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ABSTRACT

This study investigates silicate liquid immiscibility (SLI) microstructures in the Chang’E-5 (CE-5)
lunar ferrobasalt sample, the youngest recovered mare basalt (ca. ∼2.0 Ga). Employing advanced high-
resolution imaging techniques and chemical analysis, we examined a subophitic fragment, revealing
two distinct types of microstructures indicative of multi-stage SLI events. The first type is observed in
the mesostasis pockets and exhibits both “sieve” and “maze” textures, where the Si-K-rich glassy
phases are interconnected with Fe-rich minerals, e.g., fayalite. This type of microstructure, similar
to previous observations in Apollo and Luna samples, is the product of a stable SLI event. The second
type is characterized by K-free but high-Si melt inclusions occurring as emulsions in the rims of pla-
gioclase. The entrapment of these emulsions followed a metastable SLI event, with the Fe-rich liquids
serving as precursors to subsequent stable SLI processes. Additionally, the Fe-rich droplets within the
emulsions underwent coarsening via Ostwald ripening, a phenomenon in which smaller particles in
solution dissolve and deposit on larger particles. Our simulation of this coarsening process suggests
a duration of at least 15–32 days for the SLI processes, alongside a slow cooling rate (<0.3 °C/h)
of the late-stage CE-5 lava. We propose that metastable SLI may have influenced the effusive signature
of the CE-5 lava flow during its late-stage evolution. The metastable SLI process can potentially lead to
the formation of various phases during the late-stage evolution of lunar ferrobasaltic magmas, thereby
contributing to the diversity of lunar rock types.
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INTRODUCTION

Silicate liquid immiscibility (SLI) refers to the separation of
two silicate melts characterized by contrasting compositions
(Veksler et al. 2007; Charlier and Grove 2012; Veksler and
Charlier 2015). Since the first documented evidence of SLI in
Apollo samples (Roedder and Weiblen 1970), considerable nat-
ural occurrences and laboratory experiments have revealed that
SLI is one of the critical processes responsible for the develop-
ment of lunar silicic magmatism, despite the scarcity of themafic
co-products of SLI in the lunar collections (Taylor et al. 1980;
Longhi 1990; Neal and Taylor 1989; Charlier et al. 2018). For
instance, the 3.8–4.2 Ga granite and quartz monzodiorite clasts
from Apollo samples have been suggested to derive from SLI of
the late K-rare earth element-P (KREEP)-enriched melts during
the late-stage evolution of the lunar magma ocean (LMO)
(e.g., Quick et al. 1977; Jolliff 1991; Jolliff et al. 1999). Addi-
tionally, SLI structures detected in younger lunar ferrobasalts

indicate that SLI could have played an important role in the for-
mation of highly evolved lithic clasts throughout the history of
the Moon (Yang et al. 2023).

It is worth noting that previously reported SLI phenomena in
lunar samples are all products of stable SLI, the spontaneous
unmixing process of homogeneousmelts. In contrast, metastable
SLI, i.e., phase separation of supercooled melts via nucleation
and growth (Veksler and Charlier 2015), has rarely been
observed. Studies on terrestrial samples have suggested that
metastable SLI is critical in the formation of nanolites and
can potentially impact the rheology and eruptive dynamics of
late-stage lavas (e.g., Thivet et al. 2023). However, due to its
infrequent occurrence in lunar samples, the role of metastable
SLI on the late-stage evolution of lunar ferrobasaltic magmas,
if any, is unclear.

In the recently returned samples byChina’s Chang’E-5 (CE-5)
mission, we observed microstructures that we relate to both stable
and metastable SLI events. Based on high-resolution imaging and
high-precision chemical analysis, we discuss the development of
stable and metastable microstructures and the genetic relations
between them. Our findings reveal that metastable SLI could have
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