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By C. K. BALLANTYNE 

(Department of Geography, C niversity of Edinburgh , Edinburgh EH I I1\R, Scotland) 

ABSTRACT. Sort ed circles and nets rormed on the sur{ace or the principa l mt"d ial mora in e on Storbreen, 
Jotunheimcn, Norway, are described. These consist 01' " islands" 01' coar'e sand. granules, a nd small pebble" 
surrounded by pebbles and cobbles and underla in by small domes 01' glacier ice. It is suggested that patterned 
ground rormation on the moraine result s from diH"rential ablation in areas of thin « 200 mm ) debris cov('r 
near the glacier snout. where melting is relatively rapid. It is unlikely that supraglac ial patterned ground 
could survive deposition. 

R ESUME. Soh a motifs sur Ime moraine mediane active, } otunheimen, )iorllege. On d eerit des cercl es assort is ct 
des reseaux rormes a la surrace de la moraine mediane principale du Storbreen, Jotunhcimcn, ~on·egc. 
lis consistent en Biles" de sable grossier. grav illon et pet its cailloux, entoures par des cad loux ct dcs gros 
ga lets et sout enus par de petits domes de glace de glac ier. On suggcre que la formation de Cl" sol, a motifs 
sur la mora ine resultent de I'ablation d iHerentielle d ans les zones de debris en couches minces « 200 nlln ) 
prcs de la langue du glacier, ou la rusion es t reiativement rapide. 11 est improba ble qu'un sol "" motifs" 
supraglacia ire puisse survivre it son depot. 

ZUSAMME~FASSUNG. Strukturbijdell nI!! eiller aktivCII Mitte!moriine, JotulIheillleTl , .\'orwegen. Sortierte Krt'isc und 
Netzc, gebildct a ut" d er Oberflaehe dt'f Haupt-Mittelmorane d es Storbrecn in Jotunheilllcn. Norweg<'l1 , 
wcrden bcschricben. Sic bestehcn aus "Inseln" von grobcm Sand, Kornchcn und kleincn Kicseln, umgcbl'1l 
von Kicseln und Stl'inen, und liegcn flbcr kleincn Kuppcln von Gktschcreis. Es wird a ngcnommcn, dass 
die Bildung von Strukturb;;den auf der Morane eine Folge der unterschied lichen Ablation in Gebicten mit 
dunncm « 200 mm ) Schuttmantel nahc dcm Gletscherende ist, wo d as Schmelzen rela tivschncll crlolgt. 
Es ist unwahrscheinlich, dass Strukturboden aur dem Eis die Ablagerung flberdauern kOllnt en. 

INTRODUCTION 

The principal m edial moraine of S torbreen, w es t jotunhe in1C'n , Norway (lat. 61 0 35' N., long. 
8 0 15' E .; Fig. I) has been d escribed in recent studies of lich en growth on supraglacial d e bris b y 
Matthews (1973) and Griffey ( 1978) . Neither of these authors, however, mentions the well-developed 
sorted patterned ground that has rormed on this moraine . To the present author's knowledge, patterned 
ground on supraglacial d ebris has not previously b een recorded ; this note describes the distribution and 
characteristics of the patterned ground on the Storbre medial moraine and suggests two modcs of 

formation. 
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Fig. l. Storbre medial 1II0raille, showing the zones '!/ abundant jJattemed ground (A ), sporadic plltlemed grollnd (B ), alld 
rare patteTl/ed ground (C). 
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DISTRIB UTION OF PATTERNED GROUND 

The Storbre medial moraine extends a distance of approxima tely I 000 m from the snout of the 
glacier (a lti tude c. I 370 m ) to the base of a nunatak (alti tude c. I 550 m ) and thus lies entirely below th e 
equilibrium line, which is given by Lies t01 (1967, p. 34) as I 690 m. The uppermost part of the moraine 
is a steep-sided ridge apparent ly resting on bedrock (G riffey, 1978), but approximately 6so m from the 
glacier snout this ridge becomes flattened to form a line of d ebris c. 30 m wide and so-6so mm thi ck. 
Patterned-ground features are restricted in distribution to the lowermost 400 m of the moraine, where the 
thickness of supraglacial debris rarely exceeds 200 mm. The features are best developed and most 
abundant within 100 m of the snout, sporadic in occurrence between 100 m and 230 m , and rare beyond 
230 m (Fig. I). 

PATTERNED GROUND CHA R ACTERISTICS 

The patterned ground on the Storbre moraine consists of "islands" of relatively fin e material 
surrounded by pebbles, cobbles, and occasional boulders (Fig. 2) . As these "islands" tend to be circular 
or irregula r in plan, the features fall into the categories of "sorted circles" or " nets" as described by 
Washburn (1973). They are henceforth referred to as "circles" . 

Fig. 2. T)pical sorted circles all Storbre medial moraine. 

