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Figure 5. Spatial distribution area-based (classes 1 and 2) 
maximum moment estimates and earlier rupture-based 
moment magnitude estimates (Ojala et al. 2017 Isovaara–
Riikonkumpu PGF, Olesen et al. 2004 Suasselkä PGF, and 
Kuivamäki et al. 1998 for the Venejärvi and Vaalajärvi PGFs).

Figure 4. Landslides with distinct scarp and mass (class 1 
and 2) were chosen for magnitude estimation, because they 
are most probably caused by seismic tremor. (Ojala et al. 
2017)

Figure 2. Delineating the landslide boundary. Vitsavaara 
landslide in Sodankylä as an example.  

Figure 3. Defining the boundary between the scarp and slide 
masses.  

Figure 1. Map of landslides and known postglacial faults 
(PGF) in northern Fennoscandia. LiDAR coverage in Finland 
is marked with gray, and our study area specified with a 
rectangle. 

INTRODUCTION

The number of landslides identified in Finland has in-
creased since the systematic screening of LiDAR DEM. 
Altogether 144 landslides have been discovered so far 
from northern Finland and 121 identified prior to 2017 
LiDAR availability were modelled in Ojala et al. (2017). 
Their computed areas and volumes can be used to esti-
mate maximum moment magnitudes of the triggering 
earthquakes using the equations given by Malamud et 
al. (2004).

DELINEATING LANDSLIDE AREA, 
SCARP AND MASS

The metrics of landslides were calculated with ArcGIS 
(© ESRI) using LiDAR DEM data. The landslides were 
first manually delineated as polygon features during 
the systematic screening of LiDAR DEMs. Scarp edges 
were then refined by using a Boolean AND algorithm to 
find cells in a ± 40-m buffer zone around the polygon 
features where the slope was in the case presented in 
Figure 2 >20°, and the tilt derivative (TDR) was >70°. 

In addition, the boundary between the scarp and 
slide masses was defined within each landslide. This 
was done by converting the LiDAR DEM raster into 
points with a 200-m buffer area around the landslide 
polygon, removing points within the landslide polygon, 
and interpolating the base terrain from the remaining 
points with the natural neighbor method. Then, the in-
terpolated surface was reduced from the original LiDAR 
DEM, and the subtracted DEM provided a morpholog-
ical three-dimensional model for each landslide. The 
boundary between the scarp and slide masses was re-
fined from the three-dimensional model based on pos-
itive (scarp) and negative (mass) DEM values.

ESTIMATING MOMENT MAGNITUDES

The majority of the presently studied landslides are spa-
tially associated with PGFs, supporting the assumption 
of their paleoseismic origin. Based on their morpho-
metric classification, however, we conclude that debris 
slide type landslides in classes 1 and 2 provide the high-
est potential for regional paleoseismic investigations; 
whereas landslides in classes 3–5 are less important or 
even misleading with regards to studying the seismic 
history of northern Finland.

The correlations between landslide area and volume 
with earthquake moment magnitudes were calculated 
with the equations 1 and 2 presented by Malamud et 
al. (2004) for landslides in classes 1 and 2:
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CONCLUSIONS
We showed that seismically induced landslides of the 
debris slide type in northern Finland are located with-
in a radius of 35 km from the closest known PGF and 
that the sizes of the landslides generally decrease with 
distance from the PGFs, thus also proving a proxy for 
the intensity of shaking in the area. We estimated maxi-
mum moment magnitudes of Mw ≈ 6.9–7.7 for postgla-
cial earthquakes in the Suasselkä, Isovaara–Riikonkum-
pu, Venejärvi, and Vaalajärvi areas. The estimates are 
in good correspondence with the earlier ones, which 
indicates that landslides can be applied for estimating 
earthquake magnitudes in Fennoscandian terrain.

Area-based estimations generally yield larger magni-
tudes, with a mean value of Mw ≈ 6.77 ± 0.73 and min-
imum and maximum values between Mw ≈ 5.76 ± 0.73 
and Mw ≈ 7.67 ± 0.73 respectively. For volume-based 
computations, the mean magnitude is Mw ≈ 5.92 ± 0.72 
and the minimum and maximum values Mw ≈ 4.66 ± 
0.72 and Mw ≈ 6.70 ± 0.72 respectively. 

Earthquake moment magnitude estimations from 
landslide areas and volumes in northern Finland


