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Introduction:  The Athena science payload [1] on 
the Mars Exploration Rovers (MER) includes the 
Microscopic Imager (MI), a fixed-focus camera 
mounted on the instrument arm.  The MI acquires 
images at a scale of 31 µm/pixel over a broad spectral 
range (400 to 700 nm) using only natural illumination 
of the target surface.  Previous results of the MI 
experiment on the MER rovers (Spirit and 
Opportunity) have been published [2-5].  Radio signals 
from Spirit have not been received since March 2010, 
so attempts to communicate with that rover ceased in 
mid-2011.  The dust contamination of the Opportunity 
MI optics that has been present since the 2007 global 
dust storm continues to reduce the contrast of MI 
images, and is being monitored by occasionally 
imaging the sky.  When possible, multiple MI images 
are acquired of the same scene and summed to increase 
signal/noise.  Highlights of recent Opportunity results 
are described below.   

Opportunity (MER-B) results:  Opportunity 
arrived at exposures of Endeavour crater rim rocks in 
August 2011, on a hill dubbed “Cape York.”  These 
rocks have been the goal of Opportunity for the past 
few years because phyllosilicates were observed at this 
location from orbit [6].  As Opportunity 
circumnavigates Cape York, the MI has been used to 
examine the fine-scale textures of various soils and 
rocky outcrops.  As reported previously, Opportunity 
discovered multiple bright linear features along the 
periphery of Cape York that have been interpreted as 
veins of minerals injected into the bedrock of Cape 
York [7].  Opportunity then explored the northern and 
eastern sides of Cape York.  Most recently, the rover 
has been exploring the area around “Matijevic Hill” 
that shows evidence for phyllosilicates in CRISM data 
acquired from the Mars Reconnaissance Orbiter [6].   

One of the first outcrops examined near Matijevic 
Hill, dubbed “Kirkwood,” is dominated by millimeter-
size spherules.  Unlike the hematite-rich concretions 
observed by Opportunity on Meridiani Planum, the 
aggregated “newberries” in the Kirkwood exposure 
display internal structure and resistant rims (Fig. 1).  
Compositionally, the spherule-rich rock is very similar 
to a nearby spherule-poor outcrop, “Whitewater Lake,” 
thus these spherules have a more basalt-like 
composition compared to the hematite-rich concretions 
of Meridiani Planum sulfate-rich sediments.  The 
origin of the Kirkwood outcrop is uncertain, but the 
setting on the rim of the 22-km diameter Endeavour 

crater suggests that impact melting was involved in 
lapilli formation, perhaps followed by mobilization and 
sorting in the ejecta blanket.  The geologic structure of 
the Matijevic Hill area is complex, and the subject of 
ongoing investigation.   

Opportunity has also discovered a plethora of veins 
of bright, relatively resistant material in the Matijevic 
Hill area [8], some of which have been examined by 
the MI (Fig. 2).  These veins have thus far proven to be 
too thin to allow their chemistry to be specifically 
measured by the APXS, and their origin remains under 
investigation as of this writing.   

 
Figure 1.  Merge of MI mosaic (by Joel Hagen) and Pancam 
L257 decorrelation stretch color of outcrop “Kirkwood” after 
RAT brushing, illuminated from top.  Area shown is about 5 
cm across; redder, brighter dust has been removed from 
center area by brushing.  Note structure visible in spherules 
that are exposed in cross-section near center.  Spherules are 
between 1-4 mm in diameter and show alignments from 
upper right to lower left (arrows).  

It appears that the Whitewater Lake outcrops 
contain the phyllosilicates phases observed from orbit 
[6].  The extremely soft bedrock exposed at a 
Whitewater Lake outcrop dubbed “Azilda” is 
consistent with the possibility that this rock contains 
smectite.  As shown in Figure 3, Azilda is mostly fine-
grained, with dispersed spherules and resistant veins.  
This target was easy to abrade using the RAT; this 
process exposed a sandstone-like texture (Fig. 4), but 
the sorting of grains is difficult to determine at MI 
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resolution.  Because Opportunity can no longer directly 
sense phyllosilicate mineralogy with the MiniTES or  
Mössbauer spectrometers, it is focusing on 
characterizing the chemistry with the APXS and 
texture with the MI for comparison with potential 
phyllosilicate host rocks [9].   

 
Figure 2.  Part of mosaic of MI images taken of target 
“Onaping” on Sol 3158.  Area shown is about 4 cm across, 
illumination from top.   
 

 
Figure 3.  Part of MI mosaic of “Azilda2” outcrop, taken on 
Sol 3078 after 2 RAT brush activities.  Area shown is about 5 
cm high, illumination from left.  Note veins at upper left, 
multiple millimeter-size spherules, and pile of brush tailings 
at middle right.  

 
Figure 4.  Part of radiometrically calibrated MI image 
1M402241249 of “Azilda2” after RAT grinding.  Area shown 
is about 15 mm across, with illumination from left, centered 
just above center of view in Fig. 3.  Circular feature at lower 
right is pile of tailings not removed by RAT brushes; small 
clumps of tailings visible elsewhere on flat ground surface.  
Subrounded grains up to 0.3 mm diameter visible; abundant 
finer grains barely resolved.   

Summary:  The Opportunity MI continues to 
return useful images that are being used to study the 
textures of rocks and soils at Cape York, where a new 
type of spherules and abundant veins have been 
discovered.  Exploration by Opportunity continues; the 
latest MI results will be presented at the conference.  
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