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1 Introduction 

This document reports the compilation and interpretation of petrophysical data gained 
during autumn 2002 in connection to the selection of a preferred site for further 
investigations of the Oskarshamn area. The interpretation of petrophysical data was 
carried out by GeoVista AB according to the activity plan AP PS 400-02-015 and the 
method descriptions for measurement of petrophysical properties of rocks, e.g. SKB 
MD 132.001 and SKB MD 230.001 (SKB internal controlling documents) under 
the supervision of Leif Stenberg, SKB.The data from rock samples are based on 
measurements on 178 bedrock samples collected by GeoVista AB at 37 sampling 
locations /1/. The geographical distribution of the sampling locations is shown in 
Figure 1-1. Measurements of the magnetic susceptibility, remanent magnetization, 
anisotropy of magnetic susceptibility (AMS), density, porosity, electric resistivity and 
induced polarization (IP) were performed at the laboratory of the Division of Applied 
Geophysics, Luleå University of Technology. 

Results of in situ gamma-ray spectrometry measurements at 28 locations are also 
presented in this report. The geographical distribution of the measuring locations is 
shown in Figure 1-1. The data were gained during the field control activities during the 
investigation of the selection of a preferred site /2/ and in connection to the collection 
of rock samples for petrophysical measurements. The in situ gamma-ray spectrometry 
measurement program will be completed during the second round of sample collections, 
which is planned to be carried out at a later stage of the Oskarshamn site investigation. 
 

 

Figure 1-1.  Distribution of locations for petrophysical sampling and in-situ gamma ray 
spectrometry measurements in the area of Oskarshamn site investigation.  
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2 Objective and scope 

The general purpose of petrophysical measurements is to gain knowledge of the 
physical properties of different rock types. These data will mainly be used as supportive 
information for the interpretation of ground, borehole and airborne geophysical data. 
The petrophysical data help to correctly identify and interpret anomalies observed in 
geophysical data caused by e.g. deformation zones, dykes and contacts between rock 
units. 

A specific aim of this compilation and evaluation is to create a first version of a 
data base of physical characteristics of the main rock types occurring in the area of 
Oskarshamn site investigation. In order to produce a sample collection representing 
most of the rock types occurring in the area the selection of sampling locations was 
performed in co-operation with the geologist Carl-Henric Wahlgren (Geological Survey 
of Sweden) and by use of the geological map from the feasibility study of Oskarshamn 
/3/. The number of samples (or measurements) of each rock type are in some cases 
relatively few. A second collection of samples will be performed in connection to the 
bedrock mapping of the site investigation area. So called rock classification diagrams 
are presented (see explanation in chapter 3.1) that will provide supportive information 
to the geologists performing rock classification during the bed rock mapping. Since a 
majority of the rocks within the site investigation area lack signs of plastic deformation 
the anisotropy of magnetic susceptibility (AMS) is used to create a picture of the 
geographical distribution of variations in rock texture, preferred mineral orientations 
indicated by magnetic lineation and foliation. 
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3 Methods and data processing 

3.1 Density and magnetic properties 
Different rock types vary in composition and this leads to variations in their 
petrophysical properties. The rock density (mass divided by volume) and magnetic 
properties (susceptibility and remanence) are therefore often used as tools and 
supportive information when classifying rocks. These properties also constitute 
input parameters when modeling gravity and ground magnetic data and they are 
important for the interpretation of airborne magnetic data. 

In order to get a better picture of these data and to increase the possibility to compare 
different data sets and data from different rock types, a few sub-parameters are often 
calculated from the density, the magnetic susceptibility and the magnetic remanence. 
Two such sub-parameters are the silicate density and the Q-value (Königsberger ratio). 
The silicate density /4/ provides an estimation of the rock composition and is calculated 
by correcting the measured total density for the content of ferromagnetic minerals (e.g. 
magnetite and pyrrhotite) by use of the magnetic susceptibility. The Q-value /5/ is the 
quotient between the remanent and induced magnetizations: 
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where 

MR = Remanent magnetization intensity (A/m) 
MI = Induced magnetization intensity (A/m) 
K = Magnetic susceptibility (dimensionless SI) 
H = Magnetic field strength (A/M) 
B = Magnetic flux density (T) 
µ0 = Magnetic permeability in vacuum (4π10–7 Vs/Am) 

The Q-value thus indicates the contribution of the remanent magnetization to the 
measured total magnetic flux density and is therefore an important parameter when 
interpreting and modeling ground and airborne magnetic data. The Q-value is also 
grain size dependent and indicates what ferromagnetic minerals are present in the rock. 

In this investigation so called density-susceptibility rock classification diagrams is 
used (see for example Figure 4-1). The Y-axis in these diagrams display the magnetic 
susceptibility on the left hand side and the estimated magnetite content to the right 
(from /6/). It has been shown that in rocks in which the magnetic susceptibility is 
primarily governed by magnetite, there is a fairly good correlation between the 
magnetic susceptibility and the magnetite content /6/. However, the scatter is fairly 
high so predictions of the volume-percent magnetite in rocks based on the magnetic 
susceptibility should be used with caution. The silicate density curves are based on 
equations from /4/ and the average densities of each rock type originate from /7/. 
The diagram should be read in the way that if a rock samples plots on, or close to, 
a “rock type curve” it is indicated that the rock should be classified according to the 
composition of this rock type. Since there is often a partial overlap of the density 
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distributions of different rock types, there is always a certain degree of uncertainty in 
the classification. A sample plotting in the middle between, for example, the granite and 
granodiorite curves should thus be classified as granite to granodiorite.  

It must be noted that the rock types used in the rock classification diagram do not 
conform perfectly to the geology of the area of the Oskarshamn site. There is for 
example no corresponding rock type curve for quartzmonzonite or monzodiorite, which 
occurs frequently in the area. This is caused by the lack of high quality average density 
data for these rock types. We therefore suggest that the rock classification diagrams 
should be used as indicators of the compositional variation between different rock types 
(or groups of rocks), and that these diagrams will be used to help identifying possible 
faulty rock classifications during the bedrock mapping and also to spot geographical 
variations in rock composition.  

 

3.2 Anisotropy of magnetic susceptibility (AMS) 
3.2.1  Data processing 
The AMS measurements were performed on four specimens per rock object (site), 
which produced four data readings per object. The four measurements allow a 
calculation of mean directions of the principal AMS axes (site mean directions) and 
corresponding “site mean values” of the degree of anisotropy (P), degree of lineation 
(L), degree of foliation (F) and ellipsoid shape (T). When calculating the site mean 
values of the anisotropy parameters the orientation of the ellipsoid of each specimen is 
taken into account. Vector addition is applied to the three susceptibility axes of the four 
specimens from the site, which results in a “site mean ellipsoid”. The site mean values 
of the anisotropy parameters thus give information of the site as a whole and are not just 
“simple” average values. According to statistical demands /8/ at least six measurements 
(specimens) are required for estimating uncertainty regions of the calculated mean 
directions. No such calculations were therefore performed. Instead, the data quality of 
each site was evaluated by visual inspection and site mean directions based on scattered 
specimen directions were rejected (about 10% of the data were rejected). 

