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Introduction: A project called MALIS (Mars elemen-

tal Analysis by Laser Induced breakdown Spectroscopy) is 
under study to perform in situ geochemical analysis of Mars 
soils and rocks. To demonstrate the feasibility of LIBS on 
Mars a better knowledge of the plasma emission is needed 
under Mars atmospheric conditions (Mars atmosphere is 
typically 5-9 mbar CO2). This includes plasma lifetime and 
pressure influence on emission signal. A spectral database 
has been started to ensure good and reliable analytical meas-
urement of elements of interest. 

LIBS technique : In the LIBS technique [1] a pulsed la-
ser beam is focused on the sample surface. A plasma spot 
made of neutral, ionized atoms and electrons appears. Ab-
lated elements ejected from the material are excited and emit 
at discrete wavelengths. These spectral lines are characteris-
tic of elements present in the sample. With appropriate emis-
sion/detection system, qualitative and quantitative analysis 
can be provided from the analyzed area. LIBS has various 
advantages over more conventional methods such as alpha-X 
spectroscopy : 1) remote analysis up to 20 meters, 2) rapid 
analysis (few min), 3) detection of high and low elements 
including trace elements [2]. LIBS is a well known analytical 
technique which has been applied on many types of samples 
such as liquids [3], solid samples in hostile environment [4] 
and geological samples [5-7]. Its qualification for a reliable 
analysis tool at the surface of Mars sets a series of new chal-
lenges.  

Physical study of plasma in mars conditions: 
Since the plasma temperature, is about 8200 K (Boltzman 
plot) under Mars atmospheric conditions, temperature on the 
surface (140 – 280 K) has no influence on plasma emission. 
However not only the signal amplitude but also the temporal 
evolution of the signal will be influenced by the pressure. So 
we study the temporal evolutions of the signal under Mars 
atmospheric conditions compared to the ones obtained at 
standard pressure to determine optimal analytical conditions 
for LIBS signal recording.  

To demonstrate the feasibility of LIBS for in situ analysis 
of Mars soils and rocks, a laboratory setup made with com-
mercial components was used to determine the specific char-
acteristics of the laser, the optical components, the detection 
system, that could be mounted on a rover. The experimental 
setup is composed of an ablation head ( Nd-Yag laser), a 
sample cell with CO2 at a pressure between 5 and 9 mbar, an 

optical fiber for signal return, a detection system (spectro-
graph and ICCD). The spectral detection ranges from 200 nm 
to ~800 nm with a resolution of ~10000. The Nd-YAG laser 
output is between 2 mJ to 10 mJ per 5 ns pulse with a repeti-
tion rate of 10 Hz. Up to now, working distance is fixed at 1 
m and the spot size on the sample is about 150 µm diameter. 

Plasma lifetime : Lifetime of spectral line was studied 
from Cu line at 515.324 nm obtained from pure copper. The 
spectral line intensity evolution during the first µs after the 
laser pulse is shown in figure 1 as a function of pressure. 
Under our conditions, the Log plot yields an estimated life-
time for this spectral line. 3 µs at Martian pressure and less 
than 1 ms at 1 bar. This study indicates also that some auto-
absorption and Stark effect occurs in the first ns after the 
laser pulse; consequently quantitative experiments should be 
recorded with a time delayed of ~500 ns after the laser pulse. 

Plasma expansion : Plasma size changes were studied 
with a gated camera. Pictures obtained for different condi-
tions are shown in figure 2. As can be seen, there is a strong 
difference in the plasma size between Martian and terrestrial 
conditions. The size of the plasma taken 500 ns after the 
laser pulse with an integrated time of 2.5 µs is between 3 mm 
and 5 mm diameter for Mars conditions and is about 1 mm in 
terrestrial conditions. These results are in perfect agreement 
with line lifetime (above) and results obtained in different 
atmospheres such as Ar, He at different pressures [8]. With 
low pressure, we have a more expanded plasma and thus 
fewer collisions that warm up the plasma than under terres-
trial conditions. The plasma temperature calculated under 
terrestrial conditions is about 7500 K (with Boltzman equa-
tion) compared to 8200 K previously mentioned for Mars 
conditions. These first results on plasma lifetime and plasma 
expansion prove that Mars atmospheric conditions improve 
the emission obtained by LIBS compared to standard terres-
trial atmosphere, consistent with earlier results in CO2 gas at 
Mars atmospheric pressures [2]. 

Spectra of major elements Si, Ti, Fe, Al and 
identification in rocks samples: 

An echelle spectrometer ESA 3000 (LLA, Gmbh, 
Germany) has been used for the detection. We studied 
a boninite from New Caledonia. The composition of 
this basalt is given in table 1 and, as can be seen figure 
3, the spectrum obtained by LIBS is complex. The con-
struction of a spectral database under Mars atmos-
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pheric conditions seems to be of a major importance to 
observe the actual sensitive lines for each elements of 
interest without any interferences. To ensure a reliable 
recognition of elemental composition of rock and soil a 
spectral database in Mars atmospheric conditions is 
necessary. 

Near term plans :  
Current development is proceeding on different 

fronts : 1) experiments are carried out to determine the 
laser wavelength that will be used to apply LIBS on 
Mars. 2) A spectral database obtained under Mars at-
mospheric conditions is in progress : elements of inter-
est are mixed in a glass matrix (to simulate rocks ma-
trix). Concentration of the elements is close to one ob-
tained by analysis of sample similar to Martian rocks 
[9].  
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Fig. 1 : Time profile of Cu line at 515.324 nm 
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Fig. 2 : Images of plasma obtained for different 

conditions. 
 

       Whole rock 
SiO2 60.29 
TiO2 0.24 
Al2O3 10.49 
Fe2O3 1.56 
FeO 6.34 
MgO 15.26 
CaO 3.73 
Na2O 2.17 
K2O 0.66 
Ni 325 ppm 
Cr 1100 ppm 
Total 100.74 

 
Table 1 : whole-rock analysis of boninite 
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Fig. 3 : Total LIBS spectrum of boninite between 

200 and 800 nm (top). A small portion of spectrum of 
boninite (bottom). Spectra are typically integrated over 
100 shots. 
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