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Introduction and summary. New 0.84-1.02 pm reflectance spectra of Mars are derived 
from TIGER spectro-imaging measurements obtained at Mauna Kea CFH observatory during the 
1990 opposition, from a systematic survey of the Tharsis volcanic region at 200-250 km 
spatial resolution. The spectral interval is spanned by 240 wavelength channels, with a 
sampling of about 8 A. Besides a complementarity with the ISM imaging spectrometer mapping 
at a larger spatial resolution [e.g.,l], the continuous wavelength coverage of the Tharsis 
province is of particular interest as it permits to study the spectroscopic variability through 
significative albedo markings. In particular, the dichotomy separating the southern cratered 
highlands of Terra Cimmerianerra Sirenum from the younger volcanic terrains of north 
Tharsis is investigated [2]. Primary goals of this work are to identify the physico-chemical 
origins of the observed spectral variations, to map the surface units based on their 
spectroscopic properties, and to draw inferences in terms of compositional heterogeneities of 
bright and dark materials. Detailed information regarding the ferric and ferrous mineralogy of 
undocumented or poorly documented soils is presented, on the basis of a reliable set of about 
1500 highly-resolved spectra (R=hlAh-600) and with the application of mixture modeling 
and spectral variable analyses to the dataset. 

Spectral features. Figure 1 displays several representative scaled reflectance spectra 
acquired for varied terrain types of high, moderate, or low albedo. Examination of the spectral 
signatures shows they exhibit absorption features that can be distributed in 3 major groups: 
(1) the 0.85- to 0.89-pm bands, (2) the 0.90- to 0.94-pm bands, and (3) the 0.95- to 1.0- 
pm bands. Such features have already been detected and documented [e.g.,3,4,5]. The global 
TharsisIAmazonis Planitia bright region is interpreted as spectrally uniform at a large spatial 
scale and covered by ferric-bearing materials, as demonstrated by the frequent occurrence of 
weak absorptions centered near 0.86 pm, 0.89 pm, and 0.90-0.93 pm (Fig. la, lb).  According 
to these band positions, hematite would be an appropriate phase and could constitute a good 
analog for bright soils of Tharsis, though other ferric materials such as ferrihydrite-like 
minerals or ferric-bearing montmorillonites, respectively mentioned in [3,6], are not 
precluded. A spatial mixing of the varied bright material contributions- is thought- to be 
responsible of the spatial uniformity observed in the overall spectral properties of Tharsis 
soils. Soils, such as in Mangala Valles, might reveal local alteration processes of the surface 
rocks. Highly fractured bright areas of Noctis Labyrinthus, Noctis Fossae, Claritas Fossae, 
Ceraunius Fossae, and the erosional remnants of plateau in west of Amazonis are typified by high 
positive spectral slopes between 0.84 and 0.98 pm that could be reconciled with large amounts 
of heavily altered deposits (Fig. Ib).  The southern dark terrains of Terra Cimmeria, Terra 
Sirenum, and south Daedalia Planum are spectrally documented (Fig. I c )  and their spectral 
properties indicate a greater inherent variability with respect to the bright areas. The 
analysis/discussion of the corresponding information suggests a global composition of 
clinopyroxene-like minerals, with probable surface or subsurface crust expositions. 

In addition to "classical" bright and dark terrains, areas of particular interest are 
detected among the spectroscopic population. The spectrum of a dark area of Daedalia Planum 
presents a ferrous-like absorption centered at 0.985 pm, an intermediate band at 0.93 pm, and 
a 0.87 pm feature affecting the appearance of a negative spectral slope (Fig. Ic) .  These 
characteristics might indicate either a pyroxene-bearing basaltic substrate coated by bright 
iron oxides or local alterations of the substrate. On the other hand, long-wavelength absorptions 
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in bright-region spectra acquired over, e.g., east Memnonia, north Uranius Patera, or 
Ceraunius Fossae reveal the probable presence of minor amounts of ferrous minerals 
throughout the uniform ferric dust cover of Tharsis (see Fig. la , lb) .  

Major results and conclusions. The observed spectral heterogeneity of the investigated 
soils is interpreted as driven by variable mixtures of hematite, other ferric minerals, 
hematite-pyroxene assemblages, and intermixtures of pyroxenes. The occurrence of unusual 
associations of spectral properties (i.e., high-albedo terrains with high-wavelength band 
centers, and low-albedo areas that exhibit prevailing ferric features) constitute another 
argument to favor the evidence for compositional heterogeneity within the dark and bright 
materials. Both ferric and ferrous characteristics are found to be present in the spectra of most 
dark and bright terrains, for surface units of about 250 km x 250 km in areal coverage. 
Combined with our results, this observation suggests different hypotheses of surface state 
modificationlevolution in terms of physicallchemical weathering or depositional processes, and 
leads to the following interpretation regarding the distribution of surface materials. Bright 
soils of Tharsis evidence the presence of weathered materials due to aeolian transport and 
accumulation processes. The ciatered plateau southward Terra Cimmeria and Terra ~ ikenum is 
mostly composed of low-albedo Fe2+-bearing basaltic rocks, with a probable partial exposition 
of crustal materials. Portions of the surface basalts might have undergone either a chemical 
alteration in situ or a coatinglrnixing of bright material, implying ferric contributions in the 
signatures of low-albedo terrains. Finally, a gradational change in the soil mineralogy .likely 
occurs from southern dark terrains toward the northern volcanic plains of Tharsis. 
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Figure 1. Spectra extracted from the TIGER dataset for regions that are representative of the principaL 
absorption features along the 0.84-1.02 pm interval. Data are normalized to 1.0 at 0.85 pm and arbitrarily offset 4% 
for display. The reflectance at 0.85 k m  is reported for each spectral curve. (a) Bright-region spectra of the 
TharsisIAmazonis provinces mainly displaying features centered near 0.86 pm and 0.90-0.93 pm. (b) Bright-region 
spectra typifying the highly fractured or faulted terrains of the spatial coverage. (c) Dark-region spectra mainly 
displaying long-wavelength features associated with negative spectral slopes between 0.84 and 0.98 pm. 
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