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Abstract
Katla UNESCO Global Geopark is one of the most active volcanic areas in Iceland 
where the Eastern Volcanic Zone and the Iceland Mantle Plume control the activity. 
The interaction of ice and fire has dominated the eruption styles and formations 
from the central volcanoes while large fissure eruptions have occurred on the 
fissure swarms of the systems, often forming vast lava fields that stretch from 
the highlands to the ocean. Eruptions have formed and molded the landscape of 
the geopark, and among the most remarkable features are the central volcano of 
Katla, Eldgjá fissure eruption and the rootless cone fields of Álftaver and Landbrot, 
Eyjafjallajökull central volcano, Lakagígar crater row and Eldhraun lava field, and 
the hyaloclastite ridges of Kattarhryggir, Grænifjallgarður and Fögrufjöll. Each of 
these sites is a geosite in the geopark and represents different volcanic geoforms 
and specific geological features characteristic of specific volcanic processes. One of 
the fundamental roles of the geopark has been to inform people about the geology 
and formation history of these sites so they can better understand and appreciate 
these sites. The geosites have become popular tourist sites which are protected due 
to their uniqueness and value for research and preservation. 
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Brief description of Katla Geopark volcanism
Katla Geopark is in southern Iceland and covers the 
area of the three municipalities of Rangárþing ey-
stra, Mýrdalshreppur and Skaftárhreppur (Fig. 1). 

The geopark is within the most volcanically active 
area in Iceland, where the Icelandic mantle plume 
and the Eastern volcanic zone (EVZ) control the 
activity. The EVZ is the youngest volcanic zone in 

Iceland and the most active one, with about 80% 
of the total volume of erupted material in Iceland 
during the last 1130 years (Thordarson and Larsen 
2007). The EVZ has been active for the last 2–3 
Myr and is still growing in length by 35–50 mm 
per year to the southwest (Thordarson and Lars-
en 2007; Islam and Sturkell 2017). Eight volcanic 
systems are on the EVZ, with six of them at least 
partly within the boundaries of the geopark. The 
six systems are Bárðarbunga, Grímsvötn, Katla, 
Torfajökull, Tindfjallajökull and Eyjafjallajökull, 
with Grímsvötn, Bárðarbunga and Katla being 
three of the four most active systems in Iceland in 
the last 1200 years (Thordarson and Larsen 2007). 

The six systems have created a volcanic landscape 
within the geopark where the main morpho-vol-
canic features are large ice-covered central volca-
noes, long chains of hyaloclastite ridges and crater 
rows that have been formed during large fissure 
eruptions, extensive lava fields formed during ef-
fusive eruptions, large tuyas formed in  submarine 
and or subglacial eruptions, and black sand gla-
cial outwash plains due to glacial outburst floods 
linked to subglacial eruptions. 

All the central volcanoes within Katla Geopark 
are either partially or completely covered by gla-
ciers, which affects the eruption styles of the vol-

Figure 1. Map showing the boundary of Katla Geopark, the location of the volcanic systems of Eyjafjallajökull, 
Katla (orange line), and Grímsvötn, the crater rows of Eldgjá and Lakagígar, the area of hyaloclastite ridges, the 
lava fields of Eldgjárhraun and Eldhraun, and the two rootless cone fields of Álftaver and Landbrot. 
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canoes. Subglacial phreatomagmatic eruptions are 
therefore the most common form of eruptions but 
are often small. They can however cause extensive 
and hazardous glacial outburst floods, called jökul-
hlaup, as meltwater from the glacier rushes down to 
the ocean (Thordarson and Höskuldsson 2008), and 
produce large amounts of tephra. Effusive erup-
tions also occurred from the central volcanoes in 
the past when there was less glacial extent during 
long warm periods or interglacial periods. The al-
ternating eruption styles of the central volcanoes 
mean that most of them are composite volcanoes, 
with alternating layers of lave flow formed during 
interglacial periods and tuff and palagonite tuff lay-
ers from glacial periods (Thordarson and Larsen 
2007).

