
i 

 

 

 
 

Hekla 2000 and Eyjafjallajökull 2010 tephra: 
Grain morphology characterization using 

microscope imaging and scanning electron 
microscopy 

 
 
 
 
 

 
 

 
Lovísa Mjöll Guðmundsdóttir 

 
 
 
 

Jarðvísindadeild 

Háskóli Íslands 

2017 





 

 
 
 

 

Hekla 2000 and Eyjafjallajökull 2010 
tephra: Grain morphology characterization 

using microscope imaging and scanning 
electron microscopy 

 
 
 
 
 

Lovísa Mjöll Guðmundsdóttir 
 
 
 

 
 

10 eininga ritgerð sem er hluti af 
Baccalaureus Scientiarum gráðu í Jarðfræði 

 
 

 
 

 
Esther Ruth Guðmundsdóttir 

 
 

 
 

 

 
 

 
 

 
 

Jarðvísindadeild  
Verkfræði- og náttúruvísindasvið 

Háskóli Íslands 
Reykjavík, maí 2017 



 

 
 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 
 

Hekla 2000 and Eyjafjallajökull 2010 tephra: Grain morphology characterization using 

microscope imaging and scanning electron microscopy 

Hekla 2000 and Eyjafjallajökull 2010 tephra 

10 eininga ritgerð sem er hluti af Baccalaureus Scientiarum gráðu í Jarðfræði 

 

Höfundarréttur © 2017 Lovísa Mjöll Guðmundsdóttir 

Öll réttindi áskilin 

 

 

Jarðvísindadeild 

Verkfræði- og náttúruvísindasvið 

Háskóli Íslands 

Sturlugata 7 

101 Reykjavík 

 

Sími: 525 4000 

 

 

 

Skráningarupplýsingar: 

Lovísa Mjöll Guðmundsdóttir, 2017, Hekla 2000 and Eyjafjallajökull 2010 tephra: Grain 

morphology characterization using microscope imaging and scanning electron microscopy 

, BS ritgerð, Jarðvísindadeild, Háskóli Íslands, 44 bls. 

 

 

 

Prentun: Háskólaprent 

Reykjavík, Maí 2017 



 

Útdráttur 

Kornagerð og kornalögun gjósku getur gefið margvíslegar upplýsingar um myndunarferli 

hennar. Til að mynda hvort gjóska hafi myndast við sprengigos þar sem gas er ráðandi í 

tætingu kvikunnar eða hvort að utan að komandi vatn hafi haft áhrif. Tvö gjóskulög, úr gosi 

í Heklu árið 2000 og í Eyjafjallajökli árið 2010 voru skoðuð með tilliti til kornagerðar,- og 

stærðar og lögunar. Tvö sýni úr hvoru gosi fyrir sig voru rannsökuð með það í huga að hvort 

hægt væri að greina á milli magmatískrar og hýdrómagmatískrar tætingar kviku með 

eigidlengum aðferðum. Gjóskan var rannsökuð í smásjá og mynduð. Auk þess var gjóskan 

rannsökuð í rafeindasmásjá (SEM) sem gaf skýrar og nákvæmar myndir af löguna korna. 

Kornastærðir 2, 3, og 4 Φ voru skoðaðar. Heklu gosið árið 2000 var magmatískt ,,þurrt” á 

meðan Eyjafjallajökull 2010 gosið var phreatomagmatískt eða ,,blautt” gos.  Niðurstöður 

benda til þess að skýr munur er á milli gosanna tveggja þegar litið er til korna stærðar, 

lögunannar- og gerð korna. Heklugjóskan er mun grófari og eru kornin blöðrótt og 

klumpalaga ásamt því að vera ílöng. Eyjafjallajökuls gjóskan er mun fínni, kornin eru einnig 

blöðrótt en ekki að eins miklu leiti og útlit þeirra bendir til að blöðrur þeirra hafi brotnað. 

Kornin eru einnig klumpalaga en þó eru nánast engin ílöng korn til staðar líkt og í Heklu. 

Niðurstöður þessarar rannsóknar sýna að smásjámyndataka og rannsókn á kornalögun og 

kornagerð í rafeindasmásjá gefur góða mynd af þeim ferlum sem eiga sér stað við tætingu 

kviku í sprengigosum. 

 

 

 

 
 

 

 



 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 



 

 
Abstract 

Grain shape and grain size distribution can reveal useful information about the tephra 

formation processes. It can show whether tephra was formed by explosive eruption with gas 

as the main driving force or if water came in contact during the eruption process. Two tephra 

samples from Hekla 2000 and Eyjafjallajökull 2010 eruptions were investigated regarding 

grain shape and grain content. The samples from each eruption were looked at with the aim 

to try to distinguish between magmatic and phreatomagmatic eruptions using qualitative 

methods. The tephra was analysed with microscope imaging. In addition the SEM (scanning 

electron microscope) was used to observe detailed shapes of each grain. Grain sizes 2, 3, and 

4 Φ were observed. Hekla 2000 eruption was a magmatic “dry” eruption and Eyjafjallajökull 

2010 was a phreatomagmatic “wet” eruption. There is a clear difference between the tephra 

when looking at grain size, shape of particles and crystal content. Hekla tephra is far coarser 

grained with highly vesicular bulky features as well as elongate particles. Whereas 

Eyjafjallajökuls grains are finer grained with sharded vesicles and very few elongate 

particles. Results from this research show that with microscope images and grain size- and 

shape analyses in scanning electron microscopy gives a good indication of the processes 

when tephra gets fragmented in explosive eruptions. 
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1 Introduction 

This thesis is a final project towards Baccalaureus Scientiarum degree in Geology at 

University of Iceland. The supervisor for this project was Esther Ruth Guðmundsdóttir. 

 

Morphological characteristics of tephra has been used as a tool to asses magma 

fragmentation. By investigating tephra morphology, it is possible to decipher eruption type 

and volcanic process. Grain size and shape analyses have shown to be useful to determine 

whether an eruption was phreatomagmatic or magmatic (Schmith, J., Höskuldsson, Á, & 

Holm, P. M., 2017, Eiríksson, J. et al., 1994 & Heiken,. G., Wohletz, K., 1992). 

The aim of this study is to investigate if effects of external factors (water) and internal factors 

(gas) can be seen on grain morphology of tephra from Hekla 2000 and Eyjafjallajökull 2010 

eruptions. Qualitative analyses, microscope imaging and Scanning Electron Microscopy 

(SEM) was used to analyze tephra grains from these two recent eruptions in Iceland. 

Sieving, microscope investigation and imaging and SEM (Scanning Electron Microscope) 

images were used to investigate and obtain clear details of grain morphology from each 

eruption. Four tephra samples, from two from Eyjafjallajökull 2010 eruption and two from 

Hekla 2000 eruption were inspected. Samples from Hekla 2000 tephra are from the 

intersection of Landvegar and Hrauneyjar (sample 8) and Brekkudal (sample 7) (Figure 11). 

