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Abstract 

The Northern Volcanic Rift Zone, Iceland, is a ~200 km long segment of the Mid-Atlantic 

plate boundary, where the North American and the Eurasian plates are diverging.  The rift 

zone consists of about 5-6 volcanic systems with central volcanoes and fissure swarms, in 

addition to the Tungnafellsjökull Volcanic System at the border of the rift zone.  The 

volcanic systems are the locus of eruptive activity in the Northern Volcanic Rift Zone.  The 

central volcanoes consist of elevated massifs, high temperature geothermal areas, calderas 

and silicic formations.  Fissure swarms with eruptive fissures and high density of fractures 

extend in opposite directions from the central volcanoes.  In the Northern Volcanic Rift 

Zone, the fissure swarms are between 0.5 and 15 km wide and between 30 and ~125 km 

long.  In this study, fractures and eruptive fissures within the fissure swarms of the 

Northern Volcanic Rift Zone were mapped in detail from aerial photographs.  The results 

of the study indicate that eruptions are less common at the distal parts of the fissure swarms 

than closer to the central volcanoes.  The proximal parts of the fissure swarms also 

generally show higher fracture density, even when the effect of the age of the lava flows 

has been taken into account.  Older lava flows in the Krafla and Askja Fissure Swarms 

have usually higher fracture densities, suggesting repeated dike intrusions into the same 

parts of the fissure swarms during Postglacial times.  Fractures in the fissure swarms of the 

Northern Volcanic Rift Zone are characteristically oriented towards north or NNE, i.e. 

more or less perpendicular to the spreading direction.  However, deviations from this 

pattern occur in certain areas.  These areas include the caldera volcanoes in the Northern 

Volcanic Rift Zone, Krafla and Askja, where some fractures and eruptive fissures are 

concentric to, or radiate from the calderas.  Second example involves east-west oriented 

fractures and eruptive fissures near the Vatnajökull glacier, and third example eroded 

WNW-oriented fractures that can be found intermittently, cutting across the Northern 

Volcanic Rift Zone, from the north end of the Kverkfjöll Fissure Swarm to the south end of 

the Krafla Fissure Swarm.  Other examples involve the previously known WNW oriented 

transform zones north of Iceland that connect with the Northern Volcanic Rift Zone.  The 

transform zones influence the fissure swarms, although surface fractures that belong to 

them are not visible, except in the Þeistareykir Fissure Swarm.  The number of fractures 

peaks and a graben widens to the north at the intersection of the Húsavík Transform Zone 

and the Krafla Fissure Swarm, indicating a buried continuation of the transform zone 

beneath the fissure swarm.  Several fractures at the intersection of the Grímsey Oblique 

Rift and the Fremrinámar Fissure Swarm are WNW-oriented, as opposed to the general N 

to NNE oriented fissure swarms, suggesting an onshore continuation of the transform zone. 

   





 

 

Ágrip (abstract in Icelandic) 

Norðurgosbeltið er hluti af flekaskilum Atlantshafshryggjarins, þar sem Evrasíuflekann og 

Norður-Ameríkuflekann rekur í sundur.  Gosbeltið samanstendur af 5-6 eldstöðvakerfum, 

sem hvert inniheldur megineldstöð og sprungusveima. Auk þeirra liggur eldstöðvakerfi 

Tungnafellsjökuls í jaðri gosbeltisins.  Eldvirkni í Norðurgosbeltinu á sér stað innan 

eldstöðvakerfanna.  Þar sem megineldstöðvar finnast liggur landslag yfirleitt hátt, ásamt 

því að þar finnast háhitasvæði, öskjur og/eða súrar myndanir.  Innan sprungusveima má 

finna gossprungur, og þéttleiki sprungna er þar mikill.  Sprungusveimarnir liggja í 

gagnstæða átt út frá megineldstöðvunum.  Innan Norðurgosbeltisins eru sprungusveimarnir 

á milli 0,5 og 15 km breiðir, og milli 30 og ~125 km langir.  Í þessari rannsókn voru 

sprungur og gossprungur innan Norðurgosbeltisins kortlagðar með mikilli nákvæmni eftir 

loftmyndum.  Niðurstöður rannsóknarinnar gefa til kynna að eldgos innan sprungusveima 

Norðurgosbeltisins séu algengari nær megineldstöðvunum heldur en fjær.  Þéttleiki 

sprungna innan sprungusveima er yfirleitt mestur næst megineldstöðvunum, jafnvel þegar 

tekið hefur verið tillit til aldurs yfirborðshraunlaganna sem sprungurnar liggja í.  Þéttleiki 

sprungna í eldri hraunum innan sprungusveima Kröflu og Öskju er yfirleitt meiri en í yngri 

hraunum, sem gefur til kynna að gangainnskot sem átt hafa sér stað eftir að ísaldarjökla 

leysti hafi ítrekað farið í sömu hluta sprungusveimanna.  Sprungur innan sprungusveima 

Norðurgosbeltisins stefna jafnan til norðurs eða til norð-norðausturs, meira og minna 

hornrétt á flekarekið.  Þó má finna undantekningar á vissum svæðum.  Sumar sprungur og 

gossprungur nærri öskjum Norðurgosbeltisins (í Öskju og Kröflu) hringa sig um öskjurnar 

eða eru geislalægar út frá þeim í stað þess að fylgja hefðbundinni sprungustefnu 

Norðurgosbeltisins.  Þá má finna sprungur og gossprungur nærri Vatnajökli sem stefna í 

austur-vestur, og einnig má sjá ummerki um rofnar sprungur með vest-norðvestur stefnu á 

belti sem teygir sig frá nyrsta hluta sprungusveims Kverkfjalla til syðsta hluta 

Kröflusprungusveimsins.  Auk þessara dæma má finna sprungur innan Norðurgosbeltisins 

með vest-norðvestlæga stefnu þar sem Norðurgosbeltið og þverbrotabeltin fyrir norðan 

land mætast, en slík þverbrotabelti geta einnig haft önnur áhrif á sprungusveimana.  Til að 

mynda er hámarksþéttleiki sprungna í sprungusveim Kröflu á móts við 

Húsavíkurmisgengið, og þar víkkar einnig sigdalurinn til norðurs í sprungusveimnum.  

Þetta bendir til að Húsavíkurmisgengið nái að sprungusveim Kröflu, þótt yfirborðssprungur 

misgengisins sjáist ekki.  Sömuleiðis má finna ummerki um Grímseyjarbrotabeltið á landi, 

þar sem sprungur með VNV stefnu finnast í framhaldi þess, innan þess hluta 

sprungusveims Fremrináma sem liggur í Öxarfirði.  Stefna þessi stangast á við hina 

hefðbundnu norður til norð-norðaustur sprungustefnu í sprungusveimunum.   
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1 Introduction 

This thesis constitutes the results of studies of fissure swarms within the Northern Volcanic 

Rift Zone, Iceland.  This was done by mapping in detail fractures and eruptive fissures in 

the area by using aerial photographs, satellite images and ground-checking.  The main 

focus was on the fissure swarms of the Kverkfjöll, Bárðarbunga, Fremrinámar and Krafla 

volcanic systems, as well as on the northern part of the Askja Volcanic System, and on the 

southern part of the Þeistareykir Volcanic System.  Data on the southern part of the Askja 

Fissure Swarm, acquired during the M.Sc. studies of the candidate (Ásta Rut Hjartardóttir), 

and data from the mapping of the northern part of the Þeistareykir Fissure Swarm by 

Sigríður Magnúsdóttir and Bryndís Brandsdóttir, and the Tungnafellsjökull Fissure Swarm, 

by Þórhildur Björnsdóttir and Páll Einarsson, were also included (Magnúsdóttir and 

Brandsdóttir 2011; Björnsdóttir 2012).  In total, these databases consist of 46,611 eruptive 

fissures, fractures and fracture segments.  The data therefore consist of detailed information 

of fractures and eruptive fissures of all of the fissure swarms that form the Northern 

Volcanic Rift Zone.  While working on the project, an unusual fault was rediscovered at 

the border of the Northern Volcanic Rift Zone, the “Kerlingar Fault”.  To describe the fault, 

an additional paper was written.   

The thesis consists of four papers and introductory chapters.  Three of the papers are 

already published in peer-reviewed journals; two in the Bulletin of Volcanology, and one in 

Jökull, while the fourth paper will be submitted to a Geological Society of London Special 

Publication issue on “Magmatic Rifting and Active Volcanism”.  The published papers are 

reprinted with the kind permission of Springer Science and Business Media, and the Jökull 

publication: 

 

Paper 1:  Hjartardóttir, Á.R., Einarsson, P., and Brandsdóttir, B. (2010).  The Kerlingar 

fault, Northeast Iceland:  A Holocene normal fault east of the divergent plate boundary.  

Jökull 60, 103-116. 

Paper 2:  Hjartardóttir, Á.R., and Einarsson, P. (2012).  The Kverkfjöll fissure swarm and 

the eastern boundary of the Northern Volcanic Rift Zone, Iceland.  Bulletin of Volcanology 

74(1), 143-162.  DOI: 10.1007/s00445-011-0496-6 

Paper 3:  Hjartardóttir, Á.R., Einarsson, P., Bramham, E., and Wright, T.J. (2012).  The 

Krafla fissure swarm, Iceland, and its formation by rifting events.  Bulletin of Volcanology 

74(9), 2139-2153.  DOI: 10.1007/s00445-012-0659-0 

Paper 4:  Hjartardóttir, Á.R., Einarsson, P., Magnúsdóttir, S., Björnsdóttir, Þ. and 

Brandsdóttir, B.  Fracture systems of the Northern Volcanic Rift Zone, Iceland – An 

onshore part of the Mid-Atlantic plate boundary.  Will be submitted to the Geological 

Society of London Special Publication issue on “Magmatic Rifting and Active Volcanism”. 
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1.1 Background 

Iceland is situated at the Mid-Atlantic plate boundary, at a location where the Eurasian and 

the North American plates spread apart at a rate of ~2 cm/yr (Figure 1) (DeMets et al. 

