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Abstract 

The characteristics of nonsorted patterned ground on two massifs in the Northern Highlands of Scotland are 
described and discussed with particular reference to age and mode of formation. On the frost-susceptible regolith of 
the Ben Wyvis massif, earth hummocks on level ground and gentle slopes grade into hummock stripes (bands of hu­
mmocks aligned downslope) then relief stripes ("ridge and furrow" features) as gradient increases. These features 
appear to have formed through modification by mass displacement of nonsorted vegetation-defined patterns of Lategla­
cial age, and are essentially inactive at present. On the An Teallach massif (where the regolith is not frost-susceptible) 
equivalent features are absent, but large sand hummocks have developed within the last 100 years on recent niveo-aeolian 
deposits. These are interpreted as having formed. through the trapping of niveo-aeolian sand by tussocks on slopes 
that are sufficiently steep to allow eluviation of sand from between the tussocks by nival meltwater. The wider signifi­
cance of these findings is discussed with reference to previous literature on nonsorted patterned ground in upland Bri-
tain, • 

INTRODUCTION 

Three types of nonsorted patterned ground have hitherto been reported on 
the mountains of Great Britain. Th~ most common type consists of earth hum­
mocks (thufur), which generally occupy flat or gently-sloping sites and may be 
defined as vegetation-covered domes of predominantly fine materiał separated 
by a rretwork of depressions. On slightly steeper slopes earth hummocks sometimes 
become aligned downslope in parallel hands to form the second type, here termed 
hummock strip es ( equivalent to the "stripe hummocks" described by LuNDQVIST, 
1962). With further increases in gradient individual hummocks merge to form 
nonsorted relief stripes (sensu NICHOLSON, 1976) consisting of alternating ridges 
and furrows aligned downslope. The three types described above therefore con­
stitu.te a slope-controlled continuum (Fig. 1 ). ' 

Various conflicting opinions have been expressed concerning the age and 
genesis of these forms on British mouhtains. GALLOWAY (1958, 1961) interpre­
ted "ring" (hummock) and stripe patterns on Ben Wyvis (Fig. 2) as features 
· inherited from sorted patterns that formed und er a climatic regime more severe 
than that of the present. GoonIER and BALL (1969) considered that small relief 
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Fig. 1. The transition from earth hummocks via hummock stripes to nonsorted relief stripes. l: 
Based on field sketche.s 

stripes on the Rhinog Mountains in North Wales were formed during the Little 
lee Age of the 16th to 18th centuries A.D., a conclusion based on the relation­
ship between the stripes and what they supposed to be a medieval wall that had 
undergone solifluction. In a later paper (BALL and GoonrnR, 1970) the same 
authors described further examples of relief stripes in Snowdonia but offered 
no explanation of mode of fąrmation although they noted (following LUNDQVIST, 
1962) a possible relationship between relief stripes and earth hummock1' This 
was confirmed by Brni<:s (1973), who described the transition from hummocks 
to stripes on gently-sloping plateaux above 600 m on Skye and attributed both 
forms to differentia! ground freezing and consequent upheaval as envisaged 
by BESKOW (1930) and LUNDQVIST (1962). TuFNELL (1975) subsequently des­
cribed, classified and analysed the distribution and dimensions of earth hummocks 
in the northern Pennines, but apart from stating that these are "similar to the 
Icelandic thufur and [ ... ] consequently of periglacial origin" (p. 365) he offered 
no explanation of hummock formation. He considered that hummocks may form 
under present conditions, noting that "small hummocks occur on ground which 
must have been disturbed in the late 1940ajl 950s when the radio station and 
masts (on Great Dun Fell) were built "(p. 367). This conclusion is supported 
by reports of hummocks of apparently recent origin on relatively low ground 
in the central and southern Pennines (COTTON, 1968) and the Vale of Eden 
(PEMBERTON, 1980). The latter author concluded that "all the hummocky mic­
rorelief has been formed within historical times" (p. 500) and· that "although 
the exact mechanisms of formation remain uncertain, earth hummocks are cle­
arly the product of frost penetration". Yet he added that "earth hummocks [ ... ] 
are not periglacial features", although he failed to explain why he considered 
this to be so. It is notable that of the three types of nonsorted patterned ground 
described earlier, only earth hummocks have been reported at low altitudes; 
all of the sites at which hummock stripes and relief stripes have been observed 
lie above 600 m in altitude. 
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The present paper reports . the results of research into the characteristics 
of well-developed nonsorted patterned ground on mountains- on .the Northern. 
Highlands of Scotland, with particular reference to the age and genesis of such 
features. 