 
3.2.2  The method 
Since the anisotropy of magnetic susceptibility (AMS) is a fairly new and unknown 
method the following paragraphs give a brief introduction to the origin and application 
of AMS. A more complete description of AMS can be found in, for example, /9/. 

The magnetic anisotropy of rock forming minerals basically originates from two 
sources, the grain shape and the crystallographic structure /10/. Magnetite is ferri-
magnetic and carries strong shape anisotropy, whereas pyrrhotite and hematite are 
governed by crystalline anisotropy due to their antiferromagnetic origin. Paramagnetic 
minerals (e.g. biotite, hornblende) and diamagnetic minerals (e.g. quartz, feldspars) are 
also carriers of magnetocrystalline anisotropy. The orientation of the anisotropy of 
magnetic susceptibility coincides with the crystallographic axes for most rock forming 
minerals, so it is therefore possible to directly transfer “magnetic directions” to 
“tectonic directions” (foliation and lineation) measured in the field. 
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Since magnetite carries a very high magnetic susceptibility in comparison to most 
other rock forming minerals, only a small portion present in a rock tends to dominate 
the magnetic properties, including the anisotropy. However, for example for “non-
magnetic” granites the magnetic anisotropy is mainly governed by biotite and other 
paramagnetic minerals. 

The magnetic susceptibility K is generally written as a constant of proportionality 
between the applied field H and the induced magnetization M. However, the 
susceptibility responds differently to different directions of the applied field. It is 
anisotropic and K can not be described by a “single value”, but has to be written as 
a symmetric 3×3 tensor /11/: 
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where x, y and z stands for three perpendicular directions in a right handed co-ordinate 
system. The tensor K is termed the anisotropy of magnetic susceptibility (AMS) tensor 
(on matrix form). It is a symmetric tensor implying that 

322331132112 ;; kkkkkk ===  

By the use of linear algebra it is possible to calculate the eigenvalues and the 
eigenvectors of K. The eigenvectors are termed principal directions (p1, p2, p3) 
and the eigenvalues principal susceptibilities K1 (or Kmax), K2 (or Kint), and K3 
(or Kmin), where K1 ≥ K2 ≥ K3. Graphically the principal susceptibilities can be 
described by an ellipsoid, with K1 representing the long axis, K2 the intermediate 
and K3 the short axis (Figure 3-1). 

The degree of anisotropy is usually characterized by P = K1/K3. The degree of foliation 
is F = K2/K3 and the degree of lineation is L = K1/K2. The shape of the anisotropy 
ellipsoid is defined by the shape parameter T, see below. For –1<T<0 the ellipsoid is 
prolate (cigar-shaped) and for 0<T<1 the ellipsoid is oblate (disc-shaped). If T = 0 the 
ellipsoid is neutral. 
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Figure 3-1.  The anisotropy ellipsoid. K1 = maximum axis, K2 = intermediate axis,  
K3 = minimum axis. 
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The magnetic susceptibility indicates the volumetric content and type of magnetic 
minerals in a rock. For primary low-magnetic granitoids in which the susceptibility is 
carried primarily by iron-bearing silicates (biotite and hornblende), the susceptibility is 
proportional to the iron content and can be used as a petrographic index /12/. If different 
rock types vary in mineralogy they may be identified by means of variations in their 
magnetic susceptibility. However, when dealing with altered or deformed rock types 
containing ferromagnetic minerals (e.g. magnetite, hematite or pyrrhotite) the link 
between the susceptibility and petrography is complex. Brittle deformation of rocks 
causes fracturing and in the vicinity of the fractures magnetite oxidizes to hematite, 
which decreases the magnetic susceptibility giving rise to low magnetic zones. Also 
plastic deformation affects the magnetic mineralogy but the result is more complex 
since the deformation may lead to a destruction of magnetite, but flowing of 
hydrothermal fluids may lead to a creation, recrystallization, of magnetite as well. 

An unaltered rock carries a primary AMS fabric that corresponds to the rock type, its 
mineral composition and the environment in which it was created. Sedimentary rocks 
generally show an oblate shaped AMS ellipsoid orientated parallel to the bedding plane, 
thus with the minimum principal susceptibility axis orthogonal to the bedding. A 
lineation can be developed if the grains were deposited in a slope or in streaming water 
/9/, otherwise the K1 and K2 axes form a girdle pattern. AMS is a well-known indicator 
of the direction of magma flow in basic dykes and the method has been used in several 
studies to define flow fabrics, for example /13/, /14/ and /15/. Basic sills and dikes and 
basaltic lava flows usually carry a degree of AMS of less than 10% and the fabric of 
subhorizontal sills reminds of that of sedimentary rocks. AMS has been applied to many 
granite plutons for kinematic reconstruction of their emplacement, for example /16/ and 
/17/. A primary magnetic fabric can generally be related to the shape of the intrusion /9/ 
and preferred orientations of feldspars (known as geological magma flow indicators) 
tend to be parallel to the magnetic foliation plane /18/. If the magnetic foliation of a 
granite pluton is parallel to a regional foliation, the pattern may be due to large scale 
deformation.  

The deformation of a rock produces strain that imposes a secondary magnetic fabric. 
A brittle deformation basically gives rise to rigid grain rotation and fracturing whereas 
a plastic deformation mainly causes changes of the grain shape that result in a tectonic 
foliation and lineation. Therefore, plastic deformation must be considered as the main 
producer of secondary magnetic fabrics. However, /19/ reported deformational AMS 
structures in two monzonite plutons that lack visible tectonic structures. From the 
general theory of magnetic anisotropy small changes of the distances between atoms can 
be seen, ions or crystal lattices are enough to change the anisotropy and therefore the 
magnetic susceptibility can be more sensitive to minor deformations that are not visible 
by the eye. 

Attempts to connect the degree of anisotropy to the degree of strain are reported by for 
example /9/, /19/, /20/ and /21/. Examples of good correlation have been found over a 
limited range of strain, but there are large problems to overcome, such as growth or 
recrystallisation of minerals. Also, measurements of the AMS reflect the properties 
of an entire rock and not just a specific grain fraction. In general, if the primary rock 
fabric is determined by AMS, if the degree of deformation is low and if there is no 
recrystallisation of minerals, it should be possible to determine the amount of strain 
by use of the AMS. These criteria are however not easily satisfied. 
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3.3 Electric resistivity and induced polarization 
3.3.1  Electric resistivity 
The contrast in resistivity (ρ) between silicate minerals and more conducting media like 
water or sulphides/graphite is extremely high. The bulk resistivity of a rock is therefore 
more or less independent of the type of silicate minerals that it contains. Electric 
conduction will be almost purely electrolytic if the rock is not mineralised. Archie’s 
law /22/ is frequently used to calculate the conductivity (1/ρ) of sedimentary rocks.  