1994; Sella et al. 2002; Árnadóttir et al. 2009).  Most of the Mid-Atlantic plate boundary is 

situated beneath sea-level, and is characterized by a ridge with a wide central rift valley 

(Heezen 1960).  However, a marked change occurs close to Iceland.  The central valley 

becomes much less prominent, the ridge becomes smoother and shallower, seismicity along 

the plate boundary diminishes, and linear magnetic stripes become different (Vogt 1971; 

Francis 1973; Fleischer 1974; Vogt 1974; Einarsson 1986).  This change is thought to 

occur due to increased magma supply from the Iceland hotspot, which has a centre below 

the west part of Vatnajökull (Vogt 1971; Wolfe et al. 1997; Gaherty 2001).  Rifted 

depressions, as seen on the Mid-Atlantic ridge, characterize slow spreading (<3.5 cm/yr) 

divergent plate boundaries, while elevated volcanic edifices characterize fast spreading (>5 

cm/yr) divergent plate boundaries (Mutter and Karson 1992).  The structure of the 

divergent plate boundary in Iceland is in this sense more similar to fast spreading, than 

slow spreading divergent plate boundaries. 

Volcanic systems, consisting of fissure swarms and central volcanoes, are the main 

structural units of the divergent plate boundary in Iceland.  The fissure swarms are areas 

with high density of both faults and open fractures.  They remain inactive for tens to 

thousands of years, until a rifting episode occurs, when a dike intrudes the fissure swarm.  

Then, the fissure swarm deforms significantly and fracturing as well as intensive 

earthquake activity occurs (e.g. Björnsson et al. 1977; Sigmundsson 2006; Ebinger et al. 

2010; Wright et al. 2012).  Fractures that form during such episodes are mainly normal 

faults, although reverse faults can also be found locally (Khodayar and Einarsson 2004; 

Guðmundsson et al. 2008).   

Such events can pose significant threat to both constructions, such as roads, houses, water 

pipes and electric lines which cross the fissure swarm, as well as to human lives due to 

eruptions and climate change.  These eruptions may be small-scale, such as those that 

occurred during the Krafla rifting episode in 1975-1984 and in Sveinagjá in 1875 

(Sigurðsson and Sparks 1978b; Sæmundsson 1991), or large-scale, such as the fissure 

eruptions of Eldgjá (934-940 A.D.) and Laki (1783-1784 A.D.) (Larsen 2000; Thordarson 

et al. 2003; Thordarson and Larsen 2007).  Increased understanding of the structure and 

behaviour of fissure swarms is thus important for a better preparedness for rifting events, 

which inevitably will occur in the future.   

Recent rifting episodes, both in Iceland and in East Africa, have been monitored by seismic 

and geodetic techniques (i.e. Einarsson and Brandsdóttir 1980; Tryggvason 1984; Vigny et 

al. 2007; Calais et al. 2008; Hamling et al. 2009; Ebinger et al. 2010; Wright et al. 2012).  

They have shown that rifting events have certain characteristics.  During rifting events, 

earthquakes often migrate horizontally along the fissure swarms, whilst a graben subsides 

above the propagating dike (Wright et al. 2012).  When repeated rifting events have 

occurred, such as in Krafla and Dabbahu (Ethiopia), dikes generally become shorter with 

each rifting event, and during the end of the rifting episode, eruptions become common 
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close to the centre of the system (Einarsson 1991b; Ebinger et al. 2010).  The monitored 

rifting episodes have given invaluable information about the formation and activation of 

fissure swarms.  Nevertheless, rifting episodes occur seldom on-land, and therefore they 

have only been instrumentally observed a few times.   

 

Figure 1  The Mid-Atlantic plate boundary.  Red circles denote central volcanoes in 

Iceland, yellow areas fissure swarms in Iceland, and yellow lines the Mid-Atlantic Ridge 

(MAR) (Einarsson and Sæmundsson 1987; Einarsson 2008).  Bathymetric data from the 

British Oceanographic Data Centre (BODC 2009). 
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Many issues regarding the formation and activation of fissure swarms also remain 

unresolved.  It is unclear when and under what conditions rifting episodes occur, and why 

some fissure swarms have a thousand years period of alternating lower and higher activity, 

indicating that strain is neither equally distributed with regards to time or location within 

rift zones (Sigmundsson 2006).  It is also unclear how rifting episodes evolve with time, 

and it is still debated whether the magma that feeds the dikes during these episodes 

propagates horizontally away from a magma chamber or vertically from the mantle (e.g. 

Einarsson and Brandsdóttir 1980; Guðmundsson 1995; Keir et al. 2009; Wright et al. 

2012). 

Several studies have been done in Iceland where fractures within fissure swarms are 

mapped (e.g. Guðmundsson 1987; Clifton and Schlische 2003; Clifton and Kattenhorn 

2006; Hjartardóttir et al. 2009; Magnúsdóttir and Brandsdóttir 2011; Björnsdóttir and 

Einarsson, submitted 2012).  Nevertheless, many fissure swarms and rift zones, including 

the Northern Volcanic Rift Zone, have not been mapped homogeneously in detail before.  

By detailed mapping of fissure swarms and rift zones, increased knowledge is gained on 

their exact locations, eruption locations, orientation of stress fields at the times of unrest, 

on their interaction with transform zones etc.   

1.2 Research aims 

The main purposes of this project were as follows: 

 

1. To map in detail fractures and eruptive fissures within fissure swarms in the Northern 

Volcanic Zone (NVZ) in Iceland.  The aim was to make a homogeneous digital 

database of fractures within the NVZ using the ArcInfo software. 

2. To find out how fissure swarms interact with central volcanoes in the NVZ. 

3. To find the relationship between earthquakes and fissure swarms in the NVZ. 

4. To compare deformation detected within the NVZ and the fissure swarms. 

5. To see how the NVZ and its associated fissure swarms connect with the Tjörnes 

Fracture Zone. 

6. To confirm to what extent the results from the M.Sc. thesis of Ásta Rut Hjartardóttir 

(2008) on the Askja central volcano apply to other volcanic systems. 

 

Studies like this can be hard to undertake, except where divergent plate boundaries are 

found on land, i.e. only in Iceland and in East Africa.  The Northern Volcanic Rift Zone is 

an ideal area for this study, as it is easily accessible and sparsely vegetated and as it is the 

only rift zone in North Iceland, which minimizes complications.  The Northern Volcanic 

Rift Zone resembles rift zones at some other divergent plate boundaries, such as the Main 

Ethiopian Rift and in the Afar area (e.g. Ebinger et al. 2010; Kurz et al. 2007).  Results 
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from this study may therefore contribute to better understanding of rift zones within those 

areas too.   

1.3 Study area 

The NVZ extends northwards from the Vatnajökull glacier to the northern coast of Iceland 

(Figure 2).  In the south part, the plate boundary continues below the glacier and continues 

southwards as the Eastern Volcanic Zone.  In the north part, the NVZ is linked with the 

offshore Kolbeinsey Ridge by the Tjörnes Fracture Zone, which consists of the Dalvík, 

Húsavík and Grímsey strike-slip faulted areas (Sæmundsson 1974; Einarsson 1976; 

Sæmundsson 1978; Einarsson and Sæmundsson 1987).   

The NVZ started to form more than 12 million years ago (Jancin et al. 1985).  It consists of 

several central volcanoes and fissure swarms that extend in opposite directions from them 

(Sæmundsson 1978).  An arcuate shaped row of tindars (also termed hyaloclastite ridges) 

delineate the eastern boundary of the NVZ, while such features are not found at the western 

boundary.     

Deformation along the NVZ occurs predominantly during rifting episodes (Björnsson et al. 

1977; Sigurðsson and Sparks 1978a; Einarsson 1991a).  At other times, deformation there 

mainly takes part within the central volcanoes, although a slow subsidence may be 

measured in the fissure swarms, especially those where rifting episodes have recently taken 

place (Pedersen et al. 2009).  Earthquake activity in the NVZ reflects this pattern.  During 

non-rifting periods, earthquakes usually take place within central volcanoes or at distinct 

places in the rift zone, often not within the fissure swarms (Einarsson 1991a).  During 

rifting episodes, this pattern changes dramatically, as intensive earthquake activity is felt 

and measured both within the central volcanoes as well as in distinct parts of the fissure 

swarm associated with the volcano (e.g. Brandsdóttir and Einarsson 1979; Einarsson and 

Brandsdóttir 1980; Buck et al. 2006).  In accordance with this, both visual observations and 

direct measurements indicate considerable subsidence along parts of the active fissure 

swarm (Sigurðsson 1980; Tryggvason 1994). 
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Figure 2  Volcanic systems (red), earthquakes (green) and fissure swarms (yellow) in 

Iceland (Einarsson and Sæmundsson 1987).  RPOR=Reykjanes Peninsula Oblique Rift, 

SISZ= South Iceland Seismic Zone, WVZ= Western Volcanic Zone, EVZ= Eastern 

Volcanic Zone, NVZ= Northern Volcanic Rift Zone, DZ=Dalvík Zone, HF= Húsavík-

Flatey Fault, GOR= Grímsey Oblique Rift.  Earthquake data (1994-2000) from the 

Icelandic Meteorological Office.  Cartographic data are from the National Land Survey of 

Iceland.   
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2 Methods 

Fractures, eruptive fissures and scoria cones/craters were mapped from aerial photographs, 

covering the entire area.  Satellite images were also used for a more comprehensive view, 

and field trips were made to the area to resolve uncertainties.   

2.1 Aerial photographs 

The aerial photographs were acquired from two different sources, from the National Land 

Survey of Iceland (Landmælingar Íslands) and from Aerial Photographs inc. (Loftmyndir 

ehf.).   

 

 

 

 

 

 

 

 

Figure 3  Outlines of the mapped fissure 

swarms within the Northern Volcanic 

Rift Zone.  Areas mapped from aerial 

photographs from Loftmyndir ehf. are 

marked in green colour, purple areas 

were mapped from aerial photographs 

from the National Land Survey of 

Iceland.  Central volcanoes are shown as 

red circles (Einarsson and Sæmundsson 

1987), the cartographic data are from 

the National Land Survey of Iceland 
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At the beginning of the PhD project, and during the M.Sc. project, which covered the Askja 

Fissure Swarm (Hjartardóttir 2008; Hjartardóttir et al. 2009), contact aerial photographs 

from the National Land Survey of Iceland were used (Figure 3).  These images were taken 

at an altitude of ~6000 m.  Fractures, eruptive fissures and scoria cones/craters were drawn 

on top of these images, which were then scanned to digitize them.  After that, the images 

were rectified, and the features mapped in the ArcMap software (Figure 4).  By doing this, 

a detailed database with the features was made, which can be used for further 

investigations, as the features have co-ordinates which can be referred to.  The Kverkfjöll 

Fissure Swarm and parts of the Askja and Fremrinámar fissure swarms were mapped from 

these contact aerial photographs (Figure 3).  

