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ABSTRACT	  
 
Lava flows are a common product in various volcanoes on Earth, and are a product of 

non-explosive extrusions. Modelling of their properties and potential emplacement is 

important in many locations around the world, given the proximity of inhabited and 

agricultural areas to active volcanoes. Even if the area around Hekla is sparsely 

populated, Hekla is one of the most active volcanic systems in Iceland and is well 

known for its mixed eruptions. Hekla has erupted about 23 times since the settlement 

of Iceland. Lavas have been produced in at least 22 out of the 23 eruptions. In the 

past, some of these lavas have affected farms in the area.  

 

In this thesis we use new topographic data to obtain improved estimates of lava flow 

thicknesses around Hekla Volcano. Thickness is one of the parameters important for 

recalculation of flow volumes and potential assessment of hazards around Hekla and 

other similar volcanoes. We calculate the thicknesses along the margins of the flows 

using a high-resolution Digital Elevation Model based on new radar data. 

Additionally, we compiled a map of the recent historical lavas at Hekla based on 

previous lava maps, recent aerial images, and the new radar data. 

 

We tested the method on the 1980-1981 lava and we obtained an area of 23,04 km2, 

which is consistent with previous studies. Our volume estimate of 0,07 km3 is 

significantly lower that previous estimates. Finally, we used this method to calculate 

the area and volume for the 1878 and 1913 lavas. Our volume estimates are 0,03 km3 

and 0,02 km3 respectively.  
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ÚTDRÁTTUR	  
 
Hraun verða til í mörgum eldfjöllum á jörðinni, einkum í gosum þar sem 

sprengivirkni er lítil.  Það er mjög mikilvægt að gerð séu líkön af eiginleikum 

hraunflæðis víða um heim og útbreiðslu hrauna, einkum þar sem virk eldfjöll eru í 

grennd við byggð svæði og ræktarlönd. Hekla er eitt virkasta eldstöðvakerfi Íslands 

og er vel þekkt fyrir blönduð gos. Gos hafa orðið í kerfinu tuttugu og þrisvar sinnum, 

eða þar um bil, síðan land byggðist. Hraun hefur runnið í öllum þessum gosum nema 

einu, svo vitað sé, og jafnvel í þeim öllum. Þótt byggð sé strjál í héruðunum næst 

Heklu hafa bændur iðulega orðið fyrir búsifjum af gosunum fyrr á öldum. 

 

Í þessari ritgerð eru notuð ný hæðargögn byggð á ratsjármælingum til að meta þykkt 

hrauna við Heklu með meiri nákvæmni en áður. Þykktin er eitt af þeim atriðum sem 

mestu máli skipta við endurreikning á rúmmáli hraunanna og við hugsanlegt mat á 

eldvirknivá á Heklusvæðinu og við önnur eldfjöll af svipaðri gerð. Við höfum reiknað 

þykkt hraunjaðranna við hraunbrúnir og notuðum við það stafrænt hæðarlíkan með 

góðri upplausn. Auk þess bjuggum við til kort yfir nýleg Hekluhraun á grundvelli 

fyrirliggjandi hraunkorta, nýlegra loftmynda, svo og hinna nýju ratsjárgagna. 

 

Við prófuðum aðferðina á hrauninu frá 1980-1981 og út kom flatarmálið 23.04 km2 

en það kemur vel heim og saman við eldri athuganir. Við metum rúmmálið 0.07 km3, 

sem er nokkru minna en áður var metið. Að lokum beittum við þessari aðferð til að 

reikna út flatarmál og rúmmál hraunanna frá 1878 og 1913. Rúmmál hraunanna er 

metið 0,03 km3 og 0,02 km3. 
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1. Introduction	  
 

Lava flows are a common product in different volcanoes on Earth and are a product of 

non-explosive extrusions (Kilburn, 2000; Geshi, 2005). Even if lava flows do not pose 

an extreme threat (Kilburn, 2000; Soule et al., 2004; Kauahikaua, 2007), modelling of 

their properties and potential emplacement is a key issue in many locations around the 

world, given the proximity of inhabited and agricultural areas to active volcanic areas. 

Therefore, predicting changes in the rheology and characteristics of the emplacement 

of a flow can be key issues for hazard assessment, and modelling and prediction of 

lava flow behaviour and evolution (Cashman and Kauahikaua, 1997; Cashman et al., 

1999; Soule et al., 2004; Takagi and Huppert, 2010). However, assessing 

emplacement conditions for older, solidified lavas is a more difficult task, however 

necessary, to obtain important information on a certain volcano and its eruptive 

history (Soule et al., 2004). 

 

Lava flows are controlled by different parameters that will govern their development 

and mode of emplacement (Walker, 1973; Hulme, 1974; Malin, 1980; Pinkerton and 

Wilson, 1994; Kilburn, 2000; Calvari et al., 2002; Takagi and Huppert, 2010), as well 

as the maximum length attained (Walker, 1973; Hulme, 1974; Malin, 1980; Pinkerton 

and Wilson, 1994; Kilburn, 2000; Takagi and Huppert, 2010). The most commonly 

accepted factors include the effusion rate (Walker, 1973; Soule et al., 2004; Harris et 

al., 2007; Takagi and Huppert, 2010; Guest et al., 2012) and rheology of the lava 

(Dragoni, 1989; Cashman and Kauahikaua, 1997; Cashman et al., 1999; Soule et al., 

2004; Takagi and Huppert, 2010; Guest et al., 2012). However, it has been long 

discussed that these are not the only factors governing the emplacement of lava flows 

(Pinkerton and Wilson, 1974; Kilburn, 2000). Some of the other factors include 

topography (Kilburn, 2000; Soule et al., 2004), cooling rate (Cashman et al., 1999), 

erupted volume (Malin, 1980; Pinkerton and Wilson, 1994), and crystallization (Kerr 

and Lister, 1991; Robertson and Kerr, 2012). Therefore, the intricate relationship 

between all these parameters could be more important than just one factor alone 

(Pinkerton and Wilson, 1994).  
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The volcanic activity at the main edifice of Hekla usually starts with an explosive 

phase that lasts for some hours. When the power of the eruption starts to diminish, 

lava begins to erupt from the related fissure system (Thorarinsson, 1967; Gronvold et 

al., 1983; Höskuldsson et al., 2007; Thordarson and Larsen, 2007). This activity can 

last for many months. Lava flows are therefore the most common product of Hekla 

eruptions. Lavas can be issued from the main volcanic edifice or the adjacent fissure 

swarm. The volcanic products of Hekla change in composition throughout the 

eruption; going from andesite to basaltic andesite (Sigmarsson et al., 1992; 

Höskuldssonn et al., 2007). In other words, the silica-richer magmas are normally 

erupted on the first stage of the eruption. The silica content and the force of the 

explosive phase depend on the quiescent time before the eruption (Thorarinsson, 

1967). Lavas erupted from the main edifice normally reach a final composition of 

basaltic andesite (~55 wt% SiO2) [Höskuldsson et al., 2007]. On the other hand, lavas 

erupted from the fissure swarm are transitional alkali basalts (~46 wt% SiO2) 

[Jakobsson, 1979; Gronvold et al., 1983]. These differences reflect the complexity of 

the magmatic plumbing system under Hekla, and suggest that magmas at Hekla have 

variable residence time in the crust (Thorarinsson and Sigvaldason, 1972). 

