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Abstract 

The Rävliden North deposit (Rävliden N) is a volcanogenic massive sulphide (VMS) deposit in the 

western part of the Skellefte district, northern Sweden. The district is one of Sweden’s major 

metallogenic provinces with a significant amount of VMS deposits. The Rävliden N deposit, discovered 

in 2011, contains copper, zinc, lead, silver and subordinate gold and occurs close to the largest VMS 

deposit in the district, the Kristineberg deposit, which has been mined for more than 70 years. The 

purpose of this master thesis is to study the composition, mineralogy and paragenetic relationships in 

different types of sulphide mineralization from the Rävliden N deposit. Emphasis is placed on 

characterizing the distribution and paragenetic relationships of silver-bearing minerals. The methods 

include core logging, sampling and mineralogical studies through light optical microscopy (LOM), 

scanning electron microscopy (SEM) and quantitative evaluation of mineralogy by scanning electron 

microscopy (QEMSCAN). Lastly, electron microprobe analysis (EMPA) was used to determine the 

chemical composition of silver-bearing minerals and sulphides. 

Mineralization types studied include 1: the main massive to semi-massive sulphide mineralization, 2: 

stratigraphically underlying stringer mineralization and 3: local, vein- and/or fault-hosted silver-rich 

mineralization in the stratigraphic hanging wall. The massive to semi-massive sulphide mineralization 

is dominated by sphalerite with lesser galena and pyrrhotite. In contrast, the stringer mineralization is 

dominated by chalcopyrite and pyrrhotite. The major minerals show evidence of a coeval formation and 

textural as well as structural evidence suggest that ductile deformation has affected the mineralization 

types. Notable evidence includes ball-ore textures, accumulation of minerals in pressure shadows and 

brittle fracturing of competent arsenopyrite and pyrite porphyroblasts and infilling by more incompetent 

sulphide minerals. The silver-bearing minerals identified are commonly spatially associated with galena 

and the major species is freibergite ((Ag,Cu,Fe)12(Sb,As)4S13), which also occur as inclusions in 

chalcopyrite mainly in the stringer mineralization. The stringer mineralization also contains notable 

amounts of hessite (Ag2Te). Notably, galena, pyrrhotite, freibergite and other sulphosalt minerals are 

commonly accumulated in pressure shadows near host rock fragments in the massive to semi-massive 

sulphide mineralization. The only gold-bearing mineral identified in this study is electrum (Au, Ag) in 

the stringer mineralization.  

The hanging wall mineralization locally comprises faulted and/or sheared massive sulphide 

mineralization which is compositionally similar to the main massive to semi-massive sulphide 

mineralization, besides a significantly higher content of freibergite. However, parts of the hanging wall 

mineralization are entirely dominated by sulphides and sulphosalts of silver, such as pyrargyrite 

(Ag3SbS3), pyrostilpnite (Ag3SbS3), argentopyrite (AgFe2S4), sternbergite (AgFe2S3) and stephanite 

(Ag5SbS4). These occur in structurally late settings, which along with consideration of their temperature 

stabilities suggest a late origin. Since the silver-bearing minerals in the massive to semi-massive 

sulphide mineralization and the two varieties of hanging wall mineralization contains the same metals, 

the mineralization in the hanging wall may have formed by late-stage remobilization of ore components 

from the underlying Rävliden N deposit. This negates the need for multiple mineralization events to 

explain the local silver-enriched zones in the hanging wall. The paragenetically late mineralization types 

contains high content of Ag-bearing minerals in relation to base metal sulphides. This suggests that 

remobilisation processes were important for locally upgrading the Ag-content.   

 

  



 
 

Sammanfattning 

Rävliden Norra fyndigheten (Rävliden N) är en massiv sulfidfyndighet av VMS-typ i den västra delen 

av Skelleftedistriktet i norra Sverige. Detta distrikt är ett av Sveriges viktigaste malmområden som 

innehåller många VMS fyndigheter. Rävliden N upptäcktes under 2011 och innehåller koppar, zink, bly, 

silver och låga halter av guld och förekommer nära den största VMS fyndigheten i Skelleftedistriktet, 

Kristinebergsfyndigheten, som har brutits i mer än 70 år. Syftet med detta examensarbete är att studera 

sammansättningen, mineralogin och de paragenetiska förhållandena i olika typer av 

sulfidmineraliseringar från Rävliden N. Fokus är karaktärisering av fördelningen och de paragenetiska 

förhållandena för silverförande mineral. Metodiken inkluderar borrkärnskartering, provtagning och 

mineralogiska studier med optiskt mikroskop (LOM), svepelektronmikroskop (SEM) och kvantitativ 

mineralogisk utvärdering med svepelektronmikroskop (QEMSCAN). Slutligen gjordes 

mikrosondanalyser (EMPA) för att bestämma den kemiska sammansättningen på silverförande mineral 

och sulfider. 

Mineraliseringstyper som studerats inkluderar 1: den massiva till semi-massiva sulfidmineraliseringen, 

2: stratigrafiskt underliggande mineralisering av stringer-typ och 3: lokala gång- och/eller förkastnings-

relaterade silverrika mineraliseringar i den stratigrafiska hängväggen. Den massiva till semi-massiva 

sulfidmineraliseringen är dominerad av zinkblände med mindre mängder av blyglans och magnetkis. 

Till skillnad från detta är stringermineraliseringen dominerad av kopparkis och magnetkis. De 

dominerande mineralen uppvisar tecken på samtidig bildning och texturella samt strukturella bevis 

antyder att duktil deformation har påverkat mineraliseringstyperna.  Viktiga bevis för detta inkluderar 

kulmalmstexturer, ansamling av mineral i tryckskuggor och spröd uppsprickning av mer kompetenta 

arsenikkis- och pyritporfyroblaster och ifyllnad av mer inkompetenta sulfidmineral. Silverbärande 

mineral är ofta rumsligt relaterade till blyglans och det huvudsakliga mineralet är freibergit 

((Ag,Cu,Fe)12(Sb,As)4S13), som också förekommer som inneslutningar i kopparkis huvudsakligen i 

stringermineraliseringen. Stringermineraliseringen innhåller också noterbara mängder av hessit 

(Ag2Te). Nämnvärt är att blyglans, magnetkis, freibergit och andra sulfosaltmineral ofta är ansamlade i 

tryckskuggor nära fragment av värdbergarten i den massiva till semi-massiva sulfid mineraliseringen. 

Det enda guldbärande mineralet som identifierats i denna studie är elektrum (Au, Ag) i 

stringermineraliseringen. 

Hängväggsmineraliseringen innehåller lokalt förkastade och/eller skjuvade massiva sulfid 

mineraliseringar vars mineralogiska sammansättning är lik den i den massiva till semi-massiva 

sulfidmineraliseringen, bortsett från märkbart större mängder av freibergit. Emellertid så är delar av 

hängväggsmineraliseringen helt dominerade av sulfider och sulfosalter som pyrargyrit (Ag3SbS3), 

pyrostilpnit (Ag3SbS3), argentopyrit (AgFe2S4), sternbergit (AgFe2S3) och stephanit (Ag5SbS4). Dessa 

mineral förekommer i strukturellt sena sprickplan, vilket tillsammans med deras temperaturstabilitet, 

tyder på en sen bildning. Eftersom de silverförande mineralen i den massiva till semi-massiva sulfid 

mineraliseringen och de två varianterna av hängväggsmineralisering innehåller samma metaller så kan 

mineraliseringen i hängväggen ha bildats genom remobilisering av komponenter från den underliggande 

Rävliden N fyndigheten. Detta utesluter behovet av flera mineraliseringshändelser för att förklara de 

lokala silveranrikade zonerna i hängväggen. De paragenetiskt sena mineraliseringstyperna innehåller 

höga mängder av silverbärande mineral i relation till innehållet av basmetallsulfider. Detta tyder på att 

remobiliseringsprocesser var viktiga för att lokalt anrika silver i förekomsten.  
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1. Introduction 
 

The Skellefte district is a renowned metallogenic province in northern Sweden dominated by 

metavolcanic and metasedimentary rocks. It is one of the major ore districts in Sweden and is larger 

than 30x100 km2. The district hosts abundant volcanogenic massive sulphide (VMS) deposits and some 

other types of deposits including orogenic gold deposits. These deposits are mined for the production of 

a variety of metals including copper, lead, zinc, gold, silver and locally tellurium (Allen et al. 1996; 

Kathol & Weihed 2005; Bergverksstatistik 2015).  

 

Since the beginning of the 18th century the region has been the subject of various mineral exploration 

activities and today it stands as one of Sweden’s most important mining districts. The polymetallic 

Kristineberg deposit was found in 1918, yet the main catalyst for mining in the Skellefte district was the 

discovery of the Au-rich Boliden deposit during the first half of the 1920’s (Kathol & Weihed 2005). 

The Boliden mine (1925-1967) was a significant gold producer and an arsenic producer of global 

proportions but also contained other metals (Grip and Wirstam 1970). Following its opening, several 

other mines were started in the district, including the Kristineberg mine in the early 1940’s. Exploration 

activities have led to the discovery of more than 85 known VMS deposits and at the turn of the last 

century, more than twenty had been mined (Allen et al. 1996; Årebäck et al. 2005).  

 
The Kristineberg area contains several VMS type ores including the Kristineberg deposit which is the 

largest mined deposit in the district. Other deposits in the area include the previously mined Rävlidmyran 

(c. 7.2 Mt) and Rävliden (c. 1.6 Mt) deposits which are situated just a few kilometers west of the 

Kristineberg deposit (Jansson et al. 2013).  

In 2007, the company Boliden Mineral AB assessed the potential for exploration in the Skellefte district 

and the activities in the Kristineberg area intensified. In 2011 this lead to the discovery of the Rävliden 

North (Rävliden N) Zn-Pb-Cu-Ag sulphide deposit in the area between Rävliden and Rävlidmyran  

(Fig. 1) (Jansson et al. 2013, Boliden press release 2016). 

 

 

Figure 1: Location of the Rävliden N deposit in the Skellefte district, northern Sweden (Boliden press release 2016)  
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In February 2016, more than 50 diamond drill holes totaling almost 50 000 meters had been made in the 

area in addition to geophysical surveys and geological mapping. This resulted in the definition of a 

mineral resource amounting to 5.9 Mt at 1.08 wt.% Cu, 4.59 wt.% Zn, and 0.6 wt.% Pb, 92 g/t Ag and 

0.26 g/t Au as presented by Boliden Mineral AB. The mineral resource extends from c. 400 m to 900 m 

underneath the surface. The depth extent of the mineralization has yet to be delineated (Boliden press 

release 2016). 

 

1.2 Aim of the study  
This master thesis was sponsored by Boliden Mineral AB with the aim of complementing the ongoing 

exploration program at the Rävliden N deposit with a study of the ore mineralogy. This was done through 

detailed core logging and sampling of mineralized sections. Thin sections were prepared and 

characterized using light optical microscopy (LOM), scanning electron microscopy (SEM), quantitative 

evaluation of mineralogy by scanning electron microscopy (QEMSCAN) and electron microprobe 

analysis (EMPA). 

The goals of the study were to provide in-depth information about composition, mineralogy and 

paragenetic relationships in different parts of the deposit, with emphasis on sections with elevated silver- 

concentrations. The ore mineralogy was studied to characterize the distribution of ore minerals, 

differences between different parts of the deposit and associations between other ore minerals, gangue 

minerals and rock types. Emphasis was on characterizing the paragenetic relationships and distribution 

of silver minerals. Some delineations for this project is that it is focused on the ore minerals whereas the 

silicates and carbonates were only studied generally, not in any great detail.  
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2. Geology  

2.1 Regional geology 
The Fennoscandian shield comprises a considerable part of the bedrock in Sweden, Finland and 

westernmost Russia and has been separated into a few subdomains: the Archaean, the Svecofennian and 

the southwest Scandinavian (Gaál & Gorbatschev 1987; Weihed et al. 2005). The Skellefte district 

occurs in the northern part of the Svecofennian domain, south of the Archaean domain in the north (Fig. 

2) (Weihed et al. 1992). Most major ore deposits in the Svecofennian domain formed in conjunction 

with Early Palaeoproterozoic orogenic events (Weihed et al. 2005).  

The volcanic and sedimentary rocks of the Skellefte district have been affected by metamorphism from 

low to medium grade. (Allen et al. 1996; Kathol & Weihed 2005). The stratigraphy of the Skellefte 

district mainly comprises marine volcanic rocks overlain by a sequence of sedimentary rocks. The 

former is referred to as the Skellefte Group (1.90-1.88 Ga) which is mainly composed of metamorphosed 

lavas, intrusions and volcaniclastic rocks with subordinate interbedded sedimentary rocks (Allen et al. 

1996). The spatial extent of the Skellefte group roughly defines the geographical extent of the Skellefte 

district (Fig. 2).  

The overlying sedimentary sequence is referred to as the Vargfors Group, which includes 

metamorphosed sandstone, conglomerate and argillite as well as subordinate volcanic rocks. The nature 

of the contact between the Skellefte and Vargfors Groups differ in different parts of the district, ranging 

from conformable to disconformable and interfingering (Allen et al. 1996). The Skellefte group is up to 

c. 10 Ma older than this group based on U-Pb dating of zircons (Billström & Weihed 1996). The 

Skellefte Group is locally intruded by the Jörn granitoids which are regarded to be comagmatic intrusive 

rocks. The VMS deposits in the Skellefte district mainly occur in the Skellefte Group, especially close 

to the transition to the Vargfors Group (Allen et al. 1996). 

In the north, the district borders the Arvidsjaur group mainly composed of volcanic rocks which are 

felsic to intermediate in composition and of more continental character than the rocks in the Skellefte 

district. This group is thought to be coeval with the Vargfors Group and to have been formed in a 

volcanic-arc environment (Allen et al. 1996; Kathol et al. 2005). Parts of the Vargfors Group contain 

volcanic rocks stemming from the Arvidsjaur group (Allen et al. 1996).  

South of the district is the Bothnian Supergroup, which is mainly composed of metamorphosed marine 

sedimentary rocks and sporadic mafic metavolcanic rocks (Kathol et al. 2005). These rocks were 

deposited during an extended period of time starting earlier than 1.95 Ga and continuing until 1.87 Ga, 

possibly even longer (Lundqvist et al. 1998). Some studies suggest that the basement or substrate to the 

Skellefte Group are rocks belonging to the Bothnian Supergroup (Skyttä et al. 2012).  

The Skellefte Group has been suggested to have formed as a consequence of arc volcanism in an 

extensional, continental, environment. The transition from the Skellefte Group to the metasedimentary 

Vargfors Group correlated with the end of the above arc volcanism and differential uplift and subsidence 

of the arc. This process formed a horst and graben system, in which the Vargfors Group was deposited 

(Allen et al. 1996).  
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Figure 2: The top map shows the geology of the Skellefte district as defined by the distribution of the Skellefte Group whereas 

the bottom right map shows the location of the Skellefte district in the Fennoscandian shield. Acquired from Skyttä et al. 2012, 

Geology after Kathol et al. (2005) and Bergman Weihed (2001). GI, GII, GIII and GIV refer to different phases of Jörn 

granitoids, Vi = Viterliden and SD = Skellefte district.  

2.2 The Kristineberg area 
The Kristineberg area is situated in the western part of the Skellefte district (Fig.2). The stratigraphy 

resembles the general pattern in the Skellefte district with the metavolcanic Skellefte Group overlain by 

the metasedimentary Vargfors Group. The Skellefte group in the Kristineberg area is dominated by felsic 

metavolcanic rocks, whereas the Vargfors group in the area is locally composed of pelitic (shale) and 

turbiditic rocks (Årebäck et al. 2005). 

The Skellefte Group rocks occur in two westward-plunging anticlinal (fold) structures. Between these 

structures are rocks belonging to the Vargfors Group, forming a syncline where numerous ultramafic 

intrusions also occur (Fig. 3).  The southern anticline occurs in the Kristineberg area and is cored by 

granitoid rocks belonging to the Viterliden intrusive complex (Du Rietz 1953; Edelman 1967; Årebäck 

et al. 2005). Synvolcanic hydrothermal alteration and subsequent metamorphism to lower amphibolite 

grade has affected rocks surrounding the Kristineberg deposit (Barrett et al. 2005).  
 

Several VMS deposits can be found in the area, including the Kristineberg, Rävliden and Rävlidmyran 

deposits (Hannington et al. 2003) as well as the recently discovered Rävliden N deposit (Boliden press 

release 2016). From a stratigraphic viewpoint, the deposits generally occur at two levels; the 

Kristineberg deposit occur within the Skellefte Group whereas Rävliden and Rävlidmyran deposits 

occur at the transition to the Vargfors Group (Årebäck et al. 2005) in the so-called ‘Rävliden ore 

horizon’. The deposits of the Rävliden ore horizon are hosted by a metamorphosed succession of 

interfingering argillites and felsic to mafic volcanic rocks. Compared with the Kristineberg deposit, the 
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deposits in the Rävliden ore horizon contains zones with higher concentrations of zinc, silver and lead 

and have a gangue richer in calc-silicates (Hannington et al. 2003). 

The Rävliden N deposit is situated in the Rävliden area. It is a VMS deposit consisting of a number of 

mineralized lenses that can be subdivided into zinc- and copper-dominated types. The zinc-dominated 

type mainly comprises semi-massive to massive sphalerite with lesser pyrrhotite and subordinate pyrite. 

Skarn, dolomitic limestone and graphitic shale are the primary host rocks. The copper-dominated 

mineralization stratigraphically and structurally underlies the zinc-dominated mineralization and mainly 

consists of chalcopyrite and pyrrhotite, occurring as stringers, veins and breccias in chlorite-altered and 

silicified felsic volcanic rocks (Boliden press release 2016).  

 

 
 
Figure 3: Geology of the Kristineberg area (Acquired from Skyttä et al. 2012, modified after Kathol et al. (2005) and Skyttä et 

al. 2009)). Abbreviations: Kr: Kristineberg, Rm: Rävlidmyran, R: Rävliden. Rävliden N occurs between Rävliden and 

Rävlidmyran but does not reach surface. 

2.3 Volcanogenic massive sulphide deposits 
Volcanogenic massive sulphide deposits - as occur in the Skellefte district -  are found on nearly all 

major continents of the world and occur in rocks of various ages, ranging from Archean to currently 

forming (Allen et al. 1996; Galley et al. 2007). The deposits are polymetallic and are important for the 

production of various metals including zinc, copper, lead, silver and gold (Galley et al. 2007).  

