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Glacier dynamics

Gigjökull is a northward flowing outlet glacier of the Eyjafjallajökull ice cap in southern
Iceland. The ice cap covers the summit of the Eyjafjöll massif, an active central volcano that
last erupted in AD 1821-23. However, the volcano showed seismic signs of activity in the
summers of 2001-2002. Eyjafjöll is part of the Eastern Volcanic Zone that also includes the
volcanoes of Heimay, Katla, the Laki fissure, and Bardabunga. Gigjökull flows directly from
the summit crater of the volcano, hence its name – Gig meaning ‘crater’ in Icelandic. In its
accumulation area, within the crater, the ice is 1-200 m thick (Strachan, 2002). The glacier
falls steeply, via a series of icefalls, from the crater rim to the foot of the mountain. Airfall
tephra from the eruption of Hekla in 1947 covered much of the ablation area in black ash. The
ice-front advanced rapidly in the years 1948-1954, possibly due to the heat-shielding effects
of the tephra (Kirkbride & Dugmore, 2003). In stark contrast, the main trunk of the glacier has
thinned rapidly in the last 10 years. Bedrock is now exposed at 250 m asl, where ice flowed
as recently as 1998. The large moraine ramparts are a striking feature of this commonly
visited glacier.

The aims of this unit are:
1. to introduce the concept of glaciers as a dynamic geological system.
2. to demonstrate how glaciers accumulate, waste and flow.
3. to understand the concepts of glacial erosion and deposition.

Research questions:
1. What are the key erosion processes and their relative effectiveness at the glacier
sole?
2. How effective is the glacier as a sediment conveyor? How can we explain the size of
the latero-frontal moraine complex?
3. To what extent are the fluctuations of the glacier governed by volcanic effects (ie.
geothermal heating, tephra cover) rather than climate change?

References:
Bennett, M.R. & Glasser, N.F. 1996. Glacial Geology: Ice sheets and Landforms. John Wiley,
Chichester, 364pp.
Kirkbride, M.P. & Dugmore, A.J. 2003. Glaciological response to distal tephra fallout from the
1947 eruption of Hekla, south Iceland. Journal of Glaciology, 49: 420-428.
Ostrem, G. 1964. Ice melting under a thin layer of moraine and the existence of ice in moraine
ridges. Geografiska Annaler, 41: 228-230.
Strachan, S. 2002. Ice-radar investigations on Eyjafjallajökull, Iceland. Unpublished PhD
thesis, University of Edinburgh.
Sugden, D.E. & John, B. 1976. Glaciers and Landscape. Arnold, London.
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1967 Steinholtshlaup and its geomorphological legacy

Steinholtsjökull is, like Gigjökull, a small, steep, northward flowing outlet glacier of the
Eyjafjallajökull ice cap. Unlike Gigjökull, the glacier is sourced on the eastern flank of the
volcanic massif, not directly from the crater. In its lower reaches the glacier flows in a deep
trough which curves around to the west. The glacier was once considerably more extensive,
depositing moraines on the plateau to the north of the glacier terminus (Kirkbride & Dugmore,
in press). In 1967 a large section of the valley side collapsed onto the glacier margin. The
slide plane continued 30m below the base of the glacier, causing the displacement of a large
portion of the glacier margin. This ice, in combination with much of the rock-fall debris created
a catastrophic ‘hlaup’ event, displacing and mixing with water in a large proglacial lake under
intense air pressure (Kjartansson, 1967). This hlaup flowed downvalley as a high-energy
outburst flood, transporting large boulders (80m3 or >50 tonnes) and ice blocks for several
kilometres (Kjartansson, 1967). At its peak it is estimated that discharge reached 2100m3/sec.
The glacier foreland exhibits clear geomorphological evidence of the flood.
Immediately following the event a veneer of debris covered slopes in the Steinholtsa valley up
to 75m above the valley floor. Large boulders and erosional channels attest to the power of
the flood, whilst hummocks and dead-ice hollows relate to deposition in the quiescent phase.
The collective landsystem is evidence of a modern low-frequency, high-magnitude event
within a glacial system. The ice-front advanced during the 1970s and oscillated around the
same position in the 1980s. Noticeable thinning and surface modification of the glacier has
occurred since 1995.

The aims of this unit are:
1. to introduce the concept of glaciers as a dynamic geological system.
2. to demonstrate the delicate interplay between the landscape and glacier dynamics.
3. to examine evidence of a recent low-frequency, high-magnitude event in the
geological record.

Research questions:
1. What are the prominent indicators of hlaup activity that can be found in the
depositional record, both contemporary and ancient?
2. How important are these events in our understanding of the glacial environment?
3. To what extent are deposits similar to those found in the Steinholtsa valley to be
expected in British Quaternary environments?

