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Introduction: Opportunity has been traversing the 

Meridiani plains since January 2004 and after reaching 
Santa Maria crater on December 16, 2010 had traveled 
over 26.5 km (based on wheel odometry) (Fig. 1).  
This abstract focuses on recent key scientific results.  

Atmospheric Dynamics: Opportunity-based Ar 
atmospheric mixing ratios derived from APXS data 
show minimum values at Ls=90 degrees [1].  This oc-
curred during the period when Mars Odyssey GRS 
data show the highest Ar concentration over the grow-
ing south polar seasonal cap [2]. Opportunity Ar mix-
ing ratios increased rapidly as Odyssey data showed 
the south polar concentrations decreased. Peak Oppor-
tunity-based values were reached during late southern 
winter to early spring seasons. Ar mixing ratios then 
decreased, reaching a broad low between 270 to 320 
degrees Ls (northern winter season). These trends were 
simulated with the NASA Ames global circulation 
model, which reproduced the broad patterns discussed 
above, including the sharp decrease and increase in 
Opportunity-based values associated with the south 
polar winter cap formation and sublimation. The broad 
low associated with formation and sublimation of the 
northern winter cap was also reproduced.  

Aeolian Ripples: The ubiquitous ripples within the 
regions traversed by Opportunity have a dominant 
strike of north-south, based on examination of HiRISE 
data and azimuths measured from Pancam and Navcam 
data. The Raleigh crater (Fig. 2) is an example of a 
number of small craters that must have formed after 
the last major phase ripple migration ceased, since the 
crater cuts across the ripples and exposes layers per-
pendicular to the ripple crest. The layers dip slightly 
toward the west. This pattern is consistent with ripple 
formation by easterly winds in which sand was trapped 
on the leeward faces and the ripple migrated over the 
deposits, producing layers that dip slightly toward the 
leeward direction. Global circulation models do not 
show strong easterlies associated with modern atmos-
pheric circulation patterns. We interpret these results to 
indicate that when the spin axis of Mars was at a high-
er orbital obliquity, enhanced solstice Hadley cell cir-
culation produced strong easterlies that generated the 
north-south oriented ripples.  

Meteorites and Ejecta Cobbles and Boulders: 
Five basic types of rock fragments have been found 
and characterized in detail: a. Local impact ejecta that 
consist of sulfate-rich sedimentary material (e.g., 

Chocolate Hills); b. Basaltic materials that are likely 
impact ejecta fragments (e.g., Bounce Rock) from dis-
tant sources; c. A mix of sulfate and basaltic materials 
that are likely impact melt products (e.g., Arkansas); d. 
Stony-iron meteorites (e.g., Barberton); and e. Iron-
nickel meteorites (e.g., Block Island). The measure-
ments indicate varying degrees of physical and perhaps 
chemical modification since emplacement. 

Sedimentary Bedrock: Since Opportunity landed 
the vehicle has made measurements within Eagle, En-
durance, Erebus, and Victoria craters, together with 
outcrop exposures on the plains that were focused on 
characterizing the formation and modification of the 
Burns formation sulfate-rich sandstones. Results con-
tinue to show compelling evidence of sand deposition 
by wind, with local reworking within ephemeral lakes, 
and subsequent aqueous alteration during periods of 
rising ground water. Extensive lacustrine evaporitic 
facies have not yet been found, although particular 
emphasis has been placed on finding these putative 
materials. Detailed measurements of the upper strata 
within Endurance and Victoria craters show a vertical-
ly-downward enrichment in Cl and decrease in Mg and 
S, consistent with regional-scale aqueous alteration 
after emplacement and initial alteration of the sedimen-
tary deposits.   

Santa Maria is a ~90 m wide impact crater with 
rays and ejecta blocks preserved, indicating that it is a 
very young feature (Fig. 3). Opportunity, as of early 
January 2011, is conducting an extensive imaging 
campaign to characterize the geomorphology and 
structure of this crater. The rover will spend solar con-
junction on the southeastern side of the crater, where 
CRISM "super resolution" observations indicate the 
presence of relatively fresh exposures of mono-
hydrated sulfate-bearing rocks (Fig. 4). The expecta-
tion is that this spectral signature is associated with 
rocks too young for their surfaces to have been coated 
or altered in the current Mars environment. 

Look Ahead to Endeavour's Rim: After leaving 
Santa Maria Opportunity will traverse ~ 6 km (straight 
line distance) across the plains to Cape York, the clos-
est rim segment of the Noachian-aged Endeavour cra-
ter. Previous and new "super resolution" CRISM data 
show the presence of hydrated minerals in sedimentary 
rocks adjacent to Cape York (area called Botany Bay) 
and Fe-Mg smectite clay minerals on the rim [3,4]. 
Accessing the hydrated rocks near Endeavour's rim 
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and clay minerals on the rim proper will open a new 
chapter for Opportunity by allowing characterization 
of materials not yet encountered during the mission.  
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Fig. 1 – Regional-scale view showing Opportunity's 
traverses from landing to Santa Maria crater. CTX 
mosaic used as base map, with key craters labeled.  

 
Fig. 2 – Raleigh crater seen in a Navcam image look-
ing to the south. 

 
Fig. 3 – HiRise view of Santa Maria showing the loca-
tion of pixels for which CRISM spectra were retrieved. 
HiRISE frame PSP_009141_1780_red.JP2. 

 
Fig. 4 – CRISM-based spectra retrieved for the floor 
and southeast rim of Santa Maria. FRT0001B8A4. 
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