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I n  t h e  search f o r  r e l i a b l e  i n d i c a t o r s  o f  t h e  pas t  l o c a t i o n  o f  su r f ace  
o r  near su r f ace  vo l  a t i l e s  on Mars, pseudocraters  ( i f  t h e y  e x i s t )  would be 
o f  d i r e c t  bu t  l i m i t e d  use, We have p r e v i o u s l y  suggested t h a t  t h e  thousands 
o f  smal l  ( subk i l ome te r )  p i t t e d  cones which d o t  p o r t i o n s  o f  t h e  p l a i n s -  
fo rming  u n i t s  i n  no r t he rn  Mars may be vo lcano- ice analogs o f  I c e l a n d i c  
pseudocraters  (1,2), which on Ea r th  form where l a v a  f l ows  over  water  o r  
wa te r -sa tu ra ted  ground (3 ) ,  The steam exp los ion  caused by t h i s  i n t e r a c t i o n  
i s  o n l y  m a r g i n a l l y  l e s s  e f f i c i e n t  i f  (as  i s  l i k e l y  on Mars) i c e  i s  t h e  
vo l  a t i  1  e (4 ) ,  P o s i t i v e  i d e n t i  f i  c a t i o n  o f  m a r t i  an pseudocraters  woul d  t he re -  
f o r e  be s t r o n g  i n d i c a t i o n  o f  pas t  occurrence o f  i c e  a t  o r  near t h e  su r f ace  
o f  Mars, 

The bas i s  f o r  suggest ing t h a t  t h e  smal l  cones on Mars a r e  pseudocraters  
inc ludes :  ( a )  smal l  s i ze ,  ( b )  abundant b u t  patchy d i s t r i b u t i o n  on what 
appear t o  be vo l can i c  p l a i n s ,  ( c )  presence o f  o t h e r  f ea tu res  sugges t i ve  o f  
su r f ace  o r  subsur face i ce .  ( d )  morpholog ica l  s i m i l a r i t i e s  t o  I c e l a n d i c  
pseduocraters,  and ( e )  t h e  s i m i l a r i t y  i n  d i s t r i b u t i o n  o f  c ra te r / cone  diam- 
e t e r  r a t i o s  t o  I c e l a n d i c  pseudocraters(2) ,  Th i s  l a s t  morphometric parameter 
may be t h e  most impor tan t ,  s i nce  o t h e r  p o s s i b l e  smal l  t e r r e s t r i a l  v o l c a n i c  
analogs have very  d i f f e r e n t  c ra te r / cone  d i  ameter r a t i o  d i  s t r i  b u t i  ons(2).  
I n  a  survey o f  t h e  a v a i l a b l e  h i g h  r e s o l u t i o n  V i k i n g  O r b i t e r  imagery, abun- 
dant f i e l d s  o f  p o s s i b l e  pseudocraters  were found i n  SE Ac ida l  i a  P l a n i t i a ,  
S Utopia-Elysium, W I s i d i s  P l a n i t i a  and, perhaps, near He l l as  (2,5,6), 
However, o n l y  a  smal l  f r a c t i o n  o f  t h e  p l a i ns - f o rm ing  u n i t s  imaged a t  h i g h  
r e s o l u t i o n  (range G 2000 km) were found t o  c o n t a i n  t h e  smal l  cones: of 
some 12,200 images searched we found subk i lometer  cones w i t h  c e n t r a l  p i t s  on 
l e s s  t h a n  350 ( ~ 3 % ) ~  Th i s  low d i scove ry  ra te ,  combined w i t h  t h e  l i m i t e d  h i g h  
reso l  u i  t o n  imagery, r e s t r i c t  m a r t i a n  pseudocraters  as g l oba l  i n d i c a t o r s  o f  
su r f ace  o r  subsur face i ce .  

