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Abstract 
Mid-ocean ridges are crustal features characterized by spreading ridges and that lead to 

basaltic volcanism. Spreading of the ocean floor occurs due to rifting and upwelling 

magma through the spreading center which creates new ocean floor and volcanically 

active regions. Iceland is the land-based expression of the Mid-Atlantic Ridge and is 

one of the most volcanically active regions of the world. Volcanic eruptions on Iceland 

are a source of geological hazard to humans and the environment due to the release of 

ash, gases and lava. The composition of the material released is determined by the 

chemical composition of the surrounding bedrock and the magma upwelling from the 

Earth’s crust. The effects of historical eruptions on Iceland have been locally 

devastating and of global impact. The eruption of Lakagígar in 1783-1784 is known to 

have been the largest eruption in historical time, and is responsible for the death of 

~22 % of the Icelandic population. Skeletal fluorosis is a disease that is sometimes 

observed following large volcanic eruptions. Fluorine-rich magma contaminates 

groundwater and soil proximal to the volcano and leads to poisoning of humans and 

livestock living off the land. Volcanic ash can travel great distances in the upper 

atmosphere and spread over vast areas far away from the erupting volcano. Volcanic 

ash can change in composition in the atmosphere, and bring about climate-changing 

effects. Most notably in recent times, violent ash eruptions can also cause problems to 

the aviation industry, when ash enters and damages airplane engines. Iceland has 

many active volcanoes and needs to ensure plans for future eruptions are in place. One 

such measure is an evacuation plan that protects people living close to an active 

volcano, such as the most lively on Iceland: Hekla, Katla and Eyjafjallajökull.        

 

Sammanfattning 
Mitt-oceaniska ryggar är formationer i jordskorpan med en specifik typ av vulkanism. 

Sprickor i oceanplattan möjliggör att magma tränger upp och bildar ny havsbotten, 

samtidigt som plattorna glider isär. Island är beläget vid den mitt-atlantiska oceanryggen 

och är ett område med stor vulkanisk aktivitet. Vulkanutbrott utgör en geologisk fara för 

människor och miljö när stora mängder aska, gaser och lava avges till omgivningen. 

Vad materialet som avges är uppbyggt av bestäms av den kemiska sammansättningen i 

berggrunden och av magman under jordskorpan. Effekter av historiska utbrott på Island 

har varit både lokalt förödande och haft en global påverkan. Utbrottet av Lakagígar år 

1783-1784 är känt för att ha varit det största utbrottet i historisk tid. Skelettfluoros är en 

sjukdom som kan orsakas av vulkanutbrott. Fluor-rik magma förorenar grundvatten och 

marken i vulkanens närhet och människor och boskap som lever där förgiftas. Vulkanisk 

aska sprids lätt med vinden och kan täcka stora områden långt ifrån den eruptiva 

vulkanen. Askan från en vulkan kan ändra sammansättning i atmosfären och leda till 

klimatförändringar. På senare tid har det även orsakat problem för flygindustrin, då aska 

kan förstöra flygplansmotorer. Island har ett stort antal aktiva vulkaner och behöver vara 

beredde för framtida utbrott. Tre vulkaner som har varit aktiva under historisk tid är 

Hekla, Katla och Eyjafjallajökull.      
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1 Introduction 
Situated on the boundary that separates the Eurasian plate from the American plate, 

Iceland experiences frequent tectonic events such as volcanic eruptions, earthquakes 

and faulting. In the landscape, signs of these events are found all over Iceland. The high 

number of volcanoes and recurrent volcanic activity on Iceland make it one of the best 

places on Earth to study volcanism. In this bachelor thesis I will investigate the 

mechanism behind volcanism on Iceland and analyze three historical eruptions and the 

effects experienced following their eruption.    

 Both humans and animals are affected during and after a volcanic eruption 

from numerous primary and secondary hazards. Uptake of harmful substances affects 

the body and can lead to failure of vital organs or skeletal deformation, and in the most 

severe cases, can lead to death. Therefore knowledge and awareness of these 

potential effects is important to prevent major damages to populations during a volcanic 

eruption. In historic time, several large eruptions have taken place on Iceland that have 

had devastating effects on human populations, both in Iceland and further afield in other 

parts of the world. This thesis will include a summary of some of these historical 

eruptions on Iceland. 

 To fully understand what happens during a volcanic eruption, the first 

chapter of this thesis will cover a basic explanation about what a volcano really is, with 

special reference to Icelandic-type volcanism, how they work, and the substances 

ejected during an eruption. The volcanism in Iceland is very unique with a wide range of 

different types of volcanic eruptions. This makes the island very special in the term of 

mixed eruptions and almost all types of volcanic eruptions takes place in Iceland. The 

complexity of eruptions on a small surface area makes it an ideal place to study 

volcanism and many of the volcanic systems on Iceland are under surveillance and are 

being monitored.        

 This thesis will hopefully give you a broad introduction to volcanism in 

Iceland and how it has affected us in the past, with focus on the volcanic eruptions of 

Lakagígar, Hekla and Eyjafjallajökull (chronological order with the oldest eruption first). 

It is also discussed how we can protect ourselves and what could the consequences be 

due to a future eruption.        
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2 Volcanism  
2.1 Volcano dynamics 
2.1.1 Formation and behaviour 

The formation of a volcano is related to its tectonic environment. The Earth´s crust is 

cracked and forms several substantial crustal plates. These solid plates are able to float 

on top of the mantle due to density differences between the two, and the movement of 

these plates, and the mechanisms by which they meet at their boundaries are the main 

mechanisms that enable volcanism. There exists three common types of tectonic 

settings that lead to volcanism; mid-ocean (spreading) ridge, subduction zone and 

tectonic hot spot (mantle plume).  

The behavior of a volcano strongly depends on the properties of the magma. The 

composition of the magma determines its viscosity, together with temperature and how 

much gas pressure it contains (most commonly in the form of volatiles such as H2O and 

CO2). Higher viscosity means a higher resistance to flow as the magma holds together 

more easily and restores its shape longer.  

 Studies carried out on the active volcano of Eyjafjallajökull in southern 

Iceland have given a better understanding of how a volcano behaves before an 

eruption. In the paper Intrusion Triggering of the 2010 Eyjafjallajökull Explosive Eruption 

by (Sigmundsson et al., 2010), they present how the volcano developed towards the 

eruption in 2010. Data was collected from interferometric satellite radar observations 

(InSAR), geodetic measurements (GPS) and optical tilt levelling equipment. These 

techniques revealed an increase of earthquake activity in 1992 after nearly two 

centuries of a dormant state, and in 1994 and 1999 displacement due to intrusions was 

detected underneath the central volcano. The intrusions were sill structures at a depth 

of 4.5 to 6.5 km with a significant mass. Between the years 2000-2009 earthquake 

activity picked up and displacement remained the same. In 2009 displacement was 

detected again and in the beginning of 2010 both earthquake intensity and 

displacement increased just prior to the opening of a fissure to the east of the volcano in 

March 2010. The eruption of the fissure continued for nearly 20 days before the eruptive 

activity progressed towards an explosive eruption on the summit of the ice-capped 

volcano. Monitoring of volcanoes like such as that in the aforementioned study can 

detect volcanic unrest and a potentially the beginning of an eruption by investigating 

increasing earthquake activity, measurement of increased gas and heat emission and 

measurement of regional displacement due to an increase of magma beneath the 

volcano.      

