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Introduction 
Seasonal and diurnal freeze-thaw cycles of the permafrost and active layer yield circular, labyrinthine, polygonal, and striped patterns of 
stones and soil in the polar environments. Patterned ground diversity is due to a variety of mechanisms. Thermal contraction polygons 
form as a result of thermal contraction cracking of the frozen ground or seasonal frost cracking of the permafrost. Thermal contraction 
crack polygons in the permafrost found at Mimelia in the Jutulsessen were identified and measured. These features are closed, roughly 
equidimensional and bounded by more or less straight sides or troughs, forming orthogonal or hexagonal networks. Although some  
studies have been conducted for the region in the geological and biological fields, limited work has been done on the geomorphology of 
the area . A cursory investigation by Dallmann et al. (1990) suggest that polygonal patterns in the area have diameters btw. 5m-10m, are 
up to 1m in height, exhibit poor sorting and have stone pits subcircular to them. The project is the first in-depth and summative study of 
these features for the region. Polygon morphology, particle distribution analyses of cell vs. trough samples, temperature dynamics of cell 
vs. trough sample locations, and polygon progression down slope is investigated and discussed. Findings provide insight into the role 
these features have in terms of habitat provision to microorganisms, their role in the hydrological cycle, as well as an indication of age.  

 

Setting 
Troll research station (72°01'S, 02°32'E) is located in the Jutulsessen of Dronning Maud Land. Within this larger region the Jutulsessen is 
the only site that has significant sediment cover present and on moraine slopes of less than 15° patterned ground is observed (Dallmann 
et al., 1990). Polygons have been recorded on the lower reaches of the rock glaciers at Grjotyøra and Vassdalen, as well as the southern 
slope of Nonshøgda. Rock glaciers have been observed for the area at e.g. Grjotyøra, Vassdalen and Sesseggen, and blockfields are known 
to occur on flat-topped ridges. Mimelia (72°00' S, 2°35' E), the site of the polygon field (Fig. 1), is part of the ice-free area of the glacial 
cirque of Sætet and consist of an extensive moraine field with a number of loose boulders located on it. It  covers an area of 192Ha, rises 
from an app. elevation of 1100-1500 m.a.s.l., and faces in a northern direction. The basin walls comprise deep till with large clasts and 
substantial infill of sand sized particles. A drainage line runs across the northeastern section of the polygon field along a northwest-
southeast direction (Fig. 2).  

Methods 
The site was visited during the austral summers of 2009/10 and 2013/14 and a total of 65 polygons were measured. Measurements on 
perimeter, a- and b-axes lengths, a-axis and slope orientation, slope gradient, snow cover and general observations were recorded. Mean 
diameter of polygon cells was calculated following Ballantyne and Matthews (1982). Two sediment samples, one near the centre of each 
polygon (the ‘cell’ sample) and one along the trough walls and infilling of contraction cracks between polygons (the ‘trough’ sample), 
were collected at each sample site.  Four measurements on trough width were taken for each polygon. Google Earth™ imagery was used 
to identify the polygon field and map its spatial extent. An Unmanned Autonomous Vehicle (UAV) was flown over a portion of the          
polygon field in order to allow for 3D modelling of the features in GIS. Hourly ground thermal data is available for 2006-2013 from XR5 
logging stations that are located by Troll station. High-frequency ground thermal data is available for cell and troughs of polygons for  
eleven days during the 2013/14 summer season. These data are recorded with an ACR logging system. Bulk density and moisture content 
was determined for each sample and processed according to Briggs (1977). Statistical tests including Rayleigh, the sorting index (S),      
Kolmogorov-Smirnov, F- and Student’s t-test were applied to determine relevant statistical parameters. 

 

Findings 
 Polygons range from 6.5m-30m in size. A-axes are on average 13.4m long, with average b-axes on average 75% smaller than the  

equivalent a-axes. On average polygons have a perimeter of 40.2m and a mean diameter of 12.2m.  

 Prolonged elongation is common with only 19% of polygons having an elongation ratio (a-axis/b-axis) of less than 1.0. 81% exhibit an 
elongation ratio exceeding 1.0; 15% exceed that of 1.5.  

 Average trough width is 26.5cm. Primary polygon cracks appear fully developed with app. angles of 60°-120° at the confluence of   
polygons. A network of secondary and tertiary polygons is in evidence.  

 The average slope measured in the field is 13.7° and polygons occur on slopes from 8°-27°.  

 86.2% of all sampled a-axes are orientated in a north-south direction with the 93.7% of the observed slope orientation being similar.   

 Samples where a-axes and slope orientation differ are all located toward the northern extent of the field, i.e. the area next to the   
permanent ice of Sætet. 

