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INTRODUCTION: Te lescopic  observa t ions  have r e c e n t l y  revea led  t h e  e x i e t e n c e  of a  c n  
c l a s a  of a s t e r o i d s  whose s u r f a c e s  s n ~ w  t h e  s p e c t r a ?  s i g n a t u r e  of abundant o l i v i n e .  T b t  
mineralogy of a  well-observed example ( 4 4 6  A e t e r n i t a s )  is d i s c u s s e d  and t h e  i m p l i c a t i o n s  
f o r  t h e  o r i g i n s  of o l i v i n e - r i c h  mete:?vi tes  and t h e  thermal e v o l u t i o n  of a s t e r o i d s  out- 
l ined .  

DISCOVERY: Veeder e t  a l .  (! ,2! dcrconstrated by neans of broadband (JHK f i l t e r )  spec- 
trophotornetry t h a t  t h e  a s t e r o i d s  c l a s s e d  a s  type "R" i n  t h e  taxonomy of Bowel1 e t  a 1  (3)  
r c t u a l l y  comprised two c l a s s e s  v ~ t h  widely d i f f e r e n t  i n f r a r e d  s p e c t r a ,  and in t roduced  t h e  
d e s i g n a t i o n  type "A" f o r  t h e  smal le r  group. R .  N. C la rk  po in ted  o u t  dur ing  d i s c u s s i o n  of 
r e f .  1 a t  t h e  1982 3PS-M8 meeticc t h a t  t h e  A-type o b j e c t s  1.ie i n  an a r e a  of t h e  JHK p l o t  
which i s  occupied on ly  by c l i v i n e - r i c h  mix tures  (4 ) .  Cruikshank and Hartmann ( 5 , 6 )  
t e c e n t l y  ob ta ined  spec t rophotone t ry  of 246 Asporina and 289 Nenet ta  which r e v e a l e d  t h e  
d i s t i n c t i v e  deep m u l t i p l e  a b s o r ~ t i c n  bands of o l i v i n e ,  confirming t h i s  i n t e r p r e t a t i o n .  
At l e a s t  5 and p o s s i b l y  13  ( 7 )  A-Ly;e a s t e r o i d s  a r e  i d e n t i f i a b l e  a t  p r e s e n t .  

NEW OBSERVATIONS: We o b t ~ i n a d  h igh- reso lu t ion  1 R  s p e c t r a  of t h e  A-type o b j e c t  446 
A e t e r n i t a s  on 7  November 1983 with t h e  NASA I n f r a r e d  Telescope F a c i l i t y  on Mauna Kea, 
Hawaii. An average spectrum i s  shown i n  Fig.  1  a s  a  r a t i o  t o  t h e  s t a r  16 Cygni B which 
i 6  s p e c t r a l l y  s i m i l a r  t o  t h e  sun. ( P o i n t s  p l o t t e d  a s  c r o s s e s  a r e  e x i s t i n g  photov isua l  
da ta .  ) The i n d i v i d u a l  s p e c t r a  were taken over  a  per iod  of about t h r e e  hours  dur ing  which 
t h e  a b s o l u t e  b r i g h t n e s s  of t h e  a s t e r o i d  increased  '20% i n d i c a t i n g  s i g n i f  i c a n t  r o t a t i o n ;  
however no d e t e c t a b l e  v a r i a t i o n s  i n  mineralogy a c r o s s  t h e  t h e  s u r f a c e  of A e t e r n i t a e  a r e  
apparent  i n  our  p re l iminary  a n a l y s i s .  

