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Introduction:  With the approach of Cassini to the
Saturn system, attention naturally focuses on the
planet, its rings and Titan, but the Saturn system is also
populated by a number of smaller satellites.  The seven
middle-sized icy satellites, along with those of Uranus,
(between 400 and 1500 km wide) are distinctly differ-
ent geophysically and geologically from their much
larger Galilean-class brethren [e.g., 1].  Topographic
mapping of these bodies is a critical part of under-
standing their geologic evolution.  Here we describe
our recent efforts to map the topography of these satel-
lites using Voyager data.

Topographic Mapping Techniques:  Topographic
mapping of the Saturnian satellites has been limited in
the past to limb profiles describing the general shape of
the satellites [e.g., 2] and very limited photoclinometry
(PC) line profiles of selected features [3].  Our new
topographic mapping of these satellites is based on two
methods, stereo image analysis and PC of low-sun re-
gions, and allows us to produce digital elevation mod-
els (DEMs) of large surface areas.  Stereo analysis is
based on an automated scene recognition algorithm
successfully applied to the Galilean satellites [4] and
recently updated to improve surface resolution of the
DEM [5].  Areal coverage of stereo DEMs is limited
by the rapid nature of the Voyager flybys.  Rhea (Fig.
1) and Dione have the best stereo coverage, with ~25%
of the surface mappable at better than 500 m vertical
resolution and better than 5 km horizontal resolution
on both satellites.  Some stereo coverage was obtained
for Tethys, Enceladus, and Mimas, but these satellites
all revolve more rapidly than Rhea and Dione and
changes in solar illumination during the imaging se-
quence restrict useful stereo coverage.  Iapetus was
viewed at no better than 15 km/pixel resolution by
Voyager.  Photoclinometry (PC) greatly extends topog-
raphic coverage, with the proviso that long-wavelength
topographic variations are suspect using this technique,
unless controlled by coincident stereo coverage.  We
employed a new PC algorithm developed by the first
author for rapid 2-dimensional PC mapping that in-
cludes modeling of local albedo changes [6].  PC map-
ping is generally limited to areas within 30° of the lo-
cal terminator.

A necessary precursor to topographic mapping us-
ing imaging is the existence of an accurate coordinate
control network for the Voyager images.  Extensive
effort was made to adjust the control on the relevant

images using ISIS software.  In order to do so success-
fully, it was necessary to close the network over 360°
of longitude despite the fact that there was usually a
factor of 20 or more difference in the resolution from
the first to the last images used.  Based on these new
networks we have constructed new global mosaics for
each satellite using the best available images for all
surface areas.  This includes registration of the only
surviving fragment of the lost Voyager 2 mosaic of
Tethys.  These new control nets may be of use in up-
dating Cassini targeting and are available.

Impact Craters:  Earlier efforts at mapping the
degree of relaxation of large craters, such as Aeneas on
Dione using PC were always uncertain due to limita-
tions of the PC technique [3].  Our new stereo cover-
age of saturnian satellites allows us to remap many of
these craters.  Relaxation studies require a firm under-
standing of the shapes of unrelaxed craters.  Our new
data will be used to update the measurements made
over a decade ago [3].  Initial results confirm that the
largest craters on most of these satellites appear to be
substantially relaxed, at least compared to other large
craters on these bodies.  They also confirm that central
peaks on some of the satellites are quite large and rise
above not only the local plains but above the crater
rim.  These will be used to model the internal structure
and rheology of these bodies.

Lessons From Galileo:  Comparison of Voyager
and Galileo based topographic measurements of cra-
ters on the Galilean satellites shows that PC-based
measurements are generally reliable so long as craters
are at least 8 pixels across.  However, it was also de-
termined that the correct morphologic characterization
of craters requires at least 10 pixels, otherwise, com-
plex craters can be misidentified as simple craters.  For
most saturnian satellites this is not an issue for simple
and complex craters.  As was also demonstrated in the
Jovian system, the morphology of large complex cra-
ters on icy satellites is unique from that on the terres-
trial planets and is highly dependent on thermal history
and structure [7, 8].  The same can be expected of the
saturnian satellites, especially at larger crater diameters
and on volcanically modified worlds such as Ence-
ladus, Dione and possibly Iapetus.  We note that many
craters on Enceladus are noncircular and have anonal-
ous central structures.  These landforms could be vol-
canically modified on even non-impact in origin [9].
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Fig. 1.  Rhea.  a) Voyager image mosaic of part of Rhea.  Resolution is ~700 m/pixel.  b) Digital Elevation
Model of same area derived from stereo analysis.  Vertical resolution is ~200 meters.  North is to left.
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