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GEOGRAPHY OF THE ASTEROID BELT 

BENJAMIN H. ZELLNER 

Several hundred m"or planets can now be c l ass i f i ed  i n t o  
broadly defined C, S, PI, and other corqos i t ional  types. 
Corrections f o r  otservat ional se lect ion bias show t ha t  a t  
l eas t  75% of the main be1 t asteroids are of Type C, about 
15% are o f  Type S, and 10% o f  other types. The propor t ion 
of S objects drops smoothly outward through the b e l t  w i t h  an 
exponential scale length o f  0 4 AU. Objects of  exceptional 
type are found throughout the main be l t .  A t  l eas t  f o r  diam- 
eters  >SO km, the major types show very s im i l a r  size-frequency 
re la t ions.  

Several Hi rayama fami 1 ies  show charac te r i s t i c  op t i ca l  proper- 
t i e s  contrast ing w i t h  the f i e l d  population, and ev ident ly  
or ig inated as the c o l l  i s i o n  fragments o f  d i sc re te  parent 
bodies. The Trojans seem t o  form a composit ionally d i s t i n c t  
population. Of a dozen Amor and Apol lo objects observed, n ine 
are S-l ike, one i s  of Type C, and two show unusual ccmpositions. 

I I NTRODUCTI 3N 

I Much o f  the fasc inat ion o f  minor planets l i e s  i n  t h e i r  population s t a t i s t i c s ,  t ha t  i s ,  
/ the d i s t r i b u t i o n  o f  types over diameter and o r b i t .  I n  the preceding paper Morrison (1978) 
) has s u m r i z e d  the telescopic techniques t ha t  have been used for large numbers of aster -  
, oids, and described the c l ass i f i ca t i on  i n t o  Types C, S, M, etc., recognizable i n  op t i ca l  

polarimetry, thermal r-adiometry, and UBV color imetry.  The c l ass i f i ca t i on  system i s  one 
step removed from attempts a t  mineralogical descr ip t ion as described by McCord (1 978). 
The mifieralogical descr ipt ion, where avai lable,  i s  t o  be much preferred over the simple 
c l ass i f i ca t i on  by op t i ca l  type, but  on ly  f o r  the l a t t e r  i s  a s t a t i s t i c a l l y  adequate sam- 
p l i ng  avai laoie.  A t  the Un i ve r s i t j  o f  Arizona we are beginning a seven-color survey, using 
broadband in ter ference fi 1 te rs  from 0.36 t o  1.05 um wavelength, w i t h  hopes of obtaining 
mineralogicall, d iagnost ic data f o r  a substant ial  f r ac t i on  o f  the numbered astero id  popula- 
t ion. 

The f i r s t  attempts a t  analysis of the population s t a t i s t i c s  was by Chapman e t  a t .  
(1975), who c i ass i f i ed  110 objects i n t o  C, S, and U (unc lass i f iab le)  types. Corrections 
f o r  observational se lect ion e f f ec t s  showed t ha t  the C asteroids are predominant, espec ia l ly  
i n  the outer regions o f  the be l t .  Ze l lner  and Bowel1 (1977) ca r r ied  out  a s im i l a r  exercise 
f o r  359 objects, incorporat ing Types M and E and using f o r  the f i r s t  time a large number o f  
observation: o f  llBV co lor .  The taxonomy has been more c lose ly  examined, and appl ied t o  
data f o r  521 asteroids, by Bowel1 e t  aZ. (1978). Most of the  resu l t s  discussed here are 
taken d i re ! - t l y  f r o3  the l a t t e r  two papers. A bias-corrected analysis of the la rger  data 
set  and more secwe c lass i f i ca t ions  o f  Bowel1 e t  a t .  remain t o  be done. 
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Since minor planets d i f f e r  i n  geometric albedo by a t  l eas t  a fac to r  of ten, any d is -  
cussion o f  d i s t r i bu t i ons  over dianeter and distance must begin w i t h  s t a t i s t i c a l l y  re1 iab le  
diameters and must incorporate correct ions f o r  observational se lect ion biases. Also, we 
must take care tha t  objects of various types o r  distances are intercompared only f o r  s imi-  
l a r  s i ze  ranges. Fa i lu re  t o  observe these precautions can be per i lous. For example, 
Chapman (1976) noted t ha t  c l ass i f i ed  S asteroids tended t o  fa1 1 near Kirkwood gaps, and C 
objects t o  avoid the gaps widely. The r e s u l t  i s  s t a t i s t i c a l l y  well-established, and there 
are no obvious biases toward o r  away from the Kirkwood gaps i n  the compositional surveys. 
As shown by Zel l ne r  and Bowell (1977). however, Chapman's conclusion was only an a r t i f a c t  
of comparing large C asteroids w i t h  small S objects, together w i t h  a genuine tendency for 
large objects o f  any type t o  avoid the gaps. 

