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C e n t r a l  peaks  are prominent  morphologic f e a t u r e s  of f r e s h  m a r t i a n  c r a -  
ters. T h e i r  occu r rence  as a f u n c t i o n  of c r a t e r  d i a m e t e r  and t y p e  ( I ) ,  
g e n e r a l  s u b s t r a t e  t y p e  (2)  and as a f u n c t i o n  of s p e c i f i c  s u b s t r a t e  t y p e ,  
c r a t e r  a l t i t u d e  (above mean Mars da tum) ,  l a t / l o n g  and e j e c t a  t y p e  ( 3 )  have  
been  e s t a b l i s h e d  by e a r l i e r  workers .  

I n  a t  l e a s t  one a s p e c t ,  t h e  c e n t r a l  r e g i o n s  of f r e s h  m a r t i a n  c r a t e r s  
d i s p l a y  f e a t u r e s  unique  among t h e  terrestrial p l a n e t s  - t h e  p r e s e n c e  of p i t s  
a t  t h e  summit of c e n t r a l  peaks ,  o r  c e n t r a l  p i t s  r e p l a c i n g  c e n t r a l  peaks  
(2 ,4 ,5 ,6 ) .  These p i t s  have  been sugges t ed  t o  r e s u l t  from t h e  e x p l o s i v e  de- 
compression of a v o l a t i l e - r i c h  s u b s t r a t e  l a y e r  d u r i n g  c r a t e r  fo rma t ion  
( 2 ,  7 ) .  The d i s t r i b u t i o n  of p i t s  h a s  been sugges t ed  as a  t o o l  t o  map t h e  
a r e a l  e x t e n t  of s u b s u r f a c e  v o l a t i l e s ,  Recent  s t u d i e s  i n d i c a t e  t h a t  p i t s  
occur  ove r  a  wide r ange  of  s u b s t r a t e  t y p e s  ( 6 ) .  However, no  a t t e m p t  h a s  
y e t  been  made t o  c o r r e l a t e  t h e  number of p i t t e d  c r a t e r s  t o  t h e  t o t a l  number 
of c e n t r a l  peak c r a t e r s  a s  a f u n c t i o n  of c r a t e r  d i a m e t e r ,  s u b s t r a t e  o r  
a l t i t u d e .  

S t u d i e s  of c e n t r a l  peaks i n  l u n a r  and mercu r i an  c r a t e r s  have  demon- 
s t r a t e d  t h a t  a l i n e a r  r e l a t i o n s h i p  e x i s t s  between r i m  d i ame te r  and c e n t r a l  
peak d i ame te r  ( 9 , l O ) .  Th i s  r e l a t i o n s h i p  does  n o t  v a r y  s i g n i f i c a n t l y  from 
t h e  Moon t o  Mercury d e s p i t e  d i f f e r e n c e s  i n  g r a v i t a t i o n a l  f i e l d  s t r e n g t h s  
and modal impact  v e l o c i t i e s  (10 ) .  A s i m i l a r ,  approximate ly  c o n s t a n t  re- 
l a t i o n s h i p  h a s  been  d e f i n e d  between r i m  d i ame te r  and peak h e i g h t  ( 1 1 ) .  
A l so ,  c e n t r a l  peaks  i n  l u n a r  and mercu r i an  crater d i s p l a y  a similar 
range  of morphologic t y p e s  and may be c l a s s i f i e d  under  t h e  same scheme 
(10) .  These d a t a  s u g g e s t  t h a t  ana logous  s t u d i e s  of c e n t r a l  peaks  and p i t s  
i n  m a r t i a n  c r a t e r s  may y i e l d  impor t an t  d a t a  on t h e  r e l a t i v e  c o n t r i b u t i o n s  of 
g r a v i t y ,  modal impact  v e l o c i t y  and t e r r a i n  t y p e  t o  t h e  fo rma t ion  of 
c e n t r a l  s t r u c t u r e s  i n  impact  c r a t e r s .  The pu rposes  of t h i s  s t u d y  a r e  t o  
1 )  c h a r a c t e r i z e  t h e  morphology and morphometry of c e n t r a l  peaks  and p i t s  i n  
m a r t i a n  c r a t e r s ;  2 )  de t e rmine  r e l a t i o n s h i p s  between t h e s e  f e a t u r e s  and 
t e r r a i n  t y p e ;  3) t o  compare t h e s e  t o  s i m i l a r  d a t a  d e r i v e d  f o r  t h e  Moon and 
Mercury. P r e l i m i n a r y  r e s u l t s ,  p r e s e n t e d  h e r e ,  c o n s i s t  of d a t a  from 145 
f r e s h  c r a t e r s  ( a s  d e f i n e d  by A r t h u r ,  1963 ( 8 ) )  i n  t h e  wes t e rn  h a l f  of 
Memnonia quad ,  a  r e g i o n  s o u t h  and west  of t h e  T h a r s i s  p l a t e a u .  T h i s  r e g i o n  
c o n s i s t s  of r o l l i n g  p l a i n s  and a n c i e n t  t e r r a i n  c u t  by a few channe l s  (12 ) .  
A d d i t i o n a l  d a t a  f o r  300 c r a t e r s  i n  e a s t e r n  Memnonia, T h a r s i s ,  Phoen icus  
Lacus,  Copra t e s  and Thaumasia quads  i s  c u r r e n t l y  be ing  analyzed .  A l l  d a t a  
i s  d e r i v e d  from Viking  O r b i t e r  images and U.S.G.S. Topographic and Geo log ic  
map s e r i e s .  

