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951 GASPRA: PRELIMINARY GALILEO SSI RESULTS ON CRATERS, COLLISIONS, AND 
REGOLITH. C. R. Chapman and D. R. Davis (Planetary Sci. Inst.), G. Neukum (DFVLR), J. Veverka 
(Cornell), MJ.S. Belton (NOAO), T.V. Johnson (JPL), D. Morrison (NASA Ames), A. McEwen (USGS), 
and the Galileo Imaging Team 

We report preliminary analysis of craters visible on the green-filter Gaspra picture. Definitive 
results will follow receipt of the high phase image, which has -3 times better resolution. 

Craters: About 60 craters are seen, 52 of them >330 m diameter (the two largest - 1.3 and - 1.6 km). 
Compared with most planetary satellites, Gaspra has a low crater density. Noteworthy is the absence of 
intermediate and large craters (2-6 km dim.). Two large (8-10 km) features seen in profile are not 
deemed "cratersn; they are incompatible with the population of smaller craters; they may be giant spalls or 
otherwise date from Gaspra's formation by collisional break-up of a larger, precursor body. Most craters 
on Gaspra are small, near the resolution limit. 

Tentative crater size-frequency data are shown (Fig. 1). (Error bars are not shown; points are 
affected by incompleteness, systematic errors, and very small number statistics.) Counts for 0.5 to 1.5 km 
are meaningful; we show differential power-law slopes (exponents) of -3.5 to -4.0. The slope is surely 
between -3.0 and -4.5; -3.0 is horizontal in this "Relative Plot". A -3.5 slope is like the steepest case of 
Namiki and Binzel (1991); -3.5 is expected for a collisionally relaxed population (cf. Dohnanyi, 1971). 
Neukum et al. (1975) proposed that a standard calibration curve may apply to all solid surfaces in the inner 
solar system, including asteroids; a bit steeper than -4 for the sizes of Gaspra's craters, it is thus also 
consistent with the new data. Extension of the observed curve to smaller diameters should appoach 
equilibrium densities at sizes that will be resolved in the high phase Gaspra image. 

The -3.5 or steeper power-law for Gaspra has important ramifications. Because of the low density 
of craters and the lack of a variety of crater morphologies at larger sizes (which could otherwise indicate 
some kind of equilibrium crater-degradation process), the observed distribution must be the production 
function for projectiles r 20 m diameter responsible for producing Gaspra's craters. These are the first 
data on the main belt asteroid population at these sizes; pre-encounter estimates varied by >4 orders of 
magnitude. The steep power-law, if confirmed in our best image, has profound implications for asteroid 
collisional and regolith processes. It is also consistent with the view that the similar distribution for small 
lunar craters is due to the same asteroidal production function and is not primarily secondary craters as 
some have thought. 

Collisional and Cratering Ages: Evidently Gaspra has not been heavily cratered by projectiles that would 
form craters a substantial fraction of its radius. Therefore, Gaspra was "createdn in roughly its present 
form, probably by a catastrophic collisional disruption of a precursor Flora-region body. Its surface has 
not yet been exposed to subsequent cratering for more than a part of its expected lifetime, when it will be 
catastrophically disrupted and destroyed as an identifiable body. 

We estimate Gaspra7s cratering age by comparing with the post-mare lunar crater population. We 
calculate production rates for 1 km craters on the Moon and on Gaspra using the known production rate 
of 10 km lunar craters, the telescopically observed asteroid size distribution (extrapolated conservatively, 
then augmented at small sizes by a steeper -3.5 slope, consistent with both the observed craters on Gaspra 
and the lunar production function), the intrinsic collision rate for Gaspra, and strength- or gravity-scaling 
for rock where appropriate to find ratios of projectile-to-crater size. We find that the production rate for 
craters > 1  km diameter is -50 times that on the Moon. Taking the lunar maria to be 3.5 b.y. old and 
observing that Gaspra has -3  times as many 1 km craters as the lunar maria, we find Gaspra's cratering 
age to be - 200 m.y. 

