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INTRODUCTION: A c l a s s  of  a s t e r o i d s  (known a s  t y p e  D) c h a r a c t e r i z e d  by low s l b e d o s  
and r e f l e c t i v i t i e s  which i n c r e a s e  i n  a  l i n e a r  manner between 0.3 and 1.1 m i c r o n s  
v a v e l e n g t h  has  been shown t o  be common i n  t h e  o u t e r  p o r t i o n  of  t h e  a s t e r o i d  b e l t  and t h e  
T r o j a n  c l o u d s ,  a p p a r e n t l y  r e p l a c i n g  t h e  C-type common i n  t h e  i n n e r  b e l t  ( 1 , 2 ) .  No 
m e t e o r i t e s  w i t h  t h e s e  c h a r a c t e r i s t i c s  a r e  known, b u t  t h e  v i s u a l  s p e c t r a l  c u r v e s  have been 
i n t e r p r e t e d  a s  i n d i c a t i n g  t h e  p r e s e n c e  of abundant  o r g a n i c  compounds ( 3 ) .  New i n f r a r e d  
t e l e s c o p i c  o b s e r v a t i o n s  d e m o n s t r a t e  t h a t  t h e s e  a s t e r o i d s  have I R  s p e c t r a  s i m i l a r  t o  t h a t  
o f  t h e  d a r k  m a t e r i a l  on t h e  S a t u r n  s a t e l l i t e  I a p e t u s .  L a b o r a t o r y  e x p e r i m e n t s  v h i c h  
r e p r o d u c e  t h e  I a p e t u s  m a t e r i a l ' s  spec t rum s u g g e s t  t h a t  b o t h  i t  and D-type a s t e r o i d s  a r e  
composed o i  u n d i f f e r e n t i a t e d  " u l t r a p r i m i t i v e "  o r  " u l t r a c a r b o n a c e o u s "  c h o n d r i t i c  m a t e r i a l  
w i t h  a  l a r g e  abundance of o r g a n i c  compounds. Th i s  m a t e r i a l  may be  common i n  i c y  s a t e l -  
l i t e s .  

OBSERVATIONS: We o b t a i n e d  a  h i g h - r e s o l u t i o n  IR spec t rum of  t h e  D - t y ~ e  a s t e r o i d  849 
Ara on 3 0  December 1983 w i t h  t h e  NASA I n f r a r e d  Te lescope  F a c i l i t y  on Hauna Kea, Hawai i .  
The f a c i l i t y  InSb d e t e c t o r  sys t em was employed w i t h  a  s p e c i a l  c i r c u l a r  v a r i a b l e  f i l t e r  
d e s i g n e d  f o r  p l a n e t a r y  s u r f a c e  s p e c t r o p h o t o m e t r y .  A  p r e l i m i n a r y  r e d u c t i o n  of  t h e  d a t a  i s  
shown a s  t h e  lower  spec t rum i n  F i g .  1. The spec t rum i s  p l o t t e d  a s  a  r a t i o  t o  t h e  s o l a r -  
t y p e  s t a r  1 6  Cygni B ,  and o f f s e t  downward by 0 . 5  f o r  c l a r i t y .  I t  e x h i b i t s  t h e  t y p i c a l  
D-type s p e c t r a l  s l o p e  i n  t h e  .8-1.3 mic ron  r e g i o n  w i t h  a  g r a d u a l  t r a n s i t i o n  t o  a  f l a t  
r e f l e c t i v i t y  n e a r  2 .3  mic rons .  No a b s o r p t i o n  f e a t u r e s  a r e  d e t e c t a b l e .  