THE STUDY AREAS 

The study areas consist of two mountain massifs that reach similar altitudes 
but arc of very different lithological composition. The An Teallach massif (57'-Y 
49'N, 5 °16'W, Figs 2, 3) reaches an altitude of 1062 m and consists largely of 
Precambrian Torridon Sandstone comprising red arkosic grits with occasional 
conglomeratic layers_ (PEACH et al., 1913). The Ben Wyvis massif (57°4l'N, 
4 °35'W, Figs 2, 4) lies 43 km-E.S.E. of An Teallach and rises to an altitude of 
1046 m. The rocks of Ben Wyvis consist of Moine schists and gneisses, Precam­
brian meta~ediments that range from fissile muscovite-hiótite schists to· massive 
quartz-biotite granulites {PEACH et al,. 1912). 

Evidence provided by high-level striae and erratics suggests that both massifs 
were largely if not entirely covered by glacier ice when the fast British ice-sheet 
(the Late Devensian ice-sheet) reached its maxima! extent ca. 18,000 B.P. 

Fig. 2. Location of the study areas and other sites mentioned in the text 

Biuletyn Peryglapjalny Nr 30 - 2 
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Fig. 3. The An Teallach massif, showing the location of niveo-aeolian sand deposits and "sand 
hummocks" developed on such deposits 

(PEACH et al., 1912, 1913; PHEMISTER, 1960; S1ss0Ns, 1976). The higher parts of 
the massifs subsequently became exposed to severe periglacial conditions both 
during the downwastage of the Late Devensian ice-sheet and later during the 
Loch Lomond Stadiał (ca. 11,000-10,000 B.P.). During these two LatĆglacial 
cold periods a shallow (generally less than 1 m thick) mantle of frost-weathered 
debris accumulated on the plateau areas and slopes of the massifs (BALLANTYNE, 
1981 ). Although in both cases this mantle consists of clastic detritus of va:riable 
size embedded in a predominantly sandy matiix, the granulometry of the matrix 
materiał is strongly influenced by lithology. On the Torridon Sandstone of An 
Teallach, rock breakdown has produced a matrix predominantly composed of me­
dium and coarse sand with a negligible silt fraction (Fig. 5). The soil mantle on 
An Teallach is consequently rtot frost-susceptible in terms of commonly-employed 
indices of susceptibility (e.g. TERZAGHI, 1952; WASHBURN, 1979, p. 68). This is 
borne out by excavations of the weathered mantle during winter freezing: these 
revealed interstitial pore ice but no ice lenses. In contrast, the matrix of the 
weathered mantle developed on the Moine schists of Ben Wyvis consists mainly 
of fine sand, with over 6% by w.eight of silt (Fig. 5), and is consequently frost­
-susceptible; excavation of the soil on Ben Wyvis under winter conditions 
revealed well-developed ice lenses · at shallow depth. 

The present air temperature regime of the study areas is relatively mild (BALLAN-
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Fig. 4. The Ben Wyvis massif, showing the locations of earth hummocks, hummock stripes and 
relief stripes 
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TYNE, 1981). Even at 1000 m, temperatures below -10°C are rare, and mean 
monthly air temperatmres are below 0'°C for only six months of the year. Frost 
penetration · is consequently shallow, and the ground is rarely frozen to· depths 
of more than 50 cm. The severity of climate on these massifs relates more to 
extreme exposure and wetness than to low temperatures. Mean annual preci­
pitation at 670 mon An TeaHach is 3577 mm but rather less (around 2100 mm) 
/at the same altitude on Ben Wyvis. The mean duration of snow-lie (>50% cover) 
on An Teallach increases linearly from 36 days at sea level to 13_5 days at 700 m 
and 177 days at 1 OOO in. Strong westerly winds frequently sweep over both massifs; 
on An Teallach gusts exceeding 40 ms-1 have been recorded at only 600 m 
altitude. 

Although bare ground is rare on the Ben Wyvis plateau, deflation of the 
cohesionless coarse sandy detritus that mantles the northern plateau of An 
Teallach inhibits vegetation colonization so that exposed areas resemble a desert 
colonized only by small clumps of grass and heather, and complete vegetation 
cover is restricted to sheltered lee slopes. The species and associations characte- . 
ristic of the two massifs also differ. The summit plateau of Ben Wyvis supports 
a Rhacomitrium heath (Rhacomitrz'um lanuginosum. and Carex bigelowii) that grades 
downslope into a bilberry heath (Vaccinium myrtillus and Empetrum nigrum with 
grasses and sedges). In contrast, Calluna vulgaris is dominant on the high ground 
of An Teallach, with Deschampsia flexuosa, Festuca ovina, Juncus triffidus, Al­
chemilla alpina and Vaccinium myrtillus covering ·well-drained lee slopes. 

