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Abstract 

 

The Dorotea district is situated in North Central Sweden and is the host of many small sized 

sandstone-hosted lead-zinc deposits such as Lövstrand, Bellviksberg and Granberget. The mineralized 

areas were discovered during the 1930s through an extensive exploration campaign along the Caledonian 

Front. Boliden Mineral AB has investigated the Lövstrand zone for about ten years (from 1947 to 1958) 

but even with 481 drill-holes and a mine-testing excavation, the mineralization was estimated to contain 

too low lead grades and too limited tonnage to be considered economic. 

The present study aims to improve the knowledge about the Lövstrand mineralization. The Lower 

Cambrian Sandstones, deposited in a fluvial dominated deltaic system and rich in organic matter, were 

involved in thrusting during the Scandian Event 425 million years ago. They are now included in the Lower 

Allochthonous Unit of the Tåsjön Décollement and host a stratabound galena-(sphalerite) mineralization 

at Lövstrand. The organic matter (indicating a high probability of sulfide presence due to high authigenic 

pyrite content) associated with intergranular clayey minerals, together with a lower alteration of the 

porosity, are the most likely causes for the precipitation of the sulfides in the sandstones.  

Because of the high rock fracturing due to the thrusting process, the mineralization has been partly 

remobilized and spread along faults, lowering the grades to sub-economic levels. 

The lead content in mineralized rocks is strongly correlated with silver. The high-grade parts of zinc 

mineralization are spatially separated from the lead even though both still seems to be linked to the same 

mineralizing event. The latter is likely to be of same nature as the mineralizing event described in Laisvall. 

The resource estimation indicates that the Lövstrand mineralization contains 11.4 Mt of inferred 

resources with an average of 3.2 % lead and 0.1 % zinc. In addition, the area contains a potential 

mineralization estimated at 16.9 Mt with an average of 3.2 % lead and 0.1 % zinc. Using the correlation 

between lead and silver, the silver grade has been estimated to be around 20 g/t. 

The observation of the spatial separation between high zinc grades and high lead grades, together 

with the low number of zinc assays, indicates the possibility of further zinc mineralization.
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Introduction

For more than 7000 years 

been using lead, some references are even made 

in the Book of Exodus. This early 

metallurgy could have been 

widespread repartition of lead deposit

the globe and because of the easy 

the ore. Our ancestors have mastered the use of 

this metal to a point that Roman lead plumber 

pipes are still in use in some European countries

The ancient civilizations even tried to turn this 

common and cheap metal in something much

more valuable: gold. The old alchemists from 

middle age failed in their quest but in 

modern times, the world market 

 

Figure 1 : Some figures about the lead world market over the past five years. Note the clear gap between the production and 

the consumption at the global scale. Ev

recycling process (more than half of the world lead comes from scraps),

economy (and especially its car market) still eat into the internationals lead reserves.

phase compare to the global growth rate. 
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 humankind has 

, some references are even made 

early development of 

metallurgy could have been induced by the 

widespread repartition of lead deposits across 

and because of the easy smelting of 

mastered the use of 

point that Roman lead plumber 

in use in some European countries. 

even tried to turn this 

something much 

chemists from the 

failed in their quest but in our 

s, the world market economy might 

be this long sought 

shown in Figure 1, the 

than doubled since 2003. This growth rate is no 

mystery: development of the Chinese economy 

has boosted the natural 

the production catching 

records are frequently beaten.

not seem transient mainly because lead is 

principally used in cars batteries and the Chinese 

car market is only at its first steps.

The soaring prices of the “oldest metal” 

produce in the mining industry the same results 

as in the oil business: the companies start an all 

out exploring policy, which can lead to 

reconsidering deposit previously 

The Lövstrand deposit is one of them.

: Some figures about the lead world market over the past five years. Note the clear gap between the production and 

the consumption at the global scale. Even if the production increased during the past 3 years, mainly due 

(more than half of the world lead comes from scraps), the sky rocketing development of the Chinese 

economy (and especially its car market) still eat into the internationals lead reserves. The mining production seems out of 

to the global growth rate. (ILZSG, 2007) 
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 philosopher’s stone. As 

, the prices of lead have more 

than doubled since 2003. This growth rate is no 

mystery: development of the Chinese economy 
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the production catching up too slowly, historical 

uently beaten. This growth does 

not seem transient mainly because lead is 

principally used in cars batteries and the Chinese 

car market is only at its first steps. 

The soaring prices of the “oldest metal” 

n the mining industry the same results 

as in the oil business: the companies start an all 

out exploring policy, which can lead to 

reconsidering deposit previously uneconomic. 

The Lövstrand deposit is one of them. 
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The Dorotea area 

Situated in the Swedish Västerbotten 

County, about 30 km WNW of Dorotea, the 

Lövstrand deposit is one of several medium to 

small sized mineralizations constituting the 

Dorotea District. It is part of a larger family of 

deposit related to the eastern border of the 

Scandinavian Caledonides, shown in Figure 2. 

Hundred of disseminated Pb-Zn mineralizations 

are hosted in the Late Vendian and Cambro-

Ordovician sediments close to the present thrust 

front of the Caledonides along its whole 2000 km 

length (Grip, 1954, 1967, 1978; Chritofferson, et 

al. 1979; Rickard et al., 1979; Bjørlykke and 

Sangster, 1981; Romer, 1992; Grenne et al., 

1999). 

 

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). 

Those sandstone-hosted deposits were 

mainly discovered during an extensive campaign 

of boulder tracing along the Caledonian front 

lead by Boliden Mineral AB during the 1930s. 

This massive exploration operation eventually 

ended with the discovery of the Vassbo (1951) 

and Laisvall (1938) deposit.  

The Vassbo mine was exploited between 

1960 and 1982 producing 5 Mt of 4.5% 

combined lead/zinc and 15 g/t silver (Boliden 

Mineral AB). Laisvall was much larger. Over 60 

years of mining, it was the principal European 

lead producer, until its shutdown in 2001. Over 

60 Mt of 4% lead, 0.6% zinc and 9g/t silver were 

extracted from the autochthonous sandstones of 

the Såvvovare Formation (Rickard et al., 1979). 

The unearthing and rapid exploitation of 

these deposits did not promote the starting of 

new mines in the Dorotea district, but this later 

remained an area of interest until the late 60s 

(Bellviksberg deposit).  

The Dorotea deposits are principally situated 

in the Ström Quartzite Nappe or Lower 

Allochthon (Rickard et al., 1979). Three main 

mineralizations were identified: Lövstrand, on 

the banks of the Ormsjön Lake NW of the 

Sörstrand village, Bellviksberg, 7 km NW of the 

village of Bellvik on the Lomtjärnberget hill, and 

Granberget, in the hilly surroundings of the 

village, discovered more recently in 2000. 

With a first resource estimation of about 23 

Mt of  2.4% lead (and low zinc) for Lövstrand 

(Wirstam, 1958) and more than 1 Mt of 5.3% 

Pb/Zn and 21g/t Ag in Bellviksberg (Grip, 1978), 

the district was finally considered of sub-

economic and all further studies were cancelled 

(1958 for Lövstrand, 1967 for Bellviksberg). 
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Purpose and conditions of the study 

In the aftermath of good financial results 

and following the general trend of the world 

market, Boliden Mineral AB, one of the leading 

Swedish mining companies, have recently 

heavily invested in exploration. According to 

Pierre Heeroma, Boliden’s Exploration Manager, 

the company “shall have a new ore deposit 

capable of producing 50,000 tons per year from 

around 2011.” 

In this context of literal rush for the mining 

resources, the company is thus looking back to 

its archive for potentially profitable unexploited 

mineralized bodies. 

This project is therefore concerning the 

Lövstrand mineralization, which was discovered 

back in the late 30s. The purpose of this five-

month long project was to: 

• Redefine the geologic model and 

interpretation of the area based on the 

study of one cross-section of 17 drill 

cores across the main body of the 

mineralization. 

• Describe the geology, mineralogy and 

tectonics evolution of the 

mineralization. 

• Compare the Lövstrand mineralization 

with Bellviksberg and Granberget 

mineralization. 

• Perform a mineral resource estimation 

of the Lövstrand deposit. 

Boliden Mineral AB provided access to 

archives and all the logistical support necessary 

for this study. The drill cores are stored in the 

company’s core-shed, and logging took place on 

the premises. Boliden Mineral AB also made the 

thin and polished thin sections. They were 

studied both in Luleå University and in Boliden 

Mineral AB. The gathered data were interpreted 

and compiled in the exploration main office. 

The seventeen drill cores described are in 

total about 1800 m and drilled during the 50s 

with a diameter of 48 mm and often heavily 

crushed, with an average recovery of 60% (the 

drill-cores, about 100m long, are usually stored 

in 6 boxes containing 11m of cores). These 

conditions made the observation of sedimentary 

structures and the spotting of the fractures 

zones difficult. The old interpretations together 

with the first geochemical analysis (Wirstam 

1950-1952) of the 481 drill-holes covering the 

area were of great help, even if the logging was 

often too straightforward. 

The yearly reports concerning the Lövstrand 

exploration campaign along with results of some 

early geophysical measurement are kept in 

Boliden archives. They are more carefully 

described below. Several publications by 

numerous authors were also used to achieve a 

global understanding of the sandstone-hosted 

deposit and of the Caledonian related events. 

Twenty-one thin and seven polished sections 

were issued from the drill-hole 247 in order to 

define carefully the lithology. Twenty-eight 

samples were also sent to ACME Analytical 

Laboratories Ltd (Canada) for whole rock 

analysis. The results have not been received yet 

and are therefore not included in this thesis. 
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The maps and cross sections produced by 

the author were produced using Golden 

Software’s Surfer and Bentley Systems’ Micro-

Station. 

This study was concurrently developed with 

the work by Cyril Chelle-Michou (2008) on the 

Bellviksberg deposit, c. 5 km south of Lövstrand. 

This partnership has permitted the comparison 

of the two ore-bodies and lead to a better 

understanding of the geological evolution of the 

district. 

Geomorphology and summary of 

the previous studies of the 

Lövstrand area  

In this part, the reader will find some useful 

information about the Lövstrand area and the 

previous studies carried out in this area will be 

described in details. 

Geographical context of the Lövstrand 

deposit 

The Dorotea district is situated just under 

Latitude 65°N. The boreal climate with its long 

and cold winters favors the dominance of cold 

resistant species both deciduous and coniferous 

(SLU, 1987). The Table 1 summarizes some 

statistics over the past 40 years about the local 

weather (SLU, 1990). Like a major part of 

Sweden, traces of the last glacial age are 

omnipresent, hence the carving the topography 

dominated by well rounded low hills and the 

presence of about half a dozen of meters of 

glacial tills. The long NNW-SSE elongated 

Ormsjön Lake and its valley, which borders the 

Lövstrand area, are also features of the Weichsel 

Glaciation. 

The soil is mainly podsol (SLU, 1990). The 

topography is gently dipping toward the NE and 

the Ormsjön Lake. The maximum difference in 

elevation is about 100m. 

The smooth slope toward the lake is covered 

with extensive swamps and small ponds (Figure 

3); this is why the drilling operations were 

principally performed during the winter. The 

mosquitoes’ swarm could also be a problem 

when the temperatures become high. 

 

 

Figure 3 : Aerial photography of the Lövstrand area. The 

blue patches are swamp and wet ground areas. Note the 

predominance of the forest. This picture is dated from the 

60s, but the present landscape has not changed except for 

the addition of several roads and tracks. (Courtesy of 
Boliden Mineral AB) 
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Table 1 : Summary of the climate conditions in the Dorotea district. (SLU, 1990) 

Average Temperature (T°C) Average T°C : January Average T°C: July Annual precipitations 
Humidity during the vegetation 

period 

2 to 0 °C -10 to -13°C 10 to 12°C 700 mm Normal 

Length of growing season 
Precipitation during 

growing season 
Temperature zone First autumn frost Last spring frost 

120-150 D 300-350 mm Cool 1st September 15th May 

     

Previous work in the Lövstrand area 

The location of the deposit was principally 

identified trough work in boulder tracing led by 

Du Rietz between 1947 and 1949. Earlier 

exploration drill-hole references are quoted in 

the 1947 report, but these were not found in the 

archives. A drilling program continuously 

updated during the 50s concluded this study. 

The positions of all the drill-holes in the area are 

shown in Figure 4. The 481 holes were drilled 

over ten years and their spacing varies according 

to the presence of lead mineralization (galena) in 

the drill cores. 

Geological model 

After the logging of the drill cores by 

Wirstam (1950-1952), two cross sections were 

produced by Du Rietz (1951) which established a 

geological model, which was also used by Gee et 

al. (1978) in their interpretation of the Tåsjön 

Décollement. These two profiles are shown in 

Figure 5. The allochthonous Lövstrand nappe 

was emplaced over the autochthonous Alum 

Shales, and according to Gee et al. (1978), is part 

of the Sjoutälven Group. 

The lithology of this group in Lövstrand is 

cited in Gee et al. (1978) after Du Rietz (1951). 

 

 

Figure 4 : Drill-holes positions in the Lövstrand area. The 

scale bar is in meters. Note the difference in spacing 

density of the holes: the closest spacing represents the 

mineralized area. 

The basal arkosic formation (“Arkose” in the 

profile, sometimes still in contact with granitic 

basement) was described as grading into white 

and pale grey quartzitic sandstones (“Quartzite” 

in the profile). A glauconitic, greenish grey 

siltstone-shale unit was observed on the top of 

the uppermost sandstone sequence showing 

interlayers of sandstones, conglomerate, and 

evidences of bioturbation (“Shale with Sandy 

beds” in the profile). This unit, about 65m thick 

(Gee et al., 1978) was correlated with the 
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uppermost part of the Gärdsjön unit (main 

component of the Sjoutälven Group) by Du Rietz 

(1960). The Alum Shale overlies the whole 

sequence. 

The main mineralization is situated in the 

sandstone horizon of the allochthon (Figure 5).  

Wirstam was in charge of the mine-testing 

phase on the site until 1958. He produced three 

underground mapping/cross sections of the 

mineralization, together with a list of additional 

holes that were never drilled, in order to define 

more precisely the northern extension of the 

mineralization. Helfrich (1957) performed a 

statistic study on the orientation of the 

fractures. The strike and dip of the two 

dominant fractures systems indicate a NNE-SSW 

(normal to the striking line: 77°W) median strike 

(Table 2). The average dip of the sediment is 

around 45°. 

The observation of the fracture’s striking is 

essential to determine the orientation of the 

main mechanical constraint, source of the 

fracturation. This main constraint is striking like 

the median between the two main sets of 

fractures. 