INTERPRETATION: For  compar ison p u r p o s e s  two d a t a  s e t s  a r e  p l o t t e d  i n  t h e  f i g u r e  
above t h e  Ara spect rum.  The c r o s s e s  a r e  t h e  a v e r a g e  JHK broadband c o l o r s  of 1 5  D-type 
a s t e r o i d s  ( f r s m  r e f .  4 )  c o n v e r t e d  t o  r e f l e c t a n c e  u s i n g  t h e  s o l a r  c o l o r s  J - H  = +0.30 and 
H-K = +0.05. [ ~ o t e  t h a t  o u r  s o l a r  H-K i s  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  v a l u e  of  -0.05 
o f t e n  used (51, and p roduces  r e f l e c t i v i t i e s  a t  2.2 mic rons  abou t  1 0 %  lower .  T h i s  
improved v a l u e  may r e s o l v e  some d i f f i c u l t i e s  i n  i n t e r p r e t a t i o n  of  JHK c o l c r s  of  a s t e r o i d s  
(61.1 E r r o r  b a r s  on t h e  c r o s s e s  r e p r e s e n t  t h e  approx ima te  r ange  of r e f l e c t i v i t i e s  of t h e  
a s t e r o i d s  i n  t h e  sample .  Superimposed on t h e  a s t e r o i d  d a t a  i s  a  r e f l e c t a n c e  c u r v e  of t h e  
d a r k  m a t e r i a l  which c o v e r s  t h e  l e a d i n g  f a c e  of  I a p e t u s .  T h i s  c u r v e  was produced by means 
o f  a  mixing model and i s  f r e e  of  t h e  w a t e r - i c e  component due t o  t h e  " p o l a r  ca?s"  which 
c o n t a m i n a t e s  d i sk -ave raged  t e l e s c o p i c  d a t a  f o r  t h e  I a p e t u s  d a r k  s i d e  ( 7 ) .  While t h e  
spec t rum of Ara  s h a r e s  t h e  g e n e r a l  f e a t u r e s  of t h e  "ave rage  D-type", i t s  change i n  s l c p e  
o c c u r s  a t  a  s i g n i f i c a n t l y  s h o r t e r  wave leng th .  Thus t h i s  s i n g l e  IR spec t rum may b e  some- 
v h a t  a t y p i c a l  of t h e  c l a s s .  The re  i s ,  however,  a c l o s e  co r re spondence  betwecn o u r  
r e c a l i b r a t i o n  of t h e  JHK d a t a  and t h e  s p e c t r a l  c u r v e  of  t h e  I a p e t u s  d a r k  m a t e r i a l .  T h i s  
s u g g e s t s  t h a t  t h e  m i n e r a l s  p roduc ing  t h e  D-type s p e c t r a l  c u r v e  a r e  widesp read  i n  t h e  
s o l a r  sys t em,  e x t e n d i n g  from t h e  main b e l t  t o  a t  l e a s t  S a t u r n ,  and t h a t  D-like m a t e r i a l  
may be  t h e  e l u s i v e  "non- ice  component" i n  t h e  s u r f a c e s  of  t h e  l a r g e  i c y  s a t e l l i t e s .  [ ~ v i -  
deuce  t h a t  t h e  I a p e t u s  d a r k  m a t e r i a l  i s  n a t i v e  and c o n c e n t r a t e d  a t  t h e  s u r f a c e  by an 
u n u s u a l  r e g o l i t h  g a r d e n i n g  p r o c e s s  i s  reviewed i n  (81.1 We have p r e v i o u s l y  r e p o r t e d  ( 7 )  
a t t e m p t s  t o  s i m u l a t e  t h e  I a p e t u s  d a r k  m a t e r i a l  w i t h  m i x t u r e s  of h y d r a t e d  s i l i c a t e s  a r d  
o r g a n i c  compounds s i m i l a r  t o  t h o s e  found i n  t h e  t h e  most p r i m i t i v e  known m e t e o r i t e s .  The 
b e s t  s i m u l a t i o n  of I a p e t r l s  i 9 0 Z  c l a y  m i n e r a l s  + 1 0 %  o r g a n i c s )  i s  a l s o  an  e x c e l l e n t  match 
t o  t h e  a v e r a g e  D-type J H K  c o l o r s .  S l i g h t l y  d i f f e r e n t  p r o p o r t i o n s  of  t h e  same components 
can  r ep roduce  o u r  spec t rum of 849 Ara .  The D-type a s t e r o i d s  a p p a r e n t l y  r e p r e s e n t  an  
e x t e n s i o n  of t h e  sequence  of known c a r b ? r ~ a c e o u s  m e ~ e o r i t e s  toward lower  c o n d e n s a t i o n  tem- 
p e r a t u r e s  and h i g h e r  p r o p o r t i o n s  of complex o r g a n i c s ,  c o n s i s t e n t  w i t h  t h e i r  l o c a t i o n  a t  
g r e a t e r  d i s t a n c e s  from t h e  sun t h a n  C-type a s t e r o i d s .  F u r t h e r  s p e c t r o s c o p i c  s t u d i e s  
shou ld  be a b l e  t o  r e s o l v e  c o m p o s i t i o c a l  d i f f e r e n c e s  w i t h i n  t h e  D c l a s s .  I n  p a r t i c u l a r ,  
t h e  l a r g e  asymmetr ic  bound-water band i n  t h e  3.0-3.8 micron r e g i o n  which i s  found i n  
I a p e t u s  (9) i s  p r o b a b l y  p r e s e n t  and shou ld  be sea rched  f o r .  
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