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Late 2019 and early 2020 unusual earthquake activity and the 
start of an uplift of the land around the mountain Þorbjörn drew 
attention to the Reykjanes Peninsula, in southwest Iceland. The 
events could indicate that a new rifting episode is about to start. 
The last volcanic eruption in this area occurred around 800 
years ago. 
This paper is a report of a study of the Reykjanes fissure swarm. 
The fissures of the Reykjanes fissure swarm were mapped, the 
magnitude of the throws calculated and multiple cross sections 
were drawn. The fissure swarm is at its maximum about 8.5 km 
wide and has a maximal cumulative throw of about 110 m. To 
create a throw of that size about 4 to 8 rifting episodes like the 
ones in Krafla (1975-1984) and Dabbahu (2005-2010) would 
have had to occur in the last 14 thousand years. The different 
data from the study made it possible to outline what the 
different stages of a rifting episode are and how the fissure 
swarm behaves in case of dike intrusions. They also indicate 
that there is a higher risk of damage because of fault 
movements on the Grindavíkurvegur and Nesvegur roads than 
on Reykjanesbraut, should another rifting episode occur.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture on title page: Photograph of a fissure of the Reykjanes fissure swarm taken 3rd July 2020.  
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1 Introduction 

The Reykjanes fissure swarm is situated on the Reykjanes Peninsula, which is a part of the mid-
Atlantic plate boundary. Here the divergent plate boundary proceeds above sea level 
(Sigmundsson et al., 2020). The boundary is marked with eruptive fissures, normal faults and 
strike-slip faults (Clifton and Kattenhorn, 2006). On the Reykjanes Peninsula there are 4 
respectively 5 different volcanic systems with their corresponding fissure swarm, depending 
on if the Eldvörp - Svartsengi volcanic system and the Reykjanes volcanic system are defined 
as one or two volcanic systems. Here rifting episodes alternate with amagmatic time periods 
when the seismicity is mainly taking place on north-south strike-slip faults (Sæmundsson and 
Sigurgeirsson, 2013). The strike-slip faults are therefore more active during the amagmatic 
periods while the activity on normal faults dominates during rifting episodes (Clifton and 
Kattenhorn, 2006). 
In Iceland the fractures within fissure swarms seem to move very little if anything in between 
rifting episodes. During those episodes however, magma intrusions can make their way into 
the fissure swarm and cause vertical movement on the faults (e.g. Hjartardóttir et al., 2015; 
Sigurðsson, 1980). This process was observed during the activity of the Krafla volcano in 
northeast Iceland in 1975-1984 (Einarsson and Brandsdóttir, 1980; Einarsson, 1991). The last 
rifting episode on the Reykjanes Peninsula ended around 800 years ago (Sæmundsson and 
Sigurgeirsson, 2013). In 1967 a seismic episode began at the rift zone on Reykjanes and lasted 
until 1976. Björnsson et al. (2020) observed these events and concluded, that the seismicity in 
this region comes in episodes that last about a decade and return within one or two decades. 
Also, they point out, that major seismicity in the fissure swarms is only registered where the 
plate boundary crosses the swarms. 
After the years of unrest in 1967 – 1976 there was significantly less earthquake activity on the 
Reykjanes Peninsula until December 2019. Then a new sequence of earthquakes started (Fig. 
3). This sequence was different than the one in the last century. This time it only took about 8 
months for the whole zone to be activated, while it took about 6 years in the unrest from 1967 
– 1976. Another difference between the two are the big earthquakes east of Kleifarvatn that 
are missing in the current unrest. 
In January 2020 GPS measurements (Hreinsdóttir, S., pers. communication) ( 
Fig. 1) and InSAR pictures (Ducrocq, C. A., pers. communication) (Fig. 2) showed an uplift of 
the land around the mountain Þorbjörn. The uplift is within the Reykjanes fissure swarm and 
could result in dike intrusions into the fissures, which could cause movement of the fissures 
and possibly also an eruption. These new events were the initiation to a series of research 
project of different nature of this region. This paper is a part of the research series and has 
the purpose of having a better look at the Reykjanes fissure swarm and with that its volcanic 
system’s history. The fissure swarm was newly mapped based on the latest aerial photographs 
and their throw measured. 
The main aim of this paper is to determine the activity of the Reykjanes fissure swarm during 
the post-glacial times and describe how it fades out towards the north. 
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Fig. 1. GPS measurements from the SKSH station east of Mt. Þorbjörn (for location see Fig. 3). 
Last measurement from September 17th 2020. For this graph the plate movement has been 
subtracted from the measurements. (Hreinsdóttir S., unpublished data). 

