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INTRORICTION: A t r m e n d o u s  amount of r e s e a r c h  has been and i s  being c a r r i e d  ou t  on 
m e t e o r i t e s .  Simultaneously,  a  l a r g e  body of remote sens ing  d a t a  has been obta ined  f o r  
t h e  p u t a t i v e  a s t e r o i d a l  paren t  bodies  of m e t e o r i t e s  w i t h  o p t i c a l ,  i n f r a r e d ,  and r a d a r  
t e l e s c o p e s .  However, t h i s  tremendous mass of raw d a t a  has n o t  r e s u l t e d  i n  a  comprehen- 
s i v e ,  g e n e r a l l y  accepted  view of t h e  e v o l u t i o n a r y  h i s  t o r y  of m e t e o r i t e s  and a s t e r o i d s .  
Recent work i n  a s t e r o i d  spec t roscopy  has made i t  p o s s i b l e  t o  a s s o c i a t e  most m e t e o r i t e  
types  w i t h  s p e c i f i c  narrow zones i n  t h e  s o l a r  system (and i n  a  f w  c a s e s  s p e c i f i c  
o b j e c t s ) .  The p e t r o l o g i c a l  and i s o t o p i c  composit ion,  i n f e r r e d  condensation tempera tures ,  
and metamorphic h e a t i n g  of those  m e t e o r i t e s  t h e n  can be f i t t e d  i n t o  a  "big p i c t u r e "  of 
t h e  e a r l y  s o l a r  system. This a b s t r a c t  a t t e m p t s  t o  do s o  w h i l e  over turn ing  t h e  minimum 
n e c e s s s a r y  number of s a c r e d  t r u t h s .  

NEW SPECTRAL OBSERVATIONS AND METEORITICAL INTERPRETATIONS: The l a r g e s t  coheren t  
body of a s t e r o i d  s p e c t r a  i s  t h e  Arizona 8-color  survey ( 1 )  of 589 o b j e c t s .  D . J .  Tholen 
has used a  c l u s t e r  a n a l y s i s  of t h i s  d a t a  t o  d i v i d e  t h e  a s t e r o i d s  i n t o  1 4  "taxonomic 
t y p e s "  o r  " s p e c t r a l  c l a s s e s "  (2) .  The d i s t r i b u t i o n  i n  space of t h e s e  c l a s s e s  i s  h i g h l y  
nonuniform, w i t h  each  c l a s s  c l u s t e r i n g  around a  c h a r a c t e r i s t i c  d i s t a n c e  from t h e  sun (3) .  
Recent near-IR observ ing  programs have reso lved  t h e  c h a r a c t e r i s t i c  s p e c t r a l  f e a t u r e s  of 
c i i v i n e ,  pyroxene, p l a g i o c l a s e ,  and boudd/adsorbed w a t e r  i n  st l e a s t  a  f e v  a s t e r o i d s  of 
most of t h e s e  c l a a s e s  ( 4 , 5 ) .  These new s p e c t r a l  da tabases ,  when combined w i t h  r e c e n t  
l a b o r a t o r y  s t u d i e s  of s imula ted  a s t e r o i d a l  r e g o l i t h s  g i v e  u s  a  much improved a b i l i t y  t o  
a s s i g n  m e t e o r i t e s  t o  t h e i r  p a r e n t  a s t e r o i d  c l a s s e s .  Table 1 summarizes t h e  au thor ' s  
c u r r e n t  b e l i e f  system, which i s  g e n e r a l l y  s i m i l a r  t o  those  of most o t h e r  v o r k e r s  i n  t h e  
f i e l d .  I w i l l  a rgue  t h a t  t h e  main f e a t u r e s  of t h i s  d i s t r i b u t i o n  can be expla ined  by 8 . )  
condensa t ion  of a l l  knovn c h o n d r i t e  types  between 1 .7  and 3 . 5  W p l u s  "u l t racarbonaceous  
c h o n d r i t e s "  f a r t h e r  o u t ;  B. ) i n t e n s e  metamorphic h e a t i n g  which d e c l i n e d  r a p i d l y  v i t h  
i n c r e a s i n g  s o l a r  d i s t a n c e  and s m a l l e r  p lane tes imal  s i z e ;  C.) incomplete d i f f e r e n t i a t i o n  
i n  many i n n e r  b e l t  o b j e c t s ;  D.) c o l l i s i o n a l  f ragmenta t ion  c o n t r o l l e d  by l a r g e  i n t e r n a l  
s t r e n g t h  g r a d i e n t s .  

