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Introduction:  Quantitative assessment of the min-

eralogical composition of the lunar surface using visible 

(VIS) and near-infrared (NIR) wavelengths can be ob-

tained by comparing well calibrated reflectance spectra 

to modeled spectra of known composition, and assign-

ing the composition to the best spectral match using FeO 

as a constraint [e.g., 1,2]. Due to the low axial tilt of the 

Moon with respect to the ecliptic, the radiance measured 

in these wavelengths in the polar regions vary with to-

pography reaching extreme lows in topographic depres-

sions and highs on equator-facing slopes. Calibrated re-

flectance data including a precise topographic correc-

tion has not been derived yet and the available polar 

FeO abundances (measured by Lunar Prospector) have 

a spatial resolution of 15 km per pixel. As a result, be-

side a few local studies [e.g., 3-5], mineral maps have 

generally been constrained to within 50° in latitude. The 

mineralogy of the polar regions, which corresponds to 

more than 16 million km2 poleward of 50° in latitude, or 

~44% of the lunar surface, is mostly unknown.  

In this study, we take a novel approach to derive the 

first mineral and FeO maps of the polar regions (50-90° 

in latitude) at 1 km per pixel. We take advantage of the 

newly available calibrated reflectance data from the Lu-

nar Orbiter Laser Altimeter (LOLA) and use it along 

with reflectance ratio from the Kaguya Spectral Profiler 

(SP) to derive the first high resolution FeO maps of the 

polar regions. We use continuum-removed reflectance 

data acquired by SP during the North and South polar 

summers and radiative transfer equations to model the 

mineral abundances of each spectrum, constrained by its 

abundance in FeO.  

Datasets :   

LOLA has been actively acquiring reflectance data 

of the Moon since 2009; it sends a laser pulse towards 

the Moon at 1064 nm and measures the energy returned 

from the surface at 0° phase angle, regardless of the 

Sun’s illumination conditions [6]. It provides high sig-

nal to noise ratio for the entire lunar surface, regardless 

of topography, and has been thoroughly calibrated and 

gridded into polar maps of 1 km per pixel [7]. 

SP is a spot spectrometer which conducted continu-

ous spectral observations in the visible to near infrared 

region (500-2600 nm) between 2007 and 2009, with 

~550 m spacing between each spectrum [8,9]. Here we 

used SP data level 2B1, which contains radiometrically 

calibrated radiance data converted to diffuse reflec-

tance. We applied the photometric function of Yokota 

et al. [10] to correct for the observational geometry in 

the 742.8 to 1555.5 nm wavelength range, and obtained 

the reflectance at an incidence angle of 30° and emission 

angle of 0°. As this photometric function assumes a flat 

surface, the resulting reflectance values have important 

residual errors related to topography, and thus we use 

reflectance ratios in the derivation of the FeO algorithm, 

and continuum-removed reflectance in the radiative 

transfer analysis, as both of these types of data cancel 

the effects of topography on reflectance. We used data 

from ~2000 orbits (orbits ~2000-2999, ~4000-4999) 

which were acquired during the north and south polar 

summers, in order to maximize the extent of illuminated 

areas and the strength of the signal [10]. 

Methods : 
We used the 955.5/752.8 nm reflectance ratio from 

SP and calibrated reflectance at 1064 nm from LOLA to 

derive polar maps of FeO at 1 km per pixel, using the 

method of Lucey et al. [11]. To minimize the influence 

that topography could have on the derivation of the FeO 

algorithm, we first derived the FeO algorithm in the 

equatorial region using SP data only (including 1064 

nm). We then adapted the algorithm for the polar re-

gions, by replacing the SP reflectance at 1064 by the 

LOLA reflectance. As LOLA and SP have different 

viewing geometries, we calculated a scaling factor to be 

applied to the LOLA data (derived from equatorial 

measurements of both datasets, far from any topo-

graphic effect). We compared the polar FeO abundances 

derived from SP and LOLA with the abundances meas-

ured by the Lunar Propector Gamma-Ray Spectrometer 

[12] and found them to be in excellent agreement (r = 

0.96, σ = 5 wt.%). We calculated the average abundance 

of FeO in each dataset in 1° latitudinal bins, and found 

them to be within ~2 wt.% at all latitudes. The largest 

difference in FeO content between the two datasets oc-

curs near the poles in both polar regions, where the FeO 

content of SP and LOLA is ~2 wt.% higher than the FeO 

content of LP. This higher abundance might be due to 

residual photometric effects in the SP dataset. We per-

formed a latitudinal correction by scaling the SP and 

LOLA-derived FeO to the LP-derived FeO conent.   

