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B Scientific description of the
European Geopark territory
1-

Definition of the geographic region in
which the territory is located

outburst floods, jökulhlaup, occur generally in association
with subglacial geothermal areas or subglacial eruptions.
Jökulhlaup have formed outwash plains, Sandur, in the
lowlands; Skógasandur, Sólheimasandur, Mýrdalssandur,
Mælifellssandur, Markarfljótsaurar and Landeyjar.
A scarp in the topography between the lowland and highland
presents old sea cliffs formed by coastal erosions. Some
isolated ancient tuff islands (ey), as Pétursey, Dyrhólaey,
Hafursey and Hjörleifshöfði, rise up from the plains. The
morphology in the proposed Katla Geopark area is
caracterized by volcanic formations and tectonic activity,
and also by glacial, fluvial and coastal erosions. The area
represents high geological diversity and is of great geological
heritage value.

The geographic location of the nominated area for the
Katla Geopark Project is in the central South Iceland,
reaching from the south coast to the north into the
highlands. The highest point in the area was before the
eruption in Eyjafjallajökull, 1666 m a.s.l. In the west the
area stretches from the town Hvolsvöllur to the glacier
Skeiðarárjökull in the east.
The Katla Geopark Project area is within the Eastern
Volcanic Zone (EVZ), which is one of the most volcanic
active areas in Iceland. The geographic region is characteristic
with central volcanoes, eruption craters and fissures, lava
fields, SW-NE trending hyaloclastite ridges and tuff
mountains (tuyas). The glaciers are prominent in the
landscape as they cover the highest mountains, and
volcanoes, in the area. One ice sheet (jökull), Mýrdalsjökull
(~600 km2), is within the proposed area covering the Katla
volcano, one ice cap on top of the Eyjafjallajökull
volcano(~80 km2) and a small glacier (~11 km2), within
the Tindfjallajökull volcano. At the boundaries are two
small glaciers Torfajökull and Kaldaklofsjökull and the ice
sheet of Vatnajökull. In connection with the glaciers are
several glacier outlets, like Steinholtsjökull, Gígjökull,
Sólheimajökull, Entujökull and Kötlujökull. Glacial
formations like moraines and ice-dammed lakes are found
in the glacier regions. Glacier rivers are common and glacier

2-

Mid-Atlantic rift zone and the Iceland mantle plume

Iceland is located on the Mid-Atlantic ridge and is the
only subaerial part of this ridge. Opening of the North
Atlantic began about 60 million years ago with a great
basaltic volcanism that was in association with a mantle
plume. Basaltic areas in Greenland and Scotland and the
Greenland-Færöy submarine ridge represents the plume
track through the history of the North Atlantic. During
the last 20 Ma the Icelandic rift zones have migrated
stepwise eastwards to keep their positions near the surface
expression of the mantle plume, leading to a complicated
and changing pattern of rift zones and transform fault
zones.
The crustal structure of Iceland is fundamentally different
from that of the adjacent Mid-Atlantic ridge, being
influenced by excessive melting attributed to the Iceland
mantle plume. Recent seismic data argue for a thick
relatively cold crust under Iceland, with crustal thickness
increasing from 15 km in the coastal areas towards about
40 km under central Iceland. There is little contrast in
density between crust and mantle, and the large crustal
thickness is consistent with high melt production in a
mantle plume under Iceland. The Iceland mantle plume
is currently below the Vatnajökull ice sheet and is causing
a complex and diverse volcanic activity in central Iceland

The mountain Mælifell and Mælifellssandur in northeast of the glacier
Mýrdalsjökull
3

Composite

General geological description

BB 2-19 jar fr isk 29.11.2010 9:42 Page 3
C

M

Y

CM

MY

CY CMY

K

because of the interplay with the spreading of the MidAtlantic ridge. The volcanoes of Iceland occur both within
the main rift zones and in the off-rift flank zones where
little or no spreading occurs. (Trönnes, 2005; Sigmundsson
and Sæmundsson, 2008).

Simplified geology map of Iceland showing the four main bedrocks and
sediments. Map from the Geodetic Institute of Iceland.

Iceland geology

Rocks in Iceland are divided into stratigraphic series based
on climatic conditions at the time of formation,
paleomagnetic field reversals and radiometric age data.
Iceland is mostly basalts, covering about 92% of the surface
area of the Postglacial volcanic zones, 4% are basaltic
andesites, 1% andesites and 3% are dacite-rhyolites.

Curstal accretion, relocation and propagation of the Icelandic rift zones
in the last 12 Ma (numbers in Ma). The panels show map views for 8,
6, 4, 2 and 0 Ma. The 8 Ma panel shows the spreading along the
Snæfellsnes and Skagi rift zones. The 6 and 4 Ma panels demonstrate
the incipient propagation and mature development of the Western and
Northern Rift >ones after the new rift initiation at about 7 Ma. The
2 and 0 Ma panels show the soutward propagation of the Eastern Rift
Zone, initated at about 3 Ma. (From Trönnes, 2005)

In the Tertiary bedrock the stratigraphy is generally very
regular 5 – 15 m thick basalts lava pile, often separated
by minor clastic interbeds of volcanic origin. However
where central volcanoes occur the bedrock becomes more
complex with acidic rocks, hydrothermal alteration and
irregular dip. The oldest bedrock found in Iceland is about
17 Ma old in the Vestfjörður, NV Iceland. No outcrops of
Tertiary bedrock are found in the Katla Geopark area.
The lower boundary of the Plio-Pleistocene are set at the
end of the Mammoth paleomagnetic event at 3.3 Ma when
the climate cooled and glaciations began. Rocks formed
during this period include fluvioglacial and morainic
deposits as well as hyaloclastites due to subglacial volcanic
eruptions during interglacial periods. Lavas from subaerial
eruptions are found in between the subglacial formations.
The Plio-Pleistocene was characterized by alternating glacial
and interglacial periods. In the easternmost part of the
Katla Geopark, glacial and interglacial bedrocks from this
period appear. The oldest bedrock layers are found at the
base of Lómagnúpur, around 2.5 Ma of age.