  

2.1.2 Occurrence and forms 

Eruptions can occur in two dominant ways. Either molten magma is transported through 

a rupture deep down in the Earth´s crust up through a feeder dyke and outbursts at the 

surface in an eruption. In rare cases the eruption continues over time and magma 

continues to flow upwards in a constant stream. However, the more common way is 

closure of the fissure and a cooling period before a new eruption begins and new 

magma surfaces (Gudmundsson, 2012).  
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Volcanoes are associated with a cone shaped mountain with a crater on top ejecting 

lava and ash. That scenario is one of many when it comes to types and forms of 

volcanoes. The characteristic cone-shaped volcano is formed due to magma with high 

viscosity that builds up height instead of distance (low flow), because the viscous sticky 

magma does not flow so easily. We find these types of volcanoes in subduction zones, 

for example the Andes mountain range. On Iceland we find volcanoes that are usually 

formed by basaltic magma, also called shield volcanoes (figure 1). Due to the chemical 

properties of the upwelling magma and mixing with water, low viscosity magma travels 

far from the eruptive fissure or vent, and the shape of the volcano becomes lower and 

more extended. Shield volcanos are often associated with mid-ocean ridges, where the 

seafloor is uplifted and moves in opposite directions.    

 
Figure 1 - Shield volcano (right). (ImageQuest, 2014). 

 

2.2 Mid-ocean ridge volcano-tectonics 
The formation of any major ocean basin we have on our Earth is due to tectonic 

movement. It all starts with the lithosphere being heated by magma from the mantle, 

and this heated partially-molten material will rise due to lower density than its 

surroundings and plastic behavior. Once the stress threshold is surpassed, the crust will 

start to crack and rift apart, and now so tectonic spreading will start and an ocean basin 

is formed. In the center of the rift, upwelling magma creates new ocean floor and forms 

a mid-ocean ridge.  

 Iceland is situated towards the northern end of the Mid-Atlantic Ridge which 

is oriented north-south in the center of the Atlantic Ocean. The Mid-Atlantic Ridge is 

considered to be a young mid-ocean ridge and in contrast to the Pacific Ocean, the 

Atlantic Ocean is still growing, which means the ridge zone is still drifting apart. The 

Icelandic mainland is the result of overproduction of volcanic activity from both 

spreading tectonic plates and the presence of a mantle plume beneath Iceland, and the 

mid-ocean ridge has surfaced and formed what we today call Iceland (Wilson, 2007).           

It is believed that under a mid-ocean ridge there is a body of magma known as a 

magma reservoir. This would explain the diversity of different basaltic rock types that 

are found in mid-ocean ridge settings, because of mixing and crystallization in the 
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magma reservoir with the surrounding bedrock (Wilson, 2007). According to M. Wilson 

in Igneous Petrogenesis (2007), the search for magma reservoirs under mid-ocean 

ridges have turned out to be unsuccessful in locating a body of magma big enough to 

work as a reservoir. Further on, Wilson declares that the presence of a magma body 

should be marked by S-waves in a seismological investigation and a magma body big 

enough should create a more plastic bedrock and prevent earthquakes in the 

surrounding area. A magma reservoir is defined as a molten or partially molten body of 

magma in the Earth’s crust and is supplied with magma from a deeper source (mantle) 

(Gudmundsson, 2012). The transport of magma in the Earth’s crust is mainly due to 

density differences within the molten magma and the surrounding bedrock as the high 

density material rises above the low density material. Transport of magma in the crust 

takes place in dykes and sills. A dyke crosscuts layers of bedrock while a sill stores 

magma often horizontally under a non-permeable rock layer.    

 Formation of a magma reservoir is believed to mainly develop from sill 

structures, however, far from all sills develop into a magma reservoir as the right 

conditions have to be met (Gudmundsson, 1990). If the inflow of magma is too high 

from entering dykes in a stress barrier layer, where horizontally compressive stresses 

are higher than vertical stresses, sill structures will likely form. If the sill is thick enough, 

partial cooling traps incoming magma and a reservoir can be formed (Gudmundsson, 

1990).   

 When the search for magma reservoirs under mid-ocean ridges turned out 

negative, a theory of temporary magma pools under an active ridge was established 

and it is likely with sporadically filling of the pools (Wilson, 2007). Further on it is 

discussed in (Wilson, 2007) that a mid-ocean ridge with slow spreading rate is more 

likely to withhold small storage reservoirs with fractures in the crust and rapid levels of 

magma movement but in smaller quantities. The Mid-Atlantic Ridge is believed to be a 

slow spreading ridge.      

 

2.3 Volcanic ash  
Material ejected from an erupting volcano can be as lava, flowing from the fissure 

opening (vent) or launched away by explosive force. This takes place fairly close to the 

center of the volcano. The reason why we see signs of volcanic eruptions at distances 

far away from regions with volcanic activity is the spreading of volcanic ash or tephra. 

Tephra is fragmented material released from a volcanic eruption regardless of its 

chemical composition or size of the fragments. A Plinian (explosive) eruption will 

distribute large amounts of volcanic gas and ash into the Earth’s atmosphere, this can 

lead to the formation of eruption clouds (Settle, 1977). The formation of eruption clouds 

is not only related to explosive eruptions, but they can also form during more controlled 

or weaker eruptions (Strombolian). These eruption clouds are smaller and do not 

usually spread over equally large areas as Plinian eruption clouds (Settle, 1977). Due to 

the dominance of basaltic magma on Iceland, basically all eruptions are of Strombolian 

type. Similar volcanic behavior is seen on the island of Hawaii.          



 

5 
 

Volcanic ash clouds rise upwards from the erupting volcano due to convection, caused 

by temperature differences between the air and the eruption cloud. How fast the 

material rises depends on the density in the material and the ratio between air, gas and 

pyroclasts in the eruptive cloud (Settle, 1977). Within the cloud of eruptive substances, 

sorting of the volcanic material takes place with the help of the forces of gravity and 

wind. The sorting process removes larger material from the cloud and enables finer 

particles like ash to rise high up in the eruption cloud. The continuous movement of the 

upper part of the cloud is strongly affected by the density of the vapor particles of the 

cloud (Settle, 1977). This process is strongly affected by temperature, with a decreasing 

temperature with height. Decreasing temperature comes with an expansion of the vapor 

material in the cloud and an increase of surrounding cooler air, and the height of the 

eruption cloud depends on these two processes (Settle, 1977).  

 The process of a rising eruptive cloud affects the amount of thermal energy 

released to the surrounding environment because of the energy needed to enable the 

cloud to rise (Settle, 1977). The largest fraction of material in an eruptive cloud is known 

to be the pyroclasts, therefore the gas content is a small factor in the sense of emitting 

thermal energy to surrounding air masses (Settle, 1977).  

 

2.3.1 Properties of tephra 

Strombolian and Plinian volcanic eruptions eject large amounts of tephra into the 

Earth’s atmosphere and biosphere (hydrosphere and lithosphere). The location of 

substantial tephra deposits depends most importantly on the spreading of the eruptive 

cloud, how much energy is released and the direction and force of the winds. When 

tephra is introduced into the earth’s sub-aerial systems, it has been shown that it affects 

the environment in many different ways, for example through physical, chemical and 

biological changes (Ayris & Delmelle, 2012). Tephra consists of any kind of material that 

is ejected out of the volcano, often highly connected with the surrounding bedrock of the 

active volcanic area. This enables tephra to come in various ranges in physical and 

chemical properties (Ayris & Delmelle, 2012). The building blocks of tephra are silicate 

glass and crystal phases of numerous minerals, for example quartz (SiO2). Depending 

on the composition of the tephra reaching the environment (hydro-, atmo- and 

lithosphere) it reacts in various ways. In some cases soluble magmatic phases of 

anhydrite (CaSO4) and apatite (Ca5(PO4)3F), in this case fluoroapatite, are released 

sub-aerially. More commonly, insoluble and poorly soluble components such as 

magmatic silicate, iron/titanium oxide and pyrrhotite (FeS) are deposited (Ayris & 

Delmelle, 2012).  
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Figure 2 - Image of Icelandic tephra.  