Effusive basaltic eruptions occur mainly on the as-
sociated fissure swarms outside of the glaciated area 
of the volcanic systems. Effusive basaltic eruptions 
like these often have a short-lived explosive phase at 
the beginning, as lava interacts with ground water, 
but then turns into an effusive eruption once water 
is no longer able to enter the vent (Thordarson and 
Larsen 2007; Thordarson and Höskuldsson 2008; 
Németh and Kósik  2020). These basaltic fissure 
eruptions are usually monogenetic volcanoes and 
often have multiple fissures active at the same time 

and can build rows of cratered cones, often extend-
ing for many kilometers. Point source eruptions are 
also frequent on the fissure swarms, where the vol-
canic vent is circular or a short fissure that is reduced 
to a single vent. During glacial periods, the fissure 
swarms can be covered by ice or sea, and then ridg-
es (tindar) and tuyas build up instead of crater rows 
and cones (Thordarson and Larsen, 2007; Thordar-
son and Höskuldsson 2008). The effusive basaltic 
eruptions create lava fields and the geopark is home 
to several of them, including the Eldgjárhraun lava 
field from the 939 C.E. eruption of Katla and Eldg-
já, and the Eldhraun lava field from the 1783-1784 
C.E. eruption of Lakagígar (often referred to as the 
“Laki eruption”) in the Grímsvötn volcanic system.

Katla Volcano
The Katla volcanic system consists of the central 
volcano Katla and an 80 km long fissure swarm that 
extends mainly to the north-east in the direction of 
the Vatnajökull glacier, but also to a lesser extent 
to the south-west (Larsen 2000; Thordarson et al. 
2001; Schmith et al. 2018) (Fig. 1). Parts of the sys-
tem are covered by the Mýrdalsjökull glacier, main-
ly the central volcano (Fig. 2), whereas most of the 
fissure swarm is ice free (Lacasse et al. 2007). The 
glacier is 535 km2 in area and has a volume of 140 
km3. The caldera of Katla is 110 km2 and is filled 

Figure 2. Mýrdalsjökull glacier in the distance with Katla volcano underneath. The Katla outlet glacier can be seen 
on the right-hand side, with Mýrdalssandur sand plain in front. Photo: Katla Geopark.
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in by the glacier. The thickness of the glacier is par-
tially controlled by the depth of the caldera, as the 
glacier is at its thickest within the caldera where it 
can be up to about 750 m deep (Björnsson et al. 
2000; Sigurðsson and Williams 2008). The calde-
ra has been breached in at least three locations by 
erosion from the glacier and those breaches feed 
Kötlujökull, Entujökull and Sólheimajökull outlet 
glaciers which are the main outlet glaciers from the 
Mýrdalsjökull glacier (Sgattoni et al. 2017). Since 
the system is partially covered by ice, it affects the 
eruptions style from the system, as eruptions from 
within the caldera are explosive phreatomagmatic 
while eruptions from the fissure swarms would be 
effusive.

It is estimated that Katla has erupted over 180 
times during the last 11,500 years, with most of 
those eruptions being of explosive basaltic type, 
but there have also been effusive basaltic and fel-
sic eruptions (Óladóttir et al. 2005). Since 1500 
C.E., Katla has erupted on average every 47 years 
(Larsen 2000), but the prehistoric eruption fre-
quency was double that (Óladóttir et al. 2005). 
During the last 1200 years, Katla has erupted 21 
times and only one eruption has been outside of the 
caldera, which was the 939 C.E. effusive eruption 
of Eldgjá (Larsen 2000; Thordarson et al. 2001; 
Larsen 2010). The other 20 eruptions were at fis-
sures within the caldera and they were subglacial 
phreatomagmatic eruptions (Óladóttir et al. 2005). 
With 21 eruptions over the last 1200 years, Katla 
is the third most active system in Iceland, but is the 
most productive system in Iceland with about 25 
km3 of erupted magma (Larsen 2000; Thordarson 
and Larsen 2007). The last eruption that was large 
enough to break through the ice was in 1918. It has 
been suggested that three small subglacial erup-
tions have occurred at Katla since then, in 1955, 
1999, and in 2011 (Larsen 2000; Jakobsson and 
Gudmundsson 2008; Lacasse et al. 2007; Sturkell 
et al. 2008; Sgattoni et al. 2017). The high activity 
of Katla and frequent subglacial eruptions make 

it one of the most hazardous volcanoes in Iceland 
(Lacasse et al. 2007; Schmith et al. 2018). Tephra 
production in the subglacial eruptions is usually 
high and ash was able to reach Europe during the 
eruptions of Katla in 1625 and 1755 (Schmith et 
al. 2018). Tephra from Katla also has a major im-
pact on Iceland itself (Schmith et al. 2018), and 
during the 1918 eruption, over half the island ex-
perienced tephra fall at some point (Larsen 2000; 
Steinþórsson 2012). The biggest risk from Katla 
is however the large jökulhlaup that accompanies 
the subglacial eruptions (Larsen 2000). Three 
known pathways for the jökulhlaup from Katla are 
known and they go through the three breaches in 
the caldera and follow the paths of the three outlet 
glaciers of Entujökull, 

