
Crystallisation of the upper lunar 
magma ocean and implications for 

KREEP and crust formation

Contact: weronika.ofierska@gmail.com



Canup (2004)

Background

Mars-size impactor struck the proto-Earth and created a 
disk of debris from which the Moon was accreted.    

Giant impact hypothesis
(Hartmann & Davis, 1975; Cameron & Ward, 1976)
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Results/Discussion 6 end load piston cylinder experiments in Ir capsules
Pressure range: 8-5 kbar

Stage 1 
Olivine with a small 
amount of Opx

Stage 2
Ol + Opx + 
magnesiochromite

Stage 3-5
Opx ± Cpx + plag

Stage 6
Cpx + plag + Qz

Bulk composition O’Neill (1991)
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Results/Discussion

KREEP basalts

Experimental data

Bulk composition O’Neill (1991)
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Results/Discussion 

Melt density was calculated using: Lange and Carmichael (1990)

Mineral density was calculated using: Albers and Hacker (2016)
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Conclusions 

The composition for the lunar mantle goes from dunitic to harzburgitic to wehrlitic to gabbroic mineral 
assemblages.

The KREEP component REE pattern could be reproduced giving substantial plagioclase crystallization and/or 
appropriate fO2 conditions. 

The density models should take into account not only perfect fractionation of the crystals but also clustering and 
bulk aggregate densities. 
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Thank you! 
Any questions?
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The lattice strain model (Blundy 
& Wood 1994) enables 
assessment of the quality of fit 
of the experimentally 
determined D values.

Useful for highly incompatible 
elements such as La (very low 
concentration in px and plag)
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𝐷𝑖 - measurements to be fitted,
𝐷0, 𝑟0, 𝐸 -> fitting parameters  
𝜋, 𝑟𝑖, 𝑅, 𝑇, 𝑁𝑎 -> known or constant