SURFACE MINERALOGY: Cur spectrum of A e t e r n i t a s  c l e a r l y  i n d i c a t e s  t h a t  t h i s  
a s t e r o i d ' s  o p t i c a l l y  v i s i b l e  sur face  is  predominantly o l i v i n e .  Although a  s i g n i f i c a n t  
amount of p l a g i o c l a s e  could be presen t  without  being ev iden t  i n  t h i s  s p e c t r a l  curve ,  only 
pyroxene and metal  a r e  d i r e c t l y  i n d i c a t e d  a s  accessory  minera l s .  The weak p o s s i b l e  2- 
micron absorp t ion  band may i n d i c a t e  a  minor component of pyroxene. Appl ica t ion  of r 
newly developed c a l i b r a t i o n  of t n e  s p e c t r a l  p r o p e r t i e s  of ol ivine-pyroxene mixcures (8)  
i n d i c a t e s  an abundance of about 5% pyroxene. Uncer ta in ty  i n  t h e  l o c a t i o n  of t h e  con t in -  
uum makes it impossible  t o  r u l e  out  abundance6 between 0  and 10% of or thopyroxene o r  c l i -  
nopyroxene. I f  smal l ,  d i s t i n c t  pyroxene-rich a r e a s  e x i s t  on A e t e r n i t a s  t h e  upper l i m i t  
may be somewhat h igher .  The s p e c t r a l  curve i s  somewhat redder  than  would be expected f o r  
a  pure mafic assemblage, i n d i c a t i n g  e i t h e r  A . )  a  f a y a l i t i c  o l i v i n e ,  o r  B.) a  m e t a l l i c  
i r o n  phase with exposed non-oxidised s u r f a c e s .  The l a t t e r  i s  more p l a u s i b l e .  The sur-  
f a c e  of t h i s  a s t e r o i d  i s  n e a r l y  m n o m i n e r a l i c  o l i v i n e  wi th  p o s s i b l e  accessory  pyroxene 
and metal .  The s i m i l a r i t y  of broadband c o l o r s  ( 2 )  i n d i c a t e s  t h a t  s i m i l a r  minera l  a s s e r  
blagee dominate t h e  s u r f a c e s  of t h e  o t h e r  A-type a s t e r o i d s .  Only 289 Nenet ta  appears  
s l i g h t l y  unusual ,  a s  both J-K c o l o r  ( 1 )  and spectrophotometry (6) i n d i c a t e  a  s i g n i f i -  
c a n t l y  deeper  o l i v i n e  band than i n  246 and 446. 

ORIGIN OF OLIVIKE-RICH ASTEROIDS: The mineralogy i n f e r r e d  above i n d i c a t e s  t h a t  t h e  
s u r f a c e s  exposed t o  space today on t h e  A o b j e c t s  were once in  t h e  i n t e r i o r ,  and t h a t  t h i s  
reg ion  was s u b j e c t  t o  extreme magmatic d i f f e r e n t i a t i o n .  The apparen t  presence of metal- 
l i c  n i c k e l - i r o n  sugges t s  t h a t  t h e  c u r r e n t  s u r f a c e  was o r i g i n a l l y  t h e  mantle-core t r a n s i -  
t i o n  region.  These o b j e c t s  can be e i t h e r  d i f f e r e n t i a t e d  p l a n e t e s i m a l s  which have been 
eroded down symmetr ical ly  t o  a  deep l a y e r  r i c h  i n  cumulate o l i v i n e ,  o r  smal l  f ragments  of 
a  >50 km t h i c k  cumulate accumulation on a  much l a r g e r  paren t  body. The former i n t e r p r e -  
t a t i o n  appears most probkble,  and impl ies  t h a t  some very smal l  p l a n e t e s i m a l s  (D < 100 km) 
were once almost completeiy melted. A search  f o r  rcineralogical  v a r i a t i o n s  on t h e  s u r  
f a c e s  of t h e s e  o b j e c t s  may allow a  choice t o  be made between t h e s e  a l t e r n a t e  models. In  
e i t h e r  case ,  t h e  A a s t e r o i d s  must d e r i v e  from thermally evolved and magmatically d i f -  
f e r e n t i a t e d  paren t  p lane tes imals .  