Crustal thickness (km) variations across Iceland and the adjacent parts
of the Greenland-Færöe Ridge (From Trönnes, 2005)
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The Eyjafjallajökull eruption 2010

with continued volcanism. The most extensive postglacial
sediments occur along the south coast of Iceland, where
they have formed in repeated glacial outburst floods
(jökulhlaup) associated with subglacial volcanic eruptions.
In Iceland the Postglacial lavas have been divided into
prehistorical and historical lavas, a division based on the
establishment of the first settlements in the country in the
late 9th century (Sigmundsson and Sæmundsson, 2008).

The boundary between the Plio-Pleistocene and the Upper
Pleistocene is set at 0.8 Ma, at the reversal from the Matuyama magnetic epoch to the Brunhes magnetic epoch of
normal polarity. As a rule the two periods are separated by
a hiatus.
The Upper Pleistocene rock series is characterized by more
voluminous hyaloclastite formations than the Plio-Pleistocene, in addition to lavas erupted during interglacial times.
The characteristic and dominating hyaloclastite landscape
features of the Upper Pleistocence, ridges and tuyas, gave
rise to the collective term “Palagonite formation” (móberg
in Icelandic). Within the Katla Geopark there are unique
hyaloclastite ridges from this period that will be described
later.

Eastern Volcanic Zone; rock series, craters and lava
morphology

In the Eastern Volcanic Zone (EVZ) are 9 volcanic systems
defined from a petrological point of view. These volcanic
systems are more variable in structure and petrology than
in any other region of Iceland. Different rock series have
been developed in this tectonically complex region and
there are indications that the volcanic systems are in different
stages of evolution. The igneous rock series are the tholeiitic
series, the transitional alkalic series, and the alkalic series
(Jakobsson, 1979).

The lower boundary of Postglacial time is not fixed, but
is generally considered to begin with the glacial retreat
about 11.000 years ago (Preboreal). The Postglacial series
comprise lava flows and pyroclastics, unconsolidated marine
clays, fluvioglacial and fluvial outwash and soil formation.
These formations are characteristic for the Postglacial along
5
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The volcanic zones of Iceland and their associated volcanic systems. All recent basaltic rocks of Iceland fall into one of three igneous rock
series and there is no grading between them. Therefore they can easily be distinguished from neighboring volcanic systems (Jakobsson, 1979)

• Cinder/spatter cone row: a volcanic fissure here the
craters are made up of both spatter and cinder, the
latter amounting to some 30-60% by estimate
• Cinder cone row: a volcanic fissure where the craters
are mainly made up of cinder, i.e. >60% by estimate
• Explosion fissure: craters of elliptical shape, maarlike; large production of cinder, and little lava; rare
in basaltic volcanism.

Two of these rock series are found in the KGP area:
• The tholeiitic series found in the volcanic systems
in the rift zone, with the following main rock types:
oceanite, olivine tholeiite, tholeiite, basaltic
icelandite, icelandite (andesite), dacite and rhyolite.
• The transitional alkalic series found in the volcanic
systems in the off-rift zone. They are mildly alkalic
and transitional basalts with the following main
rock types: ankaramite, transitional basalt, basaltic
andesite, andesite, trachyte and comenditic rhyolite.

In general the amount of potassium (K2O) increases as the
degree of explosive activity and therefore amount of volatiles
increase. In the EVZ, the examination of the basalt eruption
sites indicates that the transitional alkalic basalt magmas
contain larger amounts of volatile elements than do the
tholeiite magmas (Jakobsson, 1979).

The mildly alkaline and transitional tholeiitic volcanism
along the Eastern Volcanic Zone may possibly represent
incipient activity associated with an imminent propagation
of a new rift zone towards south (Trönnes, 2005). The
southernmost volcanic system in the EVZ are the Vestmannaeyjar (Westman islands) and here the third igneous
rock series appear, the alkalic series.

Similar relationships are observed when lava morphology
and chemistry is compared. Roughness of the lava surface
is classified using a fourfold division: smooth pahoehoe,
rough pahoehoe, smooth aa-lava, rough aa-lava. The
smoothest and therefore the most fluid lavas are the pahoehoe
lava shields, tholeiites and the alkalic lavas. The roughest
lavas are those of the transitional systems which are highest
in potassium and are close to basaltic andesite in composition
(Jakobsson, 1979).

The term eruption site or crater is used for single vents or
single eruption sites that belongs to a larger volcanic
structure, volcanic systems. The sub-aerial basalt eruption
sites in the KGP have been classified according to
morphology into four general types:
• Spatter cone row: a volcanic fissure where the craters
are made up of yielded spatters, very little cinder
6
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Geology map of central South Iceland. Proposed boundaries of the KGP are the same as the boundaries of the municipalites, marked with red line.

Katla Geopark Project - volcanic systems
and eruptions

length of 78 km. The caldera, Katla, is located under the
ice sheet and is about 100 km2 and 700 m deep, filled
with ice. Three different kinds of eruptions have been
located in the Katla volcanic system:

Four of nine volcanic systems in the EVZ are within the
proposed boundaries for the Katla Geopark Project. They
are Tindfjöll, Eyjafjöll, Katla and Grímsvötn (including
Lakagígar) volcanic systems. Three other volcanic systems
are located at the boundaries; Veiðivötn, Torfajökull and
Vestmannaeyjar volcanic system. All these volcanic systems
have characteristics of tectonics, petrography and geochemistry that distinguish them from each other. The term
volcanic system covers both the terms volcanic fissure
swarm and central volcanoes (Jakobsson, 1979).

