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Summary. Several lines of evidence from analysis of impact craters and other morphological 
features on Ida indicate the asteroid surface is covered with a thin layer of regolith that probably grades 
downward into less well-sorted rubble/megaregolith. This transition with depth is too gradational or 
occurs too close to the surface to be expressed in crater morphology at available resolution. Gravitational 
packing of surface debris under Ida surface gravity of - 1 cm/sec2 should be less efficient compared with 
lunar regolith, suggesting that the progressive change in mechanical properties related to gravitational 
packing in the upper meter of lunar regolith may occur more gradually and over much greater depths on 
Ida. Regolith at the surface, lightly held gravitationally, should be especially susceptible to jostling and 
movement from seismic shaking due to impacts. Despite susceptibility of surface material to periodic 
disturbance and motion, the optical surface layer is stable enough to record space-weathering trends of 
material darkening and reddening with increasing exposure age. 

Evidence for a surficial layer of debris on Ida comes from analysis of light scattering properties of 
the surface[l] and from observations of surface features. The interior of crater Lascaux, seen at high 
incidence angle, displays albedo streaks oriented downslope, suggesting movement of debris under the 
influence of gravity. The interior wall of crater Mammoth contains several degraded craters associated 
with linear, shallow depressions oriented upslope, suggesting mass-wasting scars produced in a weakly 
cohesive material destabilized locally by individual impacts. Particle sizelfrequency characteristics, 
composition, and mechanical properties of regolith on Ida probably differ significantly from mature lunar 
regolith due to differences in surface gravity, average impact speed, and target material. 

The surface of Ida is dominated by impact craters ranging in size from at least 10 km down to the 
limit of resolution. With few exceptions, impact craters on Ida generally have "simple" morphology - 
i.e., they are bowl-shaped, with no discernible break in slope between walls and floors. There appears to 
be a complete continuum of crater degradation states. The freshest craters have crisp, circular rims and 
associated high albedo deposits. Well-defined crater rays are very rare, however; only one crater with 
two abbreviated bright rays has been identified. Craters with sharp, continuous, circular rims but lacking 
any associated bright albedo deposits are fairly common, indicating that crater materials decrease in 
brightness to typical background albedos early in their lifetimes. Bright albedo units associated with the 
freshest craters also correlate with bluer-than-average units seen in the color data. Fresh craters without 
bright deposits, and all degraded craters, are redder. Thus, a color weathering trend is implied in which 
fresh crater materials redden (as they darken) with increasing exposure age. As craters continue to age, 
their rims become more irregular from the superposition of subsequent impacts, and their depths decrease 
until they are hardly recognizable, even at low illumination angles. 

Ejecta blankets similar to continuous deposits extending one diameter from lunar crater rims are 
not seen around craters on Ida. However, distinguishing the limits of continuous ejecta blankets of 
similar-sized impact craters on the Moon is difficult under the same illumination and resolution 
conditions. Fresh craters on Ida do have raised rims, but it is not clear how much of the raised rim height 
is due to upwarped target material or to the presence of a substantial ejecta blanket. Raised rims on Ida 
craters appear to be relatively narrower than raised rims of similar-sized lunar craters viewed under the 
same illumination and resolution. Bluer units around several fresh impact craters may be the result of 
seismic disturbance of the optical layer from the impact event, rather than ballistic emplacement of fresh 
(relatively blue) ejecta. 

An extensive bluer unit can be seen in the south polar region of Ida, from two opposite spacecraft 
perspectives. One viewing geometry suggests that the color boundary defining the edge of the extensive 
bluer unit may coincide with a topographic "step," suggesting that Ida is a compositional composite (i.e., 
the color boundary is a contact between two rock units that have spectrally distinct compositions; such 
units may have different susceptibilities to erosion, resulting in a topographic "step" forming along the 
contact over time). However, the bluer unit cannot be distinguished spectrally from fresh crater ejecta 
materials identified elsewhere on Ida, suggesting that this unit may be optically less mature material 
associated with the large, bright crater Azzurra, located near the south pole. 

The Ida shape model, derived from a control network of points and limb fittings[2,3] was used to 
derive topographic data by three-dimensional photoclinometric iterations employing a combined 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1376 U S  XXVI GEOLOGY OF IDA, R. Sullivan et al. 

