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Introduction:  Gullies on Mars are kilometer-scale 

features that resemble water-carved steepland channels 

on Earth comprised an alcove, channel and debris 

apron [1].  Global-scale studies have shown they are 

absent from the equatorial regions, most common at 

mid-latitudes and their preferred orientation changes 

with latitude [2-5], thus indicating a climatic origin 

whereby melting is initiated by high average daytime 

temperatures at high obliquity [6]. Some authors have 

suggested that gullies could originate from the melting 

of the Latitude Dependent Mantle (LDM) [e.g., 7-8] – 

a surface draping deposit thought to be an ice-dust mix-

ture. 

Our study area is the Argyre impact basin where 

gullies are very common and previous studies have 

concluded that gullies in this area were formed from 

recent melting of the LDM [9]. We present here results 

from a topographic study of a subset of the western 

basin (40-58°S, 299-313°E), which we plan to extend 

across the whole region. These preliminary data indi-

cate that gully occurrence could be an important fin-

gerprint for assessing the orbital parameters required to 

destabilize the LDM. 

Approach:  As a starting point we noted the occur-

rence of gullies and other landforms that could be re-

lated to thaw [10] in all HiRISE images in the Argyre 

region (304-346° E;36-70° S). A systematic mapping of 

gullies from CTX and HRSC images was then started 

in the western Argyre region – the study area covered 

here. Gullies were identified if they possessed all three 

characteristic attributes: an alcove, channel and debris 

apron [1]. Groups of gullies were mapped as single 

polygons encompassing their whole extent. Using these 

polygons we were able to obtain statistics from the 

underlying Mars Orbiter Laser Altimeter (MOLA) 

gridded data. This included elevation, orientation (pix-

el aspect), slope angle and topographic position index. 

The topographic position index here is calculated for a 

9x9 pixel moving window whereby the mean value of 

elevation in the window is subtracted from the eleva-

tion of the central pixel [e.g., 12]. Hence, positive val-

ues are ridges or convex slopes and negative values are 

valleys or concave slopes. 

Summary of visual observations:  Gullies in this 

region incise into the LDM, whose surface is usually 

polygonized. These polygons are indicative of subsur-

face ice [e.g. 13]. In the limited number of HiRISE 

images available these gullies superpose, and are su-

perposed by polygons and in some notable cases low-

centered polygons [10], which some interpret as being 

indicative of thaw. Traits of these gullies that indicate 

an origin with liquid water include: 1) lobate and digi-

tate deposits 2) levees on channel margins 3) channel 

sinuosity and 4) braiding (fig. 1). The occurrence of 

low-centered polygons together with gullies is further 

evidence that the degradation of the LDM in this re-

gion is by thaw. More information on the high resolu-

tion study can be found in [10]. 

 
Fig. 1: HiRISE image PSP_002457_1310: 1) lobate 

debris apron, 2) leveed flow margins, 3) braided chan-

nel with terrace, 4) Sinuous channel and cutbacks in 

ESP_013941_1420. Arrows point downslope. 

 

Topographic results:  Gullies are more pervasive 

in our preliminary study area between latitudes of 45-

50°S and at this latitude are most commonly found on 

north- and south-facing slopes (fig. 2). At this latitude 

gullies comprise over 15% of all slopes with greater 

than 10° gradient (fig. 2). At lower latitudes they are 

preferably oriented southwards and comprise <2% of 

>10° slopes. For the whole gully population we find 

that their mean slope angle is 13° with a maximum of 

31°. For south-facing gullies their mean slope angle 

increases towards the equator (as does the mean slope 

of all pixels), whereas for north-facing gullies the mean 

slope decreases towards the equator (fig. 3). The mean 

TPI value is -17 for south-facing gullies and -22 for 

north-facing, meaning south-facing gullies are posi-

tioned on less concave slope-sections than those facing 

north. 
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Discussion:  Assuming a climatic origin for gullies 

[e.g., 4-6] gully distribution can be explained by loca-

tions of high day-average temperatures at high obliqui-

ty. Another factor is the availability of ice to melt – in 

this region the LDM. Previous studies have found 

widespread LDM deposit [9] across this whole region; 

in line with global climate modeling which pinpoints 

Argyre as a location for ice-deposition under Amazoni-

an high obliquity conditions [12]. In addition we find 

that slopes > 10°, which do not host gullies are covered 

with an intact mantling deposit. Hence, in this area 

there is no limit on availability of material. 

As suggested previously [9], we support the con-

clusion that gullies point to LDM-thaw, hence we can 

use their spatial extent as an indicator of thaw intensity. 

Therefore at latitudes of 45-50°S slopes in all orienta-

tions are intensely degraded (thawed), and to a lesser 

degree at 40-45°S, whereas at latitudes greater than 

50°S degradation is limited to a small percentage of 

predominantly south-facing slopes. Previous modeling 

studies have highlighted the Argyre region as an area 

where transient liquid water could be formed [14] and 

these simulations hint at the possibility of asymmetric 

production of transient liquid water under certain or-

bital conditions (e.g. no eccentricity with present or-

bital parameters). Further planned modeling should 

elucidate the orbital parameters where this is possible. 

The peak day-averaged surface temperatures for 

different slope aspects are strongly linked to latitude 

and obliquity [15-16], hence the orientation of gullies 

can be linked to specific orbital solutions, providing 

further constraint for future modeling work. Equator-

facing slopes preferentially host gullies, but do not 

dominate over pole-facing ones contrary to earlier find-

ings [2,9]. These differences could be attributed to the 

fact that we consider the aspect of gully slope-pixels, 

rather than the orientation of individual gully channels. 

However, differences in gully-orientation with respect 

to global trends could indicate a climatic driving factor 

unique to Argyre, and this is under investigation.  

The slope angle and TPI of gullies could indicate 

slope morphometries that are more susceptible to melt-

ing, or result from the action of the gullies themselves. 

In the latter case the fact that north-facing slopes are 

generally steeper and more concave than south-facing 

ones could indicate a different formation process [17]. 

Conclusion:  The latitudinal and orientation varia-

tion in gully density reveals differences in intensity of 

melting of the LDM in the western Argyre region. 

These data can be used as constraints for climate mod-

els to elucidate likely orbital solutions under which 

thaw could have occurred. 
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Fig. 2: Gully density with latitude for different slope 

orientations. 

 
Fig. 3: Violin plot of slope angle with latitude for 

north- and south- facing slopes that host gullies. Solid 

bar is the mean. 
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