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Introduction: We report on results of our investigation
of the Isidis basin based on topographic and imaging data
obtained by orbiting spacecraft such as Mars Global Sur-
veyor (MGS) and Mars Odyssey. The new data allow one
to get a detailed view of the Isidis basin, its structure,
stratigraphy, geologic history, evolution and its relationship
to the Syrtis Major volcanic complex.

Results:     Basin floor:   MOLA data indicate that the basin
floor is tilted towards the southwest (Figure 1). Southwest-
ern parts are at about -3880 m elevation; northeastern parts
of the floor are at about -3660 m elevation. This results in a
slope of ~0.02 degree. The geologic map of Greeley and
Guest [1987] shows several geologic units, ranging in age
from a Hesperian/Noachian undivided unit, to the Hespe-
rian-age Vastitas Borealis Formation, to Amazonian-age
smooth and knobby units. Grizzaffi and Schultz [1989]
mapped several terrain types in the Isidis basin, such as an
annulus of ridged terrain, knobby terrain to the northeast,
and central hillocky terrain. The interior plains unit of Ta-
naka et al. [2001c] encloses the outline of the ridged and
hillocky unit. They found variations in elevation along this
contact of ~300-350 m. Head et al. [1999] found that the
global mean elevation of Parker’s Contact 2 is –3760 m,
although variable. Contact 2 in the Isidis basin does not
follow the current contour lines. Over a distance of about
600 km the contact is about 300 m higher in the northeast
compared to the southwest. In summary, none of the previ-
ously mapped units follows the current contour lines. This
can be explained if the Isidis floor was later tilted, as sug-
gested by work of Watters [2003] and Tanaka et al.
[2001c]. Watters [2003] proposed that the southwest tilt
along the dichotomy boundary could be the result of flex-
ure of the southern highlands due to vertical loading of the
northern lowlands with km-thick ridged-plains material
during the Late Noachian or the Early Hesperian. Alterna-
tively, Tanaka et al. [2001c] proposed that the deposition of
up to 2-3 km thick sediments of the Vastitas Borealis For-
mation in the northern lowlands resulted in extensive de-
formation of the lithosphere and the tilt of the Isidis floor.
The origin of these deposits could be sedimentation from a
north polar ocean [Parker et al., 1989, 1993] or in the Isidis
basin from large-scale CO2-charged debris-flows from
Syrtis Major [Tanaka et al., 2001a,b,c]. However, Bridges
et al. [2003] concluded that thermal inertia data are incon-
sistent with the majority of rocks being brought into the
Isidis basin from the Syrtis Major area as suggested by
Tanaka et al. [2000]. They found evidence for an influx of
sediments from the southern and eastern margins of the
basin such as the Libya Montes region.

Isidis rim:   A prominent rim of the Isidis basin is absent
in several locations such as the passage to the northeast into
Utopia/Elysium Planitia (Figure 1). A sharp, well-defined
rim is also missing where Syrtis Major lavas flowed into

the Isidis basin. However, the rim is well exposed along the
southern edge of the basin as well as in the north of Isidis
and Syrtis Major. The topography along the rim of Isidis is
relatively smooth at the sampling resolution and only the
Libya Montes are characterized by a rough topography with
high isolated peaks that are separated by deep valleys. We
observe differences in elevation of more than 7000 m.
Highest elevations (~3400 m) are associated with isolated
peaks of the Libya Montes; lowest elevations (~-3800 m)
occur in the passage to the Utopia basin. Large parts of the
rim in the Syrtis Major area are higher than in most other
areas except the high peaks of the Libya Montes. The large
variations in elevation of the Isidis rim of more than 7000
m can have several causes such as initial heterogeneities,
erosion of parts of the rim, tectonic deformation or burial
with Syrtis Major lavas [e.g., Wichmann and Schultz, 1988;
Tanaka et al., 2002; Hiesinger and Head, 2004].

Figure 1: Topographic map of the Isidis basin. Note that the floor in the
southwest is about 300-350 m lower than in the northeast.

