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Continuous geothermal activity and periodic non-eruptive dyke injection within the caldera maintain 
a subglacial lake which, once sufficiently filled, drains southward, beneath Skeiðarárjökull, to 
produce sudden, dramatic floods known as jökulhlaups (‘glacier bursts’) on the vast outwash plain 
of the Skeiðarársandur (24). Since 1938, this cyclic process has produced a total of 14 
jökulhlaups at irregular intervals of between 1 and 7 years.

Immediately beyond Lómagnúpur, travelling eastwards, the first glimpse is seen of Europe’s largest 
icecap – Vatnajökull (22) (the ‘water glacier’), and the huge piedmont outlet glacier of 
Skeiðarárjökull (23) which flows southwards from it.  The view below shows, in the far distance, 
the nunatak of Grímsfjall, projecting through one of the highest parts of the icecap. Grímsfjall forms 
part of the rim of the ice-filled Grímsvötn caldera, Iceland’s most historically active volcano with at 
least 90 recorded eruptions since the settlement of Iceland in 874. 

The 1996 Grímsvötn eruption & jökulhlaup (introduction)

The eruption which caused the 1996 
jökulhlaup had begun over a month earlier in 
the Bárðabunga volcanic system, to the 
north of Grímsvötn (see next page for 
details). Although it had been expected that 
a glacier burst would follow the eruption, the 
speed and intensity of the flood, when it 
came, took everyone by surprise.  From the 
beginning of the jökulhlaup to its peak took 
only 15 hours, and the peak discharge was 
estimated to have been around 50,000m3.s-1

(two and a half times larger than had been 
expected). 

Larger jökulhlaups are associated with 
subglacial eruptions within or adjoining the 
Grímsvötn system.  The most recent and 
well-documented of these took place on 5th

and 6th November 1996, causing extensive 
damage to the main road and its bridges. 
Steel girders from the Skeiðará bridge were 
smashed by blocks of ice weighing up to 
200 tonnes and were left half-buried in the 
sandur far downstream.  Two of the twisted 
girders now form a monument to the floods 
at the side of the road.  The main force of 
the jökulhlaup was felt on the Gigjukvísl 
river, where the bridge was completely 
destroyed by icebergs up to 10 times larger 
than those seen at the Skeiðará. Where the 
flood had cut through the Gigjá channel, 
widening it to over 2km, long buried ice 
blocks were exposed in cross sections 
through moraines that had been formed 
many decades earlier.

One of the interpretation boards located at the 1996 monument site

Grímsfjall

Gigjukvísl

Skeiðarárjökull
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The 1996 eruption began on 30th September but was heralded, the previous day, by a series of earthquakes 
within the Bárðabunga volcanic system, to the north of Grímsvötn.  Earthquake evidence suggested that 
magma appeared to have risen from within the Bárðabunga system and then generated a fissure 
southwards towards Grímsvötn. The eruption site has since been named ‘Gjálp’, after a giantess in Norse 
mythology.  The first subsidence bowl to develop through the icecap was situated half way between 
Bárðabunga and Grímsvötn. By 1st October three subsidence bowls had developed, suggesting eruption 
along a fissure about 6km long. The fissure crossed the ice divide and initially it was unclear as to where the 
meltwater would flow. Over the next few days the fissure grew to be over 350m across in some places with 
a new volcanic mountain protruding from the meltwater 200m down from the surrounding ice surface. 

The ice surface at Grímsvötn had risen from its "normal" level of about 1,395m to over 1,500m. Jökulhlaups 
associated with periodic subglacial drainage of the Grímsvötn lakes normally occur when the ice surface 
reaches about 1,455m.  By mid-October the "experts" were therefore astonished that the jökulhlaup had not 
occurred and had stopped predicting when it would take place. The Grímsvötn caldera is about 10km across 
and it was estimated that a maximum of about 4km3

of water was trapped within it.  

By the middle of October the eruption appeared to 
have stopped although the residual heat at the 
eruption site was still generating vast amounts 
of meltwater. 

The 1996 Grímsvötn eruption & jökulhlaup
(Further details, edited from an account compiled by Chris Hunt in 1996 from various contemporary news reports.)

Prior to 1996, the last jökulhlaup caused by an eruption at Grímsvötn occurred in 1938. Before that, volcanic 
activity in Grímsvötn had been much more frequent, being associated with almost all jökulhlaup events 
throughout the 19th and early 20th Centuries, either as a direct cause or, in some cases, as a possible 
consequence of the floods.