Diameters f o r  about 200 asteroids are ava i lab le  from the po lar imetr ic  and thermal- 
radiometr ic surveys (Morrison, 1977a, 1978; Ze l lner  s t  ol., 1977a; Gradie e t  aZ. , 1977). 
I n  add i t i on  we can ob ta in  s t a t i s t i c a l l y  useful  diameter information from geometric albedos ' .  : 
assumed according t o  the compositional type; Zel l n e r  and Bowel 1 (1977) adopted a1 bedos 
0.035 f o r  C objects, 0.12 f o r  Type M, and 0.15 f o r  Type S. 

Corrections f o r  observational sampling bias have been discussed by Chapman t.t a t .  
(1975). Morrison (1977a,b), and Zel lner and Bowel1 (1977). I t  i s  assumed that,  i n  any - , 
region o f  the be l t ,  the sampling completeness i s  a funct ion o f  apparent magnitude on ly .  

I I 
Then bias factors  are computed f o r  each i n t e r va l  o f  magnitude and distance as the r a t i o  of  I I n  

the number o f  objects sampled t o  the t o t a l  number o f  asteroids known t o  be present. For 
each c l ass i f i ed  ob ject  a t  a magnitude and distance associated w i t h  b ias fac to r  n, we assume 1 : ! ;  
t ha t  n-1 addi t ional  asteroids o f  i den t i ca l  s i ze  and type are present. The b ias factors  
need no t  be monotonic functions o f  magnitude, and no d i s t o r t i ons  are introduced by par t icu-  
l a r  attempts t o  obzerve f a i n t  objects o r  members o f  pa r t i cu l a r  Hi rayam famil ies,  so long . ._ 
as the sampling in te rva ls  are adequately chosen. Clear ly  the process i s  l im i t ed  by the # .j 

, , *  
s t a t i s t i c s  o f  sna l l  numbers. 

i 11. 
The b ias correct ion process i s  also l im i t ed  by the normalization sample. Figure 1 

i 1 lus t ra tes the d i s t r i b u t i o n  over he1 iocen t r i c  distance f o r  1978 numbered asteroids. This 
sample i s  i t s e l f  heav i ly  biased, being incomplete f o r  objects f a i n t e r  than about apparent 
magnitude 15.5, o r  diameters smaller than 12 km f o r  inner-main b e l t  S asteroids, 55 km fo r  
outer-main be1 t C objects, and a150 km f o r  the Trojans. For f a i n t e r  asteroids we must de- 
pend upon some ext rapolat ion o f  the magni tude-frequency re1 at ion, o r  r esu l t s  from the 
Palomar-Leiden Survey (van Houten e t  a t .  . 1970). Since few objects b r igh te r  thar. magnitude 
16 were observed i n  the PLS, i t s  region o f  overlap w i t h  the numbered populat ion i s  somewhat 
problematical. 