• basic explosive fissure; subglacial eruptions inside
the caldera is the most common and all historic
eruptions are of this type;
• acid explosive fissure; subglacial, about 20 eruptions
known from prehistoric time
• basaltic flood lava fissure eruptions; sub-aerial
eruption. Some of these eruptions are the largest
known in the Katla volcanic system. The Eldgjá
eruption was of this type.
The bedrock beneath the west part of Mýrdalsjökull and
in the Þórsmörk area is mostly hyaloclastite younger than
55.000 years. (Guðmundsson et.al. 2005).
The Katla volcanic system is famous for numerous subglacial
eruptions. In the Katla volcanic system, 21 eruptions are
known in historical time. The last eruption in Katla occurred
in 1918. Total amount of tephra produced in that eruption
has been estimated around 700 million m3 and glacial
outburst flood about 8 km 3 (Elíasson et.al. 2005).

Katla

The Katla Geopark Project is named after this volcano that
has for centuries had great impact on Icelandic nature and
people.
Katla is one of the largest central volcano in Iceland, covered
by the Mýrdalsjökull ice sheet. The volcanic system,
including Mýrdalsjökull area and the fissure swarm, Eldgjá,
northeast of it, is about 30 km wide in its southwestern
part, narrowing gradually to the northeast and reaches a
7
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The south coast was extended by 5 km by the jökulhlaup
deposits in 1918. In 1999 and 2004 there were earthquakes
at Mýrdalsjökull associated with crustal deformation and
has been interpreted as magma intrusions at 4–5 kilometers
depth (Einarsson et.al. 2005).
The number of prehistoric eruptions in Katla is not known,
but it may approach 100.

have washed out a birch forest in the lowland. In a 2000
ha area called Drumbabót, remains of this birch forest can
be seen, tree trunks standing about 20-60 cm up from the
sandur. The trees are in situ, all dipping in the same
direction. Study of the annual tree rings show that the
forest was inundated by a jökulhlaup at this time (Eggertsson
et.al. 2004).

The Eldgjá fissure. A view from Mt. Gjátindur to southwest

Remains of the birch forest in Drumbabót, that lived 1400 years ago

Eldgjá eruption 934-940 AD, is the largest basaltic flood
lava eruption in historical times in Iceland. The fissure is
about 50 km long, extending from Mýrdalsjökull ice sheet
in the southwest, into Vatnajökull ice sheet in the northeast.
The most spectacular part of Eldgjá is a 8 km long part of
it in the southwest where the fissure is about 400 m wide
and 150 m deep. The fissure is a complex volcanic structure
of a graben, an eruptive fissure and an explosive crater row.
In the southernmost part the eruption was subglacial, and
caused a large glacial outburst flood in association with
the eruption, jökulhlaup.

One of Mýrdalsjökull glacier outlets is Sólheimajökull that
flows to the south from the main ice-cap and has formed
a fluvial plain, Sólheimasandur. Sólheimajökull occupies
an overdeepened parabolic trough, ranging from 1-2 km
in width and reaching a maximum depth of 430 m. It has
the charateristics of an active glacier that flows regulary,
is very sensitive to climatic change, and responds quickly.
The current advance is likely to reflect recent changes in
mass balance. No evidence of surge-type behaviour has
been found (Macintosh et.al. 1999). The Sólheimajökull
glacier rivers often gives a strong smell of hydrogen sulfide
indicating a geothermal area under the southern part of
Mýrdalsjökull.

The Eldgjá eruption was a catastrophic one eruption that
had worldwide impact. The Eldgjá tephra from the eruption
is widespread in the northern hemisphere. Total magma
volume produced in the Eldgjá eruption has been estimated
around 19 km3 (Einarsson et.al. 2005).
Glacial outburst floods, jökulhlaup, are incident with the
Katla volcanic eruptions. The glacial floods have three
main channels beneath the glacier outlets, Entujökull,
Kötlujökull and Sólheimajökull, depending on the eruption
location within the caldera. Six jökulhlaups are known to
have bursted out from the western part of Mýrdalsjökull,
inundating Thorsmörk and the Markarfljót delta. Four of
these jökulhlaups have occurred within the period 6200
to 1400 years ago. The youngest of these is believed to

The outlet glacier Sólheimajökull
8
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ascent of an intrusion toward the surface (Guðmundsson
et.al. 2010).

Eyjafjöll

The volcanic system of Eyjafjöll (or Eyjafjallajökull) lies
to the south of the Tindfjöll complex and west of the
borders of the Katla volcanic system. Two main outlet
glaciers run from Eyjafjallajökull to the north, Gígjökull
and Steinholtsjökull.
The Eyjafjöll volcanic system is a stratovolcano with well
developed 2.5 km wide caldera at the top. The complex is
covered by an ice cap above 1000 m altitude and the
summits highest point was at 1666 m a.s.l. before the
eruption 2010. The volcanic system has been active during
for the last 800.000 years but the main acticity has been
during the last two glacial periods and the accompanied
interglacial. During the last glacial period, considerable
amounts of intermediate and acidic rocks (andesite and
dacite) were produced and are mainly exposed at Gígjökull
(Jakobsson, 1979, Guðmundsson, 2005). Eruptions in
Eyjafjallajökull are rare and relatively smaller than the
Katla eruptions, but syncronic eruptions could imply
connections between these two volcanic systems. Four
eruptions in Eyjafjallajökull are known in historical times,
the years 920, 1612, 1821-23 and in 2010 (Guðmundsson
et.al. 2005).