C e n t r a l  Peak and P i t  Morphometry - C e n t r a l  peaks ,  w i t h  o r  w i thou t  sum- 
m i t  p i t s ,  occur  i n  137 of t h e  145 f r e s h  c r a t e r s  s o  f a r  ana lyzed .  The 8  re- 
maining c r a t e r s  i n c l u d e  6  w i t h  c e n t r a l  p i t s  only  and 2  i n d e t e r m i n e n t s .  
C r a t e r s  developed on a n c i e n t  t e r r a i n s  make up 91.1% of t h i s  d a t a  s e t ,  7.4% 
occur  on r o l l i n g  p l a i n s  and 1 .5% occur  i n  channe l  d e p o s i t s .  C e n t r a l  peaks  
i n  134 c r a t e r s  (97 .8%) d i s p l a y  a c o n s i s t e n t  l i n e a r  r e l a t i o n s h i p  between 
c e n t r a l  peak d i ame te r  (Dcp) and r i m  d i ame te r  (Drc ) ,  exp res sed  a s  Dcp = 
0.27 Drc - 0.14 ( r  = 0.90) over  a  5  - 80 km d i a m e t e r  r ange  (F igu re  1 ) .  A 
s i m i l a r  r e l a t i o n s h i p  i s  d e f i n e d  f o r  Dcp and f l o o r  d i a m e t e r  (Df) .  Dcp = 
0.45 Df + 0.25  ( r  = 0 .92 ) .  The t h r e e  c r a t e r s  which d i v e r g e  markedly from 
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t h e s e  r e l a t i o n s h i p s  (Nicholson ,  MC16-Sn, MC16-Rt) d i s p l a y  unusua l  mor- 
pho log ie s .  Nicholson h a s  a  v e r y  l a r g e  c e n t r a l  mound w i t h  i n c i s e d  c h a n n e l s ,  
w h i l e  MC16-Sn and MC16-Rt b o t h  have  s m a l l  l i n e a r  peaks  p a r t i a l l y  embayed by  
u n u s u a l l y  wide ,  draped f l o o r s .  

P i t s ,  e i t h e r  c e n t r a l  o r  summit, occur  i n  39 c r a t e r s ,  A l i n e a r  re- 
l a t i o n s h i p  may a l s o  b e  d e f i n e d  between p i t  d i a m e t e r  (Dp) and Drc,  Dp = 
O . 1 1 D r c  + 0.22 ( r  = 0.67) (F igu re  2 ) ,  The poor c o r r e l a t i o n  c o e f f i c i e n t  ( r )  
h e r e  i s  due t o  one c r a t e r  w i t h  an  unusua l ly  l a r g e ,  n o n - c i r c u l a r  summit p i t .  

