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Introduction:  Aeolian bedforms with linear 

crests, symmetric flanks, and albedos similar to or 
brighter than surrounding terrain [1-3] are the most 
common bedform type seen from orbit and have been 
labeled non-genetically as “Transverse Aeolian 
Ridges” or TARs due to uncertain origin(s) [4].  Their 
abundance, and their potential for indicating formative 
wind directions (including during past climates), have 
inspired considerable interest over the past decade 
[e.g., 5-11].  Uncertainty in origins is due partly to (1) 
small size in relation to even the highest resolution 
orbital imagery, (2) morphologic simplicity and sym-
metry at orbital image scales, and (3) the difficulty of 
associating TARs with terrestrial analogs matching 
both morphology and size range.  In situ examination 
of TARs by rovers can provide new information to 
inform interpretations of these features. 

Meridiani Planum and Gusev Crater:  Rover op-
erations typically avoid aeolian bedforms that are large 
enough to be recognized from orbit (such as TARs), 
because they pose potential hazards to vehicle traffica-
bility.  The MER Opportunity experience at Meridiani 
Planum is an exception, where megaripples up to sev-
eral tens of cm high were encountered repeatedly be-
cause they were unavoidable during some traverse 
segments [e.g., 12-15], occasionally resulting in tem-
porary bogs [16].  The megaripples at Meridiani 
Planum are not necessarily prototypical representatives 
of TARs because of their size: They are too small to be 
resolved at MOC image resolution that was used ini-
tially to distinguish and classify TARs elsewhere [1-
4]).  Larger Meridiani Planum megaripples are, how-
ever, obvious in HiRISE images (e.g., [15]).  At Gusev 
crater, MER Spirit also encountered megaripples and 
examined several examples too small to be resolved by 
MOC but recognizable in HiRISE images [7, 17].  
Spirit also observed larger, light-toned features up to 
0.85 cm high, but unfortunately without stopping for 
detailed examination (see Figs. 57-58 in [7]).  At both 
Meridiani Planum and Gusev crater, the megaripples 
have surface layers of ~1-2 mm very coarse sand over-
lying interiors dominated by much finer, poorly sorted 
material generally <150 µm (~100 µm sand being an 
important constituent) [7, 12, 14].  Based on the occur-
rence of megaripples along both MER traverses and 
key morphological similarities to TARs seen elsewhere 
on Mars from orbit, it was speculated that some frac-

tion of smaller TARs on Mars could be megaripples [6, 
7].     

Dingo Gap Bedform at Gale Crater: A much 
larger feature was explored by MSL Curiosity during 
sols 526-538 of its mission  (Fig. 1).  This encounter 
occurred only because a large, 1 m-high aeolian bed-
form partly blocked Dingo Gap, a 10.5 m-wide pas-
sage between bedrock ledges along the traverse to 
Mount Sharp.  Before attempting to pass through Din-
go Gap by climbing up and over the bedform, Curiosi-
ty explored the surface and interior of one flank with a 
small wheel scuff in which the right front wheel was 
rotated 30 degrees in place.  MAHLI, Mastcam, 
APXS, and ChemCam observations were obtained of 
undisturbed and disturbed areas in and around the 
wheel scuff.  Later, as the rover climbed the bedform, 
Mastcam images were obtained of the crest area.   

The surface of the Dingo Gap bedform is mantled 
thinly but completely with irregularly shaped filamen-
tary dust aggregates, indicating the bedform has not 
been mobilized recently.  The dust mantle drapes well-
rounded, ~1-2 mm very coarse sand that has sufficient 
roughness/relief for individual grains to be distin-
guished beneath the mantle of dust aggregates.  The 1-
2 mm grains cover the bedform surface completely 
near the crest, but only incompletely lower down on 
the flank where the wheel scuff was performed.  
Where the 1-2 mm grain cover is incomplete, the in-
tervening material between the 1-2 mm grains has too 
little relief to be identified beneath the dust.   

The wheel scuff created a ~4.5 cm-high roadcut-
like exposure at the target area “Crossland” (Fig. 1).  
MAHLI images of Crossland show dust and 1-2 mm 
very coarse sand overlying dark brown very fine sand 
mixed with even finer grains that are not easily re-
solved but whose presence is indicated by high-fidelity 
casting of rover wheel milling marks in tracks, as well 
as patchy brightening of areas compressed by the 
wheel.   

