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Introduction:  The largest craters on Earth, the
other terrestrial planets, and major icy satellites (of
Jupiter) possess one or more exterior rings.  The for-
mation of these rings is thought to be linked to the
scale of the impact and lithosphere thickness at the
time of impact [e.g., 1].  Yet this influence of “me-
chanical stratigraphy” on final crater morphology re-
mains a hypothesis, albeit one increasingly subject to
theoretical, numerical, laboratory analogue, and field
testing.  In the present context, field work means im-
agery and topography, in contrast to in situ studies
such as at Vredefort.  Here we present a variety of
multiring forms as observed on large icy satellites by
NASA’s Galileo (and in some cases, Voyager) mis-
sions.  Further discussion can be found in [2].

Tyre (Europa):  The largest multiring structure on
Europa is Tyre (≈160 km across) [3].  A type example
of the Valhalla class, it is defined by an extensive zone
of circumferential graben and normal faults.  Both the

Fig. 1:  Image of Tyre, with color-coded topography
based on photoclinometry (purple, low; red, high;
range ~750 m).  Many domed and depressed features
are real, but the general reliability of long-wavelength
information (including the rise in the central southeast
portion of the structure) is uncertain [from 4].

modest scale of the structure and narrowness of the
ring graben indicate a very high heat flow (which is in
turn a function of ongoing tidal heating [5]), and illus-
trates that formation multiringed structures of this type
was not restricted to ancient Solar System epochs.

 Asgard (Callisto):  The second largest multiringed
system on Callisto (~1600 km across), Galileo images
confirmed an outer zone of graben and an inner zone
of inward-facing normal faults.  The width and spacing
of the graben confirm that even at ~4 GYA Callisto’s

            
Fig. 2:  Portion of Asgard high-resolution transect [6].
Irregular graben at bottom is seen overlaid on photo-
clinometrically-derived topography in Fig. 3 in [2].
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Fig. 3:  Equal-area mosaic of northern section of the leading hemisphere of Ganymede.  Portions of two ~1000-km
sized, Valhalla-class multiring systems are seen, one in eastern Galileo Regio and one in northern Perrine Regio.

heat flow was many times less than that of Europa to-
day.  Unfortunately, much of Valhalla, Asgard, as well
as the superposed Utgard multiringed system [7], was
poorly or not imaged by Galileo.

Perrine and eastern Galileo Regio (Ganymede):
An enormous, hemispherical scale, Valhalla-like fur-
row system lies at the stratigraphic base of two major
regions of ancient, dark terrain, Galileo and Marius
Regiones [8].  A smaller system was identified in Per-
rine Regio, and though better imaging of this system
was not obtained, Galileo did discover a portion of a
similar system in eastern Galileo Regio.  These may
represent two independent impacts (similar to Asgard
and Utgard), but being similar in size may also be sur-
viving fragments of a single multiringed system.  If the
latter, offsets of their respective centers of curvature
imply substantial spreading as part of bright terrain
formation (one of the mechanisms discussed in [9]).

“Lofn” (Callisto):  The youngest basin on Gany-
mede, Gilgamesh, has a much more modest set of in-
ward facing scarps, and is closer to Orientale in struc-
ture.  It indicates a decline in heat flow and an increase
in lithosphere thickness during Ganymede’s geological
history [10].  It also raises the question of transitional
structures, in scale or time, on Europa [4] and Callisto.
For Callisto at least, that structure may be Lofn (Ad-
linda in Voyager-era maps).  Inward facing scarps can
be identified at up to 225 km from the center of an
~120-km wide central floor.  In this, Lofn resembles
Gilgamesh, but at 4/5 scale, and also implies secular
cooling and thickening of Callisto’s lithosphere.
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Fig. 4:  Lofn, the youngest large, if not multiringed,
impact on Callisto.  While the lighting is less than
ideal, inward-facing scarps can be identified (arrows).
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