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Abstract

A 2D-resistivity/IP survey was conducted in Central Skellefte District (CSD) along two profile lines 
(Northern  profile  and  Southern  profile).  The  presented  work  aims  to  get  a  better  idea  of  the 
subsurface resistivity, and to improve the understanding of the geology, by creating a 3D-forward 
model of the area and comparing it with the field data. It can also help to constrain the results of the 
inversion  of  the  field  data  for  this  area.  The  forward  modeling  was  created  with  Res3DMod 
software, supported by laboratory resistivity measurements of representative samples and on the 
bedrock map of the Central Skellefte District. After inversion of the forward model data and the 
field data using Res2DInv software, forward model profiles and field data profiles were compared. 
The field profiles allow to differentiate the geological units of the CSD, i.e. the metavolcanic series 
of the Skellefte Group and the overlying metasediments of the Vargfors Group. The forward model 
shows that the geometries displayed on the field profile are not necessarily  representative of the 
real geological structures, and that the pseudodepths could sometimes lead to some errors. It also 
shows that some anomalies are artifacts due to inversion process. 

Keywords: geophysics,  resistivity,  induced  polarization,  Central  Skellefte  District,  forward 
modeling.
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Introduction
The Skellefte district is one of the most important mining districts in Sweden. This area is situated 
in Northern Sweden, and it covers an area of 120 by 30 km in Northern Västerbotten and Southern 
Norrbotten  counties.  It  contains  over  85  massive  sulfide  deposits.  Skellefte  district  is  a  VMS 
(volcanogenic massive-sulfide) district,  with a total known tonnage of 161 Mt, with an average 
grade of 1.9 g/t Au, 47 g/t Ag, 0.7 percent Cu, 3.0 percent Zn, 0.4 percent Pb, 0.8 percent As, and  
25.6 percent S. 
The Vinnova 4D-modeling project aims to create a 3D geological model of the Skellefte district, 
and to understand its evolution, in order to improve the understanding of the geology and help for 
searching new targets. In this project, several geophysical surveys have been carried out, of which a 
resitivity/IP field survey. Resistivity measurements have been carried out along two profiles in the 
Central  Skellefte  District.  The  aim  of  this  master  thesis  is  to  create  a  forward  model  of  the 
resistivity profiles, and to compare it with the field data, in order to improve the understanding of 
the geology in the area. It also aims to get a better idea of the accuracy of the data. The forward 
model is built taking into consideration some resistivity measurements that have been carried out on 
samples from the study area. 
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I  Geology of the Skellefte District 

I.1  General overview

The bedrock in  the  Skellefte  district  consists  of  Early Proterozoic  rocks  of  the  Fennoscandian 
Shield. This geological unit comprises diverse volcanic, sedimentary and intrusive formations. The 
bedrock of the Fennoscandian Shield has been affected by the Svecokarelian orogeny, which lasted 
from c. 1.96 to 1.75 Ga (Stephens et al. 1997). The Svecokarelian orogen comprises Svecokarelian 
intrusive rocks formed by orogenic process, and Svecofennian supracrustal rocks consisting of early 
orogenic sedimentary and volcanic rocks. This Svecokarelian unit defines the major part within the 
Skellefte district. 

The Skellefte district is recognized to be a border between a deep-marine sedimentary environment 
in the South (Bothnian Basin), and a continental landmass in the North (Arvidsjaur area),(Eklund 
1923, Hietanen 1975, Lundberg 1980). Based mainly on geochemical studies, the Skellefte field has 
been considered as an island arc (Hietanen 1975, Lundberg 1980, Claesson 1985, Rikard 1986, 
Weihed et al. 1992) or an intra-arc rift within a continental margin (Vitallo & Claesson 1987). More 
recent studies, based on facies analysis, attribute the development of the Skellefte district to a stage 
of intense extension and marine volcanism in an ensialic volcanic arc (Allen et al. 1996).

The volcanic arc assemblage within the Skellefte district comprises two lithostratigraphical units, a 
lower Skellefte Group and an upper Vargfors Group (Allen et al. 1996A, Weihed & Mäki 1997). 
The Skellefte  Group comprises  calc-alkaline  and tholeiitic  volcanic  rocks  (Vivallo  & Claesson 
1987). This lithostratigraphic unit is overlain by conglomerates, sandstones, mudstones, and mafic 
volcanic rocks of the Vargfors Group. The whole stratigraphic succession is complex and laterally 
variable (Allen et al. 1996, Allen 2000).

The presence of black pyritic mudstones, abundant turbidite, hyaloclastite, pillow lava, and massive 
sulfide mineralization provide evidence for a submarine setting below storm wave base, for the 
deposition of a major part of the Skellefte Group (Allen et al. 1996). However, the presence of large 
amounts  of  volcaniclastics  debris  within  metasedimentary  rocks  indicate  a  shallow  water  or 
subaerial environment (Kathol & Weihed 2005). The presence of other features, such as scours, 
erosion surfaces and red oxidation also provide evidence of such environment.

I.2  Central Skellefte district (CSD)

Rocks from the Skellefte Group in CSD consist mainly of metavolcanic and metasedimentary rocks 
(Fig. 1). It is dominated by felsic metavolcanic rocks (mainly rhyolitic), with minor occurrences of 
basalts, dacites and andesites. The internal stratigraphy of the metavolcanic rocks is complex. It 
includes  porphyritic  cryptodomes,  subaqueous  lavadomes,  lavas  and  volcaniclastics.  These 
metavolcanic rocks are frequently interbedded with metasedimentary rocks. The metasedimentary 
units comprises gray to black mudstone, volcaniclastic siltstone, sandstone, breccia-conglomerate, 
volcaniclastic rocks with a lime matrix and rare limestone (Allen et al. 1996, Kathol and Weihed 
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2005, Montelius et al. 2005). The upper part of this unit has an estimated age of 1890 Ma (Billström 
& Weihed 1996).

The Vargfors Group, which is stratigraphically overlying the Skellefte Group, mainly consists of 
metasedimentary  rocks.  This  unit  comprises  argillites,  sandstones,  conglomerates  and  rare 
limestones, forming the shallow Vargfors Basin. Welded ignimbrites, deposited  in the middle of the 
series, indicate an age of 1875 ± 3 Ma. The uppermost exposed part have a indirect maximum age 
of 1873 ± 10 Ma, according to the andesites and basalts related to the Gallejaur intrusion (Skiöld 
1988). 

