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Interpretation of Aeromagnetic Survey in Eurajoensalmi, Olkiluoto (2008) 

ABSTRACT 

In 2001, Olkiluoto was selected as the site for the final disposal of spent nuclear waste 

in Finland. Current construction of the underground research facility, ONKALO, is 

occurring at the Olkiluoto site. During the past three decades, detailed geological and 

geophysical investigations have been carried out on Olkiluoto Island and in the 

Olkiluoto vicinity in order to define its bedrock properties and structures that affect the 

final nuclear waste disposal. 

In April 2008, a high resolution aeromagnetic survey was carried out in the 

Eurajoensalmi inlet in order to investigate the sea and coastal areas north and west of 

Eurajoensalmi. Measured parameter was total magnetic field. The main goal of the 

survey was to improve the magnetic image of Eurajoensalmi area, to locate the area’s 

most significant magnetic features, and by magnetic modelling find the best geological 

explanations for them. Some preliminary lineament interpretations were also performed 

to compare the accuracy of location data between lineaments interpreted in earlier 

surveys versus the new 2008 data. Data acquired during earlier magnetic surveys was 

used as reference data. Interpretation was conducted using measured total magnetic 

field, derivatives computed from the total field and various visualisation techniques. 

Comparison of data from the 1988 aeromagnetic survey conducted by GTK and the 

2008 survey proves that a more detailed survey configuration sharpens anomalies and 

increases reliability in the interpretation of subtle features. Positioning techniques have 

improved significantly since the 1980’s, which improves positioning accuracy and 

increases consistency. It can be concluded that the 2008 data is significantly more 

detailed and brings interpretation to a new level. 

Four areas, including well known bedrock structures HZ21, which corresponds to brittle 

deformation zone OL-BFZ002, and Liikla and Selkänummi shear zones, were modelled. 

Modelling was intentionally kept relatively simple using as large and continuous bodies 

as possible. Remanence was tested, though not included in the final models due to 

variation in remanence parameters. 

The four modelled areas demonstrated that magnetic modelling is a suitable method for 

defining the properties of underground structures causing magnetic anomalies, and most 

importantly for finding reasonable geological explanations for them. This investigation 

focused only on the largest and strongest features in the magnetic data. Still, greater 

accuracy of the 2008 data would make even more detailed modelling and interpretation 

possible. Aeromagnetic surveys are a highly efficient way to cover an extensive survey 

area in reasonable time, especially over the sea where conventional ground 

measurement would not be possible. 

Keywords: Magnetic, airborne, interpretation, lineament, modelling, survey, HZ21, 

Liikla, Selkänummi, shear zone, anomaly, regional 



 

Eurajoensalmen vuoden 2008 magneettisen lentoaineiston tulkinta 

TIIVISTELMÄ 

Vuonna 2001 Olkiluoto valittiin käytetyn ydinpolttoaineen loppusijoituspaikaksi Suo-

messa. Maanalaisen tutkimustilan, ONKALOn rakentaminen on parhaillaan käynnissä 

Olkiluodon alueella. Mittavia geofysikaalisia ja geologisia tutkimuksia on tehty 

Olkiluodon alueella ja läheisyydessä jo kolmenkymmenen vuoden ajan. Tutkimusten 

tavoitteena on ollut kartoittaa ydinjätteiden loppusijoittamisen kannalta merkittävät 

kallioperän ominaisuudet ja rakenteet. 

Vuoden 2008 huhtikuussa Eurajoensalmen alueella suoritettiin magneettinen lento-

mittaus Eurajoensalmen ja rannikkoalueiden merkittävimpien magneettisten rakenteiden 

selvittämiseksi käyttäen korkeaa erotuskykyä. Mitattavana parametrina oli magneetti-

kentän voimakkuus. Mittauksen tilaajana oli Posiva ja kenttätöistä vastasi Geologian 

Tutkimuskeskus (GTK). Aineiston prosessoinnin suoritti Geologian tutkimuskeskus ja 

tulkinnan Pöyry Environment Oy. Mittauksen pääasiallinen tarkoitus oli Eurajoen-

salmen alueen magneettisen kuvan tarkentaminen, merkittävimpien magneettisten 

rakenteiden paikallistaminen ja mallintaminen sekä mallinnettujen rakenteiden geolo-

gisten selitysten löytäminen. Myös alustavaa lineamenttitulkintaa tehtiin, jotta uuden ja 

jo olemassa olevan datan paikannustarkkuuksia voitiin verrata. Aikaisempien mag-

neettisten mittausten aineistoa käytettiin referenssiaineistona tulkinnan apuna. Tulkinta 

suoritettiin käyttämällä mitattua kokonaiskenttää, siitä laskettuja derivaattoja sekä 

erilaisia visualisointimenetelmiä. 

Vuoden 1988 magneettisen lentomittausaineiston ja uuden aineiston vertailu osoittaa, 

että uusi, yksityiskohtaisempi aineisto terävöittää anomalioita ja mahdollistaa siten 

heikompien piirteiden tulkinnan. Paikannustekniikka on kehittynyt merkittävästi 1980-

luvulta, mikä osaltaan parantaa aineiston sijaintitarkkuutta ja lisää luotettavuutta. 

Yhteenvetona voidaan sanoa, että uusi aineisto tuo tulkintamahdollisuudet kokonaan 

uudelle tasolle. 

Yhteensä neljää osa-aluetta tutkittiin tarkemmin mallintamalla. Alueilla sijaitsivat 

vettäjohtava rakenne HZ21, joka vastaa hauraan deformaation rakennetta OL-BFZ-002 

sekä Sälkänummen ja Liiklan hiertovyöhykkeet. Mallintaminen pyrittiin tarkoituksel-

lisesti pitämään varsin yksinkertaisena käyttämällä mahdollisimman suuria ja yhtenäisiä 

kappaleita. Remanenssin käyttöä mallinnuksessa testattiin, mutta lopullisiin malleihin 

sitä ei sisällytetty remanenssiparametrien vaihtelun vuoksi. 

Mallinnetut alueet havainnollistavat magneettisen mallinnuksen olevan erittäin toimiva 

menetelmä anomalioita aiheuttavien kappaleiden geometrian ja ominaisuuksien määrit-

tämiseen sekä ennen kaikkea geologisen perustelun löytämiseen. Tässä työssä keski-

tyttiin ainoastaan suurimpiin ja voimakkaimpiin piirteisiin, mutta datan tarkkuus 

mahdollistaa myös yksityiskohtaisemman mallintamisen ja tulkinnan. Magneettiset 

lentomittaukset ovat erityisesti merialueella erittäin tehokas mittausmenetelmä, jolla 

pystytään kohtuullisessa ajassa kattamaan suurikin mittausalue. 

Avainsanat: Magneettinen, lentomittaus, lento, tulkinta, lineamentti, mallintaminen, 

Olkiluoto, hiertovyöhyke, anomalia, alueellinen 



 

PREFACE 

This Report is part of the programme for the final disposal of spent nuclear fuel on 

Olkiluoto Island. The main objective of the study is to improve the magnetic image of 

the Eurajoensalmi area, to locate the area’s most significant magnetic features, and by 

magnetic modelling, find the best geological explanations for them. 