Tephra from Eyjafjallajökull 2010 was collected at Herjólfsstaðir and at Drangshlíðardalur 

(Figure 12). For this investigation 2, 3, 4 Φ grain sizes were used for analysis. The two 

eruptions are different from each other with respect to eruption style. Hekla eruptions are 

explosive and are magmatic or “dry”. Eyjafjalljökull eruptions are also explosive however 

due to a glacier located on top of the volcano renders it to be phreatomagmatic or “wet” 

(Larsen, G., et al., 2013). This study is part of a project that is attempting to assemble a 

prototype of an atlas of volcanic tephra in Iceland. Multiple volcanoes and eruptions are 

being inspected and data analysed is to be used to provide guidance on tephra morphology 

and shape for different volcanic systems in Iceland. 
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2 Volcanism 

This chapter explains how eruptions are categorized, an explanation of what tephra is, and 

previous studies of tephra. 

2.1 Eruption styles 

Eruptions are very complex phenomena and are often hard to classify as each eruption can 

have different characteristics. Therefore, it is better to characterize each phase of an eruption. 

All volcanic activity (which encompasses eruptions) is divided into two categories; effusive 

and explosive activity (Figure 1). These categories are further divided depending on 

composition and magnitude. Whether an eruption becomes explosive or effusive is 

dependent on magma properties. Large volume silica eruptions are almost always explosive 

and large- volume basaltic eruptions are effusive. However on a small scale, magma of any 

composition can erupt in both ways (Francis, P., & Oppenheimer, C., 2004). 

Explosive eruption occur with greater viscosity and cooler temperature. Bubbles formed by 

the gas cannot escape easily which leads to build up in pressure, resulting in gas exploding 

rock and lava fragments up into the air. Explosive eruptions can occur as either magmatic 

“dry”, or phreatomagmatic “wet” from when magma interacts with water. There are 3 types 

of explosive eruptions; Plinian, Phreatoplinian and Surtseyan. 

Plinian eruptions vary between sub- to ultra- Plinian and the category depends on the height 

and magnitude of the plume. Plinian eruptions usually generate high plumes and widespread 

tephra falls. They are rhyolitic to dacitic in chemical composition. 

Phreatoplinian eruptions range from basaltic fissure eruptions, dacite to rhyolite from both 

ice-cap free and ice-capped volcanoes. The eruptions that involve magma interacting with 

water tend to produce large tephra layers. Surtseyan eruptions which are phreatomagmatic, 

are either eruptions beneath the sea or glaciers (Thordarson, T., & Larsen, G., 2007). 

Surtseyan eruptions are explosive due to water interacting with magma. The magma 

produced is mafic in composition and would run as lava if not for- contact with water 

(Höskuldsson, Á., et al., 2013). 

Effusive eruptions have higher temperature than explosive, or around 1200°C. The magma 

is runny and therefore gas bubbles are capable of escaping easily allowing the magma to 

flow down the flanks of the volcano. Effusive eruptions are coined to the term Hawaiian. 

They are either an eruption that occurred on a fissure or all of the activity is focused on one 

crater. The eruptions create fire fountains and are usually mafic in composition. The eruptive 

plume depends on the amount of magma per time unit, and is usually low; 2-4 km in height 

(Höskuldsson, Á., 2013). 

Although eruptions have been divided into effusive and explosive, it can be difficult to 

exclusively categorize an eruption. This is because there are eruptions that are a mixture of 

both effusive and explosive characteristics. This type of eruption has short but regularly 

occurring explosion pulses during eruptions and is referred to as Strombolian. The plume 

from a Strombolian eruption is on the lower end (2-3 km in height) so the tephra falls quickly 

to the ground. Strombolian lava also flows due to low viscosity, the magma is mafic to 

intermediate in composition. 
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Figure 1 - The grouping of eruptions depending on dispersal of tephra and 

fragmentation (Adapted from Thordarson, T., & Larsen, G., 2007). 

 

 

2.1.1 Tephra 

Volcanic tephra is a broad name for all loose material that transfers from the vent of a 

volcano in to the air. It is assembled from of crystals, scoria, pumice and rock fragments 

(xenoliths). 

There are 3 ways for tephra to form: 

 

  - As the magma reaches the upper part of the crust the magma releases gases due to 

decompression from the rising magma, this results in tephra fragmentation; 

 

 - As magma comes in contact with water or ice/snow the magma cools quickly and 

becomes explosively fragmented;  

 

 - Ejection and combination of particles from crater or vent walls during eruptions of 

hot water and steam. 

 

Tephra shape and color are influenced by magma composition and eruption style. Pumice is 

usually rhyolitic or intermediate and scoria is mafic (Larsen, G., & Gíslason, S. 2013).  These 

features can be used to interpret physical properties of magmas and associate volatile 

content. It can also be used to indicate the degree of interaction of magma with water and 

ice (Heiken, G., & Wohletz, K., 1992). Grain size can vary from sub millimeter fine dust to 

big blocks of a few meters in diameter. Tephra can be transferred multiple ways from an 

eruption source- through tephra plumes and various pyroclastic flows. Tephra plumes are 

the result of volcanic eruptions where the tephra is transported or ejected from the volcano 

into the air. The plume is a mixture of tephra, steam, air and other volcanic gas. The plume 
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rises because its density is lower relative to the surrounding air. Sometimes in explosive 

eruptions the plume cannot drag enough air towards the plume, resulting in higher density 

than the air causing it to collapse in a pyroclastic flow.  If tephra gets in contact with water 

the plume will become more powerful and there for higher. The higher the plume gets in the 

atmosphere the further it can travel from the volcano with the assistance of wind (Figure 2). 

Plume height is dependent on magnitude of magma per time unit. Largest grains are found 

closest to the vent, there we get big blocks and the coarsest of the grains. Furthest away from 

the source the finest tephra is found. The stratosphere is a major control on how for the tephra 

will move from the vent. If the plume reaches the stratosphere particles can be carried for a 

long time and consequently vast distances. Wind plays a large role in the distribution of 

tephra, the plume will be transported in the same direction as the wind travels and will be 

transported further if the wind is stronger (Höskuldsson, Á., 2013). 

 

Figure 2 -  Build up of a plume showing how particles travel in the air (Marshak, S. 

2013). 