The first eruption, at Fimmvörðuháls, was an effusive flank
eruption of basalt from 20 March to 12 April 2010. Scientist
have revealed, based up on GPS (Global Positioning System)
geodetic measurements and interferometric analysis of
satellite radar images, that deformation associated with
the eruptions was unusual because it did not relate to
pressure changes within a single magma chamber.
Deformation was rapid before the first eruption (>5 mm
per day after 4 March), but negligible during the eruption.
Lack of distinct co-eruptive deflation indicates that the
magma flowed from considerable depth. Before the eruption,
a ~0.05 km3 magmatic intrusion grew over a period of
three months, in a temporally and spatially complex manner
(Sigmundsson et.al. 2010).
The second eruption started on 14 April 2010 within the
ice-capped caldera, with explosive summit eruption of
trachyandesite, amplified by magma–ice interaction.
Gradual contraction of a source, distinct from the preeruptive
inflation sources, is evident from geodetic data.
Eyjafjallajökull’s behaviour can be attributed to its off-rift
setting with a ‘cold’ subsurface structure and limited
magma at shallow depth, as may be typical for moderately
active volcanoes. Clear signs of volcanic unrest signals over
years to weeks may indicate reawakening of such volcanoes,
whereas immediate short-term eruption precursors may be
subtle and difficult to detect (Sigmundsson et.al. 2010).

At Fimmvörðuháls, research on eruption craters and cinder
cone, indicates that at least 12 eruptions in Postglacial
time in the area (Torfason, 2005). However, no eruptions
in historical time have been recorded until the eruption of
2010.
have been found at four localities in the
Eyjafjöll complex; Hvammsmúli, Kálfshamar, Pöst and
Dysjarhóll, and in addition, several lavas and tuffs on both
the south and north sides of the complex appear to be
ankaramitic (Jakobsson, 1979).

Ankaramites

The volume of erupted material, tephra, in the Eyjafjallajökull eruption is estimated to be 140 million m 3
(http://en.wikipedia.org/wiki/2010_eruptions_of_Eyjafja llaj%C3%B6kull).

The Eyjafjallajökull eruption 2010

Little is known about the deformation style at moderately
active volcanoes, such as Eyjafjallajökull, where the eruption
was preceded by 18 years of intermittent volcanic unrest.
In 1994 and 1999 occurred earthquake swarms at Eyjafjallajökull that were associated with considerable crustal deformation and were interpreted as intrusions of magma sheets
(sills) at 4–6 km depth. Large temporal and spatial variations
are evident in the surface deformation associated with the
2009–2010 earthquake swarms, but deformation signals
were of the same magnitude as previous swarms. Earthquake
rates preceding the 2010 eruption were substantially larger
than observed during previous episodes. Earthquakes
became progressively shallower over time, reflecting the
9
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period of 10-15 years. The most recent eruptions occurred
in 1983, 1996, 1998 and 2004 (Jakobsson, 1979, Thordarsson et.al. 2003).

The Tindfjöll volcanic system is situated in the western
part of the EVZ, south of Hekla. Very little has been
published on Tindfjöll. This volcanic system, which covers
an area of about 360 km2, is probably the oldest central
volcano still active in the EVZ. It was mainly built up
during the last three glaciations and last two interglacial.
The top of the complex is covered by a small glacier,
Tindfjallajökull, and reaches a height of 1462 m a.s.l.

The Laki cone-row is located within the Grímsvötn fissure
swarm. It has been legally conserved since 1975 as a natural
monument, and is now within the Vatnajökull National
Park and also within the proposal boundaries for the Katla
Geopark Project. It has been pointed out, on many occasions,
that it is crucial to conserve the lava fields, Skaftáreldahraun,
that was formed in the eruption 1783-84.

A caldera at the top, 7 km in diameter, was formed early
in the history of the volcano. During the last interglacial
and glacial periods a variety of rocks ranging from basalts
to peralkaline rhyolites, was produced both in the caldera
and on the flanks of the volcano. Some small eruptions
have occurred in complex during the last glaciations or
early Postglacial Time. All the lavas are basalt or basaltic
andesites, except for one acidic lava. The youngest basaltic
rocks of the Tindfjöll system are characteristically highly
porphyritic. No eruptions are known from historical time
in the Tindfjöll system (Jakobsson, 1979).
Tindfjöll is the most mature or evolved volcanic system in
the EVZ.
is wide spread over the area
Thorsmörk and it originates from a great explosive eruption
in the Tindfjöll volcanic system, around 55.000 years ago.
The ignimbrite is made up of two magma components, a
dominating salic component (comendite), and a basic
(mugearitic) component (Jakobsson, 1979, Guðmundsson,
2005).

The Thorsmörk ignimbrite

Grímsvötn

The Grímsvötn is a central volcano below Vatnajökull ice
sheet. The volcanic system is the easternmost part of the
EVZ and consists of the Grímsvötn central volcano, about
100 km long and 15 km wide volcanic fissure swarm. The
subglacier central volcano has developed a large caldera,
35 km2, in the glacier Vatnajökull with a high temperature
geothermal area. The height of the terrain rises gradually
from 300 m a.s.l. in the soutwest towards the northeast
and reaches a maximum at Grímsvötn (1749 m).

The Laki fissures. A view to southwest from the Mt. Laki

The Laki eruption 1783-1784

The Laki eruption is the second largest basaltic flood lava
eruption in Iceland historical time (after the 934-940 AD
Eldgjá eruption) and its consequences were disastrous, as
about 70% of the livestock perished and as a result 22%
of the population in Iceland died.

