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geomorphological signatures of active temperate glacier recession driven by 

ice lobe and bed morphology 
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1. Department of Geography, Durham University, South Road, Durham DH1 3LE, UK 

2. Faculty of Geographical and Geological Sciences, Adam Mickiewicz University, Krygowskiego 10, 61-

680 Poznań, Poland  

Abstract 

A 1:14,500 scale glacial geomorphology and surficial geology map of the foreland of Hoffellsjökull, 

southeast Iceland is used to assess the glacial landsystem signature of the contrasting glacier-climate 

interactions of two separate flow lobes within one outlet glacier. This constitutes a valuable modern 

analogue for employing glacial geomorphological signatures as palaeoclimate indicators in ancient 

deglaciated terrains. The landsystem signatures of the glacier’s two flow lobes, Svínafellsjökull and 

Hoffellsjökull, are distinctly different. Svínafellsjökull displays inset and seasonally climatically-tuned 

push moraine sequences and subglacially streamlined surfaces typical of active temperate glaciers on 

sloping piedmont forelands. Hoffellsjökull displays the landform-sediment assemblages typical of 

outwash-head/depositional overdeepening scenarios, upon which closely-spaced composite push 

moraines reflect a long term quasi-stationary snout at and near the Little Ice Age maximum prior to 

2000. Moraine spacing on the Svínafellsjökull foreland reflects an overall trend of annual recession 

punctuated by quasi-stability and/or readvance in the mid-1950s-1960 and 1975-2000 as recorded by 

two arcuate zones of closely-spaced and partially overprinted sawtooth and hairpin moraines. The 

pattern of moraine distribution here also reflects spatio-temporal changes in moraine-forming 

processes as dictated by changes in a combination of proglacial drainage characteristics and structural 

glaciology or crevasse architecture. The subglacial footprint of the Svínafellsjökull foreland contains 

features worthy of future research attention, including an arcuate zone of overridden moraines 

potentially indicative of a regional Holocene ice advance, prominent flutings and debris stripes 

potentially indicative of groove-ploughing and point-source bedrock plucking respectively, and 

relatively large drumlins.  

Key words: Glacial landsystem; Hoffellsjökull; push moraines; flutings and debris stripes; drumlin; 

overdeepening 

 

Introduction 

The retreat of the Icelandic south coast glaciers since shortly after reaching their Little Ice Age (LIA) 

maximum limits in the late 19th Century is well documented both in historical archives and aerial 

imagery (Figure 1). With the exception of surge activity at Skeiðarárjökull and east Breiðamerkurjökull 

(Boulton et al. 2001; Russell et al. 2001; Evans & Twigg 2002; Bjornsson et al. 2003; Waller et al. 2008), 

the southern outlets of Vatnajökull are active temperate in character and hence their historical 

recession has been characterised by short annual readvances each winter. This gives rise to the 

diagnostic landform signature of inset sequences of push moraines up to a few metres high, with one 

moraine being created every year by the emplacement of a sub-marginally deforming till wedge (Price 

1969, 1970; Boulton 1986; Krüger 1995; Evans & Twigg 2002; Bradwell 2004; Evans et al. 2018a). Some 



more substantial advances or the development of quasi-stationary snouts have taken place over the 

post-LIA period, resulting in the construction of large push moraine complexes (Evans & Hiemstra 

2005). The most prominent of these was that of the early to mid-1990s, which has been alternatively 

related to either a positive North Atlantic Oscillation (NAO) index in 1989-1994 (Evans & Chandler 

2018), a negative NAO index (Bradwell et al. 2006), or longer term cooling trends (Sigurðsson et al., 

2007) as recognised in the Skaftafellsjökull moraine record for example (Þórarinsson 1956; Thompson 

1988; Marren 2002; Evans et al. 2017a).  

As the active temperate outlet lobes of Vatnajökull are sensitive to climatic changes over such short 

timescales and sub-marginal till wedges are advected to the glacier margins annually, the ubiquitous 

recessional push moraines of the glacier forelands record climatically-driven snout oscillations at 

unusually high resolution (Bradwell et al., 2006; Bradwell et al., 2013, Chandler et al. 2016a, b, c; Evans 

et al. 2017a). Consequently the south Vatnajökull glacier forelands have become not only exemplars 

for the active temperate glacier landsystem (Evans 2003, 2005, 2013, 2016; Evans & Twigg, 2002; 

Evans & Orton 2015) but also prime sites for developing our understanding of glacier snout 

susceptibility to short timescale climate drivers (Þorarinsson 1943; Aðalgeirsdóttir et al. 2011; 

Hannesdóttir et al. 2014, 2015; Chandler et al. 2016a, b; Evans & Chandler 2018; Evans et al. sub.). 

High resolution mapping of the south Iceland glacier forelands has, through the analysis of push 

moraine spacing, facilitated a better understanding of the relationships between ice-margin recession 

rates and specific climate variables. This has highlighted a clear correlation between annual summer 

air temperature anomalies and glacier retreat (Bradwell 2004; Bradwell et al. 2013; Chandler et al. 

2016a; Evans et al. sub.). Additionally, mapping of recently exposed foreland areas in and beyond 

Iceland has prompted a re-assessment of our assumption that an active temperate glacier will always 

construct one push moraine every year (cf. Boulton 1986; Evans & Twigg 2002; Beedle et al. 2009; 

Lukas 2012), as demonstrated by Chandler et al. (2016a, b, c) in their recognition of sub-annual ridge 

development since 2006 at Skálafellsjökull. Indeed, on a number of southern Icelandic forelands, 

recent moraine construction has resulted in very complex and overprinted sawtooth moraines and 

the production of multiple moraine ridges over single seasons, especially in locally poorly-drained 

topographic settings where sub-marginal till is both pushed and squeezed into the snout pecten 

defined by radial crevassing (Evans et al. 2016, 2017a, b, 2018b).     

