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Abstract 
Nautanen Deformation Zone, is a prominent deformation zone in the Malmfälten area, which is 

of importance to understand for mineral exploration purposes. In spite of diverse geophysical 

data being available in Malmfälten and the good correlation between airborne measurements 

and geological observations, the area has not been fully investigated in detail using the 

aforementioned available data. A geological feature in connection with the Mertainen 

magnetite-breccia apatite iron ore deposit has been studied. Methods include the study of 

geological maps, the study of analytic signals of magnetic and gravity data, data processing, 

potential field- and 3D modelling and the interpretation of aforementioned models. Based on 

the observed and modelled data a fold structure has been detected in connection with Mertainen, 

and several mineralizations are believed to be structurally related to this fold. Furthermore, a 

potential mineralization structurally related with the fold has been detected, though it is quite 

likely that it isn't economically viable. 

Sammanfattning 
Nautanen Deformation Zone, är en framträdande deformationszon i Malmfälten området, vilken 

är av betydelse att förstå för mineral prospekterings ändåmål. Trotts att det finns ett stort utbud 

av geofysiska data i Malmfälten och att det finns en god korrelation mellan de flyggeofysiska 

mätningarna och geologiska observationer, så har området inte undersökts fullständigt med den 

tillgängliga datan. En geologisk struktur i koppling till apatit järn malms fyndigheten Mertainen 

has studerats. Bland metoder ingår studie av geologiska kartor, studie av de analytiska signlar 

hos magnetiska och gravimetriska data, data processering, potential fält- och 3D modellering 

samt tolkningen av ovannämnda modeller. Baserat på den observerade samt modellerade datan 

har en veck strucktur upptäckts i koppling till Mertainen, och flertalet mineraliseringar tros vara 

strukturellt relaterade till detta veck. Dessutom har en potentiell mineralisering strukturellt 

relaterad till vecket upptäckts, dock är det väldigt troligt att den inte är ekonomiskt brytbar.  
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1   Introduction 
In spite of diverse data being available in 

the proposed study area (Fig. 1), and the 

good correlation between airborne 

measurements and geological observations, 

the area has not been fully investigated in 

detail using aforementioned available data. 

Data available include data from airborne 

magnetic and gamma ray surveys, ground 

geophysical and gravimetric surveys, 

geological surveys, geochemical surveys 

and borehole surveys. This study has 

focused on primarily utilizing the airborne 

geophysical data.        

 The study area was originally proposed 

because it encompasses part of the 

Nautanen Deformation Zone (NDZ), a 

prominent geological structure located in 

Malmfälten,  which is important to 

understand for mineral exploration purposes 

(SGU, 2014). A recent study has shown that 

it has a more complex and eastward 

direction than previously thought 

(Rasmussen, 2015) (Thorkild Rasmussen 

and Tobias Bauer, private communication, 

2016). In particular the tilt derivative of the 

magnetic field (Appendix I) illustrates how 

the direction of the NDZ can be interpreted. 

Hence, the aim of this project has been to 

study geological features in connection with 

the NDZ, with the aim of improving the 

understanding of the NDZ.      

 During the early stages of the modelling 

phase the focus turned toward explaining a 

particular geological feature in indirect 

connection with the planned Mertainen 

open pit mine, located in the northernmost 

part of the proposed study area. The 

geological feature in question is in the 

magnetic data characterized by a large 

negative anomaly, surrounded by a quite 

strong positive anomaly. Due to the location, 

its shape and the sheer size of the negative 

anomaly it proved to be a challenge to make 

the geophysical and geological models 

coincide. There are currently four apatite 

iron ore deposits being mined in Sweden: 

Kiirunavaara, Malmberget, Gruvberget and 

Leveäniemi. Mertainen was originally 

planned to open for mining as part of 

LKAB's expansion plan, but December 

2016 LKAB announced their new stance in 

the matter; due to the low market price of 

iron those plans have temporarily been put 

on the shelf (LKAB, 2016).      