 

Figure 4  Mapping of fractures with the ArcMap® software.  Green lines denote fractures, 

red lines eruptive fissures.  Green and red boxes indicate where mapping is in process.  

The aerial photograph of Mt. Eggert in the Askja Fissure Swarm is from Loftmyndir ehf.  

Thick, red box in smaller image to the left denotes the location of Mt. Eggert in the aerial 

photograph.   
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During the PhD project, University of Iceland got an access to digital aerial photographs 

from Aerial Photographs inc. (Loftmyndir ehf.).  These photographs were already rectified, 

which saved considerable work.  Therefore, the rest of the fissure swarms were mapped 

from these photographs.  Parts of the Askja Fissure Swarm were also mapped again with 

the digital aerial photographs.  The accuracy of fracture locations is considerably higher 

when using these photographs than by using the contact images (less than 10 m vs. less 

than 100 m respectively).  However, the contact images allow stereoscopic view, whereas 

the others do not.  The resolution of the aerial photographs of Loftmyndir ehf. is generally 

0.5 m/pixel.  However, their quality varies as their contrast and light is different.   

2.2 Satellite images 

Satellite images from the US/Japan ASTER project, and from SPOTimage (SPOT5 

images) were used to get a better overview of structures.  However, these images were only 

used for large scale overview.  Therefore, few features were mapped based on these 

images.  Nevertheless, these images give important information on large structures, 

especially ASTER images taken when thin snow covers the ground and the sun is at low 

angle.  Then, features can be quite easily seen that can otherwise be hard to spot.   

2.3 Field trips 

Several field trips have been undertaken since the beginning of the PhD project in 2009.  

During those field trips, various areas were investigated both to resolve whether lineaments 

of unknown origin are fractures or not, and to get a comprehensive view of the fractures 

and eruptive fissures in the area.   

2.4 Processing of the fracture data 

To study how fracture pattern changes with distance from the central volcanoes within the 

NVZ, each of the fissure swarms was divided into 2 km wide strips, oriented parallel with 

the plate spreading direction in the area (106°, calculated from DeMets et al. (1994)) 

(Figure 5).  By doing this, changes that occur along the fissure swarm were studied.   

Rose diagrams, made from the RockWorks software and colouring of fractures according 

to their orientations in the ArcMap software, were used to study fracture orientations 

within the NVZ. 
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Figure 5  Subsectors dividing the Krafla 

Fissure Swarm according to distance 

from the central volcano, numbers 

denote the distances (in kilometers) to 

the central volcano, negative numbers 

towards the south, positive numbers 

towards the north.  Division lines are 

parallel to plate spreading vector.  

Yellow lines are fractures, red lines 

eruptive fissures.  Fracture structures 

within each subsector were investigated 

to look at how fracture pattern changes 

with distance from the central volcano, 

blue colored fractures denote one such 

selection.  Cartographic data from the 

National Land Survey of Iceland.   
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3 Summary of papers 

3.1 Paper 1 

Hjartardóttir, Á.R., Einarsson, P., Brandsdóttir, B. (2010).  The Kerlingar fault, Northeast 

Iceland:  A Holocene normal fault east of the divergent plate boundary.  Jökull 60, 103-

116. 

 

This study focused on the Kerlingar Fault at the eastern boundary of the NVZ (Figure 6).  

The purpose was to study its extent, potential seismic hazards related to it and to come up 

with ideas about its origin. 

The Kerlingar Fault is all together about 30 km long (Figure 7).  It has an eastward-dipping 

throw of 2-9 m and is situated in glacial deposits.  However, it forms a sharp offset in these 

deposits, indicating Postglacial activity.  The fault is unique amongst the Postglacial faults 

of the NVZ in the sense that it does not appear to be a part of any fissure swarm or transfer 

fault zone.  It is situated at the eastern boundary of the NVZ and oriented obliquely to the 

otherwise parallel fissure swarms at the same latitude.  Other fractures with similar 

orientation can also be found close to the Kerlingar Fault, although there are no evidences 

that they have been active during Postglacial times (Figure 7).  As the fissure swarms are 

nearly perpendicular to the plate spreading vector as calculated from DeMets et al. (1994), 

the Kerlingar Fault is therefore oriented obliquely to it.  Nevertheless, the Kerlingar Fault is 

parallel with the line of central volcanoes in the NVZ and with the boundary between the 

NVZ and the crustal block east of it, the Eastern Fjords Block (Figure 6).  This boundary is 

defined from an arcuate row of tindars.  This indicates different origin of the Kerlingar 

Fault and the arcuate rows of tindars than of the faults situated within the fissure swarms of 

the NVZ.   

To estimate hazards related to this fault, a seismic moment was calculated.  Assuming that 

the entire length of the fault ruptured in one event, that the fault has a dip of 60° and that it 

ruptured to a depth of 7 km, it is estimated that this fault could generate an earthquake with 

a maximum magnitude of MW 6.7.  During the approximately 40 years of seismic 

measurements in Iceland, earthquake activity has nevertheless not been detected in the 

vicinity of the Kerlingar Fault (Einarsson 1989; Einarsson 1991a; Jakobsdóttir 2008).  This 

indicates that the earthquake activity in the area is limited in time.   
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In the paper, three possible scenarios on how the fault was formed are described: 

1.   That the fault is a part of the Kverkfjöll Fissure Swarm and that it was formed 

and/or reactivated during a typical rifting event, i.e. in a similar manner as fractures 

within the fissure swarms.  This idea has some disadvantages.  The Kverkfjöll 

Fissure Swarm, as defined by Postglacial fractures, ends ~50 km south of the 

Kerlingar Fault.  In addition, the fault is not ~perpendicular to the plate spreading 

vector as fissure swarms and faults within them usually are.  Therefore, the 

Kerlingar Fault seems to be a boundary feature and not related to fissure swarms.   

 

2.   That the fault formed due to stress transfer in relation to the Húsavík Transform 

Zone.  This is thought to be unlikely since there aren’t any indications that the 

Húsavík Transform Zone extends through the NVZ to the Kerlingar Fault, and there 

are no signs of sudden, abrupt changes in fracture orientations near the Kerlingar 

Fault which could be due to a buried transform fault.   

 

3.   That the fault is formed and/or reactivated due to unloading of the crust during 

deglaciation, as the hotter and less viscous crust of the NVZ should react differently 

to unloading than the colder, more viscous and thicker crust east of the rift zone 

(Sigmundsson 2006).  This could occur as these two unlike crustal types have 

different density, effective Young’s modulus and viscosity.  The fault may thus be a 

part of the arcuate row of tindars at the eastern boundary of the NVZ, the tindars 

being formed by subglacial eruptions through faults of similar origin as the 

Kerlingar Fault.  This explanation could explain the location and orientation of the 

Kerlingar Fault, as it is then related to the boundary of the NVZ and not to the 

fissure swarms. 

 

To resolve the origin of the fault, further studies and modelling is necessary.  The Kerlingar 

Fault indicates, however, that it is likely that faults exist in the NVZ that are not associated 

with fissure swarms.  The Kerlingar Fault is the most prominent of them, and may pose 

seismic risk to the area.   
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Figure 6  The NVZ, the Kerlingar Fault and the Húsavík transform fault.  Image from 

Hjartardóttir et al. (2010).  Information on fissure swarms and central volcanoes from 

Einarsson and Sæmundsson (1987).  In the smaller image, NVZ denotes the Northern 

Volcanic Rift Zone, and the EFB the Eastern Fjords Block.  The topographic higher area 

between the Kerlingar Fault and the Kverkfjöll Fissure Swarm is an arcuate row of the 

Fjallgarðar tindars.   
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Figure 7  The Kerlingar Fault and other fractures and volcanic fissures situated near the 

fault.  Image from Hjartardóttir et al. (2010).  Yellow areas in the smaller image denote 

fissure swarms, red circles denote central volcanoes (Einarsson and Sæmundsson 1987), 

background image from the US/Japan ASTER project. 
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3.2 Paper 2 

Hjartardóttir, Á.R. and Einarsson, P. (2012).  The Kverkfjöll fissure swarm and the eastern 

boundary of the Northern Volcanic Rift Zone, Iceland.  Bulletin of Volcanology 74(1), 143-

162.  DOI 10.1007/s00445-011-0496-6 

 

The aim of this paper was to study the relationship between the Kverkfjöll Fissure Swarm 

and the tindars that extend north of it, find how the fissure swarm interacts with the 

Kverkfjöll Central Volcano and to find the relationship between the fissure swarm and 

earthquakes in the area.   

The Kverkfjöll Fissure Swarm is about 60 km long, as defined by high density of 

Postglacial fractures.  Eruptive fissures are nevertheless only found at distances less than 

~20 km from the Kverkfjöll Central Volcano.  The Fjallgarðar area north of the Kverkfjöll 

Fissure Swarm is characterized by an elongate row of tindars, generally considered to be 

the results of subglacial fissure eruptions (Kjartansson 1943).  In addition to these features, 

the Kverkárnes subswarm is situated east of the Kverkfjöll Fissure Swarm (Figure 8).  

Together, the Kverkfjöll Fissure Swarm, the Kverkárnes subswarm and the Fjallgarðar 

tindars delineate the eastern boundary of the NVZ.   

The lack of Postglacial fractures and lavas north of the Kverkfjöll Fissure Swarm, while 

subglacially-formed tindars are common there, indicates that there is a decrease in rifting 

activity towards the north along the eastern boundary of the NVZ.  In the paper, this is 

suggested to be due to increasing distance to the long-term spreading axis of the NVZ.  

Activity in the northern part seems to occur mainly during periods when glaciers cover the 

area, as indicated by the existence of the tindars.  It is suggested that these tindars are 

mainly formed during periods of deglaciations.  Then, several different conditions may play 

together to create unusually favourable situations for activity along the boundary.  Firstly, 

the decompression of the mantle causes increased magma supply and therefore raises the 

eruption rate.  Secondly, high tensile stresses in the crust, accumulated during the magma-

deprived glaciations periods may provide unusually open pathway for the increased magma 

supply to be erupted.  Thirdly, this may occur specifically at the boundary between the 

NVZ and the older and thicker crust to the east of it, as the uplift rates of these different 

crustal types may differ, causing differential movements at their boundaries that may lead 

to the formation of faults there.  The increased magma supply might then seek a pathway 

through these boundary faults, forming the tindars.  Such a retreat of volcanic activity 

towards the Kverkfjöll Central Volcano has also been suggested by Carrivick et al. (2009). 