The survey was ordered by Posiva Oy. Contact person at Posiva Oy was Mari Lahti. 

Data was processed by Hanna Leväniemi from Geological Survey of Finland (GTK) 

and interpreted by Ida Öhman from Pöyry Environment Oy. Interpretation was 

discussed with Turo Ahokas (Pöyry Environment Oy), Mari Lahti (Posiva Oy), Markku 

Paananen (Geological Survey of Finland) and Eero Heikkinen (Pöyry Environment Oy). 

The Report has been reviewed by Pirjo Hellä (Pöyry Environment Oy), Pauli Saksa 

(Pöyry Environment Oy) and Markku Paananen (Geological Survey of Finland). The 

authors wish to thank the reviewers for their valuable comments and suggestions for the 

Report. 
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1 INTRODUCTION 

In 2001 Olkiluoto was selected as the site for the final disposal of spent nuclear waste 

in Finland. Since then geological and geophysical investigations have been carried out 

on Olkiluoto Island and in the Olkiluoto vicinity. In April 2008, a high resolution 

aeromagnetic survey was carried out in the Eurajoensalmi inlet in order to investigate 

the sea and coastal areas north and west of Eurajoensalmi. The survey was conducted 

by Geological Survey of Finland (GTK).  

The Olkiluoto region has already been covered with earlier airborne and ground 

magnetic surveys since 1988 (Airo 2005, Suomen Malmi Oy 1988, Suomen Malmi Oy 

1989, Lahti 2004). In addition to the airborne surveys, Olkiluoto Island has been 

mapped using ground magnetic methods. The results have been widely utilised for 

example in lineament interpretation (Korhonen et al. 2005) and in geological models 

(Mattila et al. 2008). The main goal of the 2008 airborne survey was to improve the 

magnetic image of the Eurajoensalmi area and in this way refine the anomalies that 

reflect bedrock structures under the seabed. The selection of survey parameters, 

including more favourable flight direction for enhancing subtle features, and denser 

sampling should make more detailed interpretation possible. 

Measured survey parameter was total magnetic field. Anomalies in total magnetic field 

were caused by lithological variations and cultural noise such as power lines and 

houses. Susceptibility of the rock defines the intensity of the magnetic field caused by 

it. Dimensions (x, y, z, dip and dip direction) and remanence of magnetised rock also 

affect the shape and intensity of measured total field. For example, diabases have a 

high susceptibility and deformed rocks a low susceptibility. Therefore it is possible to 

define the properties of bedrock structures causing anomalies using total magnetic 

field. 

This report will focus on interpretation and modelling of the airborne magnetic data 

acquired in 2008. Data acquired during earlier surveys was used as reference data. The 

goal of the interpretation was to locate the most significant magnetic anomalies and by 

magnetic modelling find the best geological explanations for them. Some preliminary 

lineament interpretation was also performed mostly in order to compare the location 

accuracy between the lineaments interpreted from 1988 versus 2008 data. 
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2 DATA DESCRIPTION 

2.1 Magnetic data 

Airborne magnetic survey 

An airborne magnetic survey was conducted in Olkiluoto, Finland by Geological 

Survey of Finland (GTK) during April 2008 in order to improve the magnetic image of 

the Eurajoensalmi area. (Leväniemi, 2008) The survey consisted of six separate flights, 

one of which was a magnetic calibration flight. Line spacing was 50 m and nominal 

survey altitude 30 m. The survey lines crossed Eurajoensalmi at a 75 degree angle in 

Finnish grid, zone 1 coordinate system (KKJ1). The aircraft used was a fixed-wing 

double-engine DHC-6/300 De Havilland Twin Otter. Scintrex CS-2 magnetometers 

installed at the left wingtip and nose cone recorded total magnetic field at a 10 Hz 

sampling interval. 2008 magnetic data is not tied into the International Geomagnetic 

Reference Field 65 (IGRF-65) but to a local base station level. Total length of the 

survey was 1 295 kilometers. (Leväniemi, 2008) The survey was ordered by Posiva 

Oy. Geological Survey of Finland was responsible for the field work and data 

processing, and Pöyry Environment Oy for the interpretation and modelling of data. 

Data processing conducted by GTK included phase, heading, base station, and 

microlevelling procedures. (Leväniemi, 2008) Processed magnetic survey data was 

delivered in numeric XYZ format. Data was interpolated into a raster grid using Bi-

directional Line Gridding method and a 12.5 m (1/4 line spacing) grid size. Processed 

data is shown in Figure 1. In addition to magnetic data, electromagnetic and gamma-

ray spectrometric data was also recorded though not used in this work. (Leväniemi, 

2008) Survey parameters are shown in Table 1 and the location of the survey area in 

Figure 2. The corner coordinates of the survey area in KKJ1 coordinate system are 

presented in Table 2. 
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Line spacing 50 m 

Flight altitude 30 m 

Flight direction 75º (KKJ zone 1) 

Total length 1 295 km 

Aircraft Fixed-wing double-engine DHC-6/300 De Havilland Twin Otter 

Magnetometers 2 x Scintrex CS-2 

 

 

Olkiluoto 

 Island 
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Easting Northing 

1518206 6795603 

1523316 6796973 

1529672 6795104 

1537806 6789829 

1532641 6788445 

1524751 6793525 

1521125 6792555 

1518206 6795603 
 

Lithology 

The main rock types over the survey area are mica gneiss or migmatic mica gneiss, 

granite or pegmatic granite, granodiorite or tonalite and rapakivi granite. Lithological 

contacts (Paulamäki 2007) are shown in Figure 3. Some correlations between magnetic 

pattern and lithology can be seen. Rapakivi granite for example produces a distinct 

magnetic pattern and the strongest anomalies, located at the northern part of the data, 

follow approximately borders of pegmatite granite. 

Rapakivi stock located at the south-east part of the data can be easily distinguished (see 

Figure 1 and Figure 3). Rapakivi produces a smooth high magnetic image and is 

therefore sensitive to cultural noise. The rapakivi area is dotted by houses and power 

line pylons over Linnamaa village. To fully interpret the rapakivi stock additional 

investigations would be needed. 

 

Cultural noise 

Low altitude magnetic data is susceptible to so called cultural noise. Cultural noise is a 

high frequency signal caused by metal objects on the ground surface or concealed at 

Rapakivi granite 

Granodiorite / 

Tonalite Pegmatite granite 

Mica gneiss / 

Migmatic mica gneiss 
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shallow depths. Common sources of cultural interference are buildings, power line 

pylons and scrap metal. Cultural noise can be removed, however this is a time 

consuming procedure and noise cannot be completely removed without the loss of 

useful signals. Anomalies produced by houses and power line pylons are seen around 

the coastal area. Due to safety reasons flight altitude was increased near the power 

lines and as magnetic field attenuates as a function of flight altitude, the final data may 

show some level variation caused by different flight altitudes. Cultural interference is 

not a problem over the sea area, which was the main area of interest in this 

investigation. Figure 4 and Figure 5 point out the areas of notable cultural noise. An 

analytical signal picks up only the highest amplitude anomalies and was therefore used 

to locate cultural noise (Figure 5). In this work cultural noise was removed if necessary 

for modelling or interpretation. 