 This project has been restricted to 

working with already available geophysical 

and geological data, and it was decided that 

no further data would be collected during 

the course of the project; furthermore, the 

project would be geographically restricted. 

This delimitation was chosen in order to 

limit the width of the project, while 

ensuring the relevance of the study. 

1.1  Geological overview 
The northern part of Norrbotten County is 

an important ore province and a major 

producer of copper and iron in Sweden. 

Economically important deposit types 

include apatite iron oxide ores, the same 

type deposit present in Mertainen  

(Bergman et al., 2001). The main rock units 

in the area divided into groups, as shown in 

the schematic summary diagram (Fig. 2). 

1.2  Apatite iron ores 
The apatite iron ores seen in Malmfälten are 

spatially related to areas occupied by the 

Porphyry group (Bergman et al., 2001), as it 

can be seen in the simplified bedrock map 

of the northern part of Norrbotten County 

(Fig. 3). Apatite iron ores can be divided 

into three groups of deposits; a breccia type, 

a stratiform-stratabound type, and a type 

which is kind of an intermediate group 

sharing many features of the 

aforementioned groups (Martinsson 1994).
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 Figure 1: Geology map illustrating the study area. The border of the proposed study area is 

 marked on the map by a black rectangle, while the actual border (36 by 36 km) used for the 

 project is marked by a blue rectangle. The border of the Mertainen area (20 by 12 km) is 

 marked on the map by a red rectangle. Although about half of the Mertainen area lies 

 outside the border of the actual study area, it lies within the borders of the extended study 

 area, limited by the data set. The border of the extended study area (46 by 46 km) is marked 

 on the map as a yellow rectangle. (SGU). 

1.2.1  Mertainen 

Mertainen is a breccia-type apatite iron ore 

deposit, this type of deposit generally has an 

average Fe content of about 30%; however, 

the central part of large deposits such as 

Mertainen are higher grade (60-70%) 

(Bergman et al., 2001). It has been 

calculated that Mertainen contains 166 Mt 

with 35% Fe and 0.05% P  (Grip and 

Frietsch, 1973; Lundberg and Smellie, 

1979), hence the Fe content of Mertainen is 

slightly higher than typical breccia-type 

apatite iron ore deposits. The deposit is 

surrounded by zones of successively lower 

magnetite content (Martinsson et al., 2016).
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 Figure 2: Summary diagram with schematic illustration of main rock units and events. Not 

 to scale. (Bergman et al., 2001). 

1.3  Data 
The following data were used for this study: 

 Magnetic data 

 Gravity data 

 Radiometric data 

 Geological data 

The data were provided by the 

Geological Survey of Sweden (SGU). 

The data sets are briefly described 

below.  
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 Figure 3: Simplified bedrock map of the northern part of Norrbotten County with  

 occurrences of apatite iron ores. Mertainen is marked with name northwest of Svappavaara. 

 (Bergman et al., 2001).

1.3.1  Magnetic data 

The magnetic data (Figures 4 and 5) used in 

this study has been acquired along a series 

of E-W lines, with a flight line spacing of 

200m, a point spacing of 40m and altitude 

of 30 m ground clearance. The geomagnetic 

field originating from the core of the earth 

was removed from the data using the 

International Geomagnetic Reference Field 

formula (IGRF) of 1965. Measurements 

began in the 1960s (SGU, 2017). 
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 Figure 4: The total magnetic intensity (TMI) of the extended study area as viewed in Oasis

 Montaj. TMI is measured in nano Tesla. Due to poor merging of data, some anomalies has 

 been altered in east-west direction.

1.3.2  Gravity data 

The gravity data (Fig. 6) used in this study 

has been acquired during a long span of 

time. The measurements have been carried 

out on the ground surface, and mainly along 

roads, snowmobiles or helicopters have 

been used in areas with sparse road 

coverage. Targeted measurements begun in 

late 1950s, and regional measurements in 

1960s. The density of measurement points 

largely depends on whether SGU performed 

regional measurements, or a more targeted 

survey. Furthermore, the quality of Bouguer 

anomalies is very much associated with the 

quality of leveling. SGU is currently 

working with determining the elevation of 

each gravity measurement (SGU, 2017), but 

for this study we can assume it has affected 

the quality of some of the Bouguer anomaly 

data. 

