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Abstract: For both construction and exploration purposes, knowledge of the subsurface is important. Geophysical 

exploration methods can be used to acquire an overview of an area on which further investigations can be based. In 

this study direct current resistivity and induced polarization data, inverted with a Cole-Cole model in program Aar-

husInv, are used to characterize the bedrock at Önneslöv in Scania, southwestern Sweden. Önneslöv is situated at 

the Romele horst, which contain gneissic bedrock intruded by dykes.  

Resistivity ρ, with the unit Ωm, is a measurement of a materials' resistance to electric current. Induced Polarization, 

IP, which is measured as chargeability m with the unit mV/V, is the materials ability to charge up as a capacitor due 

to displacement of charges. Since both are physical properties of a material they can be used to investigate the ma-

terial in the ground. The Cole-Cole model calculates the chargeability when the charging current was cut m0, as 

well as the frequency factor C and time constant τ. In contrast, commonly integral chargeability m is used, which 

uses a certain timeframe of the polarization decay. Magnetometry, percussion drillings, and borehole geophysics 

are also used to help refine and verify interpretations. 

The results show several NW trending linear elements in the ground. Many of them are interpreted as dykes or 

weakness zones. Weathering zones and weathered bedrock surfaces are also possible to identify, especially when 

adding normalised IP. The ground also contains numerous NE trending deformed and metamorphosed dykes that 

cannot be seen directly in the resistivity and IP data. However, these dykes most likely contribute to generally low 

resistivity values for bedrock in the area. C and τ follow the IP in terms of magnitude and are believed to be con-

nected to textural differences in the ground. An additional finding is that the colour of the gneissic bedrock corre-

sponds with changes in the gamma ray borehole logs, most likely due to the amount of potassium bearing minerals.  
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Sammanfattning: Kunskap om markens uppbyggnad är viktig både för konstruktions och prospekteringsändamål. 

Geofysiska undersökningsmetoder kan användas för att skapa en överblick att basera vidare undersökningar på. I 

den här studien används likströms resistivitet och inducerad polarisation, IP. Datan är inverterad med en Cole-Cole 

modell i programmet ÅrhusInv och använd för att karakterisera berggrunden vid Önneslöv i Skåne. Önneslöv är 

beläget på Romele horsten som består av gnejs innehållande mafiska gångbergarter. 

Resistivitet ρ, med enheten Ωm, är ett värde på ett materials resistans mot elektrisk ström. Inducerad polarisation, 

vilket mäts i uppladdningsförmåga m med enheten mV/V, är materialets förmåga att laddas som en kapacitator till 

följd av omfördelning av laddningar i marken. Eftersom de är fysiska egenskaper hos ett material kan de användas 

för att undersöka materialen marken. Cole-Cole modellen beräknar uppladdningseffekten vid tillfället då strömmen 

bröts m0 samt frekvensfaktorn C och tidskonstanten τ. Detta skiljer sig från den vanligt förekommande integrerade 

inducerade polarisationen m, då den integrerar ett specifikt tidsavsnitt av urladdningen istället. Magnetometri, ham-

marborrningar och borrhålsgeofysik har även använts för att förbättra och verifiera tolkningar. 

Resultaten visar flera NV gående linjära strukturer. Flera av dem är tolkade som gångbergarter och/eller svaghets-

zoner. Vittringszoner och vittrade delar av bergöverytan går även att identifiera, särskilt då normaliserad IP även 

används. Marken innehåller även ett stort antal mindre NO gående deformerade och metamorfoserade gångbergar-

ter som inte går att se tydligt i resistivitets och IP datan. De bidrar dock troligtvis till generellt lägre resistivitetsvär-

den för berggrund i området. C och τ tycks följa IP värdena vad gäller högre eller lägre och tros bero på textuella 

skillnader i marken. Ett sidoresultat i den här studien är att färgen på gnejsen går att korrelera med variationen av 

gammastrålning i borrhålen, troligtvis beroende på mängden kaliuminnehållande mineral. 
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1  Introduction and Aim  
 

Knowing the characteristics of the bedrock is im-

portant for all types of underground constructions, but 

could also play a role in environmental investigations 

and have other purposes. Important information in-

cludes knowing the depth to the bedrock surface, its 

shape (even or irregular), whether or not it is fractured, 

lithological composition and degree of weathering. 

This type of information about the bedrock can be ac-

quired by drilling, which is expensive, time consuming 

and provides information limited to the drill point. 

Areas between drill points must be extrapolated and 

may render inaccurate interpretations. With geophysi-

cal investigation methods such as geoelectrical meth-

ods it is possible to acquire a direct first-order over-

view of an area that could serve as a basis for further 

investigations.  

 The principle aim of this study is to investigate 

to what extent Direct Current resistivity and time-

domain Induced Polarization (DCIP) can be used to 

characterize the bedrock at Önneslöv, which is located 

in Scania, southern Sweden. Additional methods, such 

as lithological borehole logs, borehole geophysics and 

magnetometry were used to strengthen and correlate 

DCIP results. The main bedrock features of interest are 

the depth to the bedrock surface, the occurrence of 

fractures and weathering zones and whether or not 

intrusive dykes can be observed from DCIP. The DCIP 

data will be inverted for spectral parameters with a 

Cole-Cole model using AarhusInv to investigate if the 

spectral inversion of IP data will give more infor-

mation about the bedrock.  

 The data available has been acquired by the 

Engineering Geology department at Lund University 

in a project with Skanska because there is an interest 

in potential geoenergy storage in the study area. 

Knowing bedrock characteristics in advance is im-

portant because different materials and features in the 

ground can affect the construction and efficiency of 

the energy storage and could make planning more ef-

fective as well as reduce the construction costs. 

 

2  Background 
 

2.1 Regional Geology 
The crystalline bedrock in southern Sweden (Fig. 1) 

was formed ca. 1.85-1.67 Ga ago and rocks in south 

western Sweden have subsequently been deformed and 

metamorphosed during events of orogenesis. The bed-

rock consists mostly of granitoid rocks and some 

mafic intrusions (e.g. Högdahl et al. 2004).  

 After the bedrock first formed in Sweden it has 

been reworked during both compressional and exten-

sional events. The Hallandian orogeny was a compres-

sional event which occurred around 1.45 Ga ago, in 

which Baltica presumably collided with an unknown 

continent in the south (e.g. Hubbard 1975; Cecys 

2004; Brander & Söderlund 2009). After the Hallandi-

an event another orogenic event occurred at 1.1-0.9 

Ga, known as the Sveconorwegian orogeny (e.g. Jo-

hansson et al. 1991; Wahlgren et al. 1994; Möller et al. 

Figure 1. Simplified map of the geology in southern Sweden. Black lines are delineating the northern part of the 

Tornquist Zone in which the horst-graben system of Scania is exposed. The dashed lines depict the Protogine Zone (PZ). 

The point Ö shows the approximate location of the study area on the Romele horst. (Modified from Söderlund et al. 

2008) 
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2002). This is why south western Sweden is dominated 

by gneisses, which are metamorphosed rocks equiva-

lent to pristine rocks of the Transscandinavian Igneous 

Belt (TIB) further to the east (e.g. Söderlund et al. 

2002). The metamorphosed region is known as the 

Eastern segment and is part of the Sveconorwegian 

province. 

 The Protogine Zone (PZ) divides the bedrock of 

southern Sweden in the east and the metamorphosed 

equivalent in the west and has acted as a structural 

weakness zone for the most part of Proterozoicum 

(e.g. Gorbatschev 1980; Gaál & Gorbatschev 1987). 

South of Lake Vättern, the PZ is ca. 25-30 km wide 

and is defined by numerous shear and fault zones 

(Wahlgren et al. 1994). It also contain several pulses 

of intrusion that range in age between 1.56 Ga and 

1.205 Ga (Söderlund & Ask 2006). The intrusions 

along the PZ have undergone various degrees of re-

working and deformation due to the Sveconorwegian 

orogeny. 

 Another prominent structural zone in southern 

Sweden is the Tornquist Zone, which is made up of a 

system of NW-SE trending faults and shear zones that 

stretch from the North Sea, across Europe to the Black 

Sea. It has been active from ca. 300 Ma ago with alter-

nating stages of compression and extension resulting 

in faulting and intrusion of mafic magmas (Bergerat et 

al. 2007). The faulting has also led to the formation of 

the horst-graben system that can be seen in Scania 

(Norling & Bergström 1986), with for example the 

Kullaberg- and the Romele horsts. 

