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Introduction: Cataracts in many of the large outflow 
channels on Mars have been identified in MDIM, 
MOC and THEMIS images. The presence of these 
cataracts has been used as evidence that the dry 
channels once formed as large outflow channels [1]. 
New images from the High Resolution Imaging 
Science Experiment (HiRISE) onboard the Mars 
Reconnaissance Orbiter (MRO) provide additional 
information about these features.  Cataracts are 
erosional features formed during high energy flooding 
events.  A number of the features observed in the 
HiRISE images are similar to those seen in the 
cataracts of the Channeled Scablands in the western 
United States, and in the cataracts related to 
jökulhaups in Iceland [2,3].  Multiple horseshoe-
shaped headcuts, longitudinal grooves, and possibly 
cataract fill mounds are observed in the Kasei 
cataracts.  

Two cataracts from the Kasai Vallis system have 
been imaged thus far.  Both lie parallel to the 
orientation of the dominant fracture system, suggesting 
these cataracts may have formed along a pre-existing 
zone of weakness (Fig 1). 

PSP_002287_2010 and PSP_002788_2010:  This 
stereo pair images the cataract at 21N 287.3E and was 
taken at the maximum resolution of approximately 25 
cm/pixel (Fig 2).  The cataract is approximately 500 
meters wide.  MOLA estimates and shadow estimates 
from the HiRISE images suggest scarp depths ranging 
from 100 to 155 meters.   

The floor below the cataract is covered in dust, 
however small channels within the feature can be 
observed (arrows, fig 2B).  Layered bedding can be 
seen in the cataract channel walls and in the 
longitudinal grooves at one of the cataract headcuts.   
Large streamlined forms extend from the top of the 
headcut (Fig. 2C, D).   

This cataract system shows multiple horseshoe-
shaped headcuts, similar to the cataract systems of the 
Channelled Scabland.  These all appear to be oriented 
with the dominant fracture orientations, producing a 
step-like pattern to the headcuts.   

A darker, platy surface can clearly be seen in the 
HiRISE images within the channel and narrowing as it 
approaches the cataract (Fig. 2B) These appear to be a 
series of flows into the cataract, indicating a headward 
recession of the cataract.  

Just below the most recent scarps are a few 

mounds.  These appear to be boulder mounds and may 
be cataract-fill mounds (Fig 2E).  These features were 
observed at the ancient jökulhaup Kverkfjallarani in 
Iceland.  These cataract-fill mounds form due to 
waning flow over the cataract.  A free shear layer 
develops over a cataract, and increasing erosion at the 
base of the cataract.  This results in a widening of the 
channel and an energy decrease, resulting in the 
deposition and buildup of a bar form [3,4]. 

At the end of the cataract is a fan-shaped form, 
seen in the THEMIS Images (Fig. 2A). 

PSP_2814_2055:  This image is centered at 25N 
298.6E and was taken at the maximum resolution of 25 
cm/pixel.  This image was taken just below the main 
scarp of the cataract (Fig. 3A).  Although the HiRISE 
image was not taken at the head scarp of the cataract, 
there is a  Context Camera (CTX) image 
(P05_002814_2051_XI_25N061W_070303), which 
does image the main scarps.   The full system at this 
location is approximately 1.7 km wide, with an inner 
channel that is approximately 500 meters.  Based on 
MOLA estimates, the main scarp of the cataract is 250 
meters deep (Fig. 3B).  

The inner channel originates at two horseshoe-
shaped headcuts that merge to form the inner channel 
(Fig. 3C).  Several other smaller channels are observed 
in this cataract complex both within the inner channel 
and beside it. The headward recession of cataracts 
produces distinct inner channels in the Scabland 
cataracts [2], similar to what is seen in this cataract 
complex.   

Longitudinal grooves are present along the Kasei 
vallis channel floor in this location, but not within the 
erosive cataract valley (Fig. 3B, D).   

Conclusions: The two imaged cataracts from the 
same channel system have distinctly different 
morphologies, but have several characteristics 
consistent with those seen in ancient terrestrial 
jökulhaups.  Both systems have streamlined forms, 
particularly along the cataract headcuts.  Both also 
have multiple horseshoe-shaped headcuts and inner 
channels within the cataract system.  These cuts 
probably developed as a sub-channel flow at a zone of 
weakness.  The channel flow must have persisted for 
an extended period as there are multiple lines of 
evidence suggesting headward migration of the 
cataracts. 
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Future work: We hope to target multiple cataract 
systems from various outflow channel systems on 
Mars and compare these to terrestrial systems to 
identify the length of time these cataracts were active 
and the erosional power of the outflow channels.  We 
will look at differences in lithology and explore how 
enhanced cavitation and the formation of roller 
vortices on Mars may lead to high rates of erosion, 
particularly in cataracts, due to the low gravity and 
atmospheric pressure effects on flow velocity and 
entrainment. 
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Figure 1: Overview map of the region is a THEMIS daytime IR mosaic with MOLA colorized topography overlay.  The white 
boxes represent the regions shown in figures 2 and 3.  The dominant orientation of the fractures in this region are NE-SW.    
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Figure 2: (A) THEMIS mosaic with the stereo image pair of the 
HiRISE image outlined in yellow.  (B) HiRISE image of the 
head of the cataract showing multiple stages of flow into the 
cataract as the cataract recedes headward. The white boxes 
indicate the locations of 2C and 2D.  The arrows point to 
small channels within the cataract valley. (C) Close up of one 
of the most recent horseshoe-shaped scarps.  The white box 
indicates the location of 2E.  (D) Streamlined forms and 
longitudinal grooves at the headcut. (E) Possible cataract-fill 
mound.
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Figure 3: (A) THEMIS mosaic of the cataract system 
with the HiRISE image location in the yellow box.  (B) 
CTX image of the cataract system. (C) Close-up of 
the region in the white box from 3B showing the 
two horseshoe-shaped cataract heads.  (D) HiRISE 
image of the area just below the main scarp of the 
cataract showing the inner channel within the 
cataract system and the even finer channels within.
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