References:

Kjartansson, G. 1967. The Steinholtshlaup, central south Iceland, on January 15th 1967. Jökull
17: 249-262.
Kirkbride, M.P. & Dugmore, A.J. in press. Two millennia of glacier advances in southern
Iceland dated by tephrochronology. Quaternary Research.
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Glaciofluvial sheet deposits (sandar)

The Markarfljot is a large coastal plain of coalescent braided-river sediments deposited by
meltwater issuing from several glaciers in the Thorsmork district. This sheet of glaciofluvial
sediments or sandur has been forming since deglaciation started at the end of the Late
Devensian, and has been actively prograding throughout much of the last 10,000 years
(Krigstrom, 1962). The Markarfljot glaciofluvial-valley fill attains a thickness of >250 m and
extends 30 km downstream from glacier termini (Haraldsson, 1981).
Sediments in the Markarfljot sandur range in size from large boulders to fine sand
and silt – the majority being gravel and cobble grade. The aggradation and migration of
bedforms and larger-scale dunes, bars and channels produce a wide range of lithofacies
associations. Sandur deposits on the Markarfljot accrete in complex lateral (transverse) bars
(Maizels, 1991). Directional structures within the bars are more variable in orientation than the
channels which contain them. Different directional structures record different stages of the
flow: imbrication and lineation form mainly in response to high flow stage; whilst crossstratification records the lower stages of flow (Miall, 1978).
It has been suggested that low-frequency, high-magnitude flood events or jökulhlaup
may play a key role in long-term sandur development in southern Iceland (Maizels, 1991).
However, Markarfljot has experienced very few catastrophic outburst floods in historical times
(since ~AD 900) (Smith, 2004).

The aims of this unit are:
1. to recognise glaciofluvial outwash deposits (sandar), their regional extent and
development history.
2. to recognise the sediment lithofacies associated with glaciofluvial sheet deposits.
3. to understand the concept of glacial sediment recycling from the ice-margin to the
sediment sink.

Research questions:
1. How can the lithofacies found in sandur be used to determine a history of formation?
2. What are the key sedimentological indicators of flow regimes in sandur deposits?
3. To what extent are these characteristic lithofacies able to provide information about
the wider palaeoenvironmental changes occurring within the Markarfljot catchment?

References:
Haraldsson, H. 1981. The Markarfljot sandur area, south Iceland: sedimentological,
petrographical and stratigraphic studies. Striae, 15: 15-56.
Krigstrom, A. 1962. Geomorphological studies of sandur plains and their braided rivers in
Iceland. Geografiska Annaler, 44: 328-346.
Maizels, J.K. 1991. The origin and evolution of Holocene sandur deposits in areas of
Jökulhlaup drainage, Iceland. In: Maizels, J.K. & Caseldine, C.J. (Eds) Environmental Change
in Iceland: Past and Present: 267-302. Kluwer, Dordrecht.
Miall, A.D. (ed) 1978. Fluvial Sedimentology. Canadian Society of Petroleum Geologists
Memoir, 5.
Smith, K.T. 2004. Holocene jökulhlaups, glacier fluctuations and palaeoenvironment,
Mýrdalsjökull, South Iceland. Ph.D thesis, University of Edinburgh.
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Paraglacial fans and sediment sequences

Langanes lies on the southern flanks of the Markarfljot Valley, and is characterised by a
series of coalescent alluvial and glaciofluvial fans. These fans are up to 1.5km wide at the toe,
and 1.5km long from toe to apex. They were deposited chiefly by meltwater issuing from the
Eyjafjallajökull ice cap. The ice cap has been retreating and thinning since attaining its recent
maximum during the Little Ice Age (~AD 1600-1900).
The construction, progradation and dissection of the fans throughout the Holocene
reflects the nature of ice-cap retreat on Eyjafjallajökull. During the Little Ice Age the eastern
fans received sediments directly from ice-marginal streams (Dugmore, 1987). Over the
course of the last two centuries these fans have become largely inactive, experiencing
periodic incision during high-magnitude rainstorms. The older fans are truly paraglacial; being
conditioned by glaciers in their catchment, but not being a direct product of glaciation.
The examination of lithofacies within the fan sediments can allow palaeogeographical
reconstruction to be made. In combination with dating techniques, such as lichenometry and
tephrastratigraphy, the recognition of sediment packages within the fans may enable the rates
of fan formation, the timing of incision, and age of fan surfaces to be ascertained.

The aims of this unit are:
1. to recognise the morphology and processes operating on glaciofluvial and alluvial
fans.
2. to recognise the sediment lithofacies associated with glaciofluvial and alluvial fans.
3. to understand the concept of the paraglacial landsystem.

Research questions:
1. What are the key lithofacies types associated with fan deposits?
2. To what extent are the characteristic lithofacies, in combination with dating
techniques, able to provide information regarding the temporal and spatial variability
of fan formation. How can this be related to the dynamics of the Eyjafjallajökull ice
cap?
3. How applicable is the concept of paraglaciation in modern and ancient landscapes.
References:
Rachocki, A.H. & Church, M. (eds) 1990. Alluvial Fans: A Field Approach. Wiley, Chichester.
Denny, C.S. 1967. Fans and pediments. American Journal of Science, 265. pp 81-105
Dugmore, A.J. 1987. Holocene glacier fluctuations around Eyjafjallajökull, south Iceland: a
tephrochronological study. Unpub. PhD thesis, University of Aberdeen.
Heward, A.P. 1978. Alluvial fan sequence and megasequence models: with examples from
Westphalian D-Stephanian B coalfields, northern Spain. In Miall (ed), Fluvial Sedimentology.
Canadian Society of Petroleum Geologists Memoir, 5, pp. 669-702.
Miall, A.D. (ed) 1978. Fluvial Sedimentology. Canadian Society of Petroleum Geologists
Memoir, 5.
Selley, R. C. 1976. An Introduction to Sedimentology. Academic
Press, London.
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Ice-margin fluctuations