CONDENSATION LOCATIONS: Carbonaceous c h o n d r i t e s  a r e  concent ra ted  n e a r  3.0 AU, but  
a r e  rep laced  a t  g r e a t e r  d i s t a n c e s  by t y p e s  s p e c t r a l l y  i n c o n s i s t e n t  w i t h  known m e t e o r i t e s .  
These appear t o  be lower-temperature m a t e r i a l s  r i c h  i n  complex organics .  B a s a l t i c  achon- 
d r i t e s ,  p e t r o l o g i c a l l y  d e r i v a b l e  from 8 - l i k e  m a t e r i a l ,  a r e  a t  2.3 AU. Aubr i tes  a t  1.9 AU 
sugges t  an i d e n t i c a l  l o c a t i o n  f o r  E  chondr i tes .  The f u l l  c h o n d r i t e  sequence i s  thus  
compressed i n t o  an embarrass ing ly  s m a l l  space. I f  t h e  b e l t  i s  a  dumping ground f o r  
m a t e r i a l  dynamically swept i n ,  why is t h e  sequence preserved  a c r o s s  resonances and gaps? 

ASTEROID SUPERCLASSES: From t h e  t a b l e  i t  appears  t h a t  Tholen's 1 5  c l a s s e s  can be 
grouped i n t o  t h r e e  l a r g e r  a s s o c i a t i o n s  according t o  t h e  degree  of metamorphic h e a t i n g  
they have undergone. These t h r e e  "superc lasses"  a r e  t h e  p r i m i t i v e  o b j e c t s  which have 
undergone l i t t l e  o r  no h e a t i n g ,  t h e  metamorphosed o b j e c t s  which have been heated s u f f i -  
c e n t l y  t o  e x h i b i t  s p e c t r a l  changes, and t h e  igneous o b j e c t s  whose c u r r e n t  s u r f a c e s  were 
formed from a  mel t .  A p l o t  of t h e  d i s t r i b u t i o n  of t h e  s u p e r c l a s s e s  shows t h a t  t h e  igne- 
ous types  dominate t h e  b e l t  sunward of 2.7 All, t h e  metamorphosed t y p e s  l i e  i n  a  narrow 
zone around 3.2 AU, and t h e  p r i m i t i v e  types  a r e  dominant o u t s i d e  3.4 AU. It  appears  t h a t  
t h e  h e a t i n g  mechanism which metmorphosed t h e  c h o n d r i t e s  and melted t h e  a c h o n d r i t e s  was 
one which . r a p i d l y  d e c l i n e d  i n  e f f i c i e n c y  v i t h  s o l a r  d i s t a n c e .  81-26 decay can e x p l a i n  
t h i s  s t r i k i n g  p a t t e r n  on ly  i f  p lane tes imal  format ion  began c l o s e  t o  t h e  sun, and slowly 
s p r e a d  outward t o  r e a c h  t h e  r e g i o n  of J u p i t e r  over  many h a l f - l i v e s  of A1-26. Most models 
of p l a n e t e s i m a l  format ion  do i n  f a c t  p r e d i c t  such a  p a t t e r n ,  but  t h e  t ime r e q u i r e d  seems 
e x c e s s i v e .  A l t e r n a t i v l y ,  magnetic i n d u c t i o n  h e a t i n g  would produce e x a c t l y  t h e  p a t t e r n  
seen.  Whatever t h e  cause,  i t  i s  c l e a r  t h a t  t h e  a s t e r o i d  b e l t  p r e s e r v e s  a  t r a n s i t i o n  
between u n a l t e r e d  n e b u l a r  condensate and h ighly  evolved igneous m a t e r i a l s ,  and t h i s  pa t -  
t e r n  must be d i s e n t a n g l e d  from o r i g i n a l  d i f f e r e n c e s .  

THE ORDINARY-CHONDRITE/CLASS-Q MYSTERY: For many y e a r s  t h e  p r i n c i p a l  problem i n  
a s t e r o i d  spec t roscopy  has been t h e  l o c a t i o n  of t h e  o r d i n a r y  c h o n d r i t e  p a r e n t  bodies.  The 
b e s t  observed member of T h o l e d s  C l a s s  Q (1862 Apol lo)  i s  i n d i s t i n g u i s h a b l e  from an L- o r  
LL-chondrite ( 6 ) .  About 1 5 %  of t h e  Earth-crossing popula t ion  appears  t o  be of t h i s  
c l a s s .  However, no examples a r e  found among t h e  w e r  500 main-belt o b j e c t s  observed! 
I n s t e a d ,  t h e  only main-belt c l a s s  v h i c h  could remotely be OC p a r e n t s ,  t h e  S-class,  f a i l  
every t e s t  so  f a r  appl ied :  t h e i r  m e t a l  component has a  red  spectrum u n l i k e  t h e  f l a t  spec- 
trum of OC rnetal(71, many of them have no Z-micron pyroxene band ( i . e .  g r o s s l y  non- 
c h o n d r i t i c  pure-01 s i l i c a t e  component), and even 8 F l o r a  v h i c h  has about  t h e  r i g h t  OL/PYX 
r a t i o  has s u r f a c e  v a r i g a t i o n s  d i f f i c u l t  t o  r e c o n c i l e  wi th  well-known c h o n d r i t i c  t r e n d s  
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(8).  This seemingly c o n f l i c t s  with a v a r i e t y  of chemical evidence t h a t  OCs formed 
betveen the  e n s t a t i t e  chondr i tes /acbondr i tes  and the  carbonaceous chondr i tes  -- which i s  
exact ly  where m n y  S-types, but no Q-types, a r e  found i n  t he  a s t e ro id  b e l t !  This mass of 
paradoxes can be resolved by remembering t h a t  Earth-crossers a r e  much smaller than any 
main-belt ob j ec t s  y e t  obsemed. Small a s t e ro ids  lose  heat  much more r ead i ly  than large  
ones, so t he re  was a lower l i m i t  t o  t he  s i z e  of d i f f e r e n t i a t i o n  a t  any given s o l a r  d is -  
tance. Above t h i s  l imi t  a l l  l a rge  OC-like objec ts  were melted t o  become the  parents  of 
today's var ious  d i f f e r e n t i a t e d  types,  while below i t  they survived t o  become Q-types. 
These small  Q-class ob jec t s  have been found f i r s t  i n  t he  Earth-crossing population merely 
because t h i s  i s  the  only place where the  surveys have reached t h e i r  s i z e  range. 

