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Preface 

The mining field north of Ädelfors, in the southeastern part of Sweden, consists of several gold, 

copper and iron mines which have been mined in periods from the beginning of the 18th century until 

1916. The gold mines are famous for being the first ever known gold-only discoveries in Sweden 

which eventually led to the opening of the first gold mines in Sweden. The area is rich in history with 

its old and many mines. An estimate of 330 mines, pits and sampled quartz veins are known in the 

area but none have led to large-scale production as we define it today. Adolf Fredrik’s mine was the 

largest mine in the area with 220 kg of gold produced over a century of mining activity. The area is 

today a popular tourist attraction and is well known by gold diggers and geologists in Sweden and 

abroad for its gold which can still be found in the surroundings. However, the area and the mines 

have only interested a few scientists and students to investigate the geology and origin of the mines. 

Since my early childhood, me and my family have spent most of our summers in Ädelfors where 

we’ve been exploring the historical mines and the surroundings, panning for gold, searching for rocks 

and minerals or enjoying the atmosphere in the Golden Nugget Inn with fellow gold-diggers. In 

recent years, I’ve been working as a gold-panning instructor in Ädelfors during the summers. This has 

increased my interest in the area even more. It was thus natural to choose the area as my master 

thesis subject as I felt the need to understand the origin and relationships between the mines better. 

This work is dedicated to my family and the gold-diggers in Ädelfors who love the place as much as I 

do. 

Many thanks to my parents Mona and Jörgen who have helped me throughout the project with 

funding and support and thanks to the always happy gold-diggers in Ädelfors. 
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Sammanfattning 

Ädelfors ligger ca 17 km öster om Vetlanda, Jönköpings län, i det N-S strykande Transskandinaviska 

granit och porfyrbältet och är en del av det NÖ-SV strykande 1,83-1,82 Ga Oskarshamn-

Jönköpingsbältet (OJB) bildad i en kontinental subduktionszon i kanten av den Svecofenniska 

kontinentalplattan. I denna kontinentalbåge ligger Vetlanda supergruppen som är en 

metasedimentär del av OJB bestående av starkt folierad 1,83 Ga metagråvacka, metasandsten och 

metakonglomerat med inlagringar av mafiska och felsiska vulkaniter. 

Ädelfors gruvfält består utav ca. 330 kvartsgångar förande mestadels guld men också koppar. 

Järnmineraliseringar i form av bandad järnmalm finns också i området. Geologin, mineralogin och 

pyritens kemiska sammansättning från järngruvorna Nilssons järngruva (NFE) och Fe-gruvan (FE), 

koppargruvan Kamelen (KM) och guldgruvorna Brånadsgruvan (BR), Adolf Fredriks gruva (AF), Gamla 

Krongruvan (GKR), Gamla Kolhagsgruvan (GKO), Thörngruvan (TH), Nya Galongruvan (NG), Stenborgs 

gruva (ST), Tyskgruvan (TG), Hällaskallen (HS) och Fridhem (FR) har undersökts för att finna 

eventuella genetiska likheter. Svavelisotopförhållande har fastställts för pyrit från AF, FE och KM.  

Strukturellt kan gångarna delas in i ett antal grupper. AF, GKR, ST, NG, TH och möjligtvis NFE stryker 

10-70° och stupar 55-70°. BR, GKO och KM stryker 110-140° och stupar 80-90° medan TG och HS 

stryker 90-110° och stupar 85°. Fridhem stryker 70° och stupar 80°. En klorit-kvarts-sericit-biotitrik 

metapelit utgör värdbergarten i alla gruvor förutom; FR där den utgörs av en beresitiserad felsisk 

vulkanit rik på plagioklas, sericit, biotit och kvarts med disseminerad pyrit; och NFE, HS, NG vilka har 

en mafisk tuffitisk moderbergart. Kvartsgångarna är mjölkvita med undantag för FE:s svarta, 

pyritförande kvarts vilket uppträder som sprickfyllnad i den bandade järnmalmen och är senare 

bildad. Kvartsen i KM är starkt dynamiskt omkristalliserad. Svag till måttlig foliation är vanlig i 

sidoberget med undantag av stark foliation i TG och NFE, vilka är lokaliserade i förkastningssprickor 

med stark kloritförskiffring av värdbergarten. Klorit-, zeolit-, karbonat-, hematit-, amfibol-, 

kalifältspat-, sericit-, biotit- och epidotomvandling förekommer i majoriteten av lokalerna.  

Malmmineralen är dominerande sprött deformerad subhedral till euhedral pyrit som kataklastiska 

aggregat eller band, interstitiell kopparkis i pyrit, markasit, magnetkis, guld och sporadiskt 

kopparkissjuk zinkblände och arsenikkis. I det här arbetet har även tetradymit, staurolit, blyglans och 

Ce-monazit observerats. Bismutinit och tetradymit i form av inneslutningar i pyrit observerades i AF, 

GKR, FR och TG. Guld observerades i AF, BR, GKR och TG som inneslutningar i pyrit eller fritt i kvarts 

med Au/Ag medianvärde på 78,41, avvikande är HS med värden mellan 4,66-5,25.    

Förhållanden mellan spårelement i pyrit indikerar två typer av pyrit. Typ 1 funnen i FE och KM har 

följande värden: Co/Ni = 10,94, Bi/Au = 1,79, Bi/S = 0,037, Au/Ag = 11,13, S/Se = 235,96 och As/S = 

0,006. Typ 2 funnen i NG, GKO, ST, TH, AF, NFE, HS, GKR, BR, FR, TG och som sliror i KM4 py1 har 

följande värden Co/Ni = 5,26, Bi/Au = 1,95, Bi/S = 0,031, Au/Ag = 4,19, S/Se = 0 and As/S = 0. δ34S 

värden styrker denna uppdelning där KM och FE har värdena 1,3-2,6 ‰ och AF 3,6-3,8 ‰.  

Den geologiska utvecklingen av fältet har tolkats som följande: FE-gruvans bandade järnmalm är den 

tidigaste mineraliseringen vilket följs utav uppsprickning och läkning av kvarts med pyrit typ 1 som 

också bildar kopparmineraliseringen KM. Senare sprickzoner efter Smålandsgraniternas intrusion läks 

av kvarts med pyrit typ 2 på mesozonalt djup vilket bildar NG, GKO, ST, TH, AF, NFE, GKR, BR, FR, TG 

och omkristalliserar och introducerar nya pyritsliror i kvartsen i KM. HS bildas möjligtvis sist eller har 

blivit omvandlad eftersom den är anrikad på silver. Morfologi, omvandlingar och svavelisotop-

signaturer tyder på ett orogent ursprung för Ädelfors guldrika kvartsådror samt den kopparrika 

kvartsådern i KM. 
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Abstract 

Ädelfors is situated ca 17 km east of Vetlanda, Jönköping County, in the N-S striking Trans-

scandinavian igneous belt and is a part of the NE-SW striking 1.83-1.82 Ga Oskarshamn-Jönköping 

belt emplaced during a continental subduction towards the Svecofennian continental margin. The 

continental arc hosts the 1.83 Ga metasedimentary Vetlanda supergroup composed of foliated 

metagreywacke, metasandstone and metaconglomerate. The sequence is intercalated by mafic and 

felsic volcanites and hosts the Cu-Au-Fe-mines at Ädelfors. 

Ädelfors mining field consists of ca 330 mineralized quartz veins hosting both copper, gold and iron. 

The iron mines Nilsson’s iron mine (NFE) and Fe-mine (FE), the copper mine Kamelen (KM) and the 

gold mines Brånad’s mine (BR), Adolf Fredrik’s mine (AF), Old Kron mine (GKR), Old Kolhag’s mine 

(GKO), Thörn mine (TH), New Galon mine (NG), Stenborg’s mine (ST), Tysk mine (TG), Hällaskallen 

(HS) and Fridhem (FR) have been investigated to deduce a possible genetic relation between the 

veins and their origin. Sulfur isotope ratios have also been conducted on pyrite from KM, AF and FE.  

The veins can stucturally be divided into several groups. AF, GKR, ST, NG, TH and possibly NFE are 

striking 10-70° with a dip of 55-70°. BR, GKO and KM are striking 110-140° with a dip of 80-90° 

whereas TG and HS strike 90-110° dipping 85°. Fridhem, being distal to the other mines, strikes 70° 

and dips 80°. A chlorite-quartz-biotite-sericite-rich metapelite hosts the veins in all localities except; 

FR where a layered, beresitizised felsic volcanite rich in plagioclase, sericite, biotite and quartz hosts 

disseminated pyrite; and NFE, HS and NG which are hosted by a mafic tuffite. Quartz veins are mainly 

milky and equigranular, exceptions are FE with black pyrite-bearing quartz veins, cutting through the 

banded magnetite-metapelite and KM with its dynamically recrystallized quartz. Chlorite-, zeolite-, 

carbonate-, hematite-, amphibole-, kalifeldspar-, sericite-, biotite- and epidote alteration has been 

observed among the localities.  

The ore minerals are dominated by: fractured sub- to euhedral pyrite in cataclastic aggregates or 

selvage bands, interstitial chalcopyrite in pyrite, marcasite, pyrrhotite, gold and sporadic chalcopyrite 

diseased sphalerite and arsenopyrite. Previously not reported tetradymite, staurolite, galena and Ce-

monazite have also been observed. Bismuthinite and tetradymite as inclusions in pyrite were 

observed in AF, GKR, FR and TG. Gold was observed in AF, BR, GKR and TG as inclusions in pyrite or 

quartz with a Au/Ag median of 78.41. HS distinguishes itself with Au/Ag ratios of 4.66-5.25. 

The trace element ratios in pyrite reveal two major types of pyrite. 1) found in FE and KM (pyrite type 

1) with Co/Ni ratio of 10.94, Bi/Au of 1.79, Bi/S of 0.037, Au/Ag of 11.13, S/Se of 235.96 and As/S of 

0.006. 2) found in NG, GKO, ST, TH, AF, NFE, HS, GKR, BR, FR, TG and as stringers in KM4 py1 pyrite 

type 2) with an average Co/Ni ratio of 5.26, Bi/Au of 1.95, Bi/S of 0.031, Au/Ag of 4.19, S/Se of 0 and 

As/S of 0. δ34S values strengthens this grouping as KM and FE has 1,3-2,6 ‰ and AF 3,6-3,8 ‰.  

The following geological interpretation has been concluded: The banded iron formation in FE is the 

earliest mineralization and was later fractured, emplacing quartz veins with pyrite of type 1. During 

this event, the Cu-vein in KM was also formed. A second generation of fractures, emplaced after the 

Småland granitoids formed, were filled with quartz and pyrite of type 2 at mesozonal depth. This is 

the main stage of gold mineralization and includes NG, GKO, ST, TH, AF, NFE, GKR, BR, FR and TG. 

During this event, pyrite of type 2 was added to KM, causing recrystallizing of the quartz. HS is 

possibly emplaced last or altered as it is more enriched in silver.  

Morphology, mineralogy, alterations, mineral chemistry and sulfur isotope signatures indicates an 

orogenic origin of the gold-rich quartz veins at Ädelfors as well as the copper-rich vein in KM.  
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1 Introduction 
Ädelfors is a small village located in the southern parts of Sweden, 16 km east of the city of Vetlanda, 

Jönköping County, see fig. 1. The area is famous for being the first gold-only mining district in Sweden 

with the first recorded mining activity beginning in 1738 and continuing in periods until 1917. 

Different types of ores containing gold, copper and iron respectively were mined but hardly any was 

profitable. The discovery of the gold mineralization can however be traced back to 1581 but was 

never mined and was later re-discovered in 1737 (Torstensson 2008). 

 

Fig. 1 Geographical location of the mining field at Ädelfors including the Fridhem mine to the east close to Kvillsfors. Map 
modified from Lantmäteriet. 

The regional geology is complex and consists of several distinct units, the oldest one being the 

Vetlanda super group (Mansfeld et al. 2005). The group consists of quartzites, phyllites, mica schists, 

mafic and felsic metavolcanics and stretches from Sävsjö in the west to Ädelfors in the east. This 

group is part of the Oskarshamn-Jönköping belt, a 1.83-1.82 Ga juvenile arc formation consisting of 

intrusive and volcanic rocks as well. This is later intruded and surrounded by a rock sequence of 

gabbro, diorite, granodiorite and granite belonging to the Transscandinavian Igneous Belt, TIB. The 

youngest rocks in the area are the diabase dykes which are displaced by later faulting (Bergman 

1986). 

The mining field north of Ädelfors, also known as Ädelfors mines, consists of several gold mines as 

well as subordinate copper and iron mines following a NE-SW trend from the village of Ädelfors up to 

the village of Övlandehult. The gold mineralization occurs almost exclusively in quartz veins and over 

330 mineralized veins have been found since the first discovery in the area (Kjellberg 1893). The 

quartz veins are situated in the Vetlanda supergroup and commonly strike WNW-ESE parallel to the 

rock sequence and dip 60-90° S. However, the most mineralized quartz veins strike perpendicular to 

the rock sequence, dipping 40-55° E, being 0,3-0,4 m wide. Minerals occurring in the veins are pyrite, 

pyrrhotite, chalcopyrite, arsenopyrite, calcite, epidote, garnet and magnetite. The gold is mainly 

occurring as refractory gold in the pyrite but is sometimes visible both in the quartz and host rock as 

native grains (Tegengren 1924). 
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The sulfides in the mineralized veins are regarded by Sundblad et al. (1999) to originate from 

adjacent mafic volcanic rocks based on lead isotope analysis. He also conducted a fluid inclusion 

study of the deposit, yielding salinities from near fresh water to NaCl saturation in a temperature 

span of 100-300 °C. Structural analysis suggests that deposition took place after the emplacement of 

the Småland granitoids, a rock suite belonging to the TIB (Sundblad 1990). The supposedly arc-

related geology together with earlier studies implies an orogenic formation of the deposit (Sundblad 

et al. 1999). 

However, the many mineralized veins at Ädelfors have mostly been mined for gold in quartz related 

veins but little is known about their relationship. 

1.1 Aim 
The aim of this thesis is to investigate and compare selected gold mines and subordinate copper and 
iron mines at Ädelfors based on field mapping, microscopy, sulfur isotope signatures and pyrite 
chemistry. Comparing sulfur isotope signatures and pyrite chemistry together with ocular microscopy 
might give answers to the key questions for this thesis:  

• Are the gold-rich veins of the same type or are there several types of mineralized veins and 
are they related to the subordinate copper and iron mines present in the area?  

• What can sulfur isotope ratios reveal regarding the origin? 

• What is a probable origin of the deposits in the area? 

1.2 Purpose 
The purpose of the study is to achieve a better understanding of the origin of the abundant quartz 
veins that are present northeast of Ädelfors. The area consists of several gold mines, but also a few 
copper and iron mines, and the main purpose is to deduce if a relationship exists between the mines 
and to examine a possible source for the ore fluids by investigating the sulfur isotopes. 

1.3 Scope of study 
The study is limited both in terms of the number of locations and in terms of number of samples 

prepared from each location to keep a concise and straightforward approach in answering the key 

questions to reach the aim of the study. 

13 mines are included in the thesis: 9 gold mines, 2 iron mines, 1 copper mine and 1 mine with 

unknown commodity. They are listed in table 2 in chapter 4.4 together with the methods used to 

investigate the mines and the number of samples prepared from them. 

The study focuses on pyrite, magnetite and chalcopyrite found at the selected mines as these 

minerals are the common denominator. To reach the aim of this study, the mines will be investigated 

with 3 main methods: 

1. Mineral and structural descriptions of the mines 
2. SEM-EDS & microscopy study of polished mineralized quartz from each mine and of thin 

sections from selected mines with focus on: 
a. Trace element ratios of pyrite 
b. Gold chemistry 

3. Sulfur isotope signatures from an iron-, copper-, and gold mine  

As comprehensive work on the mineralogy of Ädelfors veins have been done by Bergman (1986), this 

study aims to investigate mainly the mineralized veins and particularly pyrite by all the above-

mentioned methods. 
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2 Earlier work  

2.1 Regional geology 
Ädelfors lies in Småland, Jönköping county which consists of two different geological provinces 

separated by a deformed N-S striking geological border known as the Protogine zone. To the west of 

the zone, the geology is dominated by rocks deformed during the Sveconorwegian orogen, the 

Protogine zone also belongs to this province. The orogenic activity due to continent-continent 

collision in Neoproterozoic time metamorphosed the rocks to mostly gneisses. To the east of the 

Protogine zone is the Transscandinavian Igneous Belt, TIB, a large unit of mostly felsic intrusive rocks 

as seen in fig. 2. The segments will be further described below, mostly after the comprehensive work 

of Wik et al. (2006) with a larger emphasis on the TIB rocks and the OJB which hosts the Ädelfors 

mines. 

 

Fig. 2 Geological map over southern Sweden showing the major geological provinces. Ädelfors is situated in the eastern 
parts of the Oskarshamn-Jönköping belt, also known as the OJB. After Krumbholz (2010). 

2.1.1 The Sveconorwegian province 
The Sveconorwegian province is a large geological unit stretching from Scania in the south up into 

Norway in the north. The unit comprises deformed rocks of a wide variety, from gneisses to 

amphibolites which have been formed during the end of the Sveconorwegian orogen (0.98-0.92 Ga). 

The eastern segment of the province was metamorphosed under high temperatures between 620-

770 °C and pressures of 9-12 kbar as it was situated 33-45 km below a Himalayan-like mountain 

range, creating a highly-metamorphosed zone (Johansson et al. 1991, Wik et al. 2006). The 

metamorphism is thus higher towards the east in the Sveconorwegian province, increasing from 

greenschist- to amphibolite facies. The province is divided into two levels, the upper (to the east) and 

the lower (to the west). The rocks in the lower level exhibit great heterogeneity in composition but 

are highly deformed and migmatitic with quartz and feldspar-rich veins. The eastern segment of the 

province (upper level) is dominated by steeply dipping E-W to E-NW trending folds and bands 
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created by plastic deformation and can be seen in magnetic anomaly maps over the area. This area 

consists of gneisses interpreted to belong to the TIB originally before metamorphosis. The distinction 

between the levels is evident as the upper level consists of red, granitic rocks whereas the lower level 

consists of grey gneisses of granitic to granodioritic origin. Structurally, the levels are dominated by 

upright anti- and synform folds in large scale with lineation parallel to the fold axis (Wik et al. 2006). 

2.1.2 The Protogine zone 
The Protogine zone is a deformed zone of steeply dipping N-S striking rocks stretching from Scania in 

the south up to Värmland in the north and continues under the Scandinavian Caledonides. It is a 

pronounced border on the east side of the Sveconorwegian province and is ca 25 km wide outlined 

by N-S trending magnetic patterns (Wik et al. 2006). The deformation is present in all scales and sizes, 

from millimeters to hundreds of meters wide, almost vertical zones of plastically, often foliated and 

folded. Rocks between the zones show no or little deformation and are easily recognizable as TIB 

rocks with penetrative foliation. The N-S striking deformation is a result of the accretionary 

Sveconorwegian orogen. The deformed zones are often mylonitic and show differences in the 

metamorphic alteration. The western parts show an amphibolite facies alteration with garnet and 

biotite and the eastern parts show a greenschist facies alteration with abundant chlorite among the 

mafic rocks. The felsic rocks have undergone recrystallization of the feldspars in the west and are 

deformed in a ductile manner to the east (Wik et al. 2006). 

Along the Protogine zone are also several 1.22-1.20 Ga syenite intrusions (Ask 1996), of which the 

Vaggeryd massif is the largest. Two generations of steeply dipping dolerite dykes striking N-S as seen 

in fig. 3 are the youngest rocks in the area. The younger dykes were emplaced during the end of the 

Sveconorwegian orogeny at 0.95 Ga and the older was emplaced at 1.57 Ga. 

2.1.3 The Transscandinavian igneous belt (TIB) 
The TIB is dominated by a wide variety of 1.85-1.66 Ga felsic intrusive rocks, ranging from alkali 

feldspar-rich granites, monzonites to quartz monzodiorites called Smålands granites. Mostly acidic 

but also basic volcanic rocks known as the Smålands porphyries are also part of the TIB. The igneous 

rocks adjacent to the Protogine zone are between 1.7-1.66 Ga (Wikman 1997). Mafic, gabbroic-type 

intrusions are locally common, exhibiting magma mingling at the contacts.  

Enclosed by the TIB lies a metamorphosed and deformed belt stretching from Jönköping in NW to 

Oskarshamn in SE known as the Oskarshamn-Jönköping Belt, OJB, in the literature. The belt consists 

of 1.83-1.82 Ga intrusive tonalite and granodiorite, volcanic rocks, metasediments and slightly 

younger 1.80 Ga granites and monzonites, surrounded and intruded by younger TIB rocks (Mansfeld 

et al. 2005). Geochronological data of rocks in the OJB show that they are older, but of the same type 

as those found in the TIB. The OJB has undergone extensive plastic deformation in E-W to ESE-WNW 

trending zones, and rocks are typically foliated in these zones but are preserved elsewhere without 

sign of deformation. U-Pb and Sm-Nd analyses by Mansfeld et al. (2005) suggest that the felsic rocks 

in the OJB were formed from a highly-fractionated mantle derived melt and from remobilization of 

Svecofennian crust. The OJB was formed in a short time span of ca 10 m.y. at a continental margin 

subduction zone inheriting signatures from the slightly older Svecofennian crust and the subduction 

environment. This occurred at the time of a back-arc spreading and peak metamorphism at 1.825 Ga 

occurring in the Västervik-Valdemarsvik area. The formed OJB was subsequentially accreted due to 

compression. Subduction ceased before 1.82 Ga. Metamorphism in the OJB is mainly restricted to 

greenschist facies but locally amphibolite facies. The deformation zones in the OJB were developed  
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Fig. 3 The regional geology of the southeastern TIB. The belt between Jönköping and Oskarshamn made of metasediments, granites-tonalites and andesitic-basaltic rocks (Oskarshamn-
Jönköping belt, OJB) is regarded as a juvenile volcanic arc per Mansfeld et al. (2005).  
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after the TIB granite intrusions as they have affected rocks of all ages except the Almesåkra 

sediments. Dolerite dykes intruding the TIB commonly belong to the Blekinge-Dalarna dolerites and 

strike NNE for several tens of kilometers. These have been shown to have an age of 0.97-0.94 Ga 

(Söderlund et al. 2005). The dykes are a few centimeters to 50 meters in width, some of them 

containing quartz nodules formed during the intrusion of sedimentary rocks, which incorporated the 

quartz enclaves (Wik et al. 2006). 

The Smålands porphyries comprise various volcanic and subvolcanic rocks ranging from felsic to basic. 

Felsic, fine-grained, red to red-brown quartz- and feldspar-rich porphyritic rhyolites are common but 

constitute a small portion of the OJB. The main parts of the felsic volcanic rocks have the same age as 

the TIB (Wik et al. 2006). The volcanic rocks are well preserved in the central parts of the segments 

but recrystallized toward adjacent intrusive rocks, commonly granite. Granitic porphyries occur 

occasionally between granites and rhyolites but also as massive bodies.  

The volcanic rocks are separated by, and interpreted to be slightly older, than the intrusive rocks of 

the TIB as stated above by Mansfeld et al. (2005). Intermediate to basic volcanic rocks are also 

present but to a lesser extent, exceptions being basic to dacitic rocks in Nömmen (Röshoff 1973), 

Fröderyd (Mansfeld 1996) and Ädelfors (Wik et al. 2006). These are commonly greenish-grey, fine-

grained, foliated and occasionally exhibit fine banding, pillow structures and layers of limestone, 

suggesting a deposition under water. Tuffitic rocks and volcanic breccias indicate more explosive 

volcanic settings. Dacites are commonly homogeneous, porphyric and foliated. The sedimentary 

rocks of the Vetlanda supergroup commonly associated with the volcanic rocks were formed during 

the same time around 1.83 Ga (Mansfeld et al. 2005).  

The Smålands granites are mostly post-orogenic differentiated rocks ranging from red feldspar-rich 

granites, monzonites, syenites to tonalites. Common are the fine- to medium-grained red Växjö 

granite and kalifeldspar-rich Tranås granite, both often associated with blueish quartz. The granites 

often exhibit porphyritic texture with up to 3 cm large feldspar phenocrysts. Fine-grained granites 

are common and show similarities with felsic volcanic rocks, especially in contact zones where 

metamorphism has altered the texture. Grey to reddish-grey granite and monzogranite are common 

throughout the area but vary in texture from equigranular to unequigranular to porphyritic, the last 

variety is known as Filipstad granite. The granites often contain basic inclusions which are interpreted 

to be of the same age (Wik et al. 2006).  

Mafic rocks, most notably gabbroic and dioritic rocks are common in the TIB as small intrusive bodies 

of a few kilometers in length. They are grey to black, fine- to medium-grained and are occasionally 

layered and exhibit tendencies of magma-mingling together with adjacent granites. Intermediate 

rocks as quartz diorites are enriched in biotite (Wik et al. 2006). 

The sedimentary rocks present in the province are arenitic sandstones and belong to the Almesåkra 

group and are found between Nässjö and Eksjö (Rodhe 1987). Investigations suggest that they have 

been covering a larger area to the east (Persson & Wikman 1986). The group consists of five 

stratigraphic layers of quartzites, arenitic sandstones, slate, conglomerates and occasionally 

carbonates. The layers exhibit distinct sedimentary structures such as ripples and planar lamination 

and are interpreted to originate from a delta. However, they are unaffected by the WNW trending 

shear zones occurring in the Smålands granites and Vetlanda Supergroup, implying they are 

tectonically separated from each other (Sundblad 1990). Measurements made by Wik et al. (2006) 

indicate a thickness of at most 400 m. 
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2.2 Local geology 

2.2.1 The Vetlanda Supergroup 
The local geology of Ädelfors (fig. 4) consists of various felsic to mafic intrusive and volcanic rocks 

which have already been described in the regional geology section. However, the metasediments in 

which the mines reside have not yet been covered. The metasediments are known as the Vetlanda 

supergroup (Röshoff 1973) and belongs to the 1.83 Ga OJB (Mansfeld et al. 2005). They exhibit a 

wide variation in composition: metagreywackes, metasandstones to metaconglomerates are 

commonly encountered alternating with granodiorites, tonalites and volcanic rocks. Several 

mineralized veins in the area are intimately associated with these sediments such as the Au-mines in 

Ädelfors and the Cu-mines in Sunnerskog and Fröderyd (Persson 1986). The sediments are grey to 

greyish-black, fine-grained argillic to arenitic, commonly with 1-10 cm wide mica, volcanite, or 

metabasite horizons intercalated. The grains in the matrix rarely exceed 0.1 mm and are mostly 

composed of quartz, plagioclase, biotite and chlorite in varying proportions and are occasionally 

graded. However, individual 0.2-5 mm grains of feldspar and quartz occur occasionally as well. Veins 

of quartz and epidote occur throughout the sediments preferably in the orientation of the foliation 

together with larger, deformed quartz nodules and volcanic rock fragments, mostly tuffitic. The 

sediments have been examined by Persson (1986) and a sample from Sunnerskog contained 45 % 

quartz, 23 % plagioclase and 31 % biotite, other samples from Vetlanda contains up to 8 % ore 

minerals and 9 % epidote but the content varies widely. Persson (1986) also proposes that a large 

influx of volcanic material is probable but difficult to quantify due to the underwater deposition 

environment. The stratigraphy is complex with alternating units of argillites, conglomerates and 

arenites, all metamorphosed. Structurally is the area dominated by WNW, E-W and ENE striking 

foliation planes, almost vertically dipping, and large-scale N-S and NNW to NW trending fracture 

zones or faults. 

