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SAMMANFATTNING  

Framtill för omkring 10 år sedan kom allt ballastmaterial i Sverige ifrån naturliga källor, såsom 
rullstensåsar. Då kunskapen om rullstensåsars betydelse som grundvattenkällor har ökat, håller detta på att 
ändras. Idag är det mycket svårt att få tillstånd att öppna ett nytt grustag, vilket lett till att industrin har 
tvingats till att producera ballastmaterial ifrån krossat berg. Produktion av ballast från krossat berg skiljer 
sig markant ifrån produktion från rullstensåsar då materialet i åsar brukar vara uniformt, till skillnad från 
bergmassan, som kan ändras drastiskt inom korta avstånd. Detta pga att Sverige till stora delar består av 
Prekambriskt kristallint berg som har genomgått ett antal tektoniska händelser. Eftersom det är mycket 
viktigt att en bergtäkt att håller jämn kvalitet, är det också viktigt att i förväg kunna fastställa om det finns 
zoner som är vittrade, har en ogynnsam bergart, eller sprickzoner där mineralisering kan ha skett. Det tar 
normalt flera år att få tillstånd att öppna en ny bergtäkt därför är det viktigt att i förväg kunna uttala sig 
om vilken kvalité material som produceras kommer att ha. Förundersökningar som görs idag inbegriper 
oftast inte geofysiska mätmetoder, utan undersökning av bergrunden sker genom borrning. Nackdelen 
med borrning är att man oftast borrar där berg är i dagen och detta berg är oftast starkare än den 
genomsnittliga bergmassan i området En annan nackdel är att man endast utgår från data ifrån en punkt. 
Med en geofysisk undersökning kan man även få resultat i 2D eller 3D, med hjälp av inversion. Mätningar 
av den elektriska resistiviteten är en etablerad metod inom flera olika områden t.ex. geologi, geoteknik och 
miljö. I denna studie har denna metod samt inducerad polarisation använts för undersökning av jord- och 
bergmassan. Mängden jordmassa är av betydelse då den behöver borttransporteras. Därför är även goda 
beräkningar på jordmassans kvantitet och dess sammansättning av betydelse. I studien har tre olika 
bergtäkter undersökts med geofysik för att undersöka metodernas användbarhet. Dessa tre bergtäkter har 
olika mängd sprickor (minst i Olunda, mellan i Bäckseda och flest i Dalby), men samma typ av bergart, 
vilket underlättar jämförelser. Resultaten visar att resistivitetsmätningarna ger de i särklass högsta värdena i 
Olunda, och de lägsta värdena i Dalby, vilket följer sprickfrekvensen för områdena. Resultatet från studien 
visar att insamlande av data i parallella linjer för att göra en 3D inversion starkt ökar möjligheten till 
förståelse av geologin i det studerade området. Sprickzoner och andra anomalier som ger en lägre 
resistivitet och deras utsträckning framgår lättare i horisontella snitt, än i endast vertikala snitt. Resultaten 
från resistivitetsmätningarna tillsammans med inducerad polarisation och normaliserad inducerad 
polarisation (NIP), visar nyttan av att använda flera geofysiska mätningar på samma yta och att jämföra 
deras resultat. Bland annat syns en stark effekt på NIP i Dalby, som korreleras till en diabasgång, som är 
vanliga inom området. Slutsatserna från studien är att geofysik är ett användbart verktyg vid prospektering 
och utvidgning av bergtäkter. Volymen av jordmassan kan estimeras, även så sprickfrekvensen som i sin 
tur påverkar brytning, samt att skillnader i bergmassa kan detekteras. 

 

 iii



Mimmi K. Magnusson   TRITA LWR LIC 2044 

 

 iv



Geoelectrical imaging for interpretation of geological conditions affecting quarry operations 

 

ACKNOWLEDGMENTS 

This licentiate thesis was produced at the Royal Institute of Technolgoy (KTH) in Stockholm, within the 
research group of Engineering Geology and Geophysics (EGG), at the Department of Land and Water 
Resources (LWR). The project was funded by The Swedish Research Council for Environment, 
Agricultural Sciences and Spatial Planning; (Formas).  
I would like to thank my supervisors Assoc. Prof. Joanne Fernlund, KTH, and Prof. Torleif Dahlin, LTH, 
for inspiring and valuable discussions, as well as sharing their knowledge with me. I especially thank 
Solomon Tafesse for all the field work and discussions we have had. I would like to thank the other 
research students and staff at LWR for help and discussions during this time. Thanks to Björn Eliasson at 
Skanska Sverige AB, Asfalt och Betong Mellansverige; to Magnus Tillman at Hagéns Åkeri and to NCC 
Roads; and to Björn Linné at Sydsten, for allowing us to use the quarries as test sites. During this project 
many different people have been helping me with field work, my many thanks to them all, without them 
my work would have been much harder. Finally, many thanks to Linus.   

