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Investigations 
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Spectral contrast of the mineral bands in the thermal infrared can vary widely 
with mineralogy and particle size, and can be well under 3%. We therefore 
recommend signal-to-noise ratios above 150 for observation planning in this 
wavelength region when mineralogy is a science goal except in cases when there 
is already evidence that the features are unusually strong.  Note that these SNR 
levels are well above the SNR required for thermophysical characterization alone.

Compositional returns are likely to improve with increasing S/N up to at least 
320 as argued by Christensen et al. [1], for a measurement precision of 1/16 of a 
5% band depth: under these circumstances, ±10% accuracy in mineral abundances 
can theoretically be achieved via linear spectral unmixing against a library of 
laboratory spectra, excluding metal and sulfides. In basaltic compositions, retrieval 
of An# in plagioclase and Mg# in olivines and pyroxenes to ±15% has been 
demonstrated in Mars-analogous laboratory experiments together with modal 
mineralogy to ±≲15% [e.g., 8,9].  
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Thermal emission spectroscopy (≈5 to 30 μm) probes the fundamental Si-O 
modes in silicate minerals and is thus capable of providing mineralogical 
information complementary to that available in the VNIR. This has motivated 
experiments flown on various Mars missions and on the OSIRIS-REx asteroid 
sample return mission [1] as well as asteroid spectral observations from various 
groundbased telescopes and the Spitzer Infrared Spectrometer (IRS). In the near 
future, JWST/MIRI may enable further investigations in this spectral region 
including of much smaller asteroids [2]. 

In some asteroid spectra the dominant mineral has been easy to recognize: for 
example, diogenite-like low-calcium pyroxene in the Spitzer spectrum of 956 Elisa 
(Fig. 1, [3]) or olivine in the spectrum of the Mars trojan 5261 Eureka (Fig. 2, [4]). 
However, not all spectra have been as straightforward to interpret. Science 
returns from future thermal-IR compositional studies would benefit from (1) 
higher S/N targets for observations and (2) improved laboratory data relevant to 
asteroid studies. 
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Figure 1:  (Above) Spectrum of V-type asteroid 956 Elisa showing 
diagnostic pyroxene features in the 10-μm reststrahlen region with a 
linear spectral model (red) of 85% Ellemeet diogenite (dominated by 
orthopyroxene, ≈En74) + 15% Fo69 olivine.  S/N in the 9-13 μm region 
is approximately 200.  (Below) Full 956 Elisa spectrum in flux density. 
Asteroid data from Spitzer IRS; meteorite data from RELAB [10] taken 
in reflectance and inverted.  After Figs. 2 and 13 in Lim et al. [3]. 

Unlike emission spectra from the Martian surface, asteroid spectra and emission 
spectra from particulate regoliths on other airless bodies are strongly affected 
by thermal gradients [5]. Thus, quantitative interpretation of these spectra 
requires laboratory data taken in an appropriate environment chamber [6,7] at 
relevant pressures, packing densities, and particle sizes. Such experiments are 
underway and described in a presentation by Donaldson-Hanna et al. (this 
meeting). 

Figure 2:  Emissivity spectrum of 5261 Eureka [4] with olivine-dominated 
meteorites (two R chondrites and Brachina).  Meteorite data are 
reflectance measurements from RELAB.  S/N in this spectrum is about 
220 in the 9-13 μm “reststrahlen” region and ≈100 from 16.5-22 μm.
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S/N ≈ 200
λ/Δλ ≈ 90