 

Fig. 4 The local geology of Ädelfors mines divided into three units, the main field, the Tysk and Hällaskallen field and Fridhem 
- 6 km east of the main field, seen in the inserted map. 
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2.2.2 The Ädelfors mines 
As noted in the introduction, the mines at Ädelfors have only been investigated by a few geologists 

such as Kjellberg (1893), Tegengren (1924), Bergman (1986) and Sundblad (1991) and Sundblad et al. 

(1999). 

The investigation by Kjellberg (1893) of the gold mines at Ädelfors is unique since it was made during 

mining activity. The ore is composed of mainly auriferous pyrite occurring in quartz veins. The veins 

are hosted by rocks in the Vetlanda supergroup, basalts, mica schists and argillites. They commonly 

dip 60-90° and strike EW to WNW along the foliation of the host rock, occasionally perpendicular to 

the foliation as well. Veins perpendicular to the foliation striking ENE, dipping 40-55° (e.g. Adolf 

Fredrik’s mine, Old and New Kron mine) are the richest veins according to Kjellberg (1893). The veins 

are 0.3-0.4 m wide and up to 80 m long, however, 20-25 m is an average length and up to 310 m 

down dip (Tegengren 1924, Kjellberg 1893).  

Minerals occurring in the quartz veins are calcite, feldspar, garnet, epidote, hornblende, magnetite 

and sulfides. Kjellberg (1893) also noted the occurrence of calcite mainly in pressure shadows, 

whereas the other minerals occur unevenly distributed as inclusions in the quartz. The veins are 

affected by brittle deformation in some areas as noted by Swab (1745), veins are cut and displaced 

by faults in the deeper parts. Fractures filled with laumontite, prehnite, calcite, and epidot also 

crosscut the host rock and has been regarded as being formed later by Kjellberg (1893).  

The main sulfides are pyrite, pyrrhotite and chalcopyrite of which pyrite is the most common one. 

The gold content in the veins is dependent on the amount of pyrite which varies greatly throughout 

the area. Pure pyrite has been reported to contain 600-1000 g Au/t (Tegengren 1924), whereas pyrite 

in the host rock has a lower gold content. Pyrrhotite and chalcopyrite are less common but are locally 

enriched in the veins. Chalcopyrite-rich veins have been mined prior to the gold mines in the area. 

Pyrrhotite has the lowest gold content of 30-40 g Au/t of the sulfides but is accompanied by visible 

gold more often than pyrite (Kjellberg 1893). Native bismuth, bismuthinite, maldonite and joseite 

have also been found. Maldonite is the only of these minerals carrying small quantities of gold. 

However, gold, bismuth and pyrite are a common association for the deposit (Sundblad 1999).  

Bergman (1986) conducted a comprehensive mineralogical study on the gold mines at Ädelfors (with 

samples from Adolf Fredrik’s mine, Old Galon mine, Brånad’s mine and Old Kron mine) where 

sphalerite, scheelite, native copper, ilmenite and marcasite were identified as new minerals for the 

deposit. He also conducted point counting on 20 thin sections which yielded volume percentages of 

the entire veins: 68% quartz, 19% pyrite, 1.8% calcite, 0.7% pyrrhotite, 0.5% magnetite, 0.4% garnet, 

0.2 % chalcopyrite, 0.1% ilmenite, 0.044% gold and 9.3% of other minerals. Textural descriptions of 

pyrite, gold, chalcopyrite, pyrrhotite, magnetite, quartz and calcite are provided below after the 

mineralogical observations made by Bergman (1986). 

Pyrite occurs as anhedral to subhedral crystals, occasionally euhedral, in the quartz veins and their 

immediate contact zone. They range from 0.1-3 mm in size, occasionally exhibiting triple junctions in 

clusters. Gold, bismuth, bismuthinite, magnetite, pyrrhotite and chalcopyrite occur as inclusions in 

pyrite, with pyrite being euhedral towards gold, bismuth and bismuthinite. Microprobe analysis of 

pyrite reveals 0.06 wt. % of Co. 

Gold occurs either as: macroscopically visible grains in quartz and adjacent host rock, microscopically 

distributed in pyrite and pyrrhotite or as refractory gold. Despite mode of occurrence, the gold 

content does not vary with depth, instead, the proportions of the modes vary (Kjellberg 1893). The 

gold grains are commonly between 5-600 µm and occasionally up to a few millimeters as grains, 
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veinlets or drops in quartz and pyrite. Intergrowths of bismuth and bismuthinite in gold are present, 

without sign of reaction zones indicating equilibrium during deposition or recrystallization. The gold 

is very pure with only traces of silver. 

Chalcopyrite occurs as anhedral masses along with magnetite, pyrrhotite, marcasite, pyrite and in 

chalcopyrite diseased sphalerite. Grains are 0.1-2 mm.   

Pyrrhotite occurs disseminated in the quartz together with pyrite, chalcopyrite and magnetite as 0.5-

1 mm anhedral grains. Veins of pyrrhotite are also present. Altered pyrrhotite exhibits alteration 

halos of marcasite due to chemical weathering.  

Magnetite occurs as 0.005-1 mm anhedral grains commonly as inclusions in pyrite but also in the 

host rock together with ilmenite. 

Quartz is milky white to yellowish-white with greasy luster and occurs as 0.5-2 mm grains. 

Calcite is common in the quartz as veins and inclusions and is white, pinkish or greenish. 

2.2.2.1 Proposed origin 

The origin of the mineralized veins has been studied by Sundblad (1990) and Sundblad et al. (1999) in 

means of structural analysis, lead isotopic investigations and fluid inclusion studies. The gold bearing 

veins at Ädelfors occur in steeply dipping EW to WNW trending structures. These structures are also 

present in the younger granites surrounding the area, implying that the regional shear system was 

responsible for the ore deposition after the emplacement of the Småland granitoids as suggested by 

Sundblad (1990).  

The mafic volcanic rocks at Ädelfors have shown to be of basaltic to basaltic-andesitic composition 

with a calc-alkaline or low potassic tholeiite character with εNd values of +1.6 to +3.8 and lead 

isotope compositions suggesting a very primitive source. This applies both for the volcanic rocks and 

sulfides from the area as they have similar lead isotopic composition as basalts in the Fröderyd group 

(Sundblad et al. 1999). This has led to the conclusion that the source of the gold is the adjacent mafic 

volcanic rocks. Sundblad et al. (1999) also conducted fluid inclusion studies of the deposit, yielding 

salinities from near fresh water to near NaCl saturation in a temperature span of 100-300 °C.  

3 Theory 
The theory chapter is divided into three main subchapters, each describing the three major subjects 

on which this study relies on. These are: General characteristics of orogenic gold deposits, Scanning 

Electron Microscope and Energy Dispersive Spectrometry – SEM-EDS analysis and Sulfur isotope 

analysis. 

3.1 General characteristics of orogenic gold deposits 
The orogenic gold deposit was defined as a specific ore type by Groves et al. (1998) and unifies 

different types of lode gold deposits that share many common characteristics. Typical for the 

orogenic gold deposits are a regionally metamorphosed host, structural control of veins and native 

gold as the only or most important commodity. The ore is formed by hydrothermal fluids originating 

from the dehydration of marine and volcanic sedimentary rocks during prograde regional or burial 

metamorphism. The fluids migrate to structurally favorable horizons, depositing the gold-rich quartz 

veins at depths down to 20 km. The deposits themselves can extend up to 2 km vertically with little 

or no zoning, having a gold grade of 5-30 g Au/t. 
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3.1.1 Geological environment and formation 
Typical environments for the formation of orogenic deposits are deformed clastic sedimentary 

terranes and deformed volcano-plutonic terranes. Despite the differences in origin, they are 

consistently associated with deformed metamorphic terranes and especially greenschist facies rocks 

and occur as clusters (Robert 1996). However, some Archean hosted deposits in Western Australia 

are associated with granulite facies rocks.  

The most common host rocks to orogenic deposits in sedimentary terranes are metagreywacke, 

schist and phyllite. These rocks are often well-bedded and folded in a complex manner, sometimes 

with interbedded iron-formations and mafic volcanic rocks (Groves et al. 1998). Gangue and ore 

minerals in these deposits, except the often-ribbed quartz, are pyrite, arsenopyrite, scheelite and 

tourmaline with minor sericite, chlorite, rutile, feldspars, galena, chalcopyrite and sphalerite. 

Bismuth-tellurium minerals are also common together with molybdenite (Boyles 1979).  

The volcano-plutonic terranes are often associated with island arcs and are far more common than 

the sedimentary hosted type. Typical hosts for volcano-plutonic deposits are oceanic basalt domains 

and island arc mafic to felsic calc-alkaline domains (Robert 1996). 

Orogenic deposits are formed either in accretionary orogens where oceanic plates subduct under 

continental plates as shown in fig. 5 or in collisional orogens (continent-continent collisions). A 

collisional orogen can be considered as an end-member of the accretionary orogen where the 

oceanic basin closes. Collisional orogenic gold deposits are thus also associated with marine 

sediments and volcanic rocks that were added to the continental margin. (Groves et al. 1998) 

 

Fig. 5 Tectonic setting of different gold deposit types. Orogenic gold is formed in the collisional or accretionary orogens 
during compressional to transpressional tectonic forces. Lateral and vertical scale is exaggerated to allow for better visibility 
of details. After Groves et al. (1998). 

In hydrothermal systems, gold is leached from the source rocks and mostly carried as bisulfide- or 

chloride-complexes depending on pH, oxygen fugacity and redox. The fluids forming orogenic 

deposits are typically low salinity, near-neutral and H2O-CO2 rich fluids transporting gold as a 

bisulfide complex. CO2 concentrations may reach more than 5 mol% at 1-5 kbar (Groves et al. 1998). 

Typical temperature intervals during mineralization are 50-450 °C but evidence for extreme 

temperatures up to 700 °C exist. The fluids with its dissolved elements migrate upward in faults 
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where quartz, sulfides and gold precipitate in zones of lower pressure and temperature in structural 

or chemical traps. However, the gold dissolution model simplifies the reality as diffusion is also an 

important process in deep formed deposits. Atoms, ions and molecules diffuse through the rock in 

pores, along grain boundaries and through fractures due to differences in chemical potential. The 

process is slow and dependent on the binding of the medium through which diffusion occurs. An 

increase in temperature and shear stress can however greatly increase the diffusion through solid 

media in such rocks. Gases and liquids that pervade grain boundaries and pores also increase 

diffusion rates (Boyles 1979). 

Orogenic deposits are highly controlled by structures in all scales. Deposits are commonly occurring 

near large compressional ductile to brittle structures where the major ore veins occur in the second 

or third order structures. They are often displaced during and after mineralization where the 

elements can migrate further as mobilized ions, hydrated ions and molecules and through diffusion. 

Deposits can have a down-plunge of hundreds to thousands of meters following the structures. The 

extreme variety of depths possible for formation of orogenic deposits often result in a vertical 

zonation which in the literature is divided into three groups, epizonal, mesozonal and hypozonal 

reflecting increasing depth and temperature of formation. Epizonal veins are formed <6 km into the 

crust and are characterized by Au-Sb assemblage whereas mesozonal are formed between 6-12 km 

with an Au-As-Te assemblage. Hypozonal veins are formed >12 km and are characterized by an Au-As 

assemblage as seen in fig. 6 (Groves et al. 1998). 

 

Fig. 6 Schematic representation of an orogenic deposit. After Groves et al. (1998) 

The mineral assemblage can be highly variable but is typically dominated by quartz with less than 3-

5% of sulfide minerals and 5-15% carbonates together with albite, white mica, chlorite, scheelite and 
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tourmaline. The quartz is often ribboned or has a book structure, consisting of parallel quartz sheets 

and host rock in a banded manner. Common sulfides include pyrite and arsenopyrite in 

metasedimentary rocks and pyrite and pyrrhotite in metamorphosed igneous rocks. These sulfides 

are commonly auriferous and can be observed both freely in the quartz and disseminated in the host 

rock, especially in the sedimentary sequences of shales, argillites and slates. Typically, lode-gold 

deposits are also variable enriched in As, Bi, Hg, Sb, Te and W (Boyle 1979). 

Gold in orogenic deposits is commonly native but electrum, gold-tellurium or gold-bismuth minerals 

are also common (Ramdohr 2013). Native gold is present freely in quartz or as grains in pyrite but a 

large portion can also occur in auriferous pyrite as refractory gold or as coatings and fracture-fillings 

(Robert 1996). The gold is often concentrated into ore shoots which are zones of high gold content. 

These are widely discussed but are thought to be formed due to various physico-chemical factors. 

Despite occurrence, gold often contains some amount of silver due to its affinity to gold. The Au/Ag 

ratio can be used as a geochemical tool in gold deposits and varies typically between 1-12, averaging 

4.2 on a worldwide basis for Precambrian, Paleozoic and Mesozoic deposits (Boyle 1979). Shcherbina 

(1956) drew several conclusions regarding Au/Ag ratios based on studies from different types of Au 

deposits throughout the world stating that a high Au/Ag ratio is more likely to occur in deep-seated, 

high-temperature settings whereas a low ratio would occur in low-temperature, intermediate to 

shallow depths. Koroleva (1971) investigated gold-pyrite-arsenopyrite-pyrrhotite-telluride deposits in 

Russia and concluded that Au/Ag ratios decrease from the oldest formed mineral assemblage to the 

youngest. Younger deposits of this type would hence be more silver-rich due to the higher mobility of 

silver.  

3.1.2 Alteration types 
Host rock alterations of hydrothermal deposits are complex and may exhibit considerable variations 

in type and extension depending on the character of the host rocks, fluid characteristics and the 

crustal level of formation. The alteration is always stronger in the proximity to the veins and 

decreases outwards to the distal parts and can sometimes be meters in width (Groves et al. 1998). 

However, the alteration differs considerably depending on the terrane in which the orogenic deposit 

originates from. In sedimentary terranes, the host rock alteration is minimal and only affects the rock 

in narrow zones. In contrast, volcano-plutonic terranes are more strongly affected by alteration.  

Amphibolitization is an alteration typically occurring in deeply formed deposits consisting of an 

assemblage of epidote, hornblende, tourmaline, biotite, magnetite, pyrite, pyrrhotite, garnet and 

andalusite. It is often encountered in mafic to intermediate igneous rocks.  

Chloritization is a common alteration in orogenic deposits and includes the formation of chlorite by 

the introduction of Mg and Fe, into the host rock. However, the most common alteration is the 

sericitization where sericite or hydromuscovite is formed by hydration of feldspars. Potassium and 

H2O are introduced to the rock, removing some Fe, Ca and SiO2 (Boyle 1979). Related to this process 

is the beresitization of schists, quartz porphyries and granites where the rock is sericitized, silicified 

and partly albitizied followed by pyrite impregnation. Enrichment of K, CO2 and Ca and depletion of 

Fe3+, Al and SiO2 is typical for the beresitization investigated by Glukhov (1974) from deposits in the 

Ural goldfields.  

Pyritization is one of the most common alteration types in orogenic deposits where disseminated 

pyrite is formed in the host rock. It is often accompanied by arsenopyritization which forms 

disseminated arsenopyrite in the host rock (Boyle 1979). 

Carbonatization is an alteration which forms secondary carbonates in the host rock. It is common in 

intermediate to basic rocks and is a chemically complex process. Common carbonates formed are 

ankerite and calcite. The latter especially common in volcano-plutonic rocks, and is formed during 
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the breakdown of amphiboles, pyroxenes and feldspars and introduction of CO2. Argillic alteration of 

the host rock includes the formation of clay minerals such as kaolinite, montmorillonite, dickite and 

illite.  

Zeolitization is an ucommon type of alteration forming zeolites such as natrolite, laumontite and 

stilbite together with calcite and apophyllite members.  

Hematitization is the formation of hematite and is indicative of a high oxygen fugacity in the 

mineralizing fluids (Boyle 1979). 

3.2 Scanning Electron Microscope and Energy Dispersive Spectrometry – SEM-EDS 

analysis 
Optical microscopes can be used to see objects as small as 1 µm with a resolution of 200 nm using an 

increasing number of high quality lenses along the light path. However, despite increasing the 

number and the quality of the lenses, it is uncommon to find a microscope that magnify more than 

1000x since optical microscopes are limited by the actual wavelength of the light used for 

illumination (FEI Company 2010). 

To achieve better resolution and magnification, accelerated electron beams are used, as electrons 

behave as light in vacuum but with 100 000 times shorter wavelength, enabling a resolution down to 

0.05 nm. This setup is the basis for SEM and TEM microscopes which are classified as charged particle 

microscopes. Today, these microscopes are widely used by scientists and the industry for surface 

analysis and qualitative to semi-quantitative element analysis (FEI Company 2010). 

 

Fig. 7 The schematics of a SEM. Copyright MarcoTolo. Published under CC BY-SA 1.0 
https://creativecommons.org/licenses/by-sa/1.0/deed.en  

The main components of a scanning electron microscope are the electron source (gun) and the 

electron optical column, magnetic lenses, a vacuum system and the necessary electronics and 

software for imaging and analysis as shown in fig. 7. To analyze a sample properly it is necessary to 

prepare non-conducting samples with a coating of a conducting material. Commonly used is a 1 to 10 

https://creativecommons.org/licenses/by-sa/1.0/deed.en
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nm thin layer of iridium or coal, this to prevent the non-conducting surface to become charged 

during electron bombardment. However, when using a SEM such as the Hitachi TM3000 with 

variable pressure or low pressure pumps it is not necessary to coat the surfaces. These systems 

provide a small amount of residual gas in the specimen chamber which is ionized by the electron 

beam. The ionized molecules amplify the secondary electron signal and neutralize any charge 

occurring on non-conducting samples (Hitachi High-Technologies Corporation 2010).  

A scan is proceeded as follows: 

The prepared sample is inserted into the sample chamber and a vacuum is created, once achieved, 

the electron gun is charged by accelerated voltage up to 30 kV. The electron beam is then shot 

through the condenser lenses to focus the beam into a fine spot down to 1 nm wide which is scanned 

over the object in a rectangular pattern. The electron beam interacts with the sample and creates 

various signals which are measured and stored in the computer memory. The signals produced are 

dependent on the topography of the surface, the atomic number and the chemical state of the 

surface.  

Four major signals are produced by the electron interaction with the surface as illustrated in figure 8; 

secondary electrons that are sent out by atoms that have interacted with the electron beam; 

backscattered electrons that are deflected on the surface; X-rays which are electromagnetic radiation 

sent out when excited atoms return to their ground state, two types exists, one where the 

interaction occurs at the inner shell and one where it occurs in the nucleus of the specimen atoms 

(Continuum X-ray); and photons of visible light, also called cathodoluminescence, which are also sent 

out when atoms return to their ground state. 

 

Fig. 8 The typical pear-shaped interaction volume reacting with the electron beam. Modified after Claudionico. Published 
under CC BY-SA 4.0 https://creativecommons.org/licenses/by-sa/4.0/deed.en 

The digital signals from the detectors can be combined and manipulated in various ways to produce 

an image or analysis suitable for the object of study. The Hitachi TM3000 produces images with a 

https://creativecommons.org/licenses/by-sa/4.0/deed.en
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magnification from 30x to 30 000x in grey-scale where brighter color represents material with higher 

mass. (Hitachi High-Technologies Corporation, 2010) 

To analyze the elemental properties of the surface examined, it is necessary to use an X-ray detecting 

technique such as Energy Dispersive X-ray Spectroscopy, EDS, or Wavelength Dispersive X-ray 

Spectroscopy, WDS. Since the TM3000 uses EDS, EDS will be described here, information about WDS 

can be found among the several papers and books covering the subject e.g. Van Grieken et al. (2001). 

The EDS technology uses the fact that when an atom returns to its ground state from an excited state 

caused by e.g. an electron beam, it will emit an X-ray with specific energy depending on the atomic 

structure (and thus type of element). Each element has unique atomic structures which emits a 

unique set of energy peaks in the emission spectrum upon returning to its ground state. To measure 

and analyze the X-rays, it is necessary to have an X-ray detector which measures and converts the 

signal to voltage signals, a pulse processor which measures the signals and an analyzer which 

analyses the signal. The accuracy of the results depends greatly on the number of X-rays reaching the 

detector which is dependent on the energy of the X-ray, the composition, the amount and density of 

the examined material. Since a loss of rays occurs, it is often necessary to use matrix corrections to 

account for the loss of data to produce semi-quantitative data of the element abundances (Goldstein 

2003). 

3.3 Sulfur isotope analysis 
Analysis of sulfur isotope ratios has been proven to be a powerful tool in studies of various branches 

of science. As a geological tool, it has been used in many studies of sulfide deposits to deduce an 

origin and relationship among deposits. Larger works by Seal (2006) and Shanks (2013) have covered 

the subject thoroughly and form the basis of the theory for this chapter.   

3.3.1 Sulfur isotope ratios as a geological tool 
An isotope of an element has the same number of electrons and protons but has a different number 

of neutrons in the nucleus, exhibiting similar physical and chemical properties. Because of the 

variable number of neutrons, the isotopes attain a small difference in weight, this difference causes 

the isotopes to partially separate in reactions, also known as fractionation. Depending on the type of 

element and reaction, the degree of fractionation will differ (Shanks 2013). 

When using isotopic ratios, it is standard to calculate the ratio with a more abundant isotope as the 

denominator and a the less abundant isotope as the numerator (Shanks 2013). Furthermore, the 

ratio itself isn’t much of use since bias or systematic error might be present in the analysis. To 

eliminate these errors, the ratio is always compared to a standard which for sulfur is the Vienna 

Canyon Diablo Troilite meteorite (V-CDT) (Muccio & Jackson 2008). The ratio of this is agreed to be 

comparable to the Earth’s (and the solar system’s) primordial sulfur isotope ratio before any 

geological and/or biological processes disturbed it. The variations in the abundance of isotopes are 

expressed as delta (δ) notation and are often multiplied by 1000 to represent differences in per mil 

(FIRMS 2011). The ratio and delta value are calculated as in equation (1) & (2). 

𝑟𝑎𝑡𝑖𝑜 (𝑅) =
𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 ℎ𝑒𝑎𝑣𝑦 𝑖𝑠𝑜𝑡𝑜𝑝𝑒

𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 𝑖𝑠𝑜𝑡𝑜𝑝𝑒
 (1) 

𝛿 = (
𝑅𝑆𝑎𝑚𝑝

𝑅𝑆𝑡𝑑
− 1) (2) 

Sulfur is a widely-used element in isotope research because of its abundance in ore related systems. 

It is one of the main components in sulfides and sulfates such as pyrite, base metal sulfides, barite, 
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gypsum and native sulfur and is also abundant as HS-, S2-, SO4
2+, S2O3

2- ions commonly found in 

hydrothermal fluids. In nature, four stable isotopes of sulfur exist, namely 32S, 33S, 34S, 36S and an 

unstable one, 35S. The first four have approximate terrestrial abundances of 95.02%, 0.75%, 4.21%, 

and 0.02% respectively. The most common isotopes are 32S and 34S which are those used for sulfur 

isotope analysis. The ratio is compared to the isotopic ratio in the troilite from the Vienna Canyon 

Diablo Troilite meteorite which is 34S/32S = 1/22.22, thus giving the standard a value of 0 (Seal 2006). 

The calculation of 𝛿34𝑆 is shown in equation 3. 

𝛿34𝑆 =

(
𝑆34

𝑆32⁄ )
𝑆𝑎𝑚𝑝

(
𝑆34

𝑆32⁄ )
𝑆𝑡𝑑

− 1 (3) 

The sulfur isotope ratios provide valuable information about the origin of the sample even though 

several processes can cause overlapping values as seen in fig. 9 due to fractionation processes 

prevailing on earth. The figure shows the most common reservoirs of sulfur. By excluding irrelevant 

geological (or biological) situations and processes in combination with a literature study, an 

appropriate origin can be estimated. However, isotopic ratios are not easily interpreted as it is also 

dependent on the relative proportions of sulfide and sulfate, pH, oxygen fugacity, pressure and 

temperature (Seal 2006). 

 

Fig. 9 δ34S values in different geological materials (Seal 2006). 

As previously stated, isotopes undergo fractionation and sulfur is profoundly fractionated in nature. 

The fractionation is mainly caused by the weight difference (mass-dependent fractionation) between 

the isotopes in geochemical environments and the fact that heavier isotopes form stronger bonds in 

molecules and are more stable than those with lighter isotopes. This means that molecules 

containing heavier isotopes are more energy demanding when split in reactions, promoting the use 

of molecules containing lighter isotopes which are less energy demanding. Mass-independent 

fractionation is also present, however, of less importance. Two fundamental processes may result in 

fractionation, kinetic processes and thermodynamic (equilibrium) processes.  

Kinetic processes can be divided into a physical category such as the discrimination of heavier 

isotopes in diffusion and evaporation and a chemical category where bacteria reduce sulfate. Sulfate- 

reducing bacteria also discriminate the heavier isotopes as they have a higher bond strength in the 

SO4
2+ ion. The thermodynamic processes are exchange reactions which redistribute isotopes among 
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molecules, striving to reach equilibrium, discriminating molecules containing heavier isotopes 

because of the higher bond strength.  

However, the oxidation state for sulfur is especially important in the isotopic fractionation where 

sulfur of higher oxidation state is more enriched in 34S. E.g. oxidation of sulfide produces 34S enriched 

species and reduction of sulfate produces 34S depleted species compared to the reactants. Repeated 

interactions of this kind with sulfate-reducing bacteria have caused the high 𝛿34𝑆 value of 21.0 ± 

0.02% in dissolved sulfate in seawater (Seal 2006). Reduction of 32S is faster than for 34S in bacteria 

mediated reduction. This difference is the core of Rayleigh distillation, which is a process where 34S is 

progressively enriched in a closed system (e.g. a deep sediment pores) during the removal of 32S by 

sulfate-reducing bacteria (Shanks 2013). 

Furthermore, heavier elements such as lead and barium tend to create stronger bonds, this make 

them more susceptible to bond with lighter sulfur isotopes whereas lighter elements such as zinc 

prefer to bond with heavier isotopes. The 𝛿34𝑆 difference between galena and sphalerite can be as 

high as 2.2‰ (Seal 2006). This fractionation between two molecules at equilibrium can be described 

with a fractionation factor, α, which is the ratio between the isotopic ratios as seen in equation 4. 

𝛼𝐴−𝐵 =
𝑅𝐴

𝑅𝐵
 (4) 

R is the isotopic ratio of two minerals A and B. α is often very close to 1, deviating on the third and 

fourth decimal and can be used as a tool in geothermometry since it is temperature dependent. 

However, to use it effectively, the minerals must have formed at the same time and temperature in 

equilibrium without subsequent re-equilibration and the temperature dependency must be known 

(Shanks 2013).  