RELATIONSHIP OF A-TYPE ASTEROIDS TO METEORITES: Only two m e t e o r i t e  c l a s s e s  could 
p l a u s i b l y  be der ived  from t h e  c u r r e n t l y  exposed s u r f a c e s  of t h e  A a s t e r o i d s :  p a l l a s i t e s  
( o l i v i n e  crysta:s i n  a  metal mat r ix )  and o l i v i n e  achondr i tes  (cumulate o l i v i n e  + acces- 
eory pyroxene and p l a g i o c l a s e ) .  The presence of a  metal phase s u p p o r t s  an analogy with 
p a l l a s i t e s .  No re f  l e - t a n c e  s p e c t r a  of p a l l a s i t e s  e x i s t  due t o  sample p r e p a r a t i o n  d i f f i -  
c u l t i e s .  A l a b  spectrum does e x i s t  f o r  t h e  o l i v i n e  achondr i te  Chassigny. However i t  has 
an anomalously young c r y s t a l l i z a t i o n  age and i s  t h e r e f o r e  considered a member of t h e  "SIC 
meteor i tes"  f o r  which an o r i g i n  on Mnrs has been proposed ( 9 ) .  The d i scovery  in 
A n t a r c t i c a  of a  m e t e o r i t e  from t h e  Eloon has seemingly overcome t h e  p h y s i c a l  arguments 
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a g a i n s t  e j e c t i o n  of m e t e o r i t e s  from Mars and g r e a t l y  enhanced t h e  c r e d i b i l i t y  of  a  orr- 
t i a n  o r i g i n  f o r  t h e  SNC m e t e o r i t e s .  Thus Chassigny is  of d o u b t f u l  r e l e v a n c e  t o  t h e  A 
a s t e r o i d s .  The o t h e r  o l i v i n e  a c h o n d r i t e  (Brachina)  may be d e r i v e d  from a  more pyroxese- 
r i c h  and metal-poor l a y e r  of 3n A-type p a r e n t  body. 

IMPLICATIONS FOR DELIVERY OF METEORITES TO THE EARTH: The i d e n t i f i c a t i o n  of t h e  A- 
type o b j e c t s  a s  ana logs  of t h e  o l i v i n e - r i c h  m e t e o r i t e s  is  of h igh  uniqueness  due t o  t h e  
d i s t i n c t i v e  n a t u r e  of t h e  o l i v i n e  s p e c t r a l  f e a t u r e s ,  comparable in c e r t a i n t y  t o  t h e  ideu- 
t i f i c a t i o n  of b a s a l t i c  a c h o n d r i t e s  w i t h  Vesta. The e x i s t e n c e  of two r e l i a b l e  matchtr  
betveen two very d i f f e r e n t  m e t e o r i t e  t y p e s  and well-observed a s t e r o i d 6  prov ides  a  c l u e  a s  
t o  t h e  magnitude of p o s s i b l e  b i a s  f a c t o r s  i n  t h e  r e l a t i v e  abundance of m e t e o r i t e  types 
r e l a t i v e  t o  t h e  abundances of t h e i r  p a r e n t  bodies .  There a r e  about  40 observed b a e a l t i c  
a c h o n d r i t e  f a l l s  known, but  on ly  one p o s s i b l e  source  body among t h e  l a r g e ,  w e l l  observed 
a r t e r o i d s .  The dozen o r  s o  known A-type o b j e c t s  have produced a t  most 3  m e t e o r i t e  f a l l s .  
Thur a  b i a s  f a c t o r  of a t  l e a s t  150 e x i s t s  between t h e s e  two m e t e o r i t e  c l a s s e s .  C l e a r l y  
t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of m e t e o r i t e  types  reaching t h e  E a r t h  has no r e l a t i o n  t o  t h e  
abundances of  m i n e r a l o g i c a l l y  s i m i l a r  main b e l t  a s t e r o i d s .  
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