Large parts of the study area are generally almost or completely seismically inactive, 

although exceptions do occur.  Throughout the 40 years time span of seismic monitoring in 

the area, the highest activity has generally been located near the Kverkfjöll Central 

Volcano.  In 2007-2008, intense earthquake activity took place in and below the northern 

part of the Kverkfjöll Fissure Swarm at Upptyppingar (Jakobsdóttir et al. 2008; White et al. 

2011).  This activity, which was accompanied by crustal uplift, is thought to be caused by a 
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dike intrusion in the lower crust.  The dike has a strike almost east and a dip of ~41-50°, 

and was most probably fed from below (Jakobsdóttir et al. 2008; Geirsson et al. 2009; 

White et al. 2011).  Deformation took place along few fractures in the area during these 

events (Hooper et al. 2008).   

 

Figure 8  The orientation of fractures within the Kverkfjöll Fissure Swarm (frames 1 and 

2) and the Kverkárnes subswarm (frame 3).  Image from Hjartardóttir and Einarsson 

(2012).  Earthquake data from October 1991 to December 2009 are from the Icelandic 

Meteorological Office.  Earthquake near Kárahnjúkar are mostly due to explosions made 

during the construction of the Kárahnjúkar dam.   
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The eastern boundary of the NVZ is therefore an ideal area to study the interaction between 

fissure swarms and boundary faults.  There is still considerable work to be done in the area.  

As an example, it would be valuable to have more precise dating of the tindars.  Such data 

could provide information on the behaviour of the eastern boundary, and even give clues 

that would help understand the existence of the few faults situated in the area, such as the 

Kerlingar Fault.   

3.3 Paper 3 

Hjartardóttir, Á.R., Einarsson, P., Bramham, E. and Wright, T.J. (2012).  The Krafla 

fissure swarm, Iceland and its formation by rifting events.  Bulletin of Volcanology 74 (9), 

2139-2153.  DOI 10.1007/s00445-012-0659-0 

 

The Krafla Fissure Swarm is to date the only fissure swarm in Iceland where rifting events 

have been instrumentally monitored.  The monitored events, occurring between the years of 

1975 and 1984, along with historical records of the 1724-1729 rifting episode there give 

valuable information on the formation and reactivation of fissure swarms (e.g. Björnsson et 

al. 1977; Einarsson 1991b).  In this paper, the patterns of fractures and eruptive fissures 

within the Krafla Fissure Swarm are compared with known fracture patterns which 

occurred during these rifting episodes.  The aim is also to study the relationship between 

the Krafla Fissure Swarm and the Krafla Caldera and to see whether the Húsavík 

Transform Zone influences the Krafla Fissure Swarm and in what way (Figure 9).   

Together, the two last Krafla rifting episodes have activated the entire Krafla Fissure 

Swarm.  While the 1975-1984 episode mainly activated the northern fissure swarm, 

historical accounts (Sæmundsson 1907) indicate that the 1724-1729 episode impacted the 

southern Krafla Fissure Swarm.  During these periods, several rifting events occurred, 

characterized by intense seismic activity, deformation, fracturing and in some instances 

fissure eruptions.   

Eruptions which took place during the last two rifting episodes within the Krafla Fissure 

Swarm took place at distances less than 7 km from the Krafla Caldera, while fracturing of 

the fissure swarm occurred at distances up to 60-70 km from the caldera.  This is similar to 

former rifting patterns, as seen by mapping and studying the fractures and eruptive fissures 

in the fissure swarm.  Eruptive fissures in the Krafla Fissure Swarm are most dense near 

the central volcano, although they can be found at up to ~30 km distances from the Krafla 

Central Volcano.   
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Figure 9  Orientation of fractures and eruptive fissures within the Krafla Fissure Swarm.  

Modified image from Hjartardóttir et al. (2012).  Black box in the left-hand image outlines 

the extent of the right-hand image.  Lava flows from last two rifting episodes in the fissure 

swarm (1724-1729 and 1975-1984) are also shown as green and gray areas respectively 

(Sæmundsson 1991).  The cartographic data are from the National Land Survey of Iceland. 
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Figure 10  Fracture densities in differently aged lava flows, shown as cumulative length of 

fractures (km) within a square kilometer.  The values on the graph show maximum value 

found in each two km wide subsector (see Figure 5).  The image is from Hjartardóttir et al. 

(2012).  Numbers denote the lava flows (see Table 1).  The area of the Krafla Caldera is 

shaded brown and shows the portion of individual lava flow fields that are confined to the 

caldera.  The inferred junction of the northern Krafla Fissure Swarm with the extrapolated 

Húsavík Transform Fault is shown as grey shaded area.   

 

The total length of the Krafla Fissure Swarm is about 100 km; with ~50 km belonging to 

the northern Krafla Fissure Swarm, ~40 km to the southern Krafla Fissure Swarm and the 

rest belonging to the Krafla Caldera.  In the southern part, the fractures within the fissure 

swarm are generally nearly parallel to each other, while more irregular fracture orientations 

are prevalent in the northern Krafla Fissure Swarm, especially in direct continuation of the 

Húsavík Transform Fault.  However, the closest surface expression of the Húsavík 

Transform Fault is found 10 km west of the Krafla Fissure Swarm, in the Þeistareykir 

Fissure Swarm.  Nevertheless, there are both irregular fracture orientations as well as 

higher fracture densities in the part of the Krafla Fissure Swarm that is in direct 

continuation of the Húsavík Transform Fault.  It is suggested that there is a buried 

continuation of the Húsavík Transform Fault that extends to the Krafla Fissure Swarm.   
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The density of fractures within the fissure swarm depends on the age of the surface lava 

flow that they cut (Figure 10, Table 1).  Generally, the oldest lava flows have the highest 

fracture density, while lava flows less than few hundred years of age have very low fracture 

density.  Similarly-aged lava flows in the fissure swarm have tendency to be more fractured 

close to the central volcano (Figure 10). 

 

Table 1  Ages of lava flows that are cut by the Krafla Fissure Swarm (Þórarinsson 1979; 

Sæmundsson 1991; Höskuldsson et al. 2010).  The table is from Hjartardóttir et al. (2012). 

3.4 Paper 4 

Hjartardóttir, Á.R., Einarsson, P, Magnúsdóttir, S., Björnsdóttir, Þ. and Brandsdóttir, B.  

Fracture systems of the Northern Volcanic Rift Zone, Iceland – an onshore part of the Mid-

Atlantic plate boundary.  Submitted to the Journal of the Geological Society of London. 

 

This paper presents an overall map of all the fracture systems of the NVZ, their extent and 

geometrical relationships.  Almost all the fractures are arranged within fissure swarms that 

belong to the 5-6 volcanic systems in the rift zone.  The fissure swarms are ~0.5-15 km 

wide and ~30-125 km long and are arranged sub-parallel to each other and the zone itself.  

The aim of the paper is to study their orientations, their densities according to the age of 

the surface lava flows and distance from the central volcanoes, as well as to study the 

relationship between earthquakes and fissure swarms in the area.    

Fractures and eruptive fissures in the fissure swarms of the NVZ are generally subparallel 

to each other, with a N to NNE orientation.  Nevertheless, several exceptions exist from 

this pattern.  Close to central volcanoes, fracture orientations are more irregular.  Often, 

fractures and eruptive fissures radiate away from the calderas of the central volcanoes, or 

are concentric around them.  Irregular fracture orientations can also been seen at the 

junction between fissure swarms and the two strike-slip faulted areas adjacent to the NVZ; 

the Húsavík Transform Fault and the Grímsey Oblique Rift.  This pattern is more 

prominent near the Húsavík Transform Fault.  Fractures with a similar orientation as the 

faults of the strike-slip faulted areas can also be found in several areas in the NVZ, 
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especially in an area which stretches across the NVZ north of the Askja Central Volcano.  

Close to the Vatnajökull glacier, another deviation of fracture orientations can be seen.  

This is the only area in the NVZ where E-W oriented Postglacial eruptive fissures can be 

found that are not part of caldera boundaries.  Hooper et al. (2011) suggested that the E-W 

oriented fissures were formed when the regional plate spreading stress field had been 

relieved due to regular N to NNE oriented dike intrusions, and that a remnant stress field, 

due to deglaciation, caused the formation of the E-W oriented fissures.  It may also be 

noted that the E-W oriented fractures and eruptive fissures are situated close to the E-W 

oriented Central Iceland Volcanic Zone (CIVZ) (Figure 11), although fractures within that 

zone generally have a northerly orientation. 

During rifting events, when dike intrusions occur, intensive earthquake activity occurs 

along the active fissure swarm.  However, the fissure swarms of the NVZ are almost 

seismically inactive between rifting events (Figure 11).  In a similar manner, InSAR images 

indicate that the only deformation found within the fissure swarms during the non-rifting 

period of 1993 to 1998 was a small subsidence within the fissure swarms that had the most 

recent rifting episodes (Pedersen et al. 2009).  Together, this indicates that little 

deformation occurs on fissure swarms during non-rifting periods, which supports the 

notion that fissure swarms form and are reactivated in diking events.   

Eruptive fissures are most common within a distance of 20-30 km from the central 

volcanoes, while they are scarce at the distal parts of the fissure swarm where the fissure 

swarms are generally only characterized by non-eruptive fractures (Figure 12).  This shows 

that activity of fissure swarms is highest close to central volcanoes and gradually decreases 

with distance from them.   
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Figure 11  Fractures and eruptive fissures within the NVZ.  Image from Hjartardóttir et al. 

(in prep.).  Information on central volcanoes is from Einarsson and Sæmundsson (1987).  

