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Introduction:  The Curiosity rover has just begun 
exploration of a region known as the clay-bearing unit 
directly to the south of the hematite-bearing Vera Ru-
bin Ridge. The clay-bearing unit is defined by the de-
tection of smectite clay minerals by the CRISM in-
strument on MRO, and is a key member in a miner-
alogical sequence that suggest that the Mt Sharp stra-
tigraphy records significant environmental change on 
early Mars[1,2].  The clay-bearing unit is overlain by 
hydrated sulfate-bearing layers, and may represent the 
last instance of phyllosilicate-forming environmental 
conditions before the environment in Gale crater 
changed to support the deposition of sulfate salts. Be-
cause these strata may offer insight into the environ-
mental factors that drove this change, the clay-bearing 
unit has long been a primary target for in-situ explora-
tion. The Curiosity rover aims to better understand the 
geologic context of this region by determining the 
stratigraphic relationships between the previously ex-
plored Murray formation and the clay-bearing unit, 
analyzing the geochemical and mineralogical trends 
present in the rocks, examining textural and geochemi-
cal evidence for the depositional setting of the clay 
minerals, and investigating the preservation potential 
for organics within the clay substrate.  

Characteristics of the clay-bearing unit: The 
CRISM detections of smectite minerals extend lateral-
ly ~15 km (Figure 1), and the deepest absorptions are 
associated with recessive strata just to the south of the 
Vera Rubin Ridge. This sequence  is morphologically 
unique compared to that of the previously explored 
Murray formation members; the topographically-
lowest material has a smooth surface texture and a 
mottled tone and is characterized by many linear ridges 
that trend northeast-southwest. These ridges may be 
preserved bedforms or erosional features, but further 
in-situ characterization is needed to distinguish be-
tween hypotheses[3]. A more Murray-like, fractured 
material is interbedded with the smooth, more reces-
sive material, suggesting that the lithology of the clay-
bearing unit is may be similar to the Murray formation 
sediments previously explored by the rover.  
      Correlations with orbital observations and pre-
vious rover exploration: Understanding mineralogical 
signatures: The Curiosity rover has measured phyllo-
silicates in significant abundance throughout the Mur-
ray formation, and has documented a trend of increas-
ingly aluminous and ferric smectites as a function of 

elevation [4]. The 
clay-bearing unit 
provides the first 
opportunity to 
measure smectite 
clays in coordina-
tion with orbital 
detections, as or-
bital signatures 
throughout the 
Murray formation 
explored by Curi-
osity previously 
are obscured by 
sand and patchy 
surface exposures. 
The CRISM spec-
tra from the clay-
bearing unit have 

absorptions at both 2.24 and a 2.29 µm (Figure 2), 
consistent with an aluminum substituted nontronite, 
which is in line with the expected trend determined by 
Curiosity.  

 

 
Figure 1: CRISM detections of smectites clay minerals on the 
northwestern slopes of Mt Sharp as mapped by the depth of the 
characteristic 2.29 µm absorption; red trends towards deeper 
absorptions. The white line shows Curiosity’s intended traverse 
through the clay-bearing unit and into the hydrated-sulfate bearing 
layers that overlie it. 

 
Figure 2: Comparison between the spec-
tral response from the clay-bearing unit 
(Black line, CRISM) and laboratory meas-
urements of Fe-Al smectite clays [5] 
demonstrating the positions of the Fe-OH 
absorption at 2.29 µm and the Al-Fe-OH 
absorption at 2.24 µm. The deep feature 
at 1.91 µm is due to water within the 
mineral structure. 
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     Interpreting Orbital Signatures: The physical prop-
erties of the clay-bearing unit may help explain why 
clay-minerals are detected from orbit in this region 
compared to the Murray formation to the north of the 
clay-bearing unit. The spectral response of a surface is 
dependent on both mineral abundances and surface 
textures and grain size; more fragmented surfaces have 
greater surface area for reflected light and can produce 
stronger spectral signatures than unfractured surfaces 
of the same material, independent of mineral abun-
dance. The mottled texture of the smooth material sug-
gests accumulations of small rock fragments, and the 
stronger clay-mineral spectral signatures associated 
with these materials may be a function of both the 
abundance of the clay minerals and the surface tex-
tures. Long distance Mastcam mosaics of the clay 
bearing unit (Figure 3) show some of the linear ridges 
observed in the smooth clay bearing unit that appear to 
have a rubble-covered surfaces, which may further 
support that texture and dust cover may be a driving 
factor in the orbital detections along with clay-mineral 
abundance.  