 Tephra colour depends on the silica content; high silica content (more 

evolved compositions) together with low iron content gives the tephra a lighter pale 

white colour. The opposite composition occurs when silica content is low (more basaltic 

in composition) and iron content high, and the tephra will show a brown or black colour. 

The ability to reflect radiation (albedo) increases with paler colours and therefore high 

silica tephra shows a higher albedo than tephra with high iron content (Ayris & Delmelle, 

2012). When the albedo changes in an area it can change incoming radiation from the 

sun with warmer/lower temperatures, under long term exposure it can strongly affect the 

climate.  

 The amount of surface area that is covered by tephra after a volcanic 

eruption is, as mentioned above, related to many factors. Small particle-size tephra 

tends to cover a greater surface area than large particle-size tephra, with several 

supplementary factors that can change this general case, with one example being 

eruption capacity (Ayris & Delmelle, 2012). When spread over a wide surface area, the 

tephra can react with the underlying soil or water to release soluble elements. Leached 

elements from tephra layers can strongly effect the environment in the given area (Ayris 

& Delmelle, 2012).  

 Tephra released into the atmosphere can have short-term and in some 

cases long-term effects on the surface temperatures in the area close to the active 

volcano. Reflection of solar radiation back to space increases if tephra is ejected high 

enough to reach the stratosphere, and consequently may lead to a temperature change 

in the stratosphere, however, often only for a short time period (Ayris & Delmelle, 2012).     
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3 Health effects due to volcanic eruption  
A volcanic eruption comes not only with a potential threat from the direct effects of 

ejected magma from the volcanic vent and fissures. It carries also a potential threat of 

poison to humans and livestock through the uptake of harmful substances ejected from 

the volcano in either gas form or bound in the tephra and that are released into the 

atmosphere and later deposited on Earth’s surface. Effects on human health can be 

rapid and occur with high intensity, especially for populations living close to the volcano 

(proximal). Populations’ further away (distal) experience an exposure rate that is slower 

and it can take many years before effects on human health can be detected. Casualties 

resulting from volcanism are often considered a rare event, but when it happens it can 

be in large numbers. This pattern is often observed because almost all casualties occur 

as a result of physical threats such as lava flows or lahars, or because of tsunamis 

caused by volcanic events (Witham, 2005). Negative effects on human health due to 

volcanic toxics released during an eruption are in numbers very far from being the main 

cause of mortality in populations affected by volcanic activity, but are nonetheless 

important to recognize. The toxins released from volcanoes lead to increasing amounts 

of these toxic elements in biological systems and which brings on illness in populations, 

and even more severely, with prolonged exposure can lead to death (Witham, 2005).          

 

3.1 Ash and Gases  
Small tephra particles are defined as ash and have a diameter less than 2 mm. This 

size is dangerous due to the potential of the tephra to enter the human respiratory 

system. However, only a considerably small fraction of ash particles (less than 0,001 

mm) are able to enter the lungs (Weinstein et al., 2013). As well as these respiratory 

problems, ash can cause detrimental health effects on other soft tissues of the human 

body. Some examples are given down below:  

 

Eyes: The eyes are sensitive to outer contact, and volcanic ash is an irritant and can 

cause damage to the eyes. The cornea is the frontal transparent part of the eye and in 

contact with ash particles it can become abraded. Other impacts to the eye correlated to 

ash particles are conjunctivitis or “pink eye” which results from storage of ash in the 

area of the conjunctiva (which covers the white parts of the eye) and is an irritant on the 

eye causing blood to fill the vessels in the eye and the eye becomes red. Further rare 

effects are swelling of the eyelids (Weinstein et al., 2013). 

 

Throat and Nose: Irritation to the openings of our respiratory systems is common under 

heavy ash fall and can cause damage to the nasopharynx which is the upper part of the 

throat.  

 

Skin: Ash can cause irritation on the skin and sensitive areas are upper and lower parts 

of the arms. Ash on skin causes something that is called ash-rash. This is a poorly 

documented effect of ash to human health according to (Weinstein et al., 2013). 

Irritations on skin and human soft parts are more common under short-term exposure 
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and complications following long-term exposure is rarely seen and must be seen as 

very unusual (Weinstein et al., 2013).    

              

During Plinian eruptions the volcano usually erupts with more force and leads to greater 

destruction due to the violence in the eruption. One of the most deadlly forces, 

described in the article Medical effects of volcanic eruption, are pyroclastic flows 

(Baxter, 1990). A pyroclastic flow is described as one of the deadliest forces of nature 

and can devastate villages as it cascades down the volcano hillside. Pyroclastic flows 

are a mix of lava, gases and ash, and are also known as ‘Nuées Ardentes’ which 

translates to glowing avalanches. The mix of material with both ash and gases makes it 

a fast moving mass, reaching high speeds when it flows down the hillside due to gravity 

and low friction, ad destroying everything in its path (Baxter, 1990). A large portion of 

the ash particles within the pyroclastic flow are small enough to enter the human 

respiratory system, and can often reach the smallest parts of the lungs. An example 

given in the article comes from the eruption of Mount St. Helens in 1980 where a victim 

died in his car close to the center of the pyroclastic flow. Despite the car offering 

protection against the heat and fire, the cause of death was determined as asphyxiation 

(oxygen deficiency) due to the ash inhaled into the lungs preventing uptake of oxygen 

(Baxter, 1990). On Iceland the basaltic magma preventing these types of eruption, a 

Plinian eruption on Iceland comes often with phreatomagmatic explosions and a 

massive release of ash and gases.    

 

3.2 Ingestion  
Commonly intake of poisonous substances from volcanic eruptions results from drinking 

contaminated water. Ash particles become deposited in rivers and lakes which 

increases the concentration of dangerous substances, for example fluorine (F). Further 

on this chapter focuses on fluorine as a contaminant, but the pathway exemplify other 

volcanic poisonous substances in a similar way. 

Fluorine is perhaps the most famous case of natural poisoning by a non-

anthropogenic source. It’s a highly reactive and poisonous element in our environment, 

is part of the halogen group in the periodic table. Its molecular properties consist of one 

electron missing in its outer shell which makes it the most electronegative element there 

is, and in turn, is extremely reactive to most chemical compounds. It is highly toxic in 

gas form and slightly weaker but still hazardous as a solution.     

For the human body, a small amount of fluorine can be good for production of 

bones and teeth. Fluorine occurs naturally in our environment, and then mostly bonded 

with other elements forming molecules. One of the most dominant sources of fluorine in 

nature comes from volcanic activity. Volcanic gases and rocks contains high amounts of 

fluorine, and one of the most common source is hydrogen fluoride gas (HF), but also 

compounds like NH4F, SiF4, (NH4)2SiF6, NaSiF6, K2SiF6 and KBF4 (D’Alessandro, 

2006). Icelandic magma is rich on fluorine and historic eruptions are known to release 

vast amounts. The interaction of fluorine in the environment is either from gaseous 

release or by water-rock interaction (WRI). Streams and groundwater close to an 
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erupting volcano comes in contact with fluorine-rich rock types and interact. The high 

temperature environment and the acidic condition reinforce WRI and contaminates the 

water (D’Alessandro, 2006). Enriched water contains fluorine ions, also known as 

fluoride (F-), which is the most common state that is absorbed by the human body.  

As with many other substances, Fluorine affects the human body very differently 

depending on the amount that enters our system. Small amounts can lead to dental 

cavities, while high doses or long term exposure can lead to dental and skeletal 

fluorosis. Fluorosis is an accumulation of fluorine in the human body, enabling miss 

growth in bones and teeth. In worst cases it can lead to death.      

