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THE REFLECTANCE SPECTRUM OF TROILITE. D.T. Britt (Lunar and Planetary Laboratory, 
University of Arizona, Tucson AZ 85719), J.F. Bell, H. Haack, and E.R.D. Scott (Dept. of Geology and 
Geophysics, SOEST, University of Hawaii, Honolulu HI 96822). 

Introduction; Troilite (stoichiomemc FeS) is a common mineral in most meteorites, but meteorite 
spectroscopists have neglected to measure its spectral properties and consider its possible role in interpretation of 
asteroid spectra. Ordinary chondrites are typically 5-6 wt% troilite and this mineral is present in almost all iron 
meteorites in amounts up to 60%. Troilite's occurrence in meteorites is typically as 0.1-1.0 mm-sized blebs in 
stony meteorites and cm-sized nodules in iron and stony-iron meteorites [I]. Meteoritical and theoretical evidence 
strongly suggests that there should be troilite-rich zones in the interiors of differentiated asteroids. Most parent 
cores of iron meteorites probably contained a few wt.% S which was largely concentrated in the final 5-10 vol.% 
of eutectic liquid. This liquid crystallized as troilite (90 ~01.9%) and metal. An asteroid derived from a metal core 
wold probably display sections of crystallized eutectic liquid [2] provided that the asteroid is not covered with 
regolith. The distribution of troilite on the surface of metallic asteroids may therefore provide information about 
the crystallization history of the core. A fraction of the S may, however, become trapped in the dendrites during 
crystallization [3]. This would account for the abundance of wilite nodules in iron meteorites. The troilite 
distribution in the core may also affect the way the core breaks up during impacts. Fractures will preferentially 
propagate through the much more friable troilite and large core fragments may therefore have dendritic shapes. 
Regolith present on metal cores may also be enriched in the more friable trollite. Material of the expected 
eutectic composition would be very fragile, and collisional and/or atmospheric disruption may account for its 
absence among meteorites. 

Measurements; To determine the bidirectional reflectance characteristics of troilite a five gram sample of 
troilite was obtained from a sample of the Mundrabilla iron meteorite held in the collection of the University of 
Hawaii. This meteorite has an unusually high sulfur content (8 wt.%) and total troilite content is estimated at 25- 
35 vol.%. Average troilite composition in weight % is as follows: 63% Fe, 0.5% Cr, 0.3% Zn, and 36.2% S [4]. 
In hand sample troilite is bronzed-colored with a shiny metallic luster, but with grinding the material becomes 
black and flat. The sample was ground in a clean ceramic mortar and pestle to a bulk powder and dry sieved to a 
particle size of c250 p. Six additional particle size separates were dry sieved from this bulk sample. 
Bidirectional reflectance spectra of these samples were measured with the RELAB spectrometer over the 
wavelength range of 0.3-2.6 p. Shown in Figure 1 is the specmun of the bulk sample of Mundrabilla troilite. 
Overall the spectrum is dark, always less than 10% reflective, and strongly red sloped. The rapid increase in 
reflectance at the green and red wavelengths (0.4-0.5 microns) is probably responsible for the overall bronze color 
of hand sample troilite. Shown in Figure 2 are the spectra of the particle size separates of Mundrabilla troilite. 
The list of particle sizes in the lower right comer of the figure is in the same order as the spectra. Silicates 
typically brighten with decreasing particle size, but with troilite the darkest separate is the smallest particle size. 
Overall, reflectance increases between the >250 p fraction and the 63-125 p fraction, but then decreases with 
the 45-63 p fraction. After 45-63 p ,  reflectance decreases with decreasing particle size. The bulk sample 
shown in Figure 1 has a reflectance between the smallest and largest particle size separates suggesting that its 
reflectance is dominated by small particles coating larger grains. Shown in Figure 3 are the reflectance spech-a of 
a number of common opaques including lampblack carbon, magnetite, and wustite. Although troilite is not as 
dark as lampblack, it is clearly one of the major meteoritic opaques and a strong darkening agent. Previous work 
with spectral mixture modelling suggested that small particle size troilite and metal can dominate the spectra of 
ordinary chondrite meteorites, producing a dark, subdued and reddened spectrum similar to some dark asteroids 
P I .  

Im~lications for Asteroids; The strong red slopes and low reflectances of the troilite spectra are similar to the 
spectral characteristics of the asteroid types D, P, T, and possibly M. Classes D and P occur far away from the 
other igneous asteroid types and are not viable candidates. Some M-class asteroids are almost certainly rich in 
FeNi metal, and troilite is almost certainly present in their regoliths. Variations in troilite abundance and particle 
size may account for some of the variations in slope and albedo seen in this class. The cryptic T-class asteroids 
are speculative candidates for possible nearly pure troilite asteroids, as their heliocentric distribution is similar to 
that of the M-class. F i l y ,  the S-class asteroids may contain si&icant amounts of troilite which may account 
for some of the red slope common in that class. 
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Figare 2: Spectra of six particle size 
separates of Mundrabilla troilite. The 
particle size of each spectrum is listed in 
order in the lower right of the figure. 
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