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Introduction:  The depth of the 2.8-3 µm absorp-

tion band of lunar NIR reflectance spectra serves as an 

indicator for lunar hydroxyl (OH) and lunar water 

(H2O) [1] analyzed in a variety of works [2, 3, 4]. In 

[4], the relative integrated 3-µm band depth (OHIBD) 

value is used to quantify the strength of the 2.8-3 µm 

absorption band which is a measure for the presence of 

lunar OH/H2O: Larger OHIBD values are positively 

associated with more lunar OH/H2O. The spectral ef-

fects of space-weathering (SW) are well described 

(e.g., [5, 6]) and are mainly caused by the gradual for-

mation of submicroscopic-sized iron particles (smFe) 

in the upper layer of the regolith. The resulting spectral 

changes include the darkening and reddening of the 

spectrum as well as the obstruction of diagnostic fea-

tures [5]. This raises the question how effects of spec-

tral space-weathering affect the depth of the 3-µm ab-

sorption feature and hence the detection and mapping 

of lunar OH/H2O: Does SW affect the band depth and 

are there other effects which might have an influence 

on the absorption band? To shed light on this question, 

we follow three steps. At first, we process the M³ [7] 

data with the correction for thermal emission of [8, 4] 

to obtain corrected reflectance spectra in the range 0.6-

3 µm. Secondly, we employ our previously developed 

ab-initio submicroscopic iron modeling method based 

on Mie theory [9, 10] which simulates the change in 

reflectance behavior by mixing submicroscopic iron 

with particulate media. The technique is applied to M³ 

reflectance spectra of fresh mare soil to artificially 

simulate the spectral aging process. This gives very 

good agreement with lunar M³ spectra of different ma-

turity. Finally we determine the OHIBD parameter and 

discuss the influence of space-weathering on the detec-

tion and mapping of lunar OH/H2O.  

 

Methods:  M³ data are processed with the method 

described in [8, 4], applying topographic correction 

based on the GLD100, correction for thermal emission 

based on [11], and correction for small-scale roughness 

[12, 8]. This yields reflectance spectra covering 78 (of 

84) M³ channels in the 0.6-3 µm region. In order to 

simulate the spectral behavior of submicroscopic iron, 

ab-initio Mie-modeling is performed to estimate the 

single scattering albedo w, the phase function p(g) and 

the extinction/scattering efficiencies Qext and Qsca of 

smFe [9, 10]. We use the optical constants of iron from 

[13]. Compared to effective medium theories, this 

model has the advantage that it gives full control over 

the particle size and the particle size distribution to 

model nanophase and microphase iron (terminology by 

[6]). To simulate the effects of smFe on fresh lunar 

soil, we perform the following steps based on Hapke’s 

reflectance model [14]: M³ reflectance spectra of fresh 

lunar soil samples are fed into a nonlinear optimization 

technique to retrieve the single scattering albedo wsoil 

of fresh soil. The effective soil albedo and the albedo 

of submicroscopic iron can be mixed linearly by fur-

ther including the extinction efficiencies of the soil and 

the particle phase functions. The resulting albedo 

wsoil,smFe is subsequently fed into the Hapke model to 

generate computationally space-weathered soil spectra. 

These spectra are compared with mature M³ soil spec-

tra. This procedure is carried out for mare and highland 

regions. For estimating the influence on the 3-µm band, 

the OHIBD parameter is calculated according to [4]. 

 

Results:  To evaluate the behavior of mare soil rich 

in pyroxene and plagioclase, we chose the craters Bes-

sel F and Bessel G in Mare Serenitatis. These craters 

are fresh, which is indicated by their bright ejecta blan-

kets. Two spectra were extracted by sampling one typi-

cal thermally corrected spectrum from the fresh ejecta 

and one from the mature soil nearby, respectively 

(Fig. 1). Using the described method, we simulated the 

effects of space-weathering for a particle size of 30 nm 

(Fig. 2). Comparing the measured spectra in Fig. 1 to 

the simulation results in Fig. 2, it can be seen that the 

effects of maturing soil are well described by our 

method. In particular, the obstruction of the 1-µm and 

2-µm absorption bands of pyroxene are visible, and the 

reddening effect is well reproduced. However, the ob-

struction of the 2-µm band is not as strong as in the real 

case. The OHIBD parameter for the measured spectra 

decreases from 8.55 to 8.05 from fresh to mature soil. 

The OHIBD parameter of the simulated spectra (Fig. 2) 

decreases to 8.35 with increasing amount of smFe. 

For evaluating the highlands, we concentrate on a re-

gion near the crater Krasovskiy T with small fresh im-

pact craters. Typical spectra of fresh soil and mature 

soil are shown in Fig. 3. The SW simulation is depicted 

in Fig. 4. Again, there is a good agreement between 

measurements and simulation. However, the simulated 

reddening effect is slightly stronger. The influence of 

SW on the OHIBD parameter is comparatively small. 

The OHIBD of the measurements decreases from 8.94 

to 8.47, whereas the OHIBD of the simulated spectra 

remains largely constant. 
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Figure 1. Typical fresh mare soil spectrum (red, OHIBD = 

8.55) and mature soil spectrum (blue, OHIBD = 8.05). 

 
Figure 2. Space-weathering simulation of fresh mare soil 

spectrum (green: fresh spectrum, increasing blue hue: more 

smFe added), particle size: 10 nm. 

 

Conclusion: (1) There is a good general agreement 

between the measured spectra and the spectra generat-

ed by SW simulation. (2) For mare and highland soils, 

the 2.8 – 3 µm absorption band (indicated by the  

OHIBD parameter)  is only slightly affected by increas-

ing maturity, a bit more strongly for the measured spec-

tra than for the simulated spectra. This indicates a good 

consistency between measurements and simulations. 

(3) All in all, submicroscopic iron induced by space-

weathering has a minor effect on the band depth of the 

2.8-3 µm absorption band. This is also confirmed by 

the global OHIBD maps of [4]. 

 
Figure 3. Typical fresh highland soil spectrum (red, OHIBD 

= 8.94) and mature soil spectrum (blue, OHIBD = 8.47). 

 
Figure 4. Space-weathering simulation of fresh highland soil 

spectrum (green: fresh spectrum; increasing blue hue: more 

smFe added), particle size: 60 nm. 
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