In the Northernmost part of the CSD, rocks from the Skellefte Group make a contact with Jörn 
granitoid intrusion. This granitoid complex is considered to be comagmatic with the metavolcanic 
rocks of the Skellefte Group (Allen et al. 1996, Weihed et al. 2002, Kathol & Weihed 2005). The 
metagranitoids from the Jörn Suite have a heterogeneous composition which varies from porphyritic 

3

Figure   1  :   a) Location of the Skellefte District in Scandinavia, b) bedrock map of the East of the 
Skellefte District, c) geological map of the Central Skellefte District. 



graniodiorite to tonalite. It is not very clear whether the Jörn GI metagranitoids are intrusive into the 
Skellefte Group or not (Kathol & Weihed 2005). 

I.2.a  Facies description

• Skellefte Group

Felsic metavolcanic and volcaniclastic rocks

One  important  rock  type  in  the  CSD are  the  strongly quartz-feldspar  and  feldspar  porphyritic 
rhyolite intrusions. They contain quartz and feldspar phenocrysts from 1mm up to 1 cm, variable in 
amounts from a few percent to 30% of the rock volume (Montelius et al. 2005, Kathol & Weihed 
2005).  Many  of  these  rocks  are  probably  subvolcanic  domes  and  intrusions  with  hyaloclastic 
margins.  The  strongly  quartz-feldspar  and  feldspar  porphyritic  rhyolite  facies  association  are 
divided into coherent, brecciated, pumiceous  and tuffaceous facies (Montelius et al. 2005).  Quartz-
feldspar porphyritic rhyolitic syn-eruptive mass-flows are associated with the more distal parts of 
the volcanic centres, as products of the reworking of the coherent lava and dome facies. 

Many of the felsic metavolcanic rocks within the Skellefte Group are fine-grained rhyolitic lavas, 
intrusions, and hyaloclastite, with an aphyric to aphanitic texture. The composition of these rocks is 
mainly the same as for the coarse-grained variety (Kathol & Weihed 2005).

Mafic volcanic rocks

Basaltic and andesitic intrusions can be found in the CSD, with their associated extrusive rocks, 
such as lava, hyaloclastite, and clastic units. These rocks are commonly porphyritic, with feldspar 
phenocrysts up to 1 cm. It is also possible to find some hornblende porphyritic rocks (Montelius et 
al. 2005). 

• Vargfors Group

The sedimentary rocks of the Vargfors group within the CSD include greenschist facies turbiditic 
greywackes and coarse clastic rocks. These rocks are mainly distributed along the Skellefte river 
(Kathol & Weihed 2005). 

In  the  central  Skellefte  district,  the  Vargfors  Group  is  dominated  by  coarse  clastic  rocks 
(conglomerates), which intercalate with coarse-grained to conglomeratic sandstones. South of the 
lake Vargforsdammen, greywackes show graded bedding from fine to coarse sand. 

The argillites of the CSD are dark grey to black. They are mainly consisting of fine-grained mica, 
and contain sulfide and graphite-bearing horizons. 

The upper greywacke sequence is dominated by arenitic to argillitic, turbiditic  greywackes, and can 
be  intercalated  with  sulfide-  and  graphite-bearing  siltstone  layers.  The  greywacke  composition 
includes quartz and felsdspar grains in a more fine-grained mica-rich matrix. 
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I.2.b  Structures 

• Skellefte group

In the North of the  Skellefte river,  rocks from the Skellefte group are very weakly deformed, 
whereas the most intense deformation occurred in the South (Allen et al. 1996, Bauer et al. 2009).

• Vargfors Group

The Vargfors Group rocks define an upright F2 synform which is bordered to the south mainly by 
listric faults (Fig. 1.c.). Secondary, NE SW trending transform faults dissect the Vargfors basin into 
several, distinct fault blocks that show a variable internal stratigraphy (Allen et al. 1996, Bauer et al. 
2009).
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II  Resistivity measurements in the laboratory

II.1  Methodology

In order to constrain the resistivity forward model, resistivity measurements have been carried out 
in the laboratory.  54 samples were selected out of 8 drillholes (Fig.  2) in the SGU (geological 
survey of Sweden) core archive in Malå. For every sample, three measurements were carried out. 
The  median  value  was  extracted,  and  probably  is  more  accurate  than  the  mean.  The  studied 
drillholes are mainly situated in the surroundings of the Norrliden deposit. 
Length and diameter of the half cores are measured, because they are needed by the software to 
calculate the resistivities. Then the samples are soaked in the water for 48 hours. Alternating current 
passes through the sample,  at different frequencies, from 0.1 Hz to 4 Hz . The intensity of the 
current  is  known,  and  varies  from 0.1  mA to  0.6  mA.  The  signal  is  a  ramp signal.  For  each 
frequency,  the  potential  difference  is  measured  by the  acquisition  system,  which  transmits  the 
information to the computer. The software then makes the calculation of the resistance, for each 
frequency, and with the geometric factors, calculates the resistivity (in Ohm.m). 

II.2  Results

The collected samples have been divided into groups, according to their lithology. The aim of these 
laboratory measurements is to determine the different petrophysical properties for each rock type. 
The different  rock types  that  have been recognized,  from the studying of the drillcores,  are  as 
following:  felsic  rocks  comprise  quartz-feldspar  rhyolitic  porphyry  and  rhyolitic  volcaniclastic 
sediments. Felsic volcanic samples with a high sulfide content were also distinguished from the 
others. Mafic rocks are mainly basalts, with very few occurrences of andesite. Sediments include all 
granulometry from argillites to  conglomerates. Only one sample from the Jörn granitoid complex 
was available. Moreover, alterations can have implications on the petrophysical properties. Some 
alteration  minerals,  especially  sulfides,  will  modify  these  properties.  The  median  resistivity 
resistivity are displayed in Table 1. 

Lithology Resistivity (ohm.m) Number of samples

Mafic volcanics (Basalts) 26500 13
Intermediary volcanics
(Andesite)

31000 3

Felsic volcanics (Porphyry) 7650 20

Felsic volcanics (volcaniclastics) 56700 7
Felsic volcanics with high sulfide
content

570 (mean) 2

Sedimentary (Sandstone) 18850 3

Granodiorite (Jörn) 16000 1

Table   1  :   Median resitivity values for the different rock types from lab measurements
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Figure   2  :   Bedrock map of the Central Skellefte District with the location of the drillholes that have 
been used in the survey. 



These results give us a first idea for the resistivity of the different lithologies.  However, there may 
be some variations within the rock types, because some samples are strongly altered, and this may 
affect the resistivity. For some of the rock types, especially the sediments of the Vargfors Group, the 
number  of  samples  was  too  low to  be  very representative.  Moreover,  the  granulometry of  the 
sediments can vary a lot, and this could have an effect on the resistivity values. These values are 
used for the first forward modeling, but with some adaptations.
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III  Forward modeling and interpretation of a resistivity/IP survey in 
CSD

III.1 Electrical resistivity surveys

Resistivity surveys aim to determine the resistivity of the ground by making measurements at the 
surface. The resistivity of the subsurface depends on various geological factors, such as the mineral 
composition of the bedrock, the fluid content of the ground, the porosity of the rocks and the water 
saturation of the bedrock (Loke 2009).

