fe/ I r  r a t i o s  r ecen t ly  measured i n  K/T boundary s t r a t a  
on the  Shatsky R i s e  ( cen t ra l  P a c i f i c  Ocean a t  K/T t ime) ,  a sect ion composed 
of nearly pure carbonate rocks ( 6 ) .  Our computer simulations describe t h e  
passage of a 10-km-diameter a s t e r o i d  through t h e  Ear th ' s  atmosphere a t  20 
kn/sec and t h e  subsequent c ra te r ing  and e j e c t a  dynamics i n  both oceanic and 
cont inenta l  sites a s  shown i n  Figure 1 ( 7 ) .  Transient c r a t e r  diameters a r e  
about 100km. Total  e j e c t a  masses a r e  l i s t e d  i n  Table 1. The amount of t a r g e t  
rock vaporized i n  t h e  continental  impact was ca lcula ted  t o  be about 0.5% and 
a l l  of t h e  a s t e ro id  was vaporized; e s s e n t i a l l y  a l l  of t h e  vapor was e j ec ted  
by 120 seconds a t  high v e l o c i t i e s  t o  above t h e  troposphere. W e  est imate about 
0.1% of t a r g e t  rock was vaporized i n  t h e  oceanic impact. In our ca lcula t ions ,  
w e  assumed t h e  average Fe was 19% i n  a C 1  chondritic-type as tero id ,  4% (North 
American Shale Composite) i n  t h e  cont inenta l  impact site, and 9% i n  t h e  
oceanic impact site. W e  assumed t h e  average Ir was 0 . 4 8 ~ ~  i n  a C 1  chondrite- 
type a s t e r o i d  and t h a t  t h e  t a r g e t  rock had 0.0002ppm. Consequently, t h e  Fe / I r  
r a t i o  of vapor ( t a r g e t  rock & a s t e r o i d )  a t  t h e  cont inenta l  impact s i te  is,  

Fe/ Ir- (0. 9 ~ l o ~ ~ g m )  ( 4 % )  + (I. 3~lO'~gm) (19%) -450,000 
(0 .9xlo~~gm) (0.0002ppm) + ( 1 . 3 ~ 1 0 ~ ~ )  (0.48ppm) 

The Fe/ I r  r a t i o  of vapor ( t a r g e t  rock & as te ro id )  i n  t h e  oceanic impact is, 
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