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Introduction: A ridge exists very nearly along the 

equator of Iapetus and extends for more than 110° in 
longitude, roughly 1400 km, though some portions of 
the ridge are broken into segments [1]. The ridge is also 
characterized by extreme topographic relief, with parts 
of the feature rising as much as 20 km above the sur-
rounding terrains. Earlier observations by the Voyager 
spacecraft revealed mountains on the anti-Saturn side 
of Iapetus with as much as 25-km in relief, extending 
from 180°W-220°W [2] which may be a continuation 
of this ridge. 

Ridge Formation Models: Several endogenic 
formation models have been proposed for the ridge, 
generally involving the formation of a fast-spinning 
Iapetus with an oblate shape due to the rotation speed  
[1, 3-9]. An exogenic formation mechanism has also 
been proposed. These models suggest that the ridge 
represents the remains of an early ring system around 
Iapetus that collapsed onto the surface [10]. Thus far, 
none of the exogenic models [10-12] have conclusively 
identified the origin of the ridge.  

Here, we investigate an exogenic origin for the 
ridge, derived from a disk of debris around Iapetus, 
without invoking any specific model for the generation 
of the debris disk. Assuming there is a collapsing debris 
disk encircling the moon, then, we ask the question of 
whether it is possible to generate a ridge of the size and 
shape as observed on Iapetus today. 

Methods: We simulate the impact of the collapsing 
debris using the CTH hydrocode developed by Sandia 
National Laboratories [13]. A decaying debris disk 
would be expected to impact at extremely shallow an-
gles at velocities similar to the orbital velocity at the 
surface [10]. Thus, we assumed the impact speed to be 
400 m/s, at angles of 1°, 3° and 10°.  Projectile sizes 
ranged from 1-m to 1-km in diameter. We assumed 
water ice as the composition for both the target and the 
projectile.  

To determine if impacts from a decaying ring could 
generate a ridge, we tracked crater size and morpholo-
gy, surface temperature, and material location follow-
ing each impact. Situations with single impactors were 
examined to provide insight into the processes occur-
ring following the impact, and multiple impactor cases 
were also examined to examine interactions between 
projectiles and pre-existing topography. 

Discussion: In general, impacts tend to form cra-
ters, reducing topography rather than creating it. Pi-
scaling calculations suggest that extremely oblique 
impact angles (≤ 3°) are needed to add to ridge topog-
raphy. These extreme impact angles reduce the crater-
ing efficiency, adding material rather than eroding it 

during crater formation (Fig. 1, Fig. 5A, B); further, 
material is likely to be excavated at low angles, enhanc-
ing downrange accumulation. The grazing impacts re-
sult in ridges being built along the trajectory as the pro-
jectile scours the surface; crater morphologies are elon-
gated, narrow, and shallow (Fig. 1). 

 
Fig. 1: Low angle CTH simulations: 1° (left), 3° 
(middle), and 10° (right). No appreciable crater 
depth is seen, but along-track scour causes signifi-
cant deformation and ridges to form along crater 
rim. Significant amounts of the projectile survive 
and remain downrange. 

 
Fig. 2: CTH simulations of two impacts (both 1-km 
diameter) at low angles. Results are similar to single 
impact cases, with increased scouring and material 
concentrated downrange. 

Multiple impacts were examined as a proxy for a 
collapsing debris disk; multiple projectiles will height-
en this topography building effect (Fig. 2, Fig 5, C,D). 
For these simulations, the second projectile impacted at 
the same velocity, angle, and location as the original 
but later in time. Impactors of the same diameter (1 
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km) were examined as well as impactors with varying 
sizes (1 km and 100 m diameter). Multple impacts did 
not significantly increase the temperature of the near-
surface material, though the excavation was slightly 
deeper with increased scouring and material down-
range. 

When impactors are of similar size, increased 
scouring is seen along the trajectory. In cases where 
smaller projectiles follow larger projectiles along simi-
lar trajectories, interaction with the pre-existing topog-
raphy can act to disrupt the second projectile, resulting 
in increased subsurface deformation (compared to the 
pre-impact surface) without the projectile surviving 
downrage (Fig. 3), though ejecta from the second im-
pact is still focused downrange.  

 
Fig. 3: CTH simulations of two impacts (a 1-km im-
pactor followed by a 100-m impactor) at low angles. 
Pre-existing topography from the first impact dis-
rupts the second impactor, so no appreciable projec-
tile material is concentrated downrange. 

Because infalling debris is predicted to impact at ex-
tremely low angles, both of these effects—
concentration of ejecta and projectile decapitation—
might have contributed to ridge formation on Iapetus.  

Infalling material may also deliver heat to the sur-
face of Iapetus, which can lead to a weakening of the 
moon’s surface and near subsurface material, thus po-
tentially reducing the ability of the moon to support 
ridge topography. The extreme grazing angles of the 
impacts modeled here decouple much of the projectile 
energy, however, and impact heating of the surface is 
not significant (Fig. 2-4). Where present, heating is 
localized in the shallow subsurface (within a few me-
ters, Fig. 2,3,4) and includes only modest temperature 
increase. Thus, the surface retains strength enough to 
maintain loading from the buildup of ridge topography. 

Conclusion: These models suggest that, if present, 
a collapsing disk of debris should have been able to 
build topography to create a ridge around Iapetus. Posi-
tive topography, such as the ridge on Iapetus, can be 

built in several ways: projectile decapitation, small 
ridge formation as the projectile slides across the sur-
face, or surviving projectile fragments remaining on the 
surface where multiple impacts can then build up sig-
nificant positive topography (Fig. 5). All three were 
seen in these simulations. Continuing work examining 
multiple impacts and projectile shape and size effects is 
ongoing to further contstrain what a debris generated 
ridge may look like in more detail. 

 

 
Fig. 4: There is no significant temperature increase 
following impact. Near the surface, especially in the 
scours from the impact, minor thermal signatures 
are seen. These temperature increases are localized 
to the crater excavation, narrow in range, and shal-
low features. They do not heat the ice enough to sig-
nificantly weaken it. 

 
Fig. 5: Schematic of ridge building process from 
grazing impacts into the surface of Iapetus. Multi-
ple, low-angle impacts can build topography on the 
surface over time. 
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