The  fundamental  physical  law used  in  resistivity  surveys  is  the  Ohm's  law.  Its  equation  is  as 
follows.

J=σE

where σ is the conductivity of the medium, J is the current density, and E is electric field density. 
This equation is the vector form of Ohm's law, valid for a current flow in a continuous medium. In 
resistivity surveys, the resistivity  ρ, which is the reciprocal of the conductivity (ρ=1/σ), is more 
commonly used. The unit used for  ρ is Ω.m. 

Field surveys are carried out by sending a current into the ground through two current electrodes, 
and  by  measuring  the  potential  between  two  potential  electrodes.  If  the  subsurface  was 
homogenous, it would be possible to calculate directly the resistivity from the measured potential. 
In reality, the ground is never homogenous, and the calculated resistivity is not the real resistivity, 
but an apparent resistivity ρa. 

where  k is a geometric factor that depends on the arrangement of the four electrodes,  ΔΦ is the 
measured potential,  and  I is  the  current.  The relationship  between apparent  resistivity and true 
resistivity is complex. 

The determination of true resistivity value from the apparent resistivity will be carried out during 
the inversion process.  The aim of the inversion is  to  find the optimum model  that  will  give a 
response similar to the actual bedrock resistivity values. The model is an idealized representation of 
a section of the earth. For 2D and 3D profiles, the mathematical methods used for carrying out the 
inversion are either the finite-difference (Dey and Morrisson 1979a, 1979b) or the the finite-element 
methods (Silvester and Ferrari 1990). The results of a 2D inversion is displayed in a pseudosection. 
This  result  is  one  possible  solution  but  the  problem is  by nature  ambiguous.  The  result  does 
therefore not necessarily totally reflect the reality. 

The software used for carrying out the inversions in this study is RES2DINV. 
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III.2 Induced Polarisation (IP) Surveys

The IP effect is caused by two main mechanisms, the membrane polarization and the electrode 
polarization effect. The membrane polarization is mainly caused by clay minerals present within the 
rocks. The electrode polarization effect is caused by the presence of conductive minerals, such as 
sulfides or graphite for example. This effect is prominent on the membrane polarization effect. IP 
response is more pronounced when conductive minerals are dispersed throughout the rock.

IP measurements are made either in the time-domain or in the frequency-domain. In time-domain, 
one measures the decay of the voltage after the current is switched off. The quantity measured in 
time-domain IP is the chargeability, which unit is mV/V. Chargeability M is defined as the area 
under the decay curve over a certain time interval (t1-t2) (Fig 3). 

IP measurements in frequency-domain involve measuring the apparent resistivity values for at least 
two different  AC frequencies.  The quantity measured is  the percentage frequency effect (PFE), 
defined as follows:

where  ρ0,1 and  ρ10 are the resistivity at 0,1 Hz and 10 Hz. PFE is dimensionless. It is also possible 
to measure the phase angle between current and measured potential difference. 

During field surveys, IP is usually measured in time-domain,  because low frequency commutated 
current (on-off current) is sent into the ground. 

The interpretation of IP data is only qualitative. Zones with a high IP response include graphite-
bearing sediments, sulfide-rich mineralizations. The shape and sharpness of IP anomalies can be 
useful in the characterization of the anomalous zones.
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Figure 3: The phenomenon of induced polarization. At t0 the current is 
switched off and the measured potential difference, after an initial large 
drop from ΔVc, decays gradually to 0. A represents the area under the 
decay curve for the time increment t1-t2.

PFE=
0,1−10

10
⋅100



III.3 Forward modeling of resistivity profiles

The purpose of forward modeling is to calculate the apparent resistivity that would be measured, 
over a model of the subsurface where the resistivity is known. During a resistivity survey, it is usual  
to create a forward model, in order to see if the geological model could be correlated with the actual 
measured values. There are several methods which can be used to calculate the apparent resistivity 
for a specified model. In this study, the forward modeling software uses the finite-difference or the 
finite-element method. 

The subsurface model is divided into rectangular cells for a 2D-model, and rectangular prism cells 
for a 3D model. For each cell, one value of resistivity is assigned. Even if the survey is carried out 
in 2D, it can be useful to create a 3D model, in order to determine the influence of 3D structures on 
a 2D profile.

It is difficult to interpret and compare apparent resistivity profiles. It is therefore necessary to invert  
the calculated apparent resistivity from the forward modeling, in order to compare it with the actual 
inverted field data. 

In this study, several forward model were tested for each profile. Every model was inverted and 
compared with the field data, in order to see which geological features would be the most consistent 
with the field data.

III.4 Different options in inversion software Res2Dinv

The inversion software used for the survey (for both forward modeling and field data) is Res2Dinv. 
For a detailed explanation of the inversion methods and theory, please refer to Loke, 2009 (revised). 
In this paragraph we will go through the different options and settings which can be used in this 
software, and their effect on the inversion results.

Field surveys can present bad data, which will not reflect the true resistivity of the subsurface. This  
noisy data can be due to different factors, such as telluric currents that affect the reading, or the 
presence of high-voltage power lines within the survey area. Dipole-dipole and pole-dipole arrays 
are more sensitive to noise than other arrays. It is important to get rid of the bad datum points, in 
order to get an accurate model of the subsurface. Res2Dinv software allows the elimination bad 
data. When noisy data are very obvious, it is possible to eliminate them before carrying out the 
inversion. Otherwise it is possible to eliminate the bad data points after the inversion, by checking 
the  “RMS  error  statistics”.  This  option  displays  the  distribution  of  the  percentage  difference 
between the logarithm of the measured and the calculated apparent resistivity values. Points with a 
high error are most likely to be noisy data, and shall be removed. This method requires to run again 
the inversion after removing the bad data points.

There are several options which may modify the inversion profiles. It is first possible to choose the 
inversion method that we want to use. The problem with the inversion of resistivity data is that there 
may be several possible results for one measured data set. It is possible to choose between a smooth 
and a robust inversion. The robust inversion will tend to emphasize and sharpen the boundaries 
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between  bodies.  If  the  geological  units  are  fairly  homogenous  and  present  high  contrasts  in 
resistivity, the result with such a method may be more accurate. 

There  are  also  options  allowing to  control  the  geometry of  the  model,  such  as  the  width  and 
thickness of the cells. Usually, default parameters can be used, but in some cases it may be useful to 
increase the number of cells. 

It is important to note the sensitivity of the model is better near the surface. Depending on the array 
used in the survey, some parts of the profile may be more or less sensitive to the data. The “display 
subsurface sensitivity” option divides the subsurface into cells and shows the sensitivity value. It 
allows to see which areas in the profile are effectively scanned using the array. It can be useful for 
the interpretation of the profiles, especially to see the accuracy of the inversion.