 

 v



Mimmi K. Magnusson   TRITA LWR LIC 2044 

 

 vi



Geoelectrical imaging for interpretation of geological conditions affecting quarry operations 

 

TABLE OF CONTENT 

SAMMANFATTNING ...................................................................................................................................III 
ACKNOWLEDGMENTS .................................................................................................................................V 
TABLE OF CONTENT ................................................................................................................................VII 
APPENDED PAPER .....................................................................................................................................VII 
ABSTRACT......................................................................................................................................................... 1 
INTRODUCTION............................................................................................................................................. 1 
METHODS.........................................................................................................................................................3 

Site descriptions.................................................................................................................................................. 3 
Theory of the different geophysical methods ...................................................................................................... 3 

Electrical Resistivity Imaging .................................................................................................................................................... 4 
Induced Polarization ................................................................................................................................................................ 4 
Seismic refraction...................................................................................................................................................................... 4 

Field studies........................................................................................................................................................ 5 
RESULTS............................................................................................................................................................5 

Electrical resistivity imaging ................................................................................................................................ 5 
Induced polarization ........................................................................................................................................... 6 
Induced polarization ........................................................................................................................................... 7 
Induced polarization ........................................................................................................................................... 8 
Normalized induced polarization ........................................................................................................................ 8 

DISCUSSION .....................................................................................................................................................9 
CONCLUSION ................................................................................................................................................ 11 
FUTURE PLANS............................................................................................................................................. 11 
REFERENCES ................................................................................................................................................ 12 

APPENDED PAPER 

Magnusson, M.K., Fernlund, J.M.R., Dahlin, T. (submitted July 2008) Geoelectrical imaging for 
interpretation of geological conditions affecting quarry operations, Bulletin of Engineering Geology and 
the Environment.  
 

Related to the research described, but not appended in this Licentiate thesis.  

Arvidsson, M., Dahlin, T., Fernlund, J. (2008) Geoelectrical imaging for aggregate quality investigations, 
Near Surface, 14th European Meeting of Environmental and Engineering Geophysics, Krakow, Poland 
 
Arvidsson, M., Dahlin, T., Fernlund, J. (2007) Resistivity Imaging as a Tool for Rock Quarry Planning, 
Near Surface, 13th European Meeting of Environmental and Engineering Geophysics, Istanbul, Turkey 

 vii



Mimmi K. Magnusson   TRITA LWR LIC 2044 

 

 viii



Geoelectrical imaging for interpretation of geological conditions affecting quarry operations 

 

ABSTRACT 

Determination of the subsurface geology is very important for the rock quarry industry. This is primarily 
done by drilling and mapping of the surface geology. However in Sweden the bedrock is often completely 
covered by Quaternary sediments making the prediction of subsurface geology quite difficult. Incorrect 
prediction of the rock-mass quality can lead to economic problems for the quarry. By performing 
geophysical measurements a more complete understanding of the subsurface geology can be determined. 
This study shows that by doing 2D-parallel data sampling a 3D inversion of the dataset is possible, which 
greatly enhances the visualization of the subsurface. Furthermore the electrical resistivity technique 
together with the induced polarization method proved to be very efficient in detecting fracture frequency, 
identification of major fracture zones, and variations in rock-mass quality all of which can affect the 
aggregate quality. With this technique not only the rock-mass quality is determined but also the thickness 
of the overburden. Implementation of geophysics can be a valuable tool for the quarry industry, resulting 
in substantial economic benefits.   

