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Low l y i n g  regions  such a s  i n t e r c r a t e r  a r e a s  and the  i n t e r i o r s  of impact 
b a s i n s  i n  the  a n c i e n t  c r a t e r e d  p l a t e a u  of Mars a r e  o f t e n  f i l l e d  wi th  smooth 
p l a i n s  m a t e r i a l  i n t e r p r e t e d  t o  be of vo lcan ic  o r i g i n .  These p l a i n s  a r e  
widespread, a s  d i scussed  i n  previous  s t u d i e s  ( 1 , 2 , 3 ) ,  and a r e  a n  important  key 
t o  understanding the  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 the  p l a n e t .  The 
o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  i s  to  examine these  vo lcan ic  p l a i n s  and t o  
a s s e s s  the p o s s i b l e  r e l a t i o n s h i p s  wi th  t e c t o n i c  f e a t u r e s .  The r e c e n t  advances 
us ing Viking o r b i t e r  d a t a  ( e . g . ,  g l o b a l  geo log ic  maps a t  1:15M (4 ,5 ,6 )  and 
assembly of 1:2M photomosaics) have made t h i s  s tudy poss ib le .  

Two k inds  of v o l c a n i c  p l a i n s ,  composed of simple and complex f lows,  a r e  
recognized on the  b a s i s  of s u r f a c e  morphology and can be dated us ing impact 
c r a t e r  f requenc ies .  Simple flows (7)  d i s p l a y  few flow f e a t u r e s  such a s  
channels ,  b u t  they t y p i c a l l y  have numerous mare-type r i d g e s  ( 3 ) .  They have a 
combined a e r i a l  d i s t r i b u t i o n  i n  the  c r a t e r e d  uplands of abou t  6.634 x l o 6  km2. 
Impact c r a t e r  f requenc ies  i n d i c a t e  a lower-Hesperian age.  These p l a i n s  a r e  
i n f e r r e d  t o  be analogous t o  f lood o r  p l a t e a u  b a s a l t s .  I n  c o n t r a s t ,  complex 
f lows g e n e r a l l y  l a c k  wrinkle  r i d g e s  and may e x h i b i t  f low s t r u c t u r e s  such a s  
f low f r o n t s  and l a v a  channels  (3 ,7 ) .  Approximately 3.042 x l o 6  km2 of the  
c r a t e r e d  p l a t e a u  is covered by t h i s  type of p l a i n s  u n i t .  R e l a t i v e  age  d a t i n g  
g i v e s  a mid- t o  upper-Hesperian age.  These p l a i n s  appear  t o  be composed of 
over lapping flows t h a t  sugges t sporad ic  e r u p t i o n s  of t h e  Hawaiian s t y l e .  

The major recognizab le  t e c t o n i c  f e a t u r e s  on Mars a r e  a t t r i b u t e d  to:  ( a )  
impact bas ins ;  ( b )  s t r e s s e s  produced by the  T h a r s i s  bulge;  ( c )  V a l l e s  
Mariner is ;  and ( d )  the  boundary be tween the  nor  t h e m  lowlands and the  sou thern  
uplands. Both ( a )  and ( b )  c r e a t e  e x t e n s i o n a l  f r a c t u r e s  i n  the  l i t h o s p h e r e  
t h a t  could a l l o w  magma t o  migra te  t o  the  su r face .  Table 1 shows the  
percentage o f  v o l c a n i c  p l a i n s  of a l l  types and ages  i n  the  c r a t e r e d  uplands 
and t h e i r  p o s s i b l e  a s s o c i a t i o n  wi th  t e c t o n i c  f e a t u r e s .  Impact bas ins  
g e n e r a l l y  d i s p l a y  c o n c e n t r i c  r i n g - f r a c t u r e s  t h a t  may s e r v e  as l o c i  f o r  
volcanism (8). T h i r t y  impact b a s i n s  l a r g e r  than 200 km i n  d iameter  a r e  
d i s t r i b u t e d  w i t h i n  the  c r a  tered uplands (9 , lO) .  Of these ,  n ine  t een  have 
v o l c a n i c  p l a i n s  t h a t  occur wi th in  the  l a r g e s t  ring-f r a c  t u r e  . Wos t p l a i n s  a r e  
o f  the  o l d e r ,  "simple flow" v a r i e t y .  They have a t o t a l  a e r i a l  e x t e n t  of abou t  
2.535 x l o 6  km2 and account  f o r  27 p e r c e n t  of a l l  the  v o l c a n i c  p l a i n s  
observed. 

Both simple and complex flows a r e  common i n  the c r a t e r e d  p l a t e a u  a d j a c e n t  
t o  the  T h a r s i s  region.  I n t e n s e  deformation occurred i n  the  T h a r s i s  a r e a  
dur ing  the  Noachian and Hesperian t imes,  r e s u l t i n g  i n  f r a c t u r e  sys  terns t h a t  
are mostly r a d i a l  t o  a sequence of v o l c a n i c  c e n t e r s  t h a t  s h i f t e d  from 
Thaumas i a  t o  Pavonis Mons ( 1  1 ,12)  . The f r a c t u r e s  a r e  penecontemporaneous wi th  
t h e  emplacement of vo lcan ic  p l a i n s  and c u t  a c r o s s  e x t e n s i v e  a r e a s  of t h e  
c r a t e r e d  p la teau .  Severa l  f i s s u r e  v e n t s  i n  the p la teau  have a n  o r i e n t a t i o n  
similar t o  t h a t  of the  f r a c t u r e s  (13) .  Approximately 1.607 x l o 6  km2 of 
v o l c a n i c  p l a i n s  occur wi th in  the a r e a  c u t  by Thars i s - re la ted  f r a c t u r e s  . Taken 
t o g e t h e r ,  t h i s  evidence sugges t s  t h a t  Thars i s - re la  ted t e c  tonism may be l i n k e d  
t o  the  e r u p t i o n  and emplacement of 16 percen t  of those p l a i n s  i d e n t i f i e d  i n  
the  c r a  t e red  uplands.  
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About 57 p e r c e n t  of the v o l c a n i c  p l a i n s  (having a n  a e r i a l  d i s t r i b u t i o n  of 
5.534 x l o 6  km2) have no a p p a r e n t  r e l a t i o n s h i p  to  obvious t e c t o n i c  f e a t u r e s .  
Most of these  p l a i n s  a r e  simple flows t h a t  occur i n  i n t e r c r a t e r  a r e a s  of the  
e a s t e r n  and sou th  p o l a r  r eg ion  of Mars. Perhaps these  p l a i n s  a r e  der ived from 
t e c t o n i c  f e a t u r e s  t h a t  a r e  now o b l i t e r a t e d .  Fur the r  i n v e s t i g a t i o n s  of mar t i a n  
t e c t o n i c s ,  on a g l o b a l  s c a l e ,  may he lp  to  dec ipher  the  timing and mode of 
emplacement of these  p l a i n s .  

Table  1 The r e l a t i v e  abundance of vo lcan ic  p l a i n s  a s  r e l a t e d  t o  t e c t o n i c  -- 
f e a t u r e s  . 

( Tectonic  Event I Type of Volcanic P l a i n s  I A e r i a l  D i s t r i b u t i o n  I Percentage 1 
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