Information on earthquakes during the Krafla rifting episode was acquired from Buck et 

al. (2006), earthquakes between the years of 1991 and 2011 are from the Icelandic 

Meteorological Office.   
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Figure 12  The number of fractures (lines) and eruptive fissures (columns) versus distance 

from the central volcanoes in the Northern Volcanic Rift Zone.  Image from Hjartardóttir 

et al. (in prep.).  Dashed boxes indicate where the extrapolated intersections with the 

Grímsey Oblique Rift and the Húsavík Transform Zone are.   
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4 Main conclusions 

1.   The NVZ is a ~50 km wide and ~200 km long part of the Mid-Atlantic plate 

boundary.  It consists of several central volcanoes, and fissure swarms extending in 

north- and southerly directions from them.   

2.   The central volcanoes are, as previously known, the locus of concentrated activity 

within the fissure swarms.  Density of eruptive fissures and fractures in the fissure 

swarms of the NVZ is generally greatest within ~20-30 km distance from the 

central volcanoes, the density gradually decreases with distance from the central 

volcano.   

3.   Density of fractures depends on the age of the surface lava flows, showing how 

fissure swarms form gradually on a time scale of thousands of years.   

4.   Most fractures in the NVZ are oriented ~perpendicular to the spreading vector, 

indicating that the spreading controls their orientation.  Exceptions from this pattern 

occur mainly in these circumstances: 

a. Close to the only calderas in the NVZ, in the stress domains of their 

underlying magma chambers; Askja and Krafla calderas, where some 

fractures and eruptive fissures are either concentric around the calderas or 

radiate away from them. 

b. Close to the NW part of Vatnajökull, where several fractures and eruptive 

fissures have E-W orientation. 

c. WNW-oriented faults, found in central NVZ.  Possibly related to an almost 

inactive transform zone.   

5.   At the junctions of transform zones and fissure swarms the fissure swarm‘s fracture 

density is higher than elsewhere, and fracture orientations are more irregular.  This 

occurs where the Grímsey Oblique Rift connects with the NVZ, and where 

Þeistareykir and Krafla Fissure Swarms connect with the Húsavík Transform Zone.   

6.   Comparison of fissure swarms, earthquakes and deformation indicate that the 

fissure swarms are mostly inactive during inter-rifting periods.  Intense deformation 

and earthquake activity occurs during rifting events.   

7.   The eastern boundary of the NVZ is characterized by the Fjallgarðar area, which has 

elongated rows of tindars.  The Kerlingar Fault is a 30 km long Postglacial feature 

situated at the northern part of the Fjallgarðar area.  It is suggested that this area is 



26 

mainly activated during deglaciations, due to increased magma supply, and release 

of high tensile stresses accumulated during glaciations.   

8.   The Fjallgarðar area has an arcuate shape, rather than being perpendicular to the 

spreading vector.  The Postglacial Kerlingar Fault is also not oriented perpendicular 

to the spreading vector, as it has an arcuate NNW orientation.  It is suggested that 

the orientation of the Fjallgarðar area and the Kerlingar Fault is controlled by their 

location at the boundary between the NVZ and the EFB, due to differential 

movements between these crustal blocks during deglaciations.  This occurs as these 

crustal blocks have different thickness, Youngs modulus, density and viscosity.  

The differential vertical movements may have activated the Kerlingar Fault during 

the beginning of Postglacial times.  
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Fracture systems of the Northern Volcanic 
Rift Zone, Iceland – an onshore part of the 

Mid-Atlantic plate boundary 
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Bryndís Brandsdóttir 

Institute of Earth Sciences, University of Iceland, Askja, Sturlugata 7, 101 Reykjavík, 

Iceland 

 

Abstract 

Iceland is the only subaerial part of the Mid-Atlantic plate boundary.  It is raised above sea 

level by the interaction between a hotspot and the divergent plate boundary.  The Northern 

Volcanic Rift Zone is the expression of the plate boundary in north Iceland.  It is 200 km 

long and 50 km wide and is composed of 5-6 volcanic systems which are arranged in left 

stepping, en-echelon manner along the rift zone.  Each volcanic system consists of a central 

volcano with a transecting fissure swarm.  Eruptive fissures within the fissure swarms are 

most common at distances less than 20-30 km from the centre of the respective central 

volcano, while non-eruptive fractures characterize the distal parts of the fissure swarms.  

Fractures within the fissure swarms are generally subparallel to each other, with a N to 

NNE strike.  More irregular orientations are present near the calderas in the rift zone; Askja 

and Krafla, and at the junction of the Northern Volcanic Rift Zone and the Tjörnes Fracture 

Zone.  High fracture densities were also observed in the parts of the fissure swarms that 

were located at these junctions.  East-west oriented fractures and eruptive fissures in the 

southernmost part of the Northern Volcanic Rift Zone are possibly related to stresses 

caused by load variations of the nearby Vatnajökull glacier.  WNW-oriented fractures at 

the southern end of the Krafla Fissure Swarm, and in the northern end of the Kverkfjöll 

Fissure Swarm may be remnants of an almost extinct transform zone.  The fissure swarms 

within the rift zone are for the most part seismically and geodetically inactive between 

rifting episodes, becoming highly active during rifting events that occur at time intervals of 

few hundred years.   

 

Keywords: 

Iceland, Northern Volcanic Rift Zone, rifting events, fissure swarm, divergent plate 

boundary 
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Introduction 

Few parts of the World‘s divergent plate boundaries are subaerial.  These parts include 

active rifts in eastern Africa (e.g. Corti 2009) and in Iceland (e.g. Einarsson 1991a; 2008) 

that therefore provide valuable information on divergent spreading processes, rifting and 

faulting.   

In this study, fractures and Postglacial eruptive fissures in the Northern Volcanic Rift Zone 

(NVZ) were mapped and analysed to study the characteristics and behaviour of fissure 

swarms and rift zones (Fig. 1).  These features were mostly mapped from aerial 

photographs, and in a few instances, satellite images.  This is the first paper presenting a 

detailed fracture map of this entire plate boundary segment.  However, several studies have 

been made of individual fissure swarms (e.g. Opheim and Guðmundsson 1989; 

Guðmundsson and Bäckström 1991; Tentler and Mazzoli 2005; Hjartardóttir et al. 2009; 

Magnúsdóttir and Brandsdóttir 2011; Hjartardóttir et al. 2012; Hjartardóttir and Einarsson 

2012; Björnsdóttir and Einarsson (submitted 2012)).  Similar studies have been published 

on other segments, the Reykjanes Peninsula Oblique Rift, the Western Volcanic Zone and 

the South Iceland Seismic Zone (Fig. 1) (e.g. Guðmundsson 1987; Clifton and Schlische 

2003; Clifton and Kattenhorn 2006; Einarsson 2010).   

The NVZ is a 200 km long boundary segment extending from the central area of the 

Iceland hotspot to the Tjörnes Fracture Zone.  The zone consists of several volcanic 

systems with central volcanoes and transecting fissure swarms (Fig. 1) (Sæmundsson 

1974).  The fissure swarms contain a high density of fractures and eruptive fissures, the 

latter becoming more common closer to the central volcanoes.  The Icelandic volcanic 

systems with their fissure swarms and underlying dyke swarms are identical to the 

structural elements termed “magmatic segments” in the Main Ethiopian Rift (e.g. Ebinger 

and Casey 2001).   

Here we show that deformation and eruptive activity in the fissure swarms of the NVZ, as 

indicated by density of eruptive fissures and fractures in similarly-aged lava flows, is 

generally highest in the parts of the fissure swarms that are closer to the central volcanoes.  

Similarly, deformation peaks are observed at the junctions between fissure swarms and 

transform zones, even in the Krafla Fissure Swarm, where surface traces of the Húsavík 

Transform Zone do not extend to the fissure swarm.  The orientation of fractures in the 

fissure swarms of the NVZ is generally subparallel to the plate spreading vector.  

Deviations from this pattern occur mainly close to calderas, near the Vatnajökull glacier 

and at the junctions with transform zones.    
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Regional settings 

The part of the mid-Atlantic plate boundary which crosses Iceland is characterized by 

transform fault zones and volcanic zones (Einarsson 2008).  In southern Iceland, the 

spreading is taken up by three volcanic zones, the Eastern and Western Volcanic Zones and 

the Reykjanes Peninsula Oblique Rift, along with the South Iceland Seismic Zone, a 

transform zone which connects these volcanic zones (Fig. 1).  The plate boundary in 

Northern Iceland is simpler, as the plate spreading there is only taken up by the Northern 

Volcanic Rift Zone (NVZ), and the transform Tjörnes Fracture Zone north of the NVZ 

including the Grímsey Oblique Rift and the Húsavík Transform Zone (Fig. 1).  The centre 

of the Iceland hotspot is located at the southern part the NVZ, in central Iceland (Wolfe et 

al. 1997).   

Even though the far-field spreading rate of ~2 cm/yr is constant (DeMets et al. 1994), the 

spreading in individual fissure swarms is episodic (Sæmundsson 1978; Heki et al. 1993).  

This occurs as fractures within the fissure swarms are mainly activated during rifting 

events, when magma intrudes the fissure swarms to form dykes, or even fissure eruptions 

(e.g. Sæmundsson 1978; Sigmundsson 2006).  Historically documented rifting events 

within the NVZ have occurred within the Krafla Volcanic System (1975-1984 and 1724-

1729), within the Askja Volcanic System (1875-1876), and within the Þeistareykir 

Volcanic System (1618 and possibly also in 1885) (Sæmundsson 1907; Elíasson 1976; 

Björnsson et al. 1977; Sigurðsson and Sparks 1978; Sæmundsson 1991; Einarsson 1991a; 

1991b; Magnúsdóttir and Brandsdóttir 2011).  The last Krafla rifting episode was 

instrumentally monitored and observed (e.g. Brandsdóttir and Einarsson 1979; Einarsson 

and Brandsdóttir 1980; Sigurðsson 1980; Hauksson 1983; Tryggvason 1994).   

Seismic activity in the NVZ is restricted to several well-defined zones, often within the 

central volcanoes, or at the transform zones (Fig. 1).  Some have been persistently active 

since the start of seismic measurements in the 1960s and 1970s, e.g. clusters within the 

Tjörnes Fracture Zone (Einarsson 1976) and near the Askja and Bárðarbunga Central 

Volcanoes (Einarsson 1991a).  Other seismic clusters, such as near Upptyppingar in 2007 

and 2008, are isolated events most likely associated with magmatic intrusions (Fig. 1) (e.g. 

Jakobsdóttir 2008; Jakobsdóttir et al. 2008; Hooper et al. 2011).  Currently, geodetic 

measurements indicate local subsidence both within the Krafla and Askja calderas (e.g. 

