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Abstract 

This thesis contains a 3D structural analysis of the Gruvberget iron ore deposit as well as surrounding area. 

The aim of the analysis was to shed light on the structural setting of the Svappavaara deposits and to investigate 

possible structural controls on mineralizing events and related hydrothermal alteration. Especially the element 

distribution of Cu was compared to the distribution of Fe in the Gruvberget mine in order to show possible 

structural controls on certain element distributions. Subsequently, this was reflected against local structural 

patterns. The work is based on structural field work performed in a traverse along the Kalix River, inside of 

the Gruvberget and Leveäniemi open pit mines as well as an unconstrained implicit 3D-model of structurally 

controlled chemical trends within the Gruvberget deposit based on drillhole data. The field work showed that 

the area was affected by at least three separate deformation events (two ductile followed by a later brittle event) 

resulting in foliated, folded and faulted rocks. The 3D structural analysis shows that the elemental trend for Fe 

is parallel to an early tectonic fabric that is correlatable to the first tectonic deformation in the area. This fabrics 

were subsequently transposed into a synformal shape. The current results suggest that that the Cu element 

distribution is near perpendicular to the Fe-trend.  
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1. Introduction 

The Svappavaara processing plant, owned by LKAB, is located outside the town of Svappavaara in Norrbotten, 

Sweden (Figure 1). The processing plant is, amongst others, connected to the two open pit mines: Gruvberget, 

being the oldest mine, and the Leveäniemi open pit mine has just been re-opened. Both deposits are classified 

as Apatite-Iron Ores (AIO), showing similarities to the types found in Kiruna and Malmberget. Both deposits 

are hosted by heavily scapolite and K-feldspar altered intermediate to mafic volcanic rocks. The Gruvberget 

deposit is special in that there is a Cu overprinting, which is atypical for AIO-type deposits in general but has 

been reported for other AIOs in the area, e.g. the Malmberget deposit (Bauer et al., in prep.).  

Previous work performed in the area around Svappavaara and Kiruna include, but is not limited to: several 

scientific publications; SGU reports; prospecting reports; regional magnetic studies; electromagnetic and 

gravimetric surveys; and geological maps. One of the earliest SGU reports was written in 1892 and described 

the regional geology of the ore deposits in Norrbotten (Lundbohm, 1892). One of the major contributors of 

SGU reports for the area, Rudyard Frietsch, has written reports on the temporal relation between magnetite 

and hematite (Frietsch, 1967), the petrology and geochemistry of the metavolcanic host rocks of the AIO 

(Frietsch, 1984), and a sorting based on the type of mineralisation of the different iron ore deposits from the 

area (Frietsch, 1997). The different prospecting reports provide regional geological maps, structural maps of 

faults and deformation zones, descriptions of stratigraphy as well as the ore deposits themselves. The scientific 

publications describe a wide range of subjects, including geochronology (e.g. Smith et al., 2009), fluid 

geochemistry (e.g. Smith et al., 2013), geodynamics (e.g. Weihed et al., 2005), stratigraphy (e.g. Martinsson, 

2004), REE distribution (e.g. Frietsch & Perdahl, 1995) and the regional geology (e.g. Witschard, 1984). 

Grigull & Jönberger (2013) provide a current state overview of available background information of the 

Svappavaara and Kiruna area. 

Despite this extensive work, there are still uncertainties regarding the spatial relationship between the iron ore 

and copper overprint in the Gruvberget mine; if there is the same controlling factor behind both; or if the iron 

ore somehow acted as a trap for the overprinting Cu mineralization. 

The Svappavaara deposits are not an isolated case of copper overprinting in the region. The Aitik Cu-Au-Ag 

deposit located in the Gällivare area has been found to also consist of two mineralising events, with a porphyry 

copper deposit affected by a later IOCG overprint (Wanhainen et al., 2012).  

This project aims to shed new light on the element distribution in the Gruvberget open pit mine as well as 

proving if there are structural control by the crustal-scale Karesuando-Arjeplog deformation zone (KADZ) 

located close by (Figure 1). This was done by structural field work in in a traverse along the Kalix River as 

well as within the open pit mines of Gruvberget and Leveäniemi. The field work forms the base for structural 

analysis on a semi-regional scale in order to show the structural framework for the Svappavaara area. This was 



complemented by an implicit 3D model of element distributions in the Gruvberget mine. The model was built 

using the LeapFrog Geo (v.3.0.1 64-bit) modelling software with drillhole data provided by LKAB. The aim 

of the model is to interpret structural trends from element distributions and geochemical trends. In order to not 

bias the model, no structural constraints were applied during the modelling process and the element distribution 

model is left as unconstrained as possible. Therefore, the model is not representing ore or mineral distributions 

and may not be seen as a resource model. Based on the chosen modelling technique no conclusions on the 

distribution of economic minerals can be drawn but has to been seen exclusively as a guide for interpretation 

of structural trends. 

The results from field mapping, structural analysis and modelling suggest different structural controls on the 

elemental distribution of iron and copper, hence suggesting that they formed during independent deformation 

events.  

 
Figure 1 – Simplified geological map showing the location of the Kalix River traverse and the three mines, Gruberget, Leveäniemi and 

Mertainen as well as the Karesuando-Arjeplog deformation zone (KADZ) and the Nautanen deformation zone (NDZ) (Bauer et al., 

2016). 



1.1 Regional geological setting 

Northern Sweden, in particular the Norrbotten County, is one of the most important mining districts within 

Europe. It is the host to a wide range of different deposit types, with the main ones being apatite-iron ores 

(Kiruna-type), volcanic-hosted massive sulphides (VMS), porphyry-Cu and iron-oxide copper gold (IOCG) 

deposits (Bergman et al., 2001). 

The region is the result of a complex geological history with several extensional and compressional tectonic 

events and associated magmatic and metamorphic rocks dating all the way back to the Archean (Martinsson, 

2004; Bergman et al., 2001). The northern part of the region consists of a 2.7-2.8 Ga old Archean basement 

comprising supracrustal rocks formed during a primitive, and presumably oceanic, arc setting and intruded by 

metagranitoids (Martinsson, 2004).  

Further south the basement is separated by a major unconformity from the overlying Paleoproterozoic 

greenstone belt. The greenstone belt is divided into two major groups, with the Kovo Group being the 

stratigraphically lowest (and thereby oldest) and overlain by the Kiruna Greenstone Group.  

The Kovo Group consists of a basal conglomerate that grade upwards into quartzite. These are overlain by 

tholeiitic lavas with local areas of calc-alkaline basic to intermediate volcanic rocks with accompanying 

volcanoclastic sediments. It is thought that these rocks are the result of a continental rift environment (Amelin 

et al., 1995; Martinsson, 2004). Zircons from mafic sills that intruded the lower part of the sequence have been 

dated to an age of circa 2.2 Ga, which acts as a minimum depositional age for the Kovo Group (Martinsson, 

2004). 

The Kiruna Group is a 2-4 km thick sequence of mafic and ultramafic volcanic rocks that overlay the Kovo 

Group with a minor disconformity. The main component is basaltic lava which can be found as amygdaloidal 

flows in the bottom of the sequence and as pillow lava in the upper part. Minor components include komatiite, 

tholeiitic tuffs, andesitic/dacitic tuffaceous rocks as well as minor amounts of black schist and carbonate rocks 

(Martinsson, 2004). Since the Kiruna Group is part of a volcano-sedimentary sequence on top of a basement, 

it is presumed that it was part of a continental setting. This is supported by some of the basaltic lavas showed 

within-plate characteristics, as well as coarse-grained clastic sediments and potential evaporites in small areas. 

The volcanic rocks have an overall MORB-signature with smaller areas of WPB or arc signatures. The 

evolution from amygdaloidal WPB-type lava to MORB-type pillow lava is similar to the magmatic evolution 

found in plume-related flood basalt provinces (Martinsson, 2004).  

The Paleoproterozoic greenstones are overlain by a thick sequence of Svecofennian supracrustral volcanic and 

sedimentary rocks comprising several stratigraphically related units. The contact is mainly conformable, but 

in the Kiruna area there is evidence of substantial erosion before the deposition (Bergman et al., 2001). The 

composition of the rocks varies significantly across the region, with rapid changes from volcanic to sediment-



dominated facies. The metavolcanic rocks found near Kiruna and Svappavaara are subdivided into the 

Porphyrite Group and the Porphyry Group (also called the Kiirunavaara Group; Perdahl and Frietsch, 1992; 

Grigull & Jönberger, 2013) as the main units overlying the greenstone belt. The host rocks to the Svappavaara 

deposits belong to the Porphyrite and consist of metamorphosed andesites that are often plagioclase 

porphyritic. It is suggested that the Porphyrite Group is a calc-alkaline volcanic series formed in a 

compressional setting with an age of 1880±3 Ma (Bergman et al., 2001). The overlying Porphyry group 

consists of metamorphosed high-titanium basalt, trachyandesite and rhyodacite-rhyolite as well as 

metasedimentary rocks. It is suggested that the Porphyry group was formed in an extensional environment 

with during, or shortly after, the porphyrite group (Bergman et al., 2001). This group is the host of the important 

iron ores and the trachyandesite is found as the footwall of the Kiirunavaara iron ore (Bergman et al., 2001).  

