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Abstract 

During the late or post Weichselian glacial periods, about 9500 years ago, several faulting 

associated with large scale earthquakes were triggered in northern Fennoscandia. The end- or 

post-glacial scarps have a range of the lengths c. 3 to 155 km and the heights 0 to 30 m while 

most of them are reverse faults trending NE-SW with SE dips. In this literature study, I try to 

compile the estimated history and cause of seismicity in northern Sweden, and predict the 

future activity. The result indicates that although the timing of these faulting might not be in 

the same phase of deglaciation, the upheaval induced by glacial retreating is considered as 

the major factor of these paleoseismicity. Since the strain from glaciers has been mostly 

released, the main cause of recent earthquakes in this region is tectonic stress accumulation. 

Accompanied by the progress of observing techniques such as drilling and grand penetrating 

radar detection especially in this decade, the geometry of these glacially induced faults and 

recent micro-seismicity in the vicinity of these scarps have been detected better and better. 

According to the results, the recorded epicenters form clusters in the east side of the faults’ 

zone. It implies the correlation between recent seismicity and end- or post-glacial faults. 

However, there is still insufficient data of the faults’ structure and previous seismicity in 

order to clarify the faults’ geometry, the age of main movements and estimate their future 

activity. More investigations are expected to take place in this region. 

  

Key Words: Fennoscandia, seismicity, end/post-glacial fault, deglaciation, glacial uplift. 
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1. Introduction 

1.1. Background 

Fennoscandia had been believed as a stable region where few of weak earthquakes occured 

until the 1950s (Mörner, 2004). In 1964, Kujansuu estimated the existence of post-glacial 

fault (PGF) scarps in northern Finland and his research brought on findings that several 

spots in Finland, Sweden and Norway experienced major earthquakes (Mw ≥ 7.0) and faulting 

frequently during late- or post Weichselian recession (Mörner, 2004; Lagerbäck & Sundh, 

2008). The northern Fennoscandian fault scarps generated by these events are evolved in the 

Precambrian bedrock, chiefly in the Proterozoic age basement trending NE-SW strike 

(Lagerbäck & Sundh, 2008). Most of them have ruptured and displaced 5 to 15 m with dip-

slip reverse (45-90°) mechanisms (Mörner, 2004; Lagerbäck & Sundh, 2008; Heidi et al., 

2008; Eva et al., 2015). Remarkable examples are the Pärvie fault in Sweden which has the 

world’s longest length among known end-glacial faults (EGFs) at 155 km, and the 80 km long 

Stuoragurra fault in Norway (Lindblom et al., 2015). Although the magnitude of the present 

earthquakes are quite low (Mw ≤ 5.0), these faults are still active currently (Lagerbäck & 

Sundh, 2008; Lindblom et al., 2008).  

These glacially induced faults are termed end-glacial, late-glacial or post-glacial faults 

depending on in which phase of deglaciation faults likely to be generated. In this paper, I use 

EGF for the faults induced before complete deglaciation and PGF for the faults which seems 

to be ruptured in sub-glacial time. 

The main cause of paleoseismic activities are the glacio-isostatic rebound, uplifting of 10-50 

cm/year at the maximum, and lithospheric plate stresses (Arvidsson & Kulhanek, 1994; 

Mörner, 2004; Lagerbäck & Sundh, 2008). Uplift irregularities were firstly declared by the 

levelling in Sweden in 1968 and the next year, the evidence of significant uplift irregularities 

in the postglacial shoreline was established from the radiocarbon dating in the Swedish West 

Coast and the Kattegat Sea (Mörner, 2004). This upheaval has been triggered by the 

changing of lithospheric stress on account of the removal of c. 3 km thick ice sheets besides 

the last deglaciation in this region was until approximately 9000 yr BP (Lindblom et al., 

2008). In 2015, Stroeven et al. newly reconstructed the age of complete deglaciation of the 

Fennoscandian Ice Sheet as 9700 cal yr BP by compiling published geomorphological and 

geochronological data of this region. 

Certainly, the timing of the ice sheet receding coincides with the occurrence of great 

earthquakes in northern Fennoscandia presumed by stratigraphical investigations of 

earthquakes´ secondary effects such as bedrock fracturing, soil liquefaction, landslides and 

soft-sediment deformations (Mörner, 2004; Turpeinen et al., 2008). In the vicinity of EGFs 

in this area, most bedrock is hardly fractured, in addition, landslides in glacial till and 

disturbed Quaternary sediment were found (Lagerbäck & Sundh, 2008). Therefore, 

observations of them revealed that strong earthquakes related to deglaciation ruptured 

several faults about 9500 years ago though not all of them had ruptured in the same phase of 

the ice sheet retreating (Lindblom et al., 2015). By drilling and using ground penetrating 

radar such as LiDAR (Light Detection and Ranging), DInSAR (Differential Interferometric 

Synthetic Aperture Radar) which can create DEMs (Digital Elevation Models), and also 

VIBSIST system which records the seismic reflection of the hits triggered by a hydraulic 

breaking hammer, the geometry of EGFs and PGFs have been clarified gradually in recent 

years (Juhlin et al., 2010; Mantovani & Scherneck, 2013). 
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Concerning recent activity of these faults, weak earthquakes have been observed in northern 

Fennoscandia and in northern Sweden, half of these earthquakes from 1963 to 1993 are 

considered as being associated with EG/PG faults (Mantovani & Scherneck, 2013). Swedish 

National Seismic Network (SNSN) recorded more than 3500 earthquakes of which 

magnitude varies c. -1 to 3.5 in the north of Sweden (64° N) from 2000 to 2013. The depths 

were assumed to be ranging from near surface to approx. 35 km while estimated Moho depth 

in this area is 40 to 45 km. About 1450 of them were triggered in north of 66° latitude and 

71 % of the logged epicenters fall in 10 km NW and 30 km SE of the mapped EG/PGFs.  Most 

of the movements were triggered by not the glacial uplift but plate tectonics (Lindblom et al., 

2015). 