 

 

Linnamaa 

Village 

Linnamaa 

Village 

Harbour sheds 

Harbour sheds 

Houses along the coastline 

Houses along the coastline 
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2.2 Previous magnetic data covering the Eurajoensalmi inlet 

Magnetic surveys that have been carried out in Olkiluoto area over the past twenty 

years are summarised in Table 3. (Mattila et al., 2008, Korhonen et al., 2005) 

Locations of the survey areas are shown in Figure 6. Results have been mainly used in 

lineament interpretation and geological models. The sea area over the Eurajoensalmi 

inlet has previously been investigated using marine geophysics including echo 

sounding data acquired in 2000. Line spacing was 500 m. Marine geophysical data has 

been used in lineament interpretation. Data acquired in 1988 (Airo 2005) was used as a 

reference for 2008 data. Comparisons prove that the 2008 data is considerably more 

detailed. The 1988 data shown in Figure 7 was interpolated into raster grid using a 50 

m grid size (1/4 line spacing). The base level of the 1988 data was about 1180 

nanoteslas lower than the base level of the 2008 data. Because flying over the nuclear 

power plants is forbidden, nuclear power plant area is blank in the 1988 data. 

Survey Year Area Line spacing 

GTK aerogeophysical data 

(Airo 2005) 

1988 Map sheet 1132 200 m 

Scintrex helicopter 

geophysical data 

(Suomen Malmi 1988) 

1988 Olkiluoto Island and 

surroundings 

100 m 

Ground magnetic data 

(Suomen Malmi Oy 1989 

and Lahti 2004) 

1988–2004 Olkiluoto Island 50 m 
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3 INTERPRETATION METHODS 

The goal of the interpretation was to locate significant magnetic features from the 

magnetic data and to find geological explanations for them, which would enable the 

production of an improved magnetic image of the Eurajoensalmi area. Previous 

magnetic interpretations focus mainly on magnetic lineaments. (Korhonen et. al, 2005) 

Some preliminary lineament interpretation for the new magnetic data was also 

performed. Although lineament interpretation was not the main objective of this 

investigation, the 2008 data would make more detailed lineament interpretation 

possible. It is however important to remember that lineaments are defined as linear 

features in data, which, without further interpretation, remain controversial.  

Interpretation was conducted using different derivatives and other visualisation 

techniques such as shading directions. Map compilation was done using Geosoft Oasis 

Montaj 7.0 and the most interesting features were modelled using ModelVision Pro 

8.00.37. 

3.1 Derivatives and other visualisation techniques 

In order to fully interpret the magnetic data, various derivatives and visualisation 

techniques were used in addition to total magnetic field. Derivatives help define and 

estimate the physical properties of the source structure causing the anomaly. Derivates 

used were tilt derivative, analytic signal, east-west and north-south directed horizontal 

gradients and shaded relief. Different shading directions and colour tables were also 

used in preliminary interpretation. All are ways of intensifying characteristic 

dimensions and highlighting desired features and their dimensions. 

3.1.1 Horizontal gradient 

Horizontal gradient is calculated by applying a 3x3 point convolution filter to the grid 

using a chosen gradient direction. Gradients in the east-west and north-south direction 

shown in Figure 8 and Figure 9 were calculated to emphasise features in the east-west 

and north-south direction, respectively. Horizontal gradients are useful in locating 

edges of magnetic source bodies because they map changes in magnetic field. (Oasis 

Montaj Help) Figure 10 demonstrates how horizontal gradient changes with total 

magnetic field. 
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3.1.2 Analytic signal 

Analytic signal was first introduced by Nabighian (1972). The analytic signal AS is 

defined as a square root of the sum of the squares of the derivatives of total magnetic 

field in the x, y and z directions: 

222

dz

dT

dy

dT

dx

dT
AS        (1) 

 

The analytic signal is useful in locating the edges of magnetic source bodies, 

particularly where remanence and/or low magnetic latitude complicates interpretation. 

Analytic signal picks up the highest amplitude anomalies and is independent of 

inclination of the geomagnetic field. Analytic signal over the survey area is shown in 

Figure 11. Figure 12 demonstrates how analytic signal changes alongside total 

magnetic field. (Fairhead et al. 2004, Geosoft Oasis montaj Help) 
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3.1.3 Tilt derivative 

Tilt derivative was first reported by Miller and Singh (1994). It is suitable for mapping 

shallow basement structure and mineral exploration targets. Tilt derivative TDR is 

defined as 

THDR

VDR
TDR arctan ,         (2) 

 

where VDR and THDR are first vertical and total horizontal derivatives, respectively, 

of the total magnetic intensity T. VDR is defined as 

dz

dT
VDR           (3) 
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and THDR as 

22

dy

dT

dx

dT
THDR .        (4) 

 

Tilt derivative is controlled by arctan trigonometric function, which tends to equalise 

amplitude output of total magnetic intensity anomalies across a grid. Therefore the 

amplitude of tilt derivative is independent of the amplitude of total magnetic intensity. 

The amplitude responses of conventional derivatives (total horizontal derivative, 

analytic signal) are closely related to the amplitude of the total magnetic intensity. Tilt 

derivative over the survey area is presented in Figure 13. Figure 14 demonstrates how 

analytic signal changes alongside total magnetic field. (Fairhead et al., 2004, Geosoft 

Oasis montaj Help) 
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3.1.4 Other visualisation techniques 

In addition to the derivatives which were applied to the data using mathematical 

functions,  shading directions and colour tables can also be used in visualisation. 

Figure 15 and Figure 16 demonstrate how different shading directions emphasise 

features in different directions. If not stated otherwise Geosoft Oasis Montaj default 

shading direction 45º (shaded from north-east) was used. Different shading directions 

are especially useful in emphasising linear and continuous features in particular 

direction. 

As demonstrated by Figure 17, shaded relief emphasises linear features and is therefore 

especially useful in lineament analysis. Shaded relief image values are the input image 

surface reflectance coefficients in the range -1 to 1. A reflectance of 1 indicates that the 

image surface is facing towards the light source; 0 indicates the surface is parallel to 

the light source; and -1 indicates that the surface is facing completely away from the 

light source. 
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4 RESULTS 

4.1 Magnetic lineaments and comparison to 1988 data 

Comparison between the 1988 (Airo 2005) and 2008 data proves that a more detailed 

survey configuration sharpens anomalies and increases reliability in the interpretation 

of subtle features. This is demonstrated in Figures 18 & Figure 19 and Figure 20 a) & 

Figure 20 b). The circled area in Figure 20 a) and Figure 20 b) is discussed in more 

detail in section 4.2.3. One argument for the detailed 2008 survey is to verify the sea 

area data as positioning techniques have developed significantly since 1980’s. 

However, comparison is not straightforward. The flight paths are not identical and  

survey altitude varies, which alone creates differences in anomaly locations and 

amplitudes, as Figure 21 a) – e) demonstrate. It can be concluded that modern 

positioning has increased the reliability of the data. 

