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Stud ie s  of c r a t e r  c l a s s e s  have been few i n  number and d isappoin t ing  
i n  value.  Perhaps t h i s  stems from the  d i f f i c u l t i e s  i n  s t a t i s t i c a l l y  
t r e a t i n g  a  nons ta t ionary ,  m u l t i v a r i a t e  d a t a  s e t ,  o r  from t h e  p ropens i ty  
t o  t r e a t  a l l  c r a t e r  d a t a  phenomenologically r a t h e r  than s t a t i s t i c a l l y  . 
I n  e i t h e r  case,  r ecen t  s t a t i s t i c a l  innovat ions (Ai tch ison ,  1982) a f f o r d  
a  new oppor tuni ty  t o  recons ider  t h e  va lue  of c r a t e r  c l a s s e s .  

Two p r i n c i p a l  processes  have been invoked f o r  emplacement of t h e  
i n t e r c r a t e r  p l a i n s  : 1 )  bas in  e  j e c t a  and autochthonous su r f ace  m a t e r i a l s  
reworked by t h a t  e j e c t a  o r  2) vo lcan ic  flows, Previous s t u d i e s  d i r e c t e d  
a t  d i sc r imina t ing  among these  two p l a u s i b l e  o r i g i n s  have used two broad 
approaches: a n a l y s i s  of c r a t e r  popula t ion  s t a t i s t i c s ,  and assessment of 
d i agnos t i c  landforms. For s e v e r a l  reasons,  n e i t h e r  approach has 
s u b s t a n t i a t e d  t h e  o r i g i n  of t h e  p l a i n s  u n i t s  nor  persuaded many t o  a l t e r  
t h e i r  i n i t i a l  view po in t .  Therefore,  we undertook a  new approach: t h e  
m u l t i v a r i a t e  s t a t i s t i c a l  a n a l y s i s  of c r a t e r - c l a s s .  The r e s u l t s  of t h e  
a n a l y s i s  c o n s t r a i n  t h e  formative process  of t h e  i n t e r c r a t e r  p l a i n s  u n i t s  
t o  have a f f e c t e d  c r a t e r s  on b o t h ,  t e r r a i n s  i n  a  s i m i l a r  manner. Any 
emplacement process  b r i e f  i n  temporal e x t e n t  (compared t o  t h e  per iod  of 
l a t e  heavy bombardment), such a s  emplacement of e j e c t a  from a s i n g l e  
event o r  a  b r i e f  per iod  of ex t ens ive  volcanism, v i o l a t e s  t h i s  
c o n s t r a i n t .  

I n  o rde r  t o  apply s tandard  c r a t e r  s t a t i s t i c a l  methodologies t o  t h e  
comparison of t h e  two t e r r a i n s ,  c l a s s  by c l a s s  and c r a t e r  s i z e  by c r a t e r  
s i z e ,  one must achieve good counting s t a t i s t i c s .  That i s ,  t h e  number of 
c r a t e r s  i n  a  given c l a s s  i n  a  given diameter i n t e r v a l  should be a s  l a r g e  
a s  p o s s i b l e  so  t h a t  sampling e r r o r s  ( t h a t  a r e  equal  t o  t h e  square r o o t  
of t h e  number of c r a t e r s  counted) a r e  a s  small  a s  poss ib le .  I n  o rde r  t o  
achieve t h i s  one must inc lude  l a r g e  expanses of each t e r r a i n  type  i n  t h e  
study. But i f  t h e  d i f f e r e n t  a r eas  have no t  experienced t h e  emplacement 
process  i n  a  s u b s t a n t i a l l y  i d e n t i c a l  manner, then  combining a r e a s  may 
b l u r  t h e  s i g n a t u r e  of t he  process  beyond recogni t ion .  Therefore,  one 
would i d e a l l y  l i k e  t o  sample smal l  reg ions  t o  o b t a i n  a  homogeneous 
c r a t e r  populat ion,  bu t  l a r g e  reg ions  t o  o b t a i n  adequate sampling 
s t a t i s t i c s .  Faced wi th  t h i s  problem, the  most common approach has been 
t o  amalgamate the  d a t a  from d i f f e r e n t  reg ions  and simply hope t h a t  
he t e rogene i t i e s  would not  f r u s t r a t e  the  ana lys i s .  But amalgamation of 
samples c l e a r l y  has t r a p s  i n  terms of bo th  d i l u t i n g  t h e  homogeneity of 
t he  s igna tu re s  and reproducing l o c a t i o n s  of t e r r a i n  boundaries.  

