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Introduction: The Mars Science Laboratory (MSL) 

Curiosity rover has explored the Vera Rubin Ridge 
(VRR) in Gale crater, Mars, for more than 450 sols 
(Mars days) after first arriving at the ridge on sol 1800 
of the mission in September 2017 (fig. 1). VRR is a 
topographic ridge on the central mound, Aeolis Mons 
(Mt. Sharp), in Gale crater that displays a strong hema-
tite spectral signature from orbit [1]. The ridge is com-
prised of two stratigraphic members within the Murray 
formation, the Pettegrove Point member (lower) and the 
Jura member (upper) [2,3]. The Pettegrove Point mem-

ber overlies the Blunts Point member of the Murray for-
mation [4]. The Jura member comprises bedrock show-
ing areas of red and gray coloration. Red areas show 
steep ferric absorptions near 550 nm and also contain an 
~860 nm absorption feature attributed to red hematite. 
Gray regions show weak to absent 860 nm absorption 
and have a weak to no ferric edge near 550 nm [5]. Gen-
erally, gray Jura rocks are found in local topographic 
depressions, but contacts between red and gray Jura are 
observed to crosscut stratigraphy [2,3]. Overall, in-situ 
observations show that VRR is comprised of planar-
laminated mudstones similar to lithologies observed in 
the underlying members of the Murray formation. Sed-
imentary facies characteristics suggest that these 

mudstones were primarily deposited in an ancient lake 
environment [2,3,4]. A key goal for the VRR campaign 
has been to characterize and understand the geochemi-
cal signature of the ridge-forming rocks to ascertain the 
role of primary versus diagenetic controls on the chem-
istry and morphology of VRR. Here, we present the re-
sults from ChemCam (Chemistry and Camera) instru-
ment observations on VRR and in relation to underlying 
members of the Murray formation. 

Methods: ChemCam measurements [6,7] enable 
quantification of major [8] and select minor elements 
[9]. Due to its speed and stand-off analysis capability, 
ChemCam provides the largest number of bedrock ge-
ochemistry analyses, and therefore the highest spatial 
resolution representation of chemical variations along 
Curiosity’s more than 20 km traverse in Gale crater. 

Our extensive rover investigations of VRR include 
three (N-S) traverses of the stratigraphy of VRR (fig. 
2). These traverses enable an understanding of both 
stratigraphic and lateral geochemical variability on 
VRR based on the ChemCam observation points on 
bedrock presented here. 

Results: The VRR baseline bedrock geochemistry 
is generally within the compositional range observed in 
the underlying 250+ m of Murray formation stratigra-
phy. Importantly, this includes the baseline bedrock 
iron content, which is not higher on VRR despite the 

Figure 1: Curiosity’s traverse from its landing site on Aeolis 
Palus up Mt. Sharp to its current location on Vera Rubin 
Ridge. The tentative future route is noted with a dashed line 

Figure 2: CCAM observation targets (points) along the three 
N-S traverses of the VRR stratigraphy. Lines connect targets 
and do not represent the route of the rover. 
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strong hematite spectral signature from orbit. Evidence 
of apparent iron mobilization was observed on a small 
scale in gray Jura bedrock in the form of dark-toned 
high-iron concretions associated with Ca-sulfate veins, 
and lighter-toned areas surrounding them showing very 
low iron content [10,11]. While these diagenetic fea-
tures (not included in figs. 3 and 4) are numerous and 
common in gray Jura, the baseline geochemistry of gray 
Jura is very similar to that of red Jura, though the MgO 
content tend to be slightly lower in gray Jura. 

Notable chemical changes were, however, observed 
across the VRR stratigraphy relative to underlying Mur-
ray bedrock. Key variations include a slight decrease in 
Al2O3 and increase in K2O. This causes the Chemical 
Index of Alteration (CIA) [12], which has otherwise 
risen up-section in the Murray formation [13], to de-
crease in VRR rocks. Li is also observed to decrease 
with elevation across the Pettegrove Point member (fig. 
3). Additionally, an increase in MnO-content is ob-
served at the contact between the Jura and Pettegrove 
Point members [2,3] (fig. 4). 

Importantly, the multiple transects of VRR highlight 
that the observed geochemical variations follow the ge-
omorphology of the modern day ridge rather than eleva-
tion (a proxy for stratigraphic position given the near 
horizontal dip of the Murray formation). 

Discussion: In-situ observations showing that the 
geochemistry of VRR is generally within the range seen 
in the underlying Murray formation contradicts some 
early hypotheses on the formation of the ridge [14]. In 
particular, we do not see any evidence of large scale 
transportation and precipitation of iron on VRR. Nor do 
we see enrichment in immobile elements like Al and Si 
that would suggest that VRR is a laterite deposit.  

The observed drop in Li up VRR is consistent with 

a drop in clay-content on VRR [15] as Li is typically 
found in the clay fraction [16,17]. The corresponding 
decrease in CIA is also consistent with a drop in clay 
content [18]. However, as the variations in Li and CIA 
do not follow stratigraphy, but rather the morphology of 
the ridge, our observations imply a non-stratigraphically 
controlled clay-content. One hypothesis to explain this 
is that authigenic clay formation on VRR was inhibited 
along a gradient that cross-cut sediment deposition. 

Mn is mobilized in low pH fluids as well as reducing 
fluids, but the observed preferential MnO enrichment on 
VRR favors mobilization in a reducing fluid [19]. The 
co-location of the drop in Li and enrichment in MnO 
could be caused by the Jura member being more perme-
able due to lower clay content. This would enable a later 
reducing fluid to pass through and mobilize Mn from 
Jura, and deposit this at the contact to the more imper-
meable Pettegrove Point member. 
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Figure 3: ChemCam bedrock observation targets on VRR. 
Symbols are colored according to the median Li-content of 
ChemCam observation points on the target. A drop in Li-con-
tent is observed up VRR (toward the bottom of the image). 

Figure 4: ChemCam bedrock observation targets on VRR. 
Symbols are colored according to the median MnO-content of 
ChemCam observation points on the target. A notable MnO 
enrichment is observed in the middle of VRR, and coinciding 
with the zone where Li is observed to decrease (fig. 3). 
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