ASTEROID GEOLOGY FROM GALILEO AND NEAR DATA
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Images of Gaspra, Ida, Mathilde, and Eros obtained by Galileo and NEAR have revealed the surface geology of these asteroids, and with other spacecraft data have provided clues to their internal structures.  The shapes and surface morphologies of each of these bodies are dominated by the effects of impact cratering.  Craters occur at all size ranges, from barely resolvable pits to much larger individual features that contribute significantly to overall asteroid shapes. The presence of impact-derived regolith has been inferred on S-class asteroids Gaspra, Ida, and Eros from photometry, morphological features, and subtle color variations on their surfaces.  On Gaspra, craters along ridges are surrounded by halos that have deeper 1-micron band depths than materials on the broader facets, suggesting excavation of fresher materials.  On Ida, color variations more clearly suggest an age sequence in which fresh, low-cohesion surface materials deposited or disturbed by impacts gradually darken and redden with increasing exposure age, analogous to “space weathering” trends identified among lunar materials.  Debris chutes, subtle albedo markings streaming down local slopes, relatively shallow degraded (probably infilled) craters, boulders, and craters distorted by collapse of upslope rim segments all suggest the presence of a substantial layer of low-cohesion debris up to tens of meters thick on Ida.  In addition, groove morphologies on Gaspra and Ida are most readily interpreted as subsurface fractures expressed through a substantial mantle of debris (as on Phobos).  There is similar spectral and morphological evidence for impact-derived regolith on Eros.  High resolution images directly reveal the presence of substantial regolith across much of the surface, including numerous blocks in various stages of disaggregation, talus accumulations at the bases of cliffs, lobate deposits suggestive of debris flows, and smooth deposits that embay the floors of some craters.  Bright materials on steep slopes form lobate, downslope-pointed markings and have deepened 1-micron band depths consistent with lesser "space weathering."  Together, these observations suggest exposure of less mature materials by mass wasting.  While the surfaces of the three S-asteroids (Gaspra, Ida, and Eros) share some morphological similarities, there are significant variations, including evidence that the depth and character of their regoliths varies considerably from place to place on each body.  Inferences about the interiors of each of these bodies from their densities, the presence of through-going structures (grooves and ridges), and modeling the strength required to sustain and/or create such through-going structural features imply interiors that are at least partially competent (e.g., fractured but intact) rock materials.  Potentially much greater differences exist between the three S-class asteroids and C-class Mathilde.  Mathilde's shape is dominated by impact craters with diameters comparable to the asteroid’s radius, suggesting a less competent interior capable of absorbing much greater shocks without total disruption.  This and Mathilde's low density suggest a rubbly interior.  Unlike surfaces of the S-class asteroids, Mathilde’s darker surface reveals no spectral inhomogeneity.  There is no unambiguous spectral evidence for km-scale compositional heterogeneity within any of these bodies.

