
TITAN IMPACTS AND ESCAPE. D. G. Korycansky,CODEP, Department of Earth and Planetary Sciences, University of
California, Santa Cruz CA 95064 (kory@pmc.ucsc.edu), K. J. Zahnle,NASA Ames Research Center, MS 245-3 Moffett Field CA
94035.

We propose a novel hypothesis for the well-known and puz-
zling hemispheric dichotomy of Saturn’s moon Iapetus (Cassini
Regio): that the dark hemisphere is coated with a layer of or-
ganic material that has its origin in gas and solid material that
was shocked by impacts into the atmosphere and surface of
Titan, chemically processed, and ejected into circum-Saturnian
space, where it encountered the leading face of Iapetus in its or-
bit. Similar ideas have been previously proposed[1] to explain
the hemispheric dichotomy. In particular, we propose that the
same impact that created the 440-km diameter crater Menrva
near Titan’s apex point also supplied the material for Cassini
Regio. We will be testing this hypothesis by means of hydro-
dynamic simulations, orbital integrations, and calculations of
chemical processing of impact material.

The hydrodynamic simulations follow the process of im-
pacts into Titan’s atmosphere and/or surface and the subsequent
production of ejecta from the surface and plume that rises from
the surface. We follow rising material up to the altitude of
Titan’s exosphere, which is defined by the condition that the
mean free path of molecules exceeds the atmospheric scale
height. This condition is satisfied at approximately 1700 km
above Titan’s surface, using a model based on recent data from
Cassini[2]. Above the exosphere we assume that material will
move on ballistic trajectories, so that any material movingat
escape velocity (∼ 2 km s−1 at 1700 km altitude) or faster
will escape to circum-Saturnian space where it may eventually
encounter Iapetus.

We present preliminary results of impact calculations us-
ing the ZEUS-MP hydrodynamics code[3] with the Tillotson
EOS[4] for ice for solid material. We are largely concentrating
on impacts by objects (∼ 40 km in diameter) that would have
been capable of producing craters on the size of Menrva. As
well, small objects (under 1 km diameter) that disrupt in theat-
mosphere may represent a viable means of producing escaping
material.

For our hypothesis to be viable, a first step is to show that
impacts can produce a sufficient amount of escaping material
(derived from Titan’s atmosphere, surface, or the impactorit-
self) ultimately to produce a sufficiently thick layer on Iapetus.
The amount of material on Iapetus is currently not known, and
we also do yet know the efficiency of transporting material from
Titan to Iapetus. The amount of material required to make the
surface layer ism∼ 1016 (d/1 cm) gm, whered is the average
thickness. Estimates ford range from a few cm to∼ 1 km,
thus 1017 < m< 1021 gm [5,6]. Obviously, the larger the mass
of escaping material, the better for our hypothesis. At present
we take the view that generating a massme of escaping ma-
terial that is of the same order of or larger than the impactor
massmi represents a qualified success. This view will no doubt
be modified after further work, particularly orbital integrations
that will quantify efficiencies for Titan-to-Iapetus transport.

The present hydrodynamic calculations are two-dimensional,

in order to quickly assess impact scenarios. Three-dimensional
calculations (which are necessary to fully study oblique im-
pacts) are the topic of future work.
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Figure 1: Axisymmetric simulation of the vertical impact of
a 40-km diameter object at 15 km s−1. The plots show the
density on a logarithmic scale fromρ = 10−15 to 1 gm cm−3.

Vertical impacts. Our first strategy is to simulate axisym-
metric vertical impacts. The scale of the problem is such that
spherical coordinates are required to properly represent the tar-
get. Figure 1 shows a simulation of the impact of a 40-km
diameter object at 15 km s−1. Mass continues to leave the
grid at the calculation’s end (t = 2000 s), but the amount of
mass escaping has leveled off much earlier. The amount of
escaping massme is 2.2× 1019 gm, compared with the im-
pactor mass 3.3× 1019 gm. Approximately 85% ofme is
Titan surface material. Titan’s atmosphere is included in this
simulation; counter-intuitively, simulations with a low-density
medium (ρ = 10−18 gm cm−3) in place of the atmosphere yield
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Figure 2: 2D cartesian-coordinate simulation of the impactof a 40-km diameter object at 15 km s−1 at 45◦. The plots show the
density on a logarithmic scale fromρ = 10−15 to 1 gm cm−3.

40% less escaping mass, presumably due to lack of buoyancy
in the ejecta plume. Inclusion of the “entry channel” carved
out in the atmosphere by the incoming impactor produces a
noticeable enhancement in the early-time plume expansion but
has little effect on the total amount of escaping massme.

Oblique impacts. Oblique impacts offer the possibility of
greatly enhanced escape, as the transverse momentum of the
impactor will be much less reduced by the impact. A 15-km
s−1 impact at 45◦ would have up to 15/

√
2≈ 10.6 km s−1 of

horizontal velocity available for escaping mass. Additionally,
most impacts are significantly oblique; 50% of impacts would
occur at 45◦ or greater (for an isotropic flux).

Full simulations of oblique impacts will require three-
dimensional calculations, especially for large impactorslike
those described above, for which a significant portion of Ti-
tan’s surface will need to be included as well as the atmo-
sphere to an altitude of 1700 km. Two-dimensional simula-
tions should provide an upper limit tome, and will serve as a
guide for exploring parameter space and convergence, utilizing
the rapidity and small memory requirements compared to full
three-dimensional calculations.

At this writing we have carried out initial two-dimensional
calculations in cartesian geometry, for which the two coordi-
nates (x,z) correspond to directions along the impact velocity
and perpendicular to the surface at the impact point, respec-
tively. An alternative coordinate system that is availableis
plane polar coordinates (r,φ ), which we will also test. Strictly
speaking, quantities such as impactor mass become column
massesµ (mass per unit length), but for ease of comparison we
include a nominal length-scaleL in the calculation so that the
impactor “mass”muL= mi .

A preliminary calculation of a vertical impact (θ = 0)

yields a value ofme = 9.6×1019 gm for the escaping mass,
some 4× that found from axisymmetric calculations. This per-
haps indicates the degree to which the planar-geometry simula-
tions overestimate the amount of escaping material compared to
axisymmetric runs. A similar calculation of an oblique impact
(θ = 45◦) surprisingly yields a smaller value ofme = 7.0×1019

gm. A calculation withθ = 60◦ gives me = 5.5×1019 gm.
These results will require careful checking.

Atmospheric Impacts. Small objects (< 1 km diameter)
will disintegrate in Titan’s atmosphere before reaching the sur-
face. Buoyant plumes generated by such impacts may rise
at sufficient velocity to drive escape of atmospheric material.
While the amounts of material involved per impact will be small
(< 1016 gm), the high frequency of such events compared to
the massive impacts discussed above may mean that small im-
pacts may be significant contributors to the flux of material
from Titan.
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