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Abstract 

 

The Bellviksberg deposit in the Dorotea area is part of the sandstone-hosted lead-zinc 

deposits occurring all along the eastern front of the Scandinavian Caledonides in Precambrian 

to Lower Cambrian sandstone deposited uncomformably on the deeply eroded Precambrian 

basement (Laisvall, Vassbo, etc). The Bellviksberg deposit occurs in the Ström Quartzitic 

Nappe that shows décollement structure and thrusting directly over the Alum Shales 

formation of the Autochthon.  

The goal of this thesis is to give a reinterpretation of the Bellviksberg deposit on a 

geological and genetic point of view. It also aims to give guidelines for the exploration of the 

Bellviksberg deposit and the Dorotea area in general. Thus, most of the cores of the deposit 

have been logged. Thin and polished-sections were made to help the interpretation work. 

Within this nappe two lithologies have been identified which names are introduced here: 

the Varangerian Tillite and the Lower Cambrian Sandstone. The Varangerian Tillite is 

characterised by an overall greenish colour due to clay minerals coating quartz grains. It is 

composed of interbedded quartzitic sandstones and conglomerates with well-rounded quartz 

grains. Other minerals such as feldspar, epidotes and muscovite constitute only 1-2% of the 

mineralogical assemblage. This formation is interpreted as being of glacio-fluvial origin from 

a reworked sediment. The Lower Cambrian Sandstone overlaying the Varangerian Tillite 

hosts the mineralization. It is composed of interbedded fine and coarse grained quartzitic 

sandstone. The coarser grained units are poorly sorted, less compacted than the fine grained 

units and contain preferably organic matter with associated pyrite. Graphite-rich sandstone 

and siltstone members can be present within the Lower Cambrian Sandstone Formation. This 

formation is interpreted as being from deltaic origin dominated by fluvial action. The nappe 

hosting the Bellviksberg mineralization is composed of many thrust sheet stacked on each 

other with inverse faults striking -20°N to 0°N and small scale folds. 

A preliminary resource estimation results in 1.66 Mt of 5.35% Pb, 0.23% Zn and 21g/t 

Ag. The main part of the mineralization, galena-dominated, occurs in the less tectonically 

disturbed part of the Bellviksberg area and mostly in the coarser grained units that are usually 

richer in organic matter and less compacted. The host-rock is then thought to have been the 

main source of sulphurs that fixed metals carried by basinal brines transported during the 

Scandian Event of the Caledonian orogeny. Redox or pH controls for the precipitation of 

metals are suggested although a redox control is slightly favoured. 
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1 INTRODUCTION 

1.1 General Settings 
The Dorotea area is situated in the south-

western part of the Västerbotten County in 

northern Sweden. The area, mostly lies on the 

Dorotea commune on an approximately 50 km-

long zone along the Scandinavian Caledonian 

front oriented NNE-SSE.  

From the late 30’s, several small deposits 

have been identified by boulder tracing in the 

area. They consist of sandstone-hosted 

disseminated Pb mineralizations, accessory Zn 

and small quantities of Ag. The main ones are 

Bellviksberg, on which the present thesis focuses 

on, Lövstrand, Ormsjö and Granberget (Erreur ! 

Source du renvoi introuvable.). The 

Bellviksberg deposit is situated 7 km NW of the 

village of Bellvik on the Lomtjärnberget hill. 

 

Figure 1. Location of the main sandstone-hosted 
deposits in the Dorotea area. 

 

They are part of the several hundreds of 

the known Pb-Zn deposits occurring in Late 

Vendian and Cambro-Ordovician sediments 

outcropping along the 2000 km of the present 

thrust front of the Caledonides (Figure 2) (Grip, 

1978; Christofferson, et al. 1979; Rickard et al., 

1979; Bjørlykke and Sangster, 1981; Romer, 

1992; Grenne et al., 1999). They were mostly 

identified during the extensive boulder tracing 

exploration program along the Caledonian front 

that took place during the 30’s. Among the three 

major areas, mineralization at Laisvall and 

Vassbo occurs in the autochthonous sandstone 

resting uncomformably on the Precambrian 

crystalline basement while the mineralization at 

Dorotea is located in the Ström Quartzite Nappe,  

part of the Lower Allochthon (Rickard et al., 

1979). 

 

Figure 2. Distribution of the major occurrences of Pb-
Zn mineralization along the eastern border zone of the 
Scandinavian Caledonides (modified after Rickard et 
al., 1979). 
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Soon after the discovery of the deposit, the 

Laisvall mine was opened in 1942 by Boliden 

Mineral AB. It remained Europe’s largest Pb 

producer until its closure in 2001. During that 

period, it produced 64 million tons of 4.6% 

combined Pb and Zn and 9g/t Ag (Willdén, 

2004). Boliden Mineral AB started mining in the 

Vassbo area (Vassbo and Guttusjö) in 1960 and 

finished it in 1988. A total of 7.5 million tons at 

4.9% combined Pb and Zn and 18g/t Ag was 

mined (Christofferson et al., 1979). Both 

deposits are Pb dominated with grades 

suggesting a Zn/Pb ratio of 1/8 or lower. 

No mining activity has started in the 

Dorotea area as mineralizations are still 

considered as subeconomic. Indeed exploration 

carried out by Boliden Mineral AB in the 

Dorotea area concluded to contain more than 10 

million tons of 2.4% Pb (no Zn) for Lövstrand 

and more than 1 million tons of 5.3% Pb/Zn and 

21g/t Ag for Bellviksberg (Grip, 1978).  

1.2 Purposes and conditions of 
the present study 
The present study proposes a 

reinterpretation of the Bellviksberg deposit from 

the geological and genetic points of view. It is 

based on core logging, thin and polished section 

studies and former works related to sandstone 

Pb-Zn deposits mostly in Scandinavia.  

For this purpose, all available cores from 

the central part of the deposit have been 

remapped. It amounts to about 1900 m of drill 

core including 81 boreholes of which 15 were 

only partially available. They are relatively 

shallow drill holes averaging 23 m length of 

which some stop inside the mineralization or 

inside the ore equivalent horizon. All cores were 

drilled by Boliden Mineral AB during the first 

exploration campaigns in the 40’s and in the 

60’s. Most of them are quite crushed with a 

standard core recovery (or storage) averaging 

only 60%. For this reason, sedimentary 

structures and tectonic features were rarely 

observed and mostly inferred. 

Thirteen thin sections were made from the 

main rock-types and analysed to guide or 

confirm the interpretation work. Sulfides textures 

were analysed in three polished sections. Metal 

grade data of the Bellviksberg deposit were 

provided by Boliden Mineral AB and were all 

assayed between the 40’s and the 60’s. 

This thesis focuses on the geology and the 

mineralization of the Bellviksberg deposit. A 

geological model has been built with twelve 

cross sections across the deposit. It is completed 

by a geological and structural map of the area. A 

particular attention has been put on 

understanding the paleoenvironment at the time 

of the sedimentation and the control of the 

mineralization. Correlation with the Lövstrand 

deposit allows thinking of a more regional 

reinterpretation of the area.  A rough resources 

estimation of the deposit based on this geological 

model seems quite concordant with previous 

estimations. This study finally aims to give a 

better understanding of sandstone Pb-Zn deposits 

along the Caledonian front and to give clues and 
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guidelines for the exploration of the Bellviksberg 

deposit and more generally of the Dorotea area. 

This thesis has been written parallel to the 

thesis by Sylvain Ayrault (2008) who has been 

studying the Lövstrand deposit. It has made a 

comparison between the two deposits possible, 

to draw correlations between them and to 

propose common hypothesises and conclusions 

regarding the geological history, the 

mineralization and suggestions upon the 

exploration of related deposits on the area.  Thus, 

some chapters of the present paper as well as 

some conclusions are similar with the thesis of 

Ayrault (2008). 

2 AREA OF STUDY AND 
EXPLORATION HISTORY 

2.1 Geomorphology, climate and 
landforms of the Bellviksberg 
area 
The climate in this area is typically 

continental arctic and rather dry. It is 

characterized by a long period, from November 

to February, where the sunlight only last a few 

hours a day. On the contrary, the sun shines 

almost all the day long from May to July. The 

area is entirely covered of snow and ice from late 

November to May. During that period 

temperatures are often under -10°C and can 

reach temperatures as cold as -30°C. During the 

summer temperatures are around 15°C and can 

reach 25°C. 

The landscape has been strongly affected 

by the last Quaternary glaciations periods 

(referred to as Günz, Mindel, Riss and Würm) 

that ended some 18 000 years ago. It is 

composed of deeply eroded mountains typically 

100 to 150 m higher than the valley bottom that 

is located around 400 m.a.s.l.. Valleys are 

typically U-shaped and strike NW-SE due to the 

action of paleo-glaciers. 

The vegetation is mostly composed of 

coniferous and birch trees. Mosses, lichens as 

well as berry bushes are widely present on the 

soil and rocks. Grasses occur in water lead-rich 

bogs on the slope down the Bellviksberg deposit. 

The Bellviksberg prospect is situated on 

the north side of the Lomtjärnberget hill that 

gently dip toward the Djupån river that separates 

the Bellviksberg and Lövstrand areas. Further 

north and east the Ormsjön and Bellvikssjön 

lakes constitute the central parts of the 

hydrological system. The soil cover is composed 

of moraines that are commonly around 2 m thick 

in the area. Few outcrops are available. 

2.2 Exploration history 
Exploration in the Bellviksberg area began 

in 1940 when galena-rich boulders were found 

by Boliden Mineral AB geologists. The next 

year, extensive geophysical campaigns were 

carried out using electrical and gravimetric 

methods resulting in weak anomalies in the area. 

The first drilling operations based on a 40x40 m 

grid had been executed from 1942 to 1947 and 

led to the definition of several mineralized 

bodies (Grip and Håkansson, 1946; Wirstam, 

1947). Electromagnetic measurements that were 
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carried out in 1946 over the mineralized only 

gave indications of the black shale unit 

underlying the sandstone body. The exploration 

in the area had been slowed down at this time 

due to the discovery of the potential of the 

Laisvall deposit.  

The second phase of exploration started 

back in 1965 with unsuccessful drilling around 

the main area. Other drillings few kilometres to 

the west and to the south revealed smaller 

mineralization occurrences (Barkey, 1965). A 

small pit was dug for metallurgical tests. The 

borehole BEA 99 that goes down to the 

basement was drilled at that time. Exploration 

ended up in 1966 with the conclusion of a small 

and well-delimited sub-economic mineralization 

(Barkey, 1966).  

Due to the closure of the Laisvall mine and 

the discovery of Zn rich boulders in the Dorotea 

area, exploration was restarted in 2000. The area 

is today of great interest for Boliden and 

therefore the present thesis was indicated. 

Since exploration began in Bellviksberg, 

147 boreholes have been drilled toting up to 

5000 m of core. Some drill cores are no more 

available today, but the majority is stored at 

Boliden and at SGU (Sveriges Geologiska 

Undersökning, Swedish Geological Survey), 

Malå. 

 

 

 

3 GEOLOGICAL CONTEXT 
(Chapter in common with Ayrault, 2008) 

3.1 The Scandinavian Caledonides 
The Caledonide Orogen is preserved today 

on both sides of the North Atlantic Ocean. It is 

currently exposed along Maritime Canada, along 

the eastern side of Greenland, in the main part of 

the British islands, along the whole western side 

of Scandinavia and continues northward into the 

Barents Shelf and Svalbard islands (Figure 3). It 

resulted in the closing of the Iapetus Ocean and 

the collision of the two continents Laurentia and 

Baltica that existed from the early Ordovician to 

early Devonian times. The orogen is thought to 

have undergone nappe displacement of several 

hundreds of kilometres and a shortening in the 

order of magnitude of c. 1000 km, which make it 

comparable to similar modern orogens such as 

the Himalaya or the Alps (Roberts, 2003; Gee et 

al., 2008).  