Only prehistoric jökulhlaups are known to have 
gone through Entujökull, the last one being dat-
ed to 822/823 C.E. (Buentgen et al. 2017), but 
the risk of a jökulhlaup going through Entujökull 
still exists. A number of jökulhlaups are believed 
to have gone through Sólheimajökull in the last 
1200 years (Larsen 2000), with the last one be-
ing in 1999 (Sigurðsson et al. 2000). During the 
last 1200 years however, the jökulhlaup have nor-
mally gone through Kötlujökull outlet glacier and 
then flowed to sea, building up the sand plain of 
Mýrdalssandur (Larsen 2000). The jökulhlaup in 
1918 behaved in that way (Jónsson 1982; Tómas-
son 1996; Jakobsson and Gudmundsson 2008), 
and the peak discharge has been estimated to have 
been between 100,000 and 300,000 m3/s (Tómas-
son 1996). Miraculously, nobody was killed in the 
flood, but it did have a profound impact on the 
landscape as eruptive material was deposited on 
the Mýrdalssandur sand plain and the coastline 
south-east of Katla was extended by up to 3-4 km 
(Jónsson 1982; Tómasson 1996; Jakobsson and 
Gudmundsson 2008; Sturkell et al. 2008).

Eldgjá Fissure
Eldgjá eruptive fissure is a part of the Katla volca-
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nic system and extends from the southwest to the 
northeast from the central volcano (Fig. 1). It is 
about 75 km long and partially under the Mýrdals-
jökull glacier, with discontinuous fissures and a 
mixed cone row (Thordarson et al. 2001; Thordar-
son and Larsen 2007; Sigurðardóttir et al. 2015; 
Oppenheimer et al. 2018). A part of Eldgjá, Eldgjá 
proper, is a steep-walled canyon and was often de-
scribed as a volcanogenic chasm due to its mor-
phology, but recent studies indicate that there was 
a pre-existing graben where the fissure opened 
(Miller 1989; Thordarson and Larsen 2007). The 
start of the eruption has often been set at or around 
934 C.E. (Hammer 1984) and lately at 939 C.E. 
(Oppenheimer et al. 2018), but there is also the 
possibility that the eruption lasted for years with 
two major events in 934 and 939 with higher ac-
tivity (Thordarson et al. 2001), with intervals of 
low to no volcanic activity in between (Larsen 
2000, 2010). The eruption was both explosive and 
effusive, with the explosive phase being mostly 
due to phreatomagmatic activity on fissures under 
the glacier (Thordarson et al. 2001; Larsen 2010). 
The effusive phase had intense lava fountaining 
(Thordarson et al. 2001) and lava flowed down 

to the lowlands creating a vast lava field (Lars-
en 2000). It has been estimated that the total area 
of the lava flow is 844 km2 and the total volume 
about 20 km3 (Sigurðardóttir et al. 2015), with 
about 1.3 km3 of tephra erupted as well (Larsen 
1990).

It is believed that the eruption had a major climatic 
impact, similar to that of the Lakagígar eruption in 
1783–84, as about 220 Mt of SO2 were released to 
the atmosphere by the eruption with the potential 
of creating 450 Mt of H2SO4 aerosols. The lava 
flow also forced the abandonment of several farms 
in the area (Thordarson et al. 2001). Two separat-
ed fields of rootless cones were created during 
the eruption, Álftaversgígar and Landbrotshólar 
(Figs. 1, 3). The Álftaversgígar field has been 
eroded quite heavily since its formation, both by 
glacial outburst floods from Katla and wind ero-
sion. The Landbrotshólar field is better preserved 
and most of the craters are completely covered by 
vegetation (Fig. 3).

