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Introduction:  The Mars Science Laboratory 
(MSL) rover (Curiosity) is operating in Gale, a ~155 km 
diameter impact crater that hosts a stratified central 
mound. Curiosity is traversing across a topographically 
high, hematite enriched landform named Vera Rubin 
Ridge (VRR) [1,2] located along the northern slope of 
the mound. Understanding how the sedimentary rocks 
exposed on this ridge were deposited and altered may 
yield constraints on ancient martian environments 
recorded in Gale crater. Orbital datasets show that VRR 
exhibits varied textures and colors at decameter scales. 
Figure 1 shows that the north-facing slope of VRR 
exhibits stratified, light-toned bedrock and blue sand, 
while the top of the ridge has some surfaces that are 
lighter, that exhibit fractures, that retain craters, that are 
dark-toned and mottled, and that are light blue in 
HiRISE enhanced-color images (black dashed lines 
show the boundaries of these surfaces as identified from 
orbit). These color, tone, and morphology differences 
lead to the hypothesis that there might be several distinct 
geologic units within the ridge. Our on-going 
investigation considers whether these differences 
correspond to distinct sedimentary facies within VRR, 
or whether the morphologies identified from orbit are a 
result of different erosional expressions [3]. Here we 
investigate the lithology and diagenetic features of VRR 
rocks at a sub-mm-to-cm scale to identify variations that 
occur within the ridge and to address the hypothesis that 
there are distinct facies within VRR.  

Data: MAHLI (located on the rover’s arm) is 
capable of acquiring color images from a standoff 
distance of ~3 cm away from a surface, which yields a 
resolution of ~17 µm/pixel [4]. Here, we use MAHLI 
data from Sols 1795 to 1904, which correspond to 
observations of strata from elevations between -4222 m 
and -4154 m, from the northern slope of VRR to the 
“top” of the ridge.  

Observations: In all the rock targets imaged by 
MAHLI at VRR in which the dust was removed from 
the surface, the grain size is generally finer than MAHLI 
can resolve at 3-4 cm standoff distance, suggesting that 
the rock targets are composed of grain sizes finer than 
sand. Most rock targets observed by MAHLI reveal 
abundant planar lamination (i.e. Figure 2).   

MAHLI observations of rocks that were in contact 
with the Dust Removal Tool (DRT) [5] suggest that the 
rocks at the top of VRR are harder than those previously 
investigated. The DRT [5] was used at 14 of the targets 
imaged by MAHLI at the top of VRR. In soft rock, the 

 
Figure 1: HiRISE enhanced-color image of VRR. Red line 
shows the MSL traverse up to Sol 1910. Orange circles show 
the location of Figures 2-6. Dashed lines show morphologic 
boundaries identified from orbit.  (ESP_042682_1755) 

 
Figure 2: Target “Agamenticus.” Exhibits both thin, even 
veins and irregular veins dispersed throughout the bedrock. 
Taken in partial shadow. Elevation: -4222.5 m  

 
Figure 3: “Whittum.” Exhibits planar, rhythmic, laminae. 
Illumination from the upper right. Elevation: -4196.5 m  
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wire bristles on this tool can create scratches or grooves. 
None of the targets on which the DRT was used on top 
of the VRR exhibited deep grooves (e.g. Figure 5), 
which suggests that these rocks are harder than some of 
the rock previously investigated by Curiosity. 
Additionally, the rocks are well-cemented enough such 
that they do not typically fracture along laminae 
surfaces, and they break down into roughly pebble-sized 
fragments, which preserve laminae, that are part of the 
VRR regolith (Figure 6).  

MAHLI images also reveal variations in outcrop 
color, including varying shades of red, purple, and gray. 
The most prevalent color throughout the VRR is red. 
The mm-scale morphology of the VRR ridge-top rocks 
varies from smooth surfaces and/or stairstepping layers 
(i.e. Figure 3) to a rougher texture (i.e. Figure 5).  

The fine-scale dataset provided by MAHLI is also 
useful for understanding diagenetic features. Positive-
relief, rounded, mm-scale features that may be nodules 
or concretions occur frequently in the VRR ridge-top 
rocks between elevations -4195 m and -4170 m (i.e. 
Figure 4). Rhythmic laminae (i.e. Figure 3) were not 
observed in this elevation range.  

White (interpreted as calcium sulfate) veins are 
present throughout the VRR. Along the north-facing 
slope of the VRR several different styles of veins occur, 
including white calcium sulfate material that is 
dispersed within the rock and veins that are more 
resistant and appear as “fins” jutting out of the rocks 
(Figure 2). Around -4200 m in elevation (which is also 
roughly where the transition from the north-facing slope 
to the top of the ridge occurs), the majority of these 
veins disappear. Above -4200 m in elevation, 
crosscutting, recessive (less erosion resistant) veins 
(Figure 5) are the only veins that appear in MAHLI 
images thus far, and they occur in almost every image.  

Interpretations: The fine grain size and planar 
laminations observed by MAHLI are consistent with 
deposition in a lacustrine environment [i.e. Edgar et al. 
(this conference)]. While the primary sedimentary 
structures are fairly consistent throughout VRR, 
MAHLI images reveal variations in diagenetic features 
(abundance of nodules/concretions and abundance and 
type of veins) which may result in the orbitally observed 
changes in ridge morphology. Rock hardness and vein 
abundance may contribute to the VRR being a 
topographically high ridge feature. The possible 
nodules and concretions and the varying rock textures 
across the ridge manifest as variations in erosional 
expressions and likely contribute to the macroscale 
(roughly decameter scale) geomorphologic differences 
identified in orbital images. From a global Mars 
perspective, our observations of hard, ridge forming 

VRR rocks at MAHLI image scale show that lavas, 
impact melts, sandstones, conglomerates and breccias, 
are not the only materials that may resist erosion in the 
modern Martian environment — even some mudstones 
are erosion-resistant.  

 
Figure 4: Enon. Exhibits postive relief, several mm-scale 
features interepted as possible nodules or concretions. Taken 
in full shadow. Elevation: -4187 m  

 
Figure 5: Target “Lucknow.” Exhibits a rough surface texture 
and thin crosscutting veins and fractures. Illumination from 
top. Elevation: -4182 m;  

 
Figure 6: Float rocks and eolian sand (VRR regolith) observed 
at the top of VRR, some pebbles exhibit fine lamination.  
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