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INTRODUCTION

The north polar erg is covered annually by a sea-
sonal volatile layer, a mixture of CO2 and H2O, 
with mineral dust contamination. In spring, this 
layer sublimes creating visually enigmatic phe-
nomena, e.g. dark and bright fan-shaped depos-
its, dark–bright–dark “bandings”, dark down-
slope streaks, and seasonal polygonal cracks. 
Similar features in southern polar areas are be-
lieved to be related to the specific process of 
solid-state greenhouse effect (so called Kieffer’s 
model) [1]. 
In the north, it is unclear if the solid-state green-
house effect is able to explain all the observed 
phenomena.

NORTH VS. SOUTH

The conditions during northern winter and 
spring are different from those during southern:
‣ The northern hemisphere is known to be more 
humid than the southern [2]. Water crystals act 
as light scatterers inside the slab making it less 
transparent. They also compromise the integrity 
of CO2 crystal structure in hardly predictable 
ways. 

‣ Topographically north polar areas are lower 
than southern by up to 7 km which leads to 
pressure differences during local spring of up to 
400 Pa. This is a very different thermodynami-
cal environment for CO2  and H2O phase transi-
tions.

NORTH & SOUTH

↑ Examples of polygonal cracks observed by HiRISE in the south-
ern and the northern polar areas.(a) PSP-008396-2610 - defrosting 
north polar dunes (81°N, 156°E); (b) ESP-012680-1000- the south-
ern polar terrain (79.9°S, 234.1°E); (c) ESP-012081-0930 - the 
southern polar terrain (87°S, 72.5°E); (d) PSP-003474-0850 - Giza 
region (85°S,69.9°E) (Figure from [6])

TYPICAL NORTH CONCLUSIONS 

In the north, water ice has a stronger influence 
on the seasonal evolution. We need further in-
vestigations to clarify how water ice contamina-
tion modifies Kieffer’s model. It might be, for ex-
ample, responsible for prominent blue halos and 
dark-bright-dark bandings observed in northern 
dunes and also in southern crater dunes, known 
to be more water-rich than other southern polar 
terrains.

All the similarities in spring activity that we ob-
serve in polar areas indicate that same proc-
esses (related to the solid state green house ef-
fect) act in both hemispheres.

↑ Sublimation features in the northern 
polar erg (Buzzel: 83.8°N, 235.3°E) – 
top panel; and over dunes inside Rich-
ardson crater in south (72°S, 179.4°E) – 
bottom panel

TYPICAL SOUTH

Furrows
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Araneiforms

↑ Temporal evolution of Giza region (85°S,69.9°E) shows de-
velopment of dark and bright fans. Each frame is a sub-frame 
of a HiRISE color composite image individually stretched to 
emphasize local contrast. The images were taken at a) 
Ls=289° (MY28), b) Ls=185° (MY29), c) Ls=200°, d) Ls=203°, e) 
Ls=227°, f) Ls=247°, g) Ls=273°.

↑ When all seasonal ice has sublimated small furrows in the dune 
are visible, shown in (d), ESP_018445_2600, taken at Ls=113.2. 
Comparison of the outbreaks in ESP_016111_2600 (c), to 
ESP_018445_2600 (d) shows the correlation of the outbreak sites 
to the furrows (Figure from [5])

↑ Spiders are only observed in the southern hemisphere. On the left panel is an example of 
araneiform morphology. The image is a sub-frame of HiRISE color image 
ESP_011776_0930 (87°S, 127.3°E), it was acquired at Ls=200°. Right panel is an anaglyph 
of araneiform terrain. Furrows from the northern dunes are believed to be the very early 
stage of araneiform development. After many repetitions of the process that creates fur-
rows, channels of araneiforms would develop. Araneiforms can not develop on dunes be-
cause furrows get erased annually during summer time sand movement.  

↑ Temporal evolution of Arrakis dune field 
(80.3°N, 122°E) from Ls=162° (local summer 
MY29) through spring of MY30 (Ls=7°-82°) till 
Ls=163° (summer). Each frame is a sub-frame 
of a HiRISE color composite image individu-
ally stretched to emphasize local contrast.

↓ Times curves of the three CRISM spectral criteria: 
continuum reflectance (red), band depth of H2O ice 
(blue) and band depth of CO2 ice (green) calculated 
from averaged spectra of the flat substrate between 
the dune fields in the regions. (Figure from [4])

↑ Temporal evolution of HiRISE red band reflec-
tivity of four different surfaces from Arrakis area in 
three successive martian years. The brightening 
phase is similar to the one in the South. (Figure 
from [7])

↑ Times curves of the three 
CRISM spectral criteria: contin-
uum reflectance (left), band 
depth of H2O ice (middle) and 
band depth of CO2 ice (right) 
for dark (red) and bright (blue) 
patches of Giza region. (Figure 
from [3])

↑ Surface reflectance of bright 
and dark areas determined by 
HiRISE red channel in the regions 
of Ithaca (85°S,181°E) and Inca 
City (82°S,296°E). 

↑ Schematic representations of the general temporal evolutions of 
the three spectral criteria in the Southern hemisphere from [4]. 
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