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INTRODUCTION: The o r b i t a l  elements of many a s t e r o i d s  show a tendency t o  
clump around c e r t a i n  p r e f e r r e d  va lues .  These c o n c e n t r a t i o n s  were f i r s t  noted 
around 1918 by K. Hirayama and were i n t e r p r e t e d  by him a s  evidence of v i o l e n t  
d i s r u p t i o n s  of l a r g e r  p a r e n t  bodies ,  of which t h e  p r e s e n t  a s t e r o i d s  a r e  r e s i -  
dua l  fragments.  Current  wisdom holds  t h a t  r e c e n t  c a t a s t r o p h i c  impacts were 
t h e  d i s r u p t i n g  events.  The e x i s t e n c e  of t h e s e  " a s t e r o i d  f a m i l i e s "  s u g g e s t s  
t h a t  t h e  deep i n t e r i o r  s t r u c t u r e  of p lane tes imals  i n  t h e  300-1000 km diameter  
range now l i e s  exposed f o r  our  i n s p e c t i o n  by means of t e l e s c o p i c  obse rva t ions  
and s p a c e c r a f t .  Many imaginat ive  r e c o n s t r u c t i o n s  of former p lane tes imals  made 
by "reassembling" a s t e r o i d  f a m i l i e s  have been published.  Most such recons t ruc -  
t i o n s  have assumed a p a r t i c u l a r  proposed l i s t  of f ami ly  assignments,  i n  r e c e n t  
work u s u a l l y  t h a t  of J. Williams. For t h e  t h r e e  l a r g e  f a m i l i e s  f i r s t  proposed 
by Hirayama i n  1918 t h i s  is  n o t  a s e r i o u s  problem, a s  a l l  l a t e r  dynamical ana- 
l y s e s  have confirmed t h e i r  ex i s t ence .  However, Carus i  and Valsecchi  have 
shown t h a t  t h e r e  i s  a s u r p r i s i n g  l a c k  of agreement between d i f f e r e n t  a n a l y s t s  
a s  t o  t h e  membership of t h e  smal le r  f a m i l i e s  in t roduced s i n c e  1918 (1) .  Two 
new d a t a  s e t s  provide  an inc reased  amount of informat ion on t h e  minera log ica l  
composit ion of a s t e r o i d s :  t h e  Arizona $-color a s t e r o i d  survey of 569 o b j e c t s  
(21, and t h e  52-color i n f r a r e d  s p e c t r a l  survey ( 3 )  of over  100 o b j e c t s .  This 
s tudy  uses  t h e  r e s u l t s  of these  t e l e s c o p i c  o b s e r v a t i o n a l  programs and t h e  most 
r e c e n t  minera log ica l  i n t e r p r e t a t i o n s  i n  an a t tempt  t o  determine which of t h e  
innumerable proposed dynamical a s s o c i a t i o n s  a r e  a c t u a l l y  f a m i l i e s  i n  t h e  
s t r i c t  sense  i n  which t h e  term was used by Hirayama, i .e .  fragments of a com- 
mon paren t .  

METHODOLOGY: The l i t e r a t u r e  was searched f o r  a l l  proposed a s t e r o i d  fami- 
l i e s .  Each author 's  f a m i l i e s  were considered s e p a r a t e l y .  Taxonomic types  
ass igned  t o  each a s t e r o i d  were those  of D. Tholen ( 4 ) .  An e v a l u a t i o n  of 
whether a f ami ly  i s  " r e a l "  was based on t h e  minera log ies  i n f e r r e d  f o r  each 
taxonomic type from v i s i b l e  and I R  spectrophotometry (5) .  Famil ies  predom- 
i n a n t l y  of one taxonomic type,  o r  of types  which a r e  geochemically r e l a t e d ,  
were cons ide red  " t r u e  f a m i l i e s  ". Famil ies  c o n s i s t i n g  of mixtures  of d i f f e r e n -  
t i a t e d  and u n d i f f e r e n t i a t e d  types  (e.g. S-types and C-types) o r  geochemically 
incompat ib le  types  (e.g. E-types and S-types which would imply t h e  ex i sence  of 
i r o n - f r e e  and i ron- r i ch  pyroxenes i n  t h e  same body) were considered " f a l s e  
f a m i l i e s  ". 