Key words: Electrical resistivity imaging; Rock-mass quality; Aggregate production; Geophysical 
methods; Induced polarization; Normalized induced polarization 

INTRODUCTION 

The collective name aggregates is used for material 
such as macadam, gravel, sand etc. They have a 
wide range of usages and are very important for 
our modern built environment for example 
railway construction, roads, concrete, 
playgrounds and recreation paths. The 
production of aggregates in Sweden is in the 
order of 92 million ton per year; 57 million 
originates from crushed rock. In 2006 there were 
2584 quarries in Sweden, 2224 of these produce 
aggregates (SGU, 2007). The others produce 
dimension stone and industrial minerals and 
ores. There are two types of aggregate quarries 
those that extract natural material (70%) and those 
that produce aggregates by crushing rock (30%) 
(SGU, 2007). The majority of all the aggregates 
produced, 55 %, is used for road constructions 
and the next biggest usage is concrete, 13 %. 
The remaining 32% have a wide range of diverse 
usages. Until about 10 years ago most of the 
aggregate material was quarried from natural 
sources, primarily from eskers (Fig. 1). This is 
now changing due to the increased knowledge of 
the importance of the eskers as a resource for 
groundwater. The government has the goal that 
the usage of natural gravel will stop completely 
and that all aggregates will be from crushed rock 
or recycled materials. Today it is very hard to get 
a new permit for production of aggregates from 
natural gravel sources. Therefore the aggregate 
industry is forced to produce aggregates from 
crushed rock. Production of aggregates from a 
rock quarry is very different than production 
from an esker. For rock quarries it is very 
important to have the same quality in the 

product over time, due to this it is important to 
know if and where the rock-mass quality varies 
(Räisänen and Torppa, 2005). It is advantageous 
to avoid, if possible, zones that are weathered, 
adverse rock types, or highly fractured rock 
where mineralization can have occurred, 
compared to the rest of the rock mass.  
It takes several years to get permission for 
opening a rock quarry and it is a large 
environmental change in the landscape. It is 
therefore important that the rock mass quality is 
known to be good for aggregate production 
prior to initiating the quarry. One of the 
problems for rock quarry production is 
knowledge of the rock quality prior to opening 
the quarry. In natural material the quality is very 
uniform, such is not the case for the rock mass; 
there can be drastic changes in quality within a 
small area in Sweden because the bedrock in 
Sweden is predominantly composed of 
Precambrian crystalline rocks that have 
undergone numerous tectonic events.  
When the aggregate industry prospect for new 
rock quarries and for the extension of old 
quarries the use of geophysical measurements 
are rare. Methods such as Very Low Frequency 
(VLF), and Magnetometry are sometimes used 
to detect dikes, but the use of electrical 
measurements and seismic refraction is to our 
knowledge very limited. Drilling is the most 
common way of getting information about the 
rock quality. The drawback with this is that it 
only gives information of the rock quality in one 
point, one dimension. The drilling is also often 
situated where there are outcrops of bedrock, 
this can often consist of stronger rock than in 
general for the area because it has not been 
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Fig 1. The evolution 
of use for aggregate 
products in Sweden. 
*Others are mainly 
recycled material 
consisting of 
crushed rock from 
separated crushers, 
and production from 
industrial mineral 
and ornamental 
stone production, 
from SGU 2007. 

weathered as much as the surrounding rock. The 
bedrock might be undulating and the weaker 
areas of the rock could have been weathered 
more than the stronger parts, this can be due to 
the presence of a fracture zone, a change of rock 
type or some other phenomena that makes the 
rock weaker. Many drillings need to be done to 
get a rough idea of how the bedrock looks in an 
area, but this is seldom done since it is very 
expensive and results in very limited knowledge 
about the rock mass quality. 
Geophysical measurements can then be a good 
tool to get a more complete idea of the rock in 
the area. Different instruments can be used to 
detect different physical properties of the rock 
and the data result can be shown as 2-D profiles 
or 3-D profiles. The electrical resistivity 
technique is a well-established and widely used 
geophysical method which can be applied to 
solve a wide range of problems, such as 
hydrogeological, geological, engineering and 
environmental problems (Bowling et al., 2007; 
Sass, 2006; Drahor et al., 2006; Aaltonen and 
Olofsson, 2002; Dahlin, 2001; Atekwana et al., 
2000.) Therefore this is one of the methods we 
choose to use in the investigations. Hence a 
better understanding of the bedrock can be 
reached prior to drilling. This may lead to fewer 
drillings need to be done, but more importantly 
it results in better positioning of the places 
chosen for drilling (Dahlin, 1997).  

