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Introduction: Liquid water emanating from a sub-
surface aquifer has been proposed as a possible expla-
nation for the formation of gully features on Mars [1,
2]. In this scenario, a correlation may be expected
between the location of gullies and the location of re-
gionally downward sloping terrain due to the resultant
hydraulic gradient, which would slope downward caus-
ing water in an aquifer to move towards the gully site.
A comprehensive survey of gully orientation angles
and the corresponding regional topographic trends is
presented here to further test the shallow aquifer mod-
el.

Methodology: We searched all Mars Orbiter Cam-
era (MOC) narrow angle images in latitudes known to
contain gullies, approximately 30°-75° in both the
northern and southern hemispheres, from mission
phases AB1 through S10. Gullies were identified pri-
marily by the presence of a distinct, v-shaped channel
emanating from the base of a theater shaped alcove.
Gullies located on Hale crater, central peaks, and
dunes were omitted due to significant morphological
differences from classical gullies found on most crater,
trough, and pit walls [3].

Only gullies found on crater walls were used for
this study though classical gullies were also found on
trough and pit walls. Craters with significant coverage
were used for orientation angle measurements while
only craters with full coverage were used for regional
topography analysis. Significant coverage is defined
as imagery data spanning at least 100° of orientation
along a crater wall or a cross-sectional image showing
a portion of both the north and south facing walls.

In order to analyze the possible bias for poleward
facing slopes during the imaging process, the angular
extent of MOC narrow angle image coverage for each
of the craters was recorded.

To determine the locations of gullies and gully sys-
tems we measured the orientation angles of up to
twelve individual gully channels in each map projected
MOC narrow angle image. Repeated measurements of
the same gully were avoided where possible by dis-
carding repeated MOC images and visual inspection of
overlapping images.

Elevation contour plots of the region imaged by the
MOC wide angle image corresponding to the narrow
angle image of interest were created using MOLA

gridded data at 128 pixels per degree for each of the
fully covered, southern hemisphere craters. These
plots were used to determine where the regional topol-
ogy slopes towards the crater of interest. Small scale,
local features were ignored initially in favor of large
scale regional trends.

Results/Analysis: A total of 1790 images contain-
ing gullies were found. The exclusion of gullies in
Hale crater, central peaks, and dunes and the require-
ment of significant coverage narrowed the initial set of
1790 images down to 1207 images. Of these 1207,
170 images are in the northern hemisphere and 1037
are in the southern hemisphere. There are 535 individ-
ual craters containing gullies, which account for 757
individual images. The remaining images represent
gullies in troughs, pits, and chaotic terrain. Of the 535
craters containing gullies, 424 are in the southern
hemisphere, and 49 of these can be seen in their en-
tirety using only the MOC narrow angle images in our
data set.

Slope Coverage: There is no significant poleward
coverage bias in either the northern or southern hemi-
spheres. There are, however, more north/south images
than east/west images in the northern hemisphere.
These results can be seen in figs. 1a and 2a.

Gully Orientations: Gullies are found at all orien-
tations on the walls of craters, troughs, and pits. How-
ever, there appear to be more gullies oriented towards
the pole in the southern hemisphere, as indicated in fig.
Ib. The corresponding northern hemisphere data is
shown in fig. 2b and reveals that there is no apparent
poleward preference in the northern hemisphere.
There is a conspicuous decrease in the number of
east/west facing gullies in the north, but this could be
the result of imaging bias as there are fewer east/west
facing images. These results are in agreement with
previous works concerning possible poleward biases
though there is no previous mention of fewer east/west
facing gullies in the northern hemisphere [4, 5, 6].

Regional Topography: For the 49 craters analyzed,
approximately 70% show a significant correlation be-
tween the location of gullies and the location of re-
gionally downward sloping topography. Of these, ap-
proximately 50% are perfectly correlated with all of
the gullies lying in locations where the regional topog-
raphy is sloping towards the crater. The angular extent
and orientation of the regional down sloping topogra-

8018.pdf



Workshop on Martian Gullies: Theories and Tests (2008)

phy relative to each crater is shown along with the
gully orientation data in fig. 3.

Preliminary data suggest that down slope topogra-
phy due to localized features could lead to full correla-
tion between gully locations and down slope topogra-
phy for the 30% of images that currently do not show
correlation with regional down slope topography. This
could indicate that local topological features, when
present, play a larger role in gully formation than re-
gional trends.
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Figure 1: a) Number of gullies at each orientation an-
gle in the southern hemisphere. b) Number of images
showing each orientation angle. Note that 90° indi-
cates a poleward facing gully or slope and all values
have been rounded to the nearest degree.
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Figure 2: a) Number of gullies at each orientation an-
gle in the northern hemisphere. b) Number of images
showing each orientation angle. Note that 270° indi-
cates a poleward facing gully or slope and that all val-
ues have been rounded to the nearest degree.

Conclusions: There does appear to be a poleward
preference in orientation for southern hemisphere gul-
lies that is not caused by imaging bias. A poleward
preference is not seen in the northern hemisphere,
however, and gullies can be found on all slope orienta-
tions in both hemispheres. This suggests that insola-
tion may not be the driving factor behind gully orienta-
tion. Gully orientation may instead be linked to re-
gional topography, as suggested by the 70% correla-
tion between regional down slope topography and
gully location.
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Figure 3: The angles for which surrounding topogra-
phy slopes towards the crater (lines) as well as the ori-
entation angle measurements for the individual gullies
in that crater (triangles).

The possible link between gully location and re-
gional topography could help explain the mechanism
for water flow in a subsurface aquifer since the hydrau-
lic gradient is affected by topography on a regional
scale. Thus a correlation between down slope gradient
and the location of gullies suggests that water, if pre-
sent in a subsurface aquifer, may flow towards the lo-
cations where gullies are found. If this water reaches
the crater wall it could breach the surface to form gul-
lies.

Further work: Along with further investigation of
the effects of small localized features, the research will
also be extended to include regional topography and
hydraulic gradient analysis for all imaged features,
including both northern and southern hemisphere cra-
ters, troughs, and pits. Modeling of subsurface water
flow and seepage forces will also be used to test the
theory that water may be originating underground and
flowing towards the locations where gullies are ob-
served on the martian surface.
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