Understanding the paleoseismicity is important in preparation of hiding nuclear waste in 

bedrock in the future and also assuming the potential of petroleum in this area (Kukkonen et 

al., 2010). 

 

1.2. Purpose   

The aim of this paper is to review the paleoseismic history, the mechanism of the earthquakes, 
secondary effects and inferred seismicity in the future in northern Sweden where the fault 
movements are more active than the southern part of this country, as evidenced by literature. 
Since there are some EGFs which have almost same strike in northern Finland and Norway, I 
am also mentioning them and considering the relationship between several EGFs.  

 

 

2. Method 

In order to compile already revealed knowledge about the earthquakes in Fennoscandia, this 
study is based on scientific literatures.  The main contents of these articles are the 
observations of several end- or post-glacial faults in northern Sweden (Pärvie, Lansjärv, 
Lainio-Sujavaara, Burträsk and Röjnoret faults), Finland (Suasselkä, Kultima and Palojärvi 
faults) and Norway (Stuoragurra and Nordmannvikdalen faults). To search articles, I have 
used the keywords Sweden, Fennoscandia, earthquake, deglaciation, ice sheet and each name 
of the EG and PG faults which I mentioned above. 
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3. Results 

3.1. Glacially induced in northern Sweden 

3.1.1. The Pärvie fault 

Pärvie fault is the 155 km long fault system located in the west of the city Kiruna in Sweden 

(see Fig.1. Ahmadi et al, 2015).  This fault is located in mid-pareozoic bedrock striking NNE 

direction and the scarps have 3 to 10 m of the heights, up to 15 m at some local spots, dipping 

to SE (Mörner, 2004; Lindblom et al., 2015). Occurring of the bedrock exposures is quite 

frequent along the fault and some overhanging cliffs at several spots suggest the reverse 

movement on fault planes which are dipping at about 50° (Mantovani & Scherneck, 2013). 

When it comes to the Pärvie fault´s birth or main movement, Mörner (2004, 2005) 

suggested that since it cut an esker but not shorelines of some ice lakes, the fault ruptured by 

one event just after the deglaciation around 9000 BP as derived from varves. On the other 

hand, the Pärvie fault is cut by a glaciofluvial furrow located west of this fault or cut beaches 

of an ice-dammed lake and these features confirm the existence of ice during its movement 

(Lagerbäck & Witschard, 1983). Recently, Mantovani & Scherneck (2013) and Lindblom et al. 

(2015) considered the age would be 9500 BP because of that several investigations of 

Quaternary sediment disturbances, dating of the paleo-landslides especially in the vicinity of 

Lansjärv fault and trenching in seismites by Langerbäck in 1988 and 1992, and Langerbäck 

and Sundh in 2008 mentioned the final phase of the deglaciation of the Weichselian ice sheet 

Figure 1. The locations of end glacial faults and several Swedish and Finnish seismic stations in northern 

Fennoscandia. Red bold line shows Baltic- Bothnian mega-shear.  Modified from Lindblom et al., 2015 
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was in approx. 9500 years ago.  

Nowadays, the fault movements are quite calm. Mantovani and Scherneck (2013) analyzed 

the crustal deformation in Pärvie area applying DInSAR. Although some affects caused by the 

atmospheric phase delay couldn’t be removed from the interferograms, they quantified the 

rate of modern deformation due to post-glacial land uplift would range approx. 2 to 7 mm 

year-1.  

The certainty of these small earthquakes 

data along this fault have been developed 

especially well since the expansion of the 

northernmost SNSN stations in 2003-2004 

and adding the temporary stations during 

2007-2010. This installation has made a 

progress of analyzing seismicity of Pärvie 

fault though the number of stations 15 in 

total was still sparse for this 155 km long 

fault and the data contained noise a lot 

(Lindblom et al., 2015).  Using the data, 

Lindblom et al. (2015) detected 1046 

earthquakes which the magnitude ranges 

ML -2.1 to 2.7 in the vicinity of the Pärvie 

fault during 2003 to 2013. The largest 

magnitude of modern movements which is 

recorded in the Fennoscandian earthquake 

catalogue FENCAT 2011 was 3.7 in 1967 

(Lindblom et al., 2015). Looking at Fig.2, it 

is clear that there is a correlation between 

the location of hypocenters and this fault. 

Moreover, most of epicenters are on the 

eastern side of the main fault; it is 

consistent with the interpretation that the 

main Pärvie is east-dipping reverse fault 

(Ahmadi et al., 2015; Lindblom et al., 2015). 