Previous Grímsvötn eruptions

By 7th November, 52 hours after the jökulhlaup began, the rivers had virtually stopped.  The ice surface at 
Grímsvötn had dropped by 165m and an outlet canyon on the eastern side of the caldera was 6km long and 
500m wide with an average subsidence of 200m.  An estimated 100 million tonnes of sediment were 
transported across the sandur, extending the beach by some 800m, and the plume of fine grained sediment 
off the south coast was apparent for 35km out into the sea.  The following summer the south east coast 
inhabitants, particularly of Kirkjubæjarklaustur, Skaftafell and Svínafell were to suffer severe dust storms as 
much of the fine sediment blew back inland on the prevailing winds.  This was very apparent on the icefalls 
of Öræfajökull which had a very grey appearance.  Most of the bridges on Skeiðarársandur were damaged 
or destroyed.  10km of road had disappeared and a further 10km had been damaged.  In the middle of 
November the road authorities proclaimed that it would take 6 weeks to reopen the road and 2 years to 
completely reinstate it.  Remarkably, the road was actually reopened, with a few detours, on 1st December.  
The bridge over Skeiðará was reopened on 21st July 1997.  

False colour infrared satellite image of part of Vatnajökull. 
The conjectural route of the 1996 jökulhlaup subglacial drainage 

between Grímsvötn and Skeiðarársandur is superimposed in yellow.
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On 1st November the ice surface at Grímsvötn 
had risen to 1,509.5m and, by 21:30 on 5th

November a seismic disturbance was detected at 
Grímsvötn.  It was not clear at the time if this was 
an eruption or water breaking out from the 
caldera.  Eleven hours later a 4m high wave 
broke out from the ice front of Skeiðarárjökull and 
swept across Skeiðarársandur. The water was 
issuing from several locations along the ice front 
and in some places it found a route out from 
crevasses 100s of metres back from the snout 
and flowed over the ice. Near the ice margin 
enormous rafts of ice were lifted away from the 
ice front.  Although the latter blocks only moved a 
short distance the largest reported must have 
weighed around 200,000 tonnes!  

Skeiðarársandur

Grímsvötn

Öræfajökull

Vatnajökull

NASA public domain satellite imageNASA public domain satellite image
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Day 4 and Day 5: Öræfi

Crossing the Skeidarársandur from west to east, the icecap of Öræfajökull (29) rises 
dramatically above the coastal plain, directly in front.  Linked to the main Vatnajökull icecap to the 
north, Öræfajökull is an ice-covered stratovolcano from which numerous valley glaciers radiate 
out to the west, south and east. The highest point of the summit caldera, Hvannadalshnúkur, is 
also the highest peak in Iceland at 2,110m. (re-measured in 2005, previously shown as 2,119m)

Öræfajökull takes its name from the 
surrounding district of Öræfi, meaning 
‘wasteland’.  The area was previously a 
fertile coastal plain known as Hérað milli
sanda, ‘district between the sands’, 
referring to the Skeiðarársandur to the west 
and the outwash plains in front of 
Breiðamerkurjökull to the east.  Everything 
was changed by the devastating explosive 
eruption of Öræfajökull in June 1362.  This 
was the first eruption of the volcano in 
historical times, following a period of 
quiescence lasting at least 500 years.  The 
1362 eruption and associated jökulhlaup 
directly wiped out at least 30 farms, burying 
them under pumice and killing an estimated 
400 people. It was 40 years before anyone 
returned to the area. 

The pumice – a highly vesicular and light-
coloured (acidic) form of tephra – was carried 
mainly towards the ESE with much of it falling 
offshore, although settlements up to 70km to 
the east were abandoned.  Today, the pumice 
forms a highly distinctive marker horizon within 
local soil profiles, contrasting with the more 
common and much finer-grained black, basaltic 
tephra layers (see photograph to the right). The 
same pumice can also be traced as much 
thinner layers as far away as Scotland and 
Scandinavia.  The total volume of 1362 tephra 
falling on land and sea is estimated to have 
been in the order of 10km3 – more than 20 
times the volume of ash from the less explosive, 
basaltic, Laki eruption of 1783.

Öræfajökull

NASA Public Domain Satellite Image

Detail of the Landsat 7 infrared satellite image showing the ice-
covered stratovolcano of Öræfajökull and its outlet glaciers.

© David Williams

Hvannadalshnúkur, Iceland’s highest peak, at 
the summit of Öræfajökull.

Part of a soil profile excavated in 
the ‘Storalda’ moraine at Freysnes 
to examine the layers of volcanic 
tephra which have accumulated as 
the soil profile has built up.  Most 
of the tephra layers are dark, but 
the white pumice from 1362 is 
seen at the base of the sequence.
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The Öræfi district, and in particular the outlet glaciers of Skaftafellsjökull (27), Svínafellsjökull
(28) and Morsarjökull, together with the moraines, lakes, meltwater rivers and terraces of their 
proglacial areas, has been the main focus of academic research carried out on the Liverpool ICEX 
research expeditions from 1979 onwards. Day 4 of the reunion tour included brief visits to these 
areas, beginning with a walk across Skaftafellsheiđi to the spectacular viewpoint of Sjónarnípa, 
overlooking Skaftafellsjökull and across to the summit of Öræfajökull (29). 

