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Introduction: The recent discovery of small
Martian gullies has stimulated debate about the role
that water plays on the Martian surface under current
or recent conditions (1-14).  Of critical importance in
evaluating various gully hypotheses is reliable
morphometric and  orientation data.  The former
centers on such questions as whether the water (or
another fluid) emanated from a surface or sub-surface
source and the duration of flow.  The latter ties into
whether solar insolation has an important effect on
formation of the initial water source and subsequent
mobilization.  Initial studies of gullies indicated a
poleward orientation dependence (1,2), an
observation which has recently been challenged (3,4).

Herein we investigate the orientation of Martian
gullies and the dependence of various parameters on
the orientation. Whereas previous studies have been
global or through most of the southern hemisphere
(1-4), we focus on several specific regions.  This
approach offers some advantages in that regional
variations are factored out, such that of lithology,
ground water table depth (if any), surface thermal
properties, and other parameters are more or less the
same in a given region.  Differences in gully
attributes as a function of orientation within a region
can more easily be attributable to solar insolation
effects than is the case for global statistics.

We use the orientation to constrain several
classes of gully formation hypotheses.  1) A favored
orientation toward the pole across all regions could
indicate a process dominated by melting of cold-
trapped ice, snow, or condensed volatiles from
incident sunlight during summer under current
conditions (5-6).  2) Variations among all regions
would be more consistent with mechanisms less
strongly tied to current solar insolation, such as
geothermal heating of ice (7). 3) Favored orientations
within specific regions, but differing among regions,
could indicate a preference for poleward ices and
melting, with orientation being a function of age and
dependent on variations in obliquity and precision.

We find that the gullies fall into either categories
2 or 3, but not 1, indicating the recent melting of cold
trapped condensates is unlikely the sole formation
mechanism.

Methods
Images were selected from the Narrow Angle

Mars Orbiter Camera (MOC) (Figure 1) and VIS
Thermal Imaging Emission Systems (THEMIS) data
sets.   Selection was based on the presence of gullies,

the clarity of the gullies in the image, and the range
of azimuths that the gullies spanned.  The final MOC
data consisted of 17 images over a latitude range of
30˚ to 71˚S.  Because all images were in the southern
hemisphere, gullies facing south are oriented toward
the pole and those facing north toward the equator.
The number of gullies in each image ranged from 2
to 30.  The characterization of the gullies consisted of
measuring or documenting latitude, longitude, the
width of the gully at the top, middle, and bottom,
length, morphology, drainage density, distance to the
summit wall, and orientation relative to north.

After collecting the MOC data, overlapping
THEMIS images were used to provide a larger field
of view.  These were chosen to cover the regions
analyzed through the MOC images.  Though it was
difficult to determine characteristics of individual
gullies at lower resolution, presence and orientation
of gullies could be determined.  Because individual
gullies could not be characterized in the THEMIS
images, the gullies were combined into “regions”.
The number of gullies in each “region” was counted,
and then the average orientation of the region was
documented.

Results
The results from the MOC images indicate no

statistically-significant preference for gully
orientation (Figure 2). The majority of gullies are
south- or north-facing, with a few west-facing. A lack
of east-facing gullies and apparent preference for
north and south orientations is attributable to image
selection bias, as the long MOC strips are more likely
to intersect topographic slopes that strike in the cross-
track rather than along-track direction.

The THEMIS images provide statistically
more significant results (Figure 3).  Chosen to
overlap the MOC images, they cover a greater
geographic area, thus have great potential
orientations.  Results show a lack of preferential
orientation, including the N-S bias endemic to MOC,
and include east facing gullies that were absent in the
MOC results. There is no obvious latitude constraint
on the orientation.

In analyzing the MOC images, slight
relationships were found between the latitude and
length (Figure 4), summit wall distance, and drainage
density.  The longest and widest gullies tend to face
south. Similarly, the drainage density is highest for
gullies facing southward.  Given the statistical lack of
east and west slopes in MOC images, these results
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indicate that poleward-facing gullies are commonly
longer, wider, and have a greater drainage density
than those facing toward the equator.

Discussion
Our results showing a statistical lack of gully-

orientation dependence is in agreement with other
similar and recent investigations (3,4).  Such a
relationship calls into question formation
mechanisms that require all gullies to have formed
under present solar illumination conditions (5,6).  On
the other hand, the greater average length, width, and
drainage density of poleward-facing gullies may
indicate that insolation, while not controlling the
formation of gullies, is affecting the size of water (or
other fluid) reservoirs or the fraction of ice melted.
Another possibility is that poleward-facing gullies are
more recent, and therefore better preserved, than
gullies of other orientations that may have formed
under different obliquity conditions.  Further data
collection and analysis such as that described here
will yield even more robust statistics which should, in
turn, be able to more definitively test various gully
formation mechanisms.
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             Figure 1:  Sample MOC Image

Figure 2: Orientation from north based on latitude (MOC
images)

Figure 3: Orientation from north based on latitude
(THEMIS images)

Figure 4: Orientation versus length of gullies

Themis Orientation vs. Lattitude
29.7 37.5 39 41.8 46.4 70.7

Orientation based on Latitude

20 to 30 deg

30 to 40 deg

40 to 50 deg

50 to 60 deg

60 to 70 deg

70 to 80 degWest

South

East

North

Orientation vs. Length

0

2

4

6

8

10

12

0 50 100 150 200 250 300 350

Orientation (deg. from N)

L
en

g
th

 (
p

ix
el

s)

20 to 30 deg

30 to 40 deg

40 to 50 deg

50 to 60 deg

60 to 70 deg

70 to 80 deg

Lunar and Planetary Science XXXV (2004) 1339.pdf




