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Introduction: Many attempts have been made so far to 

estimate geophysical and/or geochemical conditions of the lunar 
magma ocean (LMO).  However, there are large disparities in the 
scale, composition, and cooling history of the LMO.  Here we 
report preliminary experimental results to determine the most 
plausible compositional range of LMO, which can form the 
anorthosite crust in the cooling LMO with satisfying other 
geophysical and geochemical constraints of the moon as well. 

Experiments: We have carried out floatation experiments of 
anorthite in silicate melts with four possible compositions for 
LMO and viscosity measurements for the magma using a piston 
cylinder apparatus. Initial bulk LMO compositions were assumed 
to be BSE (Bulk Silicate Earth) or solar elemental ratios with 
varying Fe contents (CI4, CI6 and CI13). They were then 
differentiated at an experimental pressure using the MELTS or 
pMELTS algorithms until the first appearance of anorthite. The 
calculated compositions were used for the starting compositions 
of the experiments. A few chips of anorthite were placed at the 
middle of the Pt capsule with starting glass, and the capsule was 
compressed uniaxially at ~0.5 GPa (~100 km deep in the LMO) 
and ~40-50°C above the liquidus.  

The experiments to determine viscosities and their pressure 
dependence were also carried out for the BSE, CI6 and CI13 with 
the falling sphere method developed by Kushiro [1]. 

Results and Implication to LMO: Anorthite floated in the 
melts of BSE and CI6, while it balanced in the melts of CI4 at 
0.5 GPa.  This study first shows that anorthite can float in silicate 
melts with plausible compositions of LMO coexisting with 
anorthite (BSE and CI6).  The melt density of CI4 was not high 
enough to float anorthite due to its lowest FeO content, and thus 
CI4 was ruled out from the plausible compositional range of 
LMO.  

The viscosities of BSE, CI6 and CI13 melts are significantly 
low compared to terrestrial basalt melts, and they decrease with 
pressure in the experimental pressure range (0.5-1.0 GPa) and 
with FeO contents of the melts. The negative pressure 
dependence of the viscosity implies that floatation of anorthite in 
the LMO is more effective in the deeper LMO compared to the 
shallower LMO.    

Terminal velocities of anorthite grains in the melts were 
compared with convective velocities of possible magma oceans 
based on [2].  We found that, in the case of CI6, anorthite grains 
of 2-3 cm in diameter, the maximum grain size of anorthite in 
Apollo-15 highland rocks, cannot have the floatation velocity 
large enough to float in a convective LMO.  The present study 
implies the following important conclusion that the FeO content 
of the initial lunar magma ocean was comparable to or higher 
than the bulk silicate Earth. 
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