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The origin of the H, L, and LL chondrites has remained one of the most enduring controver- 
sies in planetary science over the last 30 years. Recently, attention has focused on the spectros- 
copic discovery of a possible OC parent body in the main asteroid belt. A variety of more obscure 
recent discoveries clarify this question and point the way toward a sensible unified theory of the 
origin of these objects and the reasons they dominate the meteorite fall statistics. 

OCs in the main belt: For some years the only good spectral analogs for OCs among the 
observed (i.e. bright) asteroids were a few objects assigned to spectral class Q. Curiously, all the 
good examples of this class were on Earth-crossing orbits, leading to suggestions that these objects 
did not originate in the main belt but rather from the Oort Cloud or undiscovered asteroids in the 
Earth-Sun or Venus-Sun Trojan points. However, with the extension of spectral surveys to smaller 
objects, a main-belt asteroid with a Q-class spectrum has been discovered [I] . This object (3628 
Boznemcova) is near the 3:l Jupiter resonance (long suspected to be a principal source of meteor- 
ites) and is about 7 krn in diameter. The existence of surviving main-belt OC source bodies in this 
location and size range was predicted by the author's model of asteroid evolution [2]. In this 
model, large asteroids in the inner belt have all been melted, and only small objects can survive as 
unaltered chondrites. Alternatively, Binzel has suggested that Boznemcova was recently created 
from a larger OC asteroid and lacks the "weathered" regolith that camoflages OCs as S-class 
asteroids. This idea conflicts with a large body of data showing that weathering effects in chondri- 
tic regoliths are small. For instance, the IR spectral maps of 243 Ida returned by Galileo are uni- 
form to within a few percent, ruling out any fresh OC-like region larger that about lOOm [3]. Fre- 
quent low-velocity impacts on Ida should be excavating fresh bedrock from below the weathered 
regolith; yet there are no fresh halos or rays surrounding the youngest craters such as are seen on 
the Moon. 

Some hints from CCs: Recent lab spectral studies [4] suggest that some rare highly 
metamorphosed carbonacous chondrites are closee spectral analogs to the F-B-C-G asteroid classes, 
suggesting that the more common CMICI meteorites come from a yet undiscovered outer-belt spec- 
tral class composed entirely of small asteroids. This discovery brings the outer belt into line with 
the inner belt: in both regions the most common meteorites come from small (=weak, =primitive) 
asteroids, and only a few rare meteorites come from large (=strong, =metamorphosed) objects. 

OCs in near-Earth space: Initial Spacewatch Camera results as analysed by D. L. Rabi- 
nowitz show a population of zlO-meter objects near the Earth about 100 times that predicted by 
extrapolation of the abundance curve for larger Earth-crossers [5]. The abundance vs. size curve 
for these objects is unusually steep, apparently joining the flatter distibution of larger Earth-crossers 
at a diameter of about 100m. This population also seems to be more concentrated toward the 
Earth's orbit that larger Earth-crossers. Theorists have attempted to explain this population as 
ejecta from Mars [6] or the Moon [7]. Both these interpretations conflict with the very small abun- 
dance of Mars and Moon samples in the meteorite collection. The "Rabinowitz Objects" must 
either be ordinary chondrites or some rarer class of meteorite which is filtered out by the Earth's 
atmosphere. It appears most likely that they are predominantly OCs, in which case future spectral 
observations wiil reveal a large predominance of Q-class objects in this size range. 

OCs in lunar history: The abundance curve for near-Earth objects as extended by Spa- 
cewatch exhibits the "kink near lOOm diameter previously seen in lunar and martian crater distri- 
butions and attributed by some workers to an increasing proportion of unrecognized secondary 
craters at smaller sizes, e.g. [8] . The similarity of the Spacewatch and lunar crater abundance 
curves strongly suggests that secondary cratering is a minor contributor, as other lunar geologists 
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have long argued, e.g. [9] . It is more likely that this change in slope represents the transition 
beween metal-dominated projectiles (=S asteroids = iron meteorites) and silicate- dominated projec- 
tiles (=Q asteroids = ordinary chondrites). This idea was proposed in early interpretations of 
Ranger photographs [lo] but has k e n  dormant until recently [ l l] .  

The OC bombardment of Gaspra and Ida: The crater abundance curve on Gaspra shows 
a differential power law with index -4.3, appreciably steeper than the theoretically derived value of 
-3.5 which was expected in the absence of secondary cratering [12] but similar to the actual slope 
found in Spacewatch data and lunar craters over this size range. At larger sizes there may be a 
transition to a flatter slope as on the planets, but this is doubtful due to the difficulty of distinguish- 
ing very large craters on such a small object [13]. Ida is much more heavily cratered and its crater 
abundance curve is similar to those of Phobos and Deimos [14], suggesting that saturation has 
obscured the original production function. 

Towards a new paradigm: From the recent results discussed above, it appears that the 
abundance vs. size distribution of objects in the size range 10m to - lOOm everywhere in the inner 
solar system follows a common and unexpectedly steep slope. If this slope is the true size spec- 
trum of OCs, the dominance of OCs in the terrestrial meteorite collections is simply an artifact of 
the narrow size range sampled. The difference in slope between this size range and the flatter 
"classical asteroid" abundance curve (dominated by S-types) suggests that collisional evolution is 
strongly controlled by strength variations in the projectileltarget population, in the sense that more 
fragile materials take up steeper size distributions richer in smaller objects. A traditional "unexam- 
ined paradigm" in meteorite and asteroid science has been that the size distributions of all types of 
material are roughly parallel. The picture now emerging seems to require 1) steeper abundance 
curves for more fragile materials; 2) a power-law with index -4.3 for ordinary chondrites (Q 
asteroids) in the 5100m size range; 3) a transition to shallower populations dominated by highly 
metamorphosed chondrites (C) and metal-rich igneous materials (S,M) at ~ 1 0 0 m .  Asteroid spec- 
troscopists and meteoriticists should ponder deeply the implications of a model in which the 
asteroid and meteorite populations are necessarily anticorrelated. 
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