The whole region is intruded by several intrusive rocks, with at least six different Svecokarelian rock suites in 

the area. They range from intrusions of granite and quartz-, grano-, and “ordinary” diorites (Haparanda suite) 

in the east; to gabbro, granite and perthite monzonites (Perthite monzonite suite) in the west and in the area; to 

monzogranites in the granite-pegmatite association (also called Lina granites) in the north and stretching down 

near the area of Svappavaara deposits (Bergman et al., 2001). 

 
Figure 2 – Simplified summary diagram with schematic illustration of main rock units and events of Northern Norrbotten. Not to scale 

(From Bergman et al., 2001). 



1.2 Structures 

The region of Norrbotten was subject to several tectonic events and environments. Previous work suggests a 

minimum of three major deformation events occurring in the Archaean, early Svecokarelian (1.88 Ga) and late 

Svecokarelian (1.8 Ga) (Bauer et al., 2016). These events have created a region with a complex set of 

deformation zones, fractures and structural trends. The region can be divided into 13 separate structural 

domains (based on field observations and regional magnetic and gravimetric measurements) with the main 

structural grain for the region is approximately NNE to NNW but some variation within each domain (Figure 

3) (Bergman et al., 2001).  

The three domains of interest for the study area of this project are domain G, H and I. Domain G contains the 

Karesuando-Arjeplog deformation zone (KADZ) which cuts across the majority of the region in a NW-SE 

direction. According to Bergman et al. (2001) the KADZ is the result of strong ductile shear deformation, with 

well-defined foliation and moderate to steep lineations occurring as well. The KADZ is up to 8 km wide with 

variable strain intensity across the width of the zone. It has been assessed through kinematic analysis of S-C 

fabrics that it was western-side-up movement with local dextral movements. The KADZ changes over to the 

Nautanen deformation zone (NDZ) in the southern part of domain H (Bauer et al., in prep.). Previous work 

(Bergman et al., 2001) indicate the KADZ bends into the NDZ further south than Bauer et al. (in prep.) suggest. 

(Figure 3, region G-H), but more recent studies suggest that the KADZ is an extension of the NDZ (Bauer et 

al., 2016, in prep., Figure 1). The NDZ is a 3 km wide zone with strong ductile deformation with a general 

trend of NNW-SSE. In this zone, kinematic indicators show a southwestern-side-up movement. Domain I 

covers a large area in the middle of the region, with Svappavaara on the western border, close to the KADZ 

(Domain G). In this domain the orientation of the foliations is quite variable with some parts being NNW-SSE 

orientations while closer to the KADZ an orientation of NNE-SSW is more prominent (Bergman et al., 2001).  

Several fold structures are present in the supracrustral belts of the region with the most common trend of axial 

surfaces being NW-SE and N-S.  

  



1.2.1 Gruvberget  

Studies at Gruvberget (Frietsch, 1966) has shown that the ore body has also been affected by faults on the local 

scale. The ore body itself is striking in a north/south direction but several faults and dykes are cutting and 

displacing the ore body. The faults and dykes follow the NNE/SSW strike trend as described by Bergman et 

al., 2001 (Figure X). The ore body has an approximately planar shape and dips 50-75 degrees towards E with 

a linear trend plunging towards NE (Frietsch, 1966). 

 
Figure 3 – Map with generalised structural trends and different structural domains (A-M). Black dots show location of structural field 

measurements. KADZ = Karesuando-Arjeplog Deformation Zone, KNDZ = Kiruna-Nalmakka deformation zone, NDZ = Nautanen 

deformation zone, PSZ = Paja shear zone (From Bergman et al., 2001). 



 

Figure 4 – Structural map of Gruvberget showing faults, dykes and how they intersect the ore body. Map taken from Frietsch, 1966. 



1.3 Apatite-iron Ores 

Kiruna is the type area for apatite-iron ores (AIO) as the Kiirunavaara deposit is the largest and most well-

known example. In total, about 40 AIOs have been identified in northern Norrbotten (Figure 5) (Martinsson, 

2004). The genetic model and interpretation of AIOs has been up for intense debate since the first discovery, 

more than 100 years ago. Three main models have been proposed: sedimentary, hydrothermal and magmatic 

origins with the most supported model being a mix of the hydrothermal and magmatic origins (Martinsson, 

2004). The reason for the lack of a clear model is the wide range of geological conditions the AIOs are 

deposited in. There is variation in the host-rock lithology, relations and lithology as well as P-content and 

associated minor components. Deposits tend to show evidence of more than one origin, with the best example 

being Kiirunavaara that shows hydrothermal and magmatic structures (e.g. Nyström & Henriques, 1994).  

There are however two overall groups of deposits: a breccia type and a stratiform-stratabound type 

(Martinsson, 2004). Some deposits share features from both groups with a transition from one to the other (as 

seen at Kiirunavaara (Bergman et al., 2001)). 

The breccia type is mainly hosted by intermediate to mafic volcanic rocks with amphibole always present as a 

minor component. Host rock alterations are not noted as a prominent and consistent feature but some albite 

and scapolite alteration do seem to occur (Bergman et al., 2001). The breccia-type usually show low P-content 

(0.05-0.3%) and an average iron content of 30% but can increase to 60-70% in the central parts of larger 

deposits, such as Mertainen (Bergman et al., 2001).  

The stratiform-stratabound lenses have hematite as a major iron oxide, but still with varying and significant 

amounts of magnetite. The P-content is also higher at 1-4.5 % and sulphides are rare. Amphibole is now not 

present with the gangue minerals being apatite, quartz and carbonates. Host rock alterations are common and 

include sericite, biotite, tourmaline and carbonate as typical alterations. 

Most of the AIOs in the northern Norrbotten area have an emplacement age of circa 1.89 Ga (Cliff et al., 1990; 

Romer et al., 1994) which places it at the same time as the Porphyry groups and the Perthite monzonite suite 

of intrusive rocks. Usually the breccia type deposits are found lower, stratigraphically, in the Porphyry group 

than the stratiform-stratabound deposits (Bergman et al., 2001).  



 
Figure 5 – Simplified bedrock map of Northern Norrbotten with occurrences of apatite-iron ores (From Bergman et al., 2001). Red 

circle marks the location of the Gruvberget deposit. 



2. Field work 

Field work was carried out at two locations during two weeks in the beginning of August 2015. Field mapping 

was done in a traverse along the Kalix River (Kalixälven) and the surrounding area between the 3rd and the 6th 

of August. The following week, between the 10th and the 14th of August, field mapping was carried out in the 

open pit mines, Gruvberget and Leveäniemi, located in Svappavaara.  

2.1 Kalixälven 

The field mapping was conducted together with supervisor, Tobias Bauer. The field mapping at the Kalix River 

was done in a NW/SE-traverse along the river side. This traverse cut across a set of fold hinges, which were 

also the target of the mapping. This field mapping also served the purpose of identifying the different rock 

types typical for the area, as well as getting the different field methods refreshed/familiarised. The amount of 

outcrops was limited by the fact that the area along the river was a rather dense forest with thick undergrowth. 

The outcrops that could be found were usually in a weathered state but not beyond recognition.  

The field methods used were all standard field methods used for identification of rocks, measurement of dip, 

dip direction and plunge direction.  

2.1.1 Observations 

The traverse along the Kalix River is not the main focus of this report; however a brief summary of the observed 

rocks and structures will be presented.  

Starting in the south-eastern end of the traverse (Figure 6), the dominant rock type is a felsic volcanoclastic 

rock with feldspar phenocrysts, a weak to moderate foliation (Figure 7). The foliation in this area shows a trend 

of 20°/80°W with a few degrees of variation (Figure 8). In some locations the felsic volcanoclastic rock has 

large slightly elongated and oriented clasts, indicating a low to moderate strain (Figure 9). Two observations 

showed a more intermediate/mafic volcanic rock, also with feldspar phenocrysts, moderate foliation (same 

trend) and low-moderate strain (Figure 10). A feldspar-porphyry andesite with moderate strain and moderate 

foliation (25°/80°W) can also be found sporadically in the area. In one location it shows a light open folding 

of the foliation, indicating that the foliation is an S1-foliation while the folding is an F2-folding (Figure 11). 

Moving north-west along the traverse will cause the foliations to change as you move across the fold hinge(s). 

The same volcanoclastic rock with feldspar phenocrysts is still dominating, however the foliation is now 

moderate-strong and the strain is moderate.  

One location (SWEREF99: N 7510417, E 746071) shows a 1 m wide mylonitic shear zone bordering the mafic 

volcanoclastic rock. The shear zone is orientated 30°/84°W. The mylonite shows high strain as well as a light 

F2-fold with one limp orientated 0°/82°W and the other limp 30°/84°W (Figure 12). A >5 m wide shear zone 



with a 2 m bond of a strongly foliated (20°/85°W) mylonite overprinted by brittle deformation in the western 

end can be found in another location (SWEREF99: N 7510608, E 745660) (Figure 13). 

Observations made in the fold hinge show F2-folding. At one location (SWEREF99: N 7510499, E 745836) 

several parasitic, closed, chevron-style folds can be found in an outcrop (Figure 14). The orientations vary 

slightly, but one fold shows an orientation of 8°/80°W for the fold axis, 15°/65°W for the western limp and 

8°/85°E for the eastern limp. Another location (SWEREF99: N 7510942, E 745595) shows two antiform folds 

in a meta-sedimentary rock (Figure 15). Here the axial surface is orientated at 16°/85°W, the western limp at 

356°/70°W, the eastern limp at 24°/88°E and the trend of the fold axis dipping at 172°/26°. 

