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ABSTRACT
Spirit’s observations in the Gusev plains revealed a surface dominated by basaltic rocks and by impact’s events and eolian transport. But the rover collected geochemical and mineralogical evidences that suggest the existence of aqueous processes in West Spur at the foot of the Columbia Hills. The detection of goethite, iron oxides, higher concentrations of sulfur, bromine and chlorine and relative softness of the rocks, suggests the existence of aqueous alteration in this place in ancient times. The detections point that habitable environments might have existed in the Gusev Crater. But the understanding of the geological process and the intensities of weathering in Columbia Hills is still very incipient. 
1. INTRODUCTION

 The rover Spirit landed inside the Gusev crater on January 4, 2004, a formation with 160 km of diameter of the Noachian period (Kuzmin et al., 2000). In this area, a river system called Ma’adim Vallis, interpreted as being a fluvial system, ends and discharges into Gusev crater, leading to the interpretation that most units found within Gusev crater are sediments (Cabrol et al., 1993, 1998, 2000). Other interpretations were formulated along the time to explain the origin of the materials in Gusev, but the expectation that water laid sediments could be found in Gusev crater led to the selection of Gusev crater as the landing site of one of the two Mars Exploration Rovers (Golombek et al. 2003, 2004). The mission of the rover was to collect in the terrain clear indications of the existence of aqueous processes in this old crater. Spirit’s landing site, dubbed the Columbia Memorial Station (CMS), is located a generally low-relief, somewhat rocky plain dominated by small rocks, shallow circular depressions and low ridges (Grant et al. 2004). To east of the CMS the landscape is dominated by the Columbia Hills with elevations of ~150m (Cabrol et al. 2004). The studies done in the Gusev plains surrounding the rover landing site (Grant et al. 2004; Gellert et al. 2004; McSween et al. 2004) showed basaltic materials and the presence of olivine. Observations of the rocks in the place show coatings or alteration rinds and high concentrations of elements highly mobile in water. These indicators of weathering take place along geological timescales under current climatic conditions according to weak alteration process described by Yen et al. (2005), involving thin films of transient liquid water. Analyses done by the rover in the Columbia Hills (Ming et al. 2005; Schroder et al. 2005) found, however, strong evidences of aqueous processes in this place and various degrees of alteration. The rocks in the hills are clearly different from the rocks in the plains and the alteration degree is more significant. This suggests that the hills are older than the plains and that can be the remains of an aqueous past in the Gusev crater. 
2. THE PLAINS IN GUSEV
The first observations of Spirit at Gusev Crater didn't show any evidence of fluvial or lacustrine processes (Squyres et al. 2004; Malin 2004). On January 15, 2004, the rover left the lander and analyzed the soil immediately adjacent to know composition, texture and consistence (Gellert et al. 2004; Herkenhoff et al. 2004). Analyses of the alpha particle x-ray spectrometer (APXS) found soil with a typical composition of other places visited in the past: predominantly silicon and iron but also with significant levels of chlorine and sulfur (Gellert et al. 2004). These analyses conjugated with others also revealed olivine in the soil and rocks. The presence of this mineral is not compatible with chemical weathering processes induced by water. This means that at least the analyzed soil was not in contact with water in the past (Gellert et al. 2004; Morris et al. 2004). 
Following this first analysis, the rover instruments were used in the rock Adirondack (~20cm high light-toned rock). The Rock Abrasion Tool (RAT) revealed a dust layer in Adirondack (Arvidson et al. 2004) and other observations revealed that the rock had dense surface texture, fine-grained and sand-blasted (Squyres et al. 2004). Studies made by Panoramic Camera (Pancam) showed evidences of surface thin coating, perhaps dominated by dust, but with a different composition of the local regolith (Bell et al. 2004; McSween et al. 2004). The data collected by the Athena science payload (generic designation for the rover instruments) are consistent with the presence of ferrous iron minerals such as pyroxene, olivine and magnetite (Arvidson et al. 2004; McSween et al. 2004). In a more detailed view, the Microscopic Imager (MI) revealed in the RAT holes fractures filled with light-toned materials, along with dispersed patches of light-toned grains, probably result of alteration products of olivine. This type of composition and characteristics indicate clearly a volcanic origin for this rock (McSween et al. 2004). The same type of data was collected in two other rocks: Humphrey (~50cm high rock, variable brightness) and Mazatzal (~20cm high, faceted, light-toned rock). These two rocks presented similar characteristics to the first, only with small differences in colour and material covering the surface, but with strong similarities in composition that point to a same origin. Studies by Gellert et al. (2004) show that these rocks can be compared with terrestrial basalts like primitive komaitiites and present composition similarities with basaltic shergottites, the only type of Martian meteorites that we knew as basalts. However, this basaltic origin doesn't eliminate completely any possibility of aqueous processes. The detection of vugs and cracks in these rocks (more evident in Mazatzal with a clear vein visible in MI images) filled with bright material indicate that small amounts of water may have gotten into cracks inducing mineralization processes (Arvidson et al. 2004; McSween et al. 2004).
3. THE COLUMBIA HILLS