 

 

 

 

 

 

 

 

 

 

 

Table 2 : Orientation of the two main fracture sets and calculation of their respective median (based on Helfrich, 1957). The 

number of fracture measured was not précised by the author. This data deal with the normal to the striking line. 90° must be 

added to get the real striking value. 

Zone  1 2 3 4 5 6 7 8 9 10 11 12 

Set 1 -15 °W 34 °W 66 °W 27 °W 20 °W 36 °W 45 °W 26 °W -18 °W 27 °W 51 °W 43 °W 

Set 2 87 °W 143 °W 161 °W 131 °W 144 °W 120 °W 115 °W 110 °W 110 °W 128 °W 135 °W 122 °W 

Median 36 °W 89 °W 114 °W 79 °W 82 °W 78 °W 80 °W 68 °W 46 °W 78 °W 93 °W 83 °W 

Median Average 77 °W 
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Figure 5 : Cross sections across the Lövstrand deposit (Du Rietz, 1951). The schematic profile below shows the general structural settings of the area with the granitic basement dipping gently toward the 

west. On the upper detailed sketch, the Lövstrand nappe and mineralization are overriding the Upper Alum Shales. The position of the profile is shown in Figure 4. The ore bodies were interpreted to be 

principally hosted by the sandstone member of the Sjoutälven Group and dipping NNW. 
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Geophysical surveys and interpretations 

Between 1950 and 1952, Malmqvist 

undertook several geophysical measurements 

over the Lövstrand area. In 1950, he showed 

that an induced potential (“Mise à la masse”) 

would give the best general shape of the 

galena mineralization because of its high 

conductivity relatively to the host sandstone 

as depicted in Figure 6. His results are shown 

in Figure 7. 

 

Figure 6 : Conductivity test on the disseminated layer of 

sandstones in the drill-holes number 203, 204, and 209. 

The highest values of conductivity are correlated with 

the higher lead grade: the galena is interpreted as the 

main conductor. 

(Malmqvist, 1950) 

 

Figure 7 : Results from the "Mise à le masse" survey performed by Malmqvist (1950) on the drill-holes 204, 209, and 267. 

The two illustrations in the upper left corner describe the basic theory behind. Note the correlation between outcrops 

and the higher values. Drill-hole 209 data are not plotted on the same map, as they would overload it. The location of the 

outcrop corresponds to the maximum values of conductivity. By comparing its position with the assayed drill-hole, the 

general shape, strike, and dip of the ore body could be defined. 
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This investigation led, after some basic 

trigonometric calculations, to the definition of 

the orientation and dip of the ore-bodies in 

the three holes (see Table 3). 

These results can be compared to the 

result of a Tvåram survey done over the 

Lövstrand deposit. Nor the author or the dates 

of this study were found in the archives. The 

tvåram map is shown in Figure 8. 

The presence of Alum Shales in the area 

would disturb the signal, but the galena is 

assumed to give a response high enough to 

result in some significant anomalies. The 

“Mise à la masse” results indicate anomalies 

with a principal elongation in about 45°E with 

the tested holes situated in the southern 

extremity of the southern high response zone, 

oriented closer to 45°E. Thus appears that 

there might be a significant galena signature 

in the tvåram survey. 

Table 3 : Calculated normal strike and dip of the drill-holes 204, 209, and 267 (based on Malmqvist, 1950). 

Drill-holes 204 209 267 

Normal Strike 35° W 45° W 55°W 
Dip 30° 50° 40° 
Approximate shape 

of the ore body 

c.200m wide; 
40m thick 

c.300m wide; 
20m thick 

c.300m wide; 
30m thick 

 

Figure 8 : Tvåram survey over the Lövstrand deposit (Courtesy of Boliden Mineral AB). The small dots are the drill-hole 

positions. Position of the X=-120 profile is also indicated. Note the elongated shapes of the high response zones and the 

change in orientation in the southern area. 
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Malmqvist pursued a conductivity survey 

in 1951. Based on a Wenner configuration 

with a low penetration depth (electrodes 

separated of 20m), the main result of this 

study was an accurate positioning of all the 

local streams and other aquifers. 

In 1958, Wirstam published his conclusion 

about the Lövstrand deposit. They will be 

described in a subsequent chapter. 

The exploitation stage was never reached 

and after the final 1958 report, the project 

was not a subject of further investigation until 

the last few years. 

Geological context 

(Chapter in common with Chelle-Michou, 

2008) 

The Scandinavian Caledonides 

The Caledonian 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 9) (Gee et al, 

2008). It results from the closing of the 

Iapetus Ocean and the collision of the two 

continents Laurentia and Baltica that occurred 

from the early Ordovician to early Devonian 

times. The orogen is thought to have 

undergone nappe displacement of several 

hundreds of kilometers 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, 2002).  

This history of the Scandinavian 

Caledonides is summarized from 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 Orogen.  

 

Figure 9 : Outline of the North Atlantic Caledonides and 

relationship between Laurentia and Baltica (from Gee 
et al., 2008). 

Continental break-up of Rodinia and 

opening of the Iapetus Ocean 

The Rodinia supercontinent (Figure 10) is 

thought to have been formed at early 
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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 10).  

 

Figure 10 : The Rodinia supercontinent at 750 Ma and 

the position of its later rift margins causing its breaking-

up (from Torsvik et al., 1996). 

During Vendian times (c. 650 Ma), Baltica 

and Laurentia drifted south, positioning 

Baltica near the South Pole. It results in the 

deposition of glaciogenic sediments (known as 

the Vendian or Varangerian Tillites) on the 

deeply eroded Precambrian basement in 

many parts of Baltica and on the southern 

margin of Laurentia (Greenland) while 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), 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 ones with a probable width of 

3000 km for the Iapetus Ocean between the 

two continents. However, the rotation of 

Baltica set its active Caledonian margin in 

front of Siberia with an about 1000 km 

oceanic separation (Figure 11 a). 

Closing of the Iapetus Ocean and 

collision of Baltica and Laurentia 

The closure of the Iapetus Ocean (Figure 

11 b and c) is considered to have started with 

the closure of the Tornquist Sea by the Late 

Ordovician resulting on the collision between 

Baltica and Avalonia. Several events marked 

the progressive closure of Iapetus. They 

consist in accretion of island arcs along the 

Baltic and Laurentian margins and initiate the 

metamorphism and the napping of the 

Caledonian terrains (Finnmarkian event, 

Trondheim event and Taconian event). 

Laurentia and Baltica finally collided obliquely 

(starting is southern Norway, Figure 11 d) at c. 

425 Ma, causing the Scandian event with the 

subduction of Baltica and the crustal 

thickening of the Caledonian Belt (Figure 12). 

This major event involved all the principal 

allochthons including those already implicated 

in the former events. 
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Figure 11 : 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 Orogen (from Roberts, 2003). 

 

 

Figure 12 : Schematic profile illustrating the major Scandian, Baltica-Laurentia collision event at c. 420-400 Ma with 

subduction of the Baltican margin and napping of the volcano sedimentary 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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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 thrust zones 

transecting the Caledonian crust, general 

crustal thinning, and filling of the Devonian 

intramontane basins with coarse siliciclastic 

sediment. 

Geology of the Scandinavian Caledonides 

The events previously summarized 

resulted in a complex orogen comprising 

innumerable thrust sheets made of Early 

Paleozoic rocks of various origins and 

metamorphic grades. Based on these 

characteristics, Caledonian terrains are 

commonly divided into Autochthon and 

Lower, Middle, Upper and Uppermost 

Allochthons (Figure 13) that may have been 

transported through several hundreds of 

kilometers. 

 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 

basis 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 the lowermost thrust 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. This nappe complex is 

reported to have been transported in the 

order of several tens of kilometers (maximum 

150 km) but is almost not present on the 

northern part of the mountain chain. It 

includes the Ström nappe in which the 

Lövstrand deposit is situated. 
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Figure 13 : Simplified geological map of the Scandinavian Caledonides (from Gee et al., 2008)  
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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 (to the 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 Iapetus derived terrains. 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 amphibolites 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. 

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 14). 

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-grain granitoides of 

probable Svecokarelian age (1,750-1,800 Ma), 

gneisses, and gabbros (near Dorotea, and also 
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smaller intrusions further to the west). It can 

locally be weathered in the uppermost part 

and showing a progressive boundary with the 

overlaying sediment cover.  

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 referred as in the geological map 

(Figure 14), capped by the Alum Shale of the 

Fjällbränna Formation. In the Sjoutälven 

anticline, the Risbäck Group lies under the 

Gärdsjön Formation directly on the 

peneplanated basement.  

The Gärdsjön Formation is quite thin in 

the Autochthon (4 to 10 meters thick) 

compared to the Allochthon (less than 100 

thick). It starts with a coarse arkose that may 

be absent on suspected topographic high 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”. The grain size 

gradually decreases upward to coarse grain 

sandstone and siltstone interbedded with fine 

grain 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 area, the Risbäck 

Group only occurs in the Sjoutälven anticline 

(see Blomsterberget on Figure 14). It is 

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 ones 

will not be described here. 

 The Allochthon 

The allochthonous nappes above the sole 

thrust repeat the Gärdsjön Formation and 

Fjällbränna Formation association all over the 

Tåsjön-Ormsjön area. To the west the black 

shale are conformably overlaid 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 grain sandstone with basal 

arkose, feldspatic sandstone, subordinates 

conglomeratic, and siltstone layers. 

Establishing the area of derivation of the 

eastern Gärdsjön Formation 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. 
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Figure 14 : 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 Lövstrand and Bellviksberg area is shown in the red square. 
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An overview of sandstone-

hosted Pb-Zn deposits 

(Chapter in common with Chelle-Michou, 

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’s 

control in the Caledonian related deposit are taken 

from the publications of Romer (1992) and Kendrick 

et al. (2004). 

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. 

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 15, the main lead deposit 

occurrence, 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. 

Laisvall 

The world-class deposit Laisvall was one of 

the main European lead suppliers 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).  

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 17 shows 

the nature of the “Laisvall Member” under the 

allochthonous nappes complex, the 

sedimentary pile reaching over 100 m in 

thickness.  

On the Proterozoïc basement, weathered 

to a peneplenae, uneven strata (due to 
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basement paleorelief) of mixtite, followed by 

feldspatic sandstones 8-18 m thick, which are 

thought to be of glacio-fluvial origin (about 

640 ± 23 Ma), have been deposited 

(Ackerselet Formation). It is covered by 

green/gray shales with pebbles and then, the 

main sandstone member is in turn overlaid by 

the fossiliferous deposits of the Lower 

Cambrian, forming the Såvvovare Formation. 

This 40-45 m thick stratum 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 on Figure 16). It 

consists of 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 on Figure 16), 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 bioturbation 

and fossiliferous limestone layers (45 m thick). 

 

Figure 15 : 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. 

 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.
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Figure 16 : (Left) (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. Equidistances 

are in meters above an arbitrary reference plane. (D) Three-dimensional 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). 

Figure 17 : (Right) 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 Grammajukku 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 Shales have 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) 

 

As a whole, the Laisvall Member 

represents deposition in a transgressive 

continental margin. 

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 16, the faults present in 

the basement have a control on the 

paleorelief. It is explained by the fact that the 



GEOLOGY AND MINERAL RESOURCES OF THE LÖVSTRAND PB (-ZN) MINERALIZATION, DOROTEA AREA, NORTH CENTRAL SWEDEN 

S. Ayrault, 2008 

- 27 - 

BOLIDEN MINERAL AB, LULEÅ UNIVERSITY OF TECHNOLOGY & ENSG 

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 16 

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. 

Vassbo 

The Vassbo mine, the southernmost 

deposit on the Figure 15, was exploited from 

1960 to 1982 and produced about 5 Mt of a 

5.5% lead ore. 

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 17. 

The Vassbo basement is mainly composed 

of Proterozoïc quartz porphyry (1669 Ma old) 

overlaid by Middle Proterozoïc 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. 

 

Figure 18 : 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) 

 

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 
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(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. 

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 

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. 

Genetic models 

During the end of the 20th 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. 

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 

lystric 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 
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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 favored.  

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.  However, 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 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 analog for 

the Scandinavian sandstone-hosted lead-zinc 

deposit”. 

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. 

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 

kilometers of sedimentary formations before 

reaching the precipitation area, canalized 
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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, and moving the fluids away 

from the compressed zones. 

All these assumptions lead to the early 

1980’s models of thin skin tectonic presented 

in Figure 19 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 1990’s. 

Basement interaction models 

The basement and mantel isotope 

signature in the original ore generating brines 

was not the only reason for these 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 15. 

 

Figure 19 : 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) 

 

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 
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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 19 C).  

However, as the radiogenic lead content, or 

other isotope ratio, indicate a close 

relationship to the basement, it cannot be 

excluded that lead derives from leaching of 

sediment evolved from the same bedrock. 

That is how the most recent model, Figure 20, 

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 19 

B). 

Timing of the mineralization 

It has been established before that the 

mineralization was epigenetic, so there is 

already a constraint on the mineralization 

timing: the precipitation of the ore bodies 

happened long after the deposit of the host 

sediment (Lower Cambrian). 

The Alum Shales plays the role of a cap 

rock during the migration of the brines, so the 

precipitation process must be younger than 

their deposit (Middle to Late Cambrian). 

The driving forces for the eastward brine 

migration origins in the Caledonian orogen, 

which stretches over the Silurian and 

Devonian. The Final Scandian Phase 

(continental collision, 400-430 Ma) set the 

current nappe system during the late Silurian, 

most likely closing the underground fluid 

circulation. 

These last facts being of critical 

importance to the deposit process, they can 

be used to circumscribe the mineralization 

event to a period ranging over the whole 

Silurian age. The main concept being that the 

precipitation took place over several million of 

years. 
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Figure 20 : 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 orogen; fluid arrives in pulses and mixing occurs at the 

site of mineralization. 3, Erosion of the topography and a schematic representation of today’s tectonostratigraphy. 

Caledonian allochthons: UM, uppermost; U, upper; M, middle; L, Lower. (From Kendrick et al., 2004)  
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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 4 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 red-ox 

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 

developed a copper-lead-zinc mineralization. 

 The French deposit of Largentière is 

certainly 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. Therefore, as in the 

Kupferschiefer deposits, a zoned system is 

present. 

Table 4 : Comparative table of the different features of some Siliciclastic Hosted deposits. (Bjørlykke & Sangster, 1981) 

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 

Caledonides 
related 

Pb, Zn Sandstones 
Basinal brines enriched in a basement 

issued pediment 
- 

Marine 
transgression 
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Geology of the Lövstrand area 

As shown in the previous section, Gee 

1978’s publication described the geology of 

the Tåsjön-Ormsjön area. A detailed map 

(corresponding to the red square in Figure 14) 

is presented in Figure 21. The nappes 

displaced from the NW, the presence of 

several nappes and a décollement level above 

the Alum Shales overlying the Fjällbränna 

Formation are in complete agreement with 

the conclusion drawn by Du Rietz in 1951 and 

with the statistical study of the rock fractures 

produced by Helfrich in 1957. To produce the 

cross section 2 in Figure 21, seventeen drill-

holes were mapped along the 5 km long X=-

120 profile (NNW-SSE) (The drill-holes 

concerned are 208, 223, 228, 247, 252, 256, 

258, 260, 261, 265, 282, 287, 302, 309, 317, 

324 and 354; the corresponding cores are still 

stored in Boliden Mineral AB core-shed). 

