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THE 3-pm HYDRATED SILICATE SIGNATURE ON C CLASS ASTEROIDS: 
IMPLICATIONS FOR ORIGINS OF OUTER BELT OBJECTS. Thomas D. Jones, Larry A. 
Lebofsky, and John S. Lewis, Lunar and Planetary Laboratory, University of 
Arizona, Tucson, AZ 85721. 

We have extended the search for hydrated silicates on low albedo 
asteroid surfaces to some 3 dozen C, G, F, B, and P objects, using 2.5- to 
3.5-pm reflectance spectra from the NASA Infrared Telescope Facility on 
Mauna Kea. Most observations were taken with the Cooled Grating Array 
Spectrometer; we include a few lower resolution spectra from a circular 
variable-interference filter photometer. These spectra, the latest in a 
ten-year program of 3-pm asteroid reflectance observations (I), have a 
resolution high enough ( X / A X  = 170) to permit measurement of the diagnostic 
3-pm band depth and estimates of bulk H20 content on well-observed objects. 

The linear detector array permitted simultaneous reflectance 
measurements straddling the 2.7-pm atmospheric H20 absorption, giving us a 
quantitative measure of 3-pm band depth and an overall spectral shape. The 
telluric H20 obscures the sharp edge of the 2.8-pm structural hydroxyl 
absorption, but we can still make comparisons with carbonaceous chondrite 
spectra to determine the approximate H20 abundance and any obvious meteorite 
associations. The bright asteroids 1 Ceres and 2 Pallas yielded repro- 
ducible band depths over several nights of 21% and 18%, respectively, 
implying a surface volatile content of 3-4 wt.%. We also searched for 
weaker absorption features in the 3-pm region: no 3.4-pm organic bands were 
evident, but we confirmed a 3 .l-pm band on Ceres characteristic of a thin 
layer of water ice (2). 

Of the 26 low albedo asteroids observed in this program through 1987, 
17 (65%) show the drop in 3-pm reflectance characteristic of hydrated 
silicates. With this limited sample, we see no obvious dependence of the 
asteroid 3-pm band depth (hydrated silicate abundance) on semi-major axis, 
eccentricity, inclination, or diameter. There is a weak positive 
correlation between increasing band depth and albedo: hydrated silicates may 
be present with other alteration products (e. g. hydrated salts) that raise 
albedos slightly. 

For analysis of the reflectance data we rely on comparisons to 
corresponding spectra of meteorites and regolith analogs. Using J. 
Salisbury's USGS spectrometer (3), we collected 16 spectra from the major 
carbonaceous chondrite classes, along with spectra of a silicate and organic 
series representing outer belt asteroid surfaces. While general 
similarities exist between 2 Pallas and CM chondrites, we find no exact 2.4- 
to 3.6-pm analogs to any of our asteroid spectra. One major finding of the 
lab work is that even large amounts of visually opaque organic material, 
while capable of suppressing hydrated silicate absorptions in the near-IR, 
cannot obscure the diagnostic 3-pm band. Even if P and D asteroids were 
coated with abundant "ultracarbonaceous" material, any hydrated silicates 
present should be detectable in medium resolution 3-pm reflectance spectra. 

Interpretation of available 3-pm data for outer belt asteroids presents 
us with something of a dilemma. Though two-thirds of our observed C's have 
hydrated silicate surfaces, some as large as 300 km in diameter do not. In 
addition, 1985 photometry (4) of a few supposedly volatile-rich P and D 
asteroids failed to detect a 3-pm band on any of the objects observed. The 
proposed trend toward "primitive" compositions (organics and H20) in the 
outer belt (5) is not yet borne out spectrally. 

The paradox can be resolved if we view hydrated silicates as indicators 
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of aqueous alteration processes on parent asteroids. Extensive chemical 
and textural studies of carbonaceous chondrite matrix material (CCMM) 
indicate that matrix hydrated silicates were formed by aqueous alteration of 
anhydrous precursor minerals, probably olivines and pyroxenes (6-8). The 
oxygen isotope signature of CCMM also suggests a low-temperature alteration 
origin (9). Further, D/H ratios of CCMM hydrated silicates differ markedly 
from "solar" values (lo), arguing against a predominantly nebular origin. 
If, as seems clear, asteroidal hydrated silicates are not nebular 
condensates but alteration products, then their absence implies either (a) a 
volatile-poor parent body, or (b) early interior temperatures and pressures 
too low to generate such an alteration episode. In the latter case the 
silicates may retain their original anhydrous state, perhaps resembling the 
olivine-rich matrix of the CV chondrites (6). Anhydrous silicates seem to 
be quite stable against alteration if kept at low temperatures: independent 
observations of the comet Halley dust component (11,12) point to an 
anhydrous silicate composition despite its residence in an environment more 
volatile-rich than any asteroid's. 

This evidence suggests to us that the C, P and D populations were 
originally composed of varying amounts of anhydrous silicates and water ice 
(7). The detection of many hydrated C asteroid surfaces indicates that this 
group underwent a general heating episode strong enough to melt interior ice 
and alter the near-surface layers (13), while the more distant and 
presumably ice-rich P's and D's remained largely unaffected. 

Electrical induction by an early solar wind (14) could have provided a 
belt-wide heating episode that varied strongly with heliocentric distance. 
In addition, this mechanism is strongly dependent on an object's electrical 
conductivity, controlled by composition. Because the chemically similar 
carbonaceous chondrites differ greatly in conductivity, the varying degrees 
of alteration among the C class may be a natural result of minor differences 
in original composition that led to radically different thermal histories. 

We now view the outer belt from 2.5-5.2 AU as having formed mainly from 
heliocentrically varying amounts of anhydrous silicates, H20 ice, and relic 
interstellar organic material. If we continue to regard the carbonaceous 
chondrites as derived from C asteroids, then we cannot treat these 
meteorites as "primordial" solar system material without confronting the 
spectral evidence for widespread, if moderate, thermal processing of C class 
interiors and surfaces. Useful 'ground truth' measurements of C asteroid- 
like volatile content and bulk composition may come from Phobos observations 
of the Martian satellites and the asteroid encounter. 
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