
ON THE CONSTANCY OF THE LUNAR CRATERING FLUX OVER THE PAST 3 . 3  
BILLION YEARS, R. Arvidson,  E .  Guinness,  C .  Hohenberg, McDonnell Center  
f o r  t h e  Space S c i e n c e s ,  Washington U n i v e r s i t y ,  S t .  Lou i s ,  Mo. 63130. 

We have examined c r a t e r  p o p u l a t i o n s  superimposed on t h r e e  r easonab ly  
wel l -da ted  l u n a r  s u r f a c e s  f o r  t h e  purpose  of  c a l i b r a t i n g  t h e  post-heavy 
bombardment c r a t e r i n g  f l u x .  The s u r f a c e s  ana lysed  were: ( a )  t h e  smooth 
p l a y a s  l o c a t e d  on t h e  con t inuous  e j e c t a  d e p o s i t  of  t h e  c r a t e r  Tycho, (b)  t h e  
smooth p l a i n s  on  t h e  n o r t h e r n  h a l f  of  t h e  f l o o r  of Copernicus ,  and ( c )  t h e  
r e g i o n  su r round ing  t h e  Apol lo  1 2  l a n d i n g  s i te .  Both t h e  p l a y a s  on Tycho's  
e j e c t a  d e p o s i t ,  and t h e  p l a i n s  w i t h i n  Copernicus ,  appea r  t o  cover  and 
embay roughe r ,  more h i g h l y  c r a t e r e d  topography a s s o c i a t e d  w i t h  t h e  two 
r e s p e c t i v e  c r a t e r s .  A s  such ,  t h e  p l a y a s  and p l a i n s  e i t h e r  pos t -da t e  t h e  
c r a t e r i n g  e v e n t s  o r  t h e y  r e p r e s e n t  one o f  t h e  l a s t  s u r f a c e s  t o  form d u r i n g  
t h e  e v e n t s .  I n  e i t h e r  c a s e ,  t h e s e  two s u r f a c e s  a r e  t h e  b e s t  f o r  sampling 
t h e  c r a t e r  p o p u l a t i o n s  t h a t  pos t -da t e  Tycho and Copernicus .  Tycho seems 
t o  be  abou t  100 m.y. o l d  based on c l u s t e r i n g  of cosmic r a y  exposure  a g e s  40 a t  Apollo 17  ( 1 ) .  3 9 ~ 1 - /  A r  c o r r e l a t e d  gas  a n a l y s e s  of  Apol lo  1 2  KREEP 
g l a s s  may d a t e  Copernicus  a t  800 +40 m.y. (2 ) .  Also ,  U-Th-Pb s y s t e m a t i c s  
of t h e  KREEP g l a s s  imply a n  age  oT 850 +lo0  m.y. ( 3 )  and K-Ar d a t a  imply 
a n  a g e  of N 800 m. y. (4) .  F i n a l l y ,    pol lo 1 2  r e g i o n  c o n t a i n s  b a s a l t s  
t h a t  have t h e  younges t  c r y s t a l l i z a t i o n  a g e s  of  mare m a t e r i a l  r e t u r n e d  from 
t h e  moon. A s  such ,  t h i s  a r e a  i s  t h e  b e s t  of t h e  a v a i l a b l e  mare r e g i o n s  f o r  
a c q u i r i n g  d a t a  f o r  examinat ion  of  t h e  n a t u r e  of  post-heavy bombardment 
c r a t e r i n g  popu la t ion .  The ave rage  c r y s t a l l i z a t i o n  a g e  of  n i n e  Apollo 1 2  
samples i s  3.26 x 109 y e a r s  (5) .  

R e s u l t s  of  weighted ,  l e a s t  s q u a r e s  f i t s  t o  c r a t e r  p o p u l a t i o n s  on t h e  
t h r e e  s u r f a c e s  a r e  as f o l l o w s  ( F i g u r e  1 ) :  

where N i s  t h e  f r equency  of  c r a t e r s l k m z  of  s i z e  d ,  where d i s  i n  k i l o m e t e r s .  
E r r o r s  r e p r e s e n t  p l u s  and minus one s t a n d a r d  d e v i a t i o n  abou t  t h e  e s t i m a t e d  
i n t e r c e p t  and s l o p e ,  where t h e  d e v i a t i o n  i s  due  t o  d e v i a t i o n  of  t h e  
r e g r e s s i o n  l i n e  from t h e  d a t a  p o i n t s .  

