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Introduction:  Since landing at Gale crater in Au-

gust, 2012, the Mars Science Laboratory rover Curi-
osity has observed present and past aeolian activity as 
recorded by sand grain motion, actively migrating aeo-
lian bedforms, and aeolian abrasion textures and mor-
phologies of large rocks and bedrock surfaces (venti-
facts). Modern dune forms record a bidirectional wind 
regime [1, 2], that moves sediment in southwesterly 
(225o) and southeasterly (150o) directions.   

Observations early in the rover traverse of abrasion 
facets, lineations, and fluting in rocks also suggest a 
bimodal wind regime with one dominant airflow direc-
tion towards the southeast, and another to the northeast 
[2]. Whereas the former direction matches the modern 
dune observations [1], the latter does not and might 
record an earlier wind regime [2]. These observations 
suggest the potential of surface rocks to carry an im-
print of past wind regimes in Gale crater which may 
help us better understand the excavation of the crater 
fill, leading to present day topography. 

Because mudstones are easily abraded to form 
“wind tails” in experiments [3], and analogous features 
were observed in the Sheepbed mudstone [4] and in 
the first exposures of the Murray formation (Fig. 1), 
we examined the distribution of wind abrasion features 
in the Murray formation through Sol 1742 of the MSL 
rover traverse. 

 

 
Figure 1: Mastcam image from Pahrump Hills outcrop 
of Murray Formation mudstones with well developed 
“wind tails” (see upper left inset for detail).  Features 
like this were also observed in the Sheepbed mudstone 
and form when more resistant portions of the rock are 
enhanced by eolian abrasion [4].  The arrows indicate 
airflow from the lower left.   

Data:  Whereas wind abrasion features like those 
in Fig. 1 are common in Mastcam images collected 
from the Murray, evaluating orientations is complicat-
ed by perspective distortions from oblique camera 
viewing angles of outcrop topography.  Fortunately, 
the rover carries the nadir-pointing MARDI camera 
[5], whose fixed position, focus and field of view elim-
inate these problems. As long as the rover heading is 
known, the orientation of features at the surface is 
readily determined (Fig. 2). 

 

 
Figure 2: Oriented MARDI image (N is up) showing 
wind tails on Murray. Arrow points downwind (SSE). 
These “engraved” transport directions are not random 
(Fig. 3). 
 
MARDI images used for this study were mainly ac-
quired after every drive near twilight, as late day im-
ages provide better views of surface details than day-
light images [6]. Even though MARDI is slightly out 
of focus at ground level (its prime function is a descent 
camera), it still achieves ~1 mm/pixel resolution over a 
92 by 64 cm field of view behind the left front wheel 
of the rover. 

Wind tail orientations were measured during the 
MSL traverse of the Murray (Sols 754-1742). An ex-
cerpt of mapped data, from the area of the first Bag-
nold Dunes campaign, is shown as an example in Fig. 
3. Of the 33 directions plotted in Fig. 3, 7 point SW 
(~245o average) and 26 point to the SSE (~168o aver-
age).  Both of these directions are in general agreement 
with prevailing wind directions deduced from orbit [1], 
and with one of the transport directions (to the SE) 
observed by the rover early in the mission [2]. 
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Figure 3: A map of wind directions from MARDI 
images along the rover traverse between Sols 1153 and 
1282 (mostly red arrows, some different colored for 
visibility).  The arrows on the dunes indicate the slip 
face propagation direction (SSW, 195o, blue), and the 
migration direction of the superimposed meter-scale 
ripples (SW, 235o, yellow). Note that sand transport 
directions for dunes (blue arrow) are at variance with 
the overall wind directions measured from orbit 
 

 

Figure 4:  Rose dagram for all measured wind direc-
tions from Murray surfaces.  The dominant direction of 
transport is in SSE direction.  
 

Not all MARDI images yielded useful measure-
ments.  At some locations directionality is compelling, 
but other images dominated by sand and debris or 
lacking unambiguous wind abrasion textures in bed-
rock were non-diagnostic. Of 283 images, 169 showed 
interpretable erosive wind tails.  Altough this is a sta-
tistically small number of measurements, a rose dia-
gram of these directions is nonetheless informative 
(Fig. 4).   

 
Conclusion:  The dominant modern wind direc-

tions expressed on exposed dune surfaces, as inferred 
from orbital data [1], do not completely coincide with 
measurements of wind erosion features measured from 
rock surfaces either earlier in the MSL traverse [2] or 
in the Murray (this study).  There are several possible 
reasons for such variations: (1) outcrop configurations 
can locally shield some outcrop faces from abrasion by 
sand from a dominant wind direction, and so restrict 
abrasion textures on such faces to form only from oth-
er, less pervasive wind directions where azimuths of 
access exist; (2) the upwind azimuths of available sand 
supply can vary over the exposure age of any given 
rock surface, especially in the nearby presence of an 
evolving, mobile dune field whose position and extent 
on the floor of Gale crater relative to Mt. Sharp might 
have changed; (3) long-term changes in climate can 
result in changes of the strongest winds capable of 
driving sand.  The record of aeolian abrasion preserved 
in the Murray indicates sand supply and strong winds 
have coincided most consistently from NW, N, and NE 
azimuths.  This likely reflects a long-term average of 
the combined effects of (1-3). 
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