 

 

2.2 Study Area 
The investigated area is situated just northwest of 

Önneslöv, a small community in the municipality of 

Lund, and ca. 1 km southwest of the Dalby quarry. 

The study area can be seen on the map below (Fig. 2). 

 

2.3 Local Geology 
The main rock type in the Dalby quarry is granitic 

gneiss. It is variably weathered from relatively fresh 

rock to clay. In Fig. 3a, one can see more intact but 

intruded and fractured gneiss to the left whereas to the 

far right the darker rock is strongly weathered. In the 

gneiss, several NE-trending mafic dykes can be seen. 

They are strongly deformed and amphibolitisised due 

to Sweconorwegian deformation (Fig. 3b). Locally, 

these dykes are very weathered and altered to clay. 

Attempts to date these reworked dykes using the U-Pb 

method on baddeleyite indicated an age of ca. 1.2 Ga 

(Cederberg 2011). Due to deformation, the dykes oc-

cur parallel to the regional deformation trend with the 

exception of dykes in bedrock lenses that escaped de-

formation (Fig. 3c). Post-Sveconorwegian diabase 

dykes are common in the quarry. These dykes have 

been dated at ca. 300 Ma (Klingspor 1976; Timmer-

man 2009; pers. comm. Söderlund 2016) and are 

trending in north western direction parallel to the 

horst-graben system in Scania. They are typically 

near-vertical and ca. 5-10m in thickness (Fig. 3d). The 

study area is located in the intersection between the 

Protogine zone and the Tornquist Zone and therefore 

most dykes in this location follow those two distinct 

directions (Fig. 1). Overlaying the bedrock in the quar-

ry is a cover of till with a thickness of around 1-5 me-

Q 

Malmö 

Lund 

Figure 2. Map showing the location of the investigated area (red frame) in Scania in southern Sweden. The Q marks the 

Dalby quarry in the upper right corner. 
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ters. The sedimentary cover is in general slightly thick-

er in Önneslöv. Because the studied area is situated 

very close to the quarry, it is assumed to have the same 

geological features as can be seen in the quarry. 

 Besides the main lithologies exposed in the 

quarry, there are several types of fracture mineralisa-

tions present. Halling (2015) identified 17 different 

minerals including carbonates, Fe-Pb-Zn minerals, 

epidote, chlorite, quartz, gypsum, and REE-minerals. 

She concluded that there have likely been several 

events of mineralisation related to contact metamor-

phism and hydrothermal activity. 

 

3  Geophysics and Inversion 
Theory 

 

Natural environments are made up of many different 

materials varying from solid rock to clay. The differ-

ence in material can also greatly affect the physical 

properties. Resistivity and induced polarization are 

two such properties. The resistivity survey method was 

developed in the early 20th century but was not widely 

used until the 1970s. It measures a materials resistance 

to conducting electricity (Reynolds 2011). The in-

crease in usage in the 70s was due to increased compu-

ting power and improved methods. The resistivity 

method is used for various investigations such as 

search for groundwater, cavity mapping and archaeol-

ogy. It is also used for environmental purposes, for 

example to investigate contamination situations at con-

taminated sites (Åkesson 2015). 

 Induced polarization measures a materials' abil-

ity to act as a capacitor. When a current is applied the 

material becomes polarized. When the current stops 

the charge of the material will go back to its initial 

state after a certain time (Reynolds 2011). In so called 

time-domain IP, this decay time is measured. In fre-

quency-domain IP, the shape of the relaxation curve 

also gives additional information. The induced polari-

zation phenomenon was discovered in 1913 by Conrad 

Schlumberger and has been used since the 1950s pri-

marily for mining and petroleum exploration purposes 

(Reynolds 2011). Both due to improved measuring 

techniques and increased computing power, it has be-

come viable in the last few decades to use in other 

types of investigations as well, such as environmental 

investigations and characterization of soil (Sharma 

1997) and bedrock (Magnusson et al. 2010). 

 

3a 3b 

3c 3d 

Figure 3. Photographs of the main lithologies in the Dalby quarry. 3a show relatively fresh gneiss, that is more clay 

weathered to the right (circled). 3b shows deformed and amphibolitisised dykes, where the right one is about 1m across. 

3c shows a gneissic lens that escaped most of the deformation. 3d shows a NW trending diabase dyke about 10m across. 

(Photographs by Sara Johansson) 
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3.1 Resistivity 
The resistance to electrical current in a material is a 

material dependent property and is called resistivity, 

with the unit ρ, measured in Ωm. If a material is com-

pletely homogenous, the measured value will be the 

true resistivity, however the occurrence of completely 

homogenous materials in nature is very unusual. True 

resistivity can be explained as the quota of electric 

field strength and current density (Eq. 1; Reynolds 

2011). However, since most natural materials are het-

erogeneous and resistivity is measured over a volume, 

the measured value will be a mean value of all materi-

als within the measured volume. The resulting meas-

urement is called apparent resistivity (Reynolds 2011). 

Apparent resistivity can be defined as the product of 

the resistance R and a geometrical factor K (Eq. 2; 

Reynolds 2011). The geometrical factor depends on 

the electrode configuration and therefore on the meas-

ured length and cross section, which means that the 

measurements are of a volume and not a point as is 

illustrated in Figure 4. Theoretically, the median inves-

tigation depth is defined as the depth which is reached 

by 50% of the current. The apparent resistivity is pre-

sented as a pseudosection, with a pseudodepth calcu-

lated from the electrode positioning and set up. To get 

an interpretable model from the pseudosection, inverse 

numerical modelling is necessary (see "3.3 Inversion 

modelling").  

 Since measurements are conducted along a line 

when using electrical resistivity tomography, struc-

tures in the ground have to be assumed to be in two 

dimensions, when in reality they are 3-dimensional. It 

is therefore important to lay the survey lines perpen-

dicular to vertical elements in the ground and topo-

graphical highs and lows if possible. The geometry of 

the subsurface and the topography of the surface may 

otherwise give false measurements due to bodies of 

high or low resistivity and create so called 3D-effects 

(Sharma 1997). When interpreting resistivity data an-

other difficulty may be that different geological mate-

rials can have the same resistivity values, or at least 

overlap to some extent as can be seen in Figure 5.   
 

3.2 Induced Polarization 
Induced polarization (IP) occurs when a material that 

has the ability to polarise is exposed to an electric cur-

rent. The material will then charge up as a capacitor. 

There are two ways for this charge to occur. Grain 

polarization (Fig. 6a) is a surface process that occurs 

when there are conductive minerals present, for exam-

ple metal sulphides. The grains will be polarised when 

Eq. 1   ρ = E / J Eq. 2   ρ = R ∙ K 

Figure 4. Figure illustrating the equipotential lines 

(dashed) and current paths (red lines) through the 

ground during resistivity measurement (Åkesson 2015). 

Figure 5. Generalised resistivity scales for different natural materials. (Palacky 1987)  
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a current is applied which in turn will attract opposing 

charges. Membrane polarization (Fig. 6b) is a process 

taking place between grains where the mass around the 

pore space becomes polarised making opposing charg-

es block pore throats and in this way creating capaci-

tors. Membrane polarization can also occur due to clay 

particles or other fibrous elements as the particles cre-

ate a sphere of charges around them (Reynolds 2011). 

Since these processes are superimposed on each other, 

what is measured is the sum of all polarization pro-

cesses (Johansson 2016). IP measurements are, just as 

resistivity, measured as apparent IP response because 

it is a measurement of a volume, most likely contain-

ing a number of different materials. The measurements 

are, as resistivity, presented as a pseudosection. It must 

therefore also be modelled using inversion modelling 

software to yield interpretable results (See "3.3 Inver-

sion modelling"). 

 There are two ways of measuring induced po-

larization, Time-domain IP and frequency domain IP. 

Time-domain IP is measured as the time it takes for 

the polarization effect to return to its initial state after 

the current is turned off (Reynolds 2011). It is meas-

ured as chargeability m with the unit mV/V, millivolts 

per volt injected. When measuring in time-domain, the 

decay curve is divided into gates or time windows, 

where a mean value is calculated for each gate.  

