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Introduction: Because most lunar granites are not 

pristine, i.e., they are contaminated with non-granitic 
materials, mixed via impact, it is difficult to ascertain 
their true bulk compositions. The recent characterization 
of a pristine lunar granite, 12032,366-19 [1], provides an 
opportunity to compare it with other pristine lunar gra-
nites (Table 1). The origin of lunar granite is not well 
understood, and the scale on which it forms in lunar ig-
neous environments is not known. Because 12032,366-
19 is composed of a mineral assemblage consistent with 
late-stage fractional crystallization, it a good candidate 
for crystallization modeling to attempt to determine a 
“parent” melt, e.g., KREEP basalt or some other compo-
sitionally evolved melt. It may help elucidate whether 
extended fractional crystallization is sufficient to gener-
ate these granitic melts or if special circumstances such 
as silicate liquid immiscibility are required to explain the 
bulk composition. 

Methods: The bulk composition of 12032,366-19 
(Table 1) was determined by INAA (instrumental neu-
tron activation analysis) in a study of 2–4-mm lithic 
fragments from the Apollo 12 regolith [1-4]. Phase com-
positions were determined by WDS electron probe mi-
croanalyses using the JEOL 8200 electron microprobe at 
Washington University. A modal recombination (Table 
1) was performed to estimate the concentration of ele-
ments and oxides for which data were not obtained via 
INAA. The model was constrained to closely fit the ele-
ments and oxides for which both microprobe and INAA 
concentrations were obtained (FeO, CaO, BaO, Na2O, 
K2O, ZrO2). Fractional crystallization modeling was 
done using the MAGFOX program of Longhi [5]. 

Mineralogy of 12032,36-19: The mineralogy of 
12032,366-19 is unique among lunar granites. The as-
semblage includes graphic intergrowths of K-feldspar 
(An1.2-6.1,Ab25-33,Or58-74,Cn0.4-3.9) and quartz  (determined 
by Raman spectroscopy), and of plagioclase (An35-48, 
Ab52-64,Or0.9-1.3,Cn0.0-0.1) and quartz. The mafic phases are 
ferropyroxene (En4.6-6.2,Fs51-52,Wo43-44, 6.0 wt%) and 
fayalite (Fo2.7,Fa97, 3.1 wt% of 12032,366-19) [1]. Ac-
cessory minerals include ilmenite, ZrO2, and two Zr-Ti-
Fe-rich phases. 

12032,366 and Other Pristine Lunar Granites: 
Compositionally, granite 12032,366-19 is most similar to 
samples “12013 light,” [6,7,8,9], 12070,102-5 [10], 
14321,1027 [11], 15405,12 [12], and 73255,27/,3 [13]. 
15405,12 differs the most; it contains ~20% clinopyrox-
ene which is probably a sampling issue caused by its 
relatively large grain size. These 6 samples all have gra-
nite-like compositions, i.e., high SiO2, low FeO, and 
high alkalis and Ba (Table 1, Figs. 1,2,3). 

Table 1. Bulk compositions of 12032,366-19 and selected 
lunar granites. Oxide units are wt%. Element units are ppm. 
 1 2 3 4 5 6 
SiO2 70.0 73.0 70.8 74.2 68.1 75.5 
TiO2 1.04 0.60 0.60 0.33 0.90 0.26 
Al2O3 13.5 11.9 12.7 12.5 10.2 12.3 
FeO 4.93 0.90 6.30 2.32 6.99 3.10 
MnO 0.13 0.12 0.10 0.02 - 0.04 
MgO 0.14 0.70 0.40 0.07 1.53 0.20 
CaO 3.0 1.40 1.00 1.25 4.89 0.50 
BaO 0.77 0.65 - 0.24 - 0.61 
Na2O 2.49 1.40 1.10 0.52 0.79 0.53 
K2O 4.5 6.80 7.40 8.60 3.39 7.55 
P2O5 0.039 - 0.70 - - - 
ZrO2 0.203 0.15 - 0.09 - - 
Hf 41.9 24 - 13.9 - 16 
Cr 56 1010 0 17 - 70 
Nb 287 - - - - - 
Ce 111 126 - 117 - 50 
Nd 82 64 - 58 - 34 
Y 494 - - - - - 
Th 132 41 - 65 - 9.5 
U 45 12.3 - 23.4 - - 
SUM 100.8 97.6 101.1 100.1 96.7 100.6 
1. 12032,366-19: This study – microprobe and modal recombina-
tion. 2. 12013,10 light: [6,7,8,9]. 3. 12070,102-5: Potash rhyolite 
[10]. 4. 14321,1027: Pristine granite clast [11]. 5. 15405,12: Granite 
fragments [12]. 6. 73255,27/,3: Felsite clast [13].  

