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Introduction:  The discovery of hillside gullies on 

Mars, interpreted by Malin and Edgett [1] to be evi-
dence for recent water release, and recognition of their 
apparently young ages has caused much excitement 
and debate. The gullies are mainly observed on the 
sloping walls of large craters or channels. Most of the 
gullies are between ~30°-50° latitude (most in the 
southern hemisphere) and are usually seen on pole-
facing slopes. 

Gullies:  Berman [2] conducted a survey of the 
over 123,800 MOC images (narrow-angle and wide-
angle) released as of September 2003, and from analy-
ses of the narrow-angle images, built a database of 
selected images that contained gullies. We identified 
and analyzed 359 MOC images with gullies.  

Figure 1 shows the geographic distribution of im-
ages included in the database, plotted over a MOLA 
topographic map. The distribution of images with gul-
lies concurs with the trends first noted by Malin and 
Edgett. The gullies typically occur between ~30-50° 
latitude in the northern and southern hemispheres, but 
are much more prevalent in the south. An important 
trend noted by Malin and Edgett [1] was that the gul-
lies tend to occur on the pole-facing walls of craters, 
although their subsequent analyses did not support this 

[3]. Over 60% of the images in this study which cov-
ered both crater walls had only pole-facing gullies. 
About 6% had only equator-facing gullies, and 33% 
had gullies on both walls. 

Tongue-shaped Ridges:  At the bases of many of 
the gullies, lobate, arcuate ridges can be seen which 
are very smooth with sharp edges. These tongue ridges 
resemble terrestrial protalus ramparts or terminal mo-
raines, which suggests they may have a glacial origin 
[4,5]. They have the same latitudinal trend as the gul-
lies, are usually found at the bases of gullies, and in 
general seem to occupy craters with diameters between 
~4-25 km.  

Figure 2 illustrates the primary features of the 
tongue ridges. The feature labeled “a” is the main crest 
of a tongue-shaped ridge. The ridge is about half as 
wide as it is long, is concave, and encloses a smooth 
floor. Feature “b” is a less sinuous and less pro-
nounced ridge crest extending beyond the primary 
ridge, possibly the remnant of an older ridge from a 
landform that has since receded. The feature labeled 
“c” looks like a viscous flow feature extending directly 
into the floor materials from a tongue ridge or a region 
of tongue ridges.  

 
Figure 1.  Distribution of images showing gullies (black circles) and tongue ridges (white circles).  Most of the images with tongue ridges also 
contain gullies. Image courtesy of MOLA science team.
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We found 218 images with tongue ridge features. 
The geographic distribution is plotted in Figure 1 
(white circles) on top of the gullies (black circles). 
About 60% of the tongue ridges were pole-facing and 
90% of the images with tongue ridges also have gul-
lies. The tongue ridges occur in more tightly bound 
clusters than the gullies in general, but there are many 
instances of craters without tongue ridges or even gul-
lies adjacent to ones that exhibit them. Inside Newton 
Basin, however, almost every crater seems to have 
tongue ridges. There do not seem to be any correla-
tions between elevation and the presence of tongue 
ridges. 

 
Figure 2. Mosaic of MOC images E09-02399 (left) and E10-04497 
(right) near Newton Basin. Image courtesty of NASA/JPL/MSSS. 
 

The observations and analyses in this study lead to 
the formation of the following model for the degrada-
tion of mid-latitude craters of diameters between about 
2 to 30 km (Figure 3). 1) The process begins with a 
pristine crater.  2) Deposition of an ice-rich mantle 
occurs. The material blankets the floor and walls of the 
crater. Preferential heating on the equator-facing wall 
causes ice in the mantle there to sublimate. 3) The 
mantling on the pole-facing wall will be protected and 
melting may occur beneath it as material builds up and 
flows down the wall and across the floor. Preferential 
erosion of the pole-facing rim can also supply addi-
tional material to the crater floor. 4) Tongue ridge 
structures may then form at the base of the pole-facing 
wall as a result of flow of melted material down the 

crater wall and/or removal of material at the base of 
the wall. Sublimation of materials on the floor can 
occur, leaving pitted structures. 5) Lastly, the pole-
facing wall erodes backward and gullies may form in 
alcoves, depositing material that embays the tongue 
ridges. Multiple episodes of each of these stages are 
possible. This model is a very generalized case, and 
does not fit all of the observations. 

 
Figure 3.  Proposed model for crater degradation. Equator-facing 
crater wall to left. Stage 5 is consistent with observed MOLA pro-
files, with some vertical exaggeration. 

 

Conclusions: Tongue ridges and gullies are found 
together on interior crater walls and appear to be part 
of a sequence of mid-latitude crater degradation.  They 
have similar latitudinal distributions and are observed 
in areas with other ice-related landforms, e.g. debris 
aprons and fretted terrain [2,6]. Crater counts [2] show 
these features to be young, on the order of tens of My, 
which is consistent with current climate models [7]. 
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