 

4 Iceland  
Located on the tectonic boundary separating the Eurasian plate from the North 

American plate, Iceland is a constantly active area of volcanism and rifting. The North 

Atlantic ridge system is a part of the mid-ocean ridge system that forms the Atlantic 

Ocean basin. Iceland is the sub-aerial expression of the Mid-Atalntic ridge, located 

between the Reykjanes Ridge and Kolbeinsey Ridge (figure 3). The ridge axis that 

transects Iceland in a north to south direction is separated from the two ridges towards 

the east by a fracture zone.     

 
Figure 3 - North Atlantic ridge system. Modified from (Thordarson & Larsen 2007). 
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Iceland’s location as the surface expression of the Mid-Atlantic ridge leads to elevated 

volcanic activity that is common at mid-ocean ridges and, as these processes generally 

take place submerged deep down in ocean basins, we now can observe this 

phenomenon out in the open on Iceland, and thus makes it one of the most volcanically 

active places on Earth. The Icelandic mainland rises more than 3000 meters above the 

sea floor and is called the Iceland Basalt Plateau, with a surface area that makes up 

103 000 km2 (Thordarson & Hoskuldsson, 2014).   

      

4.1 Geological background  
During the break-up of the super continent Pangaea about 180 million years ago, the 

two continents of North America and Eurasia started to drift apart forming a boundary 

between what is today Greenland and Scandinavia. The boundary became the mid-

ocean ridge that has since then been spreading and forming the Atlantic Ocean and the 

island of Iceland. This makes Iceland a very young part of Earth’s history, dated at only 

25 million years (Thordarson & Hoskuldsson, 2014). 

 The mid-ocean ridge has crosscut Iceland in a north/southwest direction, 

and since then two fracture zones have moved the ridge to the east. In northern Iceland 

the Tjörnes Fracture Zone has faulted the ridge laterally and in the south the South 

Iceland Seismic Zone has done the same (figure 4). The major strike-slip fault, the 

Tjörnes Fracture Zone, has displaced the mid-ocean ridge by approximately 100 km 

along the Hausavik-Flatey Fault with a fracture zone width of 75 km (Saemundsson, 

1974). The South Iceland Seismic Zone has a 70 km displacement and strikes in more 

or less the same direction as the Tjörnes Fracture Zone, with a width of 10-20 km 

(Ward, 1971). By analyzing the recent tectonic activity in Iceland such as earthquakes 

and volcanism, it shows clearly that it follows the pattern of these two fracture zones 

and the mid-ocean ridge axis that runs through the western part of Iceland. The study of 

P. Ward in New Interpretation of the Geology of Iceland 1971 correlates the most 

frequent earthquake activity to the South Iceland Seismic Zone, and demonstrates that 

great stress release in this zone is understood to be a transform fault.             
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Figure 4 - Fracture zones on Iceland. Modified from (Gudmundsson, 2000).  

4.2 Volcanism on Iceland  
A now dormant volcanic zone which extended from Greenland to Scotland 

(northwest/southeast) made up a large volcanic province, and the only active part of this 

province today is Iceland which is only a small part of this greater area (Thordarson & 

Hoskuldsson, 2014). The volcanic activity that is well known on Iceland results from a 

correlation between the mantle plume beneath the mid-ocean ridge and the seafloor 

spreading or tectonic movement of the crust, creating unusually high levels of volcanism 

on Iceland. This tectonic and volcanic activity creates cracks and dykes which enable 

magma to reach the surface in different fissure swarms and central volcanoes 

(Gudmundsson, 2000). The active zone of volcanism on Iceland is where the ridge axis 

reaches the surface, known as the Neo-volcanic zone, and is divided into three main 

fragments – North Volcanic Zone, West Volcanic Zone and East Volcanic Zone 

(Gudmundsson, 2000).  

 

4.2.1 Classification of volcanic eruptions on Iceland 

Volcanic eruptions on Iceland are characterized by the properties of the erupted 

magma, therefore eruption types on Iceland show a large variation and so is the most 

variable volcanic region in the world characterized by a wide range of different eruption 

styles (Thordarson & Larsen, 2007). A volcanic eruption can be characterized as either 

explosive or effusive, and also depends of the amount of ejected material (Thordarson 

& Larsen, 2007). The amount of lava and tephra defines the eruption type, and if any of 

these two materials have a total volume of over 95%, then the eruption is characterized 
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by that material. If the main mass is made up of lava the eruption is classified as 

effusive, and if tephra is the dominant part, the classification becomes explosive. If the 

range is anywhere in-between then the classification is mixed eruption. All three groups 

are represented on Iceland and it is difficult to determine the most common one 

(Thordarson & Larsen, 2007).    

 Effusive eruptions on Iceland take place in all three types of volcanoes: 

fissure swarm, central volcano and central vent. They produce magmas from basaltic 

composition to dacite-rhyolite magmas, where the latter is very rare and makes up only 

a small part of the total amount of ejected magma from effusive eruptions on Iceland 

(Thordarson & Larsen, 2007). A volcano that produces large amounts of lava (>1km3) 

can be further on divided into a subgroup called flood lava eruption, or if the amount of 

lava is less, Hawaiian eruption. 

 

Effusive eruption  

 Hawaiian (normal lava flow) 

 Flood lava (heavy lava flow) 

 Strombolian (“popping lava”) 

 

Explosive eruption - can also be divided into magmatic (dry) or phreatomagmatic (wet) 

 Surtseyan 

 Phreatoplinian 

 Plinian  

 

Explosive eruptions, and especially phreatomagmatic eruptions (ie. when water 

becomes incorporated), are common on Iceland and they can be subglacial, submarine 

or subaerial. When the magma comes in contact with water it often generates an 

explosion through the rapid expansion of liquid water or ice to steam, with a release of 

tephra (Thordarson & Larsen, 2007). An example of a subglacial phreatomagmatic 

eruption is the central volcano Grímsvötn in the Grímsvötn volcanic system, the same 

system as the eruption of Laki 1783-1784 which also was phreatomagmatic to some 

extent.          

 

4.2.2 Volcanic systems 

It can be difficult to determine whether a volcano is still active or extinct, and on Iceland 

this is made even harder due to the many different regions close to each other showing 

volcanic activity. It could be that a volcano only erupted once and has since then 

become extinct, and instead a new eruption occurs only a short distance away, which 

could be either a new volcano or of the same magma source. To solve this problem, a 

concept known as volcanic systems has been introduced. A volcanic system is a central 

volcano (main magma reservoir erupting in a specific vent) or a fissure swarm (many 

erupting cracks and vents over greater distance), or it could be both (Thordarson & 

Hoskuldsson, 2014). This is the most common volcanic definition on Iceland and today 

there are 31 active volcanic systems (figure 5).  
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Figure 5 - Volcanic systems of Iceland. Modified from (Thordarson & Larsen, 2007). 

Fissures are cracks and faults where magma erupts at the surface. They can be 5 to 20 

km wide and 50 to 100 km long, and they originate from a magma reservoir usually 

situated at the base of the crust (Thordarson & Hoskuldsson, 2014). The main factor 

behind these fissure swarms is plate spreading and it is observable by their orientation 

sub-parallel to the ridge axis. On the surface we see wide cracks and extension in the 

ground but also scarps and graben-structures which may also indicate fissures in the 

crust (Thordarson & Hoskuldsson, 2014). These structures forms due to the movement 

of the crust in opposite direction causing tensional stresses acting on the bedrock. On a 

small scale these fractures are called tension fractures and propagate in the direction of 

the least principal stress. If the displacement along the fissure elongates over a greater 

distance the fracture is classified as a normal fault rather than a tension fracture 

(Gudmundsson, 1995).    