Morphology of C e n t r a l  Peaks  and P i t s  - N a r t i a n  c e n t r a l  peaks  may be  
c l a s s i f i e d  by complexi ty  ( s i m p l e ,  complex) and geometry ( l i n e a r ,  symmetric ,  
o r  a r c u a t e )  unde r  a scheme developed f o r  l u n a r  and mercu r i an  c r a t e r s  ( 9 , 1 0 ) ,  
A d d i t i o n a l  c a t e g o r i e s  are r e q u i r e d  t o  c h a r a c t e r i z e  p i t s .  P i t s  may occur  
as d e p r e s s i o n s  i n  t h e  t o p  of c e n t r a l  peaks  (summit p i t  c r a t e r s )  which a r e  
e i t h e r  c i r c u l a r  o r  e l o n g a t e ,  open o r  c l o s e d .  C losed ,  c i r c u l a r  p i t s  f i t  t h e  
c l a s s i c  p i c t u r e  of a  summit c r a t e r ,  and 75% of a l l  p i t s  a r e  of t h i s  t y p e ,  
Open p i t s ,  where a  s e c t i o n  of t h e  peak i s  m i s s i n g ,  make up 12 ,8% of a l l  
p i t s ,  and may be  e i t h e r  c i r c u l a r  (5 .1%)  o r  e l o n g a t e  ( 7 . 7 % ) ,  P i t s  may a l s o  
comple te ly  r e p l a c e  peaks  ( c e n t r a l  p i t ) ,  and 6  such  c r a t e r s  (15 .4%)  occur  i n  
west  Memnonia . 

The d i s t r i b u t i o n s  of c e n t r a l  morphologies  a s  a  f u n c t i o n  of s u b s t r a t e  
may be seen  i n  T a b l s s  1 and 2. P i t s  (summit o r  c e n t r a l )  a r e  more common on 
r o l l i n g  p l a i n s ,  85-90% cf  a l l  peaks  a r e  s imple  and 62% a r e  symmetric  r e -  
g a r d l e s s  of t e r r a i n s ,  and a r c u a t e  peaks  a r e  more common on r o l l i n g  p l a i n s ,  - - - 

Comparisons t o  t h e  Moon and Mercury - The Dcp/Drc r e l a t i o n s  f o r  t h e  
Moon and Mercury a r e  p l o t t e d  f o r  comparison i n  F i g u r e  1. While t h e  s l o p e s  
of t h e s e  two r e l a t i o n s  a r e  s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e ,  t h e y  a r e  marked- 
l y  d i f f e r e n t  from t h e  Dcp/Drc r e l a t i o n  f o r  m a r t i a n  c r a t e r s .  Thus,  f o r  a 
r e s t r i c t e d  r e g i o n  of predominent ly  a n c i e n t  t e r r a i n s  and h i g h  a l t i t u d e $  
( 1 km above mean da tum) ,  c e n t r a l  peaks  i n  m a r t i a n  c r a t e r s  a r e  l a r g e r  t h a n  
t h e i r  l u n a r  and mercu r i an  c o u n t e r p a r t s  f o r  t h e  same c r a t e r  d i a m e t e r .  I n  
a d d i t i o n ,  s imp le  symmetric c e n t r a l  peaks  a r e  more common on Mars,  and 
geometry a p p e a r s  somewhat r e s p o n s i v e  t o  s u b s t r a t e  t ype  on a l l  t h r e e  p l a n e t s .  

