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Both t h e  Voyager images of I a p e t u s  and r e f l e c t a n c e  spec t rorcopy  from t e r r e r t r i a l  
t e l e r c o p e s  have r e c e n t l y  provided a  wea l th  of nev information on t h e  o r i g i n  of t h e  
extreme d i f f e r e n c e  i n  composition between t h e  lead ing  and t r a i l i n g  hemispheres of t h i s  
unusual s a t e l l i t e .  While t h e  t r a i l i n g  hemisphere appears  t o  be a  normal i c y  r a t e l l i t e  
r u r f a c e ,  t h e  l ead ing  s i d e  i s  covered w i t h  a  dark  m a t e r i a l  which appears  t o  be a  m i x t u r e  
of hydrated s i l i c a t e s  and organ ic  compounds r i m i l a r  t o  t h o s e  in t h e  moat p r i m i t i v e  
m e t e o r i t e s ,  and p o s s i b l y  t h e  3-type a s t e r o i d s  (1 ,2 ) .  It i s  n o r  g e n e r a l l y  agreed t h a t  
t h i s  pronounced asymmetry i n  s u r f a c e  p r o p e r t i e s  i s  probably due t o  I a p e t u r '  unurua l  o r b i -  
t a l  p o s i t i o n  (nex t  inward prograde s a t e l l i t e  from Saturn's o n l y  r e t r o g r a d e  r a t e l l i t e ,  
Phoebe). Dust e j e c t e d  from Phoebe w i l l  s p i r a l  toward Sa turn  due t o  l i g h t - p r e s s u r e  
e f f e c t s  ( 3 )  and c o l l i d e  head-on with I a p e t u s  a t  high v e l o c i t y .  The bombardrncnt environ-  
m n t  on t h e  lead ing  hemisphere w i l l  t h e r e f o r e  be dominated by p r o j e c t i l e s  i n  a  v e r y  nar- 
row range of s i z e s  and v e l o c i t i e s ,  which may produce a  t h i n ,  i n t e n s e l y  gardened r e g o l i t h  
enriched i n  non-ice components due t o  t h e  p r e f e r e n t i a l  v o l a t i l i z a t i o n  of ice .  A q u e s t i o n  
which n a t u r a l l y  a r i s e s  i s  whether c r  n o t  any o t h e r  o b j e c t s  i n  t h e  s o l a r  syr tem a r e  eub- 
j ec ted  t o  such an unusual bombardment. 

Two l a r g e  s a t e l l i t e s  have I a p e t u s - l i k e  r e l a t i o n s h i p e  t o  m a l l  o u t e r  r a t e l l i t e r :  
Reptune'r T r i t o n  and J u p i t e r ' s  C a l l i s t o .  T r i t o n  i s  i n  a  r e t r o g r a d e  c i r c u l a r  o r b i t ,  w h i l e  
Neptune's only o t h e r  known s a t e l l i t e  (Nere id)  i s  i n  a  d i s t a n t  i r r e g u l a r  prograde o r b i t .  
Durt i n  t h e  c r i t i c a l  s i z e  range e j e c t e d  from Nereid w i l l  s p i r a l  inward on prograde o r b i t r  
and be swept up by t h e  lead ing  s i d e  cf Tr i ton .  However T r i t o n  her  a  c o n s i d e r a b l e  methane 
a t m e p h e r e ,  and p o s s i b l y  even a  l i q u i d  n i t r o g e n  ocean (4). Although t h e  atmosphere has  8 