You could also recognize the clusters of 

events in the vicinity of the Torne, Kalix 

and Lule rivers in Fig.2. These river valleys 

Figure 3. Depth distribution of events along the Pärvie fault. The view angle is N120ºE, perpendicular to the 

general strike of the fault. The black thick lines at the surface show the locations of the Pärvie fault traces. 

From Lindblom et al., 2015 

Figure 2. Epicental locations for earthquakes in the 

vicinity of the Pärvie fault. Red dots are earthquakes 

from 2003 to 2013 and green dots are from FENCAT 

from 1967 to 2002. Blue squares are permanent 

stations and blue triangles are temporary stations. 

From Lindblom et al., 2015 
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are considered as parts of a complex of old shear zones but since there are few epicenters 

which follow the river valleys´ strike, they are not likely to be active (Lindblom et al., 2015). 

Lindblom et al. (2015) surmised that the reason of forming clusters of seismicity would be the 

rapid changes of pore pressure e.g. melt water pulses in spring.  

Assuming that the recent earthquakes occur within the ruptured area by its main movement, 

it would be possible to estimate the scale of the Pärvie main event (Lindblom et al., 2015). 

Fig.3 shows the location of the hypocenters observed by Lindblom et al. (2015) and since 

some of the events scatter down to 36 km, they implied that the depth of the fluctuated zone 

would be 35 ± 5 km with 155 ± 10 km length and 45 ± 15º dips. Considering this assumed 

geometry, the moment magnitude of the earthquake which caused the fault’s main movement 

is calculated as Mw 8.0 ±0.4 (Lindblom et al., 2015). Because of the difference of expected 

values and parameters, the magnitude is estimated as Mw 7.6 by Stewart et al. (2000), 7.9 or 

8 by Talbot (1986) and Muir Wood (1989) according to Lindblom et al. (2015), and 8.2 ±0.2 

by Arvidsson (1996). 

 

In the east of the main fault, there are large numbers of subsidiary faults striking parallel to it 

and many of them dip to west, opposite of the Pärvie (Lindblom et al., 2015). Their lengths 

varies a few km to about 30 km with the heights of 1-2 m to approx. 10 m (Lagerbäck & 

Sundh, 2008). Juhlin et al. (2010) and Ahmadi et al. (2015) have conducted reflection 

seismic profiling focusing on the subsidiary faults aside the central part of main fault across 

the Kalix river valley. Juhlin et al. (2010) used VIBSIST system and observed 4 faults R1 to 

R4 naming the main fault as R3 (see Fig.4). They calculated the dips of each fault would be 

60ºto the west with about 3 km depth for R1, 75 and 50ºE with 1 and 2 km depths for R2 and 

R3 respectively. Ahmadi et al. (2015) re-migrated the sections detected by Julin et al. (2010) 

Figure 4. The bedrock geological map of the area based on Geological Surbey of Sweden (SGU) database. Created 

by Ahmadi et al., 2015 
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using the velocity model suggested by 

Lindblom et al. (2015), and considered the 

dip for R3 is 65º. Dip for R1 was same and 

they couldn’t get the image of R2 in this 

study. R4 is the west dipping fault which is 

not noticeable from the surface but 

observed down to 2-3 km by Juhlin et al. 

(2010) and between 3.5 km and 7 km depth 

by Ahmadi et al. (2015). There is little 

bedrock exposure in this zone and this 

reflection implies the existence of unknown 

EGF (Julin et al., 2010), subsequently, 

Mikko et al. (2015) has identified it via 

LiDAR imaging.  

The faults R3 and R1 converge at 

approximately 11.5 km depth and the 

intersection is the cluster of epicenters (Fig. 

5, Ahmadi et al., 2015). The structure of 

these faults below the intersection is still 

unclarified and Juhlin et al. (2010) 

estimated the existence of a flower 

structure which is an association of thrust 

or normal faults that merge into a major 

strike-slip fault at depth. However, Ahmadi 

et al. (2015) indicate the low possibility of 

the hypothesis since no earthquakes were recorded below the cluster of earthquakes besides 

there should be seismic events in the deeper part of flower structure in most cases. Instead, 

they suggest the possibility of the continuation of R3 since some earthquakes were recorded 

in the deeper east part of the study area. Considering the distribution, R3 might continue 

dipping similarly or becoming listric (Fig. 5). 

  

Around 60 km SE from the southern part of the Pärvie main fault, faults form a line of 

approx. 30 km length named the Sjaunja scarp. Lagerbäck and Sundh (2008) regarded them 

as part of Pärvie fault system. However, since these faults are located far from the Pärvie fault 

striking much more northerly, it became to be considered as a different fault system 

subsequently (Mikko et al., 2015). 

 

3.1.2. The Lainio-Suijavaara fault 

Lainio-Suijavaara fault is composed of a 50 km of almost continuous fault scarp and three of 

2-3 km long scarps (Fig. 6, Lagerbäck & Sundh, 2008). These scarps have the downthrows to 

the west and two-thirds of the fault from the north strikes NNE-SSW, while it changes the 

strike into S or SSE as following the boundary of two different bedrock units. The scarp 

heights basically vary around 10 to 20 m besides one of the short scarps at Pyhävaara, which 

is marked as ‘Fig. 20-22’ on Figure 6 has 25 to 30 m height (Lagerbäck & Sundh, 2008; 

Stewart et al., 2000). At the site, the edge of the hanging wall was shattered significantly, 

moreover, a lot of groundwater has discharged at the foot of the scarp. This feature suggests 

that the bedrock in this zone was fractured strongly (Lagerbäck & Sundh, 2008). 