Solheimajökull is a 15-km long outlet glacier of the Myrdalsjökull ice cap in southern Iceland.
The glacier has an altitude range from 1500-100 m asl, and is sourced on the southern
portion of the Katla central volcano. The glacier covers 42 km2 and drains through a broad
trough in its lower reaches. Ice-radar surveys have revealed that this trough lies >50 m below
sea level in places and that the ice is up to 300m thick in the glacier trunk. Solheimajökull has
been monitored sporadically since c. AD 1700 and annually since 1932. The glacier is one of
the most easily accessible in Iceland and, consequently, has been the focus of several
detailed palaeo-environmental and glaciological studies (eg. Dugmore, 1987; Taylor, 1998;
Mackintosh, 2000).
The large-scale fluctuations experienced by Solheimajökull during the Holocene are
unprecedented in Iceland. This fact led some to suggest that the glacier was responding to
ice-divide migration rather than simply climatic forcing (Dugmore & Sugden, 1991). The
topography of the Myrdalsjökull ice cap would be well suited to such a phenomenon.
However, recent modelling studies have shown that the glacier fluctuations could be simply in
response to climatic change (Mackintosh et a/., 2002). The length of the glacier being partly
responsible for the long response time of the ice margin to perturbations in ELA. It is also
possible that the fluctuations of Solheimajökull are related to geothermal changes beneath the
ice.

The aims of this unit are:
1. to examine the processes operating at a present-day ice margin.
2. to identify the geological record of former ice margins on the glacier foreland.
3. to understand the link between glacier fluctuations and climatic forcing factors.
Research questions:
1. Is the glacier currently in equilibrium with the climatic conditions?
2. What is the preservation potential of the glacial geomorphology relating to a dynamic,
climatically sensitive, glacier such as Solheimajökull?
3. Do the anomalous fluctuations of Solheimajökull reflect ice-divide migration?
References:
Dugmore, A.J. 1987 Holocene Glacier Fluctuations around Eyjafiallajökull, south Iceland: A
tephrochronological study. Unpublished Ph.D. Thesis, Department of Geography, University of
Aberdeen, Scotland.
Dugmore, A.J. 1989. Tephrochronological studies of Holocene glacier fluctuations in south
Iceland. In: Oerlemans, J. (Ed.) Glacier Fluctuations and Climatic Change. Kluwer Academic
Publishers, Dordrecht: 37-55.
Dugmore, A.J. & Sugden, D.E. 1991. Do the anomalous fluctuations of Solheimajökull reflect
ice-divide migration? Boreas, 20: 105-113.
Mackintosh, A. 2000. Glacier fluctuations and Climatic Change in Iceland. Unpublished Ph.D.,
Geography Department, University of Edinburgh.
Mackintosh, A.M., Dugmore, A.J., Hubbard, A.L. 2002. Holocene climatic changes in Iceland:
evidence form modelling glacier length fluctuations at Solheimajökull, Iceland. Quaternary
International, 91: 39-52.
Taylor, F. 1998. Ice-radar investigations on Solheimajökull, south Iceland. Unpublished MSc
thesis, Geography Department, University of Edinburgh.
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Jökulhlaup

Skeidarajökull is a large outlet glacier draining the southern margin of Vatnajokull – the
largest ice mass in Europe. Skeidarajökull has a total area of 160 km2 with an ice front 25km
wide. It is the largest of the Icelandic glaciers and has surged several times in the last ~300
years. It is also commonly affected by glacier outburst floods or jökulhlaup. The largest in
Iceland’s history, and most recent, being on November 6-7th 1996 (Jonsson et al., 1998).
Various aspects of the geomorphological and sedimentological legacy of the 1996
jökulhlaup on Skeidararsandur have been studied in detail by numerous researchers (eg.
Russell & Marren, 1999; Roberts et al., 2000)

The aims of this unit are:
1. to recognise the range of sediments and landforms associated with glacier outburst
floods (jökulhlaups).
2. to examine evidence relating to the erosional and depositional regimes within a highmagnitude, low-frequency flood event.
3. to examine the legacy of the 1996 Skeidara jökulhlaup.

Research questions:
1. Can palaeo-outburst floods be recognised in the landscape?
2. How often do jökulhlaups occur, can they be predicted and what are the hazards to
humans?
3. How old is the buried ice in the Gigjukvisl section and how long is it likely to survive?