III.5 The survey

The  survey,  as  a  part  of  the  VINNOVA 4D-modeling  project,  consisted  in  two resistivity  and 
induced polarization (IP) profiles, the first one north of Skellefte river (Northern profile), and the 
second one south of the river (Southern profile). The electrode configuration chosen for this survey 
is a pole-dipole configuration. This array allows a good penetration towards depth, with a good 
sensitivity near the surface. The depth of penetration depends on the distance between the current 
electrode and the potential  electrode,  and also on the distance between the potential  electrodes 
themselves. Moreover, this configuration permits to limit the electromagnetic coupling (Loke 2009, 
revised), and this is important to get accurate IP results. The chosen configuration consisted in one 
current electrode C1 (plus one remote electrode C2), and five potential electrodes (Fig. 4 a.) (four 
dipoles).  The distance between the two current  electrodes C1 and C2 is  superior to  5 km, this 
distance being enough for C2 to be considered at  an “infinite” distance from C1. The distance 
between the electrodes for the first two dipoles is 200m, and for the two next dipoles, it is 400 m. 
Such an electrode configuration would theoretically allow to penetrate the ground to a depth up to 
400 to 600m, depending on the subsurface resistivity distribution of the bedrock.  

The  total  length  of  the  southern  profile  is  6.8  km.  It  starts  on  the  southern  shore  of  the 
Skellefteälven, c. 4 km NW of the Vargfors Dam, and goes towards the SSW (Fig. 4 b., Fig 5).

The  total  length  of  the  northern  profile  is  5.6  km.  It  starts  on  the  northern  shore  of  the 
Skellefteälven, c. 6.5 km NW of Vargfors Dam, and goes towards the NE (Fig. 4 b. , Fig. 11 ).
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III.6 Results of forward modeling and inversion of the two profiles

III.6.a  Southern profile

• Construction of the forward model

The first model is based mainly on the geological map. Fig 5 shows the location of the Southern 
profile and the geological map. The model was created in 3D, using the software RES3DINV. It 
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Figure   5  :   Location of the Southern profile on the bedrock map. The total length of the profile is 6800 
m.

Figure    4  :   a)  pole-dipole  electrode  configuration,  used  for  the  survey.  The  distance  between  the 
electrodes is 200 m for the two first dipoles, and 400 m for the two last dipoles; and b) location of the  
two profiles on the bedrock map of the Central Skellefte District.



covers an area of 1000 m by 5400 m, each cell being 100x100m. The theoretical electrodes are 
placed every 200 m. The thickness of the cells vary from 40 m for the shallowest one to 130 m for  
the deepest one (Fig. 6). The model presents 6 levels of cells, up to a depth of 480 m. The bottom of 
the layers are successively at the following depths: 40, 90, 160, 250, 350 and 480 m. 

According to the map, the profile starts on the sediments of the Vargfors group, in the North. The 
profile was made at the border between two structural blocks of the Vargfors group. Rocks of the 
Vargfors group overlie on the felsic volcanic rocks of the Skellefte Group, which make up the two 
thirds of the rock presents along the Southern profile. These felsic volcanic rocks are intercalated 
with some sediment layers (one is clearly visible at 2000 m from the North) and basalts layers. At  
3000 m, there is the Norrliden deposit. In the South, we considered a felsic layer overlying some 
basalt layer.

The  resistivity  values  used  in  this  model  (Table  2)  were  based  on  results  from  the  lab 
measurements. The values from the laboratory had to be decreased, because there may be water 
filled fractures on a large scale which may not be taken into account on a small scale. However, 
there was not samples for every rock type. Furthermore, there may be some variations within the 
rock types, depending on the mineral content, especially the sulfide content within the felsic rocks. 
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Figure    6  :   Display  of  the  resistivity  model  for  the  Southern  profile  using 
Res3DMod software. The depth of the bottom of the layers are successively: 
40, 90, 160, 250, 350 and 480 m. Dark blue unit corresponds to conglomerates 
and sandstones, light blue to argillites, turquoise green to basalts, dark green 
to felsic volcanic rocks and yellow to Norrliden sulfide deposit.



Lithology Resistivity (Ω.m) Color 

Felsic volcanic rocks 5000 Dark green

Basalts 25000 Turquoise green

Conglomerates and sandstones 20000 Dark blue

Graphite-bearing argillites 500 Light blue

Sulfide deposit 200 Yellow

Table   2  :   Resistivity values used for the forward modeling of the Southern profile

From this  model,  the  software  calculates  the  apparent  resistivity  for  every  possible  electrode 
configuration. The profile corresponding to the field  survey would be for x=800m. 

The apparent resistivity profile is shown on figure 7 a). It appears to be non-symmetrical, due to the 
chosen array (pole-dipole). In order to be interpreted (in terms of geology) and eventually compared 
with the field profile, it is necessary to carry out an inversion.

The inversion profile is shown on  figure 7 c). The different units defined in the model are visible 
on the pseudosection.  Resistivity vary from 200  Ω.m to 20000 Ω.m.  Resistivity value for the 
Norrliden deposit (at around 3000 m) is slightly higher in the result from the inversion (around 900 
Ω.m) than in the initial model (200 Ω.m). This may be due to the presence of the surrounding rocks 
with higher resitivity, and to the fact that the deposit it pretty shallow. The lowest resistivity values 
are present in the argillites of the Vargfors basin. They are lower than the initial model value. The 
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Figure   7  :   Pseudosections of the forward model for the Southern profile, from Res2Dinv software. a)  
apparent resistivity values calculated from the forward model, b) theoretical apparent resistivity (used 
to calculate the RMS error and detect any noisy data), c) inverse model resistivity pseudosection.
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high  contrast  in  resistivity  with  the  conglomerates  may  have  decreased  this  values,  and  the 
inversion process may have enhanced the boundary between these two units.  The units seem too 
geometrical to be really displaying the geology. This is due to the construction of the model in 
rectangular prisms. Moreover, the pseudo-depth shown on the profile doesn't reflect perfectly the 
real depth of the different units.  For instance the depth of the high resistivity sediments in the 
Vargfors basin are present until a depth of 350 m. On the inverted profile, the boundary between 
high- and low-resistivity sediments is at a maximum depth of approximately 250 m. However, the 
pseudo-depth  mainly  reflect  the  depths  defined  in  the  profile.  Down  towards  the  depth,  the 
boundaries between different lithological units are a bit harder to distinguish. 

