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aBStRact

Granitic lunar samples largely consist of granophyric intergrowths of silica and K-feldspar. The 
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lunar granites. The presence of tridymite or cristobalite would indicate rapid crystallization at high 

temperature. Quartz would indicate crystallization at low temperature or perhaps intrusive, slow crystal-

lization, allowing for the orderly transformation from high-temperature silica polymorphs (tridymite or 

cristobalite). We identify the silica polymorphs present in four granitic lunar samples from the Apollo 

12 regolith using laser Raman spectroscopy. Typically, lunar silica occurs with a hackle fracture pattern. 

We did an initial density calculation on the hackle fracture pattern of quartz and determined that the 

volume of quartz and fracture space is consistent with a molar volume contraction from tridymite or 

cristobalite, both of which are less dense than quartz. Moreover, we analyzed the silica in the granitic 

fragments from Apollo 12 by electron-probe microanalysis and found it contains up to 0.7 wt% TiO2, 

consistent with initial formation as the high-temperature silica polymorphs, which have more open 

crystal structures that can more readily accommodate cations other than Si. The silica in Apollo 12 

granitic samples crystallized rapidly as tridymite or cristobalite, consistent with extrusive volcanism. 

The silica then inverted to quartz at a later time, causing it to contract and fracture. A hackle fracture 

pattern is common in silica occurring in extrusive lunar lithologies (e.g., mare basalt). The extrusive 

nature of these granitic samples makes them excellent candidates to be similar to the rocks that compose 

positive relief silicic features such as the Gruithuisen Domes.
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intRoduction

Among the Apollo samples and lunar meteorites, lunar gra-

nitic samples, also referred to as “felsite,” are rare. In this paper, 

we use the adjective “granitic” to describe lithologies, monomict 

or polymict, with a component of granophyric intergrowth of K-

feldspar and silica beyond blebs formed by silicate liquid immis-

cibility in the mesostasis of basalts. We reserve the term “granite” 

for igneous lithologies that mostly consist of granophyre with 

accessory minerals that have compositions consistent with 

extreme fractional crystallization (fayalite, hedenbergite). Only 

22 lunar samples have been identified to be granitic, accounting 

for less than 100 g total mass (Seddio et al. 2013), <0.03% of 

the mass of all Apollo samples. Compared to terrestrial rocks, 

silica minerals are rare in lunar samples and most commonly 

occur as accessory concentrations of cristobalite or tridymite in 

mare basalts (Smith and Steele 1976; Lucey et al. 2006). Silica 

has been identified in basalts from all Apollo sites. Silica also 

has been identified in gabbro (e.g., Sippel 1971), microgabbro 

(Smith et al. 1970; Klein et al. 1971), monzogabbro (e.g., Jolliff 

1991), ferroan anorthosite (Stewart et al. 1972), and granite (e.g., 

Seddio et al. 2013, 2014). The low-pressure silica polymorphs, 

quartz, tridymite, and cristobalite, have been widely reported in 

lunar samples, but the high-pressure silica polymorphs (coesite 

or stishovite) have been reported only rarely (Ohtani et al. 2011). 

The near absence of coesite and stishovite is unexpected because 

these polymorphs are typically present in impact-related rocks 

on Earth, and most of the lunar surface is saturated with craters. 

Papike et al. (1997) suggested that absence of high-pressure silica 

polymorphs in lunar samples may result from the paucity of silica 

minerals in the target rocks and the impact-induced volatilization 

of silica in the lunar surface environment.

Soon after the first Apollo samples were brought to Earth, 

Dence et al. (1970) and others noted that the silica in the Apollo 

samples tended to exhibit a fracture pattern, which has been 

described as “curved fractures” and as having a “cracked ap-

pearance” (Smith et al. 1970), or as having a “crinkled texture” 

(Neal et al. 1994). In this work, we describe the fracture pattern 

of silica as a “hackle” fracture pattern (Fig. 1). Fracturing within 

lunar silica has been used to distinguish the polymorph as cristo-

balite (e.g., Ryder 1976; Jolliff 1991) and as “relict cristobalite” 

(Jolliff et al. 1999). The latter identification assumes that the 

silica originally crystallized as cristobalite and later underwent 

a molar volume contraction to quartz. Fracturing in a silica phase 

has been used to identify which polymorph is present; however, 

because the silica polymorph in a sample indicates the pressure 

and temperature conditions under which the sample crystallized, 

it is important to determine the identity of a silica polymorph 

using an analytical method, such as laser Raman spectroscopy or 

laser Raman imaging, that can directly, and in situ, identify the 
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