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NEW NEWS AND THE COMPETING VIEWS OF ASTEROID BELT GEOLOGY; 
B.E. Clark, Lunar and Planetary Laboratory, University of Arizona, Tucson, 85721. 

INTRODUCTION 
We have collected a lot of new data in the six years since the big blue books came out (Asteroids II, 1989, and 
Meteorites and the Early Solar System, 1988). Here we review how all this new data has changed our perceptions of 
the geology of the asteroid belt. 

PREVIOUS W O R K  
The only way to a complete understanding of asteroid belt geology is through knowledge of the nature of the 
mysterious and elusive heating mechanism that differentiated the asteroids. Asteroids are all less than 1000 km in 
diameter, and at these small sizes gravitational accretion cannot melt rock. Something else must have operated to 
melt the asteroids and produce the differentiated meteorites in our collection. If we can figure out what it was, then 
we will know something fundamental about the forces at work during the formation time of the Solar System [I]. 
Some of the principal observations we can make to put constraints on the possibilities come from observations of 
main asteroid belt geology [2]. 

The most pressing problem in the geology of the asteroid belt is in the inner belt. S-type asteroids are key to the 
inner main belt, but their meteorite linkage is ambiguous. The grand conclusion from 25 years of spectroscopy is 
that the S-types could be interpreted as either primitive or differentiated [3]. We have reached the limits of our 
spectroscopic techniques in that we cannot resolve the basic ambiguity between primitive and differentiated 
assemblages of similar minerals. Why do we care? Because - if the S-types are chondritic, then almost the entire 
main belt is primitive material, representing very early solar system time, but telling us almost nothing about the 
mysterious heating mechanism. If the S-types are differentiated, then the heating mechanism ceased functioning in 
the middle of the main belt at the 'dividing line' between primitive and differentiated material. This dividing line is 
the silicate rock melting temperature position in space of the mysterious heating event. The Bell Big Picture model 
of asteroid belt geology synthesized all the information available and established the position of this dividing line 
back in 1988 [41. But there is now new data to consider. 

NEW EVIDENCE 
A total of four new chondrite meteorite classes have been described (and accepted?) since 1988. They are the Rs, the 
CH., the CXs, and the CRs, and they span and extend the range of redox conditions represented in our meteorite 
collections [5,6,7,8]. Since abundance correlations between material present in the asteroid belt and material 
delivered to Earth are of questionable relevance [9], it is no longer valid to assume that a tiny unimportant class of 
meteorites in our collection is also unimportant to the geology of the main belt. Next time we synthesize our 
information into a big picture we have four new chondrite classes to consider. 

Much has happened in asteroid science since 1988 as well. In asteroids we have a total of eleven new spectral 
classes, and a host of new surveys and studies to incorporate. Table 1 is a brief summary of recent findings. In 
particular - we now find that 10% of the smaller mainbelt S-types are actually K-types, convincingly linked to 
primitive CV-CO carbonaceous chondrites [lo]. The significance of this finding is that there is more primitive 
material in the inner main belt than we previously thought. 
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FIGURE 1 Schematic drawing of a working model for asteroid belt geology, modified after Gradie et al. (1989). 
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CONCLUSIONS 
How does all the new evidence affect the Geology of the Asteroid Belt picture? For one - we still do not know if the 
inner main belt is primarily primitive and chondritic or if it is differentiated and achondritic, and we cannot make 
sweeping constraints on models for the mysterious heating process until we find out. Despite six years of new data, 
debate on asteroid belt geology continues to focus on this issue. Depending on how one interprets the mineralogy of 
the S-type asteroids, the melting point line of the mysterious heating event can shift around in the main belt. There 
are at least five competing ideas: 

1) Bell maintains that the S-types are primarily differentiated and that therefore the new evidence since 1988 has not 
changed the Big Picture of asteroid belt geology 1111. 
2) According to D. Britt, however, the ordinary chondrites are shock-blackened and come from a subset of the C- 
types. This would imply a slightly different position in space for the mysterious heating event line 1121. 
3) According to M. Gaffey, the ordinary chondrites come from a subclass of the S-types, which puts the line for the 
heating event in the midst of the S-zone. Since the largest S-types that could be chondrites are as big as the largest 
S-types that are not chondrites - there would have been no heating event size dependency [31. 
4) According to C. Chapman, the Galileo data indicate asteroid 243 Ida is chondritic. It follows that any S-type could 
be chondritic and that therefore there is no 'dividing line' in space between primitive and differentiated material [131. 
5) I suggest that we explore yet another possibility - that the ordinary chondrites never were important in the main 
belt - that the S-types are primarily differentiated, but the precursor material was carbonaceous, not ordinary 
chondritic, and thats why we still see K-types in the inner main belt (see Figure 1). Dramatic implications follow. 
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TABLE 1: WHATS N E W  IN ASTEROID COMPOSITION SCIENCE SINCE 1989 

SURVEYS AND DISCOVERIES NEW TAXA (#) FIRST AUTHOR, YEAR 
1- Hydrated Ms w (3) Jones 90, Rivkin 95 
2* Hydrated T Th (1) Jones 90 
3- Low albedo vis survey Sawyer 91 
4- Spacewatch 30 -/year - strange colors Gehrels 91, Rabinowitz 94 
5. Anomalous Ss SS (2) Bell 88, Burbine 92 
6- Mineral diversity of Ss Sp, SO Howell 92 
7- Aubrites linked to 3 103 Eger Keil89, Gaffey 92 
8. 5 145 Pholus - red organics (1) Fink 92, Mueller 92 
9- Mineral diversity of Ss SI-SW Gaffey 93 
10. Mainbelt OC-like material 0 (1) Binzel93 
11. Mainbelt pieces of Vesta Binzel93 
12. Tholen observation y (1) Tholen 93 
13. Asteroid moon - IdaDactyl Belton 94 
14. Hydrated Es Eh (2) Rivkin 95 
15. Misclassified Ss K (20) Bell 88, Clark 95 
16. Seven color IR survey Clark 95 
17. Hydration trends in outer belt Vilas 95 
18. Pictures of mainbelt asteroids Galileo SSI team 92-95 
19. Small mainbelt asteroid J (7) Xu 95 
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