NONSORTED PATTERNED .GROUND ON BEN WYVIS 

DESCRIPTIO N 

All of the categories of patterned ground described in the introduction are 
well represented on Ben Wyvis (Fig. 4 ). As on Skye (BmKs, 1973) the nonsorted 
patterned ground on Ben Wyvis occurs on Carz'ceto-Rhacomitrium lanuginosi 
summit heaths, with the sedge Carex bigelowii occupying sheltered locations 
hetween or on the lee ( east) · side of hummocks or stripes whose exposed fJanks 
are -covered with Rhacomitrium lanuginosum. Earth hummocks on Ben Wyvis 
vary widely in size (Tab. I) and; although fairly similar in dimensions to those 
described by BIRKS on Skye, are much lower than hummocks measured on 
An Teallach and somewhat larger than the features described by TuFNELL (1975) 
on the Pennines. Hummock stripes on Ben Wyvis tend to be broader than indi­
vidual hummocks, with ridges typically 1.0 m in width separated by furrows 
0.4-0. 7 m across. Relief .stripes are often broader still, with repeat distances 
( crest to crest) around 2.0 m and height$ of 10-30 cm (Pl. 1 ). Hummock stripes 
and relief stripes tend to follow the direction of maximum slope, although they 
often meander slightly (particularly on gentle slopes) and divide where the slope 
is concave ( outward) in plan or join · where the sio pe is convex in plan, thereby 
maintaining a roughly equal spacing .. fodividual stripes are traceable for . up 
to 11 O m downslope. 
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Table I 

Dimensions of some turf hummocks in upland Britain 

Sam- Height in cm Diameter in cm 
Site ple 

min. I mean I max. I mean I max. size min. 

_,;11,'Ć,., 

An Cabar, Ben Wyvis 50 6 16 32 32 63 127 
Glas Leathad Beag, Ben Wyvis 50 9 18 44 28 65 118 
Coire nan Tota, An Teallach 50 20 49 92 24 71 156 
Skye (BIRKS, 1973, p. 194) - 15 - 30 40 - 120 
Great Dun Fell (TUFNELL, 1975, 

p. 360) 88 - 20 - - 35 -
Knock Ore Gill (TuFNELL, 197 5, 

p. 360) 166 - 15 - - 37 -

The transition from hummocks to hummock stripes to relief stripes (Fig. 1) 
takes place over a fairly wide range of slopes: 1 ° to 6 ° in the first case, 6 ° to 11 ° 
in the second. Relief stripes are poorly developed on slopes steeper than 20 ° and 
absent on slopes steeper than about 25 °. The lower limit of nonsorted patterned 
ground on Ben Wyvis is around 770 m, but appears to be determined by availa­
bility of suitable peat-free slopes rather than climatic factors. Stripes tend to 

. occupy the same slopes as solifluction sheets and lobes and ploughing boulders, 
and sometimes appear to terminate downslope near the risers of solifluction 
sheets or even to define the margins of small lobes. 

STRUCTURE AND CONSTITUTION 

Trenches were dug across three south-facing relief stripes at 910 m altitude 
. on a slope of 11 ° S.E. of Tom a'Choinnich (Fig. 4) and across two hummocks 

at 1010 m S.W. of Glas Leathad Mor. Both revealed well-developed podzols 
(PL ~ and Fig. 6) with clearly-defined soil horizons following the undulations of 
the ground surface. The stripe section displayed a concentration of clasts near 
to the· surface (a feature of the stripes in North Wales described by GooDIER 
and BALL, 1969), but this was not evident in the hummock section. The clasts 
in. both sections were generally flat-lying with no obvious preferred orientation 
and an absence of erected stones. Most interestingly, the concentration and size 
of clasts underlying _the troughs were no different from those of clasts underlying 
the ridges (Fig. 6). 

Severa! inferences can be made from these observations. First, the similarity 
in structure between relief stripes and hummocks suggests, like the trahsition 
via hummock stripes, that relief stripes and hummocks are. genetically related. 
Secondly, the development of mature pódzols and the lack of thrust or erected 
stones indicates that cryoturbation is presently ineff ective, as frost churning 
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would presumably disrupt the soil horizons (TARNOCAI and ZoLTAI, 1978). 
Thirdly, preservation of podzolic horizons and the lack of 'any preferred orien­
tation of clasts indicate that recent solifluction has not been important at the 
stripe site despite the association of stripes and solifluction features elsewhere 
on Ben Wyvis. Finally, the absence of differences in clast concentration and size 
between the hummocks or ridges and adjacent depressions conflicts with GALLO­
WAY's (1958, 1961) claim that these represent vegetation-c<;:>Vered fossil sorted 
stripes and circles. 