The central volcano can be described as the “heart” of a volcanic system. In 

comparison to fissure swarms, which are elongated in wide cracks, a central volcano is 

one eruptive point in the volcanic system. It is supplied with magma from the magma 

reservoir through pockets located in the crust on depths between 2-6 km (Thordarson & 
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Hoskuldsson, 2014). The trapped magma in the earth´s crust form a shallow magma 

chamber which feeds the central volcano with magma, enabling more frequently 

eruptions. In the article Formation of crustal magma chamber in Iceland by 

(Gudmundsson, 1986), the author takes up the relationship between formation of crustal 

magma chambers due to Pleistocene basaltic breccia acting as horizontal stress 

barriers that trap the magma in sills. A central volcano normally erupts every 100th year 

and can have an active period for around 105 to 106 of years (Gudmundsson, 1995). 

Central volcanoes tend to form the largest volcanic structures on Iceland (volcanic 

cones and collapsed calderas). All volcanic systems on Iceland form basaltic lavas but 

almost all intermediate and felsic lavas are formed in central volcanoes. The production 

of felsic lavas seems to be related with shallow crustal magma chambers 

(Gudmundsson, 1995). Due to the felsic lava, central volcanoes can form tall structures 

such as volcanic cones (stratovolcanoes). On Iceland these are often seen separated 

from the continental rift and are often found in the off-rift flank zones (Gudmundsson, 

1995). For both central volcanoes and fissure swarms, a close relation is present with 

plate movements, and this usually activates the volcanic system to erupt. On Iceland 

these events are referred to as Eldár, which means “fire”.     

 

5 Volcanic eruptions on Iceland  
In this chapter I take up and present some famous volcanic eruptions on Iceland which 

had a great impact on both the human population and on the livestock managed by 

humans, which was an important source of food and material at the time. For a modern 

example I will examine the eruption of Eyjafjallajökull in 2010, as it is a good example of 

what a volcanic eruption can mean in modern time.      

  

5.1 Laki eruption 1783-84  
The eruption of Lakagígar (famous name - Laki), part of the Grímsvötn volcanic system, 

is known to have been the greatest lava eruption on Iceland in historical time. The 

consequences afterwards affected more or less the whole northern hemisphere, 

including abnormal temperature fluctuations and tephra and gas released into the 

atmosphere and spread great distances from the volcano. Signs of the eruption are 

widely found, evidenced with deposited ash layers, old weather records, and effects on 

human populations.  

 

5.1.1 Grímsvötn volcanic system 

The Grímsvötn volcanic system is part of the East Volcanic Zone (figure 4) in southern 

Iceland. It is located on an elevated area bordered by a high scarp (old sea cliff) 

separating the area from a big sandur plain. The area are characterized by Grímsvötn 

central volcano and the Laki fissure swarm, with the central volcano covered by 

Europe’s biggest glacier – Vatnajökull (figure 6). The volcanic system is the most active 

system in historical time and have erupted around 70 times (Larsen, 2002). It is the 

central volcano that is the source for most of the eruptions, and all have been in part 
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subglacial due to the ice cap of Vatnajökull (Thordarson & Larsen, 2007). The only 

eruption that has taken place subaerially without glacial interaction is the eruption of the 

Laki fissure swarm in 1783-1784.    

 

 
Figure 6 - Grímsvötn volcanic system. Modified from (Thordarson & Self, 1993). 

5.1.2 The eruption 

The eruption of Laki fissure swarm began on June 8th 1783, with the week prior to the 

eruption characterized by earthquake activity (Thorarinsson, 1968). The fissure opened 

up in two areas on either side of the mountain of Laki in the center of the fissure swarm 

(thereby the name). It started southwest of mountain of Laki and the eruption continued 

for nearly two months. The lava flow followed the outlines of the glacial river, Skaftá, 

because of this the Icelandic name of the eruption is Skaftáreldar, meaning fire of 

Skaftá (Thorarinsson, 1968). After nearly 50 days the second part of the fissure opened 

up northeast of the mountain of Laki and remained active until the end of the eruption in 

February 1784. Volcanic activity was at its peak during the 50 first days with Hawaiian 

activity and violent lava fountains during the first days, and the main part of the erupted 

tephra comes from the lava fountains during these first days (Thorarinsson, 1968). A 

total of 12,3 km3 lava was emitted from the whole fissure system during the 8 months it 

was active, making it the largest lava flow in historical time (Metrieh et al., 1991). 

Skaftáreldar released a total of 0,85 km3 tephra (Thorarinsson, 1968) in a non-solidified 

state, and volcanic gases in the form of sulphur dioxide (110 million tonnes), carbon 

dioxide (20 million tonnes) and hydrogen fluoride (7 million tonnes) (Thorarinsson, 1968; 

Tweed, 2012).          
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5.1.3 Consequences   

Proximal to the main eruption, farmsteads and churches were destroyed due to the 

large lava flow from the fissures, in total 16 buildings were destroyed and 30 more were 

damaged (table 1), all of them located in the path of the lava flow (Thorarinsson, 1968). 

There is no record of any human deaths resulting from the lava flow.  

 

Destruction of lava 

Building Amount affected 

Churches (destroyed) 2 

Farmsteads (destroyed) 14 

Farmsteads (damaged) 30 

Table 1.     data from: (Thorarinsson, 1968) 

  

The most severe and widespread consequences from the 1783-1784 eruption occurred 

as a result of the massive amount of volcanic gas released during the 8 month period. It 

changed the climate on earth for nearly two years with an abnormally cold winter 

following the eruption. Temperature studies from the United States show an average 

winter temperature drop of minus 3,8 to 4,8 °C below the nearly 225-years data record 

(Sigurdsson, 1982). The high amount of sulphur dioxide and hydrogen fluoride caused a 

harsh famine both on Iceland and rest of Europe and even further afield. Furthermore, a 

blue haze covered the ground on Iceland and western Europe from the fall-out of 

precipitated sulphur dioxide (Thorarinsson, 1968; Tweed, 2012). The blue haze killed 

the grass and vegetation, leaving people with a source of crops and vegetables. As a 

result, Iceland suffered a historical loss of over 50 % of all livestock (table 2) following 

fluorine poisoning or starvation (Thorarinsson, 1968). Hydrogen fluoride gas reacted 

with water and soil and contaminated the environment. Grazing livestock ate and drank 

these sources of nutrition and became exposed to deadly concentrations of fluorine. 

The majority of the livestock on Iceland died in late summer-early winter after months of 

biological build-up of deadly doses of these contaminants, and in the south-eastern 

parts close to the fissure the reaction was even more direct and lead to mass death 

(Thordarson & Self, 2003).       

 

Losses of livestock on Iceland in 1783-1784  

Livestock Percentage of population killed 

Sheep 79 % 

Horses 76 % 

Cattle 50 % 

Table 2.        data from: (Thorarinsson, 1968) 

 

A study carried out on Iceland in 2006 by (Gestsdóttir et al., 2006) was tasked with 

finding real victims of fluorosis after the eruption. Two different cemeteries were 

searched for skeletal remains that would match the historical date and exposure of the 

gases and water contaminated by the eruption. Three human remains were found and 
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analyzed with no signs of skeletal fluorosis. These investigations support the facts that, 

until today, no actual records of human fluorosis victims due to volcanic eruption exist.  

 Jón Steingrímsson was a pastor working in Kirkjubæjarklaustur close to the 

Laki fissure. He is famous for his detailed descriptions of the eruption. Even when the 

church was in danger from the lava flow he remained in the church and kept notes of 

the ongoing eruption during the whole period. Detailed descriptions are preserved of 

how he described the changes in bone structures in grazing animals, as they ate the 

contaminated grass with high concentrations of fluorine. He also kept notes of people 

suffering and the changes in bone structures of humans as well. It is much more likely 

that many people suffered from fluorine poisoning after drinking contaminated water, a 

condition that probably lead to death. When a large portion of the grazing livestock died 

because of the blue haze, a period of severe famine followed for the Icelandic 

population. The famine and fluorine poisoning killed 10,521 people on Iceland and that 

stood for 22 % of the total population at that time (Thordarson & Self, 1993). The 

eruption led to severe consequences over the whole of the northern hemisphere, such 

as climate change and blue haze with the associated famine following shortly thereafter. 