Figure 5.  A simplified  model of Pärvie fault system. 
Red dots shows the epicenters of earthquakes in this 
area. DA-1-1,2 and DA-2-1,2 are the  boreholes drilled 
during the first phase of the drilling project DAFNE. 
The dotted or dashed lines show the possibility how 
the main fault could continue below. From Ahmadi et 
al., 2015  
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No effects of glacier have been 

observed neither at Pyhävaara nor in 

the vicinity of the main fault. Therefore, 

Lagerbäck and Sundh (2008) implied 

that the major faulting seemed to be 

triggered just before local deglaciation. 

The moment magnitude of the main 

movement was estimated as 7.1 by 

Stewart et al. (2000).  

The deepest earthquake recorded in 

Lainio-Suijavaara area in 1987 and 

1988 by the Seismological Department 

at Uppsala University was at 37 km 

depth (Arvidsson, 1996). Assuming that 

the depth of the deepest crustal 

earthquakes restricts a fault’s 

seismogenic zone, Arvidsson (1996) 

indicated that the seismogenic zone 

downs to c. 40 km considering the 

weakness of the lower crust extend the 

range of seismicity. 

About 25 km south of Lainio-

Suijavaara fault, the Merasjärvi fault is 

located. It has 8 km of the length and 

NNE-SSW trend facing to west as same 

as the Lainio-Suijavaara fault 

(Lagerbäck & Sundh, 2008). The height 

of scarp is also similar to the Lainio-

Suijavaara fault, about 10 to 15 m or 

almost 20 m in the southern part. Since 

this area is not investigated well, its 

birth isn’t identified with certain figure 

but the quite fresh scarp implies the 

Figure 6. The Lainio–Suijavaara and Merasjärvi fault traces depicted together with the bedrock of the area by 

Lagerbäck & Sundh, 2008 
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age of faulting is just the end of or after the last local deglaciation with M 6.3 (Lagerbäck & 

Sundh, 2008; Stewart et al., 2000). 

 

3.1.3. The Lansjärv fault 

The Lansjärv fault consists of four main and some sub fault segments, altogether forming an 

about 50 km long fault set including 17 km of the longest segment (Fig. 7, Lagerbäck & Sundh, 

2008; Mörner, 2004). It trends SSW-NNE mostly dipping c. 40-50º E and the scarp heights 

range between around 5 m and 10 m. An irregular frontal fault was observed c. 10 km SW of 

the middle part of the fault (the encircled fault by square mentioned as ‘Fig. 27-28’ on Fig. 7). 

It curves greatly increasing the height from 0 m to approx. 20 to 25 m (Lagerbäck & Sundh, 

2008).  

The fault scarps have been surveyed digging several trenches although drilling sometimes 

conflicted to the difficulty through the fault zone because the bedrock had been fractured and 

crushed hardly (Eliasson, 1991).There are large landslide scars and liquefaction structures in 

the vicinity of this fault and they indicate that the fault has experienced paleoseismicity 

(Mörner, 2004). In addition, no evidence of effects by the last inland ice sheet has found in 

the fault’s area and some part of the fault is located beneath the highest postglacial shoreline 

(Lagerbäck & Sundh, 2008). Considering these facts, the age of occurring the main event is 

estimated soon after the deglaciation, meanwhile the local area was still covered by the sea, c. 

9150 BP (Lagerbäck & Sundh, 2008; Mörner, 2005). Figure 8 shows a concrete example of 

how the fault movement deformed deposits. This figure is the cross section at the trench at 

Fig. 8 

Figure 7. The Lansjärv fault traces depicted together with the bedrock of the area. Bedrock map modified from 

the Geological map of the Fennoscandian Shield (Koistinen et al. 2001). Modified from the figure edited by 

Lagerbäck & Sundh, 2008 
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Molberget (the location is mentioned on Fig. 7) and as one can see, the deformation triggered 

in sandy-silty deglaciation sediments. This feature indicates that the deformation, faulting, 

occurred during the deposits was piled shortly after the deglaciation in this area (Lagerbäck & 

Sundh, 2008). 

Based on several trenching and radar detection of the Lansjärv fault, the estimated 

magnitude of main faulting is 7.1 by Stewart et al. (2000), Mw 7.8 ± 0.2 by Arvidsson (1996), 

and magnitude 8 by Mörner (2005). Such large scale of earthquake could have generated 

tsunamis, however, the effects might be moderated by the Baltic Ice Lake which has had the 

shallower depth (Kukkonen et al., 2010). 

In the vicinity of Suorsapakka, c. 45 km northeast of the Lansjärv fault, a large number of 

scarps has been discovered recently (fig.9). Suorsapakka scarps strike NE-SW, resembling to 

the Lansjärv fault and it suggests the continuation of the fault (Mikko et al., 2015). 