σ σ φ= ⋅ ⋅ ⋅a sw
m n

 

where 

σ = bulk conductivity (=1/ρ, S/m) 
σw = pore water conductivity (S/m) 
φ = volume fraction of pore space 
s = fraction of pore space that is water saturated 
a, m, n = dimensionless numbers, m ≈ 1.5 to 2.2  
 
Archie’s law has proved to work well for rocks with a porosity of a few percent or 
more. Old crystalline rocks usually have a porosity of 0.1 to 2% and sometimes even 
less. With such low porosity the interaction between the electrolyte and the solid 
minerals becomes relevant. Some solids, especially clay minerals, have a capacity to 
adsorb ions and retain them in an exchangeable state /23/. This property makes clays 
electrically conductive but the same property can be found for most minerals to some 
degree. This effect, called surface conductivity, can be accounted for by the parameter a 
in Archie’s law. Surface conductivity will be greatly reduced if the pore water is saline. 
The amount of surface conductivity is dependent upon the grain size and texture of the 
rock. Fine grained and/or mica-rich, foliated rocks are expected to have a large relative 
portion of thin membrane pore spaces that contribute to surface conductivity. 

The electric resistivity is in reality not a simple scalar. Most rocks show electric 
anisotropy and the resistivity is thus a tensor. On a micro-scale the anisotropy is 
caused by a preferred direction of pore spaces and micro fractures.  

 
3.3.2  Induced polarization 
The induced polarization (IP) effect can be caused by different mechanisms of which 
two are the most important. When the electric current passes through an interface 
between electronic and electrolytic conduction there is an accumulation of charges 
at the interface due to the kinetics of the electrochemical processes involved. Such 
situations will occur at the surface of sulphide, oxide or graphite grains in a rock matrix 
with water filled pores. The second mechanism is related to electric conduction through 
thin membrane pore spaces. In this case an accumulation of charges will occur at the 
beginning and end of the membrane. The membrane polarisation is thus closely related 
to the surface conduction effect mentioned above for electric resistivity. Fine grained 
and/or mica rich, foliated rocks are therefore expected to show membrane polarisation. 
Also, the membrane polarisation is greatly reduced in saline water in the same way as 
surface conductivity. 
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3.3.3  Data processing 
A correction for drift caused by drying of the sample during measurements is done 
automatically by the instrumentation software by comparing the harmonics of low 
frequency measurements with the base frequency result of the next higher frequency. 

The resistivity data were compared with the measured porosity in order to make a fit in 
accordance to Archie’s law. It should however be noted that the porosity measurements 
in this study were performed on all samples of a rock type from a site assembled 
together, whereas the electric properties were measured on one sample only. This 
will introduce some uncertainty in the fit to Archie’s law. 

Estimates of the contribution of surface conductivity to the overall bulk conductivity of 
the samples were estimated in two ways. Assuming a reasonable value of the parameter 
m in Archie’s law and using the known values of σ, σw and φ, an apparent value of the 
parameter a was calculated. High values will correspond to a large contribution from 
surface conductivity and vice versa. Also, the ratio of the resistivity of a sample in fresh 
water to the resistivity in saline water was calculated. Low values correspond to a large 
contribution of surface conductivity in fresh water measurements. 

 

3.4 In situ gamma-ray spectrometry 
The measurements of the natural gamma-radiation were in general carried out following 
the instructions in Appendices 1 and 2. There is no formal SKB method description for 
measuring gamma spectrometry on outcrops. However, the instructions in Appendix 1 
together with a previous, comprehensive report on the matter, Appendix 2, are judged to 
provide an adequate method description for in situ gamma-ray spectrometry. 

Two different instruments, Exploranium GR130 BGO (version 4.15G serie# 1099) and 
Exploranium GR320 (enviSpec serie# EXP06 2012/1803, sensor mod GPS-21 serie# 
1803), were used for the measurements. 

Each measurement object, location identity (idcode) and rock order number (rock_no), 
were normally measured on one to three different spots. Each reading was 300 s 
(Exploranium GR130) and 240 s (Exploranium GR320). The readings of equivalent 
concentration of K, U and Th were noted together with the number of counts for each 
element. The total number of counts was also noted.  
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4 Results 

The sampling covers 7 different groups of rock types (Table 4-1). The classification of 
the rock type at each object was done in accordance to the existing bedrock map /24/ 
and with information from the feasibility study /3/, and under supervision of the 
geologist Carl-Henric Wahlgren (Geological Survey of Sweden). 

 
Table 4-1.  Rock types sampled for petrophysical measurements. The rock type names 
follow the updated nomenclature /24/ and are not exactly the same as used in the 
feasibility study /3/. The rocks sampled on Ävrö belong to the same group of the granite 
to quartz monzodiorite which occur generally in the whole area.  

Rock type* Number of sampling 
locations 

Granite to quartz monzodiorite, generally porphyritic 
(Ävrö granite) 

 5 

Intermediate volcanic rock (quartz latite to andesite), 
Simpevarp peninsula 

 5 

Granite to quartz monzodiorite, generally porphyritic  11 

Quartz monzonite to monzodiorite, equigranular to  
weakly porphyritic 

 5 

Granite, fine to medium grained, dyke (red)  5 

Granite, medium to coarse grained (red)  7 

Diorite to gabbro  5 

* The rock classification may be changed at some of the sampling locations as a result of the detailed 
bedrock mapping of the area. 

 

4.1 Density and magnetic properties 
The rock type classification diagram in Figure 4-1 shows the distribution of the 
magnetic susceptibility versus density for each group of rock type. This “geophysical” 
rock classification correlates very well with the “geological” classification for a 
majority of the samples. Both groups of granites fall at, or close to, the granite 
curve. The granite to quartzmonzodiorite samples from the Ävrö island classify as 
a composition corresponding to granite to granodiorite, which is the same also for 
the granite to quartzmonzodiorite rock from the main land. The quartzmonzonite 
to monzodiorite and the intermediate volcanic rocks both classify as a rock with a 
composition corresponding to tonalite (or quartz diorite), and note that these two rock 
types can not be separated from each other on basis of their susceptibility-density 
properties. All five diorite to gabbro rock samples fall close to the gabbro classification 
curve. The data from one sample location of the intermediate volcanic rock group 
(PSM002091) deviates significantly from the rest of the group, with a high density and 
a low magnetic susceptibility. A visual inspection of the drill cores shows that the rock 
at this site has a relatively higher content of dark minerals than the rocks at the other 
four locations, which could indicate a more mafic composition resulting in a higher 
density. How to explain the low magnetic susceptibility is, however, not fully 
understood. This site location should be reexamined by a geologist. 
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Figure 4-1.  Density-susceptibility rock classification diagram. See the text for explanation. 

