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Introduction:  Felsites are highly evolved lunar 

rocks, typically containing ~70 wt% SiO2. Most have 
igneous textures that feature graphic intergrowths of 
K-feldspar and a silica polymorph. Sampled felsites 
occur as clasts in breccias, sometimes coexisting with 
Fe-rich, low-Si clasts (e.g., 77538, [1]). The pairing of 
high-Fe with high-Si compositions is strikingly like 
immiscible melt pairs observed experimentally  [2,3], 
in the mesostasis of mare basalts [4,5], and in a quartz 
monzodiorite [6,7]. This has led many investigators to 
propose that felsites formed by silicate liquid immisci-
bility[3,8,9]. 

Silicic rocks also occur as volcanic constructs  [10-
15]. It is not clear that liquid immiscibility can produce 
the large volumes of silicic lava required to make fea-
tures such as Hansteen Alpha or the Gruithuisen 
Domes, leading Hagerty et al. [14] to propose that 
these rhyolitic magmas formed when mare basaltic 
magmas intruded the crust, causing partial melting and 
production of large volumes of magma in a process 
analogous to basalt underplating on Earth (e.g., [16]). 
To elucidate the petrogenesis of felsite samples and 
silicic volcanic features, we have evaluated the bulk 
compositions of felsites and related lithologies, deter-
mined the silica polymorph present, and used Clemen-
tine data to evaluate the compositions of silicic fea-
tures on the Moon. 

Methods: Felsite samples on 20 thin sections were 
examined in a petrographic microscope. Silica poly-
morphs were identified by micro-Raman using a Wi-
Tec confocal Raman microscope with 532 nm (green) 
laser. Silicic features on the Moon were selected based 
on Glotch et al.[15].  FeO concentrations were ob-
tained from Clementine data [17]. 

Felsite Suite Compositions: Concentrations of 
K2O and FeO (Fig. 1) in bulk felsites are particularly 
useful for identifying the roles of both silicate liquid 
immiscibility in fractionating magmas and partial melt-
ing of crustal rocks. End-member felsites have low 
FeO and high K2O concentrations. Opposite to this are 
high-FeO, low-K2O samples, a prominent example of 
which are clasts in rake sample 77538 [1]. Most pub-
lished analyses fall into these two categories, but a 
significant number fall between with FeO between 
about 5 and 12 wt%. Some of these are breccias (e.g., 
[18]), and thus could be mixtures of two immiscible 
end members. Others may be unbrecciated and could 
represent samples of partial melts of crustal rocks. 
Compositions of partial melts (determined from 
MELTS) of KREEP basalt and the more evolved 
quartz monzodiorites (QMD) trend from those compo-

sitions towards higher K2O (and higher SiO2, not 
shown) and lower FeO. Partial melting of KREEP ba-
salt or their derivatives could therefore produce silicic 
rocks with intermediate FeO concentrations. 

Figure 1. Compositions of felsites and associated high-Fe (low 
Si) melts formed by silicate liquid immiscibility (SLI). Low 
FeO felsites are composed mostly of intergrown quartz and K-
feldspar. Points with intermediate FeO concentrations could 
be mixtures of high-Fe and high-Si melts, or partial melting 
products of KREEP basalts or their differentiates. Two exam-
ples of 20% partial melting products (calculated using 
MELTS) are shown; the lower-K sample uses KREEP basalt 
15386 as starting composition and the higher one uses QMD 
15405,152. Gray field indicates FeO in silicic domes [14,15]. 
 

Silica Polymorph: To first order, magmatic frac-
tionation leading to silicate liquid immiscibility would 
take place in an intrusive environment, favoring for-
mation of quartz. Extrusive rocks, such as rhyolite 
flows, are more likely to contain cristobalite or tridy-
mite. To assess these possibilities we determined the 
silica phase present in 19 felsite clasts (Fig. 2). Quartz 
was the only silica phase present in the felsites studied.  
In the ferrobasalt paired with felsite in 77538, the sili-
ca phase appears to be glass.  However, in the two 
clasts where the Si-rich portion has not completely 
separated from the Fe-rich portion, quartz is present in 
the Si-rich portion and silica is either amorphous or 
glassy in the Fe-rich portion. Felsite 12033,507 [20] is 
the only sample with intermediate FeO (7.6wt%) we 
have studied so far. It is a rapidly crystallized shock 
melt, but contains regions of  apparently unmelted 
residues, which are graphic intergrowths of quartz and 
K-feldspar. The clast also contains fayalitic olivine and 
Fe-rich glass, suggesting that it could be a mixture of 
high-Si and high-Fe immiscible melts.  
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Figure 2. Raman spectra for quartz found in felsite 1 in 
72215,180.  Intensities have been normalized for clarity.  A) 
Comparison of quartz found in 72215,180 with quartz from 
the RRUFF database.  B) Comparison of quartz found in 
72215,180 with cristobalite from the RRUFF database[19]. 