 

 

 

 

 

Figure 8. Simplified log of the trench excavated across the Lansjärv fault at Molberget from 

Lagerbäck & Sundh, 2008 
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3.1.4. The Burträsk and Röjnoret faults 

Seismically, Skellefteå is one of the most 

active area in all of Sweden (Juhlin & 

Lund, 2010). In the SW of Skellefteå, 

there is the Burträsk fault which has 33 

km long trending NE-SW. West of 

Skellefteå, the 38 km long Röjnoret fault 

runs north to south (Mörner, 2005). The 

recent mapping of EGFs using LiDAR 

imagery extended these faults length by 

nearly 17 km (Mikko et al., 2015). Both of 

the faults are formed by several fault 

scarp segments which are westward-

facing and the scarp height ranges 

around 5 to 10 m while it locally reach c. 

15 m in the vicinity of  the Burträsk fault 

(Lagerbäck & Sundh, 2008).  

High resolution reflection seismic data 

revealed the Burträsk fault is a 55ºSE 

dipping reverse fault and the seismic 

zone would be continued from the 

surface to c. 30 km depth (Juhlin & Lund, 

2010). In this area, the dextral strike-slip 

shear zone, called Burträsk Shear Zone 

Figure 10. The Burträsk fault (black line) and overview 

geological setting in the vecinity of the fault. White 

alllows indicate the approximate location of the BSZ. 

Black allows show a topographic low. Yellow line is the 

common data point processing line for the study by 

Juhlin & Lund (2010) 

Figure 9. Heavy  black lines show scarps mapped using aerial photographs (SGU 2013). Shorter scarp 

segments appear as black dots. Red lines show scarps in the current inventory mapped LiDAR-derived 

imagery. The light gray shows the current extent of the LiDAR coverage (Modified from Mikko et al., 2015). 
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(BSZ), divides an area dominated by granites and quartzdiorites to the north of it from 

metamorphosed and migmatized sediments to the south (Fig. 10, Romer & Nisca, 1996). 

Mörner (2005) indicated two events occurred at the end of the last deglaciation considering 

the liquefaction structures south of the fault. Observing varves, he suggested the events were 

triggered 9428 and 9293 BP with M 7. 

Since the extension of SNSN in 2002, about 140 events have been detected every year in 

Skellefteå area. Three of them were greater than M 3 and the biggest one was M 3.6 in June 

2010 (Juhlin & Lund, 2010). The earthquakes triggered in the central region have strong 

correlation with the surface location of the Burträsk fault and most of the epicenters were 

sited SE of the fault (Juhlin & Lund, 2010). On 19th of March in 2016, the M 4.2 earthquake 

(as EMSC recorded) which is the biggest one in Sweden in 100 years was triggered at 76 km 

ENE of Skellefteå and 10 km depth of the Gulf of Bothnia (THE WATCHERS, 2016). 

 

3.2. Glacial induced faults in northern Finland 

Kuivamäki et al. (1998) reviewed there are 5 PGFs (Pasmajärvi, Venejärvi, Ruostejärvi, 

Vaalajärvi, and the Suasselkä-Aakenusjärvi Fault) and 5 possible PGFs (at Vuotsu, 

Kelottijärvi, Porttipahta, Sirkka and Riikonkumpu) in northern Finland (as cited by Mörner, 

2004).  

The Pasmajärvi fault (or Ruokojärvi-Pasmajärvi according to Palmu et al., 2015, the location 

is shown on fig.1) which is located in Kolari in western Lapland was confirmed firstly as a 

remarkable fault scarp in northern Europe (Palmu et al., 2015). The length of this fault is 4 

km and the height of the scarps varies 5 to 12 m. It has a sub-parallel reverse fault which is 

dipping for 25–30º. In addition, Palmu et al. (2015) newly observed another scarp with N-S 

strike in the vicinity of the main fault with LiDAR-based digital elevation model (Fig. 11). 

There are not only the Pasmajärvi fault but also other thrusts and shear zone in Kolari area 

and these structures are included in the Baltic-Bothnian Mega-shear which has up to 5 to 10 

km width (see Fig 1). The major shear zone system dominates the order of deposits rather 

than their stratigraphical position (Niiranen et al., 2007). Although not all of them are active 

now, the Pasmajärvi fault of which the origin would be in early postglacial time runs vertical 

to some other old faults and ends at the connect points with the old lineaments. This 

characteristic indicates that the associated old lineaments could be reactivated by the 

Pasmajärvi fault movement (Mörner, 2004). 

The Venejärvi fault has c. 10–11 km long and a scarp height of 0–7 m consisting of two 

parallel faults which cuts an esker. The Venejärvi fault and the Roustejärvi fault which of 

length is 4 km and has a 0–3 m high scarp seem to be correlated and bound to a 2 km wide, 

300 m deep bedrock wedge that was uplifted because of seismicity in postglacial time. These 

active faults are also perpendicular to the old lineament (Mörner, 2004). The earthquakes 

SNSN observed during 2000 and 2013 between Lansjärv fault and Pasmajärvi/Venejärvi 

faults in Finland suggests that there might be one long, or intermittent faults exist connecting 

these scarps  (Lindblom et al., 2015). 

The longest fault in northern Finland is the Suasselkä fault. It was previously considered as 

two faults Suasselkä fault (36 km long) and Aakenusjärvi fault but now it is combined as a 70 

km long fault system (Abdi et al., 2015; Mörner, 2004). The fault system dips to approx. 35-

45º to SE (Abdi et al., 2015) and the scarp has the height from 0 to 3 m (Mörner, 2004).  

