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INTRODUCTION. Nanocrystalline (or superparamagnetic) hematite particles 
have diameters less than -10 nm and have spectral and magnetic properties 
different from those of their coarser-grained equivalents (bulk-Hm) [I]. 
Because of the spectral differences, it is possible to model spectral data for 
martian bright regions using mixtures that contain both nanocrystalline-Hm and 
bulk-Hm as components [I]. In these mixtures, the hematite mineralogies are 
present as pigmentary particles dispersed throughout a spectrally-neutral 
material. Although the mixtures are spectral analogues, they are not good 
analogues of martian surface materials in other ways. They do not have Mars- 
like total Fe203 concentrations and/or do not contain enough strongly-magnetic 
nanocrystalline-Hm. The results of the Viking magnetic properties experiment 
[2, 31 imply that most of the -18 wt % Fe203 determined for martian surface 
materials by the Viking XRF experiment [4] must be present as nanocrystalline- 
Hm in order for hematite to satisfy spectral, magnetic, and compositional 
(Fe203) constraints [I]. Matrix effects are a possible explanation for the 
correspondence of spectral but not magnetic and compositional data [I]. 

Matrix effects refer to differences in spectral reflectivity that result 
from differences in the optical scattering properties of the matrix withiii 
which pigmentary particles are dispersed. The purpose here is to show (a) 
that matrix effects are important for nanocrystalline-Hm dispersed as a 
pigment within spectrally-neutral matrix materials and (b) that it is possible 
to satisfy the spectral and magnetic constraints of martian surface materials 
at Mars-like Fe203 concentrations with hematite mineralogies. The laboratory 
samples used are pigmented silica and alumina gels which were prepared and 
analyzed according to [I]. Both gels are spectrally neutral (white) between 
350 and 1200 nm. 

RESULTS AND DISCUSSION. In [I], it is shown that the reflectivity 
spectra of S6FN samples (Type D) change in a predictable way with the 
concentration of the nanocrystalline-Hm pigment. This occurred because matrix 
effects are absent; all the samples are 35-74 pm powders of silica gel 
pigmented with variable Fe203 concentrations. Figures 1 and 2 illustrate that 
matrix effects are significant and that it is not reasonable to relate 
reflectivity spectra of equivalently-pigmented materials to Fe203 
concentrations unless matrix effects are taken into account. The reflectivity 
spectra of powder samples 1 and 2 (both light brown) are essentially the same 
(Figure I), but their Fe203 concentrations differ by a factor of -8. The 
matrix composition is the same (silica gel), but optical scattering properties 
of the samples are different because sample 1 (0.74 % Fe203) is a 35-74 pm 
powder, and sample 2 (5.2 % Fe203) is a <20 pm powder. Because the 
penetration depth of light decreases with decreasing particle diameter, the 
relatively higher pigment concentration of sample 2 is obviated by its 
relatively smaller particle diameter with the result that the reflectivity 
spectra of the two samples are nearly the same. 

Figure 2 shows the opposite situation. Powder samples 3 (light brown) 
and 4 (black-red) have nearly the same Fe203 concentration but very different 
reflectivity spectra. The particle diameters of the powders are also about 
the same (35-74 and 45-75 pm, respectively). Different spectra result from 
different internal scattering properties of the matrix materials. Sample 4 is 
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made with silica gel, which is a relatively transparent matrix material. 
Sample 3 is made with alumina gel, which is a translucent (highly scattering) 
matrix material. Light thus penetrates less deeply into sample 3, so that it 
is more reflective than sample 4 for the same pigment concentration. 

APPLICATION TO MARS. Figure 3 is taken from [I] and shows that the 
spectral properties of mixture MXS15 and the martian bright regions [5, 61 are 
very similar, although their Fe203 concentrations differ by a factor of -6. 
Figure 4 shows that, by taking advantage of matrix effects, it is possible to 
use the same hematite mineralogies and make a mixture (MXS35G) that has Mars- 
like spectra and Mars-like Fe203 concentrations. In order to get the high 
Fe203 concentration, components with strongly scattering matrix materials were 
used to minimize the penetration of light into the sample. It is also the 
case for MXS35G that strongly magnetic nanocrystalline-Hm contributes most (69 
%) of the Fe203 concentration. Thus, MXS35G satisfies the spectral and 
magnetic constraints of the martian bright regions at a Mars-like Fe203 
concentration. Still, other properties of martian fines, as determined by the 
Viking landers, must be accomodated in a complete mineralogical model. 
Spectrophotometric data cannot be used in isolation, especially if matrix 
effects are neglected. 
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