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Introduction: Over the course of its primary and 

extended mission, the Mars Exploration Rover Oppor-
tunity has examined a serious of light toned outcrop 
materials exposed in the walls of craters and intermit-
tently on the Meridiani plains [1]. These in situ rock 
layers record a past epoch of Martian history in which 
liquid water played a large role on the surface of Mars 
[2]. Pancam images have been used to help establish an 
initial stratigraphy and to help in selecting targets for in 
situ examinations [3]. Multispectral images acquired by 
Pancam have demonstrated that the layers of Meridiani 
outcrop are not uniform in their Visible and Near Infra-
red (VNIR) spectral properties [4]. Indeed, they dis-
play color differences that in some instances were used 
to define marker beds for stratigraphic analysis. 

The Pancam Instrument and Data: Pancam con-
sists of two digital cameras mounted on a mast over the 
deck of the rover. The two cameras enable stereo imag-
ing. Each Pancam “eye” utilizes a 1024x1024 active 
imaging area frame transfer CCD detector array and 
has an 8-position filter wheel allowing multispectral 
imaging in the 400 to 1000 nm VNIR spectral range. 
Operational multispectral observations typically con-
sisted of 13 color observations with spectral overlap 
between the eyes near 440 and 750 nm. Further details 
on the Pancam instrument are provided in [5]. 

Processing of Multispectral Data: Pancam data 
are calibrated to absolute radiance using pre-flight ra-
diance coefficients derived from integrating sphere 
observations and corrected for detector and electronic 
temperature variations. The data are calibrated to radi-
ance factor (I/F) by reference to measurements made of 
a calibration target mounted on the deck of the rover. 
An empirical correction for dust accumulation on the 
calibration target has been applied to the data [3]. By 
dividing by the solar incidence angle at the time of data 
acquisition, the data are converted to relative reflec-
tance (R*).  

A variety of processing techniques that accentuate 
minor color differences have been applied to the mul-
tispectral Pancam images.  Such techniques include 
band ratios, band depth mapping, principal components 
analysis transformations, spectral mixture analysis, 
decorrelation stretches, and constrained energy mini-
mization mapping [6]. 

Observations: Opportunity’s mission began within 
the approximately 20 m diameter Eagle crater, where it 
studied the outcrops and soils for 57 sols.  It traversed 

the plains until it arrived on Sol 96 at the 140 m diame-
ter Endurance crater.   

Eagle Crater. An early morphologic assessment of 
the Opportunity Ledge outcrop exposed within the 
northern and western walls of Eagle crater indicated 
that it consisted of planar, tabular exposures of rock 
and more massive faces of outcrop.  Examination of 
Pancam multispectral data, aided with decorrelation 
stretching of the image data, indicated a redder color in 
the massive faces than in the tabular slabs.  This redder 
color was associated with a stronger 535 nm absorption 
in these parts of the outcrop. (Fig. 1). This difference is 
also expressed in spectra of rock exposed by the 
rover’s Rock Abrasion Tool (RAT) (Fig. 2). 

Another component of the outcrop was most clearly 
expressed at the Shoemakers Patio region.  This mate-
rial appeared as a “rind” on tabular outcrop and dis-
played a purple color in decorrelation stretch (DCS) 
images of the left eye L3, 5, and 7 bands (673, 535, 
and 432 nm). Unlike the similarly colored material 
associated with massive bedding, this material did not 
display an enhanced 535 nm absorption, but does dis-
play a shallow 900 nm absorption feature. 

Endurance Crater. At Endurance crater, approxi-
mately 6 m of outcrop are exposed. The upper layers 
are higher in albedo and appear red to orange/yellow in 
R5, 2, 1 (904, 753, 436 nm) DCS images. The lower 
layers are lower in albedo and appear green in this 
same color combination. Vein/coating materials were 
observed at Endurance crater in association with such 
features as “Razorback”, “Hogshead”, “Escher”, 
“Ellesmere”, and within portions of Burns Cliff.  These 
coating/fracture fill materials were characterized by a 
shallow 900 nm absorption feature- very similar to that 
observed in the “rind” material at Shoemakers Patio in 
Eagle crater. Examples of these materials subjected to 
in situ examination display a stronger inner Fe3+ dou-
blet in Mössbauer spectra [7]. The same mineral 
phase(s) could be responsible for both features; possi-
bilities include, but are not limited to, schwertmannite, 
akaganeite or ferrihydrite. 

Color Used in Stratigraphic Analysis: Color dif-
ferences in the exposed outcrop at both Eagle and En-
durance craters were used to help establish strati-
graphic boundaries.  An example for the Karatepe in-
gress sequence is shown in the DCS image in Fig. 3.  
Spectra of these units are shown in Fig.4. Units A and 
D have among the highest red/blue ratios observed at 
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Meridiani and E is distinct from the other units shown 
in terms of its having a discernable 900 nm band. With 
reference to chemical measurements on these units, the 
distinct spectra of Unit E may be relevant to the Cl 
dichotomy observed at Endurance [8].  However, the 
similarities between the A and D and B/C unit spectra 
are in distinct contrast to different groupings indicated 
by APXS data [8]. 

Conclusions: VNIR observations have played an 
important role in defining the stratigraphy at Eagle and 
Endurance craters and in extending stratigraphic rela-
tions determined via measurements to remote sections 
of outcrop. Examples of these stratigraphic correlations 
will be provided at the conference. Pancam multispec-
tral data can also be used in conjunction with other 
Athena science insruments to constrain the identity of 
unknown mineral phases in coating / fracture fill mate-
rials (e.g., the mineral phase responsible for the 900 nm 
absorption band) and other components of the Merid-
iani rock outcrops. 
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Figure 2. Reflectance spectra of rock exposed on separate 
Eagle crater outcrop strata. Guadalupe has a stronger 535 and 
900 nm absorption. 

 

Figure 3. DCS composite of Sol 173 p2401 Pancam bands 
L3, 5, 7 on the Karatepe ingress path. White lines delineate 
stratigraphic boundaries. Red patches are the blankets of 
cuttings thrown out by action of the Rock Abrasion Tool 
(RAT). 

Figure 4. Reflectance spectra of Karatepe stratigraphic units.  
Note higher red/blue ratio in units A and D and shallow 900 
nm absorption in unit E. 

Figure 1a. Composite of 
Pancam bands L3,5,7 (673, 
535, and 432 nm) over “Ca-
thedral Dome”, Sol 33, 
p2589. b. Decorrelation 
stretch version of those 
same bands.  Massive out-
crop appears purple. c. 535 
nm band depth image. Mas-
sive outcrop has high 535 
nm band depth. 
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