Special attention has been paid to note 

the variation in grain size along these holes, to 

detect the contacts between the different 

units and to define what, among all the 

broken cores, could be an indication of faults. 

The result is the 4600 m long cross section 

presented in a reduced version in Figure 22 

and in a larger scale in Annex 1. 

This interpretation similar to Gee (1978) 

and Du Rietz (1951): a c. 80 m thick sand 

dominated allochthon, thrust over c. 60 m of 

shaly autochthon. 

In agreement with the work of Helfrich 

(1957), most of the fractures are dipping 

around 45° NW in the central parts of the 

nappe. This angle decreases slowly with the 

depth due to the lithostatic pressure. In the 

drill cores, the rarely observed sedimentary 

bedding was dipping c. 40-50° NW, which 

could act as weakness planes, facilitating the 

rupture of the rocks. 

Note that the southern part of the nappe 

is poorer in silty material than the northern.

 

Figure 21 : Geological map modified from Gee (1978). 

The drill-holes over the deposit are shown in red. The 

Cross section produced by Gee is marked as 1 (including 

the drill-hole 247). The cross section shown in detail in 

Figure 22 is number 2 (the interpretation by Du Rietz 

(1951) was previously introduced in Figure 5). 
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Figure 22 : Cross section of the Lövstrand zone along the X=-120 line (Oriented NNW-SSE). The full version in larger scale of this profile is available in Annex 1. 
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Lövstrand detailed stratigraphy 

The detailed study of the drill cores in 

combination with the mapping produced by 

Wirstam between 1948 and 1952 and the 

publications of both Gee (1978) and Willdén 

(1980) have made a reconstruction possible of 

the lithostratigraphic sequence of the 

Lövstrand area. The inclination and strong 

deformation of the rocks and the possible 

lateral variation of the different sedimentary 

units introduces a certain degree of 

uncertainty regarding the sediment succession 

but the correlation with other better-

conserved members has been used to better 

constrain the lithostratigraphy.  

The result is shown in Figure 23, and 

described below. The reader has to keep in 

mind Gee’s conclusions (1978): the allochthon 

has been at least thrust over 40 km (hence the 

strong fragmentation of the nappe). This 

explains why the Autochthon and Allochthon 

lithology are not completely correlable due to 

lateral variations in the lithostratigraphy.  

 

Figure 23 : Lithostratigraphic log of the Lövstrand area. The correlation with the Tåsjön area is based on Gee (1978) and 

the one with Laisvall is based on Willdén (1980). The Chronologic data come from Moczydłowska et al. (2001). Note that 

the Laisvall sequence does not present any décollement plane: the correlation concerning respectively the Autochthon 

and Allochthon are not geologically related. 
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The Autochthon 

This description of the c. 60 m 

autochthonous stratigraphy is based on the 

study of drill-hole 247 (182 m long), the only 

drill-hole reaching the basement. 

The Basement 

Macroscopically, the c. 20 m of basement 

rock observed contains numerous 

porphyroblast of feldspar (see Annex 2: 

mineralogical sheets), sometimes aligned 

along fabric 75° to the horizontal, in a dark 

matrix of various smaller crystals. The rock 

color gets lighter toward the top, probably 

because some alteration. 

Microscopically, the proportion of alkali 

feldspars and plagioclase compared to the 

amount of quartz led to the conclusion of 

calling this rock a “Monzodiorite” (Strekeisen, 

1976) (For more details, see Annex 2: 

Mineralogical sheets). 

By comparison with similar granitic rocks, 

it has been suggested to be of Svecokarelian 

age (Gee, 1978). Gee demonstrated the slow 

dip (a few degrees) toward the NW of the 

basement contact, which is confirmed by 

comparison of the basement depth between 

drill-holes 247 and 639 (Wirstam, 1952). 

The Lower Cambrian Black Siltstones 

The first unit of the autochthon seems to 

have been deposited directly on the top of the 

crystalline basement. Even if a few 

centimeters of core were missing precisely at 

this contact, this does not leave much place 

for the usual basal conglomerate described in 

all other areas (Du Rietz, 1960; Lilljequist, 

1973; Gee, 1978; Willdén, 1980). A possibility 

is that the basement might have presented a 

higher relief around this precise point. 

The first 5 m of lutaceous shale/siltstone 

sediment are heavily bioturbated (traces of 

calcified constructions) with some pebbles of 

shale, large pyritic nodules, and traces of mud 

cracks. This first sequence is eroded by a thin 

layer (less than half a meter) of fine-grained 

sandstone followed by an argillitic 

conglomerate with some traces of 

phosphorite. Willdén (1980) had also 

observed this sequence at the base of the E 

Unit of the Grammajukku Formation. 

A c. 35 m thick, a unit of layered lutaceous 

siltstone occurs on the top of the later and is 

in contact with the overlying black shales of 

the Alum Shale. 5 m below the contact, a 

meter thick biogenic limestone bed bears 

traces of fossils and ends with a new unit of 

pyritic nodules. A thin section from these 

limestones has been studied and seems to 

contain structures similar to algae carpets (see 

Annex 2: Mineralogical sheets). This would, 

according to the Dunham Classification of 

carbonate rocks (1962) modified by Embry & 

Klovan (1972), classify this rock as a 

“Bindstone”. 

The general blackish color is due, together 

with the occurrence of pyrite, to the 

enrichment in organic matter in this entire 
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unit called Lower Cambrian Black Siltstones. 

This name had been subsequently to the 

description of similar units by Gee (Upper 

Gärdsjön Formation) and Willdén 

(Grammajukku Formation). 

The Alum Shales 

The Alum shales are the youngest 

autochthonous stratigraphic unit observed in 

the area (Middle Cambrian, Moczydłowska et 

al., 2001). They are often strongly deformed 

by the overlying sole thrust, and their 

thickness is thus highly variable. In places, 

they are associated with some fragments of 

the lowest units of the upper allochthon. Their 

high graphitic content is characteristic and 

easy to recognize (Figure 24). This rock also 

contains a high amount of swelling clay 

minerals. It have been noticed during this 

study that the day after mapping the casing 

was on the verge of breaking because of the 

volume increase of the cores (the mapping 

process implicate the wetting of the cores).  

The Allochthon 

The sedimentary sequence has been 

reconstructed by information gather during 

the drill core mapping.  

The Varangerian Tillites 

The frequent variations of thickness of the 

typical greenish Varangerian Tillites have been 

interpreted as the accumulation of broken 

wedges by the thrusting process, these rocks 

being the sole of the nappe. In agreement 

with Gee (1978), this unit has been defined 

with an original thickness of c. 20 m. The usual 

sequence would display two erosive 

sequences of coarse grained (including some 

pebbles and bigger clasts), poorly sorted and 

heavily fractured quartz-arenite fining 

upward, to medium light green, sandstone. 

Formerly called “Arkose”, the microscopic 

study of thin sections from this rock (see 

Annex 2: Mineralogical sheets) have proved 

that “Quartz arenite” would be more 

appropriate because of their very low content 

in feldspar (Pettijohn, 1975), that have been 

strongly altered. 

 

Figure 24 : Strongly deformed Alum Shale. Note the deep black color due to the enrichment in organic matter. These 

rocks are also called “Graphitic Shale”. They leave distinctive black marks. On the photo to the right, the white crystals 

developing from the core seems to be some kind of sulfur salts (they dissolve when put in contact with water), but their 

real nature is still unknown. 
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The macroscopic greenish color is 

probably derived from the abundant clay 

minerals spotted during the microscopic 

analysis. It must be strongly précised that 

there is absolutely no trace of Glauconite in 

these rocks, contrary to what was stated by 

previous investigators.  

The name “Varangerian Tillite” has been 

adopted jointly with Chelle-Michou (2008) 

because of the description of similar units by 

Gee (1978) in the Ackerselet Formation and 

Willdén (1980) in the Långmarkberg 

(Dabbsjön) Formation, which were then 

interpreted as related to the Varangerian 

Glaciation (Late Precambrian). 

Fluorite has been frequently observed in 

this unit, associated with calcite filling the 

cracks (as well as in Vassbo, Christofferson et 

al., 1979). 

 

Figure 25 : Crystal of Fluorite in the Varangerian Tillites. 

These crystals tend to be associated with calcite in the 

fractures. 

The Lower Cambrian Sandstones 

The unit of greenish sandstone in the 

Varangerian Tillites evolves gradually into 

coarse-grained, clayey, and poorly sorted 

sandstone. This c. 30 m massive sandy unit is 

composed of thick erosive beds starting with 

clayey poorly sorted coarse-grained 

sandstones at their bottom fining upward to 

cleaner, reasonably sorted medium to fine 

grained sandstones. Both of these units are 

quartz-arenites, based on observations in thin 

section (see Annex 2: Mineralogical sheets). 

The coarser sandstones display a clayey 

coating of the sub-angular grains with, 

whereas the finer show well compacted sub-

rounded grains (hence the lower clay 

content). Both rocks display calcite filled 

cracks cross cut by quartz veinlets. Some areas 

are strongly fractured, due to faulting caused 

by the thrusting process. 

It should be noted that the shaly 

sandstone is usually enriched in pyrite, which 

could be explained by an association of the 

intergranular clay minerals with organic 

matter. 

The formation name has been also 

adopted jointly with Chelle-Michou (2008) 

through the correlation with Gee (1978) in the 

Såvvovare Formation and Wildén (1980) in the 

Gärdsjön Formation. 

The Lower Cambrian Upper Sandstones 

The upper part of the Lower Cambrian 

Sandstones is characterized by increasing 

proportions of shale cut by the sandy beds, 

the latter tending to become finer toward the 

top of the unit. This evolution is illustrated on 

the cross section in Figure 22 : the 

northernmost portion displays a higher ratio 

sand/clay and the coarse-grained beds are 
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more scattered. If we consider that the rarely 

observed sedimentary structures are dipping 

40 to 50° to the NW, it should imply that the 

farther north, the younger the sediments.  

The clayey-silty sediments are very similar 

to the lutaceous series from the Autochthon. 

They also contain some biogenic siltstone 

units, organic matter enrichment, fossils, and 

pyritic nodules, which were observed in a thin 

section from drill-hole 256 (see Annex 2: 

Mineralogical sheets). The possible fossils are 

shown in Figure 26. 

In comparison with the Autochthon Unit 

and according to the observation made by 

Gee (1978) and Willdén (1980), this Lower 

Cambrian Upper Sandstones unit should 

evolve gradually into the Lower Cambrian 

Black Siltstones facies, but as such an 

evolution has not been clearly observed, the 

upper part of the lithostratigraphic sequence 

shown in Figure 23 is strictly hypothetic.  

 

Figure 26 : Possible fossils in carbonate layer from the shale/siltstone unit in the Lower Cambrian Upper Sandstones. The 

bioclasts are circled in red. Note, on the upper edge of the core, one of the extensive pyritic nodules. 
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Interpretation of possible 

depositional environments  

It must be stressed that the sedimentary 

sequence considered here is still hypothetic, 

due to the strong deformation of the 

sediments during the thrusting process. The 

following part describes the most credible 

model of environmental condition 

corresponding to this sequence. 

Globally, the average grain size of the 

sediments decreases toward the top of the 

ideal sedimentary pile. A decrease in grain size 

implies a decrease in transport energy. 

The Varangerian Tillites display 

characteristics of distal continental deposit: 

a) The grains are coarse, angular and are 

poorly sorted.  

b) Based on the mineralogical 

composition, the sediment can be considered 

as mature. Quartz is in most places dominant 

and the remaining feldspars are strongly 

altered and associated with greenish clay 

minerals.  

Combining these two observations, 

Willdén (1980) proposed, for Laisvall, a model 

based on the shakeout of previously deposed 

sediment by glacio-fluvial processes. Willdén 

(1980) estimated that the period of 

emplacement of the sediment (Late 

Precambrian) together with the 

palaeogeographic position (see The 

Scandinavian Caledonides, in Part I, p. 16) was 

compatible with the Varangian glacial event. 

In addition, the two main alternating rock type 

in Lövstrand within this layer (coarse grain 

quartz arenite fining upward) can be 

associated, according to the definitions given 

by McDonald & Burton (2003), with 

movement of glaciers. The coarse grained unit 

could be interpreted as a “basal till”, 

transported at the base of the glacier, directly 

on the basement, while the finer would be 

originating from an “ablation till”, sediment 

transported on the top or within the glacier 

and melted out at the front of the glacier and 

then transported by ordinary fluvial processes. 

The sequence could record a retreat and 

growth of the glacier. 

Even if the precise origin of this sediment 

could still be contested, their continental 

source is, at least, certain.      

Figure 27 illustrates a plausible model of 

the deposition paleoenvironments. 

The main argument for a marine 

transgression is derived from the continental 

Varangian Tillites and the lithostratigraphic 

series evolving toward the Alum Shale which 

according to Willdén (1980) and Gee (1978) 

were deposed in a shallow marine 

environment (necessity of very calm waters). 

The high clay content of the sandstones 

shows that they were laid down in a low 

energetic environment, and deltaic series are 

known for their high clay content (Malartre, 

2007). Another argument would be the high 

graphite content of the Lower Cambrian Black 

Siltstones. The deltaic plain developed in a 

“fluvial dominated” delta (also called 



GEOLOGY AND MINERAL RESOURCES OF THE LÖVSTRAND PB (-ZN) MINERALIZATION, DOROTEA AREA, NORTH CENTRAL SWEDEN 

S. Ayrault, 2008 

- 43 - 

BOLIDEN MINERAL AB, LULEÅ UNIVERSITY OF TECHNOLOGY & ENSG 

“sediment dominated” or “goose foot” delta, 

due to their triangular shape) is usually 

enriched in organic matter from the nearby 

vegetation (Boulvain, 2007). They are also 

strongly bioturbed (Boulvain, 2007) and the 

crevasse splays spreading out of the channels 

could produce the thin sandy beds noticed in 

the Lower Cambrian Black Siltstones 

(Boulvain, 2007). 

The sediments constituting the Lövstrand 

nappe could have been deposed in a coastal 

environment, just like the Laisvall Group 

(Willdén, 1980), or the Vassbo Group 

(Christofferson et al., 1979). In addition to all 

the lithostratigraphic argument, the fact that 

the nappe has been thrust over more than 40 

km eastward (Gee, 1978) during the orogenic 

event involving the western coastal part of the 

Scandinavian basement, indicates an original 

position closer to the shoreline. 