It is believed that the eruption of Lakagígar is accountable for the death of 6 million 

people worldwide (Tweed, 2012)!    

       

5.2 Hekla volcano 
Hekla is a stratovolcano located in southern Iceland and belongs to the East Volcanic 

Zone. The peak of Hekla reaches 1491 meters above sea level and is historically known 

as the “Mountain of Hell” or “Gateway to Hell”. It competes with Grímsvötn volcanic 

system of being the most active system on Iceland. Hekla has erupted frequently in the 

last century, allowing it to be well documented and monitored. The eruptions are 

renowned for the large volumes of tephra released into the atmosphere and covering 

vast areas both on Iceland, Scandinavia and even continental Europe. Hekla is a 

stratovolcano but lacks the typical cone-shape. Depending from which direction you 

look, the volcano has an elongated shape stretching from southwest to northeast, giving 

it its typical ridge-shaped stratovolcano look. 

    

5.2.1 Volcanic system 

The Hekla volcanic system is located on the western border of the East Volcanic Zone 

and close to the eastern end of the South Iceland Seismic Zone (SISZ). The system 

consists of the central volcano Hekla, with a summit fissure swarm extending for 5 km 

along the ridge of the volcano. When Hekla erupts, the summit usually opens up along 

the 5 km long fissure swarm and creating what is known as a “curtain of fire” 

(Thordarson & Hoskuldsson, 2014). It is the frequent eruptions along the fissure that 

have created the special ridge-shape. The character of the magma underneath Hekla is 

andesitic, a moderately-silicic rock type. This gives eruption products a more felsic 

character then what is usually common on Iceland. The felsic character of the lava gives 

a higher viscosity and produces the stratovolcano shape, similar to that of 

Eyjafjallajökull.  
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5.2.2 The eruptions 

The eruption history of Hekla is well documented and consists of at least 23 registered 

eruptions (Thordarson & Larsen, 2007). Eruption can occur not only from the summit 

fissure row but also from flanked fissure swarms, and of the 23 eruptions, five are 

considered to only have been concentrated to the flank fissure swarms having never 

activated the central volcano summit fissure. Of the 18 summit eruptions, all except one 

have been mixed eruptions with both explosive and effusive stages. The exception is 

the first registered eruption in 1104 AD which is considered to only have been explosive 

with no lava released (Thordarson & Larsen, 2007). Since the first eruption, Hekla has 

erupted frequently with an average 60 year repose period between eruptions. The last 

eruption was in February 2000, and the last time the flank fissure swarm erupted is 

dated to 1913 (Óskarsson, 1980; Thordarson & Larsen, 2007).  

 The eruption in 1970 is considered a small eruption and is well documented 

in the paper The interaction between volcanic gases and tephra: fluorine adhering to 

tephra of the 1970 Hekla eruption by (Óskarsson, 1980). The event began with a short 

period of seismic activity May 5th in 1970, and after only 1-2 hours a plinian phase 

began at the volcanic summit. When Hekla erupts, usually the whole summit fissure 

opens up during the plinian phase, and later becomes confined to the main craters 

along the summit. In the eruption of 1970 two end craters opened up in the south and 

north end of the summit ridge. When the main tephra outburst occurred in the southern 

crater it overshadowed the tephra released from the northern crater as the ash plume 

rose to heights of over 16 km. The release of tephra continued for only two hours and 

after that lava flows took over for three days. The northern crater produced very little 

tephra but instead produced larger lava flows which continued for two months. The total 

amount of lava erupted has been estimated to 0.2 km3 (compared to 12.3 km3 from 

Lakagígar). The ash plume later spread towards the north/north-west by winds, and the 

particles were mainly made up of andesite with traces of glass and feldspar minerals. A 

typical Hekla eruption according to (Thordarson & Larsen, 2007) consists of a short 

plinian phase which later becomes an effusive phase with lava flows. The 1970 eruption 

follows this pattern.      

  

5.2.3 Consequences  

After the eruption in 1970 the ash fall extended towards the north/north-west and 

covered large areas of land towards the northern coast of Iceland. The fallout material 

from Hekla was found to contain high levels of fluoride (Fuge, 1988), which is 

dangerous when ingested or inhaled in high concentrations for grazing animals and 

humans. After the deposition of the ash in, 1970 high levels of fluoride were found in 

grass and water, and this caused troubles for households holding grazing livestock. 

Values of 4300 mgF/kg was found in grass after the eruption (Fuge, 1988), whilst mean 

values for European soils are usually in the range between 350-400 mgF/kg.    
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5.3 Eruption of Eyjafjallajökull in 2010  
Located in the East Volcanic Zone in southern Iceland, the Eyjafjallajökull central 

volcano is close to the Katla volcano and the Mýrdalsjökull glacier (figure 7). The 

volcano become famous in 2010 when an eruption stopped the air traffic around most of 

Europe due to the spreading of the tephra cloud that originated from the volcano.  

 

 
Figure 7 - Eyjafjallajökull. Modified from (Gudmundsson et al., 2010). 

5.3.1 Volcanic system 

The volcanic system of Eyjafjallajökull consists of the central volcano Eyjafjallajökull 

which is an ice-covered stratovolcano, peaking at an elevation of 1666 m (Tweed, 

2012). It is elongated towards the south of the East Volcanic Zone, and is an area that 

is not characterized by continental rifting due to its position south of the main rifting 

zone in the East Volcanic Zone (Sigmundsson et al., 2010). The sub-glacial volcano 

causes jökulhlaups (huge increase in stream volume from the melting glacier) during 

eruptions due to the rapid melting of the glacier ice, covering the caldera. Eyjafjallajökull 

has a history of four previous eruptions before the 2010 eruption. All of these four 

eruptions (AD ~ 500, AD ~ 920, AD 1612 and AD 1821-1832) are characterized by 

spreading of ash clouds and melting of glacier-ice causing large jökulhlaups (Tweed, 

2012). 
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5.3.2 The eruption 

Eyjafjallajökull is a volcano that is under constant surveillance and the eruption in 2010 

is well documented. It started with an increase of earthquake frequency in 1992 after 

that the volcano had been dormant for almost two centuries (Sigmundsson et al., 2010). 

After that it built up pressure and strain for 18 years until the phreatomagmatic eruption 

on the 14th of April (more detailed description in 2.1.1). The summit of Eyjafjallajökull is 

under a glacier which classifies it as sub glacial phreatomagmatic. The explosive 

eruption was due to the chemical composition of the magma, characterized as 

trachyandesite, with this higher silica content allowing for high gas release (Tweed, 

2012).  

 The first sign of the ongoing eruption was an opening of a fissure from the 

plateau Fimmvöråuháls located east of Eyjafjallajökull which connects the area with the 

larger glacier Mýrdalsjökull, where the larger volcano Katla is located. The fissure 

eruption continued for 24 days with basaltic magma causing fire-fountains and lava 

flows (Donovan & Oppenheimer, 2011). After the fissure eruption stopped, melt water 

was noticed from the summit glacier causing jökulhlaups in the northern part of the 

glacier, indicating that a bigger eruption had begun from the volcano under the glacier. 