 

The geographical distribution of calculated silicate densities (granite dykes excluded), 
and the corresponding rock classification, is shown in Figure 4-2. The data is plotted 
with the existing bedrock map /24/ as background and the rock type legend from the 
feasibility study /3/. In spite of the relatively few data points there is a fair agreement 
between the geological map and the silicate density rock classification. Most rocks in 
the candidate area classify as rocks with a composition corresponding to granite or 
granodiorite. Within the quartzmonzonite to monzodiorite and the intermediate volcanic 
rock in the Simpevarp peninsula (both termed granodiorite to quartzmonzodiorite in the 
geological map) the silicate densities indicate rock types with compositions 
corresponding to tonalite or diorite rocks. 
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Figure 4-2.  Silicate density and corresponding rock classification for the main rock types in the area of Oskarshamn site 
investigation. The data is plotted with the existing bedrock map (slightly simplified) /24/ as background and the rock type 
legend from the feasibility study /3/. See the text for explanation.

15 
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Figure 4-3.  Contour plot of wet densities of main rock types (aplite dykes and gabbro rocks 
excluded) in the area of Oskarshamn site investigation. The blue crosses denote sample 
locations. 

A contour plot in Figure 4-3 shows the geographical variations in wet densities of 
the main rock types. Aplite dykes and mafic rocks are excluded to avoid unbalanced 
anomaly distributions. The interpolation was performed by use of the inverse-distance-
to-the-power-of-two-method, search radius of 1 km. The relatively few data points 
make this kind of processing sensitive to anomalous data points and detailed anomalies 
must be ignored. The data indicates a rather homogenous pattern of low densities in the 
northern part of the candidate area and in the Ävrö island. The quartzmonzonite to 
monzodiorite rocks and the intermediate volcanic rocks in the Simpevarp peninsula 
come out as fairly well defined positive anomalies. Note the indication of the 
concentration of higher densities just west of the Simpevarp peninsula. 

The magnetic susceptibility approximately varies between 0.0001 SI and 0.100 SI, with 
a geometric mean of 0.011 SI (Figure 4-4). A majority of the specimen susceptibilities 
cluster in the range of 0.01 SI to 0.1 SI, which indicates that the induced magnetization 
of a majority of the sampled rocks is dominated by ferromagnetic minerals, most likely 
magnetite. Natural remanent magnetization (NRM) intensities are fairly high, averaging 
at c 250 mA/m, and Q-values lay in the range of Q = 0.08 to Q = 4.50, with an average 
of Qaverage = 0.37 (Figure 4-5). This indicates that magnetite governs the remanent 
magnetization. The fairly well defined grouping of the data in Figure 4-5 indicates that 
the magnetic mineralogy is proportionately equivalent for most rock types. The only 
outstanding outlier is the medium to coarse grained red granite at location PSM002111 
with a Q = 4.50 and low susceptibility, which could indicate a different magnetic 
mineralogy of the rock at that location (possibly influenced by hematite) compared to 
the rocks at the other sample locations. The rock at the sample location PSM002091 
(intermediate volcanic rock) that differed significantly from its group in the density 
susceptibility rock classification diagram (Figure 4-1) has a Q-value within the same 
range as the other rocks in that group. 
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Figure 4-4.  Histogram of the mean susceptibility of individual specimens. 

 

 

 

Figure 4-5.  Natural remanent magnetization (NRM) intensity versus magnetic susceptibility. 
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The directions of the NRM (Natural Remanent Magnetization) scatter in declination 
and vary from moderate to steep inclinations (Figure 4-6). The mean direction of  
decl. = 327º and incl = 78º is fairly close to the direction of the present earth magnetic 
field. Three samples have negative inclination which means that the remanence vector 
points upwards; these are all granite to quartz monzodiorite rocks from the locations 
PSM002104, PSM002123 and PSM002124 situated along the southern boundary of 
the candidate area. The Q-values of these rock samples are Q = 0.36 (PSM002104),  
Q = 0.08 (PSM002123) and Q = 0.15 (PSM002124). The upward direction of the 
remanence vector counteracts the induction part of the total magnetic field (measured in 
the aeromagnetic helicopter measurements) and if large parts of the bedrock in this area 
carries upward directed remanence directions, there is risk of distorted anomaly patterns 
in the aeromagnetic data, which may cause misinterpretations of the area of distribution 
of rock units and falsely interpreted locations of rock contacts.  

 
Figure 4-6.  Equal area projection plot showing natural remanent magnetization (NRM) 
directions of the rocks within the Simpevarp candidate area. Open symbols denote negative 
inclination of the remanence vector. 
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4.2 Anisotropy of magnetic susceptibility (AMS) 
On basis of the data shown in Figure 4-4 and Figure 4-5, it is likely assume that 
magnetite governs the magnetic properties of a majority of the rocks in the Simpevarp 
area. This implies that the anisotropy of magnetic susceptibility is governed by the 
grain shape and orientation of the magnetite grains. The AMS-ellipsoids show a 
continuous variation in shapes from strongly prolate (“cigar-shape”) to strongly oblate 
(“disc-shape”) and degrees of anisotropy are below 1.4 for most samples (Figure 4-7). 
The degree of anisotropy of unaltered magnetite is ca. P = 1.2 /9/ so from the P-values 
is Figure 4-7a it seems clear that there is also a strong paramagnetic component 
(for example hornblende and biotite) contributing to the AMS as well. There is 
no correlation between the degree of anisotropy and the magnetic susceptibility  
(Figure 4-7b), which indicates that the degree of magnetic anisotropy is independent 
of the concentration of magnetite. 

 

a) 

 

b) 

 

Figure 4-7.  Anisotropy of magnetic susceptibility parameters for individual specimens from 
all sampling locations, a) Shape parameter versus degree of anisotropy and b) Degree of 
anisotropy versus mean susceptibility.  
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The AMS data are very consistent and principal axis orientations clearly indicate 
significant clustering, in spite of the fact that a vast majority of the sampled rocks 
appear to be of primary origin and lack visible tectonic fabrics (Figure 4-8). The poles 
to the foliation (Kmin) tend to form a girdle distribution, though a majority of the 
Kmin-directions cluster in the south to south-south-west direction with moderate to sub 
horizontal dips implying that most foliation planes strike ca. westward with steep dips, 
and some strike southwestward with shallow dips. The magnetic lineations (Kmax, 
maximum strain) cluster in the north-west direction with moderate to sub horizontal 
dips. The strike directions of the magnetic foliation planes of the fine grained granite 
dykes do not deviate significantly from the general foliation pattern but their lineations 
clearly dip steeper. 