Consequently, in addition to the glacier-climate relationships inherent within the recessional push 

moraine record, glacial landsystem mapping in southern Iceland has identified significant spatial and 

temporal variability in the development of landform-sediment assemblages of active temperate 

snouts. These include changes in push moraine morphology, from more linear to increasingly till 

squeeze-dominated and sawtooth plan forms over time. These changes appear to be linked to a switch 

from well-drained foreland areas, on which snouts are coupled to proglacial streams draining over 

sandur fans, to increasingly more poorly-drained settings, in which proglacial drainage is constricted 

between ice-margin parallel, overridden moraine arcs that emerge from beneath retreating snouts 

(Chandler et al. 2016a, b, c; Evans et al. 2016, 2017a). There has been a concomitant change in snout 

morphology in that an apparently more divergent ice flow regime has developed over time in response 

to thinning snouts, thereby initiating stronger radial crevassing. Poor drainage has been further 

exacerbated by the more recent uncovering of overdeepenings, either in bedrock and/or inside 

outwash heads, leading to the development of proglacial lakes, iceberg calving and the switching from 

subglacial signatures of flutings and push moraines to ice-contact fans, englacial esker networks and 

kame and kettle topography (Bradwell et al. 2013; Phillips et al. 2013, 2014, 2018; Evans & Orton 2015; 



Everest et al. 2017; Everest & Bradwell 2018a, b; Swift & Cook 2018). The charting of glacier recession 

and mapping of glacier forelands have also enabled the identification and quantification of important 

process-form regimes in active temperate snouts, including subglacial bedforms (Boulton 1987; 

Boulton & Hindmarsh 1987; Benn & Evans 1996; Jónsson et al. 2016; Evans et al. 2018a), englacial to 

subglacial meltwater drainage features (Price 1969; Howarth 1971; Spedding & Evans 2002; Storrar et 

al. 2015), proglacial outwash tracts (Hjulstrom 1954; Krigström 1962; Price 1969, 1971, 1982; Price & 

Howarth 1970; Thompson 1988; Thompson & Jones 1986; Maizels 1993; Marren 2002), supraglacial 

landforms (Eyles 1979, 1983a; Spedding & Evans 2002; Evans 2009; Bennett et al. 2010; Bennett & 

Evans 2012) and the sediment-landform assemblages of ice-dammed lakes (Arnborg 1955a, b; Bennett 

et al. 2000; Evans & Orton 2015), in addition to landsystem overprinting (Evans & Twigg 2002; Waller 

et al. 2018).                  

This study presents a glacial landsystems map for Hoffellsjökull, the largest outlet glacier of 

southeastern Vatnajökull (Figure 2), with the aim of identifying the variable geomorphic signature of 

its historical recession. Hoffellsjökull’s recession as charted by Aðalgeirsdóttir et al. (2011) has been 

remarkable in that its two flow lobes (Svínafellsjökull and Hoffellsjökull; the former not be confused 

with the outlet of Öræfajökull located further to the west) have behaved entirely differently to post-

LIA climate warming, with the eastern flow lobe of Hoffellsjökull having remained quasi-stationary 

until 2000 (Arnborg 1955a, b; Hannesdóttir et al. 2015). Hence the glacial landsystem signature of this 

major Vatnajökull outlet glacier captures a uniquely complex geomorphic signature of glacier-climate 

relationships that is likely tuned by variable hypsometry (Furbish & Andrews 1984) dictated by 

topographic controls on marginal lobes, the details of which have been made available by recent 

assessments of subglacial topography (Björnsson & Pálsson 2004). 

 

Hoffellsjökull – the glacier system and its recession history  

Hoffellsjökull flows south from the SE sector of the Vatnajökull ice cap towards the Hornafjörður 

marine embayment and in 2001 had a drainage basin area of ca. 212 km2 (Aðalgeirsdóttir et al. 2011). 

It is renowned glaciologically as one of Hans Ahlmann’s stations for his North Atlantic glaciological 

monitoring network and was subject to intensive research during the Swedish-Icelandic Expeditions 

of 1936-1938 (Ahlmann & Þorarinsson 1937, 1938, 1939; Ahlmann 1948). The glacier flows from its 

accumulation zone, located between the two subglacial mountain ranges of Breiðabunga and 

Goðahnúkar, in two flow units moving either side of the nunatak summit of Nýjunúpar before 

coalescing again downflow. The current equilibrium line altitude lies at around 1100 m asl.  The glacier 

then flows through a 2 km wide ice fall at 600–700 m asl and drops by 300 m over 4 km (Aðalgeirsdóttir 

et al. 2011). Below the ice fall, the glacier spreads to form a piedmont lobe but is sub-divided into two 

flow lobes that are directed either side of a bedrock ridge (Figures 2-5). The west flow lobe 

(Svínafellsjökull) encompasses two thirds of the Hoffellsjökull snout. It has developed the more lobate 

form in contrast with the smaller eastern flow lobe, which is more elongate due to being confined 

within a narrow bedrock valley (Figures 2b, 3 and 4). The floor of this valley is an elongate 

overdeepening that extends down to 300 m below sea level (Figure 3; Björnsson & Pálsson 2004; 

Aðalgeirsdóttir et al. 2011), which has partially hosted a proglacial lake since the receding ice margin 

withdrew from the LIA maximum moraine and outwash head in 1945. However, this lake only 

expanded to its present size in 2010, when the snout was observed to be subject to a rapid break-up 

and calving event.          



 

Compilations of historical accounts by Jónsson (2004) and Aðalgeirsdóttir et al. (2011) reveal that the 

glacier advanced 5-7 km in the 18th and 19th centuries over a vegetated plain and hence the 

overdeepening appears to have been filled with sediment prior to the onset of the LIA. If so, the 

erosion of the sediment fill indicates that some 1.6 km3 of material was removed during the LIA 

(Björnsson & Pálsson 2004). However, our present understanding of the typical erosion rates by active 

temperate glaciers in this region suggests that direct glacial erosion was likely not responsible for all 

of this sediment removal (Björnsson 1996). Instead, a large amount of sediment was probably 

removed by jökulhlaups from marginal lakes in front of the advancing glacier snout; jökulhlaups were 

reported to have started in the area around 1840 (Björnsson 1976; Hjulström 1954; Arnborg 1955a, 

b) and then increased in frequency and magnitude from 1920–1960 during glacier recession.      

