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Clay Minerals in Mt Sharp: The Mars Science 

Laboratory (MSL) Curiosity rover has reached sedi-
mentary strata within the central mound of Gale crater 
that have distinct mineralogical and morphological 
properties in the orbital data sets, and will soon be ex-
ploring a unit with Fe/Mg smectite clay minerals. The 
Hesperian-aged stratigraphic succession from smectite 
to hydrated-sulfate bearing materials exposed in Mount 
Sharp was one of the compelling reasons the MSL 
mission landed in Gale Crater [1–4] (Fig.1). These 
strata, exposed to the south of the hematite-bearing 
Vera Rubin Ridge (VRR), are potentially key indica-
tors of significant environmental change in Gale crater. 
In-situ measurements will be crucial to understanding 
origins of the smectite clays and interpreting the envi-
ronmental conditions present on early Mars during and 
after deposition [5,6]. Curiosity’s in-situ measurements 
of this unit will also provide important ground-truth 
observations that may help better interpret the geologic 
context of Fe/Mg smectite deposits distributed around 
Mars. 

 
Figure 1. CRISM map of smectite clays (indicated by the strength 
of a diagnostic Fe-OH absorption at 2.29 µm) adjacent to the 
hematite-bearing Vera Rubin Ridge and stratigraphically below the 
interval of layered hydrated sulfates. The red line indicates the 
nominal route that Curiosity will take through the area. Boxes indi-
cate the areas enlarged in figs. 2 (white) and 3 (black).  

This abstract summarizes our current knowledge 
regarding the clay unit based on the available orbital 
data sets. At the time of writing (~Sol 1930), Curiosity 
has made the first visual observations of the clay-
bearing materials, although topography presently ob-
scures most of the unit from view. The rover is ex-
pected to take further remote imaging and drive to this 

important smectite clay-bearing zone in the coming 
months.    

Orbital Mapping Efforts: Mineralogical and 
Morphological Description: Spectral signatures con-
sistent with ferric iron smectites are detected along a 
stratigraphically continuous interval to the south of 
VRR, near to where the Curiosity rover is currently 
exploring (Fig.1). Overlapping CRISM observations, 
including 12 m/pixel Along Track Oversampled obser-
vations, were georeferenced to the HiRISE base map to 
confirm mineral detections using multiple CRISM im-
ages [5,6] and correlate the mineralogical and morpho-
logical relationships. The spectral retrievals have dis-
tinct metal-OH absorptions at 2.24, 2.27-2.28 and 2.39 
µm, consistent with Al-substituted nontronite, the fer-
ric smectite end member [1,2,7], as well as 1.9 µm 
absorptions indicative of hydration. The most distinct 
CRISM smectite signatures are associated with a 
smooth, linearly ridged terrain (Fig.2), which, in or-
bital images, appears morphologically unlike other 
regions traversed by the rover. 

 
Figure 2: Two primary textural units – a smooth ridged material and 
a more heavily fractured unit – are in the area with smectite spectral 
signatures. Darker mottled patches in the smooth unit (white arrow, 
b) may be unconsolidated material but fractures (black arrows) in 
the lighter-toned material suggest exposed bedrock.  
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The surface of the smooth, ridged material is tan in 
color with a mottled appearance. Some lighter-toned 
areas of the smooth material exhibit long, curved frac-
tures, indicating exposed bedrock. The ridges trend N-
NE, sub-parallel to one another, and crosscut bedrock, 
suggesting a possible origin as wind-carved yardangs 
or periodic bedrock ridges [6,8]. 

The smooth ridged material appears to be interbed-
ded or mixed with a more lighter-toned, polygonally 
fractured material, also associated with orbital smectite 
detections, which appears textually and morphological-
ly similar to the Murray formation to the north of VRR 
[9]. The strongest smectite absorptions are correlated 
with areas where the smooth ridged unit is best ex-
posed, although smectites are detected along the length 
of the stratigraphic layer, even where the polygonally 
fractured unit is better exposed than the smooth unit.  

Stratigraphic Context: The stratigraphic relation-
ship of the smectite-bearing strata, especially to the 
adjacent Vera Rubin Ridge, remains unclear from or-
bital analysis due to uncertainties in the geometric ori-
entation of these strata. The southern edge of VRR 
ridge exposes steep scarps that drop down into the 
clay-bearing unit before the elevation continues to rise 
to the south, indicating that at least some portion of the 
VRR is equivalent in elevation to the smectite-bearing 
strata [6].  However, elevation equivalency need not 
indicate stratigraphic equivalency, particularly if the 
strata are dipping [6]. The distinct smectite spectral 
signatures that define the unit are not detected from 
orbit within or below VRR, suggesting either that the 
smectite-bearing strata dip steeply enough below the 
ridge that they are not visible, or the transition from the 
VRR to the smectite-bearing strata represents an abrupt 
diagenetic or facies transition [6].  

The clay-bearing unit is overlain by a transitional 
unit that is texturally similar to the polygonally frac-
tured sub-unit of the smectite-bearing strata but whose 
spectral signatures are less distinct, suggesting a possi-
ble mix of smectites and hydrated sulfates or other 
mineral assemblage [4]. This transitional unit underlies 
the layered, hydrated-sulfate-bearing materials.  

Curiosity and smectites:  Although the smectite-
bearing strata in Mount Sharp will be the first region 
explored by Curiosity that has a measurable orbital 
smectite mineral signature over an extended area, Cu-
riosity has observed widespread phyllosilicates 
throughout the lowest Mt Sharp strata in the Murray 
formation, as well as in mudstones in the Bradbury 

group [10–12]. The ubiquity of phyllosilicate detec-
tions throughout lower Mt Sharp suggest the detections 
of smectites from orbit may depend on material prop-
erties or surface exposure of the minerals, in addition 
to or instead of differences in abundance. In-situ ob-
servation of this region will also help better interpret 
orbital observations of smectites elsewhere on Mars.  

First Glimpses: Smectite-bearing strata were ob-
served by Curiosity in long-distance Mastcam images 
acquired from the rover’s position on VRR on Sol 
1909 [13] (Fig.3). At a standoff distance of 300 m, 
only thin slivers (‘a’) of the lighter-toned fractured 
bedrock are visible. The smooth unit is still obscured 
by topographyThe materials in the dark mottled areas 
could be unconsolidated sand and pebbles, but until 
views of the smooth ridged unit and the regions to the 
east of the current images are available, the nature of 
the smectite-bearing strata remains enigmatic.  

 
Figure 3. Mastcam 10012 (top) is the first view of the smectite-
bearing materials (‘a’), along with a view shed map of HiRISE (bot-
tom left, visible terrain is orange) and a HiRISE color stretch that 
matches fig.2 (bottom right). The Mastcam was taken from the top 
of VRR, which is visible in the foreground. ‘a’ marks where a portion 
of the smectite-bearing material is visible ~350 m distant, ‘c’ is the 
top of a topographic knob. The lighter-toned material on the VRR 
(‘b’) is possibly similar to the light-toned material (‘d’) below the 
draping, fan-shaped high thermal inertia unit 1 from [4].  
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