Sturkell et al. 2006; Pedersen et al. 2009; Rymer et al. 2010).  On the other hand, uplift has 

been detected just north of the Krafla Central Volcano and in the vicinity of the 

Þeistareykir Central Volcano (Zeeuw-van Dalfsen et al. 2004; Metzger et al. 2011).   
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Methods 

Fractures and eruptive fissures in the NVZ were mapped from aerial photographs.  Satellite 

images were used for a more comprehensive view, and ground truthing was conducted 

during numerous field studies.  In total, we mapped 46,611 eruptive fissures, fractures and 

fracture segments.   

The ArcGIS software was used to map the fractures and the eruptive fissures from aerial 

photographs, acquired from the National Land Survey of Iceland (Landmælingar), and 

from Aerial Photographs Inc. (Loftmyndir ehf.).  Contact images from Landmælingar were 

used to map a part of the northern fissure swarm of Askja, the Fremrinámar Central 

Volcano as well as to map the Kverkfjöll Fissure Swarm (Fig. 2).  These images were 

taken at an altitude of about 6000 m.  Since the images acquired were not stereo-pairs, a 3D 

viewing was not done.  Digital aerial photographs from Loftmyndir were used to map other 

parts of the NVZ.  These images have a resolution of 0.5 m/pixel, except images of 

villages, which have a resolution of 0.15 m/pixel.  Differences in light and contrast which 

affect the quality and clarity of individual images, also decrease image resolution.  We used 

ASTER and SPOT 5 satellite images to investigate larger features within the study area.   

Field trips were made to parts of all the fissure swarms within the NVZ.  Some areas were 

studied specifically, such as the junction of the NVZ and the Grímsey Oblique Rift, the 

Krafla Fissure Swarm and the southernmost part of the Bárðarbunga Fissure Swarm, where 

anomalous E-W oriented fractures and eruptive fissures are located.  During the field trips, 

lineaments which had been found on aerial photographs, but had an uncertain origin were 

studied specifically.  Features on aerial photographs that were clearly fractures or eruptive 

fissures were also visited for comparison with aerial photographs.  Papers on the Krafla, 

Askja and Kverkfjöll Fissure Swarms and on the Kerlingar Fault have already been 

published as a part of this project (Hjartardóttir et al. 2009; Hjartardóttir et al. 2010; 

Hjartardóttir et al. 2012; Hjartardóttir and Einarsson 2012).   

Earthquake data from the Icelandic Meteorological Office, extending between the years of 

1991 and 2012, were used to identify active fractures in the NVZ.  Only earthquakes with 

the rms of the arrival time residuals less than 0.2 s were used.  Earthquake data from the 

Krafla Fissure Swarm during the Krafla rifting episode in 1975-1984 were also used, to 

illuminate where deformation occurred in the fissure swarm.  The uncertainty in horizontal 

location of the Krafla earthquakes is about 1-3 km.   

In order to map the variation in fracture orientation and distribution along each volcanic 

system, each fissure swarm was divided into 2 km wide transects, oriented parallel to the 

plate spreading vector (106°) as calculated from DeMets et al. (1994).  To calculate 

fracture density in similarly-aged lava flows in the Askja Fissure Swarm, the “Line 

Density” tool in ArcToolbox was used.  The tool finds the cumulative measured fracture 

lengths within a given search circle (0.5 km in radius) and divides the cumulative fracture 

lengths by the area of the circle.  A raster file is created from these calculations, with 0.5 

km pixels.  Such calculations were made for fractures within differently-aged lava flows in 

the Askja Fissure Swarm, where the maximum fracture density in each of the 2 km wide 

grids were found.   
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Structural architecture 

Overview 

The NVZ is characterized by fissure swarms, strike-slip faults and boundary faults or 

tindars (also termed hyaloclastite ridges).  The fissure swarms constitute the main part of 

the NVZ.  They are situated in the centre of the NVZ, arranged in an en echelon pattern and 

are often striking nearly perpendicular to the spreading vector (106°) (Figs. 2 and 3).  The 

eastern edge of the NVZ is characterized by an arc-shaped elongated area of tindars.  

However, the western edge of the NVZ has no such feature.  The northern part of the 

western edge is characterized by large-offset normal faults, while the southern part shows 

no evidence of large-scale faulting.  In the northern part of the NVZ, the zone meets with 

two strike-slip zones; the Húsavík Transform Zone and the Grímsey Oblique Rift.  Below, 

we will address these different types of fracture systems in the NVZ.   

A fissure swarm extends from each of the ~5-6 central volcanoes in the NVZ (Fig. 1).  Two 

additional central volcanoes have been suggested to exist within the NVZ, Heiðarsporður 

and Hrúthálsar, located within the Krafla and Askja Fissure Swarms, respectively 

(Sæmundsson 1974; Jóhannesson and Sæmundsson 1998; Sæmundsson et al. 2005).  The 

Tungnafellsjökull Fissure Swarm, at the southern boundary of the NVZ, is also included in 

this study. 

 

Fissure swarms 

The fissure swarms in the NVZ extend tens of kilometres away from the central volcanoes 

(Fig. 1).  In most cases, it is difficult to estimate their exact length, as they disappear 

beneath glaciers or below sea level.  However, they may extend from the central volcanoes 

as short distances as 30 km (Tungnafellsjökull) or as long distances as 125 km 

(Fremrinámar).  The other fissure swarms, Þeistareykir, Krafla, Kverkfjöll, Askja and 

Bárðarbunga are at least 40, 50, 60, 120 and 90 km long, respectively (Fig. 1).   

The fissure swarms are narrow features, 0.5-15 km in width.  They are generally wider 

adjacent to the central volcanoes (except at Fremrinámar) (Fig. 1). The narrowest part of a 

fissure swarm within the NVZ is in the Melrakkaslétta Peninsula (Fig. 1).  There, narrow 

grabens (often less than 1 km in width), extending from the Askja and/or Fremrinámar 

Central Volcanoes (Einarsson and Sæmundsson 1987), cut the peninsula.   

The density of eruptive fissures within the fissure swarms is greatest close (<20-30 km) to 

the central volcanoes (Fig. 4).  This applies to the Krafla, Fremrinámar, Askja, Kverkfjöll 

and Bárðarbunga Fissure Swarms.  The Krafla and Askja Central Volcanoes, both located 

in the central part of the NVZ, have the highest density of eruptive fissures.  Those two 

volcanoes are also the only volcanoes within the NVZ where numerous eruptions have 

taken place during the ~1200 years of historical time in Iceland (Thordarson and Larsen 

2007).  However, the fissure swarms at the western boundary of the NVZ have either no 
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Postglacial eruptive fissures (Þeistareykir) or just one (Tungnafellsjökull).  Eruptive 

activity in the Þeistareykir Volcanic System is primarily in the form of lava shields.  The 

lack of eruptive fissures in the Þeistareykir Fissure Swarm is notable given the high density 

of fractures there (Fig. 4).   

The density of non-eruptive fractures is often greater closer to the central volcanoes, 

although the fracture density is lower where the density of eruptive fissures is high, i.e. 

where younger lava flows have covered fractures (Fig. 4).  Nevertheless, fracture density in 

some of the fissure swarms does not show this pattern, such as in the Bárðarbunga, 

Fremrinámar and (to some extent) the Kverkfjöll Fissure Swarms (Fig. 4).   

Fractures of the fissure swarms within the NVZ often strike close to perpendicular to the 

spreading vector (Fig. 2).  Exceptions from this occur mainly within the central and 

northern Þeistareykir Fissure Swarm, in the area where the Húsavík Transform Zone 

intersects the fissure swarm, and in the southernmost Tungnafellsjökull Fissure Swarm, 

which is generally north-easterly trending (Fig. 2).  The anomalous orientation in the 

southern Tungnafellsjökull Fissure Swarm is probably an expression of its tectonic position 

at the triple junction in Central Iceland.  In general, fewer of the fractures are close to being 

perpendicular to the spreading vector north of the transform faulted areas (Grímsey 

Oblique Rift and the Húsavík Transform Zone) than south of these areas (Fig. 3).  Fracture 

populations with orientations that deviate from the general strike of fractures in the NVZ 

can be found, as an example near the Askja Central Volcano (Fig. 5).  There, the fractures 

or eruptive fissures form a fan-like structure from the outer border of the calderas, or are 

arcuate around them (Hjartardóttir et al. 2009).  Other examples involve WNW oriented 

fractures which are found in various areas within the NVZ; in the southernmost Krafla 

Fissure Swarm, in the northernmost Kverkfjöll Fissure Swarm, and in southern 

Melrakkaslétta, close to the Fremrinámar and Askja Fissure Swarms (Fig. 5).  Those 

features are considerably more eroded than the general N to NNE-oriented fractures within 

the fissure swarms.  WNW-oriented fractures are also found in the continuation of both the 

Húsavík Transform Zone, and in the continuation of the Grímsey Oblique Rift.  The third 

example involves east-west oriented fractures and eruptive fissures in the Bárðarbunga 

Fissure Swarm, located in the southernmost part of the NVZ; at Hrímalda and Urðarháls 

(Figs. 2 and 6).   

 

Faults at the east and west boundaries of the 
NVZ 

Several parallel tindars, indicating subglacial fissure eruptions, mark the eastern NVZ 

boundary (Fig. 1).  The ~30 km long Kerlingar Fault, situated at the northern part of the 

boundary, has been suggested to have been activated early in Postglacial times, due to 

deglaciation (Hjartardóttir et al. 2010).   

There is no clear evidence of similar faults or tindars at the western NVZ boundary except 

possibly in the northern part, where large offset normal faults are located.  Those faults are 

likely a part of the Þeistareykir Fissure Swarm.   
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Rift-transform intersections 

The Húsavík Transform Zone and the Grímsey Oblique Rift are located in or close to 

northern NVZ (Fig. 1).  The Húsavík Transform Zone is both located onshore and offshore 

(Figs. 1 and 7).  The subaerial part of it consists of large–offset faults, extending between 

the town of Húsavík, and the Þeistareykir Fissure Swarm (Fig. 7).  However, the eastward 

extension of it is less known.  It has been suggested by Sæmundsson (1974), that traces of 

the fault extend farther eastwards than can be seen from the surface strike-slip fractures.  