The Grímsvötn volcanic system is tholeiitic in character
and is estimated to have erupted between 50-55 km3 of
magma during the Holocene. The volume of magma
erupted in the ice-free region of the system is 21.5 km3,
of which 15.1 km3 (or 65%) were extruded by the Laki
fissures in 1783-1784. The Grímsvötn volcano has erupted
at least 40 times since 1598 AD with an average repose

The Laki vent system is 27 km long, extending from
Úlfarsdalur valley in the southwest towards the tip of
Síðujökull glacier in the northeast. It consists of 10
10
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hyaloclastite and interglacial lavas from Pleistocene are
dominant. Most of the hyaloclastites are unusual and
unique, as they are belived to be originally thick tephra
layers that have penetrated its way between the bedrock
and the glacier, towards southeast, until it reached out on
an ancient seafloor where it deformed into palagonite
(Baldursson et.al. 2005).
Ice-dammed lakes and Glacier Rivers

Grænalón is the largest ice-dammed lake in Iceland. The
lake area has varied from 10-15 km2 and the lake level
from 560 to 580 m a.s.l. Since 1954 jökulhlaup have
occurred when the lake lift a shallow ice barrier at the inlet
in the SE corner of the lake. These jökulhlaup have run
alongside the glacier down to Skeiðarársandur. Old coastlines
can be seen in the hills above the lake, showing the
maximum heights of the water level before the jökulhlaup
(Björnsson et.al. 1989).
Near the lake Grænalón, diverse glacial formations from
early Postglacial time occure. One of these is the huge, 23 meters deep, potholes in the hyaloclastite formations at
the river Núpsá. The potholes have been formed by glacial
fluvial erosions.

Detailed eyewitness accounts of the Laki-Grímsvötn
eruptions exist and have been used to reconstruct the
sequence of events as accurately as possible. The results
show that the 1783-1785 activity on the Grímsvötn volcanic
system included at least 14 eruption episodes. Ten of these
episodes were associated with the eight-month long Laki
eruption and linked to rifting and gradual lengthening of
the eruption fissure. Each eruption episode began with an
earthquake swarm, leading into a vigorous explosive
eruptions on a new fissure segment that was followed by
sudden increases in outflow of lava. Concurrent explosive
eruption were reported at the Grímsvötn volcano during
four of these episodes. The remaining four eruptions episodes
were confined to the Grímsvötn volcano, which remained
active until May 1785 (Thordarsson et.al. 2003).
The 1783-1784 Laki eruption and the resulting Haze
Famine caused the worst environmental and social-economic
disaster in Iceland´s history. However, the effects of the
eruption reached far and the sulfuric aerosol cloud produced
by Laki generated a persistent haze (dry fog) that hovered
over large part of the northern hemisphere during the
summer of 1783 (Thordarsson et.al. 2001).

Langisjór. A view to the north, with the outlet glacier Tungnaárjökull
in the background

Langisjór is one of the largest natural lakes in Iceland; 18,5
km long, 2,5 km wide and 73,5 m deep. Until 1965 the
glacier river Skaftá flowed into the lake coloring it with
its fine glacial sediments. Today Langisjór is the biggest
and clearest natural lake in the highlands with spectacular
blue color.
The lake Langisjór lies in between two hyaloclastite ridges
in the highlands at a height of 662 m a.s.l. The water level
is higher in Langisjór than in nearby glacier rivers, Skaftá
and Lónakvísl, because of the consistence of the hyalocalstite
ridges on both sides of the lake (Baldursson et.al. 2005).

Katla Geopark Project - other interesting
geological formations
Oldest bedrock

The easternmost part of the Katla Geopark Project contains
the oldest rock series, 2.5 Ma, found in this area. The
outcrops are in the lowermost part of an old sea cliff from
Late Glacial time, Lómagnúpur, that is also the highest
sea cliff in Iceland, 671 m. In this territory of the KGP,
11
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Hyaloclastite ridges

Within the Eastern Volcanic Zone many unique hyaloclastite
ridges are present, most of them formed by subglacial
fissure eruptions during the last glaciation. These
hyaloclastite ridges are the subglacial manifestations of
subaerial fissure eruptions like the Laki eruption of 17831784. The ridges are characteristic for the EVZ between
the glaciers Mýrdalsjökull and Vatnafjökull. Dominant
rock type in the ridges are tuff and breccias, and some of
them include pillow lava. The hyaloclastite ridges are
multiple and of different age, but they all have the same
SW-NA direction. Grænifjallgarður is 34 km long and is
located at the NW bank of the lake Langisjór. Skuggafjöll
is about 44 km long ridge and covers a part of the
Grænifjallgarður ridge. Fögrufjöll is very continuous ridge,
about 30 km long. These are the most spectacular
hyaloclastite ridges in Iceland. They have no resemblance
elsewhere in the world and therefore should be protected
(Baldursson et.al. 2005).

In the jökulhlaup of Skaftá the river banks become covered with fine
glacial mud

Skaftá is a glacier river that flows from the glacier
Skaftárjökull. Since 1955 the river Skaftá outbursts with
jökulhlaups, Skaftárhlaup, every one or two years. These
jökulhlaups are associated with geothermal area under the
glacier Vatnajökull, NW of Grímsvötn. The largest
jökulhlaup are of the magnitude 350-395 million m3 and
bringing on the average outwash sediments of 1.7 million
tons, with max. of 6.6 million tons in the year 1995.
During the jökulhlaups the the river banks of Skaftá are
covered with mud causing damage to the vegetation and
gradually filling and covering lavas from the Laki eruption
1783-1784 (Baldursson et.al. 2005).

Fossiliferous xenoliths

Fossils are not common in the KGP area, but fossiliferous
xenoliths are found in the hyaloclastite formation in
Skammadalskambar. Skammdalskambar lies north of the
coastal plain in Mýrdalur, and about 200 m high scarp of
hyaloclastite formation rises over the plain, covered with
interglacial lava. The xenoliths originate from an underlying
sediment sequence and have been toured up in a subglacial
explosive eruption and then deposited with the tephra.
The xenoliths are both found as blocks of lithified sediments
containing marine organisms and volcanic bombs with
basaltic crust and an inner core of sediments. Over 30
species of marine organisms have been recognized from the
xenoliths. The fossils indicate warmer water conditions
than prevails today around Iceland and the sediments are
believed to be deposited in Plio-Pleistocen time, around
3 Ma ago (Áskelsson 1960).
Pseudocraters