 

 
Fig. 2 InSAR pictures showing elevation change over the time period from September 29th 2019 
to July 11th 2020 (Ducrocq, C.A., unpublished data). a) Unwrapped interferogram showing the 
deformation in millimeters (red colors indicate uplift) b) wrapped interferogram of the same 
area indicates movement on two different fissures, marked with dashed frames, one in the 
south and one farther northeast. 
 

2 Methods 

First an updated, more precise map of the fissures and faults of two sections of the Reykjanes 
fissure swarm was worked out. The fractures were mapped in the ArcMap software by using 
digital aerial photographs from Loftmyndir Inc. The mapping was done in the scale of 1:500 or 
closer with photographs that were taken in 2019 by Loftmyndir Inc. Uncertainties were 
verified in the field.  

a) b) 
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Individual throws for the mapped fractures were calculated by using a digital elevation model 
from ArcticDEM (with an accuracy of +/- 0,5 m) (Porter et al.,2018) and the 3D-Analyst in the 
ArcMap software. With the same data cross sections (7.4 up to 9 km long and 1 km apart) 
were drawn for which the slope of the landscape was subtracted to show a clearer image of 
the overall throw and the graben structure. These profiles then showed the cumulative throw 
across the whole fissure swarm.  
 
The calculated throws and profiles where then compared with the age of the lava on the 
surface and with each other. All data and information of the lava flows was provided by the 
Iceland Geosurvey (ISOR) (Sæmundsson et al., 2016). Field observations helped to get a good 
picture of how the visibility and throw of fissures changes at the boundary of two different 
lava flows. 
 

3 Results 

Figure Fig. 3 shows the fractures which were mapped in this project. The Reykjanes fissure 
swarm can be divided into three sections one bigger part in the north (section N in Fig. 3), a 
smaller part in the south (section S in Fig. 3) and one part in the west, which was not included 
in the mapping at this point. Most of the fissures of section N are located just northeast of the 
“Litla-Skógfell”. As the swarm proceeds farther northeast the quantity of fissures reduces. The 
southern section (section S in Fig. 3) by the coast is considerably smaller. In between those 
two sections there is a big gap, where the lava is free of fractures. This area corresponds with 
the newest lava flow, the Eldvarpahraun lava, Arnarseturshraun lava and Illahraun lava. The 
youngest lava therefore has not yet been fractured, but it must be considered very likely that 
it covers older fractures. 
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Fig. 3. Mapped fissures. Areas in red on inserted map show fissure swarms on the Reykjanes 
Peninsula (from Einarsson and Sæmundsson (1987)). Mapped fissures of the Reykjanes fissure 
swarm (red lines), section N and section S are indicated in blue. The orange star marks the 
location of the GPS station SKSH. The cartographic data is from IS50 database of the National 
Land Survey of Iceland and the aerial photograph from Loftmyndir Inc. 

 
3.1 Vertical movements of faults in different parts of the Reykjanes fissure swarm 
The throw measurements indicate in general more movement on the northern section than 
the southern. Within the northern section the vertical movement of faults in the southwest, 
where the fissure swarm is wider, is generally bigger than in the northeast. In Figures Fig. 4 
and Fig. 5 the differently colored and sized dots illustrate the dimension of the throws. The 
uncertainty in these calculations is usually on the order of 1 – 2 m and occasionally higher (up 
to about 5 m). This is due to the nature of the surface. The young and uneven lava fields make 
it hard to distinguish a clear surface elevation. 
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Fig. 4. Individual throws in section N. Magnitude of individual throws of fissures shown with 
differently colored and sized dots, mapped lava flows in background with data from Iceland 
Geosurvey (ISOR) (Sæmundsson et al., 2016), the cartographic data is from IS50 database of 
the National Land Survey of Iceland and the hillshade in the background is a TanDEM-X digital 
elevation model from the German Space Agency (DLR).  
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Fig. 5: Individual throws in section S. Magnitude of individual throws of fissures shown with 
differently colored and sized dots, mapped lava flows in background with data from Iceland 
Geosurvey (ISOR) (Sæmundsson et al., 2016), the cartographic data is from IS50 database of 
the National Land Survey of Iceland and the hillshade in the background is a TanDEM-X digital 
elevation model from the German Space Agency (DLR). 
 