• Field result and interpretation

Resistivity Profile

The resistivity profile (Fig. 8.a) shows quite high contrasts in resistivity, from 100  Ω.m to 20000 
Ω.m.  Towards the South, from around 3600 m to 6500 m, the profile presents a conductive layer 
overlying a highly resistive layer (around 20000 Ω.m). The pseudodepth for the boundary between 
these two layers is about 135 m. According to the surface geological map (Fig. 5), the rocks that can 
be found in this area are mainly felsic volcanic rocks. The upper layer could be some felsic volcanic 
rocks,  overlying  some  higher  resistivity  rocks,  such  as  basalts.  There  could  also  be  another 
possibility. In this area, the soil cover, mainly consisting in glacial till, can be very thick (up to 40 m 
in some places). It is possible to imagine that a thick and conductive soil cover overlying a highly 
resistive  layer  may  lead  to  a  similar  result  after  inversion.  In  this  case,  the  high  contrast  of 
resistivity between the two rock types may increase the pseudodepth of the boundary, not reflecting 
the real depth of the boundary. It is difficult to know whether the resistive rocks are basalts or felsic 
volcanics  rocks.  According  to  the  surface  geological  map,  it  could  be  felsic  volcanic  rocks. 
However the value is higher than expected,  and is  more consistent with basalts.  The resistivity 
contrast between the two layers may increase the calculated resistivity, resulting in a higher value 
than the real resistivity of the rock. Furthermore, according to the laboratory measurements, certain 
types of felsic volcanic rocks can present fairly high resistivity values, especially when they are 
poor  in  sulfides.  Without  further  information,  it  is  not  possible  to  determine  the  nature  of  the 
bedrock in the southern part of the profile.

At 3500 m, the profile shows the presence of a conductive body from approximately 80 to 200 m in 
depth. The resistivity of this body is around 1000  Ω.m. 

From  1600  to  3200  m,  the  profile  shows  a  background  value  of  approximately  5000  Ω.m. 
According to the laboratory data, this value is consistent with felsic volcanic rocks (meta rhyolite 
and  meta-dacite).  It  is  also  consistent  with  the  geological  map  (Fig.  5).  The  presence  of  the 
Norrliden deposit is detectable on the profile, with a low resistivity spot at 3000 m at the surface. 
Though, the deposit appears to be very shallow (up to a pseudo-depth of 60 m). The profile shows 
also two high resistivity zones ( around 20000 Ω.m). The first one, from 1800 to 2200, is quite 
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shallow, up to a depth of 100 m. The second one, at 2600 m is visible until a pseudodepth of 300 m. 
According to the map, there may be some basalts in this place. This is also consistent with the data 
from the lab measurements,  which present  a  resistivity value of  26500 Ω.m for the basalts.  In 
between, there is a low resistivity zone which appears at the surface. It is overlain by the higher 
resistivity unit from 1800 to 2300 m and it reaches a pseudodepth of approximately 270 m. This low 
resistivity zone may correspond to an argillite layer, which is present at 2400 m on the geological  
map. Furthermore, this is consistent with the deposit environment. Indeed, the Skellefte Group is 
consistent with a marine environment, and there may be deposition of argillites during periods with 
a low volcanic activity. 

The North of the profile occurs within the sediments of the Vargfors Basin. In terms of resistivity, 
two zones are clearly visible. The first 900 meters present a high resistivity zone, with values up to 
20000  Ω.m. It is overlying a low resistivity zone from 900 to 1400 m, with values ranging from 
around  600  to  2000  Ω.m.  The  high  resistivity  values  may  correspond  to  conglomerates  and 
sandstones, which can present high resistivity values. The low resistivity zone may correspond to 
argillites. Both terms are consistent with a turbidite sequence. The low resistivity zone could also be 
due to a fracture zone. The contact between the Vargfors Group and the Skellefte Group appears   as 
a fault contact, and fractures filled with meteoric fluids would show rather low resistivity values. 
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Figure    8  :   a)Inverse resistivity (in  Ω.m)  and b) IP (chargeability in mV/V) pseudosections from the 
Southern profile.



IP Profile

The IP values from the field survey vary between c. 3 and 50 mV/V.  The IP profile presents mainly  
two distinguishable zones with a high IP effect. The highest one occurs between 1700 and 2400 m 
along the profile, from 135 m down to 250 m in depth, with a maximum value around 50 mV/V. 
This is consistent with the previous interpretation. This layer may be some argillites with a high 
concentration of graphite, which causes a high IP-effect. The low resistivity layer of the Vargfors 
group also presents quite a high value for IP.  It may have two different causes though: it could 
rather be due to the presence of graphite within the argillites and thus be caused by the electrode 
polarization effect, or  it may be due to the presence of  alteration minerals in contact with water 
within the fractures, and thus be caused by the membrane polarization effect.

The Norrliden deposit, at 3000 m reflects a value higher than the average, but as in the resistivity 
profile, it is not clearly visible and it is very shallow. The low resistivity zone in depth at 3500 
presents a fairly high IP value (25 mV/V). This may be due to the presence of sulfides within the 
host rock. This would also explain the low resistivity value.

• Comparison between the field data and the forward model profile

It is possible to recognize major patterns when we compare the two profiles. All the units that we 
individualized in the field inversion model can be individualized in the forward model, except for 
the low resistivity body at 3500 m, which was not included in the first model. 

The southern part of both profiles look quite similar, in terms of calculated resistivity. However the 
pseudodepth of the boundary between the two resistivity zones is too deep in the inverted profile of  
the forward model. In the forward model profile, the pseudodepth is 350 m, whereas in the inverted 
profile of the field data, the pseudodepth of the boundary is a bit lower than 200 m. 

In the central part, the geometry of the different units from the forward model do not really fit with 
the actual geometry. The depth and the shape of the low resistivity unit at 2200 m do not correspond 
with the inverted field data. The body is more extended horizontally in depth, and less extended 
near the surface. The high resistivity body at 2500 m is too wide and too deep compared with the 
field data. The low resistivity body corresponding to the Norrliden deposit is shallower on the actual 
field data  than on the forward model.  The deposit  could have less extension in  depth but  also 
laterally. 

The two profiles show similarities in the Northern part (Vargfors Basin). The two distinct resistivity 
zones are present, and the boundary between these two zones does not change much. However, the 
resistivity  of  the  argillites  is  too  low  compared  with  the  field  data,  and  the  resistivity  of  the 
conglomerate is too high. 

It is important to notice that the geometry of the forward model is very simplified, because the 
resolution of the model is low (100x100 m grid). This can result in some strange and not realistic 
geometries after inversion. It is also difficult to represent local resistivity changes, because in the 
model we deal with a limited number of resistivity values. 
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• Evolution and improvement of the forward model

After comparing the two inverted profile, some changes were made to the forward model, in order 
to get a representation closer to the actual field data. The grid parameters for the model are the same 
as in the first model. The depths of the different layers are also the same. The model covers an area 
of 1000x6800 m.  The changes concern mainly the geometry of the different units, as well as the 
resistivity values for these units (see Fig. 9).

