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Introduction:  The nature and masses of the Mar-
tian carbon reservoirs are still poorly understood. Car-
bon is present in the form of carbonates [1-2], but 
could also occur as CO2 or/and CH4 clathrates, CO2 in 
volcanic glasses, adsorbed CO2 and finally as organic 
carbon. The Mars Science Laboratory rover incorpo-
rates instruments dedicated to the detection of organic 
carbon at ppt levels [3]. Using the SAM instrument a 
handful of samples have been analized so far, with 
positive carbon detection [4]. ChemCam is an instru-
ment based on  Laser Induced Breakdown Spectrosco-
py [5-6] that can detect carbon-related signatures [7-9] 
when analizing rocks and soils in the vicinity of the 
rover. So far more than 400 000 individual analyses 
have been performed. The objective of this work is to 
assess the detectability of carbon with ChemCam by 
using the twin instrument at IRAP on carbon-bearing 
analogue samples, and to search for possible carbon 
signatures within ChemCam data acquired at Gale 
Crater. This work is a continuation of [9]. 

Laboratory measurements: A series of carbon-
free samples were analyzed together with carbon-
bearing samples. The carbon-bearing samples include 
mechanical mixture of a C-rich phase (calcite, dolo-
mite, organic carbon) with a C-free matrix (basalt and 
JSC-Mars 1).  Because the data reduction involves the 
use of Carbon vs Oxygen array, Basalt+NaCl mixtures 
(oxygen-free material) were also studied. In addition to 
synthetic mixtures, natural carbon bearing samples 
were analyzed. These are carboniferous and liassic 
alpine sediments samples (natural mixtures of clay 
mineral, carbonate and organics carbon, [10]). For the 
terrestrial sediments, the total carbon content, as well 
as the total organic carbon content were estimated us-
ing RockEval [11]. Laboratory measurements were 
done at IRAP using the ChemCam twin instrument. 
Measurements are done under Mars like atmosphere in 
term of pressure and gas composition. About 100 dif-
ferent samples were analized in order to define a cali-
bration curve. 

Data analysis: The major challenge with detect-
ing carbon under Mars condition is to disentangle car-
bon signature coming from the target, from the signa-
ture originating from the breakdown of the Martian 
atmosphere (CO2 dominated). This leads to a reduced 
detectability of carbon when compared to Earth-like 
conditions [13]. Because the efficiency of the coupling 
is matrix dependent, the carbon line is divided by an 

oxygen line intensity. The oxygen line is mostly com-
ing from the breakdown of atmospheric CO2 [12]. This 
oxygen “normalization” enables to correct the data 
from variations in coupling efficiency. In figure 1, an 
oxygen line  (triplet at 777 nm) is plotted as a function 
of a carbon line (C II at 678 nm). Several carbonates 
were analized including pressed pellets made of differ-
ent grain sizes. This graph reveals that small grain siz-
es favor a good coupling for calcite (higher line inten-
sities than large grain size). The trend defined by the 
carbonates is about linear, while offset from carbon-
free samples. After testing several carbon lines (and 
combinations of lines), the line at 678 nm was found to 
show the best behavior with total carbon content (Fig. 
2).  

 
 Figure 1: C (678 nm) vs O (777 nm) line area ratio for 
carbonates and carbon-free samples. 

 
 Calibration and LOD: Figure 2 shows the C/O 

line area ratio as a function of the total carbon in the 
analyzed sample. Each sample was found to fall on one 
of two lines (Fig. 2). The first line is defined by car-
bonates, their mixture with basalt and JSC1, the alpine 
sediments, as well as PSOC 1532 (O-rich coal) and its 
mixture with basalt and JSC1. The second line is that 
of the reduced, O-free coal PSOC 1521 and its mixture 
with basalt and JSC1. The reason for the existence of 
these two different calibration line is still to be under-
stood. From these two calibration lines, limits of detec-
tion (LOD) were estimated using 95 % confidence 
interval of the linear regression and found to be of 5 
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wt. % C (for mixtures with reduced carbon) and 13 wt. 
wt % C (for mixture with oxidized carbon). If we de-
fine the critical level (CL) of detection as the C content 
of the samples for which the C/O line area ratio is sta-
tistically above the average value of C-free samples 
(average+2σ) the CL values found are 4.5 wt.% for 
reduced carbon and 6.85 wt. % for organic carbon.  

 

 
Figure 2: Carbon (678 nm) to Oxygen (777 nm) 

line area ratio as a function of the total carbon abun-
dance for various samples analized with the IRAP 
ChemCam twin instrument. 

 

Application to Martian data: Data up to sol 1417 
were studied. All Martian data analyzed reveal the 
presence of diagnostic carbon peaks. The analysis of 
the C678 versus 0777 array for all martian data meas-
ured by ChemCam reveals that the two lines are corre-
lated, an effect which can be attributed to the coupling 
efficiency by analogy with data obtained in the labora-
tory. A strong dependence of the carbon to oxygen 
ratio with respect to target distance is also observed, 
where the samples measured closest to the rover typi-
cally show a higher carbon to oxygen ratio [9].  

The values derived for the C678/0777 line area ra-
tio on Martian targets are about two orders of magni-
tude lower than for measurements performed on the 
IRAP testbed. This difference is a likely combination 
of the different spectrometer, laser performance, as 
well as target distances.  

A significant variability is observed in the C/O of 
Martian target, which is at first order related to the 
range of target distances (typically between 2.21 and 
5m). In order to search for possible C-rich targets, a 
fraction of the dataset corresponding to targets within 
2.80 and 3.20 m was analyzed in further details. This 
approach reduces the effect of target distance and re-
veals a number of targets for which the C/O seems to 
be higher that the average by about 30 %. These targets 
correspond to Hidden Valley area (around sol 740) and 
the Murray formation (around sol 1400) (Fig. 3). 

If we simply transpose linearly the calibration de-
fined for terrestrial samples, an increase of 30 % with 
respect to carbon-free samples would imply C content 
of about 1 % (if reduced carbon) and 4 wt % (if oxi-
dized). We do not favor the presence of carbonate 
since no particular Ca, Fe or Mg enrichment are seen 
in these targets. Rather than the presence of C in the 
target, the existence of climatic control on the C/O 
ratio is being investigated. The maxima in C/O are 
shifted by around 670 sols, which hints at an atmos-
phere related process.  

 
Figure 3: : Carbon (678 nm) to Oxygen (777 nm) 

line area ratio for Martian targets as a function of sol to 
landing. The variability in the surface temperature cal-
culated from the Mars Climate Database (LMD) at 
noon local time is shown for comparison. 

 
Conclusions: Using a series of C-free and C-

bearing samples, a calibration of C content can be de-
rived from laboratory data. The use of C678 to O777 
ratio was found to best behave with carbon content and  
two different calibration equation were found for re-
duced and oxidized carbon, for which LOD of 5 wt.% 
and 13 wt.% C were respectively derived.  

Application of this approach to Martian data show 
increases of C678/O777 in two localities. The presence 
of carbonate is not favored for these targets. It needs to 
be addressed whether these enrichments are climate-
related rather than surface related since they are sepa-
rated by about one Martian year.  
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