This section focuses on the history of the 

Scandinavian Caledonides. It is a summary of 

Gee et al. (2008) that gives the main framework 

about the orogen, Torsvik et al. (1996) which 

focuses on palaeogeographic reconstruction 

concerning Baltica and Laurentia in a more 

general context, Stephens et al. (1985) that 

provides a tectonostratigraphic overview of the 

central-north Scandinavian Caledonides and 

Roberts (2002) who gives the timing of the 

orogenic events that compose the Caledonian 

Orogeny. 
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Figure 3. Outline of the North Atlantic Caledonides and 
relationship between Laurentia and Baltica (from Gee 
et al., 2008). 

3.1.1 Continental break-up of Rodinia 
and opening of the Iapetus 
Ocean 

The Rodinia supercontinent (Figure 4) is 

thought to have been formed in early 

Neoproterozoic times (c. 1100 Ma) by accretion 

of many small plates. It stayed remarkably stable 

during some 500 Ma until its diachronous break-

up during the late Neoproterozoic. The crustal 

rupture started at c. 750-725 Ma with the East 

Gondwana (Australia-Antarctica) rifting off from 

Laurentia (Figure 4).  

During Vendian times (c. 650 Ma), Baltica 

and Laurentia drifted south, positioning Baltica 

near the South Pole. It resulted in the deposition 

of glaciogenic sediments (know as the Vendian 

or Varangerian tillites) on the deeply eroded 

Precambrian basement on many parts of Baltica 

and on the southern margin of Laurentia 

(Greenland) while the central part of Laurentia 

was still at temperate latitudes. 

The opening of the Iapetus Ocean is 

thought to have occurred around 600-580 Ma 

(Late Vendian), then initiating the differential 

drifts of Baltica and Laurentia. The Cambrian 

was marked by a global rise of the sea level. 

During the early Ordovician (c. 490 Ma) 

Laurentia was at equatorial latitude while Baltica 

was at intermediate latitude with a probable 

width of 3000 km for the Iapetus Ocean between 

the two continents. However, the rotation of 

Baltica positioned its active Caledonian margin 

in front of Siberia with about 1000 km of 

oceanic separation (Figure 5 a). 

 

Figure 4. The Rodinia supercontinent at 750 Ma and the 
position of its later rift margins causing its breaking-up 
(from Torsvik et al., 1996). 
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Figure 5. Simplified palaeomagnetic reconstructions from early Ordovician to late Silurian with emphasis on the 
gradually changing positions and interactions between Baltica, Siberia and Avalonia during the closure of the Iapetus 
Ocean and the first stage of the Caledonian orogeny (from Roberts, 2003) 

 

Figure 6. Schematic profile illustrating the major Scandian, Baltica-Laurentia collisional event at c. 420-400 Ma with 
subduction of the Baltican margin and napping of the volcanosedimentary assemblage of the orogenic wedge. Upm.A., 
U.A., M.A., L.A.: Uppermost, Upper, Medium and Lower Allochthons (from Roberts, 2003) 
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Figure 7. Simplified geological map of the Scandinavian Caledonides (from Gee et al., 2008) 
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3.1.2 Closing of the Iapetus Ocean 
and collision of Baltica and 
Laurentia 

The closure of the Iapetus Ocean (Figure 5 

b and c) is considered to have started with the 

closure of the Tornquist Sea by the Late 

Ordovician, resulting in the collision between 

Baltica and Avalonia. Several events marked the 

progressive closure of Iapetus. They consist of 

accretion of island arcs along the Baltic and 

Laurentian margins and initiate the 

metamorphism and the thrusting of the 

Caledonian terrains (Finnmarkian event, 

Trondheim event and Taconian event). Laurentia 

and Baltica finally collided obliquely (starting in 

southern Norway, Figure 5 d) at c. 425 Ma, 

causing the Scandian event with the subduction 

of Baltica and the crustal thickening of the 

Caledonian Belt (Figure 6). This major event 

involved all the principal allochthonous units 

including those already implicated in the former 

events 

3.1.3 Orogenic collapse and 
extension 

Slightly before 400 Ma the Caledonian 

Orogen underwent an extensional deformation 

partly due to gravitational collapse. It resulted in 

W- to NW-directed translation with low-angle 

fault zones transecting the Caledonian crust, 

general crustal thinning and Devonian 

intramontane basins filled with coarse 

siliciclastic sediments. 

3.1.4 Geology of the Scandinavian 
Caledonides 

The events previously summarised are seen 

today as a complex orogen comprising 

innumerable thrust sheets consisting of Early 

Palaeozoic rocks of various origins and 

metamorphic grades. On the basis of these 

characteristics, Caledonian terrains are 

commonly divided into Autochthon and Lower, 

Middle, Upper and Uppermost Allochthons 

(Figure 7) that may have been transported 

through several hundreds of kilometres. 

 The Autochthon/Parautochthon is 

composed of Vendian to early Ordovician 

mainly siliciclastic sediments resting 

uncomformably on the deeply eroded 

Precambrian basement.  It begins with the 

Varangerian arkoses and is followed by 

sandstone units capped by Lower-Middle 

Cambrian shales and siltstones. Some minor 

carbonate units can occur in the top or the base 

of the shale/siltstone unit. The thickness of the 

Autochthon may vary from a few tens of meters 

to up to 200 m and is observable along almost all 

the Caledonian front. The sequence is usually 

quite undisturbed despite it can be cut by 

lowermost thrusts affecting the basement. 

The Lower Allochthon is a complex of 

thrust nappes composed of the autochthonous 

sedimentary rocks, some Ordovician shales and 

some parts of the basement. It has been 

tectonically disturbed and overrides the 

Autochthon using the shale unit as gliding plan. 

It locally underwent a low-grade metamorphism. 
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This nappe complex is reported to have been 

transported several tens of kilometres (maximum 

150 km) but is almost not present on the northern 

part of the mountain chain. It includes the Ström 

Quartzite Nappe in which the Bellviksberg 

deposit is situated. 

The Middle Allochthon is composed of 

metasediments deposited on the Baltoscandian 

outer margin (mainly siliciclastic) and crystalline 

nappes (gneisses, amphibolites) that show a 

medium- to high-grade metamorphism (up to 

eclogite facies).  

The Upper Allochthon includes two nappe 

units known as the Seve and Köli nappes. The 

Seve nappe comprises a succession of turbidites, 

black phyllites and basic to acid volcanic rocks 

ranging from Ordovician to Lower Silurian 

terrains formed in the Iapetus ocean. The 

formation shows medium- to high-grade 

metamorphism and evidences of retrograde 

metamorphism are often present. The Köli nappe 

complex is mainly composed of fossil-bearing 

metasediments and metavolcanites providing 

evidences of arc complexes derived from the 

Baltica margin. The metamorphism varies from 

low-grade in the lower unit to high-grade in the 

upper Köli nappe. 

The Uppermost Allochthon, having 

Laurentian affinities, represents the most exotic 

part of the Scandinavian Caledonides. It is 

composed of amphibolite facies gneisses and 

marble-schist complexes that were part of the 

Laurentian margin.  

The whole sequence is locally crosscut by 

extensional shear zone faults resulting from the 

orogenic collapse of the Caledonides at c. 400 

Ma. 

3.2 The Tåsjön décollement 
Evidences of décollement structures are 

widely present all along the Caledonian front 

zone, in deeply eroded valleys and windows in 

the middle of the orogen. The Tåsjön 

décollement refers to the décollement structure 

observed in the Tåsjön-Ormsjön area (part of the 

Dorotea area) where tectonic units  (the Ström 

Quartzite Nappe, Lower Allochthon) override on 

the autochthonous sequence without evidence of 

rooting of the sole thrust in the crystalline 

basement. Sediments had been deposited in 

fluvial, marginal and shallow marine 

environments in a general eastward transgressive 

sequence. 

This section refers to Gee et al. (1978) who 

studied the Tåsjön-Ormsjön area. It provides a 

geological map of the area and an interpretative 

cross-section through it, which are reproduced 

here in an extended version (Figure 8). 

3.2.1 The Basement  
Based on drill holes going through the 

sedimentary cover to the basement and 

aeromagnetic surveys, Gee et al. (1978) 

concluded on a relatively regular basement 

gently dipping c. 1° WNW with minor variations 

in the order of ten meters above or below this 

average surface. Basement rocks are composed 

of coarse grained granitoides of probable 
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Svecokarelian age (1750-1800 Ma), gneisses and 

gabbros (in the vicinity of Dorotea, and also 

smaller intrusions further to the west). It can 

locally be weathered in the uppermost part and 

shows a progressive boundary with the 

overlaying sedimentary cover.  

3.2.2 The Autochthon 
The Autochthon in the Tåsjön-Ormsjön 

area is composed of what Gee et al. (1978) refers 

to as the Gärdsjön Formation, constituting the 

main part of the Sjoutälven Group in the 

geological map (Figure 8), capped by the Alum 

Shales of the Fjällbränna Formation. In the 

Sjoutälven anticline, the Risbäck Group lies 

under the Gärdsjön Formation directly on the 

basement peneplain.  

 

Figure 8. Slightly modified (by Boliden Mineral AB) geological map of the Dorotea area compiled by Mid-Norden project 
(1996) and interpretative cross-section by Gee et al. (1975). The location of the Bellviksberg area is shown in the red 
square. 
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The Gärdsjön Formation is quite thin in the 

Autochthon (4 to 10 m thick) compared to the 

Allochthon (less than 100 m thick). In the 

lowermost part it is composed of a coarse arkose 

that may be absent on topographic highs of the 

basement. It is overlain by a conglomerate 10 to 

50 cm thick, “consisting of well-rounded pebbles 

of quartz, quartzite, dark grey siltstone, feldspar 

and phosphorite in a framework of quartzitic 

sandstone, often cemented by carbonate” (Gee et 

al., 1978). The grain size gradually decreases 

upward to coarse grained sandstone and siltstone 

interbedded with fine grained sandstone that 

constitute the main part of the unit. The 

Fjällbränna black shales capped the sequence 

with a thickness of c. 50 m cut at the top by the 

sole thrust at the base of the Allochthon. These 

black shales are known in Sweden to be graphite 

and uranium bearing. They are dated here from 

Middle to Upper Cambrian. 

In the Tåsjön-Ormsjön area, the Risbäck 

Group only occurs in the Sjoutälven anticline 

(see Blomsterberget on Figure 8). It’s composed 

of feldspatic sandstone and arkose of late 

Precambrian age. As not being of interest for this 

study, the complex relationships of this group 

with the other units will not be described here. 

3.2.3 The Allochthon 
The allochthonous nappes above the sole 

thrust repeat the Gärdsjön Formation and 

Fjällbränna Formation all over the Tåsjön-

Ormsjön area. In the west the Alum Shales are 

conformably overlain by the Norråker 

greywacke Formation. 

As mentioned before the Gärdsjön 

Formation differs in the Allochthon compared to 

the Autochthon primarily in thickness. Gee et al. 