According t o  the bias analysis o f  Ze l lner  and Bowell, there are approximately 560 main 1 , . 
b e l t  asteroids w i t h  diameters >50 km, o f  which 76': are o f  Type C, 15% o f  Type 5 ,  51. o f  , . 
Type M and 3% o f  o ther  types. S imi lar  resu l t s ,  w i t h  a somewhat higher propor t ion o f  C ob- 

1 : T  
jects,  were obtained by Morrison (1977a.b). Lar e asteroids of the high-albedo var ie t ies  
are genuinely qu i t e  rare. I e l l n e r  e t  a t .  (1977bq noted t ha t  there are apparently no more f . 

than two o r  three E asteroids w i t h  diameter -50 km i n  the e n t i r e  population. I n  t h e i r  
sample o f  523 objects, Bowell c t  a t .  (1978) were able t o  i d e n t i f y  no addi t ional  candidates 
f o r  the Vesta type w i th  diameter 225 km. I t  i s  a remarkable r esu l t  tha t  mixed among the , t 

: i ' 
predominantly dark, carbonaceous populat ion there can be a very few asteroids of qu i t e  I P I 

except i ona 1 type. 
1 :  \' 
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Fig.  1. O l s t r i b u t i o n  over mean h e l i o c e n t r i c  d is tance o f  t he  f i r s t  1978 
numbered asteroids,  i n  increments o f  0.05 AU. Frac t ions i n d i c a t e  the r a t i o  
o f  o r b i t a l  per iods f o r  the  p r i n c i p a l  dynan~ical resonances wi  t h  'upi t e r .  
Adapted from Ze l l ne r  et  a t .  (19?7b). Data are  from the TRIAU computer f i l e  
(Bender e t  aZ., 1978). 

Figure 2 i 1 l u s t r a t e s  the  general decrease o f  the  r e l a t i v e  frequency o f  S-type as te r -  
o ids  w i t h  increas ing semimajor ax i s .  The departures from a smooth curve are  o f  no s t a t i s -  
t i c a l  s i g n i  ficance, and there i s  no evidence fo r  systenlatic d i  f fe re t~ces near Kirkwood gaps. 
The mixing r a t i o  drops exponent ia l ly  w i t h  distance w i t h  a sca le  :ength o f  about 0.4 AU. 
Bias-carrected d i s t r i b u t i o n s  over o r b i t a l  e c c e n t r i c i t y  and i n c l i n a t i o n  have not  as y e t  been 
d e r l  ved. 

The r e l a t i v e l y  sharp c u t o f f  i n  S /C  r a t i o  w l t h  d is tance impl ies  g rea t  d i f f i c u l t i e s  f o r  
any hypothesis i nvo l v ing  formation of  as tero ids  of  var ious types i n  w ide ly  d i f f e r i n g  regions 
o f  t he  s o l a r  system and t h e i r  subsequent r e l o c a t i o n  i n  the main be1 t. (That i s  no t  t o  say, 
o f  course, t h a t  some astero ids  of  r a r e  type could not  have such a r i ~ s t o r y . )  Also l e t  me 
emphasize t h a t  Figure 2 does not  represent a progress1 ve darkening of  as te ro id  surfaces 
w i t h  distance, bu t  va r ia t i ons  i n  the r e l a t i v e  propor t ions  o f  d i s t i n c t  types. The s i t u a t i o n  
may have been misut~derstood by Whipple (1977). Some tendency f o r  5 objec ts  t o  have more 
neut ra l  co lo rs  a t  g reater  d is tance has been noted (Ze l l ne r  c t  o l . ,  1977c), bu t  genera l ly  
ob jec ts  o f  a given type tend t o  show the  sane range of  o p t i c a l  p rope r t i es  no mat ter  where 
located. 



Figure 3 i l l us t ra tes  the bias-corrected d ist r ibut ions o f  C and S*M Types as derived 
by Zellner and Bowel1 (1977). The data are consistent w i th  para l le l  size-frequency rela- 
tions, bath showing a change o f  slope near 160 km; however, the s ta t i s t i cs  are poor f o r  the 
smaller sizes and also fo r  diameters >200 km due t o  the small number of objects present. 
An alternate interpretat ion o f  the sane size-frequency data i s  given by Chapman (1977). 

