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Let us assume that the initial moon, freshly accreted, was essentially 
chondritic in composition without any Eu anomaly (Eu/Eu* - 1.0) . Let a magma 
ocean or magma pockets, large or small, form in this body. If a cumulate of 
clinopyroxene (cpx), orthopyroxene (opx), and olivine (01) were to be 
separated from this magma body, could a partial melt of this cumulate produce 
the kind of negative Eu anomaly commonly observed in mare basalts? If 
plagioclase (plag), cpx, and opx were to crystallize from the remaining liquid 
after cumulate separation, would the resultant rock show a positive Eu anomaly 
similar to those seen in lunar highland rocks? We have made some model 
calculations (batch melting using data in Table 1) to trace the fate of EU/EU* 
in different solids and liquids under assumptions mentioned above. 

CASE I. Calculate the Eu anomaly in liquids produced by partial melting 
of cpx+opx+ol cumulates derived from an originally chondritic magma. The 
important variable is the amount of cpx in the cumulate. We assume (1) a 
chondritic magma with no existing Eu anomaly; (2) crystallization of cpx, opx, 
and 01 in variable proportions with the constraint that opx - 01; (3) the 
magma body is infinite in size relative to the cumulate and thus maintains a 
chondritic composition. (4) Eu in the magma is 70% Eu2+ + 30% Eu3+ [6,9]. 
Results : Our calculations show that to match the observed Eu/Eu* ratios of 
mare basalts (0.26 to 0.78; [9] Table 6.4) a minimum of 40 % and more 
realistically 60% melting of a cumulate source with at least 20 % 
clinopyroxene is necessary. The amount of cpx above 30%, has little effect on 
calculated ratios of Eu/Eu* (fig. 1). The assumption that the magma ocean 
remains chondritic actually makes the calculated Eu/Eu* ratios represent 
maximum estimates of the degree of Eu depletion. If the crystallizing magma 
body is considered to be a closed system, then the remaining liquid would 
develop a positive anomaly that would produce a smaller Eu depletion in the 
cpx crystals going into the cumulates. Thus, the Eu depletion in the resulting 
cumulate would get smaller with increased percentage of crystallization and 
any liquid produced by cumulate melting would have correspondingly smaller 
degrees of Eu depletion. 

CASE 11. Calculate the degree of Eu enrichment in a plagioclase bearing 
cumulate formed from a magma ocean already enriched in Eu due to an earlier 
stage of cpx removal. We assume that (1) the magma is originally chondritic; 
(2) initial crystallization takes out 15% total crystals (in proportions of 
.50cpx : .25opx : .2501). We calculate Eu/Eu* ratios for two different 
proportions of plag, opx, and f cpx crystallization from the remaining liquid. 
Scenario 1: 70% plag + 30% opx (mode of anorthosite clast in breccia 15455; 
[4]. Scenario 2: 45% plag + 44% cpx + 11% opx (estimated 1-atm cotectic 
crystallization proportions excluding Fe-Ti oxide [I]. Results : At the end of 
the initial cpx + opx + 01 crystallization and removal, estimated liquid Eu 
concentrations are Eu3+ = 1.11; EU ( .7Eu2+ + .3Eu3+) = 1.13. These form the 
initial concentrations from which subsequent crystallization of plag+opx 2 cpx 
takes place. Calculated cumulative solid composition as a function of percent 
crystallized are : -  
% xllzd 10 20 30 40 50 60 70 80 90 100% 
Eu/Eu* (1) 21.71 20.81 19.99 19.09 18.10 16.99 15.71 14.21 11.90 1.02 
EU/EU* (2) 4.05 4.05 3.83 3.70 3.56 3.41 3.22 2.99 2.65 1.02 
(1) 70% plag + 30% opx; (2) 45% plag + 44% cpx + 11% opx. The anorthosite 
clast in 15455 has an observed Eu/Eu* ratio of 5.58 [9]. 
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CONCLUSIONS. (1) Mafic cumulates derived from a magma pocket with EU/EU* - 1 cannot produce a source lithology, partial melting of which could give 
rise to EU/EU* ratios seen in mare basalts. (2) Crystallization of plag + opx 
in modal proportions of anorthositic rocks from the residual magma after mafic 
cumulate removal will produce unrealistic EU/EU* ratios, but crystallization 
of cotectic proportions of plag+opx+cpx will produce EU/EU* ratios close to 
that of anorthosites although the resultant rock will be a common gabbro. 
Therefore, by default, an initial plagioclase flotation in a global magma 
ocean seems to be a simple starting model to explain the Eu anomalies in 
common lunar rocks. 
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Table 1 
Initial Partition coefficients* 

Eu/Chond Eu Phase Eu3+ EU~+ Eu ( .7  EU~++. 3 Eu3+) 
1.00 CPX 0.65 0.30 0.405 

OPX 0.05 0.05 0.05 
01 0.10 0.10 0.10 
Plag 1.30 0.021 0.916 

Best averages of experimental and natural terrestrial values [2,3,5,7,8]. 
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