High variations in fracture orientations, which occur due to widening of a graben, and high 

densities of fractures at the junction of the Krafla Fissure Swarm and the continuation of 

the Húsavík Transform Zone support this suggestion (Figs. 2, 4 and 7) (Hjartardóttir et al. 

2012).   

Anomalies in fracture orientations are also seen at the junction of the Þeistareykir Fissure 

Swarm and the Húsavík Transform Zone.  Several fractures in the Þeistareykir Fissure 

Swarm bend from the N-S orientation to the NW-SE orientation, until they merge with the 

Húsavík Transform Zone (Fig. 7).  In general, the fracture orientations within the 

Þeistareykir Fissure Swarm are more variable in the central and north part of the fissure 

swarm, which is where it joins with the Húsavík Transform Zone, than in the south part of 

the fissure swarm (Fig. 2).  The highest density of fractures within the Fremrinámar Fissure 

Swarm also occurs at its junction with the Grímsey Oblique Rift (Fig. 4). 

The Grímsey Oblique Rift is mostly offshore.  Its existence is mainly evident from intense 

seismic activity extending offshore from the SE corner of the Öxarfjörður bay towards the 

northwest (Figs. 1 and 8) (Einarsson 1976; Einarsson 1991a).  However, there are WNW 

oriented fractures situated in the southern part of the Melrakkaslétta Peninsula, which may 

be related to this fault zone (Fig. 8).  Such a link has previously been suggested by Mamula 

and Voight (1985).  In one of the WNW-oriented lineaments, an en-echelon fracture 

pattern was found (Fig. 8), which is typically found in strike-slip faults (e.g. Einarsson 

2010).   
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Discussion 

General 

We have mapped the fracture systems that constitute the NVZ, along with the onshore part 

of two strike-slip zones that link the NVZ with the Kolbeinsey ridge to the north.  The 

southern end of the NVZ is situated at the northern border of the Vatnajökull glacier.  

However, the volcanic zone continues below the glacier, to the triple junction where it 

joins with the Eastern Volcanic Zone (EVZ) and the Central Iceland Volcanic Zone (Fig. 

1).    

The NVZ shows similarities to other rift zones that have a long-axis oriented close to 

perpendicular to the spreading vector, such as the northern part of the continental Main 

Ethiopian Rift.  In both rift zones, fissure swarms are arranged in en-echelon manner, 

enveloped by border faults or, as in the case of the NVZ, by tindars.  The highest lava 

productivity in each fissure swarm is found in the central part of the fissure swarms 

(Sæmundsson 1978; Kurz et al. 2007).  Although the fissure swarms are close to being 

perpendicular to the spreading direction, the border faults are often oblique to it (Ebinger 

and Casey 2001; Kurz et al. 2007).  Similar pattern of en-echelon volcanic systems, with 

normal faults at the boundaries of the rift zone, can also be found at the Reykjanes Ridge 

(e.g. Searle and Laughton 1981).   

 

Eruptions and dyking within the fissure swarms 

Eruptive fissures within the fissure swarms of the NVZ are most common within 20-30 km 

distance from the central volcanoes, while the distal parts of the fissure swarms are mostly 

defined from non-eruptive fractures (Fig. 4).  Such pattern has been observed in other 

areas, as an example in Reykjanes (Jakobsson et al. 1978), and in the Main Ethiopian Rift 

(Kurz et al. 2007).   

Fractures within fissure swarms mainly form and are activated during rifting events, when 

dykes intrude the fissure swarms, and sometimes cause fissure eruptions (Wright et al. 

2012).  The decrease of the number of eruptive fissures with distance from the central 

volcanoes, along with the finding that fracture density in similarly-aged lava flows in the 

Krafla Fissure Swarm generally decreases with distance from the Krafla Central Volcano 

(Hjartardóttir et al. 2012), suggests that the density of dykes beneath many of the fissure 

swarms gradually decreases with distance from the central volcanoes.  This is in agreement 

with findings from extinct, eroded central volcanoes and dyke swarms in Eastern Iceland, 

where the highest densities and dyke ratio in dyke swarms also tend to be close to extinct 

central volcanoes (Walker 1963).   

 

 

 



  

99 

 

Fissure swarms intersecting strike-slip zones 

The Þeistareykir Fissure Swarm is the only fissure swarm which is clearly intersected and 

partly terminated by a strike-slip zone, as it visibly connects with the Húsavík Transform 

Zone on land (Fig. 7).  There are also indications that the Krafla Fissure Swarm is 

influenced by the Húsavík Transform Zone (Hjartardóttir et al. 2012).  Additionally, WNW 

oriented fractures on land and fractures with en-echelon pattern, suggesting strike-slip 

faulting are found in the continuation of the Grímsey Oblique Rift (Fig. 8).   

The parts of the fissure swarms that are influenced and/or intersected by strike-slip zones 

show certain characteristics:   

• They have higher variability in fracture orientations (especially Þeistareykir) (Fig. 2). 

• The maximum fracture densities in each of the fissure swarms occur at their junction 

(seen at Þeistareykir, Krafla and Fremrinámar) (Fig. 4). 

Such a link between the Grímsey Oblique Rift and the fissure swarms has previously been 

suggested, both by Mamula and Voight (1985), who observed WNW oriented structures 

on-land, and by Guðmundsson et al. (1993), who pointed out the stark change in 

orientation of the fissure swarms that occurs at the junction of the Grímsey Oblique Rift 

and the rift zone.  Irregular fracture orientations are also found in the fissure swarms of the 

Reykjanes Peninsula Oblique Rift, where fissure swarms are cross-cut by strike-slip faults 

(Clifton and Schlische 2003; Clifton and Kattenhorn 2006).   

 

Anomalous fracture orientations within the NVZ 

Fissure swarms within the NVZ, along with their fractures, are generally N to NE oriented.  

In the southern part, NE oriented fractures are common, while northerly oriented fractures 

are more common in the northern part of the NVZ, giving the volcanic zone as a whole an 

arcuate form.  Although the majority of fractures and eruptive fissures are N to NE 

oriented, there are several exceptions to that, which can be categorized as follows: 

 

a)  Fractures and eruptive fissures in the vicinity of calderas  

In the vicinity of the calderas of Askja and Krafla (the only calderas of the NVZ not 

covered by a glacier), a few of the fractures and eruptive fissures tend to be either 

concentric around the caldera rim or radiate away from it (Fig. 5), although the main trend 

of the fractures near the central volcanoes is similar to the trend of the northern and 

southern fissure swarms (Fig. 2) (Hjartardóttir et al. 2009; Hjartardóttir et al. 2012).   

Radial fractures have generally been associated with pressure increase in a magma 

reservoir, while concentric fractures have either be linked with uplift (forming cone sheets) 

or subsidence and ring dike formation when caldera collapse occurs (e.g. Anderson 1938; 

Walker 1984; Marti et al. 1994; Walter and Troll 2001).  We suggest that the concentric 
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fractures around the Öskjuvatn caldera are formed by gravitational slumping, since they are 

situated less than 500 m away from the main caldera faults.   

 

b)  E-W eruptive fissures close to the Vatnajökull glacier 

E-W oriented fractures and eruptive fissures can be found in the southernmost part of the 

NVZ, both near Mt. Hrímalda (Sigbjarnarson 1995) and in the Urðarháls lava shield (Fig. 

6).  In the Urðarháls lava shield, the E-W eruptive fissure is situated within an E-W 

oriented graben.  Although the eruptive fissures are eroded due to frequent sand storms in 

the area, they have not been eroded by glacier, which indicates that they are Postglacial 

features.   

To explain the anomalous orientation of these fractures, Hooper et al (2011) suggested that 

during periods when the tensile plate-spreading stresses had been relieved by rifting 

episodes (forming the regular N to NE oriented dykes), a remnant stress-field caused by the 

retreating Vatnajökull glacier facilitated the formation of the E-W oriented eruptive 

fissures in Hrímalda and Urðarháls.  According to their suggestion, stress field induced by 

deglaciation can, in special circumstances, control the orientation of dykes although the 

plate spreading stresses are generally the governing factor.  Their suggestion was inspired 

by the 2007-2008 Upptyppingar events, when a dyke with an orientation highly oblique to 

the regional fracture orientations was formed beneath the Kverkfjöll Fissure Swarm.  It can 

also be pointed out that the E-W oriented fractures and eruptive fissures are located close 

to the Central Iceland Volcanic Zone (CIVZ).  The volcanic zone has an E-W orientation, 

even though the majority of fractures within it have northerly trends (Fig. 1).   

 

c)  WNW-oriented fractures 

Several WNW-oriented fractures are located in the southern part of the Krafla Fissure 

Swarm (Fig. 5).  Similarly oriented fractures are situated in direct continuation of these 

fractures; in the northern part of the Kverkfjöll Fissure Swarm, and intermittently between 

these fissure swarms.  It is tempting to assume that these WNW-oriented fractures are a 

part of the same structure, forming a WNW-oriented belt across the NVZ (Fig. 5).   

The WNW-oriented belt is situated where the northern part of the Kverkfjöll Fissure 

Swarm ends, and the southern part of the Krafla Fissure Swarm begins (Fig. 5).  The 

spreading of the NVZ is therefore shifted westwards north of the WNW-oriented belt, 

suggesting that the WNW-oriented belt acts as a transform zone.   

While the western part of the WNW-oriented belt has little seismic activity, the eastern part 

is active.  The WNW-oriented belt extends to Mt. Herðubreið, where persistent seismicity 

has been recorded for decades (Figs. 1 and 5) (Einarsson 1991a; Jakobsdóttir 2008).  Fault 

plane solutions indicate that these earthquakes occur due to left-lateral strike slip faulting 

on several parallel NE-oriented fractures (Þorbjarnardóttir et al. 2007; Hjartardóttir et al. 

2009; Martens and White, submitted 2013).  Assuming that the strike-slip faults are a part 
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of the WNW-oriented belt, their NE orientation indicates that they are bookshelf faults, 

similar to the bookshelf faults in the South Iceland Seismic Zone (Einarsson 2010). 

 

The east and west borders of the NVZ 

Rift zones affect broad areas around them during the initial rifting stages.  As time passes, 

the extensional strain is concentrated on the axial rift zone.  This generally causes the 

margins of the rift zone to become inactive (Favre and Stampfli 1992).  This is the case of 

the border faults in the northern Main Ethiopian Rift, while the border faults of the less 

evolved central and south Main Ethiopian Rifts are still active (Agostini et al. 2011).  We 

have found a ~30 km long fault at the northern part of the eastern boundary, which is 

parallel to the boundary, but oblique to the rift zones within the NVZ.  Interestingly, the 

fault dips towards the east, indicating that it is not a typical boundary fault of a rift zone.  

