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The "S asteroid- ordinary chondnte controversy" encompasses several conflicting hypotheses which, for 
simplificati?n, may be represented by two arguments: (1) Many S asteroids are the parent bodies of 
ordinary chondrites but have very different reflectance spectra than ordinary chondrites bemuse of processes 
which alter their optical surfaces exposed to the space environment. (2) S asteroids are not the parent bodies 
of ordinary chondrites (aggregates from the pre-planetary nebula) but rather mixes of magmatically 
differentiated cores mantles and crusts of larger proto-asteroids. In this case they would be mixtures of 
achondritic and metallic material. Space weathering (to whatever extent it occurs) is not sufficiently 
effective on asteroids to alter chondritic materials to yield S-asteroid spectra The chondritic parent bodies 
remained undifferentiated because they were small enough and had such short thermal lag times that heating 
by short lived nuclides or electromagnetic induction was not sufficient to differentiate them. Further, their 
small size is the reason that they have not been observationally identified. 

From the point of view of celestial dynamics it might appear that (1) is the more attractive hypothesis since 
S asteroids dominate the inner part of the belt and ordinary chondrites dominate meteorite falls. On the 
other hand there are may other meteorite types which provide much better spectral matches to S asteroids 
than chondrites. While not as populous in falls, oxygen isotope studies suggest these more rare types 
represent more parent bodies than the ordinary chondrites, suggesting a possible reversal of the dynamics 
argument, favoring (2). 

In the laboratory, efforts to transform the spectra of ordinary chondrites into those of S asteroid spectra have 
not succeeded. Repeated cycles of melting, boiling, recrystalization, and comminution of ordinary chondrites 
were found to redden their spectra and lower band depth perhaps enough to explain the spectral differences 
among various metamorphic grades of chondrites, but not enough to approach any match to the distinctive 
S asteroid spectra l.  Also proton bombardment of an olivine grain equivalent to 100 years of direct space 
exposure produced a barely detectable increase in continuum slope but no decrease in band depth 2. 
Although shocking the ordinary chondrites was not tried, studies of naturally shocked chondrites were found 
to exhibit no evidence of the required reddening of slope 3. On the other hand, simple mixing of 
differentiated achondritic and metallic meteorites produced excellent matches to many S asteroid spectra and 
always better matches than any ordinary chondrite spectra 4. Thus the bulk of the laboratory evidence 
favors (2). 

Perhaps the strongest argument favoring (1) is that maturation of lunar material provides decreases in band 
depth and reddening of slope more than adequate to transform the chondrite spectra into S asteroid spectra 
(Figure 1). The exact mechanism of this spectral maturation is still controversial but Pieters has shown 
it to be associated with the fine fmction although it as previously thought to be associated with glass in the 
agglutinates. It was also suggested that this process could operate on asteroids 5. It should be noted 
however that the moon and Mercury have similar spectra and that both are subjected to very high velocity 
impactors owing to the secular acceleration of the sun. Most possible maturation mechanism involve 
impact vitrification or vaporization. The asteroids experience a much higher flux at much lower average 
velocities. Their exposure history is geared to destroy or bury any evidence of vaporization or vitrification. 
Also their low gravitational fields allow any impactor large enough to produce a crater large enough to be 
identified in the Galileo images to eject most material excavated from a small asteroid and "toss" and mix 
many meters of material all over the asteroid 6, guaranteeing a very short exposure time for optical surfaces. 
Furthennore the surface material of 4 Vesta which would be expected to have a much longer optical surface 
exposure time than on any small asteroid does not exhibit any evidence of maturation whatsoever 7. This 
argues very strongly against (1). 

Recent observations provide new arguments on both sides: A ground based search for very small bodies has 
resulted in identification of one candidate chondritic object near a 3:l resonance with Jupiter 8. This is in 
significant agreement with the prediction implicit in (2). The Galileo spacecraft encounter with 951 G a s p  

revealed that two fresh appearing craters seemed to have somewhat "bluer" continuum slopes than the rest 
of the asteroids, as would be expected in (1). On the other hand the overall olivine abundance on 951 
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Gaspra was to found to be higher than for nearly any chondrite, and one atypical area representing 10% of 
the surface exhibited an olivine abundance still higher than the average. On 243 I d a  a distinct regional 
inhomogeneity was noted by the imaging team lo but the near infrared mapping spectrometer did not have 
the opportunity to cover that region. This could be interpreted as indicating space weathering, arguing for 
(1). or as a fundamental mineralogical inhomegeneity which would argue for (2). On Dactyl. clinopyroxene 
was tentatively identified as a major component in fitting both the MMS and Imaging speed data. It 
doe not occur in ordinary chondrites in any significant abundance. This argues for (2). but the identification 
is tentative at present. The orbit of Dactyl allowed a preliminary desnsity estimate for that calcualtion 
suggests a density compatible with chondrites but not with most stony irons (eg. pallasites) thus 
suggesting (1). However (a) the orbit estimates are undergoing major revision and the fmal density needs to 
be recalculated. (b) Many other differentiated meteorites listed by Fanale et al. as viable S-asteroid 
candidates could satisfy the density criterion, and (c) the degree of internal commutation is unknown and 
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porosity modeling for a lo-' G object has not been quantitatively treated. 

Figure 2 shows what could be interpreted as a spectral evolution from 243 Ida to Dactyl to a LL chondrite 
which would argue for (1). However this cannot be the answer for all the S's: 951 Gaspra is probably 
differentiated on mineralogic grounds and while no similar case can be made for 243 Ida, there is the 
problem of the clinopyroxene present on Dactyl. If one speculates that most S asteroids are differentiated 
but that here and there are rare chondritic bodies it remains a problem to explain the delivery statistics. In 
contrast (2) provides a systematic explanation: if they were too small to get fried, then they are small 
enough to evade identification (except for the one recently identified by the small asteroid survey). Thus the 
issue is not settled. but the weight of evidence somewhat favors the idea that, whether or not space 
weathering does affect spectra somewhat, the bulk of the S's are sheep in sheep's clothing. 
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Fi~urc  2: A Cornparlaon of 243 Id.. D.etyl. and U Chondrlle 
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