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Introduction:  During its 10th extended mission, 

Opportunity will visit several branching networks of 

quasi-linear, wide topographic depressions, referred to 

as grooves, along Endeavour crater’s rim (Fig. 1) [1]. 

The grooves are visible in HiRISE orbital data and are 

of interest because they have morphologies that suggest 

erosion which involved aqueous processes. Opportuni-

ty investigated the first of these targets, a set of 

downslope-trending grooves originating near a break in 

slope [2] on the eastern side of Marathon valley,  Cape 

Tribulation (Fig. 1-3).  Here we present Opportunity’s 

observations, discuss hypotheses for the grooves’ for-

mation, and consider implications for future observa-

tions of similar features to the south in Cape Tribula-

tion, along with a sinuous gully system on Cape Byron. 

Marathon Valley observations:  Opportunity ac-

quired a long baseline pair of stereo Pancam mosaics, 

five stand-alone Pancam stereo mosaics, and two full 

13-filter, single frame observations of the western edge 

(top) of the grooves. Challenging terrain with slopes 

>20° precluded driving downhill along the grooves for 

subsequent imaging. The Pancam mosaics were pro-

jected to orthorectified overhead views in local frame 

at 1 cm/pixel, and corresponding digital elevation 

models (DEM) with 1 cm vertical accuracy were gen-

erated for the left-right eye stereo pair images.   

  Six, approximately parallel grooves were mapped 

that cut into bedrock composed of Shoemaker for-

mation breccias (Fig. 3). The grooves range from 10 m 

to ~50 m long, have widths between ~0.5 – 2.5 m, and 

the width of each individual groove is relatively uni-

form along its length. They vary in depth from ~5-15 

cm, and width to depth ratios measured at select loca-

tions along each groove are generally between 10 and 

50 (Fig. 4, 5). The grooves all have low sinuosity in-

dexes (defined as the ratio between groove length and 

straight line distance between groove endpoints [3]), 

ranging from 1 to 1.02.  No levees or other sedimentary 

deposits were observed in the upper portion of the 

grooves that were resolvable to Opportunity.   

Several narrower, approximately perpendicular 

fractures are also distinguishable by their albedo con-

strast, but are not resolvable in the DEMs.  

Formation hypotheses:  The low average slope of 

the grooves in Endeavour’s rim (~22°) is inconsistent 

with formation by avalanching, which generally require 

gradients larger than 30° [4]. Opportunity observations 

instead suggest the grooves formed via erosion by ei-

ther aeolian, fluvial or debris flow aqueous processes.  

Enhanced wind erosion of pre-existing fractures.  

These grooves may represent areas of enhanced aeolian 

erosion where wind exploited planes of weakness in 

Endeavour’s rim.  The scale of the grooves is generally 

consistent with that of other aeolian degradation fea-

tures, and the floor of Marathon Valley is heavily frac-

tured, including some fracture zones that are clearly 

friable and have distinct chemical and spectral charac-

teristics, dubbed “red zones” [5].  Regional atmospher-

ic models of Endeavour crater show winds blow per-

pendicular to Endeavour’s western rim during some 

times of the year [6].  Furthermore, large granule rip-

ples at Meridiani also demonstrate winds tend to be 

funneled along topography [7,8], so the topography of 

both Marathon and Willamette Valleys (a location on 

Cape Tribulation to the south of Marathon valley that 

also exhibits grooves) may further enhance the wind 

strength in the areas the grooves are found. 

Aqueous processes.  The Endeavour grooves may 

have also formed by wet debris flows or fluvial pro-

cesses. These processes are consistent with the 

grooves’ width/depth ratios, generally uniform width, 

orientation downslope, and appearance at a break in 

slope [2]. Additionally, HiRISE data over areas further 

downslope than the Pancam coverage suggest some of 

the channels may converge to form a branching den-

dritic network, although it is difficult to say with cer-

tainty as the grooves are only just resolvable at HiRISE 

resolution. Aqueous processes may have similarly tak-

en advantage of pre-existing fractures or “red zones”.   

Future work and observations: Future work will 

include mapping the orientation, width and morpholo-

gy of fractures in the Marathon Valley floor for com-

parison with the groove features. If the grooves are 

found to have substantially different orientations from 

these fractures, this would point towards an aqueous 

origin as more likely then aeolian. While mobility con-

strains precluded Opportunity from traversing further 

downhill along the grooves in Marathon Valley to 

search for sedimentary deposits, a key future observa-

tion that would distinguish between formation scenari-

os would be the discovery of sedimentary deposits or 

levees associated with these deposits.  These groove  
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measurements also provide a baseline for comparison 

to grooves in Willamette valley and to the sinuous gul-

ly system to be explored in Cape Byron. 
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