 

Like many other glaciers in Iceland, Hoffellsjökull’s recession was monitored from the 1930s onwards 

but unlike other snouts this continued only up to 1960 (Figure 1). An assessment of snout thinning 

and recession over a longer period (1890-2001) has been compiled based on historical archives and 

aerial imagery by Aðalgeirsdóttir et al. (2011) and this reveals the contrasting behaviour of the two 

flow lobes (Figure 4). The west flow lobe has receded at a rate compatible with other southern Iceland 

outlet glaciers (Figure 1), which since the 1930s broadly correlates with air temperature variations 

(Sigurðsson et al., 2007). During the period 1931–1960, rapid ice-front retreat regionally was initiated 

by relatively high air temperatures, particularly during the 1930s. This was reversed after 1965 in 

response to climate cooling and a number of snouts advanced during the period 1975–1990, 

culminating in the mid 1990’s readvance (Sigurðsson et al., 2007). Since 1995 the SE Iceland glaciers 

have been in marked recession mode in response to rapidly rising air temperatures (Figure 1). A lack 

of direct moraine dating at Hoffellsjökull makes it difficult to assess its response to these regional 

trends, although steady retreat of the west flow lobe is in clear contrast to that of the east flow lobe, 

because the east flow lobe remained largely stable from the LIA maximum of around 1890 until the 

start of the 21st Century. However, the rapid calving episode that began in 2010 did follow on from a 

period of reduced thinning over the overdeepening from 1986-2001, a period that was characterised 

also by stability of the margin of the west flow lobe (Figure 4). It appears that a combination of recent 

accelerated warming and the greater extent and depth of the overdeepening beneath the snout of 

the east flow lobe has been the driver of its post-2010 collapse. Prior to this, the larger surface extent 

of the west flow lobe (Svínafellsjökull), a distinctly different hypsometry to that of the east lobe in its 

narrow valley, made it more responsive to the summer temperature drivers of ablation and hence the 

overall marginal recession of a typical piedmont lobe in the region (cf. Chandler et al. 2016a, b).        

Prior to the compilations of Aðalgeirsdóttir et al. (2011), the only other maps of glacier marginal 

recession and evolving proglacial landforms are those of Þorarinsson (1939) and Arnborg (1955b). 

Þorarinsson’s (1939) map and ground photographs show the early stages of slow downwasting and 

recession up until the late 1930s and specifically reveal the emergence of the previously submerged 

bedrock ridge (Svínahryggur) that divides Hoffellsjökull into its two flow lobes. The closely spaced and 

partially overprinted recessional moraines of the east flow lobe are also captured by a 1937 ground 

photograph, which reveals the geomorphic signature of very slow recession in the area since the 

abandonment of the 1890 LIA maximum limit. In addition to these details, Ahlmann and Þorarinsson 

(1939) created a map depicting the large but presumably shallow proglacial lake on the emerging 

foreland of the west flow lobe that was draining into the main proglacial river Suðurfljót, as well as 



four ice-dammed lakes in the small valleys draining the uplands towards the east of snout. The largest 

of these was Gjánúpsvatn (Gjávatn) and the others included Múlavatn, Pollur and Efstafellsvatn 

(Figure 5), the formerly higher levels of each being marked by prominent shorelines. Arnborg’s (1955b) 

map of the foreland beyond the east flow lobe depicts the gradual confinement of the river Austurfljót 

by 1946 to a single shallow gorge, after it had previously drained along a number of channels on the 

valley floor from 1903-1938. By 1945 the precursor proglacial lake (Hoffellslón) in front of the east ice 

flow lobe (Hoffellsjökull) had developed but was not connected directly to the proglacial drainage 

channel. By 1951 the lake had quadrupled in size and was draining directly into the Austurfljót, 

entrenching the river and confining it to its gorge until it ceased to flow in 2008 due to a fall in lake 

level. This development is interesting in that the drainage of Hoffellsjökull now flows entirely 

westward into Svínafellslón and ultimately through the Suðurfljót, as demonstrated by recent satellite 

imagery (2016) showing a narrow strip of water between the calving ice margin and the northern end 

of Svínahryggur, linking the two lakes. As the margin of this part of the Svínafellsjökull snout presently 

occupies the crest of the adverse slope of the overdeepening (Figure 4a) it will likely soon undergo a 

similar catastrophic break up and calving event to that experienced by the east flow lobe in 2010.       

Methods 

The geomorphology of the foreland of the Hoffellsjökull was mapped on a coloured ink film overlain 

on high-resolution satellite imagery captured by the WorldView-2 satellite of Digital Globe on 

12/07/2012. An ortho-ready product covering approximately 41 km2 was purchased, containing a 

panchromatic band with 0.5 m ground sampling distance (GSD) and four multispectral bands with 2 m 

GSD. The imagery was orthorectified utilising digital elevation model (DEM) and pansharpened to 

produce a 0.5 m GSD 4-band multispectral image. The projection used was UTM zone 28N based on 

the WGS 1984 datum. Contours with 5 m interval were generated from the DEM and overlain on the 

surficial geology and geomorphology. Data were processed in ArcGIS Desktop 10.6. 

Images and DEMs of large scale landform detail were created in order to aid mapping in areas of high 

geomorphological complexity. This was undertaken using a using a small, lightweight UAV quadcopter 

equipped with a 12-megapixel, wide-angle lens camera. Images were acquired at an elevation of 40 

m above the launching point, producing a ground image pixel size of ~0.016 m. Further details of the 

protocols employed with the UAV image acquisition and DEM production are presented in Ewertowski 

et al. (2019).  

 

Mapping involved the simultaneous interpretation of surface materials and landforms based on 

ground truth fieldwork in the summer of 2014 and the desk top viewing of stereoscopic images taken 

at various dates back to 1975. Fieldwork involved the logging of stratigraphic exposures and 

compilation of lithofacies architecture and structural features on section sketches in order to aid in 

the interpretation of landform-sediment assemblages. The glacier surface and most of the terrain lying 

outside the limits of the LIA maximum are represented on the map by the 2012 satellite imagery. The 

map overlay containing the base data for landforms and surficial geology was manually digitized on a 

large format Cal-Comp tablet digitizer using MapData vector digitizing software. The digitized vector 

files were converted from MapData format into ArcInfo ‘generate’ format for importing into Adobe 

Illustrator. The map (Figure 6) is at a scale of 1:14,500 when printed on an A1 sheet and is available 

for download also as Supplementary Information Figure 1. 