1.3.3  Radiometric data 

The radiometric data were acquired by 

airborne geophysical measurements. The 

measurements of gamma radiation began in 

late 1960s, and are typically measured at the 

same time as magnetic data (SGU, 2017), 

hence sharing the same survey parameters. 

These measurements have zero response 

above lakes.
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 Figure 5: Detailed map of the Mertainen area showing the TMI. Mertainen is represented by 

 the red strong anomaly in the map. Some of the anomalies observed in the northern part of 

 the map have been altered in east-west direction due to poor data merging, giving arise to 

 some seemingly distinct structures. 

 Figure 6: Detailed map of the Mertainen area showing the Bouguer anomalies. The shape of 

 the anomaly is roughly the same as in the TMI map, since magnetite bodies are largely the 

 cause of the anomalies in both maps. 
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 Figure 7: The edge detector function ED (Beiki, 2010) based on the analytic signal of the 

 pseudo gravity gradient tensor elements, with an upward continuation of 100 m. While it 

 resembles the original map (Fig. 5), it allows us to follow magnetic lineaments and 

 structures more closely than in the original map. The gravitational gradient is measured in 

 eotvos; the change in gravitational acceleration from one point on the earth to another, and 

 is defined as 10
-9

 Gal per centimeter.

 Figure 8: The edge detector function ED (Beiki, 2010) based on the analytic signal of the 

 gravity gradient tensor elements, with an upward continuation of 100 m.
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1.3.4  Geological data 

Bedrock data have been collected through 

field work consisting of; examining rock 

faces, recording structures and taking rock 

samples. The samples have than been used 

for thin sections and chemical analysis. 

Field observations have been compiled onto 

maps covering the surface propagation of 

rocks, even where soil is present (SGU, 

2017). We can assume the extensive 

presence of soil in Sweden having a 

negative effect on the accuracy of the maps. 

2   Method 

2.1  Study of component maps 
The creation of the component maps was 

done at Luleå University of Technology, 

using two different pieces of software 

ModelVision 14.0 and Oasis Montaj 9.1.3 

(GeoSoft). The first set of component maps 

were created using ModelVision and were 

used for studying purposes, while the 

second set were created using Geosoft and 

were meant to be included in this thesis. 

The creation of component maps was done 

after gaining a general understanding of the 

geological conditions in the area.     

 The data were processed with multiple 

techniques in order to make the structures 

more visible and the data easier to interpret. 

The techniques used when creating the 

component maps are briefly described 

below. 

 2.1.1  Fast Fourier Transform 
The Fourier transform is a mathematical 

tool that's useful in the analysis of physical 

phenomenon, such as the processing of 

geophysical data . Some software, such as 

the software used during this study, 

ModelVision 15.0, are capable of using a 

Fast Fourier Transform (FFT), a computer 

algorithm used to calculate a Fourier 

transformation in a fast manner, making it 

easy to process geophysical data.  

2.1.2  Gravity Gradient Tensor 

The gravity gradient tensor describes the 

changes of gravity vector anomaly in all 

three perpendicular directions. GGT has 

been used for gravity data and the pseudo 

gravity gradient tensor (PGGT) for 

magnetic field data. The signal-to-noise 

ratio remains essentially the same after 

calculating the components (Nelson, 1988), 

and in theory it doesn't contain more 

information than is already contained in the 

total field data. The tensor is particularly 

sensitive to large volumetric sources 

(Pedersen and Rasmussen, 1990), making it 

very useful in geophysical exploration. 

