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GLACIER RECESSION HISTORY AND ITS LANDFORM IMPRINT

The Icelandic south coast glaciers have been predominantly undergoing recession since the early 
1900s, shortly after reaching their Little Ice Age maximum limits, but their snouts typically make short 
annual readvances in response to the winter period of reduced ablation. This is a characteristic of active 
temperate glacier recession and results in the emplacement of inset sequences of push moraines. In 
terms of general recession, Icelandic glaciers are thought to be particularly sensitive to inter-annual 
variations in summer average air temperatures to which they have a very rapid reaction time. Hence 
landforms such as push moraines are produced on an annual, possibly even sub-annual basis. 
Additionally, the post-Little Ice Age glacier recession pattern has been interrupted by some more 
substantial advances in response to climate triggers. Most notable was an early-1990s readvance, which 
appears to correspond with a positive North Atlantic Oscillation (NAO) index. This period from 1989-1994 
was characterized by more storms tracking across Iceland, bringing greater precipitation and therefore 
higher rates of snow accumulation. Hoffellsjökull’s recession was only monitored from the 1930s up until 
1960, over which time it receded very little, so the push moraines of that period are very closely spaced. 
These landform-climate relationships are evident on the west foreland of Hoffellsjokull (Svinafellsjokull) 
but the east foreland displays a very different trend. Here the glacier snout remained largely stable from 
the Little Ice Age maximum of around 1890 until the start of the 21st Century, receding only slightly and 
still occupying the inner slopes of the large terminal moraine loop. It only started to undergo catastrophic 
retreat in 2010 when the proglacial lake enlarged and then initiated calving of large icebergs from the 
glacier snout.  

FLUTINGS AND DRUMLINS

Flutings (or flutes) are relatively evenly spaced, parallel ridges up to 3 m high and wide, giving the impression of a ploughed field in front of the glacier. Individual flutings can extend for tens of metres and 
sometimes up to several hundreds of metres. They are usually composed of till (subglacially deformed sediment) and often associated with lodged stoss-boulders, which commonly lie at their up-flow (stoss) ends. 
Lodgement occurs when a boulder being carried by the glacier sole starts to drag on the bed and ploughs through the till until its forward momentum is arrested. Once lodged, the boulder forces the deforming till 
at the glacier bed to become squeezed from areas of high pressure into a relatively low pressure lee-side cavity on its downflow side. Once the sediment is squeezed into the cavity it tends to propagate it so that 
the fluting grows downflow from the stoss boulder. Stoss boulders can be introduced to the deforming bed at any time and it is common to see a range of stoss boulder/fluting relationships; some can be almost 
completely buried beneath the fluted till or, at the other end of the spectrum, perched above the flutings and associated with a sediment prow that has been bulldozed up by the ploughing boulder but then developed 
no further because ice flow had then shut down at the site. Drumlins are much larger, ovoid shape features created by the subglacial streamlining of sediment. They are less common on Icelandic glacier forelands 
than flutings and only a small number exist on the  Hoffellsjökull west foreland.   

PROGLACIAL LAKE SEDIMENTS

The sediments laid down in proglacial lakes such as the one in front of   Hoffellsjökull are called 
glacilacustrine deposits. The deposits in the lake display distal-fining, whereby the coarsest grain sizes 
like gravels and sands have been dropped directly at the (proximal) exit point from the glacier, usually 
the mouth of an ice tunnel at  the glacier grounding line or its floating point. The pile of sediment so 
created is called a subaqueous fan or grounding line fan and it may be subject to bulldozing by the 
oscillations of the glacier snout to form underwater (subaqueous) moraines. Because the finer-grained 
sediments (silts and clays) become bouyant in the deep lake water at the exit point from the glacier, they 
ascend through the water column and move across the lake as a sediment plume, eventually being 
deposited more slowly in the distal or quieter waters of the lake due to  suspension settling. This 
produces  rhythmically laminated silts and clays called rhythmites or varves, in which alternating layers 
of coarser, summer silts and finer winter clays record the changing seasons. These deposits may be 
greatly disturbed by icebergs either being dragged along the lake bottom or dropping larger boulders  
(dropstones) as they melt, thereby creating iceberg rafted debris (IRD).   

