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S p a a e o r d t  f l y b y s  of S a t u r n  have r e t u r n e d  a  w r a t h  of i n f o r m a t i o n  on t b r  p18aet,  i t s  
s a t e l l i t e s ,  r i n g s  and magnetosphere. A r u l y a i r  o r  t h e s e  d r t o  h a s  l e d  t o  major  advanoes i n  
unders tand ing  s a t e l l i t e - r i n g ,  r i n g - ~ a g n e t o a p b e r e  and s a t e l l i t e - s a g n e t o a p h e ~ e  i n t e r a c t i o n s .  
However, many important problems remlin un8olv.d. Among the  majcr i r s u o r  i r  t b e  m u r a  m d  m t u r e  
of geologioal a c t i v i t y  on Enoeladuq and its ra la t lonahip  t o  Saturn's outermost (B) ring [I]. 

Saturn's b r i n g  appears t o  be o l w l y  re la ted  t o  its m t e l l i t e  Bnoelodua !'be d e w s t  part 
of t h e  B-ring o o i n o i d e s  w i t h  t h e  o r b i t  of Baoeladuq s u g g e s t i n g  t h e  s a t e l l i t e  80 t h e  r o w o e  of 
r i n g  p a r t i c l e a  [2l,  The &ring p a r t i o l e s  hare a  &ort l i f e  expeotanoy ($104 years) due t o  t h e i r  
i n t e r a o t i o n s  w i t h  t h e  ambient  plaama 131. The s a t e l l i t e ' s  very c l e a n  ( p  8 1.0 0.1) and 
s p e o t r o p h o t o m e t r i o a l l y  homogeneous a u r f a o e s  a l a o  suggest t h a t  i t  i s  u n i f d y  npowderedn a s  i t  
8Weeps beak up t h e  E-r ing p a r t i c l e 8  [ 4 ] .  Tbe I - r i n g  m a t e r i a l ,  t h e r e f o r e ,  must be o o a s t a n t l y  
srpleniahed. 

Studies  of the  miorophyaioll propert ies  of the  &~ iq  p a r t i o l e s  p o v i b  i d d i t i o a r l  widenoe 
l ink ing  the  E-ring with lnoeladua The &ring portiOl@s: 

(1) Are vwy small, with e f fec t ive  diameters between 2  t o  2.5 miorons [5,6,7]. 

(2) Have a  spherioal  &ape [TI. 

(3) Have a  aarrow s i z e  dis t r ibut ion,  with an e f feo t ive  vlrianoe between 0.1 and 0.15 171. See [ B l  
f o r  d e f i n i t i o n s  of the neffeot iven ~~~~~~a. 
His s c a t t e r t a g  by suoh an ennomble oi i w  spheres  oan explain a l l  obmrved v i s i b l e  a d  in f ra red  
p r o p e r t i e s  of t h e  - r i a  [7]. See P i  u r e a  1  and 2. P a r t i o l e s  i n  t h e  gap between t h e  O and E 
rings were studied fP & by Voyager and PYS experiment& m d  were found t o  h n e  p r o p r t i e s  
(1) and (3) alao [12,131. Them p a r t f o l r s  m8y have spiraled i n  t r o a  the E-ring due t o  Poynting- 
Robertson drag. 

P a r t i o l e s  w i t h  p r o p e r t i e s  (2 )  and (3) a r e  produoed by a t o m i z a t i o n  of  a  l i q u i d  o r  
oondensa t ion  from a  gae. Thia s u g g e s t s  t h a t  t h e  E-ring p a r t i o l e s  have a  vo loan io  o r i g i n  171. 
S inoe  Enoaladus i s  t h e  on ly  g e o l o g i c a l l y  a c t i v e  s a t e l l i t e  found w i t h i n  t h e  E-ring, i t  i s  
reasonable t o  conclude t h a t  water d rop le t s  a r e  edroted fsom Enceladub quickly frozen by rad ia t ing  
t o  apaoe, and res ide  within t h e  E-ring u n t i l  l o s t  or destroyed. 

