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The small  v a l l e y  networks of Mars e x h i b i t  a  v a r i e t y  of p l a n i m e t r i c  and 
c ross - sec t iona l  morphologies. Like v a l l e y s  on Earth,  they may have formed 
through d iverse  g e n e t i c  mechanisms, inc lud ing  f l o o r  and w a l l  e r o s i o n  from 
down-valley f l u i d  flows, headward v a l l e y  growth by s p r i n g  sapping and head- 
w a l l  co l l apse ,  and mass-wasting along f r a c t u r e s  and f a u l t s .  It i s  thus  
u n l i k e l y  t h a t  t h e  small v a l l e y s  of Mars a l l  have a  s i n g l e  or igin .  I n  f a c t ,  
one s c i e n t i f i c  outcome of cont inuing Martian geomorphic i n v e s t i g a t i o n s  may 
be t h e  development of b e t t e r  o b s e r v a t i o n a l  c r i t e r i a  f o r  s e p a r a t i n g  v a l l e y s  
formed by d i f f e r e n t  mechanisms on both Ear th  and Mars. 

Severa l  common c l a s s e s  of small  Martian v a l l e y s  appear, however, t o  
have one un i fy ing  c h a r a c t e r i s t i c :  t h e  presence of subsurface  v o l a t i l e s ,  
probably water and water i ce ,  dur ing t h e i r  time of formation. Valley 
c l a s s e s  such as  t h e  sub-para l l e l  s l o p e  ravines  and t h e  branching, f l a t -  
f l o o r e d  t runk v a l l e y s  (1 )  a r e  absent  on (vo la t i l e -poor )  Mercury and t h e  
Moon. Completed and in-progress geomorphic mapping i n  t h e  Aeol i s  
Quadrangle agrees  wi th  previous work ( 2 )  i n  suggest ing a  l i t h o s p h e r i c ,  not  
atmospheric, source f o r  f l u i d s  a s s o c i a t e d  wi th  v a l l e y  development. 

The v a l l e y s  both t r a n s e c t ,  and a r e  i n t e r r u p t e d  by, impact f e a t u r e s  a t  
a  v a r i e t y  of scales .  It is not y e t  known whether v a l l e y  development 
occurred throughout t h e  Aeol is  Quadrangle a t  c l o s e l y  s i m i l a r  t i m e s .  
Ins tead ,  i t  may be t h a t  i n d i v i d u a l  v a l l e y  networks a r e  of d i f f e r e n t  ages. 
However, a  very widespread per iod of endogenetic vo lcan ic  a c t i v i t y  ( i n t e r -  
and i n t r a c r a t e r  p l a i n s  volcanism) pos tda tes  most s lope  rav ines  and t h e  
d i s s e c t e d  landscapes they produced (3). Addi t iona l  c r a t e r i n g ,  dur ing t h e  
t a i l  end of t h e  Late  Heavy Bombardment, pos tda tes  both v a l l e y  development 
and p l a i n s  volcanism. The apparent  l ack  of young Martian v a l l e y  networks 
i n d i c a t e s  a  change i n  e i t h e r  v o l a t i l e  abundance o r  t h e  mechanisms f o r  
d i scharg ing  v o l a t i l e s  at  o r  near  t h e  surface.  

I n  t h i s  respect ,  a  p a s t  warmer o r  denser  Martian atmosphere is o f t e n  
invoked as a  p r e r e q u i s i t e  f o r  small v a l l e y  genesis. I f  t r u e ,  t h i s  model 
impl ies  t h a t  v a l l e y  l o c a t i o n s  con ta in  l i t t l e  o r  no informat ion about modern 
subsur face  v o l a t i l e  d i s t r i b u t i o n ,  ca. 3.8 b i l l i o n  years  l a t e r .  However, 
ano ther  v a l l e y  genes i s  model (1 )  does not r e q u i r e  a  more favorab le  
atmospheric environment. Ins tead ,  hydrothermal systems a s s o c i a t e d  wi th  
e a r l y  impact events can e x p l a i n  v a l l e y  growth through headward extension,  
down-valley f l u i d  flow, and f r a c t u r e - r e l a t e d  mass wasting. Evidence i n  
favor  of t h i s  hypothesis  inc ludes  t h e  smal l  s c a l e  g l o b a l  map of t h e  Mart ian 
v a l l e y s  shown i n  (4). Even a t  t h i s  s c a l e ,  caw 200 km wide and l a r g e r  c i r -  
c u l a r  f e a t u r e s  t h a t  l ack  smal l  v a l l e y s  a r e  conspicuous. They may represen t  
r e l a t i v e l y  impermeable impact melt l o c a t i o n s  assoc ia ted  wi th  o ld  l a r g e  
impacts. Such c r a t e r s  were subsequent ly  p a r t i a l l y  f i l l e d  by flow volca- 
n ics ,  and sca r red  by younger impacts. 