Isotopic ratios are often determined using isotope ratio mass spectrometer, IRMS. It separates 

charged atoms and molecules based on their motion in a magnetic field and measures the different 

isotopes in faraday detectors, also called collectors. A sulfur analysis is conducted in the following 

way: 

 

Fig. 10 A standard IRMS setup for carbon. Carbon is first reacted with O2 to form CO2 which is carried to the IRMS. After 
Muccio and Jackson (2009). 
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A sample (e.g. pyrite) is first dried, separated, weighted and then heated in a silver or tin capsule in a 

furnace which combusts the sample under a flow of oxygen producing SO2 gas. The gas is often 

produced by letting the mineral react with an oxidant such as CuO, Cu2O or V2O5 at 1000-1200 °C 

under vacuum (Seal 2006). The gas is later ionized by an electron beam converting the gas to SO2+ 

ions which are accelerated by the ion accelerator under high voltage (fig. 10). The accelerated ions 

are sent through a magnetic field inclined by 60° compared to the incoming beam. The magnetic field 

separates molecules into different radii dependent on the mass such as lighter molecules will be 

more affected by the field and get a smaller radius and vice versa. Faraday detectors positioned in 

the radii path of the isotopes of interest collect and neutralize the ions through a resistor. The 

voltage difference created over the resistor is amplified and sent to a computer for analysis (Faure & 

Mensing 2005). 

Sulfur isotope signatures from gold (and other metallic) deposits vary considerably depending on the 

mode of formation. Magmatic derived deposits such as Ni-Cu-(PGE) have a very narrow range of δ34S 

values often between 0-5‰ but in extremes up to 20‰. They are generally formed from mafic rocks, 

closely related to mantle material which has a value of 0‰. Vein style gold deposits, as this report 

focuses on, are often linked to metamorphic fluids as the major ore forming fluid but magmatic and 

meteoric waters can play an important role as well. The δ34S values can therefore vary but are mainly 

in the region of 0-10‰ (Shanks 2013).  

4 Methodology 
To achieve the aim of understanding the relationship of Ädelfors mines, several different methods 

have been used, each method thoroughly described under their respective subchapter below. 

4.1 Pre-study of Ädelfors mines 
Prior to any mapping and microscope studies, the mining field at Ädelfors was carefully studied using 

both geological and geographical maps provided by SGU (Swedish Geological Survey) and 

Lantmäteriet to choose the most appropriate mines to include in the study, the criteria for a mine to 

be chosen were based on: 

• Their physical size. Larger mines were prioritized to ensure a more homogeneous distribution 
of minerals in the waste rock as opposed to smaller mines or shafts which would display a 
narrower and more heterogeneous distribution. Larger mines were also deemed to have 
contained more mineralized rock which increased the chance of finding appropriate samples 

• The presence of pyrite. This was the most important criterion and pyrite was known to be 
present in most of the mines proven by earlier field visits by the author. However, the pyrite 
needed to be of the same type in all the samples as to produce more accurate comparable 
data 

13 mines were selected to be of interest to study further, these are listed in table 2. 

4.2 Geological mapping 
The geological mapping was conducted in springtime before any vegetation had grown. Careful 

studies of the mine and mine tailings were conducted at each mine site. To simplify the mapping 

procedure, a template was used, this is shown in table 1 and includes the most important properties. 

The goal of the mapping procedure was to investigate each mine geologically and to collect 

mineralized quartz, i.e. quartz containing mainly pyrite but also pyrrhotite, chalcopyrite and other 

sulfides, magnetite and gold. 
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Table 1. The template used to describe the properties taken into consideration during the geological mapping. Geological 

data from each mine in templates are displayed in appendix A. 

NAME OF THE MINE SWEDISH NAME OF MINE 

COORDINATES Coordinates in SWEREF 
99 TM 

TYPE & SIZE Mine, outcrop, boulder, 
quarry, etc. and its size 
in Y x X meters 

COMMODITY Au, Fe or Cu ORIENTATION Strike direction and dip 
in degrees of main 
quartz vein 

HOST ROCK Description of rock type, color, degree of preservation and minerals present. 
TEXTURE Description of the textural relations and grain sizes. 
STRUCTURES Description of structural formations and their orientation in degrees (if a 

measurement has been possible). 
MINERALIZATION The amount and distribution of quartz, pyrite, chalcopyrite, pyrrhotite and 

magnetite if present. 
ALTERATIONS Observable alteration features of the host rock or mineralized veins. 

A standard mapping procedure was conducted as follows: 

• The mine site was first topographically investigated as to observe the locations (if any 
present) where the barren waste rocks and the mineralized rocks had been deposited and 
processed as to find samples in a more efficient manner 

• The mine was then measured; coordinates were taken as well as the direction of the 
mine/main quartz veins. In cases where the direction of the quartz veins couldn’t be taken, it 
was assumed that the direction of the mine reflected the main direction of the mineralized 
veins that had been present in situ prior to mining 

• Rocks from the waste rock piles and in situ rocks in the mines were examined for the type of 
rocks and minerals present, textures, structures, mineralization (primarily in quartz veins) 
and alterations. The amount of minerals/mineralization and alterations were quantified as 
the percentage of the total amount of waste rock 

4.3 Sampling 
After careful mapping, several rocks containing quartz and rust were collected as rust can be a sign of 

pyrite or pyrrhotite (Sasaki et al. 1998). Rock chips were taken from these as to see if they contained 

any desired mineralization. In larger mines with several types of pyrite (such as pyrite present in the 

host rock), specimens of each type were collected for further investigation. Samples were placed in 

plastic bags with the name of the mine written on it.  

4.4 Sample preparation 
As a first step of preparing the samples, dirt and rust were removed with a dilute solution of oxalic 

acid to aid in the identification of suitable samples. Samples for SEM-EDS analysis were then cut into 

smaller tabs ranging from 1x1 cm to 4x4 cm depending on the size of the rock and mineralized quartz 

vein. The samples were ground and polished until a flat, high-finish surface was achieved. Samples 

for thin sections were cut in the size 1x2.2x3.7 cm and sent to Vancouver Petrographics for the 

preparation of polished thin sections. The number of samples prepared from each mine is presented 

in table 2 together with which method used. The samples were labeled with the short code and a 

sequential number starting with one for each mine, a -T were added to the thin sections and a -S to 

the sulfur isotope samples before the number. 
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Table 2. Mines investigated and the number of samples prepared and analyzed with each method. Blank cells indicate that 

no analysis of the method was done with samples from that mine. T.S. – Thin section study, P.S.P. – Polished sample, pyrite 

& gold chemistry. 

Mine Short code Commodity T.S. S-isotopes P.S.P. 

Adolf Fredrik’s mine AF Au 2 3 3 

Old Kron mine GKR Au   2 

Tysk mine TG ? 2  2 

Kamelen KM Cu 2 3 3 

Fe-mine FE Fe 2  2 

Brånad’s mine BR Au   2 

New Galon mine NG Au   2 

Hällaskallen HS Au  3 2 

Old Kolhag’s mine GKO Au   2 

Nilsson’s mine NFE Fe   2 

Stenborg’s mine ST Au   2 

Thörn mine TH Au   2 

Fridhem FR Au 2  2 

 

4.5 Polished sample & thin section microscopy 
The polished samples were studied in a Zeiss Axiocam with adjustable normal and polarized light 

with a maximum magnification of x500. Samples were mounted on a glass slide horizontally with a 

levering press and examined. The microscope was equipped with a camera. Minerals present were 

quantified and the observations were filled into the template shown in table 3. Completed templates 

of every sample can be seen in appendix B. 

Table 3. The template used for the optical microscopy of polished samples and thin sections.  

Mine site E.g. Adolf Fredrik’s mine Sample Nr E.g. AF1 

Rock/sample type E.g. Polished sample. Quartz vein in metapelite 

Main minerals % of 
sample 

Description of its textural relation, habitus, grain size and 
alteration 

Mineral 1 X x 

Mineral 2 Y y 

Mineral 3 Z z 

Focus was paid on the sulfides and especially pyrite. Three appropriate pyrite grains in quartz were 

marked on each sample for further analysis with SEM-EDS. However, unknown phases and gold were 

also marked for further analysis. 

4.6 EDS-analysis 
The EDS analysis was performed at Bergsskolan i Filipstad at their Hitachi TM 3000 table top semi-

quantitative SEM-EDS microscope. Samples were levered horizontally on a holder intended for the 

microscope and inserted into the vacuum chamber and analyzed. The pyrite was analyzed for several 

elements: Au, Ag, As, Sb, S, Co, Ni, Fe and Se as the Bi/S, Bi/Au, Au/Ag, Co/Ni, As/S and S/Se ratios 

have been proven successful in other studies for recognizing genetic similarities or differences (e.g. 

Lebrun et al. 2016). Five analyses per pyrite grain were conducted on a minimum of three pyrite 

grains per sample together with possible unknown phases. From the five analyses, an average 

content was calculated for each grain or sample, the latter if the three pyrite grains showed similar 

composition. Attention was paid if different types of pyrite could be observed both within a mine but 
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also between mines. Pyrite from Adolf Fredrik’s mine, Kamelen and Fe-mine was subsequently 

chosen for sulfur isotope analysis. 

The quantification was made with the EDS hardware and software Quantax 70, a semi-quantitative 

element analysis package which can detect elements from boron to americium. Quantax 70 can 

examine a surface (surface scanning), a point or along a line, see fig. 11, and has the options of 

presenting the analysis as a table or as graphics. Quantax 70 uses a XFlash 430 H silicon drift detector 

with 30 mm2 active area. The hardware is software calibrated and uses 4096 energy channels, each 5 

eV. When a phase had been examined, an automatic document was created with a picture of the 

surface, a diagram over the energy peaks and a table of the quantified elements (Bruker-Nano 2010). 

 

Fig. 11 The Quantax 70 interface with the options of (A) scan an entire area, (B) scan along a line and (C), scan a point. 
Elements present in the search area are automatically identified but they can also be chosen manually from the periodic 
table in the lower right corner. 

4.7 Sulfur isotope analysis 
The sulfur isotopes were analyzed at ALS laboratory. To receive a representative result, the pyrite 

was chosen based on the purity and assemblage. Only coarse-grained pure pyrite from quartz veins 

were selected, crushed and hand-picked under microscope. Three samples each from Kamelen, Adolf 

Fredrik’s mine and Fe-mine were prepared, weighting between 0.05 to 0.3 gr and placed in sealed 

glass-bottles and sent to ALS.  

5 Results 

5.1 Geological mapping – structures and general characteristics 
The geological mapping was focused on the orientation of the mineralized veins and the mineral 

assemblage of the mine in general but with emphasize on the veins. The orientation varies widely 

among the investigated mines as seen in fig. 12 although the dip is restricted to a range between 55° 

and 90°. Dip directions are mainly ESE-SES (ST, GKR, AF, TH, NG, NFE) or S (FE, TG, HS). BR has a dip 

direction of SWS whereas KM and GKO dips to the NE. FR, situated 6 km E of the main field has a dip 

direction of NW. 
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Fig. 12 Structural orientations of the mined, investigated quartz veins. Dip of Stenborg's and Nilsson's mine are unknown. 

The geology and mineralogy among the mines are given in table 4 based on the field work 

documented in appendix A. The mines are characterized by a mainly quartz to biotite-rich metapelite 

host rock as seen in fig. 13. An exception is FR which is hosted in a layered silicified and sericitized 

felsic rock, intercalated with layers of shale and NFE, HS and NG which have a mafic tuffitic host rock. 

The layers in FR vary from red to grey to black in color alongside white quartz veins. FE also 

distinguishes itself from the other mines by being a banded iron formation with pyrite filled fractures 

cutting through the sequence but also by white to milky quartz commonly associated with epidote. 

 

Fig. 13 A) Pelitic sequence from AF. B) Typical quartz veins as found in all mines. From GKR. 
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Fig. 14 Symmetrical folding of epidote-albite vein from FE. Scale is 14 cm. 

The texture of the metapelite is even and fine-grained, grains rarely exceed 0.1 mm in size, however, 

exceptions are TG and NFE where grains up to 0.5 mm are common in the altered host rock. 

Chlorite, biotite, epidote or actinolite are present in the host rock in most of the mines as faint to 

massive bands, most pronounced is the banding of epidote in FE, exhibiting symmetrical folding as 

seen in fig. 14. Symmetrical folding has not been observed in other mines. FR however, exhibits 

distinctive layering of the host rock and the related shale in 1-3 cm thick layers. The sequence is 

intruded by a massive kalifeldspar pegmatite and cut by horizontal faults, displacing the layers up to 

one decimeter. TG belongs to the structurally altered mines as well, exhibiting well-pronounced 

chlorite layering of the host rock. The layers strike and dip along the main quartz vein and show 

perfect cleavage. No signs of folding are present although pinch and swell structures are common 

along the quartz vein. Chlorite layers are common in NFE, also striking along the quartz vein but are 

associated with abundant actinolite patches.  

Other mines in the area exhibit weak foliation and no sign of ductile structural deformation or 

alteration except faint biotite-epidote-amphibole banding previously described.  

The quartz veins in the area 

are mostly clear to milky 

white and in a few instances 

black due to magnetite 

inclusions such as in NFE and 

FE and white to sooty grey in 

FR. Quartz veins in KM and 

NFE are up to 40 cm wide 

whereas veins in other mines 

are commonly a few 

millimeters to a few 

centimeters, see table 4 for 

detailed widths and fig. 13 for 

a representative sample from 

GKR.  

Pyrite occurs as euhedral crystals to subhedral aggregates in quartz veins and veinlets from all mines 

except FR, FE and NFE. Pyrite in FR has only been found as disseminated grains throughout the 

silicified host rock, rarely exceeding 0.5 mm in size. In FE, the pyrite occurs as bands but also as 

individual grains disseminated in fractures throughout the quartz. NFE has scarce amounts of pyrite, 

instead, pyrrhotite is abundant in the quartz veins as subhedral aggregates. Calcite filled fractures 

occur in all investigated mines, the calcite is also associated with laumontite in AF, BR, GKO, GKR, TG, 

HS and ST. FR, NG, TH, KM, FE and NFE are thus lacking laumontite in the calcite filled fractures.   

5.2 Ore assemblages 
The ore assemblages were determined by microscopy studies of the samples as described in the 

method section. The results from the microscopy studies are summarized below for each mine with 

emphasis on the main minerals pyrite, quartz, chalcopyrite, gold and occasionally marcasite and 

pyrrhotite. These minerals are described in sections below the headlines. Table 5 shows a complete 

list of the minerals found. 
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5.2.1 Adolf Fredrik’s mine 
Pyrite - Subhedral, medium- to coarse-grained pyrite occurs mainly at vein contacts and selvages as 

bands or as cataclastic clusters. Single pyrite crystals are poikilitic with quartz and magnetite nodules 

and extremely fine-grained disseminated laths of bismuth and bismuthinite (such as bismuth laths 

seen from GKR in fig. 15). The quartz inclusions are commonly occuring along the crystal planes of 

pyrite. The pyrite is moderately fractured, locally with calcite and limonite infill, see fig. 16. Fine-

grained, sub- to euhedral pyrite occurs disseminated in quartz close to pyrite veins, often with 

associated prehnite. 

 

Fig. 15 A) Typical occurrence of native bismuth as laths in pyrite. SEM micro photo from GKR. B) Typical occurrence of gold 
as inclusions in pyrite. Sample from AF. x200 in reflected light. 

Quartz - Commonly slightly granular, brownish-grey-milky, having a distinctive contact zone towards 

the metapelite. It occurs frequently as nodules and as an interstitial phase in and between pyrite 

grains. The quartz has abundant microfractures with calcite infill. The thin section study reveals 

brittle deformation adjacent to pyrite bands when present. The quartz itself is mostly equigranular 

with distinctive undulose extinction, however, quartz in altered bands containing sericite or calcite is 

markedly smaller and recrystallized. 

Gold - Euhedral, fine-grained gold crystals occur in quartz-metapelite contacts and as inclusions in 

pyrite. Very fine-grained, anhedral gold occurs disseminated in clouds in the quartz close to and in 

pyrite, see fig. 15.  

Chalcopyrite - Occurs as an interstitial phase or as fracture infill between and in pyrite grains and in 

triple junctions. Chalcopyrite also occurs along the rims of pyrite but mostly in calcite-limonite filled 

fractures. 

5.2.2 Brånad’s mine 
Pyrite - An- to euhedral, medium-grained pyrite occurs disseminated mainly along contact zones of 

quartz and metapelite, only minute grains are situated distal to the host rock. The pyrite is usually 

free of fractures and has abundant chalcopyrite along the crystal margins. Larger pyrite crystals are 

more common in calcite veins whereas smaller occur disseminated in the quartz. 

Quartz - Slightly granular, mainly clear and white to milky. Contains abundant calcite filled fractures 

and chlorite rims. 

Gold - An- to subhedral and medium- to very fine-grained crystals of gold occur mainly distal from 

the host rock in quartz veins. Gold also occurs as inclusion in pyrite. 



25 
 

Table 4. The characteristics from each mine investigated. Data compiled from field work templates in appendix A. F.G is short for fine-grained. 

Location Host rock Texture Host rock 
structure 

Quartz occurrence Pyrite occurrence Alteration of host rock & 
quartz-host rock contacts 

Late veins 
and fracture 
fillings 

New Galon 
mine 

Quartz-rich mafic 
tuffite with epidote and 
chlorite layers  

Evenly 
F.G. <0.1 
mm 

Weak 
foliation 

Barren quartz veins & 
mineralized veinlets 

In quartz veins and 
quartz-host contact 

Chlorite + epidote + sericite 
bands, amphibole in contacts 

Calcite filled 
veinlets 

Adolf 
Fredrik’s mine 

Quartz-rich metapelite 
with epidote + 
amphibole layers 

Evenly 
F.G. <0.1 
mm 

Weak 
foliation 

Barren to pyrite-rich 
quartz veins or 
veinlets 

Bands in selvages and 
aggregates in quartz 
veins 

Epidote + amphibole + 
chlorite + sericite bands, 
chlorite in contacts 

Calcite + 
laumontite 
filled veinlets 

Brånad’s 
mine 

Quartz-rich metapelite 
with chlorite + 
(epidote) layers 

Evenly 
F.G. <0.1 
mm 

Weak 
foliation 

Mainly barren 1 mm 
to 5 cm wide quartz 
veins 

Pyrite in host rock and 
quartz veinlets (rare) 

Chlorite layers Calcite + 
laumontite 
filled veinlets 
Epidote veins 

Fridhem Altered felsic volcanic 
rock intercalated with 
layers of shale 

Evenly 
F.G. <0.1 
mm 

Strong 
foliation 

Quartz veins (rare) 
parallel to host rock 
layering 

Mainly disseminated in 
in the altered host rock. 
Rarely in quartz veins 

Quartz + sericite altered felsic 
rock (beresitization) and 
chlorite + biotite altered 
metapelite 

Calcite filled 
veinlets in 
metapelite + 
Epidote veins 

Old Kolhag’s 
mine 

Quartz-rich metapelite 
with chlorite + 
(epidote) layers 

Evenly 
F.G. <0.1 
mm 

Strong 
foliation 

As thin veinlets 
throughout the matrix 

Pyrite in host rock 
(abundant) and quartz 
veinlets (rare) 

Chlorite + epidote in layers or 
irregular 

Calcite + 
laumontite 
filled veinlets 

Old Kron mine Quartz-rich metapelite 
with faint epidote 
layers 

Evenly 
F.G. <0.1 
mm 

Weak 
foliation 

As thin veinlets 
throughout the matrix 

Pyrite in host rock 
(abundant) and quartz 
veinlets  

Epidote in layers Calcite + 
laumontite + 
kalifeldspar 
filled veinlets 

Tysk mine Quartz-rich metapelite, 
massive chlorite layers 

Evenly 
F.G. <0.5 
mm 

Strong 
foliation 

2 mm to 5 cm wide 
veins intercalated 
with the host rock 

Euhedral in quartz, 
pinch and swell bands 
in quartz at contact, up 
to 5 mm large clusters 

Chlorite + quartz altered 
layers close to veins  

Laumontite 
filled veinlets 
Kalifeldspar + 
hematite 
filled veins 

Hällaskallen Biotite-chlorite-rich 
mafic tuffite with 
boudines of epidote 
veins and chlorite 
bands 

Evenly 
F.G. <0.1 
mm 

Weak 
foliation 

5 mm to 3 cm wide 
veins intertwined with 
calcite veins 

Bands in quartz veins & 
disseminated in host 
rock(rare) 

Amphibole + kalifeldspar 
alteration and chlorite + 
epidote alteration of host rock 

Calcite + 
laumontite 
filled veinlets 
(abundant) 
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Table 4. Continued from previous page.       

Location Host rock Texture Host rock 
structure 

Quartz occurrence Pyrite occurrence Alteration of host rock & 
quartz-host rock contacts 

Late veins 
and fracture 
fillings 

Fe-mine Magnetite-rich 
metapelite (banded) 
with epidote-
kalifeldspar-albite veins 

Evenly 
F.G. <0.1 
mm 

Weak 
foliation, 
folded 
bands 

Black magnetite-rich 
quartz in host rock 
(BIF) and a white 
quartz cutting the 
host rock 

Bands in black quartz-
metapelite contacts 
(rare) and as fracture 
infill  

Epidote + albite + 
(kalifeldspar) altered bands, 
chlorite associated with white 
quartz 

Calcite filled 
veinlets in 
metapelite 
 

Thörn mine Quartz-rich metapelite 
with chlorite + biotite 
bands 

Evenly 
F.G. <0.1 
mm 

Very weak 
foliation 

1 mm to 7 cm wide 
veins, 2 types: a white 
and a grey type 

Grains and aggregates 
in veins and host rock 

Chlorite + biotite altered 
bands + chlorite patches, 
epidote altered veins 

Calcite + 
epidote filled 
veinlets 

Stenborg’s 
mine 

Quartz-rich metapelite 
with chlorite + biotite 
bands 

Evenly 
F.G. <0.1 
mm 

Weak 
foliation 

3 mm to 3 cm wide 
veins and veinlets 
throughout the matrix 

Euhedral in fractures in 
host rock, grains in 
quartz veins with 
pyrrhotite + 
chalcopyrite (abundant) 

Chlorite + biotite altered 
bands  

Calcite + 
laumontite + 
(kalifeldspar) 
filled veinlets 

Kamelen Very quartz-rich 
metapelite, biotite-
chlorite bands 
uncommon 

Evenly 
F.G. <0.1 
mm 

Moderate 
foliation 

Up to 20 cm wide 
veins, barren or 
chalcopyrite-rich 

In fractures in host rock 
& quartz veins, 
aggregates in quartz 
(rare), mostly 
chalcopyrite in veins 

Chlorite + quartz altered veins 
& metapelite. Silicified cross-
cutting veins in the host rock 

Calcite filled 
fractures 

Nilsson’s 
mine 

Quartz-biotite-rich 
mafic tuffite, locally 
chlorite slate 

Evenly 
F.G. <0.5 
mm 

Strong 
foliation 

Up to 40 cm wide 
veins, 2 types: a black 
magnetite-rich and a 
white barren type 

Microscopically pyrite 
present but pyrrhotite 
is the dominant sulfide 

>30% chlorite altered bands, 
amphibole patches in chlorite 
as radiating fans 

Calcite filled 
fractures 
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Chalcopyrite - Chalcopyrite occurs disseminated in the quartz veins but has a higher concentration in 

the contact zone of quartz and host rock. Chalcopyrite situated along the margin of pyrite and in 

calcite filled microfractures in the quartz is commonly sub- to anhedral, medium-grained. Clouds of 

disseminated very fine-grained chalcopyrite are commonly found in the quartz veins. 

 

Fig. 16 A) Fractured, banded, pyrite in quartz with calcite and limonite as interstitial minerals. Sample from AF. x25 in 
reflected light. B) Euhedral pyrite in quartz from FE. x100 in reflected light. 

5.2.3 Fe-mine 
Pyrite - Eu- to subhedral, medium- to fine-grained pyrite occurs mostly as, up to 4 mm wide fracture 

infills cutting both the quartz and the host rock but occurs also in the quartz banding, see C) in fig. 17. 

The pyrite is often poikilitic with magnetite and chalcopyrite inclusions. Locally, microfractures with 

alteration rims of marcasite occur in the pyrite. Rarely are crystals disseminated in the host rock. Fig. 

16 B) shows a tabular euhedral pyrite crystal in a quartz filled fracture from FE. 

Quartz - Occurs as thin 1-3 mm veins cutting the matrix in several directions and as bands in the BIF-

like magnetite-metapelite. It’s mainly dark grey or black in color, hosting pyrite, chalcopyrite and 

locally, also garnet. Fractures are common and are filled with pyrite and chalcopyrite which have 

been partly deposited along the quartz bands. The quartz in the veins is equigranular and speckled 

with magnetite inclusions. Micro veins of recrystallized quartz with hornblende are common in the 

more altered parts with staurolite and biotite.  

Chalcopyrite - Anhedral, fine-grained chalcopyrite is commonly associated with pyrite rims, but not 

necessarily vice versa. Chalcopyrite also occurs in fractures and along quartz bands as an interstitial 

mineral. 

5.2.4 Fridhem 
Pyrite - Subhedral, medium-grained and anhedral, fine-grained pyrite occurs disseminated in both 

types of quartz. Locally, skeletal and poikilitic almost entirely euhedral crystals occur with chlorite 

intergrowths. Very fine-grained disseminated pyrite clouds are exclusively found in the biotite-rich 

quartz veins. Pyrite is more commonly found in or along the sides of the grey quartz, rarely with 

chalcopyrite intergrowths. 

Quartz - The quartz is highly structurally metamorphosed exhibiting perfect banding of two types of 

quartz, one biotite-, kalifeldspar- and limonite-rich quartz, see A) in fig. 17, and one greenish-grey 

sericite- and chlorite-rich type, see B) in fig. 17. In both types is quartz very fine-grained, exhibiting a 

weak undulose extinction.  



28 
 

Chalcopyrite - Subhedral, very fine-grained crystals of chalcopyrite occur disseminated in patches in 

both types of mica-rich quartz. They are rarely intergrown in pyrite. 

 

Fig. 17 A) Biotite-kalifeldspar-limonite assemblage from FR B) Sericite- and chlorite-rich assemblage from FR. Both A) and B) 
have disseminated pyrite throughout the samples. C) Magnetite banded metapelite with pyrite filled fractures cutting the 
sequence. Sample widths 2.3 cm. Scanned samples. 

5.2.5 Hällaskallen 
Pyrite - Medium-grained, an- to euhedral pyrite closely associated with chalcopyrite occurs mainly 

disseminated in quartz.  

Quartz - White to sooty green quartz, locally slightly granular, is common but mainly barren. When 

sulfides are present, they are clustered together with abundant amphibole in contacts to host rock. 

Gold - A 2 mm2 patch containing abundant fine to very fine-grained, subhedral gold crystals are 

found in sample HS4 in a highly fractured and metamorphosed quartz vein entering the sample 

perpendicular to the surface together with actinolite. A few gold crystals are intergrown with bornite. 