The thickness of the overburden (regolith), 
depth to the bedrock surface below the ground 
surface, is also of interest for the industry, 
because the overburden must be excavated away 
before they can blast and produce any 
aggregates, and this can be costly. A good 
approximation of the quantity of the regolith is 
therefore important because it affects the cost of 
production. Also what the overburden consists 
of is important. The questions that arise are if 
the overburden can be used in some way, sold or 
used by the quarry itself, for example when the 
quarry is closed and the area is restored. The 
environmental aim is that we reduce waste thus 
it is very important that the regolith is not a 
waste product but a resource. 
This thesis focuses on geophysical methods and 
benefits of their usage in aggregate production. 
Our belief is that geophysics can be a valuable 
tool for the quarrying industry as it offers the 
tools of predicting the quality, as well as 
variations in quality, of their products. This 
knowledge would then lead to a more efficient 
and economical ways of prospecting for rock 
quarries as well as for running of a rock quarry. 
The aim of this project is to show how 
geophysics can be a help in prospecting for rock 
quarries as well as in planning expansion of the 
quarries; to be a help when deciding which 
direction is most suited for the quarry to expand 
in and to foresee problematic areas. 
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Figure 2. The map of 
Sweden, bottom 
right, shows the 
highest post-glacial 
shoreline; isochrones 
give the approximate 
level.   
The map on the left 
shows the position of 
the three sites: 
Olunda, Bäckseda 
and Dalby.   

Dalby

Bäckseda

Olunda

METHODS 

To test our hypothesis that geophysics can be a 
valuable tool for the aggregate industry three 
different test sites were studied, at operating 
quarries.  

Site descriptions 

The bedrock in Sweden is predominately 
composed of Precambrian crystalline rocks 
overlain, non-conformably, by Quaternary 
unconsolidated sediments, predominately till. 
Three rock quarries with similar rock type, 
consisting of granite or gneissic granite, but with 
variable fracture frequency, low, medium, high, 
were chosen for this study. By choosing the 
same type of rock, several components were the 
same for the three quarries and this made it 

easier to investigate how fracture frequency 
affected the result and see what the other factors 
that actually affect the results are.  The Olunda 
site is situated north of Stockholm; Bäckseda site 
is situated south of Vetlanda in southern 
Sweden; and Dalby site is situated north of 
Malmö in the southernmost part of Sweden 
(Fig. 2). The till at the sites is assumed to be 
from the Late Weichselian glaciation.  
All three sites are described in detail in the 
attached article.  

Theory of the different geophysical methods 

Three different geophysical methods have been 
used at the three different sites; Electrical 
Resistivity Imaging (ERI), Induced Polarization 
(IP) and seismic refraction (SR).   
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Electrical Resistivity Imaging 
The electrical resistivity instrument is connected 
to electrodes, using separate electrodes for 
current transmission and potential measurement. 
The electrodes are inserted to a few decimetres 
into the ground, in a straight line with equal 
spacing between the electrodes. The electrical 
resistivity instrument sends out a current into 
the ground via the current electrodes, while the 
voltage between the potential electrodes is 
measured simultaneously. The potential 
measured depends on the resistivity distribution 
of the subsurface material. A geometrical factor 
must be used to calculate the resistivity [Ωm] of 
the ground from the measured resistance [Ω], 
which is specific for the chosen electrode 
geometry. The measured resistivity depends on 
the combined effect of the investigated earth 
volume, which would only be equal to the true 
resistivity in a homogeneous material; hence the 
measured quantity is referred to as apparent 
resistivity. In order to estimate the true resistivity 
distribution of the ground it is necessary to 
generate a model of the ground which is 
adjusted so that the model fits a set of measured 
data, which is nowadays generally done using 
inverse numerical modelling (inversion). The 
resistivity ranges over a large span, from 10-8 to 
1016 Ωm, the lowest value are for massive 
sulphides and the highest are for unweathered 
igneous and metamorphic rocks (Palacky, 1989). 
In the attached article the different resistivities 
for different materials are further discussed. 

