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Introduction: The 420-km-wide Odysseus 
impact basin on icy Tethys is the largest well-
preserved impact basin on the 5 inner classical moons 
of Saturn.  Its formation and subsequent evolution 
have had a profound ‘impact’ on Tethys’ geology, 
including possibly the formation of the Ithaca 
Chasma canyon system [1, 2].  The current state of 
our understanding of Tethys and Odysseus has been 
summarized by Schenk et al. [2].  Here we expand on 
that survey and examine all data sets, including color, 
topography, stereo, and various oblique, nadir, high-
Sun and low-Sun imaging to better understand how 
this large basin formed and how its history may have 
affected Tethys. 

Odysseus: Multiple Cassini encounters with 
Tethys resulted in numerous looks at Odysseus (33°, 
231°E), with best imaging resolutions of ~250 
m/pixel and several color mosaics and stereo 
sequences allowing for DEM production (Fig. 1).  
The stereo and DEM reveal a large bowl ~8 km deep 
(rim-to-floor) with sloping floor materials and an 
irregular central complex (and also the deepest 
feature on any of the 5 inner moons [1]).  

 
Figure 1. Three-color orthographic global mosaic (left) 
and topographic map (right) of Tethys hemisphere centered 
on Odysseus basin.   

 
Figure 1b.  Averaged topographic profile across Odysseus, 
highlighting bowl shape, rugged central complex and deep 
central pit. 

The basin rim wall and floor is a complex surface 
with numerous scarps and irregular mounds.  No 
classical rim terraces (except perhaps along northern 

rim) and no flat-floor deposits or ponded materials 
similar to large craters on the Moon and Mercury are 
observed, indicating that, as in all other craters in the 
Saturn system, impact melt did not occur in large 
quantities (though minor deposits may occur below 
the limit of resolution). While melt (i.e., water) can 
drain into a fractured crater floor, large volumes of 
melt are unlikely to have disappeared in this way and 
thus perhaps did not form despite the relatively high 
mean impact velocities. Another possibility is that 
any massive aqueous melt sheet would necessarily be 
capped with substantial, icy debris, perhaps masking 
it entirely. Some sinuous flow-like textures are 
evident on the sloping floor units, but the lack of 
ponded or even flat-lying materials and the presence 
of numerous scalloped inward-facing scarp-enclosed 
alcoves high up along the sloping rim wall indicate 
these materials are more likely ‘dry’ rim sliding 
materials emplaced during impact. 

 
Figure 2. Oblique high-Sun image from Cassini (orbit 164) 
showing fracture patterns (dark sinuous lineations) on 
floor of Odysseus.  Central pit is at upper right. 

The central complex is a series of angular and 
ridged massifs (Sheria Montes) flanking a prominent 
central pit 60-80-km-wide and 4-km-deep relative to 
the crater floor [2].  Inverse gravity scaling of the 
peak-to-pit transition diameter (~25 km) on 
Ganymede and Callisto [3] indicates that craters 
larger than 75 to 100 km on the Saturnian moons 
(depending on target) should also be central pits but 
all craters of this size are dominated by large conical 
central peaks.  Odysseus is the lone exception but 
occurs well above the predicted diameter.  This 
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anomaly is exacerbated by the discovery of central 
pit craters on Ceres [4], a low-density ice-rich 
asteroid similar in size to Dione, at crater diameters 
of >75 km, consistent with predictions from gravity 
scaling of Ganymede central pits.  The formation of 
central pits on large icy moons and Ceres but not at 
Saturn remains an unsolved problem, but may be 
related to low subsurface temperatures on the 
saturnian satellites.  Another, perhaps more extreme 
possibility, is that major saturnian satellite craters are 
planeteocentric, a product of a complicated evolution 
of the ring-moon system [e.g., 8]. In this case impact 
speeds would be much less in comparison, and the 
production of melt (water) much less. 

 
Figure 3. Three-color mosaic of Odysseus (Orbit 220), with 
sketch map of known floor fractures (white lines) 
superimposed.  Northeastern regions of floor were not 
imaged at sufficient resolution with high-Sun illumination 
to distinguish fractures from background textures.  

A widely distributed network of narrow sinuous 
fractures crosses the floor of Odysseus (Figs. 2, 3).  
These fractures are little more than a kilometer across 
but up to 100 km long.  They appear to be relatively 
recent, crossing most other features.   They also have 
a relatively bluish color, consistent with the color of 
younger crater rims and other recently formed steep 
walls on these moons [5].  Recent work on crater 
shapes on Dione and Tethys [6] suggests that 
Odysseus may be up to 20% relaxed, despite its deep 
profile.  These fractures are likely evidence of post-
impact uplift of the basin floor.   

The most dramatic of these recent bluish floor 
fractures form a sinuous bluish ring of fractures along 
the upper inner rim of the central pit (Fig. 4).  These 
may be due to subsidence of the pit floor (though the 
mechanism of subsidence is unclear) or focusing 
effects on the post-impact viscous relaxation stress 
field due to the steeper break in slope along the upper 
rim of the central pit.  The well-resolved and well-
preserved central pit at Occator crater on Ceres [4] 
provides an interesting comparison for pit formation 

but the lack of imaging better than ~250 m/pixel at 
Odysseus limits such comparisons. 

Global effects from Odysseus include a sinuous 
ridge ~2 km high forms an arc ~360 km beyond the 
eastern rim of Odysseus.  This is the approximate 
location where one might expect the distal edge of an 
ejecta deposit and this ridge could be the outer 
margin of such a deposit, as suggested by the erasure 
of all preexisting craters in the annular zone between 
the rim and the ridge.  The possibility that the Ithaca 
Chasma trough system formed by impact triggered 
extensional stresses [2] similar to those that formed 
the trough systems on Vesta [7] remains on the table 
as the timing of the two events is complicated by the 
likely occurrence of secondaries on the trough floor. 

 
Figure 4. Enlargement of 3-color mosaic of Odysseus 
(orbit 220) highlighting central pit structure and bluish 
circumferential fractures. 

Conclusions: The large ~0.6 Gya old 420-km-
wide Odysseus impact basin has profoundly affected 
the geologic evolution of Tethys.  Ejecta blanketed 
much of the surface, especially to the east.  An origin 
by global fracturing in response to the impact cannot 
be ruled out for Ithaca Chasma.  Melt deposits are 
almost completely lacking, as they are across the 
Saturn system.  Viscous relaxation is documented by 
late stage fracturing of the basin floor and central pit 
and by depth/diameter measurements [6].  Given its 
size, relaxation of Odysseus would involve much of 
the interior and could have induced global fracturing, 
and some of the observed fracturing [2] could be 
related to Odysseus. 
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