After these analyses the rover proceeded for Columbia Hills, whose rocks might have come from an earlier and wetter era of the region’s past. The first approach of the rover was the West Spur, a 20m high ridge at the foot of the Columbia Hills. The observations done by the rover here revealed rocks very different from the plains. Mossbauer spectrometer (MB) detected goethite in the rock Clovis (Klingelhofer et al. 2005). The detection of this mineral was important, because goethite forms only in the presence of water. As a consequence of this, the discovery gave the first direct evidence of water interaction in the Columbia Hills's rocks. On the other hand, the MB spectra of rocks and outcrops revealed a strong decline in olivine presence and pyroxene, accompanied by an increase in the iron-oxides magnetite, hematite, and nanophsase Fe(3+), what favours the hypothesis of aqueous processes in this area (Schroder et al. 2005). Pancam observations in the local also detected layered rocks (Tetl is a good example), but the understanding of the process behind these layered rocks is still very incomplete. 
Pancam also showed that the colour appearance among the plains rocks and Columbia Hills it was not very different. This reinforces the idea that weak alteration process described by Yen et al. (2005) may have been active both on the plains and on the Columbia Hills, but with more relevance in the plains than in the hills, where more stressful processes acted. Another interesting observation is the fact that the rocks on West Spur and higher up into the Hills were found to be a lot softer and easier to drill (the energy spent by the RAT for grind suggests a relative softness) into than those on the plains. These differences associated to the microscopic texture observed by MI, point to a volcanoclastic origin (Ruff et al. 2005). 
Studies by Gellert et al. (2005) using APXS confirm the existence of high levels of magnesium and titanium, and lower calcium and chromium contents, a composition that contrasts with the plains rocks. The RAT holes allowed measuring high concentrations of sulfur, chlorine and bromine interpreted as products derived from the weathering and breakdown of olivine and other minerals. But in the road heading for the top, the Spirit found in the lower Husband Hill area, rocks very different from West Spur, with high concentrations of potassium and calcium and a mineralogy dominated by plagioclase. This difference allowed the division of the rocks in two groups: one with a possibly basaltic glass component that dominates the West Spur rocks and one with a high plagioclase and lower olivine and pyroxene component that dominates the lower Husband Hill (Christensen 2005). But Ruff et al. (2005) pointed that in spite of the mineralogical differences the texture and softer during the RAT grinder are similar what suggests a similar origin, although with different geological histories. It is possible that the two rock groups correspond to a series of two different volcanic ash deposits, either airfall deposits or ground-hugging ash flows. 
4. CONCLUSIONS

In conclusion, it is possible to say that olivine rich basalts prevail among the Gusev rocks except in the population of West Spur, where olivine is absent. This absence associated to the goethite detection, iron oxides, higher concentrations of sulfur, bromine and chlorine and relative softness of the rocks, suggest that aqueous processes acted in this place in remote times. However, investigations in the local show that any form of aqueous alteration on the upper portions of Columbia Hills must have been less intense or lasted less than that which occurred at West Spur. We can see that olivine is still present and hasn't been weathered and broken down in Husband Hill, which hasn’t happen in West Spur. However, it is still difficult to determine the type of processes and the prevalence in the geological time and the difference of intensity among the two analyzed locals. Ming et al. (2005) suggested that alterations were provoked by fluids rich in volatile elements, but they also pointed that it is difficult to determine the real process for such alteration. In the same way, any speculation about life possibilities is extemporaneous. Des Marais et al. (2005) pointed that the conditions and ingredients necessary to life as we know might have existed in the Gusev past crater. The major biogenic elements appear to be readily available and it is possible to point possible sources of energy. But the fact of supposing that the conditions were good doesn't obviously imply the existence of life. In short, our understanding of the processes that have altered rocks in the Columbia Hills is still very incomplete. 
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