Beginning at the Skaftafell 
National Park Centre (25), 
the route climbs up through 
birch forest to the waterfall 
of Svartifoss (26), where a 
small stream draining from  
the heathland above forms 

a slender cascade over 
dark columnar 

basalt. 

The upper part of Skaftafellsjökull, descending from the 
Vatnajökull icecap, seen from the viewpoint at Sjónarnípa in 1989.

Svartifoss ‘the Black Falls’

The rapidly retreating ice front of Skaftafellsjökull in 2010.  
Note the parallel ridges in the moraines, marking temporary 

(annual?) pauses in the glacier’s recession.
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Ice front in 2003 – digitised from the 2003 photomap by matching local details from the 2006 map

Ice front in 1988 – digitised from the 1988 aerial photograph by matching details from the 2006 map

Ice front in 2006 – derived from SPOT5 satellite image dated 19 August 2006 

Ice front in 1960 – digitised from Fig. 2 of Thompson (1988), original source = 1960 aerial photograph

Ice front in 1945 – digitised from Fig. 2 of Thompson (1988), original source = 1945 aerial photograph

Ice front in 1904 – digitised from Fig. 2 of Thompson (1988), original source = Danish General Staff 
topographic survey

Ice front in c.1930 – digitised from Fig. 5 of Thompson (1988), using moraine crests dated by lichenometry 

Changes in Ice-Front Positions at Skaftafellsjökull and     
Svínafellsjökull, 1904 - 2006 ( © 2010, A. Thompson, Cuesta Consulting Ltd)

Successive ice front positions, derived from earlier maps and aerial photographs as detailed below, are shown superimposed on the bedrock geology map 
of Skaftafell (First Edition, June 2007 © Jóhann Helgason / Jarđfræđistofan Ekra, reproduced with permission).

This map provides the most accurate ‘base map’ available for the compilation of information from earlier years.  The positions of relatively fixed features 
such as roads, lakes and the base of the rock slopes, as shown on the geology map, have been used to register earlier maps and images when digitising 
the ice front positions from earlier years, as revealed by historical maps, aerial photographs and lichenometric dating (See Thompson, 1988 for details).

Contours and surface water features included on the base map use data from the National Survey of Iceland (Landmælingar Islands) with the surface 
hydrology (including ice front positions) ‘upgraded’ from a Spot5 Satellite Image dated 19 August 2006.  Grid lines shown are at 5km intervals (eastings) 
and 4km intervals (northings).  Map projection: Lambert Conformal Conical, datum WGS84.
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The diagram on the previous page illustrates 
the long term recession of Skaftafellsjökull 
and Svínafellsjökull over the last century, 
highlighting differences in the behavior of the 
two glaciers, as previously noted by 
Thompson (1988).  In marked contrast to the 
rapid recession at Skaftafellsjökull, where the 
ice front has retreated by more than 2km 
since 1904, Svínafellsjökull has changed 
relatively little, at least in plan. This, however, 
is partly because of the much steeper and 
higher end moraine complex at Svínafell, 
behind which the glacier appears to have 
carved out a number of very deep basins. 

Changes in response to climate change over recent 
decades at Svínafellsjökull have thus been manifest 
primarily through variations in the thickness of ice within 
these basins.  Since 1999, especially, the ice has thinned 
dramatically, as revealed by sequential photographs from 
the same locations, such as those on the right. 
(lines indicate features used to register the photographs to the
same approximate scale.  Those relating to the glacier surface 
indicate its position in 2006). 

2010

1999© David Williams

2003 © David Williams

2006

© David Williams

In addition to the physical changes 
displayed by the glaciers and rivers of 
Öræfi, recent years have seen the 
dramatic spread of the Alaskan Lupin 
(Lupinus nootkatensis) (pictured below 
and on next page), which has 
relentlessly displaced the native alpine 
flora of the proglacial areas.
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The photographs below, taken from similar locations on the Svínafell moraines in 1984 and 2010, 
show the dramatic spread of the invasive Alaskan lupin on the western side of the Svínafellsá
river. The road is the main Icelandic ring road (Route 1) and beyond this in the far distance are 
the vast outwash plains of Skeiðarársandur.

