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Introduction: The ability to discriminate between different mineral phases in lunar materials is
critical in reconstructing the origin and evolution of the moon and understanding its relationship to
Earth. Resource identification is also critical to develop a viable long-term lunar exploration
program enabling a continued human presence. Mineral-bound metals are important resource
targets in regolith and mare basalts [1]. Minerals in lunar basalts and regolith such as ilmenite and
pyroxene are known hosts of metals like Cr, Ni, Co, and Mn, and ilmenite in particular has been
considered for Fe and O2 extraction [2][3].
Raman spectroscopy non-destructively provides structural information to identify trace
compounds and minerals in a matter of seconds. Raman spectroscopy has been used for decades to
measure the composition of returned lunar samples and analog materials ([4][5][6] and references
therein). Raman measurements can be undertaken with multiple excitation wavelengths, (UV
~244nm, VIS ~532nm, NIR ~785nm, and IR ~1064nm), with advantages to using one excitation
wavelength over another. The 532 nm wavelength provides high-energy excitation with good
sensitivity and low noise for most materials covering a wide spectral range (~0 – 4000 cm-1). This
wide range is essential for the identification of volatiles, in which spectral shift for functional groups
like OH occur within ~3000 - 3700 cm-1, and minerals with peak shifts ~100-200 cm-1, such as
sulfides, feldspars, and quartz polymorphs. NIR Raman has been shown to exhibit better signal-tonoise, particularly for opaque minerals, like sulfides and oxides, and is the typical wavelength
utilized in portable Raman instruments for terrestrial resource prospecting ([7][8]). The two
wavelengths used together ensure near-comprehensive identification and accurate characterization
of lunar materials suitable for resource extraction.
Materials and Methods: This study looks at a suite of lunar analog mineral samples (olivine,
plagioclase, pyroxene, ilmenite, apatite) and relevant terrestrial analog rocks using portable and
benchtop VIS (532nm) and NIR (780nm) Raman spectroscopy and Fourier transform infrared
spectroscopy for comprehensive characterization of composition. Samples were probed either in tact
or as powders at room temperature. A subset of powdered samples was heated (T= 298K, 325K,

and 373K) and characterized using NIR Raman to study temperature dependence of Raman spectra.
Initial Results: The mineral samples included in the study were all identifiable using both VIS and
NIR Raman spectroscopy, and in some cases the portable instruments performed better than the
high-resolution benchtop systems. Basalt and ilmenite samples were better characterized under NIR
excitation, while the silicate minerals had a better response under VIS excitation (Fig. 1). FTIR
measurements of the silicate minerals were informative, but the opaque nature of ilmenite results in
low reflectance under higher wavelengths. For both Raman and FTIR measurements, better results
were achieved with the pure minerals in comparison to the rocks composed of multiple minerals.
The NIR Raman temperature experiments showed an enhancement of spectral peak intensity for
minerals like plagioclase as the temperature increased up to 373K.

Ongoing and Future Work: We have demonstrated that Raman excitation under both VIS and NIR
provides useful information to identify lunar minerals of interest to the lunar science community as
well as for in situ resource identification, with some advantages for one or the other depending on
the target sample. IR (2-16 mm) reflectance spectroscopy is useful for silicates, but opaque
minerals like ilmenite require lower wavelengths for identification. Our lab is currently exploring VISSWIR reflectance (~0.5 – 2.5 mm as a viable alternative, and further work exploring temperature
effects on Raman spectra relevant to the lunar surface is also being done.
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