Single anhedral, fine-grained gold crystals occur disseminated in the amphibole altered selvage. 

However, no gold was found in unaltered veins or pyrite. 

5.2.6 Kamelen 
Pyrite - Two types of pyrite occur in KM. The first type is mainly disseminated in quartz, close to the 

quartz-host rock contact as medium-grained, sub- to euhedral crystals mostly associated with 

pyrrhotite and chalcopyrite as fracture infill and interstitial chalcopyrite between pyrite crystals. It is 

also found in calcite filled veins. The second type occurs as an interstitial to chalcopyrite in quartz 

and as inclusions in chalcopyrite. It is mostly <10 µm wide, and locally disseminated in the quartz as 

stringers (fig. 18) but very uncommon in general. 

Chalcopyrite - Medium-grained, anhedral chalcopyrite occurs in the quartz or in the quartz-host rock 

contacts. Patches of disseminated very fine-grained, anhedral crystals occur in the host rock and the 

calcite filled veins, the latter often accompanied by pyrite. Rarely are larger crystals poikilitic with 

quartz nodules and intergrown with quartz. Chalcopyrite is often occurring as fracture infill in highly 

fractured pyrite (fig. 19 B)) and is locally itself cut by limonite filled fractures. 
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Quartz - Grey to white, clear, massive quartz is common and is moderately fractured with several 

calcite-limonite filled microfractures. However, dark-grey massive quartz, hosting abundant 

cataclastic pyrite and microfractures filled with disseminated chalcopyrite occurs as well. The quartz 

grains vary in size from fine- to coarse-grained, always exhibiting jagged edges indicative of dynamic 

recrystallization as seen in fig. 19 A). 

 

Fig. 19 A) Recrystallized quartz in crossed nicols (x50 in reflected light). B) Pyrite with chalcopyrite and marcasite filled 
fractures (x200 in reflected light). Both from KM. 

5.2.7 New Galon mine 
Pyrite - Up to 1 mm wide an- to subhedral pyrite occurs mainly in clusters but also as disseminated, 

very fine-grained pyrite, locally in the quartz. Poikilitic pyrite is rarely found in the quartz veins with 

extensive quartz globules.  

Quartz - Mainly clear and white quartz is present but a sooty green globular variety occurs in the host 

rock. The quartz hosts pyrite clusters and disseminated chalcopyrite. 

Chalcopyrite - Fine-grained chalcopyrite occurs disseminated as anhedral crystals throughout the 

quartz, locally associated with calcite filled fractures. Minute anhedral very fine-grained chalcopyrite 

crystals occur in the host rock. 

Fig. 18 Pyrite stringers in quartz with a yellow grain of chalcopyrite 
in the center. Sample KM4. x200 in reflected light. 
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5.2.8 Nilsson’s mine 
Pyrite - Pyrite is rarely observed and is only found as a single patch of clustered subhedral pyrite in a 

pyrrhotite band. Colloform marcasite replaces pyrite on its margins, creating bird’s eyes textures. 

Quartz - Commonly heavily stained by rust and thus brown in color and massive to slightly granular. 

Occurs sparsely as nodules in pyrrhotite.  

Chalcopyrite - Disseminated and mottled, very fine-grained anhedral chalcopyrite occurs in contact 

zones intimately associated with disseminated pyrrhotite. 

Marcasite & pyrrhotite - Heavily fractured anhedral pyrrhotite is common and can be up to 1 cm 

wide. Marcasite replacement of pyrrhotite occurs extensively in fractures which are filled with 

magnetite. The marcasite is purely a neoformed mineral and occurs exclusively as a reaction rim in 

the fractured pyrrhotite. Pyrrhotite also occurs disseminated in the pyrrhotite-quartz contact zone 

commonly with chalcopyrite and magnetite inclusions. 

5.2.9 Old Kolhag’s mine 
Pyrite - Sub- to anhedral, coarse-grained pyrite occurs mainly as cataclastic, up to 1 mm aggregates 

in the quartz but medium to fine-grained pyrite occurs more disseminated in the quartz and at 

selvages of the quartz and the host rock. No visible fractures or inclusions. 

Quartz - Two types of quartz have been found among the samples, a rusty brownish type and a white 

clear type, both granular in texture. The rusty type contains abundant limonite filled fractures in 

quartz but is a rare type. Both types contain fractures, often filled with calcite, penetrating the host 

rock and quartz. Locally, disseminated amphiboles taint the quartz green in patches.  

Chalcopyrite - Has been found as minute, fine-grained, disseminated crystals in quartz but also as 

anhedral grains disseminated at the pyrrhotite margins. 

Marcasite & pyrrhotite - Subhedral, medium-grained pyrrhotite occurs disseminated in the host rock 

with euhedral crystals in the selvage. Marcasite occurs locally, replacing pyrrhotite crystals and 

forming alteration rims around relict pyrrhotite. Single, very fine-grained neoformed crystals also 

occur along the fractures. 

5.2.10 Old Kron mine 
Pyrite - An -to subhedral, medium-grained pyrite occurs as cataclastic, up to 1 cm wide aggregates. 

Extra fine-grained bismuth and bismuthinite blebs is not uncommon in the cataclastic pyrite. Fine-

grained pyrite also occurs disseminated in quartz as sub- to euhedral cubic or tabular crystals. Locally, 

extremely fine-grained pyrite dots occur oriented in lines in the quartz. 

Quartz - Mainly white and clear quartz occurs in the samples, but it is locally greenish in laths 

containing chlorite and reddish in elongated forms due to kalifeldspar inclusions. However, a sooty 

rusty type isn’t uncommon, also hosting cataclastic pyrite and magnetite and marcasite as well. 

Calcite filled fractures are common throughout both types of quartz. 

Chalcopyrite - Minute grains of anhedral, disseminated, very fine-grained chalcopyrite occurs in 

quartz, locally intergrown with marcasite. 

Marcasite & pyrrhotite - Marcasite is exclusively found as replacement rims on fine-grained 

pyrrhotite grains, encapsulating pyrrhotite. 

Gold - Extra fine-grained blebs of gold occur intergrown with interstitial magnetite in pyrite clusters. 
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Fig. 20 Chalcopyrite diseased sphalerite in a larger 
anhedral chalcopyrite cluster. Sample from ST. x500 in 
reflected light. 

5.2.11 Stenborg’s mine 
Pyrite - Sub- to euhedral, medium-grained pyrite 

appears commonly as cataclastic clusters but fine 

to extra fine crystals are common and are 

disseminated in quartz, locally exhibiting micro 

seams with 2-3 µm grains. 

Quartz - The quartz is locally rusty but mainly clear 

and white. It is massive to slightly granular with few 

fractures.  

Chalcopyrite - Anhedral, minute grains of fine-

grained chalcopyrite occur disseminated in quartz, 

however, larger clusters are observed but rare and 

always associated with pyrite. More commonly is 

the chalcopyrite concentrated along selvages as 

globular, disseminated grains. Chalcopyrite diseased sphalerite occurs as inclusions in chalcopyrite 

clusters, see fig. 20. 

5.2.12 Thörn mine 
Pyrite - Sub- to euhedral, medium-grained crystals are locally forming cataclastic, up to 1x3 mm, 

clusters in quartz, but the majority are fine-grained and disseminated in the quartz. The pyrite is 

commonly precipitated along selvages, only rarely in the center of veins.  

Quartz - The quartz is mainly rusty in color and partly granular but also massive. It is free of fractures 

and inclusions. 

Chalcopyrite - Minute anhedral, fine-grained, irregular crystals of chalcopyrite occur intergrown with 

medium-grained pyrite but also as inclusions in pyrrhotite and pyrite but are more pronounced in 

pyrite. 

Marcasite & pyrrhotite - Massive, fine-grained, anhedral pyrrhotite occurs as cataclastic, up to 2x4 

mm patches in quartz. It is often heavily fractured which has altered the pyrrhotite into marcasite as 

replacement rims  

5.2.13 Tysk mine 
Pyrite - Medium- to coarse-grained, sub- to euhedral pyrite occurs as up to 5 mm cataclastic clusters 

locally together with interstitial garnet in quartz. The clusters often follow specific quartz-rich bands, 

exhibiting a pinch and swell texture. Chalcopyrite and magnetite occur often as interstitial minerals 

between pyrite clusters and grains. Pyrite adjacent to selvages is considerably fractured and 

mylonitizised, otherwise more preserved and in some cases, perfectly cubical when distal to the host 

rock. Fractures are mainly along crystal planes of pyrite, often with abundant quartz inclusions. 

Inclusions of bismuth minerals are common such as tetradymite and bismuthinite. Rarely can Ti-Fe-

oxides be observed in pyrite fractures, both are seen in fig. 21.  
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Fig. 21 A) Tetradymite (Tetr) as inclusion in pyrite (Py)-chalcopyrite (Cpy) assemblage. B) Ti-Fe-oxide as inclusion in pyrite 
(Py). Both from TG. SEM microphotos. 

Quartz - The quartz is commonly white to green to reddish-sooty depending on the amount of 

chlorite and amphibole or kalifeldspar inclusions. The quartz hosts abundant inclusions of pyrite and 

kalifeldspar patches as well as thin bands of host rock and amphibole needles and occurs as bands in 

the host rock. It is mainly equigranular with distinct undulose extinction. 

Chalcopyrite - Anhedral chalcopyrite occurs exclusively in the pyrite clusters as an interstitial mineral 

phase and as inclusions in pyrite. It is also present in calcite veins but more rarely. 

Gold - Tysk mine samples exhibit several patches of 1 to 10 microcrystals of very fine-grained, sub- to 

euhedral cubic gold crystals. They are mostly occurring in quartz veins but locally at the rim of pyrite 

and in calcite veins.   
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Table 5. Minerals present in each mine. Numbers indicate roughly how abundant the minerals are in the investigated 

samples where 1 (common) is >1%, 2 (uncommon) is 1% to <<1% and 3 (rare) is <<1%. The abundances of *-marked minerals 

are based on the entire waste rock material from the mine.    

Mine AF BR FE FR HS KM NG NFE GKO GKR ST TH TG 

Quartz 1 1 1 1 1 1 1 1 1 1 1 1 1 

Pyrite 1 1 1 1 2-3 1-3 1 1 1 1 1 1 1 

Chalcopyrite 3 1 2 3 2 1 2 2 2 3 2 2 1 

Pyrrhotite   3 3  2  1 1 2  1  

Marcasite   2 3  2  2 2 1  2  

Arsenopyrite           2   

Sphalerite    3       2   

Bismuthinite 3   3      x    

Bornite     2-3         

Tetradymite             3 

Galena    3          

Gold 3 3   2-3     3   2 

Bismuth 3         3    

Magnetite 3  1  3   1  2 2 1 2 

Hematite    3        1 1 

Ilmenite 3 2   1-3        2 

Limonite 3   1  2   2     

Calcite* 2 1 2 2 2 2 2 2 1 2 2 1  

Epidote* 1 2 1 1 1  1  1 2 2 2  

Garnet 2      1       

Actinolite* 1  1 2 1 3 2 2     2 

Chlorite* 2 1 1 1 1 1 1 1 1 1 1 1 1 

Sericite/Muscovite  1   1   1      1 

Biotite* 1 1 2 1 1 2 1 1 1 1 1 1 1 

Kalifeldspar*   2  2     2 1  1 

Plagioclase    2       2  3 

Prehnite 3             

Laumontite* 2 2   1    2 2 2  2 

Staurolite   3           

Ce-monazite         3     

5.3 EDS analysis 

5.3.1 Pyrite chemistry 
The pyrite chemistry was analyzed with semi-quantitative EDS and does not represent quantified 

values, as described in the method section. The values are therefore normalized as to provide data 

for comparison. The pyrite was analyzed for Bi, Co, Au, S, Se, Ag, Sb, As, Ni and Fe. A complete list of 

the analysis results is presented in Appendix D. However, a list of the averaged values of each sample 

and, in cases of deviating values, individual pyrite grains, is found in table 6 below. The results of the 

EDS analyses will be further presented below. 

Among the trace elements, bismuth has the highest mean value of 1.62 wt. % and a maximum 

content of 2.38 wt. % in pyrite from FR, whereas 1.85 wt. % and 1.61 wt. % are averaged in other 

pyrite grains from the same locality.  The minimum content of 0.95 wt. % Bi is found in NFE py1 

which has 0.08 wt. % Ag, other samples from NFE have 1.46 wt. % and 1.79 wt. % of Bi and 

unmeasurable amounts of Ag. 
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Cobalt ranges from 1.35 wt. % in TH1 py2 down to 0.16 wt. % in NFE1 py1 and has a mean value of 

0.65 wt. %. The trace amounts vary widely among the averaged values as for HS where HS1 has 0.42 

wt. % and HS4 py1 has 1.25 wt. %. BR also exhibits a wide variation from 0.39-0.51 wt. % for all 

samples except BR1 py2 which has 1.3 wt. %. 

The gold content averages 0.89 wt. % and ranges between 0.49 wt. % in HS4 py1 to 1.52 wt. % in 

KM4. 

Sulfur varies in content from 38.19 wt. % in FE1 (whereas FE2 has a content of 47.31 wt. %) to 56.49 

wt. % in NG2. Both NG2 and NG1, with its 52.97 wt. % S, has a higher S content than the mean of 

51.64 wt. %. FE1 and FE2 have a lower content than the average. The idealized content is 53.45 wt. % 

S (Webmineral 2017). 

Selenium is a rare trace element in detectable amounts among the pyrite investigated as only a few 

grains and localities contains it. Se contents are sporadic and the average content of the 8 samples 

containing Se is 0.17 wt. %, the highest value of 0.33 wt. % was found in KM1. The other samples 

from KM, KM2, has 0.21 wt. % and KM4 has 0.27 wt. %, no Se was detected in KM4 py1. FE1 and FE2 

also contain Se, the former 0.14 wt. % and the latter 0.19 wt. %. 

Silver is also a sporadic trace element in most of the samples, exceptions are FE1 and FE2 containing 

0.14 wt. % and 0.36 wt. % of Ag respectively. The latter is the highest measured value. Samples from 

KM, except KM4 py1, also contain Ag in the range of 0.03-0.14 wt. %. The mean value of the 14 

samples with detectable Ag content is 0.10 wt. %. 

Antimony occurs as a trace element in all samples except TH1 py2 lacking detectable amounts of Sb. 

The highest value is 0.86 wt. % in sample FE2 which also has the highest Ag content.  

Arsenic is rarely detectable as only 7 samples contain the element with an average of 0.22 wt. %. The 

highest value is 0.46 wt. % in KM1. KM2 and KM4 contains 0.18 wt. % and 0.34 wt. % As respectively 

whereas KM4 py1 has no detectable amounts of As. 

Traces of nickel are common in the pyrite with only six samples lacking detectable amounts. The 

average among the Ni bearing pyrite is 0.26 wt. % Ni, the highest being 1.71 wt. % in BR1 py2. 

Table 6. Averaged semi-quantitative element concentrations in wt.%. Pyrite grains with deviating values compared to other 

grains in the sample from the same locality have not been included in the sample averages. Red indicates highest values and 

green indicates lowest values. 

ELEMENTS (WT. %) Bi Co Au S Se Ag Sb As Ni 

NG1 1,84 0,49 0,96 52,97 0,00 0,00 0,04 0,00 0,11 

NG2 1,88 0,84 0,87 56,49 0,00 0,02 0,10 0,00 0,22 

AF3 1,74 0,71 0,79 51,66 0,00 0,00 0,09 0,00 0,21 

AF6 PY1 1,51 0,29 1,09 51,80 0,12 0,00 0,11 0,00 0,03 

AF6 1,23 0,43 0,90 51,03 0,00 0,00 0,04 0,00 0,34 

AF7 PY2 1,50 0,97 0,78 51,54 0,00 0,02 0,06 0,00 0,75 

AF7 1,40 0,80 0,63 50,86 0,00 0,00 0,08 0,00 0,19 

BR1 PY2 1,22 1,30 0,95 51,66 0,00 0,33 0,21 0,00 1,71 

BR1 1,82 0,51 0,62 50,98 0,00 0,00 0,14 0,00 0,15 

BR2 PY1 1,07 0,39 0,64 52,53 0,00 0,00 0,08 0,00 0,52 

BR2 1,72 0,48 0,75 51,89 0,00 0,00 0,16 0,00 0,00 

FE1 1,54 0,75 0,84 38,19 0,14 0,14 0,22 0,30 0,16 

FE2 1,57 0,56 0,94 47,31 0,19 0,36 0,86 0,19 0,31 
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FR2 2,38 0,58 1,08 53,89 0,04 0,04 0,38 0,07 0,34 

FR3 PY1 1,85 0,71 1,04 51,54 0,00 0,04 0,12 0,00 0,17 

FR3 1,61 0,77 0,70 51,69 0,00 0,00 0,09 0,00 0,21 

GKO1 PY1 1,39 0,37 0,99 50,14 0,00 0,00 0,20 0,00 0,07 

GKO1 1,33 0,53 0,72 51,69 0,00 0,00 0,25 0,00 0,00 

GKO2 1,48 0,37 0,82 55,04 0,00 0,00 0,11 0,00 0,15 

GKR1 1,39 0,65 0,99 51,24 0,03 0,01 0,32 0,02 0,15 

GKR2 PY1 1,42 0,90 1,18 51,26 0,00 0,03 0,07 0,00 0,05 

GKR2 1,38 0,46 1,30 51,01 0,00 0,00 0,07 0,00 0,31 

HS1 1,84 0,42 1,00 52,85 0,00 0,00 0,04 0,00 0,09 

HS4 PY1 1,57 1,25 0,49 51,47 0,00 0,00 0,01 0,00 0,44 

KM1 1,90 0,60 1,06 51,13 0,33 0,13 0,13 0,46 0,17 

KM2 1,71 0,67 1,01 50,42 0,21 0,03 0,40 0,18 0,05 

KM4 PY1 1,80 0,32 0,74 50,82 0,00 0,00 0,03 0,00 0,00 

KM4 2,24 0,65 1,52 51,32 0,27 0,14 0,11 0,34 0,54 

NFE1 PY1 0,95 0,16 0,77 52,41 0,00 0,08 0,23 0,00 0,00 

NFE1 PY2 1,46 0,52 0,77 53,23 0,00 0,00 0,25 0,00 0,15 

NFE1 PY3 1,79 0,62 0,88 53,46 0,00 0,00 0,20 0,00 0,00 

ST3 1,75 0,71 0,82 51,15 0,00 0,00 0,17 0,00 0,36 

ST4 1,83 0,79 1,00 51,77 0,00 0,00 0,22 0,00 0,13 

TH1 PY1 1,72 0,53 0,95 52,24 0,00 0,00 0,05 0,00 0,20 

TH1 PY2 1,45 1,35 0,91 51,84 0,00 0,00 0,00 0,00 0,05 

TH1 PY3 1,79 1,10 0,90 55,28 0,00 0,00 0,14 0,00 0,02 

TH2 1,58 0,78 0,89 52,41 0,00 0,00 0,12 0,00 0,12 

TG1 1,62 0,76 0,73 51,33 0,00 0,00 0,07 0,00 0,26 

TG2 PY2 1,93 0,47 0,86 53,73 0,00 0,00 0,07 0,00 0,20 

TG2 1,51 0,42 0,87 52,41 0,00 0,01 0,07 0,00 0,00 

MAX ERROR 0,1 0,1 0,1 1,8 0,1 0,1 0,1 0 0,1 

MIN 0,95 0,16 0,49 38,19 0,00 0,00 0,00 0,00 0,00 

MAX 2,38 1,35 1,52 56,49 0,33 0,36 0,86 0,46 1,71 

MEAN 1,62 0,65 0,89 51,64 0,03 0,03 0,15 0,04 0,22 
 

The trace element concentrations of Bi, Co, S, Au, Ag, Ni, Se and As are plotted as Bi/S, Bi/Au, Au/Ag, 

Co/Ni, As/S and S/Se ratios in fig. 22-24.  
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Fig. 22 Wt. % ratios of Bi/S and Bi/Au. Ratios have been averaged for entire samples except in cases when ratios in a pyrite grain deviated from the other grains in a sample. 
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Fig. 23 Wt. % ratios of Au/Ag and Co/Ni. Ratios have been averaged for entire samples except in cases when ratios in a pyrite grain deviated from the other grains in a sample. 
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Fig. 24 Wt. % ratios of As/S and S/Se. Ratios have been averaged for entire samples except in cases when ratios in a pyrite grain deviated from the other grains in a sample.
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5.3.2 Pyrite maps 
Pyrite grains investigated for chemical composition were also mapped as to reveal any possible 

zonation. The elemental maps of selected pyrite showing cobalt, gold and bismuth distribution from 

each mine except NFE have been compiled into figures for comparison. The maps are shown in fig. 

25-27. 

 

Fig. 25 Pyrite grains mapped for bismuth zonation in GKR, KM, NG, ST, TG, TH, AF, FE, GKO, HS, BR and FR. Bismuth was 
mapped in pyrite in other samples but only the most distinct maps have been included in the figure. All pyrite was situated 
freely in quartz except HS which is an enlarged picture of a pyrite grain towards interstitial chalcopyrite in the upper left 
section. 
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Fig. 26 Pyrite grains mapped for gold zonation in GKR, NG, ST, TH, AF, FE, TG, GKO and HS. Gold was mapped in pyrite in 
other samples but only the most distinct maps have been included in the figure. All pyrite was situated freely in quartz 
except HS which is an enlarged picture of a pyrite grain towards interstitial chalcopyrite in the upper left section. 
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Fig. 27 Pyrite grains mapped for cobalt zonation in AF, KM, NG, ST, TG and TH. Cobalt was mapped in pyrite in other samples 
but only the most distinct maps have been included in the figure.    

5.3.3 Gold chemistry 
Native gold found in the samples was exclusively investigated for the presence of silver, as it is a 

common element found in gold. The Au/Ag ratios have been compiled into fig. 28 below. See 

previous section for Au/Ag ratios in pyrite. 

The Au/Ag ratios vary in a range from 4.66 to 364.85, although, even higher values were excluded 

due to their outlier tendencies. Gold from AF have ratios in a narrow range of 64.79 to 132.33 

centered around 100, close to the median of 78.41. BR ranges from 22.09 to 63.52, GKR has 42.99, 

HS ranges from 4.66 to 5.25 and TG ranges from 95.77 to 364.85. 

 

Fig. 28 The Au/Ag ratio of native gold found in the samples from Adolf Fredrik’s mine (AF), Brånad's mine (BR), Hällaskallen 
(HS) and Tysk mine (TG). 
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5.3.4 Unknown mineral phases 
During SEM-EDS analysis, selected unknown mineral phases were investigated as to determine their 

mineral composition which is presented below. 

Tetradymite was identified in sample TG1 from TG as an anhedral grain in the conjunction of 

chalcopyrite and pyrite. EDS analysis revealed an average composition shown in table 7, including 

2,3 % Fe, thus deviating from the idealized formula of tetradymite. 

Table 7. The chemical composition of tetradymite found in TG1. Idealized formula retrieved from 

http://webmineral.com/data/Tetradymite.shtml  

Elements in 
wt. % 

Idealized 
composition 

Composition in TG1 

Bismuth 59,27 58,15 

Tellurium 36,19 36,28 

Sulfur 4,55 3,27 

Iron - 2,3 

Total 100,01 97,7 

TG also exhibits a pronounced content of a Ti-oxide in the host rock as tabular crystals but it is more 

common as a fracture infill in pyrite. The mineral varies in composition from Fe-rich to Fe-depleted 

zones in the crystal as seen in fig. 14. Table 8. shows the normalized compositional variation of the 

Ti-Fe-oxide. 

Table 8. The chemical composition of Ti-Fe-oxide phases in TG. 

Elements in 
wt. % 

Light phase Dark phase 

Oxygen 70,68 83,22 

Titanium 19,10 16,61 

Iron 10,22 0,17 

Total 100 100 

In samples from GKO was a Ce-Nd-La-rich mineral found as inclusions in pyrite or freely in quartz 

with a composition resembling monazite-Ce as seen in table 9 below. 

Table 9. The chemical composition of Ce-monazite from GKO. Idealized formula retrieved from 

http://webmineral.com/data/Monazite-(Ce).shtml  

Elements in 
wt. % 

Idealized Ce-monazite 
composition  

Average GKO 
mineral 

Cerium 29,17 30,24 

Oxygen 26,64 18,61 

Lanthanum 14,46 16 

Phosphorus 12,89 24,09 

Neodymium 12,01 11,01 

Thorium 4,83 - 

Total 100 99,95 

  

http://webmineral.com/data/Tetradymite.shtml


43 
 

5.4 Sulfur isotope ratios 
The sulfur isotope ratios are presented below in fig. 29 as δ34S in permille (‰) from AF, KM and FE. 

 

Fig. 29 S-isotope ratios from Kamelen (KM-01 to KM-03), Adolf Fredrik’s mine (AF-01 to AF-03) and Fe-mine (FE-01 to FE-03). 

6 Discussion 
The discussion is divided into several subchapters covering the character of the host rocks, the 

different types of deposits, the character of the veins, the mineral chemistry of pyrite and gold, the 

sulfur isotope ratios and the origin of the deposits. 

6.1 Character of host rocks – metamorphism, structures and deformation 
The investigated gold mines exhibit very similar host rocks with only a few exceptions. The host rocks 

are commonly a variety of metapelite. The rock type is a metamorphosed mudstone with abundant 

faint bands of either biotite, chlorite, sericite or amphibole. The host rocks have a weak foliation in all 

mines, notable exceptions are FE and FR, showing strong foliation.  

Deviating from this general pattern are; FE which has a banded iron formation cut by quartz and 

pyrite-, epidote- and albite-rich veins; FR which has a sericitized and silicified felsic rock as its host 

rock; and NG, HS and NFE having a mafic tuffitic host rock rich in biotite, chlorite, epidote and 

ilmenite. 

A few mines are also located in shear zones with chlorite-rich schists occurring parallel to the quartz 

veins such as in; TG where pyrite in the veins is deformed, exhibiting pinch and swell structures as 

well as boudinage; and HS where the chlorite-rich schist occurs parallel to the epidote veins cutting 

the mafic tuffite. NFE shows a similar assemblage as TG of chlorite-rich schists associated with the 

quartz veins.  

6.1.1 Host rock alteration 
Alteration of host rocks can be indicative of the type of deposit and is widely used during exploration. 

Orogenic gold-rich veins are commonly associated with several different alteration types, see chapter 

3.3. A wide variety of alterations have been found among the mines, both hydrothermally altered 

minerals adjacent to veins and large-scale metamorphic alteration of the host rock. These will be 

discussed below with focus on the large-scale host rock metamorphism followed by comparisons 

between specific areas in this study. 
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The most common metamorphic feature of the host rock is chloritization of the metapelite, occurring 

in almost every location (see next paragraph for exceptions), this is a common indication of 

greenschist facies metamorphosis. Greenschist facies occurs in the temperature range of 300-450 °C 

and 2-10 kbar and is supported by the occurrence of muscovite and quartz veinlets associated with 

the greenschist facies in pelites (Wright 1989). Among the hydrothermal alteration minerals are 

chloritization also the most common in all mines adjacent to the veins. 

