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Introduction:  ChemCam is a laser induced break-

down (LIBS) spectroscopy and remote micro-imager 
(RMI) instrument on the Mars rover Curiosity.  Curios-
ity has been exploring the surface of Mars at Gale 
crater for more than four years, since August 2012.  
ChemCam has analyzed hundreds of individual rocks 
and soil patches in Gale crater.   

ChemCam obtains chemical information on rocks 
and soils by firing a pulsed laser at targets ~2-6 m from 
the rover.  All major elements and many trace elements 
can be analyzed simulataneously, with varying detec-
tion limits and quantitative accuracy.  The Nd:KGW 
1067 nm laser ablates a small portion of the target, 
forming a plasma of excited species. As these species 
relax, they emit at characteristic wavelengths corre-
sponding to elements present in the target.  This emis-
sion is collected by a telescope and directed to a de-
multiplexer, which divides the light into three wave-
length ranges, 240-342 nm (UV), 382-469 nm (VIO), 
and 473-906 nm (VNIR), and transmits the light to the 
spectrometers [1,2].  The RMI records an image before 
and after each target is analyzed, providing context and 
textural information.         

In this preliminary study, the focus is on the identi-
fication of chromium (Cr) emission lines in ChemCam 
spectra, with the eventual goal being quantitative mod-
eling of Cr concentrations.  Cr is an important element 
in igneous petrology, forming the accessory minerals 
chromite and magnesiochromite [3].  Cr will also sub-
stitute into magnetite, olivine, pyroxene, and mica [3].         

Materials and Methods:  The ChemCam team has 
acquired and analyzed ~400 geochemical reference 
materials and other relevant geological materials with 
independent chemical analyses for use as a training set 
in quantitative modeling.  These materials cover a large 
range of minerals as well as igneous and sedimentary 
rocks.  Of these 400 samples, 292 have measured Cr 
concentrations ranging from <1 ppm in a gypsum 
standard (DOMTAR GYP A) to more than 27 wt. % in 
a chrome magnesite standard (NH 97).  Approximately 
80% of the 292 samples have Cr concentrations < 200 
ppm.  Six samples with a large concentration of olivine  
and Cr >2000 ppm are available, as is a dunite sample 
(DTS-2B) with 1.55 wt. % Cr.  An important suite of 
samples within this larger suite are the rover calibration 
targets [4,5].  These targets were synthesized and one 
set was sent to Mars on the rover and replicates are 

available for analysis in the laboratory.  These targets 
generally contain < 100 ppm Cr with the exception of 
Picrite, which contains 2588 ppm Cr, and was designed 
to have a “picritic” composition.  Fabre et al. [5] ob-
served that there is some heterogeneity in this synthetic 
glass sample due to Cr partitioning into small chromite 
grains.         

To determine if this sample suite covers the appro-
priate range expected to be encountered on Mars, re-
sults from the Alpha Particle X-Ray Spectrometer 
(APXS) instruments on the Mars rovers Spirit, Oppor-
tunity, and Curiosity as well as martian meteorites were 
examined.  Ming et al. [6] reported the Spirit rover 
APXS identified a relatively high concentration of Cr 
in the Gusev crater Assemblee_Gruyere target with 
1.96 wt. % Cr.  Curiosity’s APXS has observed be-
tween 200 ppm and ~3400 ppm Cr in the first four 
rocks analyzed in Gale crater [7].  With respect to 
maritan meteorites, chromite grains have been identi-
fied as a minor phase in, for example, Robert Massif 
04261 and 04262 [8].  Olivines in these meteorites 
contain up to ~1500 ppm [8]. Given these observations 
from the Mars rover APXS instruments and martian 
meteorites, it is clear that the currently available 
ChemCam sample suite does not have sufficient cover-
age above 2000 ppm and will need to supplemented. 

The current sample suite was analyzed using the 
ChemCam engineering model at the Los Alamos Na-
tional Laboratory.  The lab instrument uses similar 
equipment and optics to the flight model on Mars, and 
achieves a similar laser energy (~14 mJ) when cooled.  
The full sample suite was analyzed as 1.6 m and a sub-
set was also analyzed at 3 and 5 m.  Samples were 
pressed into pellets for LIBS analysis and generally 5 
locations with 50 shots per location were analyzed.   

LIBS spectra obtained from the ChemCam-like en-
gineering model were examined for Cr emission lines.  
The samples with the highest Cr concentration include 
a chemical Cr2O3 target (68 wt. % Cr), NH 97 (chrome 
magnesite, 27 wt. % Cr), DTS-2B (dunite, 1.55 wt. % 
Cr), DH4911 (olivine, 2908 ppm Cr), and Picrite (rov-
er calibration target, 2588 ppm Cr).  These materials 
were used to identify Cr emission lines.  Additional 
spectra from samples containing high concentrations of 
major elements and other trace elements were also ex-
amined to determine emission lines that may interfere 
with the Cr peaks.  
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Results:  Seventy-eight Cr emission lines were 
identified in laboratory spectra with concentrations of 
at least 1.55 wt. % Cr.  Of these, ten have Cr emission 
lines present in the rover calibration target Picrite, with 
2588 ppm Cr.  These emission lines will be examined 
to determine which have the greatest sensitivity to low 
concentrations of Cr; several of these lines are listed in 
Table 1 and and shown Figure 1.   

Table 1:  Primary emission Cr emission lines and po-
tential interfering emission lines.  

            
Given the large number of Cr lines present at Cr 

concentrations of >1%, and to a lesser extent at con-
centration of >2000 ppm, future quantitative modeling 
using a multivariate approach, such as Partial Least 
Squares (PLS) regression, will be attempted.  In prepa-
ration for this work, the available calibration standards 
were examined for correlations to determine if multi-
variate modeling may result in Cr abundances being 
primarily predicted from another element, due to a 
strong correlation.  Using the “Correlation” function in 
Microsoft Excel’s Data Analysis package, it has been 
determined that the strongest correlation with Cr in the 
current calibration set is with Mg at 0.2.  This correla-
tion is not strong but an additional Cr-rich standard 
with elevated Fe relative to Mg has been purchased to 
be added to the database.                     

Conclusions:  Cr has dozens of emission lines pre-
sent at concentrations above 1.5 wt. % in ChemCam-
like spectra.  A small number of these lines (~10) are 
present at lower concentrations.  Each of these lines 
will be examined for univariate quantitative modeling.  
Multivariate modeling using a larger wavelength range 
will also be attempted.  Additionally, the available 
sample suite will be supplemented to provide more 
complete coverage for Cr concentrations above 2000 
ppm and to include Fe-rich Cr standards.  
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Figure 1: (A) Cr 267.8 nm emission line showing 
Mn interference in JMN1 (33 wt. % MnO), (B) Cr 425 
nm and Cr 427 nm showing potential interference from 
S, Mn, C, and Fe in gypsum (GYPA), limestone 
(GBW07217a), and hematite. (C) Cr 520 nm emission 
line with interference from Mg, Ca, and Cl.    

Emission Line Potential Interfering Peaks 
Cr II 267.8 nm Mn 
Cr I 425.55 nm Fe, Mn, S 
Cr I 427.578 nm Fe, C (from sample and atm) 
Cr I 520.7 nm Mg, Ca, Cl 
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