2.1.2 Previous Research 

Sigurður Þórarinsson was one of the pioneer scientists to study tephra and to apply 

tephrochronology. It can be said that he laid the foundation for what we know today. He 

started to map tephra layers and link them to a source volcano, analyse them and see what 

impacts they have on the climate (Sólnes, J., Imsland, Páll., et al., 2013). Tephrochronology 

was used as a tool of dating in the 1920’s to 1930´s in Iceland, Japan, New Zealand and 

South America (Alloway et al., 2007). Today tephrochronology is used in two main 

applications; i) as a tool in volcanological research gathering information on eruption styles, 

eruption history, size of eruptions and magma composition and ii) as a tool for dating 

geological and historical events in a precise way. 

The connection between eruption style and morphology has been observed for long time. 

Qualitative analyses on grain morphology such as using terms like blocky, fusiform and 

moss- like features and imaging are used to describe tephra particles and give indication on 

eruption processes and magma fragmentation. Quantitative analyses, measuring elongation, 

ruggedness, concavity etc. also give indication on eruption styles and processes (e.g. 

Eiríksson et al., 1994; and WigumLiu, E. J., Cashman, K. V., & Rust, A. C.,2015). Today 

we single out tephra particles of different morphology which indicates aerodynamics and its 

origins. (Liu, E. J., Cashman, K. V., & Rust, A. C.,2015).   
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Shape of tephra particles can record the process responsible for their generation. As a result 

of this it is important to study how each particle is shaped and then link the data both for old 

and new eruptions to acquire a greater understanding of the forces driving an eruption. The 

key to forecast tephra dispersal is the link between morphological heterogeneity and 

aerodynamics. By studying the shape of tephra particles, we can try to reflect magma 

fragmentation mechanisms (Liu, E. J., Cashman, K. V., & Rust, A. C., 2015). An example 

of previous research on this matter is Eiríksson, J., et al., and a book by Wohletz & Heiken 

explaining tephrochronology and showing the difference in formation of grains by 

comparing  environmental properties (Eiríksson, J. et al., 1994 & Heiken,. G., Wohletz, K., 

1992). Quite prominent research has been done on Icelandic eruptions regarding grain size 

and shape analysis using microscopes and morphology. However, using SEM is the 

beginning of a new technology, which presents a better representation of grains and in more 

detail. 

Tephra morphology has been described by its shape and size and texture in SEM figures. 

Example of words used to describe them are blocky, blocky-vesicular, vesicular and 

elongated. Figure 3 shows how each grain is categorized by size and shape.   Another word 

used for descriptions is moss-like morphology which is when a grain has highly irregular 

surface with small features sticking to the main mass. Fluidal texture is a smooth round 

surface of a particle (Heiken, G., & Wohletz, K. 1992). 

 

Figure 3 -  Tephra particles descriptive characteristics by size and shape (Schmith, J., 

Höskuldsson, Á, & Holm, P. M., 2017). 

Grain size analyses is used to determine the amount of different grains and crystals within a 

tephra sample. Grain morphology can foretell volcanic processes and eruption types. It 

distinguishes between magma fragmentation by either explosive interaction with water -

phreatomagmatic or by magmatic volatile exolution – magmatic (Schmith, J., Höskuldsson, 

Á, & Holm, P. M., 2017). 
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3 Geological settings 

Iceland is situated on a divergent plate boundary on the Mid-Atlantic Ridge and the 

Greenland-Iceland-Faeroe-Ridge (Figure 4). The Icelandic basalt plateau rises more than 

3000 m above the surrounding seafloor. The plateau covers approximately 350.000 km2 and 

has a varying crustal thickness of 10-40km (Thordarson, T., & Larsen, G., 2007). Iceland is 

also located on top of a mantle plume that is located near the center of Iceland and is the 

reason for Iceland´s existence (Einarsson, P., 2008).  The North American plate and Eurasian 

plate are gradually spreading at the rate of 9.7mm/yr (Sturkell, Ágústsson et al., 2013). 

Iceland has multiple volcanic belts that are often divided to eight different zones (Figure 5 

in chapter 3.1). The most active volcanic zones are Grímsvötn, Katla, Hekla and 

Bárðarbunga. Since the beginning of historic time in Iceland 70% of eruptions have occurred 

in these zones. Iceland displays all known volcano types known on earth. Volcanic activity 

in Iceland is exceedingly diverse due to ranging from Strombolian to Plinian in dry eruptions 

and from Surtseyjan to phreatoplinian in wet eruptions. The number of active volcanic 

systems in Iceland today is 30 (Figure 5 in chapter 3.1) (Sigmundsson, F., et al., 2013). The 

systems are made up of a central volcano and, fissure swarms. The lifetime is usually from 

0.5-1.5 million years (Thordarson, T., & Larsen, G., 2007). Iceland is one of the most active 

areas in the world regarding volcanic activity with over 20 eruptions per century 

(Thordarson, T., & Höskuldsson, Á. 2008).   
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Figure 4 - Iceland is a plateau in the middle of North Atlantic. Dark grey lines show the 

submarine extent, solid black shows the North Atlantic basalt plateau and the black thick 

lines show the axis of the Mid-Atlantic Ridge. The white circles show the movement of 

the hotspot through time (Representing million years) (Thordarson, T., & Larsen, G., 

2007). 
 

3.1 Hekla and Eyjafjallajökull Volcanic Systems 

Hekla volcanic system and Eyjafjallajökull central volcano are situated in the Eastern 

Volcanic Zone (EVZ). Their eruptions are quite different as Eyjafjallajökull system has 

glacier on top of it which influences subsequent eruptions because of the presence of water. 

Due to the glacier located above the volcano, the resulting eruptions are explosive and 

phreatomagmatic or “wet”. Hekla eruptions are also explosive but they are magmatic or 

“dry” eruptions (Larsen, G., Sigmundsson, F., & Dugmore., 2013). 
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Figure 5 - Volcanic zones of Iceland and the location of Hekla and Eyjafjallajökull 

(Sammonds, P. McGurie, B. Edwards, S., 2017). 

 

3.1.1 Historic eruptions in Eyjafjallajökull 

Eyjafjallajökull is located at the southern end on the EVZ. Eyjafjallajökull is a shield volcano 

with a caldera in the center and glacier on top of it (Thordarson, T., & Höskuldsson, Á. 

2008). It is a maximum of 14 km in width (N-S) and 27 km long (E-W) (Guðmundsson, M., 

et al., 2012). Volcanic materials from the volcano vary from acid dacite to primitive mafic 

or ankaramite. The volcano is mostly built from hyaloclastite and lavas (Óskarsson, B., & 

Sverrirsdóttir, G., 2014). It is thought that the oldest formation is about 800.000 years old 

however only three known eruptions have occurred in historic time excluding of the 2010 

eruption (Guðmundsson, A.T., 2001). The first known eruption in historic time was around 

the year 920 ADS were a 4 km long scoria and lava ridge, Skerin ridge, formed. 