Induced Polarization 
Induced polarization (IP) can be measured with 
the same instrument and setup as resistivity. This 
method measures the chargeability of the 
bedrock. When measuring IP current is first sent 
into the ground, the total observed voltage, V, is 
measured and then the current is turned off. 
Secondly, after waiting for a very short time, 
which could be 0.01 s, the voltage which is still 
in the ground is measured over discrete intervals 
of time, typically one or several periods of 0.1 s. 
These readings can be combined to yield a 
current decay curve. The measured IP is often 
expressed as chargeability in the unit mV/V. 
It has been shown in a laboratory experiment 
that the chargeability is strongly correlated with 
the resistivity. Therefore Slater and Lesmes 
(2002) suggested dividing the IP result with the 
resistivity to get a parameter that is not 
correlated with resistivity. This gave the 
parameter called Normalized Induced Polarization, 
NIP, with the unit in Siemens, mS/m. They 

showed that NIP is proportional to the 
conductivity. Thus the results of this method 
highlight areas that have different surface 
conductance properties than the surrounding, 
while removing the conductance caused by the 
fluid of the pore spaces.  
The IP method is more complicated to perform 
due to the small currents that are measured and 
therefore usually performed as a complimentary 
measurement when resistivity is measured and 
not as the main single method.   

Seismic refraction 
In seismic surveying there are two different 
methods: seismic reflection and seismic 
refraction. In seismic reflection it is the reflected 
wave that is measured, while for seismic 
refraction studies it is the first wave that is 
measured, it could be a direct wave or a wave 
that has been refracted. In both methods it is the 
elastic waves travelling through a material that 
are investigated. There are different types of 
elastic waves travelling through the earth, body 
waves and surface waves. Body waves consist of 
two types, P-waves and S-waves both of which 
travel through the subsurface. Surface waves 
also consist of two types, Rayleigh and Love 
waves, which travel along the surface of the 
earth. The first type of wave to reach the 
geophones is the P-wave, which is a 
compression wave with the particles moving in 
the same direction as the wave. The second 
wave is the S-wave, shear wave, which has a 
movement perpendicular to the wave’s 
propagation direction.  
It is the vibration, wave propagation, in the 
ground that is measured and for this a source is 
needed. The vibrations in the ground could be 
triggered by a sledge hammer, a shot gun, 
dynamite, or something similar that trigger 
vibrations in the ground. The vibrations in the 
ground are measured with geophones that are 
put down a few centimetres into the ground. 
They are placed in a straight line with equal 
spacing between them; the distance can vary 
depending on the surveys purpose. The larger 
the spacing the deeper the interpretation of the 
subsurface is possible. By measuring the time it 
takes for the vibrations, generated at the source, 
to reach the different geophones, it is possible to 
calculate the seismic velocity; which in turn 
reflects the composition of the sub-surface 
layers.  
In this study the main focus is on the P-wave to 
interpret the characteristics of the subsurface, 
using seismic refraction. The seismic velocity of 
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a material is a function of the density and the 
elastic properties (Sharma, 1997). It is a non-
linear relationship due to that the elastic modules 
also are dependent on the density and increase 
more rapidly than the density. For example 
materials with the density 2000 kg/m3 and 3000 
kg/m3 have the velocities of 1900 m/s and 7000 
m/s respectively. The seismic velocity for 
granites and gneiss usually vary between 5000-
6200 m/s and for till usually between 1500-
2600 m/s (Sharma, 1997). The lower velocity for 
till is due to that the P-wave drastically reduces 
its velocity in gases and liquids, and therefore it 
moves more slowly in porous material. This is 
also the reason why the seismic velocity is more 
variable in sedimentary rock than in igneous 
rocks. Seismic refraction has been successfully 
employed for detecting the depth to bedrock; 
another geotechnical usage is the detection of 
fractures zones in hard rock. The velocity 
decreases in fracture zones, which are more 
porous compared to the hard rock, and 
therefore the velocity of the wave decreases.   

