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Introduction:  The Curiosity Rover has been ex-
ploring the sedimentary deposits in the informally 
named region of the Bradbury Rise, Gale crater, since 
August 2012. Previous locations with iron-rich rocks 
(Link and Rocknest) have been identified via Chem-
Cam and APXS data sets [1,2,3,4].  Williams et al. [1] 
found that a ChemCam observation in the Link con-
glomerate had a surface-correlated elevated Fe abun-
dance, potentially resulting from Fe-rich cement. 
APXS data found elevated iron in the rock Et Then 
(located at the Rocknest sand shadow) and suggested 
the presence of an iron coating or cement [2,3].  

We used the ChemCam data set to investigate the 
prevalence of iron-rich cements in the Bradbury rise 
region and explore the implications for their abundance 
and distribution.  While direct evidence for potential 
iron-oxide cemented sediments on the bulk of Brad-
bury rise is rare,  recent observation (sol 576-581) at 
the Square Top portion of the Kimberly outcrop show 
similar trends in iron to Rocknest,  indicating that these 
outcrops too may have iron cements present. 

Data: ChemCam is a Laser Induced Breakdown 
Spectrometer (LIBS) with an integrated Remote Mi-
croscopic Imager (RMI) to provide context of where 
each LIBS spectra is collected. ChemCam LIBS works 
by firing a laser focused to a 350-550 µm diameter 
spot that produces plasma from the rock. Spectra of 
elemental emission lines are recorded from 240-
850 nm and used to determine the elemental composi-
tion of the rock [5,6, for more details on ChemCam 
and data analysis]. Chemical compositions were gener-
ated from individual spectra using the ChemCam team 
standard Partial Least Squares-1 analysis to produce an 
elemental oxide abundance for SiO2 Fe2O3, CaO, 
MgO, Al2O3, TiO2, Na2O, and K2O [e.g. 7,8, 9]. 

Rocknest Review: The Rocknest site consists of a 
local topographic high that marks the northern edge of 
a broad, aeolian sand shadow which was the first sam-
pling site for Curiosity. The rocks at Rocknest, which 
is part of the Glenelg facies, are situated stratigraph-
ically below the Bathurst Inlet outcrop and above the 

other facies (Gillespie Lake and Sheepbed) exposed 
within Yellowknife Bay [10].    

Detailed examination of RMI images suggest that 
Rocknest samples consist of fine-grained sedimentary 
rocks.  Rock surface textures range from rough to 
smooth, can be pitted or grooved, and show various 
degrees of wind erosion. Some rocks display poorly 
defined layering while others seem to show possible 
vertical flow features. Narrow vertical voids are pre-
sent in Rocknest-3, one of the rocks showing the 
strongest layering (Figure 1) indicating a sedimentary 
origin.  Possible diagenetic features in these rocks in-
clude the distinctive pitting, tapered cracks in the lami-
nated rocks, and the fractures in the massive rocks. 
Sulfates [4] and CaF phases are also present in the 
rocks [4,11]. 

	    
Figure 1. Post-LIBS RMI images of Rocknest 3 

(left, Seqid: ccam01082) showing laminations, vertical 
voids, pits indicative of sedimentary origin and of dia-
genesis; and of Square Top (right, SeqID ccam01576) 
with laminations supporting sedimentary origin and 
nodules. 
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In spite of the textural variation in the rocks, chem-
ically the rocks are similar.   In general the ChemCam 
data show that the rocks are basaltic in composition 
with high and variable iron compared to most Martian 
basalts. Analysis of the major elements indicates that 
detrital source material was a mixture of felsic and 
basaltic rock. Sulfur and soluble calcium phases are 
also present. Rocknest rocks, however, are depleted in 
magnesium compared to surrounding rocks and soils, 
suggesting that if the sediments were made from local-
ly derived igneous material, magnesium loss must have 
occurred—potentially during digenesis [4]. 

While iron is elevated in Rocknest (averaging 
around 20 wt% FeOT with values as high as 26 wt%), 
iron is not well correlated with other elements such as 
Ti, MgO.  Comparison with SiO2 shows the highest 
abundances of FeOT correlating with moderate SiO2 
abundances.  We interpret these geochemical trends to 
indicate that the excess iron is present as non-silicate 
cement. 

Bradbury Rise: In general the rocks on Bradbury 
Rise are dominated by felsic conglomerates [12]. Iron 
content is generally low.   However additional observa-
tions have been identified that show clear evidence for 
excess iron, likely as cement. Watterson (ccam01329) 
a float rock with iron ranging 21-25 wt% (with low 
MgO) and the conglomerate Gowganda (ccam01370) 
with a high (24 wt%) FeO content. 

Square Top Outcrop (Kimberly): Upon reaching 
the first location in the investigation of the Kimberly 
region (Square Top, outcrop), ChemCam again en-
countered high and variable iron content.  Iron content 
of the outcrop averaged 20 wt%, ranging to > 25 wt%. 
At the Square Top outcrop  the Mg is anti-correlated 
with iron (Figure 2).  At Square Top as at Rocknest 
other major elements such as silica, titanium, and po-
tassium showed no correlation with iron content.  This 
supports that the iron is present as an iron cement and 
not as mafic minerals.   

Unlike Rocknest, the magnesium values were not 
depleted at Square Top, resulting in a compositions 
almost identical to Bathurst.  APXS classification in-
cludes Square Top in the Bathhurts Inlet rock class 
[13,14].  

Texturally, the rocks are fine grained and exhibit 
lamination supporting a sedimentary origin.  However, 
unlike Rocknest, the rocks do not have the distinctive 
pitting—instead nodules are present at some locations. 
A hypothesis for this difference is that the rocks 
formed in a similar manner, but had different diagenet-
ic histories.  At Rocknest, void formation was inter-
preted as due to diagenesis and Mg loss [4].  The 
abundance of Mg and the  lack of voids may indicate 
that this process did not occur at Square Top. 

 

 
Figure 2.  Iron and Magnesium trends for the ob-

servations at the Square Top Outcrop, Kimberly. (Se-
qids: ccam01576, ccam03578,ccam04578, ccam01581, 
ccam02581, and ccam04581) 

 
Conclusion: The identification of multiple loca-

tions where iron-rich cements are likely present indi-
cates that iron-rich waters may have been regionally 
important in the geochemical cycle at Gale crater.  Iron 
rich waters may have been involved in the formation of 
the conglomerates as well as outcrops such as Rock-
nest and Square Top, Kimberly.  Rocks additionally 
seem to have a rather complex history after formation 
at Gale. Variations in the diagnetic processes involving 
magnesium, and other soluble minerals such as sulfates 
and calcium floride are observed.  
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