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ABSTRACT

Silicate liquid immiscibility was a common mechanism during the late-stage evolution of lunar
basaltic magmas, which produced coexisting and immiscible Si- and Fe-rich melts. However, the
relationship between silicate liquid immiscibility and lunar granitic rocks is debated. In this study,
we investigated Si-rich melt inclusions hosted in fayalite fragments from lunar soil returned by the
Chang’e 5 mission. These melt inclusions have high SiO2 (76.4 wt%), Al2O3 (11.1 wt%), and K2O
(5.8 wt%), and low FeO (2.8 wt%), TiO2 (0.42 wt%), and MgO (0.02 wt%) contents. The texture
and chemical composition indicate that these Si-rich melt inclusions formed through late-stage silicate
liquid immiscibility of the Chang’e 5 mare basaltic magma. Mass balance considerations show that the
unfractionated rare earth element patterns and Eu anomalies of these melt inclusions are similar to those
of lunar granitic rocks. Dynamic calculations indicate that the accumulation of Si-rich melt was hin-
dered by the high cooling rate of the Chang’e 5 basaltic magma after eruption. However, in deep-crustal
magma chambers, basaltic magma would have cooled slowly, and the Si-rich melt generated by
late-stage silicate liquid immiscibility would possibly have had enough time to migrate upward and
accumulate to form a granitic melt body of significant size. The results of this study support the
possibility that lunar granitic rocks are products of silicate liquid immiscibility.
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INTRODUCTION

Before the lunar sample return missions (e.g., the Apollo and
Luna missions), it was thought that granitic rock was one of the
main components of the lunar crust (Bonin et al. 2002; Green
1966; Lowman 1963, 1969; O’Keefe and Sawtell Cameron
1962). However, the samples returned by the Apollo, Luna,
and Chang’e missions show that the lunar crust has a generally
anorthositic composition with the decoration by mare basalts on
the lunar surface (Wieczorek et al. 2006). The returned lunar gra-
nitic samples exhibit three types of occurrences: components in
polymict breccias, small isolated fragments, and K-Si-rich
glasses in regolith (Bogard et al. 1994; Bonin 2012; Bonin et al.
2002; Warren et al. 1983b, 1987; Zhang et al. 2012). Compared
with these small-sized granitic samples, topographic and multi-
spectral studies have identified several large volcanic domes,
probably with granitic compositions, such as the Mairan and
Gruithuisen domes, and the Compton-Belkovich volcanic com-
plex (Chevrel et al. 1999; Head and McCord 1978; Ivanov et al.
2016; Siegler et al. 2023).

The origin of lunar granitic rocks is still controversial. Sev-
eral petrogenetic models have been proposed for the formation

of lunar granitic rocks (Bonin 2012; Siegler et al. 2023; Valencia
et al. 2024), including extensive fractional crystallization of
mantle-derived magma similar to plagiogranites that occur at
mid-ocean ridges on Earth (Dixon and Rutherford 1979; Seddio
et al. 2013); silicate liquid immiscibility (SLI) (Dixon and
Rutherford 1979; Hess et al. 1975; Jolliff et al. 1999; Roedder
and Weiblen 1970a; Rutherford and Hess 1975; Shearer et al.
2001; Stadermann et al. 2022); partial melting of lunar crust
due to basaltic underplating (Glotch et al. 2010; Gullikson et al.
2016; Hagerty et al. 2006; Valencia et al. 2024) or external
impact bombardment (Crawford 1975; Ryder et al. 1975; Su
et al. 2023). The direct evidence for SLI in lunar samples is
the coexistence of Si- and Fe-rich melts in mineral crystals
and mesostasis (e.g., Roedder and Weiblen 1970a; Shearer et al.
2001; Stadermann et al. 2022; Wilbur et al. 2023). SLI was also
observed in petrological experiments in various systems, such as
the simple K2O-FeO-Al2O3-SiO2 system and the natural basaltic
system (Dixon and Rutherford 1979; Hess et al. 1975; Roedder
1951, 1978). The occurrence of SLI in mesostasis pockets and
experimental petrological results indicate that SLI occurred in
the final-stage basaltic magmas, which possibly experienced
>90% crystallization (Hess et al. 1975; Pernet-Fisher et al.
2014; Roedder and Weiblen 1970a; Rutherford and Hess
1975; Stadermann et al. 2022). However, whether SLI can form
lunar granitic rocks, particularly large granitic bodies such as the
Gruithuisen domes, is unclear. On one hand, geochemically, the
Si-rich melt split through SLI shows similar elemental
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