 

Figure 27 : Three main types of delta. The most accurate model is A since it is the only one that provides the necessary quantity of clay rich sand and 

permit the developement of deltaïc plain facies. The lithofacies of the Lövstrand area are shown below for comparison. The sediments derived from 

model B would present graded rythmite facies due to the tidal influence and the sandstone deposed in model C are massive, clean and associated with 

beach facies (notably traces of shell fragments) (inspired from Boulvain, 2007). 
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Description of the 

mineralization 

The previous exploration campaigns 

during the 1940s quoted earlier indicated that 

the Lövstrand mineralization was a sandstone-

hosted lead-zinc deposit.  

Localization 

As in the majority of the Caledonian 

sandstone-hosted lead-zinc deposit, the 

mineralization is situated along sandstone 

beds. The geophysical study by Malmqvist 

(1951-1952) concluded that the mineralized 

bodies were dipping 30 to 50° toward NW. 

This orientation is the same as the orientation 

of the sandstone bedding-planes. Figure 22 

shows the position of the mineralized rocks 

observed during the mapping of the drill cores 

and completed by the available data from the 

chemical assays (Wirstam 1949-1957). 

The mineralization consists of small 

crystals of galena, usually too small to be seen 

without a magnifying glass (the one in Figure 

28 is an exception). Sphalerite is rarely visible. 

In drill cores, the high grades of lead are 

always found in the Lower Cambrian 

Sandstones, in the coarser and clay rich parts 

whereas the cleaner (white) and fine-grained 

sandstones are almost always very poor in 

lead mineralization. 

Thin sections have been studied from this 

rocks (see Annex 2: Mineralogical sheets) and 

show that in the coarse-grained sandstones 

the grains are poorly sorted where the smaller 

sized grains show less compaction. The larger 

grains obviously protected the smaller from 

the compaction process. The cleaner 

sandstones show a better sorting and also a 

lot more compaction. These observations 

imply that the coarse-grained and poorly 

sorted sandstones might have been affected 

somewhat later or in a minor extend by the 

poronecrosis process (destruction of the 

porosity due to sedimentary compaction and 

part of the lithification) than the fine-grained. 

In conclusion, the clayey sandstone might 

have been paradoxically more porous than the 

clean ones. 

The study of the thin section by ore 

microscopy (see Annex 2: Mineralogical 

sheets) has permitted to confirm the presence 

of pyrite, galena and rare sphalerite. This 

observation of Sphalerite associated with 

galena on the microscopic scale shows that 

the assays for both lead and zinc should have 

been done systematically on the drill cores. As 

the majority of the measurements only 

concerns lead, it is to be assumed that the 

importance and extend of the zinc 

mineralization has been underestimated. 

Dissemination and remobilization 

Generally, the sandstone-hosted lead-zinc 

deposits display a disseminated mineralization 

caused by the circulation of the metal-rich 

brines through the porous space. 
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The Dorotea District and especially the 

Lövstrand deposit is well known for their 

remobilized mineralization (Bjørlykke & 

Sangster, 1981).  

Macroscopic evidences 

On a macroscopic scale, the 

“disseminated” sandstones show a uniform 

dark blue color (mainly due to their high clay 

content), with small galena crystals filling the 

intergranular space whereas the rocks hosting 

a “remobilized” mineralization are heavily 

fractured and every crack is coated with 

galena crystals (this two distinct aspects can 

be observed in Figure 33). In the drill cores, 

the structure shown in Figure 33 is quite 

common. The zones around the fractures 

seem to have been cleaned of the majority of 

the clay and galena minerals. Another feature 

is illustrated in Figure 29, where the 

concentration of sulfur along the fracture 

planes is visible. 

Microscopic evidences 

The two types of mineralization have been 

observed both in transmitted and reflected 

microscopy (see Annex 2: Mineralogical 

sheets). Figure 34 shows the differences 

observed microscopically between the two 

mineralization types. In the thin section from 

the coarse-grained sandstones, two 

interesting features have been observed: 

The first is the presence of calcite-filled 

crack clearly associated with the 

mineralization, as it is illustrated in Figure 30. 

Bjørlykke & Sangster (1981) described the 

percolation of the mineralizing brine through 

sedimentary rock as focused on the porosity 

but also within fractures. The calcite may have 

been precipitated by the same fluids, which 

carried the metals. 

A second observation made in this thin 

section is shown in Figure 31. The calcite-filled 

cracks are sometimes crosscut by quartz-filled 

cracks while the contrary has not been 

observed. This leads to the conclusion that the 

quartz veins are later than the calcite filled 

fractures and possibly related to the 

mineralizing event. This hypothesis is 

supported by the fact that the macroscopic 

alteration associated with some fractures is 

also observed in thin section, together with 

remobilization along the fractures. A quartz 

vein inside mineralized clayey coarse-grained 

sandstone is shown in Figure 35. It is clearly 

associated with the dissolution of the clayey 

opaque minerals. In addition, galena seems to 

be dissolved (Figure 32) just as observed 

macroscopically. 

These observations of dissolution linked with 

quartz veinlets should be completed by the 

study of “remobilized” mineralization. 

Macroscopically, the latter is often found 

in fractures as seen in Figure 29. The same 

features can also be seen microscopically in 

Figure 34. In Figure 36 the remobilized 

elements are visible as concentrations along 

the fracture planes. 
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Figure 28 : Idiomorphic crystal of galena observed in a drill 

core from the Lövstrand area. 

 

Figure 29 : Fracture cross cutting a galena disseminated 

coarse-grained sandstone. The fracture is following the thin 

dashed red line. A few millimeters around the fracture 

display a white clean color and appear to infiltrate the outer 

more clayey zones. Some pyrite and galena crystals are 

concentrated in the center of the crack: they constitute the 

remobilized mineralization. 

 

 

Figure 30 : Calcite filled fracture through mineralized 

sandstone. The contoured area is an extention (along 

the red dashed line) filled with clayey material and 

some galena in association with the calcite. 

 

 

Figure 31 : Calcite filled crack crosscut by quartz 

veinlets. This observation indicates that several fluids 

have interacted with the rock and maybe with the 

mineralization. 

 

Figure 32 : Quartz veinlet cutting through opaque clayey material and galena (blue dashed line). The dissolved areas are 

circled in red. Note that the fluid inclusion in the quartz grains have been removed too. 
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Figure 33 : Remobilization of the disseminated mineralization. The barren red hatched area is separated by the galena bearing blue spotted 

area by two fractures. The rock has been “cleaned” white between the two fracture planes. Only few black stains are left on the fracture 

planes. 

 

Figure 34 : Ore microscopy study of the two types of mineralization observed in Lövstrand. The fracture in which occur the galena (bright 

grey and triangular chipping), the pyrite (small very bright crystals), and the sphalerite (light grey slightly above the fracture zone) is 

indicated by the red dashed line. The grains around the disseminations of galena are outlined in blue. Note the difference in crystal size of 

the two types of mineralization. 

 

Figure 35 : Quartz veinlets crosscutting a clayey area. Note that the fracture is easier to spot with open Nicholls: the white halo around the 

fractured area is more readily visible than the thin quartz veinlet. 

 
Figure 36 : Remobilized elements around silica filled fractures. They seem to infiltrate the adjacent rock in a direction perpendicular to the 

fracture.  
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Conclusion 

The Lövstrand mineralization was formed 

by two clearly defined mineralizing processes. 

The first is similar to most of sandstone-

hosted lead-zinc deposit (Bjørlykke & 

Sangster, 1981): metal rich brine circulates 

through the porosity and fractures in the rock, 

precipitating the minerals (sphalerite, galena, 

and calcite) where it encounters organic 

matter providing the necessary sulfur. The 

Lower Cambrian Sandstones are perfect for 

this purpose: they are in places porous and 

they are rich in clayey material associated 

with organic matter. 

The second point is unique to the Dorotea 

District: silica-rich fluids circulating through 

fractures may have leached sulfur from some 

mineralized levels and then concentrated the 

minerals along the fracture planes. This results 

in a “dilution” of the mineralized bodies and 

lower metal grades. 

The structural evolution is highly favorable 

to drive this remobilization process: the 

thrusting cause a high strain, which could 

result in extensive fracturing, and provides the 

driving force for the migration of fluids 

through the nappe complex. 

Assays statistic study 

During the mapping of the core and the 

microscopic study, two main metallic minerals 

have been spotted, galena and sphalerite. 

However, the chemical analyses (Wirstam 

1949-1958) have indicated the presence of a 

significant quantity of silver, which is quite 

common in the case of a sandstone-hosted 

deposit (Bjørlykke & Sangster, 1981). The 

results are summarized in a ternary diagram in 

Figure 37. It can be seen that the Lövstrand 

mineralization seems to be enriched in silver 

and lead at the expense of zinc. This 

relationship between silver, zinc, and lead can 

be seen in Figure 38 and Figure 39.  

While silver and lead are quite well 

correlated (see Figure 38), like in most of the 

sandstone-hosted deposit, the zinc/lead 

relationship is less obvious (Figure 39). The 

highest lead grades seem to be correlated 

with low zinc grade and the other way around. 

A comparative plot of zinc and lead grade 

against the depth is shown in Figure 40. In this 

plot, the higher grades of the two metals are 

obviously separated, and in order to define 

this trend a numerical treatment was applied 

on the chemical data.  

 

Figure 37 : Ternary diagram based on the chemical 

assays from the Lövstrand drill cores. The scales are in 

percentage related to the highest respectively recorded 

grade value. This specific scale has been chosen in 

order to get a good resolution in the plot, preventing 

the difference in range between the metals’ 

measurements from interfering but keeping the 

variation inside each series intact.  
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Figure 38 : Correlation between the lead and silver grades. The linear tendency presents a slope of 6.3 showing a good 

correlation between the lead and silver grades. 

 

Figure 39 : Correlation between the lead and zinc grade. No clear relationship seems to be observed here, only the fact 

that the highest value of Zinc are associated with low value of lead and the contrary.  

 

Figure 40 : Depth of lead and zinc mineralization. The galena and sphalerite seem to be separated in space: the highest 

zinc grade situated around 100 m and the highest lead concentration mostly above 60 m. 
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With the help of four different macro 

functions specially programmed for this study, 

the database was sorted by 10 m levels and a 

mean for lead grades over this section was 

calculated. The result is a table presenting the 

lead and zinc concentrations for each drill-

hole over 15 defined levels. The calculation of 

the average grade has been made for each 10 

m below the surface the planes. 

Then for every slice of ten meter another 

average computation was made, taking in 

account only the positive and non-null 

concentrations, which resulted in an average 

of the zinc grade over the mineralized area, 

thus filtrating the interferences due to barren 

rock and compensating the influence of the 

highest grade values. The results are plotted in 

Figure 41. 

The blue and red curves in this figure 

present two distinct maximum: around 50 m 

for the blue curve (lead) and 105 m for the red 

curve (Zinc). 

The short scale variations are not of 

significant importance, but it is to be noticed 

that the blue (lead) and red (zinc) curves are 

varying together. 

The zinc mineralization seems to be more 

concentrated around 100 m depth whereas 

the lead concentrations is highest around 

50m. 

It is to be noticed that even if the lead 

grade is dropping between 50 and 100m, it 

increases again rapidly after 120m. 

It appears clearly on this graph that, as 

supposed earlier, there is a spatial separation 

of the highest zinc and lead grade, which is 

confirmed by the two maps shown in Figure 

42, which represent the same variation but in 

the horizontal plan. 

 

Figure 41 : Graph representation of the filtrated data representing the variation of the average grade in lead and zinc in 

the mineralized rocks with depth. The highest grades of lead are clearly anti-correlated with the highest zinc 

concentrations. Nevertheless, it is important to notice that the two mineralizations are still somehow correlated: the 

variations of the two curves are almost parallel, with principally the exception of the maxima. 
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The zinc rich zones (in dark red) are often 

correlated with the poorly lead-mineralized area 

(in light green). 

From what is known of the sandstone-

hosted lead-zinc deposit the mineralizing 

process follows a redox gradient: Cu-Pb-Zn-Fe 

(Bjørlykke & Sangster, 1981). Even if copper is 

not present in the Lövstrand area, it is highly 

probable that the mineralizing process was 

similar to the generic model for sandstone-

hosted deposit (Bjørlykke & Sangster, 1981). If 

the precipitation of the metals has truly 

followed, in its original settings, the theoretical 

process (with reprises of brines from fractures in 

the basement) the zinc mineralization should be 

situated above the highest level of lead 

mineralization (as in Vassbo, Laisvall and 

Largentière, according to Bjørlykke & Sangster, 

1981).  

The contrary could even be thought at the 

first sight of the Figure 41 : the zinc maximum 

grades are “below” the lead maximum grades. 

Actually, this graph acts as a projection of all the 

mineralized bodies’ average grades; the zinc 

maximum grades are deeper than the lead 

maximum grades but they are not associated 

vertically as shown in Figure 42. 

 However, the zinc maxima are often 

situated close to the lead maxima, and 

considering the NW 40 °, dipping of the 

mineralized bodies, a lateral, or inclined metallic 

gradient is probable. A lateral brine flow 

predominant over the vertical and basement 

issued flow, as described in the theoretical 

model (Kendrick et al., 2004), could produce the 

metal separation observed in Lövstrand. 

Further detailed studies will be needed to 

determine the true zonation and its origins but 

the potential is here, especially knowing that 

many drill-cores have not been assayed for zinc.  

 

Figure 42 : Map view of the variation in grade in the mineralized bodies. As in the vertical equivalent, the highest zinc 

concentrations do not occur in the same areas as the highest lead grades. However, the two mineralizations are still strongly 

spatially related. 
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Resources evaluation 

This resource estimation will be focused 

on the lead mineralization as a main source of 

ore, the zinc and silver is considered as 

potential benefit. 

Following the “JORC” (Joint Ore Reserves 

Committee Code) rules (JORC, 2004) this 

report will only deal with inferred resources 

and geological potential. The present 

estimation does not present the 

characteristics specified to reach a level of 

confidence sufficient for determination of 

measured or indicated resources (only one 

profile was geologically interpreted). The 

definition of mineral reserves given by the 

JORC rules also prevents the use of this code 

to characterize the Lövstrand mineralization 

(since no ecological, economical, or social 

study has been carried out). 

According to Agmalm (2008) all the 

estimations involving drill-holes spaced of 

more than 50 m will be considered as 

geological potential. The Table 6 summarizes 

the resources in the Lövstrand area. The 

different zones are defined in Figure 44. 

Table 5: Inferred resources and geological potential in 

Lövstrand. 

