
Illuminating the bombardment history of the outer solar
system

J. Richardson (1), P. Thomas (2), andD. Minton (1,3)
(1) Department of Earth & Atmospheric Sciences, Purdue University,West Lafayette, IN, USA, (2) Center for Radiophysics
and Space Research, Cornell University, Ithaca, NY, USA (3) Southwest Research Institute and NASA Lunar Science
Institute, Boulder, CO, USA (daminton@purdue.edu / Fax: +1-765-496-1210)

Abstract

We use crater counts assembled from high resolu-
tion Cassini ISS imagery of three saturnian satellites,
Phoebe (∼ 220 km diameter), Hyperion (∼ 270 km
diameter) and Mimas (396 km diameter) as inputs into
a sophisticated cratered terrain evolution model. Us-
ing appropriate scaling relationships, we determine the
size frequency distribution (SFD) of small impactors
in the saturnian system. We show through dynami-
cal models that this population is dominated by ob-
jects originating in the Kuiper belt, and that the flux
of main belt asteroids is negligible. We also show that
while our derived saturnian system impactor popula-
tion SFD has many characteristics in common with the
main belt SFD, it is distinctly different.

1. Introduction
The Late Heavy Bombardment (LHB) has long re-
mained a puzzling and controversial topic in solar sys-
tem chronology [1–5]. Recently, it has been suggested
that the LHB was not limited to the Moon, but was
a solar system-wide event caused by a dramatic rear-
rangement of the orbits of the giant planets [6–9].

It has been shown that the size frequency distribu-
tion of craters in the ancient terrains of the Moon,
Mars, and Mercury are well matched by that of the
main belt asteroids [8, 10–12]. However, all dynami-
cal models for the LHB to date that are based on gi-
ant planet migration predict that the primordial Kuiper
belt was very massive [13–17]. These models suggest
that the mass flux of cometary population should have
been comparable to or dominate over that of the aster-
oidal population in the inner solar system [7]. How-
ever, testing this requires a constraint on the small end
of the Kuiper belt SFD that is relevant to crater count-
ing, which is currently poorly known [18]. Here, we
use the cratering record of the small saturnian system
satellites Hyperion, Phoebe, and Mimas to constrain

the outer solar system impactor population.

2. The Cratered Terrain Evolution
Model (CTEM)

Recent advances in computing technology and our un-
derstanding of the processes involved in crater produc-
tion, ejecta production, and crater erasure have permit-
ted us to develop a Cratered Terrain Evolution Model
(CTEM) which simulates the appearance of a terrain
after bombardment by an input projectile population
over time [11]. Our previous study showed that the
heavily-cratered regions of the lunar surface represent
a crater population which is in crater density equilib-
rium, but which still retains the shape of the impactor
population which produced it [11]. Specifically, the
SFD of the impactor population which best reproduces
the crater density curve for heavily-cratered regions of
the lunar surface is nearly identical to that of the cur-
rent main asteroid belt (MAB), as suggested by Strom
et al. [8], and points to the MAB as the primary source
for impactors in the inner solar-system. As we show
below, we can apply the CTEM to recover the SFD of
the impactor population of small saturnian satellites to
obtain the outer solar system impactor SFD.

3. Small saturnian satellite craters
We investigate the impactor population for the outer
solar-system, beginning with the small saturnian satel-
lites. These bodies share the unique characteristics
of: (1) having been imaged at high-resolution by the
Cassini ISS; (2) are small enough such that impact
cratering is the dominant geologic process; and (3)
have very low escape velocities (< 170 m s−1) such
that secondary cratering is negligible on these bodies
– all circular (hyper-velocity) impact craters can be as-
sumed to originate from objects either in heliocentric
orbit or planetocentric orbit around Saturn. So far, ad-
equate crater count statistics have been assembled for
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satellites Phoebe, Hyperion and Mimas. We use these
crater counts as constraints in CTEM, by matching the
observed crater SFDs with model runs crater counts.

4. Constraining the source region
for saturnian satellite impactors

Fig. 1 shows the cumulative size-frequency distribu-
tion for a common, heliocentric impactor population
which is capable of reproducing the crater count data
for Phoebe and Hyperion, as compared to the cumu-
lative size-frequency distribution for the main belt as-
teroids [19, 20]. Note that the vertical position of the
(bold) curve is currently arbitrary and will be con-
strained with further modeling. In addition to this
single-source curve, a dual impactor source, consist-
ing of larger, heliocentric impactors and smaller, plan-
etocentric impactors is also possible, and will be in-
vestigated. It is important to note, however, that all
attempts to utilize the MAB as the common impactor
source for all three satellites have failed, regardless
of assumed impact speed. This points strongly to a
unique outer solar-system impactor source for the sat-
urnian satellite system.

Figure 1: (bold) The impactor population which best
recreates the crater distributions on the small saturnian
satellites, compared to (thin) two MAB models [19,
20]

In addition, we have performed an N-body study of
the dynamical erosion of the asteroid belt over the age
of the solar system [21]. One result of this study is an
estimate of the relative impact flux of objects originat-

ing in the MAB onto major planets. On a per unit area
basis, we find that that the total asteroidal impactor
flux in the Saturn system is∼ 2 × 10−3 that of the
inner solar system.

5. Summary and Conclusions
We used a cratered terrain evolution model to constrain
the outer solar system small body impactor population
using small icy satellites of Saturn. We conclude that
main belt asteroids are an implausible source of im-
pactors in the outer solar system, and that the SFD ob-
tained here may be used to constrain the small end of
the Kuiper belt population that is too faint to observe
directly.
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