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The principal orbi tal  elements (a, i, and e) of the main-belt asteroids show a tendency t o  clump 
around cer ta in  prefer red values. These concentrations were f i r s t  noted by K. Hirayama i n  19 18. 
He designated these concentrat ions 'asteroid fami l ies '  t o  emphasize h i s  be l ie f  tha t  they were 
produced by the d isrupt ion o f  a large proto-asteroid, leaving behind many f ragments i n  o rb i t s  
approximating those of the parent body. 

There are t w o  ma jo r  methods of defining asteroid dynamical famil ies.  The f i r s t  one i s  t o  p lo t  
asteroids according t o  t he i r  proper orb i ta l  elements and visually determine an esteroid fami l y  by 
the  apparent c lus te rs  seen on the plots.  Th is  method was f i r s t  used by ~ i r a ~ a m a l ,  and most  
recent ly  by w i l l i ams2.  The second method i s  t o  apply c lus te r  s t a t i s t i ca l  analysis t o  asteroid 
proper element data t o  determine what groups of asteroids are famil ies.  Th is  was done by Carusi 
& tlassaro3 and most recent ly by Zappala e t  el4. Visual workers generally obtain a larger  number 
of asteroid fami l ies  than the cluster s ta t is t ica l  workers. 

Our geologic analysis was applied t o  t w o  of the most recent asteroid fami l y  c lass i f icat ions.  
w i l l i ams2  used 2065 numbered asteroids and the Palomar-Leiden Survey asteroids as h is  sample 
population, f inding 1 17 fami l ies .  Zappala and co-workers4 u t i l i zed  41 00 numbered asteroids i n  
t h e i r  h ie ra rch ica l  c lus te r ing  analys is  of as te ro id  fami l ies ,  f ind ing only 21  fami l i es .  The 
minera log ica l  composi t ion of some of these fami l y  asteroids can be determined by means o f  
telescopic spectra. The spectra database used i n  th i s  analysis was mainly the asteroid survey and 
c l ass i f i ca t i on  by ~ h o l e n ~  w i t h  some comparisons w i t h  the Barucci6 and ~ e d e s c o ~  as te ro id  
taxonomies. The mineralogical  in terpretat ions of Bel l8 was used t o  tu rn  the asteroid types i n t o  
geologic mater ial  types. 

An asteroid fami ly  i s  thought to  resul t  f rom a catastrophic col l is ion of the parent body. In most 
cases the impactor  i s  dis integrated i n  the co l l i s ion  and i s  therefore not detected by telescopic 
observation. The parent body breaks up a f t e r  impact  and i t s  l i t t e r e d  debris becomes an asteroid 
fami l y .  Therefore, an astero id  fami l y  should be able t o  be reconstructed i n t o  a geological ly 
sensible parent body. 

Families predominantly of one taxonomic type present l i t t l e  problem of interpretation; they are 
a lmost  cer ta in ly  f ragmented parent bodies which were or ig ina l ly  of  homogeneous composit ion. 
Fami l ies  of mixed types could also be Produced by fragmentation, i f  the  parent bodies were  
d i f ferent ia ted.  For  example, i f  the present V asteroid 4 Vesta were disrupted by catastrophic 
impact,  the resu l t i ng  astero id  fami l y  could contain objects representing Type M (metal  core), A 
(ol iv ine l owe r  mantle), R (peridoti t e  upper mantle), and V (basalt crust). Some other combinations 
of types could also be produced by fragmentat ion of parent bodies which were di f ferent ieted, but 
which did not fo rm a simple layered s t ructure w i t h  a discrete i ron  core. However, even w i t h  the 
most l iberal  assumptions, many other combinations of types i n  a family are nearly impossible. One 
example i s  a m ix tu re  of igneous and p r im i t i ve  types (e.g. S types and C types). It appears unl ikely 
t ha t  many astero id  parent bodies could conta in  s ign i f i can t  amounts o f  the rma l l y  unaltered 
chondrit ic material i n  combination w i t h  extensive magmatic differentiation. 

To evaluate the 2appala4 and w i l l i ams2 asteroid fami l ies  w i t h  the aforementioned geological 
model was straightforward. F i rs t  the Zappala4 and the w i l l i ams2 asteroid databases were sorted 
according t o  t h e i r  f am i l y  iden t i f i e r .  Then t h i s  compi la t ion was compared w i t h  the taxonomic 
systems of ~ h o l e n ~ ,  Barucci6, and ~edesco'. It was found that  the Tholen c lass i f icat ion scheme 
provided the best spectral  database f o r  th i s  study since i t  contains the most  ident i f ied asteroids 
and the most rel iable a1 bedo measurements. The Barucci6 and ~ e d e s c o ~  classi f icat ion schemes 
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provided some ver i f i ca t ion  of geologic tends of the asteroid fami l i es  as seen through the Tholen 
asteroid classes. Assuming that a l l  fami ly  members are derived f rom a single parent body, our 
database was then checked f o r  geologic contradiction and matches. This was compared t o  asteroid 
fami l y  "robustness"stat ist ics as presented i n  Zappala et  a14 Both Zappala and Wi l l iams fami l i es  
were compared f o r  correspondence o r  lack thereof. 

The fo l lowing are key resu l ts  of the above analysis: 

( 1 )  Themis, Eos, Koronis, Maria, and Vesta f am i l i e s  are near ly  iden t i ca l  i n  bo th  f a m i l y  
classif ications. They also are geologically consistent w i t h  the common parent body model. 
(2) The Wi l l i ams Nysa family,  which i s  geologically consistent (provided tha t  Nysa i s  omit ted),  
v i r tual ly disappears i n  the Zappala classif ication. 
(3) Most of the geologically questionable Wi l l iams fami l ies  do not d i rect ly  correspond t o  Zappala 
famil ies. 80  of the Wil l iams famil ies have no correspondence t o  any of the Zappala famil ies. 
(4) Many of the Wi l l i ams Famil ies can not  be derived f rom a common parent body. Most Zappala 
famil ies can be. 
(5) Some interloping asteroids may be present i n  the Zappala Eos and Themis famil ies. 

The general conclusion of th i s  study i s  that the Zappala et  a14 analysis appears t o  be closer to  
'reality" than that of Wil l iams i n  terms of number of fami l ies  and fract ion of asteroids belonging to  
famil ies, but the assignment of a part icular asteroid t o  a given parent body i s  somewhat uncertain. 
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