 

Olkiluoto Island 
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a) b) 

Olkiluoto Island 
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a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

 

The Olkiluoto area lineament interpretation is based on previous magnetic (listed in 

Table 3), electromagnetic, seismic and marine acoustic surveys and topographic data. 

(Korhonen et al. 2005) The methodology used for lineament interpretation is based on 

a method described by Isaksson et al. (2004) and Korhonen et al. (2004). Similar 

principles were used to interpret lineaments from the new airborne magnetic data. 
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Interpreted lineaments were used only for evaluation purposes in order to estimate the 

location accuracy between 1988 data and 2008 data. Although no systematic lineament 

interpretation was performed, the 2008 data makes more detailed lineament 

interpretation possible.  

The correlation between earlier interpreted lineaments (Korhonen et al., 2005) and 

deformation zones was weak. Furthermore it seems that interpreted lineaments are 

features other than brittle deformation zones (Mattila et al. 2008: Appendix VI). The 

following figures (Figure 22, Figure 23, Figure 24) illustrate clear differences in 

magnetic lineaments between 1988 data and the new, more detailed data. Errors can 

been found in location and in azimuth. Differences can be explained by more accurate 

positioning, denser line spacing, and different flight paths and flight altitude.. Shaded 

relief is useful in lineament analysis as Figure 25 illustrates. Features shown in Figure 

22, Figure 23, Figure 24 are studied more carefully in sections 4.2.1, 4.2.3 and 4.2.4 

respectively. 
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Discontinuities in strong anomalies are seen over the entire survey area in 2008 data. 

Discontinuities form linear features resembling possible deformation zones marked by 

white lines in Figure 26. Interpreted possible deformation zones follow the coastlines 

(shown by a black line) of the Eurajoensalmi inlet and disturb the anomalies over the 

entire survey area. Another possible deformation zone is marked with a red line. 

Deformation zones have a low susceptibility and they are seen as discontinuities in 

magnetic patterns. Figure 27 illustrates how main lineaments, (Korhonen et al. 2005, 

Posiva Oy 2009) interpreted from previous magnetic (listed in Table 3), 

electromagnetic, seismic and marine acoustic surveys and topographic data, match 

these possible deformation zones. 
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4.2 Magnetic modelling 

The most interesting magnetic features were modelled using ModelVision software in 

order to estimate the dip, azimuth, dimension and susceptibility of the bedrock 

structures causing anomalies. Modelling was intentionally kept relatively simple using 

as large and continuous bodies as possible. In total 4 areas, shown in Figure 28, were 

modelled. The selection of regional magnetic field intensity affected the modelled 

magnetic field. Regional intensity is defined as background magnetic intensity. 

Modelled bodies cause anomalies to the regional magnetic field. As Figure 28 

demonstrates regional intensity over Area 4 is lower than over other areas. 

Olkiluoto 

Island 
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Modelling was tested with and without remanence. Remanence parameters (intensity, 

inclination and declination) were determined from the petrophysical sample histograms 

shown in Figure 29, Figure 30 and Figure 31 (Öhman et al. 2009). Variations in 

remanence declinations and inclinations were notable, therefore modelling was 

problematic. If only samples with remanence intensity greater than 1500 mA/m or 

susceptibility value higher than 0.02 SI (Figure 30 and Figure 31) were taken into 

account, histogram peaks were sharpened. If histogram peak values for the remanence 

were used, remanence was almost parallel to the induced magnetic field. 

As remanence intensity increases susceptibility increases (Figure 32) and therefore 

high remanence or susceptibility values do not directly indicate high Koenigsberger 

ratios. However there is a correlation between Koenigsberger ratio and remanence and 

Koenigsberger ratio and susceptibility as Figure 33 and Figure 34 demonstrate. 

Koenigsberger ratio Q is ratio of induced and remanent magnetisation and it is defined 

as 

 kTMQ n ,         (5) 

where nM  is remanence intensity, k susceptibility and T total magnetic intensity 

(Parasnis 1986). No remarkable variation in remanence or Q values between different 

rock types was found except for the high Q values in PRG (pegmatite or pegmatic 

granite) (Öhman et al. 2009). Because the remanence parameters vary and remanence 

direction was parallel to induced magnetic field, it was decided that remanence would 

not be used in final models, but modelling test using remanence were performed. 

A susceptibility histogram of petrophysical samples is shown in Figure 35. According 

to the petrophysical data (Paananen 2005, Öhman et al. 2009) susceptibility does not 

directly indicate different rock types. The most significant magnetic anomalies are 

related to ferromagnetic, pyrrhotite-bearing gneisses (veined gneisses, mica gneisses, 
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diatexitic gneisses). The main brittle deformation zones appear to coincide with the 

contacts of magnetised units (Mattila et al. 2008). 

Flight altitude was not taken into account in modelling. Therefore it is important to 

remember that modelled depths are taken as distance from aircraft to source and that 

real depths are 30 m less. Flight altitude variation remains insignificant for magnetic 

modelling especially over the sea. The radar altitude statistics for the whole 2008 

survey area are median 33 m and standard deviation of 9 m including avoiding the 

powerlines. (Leväniemi 2008) 

Figure 36 a) – j) demonstrate how magnetised bodies at different depths affect 

magnetic field. If susceptibility is 0.03 SI magnetic response becomes regional rather 

than anomalous at a real depth of 370 m; and if susceptibility is 0.01 SI at a real depth 

of 470 m. Therefore aeromagnetic modelling only gives information from 

approximately 500 m under the ground surface depending on susceptibility and  width 

of the source. 
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Köningsberger ratio Q vs. Remanence
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Real depth = 170m 
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Real depth = 50m 
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4.2.1 Area 1: Hydrological structure HZ21 and Selkänummi shear zone 

First modelled area, called Area 1 (Figure 37), includes both a linear V-shaped 

maximum which most likely represents hydrological feature HZ21 (Ahokas et al. 2007, 

Vaittinen et al. 2009), as well as a deep minimum south of the maximum which 

corresponds with Selkänummi shear zone (Mattila et al. 2008). All following figures 

cover the same area as shown in Figure 37 if not otherwise stated. The projection of 

HZ21 intersects the ground level at the northern side of magnetic minimum (Figure 38, 

Vaittinen et al. 2009), which indicates that the centre of the structure does not cause the 

anomaly but rather the edges of the structure. Magnetisation could be caused by 

magnetic minerals, such as sulphides, on the edges of the structure. Magnetic 

maximums are seen either sides of magnetic minimum. The maximum on the northern 

side is weaker because of dip direction. Mean dip of the feature HZ21 is 20º and mean 

dip direction is 162º (Vaittinen et al. 2009). Brittle fault zone OL-BFZ002 (Mattila et 

al. 2008) corresponds with hydrological feature HZ21 (Ahokas et al., 2007 and 

Vaittinen et al. 2009). Selkänummi shear zone follows the coastline and extension of 

the shear zone can be seen in 1988 data as illustrated in Figure 39. HZ21 and 

Selkänummi shear zone were studied in more detail by modelling using profiles shown 

in Figure 39. Coordinates of the profiles are seen in Table 4. 