Soil samples taken from a depth of 30 cm under troughs and crests at hoth 
sites also proved similar in constitution (Fig. 7), comprising in all cases over 
60% by weighffine arid medium sand (60__:600 µ) with a relatively·high -(ca. 
20%) silt fraction and negligible clay content. Samples taken from hummockless 
terra.in on the Ben Wyvis plateau proved relatively deficient in silt (6-14%)-
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Fig~ 7. Grain-size distribution for samples of fine materiał collected from relief stripes, earth 
hummocks and hummockless ground on Ben Wyvis and sand hummocks on An Teallach. 

The figures in centimetres refer to the depths at which sampling was ćarried out 

This difference may explain the irregular distribution of nonsorted patterned 
ground on Ben Wyvis (Fig. 4 ), as a high silt content is likely to promote more 
eff ective ice segregation and therefore greater frost heave and mass displacement, 
which 2.re widely believed to be responsible for hummock formation (see below). , 
This conclusion must be regarded as tentative, however, as the sfripe and hummock 
samples were collected from B1 horizons that may contain illuviated silt particles. 

FORMATION 

In view of the transitional nature of earth hummocks, foimmock stripes and 
relief stripes, it is reasonable to assume that all thtee types of feature are the 
products of the same underlying processes. That stripes occupy slopes whilst 
hummocks are restricted to level or nearly level ground indicates either that 
stripes represent hummocks subsequently modified by tp.ass-movement (soli­
fluction) or that the formative processes affected slopes and level areas in diffe-
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rent ways. The first possibility is rejected for the following reasons. First, altho­
ugh- it is possible to envisage ·"stretching"_ of1iiimmocks "by" ·post~formation 
solifluction, the development of regularly-spaced relief stripes demands that 
irregularly spaced hummocks migrate laterally across the slope to form the ridges 
of the stripe pattern, which seems unlikely. Secondly, solifluction creates fabrics 
with a strong preferred downslope orientation (BENEDICT, 1976 ), but clasts 
in the excavated stripes apparently lack orientational preference. Thirdly, hu­
mmock stripes occur on /slopes of ~nly 1 °, welJ below the lowest gradient (6°) 

_ for slopes occupied by solifluction features on Ben Wyvis. Finally, it seems 
impro babie_ that hummocks could survive over-riding by solifluction sheets, 
which tend to bury pre-existing soil and vegetation -(BENEDICT, 1966, 1970, 
1976; WoRSLEY and HARRIS 1974; BALLANTYNE, 1981). .. 

Although earth hummocks are probably polygenetic (BESCHEL, 1966) it is 
widely accepted that hummock formation is initiated by local small-scale varia­
tions in soil constitution, moisture content, topography (swells and depressions 
or a crack pattern) or vegetation cover (e;g. THORQDDSEN, 1913; BESKOW, .1930; 
HOPKINS and SIGAFOOS, 1954; ZAWADZKI, 1957; LUNDQVIST, 1962; RAUP, 1965; 
SCHUNKE, 1975, 1977). Such differences result in an uneven pattern of frost 
penetration, with pockets of unfrozen ground surviving amid frozen soil and /or 
slower frost penetration and consequentły greater ice segregation and frost 
heave in some areas than others. Unfrozen pockets of soil are subject to mass 
displacement (defined by WASHBURN, 1969, as "the en masse }ocal transfer of 
mobile minerał soil frorri one place to .another within the soil as the. result of frost 
action") but the mechanismresponsible is uncertain (WAsHBURN, 1979, p. 96-100 
and 167-168). NICHOLSON (1976) argued that the establishment of oblique 
freezing planes is sufficient to cause upward migration of materiał in the unfrozen 
soil, but this was refused by WASHBURN (1979, p. _99) who contendcd that unless 
adjacent soil was frozen_ to an impermeable base ( such as a permafrost table), 
freezing stresses would be relieved by_ uplift of frozen soil as a unit. Others ( e.g. 

_ HOPKINS and SIGAFoos, 1954; ScHUNKE, 1977; TARNOCAI and ZoLTAI, 1978) 
have favoured cryostatic pressure as the mechanism responsible for upward mass 
displacement and consequent hummock formation. These authors evisaged that 
water-soaked materiał trapped beneath and both sides by freezing ( and therefore 
expanding) soil would be forced upwards, forming surface mounds. ·MACKAY 
and MACKAY (1976), however, pointed out that in fine-grained frost-susceptible 
soils migration of water from unfrozen ground to the freezing piane results in 
desiccation that reduces plasticity in the unfrozen materiał and allows release 
of cryostatic pressure through compaction. They also observed pressures developed 
in clayey soils are greater during thawing thanduring freezing, which led MACKAY · 
(1979) to propose that wetting and expansion of the desiccated materiał during 
thaw results in upward mass displacement as the surrounding frost-heaved 
ground melts. 