 



Glacial geomorphology and surficial geology of the Hoffellsjökull foreland 

The surficial geology and geomorphology map of the Hoffellsjökull snout and foreland (Figure 6 & 

Supplementary Information Figure 1), displays a foreland dominated by three surficial material types 

or sediment-landform associations that are typical of the active temperate glacier forelands of Iceland: 

till and moraines, including subglacial landforms, and dating to the LIA maximum and younger 

historical glacier retreat; glacifluvial deposits, including eskers; and glacilacustrine deposits. Extensive 

areas of glacially eroded bedrock also exist and are described and interpreted below in association 

with the till and moraine material type. Additionally, small areas of paraglacially modified material 

have accumulated on steeper slopes of the western and eastern margins of the foreland. Beyond the 

extent of the LIA maximum of ca. 1890, older tills and associated glacigenic deposits are heavily 

degraded and wind-deflated and are mapped together with small areas of weathered bedrock as 

residuum.    

Till and moraines and glacially eroded bedrock 

Like all active temperate glacier forelands in Iceland, the till and moraine surficial geology unit is 

characterized by fluted and drumlinized subglacial traction till (cf. Boulton 1987; Benn & Evans 1996; 

Evans et al. 2010, 2016, 2018a, b) and inset sequences of closely-spaced recessional push moraines, 

often with crenulate or sawtooth plan forms (e.g. Price 1970; Kruger 1994, 1995; Sharp 1984; Boulton 

1986; Evans & Twigg 2002; Evans et al. 2009, 2016, 2017a; Chandler et al. 2016a, b, c). The recessional 

moraines on the outer part of the Svínafellsjökull foreland, constructed in the period 1890-1903, are 

superimposed over an arcuate zone of smoothed and weakly fluted ridges (Figure 7a), interpreted as 

overridden moraines similar to those displayed on many other Icelandic glacier forelands (e.g. Krüger 

1994; Evans et al. 1999, 2009, 2016; Evans & Orton 2014; Jónsson et al. 2014). In contrast, on the 

Hoffellsjökull foreland, the initially slower recession of the quasi-stable eastern flow lobe produced an 

intensely overprinted sequence of multiple push moraines, captured in Þorarinsson’s (1939) ground 

photograph of 1937 (Figure 7b). The tills are generally thin (<2 m thick) but thicken to form recessional 

push moraines and geometric ridge networks up to 3 m high. They are predominantly silt/clay matrix-

dominated with the exception of the outermost, pre-1930s moraines on the Svínafellsjökull part of 

the foreland, where they comprise glacitectonically deformed, coarse stratified gravels (Figure 7c), 

likely displaced from the shallow depression now occupied by the waters of Svínafellslón. Indeed, a 

number of push moraines on the west side of the Svínafellslón depression have been constructed by 

the bulldozing of ice-contact glacifluvial deposits (see below). Over the low bedrock ridge that forms 

the western boundary of the Svínafellsjökull part of the foreland, the tills are boulder-rich and thin 

enough in many areas to expose the underlying bedrock, but thicken abruptly into closely-spaced and 

locally partially overprinted crenulate push moraines with short (50 m long) flutings (Figure 8). Over 

the gentler slopes and surfaces of Svínahryggur, a thin and patchy till veneer partially covers a 

prominently glacially plucked and abraded bedrock surface that displays some excellent examples of 

roches moutonnées, whalebacks and cross-cutting striae (Figure 9). These observations on till texture, 

cover and thickness reveal that the former subglacial surface of the glacier constitutes a mixed-bed 

imprint comprising the juxtaposed products of glacier sliding and till deformation (cf. Eyles & Doughty 

2016; Evans et al. 2018a).      

Diagnostic features of subglacial till deformation, operating specifically in the sub-marginal zone 

within a few hundred meters of the ice margin at any time, include flutings, geometric ridge networks 

and drumlins (Figures 10-12). The longest flutings on the foreland have been exposed only recently by 



ice recession and comprise 500 m long, densely-spaced, low amplitude (<2m) ridges and stripes with 

conspicuously variable colours (Figure 10). The most prominent of the colour stripes are light grey or 

white in appearance and unlike the flutings, which are ridges and clearly continue underneath 

individual push moraines, these stripes have no clear morphology. The material that is contained 

within them is also visible as patches on the surface of the push moraines or as clusters of surface 

boulders. These patterns are similar to the supraglacially lowered flow stripes or foliation-parallel 

ridges observed draping flutings in perfect parallel lines on Svalbard glacier forelands (Glasser et al. 

1998; Glasser & Hambrey 2003; Jennings et al. 2015; Ewertowski et al. 2016). However, there are no 

such flow stripes on Hoffellsjökull and nor have any been captured in aerial imagery of the glacier. 

They are similar also to lineations on the beds of palaeo-ice streams in the Canadian Arctic, where 

subglacial entrainment and dispersal of discrete bedrock outcrops by fast flowing ice has created 

lithologically distinct flutings and debris stipes (cf. Dyke & Morris 1988; Dyke et al. 1992). Such colour 

banding in minor fluting fields is unusual and the origins of the discrete colour changes, best 

exemplified by the light grey/white stripes, is difficult to explain other than as attenuations of debris 

excavated from point source outcrops, potentially rhyolite, located in the overdeepening. The flutings 

extend from the overdeepening to the location of the late 20th Century quasi-stable glacier margin, 

dating to 1975-2000 based on aerial imagery, indicating that material plucked from the bed was 

dispersed as debris stripes over a prolonged period of sustained unidirectional flow. This fluting and 

debris stripe assemblage is clearly a prime location for future research into the patterns and processes 

of subglacial sediment dispersal. 

Fluting genesis in Iceland has been linked to subglacial deforming layer processes in relation to either: 

a) cavity infill downflow of lodged stoss boulders (Benn 1995; Benn & Evans 1996); b) ploughing of 

grooves by boulders protruding from the ice base and being dragged over the substrate (cf. Boulton 

1975, 1982; Boulton et al. 1979; Nelson et al. 2005; Kjær et al. 2006; Evans 2018); or c) till squeezing 

into grooves carved into the glacier sole as the ice slides over lodged boulders (cf. Boulton 1976; Evans 

& Rea 2003). Although numerous large boulders are visible on the glacier foreland, very few are at the 

initiation point of flutings and hence a ploughing and/or grooving origin for many is the most likely 

hypothesis for future testing at this site.    