2.1.3  Analytic signal of GGT 

The edge detector function ED calculated 

from the analytic signal a third-order 

derivative function which makes it easy to 

detect edges of both shallow and deep 

bodies (Beiki, 2010). Due to being a third-

order derivative it also amplifies noise in 

the data. It has been calculated for the 

PGGT and GGT data and is shown in 

Figure 7 and Figure 8 respectively. 

2.1.4  Upward continuation used a  

   countermeasure  

Upward continuation is a mathematical 

technique that project data to a higher 

elevation. This can be used to reduce the 

effect of shallow sources and noise in the 

data, which can be useful in exploration 

geophysics such as this study.     

 But in this study upward continuation is 

used in order to reduce the noise amplified 

by ED, as well as to reduce aliasing effects 

due to instability caused by the inadequate 

data resolution when calculating the GGT 

and PGGT (Pedersen et al., 1990). The 

upward continuation in turn degrades the 

resolution, but is partially compensated by 
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the characteristics of the tensor (Pedersen 

and Rasmussen, 1990). 

2.2  Modelling 
The modelling was performed at Luleå 

University of Technology, after having 

created and studied the component maps.  

2.2.1  Potential field modelling 

Potential field modelling was used to create 

a geophysical model using ModelVision 

14.0, and later on 15.0 (Encom). The model 

served to improve the understanding of the 

geological structures in the area, and to 

validate the 3D inversion model created 

later on. This phase also served to decide 

which area would become the main focus of 

this project, as it wasn't decided upon at the 

start of the project.         

 The modelling was primarily performed 

at an area of approximately 10 by 8 km, 

covering all 40 profiles present in the study. 

The profiles used in this study have a line 

spacing of 200 m, point spacing of 40 m, 

and are 18 km long.       

 Due to size of the area covered, and the 

number of profiles present in the study 

forward modelling was used very sparingly, 

because of hardware limitations, making a 

single inversion take exceedingly long time. 

Furthermore, due to the complex nature of 

the area of interest forward modelling was 

of limited to use for the interpretation. 

 The model was based on a combination 

of geological and geophysical observations, 

and built entirely using tabular bodies in 

conjunction with frustum bodies, making it 

a bit sharp around the edges, but offering us 

some new modelling possibilities. Tabular 

bodies are used for interpreted magnetite 

bodies while the frustum bodies, which 

cover the whole area give us the possibility 

to assign different susceptibility to large 

areas. The shapes of the frustum bodies 

were based on SGU bedrock data viewed in 

GIS. The susceptibility values assigned to 

the frustum bodies which cover the vast 

majority of the area were based on the 

observed rock type by SGU in (Figure 2 and 

11) and the susceptibilities has been based 

on the calculations by Hemant (2003) for 

rocks of maximum volume. In the early 

stages it was modelled using only tabular 

magnetite bodies. This approach was later 

abandoned as it didn't produce sufficiently 

accurate results. 

2.2.2  Regional versus residual 

Magnetic data observed in geophysical 

surveys is a combination between two 

different sources; regional and residual 

sources. Regional sources have their origin 

in large scale, and deep structures, while 

residual sources have their origin in shallow 

small scale structures, the same type of 

structures targeted by this survey (Li and 

Oldenburg, 1998).         

 In this study the regional was calculated 

in ModelVision , but although magnetic 

data covering an area of 46 by 46 km were 

provided by Geological Survey of Sweden 

(SGU), the regional trend was calculated on 

a smaller area due to unsatisfactory results 

when using the entire data set. The 

computed regional was overall much higher 

than the measured anomaly of the intended 

target area. This was caused by the field 

increasing in strength in northern direction, 

while Mertainen is located in the 

northernmost part. At the same time, a 

negative trend in northward direction has 

been observed in the Mertainen area (Fig. 4).