The ohape of the  b r i n g ' s  phaae ourve, obwrved new the baoksoatter d i rec t ion  b e e  Fig. 21, 
constrains  t h e  composition of the  E-ring p a r t i o l e s  Spheres with r e f r a a t i v e  indiues between 0 
and 2  produoe a  nonoent ra l  r a y  a f t e r  one i n t e r n a l  r e f l e a t i o n  [a].  Liou and Bansen 1141 showed 
t h a t  such p a r t i o l e s  g i v e  r i s e  t o  an i n t e n s e  g l o r y ,  w i t h  an innermos t  r i n g  of  only a  few d e g r e e s  
angular diameter. The f a o t  t h a t  suoh a  glory has not been observed f o r  Saturn's E-ring means tha t  
i t s  p a r t i o l e s  have a  r e f r a o t i v e  i n d e x  o u t s i d e  t h e  f i t 0  2  range. Table 1 g i v e s  t h e  r e f r a c t i v e  
i n d i c e s  of p o s s i b l e  B-ring m a t e r i a l s .  The f i r s t  f o u r  s u b s t a n o e s  s a t i s f y  t h e  o b s e r v a t i o n a l  
oonstraint,  while the last two do not. 

The presence of low melting point c l o t h r a t e s  within Enoeladus has  been invoked t o  lower the 
energy oost of melting the  s a t e l l i t e ' s  i n t e r i o r  [21]. The phase funct ion of the b r i n g  p a r t i c l e s  
seems t o  p e r m i t  both HA and CH4 hydrates .  The s p e c t r a l  d a t a  f a v o r s  CH h y d r a t e  over  NH 
Horeooer, the n o a d e t a c t f o ~  of H ions by the Voyager UCP instrument within sa turn l s  magnetospheJe 
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does  no t  w p p o r t  a  m u r o e  of n i t r o g e n  oompounds on Enceladus [22]. The d: h o t i o n  of C and H i o n s  
by LECP f u l f i l l s  a  necessary  bu t  not  s u f f i c i e n t  oond i t i on  fcr a  methane s o w o o  on Enceladus. 

To summarize, wa te r  i c e  can e x p l a i n  a v a i l a b l e  speot rophotometr ic  o b ~ m r t i o n a  of t h e  & r i n g  
( t h i s  work)  and E n o e l a d u s  [23]. If a  c l a t h r a t e  i s  needed t o  l o w e r  t h e  e n e r g y  c o s t  o f  m e l t i n g  
Bnoeladus i t  is  more l i k e l y  t o  be methane and n o t  ammonia hydrate. Continued d a t a  a n a l y s i s  and 
geodynamical s tud ie s ,  sg., 1241, a r e  expected t o  r e s o l v e  t h e  q u e s t i o n  d t h e  source  and n a t u r e  of 
geo log ica l  a c t i v i t y  on Enoeladus s o o n  

Table 1 g. ~ w s o n ,  S. H., 8. J. R e i t s e m a  and B. A. S m i t h  
Temp. Cl981aI & u & A n a ~ r s t r o n . h 1 1 ,  726-727. 

Substance h & 10. Larson,  S. H., J. Y. F o u n t a i n ,  B. A. S m i t h  
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n20 i c e  1.31 5 50 266 C151 2 90. 
11. F r a n k l i n ,  F. A. a n d  A. F. Cook [ I  9651 

CE4 i c e  1.33 589 9 1161 L 704-720. 
12. Aubier ,  H. G., H. Heyer -Verne t  and B. H. 

C H ~ . ~ $ - I ~ O  1.35 488,514 263 [ 171 Pederqon [ I  9&?] I n  RII1Ps. e d i t e d  by 
& Brahic, CNES, Toulouse, Prance. 
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