The second eruption was sometime between 1612-1613 but little is known about that 

eruption apart from in a book written by a traveler. The author describes tephra spewing out 

of the volcano with loud noises from lightning. It is not known if he was describing an 

eruption from Katla or Eyjafjallajökull although it cannot be ignored that a jökulhlaup 

occurred at this time around Eyjafjallajökull so the odds are that there was an eruption there 

(Larsen, G., Sigmundsson, F., & Dugmore, A. 2013). 

The third eruption was in 1821-1823 on a 2 km long fissure with a large tephra accumulation 

from this eruption. The magma was between andesite to dacite in composition and the 
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eruption had multiple explosive pulses (Larsen, G., et al., 2013). Multiple jökulhlaups 

occurred and measurements say that the largest one could have been around 12000-290000 

m3/s (Larssen, G., et al., 2013). 

 

3.1.2 Eyjafjallajökull 2010 eruption 

Eyjafjallajökull showed signs of becoming active again in 1992 when earthquake activity 

from the mountain began to be picked up. It was not until 2009 when the mountain began to 

rise and earthquakes became be more frequent. Then on the 20th of March 2010 an eruption 

began at Fimmvörðuháls (Figure 6) with basaltic lava fountains. There were 15 vents as the 

volcanic activity shifted from one location to another. From the 15 vents that formed there 

were two craters that were the largest, named Magni and Móði. The initial eruption ceased 

on the 12th of April 2010 and 2 days later the second main eruption of Eyjafjallajökull began. 

The second eruption originated from the summit caldera and the activity occurred in four 

distinct phases (Figure 6) (Larsen, G., Guðmundsson, M., Sigmundsson, et al., 2013). 

 

Figure 6 – Magma plumbing system in Eyjafjallajökull eruption 2010 (Einarsson, P. 

2010). 

 

Phase one occurred from the 14th – 18th of April. In which there was a significant amount of 

explosive activity due to magma and water coming into contact and reacting. Phase one was 

characterized by fine tephra with a plume height reaching up to 10 km into the air. The 

majority of the activity from this phase was focused on three craters Gígbarmur, Nyrðri gígur 

and Syðri gígur (Figure 7). This phase of eruption was phreatomagmatic with rocks of 

intermediate composition, classified as benmoreite.  
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Figure 7 – Craters of second phase of Eyjafjallajökull eruption (Eyjafjallajökull 2010, 

2017). 

 

Phase two occurred from the 18th of April to the 4th of May where tephra production declined 

and lava formed the largest proportion of this phase. As a result, the plume was lowered to 

a height of below 5 km. In first days of May the plume then became darker again and the 

activity changed from lava production to being explosive similar to phase one.  

 

Phase three occurred from the 5th - 17th of May and the intensity increased again which 

resulted in a rise of plume height to more than 9 km. The magma in this phase was slightly 

more petrologically evolved than during the first explosion evolving from benmoreite to 

trachyte. 
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Figure 8 – Eyjafjallajökull 2010 eruption, photo taken 17 th of April (Jackson, L., 2010). 

 

Phase four occurred from the 19th-23rd of May. The eruption activity started to decline and 

the plume slowly lowered and the last tephra rose from the vent 22th of May.  

Minor volcanic activity was detected between the 4th – 8th of June and again on the 17th of 

June. The activity was not very significant and did not reach beyond the ice cap 

(Guðmundsson, M., et al., 2012). 

 

3.1.3 Historic eruptions in Hekla volcano 

Hekla is one of Iceland´s most active volcanoes and is situated in the south-western area of 

Eastern volcanic zone (Figure 9). It is a central volcano with fissure system around it. The 

system is 60 km in length and 20 km wide, Vatnafjöll is often included with Hekla due to 

the composition of the two systems being so similar. 
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Figure 9 -  The location of Hekla and illustrating how the volcano system spreads with 

fissures. The location of the Vatnafjöll system is also shown (Larsen, G., Sverrirsdóttir, 

G., et al., 2013). 

Historically Hekla has erupted 18 times and since 1970 there has been an eruption roughly 

every 10 years. If this cycle is to continue in this manner it means that Hekla is now overdue 

for an eruption. The oldest known lavas from Hekla formed around 7000 years ago and the 

explosive eruptions erupted at that time were large Plinian eruptions. Hekla has typically 

displayed three different types of eruptions with certain characteristics. 

- Powerful Plinian eruption with only tephra; 

- Mixed eruption with tephra fall and lava flow; 

- Lava fountains only. 

All of these types of eruptions are dependent on where abouts on Hekla volcanic system the 

eruption occurs and what kind of material is ejected. In the central volcano the magma is 

more felsic or intermediate in composition, conversely outside the central volcano, there are 

typically mafic lava flows. Figure 10 shows how the system beneath the surface of Hekla is 

thought to be (Larsen, G., Sverrirsdóttir, G., Jóhannesson, H., Hjartarson, Á, & Einarsson, 

P. 2013). 
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.  

Figure 10 How Hekla system is thought to be beneath the surface, showing what 

composition of magma rises (Súr kvika = felsic magma, ísúr kvika = intermediate 

magma and basalt kvika = mafic magma) (Guðmundsson, A. T., 2001). 

Hekla is well monitored and it has been discovered that before Hekla volcano erupts it 

inflates. This is thought to be from the accumulation of magma beneath the surface. Prior to 

an eruption from Hekla it has been found that earthquakes occur. Before the 2000 eruption 

it was predicted that Hekla would erupt 25 minutes before it actually did (Guðmundsson, 

A.T, 2001). 

 

3.1.4 Eruption of Hekla 2000 

The Hekla 2000 eruption started on the 26th of February in the summit of Hekla. A 6.6 km 

fissure opened on Hekla’s ridge in the direction of SW to NE. The fissure was divided to 

five discontinuous segments and they produced 39 craters in total. The segments in higher 

altitude were only active within the first hours of the eruption while the lower fissures were 

active throughout the entire eruption. Two main phases were in the eruption.  
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Figure 11- Hekla 2000 eruption (Gunnarsson, V., 2000). 

The first phase started with explosive sub-Plinian eruption with plume height reaching up to 

12 km. The subsequent tephra cloud traveled North as shown in figure 12 (Höskuldsson et 

al., 2007). The plume was white in color which indicated that not a lot of material that was 

ejected was made out of tephra but was mostly water (Árnason, S., 2002). The plume later 

lost its energy due to growing vent on fissures and fluctuations in the discharge rate, resulting 

in multiple pyroclastic flows down the flanks of Hekla. Only 0.001 km3 of tephra was 

deposited in the first phase, making this the smallest eruption plume of Hekla. The explosive 

part of the eruption was short lived making most of the erupted volume lava. 