 This led to the decision to create a 

specially tailored set of profiles, better 

suited for the calculation of the regional in 

the target area. This data set only covered 

roughly the same area as the area modeled 

though. When deciding upon what area to 

use for the calculation of the regional trend 
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 Figure 9: Illustrating the differences between chosen regional for the 15th profile, counted 

 from the north. Black curve represents measured data, red curve modelled data and purple 

 curve the normal curve based on the regional. The upper curve uses a the complete data set 

 for its regional, while the regional of the lower curve has been calculated with a better 

 fitting set of profiles. Notice how the normal curve stays well above the measured data in the 

 upper curve, this is because of the positive regional trend.

the residual effects has been put into 

consideration, but it is still quite likely that 

the regional trend has been somewhat 

affected by the residuals, and has not 

actually been removed. Instead it has been 

altered somewhat to better suit the needs of 

this study. It was deemed as the best course 

of action at the time and hence it was 

implemented (Fig. 9). 

2.2.3  Creating a geological model 

During the early stages of the modelling 

phase a simple geological model (Fig. 10) 

was created using Noddy 7.1 (Encom), 

based on the understanding gained from the 

potential field modelling up till then. At the 

time of creation it served as an initial 

hypothesis, helping to improve the potential 

field modelling of the large negative 

anomaly NW of Mertainen (Fig. 5). It was 

not improved later on due to software 

limitations, limiting its usefulness. 

2.2.4  3D modelling 

In the final stages of the modelling phase 

inversion model (Appendix II) was created 

using VOXI Earth Modelling (Geosoft), 

serving to validate the geological 

interpretation. 

 

 

 

 

 

Figure 10: A geological model illustrating 

the anomaly caused by a fold, lighter colors 

means stronger positive anomaly. 
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Figure 11: The geology as viewed in ArcGIS (ESRI), the map has been used for identifying 

geological structures as well as determining host rock when building the model. The red and 

blue lines indicate the proposed and extended boundaries respectively. The Swedish legend 

used can be seen in Appendix VII. 

 
Figure 12: Potential field model with bodies visible, structures and geology has roughly 

been based on the observed geology seen in Figure 11 and the schematic illustration of main 

rock types seen in Figure 2. 
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 Figure 13: Same as the TMI map seen in Figure 5, except it has a different color legend, 

 based of a zero mean.

 Figure 14: The modelled TMI response for the potential field. The model was created with 

 ModelVision, but the responses has been converted into an Oasis Montaj (Geosoft) map. 

 Same color legend and area as the one seen in Figure 13.
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 Figure 15: K concentrations based on gamma ray measurements.

3   Results 

3.1  Models 
The Mertainen area became the focus of 

this study because it happened to be very 

challenging to model the TMI in the early 

stages, in addition to its strong anomalies. 

 While still in the initial stages of the 

modelling phase the geology was described 

as a fold structure for the first time (Fig. 10). 

Based on the geology (Fig. 11) a complete 

potential field 2 model (Fig. 12) was created, 

though the dip of the bodies has not been 

determined. The observed data seen in   

(Fig. 13) has then been compared with the 

modelled response (Fig. 14). In the making 

of the models it has been assumed that 

induced magnetization is the only type of 

magnetization present in the area. This may 

not be the case, but has served as the initial 

hypothesis. The alternative is that the 

magnetization of the iron formation is not in 

the direction of earth's magnetic field, but is 

rotated due to effects such as anisotropy or 

remanence. Inclusion of remanence was not 

done due to very limited information on the 

petrophysical properties of the rocks. 

Assumptions 

 Anomalies are primarily caused by a 

fold of magnetite-breccia (Fig. 16). 

 Minor susceptibility variations 

between different rock types are 

secondary, but still significant 

enough to be taken into account. 

 Induced magnetization; positive 

susceptibilities only. 

 The earth’s magnetic field can be 

regarded as having a constant 

direction with only a minor error. 
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 Figure 16: A fold has been interpreted based on the observed and modelled dat, and has 

 been marked in the PGGT |ED| map as an illustration. The faults marked by yellow lines are 

 already documented in the geological map by SGU (Fig. 10), their exact azimuth has not 

 been determined, but is rather shown as an illustration of the structures in the area.