Modelling was problematic due to cultural noise and incomplete data coverage of 

HZ21 and Selkänummi shear zone in the 2008 survey. In order to fully interpret these 

features, cultural noise was removed and profile1 was expanded to 1988 data which 

was corrected to the same level as 2008 data. Strong positive anomalies between HZ21 

and Selkänummi shear zone caused by harbour sheds and sharp anomalies caused by 

power lines are shown in Figure 40 and Figure 41. Data after the removal of cultural 

noise is shown in Figure 42. Modelled profiles with HZ21, HZ21 ground projection 

and Selkänummi shear zone are presented in Figure 43 – Figure 45, with a three 

dimensional presentation of the bodies in Figure 46. Estimated properties of the 

modelled bodies are shown in Table 5. 

Modelling illustrates that Selkänummi shear zone itself does not cause the magnetic 

minimum. Instead, the magnetic minimum is caused by strongly magnetised bodies 

i) j) 

k = 0.03 SI 

Real depth = 770m 

k = 0.01 SI 

Real depth = 770m 
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next to the paramagnetic shear zone. Selkänummi shear zone is determined to locate 

between modelled bodies, shown with dotted and dashed black lines in Figure 43 – 

Figure 45. The eastern part of Selkänummi shear zone turns to south following 

magnetised bodies as Figure 47 demonstrates. Susceptibility of the blue bodies causing 

the minimum varies from 0.004 SI to 0.015 SI, real depths from 8 m to 109 m, 

azimuths from 70º to 85º and dips from 30º to 35º. Bodies are most likely lithological 

variations having susceptibility within paramagnetic range. 

Surface intersection of hydrological feature HZ21 is located between the modelled 

bodies, therefore in can be concluded that modelled anomalies are caused by magnetic 

features, such as sulphides, on the edges of HZ21. The centre of HZ21 does not cause 

the magnetic maximums. Susceptibility of the bodies south of HZ21 vary from 0.004 

SI to 0.01 SI, real depths from 49 m to 130 m, azimuths from 70º to 107º and dips from 

27º to 40º. Susceptibility of the bodies north of HZ21 vary from 0.010 SI to 0.011 SI, 

real depths from 114 m to 130 m, azimuths from 73º to 96º and dips from 35º to 40º. 

The location of HZ21 and adjacent magnetised bodies is shown in Figure 43 – Figure 

45. Magnetic anomalies caused by HZ21 seem to be disturbed by a deformation zone 

(in white in Figure 26) which causes the V-shaped structure of the anomaly. 

The locations of HZ21 and Selkänummi shear zone were determined using total 

magnetic field, horizontal gradients in north-south and east-west direction, analytic 

signal and tilt derivative as Figure 48 – Figure 53 demonstrate. 
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 Northing start Easting start Northing end Easting end 

Profile1 1524851 6794278 1525746 6792420 

Profile2 1525448 6794520 1526466 6792542 

Profile3 1527156 6794439 1526538 6792642 
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Area 1 

Susceptibility 0.0035 SI – 0.0146 SI 

Real depth 18 m – 130 m 

Azimuth 70 – 107 degrees 

Dip 27 – 40 degrees 
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4.2.2 Area 2 

Second modelled area, called Area 2 (Figure 54), consists of very strong positive 

anomalies and was investigated in more detail using eight profiles shown in Figure 55. 

All following figures cover the same area as shown in Figure 54 if not otherwise 

stated. Area 2 is located partly on land and partly on sea area. Rock type over the 

anomalies is granite or pegmatite granite (Figure 55, Paulamäki 2007) which has too 

low susceptibility to produce the anomalies. These anomalies have a similar magnetic 

pattern as the strong magnetic maximums in 1988 flight data north and northeast of 

rapakivi stock (circled in white in Figure 56). The magnetic pattern parallels diabase 

dykes (Paulamäki 2007), which suggests that strong positive anomalies in 2008 data 

could also represent diabases. However, no indications of diabases have been found 

from bedrock outcrops near the anomalies. Therefore further investigations are 

necessary in order to solve anomaly origins. An alternative explanation for the 

modelled anomalies is strongly magnetised inclusions such as pyrites inside pegmatite. 

Modelled profiles are shown in Figure 57 - Figure 64 and coordinates of the profiles in 

Table 6. Lithological contacts are pointed out in figures using dashed lines. 
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 Northing start Easting start Northing end Easting end 

Profile1 1523959 6794317 1523380 6795701 

Profile2 1524652 6794451 1523943 6795830 

Profile3 1525298 6794814 1524876 6795924 

Profile4 1523336 6795223 1523439 6795789 

Profile5 1526480 6794624 1527257 6795951 

Profile6 1527836 6794609 1527537 6795874 

Profile7 1528828 6794546 1528828 6794546 

Profile8 1528650 6795823 1528618 6794324 
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A strong deformation zone (see Figure 26) in NW-SE direction divides the modelled 

anomaly into two parts. Eastern part includes profiles 1 – 4 and western part profiles 5 

– 8. Figure 70 and Table 7 illustrate how the modelled bodies in the eastern and 

western parts have distinct properties. The main difference is dip direction (azimuth), 

as bodies of the western part dip approximately to NNW-N and bodies of the eastern 

part approximately to SSE-S. Susceptibilities of all the bodies vary from 0,006 SI to 

0,035 SI, real depths from 20 m to 239.4 m and dips from 59 degrees to 75 degrees. 

The pink, dark red and light green bodies are not part of the modelled structure but 

were necessary for explaining the measured magnetic profile. 

The centre of the anomaly can be determined using horizontal gradient in addition to 

total field, as demonstrated by Figure 65, Figure 66, Figure 67 and Figure 68. It is 

important to remember that the centre of the anomaly is not necessarily the centre of 

the source as illustrated by Figure 67 and Figure 68. Because of inclination and 

declination, dip direction effects on the shape of an anomaly. Therefore offset between 

the centre of the anomaly and the centre of the source varies. Locations of the 

modelled bodies are shown in Figure 69. 
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Western part, profiles 5 – 8 (excluding pink & dark red bodies) 

 Susceptibility 0.006 – 0.035 SI 

 Real depth 20 – 120 m 

 Azimuth 248 – 280 degrees 

 Dip 59 – 72 degrees 
 

Eastern part, profiles 1 – 4 (excluding light green body) 

 Susceptibility 0.006 – 0.0315 SI 

 Real depth 50 – 210 m 

 Azimuth 60 – 100 degrees 

 Dip 65 – 75 degrees 
 

 

Modelled susceptibility values are within the diabase susceptibility range (Peltoniemi, 

1988). In order to fully interpret and solve the source of modelled anomalies, 

additional investigations and drillings are necessary. Anomalies could represent 

concealed diabases extending from the north-east part of 1988 data (see Figure 56). 

Also Paananen & Kurimo (1990) suggests that these anomalies are related to diabase 

or ferrimagnetic gneiss containing magnetite or pyrrhotite. 

