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Introduction: The early state of the Moon is
thought to be Lunar Magma Ocean (LMO). Studies of
LMO not only have significant meaning for recogniz-
ing the internal composition and structure of the Moon,
but also can be indicative for the origin and evolution
of the Earth and other planets. The dominated model of
the LMO suggests that after 80% of the LMO solidified,
plagioclase starts to crystallize and floats to the surface
to form anorthositic crust[1]. However, the dominated
model predictions have several discrepancies with the
observations[2].

Here we propose a new model suggesting the so-
lidification of the LMO is top-down. Our model con-
siders that olivine, pyroxene and plagioclase would
crystalize at the region between the initial lid and the
interior of the LMO at the very beginning. Then the
crystallized plagioclase floated and formed an anortho-
sitic crust; while the mafic minerals would descend to
deep and remelt because the LMO interior is super-
liquidus[3]. The overall result of our model is that pla-
gioclase existed stably prior to olivine and pyroxene,
rather than it crystallized after ~80% LMO solidifica-
tion. So, the model here is fundamentally different
from previous models [4]. The plagioclase can crystall-
ize from the very beginning to the end of the LMO, that
is consistent with the ancient anorthosite age and long
anorthosite-crystallization span which is over 200
Myr[5]. Importantly, our model can explain the nearly
constant composition of calcic plagioclase (An95-98)
in the anorthositic crust[6], and the coexistence of fer-
roan and magnesian anorthosite[2]. In addition, that the
whole lunar mantle is enriched in FeO and depleted in
Eu is also understandable.
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