This fault appears to have been activated during Postglacial times (Hjartardóttir et al. 

2010).  The existence of this fault, the total lack of interglacial lavas and the subglacially-

formed tindars, indicate that the eastern boundary of the NVZ becomes temporarily active, 

especially during glaciations or deglaciations (Hjartardóttir et al. 2010).   

During deglaciations, when a glacier is retreating, the decrease of mass causes the crust to 

uplift.  The magnitude of this uplift is dependent on various factors, such as the density of 

the crust, its effective viscosity and Young’s modulus (Hjartardóttir et al. 2010).  

Therefore, the magnitude of uplift is dependent on the type and thickness of crust being 

uplifted.  The eastern margin of the NVZ sits next to the Tertiary Eastern Fjords Block 

(EFB) in Iceland.  As the magnitude of uplift of the EFB should be different than of the 

NVZ during deglaciations, this causes differential movements which may lead to activation 

of older border faults.  The ~30 km long Kerlingar fault may be an example of such a fault.  

Some of the reactivated faults may have been intruded by magma, forming the row of 

tindars which delineate the eastern boundary of the NVZ (Hjartardóttir et al. 2010).   

This relationship between glaciations and volcanism would explain why 

hyaloclastite/pillow lava ridges are dominant up to about 150-160 km distances from the 

Kverkfjöll Central Volcano, while Postglacial activity has mostly taken place within only 

60 km distance from the central volcano.  Such a recession of volcanic activity towards the 

Kverkfjöll Central Volcano after glaciations has also been suggested by Carrivick et al. 

(2009) based on variations in morphology of the ridges with distance from the volcano.   

Notably, no such rim of tindars is found on the west site of the NVZ.  The southern part of 

it does not have any fractures or tindars except those that are associated with the active 

fissure swarms within the NVZ.  However, there are large-offset normal faults in the 

northern part, although it is unclear whether they are related to the Þeistareykir Fissure 

Swarm, or whether they are to be considered as non-magmatic, NVZ boundary faults.   
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Earthquakes within the NVZ 

Fractures within the fissure swarms appear to be mostly inactive between rifting episodes.  

This can be seen by comparing earthquake activity and InSAR images with the fracture 

data of the NVZ (Einarsson 1991a; Jakobsdóttir 2008; Pedersen et al. 2009).  Earthquakes 

during non-rifting periods are concentrated within the central volcanoes, or at distinct 

places which are often not within the main fissure swarms (Fig. 1).  During rifting events, 

this pattern is remarkably different.  Then, intense earthquake activity occurs in the fissure 

swarm that is being rifted (Fig. 1).  Very little deformation occurs in general within fissure 

swarms between rifting episodes, when there is either no subsidence, or less than few 

millimetres per year (Tryggvason 1974; Pedersen et al. 2009).   

 

Fractures vs. the ages of the lava flows 

A high proportion of fractures within the NVZ are located within Postglacial lava flows, 

i.e. lava flows that were formed after glacier left the area, or in hyaloclastite formations 

which stick out of the Postglacial lava flows (Figs. 5 and 9).  However, the fracture density 

within the Postglacial lava flows varies significantly, often depending on the age of the 

lava flows.  An example of this can be seen within the Askja Fissure Swarm (Fig. 10).  

There, some of the oldest Postglacial lava flows (> 4500 years BP) situated north of the 

Askja Central Volcano are intensively fractured, while younger (<4500 BP) lava flows 

located in the continuation of these fractures are not fractured at all (Figs. 10 and 11) 

(Sigvaldason et al. 1992).  The same general pattern emerges within the Krafla Fissure 

Swarm, where the fracture density within the lava flows also increases with age of the lava 

flows (Hjartardóttir et al. 2012).  Interestingly, there is an exception from this south of 

Askja, where an 4500-10.000 years BP lava flow is almost not fractured at all (Fig. 10).   
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Conclusions 

1. The NVZ is characterized by 5-6 central volcanoes with fissure swarms that extend 

approximately perpendicular to the spreading vector.  The eastern boundary of the 

NVZ is an arcuate shaped area of tindars, while no such feature is found at the 

western boundary.   

2. The NVZ is intersected by two active transform zones, the Húsavík Transform Zone 

and the Grímsey Oblique Rift in the northern part of the NVZ.  In addition, traces of 

a possible third transform zone may be found in the middle of the NVZ, extending 

between the southern end of the Krafla Fissure Swarm in the western NVZ and the 

northern end of the Kverkfjöll Fissure Swarm in the eastern part of it.  This zone may 

be almost extinct, but the eastern part of it produces persistent seismicity by strike-

slip faulting on several transverse faults.   

3. The parts of the fissure swarms that are situated at the junction with extrapolated 

transform zones show certain characteristics.  There, a high density of fractures is 

found, and the variability in fracture orientations is greater than elsewhere in the 

fissure swarms.   

4. Eruptive fissures within fissure swarms are most common close to central volcanoes, 

and are mainly situated within 20-30 km distance from the central volcano.  On the 

other hand, the distal parts of the fissure swarms have almost only non-eruptive 

fractures.  This, along with the decreasing density of fractures in similarly-aged lava 

flows with distance from the Askja and Krafla Central Volcanoes implies that the 

density of dykes beneath the fissure swarms decreases with distance from the central 

volcano. 

5. Fractures within fissure swarms are mainly oriented ~perpendicular to the spreading 

vector.  However, there are deviations from this.  A few of the fractures and eruptive 

fissures near the calderas of Krafla and Askja have more variable orientations.  East-

west oriented eruptive fissures and fractures are also found in the southernmost part 

of the NVZ.  Hooper et al. (2011) pointed out a possible analogy with the 

Upptyppingar intrusion of 2007 and 2008 and suggested that their orientation is 

caused by a local stress field perturbation during times of rapid deglaciation.  WNW-

oriented faults are found in a distinct belt across the rift zone, possibly a transform 

zone.   

6. Fractures within the fissure swarms of the NVZ are mostly inactive between rifting 

events.  However, intense earthquake activity occurs along part of or even along an 

entire fissure swarm during a rifting event, marking the active area where fractures 

are activated and new ones formed.  This, along with intense deformation during 

rifting events, indicates that fissure swarms are mostly formed during such events, 

when dykes propagate into the fissure swarms.   
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Figure captions 

Fig. 1  Iceland and the Northern Volcanic Rift Zone (NVZ).  a) Fissure swarms and central 

volcanoes in Iceland.  Outlines of the fissure swarms are from Einarsson and Sæmundsson 

(1987), except for the revised NVZ outlines.  RPOR= Reykjanes Peninsula Oblique Rift, 

WVZ= Western Volcanic Zone, EVZ= Eastern Volcanic Zone, SISZ= South Iceland 

Seismic Zone, CIVZ= Central Iceland Volcanic Zone, TFZ= Tjörnes Fracture Zone 

(including the Húsavík Transform Zone and the Grímsey Oblique Rift).  b) Fractures and 

eruptive fissures in the NVZ.  c) Outlines of the fissure swarms in the NVZ, drawn with 

respect to the fracture clustering in b).  Earthquake data from the years of 1991-2011 were 

obtained from the Icelandic Meteorological Office, while information on the earthquakes 

that occurred during the Krafla rifting events is from Buck et al. (2006). The background 

image is from the National Land Survey of Iceland.   

Fig. 2  Orientation of fractures and fracture segments within the studied fissure swarms.  

“Central” area is denoted as the part of the fissure swarms that extend 10 km in opposite 

directions from the inferred centre of the central volcano.  North and south areas are 

situated in 10-30 km distance from the central volcanoes.  Distal parts of the fissure 

swarms were omitted as gradual changes of orientations with distance in some fissure 

swarms could increase variability in fracture orientations in the graphs.  0° lines denote 

north.  Each bin has an orientation range of 5°, black bins denote the cumulative length 

(km) of fractures with orientations of 0-5°.   

Fig. 3  Percentage of fractures or fracture segments within each fissure swarm that are 

oriented within 5° from the plate spreading vector (106°) calculated from DeMets et al. 

(1994).   

Fig. 4  The number of fractures (lines) and eruptive fissures (columns) with distance from 

the central volcanoes in the NVZ.  Dashed boxes indicate where the extrapolated 

intersections with the Grímsey Oblique Rift and the Húsavík Transform Zone are. 

Fig. 5  The ages of lava flows and surface formations in northeast Iceland.  Fractures are 

coloured according to their orientations.  Central volcanoes: Þ = Þeistareykir, K = Krafla, F 

= Fremrinámar, A = Askja, B = Bárðarbunga, Kv = Kverkfjöll, T = Tungnafellsjökull.  

Frame indicates a belt of WNW oriented fractures.  Information on lava flows from the 

Icelandic Institute of Natural History.   

Fig. 6  East-west oriented fractures and eruptive fissures in the southernmost part of the 

NVZ.  The background image is from the US/Japan ASTER project. 

Fig. 7  Fracture patterns where the Húsavík Transform Zone meets the Þeistareykir and 

Krafla Fissure Swarms.  The town of Húsavík is coloured in red.  The background image is 

from the US/Japan ASTER project.   

Fig. 8  a) Fracture patterns where the Grímsey Oblique Rift meets the NVZ.  Earthquake 

data from the Icelandic Meteorological Office, background satellite image from the 

US/Japan ASTER project.  Black frame in the smaller image represents the location of the 
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larger image.  b) Fractures with en-echelon pattern, suggesting strike-slip faulting (for 

location, see red frame in a). 

Fig. 9  Cumulative length of fractures within the NVZ that are located in Postglacial or 

Pleistocene lava flows, or in hyaloclastite formations.   

Fig. 10  Lava flows and fractures near the Askja Central Volcano.  Note the correlation 

between the ages of the lava flows and the fracture density.  Information on the lava flows 

from Sigvaldason et al. (1992).  The background is from the National Land Survey of 

Iceland.   

Fig. 11  Fracture densities of differently-aged lava flows in the Askja Fissure Swarm.  

Older lava flows generally have higher fracture densities, although exceptions occur.   
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