Rootless cone fields, or groups, can be created 
when lava flows over areas with water-saturated 
soil or surface water, such as marshes, littoral envi-

Figure 3. Part of the rootless cone field at Landbrotshólar, including a non-cratered radial cone (middle right). 
Photo: Katla Geopark.
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ronments, lacustrine basins, riverbeds, glacial out-
wash plains, snow, ice, and mires (Thorarinsson 
1953; Fagents and Thordarson 2007; Edwards et 
al. 2012; Hamilton et al. 2017). The lava is fed by 
lava tubes or channels, and as the lava mixes with 
the water or water-saturated soil, a phreatomag-
matic eruption can occur (Fagents and Thordarson 
2007). The eruption will break through the over-
lying lava if the explosions are powerful enough 
and the activity continues until either the lava or 
the water is exhausted (Fagents and Thordarson 
2007; Thordarson and Höskuldsson 2008). The 
erupted material is tephra, ranging from fine ash 
to scoria to spatter, often heavily mixed with soil, 
which builds up a cone around the vent (Thordar-
son and Höskuldsson 2008; Noguchi et al. 2016; 
Boreham et al. 2018). The cone morphology is 
largely controlled by the amount of available wa-
ter, the lava emplacement processes (lava channel 
or tube) and the amount of mixing (Fagents and 
Thordarson 2007; Hamilton et al. 2010). Radial 

symmetrical cones are built up when lava tubes 
feed the system, but the cone will have a V-shaped 
trough if formed over a channel (Hamilton et al 
2010). The cones are often cratered in the middle 
and can range from 1 to 35 m in height, and from 2 
to a few hundred meters in diameter (Fagents and 
Thordarson 2007; Boreham et al. 2018), where the 
larger cones resemble tuff rings while the smaller 
and steeper cones resemble cinder cones (Fagents 
et al. 2002).

Eyjafjallajökull Volcano
Eyjafjallajökull volcano is in the mountain range 
of Eyjafjöll and bears the same name as the gla-
cier that covers parts of it. The volcano is ridge 
shaped (Fig. 4), being elongated in an east-west 
direction and the highest point of it is 1651 m 
above sea level., which is on the edge of the 2.5 
km wide caldera of the volcano (Einarsson and 
Hjartardóttir 2015). The system has been active 
for over 700.000 years and two short fissure sys-

Figure 4. The northwestern side of Eyjafjallajökull glacier and volcano. The caldera rim makes up the upper part 
of the volcano. Parts of the western side of Katla can be seen on the left. Photo: Katla Geopark.
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tems extend from the caldera, one to the west 
and the other to the east in the direction of Katla 
Volcano (Einarsson and Hjartardóttir 2015). The 
Eyjafjallajökull volcano is partially covered by a 
glacier of the same name, which is the 6th larg-
est glacier in Iceland and covers an area about 67 
km2. The thickest parts are about 200-250 m and 
are within the caldera. The caldera has an open-
ing to the north, where Gígjökull outlet glacier 
flows out from it (Sigurðsson and Williams 2008; 
Gudmundsson et al. 2011; Sigurðsson 2018). 
Eyjafjallajökull has only four known eruptions 
during historical times, once during the 10th cen-
tury C.E (Óskarsson 2009), then in either 1612 or 
1613 C.E. (Larsen et al. 1999), in 1821–1823 C.E. 
(Larsen et al. 1999; Gudmundsson et al. 2010), 
and then famously in 2010 when it erupted and 
caused widespread disturbance to air traffic in Eu-
rope and across the Atlantic. The eruption in 2010 
was preceded by a period of unrest, inflation, and 
seismic activity in 1994, 1999–2000 and in the 
days leading up to the eruption (Gudmundsson 
et al. 2011). The eruption started on the 20th of 
March from a single fissure at Fimmvörðuháls, 
with a second fissure opening a few days later. 
That part of the eruption was effusive (Horwell et 
al. 2013), with lava fountain activity that formed a 
small aa lava field and the two fissures formed two 
craters, called Magni and Móði. The activity there 
lasted until 12th of April when the activity shifted 
to a subglacial fissure that opened in the caldera 
of the central volcano on 14th of April. That part 
of the eruption was mostly explosive, as phreato-
magmatic eruption began due to the interaction of 
meltwater from the glacier and the erupting lava, 
creating a high amount of tephra. During that part 
of the eruption there were four phases with differ-
ent activity (Gudmundsson et al. 2011).

The opening phase was mostly explosive and last-
ed from 14th to 18th of April, when a 2 km long 
fissure opened below the glacier, forming four 
cauldrons in the ice over the eruption sites (Pis-

tolesi et al. 2016). During this phase, the vent was 
covered with water, causing repeated explosions 
and high tephra production as the lava fragmented. 
The plume reached 5–10 km in height and tephra 
was carried to the east and south. Jökulhlaup fol-
lowed the first phase, flowing to the north through 
Gígjökull and draining into the glacial river of 
Markarfljót (Guðmundsson et al. 2012b).