Lastly, the 3D VOXI model based on the 

magnetic data (Appendix II) has served as a 

validation of the potential field model, in 

addition a 3D VOXI model based on 

Bouguer anomalies (Appendix III) was 

created as supplement. The magnetite body 

below Mertainen seems to be situated 

slightly closer to the surface in the intial 

model in Fig. 12 than in the 3D VOXI 

model. The 3D VOXI model correctly 

shows that the core of Mertainen has a 

stronger susceptibility, due to the higher 

grade at the core (Bergman et al., 2001). 

3.2  Potassium alteration 
Mineralizations are spatially related to 

enhanced potassium concentrations 

(Rasmussen, 2015). But not all 

mineralizations are found beneath enhanced 

potassium anomalies (Fig. 15), as host rock 

alterations are not reported as a prominent 

feature of AIO deposits (Bergman et al., 

2001). Potassium concentrations are 

generally of interest to study, but in this 

study in particular we are most likely 

dealing with AIO deposits, and hence its 

significance should not be overestimated. 

3.3  Structural features 
By studying the geology (Fig. 11), magnetic 

component maps (Fig. 7), (Fig. 8), 

(Appendix V) the TMI (Fig. 13), 

interpreting the 3D models (Appendix II), 

(Appendix III) and with the knowledge that 

mineralization are structurally controlled by 

deformation zones (Rasmussen, 2015), a 

fold has been interpreted as the most 

probable geological structure and has been 

illustrated in (Fig. 16). In addition to a fold 

a potential mineralization has been 

interpreted from aforementioned data.
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  Figure 17:The red circle indicates the potential mineralization. The yellow circle indicates a 

 zone of seemingly cut of parts of the fold. 

4   Discussion 
As we already know; AIO is spatially 

related to areas occupied by the porphyry 

group (Fig. 3), and Mertainen is a magnetite 

mineralization in which the magnetite 

occurs as magnetite-breccia. The geological 

feature has been identified as a fold, which 

leads us to the conclusion that the magnetite 

occurs as a fold of magnetite-breccia.   

 By further studying the data discussed in 

section 3.3, one can come to the conclusion 

that the fold has been exposed to faulting in 

NW-SE direction. Hence, giving us an idea 

of the relative age of the fold.      

 The large negative anomaly NW of 

Mertainen is likely the result of the 

magnetite-breccia in combination with the 

relatively low susceptibilities of the rocks 

beneath the anomaly itself. Based on the 

geological data (Fig. 2), (Fig. 11) and the 

fact that it’s located in a deformation zone 

it’s likely that it consist to a high degree of 

metamorphosed rock, such as gneiss which 

has a relatively low susceptibility.    

 In addition a potential AIO 

mineralization has been identified, refer to 

(Fig. 17) for location, though it's probable 

that its core is of lower than in Mertainen 

(Fig. 17), (Appendix II). At the time of 

writing it's quite likely that is not 

economically viable since its grade is most 

likely lower than the one observed in 

Mertainen, and Mertainen is seemingly not 

economically viable at the moment 

considering LKAB's (2016) stance in the 

matter.           

 One could argue that the model could 

have been created without covering the 

whole area in bodes, but it was deemed 

necessary in order to differentiate between 

the susceptibility differences of rock types 

with relatively low susceptibility such as 

rhyolite and those with comparatively high 

susceptibility such as basalt, it has been 

deemed to have a non-negligible effect on 

the results.           

 If the data set had included more data to 
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the north of the study area the regional 

would probably not have caused as much of 

a problem, and the reliability of the results 

would have improved. By calculating the 

regional based on a small area, the regional 

has likely been altered somewhat. If the 3D 

VOXI model had been created soon after 

creating the geological model, it would 

most likely have saved a considerable 

amount of time spent experimenting with 

the potential field model, and thereby 

enabling more time to be spent analyzing 

different data.         

