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THE PARENT ASTEROIDS OF ORDINARY CHONDRITE METEORITES. D.T. Britt, Lunar 
and Planetary Laboratory, University of  Arizona, Tucson, AZ 8572 1. 

The Problem with Ordinary Chondrites:. Ordinary chondrites account for 80% of meteorite falls, but twenty 
years of searching have found only a very few direct spectral matches between OC's and asteroids. Those asteroids 
that do match are small, rare, and all but one are in the planet crossing asteroid population. The one OC match in 
the main belt, 3628 Bonemcova, is very small (7 km) and the only OC found out of a thousand asteroids examined 
by the Binzel et al. search. Why can't we fmd a large reservoir of ordinary chondrite parent bodies? The three 
commonly cited theories on OC parent bodies each have their flaws. Bell's approach, that OC's have been smashed 
by collisional evolution into fragments smaller than 10 km diameter [ l ]  has not been supported by the results of the 
extensive Binzel search. Chapman has suggested that the S-asteroids may be OC's that have "space weathered [2]. 
S-asteroids are abundant and have "approximately" OC-like albedo and spectral features. But the work of Gaffey et 
al. [3] has shown that the S class is really a grab-bag of radically different mineralogies and only the S(1V) subclass 
has OC-like mineralogies. In addition, extensive spectral and petrologic work with regolith OC's and space 
weathering experiments with OC material have shown that OC's do not "space weather" to match the spectral 
features of S-asteroids [4,5,6]. But S(IV)/OC link also has several problems: (1) S asteroids have weaker 
absorption bands than OC's; (2) S asteroids have a much stronger spectral "red" slope from 0.6 to 1.6 microns; (3) S 
asteroids have a characteristic "leveling off' of the spectral slope longwards of 1.6 microns. 

What I propose is a new view of ordinary chondrite parent bodies based on analysis of actual samples of OC 
regolith material, the effects of shock in OC's, and the asteroid populations and dynamics of the meteorite 
producing regions of the 3:l Kirkwood gap and the v6 resonance. I suggest a simple proposition: Look at the 
regolith rocks in the meteorite collection to understand what the surface material looks like and look at the asteroids 
around the meteorite producing regions to determine possible parent bodies. 

Look at the Rocks: "Space weathering" occurs on asteroids. Look at the results from asteroid flybys and 
telescopic observations of asteroids. There is evidence for surface spectral alteration on both Ida and Gaspra. It is 
worth noting that these are both small asteroids that are below the size threshold for regolith retention of some 
asteroid regolith models. Gaffey et al. [3] has noted trends in the asteroid spectral data that are correlated with size 
and therefore surface age. These include a trend of decreasing one and two micron band depth with increasing size 
suggesting that with age and increasing regolith retention some process acts to reduce the spectral contrast of the 
surface material. In the S(1V) subclass there is a trend toward decreasing spectral red slope with increasing asteroid 
size. This trend is exactly opposite of what would be required if the S(1V) red slope was produced by regolith 
alteration. 

Look at the meteorite collections. We have samples of the surface regolith "soil" of OC parent bodies in the 
Gas-Rich Ordinary Chondrites. The areas that are gas-rich (i.e. that were once on the surface) are darkened by 
shock. We have samples of highly shocked OC's from the near surface in the Black Chondrites. They are black. 
The same darkening process operates in both types of meteorites. Shock in OC's strongly reduces the albedo and 
strongly reduces the spectral band contrast. Regolith action, "weathering", on OC's darkens and flattens their 
spectra. This makes OC parent bodies with "mature" regoliths look like C and F-class asteroids. Remember, the 
results from the Galileo flybys have shown that even small asteroids can retain significant regolith. The logical 
result of regolith action on ordinary chondrites is to darken the surface material making them look more like C and 
F-class asteroids. 

Location Matters: Look at the asteroid populations around the meteorite producing resonances. Dark 
asteroids are just as abundant near these zones as S-class asteroids. Of all the classified asteroids with semi-major 
axis within 0.1 AU of the 3: 1 Kirkwood gap, 43% are S, but 43% belong to low-albedo asteroid classes (F, C, G, T). 
S asteroids do not dominate the asteroid populations near the meteorite producing resonances. 

In both the 3: 1 and the v6, large dark asteroids are better placed to contribute fragments to the resonances than 
S class asteroids. Farinella et al. [7] studied the dynamics of ejected fragment delivery to the 3: 1. and v6 resonances. 
Listed in Table 1 are the most productive asteroids in terms of percentage of ejected fragments delivered to their 
respective resonance. I have restricted the list to asteroids larger than 40 km in diameter to focus on large parent 
bodies rather than small fragments. In both the 3: 1 and v6 resonances, the top fragment producer is a dark asteroid. 
I have observed both 335 Roberta and 304 Olga for hydration bands and found them to be anhydrous, suggesting 
they may be ordinary chondrite material. Hydration state observations of C and F asteroids have shown that at least 

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



168 LPS XXVII . 

ORDINARY CHONDRITE PARENT BODIES: Britt D.T. 

40% of these classes are anhydrous, suggesting that the C class may be as much of a grab bag of different 
mineralogies as the S class. I am currently applying for telescope time to observe Roberta and Olga in detail in the 
silicate bands to fmalize their identification. 

A General 'l'heorv of Ordinarv Chondrite Parent Bodies: 
Principal #I:  Look at the Rocks. Gas-rich and black ordinary chondrites sample the optical effects of parent body 
regolith processes. Black surface rocks mean a black surface. Some C and F asteroids are OC parent bodies. 
Principal #2: Chemistry Matters. Alteration products from regolith action depend on the chemistry/mineralogy of 
the rocks and the energy environment. There is no single weathering process. We cannot expect that spectral 
regolith alteration on the moon or the different asteroid classes that have wildly different mineralogies should be the 
same. With different rocks andlor different energies, you get different alteration. 
Principal #3: Regolith Matters. Micrometeorite bombardment on asteroids will saturate the surface just like the 
lunar surface. If OC regolith soils are similar to the samples we have from Gas-Rich Ordinary Chondrites, then OC 
parent bodies are darkened by regolith action. Large ordinary chondrite parent bodies with an optically thick 
regolith will have a dark, flat reflectance spectrum similar to C and F class asteroids. 
Principal #4: Location Matters. Large darkened OC parents will be found to be C and F class asteroids that are 
dynamically close to the 3: 1 and v6 resonances. 

Conclusion and Prediction: Three anhydrous low albedo asteroids that are dynamically close to the meteorite 
producing resonances, 304 Olga (C), 335 Roberta (FP), and 449 Hamburga (C) are high probability candidates for 
ordinary chondrite parent bodies. Additional observations of their one and two micron silicate absorption features 
can determine the identification of their mineralogy and potentially solve the OC parent body problem. 
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