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Introduction:  The high latitudes of Mars (above 
~60º)  are  known  to  contain  significant  amounts  of 
ground ice in the shallow subsurface [e.g., 1 and refer-
ences therein]. Patterned ground is the most prevalent 
geomorphologic feature in these high latitudes at small 
scales. Analogous to the Earth, formation of these pat-
terns  has  been  attributed  to  processes  related  to  the 
shallow ground ice, including cracking in response to 
seasonal temperature changes. [e.g., 1 and references 
therein]. The High Resolution Imaging Science Experi-
ment (HiRISE), onboard Mars Reconnaissance Orbiter, 
returned many detailed images of the patterned ground. 
This allows systematic study of small (down to diamet-
er  D ~ 5 m) impact craters. The observed paucity of 
such craters indicates that the patterned ground is very 
active at time scales of thousands of years [2]. We are 
carrying out a systematic survey of small craters in the 
high-latitude patterned ground. Here we report our ob-
servations  on  their  morphology  and  degradation  se-
quence and  attempt to  understand crater  degradation 
and small-scale resurfacing mechanisms. 

Survey:  As a part of our survey, we methodically 
went through 27 large HiRISE images in 60º - 70º latit-
ude zone of the southern hemisphere of Mars and iden-
tified all impact features.  The total area of our study 
was 2450 km2. We found 119 craters in the diameter 
range 5 m < D < 30 m. We analyzed crater morphology 
and categorized them by the degradation they had un-
dergone. We then made the assumption that the older 
craters have degraded more. This way, we can see how 
craters in this region degrade over time. 

Observations:  Fig. 1 - 4 show typical crater mor-
phologies. All of the images shown are 200x200 pixels 
parts of map-projected HiRISE images representing an 
area of 50x50 meters. 

Newly  formed  craters  [3]  give  us  a  better  idea 
about what new craters of this size look like. Fig.  1 
shows a crater from [3] that is, at most, 4 years old. Al-
though this crater is at 46º northern latitude, out of the 
survey zone, it is obviously formed in ice-containing 
patterned ground. Its morphology probably will repres-
ent a pristine crater in the high-latitude areas. There is 
exposed bright  water  ice  on the right  hand  (eastern) 
side of the crater. A raised rim is clearly visible. This 
rim cuts across the polygonal cracks. In addition, we 
see ejecta superposing the surrounding cracks on the 
eastern  side  of  the  crater.  The  observed  asymmetry 
may be caused by oblique impact of a projectile partly 
decelerated in the atmosphere. 

        
Fig. 1. A crater formed less than 4 years ago, raised rim 
maintained (D = 12 m). Site 5 from [3]; HiRISE image 
ESP_011494_2265.

In our collection of high southern latitude craters 
there are no craters with freshly excavated ice, which 
is absolutely reasonable. Exposed ice is known to be 
unstable against sublimation and such deposits are ob-
served to disappear at time scales of months to years 
[3]. We also did not find any example of ejected mater-
ial  superposed  over  polygonal  patterning.  Thus,  all 
craters  in  our  collection  are  at  least  somewhat  de-
graded in comparison to the crater in Fig. 1.

      

Fig. 2. Crater at first stage of degradation, rapid loss of a 
raised rim (D = 12 m) HiRISE image PSP_ 004120_1180

In Fig. 2, there is a typical example of a relatively 
fresh  crater;  the  center  is  still  deep  and  fairly  bowl 
shaped. This crater has a sharp slope break at the edge 
of the cavity. It is often difficult to quantify the depth 
of a small crater in an image; we use the presence of 
the sharp slope break as a discriminator for a weaker 
degradation. We call this the first stage of degradation. 
Among 119 craters, 30 belong to this class. Unlike the 
fresh crater in Fig. 1, the rim has degraded to be level 
with  the  surrounding  surface.  Elevated  rims  are  not 
typical and, if identifiable, are very low in comparison 
to Fig. 1. Polygon-forming cracks extend immediately 
to the edge of the cavity. For smaller craters, it is often 
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difficult to determine if the cracks are cut by the cavity 
edge or extend into the crater. For larger craters, there 
are clear  examples  of  cracks  extending to  the crater 
walls. 