Field studies 

At each site a study grid was established 
approximately 50 m from an active quarry face.  
The grids were 40x160 m, consisting of 11 lines 
with equal spacing in-between. At each site ERI 
was measured, as well as IP, with 2 m spacing 
between the electrodes, with the exception of 
Olunda where limitations in the firmwire made it 
impossible to measure IP. Seismic refraction 
studies are very time consuming thus only one 
seismic profile was preformed at each site, with a 
2 m distance between the geophones. At each 
site study of the overburden was also conducted. 
Several one-tonne samples were taken at each 
site and sieved, with sieve sizes 2, 6, 20 cm. A 
10 kg sample of material <2 cm, was taken 
home and sieved, thus enabling us to 
establishing the size distribution for the total 
overburden, except boulders. Fracture frequency 
was quantified at the sites, with the exception of 
Dalby due to the conditions of the cleared 
bedrock surface (Fig. 4 in the attached article). 
This was done by measuring each fractures 
length in a square that was 10x10 m, sum them 
all up and divide by the area. An extended 
description about the field studies is written in 
the attached article.  

RESULTS 

The electrical resistivity and the induced 
polarization results have been fully evaluated 

with the 2D-inversion software Res2dinv and the 
3D-inversion software Res3dinv, but the seismic 
results are not fully evaluated and are therefore 
not presented. Erigraph was used for the 
calculation of normalized induced polarization, 
from the 2D inversion since the other software 
does not support it. The graphs from the 
Res3dinv should be handled with care when it 
comes to the edges. Both due to 3D effects from 
objects that are not in the grid, but also because 
the software interpolates the data into a 
rectangular box and the graphs are slices from it. 
The data coverage however is not rectangular in 
depth, the data coverage at the edges are with a 
slope of approximately 45º inwards. A more 
comprehensive description of the results for the 
sites is written in the attached article, with a full 
description of the different coordinate system of 
the sites. 

Electrical resistivity imaging 

The results for the ERI are from the 3D 
inversion, and are presented in one horizontal 
slice (ERIH), and one vertical slice (ERIV), for 
each site; Olunda, Bäckseda and Dalby. The 
resistivity result for the three sites differ, thus 
different scales have been used for the sited to 
be able to distinguish the different features. In 
all the three sites there is an upper and lower zone 
(Fig. 3 and 4), it’s less distinguishable at Dalby 
but it is still present.  
At Olunda the upper zone has a lower resistivity, 
up to 8 000 Ωm, than the lower zone; while for 
both Dalby and Bäckseda the opposite occur 
with the higher values for parts of the upper zone, 
over 12 000 Ωm, than for the lower zone.  
In the horizontal slice from Olunda (Fig. 3a), a 
linear system of lower resistivities is visible with 
the direction of N45ºW. In the most eastern part 
of the grid a zone of lower resistivity is seen 
down to the depth of 8 m (4a). At x45 there is 
one NS trending zone with a lower resistivity 
than the surrounding.  
For Bäckseda there are three different linear 
anomalies, denoted A, B and C, and one circular 
area with lower resistivities than the 
surroundings (Fig. 3b). Line C could have three 
different directions; therefore three alternative 
directions are suggested. 
 In Dalby two different linear directions, N5ºW 
and N64ºE, with lower resistivities are visible 
(Fig. 3c). In the vertical slice, (Fig. 4c), at x68 
there is a zone of lower resistivity that reaches 
z20. 
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Figure 3. Electrical Resistivity Imaging horizontal slices from 3D inversion, for colour figures 
see the attached article; a) Olunda, b) Bäckseda, c) Dalby. 

a)

c)

b)

A

B
C
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Figure 4. Electrical Resistivity Imaging vertical slices from 3D inversion, for colour 
figures see the attached article; a) Olunda, b) Bäckseda, c) Dalby. 

a)

c)

b)
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Induced polarization 

Result for the IP is not available for Olunda, due 
to firmware limitations for the used instrument. 
In the horizontal slice from Bäckseda (Fig. 5a) 
the effect from the IP is in the same linear 
system as the resistivity anomaly, with the 
exception that the circular low resistive area is 
not visible in the IP. In the IPV (Fig. 6a) an upper 
and lower zone is visible. The IP effect at the 
surface is high, but in general the IP effect of the 
upper zone is less than the effect from the lower 
zone.  
In the horizontal section for Dalby (Fig. 5b) 
there is a high IP effect at x68, corresponding to 
a low resistivity zone, and there is also an effect 
at x144-x160, y0-y24. The second anomaly does 
not correspond to any anomaly in the resistivity 
result. Anomalies that are at the edge of the 
graphs should be handled with care, due to the 
software interpolation into the corners of a box, 

while measurements are more correctly 
visualized in the NIP sections (Fig.7). 