 Frequency-domain IP can also be called com-

plex resistivity and measures the amplitude- and phase 

shifts between injected current and measured potential 

while applying an alternating current (Johansson 

2016). This will not be discussed more as it is not 

within the scope of this thesis. 

 It has become possible to use models to de-

scribe frequency domain with the spectral parameters 

frequency factor c and time constant τ (tau), in time-

domain. The decay curve can be fitted to a so called 

Cole-Cole model, which is a generalised model that 

fits complex resistivity, but that also has been remod-

elled to fit time-domain IP (Eq. 3) (Pelton et al. 1978). 

In this equation V(t) stands for the voltage drop after 

the current (I0) is shut off. m0 is the intrinsic chargea-

bility at the time the current is cut, and R0 is the DC 

resistivity. C and τ help describe the shape of the decay 

curve, where C is the frequency factor and τ is the 

time-constant.  
 

 

τ (measured in seconds) describes how quickly the 

polarization decays after applied current is shut off and 

a low τ give a steep decay curve (Pelton 1978). C de-

scribes the shape of the decay curve and is a measure-

ment of how homogenous the material is, because C 

depends on the frequency peak of a certain material.  

A homogenous material will therefore have a high C, 

as there is one main relaxation process, and in turn one 

main polarization process. Pelton (1978) found that the 

type of mineral does not affect the C very much and 

that increased grain size increases τ. Johansson et al. 

(2016) observed that spectral parameters could be con-

nected to textural differences in limestone. 

 The IP response in a material is dependent on 

the material itself, but also on that the current is run-

ning through it. Since the current will take the path of 

least resistance, a more resistive material might show a 

lower IP response than it otherwise would. This can 

happen for example if fractures or sediments are filled 

with water, leading to the IP measurement looking 

lower than it should be if the material was dry. To re-

solve this issue, Slater & Lesmes (2002) proposed to 

use Normalised IP. Normalised IP is the IP effect di-

vided by the resistivity and will show the IP effect of 

the material itself without the "quicker electrical 

paths", accentuating the polarization effect of the ma-

terial. Essentially, it shows the surface polarization of 

the material measured in mS/m.  

a b 

Figure 6. a) Grain or electrode polarization, where an applied current will attract opposite charges to the surface of a 

material. Modified from Johansson (2016). b) Membrane polarization. Upper: no current applied. Lower: applied cur-

rent makes opposite charges attract and block pore throats. (Johansson 2016) 

Eq. 3 
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Recent developments in measuring techniques and 

signal processing have made it possible to improve IP 

data significantly, making spectral analysis more via-

ble. Furthermore, separating current and potential ca-

bles can improve data quality by lowering capacitive 

coupling effects (Dahlin & Leroux 2012). The im-

provements in processing include removal of non-

linear drift, harmonic noise, and spikes (Olsson et al. 

2016). Processing also makes it possible to use earlier 

and later times of the decay curve, giving more infor-

mation than previously was possible. It has also been 

concluded that measuring the IP during current injec-

tion using a 100% duty cycle instead of 50% duty cy-

cle can be used for spectral analysis but also improves 

data quality (Olsson et al. 2015).  

 

3.3 Inversion Modelling Theory 
In order to receive interpretable results from pseudo-

sections, inversion modelling is necessary. Before the 

inversion process, data processing is usually needed 

since erroneous data points may be present. Also to-

pography data should be added to correct for irregular 

topography that could influence the data (Reynolds 

2011). 

 During inversion, a starting model is assumed 

with a number of layers, divided into blocks, in the 

ground based on the pseudosection and pseudodepth. 

The size of the layers and blocks depends on the elec-

trode spacing and number of data points, and is in-

creasing with depth. AarhusInv then uses finite ele-

ment modelling (Fiandaca et al. 2012), which creates a 

pseudosection based on the assumed model and com-

pares it with the measured data pseudosection. It could 

be explained as that the program uses information of 

how measurements were taken, and the data aquired 

from measuring, and tries to find a realistic distribu-

tion in the ground that fit the data. How the realistic 

distribution will look also depends on what constraints 

are set before inversion. This process is repeated, with 

a number of iterations altering the model until the 

model fits the measured data as well as possible, or 

until the misfit is below pre-set acceptable values. The 

misfit is presented as percentage RMS (root-mean-

squared) error between the measured data and the 

model (Reynolds 2011).  

 It is important to keep in mind that the Cole-

Cole model in AarhusInv (Fiandaca et al. 2012) uses 

the unit m0 and not m for IP, which means that instead 

of calculating an integral chargeability over a chosen 

time frame, as is commercially common, the program 

calculates the polarization right after the current is cut. 

This will give IP values that are higher than in other 

kinds of software, for example Res2DInv (Loke et al. 

2003, Geotomo Software 2015). This simply means 

that the values themselves should not be directly com-

pared to results from different softwares. When inte-

gral chargeability is used, the pulse length also affects 

the magnitude of the results making comparison diffi-

cult (Olsson et al. 2015 B). 

 

3.4 Uses of Resistivity and IP for Bedrock 
Interpretation 

Resistivity and IP measurements have shown potential 

for interpreting bedrock features such as fracturing, 

presence of dyke intrusions, weathering zones and the 

bedrock surface. It was concluded in Magnusson et al. 

(2010) that there is a correlation between resistivity 

and amount of fractures giving lower resistivity with 

the presence of clay particles and/or water in fractures. 

Dry fractures would give a higher resistivity due to the 

lack of paths for the electricity to take. The same con-

clusion can be found by Magnusson et al. (2010) and 

Cegrell & Mårtensson (2008). It was also concluded 

by Cegrell & Mårtensson (2008) that mafic dykes can 

be detected by resistivity and IP, where mafic dykes 

would give high resistivity and low IP and that the 

proximal areas could have increased fracturing and 

mineralisations. In Rønning et al. (2013) a characteri-

sation model is proposed for resistivity in crystalline 

bedrock where a resistivity of over 3000 Ωm is solid 

rock with low fracture frequency, 3000-500 Ωm is 

rock with more or less high fracture frequency with 

water in them and under 500 Ωm is fractured rock with 

water and clay weathering.  

 As proposed by Slater & Lesmes (2002) nor-

malised IP could be of use in cases where quicker 

electrical paths minimize the polarization effect of 

materials. It can be helpful detecting clay content and 

weathering zones in a water saturated environment 

since clay has a large surface area but will, due to the 

water content, not show a distinct IP effect. It was also 

concluded by Bohlin & Landen (2008) that clay 

weathering can be found using normalised IP. 

 

4  Method 
 

4.1 Field Measurements 
 

4.1.1 Magnetometry, Percussion Drilling and 
Borehole Geophysics 

Magnetometry has previously been performed by 

Sweco at the Önneslöv site and the interpretations 

from this study will be used as an additional help for 

interpreting the resistivity and IP results. Additionally, 

seven percussion drillings, between 130 m and 250 m 

depth, were performed by HP Borrningar AB for 

Sweco. The lithological records from these drillings 

are used for an overview of the bedrock in the area and 

to help strengthen interpretations of fracture and 

weathering zones. 

 Geophysical borehole logging has been per-

formed by the Engineering Geology department at 

Lund University in three of the boreholes, HB02, 

HB03 and HB05. The natural gamma and especially 

caliper logs are used as additional data to strengthen 

the interpretation of the other methods, especially for 

weathering and fracturing. The natural gamma log is 

for example usually used for detecting clay content in 

sedimentary formations and to measure purity of sand 
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formations (Reynolds 2011). However, since sedimen-

tary rocks are not present in the study area it could 

give a better idea of the minerology instead. The cali-

per log is a mechanical log that measures the width of 

the borehole and will show cave-ins due to fractures 

and weathering and thereby give information on the 

stability of the ground (Alm 2012). 

 

4.1.2 Resistivity and IP Measurements 

In Önneslöv, resistivity/IP line surveys were conduct-

ed by members of the Engineering Geology depart-

ment at the Faculty of Engineering at Lund University. 

In this master thesis the data from these survey lines 

are used. Three layouts were conducted in the north-

east-southwest direction and one in the northwest-

southeast direction. The layouts intersect. The three 

survey lines in the northeast-southwest were 1000 me-

ters long and the northwest-southeast line was 800 

meters long. The electrode spacing was 5 meter. The 

layouts of the survey lines can be seen on the map in 

Fig. 7. 

