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The s u r f a c e  of A r i e l  imaged by Voyager 2 (Smith e t  a l e ,  1986) can be 
d iv ided  i n t o  s e v e r a l  t ypes  of t e r r a i n  on the  b a s i s  of morphology: c r a t e r e d  
t e r r a i n ,  subdued t e r r a i n ,  r idged t e r r a i n ,  and p l a ins .  Cra te red  t e r r a i n ,  a t  
l a t  -20°, long 0' and a t  l a t  -30°, long 255O, is cha rac t e r i zed  by a r o l l i n g  
su r f ace ,  e a s t -  o r  nor theas t - t rending  grabens and sca rps ,  and s c a t t e r e d  
superposed impact c r a t e r s .  Between the  two occurrences of c r a t e r e d  t e r r a i n  
a r e  a r e a s  of subdued t e r r a i n  cha rac t e r i zed  by highly degraded c r a t e r s  and 
narrow (<3 km wide) r i dges .  Ridged t e r r a i n  bounds the  subdued t e r r a i n  and 
occurs  a s  narrow bands w i t h i n  it. It is  cha rac t e r i zed  by bands 25 t o  70 km 
wide wi th in  which a r e  p a r a l l e l ,  e a s t -  o r  nor theas t - t rending  r i d g e s  and t roughs 
t y p i c a l l y  about 10 t o  35 km apa r t .  I nd iv idua l  r i dges  and t roughs extend 100 
t o  200 kn, but  t h e  bands of r idged t e r r a i n  extend many hundreds of 
ki lometers .  A t  s e v e r a l  l o c a t i o n s ,  bands of r idged t e r r a i n  a r e  con t inua t ions  
of well-defined grabens and fol low the  same s t r u c t u r a l  t r ends .  P l a i n s  f i l l  
topographica l ly  low a r e a s  such as graben f l o o r s  and i r r e g u l a r  depressions.  
The p l a i n s  t h a t  p a r t l y  f i l l  the  grabens l o c a l l y  e x h i b i t  a medial trough from 
which plains-forming m a t e r i a l  appears  t o  have flowed out  onto t h e  sur face .  

Cra t e r  s t a t i s t i c s  were compiled f o r  each of t h e  t e r r a i n  types (Table 
I). Despi te  d i f f e r i n g  morphology, t h e  var ious  t e r r a i n s  on A r i e l  do not  
e x h i b i t  l a r g e  v a r i a t i o n s  i n  c r a t e r  frequency, The d i f f e r e n c e  i n  c r a t e r  
frequency between t h e  c r a t e r e d  t e r r a i n ,  t he  most heavi ly  c r a t e r e d  su r f ace ,  and 
t h e  p l a i n s ,  t he  l e a s t  c r a t e r e d  su r f ace ,  i s  only a f a c t o r  of 3 t o  4,  i n  
d i s t i n c t  c o n t r a s t  t o  t h e  order-of-magnitude d i f f e r e n c e s  observed on Miranda 
( P l e s c i a  and Boyce, 1986; Smith e t  a l . ,  1986). 

Cra t e r  s a t u r a t i o n  of the  c r a t e r e d  t e r r a i n  occurs  a t  diameters  of about 12 
km, whereas t h a t  f o r  t h e  subdued and r idged t e r r a i n s  i s  c l o s e r  t o  7 km, 
suggest ing t h a t  the  c r a t e r e d  t e r r a i n  is the  o l d e s t  of the th ree .  The ridged 
t e r r a i n  c u t s  both t h e  subdued and c r a t e r e d  t e r r a i n s  and is t h e r e f o r e  younger 
than  both. The p l a i n s ,  which a r e  not s a t u r a t e d  wi th  c r a t e r s ,  a r e  t h e  youngest 
t e r r a i n  and apparent ly  formed a t  d i f f e r e n t  per iods  of time, a s  i nd ica t ed  by 
the  crater-frequency d a t a .  

None of t he  observed su r f aces  on Ar i e l  record the  per iod  of acc re t ion .  
I f  t h e  s u r f a c e  of A r i e l  were as o ld  as t h a t  of Oberon o r  Umbriel, whose 
su r f aces  presumably r e f l e c t  the  period of a c c r e t i o n ,  it would have a frequency 
of about 1,800 c r a t e r s  > 30 km/106 km2* However, t he  observed c r a t e r  
f requencies  on Ariel are &early lower (Table 1) .  The presence of few c r a t e r s  
l a r g e r  than 50 km i n  d iameter  a l s o  i n d i c a t e s  t h a t  i ts  observed s u r f a c e  w a s  not 
formed dur ing  acc re t ion .  A r i e l  appears  t o  have been completely resur faced  
s i n c e  i t  formed. 

The ex tens ive  network of grabens on A r i e l  i n d i c a t e s  t h a t  i t  has 
experienced g loba l  t e n s i o n a l  s t r e s s e s .  Freezing of an i n i t i a l l y  l i q u i d  water  
i n t e r i o r  and the  r e s u l t a n t  s a t e l l i t e - w i d e  expansion may have produced the  
necessary g l o b a l  t ens ion .  Because the  grabens a r e  l o c a l l y  f l o o r e d  by p l a i n s ,  
they must have formed, a t  l e a s t  i n  p a r t ,  dur ing  t h a t  p o r t i o n  of Ariel's 
h i s t o r y  when new t e r r a i n s  were being formed and when cond i t i ons  were 
app ropr i a t e  f o r  t he  mob i l i za t ion  of m a t e r i a l  f o r  resur fac ing .  

Ariel 's  geologic  h i s t o r y  may be b e t t e r  understood by a comparison wi th  
t h a t  of Dione, which has similar s i z e ,  dens i ty ,  and su r f ace  temperature and 
f o r  which ex tens ive  thermal modeling has been done (Stevenson, 1982; El l swor th  
and Schubert,  1983). On the  b a s i s  of the  thermal models f o r  Dione, so l id -  



s t a t e  convection wi th in  A r i e l  can be estimated t o  have l a s t e d  f o r  seve ra l  
b i l l i o n  years ,  a s i t u a t i o n  conducive t o  t h e  deformation of t h e  b r i t t l e  su r face  
layer .  Temperatures i n  excess of the  ammonia-water ( N H 3 " ~ 2 0 )  e u t e c t i c  melting 
po in t  (173 K) might be sus ta ined f o r  the  f i r s t  few hundred m i l l i o n  years  near 
t h e  surface  and f o r  perhaps 2 b i l l i o n  years  a t  deeper levels .  I f  c l a t h r a t e  
d i s soc ia t ion  occurred ca tas t roph ica l ly  (Stevenson, 1982), then  resurfac ing 
could have been produced by the  explosive erupt ion  of ma te r i a l  onto t h e  
surface.  Because c l a t h r a t e  d i s soc ia t ion  a t  shallow depths ((10 km) can occur 
a t  temperatures lower than the  melting po in t s  of e i t h e r  water ice o r  ammonia- 
water i c e  mixtures, such resurfac ing events would have been poss ib le  f o r  a 
longer per iods  of t i m e  than the  es t imates  given above. Thus, it s e e m s  t h a t  
condi t ions  appropr ia te  f o r  resurfac ing could have occurred during A r i e l ' s  
e a r ly  h i s to ry .  

RIGFEREPICES:: Ellsworth, K., and Schubert, G . ,  1983, Icarus ,  54, 490-510; 
Plesc ia ,  J .B,  and Boyce, J . M . ,  1986, t h i s  volume; Smith, B.A., e t  a l e ,  1986, 
Science, 233, 43-64; Stevenson, D . J e ,  1982, Nature, 298, 142-144, 
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