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Introduction:  The Diviner Lunar Radiometer Ex-

periment (Diviner) is a multispectral radiometer that is 
well-suited to detecting the mineral indicators of silicic 
magmatism. Diviner has three narrow spectral band-
pass filters centered at 7.8, 8.25, and 8.55 µm (chan-
nels 3-5). These three “8 µm” channels were specifi-
cally designed to characterize the position of the sili-
cate Christiansen Feature (CF) [1], which is directly 
sensitive to silicate mineralogy and bulk SiO2 content 
of a material [2]. We have used Diviner data to identi-
fy the most silicic regions on the Moon. These include 
Hansteen Alpha, the Lassell Massif, the Gruithuisen 
Domes, and Aristarchus crater. Each of these regions 
is located within the Procellarum Kreep Terrane (PKT) 
defined by [3] and is correlated both with well-known 
“red spots” and high Th anomalies in Lunar Prospector 
GRS data [4-7]. Previously defined red spots, includ-
ing Helmet and southern Montes Riphaeus, that do not 
exhibit Th anomalies do not appear to be anomalously 
silicic in Diviner data. 

Methods:  Using Diviner data acquired between 
Sept. and Nov. 2009, we compared the mid-IR spectral 
shapes of several lunar red spots to surrounding mare 
and highlands materials, regions known to be pure 
plagioclase feldspar, and laboratory emissivity spectra 
of minerals and analogs. For our analyses, we selected 
data acquired near noon, with low (<8°) emission an-
gles, and surface temperatures >320 K. We geometri-
cally binned data from each of the seven spectral bands 
at 32 pixels per degree (~950 m/pixel at the equator). 
Radiance data were converted to equivalent emissivity 
by dividing the radiance at each channel by the ra-
diance of a blackbody at the highest brightness tem-
perature measured between Diviner’s 8 µm channels. 

We defined two spectral indices to map the spectral 
variability in Diviner data. The first spectral index 
measures the slope between channels 3 and 4 in the 
form I = ε3 - ε4, where ε3 and ε4 are the emissivities 
in channels 3 and 4 respectively (centered near 7.8 and 
8.25 µm). A second spectral index, c, determines the 
direction of concavity between channels 3-5 (centered 
near 7.8 and 8.55 µm). Briefly, we define a line using 
channels 3 and 5 and interpolate the value of the chan-
nel 4 emissivity on this line. We then subtract the true 
channel 4 emissivity from this value. A positive value 
of this index is indicative of a concave up shape, while 
a negative index value is indicative of a concave down 

shape. Mafic materials have negative slope and con-
cavity index values, while more intermediate materials 
have positive slope index values. Only the most silicic 
materials such as quartz, high-Si glass, and some sod-
ic/potassic feldspars have positive values of both the 
slope and concavity indices (Fig. 1) due to the fact that 
their CFs occur at wavelengths well shortward of the 
Diviner 8 µm channels. 

Results:  The concave upward shapes and positive 
slope indices in the spectra of Hansteen Alpha, Lassell 
Massif, the Gruithuisen Domes, and the southern rim 
and ejecta of Aristarchus crater, indicate the presence 
of highly silicic evolved lithologies (Figs 2-3). The 
implied evolved compositions are consistent with 
strong positive anomalies of Th, an incompatible large 
ion lithophile element [8]. Red spots that lack corre-
lated high Th anomalies, including Helmet and south-
ern Montes Riphaeus (Fig. 2e) also lack the unique 
concave-up spectral character in Diviner data, confirm-
ing a lack of silicic indicator minerals (Fig 3).  

Diviner spectra of each of the silicic red spots are 
also distinct from those of the surrounding terrains. 
Both mare and highlands materials in each region have 
spectral shapes with negative concavity and slope in-
dex values (Fig 3). The previously known most silicic 
regions on the Moon are the areas composed of nearly 
pure anorthite based on VNIR spectral observations 
[9-10]. Diviner spectra of pure plagioclase from the 
inner ring of the Orientale multiring impact basin 
(Figure 4) are concave down with a negative slope 
index. Of all the feldspars, anorthite has the longest CF 
position, and this comparison indicates that the red 
spots with CF positions shorter than the areas of pure 
anorthite, along with positive slope and concavity in-
dices are composed of quartz, or Si-rich glass, perhaps 
mixed with Na- or K-rich feldspars. 

Discussion and Conclusions: The Gruithuisen 
domes and Hansteen Alpha have previously been pro-
posed to be silicic volcanic constructs [7, 11]. Diviner 
data support interpretations of these features as non-
mare volcanic domes analogous to terrestrial rhyolite 
domes. By contrast, the Aristarchus and Lassell re-
gions appear to be sampling silicic lithologies em-
placed at depth. In both cases, the Diviner spectra con-
sistent with silicic compositions are confined to craters 
and their ejecta.  

Both silicate liquid immiscibility (SLI) and basaltic 
underplating have been proposed as mechanisms to 
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create highly silicic magmas on the moon [7,12]. SLI 
is not likely to be responsible for large extrusive vol-
canic constructs such as Hansteen Alpha and the Grui-
thuisen domes, because this process requires nearly 
complete fractional crystallization before relatively 
small volumes of silicic magmas are formed. Basaltic 
underplating is a likely mechanism for the formation 
of these features. It is possible, however, that large 
granitic plutons could have been produced within the 
lunar crust as a result of the slow crystallization of 
late-stage magma ocean residual melt [13-14]. This 
slow-cooling method would preclude the formation of 
large volumes of extrusive lavas [7], but it is a reason-
able scenario for the formation of large granitic bodies 
that could be exposed by impact craters, as in the case 
of Aristarchus and Lassell. 

We are currently searching the Diviner data set for 
other examples of extreme lithologies, including addi-
tional silicic regions as well as highly mafic composi-
tions [15]. The Diviner data set is complementary to 
existing VNIR and chemical data sets and will be use-
ful in placing additional constraints on the composition 
of the lunar crust. 

Figure 1. Full resolution laboratory spectra acquired under 
ambient conditions (black) and those same spectra convolved 
to the Diviner 8 µm channel spectral bandpasses. Only the 
most silicic materials display a concave-up spectral shape. 
Arrows mark the CF positions for each mineral. We are cur-
rently acquiring mineral spectra in a simulated lunar envi-
ronment. [16]. 
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Figure 2. Diviner concavity index map of Hansteen Alpha 
overlain on a Clementine 750 nm mosaic. Index values range 
from -0.025 to 0.015.  
 

Figure 3. a) Diviner spectra from several silicic red spots, 
Orientale pure plagioclase, and more typical lunar materials. 
b) Laboratory spectra convolved to Diviner Bandpasses 
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