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Introduction: The amount of water initially pre-
sent in the mantle drives the rheological properties and 
helps explaining the evolution of a planet. Currently 
SNC meteorites are used to estimate the bulk water 
content of the martian mantle. The major unkowns are 
related to the age and the amount of water found in the 
shergottites, and their representativity. The derived 
water content of the mantle is controversial and ranges 
from a few ppm [1, 2] to ~200  ppm [3, 4]. The SNCs 
contain 50 to 150 ppm H2O [5] but the recently found 
NWA7034 has a water content an order of magnitude 
larger [6].  

These studies show that there is a strong need for 
analyzing a more extensive set of representative sam-
ples, to better constrain the bulk water content of the 
martian mantle. With the novel ability to detect hydro-
gen at the submillimeter scale using ChemCam, this 
can be carried out in situ. For example, basaltic glasses 
which are found at Gale could provide additional con-
straints on the amount of water in the mantle, pending 
they have not undergone significant alteration. Here we 
propose ways to estimate the amount of water in mar-
tians basaltic glasses. 

Basaltic glass seen by ChemCam:  Basaltic glass-
es were identified at Gale, among which the Gunflint 
(sol 329) and Pisolet (sol 332) rocks seem to be the 
best examples. Gunflint and Pisolet targets were ana-
lysed using the ChemCam instrument [7, 8]. It uses 
Laser Induced Breakdown Spectroscopy (LIBS) to 
remove dust and profile elemental abundances over a 
few tens of microns on rocks with a sampling size of 
300-500 µm. The instrument also provides high-
resolution imagery which are used to identify rock tex-
tures and document the laser pits. Imagery as well as 
LIBS-inferred chemistry were obtained on both Gun-
flint and Pisolet targets. Concoidal fractures can be 
clearly seen on Pisolet (Fig. 1) which is typical of 
glasses, and individual grains are not resolvable from 
ChemCam imagery making them smaller than 100 µm. 
For both targets, overall texture and grain size are con-
sistent with a glass. Futhermore, chemical composition 
plots close to the basaltic reference of ChemCam Cali-
bration targets which are basalic glasses (Fig. 2). The 
LIBS points location selected on the targets for this 
study is shown in figure 1. 

The shot to shot chemical components do not show 
any evidence of an alteration coating over the different 
LIBS points regularly spaced on the targets, consistent 
with most other rocks analysed by ChemCam so far 
[12]. 

 

Figure 1 : Mosaic of Remote Micro Imager (RMI) images for 
the Pisolet target (top) and Gunflint (partial, bottom), with 

red annotations for the LIBS pits documented. 
 

 
Figure 2 : Chemical composition of selected ChemCam tar-

gets derived using PLS (molar elemental ratios) [11]  
Two possible origins for Gunflint and Pisolet are 

considered : quenching of an impact melt or an igneous 
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glass (obsidian). Following the impact melt hypothesis 
the amount of hydrogen in the glass would constrain 
the water content in the near-surface environment at the 
time of impact. If the glass is igneous, the amount of 
hydrogen found would help constrain the water content 
of the source magma. 

The Ca signal intensity from these targets suggest 
there is no significant apatite [9], but the estimated 
enrichment in Fe (Table 1 [11]) is consistent with the 
possible presence of iron hydroxides in the glass. 
 

Content 
(wt.%) 

RMSEP 
Pisolet Gunflint 

mean std. mean std. 
SiO2 7.1 49.0 2.5 48.2 1.4 
Ti02 0.6 1.5 0.2 1.2 0.2 

Al2O3 3.7 8.2 1.1 7.5 0.8 
FeOT 4.0 18.6 0.7 18.8 0.8 
MgO 3.0 6.3 1.8 6.4 0.8 
CaO 3.3 5.6 1.0 5.4 0.8 

Na2O 0.7 2.1 0.3 2.1 0.2 
K2O 0.9 1.0 0.3 1.0 0.2 
Total 10.1 92.2 2.2 90.6 1.4 

Table 1 : PLS derived chemical components [11] for Pisolet 
and Gunflint, mean using all spectra, and standard deviation 

over the sampling locations. 
 
Hydrogen signal: ChemCam has the ability to de-

tect light elements such as hydrogen. The LIBS hydro-
gen emission line at 656.5 nm lies within the spectrum 
and Schröder et al. [10] describes a data reduction pro-
cess for the signal using the Signal to Background Ra-
tio (SBR) of hydrogen. According to this study, the 
detection threshold of hydrogen corresponds to an SBR 
of 0.1. Figure 3 shows the hydrogen signal from Pisolet 
after dust removal, showing a SBR of about 0.2, ie 
above the detection threshold. 

However care must be taken to assess the origin of 
this hydrogen since dust is known to exhibit a strong 
LIBS hydrogen signal and rock surface alteration could 
contain extra hydroxyls depending on the nature of the 
coating. The hydrogen shot to shot profiles (Fig. 3) 
help address these issues and they are consistant with 
only a thin dust cover. As seen in the chemical trends, 
there is no evidence for an alteration coating at the 
ChemCam sampling scale (probing depths of about 20 
µm), meaning that the decreasing hydrogen signal over 
the first 10 shots is likely related to dust cover. Overall 
the hydrogen shot to shot profiles do converge to a 
constant value of 0.17±0.04 for Gunflint and 0.19±0.05 
for Pisolet. These are relative values and the corre-
sponding water content has yet to be determined. This 
quantification is the objective of the following experi-
mental study.  

Figure 3 : Hydrogen line fit (top) and hydrogen SBR shot to 
shot profiles for Pisolet (bottom). 
 

Testbed and samples: To acquire LIBS spectra in 
the lab, the ChemCam EQM (Engineering Qualifica-
tion Model), including the Mast Unit operated at 5°C 
and the Body Unit is used. The samples are placed in a 
chamber where they are kept under martian atmosphere 
conditions using a simulant gas at 6 mbar, thus creating 
similar conditions for plasma formation. Natural sam-
ples of obsidians with known water content ranging 
from a few hundred ppm up to a few wt% will be ana-
lysed and compared to our martian targets. The calibra-
tion of the hydrogen signal from basaltic glass with 
water content using the samples and the setup de-
scribed above is a work in progress. Early results 
should be presented at the time of the conference. 
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