A heavy K-feldspar altered area is encountered in the north-western end of the traverse. Here the outcrops 

show extensive to complete replacement with K-feldspar (Figure 16). The protolith is hard to determine, but 

in a few locations it appears to be the felsic volcanoclastic rock. A foliation ranging from weak to moderate 

and a trend of approx. 50°/60-80°NW is present in most of the K-feldspar altered rocks.  

 
Figure 6 – Map of the area around the Kalix River as well as Gruvberget and Leveäniemi deposits showing simplified geology and 

observation points. 



 
Figure 7 – Felsic volcanoclastic rock with weak to moderate foliation (20°/80°W) 

 
Figure 8 – Equal-area, lower hemisphere stereographic projection with girdle of the field observations along the Kalix River Traverse. 



 
Figure 9 – Elongated clasts of a feldspar-porphyry andesite in the felsic volcanoclastic rock.  

 
Figure 10 – Picture of the intermediate/mafic volcanic rock with feldspar phenocrysts, moderate foliation (20°/80°W) and low-moderate 

strain.  



 
Figure 11 – Picture showing light open F2-folding of the S1-foliation found in the feldspar-porphyry andesite. 

 
Figure 12 – Picture of an openly F2-folded heavily S1-foliated mylonite. Be aware that the north-arrow was placed slightly misaligned 

in this picture. It only shows the general north-direction. 



 
Figure 13 – Picture of a 5 m wide shear zone with a 2 m bond of strongly foliated (20°/85°W) mylonite (right side. Brittle deformation 

(D3 event) can be seen on the left. Picture is taken facing north. 

 
Figure 14 – Picture of a series of chevron folds in a fine-grained mafic rock. Picture is taken facing north. 



 
Figure 15 – Two antiforms found in a meta-sedimentary rock. Measurements were taken on the right-hand fold: Axial surface is 

orientated at 16°/85°W, the western limp at 356°/70°W, the eastern limp at 24°/88°E and the trend of the fold axis dipping at 172°/26°. 

Picture is taken facing north.  

 
Figure 16 – Picture of a K-feldspar altered rock. Protolith was felsic volcanoclastic rock. Light foliation (20°/60°W) present.  



2.2 Mapping of open pits 

Both Gruvberget and Leveäniemi open pit mines were mapped during the mapping period. The focus was 

however on Gruvberget, where mapping was carried out during the 10th and the 12th of August (both days 

included). The last two days, the 13th and the 14th of August, were used for mapping in Leveäniemi. 

2.2.1 Field methods 

Field mapping in an open pit mine was both a blessing and a curse. The blessing lied in the fact that there was 

a 100% exposure rate along the pit walls. This allowed for an excellent picture of structures, relations between 

rock units, orientation of and displacement caused by faults and so on. However, there were several 

problems/difficulties present as well: Close examination of the walls was only possible in limited areas, due 

to the danger of falling rocks and debris close to the pit walls. A safety distance of several metres had to be 

kept whenever possible, which meant close examination was not possible in many places. In extension, hand 

specimens could not be taken according to normal geological methods and good sampling theory. If a sample 

of a rock was wanted, a piece that was already broken off from the wall and located slightly away from the 

wall had to be used as a sample. This meant that the exact origin and orientation of the sample could not be 

established.  

Both open pit mines are massive iron deposits with abundant magnetite occurring which posed difficulties 

with using a compass for geological measurements in the mine. The use of a mine map, sun position on the 

sky in relation to time of day, along with a few key “marker” features of each mine (antennas, marker 

beds/intrusion, roads), allowed for adequate determination of north/south directions and subsequent strike 

measurements were possible. Measurement of both strike and dip had to be done from a distance (because of 

the aforementioned safety distance) which added another level of uncertainty; however the measurements are 

deemed accurate to within +/- 10° of strike and +/- 5° of dip. 

A magnet was used to assess magnetite content of the rock types. A numerical content was not possible to 

assess, but the magnetic attraction was assessed in comparison with that of the two extremes: massive 

magnetite ore (maximum magnetite content) and a granite boulder found on the parking lot with no magnetite 

content.  

2.2.2 Observations – Gruvberget  

The Gruvberget open pit mine shows an overall trend of a N/S strike and steeply dipping layers. The mine can 

be split into three major areas (Figure 17): The western side is heavily foliated biotite schist with little to no 

magnetic attraction (no presence of magnetite). The centre of the mine is the ore zone with massive magnetite, 

hematite, and veins of quartz with isolated observations of sulphides. The eastern part of the mine consists of 



unfoliated (trachy)andesite where several brittle deformation planes can be observed. Figure 17 has key 

locations marked (#A – #G) which will be referred to in the following text. 

The ore zone is located in the centre of the mine with a north/south-striking trend. The contact between the ore 

body and the trachyandesite to the east is a sharp boundary caused by an eastward dipping fault (0°/60°E) that 

can be seen on the southern wall of the mine. The fault cuts through the total height of the mine wall (Figure 

18). The ore at the fault plane consists of massive magnetite with locally some hematite. A mafic intrusion that 

cuts through the magnetite close to the main fault plane (#A) contains several folded veins with steep faults 

and no traces of magnetite. The intrusion is cut and displaced by a brittle fault halfway up the wall (Figure 19). 

A large pile of loose boulders was found in the ore zone (#A). These boulders show interesting mineralogical 

assemblages and veins of different types. One boulder of massive magnetite containing a large vein/cavity 

system of quartz, K-feldspar and euhedral crystals of stilbite (Figure 20). A set of boulders contain quartz veins 

with large biotite crystals and K-feldspar grown along the edges. The same boulders also contain small amounts 

of sulphides spatially related to the veins (Figure 21), mainly chalcopyrite with smaller amounts of pyrite as 

sulphide minerals. Samples were taken of the massive magnetite boulder with veins and of the veins containing 

sulphides. 

The ore zone shifts gradually to a fine-grained and heavily foliated biotite schist on western side of the mine. 

The magnetite content rapidly decreases when moving away from the ore zone and into the biotite schist. The 

biotite schist covers almost the entire western side of the mine (Figure 22). The biotite schist has a wavy 

foliation (S1-foliation that has been D2-deformed) that can wary 5-10° in dip and strike.  Several observations 

of the foliation of the biotite schist shows that it the overall trend of the foliation is around 5°/70°E with a few 

degrees of variation (Figure 23). Some open and closed F2-folds can be found in the biotite schist on the 

westernmost wall (#B, Figure 24).  

There is one location on the western wall of the mine that requires extra attention (#C). A section within the 

biotite schist shows a rather mixed set of lithologies and structures. The biotite schist appears to have been 

displaced by brittle D3-faults and cut through by intermediate intrusions (Figure 25). It is difficult to tell if the 

intrusions are part of the D1 or D2 deformation event. This will be discussed further in the discussion. There 

are three main faults present that are cutting across the intrusions (Figure 26), showed that the faults are the 

result of a brittle D3-deformation event. Just at the termination of these faults, the biotite schist returns with 

the S1-foliation clearly being affected by the D3-faults as it is following the fault planes. The biotite schist is 

broken up by several intrusions of varying size when continuing north of the faults. Some of the intrusions 

show boudinage on the metre scale, with the biotite schist as the less-competent layer (#D, Figure 27). Sample 

was taken of both the biotite schist and the intermediate intrusions. 



The biotite schist is replaced as the dominant lithology by andesite at about halfway across the northern wall 

(#E, Figure 28). Drilling by LKAB shows that there is some iron present in this area, so the area is marked 

down as an ore zone. The andesite appears unfoliated but shows several brittle “slip” D3-surfaces along the 

whole eastern wall (#G) that all share the same orientation trend of about 100-120°/60-70°S (Figure 29). The 

wall was particularly dangerous (steep and located next to the main exit-road) so a detailed study was not 

possible.  

A large, dipping and foliated diabase intrusion (30°/45°E) is located within the trachyandesite (#F, Figure 28).  

 
Figure 17 – Overview map of the Gruvberget open pit mine. The mine is split into three major areas: Biotite schist (blue in the west, 

andesite (green) to the east and the ore zone (grey) in between with mafic intrusions (pink). The main strike of the fault is N/S-strike 

with eastern dip. Red lines mark smaller faults. The letters in boxes mark different key locations (see text for detailed description). 



 
Figure 18 – View of the fault (0°/60° E) that separates the ore body (right) from the andesite (left). Picture is taken facing south. 

 
Figure 19 – View of the intrusion (20-30°/75°E) found within the south wall of the ore body. Notice the fault (75°/30°W) cutting the 

intrusion at the top. The orientation of the fault is heavily eye-balled due to the location of the fault. Orientations of the structures are 

marked on the inserted picture. Picture is taken facing south. The colour difference is due to pictures taken during cloudy and sunny 

weather and is not geological. Picture is taken facing south. 



 
Figure 20 – Boulder of massive magnetite found near the ore zone with a vein/cavity consisting of quartz, K-feldspar and euhedral 

crystals of stilbite.  

 
Figure 21 – Boulder showcasing a quartz vein with large biotite and euhedral K-feldspar crystals (left insert) and small clusters of 

mainly chalcopyrite (right insert). 



