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Introduction:  The ChemCam (Chemistry and 

Camera) instrument on board the Mars Science Labor-
atory (MSL) Curiosity rover uses laser-induced break-
down spectroscopy (LIBS) to quickly and remotely 
analyze rock and soil targets in Gale Crater, Mars. The 
LIBS technique has shown consistency in achieving its 
mission goals of providing quantitative elemental 
compositions of major and trace elements [1]. Chem-
Cam LIBS observations are normally taken as a two-
dimensional raster of laser spots with 30 to 50 nano-
seconds-long laser pulses per shot; however, the 
Nd:KGW laser can shoot up to 1000 shots at one loca-
tion and profile up to 1mm of depth into a rock. Spec-
tra are returned through a telescope in the mast of the 
rover, where the laser is also located, and transmitted 
to three spectrometers ranging in wavelength from 240 
to 850 nm. Spectra are analyzed using multivariate 
analysis (MVA) techniques such as partial least 
squares (PLS) and principal component analysis (PCA) 
to account for chemical matrix effects related to the 
plasma and coupling efficieny [2]. Multiple laboratory 
tests of the LIBS system have been conducted to verify 
its ability to characterize terrestrial rocks using averag-
es of laser shots with a spatial resolution on the order 
of 400 microns [e.g., 2-4]. As a test of the LIBS tech-
nique in characterizing a martian sample in a terrestrial 
lab, the LIBS instrumentation at Los Alamos National 
Laboratory (LANL) was used to conduct observations 
on a martian meteorite, basaltic breccia Northwest Af-
rica (NWA) 7034 [5]. An elemental ratio comparison 
of the meteorite LIBS spectra with electron probe mi-
croanalysis of the meteorite and a variety of targets 
observed by ChemCam on Mars shows NWA 7034 is 
most similar to the mafic and intermediate types out-
lined in a study of coarse and fine particles in soil tar-
gets analyzed by ChemCam [6]. 

Methods:  The sample of NWA 7034 used in this 
study is a saw-cut slab about 12 mm wide that was 
acquired from the Institute of Meteoritics at the Uni-
versity of New Mexico. The LIBS instrumentation at 
LANL is identical to the ChemCam instrument on 
MSL [1] and laboratory conditions mimicked martian 
conditions with a chamber filled with 7 Torr CO2. The 
sample was placed in the chamber 1.6 m from the laser 
and rotated by hand to target ten different spots. The 
first spot was a test of the visibility of the laser pit on 
the sample; 50 shots were fired at 95 A and 12 mJ per 
pulse at a repetition rate of 3 Hz. The other nine loca-

tions were pulsed with 150 laser shots each. The 1400 
LIBS spectra (50 for one spot, 150 for the remaining 
nine spots) were collected in the same way as Chem-
Cam LIBS spectra [7]. The results were analyzed using 
the updated PLS-1 training set, which includes 482 test 
samples of varying petrologic types [8]. 

NWA 7034 PLS Results: This PLS analysis marks 
the first use of the updated ChemCam training set. Ma-
jor oxide predictions were more accurate than in other 
methods used due to the variation in rock types includ-
ed in the new PLS dataset. Due to the small-scale het-
erogeneity of NWA 7034, all 10 spots analyzed show 
similar basaltic compositions. One notable trend in the 
meteorite is the anti-correlation between CaO and total 
reported oxides. This suggests that CaO is linked to a 
major element not reported by the PLS data (maybe in 
a sulfate or CaCl2). A CIPW norm of the bulk average 
LIBS composition gives approximately 37% feldspar, 
41% pigeonite, and 12% olivine. Comparing this to a 
CIPW norm of microprobe analyses reported in [5] of 
approximately 45% feldspar, 27% pigeonite, and 19% 
olivine, we see a similar result to the LIBS norm, tak-
ing into account the limited number of LIBS observa-
tions on the coarse-grained matrix.  

 
Figure 1. PLS-1 results for NWA 7034 using the updated 
training set described in [8]. Totals are mostly above 90% 
and all spots show a similar basaltic composition.  

Comparison with ChemCam data: Figure 3 
shows an elemental ratio comparison plot of Al/Si ver-
sus (Fe+Mg)/Si for NWA 7034 LIBS spots,  igneous 
clasts within NWA 7034 analyzed by electron probe 
microanalysis (described in [9]) and  the felsic, inter-
mediate and mafic categories of ChemCam targets 
suggested in [6]. Bulk LIBS and igneous clast micro-
probe data from NWA 7034 plot within error of the 
mafic and intermediate class types, and the individual 
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clast data generally plot closer to the 
mafic/intermediate class as well. The clasts analyzed 
with LIBS have not yet been classified, but they plot in 
the low Al/Si range of the basaltic clast field, suggest-
ing their classification is basaltic. Work is ongoing to 
further compare the LIBS data with microprobe data 
from other sections of the sample. A Sammon’s map 
was also created to compare the LIBS data for the me-
teorite and a variety of ChemCam targets. This nonlin-
ear statistical mapping technique is used for clustering 
assessment of LIBS data in two dimensions [10].  

 
Figure 2. Sample of NWA 7034 (~12 mm across at longest 
edge) that was analyzed with LIBS at LANL. Spots (Spot 1: 
50 laser shots, Spots 2-10: 150 laser shots) are highlighted 
and numbered. 

Though all ten spots from the meteorite plot in their 
own section of the map, the closest targets seen are 
Crestaurum soil, Portage soil, and the Jake1 rock tar-
get. Further analysis that will include a larger number 
of ChemCam targets, as well as compositions from the 
ChemCam calibration database, will show clusters of 
similar compositions. From the clusters given, a classi-
fication scheme can be developed to group ChemCam 

targets and NWA 7034 into different categories based 
on their major oxide percentages. Another classifica-
tion technique is presented by [11] at this meeting. 

 
Figure 3. Elemental comparison plot of Al/Si vs. 
(Fe+Mg)/Si of LIBS data for NWA 7034 (squares – bulk, 
Spot 9 clast, and Spot 10 clast), microprobe  data for NWA 
7034 (triangles – bulk, basaltic clasts, basaltic andesite clasts, 
and trachyandesite clasts), and the three rock types specified 
in [6] (circles – mafic, intermediate, and felsic). Error bars 
represent standard deviations for microprobe and ChemCam 
data, and RMSEP for meteorite LIBS data. Endmembers 
albite (Ab), orthoclase (Or), enstatite (En), and ferrosilite 
(Fs) are shown along axes for comparison. 

Conclusions and Future Work:  Further 
analysis of LIBS observations on NWA 7034 is key to 
linking martian meteorite data with in situ ChemCam 
observations of martian surface rocks and soils. Com-
parison of LIBS and microprobe data of clasts in the 
meteorite will allow better interpretation of LIBS re-
sults for both NWA 7034 and ChemCam targets. Using 
the same MVA techniques proven effective for Chem-
Cam data, we begin to see similarities between the 
meteorite and the mission data. Continuing work will 
compare the matrix and clasts of the meteorite with 
various ChemCam rock and soil targets to create a 
classification scheme that takes into account both sets 
of data.  
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