 The instrument used was an ABEM Terrame-

terLS. Stainless steel electrodes were used. Separated 

multi-electrode cables were used for current and po-

tential when measuring in order to reduce capacitive 

coupling effects (Fig 8). The measurements were con-

ducted with a multi-gradient array protocol where both 

current and potential electrodes are moved to measure 

different positions and depths (Dahlin & Zhou 2006). 

The pulse length was 4 seconds with three cycles. Ad-

ditionally, the measuring was conducted with a full 

waveform for current injection which improves data 

quality by amplifying IP effects and allowing for more 

stacks (Olsson et al. 2015 A).  

 

4.2 Data Processing 
The raw data acquired at the site was processed in two 

steps. The first step was made by the Engineering Ge-

ology Department where the data was put through a 

series of filters and signal processing. The aim of the 

processing was to correct for drift occurrences, to re-

move spikes caused by for example external electrical 

sources, and to remove the effect of harmonic noise 

and coupling effects. This was done in order to im-

prove the data quality but also in order to extract the 

very early and late times of the decay curves that are 

otherwise unavailable for use (Olsson et al. 2016). 

 The second step in the processing was to re-

move decay curves or parts of decay curves that are 

Figure 7. Map with topography over the investigated area at Önneslöv. Survey lines and location of Dalby quarry are 

marked. (Image by Matteo Rossi, Engineering Geology, Lund) 

Figure 8. Schematic image of multi-electrode measurement, using separated cables (Johansson 2016). 
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considered to be of low quality or false. So called out-

liers, for example, are IP decay curves that do not 

match the other curves at all and are therefore consid-

ered to be false measurements. This processing was 

done via the program Aarhus Workbench (Fiandaca et 

al. 2012). Due to unreliable data in the very early ac-

quisition times, the first 5 gates, around 5 ms, were 

removed before further processing. Some decay curves 

were removed completely according to certain criteria. 

These criteria were if the curve changed sign, did not 

have an exponential decay, or fit badly with other 

curves. In some curves only individual gates were re-

moved. In these cases, a portion of the curve, usually 

the beginning or end, was not to be trusted if it unex-

pectedly differed strongly from the general curve 

shape. Also, at 80 milliseconds a systematic dip in the 

IP measurement occurred that could not be explained 

within the aim of this thesis therefore all values at 80 

milliseconds were removed. In most cases a dip that 

could not be explained was also observed in the very 

last gate and therefore this last gate was also removed. 

In the inversion, all negative decay curves were re-

moved after seeing that they rarely fit in preliminary 

attempts. 

 During manual processing, data were removed 

before final inversion. In total, 43% of data from sur-

vey line 1, 30% from line 2, 22% from line 3 and 37% 

from line 4 were removed. The reason for the high 

amount of removed data is, partially because all data 

in two gates were removed which equal around 10%, 

but also because a conservative approach was taken to 

ensure that the data that is left is to be considered of 

high quality. Some of the decay curves and time win-

dows removed might have contained good data, how-

ever it is still not fully known how the different polari-

zation processes work and therefore not fully known 

which data can be trusted.  

 

4.3 Inversion Modelling 
After the data was processed, it was inverted in Aar-

husInv (Fiandaca et al 2012) via Matlab as 2D inver-

sions with a Cole-Cole model. The model parameter 

used was “L1 Loose”, which is a finite element model 

using somewhat looser constraints. In order to accen-

tuate differences in the model even more, both the 

vertical and horizontal constraints were set looser than 

in the original settings. Usually, the program smooth-

ens out sharp differences. However, since sharp verti-

cal structures are believed to be present here the set-

tings were changed.  

 

5  Results and Interpretation 
 

5.1. Magnetometry Results 
In the studied area, magnetometry was performed and 

interpreted by Sweco. The interpretations indicate that 

there are several dykes going in a NW-SE direction. 

Five of which have given major anomalies and four 

with lesser anomalies. Examples of major and minor 

magnetic anomalies from survey line 3 can be seen in 

Fig. 9. The ones giving a major signal has been inter-

preted by Sweco as NW dykes, and the ones with mi-

nor signals as minor anomalies that can be connected 

at least in the centre of the profiles. Therefore, minor 

anomalies could be dykes but this is not certain. Some 

magnetic anomalies are present in the profiles that are 

not connected as linear elements in the interpretation. 

Therefore all anomalies are marked in the profiles be-

low. No NE-SW dykes have been interpreted. The 

major anomalies are mostly situated in the beginning 

of or in the second half of the profiles one, two and 

three. The minor anomalies are mostly situated in the 

centre of these profiles, with the exception of profile 

one where several also are towards the right end of the 

profile.  

 The positions of the interpreted dykes (major 

anomalies) and minor anomalies are shown in the in-

verted profiles below, in "5.4. Inversion results", with 

purple and yellow marks in the profiles. Purple indi-

cates a strong anomaly (dyke) and yellow a minor 

anomaly. 

 
5.2 Borehole logs 
The lithological percussion drill logs are listed in Ta-

ble 1 and presented in the inverted profiles below in 

"5.4. Inversion results" where they are marked approx-

imately. Due to resolution issues the soil depth is pre-

sented in Table 1 and the borehole lithology is simpli-

fied in the profiles. For a more detailed description see 

Appendix B. Boreholes that are located in intersec-

tions between profiles are marked on both profiles. 

According to the borehole logs the soil depth in the 

area is between 4.6m and 25m. However, six of the 

seven boreholes have a soil depth of less than 10m. 

Furthermore, parts of the bedrock are weathered to 

various states and fractures are numerous. There are 

numerous amphibolites of different thickness present 

Figure 9. Magnetometry data over part of profile 3. Circles show examples of anomalies where the yellow circle is the 

minor anomaly at 450m and the purple circle the major anomaly at 700m.  
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in most of the boreholes and they are located at vari-

ous depths. Larger sections of amphibolite are marked 

separately but smaller ones are mixed in with the 

gneiss as "gneiss with amphibolites" and from what 

can be seen in the Dalby quarry the many amphibolites 

in the gneiss are most likely weathered and highly de-

formed. One borehole, HB06, is omitted because it has 

an offset of 200m westwards from profile 2, however 

it is included in Appendix B.  

 

5.3 Borehole Geophysics 
Since the bedrock in the area is crystalline and not 

sedimentary, the radiation levels seem to reflect the 

mineralogy and not the clay content of the formation. 

It is possible to distinguish two distinct different signa-

tures connected to the rock type. The first has 70-125 

CPS (counts per second), and correlates with mostly 

red gneiss from the lithological logs. The second has 

between 20-100 CPS and correlates well with grey 

gneiss. Other rock types, however in much smaller 

quantity, are present but difficult to distinguish since 

they fall into the same span as the gneisses. For exam-

ple red gneiss rich in quartz gives a lower radiation 

count than gneiss without as much quartz. Grey gneiss 

with more muscovite gives a higher radiation than 

gneiss with less muscovite. Examples of the gamma 

signatures of the first 140 m from HB03 are presented 

in Fig. 10 below. The full gamma ray and caliper logs 

are presented in Appendix C. 

 The caliper logs show that the rock walls of the 

borehole often vary 1-3 cm in width. Only the most 

rigid parts of the boreholes lack or have less of this 

variation. HB02 has smaller consistent variations in 

diameter the first 80 m, apart from individual fracture 

zones at around 60-80 m depth. Further down, the 

borehole is less stable with larger fracture zones to a 

depth of 160 m. From 160 m to 240 m, the borehole is 

again stable with minor fractures. HB03 show varia-

tions in the caliper log with decreasing magnitude 

down to a depth of 105 m. Between 20m and 30m 

there is a larger fracture zone, and below that, around 

70 m of varying degree of weathering making the 

borehole diameter vary 1-6 cm. Below this depth the 

walls are mostly stable apart from fracture zones at 

120 m - 130 m, 160 m - 166 m and a fracture at 190 m. 

In HB05 the walls are unstable to a depth of 104 m 

varying in diameter 1-5 cm with a larger fracture zone 

at 92 m - 104 m. Below 104 m the variations are 

smaller, apart a fracture at 182 m. 