 
Figure 22 – View of the western side of the mine which consists almost entirely of heavily foliated biotite schist. Picture is taken facing 

south. 

 
Figure 23 – Equal-area lower hemisphere stereographic projection of the biotite schist found in Gruvberget. The overall foliation trend 

is 5°/70°E. 



 
Figure 24 – Open and closed folding in the biotite schist found on the western wall. The closed fold has a fold hinge axis that is dipping 

30° towards 160°. Picture is taken looking northwest. 

 
Figure 25 – A view of the mixed area on the western wall of the mine. Notice the unfoliated andesite intrusions (light red) cutting and 

intruding into the foliated biotite schist (dark colours). Picture is taken facing west. 



 
Figure 26 – View of the three faults that cut through the mixed area. Notice how the foliation of the biotite schist is affected by these 

faults in a more ductile manner (blue lines). Picture is taken looking southwest. 

 
Figure 27 – View of two different instances of boudinage on two different scales. The left picture is a large andesite intrusion covering 

the height of a pit bench while the picture on the right is a smaller intrusion only a few metres tall. Left picture is taken facing northwest 

while the right picture is taken facing north. 



 
Figure 28 – View of the transition from foliated biotite schist (west) to the andesite (east) on the north wall of the open pit. Notice the 

diabase intrusion in the right hand side of the picture. Picture is taken facing north. 

 
Figure 29 – View of the unfoliated andesite that covers the entirety of the eastern wall of the open pit. Notice the red surfaces which 

are presumed “slip” surfaces. The orientations of these surfaces are 100-120°/60-70°S. Picture is taken facing west.  



2.2.3 Observations – Leveäniemi 

Only two areas of the Leveäniemi open pit mine were mapped. The first area is located to the north and the 

second in the south part of the pit.  

In the northern observation area of the mine, a good contact area between the massive ore body and the 

surrounding rock types can be found. The ore in this area is about 125 metres wide, striking N-S and with 

sharp boundaries to both sides. The majority of the ore body area is heavily rusted which obscures some of the 

features (Figure 30). Only the eastern end is unaffected and has the typical magnetite colour.  The orebody has 

a mild foliation of 150°/80°E along the whole ore body traverse. 

Four major intrusions can be found within the ore body, with two of the intrusions cutting each other. The first 

intrusion (going from west to east) shows pinch-and-swell-structures indicating the syn-tectonic emplacement 

of the intrusion (Figure 31). The second intrusion is larger and appears folded, which may only be an effect of 

the observed cut (Figure 32). The third and fourth intrusions are cross-cutting each other, with one being near-

vertical and the other dipping towards NE. There is a small brittle D3-displacement present at the intersection 

of the two intrusions (Figure 33).  

The western boundary is a sharp change from high-magnetite content to a magnetite-biotite schist (Figure 34). 

The biotite schist exhibits the same traits (heavy S1-foliation, striking 170°/70°E) as seen in Gruvberget albeit 

with a higher magnetite content as seen through higher magnetic attraction and a rusted colour. In one location 

a series of intrusions can be found. The intrusions appear as elongated lenses with the foliated biotite schist in-

between each lens (Figure 35). This again indicates elongation during a deformation event during or immediate 

after the emplacement of the intrusion. Magnetite can be found in concentrated veins that follow the foliation 

in some of the loose boulders (insert in Figure 35).  

The eastern boundary is to an unfoliated andesite with no magnetite content. The andesite shows the same 

characteristics as seen in Gruvberget (lack of foliation or structures). Some boulders of andesite with magnetite 

veins and brecciated ore boulders can be found near this boarder area (Figure 36). The wall and debris field 

was unfortunately deemed too unstable for closer examination of the transition from massive magnetite to 

magnetite-free andesite. 

The southern observation area is a more mixed and varied area. One location shows heavily K-feldspar altered 

mylonitic S1-shear zone with magnetite lenses and strong S1-foliation that is openly F2-folded (Figure 37). 

Another location nearby shows an extremely fine-grained and S1-foliated (100°/80°N) andesite with 5-20 cm 

thick magnetite veins (Figure 38). The same rock can be found further west but now with significantly more 

magnetite present and a vertical dip (100°/90°). Continuing 20 metres further west exibits a sudden shift in 

orientation of the foliation to 120°/60°SW. Several veins of magnetite are still seen following the foliation 



(Figure 39). Continuing further west will see the rock change to a heavily S1-foliated (140°/60°SW) light grey 

rock with magnetite lenses (Figure 40) can be found before a pile of debris blocks the remaining length of the 

wall. When emerging on the other side of the debris field, the biotite schist can be found with a wavy foliation 

with an enveloping surface of 50°/60°SE. Overall, it is assessed that this area is a F2-fold hinge, because of 

the M-fold-style appearance of changing foliation-orientations. 

 
Figure 30 – View of the whole ore body found in the north end of the Leveäniemi open pit mine. Notice the lightly colours diabase 

intrusions spread throughout the outcrop as well as the contact with foliated biotite schist to the far left. The outcrop is circular although 

the picture appears more flat. The left picture is facing west, centre is facing north and the right is facing northeast. 

 
Figure 31 – View of one of the intrusions (150°/85°NE) in the ore outcrop. Notice the boudinage which indicates extensional stress. 

Width of the intrusion is approximately 100-150 cm. Picture is taken looking northwest. 



 
Figure 32 – View of the second intrusion in the ore outcrop. The apparent folded nature of the intrusion is a result of terrain weathering 

and not actual folding. Picture is 2D and doesn’t represent this well. Picture is taken looking north. 

 
Figure 33 – View of the two intersecting intrusions found to the east of the other intrusions. Insert shows close-up of the intersection 

and fault that appears to be displacing both intrusions. Picture is facing north. 



 
Figure 34 – View of the contact between the heavily foliated biotite schist (grey with rusty patches) and the magnetite ore body (rust-

coloured). Notice the wavy nature of the foliation of the biotite schist. The overall orientation of the foliation is 170°/70°E which is 

similar to that seen in the Gruvberget open pit mine. Picture is taken facing north. 

 
Figure 35 – View of one of the unfoliated andesite intrusions that can be found within the foliated biotite schist. Notice how the biotite 

schist appears to be ductile shaped around the andesite intrusions. Insert is a picture of magnetite “layers” found in loose fragments of 

andesite intrusion. Picture is taken facing northwest. 



 
Figure 36 – View of the brecciated ore boulders found near the eastern border of the ore body.  

 
Figure 37 – Mylonitic fabric in a heavily K-feldspar altered rock with magnetite lenses (insert). Orientation of the highlighted rock is 

130°/75°NE. Picture is taken looking southeast.  



 
Figure 38 – View of the fine-grained, mildly foliated (100°/80°N) andesite with 5-20 cm thick magnetite veins that follow the foliation. 

The veins are hard to distinguish on the photo. The same rock is found with more magnetite slightly west of this photo location. Picture 

is taken looking southwest. 

 
Figure 39 – View of the area with several different foliation directions as noted by the red markers. The inserts in the upper left hand 

corner shows the orientation of the picture angle (blue) along with the different observation points and their foliation in a top-down 

view. The scale on the insert is in metres and does not describe the scale of the photograph.  



 
Figure 40 – View of a heavily foliated (140°/60°SW) rock with massive magnetite lenses (darker areas) found to the west of the area 

show on Figure 39.  

  



2.3 Description of thin sections 

Four samples were collected with the aim of a thin section examination: One sample taken from area #B of the 

biotite schist, one sample from area #D from the andesite intrusions and two samples from the pile of boulders 

located at area #A of the magnetite ore w. vein and of the sulphides.  

2.3.1 Biotite schist 

The sample for this thin section was taken near the openly folded biotite schist on the western wall of the 

Gruvberget open pit mine. 

The biotite schist is dominated by elongated and aligned biotite grains defining a tectonic foliation. There are 

euhedral and larger biotite grains that are not following the main foliation but are almost perpendicular to the 

foliation (Figure 41). The change in the colours as seen in the cross-polarised picture is caused by the thin 

section having uneven thickness and is therefore not geologically significant.  

Of kinematic indicators present, a set of shear bands (S-C fabrics) can be seen obliquely transecting the main 

foliation of the biotite grains (Figure 42); as well as quartz grains forming singma-clasts with asymmetric tails 

(Figure 43). 

Bands of quartz feldspar (QF-domain) and of isotropic minerals following the foliation can be found next to 

each other (Figure 44). There is an undeformed and recrystallized quartz grain within the QF-domain. The 

isotropic minerals are mainly magnetite with small amounts of chalcopyrite (Figure 45). A single quartz grain 

shows strong, asymmetric deflection of foliation (Figure 46).  



 
Figure 41 – Thin section of biotite schist at 1x magnification. Plan polarised view on the left and cross polarised view on the right. 

Colour change in the vertical direction is caused by increasing thickness of the thin section itself. Notice heavy foliated biotite crystals 

with euhedral biotite crystals oblique to the foliation.  

 
Figure 42 – Thin section of biotite schist seen at 1x magnification and with crossed polarized light. The colours lines highlight the S-

C foliation present in this thin section. Orange lines indicate main foliation direction; red lines mark the shear bands that lie oblique to 

the foliation. 



 
Figure 43 – Thin section of an asymmetrical quartz grain found in the biotite schist seen at 5x magnification and with crossed polars.  