4.2.3 Area 3: Liikla shear zone 

Third modelled area, named Area 3, is shown in Figure 71. All following figures cover 

the same area as shown in Figure 71 if not otherwise stated.  Area 3 consists of Liikla 

shear zone and sharp positive anomalies south of the shear zone. Anomalies seem to be 
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disturbed by possible faulting in approximately N-S direction. The deep blue magnetic 

low following Kaunissaari Island represents the approximate location of Liikla shear 

zone (Figure 72 and Figure 73) (Mattila et al., 2008). Extension of the shear zone can 

be seen in 1988 data (Figure 72). Profiles used in modelling are shown in Figure 73, 

modelled profiles in Figure 74 - Figure 77 and coordinates of the profiles in Table 8. A 

three dimensional presentation of the modelled bodies is shown in Figure 78 and 

locations of the bodies in Figure 79. 
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 Northing start Easting start Northing end Easting end 

Profile1 1528764 6791004 1528979 6792551 

Profile2 1529035 6790898 1529166 6792505 

Profile3 1529229 6791084 1529390 6792537 

Profile4 1529801 6790931 1529881 6792091 
 

Kaunissaari 

Island 
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Modelling illustrates that Liikla shear zone itself does not cause the magnetic 

minimum but rather the magnetic minimum is caused by magnetised bodies next to the 

paramagnetic shear zone. Liikla shear zone is located at the lithological contact of 

magnetised and weekly magnetised bodies. Liikla shear zone has also been studied 

using ground magnetic data (see Table 3). As shown in Figure 80, the shear zone 

produces a weak positive anomaly masked by a strong magnetic minimum which is 

caused by the strongly magnetised bodies close by. The location of a ground profile 

and Liikla shear zone are shown in Figure 81. Liikla shear zone was located using total 

magnetic field, north-south directed horizontal gradient and tilt derivate (Figure 82, 

Figure 84 and Figure 83). The location of the shear zone is also shown in Figure 74 - 

Figure 77, where dashed lines point out the lithological contact where the shear zone 

was determined to be located. It is important to remember that in reality Liikla shear 

zone is wider, as illustrated by white arrows in Figure 81. Total magnetic field and 

horizontal gradient, as well as modelled bodies alongside the profile1 can be seen in 

Figure 84. 

Anomalies south of Liikla shear zone (shown in Figure 74 – Figure 77) are caused by 

bodies dipping approximately 70 – 85 degrees to south or near south. Azimuths of the 

bodies varied from 70 to 100 degrees, susceptibilities from 0.007 to 0.022 SI and real 

depths from 10 to 100 meters. Approximate properties of the modelled bodies are 

listed in Table 9. Lithology (Paulamäki 2007) and the shape of the coast and coastline 

clearly correlate with the magnetic pattern over the modelled area as shown in Figure 

79 and Figure 85. Main rock type (mica gneiss or migmatic mica gneiss) over the area 

was disturbed by granodiorite or tonalite veins (Paulamäki 2007). East-west directed 

gradient shown in Figure 86 emphasises discontinuities resembling possible faulting in 

north-south direction. In conclusion, modelled anomalies are most probably caused by 

magnetised rocks with varying magnetic properties. 
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Area 3 

 Susceptibility 0.007 – 0.022 SI 

 Real depth 10 – 110 m 

 Azimuth 70 – 100 degrees 

 Dip 70 – 85 degrees to approximately north 
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4.2.4 Area 4 

Last modelled area, called Area 4 (Figure 87), consists of linear minimums located at 

the western part of the survey area. Circular magnetic patterns around Kalla Island 

shown in Figure 88 are also worth noticing. Small and sharp anomaly at Iso Susikari 

Island is caused by a shed. Linear minimum resembles an underwater pipe, though 

there should be no pipelines at the anomaly location.  This feature is a possible 

deformation zone and was studied more carefully by modelling using three profiles 

shown in Figure 88. Coordinates of the profiles are found in Table 10. Modelled 

profiles are shown in Figure 89 – Figure 91 and a three dimensional presentation of the 

bodies in Figure 92. All following figures cover the same area as shown in Figure 87 if 

not otherwise stated. 

It seems that modelled magnetic minimums are caused by several bodies, most likely 

lithological variations, dipping away from the minimums. Bodies form an antiform-

like structure. Properties of the modelled bodies are shown in Table 11. Susceptibility 

of the possible deformation zone is lower than susceptibility of the surrounding rocks. 

A possible deformation zone is located between the modelled bodies, at the magnetic 

minimum, as determined using total field, east-west directed horizontal gradient, tilt 

derivative and analytic signal (Figure 95 – Figure 98). Figure 94 demonstrates how 

these different derivatives were used to locate the zone. Width of the possible 

deformation zone is approximately 20 – 50 m. 

Alternative explanation for the linear anomalies would be diabase dykes that have 

reverse remanent magnetisation. Modelling with reverse remanence was also tested, 
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but because of decision not to use remanence, not included into this report. Rough 

modelling test using reverse remanence is shown in Figure 93. 
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 Northing start Easting start Northing end Easting end 

Profile1 1520329 6795258 1521506 6795101 

Profile2 1520935 6795179 1521354 6794930 

Profile3 1520155 6794510 1520617 6794525 
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Area 4 

 Susceptibility 0.0012 – 0.0115 SI 

 Real depth 17 – 70,6 m 

 Azimuth 6 – 35 degrees 

 Dip 30 – 130 
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4.3 Rapakivi area 

Magnetically quiet rapakivi area is situated in the south-eastern part of the data (Figure 

99). The investigation focused mostly on other areas of data, though some preliminary 

studies were also performed for rapakivi area. GTK has carried out gravity 

measurements over the rapakivi stock to interpret the dimensions (Elo 2001). Gravity 

modelling suggests that the Väkkärä granite continues to at least 3 km depth and the 

contacts dip outwards. In order to fully interpret the rapakivi area, additional 

measurements, such as supplementary gravity surveys are required. Rapakivi granite is 

magnetically quiet and produces high smooth magnetic anomaly, making it sensitive to 

cultural noise. The area is dotted with houses and power lines around Linnamaa 

village. Lithological contacts inside the rapakivi stock can be seen as shown in Figure 

100. 

The Eurajoki rapakivi stock is a satellite massif to the large Laitila rapakivi batholith 

and is composed of two main rapakivi granite types: ferrimagnetic hornblende-biotite 

granite (the Tarkki granite) and paramagnetic topaz-bearing microcline-albite granite 
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(the Väkkärä granite) (Paulamäki 2007). A semi-circle shaped maximum inside the 

rapakivi stock seems to indicate Väkkärä and Tarkki contact, shown in Figure 100. 