(1978) suggests a thickness of c. 65 m that may 

increase due to folds and minor thrusting within 

the unit. It differs also in terms of lithology as it 

is dominated here by quartzite and fine grained 

sandstone with basal arkose, feldspatic 

sandstone, and subordinates conglomeratic and 

siltstone layers. 

In establishing the provenance area of the 

eastern part of the Gärdsjön Formation contained 

in nappes (Lövstrand), Gee et al. (1978) 

conclude that it was deposited on the crystalline 

basement a bit west of the Norråker autochthon. 

It suggests then a minimum displacement along 

the sole thrust of c. 40 km.  

4 GEOLOGY OF THE 
BELLVIKSBERG DEPOSIT 

The Bellviksberg deposit occurs in the 

Ström Quartzite Nappe of the Lower Allochthon 

above the sole thrust in the eastern part of the 

Tåsjön-Ormsjön area (red square in Figure 8). 

Re-logging the cores of the Bellviksberg deposit 

has permitted to divide the Gärdsjön Formation 

described in Gee et al. (1978) into two main 

units. However the basal unit might be correlated 

with the Långmarkberg Formation tillite that has 

been described further west overlaying the 

Risbäck group. As no sedimentary structures 

have been observed in cores, comparison with 
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the stratigraphy of the Laisvall deposit described 

by Willdén (1980) greatly helps in interpreting a 

roughly similar depositional environment. The 

structural study revealed that the nappe is 

strongly tectonised and actually composed of 

many thrust units stacked on each other and 

probably small-scale folds. Finally, based on two 

long holes penetrating the basement in 

Bellviksberg and Lövstrand it seems now clear 

that the two deposits do not occur in the same 

nappe, which may have larger scale implications. 

4.1 Stratigraphy 
The stratigraphy as described here only 

takes into account the upper nappe constituting 

the Bellviksberg deposit above the sole thrust. In 

the Bellviksberg area, it only represents the 

Sjoutälven Group deposited on the crystalline 

Precambrian basement as the overlaying 

Fjällbränna Formation (Alum Shales) has been 

eroded (probably together with the upper part of 

the Sjoutälven Group). In addition, due to the 

long way transport on the thrust (more than 40 

km) and the uncertain position of the 

décollement surface above the basement, the 

lower part of the Sjoutälven Group, previously in 

contact with the basement, cannot be observed at 

Bellviksberg. 

The Bellviksberg geology is dominated by 

two siliciclastic units that are described below. In 

this paper names for these two units are 

introduced to facilitate the reading of this thesis, 

but further works would probably be necessary 

to formally validate these stratigraphic units. A 

stratigraphic column based on drill core 

observations is presented in Figure 9. 

In a general way, monocrystalline quartz 

grains, contained in these units, as well as the 

microcrystalline quartz grains, that are 

interpreted as resulting from silicification, show 

undulatory extinction. It might prove that the 

sandstone body had undergone high pressure 

metamorphism, probably due to tectonic forces 

and more likely to burial metamorphism related 

to the weight of the upper terrains now eroded. 

 

Figure 9. Synthetic stratigraphy of the Bellviksberg 
area 

4.1.1 The Varangerian Tillite 
This unit is characterized by a pale to dark 

green colour. This colour is due to green clay 

minerals that range from being locally almost 

massive to at least coating the quartz grains. 

Within this unit, two main interbedded 
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lithologies may be distinguished: argillitic 

quartzitic sandstone and conglomerate. Taking 

into account the tectonism of the area (thrust and 

folds), the observed thickness of the unit varies 

from 10 to 25 metres. 

The grain size in the argillitic sandstone 

varies from very fine to coarse, and grains are 

commonly poorly sorted. The finer grained 

sections may range in colours from intense green 

to almost white. That difference is, of course, 

mostly due to variation of the clay content of 

these sandstones. In addition, microscopic 

investigation has demonstrated that whiter 

sandstones are more strongly compacted with 

very local silicifications. Quartz grains seem to 

be more matures (rounded) in clay-rich sections 

but are commonly little to fairly angular. The 

coarser grained sections are commonly light 

green but can be quite rich in black clay minerals 

bearing euhedral pyrite. Calcitic cement locally 

represents an important part of the matrix. 

Conglomerates are quite similar to the 

former coarse grained poorly sorted sandstone 

but contain in addition sub-rounded to rounded 

millimetric to centimetric quartz cobbles. They 

are usually quite rich in green clay minerals and 

always contain a bit of euhedral pyrite often 

associated with black clay minerals. 

Invariably, the unit also contains very 

altered plagioclase, oligoclase and microcline 

than seems to be replaced by clay minerals 

(Figure 10). Primary crystals of epidote (Figure 

11) are also presented alone or associated with 

quartz grains. The rock also contains many 

muscovites and cryptocrystalline epidotes 

probably resulting from the alteration of 

plagioclases. These additional minerals 

constitute 1 or 2% of the mineralogy. Black clay 

minerals (mainly in conglomerates) have not 

been clearly observed in thin section (opaque). In 

addition, it is clear that the pyrite crystals are 

closely associated with black clay minerals. It 

suggests that these clay minerals may be derived 

from organic matter and that pyrite had thus been 

diagenetically formed. 

Although the only way to identify this 

green clay assemblage would be XRD analyses, 

we point up hereby some suggestions. The thin 

section analyses show that the clay assemblage is 

composed of fibrous, often undistinguishable 

crystals. They are transparent to very slightly 

green with plane-polarized light and show 2nd to 

3rd order colours with polarized light. 

Montmorillonite, illite and talc could then be 

good candidates. Ongoing geochemical analysis 

(not received before the publication of this work) 

would possibly help to determine which clay 

minerals are present here. 

Conglomeratic sections often show an 

erosive lower contact and gradually change in 

argillitic sandstone. Correlations of 

conglomeratic and argillitic sandstone sections 

between drill holes are not clear. Indeed the 

intercalation of these sections may strongly vary 

from hole to hole. It suggests that the assemblage 

might be made up of numerous erosive lenses 

and/or channel of conglomerate evolving to 

argillitic sandstone. 
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Figure 10. Feldspar crystals (oligoclase) being altered 
into clay minerals in the Varangerian Tillite 
(transmitted polarized light). 

 

Figure 11. Primary epidote crystals included in quartz 
(centre) and being part of the matrix (left and bottom 
right) in the Varangerian Tillite (transmitted polarized 
light). 

4.1.2 The Lower Cambrian Sandstone 
This unit, hosting the galena 

mineralization, is dominated by a pale grey 

massive sandstone. It overlies the Varangerian 

Tillite with a general abrupt or slightly gradual 

contact (a few centimetres). The maximum 

preserved thickness of this Lower Cambrian 

Sandstone is about 30 m in the studied area. 

Two main lithologies can be identified 

within this unit: the fine and the coarse grained 

quartzitic sandstone. The fine grained sandstone 

is usually intermediately sorted while the coarse 

grain is poorly sorted with grain size ranging 

from fine to very coarse (millimetre). The 

sandstone is, as a whole, well compacted and 

grains may show interpenetrative contacts. For 

the latter reason it is quite difficult to determine 

the maturity level of the quartz grains although it 

seems that they range from sub-rounded to 

rounded in the less compacted sections. In 

addition of compaction, silicification can locally 

be observed. Calcitic cement often occurs and 

seems related to the mineralization.  

The quartz-dominated assemblage is 

completed by cryptocrystalline epidotes (Figure 

12) probably resulting from alteration of 

plagioclases although no plagioclase has been 

observed in this unit. Some muscovite is also 

present. These two additional minerals represent 

less than 1% of the total assemblage. 

 

Figure 12. Cryptocrystalline epidote crystals between 
quartz grains in the Lower Cambrian Sandstone 
probably resulting from plagioclases alteration 
(transmitted  plane-polarized light). 
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Disseminated euhedral pyrite occurs all 

over the unit associated with black clay mineral 

(that give the pale-grey colour to the sandstone) 

although it is mostly present in coarser poorly 

sorted zones. The black clay minerals also 

constitute opaques in thin-sections and are either 

filling fractures or porous space. As for the 

Varangerian Tillite this pyrite is interpreted as 

being diagenetically derived from organic matter 

maturation. 

It has also been noticed that finer grained 

units are often better compacted, more silicified 

and clay/organic matter depleted (probably due 

to a better sorting). 

The coarse grained sandstone usually 

shows erosive or at least abrupt contact and 

gradually evolved to finer grained portions. Here 

again, correlation of fine and coarse grained beds 

between drill holes seems to be complex as the 

grain size abruptly change from hole to hole. 

However, throughout the area the sequence 

seems to be fining upward. 

A third, minor but remarkable, lithology 

may locally occur within the Lower Cambrian 

Sandstone. It is composed of graphite-rich fine 

grained sandstone to siltstone. As a result, this 

member is black and very soft. Light red 

sandstone laminaes often occur as tectonised 

within this member.  It is usually very rich in 

calcitic cement and calcite veins. In the 

Bellviksberg area it is sporadically present at 

different stratigraphic levels within the Lower 

Cambrian Sandstone. 

4.1.3 The Alum Shales (Fjällbränna 
Formation) 

In Bellviksberg’s cores, only the very 

tectonised top part of the Fjällbränna Formation 

has been observed. It is mainly composed of 

graphite-rich black shales interbedded with 

calcitic fine-grained, well rounded sand or 

siltstone beds cemented with graphite-rich black 

clay minerals. Calcite veins are widely present in 

that formation. Locally it contains semi-massive 

pyrite. Since it has been used as a gliding layer 

for the upper Bellviksberg nappe, the top of the 

formation is very disturbed and contains many 

fragments ripped up from the Varangerian 

Tillites.  

4.1.4 Comparison with the Laisvall 
Group 

Among the well-studied deposits of the 

Caledonian front the Laisvall deposit shows most 

similarities with the Dorotea area at least in 

terms of stratigraphy. The Laisvall deposit 

occurs in the autochthon some 200 km north of 

the Dorotea area. Willdén (1980) proposes a 

detailed stratigraphy of the Laisvall area based 

on drill cores and exposures that were observable 

in the mine. He divides the Laisvall Group into 

three main units (Figure 13), from bottom to top: 

the Ackerselet Formation, the Såvvovare 

Formation and the Grammajukku Formation. 

The Ackerselet Formation is described as a 

sequence of feldspatic sandstone and 

conglomeratic layers that has a thickness of 7-9 

m resting directly on the Precambrian crystalline 

basement.  The sandstone is described as muddy 
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with an overall green colour and greyish to 

brownish variations. The sorting is generally 

very poor ranging from silt grain size to 

boulders. Locally sandstone beds are almost free 

from matrix and entirely cemented. Willdén 

(1980) also describes soft-sediment deformations 

within this formation. The mineralogic 

assemblage is dominated by quartz and feldspar 

(microcline and plagioclase) thus the formation 

can be classified as an arkose. Minor tourmaline, 

zircon, biotite and rutile also occur. 

The description of the Ackerselet 

Formation made by Willdén (1980) shows many 

similarities with the Varangerian Tillite in 

Bellviksberg. Indeed apart from minor 

mineralogical variations, inherited from the 

protolithe, the similarities suggest that the 

Bellviksberg unit might be a slightly more 

evolved (less feldspar) equivalent of the 

Ackerselet Formation. It then implies a Vendian  

(late Precambrian) age for the former unit. 

 

Figure 13. Stratigraphy of the Autochthon in the 
Laisvall area (from Willdén, 1980). 

At Laisvall, the Såvvovare Formation 

conformably overlays the Ackerselet Formation. 