 

 

 

Figure 12 - Showing how tephra from the 2000 Hekla eruption spread across Iceland 

(Höskuldsson et al., 2007). 
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The second phase involved eruptive fire fountaining with Strombolian lava effusion and 

bursts. Most of the activity in the eruption was within the first hours. Discharge rate was the 

highest in the early stages producing most lava within these hours. The lava loaded fronts of 

up to 10 m high which became unstable and collapsed. The magma was classed as basaltic 

andesite in composition and were of ´a’a type. The total volume of the lava flow field 

produced was 0.188 km3 and was of basaltic andesite (Höskuldsson et al., 2007). The 

eruption lasted only 11 days and ended the 8th of March (Árnason, S., 2002). 

 

 

 

 

 

 

 

 



17 

4 Methods 

In this chapter methods used to handle the samples will be described, what data was used 

and where the samples were found. 

4.1 Samples 

Samples from these two eruptions were collected (by Guðrún Larsen) from four locations. 

Two samples from the Hekla 2000 eruption and two from the Eyjafjallajökull 2010 eruption. 

Sample Hekla 8 was collected ~11 km NW of Hekla volcano, at the intersection of 

Landvegur and Hrauneyjar on the 27th of February. The second sample from Hekla 2000 

eruption, named Hekla 7, was taken at Bakkasel on the 19th of March ~ 160 km NE of Hekla. 

Distance between the samples was approximately 77 km. They samples collected were most 

likely from phase. The samples from Eyjafjallajökull 2010 eruption were taken at 

Herjólfsstaðir between the 14th and the 15th of April 2010 ~ 15 km SW of Eyjafjallajökull 

and was taken from phase one. The second sample was taken from Drangshlíðardal on the 

2nd of May 2010, ~ 65km NW of Eyjafjallajökull, taken from phase two. Distance between 

the samples is approximately ~56 km. 

 

Figure 13 - Location of Hekla 2000 eruption samples. Green star shows sample 8 

taken at the intersection of Landvegur and Hrauneyjar and red star shows sample 7 

taken at Bakkasel (Adapted map from ja.is). 
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Figure 14 - Location of samples from Eyjafjallajökull 2010 eruption. Green star is 

Dranghlíðardalur and red star is Herjólfsstaðir, black circle shows location of 

Eyjafjallajökull (Adapted map from ja.is). 

4.2 Laboratory 

4.2.1 Sieving- grain size measurements 

Samples are sieved to analyse grain size distribution and to 

isolate grain sizes that were used for further inspection. The 

samples were prepared before sieving. They were divided into 

two portions from the sample bag so samples would be easier 

to handle. Only one portion was used and it was divided into 

two portions again and the one half of that was used for sieving. 

The samples were sieved with pans from -2 to 4 Φ. Where -2 Φ 

was on top which is the coarsest sieve to the 4 Φ sieve which is 

the finest, on the bottom. Under 4 Φ was a pan which was for 

catching grains finer than 4 Φ.  For this research only 2,3 and 4 

Φ were used for further examination to make it is easy to 

compere with other studies of tephra. 

There are multiple ways to measure grain size, in this research 

samples were dry sieved using Retsch sieves. Sieves from -2 Φ 

to 4 Φ were used, with intervals of 1 Φ. This scale is defined by 

the equation: 

𝛷 = −𝑙𝑜𝑔2𝑑 
Figure 15 - Seving used 

with pans from -2 to 4 Φ. 
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Where d is the diameter in mm. Grains are then characterized with this scale using its size 

(Þórðarson, Þ., 1990). The samples were hand sieved to make sure grains would maintain 

their tephra morphology. Using a machine for sieving can be too harsh for some of the fine 

grained tephra.  

Table 1 - Grain types and their size (Þórðarsson, Þ., 1990). 

Φ phi 

Grain size 

(mm) Type of grain 

< -6 >64 Blocks and bombs 

-5 to -6 32-64 Coarse lapilli 

-4 to -5 16-32 Medium lapilli 

-1 to -4 2-16 Fine lapilli 

0 to -1 1-2 Coarse lapilli 

4 to 0 0.064-1 Medium lapilli 

>4 <0.064 Fine ash 

 

 

 

4.2.2 Microscopic imaging and scanning electron microscope 
(SEM) 

Than samples were examined under the microscope and descriptions were made of each 

grain size and subsequently  photographed with a microscopic camera. 

A Scanning electron microscope or SEM is used to get a more 

detailed and clearer image of tephra particles than other imaging 

techniques. Before using the SEM, samples are gold coated for 

increased resolution in the SEM. The sample is then placed in a 

chamber area where air is evacuated by pumps, this produces a 

clearer image of each sample of tephra particles. A beam of 

electrons are generated at the top of the machine that passes down 

through multiple lenses. Apertures are then used to focus the beam 

of electrons to the surface of the sample (How an SEM Works, 

2017). The electron beam interacts with the sample and produces 

various signals that are used to gather a clear image of surface 

topography of tephra particles. The SEM can optain a resolutions 

of up to 130000x magnifiaction with 10 nm resolution. The SEM 

transmits the enlarged image of the tephra particle to a computer, 

from which snapshots of the particles can be taken (Scanning 

Electron Microscopy nanosience, 2017).                                                         

                                                                                                                          

                                                

                                          

Figure 16 – The SEM 

used to analyse 

tephra particles.                                                                                                                 
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5 Results 

This chapter summarizes the results of grain shape and size analysis of tephra from the 

eruptions of Hekla 2000 and Eyjafjallajökull 2010. As noted previously three grain sizes 2, 

3 and 4 Φ are examined. The grain size 2,3 and 4 Φ will be described closely for each of the 

2 eruptions and each locality will be described individually. Images from the microscope 

and SEM for each of 2,3 and 4 Φ will be shown. 

 

5.1 Grain morphology 

Hekla sample 8 taken at the intersection of Landvegur and Hrauneyjar, closer to the 

source, grain size of 2 Φ: The tephra collected from at the intersection of Landvegur and 

Hrauneyjar is characterized by three types of grains; sideromelane, scoria and red scoria 

(Figure 17). The majority of grains was characterized by dark black scoria amounting to 

approximately 50% of the sample. The next abundant grain type was sideromelane which is 

yellow- brown glass (translucent) that amounted to approximately 40% of the sample. Red 

scoria amounted approximately 10% of the sample. The grains were elongated, very angular 

and highly vesicular. Grain sizes 3 and 4 Φ were comparable with the exception of red scoria 

in 4 Φ in which it had a slightly greater abundance. 

 

 

 

 

 

  Figure 17 - Sample 8 taken NW of Hekla, with grain size of 2 Φ. Figures show the dark 

scoria seen on figure A and B along with the sideromelane seen on figure B down in the 

right corner. 