During the eruption period large jökulhlaups issued from the northern and southern hills 

of the volcano flushing large amounts of debris downhill followed by infilling of lakes, 

erosion, and sedimentation of material on lower grounds (Tweed, 2012). When the 

melting glacier opened up on the summit of Eyjafjallajökull a large ash plume rose from 

the volcano reaching altitudes of 8500 meters. The explosive eruption produced fine 

grained ash that spread easily in the wind and covered a large area close to the 

volcano. However, this fine ash traveled far in the wind and continued towards the 

southeast (Gudmundsson et al., 2010). For five days the eruption continued to produce 

tephra and gas, with a significant decrease in intensity after the fifth day and a change 

towards an effusive state with lava flows (Gudmundsson et al., 2010).           

       

5.3.3 Consequences  

The high frequency of volcanic eruptions on Iceland comes with a high awareness and 

stringent evacuation planning. These mechanisms were tested during the 2010 eruption 

of Eyjafjallajökull. Since 1999 the area of the two volcanoes between Katla and 

Eyjafjallajökull is monitored for seismic activity that could indicate a near-future eruption. 

An evacuation plan was in order since 2005 and executed on the 14th of April 2010 

(Gudmundsson et al., 2010). 800 households close to the volcano were evacuated 

(table 3) due to the potential risk of lava flows before the morning on the 14th April.  

 

Consequences for the population close to Eyjafjallajökull 

Evacuated 800 

Casualties 0 

  Table 3.     data from:(Gudmundsson et al., 2010) 
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Most of the households that were evacuated could return to their homes the next day, 

because the threat of lava flows were dismissed, and those remaining households were 

permitted for daily visits but not for staying overnight. The heavy ash fall that followed 

the phreatomagmatic eruption covered the farmlands and surrounding water, and the 

ash contained high values of fluoride which temporarily poisoned the land closest to the 

volcano (Donovan & Oppenheimer, 2011). The poisoned land forced farmers to hold 

grazing animals inside to avoid poisoning of the animals when they eat the grass and 

drink the water with high fluoride content.  

 People living close to the volcano were investigated (Gudmundsson, 2011) 

for potential respiratory effects due to the heavy ash fall. A total of 207 people were 

included in the investigation, and of them 40 % experienced irritation to the eyes, nose 

and throat because of the heavy ash fall (Gudmundsson, 2011). Further on the study 

concluded that no severe effects to human health were detected after the eruption of 

Eyjafjallajökull. Any discomfort that humans felt could be avoided by wearing protective 

masks during the most difficult days.   

During the ongoing eruption of the fissure at Fimmvöråuháls, many people 

traveled to see the lava-fountains erupting from the fissure opening. The area become 

very popular but the terrain to reach the location is difficult and included crossing of the 

glacier Mýrdalsjökull. The difficult terrain and the harsh weather caused the death of two 

tourists that got lost on their way back late in the evening, and whose death was caused 

by exposure to the elements (Donovan & Oppenheimer, 2011).         

 The main event that will remind us of the eruption of Eyjafjallajökull in 2010 

for the considerable future is the effect it caused on the aviation industry. The large ash 

plume rose high up in the troposphere and spread quickly in the turbulent wind. The 

distribution of the ash cloud (figure 8) was determined by the wind direction. During the 

main period of eruption, 14th of April and ongoing for about 5 days, the main wind 

direction over Iceland was northwest/west with a change towards north at the end 

(Davies et al., 2010). The monitoring of ash dispersal and aviation hazards are dealt by 

the Icelandic Meteorological Office (IMO) and on the morning of the eruption IMO went 

out with a warning of a volcanic eruption and alerted the London Volcanic Ash Advisory 

Center (VAAC) which warned aviation authorities of a shut-down of European air space 

(Gudmundsson et al., 2010). The closure of European air space was followed by major 

transportation problems and people were affected all over the world with cancelled 

flights and overbooked hotels. Calculations of money lost during each day of closure 

have been estimated at US$ 250 million, and is considered the largest air-space closure 

since World War Two (Tweed, 2012).   
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Figure 8 - Distribution of ash from Eyjafjallajökull. Modified from (Davies et al., 2010). 

 

 

6 Discussion  
6.1 Possible eruptions in the near future  
Iceland shows a large diversity in eruption styles and almost all different types of 

eruption known to man are present on Iceland. This makes it difficult or easy to 

determine a future eruption, depending on how you look at it. It is easy to say that a 

future aeruption will occur, and it is likely already happening to some extent. Many 

volcanoes are active and constantly have small eruptions, mostly subglacial and thus 

hard to detect (Thordarson & Larsen, 2007). It is harder to say when the next large 

eruption will happen. In fact it is even hard to find information that takes up this 

possibility, because of the risk of inciting panic amongst people. The East Volcanic 

Zone has the four most active volcanic systems on Iceland, and the zone stands for 

80 % of the latest historical eruptions. The volcanic systems are Grímsvötn, Hekla, 

Katla and Bárdarbunga–Veidivötn, were Grímsvötn is responsible for 38 % of the 

eruptions on Iceland in historical time (Thordarson & Larsen, 2007).    

 Katla volcano’s lively Holocene eruptive history has earned it its nickname 

“Mighty Katla”, especially considering the size of its 10 km long crater. The central 

volcano is covered by the Mýrdalsjökull glacier, and it is one of the most active 

volcanoes on Iceland with at least 21 eruptions in historical time, and greater than 180 

eruptions in the last 8,000 years (Óladóttir et al., 2007). By far the largest eruption is the 

Eldgjá event of 934-938 AD. The eruption interval rarely exceeds 100 years and last 
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time that happened was the beginning of the Eldgjá eruption in 934 AD when Katla had 

been dormant for nearly 240 years. The last eruption took place in 1918, and this is the 

second longest period that the volcano have been dormant. Katla and the nearby 

volcano Eyjafjallajökull shows a historical pattern of eruptions. When Eyjafjallajökull has 

erupted the past three times, it has triggered its neighbor to erupt only months after. 

During the latest eruption of Eyjafjallajökull in 2010, Iceland expected the worst and 

prepared for an eruption of Katla. Scientists have noticed an increase in seismic activity 

underneath Mýrdalsjökull after 2010, indicating that the dormant period is over. The fact 

that Katla breaks historical patterns by being dormant for a long period of time and not 

following the eruption pattern with Eyjafjallajökull is cause for concern. Is an eruption 

very close in the future, or do we see a change towards an extinction of Katla? The 

shallow magma reservoir underneath and the continental drift makes the latter choice 

unlikely, and there is a high probability that Katla will be the next volcano to have a large 

eruption on Iceland.  

 

6.2 Effects of a future eruption 
Would a large volcanic eruption affect us in the same way as it did during the eruption of 

Laki 1783-1784? We got a small glimpse in how it could be during the eruption of 

Eyjafjallajökull in 2010, with a total closure in air traffic over Europe and Iceland. But the 

eruption was relatively small and it didn’t lead to any famine or ‘blue haze’ afterwards. 

Have the effects of volcanism changed from starvation and death, to bad mobile service 

and closure of air traffic? An evaluation of these three famous eruptions on Iceland 

seems to lead us in that direction. The developments in the 250 years have made us 

less dependent of the land we live off, a bad crop year wouldn’t affect the western 

countries in the same way as it did in 1783. Laki affected the climate in Europe and 

North America over one or even two years after its eruption (Sigurdsson, 1982), and it is 

even considered to have had an impact on the Indian monsoon season and caused an 

extreme cold summer over China and India (Thordarson & Self, 2003). All this because 

of the large amount of gases released into the atmosphere that changed in composition 

and became either toxic or affected the climate. If a similar sized eruption took place 

today, it must be considered that a change in climate is to be expected. A geological 

hazard can have devastating effects even in modern times, with two examples being the 

tsunami in southern Asia in 2004 and the large earthquake in Haiti in 2010. Both were 

followed with the catastrophes of mass destruction and death. A large volcanic eruption 

on Iceland would probably not come close in terms of lives lost, but the consequences 

could instead be global and affect us in many different ways.   

