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Introduction: Anorthosite is thought to be the domi-

nant rock type in the lunar crust, based on evidence from 
lunar samples and remote sensing data [1-5]. Anorthosite, 
which is composed of ≥ 90% plagioclase [6], is believed to 
have formed at the top of a solidifying lunar magma ocean 
(LMO) by flotation of buoyant feldspar crystals early in the 
Moon’s history [7-8]. As primary products of the LMO, 
anorthosites hold key information about the composition 
and solidification history of the Moon’s crust. 

Near-infrared (NIR) reflectance spectroscopy is an ex-
cellent tool for studying the mineralogy of anorthosites 
remotely. Different Fe-bearing minerals exhibit distinct 
absorption features across NIR wavelengths that can be 
used to uniquely identify their presence in geologic materi-
als. Mineral abundance and bulk absorption properties play 
major roles in determining which mineral absorptions are 
discernable in a bulk material. Plagioclase is relatively 
transparent and trace amounts of FeO in its structure result 
in a diagnostic, but often weak, absorption centered near 
~1250 nm [9-12]. Mafic minerals are more absorbing and 
their absorption bands, which occur near ~1000 and/or 
~2000 nm [13, 14], tend to dominate spectra of igneous 
rocks [15]. As a result, the plagioclase absorption feature 
near ~1250 nm is generally only discernable in rocks con-
taining few mafic minerals, such as anorthosites [16, 17].  

Only recently have remote NIR spectrometers identi-
fied the diagnostic crystalline plagioclase absorption on the 
Moon, making it possible to characterize the mineralogy of 
anorthosites across the lunar surface for the first time [4-5]. 
To support the interpretation of these new data, we present 
laboratory NIR spectra of lunar plagioclase and lunar anor-
thosite samples. Our goals are to characterize how NIR 
spectra of anorthosites are affected by plagioclase chemis-
try, shock metamorphism (i.e., transformation of plagio-
clase to maskelynite), and the abundance of mafic phases. 

Lunar Plagioclase Spectra: Interpretation of remote 
anorthosite spectra requires an understanding of features 
observed in laboratory NIR spectra of plagioclase. Plotted 
in Figure 1 are RELAB spectra of plagioclase separates 
from various lunar rock types: four basalts, an Mg-suite 
troctolite, and a highland soil. Common aspects of the pla-
gioclase spectra include the prominent ~1250 nm plagio-
clase absorption feature and a sharp decrease in reflectance 
at ~400 nm. The strongest ~1250 nm absorptions occur in 
the spectra of basaltic plagioclase, due largely to their 
higher FeO contents. MGM analyses are underway to 
quantify how plagioclase An# affects the exact wavelength 
position of the ~1250 nm plagioclase absorption [11, 18]. 
The origin of a weak ~2000 nm absorption in spectra of 

70035 and 15058 is somewhat unclear. While this feature 
could be due to small amounts of a contaminating phase, it 
may alternatively be due to plagioclase. Polarized trans-
mission spectra of terrestrial plagioclase crystals have 
noted a weak absorption centered near 2250 nm, in addi-
tion to the more prominent ~1250 nm feature [19]. The 
long-wavelength feature has also been noted in spectra of 
run products from plagioclase synthesis experiments [12].  

Lunar Anorthosite Spectra: Remotely sensed spectra 
of lunar anorthosites should resemble laboratory spectra of 
lunar plagioclases. We may expect, however, additional 
absorptions due to any minor mafic minerals that are also 

Figure 1. Laboratory NIR spectra of lunar plagioclase separates 
obtained from the RELAB database [e.g., 24]. FeO abundances 
(wt%), as reported in the RELAB database: (1) ? (2) 0.12 (3) 0.36 
(4) 0.35 (5) 0.61 (6) 0.51. Samples 2, 3, and 5 are offset for clarity. 
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Figure 2. Laboratory NIR spectra of bulk lunar anorthosites 
acquired in RELAB. Samples 1-3 and 5 are new from this 
study. Samples 1 and 4 have been offset for clarity. 
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present in the anorthosites viewed from spacecraft. Further, 
if the anorthosites have undergone extensive shock meta-
morphism, we may expect broad glass bands to appear in 
the spectrum, representing plagioclase that has been trans-
formed into maskelynite [20]. Glass bands should also 
occur near 1000 and 2000 nm [21].  

