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Introduction: The Martian south polar cap is a 
dynamic region covered with a seasonal layer of CO2 
ice and some H2O ice. Every spring and summer dra-
matic changes transpire as the CO2 sublimates, form-
ing dark spots and streaks on the surface. A basal sub-
limation model [1,2] proposed that sublimation occurs 
from the bottom of the CO2  ice slab. As CO2 pressure 
builds up, pressurized CO2 gas jets erupt through 
cracks in the ice spewing dust and sand. This dust and 
sand gets deposited on the surface forming spots, 
streaks, and fans [3].    

Figure 1: Basal sublimation model [1]. Sunlight shines 
through the translucent slab of CO2 ice layer and heats 
the dust and sand grains at the top of the regolith.

This project investigates the seasonal temperature 
variations in the ‘cryptic terrain’ [6] around 99°E, 86°S 
near the South Polar regions of Mars with the goal of 
understanding the CO2 sublimation processes. Seasons 
on Mars are measured in solar longitude, Ls, which 
goes from 0° to 360°. In the Southern Hemisphere, 
Spring starts around Ls 180°.  

Visible images taken by the Thermal Infrared 
Imaging System (THEMIS) onboard NASA’s Mars 
Odyssey Orbiter [4] were used to study the sublimation 
process. THEMIS Infrared images were analyzed to 
calculate temperature as a function of solar longitude 
(Ls) for Mars years 29 to 33. 

Methods: A region nicknamed Manhattan centered 
around 86°S and 99°E, which lies in the cryptic terrain 
near the South Pole of Mars, was selected for detailed 
study. The basal sublimation model for CO2 sublima-
tion was originally proposed for this region [1,2]. 
Three areas in this region, each about 4 km x 4 km, 
were selected for detailed investigation (A1, A2, A3 in 
Figure 3). Visible images were examined to study the 
progression of CO2 sublimation activity during spring 
and summer. Average Albedo values for each area were 
calculated from the calibrated THEMIS visible albedo 
products. 

ΤΗΕΜIS thermal infrared images such as the one 
shown in Figure 2 were used to calculate surface tem-
peratures. This is a false-color image in which the blue 
colors represent colder regions and the oranges and 
reds represent the warmer regions. JMARS software 
[5] was employed to calculate average temperatures for 
each area from images like this one. The surface tem-
perature of three areas —A1, A2, A3— was studied as 
a function of solar longitude (Ls) for Mars years 29 to 
33. About 50 visible and infrared images were ana-
lyzed for each year.  

�
Figure 2: Infrared THEMIS image (false-color) at Ls 
257° for Mars year 31, for the region centered near 
99°E and 86°S at 100 m per pixel. The colors represent 
temperatures. During the rapid temperature rise, area 
A1 stays colder relative to A2 and A3, potentially due to 
its higher elevation. 

�
Figure 3: CO2 ice-covered surface near the South Pole 
of Mars. Visible THEMIS image at solar longitude (Ls) 
174.8°, early spring, during Mars year 31, of a region 
centered near 99°E and 86°S at 18 m per pixel.
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Figure 3 shows a visible image taken in early 
Spring at Ls 175° for the Manhattan region. It can be 
seen that the surface is covered with CO2 ice, with a 
surface temperature of ~140 K. There are many dark 
spots on areas A2 and A3, but very few on A1.  

Figure 4 shows a visible image taken about 70 sols 
later at Ls 213° in which sublimation of CO2 appears 
to be in full swing. We can see that now region A1 has 
some dark spots, while area A2 has many dark streaks  
oriented towards the northwest direction. A3 seems to 
be covered with a layer of dark material. The surface 
temperatures have warmed up to around 160 K. 

  

�
Figure 4: Effects of CO2 gas jets and deposition 71 sols 
later. Visible THEMIS image of the same region at Ls 
213°.

�
Figure 5: Average surface temperatures for areas A1, 
A2, A3 as a function of Ls for Mars year 31 showing the 
sharp rise in temperature at Ls 250°

Figure 5 shows variation of average surface tem-
perature of the three regions, A1, A2, and A3 plotted as 
a function of solar longitude, Ls. The average tempera-
ture of the surface increases gradually throughout 
Spring until around Ls 250°. Then, between Ls 250° 
and 270°, there is a sharp rise in the surface tempera-
ture. This sharp rise in temperature happens when most 
of the CO2 has sublimated. The maximum temperature 
reached in this region, 245 K, corresponds to the tem-
perature of the defrosted terrain. The sharp increase in 
temperature is repeatable from year-to-year and occurs 
consistently close to Ls 250°. 

Figure 6 shows how the visible THEMIS albedos 
for areas A1, A2, and A3 vary with solar longitude for 
Mars year 32. It can be seen that the albedo of the 
scene decreases as spring progresses. Albedo values 
increase again and peak around Ls 245°, which corre-
lates with the beginning of the sharp rise in tempera-
tures at that Ls. The variation of albedos with solar 
longitude for Mars year 33 has a similar trend.  

�
Figure 6:  Plot of average albedos as a function of solar 
longitude for areas A1, A2, A3 for Mars year 32.

Discussion: Surface temperatures on the Manhattan 
region increase gradually during spring (Ls 170° - 
250°) as regolith gets deposited on the surface. The 
sharp rise in temperature corresponding to sublimation 
of CO2 ice starts consistently around Ls 250° and con-
tinues to Ls 270° near the end of spring. The maximum 
temperatures of ~245K ( -30 °C) correspond to the 
temperature of the defrosted terrain. Visible albedos 
decrease as the sublimation progresses during Spring. 
However, albedos exhibit a peak ~Ls 245° which oc-
curs just before the sharp rise in temperature. This peak 
in albedo could be due to formation of water ice frost 
[8]. 

Continuing Work: Includes detailed analysis of 
THEMIS and TES albedo products, investigating areas 
outside the cryptic region, and comparing temperature 
variations of CO2 ice layer with H2O ice layer. 
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