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Introduction:  Gale crater, Mars, was selected as 

the landing site for the Mars Science Laboratory Curi-
osity rover because of the physical and mineralogical 
layering observed from orbit within Aeolis Mons (in-
formally, “Mt. Sharp”), a 5-km-high mound within 
Gale [1,2]. Curiosity reached the lowermost exposure 
of Mt. Sharp strata, the Murray formation, on Sol 753, 
and has traversed up through >310 vertical meters of 
the formation as of Sol 2250. After each drive along 
the traverse through the Murray formation, the nadir-
pointing Mars Descent Imager (MARDI [3]) acquired 
images of the terrain beneath the rover. The resulting 
dataset of 298 images is a systematic record of the 
Murray formation with a consistent scale, field of view 
(~92 cm x 64 cm), and diffuse illumination.  

Observations acquired by the entire rover payload 
along this traverse collectively indicate the Murray 
formation is a dominantly mudstone package that ex-
hibits variations in grain size, depositional and diage-
netic features supporting an interpretation that these 
rocks record a long-lived lacustrine environment [e.g., 
4]. Further, these observations support the division of 
the Murray formation into seven members [4,5] (Fig. 
1). MARDI observations help further define character-
istics of and divisions between members. 

Methods: Each post-drive image from Sol 754 to 
2250 acquired of an outcrop of the Murray formation 
was examined for bedrock characteristics, including 
laminations, veins, and erosion-resistant features. The 
presence (or absence) of each feature was recorded 
along with the elevation at which the image was ac-
quired. The observations were then grouped in 10 m 
elevation bins, and the frequency with which a particu-
lar feature was observed within an elevation bin was 
quantified (Fig. 1). 

Bedrock lamination. Laminated bedrock is defined 
by the presence of thin, parallel, regular laminae, 
which appear as mm-spaced stair steps in MARDI im-
ages. Laminae can be traced continuously for decime-
ters across bedrock slabs. Within the Pahrump Hills 
member, the expression of the laminae varies from 
weakly apparent to apparent to strongly apparent, 
which is controlled by bedrock slope [6]. 

Resistant features. Resistant features stand proud 
relative to their host bedrock. Fine-scale features are 
sub-centimeter in size and dominantly spherical. 
Coarse-scale features are multiple centimeters in lat-
eral extent and exhibit a range of morphologies includ-

ing spherical, pancake, and dendritic [6,7]. Platy or 
lamination-enhancing resistant features are also ob-
served in the Murray formation [6,7]. 

Veins. The morphologies of white, Ca-sulfate veins 
[8] fall into four different categories: irregular, straight, 
hashed and layered [9]. Irregular veins are linear to 
curvilinear segments with sub-centimeter widths that 
extend for a few centimeters. Irregular veins fill frac-
tures at multiple scales. Straight veins are linear and 
continuous for tens of centimeters, are multiple milli-
meters to centimeters wide, and cut across resistant 
features. Hashed veins exhibit a polygonal pattern of 
millimeters-wide veins that intersect at perpendicular 
or quasi-perpendicular angles. Layered veins range 
from thin patches to thicker, arcuate sheets. The former 
are bedding-parallel while the latter, like the other vein 
morphologies, crosscut bedding. 

 Observations: Laminations, veins and resistant 
features occur within every member of the Murray 
formation. However, variations in the distribution of 
features with elevation are observed (Fig. 1).  

Layered veins are not observed until -4400 m 
(within the Karasburg member), persist until -4180 m 
(within the Pettegrove Point member), and rarely occur 
at higher elevations. Layered veins are most commonly 
observed at the elevation of the Blunts Point member. 
Straight veins are observed consistently throughout the 
Murray formation, but like layered veins, have their 
highest concentration within the Blunts Point member. 
The elevation range over which layered and straight 
veins have their highest concentration (-4260 m to 
−4200 m) corresponds to the lone interval over which 
irregular veins are rare or absent, as well as an interval 
where laminations are rare to absent (-4230 m to -4200 
m). Hashed veins occur over a relatively narrow eleva-
tion (-4380 m to -4300 m) interval compared with oth-
er features, and are largely restricted to the Sutton Is-
land member. Two other instances of rare to absent 
laminations (-4370 m to -4330 m, -4310 m to -4290 m, 
and -4230 m to -4200 m) correspond to the interval 
where hashed veins are observed. 

Coarse resistant features are observed consistently 
up to -4240 m but are not observed at higher eleva-
tions. Resistant features are rare to absent in the upper 
half of the Blunts Point member (-4240 m to -4200 m). 
Fine resistant features are most common between 
−4400 m to -4350 m and -4430 m to -4420 m.  
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This study, [8] and [10] observe the presence of 
veins through not just the Murray formation but the 
entre Curiosity traverse through Gale crater. Patterns 
and trends of resistant features in this study are con-
sistent with [7], who identify resistant features as con-
cretions. [7] find higher concentrations of resistant 
features around -4435 m to -4420 m and -4395 m to     
-4350 m, and lower concentrations in the upper half of 
the Blunts Point member, in agreement with the pattern 
observed in Fig. 1. [7] observe that irregular concre-
tions >1 cm are not found above -4235 m, approxi-
mately the same elevation above which coarse resistant 
features disappear from the MARDI dataset (Fig. 1). 

Interpretations: The absence of laminations at 
some elevation intervals could be due to changes in 
grain size or cementation which affect bedrock slope 
[e.g., 6], or diagenesis associated with the conditions 
that led to straight, layered and/or hashed veins. 
Change in dominant vein morphology with elevation 

may be indicative of changes in bedrock properties 
with elevation. Polygonal fractures interpreted as des-
iccation cracks were observed near -4340 m [11]. 
Hashed veins, concentrated around this elevation, 
could mark a broader signature of lake level decrease.  
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Figure 1: Distribution of laminations, veins and resistant features with elevation through the Murray formation. Elevation 
values are elevation below datum (i.e., 4150 = -4150 m). Key indicates frequency of occurrence of a given feature within 
each 10 m interval. Units defined as in [5]. 
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