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Introduction:  Perseverance Valley (PV) is a 180 m 

anastomosing channel that suggests fluid or fluidized 
flow.  It heads at a notch in the rim of Endeavour crater 
that may indicate draining of a small lake through the 
notch.  [1,2,3] describe potential origins for PV.  Here, 
we will explore its formation via rapid draining of a 
small lake west of the crater rim. 

HiRISE Topography:  In the HiRISE DEM, a shal-
low embayment of the plains can be seen west of En-
deavour, extending toward a ~1 m deep notch in the 
crater rim at the head of the PV (Fig 1).  This embay-
ment is not a closed depression.  If a westward tilt of 
0.5°-0.8° is assumed due to sediment compaction or re-
moval of buried ice, it would produce a closed depres-
sion if it is removed (Fig 2). 

 
Figure 1:  Head of PV.  Wider frame, HiRISE image and 
DEM (with 1m contours).  Scene width = 1 km.  Con-
tour interval = 1 m.  Inset, source “notch” looking east 
from the plains west of notch.  5x VE. 

Figure 2:  When terrain is flooded to an elevation of -
1455 m to -1458 m, the plains west of the crater rim 
connect with the crater interior exactly at the head of PV 
(plains shown flooded to -1456 m).  Left:  The modern 
topography doesn’t delineate a closed depression, but if 
the plains have tilted by 0.5°-0.8° westward, a closed 
depression ~300 m wide and up to ~2 m deep could have 
been present before the tilt..  Contour interval = 1 m. 

Opportunity drove across the eastern edge of a simi-
lar depression from sols 3728-3743, about 2.5 km be-
fore reaching PV.  This depression displays a prominent 
“berm” in the HiRISE base map that trends sub-parallel 
to topographic contous near the crater rim at -1483 m 
elevation.  The current topography defines a closed de-
pression about 3 m deep and 700x300 m wide.   

Opportunity Navcam and Pancam Topography 
of Perseverance Valley:  For PV, we’re assembling or-
thomosaics (ORRs) and digital elevation models 
(DEMs) from mulpitple point clouds of Navcam and 
Pancam stereo data, merged with the HiRISE base map 
and DEM.  All data is processed as grayscale ORRs that 
are then colorized with HiRISE, so the resulting 
ORR/DEM provides a seamless transition from orbit to 
the ground view (akin to merging Unmanned Aerial Ve-
hicle data with satellite imagery and lidar).  This allows 
for “zooming” from the 25 cm/pixel HiRISE ORR and 
1 m-posting DEM to the 1 cm/pixel Navcam/Pancam 
ORR/DEM for sites visited by the rover, up to 35 m to 
either side of the rover’s path.. If the rover end-of-drive 
positions are within about 20 m of one another, ex-
tended mosaics can be rendered directly from the over-
lapping point clouds, thus minimizing radial distortions 
beyond 20 m from each rover position in the area where 
they overlap.  

 
Figure 3: Opportunity Navcam/Pancam color ORR of 
region around Perseverance valley source (center), from 
Sol 4709-4958, including walkabout prior to descent 
into PV.  25cm/pixel. Surrounding base map left gray-
scale so rover-based extent is more easily seen.  Scene 
width = 300 m. 

Detailed Topography and Geomorphology of 
Walkabout:  Figure 5 shows some of the key features 
seen by the rover during its approach to PV and over the 
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course of a walkabout on the plains above PV.  First, the 
topographic notch in the crater rim, visible in HiRISE at 
lower resolution, appears to be a shallow gap in the 
crater rim up to 1m deep, depending on where the mar-
gins are drawn.  As the rover drove toward PV, double 
and multiple ridges of rocks were seen extending paral-
lel to the traverse and at the base of a gentle slope to the 
south of the traverse (Fig 5).  The northern rock ridge is 
at -1457.5 m elevation, and the southern is approxi-
mately 10-20 cm lower.  A less organized occurrence of 
rocks is also present along the south side of the notch 
feature, at about the same elevation as those on the north 
side of the notch.   

Figure 4:  Opportunity DEM of area in Fig 3.  Contour 
inverval = 50 cm.  25 cm-posting.  “Notch” in topogra-
phy is below left of center. 

The sharp break in slope along the right edge of Fig-
ure 5 appears to indicate resistant bedrock in the crater 
rim, whereas the topographic high points of the rim (Fig 
4,5) appear to be weakly consolidated material when it 
was imaged by the rover as it approached PV [4]. 

Interpretation:  The notch in the rim of Endeavour 
crater located at exactly the point where PV originates 
argues that PV formed by spillover from a small lake.  
The anastomosing channel suggests that discharges 
were too high and flow durations were too short to allow 
development of a single, narrow, graded channel. De-
pending on the elevation of the missing crater rim ma-
terial represented by the notch, the amount of down-cut-
ting indicated is probably only of order 1 m.  The eleva-
tion of the base of the notch (labeled “spillway” in Fig 
5) appears to be about -1458.1 m, with the topography 
sloping gently down to the west and east away from it. 
The base of the notch is higher than the plains surface 
to the west, which could mean that the lake didn’t drain 
completely before the flood ceased., or the spillway was 
later blocked by an eolian bedform that has since been 
degraded.  The rock ridges on the north side of the notch 
could have been transported by the flood as the notch 
was incised and the lake drained.   

PV is the only recognizable valley form at Endeav-
our crater, and appears to have been carved by spillover 
of a small lake on the plains west of the Endeavour rim 
through the topographic notch. One other potential lake 
was traversed by Opportunity about 2.5 km north of PV, 
but this feature does not have a similar channel associ-
ated with it.  If PV represents a short-lived flood from a 
lake source, it would not necessarily require precipita-
tion to form.  This might also provide an explanation as 
to why there aren’t other channels elsewhere at Endeav-
our. 
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Figure 5:  High-resolution ORR/DEM of Opportunity’s approach to PV and walkabout of the plains west of the head 
of the valley.  Left frame:  Navcam/Pancam ORR, colored with HiRISE, showing key geomorphic elements.  Right 
frame:  Navcam/Pancam DEM of same area, with color ramp clipped between -1457m and -1459m elevation to max-
imize visibility of subtle topographic features.  Scene width = 80 m. 
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