The second phase began on the 18th of April and 
lasted until 4th of May. That phase was effusive 
with some explosive activity, but with lower dis-
charge rates than the first phase and the plume 
reached 2–4 km in height. During this phase, there 
was limited tephra production but about 3 km long 
lava flow was formed, flowing from the caldera 
and down through the outlet glacier Gígjökull 
(Guðmundsson et al. 2012b). The third phase last-
ed from 5th to 17th of May, where explosive ac-
tivity resumed due to change in magma composi-
tion, and high tephra production started again with 
large amount of fine ash being produced. During 
this phase the plume height again rose to about 10 
km and wind direction was more variable, causing 
higher dispersal of tephra than in the first phase 
(Pistolesi et al. 2016).

The fourth and final phase lasted from 18th to 22nd 
of May during which the eruption declined steadi-
ly and finally came to a stop. After the eruption, 
plumes of steam were present above the craters 
for months after the eruption. Most of the erupted 
material during the eruption was tephra, or about 
80%, with most of the tephra being fine ash (Guð-
mundsson et al. 2012b). The tephra bulk volume 
produced was between 0.27–0.32 km3 with tephra 
thickness near the caldera exceeding 30 m but got 
progressively thinner further away (Guðmunds-
son et al. 2012b; Pistolesi et al. 2016; Möller et al. 
2019). Slightly more than half of the tephra vol-
ume that was produced during the eruption settled 
in Iceland (Guðmundsson et al. 2012b), and the 
rest of the tephra was distributed over the North 
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Atlantic, with only 5% of it reaching continental 
Europe (Pistolesi et al. 2016) and marks the first-
time tephra from an eruption in Iceland has been 
able to reach Europe since Mt. Hekla eruption in 
1947 (Guðmundsson et al. 2012b). 

Grímsvötn and Lakagígar
Grímsvötn volcanic system (Fig. 1) is the most 
active system in Iceland during historical times 
(Gudmundsson et al. 2012a; Horwell et al. 2013) 
and is believed to be directly above the mantle 
plume (Bindeman et al. 2006). Most of the system 
is covered by Vatnajökull glacier, but about 30 km 
of the associated fissure swarm, stretching to the 
SW, is ice free (Thordarson and Larsen 2007). The 
Laki fissure swarm is the associated fissure swarm 
with Grímsvötn (Björnsson and Einarsson 1990) 
and is best known for the eruption of Lakagígar 
(i.e., Laki craters) in 1783–84 C.E. The central 
volcano of Grímsvötn has a 62 km2 and 200-300 
m deep caldera which is covered with 50–250 m 
thick ice (Thordarson and Larsen 2007; Björns-
son and Einarsson 1990). There is an extensive 
geothermal system in the caldera and a subglacial 
lake as well that is contained by an ice dam on 
the caldera rim (Björnsson and Einarsson 1990). 
The ice dam breaks periodically and the caldera 
is drained, causing jökulhlaup in the glacial river 
of Skaftá. (Björnsson and Einarsson 1990). There 
have been 64 confirmed eruptions from the system 
during historical times, with most of them coming 
from the caldera (Thordarson and Larsen 2007). 
Eruptions from the system are usually explosive 
basaltic eruption, when the eruption site is under-
neath the glacier, but effusive basaltic eruptions 
occur on the ice-free part of the fissure swarm. 
The subglacial eruptions in the system tend to be 
small, or about 0.01¬–0.1 km3 of erupted materi-
al, and tephra is often not transported outside of 
the Vatnajökull glacier area (Bindeman et al. 2006; 
Jakobsson and Gudmundsson 2008; Horwell et al. 
2013). The eruptions normally cause only minor 

damage to the glacier, as the melt is limited to 
about 0.1 km3 of ice, creating a few hundred-me-
ter-wide openings into the glacier above the erup-
tion site (Jakobsson and Gudmundsson 2008). 
Jökulhlaup are normally caused by the eruptions 
and are often larger than the jökulhlaup caused by 
the geothermal system (Björnsson and Einarsson 
1990). The peak discharge of these jökulhlaup is 
about 40.000 m3/s (Thordarson and Larsen 2007) 
and they can cause significant property damage to 
roads, bridges, and agricultural land. 

