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Introduction: Spectral “Red Spots” on the Moon 
have been known for many years [1,2,3]. Some of 
these spots correspond to domes that are thought to be 
volcanic in origin. Relatively steep topographic slopes, 
coupled with other morphologic and compositional 
evidence indicate that these features are occurrences of 
silicic or “felsic” volcanism, e.g., rhyolite [3,4,5].  

Data collected by remote sensing missions of the 
past two decades have produced a body of evidence to 
suggest that large-scale occurrences of felsic rocks ex-
ist on the Moon, perhaps the same rock types that are 
present only as small bits and pieces of breccia clasts 
and regolith rock fragments in the Apollo collections. 
A key set of evidence came from the Lunar Prospector 
(LP) gamma-ray spectrometer (GRS) [6], which re-
vealed substantial concentrations of naturally radioac-
tive thorium (Th), coupled with analyses of felsic 
Apollo samples that showed strong Th enrichment to 
be a compositional signature of such rocks [7,8]. Tho-
rium “anomalies” or “hot spots” were identified and 
correlated to several of the “red spots” [3,6], as well as 
to ejecta from several nearside impact craters such as 
Aristarchus (42 km), Aristillus (55 km, and possibly 
Mairan (40 km), as well as Oresme V (51 km) on the 
far side. The GRS had a broad spatial response func-
tion, over a hundred km, thus correlations to specific 
small-scale geologic surface units requires caution and 
spatial deconvolution. 

Nevertheless, the global Th map produced by the 
LP team showed clearly where the major hot spots oc-
cur, and it showed several new ones, most notably the 
Th hot spot that became known as the Compton-
Belkovich site [9]. Although Clementine data showed 
that a relatively high albedo feature might occur at the 
center of this hot spot [10], it was the high-resolution 
Lunar Reconnaissance Orbiter Camera (LROC) Nar-
row Angle Camera (NAC) images that revealed clear 
evidence of a volcanic terrain at the center of the 
anomaly [11]. Moreover, the LRO Diviner instrument, 
whose spectra include three bands in the region of the 
Christiansen Feature (CF) (~8 microns), shows direct 
evidence for silica enrichment at this site, correspond-
ing to morphologies and Th concentrations [12,13]. 
The evidence for multi-km-scale silicic magmatism 
and volcanism on the Moon at the Compton-Belkovich 
site and other sites is now firm.   

Morphologies and Spatial Scales: Figure 1 com-
pares the topographic and morphologic expression of 
several of the silicic volcanic complexes, Gruithuisen 
and Mairan domes, and the Compton-Belkovich (C-B) 

and Hansteen-Alpha (H-A) volcanic complexes, using 
digital terrain models (DTMs) derived from LROC 
Wide Angle Camera (WAC) images. The diversity of 
morphologies among these occurrences is striking. The 
Gruithuisen domes claim the largest volcanic con-
structs, with the δ and γ domes each over 10 km across 
and ~1700-1800 m high [5,14]. The Mairan domes 
range in size, with the largest volcanic constructs being 
the “middle” and “T” domes, on order of 5-8 km base 
widths and at least 800 m of vertical relief, and the T 
dome has a distinctive summit depression [14,15]. The 
C-B volcanic complex has both large and small vol-
canic constructs. The α dome is the largest, having a 
base width of ~6 km and vertical relief of ~800 m 
[11,14]. The overall complex is a broad dome, ~25×35 
km across, with irregular depressions [11]. The H-A 
complex is a rough-textured triangular mound some 25 
km on a side, the margins of which stand ~700 m 
above the surrounding mare surface and exhibit aver-
age slopes of 16-18° [16]. The summit of the arrow-
head is ~1 km above the regional mare surface. 

Each of these volcanic constructs has regions with 
relatively steep slopes, ranging from 12° to about 25°, 
although some of the small topographic features seen 
in NAC-derived DTMs at H-A and C-B are little more 
than low-relief circular bulges (e.g., 200-800 m across). 
In  the  C‐B  example, these small bulges also feature 
distinctive, dense boulder populations [17]. The fea-
tures with high slopes have been interpreted to repre-
sent volcanic cumulo-domes formed from relatively 
silicic and viscous lavas [e.g., 5, 11, 14, 15]. The low–
relief bulges may represent blister-like extrusions of 
highy viscous lava [18]. Whether the latter features 
occur at Gruithuisen and Mairan is unknown because 
mare basalts embay the large domes and cover any 
low-relief features that might have existed with them. 

Origin: Although we have no direct samples of 
any of these silicic, Th-enriched volcanic hot spots, we 
do have in the Apollo sample collections numerous 
small samples of felsic rocks, variably referred to as 
granite, felsite, or rhyolite. These materials are espe-
cially abundant in samples from Apollo 12, 14, and 15. 
Apollo 12 samples contain an especially diverse set of 
these materials, including the largest granitic sample, 
12013, which is actually a granitic breccia containing 
two lithologies, granitic material and a mafic, KREEP- 
rich phase [18].  

Arguments can be made for an origin of the grani-
tic phase by silicate-liquid immiscibility during 
fractionation of KREEP-rich parent magmas, but it 
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remains unclear that this process could or did occur on a 
large enough scale to source volcanic constructs such as 
the large domes described above. Perhaps KREEP-rich 
magmas stalled near the surface and underwent frac-
tional crystallization, producing variably evolved differ-
entiates, some of which were extruded to the surface 
(e.g., C-B [18]). Among the samples, very high Th con-
centrations and relatively silica-rich compositions occur 
in granitic samples and quartz monzogabbro (aka mon-
zodiorite). KREEP basalt itself does not have especially 
high SiO2 (<50 wt%) [20], so fractionation is needed to 
yield the distinctive silica enrichment. High proportions 
of silica plus K-feldspar in lunar granite could account 
for the observed SiO2 enrichment.  

Another mechanism that has been proposed is heat-
ing of an already KREEP-rich source by basaltic under-
plating [3], which presumably could produce felsic 
partial melts directly or could generate KREEP-rich 
melts that intrude to shallow levels where they further 
differentiate to produce evolved lavas. So far, among the 
lunar samples, rocks of intermediate composition be-
tween KREEP basalt and rhyolite, such as dacite, are not 
found. The common process may be the local heating of 
a KREEP-rich source, which is not difficult to imagine 
in the central to northern Procellarum region of the 
Moon where volcanism was extensive, especially in the 
Aristarchus-Gruithuisen-Mairan triangle. The H-A and 
C-B occurrences may have involved heating of deeper, 
KREEP-rich sources, generating KREEP-rich melts that 
intruded to near the surface before stalling and differen-
tiating. The isolation of C-B favors this interpretation. 
All of these silicic volcanics have in common that they 
occur where the crust is relatively thin and the surface is 
below the lunar mean.  
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Figure 1. Silicic Volcanic Domes and Complexes; 
colors represent topography (derived from LRO 
WAC GLD100 [21]. 
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