 

Eruptions at Hekla not only start with an explosive phase; the discharge rate is also 

very high at the onset of the eruptions. Studies have attempted to estimate discharge 

rate information especially at the initial phase of different eruptions. Some estimates 

suggest that the initial discharge rate can be over 2000 m3/s (Gudmundsson et al., 

1992), at least for the explosive phase (See Fig. 3, pg. 24). Calculations made from 

the volume of solidified lava give an average effusion rate of 800 m3/s for the first 

couple of days of the 1991 eruption (Gudmundsson et al., 1992). This average is 

similar to that calculated by Thorarinsson and Sigvaldason (1972) for the production 

of lavas during the first hours of the 1970 Hekla eruption. It has also been observed 

that the effusion rate decreases rapidly after the onset of the effusive activity 

(Gronvold et al., 1983; Gudmundsson et al., 1992; Höskuldsson et al., 2007) - See 

Fig. 3 on pg. 24. Due to the lack of direct observations during the initial phase of the 

eruptions, it has been suggested that seismic activity reflects the power of the 

eruption, and its variation through time (Soosalu et al., 2003). 
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In this thesis we use new topographic data to obtain improved estimates of lava flow 

thicknesses around Hekla Volcano. Thickness is one of the parameters important to 

recalculation of flow volumes and assessment of hazards around Hekla and other 

similar volcanoes. The main objectives of this thesis are: 

 

1) To produce a lava map of Hekla for historical eruptions using ArcGIS®. This 

map will be based on previously published maps and recent aerial imagery. 

2) To use new topographic data from EMISAR, and obtained by Eyjólfur 

Magnússon, to determine lava flow thicknesses from transect profiles across 

the lava margins. 

3) To determine lava volumes for the basaltic eruptions of 1878 and 1913.  

 

1.1. Characteristics	  of	  lava	  flows	  
 

Emplacement and development of lava flows are influenced by factors such as 

effusion rate, temperature, viscosity, total eruptive volume, topography and slope of 

the terrain, and time (i.e., duration of effusion). The connection amongst these 

parameters and how they control and condition the behaviour of lava during 

emplacement have been a matter of many studies and discussion (Walker, 1973; 

Hulme, 1974; Bruno et al., 1994; Pinkerton and Wilson, 1994; Cashman et al., 1999; 

Soule et al., 2004; Tallarico et al., 2006; Harris et al., 2007; Kauahikaua, 2007; 

Piombo and Dragoni, 2009; Takagi and Huppert, 2010; Guest et al., 2012, etc.). It is 

important to point out that the control of emplacement is ultimately set by the 

collective influence of these parameters (Pinkerton and Wilson, 1994; Guest et al., 

2012).  

 

Two models are commonly discussed to describe the behaviour of the lava as it flows, 

i.e., Newtonian and Bingham rheological models. The Newtonian model assumes that 

the rate of strain is proportional to the applied stress, and assumes that the viscosity is 

of constant value (Kerr and Lister, 1991; Macedonio and Longo, 1999; Takagi and 

Huppert, 2010).  
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Bingham behaviour results when there is a minimum stress that needs to be overcome 

in order for viscous flow to take place (Hulme, 1974; Cashman et al., 1999; Piombo 

and Dragoni, 2009, Castruccio et al., 2010). That minimum stress is called yield 

strength and it has been suggested that it develops when the crystals in the lava 

develop a “framework”  (Dragoni, 1989; Kerr and Lister, 1991; Cashman et al., 1999; 

Ishibashi and Sato, 2010; Divoux et al., 2011; Filippucci et al., 2011). The stress 

necessary to break that framework is the measure of yield strength (Cashman et al., 

1999). Therefore, the formation of crystals as the lava cools produces a variation in 

viscosities (Hulme, 1974; Dragoni, 1989; Pinkerton and Wilson, 1994; Cashman et 

al., 1999; Polacci et al., 1999; Piombo and Dragoni, 2009; Ishibashi and Sato, 2010; 

Divoux et al., 2011; Filippucci et al., 2011).  

 

Effusion rate is often estimated on active flows, assuming either a Newtonian or 

Bingham rheology. This is discussed in Tallarico et al. (2006), where they present a 

model (Fig. 1) to calculate the volume effusion rate for both types of rheology; 

introducing the parameter of the yield strength for the Bingham rheology.   

 

 

 

 

 
Figure 1. Laval channel model. 
Sketch from Tallarico et al. (2006) 
model with coordinate system. H 
represents the flow thickness, while a 
represents the channel width, and 𝛼 
slope angle. 
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The formula proposed by Tallarico et al. (2006) to calculate the volume effusion rate 

assuming a Newtonian rheology is as follows: 

 

 
 

Equation 1 

 

 

Where q2DN is the volume effusion rate measured on a two-dimensional setting, 𝜌 

represents the lava density, g gravitational acceleration, 𝛼 the angle of slope, and 𝜂 the 

viscosity of the lava.  

 

The same parameters are used to calculate the volume effusion rate assuming a 

Bingham rheology (Eq. 2). This equation introduces the parameter (hp), which 

Tallarico et al. (2006) refer to as the plug thickness and relate to the yield strength: 

 

 

 

Equation 2 

 

 

 

The plug thickness (hp) represents the variation of viscosities that affects the mobility 

of the lava and includes the value required for the lava to overcome in order to flow 

(i.e., the yield strength) [Tallarico et al., 2006]:  

 

 

 

 

Where 𝜏 represents the yield strength of a Bingham fluid. 
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This model presented by Tallarico et al. (2006) is just an example of ways to measure 

the effusion rate. This parameter (effusion rate) is defined as the rate at which lava is 

erupted from a vent (Walker, 1973), i.e., how much volume of material is erupted per 

time unit. It is measured in m3 per second, and it controls the way in which a lava 

body grows, extends and expands by influencing its dimensional properties such as 

length, width, thickness, etc. (Harris et al., 2007). At the same time, the effusion rate 

controls pressure conditions within an inflating unit and the morphology of the flow 

surface (Cashman and Kauahikaua, 1997; Harris et al., 2007).  