Sutinen et al. (2014) observed some paleo-landslides using LiDAR, for example, a 6 m long 

scarp in granitic rock which is linked with this PGF. Abdi et al. (2015) revealed the fault has 
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the depth at least 2 to 3 km and this indicates the scarp was generated by a single large 

seismicity or a few strong events. 

In the extension of Lainio-Suijavaara fault, there are the Kultima and Palojärvi scarps in NW 

Finland (Lindblom et al., 2015). The Palojärvi fault is 6 km long fault trending NNE–SSW 

and LiDAR data shows the highest scarp of this fault is 6.8 m (Stinen et al., 2014). Mäkilä and 

Muurinen (2008) assumed the local deglaciation was in 9750 and 9010 cal. yr BP based on 

the dated basal peat in this area (as cited by Sutinen et al., 2014). Stinen et al. (2014) 

estimated the moment magnitude could be Mw ~ 7 and also supposed the continuation to the 

Lainio-Suijavaara fault. Kultima fault scarp is located between the Lainio-Suijavaara fault 

and the Palojärvi fault. The strike is SE–NW, different from the trends of other faults in 

northern Fennoscandia. This indicates the possibility of that the Kultima fault was more 

stimulated by the effect of the late glacial isostatic rebound, and that it is older than the 

Palojärvi fault. Although the scarp is narrow, the highest spot has 30 m height. The moment 

magnitude was assumed to be Mw 7 (Sutinen et al., 2014). The reactivation of Kultima and 

Palojärvi scarps may had affected up to the Stuoragurra fault in northern Norway (Lindblom 

et al., 2015). 

 

3.3. Glacially induced faults in northern Norway  

There are two neotectonic faults; the Stuoragurra fault and the Nordmannvikdalen fault in 
northern Norway (fig. 12). The correlation between the mapped glacially induced faults and 
microearthquakes is implied by several studies in northern Norway (Lindblom et al., 2015).  

 

Figure 11.  The multidirectional oblique-weighted (MDOW) hillshaded LiDAR DEM of Ruokojärvi-Pasmajärvi 

fault. The yellow star is the location of the trenching performed by Kuivamäki et al. (1998). From Palmu et al., 

2015 
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The Stuoragurra fault is a c.80 km long reverse fault containing three main segments which 
is dipping 30-60º to the east (Dehls et al., 2000; Kukkonen et al., 2010; Mörner, 2004). Each 
of the three segments is named Iesjarvi-Laevnjasjåkka, Masi-Stuoragurra and Fidnajåkka-
Biggevarri from north respectively and they have up to 10 m of displacement and a 7 m high 
scarp (fig. 13, Mörner, 2004). Several segments are constituted of sub-parallel faults forming 
en ecelon structure in many cases (Dehls et al., 2000). Perpendicular to the Stuoragurra fault, 
three percussion drill holes and a core drilling which reached at the depth of 135 m were set 
(Kukkonen et al., 2010). According to the result of these drilling, this fault is composed of a 
few centimeters thick clay zones dipping approx. 40º to SE. These zones seem to be mostly 
weathered fault gauge. The Stuoragurra fault cuts glaciofluvial deposits across SE of the lake 
of Iešjav'ri (Olesen, 1988) and also cross-cuts an esker northeast of Masi where is in the 

Figure 13. Outline of a northern trench at Fidnajohka. By Dehls et al., 2000 

Figure 12. The location of the Stuoragurra fault and t he Nordmannvikdalen fault. By Dehls et al., 2000 
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central fault zone. The date of this movement is estimated younger than 9300 BP (Dehls et al., 
2000; Mörner, 2004). Concerning to the recent seismic activity, magnitude 4.0 earthquake, 
3.3 and 3.0 earthquakes have been observed in the east side of the Stuoragurra fault in 1996 
and 1995 respectively (Dehls et al., 2000) .  

The Nordmannvikdalen fault is a normal fault in the coastal area of northern Norway. It is c. 
3 km long (Stewart et al. 2000) and trends NW-SE dipping to the NE. The heights of the 
scarps vary 0.5 to 1.5 m (Dehls et al., 2000) or up to 1 m (Mörner, 2004) splitting into two or 
three of sub-parallel ones locally in the glacial overburden ( Dehls et al. 2000). There are 
large number of rock avalanches in the vicinity of this fault (Olesen et al., 2013) and based on 
the studies of rock avalanches, Dehls et al. (2000) estimated that this fault triggered M 6.0 or 
more earthquakes during two periods; one is before the Younger Dryas Period (11,000 to 
10,000 14Cyr BP), when is cold enough to generate active rock glaciers, and the other one is 
between 10,000 and 9500 14Cyr BP, shortly after the deglaciation. The slope of the terrain is 
10-12º and the elevation difference between the fault scarp and the valley bottom seems to be too 
low to generate gravitational sliding (Dehls et al. 2000). 