low r u r f a c e  p r e s s u r e  (0.1-0.3 atm) t h e  s c a l e  h e i g h t  i e  l a r g e  (about  20 ~BI) due t o  
Tri ton 's  low gravit.y. Micron-sized p a r t i c l e s  e n t e r i n g  such an extended atmorphere a t  
high v e l o c i t y  w i l l  be completely des t royed  long b e f o r e  they reach  t h e  s u r f a c e ,  a s  a r e  
s i m i l a r  p a r t i c l e s  i n  t h e  t h i n  upper reaches  of t h e  Earth's atmosphere. A t  b e s t  a  r a i n  of  
"Brownlee p a r t i c l e s "  from Nereid nay f a l l  o n t o  Tr i ton ' s  sur face .  Evolu t ion  of t h e  sur-  
f a c e  of T r i t o n  is  probably dominated e i t h e r  by l a r g e  h e l i o c e n t r i c  p r o j e c t i l e 8  capable  of  
p e n e t r a t i n g  t h e  a tnosphere ,  o r  by meteorology. 

The s i t u a t i o n  i n  t h e  J u p i t e r  system i s  more complex. There a r e  f o u r  known r e t r o -  
g rade  s a t e l l i t e s  a l l  a t  about 320 J u p i t e r  r a d i i  from t h e  p l a n e t ,  and f o u r  known prograde 
r a t e l l i t e s  o r b i t i n g  a t  about  h a l f  t h a t  d i s t a n c e s .  So la r  p e r t u r b a t i o n s  on t h e  o r b i t r  of 
t h e  o u t e r  group a r e  s t r o n g  and they p r e c e s s  r a p i d l y  (Fig.  2 of r e f .  5 ) .  M a t e r i a l  e j e c t e d  
from t h e s e  o b j e c t s  would t r a v e l  on s i m i l a r  c h a o t i c  o r b i t s .  C o l l i s i o n s  would eeem t o  pro- 
v i d e  an ample supply of f i n e  dus t  s u s c e p t i b l e  t o  l i g h t - p r e s s u r e  e f f e c t s .  Bovever, rolne 
unknown f r a c t i o n  of t h i s  dus t  w i l l  be swept up by t h e  prograde minor s a t e l l i t e s  b e f o r e  
reach ing  C a l l i s t o ,  p o s s i b l y  reducing t h e  magnitude of t h e  e f f e c t  on r e g o l i t h  evo lu t ion .  

