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The s i z e  d i s t r i bu t ions  of sub-kilometer lunar  c r a t e r s  general ly  have 
Seen in te rpre ted  during the p a s t  decade t o  be the  product of impact c r a t e r -  
ing and gardening i n  the  r ego l i t h .  One important appl icat ion of t h i s  
i n t e rp re t a t i on  has been the assignment of r e l a t i v e  ages t o  lunar mare u n i t s  
using a c r a t e r  morphological parameter ca l led  DL (1). Correlat ions of such 
% ages with mare b a s a l t  compositions in fe r red  from spectrophotometry have 
been used as cons t r a in t s  f o r  petrogenet ic  and thermal models fo r  the  
evolution of mare b a s a l t  source regions with time. Such in t e rp re t a t i ons  
based on DL ages would be wrong, however, i f  many sd-km lunar c r a t e r s  were 
of endogenic r a t h e r  than impact o r ig in ,  a s  has been proposed by a minority 
of workers (2-7) . 

Motivated by t h i s  important problem i n  b a s a l t i c  v o l c a ~ i s m ,  we embarked 
on a new p ro j ec t  t o  study small c r a t e r  populations i n  several  care fu l ly  
se lec ted  lunar  mare regions,  representat ive o f  both red and blue b a s a l t  types 
with both "young" and "old" DL ages. The methodology employed i s  the  same 
a s  applied t o  a va r i e ty  of o ther  lunar regions by Chapman e t  a1 ( 4 ) .  
Craters  of diameter 20m t o  2km were counted and c l a s s i f i e d  i n t o  4 morpho- 
l og i ca l  c iasses .  I n  order  t o  co r r ec t  f o r  systematic c l a s s i f i c a t i o n  and 
measurement b iases  between the present  study and e a r l i e r  ones (4 and 71, 
regions common t o  t h w e  e a r l i e r  s tud ies  were a l so  measured again.  

The new c r a t e r  s i z e  d i s t r i bu t ions  show many of the same anomalous 
fea tures  previously reported t h a t  have seemed incompatible w i t h  a simple 
model of impact c r a t e r ing  and equilibrium degradation and ob l i t e r a t i on  by 
the  c r a t e r ing  process.  I n  p a r t i c u l a r  our '"oung blue" u n i t s  show an excess 
of -100m diameter ( l a rge ly  degraded) c r a t e r s  compared with both the "old 
red" and "old blue" provinces s tudied;  the  excesses approach f ac to r s  of 2 
t o  5 respect ively and v i o l a t e  our i n t u i t i v e  expectation t h a t  younger u n i t s  
should always have t.he same number o r  fewer c r a t e r s  than o lder  un i t s .  Most 
of the  regions w e  have measurzd share most of the  cha rac t e r i s t i c s  previously 
ascribed t o  t he  "Imbrium" o r  "Alphonsus" population types described by 
Chapman e t  a 1  (4) ( ca l l ed  Types I and 111 by Schultz e t  a1  7) . 

Preliminary examination of our size-frequency p l o t s  show few cases 
where even small segments of the  d i s t r i bu t ions  approach the  -2  cumulative 
d i s t r i bu t ion  s lope c h a r a c t e r i s t i c  of c l a s s i c a l  equilibrium. There a r e  
numerous bumps and d ips  i n  the d i s t r i bu t ions  t h a t  do not  always seem t o  be 
compatible with t .?e  two-layer d i f f e r e n t i a l  erosion process described by 
Schultz e t  a 1  (7). But an elaborat ion of t h a t  model permits us t o  explain 
most of the  major f ea tu re s  of these d i s t r i bu t ions  without requir ing an 
ad hoc endogenic component t o  the population. Schultz e t  a 1  pointed ou t  
t h a t  d i f f e r e n t i a l  erosion and degradation of l a rge r  c r a t e r s  formed i n  bed- 
rock and smaller  c r a t e r s  foxmed wholly i n  r ego l i t h  would y i e ld  o f f s e t  
equilibrium populations approximately a s  observed. We poin t  ou t  t h a t ,  i n  
addi t ion,  d i f fe rences  i n  energy/diameter sca l ing  r e l a t i o n s  i n  t he  r ego l i t h  
and bearock subs t an t i a l l y  modify t he  production function (see Fig. 9 l e f t  
i n  Ref. 4 ) ,  which i s  manifested i n  the equilibxium population of  c r a t e r s  
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i n  a manner not envisioned by Schultz e t  a l .  Together, the  two scal ing 
e f f ec t s  produce a complicated pa t te rn  of frequency r e l a t ions  f o r  c r a t e r s  
of d i f f e r e n t  morphological c lasses  (and f o r  a l l  c lasses  together) s imi la r  
t o  those observed. In  pa r t i cu l a r ,  our two-layer impact model yields  the 
s teep  d i s t r i bu t ion  slope observed f o r  some populations a t  s i ze s  -300m, 
ascribed by Schultz e t  a l .  t o  a superposed population of non-impact c r a t e r s .  

Included i n  our i n t e rp re t a t ion  a r e  expectations t h a t  c r a t e r s  with 
dimensions comparable t o  the regol i th  depth may be formed with i n i t i a l l y  
"degraded" morphology. Furthermore, we expect the equilibrium percentages 
of c r a t e r s  i n  the several  c lasses  (and the percentage of geometric satura- 
t i on  f o r  t o t a l  c r a t e r s )  t o  vary with s i z e  due t o  d i f f e r e n t  degradation 
processes t h a t  operate a t  d i f f e r e n t  sca les .  Preliminary examination sug- 
gests  our da ta  a r e  compatible with these expectations.  

While we bel ieve our r e s u l t s  diminish the requirements f o r  a substan- 
t i a l  endogenic c r a t e r  population, there remain some puzzling fea tures  of 
our da t a  and other  previously published d i s t r i bu t ions .  In  addi t ion,  we 
bel ieve t h a t  it remains d i f f i c u l t  t o  understand the preservat ion of the 
small primary flow fea tures  ( r ing  moats, e t c . )  described by Schultz e t  a1 
(6) i f  c r a t e r  degradation i s  proceeding a t  the r a t e s  implied by our present  
model. And there is  c l e a r  evidence t h a t  endogenic c r a t e r s  do, i n  f a c t ,  
e x i s t  i n  a t  l e a s t  some lunar l o c a l i t i e s  (e.g. those c r a t e r s  arranged i n  
chains) . 

But on balance we believe t h a t  the case f o r  predominant impact c ra te r -  
ing a s  the or ig in  of the small lunar  c r a t e r  populations i s  strengthened by 
these considerations.  In  view of these r e s u l t s ,  we bel ieve it l i k e l y  t h a t  
a c r a t e r  morphological parameter such a s  DL may r e f l e c t  r e l a t i v e  ages of 
lunar provinces and thus ul t imately be useful  fo r  es tab l i sh ing  the 
chronology of basa l t  emplacement. On the otherhand, it remains t o  be 
evaluated t o  what degree modifications of the appl icat ion of the DL 
c r i t e r i o n  w i l l  be required t o  take account of the more complicated, ta rge t -  
dependent c ra te r ing  and erosive processes implied by our i n t e rp re t a t ion  
and the associated work of Schultz,  Greeley, and Gault. 
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