The densely c r a t e r e d  t e r r a i n s  of Mercury occur  i n  widely separa ted ,  
poorly def ined  patches t h a t  a r e  not  cons t ra ined  t o  c o n s t i t u t e  a  



homogeneous d a t a  s e t .  However, each a r e a  has only  a  r e l a t i v e l y  smal l  
number of c r a t e r s .  This  d a t a  s e t  begs f o r  a  new m u l t i v a r i a t e  approach 
t o  t h e  s t a t i s t i c a l  t reatment  of c r a t e r s .  

We have c l a s s i f i e d  c r a t e r s  i n  eleven reg ions  of densely c r a t e r e d  
p l a i n s  and e leven  reg ions  of i n t e r c r a t e r  p l a i n s  i n t o  f o u r  c l a s s e s  based 
on t h e i r  degree of f i l l i n g  (from 1 = p r i s t i n e  t o  4 = t o t a l l y  f i l l e d )  . 
The percentage of c r a t e r s  i n  each c l a s s  i n  each reg ion  was then  
recorded,  t hus  e l imina t ing  the  problem of nonstat ionari ty--but  
in t roducing  t h e  problem of induced c o r r e l a t i o n s .  Induced c o r r e l a t i o n s  
a r i s e  i n  percentage d a t a  because a s  the  percentage of c r a t e r s  i n  one 
c l a s s  i nc reases ,  t h e  percentage i n  a t  l e a s t  one o t h e r  c l a s s  must 
decrease--without t he  necessary  i n t e r v e n t i o n  of any geologic  process.  
This  i s  commonly a l luded  t o  a s  King's law: "Some of it p lus  t h e  r e s t  of 
it equals  a l l  of it." 

By s tandard  s t a t i s t i c a l  ana lyses ,  t h e  c o r r e l a t i o n  mat r ix  (below) 
formed from percentage d a t a  seems t o  i n d i c a t e  a  very  s i g n i f i c a n t  (beyond 
t h e  1% l e v e l )  nega t ive  c o r r e l a t i o n  between c l a s s  2 and c l a s s  4 c r a t e r s .  
A simple s t o r y  could be cons t ruc ted  t o  account f o r  this--a t a l e  t h a t  
makes e x c e l l e n t  geologic  sense,  bu t ,  i n  f a c t ,  i s  no more than hand 
f l a i l i n g  i f  no t  supported by t h e  s t a t i s t i c a l  a t t r i b u t e s  of t h e  da ta .  I n  
f a c t ,  when t h e  algori thm suggested by Ai tch ison  (1982) and implemented 
by Woronow and But le r  (1986) i s  appl ied ,  t h i s  c o r r e l a t i o n  i s  found t o  
lack  significance--no s i g n i f i c a n t  c o r r e l a t i o n s  ( a t  the  5% l e v e l )  e x i s t  
i n  t hese  da t a .  Addi t iona l  . t e s t s  of t h e  d a t a  d iv ided  i n t o  diameter 
i n t e r v a l s  and t e r r a i n  types a l s o  r e v e a l  no s i g n i f i c a n t  c o r r e l a t i o n s .  
This  implies  t h a t  t h e  c r a t e r  c l a s s e s  on both  t e r r a i n s  responded equa l ly  
t o ,  o r  independently o f ,  t h e  emplacement of t h e  i n t e r c r a t e r  p l a i n s .  

Among t h e  processes  t h a t  s a t i s f y  t h i s  s u b s t a n t i a l  c o n s t r a i n t  would 
be a  p ro t r ac t ed  per iod  of vo lcanic  emplacement spanning much of t h e  
per iod  of l a t e  heavy bombardment, wi th  t h e  c r a t e r s  on both t e r r a i n s  
being a f f e c t e d  i n  a  s i m i l a r  manner (al though no t  n e c e s s a r i l y  t o  t h e  same 
degree)  on both t e r r a i n s  and i n  a l l  a r eas  s tud ied  here.  A l t e r n a t i v e l y ,  
t he  f i l l i n g  process  could be l i nked  t o  t he  impact bombardment i t s e l f  so 
t h a t  c r a t e r s  would progress  through the  c l a s s e s  i n  propor t ion  t o  t h e  
cumulative i n t e n s i t y  of t h e  bombardment on both su r f aces .  Processes  
t h a t  cannot account f o r  t h e  emplacement of t h e  i n t e r c r a t e r  p l a i n s  
inc lude  s h o r t  pu l se s  of emplacement of vo lcan ic  depos i t s  o r  of b a s i n  
e j e c t a .  
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Correlation Matrix for  Percentage Data 

CLASS I1 CLASS 111 CLASS IV TOTAL 

CLASS I -0.11 -0.39 -0.20 -0.09 

CLASS I1 -0.25 -0.63 -0.13 

CLASS I11 -0.37 -0.25 

CLASS IV -0.04 




