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Introduction:  The primary objective of the Mars 

Science Laboratory (MSL) rover, scheduled to land on 

the red planet in 2012, is to assess habitability, past 

and present, of the local martian environment.  One of 

the MSL instrument assemblies, ChemCam, includes 

Laser-Induced Breakdown Spectroscopy (LIBS), a 

well-developed spectrochemical technique used to 

determine the elemental composition of a sample. 

ChemCam LIBS will be used to characterize rock and 

soils up to several meters distant from the rover.  

ChemCam is capable of detecting nearly all elements, 

including constituents of organic compounds (e.g. H, 

C, N, O) as well as some molecular species (C2, CN 

and CH). The Sample Acquisition on Mars (SAM) 

instrument suite, the primary and most sensitive tool of 

MSL for organic identification, uses gas chromatogra-

phy/mass spectrometry of sample materials retrieved to 

the rover platform. Thus ChemCam will serve a vital 

role as a complement to SAM, helping to direct MSL 

towards the most interesting targets in addition to sam-

pling surface materials at stand-off distances. 

The ChemCam Instrument Suite:  ChemCam 

consists of a remote micro-imager (RMI) and a LIBS 

instrument.  The RMI will provide targeting and mi-

crotextural context for LIBS analyses.  It has a 20 

mRad field-of-view, capable of resolving objects ~0.5 

mm diameter at 5 m.   

The LIBS instrument uses a Nd:KGW (1067 nm)  

pulsed laser that ablates a small portion of a target sur-

face, producing a plasma of electronically excited ions, 

atoms, and small molecules.  As the excited species in 

the resulting plasma relax, light is emitted at characte-

ristic wavelengths and a portion of the light is collected 

through a telescope and transmitted via an optical fiber 

to one of three spectrometers that together cover 240-

850 nm (UV, VIS and VNIR, respectively) [1].   

Benefits of LIBS:  In addition to the wide range of 

elements detected, there are several key features of 

LIBS that will prove useful on rover missions, and 

specifically on Mars: 

 Unlike previous chemistry instruments on rovers, 

the spot size is very small, ranging from 120-500 

μm depending on distance, allowing focused ana-

lyses to be conducted.      

 Operation requires very little power to obtain a use-

ful spectrum.  Because the spot size is so small, on-

ly ~15-20 mJ of energy is required to atomize the 

target.  

 The time required to analyze a single spot is short, 

from several seconds to several minutes, depending 

on the desired number of shots in a particular spot. 

 Remote operation (1.5 - 7 m) allows a range of tar-

gets to be sampled without requiring the rover body 

to move.  

 LIBS can be used to analyze dust coatings and alte-

ration rinds by taking several shots on target sur-

faces.  By taking more shots on the same spot, ana-

lyses of underlying material (<1 mm depth) can al-

so be obtained for depth profile analyses.     

Using LIBS to Detect Organics:  LIBS is capable 

of detecting all elements relevant to organic com-

pounds including C, H, N, O, P, and S as well as small 

molecular species, primarily C2 emission bands (called 

‘Swan’ bands), CN and CH emission lines.  An exam-

ple spectrum of a graphite standard is shown in Fig. 1.  

This spectrum was taken by ChemCam at the Los 

Alamos National Laboratory in a Mars environment 

chamber (9 mbar CO2) at a 1.5 m stand-off distance.  

All peaks except the labeled oxygen peak are due to 

carbon; C2 Swan bands are visible in the inset images.  

The Swan bands were observed by ChemCam in tests 

to 5.5 m distance.    

In terrestrial studies, LIBS has been successfully 

used to detect many organic materials including bacte-

ria [e.g. 2,3].  It has been noted [2] that it is possible to 

break down the atmosphere in the expanding plasma 

and thus have the atmospheric elemental components 

represented in the spectra.  On Earth, C from the sam-

ple and atmospheric N recombine in the plasma to 

form CN bonds which overshadow any CN bonds in 

the sample [2]. In the martian atmosphere, which con-

tains only 2.7% N2, the CN bond may be a very useful 

parameter for identifying organics.  It may also be 

possible to create an inorganic CN signature if nitro-

gen-bearing rocks are analyzed with LIBS in a CO2-

rich environment.   If under the very thin atmosphere 

on Mars (~6 mbar) these factors are insignificant, C 

and CN lines may be very diagnostic of C- and/or N-

bearing samples. 
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Another possible method to detect organics is to 

use chemometrics, or statistical analysis techniques, 

that utilize the whole spectrum, including trace ele-

ment emission lines (e.g. P, S, Ca, Mg) to distinguish 

between samples.  Such techniques have been used 

under in terrestrial studies to differentiate bacterial 

species [3]. 

These prior studies are limited in that they provide 

only an end-member case with pure organic samples. 

In natural settings, very small amounts of organic ma-

terial are mixed with minerals and rocks, which will 

complicate detection.  

Key Investigative Questions:  Excellent progress 

has already been made by the ChemCam team on the 

classification and quantification of geologic materials 

[e.g. 4,5].  A similar approach will be taken to investi-

gate the detection of organic materials.  Of particular 

importance are the following issues: 

(1) To what extent will the CO2-rich atmosphere influ-

ence the  spectra and possibly obscure the detection 

of C?  How will trace gases (particularly N2) affect 

spectra?  Work is currently being done in this area 

based on data from earlier ChemCam calibrations. 

(2) What are the best ways to distinguish the inorganic 

signature of C- and N-bearing rocks from organic 

materials? 

(3) To what extent is the detection of each element 

dependent on the distance to the sample? 

(4) What data analysis techniques are most appropriate 

to identify, classify, and quantify C- and N-bearing 

rocks and organic materials?      

Approach:  In the coming months prior to launch, 

we will be analyzing a variety of natural and synthetic 

samples using experimental conditions as close to 

ChemCam as possible.  We will then determine what 

spectral features are diagnostic of organic materials, 

either by individual lines, combinations/ratios of lines, 

or using chemometric analysis (i.e. principal compo-

nents analysis (PCA) and partial least squares (PLS)).   

     Conclusion: Investigations are underway to prepare 

for the potential detection of organic materials on Mars 

using ChemCam, with a focus on materials expected to 

be found in the proposed landing sites (e.g. layered 

sedimentary sequences).  Due to the unique nature of 

the martian environment, particularly the high 

atmospheric CO2 component, there may be difficulties 

in the detection of small amounts of organic materials 

in rock samples.  There are also a variety of metrics to 

identify organics; each will be tested to determine 

which is the most reliable.   
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Fig. 1.  Main Image:  ChemCam LIBS spectrum of a graphite standard taken under martian atmospheric conditions.  The 

largest peak is due to oxygen; all others are carbon peaks.  Insets:  Subset of the full spectrum showing the C2 Swan bands. 
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