 
Figure 44 – Thin section of a biotite schist at 1x magnification with crossed polars on the left and plan polars on the right. Notice the 

band of quartz/feldspar (QF) in between the biotite (mica – M) along with a band of isotropic minerals in the top of the picture. All 

bands follow the overall foliation of the biotite schist. 



 
Figure 45 – Thin section of the biotite schist seen with 5x magnification under reflective light. The reflective grains are magnetite 

surrounded by biotite grains. 

 
Figure 46 – Thin section of the biotite schist seen under 5x magnification and with crossed polars. Notice the strong, asymmetric 

deflection of foliation around the quartz grain. 



2.3.2 Intermediate intrusion/andesite 

The sample for this thin section was taken near the large, boudinaged intermediate intrusion/andesite on the 

western wall of the Gruvberget open pit mine (Figure 17 #D). 

The thin section is dominated by fine-grained and weakly strained quartz (Figure 47) with smaller grains of 

biotite in a conjugate set that is orientated along preferred directions of orientation that are oblique to the 

foliation of the ground mass. Some smaller areas have larger quartz grains than the main mass. A few euhedral 

plagioclase phenocrysts can be found spread around the thin section (Figure 48). The feldspar grains appear 

broken and dissolved in some cases. 

There are a few isotropic minerals spread around, with the majority being magnetite with hematite laminae 

(Figure 49).   

 
Figure 47 – Thin section of the andesite seen with 1x magnification and under the crossed polarised light on the left and plan polarised 

light on the right. Notice the very light foliation of the andesite going NNE/SSW. The biotite appears to be orientated along select 

planes of preferred spatial distribution that is oblique to the foliation of the andesite.  



 
Figure 48 – Thin section of the andesite with 10x magnification seen under crossed polarised. Notice the plagioclase feldspar grain in 

the middle that appear slightly dissolved but still euhedral and with clear twinning. 

 
Figure 49 – Thin section of the andesite seen under 50x magnification and reflective light. Notice the magnetite laminae within the 

hematite grain. 



2.3.3 Ore 

The sample for this thin section was taken near the ore boulders along the southern wall of the Gruvberget 

open pit mine. 

This thin section has two main parts: The magnetite ore and the bordering calcite vein (Figure 50). The calcite 

vein consists of coarse unbroken calcite grains with clear cleavage planes (Figure 51) with several broken 

hornblende grains (green pleochroism and yellow interference colours) in a large assemblage with broken 

quartz grains near the border with the ore (Figure 52). Some of the calcite grains have direct contact with the 

ore minerals while in other places the broken assemblage is separating the calcite from the ore. 

The ore consists almost entirely of magnetite with a few hematite grains scattered around randomly (Figure 

53). There is a set of small inclusions of calcite (showing higher order white) in the ore (Figure 54) that are 

spread about seemingly at random. 

 
Figure 50 – Thin section of the magnetite ore with a calcite vein seen under 1x magnification and with crossed polarised light at the 

top and plan polarised light at the bottom.  



 
Figure 51 – Thin section of calcite crystals in the calcite vein found in the ore body seen under 1x magnification with crossed polarised 

light on the right and plan polarised light on the left. Notice the clear cleavage in the calcite grains and broken hornblende crystals in 

the bottom right-hand corner.  

 
Figure 52 – Thin section seen under 5x magnification with crossed polarised light (right) and plan polarised light (left) of a dissolved 

hornblende crystal found in the calcite veins in the massive ore. 



 
Figure 53 – Thin section of the massive ore seen under 1x magnification and reflective light. Light grains are hematite while the grey 

main mass is magnetite. 

 
Figure 54 – Thin section of one of the inclusion of calcite found in the massive ore seen under 20x magnification with crossed polarised 

light (right) and plan polarised light (left). Notice the higher degree white that is split into the colours. 



2.3.4 Sulphides 

The sample for this thin section was taken near the ore boulders along the southern wall of the Gruvberget 

open pit mine. 

The thin section consists of two main areas of different appearance. One end consists of coarse-grained 

hornblende grains (high interference colours) that are damaged and show sub-grain formation with small rice-

shaped inclusions of scapolite (Figure 55). The other end is dominated by scapolite grains that show two 

different orientations that are perpendicular on each other but separated by a band of isotropic minerals (Figure 

56). The band of isotropic minerals ends about one third from the edge of the thin section, and the scapolite 

grains then touch each other in a more circular and gradual change of direction. It appears as though the 

horizontally foliated scapolite grains “curl” around the vertically foliated grains (Figure 57). The border 

between the coarse hornblende and fine-grained scapolite is marked by a V-shaped collection of isotropic 

minerals in a bit mess of quartz and hornblende grains (Figure 58). The tip of the V is pointing towards the 

scapolite-dominated area.  

The isotropic minerals in the V-shape are mainly chalcopyrite with some magnetite grains and a few euhedral 

pyrite grains (Figure 59). The isotropic minerals in the band separating the two scapolite areas are mainly 

magnetite but with some chalcopyrite as well (Figure 60). 

 
Figure 55 – Thin section of sulphide vein seen under 1x magnification with plan polarised light. The red rings highlight the rice-shaped 

scapolite grains that are found within the hornblende crystals.  



 
Figure 56 – Thin section of scapolite crystals seen under 1x magnification with crossed polarised light (bottom) and plan polarised 

light (top). Notice the band of isotropic minerals separating the two different orientations of scapolite.  

 
Figure 57 – Thin section of scapolite crystals seen under 1x magnification with crossed polarised light. Notice the curling appearance 

of the scapolite crystals.  



 
Figure 58 – Thin section of sulphides seen under 1x magnification with crossed polarised light (bottom) and plan polarised light (top). 

Notice the V-shape of the isotropic minerals with hornblende on the top and scapolite on the bottom.  

 
Figure 59 – Thin section of the isotropic minerals in the V-shape seen under 5x magnification and reflective light. The golden minerals 

are chalcopyrite, the euhedral silver/white crystals are pyrite and the grey is magnetite. 



 
Figure 60 – Thin section of the isotropic minerals separating the two bands of scapolite seen under 1x magnification and reflective 

light. The golden minerals are chalcopyrite and the grey is magnetite. 

3. Modelling procedure 

In order to complement structural investigations, the distribution of certain elements was modelled. The aim 

of the model is to interpret structural trends from element distributions and geochemical trends. Vollgger et al. 

(2015) showed that implicit modelling can be used in order to interpret structural trends. Nevertheless, this 

method has to be carried out with care not to influence the model during the modelling procedure. In order to 

make the model as un-biased as possible, no structural constraints were applied during the modelling process 

and the element distribution model is left as unconstraint as possible. Therefore, the model is not representing 

ore or mineral distributions and may not be seen as a resource model or a model representing ore bodies. Based 

on the chosen modelling technique no conclusions on the distribution of economic minerals can be drawn but 

has to been seen exclusively as a guide for interpretation of structural trends. 

Therefore, no element concentration numbers will be mentioned during the description of the modelling 

procedure. The element concentrations will be referred to as being low, medium or high in relation to this data 

set only. So a medium value in this dataset might be a high or even low value compared to other chemical 

dataset and does not represent economic numbers. 



3.1 Data assessment and analysis 

Prior to modelling a close examination of data that will be used for the modelling is required. This includes 

the geological data and drillhole data. This will give some background information and an understanding of 

the data that will help form a good basis for the model(s) to be built.  

3.1.1 Drillhole data 

There are a total of 153 drillholes with a combined length of 44.16 km. The shortest drillhole has a length of 

21.8 m; with the longest drillhole having a length of 712.0 m; and an average of 288 m. Some of the drillholes 

are older drillings performed back in 1957-1962, while some have been drilled during 2011-2014. It can be 

seen that the majority of drillholes have a length of 200-300 m with an almost linear decrease with increasing 

depth (Figure 61). 

 
Figure 61 – Histogram of the frequency of different drillhole depths from Grvuberget.  

3.1.2 Assay data 

Assay data on 12192 samples that cover 24.36 km of the total length of 44.16 km has been gathered. This 

means that 55% of the total length of the drill holes has been sampled and analysed. However this data does 

not always include a full chemical analysis with major and minor elements. The major element oxides are only 

available for around 7000 samples, which is 57 % of the total sample count.  

The two main elements of interest for this preliminary analysis are Fe and Cu, since they were suggested by 

previous authors to overprint each other in other deposits in the area, hence they were suggested to be represent 

independent structural trends. So the following data assessment will focus on these two elements. 

A statistical analysis of the element distributions is carried out in order to spot any anomalies and 

inconsistencies. This is done by looking at minimum, maximum and average values as well as median and 
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histograms. Nothing unexpected is noticed during this statistical analysis. A “top-cut” is applied to the Cu 

values to reduce any sampling effects and highlight the higher values for the structural analysis. The top cut is 

applied to the dataset that will be used in the modelling. 

Another thing that is worth looking at is whether there is a correlation between the length of the 

sampled/analysed interval and the concentrations of Fe and Cu. This will also be important to know for when 

the data will be composited during the modelling. However, there is no correlation between length of sampled 

interval and concentration of Fe and Cu, so there is no need to take this into account during the modelling. 

3.1.3 Lithological data 

The third and final thing worth having a look at is the lithologies present and in what amounts. The lithologies 

are determined with a mix of drill core assessment and based on the chemical analysis as a standardised 

procedure (internal LKAB company standards). The lithology data set is smaller than the assay data, with 22 

lithologies assigned to only 5438 measured intervals. It does however cover the total length of drillholes. The 

reason for the smaller count is that LKAB has grouped similar lithologies within a single interval, to decrease 

data size. 