Some significant, and regionally relatively rare, drumlins occur on the elongate peninsula in 

Svínafellslón, with a height of 8 m and maximum length and width of 450 m and 100m respectively 

(Figure 11). Small scale drumlins have been reported from various Icelandic glacier forelands, 

especially those related to surging snouts (cf. Krüger & Thomsen 1984; Krüger 1987; Hart 1995; 

Johnson et al. 2010; Jónsson et al. 2014, 2016; Benediktsson et al. 2016; Ingolfsson et al. 2016; 

McCracken et al. 2016) but drumlins are less widely recognised on the active temperate glacier 

forelands of southern Vatnajokull, with the classic example being that of Breiðamerkurjökull (Boulton 

1987). More recently, Jónsson et al. (2016) have identified small drumlins on the foreland of Fláajökull, 

which are of much smaller size and with lower elongation ratios than those at Breiðamerkurjökull. 

These subglacial bedforms appear to be cored with the stratified gravels and sands of overridden 

glacifluvial outwash fans, giving credence to Boulton’s (1987) rigid, stable seed point hypothesis, in 

which deforming till is plastered over a well-drained and immobile substrate. The Svinafellslon 

peninsula drumlins are adorned with flutings, whose axes parallel those of the drumlins, as well as 

sawtooth push moraines and geometric ridge networks. These superimposed features indicate that 

the surface till emplacement was by subglacial deformation but there are no exposures through the 

drumlin cores to enable an assessment of their exact origins.       



Sparse geometric ridge networks are conspicuous in an area of densely-spaced sawtooth push 

moraines at the southern end of the Svínafellslón peninsula (Figure 6). The close association between 

extreme sawtooth forms or hairpin-shaped moraines, ridge networks and flutings is typical of a 

number of recently exposed forelands in front of retreating active temperate glaciers in southeast 

Iceland. This has been related to the combined operation of crevasse-squeezing and push moraine 

construction at the thickening end of sub-marginal till wedges in localised poorly-drained settings, 

especially inside the older moraine loops of the LIA and/or on the adverse slopes of overdeepenings 

(Price 1970; Evans et al. 2015, 2017a, 2018b; Chandler et al. 2016a, b, c). The role of marginal 

crevassing in the moulding of these landform assemblages is especially clear on aerial imagery of the 

Svínafellsjökull snout (Figure 11a).  Glaciological theory and numerical modelling indicate that the sub-

marginal environment in which these features are evolving is most likely one where the till is being 

squeezed out from underneath the glacier rather than being subglacially deformed under the applied 

shear stress (van der Veen 1999), but it is a zone where the deforming till is advected from up-ice and 

is thickening towards the margin to form a ‘till bulge’ or ‘propagating till wave’ (Leysinger-Vieli & 

Gudmundsson 2010). Hence these landforms represent a process-form regime of sub-marginal to 

marginal squeezing and till flowage due to weak ice–bed coupling, and their size and extent relies on 

a constant supply of deforming till at the glacier snout.  

  
Glacifluvial deposits 

The glacifluvial landforms and deposits on the Hoffellsjökull foreland are contained within two 

assemblage types that are commonly displayed around the glacier lobes of SE Iceland (Figure 12; e.g. 

Maizels, 1993; Marren, 2002, 2005; Price, 1969; Evans 2003, 2005, 2013; Evans & Orton 2015; Evans 

et al. 2009, 2016, 2017a, b). These coarse-grained gravels and sands occur either in proglacial sandur 

fans beyond the LIA maximum moraines, where meltwater flow was largely unimpeded (Figure 12a), 

or in linear sandar that are confined by inset sequences of recessional push moraines wherever they 

constitute closely-spaced or partially superimposed multiple ridges (Figure 12b). A smaller number 

and less extensive examples of both assemblage types occur on the outer Svínafellsjökull foreland; for 

example, linear sandar also exist between the overridden moraine arcs of the outer Svínafellsjökull 

foreland exposed between 1890 and the 1930s, and small sandur fans emerge from breaches in the 

push moraine arcs around the southern margins of Svínafellslón. The prominently terraced proglacial 

sandur of the Austurfljót (Figure 12a) has been the subject of intensive research in the region dating 

back to the Swedish-Icelandic Expeditions of 1936-1938 (Hjulström 1954; Arnborg 1955a, b) and is 

representative of an unusually stable meltwater efflux point on the south shore of Hoffellslón that 

persisted from the LIA maximum up until 2008 when the Austurfljót ceased flowing.       

 

The linear sandur that have developed along the receding western margin of Svínafellsjökull since ca. 

1945 have been deposited between push moraine arcs and glacier ice and hence sedimentation has 

been ice-contact in nature. Consequently, the sandar are locally prominently terraced and pitted due 

to ice melt-out and resemble kame terraces in a number of locations (Figure 12b). The sandar widen 

rapidly at their downstream ends to form small fans along the western shore of Svínafellslón. 

Contemporaneous glacier snout oscillations have constructed small push moraines in many locations, 

especially on terrace edges that are composed of glacifluvial outwash, and hence these moraines are 

also characterised by widespread collapse and the occurrence of water-filled kettle holes. A similar 

morphology also characterises an area of push moraines developed on the apexes of sandur fans on 



the south shore of Svínafellslón (Figure 12c), most likely as a consequence of ice-marginal bulldozing 

of ice-contact fans. This style of shallow glacier snout burial by marginal outwash is typical for active 

temperate glacier margins in Iceland wherever they emerge from upland areas to form piedmont 

lobes and in places can be related to the decanting of ice-dammed lakes in tributary valleys (cf. Price 

1971; Evans & Twigg 2002; Evans et al. 2018c).  

 

Additional areas mapped as glacifluvial deposits include recently deposited alluvium that has been 

reworked from glacial lake deltas and moraines by both glacier melt and nival runoff from uplands in 

the east of the map area. These deposits are contained within incised and terraced valley-floor fans in 

the drainage basins of the former Gjánúpsvatn (Gjávatn), Múlavatn, Pollur and Efstafellsvatn ice-

dammed lakes (Figure 5) and grade towards the receding east margin of Hoffellsjökull and its 

sequentially lowering levels of shrinking ice-contact lakes. 

Eskers are rare on the glacier forelands of southern Iceland. The lack of eskers on the Hoffellsjökull 

foreland likely reflects the fact that the locations of the main drainage axes are beneath lake water. 

