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Introduction: The Mars Science Laboratory (MSL) 

Curiosity rover is investigating the sedimentary stratig-
raphy of Gale crater, which formed ~3.8-3.6 Ga ago. 
The lowermost strata of Mt. Sharp, the 5-km tall mound 
at the center of Gale crater, are composed of fine-
grained, thinly laminated mudstones as well as hetero-
lithic mudstones and sandstones, which are interpreted 
to record fluvial deltaic and lake deposits [1,2] and are 
collectively called the Murray formation. 

Determining the degree and style of aqueous altera-
tion of these rock units, including the presence of spe-
cific hydrated salts and hydrated silicates is an im-
portant geochemical task for Curiosity. Remote meas-
urements with ChemCam are a key indicator, especially 
in between widely spaced CheMin samplings. H has 
been previously detected and characterized using the 
ChemCam instrument in dust, soils, drill tailings, rocks, 
and veins [3-6]. Here, we expand on our recent work [7] 
showing the variation in water content of Murray fm. 
bedrock (Fig. 1). Most targets showed small amounts of 
water, with a mean of 2.3-3.0 wt. % H2O depending on 
the normalization for Murray bedrock. These ranges are 
similar to measurements by the SAM instrument of sev-
eral drilled samples (0.9 ± 0.3 to 2.5 ± 1.6 wt.% H2O) 
[8] and measurements of the drier top layer by the DAN 
instrument (0.5-2.0 wt. % WEH) [9].   

Methods: The ChemCam instrument uses Laser-In-
duced Breakdown Spectroscopy (LIBS) to provide fine-
scale (350-550µm diameter) chemical analysis of tar-
gets typically 2-4 m away from the rover and also ob-
tains high-resolution images using the Remote Micro-

Imager (RMI) [10,11]. Major element compositions are 
calculated for all targets [12,13]. Recent laboratory 
studies [14,7] have developed methods for quantifica-
tion of H2O content using LIBS univariate analysis of 
the H emission line at 656.5 nm. Here, we apply the 
methods developed by Thomas et al. [7] including nor-
malization to O 778 nm and C 248 nm. 

We quantified the uncertainty in our ability to pre-
dict wt. % H from the LIBS H signal by measuring the 
scatter from our fit laboratory calibration curves. Using 
the O 778 nm and C 248 nm normalizations, uncertainty 
ranged between ± 0.18 - 0.43 wt. % H [7].  

Our analysis of Murray fm. targets is complicated by 
physical matrix effects [7,15]. For this reason, we care-
fully exclude soil, vein, and diagenetic targets from our 
study by visual inspection of RMI and Mastcam images. 
Bedrock grain size may impact the LIBS H signal [7], 
so here we compare our normalized H peak area to the 
Gini index [17], a metric of major element variability in 
point-to-point ChemCam data, which effectively 
measures the grain size of bedrock targets.  

Results: Stratigraphy. We have measured the nor-
malized H peak area of Murray bedrock targets from sol 
766-1815. Throughout the Murray fm., the amount of H 
is mostly constant at ~2 wt. % H2O, but deviations to 
higher values, or outliers, occur at some elevations (Fig. 
2). The most notable outliers are in the Pahrump Hills, 

 
Figure 1: Thomas et al. [9] Fig. 14. Boxplots of H signal normalized to 
(a) C 248-nm and (b) O 778-nm for ChemCam Murray bedrock points 
measured sols 766–1815. The box extends from the lower to upper 
quartile values, with a line at the median. The whiskers extend from the 
box to show the range of the data. Outlier points are defined as above 
or below 1.5 times the interquartile range from the median.  
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Figure 2: (a) Gale stratigraphic column and (b) normalized H peak area or wt. 
% H2O versus elevation. Colors indicate grain size as measured by the Gini in-
dex [16]. The vertical dashed line designates outliers shown in Figure 1.  
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Sutton Island, and Blunts Point members. The high H at 
the boundary between Sutton Island and  Blunts Point is 
mostly associated with coarser grain sizes (Gini index > 
0.15, medium/coarse sand). In fact, there is a slight pos-
itive correlation between Gini index and normalized H 
for all Murray fm. bedrock observations, as predicted by 
lab work showing higher H values for coarser or rougher 
surfaces [15]. Therefore, the caveat remains that the el-
evated H signal could be caused by a physical matrix 
effect. A future area of study is the correlation between 
Gini index and H signal on Mars and in the laboratory.    

Correlations with Chemistry. High CaO points with 
high H (Fig. 3) most likely represent mixing between 
Ca-sulfate in veins below RMI spatial resolution, ce-
ment material, or bedrock. Gypsum, basanite, and anhy-
drite have all been reported in Gale [7,17] so we 
expect a range of H signals. High MgO and H 
points have been previously reported as Mg-sul-
fate detections [18]. High H observed at Sutton 
Island/Blunts Point corresponds to hydrous Mn 
and Fe oxides with variable P and Mg contents 
[19]. Changes in H correspond to variations in 
multiple types of hydrated minerals, likely 
formed by different processes.  

Future work: We will search for correla-
tions between the H signal and minor element 
composition. In addition, we will examine all the 
targets with elevated H to aid our understanding 
of what hydrated salts and silicates are present 
in the Murray fm. In particular, we will focus on 
the outliers within a grain size class, especially 
finer grain sizes which show less H variability. 
For example, all points of the Spectacle_Island 
target, which is part of the Blunts Point member 

(Fig. 4), have elevated 
H, ranging from 5-10 
wt. % H2O. CaO is ele-
vated and S emission 
lines are detected, sug-
gesting that we are ob-
serving a hydrated Ca-
sulfate – most likely 
basanite. The grain size 
of Spectacle_Island is 
medium/ coarse sand. 
These observations sug-
gest that we may be ob-
serving a pore-filling 
hydrated Ca-sulfate.  
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Figure 3: Normalized H signal, or wt. % H2O, versus ChemCam major oxides. Colors indicate grain size as measured by 
the Gini index [16]. Vertical dashed line designates outliers. Shaded regions are typical Murray bedrock compositions. 
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Figure 4: ChemCam target Spectacle_Island (sol 1715). Hydrated Ca-sulfates are detected.  

SiO2 TiO2 Al2O3 FeOT MgO CaO Na2O K2O Total H2O (O778) H2O (C248)

Pt 1 46.3 2.61 12.4 14.8 4.8 11.6 2.46 1.54 96.5 6.43 7.01

Pt 2 41.9 0.7 10.5 11.1 2.5 22.7 1.68 0.61 91.7 7.62 7.43

Pt 3 38.9 0.61 9.7 11.3 2.8 24.1 1.32 0.56 89.2 4.97 4.94

Pt 4 46.3 0.73 14.2 14.5 4.4 12.9 2.32 0.86 96.1 7.98 8.54

Pt 5 45.4 0.69 15.3 14.5 4.2 14.2 2.1 0.82 97.2 10.44 10.65

Pt 6 40.4 0.68 10.3 12.1 3.7 23.4 1.44 0.38 92.4 7.66 8.26

Pt 7 43.5 0.62 13.4 8.8 2.4 23.5 1.71 0.45 94.4 5.82 6.25

Pt 8 44 1.25 10.8 16.8 4.8 13.4 1.8 1.12 94 6.60 6.46

Pt 9 46.6 0.79 17.1 14.3 3.6 14.5 2.99 0.73 101 4.55 4.28

Pt 10 44.3 0.78 14.9 17 3.3 12.7 2.58 1.06 96.6 5.59 6.00
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