References:
Everest, J.D., Bradwell, T. 2003. Buried glacier ice in southern Iceland and its wider
significance. Geomorphology, 52: 347-358.
Maizels, J.K. 1991. The origin and evolution of Holocene sandur deposits in areas of
jökulhlaup drainage, Iceland. In: Maizels, J.K. and Caseldine, C. (eds) Environmental change
in Iceland: Past and present. Dordrecht: 267-302.
Jonsson, S., Adam, N., Bjornsson, H., 1998. Effects of subglacial geothermal activity observed
by satellite radar interferometry. Geophysical Research Letters, 25: 1059-1062,
Roberts, M.J., Russell, A.J., Tweed, F.S. & Knudsen, Ó., 2001. Controls on englacial sediment
deposition during the November 1996 jökulhlaup, Skeiðarárjökull, Iceland. Earth Surface
Processes & Landforms, 26, 935-952.
Russell, A. J. & Marren, P. M. 1999: Proglacial fluvial sedimentary sequences in Greenland
and Iceland: a case study from active proglacial environments subject to jökulhlaups. In Jones,
A. P., Tucker, M. E. & Hart, J. K. (eds.): The Description and Analysis of Quaternary
Stratigraphy Field Sections, 171-208. QRA Technical Guide No. 7.
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Dating techniques

(i) Lichenometry

Svinafellsjökull is a medium-sized outlet glacier of the Öraefajökull ice cap. The trunk of the
glacier is 8 km long and flows from a high-level accumulation area on the northern part of the
ice cap. The glacier descends via a series of ice-falls in its upper reaches but has a low
gradient for much of its length. Svinafellsjökull is flanked by mountains, Hafrafell (1180m),
Hrutsfjall (1875m) and Hvannadalshnukur (2119 m), that provide a stunning backdrop.
During the 18th and 19th centuries the glacier was more extensive and coalesced with
Skaftafellsjökull to form a broad piedmont lobe. The glaciers separated c.1930. Moraines on
the proglacial foreland at Svinafellsjökull detail the history of ice-marginal fluctuations during
the late Holocene. The geomorphic record is unusually well preserved, partly due to the
confined meltwater system. Moraines, flutes, kettle holes, proglacial lakes and glaciofluvial
deposits are all in evidence. Thompson (1988) mapped the moraines and devised a glacial
chronology using lichenometry. The glacier is a favourite for student mapping projects due to
its accessibility and clarity of landforms.

The aims of this unit are:
1. to recognise the range of landforms found at an actively oscillating glacier front.
2. to understand the concept of ‘preservation potential’ within the geomorphic record.
3. to understand the concept of lichenometric dating.

Research questions:
1. How can the unusually well-preserved geomorphic record at Svinafellsjökull be
explained?
2. What are the advantages and limitations of lichenometric dating?
3. How does the climate affect the glaciology of the glaciers in southern Iceland?

References:
Bradwell, T. 2001a. A new lichenometric dating curve for southeast Iceland. Geografiska
Annaler, 83A: 91-101.
Bradwell, T. 2001b. Glacier fluctuations, lichenometry and climatic change in Iceland.
Unpublished Ph.D. thesis, University of Edinburgh.
Dabski, M. 2002. Dating of the Fláajökull moraine ridges SE Iceland, Jökull, 51: 17-24.
Evans, D.J.A., Archer, S. and Wilson, D.J.H. 1999.. A comparison of the lichenometric and
Schmidt hammer dating techniques based on data from the proglacial areas of some Icelandic
glaciers. Quaternary Science Reviews, 18: 13-41.
Gordon, J.E. and Sharp, M. 1983. Lichenometry in dating recent glacial landforms and
deposits, southeast Iceland. Boreas, 12: 191-200.
Thompson, A. 1988. Historical development of the proglacial landforms of Svinafellsjökull and
Skaftafellsjökull, southeast Iceland. Jökull, 38: 17-31.
Thompson, A. and Jones, A. 1986. Rates and causes of proglacial river terrace formation in
southwest Iceland: An application of lichenometric dating techniques. Boreas, 15: 231-246.
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Dating techniques

(ii) Tephrochronology

Svinafellsjökull is an 8-km long outlet glacier of the Öraefajökull ice cap. The margin of
Svinafellsjökull has fluctuated considerably over the last 10,000 years. During the height of
the Weichselian Glaciation southeast Iceland was covered by a large ice sheet that reached
to the shelf break, 50 km offshore (Ingolfsson & Norddahl., 1994). Moraines on Skaftafellsheidi
testify to a period when the glacier was ~300 m thicker and probably several kilometres
longer than at present. Tephra from volcanic eruptions has been used to date these early
Holocene moraines (Gudmundsson, 1998). During the 9th and 10th centuries, when Iceland
was settled by the Norse, glaciers in Iceland were smaller than today. In the 12th and 13th
centuries the climate deteriorated and glaciers in the south advanced. The moraine at
Storalda is believed to date from this period (Thorarinsson, 1956). The Little Ice Age (~AD
1500-1900) brought severe winters and sea ice to the south coast of Iceland. Glaciers
remained in advanced positions for much of the 18th and 19th centuries. The LIA maximum,
represented by a large moraine at Svinafellsjökull, is thought to have been deposited c.1870
(Thompson & Jones, 1986; Thompson, 1988)

The aims of this unit are:
1. to recognise the range of landforms found at an actively oscillating glacier front.
2. to understand the concept of 'preservation potential' within the geomorphic record.
3. to understand the concept of tephrochronological dating.