Lithological contacts are not fully consistent with the magnetic pattern. Discontinuities 

corresponding to deformation zones appear over the Eurajoensalmi inlet at the 

northwest part of the contact (Figure 27). The coastline also matches the 

discontinuities. Together with these, only minor structures are seen inside the rapakivi 

stock. On the basis of outcrop observations, the western contact of Eurajoki stock 

(Tarkki granite) with Palaeoproterozoic (Svecofennian) migmatitic rock seems to be 

gently dipping by about 20° west or northwest. The contact is sharp and intact 

(Paulamäki 2007). 
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5 DISCUSSION 

Airborne magnetic surveys are an efficient and accurate way to cover a large survey 

area in reasonable time. In this investigation, results were interpreted using magnetic 

modelling in order to define the properties of underground structures causing 

anomalies. Some preliminary lineament interpretations were also performed. 

Modelling provides possible geological explanations for the observed anomalies. 

However, it is important to identify and remember the constraints and uncertainties of 

magnetic modelling and interpretation. 

Magnetic modelling is used to model measured changes in total magnetic intensity 

caused by underground structures. The modelling is based on known parameters, in 

this case being total magnetic intensity and coordinates of the measurement point. 

Unknown parameters affecting magnetic intensity are dimensions, susceptibility, dip, 

dip direction (azimuth) and remanence intensity of the magnetised body. The amount 

of unknown parameters is greater than that of known parameters; therefore the solution 

is ambiguous. Final models were constructed using existing geological information as 

reference data in addition to the new gathered data. Although remanence intensity, 

especially when Q values are high, has great influence on modelled magnetic field, it 

was not used in final models because of variations in remanence intensity, and 

inclination and declination determined from petrophysical samples. Also the chosen 

regional magnetic intensity affects the modelled magnetic field. Final models are not 

the only possible solutions but they are determined to be the best ones in the light of 

current knowledge. Modelling was performed using as large and continuous bodies as 

possible, even though the quality and accuracy of the data would have make even more 

detailed modelling possible. However, the goal of this work was to keep modelling as 

straightforward as possible. 

Line and station spacing as well as measurement accuracy determine the resolution of a 

survey. Line spacing and location accuracy of the 2008 survey were considerably 

better than in the 1988 survey, making the 2008 data more detailed and bringing 

interpretation possibilities to a new level. 

When modelled bodies are used to interpret locations of modelled anomalies, it is 

important to note that the centre of the source is not necessarily the centre of the 

anomaly. Also, the offset between the two depends on properties of the magnetised 

bodies. Various derivatives calculated from measured total field can be helpful when 

determining boundaries of the modelled bodies. However, again it must be noted that 

the relationship between the derivative and modelled body depends on the properties of 

the body. 

Preliminary lineament interpretations were performed in order to compare location 

accuracy between the 2008 and 1988 data. Lineaments are defined as linear features in 

magnetic data, but because they do not directly give any information about the 

underground structures, further extensive magnetic modelling is required. Therefore 

further interpretation is needed to precisely locate the source bodies. 

Cultural noise like, for example houses and power lines are present in the magnetic 

data and can therefore make modelling problematic. In this investigation cultural noise 
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was removed if it was considered significant for magnetic modelling. It should be 

noted that when cultural noise is removed; it is possible that some relevant information 

is also lost. Area 1 was especially challenging to model because cultural noise sources 

are located at the edge of the survey area, leading to modelled profiles being expanded 

to 1988 data. 

Magnetic modelling gives information about potential causes of magnetic anomalies, 

however in order to fully investigate the magnetic sources, additional measurements 

and verifications are needed. Area 1 and Area 3 include well known structures HZ21, 

Liikla shear zone and Selkänummi shear zone, but to entirely understand the modelled 

structures in Area 2 and Area 4 further investigations are required. 
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6 CONCLUSIONS 

The main goal of the interpretation was to locate survey area’s most significant 

magnetic features using aeromagnetic data and to find geological explanations for 

them. Preliminary lineament interpretation was also performed, mostly in order to 

compare the location accuracy between the earlier surveys, a result of which extensive 

lineament interpretation of the Olkiluoto area already exists, and the new survey. Still 

2008 data makes more detailed anomaly interpretation possible. Interpretation was 

conducted using different derivatives and other visualisation techniques. Different 

derivatives emphasise different features and were therefore useful in interpretation. 

Comparison between the 1988 and 2008 data demonstrates that a more detailed survey 

configuration sharpens anomalies and improves reliability in the interpretation of 

subtle features. Positioning techniques have improved significantly in twenty years, 

which improves positioning accuracy and increases reliability. It can be concluded that 

the 2008 data is significantly more detailed and has brought interpretation to a new 

level.  

The most significant magnetic features were modelled in order to find the properties of 

the underground structures causing anomalies. Modelling was intentionally kept 

relatively simple using as large and continuous bodies as possible. Four areas named 

Area 1 – Area 4 were modelled. Modelling was tested with and without remanence, but 

due to variation in remanence parameters, it was decided that remanence would not to 

be used in final models. 

Area 1 consists of a gently V-shaped maximum and a clear minimum consistent with 

the hydrological feature HZ21 and Selkänummi shear zone respectively. Area 1 took 

into account part of northern Olkiluoto Island and sea on the edge of the survey area. 

Modelled profiles were therefore expanded to 1988 data. Cultural noise was removed 

prior to modelling. Ground intersection of hydrological feature HZ21 was located 

between the modelled bodies; therefore modelled anomalies were caused by strongly 

magnetic features, such as sulphides, located on the edges of HZ21. Selkänummi shear 

zone is located at a magnetic minimum; however modelling indicates that the 

minimum is in fact caused by magnetised bodies, most likely lithological variations, 

next to the paramagnetic shear zone, rather than by the shear zone itself. Modelled 

bodies dip 27 – 40 degrees to approximately south and susceptibility varies from 

0.0035 SI to 0.0146 SI. 

Area 2 contains a very strong positive anomaly partly over the sea and partly over the 

coastal area north of Olkiluoto Island. Since anomalies in the 2008 data have a similar 

magnetic pattern as diabases in the 1988 data, they could be taken to represent 

diabases. No indications of diabases were found from rock outcrops near the anomalies 

however. An alternative explanation for the modelled anomalies is strongly magnetised 

inclusions, for example pyrites inside the pegmatite. The modelled anomaly is divided 

into eastern and western parts by a possible deformation zone. Modelling shows that 

the eastern part dips 67 – 75 degrees to approximately south or southwest and the 

western part dips 59 – 72 degrees to approximately southeast. Susceptibilities vary 

from 0.006 SI to 0.035 SI and are within susceptibility range typical of diabases. 
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Consequently, in order to fully interpret the source of modelled anomalies, additional 

investigations are necessary. 

Area 3 consists of a magnetic minimum approximately consistent with Liikla shear 

zone and sharp positive anomalies south of the shear zone. Anomalies seem to be 

disturbed by possible faulting in approximately N-S direction. Modelling illustrates 

that Liikla shear zone itself does not cause the magnetic minimum, but rather it is 

caused by magnetised bodies next to the paramagneticshear zone. Ground profile 

cutting of Liikla shear zone at the centre of Olkiluoto Island reinforces this assumption 

and shows that Liikla shear zone in fact produces a weak positive anomaly. Modelled 

positive anomalies were caused by magnetised bodies dipping 70 – 85 degrees 

approximately south. Susceptibilities range from 0.007 SI to 0.022 SI. Modelled bodies 

parallel the shape of the coastline and Kaunissaari Island. 

