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The l u n a r  m a r i a  c o n t a i n  a  wide v a r i e t y  o f  c i r c u l a r  f e a t u r e s  
i n  a d d i t i o n  t o  c r a t e r s  o f  p u r e l y  impac t  o r i g i n .  These  f e a t u r e s  
a r e  most commonly l o c a t e d  a round  t h e  marg ins  o f  t h e  m a r i a  where 
t h e  f i l l i n g  m a t e r i a l  i s ,  p resumably ,  t h e  t h i n n e s t .  Al though  some 
c i r c u l a r  f e a t u r e s  have been  i n t e r p r e t e d  a s  b e i n g  o f  endogen i c  
o r i g i n  ( 1 , 2 , 3 ) ,  many o t h e r s  a p p e a r  t o  have r e s u l t e d  f rom mod i f i -  
c a t i o n  o f  impac t  c r a t e r s  ( 4 , 5 ) .  I n  c o n t r a s t  w i t h  impac t  c r a t e r s ,  
many such  f e a t u r e s  have s u b t l e  r i m s  w i t h  s t e e p e r  o u t e r  s l o p e s  and 
g e n t l e r  i n n e r  s l o p e s .  I n  some t h e  i n t e r i o r  p o r t i o n s  e x h i b i t  ex- 
t e n s i v e  f r a c t u r i n g .  I n  many i n s t a n c e s  m o d i f i c a t i o n  can  be  s e e n  
t o  have been  t h e  r e s u l t  o f  magmatism and t e c t o n i s m ,  b o t h  o f  which 
have o c c u r r e d  i n t e r m i t t e n t l y  d u r i n g  mare f i l l i n g  ( 6 ) .  

Comparison o f  s e l e c t e d  c i r c u l a r  f e a t u r e s  (10-25 k i l o m e t e r  
d i a m e t e r )  on Apo l lo  m e t r i c  and  panoramic  pho tography  h a s  r e v e a l e d  
t h a t  t h e i r  s u r f a c e s  a r e  s imi la r  i n  b o t h  t e x t u r e  and a l b e d o  t o  t h e  
s u r r o u n d i n g  mare s u r f a c e s ,  i n d i c a t i n g  t h a t  p a r t i a l  o r  comple te  
f l o o d i n g  by mare l a v a s  h a s  o c c u r r e d .  D i r e c t  e v i d e n c e  o f  f l o o d i n g  
c a n  be s e e n  i n  t h e  J a n s e n  R f e a t u r e  ( F i g .  1 A )  t h e  r i m  o f  which i s  
c r o s s e d  by J a n s e n  R i l l e ,  a s i n u o u s  r i l l e  o f  p r o b a b l e  v o l c a n i c  
o r i g i n  ( 6 ) .  

It h a s  been  shown t h a t  some s h a l l o w  c i r c u l a r  f e a t u r e s  
( ' g h o s t 1  c r a t e r s )  may be  subdued r e p l i c a s  o f  b u r i e d  t e r r a i n ,  
formed by d r a p i n g  o f  c o o l i n g  l a v a  o v e r  t h e  r i m s  o f  f l o o d e d  c r a -  
t e r s  (4), b u t  many s i m i l a r  f e a t u r e s  a p p e a r  t o  have had more com- 
p l e x  modes of o r i g i n .  The commonly obse rved  s t e e p e r  o u t e r  s l o p e s  
and g e n t l e r  i n n e r  s l o p e s  ( i n v e r t e d  t o p o g r a p h y ) ,  which can  be  s e e n  
on J a n s e n  R ( F i g .  1 A )  and t h e  f e a t u r e  t o  t h e  e a s t  ( F i g .  lB), a r e  
n o t  e a s i l y  e x p l a i n e d  by t h e  d r a p i n g  mechanism, Format ion  o f  t h e  
r i m  o f  J a n s e n  R o n l y  by d r a p i n g  o f  a l a v a  c r u s t  on f l o o d e d  t e r -  
r a i n  would have  r e q u i r e d  t h a t  t h e  l a v a  t u b e  o r  c h a n n e l  f rom which 
J a n s e n  R i l l e  deve loped  b e  p o s i t i o n e d  d i r e c t l y  above a t o p o g r a p h i c  
prominence ( b u r i e d  c r a t e r  r i m ) ,  a n  improbab le  o c c u r r e n c e .  A l t e r -  
n a t i v e l y ,  d i s t e n s i o n  o f  t h e  mare s u r f a c e  above f l o o d e d  c r a t e r s ,  
due t o  t h e  emplacement o f  p l u t o n s  i n  and /o r  above t h e  b r e c c i a t e d  
r o c k  b u t  unde r  t h e  o v e r l y i n g  l a v a  c r u s t ,  would more e a s i l y  ac -  
coun t  f o r  such  i n v e r t e d  t opog raphy  ( F i g .  2 A ) .  Many f l o o d e d  c r a -  
t e r s  were p r o b a b l y  formed by impac t  d u r i n g ,  r a t h e r  t h a n  p i o r  t o ,  
t h e  f i l l i n g  o f  t h e  m a r i a .  Dur ing  subsequen t  vo l can i sm  t h e  f r a c -  
t u r e s  and b r e c c i a t e d  r o c k  t h u s  formed would have  been  l i k e l y  
s i t e s  f o r  emplacement and /o r  f l ow  t o  t h e  s u r f a c e  o f  magmas. 

