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The r ego l i t h  a t  t he  surface of c e l e s t i a l  bodies i s  t h e  s u p e r f i c i a l  
l aye r  of  f i n e l y  divided p a r t i c u l a t e  mater ia l  r e s u l t i n g  from t h e  pulveriza- 
t i o n  of the  s o l i d  surface by meteor i t ic  and micrometeoritic impacts. 

A r ego l i t h i c  s t ruc tu re  i s  recognizable a t  t h e  surface of d i s t a n t  
c e l e s t i a l  ob jec ts  from remote te lescopic  observations.  Several c r i t e r i a  i n  
the  op t i ca l  p roper t ies  of t h e  l i g h t  a r e  spec i f i c  : 

a ) -  Retr-reflection of l i g h t  towards the  incident  beam's d i r ec t ion  
is enhanced, a s  t he  mutual shadowing between the  gra ins  of t he  complex tex- 
t u r e  of mutually supporting gra ins  d r a s t i c a l l y  reduces the  l i g h t  returned 
toward the  observer when t h e  observing d i r ec t ion  departs  from the  exact 
d i r ec t ion  of t he  incident  beam. The r e s u l t  i s  a  spike in  t he  photometric 
curve near 0' phase angle (B.  HAPKE)(T. GEHRELS). 

b ) -  Multiple s ca t t e r ing  between the  surfaces of t he  opaque gi-ains i n  
a complex 2tructur.e generate a  c e r t a i n  amount of polar ized l i g h t  with an 
enhanced e l e c t r i c  vec tor  p a r a l l e l  t o  t he  plane containing the  inciderlt and 
emergent ; ) e m s  (negative po la r i za t ion )  f o r  observation azimuths near t he  
d i r e c t i . ~ ; :  sf ixcidence. The r e s u l t  i s  a  very spec i f i c  and c h a r a c t e r i s t i c  
negative branch i n  t h e  po la r i za t ion  curve f o r  phase angles smaller than 24' 
( A .  DOLLFUS ) . 

c ) -  The dark g lasses  generated by impact melting (J. ADAMS and T .  
MCCORD) and possibly s o l a r  wind i r r a d i a t i o n  processes (T. GOLD and B. HAPKE) 
(M. FUURETTE) produce an ove ra l l  change of colour and darkening of t he  
surface.  The r e s u l t  is  a  low albedo and a  spec i f i c  type of spectrophoto- 
metric r e f l e c t i v i t y  curve (T.  MCCORD); another r e s u l t  i s  t h a t  t he  opaci ty of 
t h e  grains  produces an inversely proport ional  r e l a t i onsh ip  between the  
geometric Albedo A and the  maximum amount of po la r i za t ion  Pmx fo r  a l l  
wavelengths i n  t he  o p t i c a l  range. (E. BOWELL and A. DOLLFUS) . 

We s h a l l  discuss  these  o p t i c a l  c r i t e r i a  f o r  a  l a rge  number of celes-  
t i a l  bodies on t h e  b a s i s  of lunar  r e s u l t s ,  and with emphasis on the  polar i -  
zation c r i t e r i a .  
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RESOLITB I N  TIIF: S O W  SYSTZM 

A .  Dollfus 

For t he  Moon, the  spike e f f e c t  on t h e  photometric curve tit 0' phase 
~ugie, the  negative 'cranch of po lar iza t ion ,  t he  spectrophotornetrit: curve 
z , .  .... -2 t h e  a;.Ledo-puiarizatiiin r e l a t i onsh ip  obserired te lescopirki lg-  are fd!.ig 

reproduced 02 the  returned lunar  f i n e s  s a p l e s .  

For Mercury, a l l  these  c r i t e r i a  a r e  a l s c  rioted with 1.elevbrit 01jservtr- 
tioi:al acc;lracies; the s i m i l a r i t y  with t he   moo^ is strik;i,g a i l  aspec ts ,  
t h e  departures  being too  margir,al t o  deserve physical  i i l t e rpre ta t icns .  
Thus, Mercury must be covered by a r ego l i t h i c  layer  of lunar  type,  impact- 
generated on a mater ia l  of approximately the same nature.  

For Mars, t h e  negative brarich of po lar iza t ion  i s  of the  lunar  t y p e  
and indica tes  t he  c rea t ion  of  a l aye r  of f ine ly  divided p a r t i c l e s ,  niost 
proLably impact-generated. The spike e f f e c t  is  m a l l  and t i e  photon;e%ric 
curve i s  f l a t ,  ind ica t ing  a smcsothing out of t h e  micro-texture E small i m ~ a c t  
c r a t e r s  by wind t r anspor t a t ion  of  t h e  grains .  The spectrophoton:etric r e f l ec -  
t i o n  curve i s  c h a r a c t e r i s t i c  of  hydrated fe r rous  oxides and implies a super- 
f i c i a l  oxidizat ion of the  gra ins  by the  atmosphere. 