Based on s t a t i s t i c a l  a n a l y s e s  of  f i t s  t o  t h e  d a t a ,  t h e  fo l lowing  
c o n c l u s i o n s  can  b e  drawn: 

( a )  There a r e  no s i g n i f i c a n t  changes i n  s l o p e  f o r  t h e  t h r e e  s u r f a c e s .  
S i m i l a r i t i e s  i n  s l o p e  imply t h a t  t h e  c r a t e r  p o p u l a t i o n s  a r e  dominated 
by pr imary  c r a t e r s  s i n c e  it i s  u n l i k e l y  t h a t  t h r e e  s u r f a c e s  of  v a s t l y  
d i f f e r i n g  a g e  cou ld  b e  m i x t u r e s  of  p r i m a r i e s  and s e c o n d a r i e s  and s t i l l  
have  s i m i l a r  s l o p e s .  A s i m i l a r  c o n c l u s i o n  h a s  been  reached by Neukum 
e t  a1 ( 6 ) .  
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(b )  The frequency/km2 of  c r a t e r s  f o r  t h e  mean c r a t e r  d i ame te r  sampled f o r  
t h e  t h r e e  s u r f a c e s  is  p l o t t e d  v e r s u s  t h e  a g e  of t h e  s u r f a c e  i n  F i g u r e  2. 
An er ror -weighted  l e a s t  s q u a r e s  f i t  th rough t h e  t h r e e  p o i n t s  goes n e a r l y  
through t h e  o r i g i n .  S t a t i s t i c a l  a n a l y s i s  of t h e  f i t  i m p l i e s  t h a t  t h e r e  
i s  no b a s i s  f o r  assuming t h a t  t h e  c r a t e r i n g  r a t e  h a s  changed over  t h e  p a s t  
3 . 3  x l o 9  y e a r s .  With a  p r o d u c t i o n  f u n c t i o n  and c r a t e r i n g  r a t e  e s t a b l i s h e d  
i t  is  now p o s s i b l e  t o  d a t e  in termedia te-aged l u n a r  s u r f a c e s ,  b u t  o n l y  i f  
i t  can  be  r i g o r o u s l y  shown t h a t  t h e  s l o p e  d e s c r i b i n g  t h e  g iven  c r a t e r  
p o p u l a t i o n  is  i n d i s t i n g u i s h a b l e  from t h a t  ob ta ined  f o r  t h e  t h r e e  c a l i b r a t i o n  
f u n c t i o n s ,  Even when t h i s  c o n d i t i o n  i s  f u l f i l l e d ,  age  e s t i m a t e s  w i l l  b e  
hampered by r e l a t i v e l y  l a r g e ,  t ime  dependent  u n c e r t a i n t i e s  due t o  
u n c e r t a i n t i e s  i n  e s t i m a t i n g  t h e  c a l i b r a t i o n  p o p u l a t i o n s  and by t h e  f a c t  
t h a t  o n l y  t h r e e  s u r f a c e s  (3  a g e s )  can  b e  used t o  p r e d i c t  t h e  c r a t e r i n g  
r a t e .  
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F igure  1: Cra te r  s ize-f requencylarea  
d a t a  and log-log l i n e a r  l e a s t  squares  
f i t s  f o r  t h e  t h r e e  c a l i b r a t i o n  
sur faces .  The method advocated 
by Chapman and Haefner ( 7 )  was used 
t o  reduce t h e  d a t a ,  a long w i t h  a 
f u r t h e r  s t i p u l a t i o n  t h a t  c r a t e r  
diameter sampling i n t e r v a l s  be  
g r e a t e r  than o r  equal  t o  i n t e r v a l s  
t h a t  would provide on ly  a 5% chance 
of no t  p roper ly  sampling a random 
sample of a given populat ion.  Counts 
were made from Lunar O r b i t e r  imagery. 
Each type of symbol f o r  Copernicus 
and Apollo 12 i n d i c a t e s  a s i n g l e  
Orb i te r  frame. For Tycho, 24 p layas  
(and 7 frames) were included i n  t h e  
counts.  

Figure  2:  P l o t  of t h e  f requency/area  
f o r  t h e  geometric mean c r a t e r  s i z e  
sampled f o r  a l l  s u r f a c e s  ve rsus  t h e  
age of t h e  s u r f a c e .  Values and e r r o r  
b a r s  f o r  f requencylarea  were computed 
from equat ions  ( I ) ,  ( 2 ) ,  and ( 3 ) .  
Error  i n  age f o r  Copernicus i n d i c a t e s  
t h e  approximate discordancy i n  ages  
der ived f o r  t h e  KREEP g l a s s .  The 
s o l i d  l i n e  is  t h e  error-weighted 
l i n e a r  l e a s t  squares  f i t  through t h e  
d a t a  . 
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