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Introduction: The newly discovered gully systems 

on Mars [1] have been found on rather young geologi-
cal surfaces such as dunes and polygons [2]. This in 
combination with the general absence of superimposed 
impact craters suggests that the gullies are relatively 
young geological features. Their morphology indicates 
that they have been eroded by a liquid fluid, most 
probably water. A recent discovery [3] suggests that 
gully formation is an ongoing process, which appears 
to occur even today. This is a paradox since water in 
current Martian atmospheric conditions cannot be 
found in a stable form on the surface due to the low 
pressure and temperature during normal conditions.  

Several formation mechanisms have been proposed 
for the Martian gullies such as liquid carbon dioxide 
reservoirs [4], shallow liquid water aquifer [5], melting 
ground ice [6], dry landslide [7], snow melt [8] and 
deep liquid water aquifer [9]. However, none of these 
models can alone explain all the gullies discovered on 
Mars. So far Martian gullies have only been studied 
from high orbit via satellites.  

Gullies found in Arctic climates on Earth could be 
an equitable analog for the Martian gullies and a com-
parative analysis could help disclose the formation 
mechanisms of the Martian gullies as well as their 
eroding agent. 

Svalbard as a Martian Analog: Analog sites for 
Mars are scarce on Earth. However, in the Polar Re-
gions, locales can be found that resemble the surface 
morphology and climate on Mars. Svalbard, which is 
situated 74°-81°N and 10°-35°E, in the discontinuous 
zone of permafrost, is a fairly good analog for com-
parative Martian studies. On a scouting mission per-
formed in July 2006, gullies similar to those previously 
studied on Mars [10], were discovered by our team in 
the valley of Longyearbyen and on costal slopes of 
Isfjorden. Longyearbyen has a typical periglacial envi-
ronment and the braided river system in the valley 
originates from meltwater from the two glaciers, Lars-
breen and Longyearbreen. The valley consists mainly 
of sandstone, shales and shists of cretaceous and terti-
ary age [11]. The valley slopes are covered with gul-
lies and debris, and is underlain by permafrost. The 
depth to the top of the permafrost is approximately 1 
meter, but differs with annual temperature changes and 
lithology. 

Gullies on Svalbard exhibit the same kind of char-
acteristic features as Martian gullies (figure 1), such as 
alcove, channel and debris apron. The theatre-shaped 
alcove tapers down-slope where the V-shaped channel 
commences. The gullies on Svalbard have consoli-
dated strata layers in the alcove regions, which have 
been detected also for some of the Martian alcoves. 
Moreover, the channels of the gullies on Svalbard tend 
to streamline around obstacles in the same way as 
some of the Martian gullies do. 

Project Description: The purpose of this project is 
to improve the understanding of the formation mecha-
nisms of Martian gullies and to investigate whether 
water is the eroding agent. The study consists of three 
phases. In the first phase, annual variations of the 
Svalbard gullies will be studied by deploying tempera-
ture, RH and moist loggers in strategic places in and 
around the gullies. This equipment was deployed in 
the summer of 2007 and will collect data for a year. As 
a second phase, satellite data over these gully locales 
on Svalbard will also be analyzed. This will be done 
with the help of imaging and thermal emission data of 
Earth, by using a similar methodology previously used 
in a study of Martian gullies [2][10]. The third phase 
will be carried out in situ on Svalbard in July 2008, 
where additional measurements will be made such as: 
length, width, depth, slope angle, angle of repose, di-
rection, sun/shadow exposure, temperature, grain size, 
surrounding terrain survey, RH, depth to possible aqui-
fer (radar), volumetric water content, water flow ve-
locity, photography, depth to permafrost, permeability, 
stratigraphy and snow/ice occurrence. The results will 
be compared with previous results from Mars in order 
to better understand the Martian gullies. 
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Figure 1: The left side of the figure shows a terrestrial gully on Svalbard (Adventfjorden) and the right side 
show a Martian gully. Left figure credit: NASA/MSSS.  

Lunar and Planetary Science XXXIX (2008) 1852.pdf