Other lunar granites have compositions consistent with 
mixtures of granite and either KREEP impact melt brec-
cias that host them or quartz monzogabbro. 

The most striking difference between 12032,366-19 
and the five other granites is that its Na2O/K2O is higher 
by a factor of 2-5 than that of the others – a characteristic 
reflected by the abundance and sodic nature of its pla-
gioclase [1].  

Origins of Lunar Granite: The alkali-rich feldspars 
and Fe-rich mafics indicate that 12032,366-19 is an ex-
treme product of melt fractionation; however, it is uncer-
tain whether fractional crystallization alone can explain 
the sample’s bulk composition. To explore this, we se-
lected KREEP basalt (KB) 15434,18,199-A (composi-
tion compiled by [14]) and basaltic andesite glass (BAG) 
of Zeigler et al. [15] as compositions to represent poten-
tial parent melts. BAG has higher Fe/Mg and higher 
Al2O3. The compositions were modeled as extended 
fractional crystallization (using MAGFOX [5]) until 
crystallization reached 98 mol% (KB) and 95 mol% 
(BAG). 

In the KB melt, [SiO2] increases from ~53 to 55 wt% 
at 47 mol% crystallization when quartz begins to crys-
tallize. [SiO2] further increases to ~61 wt% at 98 mol% 
crystallized. [K2O] increases to 6.6 wt% at 93 mol% 
crystallization when K-feldspar (Ab15,Or81) begins to 
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form, and then decreases to 6 wt%. Initially, [Al2O3] 
decreases from ~16 to 12 wt% at 74 mol% crystalliza-
tion and then increases to 16 wt%. [FeO] remains rela-
tively constant around 10 wt% until quartz forms at ~47 
mol% crystallization, after which it rises to 14.5 wt% at 
86 mol% crystallization. From there, [FeO] decreases 
owing to crystallization of fayalitic olivine and ferropy-
roxene (Fo10, En20Wo10). 

In the BAG melt, [SiO2] initially decreases slightly to 
52 wt% at 50 mol% crystallization and then increases to 
~62.1 wt%. [K2O] increases from 0.7 wt% to around 6% 
at 91.5 mol% crystallization. Plagioclase (An86Ab13) 
forms early and initially suppresses Al2O3, but Al2O3 
eventually increases to ~17 wt%. [FeO] remains relative-
ly constant at ~13.5 wt% until silica forms at ~22 mol% 
crystallization. It then rises to 16 wt% at 50 mol% crys-
tallization. With further crystallization, olivine and py-
roxene compositions become increasingly Fe-rich (to 
Fo3, En4Wo2), leading to a final [FeO] of ~8 wt%. 

Even after extended fractional crystallization, resi-
dual melts do not reach SiO2 concentrations of the pris-
tine granite samples. Some other process is needed, such 
as gravity separation of low and high-density phases. If 
we take the mineral compositions that are in equilibrium 
with the KB and BAG residual melts at the last stage of 
crystallization as modeled above and adjust the propor-
tions by increasing the low-density phases relative to the 
high-density phases (ignoring phosphates and Zr-Ti 
oxides), as might occur during density separation, we 
can get to the compositions of the pristine granites with-
out appealing to SLI. An exception for 12032,366-19 is 
its high Na2O, which requires a more sodic plagioclase 
and a higher Na2O content in the starting melt composi-
tion. 

Conclusions: The six granites discussed here differ 
significantly in composition from one another (e.g. 
[Na2O] and [BaO]). These differences may simply result 
from differing physical accumulations of low-density 
fractions and trapped melt separated from otherwise sim-
ilar parent melts. The origin of 12032,366-19 could be 
explained by extended fractional crystallization of a par-
ent melt of KB or BAG  composition with 0.3-0.5 wt.% 
more Na2O, which experienced late-stage gravity separa-
tion concentrating the lighter silica, plagioclase, and K-
feldspar (Figs 1,2,3). Silicate liquid immiscibility [16-
19] may not be required; however, preliminary results 
indicate that the BAG liquid passes into the miscibility 
gap in the early stages of fractional crystallization. 
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Figures 1, 2, and 3. Red squares represent 12032,366-19. Blue
diamonds are the other lunar granites in Table 1. The orange line
follows the modeled KB liquid from 0-98 mol% fractional
crystalization. The blue line follows the modeled BAG liquid from 0-
95 mol% fractional crystalization. Orange and blue triangles
represent the solids modelled to be in equilibrium with the melts after
these high degrees of crystallization of the KB and BAG melts,
respectively, plus gravity separation to enrich the assemblage in low-
density phases. Units are wt%.
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