Similar to other glacier snouts in the region that have recently uncovered overdeepenings due to 

recession and lake drainage, eskers may emerge over time where their englacial and subglacial 

drainage tunnels eventually melt-out from the downwasting ice (cf. Bennett et al. 2010; Bennett & 

Evans 2012; Bradwell et al. 2013; Evans & Orton 2015; Everest et al. 2017; Evans et al. 2018b). Indeed 

the 2012 satellite imagery has captured the ongoing emergence of englacial eskers previously 

deposited in a sub-marginal tunnel on the east side of Hoffellsjökull (Figure 13a). Tunnels at this 

location have been decanting ice-dammed lake waters throughout the post-LIA period (Figure 13b) 

and their enclosed debris appears to have been thrust up within the glacier at this location to form 

controlled moraine ridges (cf. Evans 2009) and a significant supraglacial debris spread.       

Glacilacustrine deposits 

Narrow strips of glacilacustrine deposits fringe the margins of the proglacial lakes Hoffellslón & 

Svínafellslón and in many areas form only thin veneers over till and moraines, where they are 

consequently not mapped as a surficial unit. The most extensive areas and thickest sequences of 

glacilacustrine deposits occur in the eastern ice-dammed valleys of the former lakes of Gjánúpsvatn 

(Gjávatn), Múlavatn, Pollur and Efstafellsvatn (Figure 5) and along the southern shore of Hoffellslón 

(Figure 6). In the eastern ice-dammed valleys, these deposits are composed predominantly of terraced 

sand and gravel deltas that formerly prograded into the lakes (Figure 14a) but also include extensive 

abandoned, gravel-rich lake shorelines (Figure 14b). On the southern shore of Hoffellslón, ice 

recession and lake lowering since 2008 has exposed fine-grained rhythmite sequences and localised 

pockets of subaqueous fan sands and gravels, all displaying evidence of glacitectonic disturbance and 

locally bulldozed into subaqueous moraine ridges (Figure 14c). 

The sedimentology of the glacilacustrine deposits is well illustrated by a number of sections exposed 

in gullies on the southern shore of Hoffellslón. These include examples of glacitectonically disturbed 

subaqueous (grounding-line) fans, documenting proximal sedimentation, and more distal rhythmites 

sequences containing abundant dropstones, iceberg dump features and normal faults (Figure 15). In 

addition to the normal faulting observed in sedimentary exposures, tension cracks developed on the 

surfaces of the lake sediments indicate that they drape glacier ice in some locations; indeed glacier ice 

is exposed in small retrogressive slumps, visible as dark concentric scarps on Figure 14c.         



 

The glacial landsystem of Hoffellsjökull and its implications for glacial process-form regimes 

An expanding database on modern glacial landsystems continues to improve our understanding of 

glacial process-form regimes in a variety of environmental and topographic settings. Additionally, the 

recent reconciliation of high resolution glacial landform mapping with historical climate trends (e.g. 

Bradwell et al. 2013; Chandler et al. 2016a, b) has verified that glacial geomorphological signatures 

may be employed with increasing confidence as palaeoclimate indicators in deglaciated terrains. The 

success of this procedure lies in the expansion and development of modern analogue glacial 

landsystems, especially those with complex glacier dynamics. The variable responses and geomorphic 

signatures of the two flow lobes of Hoffellsjökull constitute one such valuable case study.           

The variable response of Hoffellsjökull’s two flow lobes (Svínafellsjökull and Hoffellsjökull;      

Aðalgeirsdóttir et al. 2011) to post-LIA climate warming is likely a result of different hypsometries, 

with the larger surface extent of the west flow lobe (Svínafellsjökull) making it more responsive to the 

summer temperature drivers of ablation prior to 2000 (cf. Chandler et al. 2016a, b). This is reflected 

in distinctly different landsystem signatures. The most significant land elements (sensu Eyles 1983b) 

in this respect are the moraines and their distribution pattern on the forelands. On the Svínafellsjökull 

foreland this comprises inset sequences of closely-spaced recessional, largely sawtooth push 

moraines, superimposed on overridden moraines. In contrast, on the Hoffellsjökull foreland the 

pattern is one of intensely overprinted multiple push moraines located on the ice-contact face of an 

outwash head, inside of which glacilacustrine deposits have been glacitectonised by an oscillating ice 

margin since the turn of the 21st century. These signatures reflect east Hoffellsjökull’s pre-2000 quasi-

stationary behaviour and Svínafellsjökull’s climatically-tuned gradual recession since the historical LIA 

maximum. Consequently, Svínafellsjökull’s landsystem imprint resembles that of sloping piedmont 

forelands such as those at Skaftafellsjökull and Fláajökull (Evans et al. 2016, 2017a), whereas 

Hoffellsjökull’s landsystem is similar to that of outwash-head settings such as Heinabergsjökull (Evans 

& Orton 2015), although its stability at and near the LIA maximum position is unique for southern 

Iceland.  

The lack of moraine dates hampers any assessment of glacier-climate responses but the spacing of 

push moraine clusters depicted on Figure 6 on the Svínafellsjökull foreland can be reconciled with 

measurements of ice front activity more widely in the region by the Icelandic Glaciological Society that 

show slowing retreat and/or readvance in the mid-1930s, 1940-1945 and mid-1950s-1960 (cf. 

Sigurðsson et al., 2007; Aðalgeirsdóttir et al. 2011; Chandler et al. 2016). Recent aerial photographs 

then record relative stability from 1975-2000 coinciding with the negative summer temperature 

anomaly in SE Iceland. During the two latter phases in particular, two arcuate zones of dense networks 

of closely-spaced and partially overprinted sawtooth and hairpin moraines were constructed (Figures 

10 & 11). In contrast, at Hoffellsjökull, ice margin stability until 1960 and then only downwasting until 

1985 and catastrophic collapse since 2010 is reflected in a composite push moraine arc, the innermost 

subaqueous ridges of which were only recently abandoned by the calving front (Figure 6 & 14c).    