FAMILIES 

h n g  the most exci t ing results o f  the past year i s  the evidence that  the Hirayama 
'~m i l i es ,  consisting o f  asteroids wi th strongly c lu i tered o rb i t a l  elements, are not random 
col lect ions o f  f i e l d  objects but show a high degree o f  in ternal  homogeneity (Hansen, 1977; 
Gradie and Zel lner, 1977). The fami 1 ies  apparently or iginated as the c o l l  i s ion  fragments 
of discrete parent bodies. Thus we can see i n t o  the i n t e r i o r  of the parent bodies, includ- 
ing possibly d i f ferent iated objects, i n  ways not possible f o r  the major planets and the i r  
sate1 1 i tes . 

The better-populated families often have only one o r  two large members o r  consist en- 
t i r e l y  of small objects. Thus they were generally overlooked i n  the bright-asteroid sur- 
veys and are only now being explored by UBV and s imi la r  techniques. When comparing the 
C O ~ P O S ~  t ions of the smaller family members wi th the non-family f i e l d  population, we are 
dependent upon an incompletely- tes ted assumption, namely that the mixture of types seen 
for large asteroids i s  also characterist ic o f  the f i e l d  population a t  small si tes. 

Fig. 2. Ratio o f  bias-corrected type fw- 
quencies, as a functioc o f  o rb i t a l  semimajor 
axis. Open c i rc les  indicate tones contain- 
ing major Kirkwood aps. Adapted from 
Zellner and Bowel1 71977). 
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Fig. 3. Bias-corrected number o f  asteroids 
sf Type C, and Types S plus M, i n  intervals 
of 0.05 i n  log diameter f o r  the whole main 
be1 t. Adapted from Zel lner  and Bowel 1 
(1977). 
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Fig.  4. Observed UBV co lo rs  f o r  minor p lanets  i n  the Hirayama f a m i l i e s  
associated w i t h  24 Themis, 158 Koronis, 221 Eos, and 44 Nysa. Color domains 
o f  the  C, S. MI and E Types are as defined by Bowel1 e t  al. (1978). The 
symbol a t  B-V = 0.63, U-B = 0.10 i nd i ca tes  adopted co lo rs  o f  the Sun. The 
open c i r c l e  i n  the Nysa fam i l y  represents the H ob jec t  135 Hertha. Data are 
from the TRIAD f i l e  and from Degewi j s t  a t .  (1978). 

F igure  4 i l l u s t r a t e s  UBV data f o r  four fa in i l  i es .  The fami ly  r,rnold 7 4  i s  located i n  
the  i nne r  regions o f  the  main b e l t  b u t  seems t o  conta in  112 typica: C o r  S as tero ids  a t  a l l .  
It cons is ts  o f  t he  i r regu lar ly -shaped 80 km E ob jec t  44 Nysa. t h e  80 kln M ob jec t  135 Hertha, 
and a t  l e a s t  s i x  small fragments o f  an u n i d e n t i f i e d  bu t  unusual composit ional type. 
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Ze l l ne r  et JL. (1977b) attempted t o  reconst ruc t  t h i s  f am i l y  as i n  F igure  5, w i t h  the hypo- 
thes lz  tha t  the small fragments are a l so  n f  t he  E type end tha t ,  tagether w i t h  44 Nysa, 
they represent the e n s t a t i  te-achondri t i c  she1 1 c o l l  i s i o n a l  l y  spa1 l e d  froni the  i r o n  core 
135 Hertha. A1 te rna te  i n t e r p r e t a t i o n s  are poss ih le ,  as f o r  exaniple a f o r s t e r i  t e  n i ineral-  
ogy f o r  the E ob jec ts ,  o r  an e n s t a t i  te-chondr i  t i c  nature  f o r  Hertha and sonie o f  the  small 
fragments. M e t e o r i t i c  evidence tends t o  favor a conmion o r i g i n  f o r  the  e n s t a t i t e  chon- 
d r i t e s  an+ achondri tes  (C lay to t i  ,!t a [ .  , 1976; Hertogen c t  , 1 1 . ,  1978). I n  any case a very 
i n t e r e s t i n g  parent body has been broken open t o  fonn the 4 4  Nysa fan i i l y .  

