
WATER AND ICE ON MARS: EVIDENCE FROM VALLES MARINERIS* 
Be K, Lucch i t t a ,  U.S, Geologica l  Survey, F l a g s t a f f ,  Ar izona 86001 

An impor tan t  c o n t r i b u t i o n  t o  t h e  v o l a t i l e  h i s t o r y  o f  Mars comes f rom a  
d e t a i l e d  s tudy  of Va l l es  Mar iner i s ,  where e x c e l l e n t  stereoimages and a  
three-d imensional  view of t h e  upper Mar t i an  c r u s t  pe rm i t  unusual 
i n s i g h t s :  t h e  subsurface i n  t h e  e q u a t o r i a l  r e g i o n  o f  Mars below about 1 km 
depth was n o t  des icca ted  u n t i l  r e l a t i v e l y  r e c e n t l y ,  even though d e s i c c a t i o n  
i s  p r e d i c t e d  by models of t h e  e q u i l i b r i u m  between water  i n  t h e  ground and 
i n  t h e  atmosphere [I]. 

The evidence t h a t  ground water  and i c e  e x i s t e d  u n t i l  r e l a t i v e l y  
r e c e n t l y  o r  s t i l l  e x i s t  i n  t h e  e q u a t o r i a l  area comes f rom observa t ions  o f  
l a n d s l i d e s  [2,3], w a l l  rock [4], and dark vo l can i c  vents  [5,6]. Several 
observa t ions  suggest t h a t  l a n d s l i d e s  were l u b r i c a t e d  by water. Three young 
s l i d e s  generated an outwash fan and gave r i s e  t o  a  channel t h a t  has severa l  
bends and extends on a  g rad ien t  of 4 m/km f o r  a  t o t a l  d i s t ance  o f  250 km 
from i t s  source [7]. Also, t h e  m a t e r i a l  i n  t h i s  channel was capable o f  
e ros ion  a t  cons iderab le  d i s tance  f rom i t s  source; i t  breached a  bedrock 
r i dge ,  carved f l u t e s  i n  t h e  lower channel, and eroded i t s  banks. Doughnut- 
shaped h i  11 s w i t h i n  t h i  s  channel resembl e  moraines c o n t a i  n i  ng k e t t l  e  ho les , 
which on E a r t h  a r e  formed by t h e  m e l t i n g  of b l ocks  of i ce ,  

Some l a n d s l i d e s  have lobes t h a t  ang le  backward f rom t h e  main d e b r i s  
mass and f l o w  downhi 11, o the rs  g i v e  r i  se t o  smal l  s i  nuous va l  1  eys, and many 
smal l  1  andsl i des  a r e  surrounded by levees 1  i ke t e r r e s t r i a l  mudflows, These 
observa t ions  a l s o  suggest t h a t  t h e  l a n d s l i d e  depos i t s  conta ined f l u i d s .  A 
smal l  channel debouches f rom a  t r i b u t a r y  canyon t o  Val 1  es Mar i ne r i s ;  
apparen t l y  water  d ischarged from t h e  canyon wa l l s ,  i f  canyon t r i b u t a r i e s  
were indeed formed by sapping [9]. 

Val l e s  M a r i n e r i s  l a n d s l  i d e s  a re  d i f f e r e n t  i n  e f f i c i e n c y  from l a r g e  
c a t a s t r o p h i c  l a n d s l i d e s  on Earth. Whereas t e r r e s t r i a l  l a n d s l i d e s  i nc rease  
i n  e f f i c i e n c y  (d i s t ance  t r a v e l e d )  w i t h  i n c r e a s i n g  weight  [9], t h e  1  arge 
l a n d s l  i des  i n  Val l e s  M a r i n e r i s  r e t a i n  t h e  same e f f i c i e n c y  regard less  of 
weight  [3]. One exp lana t i on  f o r  t h e  d i f f e r e n c e  might  be t h a t  t h e  Mar t i an  
s l  i d e s  a re  1  u b r i  ca ted  by water,  whereas most 1  arge t e r r e s t r i  a1 s l  i des  a r e  
dry- rock avalanches [ lo]. 

A  comparison o f  l a n d s l i d e  speeds a l s o  suggests t h a t  t he  Mar t i an  s l i d e s  
con ta ined  water, Among l a r g e  c a t a s t r o p h i c  1 andsl  i d e s  on Earth,  o n l y  t h e  
Huascaran s l i d e  [11] matches t h e  Mar t i an  ones i n  speed 131; t h e  Huascaran 
s l i d e  con ta ined  much water  and i ce .  Because a l l  l a n d s l i d e s  i n  V a l l e s  
Mar i ne r i s  a r e  re leased f rom w a l l  rock, some l a y e r s  w i t h i n  t h e  w a l l s  t h a t  
a r e  7-10 km h i g h  must have con ta ined  these  l u b r i c a t i n g  ma te r i a l s .  

A r e l a t i v e l y  young, l e v e l  depos i t  embaying eroded l aye red  beds occurs 
i n  t h e  lowest  area of t h e  c e n t r a l  t roughs  of  Va l l es  M a r i n e r i s  [12]. The 
depos i t  l ooks  l i k e  a  d r y  l a k e  bed o r  a l l u v i a l  f l a t ,  which suggests t h a t  wet 
d e b r i s  c o n t r i b u t e d  t o  i t s  formation. The wet d e b r i s  was apparen t l y  d e r i v e d  
from l ands l  i d e s  o r  w a l l  rock. 