In this new model, the following values were used: 

Lithology Resitivity (Ω.m) Color 

Felsic volcanic rocks 5000 Dark green

Basalts 25000 Turquoise green

Conglomerates and sandstones 14000 Dark blue

Graphite-bearing argillites 1000 Light blue

Sediments in other compartment of the 
Vargfors Basin

2000 Orange

Sulfide deposit 500 Yellow

Table   3  :   Resistivity values used for the improved forward model of the Southern profile

In the South, the boundary between the two layers has been set to 160 m. A low resistivity body has  
been included in depth at 3500 m, from 160 to 250 m. The value of resistivity for this body was set  
to 1000 Ω.m. 

In the central part, the low resistivity layer has been extended horizontally in depth, and it has been 
decreased near the surface. The maximum depth for this layer is 250 m (instead of 350 m in the 
previous model). The adjacent low resistivity zone is less extended laterally and is limited to 250 m 
in depth. On the contrary, the shallower high resistivity body has been extended near the surface.

The value of resistivity has been increased for the low resistivity zone of the Vargfors Basin, and it 
has been decreased in the high resistivity zone of the Vargfors Basin. 
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The  inverted  profile  for  x=800m  is  displayed  in  Figure  10.  Within  the  inverted  profile,  the 
resistivity values range from about 500  Ω.m to 25000  Ω.m. The pseudodepth of the boundary 
between high and low resitivity units in the South is about 220 m. This is more consistent with the 
field data (about 200 m) than in the first model. The resistivity values for the southern part of the 
profile are also consistent with the field data. The low resistive body at 3500 m, that has been 
included in this model, is visible on the profile. However, depth and shape are not totally similar. 

In the central part, the high-resistive body at 2500 m, accounted for basalts, reaches a pseudodepth 
of 230 m. In the field survey it reaches a depth of 270 m. This is more similar to the actual data than 
in  the  first  model.  The  lateral  extension  of  the  adjacent  low resitivity  body (argillites)  is  also 
consistent with the field data. However, the lower boundary of this body is too deep compared to 
the actual field data. On the pseudosection it appears at a depth of 350 m, whereas it was defined at 
250 m in the model. The basalt layer from 1700 to 2000 m appears to have a lateral extension 
similar to the one on the field data. 
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Figure   9  :   Display of the resistivity model for the Southern profile using 
Res3DMod  software.  The  depth  of  the  bottom  of  the  layers  are 
successively:  40,  90,  160,  250,  350  and  480  m.  Dark  blue  unit 
corresponds  to  conglomerates  and  sandstones,  light  blue  to  argillites 
within the Skellefte Group, bluish green to basalts, dark green to felsic 
volcanic rocks, yellow to Norrliden sulfide deposit, orange to sediments 
of the Vargfors Basin in another compartment, and red to argillite of the 
Vargfors group and low-resistive body (same value).



The shape of the low resistivity zone in the Vargfors Basin has a strange geometry compared to the 
field data, probably due to the model itself. The values are more consistent with the actual data. 

In  depth,  the  different  bodies  are  not  very  well-defined.  The  resistivity  values  tend  to  be 
extrapolated toward depth, and as a consequence, it creates some artifact patterns. In this model, the 
geometry is globally more similar to the real data than in the first one. However, it shows that it is  
not always possible to rely on the depth which are defined by the inversion process. The depth used 
in the inversion  models are theoretical, and depending on the resistivity of the bedrock, it can be 
false. Moreover, the results are more accurate near the surface, due to a stronger strength of the 
signal.
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Figure    10  :   Pseudosections of the improved forward model for the southern profile, from Res2Dinv 
software. a) apparent resistivity values calculated from the forward model, b) theoretical apparent 
resistivity (used to calculate the RMS error and detect any noisy data), c) inverse model resistivity 
pseudosection.
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III.6.b  Northern profile

• Construction of the forward model

Figure   11  :   Location of the Northern profile on the bedrock map. The total length of the profile is 5600 
m.

The first model for the Northern profile is based mainly on the geological map. Figure 11 shows the 
location of the Northern profile, as well as the geological map. The model, created with Res3Dinv 
software,  covers  an  area  of  1000  m  by  5400  m,  each  cell  being  100x100m.  The  theoretical 
electrodes are placed every 200 m. The thickness of the cells vary from 40 m for the shallowest one 
to 130 m for the deepest one (Fig. 12). The model presents 6 levels, up to a depth of 480 m. The 
bottom of the layers are successively at the following depths: 40, 90, 160, 250, 350 and 480 m. 

There are very few lab data for the bedrock in the North of the Vargfors Basin, because there are 
very few drillholes in the area. The values used for the modeling were assumed to be quite similar  
to those in the southern part of the Central Skellefte District.

According to  the  map,  the  profile  starts  in  the  sediments  of  the  Vargfors  group,  in  the  South, 
composed mainly of greywackes. This sediments are overlying the metavolcanics of the Skellefte 
Group. These metavolcanics rocks are in majority metamorphosed felsic volcanic rocks, i.e. rhyolite 
and  dacite,  with  some  occurrences  of  basalts.  Interlaying  these  metavolcanics,  there  are  some 
occurrences of argillites. One layer of argillites appears within the rhyolite at 1200 m along the 
profile. Although it doesn't show on the surface map along the profile, it could be present in depth.  
One advantage of building the model in 3D is that it is possible to include structures in depth that 
wouldn't  show on the  surface.  In  the  North  East  of  the  profile,  the  metavolcanic  rocks  of  the  
Skellefte Group are in contact with the granodiorite of the Jörn Complex.

Table 4 shows the resistivity values used for this model. Felsic volcanic rocks were differentiated 
into dacite and rhyolite, as they are differentiated on the map.
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Lithology Resitivity (Ω.m) Color 

Rhyolite 5000 Dark green

Dacite 3000 Turquoise green

Basalts 20000 Yellow

Argillites 500 Light blue

Sediments of the Vargfors Basin 1000 Dark blue

Granodiorite 18000 Orange

Soil Cover 200 Red

Table   4  :   Resistivity values used for the forward modeling of the Northern profile

The calculated apparent resistivity is shown on  figure  13 a). The inverted profile, after inversion 
with Res2Dinv software, is displayed on figure 13 c).

As the resistivity contrast between the different units is quite important, the boundaries between 
these units is clearly visible. It is possible to notice that at 1900 m, in depth, the resitivity value for 
the basalts is increased (around 25000  Ω.m instead of 20000 Ω.m), due to the presence of the 
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Figure    12  :   Display  of  the  resistivity  model  for  the  Northern  profile  using 
Res3DMod software. The depth of the bottom of the layers are successively: 
40,  90,  160,  250,  350  and  480  m.  Dark  blue  unit  corresponds  to  Vargfors 
sediments, light blue to argillites within the Skellefte Group, bluish green to 
dacite, dark green to rhyolite, yellow to basalts, orange to granodiorite, and 
red to soil cover.



adjacent conductive argillite unit. This clearly shows that the inversion process tends to enhance the 
resistivity  contrasts  when  the  contrast  is  already high.  On  the  contrary,  the  limit  between  the 
granodiorite and the basalts at 4200 m is not visible, because the two high-resistive units have very 
close values. 

