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Introduction:  The purpose of this study is to use 

decameter-scale resolution THEMIS VIS data to char-
acterize the orientation of martian gullies.  This ab-
stract provides an update on results reported in [1] 
based on new sum 1 THEMIS VIS data collected in 
the last year of known locations of gullies in southern 
hemisphere craters.   
 
      Gully Orientation:  Small-scale features resem-
bling terrestrial water-carved gullies first observed in 
Mars Orbiter Camera (MOC) narrow-angle images at 
middle and high latitudes were originally reported to 
have preferentially pole-facing orientations within 
craters [2].  This observation is fundamental to certain 
gully formation hypotheses (notably snow melt, e.g. 
[3-8]), but is based on data that sampled only a portion 
of the crater.    One objective of this investigation is to 
re-assess gully orientation using data that surveys 
>75% of the crater to eliminate sample bias.  The pres-
ence or absence of gullies is recorded for eight 45° 
sectors.  Gullies located on the northwest, north, or 
northeast wall are classified as pole-facing; gullies on 
the southwest, south, or southeast walls are termed 
equator-facing. 

  THEMIS VIS sum 1 (18 m/pix) images are a 
dataset that can address this goal as the resolution is 
sufficient to observe gullies and the footprint size 
(width of 18 km, variable downtrack length) can cover 
many craters with gullies in 1 or 2 images.  Due to the 
orbit of Odyssey, THEMIS images of middle latitude 
gullies are only possible during spring, summer and 
fall seasons.  Prior work concentrated on existing 
THEMIS VIS sum 1 images that covered >75% of 
mid-latitude craters with gullies [1].  In addition, 128 
region of interest (ROI) sites were identified where 
new THEMIS VIS images would provide near com-
plete or total coverage of southern hemisphere craters 
with gullies.   As of December 2006, the majority 
(>70%) of these ROI’s have yielded new data.  Sixty-
seven new southern hemisphere gully sites now have 
sufficient THEMIS VIS coverage to include in the 
survey of gully orientation.  When this data is com-
bined with prior results [1], the gully orientation data-
base has entries for over one third of southern hemi-
sphere crater gully sites (152/407).   
      The new data reinforces the trends reported in [1] 
(Figure 1).  Overall, gullies in southern hemisphere 
craters were observed nearly three times more often on 
northern crater walls (pole-facing) than on their south-
ern, equator-facing counterparts.  The data was subdi-

vided into latitude bins [lower (30-40° S), central (40-
50° S) and higher (50-65° S) mid-latitudes] to further 
explore the relationship between latitude and gully 
orientation. Gully orientation varied in these latitude 
bins. In the lower mid-latitudes, pole-facing slope ori-
entation is dominant with a seven-fold increase in the 
occurrence of gullies on northern crater walls relative 
to the southern crater walls. The center latitude bin 
shows a similar effect, but to a lesser degree with pole-
facing orientations occurring twice as often as equator-
facing orientations.  However, at the high mid-
latitudes, the occurrence of gullies on the northern and 
southern crater walls occurs with the same frequency 
and no preference in orientation is observed.  
     The data was also categorized on a per-site basis to 
assess if the trends observed overall were representa-
tive.  At each location, gully occurrence was classified 
in one of the following categories:  a) present on both 
north (NE, N, and NW) and south (SE, S, and SW) 
crater walls, b) only pole-facing orientations, c) only 
equator-facing orientations, or d) present only on east 
and/or west crater walls.  In this analysis, the latitu-
dinal dependence of gully orientation is very evident 
(Figure 2).  In the lower mid-latitudes, pole-facing 
orientations dominate.  However, in the central mid-
latitudes pole-facing orientations occur at a compara-
ble frequency to those that occur on both north and 
south crater walls.  At the highest latitudes, multiple 
orientations for gullies (i.e. present on northern and 
southern crater walls) are most common. 
 

Discussion:  Examination of THEMIS VIS images 
of gully sites shows that the frequency of pole-facing 
orientations varies with latitude and that this orienta-
tion is most commonly observed in the lower mid-
latitudes.  At high mid-latitudes (>50 degrees south) 
and in the northern mid-latitudes (30-50 degrees), 
there is no observed preference to gully orientation. 

These observations suggest that the formation of 
gullies is dependent on a number of factors and these 
factors may vary by location. For example, solar inso-
lation, dust content in snow, and attributes of the geo-
logic setting (i.e. rock permeability, aquifer geometry, 
etc.) are all variables that can influence gully orienta-
tion.  Gullies are likely polygenetic landforms with 
different formation scenarios yielding an array of simi-
lar landforms.  This hypothesis can be investigated by 
distinguishing gully types based on morphology. 
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Figure 1:  Orientation of gullies in southern middle latitude 
craters reported as the number of cases of gullies observed in 
each azimuth bin.  Number of observations for each case is 
denoted in parentheses.  All (152), 30 – 40° S (68), 40 – 50° 
S (58), 50 - 65° S (26). 
 
 

 
Figure 2:  Histogram of gully locations categorized 
for each crater site.   
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