1984

2010

The two photographs also illustrate the relative stability of the Svínafellsá over this period, 
compared with the highly changeable courses of many other meltwater rivers in the area.  This 
can be attributed primarily to the fact that, as the glacier recedes, the upper reaches of the 
Svínafellsá are gradually becoming entrenched below and confined by river terraces composed 
of large boulders, which were formed when the ice front was further advanced (Thompson & 
Jones, 1986).  Further downstream (to the right of these photographs), as the height of the 
terraces above the modern channel is reduced, and as large boulders are replaced by more 
easily erodible cobbles and gravels, the river is less constrained and exhibits a more 
characteristic, constantly changing braided channel pattern, before joining the Skaftafellsá at the 
eastern edge of the Skeiðarársandur.
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To the South of Svínafell, three further localities were visited on Day 5 of the tour.  The Kotá
outwash fan (30), the village of Hof (36) and the steep outlet glaciers of Virkisjökull and 
Falljökull (37).

The Kotá outwash fan, seen in 
the foreground to the left, was 
formed by the jökulhlaup floods 
which accompanied the most 
recent eruption of Öræfajökull 
in 1727.  In contrast to the 
devastating 1362 eruption, the 
1727 event was a more 
localised, basaltic eruption. 
This produced a coarse-grained 
tephra layer that can be

distinguished in local soil profiles, but its most dramatic effect was on the Kotárjökull glacier and 
the landscape immediately below.  From detailed eyewitness accounts, the glacier was partially 
melted and broken up by the eruption, releasing large quantities of sediment-laden meltwater 
and blocks of ice onto the coastal plain below.  This instantly created an alluvial fan, scattered 
with debris-covered icebergs, which subsequently melted to create large ‘kettle holes’ such as 
Háalda, pictured below, and more complex areas of hummocky ‘dead ice topography’, the 
largest of which is known as Svartijökull (the ‘black glacier’). Following the 1727 jökulhlaup, as 
the meltwater river adjusted to a more normal (greatly reduced) input of sediment, it re-
established a more compatible lower gradient by cutting down into the newly-formed alluvial fan 
to create a spectacular series of terraces (Thompson & Jones, 1986).

Further south is the village of Hof, with its traditional turf-roofed church, originally built in the 
14th Century but reconstructed in the 1800s.  To the north of the Kotá are the glaciers of 
Falljökull and Virkisjökull, which descend from Öræfajökull in steep, heavily crevassed icefalls 
before merging into a combined terminal moraine complex.

Háalda, a large kettle hole on the surface of the 1727 Kotá fan The Kotá terraces in 1984

Hof church Falljökull
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Day 5: Kviárjökull to Jökulsárlón

31

32

33

34

Kviárjökull from the crest of the outermost moraines in 2010.  Below: details of supraglacial debris on the glacier, and hummocky moraine.

Great Skua 
at Kviárjökull
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After rounding the southern tip of 
Öræfajökull, further outlet glaciers 
come into view. Some of these 
are relatively short ‘hanging’
glaciers but others descend down 
onto the coastal plain where they 
have created a variety of classic 
proglacial landforms.  
The first of these is Kviárjökull 
(31), which is now retreating from 
the most spectacular end 
moraines seen anywhere in 
Europe.  The highest moraines 
date from one or more glacial 
advances during the Little Ice 
Age which, in Iceland, persisted 
until the end of the 19th Century 
(Thórarinsson, 1956b).  Inside the 
Little Ice Age moraines there is a 
complex of ‘hummocky’ moraine, 
resulting from the deposition of 
supra-glacial and en-glacial 
debris as the ice has melted in-
situ.  Detailed analysis and maps 
of the stages in the evolution of 
these landforms, since 1945, 
have been produced by Bennett 
et al. (2010).
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To the north east of Kviárjökull is the steep outlet glacier of Hrútárjökull and its larger neighbour, 
Fjallsjökull, which terminates in the moraine-dammed lake of Fjallsárlón (32).  

Beyond Fjallsárlón is the much larger and 
better known glacial lagoon of Jökulsárlón
(33), popularly known as ‘the lake of the 
icebergs’. Most of the meltwater from the 
enormous outlet glacier Breiðamerkurjökull 
passes through this lake on its short journey to 
the north Atlantic. 
The lake is up to 190m deep in places, 
extending far below sea level, and is saline for 
much of the year due to marine ingress.  During 
the summer, the increased discharge of 
meltwater greatly reduces the salinity of the 
lake and carries smaller icebergs out to sea, via 
Iceland’s shortest river - the Jökulsá.   
The suspension bridge carrying the main 
road over the Jökulsá was built in 1967. In 
recent years, the eroding coastline has 
begun to encroach on both the bridge and road 
(particularly to the east of the bridge).

Fjallsjökull, with 
icebergs calved 

from its snout on 
the glacial lake 

Fjallsárlón

Hrútárjökull, seen 
from the shores of 
Fjallsárlón, with 
part of Fjallsjökull 
and its moraine 
deposits in 
between.  Note the 
meltwater channel 
from Hrútárjökull, 
cutting sharply 
through the 
moraines.
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