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Introduction:  The Mars Reconnaissance Orbiter 

(MRO) began science observations at Ls = 130, in 
2006.  Several sites in the southern hemisphere were 
selected for seasonal monitoring by the High Resolu-
tion Imaging Science Experiment (HiRISE).  As Mars’ 
seasonal cap sublimates in the spring a number of ex-
otic phenomena are observed [1].  These phenomena 
are well-described by the Kieffer model which postu-
lates that energy from insolation penetrating translu-
cent ice combined with subsurface heat cause the sea-
sonal CO2 ice to sublimate from the bottom of the slab 
[2, 3, 4, 5, 6, 7, 8, 9].  Gas is trapped under pressure 
until a rupture occurs.  Escaping gas carves radially-
organized spider-like channels in the surface under 
seasonal ice, forming araneiform terrain.  The en-
trained surface material is deposited in fans on top of 
the seasonal ice layer.  This is the third southern spring 
to be imaged by HiRISE. 

 
Science Objectives:  Seasonal sublimation of CO2 

ice is the most effective erosive force on Mars today 
[10].  Fine material lofted above seasonal ice by gas 
jets re-fills troughs. With multi-year observations we 
can start to quantify amounts of erosion and  local re-
distribution of material.  Interannual variability in on-
set and amount of activity was observed between year 
1 and year 2 of HiRISE observations.  With a third 
year of images we can investigate the factors such as 
dust storm activity that may control seasonal activity.   

 
Selected Sites:  With its extremely high resolution 

and small footprint size (typically 6 x 12 km) HiRISE 
can only image a few sites with high temporal fre-
quency.  Sites selected for a third year of monitoring 
include:  -87.3/167.8E, -87.0/86.4E, -87.0/99.4E, -86.4 
/99.0E, -87.0/127.3E, -85.4/103.9E, -85.2/181.4E,        
-84.8/65.7E, -84.3/242.3E, -81.9/4.75E, and -81.4/ 
295.7E. 

 
Results:  Figure 1 shows a classic spider imaged in 

the area known informally as “Manhattan”.  Each year 
of the HiRISE monitoring series is shown.  We find 
that fans often start at the same place, suggesting that 
there are inherent reasons for the ice to easily rupture 
in those spots.  They occur at the edges of the troughs, 
a weak spot given tensional forces on the ice as it 
drapes over the side.  The broad shallow channels in 
araneiform terrain are explained by erosion primarily 
from the sides rather than the floors of the troughs.   

 
a.  Year 1.  PSP_002942_0935, Ls = 199.6 
 

 
 
b.  Year 2.  ESP_011671_0935, Ls = 195.7  

 

 
 
c.  Year 3.  ESP_020519_0935, Ls = 197.1 
 
Figure 1.  Three years of images show differences 

in the level of activity as evidenced by fans, and simi-
larities in the initiation points of the fans.  Seasonal ice 
conformally coats the terrain.  South is up. 
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The set of images shown in Figure 2 compares the 
activity in the overall region.  In year 2 of MRO moni-
toring there were many more small fans and activity 
started much earlier than observed in year 1.  In year 3 
we see that the level of activity at a similar Ls is even 
greater.  The number and timing of gas jets coming 
from under seasonal ice will depend on the albedo 
(which determines the rate of sublimation on the bot-
tom by affecting the amount of insolation that pene-
trates), thickness and permeability of the ice layer, 
since a rupture needs to occur for the gas to escape.   

 
Global dust storms may have an important role to 

play but the images do not unambiguously support this 
hypothesis.  Figure 2a was acquired prior to the onset 
of the global dust storm in 2007.  The level of gas jet 
activity as evidenced by fans is sparse.  This would 
happen if the seasonal snow/ice is deeper with a higher 
average albedo than in year 2 and year 3 conditions.  If 
the dust storm somehow causes a thinner layer of sea-
sonal ice with more dark particle contamination to de-
velop, then year 2 should show the earliest onset of 
activity and year 3 should return to conditions more 
similar to year 1.  In fact, the images show the opposite 
case – year 3 has even more early activity than year 2.   

 
 

 
a.  Year 1.  PSP_002942_0935, Ls = 199.6  
 
Figure 2.  These are the same three full images that 

the Figure 1 sub-images were extracted from, showing 
the dramatic year-to-year differences in the level of 
sublimation activity although the Ls was very similar.   

 

 
b.  Year 2.  ESP_011671_0935, Ls = 195.7  
  

 
c.  Year 3.  ESP_020519_0935, Ls = 197.1 

 
References: [1] Malin, M. C. and Edgett, K. S. 

(2001) JGR, 106, 23429-23570.  [2] Kieffer, H. (2000) 
LPI Contribution #1057. [3] Piqueux, S., S. Byrne, and 
M. Richardson (2003) JGR 108, (E8):3-1. [4] Aharon-
son, O., et al. (2004) JGR 109:E05004. [5] Kieffer, H. 
(2006) Nature, 442, 793-796. [6] Kieffer, H. (2007) 
JGR 112, E08005. [7] Hansen, C. J. et al., Icarus 
205:283-295 (2010). [8] Thomas, N. et al., Icarus 
205:296-310 (2010).  [9] Portyankina, G. et al, Icarus 
205:311-320 (2010).  [10] Piqueux, S. and P. R. Chris-
tensen (2008) JGR 113:E06005. 

1651.pdf42nd Lunar and Planetary Science Conference (2011)