Research questions:
1. What are the benefits of the multi-proxy approach to palaeo-environmental studies?
2. What are the advantages and limitations of tephrastratigraphy?
3.

What is the age of the Storalda moraine?

References:
Gudmundsson, H.J. 1998. Holocene Glacier Fluctuations and Tephrochronology of the
Öraefi district, Iceland. Unpublished Ph.D. Thesis, University of Edinburgh.
Ingolfsson, O. & Norddahl, H. 1994. A review of the environmental history of Iceland, 13,0009000 yr BP. Journal of Quaternary Science, 9: 147-150.
Thompson, A. 1988. Historical development of the proglacial landforms of Svinafellsjökull and
Skaftafellsjökull, southeast Iceland. Jökull, 38: 17-31.
Thompson, A. and Jones, A. 1986. Rates and causes of proglacial river terrace formation in
southwest Iceland: An application of lichenometric dating techniques. Boreas, 15: 231-246.
Thorarinsson, S. 1956: On the variations of Svinafellsjökull, Skaftafellsjökull and Kviarjökull in
Öraefi. Jökull, 6, 1-15.
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Proglacial foreland evolution

Skaftafellsjökull is a medium-sized outlet glacier of the Vatnajökull ice cap. The glacier is
sourced on the saddle between Vatnajökull and Öraefajökull, with ~20% of the ice coming
from Öraefajökull. The main body of the glacier is 10 km long and 2-3 km wide. The glacier
carries a relatively low supraglacial debris load. During the Little Ice Age the glacier margin
extended 2 km further onto the sandur than at present, and was coalescent with
Svinafellsjökull. Thompson & Jones (1986) mapped the foreland of Skaftafellsjökull and dated
the moraines using lichenometry. Since the end of the 19th Century, Skaftafellsjökull has
undergone punctuated retreat, with noticeable readvances or stillstands centred around 1917,
1930, 1953 and 1982 (Thompson, 1988). The proglacial drainage system has changed
considerably over the last ~100 years. The evolution of the sandur has been intimately
associated with the development of proglacial lakes and push moraines. Marren (2002) found
that glacier retreat at Skaftafellsjökull is accompanied by short-lived rapid incision events of
the main meltwater river, rather than gradual fluvial re-adjustment.

The aims of this unit are:
1. to recognise the range of landforms found on a modern glacier foreland.
2. to understand the processes responsible for proglacial drainage evolution over the
last 100 years.
3. to discuss the specific factors responsible for channel migration at the margin of
Skaftafellsjökull since 1995.

Research questions:
1. How rapidly are modern glaciofluvial landforms evolving?
2. In what way does the geomorphology at Skaftafellsjökull resemble a subglacialproglacial landsystem rather than a glaciated valley landsystem?
3. How might the glaciological response of Skaftafellsjökull’s ice margin be influenced
by its dual accumulation areas?
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Periglacial environments

Skaftafellsheidi is the large spur of ice-free upland between Skaftafellsjökull and
Morsardalur. The main heidi is gently sloping and ranges from 100-550 m in altitude. The
mountains of Kristinatindur (1126m) and Skardatindur (1385 m) lie to the NE. During the
height of the Weichselian Glaciation, Skaftafellsheidi was covered by a large ice sheet that
extended ~50 km offshore (Ingolfsson & Norddahl., 1994). However, some of the highest
mountain summits (>1300 m) in southeast Iceland may have been nunataks at this time
(Rundgren & Ingolfsson, 1999). Tephrochronological studies have shown that Skaftafellsheidi
has probably been ice-free since the mid-Holocene (Gudmundsson, 1998) and, consequently,
exhibits a range of periglacial features, such as patterned ground, turf-banked terraces and
solifluction lobes. Air temperatures at 500 m OD fluctuate around freezing point over a typical
diurnal cycle and snow can persist into the summer months.

The aims of this unit are:
1. to recognise the range of sediments and landforms found in a modern periglacial
environment.
2. to understand the processes of frost heave, cryoturbation and solifluction.
3. to recognise the main elements of a ‘fossil’ glacial landscape, broadly comparable in
age to those in upland Britain.

Research questions:
1. How fast are modern periglacial processes operating?
2. How effective is the wind as a geomorphic agent?
3. To what extent do geology and sedimentology affect processes of freeze-thaw and
solifluction?
4. What gives rise to the unusual patterns on the surface of Morsarjökull glacier?
(optional)
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Supraglacial debris and ice-stagnation topography

Virkisjökull is a small outlet glacier of the Öraefajökull ice cap. The glacier is actually two ice
flows that bifurcate around a central nunatak. The eastern part of the glacier is steep and
intensely crevassed and is sometimes referred to as Falljökull (‘fall glacier’). The twin glaciers
drain from the summit of the Öraefajökull volcano (2119m) and have a collective catchment of
~15 km2. The glacier served as a routeway for the jökulhlaup of AD 1362, following the
eruption of Öraefajökull. Large boulders and the deep rock-cut Falljökulkvisl channel testify to
this catastrophic meltwater event.
In the late 1970s, Eyles conducted his now-classic study on supraglacial
sedimentation and ice-stagnation topography at Virkisjökull. He was also an early pioneer of
the glacial landsystems approach, using landforms at Virkisjökull as an analogue for
hummocky moraine formation in Scotland (Boulton & Eyles, 1979; Eyles, 1983). More
recently, Bradwell (1998) mapped the complex system of moraines at Virkisjökull and
reconstructed the chronology of deglaciation using lichenometry. Everest & Bradwell (2003)
used resistivity surveys to verify the presence of buried ice within the chaotic topography on
the foreland.