The same trend as in the throws of the individual fissures can be observed in the plots of 12 
cross sections (Fig. 6, Fig. 7, Fig. 8). The cumulative throws decrease the further northeast the 
profiles were taken. The placement of the profiles 1-10 was chosen in a way that they lie 
completely in one and the same surface lava (Þráinsskjaldarhraun lava). That way they can be 
easily compared. Cross section 1 to 10, which are aligned from northwest to southeast, show 
mainly a throw down to northwest, not displaying the typical graben structure. Therefore, two 
additional profiles further south were plotted (profile A and B in Fig. 6 and Fig. 8). These 
additional profiles are longer, reach into the western section of the fissure swarm and show 
graben structures. For profiles A and B the mapped fissures from Clifton and Kattenhorn 
(2006) were used to distinguish the fractures in the western section of the fissure swarm that 
weren’t mapped in this project. 
All of the profiles are 1 km apart from each other and while the profiles 1 -10 are 7.4 km long 
is profile A 9 km and profile B 8 km long, corresponding to the different width of the fissure 
swarm. 
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Fig. 6. Cross sections. Cross sections P1 – P10 in light blue and cross sections PA and PB in dark 
blue on lava field map (data from Iceland Geosurvey (ISOR) (Sæmundsson et al., 2016)), 
mapped fissures in red. The cartographic data is from IS50 database of the National Land 
Survey of Iceland and the hillshade in the background is a TanDEM-X digital elevation model 
from the German Space Agency (DLR). 
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Fig. 7. Profiles 1-10. Profiles drawn from northwest to southeast showing the cumulated throw 
of the fissures, the landscape elevations have been subtracted. For location see Fig. 6. 
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Fig. 8. Profiles A and B. Profiles drawn from northwest to southeast showing the cumulated 
throw of the fissures, the landscape elevations have been subtracted. For location see Fig. 6. 

 
3.2 Fault movement during different time periods 
From this general image of the fissure swarm provided by the data described above, the focus 
was turned to more detail, to find out how the fissures differ between different lava flows. 
Therefore, the Nyrðri Mosadalagjá fault (Fig. 9) was put into focus. It lies in 3 different lava 
flows, the Dalahraun lava, the Kálffellshraun lava and the Þráinsskjaldarhraun lava (Fig. 10). 
The graph in figure Fig. 11 shows a sequence of throws of the Nyrðri Mosadalagjá fault and 
aligning fissures with an interval of about 50 m. In new aerial photographs discordances 
between the previously mapped outlines of lava flows and the actual outlines were detected. 
Therefore, the fifth measuring point (counted from southwest) was changed from being in the 
Kálffellshraun lava in to the Dalahraun lava. Additionally, four measuring points at the 
boundary between the Kálffellshraun lava and the Þráinskjaldarhraun lava have been taken 
out of the data, because at those points there are two different lava flows on either side of 
the fissure and measurements wouldn’t be significant in those cases. In the Kálffellshraun lava 
the fissure showed the clearest escarpment. As the fissure proceeds into the 
Þráinsskjaldarhraun lava it gradually fades out and then the throw turns into the opposite 
direction (down to the northwest) in the next aligning fissure. 
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Fig. 9. Photograph of the Nyrðri Mosadalagjá fault taken 3rd July 2020. 

 
Fig. 10. Nyrðri Mosadalagjá fault. Bright blue points indicate where profiles were measured 
(see Fig. 11), mapped fissures are in red, geological map in background on data is from Iceland 
Geosurvey (ISOR) (Sæmundsson et al., 2016), the cartographic data is from IS50 database of 
the National Land Survey of Iceland and the hillshade in the background is a TanDEM-X digital 
elevation model from the German Space Agency (DLR). 
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Fig. 11. Progression of throws measured across the Nyrðri Mosadalagjá fault and an aligning 
fissure. Throws in meters where positive numbers are defined as throws down to the northwest 
and negative numbers as throws down to the south east. The color of each column represents 
in which lava flow the measurement profile is located (see Fig. 10). The fault runs from 
southwest to northeast. 