Lommel-Seeliger and Lambertian photometric function[4,5]. Diameters and depths for 85 craters on Ida 
were measured from photoclinometric profiles. Craters with the lowest diametertdepth ratios generally 
have the freshest morphologies, and these craters are bounded by a minimum diameterldepth ratio of 
between 6 and 7: 1, a result similar to 7: 1 determined for Gaspra[5] but unlike the 5: 1 figure found for 
Phobos, the Moon, Mercury, and Mars[6,7]. Strength, porosity, and bulk density properties vary 
considerably within the upper meter of lunar regolith[8], partly as a result of gravitational packing. 
Similar gradients on Ida could span depths >I00 m if packing density is scaled with Ida gravity. Under 
these conditions an expanding transient cavity could encounter significantly weaker materials in the upper 
tens of meters than at greater depths, allowing the outer (i.e., upper) portion of the growing transient 
cavity to expand further outward relative to its final depth. Another possible explanation for 
diametertdepth ratios > 5 is that less ejecta may be deposited on and around crater rims on Ida, reducing 
initial crater depths. An additional possibility involves the susceptibility of fresh crater rims to rapid 
degradation by seismic shaking or whole-body ringing from large impacts, as was suggested to explain 
7: 1 diameterldepth ratios for fresh craters on Gaspra[5]. This mechanism may be significant on Ida, but 
perhaps through numerous small, incremental slumps, for crater rims on Ida appear to have remained very 
circular until other impacts have been superposed on them. 

Dark floor craters, clustered in a single location near one end of Ida, may reflect layering and 
internal inhomogeneity. However, dark floor crater interiors have colors indistinguishable with 
surrounding terrain, consistent with the presence of impact melt[9]. The dark floor crater cluster is 
located within a large degraded crater that opens onto a protrusion that is less heavily cratered than other 
areas of the surface. Surface gravity gradients lead away from the protrusion and into the degraded 
crater interior. Perhaps an accumulation of loose debris in this location has resulted in greater production 
of glassy impact melt during subsequent impacts. 

About fifteen isolated positive relief features have been identified on the surface of Ida in images 
ranging from 38.5 to 31.5 mlpixel. Isolated positive relief features could be singular outcrops of 
protruding bedrock, but are more likely blocks perched upon or partly embedded in the surface. Their 
locations are distributed preferentially in or near the largest impact craters, within the 3 1.5 mlpixel image, 
and on the leading face of Ida illuminated in the high-res mosaic. No blocks are visible in the single 
25mlpixel limb fragment image, but the area of this image is not associated with the largest impact craters 
nor is it well within a leading face of Ida. With limited statistics it is difficult to disentangle various 
geological influences on block distribution from each other and from resolution effects because the better 
31.5 mlpixel image contains both of the largest, well-displayed impact craters and the illuminated 
rotational leading edge of the asteroid. Nevertheless, two possible origins suggest themselves from the 
feature distribution: (1) as impact products derived directly from the large craters most blocks reside 
in[lO]; and (2) as blocks ejected at speeds approaching escape velocity, subsequently swept up 
preferentially onto the leading rotational edges of the asteroid[l I]. 

Grooves on Ida are narrow, curvilinear troughs with lengths up to 4 km, and widths no greater 
than about 60 m. The widest grooves are estimated to have depths of 5 to 10 m. Some groove edges 
appear slightly crenulated. Grooves generally are continuous and do not transform into crater chains or 
other features anywhere along their lengths. In one case a groove is superposed on a 1 km diameter 
impact crater, but aside from this example clear superposition relationships are rare. Grooves are oriented 
subparallel to the long axis of Ida, and do not bifurcate or intersect each other. Grooves seen on Ida are 
concentrated at one end and are near a large, poorly observed impact feature. They are probably 
expressions in regolith of deeper, reworked fractures associated with large impacts[l2], as proposed for 
grooves on Phobos[l3]. If blocks are mobile on the surface of Ida, boulder tracks deep enough to be 
visible as grooves in such low gravitational conditions would require a very weak surficial layer, probably 
with very high porosity. 
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