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Introduction: The HiRISE camera on Mars Re-

connaissance Orbiter has returned well over 4,700 im-
ages of the surface of Mars, including  hundreds of  
images of valleys, gullies, and channels. These images, 
with scales as high as 25 cm/pixel, provide an oppor-
tunity to test our understanding of the provenance of 
these features. 

Gullies: Gullies imaged by HiRISE exhibit a great 
deal of morphological diversity. Lengths range from 
several tens of meters to several kilometers; widths 
range from several tens of meters down to the HiRISE 
resolution. Some gullies form tributaries that coalesce 
into networks, while others exhibit the canonical single 
source alcove, incised middle reach and terminal de-
bris fan deposits. Some gully sources blend in gradu-
ally with the surrounding uplands, while others start 
full-borne from blunt, theater heads. Gully systems 
displaying different morphologic patterns can be lo-
cated physically adjacent to each other. The most mor-
phologically complex gully systems exhibit point bars, 
cut banks, undercutting of walls and source regions, 
erosion into underlying surfaces, braided and anasto-
mosing reaches, multiple terraces located along gully 
margins, and erosion and deposition of materials along 
the gully and overlapping adjacent systems.  

This complex suite of morphological features sug-
gests a fluvial origin [1]. Some gully-like systems, 
such as those located on high-latitude dunes [2], lack 
key morphological indicators and are little more than 
sets of parallel troughs without apparent debris fans. 
Others have distinct source regions and debris fans, but 
lack incised middle reaches. These particular features 
are located on steep slopes, such as the inner walls of 
several volcano calderas, as well as on some crater, 
valley and canyon walls and may be more akin to de-
bris chutes where material is transported down steep 
slopes mostly by gravity alone. We conclude from 
these observations that there may be a continuum of 
processes involved in the formation of gullies and 
gully-like forms, ranging from fluvial erosion to mass 
movement processes including dry flows and slides 
and possibly involving seasonally active processes. 

HiRISE imaging also shows that gullies in a single 
locale sometimes emerge at a variety of elevations and 
also display strikingly different morphologies. For 
example, miniature gully systems, some less than a 
kilometer long, are found along a crater wall in the 
Terra Sirenum region. These small gullies are adjacent 
to larger ones and exhibit typical gully morphologic 

characteristics, however they emerge much further 
downslope than their nearby counterparts [3].  

Other intriguing gully systems are located on some 
pristine, mid-sized impact craters (e.g., Mojave [4]). 
For example well-developed and integrated “gully” 
systems heavily dissect the eastern rim region of Mo-
jave crater. In Figure 1, pristine gullies have eroded 
both sides of the rim of Hale Crater, flowing in oppo-
site directions. In one location, only a narrow ridge 
separates eastward and westward oriented gullies [7]. 
Although these gullies display a morphology consis-
tent with a fluvial origin, associations such as these 
may challenge any single gully formation mechanism 
particularly for providing liquid water in the surface 
environment in geologically recent times. 

 

 
Figure 1: This portion of a HiRISE image 
(PSP_002932_1445) shows gullies along the north-
eastern rim of Hale crater. Gullies formed on both sides 
of the ridge and at different orientations. Note bright 
deposits along some gullies. 
 

Valley Systems:  HiRISE observations of the 
older, “classical” martian valley systems have been 
somewhat less revealing, as many of the valley net-
works have been partially filled by subsequent depos-
its.  Figure 2, for example, shows a valley network on 
the heavily cratered terrain west of Argyre.  The infill, 
which is generally fine-textured (also seen on the floor 
of the impact crater) obscures any sign of erosional 
features that might still be preserved on the valley 
floor.  Fill of various textures is similarly found in 
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many martian valley systems, including those at War-
rego Vallis and on the slopes of many volcanos.  In 
Warrego Valles, valley fill is rough, blocky to platy in 
appearance (Figure 3). This material also displays 
ridges and troughs along the length of the valley sys-
tems and is often plastered to the sides of the valley 
walls giving the impressions that the fill has lapped up 
on the sides of the valley walls.  Although the valley 
fills in both locations have strikingly different textural 
properties, both appear relatively dark in THEMIS 
night-time IR, suggesting the fill has a low thermal 
inertia. HiRISE will continue to search for promising 
locales that reveal the original floor of the valley net-
works and the nature of the valley fills. 

 

 
Figure 2: Detail of a valley network west of Argyre.  
Large crater is about 400m in diameter.  North is to 
the left.  In color images the valley fill deposits are 
clearly distinct from the surrounding terrain. 
 

 
Figure 3: Details of  portion of valley within Warrego 
Valles (portion of HiRISE image: PSP_003699_1380). 
 

Outflow Channels: HiRISE has targeted a num-
ber of outflow channels and resolved a variety of inter-
esting features. The images reveal some new cata-
strophic flood erosional features, including knick-
points, longitudinal grooves and interior channels [5] 

that are commonly seen in terrestrial catastrophic flood 
channels (Figures 4 & 5). There is as yet no clear evi-
dence for paleo-flood deposits or fluvial bedforms, al-
though some candidate paleo flood depositional fea-
tures have been identified and will be the subject of 
additional imaging [6].  

 

 
Figure 4: A small interior channel cataract within Ka-
sei valles displaying multiple knickpoints.  Longitu-
dinal grooves can be seen on the upstream side of the 
headcuts (portion of PSP_002788_2010). Large crater 
at top is about 1000 m in diameter.    
 

 
Figure 5: Longitudinal grooves along the floor of Ares 
Vallis (portion of PSP_003538_1885) just upstream of 
a cataract point to high fluid discharge rates.  
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