This model has d i f f e r e n t  impl ica t ions  f o r  t h e  d i s t r i b u t i o n  of 
s u b c r u s t a l  v o l a t i l e s  through time and a t  present. I f  t h e  source  f o r  t h e  
water  and i c e  t h a t  helped mobi l ize  v a l l e y  development was l i t h o s p h e r i c  and 
not  atmospheric, then v a l l e y  l o c a t i o n  was c o n t r o l l e d  by: 1) t h e  a n c i e n t  
r e g i o n a l  d i s t r i b u t i o n  of subsurface  v o l a t i l e s  dur ing bombardment, 2) t h e  
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l o c a t i o n  of condui ts  connecting t h e s e  sources  t o  t h e  su r face ,  a s  p red ic ted  
by t h e  s t r u c t u r a l  geology of impact c r a t e r s ,  and 3 )  t h e  r e l a t i v e  s i z e s  of 
impact events:  smal le r  impacts may not excavate beneath a  vola t i le-poor ,  
o l d e r  impact melt. 

Ca lcu la t ions  of impact h e a t  energ ies  suggest  t h a t  hot s p r i n g  and o t h e r  
hydrothermal a c t i v i t y  would be more cons t ra ined  by v o l a t i l e  a v a i l a b i l i t y  
than  by impact energ ies  needed t o  melt and heat  i c e  and water  (1). A major 
uncer ta in ty ,  but one s u s c e p t i b l e  t o  t h e o r e t i c a l  modeling, is whether v a l l e y  
development i t s e l f  caused a s i g n i f i c a n t  ne t  t r a n s f e r  of r e g o l i t h  water t o  
t h e  atmosphere. Did v o l a t i l e  abundances become progress ive ly  deple ted 
dur ing v a l l e y  development, o r  was t e rmina t ion  of v a l l e y  genesis  caused 
i n s t e a d  by a  shut-down of r e l e a s e  mechanisms? I n  t h e  l a t t e r  case, t h e  sub- 
s u r f a c e  abundance of v o l a t i l e s  may s t i l l  be high. 

Assuming a ' s u b s u r f a c e  water o r i g i n ,  t h e  development and l o c a t i o n  of 
condui ts  must e x e r t  t h e  dominant c o n t r o l  over l o c a l  v a l l e y  posit ion.  
Discharge l o c a t i o n s  ( v a l l e y  heads) may be s t r o n g l y  a f f e c t e d  by reg iona l  
f r a c t u r e  systems a s  w e l l  a s  by t h e  f r a c t u r e d  and permeable zones 
surrounding i n d i v i d u a l  impact s t r u c t u r e s .  This is c l e a r l y  t r u e  i n  q u i t e  
d i f f e r e n t ,  and younger, geologic  t e r r a i n s ,  such as those  i n  Thaumasia 
Fossae. There, smal l  v a l l e y s  a r e  r e l a t i v e l y  uncratered,  and e x h i b i t  spa- 
t i a l  r e l a t i o n s h i p s  t o  v i s i b l e  s i g n s  of volcanism and ex tens iona l  f a u l t i n g  
a s  w e l l  a s  t o  c ra te r ing .  Impact events  a r e  not t h e  only mechanism capable 
of mel t ing permafrost ,  c r e a t i n g  condui ts ,  and promoting sur f  ace discharge 
o r  mass wasting. Thin vo lcan ic  flows i n  Thaumasia p a r t i a l l y  cover pre- 
v ious ly  d i s s e c t e d  sur faces ,  and have c r e a t e d  t h e r e  a  geologic  s i t u a t i o n  a t  
l e a s t  crudely similar t o  t h e  more anc ien t  and widespread i n t e r -  and 
i n t r a c r a t e r  p l a i n s  vo lcan ics  and v a l l e y s  of t h e  heav i ly  c r a t e r e d  t e r r a i n s .  
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