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Introduction:  Martian gullies were first identified 

from high resolution images taken by the Mars Orbiter 
Camera [1]. Predominantly located in the southern 
hemisphere, these features are present in the vicinity of 
craters, south polar pits and valleys. Gullies were 
recently classified into seven groups, based on distinct 
geomorphic features [3].  

A sub-group of gullies exists on dune slopes main-
ly between 36.3°S and 54.3°S, and occasionally be-
tween 64.6°S and 70.4°S [8]. Terminal pits in place of 
aprons distinguish these active linear gullies [4, 5] 
from those comparable with terrestrial gullies. Linear 
gullies are characterized by small alcoves, 
predominantly linear yet sometimes sinuous channels 
framed with levées and a paucity of terminal deposits.  

Many hypotheses are proposed regarding the 
formation of linear gullies. These include a wet debris 
flow, dry granular flow and sublimating carbon 
dioxide, among others. However, the formation 
mechanism responsible for terminal pits remains 
unresolved.  

The issue of equifinality surrounding Martian 
gullies and thus the importance of rigorously 
examining all potential formation processes, was raised 
at the recent Martian Gullies and their Earth 
Analogues 2016 meeting at the Geological Society. 
Given the distinct morphology of linear gullies and the 
absence of terrestrial analogues for these features, it is 
essential to consider processes involving carbon 
dioxide – the dominant volatile on present day Mars. 

The sublimating carbon dioxide hypothesis 
suggests that carbon dioxide ice blocks achieve 
geomorphic work by incising the km – scale length of 
v – shaped channels, mobilizing sediment to form 
levées and later sublimating at the terminus to form a 
singular, or multiple circular depressions known as 
pits.  

We present the results of a series of Earth – based 
laboratory experiments conducted under controlled 
atmospheric conditions, with a view to testing the hy-
pothesis that sublimating carbon dioxide ice blocks are 
responsible for the formation of Martian linear gullies 
and their accompanying pits. Temperature and pressure 
profiles within beds of glass spheres of discrete grain 
sizes were recorded to later be compared with the out-
put of our numerical model which simulates Martian 

atmospheric conditions and acceleration due to gravity 
[6].  

The geomorphic response of the bed to the pres-
ence of a CO2 ice block in each case was recorded to 
be quantified using Structure From Motion technology. 
Extrapolating our morphometric results to Martian 
conditions and later comparing these results with di-
mensions derived from HiRISE images and Digital 
Terrain Models of linear gully pits, will broaden our 
understanding of the interaction between Mars’s pri-
mary volatile and porous substrate. 

 
 Method:   
Laboratory Experiments. Following preliminary 

experiments undertaken at the Planetary Science Insti-
tute in Tucson, Arizona, the protocol for our experi-
ments at Trinity College, Dublin was developed. We 
procured a low humidity and constant temperature 
(within 1°) Weiss Salt Spray Chamber and surrounded 
our apparatus with silica gel beads to avoid frost depo-
sition from atmospheric water vapour interfering with 
the accuracy of our results. iButton technology ensured 
our low humidity environment was sufficiently sam-
pled and monitored.  

The apparatus was arranged in order to sample the 
thermal and pressure profile of the bed in response to 
interaction with a CO2 ice block. Taut strings were 
threaded horizontally across five sampling depths in a 
plastic container which would contain sediment sam-
ples. Four T – type thermocouples were attached at the 
lower four depths. A pressure sensor was positioned at 
the topmost string. A video camera was positioned 
above the apparatus to monitor the sublimation pro-
cess. 

During each trial, sediment samples of varied grain 
sizes were poured into the container and carefully lev-
eled, ensuring the sampling depths were covered. The 
thermocouples and pressure sensor were connected to 
analog input modules and an output source. 

A carefully measured and weighed CO2 ice block 
was gently placed at the centre of the bed surface and 
LabView data acquisition software was activated, 
where analog output of thermal and gas pressure in-
formation was converted to digital. Plots were drawn 
in Matlab to monitor thermal and surficial gas pressure 
profiles over time for later use in testing our numerical 
model. 
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Photographs of the features resulting from the in-
teraction between sublimating CO2 ice blocks and po-
rous substrate were taken at many angles, to be em-
ployed in the development of Digital Elevation Models 
and subsequent morphometry measurements. 

Measurements of Martian Features: Locations of 
equatorial and south polar dunes where NASA High 
Resolution Imaging Science Experiment (HiRISE) 
images and DTM’s were available, were identified 
using the Mars Global Digital Dune Database [7]. Sites 
which feature linear gullies were examined using 
ArcGIS and the dimensions of a cohort of pits were 
recorded. The width and depth of their associated 
channels were also noted. Where multiple pits were 
available, the decrease in pit depth was recorded in 
order to estimate the sublimation rate of CO2 needed to 
mobilize the estimate of sediment displaced. 

 
Results: Distinct modification of the granular 

surface was observed for each glass sphere grain size. 
Notably, a carbon dioxide ice block was capable of 
navigating downward as it sublimated into the bed 
containing spheres of 0.044 mm – 0.088 mm diameter. 
The consequent mobilization of sediment resulted in a 
pit feature surrounded by levées, comparable in 
morphology to those observed at termini of Martian 
linear gullies (Figure 1). 

 
 

 
 
Figure 1: Pit resulting from sublimation of carbon 

dioxide ice on a bed of spherical beads of diameter 
0.044 mm – 0.088 mm. 

 
Plots of temperature and pressure at 15 mm incre-

ments within each bed were recorded and are currently 
being used to develop our numerical model. This work, 
including our morphometry measurements, is ongoing 
and further results will be presented at The Sixth Inter-
national Conference on Mars Polar Science and Ex-
ploration. 
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