There a re  o n l y  m inor  morpholog ica l  d i f f e r e n c e s  between t h e  subki  1  ometer 
cones found i n  Ac ida l  i a  and those  found i n  U top ia -E lys ium- Is id i  s; more s t r i  k- 
i n g  i s  t h e  v a r i a t i o n  i n  background t e r r a i n  on which t h e  cones a r e  found, I n  
A c i d a l i a  t h e  cones a re  found on smooth p l a i n s  o f  bo th  un i f o rm  and m o t t l e d  
appearance b u t  a l s o  on widespread f r a c t u r e d  and subdued f r a c t u r e d  p l a i n s  
(2,7). The f r a c t u r e d  p l a i n s  a re  o f  i n t e r e s t  because t hey  may themselves be 
i n d i c a t o r s  o f  ground i c e ( 8 ) .  A l l  t h e  p l a i ns - f o rm ing  u n i t s  on which cones 
have been found a l s o  c o n t a i n  rampart  c r a t e r s ,  b u t  t h e r e  a r e  reg iona l  d i f f e r -  
ences i n  t h e  s i z e  d i s t r i b u t i o n s  o f  these  c r a t e r s  which may be i n t e r e s t i n g  
(see below), I n  A c i d a l i a  t h e r e  a re  general  t r ends  i n  t h e  dimensional  and 
d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  cones which seem t o  depend on back- 
ground t e r r a i n :  t h e  younger p l a i n s  (wh ich  a re  smooth, n o t  f r a c t u r e d )  have 
a  h i ghe r  d e n s i t y  o f  cones, b u t  t h e  average cone d iameter  i s  lower  (<700 m) 
than  on t h e  f r a c t u r e d  p l a i n s  (>700 m), Cones on subdued f r a c t u r e d  p l a i n s  
( 9 ) ,  which a re  under-populated i n  impact c r a t e r s  a t  t h e  sma l l es t  d iameters  
and have s o f t ,  incomplete o r  i n t e r r u p t e d  f r a c t u r e  pa t t e rns ,  have t h e  l a r g e s t  
mean d iameters  observed and a l s o  t h e  h i ghes t  percentage o f  w ides t  c e n t r a l  
c ra te r s ,  P r e f e r e n t i a l  obscura t ion  o f  smal l  cones and decrease i n  t h e  
observed cone base d iameter  due t o  b l a n k e t i n g  by dus t  seems l i k e l y  ( 7 ) ,  



Th is  demonstrates another  problem w i t h  u s i n g  pseudocraters  as i n d i c a t o r s  o f  
ground i c e  on Mars: because o f  t h e i r  smal l  s i z e  t hey  a r e  e a s i l y  removed o r  
obscured by a  v a r i e t y  o f  e ros iona l  processes. 

Pseudocraters do have one impor tan t  c o n t r i b u t i o n  t o  make t o  t h e  s tudy 
of t h e  d i s t r i b u t i o n  o f  v o l a t i l e s  i n  t h e  m a r t i a n  c r u s t ,  Because o f  t h e  way 
t hey  form, t h e y  i n d i c a t e  t h e  presence o f  o n l y  sur face  ( o r  ve ry  near  su r f ace )  
i c e  over  which re1 a t i v e l y  t h i n  l a v a  f l ows  have been emplaced, I f  t h e  l a v a  
f low i s  t o o  t h i c k ,  cones w i l l  no t  form as t h e  work r e q u i r e d  t o  l i f t  t h e  
o v e r l y i n g  mol ten rock  becomes g r e a t e r  than  t h a t  a v a i l a b l e  f rom t h e  explos ion,  
L ikewise,  i f  t h e  i c e  i s  b u r i e d  t o o  deeply beneath an i n s u l a t i n g  l a y e r ,  t h e  
heat  from t h e  1  ava f l o w  may d i s s i p a t e  b e f o r e  s u f f i c i e n t  v o l a t i l i z a t i o n  o f  
t h e  b u r i e d  i c e  occu rs (4 ) -  There fo re  t h e  s i z e  o f  pseudocraters  and t h e i r  
s p a t i a l  d e n s i t y  depends on a  combinat ion o f  l a v a  f l o w  th i ckness  and temper- 
a tu re ,  depth t o  t h e  i c e  l a y e r  and f r a c t i o n  o f  i c e  i n  mixed l a y e r s  ( s o i l  and 
i c e ) ,  Dense concen t ra t i ons  a r e  favored  by r e l a t i v e l y  t h i n  f l ows  over  
abundant i c e  c l o s e  t o  t h e  sur face;  more wide-spread groupings may i n d i c a t e  
v a r i a t i o n s  i n  f l o w  th i ckness  and/or t h e  depth t o  t h e  ( t o p  o f  t h e )  i c e  
1  ayer. 