 The variations in diameter of a few centimetres 

in most cases correlate with weathering in the litholog-

ical logs or larger fracture zones, or a combination of 

the two. In general the lithological logs show that most 

of the upper halves of the boreholes are weathered to 

some extent. An example of the caliper and gamma 

logs from HB03 can be seen together in Fig. 10 below. 

 

5.4 Inversion Results 
The inverted profiles 1-4 are presented individually 

below, after which they are presented in a combined 

manner in order to show how the structures in the 

ground fit together. The magnetrometry results have 

also been added to the inverted profiles as the purple 

and yellow points along the profiles, where purple 

indicates a strong magnetic anomaly and yellow a mi-

nor one. Percussion drillings that have been performed 

in the area are shown in the profiles as simplified logs. 

It is important to remember when looking at the invert-

ed profiles that the precision is lower with increasing 

depth and towards the sides of the profiles. With in-

creasing depth, the lack of data points causes cells to 

be larger, meaning that resolution decreases. In order 

to give an estimate of where the inversions are more 

trustworthy, two dashed lines have been added to the 

profile. The bottom one (grey) shows how deep the 

data points reach in the pseudosections. The upper one 

(orange) is an estimate of the depth at which a high 

density of data points can still be found. Since a pseu-

dosection shows a theoretical depth depending on elec-

trode configuration, the lines should be considered 

estimations. 

 The data misfit in the inversions was 8.3% 

RMS error in profile one, 15% in profile two, 25.1% in 

profile three and 7.4% in profile four. The misfit cross 

sections are presented in appendix A. In general, the 

resistivity has a better fit than the IP. The high misfit 

in the IP could depend on a few factors. First of all, 

not all unrealistic values were removed in the pro-

cessing, creating some spikes. Secondly, it seems diffi-

cult for the inversion software to fit the very early ac-

quisition times well. Another possibility is that the 

Name Position Soil 

depth 

Borehole 

depth 

HB04 Profile 2, 

240 m 

5.5 m 220 m 

HB02 Profile 2, 

485 m 

Profile 4, 

420 m 

6.7 m 246 m 

HB05 Profile 2, 

700 m 

25 m 250 m 

HB07 Profile 2, 

890 m 

11 m 242 m 

HB01 Profile 1, 

480 m 

Profile 4, 

240 m 

9.5 m 172 m 

HB03 Profile 4, 

585 m 

Profile 3, 

480 m 

4.6 m 201 m 

Table 1. Summary of percussion drill logs' positions 

along the survey lines and the soil depth for each loca-

tion.  
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data values are varying strongly and that the con-

straints in the inversion make it difficult to fit well. 

 

5.4.1 Profile 1 

Profile one (Fig. 11) shows a generally highly resistive 

ground with areas of lower resistivity that can be seen 

at around 220 m and 700 m. In the central part just by 

the borehole, a small, low resistivity zone can be seen 

at very shallow depth. In the centre there is also an 

area of lower resistivity at around 100 m depth where 

the ground is otherwise of higher resistivity. The IP 

response looks similar to the resistivity with zones of 

higher IP values in the edges of the profile and a dis-

tinct high zone in the middle. As well as for the resis-

tivity, the zones of higher IP are divided by areas of 

lower IP at 220 m and 700 m. The upper part of the 

profile has generally low resistivity and varying IP. In 

the borehole, HB01, the upper 50 m of the bedrock 

contain gneiss with amphibolites and a larger amphib-

olite section containing epidote as fracture mineralisa-

tion. Below this level, the main rock type is unweath-

ered gneiss.  

 For the most part, τ gives lower responses when 

resistivity and IP also are lower. However, this is not 

very clear. The upper part of the profile shows low τ 

values, ranging to the lower end of the scale along 

most of the profile. Generally C is lower when the IP 

Figure 10. Example of gamma radiation signatures and caliper log from HB03. As can be seen there are 2-3 distinct 

gamma signatures correlating relatively well with lithological record for red gneiss and grey gneiss. The amphibolite 

often has similar levels to grey gneiss, but varies more. The caliper show that most of the borehole has some form of 

weathering and 2-3 sections with larger fractures or cave-ins. W = Weathered. 
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is lower, for example at x=700 m. The normalised IP 

(lowest profile in the Figure), shows a zone of higher 

normalised IP in the centre at x=500 m in the same 

place as the IP also was high. At x=700 m the normal-

ised IP also shows elevated values correlating with the 

resistivity and IP low zone. In between these two areas 

there are elevated values mainly in the deeper parts. 

 

5.4.2 Profile 2 

Profile two (Fig. 12) also shows a ground of higher 

resistivity divided by zones of lower resistivity at 

x=200 m and x=700 m. Other more shallow anomalies 

of lower resistivity can be seen at, for example x=100 

m and x=450 m. The IP response show three features 

along the profile. At around x=250 m, there is a dif-

fuse area of lower IP. Between x=400 and x=600, the 

IP is increased, especially in the upper left parts of 

which some correlate with one of the shallow resistivi-

ty anomalies. A slight increase in the IP can also be 

seen as a vertical element at around x=820 m. General-

ly, the very upper parts of the profile show low resis-

tivity and lower IP, however the IP has less contrast to 

underlying layers compared to the resistivity. In some 

areas such as the resistivity low zones, the transition to 

higher resistivity is also very diffuse. 

 HB04, to the left in the profile, show gneissic 

unweathered bedrock apart from between 34m and 

70m depth, where the gneiss also contains some am-

phibolites. In HB02, similar gneissic bedrock can be 

seen, however the upper part, between 7 m and 28 m, 

is weathered. In HB05, which is situated in the large 

zone of low resistivity, the bedrock is weathered until 

107 m below the surface. Below the weathering zone 

mineralisations can be found in fractures until 124 m, 

after which fresh gneiss continues. HB07, the right-

most borehole is weathered in the uppermost part until 

23 m, after which the bedrock is mostly gneissic, but 

containing several minor amphibolite dykes. 

 τ shows few changes apart from some areas in 

the upper layer, such as at x=450 m where the lower τ 

somewhat correlate with low resistivity and a minor 

magnetic anomaly. It is also slightly lower around the 

larger areas of lower IP. C follows the same pattern as 

in profile one with a lower signature in the areas of 

lower IP. In the shallow parts, C is in some cases also 

lower where IP is lower and a minor magnetic anoma-

ly can be found, for example at x=450 m and x=500 m. 

The normalised IP shows four shallow zones of elevat-

ed normalised IP that stretch around 30-50 m down, at 

x=100 m, 200 m, 450 m, and 700 m. They correspond 

to the same areas of low resistivity and the first three 

also fit magnetic anomalies well. At x=750 m there is, 

however, a slightly deeper normalised IP anomaly that 

fits a, by magnetometry, interpreted dyke well. 

 

5.4.3 Profile 3 

In general profile 3 (Fig. 13) also has ground with high 

resistivity. The leftmost area of the profile also has 

higher resistivity but not as clear as in profiles one and 

two. However, it can be seen until around x=150 m. 

There are two areas of lower resistivity dividing the 

highly resistive ground, one more shallow around 

x=200 m that looks to be two low zones which blend 

together, and one areas that stretches deeper at around 

x=750 m. Apart from these large areas, there are again 

more shallow areas at x=60 m, x=420 m and x=480 m 

with lower resistivity, which coincides with magnetic 

dyke interpretations or minor magnetic anomalies. The 

IP response in profile three shows slightly less varia-

tion than in profile one and two. However, similar ele-

ments can be seen. Lower IP can be found in the area 

around x=200 m, where resistivity is also. Higher IP is 

present especially in the centre of the profile and coin-

cide at x=380 m with higher resistivity and at x=420 m 

with lower resistivity and a minor magnetic anomaly. 

There is also a vertical area of higher IP at x=720 m, 

close to a dyke, similar to what can be seen in profile 

two. The borehole, HB03, shows gneissic bedrock 

with an amphibolite zone at 21 m to 39 m and some 

smaller amphibolites after that. In the caliper log, this 

larger amphibolite zone either has a larger fracture 

zone or is very weathered since the borehole diameter 

increases up to 17 cm. The bedrock is also weathered 

down to 110 m. However, the degree of weathering 

decreases with depth which can also be seen in the 

caliper log. At 120 m-130 m of depth there is a frac-

ture zone, but otherwise the borehole is relatively sta-

ble below 105 m apart from some fractures. 

