
Figure 1.  A CTX visible image mosaic showing the 
location of the Opportunity rover (as of March 2010) on 
its way to investigate Endeavour crater (inset) and a 
closer view of the eastern bed forms within the crater.  
Bed forms i-vii (yellow) show surface change with up to 
100% deflation whereas two larger dunes (white arrows) 
show surface textural modification.  Context boxes show 
locations for Figure 2 and red arrows indicate inferred 
primary wind direction. 
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Introduction: Meridiani Planum, Mars, exhibits 

ample evidence in orbital images and ground-based 
observations, by the Mars Exploration Rover 
Opportunity, for aeolian activity with dunes, ripples 
and dark streaks [1-2].  The next major campaign for 
Opportunity is the investigation of the ~20-km-
diameter Endeavour crater, ~13 km southeast of the 
rover’s position in March 2010 (Figure 1).  Here we 
expand on the recent documentation [1] that aeolian 
bed forms in Endeavour crater have been active in the 
span of the past decade.  

Background: Contemporary dune activity has 
been a long-sought goal of Martian aeolian remote 
sensing.  Bourke et al [3] used repeat MGS data (1999-
2004) to show the disappearance of two, small (~1000 
m2) dome dunes, although no bed form migration was 
observed.  More recently, high-resolution images have 
shown modification of ripples and dune edges in less 
than a Martian season [4].  These events demonstrate 
that the threshold wind speed for entrainment was 
exceeded under current conditions in these locations.  

Evidence for modern day aeolian activity at rover 
landing sites was found with ripple modification, sand 
movement and dark streak activity [2, 5].  However, no 
associated bed form change has been detected from 
orbital observations. 

Methods: For our investigation of surface change, 
we used narrow-angle images from the Mars Orbiter 
Camera (MOC) [6] to compare with data from the 
Context Camera (CTX) [7] and the High Resolution 
Imaging Science Experiment (HiRISE) [8].   

Aeolian Activity:  Endeavour crater has two main 
populations of dune bed forms.  Well-formed barchans 
and transverse dunes are found in the western portions 
of crater, whereas less-developed, degraded bed forms 
populate the eastern half.  The eastern bed forms 
resemble transverse and small dome dunes, but appear 
to lack slipfaces and to have low relief. Slip face 
orientations and sand streamers suggest a wind flow to 
the south-southeast, consistent with mesoscale wind 
modeling [9].  Recent thermophysical analysis [10] 
using THEMIS thermal inertia data [11-12] show the 
eastern dunes have a thermal inertia of 150-190 Jm-2K-

1s-1/2, consistent with 50-130 µm particle sizes (very 
fine sand).  These derived grain size values are in good 
agreement for the optimal particle sizes (~100 µm) 
thought capable of being moved by the Martian 
atmosphere [13]. 

Seven bed forms appear in the 2001 and 2003 
MOC images (e.g., Figure 2b & 2d).  However, in 
2008 CTX and HiRISE images, two of the bed forms (i 
& ii) had disappeared entirely, while five others (iii-
vii) had decreased in area (e.g., Figure 2a, 2c & 2de).  
Bed forms iv-vi are only covered in the lower 
resolution MOC+CTX pair of images, making area 
estimates more difficult than for bed forms i-iii & vii, 
which are covered in the MOC+HIRSE pair of images. 
We suggest the most reasonable explanation for the 
disappearance of these bed forms is aeolian removal 
and/or deflation.  Preferential dust deposition (with 
consequent increase of albedo) seems less likely 
because the locations where the dark-toned features 
have disappeared lack the ripple-like texture seen in 
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the dark-toned features that remain (e.g., 1, Figure 2a 
and 2c).  Although the MOC images from 2001 are of 
insufficient resolution to distinguish this texture, it is 
reasonable to assume that all the dark-toned features in 
this vicinity originally had the same rippled surface 
texture.  Bed form v, in addition to losing ~40% of its 
area, shows a ~20 m southeastward shift of its centroid 
(Figure 2d and 2e).  This evidence is interpreted as 
southeastward bed form migration.  Larger dunes show 
minor edge and dune shape modification where sand 
has presumably been redistributed (Figure 2f white 
arrows).  

Discussion: All bed forms (except vi) that show 
removal or reduction in size are located at the inferred 
up-wind perimeter of the dune field, making them most 
exposed to atmospheric flow and deflation.  The sand 
from these bed forms is likely dissipated and/or 
incorporated into larger dunes ~100s of meters 
downwind.  Greater temporal resolution of this dune 
field may better document this surface evolution and 
sand transport.  

The deflation, modification and translational 
migration of Endeavour crater dune sediment and 
associated estimated removal rates [1] over the course 
of ~4-6 Earth years may suggest Martian bed form 
activity is more frequent than previously thought.  This 
result confirms that local winds are sufficient to initiate 
entrainment (possibly saltation), as observed elsewhere 
on Mars [2-5].  This result suggests these modest 
dunes are not in equilibrium with their environment, 
nor are they stabilized due to induration.  
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Figure 2.  Visible wavelength images showing surface change in Endeavour crater.  Blue polygons represent the 
extent of bed forms in 2001 or 2004 and yellow the extent of bed forms in 2008. (a) False-color HiRISE image 
PSP_007849_1775 (H1) taken in 2008 shows the prior location of bed form i. (b) MOC image E1101328 taken in 
2001 shows bed forms ii-iii. (c) H1 taken 3.4 Mars years later suggests the disappearance of bed form ii and a ~45% 
reduction in size of bed form iii. (d) MOC image R1203949 taken in 2003 shows the eastern most dunes iv-v. (e) 
CTX P17_007849_1793_XN_00S005W shows the subsequent ~40% deflation and possible transport of bed from v 
over 2.3 Mars years. (f) Modifications (white arrows) of larger dunes in H1.  North is up in all images. 
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