The fam i l i es  hi ray an^ 2 (221 Ec5) an3 Hirayacna 3 (158 Koronis) are  the subject  o f  a 
survey i n  progress by UBV and thernu l - rad iomet r ic  techniq .(IS (Gradie r t  d l . ,  1977). The 
Koroniz objects appear t o  be e n t i r e l y  of  Type S ,  al thouqh the f i e l d  p o p u l a t i o ~  cons is ts  o f  
a t  l e a s t  80% Type C a t  i t s  h e l i o c e n t r i c  d istance. This fal l l i ly (as does Hirayanla 2) has no 
prominent l a rges t  member bu t  a t  l e a s t  a dozen ob jec ts  i n  the 30-50 km s i ze  range, and i s  
c l e a r l y  the r e s u l t  of a ca tas t roph ic  fragnientation event. Here we have evidence t h a t  S 
ob jec ts  are  i n t e r n a l l y  honrogeneous w i t h  no Iarqe i r o n  core o r  o the r  marked composit ional 
inhomogenei t y  . 

The 221 Eos faciii ly i s  s i m i l a r l y  d i s t i n c t  from the f ~ e l d  popu la t ion  and contains th? 
only known astero ids  which appear t o  be internlediate betr.,l:n C and S types. Pre l in l inary  
i nd i ca t i ons  a r e  t h a t  they i n  fac t  forn: a l i n e a r  se r ies  between t y p i c a l  C and S p rope r t i es  
i n  both albedo and co lo r .  A r e f l e c t i o n  spectruni o f  2 2 1  l o s  i t s e l f  (McCord and Chapman. 
1075) i s  pecu l i a r  and has been in te rp re ted  i n  ternis o f  a mix ture  o f  ~ ~ u f i c  s i l i c a t e s  and 
opaques perhaps reseellbl i n g  the C3 chondri t ~ s  (Gaffey and McCot-d , 1977). Fur ther  specula- 
t i ons  on the nature  o f  t h i s  fanli l y  would be preri~ature. 

I n  UDV co lo rs  t l ie  24 Theniis fami ly  (Hiraydmad 1 ) appears t o  cons i s t  e n t i r e l y  o f  C oh- 
j ec t s ,  s i x  o f  the111 fa1 l i n g  i n  the 100-200 kill dial i leter ranqe. Here we have a backqround 
problen~, s ince the f i e l d  populatioci a t  senrimajor ax i s  3.14 AU i s  a t  l e a s t  90 of Type C .  
S t i l l  the  chances are sliiall t h a t  no S o r  o the r  types wduld be found out o f  19 ob jec ts  
sampled, and t h i s  fanl i ly  a l so  appears t o  have a c o l l i s i o n a l  o r i g i n .  

F ig .  5. Reconstruction o f  the  4 4  Nysa 
family, as suggested by Ze l l ne r  ,-! a!. 
(1977b). 135 Hertha i s  taken t o  represent 
a metal 1 i c  core, and 44 Nysa and the sinal l e  
fragliients a niantle o f  ens ta t i c -achondr i t i c  
(o r  o ther  t rans i  t ion-n ie ta l - f ree)  ~ i i t e r i a l  . 