Ridges in the Isidis basin:  On the basis of the 128
pixel/deg MOLA topographic data and a mosaic of all
available THEMIS day- and nighttime IR images, we iden-
tified several types of ridges on the floor of Isidis; wrinkle
ridges, smooth ridges, median ridges in depressions, and
curvilinear ridges that comprise the thumbprint terrain [e.g.,
Grizzaffi and Schultz, 1989]. Our results indicate that the
ridges of the thumbprint terrain are on the order of 10-50 m
high and less than ~5 km wide. A large number of thumb-
print ridges are ≤1 km wide. The elevations of the ridge
crests vary along the studied ridges and are not uniform
along the ridges. Thumbprint ridges appear to consist of
connected knobs with large central depressions relative to
their basal diameter. In between the thumbprint ridges are
thousands of isolated knobs of various sizes. Most of the
curvilinear, subparallel-parallel ridges occur throughout the
Isidis basin and well below the elevation at which Isidis
gets connected to the northern lowlands. On the basis of the
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new THEMIS mosaic it appears that the most prominent
thumbprint ridges occur in the western and probably the
northern parts of the Isidis floor; ridges that are made of
smaller, more subdued cones occur in the eastern regions of
the Isidis floor. We also observe a band of extremely
smooth morphology along the southern and southwestern
highlands, where only a few ridges occur and knobs are
practically absent. THEMIS nighttime IR images show
accumulations of fine-grained material along both sides of
the thumbprint ridges whereas the tops of the ridges appear
to consist of more coarse-grained material. We interpret
this finding as evidence for mass wasting on the slopes and
active erosion of the ridges. Thumbprint ridges are rare in
areas of continuous and discontinuous crater ejecta. This
could mean that the ejecta blankets cover the ridges or that
the modification of the substrate by emplacement of the
ejecta blankets somehow inhibits the formation of the
thumbprint ridges. We will address this question by a de-
tailed investigation of the stratigraphic relationships within
the Isidis basin. Grizzaffi and Schultz [1989] mapped the
ridges in Isidis and comparing their map with the map of
ring structures of Schultz and Frey [1990] we see that these
ridges mostly occur within the innermost ring. The orienta-
tions of the studied ridges were found to be independent
from the basin structure or the current topography. If the
ridges were controlled by basin-wide tectonic patterns, we
would expect these ridges to be oriented radially or concen-
tric to the basin center. Rather, most of the ridges are ran-
domly oriented with respect to the basin center. Also there
is no preferred orientation with respect to the currently
lowest point in the basin as would be expected if these
ridges were recent products of mass movements or debris
flows. Similar in size to the ridges of the thumbprint terrain
are the smooth ridges. Compared to the thumbprint ridges
these are not made of coalescent cones with central depres-
sions, but are rather uniform in morphology and probably
more sinuous. A third type of ridges occurs as median
ridges in elongated shallow depressions. These ridges are
dissimilar to the thumbprint ridges in that they exhibit a
smooth morphology, are more sinuous, are longer, and
occur only along the margins of the Isidis floor, especially
in the northwest and probably the south. We observe ridges
that are transitional between thumbprint ridges, smooth
ridges, and median ridges, which might indicate a genetic
link between these ridge types.

Thumbprint, smooth, and median ridges differ signifi-
cantly from the wrinkle ridges in Isidis Planitia. Based on
our study these wrinkle ridges are much larger in height,
width, and length and do not show the typical subparallel
orientation of the thumbprint terrain. The wrinkle ridges are
oriented radially and concentric to the basin structure, en-
close “cells” of ~180 km diameter, and occur throughout
the basin floor over a wide range of elevations. Wrinkle
ridges in Isidis are on the order of 75-150 m high and less
than ~70 km wide. Profiles across these ridges commonly
show asymmetric cross-section, which are typical for lunar
wrinkle ridges and martian wrinkle ridges of typical vol-
canic plains such as Lunae Planum [Head et al., 2002].

Wrinkle ridges in the interior of the Isidis basin were not
mapped in previous studies [e.g., Chicarro et al., 1985;
Watters, 1993]. Using new MOLA detrended data, Head et
al. [2002] found that the wrinkle ridges in Isidis are similar
to wrinkle ridges in the North Polar basin and concluded
that the veneer of units Hvr and Aps is sufficiently thick to
obscure the topography and morphology of the ridges in
Viking Orbiter images. They proposed that the wrinkle
ridges are part of the Hesperian-aged ridged plains (Hr) that
formed elsewhere on Mars.

Figure 5: THEMIS and MOC images of thumbprint ridges in the Isidis

basin.

Conclusions: From our study we conclude that (1) the
floor of the Isidis basin is tilted to the southwest with about
0.02˚ and this tilt might be the result of loading the northern
lowlands with ridged plains units and the Vastitas Borealis
Formation; (2) the outer ring of the Isidis basin shows large
variations in elevation, which are consistent with several
interpretations including initial heterogeneities, erosion of
parts of the rim, tectonic deformation or burial with Syrtis
Major lavas; (3) there are several types of ridges within the
Isidis basin, including thumbprint ridges, smooth ridges,
median ridges, and wrinkle ridges; (4) ridges of the thumb-
print terrain consist of curvilinear arrangements of cones
with large central depressions, are 10-50 m high, occur
throughout the basin at a large range of elevations and their
orientations appear to be dominated by local rather than
regional factors; (5) wrinkle ridges are ~75-100 m high, <
~70 km wide, hundreds of kilometers long and occur over a
wide range of elevations. In summary, the Isidis basin is
characterized by a complex history, including tectonics
related to the formation and modification of the basin,
deposition of ridged plains of volcanic origin, sediments
draped over the preexisting topography, and the formation
of the thumbprint terrain.
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