However, NFE, AF, NG and HS exhibit abundant amphibole altered zones throughout the host rocks, 

distinguishing them from the greenschist dominated bedrock in the area. The assemblage of 

amphibole, epidote, biotite and Ti-Fe minerals are indicative of amphibolite facies metamorphosis 

occurring in the 400-600 °C interval at 2-9 kbar pressure (Arndt 2011). FE also lies in the amphibolite 

facies but has a slightly different assemblage as it is the only locality with staurolite which is only 

present in pelitic schists, indicating a high regional metamorphism of 500-575 °C and 2-6 kbar or low-

pressure, intermediate temperature amphibolite facies (Ganguly 1972). FE also exhibits folding and 

epidote- and albite alteration not seen in any of the other mines, and could be a unit of its own as it 

is also structurally unrelated to the other mines. The appearance of the quartz veining also supports 

this as they differ from the normally white to milky quartz found in NG, AF, BR, GKO, GKR, TG, HS, TH, 

ST, KM and NFE. 

Based on these observations, it is fair to assume that the area has undergone amphibolite facies 

metamorphosis. During retrograde metamorphism, the amphibolite facies features have been 

replaced by a more typical greenschist facies metamorphic mineralogy, causing the variety of 

metamorphic features. 

A rarer mineral assemblage is the beresitization occurring in FR. This is an alteration common in 

schists, quartz porphyries and granites in the Ural goldfields followed by pyrite impregnation. 

Intercalated layers of schist are also a common feature of beresitizised rocks which are present in FR, 

strengthening the conclusion that it is beresitizised (Glukhov 1974). FR also lacks the typical features 

of greenschist or amphibolite facies metamorphism and is therefore regarded as a unit of its own in 

terms of host rock and its alteration, distal to the main field.    

The latest alteration events occurring in the area are the laumontite-calcite or calcite-only filled veins 

found in all mines, indicative of carbonatization and zeolitization as laumontite is a zeolite (Alberti 

1997). These fractures also support the statement by Kjellberg (1893) of being formed later as they 

cut through both host rocks and veins. 

6.2 Type of deposits 
Based on the character of the investigated mines, the different mines can be classified as being of 

vein type or banded iron formation.  

The gold mines NG, GKO, ST, TH, AF, GKR, BR, FR, HS and FR are considered as being gold-rich quartz 

veins. TG, previously unknown regarding its commodity, is also considered to belong to this 

classification as it also is a quartz vein containing gold-rich pyrite.  

The magnetite dominated quartz vein in NFE is regarded as being a magnetite-rich quartz vein. 

KM copper mine is considered as being a copper-rich quartz vein based on the great abundancy of 

chalcopyrite compared to the abovementioned mines. 

Lastly, the iron mine FE is considered as being a BIF as it has distinct magnetite bands cut by later 

fractures. 
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6.3 Character of veins – orientation, mineralogy, textures and alterations 
The structural data obtained during field work (fig. 12) gives a complicated picture of the structural 

geological history and a conclusive rule cannot be stated due to the variation in orientations. 

However, some of the mines could probably be grouped together as their strike and dip are very 

similar. AF, GKR, ST, NG, TH and possibly NFE is the largest group which strikes between 10-70° and 

has a very narrow dip range of 55-70°. Kjellberg (1893) stated that AF belongs to a set of fractures 

that run perpendicular to the foliation of the host and was also the most gold-rich type. Due to lack 

of outcrops and visible orientation of the foliation, one can only assume that the other mines also are 

part of this set of fractures. BR, GKO and KM is another group, running almost perpendicular to the 

former group but with much steeper dip of 80-90° along the foliation of the host rock, this 

orientation has a lower gold grade according to Kjellberg (1893).  

TG and HS constitute an entirely own group striking 90-110° dipping 85° but despite this similarity 

the mineral assemblage differs slightly as TG has undergone severe structural deformation. 

The variation of the orientation among the groups could be explained by a later ductile folding of the 

bedrock, which has rotated the veins from their original orientation or that they are related to 

different stress regimes.  

Sulfides are an important constituent of the vein paragenesis and occur mainly subhedral in 

cataclastic aggregates and bands or euhedral in the quartz. This is not the case for TG, as previously 

discussed, and NFE, FE and FR. NFE lacks pyrite almost entirely, having pyrrhotite and marcasite as 

the only sulfides. FE has mainly banded or disseminated pyrite in the later emplaced fractures cutting 

the magnetite-rich bands. FR exhibits a completely different pyrite occurrence of being only 

disseminated in the host rock, similar to disseminated and euhedral crystals of pyrite in the 

metapelite in the other mines. 

Microscopy of the samples reveal an assemblage, generally being dominated by quartz and 

cataclastic subhedral or euhedral pyrite in quartz which is moderately fractured with chalcopyrite 

and magnetite as interstitial minerals, fracture infills and occasionally as inclusions in pyrite. Calcite is 

also common among the studied samples as fracture infill. Pyrrhotite and marcasite is common in 

most of the mines, probably due to low temperature processes and occur especially in the fractures 

of pyrite. In NFE is a colloform variety of pyrite and marcasite altered pyrrhotite called bird’s eye 

present, not found elsewhere.  

Galena, which has never been reported previously from Ädelfors was found in FR. FR is also heavily 

associated with silicates formed during beresitization which is not present in other mines.  

FR and ST share a common feature of having chalcopyrite diseased sphalerite, which is a feature 

often observed in sulfide deposits formed in moderate temperatures of 200-400 °C (Barton & Bethke 

1987). This correlates well to the temperature range of 100-300 °C suggested by Sundblad et al. 

(1999). Bergman (1986) also reported chalcopyrite diseased sphalerite in his work with samples from 

GKR, AF and NG.  

Bismuth minerals were found in AF, GKR, FR and TG. The occurrence of bismuth, bismuthinite and 

the extremely similar orientation and assemblage in general suggests that AF and GKR are closely 

genetically related. Tetradymite found in TG has not been reported previously and is a tellurium-

bismuth-sulfide commonly associated with auriferous quartz veins together with bismuthinite, native 

gold, pyrite, calcite and chalcopyrite (Ramdohr 2013).  
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Gold as inclusions in pyrite and free in quartz occur in AF, BR, GKR and TG. TG has abundant native 

gold disseminated in the structurally deformed quartz in contrast to the other localities. HS shows a 

different gold association as it occurs with bornite in veins associated with actinolite alteration, an 

assemblage not found elsewhere. Despite the few observations of native gold, the gold from HS 

distinguishes itself from the other mines. AF, BR and GKR however, show great similarities regarding 

gold morphology. 

GKO is also distinguishing itself as being the only mine with a Ce-Nd-phosphate mineral present 

adjacent to quartz veins and pyrite grains (as per SEM-EDS analysis), in both investigated samples. 

According to the chemical composition it is probably a Ce-monazite although it shows too low O 

grades, which probably is due to the semi-quantitative nature of the analyze method. 

Prehnite is found exclusively in quartz veins in AF, it is also reported by Bergman (1986), who made a 

quantitative analysis of the mineral. It is an indicator mineral for the prehnite-pumpellyite facies 

between zeolite and greenschist facies, formed at 250-350 °C at 2-7 kbar (Coombs 1989).  

Limonite is found in AF, FR, KM and GKO and is probably an alteration product due to chemical 

weathering of Fe-minerals and is of less importance for this study. 

6.4 Deformation of veins – remobilization features and late fracture fillings 
Some remarks regarding pyrite, chalcopyrite and quartz deformation and recrystallization can be 

drawn from this study. Pyrite has undergone severe brittle deformation in most of the mines, 

especially AF and KM but to a lesser extent in BR. Fractured pyrite is common in all other mines 

except FR and NFE. Pyrite is one of the most competent minerals, behaving brittle in greenschist to 

amphibolite facies as shown in studies by Craig & Vokes (1993). This correlates well to the 

metamorphic grade of the host rocks to the mines. Signs of secondary textures, indicating 

metamorphosis of ore minerals, are rarely found as annealed boundaries in the form of triple 

junctions in AF. Bergman (1986) also reported triple junctions in studied samples, this together with 

garnet observed in AF suggest metamorphic recrystallization processes.  

An important aspect is also the textural relation of chalcopyrite as it is found in all samples as either 

interstitial phases, bleb inclusions or along pyrite grain boundaries. This mode of appearance is 

typical for ductile and mobile minerals such as chalcopyrite, pyrrhotite, galena and sphalerite as they 

are easily remobilized, filling fractures in more competent, brittle minerals such as pyrite, magnetite 

and silicates (Marshall & Gilligan, 1987). Pyrite with chalcopyrite filled fractures has been found in TG, 

TH, ST, FR, FE, BR and AF but not in NG and HS whereas GKO, GKR and NFE exhibit remobilized 

chalcopyrite in fractured pyrrhotite. Infilling can be an effect of mechanical flow or fluid-assisted 

replacement processes which produce corroded fractures. Blebs of chalcopyrite are common in 

pyrite from KM but are also present in TG, associated with chalcopyrite-rich rims of the pyrite, 

indicating local remobilization. 

NFE also shows brittle deformation and remobilization features in the vein with its abundant 

spherical grains of quartz in bird’s eye textures of pyrrhotite. They have probably been formed in a 

process of pyrrhotite filling open voids containing fragmented quartz which would rotate the grains 

thus creating a rounded grain morphology resembling a ball ore texture (Vokes 1973). 

Quartz is commonly slightly affected by deformation as indicated by the undulose extinction. The 

most notable deformation and recrystallization observed is in KM where the quartz is commonly 

dynamically recrystallized and has abundant microfractures. The mode is mostly grain boundary 

migration recrystallization common at 500 °C or locally subgrain rotation recrystallization common at 

400-500 °C (Stipp et al. 2002). This clearly distinguishes KM from the rest of the mines implying that 
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the deformation event responsible for recrystallization occurred prior to the deposition of the other 

veins in the area and that KM is an older vein. 

Remobilization of chalcopyrite but also pyrrhotite has most likely occurred in all mines except NFE 

during the retrograde regional metamorphosis of the area. Remobilization during retrograde 

metamorphism is a common feature as reported by Marshall & Gilligan (1987). 

Later features are the laumontite and/or calcite filled fractures cutting through both quartz veins and 

host rocks in all of the investigated mines. The laumontite filled fractures are often accompanied by 

calcite but not necessarily vice versa. The kalifeldspar filled fractures in TG and HS is a rarer type of 

late fracture fillings. 

6.5 Mineral chemistry 

6.5.1 Pyrite chemistry 
By studying table 6 and fig. 22-24 some conclusions can be drawn such as the fact that Se, Ag and As 

only occur in significant amounts in pyrite from FE and KM whereas the other samples only have 

sporadic traces of them. More detailed discussion regarding the pyrite chemistry is presented below. 

Note that ratios of grades are discussed since the grades are normalized and semi-quantitative, this is 

probably also the reason why grades are higher than reported by Bergman (1986). 

Starting with table 6, the average of 51.64 wt. % of S is close to the stoichiometric value of 53.45 

wt. %.  A notable exception is FE1, this is probably due to microscopic inclusions of magnetite, 

increasing the Fe content at the expense of S. However, when taking the error of 1.8 % into account 

and excluding FE1 with its outlier tendencies, the average rises to 52.94 wt. %.  

The contents of Au are higher than earlier reported but are probably due to the semi-quantitative 

properties of the SEM-EDS. Au is present in all samples, in a narrow range around 0.89 wt. %. HS4 has 

the lowest grade of 0.49 wt. % and could be explained by the abundancy of native gold found in the 

sample. The highest grade of 1.52 wt. % is found in KM4 (excluding KM4 PY1), this might correlate to 

the higher Bi content. KM4 PY1 shows few similarities with other samples from KM in terms of trace 

element contents, with Se, Ag, As and Ni below detection limits. This pyrite is also texturally different 

in KM, occurring as <10 µm wide stringers in the quartz and as an interstitial mineral to chalcopyrite. 

The low contents of Se, Ag and As are common in other mines except FE, suggesting that the 

stringers in KM4 PY1 are related to pyrite in NG, GKO, ST, TH, AF, GKR, BR, FR, NFE, TG and HS. Other 

samples from KM show instead great similarity to FE, probably being related in origin. 

Fig. 22, plotting Bi/S and Bi/Au ratios reveals that most mines have Bi/S ratios between 0.025 to 

0.035 and Bi/Au ratios between 1.5 to 2.5 with few exceptions and slight variation in the samples 

from one location. Ratios are rather constant and consistent for NG, GKO, ST, TH, AF3, NFE, HS1 and 

TG and can be regarded as to belong to a similar type of pyrite. AF6 and GKR has Bi/Au ratios of 1.06-

1.4 and seem to be more related to each other than to the other samples. NFE1 PY1 could also 

belong to this type with its Bi/Au of 1.23 but is probably an outlier, as other samples from NFE seem 

to belong to the earlier mentioned type. BR1 and HS4 deviates from the other samples in Bi/Au ratios, 

probably due to the amount of native gold found in the samples. BR1 py2 and BR2 py1 however, 

deviates from the BR1 and BR2 in general, the latter being closer related to the first type. FE, FR and 

KM have higher Bi/S values ranging from 0.031 in FR3 to 0.044 in FR2. 

Summarized can closer geochemical similarities be observed between NG, GKO, ST, TH, AF3, NFE, 

HS1, BR1, BR2 and TG and between FE, FR and KM and between BR1 py2, BR2 py1, AF6 and GKR. 
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Fig. 23 with Au/Ag and Co/Ni ratios shows that most of the samples have Ag grades below detection 

limit and Co/Ni ratios varying between 0.75 in BR2 py1 to 9.2 in AF6 py1. GKR2 py1, KM2, TH1 py2 

and TH1 py3 are clearly different but no correlation or consistency exists between them except for 

TH1 py2 and TH1 py3. 

Ratios of Au/Ag can be grouped into a high ratio group consisting of NG2 (highest with 38.55), AF7 

py2, FR2, FR3 py1 (lowest with 24.76), GKR2 py1 and KM2. The high ratios are a consequence of low 

Ag grades detected. However, grades of Ag have been too low to be detected in most samples, thus 

lacking calculated Au/Ag ratios but it is probable that most of these samples contain low grades of Ag 

since it was not detected.  

The low ratio group consists of BR1 py2, FE1, FE2 (lowest with 2.6), KM1, KM4 (highest with 11.2) and 

NFE1 py1 in a narrow range. NFE1 py1 might be an outlier as the Au/Ag and Bi/S ratios deviates 

compared to other samples from NFE. It is more interesting to note the low ratios as they are a 

consequence of high Ag grades, atypical for the samples analyzed. The low ratios of FE and KM 

strengthens the suggestion of a relation between FE and pyrite type 1 in KM and the relation 

between pyrite type 2 in KM4 py1 and the more common pyrite found in other mines.  

The ratios of As/S and S/Se in fig. 24 are further strengthening the above hypothesis as FE and KM, 

with the exception of KM4 py1, are the only samples containing detectable amounts of As and Se. 

KM2 has the lowest As/S ratio of 0.0036 and KM1 the highest of 0.0089 but the lowest S/Se ratio of 

154 compared to 270 in FE1. Se also occurs in GKR1, FR2 and AF6 py1 but show no correlation to 

other samples. 

Statistical analysis of these assumed groups by using Student’s t-test assuming unequal variances for 

S/Se, As/S and Au/Ag due to the large difference in variance, gives two tailed p-values of 0.18, 0.85 

and 0.90 respectively. At 5 % significance level, the hypothesis of these ratios belonging to the same 

population cannot be rejected but it is not probable. This is however not conclusive as the number of 

samples are between 6-9 and thus few. 

Based on the ratios, two major groups of pyrite can be distinguished. The first group includes FE and 

KM (pyrite type 1) and has an average Co/Ni ratio of 10.94, Bi/Au ratio of 1.79, Bi/S ratio of 0.037, 

Au/Ag ratio of 11.13, S/Se ratio of 235.96 and As/S ratio of 0.006. The larger group consists of NG, 

GKO, ST, TH, AF, NFE, HS, GKR, BR, FR, TG and pyrite stringers in KM4 py1 and has an average Co/Ni 

ratio of 5.26, Bi/Au ratio of 1.95, Bi/S ratio of 0.031, Au/Ag ratio of 4.19, S/Se ratio of 0 and As/S ratio 

of 0. 

6.5.2 Pyrite mapping 
Zoning of Co, Ni, As and Au is common in hydrothermal pyrite where rims are typically As-Au rich in 

moderate- to high-grade deposits or Co-Ni-rich and As-Au poor in moderate- to low-grade deposits in 

orogenic sedimentary environments as shown by Large et al. (2009). However, no zoning was found 

in this study in any of the investigated samples in fig. 25-27. A difference is that Large et al. (2009) 

used laser ablation to determine the zonation whereas this study has been conducted by SEM-EDS. 

6.5.3 Gold chemistry 
The Au/Ag ratios in native gold vary widely between the mines and between samples. Gold from AF 

has ratios from 64.79 to 132.33, BR from 22.09 to 63.52, GKR has 42.99, HS from 4.66 to 5.25 and TG 

from 95.77 to 364.85. AF is here over-represented thus affecting the median of 78.41. The use of the 

median is motivated as being more robust to outliers than the mean (Rousseeuw 1990). 
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Au/Ag ratios generally decrease from the oldest formed mineral assemblage to the youngest as 

shown by investigations by Shcherbina (1956) and Koroleva (1971) among several. Younger deposits 

of a type would hence be more silver-rich due to the higher mobility of silver. In a study by 

Pal’yanova (2008) the variation of Au/Ag ratios in native gold are also shown to be highly dependent 

on the salinity, pH, temperature, redox potential and concentrations of transporting ions in the ore 

forming solution. Taking these variables into account led to the proposal of five types of 

hydrothermal Au(Ag) ore forming fluids with varying ratios and characteristics of which type IV and V 

are discussed in detail in section 6.7.1. Regarding Au/Ag ratios in native gold, the ratios increase with 

the temperature of the fluid, e.g. at 200 °C a ratio of 0.2 could be expected which increases to 1.9 at 

400 °C (Pal’yanova, 2008). 

6.6 Sulfur isotopes  
By studying fig. 29, showing the sulfur isotope ratios of pyrite, it is indicated that at least two groups 

exist where the pyrite in samples AF-01 to AF-03 from the gold vein in AF constitutes one group 

ranging from 3.6-3.8 ‰ (pyrite type 2), KM-02 to KM-03 and FE-01 to FE-03 constitute a second 

group ranging between 1.3-2.6 ‰ (pyrite type 1). KM-01 with 3.3 differs from the last group, this 

might be caused by the presence of pyrite type 2 which is chemically similar to pyrite found in AF. 

This grouping is also consistent with the pyrite composition found during SEM-EDS analysis.  

The δ34S range of 1.3 to 3.8‰ lies in the 0-10‰ range commonly associated with orogenic deposits 

(Shanks 2013, also see table 10). Regarding the source of S, it can be generalized that sulfur in AF, 

with its higher ‰ values, must be derived from a slightly different source compared to sulfur from 

KM 02-03 and FE 01-03, having a stronger magmatic signature. Both are however consistent with the 

suggested origin from calc-alkaline basalts or low potassic tholeiites by Sundblad et al. (1999) as 0-

2 ‰ are common averages in those rocks (Chaussidon et al. 1987).  

6.7 Character and origin of the deposits at Ädelfors 

6.7.1 The Au-rich veins 
The results from this study suggest that the mineralizations at Ädelfors are of slightly different 

character and origin. As Sundblad et al. (1999) suggested that an orogenic origin of the gold veins is 

likely, the general characteristics of orogenic deposits have been summarized in table 10 together 

with data from this study for comparison. The iron mine NFE, characterized by its magnetite-rich 

quartz vein in a mafic tuffite is also included in this section due to the similar pyrite chemistry. 

Being important for the identification of orogenic deposits, these characteristics will be discussed in 

more detail below: 

Age range - The veins haven’t been dated in the area but the OJB hosting the veins has been dated as 

being 1.83-1.82 Ga and would thus link the area to be Paleoproterozoic in age, one of three common 

ages commonly found among orogenic deposits (Wyman et al. 2016). 

Tectonic setting - The rock suite in the OJB, consisting of sedimentary rocks and mafic to felsic 

volcanites is interpreted by Mansfeld et al. (2005) to be part of a subduction related orogen at the 

Svecofennian continental margin. This links Ädelfors gold veins spatially with a probable subduction 

zone which is one of the key observations in the classification of orogenic deposits (Wyman et al. 

2016). The εNd values of +1.6 to +3.8 in the mafic host rocks however, indicate a depleted mantle 

source and the setting to an island arc environment, being inconsistent with above-mentioned data.  
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Table 10. Characteristics for orogenic gold deposits. Data from Glukhov (1974), Boyle (1979), Groves et al. (1998) Bark 

(2008), Pal’yanova (2008), Shanks (2013), Goldfarb & Groves (2015) and Wyman et al. (2016) compared to data from 

investigated gold veins at Ädelfors. 

Characteristics Orogenic gold deposits Ädelfors Au-veins (NG, GKO, ST, TH, 
AF, GKR, BR, FR, NFE, TG, HS and FR) 

Age ranges Neoarchean 2.8-2.5 Ga, 
Paleoproterozoic 2.1-1.8 Ga or 
Phanerozoic 0.5-0.05 Ga 

The OJB hosting the veins is 1.83-
1.82 Ga 

Tectonic settings Active continental margins such as 
oceanic-continental subduction, plume 
impact, subduction rollback or oceanic 
ridge subduction 

The OJB continental margin 
subduction zone 

Structural 
settings 

Strong structural control, often in 
swarms. Spatial association with large-
scale crustal structures 

Strong structural control of veins in a 
few directions. Veins occur as a 
swarm 

Host rocks Mafic volcanic or intrusive rocks or 
greywacke-slate sequences 

Mafic tuffite and metapelite 

Host rock 
metamorphism 

Greenschist to amphibolite facies Greenschist to amphibolite facies 

Mineralization 
style 

Quartz vein hosted, vein arrays, saddle 
reefs 

Native and refractory gold in pyrite-
rich quartz veins 

Metal 
association 

Au - Ag ± As ± B ± Bi ± Sb ± Te ± W Au - Bi - Te - Sb - W - Co - (As) 

Fluid 
characteristics  

5-20 mol% CO2, 0.01-0.36 mol% H2S, 
pH of 5.5 and salinities of 3-7 wt.% 
NaCl 

Fresh water to NaCl saturation 
(highly variable) 

Sulfur isotope 
signatures 

0-10 ‰ 1.3-3.8 ‰ 

P-T conditions Most commonly between 1 and 5 kb 
and 220 to 450 °C 

100-300 °C from fluid inclusion 
study, 200-400 °C based on 
chalcopyrite diseased sphalerite 

Possible heat 
sources 

Radiogenic heating, asthenosphere 
upwelling to mid-crustal granitoids 

? 

Possible metal 
sources 

Metasediments, metabasalt Nearby mafic vulcanites suggested 

Local structural setting - Orogenic deposits are commonly very structurally dependent, which is 

evident for the Ädelfors mines. Orientations of the veins are either 10-70° with a very narrow dip 

range of 55-70° or perpendicular to this strike with a dip of 80-90° or 90-110° W dipping 85° (this is 

further discussed in chapter 6.3.). The Ädelfors gold veins are also occurring as a distinct swarm not 

uncommon for the orogenic type of gold deposits (Groves et al 1998).  

Host rocks - The host rocks vary slightly between the veins and are most often metapelites but also 

mafic tuffites and in one instance a beresitizised felsic volcanic rock. The first two mentioned are to 

be expected in orogenic environments as seen in table 10, the last is an unusual type associated with 

orogenic deposits in the Urals (Glukhov 1974, see also chapter 6.1). 

Host rock metamorphism and alteration - Rocks hosting the mineralized veins exhibit greenschist to 

amphibolite facies metamorphism, interpreted to be caused by an early amphibolite facies 

metamorphism which has been replaced by a more pronounced greenschist facies metamorphism 

during retrograde metamorphism of the host rocks. The facies have been determined based on the 
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occurrence of biotite, epidote, amphibole, staurolite and garnet. Alteration minerals of the host 

rocks are dominated by chlorite with sericite, epidote and amphibole. Late fracture-controlled 

zeolitization and carbonatization occur in the area in general, while hematitization and beresitization 

occur more locally.  

Mineralization style - The mineralization occurs almost exclusively in quartz veins except for FR, 

having more disseminated style. Quartz veins are typical hosts for orogenic gold deposits (Groves et 

al. 1998). 

Metal association - The Ädelfors veins have a metal association of Au-Bi-Te-Sb-W-Co-(As) as the 

veins are typically rich in refractory gold in pyrite which is also enriched in bismuth, antimony and 

cobalt. The veins also have minor constituents of arsenopyrite, bismuth-, tellurium- and tungsten 

minerals and native gold with high gold fineness, which is common for orogenic gold deposits 

(Pal’yanova 2008).  

The presence of tellurium suggests a mesozonal type of origin for TG, however, Bergman (1986) also 

reported tellurium minerals from the main field which would also imply mesozonal origin for GKR, AF 

and NG (Pal’yanova 2008). 

Fluid character - The fluid responsible for the veins in AF, but also in NG, GKO, ST, TH, AF, GKR, BR, FR, 

TG, HS, NFE and FR due to the pyrite chemistry being similar, is a type IV, Au(Ag)-rich hydrothermal 

fluid as defined by the classification of Pal’yanova (2008).  

Pal’yanova (2008) studied Au(Ag)-bearing hydrothermal solutions in equilibrium with a mineral 

assemblage of pyrite, pyrrhotite and other sulfides regarding the Au and Ag partitioning under 

different conditions. The results led to a classification of typical geochemical ore fluids controlling the 

varying partitioning modes of Au and Ag. The results also point to the conclusion that high Au/Ag 

ratios in pyrite are indicative of the predominance of native gold and an under-saturation of Ag 

sulfides and sulfosalts in an ore forming fluid of type IV (i.e. an alkaline, with variable chloride 

concentration, moderate to high temperature (200-500 °C) solution in which Au(HS)2
- and Ag(HS)2

- 

are the dominant Au and Ag transporting species). High Au/Ag ratios in pyrite could also be indicative 

of type V fluids (i.e. an acid to near-neutral, with low chloride concentration, low to moderate 

temperature (<300 °C) solutions in which AuHS0 and AgHS0 are the dominant Au and Ag transporting 

species). As most of the samples do not have a calculated Au/Ag ratio for pyrite due to the contents 

of silver being below detection limits, it can be assumed that they should have high ratios, indicative 

for the type IV fluid. 

This is also supported by the highly variable NaCl content and low temperature formation of AF 

(Sundblad et al. 1999) together with data from this study. Type IV is also correlated to orogenic 

deposits by Pal’yanova (2008), but data for CO2, H2S and pH are unknown and a more specific 

classification cannot be made. 

However, the highly variable salinities reported by Sundblad et al. (1999) aren’t entirely consistent 

with the typical characteristics of an orogenic fluid as classified by Groves et al. (1998) which 

envisages a low salinity fluid. This can be explained by a possible fluid unmixing during ore-fluid 

migration as discussed by Goldfarb & Groves (2015), creating variable salinities. It could also be that 

the variation represents several generations of fluids where more saline fluids could possibly be 

closer related to the copper-rich vein in KM. 

