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Introduction: Recent results from ChemCam have found high

concentrations of manganese in rocks in the Kimberley formation in
Gale Crater [1-2]. Without assistance from microbes, manganese
can be concentrated and precipitated only under strongly oxidizing
conditions with significant amounts of liquid water. As a result, Mn
oxides are a strong indicator of environmental redox conditions. On
Earth, large deposits of manganese do not appear in the geological
record until after the atmosphere became sufficiently oxygenated
via photosynthesis. The discovery of Mn-oxides on Mars in both
Gale [1-2] and Endeavour [3] craters suggests that there may have
been more atmospheric oxygen present at some point in the past
than there is today. Here we report on manganese abundance in
rock targets across Curiosity’s traverse over sols 778-1417. Since sol
778 Curiosity has been traversing across both the Murray formation
and the overlying Stimson formation, (Fig. 1).

Methods:
• All 514 rock targets analyzed by ChemCam during sols 778-1417

were assessed for manganese abundance (total of 3607 sampling
locations)

• Manganese abundance was quantified using a univariate model
of manganese peak area developed by [1]. The model uses the
average peak area of all of shots per sampling location of the Mn
doublet peak at 403-403.7 nm (Fig. 2).

• Relationships between manganese and major element
abundances were assessed. Major elements are Si, Ti, Al, Fe, Mg,
Ca, Na, and K. Minor elements were also assessed, including Cr,
Li, Rb, and Sr.

• The overall Mn abundance of rock targets in the Murray and
Stimson were also compared (Fig. 3).

• ChemCam remote microimager (RMI) images of targets with the
highest amounts of Mn were analyzed for texture, grain size,
albedo, and whether manganese was associated with a particular
geological feature such as an individual mineral grain.

Results:
• 1.3% (48 of 3607 total sampling locations in this time period)

were found to have manganese abundances >2.9 MnO wt%,
two-sigma above the Mars average of 0.6 wt% (Fig. 3).

• Stimson contains more high Mn locations than the Murray,
with some values as high as ~6 wt% MnO (Fig. 3).

• However, average manganese values are similar in both
formations at ~0.4 wt%.

• The majority of high Mn targets show higher Fe, Na, Al, and
Li, and slightly lower Si than mean Gale values (Fig. 4).

• High Mn targets were also analyzed for compositional depth
trends in shot-to-shot data; results suggest that most high Mn
locations are not due to surface-related features.

• High Mn was found in a diverse range of rock types, including
conglomerates, crossbedded fine-grained sandstone, and
within a single sampling location in a calcium-sulfate vein.

Discussion:
• Mn abundances as high as ~6 wt% were found, suggesting

that Mn concentration and oxidation has occurred.
• It is not clear from the geological context whether the

observed high Mn in Murray and Stimson is detrital or
authogenic. Though the random and sparse occurrence of
these high-Mn targets, makes a detrital origin looks most
probable

• The highest Mn abundances appear primarily in the aeolian
Stimson unit. There is chemical and mineralogical evidence of
fluid alteration in the Stimson [5]. While some of these
groundwaters may have been oxidizing, observations of
mixed-valence Fe-oxides suggest somewhat limited redox
potentials for these fluids [6].

• The Murray was not sufficiently oxidized to precipitate Mn-
oxides, or only sufficiently oxidizing to precipitate Mn at the
lake’s surface (producing low amounts of Mn-rich sediment).
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Conclusions:
•The highest Mn abundances appear primarily
in the eolian Stimson unit.
•Murray was not sufficiently oxidized to
precipitate Mn-oxides
•The high Mn observations reported here may
be the result of high-Mn detrital grains that
formed prior to the sedimentation and
emplacement of both Murray and Stimson
•At present we favor a detrital origin for these
high Mn observations.
•Work is ongoing to track Mn as Curiosity moves
up Mt. Sharp to search for clearly authogenic
instances of high Mn.

Fig. 1: Map of Curiosity's traverse from sol 778-1417 and the average MnO 

wt%. Curiosity is travelling from the northwest to the southwest (upper right to 
lower left). The Murray fm. is shown in green and the Stimson is shown in grey. 
Manganese abundance for all ChemCam rocks are indicated by green = low, 
yellow = low to medium, orange = medium to high, and red = high (see legend 
for Mn wt% values).  

Fig. 3 (bottom figure): Mn abundance in all rock sampling locations

analyzed by ChemCam from sol 778-1417 (Murray = blue squares, Stimson =
orange circles). Only the Stimson contains high Mn targets (2-sigma > mean). Red
dotted line = mean Gale values and green line = mean Murray/Stimson values.
RMSEP (root mean square error prediction)= 1.9 wt% MnO
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Fig. 4: Mn abundance in high Mn targets
versus (a) Li (peak area), (b) FeOT (wt%);
and (c) SiO2 (wt%).

Fig. 2

Murray Formation:
• Lacustrine deposition 
• Prominently mudstone, but not uncommon to be 

finely grained sandstone [7]
• hematite-phyllosilicate and magnetite-silica minerals 

present [7]
• Sediment structures: cross bedding, lamination, 

trough cross stratification[7]

Stimson Formation:
• Aeolian deposition
• Younger than the Murray, and unconformably draped 

over the Murray [4]
• Remains of an ancient dune field [8]
• Sediment Structures: sinuous-crested aeolian dunes, 

cross lamination [8]
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