VMS deposits form in volcanically active, marine environments and are the result of metal-rich 

hydrothermal fluids discharging into and mixing with cool seawater. The result is the formation of 

mineral deposits that commonly occur as lenses either at the seafloor or directly beneath it (Galley 2003; 

Galley et al. 2007).  

VMS deposits are typically composed of two main components: an upper mound- to tabular-shaped 

body hosting the massive sulphide mineralization and an underlying stringer zone where sulphide 

mineralization occur as veins or disseminated. The latter is commonly enveloped by characteristic 

alteration zones (Galley et al. 2007). The deposits are typically zoned, with Fe and Cu at the core and 

Cu, Pb, Zn and Ba further away (Robb 2005). 
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The deposits generally form in extensional settings such as near seafloor spreading ridges, in back-arc 

basins and in submarine arcs undergoing extension (Galley et al. 2007). The hydrothermal fluids 

involved in the formation of these deposits are commonly interpreted as seawater that has been modified 

by heating and fluid-rock interactions below the seafloor. Convection of these fluids is driven by heating 

from underlying magmatic intrusions. Heating and fluid-rock interaction leads to that seawater 

percolating down into the seafloor gradually evolves into a buoyant, metalliferous hydrothermal fluid 

which ascends towards the seafloor where it discharges to form metallic mineral deposits (Galley 2003). 

This genetic model is generally accepted but there is some debate as to the possibility of a magmatic-

hydrothermal contribution of metals to the system. This contribution is related to degassing of 

underlying magma upon crystallization, potentially resulting in a metal-rich fluid that enters the 

hydrothermal convection system (Marquez et al. 2011).  

The alteration halos enveloping the stringer zone are the result of the hydrothermal fluids reacting with 

the surrounding rocks in the feeder zone during its ascent. This involves the formation of iron-rich 

chlorite and quartz at the center of the stringer zone, the latter in higher abundance closer to the massive 

ore. Increasingly magnesium-rich chlorite and sericite form more widespread alteration products, and 

the peripheral sections of the alteration haloes also contain phengite (Fig. 4) (Galley et al. 2007). 

Silver in VMS deposits occur as a solid solution in galena but only in significant amounts if antimony 

and/or bismuth are present. However, silver can also occur in silver-bearing minerals belonging to the 

sulphosalt series such as various species of the tetrahedrite-tennantite series and as other minerals such 

as matildite (AgBiS2). It has been suggested that in many VMS-forming hydrothermal systems, silver 

was first deposited as a solid solution in galena and, with decreasing temperature, silver exsolved and 

was incorporated in sulphosalts (Amcoff 1984). 

 

Figure 4: Typical alteration zoning in a VMS deposit (acquired from Goodfellow et al. 2003).  
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3. Methodology 
Data collection for this master thesis was divided into three stages. The first part involved detailed 

logging of drill cores followed by selection of samples for thin sections. The second step was 

mineralogical studies using light optical microscopy (LOM). The third involves further analysis of 

sections of a selection of samples by a combination of scanning electron microscope (SEM), 

QEMSCAN and electron microprobe analysis (EMPA).  

3.1 Core logging and sampling 

Boliden Mineral AB provided access to three drill cores (R2F707, R2F709 and R2F751) for detailed 

logging in the core-logging facility at Boliden (Fig. 5 a-c). Drill hole R2F751 intersected a full 

traverse through the massive sulphide lenses and the underlying stringer mineralization of Rävliden N, 

whereas R2F707 and R2F709 intersected rare, local zones of anomalously silver-rich mineralization in 

the stratigraphic hanging wall, referred to as the hanging wall mineralization, several 100 meters 

above the Rävliden N deposit. In addition, Boliden Mineral AB provided a sample of copper-rich 

mineralization from Rävliden N with exceptionally high silver concentrations from drill hole R2F734. 

The focus during the core logging was - in addition to identifying types of rocks, alteration, 

mineralization and structures - to identify sections that contained minerals likely to host silver for further 

characterization using LOM. Emphasis was put on core intervals where a silver-enrichment was already 

known from earlier assays or suspected based on mineralogy (e.g. presence of galena). Limited sampling 

was also carried out in some sections with lower or unknown silver concentrations to provide a 

mineralogical description of these areas of the drill cores as well. The aim was to provide a good 

coverage with samples from different styles of mineralization to get an understanding about how the ore 

minerals - with emphasis on silver-bearing minerals – were distributed in the local hanging wall 

mineralization, the massive to semi-massive sulphide mineralization and the underlying stringer 

mineralization respectively. The sampling bias for core intervals likely to contain silver-bearing 

minerals should be kept in mind, as it means that the sample set is not intended to be representative of 

the Rävliden N deposit as a whole. Galena is for example very rare in the stringer mineralization, yet 

sampling preferentially targeted sections with rare galena due to its common association with silver 

minerals, whereby galena is overrepresented in the sample set of this thesis. Emphasis was put on drill 

core R2F751 where 22 samples were taken for thin sections, since this drill hole intersected the massive 

sulphide body as well as the underlying stringer mineralization and contained several zones with 

elevated silver content. Drill hole R2F707 and R2F709 were chosen because of elevated silver 

concentrations in the hanging wall mineralization but only limited sampling was done due to the silver 

enrichment being very local. Even though the latter are not part of the Rävliden N deposit, they are of 

interest to study since their paragenetic relationships are unknown, and their relationship to the Rävliden 

N deposit has not been fully explained. 

3.2 Light optical microscopy  
The polished thin sections used for Light optical microscopy (LOM) studies were prepared by 

Vancouver Petrographics LTD in Vancouver, Canada. The 29 thin sections were then examined through 

both transmitted and reflected polarized light at Luleå University of Technology (LTU) using a Leica 

Dm750P. Detailed descriptions of the thin sections can be found in Appendix 9.2. In this project, the 

thin sections are named after their respective drill hole and depth in the drill core measured in meter. 

This format is referred to as “drill hole@depth”. 

3.3 Scanning electron microscopy  
Ten thin sections were chosen for further analysis with a scanning electron microscope (Zeiss Merlin 

FEG-SEM) at LTU and these thin sections were also carbon-coated to prepare for the SEM. SEM is 

basically a microscope that excites the surface area of the thin section with the aid of an electron beam. 

As the surface and the beam react with each other electrons and photons are produced that can be used 

to produce images and chemical composition (Johnson et al. 2015). The SEM at LTU includes energy-
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dispersive X-ray spectroscopy (EDS) as well as wavelength-dispersive X-ray spectrometers (WDS) 

(LTU 2017). EDS records and measures X-rays formed when the electron beam excites the surface of 

the sample (Hoek & Koolwijk 2007). WDS differs from EDS as it includes an analyzer that allows for 

the differentiation of X-rays based on wavelengths. This results in beams composed of a certain 

wavelength that are measured separately and related to chemical composition (Love & Scott 2001). This 

approach gives up to 10 times higher detection limit for WDS as well as better resolution. In contrast to 

EDS which can detect all elements above sodium at the same time, WDS measures the results from each 

beam individually. WDS is also more expensive and not as quick (Hoek & Koolwijk 2007). The images 

taken by the SEM are either in backscatter electron (BSE) or secondary electron (SE2) view. In BSE, 

minerals with heavy elements appear lighter whereas darker sections represent minerals with elements 

of lower atomic weight. In contrast, SE2 is used to show the surface morphology of the sample area 

(Edgerton et al. 2009). During the analysis of the thin sections the settings used were a working distance 

(WD) of 8.5 mm, Voltage (EHT) of 20.00 kV and electric current (I probe) of 1.0 nA. One of the samples 

studied with the SEM microscope was not a thin section but a piece of the drill core 709. This was not 

used to prepare a thin section because the suspected silver minerals studied occurred as a coating on 

fracture planes and most likely these minerals would have been removed during sample preparation. 

Because of the larger size, the settings for this analysis were slightly different with WD varying between 

11.9 mm to 12.1 mm rather than the standard 8.5 mm. The other settings remained the same. 

3.4 Quantitative evaluation of mineralogy by scanning electron microscopy  
Four carbon-coated thin sections were selected for a QEMSCAN study at Boliden Mineral in Boliden, 

Sweden. Three of the samples came from different parts of the massive to semi-massive sulphide 

mineralization whereas the last sample was from Ag-rich sulphide mineralization in the hanging wall 

mineralization. QEMSCAN is based on the SEM technology but works automatically through EDS 

detectors and a mineral database. After the sample has been placed in the SEM, the area to be analyzed 

is scanned to provide a BSE image. Areas with low BSE values reflecting measurements of the mounting 

media (e.g. holes) are automatically identified and omitted from subsequent raster scan analysis with a 

stronger electron beam of 15 kV. Energy dispersive X-ray spectra (EDX) generated for each raster are 

compared with the mineral database and the mineral showing the best match is chosen, thus creating a 

mineralogical map of the area that has been analyzed (Rocktype Ltd. 2017). The technique does have 

problems separating between different minerals that have nearly the same chemical composition. There 

is also a limit for trace- and minor-elements since these will only be included in the measurements if 

these exceed 3 wt.% of the material analyzed by the beam at each individual spot (Johnsson et al. 2015).  

3.5 Electron microprobe analysis  

Five samples were selected for electron microprobe analysis at the Centre for Experimental 

Mineralogy, Petrology and Geochemistry (CEMPEG) at the department of Earth Sciences in Uppsala 

University, Sweden. These thin sections were previously studied in LOM and SEM as well as 

QEMSCAN to help select the best thin sections for obtaining representative quantitative mineral 

chemical data. Following carbon-coating of the samples, analyzes were carried out with a JXA-8530F 

JEOL field emission electron microanalyzer that was equipped with four crystal spectrometers. The 

settings used for these analyses were a constant beam current of 10 nA and an accelerating voltage of 

15 kV.  The principle is similar to SEM in that the studied area in the thin section is excited and 

analyzed for images and chemical composition (Johnson et al. 2015). However, the EMPA uses one or 

several WDS (crystal spectrometers) as well as EDS which results in increased precision, limits of 

detection as well as resolution (Pownceby et al. 2007).  

The focus for quantitative analysis was the minerals freibergite and sphalerite but other interesting 

minerals occurring in the same thin sections were also analyzed, e.g. boulangerite, gudmundite, hessite 

and electrum. Unfortunately, the standardization was not optimal for analysis of gudmundite, whereby 

only one analysis yielded acceptable results. In this thesis, ‘acceptable results’ refer to analyses having 

totals between 98 and 102 wt.%, preferentially between 99 and 101 wt.%. 
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Figure 5: A: Drill holes R2F707 and R2F709 shown relative to a geological profile of the Rävliden N deposit (Boliden Mineral internal data). The profile includes local silver enriched zones in 

both drill holes as marked by colored disks and referred to as the sulphide rich breccia and silver-mineralization in fracture planes. B:  Drill hole R2F751 shown relative to a geological profile 

of the Rävliden N deposit (Boliden Mineral internal data). The profile includes both the massive to semi-massive sulphide mineralization and the underlying stringer mineralization. Silver enriched 

zones in the drill hole are marked by colored disks. C: A 3D view of the studied drill holes, showing the two geological profiles as well as the outlines of mineralized lenses. Silver enriched zones 

in the respective drill holes are marked by colored disks. Every figure also includes annotations of notable rock types, mineralization’s and names of the drill holes.

R2F709 

R2F707 

R2F751 

North (Y) 

Ea
st

 (
X

) 

Mineralized 

lenses 

C) 



 
 

12 
 

4. Results 

4.1 Core logging 
This section of the report summarizes the results of core logging. The core logs for the respective drill 

holes can be seen in Appendix 9.1. 

4.1.1 Massive to semi-massive sulphide mineralization  

Massive to semi-massive sulphide mineralization occurs near the transition from rhyolitic rocks to 

stratigraphically-overlying graphitic shale, marking the transition from the Skellefte Group to the 

Vargfors Group. This mineralization type occurs as lenses separated by weakly mineralized to barren 

rocks (Appendix 9.1). The mineralization is dominated by sphalerite with lesser galena, pyrite, 

pyrrhotite as well as rare chalcopyrite and arsenopyrite (Fig. 6 A, B and D). The host rock varies from 

tremolite skarn, dolomitic marble, graphitic shale and hydrothermally-altered rhyolite including chlorite 

schist.  

In the chlorite schist, graphitic shale and hydrothermally-altered rhyolite the mineralization consists of 

pyrite, pyrrhotite and minor chalcopyrite (Fig. 6 C). The hydrothermally-altered rhyolite also contains 

local sphalerite, galena and arsenopyrite, the latter also occur in graphitic shale. In chlorite schist and 

dolomitic marble, galena and sphalerite are commonly associated with zones of tremolite skarn. Both 

the tremolite skarn and dolomitic marble also contains pyrrhotite and pyrite. Chalcopyrite and 

arsenopyrite occur locally in the marble. Other observations in the massive to semi-massive sulphide 

mineralization are local evidence for deformation such as tension gashes infilled by chalcopyrite and 

pyrrhotite, minerals accumulated in pressure-shadows near host rock fragments and ball-ore texture 

(Fig. 6 A). The latter is a type of semi-massive to massive sulphide mineralization which forms by 

ductile deformation of pre-existing sulphide mineralization (Vokes 1973). Sphalerite generally exhibits 

a finer grain-size in ball-ore compared to the massive and semi-massive mineralization. In deeper 

sections of the drill core sphalerite appear folded.  

 

Figure 6: Examples of mineralization types in the massive to semi-massive sulphide mineralization, A) Ball ore dominated by 

sphalerite and pyrrhotite, galena appear accumulated at pressure-shadows next to competent host-rock fragment (see pointer) 

(Sample 751@578.2) B) Semi-massive sphalerite ore with a carbonate fragment containing sulphosalt mineralization (Sample 

751@591.75), C) Graphitic shale with low-grade mineralization dominated by pyrrhotite impregnation. A quartz vein with 

mineralization dominated by pyrrhotite and sulphosalts cross-cuts schistosity (Sample 751@615.1) D) Ball-ore of massive 

sphalerite with pyrite porphyroblasts. Galena and pyrrhotite are accumulated at pressure-shadows near wall-rock fragments 

and locally vein the fragments (Sample 751@635.5). 

B) 

A) 

C) 

D) 
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4.1.2 Stringer mineralization 

R2F751 also traverses the stringer mineralization in the footwall of the massive to semi-massive 

sulphide mineralization. It is predominantly composed of hydrothermally-altered rhyolite with zones of 

tremolite skarn, chlorite schist, altered volcaniclastic rhyolite and rare chlorite-altered dacitic intrusions 

with blue quartz phenocrysts. The hydrothermally-altered rhyolite is commonly silicified and shows a 

general alteration trend of increasing chlorite alteration in proximity to sulphide mineralization and 

increasing sericite alteration away from it. 

The mineralization is dominated by chalcopyrite, pyrrhotite and pyrite that occur in all rock types except 

in the dacitic intrusions, where only pyrrhotite and pyrite occur. Galena is rare but occur in the 

hydrothermally-altered rhyolite, altered volcaniclastic rhyolite and tremolite skarn (Fig. 7A-C). The 

tremolite skarn and dacitic intrusion locally contain rare grains of molybdenum or sulphosalts. The 

hydrothermally-altered rhyolite also contains arsenopyrite and sphalerite.  Local thin zones of high-

grade stockwork mineralization occur in the hydrothermally-altered rhyolite dominated by chalcopyrite, 

pyrrhotite and pyrite (Fig. 7 D). With the exception of the lowly-mineralized dacitic intrusion there is a 

gradational decrease of mineralization with depth in the logged drill core, and a concurrent decrease in 

chlorite alteration and increase in sericite alteration. Silicified clasts of rhyolite occur in the altered 

volcaniclastic rhyolite and show an increase in size with depth in the drill core.  

 
 

 

 

 

 

 

 

 

 

 

 

Figure 7: Examples of mineralization types from the stringer mineralization, A) Part of sphalerite vein with chalcopyrite and 

minor associated chalcopyrite in silicified and sericite-altered rhyolite which contains low-grade mineralization (Sample 

751@678.5). B) Sulphide vein dominated by pyrrhotite and chalcopyrite in the altered volcaniclastic rhyolite (Sample 

751@652.5), C) Tremolite skarn with disseminated mineralization dominated by chalcopyrite, pyrrhotite and minor galena. 

Sample 751@661.1) D) Part of a high-grade stockwork mineralization characterized by elevated content of chalcopyrite, 

pyrrhotite and pyrite occurring in the hydrothermally-altered rhyolite with sections of abundant chlorite commonly associated 

with sulphides. A brecciated quartz vein also occur, infilled mainly by chalcopyrite and pyrrhotite (Sample 751@648.3). 

 

 

A) 

D) 

C) B) 



 
 

14 
 

4.1.3 Hanging wall mineralization 

R2F707 and R2F709 traverse different parts of the Vargfors Group stratigraphically above the Rävliden 

N deposit. The logged interval in R2F707 traverses a foliated and folded package of graphitic shale with 

subordinate mafic intrusions. The logged interval in R2F709 traverses turbidite, graphitic shale, a mafic 

siltstone interbed and a basalt.  

Sulphide mineralization in the graphitic shale in R2F707 mainly comprises pyrrhotite, pyrite and 

arsenopyrite as well as highly subordinate chalcopyrite, galena and sphalerite. A 0.2m wide zone with 

abundant sphalerite and galena and angular clasts of graphitic shale occur in the logged section and is 

herein referred to as ‘sulphide-rich breccia’ (Fig.8 A). The sulphide-rich breccia is developed in a zone 

of mylonitized graphitic shale, interpreted as a shear zone, and sphalerite and galena disappear abruptly 

directly north of it (down-core) (Fig. 8 C). Other observations in R2F707 include an increasing 

abundance of carbonate and quartz veins in proximity to the breccia. However, the carbonate veins 

disappear after 205.4 m, below which only subordinate carbonate occur in quartz-dominated veins. After 

the sulphide-rich breccia pyrrhotite commonly occur with this subordinate carbonate.  

The mineralization in drill core R2F709 is dominated by pyrrhotite, pyrite, rare arsenopyrite and local 

sphalerite, galena and silver-bearing minerals. These occur as infill in carbonate veins and patches. The 

veins are discordant to bedding but locally branch out into tiny veinlets in the wall rock along bedding 

planes (Fig. 8 B). Pyrargyrite, pyrostilpnite and stephanite are locally seen to form coatings on fracture 

planes. Other observations in R2F709 are a fault zone and adjacent pseudotachylite that show a clear 

relation with an abundance of carbonate veins (Fig. 8 D).  