Inferred resources Geological potential 

Zones A,B,C Zones D,E,F 

This resource evaluation has been 

overseen and validated by Gunnar Agmalm 

(registered as a “Qualified Person” by SveMin, 

20 years’ experience) a “competent person” in 

accordance with the JORC regulation. 

Previous resources estimation  

As mentioned previously, the engineer 

Wirstam summarized his final conclusions 

regarding the Lövstrand deposit in 1958.  

 

Figure 43 : Localization of the three Lövstrand main mineralized bodies (Wirstam, 1958). The small circles represent the 

proportion of mineralized rock along the drill-hole. The planned drill-holes shown here are parts of the 17km never 

drilled.   
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Table 6 : Tonnage and grade estimation (Wirstam, 1958) for three different cut-off and ore bodies shown in the Figure 

43. 

Cut-off Body Tonnage Average lead grade 

2% I 1,790,000 t 3.50 % 

 II 1,030,000 t 3.49 % 

 III 830,000 t 3.31 % 

 Total 3,650,000 t 3.45 %

1.5% I 3,300,000 t 2.93 % 

 II 2,130,000 t 2.98 % 

 III 1,480,000 t 2.94 % 

 Total 6,910,000 t 2. 95%

1% I 4,730,000 t 2.50 % 

 II 5,680,000 t 2.27 % 

 III 2,140,000 t 2.61 % 

 Total 12,550,000 t 2.41 %

 

He produced a map showing three 

separate mineralized bodies (Figure 43) and a 

suggestion for an additional 17,830m drill-hole 

to better define these three areas. These drill-

holes were never drilled as the Lövstrand 

project was cancelled. His estimations, 

calculated for three different cut-off levels 

(2%, 1.5%, and 1%) for a hybrid underground-

mine/open-pit exploitation, are summarized 

on the Table 5. 

Wirstam reached the conclusion that 21.5 

million tons of a 1.6% lead rich ore could be 

mined in open pit with a truck transport 

program to the closest smelter. This 

estimation involved the removal of c. 11.5 

million tons of waste. 

Delimitation of the domains 

Through the careful mapping of drill-cores 

from the mineralization, six different domains 

have been determined (Figure 44). The three 

main mineralized bodies are more or less the 

same as the ones defined by Wirstam (1958) 

in Figure 43. The others domains are either 

poorly mineralized (E and F) or are present in 

drill-hole spacing too wide make a reliable 

resource estimation (D). 

 

Figure 44 : Delineation of the six different areas, which 

have been used for the resource estimation. The area F 

is situated farther north but has been included here to 

facilitate the reading. Area E encompasses all 

mineralized areas not included in the others. The red 

lines represent the lateral extension of the mineralized 

bodies defined along lateral profiles parallel to the 

profile, which was used to produce the cross section in 

Annex 1.  

An enhanced version of this map can be found in Annex 

3. (Based on data courtesy of Boliden Mineral AB) 
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Estimation Data 

The current resource estimation is based 

on a database courtesy of Boliden Mineral AB 

(“BolgeoL3B.mdb”) enclosing the digitalized 

information from the drill-hole positioning 

(“DHOLE.DBF”), the results of the detailed 

core mapping by Wirstam (1950-1952) 

(“DHGEOL.DBF”) and the corresponding 

chemical assays (“DHCHEM1”). All the density 

and tonnage calculation results for every 

shape defined are available in Annex 3. 

Estimation model 

The model of the distribution of metals in 

the mineralization has been based on previous 

data in order to produce the most accurate 

resource estimation possible. Based on the 

digitalized data from the lead chemical assays, 

the evaluation has been carried out with 

Bentley Systems’ Micro-Station and software 

developed by Boliden Mineral AB. 

The cut-off grade has been set to 2% in 

order to give a comfortable margin regarding 

to the possible evolution of the lead market 

(see Table 7). The cost estimations are made 

for an open-pit type exploitation. 

As the deposit had been drilled along 

NNW-SSE profiles, the resource calculation 

will be based on the cross section defined 

along these lines. 

Once all the mineralized areas and cut-off 

grade have been defined through a careful 

study of all NNW-SSE profiles across the 

deposit (see Figure 45), the surface overlying 

the mineralized bodies is divided as shown on 

Figure 46 in order to reduce the maximum 

distance between the mineralized bodies 

situated on different profiles. The space 

between the green lines in Figure 46 is the 

volume on which the values from the areas 

defined on every cross section will be 

interpolated. This implies that the wider the 

drill-hole pattern, the more inaccurate the 

evaluation (Wellmer, 1986). The three-

dimensional shape thus defined will provide 

the volume information. The drill-hole assays 

provide the mineral grades and with the 

appropriate density formula, the tonnage of 

ore can be calculated. 

 

 

Figure 45 : Model of the mineralization in the A lens. 

The estimated extension of the mineralization is shown 

in red. The purple squares along the drill-hole represent 

the lead grades. 
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Figure 46 : Map view over the B lens. The red lines are 

the top view of the shapes shown in Figure 45. The 

green lines are positioned halfway between every cross 

section to define the lateral extension of the 

mineralized bodies. 

 

Figure 47 : Three-dimensional view of the interpolation 

model. The red shape defines the mineralized area that 

was defined using the geological observations and the 

grade guides defined for the defined cut-off of 2%. The 

calculated tonnage is based on the volume defined by 

the two green shapes (lateral extension) with the same 

properties as the red shape, situated on the cross 

section, and joining the drill-holes sections. 

Results of the resource 

estimation and conclusions 

The results of this resource estimation 

have been summarized in Table 8 (next page). 

 The silver grades were rarely assayed so the 

relationship shown above between lead and 

silver mineralization had been used (6,284 g/t 

of Ag per percent of lead) to produce 

interpolated silver grades. 

Concerning inferred resources, the 

present estimation shows close to 3 times 

higher tonnage than the previous calculation 

by Wirstam (1958). The use of a CAD software 

and digital database together with the 

extension of the estimated areas might be the 

cause of this dramatic difference. 

As mentioned above, the mining of the 

Lövstrand deposit as been planned in open 

pit, contrary to the previous hybrid 

exploitation plan. The “waste/ore ratio” is 

here 20:1 (based on the definition given by 

Wellmer, 1986, details in Table 9) for the 

inferred resources. Not that the silver grade 

significantly increases the value of the ore, 

without any silver, this ratio would be 15:1. 

With this data, it is possible to calculate 

the maximum depth of exploitation: which is 

reached when it becomes necessary to 

remove more than 20t of waste rock to 

extract 1t of ore. A simple calculation, based 

on Wellmer (1986) indicates that the 

maximum depth of exploitation in Lövstrand 

would be around 130 m (see Table 10).  

Together with the calculated average depth of 

the mineralized bodies (55.2m, see Table 8), it 

can be concluded that if an open pit 

exploitation was to be undertaken in 

Lövstrand, the major part of the mineralized 

bodies would be possible to exploit with a 

very profitable margin: the average stripping 

ratio of 10:1 is just half the permitted 

waste/ore ratio (20:1). So the deposit can be 

exploited with a profit of about 50 % on the 

production.  
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Table 7: Definition of the lowest profitable grade in order to define the best cut-off grade to use during the resource 

estimation. Costs are based on a new local processing plant. Investments not included. (Boliden Mineral AB, 2008) 

Costs Revenues and lowest profitable grade 

Mining 2.14 €/t Boliden’s price forecast for 2010 (08LTP10) 
(close to current price) 

Processing 8.03 €/t Pb 11.2 €/t/ (%) Lowest Profitable grade prevision

Ore transport 1.07 €/t Ag 0.21 €/t/(g/t) 1.44 %

Other 4.82 €/t Boliden’s price forecast for 2011 (08LTP11) (pessimistic) 
 Pb 5.26 €/t/ (%) Lowest Profitable grade prevision

TOTAL 16.06 €/t Ag 0.122 €/t/(g/t) 3.05 %

 

Density formula for 

Lövstrand (Pb) 

D= 2.7 + 0,021*(Zn grade) + 
0,054*(Pb grade) 

(This formula is based on the typical density of sandstones to which is added the density surplus due to the 

mineralization.) 

Table 8 : Resources estimation results 

Areas A B C D E F 

Average Pb Grade 3.1 % 3.1 % 3.4 % 3.0 % 3.2 % 5.0 % 

Interpolated Ag Grade 19.5 g/t 19.2 g/t 21.6 g/t 18.7 g/t 19.9 g/t 31.4 g/t 
Average Zn Grade 0.1 % 0.1 % 0.1 % 0.1 % 0.1 % 0.1 % 
Average Depth 42.5 m 77.4 m 40.6 m 67.28 m 51.40 m 8.3 m 
Average Thickness 15.7 m 19.1 m 10.9 m 6.6 m 6.8 m 8.3 m 
Total Tonnage 1 677.4 kt 4 431.2 kt 5 296.1 kt 4 842.6 kt 11 970.2 kt 81.7 kt 

Summary for the inferred resources Summary for the geological potential 

Average Pb Grade 3.2 % Average Pb Grade 3.2 % 
Interpolated Ag Grade 20.4 g/t Interpolated Ag Grade 19.6 g/t 
Average Zn Grade 0.1 % Average Zn Grade 0.1 % 
Average Depth 55.2 m Average Depth 55.7 m 
Average Thickness 14.8 m Average Thickness 6.8 m 

Total Tonnage 11.4 Mt Total Tonnage 16.9 Mt 

 

Table 9 : Details of the figures used in the waste/ore ratio. (Wellmer, 1986) 

Waste/ore ratio calculation 

Lead grade 3.2 % Ore value (1t) 40.31 € Mining cost (1t) 2.14 € 

Ag grade 20.4 g/t Waste/ore ratio 20:1 

 

Table 10 : Details of the calculation of the maximum depth of exploitation and average stripping ratio in a 45° degree 

dipping open pit for an ore body with a 40° dip (average dip observed by Malmqvist, 1950) and a drill-hole thickness of 

14.8 m  (average thickness of the inferred resources, Table 8). (Wellmer, 1986) 

Maximum depth (Md) of exploitation  and Average stripping ratio (Ast) calculation 

Real thickness (Rt) 9.51 m 
�� �

�

����
	 
� 	 √2                 ��� �

��²

��	√�	��
 

Waste/ore ratio (WOr) 1 / 20 

  Maximum depth of exploitation 134.5 m 

  Average stripping ratio  10 : 1 
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Main characteristics of the principal deposits in the Dorotea area  

 

Tableau 11 : Comparative table of the three main deposits in the Dorotea district (Chelle-Michou, 2008; Öst, 2008). 

Location Lövstrand Bellviksberg Granberget 

Geology 
 Structural organization Simple allochthonous nappe thrust 

over the Autochthon striking NNE-
SSW. Strongly fractured. 

Two allochthonous nappe over thrusting each 
other (NW-SE strike) upon the Autochthon. 
Strongly fractured. 

Simple allochthonous nappe thrust over 
the Autochthon striking NNE-SSW. 
Poorly fractured. 

Lithostratigraphic Unit Lower part of the Allochthon Lower part of the Upper Allochthon Lower part of the Allochthon 
Host rock Lower Cambrian Sandstones Lower Cambrian Sandstones & Varangerian Tillites Lower Cambrian Sandstones 
Minerals Galena (Sphalerite), Fluorite Galena & Sphalerite  Galena & Sphalerite, Fluorite 

Mineralization 
 Type of mineralization Disseminated & remobilized Disseminated & remobilized Only disseminated 

Average grade in lead / zinc 3.2 % lead 0.1 % zinc 5.35 % lead 0.23 % zinc (no data) 

Estimated total tonnage 11.4 Mt 1.7 Mt (no data) 

Correlation between 

 Ag & Pb 
Yes Yes Yes 

Anti-correlation between High Zn 

& Pb grades 
Yes Yes Yes 

Spatial segregation of High Zn & 

Pb grades 
Yes (Yes) Yes 

High grade zinc mineralization No Yes Yes 
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Conclusion and further 

recommendations 

The Lövstrand deposit has been known for 

more than 50 years, since its discovery in the 

early 40s. No exploration operations has been 

carried out since the early 60s when the 

deposit was estimated (Wirstam, 1958) sub-

economic with 3.5 million tons of an 

estimated 3.4 % lead rich mineralization. 

This area is similar to all Caledonian 

related sandstone-hosted lead-zinc deposits. 

As in Laisvall, Vassbo and the nearby 

Granberget and Bellviksberg the 

mineralization is composed of galena and 

sphalerite hosted in porous sandstone from 

the lower Cambrian. The genetic model seems 

to be correlated to the one defined in Laisvall 

by Kendrick et al. (2004) as the relationship 

between the elements constituting the 

mineralization and their relationship with the 

host rock shows similarities with Kendrick’s 

observation. The lead-silver correlation had 

been proved, lead and zinc highest grades are 

anti-correlated and spatially segregated, the 

mineralization situated in the formerly porous 

intergranular space is associated with clayey 

material enriched in organic matter.  

However, the structural configuration in 

Lövstrand is slightly different. The 

allochthonous position of the deposit in 

relation to the Tåsjön décollement (Gee, 1978) 

differs from the generally autochthonous 

location of the other sandstone-hosted 

deposit. The intense tectonic activity that 

thrust the nappe over more than 40 km (Gee, 

1978) has also indirectly caused a 

remobilization of the mineralization that is 

particular to the Dorotea District. 

The Lövstrand deposit is also different 

compared to the other local deposit like 

Bellviksberg. Without any references to the 

global difference in amount of mineralized 

sandstone, the dissimilarities are explicit. The 

nappe hosting the Lövstrand mineralization is 

not the same as the one hosting 

Bellviksberg’s, the Lövstrand nappe is thicker 

and more fractured. The ternary Pb-Zn-Ag-

diagram shows that the two deposits are part 

of a same general trend but the zinc-rich 

mineralization present in Bellviksberg is not 

present in Lövstrand or has not been 

discovered yet. 

The resource estimation at Lövstrand 

indicates 11.4 million tonnes of 3.2 % lead, 

0.1% zinc and 20.4 g/t silver as inferred 

resources. The mineralized rock could be 

exploited in open pit with a benefit of about 

50 %, the average stripping ratio being 10:1 

while the waste/ore ratio has been calculated 

to 20:1. 

The geological potential is about 17 Mt 

million tonnes of 3.2 % lead, 0.1 % zinc and 

19.6 g/t silver. In order to constrain these 

figures, more exploration has to be carried 

out, particularly concerning the definition of 

the lateral extension of the ore bodies and 
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their possible connection. A good start would 

be to finish the drilling plan set up by Wirstam 

in 1958. A general confirmation and extension 

of the chemical assays is necessary as the re-

processing of some core in Bellviksberg 

indicates a general increase of about 6 % 

compare to the previous assays. This would 

also shed more light on the relationship 

observed between high-grade lead and zinc 

mineralization. 
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Annex 1: Cross section over the profile X=-120. 
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Annex 2 : Mineralogical sheets  

Thin section study  

Monzodiorite 
From Basement (n° 19 203) 

 

Localization 
Lövstrand, dh 247 

180.39 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Plagioclase Feldspar 55 % Colorless, twining 
sometimes underlined by 
micas’ sticks. 