The aims of this unit are:
1. to recognise the range of sediments and landforms associated with supraglacial
debris supply to the glacier margin.
2. to examine ongoing geomorphic processes at the ice margin and in an area of icecored terrain.
3. to critically examine the process of topographic inversion and the generation of
hummocky moraine (cf. Eyles, 1979).

Research questions:
1. By what processes has supraglacial debris accumulated on Virkisjökull?
2. What are the implications of this case study for hummocky moraines in formerly
glaciated terrain (eg. upland Britain), particularly regarding the rate and mode of
dead-ice meltout in maritime climates.
3. What is the geological legacy of the 1362 jökulhlaup?
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Supra, sub and englacial debris

Virkisjökull is a steep outlet glacier of the Öraefajökull ice cap with a collective catchment of
~15 km2. The glacier drains from the summit of the volcano (2119m) and consists of two limbs
that bifurcate around a central nunatak. A large medial moraine occurs at the confluence of
the two ice flows. Debris covers the glacier to a depth of 0.5 m in places. A second zone of
supraglacial debris occurs on the southern limb of the glacier. Numerous englacial debris
bands exist in the terminal zone, several of these outcrop along the ice margin displaying
basal-ice facies. Thick basal-ice facies are also exposed at the foot of the Falljökull ice cliff.
Large areas of the glacier surface (c. 40%) are debris free.
The glacier foreland currently exhibits elements of 2 different landsystems which can
be directly attributed to the nature and transport path of debris to the glacier margin: (i)
glaciated valley; (ii) subglacial-proglacial. Facies of supraglacial sedimentation dominate the
western half of the foreland; whilst landforms and sediments of subglacial deposition occur to
the east of the river Virkisa (Eyles, 1979; 1983).

The aims of this unit are:
1. to recognise the range of sediments and landforms associated with supraglacial,
subglacial and englacial debris supply to the glacier margin.
2. to examine the relative roles played by englacial and subglacial debris in landform
generation.
3. to examine basal ice at the ice margin and the resultant sediment facies.

Research questions:
1. By what processes does debris accumulate along the ice margin of Virkisjökull?
2. What are the relative roles played by pushing, dumping and englacial thrusting in the
process of moraine formation?
3. How have the superimposed moraine sequences formed and what are their relative
ages?
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Outwash fans: formation and incision

Kótarjökull is a small ice-fall glacier of the Öraefajökull ice cap. The glacier drains a highaltitude catchment c. 10 km2 on the flank of the subglacial volcanic crater. The Kotá river has
formed a sequence of well-defined terraces at the head of an extensive glaciofluvial outwash
fan. The fan was deposited by debris-laden flood waters produced by the eruptions of
Öraefajökull in AD 1362 and 1727. The extensive fan surface is littered with large blocks of
palagonite tuff and lava that formed subglacially and were transported by high-energy flood
waters during the more recent eruption (1727). Eyewitness accounts describe how in 1756
the fan was “still a terrible place covered by ice blocks, rocks, pumice and ash” (Thorarinsson,
1958). Large kettle holes, formed by melting ice blocks, occur across the eastern portion of
the fan. Subsequent dissection of the outwash deposits occurred as the glacial river readjusted to the regional base level. Downcutting, totalling 29 m since the mid 18th century,
has produced a flight of at least 8 erosional terraces. Attempts have been made to date these
terraces through the use of lichenometry (Thompson & Jones, 1986).

The aims of this unit are:
1. to examine glaciofluvial outwash fans and terraces in proglacial environments.
2. to classify the sediment lithofacies associated with these deposits.
3. to examine the interplay between aggradation, incision and base-level change in
dynamic glacial landscapes.

Research questions:
1. How valid is the chronology of fan deposition?
2. How do rates of channel incision relate to recession of the ice margin?
3. What are the implications of this case study for terrace sequences in formerly
glaciated terrain (eg. Britain), particularly regarding the rate and mode of channel
incision in unconsolidated sediments.
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Glaciated valley landsystem

Kviarjökull is a small outlet glacier of the Öraefajökull ice cap. The glacier is sourced on the
southern flanks of the Öraefi volcano, is 13 km long and currently drains an area c. 25km2.
The glacier falls steeply in its upper reaches and more gradually in its ablation area.
Kviarjökull is assumed to be temperate throughout and flows in an overdeepened trough
(Björnsson, 1979; Spedding & Evans, 2002). The glacier is notable for its extremely large
termino-lateral moraine complex. During the Little Ice Age maximum, c.1850, the glacier
terminus reached the top of the moraine ramparts, according to eye-witnesses, dry-calving ice
blocks onto the sandur below (Thorarinsson, 1943).
The glacier was identified by Eyles (1979, 1983) as an exemplar of the glaciated
valley landsystem. The high degree of supraglacial (rockfall) debris and passive
transportation, coupled with the low degree of lodgement processes and meltwater
transportation, suggest it is typical of alpine-type glaciation. However, recently, Spedding and
Evans (2002) argued that Eyles (1979) “played down” the role of alternative transport
pathways at Kviarjökull. Based on detailed sediment studies they attribute the large ramparts
to the high-debris turnover and dynamic drainage network associated with a glacier occupying
an unusually overdeepened basin. Kviarjökull has also been suggested as a locality for
glaciohydraulic supercooling, although sedimentary evidence remains equivocal (Swift et al.,
2005).