 

 

 

Figure 8:  Examples of mineralization types and notable structures in the hanging wall mineralization, A) Sulphide-rich breccia 

dominated by massive sphalerite, disseminated galena and pyrite porphyroblasts, the breccia transitions to more fine-grained 

mineralization on the left-hand side (Sample 707@206). B) Sphalerite-galena-pyrargyrite-bearing carbonate vein. The host 

rock is a planar-bedded, turbiditic siltstone-shale (Sample 751@74.43) C) Sharp discordance contact of the sulphide-rich 

breccia and sphalerite-galena mineralization in R2F707 (depth 206.2m) D) Pseudotachylite veins in R2F709 (depth between 

72.2 and 72.8 m). 
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4.2 Mineralogy 
During the core logging, different mineralization types were identified and sampled. These are 

summarized below in relation to hanging wall mineralization, massive to semi-massive sulphide 

mineralization and stringer mineralization respectively.  Emphasis is placed on major minerals (>1 % in 

thin section), sulphosalts, silver-bearing minerals and other minerals of interest.  The sulphosalts herein 

includes freibergite, bournonite, geocronite, boulangerite, pyrostilpnite, pyrargyrite, stephanite, 

argentopyrite, breithauptite and sternbergite. The subordinate minerals (<1 % in the thin section), 

mineralization in the gangue-mineral mass and more detailed information about each thin section can 

be found in Appendix 9.2. 

4.2.1 Massive to semi-massive sulphide mineralization 

Semi-massive sphalerite + galena + pyrrhotite mineralization (751@589.8, 751@591.75, 

751@592.9, 751@593.7, 751@637.2) 

This type of mineralization is dominated by sphalerite with lesser pyrrhotite, galena and pyrite 

porphyroblasts. Allargentum, boulangerite, chalcopyrite, geocronite, freibergite, arsenopyrite, 

gudmundite (FeSbS), pyrite, marcasite and smithsonite (ZnCO3) are subordinate (Appendix 9.2). 

Sphalerite also occurs as inclusions in galena, pyrrhotite and pyrite. Pyrrhotite and galena are mainly 

associated with sphalerite locally intergrown with one another. Galena form networks whereas 

pyrrhotite commonly occurs as elongated grains (or “needles”). Galena is also locally intergrown with 

boulangerite (Pb5Sb4S11), geocronite (Pb14(Sb,As)6S23) and freibergite ((Ag,Cu,Fe)12(Sb,As)4S13), the 

latter rarely as myrmekitic intergrowth. These, and locally pyrrhotite, are commonly accumulated in 

pressure shadows near gangue mineral fragments or as veins cross-cutting these (Fig. 9 A, B). In the 

lower sections of the massive to semi-massive sulphide mineralization pyrrhotite and boulangerite are 

locally less abundant and no geocronite occur. Rare allargentum (Ag1-xSbx) is surrounded by sphalerite 

(Fig. 10 A). The gangue minerals in the upper sections of the massive to semi-massive sulphide 

mineralization are mainly amphibole, carbonate with local bands of chlorite schist whereas the larger 

fragments are composed of the two former minerals. In the lower sections of the massive to semi-

massive sulphide mineralization, mainly quartz, amphiboles and carbonates occur whereas the 

fragments are mainly composed of quartz. 

Semi-massive to massive sphalerite + pyrite + galena mineralization (751@639.4). 

This mineralization type occurs immediately above the underlying stringer mineralization and differ 

from the earlier mineralization type due to abundant pyrite porphyroblasts in a sphalerite dominated 

mass. Pyrrhotite, galena, chalcopyrite, arsenopyrite, gudmundite, freibergite and marcasite are 

subordinate (Appendix 9.2). The pyrite porphyroblasts contain inclusions of galena, chalcopyrite, 

pyrrhotite and various gangue minerals that also fills interstitial spaces between these porphyroblasts. 

Galena and pyrrhotite are subordinate but occur as in the former mineralization type. Galena, pyrrhotite, 

chalcopyrite and freibergite show slight accumulation at borders to gangue-mineral fragments and pyrite 

porphyroblasts. Freibergite is intergrown with galena. The gangue minerals are mainly amphiboles with 

lesser chlorite and plagioclase whereas the gangue fragments are mainly composed of quartz. 

Ball ore (751@578.2, 751@635.5) 

This is a variation of semi-massive and massive mineralization dominated by sphalerite with lesser 

galena, pyrrhotite and chalcopyrite. Pyrite, arsenopyrite, gudmundite, marcasite, ullmannite (NiSbS), 

nisbite (NiSb2), sulphosalts, chalcopyrite and native antimony are subordinate (Appendix 9.2). Locally, 

sphalerite exhibit chalcopyrite disease and occur as inclusions in galena, pyrrhotite, pyrite and 

arsenopyrite. Within the sphalerite-dominated groundmass, associated pyrrhotite and galena occur 

locally intergrown with one another, pyrrhotite commonly needle-shaped. Chalcopyrite is intergrown 

with pyrrhotite, galena, sulphosalts and inclusions in the two latter. Freibergite, boulangerite, bournonite 

(PbCuSbS3) and geocronite occur intergrown with galena, chalcopyrite and one another. Freibergite is 
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mainly observed in the lower sections of the massive to semi-massive mineralization rarely myrmekitic 

with galena and as mantles around boulangerite (Fig. 9 C). Pyrrhotite, galena, chalcopyrite and 

sulphosalts are accumulated in pressure-shadows near gangue-mineral fragments or intergrown with one 

another and sphalerite as veins cross cutting the fragments. Rarely, arsenopyrite porphyroblasts are 

fractured and infilled by pyrrhotite, galena, sphalerite and gudmundite (Fig. 9 D and Fig. 10 B). In ball- 

ore that occur in the upper sections of the massive to semi-massive sulphide mineralization, gangue- 

mineral fragments are composed of chlorite and minor sericite whereas in the sphalerite mass chlorite, 

quartz, carbonates, plagioclase, amphibole and calcite occur. In the lower sections of the massive to 

semi-massive sulphide mineralization, quartz, chlorite amphibole, minor mica, sericite, pyroxene and 

apatite occur in the sphalerite mass whereas the gangue-mineral fragments are quartz-dominated.  

Sphalerite + pyrrhotite + galena mineralization in tremolite skarn (751@588) 

This type of mineralization occurs in a zone of tremolite skarn surrounded by chlorite-talc schist. The 

mineralization is dominated by sphalerite and pyrrhotite with lesser galena and chalcopyrite. 

Boulangerite, freibergite, arsenopyrite, gudmundite, pyrite and possibly nisbite are subordinate 

(Appendix 9.2).  Locally, sphalerite exhibit chalcopyrite disease and occur as inclusions in pyrrhotite, 

galena, chalcopyrite and rarely pyrite. Associated pyrrhotite and galena occur within the sphalerite, the 

former commonly needle-shaped. Chalcopyrite is intergrown with galena, pyrrhotite and sulphosalts but 

also replaces the former. Freibergite and boulangerite occur intergrown with galena, the former rarely 

as mantles around boulangerite and inclusions in sphalerite, pyrrhotite, pyrite and chalcopyrite. The 

gangue minerals are amphibole, mica, plagioclase, feldspar and minor carbonate, quartz and chlorite. 

Sphalerite + pyrrhotite + pyrite + galena mineralization in talc (751@599) 

This mineralization type differs from the above types as it occurs within talc and contains unusually 

abundant pyrite and pyrrhotite. The mineralization is semi-massive and dominated by sphalerite with 

lesser pyrrhotite, galena and pyrite. Arsenopyrite, chalcopyrite, freibergite, hessite, boulangerite, nisbite 

and ullmannite are subordinate (Appendix 9.2). Sphalerite also occur as inclusions in pyrrhotite, galena 

and pyrite as well as sporadically emplaced spots in the surrounding talc. Pyrrhotite and galena occur 

associated within sphalerite, the former commonly as needles. Pyrite porphyroblasts are accumulated in 

the sphalerite mass and at borders to the surrounding talc and contain inclusions of sphalerite, galena 

and rarely pyrrhotite as well as locally replacing galena. Freibergite, boulangerite and hessite (Ag2Te) 

are intergrown with galena, the former also as rare inclusions in chalcopyrite and pyrrhotite as well as 

rare mantles around boulangerite. The gangue minerals occurring with sphalerite are amphiboles and 

the surrounding talc also has minor chlorite, quartz and mica. 

Quartz vein-hosted sulphosalt + pyrrhotite mineralization and disseminated to vein-hosted pyrite 

+ pyrrhotite + chalcopyrite in graphitic shale (751@615.1, 751@617.5) 

This type of mineralization is hosted by a graphitic-shale interbed in the host succession within the 

massive to semi-massive mineralization which makes it different from the above mineralization types. 

The graphitic shale is foliated and contains subordinate amounts of pyrrhotite, chalcopyrite, sphalerite, 

graphite, arsenopyrite, pyrite and boulangerite (Appendix 9.2). In the graphitic shale, pyrrhotite occur 

as needles and is locally intergrown with chalcopyrite and sphalerite. The section studied contains a 

sulphide vein cross-cutting the schistosity of the graphitic shale dominated by pyrrhotite, chalcopyrite 

and minor sphalerite. The quartz vein-hosted mineralization is minor but mainly pyrrhotite and 

boulangerite with lesser chalcopyrite and pyrite. Boulangerite occur as schlieren and individual grains. 

Similarly, pyrrhotite occurs sporadically, commonly as needles. These are locally intergrown with pyrite 

and chalcopyrite. The gangue minerals are quartz, amphiboles and minor mica. 
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Figure 9: Summary of important textural relationships in the massive to semi-massive sulphide mineralization A) Close up of 

a grain composed of mainly geocronite and galena with minor boulangerite and freibergite (Sample 751@591.75), B) 

Accumulation of galena and sulphosalts in the pressure-shadows near a carbonate fragment. Adjacent mineralization 

comprises sphalerite with pyrrhotite needles and minor galena (Sample 751@591.75) C) Exceptional example of freibergite 

myrmekitically intergrown with galena in a pressure shadow (Sample 751@635.5) D) Fractured arsenopyrite porphyroblasts 

infilled by pyrrhotite, pyrite, galena, sphalerite and gudmundite (Sample 751@635.5).  Apy = arsenopyrite, Bl = boulangerite, 

Ccp = chalcopyrite, Frb = freibergite, Gcr = geocronite, Gn = galena, Po = pyrrhotite, Py = pyrite and Sp = sphalerite. 

 

Figure 10: SEM pictures in secondary electron mode (SE2), the settings used were a working distance (WD) of 8.4-8.6 mm, 

voltage of 20.00kV and electric current of 1.0nA. A) Grain of allargentum in the lower parts of the massive to semi-massive 

sulphide mineralization surrounded by sphalerite (Sample 751@637.2) B) Fractured arsenopyrite porphyroblast (Sample 

751@635.5). All = allargentum, Apy = arsenopyrite, Gn = galena, Po = pyrrhotite, Py = pyrite and Sp = sphalerite.  
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4.2.2 Stringer mineralization 

Vein-hosted to disseminated chalcopyrite + pyrrhotite + pyrite in hydrothermally-altered rhyolite 

and tremolite skarn (751@648.3, 751@654.7, 751@655, 751@652.5, 751@661.1)  

This type of mineralization occurs in the hydrothermally-altered rhyolite and tremolite skarn. The 

former contains local high-grade stockwork mineralization. The mineralization in the altered rhyolite is 

dominated by chalcopyrite, pyrrhotite and pyrite (Fig. 11 A). Sphalerite, galena, cubanite (CuFe2S3), 

cobaltite, nisbite and arsenopyrite are subordinate (Appendix 9.2). Chalcopyrite and pyrrhotite are 

associated with each other and sphalerite, the latter of which locally exhibit chalcopyrite disease. Galena 

is rare but mainly occur associated with chalcopyrite, pyrrhotite and sphalerite as well as locally replaced 

by the former. Pyrite most notably occur as locally fractured porphyroblasts associated with pyrrhotite 

and chalcopyrite. The fractured pyrite porphyroblasts are infilled by chalcopyrite, pyrrhotite or 

sphalerite and contain inclusions of these and galena (Fig. 11 B). Freibergite and hessite are mainly 

associated with galena but freibergite also occur within chalcopyrite and rarely pyrrhotite. Hessite 

generally occur along grain boundaries or surrounded by galena (Fig. 11 C and Fig. 12 A). Pyrrhotite 

locally occur as inclusions in galena and hessite. The gangue minerals are quartz with lesser feldspar, 

chlorite and mica. Chlorite and mica are locally abundant adjacent to sulphide veins and vice versa. 

In the tremolite skarn, pyrrhotite, chalcopyrite and subordinate sphalerite occur as in the altered rhyolite. 

The section studied also contains sulphide dissemination of associated chalcopyrite, pyrrhotite and 

galena. Galena also occur within or along grain boundaries to chalcopyrite and pyrrhotite. In a similar 

manner, chalcopyrite and pyrrhotite locally occur as inclusions in galena and, in the case of pyrrhotite, 

also rarely intergrown with hessite. As in the altered rhyolite, hessite and freibergite are the main silver-

bearing minerals and occur in a similar manner. However, smaller amounts of electrum (Au, Ag), native 

silver and bismuth is also present in galena (Fig. 12 B). Native bismuth is commonly associated with 

freibergite, hessite, native silver and electrum. The gangue minerals are amphibole, talc and minor 

chlorite. 

Vein–hosted sphalerite + chalcopyrite + galena mineralization in hydrothermally-altered rhyolite 

(751@678.5) 

This type of mineralization differs from the above type as it contains cm-sized sphalerite veins with 

irregular borders that are rare in the stringer mineralization. The mineralization is dominated by 

sphalerite, chalcopyrite, pyrrhotite and minor galena. Gudmundite, pyrite, cubanite, hessite, freibergite, 

electrum and native bismuth are subordinate (Appendix 9.2). Sphalerite occur as veins associated with 

pyrrhotite, chalcopyrite and galena. Chalcopyrite is also present in the gangue-mineral mass as sporadic 

larger occurrences intergrown with pyrrhotite and galena. Pyrrhotite occur intergrown with sphalerite 

and chalcopyrite and as rare inclusions in galena. Locally, sphalerite exhibit chalcopyrite disease and 

appear as inclusions in pyrrhotite and chalcopyrite. However, pyrrhotite and chalcopyrite also occur as 

inclusions in sphalerite. Galena are mainly found surrounded by or along grain boundaries of sphalerite, 

chalcopyrite and pyrrhotite. However, it also occur as inclusions in these and pyrite. Subordinate 

freibergite and hessite are associated with galena and rarely sphalerite, the former also occur within 

chalcopyrite. Native bismuth appears as inclusions in hessite, locally near grain-boundaries between 

hessite and galena. Electrum is intergrown with galena, pyrrhotite, hessite and freibergite in a larger 

occurrence of chalcopyrite and pyrrhotite (Fig. 11 D). The gangue minerals are dominated by quartz, 

chlorite and mica. 
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Figure 11 summary of important textural relationships in the stringer mineralization, A) Sulphide vein dominated by pyrrhotite 

intergrown with chalcopyrite and galena. Locally fractured pyrite porphyroblasts occur in the sulphide mass. Unusually high 

content of galena also occur in this particular vein (Sample 751@652.5), B) Close up of a rounded pyrite porphyroblast with 

galena inclusions and fractures infilled by a pyrrhotite- and chalcopyrite, similar to the groundmass (Sample 751@652.5) C) 

Hessite and freibergite associated with galena, commonly along grain boundaries (Sample 751@661.1) D) Complex inclusion 

of intergrown hessite, freibergite, galena and gudmundite in pyrrhotite, near a grain boundary towards chalcopyrite (Sample 

751@678.5). Ccp = chalcopyrite, Elt = electrum, Frb = freibergite, Gd = gudmundite, Gn = galena, He = hessite, Po = 

pyrrhotite, Py = pyrite and Sp = sphalerite. 

 

Figure 12: SEM pictures in backscatter (ASB) or secondary electron mode (SE2), the setting used were a working distance 

(WD) of 8.3-8.4 mm, Voltage of 20 kV and electric current of 1.0 nA. A) Galena with hessite at grain boundaries (Sample 

751@652.5) B) Intergrown hessite, native bismuth and electrum surrounded by galena. Ccp = chalcopyrite, Elt = electrum, 

Gn = galena, He = hessite, Bi = native bismuth and Po = pyrrhotite. 
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Massive chalcopyrite mineralization (734@598.05) 

This mineralization type is an extraordinary example of high-grade copper mineralization. The 

mineralogy is similar to the above mineralization types with dominating chalcopyrite and pyrrhotite. 

However, sphalerite is more common than in the first type whereas there is a conspicuous lack of pyrite. 

Cubanite, pyrite, freibergite, arsenopyrite, nisbite and dyscrasite are subordinate (Appendix 9.2).  

Chalcopyrite, pyrrhotite and sphalerite occur associated with one another and individual grains are also 

intergrown, the latter locally exhibits chalcopyrite disease. Pyrrhotite and chalcopyrite locally appear as 

inclusions in sphalerite and vice versa. These three generally contain galena and subordinate minerals 

intergrown or as inclusions within them (Fig. 13 A). Freibergite occur intergrown with galena and as 

inclusions in chalcopyrite and galena. Furthermore, freibergite is rarely intergrown with myrmekitic 

dyscrasite (Ag3Sb), pyrrhotite, nisbite and chalcopyrite (Fig. 13 B and Fig. 14 A and B). Nisbite also 

occur myrmekitically intergrown with pyrrhotite as smaller occurrences within chalcopyrite. The 

gangue minerals are dominated by quartz, amphibole and minor chlorite and carbonate fragments. 

   

Figure 13: Summary of important textural relationships in the massive chalcopyrite mineralization, A) Intergrown 

chalcopyrite, pyrrhotite and sphalerite with lesser galena intergrown with freibergite. Note chalcopyrite disease in sphalerite. 

B) Complex veinlet in sphalerite, comprising myrmekitic intergrowths of pyrrhotite, dyscrasite, nisbite and chalcopyrite as well 

as freibergite, pyrrhotite, galena and chalcopyrite (Sample 734@598.05). Ccp = chalcopyrite, Dys = dyscrasite, Frb = 

freibergite, Gn = galena, Nis = nisbite, Po = pyrrhotite and Sp = sphalerite.  