Willdén (1980) divides the formation into six 

distinct members. For a detailed description the 

reader is referred to Willdén (1980). In a general 

way the formation consists in well-sorted and 

rounded sandstone locally interbedded with shale 

layers, flasers or laminae. Shale and siltstone 

members also occur at the base of the formation 

and in the Maiva part of the Laisvall area. 

Sedimentary structures in the sandstone 

members are dominated by cross-stratification 

while it is mostly composed of parallel laminae 

or climbing ripples in the silty units. These 

structures are usually underlined by clay-rich 

laminae. The sandstone varies from being white 

and pure to dark-grey and clayed thorough the 

area. Only the upper members contain organic 

matter with associated disseminated pyrite. 

This description points at many differences 

between the Såvvovare Formation and the Lower 

Cambrian Sandstone. It clearly indicates that 

although they were certainly deposited at the 

same time, they may not be genetically related. 

The Lower Cambrian Sandstone is thus most 

likely dated late Precambrian to Lower Cambrian 

in age like the Såvvovare Formation in Laisvall 

(Moczydlowska et al., 2001). 

4.2 Depositional environment 

4.2.1 The Varangerian Tillite 
The Varangerian Tillite is interpreted as 

being of glaciofluvial origin for the following 

reasons.  

The formation is very poorly sorted which 

is best explained by mass flows that are not able 

to sort grains. As the basement in the area is 
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believed to be quite flat and regular, these mass 

flows may only be derived from glacier 

movements. The irregular relationships between 

the two different lithologies suggest also a 

sedimentation of variable nature between the 

argillitic sandstones and the conglomerates. In 

addition the quartz-dominated mineralogy of the 

formation indicates weathering of other minerals 

at least at some stage. No polymictic grains were 

observed and quartz is almost always 

monocrystalline and rounded, indicating that the 

sediment had reached a certain degree of 

maturity before deposition. The sporadic 

presence of organic matter should be due to a 

paleoenvironment free of ice at least during a 

part of the year. 

The general poorly sorting could be 

resulting from an ice transport and the apparent 

maturity of grains associated with rare organic 

matter that cannot directly be derived from a 

primary ice transport are in conflict. Willdén 

(1980) facing the same problem in Laisvall 

suggested that the material could have been 

reworked from pre-existing sediments by glacial 

activity. Considering that hypothesis, the 

conglomerates would have been deposited by the 

glacier itself while the argillitic sandstone would 

be related to water flows at the basis of it. The 

maturity of the sediments that reached slightly 

higher level than in Laisvall (less feldspar), 

would then be related to a previous period of 

sedimentation. By correlation with Laisvall and 

other tillite occurrences in the Caledonides, this 

formation is most likely to be of Vendian age. At 

this time Baltica was in the vicinity of the South 

Pole and the continent was affected by the 

Varangerian period of glaciation.  

On the basis of the previous interpretation 

it is suggested that the Varangerian Tillite may 

thus constitute an eastern equivalent of the 

Långmarkberg Formation tillite that overlies the 

Risbäck group in the west of the area (Gee and 

al., 1978). 

4.2.2 The Lower Cambrian Sandstone 
This massive sandstone body, locally 

graphite-rich, is interpreted as resulting from 

coastal deposition probably in a delta front 

dominated by fluvial action (Figure 14). 

The unit displays the same features all over 

the Dorotea area (≈1000 km2) with very minor 

and local variations (Ayrault, 2008; Gee et al., 

1978 and pers. com. of Boliden Mineral AB 

geologists in charge of the Dorotea area). Similar 

features have been shown by Gee et al. (1978) 

within the Autochthon. Such large-scale 

similarities are best explained by a marine or 

nearly marine environment. In addition no 

lithological evidences of channel deposit were 

seen in cores (conglomerate at the basis of 

channels, extensive flood plains, crevasse splays 

etc), which also favour a coastal/marine 

environment. It has been mentioned above that 

the sandstone is mature, which may result from a 

long transport of material before deposition. 

However, the sorting is not very good and the 

organic matter is widely spread within the 

sandstone body, which might indicates a low 
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tidal influence that would result in a better 

sorting and probably a lower clay content. Such 

observations are compatible with a deltaic 

environment where the sandstone body can be 

interpreted as part of the distributary mouth bar 

and the graphite-rich bodies may be parts of the 

delta front lithology or of subaqueous levees 

(Figure 14). In such a case the dark siltstone-

dominated autochthon that also contains 

phosphorite, could be interpreted as being part of 

the delta plain. 

 

Figure 14. Hypothetical deltaic depositional 
environment for the Lower Cambrian sandstones and 
siltstones in the Allochthon and the Autochthon in the 
Dorotea area. 

Since it is of potential importance for the 

control of the mineralization (as shown in 

Laisvall and Vassbo, see §5) possible channel or 

large-scale sedimentary patterns have been 

looked for. 

Method  

So as to avoid artefacts due to unit 

displacement by thrusting, only the less 

tectonised part of the area has been considered 

for this study. It is assumed that the border 

between the Varangerian Tillite and the Lower 

Cambrian Sandstone was plane at the time of the 

deposition of the latter, which is probably an 

acceptable assumption. This sedimentologic 

boundary has been unfolded, resulting in a plane, 

and set to the 0 m level. From this border (level 0 

m) and going upwards, 4 meters thick plates 

have been considered every 2 meters, to allow a 

thickness of recovery. It is assumed that 

sediments in each plate deposited at the same 

time. Within each plate, the ratio between the 

coarse and fine grained units were calculated in 

each drill hole. It resulted in eight coloured maps 

interpolated using triangulation with the linear 

interpolation method. As the sandstone unit is 

both slightly folded and also eroded the 

“mapped” surface is decreasing upward. The 

maps are shown in Figure 15. 

Results 

In term of large-scale sedimentary 

structures, the present maps only permit to see a 

fine grained dominated channel probably ending 

with a lobe shape in the north Figure 15 d-h). In 

a larger scale the sequence is fining upward (in 

the preserved part of the formation) which can be 

correlated with the global marine transgression 

that occurred during the Cambrian (Torsvik et 

al., 1996). Nevertheless, a small regressive cycle 

is noticeable between the maps a) and b) Figure 

15 (weak general coarsening). It is also possible 

to approximately identify the orientation of the 

sedimentary system. Elongated shapes are 

oriented NNW and based on grain size changes, 

transgression seems to come from the NNW. The 

black siltstones units are oriented NW-SE as 
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Figure 15. Interpolated maps of the coarse grained sandstone unit percentage in 4 m horizontal plates calculated every 
2 m going upward in the Lower Cambrian Sandstone. 
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well. It is therefore concluded that the paleo-

proximal side of the system is situated in the 

SSE or SE and the distal part in the NNW or 

NW. 

4.3 Geological model of the 
Bellviksberg deposit 
During this study, all available cores of the 

central part of the Bellviksberg deposit were 

logged (81 drill cores of which 15 were only 

partially available). A list of them is provided in 

annexe. It covers an area of approximately 700 

m x 300 m, roughly oriented E-W. Boreholes are 

approximately distributed on a grid of 40x40 m 

and are on average 23 m long. Only a few of 

them were drilled through the full nappe 

sequence and some even stop before the contact 

between the Varangerian Tillite and the Lower 

Cambrian Sandstone. 

Geology of the drill cores has been the 

base for the geological map of the Bellviksberg 

deposit followed by twelve interpretative cross-

sections, shown in Figure 16-Figure 18. Because 

of possible implication for the control of the 

mineralization, the silty graphite-bearing 

members and the major fine grained members 

within the Lower Cambrian Sandstone unit have 

been distinguished.  

The Bellviksberg area is interpreted here as 

a complex of stacked thrust sheets. Reverse 

faults are commonly striking -20°N to N. One 

major NW-SE trending reverse fault appears to 

be present in the southern part of the area. The 

displacement on this fault increase eastward 

from less than 1 m to 20 m. Moreover two 

subsidiary faults are indicated in the western 

part. The eastern part is characterized by 

numerous small thrusts of Varangerian Tillite 

climbing on each other with undetermined, but 

probably less than 100 m, displacement. The 

central part of the area is quite undisturbed apart 

from margins and the eastern part were folds 

have been interpreted to occur (pinching?). 

Nevertheless this easternmost side of the central 

unit is probably more complicated than shown 

on cross-sections. 

Fault surfaces are commonly dipping c. 

45° but lower angles are observed within the 

Varangerian Tillites. This may be due to the 

locally very high clay content of this tillites that 

enable low angle faulting. 

The variation in thickness of the basal 

Varangerian Tillite is mostly interpreted as 

resulting from a progressive delamination of the 

nappe during its transport, due to friction forces 

with the underlying Alum Shales. It implies that 

the folding and the thrusting were, at least, 

partially established long before the present 

position of the nappe. 
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Figure 16. Geological map of the Bellviksberg deposit. Cross-sections are indicated with red lines. 
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Figure 17. Cross-sections along the Y axis of the Bellviksberg deposit. Same vertical and horizontal scale. 
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Figure 18. Cross-sections along the X axis of the Bellviksberg deposit. Same vertical and horizontal scale.
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Figure 19. Schematic NS profile between Bellviksberg and Lövstrand based on two long holes reaching the basement 
(BEA 99 and L3B 247) indicating that the two deposits do not occur in the same nappe. 

4.4 Comparison with the 
Lövstrand deposit and large-
scale structural interpretation 
The Lövstrand (see Ayrault, 2008) and the 

Bellviksberg areas share similar stratigraphic and 

tectonic characteristics.  It also has to be 

mentioned that only 5 km separate the two areas. 

In the following section the two long holes 

reaching the basement in both areas, BEA 99 for 

Bellviksberg and L3B 247 for Lövstrand have 

been used for correlations. The graphic log of the 

borehole L3B 247 remapped by Ayrault (2008) 

is reproduced Figure 19. Unfortunately it has not 

been possible to remap the borehole BEA 99 and 

the graphic log presented Figure 19 is based on 

the mapping made by O. Theolin former 

geologist at Boliden Mineral AB, in 1965. 

Comparing the two boreholes it is clear 

that the Bellviksberg and the Lövstrand deposits 

does not occur in the same sandstone nappe as 

previously thought (Gee et al., 1978). A large 

shale unit that is attributed to the Fjällbränna 

Formation separates the two sandstone bodies. It 

implies that the nappe hosting the Bellviksberg 

sandstone body resting now south of Lövstrand 

is actually derived from further west than the 

Lövstrand area.  

This major reinterpretation implies larger 

scale structural complexities in the area, and 

substantial modifications of the geological map 

Figure 20) are necessary. It is important to note 

that the Bellviksberg area is situated on a hill and 

thus at a higher topographic level than the 

Lövstrand deposit. The Bellviksberg sandstone 

body could then be consider either as a klippe or 

could be still linked westerly with an overriding 

nappe. In addition the Alum Shales unit 

identified along the Djupån river that separates 

the Bellviksberg and Lövstrand areas is shown in 

the geological map (Figure 20) to belong to the 

Fjällbränna Formation of the Autochthon. The 

profile drawn in between the two areas (Figure 

19) suggest that this shale unit should be 

truncated by the Lövstrand sandstone nappe in 

the middle of the Djupån river. The Alum Shales 

unit of the Lövstrand nappe would then be 

outcropping in the upper part of the river and be 

found all around the hill on which the 

Bellviksberg deposit lies, at least on the eastern 

side. 
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Figure 20. Enlarged geological map around Lövstrand 
and Bellviksberg and location of the profile of Figure 
19 For legend see Figure 8. 