 

Lava flows are normally characterized by their surface morphology (Cashman and 

Kauahikaua, 1997). The most recognized surface morphologies are the pahoehoe and 

‘a‘a (Fig. 2). The latter present broken, rubbly, glassy surfaces made of clinkers, 

whereas the former present gently deformed smoother surfaces (Cashman and 

Kauahikaua, 1997; Kilburn, 2000). ‘A‘a flows move as single units, piling up and 

crumbling in the frontal area (Kilburn, 2000), therefore, these flows are typically 

thicker than 5 m (Cashman and Kauahikaua, 1997). Pahohoe flows, in contrast, are 

very slow. The advance occurs by development of tubes under the solidified crust, 

allowing the lava to travel isolated from the atmosphere (Cashman and Kauahikaua, 

1997).   

 

Surface morphologies (Fig. 2) are controlled by the relationship of parameters, such 

as the effusion rate (Bruno et al., 1994) and slope, although other parameters (e.g., 

viscosity) may also play significant roles at the same time. For example, high effusion 

rates are needed to generate ‘a‘a lava flows (Bruno et al., 1994; Cashman et al., 1999; 

Polacci et al., 1999; Hon et al., 2003; Soule et al., 2004). That is because high 

eruption rates disrupt the generation of a crust by continuously exceeding the tensile 

strength with internal stress and deformation (Hulme, 1974; Cashman et al., 1999; 

Polacci et al., 1999; Soule et al., 2004; Harris et al., 2007). For instance, in Hawaii, 

effusion rates of the order of ~5 – 10 m3/s are required to generate ‘a‘a flows, whereas 

only 2x10-3 m3/s is required to form them at Etna (Cashman et al., 1999). 
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 Figure 2. Surface morphology is one of the most characteristic features of lava flows. 
Different parameters (e.g., effusion rate, temperature, viscosity) control the surface 
morphologies. The most commonly recognized surface morphology types are (A) pahoehoe 
and (B) ‘a‘a. Usually ‘a‘a morphology is attributed to high effusion rates and steep slopes, 
while pahoehoe morphology occurs with low effusion rate and very gentle slopes. Images 
from: Left Griffith et al. (2003) and Right Geshi (2005).  

 

 

Even if the effect of slope is believed to be negligible compared to other factors 

(Walker, 1973), there is a connection between slope of the terrain and the influence 

on the style of flow field development (Solana et al., 2004; Guest et al., 2012). 

Normally, ‘a‘a morphologies are characteristic of steep slopes, while pahoehoe are 

characteristic of gentle slopes. Lava flows as thin sheets driven by gravity on steep 

slopes, which may cool rapidly, affecting the mobility of the lava and potentially 

causing the flow to stop (Walker, 1973; Griffiths, 2000).  

 

It is suggested that for steep slopes cooling and stirring (i.e., convection) of the lava 

may cause viscous stresses, affecting the rheology of the lava (Griffiths, 2000; 

Griffiths et al., 2003). However, fluctuations in effusion rate will favour breaching of 

channels, therefore influencing the length and number of channels formed (thus the 

width of the lava field) [Walker, 1973; Guest et al., 2012; James et al., 2012]. Lava 

flows on steep slopes tend to develop wider, rather than longer flow fields as erupted 

volume increases (Griffiths, 2000). This widening of the field occurs as a result of the 

previously mentioned halting and breaches of the lava channels. The absolute length 

of lava flows ultimately will depend on the duration of the effusive event but it is 
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highly influenced by cooling and solidification (Walker, 1973; Crisp and Baloga, 

1994; Pinkerton and Wilson, 1994; Griffiths et al., 2003). 

 

Viscosity changes as a function of temperature and crystallization (Marsh, 1981; 

Cashman et al., 1999). Partial crystallization results in viscosity increase, both due to 

solid inclusions and by producing changes in composition (Marsh, 1981; Gonnerman 

and Manga, 2003; Villeneuve et al., 2008). Crystallinity increase will affect the 

rheology of the lavas by adding the yield strength (Cashman et al., 1999), as 

previously discussed. Rheology of lava flows changes in response to increase in 

cristallinity, which is enhanced by the mechanical stirring of the lava (Crisp and 

Baloga, 1994; Cashman et al., 1999; Polacci et al., 1999; Hon et al., 2003; Soule et 

al., 2004; Piombo and Dragoni, 2009; Robertson and Kerr, 2012). High crystallization 

rates occur as a result of rapid cooling in the lava flow. As crystallinity increases, lava 

rheology will change until it inhibits viscous flow (Crisp and Baloga, 1994; Cashman 

et al., 1999).  

 

Therefore predicting changes in lava rheology and crustal thickness during flow 

emplacement is critical for accurate modelling of lava flow evolution, designed to 

assess risk and establish danger zones (Cashman et al., 1999; Kauahikaua, 2007; 

Takagi and Huppert, 2010). In this regard, information on the length of lava flows 

might be important for hazard assessments.  
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2. Hekla	  Volcano	  
 

Hekla volcano is located in South Central Iceland, at the intersection of the South 

Iceland Seismic Zone and the Eastern Volcanic Zone. Hekla is one of the most active 

volcanic systems in Iceland (Thordarson and Larsen, 2007). It consists of a central 

volcano or main edifice, and an intricate series of adjacent fissures (or fissure swarm). 

The system is about 40 km long and 7 km wide (Jakobsson, 1979). Hekla’s basement 

was built up by volcanic and glacial material from the last glacial period 

(Thorarinsson, 1950; Thorarinsson, 1967). The main volcanic edifice is about 6000 – 

7000 years old, and reaches a summit elevation of about 1500 m (Thorarinsson, 1950; 

Thorarinsson, 1967; Hjartarson, 1995; Thordarson and Larsen, 2007). Hekla’s main 

edifice was built up by repeated eruptions on an intricate fissure system. Heklugjá, 

considered the main eruptive fissure, strikes roughly SW-NE but other minor radial 

eruptive fissures are responsible for some of the most recent eruptions.  

 

Hekla is well known for its mixed eruptions. Its products are petro-chemically well 

distinguished from other near-by volcanoes (Jakobsson, 1979). These mixed eruptions 

are both explosive and effusive (Thordarson and Larsen, 2007). Hekla has erupted 

about 23 times in historical times, i.e., since the settlement of Iceland in AD 874 (See 

Table 1). Seventeen eruptions have produced both lava and tephra, one seems to have 

been purely explosive (producing rhyolitic deposits), and at least five eruptions have 

been purely effusive, producing basaltic lavas, the last one in 1913 (Thorarinsson, 

1950; Thorarinsson, 1967; Thordarson and Larsen, 2007). The mixed eruptions have 

occurred at the main edifice (or in connection to the central volcano), whereas the 

purely basaltic eruptions have taken place at the fissure system outside the main 

edifice (Thorarinsson, 1967; Jakobsson, 1979; Jóhannesson and Einarsson, 1997; 

Höskuldsson et al., 2007). Until recently Hekla had a fairly clear behavioral pattern, 

producing eruptions twice per century; the average repose period was about 55 years 

(Thorarinsson, 1967; Gudmundsson et al., 1992; Soosalu et al., 2003, Thordarson and 

Larsen, 2007). However, that pattern changed in the second half of the 20th century, 

when eruptions became more frequent, occurring approximately every 10 years, 

though the eruptions were not as powerful (Thorarinsson, 1972; Gronvold et al., 1983; 
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Gudmundsson et al., 1992; Höskuldsson et al., 2007; Thordarson and Larsen, 2007; 

Sturkell et al., 2013).  