 

Figure 14: SEM pictures in secondary electron mode (SE2), the settings are a working distance (WD) of 8. 5mm, voltage of 20 

kV and electric current of 1.0 nA (Sample 734@598.05). A) SE2 picture in 825x magnification with myrmekitic dyscrasite, 

nisbite, pyrrhotite, chalcopyrite and intergrown freibergite and galena along borders. B) SE2 picture in 3360x magnification 

with a close up of dyscrasite, pyrrhotite and nisbite. Ccp = chalcopyrite, Dys = dyscrasite, Frb = freibergite, Gn = galena, 

Nis = nisbite, Po = pyrrhotite and Sp = sphalerite. 
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 4.2.3 Hanging wall mineralization 

Quartz vein-hosted sulphosalt + pyrrhotite ± sphalerite mineralization (707@202.1, 707@194.9) 

This mineralization style occurs within quartz veins in a c. 10 m wide zone directly south (up-core) of 

the sulphide-rich breccia. Veins distal to the breccia contains very small amounts of mineralization, 

mainly pyrrhotite and lesser boulangerite. Veins closer to the breccia (c. 4 m) contain more sulphide-

rich mineralization, dominated by intergrown sphalerite, boulangerite and pyrrhotite with minor galena, 

geocronite and freibergite. Boulangerite is intergrown with galena and freibergite, the former commonly 

as inclusions within boulangerite (Fig. 15 A). Gudmundite, marcasite, chalcopyrite, pyrite and 

arsenopyrite are subordinate (Appendix 9.2). The gangue minerals are mainly quartz and mica. Graphite 

occurs as a minor phase in the graphitic shale but also in veins traversing it. 

Sulphide-rich breccia (707@206) 

The sulphide-rich breccia contains massive sulphide mineralization dominated by sphalerite with 

angular clasts of wall rock. Abundant galena, freibergite, pyrrhotite and concentrically-zoned pyrite 

porphyroblasts occur within the sphalerite. Gudmundite, nisbite, chalcopyrite and arsenopyrite are 

subordinate (Appendix 9.2). Pyrite commonly contain inclusions of galena and sphalerite (Fig. 15 B and 

Fig. 16 A). Galena, pyrrhotite and freibergite form intergrowths and occur as inclusions in sphalerite. 

The sphalerite is itself intergrown with these minerals and occur as inclusions in them. Freibergite is 

mainly found intergrown with galena and sphalerite. The gangue minerals are mainly quartz, 

plagioclase, K-feldspar and muscovite both in the sphalerite mass and in the clasts. Up-core of the 

sulphide-rich breccia it grades into semi-massive mineralization on a cm-scale, the contact is sharp and 

characterized by increasing size of pyrite porphyroblasts (Fig. 8 A). The mineralization is dominated by 

sphalerite and abundant framboidal pyrite. The pyrite also occurs locally as coarser porphyroblasts. 

Arsenopyrite, gudmundite and chalcopyrite are subordinate (Appendix 9.2). Sphalerite is divided into 

two sections, the first generally host finer-grained sulphides such as the framboidal pyrite while the 

second kind generally hosts coarser sulphide minerals. In addition, the framboidal pyrite rarely occur 

within pyrrhotite. Galena and pyrrhotite are mainly associated with the dominating sphalerite, the latter 

commonly as needles. Freibergite occur intergrown with galena and sphalerite with local accumulations 

at grain boundaries towards pyrite. Smaller amounts of pyrrhotite also occur as rare inclusions in galena 

and freibergite. The gangue minerals are mainly quartz and mica. 

Sphalerite + galena + silver mineralization in carbonate veins and patches within siltstone-shale 

or metabasalt (709@74.45, 709@81.7)  

This mineralization type occurs in a carbonate vein and a patch within turbiditic siltstone-shale and 

metabasalt respectively. The mineralization is dominated by locally brecciated sphalerite which is 

commonly infilled by carbonates and pyrargyrite (Ag3SbS3). The latter also replaces sphalerite (Fig. 15 

C). Galena occur as infill in the carbonate or as inclusions in sphalerite. Pyrargyrite is the primary silver-

bearing mineral and are found in both the carbonate veins and patches and as rare stringers in the host 

rock (Fig. 15 D and Fig. 16 B). It is also associated with lesser cobaltite, sternbergite (AgFe2S3), 

argentopyrite (AgFe2S4) and breithauptite (NiSb) in the carbonate vein and commonly show mutual 

borders with sphalerite and galena. Cobaltite contain cores of breithauptite and occur as rims along grain 

boundaries of sphalerite. Sternbergite and argentopyrite are intergrown with pyrargyrite. Rare stephanite 

(Ag5SbS4) also occur intergrown with galena (Appendix 9.2). The gangue minerals in the veins and 

patches are dominated by carbonates and lesser andalusite. The surrounding rock is dominated by quartz 

and sericite in the turbiditic siltstone-shale and mainly chlorite and carbonates in the metabasalt. 

mailto:707@202.1
mailto:707@194.9
mailto:709@74.45
mailto:709@
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Figure 15: Summary of important textural relationships in the hanging wall mineralization, A) Intergrown sphalerite, 

boulangerite, pyrrhotite, minor galena, freibergite and geocronite in the quartz vein-hosted mineralization directly south of 

the sulphide-rich breccia (Sample 707@202.1) B) Intergrown freibergite-galena-pyrrhotite in the sulphide-rich breccia. The 

picture also shows intergrown pyrrhotite, gudmundite and sphalerite as well as a concentrically-zoned pyrite porphyroblast 

with inclusions of sphalerite and galena (Sample 707@206 (1)) C) Brecciated sphalerite infilled and partly replaced by 

carbonates and pyrargyrite (Sample 709@81.7) D) Sphalerite, pyrargyrite, galena, sternbergite and argentopyrite and rims 

of cobaltite with cores of breithauptite (Sample 709@74.43). Apy = arsenopyrite, Arp = argentopyrite, Bl = boulangerite, Ccp 

= chalcopyrite, Frb = freibergite, Gcr = geocronite, Gn = galena, Po = pyrrhotite, Py = pyrite, Pyg = pyrargyrite, Sp = 

sphalerite and Stb = sternbergite. 

 

 

Figure 16: SEM pictures in secondary electron mode (SE2), the settings used are a working distance (WD) of 8.4-8.6 mm, 

voltage of 20 kV and electric current of 1.0 nA. A) Concentrically-zoned pyrite porphyroblast in the sulphide-rich breccia with 

inclusions of galena (white) and sphalerite (intermediate grey) (Sample 707@206 (1)) B) Galena, pyrargyrite, sternbergite or 

argentopyrite and dendritic or globular cobaltite with cores of breithauptite (Sample 709@74.43). 

Arp = argentopyrite, Brh = breithauptite, Cob = cobaltite, Frb = freibergite, Gn = galena, Py = pyrite, Pyg = pyrargyrite, Sp 

= sphalerite and Stb = sternbergite.   
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Silver mineralization in fracture planes (drill hole 709 at 74.3m) 

This type of mineralization occurs in late fracture-planes in the graphitic shale and locally exhibit 

dendritic growth patterns. Three main silver-bearing minerals occur and the chemical composition of 

the first two based on SEM analysis show a ratio of approximately 3Ag: 3S: 1Sb indicative of pyrargyrite 

or pyrostilpnite. Through further study with a stereo microscope the color of these minerals correlates 

well with the deep red and orange-red color characteristic of pyrargyrite and pyrostilpnite (Ag3SbS3) 

respectively, whereby both occur (Fig. 17 A and Fig. 18 A). This mineral is covered with cubes 

interpreted as pyrite based on SEM analysis (Fig 18 B). The other silver-bearing mineral show a ratio 

of approximately 5Ag: 3.5S: 1Sb. It exhibits a grey color, metallic luster, almost tabular appearance and 

contains no pyrite cubes. The color and chemical composition are indicative of stephanite (Fig. 17 B 

and Fig. 18 C).  

   
Figure 17: Silver-bearing minerals studied with a stereomicroscope, the scales are approximate (Drill core R2F709 depth 
74.3m), A) Pyrargyrite (deep red) and pyrostilpnite (orange-red), top left corner is copper tape, B) Stephanite (gray with 
metallic luster).  

 

 

Figure 18: SEM pictures in backscatter (ASB) or secondary 
electron mode (SE2), the settings used are a working 
distance (WD) of 11.5 to 12.1mm, voltage of 20 kV and 
electric current of 1.0nA. (Drill core R2F709 depth 74.3m) A) 
ASB picture in 80x magnification of dendritic pyrargyrite or 
pyrostilpnite, top left is copper tape, B) SE2 picture in 4760x 
magnification of the mineral exhibiting dendritic growth 
patterns including the overgrowing cubic plates,  
C) ASB picture in 627x magnification of tabular stephanite 
notably without the overgrowing pyrite plates observed in 
the pyrargyrite or pyrostilpnite.   
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4.3 Paragenetic relationships 

4.3.1 Mineral relationships 

The paragenetic relationships between the major minerals sphalerite, chalcopyrite, pyrrhotite and galena 

are complex since these minerals form intergrowths, show mutual borders and occur as inclusions within 

one another, suggesting a coeval formation. The pyrite and arsenopyrite porphyroblasts locally contain 

inclusions of sphalerite, galena, chalcopyrite, pyrrhotite and silicates. In the massive to semi-massive 

sulphide mineralization and stringer mineralization, the arsenopyrite and pyrite porphyroblasts are 

locally fractured and infilled by other minerals such as chalcopyrite, pyrrhotite, galena, sphalerite and 

gudmundite. In the sulphide-rich breccia pyrite porphyroblasts are not fractured but commonly 

concentrically zoned with inclusions of sphalerite and galena. In addition, pyrite porphyroblasts locally 

have rounded edges in the massive to semi-massive mineralization, hanging wall mineralization and 

stringer mineralization implying resorption. Where present, gudmundite, nisbite and ullmannite 

commonly occur intergrown with pyrrhotite, locally together as inclusions in galena or sulphosalts. 

Gudmundite also occur associated with sphalerite, galena or sulphosalts whereas nisbite are locally 

intergrown with pyrrhotite and dyscrasite in the massive chalcopyrite mineralization. In the massive to 

semi-massive sulphide mineralization nisbite, ullmannite and galena rarely form reaction rims along 

grain boundaries between boulangerite and amphiboles. Nisbite occur adjacent to the amphibole then 

ullmannite and lastly galena further into the boulangerite.  

Freibergite show a clear spatial relationship with galena and other sulphosalts, locally exhibiting 

myrmekitic intergrowth. However, it also occurs as inclusions in chalcopyrite and rarely pyrrhotite, 

especially in the stringer mineralization. In the massive to semi-massive mineralization freibergite rarely 

occur as mantles around boulangerite, the lack of resorption and the mutual borders indicates overgrowth 

rather than replacement. Hessite occurs intergrown with galena or sulphosalts in both the stringer 

mineralization and the massive to semi-massive sulphide mineralization, generally at grain boundaries 

and as inclusions. Electrum, native bismuth and native silver are seemingly restricted to the stringer 

mineralization and occur as inclusions within galena. The silver-bearing mineralization that occur in 

carbonate veins and patches within the hanging wall mineralization contain different silver-bearing 

minerals compared to the other mineralization types. The main silver-bearing minerals are pyrargyrite 

with intergrown argentopyrite and sternbergite. Stephanite occurs both intergrown with galena and along 

fracture planes together with pyrargyrite and pyrostilpnite. In addition, cobaltite commonly contains 

cores of breithauptite and occur along grain boundaries in sphalerite.  

4.3.2 Replacement and exsolution  

Evidence for that chalcopyrite has replaced sphalerite, galena and pyrrhotite has been observed, albeit 

rarely. Chalcopyrite disease is commonly seen in sphalerite, the latter supposedly a replacement process 

(Barton & Bethke 1987). However, considering the complex relationship between these the relationships 

could possibly also represent coeval formation rather than replacement. In the sphalerite-galena-silver 

mineralization within carbonate in the hanging wall mineralization the brecciated sphalerite is infilled 

and replaced by carbonates and pyrargyrite. Pyrite is also locally observed replacing galena in the talc-

rich sections of the massive to semi-massive mineralization. 

In the massive copper ore, myrmekitic dyscrasite, pyrrhotite, nisbite and rare chalcopyrite occur 

intergrown with freibergite. Consideration of the chemical composition and textural evidence suggest 

that at least the dyscrasite, pyrrhotite and chalcopyrite in these myrmekitic intergrowths may have 

formed by alteration of freibergite.  

Cubanite and marcasite lamellae occur in chalcopyrite and pyrrhotite respectively, the former as 

secondary exsolution products and the latter replacing pyrrhotite. The former in the stringer 

mineralization and the latter in the massive to semi-massive sulphide mineralization. 
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4.3.3 Relationship to deformation 

There is extensive evidence for an overprint by ductile deformation and a structural control on the 

current distribution on sulphide minerals. These evidences include the accumulation of pyrrhotite and 

chalcopyrite in tension gashes (Fig. 19 A), and galena and pyrrhotite in pressure shadows near more 

competent host-rock fragments and minerals (Fig. 19 B and C). Parts of the massive to semi-massive 

sulphide mineralization contain sulphides that are folded or wrapped around more competent host-rock 

fragments. Locally, mineralization exhibits a ‘ball-ore’ texture, i.e. competent wall-rock fragments and 

competent ore minerals rolled in a finer-grained mass of more incompetent minerals (Fig. 6 D) (Gilligan 

& Marshall 1987). At Rävliden N, the groundmass in such ball ore is dominated by sphalerite and lesser 

pyrrhotite.  

Furthermore, both the hanging wall mineralization and the massive to semi-massive sulphide 

mineralization contain shales with a proto-mylonitic structure. In the hanging wall mineralization, such 

a mylonite borders the sulphide-rich breccia, and likely formed in a precursor shear zone to the currently 

observed breccia. This possibly indicates that the mineralization is associated with a shear zone or fault. 

The mineralization thus either formed in the shear zone or is overprinted by deformation associated with 

it. In the massive to semi-massive sulphide mineralization a section of graphitic shale contains 

arsenopyrite porphyroblasts with tails of pyrrhotite consistent with an σ-porphyroclastic system which 

suggests a mylonitic zone and thus also an overprint by ductile deformation (Fossen 2010). 

In drill core R2F709 a fault occurs near the hanging wall mineralization; this interpretation is 

consolidated by adjacent pseudotachylite which formed due to surrounding rocks being melted during 

fault movement (Fossen 2010). The spatial relation between the pseudotachylite and carbonates 

indicates that their formation is coeval and related to the fault. Brittle deformation of the surrounding 

rocks likely caused fracturing and brecciation, with the space being infilled by quartz and carbonates. 

There is a deformation zone of more ductile character associated with folding the surrounding rocks 

further down-core. This zone is interpreted as a shear zone and indicates that the fault formed near an 

older shear zone.  

In LOM, evidence supporting or consistent with ductile deformation and a structural control on the 

distribution of sulphide minerals include the accumulation of not only pyrrhotite and galena but also 

varying sulphosalt species and occasionally chalcopyrite in pressure shadows of gangue-mineral 

fragments. Elongated grains occur and are mainly pyrrhotite but also galena, chalcopyrite and even 

pyrite. Arsenopyrite and pyrite porphyroblasts are locally fractured and infilled by various minerals such 

as chalcopyrite, galena, sphalerite, freibergite, boulangerite and pyrrhotite (Fig. 19 E). These minerals 

also fill in interstitial spaces between pyrite grains. In addition, the pyrite and arsenopyrite 

porphyroblasts locally show rounded edges (Fig. 19 F). There are also quartz showing undulose 

extinction and kinked tremolite, chlorite and carbonate, further consistent with an overprint by ductile 

deformation (Fig. 19 G). Quartz fragments and veins locally show evidence of recrystallization. 
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Figure 19: Textural evidence for ductile deformation and structurally-controlled sulphides, A) Fracture-controlled 

chalcopyrite and pyrrhotite in the massive to semi-massive sulphide mineralization (Sample 751@588) B) and C) Galena, 

pyrrhotite and freibergite accumulated in pressure shadows near quartz-dominated bands in the massive to semi-massive 

sulphide mineralization (Sample 751@635.5 (2) A and 751@589.8 respectively) D) Elongated pyrrhotite and galena in a 

massive sphalerite mass (Sample 751@599) E) Fractured pyrite porphyroblast in the stringer mineralization infilled by 

chalcopyrite and pyrrhotite (751@648.3) F) Concentrically-zoned pyrite porphyroblast in the hanging wall mineralization 

with rounded edges and inclusions of sphalerite and galena (Sample 707@206 (1)) G) Kinked carbonate fragment that suggests 

ductile deformation (751@593.7). Ccp = chalcopyrite, Frb = freibergite, Gn = galena, Po = pyrrhotite, Py = pyrite and Sp = 

sphalerite.   
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4.4 QEMSCAN 

The QEMSCAN analysis successfully identified approximately 96 to 99 % of the minerals in the thin 

sections studied. However, freibergite was the only silver mineral showing a significant concentration 

and only in sample 707@206 (1).  The association of Freibergite to other minerals is shown in Fig. 20. 

 

Figure 20: Box charts showing the association of freibergite to other minerals in 707@206 (1), A) Association with 

sulphides, silicates and other unknown or undistinguishable minerals. B) Association with sulphide minerals normalized to 

100 % after excluding silicates and C) Association with silicate minerals normalized to 100 % after excluding sulphide 

minerals. In both B) and C) all species that, after normalization, were below 1 wt.% are removed.  

Freibergite show a strong association to galena and sphalerite but LOM studies show that the 

association to galena is much more important. This is because while the relation to sphalerite is large 

the amounts of sphalerite and galena respectively differs a lot, the former being much more abundant 

(Table 1). The fact that the small amounts of galena show such a strong association with freibergite 

indicates a preferential association between these two rather than with sphalerite.  

The mapped contents of different minerals in each thin section were used to compare the relation 

between the hanging wall mineralization and the massive to semi-massive sulphide mineralization 

studied, utilizing ratios to account for differences in the relative content of sulphides and gangue in the 

thin sections (Table 1). In most samples, the results indicate that the content of sphalerite and galena 
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are between 2.6 to 3.5 in both the hanging wall mineralization and massive to semi-massive sulphide 

mineralization. However, one sample contains significantly smaller amounts of galena. The other 

ratios show larger variations and it is also evident that the galena-poor sample also contains low 

amounts of freibergite. The hanging wall mineralization contains significantly higher content of 

freibergite. 