 τ changes very little along the profile but shows 

two zones of somewhat lower signal. The first is the 

diffuse area around x=200 m - 400 m, similar to the 

area of low resistivity and IP and the second is at the 

vertical higher IP area at x=720 m. C is lower in the 

area of low resistivity and IP at around 200 m - 300 m 

and other smaller low areas in the very shallow layer 

can also be seen. 

 The normalised IP in profile 3 also has a few 

shallow areas with elevated normalised IP that corre-

spond with low resistivity zones and reach approxi-

mately around 40 m down, in most cases also coincid-

ing with magnetic anomalies. The larger area of ele-

vated normalised IP at 600 m – 700 m on the right side 

of the profile corresponds well with the low zone in 

the resistivity and is similar to the same area in pro-

files one and two. 

 

5.4.4 Profile 4 

Profile four (Fig. 14), the perpendicular profile, shows 

a shallow zone of lower resistivity that relatively 

sharply changes to higher resistivity below. Deeper, 

below 50 m – 80 m, for most part of the profile, resis-

tivity is intermediate. Between x=480 and x=640, 

however, there is an area of high resistivity below this 

level. To the right of this area to the end of the profile 

the resistivity is low. The IP has a top layer of low IP 

that correlates with the low resistivity. There are two 

larger areas of higher IP at x=80 m – 160 m, and at 

x=240 m – 400 m that coincide with somewhat lower 
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resistivity values. In the right zone of high resistivity 

at x=480 m – 640 m the IP is lower in the more shal-

low parts. The rightmost part, from 640 m shows low-

er IP however with a slight IP high zone that correlates 

with a small increase in resistivity around 50m down. 

 The boreholes along profile four are HB01, 

HB02 and HB03 since they are situated in the intersec-

tions of the profiles. For the most part the bedrock is 

gneissic with the exception of amphibolites in the up-

per parts of HB01 and HB03. Minor amphibolites also 

occur deeper. Depending on the area in between HB02 

and HB03, the depth of weathering looks to be in-

creasing towards the right in the profile. The Caliper 

logs, however, show larger variations in HB02 down 

to 160 m compared to HB03. The shallowest layer in 

the boreholes, most likely the soil, also correlates well 

with the top layer of low resistivity. 

 τ gives a lower signature, where the IP is lower. 

That can be seen in the upper ca 30 m - 40 m and is 

especially low in the very top layer, similar to profile 

one. C shows high values for the most part, except for 

the upper layer, similar to the τ, and correlate well 

with the lower IP areas. The normalised IP shows 

three distinct elevated areas. Two of them correlate 

well with the drawn out high IP areas in the left half of 

the profile and the third coincides with areas of low 

resistivity and IP to the right.  
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Figure 11. Inverted 2D profile for survey line 1 showing from top to bottom resistivity, IP response, τ, C and normalised 

IP. Purple and yellow points are magnetic results showing strong or weak anomalies. Borehole HB01 is marked with 

simplified lithology. The grey dashed line shows the deepest data points and the orange dashed line shows the threshold 

at which density of data points is still high.  
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Figure 12. Inverted 2D profile for survey line 2, showing from top to bottom resistivity, IP response, τ, C and normalised 

IP. Purple and yellow points are magnetic results showing strong or weak anomalies. Boreholes HB04, HB02, HB05 and 

HB07 are shown with simplified lithology. The grey dashed line shows the deepest data points and the orange dashed line 

shows the threshold at which the density of data points is still high. 
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Figure 13. Inverted 2D profile for survey line 3, showing from top to bottom resistivity, IP response, τ, C and normalised 

IP. Purple and yellow points are magnetic results showing strong or weak anomalies. The borehole HB03 is marked with 

simplified lithology. The grey dashed line shows the deepest data points and the orange dashed line shows the threshold 

at which the density of data points is still high.  
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Figure 14. Inverted 2D profile for survey line 4, showing from top to bottom resistivity, IP response, τ, C and normalised 

IP. Purple and yellow points are magnetic results showing strong or weak anomalies. The boreholes HB01, HB02 and 

HB03 are marked with simplified lithology. The grey dashed line shows the deepest data points and the orange dashed 

line shows the threshold at which the density of data points is still high.  
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5.5 Inversion Result Summary 
The figures below (Fig. 15-19) show the profiles to-

gether as a grid for each inversion parameter using the 

program Paraview in order to give a better overview of 

how differences in the inversions connect between the 

profiles. In general, the ground has highly varying 

resistivity and IP response. The resistivity in the 

ground varies between less than 100 Ωm to over 2000 

Ωm. The IP response gives values ranging from zones 

of 10 mV/V to 300 mV/V. The uppermost layer, vary-

ing between 10 and 30 meters, mostly has a low resis-

tivity and IP. In general the bedrock has a high resis-

tivity. Some smaller areas of lower resistivity can be 

found with a depth up to around 50 m. Also, two larger 

zones of lower resistivity and IP can be seen. Further-

more, there are some smaller anomalies, especially in 

the upper parts of the profiles. Both τ and C seem, to 

some extent, follow the resistivity and IP in terms of 

high and low zones in the inverted profiles, although 

not always very clearly. As can be seen when putting 

the profiles together in a grid, many of the features 

looks to be linear and stretches in NW-SE direction. 

 The normalised IP shows two interesting fea-

tures. The smaller areas of lower resistivity in the up-

per 50 m have a high normalised IP despite not show-

ing very significant changes in the IP response. Also, 

the large field of lower resistivity that is present in 

profile 1-3, has in all three cases a high normalised IP 

which make them likely to fit together. 

Resistivity 

Figure 15.  Image showing resistivity for the four profiles together.  

IP 

Figure 16. Image showing induced polarization (IP) for the four profiles together. 
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Time constant, τ 

Figure 17. Image showing time constant τ, for the four profiles together. 

Frequency factor, C 

Normalised IP 

Figure 18. Image showing frequency factor C, for the four profiles together. 

Figur 19. Image showing normalised IP for the four profiles together. 
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5.6 Interpretations 
The very upper part of the profiles with varying, but 

generally lower IP and resistivity, often below 100 

Ωm, is interpreted as the soil cover. According to the 

borehole logs the low resistivity and IP correlate fairly 

well with what the borehole logs suggest is soil cover, 

however the transition to higher resistivity is gradual 

in many cases. The gradual transition is interpreted as 

zones of more weathered bedrock surface, which also 

is indicated in several of the borehole logs. The weath-

ered parts are not completely clay altered. However, it 

is likely that the weathering allows more water to infil-

trate, lowering the resistivity. In some cases magnetic 

anomalies also suggest that there could be dykes or 

amphibolitisised dykes which could contribute to a 

more fractured and weathered bedrock in shallow are-

as. There are also cases where the boundary between 

soil and bedrock is less distinct. This occurs for exam-

ple at 250 m and 720 m in profile 1, at 200 m and 700 

m in profile 2 and 150 m and 600 m in profile 3. These 

are all areas with generally lower resistivity. The fig-

ure (Fig. 20) below show an example from profile 2 

where the areas without clear boundaries are marked 

out. Other smaller areas of gradual transitions can be 

found in the centres of the profiles. The interpretation 

is also strengthened by HB05 and HB03 which report 

shallow weathering both in lithological and caliper 

records.  

 The parts of the profiles that have resistivity 

values ranging between 1000 Ωm and 2000 Ωm, found 

especially in the far ends of profile 1-3, are interpreted 

as relatively intact bedrock mostly made up of gneiss. 

HB07 shows that especially the deeper parts, in the 

rightmost area, are mixed with numerous smaller am-

phibolites as can be seen in Fig. 20. Profile one and 

three does show somewhat lower resistivities in the 

deeper and very rightmost parts, but data in these areas 

are more uncertain since they lack data points and drill 

data. What can be said is that if the bedrock is the 

same as in profile two, the amphibolites most likely 

contribute to the lower values, but are too small to be 

seen individually. In profile two however, they do not 

seem to affect the resistivity. The rock is most likely 

also fractured since the resistivity values at 2000 Ωm 

are still relatively low for bedrock and fractures are 

known to be numerous from what can be seen in the 

Dalby quarry. This interpretation is similar to the clas-

sification by Rønning et al. (2013), where these values 

correspond to fractured water saturated crystalline 

bedrock. 