 

Table 1. Historical eruptions of the Hekla volcanic system. The information on early 
historical lavas (i.e., pre 18th century) was mainly compiled by Thorarinsson (1967) 
from medieval annals, therefore information is quite restricted and subject to his 
interpretations. 

Year Area of lava 
(km2) Onset eruption Duration Est. Lava 

(km3) 
Est. Tephra 

(km3) Ref 

1104 ? ? ? ? 2 7) 

1158 ? January 19 ? 0,1 0,33 1), 7) 

1206 ? December 4 ? 1,2 0,4 1), 7) 

1222 ? ? ? 0,1 0,04 7) 

1300 25 July 12  1 year 1,5 0,5 1), 7) 

1341 ? May 19 ? 0,5 0,18 7) 

1389 12,5 ? 1 year 0,5 0,15 1), 7) 

1440 ? ? ? ? ? 1) 

1510 ? July 25 ? 1 0,32 1), 7) 

1554 10  May 6 weeks ? ? 1) 

1597 ? January 3 ~6 months 0,9 0,29 7) 

1636 ? May 8 ~1 year 0,5 0,18 1), 7) 

1693 ? February 13 7-10 months 0,9 0,3 1), 7) 

1725 ? April 2 ? ? ? 1) 

1766 ~65 April 5 ~2 years 1,3 0,4 1), 7) 

1845 25 September 2 7 months 0,63 0,23 1), 7) 

1878 13,6* February 27 ~2-3 months 0,03* ? 
1), 8), 
9), 10) 

1913 10* April 25 ~1 month 0,02* ? 
1), 8), 

10) 

1947 39 March 29 13 months 0,8 0,18 2), 7) 

1970 18,5 May 5 2 months 0,2 0,07 3), 7) 

1980-81 24 1) August 17 1980  
2) April 9 1981 

1) 3 days and 
2) 1 week 0,12 0.06 4), 7) 

1991 23 January 17 ~2 months 0,15 0,02 5), 7) 

2000 13,5* February 26 12 days 0,13* 0,01 
6), 7), 

8) 

 

References for Table 1. 
1) Thorarinsson (1967)  
2) Thorarinsson (1950)  
3) Thorarinsson and Sigvaldason (1972)  
4) Gronvold et al. (1983) 
5) Gudmundsson et al. (1992) 

6) Höskuldsson et al. (2007)  
7) Thordarson and Larsen (2007)  
8) This work (*) 
9) Bárðarsson (1930) 
10) Thorarinson (1970) 
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The variability of Hekla’s products and the mechanism of eruption are widely 

discussed, especially regarding the production of both basaltic andesite from the main 

volcanic edifice, and basalts from the adjacent fissures (Thorarinsson, 1967; Gronvold 

et al., 1983; Sigmarsson et al. 1992; Höskuldsson et al., 2007; Thordarson and Larsen, 

2007). Until recently, it was assumed that the eruptions in the main volcanic edifice 

were fed by a shallow magma chamber (Gronvold et al., 1983; Sigmarsson et al., 

1992). However, recent studies have shown that the magma chamber under Hekla 

volcano feeding recent eruptions is a deep-seated structure of limited extent located 

some 20 km under the surface (Soosalu and Einarsson, 2004; Grapenthin et al., 2010; 

Ofeigsson et al., 2011; Sturkell et al., 2013). Chemical changes of Hekla products 

during eruptions indicate that the magma chamber under Hekla is layered, where 

chemical processes occur as the magma is stored through time.  More evolved 

magmas are produced towards the top of the layered chamber (Gudmudsson et al., 

1992; Sigmarsson et al., 1992). On the other hand, basalts erupted on the fissure 

swarm are not stored in the crust, preventing chemical differentiation, and therefore 

being more primitive (Sigmarsson et al., 1992). 

 

Lava flows are a considerable threat at many locations around the world given the 

proximity of inhabited areas to volcanoes. There are no large settlements nearby 

Hekla volcano, only a few farms that rely on the land for their functioning and 

sustenance. In the past, farms have been destroyed or affected by lava flows from 

Hekla (e.g., in AD 1389, 1436, 1693, 1725, and 1845 – Thorarinsson, 1967), therefore 

it is responsible to consider lava flows as a potential hazards. Additionally, there is 

some infrastructure and forestry land that could also be damaged in the event of an 

eruption. Finally, the area around Hekla is popular for recreational purposes, 

accommodating several groups of summerhouses and attracting numerous visitors and 

hikers.  

 

 

2.1. On	  the	  Hekla	  lavas	  

	  
Lavas have been produced in at least 22 out of the 23 historical eruptions. The only 

eruption for which a lava flow has not been confirmed is that of AD 1104. However, 
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it is possible that a lava flow was produced in spite of the explosive power of said 

eruption (Thorarinsson, 1967). Since younger lavas now cover several of the lava 

flows produced prior to the 18th century, calculation of their volume has been 

attempted by multiple assumptions, e.g., basing on the average ratio lava/tephra for 

eruptions post AD 1700 (Thordarson and Larsen, 2007). Höskuldsson et al. (2007) 

suggest that volumes for Hekla eruptions might be wrongly estimated in some cases, 

given the lack of knowledge on pre-eruptive topography. 

 

Lava flows are normally erupted from the fissure system associated to the main 

volcanic edifice, or from the adjacent fissure swarm outside the central volcano. The 

lavas issued from the main edifice have a variable composition but normally reach a 

final composition that of basaltic andesite (i.e., 52 - 56 wt% SiO2 - see Table 2) 

towards the end of the eruption. On the other hand, lavas erupted from the fissure 

swarm are more basaltic. No petrological relationship has been found between these 

two types of lavas (Gronvold et al., 1983). This indicates that lavas issued at the main 

volcanic ridge have been stored in a crustal magma chamber for some period of time, 

whereas those from the fissure swarm are probably fed from deeper levels 

(Thorarinsson and Sigvaldason, 1972).  

 

More silicic lavas have also been reported at Hekla. The eruption of AD 1158 was the 

last one producing a dacitic (~ 65 wt% SiO2) lava flow (Sigmarsson et al., 1992), and 

the only one recorded in historical times. The initial silica content is correlated with 

the preceding quiescent time (i.e., repose period). This may be explained by chemical 

processes such as fractional crystallization (Thorarinsson, 1967; Sigmarsson et al., 

1992). Therefore, Hekla may be expected to produce highly silicic lavas following a 

long quiescence.   