There are two ways to look at the ratio of the different lithologies: the count - how often an interval is classified 

as a given lithology; or the length - the total length of core classified as a given lithology (Table 1). A good 

example of the difference is when looking at the core loss. It occurs in 13.37 % of the count but only in 1.42 

% of the length. This is because there are several small intervals of core loss, but they never mount up to 

anything truly significant. For the rest of this analysis the ratio of the length of a given lithology will be used.  

  



Lithology Count Count Length (m) Length 
Andesite 316 5.82 3513.61 8.02 

Aplite 4 0.07 6.94 0.02 

Biotite schist 5 0.09 10.28 0.02 

Breccia 195 3.59 2134.3 4.87 

Calcite vein 5 0.09 3.64 0.01 

Chlorite Schist 327 6.02 2638.65 6.03 

Clay 3 0.06 3.3 0.01 

Core Loss 726 13.37 621.38 1.42 

Diabase 280 5.15 1534.78 3.50 

Fault gouge 12 0.22 17.24 0.04 

Greywacke 6 0.11 26.73 0.06 

Massive Hem 343 6.31 2244.99 5.13 

Massive Mag 455 8.38 4406.57 10.06 

Mass. Mag+Hem 47 0.87 511.47 1.17 

Not Determined 201 3.70 1391.66 3.18 

Overburden 135 2.49 1157.8 2.64 

Quartz vein 34 0.63 66.2 0.15 

Sericite schist 52 0.96 267.26 0.61 

Skarn vein 77 1.42 462.4 1.06 

Syenite 40 0.74 359.35 0.82 

Trachyandesite 1991 36.65 20671.36 47.20 

Trachyte 178 3.28 1741.34 3.98 

Table 1 – List of all lithologies present in the geology drillhole data. Both the count and length of core (and the percentage of the total) 

for each lithology is listed. 

In order to match the aim of modelling structural trends the lithological dataset has been simplified from 22 

different lithologies to 8 groups.  Leaving this untouched would result in a too detailed model which wouldn’t 

be useful for the aim of this study. Therefore a simplified version of the lithologies has to be created: Andesite, 

aplite, syenite, trachyandesite and trachyte could all be classified under the same andesite group as they are 

igneous rocks with intermediate composition. Core loss, fault gauge and not determined can be grouped 

together as not determined as they all represent unavailable data. Biotite schist, chlorite schist and sericite 

schist can be seen as different types of schists so they are all grouped together as schist. The massive magnetite, 

massive hematite and the massive magnetite and hematite can all be grouped together as a general Fe-oxides 

group. This leaves the veins (calcite, quartz and skarn), diabase, overburden, greywacke and breccia without 

any group. The veins can be grouped together for the overall model, but not for when looking at the distribution 

of the veins specifically. Breccia and greywacke can be ignored as the primary material in not known, and the 

greywacke is only present in 26.73 m (0.06 %) and the clay only present in 3.3 m (0.01%) meaning they are 

insignificant for model. The overburden and diabase act on their own as they are unique and important enough 

to separate. The effects of this grouping on the count and length can be seen in Table 2. 



Simp. Lithology Count Count (%)  Length (m) Length (%)  
Andesite 2529 46.56 26292.6 60.04 

Breccia 195 3.59 2134.3 4.87 

Diabase 280 5.15 1534.78 3.50 

Not Determined 939 17.29 2030.28 4.64 

Fe-oxides 845 15.56 7163.03 16.36 

Overburden 135 2.49 1157.8 2.64 

Schist 387 7.12 2919.49 6.67 

Veins 122 2.25 558.97 1.28 

Table 2 – List of the simplified lithologies to be used for modelling. Both the count and length of core (and the percentage of the total) 

for each lithology/group is listed. 

3.2 Data import 

The first step of modelling is to import the data into LeapFrog Geo v. 3.0.1 64-bit. The imported data includes 

a collar, survey, assay and lithology dataset for the drillholes along with a DEM (Digital Elevation Model) of 

the topography above the mine which will act as the upper terrain boundary. All data is imported in the 

SWEREF 20 15 coordinate format.  

A few errors in the data were flagged by LeapFrog Geo when importing the assay data. These errors where 

caused by missing and negative values. Missing values were set to be omitted while negative values were set 

to have a value of 0. The reasoning behind not omitting the negative values is that a negative value indicates 

that the value is below the limit of detection, i.e. a low concentration of the element. A missing value means 

that a sample wasn’t analysed for the given element. It is an important distinction to keep in mind. 

With the data successfully imported, a new lithology column is added to the lithology data. This column will 

be used to group together the lithologies as previously described. 

A simplified geological model can now be created with the data successfully imported and acts as a base for 

the further modelling steps. 

3.3 Geological model 

The drillhole data is, in its raw format, too detailed for constructing a simplified implicit model. This can be 

adjusted by dividing each drillhole into 10 m intervals that each takes the dominating lithology. This is called 

a category composite. This eliminates the “bar code”-like appearance and is regarded as sufficient for this type 

of modelling ( 

Figure 62).  



 
Figure 62 – Orthographic view showing the alternating lithologies of the drillholes that created a rapidly alternating succession, 

analogue in appearance to a bar code.  

The next step is to know the temporal order of the different used lithologies. Overburden is the youngest of 

all and will be modelled as an erosion surface on top of everything else. Not Determined will be ignored for 

everything as it contains no lithological data. The Fe-oxides acts as an intrusion and it is known from field 

observations that the veins and diabase are younger than the Fe-oxides as they cut across it. Breccia will be 

ignored as it is not known what material is brecciated. The Schist is surrounded by Andesite on all sides (when 

look at the drillhole data), which makes it appear as though the Schist is an intrusion within the andesite 

although that doesn’t make geological sense. Whether the schist or andesite should be modelled as the younger 

layer will have to be tested. They are however the two oldest lithologies present, so they will be the first two 

lithologies to be modelled. 

3.3.1 Andesite and schist interface 

The andesite and schist border will be modelled as a “deposit contact surface” which in Leapfrog means that 

the two layers will act as roughly flat surfaces with one appearing conformably on top of the other – this is not 

how the contact surface appears in the real world but is applied in order to keep the model as un-biased as 

possible.  

All lithologies except andesite and schist are set as ignored and the schist is set as the primary (oldest) lithology. 

( 

Figure 63). The shape has a bubbly appearance with rounded protrusions of the lithologies into the opposite 

and might not represent realistic geometries. This can however not be avoided given the unconstrained explicit 

modelling procedure. 



 
Figure 63 – Figure showing different ignored interval lengths and their results on the contact between andesite (red) and biotite schist 

(blue). Notice the bubble/protrusion on the andesite side as well as the unnatural kink in the contact on the transparent one do probably 

not represent realistic geometries. The opaque contact surface is being used in the implicit model. 

3.3.2 Fe-oxides 

The Fe-oxides are built by setting it as an intrusion that ignores everything but the andesite and schist. It is 

necessary to filter the intrusion model as otherwise the model bulges out unnaturally in a few locations because 

of a few 20m Fe-oxide segments (Figure 64). A filtering of 35 m yields a satisfying result with the Fe-oxides 

striking N-S and dipping steeply to the east (Figure 65) – which fits field observations and the descriptions by 

Frietsch (1966). 

 
Figure 64 – Figure showing the result of a 20 m ignored interval for the Fe-oxides modelled as an intrusion. Notice the unnatural bulges 

and bubbles caused by smaller Fe-oxide segments within the drillcores. 



 
Figure 65 – Picture showing the final version of the Fe-oxides, using an ignored interval of 35 m. 

3.3.3 Overburden 

The overburden is set as an erosional surface that cuts everything else with no filtering needed ( 

Figure 66). 

 
Figure 66 – The overburden surface when set as an erosional surface. 



3.3.4 Veins and diabase 

Treating all veins (calcite, quartz and skarn) as one vein that is connected will not make geological sense and 

it doesn’t yield sufficient results for modelling element distributions. So each vein will be modelled on its own 

and from the un-composited dataset (Figure 67). However, there are only 5 intervals of a combined 3.64 m 

with the calcite veins, so they will be ignored. Diabase covers a total length of 1.5 km spread over 280 

occurrences, Skarn covers 460 m with 77 occurrences and quartz is only 66 meters with 34 occurrences. The 

total amount of occurrences is 5235 equalling 4.78 km, so the veins and diabase is not present in large amounts  

 
Figure 67 – Picture of the resulting vein model made with each vein lithology treated separately and without composited dataset. 

Diabase is grey, quartz is yellow and the skarn vein is blue.  

3.3.5 Combined model 

The veins are excluded from the combined model as they will be looked at individually. Combining the 

andesite/schist contact surface with the Fe-oxides and overburden erosional surface yields a good and 

satisfactory result (Figure 68). 

3.4 Chemical interpolants 

With a geological model now built the distribution of elements can be compared to the distribution of the 

different lithologies and regional and local structures. This is best done by creating a multi-domain interpolant 

which will create a set of sub-interpolants separately for each lithology in the geological model. Together these 

sub-interpolants act as one big interpolant with the ability to be split depending on lithology. It is not possible 

to create interpolants for the overburden lithology, as chemical data was not acquired for those samples.  