The last eruption of Grímsvötn central volcano 
was in 2011, from 21st to 28th of May. It was a 
subglacial eruption with explosive activity and 
tephra production, with the eruption plume reach-
ing up to 20 km in height. Although this eruption 
was short-lived, it was much larger than the 2010 
eruption of Eyjafjallajökull, as Grímsvötn re-
leased more tephra on the first day than during the 
entire eruption of Eyjafjallajökull and produced 
up to two or three times the bulk volume of teph-
ra. During and after the eruption, tephra fell in the 
British Isles and Norway, with minor disruption 
to air traffic. The reasons why it did not cause as 
much disruption to air traffic as Eyjafjallajökull in 
2010 are that it had a shorter eruption period and 
strong winds in the upper troposphere and strato-
sphere were not present as in 2010, preventing 
large scale dispersal (Gudmundsson et al. 2012a; 
Gudmundsson et al. 2012b).

The most famous eruption from the system was 
however the 1783–1784 eruption of Laki fissure 
swarm, The Lakagígar eruption. The Lakagígar 
and Eldgjá eruptions are two of the largest volca-
nic events in Iceland’s history and the largest of its 
kind on the planet in the last couple of thousand 
years (Thordarson and Larsen 2007). The Lak-
agígar eruption started on 8th of June 1783 and 
created a 27 km long SW to NE trending fissure 
that extended to the central volcano of Grímsvötn. 
The fissure consists of ten en echelon fissures cre-
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ated in ten eruption episodes that had more than 
140 vents (Thordarson and Self 1993; Thordar-
son et al. 1996, 2003). The eruption episodes at 
each fissure started with an earthquake swarm, 
followed by an explosive eruption that changed 
to effusive eruption in the following days once 
groundwater stopped interacting with the magma 
(Thordarson et al. 2003). Four eruption episodes 
also occurred at Grímsvötn volcano which were 
all explosive (Thordarson et al. 2003). The fis-
sures created a mixed cone row, with numerous 
scoria and spatter cones along with two tuff cones 
(Thordarson et al. 2003) (Fig. 5). Some 14.7 km3 
of lava has erupted during the eruption, and 0.4 
km3 tephra (Thordarson and Self 1993), creating 
a 600 km2 lava field called Eldhraun (Figs. 1, 6). 
The lava field is defined as rubbly pahoehoe lava 
(Guilbaud et al. 2005), which is now mostly cov-
ered with woolly fringe moss, and partially cov-
ered by the lava field created in the Eldgjá erup-

tion. The eruption released about 122 Mt of SO2 
into the atmosphere, creating 200 Mt of H2SO4 
aerosols, and caused major climatic impact on 
Iceland and the northern hemisphere. The aerosols 
were largely removed from the atmosphere as acid 
precipitation that caused volcanic pollution that 
caused the death of thousands (Thordarson and 
Self 1993, 2003). The impact of the eruption in 
Iceland was severe, as 50% of cattle, 79% of sheep 
and 76% of horses died due to the eruption, caus-
ing a famine that led to the death of about 23.6% 
of the population in Iceland. The lava also covered 
two churches and 14 farms, with 30 other farms 
having large portion of their farmlands destroyed, 
and two parishes were uninhabitable for two years 
(Thórarinsson 1968).

Hyaloclastite Ridges
One of the most remarkable volcanic formations 

Figure 5. Photo of the eastern part of Lakagígar crater row and the edge of Vatnajökull glacier in the distance. 
Photo: Katla Geopark.
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within Katla Geopark, and a unique geoheritage in the world, are the three long mountain ranges of 
Kattarhryggir, Grænifjallgarður and Fögrufjöll (Figs. 1, 7). These three mountain ranges are hyaloclas-
tite ridges and believed to be the subglacial equivalent of large fissure eruptions such as the Eldgjá and 
Lakagígar eruptions (Jakobsson and Guðmundsson 2012). The hyaloclastites are formed by non-ex-
plosive granulation and explosive fragmentation of magma due to magma-water interaction. The grain 

Figure 6. Photo showing a part of the moss covered Eldhraun lava field. Photo: Katla Geopark.

Figure 7. Two hyaloclastite ridges, Fögrufjöll and Grænifjallgarður, and Vatnajökull glacier in the distance. Skaftá 
glacial river is on the right-hand side of the photo. Photo: Ingibjörg Eiríksdóttir.



