
LPS XXVI 1377 

TOWARDS A MORE SOPHISTICATED APPROACH TO COMPOSITIONAL INTERPRETATION OF 
SILICATE ABSORPTIONS IN ASTEROID SPECTRA. I. M. Sunshine, SETS Technology Inc., 300 Kahelu 
Ave., Mililani, HI, 96789 and Dept. of Earth, Atmospheric, and Planetary Science, MIT, Cambridge, MA, 02139. 

Introduction: Spectral surveys have shown the surfaces of many asteroids, like most solar system bodies, to be 
dominated by silicates. Qualitative analyses indicate the presence of both pyroxenes (PYX) and olivines (OLV), 
and provide first order estimates of composition and relative abundances [e.g., 11. However, because both OLV and 
PYX are members of solid solutions, their spectral properties vary continuously with composition. This, 
combined with the significant overlap in absorptions in the 1 pm region, complicate our ability to make more 
detailed compositional interpretations. One approach, the Modified Gaussian Model (MGM) [2] has been 
successfully used to quantify compositional variations in OLV spectra across its solid solution series [3,4] and in 
PYX spectra of both natural and laboratory mixtures [5-71. The MGM approach thus holds great promise for 
accurately resolving spectra with mixtures of OLV and PYX. However, before the MGM can confidently be used 
on remote spectra, further development of the model and testing with controlled spectra is required. 

A ~ ~ r o a c h :  By modeling spectra as a sum of absorption bands superimposed onto a linear continuum (in log 
reflectance and energy), the MGM can be used to deconvolve spectra into their constituent absorption bands [2 ] .  
The MGM has been successfully applied in the lab to quantify compositional variations of OLV spectra and PYX 
mixture spectra, providing a solid basis for interpretation of unknown spectra. However, in comparison to most 
lab data, currently available remote data have both lower signal-to-noise and spectral resolution. Experience in 
modeling remote data has shown that simple application of the MGM results in absorptions that have properties 
which are inconsistent with known variations [4]. Nonetheless, if the ranges of variations in absorptions observed 
in the lab are used as constraints, it is possible to obtain reasonable solutions for remote spectra [4,7]. Given the 
complexity of spectra of OLV and PYX mixtures, modeling must begin with carefully controlled lab samples. 

Q&: Spectra from samples of the Twin Sisters Dunite (TSD) in Washington state provide an excellent control 
for developing and testing models of OLV and PYX mixture spectra. TSD is a natural mixture of Mg-rich OLV 
and Ca-poor PYX. Spectra of both the OLV + PYX mixture and a mineral separate of the OLV have been 
measured. In addition, because the spectra of the mixture and one of the endmembers (OLV) are known, the 
spectrum of the other endmember (PYX) can be calculated using Hapke theory [8]. Assuming that the PYX 
particles are the same size as the OLV, the PYX spectrum is derived by unmixing OLV from the OLV + PYX 
spectra. Such calculations are made using several different fractional abundances until a reasonable PYX spectrum 
is obtained. A combination of 83% OLV and 17% PYX provides a good model for the TSD mixture. By adding 
noise (1% additive ) and resampling to lower resolution (40nm), the TSD OLV + PYX mixture spectrum can also 
be used as an analog for a remote asteroid spectrum. This theoretical 'S-Asteroid' spectrum, shown along with the 
other TSD spectra in Figure 1, can be used as a test to evaluate the accuracy of results likely to be derived from 
actual remote spectra. 

Derived Olivines: Modeled OLV absorptions derived from applying the MGM to TSD OLV and PYX mixtures 
can be quantitatively compared to those calculated from the OLV endmember and previous analyses of OLV [3,4]. 
The OLV feature near 1 pm is composed of three overlapping bands. MGM analyses of spectra across the OLV 
solid solution series indicate that the relative strengths of first and third absorptions (MI site) remain constant, 
while the middle band (M2 site) systematically varies with Mg-content. These variations in relative band strength 
are indicated by the ellipses in Figure 2. As shown on Figure 2, the relative band strengths derived from the 
TSD OLV spectrum (crosses in boxes) lie within the range of the solid solution series and properly indicate a high 
Mg content. However, even with high quality data, the relative strength of the first band derived from modeling 
the TSD mixture spectrum (triangles) lies well outside range of the solid solution series and is clearly not in 
agreement with the known OLV absorptions. In the case of the theoretical 'S-Asteroid' (circles), the relative band 
strengths lie within the lab range, but lead to an erroneous inference that the OLV is Mg-poor rather than Mg-rich. 

Derived Pyroxenes: Similarly, PYX absorptions derived for the OLV and PYX mixtures can be compared with 
those obtained from the calculated TSD PYX endmember and other PYXs. Table 1 shows the positions and 
relative strengths for the 1 pm and 2 pm PYX absorptions. The discrepancies among the 1 pm centers and relative 
band strengths are strong indications that the PYX absorptions in the mixture spectra are not being well modeled. 
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Future Directions: It is apparent that simply applying the MGM to OLV and PYX mixtures, even in high 
quality lab data, does not produce satisfactory results. This is not surprising, given the overlap among absorptions 
in the 1 p region. Nonetheless, as was the case for OLV spectra and PYX mixture spectra, the systematic 
variations in OLV and PYX absorptions can be used to build a more sophisticated approach to modeling silicate 
mixture spectra. In particular, adding constraints such as coupling between M1 absorptions in OLV [3,4] and 1 
p and 2 pm absorptions in PYX [5,6], while mathematically more challenging, should lead to a robust tool and 
to quantitative compositional inferences from spectra that include mixtures of both olivines and pyroxenes. 
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Figure 1: Spectra from Twin Sisters Dunite (TSD) 
including, the natural TSD mixture of OLV + PYX (bold), 
the OLV separate from TSD (solid), the calculated PYX 
derived by unmixing the OLV from the TSD mixture 
spechum (dashed), and a theoretical 'S-Asteroid' obtained 
by adding noise and resampling the TSD mixture 
spectrum (pluses). For clarity, all spectra are shown in 
relative reflectance and offset 10% from each other. All 
spectra are of 45-75 pm sized particles. 

Figure 2: The relative strength of olivine absorptions 
derived from TSD spectra. Ellipses represent the range of 
relative strengths seen in OLV solid solution series in the 
lab [3,4]. As indicated, the relative strength of the M1 
bands remains essentially constant across the solid 
solution series, while the M2 band varies systematically 
with Mg content. Note that the OLV absorptions derived 
from the mixtures (TSD - triangle, theoretical 'S-Asteroid' 
- solid square) differ significantly from the actual known 
OLV absorptions (cross in square). 

Table 1. Band centers and relative strengths for pyroxene absorptions derived from the calculated 
TSD PYX endmember, a natural enstatite, the natural TSD OLV + PYX mixture, and a theoretical 
'S-Asteroid'. Note the significant discrepancy between the known centers and relative strengths, and 
those derived from spectra analogous to what might be measure remotely (i .e. ,  the 'S-Asteroid'). 

Pyroxene Pyroxene Relative Strength 
1 pn Band Center 2 km Band Center 1 pm/ 2 pm Bands 
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