Normalized induced polarization 

The results for the NIP are presented in one 
vertical section from the 2D inversion (Fig. 7), 
for Bäckseda and Dalby. In Bäckseda the NIP 
show very little variation in general, for section 
y12 there is one anomaly at x100, almost all y, 
and a larger one at x130, which also almost 
stretches all lines y12-y20. These anomalies 
correspond to the ones in the resistivity results. 
At Dalby the NIP result is a bit more 
complicated. There is a high response at the 
surface, x0-x60, at x68 there is also a large 
response, corresponding to low resistivity zones. 
There are also some small anomalies a few 
meters below the surface, at the soil-rock 
interface. 
  

a)

b)

Figure 5. Induced Polarization from 3D inversion horizontal slices, for colour figures see the 
attached article; a) Bäckseda, b)Dalby. 
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DISCUSSION 

ophysical results, knowledge 
eology of the studied area is 

rsion of the dataset. Not 

n the sites. At Olunda the 

Figure 6. Induced Polarization from 3D inversion vertical slices, for colour graph see the 
attached article; a) Bäckseda, b)Dalby. 

To interpret the ge
about the general g
required. Otherwise the correct interpretations 
from the results will not be drawn. One example 
is the high resistivity at the surface at Bäckseda, 
which might have led us to the interpretation 
that the overburden is very thin. This is not our 
interpretation though, the upper zone with its high 
resistivity is interpreted as till with a thickness 
between 2 to 6 m. The geology surveying done 
at the site and the road-cut section, which runs 
all along the grid, supports this together with the 
geological description from the area (Persson, 
2001). That the till has a higher resistivity than 
the bedrock is not uncommon as the result for 
Dalby also shows, with its high resistivity in 
parts of the surface. The estimation of the 
thickness of the overburden is greatly helped by 
the 3D inversion and the possibility to have 
vertical and horizontal slices, which is greatly 
improving the results.  
By sampling the data in parallel 2D profiles it’s 
possible to do a 3D inve
only does the 3D inversion take care of the 3D 

effect, that might influence a 2D inversion, but it 
also highly improves the interpreters 
understanding of the results as both vertical and 
horizontal slices can be viewed. The 
interpretation of the subsurface conditions, at 
the different sites, would have been different if 
we only had 2D slices, and no horizontal slices. 
Especially the horizontal graphs highlight zones 
with lower resistivity, anomalies, and especially 
linear structures where the trend is very 
prominent in the horizontal slices. With only 
one vertical section it would have been 
impossible to interpret the trend of the linear 
zones, without the horizontal slices the 
estimation of anomalies would have been 
constrained. The zones, with lower resistivities, 
are interpreted as zones of weaknesses in the 
rock; fracture zones that have been mineralized 
and can contain more water than the general 
rock mass, thus leading to a lower resistivity than 
the surrounding.  
The resistivity values of the bedrock varied 
extensively betwee
bedrock was at least 30 000 Ωm, in Bäckseda 
between 1 600 to 6 000 Ωm and at Dalby 

a)

b)
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a)

b)

normally less than 3 000 Ωm but as low as 
200 Ωm in parts. This reflects the fracture 
frequency for the different sites; Olunda has 
fewest fractures and Dalby has the most 
fractures (Table 3 in the attached article).   
The bedrock at Olunda seems to be sound, with 

Figure 7. Normalized Induced Polarization from 2D inversion, for colour graph see the 
attached article; a) Bäckseda b) Dalby 

the exception of the NS fracture zone, that 
reaches all depths. The N45ºW linear weakness 
zones, do not reach all depths, and are 
diminishing in strength at 7 m depth and are not 
visible at 9 m depths. Bäckseda is a bit more 
complicated than Olunda, there are several linear 
structures but also a sub-circular area with low 
resistivity. These correspond well with the higher 
effect in the IP and NIP, with the exception of 
the sub-circular area, which does not have any 
effect on the IP or the NIP. One possibility is 
that this area is a depression in the soil-bedrock 
interface and filled with some more conductive 
soil type than the surrounding till. This will be 
fully understood as the progress of the quarry 
reaches this area and it is visible in the quarry 