Doer any evidence e x i s t  of a  hemispheric  asymmetry on C a l l i s t o  caused by a  r e t r o -  
g rade  dus t  bombardment? The Voyager images show a  monotonous c r a t e r e d  s u r f a c e  w i t h  lit- 
t l e  apparent  d i f f e r e n c e  between lead ing  and t r a i l i n g  hemispheres. T h i s  i s ,  however, 
decep t ive  s i n c e  t h e  expected e f f e c t  occurs  on a  s c a l e  of microns r a t h e r  than  k i lometers .  
Hemispheric d i f f e r e n c e s  i n  sur f  ace m i c r o s t r u c t u r e  were d e t e c t e d  a s  e a r l y  a s  1926 (6 ,7)  
when t h e  s o l a r  phase f u n c t i o n  of C a l l i s t o  was found t o  d i f f e r  w i t h  longi tude  (in t h e  
reuse  t h a t  t h e  leading hemisphere b r i g h t e n s  more a s  t h e  phase a n g l e  approaches z e r o ) .  
P o l a r i z a t i o n  measurements ( 8 )  demonstrate  t h a t  t h e  leading hemisphere h a s  a  deeper  nega- 
t i v e  t r e n c h  i n  i t s  p o l a r i z a t i o n / p h a s e  curve  than  t h e  t r a i l i n g  hemisphere, and t h a t  t h e  
variatLorr i s  roughly s i n u s o i d a l ,  c o n s i s t e n t  w i t h  an I a p e t u s - l i k e  d i s t r i b u t i o n  of high- 
p o l a r i z a t i o n  r e g o l i t h .  Both s o l a r  phase f u n c t i o n  and p o l a r i z a t i o n  a r e  l a r g e l y  c o n t r o l l e d  
by p a r t i c l e  s i z e  and p o r o s i t y  In t h e  uppermost r e g o l i t h .  These two p r o p e r t i e s  a r e  bo th  
more Ganymede-like on t h e  t r a i l i n g  s i d e  than  on t h e  lead ing ,  sugges t ing  t h a t  it i s  t h e  
lead ing  s i d e  which i s  anomalous. The r e t r o g r a d e  dus t  bombardment p o s t u l a t e d  above could 
produce j u s t  such an e f f e c t  by b ias ing  t h e  f l u x  of rego l i th -garden ing  p r o j e c t i l e s  toward 
m a l l  p a r t i c l e s .  The absence of a  g r o s s  composi t ional  d i f f e r e n c e  a s  on I a p e t u r  may be 
due e i t h e r  t o  t h e  sweeping e f f e c t  of t h e  prograde minor s a t e l l i t e s ,  o r  t o  t h e  l e s s e r  
abundance of i c e  i n  C a l l i s t o ' s  o r i g i n a l  s u r f a c e  (9). This  e f f e c t  may a l s o  be a t  l e a s t  
p a r t l y  r s s p o n s i b l e  f o r  t h e  d i f f e r e n c e  i n  dep th  and shape of i c e  a b s o r p t i o n  bands observed 
(9) .   any o t h e r  sources  f o r  g loba l  s u r f a c e  asymmetries on t h e  G a l i l e a n  s a t e l l i t e s  have 
been proposed, but  they g e n e r a l l y  p r e d i c t  decreas ing  e f f e c t s  w i t h  i n c r e a s i n g  d i s t a n c e  
from J u p i t e r . )  A r e c e n t  search  f o r  hemispheric  c o l o r  o r  a lbedo d i f f e r e n c e s  i n  t h e  Voy- 
ager  g l o b a l  monaics of C n l l i s t o  (10)  provided no d e f i n i t i v e  r e s u l t s  due t o  r e g i s t r a t i o n  
and c a l i b r a t i o u  problems, poss ib ly  due t o  t h e  phase f u n c t i o n  v a r i a t i o n s  mentioned. A 
phase func t ion  a n a l y a i s  w i t h  high spa t ' a?  r e s o l u t i o n  performed accord ing  t o  t h e  method 
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r e c e n t l y  developed a t  USGS-Flagstaff (11)  would c l a r i f y  t h i s  problem. 
I n  t h e  c a s e  of C a l l i s t o  i t  is  necessary  t o  cons ider  a l s o  t h e  p o s s i b l e  e f f e c t  of dust  

r p i r a l i n g  i n  from t h e  i n n e r  group of small  s a t e l l i t e s  on prograde o r b i t s .  This  m a t e r i a l  
would tend t o  s t r i k e  C a l l i s t o  a t  lower v e l o c i t i e s  and i n  a  more i s o t r o p i c  manner. Thew 
c h a r a c t e r i s t i c s  would tend t o  make any e f f e c t s  i n d i s t i n g u i s h a b l e  from t h o s e  of t h e  usual  
bombardment by h e l i o c e n t r i c  p a r t i c l e s .  However, both of t h e s e  s p e c i a l  bombardment 
rourcea should be cons idered  by t h o s e  a t t empt ing  comprehensive models of t h e  p r o j e c t i l e  
f l u x  n e a r  J u p i t e r  (12) .  

The evidence from C a l l i s t o  t h u s  s t r o n g l y  r u p p o r t s  t h e  r e t r o g r a d e  dus t  bombardment 
hypothes i s  f o r  t h e  o r i g i n  of t h e  s u r f a c e  p a t t e r n  on I a p e t u s  and suggee ts  t h a t  mutual 
t r a n s f e r e n c e  of e j e c t a  between s a t e l l i t e s  may be an important p rocess  i n  o t h e r  s a t e l l i t e  
ryr temr.  The G a l i l e o  miss ion  may provide important  f u r t h e r  i n s i g h t s  i n t o  t h i s  i s s u e .  
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