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EJECTA DEPOSITS ON THE ICY SATELLITES: DEEPER INSIGHTS 
INTO THE CRATERING PROCESS; F. Iaquinta-Ridolfi, Carleton College, Northfield, 
MN 55057; and P. Schenk, Lunar and Planetary Institute, Houston, TX 77058 

Recent studies of crater morphology point to fundamental differences in cratering on ice and on rock [e.g., 

11. To date, no systematic study of ejecta deposits has been made for the icy satellites. Here, we extend crater 
morphology studies to ejecta deposits with the goal of addressing the importance of composition in cratering. 

Ejecta morphology and dimensions on Ganymede (where they are well expressed) are compared with those on the 
Moon, where surface gravity is similar (and not a complicating factor)? and with other icy satellites, where 

composition is roughly similar but gravity varies. This may provide a test of the self-similarity of ejecta 
blankets, which is predicted theoretically [2]. Ejecta blanket dimensions can also be useful in mapping craters 

where ejecta can be mapped but crater rims are no longer identifiable, such as palimpsests [3]. 

CONTINUOUS EJECTA ON GANYMEDE 

The mappable, continuous ejecta deposit is defined morphologically as the roughly concentric contiguous 
zone extending from the crater rim in which preexisting topography and geology is significantly obscured or 

modified (in spacecraft images). The identification of this zone can be somewhat subjective. In order to minimize 
this, both authors made independent maps of each ejecta deposit, and our values represent averages of these two 
measurements. Our respective values varied by no more than 5% from the mean in any case. Crater and ejecta 
radii were obtained by digitally measuring the area enclosed and determining an equivalent radius. 

Secondary crater fields were also mapped. Nearly all secondaries occurred beyond the mappable continuous 
ejecta. The distribution of secondaries thus serves as a useful approximation to the edge of the continuous ejecta 
when that unit is not resolved in the images. Classic herringbone patterns and irregular secondary crater shapes 
were observed only for primary craters larger than -100 km. 

We find that for all crater diameters, the continuous ejecta can be divided into two (and probably three) 
discrete subunits. A very narrow high-albedo unit (visible only in high-sun images) extends just beyond the rim. 

It may correspond to the narrow rim unit mapped at Aristarchus [4]. Extending -0.8 crater radii from the rim is 
the inner facies, or pedestal, characterized by smooth or hummocky topography. At small diameters, this unit 
has a sharp, roughly circular, topographic outer edge 50 to 100 m high. These have been described by [5] .  The 

topographic step becomes less obvious with crater size. Extending from the pedestal outward is the outer facies, 
characterized by rough texture in Voyager images. Although limited by resolution, the inner and outer facies may 

correspond to the inner hummocky and outer radially lineated zones in lunar craters [e.g., 4, 61. The limit of 
continuous ejecta is also apparent in high sun images (e.g., Osiris, Punt Facula). 

Continuous ejecta deposits on Ganymede (and the other satellites) extend approximately 1.7 to 1.9 crater 
radii (Rc) from the rim (Fig. 1). The radius of continuous ejecta, Re, is related to crater radius by, Re = 3.82 

~ c ~ . ~ ~ ~ .  Dark halos in bright terrain, attributed to excavation of buried dark terrain material [7], have dimensions 
indistinguishable from our measurements, confirming a direct relationship between halos and ejecta blankets. 

Continuous ejecta deposits are consistently wider at a given crater diameter, however, than on the Moon [i.e. 81 by 
10 to 30%, the dimensions of which are given by Re = 2.3 R C * . ~ ~ .  The dimensions of pedestals are very similar 
to those measured by [5]. Pedestal deposits are probably a fundamental aspect of deposition and are seen in some 
form in most craters on Ganymede. 

EJECTA ON MIDDLE-SIZED ICY SATELLITES AND INTERPLANETARY SCALING 
Bright rays are nonexistent on the middle-sized icy satellites of Saturn and Uranus but continuous ejecta 

deposits have been mapped on Rhea, Dione and Miranda. Ejecta deposits are very difficult to identify on heavily 

cratered terrains. The best example is the very young crater Yu-ti on Rhea. A deceleration dune, several probably 
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radial secondary crater chains, as well as the obliteration of small craters in a concentric zone are easily discernible 
at this site. Similar ejecta deposits are observed around three large craters on Dione, and two simple craters in 
Elsinore Corona on Miranda. Continuous ejecta deposits clearly form on smaller icy satellites, and while difficult 
to discern in older craters, their relative dimensions are indistinguishable from Ganymede ejecta deposits (Fig. 1). 

The slope of the ejecta scaling law above for Ganymede is significantly shallower than the lunar law of [8] 
(Fig. 1). To first order, ejecta deposits would be predicted to be similar based on the nearly identical surface 
gravity on the Moon and Ganymede. Assuming ejecta deposits are self-similar (with respect to the transient 
crater, whose dimensions are uncertain), then lunar craters must undergo a larger degree of rim slumping than do 
Ganymede craters. This is consistent with the lower number of terraces and narrower rimwall widths observed for 
Ganymede [I,  91 (where floor rebound dominates collapse). Pit craters (R>20 km) are unusual in many respects, 
including the degree and style of collapse [9], which might explain the shallow slope of the ejecta scaling law. 
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Figure 1. Dimensions of the inner (pedestal) and outer continuous ejecta facies of craters on Ganymede. Solid 
lines are least-squares fits through the data. Also shown are values for complex craters on Rhea and Dione 
(crosses), and for lunar craters (dashed line [S]). 
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