
LPS XXVI 759 

. SPECTROSCOPIC EVIDENCE FOR WIDESPREAD LOW-ALBEDO FERRIC 
MINERALS ON THE THARSIS PLATEAU Laurel ~ i r k l a n d l  and Scott ~ u r c h i e 2 .  l ~ u n a r  and 
Planetary Institute, Houston, TX;, 2~pplied Physics Laboratory, The John Hopkins University, Laurel, MD 

Visible and near-infrared spectral measurements of the Martian surface suggest the occurrence of three major 
soil types: dark gray soils that are relatively unaltered, contain pyroxene, and are largely mobile sands; bright 
red soils that are altered, mobile, nanophase hematite-containing dust; and dark red soils that may be indurated, 
immobile "duricrust" [I]. We used data from the ISM imaging spectrometer to determine what portions of the 
surface can be explained as a mixture of bright red and dark gray soils. We found that the mixture of these two 
components can explain most soils. However, dark red areas and a restricted set of dark spots that are likely to 
be free of a covering dust layer require either bulk hematite or an additional fenic component to explain their 
spectral characteristics. 

Data characteristics and analysis. The ISM imaging spectrometer on the Phobos 2 spacecraft 
obtained nine hyperspectral images of the equatorial region at -22-km resolution, covering the wavelength range 
0.76-3.16 pm. Here we used the six images obtained at the most favorable viewing geometries, and for these 
images we calculated reflectance and depths of absorptions. To quantify the relationship between albedo and the 
abundance of pyroxene, we made a scatterplot of reflectance at 1 pm vs. depth of the 2-pm pyroxene band (Fig. 
I), defined data clusters, and then mapped the clusters onto the planet's surface. We extracted representative 
spectra from each cluster for more detailed analyses, including measurement of band centers and 1-pm band 
depth and simulation of the spectra by linear mixture modeling 

Results. The scatterplot shows three data clusters. One cluster, which we call "normal" soil, has a linearly 
inverse relationship between 2-pm band depth and reflectance. The second cluster, which we label 
"anomalous" soil, shows almost no increase in 2-pm band depth as reflectance decreases. The third cluster, 
"transitional" soil, is transitional between the first and second cluster. The transitional and anomalous soils are 
strongly concentrated in the Tharsis region and occur as spatially coherent areas that coincide with dark 
"windows" in the dust cover. These include dark red areas, small dark spots in Tharsis, chasma walls of Valles 
Marineris, and portions of the chasma floor that have been previously interpreted as accumulations of debris 
originating within the chasmata [2]. 

Normal soils. The albedo of normal soils ranges from low to high (Fig. 2). As albedo decreases, the 2- 
pm band depth increases, and the 1-pm band center shifts from 0.85 pm to 0.96-0.98 pn. For low albedo 
normal soils, a plot of 1-pn vs. 2-pm band centers shows that their band positions are consistent with pyroxene 
(Fig. 3). For high albedo normal soils, the 0.85-pm band is consistent with nanophase hematite. Intermediate 
albedo normal soils have band centers and strengths intermediate in value that are well matched by a linear 
mixture of low- and high-albedo soils, although the intermediate-albedo soils in addition are characterized by a 
strongly negative continuum slope. 

Anomalous soils. These soils are intermediate in albedo, but unlike normal soils they exhibit almost no 
increase in 2-pm band depth as albedo decreases. They have 1-pm bands that are consistently centered near 
0.85 or 0.89 pm and that are shorter in wavelength than the 1-pm band in normal soils of similar albedo (Fig. 
4). The subset of anomalous soil spectra with 0.85-pm bands are well fit by a linear mixture of the darkest such 
soil with normal bright soil. A plot of the band depth vs. reflectance at 0.85 pm for this subset of anomalous 
soils shows that band depth increases as reflectance decreases. This is consistent with laboratory studies of 
hematite which show that as particle size increases, the 0.85-pm band depth increases and reflectance decreases 
[3]. Thus this subset of anomalous soils is simply explained as being darkened relative to normal bright soils 
by the addition of a component of coarse-grained (bulk) hematite. On the other hand, the 0.89-pm absorption is 
significantly weaker than can be modeled with linear mixing. An additional ferric component may be required to 
explain this absorption. 

Transitional soils. These are low to intermediate in albedo. Superficially, spectra of the transitional 
soils resemble those of normal soils of comparable albedo except that the 1-pm band broadens toward shorter 
wavelengths. However, comparison of the 1-pn and 2-pm band centers in low-albedo transitional soils with 
those of similarly low-albedo normal soils clarifies this difference (Fig. 3). Compared with the dark normal 
soils, which have band centers consistent with pyroxene, the transitional soils exhibit the same range of 2-pm 
band centers. However, the 1-pm band centers are typically shifted 0.02-0.06 pm toward a shorter wavelength 
as compared to the dark normal soils. Intermixture with pyroxene of an additional Fe-containing phase will 
deflect the plot of a spectrum on this diagram toward the wavelength of the 1-pm band center of the added 
phase, and it will cause the same kind of deflection toward the band center of the 2-pn absorption if there is one 
(see Fig. 3). The shift of the 1-pm absorption in the transitional soils to a shorter wavelength without a shift in 
the 2-pm band center is characteristic of ferric minerals. Thus this diagram provides evidence that the 
transitional soils contain a greater ferric component than do normal soils of comparably low albedo. This is 
consistent with the intermixture of normal low-albedo, pyroxene-containing soils with anomalous soils 
containing low-albedo ferric material. 

Discussion. Transitional and anomalous soils occur in chasma walls and throughout Tharsis, suggesting 
two possibilities. The first is that low-albedo ferric minerals are widespread both vertically and laterally in the 
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Martian crust, implying that the alteration processes that formed them were also widespread and extended to 
substantial depth. The second possibility is that the phases formed on the exposed surfaces of the chasma walls 
and substrate. The soils occur in dark "windows" in the cover of bright red dust, implying that exposed 
duricrust is composed of transitional and anomalous soils. Furthermore, the anomalous and transitional soils 
occur in both Noachian and Hesperian age geologic units, which indicates that the alteration postdates those 
units. Since our analysis indicates that transitional soils are a mixture of normal and anomalous soils, and that 
anomalous soils contain either bulk hematite or an additional ferric component, then this suggests that the 
duricrust contains bulk hematite and another ferric component. If this other ferric component is oxyhydroxide 
or oxyhydrosulfate, that would imply aqueous alteration relatively late in Martian history. The next step in our 
study is to examine a three dimensional scatterplot of reflectance, 1-pm band center, and 2-pm band depth to 
better constrain the outlier of anomalous soil. 
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F ig .  1. Reflectance and 2-pm band depth, all soils Fig. 2. Normal soils of differing reflectance 

T :  I 

I ,  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 , 1  

L 0.40 0 

I r 
I ' ' J ' l l ' ' ' l ' ' ' ' l ' ' ' ' l l ' ' ' l ' ' ' ' l ' ' ' ' l ' ' ' ' I  

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

Reflectance at 1 prn 

Tharsii 
high albedo 

p, 0.30 
Tharsis 

intermediate 8 0.25 \ albedo 

0.20 

0.15 
> Tharsis 

low albedo 

1-pm Fe band 2-pn px band 
0.10 

0.5 1.0 1.5 2.0 2.5 3.0 
Wavelength in Microns 

Fig. 3. Band-band plot of low-albedo normal, 
transitional soils Fig. 4. Anomalous soils 
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