In both the eruptions of Eldgjá and Lakagígar, pseudocraters,
or rootless vents, formed when the lava flows interacted
with surface or near surface water. This interaction caused
mild explosions and accumulated scoria and spatter into
small constructs. The Landbrot pseudocraters, formed in
the the Lakagígar eruption, when lava flowed in the
floodplain of the river Skaftá. These pseudocraters are
closely spaced and commonly are 50-60 m across by <10
m high. The Álftaver pseudocraters, formed in the Eldgjá
eruption and are widely spaced and form concave-up cones
with very small or no summit craters. The structures

The hyaloclastite ridge Grænifjallgarður to the right, extending 34 km
in SW-NA direction, as the rift zone
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The eruption history in Iceland for the past 11 centuries
is fairly well known. Over 200 eruptions have been verified
by analysis of their eruption products and/or by trustworthy
written sources. The eruption history of the four most
active volcanic systems, the Grímsvötn, Katla, Veiðivötn
and Hekla, has been revealed through studies of tephra
layers and written records. The prehistoric eruption history
is less well known, but the best known record is that of
the Katla volcanic system (Larsen, 2006).

Tehprachronology

Individual tephra layers can be used as isochrons or timeparallel marker-horizons in soil within the tephra deposit
area, which may cover several thousand square kilometers.
Once a tephra layer has been dated that particular dating
applies to all the area where the tephra layer is found.
In the 1930s the geologist Sigurdur Thorarinsson began
his pioneering research to develop tephrochronology as a
tool for dating, a method now used worldwide in various
branches of environmental sciences as well as in geosciences.
In Iceland, tephrochronology and eruption history are
closely tied.
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As regards importance, the sites can be ranked as

Listing and description of the geological
sites present on the territory of the
Geopark

follows:

1. sites of International importance (INT) – recognised
as of international interest by scientific communities;
2. sites of National importance (NAT) – protected by
national laws or regulations;
3. sites of Regional importance (REG) – recognised with
local regulations or of aesthetic or recreational value.

There are several sites with touristic interests within the
Geopark.
The borderline between the classified groups below is quite
flexible and changes within the enlisted sites are likely to
occur and new ones can be added in the future.

From the point of view of usage, the sites can be
The basic classification of the sites consists of three

divided into the following groups:

main categories:

1. sites without access – our main policy is to have all
sites open to the public but there are some that are partly
or temporarily closed because of safety reasons or their
vulnerability. Also, some sites of private properties are still
closed to the public;
2. scientific sites – sites that have been identified as being
of geological, biological, archeological or cultural value.
These sites are all subject to some kind of national
preservation;
3. educational sites – sites with geological, natural,
cultural – historical importance and suitable to interpretation
for all target groups;
4. tourist sites – sites assigned for recreation, with or
without any special scientific or aesthetic value.

1. geological sites or geosites (G) – representing the
geological heritage of the Geopark;
2. natural sites (N) – representing the richness of living
nature (fauna, flora) or uniqueness of the landscape;
3. cultural – historical sites (C) – places with
archaeological, historical and cultural value.
Some sites belong only to one of these categories, the others
are mixed and they can have the combination of all three
kinds.
Some sites have some kind of protection, natural,
local or archeological:

A development plan for the proposed geosites can be found
in the last column of the geosite list. An empty cell in the
last column means that the site is already developed.

1. National Parks (NP)
2. Nature Reserves (NR)
3. Natural Monuments (NM)
4. Site of Natural Interest (SI)
5. Local Regulations (LR)
6. Archaeological Protection (AP)

no.

Geological sites

1
2
3
4
5
6
7
8
9
10
11
12
13

Alviðruhamrar
Álftaver
Bleiksárgljúfur
Djúpá
Drangurinn í Drangshlíð
Drumbabót
Dverghamrar
Dyrhólaey
Dyrhólaós, Loftsalahellir
Dýralækjasker
Eldgjá, Ófærufoss
Eldgjárhraun
Emstrur, Fjallabak

Type

G/C
G
N
N
N/C
G
G
G/N/C
N/C
N
G/N
G
G/N

Importance Protection No access

REG
INT
NAT
REG
NAT
REG
NAT
NAT
NAT
REG
INT
NAT
NAT

NM

SI
LR
NM
NR
SI
SI
SI
14
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Educational Touristic Remarks

X
X

X

X
X

X
X
X

X
X
X
X
X
X

Part of year

X
X
X
X

2012
2012
2013
2013
2012

X
X
X
X

2011-2012
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2014
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no.

Geological sites

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Eyjafjallajökull, Gígjökull, Steinsholtsjökull
Eyjarhóll, Pétursey
Fagrifoss
Fimmvörðuháls, Magni & Móði
Fjaðrárgljúfur
Foss á Síðu
Hafursey
Hjörleifshöfði
Hólmsárfoss
Hrafnar, Svartinúpur
Hvammsmúli, Pöstin og Dysjarhóll
Hverfisfljót við Eldvatnstanga
Katla, Mýrdalsjökull, Mýrdalssandur
Kirkjugólf
Kúðafljót
Kvernugil
Lakagígar
Landbrotshólar
Langanes, Djúpidalur, Vallarnes,
Langisjór, Fögrufjöll, Grænifjallgarður
Leiðólfsfell
Lómagnúpur
Tjarnir, Tjarnarnes
Markarfljótsgljúfur, Markarfljótsaurar
Meðallandssandur
Merkjárfoss
Mögugilshellir, Þórólfsfell
Nauthúsagil
Reynisfjall, Reynisdrangar, Reynisfjara
Rjúpnafell, Atley
Seljalandsfoss, Gljúfrabúi
Skaftá
Skaftáreldahraun
Skaftárós
Skammadalskambar
Skógafoss
Sólheimajökull, Sólheimaheiði
Steinahellir
Stjórnarfoss
Stóra-Dímon, Litla-Dímon
Systrastapi, Klausturheiði, Systravatn
Tindfjallajökull, Tindfjöll
Tröllshylur, Grenlækur
Vatnsdalshellir
Þórsmörk
Öldufell