 
3.3 Recent fault movements 
The InSAR pictures were made by Cécile Adélie Ducrocq (pers. comm.) with TerraSAR-X 
provided by the German Aerospace Center (DLR), through the Icelandic Volcanoes Supersite 
project. These pictures show deformation in Reykjanes occurring between September 29th 
2019 and July 11th 2020. They show that the land around Þorbjörn rose about 10 cm during 
that time (Fig. 2a). The InSAR images also show movement on two fissures of the Reykjanes 
fissure swarm (one in the section N and one in the section S) during this time period (Fig. 2b). 
Both of those two fissures have been checked for signs of new movement in the field. The one 
in the south didn’t show any new cracks or other indication. At the fissure in the north some 
newly dropped rocks could be detected, but it can’t be validated if the cause for these 
displaced rocks was the movement of the fissure or if there could be another cause for it. 
 

4 Discussion 

The gap in the map of fissures (Fig. 3) between the northern section and southern section of 
the fissure swarm shows that the newest lava flows have not yet been fractured. That and the 
fact that some fissures can be found in older lava fields but then don’t go on in younger ones 
suggests that during a rifting episode, magma intrusions start by proceeding into the fissure 
swarms as dike intrusions, forming and re-activating fissures on the surface. During this dike 
intrusion, or other subsequent dike intrusions, magma may make its way to the surface and 
flow over the existing fissures in that region. That way the new lava doesn’t display new or 
underlying fissures, unless the faults are big enough to be seen as elevation differences 
through the new lava. This also indicates that after the eruption has started the fissures don’t 
move anymore.  
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The intrusions into the fissure swarm likely work their way from the central part of the volcanic 
system (close to Mt. Þorbjörn) to the southwest or the northeast. This can be underlined by 
looking at the individual throws and the cross sections that were calculated and drawn of the 
northern section (section N, Fig. 3) of the fissure swarm. They also show that the offsets of 
the faults in the southwest of section N are bigger and die out towards the northeast. To the 
north of the gap of fissures mentioned before (starting at the Litla-Skógfell), the fissure swarm 
is about 8.5 km wide and has a total throw of about 110 m. As it gets narrower to the northeast 
the throw gets smaller and disappears completely at the end of the swarm where it is only 
about 2,5 m wide. 
During the rifting event at Krafla that started in 1975, the fissure swarm widened a maximum 
of 8 m during the 6-year episode (Tryggvason,1984). Something similar was observed during 
the Dabbahu rifting episode in 2005. The cumulative extension in this event was also about 8 
m (Wright et al., 2012). The cumulative extension along the study area can be estimated if we 
assume a fault dip of 60-75°. Then, 110 m of vertical throw would correspond to about 30-65 
m cumulative extension across the fissure swarm. Assuming that the 1975-1984 rifting 
episode at Krafla and the 2005-2010 Dabbahu rifting episode are exemplary for rifting 
episodes and that the 8 m widening is typical during such an episode, the total throw of about 
110 m at the Reykjanes fissure swarm would therefore correspond to about 4 to 8 different 
rifting episodes shaping the fissure swarm during the last fourteen thousand years to how it 
is today. This fits well with dating of lava flows in and around the fissure swarm, which 
suggests that 3 episodes of volcanic activity have occurred during the last ~4000 years 
(Sæmundsson and Sigurgeirsson, 2013).  
 