Although it is impossible to assess the nature of the mechanism responsible 
for mass displacement. and consequent hummock and stripe formation on Ben 
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,vyvis, the association of hummocks with presumably contemporaneous stripes 
allows inferences to be made regarding the nature of hurhmock and stripe initia­
tion. Random soil and microtopographical variations · can be ruled out; although 
these may constitute an irregular „net" pattern on level surfaces) they are unlikely 
to consitute a regular stripe pattern on slopes. Likewise, seasonal frost cracking 
(THORODDSEN, 1913; Woo, 1975) or desiccation cracking (ZAWADZKI, 1957) 
may conceivably produce a regular net, but are unlikely to result in the formation 
of stripe forms. On the other hand, vegetation cover on_ slopes .in relatively arid 
arctic environments often takes the form of alternating stripes of vegetated and 
unvegetated ground (nonsorted stripes sensu WASH:8URN, 1956) where the 
vegetation · is nourished by subsurface percolines (Pis, 3, 4 ). On Ellesmere 
Island in the eastern Canadian arctic the writer observed instances of transition 
from nonsorted vegetation-covered circles on level ground to vegetation-defined 
stripes on slopes, giving patterns strikingly similar in· scale and appearance to 
those on Ben Wyvis. A similar transition has also been described by W ASHBURN 
(1947) on Victoria Island, and TARNOCAI and ZoLTAI (1978) reported replacement 
of hummocks by nonsorted stripes with increasing gradient elsewhere in the 
Canadian arctic. WASHBURN (1979, p. 153) suggested that the relief stripes 
described by GooDIER and BALL (1969) in North Wales and the Breckland 
stripes of eastern England (WILLIAMS, 1964; WATT et al., 1966; EVANS, 1976) 
represent forms derived Jrom nonsorted vegetation-defined stripes. The simi­
larities in plan form of ,the features on Ben Wyvis and nonsortecl' vegetation­
-defined patterned ground in relatively arid arctic areas also suggests that the 
former may have evolved from the latter. · -

Although little is known of palaeoclimatic conditions during the period of 
ice"".sheet downwastage in -Scotland, climatic reconstructions based primarily 
on the survival of ice-wedge caS:ts and the altitudes of the firn lines of former 
glaciers (S1ss0Ns, 1976, 1979a) 

1

suggest that during the Loch Lomond Stadiał 
of ca. 11,000-10,000 B.P. much of Scotland experienced permafrost conditions 
and that there was a pronounced west-east decline in precipitation which amounted 
to only 500-600 mm y-1 at 1000 m altitude in the N.W. Cairngorms (Fig. 2) 
at this time; effective precipitation was probably greatly reduced by high evapora­
tion rates resulting from strong insolation and high winds. Similar conditions 
are likely to have prevailed on the higher parts of Ben Wyvis. It is by no means 
impro bab le, therefore, that features that presently · occur in the more arid parts 
of the Canadian arctic should have occupied the upper slopes of Ben Wyvis 
during the Loch Lomond Stadiał. 

The nature of the metamorphosis from nonsorted Lateglacial features de­
fined essentially by concentrations of vegetation into the forms that presently 
occur on Ben Wyvis must of necessity be speculative, but a possible evolutionary 
model is depicted in figure 8. The envisaged sequence of development is as 
follows .. 

1 . U nder the arid periglacial conditions that prevailed during the Loch 
Lo mon4 Stadiał, irregularly-spaced vegetated circles and regularly-spaced 
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Fig. 8. Possible evolution of hummocks, hummock stripes and relief stripes on Ben Wyvis 

1. Under arid periglacial conditions, irregularly-spaced vegetated circles and regularly-spaced vegetation-defined 
stripes develop in zones of moisture concentration in the active layer; 2. The insulating effect of vegetation cove~ results 
in more rapid frost penetration under bare ground. The resulting undulating freezing plane induces mass displacement 
under conditions of increasing wettness; 3. Hummocks and stripes formed by upward mass displacement may have con­
tinued to develop as surface topography perpetuated irregular frost penetration; 4. Podzolization results in depletion 
of clay and silt in the A horizon, rendering the top ca. 20 cm of the soil less frost-susceptible. Frost action is,conse-

- quently diminished 

vegetation-defined stripes develop in zones of moisture concentration (perco­
lines on slopes) in the active layer above a permafrost table. 

2. With the onset of Wetter condi tions at the end of the stadiał, mass dis­
. placement is induced through the formation of an undulating freezing piane 
that results from more rapid frost penetration under unvegetated ground. 