 

B A 
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Hekla sample 7 taken at Bakkasel, Grain size 2 Φ: The tephra collected from Bakkasel is 

characterized by three types of grains; sideromelane, scoria and red scoria (Figure 18). 

Approximately 60% of the sample was yellow-brown in color and was a translucent 

sideromelane, 40% contained dark black scoria with a noticeable sheen. The grains were 

similar as in sample 8, elongated and highly vesicular but they had more teard up features 

and elongated. The sample had little to no red scoria and/or crystals. With increasing grain 

size, the amount of scoria also reduced. In 3 Φ the scoria decreases to approximately 30% 

with sideromelane approximately 70%. Then in 4 Φ the scoria content further decreases to 

20% with approximately 80% sideromelane. 

  

 

 

 

 

 

Eyjafjallajökull 2010 sample taken from Drangshlíðardalur, 2 Φ: The tephra collected 

from Drangshlíðardalur is characterized by three types of grains; sideromelane, scoria and 

red scoria (Figure 19). Approximately half of the sample was sideromelane which had dark-

brown glassy features with dark black scoria comprising the other half of the sample. Some 

crystals were present along with a few grains of rock fragments. The grains were blocky 

with shrarded vesicles, along with a smooth surface. Some grains are elongated but the 

majority of the grains display blocky and angular features. The sample of 3 Φ is similar to 2 

Φ but the 4 Φ sample exhibits more crystals, amounting to approximately 20% of the sample 

with scoria and sideromelane each amounting to 40%. The Eyjafjallajökull 2010 tephra 

grains lacked the sheen that was seen in the Hekla tephra samples. 

 

 

 

 

 

 

 

 

B A 

 

 

A B 

Figure 18 – Sample 7 taken NE of Hekla, A: grain size of 2 Φ, B: grain size of 4 Φ. 

Yellow grains show sideromelane and darker show the scoria. 
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Eyjafjallajökull 2010, sample taken from Herjólfsstaðir 2 Φ: The tephra collected from 

Herjólfsstaðir is characterized by four types of grains; sideromelane, scoria, red scoria and 

crystals (Figure 20). Grains exhibited more shrarding and bulkiness than in the 

Drangshlíðardalur sample, with almost no elongated grains. Matte sideromelane and scoria 

comprised the majority of the sample with  approximately 45% each. Rare red scoria and 

few white opaque crystals, most likely feldspar made up the rest of the sample. In samples 

3 and 4 Φ grains were similar with no extraordinary change. 

 

A B 

C 

A B 

A B 

C 
Figure 19 - Sample from Eyjafjallajökull taken at Drangshlíðardalur: where A and 

B are 2 Φ and C is 3 Φ. Dark scoria seen on figure A,B and C and the rock fragment 

on figure B in the middle of the figure. With sideromelane as the yellow grains seen 

on A,B and C. 

Figure 20 – Sample from Eyjafjallajökull taken at Herjólfsstaðir. Figure A showing 2 

Φ and B showing 3 Φ. Sideromelane seen on figure B in the middle. Crystals seen in 

figure A as the white grain down to the right and on B to the right next to the black 
scoria. Scoria seen on figure A and B. 
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5.2 Scanning Electron Microscopy Imaging(SEM) 

The SEM was used to inspect the detailed morphology of the tephra shards from Hekla 2000 

and Eyjafjallajökull 2010. Using SEM allows for the particles surfaces to be viewed more 

precisely and examining each grain individually helps to understand what processes the 

magma underwent forming the tephra.  

SEM images of grain size 2-4 Φ of Hekla 2000 tephra, sample 7 taken at Bakkasel: 
Grains from Hekla 7 show highly vesicled particles with sharded bubble walls and sharp 

edges (Figure A-G). Grains show elongation (Figure D, F, H) and blocky features (Figure 

G). Crystals are present in few grains and can been seen for example in figure G. 
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Figure 21 – Hekla 2000 tephra at Bakkasel. SEM images of grain size 2-4 Φ of Hekla 

2000 tephra, sample 7. A: Overview image; B: 2 Φ , highly vesicle particle; C: 2 Φ, 

blocky particle with sharded bubble walls and sharp edges; D: 2 Φ , elongated particle 

with vesicles and smooth fluidal texture  ; E: 3 Φ particle with aggregation of small 

particles and strong alteration; F: 4 Φ elongated particle with curved and flattened 

vesicle walls and shard surface G: 4 Φ, Blocky particle with multiple crystals present in 

mass, most likely takkelite; H: 3 Φ, Particle with elongated vesicles and chipped edges. 

 

 

SEM images of grain size 2-4 Φ of Hekla 2000 tephra, sample 8 taken at 

Landvegur/Hrauneyjar: Grains from Hekla 8 show, like Hekla 7 highly vesicle 

particles. Grains are elongated (Figure C and E), bloky (Figure E and H) and show 

stepped shaped feature (Figure E).  
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Figure 22 – Hekla 2000 at Landvegur/Hrauneyjar. SEM images of grain size 2-4 Φ 

of Hekla 2000, sample 8; A: Overview image; B: highly vesicle particle; C: elongated 

particle with twisted and broken up vesicle walls; D: angular, slightly elongated 

sideromelane droplet with coalesced vesicles and shard edges; E: 3 Φ, stepped shaped 

surface morphology, blocky and slightly rounded particle; F: 4 Φ, elongated spheres 

drop-like particle with little vesicles and fine particles adhering to the surface. G: 4 Φ, 

elongated particle, elongated vesicles with chipped edges; H: 4 Φ, elongated particle 

on the left with fluidal texture and blocky particle on the right with vesicles and crystals 

in mass.   

 

SEM images of grain size 2-4 Φ of Eyjafjallajökull 2010 tephra, taken at 

Drangshlíðardalur: Grains show both blocky features (Figure B, C, E, G and H) and 

elongated features (Figure D and F). Crystals are present in the grain mass (Figure B and F). 

Moss-like features and vesicles can be seen in figure B, E, G and H.  
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Figure 23 – Eyjafjallajökull 2010 at Drangshlíðardalur. SEM images of grain size 

2-4 Φ. A: Overview image; B: 2 Φ, Blocky particle with vesicles, crystals are present; 

C: 2 Φ, Blocky pumice; D: 2 Φ, Elongated grain with fluidal texture. E: 3 Φ, Blocky-

vesicular particle with 2 crystals present in the mass; F: 3 Φ, Elongated particle G: 4 

Φ, Blocky- vesicular particle; H: 4 Φ Blocky particle with moss-like features and 

vesicles.     
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SEM images of grain size 2-4 Φ of Eyjafjallajökull 2010 tephra, taken at at 

Herjólfsstaðir. Grains show blocky and vesiculated features (Figure B-H). Some of the 

grains show moss-like surface (Figure D, G and H). Crystals can be seen in some of the 

grains (Figure F).  
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Figure 24  – Eyjafjallajökull 2010 at Herjólfsstaðir. SEM images of grain size 2 and 

4 Φ. A: Overview image; B: 2 Φ , vesiculated scoria with fillings; C: Blocky particle with 

rounded edges, possibly rock fragment ;D: 2Φ, blocky and angular clasts with vesicular 

pyroclast covered with fine adhering material that are moss-like surface; E: 4 Φ, blocky 

morphology slight vesicle with smooth surface and sharp edges. F: 2 Φ, blocky particle 

with crystals present in mass, possibly rock fragment; G: 3 Φ, blocky particle with moss-

like feature; H: 3 Φ, blocky- vesicular particle with moss-like feature. 