That V a l l e s  M a r i n e r i s  w a l l  rock  con ta ined  water o r  i c e  i s  f u r t h e r  
suggested by i t s  d i f f e r e n c e  f rom t h e  i n t e r i o r  l aye red  deposi ts .  Landsl ides 
hav ing f l o w  lobes  t h a t  extend f a r  ou t  on to  t h e  chasma f l o o r s  debouch on l y  
f rom w a l l  rock  o r  e ros iona l  remnants o f  w a l l  rock. No such l a n d s l i d e s  come 
f rom t h e  l aye red  deposi ts ,  even where t h e  layered  depos i t s  a r e  as h i g h  and 
steep as t h e  w a l l  rock. Apparent ly,  l a n d s l i d e s  formed f rom t h e  w a l l  
m a t e r i a l s  f lowed e a s i l y ;  t hose  from t h e  i n t e r i o r  depos i t s  gene ra l l y  d i d  n o t  
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F a u l t s  and f a u l t  zones i n  Val l e s  M a r i n e r i s  a1 so shed l i g h t  on t h e  
problem o f  water  con ten t  i n  t h e  wa l l s ,  Contrary  t o  what i s  commonly seen 
on Ear th ,  many f a u l t  zones i n  Val l e s  M a r i n e r i s  a re  more r e s i s t a n t  t o  
e ros ion  than  t h e  coun t ry  rock, Spurs p r o j e c t i n g  i n t o  Va l les  M a r i n e r i s  
developed a1 ong f a u l t s  [4], and a1 1  t h e  median r i dges  o f  w a l l  rock 
p a r a l l e l i n g  chasma w a l l s  o r  sepa ra t i ng  chasmata f rom each o t h e r  occur  where 
f a u l t s  and f r a c t u r e  zones a re  densely spaced, Apparent ly  f a u l t s  were 
l i t h i f i e d  o r  i n t r u d e d  by d i kes  and thus  a r e  more r e s i s t a n t  t o  e ros ion  t han  
t h e  coun t r y  rock. Conversely, t h e  observa t ion  i m p l i e s  t h a t  t h e  coun t ry  
rock  i s  weaker r e l a t i v e  t o  t h e  f a u l t s ,  Such weak coun t r y  rock  would be 
c o n s i s t e n t  w i t h  w a l l  rock composed o f  b r e c c i a  [ lo]  t h a t  i s  weakly cemented 
by i c e  near t h e  f r e e  faces and i s  charged w i t h  water a t  some depth. 

Another argument suppor ts  t h e  i dea  t h a t  t h e  w a l l  rock con ta ined  water  
and i ce ,  Dark depos i t s  i n t e r p r e t e d  as vo l  cani  c-vent m a t e r i a l  [5,6] occur 
on l y  a t  e l e v a t i o n s  lower  than  6 km above Mar t i an  datum, The h ighes t  
depos i t s  a r e  3 km below t h e  r i m  o f  ad jacen t  p l a teau  surfaces. Th is  6-km 
e l e v a t i o n  appears t o  be t h e  maximum he igh t  reached by e x t r u d i n g  magmas and 
can be used t o  c a l c u l a t e  r e l a t i v e  d e n s i t i e s  o f  magma and wa l l - r ock  columns 
[14,15]. It appears t h a t  t h e  m a t e r i a l  i n  t h e  column o f  combined s o l i d  
c r u s t  and mant le  rock  unde r l y i ng  t h e  p l a teau  must have been l e s s  dense t han  
t h e  m a t e r i a l  i n  t h e  l i q u i d  magma column. Upper c r u s t a l  rock composed o f  
l o o s e l y  conso l i da ted  b recc ia  mixed w i t h  water o r  i c e  might  f u l f i  11 such a  
requ i  rement. 

Because t h e  main evidence f o r  water and i c e  i n  t h e  w a l l  rock comes 
f rom l ands l i des ,  t h e i r  t i m e  o f  emplacement i s  impor tant ,  The l a n d s l i d e s  i n  
Val l e s  Mar i ne r i  s  da te  f rom t h e  t jme  o f  l a t e  e r u p t i o n s  on t h e  Thars is  
volcanoes [2] and thus  were emplaced a f t e r  t h e  major  a c t i v i t y  on Mar t ian  
o u t f l o w  channels. Therefore,  t h e  concept o f  ground sa tu ra ted  by water  and 
i c e  i n  t h e  e q u a t o r i a l  r eg ion  i s  c o n s i s t e n t  w i t h  C a r r ' s  [16] hypothes is  t h a t  
con f i ned  a q u i f e r s  developed i n  t h i s  r eg ion  and gave r i s e  t o  ou t f low 
channels, The concept a l s o  agrees w i t h  t h e  presence o f  rampart c r a t e r s  i n  
t h e  e q u a t o r i a l  area. 

None o f  t h e  above observa t ions  c o n c l u s i v e l y  demonstrate t h a t  water o r  
i c e  e x i s t e d  i n  t h e  w a l l  rock o f  Val l e s  Mar iner i s ,  b u t  a1 t oge the r  t h e  
evidence i s  h i g h l y  suggest ive,  Any models address ing t h e  exchange o f  water 
w i t h  t h e  atmosphere i n  t h e  e q u a t o r i a l  r e g i o n  o f  Mars must t h e r e f o r e  t a k e  
i n t o  account t h a t ,  below a depth o f  about 1 km, t h i s  r e g i o n  was n o t  
e n t i r e l y  des iccated,  a t  l e a s t  u n t i l  t h e  t ime  o f  l a n d s l i d e  format ion.  
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