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Abstract. 3D geological models based on data from 
geological field observations, magnetic airborne surveys 
and combined XRF-XRT scanning of drill core are 
presented for the Lovisa-Håkansboda and the Stråssa-
Blanka mineral systems (1.9 - 1.8 Ga). At first, the 3D 
architecture of several deposits was derived primarily 
from surface data and mine-level maps. Secondly, 
geochemical and structural constrains from drill core 
scanning (XRF-XRT) were used to refine the models 
locally to a detailed, in-mine scale. The constructed 
models were then placed in a regional context providing 
valuable insight on the area’s local and regional 
deformation pattern. All modelled deposits are plunging 
50-60° towards the south-southeast reflecting D2
deformation (vertical shearing) during NW-SE-directed
shortening and are locally overprinted by D3 (lateral
shearing) during N-S-directed shortening.

1 Introduction 

Various sulphide mineralizations of different types (Zn-
Pb-Ag and Cu-Co) occur within short distances in the 
Lovisa-Håkansboda area (4 km2). Despite the long 
mining history in the area and its high potential for several 
critical metals including silver, gold, cobalt, antimony and 
bismuth, knowledge about the mineral system and ore 
genetic models is limited (e.g. Carlon and Bleeker 1988, 
Jansson et al. 2018). Difficulties arise from a high 
complexity in terms of chemistry, mineralogy, textures 
and metal content all varying within short distances. 
Additionally, a strong tectonic overprint mostly blurred 
primary features causing remobilization and secondary 
textures (Sahlström et al. 2019 this volume).  

To resolve the area’s structural complexity, in order to 
better understand the mineral system, an integrated 
approach is necessary and includes combining of various 
datasets. As such, access to in-mine infrastructure and 
drill cores needs to be combined with data from 
geological and geophysical surveys on a near-mine 
scale. In addition, valuable, high resolution geochemical 
and structural datasets can now easily be obtained from 
combined XRF-XRT drill core scanning (X-mine project, 
EU/Horizon 2020).  

In this study, we investigate the structural setting of the 
Lovisa-Håkansboda base metal and Stråssas-Blanka 

iron—oxide mineral systems by integrating new data from 
geological field observations, magnetic surveys, and 
XRF-XRT drillcore scanning. 3D deposit models are then 
constructed for each deposit. The modelled subsurface 
are analysed and evaluated in the light of structural 
control and regional deformation.  

Figure 1. Geological map of the Bergslagen region including the 
outline of the study area. Inset shows the main tectonic domains in 
Norway and Sweden.). 

2 Geological setting 

The Bergslagen mining province is part of the Bergslagen 
lithotectonic unit of the Fennoscandian Shield (Stephens 
and Andersson 2015) (Fig. 1). The unit largely consists of 
syn-orogenic plutonic rocks intruded in a succession 
dominated by felsic metavolcanics rocks, which were 
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deposited in a continental back-arc basin during the 
Svecokarelian orogeny (1.9 – 1.8 Ga) (Stephens and 
Andersson 2015). The metavolcanic succession is 
interbedded by volcanoclastic mass flow deposits, 
limestone, BIFs and sulphide mineralization. Deformation 
was polyphase and metamorphism was low-pressure up 
to amphibolite facies during metamorphic peak 
conditions. Large-scale folding and shearing resulted in 
the formation of inliers of the supracrustal rocks, which 
became bounded by plutonic rocks and shear zones. A 
relatively large inlier in western Bergslagen is the 45 km 
long, NE-trending Guldsmedshyttan syncline, hosting 
many iron-oxide and base metal sulphide deposits along 
strike. The deposits for this study (Lovisa-Håkansboda, 
Stråssa-Blanka) are situated in the northern tip of the 
syncline (e.g. Lundström1983, Jansson et al. 2018). 
 
2.1 The Lovisa Zn-Pb-(Ag) deposit 
 
The Lovisa sulphide deposit on the western fold limb is 
actively mined with a reserve of 675 000 tons ore with 
zinc (9,5%), lead (3,9%) and some silver (Lovisagruvan 
AB annual report 2018). The reserve is proven by 90 drill 
holes 1100 m along strike and down to 425 m and is open 
at depth and to the south.  