3. Mass displacement results in the formation of earth hummocks, hummock 
stripes and relief stripes; the resulting changes in microtopography perpetuate 
the survival of diff erential freezing so that mass displacement may have continued 
into the Flandrian despite climatic ameliotation and the formation of a complete 
vegetation cover. 

4. The formatión of podzol soils. during the Flandrian results in the deple­
tion of silt and clay in the A horizoh (Fig. 6) of stripes and hummocks, rendering 
the top ca. 20 cm of the soil less frost-susceptible; frost action is consequently 
diminished. · \, 
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Although speculative, this sequence accounts for all of the observed features 
of the Ben Wyvis stripe-hummóck system, including the traIJ-sition from hum­
mocks to stripes, the regular spacing of stripes (which are assumed to have 
initially followed regularly-spaced percolines, like those depicted in plates 3 and 
4) the meandering of stripes on gentle slopes and the· apparent lack of recent 
activity. It also explains the layer of clasts found immediately below the surface 
in the stripe section (Fig. 6; GooDIER and BALL, 1969): instead of being heaved 
out of the soil ( as with sorted strip es) these would have b'een trapped by the 
existing root mat and hence would have accumulated immediately below the 
surface. 

One further point that deserves consideration concerns the morphology of 
earth hummocks on Ben Wyvis and other British mountains. In the author's 
experience, earth hummocks in arctic environments tend to be knob-like ill 
shape and closely spaced together, with narrow inter-hummock depressions 
(Pl. 5; see also TARNOCAI and ZoLTAI, 1978, Fig. 2; WASHBURN, 1979, Figs 5, 9), 
In contrast, the hummocks on Ben Wyvis and other British mountains are cha-
racteristically dome-like and separated by rather broad depressions (PL 2; see 
also BALL and GoomER, 1970, Fig. 4a; TuFNELL, 1975, Pis 1, 2, 4). The wide 
spacing of many areas of hummocky' microrelief on the upper slopes of British 
mountains favours interpretation of these features interms of inheritance from 
randomly-spaced concentrations of vegetation, whereas the much closer spacing 
and steeper sides characteristic of arctic hummocks suggests that their formation 
is initiated in some other way, possiblr as a result of seasonal frost7cracking 
(THORODDSEN, 1914; Woo, 1975). It is notable that arctic hummocks are not 
generally associated with relief stripes on steeper ground, which also suggests 
that the hummocks on Ben Wyvis are genetically different from those of arctic 
areas. 

NONSORTED PATTERNED GROUND ON AN TEALLACH 

DESCRIPTIO N 

Of the three types of patterned ground described in the introduction, only 
hummocks occU:r on An Teallach. Moreover, the An Teallach hummocks differ 
from those of Ben Wyvis in certain respects. N ot only are they generally much 
higher (Tab. I), but they are also rounded rather than dome-shaped in profile 
and much m0re closely-spaced (Pis 6, 7). Furthermore, they occur on slopes of 
4-18 ° rather than on level ground and are not associated with hummock stri­
pes or relief stripes. The vegetation on the An Teallach hummocks is also dif­
ferent. The windward sides and exposed crests of hummocks are occupied by 
long-stemmed grasses and sedges, but the lee sides and interhummock troughs 
are typically covered by a Cal/una vulgaris - Vaccinium myrtillus association 
(Pl. 7; Fig. 9). 

The An Teallach hummÓcks are limited in distribution to gentle and moderate 



28 C.K. Ballantyne 

I 

~ 5:~~i~iu~ association / Dominant wind 
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Fig. 9. Vegetation cover on hummocks, An Teallach. The unshaded areas are mainly covered 
by long-stemmed grasses · and sedges. The figures ref er to hummock heights above the 

lowe_~t points in the surrounding depressions (in centimetres) 

lee ( east-facing) slopes on which a thick ( > 1. O m) cover of niveo"".aeolian sand 
has accumulated (Fig. 3 ). In the . areas occupied by the hummocks, the niveo­
-aeolian sand deposits consist of two well-defined units: a. lower weathered unit 
that accumulated slowly during the Flandrian, and an upper unit of fresh sand 
that accumulated · rapidly on lee slopes as a result of the erosion of pre-existing 
sand deposits on exposed cols upwind (BALLANTYNE, 1981 ). As this erósion appe­
ars to. have been triggered by overgrazing following the introduction of hill 
sheep to the mountain at the end of the last century, both the upper sand unit and 
the · hummocks that have developed on the upper sand unit ihust have formed 
within · the last hundred years or so. 