Studying the Au/Ag ratio in native gold and the fineness of it also contributes to the understanding of 

the ore fluid. Looking at the Au/Ag ratios, they are firmly centered around the median of 78.41 for 
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most of the samples, HS is however an outlier with a ratio over one order of magnitude lower than 

the median. This could be a feature of remobilization as it is situated in a shear zone or a feature of 

being younger in age or emplaced in a more shallow, low temperature environment or formed by Cl-

richer fluids. However, the nearby TG, also situated in a shear zone with the same orientation, has 

slightly higher ratios than the median. If the shear zones are connected, it could imply that silver has 

been remobilized away from TG to HS. The high ratios are however not uncommon for fluids of type 

IV as shown by Pal’yanova (2008). 

The low fineness in HS (823-839 compared to 956-996 in the other analyzed samples) lie in the fields 

of skarn gold-copper deposits, epithermal gold-telluride and gold-silver deposits, porphyry copper 

deposits, gold-arsenic deposits, gold-antimony deposits and orogenic deposits. These types, except 

the orogenic type, are associated with Ag sulfides or sulfosalts at high Ag grades which is not present 

in HS or any of the other mines investigated. Common for type IV fluids are also Au/Ag ratios in pyrite 

of 10/1 and gold fineness (1000*Au/(Au+Ag), by weight) of 1000-700 in native gold. This further 

strengthens the assumption of a type IV fluid being responsible for the Au-veins according to the 

classification by Pal’yanova (2008). 

Sulfur isotope signatures - The sulfur isotope signatures are clustered around 1.3 to 3.8 ‰ which is 

in the common 0-10 ‰ range of mineralized orogenic veins, also discussed in chapter 6.6.  

P-T conditions - Chalcopyrite diseased sphalerite indicates a formation temperature of 200-400 °C 

which correlates well to earlier proposed temperature of 100-300 °C by Sundblad et al. (1999), both 

typical for orogenic deposits and its associated alterations (Groves et al. 1998). 

Possible heat sources - This characteristic will be left without in-depth discussion as no data 

regarding a heat source exists for the area. Common sources are however intrusions or regional 

metamorphosis. As the area extensively regionally metamorphosed it could be the cause for the ore-

forming process (Groves et al. 1998). 

Possible metal sources - The source of the gold has been suggested to be the nearby mafic rocks 

based on lead isotopic data from the basalts compared with data from pyrite and chalcopyrite at 

Ädelfors (Sundblad et al. 1999). The proposed metal source is characteristic of orogenic deposits 

(Groves et al. 1998). 

6.7.2 The Cu-rich vein 
KM copper vein is characterized by abundant chalcopyrite, recrystallized quartz and pyrite of two 

types. A more common type rich in Se, Ag and As and a type only occurring as stringers in the veins, 

and chemically similar to the type found in the gold veins. Host rock characteristics, alterations and 

orientation are however similar to the gold-rich veins. KM is thus regarded as being orogenic in origin. 

If that is the case, it is probably another type of fluid responsible for the vein formation, possibly a Cl-

rich fluid. The low Au/Ag ratios in pyrite also suggest a different type of ore forming fluid but further 

interpretations are restricted due to the limited data from the vein. 

6.7.3 The BIF 
The FE iron mine is classified as being a BIF deposit located in a metapelite since it has an apparent 

banded character with magnetite interlayered by dark quartz. The banding is cut by later formed 

pyrite and calcite filled fractures. FE is also the only mine showing distinct symmetrical folding of 

magnetite, epidote and albite bands. Amphibolite facies metamorphism is evident as staurolite is 

present in the metapelite as a metamorphic indicator mineral. The occurrence of iron formations are 

not uncommon in orogenic environments as reported by Groves et al. (1998).  
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The discussion above clearly divides the mineralizations in different types and can be presented 

paragenetically as in fig. 30. 

 

Fig. 30 Paragenetic schedule of the mineralizations at Ädelfors. Further explanation of the numbering follows: 1. is the 
banded iron formation found in FE. 2. is the pyrite fracturing the BIF sequence in FE. 3. is the Cu-rich vein in KM composed of 
pyrite chemically similar to the pyrite found in FE and pyrite stringers chemically similar to the pyrite found in the Au-rich 
veins. 4. are the Au-rich veins found in NG, GKO, ST, TH, AF, GKR, BR, FR, TG and HS, the magnetite-rich vein in NFE is also 
regarded as belonging to this group due to the chemically similar pyrite. 5. is the latest formed calcite or laumontite filled 
fractures found in all locations, cutting the host rocks and veins. 

6.8 Sources of error and limitations 
Risk of error and erroneous data is always present in practical and analytical studies and will be 

covered below.  

• A certain error resides in the manual work of selecting appropriate samples and eventually 

pyrite grains for analysis. This is crucial as improper sampling might cause significant error as 

the chances of analyzing representative samples decreases. Care has been taken in the 

selection of samples but the small number of samples from each location might have 

influenced the results and introduced bias. 

• The use of SEM-EDS equipment can be a source of error as it is a semi-quantitative method. 

The use of ratios counteracts systematic errors but grades should be considered semi-

quantitative or qualitative. 

• The pyrite mapping was probably of low quality, showing no zonation when zonation of 

hydrothermal pyrite is very common. Either was the mapping done too quickly or another 

method should have been used such as laser ablation techniques. 

• Only 3 analyses of sulfur isotope ratios were taken from each mine which is not sufficient to 

draw precise conclusions even though the variation was small from each mine. A larger suit 

of analyses from several mines would provide a more comprehensive dataset.  
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7 Conclusions 
The results are summarized below as to answer the three key questions in the aim of the thesis. This 

is followed by a proposed geological timeline using the background information and data from this 

study, as a suggestion how the different mineralized veins at Ädelfors were formed. 

Are the gold-rich veins of the same type or are there several types of mineralized veins and are they 
related to the subordinate copper and iron mines present in the area?  

• NG, GKO, ST, TH, AF, GKR, BR, FR, TG and HS show similarities in mineral assemblage, pyrite 
chemistry and chlorite to amphibole alteration of the host rock. Structurally they can be 
divided into groups, AF, GKR, ST, NG and TH as one, a closer relation is envisaged for AF and 
GKR due to the bismuth occurrence, BR and GKO as another group and TG and HS form a 
group of their own in the periphery of the main field. 

• FR, despite having a different host rock of beresitizised felsic volcanic rock, shares similar 
pyrite chemistry with the main goldfield just as FR. 

• KM Cu-mine show great similarities with the Au-mines (NG, GKO, ST, TH, AF, NFE, GKR, BR, FR, 
TG and HS) in the main field in terms of the vein mineral assemblage containing pyrite, 
chalcopyrite, quartz, pyrrhotite, marcasite, sericite, biotite and hosted mainly by metapelite. 
However, the abundance of chalcopyrite is markedly higher in KM than in other mines. 
Mineral mobility of chalcopyrite and deformation of pyrite are also common denominators 
but the pyrite chemistry in the most common type of pyrite is different compared to pyrite 
from the gold-rich veins. Pyrite in KM has high grades of Se, As and Ag which is similar to 
pyrite found in FE. However, an uncommon pyrite type occurring as stringers in the quartz 
has a trace element chemistry identical to the gold mines.  

• FE and NFE are geologically unrelated in terms of mineral assemblage, the former is a banded 
iron formation whereas the latter is a magnetite-rich quartz vein. FE has a pyrite chemistry 
similar to the one found in KM whereas NFE shows compositional and structural similarities 
with the gold mines in the main field, the difference being the higher abundancy of 
magnetite and pyrrhotite. 

The final conclusions are: 
1. The gold-rich veins in NG, GKO, ST, TH, AF, GKR, BR, FR, TG and HS are of the same type 

together with the magnetite-rich vein in NFE. 
2. FE is an earlier formed banded iron formation unrelated to the veining in the area. 
3. Pyrite in the copper-rich vein in KM and pyrite in pyrite filled fractures in the BIF in FE have 

similar trace element chemistry. 
4. The copper-rich vein in KM has a second generation of pyrite chemically similar to the pyrite 

in the gold-rich veins. The introduction of the second type of pyrite has recrystallized the 
quartz in the vein system. 

What can sulfur isotope ratios reveal regarding the origin? 

• The sulfur isotope ratios are clustered in a narrow range composed of two groups, one group 
consisting of pyrite type 1 in KM and FE formed early, ranging between 1.3-2.6 ‰. The other 
group consists of AF but also indirectly NG, GKO, ST, TH, NFE, HS, GKR, BR, FR, TG and partly 
KM as indicated by the pyrite chemistry and has values between 3.6-3.8 ‰, deviating from 
the first group. The values are typical for orogenic deposits. 

What is a probable origin of the deposits in the area? 

• The origin of the gold veins in NG, GKO, ST, TH, AF, GKR, BR, FR, TG, HS and FR and the 

copper vein in KM are classified as being orogenic in origin. 

• The magnetite-rich vein in NFE is also regarded as belonging to this group due to the 

chemically similar pyrite linking it together with the gold-rich veins. 
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• The FE iron mine however, is classified as being a BIF deposit since it has a banded character 

with magnetite interlayered with quartz. 

7.1 A proposed geological timeline 
1. The earliest formation ought to be the banded iron formation in FE as it is a stratiform part of 

the metapelite host rock, formed during the subduction orogen at 1.83-1.82 Ga creating the 

OJB along the Svecofennian continental margin. The OJB pelitic rock hosts the investigated 

mines and was later accreted and deformed, during which the rocks underwent 

metamorphism to amphibolite facies with garnet and staurolite as indicator minerals.  

2. Fractures cutting the pelitic sequence were filled by a first generation of quartz and pyrite. 

The veins at FE and KM were now created. 

3. Regional shearing after the emplacement of Småland granitoids opened fractures for a new 

set of pyrite-rich quartz veins now found in NG, GKO, ST, TH, AF, NFE, GKR, BR, FR, TG and 

partly in KM. The earlier quartz veins at KM were now dynamically recrystallized exhibiting 

distinct grain boundary migration recrystallization and a second generation of pyrite was 

introduced into the system. The sulfur isotope signatures indicate a slightly different source 

compared to the first generation of pyrite. 

4. Fluids, interpreted to be of similar origin as those above due to the similar pyrite composition, 

deposit the gold-rich veins in HS in a later formed shear zone stage as indicated by the high 

contents of silver in the electrum. However, this is not conclusive as it can be a late 

remobilization feature. 

5. Retrograde metamorphism has likely overprinted earlier features of amphibolite facies to 

greenschist facies. This has also caused a similar mobilization of chalcopyrite into cataclastic 

pyrite in all mines. Calcite veining during brittle conditions also remobilized chalcopyrite. 

6. Later fractures were filled with laumontite. 

8 Further studies 
The Ädelfors area is geologically complex and interesting with its multitude of veins, hosting gold and 

minor base metals and further studies will be needed to fully understand the geological history of the 

area. Some suggested areas to study further are: 

• Analyze the pyrite from the investigated mines with quantitative equipment as to produce 

accurate data of the trace elements. 

• Map the pyrite with LA-ICP-MS to achieve a better resolution of the distribution of trace 

elements. 

• Conduct a fluid inclusion study in more veins e.g. KM, FR, AF, GKO and NFE, investigating the 

concentrations of CO2, CH4, H2S and NaCl. Attention should be paid to the comparison of the 

copper-rich vein and the gold-rich veins. 

• Date the vein in AF by using scheelite and the vein in GKO by using monazite. 
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10 Appendix 

10.1 Appendix A – Field data 
NEW GALON MINE NYA GALONGRUVAN 
COORDINATES 6364775 N 521258 E TYPE & SIZE Mine, 5.5 x 1.5 m 
COMMODITY Au ORIENTATION 65° E 55° dip 
HOST ROCK Quartz-rich mafic tuffite. Secondary texture with secondary minerals. Both 

fresh and weathered surfaces are dark grey/black. Visible minerals present are 
biotite, quartz, chlorite, amphibole and sericite mainly as faint bands or 
adjacent to quartz veins. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. 
STRUCTURES Weak foliation is present among the waste rocks. Unable to measure 

orientation. Metamorphic layers of epidote and chlorite are also present. 
MINERALIZATION <5 %  

<1 %  
<1 % 
<1 % 

Barren quartz veins 
Pyrite bearing quartz veinlets 
Pyrite grains in quartz veinlets 
Pyrite veinlets in the contact between quartz veinlets and host rock 

ALTERATIONS 20 % 
5 % 
 
<1 % 
<1 %  

Chlorite and epidote alteration of the matrix in layers 
Chlorite patches in matrix unrelated to epidote, containing up to 5 % 
pyrite 
Calcite filled veinlets 
Amphibole, chlorite & epidote alteration in the contact of quartz veins 
and host rock 

 

ADOLF FREDRIK’S MINE ADOLF FREDRIKS GRUVA 
COORDINATES 6364882 N 521492 E TYPE & SIZE Mine, 7 x 2-3 m 
COMMODITY Au ORIENTATION 10° E 65-70° dip 
HOST ROCK Quartz-rich metasedimentary rock var. metapelite. Secondary texture with 

secondary minerals. Both fresh and weathered surfaces are dark grey/black. 
Visible minerals present are biotite, quartz, chlorite, epidote and sericite. 
Quartz is often seen as thin veins throughout the matrix with chlorite adjacent 
to those. Epidote is seemingly more layered in the otherwise biotite, quartz 
and (sericite) dominated host rock. Basalt contact present directly east of 
mine area. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
quartz and pyrite grains that reach 0.5 mm and 3 mm respectively locally. 

STRUCTURES Weak foliation is present among the waste rocks. Unable to measure 
orientation. Metamorphic layers of amphibole and chlorite are present. 

MINERALIZATION 5 %  
<1 %  
<1 % 
5 % 

Barren quartz veins 
Pyrite bearing quartz veinlets 
Pyrite grains in quartz veinlets 
Pyrite veinlets in quartz veinlets, specifically in the contact between 
quartz veinlets and host rock 

ALTERATIONS 10 % 
<1 % 
<1 % 
<1 %  

Amphibole altered layers and patches in host rock 
Chlorite altered layers and fissures 
Calcite filled veinlets 
Laumontite in fissures 
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BRÅNAD’S MINE BRÅNADSGRUVAN 

COORDINATES 6364621 N 521123 E TYPE & SIZE Mine, 12.5 x 1.5 m 
COMMODITY Au ORIENTATION 110° E 90° dip 
HOST ROCK Quartz-rich metasedimentary rock var. metapelite. Secondary texture with 

secondary minerals. Both fresh and weathered surfaces are dark grey/black. 
Visible minerals present are biotite, quartz, chlorite and epidote. Quartz 
occurs as thin veins throughout the matrix with abundant chlorite adjacent to 
those. Faint layering of chlorite is also seen in the biotite dominated host rock. 
Epidote occurs in a few veins. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
quartz that reaches 3 mm locally. 

STRUCTURES Weak foliation is present among the waste rocks and mine walls. Orientation 
is roughly 95° E 80° S. Metamorphic layers of chlorite are present. 

MINERALIZATION <5 %  
<1 %  
<1 % 
<1 % 

Barren quartz veins, 1 mm to 5 cm in width 
Pyrite bearing quartz veinlets 
Pyrite grains in host rock 
Pyrite veinlets in quartz veinlets, notably less pyrite than other mines 

ALTERATIONS >1 % 
1 % 
<1 % 
<1 %  

Calcite filled fractures, 1 mm to 2 cm wide 
Chlorite alteration, mostly layered but otherwise irregular 
Laumontite in fractures 
Epidote in narrow veins 

 

FRIDHEM FRIDHEM 
COORDINATES 6363978 N 527824 E TYPE & SIZE Mine, 50 x 1.5 m 
COMMODITY Au ORIENTATION 70° E 80° N 
HOST ROCK Beresitizised felsic volcanic host rock interlayered with parallel quartz veins 

and shale layers. Secondary textures in both rock types. Both weathered and 
fresh surfaces are light grey to red for the beresitizised rock but dark for shale 
layers. The host rock varies from red to almost black due to iron staining and 
impregnation of biotite respectively but is mostly greyish-white with large 
amounts of sericite. Shale layers are extremely biotite- and chlorite-rich and 
moderately sulfide-rich as weathered shale is seemingly rusty. It hosts few 
calcite veins as well. A single 4 m wide kalifeldspar pegmatite vein occurs in 
the layering. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm in their 
respective layers. In the contact between layers can larger, up to 1 mm pyrite 
grains be found. 

STRUCTURES Strong foliation in shale layers. Structures has the same orientation as quartz 
veins/layers. Layers varies in width between 1-3 cm. Shear zones are 
abundant in the mine, disturbing the layers perpendicular to strike. 

MINERALIZATION <1 % 
<1 % 

Pyrite grains in quartz veins, rarely exceeding 0.5 mm in size  
Pyrite dissemination in the host rock layers 

ALTERATIONS 40 % 
35 % 
1 % 
<1 % 

Extensive silicification and sericitification of host rock 
Chlorite and biotite alteration in shale layers  
Epidote alteration in fractures 
Calcite in fractures, limited to the shale layers 
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OLD KOLHAG’S MINE GAMLA KOLHAGSGRUVAN 

COORDINATES 6365020 N 521059 E TYPE & SIZE Mine, 16.5 x 2 m 
COMMODITY Au ORIENTATION 110° E 85° NNE 
HOST ROCK Quartz-rich metasedimentary rock var. metapelite. Secondary texture with 

secondary minerals. Fresh surfaces are black and weathered surfaces are 
green tinted black. Visible minerals present are biotite, quartz, chlorite and 
epidote. Quartz occurs as thin veins throughout the matrix. Faint layers of 
chlorite and epidote are also seen in the biotite dominated host rock. Pyrite is 
locally disseminated in the host. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
pyrite that reaches 1 mm locally. 

STRUCTURES Strong foliation is present among the waste rocks and mine walls. Orientation 
is roughly 20° E 60° SE. Metamorphic layers of chlorite are present. 

MINERALIZATION 1 %  
<1 %  
<1 % 

Pyrite grains in host rock 
Pyrite bearing quartz veinlets 
Pyrite veinlets in quartz veinlets, notably less pyrite than other mines 

ALTERATIONS 1 % 
1 % 
<1 % 

Calcite filled fractures as well as calcite intergrown in quartz veins 
Chlorite and epidote alteration, mostly layered but otherwise irregular 
Laumontite in fractures as a network 

 

OLD KRON MINE GAMLA KRONGRUVAN 

COORDINATES 6364951 N 521259 E TYPE & SIZE Mine, 7 x 2 m 
COMMODITY Au ORIENTATION 55° E 60° S 
HOST ROCK Quartz-rich metasedimentary rock var. metapelite. Secondary texture with 

secondary minerals. Fresh surfaces and weathered surfaces are black. Visible 
minerals present are biotite, quartz, chlorite and epidote. Quartz is seen 
sparingly as thin veins throughout the matrix. Faint layers of epidote are also 
seen in the biotite dominated host rock. Pyrite is locally disseminated in 
fractures in the host rock as euhedral crystals. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
pyrite that reaches 6 mm locally. 

STRUCTURES Weak foliation is present among the waste rocks and mine walls. Orientation 
is unknown. Metamorphic layers of epidote are present. 

MINERALIZATION 1 %  
<1 % 
1 %  
<1 % 

Pyrite grains in host rock. Locally euhedral when present in fractures 
Pyrite bearing quartz veins  
Pyrite veinlets and grains in pyrite bearing quartz veins 
Barren quartz veinlets 

ALTERATIONS <1 % 
<1 % 
 
<1 % 

Calcite filled fractures. 
Laumontite in fractures as a network and as a contact rim of calcite 
filled fractures 
Kalifeldspar altered fractures and larger veinlets 

 

TYSK MINE TYSKGRUVAN 

COORDINATES 6364018 N 519824 E TYPE & SIZE Mine, 4 x 1.5 m 
COMMODITY Unknown ORIENTATION 90° E 85° S 
HOST ROCK Quartz-rich metasedimentary rock var. Metapelite. Secondary texture with 

secondary minerals. Fresh surfaces are grey-black and weathered surfaces are 
almost green. Visible minerals present are biotite, quartz, chlorite and 
kalifeldspar. Quartz occurs as veins from 2 mm to 5 cm throughout the matrix 
parallel to cm thick layers of massive chlorite in the southern wall of the mine 
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and metapelite layers. Metapelite adjacent to quartz veins has undergone 
moderate silicification giving it a lighter grey color. Kalifeldspar is a result of 
alteration. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.5 mm. Exception is 
pyrite that reaches 5 mm locally in the metapelite and quartz contacts. 

STRUCTURES Strong foliation is present among the waste rocks and mine walls, both 
metapelite and the chlorite layers are foliated. Orientation is parallel to quartz 
veins.  

MINERALIZATION 5 %  
<1 % 
<1 %  

Pyrite bearing quartz veins  
Pyrite veinlets and euhedral grains in pyrite bearing quartz veins 
Layered pyrite exclusively in the altered contact between quartz and 
metapelite with kalifeldspar alteration. Mostly euhedral with pinch & 
swell structure 

ALTERATIONS 30 % 
30 % 
 
5 % 
 
<1 % 

Silicification of the metapelite matrix in close vicinity to quartz veins  
Chlorite alteration in layers and fractures parallel to quartz veins, 
locally up to 50 cm thick. Epidote is locally present in the chlorite layers 
Kalifeldspar altered fractures and larger veinlets in a network together 
with hematite staining of the fractures 
Laumontite filled fractures 

 

HÄLLASKALLEN HÄLLASKALLEN 

COORDINATES 6364044 N 520589 E TYPE & SIZE Mine, 12.5 x 4 m 
COMMODITY Au ORIENTATION 110° E 85° S 
HOST ROCK Biotite- and chlorite-rich mafic tuffite. Secondary texture with secondary 

minerals. Fresh surfaces are black and weathered surfaces are greenish black. 
Visible minerals present are biotite, quartz, chlorite and epidote. Quartz is 
sparingly seen as thin 5 mm to 3 cm thick veins throughout the matrix, often 
intertwined by calcite filled fractures and aggregates. Strongly altered layers 
of epidote and chlorite are also seen in the biotite dominated host rock. 
Epidote veins are between 1 mm to 1 cm thick, locally 5 cm in pinch & swell 
structures.  

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
pyrite that reaches 1 mm locally. 

STRUCTURES Weak foliation is present among the waste rocks and mine walls. Orientation 
is unknown. Epidote veins are common in the host rock. 

MINERALIZATION 1 %  
<1 % 
 
<1 %  

Pyrite bearing quartz veins 
Pyrite in pyrite bearing quartz veins as individual grains, notably sparse 
amounts of pyrite 
Pyrite grains and disseminated pyrite in the host rock, notably sparse 
amounts of pyrite 

ALTERATIONS 10 % 
 
1 % 
<1 % 
<1 % 
<1 % 

Chlorite altered bands, as well as irregular chlorite alteration of the 
host rock 
Laumontite filled fractures 
Calcite filled fractures, often associated with laumontite fractures 
Amphibole alteration near quartz veins 
Kalifeldspar alteration, often associated with pyrite 
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FE-MINE  FE-GRUVAN 

COORDINATES 6364993 N 521650 E TYPE & SIZE Mine, 14 x 2.5 m 
COMMODITY Fe ORIENTATION 90° E 70° E 
HOST ROCK Banded iron formation in metasedimentary rock var. metapelite. Secondary 

texture with secondary minerals. Fresh surfaces and weathered surfaces are 
dark grey or green-grey. Visible minerals present are albite, quartz, chlorite 
and epidote. Quartz is uncommon and found as black veins intimately 
associated with magnetite or as white veins entirely lacking magnetite.  

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. 
STRUCTURES Weak foliation is present, instead, a strong banding occurs composed of 

magnetite and dark quartz with epidote-, albite- and kalifeldspar-rich irregular 
bands, often strongly folded. Orientation is unknown. Extensive structural 
deformation is commonly seen among the waste rock. 

MINERALIZATION 1 %  
1 % 
 
1 %  

Quartz veins associated with magnetite (black type), up to 1 cm thick 
Magnetite veins intimately associated with quartz veins, locally 
resembling banded iron formations up to 5 cm thick 
Pyrite veinlets and grains in the contact between magnetite and quartz  

ALTERATIONS 5 % 
5 % 
1 % 
<1 % 
<1 % 

Pervasive epidote altered bands 
Pervasive albite altered bands 
Chlorite filled fractures and as rims of white quartz veins 
Kalifeldspar altered veinlets in a network 
Calcite filled fractures, rarely found 

 

THÖRN MINE THÖRNGRUVAN 

COORDINATES 6364788 N 521328 E TYPE & SIZE Mine, 10.5 x 2.5 m 
COMMODITY Au ORIENTATION 55° E 65° S 
HOST ROCK Quartz-rich metasedimentary rock var. metapelite. Secondary texture with 

secondary minerals. Fresh surfaces and weathered surfaces are black. Visible 
minerals present are biotite, quartz, chlorite and epidote. Quartz is common 
as 1 mm to 7 cm thick veins throughout the matrix and almost entirely barren. 
Two types of quartz are present, a white clear and a grey-white granular type. 
Pyrite is locally disseminated in fractures in the host rock as euhedral crystals. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
pyrite that reaches 3 mm locally in fractures. 

STRUCTURES Very weak foliation is present among the waste rocks, otherwise massive. 
Orientation is unknown. More commonly banded with biotite- and chlorite-
rich bands. 

MINERALIZATION 7 %  
2 % 
1 %  
<1 % 

Barren quartz veinlets 
Pyrite grains and aggregates in host rock and in quartz veins 
Chalcopyrite grains in quartz veins 
Pyrite veinlets in fractures in host rock 

ALTERATIONS 10 % 
1 % 
1 % 
<1 % 
<1 % 

Chlorite and biotite altered bands, pervasive alteration.  
Network of calcite filled fractures associated with quartz 
Chlorite filled fractures 
Chlorite patches in the contact between quartz and metapelite 
Epidote filled fractures associated with quartz veins 
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STENBORG’S MINE STENBORGS GRUVA 

COORDINATES 6365009 N 521316 E TYPE & SIZE Mine, 7.5 x 2 m 
COMMODITY Au ORIENTATION 20° E -° S 
HOST ROCK Quartz-rich metasedimentary rock var. metapelite. Secondary texture with 

secondary minerals. Fresh surfaces are black and weathered surfaces are 
greenish-black. Visible minerals present are biotite, quartz, chlorite and 
epidote. Quartz occurs as 3 mm to 3 cm thick veins throughout the matrix. 
Altered layers with chlorite occur in the otherwise biotite-dominated host 
rock. Pyrite is locally disseminated in fractures in the host rock as euhedral 
crystals. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm. Exception is 
pyrite that reaches 3 mm locally in fractures. 

STRUCTURES Weak foliation is present among the waste rock and mine walls. Orientation is 
roughly 65° E 60° S. Metamorphic layers of chlorite are present. More 
commonly massive. 

