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Introduction:  Recent observations by the Moon 

Mineralogy Mapper (M3) have identified spinel anor-
thosite within the lunar highlands [1,2]. Spinel anor-
thosite was not returned during the Apollo or Luna mis-
sions, leaving the petrogenesis of this lithology under-
studied and unclear [1]. Although similar to returned 
spinel troctolites [e.g. 3], the remotely sensed spinel an-
orthosites appear to have distinctly higher Mg/Fe, sug-
gesting a unique, but perhaps related, petrogenetic his-
tory.  Since identification, several spinel anorthosite 
formation hypotheses have been advanced, including 
assimilation of anorthosite by picritic liquid and melt-
rock reaction of anorthosite and a Mg-suite parental liq-
uid [4,5].  

In this study, iron-bearing spinels were synthesized 
under reducing conditions applicable to the Moon.  Re-
flectance spectra of these minerals were acquired in or-
der to relate spectral features to measured compositional 
parameters.  Spectral absorption position and strength 
are affected by the concentration of iron and other transi-
tion metals in spinel [6, 7], but these dependences are not 
well calibrated for the appropriate conditions (i.e. low 
Fe, low Cr, ~IW fO2). In particular, we aim to determine 
the amount of FeO necessary to generate a 1 µm absorp-
tion in spinel.  This would allow constraints to be placed 
on the FeO content in the lunar spinel observed re-
motely, which have spectra lacking a 1 µm absorption. 

Methods: Synthesis and Spectral Analysis:  Rea-
gent grade powders of MgO and Fe2O3 were ground and 
homogenized under ethanol using a mortar and pestle.  
Compacts of homogenized MgO-Fe2O3 powders and 
polyvinyl alcohol binder were cold-pressed at 100 MPa 
pressure and then placed on plates of high-purity 
(0.998+) Al2O3   (Figure 1). The compacts were 10 mm 
in diameter and 3 mm in height.  The plate-compact 
pairs were placed on a bed of zirconia beads contained 
by an alumina boat.  These boats were loaded into a gas 
mixing furnace and held at 1415°C and 1 atm for 65 
hours.  Streaming CO and CO2 buffered the fugacity of 
oxygen to IW and reduced the Fe3+.  At temperature, 
spinel was readily synthesized on the alumina plate 
where the compact was in direct contact, generating 
~200 µm thick spinel layers that are amenable to spectral 
analysis.  The alumina plates bowed during synthesis, 
causing direct contact between the compact and plate to 
occur only within a central region.  These central regions 
are circular and ~5 mm in diameter (Figure 1).  The iron 
content of the spinel was controlled by varying the MgO/ 
Fe2O3 of used to form the compact. 

Spectra of the central regions for each run product 
were acquired in RELAB [8] using a Nicolet FTIR spec-
trometer. The data were collected as diffuse reflectance 
in both the near-IR (0.8-5 µm) and mid-IR (5-25 µm) 
wavelength ranges. 

Results: Morphology & Major Elements:  The 
alumina plates were sectioned normal to the spinel 
growth face.  The exposed faces were then mounted and 
analyzed by electron microprobe (EMPA, MIT, JEOL 
JXA-8200) for major element composition.  Importantly, 
transects across the central regions revealed only minor 
compositional variability (Figure 2). Compositional ho-
mogeneity indicates the spectra from the central regions 
are representative of specific Fe-bearing spinel composi-
tions. Major elements of the reported spinel are given in 
Table 1. 

 

 
Figure 1: A) Diagram of experimental setup and B) picture of 
representative run products.  Compacts with different Fe/Mg (rep-
resented by different color in 1a) were placed on alumina plates.  
The central regions are the areas where the compacts remained in 
direct contact with the plate for the duration of the experiment.  
These are the regions where the reported spinel spectra were taken. 

Lower-Fe-content central regions and all analyzed 
circum-central regions contained elevated Ni concentra-
tions (>0.15 and <1.6 wt %).  The spectra of areas with 
high Ni concentrations (indicated by blue color and 
compositional analysis) contained prominent 1 µm 
absorptions, despite low FeO concentrations (0.2 wt %).  
Consequently, we only use the spectra from central re-
gions with low Ni concentrations (<0.075 wt %) to con-
strain the lunar crust spinel composition of the newly 
identified spinel anorthosite.  We believe Ni was intro-
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duced into the system via vapor phase transport, sourced 
from the refractory boats that had been exposed to NiO 
in previous experiments. 

 
Table 1: Average of points analyzed (EMPA) for central regions 
of spinel and associated standard deviations on the average. FeO 
standard deviations are small, indicating differences in the IR spec-
tra of the spinel represent significant precision.  
 

 
Figure 2: Results of EMPA transects across exposed face of cen-
tral regions.  Transects were diagonal, extending from the base of 
the spinel layer (Point 1), to the surface (Point 4), at an angle.  
Transects contained evenly spaced points and were ~200 um in 
length.  The synthesized spinels have a narrow compositional 
range for given compact-plate pairing.  

Results: Spectral Properties: Spectra of all samples 
show a broad absorption in the 2-3 µm region (Fig. 3a), 
consistent with documented spectral properties of natural 
spinel [5, 6]. This prominent feature likely represents 
two overlapping absorptions at ~2.0 and ~2.8 µm, each 
due to electronic transitions in Fe2+ in a tetrahedral site. 
These strong absorptions are apparently saturated even at 
~3 wt% FeO. Mid-IR spectra of the same samples are 
also consistent with Mg-spinel compositions (Fig. 3b). 

 1 µm absorption: Spinel 3, with only ~3% FeO, does 
not show a strong 1 µm band, while Spinels 1 and 2 
(~5% FeO), do have a notable feature in this range. This 
is consistent with other work suggesting that a 1 µm 
band occurs in spinels due to Fe2+ in octahedral coordi-
nation [5, 6] and preliminarily supports that at least ~5 
wt.% FeO is required.  

Conclusions: Synthesis experiments under lunar-like 
reducing conditions have produced homogeneous, Mg-
rich spinels with variable FeO content. Near-IR reflec-
tance spectra of synthetic spinels with ≥5% FeO show a 
1 µm absorption, while the one sample with <5% FeO 
does not. We stress that these are preliminary results, but 
they suggest that the Mg-spinels detected by M3 on the 
lunar surface, which do not show a 1 µm feature, have 

very low FeO contents (<~5%). Such a low FeO content 
would require a high Mg# liquid in the petrogenesis of 
these spinels.  The aluminate spinel-olivine Kd

Fe2+-Mg
 is 

close to one [9], indicating the liquid reacting to produce 
the spinel anorthosite would be in equilibrium with a 
>Fo90 olivine.  This is too Mg-rich for the most magne-
sian picrites [10] and points towards the involvement of 
Mg-Suite liquids.  Incorporation of small amounts of Cr 
into the spinel would increase the Fo content of the equi-
librium olivine [10]. Future work will focus on produc-
ing additional synthetic spinels with finer variations in 
FeO in order to better constrain the onset of a 1 µm ab-
sorption.  

 
Figure 3: Reflectance spectra of Spinels 1, 2, and 3 in a) NIR and 
b) MIR wavelengths. A prominent 2-3 µm absorption is present in 
all run products, but the 1 µm band is only present in the spinels 
with FeO ≥ 5%. 
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