This complex geomorphic signature of historical glacier marginal oscillations represents variable 

climate tuning of the two ice flow lobes within the same glacier, likely tempered by topographic 

controls on snout hypsometry. Whereas Svínafellsjökull’s climatically-tuned recession has not been 

influenced by an overdeepened subglacial topography, Hoffellsjökull maintained stability while 



occupying the crest of the adverse slope of its depositional overdeepening or outwash head. Both 

snouts were relatively stable from 1986-2001, the period of negative summer temperate anomaly, 

and a phase of rapid thinning of Hoffellsjökull was temporarily halted during that time interval. 

However, Hoffellsjökull underwent rapid calving in 2010 in response to accelerated warming, which 

in combination with its overdeepened bed brought about catastrophic collapse (cf. Cook & Swift 2012) 

and the rapid sedimentation of ice-contact glacilacustrine deposits, in places overlying glacier ice. 

Future recession of the margin of Svínafellsjökull will likely initiate a similar catastrophic response, as 

it presently occupies the crest of the adverse slope of an overdeepening (Figure 4a).  

The fluted and drumlinized subglacial footprint and inset sequences of closely-spaced, sawtooth, 

recessional push moraines at west Hoffellsjökull (Svínafellsjökull) are not unlike those of other active 

temperate glacier forelands in Iceland, and are indeed diagnostic of such glacier types. Assessments 

of glacial landsystem maps on the forelands of such glaciers have revealed a pattern of moraine 

distribution that appears to be reflective of spatio-temporal change in moraine-forming processes as 

a result of changes in a combination of proglacial drainage characteristics and structural glaciology or 

crevasse architecture (Evans et al. 2016, 2017a, 2018b). This specifically entails a change in recessional 

push moraine morphology over time. Early post-LIA moraines are more linear and broadly arcuate but 

more recent moraines are increasingly till squeeze-dominated and sawtooth in plan form. This is 

thought to result from a switch from well-drained and glacier/meltwater coupled forelands to 

increasingly poorly-drained settings in which proglacial drainage flows between emerging overridden 

moraine arcs (cf. Benn et al. 2003). At the same time, the development of increasingly stronger radial 

crevassing, likely controlled by more divergent flow in a thinning snout, has led to the development 

of a more exaggerated sawtooth moraine plan form, to the extent that many recent moraines display 

extreme limb construction and are therefore classified as “hairpin-shaped moraines” (Evans et al. 

2017a). The post-1945 development of increasingly exaggerated sawtooth moraines and crevasse-

squeeze ridges at Svínafellsjökull has been coincident with an obvious change in foreland drainage, 

manifest in the uncovering of a shallow depression and the growth of the extensive lake of 

Svínafellslón. A lack of sawtooth moraine construction prior to 1945 may also be a reflection of the 

absence of a matrix-rich and hence deformable sub-marginal till, as the outermost moraines on the 

Svínafellsjökull foreland are composed of relatively well-drained coarse stratified gravels that were 

likely displaced from the shallow depression.  The development of these outer recessional moraines 

from 1890-1903, on top of an arcuate zone of overridden moraines provides further evidence of a 

regionally widespread phenomenon of a Holocene ice advance of similar magnitude to that of the LIA 

(cf. Krüger 1994; Evans et al. 1999, 2009, 2016; Evans & Orton 2014; Jónsson et al. 2014). 

The subglacial bedforms of the Svínafellsjökull foreland and the ice sliding/till deformation, mixed-bed 

imprint of Svínahryggur constitute an excellent modern analogue of the ice-bed interface process-

form regime, part of what has been recently documented as a regional type area for subglacial 

deforming layer till by Evans et al. (2018a). Of note are the flutings and stripes, the former potentially 

constituting groove-ploughed landforms (cf. Boulton 1975, 1976, 1982; Boulton et al. 1979; Evans & 

Rea 2003; Nelson et al. 2005; Kjaer et al. 2006; Evans 2018) and the latter potentially representing 

point-source debris stripes emanating from distinctive plucked bedrock outcrops. Drumlins also are 

relatively rare in southern Iceland (cf. Boulton 1987; Jónsson et al. 2016) and hence the well-

developed Svínafellsjökull examples are prime targets for future study, providing ground penetrating 

radar is employed in order to compensate for the lack of natural exposures.       



Conclusion 

The compilation of a 1:14,500 scale glacial geomorphology and surficial geology map of the foreland 

of Hoffellsjökull, southeast Iceland, based on WorldView-2 satellite imagery dating to 2012, combined 

with field-based observations on glacigenic stratigraphic exposures, has facilitated an assessment of 

the glacial landsystem signature of the contrasting glacier-climate interactions of two separate flow 

lobes within one outlet glacier since the LIA maximum. This complexity in process-form regimes in a 

single active temperate glacier lobe constitutes a valuable modern analogue in the expanding 

database on the employment of glacial geomorphological signatures as palaeoclimate indicators in 

ancient deglaciated terrains. 

The variable responses and landsystem signatures of Hoffellsjökull’s two flow lobes, Svínafellsjökull 

and Hoffellsjökull, reflect the climatically-tuned gradual recession of the former and the pre-2000 

quasi-stationary behaviour of the latter since the historical LIA maximum. This variability is due to the 

different basin widths and bed topographies of the two lobes. The inset and annually-tuned push 

moraine sequences and subglacially streamlined surfaces of Svínafellsjökull’s landsystem imprint is 

typical of other sloping piedmont forelands in southern Iceland. This is in contrast to Hoffellsjökull’s 

outwash-head type landsystem signature with its additional, regionally unique component of closely-

spaced composite push moraines, indicative of long term stability at and near the LIA maximum. 

Moraine spacing is a potentially valuable climate indicator also on the Svínafellsjökull foreland, where 

quasi-stability and/or readvance in the two periods of the mid-1950s-1960 and 1975-2000 resulted in 

the construction of two arcuate zones of closely-spaced and partially overprinted sawtooth and 

hairpin moraines.  

Additionally, the pattern of moraine distribution on the Svínafellsjökull foreland, not unlike other 

active temperate forelands in SE Iceland, reflects spatio-temporal change in moraine-forming 

processes dictated by changes in a combination of proglacial drainage characteristics and structural 

glaciology or crevasse architecture. This is manifest in the change from more linear and broadly 

arcuate moraine of the early post-LIA period to increasingly till squeeze-dominated and 

sawtooth/hairpin plan forms since the mid-20th Century, evidently a product of a switch from well-

drained to increasingly poorly-drained settings, as proglacial drainage became more constrained 

between emerging overridden moraine arcs, as well as the development of increasingly stronger radial 

crevassing.  