Jóhannesson: Volcanic Features within Katla

63

size of the hyaloclastites can vary from very fine-
grained ash to larger rock fragments (Fisher and 
Schmincke 1984; Werner and Schmincke 1999). 
The ridges all have a NE-SW direction and can be 
up to 44 km long. The bottom of the ridges is often 
made from pillow lava, with hyaloclastite form-
ing the largest part of the ridges and sometimes 
lava can flow on the top of them if the eruption 
breaks through the glacier. The length of the ridg-
es is normally more than double their width and 
tend to have rows of peaks at a semi-even interval 
(Jakobsson and Guðmundsson 2012). 

Geotourism
The geotourism potential of these morpho-volca-
nic formations is high and all the sites are geo-
sites within Katla Geopark. Each location has an 
information panel where people can read about the 
geology and the history of each site. This infor-
mation, especially the geology as most people do 
not know much about these types of formations, 
is very important to educate visitors so they can 
fully enjoy what they are seeing. The location 
of Lakagígar, Eldgjá and the hyaloclastite ridges 
prevents year-round geotourism though, as the ar-
eas close during the wintertime due to snow, wet 
grounds, and impassable terrain. Katla and Ey-
jafjallajökull volcanoes also pose a challenge as 
the terrain is difficult to traverse and the sheer size 
of the mountains makes any hike difficult. There 
are however several viewpoints for each volcano, 
often at other geosites, with information boards 
where people can read about the volcanic activity 
and the formations formed by them.
The lava fields and the rootless cones fields are 
however much more accessible and there is all-
year tourism there with easily accessible locations 
and information signs. Tourism has been growing 
rapidly in Iceland over the last decade or so and in 
2017, 2.2 million tourists visited Iceland (Óladót-
tir 2018). The majority of tourists that visit Ice-
land also visit south Iceland, and in 2022 the ratio 

was just over 80% (Óladóttir 2022). Most tourists 
come to Iceland with the idea of seeing nature and 
unique natural sites (Óladóttir 2018), with numer-
ous popular sites within Katla Geopark such as 
Seljalandsfoss and Skógafoss waterfalls, Sólhei-
majökull outlet glacier and Fjaðrárgljúfur canyon. 
Even though these sites are not volcanic in origin, 
they are closely linked to volcanism and are all 
connected one way or the other with one or more 
of the Katla, Eldgjá, Eyjafjallajökull, Lakagígar 
craters and the hyaloclastite ridges.

These attractive geosites are also among the most 
heavily researched and monitored areas in Iceland, 
both by national and international scientists. The 
main focus on monitoring are the two volcanic 
systems of Katla and Grímsvötn, due to frequent 
subglacial eruptions and dangerous jökulhlaup 
from the two systems, and they are monitored with 
seismic sensors and GPS monitoring for crust-
al movements. The glacial rivers are also moni-
tored to give an early warning of glacial outburst 
floods and the chemical composition of the water 
can give an indication about a possible subglacial 
eruption (Elefsen et al. 2002). Research on the pe-
trology, morphology and formation/eruption his-
tory of these sites is also frequent, but the main 
focus today lies in researching new events. For 
example, the 2010 eruption of Eyjafjallajökull is 
probably the most heavily studied eruption in Ice-
land’s history and the 2011 eruption of Grímsvötn 
and the small subglacial eruption of Katla in the 
same year have been researched heavily as well. 

Conservation
When Katla Geopark was planned in 2009–2010 
it was not based on any existing structure. The 
Lakagígar craters of the proposed geopark were 
already part of Vatnajökull National Park and in 
2011, a year after Katla Geopark was established, 
the National Park was extended to include the hy-
aloclastite ridges of Grænufjöll, Fögrufjöll and 
Kattarhryggir, and Langisjór lake, already within 



Geoconservation Research Volume 6 / Issue 1 / 2023/ pages(53-69)      

64

the geopark (Ríkisútvarpið 2011). 

Geoparks did not have any special role in Icelan-
dic legislation and do not to this day. The notion of 
Katla Geopark was developed by the newly estab-
lished University Centre of South Iceland through 
a regionally funded pilot project on how to coun-
teract the continuous depopulation of the area 
(Háskólafélag Suðurlands 2011). The idea was to 
use the volcanic landscape and features as an asset 
to develop geotourism. The municipalities turned 
out to be favorable to this idea, not necessarily for 
geo-conservation as such, but as a tool in regional 
development. It has remained a continuous chal-
lenge for these sparsely populated rural areas of 
about 3000 people in an area of more than 9,500 
km2 to keep the geopark up and running, especial-
ly since there was no existing structure in place 
before.