PUSH MORAINES

Push moraines are minor ridges produced by seasonally-driven snout advances. Minor push moraines 
are usually around 1 – 5 m high and broadly arcuate in planform, although in detail their crests are often 
crenulated or sawtooth/hairpin in form when viewed from above, which reflects the morphology of the 
glacier snout. This is especially noticeable where the snout is indented by radial crevasses or pecten. 
Push moraines commonly have asymmetric cross profiles, with gentle proximal and steep distal slopes. 
The occurrence of small flutings on the ice-proximal slopes of push moraines indicates that there is a 
clear linkage between subglacial deformation and sub-marginal ridge construction. Indeed, moraine 
debris is predominantly till but some pockets of deformed stratified sediment do occur where the glacier 
snout has bulldozed marginal stream or lake sediments. These ridges are produced by both pushing 
(bulldozing) and squeezing of material, often augmented by the freezing on and shunting of a thin till 
layer near the snout during the winter. Both normal (vertical loading) and shear (horizontal) stresses 
combine in the glacier sub-marginal environment to construct a moraine nearly every year, hence the 
term "annual recessional push moraine" is often used. When glacier stillstands or readvances occur, 
however, it is often difficult to decipher seasonal signals, because large composite push moraines are 
constructed due to annual push moraines being superimposed upon one another, as you can see on the 
foreland of the eastern lobe of Hoffellsjökull.

Schematic models explaining the processes of recessional (annual) push moraine formation at the 
margins of Icelandic south coast glaciers: a) efficient bulldozing of extruded submarginal sediments;
b) efficient bulldozing of pre-existing proglacial sediments; c) emplacement of sediment slabs through 
subglacial freeze-on.

Idealized diagram showing the distribution of erosional forms on roches moutonnées in plan (a)
and profile (b) view. 

Aerial photograph dating to 1982 and showing the proximal sandur of east Hoffellsjökull.A striated whaleback on the west Hoffellsjökull foreland. 

A digital elevation model of part of the west Hoffellsjökull (Svinafellsjökull) foreland based upon UAV 
imagery taken in 2014. Very clear in this image is the remarkable sawtooth pattern of the recessional 
push moraines and their close spacing and partial overprinting, indicative of a slowly receding and 
heavily crevassed glacier snout. 

Diagram showing a cross-section through a glacier and its proglacial lake. Englacial tunnels feed 
sediment-laiden meltwater to the glacilacustrine environment to produce a subaqueous fan, which 
forms the proximal depositional zone (A). This passes into the finer deposits or rhythmites of the 
intermediate (B) and distal (C) zones where some coarser debris may be introduced by iceberg 
dropping, dumping or grounding.

Conceptual models of fluting and drumlin formation based upon various observations on the pattern of till deformation.

Subaqueous fan/grounding line deposits at Hoffellsjökull, showing the coarser 
gravels and sands of the fan at the right and dipping towards the left where they 
grade into finer-grained, more distal rhythmites. Note also the overturning and 
crumpling of the fan gravel bedding at the far right due to deformation by the 
oscillating glacier margin

Typical sandur characteristics 
and their relationship to glacier 
snouts. The cross sections 
show how the glacier constructs 
a push moraine, with its 
proglacial meltwater building up 
a sandur during ice advance 
and then incising and terracing 
the sandur during ice recession. 
The plan view below shows how 
sediment fines distally from the 
glacier to the sea.  

Iceberg rafted debris, including a dropstone with associated down-warped 
bedding, in the proglacial deposits on the Hoffellsjökull foreland.

The nature of glacier recession in southern Iceland

SUBGLACIAL BEDROCK EROSIONAL FORMS

The large expanses of bedrock exposed in the centre of the Hoffellsjökull foreland display fine examples 
of glacial abrasional landforms called roches moutonnees and whalebacks or rock drumlins. These 
are streamlined bedrock bumps covered in striations or scratches that were created by the glacier as it 
dragged boulders over its bed. The striations will provide an immediate sense of former ice flow direction, 
just like flutings and drumlins, but because they are created at a much smaller scale their alignments will 
deviate due to the many complex changes in bedrock topography.

SANDUR (pl. sandar)

Sandar are large bodies of gravel and sand laid down by proglacial rivers and are called glacifluvial 
deposits. The Hoffellsandur is a particularly famous example as it was the subject of the first substantial 
research programme on such features in the 1950s. Over time the sandur surface has been incised or 
downcut by the proglacial river to produce spectacular terraces. In 2008 the river stopped flowing, 
leaving the river bed exposed and allowing us to appreciate the huge size of some of the boulders being 
moved by the glacial meltwater. The sandur extends all the way from the  Little Ice Age moraine to the 
sea near Hofn, over which distance the deposits fine distally from boulders to gravel to sand and then 
finally silt at the coast.
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