MINERALIZATION 5 %  
 
<1 %  
<1 % 
<1 % 

Pyrite grains in quartz veins. Locally euhedral when present in 
fractures 
Pyrite bearing quartz veins and veinlets 
Pyrrhotite aggregates in quartz veins 
Chalcopyrite aggregates in quartz veins 

ALTERATIONS 5 % 
5 % 
1 % 
<1 % 
<1 % 
<<1% 

Pervasive chlorite altered bands 
Pervasive biotite altered bands 
Kalifeldspar altered fractures and larger veinlets 
Calcite filled fractures 
Network of laumontite filled fractures 
Kalifeldspar altered veins exclusively associated with laumontite 
bearing rock 

 

KAMELEN KAMELEN 

COORDINATES 6364693 N 521473 E TYPE & SIZE Mine, 14 x 4.5 m 
COMMODITY Cu ORIENTATION 140° E 80° E 
HOST ROCK Very quartz-rich metasedimentary rock var. metapelite. Secondary texture 

with secondary minerals. Fresh surfaces and weathered surfaces are black. 
Visible minerals present are biotite, quartz, chlorite. Quartz is abundant in the 
waste rock and is often found as veins up to 20 cm thick. Biotite and chlorite 
are more sparingly found, chlorite often near the contact between quartz and 
metapelite which is also locally silicified adjacent to quartz veins. 

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.1 mm in the 
metapelite. Chalcopyrite aggregates in quartz veins are locally 3-5 mm. 
Chlorite up to 3 mm large flakes. 

STRUCTURES Moderate foliation is present among the waste rock. Orientation unknown. 
Mostly massive metapelite with irregular cross-cutting quartz veins, locally 
silicified. 

MINERALIZATION 15 %  
1 % 
3 %  
<1 % 
<1 % 

Barren quartz veins, often cross-cutting 
Mineralized quartz veinlets  
Chalcopyrite aggregates, veinlets and grains in quartz veins 
Disseminated chalcopyrite grains in metapelite 
Pyrite filled fractures in metapelite and quartz 

ALTERATIONS 3 % 
1 % 
<1 % 

Silicification of metapelite matrix adjacent to quartz veins 
Chlorite altered contacts and fractures between quartz and metapelite 
Calcite filled fractures 
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NILSSON’S MINE NILSSONS GRUVA 
COORDINATES 6364663 N 521635 E TYPE & SIZE Mine, 32 x 4 m 
COMMODITY Fe ORIENTATION 75° E -° S 
HOST ROCK Quartz- and biotite-rich mafic tuffite, partly metamorphosed to chlorite-rich 

slate. Fresh surfaces are green and weathered surfaces are greenish-black. 
Visible minerals present are biotite, quartz, chlorite and amphibole. Quartz 
occurs as up to 40 cm thick veins throughout the rock. A black and a white 
type of quartz are present, the black one being intimately associated with 
magnetite.  

TEXTURE Fine-grained, evenly distributed, grains rarely exceed 0.5 mm. Exception is 
amphibole that reaches 4 mm as porphyroblasts in chlorite slate. 

STRUCTURES Strong foliation is present in the most metamorphosed chlorite-rich rocks 
where amphibole appears as euhedral prismatic crystals forming radiating 
fans. Orientation of the foliation is unknown. The chlorite slate is layered 
parallel to the white quartz vein system.  

MINERALIZATION 5 %  
1 % 
 
1 %  

Quartz veins  
Magnetite veins and veinlets exclusively in the contact zone of quartz 
veins 
Disseminated pyrrhotite in chlorite slate 

ALTERATIONS 30 % 
<1 % 
<1 % 

Pervasive chlorite altered layers forming chlorite slate  
Network of calcite filled fractures 
Selective amphibole alteration of chlorite in patches creating radiating 
fans 
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10.2 Appendix B – Opaque microscope data 
Mine site Adolf Fredrik’s mine Sample Nr AF3 

Rock/sample type Polished sample. Quartz-metapelite contact zone with pyrite in the selvage. 

Main minerals % of 
sample 

Description 

Metapelite 45 Biotite-rich metapelite constitutes the matrix, hosts a single quartz 
veinlet with small amounts of pyrite. Hosts traces of ilmenite laths. 

Quartz 40 Slightly granular, brownish-grey quartz constitutes half of the 
sample, having a distinctive contact zone towards the metapelite. 
Quartz hosts the pyrite in the selvage. Occurs as nodules and as an 
interstitial in and between pyrite grains. A clear, white, quartz vein 
cuts the metapelite perpendicular to the main vein. 

Pyrite 15 Subhedral, medium-grained pyrite occurs exclusively in the 
selvage, forming a 3 mm, cumulate textured band in the quartz. 
Single pyrite grains are poikilitic with quartz nodules and 
extremely fine-grained disseminated laths of bismuth. 

Ilmenite <<1 Ilmenite occurs as fracture infill in the clear quartz vein cutting the 
metapelite as single needle shaped crystals. 

Gold <<1 A very fine-grained, anhedral gold crystal is present in the 
immediate quartz-metapelite contact. 

 

Mine site Adolf Fredrik’s mine Sample Nr AF6 

Rock/sample type Polished sample. Cataclastic pyrite with interstitial quartz and quartz 
nodules. 

Main minerals % of 
sample 

Description 

Pyrite 69 Coarse-grained, subhedral pyrite forms a 20 x 15 mm large 
cataclastic cluster. Moderately fractured, locally with calcite infill.  

Quartz 30 Brown tinted, slightly granular, abundant microfractures with 
calcite infill. Nodules of quartz occur as an interstitial between 
pyrite crystals. 

Garnet <1 Fine-grained, anhedral garnet occurs as an interstitial between 
pyrite crystals. 

Gold <<1 Locally, very fine-grained, anhedral gold occurs disseminated in 
clouds in the quartz close to pyrite. 

Calcite <<1 Occurs as fracture infill in quartz and locally in pyrite crystals. 

Magnetite <<1 Minute subhedral crystals of fine-grained magnetite occur as an 
interstitial mineral between pyrite crystals. 

 

Mine site Adolf Fredrik’s mine Sample Nr AF7 

Rock/sample type Polished sample. Quartz with two main pyrite veins and minor metapelite. 

Main minerals % of 
sample 

Description 

Quartz 80 A brown tinted, slightly granular quartz and a biotite-richer, darker 
quartz are present in the sample due to metapelite inclusions, 
otherwise pure.  

Pyrite 15 Subhedral, medium-grained, cumulate textured pyrite forms two 2 
mm veins cutting the quartz matrix. 3 mm vein-like cataclastic 
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clusters occur isolated. Fine-grained, sub- to euhedral pyrite 
occurs disseminated throughout the quartz close to the pyrite 
veins. 

Metapelite 5 A single 3x4 mm patch of metapelite is present. 

Calcite <1 Abundant calcite is found in the pyrite veins as interstitial infill 
between pyrite and quartz. 

Gold <<1 Single euhedral, fine-grained gold crystals occur in the quartz-
metapelite contact and as inclusions in a pyrite crystal. 

Ilmenite <<1 Minute subhedral, fine-grained crystals occur in the metapelite. 

 

Mine site Brånad’s mine Sample Nr BR1 

Rock/sample type Polished sample. Quartz vein in metapelite. 

Main minerals % of 
sample 

Description 

Quartz 80 Massive, slightly granular, clear and white quartz constitutes the 
main matrix. 

Metapelite 18 Biotite-rich metapelite which is cut by a quartz vein, hosts 
abundant disseminated magnetite. 

Pyrite 1 An- to subhedral, medium-grained pyrite occurs disseminated 
mainly along the contact zone of quartz and metapelite, only 
minute grains are situated distal to the host rock. The pyrite is free 
of fractures and commonly has chalcopyrite along the crystal 
margins. 

Chalcopyrite 1 Chalcopyrite occurs disseminated throughout the quartz but has a 
higher concentration along the contact zone. Commonly anhedral 
and medium-grained. Crystals are mostly situated along the 
margin of pyrite and in calcite filled microfractures in the quartz 
but also as fine-grained crystals situated directly in the quartz.  

Ilmenite <1 Occurs exclusively in the metapelite as anhedral, fine grains and 
elongated, medium-grained crystals. Generally oriented in the 
same direction as the metapelite 

Gold <<1 A single spot of several medium to very fine-grained an- to 
subhedral crystals of gold are present distal to the host rock.  

 

Mine site Brånad’s mine Sample Nr BR2 

Rock/sample type Polished sample. Quartz vein in metapelite. 

Main minerals % of 
sample 

Description 

Quartz 75 Massive, slightly granular clear and white quartz constitutes the 
main matrix. Contains abundant calcite filled fractures with 
chlorite rims. 

Metapelite 23 Biotite-rich metapelite which is cut by a quartz vein, hosts 
abundant disseminated magnetite. 

Pyrite 1 Sub- to euhedral, medium- to fine-grained pyrite occurs 
disseminated throughout the quartz, larger crystals are present in 
calcite veins whereas smaller occur disseminated in the quartz. 

Chalcopyrite 1 Subhedral to dendritic patches of medium to fine-grained 
chalcopyrite occur disseminated in the sample both in the quartz 
and calcite filled fractures. Locally present at the crystal margin of 
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pyrite but forms mostly individual larger grains in the fractures. 
Clouds of disseminated very fine-grained chalcopyrite are 
commonly found in the quartz matrix. 

Ilmenite <1 Occurs exclusively in the metapelite as anhedral fine grains and 
elongated medium-grained crystals. Generally oriented in the 
same direction as the metapelite 

Gold <<1 Fine to very fine-grained, an- to subhedral crystals of gold occur in 
the center both as individual crystals in the quartz and as 
inclusions in pyrite. 

 

Mine site Fe-mine Sample Nr FE1 

Rock/sample type Polished sample. Magnetite-metapelite with pyrite and black quartz veins. 

Main minerals % of 
sample 

Description 

Magnetite-pelite 
 - banded iron 

formation 

75 Constitutes the matrix of the sample where fine-grained, 
subhedral magnetite crystals are evenly disseminated throughout 
the metapelite, a faint banded structure can be seen among the 
magnetite crystals. 

Pyrite 20 Medium-grained, subhedral pyrite forming up to 4 mm thick veins 
cuts the magnetite-rich matrix. The pyrite is poikilitic with 
magnetite inclusions. Locally, microfractures with an alteration rim 
of marcasite occur in the pyrite. 

Quartz 5 1-3 mm quartz veins cut the matrix in several directions, mainly 
dark grey or black in color. Hosts the pyrite, chalcopyrite and 
locally, also garnet. 

Marcasite <1 Occurs as alteration rims in microfractures of medium-grained 
pyrite. 

Chalcopyrite <1 Fine-grained, anhedral chalcopyrite occurs sparsely along pyrite 
rims. 

 

Mine site Fe-mine Sample Nr FE2 

Rock/sample type Polished sample. Magnetite-pelite banded with several quartz veins 
resembling BIF. 

Main minerals % of 
sample 

Description 

Magnetite-pelite 
- banded iron 

formation 

70 Constitutes the matrix of the sample where fine-grained subhedral 
magnetite crystals are evenly disseminated throughout the 
metapelite, a faint banded structure can be seen among the 
magnetite crystals. Very well defined 1-3 mm thick bands of the 
magnetite metapelite occur, resembling a banded iron formation. 
The magnetite metapelite has undergone structural deformation 
by faulting, displacing the bands 1-2 mm. 

Quartz 20 Very fine-grained quartz entirely black in color form 1-3 mm thick 
bands. Which has been displaced by faulting. Pyrite and 
chalcopyrite have later filled these fractures and partly been 
deposited along the quartz bands. 

Pyrite 5 Fine-grained, subhedral pyrite occurs as fracture infill in fractures 
cutting the quartz and magnetite metapelite bands and has been 
deposited later. Minute crystals are disseminated in the magnetite 
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metapelite as well. 

Chalcopyrite <1 Anhedral, fine-grained chalcopyrite commonly associated with 
pyrite, but not necessarily vice versa, occurs exclusively in 
fractures and quartz bands as an interstitial mineral. 

 

Mine site Fridhem Sample Nr FR3 

Rock/sample type Polished sample. Beresitizised rock. 

Main minerals % of 
sample 

Description 

Quartz 90 Highly structurally metamorphosed, showing perfect banding. Two 
types observed, one biotite- and kalifeldspar-rich quartz occurring 
as thin 1 mm veins (20 %) and a greenish-grey sericite-, chlorite-
rich type constituting the main matrix. Silicification, sericitization 
and kalifeldspar alteration of host possibly.  

Mica 6 Euhedral, fine-grained chlorite and sericite occur disseminated in 
the quartz matrix whereas euhedral, medium sized biotite is 
mainly found in quartz veins.  

Calcite 3 Anhedral nodules and fracture infill of calcite occur along the 
biotite-rich quartz veins. 

Pyrite 1 Subhedral, medium-grained and anhedral, fine-grained pyrite 
occurs disseminated in both types of quartz. Locally, skeletal and 
poikilitic, almost entirely euhedral crystals occur with chlorite 
intergrowths. Very fine-grained disseminated pyrite clouds are 
exclusively found in the biotite-rich quartz veins. Galena occur in a 
single instance adjacent to pyrite. 

Chalcopyrite <<1 Subhedral, very fine-grained crystals of chalcopyrite occur 
disseminated in patches. 

 

Mine site Fridhem Sample Nr FR2 

Rock/sample type Polished sample. Beresitizised rock. 

Main minerals % of 
sample 

Description 

Quartz 95 Highly structurally metamorphosed, showing perfect banding 
between a greenish-grey chlorite-rich quartz and a white sericite-
rich, chlorite-poor quartz. Silicification and kalifeldspar alteration 
of host possibly. 

Mica 3 Euhedral, fine-grained chlorite and sericite occur disseminated in 
the white quartz matrix, whereas euhedral, fine-grained chlorite is 
mainly found in the darker quartz bands. Biotite is scarcely 
present, mainly along fractures. 

Calcite 2 Fracture infill of calcite is locally present along the biotite-rich 
quartz veins, but also elsewhere. 

Pyrite <1 Subhedral, fine-grained and anhedral, very fine-grained pyrite 
occurs disseminated in both types of quartz. Pyrite is more 
commonly found in or along the sides of the white quartz. Very 
fine-grained disseminated pyrite in clouds are uncommon. 
Commonly poikilitic with quartz and in one instance also with 
chalcopyrite intergrowths. 

Chalcopyrite <<1 Subhedral, very fine-grained crystals disseminated in cloud 
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patches or as inclusions in sphalerite. One crystal is intergrown in 
pyrite. 

Hem <<1 Three anhedral, fine-grained crystals of hematite occur in the 
biotite-richer quartz fractures. 

 

Mine site Hällaskallen Sample Nr HS1 

Rock/sample type Polished sample. Quartz vein in mafic tuffite. 

Main minerals % of 
sample 

Description 

Quartz 91 White and clear quartz, slightly granular. Constitutes almost the 
entire sample as it cuts the host rock which is clearly visible at 
opposite sides of the sample. Vein width 15 mm. Entirely free of 
inclusions except the sulfides. 

Mafic tuffite 8 Biotite-rich and constitutes the opposite sides of the sample. 

Pyrite <1 Medium-grained, anhedral pyrite closely associated with 
chalcopyrite is found disseminated in the quartz.  

Chalcopyrite <1 Disseminated, anhedral, fine-grained chalcopyrite occurs 
throughout the sample. Locally, very fine-grained chalcopyrite 
staining of the quartz occurs. 

Magnetite-ilmenite <<1 Minute, subhedral crystals of magnetite occur in the host rock 
with ilmenite laths. 

 

Mine site Hällaskallen Sample Nr HS4 

Rock/sample type Polished sample. Mafic tuffite with quartz vein and amphibole patches. 

Main minerals % of 
sample 

Description 

Mafic tuffite 60 Amphibole-rich and constitutes the matrix of the sample. Hosts 
abundant disseminated ilmenite and patches of amphibole in the 
selvage to quartz which cuts the sample. 

Quartz 20 White to sooty green quartz cuts the host rock, hosting several 
sulfide grains together with abundant amphibole. 

Actinolite 15 Up to 3 mm thick alteration bands of fine-grained euhedral 
actinolite occur interstitial between quartz and the host rock and 
in patches in the host rock. 

Ilmenite 3 Abundant disseminated, euhedral, fine-grained crystals, both 
rhombs and laths occur in the host rock where it generally follows 
the banding of it. Locally also occurring as anhedral dendritic 
masses in the quartz.  

Pyrite <1 Minute rounded, anhedral, medium-grained crystals of pyrite 
occur exclusively in the quartz vein associated with chalcopyrite. 

Chalcopyrite <1 Anhedral, medium-grained chalcopyrite occurs mainly in the 
quartz veins but locally in the contact zone towards the host rock. 
Disseminated fine-grained chalcopyrite is abundant in the 
actinolite altered patches and bands. 

Gold <1 A 2 mm2 patch containing 30+ fine to very fine-grained, subhedral 
gold crystals occur in a highly fractured and metamorphosed 
quartz vein entering the sample perpendicular to the surface 
together with amphibole. A few gold crystals are intergrown with 
bornite. Single anhedral, fine-grained gold crystals occur 
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disseminated in the actinolite altered selvage. 

Bornite <1 Subhedral, disseminated, fine-grained bornite is found exclusive in 
the same zone as gold, locally intergrown with gold.  

 

Mine site Kamelen Sample Nr KM1 

Rock/sample type Polished sample. Quartz in contact with metapelite with sulfides in the 
selvage. 

Main minerals % of 
sample 

Description 

Quartz 75 White and clear massive quartz in contact with metapelite with 
several calcite-infilled microfractures. 

Metapelite 23 Biotite-rich with abundant magnetite-ilmenite inclusions. 

Pyrite 2 Pyrite occurs mainly disseminated close to the quartz-metapelite 
selvage as medium-grained, sub- to euhedral crystals. Minute 
pyrite is associated with calcite filled veins and interstitial 
chalcopyrite between pyrite crystals and between quartz and 
pyrite. Locally forming cataclastic clusters. 

Chalcopyrite 1 Medium-grained, anhedral chalcopyrite occurs mainly in the 
quartz or as a selvage mineral at the quartz-metapelite contact. 
Patches of disseminated very fine-grained, anhedral crystals occur 
in the metapelite and calcite filled veins, rarely also observed in 
the quartz matrix. Locally are larger crystals poikilitic with quartz 
nodules and intergrown with quartz. 

Magnetite-ilmenite <1 Minute subhedral, fine-grained crystals occur in the metapelite. 

 

Mine site Kamelen Sample Nr KM2 

Rock/sample type Polished sample. Quartz vein with pyrite and chalcopyrite in calcite filled 
fractures. 

Main minerals % of 
sample 

Description 

Quartz 85 Grey and clear massive quartz with abundant calcite filled 
fractures hosting the sulfides. 

Pyrite 10 Subhedral, medium-grained pyrite occurs in or in connection to 
calcite filled fractures. Locally forming cataclastic aggregates up to 
2 mm otherwise disseminated in the veins. Associated with 
chalcopyrite. 

Chalcopyrite 5 Anhedral, fine-grained chalcopyrite occurs exclusively in fractures 
as infill together with pyrite and calcite. Locally as an interstitial 
mineral around pyrite. 

 

Mine site Kamelen Sample Nr KM4 

Rock/sample type Polished sample. Quartz vein with sulfides. 

Main minerals % of 
sample 

Description 

Quartz 95 Dark grey, massive quartz constitutes the entire matrix and has 
abundant cataclastic pyrite and microfractures filled with 
disseminated chalcopyrite.  

Chalcopyrite 5 Medium-grained, anhedral chalcopyrite occurs disseminated in 
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one main fracture and as disseminated anhedral crystals close to 
it. Minute, very fine-grained chalcopyrite occurs in the quartz as 
well. Locally poikilitic with large quartz nodules. 

Pyrite <<1 Mainly occurring as stringers, <10 µm wide, disseminated in the 
entire sample, associated with microfractures and chalcopyrite but 
also free in the quartz. Locally, very fine-grained, subhedral pyrite 
is present as an interstitial between chalcopyrite and quartz. 

 

Mine site New Galon mine Sample Nr NG1 

Rock/sample type Polished sample. Quartz vein with pyrite inclusions. 

Main minerals % of 
sample 

Description 

Quartz 95 A clear and white quartz vein constitutes the matrix, hosting a 
larger pyrite cluster and disseminated chalcopyrite. 

Pyrite 4 Up to 1 mm wide subhedral pyrite occurs mainly in a cluster. 
Disseminated, very fine-grained pyrite occurs locally in the quartz.  

Garnet 1 Subhedral, fine-grained garnet exclusively found in the pyrite 
cluster as an interstitial mineral.  

Chalcopyrite <1 Fine-grained chalcopyrite occurs disseminated as anhedral crystals 
throughout the quartz, locally associated with calcite filled 
fractures. 

 

Mine site New Galon mine Sample Nr NG2 

Rock/sample type Polished sample. Quartz vein in mafic tuffite. 

Main minerals % of 
sample 

Description 

Quartz 30 Mainly white and clear quartz, hosts the sulfides. Sooty green 
globular quartz occurs in the host rock.  

Mafic tuffite 50 Quartz-rich host rock hosting minute chalcopyrite crystals as well 
as ilmenite. 

Pyrite 10 An- to subhedral poikilitic, medium-grained pyrite occurs 
exclusively in the quartz vein with extensive quartz-globule 
inclusions.  

Chlorite 8 Platy, fine-grained, euhedral chlorite occurs as a selvage mineral. 

Chalcopyrite <1 Minute, anhedral, very fine-grained chalcopyrite crystals occur in 
the host rock. 

Ilmenite 1 Very fine-grained, disseminated, euhedral, cubic and elongated 
crystals occur in the host rock oriented along the layering.  

 

Mine site Nilsson’s mine Sample Nr NFE2 

Rock/sample type Polished sample. Rusty quartz vein with pyrrhotite inclusions. 

Main minerals % of 
sample 

Description 

Quartz 90 Constitutes the matrix of the sample, heavily stained by rust. 

Pyrrhotite 8 1 mm sized anhedral pyrrhotite occurs spotty in fractures in the 
quartz, hosts anhedral, fine-grained chalcopyrite and magnetite. 
Partly replaced by marcasite in fractures. 

Magnetite <1 Minute, anhedral magnetite crystals are found intimately 
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associated with pyrite as fracture infills. 

Marcasite <1 Neoformed mineral. Occurs exclusively as a reaction rim in the 
fractured pyrrhotite. 

 

Mine site Nilsson’s mine Sample Nr NFE1 

Rock/sample type Polished sample. Pyrrhotite-rich quartz vein. 

Main minerals % of 
sample 

Description 

Quartz 65 Main constituent of the sample, mainly rusty. Occurs sparsely as 
nodules in pyrrhotite. 

Actinolite 15 Occurs in the contact between pyrrhotite and quartz. Locally, 
euhedral bladed needles are observed, otherwise subhedral. 

Pyrrhotite 12 A band of heavily fractured anhedral pyrrhotite forming a cluster 
cuts the sample and is up to 1 cm wide. Marcasite replaces 
pyrrhotite in the magnetite filled fractures. Pyrrhotite also occurs 
disseminated in the pyrrhotite-quartz contact zone commonly with 
chalcopyrite and magnetite inclusions.  

Pyrite 5 A single patch of clustered, subhedral pyrite is found in the center 
of the pyrrhotite band. Colloform marcasite replaces the pyrite, 
surrounding it entirely, forming bird’s eyes. 

Marcasite 2 Occurs exclusively as a neoformed mineral, replacing pyrrhotite in 
the fractures and the cluster of subhedral pyrite crystals, forming 
colloform replacement rims with spherulitic oxide-richer layers. 
The latter being older than the former. 

Chalcopyrite <1 Disseminated, mottled and very fine-grained, anhedral 
chalcopyrite occurs in the contact zone intimately associated with 
the disseminated pyrrhotite. 

Magnetite <1 Minute mottled, anhedral magnetite crystals are found intimately 
associated with the disseminated pyrrhotite. Constitutes the 
fracture infill in all the microfractures in the pyrrhotite and 
colloform marcasite from which the marcasite has replaced the 
pyrrhotite, indicating magnetite is paleoform to the fracture-
related marcasite. 

 

Mine site Old Kolhag mine Sample Nr GKO1 

Rock/sample type Polished sample. Rusty and sooty quartz vein with calcite filled fractures. 

Main minerals % of 
sample 

Description  

Quartz 92 Two types of quartz exist in the sample, a rusty colored and a 
white, both granular in texture. The rust (limonite) occurs as 
fracture infill in the quartz. Other fractures contain calcite. The 
quartz constitutes the matrix. Disseminated amphibole taints the 
quartz green locally in patches. 

Pyrite 5 Sub- to anhedral, coarse pyrite occurs mainly as cataclastic, 1 mm 
patches. Fine-grained pyrite occurs more scattered. A clear line of 
fine- to medium-grained pyrite occurs at the selvage of quartz and 
metapelite. 

Metapelite 3 Biotite-rich metapelite constitutes a small part of the sample. 

Chalcopyrite <1 Occurs as minute fine-grained disseminated crystals in quartz. 
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Ilmenite <1 Occur exclusively in the metapelite as anhedral, fine grains and 
elongated medium-grained crystals. Generally oriented in the 
same direction as the metapelite. 

 

Mine site Old Kolhag mine Sample Nr GKO2 

Rock/sample type Polished sample. Quartz vein in metapelite. 

Main minerals % of 
sample 

Description 

Quartz 50 White, clear quartz constitutes the matrix as a vein in biotite-rich 
metapelite. 

Metapelite 40 Biotite-rich metapelite constitutes almost half the sample and is 
cut by two parallel quartz veins, hosts both abundant ilmenite and 
pyrrhotite. 

Pyrite 2 Medium-grained, subhedral pyrite occurs sparsely disseminated in 
the quartz. No visible fractures and inclusions. 

Pyrrhotite 2 Subhedral, medium-grained pyrrhotite occurs disseminated in the 
metapelite with euhedral crystals in the selvage. 

Marcasite <1 Marcasite occurs locally replacing pyrrhotite crystals and forms 
alteration rims around relict pyrrhotite. Single, very fine-grained 
neoformed crystals occur along the fractures. 

Chalcopyrite <<1 Few anhedral grains occur disseminated close to pyrrhotite. 

Ilmenite <<1 Very fine-grained, anhedral blebs and stringers of ilmenite occur in 
the metapelite. 

 

Mine site Old Kron mine Sample Nr GKR1 

Rock/sample type Polished sample. Quartz vein with abundant cataclastic pyrite. 

Main minerals % of 
sample 

Description 

Quartz 65 Mainly white and clear quartz, locally greenish in laths and reddish 
in a 1x4 mm elongated form due to kalifeldspar inclusions.  

Pyrite 34 A 1 cm wide pyrite aggregate made of medium-grained clastic, 
subhedral pyrite cuts half of the sample, locally hosting extra fine-
grained Bi blebs. Fine-grained pyrite also occurs disseminated. 

Chalcopyrite <<1 Minute grains of disseminated, very fine-grained chalcopyrite are 
found in the quartz matrix. 

Magnetite <1 Anhedral magnetite occurs mainly in contact with the pyrite patch 
as larger grains of multiple individual crystals but also as very fine-
grained crystals in the kalifeldspar-rich quartz. 