D i s c u s s i o n  - For c e n t r a l  peak c r a t e r s  i n  a  r e s t r i c t e d  r e g i o n  of p re -  
dominent ly  a n c i e n t  t e r r a i n  i n  w e s t e r n  Memnonia quad on Mars, a  l i n e a r  r e -  
l a t i o n s h i p  e x i s t s  between Dcp and Drc analogous  t o  t h a t  d e f i n e d  p r e v i o u s l y  
f o r  l u n a r  and mercu r i an  c r a t e r s  ( 9 , l O ) .  However, t h e  s l o p e  of t h e  m a r t i a n  
r e l a t i o n s h i p  i s  much s t e e p e r  ( F i g u r e  1 )  i n d i c a t i n g  c e n t r a l  peaks  a r e  l a r g e r  
on Mars f o r  s i m i l a r  c r a t e r  d i a m e t e r s .  S ince  Mars and Mercury have  s i m i l a r  
g r a v i t a t i o n a l  f i e l d  s t r e n g t h s ,  t h i s  would s u g g e s t  some unique  t e r r a i n  
e f f e c t s  f o r  m a r t i a n  c r a t e r s .  The e x i s t e n c e  of p i t s  h a s  been proposed  t o  re- 
s u l t  from a  subsu r f  a c e  v o l a t i l e  l a y e r  ( 2 ,  7 ) .  V o l a t i l e s  d i s p e r s e d  more 
g e n e r a l l y  t h rough  t h e  t a r g e t  r e s u l t  i n  a  d e c r e a s e  i n  mechan ica l  s t r e n g t h  
(13) and cou ld  r e s u l t  i n  p r o p o r t i o n a l l y  l a r g e r  c e n t r a l  peaks .  P i t  d i s t r i -  
b u t i o n s  have been sugges t ed  a s  a  method of mapping a  s u b s u r f a c e  v o l a t i l e  
l a y e r  ( 2 ) .  Although p i t s  occur g l o b a l l y  on Mars (6 )  t h e  d i s t r i b u t i o n  of 
c e n t r a l  o r  s u m i t  p i t s  a s  a  f u n c t i o n  of u n p i t t e d  peaks a p p e a r s  t o  v a r y  a s  a 
f u n c t i o n  of t e r r a i n  type  ( ' b b l e  1 ) .  F u r t h e r ,  p i t  d i ame te r  a p p e a r s  t o  v a r y  
l i n e a r l y  a s  a  f u n c t i o n  of c r a t e r  d i a m e t e r .  These r e s u l t s  i n d i c a t e  t h e  
impor tance  of ex t end ing  t h i s  s t u d y  t o  i n c l u d e  a  wider  range  of s u b s t r a t e  
t y p e s ,  and such a d d i t i o n a l  s t u d i e s  a r e  c u r r e n t l y  underway. Re fe rences :  
1 )  C o r d e l l ,  B.M. -- e t  a 1  (1974) I c a r u s  2 1  p .  448-456. 2)  Wood C.A.  e t  a1 (1978) 
PLSC 9  p. 3691-3709. 3 )  Mouginis - Mark, P .  J .  (1979) JGR 84 p. 8011-8022. 
4 )  Smith,  E .  I. (1976) I c a r u s  28 p .  543-550. 5 )  Hodges, C . A .  (1978) LPSXI 
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p .  521-523. 6 )  Hodges, C . A ,  e t  a 1  (1979) LPS X I  p ,  450-452. 7) Smith E . I .  -- 
and H a r t n e l l ,  J . A .  (1977) NASA TMS-3511 p .  91-93. 8 )  A r t h u r ,  D.W. e t  a1 
(1963) Comm. LPL 2 p .  71-78, 9 )  Hale,  W. and Head, J . W .  (1979) LPSC 10 
p .  2623-2633, 10 )  Hale, W. and Head J . W .  (1980) LPSC 11, i n  p r e s s .  11 )  
Ma l in ,  M. and D z u r i s i n ,  D .  (1978) JGR 83 p .  233-243. 1 2 )  S c o t t ,  D . H .  and 
C a r r ,  M.H. (1978) U. S.G.S. Map I - 1083. 1 3 )  K i e f f e r ,  S.W. (1977) LS V I I I  
p .  543-545. 
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