 

 

 
Figure 4-8.  Equal area projection plots of minimum (poles to foliation) and maximum 
(lineation) site mean anisotropy axes for the rocks in the Simpevarp site investigation area. 
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In Figure 4-9 below the geographical distribution of the orientation and dip of the 
magnetic foliation planes is shown. In general the strike of the foliation planes follow 
the east-west to east-southeast – west-northwest orientation of the major lithological 
boundaries. This indicates that most rocks carry a primary magnetic fabric related to the 
stress field that prevailed during the emplacement of these rocks. The sampling location 
PSM002017 represents a diorite to gabbro rock situated only a few hundred meters west 
of the northeast-southwest oriented so called Äspö shear zone. The rock carries a 
magnetic foliation that is parallel to the strike of the shear zone, which indicates that it 
may have been affected by the deformation (Figure 4-9). The rocks of the two sampling 
locations situated closely to the west of PSM002017 have foliation planes with 
significantly different orientations, possibly indicating that those rocks are unaffected 
by the deformation. The orientation of the magnetic foliation of the rock at PSM002091, 
situated to the east of the Äspö shear zone, is also parallel to the strike of the shear zone. 
This sampling location lay close to a lineament (probable deformation zone) that is sub 
parallel to the Äspö zone /3/. The fine grained granite dykes (red symbols in Figure 4-9) 
essentially have similar orientations of the magnetic foliation planes as their host rocks. 
The magnetic lineation (maximum strain) directions show very consistent northwest-
ward orientations at the Simpevarp peninsula and in the central and western part of the 
site investigation area (Figure 4-10). Dips are generally moderate to shallow. In the 
Ävrö island the pattern is slightly different, displaying westward oriented lineation 
directions and dips varying from 0º to 43º.  

The site mean degree of anisotropy is moderate to low for a majority of the rocks at 
the investigated sampling locations (Figure 4-11). Only at two locations, PSM002098 
and PSM002113, the anisotropy degree exceeds 1.4. At the location PSM002117 
(diorite to gabbro rock), situated close to the Äspö shear zone, the degree of anisotropy 
is significantly higher than for the other four sampled gabbro rocks, which again 
indicates that the rock at this location may have been affected by the deformation zone. 

Variations in shape of the AMS ellipsoids seem to be related to the different lithologies 
(Figure 4-12). Granite to quartzmonzodiorite rocks generally have oblate (disc) shaped 
ellipsoids, whereas the quartzmonzonite to monzodiorite rocks and the intermediate 
volcanic rocks are dominated by prolate (cigar) shaped ellipsoids. This most likely 
reflects differences in magnetic mineralogy between the rock types (a higher content 
of hornblende in the quartzmonzonite to monzodiorite), or possibly, but less probable, 
that the granite to quartzmonzodiorite rocks were emplaced under different tectonic 
conditions than the quartzmonzonite to monzodiorite rocks. 
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Figure 4-9.  Strike and dip of magnetic foliation planes (mean values) in the Simpevarp site investigation area. The location 
of sites for determination of AMS is shown in Figure 1-1. Black symbols denote main rocks and red symbols denote fine 
grained granite dykes. The crosses denote sampling location where no mean direction could be established. The same rock 
type legend as in Figure 4-2. 
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Figure 4-10.  Orientation and dip of magnetic lineations (mean values) in the Simpevarp site investigation area. Black 
symbols denote main rocks and red symbols denote fine grained granite dykes. The crosses denote sampling location where 
no mean direction could be established. The same rock type legend as in Figure 4-2. 
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Figure 4-11.  Geographical distribution of the degree of anisotropy (mean values) for the main rocks in the Simpevarp area. 
The same rock type legend as in Figure 4-2. 
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Figure 4-12.  Geographical distribution of the shape parameter (mean values) for the main rocks in the Simpevarp area.  
T<0 => prolate ellipsoid (cigar shape), T>0 => oblate ellipsoid (disc shape). The same rock type legend as in Figure 4-2. 
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4.3 Electric resistivity, induced polarization and porosity 
4.3.1  Porosity 
The distribution of measured porosities can be seen in the histograms in Figure 4-13. 
The range of porosities is rather narrow. All samples have porosity between 0.2 and 
0.8%. This can be regarded as quite normal values for crystalline rocks of Proterozoic 
age. Although the porosity ranges of the rock types overlap and the number of samples 
is small, some differences can be noted. All granitoid rock types have porosities 
varying from 0.4% to 0.8%. The mafic intrusive rocks and the metavolcanites from the 
Simpevarp peninsula, on the other hand, have significantly lower porosities ranging 
from 0.1% to 0.5%. 

 

4.3.2  Electric resistivity and induced polarization properties 
The spatial dependence of electrical properties and the properties of different rock 
types have been analyzed. 

The IP effect as a function of resistivity in fresh water can be seen in Figure 4-14. 
With a few exceptions the samples have resistivities from 7000 to 30000 Ωm and  
IP-values from 4 to 20 mrad. Both ranges can be considered to be quite normal for  
non-mineralized crystalline rocks. No correlation can be seen between the two 
parameters. 

The ranges of resistivity and IP values overlap for the different rock types. Still, some 
differences can be seen although conclusions are difficult to draw due to the rather 
small number of samples. High resistivities have mainly been measured on samples of 
metavolcanic rocks. This is probably due to the generally lower porosities of this rock 
types compared to the different granitoid types. Slightly higher IP values have been 
measured on the metavolcanic rocks and on the “quartz monzonite to monzodiorite” 
compared to the other groups. The differences are however rather small.  

Maps showing the resistivity and IP values of the samples can be seen in Figures 4-15 
and 4-16. Contour lines have been interpolated with inverse distance weighting within a 
search radius of 1200 metres. Samples of metavolcanic rocks and mafic intrusive rock 
were not included in the interpolation to avoid too much mixing of spatial patterns with 
rock type differences. Petrophysical data cannot really be interpolated in this way but 
the contour lines were included to make patterns in the data recognizable.  

The samples from an area in the central part of the map seem to have slightly lower 
resistivity than the rest of the samples. The area roughly coincides with an anomaly seen 
in aeromagnetic data but this might be a coincidence since the number of samples is 
quite small. The rest of the area show fairly uniform resistivity values.  