Polysynthetic twining, altered 
(Damouritisation, Sericite), and 
corroded. 

Alkali Feldspar 10 % Colorless, twining 
sometimes underlined by 
micas’ sticks. 

Crosshatched twining corroded. 

Quartz 15 % Colorless. Xenomorphic some corroded 
grains. Main part of the matrix. 

Hornblende 5 % Strong coloration 
(dark green) and 
pleochroïc. 

120° crossing cleavage and rare 
twining, very altered (Epidote?) and 
corroded. Bright colors (second 
order). 

Biotite 5 % Strong coloration 
(orange) and pleochroïc. 

Fibrous texture and colors hidden 
by the heavy natural coloration. 

Incidental Minerals 

White Micas 
(Damourite? 

Sericite?) 

Small sticks, seems to 
result from the alteration of 
the feldspar. 

Light pleochroïsme 
green/yellow 

Bright yellow (second order) 

Piemondite Small crystals in some 
feldspar 

Strong lilas color Same color as in natural light and 
straight extinction. 

Opaque minerals 

Magnetite Ferrous oxide 
Hexagonal shape 

Observations 

• All crystals are heavily altered, corroded. 
• Porphyroblast about 1mm wide. 
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Thin section study  

Carbonated rock (Bindstone) 
From Black Siltstone, upper Sjoutälven 

Group. (n° 19 205) 

 

Localization 
Lövstrand, dh 247 

121.37 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Calcite 99 % Colorless, crossing 
cleavages. 

Anomalous polarization 
colors. 

Opaque minerals 

Pyrite Characteristic cubic shape. Concentrated along darker beds. (1 %) 

Observations 

• Two families of crystals. The first with elongated calcite crystals clustered in leaf-like shapes (Sparite) are 
alternated with the second family, thin layers of cryptocrystalline calcite (Micrite). 

• The organization of the leaf shaped structures is quite repetitive and oriented: round crystal surrounded by 
elongated one. The layering observed could be due to stromatolithic constructions or algae carpets. 

 

Thin section study  

Carbonated rock 
From Black Siltstone associated with the 

Lower Cambrian  Upper Sandstone 

(n° 19 189) 

 

Localization 
Lövstrand, dh 260 

22.14 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Calcite 90 % Colorless, crossing 
cleavages. 

Anomalous polarization 
colors. 

Opaque minerals 

Pyrite Characteristic cubic shape. Concentrated in large fractured clusters. (10 %) 

Observations 

• Two families of crystals. The first with elongated calcite crystals clustered together (Sparite) contoured by thin 
layers of cryptocrystalline calcite (Micrite). The latter may be some algae carpets. 
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Thin section study  

Coarse grained quartz-arenite 
From Varangerian Tillite (n° 1758) 

 

Localization 
Bellviksberg, dh 74 

8.95 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Quartz 85 % Colorless. Angular polycrystalline 
grains, poorly sorted and 
fractured. Some meshed 
structures. Undulating 
extinction 

Clay minerals 
(Montmorillonite?) 

8 % Lightly green Cryptocrystalline structure, 
high refringence, anomalous 
colors, filling cracks. 

Calcite 6 % Colorless, Cross hatching Anomalous colors, filling cracks, 
often cross cut by the clay 
minerals. 

Feldspar >1 % Colorless. Crosshatched twining, 
heavily altered, hard to 
observe. 

Incidental Minerals 

Epidote Heavily fractured crystals Light pleochroïsme, dark 
yellow, high relief. 

Second order colors 

Opaque minerals 

Pyrite Often associated with the clay minerals in the cracks, automorph cubic shape and 
agglomerated in patches. 

Galena Often associated with clay minerals in the cracks, replace quartz on the border of the crystals. 

Observations 

• On macroscopic scale, the rock present a greenish matrix between the grains, the coloration may be due to the 
clay minerals (Monmorillonite?). 

• This rock was formerly called “Arkose”, but in consideration of the obvious lack in feldspar “quartz arenite” is 
more adapted. 
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Thin section study  

Coarse grained quartz arenite 
From Lower Cambrian Sandstone 

(n° 19 198) 

 

Localization 
Lövstrand, dh 247 

56.54 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Quartz 90 % Colorless. Angular grains, poorly 
sorted and fractured. Some 
meshed structures associated 
with growth halo. 
Crystallization in cracks 

Calcite 10 % Colorless, Cross hatching Anomalous colors, filling 
cracks cross cutting quartz 
grain. Cross cut by silicified 
fractures 

Incidental Minerals 

White Micas Fibrous, small and isolated  
crystals 

Colorless Second order colors 

Opaque minerals 

Pyrite Often associated with the Calcite and organic matter, automorph cubic shape and 
agglomerated in patches often replacing quartz. 

Galena Present from macroscopic study but not differentiated from pyrite on transmitted light 

Observations 

• On macroscopic scale, the rock present a black matrix between the grains, the coloration may be due to 
organic matter contained in clay minerals. 

• Two families of cracks have been spotted: one calcite filled associated with the pyrite and the other silica 
filled. 
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Thin section study  

Clean fine grained quartz 
arenite 

From Lower Cambrian Sandstone 

(n° 19 208) 

 

Localization 
Lövstrand, dh 247 

22.42 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Quartz 98 % Colorless. Sub rounded grains, 
reasonably sorted and. 
Meshed structures associated 
with growth halo. 
Crystallization in cracks. 

Clay minerals 
(Montmorillonite?) 

2 % Lightly green Cryptocrystalline 
structure, high refringence, 
anomalous colors, 
intergranular. 

Incidental Minerals 

Epidote High relief and heavily 
fractured. 

Yellow-green, light 
pleochroïsme 

The natural color hide 
polarization colors. 

White Micas Fibrous, small and isolated  
crystals 

Colorless Second order colors 

Opaque minerals 

Organic matter Sometimes underlining the grains edges. 

Galena Spotted during the macroscopic study but observed in thin section. 

Observations 

• On macroscopic scale, the rock present a typical clean white color and the grains are very difficult to distinguish 
(due to the compaction). 
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Thin section study  

Coarse grained quartz arenite 
From Lower Cambrian Sandstone 

(n° 19 202) 

 

Localization 
Lövstrand, dh 247 

44.75 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Quartz 99 % Colorless. Sub rounded grains, 
reasonably sorted and. Some 
meshed structures associated 
with growth halo. Some silica 
filled cracks. 

Calcite 1 % Colorless, Cross hatching Anomalous colors, filling 
cracks cross cutting quartz 
grain. Cross cut by silicified 
fractures. 

Incidental Minerals 

None    

Opaque minerals 

Pyrite Spotted during the macroscopic study and is in minority compare to the Galena 

Galena Identified during the macroscopic study. Underline the quartz grains. Often associated with 
Calcite in some cracks. Seems to be dissolved when crosscut by silica filled cracks. 

Observations 

• The rocks from which was issued this thin section present the highest grade in the drill-hole. 
• It seems that the mineralization had came through cracks (associated with calcite) and crystallized between 

the grains using the remaining porosity (the quartz grains present some meshed structures). 
• The Silica filled cracks seems to be posterior to the mineralizing event and seems to alter the mineralized 

zones. 
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Thin section study  

Coarse grained quartz arenite 
From Lower Cambrian Sandstone 

(n° 19 201) 

 

Localization 
Lövstrand, dh 247 

48.34 m 

Major Minerals 

Name Abundance Natural Light Analyzed Light 

Quartz 99 % Colorless. Sub angular grains, 
poorly sorted and. Heavy 
fracturation. Some meshed 
structures associated with 
growth halo. Lots of silica 
filled cracks. 

Calcite 1 % Colorless, Cross hatching Anomalous colors, filling 
cracks cross cutting quartz 
grain. Cross cut by silicified 
fractures. 

Incidental Minerals 

White Micas Fibrous, small and isolated  
crystals 

Colorless Second order colors 

Opaque minerals 

Pyrite Spotted during the macroscopic study and is in minority compare to the Galena 

Galena Identified during the macroscopic study. Associated with the silica-filled cracks and filling 
the fractures spreading from them. 

Observations 

• The heavy fracturation of the rock seems to have permitted the deposit of galena associated with the silica-
filled cracks. 
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Thin section study  

Coarse grained quartz arenite 
From Lower Cambrian Sandstone 

(n° 1765) 

 

Ore Microscopy 

 

Localization 
Lövstrand, dh 247 

44.75 m 
 

Major Minerals 

Name Abundance Reflected Light 

Quartz 94 % Grey 
Clay minerals 5 % Low relief unpolished 
Calcite 1 % Grey 

Sulphides 

Pyrite Bright yellow, square section. 

Sphalerite Light grey and clean surface. 

Galena Metallic grey with triangular chipping. 

Observations 

• The metallogenic study confirms that, at least here, the galena is predominant over the pyrite and situated 
in the intergranular space. Some scarce sphalerite has also been spotted. 

• The galena is actually a small fraction of the opaque minerals observed in transmitted light, the majority 
appearing to be clayey material associated with organic matter. 
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Thin section study  

Coarse grained quartz arenite 
From Lower Cambrian Sandstone 

(n° 1764) 

 

Ore Microscopy 

 

Localization 
Lövstrand, dh 247 

48.34m 

Major Minerals 

Name Abundance Reflected Light 

Quartz 94 % Grey 
Clay minerals 5 % Low relief unpolished 
Calcite 1 % Grey 

Sulphides 

Pyrite Bright yellow, square section. 

Sphalerite Light grey and clean surface. 

Galena Metallic grey with triangular chipping. 

Observations 

• The metallogenic study confirms that the galena is principally concentrated along the silica-filled cracks and 
associated with some sphalerite. 

• The galena is actually a small fraction of the opaque minerals observed in transmitted light, the majority 
appearing to be clayey material associated with organic matter. 
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Annex 3 : Map detailing the locations of the profiles defined and used for the resource estimation. The shapes are named from the domain 

enclosing them. Some corrections have been added since the original estimation in order to increase the accuracy of the estimation, so 

certain shapes have been moved from one area to another. 
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Annex 4 : Details of the data used for the resources estimation. Data detailed as obtained from the “Estimation_real.DGN” file. 
Inferred Resources        

Zone A                       

Shape ID DH Num. N Coord. E Coord. From To D. Form. Density Tonnage Pb Zn Thickness 

A1 645 -760,00 -1419,99 50,31 72,45 Pb 2,866 168,549 3,076 0,06 22,14 

A10 636 -760,00 -1220,00 68,55 73,94 Pb 2,955 42,475 4,7 0,08 5,39 
A11 665 -760,00 -1170,00 26,64 32,61 Pb 2,847 35,955 2,736 0,041 5,97 

A2 672 -710,00 -1369,99 13,26 24,1 Pb 2,884 48,838 3,395 0,087 10,84 
A3 605 -760,00 -1369,99 21,1 37,67 Pb 2,855 103,515 2,847 0,105 16,57 
A3 672 -710,00 -1369,99 60,38 65,92 Pb 2,971 36,01 4,856 0,484 5,54 
A4 623 -810,01 -1370,00 6,42 14,19 Pb 2,854 28,949 2,84 0,074 7,77 

A5 300 -760,01 -1319,99 35,05 46,38 Pb 2,788 71,596 1,616 0,082 11,33 

A5 602 -810,01 -1319,99 12,55 24,89 Pb 2,919 81,643 4,008 0,161 12,34 
A5 603 -710,00 -1319,99 47,7 60,72 Pb 2,84 83,83 2,545 0,17 13,02 
A6 300 -760,01 -1319,99 51,1 74,45 Pb 2,83 158,74 2,411 0,14 23,35 

A6 602 -810,01 -1319,99 49,2 77,88 Pb 2,888 198,957 3,487 0,077 28,68 
A6 622 -860,01 -1320,00 62,76 69,08 Pb 2,899 44,019 3,656 0,093 6,32 
A7 606 -760,00 -1269,99 38,32 42,6 Pb 2,807 29,973 1,97 0,05 4,28 
A7 620 -810,01 -1269,99 18,51 27,56 Pb 3,005 67,835 5,626 0,106 9,05 

A7 648 -710,01 -1269,99 52,6 68,81 Pb 2,874 116,228 3,238 0,067 16,21 
A8 606 -760,00 -1269,99 73,68 81,12 Pb 2,815 53,532 2,203 0,025 7,44 
A8 620 -810,01 -1269,99 66,4 71,17 Pb 2,924 35,647 4,228 0,038 4,77 
A8 648 -710,01 -1269,99 76,16 80,62 Pb 2,874 32,761 3,21 0,04 4,46 

A9 635 -810,00 -1220,00 8,33 17,85 Pb 2,839 61,855 2,546 0,086 9,52 
A9 636 -760,00 -1220,00 25,15 32,67 Pb 2,8 48,183 1,837 0,037 7,52 

A9 675 -710,00 -1220,00 50,87 70,6 Pb 2,842 128,337 2,615 0,092 19,73 

            
Zone B                       

Shape ID DH Num. N Coord. E Coord. From To D. Form. Density Tonnage Pb Zn Thickness 

B11 676 -1010,00 -669,99 106,34 111,36 Pb 2,881 34,662 1,913 3,71 5,02 

B11 678 -1060,00 -669,99 68,07 77,25 Pb 2,958 65,072 4,862 0,129 9,18 
B11 679 -1110,00 -669,99 38,93 49,87 Pb 3,122 81,851 8,584 0,152 10,94 
B12 676 -1010,00 -669,99 123,45 127,07 Pb 2,841 23,763 2,55 0,14 3,62 
B13 678 -1060,00 -669,99 132,61 136,75 Pb 2,851 32,678 2,79 

 
4,14 

B13 679 -1110,00 -669,99 85,69 89,03 Pb 2,777 25,68 1,42   3,34 
B13 680 -1160,00 -669,99 44,95 54,74 Pb 2,892 78,408 3,544 0,109 9,79 
B13 681 -1210,00 -669,99 16,18 30,33 Pb 2,848 111,589 2,679 0,201 14,15 
B14 680 -1160,00 -669,99 69,11 78,54 Pb 2,821 62,486 2,145 0,319 9,43 

B15 681 -1210,00 -669,99 90,62 114,79 Pb 2,816 186,08 2,158 0,039 24,17 
B16 643 -1010,00 -620,00 73,65 80,06 Pb 2,846 40,335 2,665 0,117 6,41 
B16 644 -960,00 -620,00 117,16 122,6 Pb 2,824 33,961 2,287 0,066 5,44 
B16 656 -1059,99 -620,00 41,54 47,64 Pb 2,823 38,069 2,259 0,055 6,1 

