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Introduction: Recent near-infrared observations
from the SELENE Spectral Profiler (SP) and Multi-
band Imager (MI) and the Chandrayaan-1 Moon Mine-
ralogy Mapper (M%) have been used to uniquely identi-
fy Fe-bearing crystalline plagioclase in central peaks
of several large highland craters [1,2] and the Inner
Rook mountains in Orientale Basin [3]. Shocked pla-
gioclase had been previously inferred on the Moon
from a lack of Fe** absorptions [4,5,6] in near-infrared
measurements of high albedo locations as plagioclase
can become sufficiently disordered with shock to lose
its absorption bands [7]. The new SELENE and M?
observations are significant because they validate these
earlier near-infrared observations of plagioclase. The
identification of Fe-bearing crystalline plagioclase in
the near-infrared comes from a broad absorption band
at ~ 1.3 um due to electronic transitions of Fe?*. Near-
infrared laboratory studies of this feature have sug-
gested its band depth and center position may vary
with Fe and An content respectively [8, 9, 10]. The
regions where pure crystalline plagioclase has been
identified with SELENE and M? are ideal locations on
the Moon to investigate the utility of Diviner data to
distinguish between plagioclase compositions.

The Diviner Lunar Radiometer Experiment
(DLRE) on NASA'’s Lunar Reconnaissance Orbiter
(LRO) was launched on June 18, 2009 and is making
the first global coverage maps of thermal-infrared de-
rived compositions and physical properties. Diviner
has nine channels: two broadband solar reflectance
channels, three mineralogy channels, and four broad
thermal channels [11]. The three mineralogy spectral
channels are centered at 7.8, 8.2, and 8.6 um and were
chosen to specifically measure the peak of the Chris-
tiansen Feature (CF) [12]. The CF is an emission max-
imum that results from minimum scattering (maximum
transmission and penetration) in silicate minerals and
occurs at a frequency at which the refractive index
(real part) of the particles is equal to that of the sur-
rounding medium (vacuum on the Moon). The wave-
length position of the CF is diagnostic of composition
and changes with the change in bond strength and mo-
lecular geometry associated with changing mineralogy
[13]. The CF shift to shorter wavelengths for particu-
late materials in a vacuum environment is also well
constrained [14, 15]. Of the known silicate minerals
on the Moon, plagioclase feldspars, which have little

Fe and higher Al and Ca, have higher CF frequencies
than pyroxenes and olivines which have high Fe

and/or Mg and no Al.

We take two approaches in this study for Diviner

data analysis.

First, laboratory emissivity spectra of

the full plagioclase solid solution series measured at
the Planetary Emissivity Laboratory [16] are analyzed
to determine how the shift of the CF in vacuum condi-
tions affect Diviner’s ability to identify plagioclase
composition. Second, Diviner emissivity maps of pre-
viously identified pure plagioclase regions are ana-
lyzed to (1) identify plagioclase and (2) look for varia-
tions in plagioclase composition within and across
these regions. Here, we examine the extent to which
Diviner derived plagioclase compositions provide new
insights into recent near-infrared measurements.

Data and Methods: Laboratory emissivity spectra
of < 25 um and > 90 um grain size fractions of the
plagioclase solid solution series used in this work are
from the Berlin emissivity database (BED) and are
measured under ambient temperature and pressure
conditions (Figure 1). The CF is identified for each
plagioclase spectrum and Salisbury and Walter’s [15]
linear relationship between the CF measured in va-
cuum and air is then applied.
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Figure 1. Spectral band ratios (7.8/8.6 vs. 7.8/8.2) of
the plagioclase solid solution series for coarse- and
fine-grain size fractions [17]. The coarse- and fine-
grained fields are distinguished from one another due
to the unique position and shape of the CF for each
mineral composition. They are separated into two dif-
ferent plots to maximize the differences for each grain

size fraction.
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Available Diviner image cubes for the three mine-
ralogical bands in pure plagioclase rich regions are
converted from integrated radiance values (Wm™Sr
tum™) to emissivity by finding the maximum measured
brightness temperature in one of the one mineralogical
channels. A planck function is calculated for the max-
imum brightness temperature and then all pixels values
in the mineralogical channels are divided by it. Pre-
vious laboratory studies of minerals and lunar highland
and mare soils indicate that ratios of Diviner’s minera-
logical spectral channels can be used to distinguish
between: (1) mineral groups, (2) different composi-
tions of the same mineral, and (3) lunar lithologies
[17]. Spectral ratios will thus be used to identify min-
erals and lithologic units as well as to constrain com-
positional differences across the pure plagioclase re-
gions.

Results: On the Moon small grain size fractions,
vacuum conditions, and thermal gradients complicate
the analysis of lunar thermal infrared spectra. It has
been shown for fine-particulate materials that a va-
cuum environment can introduce thermal gradients
that will alter the spectral emissivity of a surface [14].
As pressure decreases, the spectral contrast increases,
and the increased absorption in the Reststrahlen bands
(8 — 12 um region) cause the CF to shift to shorter
wavelengths.  Salisbury and Walters measured the
linear shift of the CF between air and vacuum condi-
tions. When this shift is applied to laboratory emissiv-
ity spectra of the plagioclase solid solution series the
measured ambient CF of anorthite shifts to a vacuum
position similar to the CF position of ambient labrado-
rite and andesine (Figure 2). Therefore spectra of pure
plagioclase regions as measured by Diviner will have
spectra similar in shape to ambient condition measured
labradorite and andesine.
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Figure 2. The CF position for fine- and coarse-grain
size fractions for measured ambient conditions and
shifted to vacuum conditions. Na-rich compositions
plot to the left and Ca-rich plot to the right.
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Pure plagioclase regions as identified by near-
infrared spectra are analyzed with Diviner data includ-
ing Jackson crater. Spectral band ratios were taken to
identify the pure plagioclase regions and regions of
plagioclase mixed with some mafic component (low-
and high-Ca pyroxene, and olivine). SELENE’s Ml
identified pure plagioclase, plagioclase mixed with
low-Ca pyroxene, and plagioclase mixed with high-Ca
pyroxene units in Jackson crater. In Figure 3 the spec-
tral band ratio of 7.8/8.2 is plotted in color to identify
different compositional units. Red units are spectrally
consistent with pure plagioclase regions, meaning their
spectra are similar in shape to a labradorite spectrum.
The blue and green units in Figure 3 are likely mix-
tures of plagioclase and mafic minerals. Using the

same analysis techniques, we find similar results for
the Inner Rook mountains and Tycho crater.
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Figure 3. (left) Jackson crater Diviner temperature
map derived from spectral channel 8 and (right) spec-
tral band ratio 7.8/8.2. Red regions are consistent with
pure plagioclase regions as identified by SELENE.

Future Work: The integration of new spectral
measurements from Diviner with high-spatial and
spectral resolution near-infrared data sets will further
constrain plagioclase compositions. More insightful
comparisons will be made as Diviner coverage of the
regions of interest increase. Future laboratory spectral
measurements of minerals, rocks and lunar soils under
lunar-like conditions will provide direct comparisons
for measured Diviner spectra.
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