Remote Sensing: Lunar red spots (spectrally ano-
malous areas with strong adsorption in the ultraviolet) 
have been interpreted on the basis of morphology and 
chemistry to be silicic volcanic features [10-15]. Re-
cent evaluations of Th concentrations  [14] and inter-
pretation of Diviner thermal infrared data [15] have 
strengthened the case that at least three of these fea-
tures (the Gruithuisen domes, Hansteen Alpha, and the 
Lassell massif) are silicic. We assessed FeO concentra-
tions of these three areas obtained from Clementine 
spectral data [17,21]. We selected the lowest FeO val-
ue in each area.  Assuming some material in the silicic 
areas has been admixed from surrounding mare ba-
salts, the areas with the lowest FeO concentrations are 
more likely to reflect the compositions of erupted la-
vas. These values fall narrowly in the range 5-6 wt% 
FeO. Using an uncertainty in the FeO determination of 
1 wt% [21], a reasonable range for these silicic fea-
tures is 4-7 wt% FeO. The compositions fall near the 
group of intermediate felsic compositions in Fig. 2. 

Discussion: The presence of only quartz in felsite 
samples suggests that they are intrusive, formed by 
fractionation of a KREEP basalt magma via SLI. Ki-
netic data are lacking for quantifying cooling condi-
tions for formation of quartz rather than higher tem-
perature polymorphs, but we can make broad esti-
mates. We have found using Raman spectroscopy that 
the silica phase in KREEP basalts is cristobalite. In 

contrast, quartz monzodiorite 14161,7373 contains 
quartz  and relict cristobalite [7]. Our Raman data for 
KREEP and 14161,7373 also suggest a mixture of 
partly transformed quartz. This rock also contains in-
verted pigeonite from which Jolliff et al.[7] calculated 
an igneous cooling rate of 0.008ºC/y. The felsites in 
which the silica polymorph is entirely quartz may have 
cooled slower than this rate, indicating origin froma 
shallow intrusion  or small magma body. This suggests 
that the clasts we studied are not samples of silicic 
domes, which ought to contain significant cristobalite 
or tridymite (e.g., [22]). 

The felsites with intermediate FeO are intriguing. 
They could be mixtures of high-Si and high-Fe im-
miscible melts or they might be partial melts of crustal 
rocks. The only felsitic sample with intermediate FeO 
that we have studied, 12033,507, has an ambiguous 
petrologic history, though its overall texture suggests it 
has been modified by impact. The presence of Fe-rich 
glass suggests it is likely a mixture of two melts. How-
ever, the compositions of the silicic domes are also 
consistent with formation as rhyolitic lavas formed by 
partial melting of KREEP basalts and related rocks, as 
proposed by Hagerty et al. [14]. Continued search of 
lunar samples may lead to identification of volcanic, 
rather than intrusive, felsites.  

References: [1]Warner, R. D. et al. (1978) Proc. Lunar 
Planet. Sci. Conf. 9th, 941-958. [2] Rutherford M. J. et al. 
(1976) Proc. Lunar Planet. Sci. Conf. 7th, 1723-1740 [3] 
Hess P. C. et al. (1975) Proc. Lunar Sci. Conf. 6th, 895-909. 
[4] Roedder E. P. and Weiblen W. (1970) Proc. Apollo 11 
Lunar Sci. Conf. GCA Supp1. 1, 801-837.[5] Roedder E. P. 
and Weiblen W. (1971) Proc. Lunar Planet. Sci. Conf. 2nd, 
507-528. [6] Jolliff B. L. (1991) Proc. Lunar Planet. Sci. 
Conf. 21st, 101-118. [7] Jolliff, B. L. et al. (1999) Amer. 
Mineral. 84: 821-837. [8] Ryder G. et al. (1975) Proc. Lunar 
Sci. Conf. 6Th, 435-449. [9] Taylor G. J. et al. (1980) Proc. 
Conf. Lunar Highlands Crust, 339-352. [10]  Malin M.C. 
(1974) EPSL 21: 331-341. [11]  Wood C.A. and Head J.W.  
(1975) Conf. Origin Mare Basalts, Abstract. [12] Head J.W. 
and McCord T.B. (1978) Science 199: 1433-1436. [13]  
Hawke B.R. et al. (2003) JGR 108 doi: 
10.1029/2002JE002013. [14] Hagerty J.J. et al. (2006) JGR 
111 doi: 10.1029/2005JE002592. [15] Glotch T.D. et al. 
(2010) Science 329: 1510-1513. [16] Hildreth W. (1981) 
JGR 86: 10153-10192. [17]USGS Map-a-Planet, 
http://www.mapaplanet.org/ [18]  Morris, R.W. et al. (1990) 
Proc. Lunar Planet. Sci. Conf. 20th, 61-75.[19] RRUFF da-
tabase website, http://rruff.info [20] Warren P.H. et al. 
(1987) Proc. Lunar Planetary Sci. Conf. 17th E303-E313. 
[21]  P. G. Lucey et al. (1995) Science 268 1150-1153.  [22] 
Bish D.L. and Aronson J.L. (1993) Clays and Clay Minerals 
41, 148-161. 

 

1257.pdf42nd Lunar and Planetary Science Conference (2011)


