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This study gives an overview of principle component analysis 
applied to iron peaks and clumps of iron peaks in laser-induced 
breakdown spectroscopy of a suite of terrestrial iron-bearing 
oxides, sulfates, sulfides, and carbonates, with the goal of 
determining the presence of signatures differentiating various 
classes of iron.  The Los Alamos National Laboratory ChemCam 
simulator was utilized to collect the data used in this study.
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Figure 3: PCA of 
iron peak around 
407.3 nm, showing 
clear differentiation 
of pyrite (teal oval) 
and clustering of 
hematite (black 
oval) and goethite/
limonite (gray oval).

The ChemCam instrument suite: 
• Laser-induced breakdown spectroscopy (LIBS) has been used by 

the ChemCam instrument to analyze elemental composition of 
rocks and soils on the martian surface since the landing of the 
Mars Science Laboratory (MSL) Curiosity rover in August 2012 
[1,2].	


• The ChemCam instrument suite’s LIBS instrument provides rapid 
quantitative analysis by ablating the surface of materials from a 
distance of 1.6- 7 m away from the instrument.	


• LIBS analyses return intensities from 6,144 wavelengths in the 
range of 240.8-905.6 nm, allowing for consideration of all major, 
minor, and trace elements [3]; however, the proximity of emission 
lines requires careful spectral calibration to accurately interpret a 
sample’s true elemental composition [4]. 

This study utilized the ChemCam instrument suite replica and Mars 
simulation chamber located at Los Alamos National Laboratory 
(LANL) to run LIBS on:	

• two goethite samples, one from Colorado, the other of 

unspecified origin; 	

• two hematite samples, one from Brazil and one from Arizona; 	

• one specular hematite sample; 	

• one limonite sample; 	

• one magnetite sample; 	

• one pyrite sample; 	

• and one siderite sample.	

Unaltered mineral samples were placed into the LANL Mars 
simulation chamber, which is filled with 7 Torr of CO2 to mimic the 
martian atmosphere, for analysis. The samples were aligned such 
that a relatively flat surface faced toward the LIBS instrument’s 
laser, which fired sets of 50 shots at 13.5 mJ per pulse with 
repetition rate of 3 Hz from 1.6 m away. The simulation chamber 
was rotated by hand after each set of 50 shots until each sample 
had five spots of laser ablation.

Principle Component Analysis: 
• Elemental abundances determined by LIBS can be more clearly 

shown by applying one of various methods, such as Principle 
Component Analysis (PCA) [5].	


• PCA uses linear combinations of the variables, called principal 
components (PCs), to explain the variation in a dataset.	


• The explained variance is a measurement of the amount of 
variation in the data that is explained by a PC.  The first several 
PCs generally explain the vast majority of variation in the data, as 
seen in Figures 1, 2, and 3 to the right. 	


• Spectra similar to one another cluster together in charts of PCs 
plotted against each other. This gives us the ability to determine 
the presence of signatures of various iron classes by looking for 
clustering of iron classes in PCA of iron peaks.	


• This study uses R to run PCA. 

Conclusions

Results

Figure 5: PCA of 
iron peaks around 
438-441 nm, 
showing lesser 
differentiation of 
pyrite (teal oval) 
and clustering of 
hematite (black 
oval) and goethite/ 
limonite (gray oval).

Figure 4: PCA of 
oxygen peaks 
around 777-779 nm, 
showing 
differentiation of 
pyrite (teal oval) 
and clustering of 
hematite (black 
oval) and goethite/
limonite (gray oval).

PCA of the main iron peaks and clusters of peaks shows	

• correlation between goethite and limonite samples, both of which 

are iron(III) oxyhydroxides (Figures 3,4,5);	

• correlation between hematite samples, which are iron(III) oxides;	

• pyrite, which is an iron sulfide, stands out from other samples in 

various regions of the spectra, such as oxygen peaks and the 
middle iron peak;	


• magnetite, an iron(II,III) oxide, was not conclusively 
distinguishable from the other samples when focusing specifically 
on iron and oxygen peaks. 

Further research will investigate regions of the spectra known to 
have underlying iron lines so as to further pinpoint spectral regions 
suitable for differentiation of oxidized iron in various iron-rich 
minerals. 
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Siderite and specular hematite samples were removed from the 
PCA analysis and samples were reanalyzed after PCA revealed 
primary differences due to sample heterogeneity and remnant 
surface contamination likely due to fingerprint residue.

Figure 1: The 
Mars simulation 
chamber at Los 
Alamos National 
Laboratory.

Figure 2: Visible 
spots of laser 
ablation on three 
samples. From left 
to right: goethite, 
Brazilian hematite, 
and pyrite. Dimes 
shown for scale.

LIBS onboard the MSL Curiosity rover can be used to differentiate 
various classes of iron-rich minerals on Mars using PCA of specific 
elemental peaks.