 

Lava discharge varies in Hekla eruptions (Fig. 3), attaining quickly a maximum value 

(i.e., within the first few hours) and then decreasing drastically first, and then 

progressively (Gronvold et al., 1983; Höskuldsson et al., 2007). For the most recent 

eruption in 2000, discharge rate was estimated to have reached a peak of 2600 m3/s 

(Höskuldsson et al., 2007), however, this value might represent only the explosive 

phase of the eruption. Field measurements carried out a few days after the onset of the 

eruptions yielded values of 1 – 2 m3/s (Höskuldsson et al., 2007). Estimates from the 
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1991 eruption yield an initial discharge rate of almost 3000 m3/s (Fig. 3). An average 

eruption rate of 800 m3/s was estimated for the first two days of the eruption, and 

consequently decreasing to 1 – 12 m3/s towards the end of the eruption 

(Gudmundsson et al., 1992).  

 

 

 

Table 2. Chemical composition of some of the historical lava flows from Hekla. As 
mentioned in the text, the lavas at Hekla volcano are normally basaltic andesite (52 – 
56 wt% SiO2), if erupted from the main volcanic edifice. But if the repose period is 
long, dacitic lavas can also be produced. From historical records, the only dacitic 
lava is from AD 1158 with ~65 wt% SiO2. Lavas associated to the fissure swarm are 
basaltic (46 – 49 wt% SiO2). 

 
Eruption 20001) 19912) 19802) 19702) 19473) 19133) 18784) 18453) 15543) 13893) 13003) 12063) 11585) 

%              

SiO2 55,52 54,7 55,4 54,9 54,25 46,21 47,26 54,76 49,34 56,55 54,62 56,48 64,8 

TiO2 2,07 2 1,84 2,09 1,54 3,54 4,66 1,72 3,26 1,6 1,52 1,47 0,63 

Al2O3 14,54 14,41 14,33 14,3 16,34 14,5 13,24 13,61 14,43 13,95 16,7 16,24 14,5 

Fe2O3     2,24 2,17 2,36  3,85 2,4 1,58 1,59  

FeO 11,79 11,45 11,23 11,59 10,05 12,6 13,29 15,6 11,28 9,2 9,8 9,6 7,1 

MnO 0,28 0,27 0,26 0,27 0,26 0,26 0,25  0,28 0,29 0,29 0,29 0,21 

MgO 2,89 3,1 2,92 2,91 3,39 6,49 5,17 1,35 5,11 2,73 2,61 2,14 0,73 

CaO 6,82 7,32 7,23 7,06 7,09 10,7 9,23 6,44 8,02 6,95 6,85 6,19 3,76 

Na2O 4,01 4,11 4,17 4,18 3,41 2,74 3,03 3,41 3,16 3,8 3,8 3,99 4,95 

K2O 1,21 1,23 1,3 1,22 0,95 0,51 0,67 1,21 1,11 1,2 1,3 1,36 1,88 

P2O5 0,87 1,17 1,12 1,34 0,35 0,33 0,61   0,93 0,85 0,57  

Total 100 99,76 99,8 99,86 99,87 100,05 99,77 98,1 99,84 99,6 99,92 99,92 98,56 

 

References for Table 2. 
1) Höskuldsson et al., 2007 
2) Gudmundsson et al., 1992 
3) Thorarinsson, 1967 
4) Jakobsson, 1979 
5) Sigmarsson et al., 1992 
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Figure 3. Diagram presents the magma discharge rate estimated for the Hekla 1991 eruption 
and how it varies throughout the eruption. The diagram also points to the stages or phases 
characteristic for an eruption at Hekla. Notice how the effusion rate rises rapidly to a 
maximum. Then declines gradually until the end of the eruption. It has been observed that the 
effusion rate fluctuates nonetheless throughout the eruption. Image from Thordarson and 
Larsen (2007) but modified from Gudmundsson et al. (1992).  

 

 

 

 	  



 25 

3. Methods	  

3.1. Mapping	  and	  Measurements	  
	  

For this project, the outlines of the lavas were demarked as precisely as possible over 

a base of aerial photographs. The ground base information was a set of aerial images 

from the Icelandic company Samsyn, efh. The images show the ground features in 

great detail, and provide accurate information on the dimensions of the lava fields. 

Ultimately, it will be possible to recalculate the volumes of lava flows at Hekla by 

getting estimates on the thicknesses of lava flows at their margins.  

 

The lavas at Hekla were outlined using ArcGIS 10, a Geographical Information 

System (GIS) program. The base used was mainly observations of aerial photographs, 

and using previous maps as guide (i.e., Kjartansson, 1945; Thorarinsson, 1967; 

Thorarinsson and Sigvaldason, 1972; Hjartarson, 1995; Jóhannesson and Einarsson, 

1997; Höskuldsson et al., 2007).  

 

The first maps produced were made using raw estimates of their location and the 

surrounding topography. Thorarinsson (1967) compiled the accounts of the early 

volcanic activity at Hekla from medieval texts (mainly from clergy) and he, among 

others, translated into estimated maps after an extended field campaign (published in 

1967). Kjartansson (1945) also produced an early map of volcanic deposits especially 

lava flows. From that time, other authors have mostly based their maps on the work of 

Thorarinsson (1967). Jóhannesson and Einarsson (1997) also carried out extended 

research around Hekla but most of their findings have not been published yet. The 

maps produced have given base for other works, e.g., Hjartarson (1995).  

 

3.2. PolSAR	  
 

A full polarimetric SAR (PolSAR) image, which was also a product of the EMISAR 

campaign (See below on EMISAR DEM), was used to help distinguish features in the 

image since PolSAR data can give information on material and structure of the 

surface (Cloude & Pottier, 1997; Magnússon, 2003). This radar uses polarized signals 
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and measures the reflection observed in both vertical and horizontal planes 

(Magnússon, 2003). In this particular case, the PolSAR image was used to observe the 

lava fields around Hekla Volcano, and to discriminate between different lava flows by 

the reflectivity observed with the PolSAR.  

 

The PolSAR image was introduced into the ArcGIS 10 system, and compared to 

aerial images where most lava flows looked visually similar, and in most cases, 

presented no exceptional features making them distinct. Despite the clear difference 

observed in several lava flows, the usage of the PolSAR is still limited, and more 

research and development in the usage of this technique is needed. Early lava flows 

were covered by pyroclastic material from later eruptions, affecting the reflectivity of 

the radar signal, making it in some cases indistinguishable from other flows.   

 

3.3. EMISAR	  DEM	  
 

Dr. Eyjólfur Magnússon from the Institute of Earth Sciences at the University of 

Iceland provided the Digital Elevation Model (DEM) used in this project. This DEM 

was the product of a survey carried out by the Electromagnetic Systems (EMI) of the 

Technical University of Denmark in 1998, using a Synthetic Aperture Radar (SAR) 

[Christensen et al., 1998; Magnússon, 2003]. The DEM has a spatial resolution of 5x5 

m and it provides information on the elevation of the terrain by giving an average 

elevation over the pixel, and with horizontal error of 2,5 m (Magnússon, 2003).   