The Lovisa deposit is stratiform and consists of two 
steeply dipping horizons (Jansson et al. 2018). A 
laminated, sphalerite-dominated “Sphalerite Ore” (>15% 
Zn) and a horizon of galena-dominated “Main ore” (>40% 
Zn+Pb). The ore layers are separated by a 1 to 3 meters 
wide zone of barren rock (< 1% Zn+Pb). The total 
thickness of the ore layers varies between less than 1 m 
to up to 3 meters. The host rock as well as the 
interbedded layers between the ore layers are rhyolitic 
ash siltstones and chloritic schists. The formation of 
stratiform ore layers is interpreted as syn-genetically in a 
vent-distal, seafloor exhalative setting (Jansson et al. 
2018). Subsequently the ore layers and the surrounding 
rocks became metamorphosed to upper amphibolite 
facies and ductile and brittle deformed resulting in post-
genetic ore textures (e.g. metablastic growth, shearing 
and folding, mineral intergrowth) and remobilization 
(Sahlström et al. 2019 this volume). 
 
2.2 The Håkansboda (Cu-Co-As-Bi-Au) deposit 
 
The Håkansboda deposit is hosted by massive 
limestones with interbeds of calc-silicate rocks and 
rhyolitic ash siltstone and is interpreted to occur on the 
eastern fold limb and stratigraphically below the stratiform 
Lovisa deposit (Lundström, 1983; Carlon & Bleeker 
1988). Mineralization is known for 850 m along strike and 
to a depth of 600 m but is open at depth and to the south. 
The indicated reserve is 629.000 tons of 1,4% Cu, 0,4 g/t 
Au and 14,3 g/t Ag (in-situ grades) (Kopparberg Mineral 
AB, 2012). The dominant ore minerals are chalcopyrite, 
cobaltite, glaucodot, arsenopyrite, pyrrhotite, pyrite, 
sphalerite and galena, and accessory bismuth minerals 
(e.g. Magnusson 1973). The ore occurs as massive 
lenses, schlieren or banded mineralisation, disseminated 
sulphides and as breccias. The ore textures indicate post-
genetic deformation and remobilization (Carlon and 

Bleeker 1988). Carlon and Bleeker (1988) suggested that 
the Håkansboda deposit formed in a feeder zone for 
stratiform mineralization in the area (e.g. Lovisa deposit). 
 
2.3 The Stråssa and Blanka (Fe-oxide) deposits 

 
The Stråssa iron-oxide deposit consists mainly of quartz-
magnetite and hematite ores with variable amounts of 
magnetite, hematite and skarn minerals (hornblende, 
diopside, epidote). The iron content varies between 25% 
and 45%. Sulphides (pyrite, chalcopyrite, and pyrrhotite) 
occur only locally within the iron ores at Stråssa, 
however, at Blanka, which is situated at the same 
stratigraphic horizon 1.7 km south of Stråssa, pyrite and 
chalcopyrite are more common and are observed mostly 
in the actinolite skarns (Koark, 1960). In addition, the iron 
ores from Blanka are less stratified than at Stråssa and 
intense deformation of the ore bodies resulted in 
discordant stocks, specularite-schists and large-scale 
mullions plunging 50° to the SE (Bleeker and Carlon 
1988). 

 
 
Figure 2. Deposits and main structural features projected onto the 
magnetic anomaly map based on airborne measurements (100 
meters line spacing at 60 meters ground clearance). 
 
3 Structural framework and 3D modelling  

 
The Guldsmedshyttan syncline is the dominant regional 
structure, which is mostly NE-SW trending, steeply 
inclined, isoclinal and doubly plunging and locally 
overturned. In the Lovias-Håkansboda mining area the 
syncline is refolded along its northern tip (hook-shape) 
and is dismembered by predominantly NE to N trending 
shear zones and faults (Fig. 2). The syncline’s western 
fold limb comprises besides the relatively low magnetic 
metavolcanics rocks and carbonates, highly magnetic 
quartz banded iron formations and iron skarn horizons. 
These iron ore bearing layers stand out on the magnetic 
anomaly map and are often well traceable over long 
distances. Due to the high resolution of a recent airborne 
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magnetic survey (100 meters flight line spacing at 60 
meters ground clearance) a complex folding pattern has 
been identified (Fig. 2). Additional field observations (e.g. 
structural measurements and strain indicators in outcrops 
and thin-sections) reveal that a large number of 
macroscopic folds are doubly plunging (locally even 
sheet folds) and fold a pre-exiting penetrative foliation 
(S1). The F2 folds are sheared and boudinaged vertically 
as well as elongated in an NE-SW direction parallel to the 
main trend of the Guldsmedshyttan syncline. The limbs 
are locally refolded (F3) by open to isoclinal S- or Z- folds 
along steeply to moderately south to southeast plunging 
fold axes. In terms of tectonic events, the overprint 
between F2 and F3 folding may be explained by a stage 
of reverse-shearing and vertical extrusion during D2 
(NW-SE directed shortening) followed up by a wrenching 
phase (D3) of predominantly sub-horizontal shearing in 
both a sinistral and dextral sense during regional N-S 
directed shortening.  
  