B16 659 -1110,00 -619,99 1,37 9,22 Pb 2,911 50,516 3,888 0,064 7,85 
B17 643 -1010,00 -620,00 119,61 126,72 Pb 2,865 45,382 3,024 0,098 7,11 
B17 644 -960,00 -620,00 133,66 140,82 Pb 2,886 46,024 3,413 0,083 7,16 
B17 656 -1059,99 -620,00 94,1 111,3 Pb 2,899 111,061 3,745 0,096 17,2 

B18 656 -1059,99 -620,00 66,73 87,94 Pb 2,821 133,148 2,295 0,063 21,21 
B19 656 -1059,99 -620,00 126,85 133,33 Pb 2,881 42,184 3,335 0,102 6,48 
B20 621 -965,00 -569,99 93,22 99,46 Pb 2,807 39,694 1,971 0,079 6,24 
B20 640 -1010,00 -570,00 51,1 62,6 Pb 2,831 73,788 2,43 0,042 11,5 

B21 621 -965,00 -569,99 116,95 123,3 Pb 2,805 36,016 1,914 0,06 6,35 
B21 640 -1010,00 -570,00 74,97 79,6 Pb 2,876 26,932 3,65 0,05 4,63 
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B22 621 -965,00 -569,99 143,1 158,1 Pb 2,912 104,756 4,006 0,12 15 

B22 640 -1010,00 -570,00 101,03 135,57 Pb 2,824 233,913 2,304 0,049 34,54 
B22 641 -1059,99 -570,00 67,97 113,85 Pb 2,806 308,729 1,992 0,057 45,88 
B23 661 -1110,00 -569,99 66,19 70,87 Pb 2,84 26,667 2,562 0,102 4,68 
B24 661 -1110,00 -569,99 124,82 129,7 Pb 2,834 23,554 2,527 0,3 4,88 

B25 615 -910,00 -520,00 95,88 100,83 Pb 2,89 31,357 3,559 0,08 4,95 
B26 570 -960,00 -520,00 72,98 79,6 Pb 2,907 40,128 3,807 0,113 6,62 
B26 615 -910,00 -520,00 115,43 123,28 Pb 2,831 46,351 2,412 0,08 7,85 
B27 570 -960,00 -520,00 84,44 111,43 Pb 2,841 187,751 2,656 0,048 26,99 

B27 615 -910,00 -520,00 127,14 133,9 Pb 2,805 46,42 1,926 0,075 6,76 
B27 619 -1013,00 -519,99 39,98 54,86 Pb 2,847 103,695 2,925 0,077 14,88 
B27 619 -1013,00 -519,99 66,31 81,4 Pb 2,845 105,1 2,672 0,1 15,09 
B27 637 -1060,00 -520,00 31,42 36,75 Pb 2,801 36,552 1,867 0,032 5,33 

B28 619 -1013,00 -519,99 87,13 100,33 Pb 2,856 94,495 3,094 0,029 13,2 
B29 570 -960,00 -520,00 174,21 176,55 Pb 2,939 17,096 4,39 0,08 2,34 
B29 619 -1013,00 -519,99 124,52 130,75 Pb 2,83 43,833 2,429 0,055 6,23 
B29 637 -1060,00 -520,00 80,12 85,21 Pb 3,149 39,848 8,622 0,101 5,09 

B29 651 -1110,00 -520,00 24,14 37,95 Pb 2,823 96,909 2,333 0,044 13,81 
B30 637 -1060,00 -520,00 131,86 137,18 Pb 2,91 34,709 3,937 0,083 5,32 
B30 651 -1110,00 -520,00 100,85 107,3 Pb 2,826 40,858 2,352 0,049 6,45 
B31 400 -1160,00 -520,00 103 110,48 Pb 2,836 59,217 2,522 0,053 7,48 

B31 651 -1110,00 -520,00 120,35 144,71 Pb 2,865 194,817 3,057 0,064 24,36 
B33 617 -960,00 -469,99 53,15 85,13 Pb 2,899 227,331 3,795 0,076 31,98 
B33 625 -1010,01 -470,00 21,57 34,83 Pb 2,878 93,576 3,388 0,036 13,26 
B33 630 -910,00 -473,00 87,23 119,12 Pb 2,805 219,289 1,949 0,032 31,89 

B33 653 -860,00 -469,99 131,71 152,81 Pb 2,79 144,352 1,672 0,031 21,1 
B34 652 -910,01 -419,99 32,42 38,06 Pb 2,824 38,511 2,27 0,08 5,64 
B40 464 -760,00 -320,00 5 24,98 Pb 2,993 138,551 5,551 0,161 19,98 
B40 628 -710,00 -320,00 43,34 61,11 Pb 2,989 123,041 5,922 0,103 17,77 

B41 464 -760,00 -320,00 50,39 56,25 Pb 2,827 41,98 2,336 0,225 5,86 

B42 464 -760,00 -320,00 82,11 92,78 Pb 2,87 68,392 3,114 0,205 10,67 

            

            

            

            

            
ZoneC                       

Shape ID DH Num. N Coord. E Coord. From To D. Form. Density Tonnage Pb Zn Thickness 

C16 545 689,99 -70,00 40,05 41,55 Pb 2,837 16,673 2,54 
 

1,5 
C16 547 719,99 -120,00 51 61,59 Pb 2,951 122,45 4,699 0,105 10,59 

C17 256 679,99 -120,00 65,31 74,55 Pb 2,922 74,563 4,127 
 

9,24 
C17 545 689,99 -70,00 68,79 74,88 Pb 2,799 47,065 1,862 0,042 6,09 
C18 550 690,00 -170,00 79,82 84,79 Pb 2,885 74,011 3,374 0,144 4,97 
C24 553 690,00 -220,00 109,86 113,35 Pb 3,043 31,88 6,707 0,088 3,49 

C25 445 640,00 -220,00 105,87 111 Pb 2,962 33,335 4,862 0,165 5,13 
C26 449 540,01 -220,00 101,5 108,35 Pb 2,895 40,607 3,637 0,337 6,85 
C30 245 280,00 -200,00 41,95 48,4 Pb 2,891 120,757 3,536 

 
6,45 

C31 550 690,00 -170,00 79,82 84,79 Pb 2,885 37,006 3,374 0,144 4,97 

C32 550 690,00 -170,00 94,1 99,26 Pb 2,842 34,928 2,625 0,068 5,16 
C33 548 540,01 -170,00 31,4 34,97 Pb 2,854 36,337 2,876   3,57 
C34 512 240,00 -159,99 6,72 11,55 Pb 2,831 21,291 2,41 0,089 4,83 
C35 512 240,00 -159,99 16,74 21,38 Pb 2,857 23,204 2,909 0,069 4,64 

C35 513 280,00 -160,00 32,8 38,4 Pb 2,807 27,52 2 0,072 5,6 
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C36 513 280,00 -160,00 52,34 57,33 Pb 2,824 22,595 2,303 0,09 4,99 

C37 512 240,00 -159,99 56,08 70,94 Pb 2,896 72,518 3,628 0,071 14,86 
C37 513 280,00 -160,00 70,89 83,24 Pb 2,922 60,826 4,128 0,109 12,35 
C38 512 240,00 -159,99 74,48 79,04 Pb 2,832 23,134 2,42 0,06 4,56 
C39 211 120,00 -160,00 2,01 6,58 Pb 2,839 35,902 2,642 0,071 4,57 

C39 232 160,00 -160,00 13,42 16,29 Pb 2,893 22,975 3,52 0,15 2,87 
C40 211 120,00 -160,00 8,91 15,12 Pb 2,828 28,716 2,519 0,056 6,21 
C40 232 160,00 -160,00 25,06 30,66 Pb 2,857 26,159 2,974 0,092 5,6 
C41 211 120,00 -160,00 22,09 28,41 Pb 2,846 36,391 2,73 0,079 6,32 

C41 232 160,00 -160,00 36,27 45,62 Pb 2,883 54,537 3,395 0,091 9,35 
C42 229 40,00 -160,00 8,22 15,85 Pb 2,839 56,737 2,599 0,014 7,63 
C42 256 679,99 -120,00 65,31 74,55 Pb 2,922 61,853 4,127 

 
9,24 

C43 231 80,00 -159,99 55,22 61,6 Pb 2,855 36,021 2,905 0,046 6,38 

C44 256 679,99 -120,00 65,31 74,55 Pb 2,922 61,853 4,127 
 

9,24 
C45 545 689,99 -70,00 40,05 47,94 Pb 2,813 61,256 2,09   7,89 
C46 545 689,99 -70,00 68,79 74,88 Pb 2,799 23,804 1,862 0,042 6,09 
C47 254 600,00 -120,00 82,45 87 Pb 2,961 43,319 4,838   4,55 

C48 252 520,00 -120,00 52 56,95 Pb 2,81 24,173 2,035 
 

4,95 
C49 250 439,99 -119,99 48,6 53,9 Pb 2,824 81,268 2,352   5,3 
C5 299 -199,99 -320,00 4,7 12,7 Pb 2,806 98,6 1,962 0,034 8 
C50 247 360,00 -120,00 43,32 50,06 Pb 2,855 36,06 2,912   6,74 

C50 516 319,99 -120,00 27,08 34,68 Pb 2,824 40,226 2,323 0,018 7,6 
C51 243 279,99 -119,99 18,8 23 Pb 2,913 15,238 3,903 0,143 4,2 
C52 243 279,99 -119,99 31,55 46,36 Pb 2,902 67,151 3,776 0,135 14,81 
C52 515 240,00 -120,00 17,87 31,27 Pb 2,834 59,323 2,453 0,08 13,4 

C52 516 319,99 -120,00 49,3 58,71 Pb 2,848 41,866 2,783 0,035 9,41 
C53 243 279,99 -119,99 55,15 61,1 Pb 2,896 34,104 3,622 0,084 5,95 
C53 515 240,00 -120,00 43,8 46,25 Pb 3,131 15,185 7,91 0,2 2,45 
C54 206 120,00 -119,99 11,32 31,75 Pb 2,796 93,295 1,82 0,057 20,43 

C54 215 160,00 -120,00 24,69 48,1 Pb 2,903 110,994 3,743 0,076 23,41 
C54 228 200,00 -120,00 51,62 55,7 Pb 2,859 19,057 2,929 0,078 4,08 
C54 243 279,99 -119,99 67,5 76,14 Pb 2,95 41,636 4,865 0,106 8,64 
C54 515 240,00 -120,00 62,15 66,17 Pb 2,834 18,609 2,45 0,07 4,02 

C54 516 319,99 -120,00 84,6 89,06 Pb 2,909 21,196 3,909 0 4,46 
C55 206 120,00 -119,99 37,82 62,48 Pb 2,918 145,903 4,059 0,15 24,66 
C56 207 80,00 -119,99 44,74 49,33 Pb 2,828 26,175 2,368 0,042 4,59 
C57 208 39,99 -120,00 49,43 58,82 Pb 2,901 42,012 3,782 0,092 9,39 

C58 225 0,00 -120,00 46,35 52,84 Pb 2,84 25,807 2,596 0,087 6,49 
C59 209 -40,00 -119,99 32,24 50,19 Pb 2,727 69,894 0,542 0,027 17,95 
C59 219 -80,00 -119,99 1,88 22,1 Pb 2,913 84,112 3,761 0,26 20,22 
C61 210 -40,00 -80,00 11,46 22,56 Pb 2,806 53,242 2,074 0,072 11,1 

C62 205 120,00 -79,99 65,65 71,78 Pb 2,821 21,447 2,319 0,059 6,13 
C63 205 120,00 -79,99 39,15 54,03 Pb 2,888 73,123 3,505 0,06 14,88 
C63 218 160,00 -79,99 42,72 70,7 Pb 2,819 134,192 2,21 0,077 27,98 
C63 226 200,00 -80,00 67,69 75,1 Pb 2,939 37,06 4,583 0,065 7,41 

C63 226 200,00 -80,00 86 90,57 Pb 2,841 22,092 2,595 0,054 4,57 
C64 205 120,00 -79,99 3,1 10,11 Pb 2,878 29,353 3,308 0,056 7,01 
C65 517 240,01 -79,99 65,52 77,28 Pb 2,946 57,47 4,797 0,022 11,76 
C66 517 240,01 -79,99 19,18 29,73 Pb 2,919 47,658 4,082 0,037 10,55 

C67 201 0,00 0,00 12,21 14,92 Pb 3,015 30,267 5,912 0,057 2,71 
C68 203 80,00 -40,00 27,91 43,95 Pb 2,849 139,989 2,74 0,062 16,04 
C68 204 120,00 -40,00 38,03 46,77 Pb 2,911 77,962 3,92 0,086 8,74 
C68 220 160,00 -40,00 41,1 59,5 Pb 2,889 162,868 3,594 0,097 18,4 

C68 222 160,00 0,00 33,6 39,13 Pb 2,703 45,801 0,03 0,08 5,53 
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C68 224 199,99 -40,00 57,33 62,02 Pb 2,9 41,667 3,68 0,074 4,69 

C69 518 290,00 -69,99 61,83 72,15 Pb 2,858 50,925 2,932 0,038 10,32 
C70 518 290,00 -69,99 28,18 34,15 Pb 2,854 31,975 2,834 0,044 5,97 
C71 519 340,00 -70,00 70,15 75,21 Pb 2,865 18,174 3,051 0,05 5,06 
C72 518 290,00 -69,99 5,05 10,89 Pb 2,916 41,089 3,992 0,07 5,84 

C72 519 340,00 -70,00 36,96 57,1 Pb 2,866 139,269 3,097 0,06 20,14 
C73 519 340,00 -70,00 27,41 31,84 Pb 2,832 22,747 2,477 0,02 4,43 
C74 545 689,99 -70,00 68,79 74,88 Pb 2,799 23,804 1,862 0,042 6,09 
C75 540 490,00 -70,00 76,06 82,7 Pb 2,809 38,288 2,019 0,057 6,64 

C76 540 490,00 -70,00 53,05 59,47 Pb 2,898 55,03 3,623 0,108 6,42 
C77 542 540,00 -70,00 52,05 58,04 Pb 2,899 39,472 3,656 0,138 5,99 
C78 455 340,00 -20,00 34,73 40,31 Pb 2,837 39,574 2,492 0,181 5,58 
C78 520 290,00 -20,00 9,59 24,91 Pb 3,13 119,864 11,521 0,087 15,32 