Type

G
G/C
N
G
G/N
N
G
G/C
N
N/C
G/C
N/C
G/C
G/C
G/N/C
N
G
G
G/N
G/N
G
G/C
N
G/N
G/C
N
G/C
G/N/C
G/N
N
G/N
G/N
G/N/C
N/C
G
G/N/C
G
G/C
N
G/N/C
N/C
G
N
G/C
G/N/C
G/N
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Importance Protection No access

INT
NAT
REG
NAT
NAT
NAT
REG
NAT
REG
REG
NAT
REG
INT
NAT
REG
NAT
INT
REG
REG
INT
REG
NAT
NAT
NAT
REG
NAT
REG
NAT
NAT
REG
NAT
NAT
INT
REG
NAT
NAT
NAT
NAT
REG
NAT
REG
REG
NAT
NAT
NAT
NAT

LR
SI

Temporarily

CY CMY

X
X

X

X
X
X
X

SI

X
X

NM
SI
NP, NM

X
X

LR
LR
LR

X
X
X

SI
LR

X

SI
Partly
X

SI
X
X
SI
NM

Educational Touristic Remarks

X
X

AP

SI
SI

K

Scientific

SI

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

AP
SI
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X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

2011
2011-2012
2013
2011
2014
2011-2012
2011-2012
2013
2013
2014
2011
2011
2011
2011
2012
2011
2012
2013
2013
2013
2013
2014
2011
2011
2011
2011-2012
2014
2011
2011
2011
2014

X
X
X
X
X
X
X
X
X

2011-2012
2012
2014
2011
2013
2012
2012
2011
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the Laka eruption that changed the topography in
the area considerably by filling up present river
channels, and flowing over farmers land and houses.
This lava flow is one of the largest in historical time,
15 km3, and was well documented of eyewitnesses
that also make these lavas of great interest. The
other geosite with lava of international interest is
a part of the Eldgjá lava from 934 AD, which flowed
over wetland and formed large number of unique
pseudocraters or rootless vents.
• The unique hyaloclastite ridges formed by
subglacial fissures eruptions in Upper Pleistocene.
These ridges have been considered to be nominated
to the UNESCO World Heritage list. The ridges
are usually over 40 km long and clearly show the
volcanic rift zone in the area, as they all stretch in
the SW-NE direction, same as the rift zone.

Inside Katla Geopark Project there are seven geosites that
are considered of international scientific interest and all of
them are connected with volcanism. These geosites are
being constantly researched by scientists and have great
educational value for geosciences. The diversity of the
geosites is great and they are geologically interesting. The
sites of international interests include:
• Two ice-capped central volcanoes, Katla and Eyjafjallajökull. Katla one of the famous volcanoes in
the world with a well recorded eruption history in
tephra layers. Eyjafjallajökull that in the spring of
2010 reminded Europe how nature can take control
and cancel all flights. Included in these geosites are
also glaciers and outlets. Both Katla and Eyjafjallajökull are monitored constantly with GPS and
seismic stations.
• Two largest volcanic fissures in historical time,
Eldgjá and Lakagígar, that erupted in 934 AD and
1783-84. These eruptions had also great impact on
climate conditions all over Europe, and even in
Japan.
• Two different lava formations. Skaftáreldahraun from

Considering scientific research there are several areas that
are still lacking more detailed research, for example the
central volcano Tindfjöll and the Plio-Pleistocene formations.
Then there is never-ending research in monitoring the
active volcanoes below the glaciers.
Geosites of educational value are many and diverse in the
16
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From September 2008 to August 2009 73.000 tourists
visited Dyrhólaey, one of the most visited places in the
lowland area of the proposed Geopark. According to a new
report from the Environment Agency, Dyrhólaey is on a
red alert list. The area is sensitive to tramping, infrastructure
is limited and safety arrangements are considered insufficient
along the dangerous cliffs. The area is closed during the
bird nesting season as the tourists are considered to disturb
the birds.
There are ideas about a road tunnel through Reynisfjall
and a new road through the wetlands in Mýrdalur that
would affect Dyrhólaey and Reynisfjall and birdlife in the
area.
In the western part of the area there are ideas for hydroelectric
power plants and dams in the Markarfljót river that if
realized would affect the canyon Markarfljótsgljúfur and
Emstrur.

Current or potential pressure on the
territory and these sites

There are also ideas about a number of hydro power plants
in the Skaftárhreppur area, in Skaftá and Hólmsá, which
would if realized affect the rivers Skaftá and Hólmsá and
possibly the lake Langisjór.

The Environment Agency of Iceland is responsible for
protected areas. Unfortunately the Agency has limited
resources and this is reflected in the amount of infrastructure
and limited supervision.

Power plants are accompanied by electrical power lines
that are generally considered to affect the experience of
tourists.

According to article 37 of The Nature Conservation Act
No. 44, 22 March 1999 the following types of landscape
shall enjoy special protection and their disturbance shall
be avoided if at all possible:
a. volcanic craters, rootless vents (pseudocraters) and lava
fields;
b. freshwater lakes and pools, 1000 m2 or more in area;
c. bogs and fens, 3 hectares or more in area;
d. waterfalls, hot springs and other thermal sources, as
well as surfacial geothermal deposits (sinter and
travertine), 100 m2 or more in area;
e. salt marshes and mudflats.

