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Introduction:  Martian gullies are often morphologi-

cally similar to terrestrial gullies that were formed by 

liquid water. The gullies also appear young, and be-

cause the current environment on Mars does not sup-

port liquid water, explaining the origin of these fea-

tures is complicated.  Here we present evidence that 

the Martian gullies have a variety of morphologies, 

suggesting that a several processes may have been 

involved in their formation.  In particular, analyses of 

HiRISE images indicate that at least some gullies were 

formed by dry mass wasting, although rapid sublima-

tion of H2O and CO2 ice that may have been incorpo-

rated in the talus slope cannot be ruled out. 

Malin and Edgett [1] first described Martian gul-

lies as containing three distinct physical attributes, 

including an upper alcove, main channel, and a fan or 

cone of debris based on Mars Orbiter Camera (MOC) 

images. The paucity of craters and superposed rela-

tionships with other geologic materials and features, 

such as patterned ground or dunes, indicates that the 

gullies formed recently (Malin and Edgett [1], Hart-

mann [2]. 

The hypotheses that have been presented to ex-

plain the formation of Martian gullies  basically fall 

into 2 categories: fluid flow (mainly water) and dry 

mass wasting. 

Unfortunately, no single hypothesis adequately 

explains the formation of Martian gullies 

Study area: We analyzed more than 200 images from 

the High Resolution Imaging Science Experiment 

(HiRISE) on board NASA’s Mars Reconnaissance 

Orbiter (MRO) spacecraft. The Martian gullies in-

cluded in our study were located in both the northern 

and southern hemispheres, at different latitudes both 

near the equator (ESP_14396_1415) and at the poles 

(PSP 010343_1750) to -68.8º (ESP 011 396_1115) 

and -72.1º  (ESP_012873_1075), and a range of eleva-

tions (-4 km to 8 km).  The gullies were found asso-

ciated with a variety of features, including impact cra-

ters, mesas and isolated features such as central peaks, 

scarps, and dunes.  From these analyses, we classified 

Martian gullies into three broad categories based on 

the type of feature where  they are found:  
Gullies on the interior slopes of impact craters 

Gullies on isolated slopes (hills, plateaus) 

Gullies on dunes 
The gullies in our study exhibited a range of mor-

phology and morphmetric characteristics, including 

variations in the length of the channel, the size of the 

alcoves, or lack of these. 

Methodology. Using High Resolution Imaging 

Science Experiment (HiRise) images and data, we 

identified gullies with varied morphologic features. 

10 images were selected. We measured the width 

of the alcoves and lengths of the channels in order to 

differentiate the diversity of morphologies and discuss 

the possible mechanisms involved in these 

morphologies as there are channels of different lengths 

and shapes very almost straight or sinuous. The forms 

show very elongated alcoves or very wide. And in 

some cases hardly exhibit alcoves. 

Proposed mechanisms. Mechanism 1-Fracturing 

mechanism of the inner slopes of impact craters.  Most 

gullies are located on slopes inside impact craters of 

different diameters (10, 20 km). These diameters cor-

respond to geologically recent craters. Apparently 

these gullies may be relatively young. However it 

should be taken into account where the material is lo-

cated on impact crater. 

The gullies could be formed later in the fracturing 

caused by the impacting object to create the crater.  

The large craters of diameters> 200 km or more, usual-

ly very old ones (on the stage of frequent impacts), but 

the gullies could be formed during later stages to the 

creation of craters. 

Mechanism 2 - The wind accumulates dried material. 

Rock material by alternating temperature changes, 

daily and annual emerges from the top of the inner 

slopes and rocks forming slide grooves. In areas with 

rock formations, rock fragments due to extreme wea-

thering. Are also produced dust accumulations which 

may be mixed with snow of H2O and CO2.. In this case 

the sublimation of snow can cause destabilization of 

grain dust and sand material setting in motion a me-

chanism to occur suddenly. Perhaps it would be a mo-

mentary event by type of material involved, rock, de-

bris, dust. The slippage of material would occur if the 

layer of material moves on solid material. In this sce-

nario would produce the fall events, landslide and 

flows of material in various sequences.  

Mechanism 3 - wind dry fine material accumulates on 

dunes. Another agent that could trigger the sliding 

movement of the material is the wind, primarily for 

gullies formed on the dunes. On Mars winds reach 

speeds of 200 km / h to produce material transport in 
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much of the surface. Aeolian erosion dig gullies 

through several stages, but will depend on the type of 

material accumulated on the slopes and the underlying 

layer. In rock layers the material will behave different-

ly from the material accumulated in a layer of fine ma-

terial and in areas of dunes. In this case the fine ma-

terial would slide quickly, perhaps in a few short dura-

tion events.  

Discussion: It is possible to observe sinuous channels 

that appear to have formed from liquid but in many 

cases these are on dunes and near-polar latitudes where 

it is even more difficult the existence of liquid water. 

Besides recent changes have been detected in some 

gullies on dunes, which also indicate that some 

exogenous process rather than endogenous role in the 

formation of these gullies.  

Conclusions. We conclude that exogenous processes 

are involved in the recent formation of Martian gullies. 

We also considered feasible mechanisms here could 

explain the existence of gullies in diverse geologic 

settings and different latitude and altitude. 

It is still necessary to undertake research to see if any 

recent changes in the gullies that were selected in this 

work. 
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