L I I I 

KILOMETERS 



It has several times been suggested t h a t  C as tero ids  may cons i s t  o f  S type o r  o the r  
s tony-meta l l i c  cores which subsequently accreted sur face layers  o f  dark carbonaceous mate- 
r t a l .  This hypothesis may be at tacked on several  grounds, one o f  which i s  the evidence 
from the fami l ies .  For the Koronis ob jec t  i t  would be necessary t o  assume t h a t  the C 
ma te r ia l  was e n t i r e l y  removed before  the major c o l l i s i o n  t h a t  produced the family, o r  e l se  
disposed of i n  some way. For the Themis family the p u t a t i v e  core  would have t o  be s t i  11 
concealed i n  one of  t he  l a r g e r  members. 

F i l i ~ l l y ,  l e t  me note t h a t  a t  l e a s t  ha l f  the as te ro id  popu la t ion  cannot be assigned'to 
recognizable fami ly groups, bu t  may nevertheless hdve o r i g i n a t e d  i n  c o l l  i s i ons  f o r  which 
the deb r i s  i s  now wide ly  dispersed. Thus the o v e r a l l  complexion o f  t h e  b e l t ,  i nc lud ing  
such general trends as seen i n  Figure 2, may be t e l l i n g  us niore about the i n d i v i d u a l  prop- 
e r t i e s  of  a r a t h e r  small number o f  parent bodies than about the continuum p roper t i es  o f  the  
s o l a r  nebula. 

THE OUTLIERS 

Of  the 2045 present ly  numbered minor p lanets,  1917 move i n  o r b i t s  w i t h  semimajor a x i s  
between 2 . ~ ~ 6  and 3.65 AU, e c c e n t r i c i t y  ~0 .35 ,  and i n c l i n a t i o n  <30". Of the ~emainder ,  
there  a re  21 numbered Trojans near the e q u i l a t e r a l  Lagrangian po in ts  o f  Jup i te r ,  27 Hi ldas 
near the 2/3 resonance a t  3.95 AU, 16 tlungarias w i t h  r e l a t i v e l y  h igh i n c l i n a t i o n  o r b i t s  
i ns ide  the 1/4 resonance, and 48 Apollo/Arnor ob jec ts  i n  Mars- o r  Earth-crossing o r b i t s  
(see Figure 1). The sampling i s  c l e a r l y  much biased i n  favor of  nearby ob jec ts .  Sixteen 
numbered as tero ids ,  i nc lud ing  2 Pa l las  w i t h  i t s  except ional  i n c l i n a t i o n ,  f a l l  i n t o  none o f  
the  above categor ies.  The Hungarias, Hi ldas.  and Trojans may have been formed a t  t h e i r  
present distances, bu t  the  Apollos and Amcrs appear t o  need a source o f  replenishment from 
the main b e l t  o r  from the comet popu la t ion  (Wethe r i l l .  1976, 1978). 

Fig.  6. UBV co lo rs  fo r  twelve as ter -  F ig .  7. UBV co lo rs  f o r  n ine Trojan as te r -  
o ids  i n  Earth- and Mars-crossing o r b i t s .  o ids  ( f i l l e d  c i r c l e s )  and fo r  the outer  
Data are  from the TRIAD f i l e .  s a t e l l i t e s  JV1, J V l l ,  and Phoebe. Data 

are  from Degewij e t  ( 1 1 .  (1978) and unpub- 
1 ished r e s u l t s  a t  the Un ive rs i t y  o f  Arizona. 



Figure  6 i l l u s t r a t e s  UBV data f o r  a dozen small bodies i n  Earth- and E;i s-crossing 
o r b i t s .  Most ly they have S - l i k e  o p t i c a l  p roper t ies ,  b u t  b ias  cor rec t ions a re  d i f f i c u l t .  
(Ac tua l ly  the  d i s t r i b u t i o n  o f  types i s  very s i m i l a r  t o  t h a t  f o r  t he  dozen b r i g h t e s t  main 
be1 t astero ids .  ) Some o f  these have been s tud ied i n  d e t a i l ,  and 433 Eros i s  perhaps the 
best-observed o f  minor planet: (Iccuue, Volume 28, No. 1, 1976). Object 1685 Toro i s  t he  
best  i d e n t i f i e d  candidate f o r  an ordinary-chondr i  t i c  composition among the as tero ids  
(Chapman e t  al . ,  1973). Object 1580 B e t u l i a  i s  the on l y  we l l -es tab l ished C type among the  
Mars-crossers; 1474 Bei r a  has r e l a t i v e l y  neu t ra l  co lo rs  o f  unknown s ign i f i cance.  