 

4. Discussion 

4.1. The timing of deglaciation and faulting 

Although it has been unclarified that whether EGFs/PGFs in Fennoscandia already existed 

before the last deglaciation or not, several studies suggest the correlation between 

paleoseismicity in the vicinity of these faults and the unloading of ice sheets. As researchers 

estimated, the activation of glacially formed faults in Fennoscandia started approximately 

11,000 to 9,000 yr BP showing significant instability around 10,000 to 7,000 yr BP (Stewart 

et al., 2000). Assuming glacier decayed in Fennoscandia after 9700 cal yr BP as mentioned 

by Stroeven et al. (2015), the former understanding that the major seismicity in the vicinity of 

several faults was triggered before complete deglaciation or soon after deglaciation is still 

coincides with the lately detected time of unloading. However, since some predictions of the 

age of PG or EG faults are based on previous studies which indicated the glacier has retreated 

later than the age Stroeven et al. (2015) calculated, the estimated faulting years should be 

reexamined.  

Concerning the major event at the Pärvie fault, there are two hypotheses that it might occur 

either approx. 9000 BP or 9500 BP (Lindblom et al., 2015; Mantovani & Scherneck, 2013; 

Mörner, 2004, 2005). Fig.14 shows the newly estimated deglaciation pattern in 

Fennoscandia by Stroeven et al. (2015) and this suggests the Pärvie area was released from 

glacier after 9700 cal yr BP. In addition, the fact that there are some geomorphological 

features which imply the rupture occurred both before and after ice recession suggests 

paleoseismicity along this fault system was caused not only once during end-glacial to soon-

after-glacial time. Considering these results, the age c. 9500 BP or a bit earlier seems to be 

rather appropriate for the major faulting. However, it also can be seen in Fig.12 that 

deglaciation extended in this area later than the ice-unloading in Skellefteå area. To suppose 

the Burträsk fault ruptured at the end of the last deglaciation as Mörner (2005) estimated, 

the faulting should be happened before the main movement of the Pärvie fault although the 

suggested age 9428 and 9293 BP for the Burträsk fault events are inconsistent with this 

hypothesis. In other circumstances, the cause of faulting maybe not only isostatic uplift but 

also ridge push or mantle convection, consequently, we cannot say the age just based on the 

timing of deglaciation.  
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Overall, not enough investigations have taken place in this area and because of the lack of 

data, moreover, the remarkable weathering and erosion of sediment, to estimate the timing 

of local deglaciation and faulting exactly is quite difficult so far.  Following the improvement 

of LiDAR and other detection technique, more precise understanding could be expected in 

future studies. 

 

 

 

 

 

 

Figure 14. Deglaciation pattern and chronology for the Fennoscandian Ice. The ice margin is reconstructed 

transverse to the youngest documented flow traces (predominantly eskers), and is also constrained by marginal 

meltwater channels and ice-dammed lakes by Stroeven et al. (2015) 
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4.2. The correlations of each EGF/PGF 

It is obvious that most of the EG and PG faults in northern Fennoscandia are thrust, reverse 

faults having almost NE-SW strikes dipping to the east. On the other hand, the 

Nordmannvikdalen fault and the Kultima fault run NW-SE direction (summarized in Table 1). 

Since the Nordmannvikdalen fault is located in the coastal area of Norway, not only the effect 

of glacial isostatic adjustment (GIA) but also the effect of ridge push may be the main cause 

of rupturing, in other words, this fault is more likely tectonically formed PGF. When it comes 

to the irregularity of Kultima fault, the reason was explained as the early birth of this fault. 

In published articles, the possibility of connecting or mutually reactivating was suggested 

between the following faults; the Lansjärv fault and the Pasmajärvi/Venejärvi faults, the 

Lainio-Suijavaara fault and the Kultima/Palojärvi faults, and the Kultima/Palojärvi faults 

and the Stuoragurra fault (Lindblom et al., 2015). According to these surmises, the 

Stuoragurra, Kultima/Palojärvi and Lansjärv faults could be regarded as a correlated long 

mass of segments. Furthermore, both of the Stuoragurra and Pärvie faults are located along 

mountainous terrain and because the elevation is higher in the northwestern mountainous 

area in Norway than the SE area where these faults are, the glacier was thicker in the SE area 

(Olesen et al., 2013). It means that the glacial pressure loaded on the area was also greater. In 

addition, the local rapid deglaciation shown in fig.14 suggests the swift, significant change of 

the pressure. These features could be the reason why those two EGFs have extreme lengths 

compared to other faults. 

 

Table 1. Summary of the attributes of several EGFs in northern Fennoscandia  

 

Fault Country Type Trend Dip
Length

(km)

Highest scarp

(m)

Moment

magnitude

Paleosesmicity

age (BP)
Reference

Pärvie Sweden reverse NNE-SSW 50⁰SE 155 15 8.0 ±0.4 9500-9000

Lindblom et al. (2015),

Mantovani & Scherneck

(2013)

Lainio-

Suijavaara
Sweden reverse NNE-SSW S 50 30 7.1

Lagerbäck & Sundh

(2008), Stewart et al.

(2000)

Merasjärvi Sweden reverse NNE-SSW S 8 20 6.3

Lagerbäck & Sundh

(2008), Stewart et al.

(2000)

Lansjärv Sweden reverse NNE-SSW 40-50⁰E 50 25 7.1 or 7.8 ± 0.2 9150

Arvidsson (1996),

Lagerbäck & Sundh

(2008), Stewart et al.