 

The usage of the DEM was intended not only for spatial correlation, but also to 

produce surface profiles at the margins of the lava fields. The profiles were tested for 

accuracy by comparing them with direct GPS measurements in the field.   

	  

3.4. GPS	  
 

Global Positioning System (GPS) reference measurements were carried out in the 

vicinity of Hekla volcano to calibrate the difference in elevation produced with the 

EMISAR DEM. The data was gathered using two Trimble Geoexplorer3 hand-held 
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GPS receivers, which at the time of data collection gave an error of ± 2 m on the 

vertical component. Relative error is, however, considerably better. This observation 

can be verified on Fig. 7.  

 

The GPS data was collected crossing selected lava flows by foot. The selection of the 

lava flows was mainly based on accessibility and proximity to the road. A total 

number of 37 profiles were measured over the lavas of the eruptions of 1300, 1389, 

1845, 1878, 1913, 1970 and 1991, and an unidentified lava that could be either pre-

historical or a tongue of the 1766 lava flow. The data collected by the GPS was 

downloaded and analysed using the GPS Pathfinder Office 3.10 software. This 

software enables the data to be then converted into a shapefile and be used directly in 

ArcGIS.  

 
The data was georeferenced and the calibration was then possible by producing 

terrain profiles, based on the EMISAR DEM and the GPS data, and comparing them. 

The profiles provide a sense of elevation difference in the terrain, from which the 

thickness of the lava flow can be inferred. This method, however, requires some 

assumptions. The main assumption here is that changes in the landscape under the 

lava flows are negligible, i.e., the background topography is relatively flat. 

 

3.5. Data	  Analysis	  
 

There are several different maps available that show the historical lavas from Hekla. 

Most are based on different interpretation of old documents and early assumptions of 

volcanic events. Previous authors did not have the high-resolution imagery that is 

available today; therefore they could not properly see some of the features present in 

the flows or their full extent, especially in order to map the flows more precisely. The 

present imagery enabled us to reshape some of the lava flows by following their 

morphology, according to our interpretation. Thus, and to some extent, the map could 

present noticeable differences compared to those presented in the past. 

 

An example of this case of ambiguity in the maps is related to a clear lava tongue in 

the northern part of Hekla, next to the area called Skjólkvíar. Today that flow lies 
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mainly under the 1970 lava flow, however, there is a large part that protrudes out of 

the 1970 lava. That lava tongue has been mapped in the early works of Thorarinsson 

(1967) and Kjartansson (1945), and therefore appears as well on the other works 

based on these. Although, it is quite clear that Kjartansson (1945) links this tongue 

with the lava flow of 1766. Thorarinsson (1967) initially agreed with Kjartansson but 

then believed this tongue belonged rather to the eruption of 1693. Remnants of this 

1693 eruption are most likely found just south of Rauðöldur on the western part of the 

volcano. On his map the date of that particular tongue is not properly specified.  

 

 
Figure 4. Uncertain lava near Skjólkvíar. This map shows the location of the uncertain lava 
tongue protruding from under the 1970 lava flow at Skjólkvíar. In this work, this lava tongue 
is believed to be part of the 1766 lava. The 1766 lava extends also further to the North and it 
is visible also on the North-western side of the 1970 lava flow at Skjólkvíar.    

 

In the case of the 1766 flow to the southwest of the volcano (Fig. 5), the map was 

modified on the basis of observations. First of all, that eruption lasted for two years, 
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therefore, it is normal that several pulses come at different times and form different 

deposits that pile one over the preceding one, i.e., by channel breaching or secondary 

vents (James et al., 2012). At the margins of the south-westernmost flows, previous 

authors had not agreed on the reach of this lava flow. However, in aerial photographs 

it is apparent that most of the immediately adjacent flows at the west limits, defined 

by Thorarinsson (1967), can be followed up slope until they merge with some other 

flows accepted to be part of the 1766 lava (Fig. 5 – pg. 30). 

 

Another area where ambiguity exists is north-northwest of Hekla where the lava flow 

from 1947 overlaps the one from 1845 (Fig. 6 – pg. 31). Towards the margins, both 

lavas are well defined; however right to the west-southwest of Litla Hekla it is not 

possible to distinguish one from the other. The available maps are contradictory at 

best. The PolSAR imagery did not help in this area because it exhibits a very 

complicated reflection signal, which does not resemble entirely the signal of either 

1845 or 1947 flows. We suggest for this particular case that either there was a 

dramatic change in the morphology of the 1947 lava flow, or that both these lava 

flows formed a sort of “lava fall” that was characterized by several small channels 

that “interfingered” and converged further down when the slope became less inclined 

(Calvari et al., 2003; James et al., 2012). 

 

In spite of the available data, it is still difficult to distinguish some of the lavas 

erupted from the main eruptive fissure (on the main volcanic edifice), and other 

places where several lavas coexist. This issue was solved partially with the usage of 

the PolSAR imagery, however it was not entirely reliable. Some of the reflections 

would not show sufficient difference to indicate different flows (Fig. 6). One of the 

factors possibly affecting the use of PolSAR was the ash cover, or potential changes 

in the morphology of the lavas. Given that Hekla normally starts the eruptive activity 

with an explosive phase, most of the lava flows are covered by ash from subsequent 

eruptions. Theoretically, the ash cover should not affect the radar signals measured 

with PolSAR, but perhaps in reality it does to some extent. This interpretation is 

based on some minor reflection differences observed within the same lava fields.  
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Figure 5. Southwestern reach of the 1766 lava flow, as assumed using the topographic data 
available for this thesis. The upper left image shows the aerial photograph view of this area. 
The upper right image shows the area using the PolSAR mask over the aerial photo. The 
lower image shows our interpretation of how these lavas are. 
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Figure 6. Northern face of Hekla, where the lavas from 1845 and 1947 coexist. These images 
show the usefulness of PolSAR imagery, but proves as well the limitations of the topographic 
data. The upper left image shows the aerial photograph view of this area. The upper right 
image shows the area using the PolSAR mask over the aerial photo. The lower image shows 
our interpretation of how these lavas are. 
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Here we present a new map compiling all the information obtained from previous 

authors and adding our own interpretation (Fig. 9). It is perhaps relevant to emphasize 

that precise dating and mapping of the dimensions of some lava flows is quite 

difficult for Hekla given the variable chemistry of the lavas, and that most of what is 

known today about them is based on a work carried out some 60 years ago, when 

aerial images were scarce. This is particularly true when it comes to early historical 

lavas, which are almost completely covered by younger flows. It is suggested that the 

best way to constrain and confirm the ages of most historical lavas (especially those 

erupted before AD 1700) would be through more detailed tephrochronology 

(Sverrisdóttir, pers. comm., 2013).  