Figure 7 d isp lays  UBV co lo rs  f o r  n ine Trojanc. McCiird and Chapman (1975) repor ted 
except ional  r e f l e c t i o n  spectra tu rn ing  upward ili the i n f ra red ,  u n l i k e  anything i n  the main 
b e l t ,  f o r  t he  Trojans 624 Hektor and 911 Agamemnon. The ava i l ab le  UBV cu lo rs  and un i formly  
low thermal-radiometr ic albedos (Cruikshank. 1977; Degewij e t  a l . ,  1978) argue a h igh  
degree o f  homogeneity among the Trojans, w i t h  an u n i d e n t i f i e d  composi t i o r  d i s t i n c t  from the 
r e s t  of  the as tero ids .  F igure  7 a l so  i l l u s t r a t e s  remarkably s i m i l a r  co lors ,  d i s t i n c t  from 
the Trojans, f o r  t he  ou te r  s a t e l l i t e s  JVI, JVI I ,  and Phoebe. 

The H i l da  as tero ids  are  poor ly  explored. UBV co lo rs  reported by Degewij e t  a t .  (1976) 
a re  genera l ly  T ro jan - l i ke ,  bu t  w i t h  wider sca t te r .  Degewi j e t  a t .  f i n d  a v a r i e t y  of  types 
among the Hungarias; 434 Hungaria i t s e l f  i s  o f  the  very ra re  E type. 

FUTURE WORK 

I n  s p i t e  o f  enormous progress i n  the  l a s t  f i v e  yearc.. we are on l y  beginning t o  scra tch 
the surface of  the  minor p lanet  popu la t ion  w i t h  regard t c  some very i n t e r e s t i n g  questions. 
Future spare miss i011s may be l i m i t e d  by the laws o f  c e l e s t i a l  mechanics t o  ob jec ts  which 
now seem whol ly i n s i g n i f i c a n t .  and i t  i s  v i t a l  t h a t  we be ab le  t o  make i n t e l l i g e n t  choices 
among such poss ib le  targets.  Returns from the In f ra red  Astronomy Sate1 li t e  w i  11 t r i v i a l  i z e  
e f f o r t s  t o  date i n  the  a r t  o f  as te ro id  thermal radiometry, but  radiometry alone i s  no t  
enough f o r  minera log ica l  c l a s s i f i c a t i o n .  The UBV technique i s  capable of reaching almost 
any numbered as tero id ,  bu t  i s  a l so  l i m i t e d  i n  d i a g n o s t i c i t y .  

Detectors now e x i s t  by which i t  i s  poss ib le  t o  ob ta in  d iagnost ic  cpec t ra l  r e f l e c t i v i t y  
data a t  wavelengths out  t o  0.10 pm f o r  q u i t e  f a i n t  ob jec ts .  A thousand minor p lanets  cou ld  
be thus observed i n  th ree years '  work. and I be l i eve  t h a t  such a dedicated ground-based 
survey i s  the  c r i t i c a l  next  step. 
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DISCUSSION 

CHAWN:  You have looked a t  several o f  the most populous famil ies.  Previously pub1 ished 
data on representat i  ves o f  o ther  famil  ies  have shown tha t  they have heterogeneous com- 
pasi t ions among the members, so i t  i s  not  a general r u l e  t ha t  astero id  fami 1 ies  have 
members w i t h  iden t i ca l  compositions. There are other cases where there are considertble 
d l  fferences. 

ZELLNER: We should look a t  those too. 
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