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Raman spectroscopy provides a powerful tool by which
to do in situ identification of minerals in rocks on a planetary
surface [1,2,3]. A small spectrometer system using a laser
excitation source could be part of the payload of a landed
instrument package [2,3,4]. Previous studies have focused on
rock analysis. In this work we examine the utility of Raman
spectroscopy in a worst-case situation, the mineralogy of
lunar regolith.

Sample:  The material studied is regolith (<1-mm fines)
sample 76281 from station 6 at the base of the North Massif
of the Apollo 17 site. Station-6 soils consist of subequal
proportions of high-Ti mare basalt, mafic impact-melt brec-
cias, and a variety of feldspathic lithologies (e.g., granulitic
breccia, troctolitic anorthosite). A small proportion of the
soil (~10%) is orange volcanic glass or the devitrified equi-
valent. Much of the regolith is not crystalline but glass frag-
ments and glassy breccias derived from the crystalline lithol-
ogies and volcanic glass by impact melting [5,6].

Experimental:  We used a RPC (Raman point count)
technique similar to that we used previously for lunar rocks
[1]. No sample preparation was done except that the soil was
lightly compacted in a depression on the microscope stage to
provide a flatter surface. The laser beam (spot size ~1 µm)
was placed on 100 points ~100 µm apart in a grid pattern.
The optics were focused on the material at each point, but
the XY position was not altered in order to obtain a better
signal. Each spectrum was accumulated for 60 s.

Results:  We could discern no spectral peaks at 33 of the
100 points examined. For 12 of those points, peaks were not
detected because of poor scattering optics: the laser beam
entered a void between regolith grains and the Raman scat-
tered signal was not intercepted by the detector. At 3 points,
laser heating caused explosive degassing, moving the target
particle out of optical focus so that no Raman signal was ob-
tained. At 15 points the laser beam melted the particle; for
four of these, signals for crystalline phases was observed be-
fore the point fused. Three points were dominated by phases
that were poor Raman scatterers (probably glass).

Peaks corresponding to mineral phases were observed at
the remaining 67 points, although some were very weak (Fig.
1). At 57 points, only a single mineral phase was identified;
at 10 points, two phases were observed, plagioclase plus py-
roxene or olivine. The number of points at which each phase
was observed is presented in Table 1. Actual modal mineral
abundances in the sample at ~1 µm resolution are not known,
so a rigorous comparison cannot be made. Data exist, how-
ever, for the relative frequency of abundance of single mineral
grains in the 90–150 µm grain-size fraction. These data are
presented in Table 1 for 76281 and the mean of four station-6
soils. Only about a quarter of the grains in this size fraction
of the soil are single mineral grains; many are polymineralic
assemblages which together may have different mineral pro-
portions than the single large grains of  [7] in Table 1.

Table 1.  Results of Raman point count and comparison
to the relative abundance of single mineral grains in the 90–
150 µm grain-size fraction [7].

Raman petr. mode (%)
N % of

total
76281 mean

stn. 6
plagioclase 59 77 47 50
pyroxene 12 16 47 44
olivine 5 6 0 2
ilmenite 1 1 6 5
total 77 100 100 100

In the RPC experiment, a total of 77% of the mineral
identifications were of plagioclase. This value is high com-
pared to the modal analysis (47%) and to the 55–60 vol. %
normative plagioclase calculated from the bulk composition
of the soil (i.e., 18% Al2O3). Nevertheless, the RPC correctly
indicates that the soil is dominated by plagioclase.

The RPC indicates that pyroxenes dominates over oli-
vine, consistent with the petrographic observations. The
major carriers of pyroxenes in Apollo 17 soils are mare basalt
and mafic impact-melt breccias. Pyroxene signals were insuf-
ficiently strong to reliably differentiate between ortho- and
clinopyroxene. Overall, the RPC technique underestimates
pyroxene at the expense of plagioclase and olivine.

The distinction between olivine and pyroxene is unambi-
guous in Raman spectroscopy (Fig. 1), thus the high fre-
quency of olivine identifications (6%) compared to results of
modal petrography (0–2%) suggests that olivine grains in the
soil are typically smaller than 90 µm. The RPC indicates that
two of the five olivine points are highly magnesian, consis-
tent with the troctolitic anorthosite that occurs in the soil [6].
The three ferroan grains probably derive from high-Ti mare
basalt, which is about 5% olivine [8].

Ilmenite is not an effective Raman scatterer and ilmenite
spectra have no peaks, but the shape of the spectrum at one
point was consistent with an ilmenite target. Ilmenite is un-
derrepresented by the RPC technique.

Conclusions.  Although not as effective as when used on
rocks [1,2,3], Raman spectroscopy reasonably identifies and
provides the relative proportions of mineral grains in lunar
soil.
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Figure 1.  Representative Raman spectra of lunar soil 76281. Spectra with poor signal/noise ratios probably reflect laser-
excitation volumes with low crystal/glass ratios.  (a) Typical plagioclase spectra are characterized by a dominant peak in the 502–
510 cm-1 range.  (b) Spectra for points with pyroxene, some of which also have plagioclase.  (c) For olivine the position of the
~820  cm-1 peak shifts with Mg/Fe ratio [e.g., 9].
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