 

6.2.1 Fluorosis after Laki          

With a total release of about 7 million tonnes of hydrogen fluoride gas and 110 million 

tonnes of sulphur dioxide into the atmosphere during the eruption of Laki, it is known for 

killing nearly 25 % of the Icelandic population at the time. It is often mentioned in 

relation to fluorosis, for example in Wikipedia articles and other sources of information. 

In section 5.1.3 a description of an investigation that searched for victims of that time 
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with fluorosis damage to bones in Iceland didn´t come across anything suggesting that 

these people suffered from skeletal fluorosis. It seems that there is not, in fact, any 

proof that skeletal fluorosis actually was a problem to the Icelandic population as a 

result of the eruption in 1783-1784. The investigation that was made is far from 

comprehensive and lacks a large number of analyzed skeletons from that time to draw 

any accurate conclusions from the digging of graves from the 18th century. It is in my 

opinion a good assumption that fluorosis must have been a problem that followed the 

eruption of Laki, and it is known that volcanic eruptions can cause mass release of 

fluoride. But there is nothing recorded that back up the idea of fluorosis hazard to the 

Icelandic population at that time. So far we are simply relying on an educated guess and 

an excepted assumption that that was the case.         

 

6.3 Who is at risk?  
Iceland is a sparsely populated country with a population density of 3 people/km2 

according to the encyclopedia in 2011, with the majority of the people living in the 

Reykjavík area and close to the coast in other parts of the island. People at immediate 

risk during a volcanic eruption are limited due to the lack of inhabitants close to active 

volcanic regions. The Reykjavík area is located in the south west and not in close 

proximity with the most active areas of Grímsvötn, Katla and Hekla, which are 

considered to be areas of the most frequent volcanic eruptions, at least in historical 

time. During an eruption the first risk is pyroclastic fragments and lava launched from 

the volcanic vent and from phreatomagmatic events and lava flows from open fissures. 

The possibility for events like this to harm people is low, and proof of that is in the 

casualties from the eruptions of Lakagígar, Eyjafjallajökull and Hekla where there is no 

knowledge of any humans harmed due to other factors than tephra and gases released 

(ie. hazards distal from the eruption site). There is often plenty of time to evacuate farms 

and villages close to eruptive volcanoes, due to often clear signs of a forthcoming 

eruption and low lava flow velocities.              

 Volcanic islands are always at risk of experiencing a large volcanic 

eruption. If an eruption with a size similar to prehistoric known super volcanoes takes 

place, it really doesn’t matter if you live close to an active volcanic zone or not, we will 

all be affected. The best example of a historical super volcano is the caldera in 

Yellowstone National Park in the United States. No signs have been found that the 

magma hot spot under Iceland is close to the magnitude of a super volcano or even has 

the right characteristics for a very large “normal” eruption. Explosive eruptions happen 

on Iceland but are less violent than those observed at subduction zones, and often 

occur in combination with water, forming phreatomagmatic phenomena.        

 After the eruption of Eyjafjallajökull in 2010 the impact of volcanic eruptions 

on air traffic has been discussed and investigated to a vast extent. It enlightened the 

world to the possible damage volcanic ash can cause to airplane engines and the 

factors that can cause a closure of the air traffic over Europe and Iceland for almost two 

weeks. The event of a closure of air space due to volcanic eruption occurs regularly all 

over the world, with 50 to 70 eruptions each year, more or less every day a part of air 
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space is closed down because of volcanic ash (Donovan & Oppenheimer, 2011). Why 

this had such an impact on Europe and caused so many problems and money loss has 

been discussed and analyzed. Europe is located on what is known to be a stable part of 

Earth´s crust with very little disruptive activity (there are exceptions, for example 

volcanoes in Italy), therefore problems following volcanic eruption are not being often 

accounted for. If Europe had an action plan for situations like Eyjafjallajökull, economic 

costs and human discomforts could have been decreased. In the article The 2010 

Eyjafjallajökull eruption and the reconstruction of geography by (Donovan & 

Oppenheimer, 2011) the problem is examined as to why it caused such a large 

disruption and chaotic environment. Europe is a densely populated area with millions of 

people and a highly developed infrastructure network, and discussions are now being 

made about how important it is to find the pieces in the network that are not prepared 

for such an event. A good example that helped to put this problem in perspective was 

the parallel with the swine flu pandemic. It was hyped to the extent that the whole of 

Europe was over-prepared for what actually happened. In some way this has to do with 

the conclusion of what is considered as danger and what are we familiar with. A vast 

volcanic eruption is not something on people’s mind in Europe. Should it be? 

Eyjafjallajökull did something important for the infrastructure in Europe: it highlighted the 

problems a potential eruption can cause. Unprepared, we suffered by not being able to 

travel, and the economy lost countless millions of dollars. In future we must have in 

mind that this eruption was both small and short lived, as we have examples in the past 

of larger eruptions. Take the eruption of Lakagígar in 1783-1784 as an example, that 

eruption continued for 8 months, even if the main tephra released was concentrated to 

the first weeks. Could Europe handle a breakdown in air traffic for 8 months? Probably 

not, and the consequences would be of a very large proportion. 

 What is being done to prevent such a close down of air space in the future? 

Monitoring volcanoes and developing safe aircraft engines are two important 

components to deal with these events. Also better understanding of how ash particles 

effect an engine and knowing in which concentrations the ash particles it is safe to fly. 

But all of this is expensive and finding a balance between the likelihood of it happening 

and how much money can we spend on preparing is hard to know. Preparing for 

something with low risk of ever happening again in the near future is not always 

something companies are prepared to spend a lot of money on.            

 

7 Conclusion – What can we do? 
Surveillance of volcanoes can be an important counter measure when it comes to 

preventing damages and casualties due to a volcanic eruption, but this is not always 

possible as it is expensive and labor intensive. Most of the methods being used are for 

active volcanoes with frequent eruptions during the last centuries with good 

observations of factors leading up to an eruption. Observations of such a kind are still to 

be collected for long-term dormant volcanoes where there is still an absence of similar 

information (Sigmundsson et al., 2010). Measurement (as mentioned in chapter 2.1.1) 

of earthquake activity, regional displacement and heat and gas release can give 
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important information of a forthcoming eruption and provide extra time for possible 

evacuation plans to be put into action.        

 With a better understanding of how different volcanoes behave and 

function, we can benefit from the knowledge by knowing which volcanoes that are more 

likely to erupt more violently than others. The best scenario would be to gain such 

knowledge that we can actually say when and how a volcano will erupt.    

On Iceland, volcanism is under constant surveillance and it is the Iceland Meteorological 

Office (IMO) who are responsible for the monitoring. Action plans for people living close 

to active volcanic systems are in place and an example is the action plan for the 

Katla/Eyjafjallajökull area that has been in place since 2005 and was put on test in 2010 

(Gudmundsson et al., 2010). In the article The 2010 Eyjafjallajökull eruption and the 

reconstruction of geography (Donovan & Oppenheimer, 2011) the action plans and 

public views on volcanism are discussed. The action plans that are active on Iceland 

are of a simple structure, were the main idea is that you are responsible for your 

neighbor. A first warning is made by an alarm telephone, which triggers the action plan 

with evacuation. The neighbors look after each other and a large sign is given to every 

household to mark their house for easy identification if the house has been evacuated. 

The sign has to be seen from ground and air. The simplicity of the plan and the low 

technology instruments have been well proven to enable householder to take their own 

responsibility and provide a feeling of security. Why a low technology system works 

must be considered to the low amounts of households it involves and the remote 

location of these households. The awareness of the people also prohibits a simple 

system.  
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