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Abstract
In the search for evidence of past aqueous activity by the Mars Exploration Rover Opportunity,
fracture-filling veins and rock coatings are prime candidates for exploration. At one location within a
segment of remaining rim material surrounding Endeavour Crater, a set of “boxwork” fractures in an
outcrop called Esperance are filled by a bright, hydrated, and highly siliceous (SiO2 ~ 66 wt%) material,
which has overall a montmorillonite-like chemical composition. This material is partially covered by
patches of a thin, dark coating that is sulfate-rich (SO3 ~ 21 wt%) but also contains significant levels
of Si, Fe, Ca, and Mg. The simultaneous presence of abundant S, Si, and Fe indicates significant mineralogical complexity within the coating. This combination of vein and coating compositions is unlike
previous analyses on Mars. Both materials are heterogeneously eroded, presumably by eolian abrasion.
The evidence indicates at least two separate episodes of solute precipitation from aqueous fluids at this
location, possibly widely separated in time. In addition to the implications for multiple episodes of
alteration at the surface of the planet, aqueous chemical environments such as these would have been
habitable at the time of their formation and are also favorable for preservation of organic material.
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Introduction
Martian geological formations of chemical sediments can
preserve evidence of aqueous activity that cannot occur in the
contemporary martian environment because it is too cold and
too dry for liquid water or dilute brines to persist at or near the
surface. In the exploration of Mars, high priority is placed on
discovery of concentrations of salts, clay minerals, and other
chemical sediments that can provide evidence for and insight
into such past environments and their nature. In some cases,
a high concentration of certain elements may provide clues,
especially salt-forming elements such as S, Cl, P, C, or N.
Clay minerals, many of which are richer in Si than their parent
igneous silicate minerals and may also be enriched or depleted
in Al, Mg, Fe, or other major elements, are another important
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indicator of aqueous activity.
Intensive investigations by the Mars Exploration Rover
(MER) Opportunity in an area called “Matijevic Hill” located on
the eastern side of the “Cape York” rim segment of Endeavour
Crater resulted in the discovery of “boxwork” (quasi-orthogonal)
fractures whose fill material and the coating of the fracture fill
are of unique and differing compositions. These materials have
compositions that depart from the compositional range of igneous mineral assemblages and are indicators of major aqueous
alteration involving non-isochemical processing.

Geologic setting and context
Cape York is the informal designation for a segment of the
crater rim material surrounding Endeavour Crater at Meridiani
Planum, Mars. The rim of this ~22 km diameter crater is discontinuous because of erosion and partial burial by the younger
sulfate-rich sandstones of the Burns formation, but various
lithologic units have been found in the Cape York segment.
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