For J u p i t e r ' s  s a t e l l i t e s ,  C a l l i s t o  has a cont ras t  between i ts  
surface markings, a global  a l b e d o m a n d  a spike e f f e c t  of t h e  lunar 
type. On t he  leading hemisphere i n  i t s  o r b i t a l  motion, t he  ne a t fve  branch 
of polar iza t ion  gives a minimum of -9 10-3 against  -12 10-4 fo r  tile 
Moon indica t ing  a r e g o l i t h i c  s t ruc tu re  of the l ~ r i a r  type covering most, i f  
not a l l ,  of t h e  surface - although perhaps s l i g h t l y  t i g h t e r  packed. But on 
t h e  t r a i l i n g  hemisphere, t h e  polar iza t ion  curve shows a mininlum of 4x10-3 
and a change of t he  s ign  of  po lar iza t ion  a t  phase angle 13O. These proper- 
t i e s  a r e  not c h a r a c t e r i s t i c  of  a r ego l i t h  a t  a l l ,  but  r a t h e r  of consolidated 
rocks. This su rp r i s ing  r e s u l t  represents  t he  unique exception among a l l  the  
Solar  System bodies already polar imet r ica l ly  invest igated.  Explanations 
could involve impact mechanisms on o r b i t  around J u p i t e r ,  o r  perhaps the  
recent disappearance of a f r o s t  deposit .  

The surface of Europa resembles an almost uniform water-frost deposit  
i n  a l l  i t s  inves t iga ted  proper t ies .  Observations of 10 indica te  a v o l a t i l e  
deposit  of a d i f f e r e n t  nature.  

Ganymede resembles a lunar  o r  Cal l is to- type surface pa r t l y  covered 
with l a rge  areas  of water-frost deposi ts .  

..... 
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R.I.T.S.S. 

A .  Dollfus 

The a s t e ro ids  f o r  which photometric curves have been measured some- 
times show spike e f f e c t s  a t  0' phase angle (T. GEHRELS and co-workers). 
Their albedo measurements a r e  based on inf ra red  observations (T . MATSON) 
and on t h e  slopes of po lar iza t ion  curves a t  t h e  inversion angle (E. BOWELL 
and B. ZELLNER) (J. VEVERKA) , The albedo range covered i s  very l a rge ,  and 
extends from 0.04 t o  0.23; t h i s  r u l e s  out t he  p o s s i b i l i t y  of a  uniform 
surface caused by i r r a d i a t i o n  o r  impact melting; t h e  reason i s  t h e  very low 
escape ve loc i ty  (0 .1  km/sec. f o r  a s t e ro ids  of 130 km diameter) ;  t he  powder 
e jec ted  a t  impact i s  l o s t  i n t o  space, and t h e  surface i s  cont inual ly 
rejuvenated by micro-impacting. The range of Albedoes a l s o  r u l e s  out a  
mantling of t he  surface by cosmic dus t  slowly accreted a t  low ve loc i ty .  It 
implies,  and the  va r i e ty  of spestrophotometric r e f l e c t i o n  curves confirm 
(T. McCORD, C .  CHAPMAN), t h a t  t h e  a s t e ro ids  a r e  made from v a r i e t i e s  of 
mater i s l  of d i f f e r e n t  composit ions.  

The negative branch of po lar iza t ion  however, a l ready determined f o r  
about 20 a s t e ro ids  (T.  GEHRELS and al. ,  B. ZELLNER, J. VEVERKA) always 
shows inversion angles between 1 8 O  and 25', and minimum polar iza t ion  
between -6 and -15 10-3. This minimum i s  roughly' inversely correlated 
with t h e  logarithm of  albedo, i n  a  way t h a t  r u l e s  out f r e sh ly  chipped s o l i d  
rocks, and suggests t ex tu re s  cons is ten t  with r e g o l i t h i c  s t ruc tu re s .  This 
polar imetr ic  behaviour is  a l s o  cons is ten t  with brecc ia ted  surfaces coated 
with adhesive dust ( A .  DOLLFUS) ; t h i s  l a s t  s t ruc tu re  may be prefer red  
because of t h e  imposs ib i l i ty  of generating pure r ego l i t h  with such a  low 
escape ve loc i ty .  The four  darkest  a s t e ro ids  measured ( 1  Ceres, 2 P a l l a s ,  , 
324 Bamberga and 511 ~ a v i d a )  have albedo and negative branches of polar iza-  
t i o n  of t he  type observed i n  t h e  laboratory on t h e  Orgueil carbonaceous 
chondrite.  
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