Following Farinella et al. (1991), a self-consistent modeled lifetime between catastrophic 
disruptions is -500 million years for Gaspra. Thus its apparent age is -40% of its mean lifetime -- fairly 
young. Gaspra7s model lifetime could be as old as many billions of years (dating it back to the Late Heavy 
Bombardment) if it is very strong, like ductile metal, which is conceivable given its stony-iron-like spectral 
reflectance; the deduced cratering age would also be older for a strong surface. On the other hand, 
Gaspra could be much younger than 200 m.y. if the observed power-law were as steep as -4.0 or if Gaspra 
were made of weak, unconsolidated material. 
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Regolith and Erosion: Gaspra's morphology seems somewhat subdued and small craters exhibit a range of 
shapes from apparently pristine, bowl-shapes to shallow, subdued depressions. Hence Gaspra is 
reminiscent of bodies like Deimos with deep fragmental surface layers, or regoliths; such a regolith would 
have to be many tens of meters deep to be visible in our low-phase picture with -300 mane-pair 
resolution. As a body <<70 km diameter, Gaspra is expected to be in the regime where virtually all of its 
ejecta escapes to space, provided it is made of strong rock or metal. Formally, models predict regoliths of 
< 1  mm for such cases (Housen et al., 1979). Scouring of any temporary debris that does remain would be 
enhanced by the steep slope of Gaspra's production function. There is inadequate experimental data on 
very low velocity ejecta (few meterslsec); hence, there is no valid prediction about whether equilibrium 
regolith depths on a rocky Gaspra should be nearly zero or up to a couple of meters. 

If Gaspra is made of weak, cohesionless material so that cratering is in the gravity regime, as 
Veverka et al. (1986) applied to the Martian satellites, half or more of its ejecta would be retained. By 
analogy, perhaps 10 or 20 meters of regolith could eventually develop on the surface a weak Gaspra. 
However, due to its young cratering age (40% of collisional lifetime), the regolith depths developed to date 
would be <% the eventual depths. Even with 100% ejecta retention, Gaspra's observed craters (plus those 
on the unseen sides) can account for only several meters of globally distributed ejecta; we would require 
giant craters on the unseen sides to produce enough ejecta volume for a regolith thick enough to be visible 
at our resolution. 

Since Gaspra's size is near the transition between essentially bare rock and moderately deep 
regoliths (depending on target strength), the full Galileo data set will permit study of small body regoliths 
without the complication of debris reaccumulation in a planetary gravity well. Asteroids smaller than 
Gaspra apparently lack even thin regoliths (Lebofsky et al., 1979). Any retained ejecta should be very 
widespread around Gaspra due to the low escape velocity; the concept of lunar-like "ejecta blankets" 
around craters has little pertinence to small asteroids. Very little debris remains close to the parent crater, 
except for late-stage, low-velocity blocks, which cannot effectively cover surfaces. The role of spalls (Horz 
and Schaal, 1981) and sub-crater brecciation in forming the texture of Gaspra's surface may be illuminated 
by our best picture. 

Gaspra probably lacks a classical Phobos-like regolith deep enough to visibly subdue morphology if 
published regolith concepts are valid. More likely, Gaspra's softened topography is due to impact erosion 
caused by the observed, steeply sloped production function, analogous to simple geometric processes 
described and modeled (in a lunar context for the same part of the production function seen on Gaspra) 
by Chapman (1968), Soderblom (1970)' and Chapman et al., (1970). 

Figure 1. R-plot for Gaspra crater frequencies (counts in 
arbitrary increments). Solid dots are based on counts of 1 to 18 
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craters each; open circles are known to be incomplete. Arrows 
indicate upper limits in bins for zero counts. Open square refers roktt I O L D U M  

to large facets on Gaspra's profile. Lines with slopes of -3.5 and 
-4.0 are drawn through the solid dots. Approximate reference 10-1 7 
curves (Chapman and McKinnon, 1986): P= Phobos, M= Mimas, 

- 0 
LH=lunar highlands, LM=lunar maria. Also shown is a hori- 
zontal line at equilibrium slope (-3.0) at an R density that ap- 
proximately envelopes maximum crater densities on cratered 1 0 - 2  : 
terrains of various planets and satellites. 
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