Bismuth <<1 Extra fine-grained blebs of bismuth occur mainly as randomly 
oriented inclusions in pyrite but locally as blebs in the quartz or 
intergrown with the pyrite.  

 

Mine site Old Kron mine Sample Nr GKR2 

Rock/sample type Polished sample. Quartz vein with cataclastic pyrite. 

Main minerals % of 
sample 

Description 

Quartz 68 Mainly sooty rusty in color and constitutes the matrix, hosting 
cataclastic pyrite, magnetite and marcasite. Locally severely 
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fractured with calcite infill. 

Pyrite 25 Anhedral, medium-grained pyrite constitutes large, up to 5 mm, 
cataclastic clusters in the quartz and makes up most of the pyrite. 
Fine-grained pyrite occurs disseminated as sub- to euhedral cubic 
or tabular crystals. Locally, extremely fine-grained pyrite spots are 
seen oriented in lines. 

Magnetite 5 Occurs disseminated and as an interstitial between pyrite and 
quartz as very fine-grained anhedral crystals. Uncommon as 
stringers.  

Marcasite 1 Exclusively found as replacement rims on fine-grained pyrrhotite 
grains. Neoformed mineral. 

Pyrrhotite <1 Few anhedral grains encapsulated by an alteration ring of 
marcasite. 

Chalcopyrite <<1 Single irregular, fine-grained anhedral crystal occur intergrown 
with marcasite. 

Gold <<1 A single, extra fine-grained bleb of gold occurs intergrown with 
magnetite. 

 

Mine site Stenborg’s mine Sample Nr ST3 

Rock/sample type Polished sample. Quartz vein. 

Main minerals % of 
sample 

Description 

Quartz 97 Constitutes the matrix of the sample, locally rusty colored, 
otherwise mainly clear and white.  

Pyrite 2 Sub- to euhedral pyrite. Very fine-grained euhedral pyrite appear 
in clusters along a seam. Extra fine-grained crystals are commonly 
disseminated in the matrix, except a micro seam with 2-3 µm 
grains in a row. 

Arsenopyrite <1 Few crystals of very fine-grained arsenopyrite occur disseminated 
both as euhedral needles to anhedral masses, the former often 
isolated and the latter more often as clusters. Locally associated 
with chalcopyrite and pyrite.  

Chalcopyrite <1 Minute grains of fine-grained chalcopyrite occur disseminated; 
however, a large cluster is found along the main seam of pyrite. 

Sphalerite <1 Minute grains of sphalerite are found intergrown with 
chalcopyrite. 

 

Mine site Stenborg’s mine Sample Nr ST4 

Rock/sample type Polished sample. Quartz vein in metapelite. 

Main minerals % of 
sample 

Description 

Quartz 65 Constitutes the matrix of the sample together with biotite-rich 
metapelite, mainly creamy and clear. 

Pyrite 2 Subhedral to anhedral pyrite occurs mainly in a fracture cutting 
the sample. Minute, fine-grained pyrite is also disseminated in the 
quartz. 

Plagioclase <1 Only found as an infilling cluster in a fracture in the quartz, 
together with pyrite and chalcopyrite. Apparent twinning. 

Chalcopyrite <1 Anhedral chalcopyrite is found in the metapelite-quartz contact. 
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Occurs mainly globular but also disseminated. 

Sphalerite <1 Single sphalerite grain with chalcopyrite disease is seen in the 
chalcopyrite cluster.  

Magnetite <1 Euhedral, <10 µm wide magnetite, occurs disseminated in the 
quartz. 

 

Mine site Thörn mine Sample Nr TH1 

Rock/sample type Polished sample. Quartz vein in metapelite 

Main minerals % of 
sample 

Description 

Quartz 50 Constitutes the matrix of the sample and is mainly rusty in color 
and partly granular, otherwise massive. 

Metapelite 40 Biotite- and quartz-rich metapelite with disseminated magnetite 
hosts the quartz vein. 

Pyrite 7 Sub- to euhedral pyrite, locally medium-grained crystals form 
cataclastic clusters, otherwise mainly fine-grained and 
disseminated in the quartz or occurring in the selvage. 

Magnetite-ilmenite 2 Fine-grained, anhedral crystals of magnetite form medium-grained 
clusters at the selvage and oriented lines in the metapelite. Locally 
there are medium-grained crystals in the quartz as well. 
Commonly occurring intergrown with, and as inclusions in pyrite. 

Chalcopyrite <1 Minute, anhedral irregular crystals of chalcopyrite occur 
intergrown with medium-grained pyrite. 

 

Mine site Thörn mine Sample Nr TH2 

Rock/sample type Polished sample. Quartz vein with cataclastic pyrite and pyrrhotite. 

Main minerals % of 
sample 

Description 

Quartz 90 Rust tinted quartz constitutes the matrix of the sample. Hosts two 
larger cataclastic pyrite and pyrrhotite aggregates. 

Pyrite 4 Medium-grained, anhedral and fractured pyrite forms a 1x3 mm 
large cataclastic patch. 

Pyrrhotite 3 Massive fine-grained, anhedral pyrrhotite occurs in a 2x4 mm 
cataclastic patch with multiple fractures which has altered the 
pyrrhotite. 

Hematite 1 Extensive amounts of fine-grained hematite occur locally at the 
rim of pyrite, as fine-grained inclusions and in fractures in pyrite. 
Very fine-grained nodules are common locally along crystal faces 
in pyrite. 

Marcasite <1 Exclusively found as replacement rims in the fractured pyrrhotite. 
Neoformed mineral. 

Chalcopyrite <1 Anhedral, fine-grained poikilitic chalcopyrite is found in both 
pyrrhotite and pyrite as inclusions but is more pronounced in 
pyrite. 
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Mine site Tysk mine Sample Nr TG2 

Rock/sample type Polished sample. Quartz vein with kalifeldspar inclusions and metapelite 
bands. 

Main minerals % of 
sample 

Description 

Quartz 80 White to green to reddish-sooty quartz constitutes the matrix of 
the sample. Hosts several inclusions of pyrite and kalifeldspar 
patches as well as thin bands of metapelite and amphibole 
needles. 

Pyrite 17 Medium-grained, subhedral pyrite occurs as cataclastic clusters 
locally together with interstitial garnet. Chalcopyrite occurs often 
as an interstitial phase between pyrite clusters. 

Chalcopyrite 3 Anhedral chalcopyrite is exclusively observed in the pyrite clusters 
as an interstitial mineral phase.  

Magnetite <1 Euhedral magnetite is observed mainly in the kalifeldspar-richer 
quartz.  

Ilmenite <1 Disseminated subhedral ilmenite occurs throughout the quartz, 
locally needle shaped individual crystals or as in clusters, oriented 
in the same direction as the layering. 

 

Mine site Tysk mine Sample Nr TG1 

Rock/sample type Polished sample. Pyrite-rich quartz veins in metapelite 

Main minerals % of 
sample 

Description 

Metapelite 45 Constitutes the matrix of the sample and is cut by several 2-5 mm 
thin quartz veins rich in pyrite. Hosts recrystallized biotite and 
chlorite in the contact zone to quartz. 

Quartz 30 White, clear, massive quartz constitute the veins in the matrix. It is 
locally severely sooty by silicate inclusions, coloring it grey. 

Pyrite 25 Medium- to coarse-grained, sub- to euhedral pyrite, commonly 
forming up to 5 mm large cataclastic clusters. Locally, the crystals 
adjacent to the selvage have been extensively fractured 
resembling mylonite, otherwise more preserved and in some 
cases, perfectly cubical. 

Chalcopyrite <1 Anhedral, medium to fine-grained chalcopyrite occurs sparsely in 
the quartz and along the rim of pyrite crystals as an interstitial 
mineral but is also found in a single instance in a calcite vein. 

Gold <1 A total of 15+ patches of 1 to 10 microcrystals of very fine-grained, 
sub- to euhedral cubic gold crystals occur in the sample. Mostly 
occurring in the quartz veins but locally at the rim of pyrite and in 
a single instance in a chalcopyrite-rich calcite vein.   

Ilmenite <1 Euhedral, fine-grained ilmenite is observed in the metapelite 
where it generally follows the layering of it. Occurs locally as 
anhedral masses in quartz. 
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10.3 Appendix C – Thin section data 
Mine site Tysk mine Sample Nr TG1-TS 

Rock/sample type Thin section. Pyrite and quartz vein in metapelite. 

Minerals Description 

Quartz Abundant quartz inclusions in pyrite along crystal planes. Distinct undulose 
extinction in quartz veins. 

Chalcopyrite Occurs interstitial between pyrite in aggregates as infill but more commonly 
as subhedral inclusions in pyrite. Rarely as inclusion in magnetite. 

Magnetite Occurs mainly intergrown with pyrite along the grain boundaries in quartz 
veins. Fractured cubically. 

Ilmenite Occurs both in the metapelite and as fracture infill and inclusions in pyrite. 
Dendritic alteration inclusions of TiO2 are common. 

Biotite Occurs in the metapelite and as megacrysts in quartz veins together with 
bands of sericite. 

Chlorite Found mainly along the quartz veins together with actinolite, pyrite and 
recrystallized biotite. 

Pyrite Fractured along crystal planes. 

 

Mine site Tysk mine Sample Nr TG2-TS 

Rock/sample type Thin section. Pyrite and quartz vein in metapelite. 

Minerals Description 

Quartz Abundant quartz inclusions in pyrite along crystal planes. Distinct undulose 
extinction in quartz veins.  

Plagioclase Single grain is observed in quartz. 

Pyrite Fractured along crystal planes. Altered in the fractures locally. 

Actinolite Abundant in strain shadows of pyrite in quartz veins, often bent in a ductile 
manner. 

Magnetite Occurs mainly intergrown with pyrite or as inclusions in pyrite. Locally 
euhedral in metapelite. 

Ilmenite Occurs both in the metapelite and as fracture infill and inclusions in pyrite. 
Dendritic alteration inclusions of TiO2 are common. 

Biotite Found in the metapelite and as megacrysts in quartz veins.  

 

Mine site Fe-mine Sample Nr FE1 

Rock/sample type Thin section. Magnetite-metapelite with quartz and pyrite bands. 

Minerals Description 

Quartz Equigranular quartz, distinctive undulose behavior. No brittle deformation 
observed. Quartz in bands are speckled by magnetite. 

Actinolite Abundant actinolite occurs disseminated and laminated in the magnetite-
rich bands of the sample. Hosts staurolite. 

Staurolite Anhedral, medium grains of staurolite occur locally in the actinolite bands 
along quartz bands. 

Biotite Mainly located as infill in fractures cutting the matrix. 

Pyrite Eu- to subhedral pyrite occurs in bands along quartz. Poikilitic with 
abundant magnetite inclusions. Moderately fractured.   

Chalcopyrite Occurs locally as blebs in pyrite. 

Magnetite Occurs as inclusion in the magnetite-metapelite. 
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Mine site Fe-mine Sample Nr FE2 

Rock/sample type Thin section. Magnetite-metapelite with quartz and pyrite bands. 

Minerals Description 

Quartz Equigranular quartz, distinctive undulose behavior. No brittle deformation. 
Quartz in bands are speckled by magnetite. Abundant micro veins of quartz 
with hornblende. Bands of recrystallized quartz occur locally. 

Actinolite Abundant actinolite occur disseminated in the magnetite-rich bands of the 
sample. Hosts staurolite. 

Staurolite Anhedral, medium-grained staurolite occurs rarely in actinolite bands. 

Biotite Mainly occuring as infill in fractures cutting through the matrix. Occurs also 
in the quartz veins. 

Pyrite Eu- to subhedral pyrite with few fractures. Poikilitic with abundant 
magnetite inclusions. Commonly pyrrhotite altered. Moderately fractured. 

Chalcopyrite Locally occurring as fracture infill in pyrite. 

 

Mine site Adolf Fredrik’s mine Sample Nr AF1-TS 

Rock/sample type Thin section. Pyrite bearing quartz vein. 

Minerals Description 

Quartz Equigranular quartz with distinctive undulose extinction. Brittle deformation 
along pyrite bearing horizons.  

Calcite Occurs along rims of pyrite and as spots and veins in quartz. 

Prehnite Occurs in association with pyrite bearing horizons. 

Muscovite Fine-grained muscovite occurs disseminated in the quartz matrix. 

Limonite Occurs as a rim around pyrite and as an interstitial between pyrite together 
with calcite. Limonite occurs locally as fracture infill.  

Pyrite Extensively fractured pyrite in calcite-limonite veins. Euhedral to subhedral. 
Few quartz inclusions along planes in pyrite. 

Gold Few grains observed as inclusion in pyrite and free in quartz. 

 

Mine site Adolf Fredrik’s mine Sample Nr AF2-TS 

Rock/sample type Thin section. Pyrite bearing quartz vein. 

Minerals Description 

Quartz Two types occur, one medium-grained constituting the matrix and one fine-
grained in association with quartz-sericite bands and calcite fractures which 
has been recrystallized. Both moderately fractured.  

Calcite The calcite is abundant as fracture infill and forms locally medium-grained 
crystals. Often followed by chlorite and limonite. 

Limonite Occurs as a rim around pyrite and as an interstitial between pyrite together 
with calcite that is an abundant host to pyrite. Limonite occurs also as 
fracture infill.  

Chalcopyrite Interstitial and fracture infill of chalcopyrite between and in pyrite grains 
occurs throughout the sample and in triple junctions. Also along the rims of 
pyrite. More abundant in calcite-limonite filled fractures. 

Magnetite Occurs as brittle fractured grains in the calcite-limonite rim around pyrite or 
as nodular inclusions in the pyrite. 

Pyrite Moderately fractured, eu- to subhedral pyrite with few inclusions. An 
exception is a band of highly fractured pyrite with abundant interstitial 
magnetite adjacent to a sericite- and quartz-rich band.  
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Actinolite Present locally as interstitial mineral between pyrite and free in quartz. 

Gold Occurs as inclusion in pyrite and free in quartz. 

 

Mine site Kamelen Sample Nr KM1-TS 

Rock/sample type Thin section. Chalcopyrite bearing quartz. 

Minerals Description 

Quartz Sizes vary greatly from fine to large grains throughout the sample. All sizes 
display jagged edges resembling an old jigsaw puzzle. Fractures and distinct 
undulose extinction are common features, indicating deformation occurred 
in the brittle-plastic region. 

Calcite Common as the dominating fracture infill mineral together with limonite. 

Limonite Abundant as fracture infill between pyrite and quartz grains together with 
calcite. 

Chlorite Few subhedral chlorite plates occur in association with calcite. 

Actinolite Few acicular actinolite crystals occur in association with calcite. 

Pyrite Highly fractured, subhedral pyrite almost exclusively hosted by pyrrhotite 
occurs in a single patch.  

Chalcopyrite Occurs commonly as fracture infill in pyrite indicating remobilization but 
also as large anhedral grains which are commonly fractured by limonite. 

Pyrrhotite Extensively fractured and altered to marcasite. Commonly as fracture infill in 
pyrite fractures together with chalcopyrite.  

Marcasite Occurs as a neoformed mineral by alteration of pyrrhotite along fractures. 

 

Mine site Kamelen Sample Nr KM2-TS 

Rock/sample type Thin section. Chalcopyrite and pyrite bearing quartz vein in metapelite. 

Minerals Description 

Quartz Sizes varies moderately from fine to large grains throughout the sample. All 
sizes display faint jagged edges. Fractures and distinct undulose extinction 
are common features, indicating deformation occurred in the brittle-plastic 
region. 

Chalcopyrite Occurs commonly as fracture infill in pyrite but also as medium-sized, 
anhedral grains freely in the quartz. 

Pyrite Moderately fractured, fine-grained, eu- to subhedral pyrite occurs 
exclusively in the selvage of quartz and biotite-metapelite. 

Biotite Bands and large fractures of very fine-grained biotite cuts the sample, locally 
altered to chlorite. Hosts minor ilmenite inclusions. 

 

Mine site Fridhem mine Sample Nr FR1-TS 

Rock/sample type Thin section. Rusty banded with disseminated pyrite. 

Minerals Description 

Quartz Very fine-grained quartz with low undulose extinction. 

Pyrite Disseminated, fine to very fine-grained, subhedral pyrite. Larger grains are 
locally fractured. 

Marcasite Marcasite altered pyrrhotite occurs disseminated as highly irregular and 
partly skeletal crystals. 

Mica Sericite is the most abundant mica and occurs as bands together with 
chlorite.  

Limonite Extensive fracturing with limonite infill occurs throughout the sample in 
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conjunction with pyrite, coloring the sample reddish. 

Actinolite Elongated crystals of actinolite occur in bands. 

Plagioclase Abundant sericite altered plagioclase occurs as disseminated, large to 
medium-grained crystals. Locally entirely altered. 

 

Mine site Fridhem mine Sample Nr FR2-TS 

Rock/sample type Thin section. Sericite and chlorite altered. 

Minerals Description 

Quartz Very fine-grained quartz with low undulose extinction. 

Mica Sericite and muscovite are the most abundant micas and occur 
disseminated in the sample, locally bound to bands with chlorite and biotite. 
Chlorite occurs also disseminated. Biotite is commonly found in patches.  

Pyrite Disseminated, fine to very fine-grained, subhedral pyrite. More abundant 
than in FR1. Slightly fractured. 

Pyrrhotite Eu- to subhedral pyrrhotite occurs locally associated with pyrite. 

Marcasite Marcasite altered pyrrhotite occurs disseminated as highly irregular and 
partly skeletal crystals. 

Chalcopyrite Few anhedral grains of chalcopyrite occur disseminated. 

Plagioclase Abundant sericite altered plagioclase occurs disseminated as large to 
medium-grained crystals. Locally entirely altered. 

 

10.4 Appendix D – EDS data 
Averaged, semi-quantitative trace element chemistry of pyrite crystals analyzed. All values in wt. % 

and normalized.  

 Elements Bi Co Au S Se Ag Sb As Ni Fe 

NG1 py1 1,36 0,39 1,03 52,01 0,00 0,00 0,10 0,00 0,03 45,08 

NG1 py2 1,86 0,67 1,17 53,57 0,00 0,00 0,01 0,00 0,16 42,55 

NG1 py3 2,30 0,42 0,67 53,33 0,00 0,00 0,00 0,00 0,15 43,13 

NG2 py1 1,49 0,78 0,77 54,52 0,00 0,01 0,17 0,00 0,48 41,79 

NG2 py2 2,10 0,73 0,80 57,85 0,00 0,00 0,04 0,00 0,13 38,35 

NG2 py3 2,04 1,01 1,05 57,10 0,00 0,06 0,11 0,00 0,05 38,58 

AF3 py1 1,34 1,04 0,82 51,30 0,00 0,00 0,06 0,00 0,23 45,22 

AF3 py2 2,13 0,56 0,60 51,91 0,00 0,00 0,01 0,00 0,29 44,50 

AF3 py3 1,76 0,52 0,95 51,77 0,00 0,00 0,19 0,00 0,12 44,69 

AF6 py1 1,51 0,29 1,09 51,80 0,12 0,00 0,11 0,00 0,03 45,02 

AF6 py2 0,82 0,74 0,94 51,71 0,00 0,00 0,00 0,00 0,51 45,28 

AF6 py3 1,64 0,13 0,85 50,35 0,00 0,00 0,08 0,00 0,16 46,78 

AF7 py1 1,12 0,51 0,56 50,76 0,00 0,00 0,16 0,00 0,03 46,85 

AF7 py2 1,50 0,97 0,78 51,54 0,00 0,02 0,06 0,00 0,75 44,37 

AF7 py3 1,69 1,10 0,69 50,95 0,00 0,00 0,00 0,00 0,34 45,23 

BR1 py1 1,98 0,58 0,54 50,45 0,00 0,00 0,24 0,00 0,16 46,05 

BR1 py2 1,22 1,30 0,95 51,66 0,00 0,33 0,21 0,00 1,71 42,62 

BR1 py3 1,67 0,43 0,69 51,51 0,00 0,00 0,03 0,00 0,13 45,54 

BR2 py1 1,07 0,39 0,64 52,53 0,00 0,00 0,08 0,00 0,52 44,77 

BR2 py2 1,73 0,38 0,88 53,73 0,00 0,00 0,03 0,00 0,00 43,23 
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BR2 py3 1,72 0,59 0,62 50,06 0,00 0,00 0,29 0,00 0,00 46,71 

FE1 py1 1,64 1,00 0,88 38,38 0,13 0,18 0,19 0,36 0,09 57,16 

FE1 py2 1,45 0,36 0,74 38,47 0,16 0,13 0,21 0,20 0,36 57,92 

FE1 py3 1,59 0,89 0,90 37,73 0,13 0,10 0,26 0,34 0,04 58,08 

FE2 py1 1,58 0,92 0,64 41,76 0,19 0,04 0,16 0,28 0,37 54,07 

FE2 py2 2,11 0,03 0,95 49,27 0,17 0,02 0,36 0,12 0,15 46,81 

FE2 py3 1,01 0,71 1,22 50,91 0,21 1,02 2,04 0,18 0,43 42,27 

FR2 py1 2,72 0,49 0,98 52,48 0,05 0,05 0,00 0,00 0,26 42,96 

FR2 py2 2,08 0,95 1,17 51,97 0,04 0,06 0,55 0,14 0,76 42,27 

FR2 py3 2,32 0,30 1,09 57,23 0,01 0,02 0,60 0,06 0,00 38,36 

FR3 py1 1,85 0,71 1,04 51,54 0,00 0,04 0,12 0,00 0,17 44,52 

FR3 py2 1,66 0,86 0,75 52,26 0,00 0,00 0,17 0,00 0,25 44,06 

FR3 py3 1,55 0,67 0,65 51,13 0,00 0,00 0,00 0,00 0,17 45,84 

GKO1 py1 1,39 0,37 0,99 50,14 0,00 0,00 0,20 0,00 0,07 46,83 

GKO1 py2 1,55 0,50 0,84 50,22 0,00 0,00 0,42 0,00 0,00 46,47 

GKO1 py3 1,10 0,56 0,59 53,16 0,00 0,00 0,07 0,00 0,00 44,51 

GKO2 py1 1,80 0,18 0,77 54,84 0,00 0,00 0,02 0,00 0,17 42,21 

GKO2 py2 1,14 0,45 0,98 55,91 0,00 0,00 0,07 0,00 0,19 41,25 

GKO2 py3 1,51 0,47 0,71 54,36 0,00 0,00 0,22 0,00 0,08 42,63 

GKR1 py1 1,52 0,62 0,80 51,75 0,05 0,02 0,22 0,05 0,15 44,83 

GKR1 py2 1,08 0,49 1,24 50,86 0,00 0,00 0,26 0,00 0,09 45,98 

GKR1 py3 1,57 0,83 0,95 51,11 0,04 0,00 0,50 0,00 0,22 44,79 

GKR2 py1 1,42 0,90 1,18 51,26 0,00 0,03 0,07 0,00 0,05 45,07 

GKR2 py2 1,56 0,47 1,40 50,62 0,00 0,00 0,02 0,00 0,51 45,41 

GKR2 py3 1,19 0,44 1,19 51,40 0,00 0,00 0,13 0,00 0,10 45,35 

HS1 py1 1,70 0,59 0,89 51,48 0,00 0,00 0,07 0,00 0,10 45,16 

HS1 py2 1,72 0,43 0,99 53,26 0,00 0,00 0,02 0,00 0,00 43,57 

HS1 py3 2,10 0,23 1,11 53,81 0,00 0,00 0,02 0,00 0,17 42,56 

HS4 py1 1,57 1,25 0,49 51,47 0,00 0,00 0,01 0,00 0,44 44,76 

KM1 py1 2,22 0,72 1,21 50,73 0,27 0,19 0,19 0,37 0,08 44,01 

KM1 py2 1,58 0,64 0,62 50,01 0,48 0,02 0,06 0,61 0,32 45,65 

KM1 py3 1,91 0,46 1,34 52,65 0,24 0,19 0,12 0,39 0,10 42,60 

KM2 py1 1,54 0,69 0,73 49,35 0,13 0,05 0,38 0,03 0,05 47,06 

KM2 py2 1,66 0,27 0,97 51,10 0,20 0,00 0,55 0,28 0,07 44,90 

KM2 py3 1,91 1,05 1,32 50,82 0,30 0,04 0,26 0,25 0,03 44,02 

KM4 py1 1,80 0,32 0,74 50,82 0,00 0,00 0,03 0,00 0,00 46,28 

KM4 py2 2,42 0,78 1,43 51,82 0,36 0,16 0,12 0,56 1,07 41,27 

KM4 py3 2,06 0,51 1,61 50,82 0,19 0,11 0,09 0,12 0,01 44,48 

NFE1 py1 0,95 0,16 0,77 52,41 0,00 0,08 0,23 0,00 0,00 45,39 

NFE1 py2 1,46 0,52 0,77 53,23 0,00 0,00 0,25 0,00 0,15 43,60 

NFE1 py3 1,79 0,62 0,88 53,46 0,00 0,00 0,20 0,00 0,00 43,04 

ST3 py1 1,20 0,75 0,81 51,10 0,00 0,00 0,00 0,00 0,11 46,02 

ST3 py2 1,48 0,27 0,81 52,00 0,00 0,00 0,11 0,00 0,21 45,11 

ST3 py3 2,57 1,11 0,83 50,36 0,00 0,00 0,40 0,00 0,77 43,95 

ST4 py1 1,48 0,55 0,89 52,06 0,00 0,00 0,12 0,00 0,10 44,79 
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ST4 py2 1,95 0,92 1,05 52,03 0,00 0,00 0,38 0,00 0,01 43,67 

ST4 py3 2,05 0,91 1,05 51,22 0,00 0,00 0,15 0,00 0,28 44,33 

TH1 py1 1,72 0,53 0,95 52,24 0,00 0,00 0,05 0,00 0,20 44,30 

TH1 py2 1,45 1,35 0,91 51,84 0,00 0,00 0,00 0,00 0,05 44,39 

TH1 py3 1,79 1,10 0,90 55,28 0,00 0,00 0,14 0,00 0,02 40,76 

TH2 py1 1,52 0,60 0,80 50,67 0,00 0,00 0,18 0,00 0,02 46,19 

TH2 py2 2,00 0,59 0,95 53,57 0,00 0,00 0,08 0,00 0,06 42,75 

TH2 py3 1,22 1,14 0,93 53,00 0,00 0,00 0,10 0,00 0,27 43,34 

TG1 py1 1,97 0,72 0,82 51,34 0,00 0,00 0,15 0,00 0,05 44,96 

TG1 py2 1,69 0,66 0,63 51,44 0,00 0,00 0,06 0,00 0,22 45,29 

TG1 py3 1,19 0,90 0,73 51,22 0,00 0,00 0,02 0,00 0,49 45,45 

TG2 py1 1,32 0,65 0,80 51,92 0,00 0,01 0,00 0,00 0,00 45,29 

TG2 py2 1,93 0,47 0,86 53,73 0,00 0,00 0,07 0,00 0,20 42,74 

TG2 py3 1,71 0,19 0,93 52,90 0,00 0,00 0,13 0,00 0,00 44,14 

Error in % 0,1 0,1 0,1 1,8 0,1 0,1 0,1 0 0,1 1,4 

 


