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Summary:  Since landing in Gale Crater the Curi-
osity Rover has been investigating sedimentary materi-
als using ChemCam. To date >5,400 separate chemical 
rock and soil measurements have been made, which 
enable us to investigate the range of sediment chemis-
try along the traverse (Figure 1).  Data reveals that the 
Gale sediments have multiple initial starting chemis-
tries, and have experienced different alteration histo-
ries, including multiple episodes of diagenesis.   

 
Figure 1:  Curiosity traverse showing key locations 
of ChemCam measurements. 

 
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 [1,2, 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 
elemental oxide abundance for SiO2 Fe2O3, CaO, 
MgO, Al2O3, TiO2, Na2O, and K2O [e.g. 3,4, 5].  These 

data can be used to examine the compositional make-
up of lithified outcrops. Elemental variation within 
individual targets can then be used to infer mineralogy 
by looking at elemental correlations.   

Figure 2.  Key sedimentary unit compositions rati-
oed over conglomerate mean chemistry showing 
differences in sediment chemistry.  

Sediment Source Chemistry:  Sediments and sed-
imentary rocks within Gale crater have three primary 
chemical source components (Figure 2).  First is a ba-
saltic component, which dominates the composition at 
locations such as Yellowknife Bay and Rocknest [6,7]. 
Second is a distinctly plagioclase feldspar-enriched  
composition, which is a contributor to coarser-grained 
facies at Darwin [8] and at Pahrump [9]. Third is a 
potassium feldspar-bearing component that is present 
in the Cooperstown and Kimberly outcrops [10]. Bas-
alt-dominated compositions are present in both mud-
stones  at Yellow Knife Bay [6,11] and in sandstones 
[7, 12]. The differences in chemistry may be the result 
of: 1) different source regions for the sediments either 
originating from different physical locations or sam-
pling deeper units in the crust as deposition continued; 
2) differences in transport / sorting during deposition; 
or 3) a combination a source region variability and 
transport.  However since the sandstones have indica-
tions of all three-source components the differences in 
chemistry is not primarily due to grain size effects and 
some change in the source chemistry is likely. 
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Degree of Alteration:  The sediments at  Gale 
range from having strong preservation of primary ig-
neous components, to having substantial contribution 
from secondary alteration minerals. CheMin observa-
tions at Yellowknife Bay show large amounts of amor-
phous material and smectitie clays [13] while the Kim-
berly outcrop is much less altered [14]. At locations 
where there is no CheMin mineralogical data, Chem-
Cam can be used to assess the amount of alteration via 
a combination of sedimentary texture and elemental 
patterns that can be used to infer mineralogy. In con-
glomerates such as those at Darwin, pebbles frequently 
have igneous textures [13] and ChemCam patterns 
support a plagioclase phase being present [8]. At 
Rocknest, Fe and Mg patterns suggest both the pres-
ence of iron oxides and depletion of primary olivine 
materials [7]. These data indicate that, while likely not 
as altered as the Yellowknife Bay mudstones, some 
chemical alteration had taken place in the formation.  
At Pahrump, different elemental patterns are seen in 
the Al2O3-TiO2-FeOT-SiO2 (Figure 3) in the adjacent 
Book Cliff and Pink Cliff regions suggesting that alt-
hough the overall chemistry of the outcrop is similar 
for both facies [7,14], the Pink Cliff (lower) part of the 
outcrop is much more altered.  

 

Figure 3.  Elemental relationships between 
Al2O3 and TiO2, FeOT, and SiO2 in the Book Cliffs 
Region (top, target Goblin Valley) and in Pink 
Cliffs region (bottom, targets Delta (no vein), San 
Rafael Swell (no rim around crack), Castle Valley, 
Ibex Pass (no vein), Saddle Peak).  The correlation 
of Al2O3 with TiO2 and lack of correlation with 
SiO2 suggest that altered mineral phases are pre-
sent at Pink Cliffs.  This contrasts with the Book 
Cliffs region observation where positive Al2O3 with 
SiO2 suggest plagioclase feldspar is present.   

 

Diagenetic Features:  There is also evidence for  
widespread and variable diagenetic processes. Post 
deposition aqueous activity at Gale continued to be 
widespread with variable chemistry including fluids 
rich in calcium and magnesium sulfate, Mn-oxides, 
and fluorine. 

Calcium Sulfate Calcium sulfate veins have been 
observed in all of the sandstones  / mudstones observed 
by ChemCam at Gale  [e.g. 6, 7, 8, 9, 10, 15].  These 
veins fill fractures that cross cut the sandstones and are 
likely the most recent aqueous event in the area. 

Mg Loss and Mg Enhancements:  Raised Mg-rich 
ridges are seen at Yellowknife Bay and Pahrump by 
ChemCam [16] and at Pahrump APXS determined that 
the were also enriched in S, N, Cl, and Br suggesting 
that they were caused by the emplacement of MgSO4 
rich fluids [17].  Sediments depleted in MgO have also 
been observed, most notably at Rocknest [7] suggest-
ing that diagenetic alteration of olivine may be a 
source for the Mg [7, 16]. 

MnO Coatings/Resistant Ridges:  At Kimberly, 
MnO coatings and resistant ridges indicate the pres-
ence of a highly oxidizing fluid [18]. Enhanced MnO 
is spatially restricted and is one of the most localized 
diagenetic features. 

CaF: CaF has been detected in various locations, 
including Pahrump concentrated in resistant ridges, 
indicating a fluvial origin for the phase [9,19]. 
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