Table 1: Comparison of the relative contents of sphalerite, galena and freibergite in the analyzed sections. 

 

4.5 Mineral Chemistry 
The results of the EMPA study are presented in table 2 to 7. Note that elements that after calculation of 

a mineral formula yielded less than 0.01 in atomic proportions (at. prop.) are not shown but the raw data 

can be seen in appendix 9.4. The theoretical formula for each mineral is included for an easy comparison 

with the calculated composition. Only one gudmundite analysis yielded results within acceptable limits. 

Boulangerite is presented but was only analyzed in the massive to semi-massive sulphide mineralization. 

Similarly, hessite and electrum were only analyzed in samples from the stringer mineralization.  

4.5.1 Freibergite 

Analysis of minerals belonging to the tetrahedrite-tennantite group confirm that all analyzed grains are 

of freibergite composition. The Ag-content (Table 2) is slightly higher in the sulphide-rich breccia and 

stringer mineralization compared with the massive to semi-massive sulphide mineralization. The Fe- 

content is similar in the sulphide-rich breccia and massive to semi-massive sulphide mineralization 

whereas it is slightly elevated in the stringer mineralization. Cu behaves opposite to Ag but the contents 

of Sb and Zn are quite consistent in all mineralization types. As was only detected in the sample from 

the sulphide-rich breccia.  

Table 2: Freibergite (theoretically (Ag,Cu,Fe)12(Sb,As)4S13) , note that all under 0.01 at. prop. are omitted 

Sample ID 751@591.75 751@637.2 751@578.2 707@206(i) 

Setting 

Massive to semi-massive 

sulphide mineralization 

Massive to semi-massive 

sulphide mineralization 

Massive to semi-massive 

sulphide mineralization 

Sulphide-

rich breccia 

Sp/Gn 2.6 3.5 165.7 3.3 

Frb/Sp 5.3 2.2 0.0 70.9 

Frb/Gn 13.7 7.7 1.0 233.6 

Sample ID 707@206.1 751@592.9 751@635.5 (2) B 751@652.5 751@661.1 

Setting 

Sulphide-rich  

breccia 

Massive to semi- 

massive sulphide  

mineralization 

Massive to semi- 

massive sulphide  

mineralization 

Stringer  

mineralization 

Stringer  

mineralization 

Average wt.%      

S 23.05 23.44 23.27 23.13 22.83 

Zn 0.98 1.14 1.25 0.75 0.74 

Cu 24.68 26.1 24.65 24.04 23.46 

Fe 5.48 5.61 5.43 6.04 6.61 

As  0.31 0 0 0 0 

Ag 18.39 16.88 18.23 18.91 20.46 

Sb 26.9 27.28 27.04 26.78 26.01 

Total 99.78 100.44 99.89 99.65 100.1 

Normalized against sulphur (at. prop.)     

S 1 1 1 1 1 

Zn 0.02 0.02 0.03 0.02 0.02 

Cu 0.54 0.56 0.53 0.52 0.52 

Fe 0.14 0.14 0.13 0.15 0.17 

As  0.01 0 0 0 0 

Ag 0.24 0.21 0.23 0.24 0.27 

Sb 0.31 0.31 0.31 0.3 0.3 

mailto:751@635.5
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4.5.2 Sphalerite 

The Zn content in sphalerite (Table 3) is slightly higher in the massive to semi-massive sulphide 

mineralization and stringer mineralization than in mineralization from the sulphide-rich breccia. The Fe 

content is slightly higher in the sulphide-rich breccia and stringer mineralization as compared to the 

massive to semi-massive sulphide mineralization. Cd was only detected in the sulphide-rich breccia.  

Table 3: Sphalerite (theoretically (Zn,Fe)S) , note that all elements under 0.01 at. prop. are omitted 

Sample ID 707@206.1 751@592.9 751@635.5 (2) B 751@652.5 751@661.1 

Setting 

Sulphide-rich  

breccia 

Massive to semi-

massive sulphide 

mineralization 

Massive to semi- 

massive sulphide 

mineralization 

Stringer 

mineralization 

Stringer 

mineralization 

Average wt.%      

Cd 0.59 0 0 0 0 

S 33.09 33.49 33.39 33.27 33.46 

Zn 57.72 59.33 60.06 59.81 59.12 

Fe 8.11 7.77 7.14 7.42 8.32 

Total 99.50 100.58 100.59 100.50 100.90 

Normalized against sulphur (at. prop.)     

Cd 0.01 0 0 0 0 

S 1.00 1.00 1.00 1.00 1.00 

Zn 0.86 0.87 0.88 0.88 0.87 

Fe 0.14 0.13 0.12 0.13 0.14 

 

4.5.3 Boulangerite 

Based on the limited amount of analyses available the average chemical composition of boulangerite 

(Table 4) is quite consistent throughout the massive to semi-massive sulphide mineralization.  

Table 4: Boulangerite (theoretically Pb5Sb4S11), note that all below 0.01 at. prop. are omitted 

Sample ID 751@592.9 751@635.5 (2) B 

Setting 

Massive to semi-massive  

sulphide mineralization 

Massive to semi-massive  

sulphide mineralization 

Average wt.%   

S 17.85 17.75 

Zn 0 0.39 

Cu 0 0.2 

Pb 55.33 55.15 

Sb 25.51 25.63 

Total 98.69 99.11 

Normalized against sulphur (at. prop.)  

S 1 1 

Zn 0 0.01 

Cu 0 0.01 

Pb 0.48 0.48 

Sb 0.38 0.38 
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4.5.4 Hessite 

The Ag and Te content in hessite are consistent in the stringer mineralization (Table 5).  

Table 5: Hessite (theoretically Ag2Te), note that all elements below 0.01 at. prop. are omitted 

 

 

 

 

 

 

4.5.5 Electrum 

The only gold bearing mineral analyzed is electrum that measured 33.05 wt.% Au (Table 6). 

Table 6: Electrum (theoretically (Au, Ag) usually with >20 wt.% Ag) 

Sample ID 751@661.1 

Setting Stringer mineralization 

Average wt.%  

Ag 54.77 

Hg 10.97 

Au 33.05 

Total  98.79 

No normalization 

Ag 0.51 

Hg 0.05 

Au 0.17 

 

4.5.5 Gudmundite 

The only analysis of gudmundite within acceptable limits (Table 7) is very similar to the theoretical 

formula with minor substituted As and Ni. 

Table 7: Gudmundite (theoretically FeSbS), note that all below 0.01 at. prop. are omitted 

Sample ID 707@206.1 

Setting 

Sulphide-rich 

breccia 

Average wt.%  

S 15.53 

Fe 27.1 

As 0.9 

Sb 57.79 

Ni 0.2 

Total 101.51 

Normalized against sulphur (at. prop.) 

S 1 

Fe 1 

As 0.02 

Sb 0.98 

Ni 0.01 

Sample ID 751@652.5 751@661.1 

Setting Stringer mineralization Stringer mineralization 

Average wt.%   

Ag 64.32 64.43 

Te 36.18 37.35 

Total 100.49 101.78 

Normalized against silver (at. prop.)  

Ag 1 1 

Te 0.48 0.49 
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5. Discussion  

5.1 Summary of silver-bearing minerals 
The results of this study indicate that the most important silver-bearing mineral at Rävliden N is 

freibergite (Fig. 20). Freibergite commonly occurs with galena, either as intergrowths or enclosed by 

the latter, and is commonly concentrated in pressure shadows near more competent minerals and 

fragments. It also occurs as rare inclusions in sphalerite, chalcopyrite and pyrrhotite.  

Other subordinate silver-bearing minerals observed during the current study include hessite and rare 

allargentum in the massive to semi-massive sulphide mineralization and stringer mineralization, and 

native silver as well as electrum in the stringer mineralization. Except for allargentum the silver-bearing 

minerals are mainly associated with galena. Allargentum is rare but occur surrounded by sphalerite. 

Furthermore, electrum in the stringer mineralization is the only gold-bearing mineral identified in this 

study. 

The hanging wall mineralization includes two profiles with local silver-enriched zones situated at 

different stratigraphic levels of the Vargfors Group. One includes the sulphide-rich breccia and adjacent 

graphitic shale while the other contains silver-bearing minerals that either occurs in carbonate veins or 

patches or as flakes in fracture planes. 

In the former case freibergite is the only silver-bearing mineral identified and is commonly associated 

with galena, sphalerite and other sulphosalts. As for the silver-bearing minerals in carbonate veins or 

patches, pyrargyrite predominate and occur associated with sphalerite and carbonates, locally filling 

fractures or replacing the former. Smaller amounts of sternbergite, argentopyrite and stephanite also 

occur, the two former intergrown with pyrargyrite while the latter is intergrown with galena. Pyrargyrite, 

pyrostilpnite and stephanite occur as thin coatings on late fracture planes. 

5.2 Evidence for remobilization and implications of textures and structures 
The Rävliden N deposit is polymetallic with a variety of silver-bearing minerals. Some of these minerals 

show evidence of ductile deformation, whereas others exist in late fractures that post-date fabric 

development. This either implies that the deposits formed from multiple mineralizing events during 

Svecokarelian orogeny, or that mineralization formed at the synvolcanic stage, and that the 

paragenetically late associations formed from syn-tectonic remobilization. As will be outlined below, 

the second alternative is favored.  

Albeit relatively enriched in silver, the metals that occur in the hanging wall mineralization – including 

the late fracture-hosted mineralization - are the same as occur in the Rävliden N massive sulphide 

deposit. Thus, there is no need to invoke multiple mineralizating events, as the metal content in 

paragenetically late mineralization types such as the hanging wall mineralization can be accounted for 

by syn-tectonic remobilization from the underlying massive sulphide mineralization.  The processes that 

formed these remobilized mineralizations did not necessarily add silver to the system, but rather caused 

a relative Ag-enrichment.  

The QEMSCAN study show that ratios between sphalerite and galena are similar in the sulphide-rich 

breccia in the hanging wall mineralization and massive to semi-massive sulphide mineralization 

respectively while freibergite exhibits a clear enrichment in the hanging wall graphite shale-hosted 

mineralization (Table 1). This mineralization is seemingly out-of-place, yet is present near a deformation 

zone that at depth cross-cuts the Rävliden N deposit. Thus, it is possible that the sulphides in the graphite 

shale-hosted mineralization are derived from remobilization along this deformation zone, and that the 

processes of remobilization led to a general enrichment in silver in the remobilized mineralization. A 

general relative enrichment in silver with time and increasing degrees of remobilization is suggested by 

the late fracture-hosted mineralization, which are entirely dominated by sulphosalts (pyrargyrite, 

pyrostilpnite and stephanite).  
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The concentrically zoned pyrite porphyroblasts in the sulphide-rich breccia of the hanging wall 

mineralization contain inclusions of galena and sphalerite. This indicates that the growth of pyrite 

porphyroblasts are syn-tectonic and that the zoned inclusions of galena and sphalerite likely formed 

before or during the deformation (Craig et al. 1998). This suggests that the remobilization which formed 

the sulphide-rich breccia occurred before or during ductile deformation. Furthermore, the silver-bearing 

minerals that occur as flakes in fracture planes in a different stratigraphic level of the hanging wall 

mineralization likely formed following a later transition to more brittle conditions. This suggests that 

remobilization occurred in several steps at varying temperatures. Adjacent to the sulphide-rich breccia 

in the hanging wall mineralization, the mineralization contains abundant framboidal pyrite. The 

preservation of the framboidal pyrite is consistent with low-grade metamorphism (Craig et al. 1998).  

Drill core R2F709 contains silver-bearing minerals that occur in carbonate veins or patches as well as 

flakes in fracture planes. These minerals are pyrargyrite, pyrostilpnite, stephanite, argentopyrite and 

sternbergite. In contrast, the silver-bearing minerals in the sulphide-rich breccia, massive to semi-

massive sulphide mineralization and stringer mineralization is freibergite with some hessite in the latter 

two. Pyrostilpnite form from pyrargyrite under 192 ± 5 °C while stephanite, under certain conditions, 

convert into pyrargyrite and argentite as temperature increases towards 197 ± 5 °C which may suggest 

a relation between these minerals (Keighin & Honea 1969). In a similar manner, argentopyrite and 

sternbergite become unstable at temperatures exceeding approximately 152 °C. (Taylor 1970). This 

provide a temperature estimate for the very late stages of remobilization, and suggest that the final stages 

of remobilization occurred under relatively low temperatures.  

5.3 Comparison with typical VMS deposits 
When comparing observations from the core logging and LOM studies with the theoretical VMS model, 

many similarities are evident such as a massive to semi-massive sulphide mineralization which is 

underlain by more Cu-rich stringer mineralization with stockwork, veins and disseminated sulphides. 

As for the alteration zoning only the variation in depth can be interpreted since the lateral variations is 

not studied during this project. The varying host rocks in the massive to semi-massive sulphide 

mineralization are locally silicified and chlorite-altered, the former generally more pronounced and 

mainly in the lower sections of the massive to semi-massive sulphide mineralization. 

In the stringer mineralization copper mineralization and chlorite are clearly associated whereas chlorite 

decreases and sericite increases laterally away from the stringer mineralization. 

However, the Rävliden N deposit locally contains zones within the massive to semi-massive sulphide 

mineralization with notable amounts of tremolite and carbonate. The carbonate may be a result of 

hydrothermal alteration whereas the tremolite possibly formed when the carbonate reacted with 

surrounding rock during metamorphism (Bucher & Frey 2002). 

Regarding metal zonation, the profile show a significant decrease in sphalerite and galena content 

whereas chalcopyrite, pyrite and pyrrhotite show a general increase in abundance when comparing the 

underlying stringer mineralization with the massive to semi-massive sulphide mineralization. The 

theoretical zonation centers a zone of elevated Fe with Cu in the center and increasing Zn, Pb and Ba 

content upwards. On a first glance based on data from this project, the Rävliden N deposit seems 

different since the massive to semi-massive sulphide mineralization is dominated by sphalerite and only 

minor chalcopyrite occur. However, the deposit is separated into copper- and zinc-rich sections and 

mainly the latter is studied in this project. Thus it may be consistent with the theoretical model. The 

increasing Fe with depth is possibly reflected by the increasing pyrrhotite and pyrite content in the 

stringer mineralization. As such it may fit quite well with the theoretical model in that regard.  

Telluride minerals, such as hessite, that occur in VMS deposits are either only present in specific parts 

of the deposit or in very small amounts (Hassan & Roberts 2017). At Rävliden N, hessite is the only 

telluride mineral observed and is accessory. Native bismuth is seemingly restricted to the stringer 

mineralization commonly at borders to or as inclusions in hessite and intergrown with other silver- and 
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gold-bearing minerals. In Rävliden N there is no association between Au and Te based on current 

observations. However, Ag and Te occur together as hessite mainly in the stringer mineralization but 

also minor amounts in the massive to semi-massive sulphide mineralization. There are other deposits in 

the Skellefte district with reported telluride minerals such as Långsele (Mindat 2017), Kankberg and 

Älgträsk. However, the Au-Te mineralization which currently is mined in the Kankberg mine contain 

only small amounts of sulphides (Nils Jansson, personal communication 2017) and Älgträsk is a 

porphyry copper deposit (Bejgarn et al. 2011). While Mindat is not a scientific source, many of the 

reported tellurium-bearing deposits here are not massive sulphides like Rävliden N. A comparison with 

other VMS deposits in the Skellefte district is complicated due to the lack of detailed mineralogical 

investigations regarding telluride minerals. As a result, it is difficult to ascertain whether the amount of 

Te in Rävliden N is typical for the VMS deposits in Skellefte district, or if it is anomalous.  

5.4 Limitations and suggestions for future work 

SEM, QEMSCAN and EMPA analyses were only done on a limited amount of thin sections, especially 

in the case of the two latter. The interpretations on mineral chemistry is thus relying on a limited amount 

of thin sections that sample a very small area of the massive to semi-massive sulphide mineralization 

and surrounding zones. This must be kept in mind and there may be variations and mineral types not yet 

identified. The results of the QEMSCAN study suggest that the point spacing was too large to accurately 

image distribution of Ag-minerals, which are commonly fine-grained and thus easily overlooked. As for 

SEM, the analysis is semi-quantitative and, since it does not utilize standards in contrast to EMPA, the 

results are approximate. In contrast, the results from the EMPA is based on standards and provide more 

accurate results enabling the identification of the minerals chemical composition.  

The sampling during core logging was somewhat biased due to preferential sampling of sections 

containing minerals suspected to be associated with silver or silver-bearing minerals. As such some 

sections may not have been studied sufficiently. Further limitations to the study are that the stringer 

mineralization was not analyzed in QEMSCAN since no sample had previously been analyzed in SEM 

at the time of QEMSCAN analysis. Furthermore, not all unknown minerals could be analyzed in SEM 

due to time constraints and thus some minerals remain unidentified.  

The focus of this project was on opaque minerals and as such the silicates and carbonates have only 

been briefly studied and a more thorough study of these may be needed. Furthermore, the occurrence of 

pyrite porphyroblasts with inclusions of, among others, sphalerite can potentially provide information 

about geothermobarometrical conditions (Craig et al. 1998).  



 
 

34 
 

6. Conclusions 
Based on the results of this study, the main silver-bearing mineral at Rävliden N is freibergite, occurring 

with galena and commonly accumulated in pressure shadows near host rock fragments. Hessite occur 

intergrown in galena both in the massive to semi-massive sulphide mineralization and stringer 

mineralization but only minor amounts occur in the former. In the latter, the silver mineralization is 

mainly hessite and freibergite, both mainly related to galena but the latter also occur as inclusions in 

chalcopyrite.  Aside from these there are some subordinate silver-bearing minerals such as allargentum 

surrounded by sphalerite in the massive to semi-massive sulphide mineralization. Electrum and native 

silver occur in the stringer mineralization as inclusions in galena, the former being the only gold-bearing 

mineral identified in this study. In R2F709 different silver-bearing minerals occur such as pyrargyrite, 

pyrostilpnite, argentopyrite, sternbergite and stephanite mainly as infill in carbonate or as flakes and 

porphyroblasts in fracture planes. These mineralization types occur in structurally-late settings and this, 

as well as the temperature stabilities of the minerals, suggests formation of these types during late-stage 

remobilization of Ag, Sb and S from the Rävliden N massive sulphide deposit.  