The IP data show a different spatial pattern. The granite to quartzmonzodiorite samples 
directly west of the Simpevarp peninsula have higher IP values than the samples from 
the westernmost part of the area and from Ävrö. However, also this pattern is based on a 
quite small number of samples. 
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Figure 4-13.  Histograms showing distribution of measured porosities for the rock types. 
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Figure 4-14.  Resistivity and IP-effect (phase angle) for samples soaked in tap water. 
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Figure 4-15.  Map showing the resistivity of samples measured in fresh water. The symbol size 
is scaled to the logarithm of the resistivity. The symbols indicate the rock type according to the 
legend in Figure 4-14. Note that more than one rock type has been sampled at some sites. The 
contour lines have been interpolated by inverse distance weighting with a search radius of 
1200 metres, volcanic rocks and mafic intrusive rocks excluded. 
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Figure 4-16.  Map showing the IP-effect (phase angle at 0.1 Hz) of samples measured in fresh 
water. The symbol size is linearly scaled to the phase angle. The symbols indicate the rock type 
according to the legend in Figure 4-14. Note that more than one rock type has been sampled at 
some sites. The contour lines have been interpolated by inverse distance weighting with a 
search radius of 1200 metres, volcanic rocks and mafic intrusive rocks excluded. 

 

The measured resistivity as a function of porosity is plotted in Figure 4-17. A negative 
correlation might be expected since high porosity should correspond to low resistivity 
and vice versa. This relationship can be modeled with Archie’s law according to the 
discussion in section 3.3.3. However, such a correlation is rather poor. There are some 
possible reasons for this. Firstly, the porosity has been measured on all drill cores from 
a site assembled to one sample in order to get a high accuracy, whereas the resistivity 
has been measured on one drill core only. This procedure will introduce some scatter 
in the plot in Figure 4-17. However, it can hardly entirely explain the poor correlation. 
A second reason is that samples have different surface conductivity properties, even if 
they belong to the same rock group. Samples where the porosity to a relatively large 
degree consists of thin membranes will have a lower resistivity than a sample with 
the same porosity but wider pore spaces. A third reason for the poor correlation in 
Figure 4-17 is that the samples might be anisotropic. It has only been possible to 
measure the resistivity in one direction for each sample. The porosity is a simple scalar 
and this means that the position of a sample in the plot in Figure 4-17 to some degree 
might be dependent on the drill core orientation relative rock foliation/lineation. 
Finally it should be noted that the range of porosities, for a certain rock type, seen 
in the measured samples is quite narrow. It is likely that a better correlation to the 
resistivity could be seen if samples with higher and lower porosities had been available. 
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Figure 4-17.  Measured resistivity as a function of porosity for samples soaked in tap water. 
The three straight lines represent the resistivity according to Archie’s law calculated for  
m = 1.75 and σw = 0.025 S/m. The samples then show different apparent a-values which might 
correspond to different amounts of surface conductivity. The symbols indicate the rock type 
according to the legend in Figure 4-14. 

 

The resistivity measured in saline water as a function of porosity can be seen in Figure 
4-18. The saline concentration is 125 g NaCl per 5 kg of water. This is not a saturated 
solution and even if the effect of surface conductivity is reduced by the salt, it might not 
be completely removed. The correlation between porosity and resistivity is rather poor 
also for this case and no reliable fit to Archie’s law can be made. 

Assuming a reasonable value of 1.75 for m in Archie’s law and calculating the apparent 
value of a for the fresh water data, we end up with values ranging from around 10 to 
100. High values would then possibly correspond to a large contribution of surface 
conductivity to the bulk conductivity of the samples. The samples of “diorite to gabbro” 
and two samples of intermediate volcanite show such properties. All other rock groups 
have apparent a-values of around 30 with the exception of “Granite, fine to medium 
grained (aplite dykes)” that have lower apparent a-values. 
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Figure 4-18.  Measured resistivity as a function of porosity for samples soaked in saline water. 
The three straight lines represent the resistivity according to Archie’s law calculated for  
m = 1.75 and σw = 3.57 S/m. Apparent a-values equal to one would then correspond to no 
surface conductivity. The symbols indicate the rock type according to the legend in Figure 4-14. 

 

Another way of investigating the influence of surface conductivity is to compare the 
measured resistivity in fresh and saline water respectively (Figure 4-19). The contrast in 
resistivity between the fresh and saline water is around 180. However, the average ratio 
in resistivity of the samples measured in fresh and saline water respectively is only 22. 
Since the surface conductivity effect to a large extent is removed in saline water, the 
ratio of resistivity values can be taken as a measure of the relative contribution of 
surface conductivity in the fresh water measurements. In Figure 4-19 we can see that 
no sample plot close to the solid line corresponding to equal resistivity for fresh and 
saline water measurements. This indicates that electrolytic conduction dominates in 
all samples. Two samples of “quartzmonzonite to monzodiorite” (PSM002102, 
PSM002103) and two samples of volcanic rock (PSM002089, PSM002090) have 
ratios of only around 10 or less. These four samples are among those with the highest 
magnetic susceptibility. It is therefore likely that magnetite contributes slightly to the 
electric conductivity for these samples. However, not all samples with high magnetic 
susceptibility show this effect.  
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Figure 4-19.  Resistivity measured with the samples soaked in fresh and saline water. The 
straight line corresponds to equal resistivity for the two cases. The contrast in resistivity 
between the fresh and saline water was around 180 whereas the contrast in resistivity for most 
of the samples was just between 15 and 25. The symbols indicate the rock type according to the 
legend in Figure 4-14. 

 

The electric conductivity of magnetite is known to vary, possibly due to the amount of 
impurities in the crystal lattice. 

The rock type “Granite, fine to medium grained (aplite dykes)” has higher ratios than 
the other groups (median value = 45), which indicates less contribution from surface 
conductivity. 

The relation between IP measured in fresh and saline water can be seen in Figure 4-20. 
Most samples have very low IP in saline water indicating that the IP in fresh water is 
mainly due to membrane polarisation. The samples with significant IP effect in saline 
water have quite high magnetic susceptibility indicating that magnetite might be the 
cause of that IP. However, not all samples with high magnetic susceptibility show this 
effect. 

The IP-effect has been plotted for two different frequencies in Figure 4-21. Stronger IP 
in the higher frequency compared to the lower frequency indicate IP with a short time 
constant. Most samples plot slightly above the straight line indicating slightly more IP 
for the higher frequency. This means that all samples have a short or moderate time 
constant. 
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Figure 4-20.  IP-effect measured with the samples soaked in fresh and saline water. The 
straight line indicates equal IP for the two cases. Most samples show low IP in saline water 
indicating that membrane polarisation is the dominating IP effect in fresh water. The symbols 
indicate the rock type according to the legend in Figure 4-14. 

 

 

0 10 20 30 40
Phase angle in fresh water at 0.1 Hz (mrad)

0

10

20

30

40

Ph
as

e 
an

gl
e 

in
 fr

es
h 

w
at

er
 a

t 4
 H

z 
(m

ra
d)

 

Figure 4-21.  IP-effect as phase angle for two frequencies. Samples that plot above the straight 
line are expected to have short time constants. The symbols indicate the rock type according to 
the legend in Figure 4-14. 
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4.4 In situ gamma-ray spectrometry 
A total number of 54 in situ gamma-ray spectrometry measurements were performed at 
28 locations (Figure 1-1 and Table 4-2). The measurement program is planned to cover 
at least twice as many measurement locations as presented here, and the data in this 
report is a preliminary compilation of the gamma-ray spectrometry measurements made 
so far during the Oskarshamn site investigation. Hitherto the spatial coverage and the 
number of measurements on some of the rock types are not sufficient to allow a 
statistically reliable evaluation of the data. 