Understanding the presence of organic molecules: 
Identifying organic molecules remains a key mission 
goal in order to better understand the habitability of 
early Mars. So far, organic compounds have been iden-
tified with SAM in the clays of some drill samples, but 
not in others, and CheMin XRD patterns show that the 
main mineralogical difference between the boreholes 
was the basal spacing (001) of clay minerals [6]. Anal-
ysis of clay mineral abundance and organic minerals 
within the clay-bearing unit will help understand or-
ganic molecule occurrence and preservation. 
     Planned Exploration by the Curiosity Rover: The 
Curiosity rover is exploring an area within the clay-
bearing unit where the CRISM smectite detections are 
the strongest and where the distinctive morphology of 
the terrain is well-exposed (Figure 4). The initial por-
tion of the planned traverse takes the rover down off of 
Vera Rubin ridge and laterally along the south side of 
the ridge to the topographic low in the middle of a 

large exposure of the smooth clay-bearing material, 
which also happens to have the strongest smectite 
spectral signature in the region. Along the way, Curi-
osity will examine the southern exposures of the Vera 
Rubin ridge to evaluate the stratigraphic relationship 
between the Murray formation members in the Vera 
Rubin ridge and the clay-bearing unit that are at equiv-
alent elevations. In-situ measurements of the strikes 
and dips of layers within the clay-bearing unit and 
Vera Rubin ridge are required to understand how the 
clay-bearing unit relates to the Mt Sharp stratigraphy 
and establish if the distinctive observed texture and 
mineralogy is primary or controlled by secondary pro-
cesses. The well-exposed escarpment of the Vera Ru-
bin Ridge near point B is expected to provide some of 
the best opportunities to look at the contacts between 
the layers that make up the ridge and the base of the 
clay-bearing unit. 
The rover will track trends in chemical composition 
and elemental abundance within the different materials 
observed within the clay bearing unit to understand 
lithological controls on the mineralogy and chemistry. 
The region near Point B in Figure 2 is both the strati-
graphically lowest point in the clay-bearing unit along 
the rover’s anticipated traverse and may have a rela-
tively young exposure age due to its proximity to the 
eroding southern scarp of the Vera Rubin Ridge, mak-
ing it an important site where the rover will drill to 
determine the mineral assemblages and the presence of 
organic molecules preserved in the clays [7,8]. These 
measurements will be critical for understanding the 
environment in which the clay minerals formed, and 
provide key constraints on the conditions that preceded 
significant changes in the Gale Crater lake system.  
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Figure 3: A mastcam mosaic (mcam10650, sol 2019) taken from 
on top of Vera Rubin Ridge looking south into the clay-bearing 
unit shows the different textural materials that are also observed 
from orbit. The ridges in the smooth clay bearing unit have visi-
ble stratigraphy to be further explored by Curiosity. 

 
Figure 2: Color HiRISE view of the first traverse through the clay-
bearing materials to the south of Vera Rubin Ridge, from point A to 
point B. The key observations made along the ridge include the 
chemical and stratigraphic  relationship of the clay-bearing unit to 
Vera Rubin Ridge, characterization of the distinctive north-
east/southwest trending linear ridges that are unique to the unit, 
and assessment of the mineral assemblages associated with the 
smectite clays.  
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