RESULTS: The c l a s s i c  F l o r a ,  Eos, and Coronis f a m i l i e s  a r e  dominated by 
S-types and e a s i l y  q u a l i f y  a s  t r u e  f a m i l i e s .  The Themis fami ly  c o n s i s t s  of 
C-like and B-like o b j e c t s ,  and i s  probably t h e  remains of a p a r t i a l l y  metamor- 
phosed carbonaceous-chondrite-like paren t  body. These f a m i l i e s  remain r e a l  
r e g a r d l e s s  of which author 's  l i s ts  of f ami ly  assignments a r e  used. The Pho- 
caea  family  c o n s i s t s  of mixed S and C types ,  suppor t ing  t h e  i d e a  t h a t  t h i s  
c o n c e n t r a t i o n  i s  produced by resonances r a t h e r  than a f ragmentat ion event. 
The NysaIHertha fami ly  must be a t  l e a s t  p a r t l y  " r e a l "  s i n c e  t h e  smal le r  
members a r e  mostly of t h e  r a r e  F-class.  These could be highly  metamorphosed 
c h o n d r i t i c  m a t e r i a l  s p a l l e d  o f f  t h e  s u r f a c e  of E-type Nysa; however t h e  M- 
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c l a s s  Hertha i s  ve ry  d i f f i c u l t  t o  f i t  i n t o  a  s e n s i b l e  pa ren t  body (6). Among 
t h e  o t h e r  smal l  f a m i l i e s  found i n  r e c e n t  s t u d i e s ,  many cannot be proper ly  
evaluated s i n c e  they a r e  l a r g e l y  composed of smal l  o b j e c t s  whose s p e c t r a  and 
a lbedos  have not  been determined. However, almost  a l l  of those  which a r e  
amenable t o  t e s t i n g  f a i l  t o  q u a l i f y  a s  f a m i l i e s  i n  Hirayama's sense.  No 
author  seems t o  have any p a r t i c u l a r  success  i n  i d e n t i f i n g  p h y s i c a l l y  a ssoc i -  
a t e d  a s t e r o i d s .  

CONCLUSIONS: The t r a n s i t i o n  from r e a l  t o  doub t fu l  f a m i l i e s  i n  terms of 
mineralogy found i n  t h i s  s tudy corresponds c l o s e l y  t o  t h e  t r a n s i t i o n  noted by 
Carusi  and Valsecchi  ( 1 )  between f a m i l i e s  which a r e  i d e n t i f i e d  by many au thors  
us ing  d i f f e r e n t  methods and those  which a r e  not .  This sugges t s  t h a t  t h e  t r u e  
number of r ecogn i sab le  a s t e r o i d  f a m i l i e s  i s  only  4  o r  5,  and t h a t  most o r  a l l  
of t h e  o t h e r s  i n  t h e  l i t e r a t u r e  do no t  r e p r e s e n t  t h e  remains of a  fragmented 
p a r e n t  body. Poss ib le  reasons  f o r  t h i s  include t h e  use  of excess ive ly  sens i -  
t i v e  methods f o r  def in ing  f a m i l i e s ,  o r  t h e  e x i s t e n c e  of an under ly ing dynami- 
c a l  s t r u c t u r e  i n  t h e  a s t e r o i d  b e l t  which produces a s s o c i a t i o n s  by per turba-  
t i o n s .  The Phocaea group seems t o  be an example of t h e  l a t t e r  process .  What- 
eve r  t h e  reason,  it appears  t h a t  t h e  number of i d e n t i f i a b l e  f a m i l i e s  has been 
g e n e r a l l y  overes t imated,  and t h a t  phys ica l  s t u d i e s  of f ami ly  members aimed a t  
r e c o n s t r u c t i n g  p a r e n t  bodies  should  be r e s t r i c t e d  t o  t h e  few unambiguous fami- 
l i e s .  I n  p a r t i c u l a r ,  t h e  common p r a c t i c e  among a s t e r o i d  s p e c t r o s c o p i s t s  of 
t r e a t i n g  t h e  Williams f a m i l i e s  a s  t h e  " o f f i c i a l "  f a m i l i e s  should be abandoned, 
s i n c e  t h e s e  fami ly  assignments do no t  appear s i g n i f i c a n t l y  more r e l i a b l e  than 
many o t h e r s .  It a l s o  appears  d e s i r a b l e  t h a t  t h e  terminology proposed by Gra- 
d i e  e t  a l .  ( 6 ,  p. 361) be adopted t o  c l a r i f y  d i scuss ion .  I n  t h i s  system a  
"group" is  any c o n c e n t r a t i o n  of o b j e c t s  i n  proper o r b i t a l  element space;  a  
"family" i s  a  group which i s  though on phys ica l  o r  minera log ica l  grounds t o  be 
fragments of a  common paren t  body; an  "assoc ia t ion"  i s  a  group which i s  
thought t o  be of pure ly  dynamical o r i g i n  ( l i k e  t h e  Phocaea group).  A t  
p r e s e n t ,  Eos, Coronis,  Themis, F l o r a ,  and poss ib ly  Nysa can be considered 
we l l -es tab l i shed  a s  f a m i l i e s  ; a l l  o t h e r  " fami l i e s"  should be c a l l e d  groups 
u n t i l  b e t t e r  evidence of common o r i g i n  i s  discovered.  
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