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The m a t  g o o l s g i c a l l y  reasonable  w d e l  f o r  t h e  o r i g i n  o f  grooved t e r r a i n  on  Ganyaede invoPves 
f l d i i n q  o f  a p l a n e t a r y  graben system by water  o r  meter - ice  m~gras t h a t  r o s e  to t h e  s u r f a c e  
a long  m r v l  f a u l t s  i n  t h e  r i f t  w n a s  (1,2). i n v e s t i g a t e  this p r o c e s s  f u r t h e r ,  we have 
+ x a a i n d  t h e  thermal e v o l u t i o ~ ~  o f  a water  f l w  on  C a n p e d e ' s  s u r f a c e .  m e  model is a v a r i a t i o n  
o f  e a r l i e r  work o n  le.-covered w a t e r  f lows (3.4.5). I t  is  based on t h e  s h p l i f y i n p  a s s ~ t i o n o  
t h a t  luinar f l w  and a concamitant  s o l i d  i c e  c o v e r  a r e  achieved r e l a t i v e l y  soon a f t e r  e r u p t i o n ?  
and t h a t  the amount o f  energy lost to the s u b s t r a t t m  is n e g l i g i b l e .  

The tuo p r b a r y  s o u r c e s  o f  h e a t  a t  t h e  ice s u r f a c e  a r e  t h e  f r a c t i o n  o f  s o l a r  r a d i a t i o n  
abmorbd w i t h i n  the i c e  ( (1- f )q i ,  where q i  - I(1-A)),and t h e  conduct ive  h e a t  f l u x  from t h e  
undcr ly lng  water  f l w  (qc - k (273.15 - f ) / x ) .  These h e a t  i n p a t s  a r e  balanced by r a d i a t i v e  c o o l i n g  
( ~ o T * )  and by the h e a t  l o s t  through sutlii-tion' o f  t h e  i c e  cover  (L, dnu/d t ) .  %us, t h e  t o t a l  
s u r f a c e  h e a t  ba lance  is g iven  by t h e  equa t ion :  ( l - f ) q i  + qc - IOT' L, $/dt (1)  

where f ,  t h e  f r a c t i o n  o f  i n c i d e n t  s o l a r  r a d i a t i o n  which is t r a n s m i t t e d  through t h e  i c e ,  is g iven  
by: 

f - exp (-h). (2)  

K,  t h e  bulk e x t i n c t i o n  c o e f f i c i e n t  (-.01 c a - l ) ,  was s e l e c t e d  on  t h e  b a s i s  o f ' s e v e r a l  s t u d i e s  on 
t h e  o p t i c a l  p r o p e r t i e s  o f  t e r r e s t r i a l  s e a  and g l a c i a l  i c e  (6.7) .  %a v a r i a t i o n  of  f w i t h  depth  
is i l l w t r a t d  i n  P ig .  2. 

The a q u i l i b r i u a  s u r f a c e  temperature r e q u i r e d  t o  s o l v e  t h e  s u r f a c e  energy ba lance  i n  
Equation 1 was found r u i n g  Newton's method. I n  t h e  s y  mat te r  a s  (5)  t h i s  temperature was 
t h e n  us& to de te rmine  t h e  conduct ive  h e a t  l o s s  (Q) from t h e  under ly ing  water  f l w .  Considera-  
t i o n  of t h e  h u t  ba lance  a t  t h e  base  o f  t h e  i c e  l a y e r  shows t h a t  qc e q u a l s  the sum o f  t h e  f r a c -  
t i o n  o f  the s o l a r  f l u x  absorbed i n  t h e  water  ( f q i )  and t h e  l a t e n t  h e a t  r e l e a s e d  by f r e e z i n g  
(Lf dml/dt) a s  t h e  i c e  cover  t h i c k e n s  w i t h  ti-. ).lore simply: 

The i n c r e a s e  i n  i c e  t h i c k n e s s  dx  which occurs  i n  t h e  t ime i n t e r v a l  d t  was c a l c u l a t e d  by not ing  
t h a t  da l /d t  - o dx/d t .  Equation 3 was then  so lved  f o r  dx, y i e l d i n g :  