We have acquired four lunar anorthosite samples for 
spectral analysis in RELAB. Our first goal is to character-
ize the spectral properties of the bulk anorthosite material, 
which will be followed by an analysis of a pure plagioclase 
fraction obtained by hand-picking. Here we focus on re-
sults for the bulk anorthosite spectra. A summary of major 
compositional properties of the anorthosites obtained for 
this study are given in Table 1. Each sample is an Apollo 
16 cataclastic anorthosite. Sample 69955 was requested 
specifically because it has been reported to contain abun-
dant maskelynite [22]. The plagioclase modal abundance 
in each sample has been estimated at >90 vol% (and often 
~99 vol%) for various sections studied previously [e.g., 
23].  

The bulk spectra for these four anorthosites are given in 
Figure 2, along with a spectrum of anorthosite 15415 from 
the RELAB database. The bulk anorthosite spectra share 
prominent characteristics with the spectra of plagioclase 
separates shown in Figure 1, namely a prominent 1250 nm 
plagioclase absorption and a steep reflectance decrease into 
the UV. Some anorthosite spectra (e.g., 60015, 65315, and 
15415) also display weak absorptions near 1000 and 2000 
nm (exact positions vary), which may be due to small 
amounts of pyroxene or possibly glass. The spectrum that 
most closely resembles pure plagioclase, lacking detectable 
mafic or glass bands, is 69955,65. However, the plagio-
clase absorption in 69955,65 occurs at much shorter wave-
lengths than in the other anorthosite spectra. This shift in 
absorption band position could be related to the possible 
presence of maskelynite in this sample [22]. However, the 
fact that the plagioclase absorption in 69955,65 is relatively 
strong and the spectrum lacks a long-wavelength glass 
band suggests that the contribution of maskelynite to the 
bulk anorthosite spectrum must still be relatively minor. 
We note that the spectrum for 60025 is also relatively 
“pure,” lacking ~1000 and ~2000 nm absorptions. 

 

Conclusions: Spectra of lunar anorthosites are domi-
nated by the spectral signatures of plagioclase, as expected. 
There is, however, diversity in the ~1000 and ~2000 nm 
absorptions due to the few percent of mafic minerals, or 
glass, that are present in the bulk anorthosites. MGM 
analyses are underway to quantify the variations in band 
centers, widths, and strengths for both the anorthosites and 
plagioclase separates to aid in understanding the origin of 
the various features and, ultimately, provide a basis for 
interpreting the mineralogy of anorthosites observed re-
motely. Specific areas of focus will be determining the role 
of maskelynite in bulk anorthosite spectra and a possible 
role of a ~2250 nm plagioclase absorption in spectra of 
plagioclase separates. We will also prepare a pure plagio-
clase separate from each of the anorthosite samples for 
comparison with the spectral properties of plagioclase 
separated from other lunar rock types. 
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Table 1. Anorthosites studied in this work.

Sample Pristine?  
[26] 

Plagioclase An# 
[22] 

Plagioclase FeO 
(wt%) [22] Mafic phases present [22] 

60025, 885 Yes 96.8 0.15 Ol; Pyx (Low-Ca dominant) 

65315, 153 Yes 97.4 0.11 Pyx (Low-Ca dominant) 

69955, 65 No 97.2 0.14 Ol; Pyx (Low-Ca dominant) 

60015, 801 Yes 97.3 0.11 Pyx (Low-Ca dominant) 
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