 In several places along the profiles there are 

areas of lower resistivity going around 50 meters 

down. These areas have resistivity values often at 

around 100 Ωm, but without a clear IP anomaly. In 

several cases they coincide with magnetic indications 

of dykes or minor magnetic anomalies that could be 

dykes. This occurs at x=460 m in the very shallow 

parts of profile 1 and HB01 show some amphibolites 

at the same depth as the anomaly.  In profile 2, the 

same types of signatures occur at x=110 m and x=200 

m. In profile 3, it occurs at x=50 m and x=500 m. In 

the normalised IP these same areas give a clear elevat-

ed normalised IP. They are interpreted as weathering 

zones, which corresponds with Rønning et al. (2013) 

where values below 500 Ωm are considered as clay 

weathering. The normalised IP strengthens this inter-

pretation according to Slater & Lesmes (2002). In 

HB04, which is situated just next to the area at x=200 

m in profile 2,  there are numerous amphibolites and 

some clay in fractures reported between 34 m and 70 

m and may contribute to the low resistivity and high 

normalised IP if they continue to the left in the profile. 

HB03, situated at the x=500 m anomaly in profile 3 

also show shallow weathering and amphibolites in the 

lithological records and an increase in borehole diame-

ter in the caliper log. In the borehole log, however, the 

rock is not reported as completely clay altered, there-

fore, it is probable that some clay has formed but that 

there are different degrees of weathering or other fac-

tors contributing. The areas have probably been intrud-

ed by dykes, which have led to increased fracturing 

and possible local metamorphosis resulting in quicker 

weathering than the rest of the bedrock. An example of 

these types of areas in profile 2 is shown below in Fig. 

21. 

Figure 20. Resistivity profile of profile 2. Purple arrows mark areas with gradual transition, interpret-

ed as weathering and fracture zones. The bedrock surface is marked by a red dashed line where applicable. Yellow 

dashed circle show relatively intact bedrock, containing numerous amphibolites in the gneiss (green section of the bore-

hole). 

0m 1000m 200m 400m 600m 800m 
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The two larger zones of lower resistivity that can be 

followed through profiles 1-3, situated at around 

x=200 m and x=700 m, are similar in both resistivity 

and IP response. They have lower resistivity and inter-

mediate IP that continues to high depth. However, the 

area at x=200 m is more noticeable in the upper 100 

m. When looking at the normalised IP a clear differ-

ence can be seen where the left area shows no, or only 

very shallow elevated values, whereas the right area on 

the other hand have a stronger elevation of normalised 

IP. Dykes are also located in both of these zones. The 

interpretation of this is that the left area is either a wa-

ter saturated fracture zone with lower degree of weath-

ering compared to the area at x=700 m, and with 

weathering not reaching as deep, or that the dyke is 

more conductive than the surrounding material without 

giving any clear IP response (Fig 22). Since the area 

stretches to the right it is possible that not only the 

dyke has affected the left part of this zone and that the 

right part of the area is affected by something else, 

which also gives similar resistivity and IP. The inter-

pretation of the right area is that it is a larger zone of 

fracturing and weathering, possibly due to the dyke, 

which would explain the strong normalised IP. This 

interpretation is strengthened by borehole HB05 which 

shows weathering down to 107 m and fracture miner-

alisations below that, and also by the caliper log which 

shows that the borehole is less stable down to a depth 

of 105 m. The interpretation also corresponds with 

classification by Rønning et al. (2013). 

 In two cases dykes that are giving strong mag-

netic anomalies also correlate with a vertical IP re-

sponse but no normalised IP such as at x=820 m in 

profile 2 and at x=720 m in profile 3. Since profile one 

lacks this signature, it is possible that inversion effects 

are contributing, but since similar patterns are seen 

both in profile two and three, it is likely to be a re-

sponse to the lithology. This case is interpreted as 

mostly intact dykes with possible mineralisations due 

to contact metamorphism or hydrothermal activity in 

the contact zones (Fig 22). The interpretation would 

explain the high resistivity and the fact that it gives a 

higher IP response. This dyke seems to be a possible 

divider between the weathered zone and the less frac-

tured bedrock with higher resistivity in profile two and 

three. Also, many of the interpreted dykes give lower 

resistivity and no or lower IP in this area, except for 

the case of the rightmost area. According to Cegrell & 

Mårtensson (2008) the IP should be lower but the re-

sistivity higher. In this case the weathering and high 

Low resistivity 

No change in IP 

Elevated normalised IP 

Figure 21. Resistivity, IP and normalised IP for profile 2. Dashed circles and arrows indicate the areas with low resistiv-

ity, no IP and elevated normalised IP that correlates with dykes. The red dashed line is the bedrock surface where appli-

cable. 
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fracture frequency, that is known in the area could be 

the cause for the resistivity to be lower instead of high-

er since it allows the rock to contain more water. 

 In the centre of profile one, a strong IP anomaly 

can be seen that decreases towards profile three (Fig 

23). It can also be seen in the left part of profile four. 

The resistivity in this area is relatively high but also 

decreases towards profile three. Also, the magnetome-

try does not indicate any clear anomaly in this area. 

Minor anomalies have been reported, but they seem 

for the most part, to correlate better with the shallow 

low resistivity areas. Also, the boreholes situated in 

this area show some amphibolite in HB01 on profile 

one, mostly gneiss in HB02 in profile two, and weath-

ered amphibolite and gneiss in HB03 in profile three. 

The amphibolites in the boreholes and the IP anomaly 

do not correlate well enough to be the cause of the IP 

anomaly. It is therefore difficult to determine what this 

IP anomaly is, however it seems to be an elongated 

element in the ground going in NW direction.  

 As for profile four, the bedrock is more even in 

terms of resistivity (Fig. 24). The resistivity is relative-

ly high until x=640 m where it drops to low values. 

The only magnetic anomaly is a minor one just at the 

border between the different resistivity levels, but it is 

unlikely to be the cause of the change in resistivity. 

The rock could be more fractured and weathering is 

increasing to the right in the profile between HB02 and 

HB03, which could explain the increase in normalised 

IP and lower resistivity but it is not certain since the 

area between and to the right of the boreholes is un-

known. Since the area is in the end of the profile data 

coverage is much dense compared to the central part. 

In the left and centre part of the profile a strong IP and 

normalised IP areas can be seen. The left area correlate 

with slightly lower resistivity and a NW trending dyke, 

which may explain the elongation of the IP area since 

the dyke in that case would meet profile four in a low 

angle. However this is not certain since the normalised 

IP would suggest more weathering than the resistivity 

does. The same can be seen for the more central IP 

anomaly except in this are no dyke is reported. The 

boreholes also show little weathering in the centre of 

the profile making it more difficult to explain in this 

study.   
 As mentioned before the gamma radiation logs 

from the boreholes are connected to the mineralogy. 

The radiation is in general higher for red gneiss than 

for grey gneiss and amphibolite rich horizons vary 

within the spectrum for the gneisses. The difference 

Figure 22. Resistivity, IP and normalised IP for profile 3. The leftmost circled area has low resistivity and IP but no nor-

malised IP. On the right half, two features are shown. The left of them is an area with low resistivity, no IP and high nor-

malised IP. The right has high resistivity, high IP and no normalised IP. Both have dykes coinciding with them. 

Low resistivity. Dyke 

with fractures and 

weathering 

Low resistivity. Fractures 

and weathering? 

 

Lower IP 
Low IP 
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No IP 

Low resistivity Dyke with mineralisa-
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High norm IP 

No norm. IP 

Higher IP 
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Large central IP anomaly 

Different anomaly? 

Probably same  shal-

low IP anomaly 

Large central IP anomaly 

Different anomaly? 

Different anomaly? 

0m 1000m 

HB01 

HB04 

HB03 

HB05 HB07 
HB02 

200m 400m 600m 800m 

Different anomaly? 

Figure 23. IP sections for profiles 1-3 from top to bottom. The central large IP zone decreases towards pro-

file three and can barely be seen in profile three. the sides of the central IP zone could be individual fea-

tures. The shallow small IP zones in profile two and three are probably the same feature. 

High IP, possi-

bly due to dyke? 

High IP 

Slightly lower resis-

tivity. Due to dyke? 

High norm. IP 
High norm IP 

Fractures and 

weathering? 

Central elongated zone. 

Lower resistivity 

Fractures and 

weathering? 

Fractures and 

weathering? 