Burträsk Sweden reverse NE-SW 55ºSE 50 15 7.1 9428, 9293

Lagerbäck & Sundh

(2008), Mikko et al.

(2015), Mörner (2005)

Röjnoret Sweden reverse NNE-SSW 45⁰E 55 10

Lagerbäck & Sundh

(2008), Mikko et al.

(2015), Mörner (2005)

Pasmajärvi Finland reverse NNE-SSW 25–30ºSE 4 12 6.5
Palmu et al. (2015),

Stewart et al. (2000)

Venejärvi Finland reverse NNE-SSW 10–11 7 Mörner (2004)

Roustejärvi Finland reverse NNE-SSW 4 3 Mörner (2004)

Suasselkä Finland reverse NNE-SSW 35-45ºSE 70 3 ～7 9730

Abdi et al. (2015), Mö

rner (2004), Stewart et

al. (2000)

Palojärvi Finland reverse NNE-SSW 6 6.8 ～7 Stiren et al. (2014)

Kultima Finland reverse NW-SE 6 30 7 Stiren et al. (2014)

Stuoragurra Norway reverse NNE-SSW 30-60ºE 80 7 7.3 9300 Stewart et al. (2000)

Nordmannvikd

alen
Norway normal NW-SE SW 3 1～1.5 5.7

11000-10000,

10000-9500
Stewart et al. (2000)
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4.3. The cause and effects of recent seismicity 

The recent seismicity in northern Fennoscandia has the magnitude up to c. 5.0 and compared 

with the large earthquakes at the time of deglaciation, it could be possible to assume there is 

a significant change of seismic mode (Mörner, 2004). The majority of the epicenters are 

located along east side of the east-dipping reverse faults, especially aside the Burträsk fault. 

Compared to the location of deformation zones mapped by SGU (Geological Survey of 

Sweden), the position of hypocenter of the M 4.2 earthquake in the area of the Gulf of 

Bothnia in March 2016 coincides one of the deformation zones, i.e. possible postglacial faults, 

at the bottom of the Gulf of Bothnia. It indicates that the concentration of seismicity in 

Skellefteå area is related not only the Burträsk fault and the Röjnoret fault but also some 

other faults on the seabed of the Gulf of Bothnia. 

While GIA was the main cause of paleoseismicity, the strain induced by the phenomenon 

seems to have mostly released (Lindblom et al., 2015). There is a possibility that the 

aftershock of the EGFs and PGFs’ main events occurred about 9500 years ago still have 

affected current seismicity but this hypothesis have not been confirmed yet (Lindblom et al., 

2015). When it comes to tectonic stress accumulation, only the strain isn’t enough to provide 

the same scale and numbers of the modern earthquakes (Stewart et al., 2000). Therefore, it 

would be proper to assume that all of these three factors have the function of triggering local 

small seismicity in northern Fennoscandia today.  

Here I would also like to mention about the seismicity in the coastal regions of Norway where 

is seismically active contrast with other areas in Fennoscandia (Keiding et al., 2015; Olesen et 

al., 2013). In the middle part of Norway Nordland, the high uplift gradient due to flexure 

(Keiding et al., 2015) and maybe because of the rapid deglaciation as shown in Fig.12 

suggests isostatic uplift likewise other glacially induced faults in northern Scandinavia. In 

addition, the most outstanding morphological features of this area are the deep fjords and 

sharp mountains. These topographically high contrasts lead large gravitational stresses 

(Keiding et al., 2015), as a result, greater tensional force could have affected on the seismicity 

in this region. On the contrary, most of the EGFs and PGFs in the northern region have 

experienced compressive force greater than tensional force forming reverse faults. It 

indicates that there are not likely much gravitational stresses on the study area in this paper. 

Until a few years ago, a variety of sediment deformation features have been found only in the 

deposits accumulated in glacial or deglaciation age (Lagerbäck & Sundh, 2008). However, the 

crustal deformation e.g. at the Pärvie fault, and the reactivation of old faults have been 

revealed in recent years. It means that not so significant but some influences of late 

seismicity have been caused in northern part of Sweden, Norway and Finland. 

 

4.4. Expectable earthquakes in the future 

The major movements of these EGFs/PGFs were mainly due to the GIA, and since this power 

has almost relaxed, it is reasonable to assume that large scale earthquakes for this region are 

not periodical events. On the other hand, ridge push, the main cause of recent seismicity, is a 

constant pressure although this area is slightly further from the Mid-Atlantic Ridge. 

Therefore, one could hypothesize that c. M4 class earthquakes will be triggered in the vicinity 

of some of the EGFs/PGFs likewise recently recorded seismicity. Concerning large scale 

seismicity, it is not likely but we cannot completely deny the possibility of occurring M 6 or 

more scale earthquake in northern Fennoscandia because seismic records and the knowledge 

about the fault geometries are insufficient so far. There are also structural correlations 
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between some of the glacially formed faults, and some of their movements could re-activate 

not only major EGFs/PGFs but also the old faults or subsidiary faults close to them. 

Moreover, complex relationships between the expansion of seismicity, deformations of 

deposits or faults’ scarps and the stability of sediments have been reported. In conclusion, the 

revealing of more precise structure of the EGFs/PGFs in the future would lead to a better 

understanding of the interrelation between recent seismicity and EGFs/PGFs, and expecting 

future seismicity. 
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