After ascertaining the throw of the individual fissures, 10 longer cross sections (across all the 
fissures in the Þráinsskjaldarhraun lava (>7000 years old) were drawn (Fig. 6). The cross 
sections show a rather unusual pattern. Instead of the typical aligning of the fissures with 
symmetrical throws that form a graben structure, the first cross section (profile 1), as an 
example, shows a consistent dip direction of northwest. The cross section indicates that no 
graben structure formed there, nor is the missing side of the graben found farther northwest. 
In this part of the fissure swarm (section N) the section farther away from the source of the 
intrusions (the missing northwestern part in the Þráinsskjaldarhraun lava) seems to be 
inactive. With two additional cross sections further southwest (profile A and profile B in Fig. 
8), reaching into the western part of the Reykjanes fissure swarm in older surface formations, 
it can be revealed that the other half of the graben exists closer to the source of intrusions but 
then turns inactive, as seen by the lack of faults in the Holocene Þráinsskjaldarhraun lava. The 
question is, why this happens. Could this indicate where the intrusions stop? In that case the 
fissures further northeast would be tensional fractures. When compared to other volcanic 
systems in Iceland this is rather unusual. While most fissure swarms like the Krafla and Askja 
fissure swarms present a complete graben structure, a similar scenario to the one in Reykjanes 
can be found in other areas in Iceland, such as in Þeistareykir, another volcanic system in the 
northern part of Iceland. The Þeistareykir fissure swarm delineates the western boundary of 
the Northern Volcanic Zone (e.g. Magnúsdóttir and Brandsdóttir, 2011; Tibaldi et al., 2016). 
That could indicate that such an asymmetry of a fissure swarm may happen where the fissures 
move out of regions close to the rift axis. 
 
An excursion to the region of the Nyrðri Mosadalagjá fault gave a good picture of how the 
fissures lie in the different lava flows (Fig. 9). The observation in the field and the cross sections 
drawn across the Nyrðri Mosadalagjá fault (Fig. 10 and Fig. 11) show the throw of this fissure 
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is bigger in the Kálffellshraun lava than in the Dalahraun lava. During the excursion it could be 
seen, that the Dalahraun lava is most likely younger than the Kálffellshraun lava. It looks like 
there was a displacement at the Nyrðri Mosadalagjá fault before the Dalahraun lava existed 
and the Dalahraun lava flowed along the Nyrðri Mosadalagjá fault. In some places it flowed 
over the fissure and in some parts the throw must have been too high for it to pass over. The 
ArcticDEM and aerial photographs show that there is a depression along part of the Nyrðri 
Mosadalagjá fault, this might suggest that the Dalahraun lava flowed into the fault. This 
scenario was observed during the Krafla rifting epiode (1975 – 1984), when a lava flowed into 
a fault which subsequently was widened by about 2 m (Einarsson, 1991). As the Nyrðri 
Mosadalagjá fault is also in the Dalahraun lava, the fissure must have also moved after the 
Dalahraun-eruption. That would explain why there is a bigger throw in the Kálffellshraun lava 
than in the Dalahraun lava, even though they are supposed to be about the same age. At the 
margin between the Kálffellshraun lava and the Þráinsskjaldarhraun lava, the Nyrðri 
Mosadalagjá fault slowly dies out. This is especially interesting, since the Þráinskjaldarhraun 
lava is much older (~14000 years old) than the other two lava flows (Sæmundsson et al., 2016). 
This suggests that fewer dike intrusions have managed to propagate to the northeasternmost 
part of the fissure swarm. Another interesting point when looking at the profile of the Nyrðri 
Mosadalagjá fault is, that the next fissure to the north has a throw of the opposite direction 
(down to the northwest).  
A possible answer to why this change of direction occurs could be that the graben structure 
the Nyrðri Mosadalagjá fault is part of ends there and a simple fissure aligns to the northeast 
of it.  
 

5 Conclusions 

On the basis of high-resolution aerial photographs, an updated map of the Reykjanes fissure 
swarm was produced and throws of faults were measured from ArcticDEM digital elevation 
models. The map showed that there are no fissures in the youngest lava fields. This indicates 
that the lava eruption is the last part of a rifting episode where dike intrusions first form and 
re-activate fissures, before the magma reaches the surface. This observation allows the 
assumption that before a next eruption there will be movement on the fissures. 
In the northernmost part of the fissure swarm the expected graben structure is missing. 
Instead there is a one-sided throw down towards the northwest. The other side of the graben 
fades out as the fissure swarm proceeds from the origin of the intrusions towards the 
northeast. 
As the fissure swarm dies out towards the northeast the cumulative throw decreases. The 
maximum throw across the fissure swarm was measured to be about 110 m. Assuming that 
the 1975 Krafla and 2005 Dabbahu rifting episodes show exemplary rifting events, the 
approximate number of rifting events during the last 10 thousand years at the Reykjanes 
fissure swarm was made out to be between 4 and 8. 
Intensive faulting can occur during rifting episodes. In case of another rifting episode the 
likeliness of damage on the Grindavíkurvegur and the Nesvegur roads is bigger than for the 
Reykjanesbraut road. 
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