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RECREATING THE ASTEROID BELT OF THE RECENT PAST. James C. Granahan and 
Jeffrey F. Bell (Planetary Geosciences, Dept. of Geology & Geophysics, SOEST, University of 
Hawaii, 2525 Correa Rd., Honolulu, HI 96822) 

Asteroid families can be used to travel back into the "recent" geologic past of the asteroid 
belt. The term "recentn is used to describe a time when just prior to the formation of the 
present asteroid families by impact disruption. Farinella et al(1) have estimated that this age 
is on the order of a million years before present. Time can be run backwards by reassembling 
asteroids in dynamical families into their respective parent bodies. By combining these 
reconstructed parent bodies with the non-family member asteroids, an asteroid belt of the 
"recent" geologic past is created. Then, one can compare this reconstructed asteroid belt with 
the present one to see how the asteroid belt changes through time. 

The first step in this process is to choose one of the various asteroid family 
classifications . Using previous studies of mineralogic evaluations of asteroid families (2, 3) 
the Zappala et al(4) family analysis was chosen for this "recentn asteroid belt recreation. The 
evaluation process was a comparison of the asteroid family members with the spectral 
classification systems of Tholen(5), Barucci(6), and Tedesco(7). The family members were 
then assigned compositional types according to the meteorite analogs which their spectra most 
closely resemble. Once this was done, the family members were combined together to determine 
if they make a geologically sensible parent body. The selection of the Zappala asteroid families 
was made because all of its statistically valid asteroid families that had ample spectral 
sampling could be reconstructed into viable parent bodies. This was not the case with the 
asteroid families of the competing Williams classification system (8), which often groups 
together geologically incompatible types such as C and S. 

Parent body reconstructions began by piecing together the valid asteroid families. 
Compositions of the parent body are derived from the spectrally classified asteroid family 
members. Parent bodies of asteroid families that consist of one spectral type were 
reconstructed as that spectral/compostionaI type. Parent bodies of asteroid families with 
asteroids of various types were assembled according to a geologic model. Two basic 
reconstruction models were used. For differentiated (igneous) materials, the asteroid is 
reassembled by having a NiFe core with other igneous materials layered by decreasing density 
layered around it. For primitive and metamorphosed materials, the asteroid is reassembled by 
placing the metamorphically altered materials in the interior surrounded by the less altered 
primitive materials. Parent body sizes and volumes were recreated using spherical 
approximations and the IRAS and visual albedo data . This provides a minimum size limit for the 
parent bodies. Parent body orbital elements are assumed to be the average of the family 
member orbital proper elements. Non-family asteroid proper orbital elements are left 
unchanged in this model of the "recent" asteroid belt. Table 1 shows the resulting parent bodies 
from this parent body recreation. 717 out of the 5102 numbered asteroids were reconstructed 
into ten parent bodies. 

The geologic heliocentric radial stratigraphies of the asteroids, present and "recent", 
were also examined. Reassembly of the larger families produces significantly smoother, more 
gaussian abundance profiles. However, the smaller, more controversial families have little 
effect on the radial structure of the belt. Also, one's interpretation of the Flora region or family 
does significantly affect the shape of the S type abundance function. 

Interloping asteroids were also examined in this study. An interloping asteroid is an 
asteroid which was not the product of the disruptive impact which formed a particular asteroid 
family but already existed in the orbital zone later filled with collision fragments. The asteroid 
family Eos, for example, contains a B class asteroid which could not come from the same parent 
body as the rest of the "K" type Eos family asteroids. In the background asteroid belt population 
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where the Eos family formed, however, there are C and B type asteroids. This suggests that this 
B type asteroid existed before the creation of the Eos family. 

Table 1: ZAPPALA ASTEROID FAMILY PARENT BODIES 
F a mi Iv Qiameter(km1 Tholen T v ~ e  a(A.U.1 e sin(11 . . 
231 (Vesta) 5 4 5  V 2.344 1 0 6 9  .I 082 
232 (Amalasuntha) 2 0 F 2.458 1 7 0 3  .0536 
Z41A(Eunomia) 2 5 9  S 1.805 ,1035 .I 568 
244 (Adeonaf 1 3 9  C 2.675 . I 7 1  6 .2033 
245 (Maria) 9 1 S 2.553 .0993 .2556 
251 (Koronis) 2 0 9  S 2.862 .0591 .0413 
Z61 (Eos) 1 7 3  "K"  3.005 .0832 1 7 6 7  
271 (Themis) 2 9 8  C 3.119 . I 5 6 5  .0346 
272 (Meliboea) 1 5 3  C 3.1 05 .2103 .2499 
273 (Veritas) 1 2 9  C 3.1 69 .0743 .I 576 

The Z# is the designation of the Zappala asteroid family as listed in Zappala et al(4). The 
asteroid family name in parenthesis is also the name of the least numbered asteroid present in 
that asteroid family. "a" refers to the semi-major axis of the parent body's orbit in 
astronomical units. "e" refers to the eccentricity of the parent body's orbit. "sin(i)" represents 
the sine of inclination of the parent body's orbit. 

The following are conclusions of this study: 
1. All of the statistically valid Zappala asteroid families can be reconstructed into viable parent 
bodies. 
2. The reconstructed Z41A S type parent body is larger than any presently known S type 
asteroid (by about 50 km radius). 
3. Doubtful asteroid families will have little affect on the radial geologic structure of the 
asteroid belt (except for the Flora region). Hence, the igneous-metamorphic-primitive 
heliocentric pattern (9) still remains. 
4.  Notable clumps of asteroids remain in the reconstructed a versus sin(i) space that have 
already been dispersed in a versus e space. Most of these clusters were noticed by Zappala et 
a1(4), but failed to meet all of their statistical criteria of being an asteroid family. 
5. Point 4 suggests that there are "older" asteroid families that are now unrecognizable. The 
observed asteroid families are just the most recent generation of dynamical families in an ever 
colliding asteroid belt. 

References: 
(l)Farinella, P., Carpino, M., Froeschle, Ch., Gonczi, R., Knezevic, Z., and Zappala, V. (1989) 
Astron. Astrophys. 217, 298-306. (2)Bell, J.F. (1989) lcarus 78, 426-440. 
(3)Granahan, J.G., and Bell, J.F. (1991) LPSC XXll abstracts, 477-478. (4)Zappala, V., 
Cellino, A., Farinella, P., and Knezevic, Z. (1990) Astron J 100, No. 6, 2030-2046. 
(5)Tholen, D.J. (1984) PhD Thesis, University of Arizona. (6)Barucci, M.A., Capria, M.T., 
Coradini, A. and Fulchignoni, M, (1987) lcarus 72, 304-324. (7)Tedesco, E.F., Williams, 
J.G., Matson, D.L., Veeder, G.J., Gradie, J.C., and Lebofsky, L.A. (1989) Astron J 97, No.2, 
580-606. (8)Williams, J.G. (1989) In Asteroids I1 (Binzel, R.P., Gehrels, T., and Matthews, 
M.S.), University of Arizona Press, Tucson, 1034-1072. (9)Bell, J.F., Davis, D.R., 
Hartmann, W.K., and Gaffey, M.J. (1989) In Asteroids I1 (Binzel, R.P., Gehrels, T., and 
Matthews, M.S.), University of Arizona Press, Tucson, 921-945. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


