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Overview: Remote Laser-Induced Breakdown 
Spectroscopy (LIBS) was selected as part of the 
ChemCam instrument package for the Mars Science 
Laboratory (MSL) rover to be launched in 2009. Here 
we investigate the ability of LIBS to remotely 
determine differences between basaltic rock types on 
Mars by analyzing two different shergottite meteorites 
from Mars at a standoff distance in a simulated 
Martian environment. 

Introduction: Laser Induced Breakdown 
Spectroscopy (LIBS) is a rapid and quantitative 
analytical tool for elemental analysis in terrestrial, 
Martian, and many other environments [1,2]. As a 
member of the ChemCam package onboard MSL, 
LIBS will be the first active remote sensing instrument 
to fly on a NASA rover.  The ChemCam LIBS system 
will be designed to interrogate samples at distances up 
to 9 m [3]. In preparation for the MSL mission, we are 
working to improve our ability to extract quantitative 
results under the Martian environment.  

Here we  investigate the ability of LIBS to remotely 
determine differences between basaltic rock types on 
Mars by extracting quantitative elemental 
concentrations and calculating the oxide concentrations 
from two Martian basaltic shergottite meteorites, Dar 
al Gani (DaG) 476 and Zagami. The ability of LIBS to 
remotely distinguish between basaltic and andesitic 
compositions in a Martian environment was also 
investigated by analyzing a known andesite standard 
and comparing its spectra to the Martian basaltic 
shergottite spectra. 

Samples:  In this study we analyzed two Martian 
basaltic shergottite meteorites: Dar al Gani 476 (DaG 
476) and Zagami. Both samples were in the form of 
sawn slabs.  We also analyzed andesite rock powder 
standard JA-2.  

DaG 476 is a basaltic shergottite with olivine 
phenocrysts/megacrysts up to 5 mm in size set in a 
fine-grained groundmass of pyroxene, maskelynitized 
plagioclase and mesostasis. Consequently this rock 
type is classified as an olivine-phyric Shergottite [4]. 
The modal mineralogy is ~60% pyroxene, 15% 
olivine, 15% feldspathic glass (maskelynite), with 
minor carbonates, chromite, ilmenite, whitlockite, Cl-
apatite, and pyrrhotite with Ni-rich exsolution. The 
olivines are zoned from Fo76 (core) to Fo58 (rim). The 
sample used in this study measures 3 x 1 cm. 

Zagami is a shergottite basalt that appears to be a 

composite of up to three related basaltic lithologies and 
minor shock-melted glass. Zagami consists of 70-80% 
fine-grained pyroxene, with most of the rest as 
maskelynite, but the meteorite also contains small 
amounts of amphibole, phosphates, and groundmass 
glass [6, 7]. The sample used in this study was 
obtained from the Institute of Meteoritics at the 
University of New Mexico, and measures 2 x 1.5 cm. 

The andesite sample analyzed in this study was JA-
2, a certified NIST rock powder standard. For this 
sample ~3 g of powder was pressed into a 31 mm 
preflared Spec Cap. 

    Experimental:  The current LIBS laboratory setup 
involves ablation of material from an area ~400 μm in 
diameter with a focused Nd:YAG (1064nm) laser. The 
ablated material produces a supersonically expanding 
plasma of electronically excited atoms. A dispersive 
spectrometer and an ICCD camera are used to record 
the spectral signatures emitted from the electronically 
excited atoms. In our experimental set-up, samples 
were placed at a distance of 5.4 m from the instrument 
in a vacuum chamber filled with 7 Torr CO2 to 
simulate the Martian atmosphere.  
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           Figure 1.  Typical LIBS spectrum for DAG476. 
 

Terrestrial basalt standards were used to generate 
calibration curves for all of the major elements and 
some of the minor and trace species including Si, Fe, 
Mg, Ca, Ti, Al, and Na.  LIBS was then used to 
distinguish between the two different basaltic Martian 
meteorites utilizing 14 analysis spots of ~400 μm 
diameter on DaG 476 and 9 analysis spots on Zagami. 
A typical LIBS spectrum from DaG 476 is shown in 
Fig. 1.  Finally, to illustrate LIBS capability to 
distinguish differences in compositions for a large 
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range of materials, a LIBS analysis of an andesite rock 
powder standard was conducted. Five LIBS analysis 
spots were analyzed on the andesite standard. 

Results:  Using 14 analysis spots of ~400 μm 
diameter on Dar al Gani (DaG) 476 and 9 analysis 
spots on Zagami, the LIBS technique at a 5.4 m stand-
off distance clearly distinguished the olivine-phyric 
(DaG 476) from the fine-grained (Zagami) shergottites 
on the basis of MgO and CaO.  As shown in Table 1, 
the elemental abundances agreed with literature values 
for these meteorites to within ~5% for most of the 
major elements.  Fig. 2 shows the MgO and SiO2 
compositions obtained from individual LIBS analysis 
spots on Zagami and DaG 476, along with the mean 
composition and the literature values.  There is a clear 
discrimination of the two samples in terms of MgO 
abundances, with no overlap of the LIBS analytical 
data. 

Five LIBS analysis spots were analyzed on the 
andesite standard.  The average oxide weight percent 
for the major oxides found in the andesite standard 
calculated by LIBS compare very favorably (<12% 
with most oxides <6%) with the literature 
compositions with the exception of Na2O.  The high 
error in Na2O is most likely due to a chromatic 
aberration observed in the laboratory breadboard 

system, resulting in low counts at 
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able 1. LIBS-derived oxide weight percentages, and  
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velengths, where the Na peak is found. 
Conclusions:  This experimental investigation is a 

demonstration of LIBS capabilities as a short-distance 
remote sensing instrument on Mars.  Here we 
investigated the ability of a remote LIBS instrument to 
determine the differences between very similar rock 
types on Mars.  The data illustrate LIBS ability to 
determine even sub
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comparisons to compositions in the literature for DaG 4
and Zagami. 

 
Oxide LIBS % Diff LIBS % Diff Lite  Lita 

SiO2 51.59 47.46  86  8.7% 53.86 50. 5.9%
FeO 15.76 16.58 4.9% 17.45 17.88 2.4% 
CaO 6.56 7.11 7.7% 10.11 10.39 2.7% 
MgO 1

2
22.2% 

0

9.49 19.84 1.8% 11.05 11.24 1.7% 
Al2O3 5.23 4.28 2.2% 5.67 5.96 4.9% 
Na2O 0.69 0.55 25.5% 0.70 0.9 
TiO2 0.68 0.37 83.8% 1.04 .79 31.6% 

a ture values for Z an 76 btai  a   
.   

Litera agami d DaG 4 were o ned by veraging
analyses from the Mars Meteorite Compendium and references therein [8]
 Figure 2.  MgO vs. SiO2 concentrations in weight percent 
 from individual LIBS analyses spots and mean compositions 

(green) for Zagami and DaG 476 and average whole-rock 
compositions from the literature (filled black circles), plotted 
against compositions of olivine end-members (forsterite = Fo, 
fayalite = Fa), pyroxene end members (Diopside=Di, 
Hedenbergite=Hd, Ferrosillite=Fs, Enstatite=En), and 
plagioclase (Pl). The plotted plagioclase composition 
corresponds to that measured by electron probe for phases 
surrounding the DaG 476 LIBS analysis spots. 

 
 
 
 
 
 
 
 
 
 
 

Lunar and Planetary Science XXXVII (2006) 1761.pdf