Katla´s application to join the European and 
Global Geoparks Network was accepted at the 
10th European Geoparks Conference held in Gea 
Norvegica Geopark in Langesund in Norway in 
2011. Following the adoption of the UNESCO 
Global Geoparks designation list at the 38th UN-
ESCO General Conference in Paris in 2015, Katla 
Geopark acquired the status of a UNESCO Global 
Geopark (Háskólafélag Suðurlands 2011; UNES-
CO 2023).

In Iceland, protected areas are registered in the 
Nature Conservation Act No. 60/2013 and the nat-
ural conservation register (Lög um náttúruvernd 
nr. 60 2013). Nature reserves may be established 
in areas considered important for their landscape, 
flora, or fauna. Common to all the nature reserves 
is protection of their wildlife and landscape and 
this can involve a restriction on development and 
public access. The degree of restriction may vary. 
Natural monuments are natural phenomena that 
are unique, of outstanding beauty or scientific 
interest. These include waterfalls, volcanoes, hot 
springs, rock pillars, fossils, and minerals. The 

Minister for the Environment and Natural Re-
sources publishes a new Natural Conservation 
Register every five years, as per Article 13 of the 
Nature Conservation Act No. 60/2013 (Lög um 
náttúruvernd nr. 60 2013). Park Rangers from the 
Environment Agency of Iceland and Vatnajökull 
National Park monitor legally protected sites and 
other vulnerable sites in the area such as Fjaðrár-
gljúfur, Hjörleifshöfði, Eldhraun and larger area 
around Skógafoss waterfall. Areas are sometimes 
closed off to protect vegetation from damage and 
during nesting seasons of birds. Volunteers often 
maintain paths and other infrastructure, but oth-
erwise governmental maintenance grants are used 
for monitoring and maintenance.

In 2017, Katla Geopark obtained a 5-year con-
tract total funding of 104,000,000 Icelandic 
Króna (874,045 EUR in 2017) with the Min-
istry of Environment and Natural Resourc-
es, to support the geopark operations with 
emphasis on the conservation of natural and 
cultural heritage (Mbl 2016). A committee 
was established with members from the Ice-
land Environment Agency, Cultural Heritage 
Agency and Vatnajökull National Park and 
UNESCO World Heritage Site, along with 
a specialist from the ministry, and this com-
mittee was chaired by the geopark Manager 
of Katla Geopark (Stjórnarráð Íslands 2017). 
The committee’s role was to ensure cooper-
ation on co-governance and management of 
the area, involving all relevant stakeholders 
and the approval of an Action Plan, updated 
annually with key actions and actors.

Katla Geopark has 81 geosites, around half of them 
legally protected and managed by governmental 
institutions including Vatnajökull National Park, 
the Environmental Agency of Iceland, and the 
Cultural Heritage Agency of Iceland. The remain-
ing half are in planning responsibility of the mu-
nicipalities, and some receive protection through 



Jóhannesson: Volcanic Features within Katla

65

municipal master plans. In 2019, about 2100 km2 
of the area of the geopark which is shared area 
with Vatnajökull National Park, became designat-
ed as a UNESCO World Heritage Site (UNESCO 
2019) when the entire National Park became a 
UNESCO World Heritage Site. The shared area 
receives legal protection through Vatnajökull Na-
tional Park. In 2018, Katla Geopark published its 
first Destination Management Plan, in cooperation 
with NOHNIK Landscape and Architecture, and 
the work involved all relevant stakeholders of the 
geopark (NOHNIK 2017). This plan is now part 
of municipal master plans of the area, ensuring 
that Katla Geopark is part of the region´s develop-
ment and future planning strategies. Even though 
these solutions can support conservation measures 
in many ways with active cooperation of those 
involved, they are not without their limitations. 
The Destination Management Plan is not legally 
binding and cannot ensure that sites are properly 
managed nor protected unless they are part of the 
Nature Conservation Act No 60 /2013 or enlisted 
on The Natural Conservation Register. However, 
as of June 16, 2020, the manager of Katla Geopark 
is a substitute member of the Advisory Commit-
tee to the Minister of Environmental and Natural 
Resources for the Natural Conservation Register 
(Samband íslenskra sveitarfélaga 2020). Having a 
legally binding plan, that succeeds the authority of 
the municipal master plans, would support conser-
vation efforts and legal protection of sites.
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