 Just like many other geophysical studies, 

the non-uniqueness problem has been an 

issue during this study as well. Hence, the 

model should not be considered complete, 

but rather, as a beginning. As such, the 

author recommends that further studies 

improve upon the geological and 

geophysical models presented in this study, 

by studying foremost available borehole 

and ground geophysical data, but also 

available geochemical data. To begin with it 

would probably be wise to use available 

borehole data to determine the dip of the 

bodies in connection with the fold.  

 Although alterations aren't a prominent 

feature of AIO deposits the author thinks it 

might be interesting to measure the 

correlation between K (Fig. 14), U and Th 

(Appendix VI) against the TMI, and 

calculate the ratios between the elements. 

Furthermore, the author suggests that 

further studies utilize a different magnetic 

data set than the one used in this study, 

enabling the regional to be properly 

calculated. The area indicated by a yellow 

circle (Fig. 16) has yet to be explained, and 

might be interesting from a geological 

perspective.          

 And finally, it would be interesting to 

further study the relations between this 

geological feature and NDZ. 

5   Conclusions 
The geological feature has been determined 

to be a fold of magnetite-breccia of varying 

grade. Furthermore the author believes that 

several AIO deposits are structurally related 

to this fold in particular, since recent 

research has showed that mineralizations 

are structurally controlled by deformation 

zones (Rasmussen, 2015). Regarding the 

fold's relative age it has been concluded that 

it is older than the faults it has been exposed 

to. A potential AIO mineralization south of 

the negative anomaly, structurally related to 

the fold has been explored. Though it is 

quite likely that it isn't economically viable. 

 The large negative anomaly is likely the 

result of the fold of magnetite-breccia in 

combination with the anomaly itself being 

located above metamorphic rocks with 

relatively low susceptibilities.  

 While potential field models are often 

performed by only modelling the ore bodies, 

modelling the surrounding host rock as well 

may have its benefits depending on a 

combination of factors, such as sufficient 

volume of the of the host rock, sufficient 

susceptibility variation between host rocks, 

and the complexity of the geology. 
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Appendix I   Tilt derivative 
The tilt derivative as viewed in ModelVision, the data presented in the map is the same data set 

which can be viewed in TMI map (Fig. 4). An eastward trend has been marked in the map to 

illustrate an eastward trend of NDZ. 

  



 

 

Appendix II   3D inversion model based on magnetic data 
Inversion model based on the magnetic data, it has been created with VOXI Earth Modelling. In 

the figures below it can be viewed from three different angles; (top) viewed from above, 

(middle) from the southwest from above, (bottom) from the south. Susceptibilities ≥ 1 (SI). 



 

 

Appendix III  3D inversion model based on gravity data 
Inversion model based on the gravity data, it has been created with VOXI Earth Modelling. In 

the images below it can be viewed from three different angles, (top) viewed from above, 

(middle) from the southwest from above, (bottom) from the south. Density ≥ 4000 kg. 

 

 



 

 

Appendix IV   Potential field model profiles crossing Mertainen 
As an illustration of the potential filed model two adjacent lines is shown in the figure below. 

Counted from the north it is the 27th (upper) and 28th profile (lower), these profiles cross 

Mertainen. 

 

  



 

 

Appendix V   Additional analytic signals 
The analytic signal |Ax,z|, |Ay,z| of the pseudo gravity gradient tensor, with an upward 

continuation of 100 m. (upper) |Ax,z| enhance changes in x direction, (lower) |Ay,z| enhance 

changes in y direction (Beiki, 2010). |Ax,z| and |Ay,z| are used to calculate |ED|. 

 

 



 

 

Appendix VI   Radiometric concentrations 
Radiometric concentrations can be viewed in the maps below, (top) The interpreted potential 

mineralization has been marked by a black circle in the K-concentration map, and Mertainen 

has been marked by a red circle for comparison, while it isn't located directly beneath any 

potassium anomaly, it is located in the vicinity of enhanced potassium, (middle) U-

concentrations, (bottom) Th-concentrations. 

 

  



 

 

Appendix VII  Swedish legend of the geology 
The Swedish legend used for the geology in ArcGIS. 

 