All other craters are at the second stage of degrada-
tion; they are shallower and their topography is  dis-
tinctively  smooth,  without  any  slope  breaks.  Fig.  3 
shows  a  typical  example  of  a  large  still  well  pro-
nounced crater at this stage. We see a continuous mor-
phological sequence from craters like in Fig. 3, to al-
most obliterated craters.  The polygon-forming cracks 
often go smoothly through the crater (Fig. 3). 

       
Fig. 3. Crater at second stage of degradation (D = 24 m) 
HiRISE image PSP_005343_1190.

       
Fig. 4.  Crater at second stage of degradation with infill of 
dark material (D = 18 m) HiRISE image 
PSP_004115_1145. The contrast in this image is lower 
than the others in order to show the dark infill without 
compromising the picture's clarity.

In Fig. 4, the second-stage crater is filled in with 
dark, apparently loose, material of poorly resolved tex-
ture; there are a few other examples of such infill. This 
material covers polygonal cracks. We interpret this as 
an  eolian  deposit  although  there  are  no  eolian  bed-
forms in the surroundings.

Interpretation:  Our observations of the degrada-
tion sequence of small craters indicate the following. 

1. Ejecta and rims of small craters are obliterated 
very quickly and are replaced with typical  patterned 
ground. This means that the processes related to pat-

terned ground are quick and active. Since we do not 
see any example of partly degraded ejecta, it is diffi-
cult to identify details of this sequence. It is possible 
that  formation  of  the  small-scale  polygonal  pattern 
postdates the youngest crater in our collection. Altern-
atively, the pattern itself could be older, but very active 
seasonal  processes  quickly convert  freshly deposited 
material into the pattern.

2. The processes of infill and softening of the crater 
rim happen simultaneously at a much longer time scale 
in comparison to ejecta obliteration. Still this happens 
very  quickly.  A possible  mechanism  for  these  pro-
cesses is the following: the sharp edge of a crater rim 
deepens the stability boundary of the ground ice; shal-
low ground ice sublimates locally, which makes it easi-
er  to  erode  the  surface by  eolian  processes  or  mass 
wasting. Such a process would increase the apparent 
diameter of the crater.  We do not,  however,  see any 
positive  morphological  evidence  for  such  processes. 
An alternative explanation is mantling with a thin ice-
rich layer of material with subsequent thermal crack-
ing. In this case the crater size does not increase. If this 
were the process, then crater size would not increase 
with further degradation. 

3. Accumulation of wind-blown material does oc-
cur, at least in some locations. As in fig. 4, accumula-
tion contributes to the infill of craters, even if there is 
no obvious source of saltating material in the vicinity. 
As the loose material builds up, the stability boundary 
of the ground ice also rises and the new infill gets in-
corporated into  a  pattern-formation process.  Rates of 
eolian infill can differ regionally. Thus, the patterned 
ground processes are not the only processes respons-
ible for quick obliteration of small craters at high latit-
udes. 

4.  Smooth depressions of the second state of de-
gradation are obliterated on longer time scales in com-
parison  to  softening,  but  still quickly  on  geological 
time scales. Either repeating mantling or ongoing in-
tensive  seasonal  reworking  of  the  patterned  ground 
may be responsible for this. 

Further Research:  Craters from northern high lat-
itudes were also collected in our survey, but because 
there are much fewer small craters there, even fewer in 
the first degradation state, additional observations are 
needed  to  involve  them into the  analysis.  We  could 
also commence a study on the degradation process of 
lower latitude craters where ground ice is deeper. This 
would help further our understanding of crater degrad-
ation processes, dynamics of the patterned ground and 
martian paleoclimates.
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