STRUCTURE AND CONSTITUTION 

Sections were cut through 8 hummocks at 4 different locations. All excavated 
hmnmock.s were found to consist of structureless, predominantly medium to 
coarse sand (Figs 5, 7; Pl. 8) of similar granulometrie composition to that of 
hummockless niveo-aeolian sand deposits elsewhere on the mountain. The lack 
of clay, silt and fine sand in. these hummocks indicates that they are unlikely to 
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Pl. 1. Relief stripes on Ben Wyvis, showing the absence of subsurface sorting 

Pl. 2. Section cut through two earth hummocks on Ben Wyvis, showing the development of 
a podzolic leached A horizon parallel to the ground surface and the absence of subsurface 

sorting 
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Pl. 3. Nonsorted stripes cons1stmg of alternating bands of vegetated and unvegetated ground. 
Ellcsmere Island, N.W.T., Canada 

Pl. 4. Vegetation-defined norisorted stripes and gelifluction sheets on a slope in Ellesmere Island, 
N.W.T., Canada. The vegetated stripes follow subsurface percolines 
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Pl. 5. Earth hummocks in a arctic environment, Ellesmere Island, N.W.T., Canada 

Pl. 6. Sand hummocks on An Teallach 
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Pl. 7. Sand hummocks on An Teallach, showing the concentration of long-stemmed grasses and 
sedges on hummock crests 

Pl. 8. Section cut through two sand hummocks on An Teallach, showing the structureless sand 
on which such hummocks are developed 
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be tfrost-susceptible even if sufficient water were retained in the sand to allow 
ice segregation, and excavation · of frozen hummocks revealed pore ice but no 
lenses. The hummock sands are therefore unlikely to have experienced prono­
unced frost heave or mass displacement, and . a different explanation must be 
sought for hummock genesis. 

FORMA,TION 

The manner in which the hummocks developed is suggested by the following 
observations. In winter, large quantities of sand are blown by strong westerly 
winds off the relatively snow-free unvegetated plateau of An Teallach and de­
pósited on the snowcover on lee ( east-facing) slopes. This annual supranivai 

E 

-2 

E 

3 

E 

1 1 , 1, 1 Frost weathered [<:J: .. ',i/j Niveo-Aeolian ł&i Be«lrQck 
1,1 i i i Detriws ,, .. · , ... _ sand 

Fig. 10. Hummock evolution through preferential accumulation of niveo-aeolian sand on tus­
socks and flushing of sand from between tussocks by nival meltwater (scherriatic) 
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sand deposit is thickest on ground immediately· adjacent to the plateau source 
areas, and has through timł built up the deep deposits of niveo-aeolian sand on 
which the hummocks are found (BALLANTYNE, 1981 ). When the snow melts1 

in spring, supranival sand is deposited on the underlying vegetation cover. On 
hummock crests it becomes trapped amongst long-stemmed grasses and sedges 
that grow on the exposed parts of the hummocks. The inter-humntock troughs, 
however, form the routeways for snowmelt runoff, and sand deposited in such 
locations is transported via a network of troughs to be deposited in a thin spread 
over more level ground (cf. Woo, 1975). 

On adjacent areas of level or gently-sloping hummockless ground, grasses 
and sedges tend to grow as tussocks· that also trap sand during snowmelt. Howe­
ver, on slopes of les~ than 4-5 ° the gradient is apparently too low to allow elu­
viation of sand from between the tussocks, so that sand accumulates on and bet­
ween the tussocks at similar rates and no hummocks are formed. This evidence 
suggests that hummock genesis is due to preferential accumulation of niveo-aeol­
ian sand on slopes ;.,that are sufficiently steep to allow nival meltwater to flush out 
.sand from the areas between the grass tussocks. This interpretation is illustrated 
in Fig. 10 and explains not only the ciifferences between the An Teallach and Ben 
Wyvis hummocks, but also the restriction of the former to thick non-frost-sus­
ceptible niveo-aeolian sand deposits that have recently accumulated on lee slopes 
adjacent to plateau areas. Although similar hummocks have been reported by 
ROBINSON (1977) on the Torridon Sandstone hills of Applecross (50 km S;S.W. 
of An Teallach) the circumstances under which. these features appear to form 
severely limit their distribution; the writer knows of no e~amples on litho­
logies other than Torridon Sandstone. Adoption of the term "sand hummock" 
to describe such features may serve to distinguish them from features formed 
by frost action. 

DISCUSSION 

The conclusions reached in this study may be summarised as follows. 

1. The earth hummocks, hummock stripes and relief $tripes on Ben Wyvis 
appear to have formed through modification by mass displacement of ,nonsorted 
vegetation-defined patterned ground of Lateglacial age. These features are essen­
tially inactive at present and both morphologically and genetically different from 
nonsorted patterned ground forins in arctic environments .. 

