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Introduction:  Martian polar regions in spring are 

the most visibly active surface areas of the planet. 

HiRISE observed that the look of the top surface 

changes in a matter of several sols. These changes are 

caused by the active sublimation of the seasonal CO2 ice 

layer, daily re-condensation of the CO2 (particularly in 

cold spots), occasional snowfall, dust lifting and shifting 

by the near-surface winds, and other processes, of which 

some are endemic to Mars. 

In this work we focus on analyzing the deposits of 

the seasonal CO2 jets believed to be powered by the 

solid-state greenhouse effect. These deposits change 

over the course of spring: new fans appear, existing  fans 

fade, change size and color, or disappear completely. 

The orientations, positions, and numbers of the seasonal 

deposits possess information about the mechanism of jet 

eruptions, the atmospheric conditions during the 

eruptions, the state of the seasonal ice layer, and the 

interactions between regolith and ice. 

The model for the creation of the jets [1] builds on 

the specific properties of the CO2 ice slab layer: it is 

translucent to visible sunlight, but opaque for thermal 

radiation. When the sun rises above the horizon in early 

spring, the sunlight penetrates through the seasonal 

layer of CO2 ice to the substrate beneath it and warms it 

up. The ice layer starts subliming from its lower 

boundary, producing CO2 gas in a limited volume. Gas 

trapped below the ice builds up pressure until the 

overlying ice ruptures. The gas escapes rapidly, but only 

after flowing quickly underneath the ice towards the 

opening, eroding some regolith material and even some 

dust that was deposited in the previous fall and summer. 

The gas then carries these regolith particles out through 

the opening and they are deposited on top of the ice 

layer. Their deposition pattern might be fan-shaped – if 

there is any wind movement at the time of eruption – or 

more oval if there is no wind.  

Methods: HiRISE has observed fan-shaped deposits 

(or fans for short) and oval-shaped deposits (blotches) 

throughout the spring and summer season in Martian 

southern polar regions since Martian Year (MY) 28. To 

analyze the acquired HiRISE images in great detail we 

created a project Planet Four (P4) on the citizen science 

platform Zooniverse. In this work we use a catalog of 

seasonal fans measured by citizen scientists 

participating in this project.  

The full description of the P4 project, the pipeline 

for reduction of its data, validation of the results, and the 

first catalog of the resulting markings is described in 

great detail in [2]. 

The catalog includes P4 data in 29 regions of interest 

(ROIs) distributed around the southern polar regions for 

2 MYs. In this work we focused on a sub-selection of 

ROIs that offer the highest temporal coverage, with the 

aim to be able to follow their seasonal and inter-annual 

evolution.  

Surface evolution: The catalog allows us to 

estimate how the mean length of fans in each ROI 

changes during spring. While each ROI is unique, there 

is a trend of decreasing fan length between Ls 180 and 

220. This trend is observed in multiple (but not all) 

ROIs.  The fan length decrease might be caused by 1) 

the re-distribution of the surface material by winds; 2) 

the local re-condensation of CO2; 3) new eruptions 

 

 
Figure 1 Fan directions derived from the P4 catalog at 

ROI  Ithaca. Fan direction is opposite to the wind 

direction at the time of jet eruption. 
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depositing new material on top of the seasonal ice layer 

but under considerably weaker winds; or 4) interactions 

of the mineral grains with the CO2 ice layer. P4 data are 

most favorable to the last option – surface processes that 

happen between CO2 ice and regolith particles – 

because the surface changes are too localized to be 

explained by the wind activity, happen to already 

existing deposits, and are visible at the time of lowest 

diurnal CO2 deposition. We argue that between Ls 180 

and 220 the top ice layer undergoes a cleaning process 

similar to the one proposed by Kieffer [1] for early 

spring CO2 slab cleaning: regolith and dust particles 

deposited on top of the ice layer during early eruptions 

sink through the ice down to its bottom.  

Winds: Fig. 1 shows an example of fan direction 

diagrams at ROI Ithaca derived from P4, and Fig.2  is a 

comparison of those the winds modeled by the Mars 

Regional Atmospheric Modeling System (MRAMS) 

[3]. Red lines in Fig. 2 correspond to the values of wind 

direction and wind magnitude derived respectively from 

most probable fan directions and lengths from P4 

catalog. At ROI Ithaca at Ls = 180 it is possible to 

simultaneously estimate wind direction and magnitude 

because we know from HiRISE image series that the fan 

deposits appeared shortly before the image at Ls = 181 

was taken (i.e., they were deposited under the recent 

wind conditions). At Ls = 210 there are new fans that 

appeared between Ls = 181 and  210. They can serve 

as wind direction indicators and potentially – as wind 

magnitude indicators, however, deposits from previous 

eruptions complicate the statistical analysis that still 

requires additional work. Fig. 2 shows that P4 winds 

better agree to the MRAMS winds in the lower 

atmospheric layer at high insolation values (i.e. around 

local noon).  

Inter-annual variability: In addition to the 

seasonal evolution, P4 catalog allows comparisons of  

spring evolution between different Martian Years. Most 

of the locations show remarkable repeatability between 

MY29 and MY30, suggesting that wind patterns and 

seasonal sublimation patterns are very stable from year 

to year. However, [4] showed that when P4 data on 

longer time-scales that include years with severe 

regional dust storms is used, interannual variability in 

the number of fans and their sizes is observed. 

Conclusions: The analysis of the P4 catalog shows 

that the seasonal markings change considerably from 

image to image. Through these changes we can study 

surface evolution and variations of wind speeds and 

directions.  
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Figure 2 Comparison of P4 wind results (red lines) to MRAMS model output 

for ROI Ithaca. MRAMS winds are modeled for 1 sol at Ls = 180, 210 and 240 

and 2 atmospheric layers. The color code is by insolation value from dark blue 

(=min) to yellow (=max). This is an estimate of local time of day. 
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