The interpolants are all created on the basis of the same 10m composite dataset as the geological model. All 

interpolants are set to be spheroidal instead of linear, as this gives more realistic results1. The range, sill and 

nugget of the interpolant are set to what LeapFrog calculates.  

The intervals for each interpolant are kept at what Leapfrog proposes with the exception of SiO2. The intervals 

for SiO2 are placed based on the classification of a TAS-diagram so that the intervals cover the acid (>63 %), 

intermediate (52-63 %), basic (45-52 %), ultrabasic (35-45 %) and two “non-igneous” intervals (10-35% to 

cover sediments, and <10% to cover Si deficient rocks). 

A multi-domain interpolant is created for Al2O3, Cu, Fe, K2O, MgO, Na2O, P, SiO2 and TiO2. A standard 

interpolant (which doesn’t use the geological model) is made for Cu and Fe in order to compare them to the 

vein model.  

Each interpolant will provide a 3D-view of the different intervals as well as an “output volume” of how large 

a volume each interval of a given model covers. This output volume will be evaluated critically as it will count 

the volume extending all the way to the edge of the models extent – which might be far away from the nearest 

supporting drillhole. This will give values of the drillholes on the outskirts a bigger influence on the output 

volumes than one in the middle within a well-enclosed lithology (like the Fe-oxides). This effect will be 

referred to as an “edge effect” in this report. This doesn’t mean the output volumes are rendered useless; it just 

means that to get the best understanding of the results, a visual inspection of the volumes in 3D should be 

carried out. 

  

                                                      
1 Source: http://www.orefind.com/blog/orefind_blog/2013/06/27/basic-grade-interpolation-in-leapfrog, visited 22nd of April, 2016 



4. Results 

4.1 Geological model 

The simplified geological model shows the biotite schist in the west with the andesite in the east (Figure 68). 

It is hard to determine the exact orientation of the contact surface as the surface is not flat and bulges out in 

the north, but an enveloping surface describes roughly 175°/40°E. The Fe-oxides are located near the contact 

surface of the biotite schist and andesite and has an orientation of 177°/53°E (Figure 69).  

 
Figure 68 – The geological model with andesite (pink) in the east, biotite schist (blue) in the west, Fe-oxides (red) in between and the 

overburden (green) on top. Top picture shows the geological model in a perspective view. Bottom picture shows the model cut through 

and in an orthographic view looking north and with a scale. 



 
Figure 69 – View of the Fe-oxides model body and the orientation marked by the coloured arrows (177°/53°E) from the simplified 

geological model.  

4.2 Veins 

The veins have a complex appearance a rounded appearance in the middle, with long planes that extend out in 

different directions (Figure 70). These planes are heavily affected by the edge effect in the sense that the 

lithology of the vein is extended to cover the full constraint of the model. 

 
Figure 70 – Orthographic view (north) of the diabase (grey), quartz vein (yellow) and skarn vein (blue).  



4.3 Element distribution interpolants 

4.3.1 Al2O3 

The Al2O3 is distributed predominantly in the andesite and biotite schist with limited amounts in the Fe-

oxides. The andesite has the majority of the high values while the biotite schist mainly has values in the medium 

range.  

 
Figure 71 – Orthographic view of the interpolant of Al2O3 with only the highest interval showing and colour-coded to show what areas 

are within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing east.  

4.3.2 K2O 

The K2O is distributed with the majority of higher values close to sides of the Fe-oxides with the majority 

protruding further into the andesite. The centre of the Fe-oxides does not contain much K2O.  

 
Figure 72 –  Orthographic view of the interpolant of K2O with only the highest interval showing and colour-coded to show what areas 

are within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing east.  



4.3.3 MgO 

The MgO is distributed in the way that the andesite contains mainly medium concentrations while the biotite 

schist has most of the high concentrations. The Fe-oxide does not contain much MgO, but there is some on the 

western edge.  

 
Figure 73 – Orthographic view of the interpolant of MgO with only the highest interval showing and colour-coded to show what areas 

are within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing west. 

4.3.4 Na2O 

The Na2O has a similar distribution as K2O in the sense that the Fe-oxides have low concentrations while the 

andesite and biotite schist both have medium to high concentrations with the andesite contained most of the 

highest concentrations with a few protrusions of high concentration into the slightly lower concentrations.  

 
Figure 74 – Orthographic view of the interpolant of Na2O with only the highest interval showing and colour-coded to show what areas 

are within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing east. 



4.3.5 P 

It is worth mentioning that P is not modelled as an oxide but as a pure element. The majority of higher P 

concentrations can be found within the Fe-oxides, with some of them also present within the andesite. The 

biotite schist mainly contains low P concentrations.  

 
Figure 75 – Orthographic view of the interpolant of P with only the highest interval showing and colour-coded to show what areas are 

within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing east. 

4.3.6 TiO2 

The TiO2 is distributed similar to Al2O3 except that biotite contains most of the highest interval while the 

andesite contains most of the second highest interval.  

 
Figure 76 – Orthographic view of the interpolant of TiO2 with only the highest interval showing and colour-coded to show what areas 

are within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing west. 



4.3.7 SiO2 

The biotite schist generally contains SiO2 concentration in the the ultrabasic interval while andesite contains 

concentrations in the igneous spectrum of mostly basic to intermediate composition. The Fe-oxides don’t 

contain any significant SiO2 concentrations.  

 
Figure 77 – Orthographic view of the interpolant of SiO2 with only the ultrabasic interval showing and colour-coded to show what 

areas are within the andesite (pink), biotite schist (blue) and Fe-oxides (red). Picture is taken facing down (north is up). 

 

  



4.3.8 Fe 

Both the andesite and biotite schist have Fe concentrations in the lower end with some higher values closer to 

the Fe-oxides. The Fe-oxides themselves have an inner shell consisting of high Fe concentration with an outer 

shell in the medium interval and a few areas on the border in the lower interval.  

 
Figure 78 – Orthographic view of the interpolant of Fe with the two highest intervals showing and colour-coded to show what areas 

are within the andesite (pink), biotite schist (blue) and Fe-oxides (red).  

4.3.9 Cu 

The highest concentrations can be found wrapping around the border of the Fe-oxides and cutting one limp 

towards east into the andesite (Figure 79). There are a series of high values on the western border of the Fe-

oxides and andesite interface, with the highest values just on the transition from andesite to Fe-oxides. The 

lower concentrations then expand on this initial appearance, but mainly on the eastern side of the contact – the 

biotite schist comprises mainly the lower concentrations. Even though the high-concentration Cu-distribution 

wraps around the Fe-oxides, the Fe-oxides themselves do not contain high concentrations.  



 

 

 
Figure 79 – top: Orthographic view of the interpolant of Cu with the highest interval showing and colour-coded to show what areas are 

within the andesite (pink), biotite schist (blue) and Fe-oxides (red) – Picture is taken facing east. Middle: orthographic view of the 

interpolant of Cu for the whole body, sliced in half and showing Cu concentrations - Picture is taken facing north. Bottom: orthographic 

view showing Cu concentrations - Picture is taken from the top, north is up. 



5. Discussion 

This section will first go through a regional and structural discussion of the field observations and their 

temporal relations. Thereafter a discussion will follow about the model in a more isolated sense. Here it will 

start with a look at the different lithological groups and how the elements (Cu excluded) correlate with each 

other. Afterwards the distribution of the Cu concentrations will be looked at in on its own, and will be compared 

to the Fe concentrations as well as the K2O distribution to see if there is a link with the K-feldspar alteration. 

Finally, the validity of the model will be discussed. 

5.1 General discussion 

The investigated area lies within the area of junction between the Karasuando-Arjeplog deformation zone 

(KADZ) and the Nautanen deformation zone (NDZ). Both zones are the result of at least three different 

deformation events: The first deformation event (D1) forms strong S1-foliation and shear zones, the second 

deformation event (D2) causes re-activation of D1-shear zones and folding of primary bedding and S1-foliation 

and finally the third deformation event (D3) is a brittle event, creating faults and brittle structures (Bauer et al. 

2016). 

The Kalix River traverse fits into the KADZ-NDZ system by showing several deformation events, including 

varying foliation that has been folded next to strong mylonitic shear zones. This is evident by the two mylonitic 

shear zones, folded S1-foliation as well as changing foliation directions of the rocks in the area. A few key 

locations show small scale chevron-folding, typically found in a fold hinge, further supporting this 

interpretation. The orientation trend of the observed structures is a roughly north/south direction, which fits 

into the structural trend of the shear zones in this area. Based on the data it is suggested that the formation of 

footwall and hanging wall folded systems are related to the NDZ-KADZ-shear system (Figure 81; Figure 80). 



 
Figure 80 – Conceptual structural map of the area. Gb = Gruvberget, Lv = Leveäniemi, KADZ = Karasuando-Arjeplog Deformation 

Zone, NDZ = Nautanen Deformation Zone. 

This structural regime continues over into the Svappavaara deposits, implying that the Gruvberget and 

Leveäniemi deposits are hosted in a fold structure as suggested earlier by Parák (1996) where Gruvberget is 

located on one fold limp and Leveäniemi suggested to be located within or close to the fold hinge (Figure 81). 

