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Introduction: Iron abundance is a key petrologic dis-
criminator for interpretation of airless body surfaces. Several 
independent measurements of lunar surface iron abundance 
derived from Lunar Prospector Gamma Ray Spectrometer 
(GRS) and Clementine spectral reflectance (CSR) are availa-
ble and in frequent use [1-6]. Most analysis methodologies 
applied to CSR for FeO derivation show reasonable agree-
ment relative to each other and the GRS FeO product, but 
significant differences (± 6 wt%) remain for various geo-
graphic locales on the Moon [2]. In some cases, these dis-
crepancies are large enough to suggest different plausible 
interpretations regarding lunar geology. As a result, it is im-
portant to resolve these differences for accurate composition-
al interpretation.  

Differences between the reported CSR and GRS FeO 
products may be related to differences in data product cali-
brations, algorithm effectiveness, regolith depth of sensitivi-
ty, mineralogic sensitivity, maturity and other surface physi-
cal properties, spatial resolution and/or data product statisti-
cal handling [2, 7, 8]. This leaves even a relatively knowl-
edgeable geologic analyst in the difficult position of deciding 
which iron estimate is most reliable. However, we suggest 
that the differences between the data products may also con-
vey important geologic information. The key is determining 
whether or not the differences have geologic causes.  

Recent hyperspectral near-infrared (NIR) data collected 
by the Moon Mineralogy Mapper (M3) and multispectral 
mid-infrared data collected by the LRO Diviner Lunar Radi-
ometer provide additional data sets with which to examine 
lunar surface FeO abundance estimates and physical proper-
ties. The M3 and Diviner data may provide clues to help rec-
oncile differences between CSR and GRS derived FeO data 
products. Here, an initial application of three algorithms ([1-
3]) to M3 data is performed and evaluated.  

Initial Application of CSR Algorithms to M3: Apply-
ing the algorithms of [1-3] ‘as is’ to a global M3 image cube 
immediately suggests that a revision of algorithm parameters 
and perhaps further calibration of the data set is necessary 
(Fig. 1). These results are not unexpected; previously devised 
NIR algorithms are specifically optimized for deriving FeO 
abundance from CSR. Furthermore, the calibrations of 

CSR and M3 were handled differently. The CSR data set was 
calibrated to a Apollo 16 laboratory reference spectrum [9, 
10], while M3 was evaluated to have a robust calibration 
relative to telescopic ROLO data [11]. One result of the dif-
fering methods employed is that algorithms developed for 
CSR cannot be directly applied to M3 with the same accura-
cy. Isaacson et al. [12] report correction factors derived from 
Apollo 16 soils that improve accuracy for the M3 1 µm ab-
sorption feature; these factors are not implemented. 

M3 Algorithm Optimization: As in the past, the Apollo 
landing sites are used here for a compositional reference 
since their FeO abundances are well documented [1, 13]. We 
collected M3 spectra from each Apollo sampling station and 
examined them via a plot of 950/750 nm and 750 nm abso-
lute reflectance, which in the case of M3 requires averaging 
several bands around these wavelengths for a more realistic 
comparison with CSR. The results suggest a fundamental 
difference between the CSR and M3 data sets, with M3 show-
ing absolute lower reflectance values. Given the differences 
observed, an effort to optimize the parameters of Lucey et al. 
[1]’s algorithm for M3 is undertaken here.  

The algorithms of Lucey et al. [1] and Lawrence et al. [2] 
hinge upon the selection of a “hypermature origin.” For ap-
plication to M3 data this origin must be modified. A prelimi-
nary origin was selected via adjustment of the algorithm’s x0 
and y0 parameters while monitoring resulting OMAT and 
FeO image products. More specifically, an acceptable sepa-
ration of surface maturity artifacts was sought while main-
taining a robust correlation (CSR cc = 0.96 [1]; M3 cc = 0.93 
here) between the Apollo collection stations laboratory de-
termined FeO and the Fe parameter (theta).  

Global Analysis Results: Using a preliminary optimized 
version of Lucey et al. [1], M3-derived FeO maps show sig-
nificant spatial similarities to CSR-derived FeO (Fig. 2). 

 

 
Figure 2: Lunar global M3-derived FeO maps computed 
using and optimized version of Lucey et al. [1]’s algo-
rithm (top) and the algorithm of Le Mouelic et al. [2].  

 
Figure 1: Comparison of global lunar FeO abundances 
derived for CSR (left) and M3 (right) relative to GRS 
using the algorithms of [1-3] ‘as is’. 
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However, M3 derived FeO suggests that expanses of high-
lands marginal to the Procellarum KREEP Terrane and South 
Pole-Aitken basin have elevated FeO abundances relative to 
CSR and GRS (Fig. 3). The M3 maps also show lower FeO 
abundances relative to GRS in the Feldspathic Highlands 
Terrane-An. In contrast, the algorithm of Le Mouelic et al. 
[3] performs well on the M3 data sets without modification; 
however, the algorithm does shift surficial FeO in the high-
lands to moderately higher values on average relative to GRS 
FeO maps.  

Regional Analysis: Initial analyses by Lawrence et al. 
[2] determined numerous areas with 
significant differences between CSR- 
and GRS-derived FeO, including Mare 
Moscoviense. Here, an initial analysis of 
FeO spatial differences within Mare 
Moscoviense suggest physical properties 
of the region may play a part. More 
specifically, higher CSR-derived FeO 
abundances computed for the northern 
portions of the basin correlate with less 
mature (~0.2) and more rocky materials 
as observed by CSR- and Diviner-
derived OMAT and rock abundance 
(RA) maps [14, 15], respectively. This 
suggests either (1) maturity is not being 
removed from CSR FeO calculations as 
efficiently as needed, or (2) GRS is de-
tecting subsurface materials that are FeO 
poor in comparison. 

Summary & Future Work: Here 
we have shown that FeO algorithms 
devised for CSR [1-3] are not directly 
applicable to the M3 data set and need 
additional optimization. That said, an 
evaluation of Le Mouelic et al. [3]’s 
algorithm shows the most stability rela-
tive to GRS FeO products when applied 

to M3 in its original form. Initial steps to optimize the algo-
rithm of Lucey et al. [1] for M3 are promising, but is current-
ly not as robust as CSR-derived FeO relative to GRS. The Le 
Mouelic et al. [3] algorithm, which relies strictly upon spec-
tral ratios to determine FeO, shows the greatest potential for 
reproducibility between CSR and M3 data sets, although 
differences are apparent and merit some modification. Iron 
data products derived using the Le Mouelic et al. [3] algo-
rithm show more robust numbers for M3 than CSR when 
compared to GRS. Nevertheless, difficulties accurately de-
termining FeO in more mafic areas are evident. On a global 
scale Lawrence et al. [2]’s method for FeO derivation from 
CSR data still shows statistically superior results compared 
to other CSR algorithms.  
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Figure 3: Lunar global CSR- (top) and M3-derived (bot-
tom) FeO relative to Lunar Prospector GRS-derived FeO.  

 
Figure 4: Mare Moscoviense perspectives including (top-left) LROC-WAC, (top-
right) FeOGRS-FeOCSR difference map, (bottom-left) CSR OMAT map, and (bottom-
right) Diviner RA map.  
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