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Introduction: Uncertainties in the interpretation 

of spectral signatures of volatiles.  
Background: Spectral signatures of hydroxyl and/or 

water molecules have been observed at 2.8 and 3 µm 
by the Moon Mineralogy Mapper (M3) onboard the 
Chandrayaan-1 spacecraft [1-3], and confirmed by the 
Epoxi mission [4] and Cassini Visual and Infrared 
Mapping Spectrometer (VIMS) [5]. If those volatiles 
are endogenic, their identification would have implica-
tions for the understanding of lunar interior geological 
proceses. If OH and/or H2O result of surficial 
processes, they are likely related to the space environ-
ment and surface properties of the Moon, one hypothe-
sis being the interaction of solar wind particles with 
minerals of the lunar soil [2].  

Problem: Measurements of the position, strength 
and shape of the absorption bands are essential for the 
interpretation of the type of volatile, its distribution, 
and depedence on lunar physical properties. However, 
these measurements have significant uncertainties [2]. 
Thermal emission contributes significantly to the lunar 
radiance in the 3-µm region above 250 K [6, 7]: It fills 
and distorts the absorption bands of volatiles, and it is 
correlated to illumination (latitude, local slope, surface 
roughness and time of day), surface albedo and compo-
sition [2, 8]. The accuracy of thermal removal based on 
reflectance spectra [6, 7] is affected by the broad 2-µm 
band of pyroxenes and the presence of the 3-µm band 
of volatiles. Photometric properties of the lunar soils 
have also significant spectral effects.  

 
Figure 1:. Example of 
M3 spectrum with and 
without thermal emis-
sion in it, for surface 
temperature of 350 K. 

The main ob-
jectives in our 
study are 1) the 
interpretation of 

the OH-bearing composition, which is based on the 
position of the bands, 2) quantifying the components, 
which is partly related to the depth of the bands, 3) 
monitoring temporal variations of the volatile distribu-
tion, which is a way to determine if the volatiles are 
endogenic or at the topmost surface, and 4) determin-
ing the association of various types of volatiles to dif-
ferent mineralogical compositions, which may provide 
insights on geological processes, or how the minerals 
interact with solar wind particles. We are first focusing 

on thermal emission removal because it has the strong-
est effects on the absorption bands. 

Spectral analysis and results: Thermal emis-
sionn removal and monitoring temporal variations. 

We use M3 reflectance spectra with thermal emis-
sion correction based on the data themselves [6, 7, 8]. 
We use also brightness temperature measured by the 
Diviner Lunar Radiometer Experiment [9] on Lunar 
Reconaissance Orbiter (LRO), where data are available 
at the same lunar local time of day than M3 observa-
tions. Both methods so far lead to an incomplete ther-
mal emission removal [8]. Qualitatively, the variability 
of the 3-µm band depth observed as function of the 
composition after incomplete removal of the thermal 
contribution is sensitive to the actual dependence to the 
composition. Quantitatively, this dependence is likely 
underestimated. The band shape estimate of the 3-µm 
absorption band is sensitive to the diversity of vola-
tiles. However, since the thermal emission is not com-
pletely corrected, and since this incompleteness varies 
from place to place, and also between observations of 
the same scene under different geometries of illumina-
tion, it is not yet possible to reach firm conclusions. 
Variations with time of day seem also to indicate an 
increase of the 3-µm absorption band depth when the 
sun is lower above the horizon. However, thermal re-
moval uncertainties are also higher when shadows are 
mixed in the scene. We are currently working on im-
proving the temperature modeling from Diviner data in 
order to account for surface roughness, and therefore 
reduce some of the uncertainties.  

 
Figure 2: 3-µm absorption band depth near Fontenelle Crater D 
(red arrow) for three times of day after thermal removal using 
Diviner brightness temperature measurements at 8 µm. 
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