Figure 24. Resistivity, IP and normalised IP for profile 4. In the figure the two elongated areas can be seen 

with slightly lower resistivity and higher both IP and normalised IP. To the right a larger area of lower 

resistivity and IP, but with slightly higher normalised IP can be seen. 
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between the gneisses most likely originate from the 

amount of K-feldspar, such as the red minerals in 

gneiss, since it contains potassium K, of which 40K 

decays to Argon (Ar) and releases gamma rays and to 

Calcium (Ca) with beta radiation. There may also be 

differences in Uranium (U) and Thorium (Th) content. 

However, it is difficult to say within this study how 

much difference is contributed by potassium relative to 

the other elements. 

 To summarise, the bedrock in the area mainly 

consist of fractured gneiss, some of it weathered to 

various degree, with numerous NW-SE trending linear 

elements that are interpreted as dykes, or weakness 

zones with fractures likely resulting from dykes. Two 

possible larger weakness zones can be distinguished, 

one at around x=200 m on the profiles with a dyke 

and/or a fracture zone and one at around x=700 m with 

a dyke and larger weathering/fracture zone. The area 

also contains numerous amphibolitisised dykes trend-

ing in NE-SW directions and dipping to the northwest 

due to deformation. These amphibolitisised dykes 

probably make the ground in the area generally less 

stable because they are metamorphosed, deformed and 

weathered, causing the area in general to have a rela-

tively low resistivity for crystalline rock.  

 

6  Discussion 
 

When looking at the inverted profiles two types of 

dykes can be seen. One with lower resistivity and high 

normalised IP due to fracturing and weathering, and 

one with higher resistivity and no or slightly higher IP, 

but no normalised IP effect. In the second case it could 

be that the dyke is not fractured, which would explain 

the higher resistivity, and in the cases of slightly high-

er IP there might be polarisable mineralisations in the 

contact zones. 

 As can be seen in both the Dalby quarry and the 

borehole logs the area contains numerous amphibo-

litisised dykes trending in NE-SW directions and dip-

ping to the northwest. They are often very deformed 

and weathered varying between a few centimetres to a 

few meters in width. They may be too small to be 

clearly distinguished with the 5 meter electrode spac-

ing, with which it is difficult to detect features smaller 

than 2.5m. It is also increasingly difficult with depth 

since the number of data points decrease, and overall 

uncertainties increase. Therefore these dykes most 

likely contribute to the generally low resistivity and 

high IP response in the area as well as being a contrib-

uting reason for the high fracture occurrence and 

weathering. The degree of weathering, however, is 

uncertain as no lithological records from the boreholes 

have reported complete clay weathering apart from 

very minor parts. On the other hand, the drilling meth-

od used, percussion drilling, only brings up fragments 

of the ground and will most likely wash away clay, 

making it more difficult to determine the degree of 

weathering.  

 The frequency factor C and the time constant τ 

both seem to give a lower signature in general where 

the IP is lower. It's hard to say whether the lower IP is 

the reason for a lower C and τ or vice versa since the 

parameters are connected to each other. The lower C 

would mean that the material has a lower frequency 

peak, possibly due to several polarization processes 

and the lower τ would mean that the decay is more 

rapid which could be connected to smaller polarization 

length scales, for example fine grained rocks, small 

pores or clay particles. In the larger weathering zone 

around 700 m, τ and C are slightly lower which could 

be contributed to the weathering that is expected here 

with more size fractions and smaller polarization 

length scales. The dyke and/or weathering at around 

200 m give a similar response, however in profiles two 

and three the same area is wider and goes into zone 3 

which is thought to be less fractured and weathered. It 

is, therefore, possible that there are textural changes in 

the ground that is not clearly detected with the resistiv-

ity and IP, but which can be seen in the spectral pa-

rameters.  

 In the upper layer of profile one, and to some 

extent profile four τ is lower than in the same area of 

the other profiles. This could be due to different prop-

erties of the soil, however since most boreholes show a 

similar soil type with till and clay, it is not certain that 

this is the reason. It could rather be an inversion effect 

since the data fit is better for profile one and two com-

pared to profile two and three, which would mean that 

the latter two show too high τ in this area instead.  

 In the study area Cole-Cole inversion of DCIP 

data is able to show where most dykes are situated, 

however some dykes that can be seen in the magne-

tometry have not given easily interpretable results in 

the inverted sections. It is therefore possible that in the 

cases where they are seen, it is due to the associated 

fracturing, weathering and possible mineralisations 

giving interpretable signatures. The bedrock surface is 

in general easy to detect, apart from in cases where 

weathering causes a gradual transition to the bedrock 

in the resistivity values. However, since the soil depth 

is relatively shallow compared to the investigation 

depth the resolution makes exact determination of the 

soil depth difficult. For the same reason, individual 

fracture zones seem difficult to detect in the study ar-

ea. When comparing caliper logs with the inverted 

sections, fracture zones do not show up clearly unless 

they coincide with an amphibolite zone. This is possi-

bly due to all smaller fractures and weathering that 

evens out the difference in measurement values, since, 

in general, the data suggests that few parts are really 

intact. Another possibility is that resolution issues play 

a part, evening out the inversion results. Apart from 

the resolution, most issues seem possible to resolve 

using a combination of methods. 

 It has to be said that there are uncertainties in 

the inversions, and therefore in the interpretations, due 

to the misfit between data and model that is higher 

than what is preferred. Many factors could play a part 
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in this, including the processing of data but also set-

tings in the software cause constraints that the data 

could not fit. As mentioned before, the early acquisi-

tion times were problematic to fit and there are spikes 

in the misfit sections that were not found during pro-

cessing. Furthermore, the upper parts of the profiles 

are usually more trustworthy than the deeper parts 

since more data is available. The resolution is there-

fore better which is why the deeper parts should be 

interpreted with caution. Correlation between the li-

thology in the boreholes and the geophysical parame-

ters do not always match up well. This is contributed 

both to the data fit, but also to uncertainties with the 

drilling method. Despite the uncertainties, the inver-

sions show several linear structures, thought to be 

dykes, strengthened by magnetometry and weathering 

zones that are expected in the area and therefore it is 

probable that at least the major, and shallow, structures 

are to be trusted. The exact depth and size should how-

ever be interpreted with care and smaller, patchier 

structures, or small areas that have a very sharp differ-

ence compared to its surroundings, are more uncertain. 

 

7  Conclusions  
 

 DCIP is useful for characterising the bedrock in 

Önneslöv. It is concluded that weathered dykes 

and weathering zones are present and can be 

found in the area using the method, especially 

when combining with additional data such as 

drillings and magnetometry. The bedrock sur-

face can also be seen quite well in most parts, 

but better resolution could be useful. Dykes 

interpreted as unweathered are more difficult to 

detect and need complementary methods, such 

as magnetometry or drillings. 

 

 The spectral inversion parameters are in this 

case difficult to interpret. It can however be 

concluded in this case that lower IP correlates 

with lower C and τ values and is likely connect-

ed to textural differences. More research is 

needed to better understand how to interpret 

these parameters and applications of spectral 

inversion. 

 

 DCIP is in this case good to provide an over-

view over the bedrock in the area, however on 

its own there are uncertainties. Drilling is nec-

essary to verify interpretations, but the drilling 

program may be reduced compared to investi-

gations without DCIP. One limitation with the 

method used in this study is that the processing 

of data for spectral inversion at this moment is 

very time consuming.  

 

 The colour of the gneissic bedrock correlates 

with the gamma radiation log and is likely con-

nected to the content of K-feldspar minerals. 
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10  Appendix 
 

Appendix I - Misfit Sections 

Misfit section for profile one. 



34 

 

Misfit section for profile two. 
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Misfit section for profile three. 
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Misfit section for profile four. 
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Appendix II - Borehole Logs 
 

Percussion drill log of borehole HB01 
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Percussion drill log of borehole HB02 
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Percussion drill log of borehole HB03 
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Percussion drill log of borehole HB04 
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Percussion drill log of borehole HB05 
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Percussion drill log of borehole HB06 
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Percussion drill log of borehole HB07 
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Appendix III - Natural Gamma and Cali-
per Logs 

 

Natural gamma and caliper log from HB02 



45 

 

Natural gamma and caliper log from HB03 
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Natural gamma and caliper log from HB05 
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