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Figure 4-8. Regional seismicity (FENCAT, Ahjos & Uski 1992) and the bedrock of the
Olkiluoto region (Koistinen et al. 2001). Macroseismically- (before 1965) and

instrumentally-located (1965- August 2007) earthquakes are shown by light and dark
blue filled circles, respectively.
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According to the preliminary interpretation, the event occurred in nearly vertical N-S
oriented fault. That interpretation fit nicely the mafic dykes in the site of the epicenter of
the earthquake (Figure 4-8). The location and geometry of the dykes coincide the
fracture sets found by aeromagnetic shaded relief images of the area. The fault type was
reverse faulting, where the eastern side has moved downwards relative to the western
side. The orientation of compression related to the event was NW-SE (Uski, personal
communications).

The epicenter of the Laitila event does not fit any [-order fracture zone in Figure 4-6. It
occurred inside the Laitila rapakivi massif in the area of N-S oriented mafic dykes.
There are also some other earthquakes about 100 km north (three events in 1909) and
about 200 km west of Olkiluoto (1783 and 1991) that can be associated with mafic
dykes (Figure 4-8). As in Figure 4-6, earthquakes in Figure 4-8, can be related to
fractures and shear zones. It looks like there is not any rock type that is prone to release
tectonic stresses as earthquakes. The same conclusion can be done when the contacts of
different rock types is concerned.
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5 SUMMARY

The aim of this study has been to approximate the seismicity in the region of Olkiluoto
in Eurajoki in relation to bedrock characteristics interacting with the regional
seismicity. The study covers an area within 500 km from Olkiluoto. The area includes
altogether 1113 earthquakes from the year 1375 to the end of August 2007. It contains
597 (54%) macroseismically and 516 instrumentally located earthquakes.

Olkiluoto is inside a zone of lower seismicity between seismically active belts A-P-P
running from Aland archipelago through Estonia, from Paldis to Pskov and B-L that
runs through Central Finland from southern Bothnian Bay towards Ladoga. These zones
seem to consist of long NW-SE oriented zones of weakness with several shorter
intersecting fault zones and faults.

The seismically active belt B-L is more than 150 km from the Olkiluoto site. The other
belt A-P-P is about 20-30 km apart from Olkiluoto. This belt and fracture zones related
to it are the most significant seismotectonic unit related to the seismic hazard in the
Olkiluoto area. The analysis of regional seismicity shows that, all the significant
earthquakes (M > 3.5) southern and Central Finland have occurred in these two belts.
It is quite probable that also the future significant earthquakes of the area occur in
tectonic structures of these zones. According to statistical analysis of seismicity, the
maximum magnitude of Finnish earthquakes is My = 5.0.

Possible seismic and aseismic movements of the bedrock are likely to occur along
existing fractures or fracture zones. A thorough mapping of the fracture zones within a
radius of 200 km from Olkiluoto was performed by the Geological Survey of Finland.
The area in which the investigation site lies is characterised by long NW-SE oriented I-
order fracture zones and shorter ones in N-S and NE-SW-directions. In the Aland
archipelago area and east of it E-W-oriented I-order fracture zones are common.

The Olkiluoto site is mainly surrounded by I-order fracture zones, which border the
Laitila rapakivi massif. The site is approximately 15 km SW from the closest I-order
fracture zone that lies at the contact of the rapakivi massif and the Satakunta Sandstone.
About 20 km south of Olkiluoto runs another I-order fracture zone at the southern
contact of the Laitila massif. This fracture zone seems to be the closest seismically
active fracture zone.

The closest active fracture zone north of Olkiluoto, is Arlanda Fault. It runs from
Héarnosand in Sweden over the Bothnian Sea to Finland, where it seems to consist of
group of lineaments. They run through the Pori area along the northern edge of the
Satakunta Sandstone about 35 km from the Olkiluoto site. South of Arlanda Fault runs a
parallel fracture zone from Hédrndsand over the sea. This is closely related to Arlanda
Fault and may show some activity in the future. This fracture zone passes Olkiluoto
only 15 km north of it.

Westwards of Eurajoki, the closest known I-order fracture zone is about 60 km of
Olkiluoto, and follows closely the border of the sediment cover. The closet earthquakes
in that direction are about 100 km away. Those events show the seismic activity of the
NW-SW oriented Hassela Shear Zone crossing the Bothnian Sea. At the closest point
this shear zone is about 70 km SW of Olkiluoto. Hassela Shear Zone can be seen as a
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part of the seismically active A-P-P belt, whereas Arlanda Shear Zone is south of the
active B-L belt.