To derive quantitative mineral abundances, we com-

pared continuum-removed SP reflectance spectra be-

tween 742.8 and 1555.5 nm, to continuum-removed 

spectra we modeled using radiative transfer equations 
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(which describe the scattering of light interacting with 

intimately mixed particles larger than the wavelength). 

We then assigned a composition to each SP point by 

searching for the best spectral match, ensuring that the 

best spectral fit contains within ±5 wt.% FeO of the 

given SP point. We modeled 6601 mixtures of olivine, 

low-calcium pyroxene, high-calcium pyroxene and pla-

gioclase. We modeled nine different amount of 

nanophase iron (0-0.7 wt.% [13]) and Britt-Pieters par-

ticles [14], as well as two different grain sizes (17 and 

200 µm) for each of these 6601 mineral mixtures. A 

grain size of 17 µm is optically dominant [15] and a 

grain size of 200 µm is required to match the observed 

band depth in plagioclase-rich spectra [3]. We used a 

fixed Mg-Number of 65. This resulted in 118,818 mod-

eled spectra. We used the optical constants of Lucey 

[16] optimized to minimize the error between modeled 

spectra and spectra acquired by the Lunar Soil Charac-

terization Consortium (9 wt.% without the FeO con-

straint). We did not analyze all the pixels from the 

~2000 orbits, as some SP data point have very low sig-

nal. We analyzed only the data points that have a signal 

to noise ratio greater than 20, and radiance greater than 

3 W/sr/m2/nm at 752.8 and 955.4 nm, the wavelengths 

used in the FeO algorithm. To calculate the signal to 

noise ratio, we divided the amplitude of the radiance be-

tween 746.8 and 1555.5 nm (i.e., the signal), by the 

standard deviation of the difference in radiance between 

the odd and even channels (i.e., the noise). This cut-off 

maximized the number of reflectance measurements 

while minimizing the noise; this left ~860,000 reflec-

tance measurements in the South polar region, and 

~1,200,000 in the North polar region. 

Results and conclusion: 

Preliminary results show that the FeO and mineral 

mapping methods are promising. The new FeO abun-

dance maps derived herein at 1 km/pixel resolves details 

such as pyroclastic deposits (e.g., in Schrödinger basin 

with ~10-15 wt.% and in J. Herschel crater with ~13-18 

wt.%) and some units with high FeO content (e.g., up to 

~15-20 wt.% FeO in Mare Frigoris, Mare Humboldtia-

num, Mare Australe and in the South Pole-Aitken ba-

sin). The mineral maps reveal that low-calcium is 

widely abundant (especially in the South Pole-Aitken 

with up to ~40 wt.%). High-calcium pyroxene is less 

abundant (up to ~10 wt.%) and especially concentrated 

in the center of the South Pole-Aitken basin [5]. We find 

exposures with ≥98 wt.% plagioclase on the rim of 

Shackleton crater (Fig. 2) consistent with the observa-

tions of Yamamoto et al. [4].  

Next, in an effort to reduce the orbit-to-orbit noise 

resulting from the interpolation of the SP points into 

mineral maps, we will derive new versions of the min-

eral maps using data points from the nearly 7000 avail-

able SP orbits. 

 
 

Figure 1. South polar map of FeO derived using Ka-

guya Spectral Profiler 955.5/752.8 nm, and LOLA 1064 

nm reflectance at 1km/pixel.  

 

 

 
 

Figure 2. Continuum removed spectra of two exposures 

with ≥98 wt.% plagioclase on the rim of Shackleton 

crater detected herein (orbits 4481 and 4482).  
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