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The Moon is almost indistinguishable from the Earth 

across a range of refractory isotope systems (e.g. W, O, 

Cr etc), which suggests a close genetic link with the 

Earth [1], [2].  Although broadly similar to the terrestrial 

mantle, the silicate Moon’s major element chemistry ap-

pears to differ in one key respect - the reported silicate 

Moon’s iron content (up to 17wt% FeO) may be notably 

higher that the Earth (8wt%FeO). These elevated lunar 

FeO contents are, however, primarily based upon inter-

pretations of the lunar surface rocks, and in particular 

the melting and crystallisation history of the silicate 

Moon. 

Given the established genetic link between sili-

cate Earth and Moon, do lunar surface rocks really 

require a mantle source that is significantly richer in 

iron?  Or is the silicate Moon merely a snapshot of 

the terrestrial mantle? 

My experiments investigate a fractionally crystalliz-

ing lunar magma ocean of fertile pyrolytic composition. 

Starting with McDonough and Sun (1995)[3] primitive 

mantle, with volatile elements (e.g. K and Na) reduced 

by 2/3rds. Experiments started at 85% liquid with 15% 

Olivine removed from primitive composition. At each 

step the melt from the previous experiment is the bulk 

composition for the next step. For long duration experi-

ments, graphite lined Pt capsules were used to prevent 

CaF2 ingress. Experiments lie between fO2 of C-CO and 

IW+1.5 and follow the lunar pressure gradient, from 

2.5GPa, 1675oC  for the primitive melts to 0.5GPa, 

850oC for evolved melts. 

   Data from [4] 

  

In major element space my experimental crystalliza-

tion has shown that linear mixing of early and late stages 

can reproduce much of the bulk rock geochemistry of 

the Mare basalts.  

Mare basalts have a characteristic ‘Bow’ Shaped 

rare earth element trend, depletion in both heavy and 

light rare earth elements. KREEP, rich in LREEs can be 

the sink for the light REEs. On the Moon, the lower 

pressure precludes the formation of Garnet; another sink 

is therefore needed to explain the depletion of the 

HREEs.  

 

 

Figure 2a: Rare Earth Element plots for Mare bas-

alts. 

Figure 2b: My experiments show an enrichment of 

the solid phases in Heavy REEs. Data from LA-

ICPMS. 

Figure 1: Fractional and Batch models used 

phMELTS. Mineral stability fields are taken from 

MELTS too. My experimental line of descent differs 

from that modelled and enables the mixing of late and 

early fractions to produce the bulk rock compositions 

of Mare basalts. *Ferroan Anorthosite Suite 
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A high temperature pyroxenoid phase in the early 

stages of the crystallization is able to accept large 

amounts of the HREEs. I propose this as the sink for the 

HREEs.  

The complete fractionation curve, when re-mixed, is 

able to explain the bulk of the major and rare earth ele-

ment observations of the surface of the Moon. It is pos-

sible to have vigorous mixing between the Earth and Im-

pactor, explaining the Major element, and Isotopic com-

position of the Apollo Basalts.  
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