 

Once the historical lava flows were defined, it was continued to compare the results 

from the GPS measurements with the profiles made with the DEM. This comparison 

was performed using ArcGIS 10 and it was based on the surface profiles produced 

with GPS data and DEM-based profiles at the same location. The GPS profiles are 

somewhat ruffled because of the number of points measured, compared to the 

smoother profiles produced with the DEM. However, the profiles produced with both 

GPS and the DEM give similar results (See Fig. 7). Since many areas around Hekla 

(and other volcanoes) are not easily accessible, we assessed the thickness of the lava 

flow margins. Many profiles were measured along these margins, directing our efforts 

especially at the front of the flows.  

 

The beginning of the profiles was intended to be from the flattest possible area in 

front of the flow. This flat area would mark level 0. It was assumed then a maximum 

thickness when there was a clear break in the slope of the profile over the lava flow. 

Then we measured the difference in elevation between the point of slope break 

(maximum estimated thickness) and level 0 at the flattest possible point in front of the 

flow border.  

 

The difference in elevation was then assumed to be the thickness of the flow at that 

particular point. This was repeated until covering the entire lava field. In order not to 

assign the same weight (i.e., same importance) to all the measurements of thickness, 

the main polygon was subdivided based on areas with the same apparent thickness. 
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The final value of volume is the sum of the volume of all those subdivisions (See Fig. 

8 on Results Chapter). We used the 1980-1981 lava field to test this method. The lava 

flows of 1878 and 1913 were also chosen aiming to expand the information available 

on these basaltic lavas. 

 

It was not possible to obtain satisfactory measurements in all the sections of the lava 

field, e.g., for the inner channels, up slope channels, or areas where the lava has 

accumulated preferentially against an obstacle. Therefore, assumptions were 

necessary. Especially, in the case of emptied channels at the inner part of tongues, or 

channels in the upper part of the main volcanic ridge. The profiles measured 

suggested thickness between 1,5 and 2,3 meters; therefore, a thickness of 2 meters 

was assigned to these areas where measurements were inconclusive (For an example 

see Fig. 8 – pg. 37).  
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4. RESULTS	  
 

As a result of this study, we were able to produce a new map of the historical lavas at 

Hekla volcano (Fig. 9 – pg. 38). This map compiles information from most of the 

previously produced maps of this area, and includes new interpretations based on the 

use of high-resolution aerial photographs and more precise topographical data. With 

the new digitalized data we were able to review some of the information provided 

about Hekla (e.g., area of lava fields). The areas of some of the most recent lavas 

were calculated with ArcGIS in order to compare the accuracy of our map. These 

results were compared to previously published data. The results are presented in Table 

3 on pg. 36. 

 

The comparison of the data gathered on the field (i.e., GPS measurements) and the 

profiles produced using DEM data showed good correlation. We obtained that the 

vertical variation (i.e., difference in elevation) is similar for both types of data. This 

indicates that the precision of the DEM was good enough to obtain realistic results for 

the thickness of the lava flows. An example of the profiles produced, comparing both 

forms of data, is shown in Fig 7. 

 

We then selected the lava field from the 1980-1981 eruption to test this method. With 

our method, we did not obtain a particular average thickness; instead this method 

gives different importance to the thicknesses depending on the size of the area where 

that thickness is similar (Fig. 8). The calculated area of our polygon was 23,04 km2, 

compared to the 24 km2 that has been previously published (e.g., on Gronvold et al., 

1983). This proves that this map, produced with high-resolution imagery, can provide 

a realistic sense of dimensions of the lava flows.  The volume we estimated for the 

1980-1981 lava is 0,07 km3 (Table 3). Finally, we applied this method to the 1878 and 

1913 basaltic eruptions in the vicinity of Hekla with the aim of adding more 

information on these lava flows. The results obtained on the area and volume of the 

1878 and 1913 lava flows are listed on Table 3. 
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Figure 7. Diagrams showing the comparison between the GPS data collected in the field and 
the profiles produced with the EMISAR DEM. These diagrams also suggest that the relative 
error in the measurement is low enough to yield realistic results.  
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4.1. Hekla	  1878	  eruption	  
 

The eruption started on the 27th of February 1878. It took place in the vicinity of 

Krakatindur, 10 – 15 km to the Northeastern side of the main volcanic ridge 

(Thoroddsen, 1925). The eruption occurred on two or three fissures with similar 

orientation. This eruption lasted about two or three months (Bárðarson, 1930; 

Thorarinsson, 1970), and produced transitional alkali basalt (~46 wt% SiO2) 

[Jakobsson, 1979]. The area covered by this lava flow is 13,6 km2 and the volume 

erupted was 0,03 km3 (Fig. 10 – pg. 39).  

 

4.2. Hekla	  1913	  eruption	  
 

The eruption started on the 25th of April. This eruption took place at two different 

locations from two ~5 km long eruptive fissures (Jóhannesson and Einarsson, 1997), 

located some 10 km apart (Kjartansson, 1945). The first one to open was located near 

the mountain Mundafell, and then about 10 hours later the second one on the 

Lambafit area (Bárðarson, 1930; Kjartansson, 1945; Thorarinsson, 1967; Jakobsson, 

1979). This eruption also produced transitional alkali basalt (~46 wt% SiO2) 

[Jakobsson, 1979]. The eruption ended around the 4th of May at Mundafell, and about 

two weeks later on Lambafit (Thorarinsson, 1970). The combined area occupied by 

the two flows was estimated to be ~10 km2, and the volume of lava erupted was 0,02 

km3 (Fig. 10 – pg. 39). 

 

Table 3. Results obtained in this study. The areas and volumes were calculated using 
the polygons and profiles created on ArcGIS®, as specified in Section 3.5.    

Lava 
Area measured 

in this study 
(km2) 

Calculated 
volume – this 
study (km3) 

Previously 
published area 

(km2) 

Previously 
published 

volume (km3) 
1878 13,6 0,03 ? ? 
1913 10 0,02 ? ? 
1980 23 0,07 24 0,12 
2000* 13,5 0,13* 18 0,19 
 

(*) Calculated using the 10 m average thickness from Höskuldsson et al. (2007). 
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Figure 8. Thickness of the lava flows. These maps present an example on how the method 
described here was carried out. The maps show areas of the lavas from the eruptions of 1980-
81 (Top), and 1878 and 1913 (Bottom). The numbers within the smaller polygons represent 
the measured thickness (profiles) at those locations.   
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Figure 9. New map of Hekla historical lavas produced in this study. The map shows all the 
historical lavas, except for the lava from AD 1510, which is completely covered by other 
lavas and thus not observed either in the field or through aerial images. The map also shows 
most of the regional fractures and craters observed on the aerial images.  
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Figure 10. Lavas of the eruptions of 1878 and 1913. 	  
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5. DISCUSSION	  
 

Estimation of the potential eruption volume and length of the flows are key 

parameters for hazard assessment. However, in several cases, volume estimates are 

not so simple. Studies of previous activity (and erupted volumes) can give clues on 

the likely future behaviour of volcanic eruptions. In this work, we took Hekla volcano 

as case study to try to use new remote sensing data to shed light on the thickness of 

the lava flows, and to improve the estimates of volume for historical eruptions. 

