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Visible to near-infrared bi-directional reflectance spectra have been measured for several mixtures of 
fine-grained hematite powder and chemically-treated montmorillonites. The purpose of this study is to 
measure the influence of a highly absorbing, fine-grained material on the spectral properties, especially 
NIR brightness and 2.2 pm band depth, of silicate-bearing Mars analogs. Chemically-treated 
montmorillonites, containing -10-20 wt.% nanophase ferric minerals and a NIR spectral brightness of 
-85%, are used here as the Mars soil analog materials. The hematite powder was found to significantly 
darken the NIR albedo of the silicate and greatly decrease the strength of the 2.2 pm band. The 
environmental conditions at the time of sample measurement were also observed to influence the near- 
infrared spectral properties of these Mars analog materials. 

INTRODUCTION. Visible to near-infrared bi-directional reflectance spectra have been measured for 
several mixtures. These mixtures were prepared in order to study the influence of a small amount of a 
dark, highly absorbing component on the spectral features of a bright, silicate-rich material. The samples 
used in this study were chosen to provide insights for the surface material covering the martian bright 
regions. The mixtures contain montmorillonite and three forms of ferric iron and are described in detail in 
a companion abstract [I]. 

BACKGROUND. Mixtures of fine-grained carbon and montmorillonite have been performed from 
0.3-2.5 pm under ambient conditions[2] and from 0.3-25 pm under controlled, dry conditions [3] in 
order to observe the influence of mixing on band strengths in reflectance spectra of Mars analogs. 
Reflectance spectra of the mixtures measured under a dehydrated Mars-like environment exhibited 
significant darkening of the NIR brightness and suppression of the NIR montmorillonite features; for 
example, 0.5 wt.% C darkened the reflectance of SWY montmorillonite near 2 pm by more than 50% and 
decreased the 2.2 pm band depth from 11% to 3% [3]. A recent study involving mixtures of smectites, 
palagonitic soils, obsidian and hematite showed marked suppression of the 2.2 pm band of the smectites 
and palagonitic soils due to the highly absorbing fine-grained hematite component [4]. 

METHODS. Visible to near-infrared bi-directional spectra were measured under ambient conditions 
using a DLR-built goniometer, described in [5] and the RELAB spectrometer at Brown University, 
described in [6]. Bi-conical infrared reflectance spectra of these samples were measured under 
controlled, dry conditions using a Nicolet FTIR at Brown University as described in [3,7]. The mixtures 
used here were prepared by adding 5 wt.% (132 & 126) and 10 wt.% (133 & 127) of 0.5 pm particle 
size hematite powder to ferric sulfate-bearing montmorillonites. First derivatives of the RELAB spectra 
were used to determine the local band minima and maxima, and a continuum was removed to measure 
band depths following the method of Clark and Roush [8]. 

Table 1 NIR spectral reflectance and band depths for ferric sulfate-bearing 
montmorillonites (117, 120), hematite powder (129) and mixtures of these. 

% Reflectance NIR Ambient Environment Dry Environment 
at slope % band depths at % band depths at 

1.7 pm (%R/100 nm) 1.4 pm 1.9 pm 2.2 pm 1.4 pm 1.9 pm 2.2 pm 
samples 

117 88 (100%) 1.8 21 34 14 8 8 9 
132 48 (55%) 0.6 10 24 9 4 4 7 
133 40 (54%) 0.5 7 18 6 3 3 5 

120 78 (100%) 1.2 17 34 9 5 9 5 
126 52 (67%) 0.6 5 16 4 3 6 2 
127 47 (60%) 0.5 4 13 3 2 4 2 

129 28 0.9 

RESULTS: NEAR-INFRARED SPECTRAL BRIGHTNESS. The ferric sulfate-bearing montmorillonites 
exhibit a spectral brightness near 80% at 1.7 pm, whereas the spectral brightness of the hematite powder 
is much darker, near 30%. The mixtures are darkened, non-linearly, such that -5 wt.% hematite powder 
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reduces the brightness at 1.7 pm to -50% reflectance. The spectral brightness of the end-members and 
mixtures at 1.7 pm are listed in Table 1. Bi-directional reflectance spectra are shown in Fig. 1 from 0.4- 
2.5 pm for one set of the mixtures measured using the DLR goniometer. Bi-directional reflectance 
spectra of these samples measured at Brown Univ. are very similar to those shown in Fig. 1. The % 
reflectance of each sample was measured at 1.3 and 2.1 pm for estimation of the NIR slope. As seen in 
Fig. 1 and Table 1 the mixtures (132, 133, 126, 127) exhibit noticeable flattening of the NIR slope 
compared to the smectites (1 17, 120). An interesting result is that the slope of the mixtures is even flatter 
than that of the hematite powder (129). This trend was observed in multiple spectral measurements. 

Fig. 1 Reflectance spectra (ambient conditions: Fig. 2 Reflectance spectra (dry conditions) 

Wavelength (pm) Wavelength (pm) 

RESULTS: NEAR-INFRARED BAND STRENGTHS. Reflectance spectra are shown in Fig. 2 from 0.3- 
3.0 pm, where the infrared region (>1.2 pm) includes bi-conical Nicolet spectra, measured under H20- 
and C02-purged conditions and then scaled to the visible-region, bi-directional RELAB spectra. Band 
depths are listed in Table 1 for the spectral features at 1.41, 1.91 and 2.21 pm determined from 
continuum-removed reflectance spectra, measured under ambient and dry environmental conditions for 
both sets of mixtures. Adding 5 wt.% hematite powder reduced these features by -112 and adding 10 
wt.% hematite powder resulted in decreases in band depth of as much as -213. 

INFLUENCE OF ENVIRONMENTAL CONDITIONS. The NIR feature observed near 1.4 pm is due to a 
combination of structural OH and water, the feature near 1.9 ym is due to water, and the feature near 2.2 
pm is due to structural OH in these samples [9]. The band depths near 1.4 and 1.9 pm for all of the 
samples are much smaller in the spectra measured under dry conditions compared to those measured 
under ambient conditions. This influence of the environmental conditions is especially noticeable by 
comparing the ferric sulfate-bearirig montmorillonite (1 17) spectra in Figs. 1 and 2. Changes in the 2.2 
pm band depths as a function of the environmental conditions probably result from changes in the water 
features near 1.9 and 3 pm, which influence the shape of the continuum. 

CONCLUSIONS. These experiments indicate that mixing of a fine-grained, highly absorbing material 
greatly decreases the NIR reflectance, flattens the NIR slope and decreases the NIR band depths. The 
magnitudes of these changes are much larger than the relative wt.% of the absorbing material. This study 
shows that a few wt.% of fine-grained hematite mixed with the chemically-treated montmorillonites used 
here produces samples (i) whose NIR spectral brightness are on the order of the NIR brightness of 
martian bright region spectra, (ii) whose 2.2 pm band depths are realistic for Mars given the weak 2.2 
ym features observed there and the large spatial resolution currently possible, and (iii) whose chemical 
and mineralogical compositions are similar to those expected for the surface material on Mars. 
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