- - 

he re  we have assused  p - 1 p c d 3 .  With each t ime s t e p  t h e  s e r i e s  of  c a l c u l a t i o n s  (Equations 
1-0 were repea ted  based o n  t h e  i n c r e a s e  i n  i c e  t h i c k n e s s  determined i n  t h e  p r e v i o u s  t ime s t e p .  
The n e t  e f f e c t  o f  t h e  i n c r e a s e  i n  i c e  t h i c k n e s s  is t o  reduce bo th  t h e  conduct ive  h e a t  l o s s  from 
t h e  v a t e r  (qc) and t h e  f r a c t i o n  o f  s o l a r  r a d i a t i o n  absorbed i n  t h e  w a t e r  ( f ) .  

During t h e  f i r s t  few minutes f o l l o v i n g  t h e  e r u p t i o n  of  t h e  water-magma, t h e  s u r f a c e  
tempera ture  o f  t h e  i c e  cover  drops  from 273 K t o  % 170 K ,  e v e n t u a l l y  c o o l i n g  t o  below 150 K 
o n  a t i n e s c a l e  o f  s e v e r a l  t en8  o f  days (Fig.  3 ) .  These s u r f a c e  tempera tures  assume a magma 
f l w  which is s u f f i c i e n t l y  deep t h a t  a p o r t i o n  reaiains unfrozen benea th  its p r o t e c t i v e  i c e  
cover  o v e r  t h e  g iven  t ime per iod .  The r a t e  o f  i n c r e a s e  i n  i c e  cover t h i c k n e s s  is i l l u s t r a t e d  
i n  F igure  4. During t h e  f i r s t  hour,  t h e  i c e  cover  t h i c k e n s  t o  more than  10 cm - a f t e r  which 
t h e  growth r a t e  b e g i n s  t o  s l w  s i g n i f i c a n t l y .  A 5 m t h i c k  water  f l o u  would t a k e  about  75-80 
days  t o  f r e e z e  t o  i ts  base .  

The above r e s u l t s  appear  t o  be  independent o f  reasonable  changes i n  the  assumed v a l u e  o f  
t h e  b u l k  e x t i n c t i o n  c o e f f i c i e n t  o r  t h e  albedo of t h e  i c e  sur face .  The most s e n s i t i v e  parameter  
is t h e  thermal c o n d u c t i v i t y  of  t h e  i c e  cover;  f o r  example, d e c r e a s i n g  it t o  .006 from o u r  
assumed v a l u e  o f  .013 c a l  cm-1 8- l  K - ~  means t h a t  a 5 $ t h i c k  flow would t a k e  w r e  than twice 
a s  long to f r e e z e  to i ts  base .  

Our r e s u l t s  s u g g e s t  t h a t  water ,  under a p r o t e c t i v e  and th ickening  i c e  cover ,  can e x i s t  
on t h e  s u r f a c e  o f  Canymede f o r  s i g n i f i c a n t  p e r i o d s  o f  time. Given a r a t e  of  d i s c h a r g e  f o r  
w a t e r  volcanism on  Canymede ( p e r  k i lometer  l e n g t h  o f  a c t i v e  f i s s u r e )  s i m i l a r  t o  t h a t  of  average  
t e r r e s t r i a l  b a s a l t  f l o u s ,  a 5 rn t h i c k  f l o v  e r u p t i n g  from a 100 km long f i s s u r e  could  f lood  an 
a r e a  o f  17  km2 i n  a s i n g l e  day - and more than  1200 km2 i n  t h e  time requi red  t o  f r e e z e  t h e  
f l w  t o  i t s  base .  Based on t h e s e  c a l c u l a t i o n s ,  we conclude t h a t  i t  would n o t  be d i f f i c u l t  
f o r  a s e r i e s  o f  water  f l w s  t o  f i l l  Ganymede's p l a n e t a r y  r i f t  system and c r e a t e  t h e  high a lbedo  
grooved t e r r a i n  i n  a g e o l o g i c a l l y  reasonable i n t e r v a l  of  time. 
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