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Laser-Induced Breakdown Spectroscopy (LIBS) is an analytical technique that 

can remotely determine the elemental constituents of solids. LlBS is a form of atomic 

emission spectroscopy in which a powerful laser pulse is focused on a solid to 

generate a laser spark, or microplasma. Material in the plasma is vaporized, and the 

resulting atoms are excited to emit light. The light is spectrally resolved to identify the 

emitting species. 

LlBS is uniquely suited for use in a planetary environment. LlBS is a simple 

technique that can be automated for inclusion aboard a remotely operated vehicle. 

Since only optical access to a sample is required, areas inaccessible to a rover can be 

analyzed remotely. Because the sample is both vaporized and excited by the laser 

spark, near real-time analysis (a few minutes) is possible. This technique provides 

simultaneous multi-element detection and has good sensitivity for many elements. 

LlBS also eliminates the need for sample retrieval and preparation preventing 

possible sample contamination. 

LlBS has been demonstrated using several different types of samples at 

distances between 4 and 18 meters. Analyzed samples include simulants of Apollo 

mission moon rocks, Mauna Loa basalt samples, and rock powder reference 

standards. An example of the spectra obtained with this technique using an Apollo 

moon rock simulant is presented in Fig. 1. The presence of several elements such as 

aluminum, calcium, iron, magnesium, silicon, and titanium is clearly evident. 

A portable LlBS instrument has been field tested with good preliminary results. 

An exposed tuff face was interrogated by the laser spark at a distance of approximately 

18 meters. Resulting spectral intensities at this distance were very strong, indicating 

the feasibility of extending the analysis distance significantly beyond 18 meters. 
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Optimization of the focusing optics will also guarantee an extended analysis distance. 

Experiments to date have proven the qualitative analysis capabilities of this 

technique. Initial calibrations have also been performed with a limited number of rock 

powder standards to provide quantitative measurements, however a greater range of 

standard samples is required for more complete characterization. The goal of further 

experiments will be to develop calibration curves to verify the quantitative capabilities 

of LlBS and to determine optimum operating parameters. 
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Fig. 1. Survey Spectra of LlBS using an Apollo moon rock simulant 

in a vacuum chamber at a distance of approximately 10 meters. 
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