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Introduction: At present, surface ages of bodies
in the Outer Solar System are determined only from
crater size—frequency distributions. This method is
dependent on an understanding of the projectile popu-
lations responsible for impact craters in these planetary
systems. To derive accurate ages using impact craters,
the impactor population must be understood, as impact
craters in the Outer Solar System can be primary, sec-
ondary or sesquinary. The contribution of secondary
craters to the overall population has become a “topic of
interest.” Recent work has pointed to the potential
contribution of secondary cratering to the background
population on places like Mars [1,2], although not
without controversy [e.g. 3].

Our objective is to better understand the contribu-
tion of dispersed secondary craters to the small crater
populations, and ultimately that of small comets to the
projectile flux on icy satellites. The degree to which
secondary craters may or may not contribute to such
populations on icy bodies has been partially answered
by a detailed study of Europa [4] but pertains only to
the smaller craters (<1 km), leaving a gap in our under-
standing of craters between 1 and 20 km diameters.

To this end we investigate secondary crater statis-
tics on the icy satellite Ganymede. Our primary focus
has been bright terrain. These resurfaced terrains have
relatively low crater densities allowing secondary
crater populations to be easily recognized. We also
examine large recent primary craters on midsize icy
satellites (e.g. Rhea and Dione) for comparison on
bodies with low surface gravity.

Method: We measure the diameters of obvious
secondary craters (determined by e.g. irregular crater
shape, small size, clustering) formed by all primary
craters on icy moons for which we have sufficiently
high-resolution data to map secondary craters. High
resolution Galileo data (< 300 m) of Ganymede is se-
verely restricted but several mapping sites occur within
the secondary fields of large craters [e.g. Misharu (Fig
1) (d = 90 km), Enkidu (d = 123 km) and Epigeus (d =
207 km)].

At several sites we have constructed topographic
maps using shape-from-shading topographic mapping
techniques e.g. [5]. Stereogrammetry methods do not
have sufficient resolution. Secondary craters are usual-
ly shallower than similar sized primaries by 25 to 50%
e.g. [1, 6]. Shape-from-shading results may have am-
biguities over longer length scales but here we are less

concerned with absolute values (although every effort
was made to construct accurate maps using the most
up-to-date photometric models, etc. and determine if
secondary craters on Ganymede have shallow depths
similar to those on Mars [e.g. 1] and Europa [e.g. 6].
Our primary goal here is to distinguish shallow sec-
ondary craters from deeper primaries in cases where
there is some uncertainty in identification. Shape-from-
shading techniques have been used successfully on
both Europa and Ganymede in investigating primary
crater shapes [7, 8].

Figure 1 a,b: Galileo mosaic of Kittu crater located at 0.4N

334.6W. Secondary craters originate from Misharu crater to
the South (not shown) and are outlined in red. The blue area
represents Kittu ejecta and was excluded from counts.

Results: Using Galileo and Voyager data, we have
identified approximately 3,400 secondary craters on
Ganymede from 11 primary craters. Primary craters
studied range from approximately 40 km to 210 km.
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Image resolutions range from 45 to 440 m/pixel. For
some craters (e.g. Enkidu, Gula, Achelous, Zakar and
Misharu), we measured secondary crater diameters as a
function of distance from the primary crater. Second-
ary craters measured on Ganymede varied in size from
0.22 km (Enkidu origin) to 13 km (Epigeus origin) —
(Figure 2, 3, 4).

We have also compiled crater statistics for second-
ary craters observed on Europa (e.g. 40 km diameter
primary crater Tyre [9]), Rhea (e.g. 48 km primary
crater Inktomi [Hoogenboom et al] — Figure 3) and
other midsize satellites. We compare all of these re-
sults to similar studies of secondary cratering on
Moon, Mars [9] and Mercury.
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Figure 2: Cumulative size-frequency distributions of all sec-
ondary crater fields counted on Ganymede where red is Mis-
haru, blue is Gula, yellow is Enkidu, green is Enkidu high
resolution, black is Zakar, brown is Tashmetum, and grey,
orange and pink are three different crater fields originating
from Epigeus.
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Figure 3: Cumulative size-frequency distributions of all sec-
ondary crater fields counted on Ganymede shown in grey.
Secondary crater counts from Rhea (red), Mars (green) and
Europa (yellow) are shown for comparison.
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Figure 4: R-plots of all secondary crater fields counted on
Ganymede where red is Misharu, blue is Gula, yellow is
Enkidu, green is Enkidu high resolution, black is Zakar,
brown is Tashmetum, and grey, orange and pink are three
different crater fields originating from Epigeus.

Conclusions: Our counts of secondary craters, es-
pecially on Ganymede, provide a new set of measure-
ments with which to evaluate secondary populations on
large icy bodies. Because of the limitations of the Gal-
ileo data, it is necessary to extrapolate from limited
counting areas to the global population of secondary
craters. Nonetheless, we confirm that secondary cra-
ters on Ganymede have narrow size—frequency distri-
butions and that they correlate with primary crater di-
ameter. For example, secondaries from Misharu (d =
90 km) range in diameter from 0.53 km to 5.74 km
with a mean diameter of 1.27 km. From these data we
will evaluate the global contribution of secondary cra-
ters over a range of crater diameters.
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