Galena, sulphosalts, pyrrhotite, chalcopyrite, pyrite and arsenopyrite show evidence consistent with an 

overprint by ductile deformation. These include the accumulation of more ductile minerals in pressure 

shadows near more compact gangue-mineral fragments as well as brittle fracturing of competent 

arsenopyrite and pyrite porphyroblasts with subsequent infill of more incompetent sulphide minerals. 

Further evidence of a tectonic overprint are local ball-ore textures and elongated grains of mainly 

pyrrhotite but also galena, chalcopyrite and rarely even pyrite.  
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9. Appendix 

 

Abbrevations acquired from Whitney & Evans 2010, except those in italics. Relative amount refers to 

approximate amount in thin section. The samples studied in SEM are 707@202.1, 707@206 (1), 

709@74.45, 734@598.05, 751@578.2, 751@591.75, 751@592.9, 751@599, 751@635.5, 751@635.5 

(2) B, 751@637.2, 751@652.5 and 751@661.1. 

  

Mineral Abbrevation  Silicates and carbonates Abbrevation  

Allargentum All Carbonate (group) Cb 

Argentopyrite Arp Quartz  Qz 

Arsenopyrite Apy Tremolite Tr 

Boulangerite Bl Chlorite Chl 

Bournonite Bo Muscovite Ms 

Breithauptite Brh Albite  Ab 

Chalcopyrite Ccp Anorthite  An 

Cobaltite Cob K-feldspar Kfs 

Cubanite Cbn Calcite Cal 

Dyscrasite Dys Sanidine Sd 

Electrum Elt Biotite Bt 

Freibergite Frb Phlogopite Phl 

Galena Gn Dravite Drv 

Geocronite Gcr Oligoclase Ogc 

Graphite Gr Epidote Ep 

Gudmundite Gd Talc  Tlc 

Hessite Hes Titanite Ttn 

Hydrozincite or Smithsonite Hz or Sm Barite Brt 

Marcasite Mrc Apatite Ap 

Native Ag Ag Fluorite Fl 

Native Antimony Sb Dolomite Dol 

Native Bismuth Bi Cordierite Cd 

Nisbite Nis   

Pyrargyrite Pyg   

Pyrite Py Alteration types Abbrevation 

Pyrostilpnite  Pys Silicificied Sil 

Pyrrhotite Po Sericite Ser 

Rutile or Anatase Rt or Ant Chlorite Chl 

Sphalerite Sp   

Stephanite Sth   

Sternbergite Stb   

Ullmannite Ul   
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9.1. Core logs 
 

Legend 
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Drill hole R2F751 
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Drill hole R2F707 
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Drill hole R2F709 
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9.2. Thin section descriptions 

 

 

  

Symbol Relative amount (%) 

Xxxxx 40 

Xxxx 20 

Xxx 5 

Xx 1 

X < 1 



 
 

48 
 

707@194.9 –  Quartz vein-hosted sulphosalt + pyrrhotite ± sphalerite mineralization – Hanging 

wall mineralization 

 
Drill core R2F707, depth 194.9 m. Sample for thin section marked with red box. 

Hand specimen description 

Foliated graphitic shale, black and fine-grained, with carbonate veinlets, patches and a quartz vein 

with minor carbonates. The graphitic shale contains schlieren and impregnated pyrrhotite that is 

seemingly accumulated in the carbonate patches as well as rare pyrite porphyroblasts that appear 

rounded. The mineralization in the quartz vein is impregnated pyrrhotite and sulphosalts, the latter also 

as schlieren.  

Minerals  Relative amount Comments  

Pyrrhotite X Individual grains, commonly needle-shaped and locally intergrown with Gd. 

Boulangerite X Schlieren and individual grains in the Qz vein, locally intergrown with Ccp.  

Marcasite X Lamellae in Po.  

Chalcopyrite X  Rare, occur associated with Bl and as individual grains in Qz. 

 

Thin section description 

The mineralization in the quartz vein consists of small amounts of boulangerite and pyrrhotite. Both 

occur as individual grains and in the case of boulangerite also as schlieren. Pyrrhotite is commonly 

needle-shaped. Chalcopyrite and gudmundite are rare but the former is intergrown with boulangerite 

or as free grains in the quartz. Gudmundite occur intergrown with pyrrhotite but is rather rare. The 

gangue minerals are quartz with rare, sporadic carbonate as well as mica. 

Comments 

The quartz shows evidence of recrystallization based on irregular grain boundaries. The rare carbonate 

occurs locally inside the quartz vein and is associated with boulangerite or pyrrhotite mineralization. 

These minerals are also similarly associated with the predominant quartz.  
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Boulangerite schlieren intergrown with chalcopyrite in the quartz vein.  
 

  
Pyrrhotite needle and individual grains in the quartz vein, locally with marcasite lamellae. 

 

 

 

 

 

  

Bl? 

Ccp 

Po 

Gd? 
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707@202.1 –  Quartz vein-hosted sulphosalt + pyrrhotite ± sphalerite mineralization – Hanging 

wall mineralization 

 
Drill core R2F707, depth 202.1 m. Sample for thin section marked with red box. 

Hand specimen description 

Foliated graphitic shale, black and fine-grained with quartz veins and patches that contains varying 

amounts of carbonate. The opaque minerals in the graphitic shale are impregnated pyrrhotite and 

minor pyrite, rarely as porphyroblasts, as well as sporadic sphalerite. In the quartz veins and patches 

the mineralization ranges from individual grains of pyrrhotite in some to a combination of pyrrhotite, 

abundant sphalerite and sulphosalt mineralization in others.  

Minerals  Relative amount Comments  

Sphalerite XX 
Mainly in the Qz-Cb vein associated with Po, Bl and rarely with Gn. Sp locally occur as 

inclusions in Bl and, in the graphitic shale, intergrown with Po. 

Boulangerite XX 
Occur in the Qz-Cb vein associated with or as grains within Sp. Intergrown with Gn, Gcr 

and Frb.  

Pyrrhotite XX 
Subhedral, occur in the Qz-Cb vein as needles in Sp, also intergrown with or inclusions in 

Bl and Gn.  

Freibergite X 
Mainly inclusions in or intergrown with Bl and Gn in the Qz-Cb vein. Locally as mantles 

around Gn. Frb is rare in the graphitic shale but occur intergrown with Po. 

Galena X Inclusions in and intergrown with Bl and Frb. Inclusions in Sp and rare mantles around Frb 

Geocronite X Intergrown with Bl. 

Pyrite X 
Euhedral, occur in the graphitic shale locally associated with Po and Ccp. Also occur as rare 

needles intergrown with Bl and Gn in the Qz-Cb vein. 

Arsenopyrite X Subhedral, associated with Sp or free euhedral grains in the Qz-Cb vein.   

Gudmundite X Subhedral, associated with Sp or free in the Qz-Cb vein.   

Chalcopyrite X 
Intergrown at grain boundaries to Frb and Sp or as free grains in the Qz-Cb vein. Intergrown 

with Po in the graphitic shale. 

 

Thin section description 

The thin section is divided into mineralization in the quartz-dominated vein and in the graphitic shale.  

- The quartz vein-hosted mineralization is mainly associated sphalerite and boulangerite. 

Galena, pyrrhotite, freibergite, geocronite as well as rare arsenopyrite, pyrite, gudmundite and 

chalcopyrite also occur associated with these or as free grains in the quartz-carbonate vein. 

The gangue minerals are quartz and local accumulations of carbonate.  

 

- The graphitic shale-hosted mineralization is dominated by pyrrhotite and pyrite with rare 

sphalerite, chalcopyrite and freibergite. Pyrrhotite occur disseminated and as local 

accumulations locally intergrown with the other minerals. Bands of graphite outlines the 

quartz-carbonate vein and the gangue minerals are quartz and lesser mica. 

Comments 

The opaque minerals in the quartz-carbonate vein are seemingly coeval based on their complex 

association. However, in the graphitic shale pyrite occur within pyrrhotite and chalcopyrite. The latter 

also occur as inclusions in pyrrhotite.  
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Overview of the quartz-dominated vein with sphalerite, sulphosalts and some pyrrhotite needles. Also illustrates the graphitic 

shale with comparably low-grade mineralization. 

 
Associated sphalerite, sulphosalts and pyrrhotite in the quartz vein. Freibergite and galena are intergrown with and occur as 

inclusions in boulangerite. Pyrrhotite needles are intergrown with or as inclusions in boulangerite and sphalerite. A pyrite 

needle also occurs at grain boundaries in boulangerite. 
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707@206 (1) – Sulphide-rich breccia – Hanging wall mineralization 

 

Hand specimen description 

Sulphide-rich breccia bordering protomylonitic graphitic shale. The breccia includes angular clasts of 

graphitic shale and a sulphide-dominated mass of mainly fine-grained massive sphalerite, galena 

schlieren and coarse, unevenly distributed, pyrite porphyroblasts of varying sizes. The specimen also 

shows a sharp contact characterized by increasing size of pyrite porphyroblasts. The breccia transitions 

to fine-grained mineralization dominated by sphalerite and framboidal pyrite hosted by silicified 

graphitic shale. 

Minerals  Relative amount Comments  

Sphalerite XXXXX 
The dominating sulphide that other minerals occur within. Sp also as inclusions in and 
intergrown with Gn, Frb and Po. 

Galena XXX 
Anhedral inclusions, intergrown with or as schlieren in Sp, intergrown with or carrying 

inclusions of Frb and Po. 

Pyrite XX 
Sub –> euhedral, unevenly distributed, concentrically zoned porphyroblasts with inclusions 

of Sp and Gn.  

Freibergite XX Mainly intergrown with Gn and Sp but also in pressure shadows near Py porphyroblasts.  

Pyrrhotite XX 

Sub –> euhedral, locally intergrown with Gd or Nis. Mainly occur as grains and local 

accumulations in the Sp mass but also intergrown with and as inclusions in Gn, Frb and 

individual grains of Sp. Commonly occur as needles.  

Arsenopyrite X Euhedral, unevenly distributed, porphyroblasts or inclusions in Sp 

Gudmundite X Grains in Sp or intergrown with Po in Gn, Frb or Sp 

Nisbite X Rare, intergrown with Po and occur together within Gn 

Chalcopyrite X 
Bordering or forming inclusions in gangue fragments or fracture fills and inclusions in Sp. 

Also occur intergrown with Gn.  

  

Thin section description 

The thin section is divided into the massive mineralization, clasts of graphitic shale and a shear band. 

The section is matrix-supported with clasts of silicified graphitic shale.   

- The massive mineralization is dominated by sphalerite with lesser galena, pyrite, freibergite 

and pyrrhotite as well as minor arsenopyrite, gurdmundite, nisbite and chalcopyrite. 

Freibergite is the only silver-bearing mineral and occur intergrown with galena. The silicates 

are quartz, plagioclase, K-feldspar and muscovite with veins cutting most sulphides apart from 

chalcopyrite that locally infill these veins. 

 

- Clasts of graphitic shale contain inclusions of sphalerite, pyrrhotite, galena, chalcopyrite and 

framboidal pyrite but generally lower amounts than the other sections. The silicates are quartz, 

plagioclase (including microcline), K-feldspar or muscovite either monomineralic or as mixes 

of these.  

 

- The shear band is characterized by a lower content of competent materials such as pyrite 

porphyroblasts and wall rock clasts. The mineralization is otherwise similar to that in the 

sphalerite mass but in smaller amounts. 

Comments 

A lower content of competent materials such as pyrite porphyroblasts and wall rock clasts are 

Drill core R2F707, depth 206 m 
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observed in shear bands. The concentrically zoned pyrite porphyroblasts contain inclusions of 

sphalerite and galena and are not cataclastically fractured but do have rounded edges. Feldspar, 

plagioclase and sericite locally occur together in which case the former appear partly dissolved or 

altered to sericite.  

 
General relation between minerals and clasts visualizing the matrix-supported character of the ore with massive sphalerite 

associated with galena, pyrite porphyroblasts and pyrrhotite as well as the clasts dominated by silicate minerals. Also shows 

freibergite intergrown with galena.  

 
Typical occurrence of freibergite intergrown with galena, also includes a concentrically-zoned pyrite porphyroblast with 

inclusions of sphalerite and galena as well as pyrrhotite and sphalerite intergrown and as inclusions in galena and 

freibergite. Smaller gudmundite also occur intergrown with pyrrhotite.   

Sp 
Py 

Frb 

Gn 

Po 

Frb 

Gn 

Sp 

Po 
Py 

Gd 

Sp 

Gn 
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707@206 (2) – Sulphide-rich breccia – Hanging wall mineralization 

Minerals  Relative amount Comments 

Sphalerite XXXXX 
Dominating sulphide and contains other minerals. Sp occur as two types and locally as 

inclusions in pyrite porphyroblasts.  

Pyrite XXXX Sub –> euhedral, mainly framboidal pyrite in Sp1 and coarser porphyroblasts in Sp2. 

Pyrrhotite XX 
Coarser in Sp2 and finer in Sp1 with some exceptions. Po commonly occur as needles 
and as inclusions in Gn and Frb as well as in the gangue-mineral mass. 

Galena XX 

Generally coarser in Sp2 and finer in Sp1 (very fine, uncertain if is galena). In Sp2 it 

occurs within or along grain boundaries whereas in Sp1 intergrown in the Sp mass. 

Also at grain boundaries of Py and Ccp.  

Freibergite X 

Generally coarser in Sp2 and finer in Sp1 with some exceptions. In Sp2 it occurs 

within or along grain boundaries whereas in Sp1 it is in the groundmass. Also related 

to grain boundaries of Py and Ccp. Rarely contains inclusions of Gn and Po. 

Arsenopyrite X Porphyroblasts in Sp2. Inclusions in Gn and Frb 

Gudmundite X Porphyroblasts in Sp2 (Sp1?). Inclusions in Gn and Frb 

Chalcopyrite X Grains in or along grain boundaries of Sp 

 

Thin section description 

The thin section is divided into semi–massive mineralization and silicified graphitic shale. 

- The semi-massive mineralization is dominated by sphalerite and abundant framboidal pyrite 

with associated galena, freibergite, arsenopyrite, gudmundite and chalcopyrite. Sphalerite 

occur as two types, one with the finer framboidal pyrite and the other with coarser pyrite 

porphyroblasts. The first kind generally contains finer sulphides whereas the other typically 

contains coarser minerals. The gangue minerals are quartz, mica and minor plagioclase. 

 

- The graphitic shale contains disseminated pyrite, pyrrhotite, chalcopyrite, galena and 

freibergite. The silicates are mainly quartz and mica as well as minor graphite. 

Comments 

The first type of sphlaerite contains abundant framboidal pyrite.  
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Dominating sphalerite with associated framboidal pyrite of varying grain-sizes. Pyrite porphyroblasts also occur. Note that 

the thin section has been carbon-coated and thus the colour of some minerals is modified. 

 
Sphalerite and framboidal pyrite as well as pyrite porhyroblasts and freibergite at grain boundaries to these. Freibergite are 

locally intergrown with pyrrhotite. Note that the thin section has been carbon-coated and thus the colour of some minerals is 

modified. 
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709@74.45 – Sphalerite + galena + silver mineralization in carbonate veins and patches within 

siltstone-shale or metabasalt – Hanging wall mineralization 

 
Drill core R2F709, depth 74.45 m. Sample for thin section marked with red box. 

Hand specimen description 

Planar-bedded turbiditic siltstone-shale, fine-grained and with sections of light- and dark-green color 

respectively. A carbonate vein also occurs traversing the banding. The host rock contains very low-

grade of mineralization mainly as impregnated pyrrhotite while the carbonate vein contains the main 

mineralization as sphalerite and pyrargyrite. The specimen also includes flakes of pyrargyrite in the 

fracture planes.  

Minerals  Relative amount Comments 

Sphalerite X Mainly in the Cb vein, partly fractured and infilled by Pyg and Cb. 

Pyrargyrite X 
Occur in the Cb vein, generally with mutual borders to associated Gn and Sp. Also, 

rare stringers in the gangue-mineral mass. 

Galena X 
Mainly in the Cb vein, locally as inclusions in Sp. Shows mutual borders to Pyg, 

intergrown with Sth and rare stringers in the gangue-mineral mass. 

Pyrrhotite X Disseminated in the gangue-mineral mass. 

Cobaltite X 
Occur as globules and dendritic growth-patterns along grain boundaries in Sp and 

locally at grain boundaries to Pyg, Cb and Gn. 

Sternbergite and 

argentopyrite 
X 

These and Pyg occur intergrown with and as inclusions in one another as well as 

along grain boundaries of galena and sphalerite. Rarely associated with Cob. 

Breithauptite X Occur as cores in cobaltite. 

Chalcopyrite X Intergrown with Po in the gangue-mineral mass 

Stephanite X Occur intergrown with Gn. 

Pyrite X Rare, individual grains in the Cb vein 

 

Thin section description 

The thin section is divided into mineralization in the carbonate vein and the gangue-mineral mass.  

- The carbonate vein is brecciated and contains sphalerite, pyrargyrite, galena, cobaltite, 

sternbergite, argentopyrite, stephanite, breithauptite and rare pyrite. Associated sphalerite and 

pyrargyrite dominates. Stephanite occur intergrown with galena while sternbergite and 

argentopyrite are intergrown with and as inclusions in pyrargyrite as well as along grain 

boundaries of galena and sphalerite. The gangue mineral is carbonate. 

 

- The gangue-mineral mass contains disseminated pyrrhotite, galena, chalcopyrite and rare 

pyrargyrite that follows the foliation of the host rock. Pyrargyrite is locally intergrown with 

sternbergite or argentopyrite. The gangue minerals are mainly quartz and sericite. 

Comments 

Sphalerite is locally fractured and infilled by pyrargyrite and carbonates. Cobaltite occur exclusively 

as rims along grain boundaries in sphalerite commonly with cores of breithauptite.  
 

A) 
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The mineralized carbonate vein and the surrounding gangue-mineral mass with disseminated mineralization following the 

foliation of the host rock.  

 

  
Mineralization related to a carbonate vein dominated by sphalerite and lesser pyrargyrite. Galena also occur with 

sternbergite and argentopyrite along grain boundaries. Rims of globular or dendritic cobaltite with cores of breithauptite 

occur along grain boundaries in sphalerite.  
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709@81.7 – Sphalerite + galena + silver mineralization in carbonate veins and patches within 

siltstone-shale or metabasalt – Hanging wall mineralization 

 
Drill core R2F709, depth 81.7 m. Sample for thin section marked with red box. 

