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Introduction:  Morphological features of gullies on 

Mars suggest flow of some fluid geologically quite 
recently [1]. Some researchers consider that the fluid is 
ground water [1, 2, 3]. The ground water model has, 
however, difficulty to explain formation of gullies on 
isolated peaks and dune crests. Others consider that the 
fluid is melt water from near-surface water ice during 
periods of high obliquity [4, 5]. However, repeated 
observations of the same locations by the Mars Global 
Surveyor (MGS) Mars Orbiter Camera (MOC) re-
vealed new gullies on a sand dune during the last Mar-
tian year [6], suggesting that some gullies are still 
forming today. If gullies are really still active, whether 
near-surface water ice can melt or not at present will 
be critical. Although some researchers have an af-
firmative opinion [7], it is generally considered that 
liquid water cannot be stable on the surface of Mars 
under the present atmospheric conditions. If it were the 
case, we need to consider the gully forming agent 
other than liquid water, such as solid/liquid CO2 [8, 9, 
10], or aeolian deposits [11]. 

Most gullies exist within the latitudinal bands be-
tween 30°-60° in both hemispheres [1]. This band-
shaped distribution requires constrains for upper and 
lower latitudinal limits on the formation of gullies. In 
this study, we investigate distribution of impact craters 
with gullies in the Argyre region, and discuss con-
straints of gully formation which is consistent with the 
distribution of gullies.. 

Methods:  We investigate inner walls of impact cra-
ters in the Argyre region (30°-60° S, 0° -60° W). 
There are 385 impact craters larger than 3 km in di-
ameter based on MOC images from mission phases 
from AB1 through R21. Only clear gullies with dis-
tinct channels are counted and ambiguous gullies are 
not counted. A crater wall is divided into 4 sectors: 
south-facing, north-facing, east-facing, and west-
facing walls. A south-facing wall is the sector between 
-45° and 45° to the north direction. We identify 96 
impact craters with gullies on one or more sectors of 
inner walls. 

Results:  Figure 1a shows distribution of impact 
craters with gullies on south-facing (poleward-facing) 
or north-facing (equatorward-facing) walls. About 
93 % of impact craters with gullies on poleward-facing 
walls lie in the region with latitude lower than 45° S. 
In contrast, about 91 % of those on equatorward-facing 

walls exist in the region with latitude higher than 45° S. 
Only a few impact craters with gullies can be found in 
the region with latitude higher than 55° S. These re-
sults are consistent with the results in the Phaethontis 
region (30°-65° S, 120° -180° W) [5]. Therefore, these 
statistics could be used to represent the gully distribu-
tion in the southern hemisphere. 

Constraints on the formation of gullies:  Based on 
these results, we propose two possible constraints on 
the distribution of the gullied impact craters. Figure 2 
shows the latitudinal distribution of impact craters with 
gullies shown in Figure 1a. In Figure 2, we also show 
abundance of steep slopes researched from MOLA 
track data [12]. As shown in this figure, the frequency 
of poleward-facing steep slopes (>20°) with several 
hundred meters scale abruptly decreases at about 35-
40° S, while that of equatorward-facing steep slopes 
gradually decrease from about 35° to 55° S [12] (Fig-
ure 2). The decrease of steep slope frequency reflects 
decrease of slope inclination. It would result from dis-
section by gully formation [12], filling of ice-dust mix-
ture for crater cavities [13] and/or viscous relaxation of 
ice component [12, 13, 14]. 

In Figure 2, we also show distribution of seasonal 
CO2 ice. Seasonal CO2 ice spreads toward lower lati-
tudes on poleward-facing slopes than on a horizontal 
plane in the winter hemisphere, while it remains at 
higher latitudes on equatorward-facing slopes than on 
a horizontal plane (Figure 2). Difference of solar inso-
lation received on poleward-facing slopes and on 
equatorward-facing slopes may explain the difference 
of the lower latitudinal limits between the distribution 
of impact craters with poleward-facing and equator-
ward-facing gullies. 

The region with latitude lower than 45° S, CO2 ice 
will condense only on poleward-facing walls, although 
both the abundance of poleward-facing and equator-
ward-facing steep slopes is adequate high (Figure 2). 
This may explain that most gullies are located on 
poleward-facing walls in this region. On the contrary, 
the region with latitude higher than 45° S, the fre-
quency of steep equatorward-facing slopes exist sev-
eral times than that of steep poleward-facing slopes, 
but adequate CO2 ice will condense on both poleward-
facing and equatorward-facing slopes (Figure 2). This 
may explain the majority of gullies on equatorward-
facing walls. 
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Seasonal CO2 ice will spread toward lower latitudes 
on east or west-facing slopes than on equatorward-
facing slopes, but will not spread than on poleward-
facing slopes [10]. If the distribution of CO2 ice con-
trols the distribution of gullies, lower latitudinal 
boundaries of east or west-facing gullies will lie be-
tween those of poleward-facing and equatorward-
facing gullies. Figure 1b shows distribution of impact 
craters with gullies on east and west-facing slopes, 
which suggest the lower limits around 35° S. This is 
consistent with the expectation. 

Gully formation by CO2 avalanches:  There re-
sults may imply that there is some relation between 
seasonal CO2 ice and gully formation. We would pro-
pose that gullies may have been formed by avalanches 
of seasonal CO2 ice. Observations of particles drifted 
by wind and their high reflectivity for visible light 
indicate that CO2 ice will be made up of small particles 
[14]. Seasonal CO2 ice is expected to sublime from the 
bottom and form a pressurized gas layer between the 
CO2 ice and ground [15]. The pressurized gas may not 
only trigger avalanches but also fluidize CO2 ice parti-
cles. The reduced gravity on Mars may also aid the 
effect of fluidization of particle flows [16]. Such 
granular flows of seasonal CO2 ice may dissect local 
slopes and result in development of gullies on Mars. 
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Figure 1:   Distribution of impact craters with gullies 
in the Argyre region (30°-60° S, 0° -60° W). Black 
dots show impact craters without gullies. 
 
 
 

 
Figure 2:  Latitudinal distribution of impact craters 
with gullies on poleward-facing or equatorward-facing 
walls. Solid lines represent relative abundance of steep 
slopes shown in figure 5 in [12]. Dashed lines show 
annual maximum thickness of seasonal CO2 ice on 
local slopes at the obliquity of 40°, which is estimated 
from an energy balance climate model [10] ( α is slope 
angle). Blue and red represent poleward-facing and 
equatorward-facing, respectively. 
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