 
Table 4-2.  Rock types measured with gamma ray spectrometry. S = number of 
measurement locations, N = number of measurements. The shaded rows contain data 
from the previous investigation of fine grained granite dykes /25/. The rock type names 
follow the updated nomenclature /24/ and are not exactly the same as used in the 
feasibility study /3/.  

Rock type*  S N Potassium 
(%) 

Uranium 
(ppm) 

Thorium 
(ppm) 

Total 
gamma 
radiation 
(µR/h) 

Granite to quartz 
monzodiorite,  
generally porphyritic  

 8 13 3.6 ± 0.4 4.4 ± 0.8 18.3 ± 4.1 13.5 ± 1.9 

Intermediate volcanic 
rock (quartz latite to 
andesite), Simpevarp 
peninsula 

 6 14 3.2 ± 0.4 3.7 ± 1.8 14.8 ± 5.0 11.0 ± 3.3 

Quartz monzonite  
to monzodiorite, 
equigranular to  
weakly porphyritic 

 6 14 3.1 ± 0.4 5.0 ± 2.2 11.7 ± 1.5 11.3 ± 1.5 

Granite, fine to  
medium grained (red) 

 3  5 4.4 ± 0.8 7.5 ± 1.6 32.2 ± 13.0 20.8 ± 4.3 

Granite, fine to  
medium grained  
(red aplite dyke) 

11 20 5.6 ± 0.4 6.1 ± 2.3 48.9 ± 20.9 26.4 ± 6.0 

Granite, medium to 
coarse grained (red) 

 4  6 3.8 ± 0.4 4.4 ± 1.0 17.1 ± 3.2 13.5 ± 2.2 

Mafic rock, fine  
grained 

 1  2 1.5 ± 0.1 0.7 ± 0 3.0 ± 0.2 3.6 ± 0.1 

Granite to quartz 
monzodiorite,  
generally porphyritic 
(Ävrö granite) 

 7  9 3.6 ± 0.2 4.9 ± 0.8 16.6 ± 6.6 13.4 ± 2.0 

Quartzmonzodiorite  
to granodiorite  
(Äspö island) 

 5 16 3.3 ± 0.4 4.8 ± 2.7 11.2 ± 2.4 11.4 ± 1.7 

Pegmatite  3  3 5.2 ± 0.4 9.8 ± 7.4 23.2 ± 8.7 21.0 ± 6.6 

* The rock classification may be changed at some of the sampling locations as a result of the detailed 
bedrock mapping of the area. 
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The Th-K plot (Figure 4-22) shows that a majority of the rocks have a potassium 
concentration of 3–4% and a thorium concentration of 10–20 ppm. The fine grained 
red granites have higher concentrations of both potassium and especially thorium, and 
pegmatites have a significantly higher concentrating of potassium than most other rock 
types. There is an indication of a grouping of the granite to quartz monzodiorite together 
with the medium to coarse grained red granite, having higher concentrations of 
potassium and thorium compared to the intermediate volcanic rock at the Simpevarp 
peninsula, the quartz monzonite to monzodiorite rocks and the quartzmonzodiorite to 
granodiorite at the Äspö island. The fine grained mafic rock carries a low concentration 
of both thorium and potassium. The data distribution is similar when looking at the 
concentration of uranium versus total radiation (Figure 4-23). The mafic rock has a 
uranium concentration below 1 ppm and a total radiation below 5 µR/h. The pegmatites 
often have a high concentration of uranium and their total radiation lay in the same 
range as for the fine grained red granites. The fine grained red granites (including the 
aplite dykes) are anomalously high in total radiation as well as in the concentration of 
uranium, although the standard deviation of the mean uranium concentration overlaps 
the corresponding mean values for most other rocks. Previous studies have shown that 
the red fine grained granite dykes are often associated with high fracture frequency, 
see /25/, and extra effort has therefore been put to find a radioactive signature of these 
rocks. Data processing shows that these dykes often have a significantly higher quotient 
between Th and K compared to the other rock types (Figure 4-24). However, also the 
fine grained red granite “bodies” have a high Th-K quotient. 

 

 

Figure 4-22.  Equivalent concentration of Th (thorium) versus K (potassium) with standard 
deviation of the mean for each rock type respectively. 
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Figure 4-23.  Equivalent concentration of U (uranium) versus total radiation with standard 
deviation of the mean for each rock type respectively. 

 

 

Figure 4-24.  Quotient between equivalent concentration of Th and K versus total radiation for 
each rock type respectively. 
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5 Discussion of the results 

Petrophysical properties, gained during this work, of the rocks in the area of the site 
Oskarshamn are summarized in Table 5-1 below. Even though the number of sample 
locations per rock type is relatively few, with an average of 5–6 samplings per rock 
type, the scatter in the data is moderate and the standard deviations are generally low. 

 
Table 5-1.  Petrophysical parameters of rock types in the Simpevarp area. The rock type 
names follow the updated /24/ nomenclature and are not exactly the same as used in the 
feasibility study /3/.  

Rock type* Wet 
density 
(kg/m3) 

Magnetic 
susceptibility
(Logarithm 
10–5 SI) 

Q-value  
(unit less) 

Electric 
resistivity, 
fresh water 
0.1 Hz 
(Logarithm 
Ωm) 

Induced 
polarization, 
fresh water 
0.1 Hz 
(mrad) 

Porosity 
(%) 

Granite to quartz 
monzodiorite, 
generally 
porphyritic  

2687 ± 35 3.35 ± 0.20 0.23 ± 0.09 4.19 ± 0.15 8.9 ± 4.4 0.59 ± 0.09 

Intermediate 
volcanic rock 
(quartz latite to 
andesite), 
Simpevarp 
peninsula 

2803 ± 52 3.22 ± 0.84 0.35 ± 0.40 4.58 ± 0.41 11.2 ± 6.7 0.29 ± 0.11 

Quartz monzonite 
to monzodiorite, 
equigranular to 
weakly porphyritic 

2790 ± 33 3.54 ± 0.14 0.25 ± 0.07 4.16 ± 0.17 13.8 ± 4.5 0.51 ± 0.11 

Granite, fine to 
medium grained 
dyke (red) 

2620 ± 6 2.63 ± 0.25 0.21 ± 0.02 4.40 ± 0.20 10.4 ± 2.7 0.56 ± 0.11 

Granite, medium 
to coarse grained 
(red) 

