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Introduction:  The overall scientific goal of the 

Mars Science Laboratory is to explore and quantita-
tively assess a local region on Mars’ surface as a po-
tential habitat for life, past or present.  The ChemCam 
instrument package utilizes the Laser-Induced Break-
down Spectroscopy (LIBS) technique to conduct re-
mote elemental analysis (up to 7 m from the rover) on 
Martian surfaces with no sample preparation. Inde-
pendent of the NASA ChemCam program, there has 
been very rapid recent progress in applying LIBS for 
biological materials identification.  Within only the last 
6 years, there have been over 23 open literature publi-
cations generated by 10 different LIBS laboratories 
worldwide on the use of LIBS for microbiological 
(bacteria, spores, molds, pollen, etc.) identification and 
classification [1-5]. In addition, numerous other publi-
cations have appeared detailing the use of LIBS for the 
classification of flora (wood, trees, plants, grains) and 
biological tissues. 

Elemental Microbiological Multi-variate Analysis 
(EMMA) is a LIBS-based approach developed by 
LIBS researchers at Wayne State University and the 
Army Research Laboratory in conjunction with experts 
in chemometric analysis at Duke University that has 
shown the ability to classify bacteria and to differenti-
ate pathogenic from non-pathogenic strains of the 
same bacterial species using only the LIBS spectrum 
(Figure 1).  The use of advanced chemometrics based 
on the science of pattern recognition has greatly ex-
panded the analysis of LIBS data to enable the identi-
fication and classification of such biological materials 
(Figure 2).  The state-of-the-art now allows these ad-
vanced signal processing approaches to be used in 
real-time and to exploit their full potential to identify 
trace amounts of target material, even when present on 
the surface of chemically similar substrates or when 
mixed with similar compounds [6-9].   

While the ChemCam proposal suggested the bio-
logical capabilities of LIBS, the instrument calibra-
tions to date have not included biological materials. 
With a library of biological materials and with the ad-
vances of the EMMA techniques, ChemCam could go 
well beyond simply identifying the elemental building 
blocks of life (C, H, P, O, N, and S), and could in addi-
tion look for actual materials of biological origin (past 
or present).  Such an effort requires the building of 
chemometric models in advance of the mission.  This 
effort would be fully complementary and supportive of 

the Sample Analysis at Mars (SAM) instrument pack-
age which is studying Martian elemental chemistry 

relevant to life.  No changes to the current hardware of 
the ChemCam system are required.  Rather, the intro-
duction of advanced pattern recognition statistical 
analyses to directly look for evidence of astrobiologi-
cal matter will also aid in the identification of inor-
ganic compositions as the analysis of Martian Chem-
Cam data relies “…heavily on comparison with spectra 
of high-fidelity Mars analogs analyzed in terrestrial 
laboratories.”   
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Figure 1: The Approach.  (Top) Bacteria are isolated 
from patient specimens (blood, urine, CSF), samples 
of contaminated water, or from tainted food products.  
Bacteria are atomized by a focused (100 micron di-
ameter) high-energy pulsed laser.  Light emitted from 
a high-temperature spark is collected and dispersed. 
The atoms present in the bacteria are all identified by 
peaks in the atomic emission spectrum (Bottom). The 
ratios of the intensities of these peaks form a “spectral 
fingerprint” unique to the bacterium.  
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The present MSL plans do not have a component 
dedicated to the building of advanced chemometric 
training sets to aid in the classification of biological 
markers if encountered in the LIBS data.  Having li-
braries of these astrobiological models already devel-
oped when the actual spectra arrive on Earth from the 
Martian rover will be critical in terms of guiding the 

ChemCam system towards Martian features of greatest 
interest.   
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Figure 2: In a chemometric approach, the intensities of 
the peaks measured in the atomic emission spectrum 
form a “spectral fingerprint” unique to the bacterium. 
The spectral fingerprint is identified after a computer-
ized chemometric analysis (e.g. discriminant function 
analysis) and comparison to a digitized reference li-
brary.  The analysis is conveyed unambiguously to an 
operator via an easily interpretable interface. 
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