
CHECKING, WITH A SET OF TERRESTRIAL ANALOGUE ROCK MINERALS, A SYSTEM FOR 
POSSIBLE IN-SITU K-AR DATING AT THE SURFACE OF MARS.  F. Cattani1, P.-Y. Gillot1, D. Devismes1, 
F. Courtade2, A. Hildenbrand1, X. Quidelleur1 and C. Boukari1, 1Univ Paris Saclay, Univ Paris Sud, CNRS, GEOPS, 
Rue du Belvedere, Bat 504, F-91405 Orsay, France (fanny.cattani@u-psud.fr), 2 Centre National d’Etudes Spatiales 
(CNES),18 Avenue E. Belin, 31401 Toulouse, France. 

 
 
Introduction: Until now, only a relative chronolo-

gy can be estimated for planetary studies on Mars by 
teledetection of the crater density. Some studies [1] and 
[2] pointed out that such chronology remains poorly 
contrained and showed that there is a factor of two to 
four uncertainty in martian ages model. 

Absolute dating is thus necessary to check and to 
calibrate the relative chronology. For that purpose, the 
K-Ar technique appears as the most adapted as it is 
based on the radioactive decay of an isotope from a 
major element, potassium (K), wich is universally dis-
tributed in rocks. The measurement of K and 40Ar, ac-
cumulated by the decay of 40K, can be used for in-situ 
dating of the martian surface rocks as long as the sam-
ple mass from which they were extracted is known. 

As part of a CNES-CNRS research program, a K-
Ar dating system has been developed to experiment the 
feasibility of such dating in future landing planetary 
missions [3]. KArMars is a laser ablation-based system 
built to vaporize a reproducible volume of rock or min-
eral. It quantifies potassium content (K) by laser-
induced breakdown spectroscopy (LIBS) and argon 
(Ar) by quadrupole mass spectrometry (QMS) (Fig.1).  

Fig.1: KArMars instrument. 

K content determination: The LIBS acquisition 
depends on many parameters, like laser power, cham-
ber pressure, etc. In order to improve LIBS signal, an 
optimization of the optics part and a normalization of 
the elemental pics from the total intensity spectrum 
have been performed. Indeed, the current setting of our 
instrument now allows higher power laser shots leading 
to a higher LIBS signal (Fig.2). 

 
Fig.2: LIBS spectrum laser power at 0.12W (blue) and at 
0.25W (orange) for 15-limou-1-musc.  

QMS calibration: In order to convert measured in-
tensity into number of atoms, the QMS needs to be 
calibrated using standard samples of a known amount 
of atmospheric argon diluted in large determined vol-
umes. From theses reservoirs, a reproductible amount 
of argon is pipeted in order to calibrate the QMS detec-
tors: the faraday cup (with large air pipette) and the 
electron multiplier (with small air pipette, which is a 
dilution of the large air pipette). From volumetric cal-
culations and calibration by standards, we have deter-
mined that a large air pipette contain 3.07E+14 atoms 
of 40Ar. Replicate measurements of the number of 40Ar 
atoms released by the large air pipette doses show re-
producibility better than 3% (Fig.3). 

Fig.3: Determination of number of 40Ar atoms of a large air 
pipette (uncertainties on standard age and of measurements 
are integrated). 

The comparison of the radiogenic 40Ar determina-
tion obtained between the Cassignol-Gillot and the 
KArMars technique shows a very good agreement 
(Fig.4). 
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Fig.4: Comparison of the ages obtained by Cassignol-Gillot 
technique and the ages obtained by our QMS. 

Determination of ablated mass: Our main chal-
lenge is to determine the ablated mass, which depends 
on laser parameters, for each mineral studied. Con-
trarly to the 40Ar/39Ar technique, this mass is needed as 
conventional K-Ar measurements compare absolute 
values of K content and radiogenic 40Ar amount per 
gram of sample. 

For this purpose, the ablated mass will be estimated 
by measurement of argon extracted from a mineral with 
known amount of radiogenic 40Ar per gram. Indeed, 
our laser emits in UV wavelengths (266 nm), allowing 
the laser ablation of the sample by mechanical impact, 
and thus thermal damages in the surrounded materials 
are limited. This enables the evaporation of a specified 
amount of sample without reduced diffusion. 

This determination will be then compared with the 
mass estimated from the volume measurement per-
formed independently by the profilometry technique. 

Thus, the UV-laser ablation craters obtained under 
different analytical conditions, and on different tex-
tures, were additionally observed with a profilometer to 
determine their volume but the craters appear partially 
filled by residues (Fig.5) preventing a precise volume 
to be determined. 

 
Fig.5: SEM images of a crater formed following a 30s long 
UV-laser ablation on basalt. 

Set of standards qualification: Whole-rock and 
separate mineral chemistry and electron microprobe 
analyses (WDS) have been performed on a set of ter-
restrial analogue minerals, for LIBS chemical analyses 
and radiogenic argon determination, in order to qualify 
the stoichiometry and the mineralogy of a selection of 
old terrestrial rocks with different textures. The K con-
tent was measured by flame absorption spectrometry 
and radiogenic 40Ar was measured with a mass spec-
trometer following the K-Ar Cassignol-Gillot technique 
[4].   

Our K-Ar analyses, together with those previously 
published, allowed us to select 14 mineral phases (bio-
tite, muscovite, K-feldspar, plagioclase, amphibole, 
microlithic groundmass) showing a large range of K 
content (between 0.15 and 11%). The objective is to 
calibrate the LIBS instrument with different geologic 
materials displaying Mars-like K content values 
(~0.4%), and assess its detection limit with extreme 
values. All the mineral phases selected here display a 
K-Ar age older than 260 Ma. Hence, the radiogenic 
40Ar content (in atoms per gram) falls within the range 
of 1 Ga old Martian basalts with a typical K content of 
0.4% (Fig.6).  

 
Fig.6: Number of Ar atoms per gram versus K% for standard 
samples. The yellow bar represents expected martian values 
[5]. 

Conclusion: Systematic experiments have been 
conducted to adapt the conditions of analysis in order 
to test its applicability on rocks of the Martian surface. 
Our preliminary results show that the QMS and LIBS 
instruments are suitable for in-situ K-Ar analyses. Our 
main challenge remains the determination of the UV-
laser ablated mass. 
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