2650 ± 21 2.86 ± 0.89 0.88 ± 1.60 4.20 ± 0.08 10.8 ± 1.4 0.59 ± 0.06 

Granite to quartz 
monzodiorite, 
generally 
porphyritic  
(Ävrö granite) 

2681 ± 16 3.12 ± 0.16 0.24 ± 0.08 4.16 ± 0.18 10.2 ± 0.9 0.57 ± 0.12 

Diorite to gabbro 2967 ± 33 3.12 ± 0.80 0.35 ± 0.32 4.28 ± 0.16 7.9 ± 2.9 0.32 ± 0.08 

* The rock classification may be changed at some of the sampling locations as a result of the detailed 
bedrock mapping of the area. 
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The susceptibility – density rock classification indicates that a majority of the rocks 
have compositions corresponding to a continuous variation from low-density granites 
(leucocratic granite) to tonalite. The results generally conform very well to the existing 
rock classification /3/. The magnetic mineralogy of most rocks is most likely dominated 
by a combination of magnetite, amphiboles and biotite giving rise to fairly high 
magnetic susceptibilities. Red granites (fine, medium and coarse grained) have a 
lower content of dark minerals and therefore constitute an exception to this with a 
lower magnetic susceptibility. Q-values are generally low indicating that the magnetic 
remanence plays a subordinate role when interpreting magnetic field measurements. 
However, the negative inclination of the remanence vector reported at three sampling 
locations in the southern part of the site investigation area calls for further 
investigations. The magnetic fabric of the area, as indicated by the AMS data, is 
dominated by circa west-northwest-striking foliation planes, with moderate to steep 
dips, and west-northwest striking lineations (maximum strain orientation) with 
moderate to sub-horizontal dips. This is most likely a primary fabric related to the 
stress-field that prevailed during the emplacement of theses rocks. At some sampling 
location we find fabrics with orientations that deviate from this pattern. Here the rocks 
mainly have south- or circa southwest oriented foliation planes, but the lineations have 
the same west-northwest orientation as for most other rocks. At some of the locations 
with deviating fabric orientations there seems to be a fairly clear connection to 
deformation zones (for example at PSM002117 and PSM002091). At the other 
locations the deviating fabric orientation may be related to natural variations of the 
rocks, or possibly indicate the existence of deformation zones. Porosities of the 
investigated rocks are low, in general below 1%. The electric resistivity lay in the 
range of 10,000 Ωm to 40,000 Ωm (fresh water, 0.1 Hz) and the induced polarization 
is below 20 mrad (fresh water, 0.1 Hz) for a majority of the rocks. The data indicate 
“normal” properties for non-mineralized primary and unaltered crystalline basement-
rocks, typical for the Swedish bedrock. Fine grained red granites (dykes and “bodies”) 
have a higher quotient between the concentration of thorium and potassium than all 
other investigated rock types. A majority of the rocks have concentrations of K = 3–4%, 
U = 3–5 ppm and Th = 10–20 ppm. 

A comparison of the data presented in this report to previously presented petrophysical 
data /26/ (surface sampling) and /27/ (borehole data from KLX01 and KAS02) show a 
generally good agreement between the different data sets /28/. Since the data in /26/ is 
only presented as average values, and the data of each individual sampling is lacking, 
some of these data should be treated with caution, and combinations with the data 
presented in this report must be performed with great care. 

The delivered data have been inserted in the database (SICADA) of SKB. The SICADA 
reference to the present activity is Field note No 21 and No 98. 
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Appendix 1 
 
 

Instruktion för bestämning av strålningsegenskaper och haltbestämning 
av kalium, uran och torium genom mätning in situ 
 
Hans Isaksson   GeoVista AB 
 
 
Inledning 
Som en del i SKB:s platsundersökningar skall parametermätningar av bergarternas 
petrofysiska egenskaper utföras. Detta dokument är en instruktion som beskriver 
proceduren för bestämning av markens strålningsegenskaper eller haltbestämning av 
kalium, uran och torium genom mätning av gammastrålning i fält. 
 
Enligt metodbeskrivningarna SKB MD 160.002, SKB MD 230.001 och SKB MD 
191.001 skall följande petrofysiska egenskaper bestämmas: 
 

- Densitet 
- Porositet 
- Magnetisk volymssusceptibilitet 
- Magnetisk susceptibilitetsanisotropi 
- Magnetisk naturlig remanens 
- Gammastrålning 
- Elektrisk resistivitet 
- Värmeledningsförmåga 
- Värmekapacitet 

 
Metodbeskrivning avseende gammastrålning omfattar dock enbart 
laboratoriemätningar och inte mätningar in-situ. 
 
 
Allmänt 
Företrädesvis görs haltbestämning av kalium, uran och torium genom direkt mätning 
på hällytan (alternativt i jord). 
 
Den bilagda rapporten av Mellander, H., Österlund, S.E. och Åkerblom, G., 1982. 
�Gammaspektrometri � en metod att bestämma radium- och gammaindex i fält�, 
SGU-rapport BRAP 82072, utgör även idag en aktuell beskrivning av arbetet för att 
bestämma radium- och gammaindex i fält med bärbar gammaspektrometer. 
 
På grund av instrumentutveckling kan dock rapporten aktualiseras när det gäller 
kravet på kristallvolym. Nya typer av kristaller kan vara effektivare än den 
traditionella NaI-kristallen. Som exempel kan nämnas modellen Exploranium, GR-
130G BGO som använder en Vismut-Germanat kristall som är ca 4 ggr effektivare än 
NaI. I stället för att ställa kristallvolymen som ett kriterium bör man därför i stället se 
till instrumentets andra egenskaper där mättiden för att uppnå godtagbara mätvärden   
utgör en viktig parameter. 
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Dokumentation 
Det är viktigt att väl dokumentera mätningen som görs. Följande parametrar bör 
noteras:  
 
Datum  
Observatör  
Lokal  
ID Geol-ID enligt pågående kartering 
Koordinat_XY XY-koordinat i RT90 2.5 gon väst 
Bergart Bergart enligt geologisk kartering (Alternativt idobjekt (PFM) och 

bergartsordning) 
Geologiska 
avvikelser 

Notera särskilt geologiska avvikelser, tex förekomst av gångar etc. 
I första hand skall dock sådana avvikelser undvikas. 

Instrument Spektrometer; version, serienr, kalibrering 
Antal mätningar  
Mättid  
Aktivitet Antal sönderfall totalt och för resp kalium, uran, torium,  

för respektive mätning 
Halter Antal sönderfall totalt och för resp kalium, uran, torium, 

för respektive mätning 
Geometri 2PI för hällar samt blottlagd yta samt ev. avvikelser från 2PI 
Lagrat spektra Ange om gammaspektra har sparats digitalt 
Anmärkningar Avvikelser och osäkerheter, tex regn. 
 
 
Efter slutförda mätningar dokumenteras mätningarna samt levereras till SKB. 
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