Around the edge of the wheel scuff, cracks dividing 
small, slightly shifted plates of surface material indi-
cate slight cohesion at the surface.  Within the wheel 
scuff, clods of material and freestanding scuff walls 
steeper than the angle of repose indicate minor cohe-
sion is present also in the near subsurface.  Induration 
is an additional indication (besides the dust mantle) 
that the bedform has not been mobilized recently.   
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The Dingo Gap bedform has many similarities to a 
class of features known in terrestrial settings as “aeoli-
an ridges” [18], “granule ripples” [19] (even if the 
coarse surface grains are not granule-sized), “megarip-
ples” [20], or “coarse-grained ripples” [13].  All of 
these terms refer to the same feature class.  The latter 
term has advantages over the others, but is not yet in 
widespread use; we have been using “megaripple” here 
to refer to an aeolian bedform characterized by two 
distinct grain size modes in which the coarse grains are 
too large to saltate and are mobilized only in creep by 
impacts from the saltating finer grains.  The difference 
in transport modes between the two grain sizes leads to 
relatively large, durable, slow-moving bedforms in 
which the coarse fraction becomes concentrated at the 
surface as well as just under the crest and upper lee, 
while bedform interiors are dominated by the finer 
saltating fraction (with variable presence or absence of 
interleaved foresets of coarse grains).  Terrestrial stud-
ies show megaripples can grow much larger than ordi-
nary ripples.  In ordinary ripples with a single fine 
grain size (e.g., ~250 µm), height is limited by grains 
exposed at the crest being vulnerable to direct entrain-
ment by strong winds.  With megaripples, coarse 
grains at the crest are too large to be moved directly by 
wind, so continued growth is possible.  The largest 
recorded terrestrial examples probably are in the Puna 
area of Argentina; heights of these features, which 
include internal pedestals of underlying bedrock, ex-
ceed ~1 m [11].   

The large, ~1 m high bedform spanning Dingo Gap 
is consistent with many of the characteristics of mega-
ripples on Earth and megaripples previously identified 

along MER traverses on Mars, so we interpret this fea-
ture as a large megaripple. The Dingo Gap megaripple 
is the largest aeolian bedform yet visited by a rover, 
and while its size overlaps more deeply into the size 
range of TARs recognized from orbit, it is still signifi-
cantly smaller than the largest examples seen in orbital 
images.  However, observations from rovers do not yet 
provide or suggest an upper size limit for applying a 
megaripple interpretation to TARs elsewhere on Mars. 

Acknowledgements: The MER extended mission ena-
bled most of the MER-related results reported here.  MSL 
operations personnel, especially Rover Planners and Payload 
Uplink Leads, helped acquire MSL data at Dingo Gap.   

References: [1] Edgett K. and Parker T. (1998) LPSC 
XXIX #1338.  [2] Thomas P. et al. (1999) Nature, 397, 592-
594.  [3] Malin M. and Edgett K (2001) JGR, 106, E10, 
23,429-23,570.  [4] Bourke M. et al. (2003) LPSC XXXIV 
#2090.  [5] Wilson S. and Zimbelman J. (2004) JGR, 109, 
E10003.  [6] Balme M. et al. (2008) Geomorph., 101, 703-
720.  [7] Sullivan R. et al. (2008) JGR, 113, E06S07.  [8] 
Zimbelman J. (2010) Geomorph., 121, 22-29.  [9] Berman D. 
et al. (2011) Icarus, 213, 116-130.  [10] Kerber L. and Head 
J. (2012) Earth Surf. Process. Landforms, 37, 422-433.  [11] 
de Silva S. et al. (2013) Geol. Soc. Am. Bulletin, 125, 11/12, 
1912-1929.  [12] Sullivan R. et al. (2005) Nature, 436, 58-
61.  [13] Jerolmack D. et al. (2006) JGR, 111, E12S02.  [14] 
Sullivan R. et al. (2007) LPSC XXXVIII #2048.  [15] 
Golombek M. et al. (2010) JGR, 115, E00F08.  [16] Squyres 
S. et al. (2006) JGR 111, E12S12.  [17] Greeley R. et al. 
(2006) JGR, 111, E02S09.  [18] Bagnold R. (1941) Physics 
of Blown Sand and Desert Dunes, ch. 11.  [19] Sharp R. 
(1963) J. Geol., 71, 617-636.  [20] Greeley R. and Iversen J. 
(1985) Wind as a Geological Process, ch. 5. 

 
Figure 1.  MSL Mastcam34 (left eye) mosaic of Dingo Gap, a 10.5 m-wide passage partly blocked by a ~1 m-high 
aeolian bedform interpreted as a large megaripple based on surface and interior textures and other characteristics.  
This is an excerpt from a 360° mosaic obtained on sol 530, sequence mcam2105. 
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