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Introduction:  The southern residual CO2 cap is a 

small (88,000 km2) high-albedo feature which sits atop 
the much thicker and more extensive southern layered 
deposits.  It persists throughout the year in contrast to 
the thinner seasonal CO2 frost which appears and dis-
appears each year. The solid CO2 which lasts through-
out the year both controls circulation patterns region-
ally and buffers the atmospheric pressure globally. In 
turn this residual CO2 deposit is affected by changes in 
environmental conditions wrought by external forces 
such as dust storm activity. 

This solid CO2 reservoir has been theorized and ob-
served for decades [1, 2].  Mars Global Surveyor data 
have revealed this CO2 residual deposit to contain a 
rich variety of geomorphic features [3].  One of the 
most ubiquitous classes of features on the residual cap 
are the flat-floored quasi-circular pits with steep walls 
(see Fig. 1), dubbed Swiss-cheese features. 

 

 
Figure 1. Surface of the Martian residual CO2 cap 

showing heart-shaped depressions (Swiss-cheese fea-
tures). Arrows denote shallow bowls, discussed later. 
Sub-frame of MOC narrow angle image E13/00663, 
87° S, 352° E, Ls 323° (late southern summer), bottom 
arrows denote direction to sun and north. 

Feature description: Swiss-cheese features are 
characterized by flat floors and steep walls.  Features in 
the region shown in figure 1 and discussed in the next 
section have a definite symmetry axis found to point in 
the north-south direction (7). Features in other parts of 
the cap commonly posses a raised central island in their 
center surrounded by a moat. 

Late in the southern summer when the seasonal 
covering of CO2 frost has been removed the walls can 
be seen to be darker than the surrounding flat upper 
surfaces. 

No changes in shape or size were observed in these 
features over timescales of a single season (3, 5) but 
Malin et al. (6) observed, using images separated by 
one Martian year, that the walls of these depressions 
are expanding laterally at rates of 1-3 m/yr. The rapid-
ity of this expansion is only possible in a medium as 
volatile as CO2 ice.  Byrne and Ingersoll (4) modeled 
the evolution and growth of these depressions as a hole 
in a layer of CO2 ice underlain by water ice and 
matched their observed expansion rates and morphol-
ogic properties, including the flat floors and steep 
walls. 

Swiss-cheese features in local regions all exhibit 
the same depth, i.e., they all penetrate to the base of the 
CO2 deposit, their downward expansion being halted 
by the involatile nature of the water-ice substrate (4). 
Different areas on the residual cap exhibit differing 
thicknesses of the overlying CO2 slab.  The thickest 
CO2 deposits appear to be 8-10 meters; however most 
of the rest of the cap has a much thinner covering. In 
features which possesses moats and raised central is-
lands it is the moat which penetrates to the underlying 
water ice layer (7).  Modeling results indicate however 
that the thickness of the overlying CO2 slab does not 
affect the retreat rates of the walls. 

 
Environmental history from Swiss-cheese fea-

ture populations: The fast rate of wall retreat ob-
served (6) and modeled (4) combined with the small 
sizes of the depressions indicate that all Swiss-cheese 
features visible today were created recently (7). Our 
modeling results indicate that walls should retreat at 
constant rates once the initial formation phase is over. 

In previous work we selected a study region within 
the residual cap and measured the sizes and orienta-
tions of all Swiss-cheese features that it contained (see 
figure 2).  The size distribution is quite narrow indicat-
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ing that the measured population has initiated over a 
very short period of time. We estimate this formation 
period to have occurred 43-217 Martian years ago. The 
large spread in age is due to the large spread in mod-
eled wall retreat rates. Values ranging from 0.5-2.5 
m/yr are possible with different subsurface albedo con-
ditions (4). 

 

 
 

Figure 2. Taken from (7). A) Rose diagram of 
Swiss-cheese feature orientations. Azimuth refers to the 
direction from the cusp to the opposite wall, through 
the center of the depression. The total number of fea-
tures measured was 370, the mean azimuth was within 
0.2° of south and the standard deviation was ~17°. 
Concentric circles indicate number in increments of 10. 
B) Histogram of sizes of identifiable Swiss-cheese fea-
tures. Diameter here refers to the longest axis for non-
circular features. The total number of features meas-
ured is 1263, the mean size was 217m and the standard 
deviation was ~35m. C) Many Swiss-cheese features 
destroying the upper 8m thick layer in a sample view of 
the study area.  Sub-frame of MOC narrow angle image 
M07/04167, taken at 86.8° S, 355° E, and Ls 211°. 

 
Some change in environmental conditions started 

this particular population of features growing. Unfortu-
nately we have only begun to observe Mars in detail 
over the past few decades so understanding what the 
nature of this event may have been is difficult. 

The shallow bowls that are indicated by arrows on 
figure 1 may be a new generation of Swiss-cheese fea-
tures. If this is the case we would expect from our mod-
eling that these features would be less than 30 Martian 
years old.  One significant event in Martian history that 
may have been responsible for their genesis is the 1971 
global dust storm. This would lead to increased erosion  

of the residual cap, but it is unclear why that would 
initiate the growth of isolated depressions.  If the num-
ber density of features is an indication of the severity 
of the event that initiated them, then the event which 
initiated the main population discussed above and in 
figure 2 must have been much more severe than this 
dust storm. 

Work to be presented: There are several avenues 
of research that we are perusing and which will be pre-
sented. 

• We will report on investigations into the overall 
mass budget of the CO2 residual cap. If the Swiss-
cheese feature walls are retreating and the mass is 
not being recondensed elsewhere on the cap then the 
cap itself will disappear within a few Martian centu-
ries. It seems unlikely that we are observing Mars at 
such a special time in its history. 

• A large range of expansion rates is possible de-
pending on the subsurface albedo profile (4, 7). This 
is a major obstacle in using our modeling results to 
date observed Swiss-cheese populations. We will at-
tempt to measure the subsurface albedo profile by 
examining Mars Orbiter Camera (MOC) images of 
exposures in the walls of the Swiss-cheese features. 

• We have already modeled the initial growth of 
Swiss-cheese features. However, we always initiated 
our modeled depressions from pre-existing small sur-
face features.  We will report on more detailed inves-
tigations into the genesis of Swiss-cheese popula-
tions and the possible link to climactic events such as 
the 1971 dust storm. 

• We will continue to catalogue new population sta-
tistics for different regions in the residual cap. Each 
distinct new Swiss-cheese population that we can 
identify will give us information on previous envi-
ronmental events that may have occurred. 

Investigations into Swiss-cheese features have the 
potential to describe the last millennia of Martian polar 
history.  It will provide a link from present conditions 
to longer term variations in Martian climate (due to 
changing orbital elements) which are perhaps recorded 
in the layered deposits. 
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