5 OVERVIEW OF SANDSTONE-
HOSTED PB-ZN DEPOSITS 

(Chapter common with Ayrault, 2008) 

The following bibliographic review aims 

to help the reader to get an overview of the 

Scandinavian lead-zinc deposits as part of the 

sediment-hosted base metal deposit. The 

information concerning the copper, lead and zinc 

sandstone-hosted deposits are based on the 

publication of Gustafson and Williams in 1981. 

The general notions about sediment-hosted 

deposits are extracted from the course of 

Marignac (2007). The facts about the sandstone-

hosted lead deposits are from the review paper 

by Bjørlykke and Sangster (1981) and Willdén 

(2004). The models of the mineralization control 

in the Caledonian related deposit are taken from 

the publications of Romer (1992) and Kendrick 

et al. (2004). 

5.1 Introduction 
Sediment-hosted deposits are of primary 

economic importance: 20-25% of the copper 

production, 80% for the cobalt, 30% for the 

uranium and the majority of the lead and zinc 

resources are derived from sediment-hosted 

deposits (Marignac, 2007). 

In this part, the Scandinavian lead-zinc 

sandstone-hosted deposit will be introduced, 

described and subsequently compared to 

worldwide examples of acknowledged type of 

sediment-hosted resources in order to define 

their affinity. 

5.2 The main Scandinavian lead-
zinc sandstone-hosted 
deposits  
As mentioned before, the Fennoscandian 

Shield has undergone a period of orogenesis 

along its western border resulting in the 

formation of the Caledonian mountain chain. 

This major tectonic event has thrust Late 

Cambrian nappes along a 2000 km front.  As 

shown in Figure 21 the main lead deposit 

occurrences, Laisvall, Dorotea and Vassbo in 

Sweden and Osen in Norway, are all situated in 

the eastern border of the thrust front, often in 

association with transverse faults and always 

with stacked nappes. 
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Figure 21. Schematic tectonostratigraphic map of the Scandinavian Caledonides (from Romer, 1992) and the western 
part of the Baltic Shield. Note the systematic position of the Sandstone Hosted Lead-Zinc deposits on the Caledonian 
border, close to one or more of the numerous transverse faults and in association with a basement culmination. 
Attention can be drawn to the Dorotea District, about midway between Laisvall and Vassbo. Here the deposits are not 
presently related to an important stacking of nappes, but they are still associated with the eastern extension of the 
Lower Allochthon. 

5.2.1 Laisvall 
The world-class deposit Laisvall was one 

of the main European lead supplier during 60 

years, from 1942 to its closure in 2001. It had 

produced 64 Mt of an average 4% Pb, 0.6% Zn, 

9g/t Ag rich ore (out of the 80 Mt estimated). 

5.2.1.1 Geological context 

Covered by the Caledonian nappes, the 

Laisvall deposit (composed of three major parts) 

is situated in the autochthonous unit, not affected 

by the deformation. The lithostratigraphy 

presented in Figure 23 shows the nature of the 
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“Laisvall Member” under the allochthonous 

nappes complex, the sedimentary pile reaching 

over 100 m in thickness. 

On the Proterozoïc basement, weathered to 

a peneplain, an uneven strata (due to basement 

paleorelief) of mixtite, followed by felspathic 

sandstones, which are thought to be of glacio-

fluvial origin (about 640 ± 23 Ma) 8-18 m thick 

have been deposited (Ackerselet Formation). It is 

covered by green/gray shales with pebbles and 

stratigraphically above, the main sandstone 

member is in turn overlaid by the fossiliferous 

deposit of the Lower Cambrian, forming the 

Såvvovare Formation. This 40-45 m thick strata 

is divided in three units, covering about 80 Ma.  

The first unit called the Lower Sandstones 

(up to 25 m thick), hosts the main mineralization 

(dark grey in Figure 22). It consists of a well 

sorted, medium grained quartzitic sandstone with 

intercalated shale beds. It ends with 

conglomerate. This series have been interpreted 

as being deposited in a lagoonal environment.  

The second unit, the Middle Sandstone, is 

7 m thick and the sandstone shows a more clayey 

matrix and many channel structures. It ends by 

the top with an erosive limit and may have a tidal 

origin.  

The third unit, the Upper Sandstone, hosts 

the second part of the Laisvall mineralization 

(light grey in Figure 22), it is 11 m thick with 

well developed cross bedding and was 

interpreted as a tidal channel or beach deposit.  

Then follow the Lower Cambrian green 

shales and siltstones of the Grammajukku 

Formation which show traces of bioturbations 

and fossiliferous limestone layers (45 m thick). 

Overlaying another break in sedimentation, the 

Middle Cambrian Alum Shales formation was 

deposited in a shallow marine environment. 

These black graphitic shales constitute the upper 

contact of the autochthonous unit in the Laisvall 

area. The remaining units are the Caledonian 

nappes: the Yraf Nappe Complex overlaying the 

Kaskejaure and Parautochthonous Nappe 

Complex. 

As a whole, the Laisvall Member 

represents deposition in a transgressive 

continental margin. 

 

Figure 22. (A) Simplified tectonostratigraphic map of 
the Laisvall area. The Caledonian nappes were thrust 
from the NNW. (C) Palaeo-topography of the sub-
Cambrian basement surface, corrected for a weak 
Caledonian deformation. The Laisvall and Maiva ore 
deposits superimposed from Fig. 2A. Arrows point to 
two basement fault zones. Equidistance are in meters 
above an arbitrary reference plane. (D) Three-
dimentional model of the two Laisvall ore bodies. Note 
the elongate NE shape of the lead rich lower ore body 
and the irregular shape of the zinc rich upper ore body 
(from Romer, 1992). 
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Figure 23. Tectonostratigraphic sections for the 
deposits studied are correlated over much of the 
Caledonian autochthon, parautochthon and lowermost 
allochthon. The transgressive Såvvovare formation 
deposited in near-marine to marine environments on 
the Balticoscandian margin of the Iapetus Ocean 
culminates in lagoonal phosphorites and limestone. 
The deeper marine Gammajukka Formation includes a 
thin brachiopod- and trilobite-bearing limestone 
indicating an uppermost Early Cambrian age when 
Baltica was positioned midlatitudes. The organic-rich 
Middle Cambrian Alum Shale has correlatives 
throughout the eastern North Atlantic Caledonides and 
acted as a plane of weakness for Caledonian thrusting. 
The youngest rocks in the autochthonous sequence 
are Ordovician greywackes present to the north and 
south of Laisvall. (modified from Kendrick et al., 2004). 

5.2.1.2 Ore Characterization 

 The mineralization is mainly present in 

clean (low clay percentage) coarse grained 

sandstone as impregnation filling the porosity 

and fractures. It has been shown that the 

paleoporosity was up to 25% in the coarser 

areas. The ore is mainly localized in the 

lowermost and uppermost members of the 

Såvvovare Formation. The middle member 

shows a poor porosity due to its high clay 

content. Some minor mineralization has been 

found in blue sandstones beds in the lower 

allochthonous nappe. They are correlated with a 

lateral overthrust of the Såvvovare Formation 

lower sandstones. 

The lower ore body is a lead-dominant 

mineralization and the upper body is zinc-richer. 

As seen in Figure 22, the faults present in 

the basement have a control on the paleorelief. It 

is explained by the fact that the Caledonian 

orogen reactivated some fractures already 

present in the granite, and it was shown that 

these faults were active before, during and after 

the mineralization process. These faults are 

mainly striking NNW-SSE / NNE-SSW, and it 

could be seen in Figure 22 that the ore has the 

same strike. 

Another mineralization, the Maiva 

Member, a 1 Mt deposit grading up to 5% lead, 

is situated N-E of the main Laisvall area. Its 

stratigraphic position is lower than the lead-

dominant ore body, in a layer just above the 

basal conglomeratic formation absent from the 

Laisvall sedimentary pile, but still associated 

with faults in the basement rock. 

5.2.2 Vassbo 
The Vassbo mine, the southernmost 

deposit on the Figure 24, was exploited from 

1960 to 1982 and produced about 5 Mt of a 5.5% 

lead ore. 
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Figure 24. Geology of the Vassbo area showing 
subsurface location of ore and diabase dikes. 
Percentage outcrop is very low in this area, and the 
geology is known mainly through cores, boulders and 
geophysical indications (from Christofferson et al., 
1979). 

5.2.2.1 Geological context 

As the Laisvall area, Vassbo is situated at 

the edge of the Caledonian Thrusting Front and 

so is also overlain by several nappes. The 

autochthonous Vassbo Formation containing the 

ore body is about 60 m thick, as it can be seen in 

Figure 23. 

The Vassbo basement is mainly composed 

of Proterozoic quartz porphyry (1669 Ma old) 

overlaid by Middle Proterozoic sandstone which 

are intruded by diabase dikes following old fault 

zones in the underlying basement. This unit is 

deeply eroded, especially over the diabase dikes. 

Above this unit a thin basal conglomerate (less 

than 1 m) is covered by early Cambrian shales 

(1-6 m) or beds of coarse grained (mineralized) 

sandstones in the depressions caused by the 

erosion of the dikes. Covering the shales, is a 5-

15 m thick calcite cemented sandstone with an 

erosive upper contact as well as a weak lead 

mineralization. Above this, the coarse grained 

sandstone hosting the main mineralization can be 

found and is 5-15 m thick. They present traces of 

cross beddings and some ripples marks. This unit 

has been interpreted as an open tidal beach or a 

fluvial deposit. A 10 cm thick conglomerate 

containing phosphorite and quartzitic clasts 

(impregnated with galena), derived from the 

mechanic erosion of the lower unit make up the 

base of the Middle Cambrian black shales which 

are 10-20 m thick. They are subsequently cut by 

the Caledonian thrust units. 

5.2.2.2 Ore Characterization 

As in Laisvall the main ore body is situated 

in the coarse grained, clean and well sorted 

sandstones, forming a Z shaped deposit, 3000 m 

long, 50-400 m wide with a thickness about 3-15 

m. Some pockets of high grade ore (up to 27%) 

have been found in the sandstone filling 

depressions in the basement. As in Laisvall the 

mineralization is formed by dissemination, 

filling the porous space. 

Another common character with Laisvall is 

the existence of a lower lead-rich ore body and 

of a smaller higher zinc-rich ore body, although 

the separation is not as clear as in Laisvall. 

The host rock is fractured and jointed 

whereas barren lateral extends are not. The 

orientation of this structure is the same as the 
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one of the underlying mafic dikes. This diabase 

dikes also present many fractures mainly due to 

rheological contrast with the basement (the dikes 

have been fractured during the Caledonian 

collision). Another remarkable feature is that in 

the area underlying the mineralized body, the 

diabase dikes are serpentinized, chloritized and 

calcite veins are present which is not the case 

under barren sandstones. 

5.3 Genetic models 
During the end of the XXth century, 

numbers of different genetic theories have been 

established for theses sediment-hosted lead-zinc 

deposits, more or less based on the main known 

deposit models. 

Being hosted by a sedimentary rock, the 

mineralization could be firstly considered as 

either the MVT (Mississippi Valley Type) type 

or the SEDEX (Sedimentary Exhalative Type). 

This is discussed further below. 