2. The sand humrńocks of An Teą.llach, although superficially similar to 
earth hummocks, are not frost action phenomena. They are interpreted as having 
formed over the last century as the result of the trapping of niveo-aeolian sand 
by tussocks on slopes that are sufficiently steep to allow eluviation of sand from 
between the tussocks by nival meltwater. 

A number of supplementary conclusions may be drawn from comparison of 
the characteri~tcs of the features described above with accounts of nonsorted 
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patterned ground in other parts of Britain. Although sand hummocks such as 
those on An Teallach appear to be restricted in distripution to niveo-aeolian sand 
accumulations on sandstone mountains, features correspónding to the hummocks, 
hummock stripes and relief stripes on Ben Wyvis appear to be fairly common 
on a range of lithologies. The relief stripes described on the Rhinog 'mountains 
(GooDIER and BALL, 1969) and Snowdonia (BALL and GooDIER, 1970) are clearly 
similar in form to those on Ben Wyvis, and the association of hummocks and 
stripes on Skye reported by BIRKS (1973) is appar~ntly identical. Other examples 
of earth humrriocks grading into hummock stripes and relief stripes with increas­
ing slope occur at 825 m altitude on the Merrick, at 800-900 · m on the Dru­
mochter Hills and at 900-1000 m on Glas Maol (Fig. 2). W ASHBURN's sugges­
tion (1977, p. 152) that. the f~atures here termed hummock stripes and relief 
stripes are "uncommon" may be true of arctic environments, but it is not !me 
of the rriountains of Great Britain. Similarly, the assertion by TUFNELL (1975, 
p. 354) that earth hummocks are "uncommon" in Britain deserves qualification; 
whereas this may be the case in North Wales and Northern England, it is not 
true of the Scottish highlands, where łiummoc:ky microrelief is wi~spread on 

· many plateau areas. · 
Not all of these liummocks are assóciated with stripe forms on steeper ground, 

howevęr. TuFNELL (1975), for example, reports earth hummocks on slopes 
as steep as 17 °, whereas those on Ben Wyvis are replaced by stripe forms on slopes 
of 1-6°. No hummock stripes or relief stripes are reported by TuFNELL, so 
the sequence of development summarised in Fig. 8 cannot hold for the formation 
of nonsorted patterned ground in the northern Pennines. Similarly, the "low. 
elevation earth hummocks" described _by PEMBERTON (1980, Fig. 1) not only 
appear to be much lower and flatter than the forms ·on Ben Wyvis (and those 
described by TUFNE_LL ), but also occur on slopes of up to 14 ° and are again not 
associated with stripe features. Although the hummocks. studied by TuFNELL 
and PEMBERT'oN may indeed be frost-action forms ( as both authors concluded ), 
these hummocks are clearly genetically distinct from the hummock and stripe 
features described in this paper. Significantly, both TUFNELL and PEMBERTON 
favoured a re cent or i gin for the f eatures they described, whereas the hummocks 
and associated stripes on Ben Wyvis · have apparently expetienced prolonged 
inactivity (as evidenced by intact podzol soil horizons) and are here iriferred 
to have originated at the end of the Lateglacial period some 10,000 years ago. It 
appears that even morphologically similar hummocks on· British . mountains 
comprise at least three chronologically and /or genetically diferent types of 
feature, and that :o.one of these types is strictly analogous to the hummocky 
microrelief of arctic environments. 

A finał point concerns the relationship between earth hummocks produced 
by frost action and the nature of the soil mantle on which such hummocks are 
found. COTTON (1968) and TUFNELL (1975) noted that although earth hummocks 
occur on sedimentary rocks in the Pennines, the regolith developed on crystalline 
formations may not favour hummock development. PEMBERTON (1980) found 
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that not all superficial deposits are conducive to hummock formation, and 
related the distr:ibut1on of earth hummocks to the frost-susceptibility of the 
parent materiał. The evidence presented here supports this interpretation, for 
although frost-actio:t} nonsorted patterned ground is widespread on the frost,­
-susceptible soils óf. Ben ·Wyvis,- it is completely absent from the non-suscepti­
ble regolith of An Teallach; In the author's experience widespread development 
of frost-action hummocks in the Scottish Highlands is. restricted to rocks that 
have broken down to form a frost-susceptible diamicton (particularly micaceous 
schists), but similar forms are rare or absent on lithologies that have weathe:i;ed to 
produce regolith with a coarse sandy matrix (such as granite and Torridon 
Sandstone ). Frost susceptibility would appear to be a sine qua non for the 
development of nonsorted patterned ground by frost action in upland Britain. 
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