Hand specimen description 

Basalt, grey and fine-grained with a carbonate patch. The carbonate hosts most of the mineralization 

dominated by sphalerite and pyrargyrite. In the basalt, impregnated pyrrhotite and small amounts of 

pyrargyrite occur, the latter as stringers extending from the carbonate patch into the basalt.   

Minerals  Relative amount Comments 

Sphalerite X 
Mainly occur in the Cb patch, commonly brecciated and infilled by Pyg and Cb, the 

former locally replaces Sp. 

Pyrargyrite X Replaces and infills brecciated sphalerite and follow grain boundaries of the Cb patch. 

Pyrrhotite X 
Mainly occur accumulated and as unevenly-distributed sporadic grains in the gangue- 

mineral mass. The accumulated sections forms a “vein” of disseminated Po. 

Galena X 
Minor Gn occur in the Cb patch and gangue-mineral mass generally with irregular 
borders. Also rarely form colloform texture with Py. 

Chalcopyrite X Anhedral grains associated with the Po “vein”, either close to or intergrown with Po. 

Arsenopyrite X 
Intergrown with Po and as sub -> euhedral grains in the gangue-mineral mass, rarely 

fractured and infilled by Gn or Pyg 

Pyrite? X Intergrown with Po and as inclusions in Pyg. Also form colloform texture with Gn. 

 

Thin section description 

The thin section is divided into mineralization in the carbonate patch and a low-grade gangue mineral 

mass.  

- The carbonate vein contains sphalerite, pyrargyrite and galena. Sphalerite is commonly 

brecciated and infilled by carbonate and pyrargyrite, the latter of which locally replaces 

sphalerite. The main gangue minerals are carbonates and lesser andalusite. 

 

- The gangue-mineral mass hosts low-grade mineralization of galena, pyrrhotite, pyrargyrite 

and rare arsenopyrite as well as a pyrrhotite “vein”. Pyrite, arsenopyrite and chalcopyrite 

occur adjacent to or intergrown with pyrrhotite in this “vein”. The main gangue minerals are 

chlorite, sericite and carbonate, the latter also as veins traversing the gangue-mineral mass.  

Comments 

Pyrargyrite replaces and infills the brecciated sphalerite along with carbonate. Galena or pyrargyrite 

similarly infills fractured arsenopyrite. One carbonate veinlet traverses the thin section and is cut by 

the pyrrhotite “vein”. In the gangue-mineral mass there are also grains of alternating pyrite and galena 

bands forming colloform texture. 
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Overview of the thin section with the mineralized carbonate vein and surrounding basalt with low-grade mineralization. The 

black spots are epoxy. 

 

 
Brecciated sphalerite infilled by pyrargyrite and carbonates, the former also replaces sphalerite. Larger, black spots are 

epoxy. 

 

 

 

 

 

 

 

 

 

 

Sp 

Sp 

Pyg/Prt 

Cb 



 
 

60 
 

 

 734@598.05 – Massive chalcopyrite mineralization 

 
 

Hand specimen description 

Massive copper ore with abundant pyrrhotite and sphalerite, impregnated galena and coarse tremolite 

needles.  

Minerals  Relative amount Comments 

Chalcopyrite XXXX 
Dominating mineral, intergrown with Po, Sp and Gn. Also occur as inclusions in Gn 

and as Ccp disease and inclusions in Sp.  

Pyrrhotite XXX 
An –> subhedral grains and commonly accumulations intergrown with Ccp, also 

intergrown with and as inclusions in Sp and Gn.  

Sphalerite XXX An –> subhedral, intergrown with and as inclusions in Ccp, Po and Gn.   

Galena XX 
An –> subhedral inclusions within and intergrown with Sp, Ccp, Po. Larger occurrences 

are generally related to Po and Sp. Gn is rarely elongated. 

Cubanite X Lamellae in Ccp. 

Pyrite X Sub –> euhedral inclusions in Gn and Ccp. Also overgrows Po. 

Freibergite X 
Intergrown with Gn and as inclusions in Gn and Ccp. Rarely intergrown with 

myrmekitic Dys, Po, Ccp and Nis. 

Arsenopyrite X 
Unevenly distributed, euhedral, porphyroblasts in or intergrown with Ccp, Sp and Po. 
Also occur as smaller inclusions in Po. 

Nisbite X Intergrown with Po and Dys. When only with Po it generally occur as inclusions in Ccp.  

Dyscrasite X Occur myrmekitic with Po, minor Nib and Ccp that are intergrown with Frb. 

 

Thin section description 

The thin section is divided into a massive sulphide mass and fragments of gangue minerals. 

- Massive sulphide mass dominated by chalcopyrite associated with pyrrhotite and sphalerite 

with lesser cubanite, galena, pyrite, freibergite, arsenopyrite as well as minor nisbite and 

dyscrasite. Freibergite is intergrown with galena but also occur as inclusions in chalcopyrite 

and intergrown with myrmekitic dyscrasite, pyrrhotite, minor nisbite and chalcopyrite. The 

gangue minerals are quartz, amphiboles, minor chlorite, mica and carbonate fragments. 

 

- The gangue minerals above occur as smaller to larger fragments in the sulphide mass and 

related mineralization is inclusions of chalcopyrite, sphalerite, arsenopyrite and galena in low 

amounts.  

Comments 

Sphalerite locally exhibit chalcopyrite disease. Tremolite needles cuts chalcopyrite, pyrrhotite and 

sphalerite while late fractures traverse the thin section cutting sphalerite, chalcopyrite and galena. 

Tremolite contains inclusions of chalcopyrite, galena and sphalerite while inclusions of pyrite and 

chalcopyrite occur in quartz.  

Drill core R2F734, depth 598.05 m. Entire specimen was sent for thin section preparation. 
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Massive sulphide mass dominated by chalcopyrite and associated pyrrhotite and sphalerite. Late fractures cuts chalcopyrite 

and sphalerite. 

 
Myrmekitic pyrrhotite, dyscrasite, minor nisbite and chalcopyrite intergrown with freibergite. Chalcopyrite, galena and 

pyrrhotite occur in the surrounding sphalerite either intergrown or as inclusions in the sphalerite. 
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751@578.2 – Ball ore – Massive to semi-massive sulphide mineralization 

 
Drill core R2F751, depth 578.2 m. Sample for thin section marked with red box. 

Hand specimen description 

Ball ore with semi-massive mineralization dominated by sphalerite with impregnated galena, 

pyrrhotite dissemination and veins as well as rare chalcopyrite. Galena is accumulated in pressure 

shadows near fragments and pyrite occur as a 1 to 2 cm wide band of pervasive mm-sized euhedral 

pyrite porphyroblasts in pyrrhotite and sphalerite. The host rock is chlorite-altered and silicified. A 

shear-related discordance of sulphides occur and the adjacent zone is almost unmineralized. 

Minerals  Relative amount Comments 

Sphalerite XXXXX 
Dominating, contains other sulpides but also as inclusions in Gn and Po. 

Locally exhibits Ccp disease. 

Pyrrhotite XXX 
Subhedral, associated with Sp as grains and local accumulations, commonly 
needle-shaped. Also, intergrown with Ccp and Gn and as inclusions in Gn.  

Galena XX 
An –> subhedral, intergrown with Po, sulphosalts and Ccp. Also occur as 

inclusions in Ccp and within Sp. 

Chalcopyrite XX 
Associated with Sp as individual grains, rarely needle-shaped. Intergrown 

with Po, Gn and sulphosalts and inclusions in the two latter.  

Boulangerite XX Intergrown with Gn and Ccp and mainly occur in pressure shadows. 

Pyrite X Sub –> euhedral porphyroblasts and needles in Sp, locally accumulated. 

Arsenopyrite X 
Sub –> euhedral, unevenly distributed, porphyroblasts within Sp. Generally, 

finer-grained at grain boundaries between Sp and gangue. 

Gudmundite X Subhedral, unevenly distributed, grains in Sp and intergrown with Po. 

Bournonite and geocronite X Intergrown with Gn, Ccp and one another. 

Freibergite X Rare, occur as inclusions in Ccp 

Native Antimony X Rare, occur as inclusion in sulphosalts 

 

Thin section description 

The thin section is divided into massive mineralization, pressure shadows and a gangue fragment.  

- The massive mineralization is dominated by sphalerite with associated pyrrhotite, galena, 

chalcopyrite, and gudmundite as well as pyrite and arsenopyrite porphyroblasts. Sulphosalts 

are rare but intergrown with galena and chalcopyrite. The gangue minerals are chlorite, quartz, 

carbonates, plagioclase, tremolite and some late calcite veins. 

 

- Pressure-shadow zones near a gangue mineral fragment where pyrrhotite, galena, 

chalcopyrite, boulangerite, bournonite and geocronite are accumulated and rare freibergite 

occur. Boulangerite, bournonite and geocronite occur intergrown with galena that are 

intergrown with and inclusions in chalcopyrite and pyrrhotite.  

 

- The gangue fragment contains inclusions of mainly chalcopyrite, galena, pyrrhotite and 

sphalerite as well as arsenopyrite porphyroblasts. It is chlorite dominated with minor sericite. 

Comments  

Chalcopyrite, pyrrhotite and pyrite occur as needles in the sphalerite mass. Galena, freibergite, 

sulphosalts, pyrrhotite and chalcopyrite are accumulated at borders near a gangue mineral fragment.
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Accumulated galena, pyrrhotite and, while not visible here, also sulphosalts and chalcopyrite. The surrounding sphalerite 

contains euhedral arsenopyrite poprhyroblasts, pyrrhotite as well as rare galena is also shown. 

 
Intergrown galena, bournonite, boulangerite and chalcopyrite associated with pyrrhotite. Freibergite occur associated with 

chalcopyrite.  
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751@588 – Sphalerite + pyrrhotite + galena mineralization in tremolite skarn – Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 588 m.  

Hand specimen description 

Chlorite-talc schist, grey with a greenish-tint and fine-grained, with zones of tremolite skarn. The 

mineralization is associated with more brittle tremolite skarn that seemingly fractured during 

deformation. The skarn is infilled by sphalerite, pyrrhotite as well as galena, chalcopyrite and rare 

mm- to cm-sized pyrite porphyroblasts. At borders between the tremolite skarn and the schist, 

pyrrhotite and chalcopyrite are finer than in the interior of the skarn. Pyrrhotite and chalcopyrite 

locally fills tenshion-gashes in preferred directions. The mineralization in the schist is mainly 

impregnated pyrrhotite. 

Minerals  Relative amount Comments 

Sphalerite XXXX 
Abundant, makes up the mass along with silicates and occur intergrown with 

and as inclusions in Po, Gn and Ccp. Locally exhibit Ccp disease. 

Pyrrhotite XXX 

Sub –> anhedral, occur mainly as larger accumulations and grains within 

associated Sp, commonly needle-shaped. Also, intergrown with Ccp, Gn and 

sulphosalts as well as inclusions in the two latter.  

Chalcopyrite XX 
Anhedral, mainly associated with Sp and Po as intergrowths and local 
accumulations, also inclusions in the former. Intergrown with sulphosalts and 

Gn as well as rarely with other sulphides in Py porphyroblasts. Replaces Gn. 

Galena XX 
An –> subhedral, associated with and occur in Sp, Ccp and Po. Intergrown with 

Frb and Bl. 

Boulangerite X Mainly intergrown with Gn and rare, incomplete, mantles of Frb occur.  

Freibergite X Mainly intergrown with Gn and Bl but also inclusions in Sp, Ccp and Po.  

Pyrite X 
Sub –> euhedral porphyroblasts in Sp, Ccp and Po. Contains inclusions of Ccp, 

Gn, Sp and Frb.  

Mineral M (Nisbite?) X Intergrown with Gn, Frb and Ccp. 

 

Thin section description 

The thin section is divided into the massive mineralization and gangue fragments.  

- The massive mineralization is dominated by sphalerite with associated pyrrhotite, galena, 

chalcopyrite, as well as pyrite porphyroblasts. Freibergite and boulangerite mainly occur 

intergrown with galena and chalcopyrite as well as one another. Freibergite also occur as rare 

inclusions in sphalerite, pyrrhotite, chalcopyrite and pyrite.  

 

- The gangue fragments contain inclusions of galena, pyrrhotite, chalcopyrite, sphalerite, 

arsenopyrite and pyrite but generally small amounts. The gangue minerals are mica, tremolite, 

plagioclase, feldspar and minor carbonates, quartz and chlorite. 

Comments 

Pyrrhotite occur as needles while chalcopyrite rarely replaces galena. Pyrite porphyroblasts locally 

contains inclusions of chalcopyrite, galena, sphalerite and freibergite.  
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The sulphide minerals including accumulated pyrrhotite with pyrite porphyroblasts and associated chalcopyrite. While not 

evident here, the sphalerite dominates the thin section and contains abundant pyrrhotite, commonly needle-shaped and rare 

galena.  

 
Typical mineral associations in the dominating sphalerite, including galena and pyrrhotite, the latter commonly needle-

shaped. Locally, galena, freibergite and chalcopyrite occur intergrown with one another. Sphalerite also exhibit evidence of 

chalcopyrite disease.  
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751@589.8 – Semi-massive sphalerite + galena + pyrrhotite mineralization – Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 589.8 m. Sample for thin section marked with red box. 

Hand specimen description 

Semi-massive mineralization dominated by sphalerite hosted by amphibole and carbonate surrounded 

by and with fragments of dolomitic marble (grey and fine-grained). Associated pyrrhotite , galena and 

rare mm-sized pyrite porphyroblasts occur impregnated in the sphalerite. Pyrrhotite and galena are 

accumulated in pressure shadows near the fragments. Sphalerite is finer in the cohesive- mass than in 

the sphalerite “vein” on the left. The dolomitic marble contains impregnated pyrrhotite. 

Minerals  Relative amount Comments 

Sphalerite XXXXX Dominating and contains other sulphides. Also, inclusions in Gn and Po. 

Pyrrhotite XXX 
An –> subhedral, individual grains and local accumulations in associated Sp, 

commonly needle-shaped. Also, inclusions in and intergrown with Gn and Frb. 

Pyrite XX Euhedral, unevenly distributed, porphyroblasts with inclusions of Sp and Gn.  

Galena XX 
Anhedral, grains and local accumulations in associated Sp forming a network-

pattern. Intergrown with Po and sulphosalts, also inclusions in the former.  

Freibergite X 
Anhedral, mainly intergrown with Gn locally along grain boundaries of Po. 

Rarely intergrown with Po and mineral X.  

Chalcopyrite X Inclusions in Sp, intergrown with or replacing Po and Gn  

Arsenopyrite X Rare, euhedral porphyroblasts, significantly smaller than Py. 

Gudmundite X Subhedral, intergrown with Po and rarely Frb 

Boulangerite X Intergrown with Gn 

Mineral X (copper sulphide?) X Associated with Po and Frb (yellow and with higher reflectance than Po). 

 

Thin section description 

The thin section is divided into the massive mineralization, pressure shadows and gangue fragments.  

- The massive mineralization is dominated by sphalerite divided into coarser- and finer- 

occurrences with associated pyrrhotite, galena, minor gudmundite as well as pyrite and 

arsenopyrite porphyroblasts, the latter only in the finer-version of sphalerite. Rare freibergite 

and boulangerite are intergrown with galena. The sulphides in the coarser sphalerite are 

slightly coarser and accumulated pyrrhotite is more common. The gangue minerals are 

carbonates, amphiboles, chlorite fragments and rare mica. 

 

- Pressure-shadow zones refer to borders near carbonate fragments where galena, pyrrhotite, 

boulangerite and freibergite are accumulated.  

 

- The gangue fragments contain veins and disseminated pyrrhotite, pyrite, chalcopyrite, 

sphalerite, galena and freibergite. These are carbonates with minor amphibole and chlorite. 

Comments 

Chalcopyrite rarely replace pyrrhotite and galena. Pyrite porphyroblasts commonly contain inclusions 

of galena and sphalerite. Pyrrhotite, galena, boulangerite and freibergite are accumulated at borders or 

in pressure shadows near carbonate fragments.  
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Coarser sphalerite (bottom left) and finer (top right). Notice the coarser galena and pyrrhotite in the former and the local 

accumulations of pyrite porphyroblasts and pyrrhotite at the connection between these (center). 

  

Accumulated galena, pyrrhotite and freibergite occur intergrown with one another and sphalerite in pressure-shadow zones 

near a carbonate fragment. Freibergite is mainly associated with galena.   
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751@591.75 – Semi-massive sphalerite + galena + pyrrhotite mineralization – Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 591.75 m. Sample for thin section marked with red box. 

Hand specimen description 

Semi-massive mineralization dominated by sphalerite related to tremolite skarn surrounded by 

dolomitic marble (light-grey and fine-grained). A larger calcite fragment contains infill mineralization 

of sulphosalts and galena. The mineralization in the sphalerite is impregnated galena and pyrrhotite 

schlieren, the former seemingly accumulated in pressure-shadows near the calcite fragment. The 

dolomitic marble mainly contains low-grade pyrrhotite, rare pyrite and sphalerite impregnation.   

Minerals  Relative amount Comments 

Sphalerite XXX – XXXX Dominating sulphide, contains other sulphides but also intergrówn with Gn  

Galena XX 

An –> subhedral with irregular borders, mainly in pressure shadows. Also 

associated with Sp as individual grains and local larger occurrences. Commonly 
intergrown with sulphosalts when these occur. 

Pyrrhotite XX 
Sub –> euhedral, unevenly-distributed grains and sporadic accumulations  

in the associated Sp, commonly needle-shaped.  

Boulangerite XX Intergrown with Gn at pressure shadows or as infill in the carbonate fragments  

Geocronite X Intergrown with Gn in pressure shadows near a carbonate fragment. 

Chalcopyrite X Rare, occur along grain boundaries or within Sp and Po and intergrown with Gn 

Gudmundite X 
Sub –> euhedral, intergrown with Po and inclusions in Gn, Bl and Gcr. Also at 

grain boundaries of boulangerite in the carbonate fragment. 

Freibergite X 
Occur in pressure shadows near the carbonate fragments, either infill in the 

fragment or intergrown with Gn and rarely Po in the pressure shadows. 

Arsenopyrite X Rare, euhedral inclusions in Po. 