5.3.1 Comparison with SEDEX and 
MVT types 

These two ore types have specific genetic 

characteristics. The MVT deposits are mainly 

formed in foreland basins when underground hot 

metal carrying fluids expulsed by the compaction 

of the sediment migrate laterally through porous 

layers (mainly carbonate). The SEDEX deposits 

are created by the interaction of hot 

hydrothermal fluids circulating along listric 

faults of an opening basin. The resulting 

precipitation of mineral is usually stratabound in 

the pelitic sediments. 

As with the SEDEX types, the Caledonian 

sandstone-hosted deposits are stratabound. In the 

Caledonian deposits, studies have proved that the 

mineralization event took place after the 

compaction and cementation of the rocks and 

that the only authigenic sulfide was the pyrite 

derived through diagenesis from the organic 

matter. Since the mineralization therefore is not 

syngenetic, the fact that there is no intrusive 

mafic body (with the exception of the diabase 

dikes in Vassbo) closely related to the 

mineralization, and the fact that the general 

tectonic context is not extensive, the SEDEX 

model is not favoured.  

As with the MVT type, the Caledonian 

sandstone-hosted deposits display mineralization 

in permeable rocks with features that are 

compatible with a lateral fluid migration, even if 

the host-rock is here of a siliciclastic type and 

not carbonated. In addition study on fluid 

inclusions in sphalerite and calcite from Vassbo 

and Laisvall have shown that the 

homogenization temperature of the mineralizing 

fluids was close to 120-180°C with a NaCl 

content of 23-26 weight percent equivalents. 

These characteristics are typically those of deep 

sedimentary basin fluids.  But the problem of the 

origins and migration of these fluids are not 

compatible with the MVT model. Basinal fluids 

in MVT deposits originate from a foreland basin 

and are driven by the compaction of the sediment 

and the gravity toward a lower and permeable 

part of the basin where the precipitation of the 

metallic ore take place. As such a foreland basin 
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did not existed (or maybe above the 

impermeable contact of the Alum Shales) and as 

the only correlated basin was situated westward 

of the continental margin (so at a lower 

topographic position compared to the actual 

position of the Scandinavian deposit which 

prevent gravity from being the main driving 

force for the fluid migration), it has been 

suggested that (Kendrick et al. 2004): 

“Therefore, despite the similarity of 

mineralization style […] MVT ore districts 

probably present a false analogue for the 

Scandinavian sandstone-hosted lead-zinc 

deposit”. 

5.4 Ore forming process 
As discussed above the Scandinavian 

sandstone-hosted lead-zinc deposits display 

some unique common features. During the past 

thirty years scientists have struggled to define a 

model satisfying all these conditions. 

5.4.1 The basinal brines 
All these deposits occur in the lower 

sandstones with the same granular and 

paleoporosity characteristics, defining a 

stratigraphic trap for the mineralization. The 

latter occurred after the compaction and 

cementation of the sediment, i.e. after the deposit 

of the pre-Caledonian sediment on Baltica’s 

passive margin.  

The amount of fluid involved in the 

Laisvall mineralization was estimated close to 50 

billion of cubic meters (approximately a lake 50 

m deep, 50 km long and 20 km wide). The 

production of this amount of ground water was 

attributed to the dehydratation of evaporitic 

material, frequently present in the sediment, 

during the compaction. Studies have proved that 

the hot basinal fluids should have percolated 

through hundredth of kilometres of sedimentary 

formations before reaching the precipitation area, 

canalized between the basement and the 

impermeable cover of the extensive Alum 

Shales. Considering the fact that the sediment 

cover above Laisvall at this time was about 4 km 

thick and that a deep basinal groundwater 

circulation speed can reaches several meters per 

year, the fluids would have travel this distance 

without losing too much heat on the way to 

comply with the fluid inclusion measurement. 

Isotopes studies from fluid inclusions 

showed that at least two fluids must have 

interacted to precipitate the mineralization: one 

rich in H2S and organic matter (close to an oil-

field brine) and the other rich in radiogenic lead. 

The main driving force leading to the 

eastward movement of these brines would have 

been the Caledonian thrusting, creating a 

tectonic pumping, moving the fluids away from 

the compressed zones. 

All these assumptions lead to the early 80’s 

models of thin skin tectonic presented in Figure 

25 A). However, isotope analysis on the fluid 

inclusion showed that the lead content of the 

original brine was highly radiogenic. This paved 

the way to the basement interaction models of 

the 90’s. 
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Figure 25. Schematic diagrams of three alternative 
genetic models for the Laisvall deposit. a) basinal brine 
migration through sedimentary aquifers. b) Convective 
circulation of a basinal brine driven by underlying High 
Heat Producing (HHP) granite. c) fluid migration 
through Caledonian reactivated orogen transverse 
basement faults and basement culminations. (from 
Kendrick et al., 2004). 

5.4.2 Basement interaction models 
The basement and mantle isotope signature 

in the original ore generating brines was not the 

only reason for theses models. The discovery of 

the intensive thrusting of the bedrock in the inner 

Caledonides raised the question of the basement 

deformation during the orogenesis and led to the 

discovery of the extensive reactivated fault 

network shown on Figure 25. The exclusive 

association of these faults with economic lead-

zinc deposit have led scientist to the conclusion 

that they had a primary impact on the deposit 

genesis. Circulating fluids through these 

fractures could leach the metals from the rock to 

the brine, explaining the radiogenic content in 

the fluid inclusions. The fault orientation could 

have made them working as channels driving the 

brines westward through porous rocks. This 

model is shown on the Figure 25 C).  

However, as the radiogenic lead content, or 

other isotope ratio, indicate a close relationship 

to the basement, it can’t be excluded that lead 

derives from leaching of sediment evolved from 

the same bedrock. That is how the most recent 

model, Figure 26, was defined. 

The amount of brine involved in the ore 

forming process can be reduced by multipass 

fluid flows through the opening and closing of  a 

basement fracture caused by the Caledonian 

compression. 

This phenomenon is likely to have taken 

place in Laisvall for the deposit is underlain by 

High Heat Producing (HHP) granite. The heat 

produced by the granite could have formed small 

convection cells increasing the basement 

contribution in the precipitated metal. This 

process is described in Figure 25 B). 
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Figure 26. Schematic cross sections through the Laisvall area of the Caledonides showing key features. 1, Origin of the 
mineralizing brine by the evaporation of seawater, 100-200 Ma crustal residence prior to mineralization. 2, Fluid 
migration during the Silurian Scandian phase of the Caledonian orogeny; fluid arrives in pulses and mixing occurs at 
the site of mineralization. 3, Erosion of the topography and a schematic representation of today’s tectono-stratigraphy. 
Caledonian allochthons: UM, uppermost; U, upper; M, middle; L, Lower (from Kendrick et al., 2004). 
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5.5 Timing of the mineralization 
As stated above the mineralization is 

epigenetic, since the precipitation of the ore 

occurred long after the deposit of the host 

sediment (Lower Cambrian). 

The Alum Shales (Middle to Late 

Cambrian) have acted as a cap rock during the 

migration of the brines, so the precipitation 

process must be younger. 

The driving forces for the eastward brine 

migration is due to the Caledonian orogeny 

during the Silurian and Devonian. The Final 

Scandian Phase (continental collision, 400-430 

Ma) formed the current nappe system during the 

late Silurian, most likely closing the 

underground fluid circulation. 

These last facts are of critical importance 

to the deposit process as they can be used to 

constrain the mineralization event to a period of 

time ranging over the whole Silurian age. The 

main idea being that the precipitation took place 

over several million of years. 

5.6 Relationship with other 
siliciclastic-hosted deposits 
Deposits formed by circulation of brines 

through porous material are, as seen in the 

introduction, an important part of the geological 

economic resources. 

Table 1 summarizes the main criteria for 

the deposits quoted below. 

The central European Kupferschiefer 

deposits are hosted by a thin (2 m thick) but 

extensive layer of shale mineralized by copper, 

lead-zinc ore. This impermeable clayey strata 

overlies a continental red-bed formation cross 

cut by “Röte Faüle” facies. The latter was 

developed by an “under cover convective 

movement” of brines canalized by the edges of a 

molassic basin. Around the “Röte Faüle” the 

concentric metallic zonation follows exactly the 

theoretical redox gradient: Cu-Pb-Zn-Fe. 

The Copper Belt deposits present an 

analogous organization. The Lower Roan unit 

contains a sabkha related shale horizon bearing 

60% of the ore which overlies a layer of 

continental red-bed concentrating the remaining 

40% of metals. Here too “under cover convective 

movement” of basinal brine (alleged to be 

derived from the Lifulian basin) canalized by the 

accentuated paleorelief developped a copper-

lead-zinc mineralization. 

 The French deposit of Largentière 

certainly on the more closely related to the 

Scandinavian deposits. Situated on the southern 

flank of the Massif Central, its Bundsandstein 

mineralized sandstone. It grades a 3.69% Pb, 

0.61% Zn and 78g/t Ag ore. Capped by the 

Mushelkalk limestone unit, the brines derived 

from the lead rich basement deposited two types 

of ore: the lower part of the mineralization is 

lead-dominant whereas, the upper parts are zinc-

dominant. This particular feature was observed 

in Laisvall and Vassbo too. Analysis of the 

arkosic basal conglomerate in Laisvall, Vassbo 

and Largentière led to the discovery of a very 

low grade of Cu. So as in the Kupferschiefer 

deposits, a zoned system is present. 
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Table 1. Comparative table of the different features of some silliciclastic sediment-hosted deposits. 

Deposits Ore Type Host Rock Mineralization process Red Beds Settings 
Kupferschiefer 

related 
Cu, Pb, Zn Shales Basinal brines channeled 

by basement 
+ Marine 

transgression 
Copper Belt 

related 
Cu, Pb, Zn Shales (Sandstones) Basinal brines channeled 

by basement 
+ Marine 

transgression 
Largentière Pb, Zn (Ag) Sandstones Basinal brines channeled 

by basement 
(+) Marine 

transgression 
Calledonides 

related 
Pb, Zn Sandstones Basinal brines enriched 

in a basement issued 
pediment 

- Marine 
transgression 

 

6 MINERALIZATION OF THE 
BELLVIKSBERG DEPOSIT 

The Bellviksberg deposit hosts 

disseminated galena and minor sphalerite in an 

approximately 600 m long, 200 m wide and 5 to 

20 m thick horizontal unit within the Lower 

Cambrian Sandstone which can clearly be 

considered as the mineralization hosting horizon. 

6.1 Description of the 
mineralization 

6.1.1 Macroscopic observations 
The mineralogical assemblage of the 

mineralization is dominated, in order of 

importance, by galena, pyrite and sphalerite. One 

small bornite patch has been seen in drill core 

BEA 43 within the Lower Cambrian Sandstone. 

No fluorite was observed (in contrast to the 

Lövstrand deposit, Ayrault, 2008). 

The mineralization is either presented in 

fractures/cracks or filling the porous space in the 

sandstone. The most common mineralized units 

within the Lower Cambrian Sandstone appear to 

be the coarse grained poorly sorted (and organic 

matter rich?) units. The “cracks and fractures 

mineralization style” is widely present all over 

the mineralized body but is more clearly visible 

(because of colour contrast) in the well-

compacted, organic matter-poor sandstone units 

(mostly fine grained sandstone). However, this 

mineralization style is generally low grade. In 

factures, sulfides are often associated with 

calcite veins. Galena filling the porous space 

(that constitutes the most important 

mineralization type) in the sandstone is widely 

associated with calcitic spots (centimetres). In 

some parts it is associated with an organic 

matter-rich sandstone.  

