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Introduction: The Moon likely underwent a global 

magma ocean stage very early in its history [1]. The 

crystallization of this lunar magma ocean (LMO) po-

tentially created a series of concentric cumulate layers 

with different mineralogical assemblages. The crystal-

lization sequence and composition of these cumulate 

layers are of primary importance for subsequent key 

events in lunar evolution including the formation of a 

plagioclase-rich crust and an overturn in the mantle, 

possibly leading to basaltic mare volcanism [2]. The 

crystallization sequence and mineralogy are dependent 

on the assumed initial composition of the silicate 

Moon. It is generally believed that the lunar silicate 

composition is Al-rich (around 6 wt% Al2O3) [1]. But a 

recent study from Khan et al. [3] showed that only 

lower Al contents can fit physical data. These authors 

proposed a new lunar composition, Al-poor and FeO-

rich. 

In this study, we determined in detail the crystalli-

zation behaviour of a magma ocean with this composi-

tion, with three main questions in mind: (1) can a thick 

anorthositic crust form, and if so, what is its minera-

logical and chemical composition, (2) will overturn 

occur in the mantle due to gravitational instability of 

the resulting cumulate pile, and (3) can we explain the 

compositions of mare basalts and other volcanic prod-

ucts at the lunar surface by remelting overturned cumu-

late piles. 

 

Results:  We performed experiments in an end-

loaded piston cylinder at pressures from 1 to 3 GPa 

(corresponding to a 700 km deep magma ocean) and in 

a non end-loaded piston cylinder for experiments in the 

pressure range from 0.4 to 1 GPa. Temperatures varied 

from 1000
o
C to 1650

o
C. We assumed the first 50% of 

solidification of the magma ocean occurred as equilib-

rium crystallization, and the second 50% as in situ 

crystallization with steps of 5% crystallization of the 

LMO. We used a simple CFMAS + TiO2 system, 

doped with a range of trace elements to determine min-

eral-melt partition coefficients of liquidus phases.   

Cumulate mineralogy and residual liquid chemical 

composition are shown as a function of percentage of 

crystallization in Figures 1 and 2, respectively. Results 

show that olivine is not the only mineral present at the 

base of the cumulate pile. It coexists with Ca-poor py-

roxene, in contrast to the model of Snyder et al [2]. 

From 75% of crystallization onwards, anorthite-rich 

plagioclase forms, together with olivine and Ca-poor 

pyroxene. Run product textures suggest that anorthite 

floats on the residual magma ocean, but not alone; in 

our experiments, anorthite and pyroxene are imbricated 

together, and pyroxene is entrained by the plagioclase 

floating upward, while olivine sinks down (Figure 3).          

 

 
Figure 1: Composition of the cumulate pile from 0 until 

75% crystallization of the LMO. The variation of MgO 

and SiO2 contents between 50 and 60% of solidifica-

tion are due to variable amounts of Ca-poor pyroxene. 

 

 
Figure 2: Composition of the residual LMO as a func-

tion of  the degree of crystallization. Our results are 

displayed by the solid lines. The dashed lines represent 

the results from [2]. 

 

Outlook: Experiments are in progress to complete 

the final 25 per cent of the crystallization sequence of 

this LMO. We are also performing melting experiments 

on the early cumulate composition to assess its ability 
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to reproduce key geochemical features of the low-Ti 

basalts. Once these are completed, we will be able to 

establish a complete cumulate pile profile and assess 

the three questions mentioned above.  

 

 
 

Figure 3: example of an experimental charge at 1240 

°C and 0.4 GPa. Anrothite floats, entraining Ca-poor 

pyroxene, in contrast to olivine which tends to sink 

down. 
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