6-

Current status in terms of protection
of the sites

Protected sites of natural interest are grouped according
to the following classification:
a. national parks
b. nature reserves
c. natural monuments
d. protected organisms, habitats and ecosystems
e. country parks

Tourism is increasing in the area but generally the pressure
from tourism is well within acceptable limits. There are
though a few places where the tourism carrying capacity
is near its upper limits with present infrastructure and
management.
Þórsmörk is very much visited by Icelandic tourists. The

The Environment Agency of Iceland oversees, operates and
supervises nature conservation areas.
Lakagígar, a part of Vatnajökull National Park, is the only
area with national park status within the area of the proposed
17
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area is managed by the two Icelandic tourist associations
Ferðafélag Íslands and Útivist. During weekends in the
high season the number of tourists in area is close to the
maximum the infrastructure can bear.

area. With a good organization it will be interesting for
different educational levels. There are endless opportunities
for geosciences interpretation in the area, as the force of
nature can be seen everywhere, for example in the glacier
areas (Sólheimajökull), the fluvials (Skaftá) and at the coast
(Reynisfjara).
There are not many geosites in the world where it is possible
to read the eruption historic chronology in the soil using
tephra layers. This will be possible at Leiðólfsfell geosite,
where around 30 well documented tephra layers can be
studied and traced in the area.
In addition, one can always expect an eruption or jökulhlaup,
which definitely wakes up the humans to consider and
think ...Why? How? Katla Geopark Project will be the
source of information.
Over the years many artists have been inspired by the
spectacular landscape, the colours and the contrast in the
nature. The work of the artists is one way of interpreting
nature. Hopefully there will be lots of new projects,
scientifical, educational and artistic, inspired in the future
by Katla Geopark.

5-
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later that year. According to the Act there are three planning
levels: regional, municipal and local, and plans covering
the same area have to be consistent to each other. It is the
responsibility of local authorities to prepare the plans but
the Minister for Environment has supreme control over
planning, assisted by the Planning Agency, and both
municipal and regional plans are subject to the minister’s
approval. Regional and municipal plans approved by the
minister and local plans adopted by local authorities are
legally binding.

geopark. Dyrhólaey is the only nature reserve. There are
a number of national monuments: Gervigígar in Álftaver,
Kirkjugólfið at Kirkjubæjarklaustur, Dverghamrar and
Skógafoss. There are several “Sites of natural interest“:
Núpsstaður, Núpsstaðarskógar and Grænalón, Fjaðrárgljúfur,
Grenlækur, Steinsmýrarflóð, Grænifjallgarður, Dyrhólaós,
Loftsalahellir, Reynisdrangar, Reynisfjall, Skammadalskambar, Vatnsdalur in Dalsheiði, Eyjarhóll, Kvernugil,
Drangurinn in Drangshlíð, Þórsmörk, Bleiksárgljúfur,
Merkjárfoss (Gluggafoss), Litla- and Stóra-Dímon, Nauthúsagil, Tjarnir and Tjarnanes, Seljalandsfoss, Gljúfrabúi,
Skúmsstaðavatn, Kálfshamar, Pöstin, Dysjarhóll, Emstrur,
and Fjallabak.

The local level

All municipalities are obliged to have an approved municipal
plan, covering all land within its borders. The plan describes
the policy of the local authority regarding land use, transporation and service systems, environmental matters and
the development of settlements during a period of at least
12 years.
The regional level

There is no regional administrative level in Iceland but
two or more municipalities can, at the initiative of the
relevant local authorities or the Planning Agency, prepare
a regional plan where the aim is to co-ordinate the policy
of local authorities on development of settlement and landuse over a period of at least 12 years (article 12 in 73/1997).
The regional plan becomes legally binding when all the
municipalities involved have adopted the plan and the
Minister of Environment has approved it.

Dyrhólaey

The national level

7-

Data on the management of these sites

There is no formal land-use planning at the national level
but the Planning and Building Act does, though, include
an article about “plans and land use at national level” where
it says that the Planning Agency shall have access to and
preserve plans prepared by public entities, which apply for
the whole country. This applies for example to plans for
transportation, power structures and nature conservation.

Although the responsibility for managing protected sites
lies with the Environment Agency many of them are in
fact managed by the local municipalities as for example
Skógafoss and Seljalandsfoss. Many smaller sites are protected
by local regulations (hverfisvernd) set by the local authorities.
These sites are managed by local municipalities. Vatnajökull
National Park, of which Lakagígar is a part, is managed
by a special board of governors appointed by the national
government and the surrounding local municipalities.

8-

All protected areas whether protected by national or regional
authorities are subject to planning regulations. The Icelandic
administrative system is divided into two levels of government, central government (national) and municipalities
(local). The current planning system is based on the Planning
and Building Act No.73 /1997 which came into effect in
the beginning of 1998 and planning regulations issued

KGP has much to offer in addidion to geological sites. In
the area you can experience culture, history and nature on
the same day. Various cultural and historical sites are listed
below but they sometimes also have strong natural
connection.
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Listing and description of non-geological
sites present in the territory that may
be linked to the sites of geological
interest
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Same classification is used as in chapter B-3.
no.

Non-geological sites

Type

Importance

Protection

Scientific

Educational

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Bjarnargarður
Efra-Hvolshellar
Eldmessutangi
Fellsheiði
Granahaugur
Hellur (Jón Steingrímsson)
Hrútafell, Hrútshellir
Höfðabrekka /Höfðabrekkuheiði
Karkháls
Kirkjubæjarklaustur
Kúabót
Laufskálavarða
Núpstaður
Orrustuhóll
Paradísarhellir
Sauðahús í Álftaveri
Seljavallalaug
Skálmarbær
Tólfahringur
Vík (older part of the village)
Þríhyrningur
Þykkvabæjarklaustur

C
C/N
C/N
C
C
C
C/N
C/N
C
C
C
C/N
C
C/N
C/N
C
C/N
C
C
C
C/N
C

REG
NAT
REG
REG
REG
NAT
NAT
REG
REG
NAT
REG
REG
NAT
REG
REG
REG
REG
REG
REG
REG
REG
NAT

LR
AP

X

X

X

X

X

X
X

X
X

NR
AP

AP

X
X

SI&AP
LR

X
LR
AP
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Touristic

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

Remarks

2011
2011
2011
2011-2012
2013

2011-2012
2011
2012

X
X
X
X
X

X
X

2012
2011
2012
2011
2012
2013
2013+
2012
2014

www.katlageopark.is

