
THE NATURE OF LOW ALBEDO ASTEROIDS FROM 3-pm SPEC- 
TROPHOTOMETRY Larry A. Lebofsky*, Daniel T.  Britt*, Ellen S. Howell*, and 
Andrew S. Rivkin*, Lunar and Planetary Laboratory, University of Arizona, Tucson, 
Arizona 85721 

Over the past decade, our group has been investigating the nature and distribution 
of water (thought to be in the form of hydrated silicates) on the surfaces of asteroids. Our 
early spectrophotometric observations (3-pm spectral region) of low-albedo main-belt C- 
class asteroids showed little or no correlation between solar distance and hydration state 
(1). In our more recent work (2, 3, 4) we expanded our observations to include other 
low-albedo classes of asteroids (F-, P-, D-, and T-class asteroids), asteroids that range 
from the outer asteroid belt (>2.5 AU) to the Trojan region at 5.2 AU. Because of 
their greater solar distances and their low albedos (515%) these asteroids should have 
experienced lower temperatures and thus should have higher volatile content than the 
Cs. 

The 3-pm absorption feature in hydrated silicates is the only diagnostic feature 
observable in the dark, volatile rich CI and CM meteorites and has been used to determine 
the presence of hydrated silicates on asteroids (14; see Fig. 1). However, visual and near- 
IR high resolution observations of dark asteroids by Vilas (5,6) show that other, weak, 
though diagnostic, spectral features do exist that indicate aqueous alteration products 

Our observations showed that while many of the C asteroids closer to the Sun contain 
hydrous minerals, the asteroids in the colder, more remote regions of the asteroid belt do 
not. These observations seemed to imply that in the outer part of the asteroid belt the 
kinetics of the nebula-solid reactions were too slow for chemical equilibrium to be attained. 
Under these conditions, the asteroid belt started out as a mixture of ice and anhydrous 
rock. Asteroids in the inner part of the belt may have undergone moderate heating, 
resulting in the melting of some of this ice and subsequent aqueous alteration; those in 
the outer belt were not so heated, and instead lost their water to gradual sublimation 
over the age of the solar system. This scenario is consistent with the observed chemical 
nature of the CI meteorites, the spectra of the C versus P and D asteroids, and with our 
understanding of sublimation rates versus heliocentric distance. 

To date, we have observed about 70 asteroids in the 3-ym spectral region. Approx- 
imately 60% of the C-class asteroids show evidence of the water of hydration feature. 
There appears to be no correlation of hydration state with solar distance. Our most re- 
cent work (7), implies that water in some form may also exist on the surfaces of asteroids 
that are considered to have high-temperature surface materials-the E- and M-class as- 
teroids. These results clearly imply that the processes involved in the aqueous alteration 
of asteroid surfaces are complex and as yet not well-understood. These results also bring 
into question the relationship between asteroid class and our previous assumptions relat- 
ing to surface mineralogy. We will discuss our present understanding of the these surface 
alteration processes and attempt to explain the distribution of compositions that we see 
(for the primative bodies) in the asteroid belt. 
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Fig. 1: Relative reflectance spectra (0.3 to 3.5 pm) of asteroid 1 Ceres, 
which shows the distinctive 3-pm feature indicative of water of hydra- 
tion. 
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