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Introduction:  On the basis of the thin lunar crust 

estimated from GRAIL data, the bulk refractory ele-
ment composition of the bulk silicate Moon (BSM) 
would be similar to that of the bulk silicate Earth 
(BSE) [1]. If the entire BSM did not contribute to the 
formation of the lunar crusts, however, the Al content 
of the BSM could be higher than that of the BSE. 

We have proposed a new bulk silicate Moon model 
(the cBSM) with sub-chondritic Ti/Ba, Sr/Ba, and 
Sr/Al ratios [2, 3]. The cBSM model is enriched in 
crustal components (e.g. Al) of proto-bodies relative to 
the BSE, and is the source of the parental magmas for 
the lunar feldspathic crusts.  

In this paper, I calculated the required mass contri-
bution of the source mantle to the entire BSM models 
to form the feldspathic crusts by reconciling with the 
GRAIL crust model 1 [1] and the FAN-host magma 
with sub-chondritic Ti/Ba and  Sr/Ba ratios [2, 3].  

Source mantle (CM) contributed to form feld-
spathic crust:  The required mass contribution (X) of 
the source mantle (CM) to the entire BSM to form 
'Feldspathic crust (FC)' was calculated as follows. 

BSM models.  Three BSM models (LPUM [4], 
TWM [5] and cBSM [3]) were examined. The concen-
trations of Al2O3(%) are 4.09, 6.15 and 5.26, respec-
tively.  

Crust model.  The GRAIL crust model 1 (the thin-
nest model) [1] was applied.  

'Crust' is defined as 'Feldspathic crust (FC)' and 
'Evolved crust' for all terranes (highland, PKT and 
SPA [1]) in this paper. While the FC is composed of 
the upper layer and the ferroan anorthosite layer of the 
GRAIL crust model [1], the FC is a mixture of floated 
plagioclase and their host magma (FAN-host magma). 

I used only three parameters from the GRAIL crust 
model for the calculation: 1) the mass fractions of 
'Crust' to the BSM (Xc), 2) that of the FC to the BSM 
(Xfc), and 3) the concentration of Al2O3 in the FC (Cfc 
for Al2O3). These parameters were calculated by aver-
aging of the thickness of the layers (Table 1). 

 

  

Evolution model.  The polybaric two-step model 
[3] was applied (Fig. 1). For the first step, an initial 
magma was generated as 40% of equilibrium melt 
from the CM under high pressure (0.8GPa). For the 
second step, the magma separated and ascended to a 
shallow level (0.3GPa) where it remained and crystal-
lized in equilibrium up to 20%-melt of the CM, and 
fractionally with solids up to 10%-melt of the CM. A 
part of the final 10%-melt mixed with plagioclase to 
form 'Feldspathic crust', and the other part was re-
mained for further evolution. 

 The pressure of 0.3GPa for the 2nd-step was based 
on the estimated pressure of 0.2~0.4GPa for the FAN-
host magma [3]. Ten % of the final melt percentage in 
the 2nd-step was thought to be the lowest value to rec-
oncile with the Sr or TiO2 concentration of the FAN-
host magma estimated from plagioclase of FAN [3].  

    

 
Fig. 1. The polybaric two-step model of evolution 

of magmas for ''Feldspathic crust'. 
 
The evolution of the magmas from BSM models 

was investigated by considering phase relations based 
on the Rhyolite-MELTS algorithm [6, 7] and by re-
examining partition coefficients for trace elements 
between plagioclase and melts [3, 8, 9]. Mass fractions 
and compositions for melts and minerals were calcu-
lated. 

 The mass fraction (X) to the entire BSM of the 
source mantle (CM).  The X value is defined as 

X = Xpl/Ypl2                                 Eq. (1), 
where Ypl2 is the plagioclase mass fraction in the 

CM, that is provided to 'Feldspathic crust' in the 2nd-
step.  

Xpl is the plagioclase mass fraction to the BSM for 
the GRAIL crust model and is calculated for Al2O3 as 
      Xpl = Xfc*(Cfc-Cl2)/(Cpl2-Cl2)                     Eq. (2), 
where Xfc and Cfc are from Table 1, Cl2 is the compo-
sition of the final 2nd-step melt, and Cpl2 is the aver-
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age composition of the 2nd-step plagioclase provided 
to form the FC.  

Results and Discussions:  Results are shown in 
Table 2 and Figs. 2 and 3. The Ypl2 values vary from 
4% to 9% depending on mainly the Al2O3 concentra-
tion of BSM models. The higher pressure of the 2nd-
step could decreases Ypl2, but increases the minimum 
Sr concentration of the 2nd-step melt. In contrast, the 
Xpl values are almost constant (3%) for the crust mod-
el because the variations of values of Cpl2 and Cl2 in 
Eq. (2) are very limited for Al2O3. 

 

  

 
Fig. 2. Mass balances of 'Feldspathic crust' of the 

GRAIL crust model 1 for BSMs. 
 
In all cases examined, the thinnest GRAIL crust 

model 1 does not require the whole mantle contribu-
tion to form 'Feldspathic crust (FC)'. The average val-
ues of Al2O3 (%) in mafic cumulates of the first and 
second steps of the LPUM, TWM and cBSM models 
are calculated to be 1.2, 2.0 and 1.6, respectively. 

Furthermore, it should be noted that significant 
mass fractions of melt (Xlr=3~7%) after providing 
plagioclase to the FC are required to remain in all cas-
es. The fate of the remained melt in the lower crust and 
mantle (´Evolved crust', evolved cumulates, trapped 
melt in mantle, etc.) is the future issue to be discussed, 
because the estimated mass fraction of 'Evolved crust' 
in the GRAIL crust model 1 is less than 1% to BSM. 

For the thickest GRAIL crust model 4, the mass 
fraction is 1.3 times that for the model 1, and the Xpl 
value is estimated to be about 4%. Therefore, the con-
tribution of the whole mantle is possible in the case of 
FC formation for the model 4 from the LPUM model. 
In this case, however, the Xlr value reaches to 10%. 

The FAN-host magma with sub-chondritic Sr/Ba 
and Ti/Ba ratios was estimated from plagioclase of 
FAN [3] and feldspathic crust [3, 10]. Magma evolu-
tion processes based on models with chondritic ratios 
for refractory elements (the TWM and LPUM models) 
are unlikely to have produced the composition of the 
FAN-host magma [3, Fig. 3]. Instead, the cBSM model 
is consistent with the FAN-host magma (Fig. 3b). 

 
Fig. 3. C1 normalized values of FAN-host magmas. 
         * Dpl-Sr=1.5, Dpl-Ba=0.13, Dpl-Ti=0.010 [3]. 
 
Conclusions:  Modeling of mass balances for 

BSMs by applying the GRAIL crustal model shows 
that the observed FAN-host magmas with low concen-
trations of Sr and TiO2 relative to Ba [3] would con-
strain the extent of the contribution of the mantle to the 
formation of crust. For the LPUM, TWM and cBSM 
models, the thinnest GRAIL crust model 1 does not 
require the whole mantle contribution to form 'Feld-
spathic crust'. 

 In all cases examined, significant amounts of melts 
after providing plagioclase to 'Feldspathic crusts' are 
required to remain in the lower crust and mantle.  
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