The characteristics of a sample of 50 circles were examined. In every case the fine material in the 
centre of the circle was underlain at a depth of 5- 80 mm by a dome of glacier ice (Fig. 3), and the 
coarse material occupied the su rrounding depressions. The dimensions of these 50 circles are sum­
marized in Figure 4: the mean diameter of the debris "islands" was very variable (Fig. 4a), ranging 
from o. I m to 0.9 m , with 88% of the sample between 0.2 m and 0.6 m ; the underlying ice domes 
generally rose less than 0.2 m above the d eepest point in the surrounding depressions (Fig. 4b ) ; and 
although only 10% of the "islands" were perfectly ci rcular, equally few had an elongation (maximum 

diameter/minimum diameter) of more than 2.0 (Fig. 4c) . Mean diameter 15 showed a moderate correla­
tion with dome height h according to the regression 

(n = So; r = 0.46; /) < 0.00 1). 
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Fig. 3. SlI/aLL ice dUlIlt'S ullriL'r[)'illg two sor/cd circles . 
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Fig. 4. Frequency histograllls slIJnmflri zillg the dimensions '!150 Jo rted circles: a. meau dialllf'ler; b. 1J1tIX i lll1l11l dome height 
above the surroundillg depressioll; c. elollgatioll (maximum diameter/millimum diameter ). 
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The particle-size characte risti cs of three c ircles were examined by sampling material from the centres 

(by sieving) and ma rgins (by m easurem ent of intermediate ax is leng th for 50 e las ts at each site) . All 
three sites showed very simila r charac te ristics. The centres were predominant ly composed of coarse 
sand, g ranules, and small p ebbles (F ig. 5) , and th e marg ins of pebbles a nd cobbles (Fig . 6) . O ccasionally, 
however, isola ted boulders up to one metre long were found adjacent to "islands" of fines. 
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Fig. 5. Grain-size characteristics of fine material from the centres of three sorted circles. 
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Fig. 6. Frequency histograms summarizing particle-size dlraracteristics of coarse material from tire margins of three sorted circles 
(n = 50 in each case ). 

FORMATION 

Despite the superficial r esemblance of the patterned g round on the Storbre moraine to small-scale 
circles and n ets formed under p eriglacia l conditions, explanation of the Storbre features in terms of 
traditional theories of patterned ground foml a tion (see Washbum, 1973, for a summary of proposed 
m echanisms) is invalid on account of the presen ce of g lacier ice at shallow depth b eneath the supraglacial 
d ebris. Two alternative modes of formation are suggested, as follows. 

(i) DijJerential ablatioll caused by differences ill the thickness of sll/Jragiaciai debris cover (Fig . 7) 
Over the entire surface of the lowest 400 m of the moraine, d ebris thickn ess is uneven (7a) . As the 

ice surface melts, ice underlying patches of thicker d ebris melts more slowly than the surrounding ice, so 
th a t ice domes are formed under thicker d ebris (7b). When the sides of su ch domes b ecome sufficiently 
steep, coarse material moves into the surrounding depressions, forming a sorted c ircl e (7c). 
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Fig. 7. Formation of sorted circles by differential ablation under a debris cover of variable thickness (schematic ). 

A 

7/-- Glacier Surface ;-: .:- Fine Material 

Fig. 8. Formation of a sorted circle due to survival of an ice dome under a cap stone (schematic ). 
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(ii ) D ifferential ablation caused by the jnesence of a cap stone (Fig. 8) 
As observed above, isola ted boulders are found adjacent to " islands" of fine material in the lower 

parts of the moraine. Boulders were a lso found in situ on top of ice-cored mounds with a superficial cover 
of fin e material. This sugges ts that some of the sorted circles form as a resul t of a large boulder, deposited 
on top of finer debris (ga) protecting the und erlying ice during mel ting (gb) until it and other coarse 
material move off the supporting ped estal (gc), again leaving a sorted circle with an underlying ice dome. 
Two such cap stones were actually observed to fall off their ped estals durin g the course of field observa­
tions. 

DISCUSSION 

The two modes of form ation proposed above explain a ll of the observed characterist ics of the 
Storbreen sorted circles. In particular, they account for the abundance of the features near the g lacier 
snout, where melting is most rapid (Lies t01 , 1967) a nd the res triction of patterned-ground formation to 
areas of thin ( < 200 mm) d ebris cover, as different ia l ablation would be ineffective where debris cove r is 
th icker. The explanations offered above also account for the large variation in the diameters of the 
circles, the correlation between circle diameter and the height of the underlying ice dome, and the 
presence of large boulders adjacent to some "islands" of fin e material. 

It is unlikely that the sorted circles form ed on the medial moraine could survive d eposition in front 
of the glacier. At present the Storbre medial mora ine terminates down-glacier at the principal melt­
water stream, and itselfhas not survived deposition. Even if this were not so, rapid melt ing and dissection 
by supraglacia l melt water are presently responsible for the destruction of a ll traces of patterned ground 
in the immediate vicinity of the glacier snout. 
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