The aims of this unit are:
1. to recognise the range of sediments and landforms associated with the glaciated
valley landsystem.
2. to describe sediments along the margin of an alpine-type valley glacier.
3. to examine the evidence for fluvial reworking in the glacier terminus zone.
Research questions:
1. What is the likely transport mode of the sediments at the glacier margin and how do
they relate to the competing models of Eyles (1979) and Spedding & Evans (2002).
2. Why are the lateral moraines at Kviarjokull so exceptionally large?
3. What is the evidence for supercooling at the ice margin?
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Dating controversy

Kviarjökull, at the southeastern tip of Öraefajökull, is a high-turnover outlet glacier in an
extremely maritime setting. The glacier receives between 4 and 8 m precipitation a year and
terminates at 20 m above sea level. The glacier has been the focus of several dating studies
over the last 50 years.
Thorarinsson (1956) studied tephras in soil profiles on the large lateral ramparts to
deduce the minimum age of the moraine complex. He found the moraines to be at least 2000,
but probably but not more than 6000, years old. Black (1990) and Gudmundsson (1998) used
radiocarbon and tephra layers to date early- and mid-Holocene advances at Kviarjökull.
Evans et al. (1999) used lichenometry to date moraines at Kviarjokull as part of a wider study.
Evans et al’s results suggested that all the moraines date from the late 19th and early 20th
centuries – a result clearly at odds with the tephrastratigraphical evidence. This study merely
serves to highlight the risks of applying an inappropriate dating tool and ignoring the multiproxy approach. Recently, Bradwell (2004) found the age of the large moraines at Kviarjökull
and neighbouring Holarjökull to be beyond the limits of the lichenometric technique (>600 yrs
BP). This work also found that the crest of the moraines had been re-occupied in the LIA (c.
1850) and that deglaciation since ~1900 had been in the form of punctuated rapid retreat.
The aims of this unit are:
1. to recognise the applicability of various dating techniques in recently glaciated terrain.
2. to critically examine the evidence for pre-Little Ice Age glacier fluctuations in Iceland.
3. to discuss the implications of moraine-dating studies in a wider context.
Research questions:
1. What do the results of Evans et al’s lichenometric dating actually mean?
2. What are the limitations of other dating techniques used in recently glaciated terrain
(eg. C-14, OSL, tephra, etc.)
3. Are glacier fluctuations at Kviarjökull and Holarjökull representative of climatic change
throughout the Holocene?
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Subglacial processes and annual moraines

Fjallsjökull is a medium-sized, piedmont, outlet glacier draining the north-eastern flanks of
Öraefajökull. The glacier is c.12 km long and 3 km wide; its terminus formerly coalesced with
Breidamerkurjökull to the north and Hrutarjökull to the south. The glacier reached its Little Ice
Age maximum in ~1850, according to Thorarinsson (1943), or in the 1780s, according to
Bradwell (2004a). Fjallsjökull retreated considerably during the 20th century and has been
monitored by local farmers since 1930. Price (1970) studied moraines and outwash deposits
and proposed a model of proglacial landscape evolution. The foreland is famous for its wellpreserved moraine sequences recording minor, often annual, fluctuations of the ice margin.
Many of these formed between 1930 and 1960 when the glacier experienced an unbroken run
of negative mass balance years. Other annual moraine sequences can be seen at the
neighbouring glaciers of Breidamerkurjökull (Boulton, 1986), Skalafellsjökull (Sharp, 1984),
and Lambatungnajökull (Bradwell, 2004b). Most annual moraines form by the squeezing of
wet deformable sediment from beneath the glacier terminus during small winter-spring
advances (Sharp, 1984; Kruger, 1995).

The aims of this unit are:
1. to recognise the range of sediments and landforms found in a subglacial-proglacial
landsystem.
2. to understand the processes of till deposition and annual moraine formation.
3. to examine the evidence for a deformable layer beneath the glacier margin.
Research questions:
1. What are the main processes of subglacial sediment transportation and deposition?
2. What is the significance of clasts with ‘stoss-lee’ forms on the glacier foreland?
3. How can the moraines at Fjallsjökull be used as a climate proxy?
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Proglacial lakes

Jökulsarlon, an iceberg-filled proglacial lake, first appeared in 1933 following the retreat of
Breidamerkurjökull, a large outlet glacier of southeastern Vatnajökull. The glacier reached its
Little Ice Age maximum extent in the late 19th century Since then the lake has grown to 15
km2 at the end of the 20th century, as a result of the continuing retreat of the
Breidamerkurjökull margin (Evans and Twigg, 2002).
Sedimentation in the lake takes place by a number of mechanisms (Boulton et al.,
1982; Björnsson et al., 2001). The role of debris-laden subglacial meltwater is probably the
most significant. Fan-delta complexes form both subaqueously and, dependent on lake level,
subaerially at the margin. At Jökulsarlon grounding line fans dominate the subaqueous
margin, as the ice front is rapidly calving. Transport of supraglacial and englacial debris takes
place through the transit and melting of icebergs across the lake.