The presence of a  low resistivity soil  cover  above the granodiorite  is  over-valuated during the 
inversion process. In the model, the soil cover is limited to the first 40 m. On the inversion profile, 
the boundary between the high resistivity and the low resistivity units appears at 220 m. This shows 
that a very conductive layer near the surface can  create a “screen” for the underlying units, and 
pseudodepth would not really reflect the actual geology.

• Field result and interpretation

Resistivity Profile

The result from the inversion of the field data show values which vary from 400 to 20000  Ω.m (see 
Fig  14 a.).  Towards south-west,  from 400 to 1200 m along the profile,  a low resitivity zone is  
visible  (between  2000  and  3000  Ω.m).  It  goes  until  200  m.  This  unit  may correspond  to  the 
sediments of the Vargfors Basin. It overlies a high resistivity unit, with a values reaching 20000 
Ω.m. According to the geological map, this  unit  corresponds also to sediments of the Vargfors 
Basin. Large variations of resistivity values can be observed within the Vargfors sediments, as the 
granulometry and mineral composition can highly vary. 

The contact between the Vargfors basin and the underlying rhyolite from the Skellefte group should 
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Figure   13  :    Pseudosections of the forward model for the Northern profile, from Res2Dinv software. a) 
apparent resistivity values calculated from the forward model, b) theoretical apparent resistivity (used 
to calculate the RMS error and detect any noisy data), c) inverse model resistivity pseudosection.

SW NESW NE



occur  at  around  1000  m according  to  the  map  (fig  11).  It  is  actually  possible  to  underline  a 
boundary contrast between 1000 and 1100 m. The maximum resistivity value for the underlying 
unit is around 10000 Ω.m. 

Between 1600 and 1900 m, from nearly 50 meters in depth, there is a low resistivity unit. This unit  
gets  wider  in  depth.  The widening of  this  low resistivity zone could  be  an artifact  due to  the 
inversion process. It could also be due to the shape of this low resistive zone. This low-resistive unit 
could correspond to argillites. According to the map, the profile does not cross this unit on the 
surface. It is possible to verify this fact on the inverted profile, as the low resistivity zone does not 
appear on the surface. 

From 2000 to 3000 m, a quite low resistivity unit can be outlined. The values of resistivity for this 
unit range from 2000 Ω.m to 5000 Ω.m. According to the map, it would correspond to dacite. The 
maximum pseudodepth for this unit is 200 m. Underneath this unit, a high  resistivity unit can be 
highlighted. It reaches the surface at 3200 m, and probably corresponds to  basalts. 

There is another low resistivity body in depth, at 3500 m from the beginning of the profile. This  
body has  a  resistivity  comparable  to  the  upper  one,  with  minimum values  around  2000  Ω.m. 
According to the map, this unit would also be consistent with dacite. 

The resistivity from 3600 m until the end of the profile is very high and quite homogenous. On the 
map,  the  boundary  between  basalts  and  granodiorite  of  the  Jörn  complex  appear  at  4200  m. 
However, this boundary is not visible on the profile, because apparently the granodiorite and the 
basalts have resistivity values which are quite similar, around 20000  Ω.m. It is possible to spot a  
low resistivity zone near the surface from 4000 m to 5000 m. There is not such a low resistivity unit 
which appears on the bedrock map. It could be due to the presence of a conductive soil cover.
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Figure   14  :   a)Inverse resistivity (in Ω.m)  and b) IP (chargeability in mV/V) pseudosections from the 
Northern profile.
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IP Profile

The values for IP on the IP profile vary between c. 2 and 40 mV/V. The south-western half of the  
profile, from 0 m to 3200 m along the profile, shows quite high values of IP, mostly between 20 and 
25 mV/V. This high IP effect is nonetheless lower than in the southern part. Without any precise 
petrological or mineralogical data, it is hard to know what is exactly the cause of the high IP effect.  
It could be due to the presence of disseminated sulfides within the host rock. According to the 
geological map (Fig.  1 c.), the area is fractured, and the IP effect could be due to the presence of 
alteration minerals in contact with water within the fractures, creating a quite strong membrane 
polarization effect.

 The only exception is the area from 1300 to 1600 m, where the IP values are less than 5 mV/V. It 
corresponds on the map to the rhyolite. Just under this unit, the IP values are the highest of the 
profile (at a depth of approximately 350 m). It could be an artifact caused by the inversion, due to  
the contrast between high and low IP zones. However, it is possible to correlate this high IP values 
with  the  widening  of  the  low resistivity  zone.  Thus  it  could  be  a  possible  target  in  terms  of 
exploration, but it is difficult to guess without any further data.

The north-western part of the profile presents low IP values, inferior to 5 mV/V near the surface, 
and between 5 and 10 mV/V in depth. Even if it is not very obvious, there is a small IP contrast ca.  
4000 m. It could be the limit between  the granodiorite and the the basalts.

• Comparison between the field data and the forward model profile

In the south-western part of the forward  model profile, the boundary between the rhyolite and the 
sediments of the Vargfors group is visible. The values in each compartment do not really match to 
the field data. They are higher in field survey profile for both the sediments and the rhyolite. In 
depth, the limit between low and high resistivity zones is visible on both profiles, and the geometry 
could fit, even if we have to be careful with data on the edges. 

The presence of the low resistivity zone at around 1500 m appears on both profiles. The values are 
similar, even if they are a bit higher on the field profile. The low resistivity body appears to be more 
towards the North-West in the actual data than in the model. The limit towards the North-West is 
1900 m from the SE, whereas it is 1600 in the forward model. In depth, from 350 m, this conductive 
layer tends to widen. This does not appear on the model. However, such a geometry does not seem 
very plausible, and it could be an artifact due to inversion. 

From 1900 m to  3600 m,  the  forward  model  profile  looks  quite  different  to  the  field  profile.  
Resistivity values in depth are too high. In the model, it was considered to be basalts in majority. 
This may not be the case. The conductive body present at the surface between 2100 and 3000 m 
was included in the model, but not in the right location. The geometry is too sharp on the model, but 
the depth are consistent. The low resistive layer at 3300-3400 m is present in the model. However, 
the lower boundary is too low, and at the bottom. The model is really too simplified to fit with the 
reality.
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From 3600 m, the resistivity of the bedrock is quite similar. The low resistivity zone is much deeper. 
The presence of a soil layer with a low resistivity is probable, but the thickness in the model (40 m) 
is too important.