The subglacial footprint of the Svínafellsjökull foreland contains some significant features worthy of 

future research attention, including an arcuate zone of overridden moraines potentially indicative of 

a regional Holocene ice advance of similar magnitude to that of the LIA, prominent flutings and debris 

stripes potentially indicative of groove-ploughing and point-source bedrock plucking respectively, and 

relatively large drumlins. Additionally, continued snout recession, especially of the Hoffellsjökull flow 

lobe, will uncover further details of the landform-sediment assemblages indicative of ice-dammed and 

proglacial lake linkages to englacial and subglacial drainage pathways in depositional overdeepenings.     
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Figure captions 

Figure 1: Variations since 1931 of the non-surge glacier margins of the Vatnajökull South Region 
glaciers, using data from the Icelandic Glaciological Society (from Evans & Chandler 2018). 
 

Figure 2: Location map (a) and oblique aerial photograph (b) of Hoffellsjökull in SE Iceland. The 

western flow lobe of Svínafellsjökull forms the lobate margin on the left side of the aerial image and 

the eastern flow lobe is confined by the valley on the right (photograph kindly provided by Snævarr 

Guðmundsson).  

Figure 3: The bedrock topography beneath Hoffellsjökull in 2001, with blue area indicating elevations 
below sea level (from Björnsson & Pálsson 2004). 
 

Figure 4: The historical changes of Hoffellsjökull: a) longitudinal profiles and cross sections through 
Hoffellsjökull, showing the bed topography and ice surface changes over time. The long profiles A-A’ 
and B-B’ are for the two independent flow lobes of Svínafellsjökull and Hoffellsjökull respectively. 
Inset map shows profile locations and historical ice margins (from Aðalgeirsdóttir et al. 2011); b) 
map of the extent of the glacier and its lakes over time (after Hannesdóttir et al. 2015).  
 

Figure 5: Ahlmann and Þorarinsson’s (1939) map depicting the glacier snout and the proglacial lake 

draining into the main proglacial river Vesturfljót (now names Suðurfljót). Also mapped are the four 

ice-dammed lakes of Gjánúpsvatn (Gjávatn), Múlavatn, Pollur and Efstafellsvatn. 

 

Figure 6: Glacial geomorphology and surficial geology map of Hoffellsjökull, depicting the landform-

sediment assemblages of the glacial landsystem as they appears in 2012. A higher resolution version 

is available for download as supplementary information.       

Figure 7: Moraines of the Hoffellsjökull glacial landsystem: a) satellite image extract (2012; 870 m 

across) of recessional moraines on the outer Svínafellsjökull foreland, constructed from 1890-1903 

and superimposed over an arcuate zone of smoothed and weakly fluted ridges (overridden 

moraines); b) aerial photograph extract (Landmælingar Islands 1975) of the intensely overprinted 

sequence of multiple push moraines on the Hoffellsjökull foreland and documenting the initially 

slower recession of the quasi-stable snout; c) ground photograph and stratigraphic section from the 

pre-1930s push moraines on the Svínafellsjökull foreland, showing glacitectonically deformed, 

coarse stratified gravels. 

Figure 8: Satellite image extract (2012) of the low bedrock ridge to the west of the Svínafellsjökull 

foreland, showing patchy, boulder-rich tills and localised areas of bedrock, with tills thickening 

abruptly into closely-spaced and locally partially overprinted crenulate push moraines and short 

flutings. Image is 800 m across.  

Figure 9: Thin and patchy till veneer (upper view) partially covering plucked and abraded bedrock 

surfaces, displaying roches moutonnées, whalebacks and cross-cutting striae (middle and lower 

views), on the lower slopes of the Svínahryggur ridge.   

Figure 10: Flutings and debris stripes on the Svínafellsjökull foreland: a) satellite image extract (2012) 

of the flutings and debris stripes, showing their association with sawtooth and hairpin push 

moraines on the post-1975 foreland; b) aerial oblique view of the same area taken in 2016 by 

Þorvaður Árnason.  



Figure 11: Drumlins and associated landforms on the Svinafellslon peninsula: a) extract from 1975 

aerial photograph (Landmælingar Islands); b) a 6 cm hillshade DEM derived from UAV imagery; c) 

ground photograph viewed from the northeast in 2014.  

Figure 12: Examples of the prominent glacifluvial landforms and deposits on the Hoffellsjökull 

foreland: a) aerial photograph extract (Landmælingar Islands 1989) of the terraced proglacial 

Hoffellssandur, beyond the LIA maximum moraines; b) satellite image extract (2012) of the linear 

sandar confined by inset sequences of recessional push moraines on the west side of the 

Svínafellsjökull foreland; c) satellite image extract (2012) of the push moraines developed by 

bulldozing of the pitted apexes of ice-contact sandur fans on the south shore of Svínafellslón.  

 

Figure 13: The evolution of englacial eskers related to glacier sub-marginal tunnel development by 

decanting ice-dammed lake waters on the east side of Hoffellsjökull: a) satellite image extract (2012)    

showing the emergence of englacial esker segments and associated controlled moraine ridges; b) 

aerial photograph extract (Landmælingar Islands 1975) showing tunnel development due to decanting 

ice-dammed lake waters.   

Figure 14: Glacilacustrine deposits and landforms: a) satellite image extract (2012) of the north arm 

of Gjánúpsvatn (Gjávatn), showing incised and terraced delta terraces; b) aerial photograph extract 

(Landmælingar Islands 1989) of the south arm of Gjánúpsvatn (Gjávatn), showing prominent flights 

of abandoned, gravel-rich lake shorelines; c) the southern shore of Hoffellslón, showing subaqueous 

moraine ridges uncovered by ice recession and lake lowering since 2008. The light tone indicates 

that these features are composed of glacitectonised rhythmite sequences and subaqueous fans.  

Figure 15: Typical glacilacustrine deposits exposed on the southern shore of Hoffellslón and visible on 

Figure 14c; a) overview looking east of subaqueous moraine ridges and gullies through glacilacustrine 

deposits; b) glacitectonically disturbed subaqueous (grounding-line) fan (ice flow from right to left); c)  

rhythmites with dropstones and iceberg dump features; d) normally faulted rhythmite sequence.         
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