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Introduction: The research project called MALIS 

(Mars Analysis by Laser-Induced breakdown Spec-
troscopy) aims at producing a LIBS facility allowing 
rocks and soils analysis on Mars at stand off distance 
up to 10 or ideally 20 m [1]. The capability of LIBS to 
perform a sample analysis at different distances was 
previously shown [2]. Basically, the LIBS technique 
uses a pulsed laser beam focused on a sample surface. 
With sufficient power, the laser ablates the material, 
producing atoms and ions in an excited state, resulting 
in a visible spark. This one is characteristic of the 
elements present in the material. Light emission re-
cording allows the qualitative and the quantitative 
elemental analysis. Up to now the technique needs a 
pre calibration in order to obtain quantitative data. But 
some works indicated that even with a lack of calibra-
tion quantitative results can be obtained [3]. Our pre-
vious works studied different parameters (laser energy, 
atmospheric pressure, …) that are of importance (laser 
energy, atmospheric pressure, …) to control the qual-
ity of the measurements in Martian conditions [4, 5]. 
With those optimized parameters, some analytical 
results were obtained and will be presented. 

Experimental setup: In the development of the 
MALIS project, a laboratory setup was developed with 
a special care to simulate the final apparatus that will 
be used on Mars. To reach the martian conditions, the 
analyzed samples were placed in a special chamber 
with quartz windows for optical access, used to simu-
late Mars atmosphere (CO2 95.3 %, N2 2.7 %, Ar 
1.6%) with a pressure of 7 mbar. The typical tempera-
ture of Mars was not considered in this setup. The 
main reason is that the ambient temperature on Mars 
surface is negligible compared to typical plasma tem-
peratures (around 10 000 K). In the laboratory setup a 
beam produced by a Q-switched Nd :YAG laser 
(Quantel YG 980) operating at 1064 nm goes through 
a beam expander (the laser size increases by a factor 
of three to cover the different optics) and is guided up 
to the cell by a reflective mirror and a simple quartz 
window. The use of this window allows to record all 
the plasma emission wavelengths. With such an opti-

cal setup, the incident laser energy on the sample sur-
face is around 30 mJ / pulse. This energy value is in 
good accordance with the attempted performances of 
the laser prototype under development for space quali-
fication in the MALIS project. 

In the laboratory setup after the quartz window the 
laser is focused onto the sample placed in the chamber 
with a single 3-m focal length lens. In our previous 
study [5] two lenses were used to change the focal lens 
and therefore the distance for sample analysis. Since 
chromatic aberrations exist in these setups, but less 
when using a single lens, some other projects of opti-
cal setup are under study. 

The laser pulses are focused at normal incidence 
on the sample surface and once the plasma formed, 
the emission goes back through the laser focusing lens 
and the quartz window and is imaged at the entrance 
of an optical fiber by mean of a 10 cm focal lens. The 
light is guided up to a monochromator (Jobin Yvon 
HR 1000) with a 3 m long optical fiber or an echelle 
spectrometer (LLA, ESA 3000) with a 1 m long opti-
cal fiber (core diameter = 1 mm). An intensified CCD 
camera (I-MAX, Roper Scientific) is connected to the 
monochromator and an ICCD (Kodak KAF 1000) is 
the detector of the echelle system. 

Results: First, some spectra of different rocks were 
obtained to determine the sensitive spectral lines for 
different elements of interest (major concentrations: 
Fe, Si, Na, Al, Mg, Ca, Ti, K, minor concentrations: 
Cl, S, Cr, Cs, Ba, Ni, Mn, P, Pb, ….). Because of the 
chromatism of the optical setup, it was difficult to 
determine undoubtedly the relative intensities of all 
the different elements investigated: for each element 
the positions of the optical fiber and the focusing 
lenses must be adjusted. The optical device must be 
well designed. A prototype of the optical device is 
under construction. The use of mirrors was for the 
moment chosen because it avoids troubles coming 
from chromatism problems. As an example in refer-
ence [6] some mirrors were used in a LIBS setup to 
avoid chomatism problems. 
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Two particular elements Cl and S. Our experi-
ments were then focused on two essential elements for 
geologists that are generally hard to observe by emis-
sion spectroscopy: Cl and S. These elements were in-
vestigated with high concentrations to produce a spec-
tral database. 

It was found that with martian conditions and not 
at atmospheric pressure some ionic lines can be ob-
served (see Figure 1 for S). These results can be ex-
plained by the rapid expansion of the plasma in Mar-
tian conditions under reduced pressure. The spectra 
obtained show that many ionic lines should be ob-
served in Martian conditions in spectral regions easier 
to detect with CCD detector than atomic lines usually 
observed at atmospheric pressure in IR region. The 
plasma characteristics are different compared with 
atmospheric conditions. Moreover, it will be essential 
to record spectra of different pure elements in Martian 
conditions with an optimal optical system. 

Quantitative results: Some first results have been 
obtained on aluminum samples to know the capabili-
ties of the LIBS technique at 3 meters in martian con-
ditions and to compare them with those obtained in 
standard conditions [7]. We have obtained calibration 
curves for Cr, Mg and Si (for example Cr on Figure 2) 
and detection limits are very close to ones that can be 
found in the literature [7] for more standard setups. 
These are very promising results for the capability of 
LIBS to produce quantitative analysis at stand off dis-
tance. 

However, the final goal of our research remains 
the study of the geochemistry of the Martian soil and 
rocks. Some first tries were performed on actual ter-
restrial rocks. But because of non homogeneity of the 
samples quantitative results are obtained by averaging 
several spectra on different points of the sample sur-
face. Experiments on reproducibility of the results are 
under study. Thus with more homogeneous rock sam-
ples, the quantitative data should be more accurate but 
of course the problem of homogeneity is common for 
all different analytical techniques on solids. As it was 
mentioned above the spectral database is under con-
struction and for the rock samples different lines must 
be considered to optimize the quantitative data. 

Near term plans: Quantitative results on different 
rocks are in progress (firsts results in figure 3). 
Evaluation of the reproducibility which is also an es-
sential parameter is under study. 
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Fig 1: Comparison of S emission spectrum recorded at 
atmospheric pressure and in Martian conditions. 

 

Fig 2: Chromium (line 357.9 nm) in aluminum in 
Martian conditions. 
 

Fig 3: Calibration curve for chromium in different 
kinds of basalts in martian conditions 
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