Volcanism a p p a r e n t l y  h a s  o c c u r r e d  a t  impac t  s i t e s  a s  a t  B 
( F i g .  1 .  A s m a l l  r i d g e - l i k e  form i s  c o n t i n u o u s  w i t h  t h e  sou th -  
e r n  p o r t i o n  of t h e  r i m ,  and a n o t h e r  e x t e n d s  ou tward  from t h e  
n o r t h e a s t e r n  s i d e .  Volcanism a l o n g  c i r c u l a r  f r a c t u r e s  o f  impact  
o r i g i n  may r e s u l t  i n  t h e  f o r m a t i o n  o f  a s econda ry  v o l c a n i c  r i m  
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a round  some f l o o d e d  c r a t e r s .  A p o s s i b l e  example c a n  b e  s e e n  i n  
t h e  Oceanus P r o c e l l a r u m  (Apo l lo  1 5  m e t r i c  f rame 2 7 4 6 ) .  

Ev idence  o f  d e f o r m a t i o n  o f  t h e  mare s u r f a c e  c a n  be  s e e n  
a round  a c i r c u l a r  f e a t u r e  i n  s o u t h e a s t e r n  Mare Cr i s i um (Apo l lo  
1 5  m e t r i c  f rame 540,  b e s t  viewed s t e r e o g r a p h i c a l l y ) .  The i n t e r -  
i o r  p o r t i o n  h a s  b e e n  down-warped r e l a t i v e  t o  t h e  r i m  which v a r i e s  
f rom s u b t l e  on t h e  e a s t  s i d e  t o  h i g h ,  s t e e p ,  and s c a r p - l i k e  on  
t h e  w e s t .  The s u r r o u n d i n g  mare s u r f a c e  a l s o  a p p e a r s  t o  have been  
deformed,  e s p e c i a l l y  on t h e  sou thwes t  s i d e  where t h e  f e a t u r e  i s  
a d j a c e n t  t o  a  mare r i d g e .  The o u t e r ,  s t e e p ,  s c a r p - l i k e  p o r t i o n s  
o f  t h e  r i m  s u g g e s t  t h a t  f a u l t i n g  may have o c c u r r e d  a l o n g  p o r t i o n s  
o f  c i r c u l a r  f r a c t u r e s  o f  impac t  o r i g i n ,  p e r h a p s  as a  r e s u l t  o f  
i s o s t a t i c  a d j u s t m e n t  o f  t h e  c r u s t ,  a s s o c i a t e d  w i t h  magmatic ac -  
t i v i t y  a t  s h a l l o w  d e p t h ,  Another  example o f  d e f o r m a t i o n  f o l l o w i n g  
l a v a  f l o o d i n g  c a n  be  s e e n  i n  n o r t h e a s t e r n  Mare C r i s i u m  (Apo l lo  1 7  
m e t r i c  f rame 2 7 9 ) -  T h i s  f e a t u r e  i s  su r rounded  by a  d i s c o n t i n u o u s  
c i r c u l a r  r i n g  o f  r e l a t i v e l y  h igh -a lbedo  h i l l s  t h a t  a p p e a r  t o  be  
remnants  o f  a n  impac t  r i m .  The i n t e r i o r  h a s  been  f l o o d e d  by 
l a v a s  which were s u b s e q u e n t l y  u p l i f t e d  and f r a c t u r e d .  A l a t e r  
e p i s o d e  o f  l a v a  f l o o d i n g  h a s  cove red  t h e  s u r r o u n d i n g  mare s u r f a c 3  
and a l l  b u t  t h e  h i g h e s t  p o r t i o n s  o f  t h e  u p l i f t e d  and f r a c t u r e d  
i n t e r i o r ,  f o rming  k i p u k a s  ( 7 ) .  T h i s  s t r u c t u r e  i s  i l l u s t r a t e d  
d i a g r a m m a t i c a l l y  i n  F i g u r e  2 ( B ) ,  

It i s  a p p a r e n t  t h a t  t h e  r e l a t i v e  impor t ance  and s equence  o f  
p l u t o n i s m ,  vo l can i sm ,  f r a c t u r i n g  and f l e x u r i n g  i n  t h e  mod i f i c a -  
t i o n  o f  i n d i v i d u a l  impac t  c r a t e r s  i s  t h e  p r ima ry  r e a s o n  f o r  most 
obse rved  v a r i a t i o n s  i n  morphology among t h e s e  f e a t u r e s ,  I n  some 
c a s e s  v a r i a t i o n s  may b e  due ,  i n  p a r t ,  t o  whe the r  t h e  c r a t e r s  f rom 
which t h e s e  f e a t u r e s  have  deve loped  were formed p r i o r  t o ,  e a r l y  
o r  l a t e  i n  t h e  h i s t o r y  o f  mare f i l l i n g .  

F i g u r e  1: Modi f ied  c r a t e r s  i n  n o r t h e r n  Mare T r a n q u i l l i t a t i s  
(Apo l lo  m e t r i c  f rame  17-308) .  
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F i g u r e  2 :  H y p o t h e t i c a l  examples  o f  mod i f i ed  c r a t e r s .  ( A )  Em- 
placement  o f  a  p l u t o n  ( c r o s s e s )  b e n e a t h  t h e  l a v a  c r u s t  ( l i n e s )  i n  
a  f l o o d e d  c r a t e r ;  (B)  F l o o d i n g  o f  o l d e r ,  f r a c t u r e d  l a v a s  ( d a r k )  
by younger  l a v a s  ( l i n e s )  t o  form k i p u k a s .  
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