 
Figure 3. 3D outline of the modelled deposits at the north tip of the 
Guldsmedshyttan syncline. The dashed line refers to the map trace 
of the refolded syncline’s axial plane. Stereogram in the lower right 
combines field measurements in the area with the average plunge 
of the deposits.   
 
3.1 Construction and interpretation of the 3D ore 

deposit models  
 
The 3D ore deposit models are primarily based on 
geological surface maps, structural measurements and 
mine maps from the active mining period (Fig. 3). 
Additionally, available drill core logs have been used 
mainly to test the models at depth.  

The models reveal a distinctive outline for each deposit 
(Fig. 3). The Stråssa main iron orebody is strongly folded 
and tightens at depth plunging 45° to the southeast. At 
Blanka the ore bodies are located on separate fold limbs 
at shallow levels and merge downwards into a single ore 
body. Modelling of the Håkansboda ore shows several 
rod-shaped ore bodies that plunge moderately to steeply 
to the south-east. The Lovisa Zn-Pb-Ag ore body is 
tabular with a rather constant thickness of a few meters. 
The layer is gently folded around a fold axis plunging 50° 
to the south east (Fig. 3).  

Despite the variation of the obtained geometries 
among the deposits, a typical feature of all deposits is 
their plunge of 45° to 60° towards the south-southeast. A 

similar structural trend is shown by the measured fold-
axes and stretching lineations in the adjacent bedrock 
within the study area (Fig. 3). Steeply plunging, rod-
shape geometries have been reported for several 
sulphide and iron-oxide ore deposits in the Bergslagen 
lithotectonic unit. (e.g. Kampmann et al. 2016). In line 
with Kampmann et al. (2016) we suggest that D2 
deformation of predominantly reverse shearing may have 
produced doubling plunging folds and cone to rod shaped 
ore bodies in a single deformation phase. Subsequently, 
strike-slip and horizontal shearing during D3 caused 
locally refolding and thickening of low-viscosity zones, 
such as carbonate and ore bearing layers. 

 
3.2 Using XRF-XRT drill core scanning to refine 

3D deposit models 
 
Additional constraints to the Lovisa (Zn-Pb-Ag) 3D 
deposit model were obtained from drill core scanning 
data combining XRF-XRT (Orexplore, in press). This 
innovative scanning technology was developed by the 
company Orexplore and detects both the rocks 
geochemical signature as well as its internal textures, 
structures and density through X-Ray Fluorescence 
(XRF) measurements and high-resolution 3D 
tomography from X-Ray Transmission (XRT). By 
modelling the material using minerals as building blocks 
and performing stoichiometry calculations, an 
assessment of the plausible mineral compositions can be 
made, as well as providing inferred values for non-
measured elements. The development of a workflow 
integrating this advanced technology into exploration, 
including 3D geomodelling, is one of the two focus areas 
of the X-mine project, EU / Horizon 2020.  

The real-time workflow (Fig. 4) starts in-mine where 
scanning can be performed at a speed in line with drilling 
and the preferred resolution. The obtained chemical, 
structural and textural data can then be analyzed, 
interpreted and exported into formats suitable for 3D 
geological modelling (Leapfrog, Move, Gocad etc.). After 
well correlation a detailed 3D model can be constructed 
serving as input for new targeting.   
In the Lovisa mine, XRF-XRT scanning of drill core 
allowed for a more precise distinction between barren 
rock and the laminated zinc ore occurring within layers of 
typically less than a meter thick (Fig. 4).  
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4 Conclusions 
 
The structural setting of the Lovisa-Håkansboda and the 
Stråssa-Blanka mineral system has been investigated 
utilizing geological field observations, magnetic airborne 
surveys and combined XRF-XRT scanning of drill core.  
The 3D structure of the ore deposits was extracted from 
mine-level maps and was then refined using high-
resolution geochemical- and structural constraints 
derived from drill core scanning. In a regional context, the 
modelling results reveal a strong imprint of D2 (vertical 
shearing) and D3 (lateral shearing) on the 3D architecture 
of all the deposits in the studied area.   
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Figure 4. Real-time workflow integrating combined XRF-XRT scanning of drill core with 3D geomodelling of ore-deposits. In-mine 
scanning is performed directly after drilling (upper left), visualization and analysis of the obtained geochemical (XRF) and structural 
(tomography) data in the software Orexplore Insight (lower left), export of data and interpretations into 3D geomodelling applications 
allow then for accurate correlation (upper right) and the creation of 3D surfaces and property grids (lower right).   


