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The r idged  p l a i n s  of Mars, f o r  example Lunae Planum, a r e  t h e  o l d e s t  
wide-spread u n i t s  on Mars wi th  t h e  excep t ion  of t h e  c r a t e r e d  t e r r a i n s .  We 
have s t u d i e d  t h e  r i d g e d  p l a i n s  as p a r t  of a  l a r g e r  e f f o r t  t o  unde r s t and  t h e  
v o l c a n i c  and t e c t o n i c  h i s t o r y  of Mars. The r idged  p l a i n s  appear  t o  r e p r e -  
s e n t  t h e  e a r l i e s t  r e c o g n i z a b l e  v o l c a n i c  e v e n t s ,  and they  a l s o  a p p a r e n t l y  
r e c o r d ,  i n  t h e i r  r i d g e  p a t t e r n s ,  t e c t o n i c  e v e n t s .  

I n  o r d e r  t o  b e t t e r  unders tand  t h e  n a t u r e  of t h i s  e a r l y  volcanism and 
t h e  accompanying o r  l a t e r  t ec ton i sm,  we have s t u d i e d  t h e  n a t u r e  of t h e  
p l a i n s  and t h e i r  mechanica l  c h a r a c t e r i s t i c s .  We have cons ide red  what t h e  
o r i g i n  of t h e  p l a i n s  might be,  t h e i r  r e l a t i v e  a g e ,  t h e i r  t h i c k n e s s ,  p o s s i b l e  
v o l a t i l e  c o n t e n t ,  t h e  n a t u r e  of t h e  s u b s t r a t e ,  whether  o t h e r  v o l c a n i c  mater- 
i a l s  o r  a n c i e n t  c r a t e r e d  megarego l i th .  hk have cons ide red  t h e  d i s t r i b u t i o n  
and o r i g i n  of t h e  r i d g e s  on t h e  p l a i n s ,  whether  t hey  a r e  s t r u c t u r a l  o r  vol-  
c a n i c  i n  o r i g i n .  lk have examined t h e  r e l a t i o n s h i p  i n  d e t a i l  of t h e  r i d g e  
o r i e n t a t i o n s  t o  r e g i o n a l  s t r e s s  p r o j e c t o r i e s .  I& have examined t h e  q u e s t i o n  
of what c o n t r o l s  t h e  r i d g e  p a t t e r n s .  

I n  t h e  r e g i o n s  n e a r  t h e  T h a r s i s  p l a t e a u ,  t h e  r i d g e  o r i e n t a t i o n s  a r e  re -  
markably c o n s i s t e n t  w i th  compress ional  s t r e s s e s  a r i s i n g  from t h e  load  a s so -  
c i a t e d  wi th  t h e  c e n t r a l  Tha r s i s  r e g i o n  ( P h i l l i p s  and Lambeck, 1980) and t h u s  
may be i n t e r p r e t e d  t o  be r e l a t e d  t o  t h e  long-term v i scous  response  of c rus -  
t a l  rocks  t o  t h e  T h a r s i s  l o a d .  

Under t h i s  h y p o t h s i s ,  i t  is  a p p r o p r i a t e  t o  c o n s i d e r  t h e  mean r i d g e  
spac ing  a s  a  dominant wavelength of f o l d i n g .  l he  theo ry  of f o l d i n g  of v i s -  
c o e l a s t i c  media ( E o t ,  1961) s u g g e s t s  t h a t  t h e  r a t i o  of t h i s  wavelength (Ld) 
t o  t h e  t h i c k n e s s  of t he  l a y e r  (h )  i s  r e l a t e d  t o  the  r a t i o  of t h e  v i s c o s i t y  
of  t h e  l a y e r  (q) and unde r ly ing  medium ( n l ) _ b y :  

i& need a l s o  t o  e s t i m a t e  t h e  t h i c k n e s s  of t h e  p l a i n s .  This i s  done by 
methods developed by DeHon ( s e e  f o r  exarnple DeHon, 1979) which i n v o l v e s  a  
r e l a t i o n s h i p  between c r a t e r  r i m  h e i g h t s  and t h e i r  d i a m e t e r s .  These param- 
e t e r s  a r e  g i v e n  i n  Table 1. 

It i s  i n t e r e s t i n g  t h a t  t h e  r a t i o  of r i d g e  spac ing  t o  p l a i n s  t h i c k n e s s  
i s  approximate ly  c o n s t a n t  (around 30) over a  range of r i d g e  spac ing  and ove r  
widely  s e p a r a t e d  p l a i n s  u n i t s .  Tne r e s u l t s  imply a  v i s c o s i t y  r a t i o ,  p l a i n s  
t o  s u b s t r a t e ,  of about  500. l h e  t ends  t o  conf i rm t h e  hypo thes i s  t h a t  r i d g e  
s p a c i n g  i s  r e l a t e d  t o  dominant wavelengths  of f o l d i n g  of s u r f a c e  m a t e r i a l s  
i n  response  t o  a  l o a d  c e n t e r e d  a t  m a r s i s .  Although t h e  p r e s e n t  s t r e s s e s  
a r e  low, t hey  probably  r e p r e s e n t  a  r e l i c  of some l a r g e r  i n i t i a l  s t r e s s .  
Also f o l d i n g  can occu r  a t  very  low s t r e s s e s  i n  a  v i scous  medium. 