It would be i n t e r e s t i n g  t o  compare t h e  s p a t i a l  d e n s i t y  o f  p o s s i b l e  
mar t i an  pseudocraters w i t h  t h e  s i z e  f requency d i s t r i b u t i o n  o f  rampart 
c r a t e r s  (10,11,12,13). Not o n l y  cou ld  such comparisons h e l p  t o  d e f i n e  t h e  
t h i ckness  o f  t h e  i c e  l a y e r ( l 4 ) ,  b u t  comparison o f  rampart  and non-rampart 
c r a t e r  popu la t i ons  w i t h  a  v a r y i n g  d e n s i t y  o f  pseudocraters  cou ld  p l ace  
temporal  c o n s t r a i n t s  on t h e  l o n g e v i t y  o f  t h e  i c e - r i c h  l aye r .  Fo r  example: 
i n  U top ia  P l a n i t i a  where w i d e l y  sca t t e red  smal l  cones occur,  rampart  c ra -  
t e r s  a re  r a r e  f o r  d iameters  < 3 km, b u t  f o r  D > 5  km almost a l l  c r a t e r s  
have t h i s  s t r u c t u r e .  Perhaps t h e  small c r a t e r s  formed l a r g e l y  a f t e r  t h e  
near-sur face i c e  vanished. By c o n t r a s t  t h e  rampart c r a t e r s  found i n  t h e  
f r a c t u r e d  p l a i n s  i n  A c i d a l i a  occur  a t  ve ry  smal l  d iameters  i n  t h e  reg ions  
where smal l  cones e x i s t .  

Desp i te  t h e  sampl ing problem, t h e  1  a t i  t u d i n a l  d i s t r i b u t i o n  o f  m a r t i a n  
pseudocraters and i t s  comparison w i t h  o t h e r  i c e - r e l a t e d  f e a t u r e s  i s  of 
i n t e r e s t ,  I n  A c i d a l i a  P l a n i t i a  most o f  t h e  smal l  cones l i e  a t  l a t i t u d e s  
g r e a t e r  than  38ON, rang ing  up t o  50°N. We f i n d  no conv inc ing  evidence f o r  
such f ea tu res  below -35ON; however, t h e r e  i s  ve ry  1  i t t l  e  h i gh  r e s o l u t i o n  
imagery ava i l ab le .  No smal l  p i t t e d  ones a r e  found i n  Chryse between 20 
and 30°N, even though good imagery does e x i s t  (15,2). By c o n t r a s t  smal l  
cones a r e  found as l ow  as 10°N l a t i t u d e  i n  I s i d i s ,  These a re  unusual i n  
t h e i r  s p a t i a l  d i s t r i b u t i o n ,  however, be ing  very  densely  grouped and o f t e n  
occur ing  i n  l o n g  cha ins (2 ) .  I f  these  a re  a l s o  pseudocraters,  then  a t  t h e  
t i m e  t hey  formed su r face  o r  near sur face  i c e  must have e x i s t e d  a t  t h i s  low 
l a t i t u d e  i n  eas te rn  Mars. 
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