Although very rare sphalerite 

mineralizations were observed in Bellviksberg, it 

seems to occur together with high Pb grades, 

normally also with a lower calcite content 

compared to the pure galena mineralization. This 

sphalerite it very light brown, indicating a low 

Fe content. It has always been observed forming 

spotty dissemination in the sandstone (no “cracks 

and fractures style”) 

Some minor mineralized zones, usually 

thin (a few centimetres) but very rich (up to 25% 

Pb), also occur within the Varangerian Tillite. 
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This mineralization is associated with high 

content of organic matter and/or with fault zones.  

6.1.2 Microscopic Observations 
Galena crystals are commonly very small 

(less than 10µm). They occur in fractures, and 

coating the quartz grains.  

As mentioned before, fractures are filled 

with calcite. The calcite crystals are usually large 

(Figure 1) and sometimes poikilitic. Galena is 

present all around these calcite veins and 

progressively into the intergranular space also 

filled with black clay minerals and organic 

matter (Figure 27). Despite being common, this 

zonation is not systematic but suggests a 

common fluid that crystallised calcite and galena 

in fractures. 

Figure 28 shows a Zn-rich section were 

galena and sphalerite clearly display a mottled 

texture, suggesting a same process and timing for 

their crystallisation.  

Two kinds of pyrite crystals occur among 

the sulfides, one associated with black clay 

minerals and the other with the mineralization. 

As previously mentioned, there are euhedral or 

sub-euhedral pyrite crystals that are associated 

with organic matter and are interpreted as 

diagenetically formed. Crystals are usually big. 

Fine grained pyrite also occurs associated with 

galena and sphalerite. Crystals are usually small 

and show a mottle textural association with other 

sulfides. 

Therefore, it appears that calcite, galena, 

sphalerite and some pyrite crystals are the result 

of a same and contemporaneous crystallisation 

process.  

Some observations indicate that some 

calcite veins crystallised after the compaction 

and the local silicification of the rock. Figure 29 

shows a calcite vein crosscutting a quartz vein 

that has been attributed to silicification at the 

time of compaction. 

 

Figure 27. Galena (white crystals) zoned around a big 
crystal of calcite filling a fracture (reflected plane-
polarized light). 

 

Figure 28. Mottle textural assemblage of sphalerite 
(light grey) and galena (white) in a sulfide-rich section 
(reflected plane-polarized light). 
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Figure 29. Calcite vein (black line) cross cutting a 
quartz vein (red line) in the Lower Cambrian Sandstone 
(transmitted plane-polarized light). 

 

Figure 30. Galena crystals (g) bounded to a fracture 
and pyrite (py) associated with black clay minerals 
(organic matter) (reflected plane-polarized light). 

Within the Varangerian Tillite, the 

microscopic observations indicate that the galena 

mineralization follows fractures, and does not 

occur in the intergranular space (Figure 30). As 

for the pyrite crystals, they are well included 

inside the matrix and close from black clay 

minerals (probably organic matter). 

These observations are made on a few 

samples and are not necessarily representative 

for the whole mineralization. Further works 

would be necessary to confirm how 

representative the observations are. 

6.1.3 Relationships between Pb, Ag 
and Zn 

The relationship between Pb and Ag has 

been studied as well as the relationship between 

Pb and Zn. Although Ag and Zn were not 

systematically analysed in cores, a quite 

representative number of analysis are available 

(197 for Ag and 688 for Zn). Diagrams of Pb 

versus Ag and Pb versus Zn are shown Figure 31 

and Figure 32. 

Pb and Ag are clearly well correlated with 

approximately 4g/t of Ag for 1% of Pb. On the 

contrary Pb and Zn are not correlated. The 

relation between Pb and Ag tend to confirm that 

Ag is associated with galena crystals in the form 

of small argentite or complex sulfosalts 

inclusions in the crystal lattice.  

On the other hand the poor correlation of 

Zn and Pb may confirm a pH-redox gradient 

control on the paragenesis of Pb-Zn for this kind 

of deposit. It is observed that within the central 

part of the deposit (the studied area) local Zn 

grades higher than 1% (but very thin layers) 

occur in the eastern complex of the tillite scales 

always in the vicinity of faults. The higher Zn 

grades with a mineralized thickness of 3 m and 

12 m are present respectively in boreholes BEA 

50 and BEA 18 in the western part of the deposit 

within the Lower Cambrian Sandstone. It has to 

be noticed that these holes are also very rich in 

Pb (6% and 14% respectively). This area might 

then be interpreted as the transition zone 



- 43 - 

between the galena dominated zone and the 

sphalerite rich zone. 

 

Figure 31. Plot of Pb versus Ag. Pb and Ag show good 
correlation (dashed line) of approximately 4g/t Ag for 
1% Pb. 

 

Figure 32. Plot of Pb versus Zn. Pb and Zn appears to 
be anticorrelated. 

6.2 Distribution of the 
mineralization 
The mineralization discussed in this thesis 

has been defined using a 2% cut-off and a 

minimum height of 5 m as shown in the 

projection map of the mineralization Figure 33. 

The mineralized zones plotted in the cross-

sections (Figure 17 and Figure 18) only consider 

an approximate 2% cut-off. 

The main part of the mineralization is 

located within the Lower Cambrian Sandstone. It 

constitutes several continuous and flat 

mineralized bodies often without any 

overburden. lower grade zones, that may not 

only be due to tectonic features (folds and 

faults), separate the different bodies.  

The richest and biggest mineralization is 

the western body with Pb grades higher than 5% 

in half of it. Its eastern side is situated in a very 

tectonically undisturbed area while the western 

side is transected by faults. It can also be noticed 

that the main mineralized body is closely related 

to the black siltstone. 

The eastern mineralized bodies are lower 

grades. They are situated in the eastern part of 

the main tectonic unit where it is thought to be a 

more deformed area (folds).  

Rock is usually barren in the close vicinity 

to faults (1 m around it). 

 

At Laisvall and Vassbo it has been shown 

that the ore follows a “channel” shape which was 

mainly controlled by the basement topography. 

Such a relation with the basement doesn’t exist 

here.  
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Figure 33. Map showing the distribution of the mineralization at Bellviksberg 
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6.3 Mineralization control and 
genetic model 

6.3.1 Tectonism 
The biggest part of the mineralization 

occurs in the less tectonically disturbed areas. 

Similar features are proposed for Lövstrand 

(Ayrault, 2008) and are observed at Granberget 

(Öst, field geologist in charge of the Dorotea 

area at Boliden Mineral AB, pers. com., 2008). 

This observation is also supported by the 

common depletion around main fault zones in 

the Lower Cambrian Sandstone (1m around it). 

However, fault zones appears to be mineralized 

in the Varangerian Tillite. 

6.3.2 Organic matter 
It is proposed that the mineralization occur 

preferably in the coarse grained, poorly sorted 

units. It has also been noticed that the richest part 

of the deposit is located close to two graphite-

bearing siltstone bodies. So as to check this 

hypothesis, interpolated mineralization maps 

have been made (Figure 34) within the less 

tectonised part of the area. They should be 

compared to the map representing the average 

coarse grained units ratio in 4 m thick plates 

Figure 15. The same method has been used to 

make the following maps considering this time 

the Pb grade instead of the coarse grained units 

ratio. 

Results 

Comparing the two figures it seems clear 

that the coarser grained sections of the Lower 

Cambrian Sandstone preferably host sulfides, but 

many exceptions can be found. Structures of this 

mineralization strike approximately N-S to NW-

SE, which can either be inferred to follow the 

tectonic or the sedimentary structures within the 

sandstone body.  

6.3.3 Chemical constrains for the 
genetic model 

The host rock has been described as grey 

in colour, which might indicate an anoxic 

environment in contrast with an oxidized one 

that would have been of red colour. The organic 

matter (bearing sulfide sulphur) of the rock also 

suggests such an environment with probable 

neutral to slightly basic conditions.  

By analogy with Laisvall, a temperature 

ranging from 120°C to 180°C and a salinity 

around 25wt% NaCl eq. (Kendrick et al., 2004) 

are inferred for the metal carrying brines of the 

Dorotea area. For both Pb and Zn the pH of such 

fluids is the main controlling factor for their 

solubility (the lower the pH, the higher the 

solubility)(zinc more mobile than lead). On the 

contrary the Cu solubility is mostly constrained 

by the temperature and on a general way, 

temperature higher than 200°C would be 

necessary for fluids to carry significant quantities 

of copper. For this reason copper sulfides are 

very rare in Bellviksberg and related deposits.  

Two ways are suggested in order to 

precipitate sulfides from metal carrying basinal 

fluids in a reduced and slightly basic S bearing 

environment Figure 35). 
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Figure 34. Interpolated maps of the Pb grade in 4 m horizontal plates and calculated every 2 m going upward.
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Figure 35. Log ƒO2-pH diagram showing stability fields 
for Fe oxides and sulfides, barium bearing species and 
the metal-transport windows for galena and sphalerite. 
Arrows indicates the two possible ways to crystallize 
galena and spalerite from basinal brines in a reduced 
environment. BB: basinal brine; HR: host rock. 

Inferring reduced and acidic conditions for 

the brines, galena will only precipitate by 

increasing the pH. Then it is probable that these 

fluids would have been able to carry barium as 

well, that would have precipitated in the form of 

barite or witherite at the same time as metals. 

However such minerals are not observed here 

and occur in minority at Laisvall. 

An other possibility is to infer oxidized and 

neutral to slightly acidic conditions for the metal 

carrying brines. In such conditions Ba cannot be 

transported. The precipitation of metals might 

then be made by lowering the redox potential of 

the brines when circulating through the Lower 

Cambrian Sandstone. 

Although geochemical studies would be 

indicated to choose one hypothesis, the second 

hypothesis might be favoured as no barium 

bearing crystal has been observed in 

Bellviksberg. 

6.3.4 Mineralization controls  

6.3.4.1 Sedimentary control 

It has been proposed that the 

mineralization of the Bellviksberg deposit may 

be controlled by organic matter bearing rocks 

(Lower Cambrian Sandstone as well as 

Varangerian Tillite). The apparent correlation of 

the mineralization with coarse grained units 

might then be explained by their common higher 

organic matter content compared to the fine 

grain ones (better sorting). Such organic matter 

(bearing diagenetic pyrite also) would have then 

be the source of sulphur that fixed metals carried 

by the basinal brines (Kendrick, 2004) in a 

reducing  and slightly basic environment.  

Microscopic investigations and core 

observations suggest that calcite, galena and 

sphalerite crystallised from the same process 

roughly at the same time. These fluids may have 

circulated in the rock after its compaction using 

cracks, fractures and the remaining porosity 

mostly existing in the coarse grained poorly 

sorted units. 

6.3.4.2 Tectonic control 

Many evidences also imply a tectonic 

control of the mineralization superimposed on 

the primary pattern. Such a hypothesis implies 

that tectonism remobilised the metals. It is could 

be suggested that the “cracks and factures 

mineralization style” would be a consequence of 
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remobilisation. This is supported by the fact that 

this kind of mineralization is not present at 

Granberget which is a tectonically undisturbed 

deposit (Öst, pers. com., 2008). The remobilised 

metals could also have migrated downward to 

the Varangerian Tillite using faults. Since it is 

very rich in clay mineral the finer grained units 

may have constituted a trap for metals that 

crystallised in more porous units.  

The “crack and factures mineralization 

style” may then be the consequence of a multi-

phases (at least two) fluid migration, the first 

forming the primary mineralization and the 

second occurring during the progressive 

thrusting and faulting in the unit. 