 Rayleigh tests shows that the mean orientation for both a-axes (n=65) (Fig. 4) and slope orientation (n=65) approximates north (α = 
0.05).  
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 For seven samples  a-orientations differ from slope orientation. For these samples the dominant orientation is 30.69°, they are on average 
22.4% smaller, occur on slopes with a gradient of 10°-23°, and are more elongated. 

 In 83.3% of the cases snow is accumulated in troughs.  

 Overall VWC (%) of all polygons is low at 0.59%.  The average VMC% of cell samples is lower than those of trough samples (0.53% vs. 0.66% 
respectively) (Fig. 5). 

 Soils are mineral soils and the mean bulk density of cell vs. trough samples  is 1.56 g.cm-3 and 1.63 g.cm-3 respectively (Fig. 6). 

 Clasts occupy troughs around cells. Cells consist of predominantly fine material, are domed and have varying sizes. 

 Cells have greater proportions towards smaller particles sizes than trough      
samples. Sand-sized particles are most common for cells and a gravel/sand     
mixture for troughs.. 

 The Kolmogorov-Smirnov test shows that centre vs. trough samples are            
statistically different (α = 0.05) for all sites, excepting samples 5 and 50. Cell vs. 
trough samples exhibit no sorting and 58% of the cell vs. trough comparisons 
show the equivalent proportion of the cell sample is deficient in the trough   
sample.  

 GIS analyses show that particle distributions (cell vs. cell; trough vs. trough) 
differ when slope gradient is dissimilar with a change of ten degrees explaining 
47% of different population distributions. 

 The average winter air temperature is -23°C, the yearly average -17.6°C, and the 
average summer air temperatures -7°C.  

 Ground temperatures stabilise with depth, with higher minimums recorded at 
2m compared to 1cm depths (-25.4°C vs. -36.1°C). 

 

 

 The active layer depth for the region is app. 27cm and the permafrost has an average temperature of -18.3°C. The active layer consistently 
increases in depth since recordings began (2008: 8cm; 2013: 27cm). Since 2006 temperature measurements for all depths (1cm, 50cm, 
100cm, 150cm, 200cm), as well as air temperature, have increased by 3%. 

 The active layer deepens during the austral summer and no thaw events occur during the winter months. The increase in thaw events with 
time reflects the increase in active layer depth since 2007.  

 Cell vs. trough temperatures are statistically significantly different (α = 0.01). Shallower depths (1cm, 5cm) exhibit greater similarities, with 
deeper depths more dissimilar.   

 Median temperatures for cells are higher than those of troughs (-0.6°C vs. -1.2°C), although greater variability is observed in trough      
temperatures than cell temperature populations (StDev 5.2 vs. 4.9  respectively). 

 

Discussion  & Conclusion 
Gravitational sorting of larger clasts into troughs is apparent. The large mean diameters, primary/secondary/tertiary polygon formation, well-
developed troughs, predominantly sandy matrix, and seasonal and annual thermal changes in the active layer indicate that polygons are   
macro-scale unsorted thermal contraction polygons. A temperature change of app. -4.2°C below mean annual temperatures is sufficient to 
lead to thermal cracking (Levy et al., 2006). Since this threshold is achieved for the region permafrost is seen as the primary mechanism for 
polygon development. The similarity of trough width measurements suggests continuous and simultaneous development of troughs along all 
borders of polygons, i.e. no preferred trough development along a specific line is present. Particle distributions and bulk densities have         
implications on moisture permeability and holding capacity. The presence of snow in troughs and higher VWC (%) supports findings by Lee et 
al. (2013) and has been identified as a crucial component for microorganism colonisation Polygons are also shown to occur on slopes             
exceeding the 15° as proposed by Dallmann et al. (1990), suggesting that slope gradient is not the only limiting factor in polygon formation. 
The regular and non-orientated polygon network, the large number of fully formed polygons and hexagonal angles of polygon boundaries  
suggest that the polygon field is in its mature stage.  

Fig. 1: 

A view of the polygon field located at Mimelia and in relation to Antarctica. 

Fig. 6:  

Box plot for bulk density (g.cm-3) for all cell vs. trough samples. 
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Fig. 3:  

Panorama of the area around Troll. The entire extent of Mimelia is shown, as is the location of the Norwegian station of Troll behind     
Nonshøgda.  The rock glaciers of Vassdalen and Grjotøyra, where contraction polygons are found, are located toward the east and south of 
Troll station respectively. 

Fig. 2:  

The seepage line of Mimelia. 

Fig. 5:  

Box plot for VWC (%) for all cell vs. trough samples.  

  

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4:  

 Rose diagram showing dominant a-axes orientation. 

Fig. 7:  

The mean temperatures (°C) for all depths for cell vs. trough measurements. Trough temperatures show greater variability than cell      
temperatures. 