 

Lava flows produced at Hekla volcano are mainly basaltic andesite or purely basaltic 

(if eruption occurs at the associated fissure swarm outside the main volcanic edifice), 

with compositions varying from ca. 46.21 wt% SiO2 (1913 eruption) to 56.55 wt% 

SiO2 (1389 eruption), see Table 2. The lava flow known as Háahraun is the most 

silicic lava deposit from Hekla (Sigmarsson et al., 1992). It was chosen not to 

consider Háahraun at this moment given the little information available on this flow.  

 

The emplacement characteristics of the basaltic andesites erupted from the main 

edifice seems to be mainly controlled by a) the fluctuating effusion rate, and b) the 

slope of the mountain. Hekla exhibits, to a point, the features of a stratovolcano. 

Slopes at Hekla are in the range 15 – 33° of inclination (Thordarson and Larsen, 

2007). These steep slopes will further increase the disruption of the lava crust by 

adding viscous drag onto the flow, thus preventing the formation of lava tubes 

(Gronvold et al., 1983; Macedonio and Longo, 1999; Calvari et al., 2002). This 

disruption of the crust is normally characteristic for slopes larger than 4° (Guest et al., 

2012).  

 

Normally, high effusion rates disrupt the crust of lava flows impeding the 

development of a strong isolating crust, thus forcing the flows to be constrained to 

lava channels (Cashman et al., 1999). At the same time, the lack of insulation means 

that lavas will lose heat more rapidly, having an effect on the viscosity. With the 

above-mentioned characteristics of the lava, channelized cooling lava is more likely 

to breach and produce different lava channels (Macedonio and Longo, 1999; Guest et 

al., 2012). Thus, the lava field would be wide compared to its length, and the flows 
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will be fairly constrained to the vicinity of the eruptive focus, unless a) the eruption is 

sustained for a prolonged period of time, b) the lava flows on shallow slope, and c) 

lava develops tubes. At this point, the flows can reach larger distances depending on 

the interaction of different factors.  

 

Furthermore, even if the length of lava flows is said to depend on effusion rate and 

volume (e.g., Walker, 1973; Malin, 1980; Pinkerton and Wilson, 1994), it is uncertain 

how big a role these parameters alone play at Hekla. From observations of aerial 

images of the historical lavas, it is apparent that the length of purely basaltic flows at 

Hekla volcano is normally shorter compared to the basaltic andesite flows, indicating 

either a shorter eruption time or a smaller volume of melt (Fig. 9 – 11). 

 

 

 

Figure 11. Diagram showing the volume of lava produced by the historical eruptions at 
Hekla volcano. The lack of bars represents lack of information regarding the estimated 
volume of that lava.   

 

Concrete effusion rate calculations have not been made at Hekla. It has been 

observed, however, that the effusion rate decreases dramatically within the first 
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couple of hours after the onset of the eruption (Gronvold et al., 1983, Höskuldsson et 

al., 2007). This decrease in effusion rate is in concordance with the Type I trend 

proposed by Harris et al. (2000) to explain differences in effusion rates and changes 

thereof in similar eruptions. This Type I trend presents initial high effusion rates, 

reaching rapidly a maximum peak, before declining exponentially. This behaviour is 

characteristic of fissure-fed basaltic eruptions (Wadge, 1981; Harris et al., 2000). 

 

Lavas from Hekla are poor in phenocrysts (Jakobsson, 1979; Sigmarsson et al., 1992; 

Höskuldsson et al., 2007). Basalts present higher concentration of phenocrysts 

(Sigmarsson et al., 1992), but overall, lavas from Hekla are homogeneous and 

chemically indistinguishable (Gronvold et al., 1983). This might reflect the fairly 

rapid cooling experienced by the lava during emplacement. It might also be consistent 

with other features present at Hekla lavas, e.g., that Hekla lavas do not produce tubes 

and are mainly restricted to a few kilometers from the vent.  

 

Besides, the relatively limited lengths of Hekla lavas suggest the bulk volume of lava 

is erupted in a short period of time at a variable rate (Calvari et al., 2002). This 

activity produces fairly short but thick, and complex lava flows. This activity is also 

comparable to other similar volcanoes, e.g., Etna in Italy (Calvari et al., 2002).  

Therefore, it is believed that if the effusive activity at Hekla would be more steady 

and prolonged, the flows would certainly change their characteristics and most likely 

would cover larger areas, as it occurred in the past, e.g. in the 1766 eruption. 

 

Finally, the estimation of volume with this method has yielded considerably lower 

numbers. This might be due to the observed distribution of thicknesses within the lava 

flow. From our results, we observe that the thicker parts of the lava flow are towards 

the front of the flow indicating that a large amount of material will be piled up while 

the flow is active. Thicknesses are, however, not uniform throughout the flow. 

According to our estimations the locations within the lava field and up slope present 

considerably lower values of thickness, compared to those at the front of the flow. We 

believe this observation has to influence the way average lava flow thickness is 

estimated, since the estimation of eruptive volume is of such importance for eruption 

scenarios. Also, this observation might suggest that we might overestimate the 

volume if we consider only the average thickness of the front of the lava flows.   
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6. CONCLUSIONS	  
 

Here we present an alternative method to estimate lava volumes using topographic 

data. This opens an opportunity to study areas of difficult access, but which aerial 

imagery is available. Using this method we compared volume values of the 1980-

1981 lava flow. The numbers seem to be consistent, and the difference might be 

related to the rendering of relevant thickness of the lava flow. In this work, we 

obtained that the 1980-1981 eruption produced 0,07 km3 of lava, which covered an 

area of 23,04 km2. We also determined that the basaltic eruption of Hekla in 1878 

produced 0,03 km3 of transitional alkali basalt that covered an area of 13,56 km2. 

Also, we determined that the combined volume of transitional alkali basalt erupted in 

1913 from the fissures at Mundafell and Lambafit is 0,02 km3. The combined area 

covered by these flows is 10 km2.  

 

It is, however, recognized that this method requires further refinement. More 

comparisons are needed to better estimate potential errors given by some 

assumptions. Also, better estimates are needed for intra-flow channels and the amount 

of material that contributes towards the volume estimate. It is important to mention 

that the DEM used for this thesis does not cover the lava flow from the Hekla 2000 

eruption. It is suggested that radar data be acquired before the next eruption comes. 

These data could facilitate the calculation of erupted volume in the future with GIS, 

certainly enabling more straightforward calculations. It is also suggested that other 

areas be studied using this same method in order to compare results and validate the 

utility of it.  

 

Finally, availability of more accurate estimates of erupted volumes of lava could 

potentially be usefully employed in modelling of lava flow inundation scenarios or 

other related predictions relevant to volcanic hazard assessments.  
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