R e  o b s e r v a t i o n  t h a t  t h e  s u b s t r a t e  i s  s e v e r a l  o r d e r s  of magnitude l e s s  
v i scous  than  t h e  s u r f a c e  may be exp la ined  by a  v a r i a t i o n  i n  t empera tu re  o r  
mechanica l  p r o p e r t i e s .  P l a i n s  a r e  u n d e r l a i n  by c r a t e r e d  t e r r a i n  which may 
be b e s t  c h a r a c t e r i z e d  a s  megarego l i th .  The e f f e c t i v e  v i s c o s i t y  of t h i s  
l a r g e l y  u n c o n s o l i d a t e d  m a t e r i a l  could  be much l e s s  t han  t h e  p l a i n s  i f  t h e  
p l a i n s  a r e  i n  f a c t  e x t r u s i v e  v o l c a n i c  m a t e r i a l .  The appa ren t  anomaly o r  
d e v i a t i o n  i n  t h i s  r e l a t i o n s h i p  i n  Amazonis may be exp la ined  by t h e  f a c t  t h a t  
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Amazonis is  i n  t h e  n o r t h e r n  lowlands and may be u n d e r l a i n  by o t h e r  v o l c a n i c  
m a t e r i a l s  r a t h e r  t han  by c r a t e r e d  t e r r a i n s .  

We have a l s o  looked a t  t h e  morphology of f r e s h  c r a t e r s  on t h e  r idged  
p l a i n s  and t h e  p re sence  o r  absence of c e n t r a l  peaks 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 .  We f i n d  t h a t  c r a t e r s  w i t h  t h e  l o b a t e  d i s t a l  r i d g e  e j e c t a  ( f lower  
c r a t e r s )  p a t t e r n s  are much more f r e q u e n t  near  t h e  e q u a t o r  t h a n  they  a r e  
n e a r e r  t h e  p o l e s .  Also,  nea r  t h e  p o l e s ,  t h e  s m a l l e s t  d i ame te r  of c r a t e r s  
having d i s t a l  r i d g e  e j e c t a  a r e  much l a r g e r .  In c o n t r a s t ,  t h e  s m a l l e s t  c r a -  
ters w i t h  c e n t r a l  peaks a r e  about  5 km nea r  t h e  e q u a t o r  wh i l e  t hey  a r e  
n e a r l y  20 !an nea r  t h e  p o l e s .  

I n  conc lus ion ,  t h e  r e l a t i o n s h i p  between t h e  r i d g e  s p a c i n g ,  t h e  appa ren t  
t h i c k n e s s  of t h e  r idged  p l a i n s ,  and a  v i s c o s i t y  r e l a t i o n s h i p  sugges t  t h a t  
t h e  s u b s t r a t e  i s  similar i n  mechanical  c h a r a c t e r i s t i c s  where t h e  r idged  
p l a i n s  o v e r l i e  c r a t e r e d  t e r r a i n .  Tne v i s c o s i t y  r a t i o  of r i dged  p l a i n s  t o  
u n d e r l y i n g  s u b s t r a t e  i s  about  500. 'Ihe s u b p a r a l l e l  r i d g e s  form on p l a i n s  
t h a t  a r e  t h i c k e r  t han  about  900 m, whi le  i n  t hose  p l a i n s  a r e a s  t h a t  a r e  
a p p a r e n t l y  t h i n n e r  t h a n  about  900 m, i r r e g u l a r  r e t i c u l a t e  p a t t e r n s  form, a s  
i n  t h e  Noachis-Hellas a r e a .  I n  t h e  immediate v i c i n i t y  of T h a r s i s ,  t h e  
r i d g e s  conform ve ry  c l o s e l y  t o  s t r e s s e s  t h a t  would a r i s e  from a ' Iha r s i s  l o a d  
acco rd ing  t o  a s imple  f l e x u r a l  r a t h e r  t han  i s o s t a t i c  model. In r e g i o n s  d i s -  
t a n t  from T h a r s i s ,  t h e r e  i s  no c l e a r  g l o b a l  p a t t e r n  t o  t h e  r i d g e  o r i e n t a -  
t i o n s ,  and t h e  r i d g e s  appear  t o  be responding  more t o  l o c a l  s t r e s s e s .  
Although w e  might expec t  c r a t e r  morphology t o  be r e l a t e d  i n  some way t o  t h e  
t h i c k n e s s  of t h e  r idged  p l a i n s ,  we f i n d  t h a t  t h a t  does not  appear  t o  be t h e  
c a s e .  'Ihere i s  no c l e a r  r e l a t i o n s h i p  between t h e  c r a t e r  e j e c t a  t y p e s  o r  t h e  
d iameter  of c r a t e r s  w i t h  c e n t r a l  peaks and t h e  p l a i n s  t h i c k n e s s .  'Ihe r e l a -  
t i o n s h i p  seems t o  be c o n t r o l l e d  more by l a t i t u d e  which we s u s p e c t  i s  
r e f l e c t i n g  t h e  amount and subsu r face  d i s t r i b u t i o n  of water  a s  i c e  o r  l i q u i d .  
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TABLE 1  Ridge Spacing and Thickness of Ridged P l a i n s  

REGION THICKNESS, KM ( h )  SPACING, KM (L)  L/h TYPE -- -- - - 
Amazonis P l a n i t i a  .950 
W. Lunae Planum 1.500 
E. Lunae Planum & 

E .  Chryse P l a n i t i a  1.050 
W. S o l i s  Planum 1.500 
E. S o l i s  Planum .800 
Hesper ia  Planum & 

S y r t i s  Major P l a n i t i a  .866 
Noachis-Hellas  .600 

40 f 20 42  P a r a l l e l  
50 f 20 33 P a r a l l e l  

30 f 15 29 P a r a l l e l  
5 0 f  15 33 P a r a l l e l  
20 f 1 0  25 R e t i c u l a t e  

25 f 15 29 R e t i c u l a t e  
15 f 1 0  25 R e t i c u l a t e  
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