 

5.3 Grain size analysis  

In this chapter results of sieving are shown in graphs showing both weight percentage and 

the cumulative percentage. Statistics for the mean (M), sorting (σ), skewness (Sk) and 

kurtosis (K) will be shown for each sample. Mean represents the average grain size sorting 

and is a method of measuring the grain size variation by including the largest parts of the 

size distribution, it is measured from the cumulative curve. Skewness conveys the degree of 

which a cumulative curve approaches symmetry and kurtosis is measure of “peakedness” in 

a curve (Folk, R.L., 1968). Each statistic was calculated using Gradistat version 8.0 and 

results were plotted using Excel. Weight persentage of most grain size will be shown, 

however for further details see appendix A.   
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Figure 25 - Grain size distribution and cumulative curve for sample 7 of Hekla 2000. 

Hekla sample 7 is trimodal with 3 Φ containing most grains amounting approximately 37%, 

4 Φ with the second most grains containing approximately 33% and then finer than 4 Φ the 

least amounting only 4%. The mean is 3.118 Φ and the sample is moderately well sorted.  

 

Figure 26 - Grain size distribution and cumulative curve for sample 8 of Hekla 2000. 
 

Sample 8 from Hekla is unimodal with grain size -2 Φ containing most particles amounting 

68% with -1 Φ amounting 20% and 0 Φ 8%. Sample is well sorted with mean of -1,772 Φ. 

Sample 8 is a lot coarser than sample 7 with almost no fine grains, were the finest grains are 

within the 1 Φ size fraction.  
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Figure 27 - Grain size distribution and cumulative curve for sample from 

Eyjafjallajökull 2010 tephra taken at Drangshlíðardalur. 

The sample is unimodal and is moderately well sorted. Most grains from drangslhlíðardalur 

are within the 2 Φ size with mean size of 2.774 Φ. Most grains are 3 Φ amounting 68% of 

the sample, with 4 Φ amounting approximately 18% and 2 Φ 13%. 

 

Figure 28 - Grain size distribution and cumulative curve for sample from 

Eyjafjallajökull 2010 tephra taken at Herjólfsstaðir. 

 

The sample from Herjólfsstaðir is trimodal with most grain at size 3 Φ amounting 

approximately 38%, followed by 4 Φ amounting 27% and with finer then 4 Φ amounting 

approximately 34%. Grain size distribution is at the lower end of the Φ scale similar to the 

Drangshlíðardalur sample.  
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6 Discussions & Conclusions 

The grain size analyses result show that sieving of samples from Hekla sample 7 taken at 

Bakkasel north Iceland, is relatively fine grained with most of the grain size distribution 

within 3 and 4 Φ and (finer than 4 Φ). Sample 8, taken at the intersection of Landvegur and 

Hrauneyjar, has coarser grain size with the majority of particles within -2 Φ with mean grain 

size of -1.772 Φ opposed to 3.188 Φ of sample 7. This reinforces the idea that grain size is 

proportional to the distance from the source of the plume with Hekla sample 8 closer to the 

vent than sample 7. 

 The two Eyjafjallajökull samples show many similarities to each other regarding grain 

size and are distributed at the finer end of the phi scale with dominating grain sizes of 3 Φ, 

4 Φ and finer. Samples were taken approximately 56 km apart with Drangshlíðardalur 

sample closer to the source. The sample from Herjólfsstaðir is bimodal and has mean grain 

size of 3.121 Φ. It is very fine grained with most of its mass finer than 3 Φ. The Sample from 

Drangshlíðardalur is trimodal with most of particles in 3 Φ, with mean of 2.774 Φ. Little to 

nothing was finer than 4 Φ meaning this sample is coarser grained than the Herjólfsstaðir 

sample. This again shows that tephra particles become finer grained further they are 

transported away from the origin of eruption (Larsen G., Gíslason S., 2013). Herjólfsstaðir 

sample contained tephra formed in phase 1 which was highly explosive due to water 

interacting with the magma, resulting in finer grains. The sample taken from 

Drangshlíðardalur contained tephra from phase 2 of the eruption which was less explosive 

and more lava formed than tephra which may result in coarser grained particles than the 

sample taken from Herjólfsstaðir. 

  

Grain microscopy imaging investigation shows that dark black scoria amounted 

approximately 50% of sample 8 taken at the intersection of Landvegur and Hrauneyjar of 

Hekla 2000 with 40% sideromelane and 10% red scoria and crystals. Grains were highly 

vesiculated and the sample contained a mixture between elongated and bulky grains. Hekla 

2000 sample 7 taken at Bakkasel had more sideromelane, approximately 60% with 40% 

scoria in grain size 2 Φ. Little to nothing was of red scoria and crystals. As the grains got 

finer, the amount of scoria decreased to 30% in 3 Φ and 20% in 2 Φ. The amount of 

sideromelane increased inplace of lessening of the scoria. All grain sizes were elongated and 

bulky and highly vesiculated as well as sample 8. The sideromelane grains were more 

elongated than the scoria. The particles from Hekla both have a glass like shine to them. Less 

crystals were present in Sample 7 then 8 which illustrates that heavier and particles fall out 

first resulting in more crystals in sample 8 which was closer to the eruption (Larsen G., 

Gíslason S., 2013). 

The sample taken from Eyjafjallajökull 2010 eruption at Drangshlíðardalur contained 

sideromelane that was dark brown and scoria that was black. More crystals were present in 

both samples of Eyjafjallajökull then in Hekla. Particles were matte and the majority of the 

grains were blocky with variation between sharded vesicles or smooth surface. Some 

elongated particles were present but were in minority. Sideromelane and scoria each 

amounted approximately 50% of sample in 2 and 3 Φ with few crystals but in 4 Φ the crystal 

content increased amounting up to 20% of the sample. For the sample taken from 

Herjólfsstaðir, grains were similar to the sample taken from Drangsstaðarhlíð in terms of 

grain content but the shape seems to be different as particles were more sharded and bulky 

and contained almost no elongated grains. This sample is taken from phase one which was 

highly explosive due to water interacting with the magma; this could be the reason that 



34 

particles get sharded as the water tears the magma making them more fine grained. 

