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Abstract
Multispectral visible and near infrared (VNIR) observations from the Mars Exploration Rover
Pancam multispectral stereo camera systems are consistent with materials having been subjected to
various aqueous processes. Ferric oxides in the form of hematite in the Burns and Grasberg formations
of Meridiani Planum have been well characterized by Opportunity on the basis of strong 535 and 864
nm absorptions and positive 754–1009 nm and 934–1009 nm slopes. On the rim of Noachian-aged
Endeavour crater, Opportunity has observed light-toned veins with high Ca and S, as determined by
the rover’s Alpha Particle X‑ray Spectrometer (APXS), and a negative 934–1009 nm slope in VNIR
spectra extracted from Pancam data, indicative of a 1000 nm H2O overtone absorption. Together these
observations indicate that the veins are composed of gypsum. Rocks overturned by Opportunity on
the Murray Ridge portion of the Endeavour crater rim display dark- and light-toned coatings. The
dark-toned coatings have a red, featureless slope that is consistent with the slope observed in laboratory spectra of high-valence manganese oxide minerals. Potential Mn oxide coatings may also be
associated with some exposures of the Grasberg formation. APXS results for high Mg and S in the
light-toned coatings of the Murray Ridge overturned rocks and a negative 934–1009 nm slope are
consistent with hydrated Mg-sulfates. Opportunity has also observed spectral features in rocks that are
consistent with orbital observations of Fe-smectites, as well as Al-smectites and possible hydrated silica
in light-toned fracture-fill materials. The Spirit rover observed sulfate-rich light-toned soils exposed
by the rover’s wheels. Several of these soil observations contained spectral features, such as a broad
absorption centered near 800 nm, consistent with ferric sulfate minerals, a finding confirmed by the
rover’s Mössbauer spectrometer. Spirit also excavated light-toned Si-rich soils. These soils have a flat
near-infrared spectrum with a drop in reflectance from 934–1009 nm that is consistent with free water
contained in voids or adsorbed onto the surface of the silica.
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Introduction
Since January 2004, the Panoramic Cameras (Pancams) onboard the Mars Exploration Rovers Spirit and Opportunity have
been imaging the martian surface along their traverse paths. A
key objective of the Mars Exploration Rover (MER) mission has
been to detect signs of ancient aqueous activity and determine
the role of water in affecting geology at the two MER landing
sites. The role of the Pancams has been to provide stereoscopic
imaging to aid in the navigation of the rovers and to assess rock
and outcrop morphology. The Pancams also possess multispectral
imaging capability through the use of their two 8-position filter
wheels with filter band centers and widths listed in Table 1. Aside
from neutral density filters and an empty position, there are 13
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filters devoted to geology observations between the two “eyes”
of the Pancam with 11 distinct (non-overlapping) wavelengths
from 432–1009 nm. From a Pancam 13 filter (“13f”) observation,
we obtain an image cube that provides a visible-to-near-infrared
(VNIR) spectrum for each picture element, or pixel, for a total of
1024 × 1024 pixels in the imaged scene. This multispectral imaging enables us to characterize the VNIR reflectance character of
targets of interest. The remote sensing aspect of Pancam has also
proven important in cases where a target cannot be reached by
the rover’s robotic arm for in situ examination or where other
operating constraints might preclude such an in situ examination.
This paper describes the Pancam instrument, data calibration,
and how reflectance spectra from multispectral Pancam observations have been used to help constrain the identity of several
minerals produced through aqueous alteration. The observations
and results portion of the paper is divided according to several
mineral and material groups: oxides, hydrous sulfates, hydrated
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