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Introduction:  Hematite and other iron ox-

ides/oxyhydroxides are variably present throughout low-

er Mt. Sharp [1-3]. Understanding the formation mecha-

nisms of these phases is critical for reconstructing aque-

ous geochemical environments, placing constraints on 

past redox conditions, and may provide insight into plan-

etary scale environmental and atmospheric changes. Here 

we use Curiosity and orbital data to gain insight into the 

timing of iron oxide formation relative to the rest of the 

Mt. Sharp and discuss implications for hypotheses about 

their formation. 

Methods:  Crystalline iron oxides are mapped 

throughout lower Mt. Sharp using visible/near infrared 

spectral data from Mastcam, ChemCam, and CRISM. 

Mastcam data provide information at the outcrop (meter) 

scale from 440 – 1100 nm using a set of filters whose 

positions are sensitive to iron-bearing minerals [4]. In 

passive mode, ChemCam collects reflectance spectra 

from 400 – 840 nm with spectral sampling < 1 nm [5,6]. 

In constrast to Mastcam, ChemCam passive data are sin-

gle point spectra from spots ~millimeters in size.  

CRISM data provide a broader regional view for 

measurements taken along Curiosity’s traverse. Along-

track oversampled (ATO) orbital CRISM data from 400 

to 2500 nm collected at 6.55 nm spectral sampling are 

processed to single scattering albedo using DISORT ra-

diative transfer modeling and are regularized to ~12 

m/pixel using a maximum log-likelihood algorithm [7,8].  

Spectral-based mineral identifications are supple-

mented by CheMin crystalline mineralogy from drill 

samples [3,4,6]. 

The Murray formation:  ChemCam passive spectral 

data show spectral features consistent with hematite, in-

cluding absorptions near 535 and 670 nm and a downturn 

longwards of ~750 nm, through much of Curiosity’s 

traverse to date in the Murray formation (Fig. 1). A por-

tion of the traverse from approximately -4460m to -

4440m elevation does not show any hematite-like spec-

tral signatures, consistent with previously reported Che-

Min results indicating the presence of magnetite rather 

than hematite in this section (Fig. 1, 2) [3, 9].  (Magnetite 

has low spectral constrast and no distinctive absorptions 

in the ChemCam wavelength range.)  No hematite VNIR 

spectral signatures are seen in the Stimson formation 

(Fig. 1).   

ChemCam hematite spectral signatures are associated 

with typical Murray mudstones and are not seen in sec-

ondary diagenetic features such as veins, nodules, or 

concretions.  ChemCam data also show small shifts in the 

position of the ~750 nm peak in hematite-like spectral 

signatures, likely due to changes in contributions from 

other, less spectrally dominant ferric phases, differences 

in iron oxide oxidation, crystallinity or grain size, and/or 

mixing effects of phyllosilicate or mafic phases [6].  

Mastcam spectral data similarly suggest hematite is 

present throughout Murray bedrock, but again is notably 

absent in the unconformably overlying Stimson for-

mation (Fig. 3). CRISM ATO data show a weak (~0.1% 

- 0.5%) 860 nm hematite absorption throughout much of 

the Murray formation [8].  This strength of this band is 

highly variable which, based on ground truth information 

from Curiosity, is likely due to a combination of dust 

cover and sub-pixel mixing of hematite-rich bedrock and 

basaltic sand 

  The 860 nm band in the orbital data disappears in 

the section of the Murray formation immediately below 

the hematite ridge. We hypothesize this is either due to a 

great proportion of mafic sands in the fractured bedrock 

immediately below the ridge, or possibly, indicates a true 

disappearance of hematite from the highest elevation 

section of the Murray. 

Hematite Ridge: Mastcam and ChemCam data show 

a hematite-like spectral signature associated with the 

hematite ridge [4,5], consistent with previously reported 

orbital detections [10]. Recent Mastcam mosaics taken 

~1.5 km away from the ridge have revealed there are at 

least three discrete spectral units present within the ridge.  

The lower-most unit shows no evidence for iron oxides, 

while the upper units show evidence for hematite and for 

another phase, possibly goethite [11]. 

Conclusions and Future Work: The absence of 

hematite spectral signature in the Stimson formation sug-

gests hematite within the Murray formed before the 

Stimson was emplaced. Because hematite within the 

Murray is not associated with obvious secondary diage-

netic features or coatings, it is probably present as a ce-

ment or particulate precipitate.  Hematite does not obvi-

ously cross cut any stratigraphic boundaries, consistent 

with hypotheses that it either formed (1) as a primary 

precipitate in a redox stratified lake [9] and/or (2) as a 

secondary cement from oxidizing fluids at some point 

after the Murray formation was deposited but before the 

Stimson formation was emplaced. Future work will con-

tinue to track hematite as Curiosity approaches the top of 

Murray formation and the hematite ridge.  Key questions 

to be addressed include understanding the temporal and 
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process-related relationship(s) (if any) between the hem-

atite and other iron oxides in the Murray formation and 

hematite in ridge unit, including the implications about 

the lack of iron oxide spectral signatures at the base of 

ridge.  Curiosity data will also be used to understand the 

implications of possible multiple iron oxide phases on 

the ridge top for variable redox and burial conditions in 

Mt. Sharp’s history.  
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Figure 1: Distribution of hematite-like spectral signatures seen by ChemCam 

passive spectral observations along Curiosity’s traverse.   
 
 

Figure 2: Presence of hematite-like spectral signatures along Curiosity’s 
traverse in CRISM ATO data vs. ChemCam data vs. elevation for Murray 
formation only.  Definitive mineralogy from CheMin [3] and inferred facies 
designation [9] also shown for context.  HS = hematite/phyllosilicate, MS = 

magnetite/silica. 

 

 
Figure 3: (left) Sol 1306 mastcam observation of Ruacana showing uncon-

formable contact between Murray and Stimson formation, (right) 
867:1013nm ratio map showing hematite-like materials (brighter) are in 

Murray but not Stimson formation.  
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