6.4 Preliminary resource 
estimation 
A very rough resource estimation has been 

performed for this thesis. A 2% cut-off and a 

minimum mineable block height of 5 m have 

been considered. It results in 1.66 Mt with 5.35% 

Pb, 0.23% Zn and 21g/t Ag. 

Method 

Only the mineralization in the Lower 

Cambrian Sandstone has been considered for this 

estimation. A perfect distribution of borehole on 

a 40x40 m grid has been assumed. Some holes 

not in the grid were not considered and other 

were slightly moved to fit in the net.  The list of 

borehole used for this estimation is provided in 

annexe. The average values (thickness and 

grade) of each hole have been attributed to a 

square area of 40x40 m around it. 

As a consequence this estimation probably 

over-estimate the tonnage but gives a reasonable 

approximation of the deposit size. It has also to 

be noticed that very few data for Zn were 

available. As a consequence the Zn grade might 

be a bit higher, probably around 0.3% (filling the 

blanks with a default value of  0.10% Zn). 

7 CONCLUSION AND 
RECOMMENDATIONS 

7.1 Conclusions 

Geology 

The Bellviksberg deposit is situated in a 

nappe at a higher level respect to Lövstrand 

which implies larger scale modification of the 

geological map.  

The stratigraphy of the Bellviksberg nappe 

belonging to the Sjoutälven group has been 

divided into the basal Varangerian Tillite and the 

Lower Cambrian Sandstone. The Varangerian 

Tillite is described as interbedded poorly sorted 

sandstones and conglomerates in a green clay 

mineral matrix. It is interpreted as a glaciofluvial 

deposit of a reworked sediment. The upper 

sandstone body is composed of interbedded 

coarse poorly sorted sandstone and finer grained 

sandstone, the latter being more likely to be well 

compacted. Black clay minerals and organic 

matter occur in minor amounts all-over this unit 

and are associated with diagenetic pyrite. 

Locally graphite-rich fine grained sandstone and 

siltstone members occur within this formation. 
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This formation is interpreted as being from 

deltaic origin. 

Mineralization 
A preliminary resource estimation for 

Bellviksberg gives 1.66 Mt of 5.35% Pb, 0.23% 

Zn and 21g/t Ag. An average 4g/t of Ag for 1% 

of Pb correlation was found while Zn and Pb 

appears not to be correlated which may confirm 

a pH-redox gradient control of the 

mineralization. The mineralization lies 

horizontally mainly in the less tectonised part of 

the Bellviksberg area 

The mineralization, mainly composed of 

galena, is often associated with big xenomorphic 

crystals of calcite either in cracks and fractures 

or disseminated in the porosity of the Lower 

Cambrian Sandstone, usually in the tectonically 

undisturbed parts. It is proposed that the organic 

matter presented in the sediment has been the 

main sulphur source for the deposition of 

sulfides. The metal source is most likely to be 

basinal brine that circulated through the porosity 

and fractures of the sandstone body. This 

primary mineralization has probably been 

partially remobilised by the tectonism at least 

around faults zones. The remobilized 

mineralization is suggested to be part of the 

“cracks and fractures mineralization style” and 

may constitute thin mineralized zones within the 

Varangerian Tillites, mainly along faults. 

7.2 Recommendations 
At Bellviksberg the mineralized bodies 

appears to be well defined. Although many 

boreholes don’t go through the whole nappe, it is 

suggested that further drilling and re-drilling of 

old holes are not a priority at this stage of 

exploration. However, considering the proposed 

deltaic depositional environment for the ore 

equivalent horizon (rather massive and big), it 

should not be expected that the mineralization is 

only bounded to the already known mineralized 

bodies. Therefore extensional drillings south, 

west (sphalerite expected) and around the 

graphite-bearing silty members should be 

considered. To confirm the thinning and the 

ending of the mineralization on the north side of 

the deposit, some short holes between holes BEA 

3 and BEA 24 could be drilled. Further drillings 

to the north-east and south are not expected to 

give any result as the topography decrease with 

the thickness of the nappe and the Varangerian 

Tillites start outcropping followed by the Alum 

Shales. 

Very high grades usually limited to very 

thin layers have been demonstrated in the 

Varangerian Tillites. It has also been proposed 

that this mineralization may be limited to fault 

zones and organic matter rich zones. Then very 

tectonised Varangerian Tillite units might be of 

potential economical interest. As a consequence, 

it is proposed here that the drill holes in the 

Bellviksberg area and more generally in the 

Dorotea area should be drilled through the all 

sandstone nappe thickness. 

At Bellviksberg most of the mineralization 

seems to occur in the less tectonically disturbed 

part of the area. The same character for the 
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mineralization has been suggested for Lövstrand 

and Granberget. Therefore shallow seismic 

reflection geophysics should be tested on the 

above-mentioned areas. It may aim to identify 

the thickness and the shape of the sandstone 

body, as its rheology is very different from the 

underlying Alum Shales, and also to identify 

major faults within this sandstone body.  Such 

strong indications about the internal structure of 

the nappe would greatly help to build or to 

confirm the geological models and to plan 

efficient exploration campaigns. 
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Annexe 

 

    
Local Base 

Coordinates 
Logged Drill 

Cores 

DH Nb X Y Z Logged Partially 
Available 

Considered 
for 

resource 
estimation 

BEA 1 40 -12 510 x    
BEA 2 122 30 498 x x x 
BEA 3 205 65 487     
BEA 4 -15 50 498   x 
BEA 5 -120 0 507 x  x 
BEA 6 -85 -70 517 x    
BEA 7 -210 -44 509 x    
BEA 8 -300 -180 517 x x   
BEA 9 -153 -104 518 x x x 
BEA 10 -50 -145 521     
BEA 11 70 -90 514   x 
BEA 12 183 -58 511 x x   
BEA 13 276 20 500     
BEA 14 -20 -35 516 x  x 
BEA 15 -260 -150 516 x    
BEA 16 -200 -130 518 x    
BEA 17 -150 -170 520 x x   
BEA 18 330 50 493 x  x 
BEA 19 199 -10 503 x    
BEA 20 100 -33 509 x  x 
BEA 21 -20 -96 519 x    
BEA 22 -160 -50 512 x    
BEA 23 -56 0 508 x    
BEA 24 50 70 492 x    
BEA 25 -100 -40 513 x    
BEA 26 -60 -40 515 x  x 
BEA 27 -100 -120 519 x  x 
BEA 28 -20 0 509   x 
BEA 29 -60 -120 520 x  x 
BEA 30 -60 -80 518 x    
BEA 31 20 40 500 x  x 
BEA 32 20 0 509 x  x 
BEA 33 60 40 500   x 
BEA 34 -20 -120 521 x    
BEA 35 100 0 505   x 
BEA 36 60 0 507 x  x 
BEA 37 20 -80 517   x 
BEA 38 60 -40 511 x  x 
BEA 39 20 -120 520 x  x 
BEA 40 140 0 502 x  x 
BEA 41 20 -40 514   x 
BEA 42 60 -120 516 x x x 
BEA 43 100 -80 512 x  x 
BEA 44 100 -120 516 x  x 
BEA 45 140 -40 508 x    
BEA 46 140 -80 513 x  x 
BEA 47 180 -80 515 x  x 
BEA 48 260 0 504 x    
BEA 49 -180 -80 515 x  x 
BEA 50 300 40 495 x  x 

 
 
 
 
 
 
 
 

        

    
Local Base 

Coordinates 
Logged Drill 

Cores 

DH Nb X Y Z Logged Partially 
Available 

Considered 
for 

resource 
estimation 

BEA 51 -140 -80 517 x  x 
BEA 52 340 70 484 x x   
BEA 53 340 40 494 x x   
BEA 54 300 0 506 x    
BEA 55 -260 -200 518 x  x 
BEA 56 300 -40 513 x    
BEA 57 -220 -160 518 x   
BEA 58 260 -40 511 x    
BEA 59 -180 -160 520 x    
BEA 60 220 -40 511 x    
BEA 61 -100 -160 521 x x   
BEA 62 220 -80 518 x    
BEA 63 180 -120 522 x    
BEA 64 -20 -160 523 x x x 
BEA 65 140 -120 520 x    
BEA 66 100 -160 524 x x   
BEA 67 20 -160 523     
BEA 68 180 40 494     
BEA 69 60 -160 521     
BEA 70 220 40 493     
BEA 71 260 40 494 x x x 
BEA 72 220 0 502 x    
BEA 73 180 -40 508 x  x 
BEA 74 180 0 501 x  x 
BEA 75 260 80 482 x    
BEA 76 300 80 483 x x   
BEA 77 400 61 -     
BEA 78 400 120 -     
BEA 79 538 59 -     
BEA 80 600 0 -     
BEA 81 700 -50 -     
BEA 82 800 -40 -     
BEA 83 1799 -929 458     
BEA 84 1824 -910 454     
BEA 85 1801 -872 453     
BEA 86 1867 -876 451     
BEA 87 1900 -849 454     
BEA 88 1850 -946 458     
BEA 89 -140 30 501     
BEA 90 1758 -828 448     
BEA 91 -180 40 499     
BEA 92 -140 -140 520 x    
BEA 93 1745 -794 446     
BEA 94 -140 -200 521 x    
BEA 95 1598 -621 439     
BEA 96 1548 -660 447     
BEA 97 -140 -280 522     
BEA 98 1726 -829 452     
BEA 99 -240 -80 511     
BEA 100 1752 -899 458     
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Local Base 

Coordinates 
Logged Drill 

Cores 

DH Nb X Y Z Logged Partially 
Available 

Considered 
for 

resource 
estimation 

BEA 101 1800 -830 448     
BEA 102 2000 -700 449     
BEA 103 1700 -400 436     
BEA 104 1400 -400 437     
BEA 105 1400 -100 433     
BEA 106 1702 -100 439     
BEA 107 -240 -40 506 x    
BEA 108 -280 -79 509 x    
BEA 109 2300 -100 434     
BEA 110 -280 -40 505 x    
BEA 111 -210 -80 512 x  x 
BEA 112 2300 -400 437     
BEA 113 -237 -120 516 x   
BEA 114 2000 -400 437     
BEA 115 -200 -180 520 x    
BEA 116 1900 -920 457     
BEA 117 -240 -260 522     
BEA 118 1730 -950 464     
BEA 119 -240 -222 520     
BEA 120 1292 -920 495     
BEA 121 -280 -220 519     
BEA 122 900 0 435     
BEA 123 -240 -180 518 x    
BEA 124 -278 -120 514 x    
BEA 125 300 -200 537     
BEA 126 -321 -127 514 x    
BEA 127 -320 -76 507 x    
BEA 128 -320 -160 516 x    
BEA 129 500 -200 533     
BEA 130 -320 -200 517 x    
BEA 131 -320 -240 518 x x   
BEA 132 703 -190 510     
BEA 133 -320 -280 522     
BEA 134 -379 -237 516     
BEA 135 -380 -180 515 x    
BEA 136 700 -290 531     
BEA 137 -320 -400 518     
BEA 138 -410 -544 516     

BEA 139 -950 
-

1165 519     
BEA 140 -501 -650 512     

BEA 141 -979 
-

1218 526     
BEA 142 -400 -805 518     
BEA 143 -200 -250 521 x x   
BEA 144 -360 -140 513 x    
BEA 145 -360 -70 505 x    
BEA 146 -500 -60 502     
BEA 147 -20 120 488     

 

 