C79 455 340,00 -20,00 46,17 50,32 Pb 2,827 23,765 2,267 0,244 4,15 
C80 455 340,00 -20,00 19,6 27 Pb 2,905 55,786 3,769 0,14 7,4 
C80 521 390,00 -20,00 42,28 53,34 Pb 2,934 84,19 4,348 0,081 11,06 
C81 455 340,00 -20,00 5,15 17 Pb 2,846 89,361 2,641 0,21 11,85 

C82 452 440,00 -20,00 48,88 55,25 Pb 2,845 39,419 2,611 0,261 6,37 
C83 452 440,00 -20,00 9,98 14,4 Pb 2,871 27,466 2,97 0,52 4,42 
C84 525 490,00 -20,00 38,5 45,19 Pb 2,835 25,633 2,459 0,109 6,69 
C84 564 515,00 -20,00 55,6 60,71 Pb 2,839 19,609 2,557 0,085 5,11 

C85 451 540,00 -19,99 56,02 65,35 Pb 2,874 33,54 3,2 0,079 9,33 
C85 561 565,00 -20,00 62,94 68 Pb 2,813 17,805 2,118 0,031 5,06 
C86 451 540,00 -19,99 32,7 42,34 Pb 2,922 35,603 4,109 0,093 9,64 
C86 561 565,00 -20,00 49,4 57,13 Pb 2,819 27,54 2,222 0,025 7,73 

C86 564 515,00 -20,00 26,45 30,49 Pb 2,844 14,52 2,72 0,026 4,04 
C87 561 565,00 -20,00 25,53 30,3 Pb 2,813 13,031 2,085 0,059 4,77 
C88 527 590,00 -20,00 20,04 33,28 Pb 2,875 49,924 3,233 0,105 13,24 
C89 559 440,00 30,00 20,33 23,86 Pb 2,989 27,803 5,499 0,047 3,53 

C90 526 490,00 30,00 24,67 30,26 Pb 2,834 15,798 2,506 0,079 5,59 
C91 566 515,00 30,00 55,54 60,07 Pb 2,843 16,4 2,643 0,073 4,53 
C92 528 540,00 30,01 51,15 68,28 Pb 2,96 67,311 4,793 0,111 17,13 
C92 566 515,00 30,00 31,12 38,92 Pb 2,857 29,58 2,94 0,05 7,8 

C93 528 540,00 30,01 42,4 48,16 Pb 2,806 26,762 1,958 0,12 5,76 
C93 563 565,00 30,00 55,93 57,3 Pb 3,121 7,081 7,8   1,37 
C94 528 540,00 30,01 25,31 34,15 Pb 2,812 32,214 2,08 0,121 8,84 
C94 529 589,99 30,00 45,58 52,89 Pb 2,991 28,332 5,344 0,13 7,31 

C94 563 565,00 30,00 33,94 43,29 Pb 2,884 34,945 3,403 0,093 9,35 
C95 454 340,01 80,01 36,5 49 Pb 2,878 57,925 3,271 0,35 12,5 
C96 538 390,00 80,00 15,62 26,69 Pb 2,813 54,843 2,218 

 
11,07 

C97 344 540,00 80,01 50 58,78 Pb 2,908 43,185 3,881   8,78 

C98 344 540,00 80,01 66,1 69,2 Pb 3,024 20,204 6,033   3,1 

            

Geological potential        

Zone D                       

Shape ID DH Num. N Coord. E Coord. From To D. Form. Density Tonnage Pb Zn Thickness 

D1 576 240,00 -1319,99 123,88 130,42 Pb 3,011 69,755 5,789 0,108 6,54 
D10 409 -160,00 -720,00 137,79 146 Pb 2,854 314,2 2,833 0,083 8,21 
D11 405 -360,00 -719,99 96 101,51 Pb 2,979 209,63 5,236 0,203 5,51 

D12 405 -360,00 -719,99 137,44 143,6 Pb 2,806 248,865 1,954 0,084 6,16 
D13 588 240,00 -624,99 33,69 38,7 Pb 2,817 79,794 2,183 0,036 5,01 
D14 584 140,01 -620,00 31,44 37,82 Pb 2,797 64,738 1,791 0,024 6,38 
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D15 264 -120,00 -560,00 81,4 87,07 Pb 2,885 103,585 3,425         5,67 

D16 257 -360,00 -559,99 36,03 40,11 Pb 2,939 81,286 4,581   4,08 
D17 257 -360,00 -559,99 80,2 92 Pb 2,863 250,097 3,039   11,8 
D17 259 -280,00 -560,00 107,45 112,68 Pb 2,837 109,823 2,539   5,23 
D18 432 40,00 -520,00 50,64 56,25 Pb 2,821 106,997 2,153 0,239 5,61 

D18 582 40,00 -619,99 53,51 56,37 Pb 2,749 53,161 0,91   2,86 
D19 240 -40,00 -479,99 1,65 6,25 Pb 2,822 41,16 2,335 0,081 4,6 
D2 607 240,00 -1269,99 139,2 154,85 Pb 2,929 69,73 4,339 0,075 15,65 
D20 238 -120,00 -479,99 29,17 34,39 Pb 2,927 68,446 4,19 0,056 5,22 

D20 233 -280,00 -479,99 10,6 19,6 Pb 2,903 154,272 3,846 0,074 9 
D21 233 -280,00 -479,99 10,6 19,6 Pb 2,903 154,272 3,846 0,074 9 
D22 251 -360,00 -480,00 34,72 39,65 Pb 2,828 57,97 2,375   4,93 
D23 251 -360,00 -480,00 57,03 61,85 Pb 2,83 57,443 2,464   4,82 

D3 575 241,00 -1120,99 146,41 150,85 Pb 2,813 97,413 2,276   4,44 
D4 506 -360,00 -1120,00 42,19 45,95 Pb 2,839 296,339 2,52 0,13 3,76 
D5 506 -360,00 -1120,00 68,44 74,7 Pb 2,812 338,515 2,034 0,112 6,26 
D6 579 240,00 -919,99 88,01 92,42 Pb 2,893 102,269 3,049 1,396 4,41 

D7 272 120,00 -919,99 76,63 81 Pb 2,885 167,212 3,677   4,37 
D7 275 -280,00 -920,00 57,6 64,76 Pb 2,869 467,668 3,162   7,16 
D8 275 -280,00 -920,00 57,6 64,76 Pb 2,869 467,668 3,162   7,16 
D9 416 40,00 -719,99 53,6 57,57 Pb 2,844 133,977 2,662 0,04 3,97 

C29 236 80,00 -240,00 29,51 33,7 Pb 2,835 69,427 2,489 0,128 4,19 
C29 237 0,00 -239,99 16,74 24,27 Pb 2,805 123,45 1,944 0,061 7,53 
C4 241 -40,00 -320,00 34,2 39,66 Pb 2,801 66,472 1,887 0,086 5,46 
C3 428 40,00 -319,99 28,55 36,03 Pb 2,874 118,387 3,215 0,169 7,48 

C5 299 -199,99 -320,00 4,7 12,7 Pb 2,806 98,6 1,962 0,034 8 

            

            

            
Zone E                       

Shape ID DH Num. N Coord. E Coord. From To D. Form. Density Tonnage Pb Zn Thickness 

E1 287 1640,00 -120,00 61 66,36 Pb 2,815 514,471 2,174 
 

5,36 
E2 317 2238,00 -119,99 70,99 74,6 Pb 2,912 398,916 3,89 0,11 3,61 
E3 413 1640,01 80,01 47,6 52,36 Pb 2,821 557,168 2,199 0,121 4,76 

E4 291 1240,00 280,00 17,8 24,65 Pb 2,968 508,014 5,075   6,85 
E5 283 40,00 280,00 16,95 22,32 Pb 2,903 309,346 4,192 

 
5,37 

E6 286 840,00 680,01 56,8 61,26 Pb 2,817 653,752 2,272   4,46 
E7 363 -160,00 80,01 14,09 17,6 Pb 2,863 78,873 3,27 0,082 3,51 

A12 495 -760,00 -1120,00 22,76 26,35 Pb 2,81 34,407 1,97 0,15 3,59 
B1 274 -1080,00 -919,99 2,5 10,2 Pb 2,839 320,842 2,593 

 
7,7 

B2 572 -760,00 -719,99 125,53 131,21 Pb 2,81 273,415 2,064 0,041 5,68 
B32 255 -520,00 -480,00 104,6 109,45 Pb 2,825 135,164 2,389 

 
4,85 

B38 304 -560,00 -319,99 72,7 76,15 Pb 2,864 238,563 2,656 1,031 3,45 
B39 304 -560,00 -319,99 94,34 99,95 Pb 2,919 302,88 3,816 0,689 5,61 
B46 267 -360,00 -119,99 26,4 30,15 Pb 3,036 131,67 6,272   3,75 
B47 580 -360,01 -70,00 12,85 15,83 Pb 2,918 26,773 3,97 0,15 2,98 

B45 401 -960,00 -319,99 87,65 94,36 Pb 2,833 297,811 2,436 0,101 6,71 

B10 618 -1360,00 -519,99 18,88 24,27 Pb 2,842 257,524 2,574 0,161 5,39 

B3 654 -1110,00 -719,99 24,87 35,05 Pb 2,931 153,986 4,283 0,132 10,18 
B4 624 -1160,00 -719,99 56,92 67,05 Pb 2,901 166,968 3,58 0,367 10,13 
B5 624 -1160,00 -719,99 81,39 91,34 Pb 2,87 136,14 3,018 0,358 9,95 
B6 624 -1160,00 -719,99 81,39 91,34 Pb 2,87 136,14 3,018 0,358 9,95 

B36 629 -760,00 -370,00 62,82 67,63 Pb 2,808 96,356 2,04 0,044 4,81 
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B37 629 -760,00 -370,00 84,52 89,92 Pb 2,912 90,665 3,891 0,075 5,4 

B35 664 -710,00 -370,00 73,01 74,6 Pb 3,69 138,43 18 0,84 1,59 
B43 669 -710,00 -270,00 20,57 32,4 Pb 2,813 155,779 2,088 0,052 11,83 
B44 633 -759,99 -269,99 12,71 17,82 Pb 2,868 75,844 3,071 0,145 5,11 
B44 669 -710,00 -270,00 69,71 82,1 Pb 2,927 187,663 4,229 0,067 12,39 

B4 660 -1260,00 -719,99 3,05 8,02 Pb 2,88 81,329 3,492 0,114 4,97 
B4 662 -1210,00 -719,99 25,74 34,89 Pb 2,789 145,012 1,651 

 
9,15 

B7 660 -1260,00 -719,99 47,07 51,63 Pb 2,81 125,827 2,02 0,05 4,56 
B8 660 -1260,00 -719,99 74,82 82,25 Pb 2,819 156,347 2,2 0,052 7,43 

B9 660 -1260,00 -719,99 96,16 101,91 Pb 2,82 119,109 2,217 0,042 5,75 
B7 649 -1310,00 -720,00 26,36 34,82 Pb 2,911 241,792 3,902 0,115 8,46 
B7 658 -1360,00 -720,00 2,37 9,68 Pb 2,866 205,741 3,182 0,033 7,31 
B8 649 -1310,00 -720,00 43,99 55,53 Pb 2,86 246,297 2,981 0,072 11,54 

C1 335 1240,00 -320,00 92,54 96,74 Pb 2,863 166,995 3,013 0,119 4,2 
C10 434 940,01 -219,99 86,12 91,26 Pb 2,941 96,289 4,44 0,05 5,14 
C11 438 839,99 -220,00 76,9 82,12 Pb 2,855 104,856 2,785 0,325 5,22 
C11 442 740,00 -220,00 46,92 58,58 Pb 2,824 231,691 2,256 0,185 11,66 

C12 265 1080,00 -120,00 53,15 56 Pb 2,868 98,648 3,11   2,85 
C13 261 920,00 -120,00 4,4 9,2 Pb 2,907 105,794 3,841 

 
4,8 

C13 263 1000,00 -119,99 41,5 47,42 Pb 2,814 126,313 2,183   5,92 
C13 265 1080,00 -120,00 64,2 70,6 Pb 2,873 139,389 3,204 

 
6,4 

C14 263 1000,00 -119,99 75,65 84,35 Pb 2,896 159,03 3,656   8,7 
C15 261 920,00 -120,00 78,2 86,3 Pb 2,84 172,337 2,609 

 
8,1 

C16 258 760,00 -120,00 64,35 72,16 Pb 2,842 86,954 2,651   7,81 
C9 434 940,01 -219,99 63,26 73,99 Pb 2,85 217,797 2,687 0,275 10,73 

C19 421 1240,00 -19,99 73,2 80,68 Pb 2,853 194,424 2,847 0,104 7,48 
C19 425 1140,00 -20,00 41,8 54,2 Pb 2,9 327,526 3,614 0,293 12,4 
C19 430 1040,00 -20,00 10,93 15,97 Pb 2,826 129,763 2,252 0,229 5,04 
C2 346 740,01 -320,00 99,68 105,5 Pb 2,819 269,585 2,235 

 
5,82 

C20 444 840,00 -19,99 35,99 48,11 Pb 2,836 295,286 2,439 0,226 12,12 
C20 447 740,00 -19,99 14,82 21,11 Pb 2,809 151,79 2,014 0,037 6,29 
C21 336 1039,99 80,00 25,15 30,8 Pb 2,914 177,215 3,917 0,161 5,65 
C22 336 1039,99 80,00 35,05 40,67 Pb 2,867 140,087 2,93 0,42 5,62 

C23 331 840,00 80,00 42,55 46,94 Pb 2,959 173,234 5,074 0,015 4,39 
C6 427 1140,00 -220,00 24,88 30,4 Pb 2,809 90,694 1,971 0,184 5,52 
C60 440 940,00 80,00 15,77 25,82 Pb 2,821 238,798 2,147 0,276 10,05 
C27 311 439,99 -220,00 10,15 14,43 Pb 2,815 66,294 2,206 0,012 4,28 

C28 311 439,99 -220,00 70,32 75,22 Pb 2,818 105,653 2,197   4,9 
C7 431 1040,00 -219,99 43,82 48,42 Pb 2,837 90,282 2,301 0,604 4,6 
C99 534 340,00 130,00 27,07 32,8 Pb 2,919 33,052 4,067 0,065 5,73 

C8 431 1040,00 -219,99 75,72 80,7 Pb 2,842 81,364 2,604 0,21 4,98 

            
Zone F                       

Shape ID DH Num. N Coord. E Coord. From To D. Form. Density Tonnage Pb Zn Thickness 

F1 471 6225,00 -487,00 3,08 7,2 Pb 2,944 10,32 4,565 0,131 4,12 

F2 475 6080,00 -525,00 1,41 4,03 Pb 2,914 20,825 3,966 0,159 2,62 

F3 475 6080,00 -525,00 12,12 22,37 Pb 2,992 50,555 5,512 0,139 10,25 

 




