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Department of Geology and Geophysics, University of Hawaii at Manoa, 2525 Correa Rd., 
Honolulu HI 96822 

The potential of thermal infrared (7-14 pm) spectroscopy of the Moon for compositional 
remote sensing has been demonstrated telescopically (1,2,3,4,5) and in laboratory studies (e.g., 
6,7). The latter work has shown that spectroscopy in this wavelength region is sensitive to 
certain minerals, especially feldspars, that are  cult to detect or characterize in detail using 
near-infrared spectroscopy. For the potential of this technique as a remote sensing tool to be 
realized, however, the effect of noncompositional factors on spectral features must first be 
quantified. The detailed spectral character of lunar surface materials in emission is sensitive to 
the thermal profile of the soil in the uppermost surface, which in turn is affected by the insolation 
angle, the surface and subsurface temperatures, and the grain size. In addition, there is some 
evidence that at least the contrast of thermal emission spectra of silicate powders in vacuum is 
affected by the emission angle. Last, the effect of maturity (soil agglutinate content) upon spectra 
in this wavelength region is known in only the most preliminary way. 

Controlled experiments in the laboratory can improve understanding of the effects of 
these factors on emission spectra of lunar and lunar analog material. However, both the Moon's 
surface texture and thermal profile are difficult to reproduce exactly in the laboratory. The 
possible discrepancies between actual lunar conditions and laboratory simulations raise the 
concern that laboratory emission spectra of lunar material may not be quantitatively compared to 
remotely obtained spectra of lunar material in situ. 

For these reasons, we have initiated a spectroscopic program to measure the effect of 
noncompositional factors on thermal infrared emission spectra of lunar material in situ through 
telescopic observations of the Moon. This effort is essential for the validation of spectroscopy 
in this wavelength region as a compositional mapping tool. We are characterizing the following 
factors: emission angle, insolation angle, temperature, maturity, and soil/rock ratio. 

In each case, these variables must be measured with composition held constant in order to 
characterize the magnitude and nature of the noncompositional effects. Due to the limitations of 
the viewing geometry of the Moon, some of these effects will be difficult to separate. In addition 
to the systematic study, we will measure small areas of known compositions (from returned 
samples or near-infmed spectroscopy) as well as areas previously measured in the thermal 
infrared by other workers to c o d m  earlier findings with different instrumentation. 

Instrumentation 

Our spectrometer is based upon a commercial grating monochromator fitted with a liquid 
nitrogen cooled single element HgCdTe detector. Using a 1 mm aperture, the spectral resolution 
is 50 nm (10 cm-1 at 7 p, 3.5 cm-1 at 12 pm). To keep the data collection time short enough 
to allow proper photometry, we sample the spectrum every 100 nm. The total measured spectral 
range is 7 to 12 pm. The signal-to-noise ratio between 7 and 8 pm is highly dependent upon the 
humidity at the time of the observations. The spectra generated will primarily be relative spectra, 
that is, result in data which are ratios of a spectrum of one location dvided by that of another. 
This method improves the photometric precision of the results and provides high sensitivity to 
minor spectral differences. 

Earlv results 

Thus far we have conducted one observing run at a 60-cm telescope at Mauna Kea 
Observatory during which weather conditions were quite poor. However, under the brief 
periods of photometric conditions, we obtained a few spectra. The one relative spectrum 
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obtained under humid (70% relative humidity), but photometric, conditions yielded average 
deviations of less than 0.5% from 8 to 12 pm based on 3 standard observations and 3 object 
observations. On a drier (40% relative humidity) night with poorer photometric conditions, we 
observed average 1% errors from 8 to 12 pm, and average 2-3% errors from 7.5 to 8 pm. This 
suggests that on dry photometric nights we can regularly anticipate 1% photometry from 8 to 12 
pm, and likely 1-2% photometry from 7.5 to 8 pm. 

The scientific returns thus far are as follows: 

1) Effect of temperature/insolation angle differences. Two ratio spectra of a pair of mare 
locations observed two days apart yielded spectra showing the effects of temperature/insolation 
angle. Spectra of the two locations, one in Mare Tranquilitatis and the other west of Apollo 14, 
were obtained one night with essentially no temperature difference as reflected by a spectrum flat 
to 3%. The second spectrum shows a distinct slope and curvature consistent with a temperature 
difference of about 40 K (8). With this temperature difference removed, the latter spectrum is 
also flat to about 3%, showing no apparent spectral effect not accounted for by temperature 
differences, nor any possible confusion by addition of spectral structure. Extending these 
measurements to more extreme differences will be interesting as at extreme insolation angles the 
sides of rocks may be preferentially heated relative to flat lying soil, which would change the 
spectral character, emphasizing the spectral characteristics of the rocks. 

2) Effect of emission angle. We obtained spectra of three locations within a mare unit 
(9), all of which lay on roughly the same isotherm but with different emission angles. The three 
locations were: 1) within Mare Vaporum with an emission angle of 110 and. temperature about 
381 K; 2) within the Serenitatis annulus basalts near Posidonius with an emission angle of 400 
and a temperature of about 384 IS, and 3) within Mare Fecunditatis near the Luna 16 site with an 
emission angle of 560 and a temperature of about 392 K(temperatures estimated from reference 
8). The ratio spectra show errors of about 3%, although the scatter in the data is about 1.5%. 
The ratio of the location near Luna 16 to the Serenitatis annulus shows a very slight slope 
consistent with the minor temperature difference but no other structure. The ratio of the Mare 
Vaporum location is flat from 9 to 12 pm within die data scatter, but shows an upturn of about 
4% to shorter wavelengths. This feature appears real and may, if not due to an emission angle 
effect, be due to a slightly higher mafic-to-feldspar ratio in the Vaporum basalts relative to the 
Serenitatis annulus and Luna 16 site basalts (4). The latter observation emphasizes the need for 
measurements of the spectral systematics with emission angle of many different compositional 
units in order to minimize the effects of compositional differences within units. 

3) Spectral differences possibly attibutable to anorthosite. A spectrum including the east 
wall of Kant crater ratioed to the Apollo 16 landing site shows a possible negative spectral feature 
near 9 pm. The spectrum of a portion of the Descartes formation which shows an extreme 
albedo anomaly shows the suggestion of a similar feature. This area was shown to be spectrally 
anomalous by (1). The signal-to-noise ratio of these spectra are quite low however, precluding 
any definitive identification. 
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