Seismic activity in the area is not evidently correlating with any specific rock type or
contacts of different rock types. However, some relation seems to be between
Seismicity and mafic dykes in the area. For example, the 2007 Laitila reverse faulting
about 40 km SE from Olkiluoto can be associated with mafic dykes. Otherwise, the
earthquakes tend to occur on old zones of crustal weakness reactivated by present stress
field.

Like generally in Finland, the orientation of the stress field in Olkiluoto area is
consistent with the orientation expected from the plate tectonic push forces of the North
Atlantic ridge. However, locally and regionally the stress pattern is more complex,
because it is a combination of plate boundary forces, glacial rebound and local geology.
The most favourably oriented zones of weaknesses are the most potential structures
where tresses are released.

In Olkiluoto area the Moho depth (52 km) is close to the average depth of the
Fennoscandian shield. Depth gradient in the Gulf of Bothnia area is generally rather
gentle. About 100 km north of Olkiluoto the depth increases to about 58 km and
becomes to the level of 50 km again about 100 km further north of that.

GPS has significantly improved the precision and accuracy of geodetic interpretation
over the past 10 years. Currently also estimates of absolute changes of the Earth’s crust
are available. In Olkiluoto the current uplift rate is 7.23 mm/year and the horizontal
movement is 0.81 mm/year towards SE. Both estimates are smaller than usual in the
Bothnian Bay region. The directions of horizontal movement are opposite on the
opposite sides of the Bothnian Sea.

The bedrock of Finland is characterised by mosaic like structures. Blocks of different
size are bound by networks of faults and zones of weakness. Owing to their general
abundance, these fractures and fracture zones form a dense network of movement
planes that gives the whole Precambrian shield a substantial large-scale yielding
capacity. Large scale crustal deformations seem to be controlled rather by the
properties, separation and orientation of fractures than by the properties of the solid
rock.

Few small postglacial faults have been found in southern and eastern Finland. The
vertical dimensions of those faults vary from some millimetres to one metre and the
length from some metres to tens of metres. Large postglacial faults (length 4-36 km,
scarp height 0 - 12 m) have been found only in northern Finland. The paleoseismic
findings from the offshore areas support the idea based on observations on bedrock
outcrops that the postglacial seismic activity in southern Finland has been less violent
than in northern Finland.

Ten years ago the closest seismic stations were about 200 km from Olkiluoto.
Sensitivity of seismic monitoring in the Olkiluoto area has improved significantly
during the past two years. Since the beginning of the year 2006, Posiva has operated a
small regional network of five seismic stations in the Olkiluoto area. A new seismic
station of the Institute of Seismology started to operate in the beginning of February
2007, in Laitila about 40 km from Olkiluoto. In addition to that, a new dense seismic
network has been built gradually in Sweden since 2000. At the end of 2007 SNSN
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includes about 60 seismic stations. In the Bothnian Sea region the stations are in the
Swedish coast and Aland. This network has increased the number of recorded seismic
events in western Bothnian Sea area, opposite to Olkiluoto. Those events the
understating of seismic observations

Intraplate seismicity is difficult to characterise seismically, because the recurrence times
of even moderate size of earthquakes are long. Paleoseismic studies in the Olkiluoto
area have been conducted with rather promising result, but in limited scale. Extended
paleoseismic studies might bring out evidences about the characteristics of the
seismicity during the past 10000 years.

Another reasonable approach in circumstances prevailing in southern Finland is to gain
information about small microearthquakes as much as possible. The Laitila seismic
station as well as Posiva’s seismic stations around Olkiluoto are a step in that direction.
Even though Sweden is more active than southern Finland, the experiences of SNSN
given an idea how much information could be achieved within few years. If a seismic
network of similar sensitivity would cover also the eastern side of the Bothnian Sea, say
from the shore up to 200 km away from it, the quality and quantity of seismic data of
the Olkiluoto area would increase significantly within less than ten years.

All in all, the past ten years have seen significant improvements in the quantity and
quality of data and results related to seismicity and seismotectonics in Olkiluoto area. It
is quite confident that similar or even faster development will continue in the future.
Interpretations of geology, stress field, geodesy, seismicity and other geosciences will
be based on denser network of measurements. As a consequence of that contacts
between different disciplines will be close, which will result more reliable and detailed
interdisciplinary interpretation of seismotectonics.
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