This is supported by several observations: an F2-folded S1-foliation seen in the biotite schist is evident in both 

Gruvberget and Leveäniemi. In both mines the biotite schist is located in the western side of both mines, even 

though the mines are situated roughly east/west of each other, indicating a folded succession of rocks. The 

southern observation area of Leveäniemi shows the typical appearance of a fold hinge and shear zone, with 

rapidly changing foliations. This goes in line with other interpretations of AIO-deposits showing refolded 

characteristics and situated in fold structures, as reported for the Malmberget deposit (Geijer, 1930; Bergman 

et al., 2001; Bauer et al., 2015).  



 
Figure 81 – Schematic conceptual drawing of the structural regime seen in the studied area. The Kalix River traverse covers two shear 

zones across a fold hinge while the Gruvberget and Leveäniemi mines are part of a smaller folded complex. Not to scale. 

There are different minerals related to the different deformation events, which is evident in Gruvberget. The 

biotite within the biotite schist shows an S-C-fabric as well as alternating QF- and M-domains which indicates 

that it is formed before or during the D1-event. The K-feldspar and calcite veins are macroscopically euhedral 

and unstrained, which indicates late- or post-D2-formation. It is not possible, based only on the field 

observations, to determine whether the boudinaged intrusions are formed during the first or second deformation 

event. However, a structural analysis in the Gällivare area shows that the intrusions are formed during the D2-

event around 1.80 Ga (Bauer et al., in prep.; Sarlus et al., in prep.), indicating that this could indeed also be the 

case at Svappavaara.  

A later brittle deformation event is the cause for the brittle structures observed, as the brittle faults are cutting 

across all previous established structures. These brittle structures can be correlated to regional brittle fault 

zones striking both NE-SW and NW-SE. The regional, NE-SW-striking set of brittle structures is related to 

the KADZ direction which shows in this region brittle characteristics rather than representing a ductile shear 

zone.  

It is not known when the Cu-overprinting of the Gruvberget deposit has occurred in relation to the deformation 

events as only one occurrence of sulphide minerals was found and examined during the field work. It is 

however seen at the Aitik deposit that the regional Cu-overprint occurred during the D2-deformation event at 

1.8 Ga (Wanhainen et al., 2012; Bauer et al., in prep.), so it could be considered that the overprinting Cu in 

Svappavaara occurred during the same event. Further studies are however needed for constraints. 

  



5.2 Modelling 

The andesite contains high concentrations of Al2O3, Na2O, TiO2 and SiO2 and low concentrations of MgO 

and P, which are all fitting well with the andesite rock type. P has the highest concentrations close to the Fe-

oxides while the rest are more evenly spread out.  

It was seen that there was a large amount of acid concentrations of SiO2 in the andesite, but this is caused by 

the “edge effect” and can therefore be assumed to be a relic of the modelling rather than what is actually the 

case. However, this is not the case for the ultrabasic concentrations in the andesite which are well supported 

by drillhole data in the middle of the area. These concentrations are close to the Fe-oxides and on the western 

side of the Fe-oxides, close to the biotite schist. This same area does however contain intermediate to high 

concentrations of almost every other major element, so the lowered SiO2 concentration could be caused by 

alterations and thereby dilution of the SiO2. 

The biotite schist contains high/intermediate concentrations of Al2O3, K2O, MgO and TiO2 and with a SiO2 

content of ultrabasic composition (the basic composition is heavily affected by edge-filling). The P content is 

almost non-existing in the biotite schist. This is as to be expected from biotite schist.  

The majority of the high concentrations for the different elements can be found close to the border to the 

andesite/Fe-oxides. This might however be caused by the fact that the drillholes don’t continue far into the 

biotite schist, as it was assumed by the drill crews that the biotite schist marked the end of the area of interest 

during the drilling.  

5.3 Fe-oxides 

First thing to note is that the Fe-oxides are not subject to the edge-filling as they are delineated by drillholes 

on all sides. So the resulting volumes can be compared with better confidence – however it is still an 

unconstraint implicit model showing trends rather than realistic geometries.   

The Fe-oxides have, as expected, high values of Fe and low values of all other of the major elements. The 

highest values of Fe can be found in the northern limb of the Fe-oxides. The centre of the southern body 

contains the highest Fe values with the slightly lower values as a shell around it. The highest P-concentrations 

cover the whole northern limb.  

There is a protruding limb on the western side of the Fe-oxides that contains elevated values of K2O. It can be 

tentatively suggested that such bulges in the unconstrained model indicate oblique structures that cut the Fe-

oxide bodies and cause a certain degree of Fe re-mobilization coupled to the introduction of K-fsp alteration 

into the system. This goes in line with the observations of Fe being affected by the early D1-deformation and 

overprinting sulphides and K-fsp alteration during the D2-folding and shearing event (Figure 82).   



 
Figure 82 – View of the protruding limp of the Fe-oxides with abnormal chemical concentrations for the Fe-oxides. Left – 

concentrations of the K2O within the Fe-oxides with a highlight on the limp with high values. Right – a view of the limp with the 

massive ore lithology shown as solid red bars. Notice the four sections of solid Fe-oxides within this limp. 

5.4 Veins 

All veins lithologies of a given vein are treated as one vein, when it was seen in the field that there were several, 

parallel veins in a given area. This renders the vein model unusable for any comparison. This could have been 

helped by going through the physical drillcores as well as the accompanying data in detail, to try and asses 

which vein lithologies are connected to each other. This is however outside the scope of this project and was 

therefore not done. 

5.5 Cu concentrations 

Almost the entire model area shows elevated Cu-values, with high values in the whole central part of the area. 

The highest-concentration shell of Cu sits close to the Fe-oxides but not inside the Fe-oxides with the highest 

values just on the transition from andesite to Fe-oxides. 

There are areas of the highest-concentration shell that follow the same overall trend as the Fe-oxides but the 

main trend of the Cu seems to be in a shell that is perpendicular to the main orientation of the Fe-oxides (Figure 

79). There is a caveat to this protrusion in that the drillhole data supporting this protrusion have no drillholes 

on the surrounding sides to help delineate the distribution. The whole protrusion is only supported by two full-

length drillholes and the upper section of a third drillhole (Figure 83). This will cause a similar issue to the 

edge filling as seen in other instances.  

Otherwise, there does not seem to be any correlation between Cu and other elements. As an example, looking 

at the Fe-oxides and the distribution of K2O (which acts as a marker for K-feldspar alterations) shows no clear 

correlation. The highest K-feldspar values are not close to being located near the highest Cu values – with the 



Cu-protrusion being a small exception, but as discussed, this can’t be used to draw any conclusions (Figure 

84). 

 
Figure 83 – Figure showing the drillholes that are supporting the protrusion of the high-concentraion Cu-shell (white). The view on the 

left is orthographic while the view on the right is in perspective to help illustrate the isolated drillholes. 

 
Figure 84 – A comparison of the highest concentration Cu-shell (white) with the highest concentrations of K2O (dark grey). 

  



5.5 Model validity 

An unconstrained implicit model will never be as accurate as an ore model or an explicit model, and the 

appearance of some features will appear weird an unnatural. This is also the case for this model as some of the 

lithologies have an appearance that has some unnatural movements in certain areas as well as a “rounded” 

shape. There are protrusions where there shouldn’t be as well as cases of edge trimming near the edge of the 

drillholes. These are difficult or impossible (in the case of edge trimming) to remove without losing potentially 

correct trends. Regardless, such unconstrained models can show certain structural trends for different elements 

and possibly delineate areas that are affected by later overprinting events and related re-mobilisation. 

Nevertheless, when compared to field observations, the model fulfils all major orientations and correlations. 

The biotite schist covers the western area and the andesite the eastern area with the Fe-oxides sandwiched in 

between. The overall north/south striking trend that is dipping circa 40° E is consistent with the field 

observations as well. 

One point that is against the validity of the model is in regards to the Cu-concentrations, as discussed above. 

There is a high level of uncertainty with areas that contain few supporting data points, as is the case with the 

protruding limp of Cu.  

6. Conclusion 

The Gruvberget and Leveäniemi iron deposits are part of a folded system that is related to a set of ductile shear 

zones at the junction of the Karesuando-Arjeplog deformation zone (KADZ) and the Nautanen deformation 

zone (NDZ). The folded nature is seen by the presence of biotite schist on the western side of both mines, a 

fold hinge in the southern end of the Leveäniemi open pit mine, changing foliation directions and small-scale 

folds (incl. chevron folds) along the Kalix River traverse. The area has been affected by three different 

deformations events, as seen with strong S1-foliation that is F2-folded (varying between open and closed folds 

in the area) together with D2-boudinaged intrusions and finally a series of brittle faults can be seen as a result 

of a brittle D3 deformation event.  

The unconstrained implicit modelling of element distributions in the Gruvberget deposit showed a consistent 

distribution of major elements in the host rocks. The andesite contains high concentrations of Al2O3, Na2O, 

TiO2 and SiO2 and low concentrations of MgO and P and the biotite schist contains high/intermediate 

concentrations of Al2O3, K2O, MgO and TiO2 and with a SiO2 content of ultrabasic composition. The iron 

concentrations are located in different layers, following the main structural grain of the S1-foliation. The Cu 

concentrations were found to be wrapping around the Fe-oxides with one protruding limp in an eastern 

direction, suggesting structural overprint during D2-deformation. Furthermore, elevated K-values in a bulge 

of Fe-oxides tentatively suggest a certain degree of local remobilization of Fe during the D2-event.   
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