(Guðmundsson, M., et al., 2012). 

 

The SEM Hekla samples of show highly vesicular and blocky particles with sharded bubble 

walls and sharp edges. Grains are as well elongated with curved and flattened vesicles walls. 

A small percentage of grains show sign of bubble shard. There is no major difference 

between sample 7 and 8 and both show similar morphology. 

Eyjafjallajökull samples show more blocky and angular grain clasts with vesicular 

shards. Some grains are fairly flat with smooth surface and sharp edges. However a 

difference noted between the two Eyjafjallajökull samples is; the one taken at 

Drangshlíðardalur is from phase two which, as said before was not as explosive as phase 

one. More bubbles seem to have had time to form although some water must still have been 

in contact as the vesicles are all sharded. It also has more grains that are elongated as well 

as being bulky, grains are also moss like which is exemplary for phreatomagmatic eruptions. 

Whereas Herjólfsstaðir has almost none elongated particles and is more bulky with less 

vesicles which indicates contact with water (Sigurðsson et al., 2015). It is interesting that as 

the Drangshlíðardalur sample gets finer (from 2 to 4 Φ) the amount of vesicles decreases. 

However in the Herjólfsstaðir sample amount of vesicles stays the same. This difference in 

the Drangshlíðardalur sample can be explained from when the explosive phase decreased 

and then increased again which can result in difference in grain morphology (Guðmundsson, 

M., et al., 2012). 

The difference is clear when comparing Hekla 2000 and Eyjafjallajökull 2010. Hekla tephra 

has coarser grains with more vesicles whereas Eyjafjallajökull has finer grains with more 

massive grains and less vesicles. This illustrates the difference between the two eruptive 

styles. For magmatic “dry” eruptions explosive fragmentation resulting by either fast 

decompression or because of fast acceleration by expansion caused by bubble growth or 

vesiculation. Bubbles can break if the strain rate action on the magma increases to a point 

where the melt cannot respond fast enough. The same can be said for some of Hekla’s grains. 

In phreatomagmatic or “wet” eruptions water interacts with the expanding magma making 

vesicles quench in brittle fragmentation (Liu et al., 2015). This can be seen on Eyjafjalljökull 

samples as grains contain sharded vesicles. 

From this research, it can be seen that there is clear indication of difference between grain 

shape characteristics of magmatic “dry” fragmentation and phreatomagmatic “wet” 

fragmentation. Whereas the shape of grains as well as grain size distribution are quite 

different. Tephra formed in phreatomagmatic eruptions are finer grained, grains are less 

vesicular and have sharded edges as seen in the first phases of Eyjafjallajökull eruption 2010. 

Tephra formed in explosive magmatic eruptions show more vesiculated and elongated grains 

as seen in Hekla 2000 as well having coarser grain size distribution. This study shows that 

by, using qualitative analyses (image microscopy and SEM) it is possible to distinguish 

between phreomagmatic and magmatic fragmentation. Recent studies have shown that 

qualitative as well quantitative measurements can be good indicators of “wet” and “dry” 

magma fragmentation processes (e.g. Eiríksson et al., 2004; Liu et al., 2015; Schmit et al., 

2017). 
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Larsen, G., Sigmundsson, F., & Dugmore, A. (2013). Náttúruvá á Íslandi: eldgos og 
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Appendix A 

Sieving measurements 

Table 2 – Grain size distribution of Hekla 2000 eruption, sample 7 taken at Bakkasel. 

Phi Φ                mm Grams 
Weigh 
% 

Cumulative 
% 

-2 4 0 0.0% 0.00% 

-1 2 0 0.0% 0.00% 

0 1 0.004 0.0% 0.02% 

1 0.5 0.029 0.2% 0.18% 

2 0.25 0.743 4.0% 4.20% 

3 0.13 6.874 37.2% 41.39% 

4 0.06 6.063 32.8% 74.20% 

Pan  4.769 25.8% 100.00% 

 

Table 3 – Grain size distribution of Hekla 2000 eruption, sample 8 taken at the 

intersection of Landvegur and Hrauneyjar. 

Phi Φ        mm      Grams        Weight % 
Cumulative 
% 

-2 4 34.855 68.22% 68.22% 

-1 2 10.609 20.77% 88.99% 

0 1 4.044 7.92% 96.91% 

1 0.5 0.455 0.89% 97.80% 

2 0.25 0.113 0.22% 98.02% 

3 0.13 0.188 0.37% 98.39% 

4 0.06 0.402 0.79% 99.17% 

pan  0.423 0.83% 100.00% 

 

Table 4 - Grain size distribution of Eyjafjallajökull 2010 eruption, sample taken at 

Drangshlíðardalur. 

Phi Φ                 mm    Grams 
Weight 
% 

Cumulative 
% 

-2 4 0 0.00% 0.00% 

-1 2 0 0.00% 0.00% 

0 1 0 0.00% 0.00% 

1 0.5 0.022 0.50% 0.50% 

2 0.25 0.584 13.17% 13.66% 

3 0.13 3.002 67.67% 81.33% 

4 0.06 0.792 17.85% 99.19% 

Pan  0.036 0.81% 100.00% 
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Table 5 – Grain size distribution of Eyjafjallajökull 2010 eruption taken at Herjólfsstaðir. 

PhiΦ mm      Grams         Weight % 
Cumulative 
% 

-2 4 0 0.00% 0.00% 

-1 2 0 0.00% 0.00% 

0 1 0 0.00% 0.00% 

1 0.5 0.001 0.01% 0.01% 

2 0.25 0.152 1.41% 1.42% 

3 0.13 4.071 37.88% 39.30% 

4 0.06 2.913 27.10% 66.40% 

Pan  3.611 33.60% 100.00% 
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Appendix B 

Images from SEM 

Hekla 2000 eruption, sample taken at Bakkasel (sample 7) 3 Φ. 

 

Hekla 2000 eruption, sample taken at Bakkasel (sample 7) 4 Φ. 
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Hekla 2000 eruption, sample taken at the intersection of Landvegur and Hrauneyjar 

(sample 8) 3 Φ. 

 

Hekla 2000 eruption, sample taken at the intersection of Landvegur and Hrauneyjar 

(sample 8) 4 Φ. 
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Eyjafjallajökull eruption, sample taken at Drangshlíðardalur 3 Φ 

 

Eyjafjallajökull eruption, sample taken at Drangshlíðardalur 4 Φ 
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Eyjafjallajökull eruption, sample taken at Herjólfsstaðir 3 Φ 

 

Eyjafjallajökull eruption sample taken at Herjólfsstaðir 4 Φ 

 

 