• Evolution and improvement of the forward model 

After comparing the two inverted profile, some changes have been made to the forward model of 
the  Northern  profile,  in  order  to  get  a  representation  closer  to  the  actual  field  data.  The  grid 
parameters  for  the  model  are  the  same  as  in  the  first  model.  The  model  covers  an  area  of 
1000x5600. The thickness of the layers have been changed, so that the soil cover could be thinner. 
The depths of the bottom of the layers are: 20 m, 50 m, 90 m, 150 m, 240 m, 350m, 480 m and 630 
m (see Fig. 15).The following resistivity values were used for the new model:
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Figure    15  :   Display  of  the  improved  resistivity  model  for  the  Northern  profile  using  Res3DMod 
software. The depth of the bottom of the layers are successively: 20, 50, 90, 150, 240, 350, 480 and 630  
m.  Dark blue  unit  corresponds  to  Vargfors  sediments,  light  blue  to  argillites  within  the  Skellefte 
Group, bluish green to dacite, dark green to rhyolite, yellow to basalts, orange to granodiorite, and red 
to soil cover.



Lithology Resitivity (Ω.m) Color 

Rhyolite 8000 Dark green

Dacite 2500 Turquoise green

Basalts 20000 Yellow

Argillites 500 Light blue

Sediments of the Vargfors Basin 1000 Dark blue

Granodiorite 18000 Orange

Soil Cover 700 Red

Table   5  :   Resistivity values used for the improved forward model of the Northern profile

In the Vargfors Basin, from 0 to 1200 along the Northern profile, the low resistivity layer has been 
extended towards depth, in order to see how it would affect the pseudosection. The argillites layer at 
1200-1400 m is wider towards depth. The surrounding rocks are rhyolite, even in depth, instead of 
basalts in the previous model. The resistivity value for the rhyolite has been increased to 8000 Ω.m . 
The shallow low resistivity zone in the middle of the area, from 1200 to 3000 m along the profile, 
corresponding to dacite on the map,  has been extended near the surface. It becomes thinner towards 
depth, and the bottom of the zone reaches 350 m.

The northernmost area (Jörn Suite) has not been changed, except for the depth of the soil cover, 
which has been set to 20 m. The resistivity value for the soil cover has been increased to 700 Ω.m.
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Figure   16  :   Pseudosections of the improved forward model for the Northern profile, from Res2Dinv 
software. a) apparent resistivity values calculated from the forward model, b) theoretical apparent 
resistivity (used to calculate the RMS error and detect any noisy data), c) inverse model resistivity 
pseudosection.
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The inverted profile for the new model, for x=400 m, is shown Figure 15. The different units visible 
on the field profile are included and distinguishable. In the Vargfors basin, the lower boundary for 
the low resistivity zone is probably too deep. It is difficult to interpret, because it is situated on the 
edge and the geometry is not clearly visible. The values are consistent with the field profile (c. 1000 
Ω.m ). The adjacent rhyolite have values around 8000 Ω.m. It is also quite similar to the values of  
the field profile. 

The geometry of the different units from 1300 and 3600 m fits quite well with the field profile, at  
least until a depth of 350 m. The low resistivity zone at 1400 m is a bit moved toward the beginning 
of the profile. In the model, the unit is widened towards depth, but this is not enough to explain the 
artifact on the field profile. The dacite unit, from 1700 to 3200 m, has a geometry which fits well 
with the field data. The values are also consistent. The adjacent unit, at about 2000 m, in depth, also 
have values which fits with the field profile. However, at 3200 m, the presumed basalts have too 
low resistivity compared to the field data. 

In the North-East, the presumed soil cover is still too deep compared to the field data. 
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IV  Discussion

IV.1 Limits of the forward modeling

The software used for the forward modeling,  Res3DMod, is not very practical for building the 
model. It showed its limits when it came to model some complex structures in 3D. The display 
mode, in layers, could not allow to really get a good idea of the structures in 3D.  It could also lead 
to a false representation of the subsurface,  or at least  a very simplified one. For example, it  is 
difficult to represent dipping structures, even if we have structural data. 

The different models and inversions showed that the resolution of the models were sometimes not 
very good, due to the rectangular shape of the cells. This had for a consequence some strange 
geometries for the the patterns, not reflecting the real geology. It would be possible to improve the 
resolution by reducing the size of the cells, and increase the number of layers. However, this would 
be very time-consuming, because with this software, it is needed to assign a value for each cell one 
by one, and the editing has to be done in a text file. 

Another limitation of the forward modeling is the number of values that can be used for building the 
model. The number of values is finite, and it is difficult to represent local variations of resistivity. In 
the studied area, there definitely was some local variations, because alterations induced the presence 
of conductive minerals, such as sulfides. Thus, the model is a simplified image of the subsurface. 

Forward modeling was useful nevertheless, in order to get an idea of the possible and impossible 
interpretation of the field profile. It also showed how the inversion affects the geometry, the depth 
of the structures, the resistivity values.

IV.2 Limits of the inversion

The study of the different profiles showed that the calculated resistivity during inversion process did 
not  totally reflect  the resistivity values  of the subsurface.  The main tendencies are  nonetheless 
represented, and a low resistivity unit will be represented as such on the inversion profile, even if 
the values are not the “real” resistivity values. In terms of geometry and depth, the depth calculated 
by the  software  is  only theoretical,  and  the  forward  modeling  demonstrates  that  this  depth  is 
sometimes quite different from the real depth of the bodies. It is possible to change the depth for the 
data in the inversion software, but without further details, it is difficult to know which is the most 
accurate solution. Thus, pseudodepth shown in the inversion profiles are not always reliable. The 
uncertainty of the data will vary with the depth. Data which are situated deeper are less accurate 
than data situated near the surface. The uncertainty of deep data can be quite high. Moreover, near 
the edges of the profile,  the software will interpolate the data. This can lead to the creation of 
artifacts, i.e. false anomalies, not linked to an actual anomaly. The shape of the anomalies are not 
necessarily totally reflecting the reality. 

The survey also showed that there is more than one possible interpretation for one profile. 
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The chosen array allows to go quite deep (between 500 and 600 m). The consequence is a loss of 
resolution, and some local patterns would not be detectable with such an array.

IV.3 Further works

This survey has permitted to get a better idea of the resistivity distribution along the two profiles, 
and to get information concerning the geology of the CSD. Some other data have been collected, 
both geological and geophysical. It would be interesting to correlate the resistivity data with the 
other data. Gravimetry and magnetic surveys have been carried out in the area.

It would also be interesting to carry out another resistivity survey crossing the Vargfors Basin, in 
order to get an idea of the depth of the bottom of this geological unit. This would give information 
for creating a 3D Model of the Vargfors Basin. 
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