Area 4 consists of linear minimums located at the western part of the survey area. 

Minimums resemble an underwater pipe although no pipes should be near the anomaly 

location. Modelling indicates that magnetic minimums are caused by several bodies, 

most likely lithological variations, dipping away from the minimums. Bodies form an 

antiform-like structure. A possible low susceptibility deformation zone is located 

between the modelled bodies at the magnetic minimum. Reverse remanent magnetism 

could also explain the anomalies.  

Magnetically quiet rapakivi stock is located at the south-eastern part of the survey area. 

This investigation focused mainly on other areas (Area 1 – Area 4), since in order to 

fully interpret rapakivi stock additional measurements would be required. 

The four modelled areas demonstrate that magnetic modelling is a very suitable 

method for defining the properties of concealed structures causing magnetic anomalies 

and most importantly for finding reasonable geological explanations for them. It is 

however important to consider the constraints and uncertainties of magnetic modelling 

and interpretation. Final models are not the only possible solutions but they are 

determined to be the best ones in the light of current knowledge. In order to completely 

investigate the modelled structures, additional measurements or controlling geological 

data are required. When determining the boundaries of structures causing anomalies, 

one must understand that the relation between the magnetised body and magnetic field 

is not always straightforward and varies according to properties of the magnetised 

body. 

This work focused only on the strongest and most extensive features of the magnetic 

data, and modelling was performed using large continuous bodies. Nevertheless, the 

greater accuracy of the data would make even more detailed modelling possible. 

Aeromagnetic surveys are an efficient way to cover a large survey area in reasonable 

time, especially over the sea were conventional ground measurement is not possible. A 

new airborne magnetic survey has been planned for the year 2009 to expand the survey 

area to the south. 



83

 

REFERENCES 

Ahokas, H., Vaittinen, T., Tammisto, E. & Nummela, J., 2007. Modelling of Hydro-

Zones for layout Planning and Numerical Flow Model in 2006. Posiva Oy, Working 

Report 2007-01. Posiva Oy, Eurajoki. 212 p. 

Airo, M-L. (ed.) 2005. Aerogeophysics in Finland 1972-2004: Methods, system 

characteristics and applications. Geological Survey of Finland, Special paper 39. 197 p.  

Elo, S. 2001. Gravimetriset tutkimukset Eurajoella ja Olkiluodossa vuonna 2000. 

Posiva Oy. Työraportti 2001-05. 

Fairhead, J.D, Green, C.M, Verduzco, B & Macknezie, C, 2004. A new set of magnetic 

field derivatives for mapping mineral prospects. ASEG 17th Geophysical Conference 

and Exhibition, Sydney 2004. 

Geosoft Inc., Oasis Montaj. Standard edition, Version 7.0 (K9). Oasis Montaj Help. 

Isaksson, H., Thunehed, H. & Keisu, M., 2004. Forsmark site investigation. 

Interpretation of airborne geophysics and integration with topography, Stage 1 (2002). 

Svensk Kärnbränslehantering AB, SKB P-04-29. 71 p. 

Korhonen, K., Kuivamäki, A., Paananen, M. & Paulamäki, S., 2005. Lineament 

Interpretation of the Olkiluoto Area. Posiva Oy, Working Report 2005-34. Posiva Oy, 

Eurajoki. 67 p. 

Korhonen, K., Paananen, M. & Paulamäki, S., 2004. Interpretation of lineaments from 

airborne geophysical and topographic data. An alternative model within version 1.2 of 

the Forsmark modelling project. SKB P-04-241. 43 p. 

Lahti, M., 2004. Horizontal loop electromagnetic (HLEM) and magnetic ground 

surveys at Olkiluoto 2004. Posiva Oy, Working Report 2004-29. Posiva Oy, Eurajoki. 

13 p. 

Leväniemi, H., Aeromagnetic Survey in Eurajoensalmi, 2008. Posiva Oy, Working 

Report 2008-57. Posiva Oy, Eurajoki. 14 p. 

Mattila, J., Aaltonen, I., Kemppainen, K., Wikström, L., Paananen, M., Paulamäki, S., 

Front, K., Gehör, S., Kärki, A. & Ahokas, T., 2008. Geological Model of the Olkiluoto 

site, Version 1.0. Posiva Oy, Working Report 2007-92. Posiva Oy, Eurajoki. 508 p. 

Miller, H.G & Singh, V., 1994, Potential field tilt – a new concept for location of 

potential field sources: Journal of Applied Geophysics, 32, 213-217. 

Nabighian, M., 1972. The analytic signal of two-dimensional magnetic bodies with 

polygonal cross-section: its properties and use for automated anomaly interpretation. 

Geophysics, 37, 507-517. 

Paananen, M., 2004. Petrophysical properties of 24 minidrill samples from Olkiluoto. 

Posiva Oy, working Report 2004-01. Posiva Oy, Eurajoki. 20 p. 



84

 

Paananen, M. & Kurimo, M. 1990. Eurajoen Olkiluodon aero- ja 

maanpintageofysikaalisten tutkimusten tulkinta. TVO, Paikkatutkimukset. Työraportti 

90-19. 

Parasnis, D.S, 1986. Principles of Applied Geophysics, fourth edition. Chapman and 

Hall. ISBN 0-412-28330-1. 402 p. 

Paulamäki, S., 2007. Geological Mapping of the Region Surrounding the Olkiluoto 

Site. Posiva Oy, Working Report 2007-30. Posiva Oy. 54 p. 

Peltoniemi, M., Maa- ja Kalliperän Geofysikaaliset Tutkimusmenetelmät (in Finnish), 

1988. Otakustantamo, Karisto Oy, Hämeenlinna 1988. ISBN 951-672-056-0. 411 p. 

Posiva Oy, 2009. Olkiluoto Site Description 2008, Posiva Report 2009-01. Posiva Oy, 

Eurajoki. ISBN 978-951-652-169-8. 

Suomen Malmi Oy., 1988. Airborne geophysical surveys at Kuhmo, Hyrynsalmi, 

Sievi, Konginkangas and Eurajoki. TVO / Site investigations, work report 88-22. 

Teolllisuuden Voima Oy, Helsinki. 35 p. 

Suomen Malmi Oy, 1989. Geophysical ground level surveys in Olkiluoto investigation 

site, Eurajoki (In Finnish with an English Abstract). TVO, Working Report 89-35. 

Teollisuuden Voima Oy, Helsinki. 6 p. 

Vaittinen, T., Ahokas, H. & Nummela, J. 2009. Hydrogeological structure model of the 

Olkiluoto Site - update in 2008. Posiva Oy, Working Report 2009-xx. Posiva Oy, 

Eurajoki. (In prep.) 

Öhman, I., Heikkinen, E., Säävuori, H., Vuoriainen, S., Paulamäki, S. & Aaltonen, I., 

2009. Summary of petrophysical analysis of Olkiluoto core samples 1988 - 2008. 

Working report 2009-11. Posiva Oy, Eurajoki. (in prep.) 


	WR_2009-28_web.pdf