The aims of this unit are:
1. to examine a fine example of a proglacial lake and the associated landform-sediment
assemblages.
2. to recognise the role of icebergs in the transport of glacial debris.
3. to understand the interplay between glacier retreat and the creation of long-lived
proglacial lakes.

Research questions:
1. Why has a particularly deep proglacial lake been created at this point on the margin
of Breidamerkurjökull?
2. How can the evolution of this lake system tell us more about the wider
palaeoenvironment?
3. To what extent can we expect to find similar diagnostic landsystem elements in the
British Quaternary record?
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Ice-dammed lakes

Heinabergsjökull is a medium-sized outlet of southern Vatnajokull. The glacier was
formerly more extensive and in the 19th century coalesced with neighbouring Skalafellsjökull
to form a broad piedmont lobe (Thorarinsson, 1943). This glacial configuration impounded
water in the 7km-long ice-free valley of Heinabergsdalur. This lake – Dalvatn – persisted until
the 1920s, when the glacier became too thin to act as a dam. Dalvatn drained in several
outburst floods (jökulhlaups) which cut a series of terraces in pre-existing sandur deposits.
The lake has left a fossil record of glaciolacustrine sedimentation in the form of deltas, fans,
lake terraces, depositional shorelines and beach deposits (Bennett et al., 2000). The
sedimentology is dominated by ice-rafted deposits and matrix-rich gravels. Soft-sediment
deformation, liquefaction and iceberg grounding structures are also in evidence. Some of the
palaeo-lake shorelines have been dated through the use of lichenometry (Evans et al., 1999).
A small ice-dammed lake currently exists at the margin of Heinabergsjökull, in upper
Heinabergsdalur (c.400 m asl). This lake – Vatnsdalur – also has a history of catastrophic
drainage.

The aims of this unit are:
1. to recognise the landform-sediment assemblage associated with ice-dammed glacier
lakes.
2. to examine the modern lithofacies associations and relate these to processes
operating in glaciolacustrine environments.
3. to examine evidence relating to catastrophic lake drainage events (jökulhlaups)

Research questions:
1. What is the link between former lake shorelines and fluctuations of the ice margin?
2. Can we relate facies architecture to changes in water depth, iceberg calving and lake
drainage events?
3. How does the geomorphology and sedimentology in Heinabergsdalur relate to fossil
examples of ice-dammed lakes in Britain?
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Lithofacies analysis

Skalafellsjökull is a medium-sized outlet glacier of the Vatnajökull ice cap. The glacier is
sourced on the Breidabunga subglacial massif and drains around 100km2 of the southeast
portion of the ice cap. During the Little Ice Age maximum the glacier terminus was coalescent
with Heinabergsjökull to the north forming a broad piedmont lobe. The exact timing of this
event is still debated (Thorarinsson, 1943; Evans et al., 1999, McKinzey et al., 2004). The
glacier margins separated in the 1920s according to historical accounts and lichenometric
evidence. The glacier foreland at Skalafellsjökull exhibits a wealth of subglacially and
proglacially generated landforms. These have been mapped in detail by Gordon & Sharp
(1983) and Evans et al. (1999). Of particular note is the well-preserved sequence of annual
moraines, described by Sharp (1984) in his now-classic study.
The evolution of the sandur at Skalafellsjökull has been rapid, particularly since the
separation of the two glacier fronts (see Unit 18), with the main meltwater rivers shifting
course several times in recent decades. Abandoned channels have left numerous good
sections through proglacial sediment sequences. This unit will concentrate on unravelling the
sequence of events preserved in one of these sections.
The aims of this unit are:
1. to recognise the range of sediments and landforms found on a modern glacier
foreland.
2. to describe and analyse the lithofacies associations of a large gravel-diamict section
in a contemporary glacial environment.
3. to discuss the likely mode of origin of these sediments and reconstruct the sequence
of events.
Research questions:
1. What is the evidence for subglacial deformation on the foreland of Skalafellsjökull?
2. How applicable is lithofacies association analysis in describing sediments from
ancient glacial landscapes?
3. What are the main geomorphic agents of landscape evolution adjacent to modern
glaciers?
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Application of landsystems approach

APPENDIX 1: LITHOFACIES CODES (according to Miall, 1978)

APPENDIX 1: LITHOFACIES CODES (according to Miall, 1978)

APPENDIX 1: LITHOFACIES CODES (according to Miall, 1978)

APPENDIX 1: LITHOFACIES CODES (according to Miall, 1978)

APPENDIX 2: DATA CHART FOR FIELD OBSERVATIONS (Kruger & Kjaer, 2000)

APPENDIX 3: CLAST MORPHOLOGY AND CO-VARIANCE ANALYSIS