VW SO FEY ROCKY ASTEROIDS? The heating episode as  described above cannot expla in  
t he  r a r i t y  of metal-free achondr i t ic  a s t e r o i d s  ( c l a s se s  V,R,A,E) r e l a t i v e  t o  metal-rich 
ob jec t s  ( c l a s se s  S and M) in t he  inner  be l t .  An answer i s  suggested by the  f a c t  t h a t  t he  
meteor i tes  associa ted  wi th  t he  S-class a r e  composed of d i s c r e t e  regions of s i l i c a t e s  i n  a 
continuous metal matr ix  ("stony-irons" ins tead of "irony-stones") and presumably a r e  much 
s t ronger  than stony meteorites.  A d i f f e r e n t i a t e d  o r  semi-di f ferent ia ted  parent body w i l l  
be r ap id ly  s t r i pped  of i t s  weak o u t e r  s i l i c a t e  l aye r s ;  once a metal-dominated l aye r  i s  
reached, fragmentation w i l l  proceed more slowly. Only a lucky few inner-belt  ob j ec t s  
have re ta ined t h e i r  baaa l t l dun i t e  surfaces .  This "armour-deck" model i s  supported by the  
large  d i f f e r ence  i n  exposure ages betveen stones and irons.  However, i t  c r ea t e s  a s e r i -  
ous problem i n  explaining the  su rv iva l  of many l a rge  C-type a s t e ro ids  s l i g h t l y  f a r t h e r  
out.  

PREDICTIONS FOB ME W'NRE: The model out l ined here p red ic t s :  1 )  The small-diameter 
inner-belt  population w i l l  conta in  Q-class ob jec t s  and in  general  resemble the  Earth- 
c ros se r s ,  while i n  t h e  ou te r  b e l t  t h e  l a rge  and small  a s t e ro ids  w i l l  no t  d i f f e r  i n  type 
d i s t r i b u t i o n ;  2 )  A few very small  ob j ec t s  a t  t he  inner edge of t h e  b e l t  w i l l  be found t o  
be e n s t a t i t e  chondrites and e n s t a t i t e  stony i rons ;  3) Nw c la s ses  of chondr i t ic  ma te r i a l  
r i c h e r  i n  complex organic  compounds w i l l  be found, probably in  meteor i te  breccias  o r  
cosmic dus t  co l l ec t ion  experhements.  
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TABLE 1: 
RELATIONSBIP OF ASTEROID AND METEORITE CLASSIFICATION SYSTEMS: 

SOLAR 

BELL WOLW INFERRED DISTANCE 

SO PERCLASS CLASS HINEWS METEORITES (All ) __________ _____ _^________---_-__ ............................... ---- 
D CLAYS, O~GANICS (NONE) 5.2 

PRNITIVE P CMS, ORGANICS (NONE) 4.0 
C CLAYS, C, ORGANICS CARBOUCECXJ S CBONDRITES 3.0 

METAXORPEIC B+G+F CLAYS, OPdqUES METAKORPEIOSED CCS 3.0 

Q PYX, OL, Grey-NiFe ORDINARY CHONDRITES ? ? ?  

V PLG, PYX, OL BASALTIC ACHONDRITES 2.3 
R OL, PYX OL-RICE ACEONDRITES ? 2.9 

IGN!8OU S S PYX, Q, Red-NSe PALLASITES, LODRAN, STEINBACH 2.3 
T ? UREILITES ? ?  
A OL ( BRACHINA) 2.3 
H NiFe IRONS 2.8 
E Fe-free PYX AUBRITES 1.9 
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