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Introduction:  Thermal infrared (TIR), 5-100 

μm or 100-2000 cm-1, spectroscopy is a valuable 

tool for inferring regolith properties of airless 

bodies. However, TIR emissivity is dependent on 

several factors, such as chemical composition, grain 

size distribution, shape, and packing; as well as 

atmospheric pressure, space weathering, and the 

thermal environment [1,2,3]. Accurately predicting 

spectral changes due to these factors is particularly 

challenging for the very fine-grained regolith 

(d~<60μm) typical of the lunar surface and other 

airless bodies. 

To examine these factors a layered, plane-

parallel radiative-transfer model [4,5] was 

developed. This model couples Mie scattering with 

the DISORT radiative transfer code and 1-D 

thermal diffusion. This code has been tested and 

validated against laboratory measurements of 

ground and sieved olivine of known composition 

[5]. In this model, each layer can be set to have a 

different composition, grain size distribution, and 

porosity. Moreover, layers may be composed of 

mineral mixtures. 

Applications:   

Space weathering. On the lunar surface, space 

weathered materials have reduced visible albedo and 

this was observed by the LRO-Diviner instrument to 

cause a shift in the Christiansen feature (CF), an 

emissivity maximum that is used to infer silicate 

composition [6]. We tried two different models to 

simulate the influence of space weathering on TIR 

spectra: 1) quartz-carbon mixtures and quartz-iron 

mixtures and 2) simply reducing the visible single 

scattering albedo of quartz.  

Close-packing and non-spherical grains. This 

model is modular, and the Mie scattering portion 

may easily be replaced by another code to calculate 

scattering and absorption cross sections as well as 

phase functions. An option to use the Multiple Scat-

tering T-Matrix code of Mackowski [7] is already in 

place.   

Results and Future Work:  The modeled spec-

tra of quartz mixed with darkening material and 

quartz with reduced visible albedo (Fig. 1) show a 

shift of the CF to longer wavelengths compared to 

pure quartz. This matches the direction of the shift 

of this feature observed both in laboratory measure-

ments of quartz-carbon mixtures and quartz irradiat-

ed to simulate space weathering [6] and LRO-

Diviner data. The model also reproduces the ex-

pected reduction in spectral contrast of space weath-

ered regolith. In addition to understanding how 

space weathering affects TIR spectra, this model 

could also be used to simulate spectral changes due 

to the presence of low-albedo materials such as car-

bon, inferred to be present on the surface of Mercury 

from the existence of a low-reflectance spectral unit 

[8]. 

As a next step, we would like to compare the re-

sults produced by using the assumption Mie spheres 

compared with 1) clusters of spheres using the 

MSTM code [7] and 2) non-spherical agglomerated 

debris particles using the DDA code developed by 

Zubko et al. [9].  
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Figure 1: Modeled temperature profile (top) and modeled TIR 

emissivity spectra (bottom) of 20 µm diameter pure quartz (blue 

solid lines) and space-weathered quartz represented by reducing 

the single-scattering albedo (green dashed lines). Note the shift of 

the emissivity maximum from ~1400 cm-1 to ~1300 cm-1.  


