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Introduction: Over the last two Earth years the 
Mars Exploration Rover Opportunity has 
investigated, via remote sensing and in situ 
observations, an extensive occurrence of hematite 
and sulfate-salt rich sedimentary bedrock exposures 
in crater walls and plains surfaces [1].  Farrand et al. 
[2] have described the major spectral properties of 
bedrock in the craters Eagle and Endurance as 
observed by Pancam.  This analysis looks at Pancam 
data acquired during Opportunity’s mission from sol 
350 (post Endurance crater) to sol 675.  We analyze 
nearby (<~10 m) rock targets where sufficient spatial 
resolution (<10 mm) is achieved to obtain spectral 
parameters of individual sedimentary structures as 
well as erosional and possible secondary diagenetic 
features (i.e., fracture fill and rind materials). 
     Geologic Setting:  The outcrop materials 
observed are close to the top of near horizontal 
sedimentary bed units of ~800 m total thickness [3] 
within the Meridiani Planum region.  Investigation of 
these sediments, at least locally, has shown sub-
centimeter thinly laminated evaporite deposits with 
few occurrences of festoon cross-bedding, massive 
bedding [4], and subtle differences in color [2]. 
     Method:  Pancam multispectral data are acquired 
at 11 bands from 443 to 1009 nm (visible/near 
infrared -- VNIR) with bandwidths ranging from 16 
to 28 nm [3] providing calibrated I/F data (where I is 
the measured scene radiance and πF is the solar 
irradiance at the top of the martian atmosphere) 
which is divided by the cosine of the solar incidence 
angle to produce the quantity R* [2].  Ninety-six 
observations were obtained in all 11-colors of 
features south of Endurance crater with over half 
containing bedrock material closer than 10m.  This 
subset of data was examined for differences in the 
laminar sedimentary structures (e.g., Figure 1a).   
     Common spectral parameters calculated through 
image processing for analysis include those shown in 
Table 1.  Other images generated from the calibrated 
data were decorrelation stretch (DCS) images (Figure 
1b).  DCS images are 3-color composites of image 
products from principle components analysis used to 
help dramatically increase subtle color contrasts 
within the scene [5].  10 to 30 pixels on single 
continuous rock layers were selected for spectrum 
plots to characterize fine scale color differences. 

Results:  Analysis of the spectral parameters of 
selected regions included individual laminations of 
bedding, exposed bedrock surfaces from horizontal to 
vertical orientations, variations in color and/or 
texture, loose fragmented materials on the surface 
layer, poorly- and well- sorted basaltic sand material, 
and the hematite-rich spherules.  Shadowed areas 
typically have similar signatures as the adjacent sunlit 
areas with much lower reflectance values but can 
produce unusual behaviors.  Therefore, strong 
shadowed areas are not considered.  Another spectral 
influence could be photometric effects, especially at 
extreme solar incidence angles [6]. 

Most bedrock spectra exhibit a steep positive 
slope in the visible region but subtle changes in the 
near infrared (NIR) region.  These changes include 
broad variances from flat to concave to convex in the 
753 nm to 1009 nm region and narrow features in the 
904 or 934 nm bands.  Maxima are typically in the 
750-850 nm region but can occur as low as the 673 
nm band and as high as the 1009 nm band with the 
latter usually from the lowest albedo materials (i.e., 
spherules and basaltic sands). 
     Figure 1c shows spectra of individual bedrock 
layers of two rocks (1 and 2) from Figure 1a.  A 
major difference between them is in the slope of the 
934 and 1009 nm bands where rock 1 has several 
occurrences of a positive slope whereas rock 2 has 
stronger negative slopes from 934 to 1009 nm. 
Positive slopes are consistent with the presence of 
hematite possibly associated with the spherules [2]. 

Band depth images centered at 535 and 904 nm 
provide statistics on the relative occurrences of 
crystalline ferric oxide minerals.  Ferric iron-bearing 
phases also strongly affect the 600 nm region.  The 
hematite spherules have the largest 904 nm band 
depths.  The dark green spectrum in Figure 1c-2 is 
from one particular layer with a slightly stronger 535 
nm band absorption.   

Common occurrences of iron-rich signatures 
appear in materials close to the soil surface and on 
more vertical surfaces.  The highest albedo rock 
surfaces also tend to have the strongest negative 
slope in the longer wavelengths.  This could be a 
result of an intrinsic characteristic of the outcrop 
material or perhaps a significantly thick (e.g. >100 
micron) dust deposit.   
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Rarely, iron-rich signatures are present in one 
lamination and not in the surrounding layers, 
although such an occurrence could result from a 
single iron-rich primary sedimentary episode, a 
secondary diagenetic product of cementation 
concentration, or associated with a vein or fracture 
fill material. 

Material overlying the bedrock is substantially 
basaltic sand [1] with contributions of hematite 
spherule and fragmented spherule material.  The 
spherules and sand spectra both have strong hematite 
signatures. Pancam can be used to compare VNIR 
signatures of remotely sensed near-field and far-field 
scenes with those analyzed in more detail with the 
other Athena payload instruments, Mössbauer, Alpha 
Particle X-ray and Mini-TES spectrometers.  Pancam 
spectra obtained for materials investigated with the 
in-situ instruments can act as “ground truth” spectra 
for comparison with the “Pancam only” observed 
targets.  This provides an extensive and highly 
detailed data set to correlate both laterally and 
stratigraphically, of the exposed bedrock materials of 
Meridiani not just along the traverse accomplished by 
Opportunity, but also with orbital VNIR camera 
measurements of this and other regions of Mars. 
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Table 1.  Spectral parameter descriptions. 
Parameter Description Sensitivity 
Red/Blue 
ratio 

(753 nm / 432 nm ) Overall Albedo 
and color 
variations 

1009 nm / 
934 nm ratio 

(1009 nm / 934 nm ) Hematite 
(spherules) 

535 nm 
band depth 

[(0.57×R*432) + 
(0.43×R*673)] – R*535 

Ferric minerals 

904 nm 
band depth 

[(0.51×R*800) + 
(0.43×R*1009)] – R*903 

Ferric minerals 

934 to 1009 
nm slope 

(R*1009 – R*934) / (1009 
– 934) 

Hematite 
(spherules) 

 
 
 

 
Figure 1.  Example outcrop material in a color (601, 535, and 482 
nm) composite (a) and a DCS image (b) from the 432, 535, and 
753 nm bands from sol 648 Pancam sequence P2574.  The spectral 
plots (c) are from individual layers of the rock fragments 1 and 2 
as annotated in (a).  The dark green spectrum in c-2 is a layer like 
the rest based on color but has a slope sign change from 673 to 753 
nm unlike the other plots.  The two red shallow profiles in c-2 are 
of soil and rind materials near the base of the rock. Error bars 
represent standard deviations of pixels in selected regions of 
interest. 
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