face. At Dalby there are two different directions 
of the weakness zones also interpreted as 
fracture zones. There is a lower resistivity 
structure at x68, y0, which corresponds to the 
results in the IP and is especially clear in the 
NIP; this is interpreted as a diabase dike, which 
is common in the area. The dike seems to be 
discontinuous restarting at x132, y40. This 
behavior could be because it is tectonically 
offset, or that it is varying in thickness. The 
thickness of the dikes is described in Ringberg 
(1980) to vary between a few decimeters to 
several meters thickness, and this might be the 
reason for not being visible as a continuous 
planar structure in the inversion results.  At 
Dalby there is also an effect in the NIP that 
seem to be in the soil-rock interface, the reason 
for this might be that the bedrock is undulating 
and at the depressions groundwater and fines 
gather and therefore gives a respond (Fig. 10 in 
the attached article).  

 10



Geoelectrical imaging for interpretation of geological conditions affecting quarry operations 

 

CONCLUSION 

We can draw three conclusions so far with 
respect to the use of geophysical methods in the 
operation of and for prospecting phase of a 
quarry: 1) fracture frequency of the rock mass 
can be identified, 2) variation in the rock mass, 
that might affect the quality of the aggregate, can 
be detected and 3) thickness of the overburden 
can be estimated. However the composition of 
the overburden cannot be determined with the 
chosen electrode distance of 2 m; therefore a 
shorter electrode spacing is recommended for 
determination of the soil properties.  
This study also shows the advantage of 
performing parallel 2D profiling and by 
combining them into a pseudo-3D surveying 
perform a 3D inversion. This enables the 
construction of horizontal slices of the 
subsurface, which highly improves the 
interpretation possibilities. By using the different 
electrical methods at the same site, comparison 
between the different results are possible which 
increases the reliability of the interpretation.    
With the results from the geophysical methods 
the placing of drill cores can be much more 
wisely chosen. Combining the geophysical 
results with the drillings yields a much more 
accurate interpretation of the subsurface 
geology, than if these studies are done 
independently; thus maximization of 
information about the rock mass. This study 
shows the advantage of performing a 
geophysical study prior to opening a new quarry 
and in the operation of an already existing 
quarry. 

FUTURE PLANS 

With the evaluation of the seismic refraction 
data for the three sites we hope to be able to 
constrain the soil-bedrock interface more 
precisely. This will also be an aid in the 
estimation of composition of the overburden, 
and will also confirm our interpretation of 
fracture zones in the bedrock. Thus answer 
some of the question marks still present for the 
sites, e.g. whether or not there is till coverage in 
the northern part of Dalby or if this is extremely 
dry bedrock.  

By making a geophysical study at an operating 
quarry we get a unique opportunity to confirm 
or reject our interpretations. With the progress 
of the quarries, the areas we measured will soon 
be removed of their overburden making it 
possible to determine the accuracy of our 
prediction of overburden thickness; compare the 
actual amount and our estimations. We will also 
be able to check our interpretation of fracture 
zones, the occurrence of dikes and other 
anomalies  
When the production has reached the grids and 
the produced aggregates are from the 
investigated rock mass, samples will be taken for 
mechanical testing to see if coupling can be 
made to the different geophysical properties that 
have already been investigated.   
By measuring with a shorter electrode distance, 
at the tree sites, we hope to better constrain the 
properties of the overburden and to be able to 
visualize the different till layers at Bäckseda, the 
clay/till interface at Olunda and the sand/till 
interface at Dalby. This together with the 
extensive geological investigation, which has 
been performed at the sites, will hopefully give 
us the resistivity properties for different types of 
overburden. 
An additional study grid has been put up in 
Olunda, resistivity and IP has been measured 
which makes it possible to calculate the NIP. 
This grid is in NS direction, instead of EW, and 
with the evaluation of this we will see if the 
methodology we are using is repeatable, and if 
we will get any different result due to the 
different direction of the grid. This has also been 
performed at Dalby, but with only a slight 
difference in the direction of the grid.  
With this complete study we will be able to tell 
prior of opening a quarry what kind of material 
they can expect, which quality, and most 
importantly if the quality of the aggregates will 
change in time as the quarry expands. 
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