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Introduction:  Aeolian erosion and transport is 

hypothesized to be an important geomorphological 
process on Mars. Recent work has shown that some 
dune fields on Mars are active today [1, 2]. However, 
the majority of martian dunes that have been observed 
over time have shown no evidence of growth or trans-
lation [3, 4]. Some of these dunes with low levels of 
activity may be indurated [5]. Despite this apparent 
lack of movement, however, only a few martian dune 
fields appear to be old enough to have accumulated 
craters or other indications of degradation and erosion 
[6].  

Dunes located within the Medusae Fossae Forma-
tion (MFF), a fine-grained unit of unknown origin 
located near the equator [e.g. 7, 8], display a range of 
morphologies, from very fresh-looking dune-forms to 
cratered and eroding remnant dunes. Yardangs and 
other wind-related features dominate the surface of the 
MFF, and there is evidence from morphology and 
stratigraphic relationships that the unit has been fairly 
mobile in the past [9]. While the details of the particle-
size distribution of the MFF are unknown, the pres-
ence of dunes suggests that there are particles or parti-
cle-aggregates that are of the appropriate size for salta-
tion. The variety in degradational states observed in 
MFF dunes suggests that dune formation, induration, 
and degradation is a significant and ongoing process 
within the formation.  

 

 Figure 1. A regional view of Apollinaris Patera and an 
adjacent MFF deposit. Global MOLA data overlain on 
a global THEMIS mosaic.  
 

Observations: The MFF is composed of massive 
deposits, erosional yardang-dominated terrain, etched 
terrain, and sand dunes [10, 11]. A deposit of the MFF 
northeast of Apollinaris Patera (Fig. 1) provides a type 
locality for some of the many degradational states of 
sand dunes that are found in the Medusae Fossae For-
mation.  

  

 
Figure 2. Heavily eroded, etched and cratered dune-
forms in the Medusae Fossae Formation, indicating a 
high level of induration. MOC image M1301069. 
 

While the eastern part of this outcrop of the MFF is 
dominated by smooth deposits and yardangs, the cen-
tral part of the outcrop is characterized by a rough, 
indurated terrain with degraded and cratered dune-
forms (Fig 2.). The western section of the outcrop is 
composed of a fairly smooth surface marked by nu-
merous secondaries from a nearby 22-km impact crater 
to the southwest. At high resolution it can be seen that 
there are sand dunes on the surface, many of which are 
highly eroded (Fig. 3). Fresher-looking sand dunes can 
be observed in the deeper craters, where they were 
either more recently active or better sheltered from 
erosion. Moderately degraded dune-forms can be seen 
in slightly shallower craters, and very degraded sand 
dunes are present on the upper flat surface of the de-
posit. In Figure 3 there is a fresh primary crater whose 
rays covered and preserved some of the original dune 
textures, providing evidence that the sparse dunes that 
cover the surface were once more continuous. 
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Figure 3. A region of the Medusae Fossae Formation northeast of Apollinaris Patera with secondary craters (A and 
B) from a nearby 22 km impact crater. A) Relatively fresh-looking dunes have collected in the large secondary cra-
ters. B) Slightly more indurated dunes fill the shallower craters. C) The rays from a fresh primary crater have pre-
served the morphology of pre-existing dunes; elsewhere on the surface the dune-forms have been eroded. D) Small 
impact craters are superposed on the remnant dunes. HiRise image PSP_003966_1725. 

 
 
Conclusions: In order for dunes to be preserved 

in the eroded state seen in the MFF, they must have 
been subject to some kind of induration process 
which was able to strengthen them against moderate 
wind. Unlike most terrestrial sandstones, there is no 
visible evidence that these dune fields were exhumed 
from depth, though this possibility cannot be elimi-
nated.  

The induration process taking place in the MFF 
has allowed dunefields to survive long enough to 
become degraded and cratered, a somewhat rare oc-
currence on Mars. This suggests that either the mode 
of induration taking place in the MFF yields more 
robust surfaces than elsewhere on Mars, or that the 

dunes formed and became indurated at an earlier time 
than dunes elsewhere on Mars.  
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