Smithsonite or hydrozincite X Very rare, occur in the Sp mass as irregular stringers 

 

Thin section description 

The thin section is divided into semi-massive mineralization, pressure shadow and gangue fragments.  

- Semi-massive mineralization is dominated by sphalerite which contains associated galena, 

pyrrhotite, chalcopyrite and smithsonite or hydrozincite. Galena are intergrown with 

freibergite, boulangerite and geocronite but mainly in the pressure-shadow zone. The gangue 

minerals are amphiboles, mica, quartz, feldspar and plagioclase with minor chlorite. 

 

- Pressure-shadow zones refer to areas near a carbonate fragment where intergrown galena, 

freibergite, boulangerite and geocronite are accumulated and mainly found. Freibergite occur 

at grain boundaries to galena and rarely pyrrhotite.  

 

- Gangue fragments refers to carbonate fragments of various sizes. The larger contains galena, 

boulangerite, freibergite, sphalerite, pyrrhotite, chalcopyrite and gudmundite that occur as 

above. A veinlet dominated by boulangerite, minor galena, gudmundite and freibergite also 

occur. The gangue minerals are carbonate with minor chlorite as infill or at borders. 

Comments 

Galena and the sulphosalts are accumulated in pressure-shadows near the carbonate fragment.  
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Accumulated galena and sulphosalts in pressure shadows near a carbonate fragment, also shows the dominating sphalerite 

with associated pyrrhotite, commonly needle-shaped. Sphalerite, galena and intergrown sulphosalts occur in the carbonate 

fragment.  

 

 
Intergrown galena, boulangerite, geocronite as well as rare freibergite at grain boundaries to galena and at grain 

boundaries to pyrrhotite.  
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751@592.9 – Semi-massive sphalerite + galena + pyrrhotite mineralization – Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 592.9 m. Sample for thin section marked with red box. 

Hand specimen description 

Semi-massive mineralization dominated by sphalerite associated with carbonate, tremolite and minor 

chlorite. Larger zones and bands of chlorite schist (green and fine-grained) also occur, the latter type 

in the dominating sphalerite. The mineralization is impregnated pyrrhotite and galena in the sphalerite 

whereas in the chlorite schist mainly veins of pyrrhotite and sporadic 1 to 4 mm sized pyrite 

porphyroblasts occur.  

Minerals  Relative amount Comments 

Sphalerite XXXXX Dominating sulphide, contains other sulphides but also inclusions in Gn. 

Pyrrhotite XX – XXX 

An –> subhedral grains and local accumulations in associated Sp. Mainly occur 

accumulated at the border of a chlorite band. Po also occur as inclusions in and 
intergrown with Gn. Locally intergrown with Gd.  

Galena XX 
Anhedral and with irregular borders, mainly accumulated at the chlorite band. 

Associated with Po, Sp and sulphosalts as grains or local accumulations. 

Freibergite X 
An –> subhedral, generally intergrown with Gn at borders to or in the chlorite 

band, rarely myrmekitic. Locally share mutual borders with Bl. 

Boulangerite X Intergrown with Gn. Locally share mutual borders with Frb. 

Gudmundite X Subhedral, intergrown with Po and as inclusions in Sp. 

Chalcopyrite X Intergrown with Gn and as grains within Sp at or close to the chlorite band. 

 

Thin section description 

The thin section is divided into the massive mineralization, pressure shadows and gangue fragments. 

- The massive mineralization is dominated by sphalerite with associated pyrrhotite, galena, 

gudmundite and chalcopyrite. Freibergite and boulangerite occur intergrown with galena but 

mainly at borders to the chlorite band, rarely further into the sphalerite mass. The gangue 

minerals are chlorite fragments, carbonates and amphiboles as well as rare mica.  

 

- The pressure-shadow zone refers to borders of a larger chlorite band where intergrown 

pyrrhotite, galena, boulangerite and freibergite are accumulated. Pyrrhotite and galena occur 

as inclusions and intergrown with one another while the sulphosalts are mainly intergrown 

with galena and one another.  

 

- The gangue fragments mainly refer to the larger chlorite band with disseminated pyrrhotite, 

sphalerite and galena with intergrown freibergite and boulangerite. This section also includes 

a carbonate fragment with disseminated galena.  

Comments 

Pyrrhotite, galena, freibergite and boulangerite are accumulated along borders of the chlorite band.  
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Massive mineralization dominated by sphalerite with needles and local accumulations of pyrrhotite. Rare galena also occurs. 

The pyrrhotite occur like this in the main parts of the massive to semi-massive mineralization within a sphalerite mass.  

 

 
Galena myrmekitically intergrown with freibergite, also includes intergrown boulangerite and associated sphalerite and 

pyrrhotite. 
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751@593.7 – Semi-massive sphalerite + galena + pyrrhotite mineralization - Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 593.7 m. Sample for thin section marked with red box. 

Hand specimen description 

Semi-massive mineralization dominated by sphalerite hosted by tremolite and carbonates. Calcite 

fragments also occur in the sphalerite. The dominating sphalerite contains impregnated galena and 

pyrrhotite, the former and sphalerite also present in the calcite fragments. The surrounding dolomitic 

marble (grey with a greenish-tint and fine-grained) mainly contains pyrrhotite and individual calcite 

bands. The marble also contains subordinate chlorite. 

Minerals  Relative amount Comments 

Sphalerite XXXX – XXXXX 
Dominating sulphide, an –> subhedral and contains other sulphides. Also occur 

as inclusions in and intergrown with Gn and sulphosalts. 

Galena XX 
Grains and local accumulations in associated Sp and rarely Po. Locally 
intergrown with sulphosalts along borders of carbonate fragments.  

Pyrrhotite XX 

An –> subhedral, associated with Sp, commonly needle-shaped and accumulated 

at borders to a gangue fragment. Locally occur as inclusions in and intergrown 
with Gn and Bl. Also, intergrown with Gd. 

Freibergite X 
Intergrown with Gn, locally occur intergrown with or as inclusions in Bl and 

Gcr.  

Boulangerite X Intergrown with Gn and Frb 

Geocronite X Intergrown with Gn and Frb 

Gudmundite X Associated with Po, Sp and Gn.  

Chalcopyrite X Rarely occur in Sp and along grain boundaries of Gn. Also replaces Gn. 

 

Thin section description 

The thin section is divided into semi-massive mineralization, pressure shadows and gangue fragments. 

- Semi-massive mineralization dominated by sphalerite with associated pyrrhotite, galena, 

gudmundite and chalcopyrite. Small amounts of freibergite, geocronite and boulangerite occur 

intergrown with galena. The gangue minerals are mainly carbonates and minor chlorite 

amphiboles and rare phlogopite.  

 

- Pressure-shadow zones are areas where galena and intergrown boulangerite, geocronite and 

freibergite are accumulated in pressure shadows near and at borders of carbonate fragments. 

Rare grains almost entirely composed of boulangerite or geocronite occur with or without 

freibergite and galena as intergrowths and inclusions in the case of the latter. 

 

- Gangue fragments are mainly carbonate that contain disseminated sphalerite, gudmundite, 

galena, boulangerite, geocronite and freibergite in a similar fashion to above. 

Comments 

Chalcopyrite locally replaces galena. Galena, boulangerite, freibergite and geocronite are accumulated 

at the borders to or in pressure-shadows near carbonate fragments.  
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Accumulation of galena and various sulphosalts in pressure-shadows near a carbonate fragment. The sphalerite mass 

contains lower content of associated galena and pyrrhotite. 

 
Galena intergrown with freibergite and boulangerite as well as pyrrhotite needles. 
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751@599 – Sphalerite + pyrrhotite + pyrite + galena mineralization in talc – Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 599 m. Sample for thin section marked with red box. 

Hand specimen description 

Talc-rich rock (grey with a greenish-tint and fine-grained) in an enriched-zone of sphalerite. 

Accumulated mm-sized pyrite porphyroblasts occur at borders between sphalerite and the surrounding 

rock. The sphalerite contains associated pyrite porphyroblasts, impregnated galena and pyrrhotite, the 

latter locally accumulated. The surrounding rock contains pyrite and arsenopyrite porphyroblasts as 

well as impregnated sphalerite and galena.  

Minerals  Relative amount Comments 

Sphalerite XXXX 
Dominating sulphide, contains other sulphides. Also, inclusions in Po and Gn 
as well as infill in spaces between Apy porphyroblasts. 

Pyrrhotite XX – XXX 

An –> subhedral, associated with Sp as individual grains and larger 

accumulations, commonly needle-shaped. Inclusions in and intergrown with 

Gn. Fills interstitial spaces between and as cores in Apy porphyroblasts. 

Pyrite XX 
Abundant, an –> subhedral porphyroblasts accumulated in or at grain 

boundaries to Sp. Inclusions of Sp, Gn, rare Po, Ccp and silicates occur. 

Galena X – XX 

An –> subhedral, associated with Sp as individual grains and local 

accumulations. Intergrown with and inclusions in Po. Also along grain 

boundaries of and as fracture infill in Py. Replaced by Py. 

Arsenopyrite X Subhedral porphyroblasts, locally fractured with poorly-crystalline cores.  

Boulangerite X 
Intergrown with Gn locally with Frb mantles. Rarely intergrown with Po and 

Ccp.  Also infill in spaces between Apy porphyroblasts  

Chalcopyrite X Replaces Po and Gn. Rarely intergrown with Frb. 

Freibergite X 
Intergrown with Gn or inclusions in and intergrown with Ccp. Rarely as 

inclusions in Po, myrmekitic with Gn and mantles around Bl.  

Hessite X Intergrown with Gn and Bl, commonly at grain boundaries, inclusions in Gn. 

Mineral Y X Likely a copper sulfide within Po (yellow with higher reflectance than Po).  

   

Thin section description 

The thin section is divided into the sphalerite mass and the surrounding talc-rich rock. 

- The sphalerite mass contains pyrrhotite, galena and pyrite porphyroblasts, the latter with 

inclusions of the two former and sphalerite. Boulangerite, hessite and freibergite are 

intergrown with galena. The silicates are amphiboles and minor chlorite, talc and mica.  

 

- The talc-rich rock contains disseminated sphalerite, galena, pyrrhotite, rare chalcopyrite and 

pyrite porphyroblasts occur. Islands of sphalerite with associated pyrrhotite and galena also 

occur. In addition, the talc contains a vein of sphalerite intergrown with pyrrhotite and galena 

with local arsenopyrite porphyroblasts. The gangue minerals are mainly talc and minor 

chlorite, quartz and phlogopite. 

Comments 

Chalcopyrite locally replaces galena and pyrrhotite, galena is also replaced by pyrite. Sphalerite, 

galena and rare pyrrhotite also occur as inclusions in pyrite. Pyrite and arsenopyrite porphyroblasts 

also show rounded edges. 

A) 
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The sphalerite mass with intergrown galena, pyrrhotite and pyrite porphyroblasts. The latter are accumulated at borders to 

the surrounding talc whereas pyrrhotite are accumulated within the sphalerite.  

 

 
Accumulated, anhedral, pyrite at borders between the sphalerite mass and surrounding talc. Inlusions of galena and 

sphalerite occur in the pyrite, the former replaced by pyrite. Galena and sphalerite are locally intergrown. 
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751@615.1 – Quartz vein-hosted sulphosalt + pyrrhotite mineralization and disseminated to 

vein-hosted pyrite + pyrrhotite + chalcopyrite in graphitic shale – Massive to semi-massive 

sulphide mineralization 

 
Drill core R2F751, depth 615.1 m. Sample for thin section marked with red box. 

Hand specimen description 

Schistose graphitic shale (black and fine-grained) with a quartz vein that cross-cuts the schistosity. 

The graphitic shale contains impregnated, evenly-distributed, pyrrhotite and minor unevenly-

distributed pyrite impregnation. Pyrite locally occurs as euhedral porphyroblasts ranging from 1 to 2 

mm in size. The sulphides follows the schistosity that locally occur as open folds. The quartz vein 

contains impregnated sulphosalts and pyrrhotite.  

Minerals  Relative amount Comments 

Pyrrhotite X 

Sub –> anhedral, needle-shaped in the graphitic shale and Qz vein. Locally 

intergrown with or inclusions in Bl. Intergrown with Ccp in the graphitic 

shale. 

Boulangerite X 
Anhedral, schlieren and inclusions in the Qz vein. Ccp locally at grain 
boundaries. 

Chalcopyrite X  
Anhedral, occur at grain boundaries to Bl and Po or as inclusions in the Qz 

vein. Also occur as grains within or intergrown with Po in the graphitic shale.   

Sphalerite  X Sporadical grains in the graphitic shale.  

Arsenopyrite X Euhedral, sporadic grains in the graphitic shale  

Pyrite X 
Euhedral in the Qz vein locally intergrown with Po.  Unevenly distributed 

porphyroblasts in the shale mainly occur closer to the Qz vein. 

Mineral X X 
Euhedral, occur as inclusions in Bl (cubic, isotropic mineral with a white 

colour and higher reflectance than Bl).  

 

Thin section description 

The thin section is divided into mineralization in the quartz vein and surrounding graphitic shale. 

- The quartz vein contains boulangerite, pyrrhotite, chalcopyrite and pyrite. Pyrrhotite are 

commonly needle-shaped and occur as rare inclusions in boulangerite. Boulangerite also 

contains inclusions of mineral X at grain boundaries (unknown mineral that is cubic and 

isotropic with a white colour and higher reflectance than boulangerite). The quartz vein show 

evidence of recrystallization with a chessboard-texture and contains rare veinlets of mica. 

 

- In the graphitic shale, the mineralization is pyrrhotite needles and subordinate chalcopyrite as 

well as pyrite and arsenopyrite porphyroblasts. Pyrite shows an increasing abundance closer to 

the quartz vein. The shale is foliated and the gangue minerals are graphite, quartz, minor 

amphibole and mica. 

Comments 

Quartz exhibit evidence of recrystallization. The pyrrhotite needles and intergrown chalcopyrite in 

the graphitic shale generally follows the schistosity.  
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Boulangerite intergrown with chalcopyrite and pyrrhotite. Boulangerite also contains inclusions of pyrrhotite and mineral X. 

 

 
Pyrrhotite needle in the quartz vein intergrown with pyrite and chalcopyrite that occur along grain boundaries. 
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751@617.5 – Quartz vein-hosted sulphosalt + pyrrhotite mineralization and disseminated to 

vein-hosted pyrite + pyrrhotite + chalcopyrite in graphitic shale – Massive to semi-massive 

sulphide mineralization 

 
Drill core R2F751, depth 617.5 m. Sample for thin section marked with red box. 

Hand specimen description 

Schistose graphitic shale (black and fine-grained). Quartz veinlets as well as disseminated pyrrhotite 

and rare mm-sized pyrite generally follows the schistosity. The specimen also contains a sulphide-

dominated vein composed of associated pyrrhotite and chalcopyrite that cross-cuts the schistosity.  

Minerals  Relative amount Comments 

Graphite  Occur in the graphitic shale, metamorphosed appearance. 

Pyrrhotite X 
Sub –> anhedral, disseminated in the graphitic shale and in the sulphide vein 

intergrown with and as inclusion in Ccp and Sp. Also as infill in a Qz vein. 

Chalcopyrite X Anhedral, mainly intergrown with Po and rarely Sp and Po. 

Sphalerite  X  
Occur as inclusions in or intergrown with Po and Ccp in the sulphide vein and 

impregnated in the graphitic shale. 

Arsenopyrite X 
Rare, euhedral grains in Po, a Qz vein and in the graphitic shale. In the latter 
with poorly crystalline cores.  

Pyrite X Rare, subhedral porphyroblast in the sulphide vein. 

 

Thin section description 

The thin section is divided into the sulphide vein and the graphitic shale. 

- The sulphide vein is dominated by associated pyrrhotite, chalcopyrite and minor sphalerite 

that are intergrown with one another. Pyrrhotite overgrows chalcopyrite. Inclusions of 

arsenopyrite and rare pyrite also occur in pyrrhotite, the latter with inclusions of chalcopyrite. 

 

- The graphitic shale contains pyrrhotite needles, minor chalcopyrite, sphalerite and 

arsenopyrite. Pyrrhotite generally follows the schistosity of the shale. There is also a pinch and 

swell quartz vein with pyrrhotite and arsenopyrite. The gangue minerals are graphite, quartz 

and mica. 

Comments 

Pyrrhotite, chalcopyrite and minor sphalerite show a complex intergrowth in the sulphide vein, albeit 

sphalerite mainly occurs as inclusions in the others. Quartz locally occur as veins rarely exhibiting 

pinch and swell characteristics. 
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Chalcopyrite overgrown by pyrrhotite in the sulphide vein. The disseminated mineralization in the graphitic shale is also 

shown dominated by needles and local accumulations of pyrrhotite as well as rare arsenopyrite porphyroblasts. 

 
Associated sphalerite, chalcopyrite and pyrrhotite. Sphalerite also occur as inclusions in the other sulphides. 
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751@635.5 – Ball ore – Massive to semi-massive sulphide mineralization 

 
Drill core R2F751, depth 635.5 m. Samples for thin section marked with red boxes. 

Hand specimen description 

Ball ore composed of massive sulphide mineralization dominated by sphalerite with unevenly 

distributed mm-sized euhedral pyrite and rare arsenopyrite porphyroblasts. Pyrrhotite and galena occur 

as impregnation, the former also as schlieren, in the massive mineralization. The ball ore contains 

rounded fragments of silicified graphitic shale (black and fine-grained). Pyrrhotite and galena occur as 

coarser accumulations in pressure shadows near and locally veins these fragments.  

Minerals  Relative amount Comments 

Sphalerite XXXXX 
Dominating sulphide, contains other sulphides but also occur as inclusions in Gn, Po 

as well as Apy and Py. Intergrown with Gn, Po and Frb in the pressure shadows.  

Pyrrhotite XXX 

Accumulated in pressure shadows near and veins gangue fragments intergrown with 

Sp and Gn. Also associated with the surrounding Sp as grains and local 

accumulations. Intergrown with and inclusions in Gn and Gd. 

Galena XX 
An –> subhedral, accumulated in pressure shadows intergrown with Po, Sp, Ccp and 

sulphosalts. Also associated with Sp as grains and local accumulations.  

Freibergite XX Intergrown with Gn, locally myrmekitically, mainly in the pressure shadows. 

Boulangerite XX Intergrown with Gn and other sulphosalts, mainly in the pressure shadows.  

Chalcopyrite X 
Subhedral, mainly in pressure shadows or as inclusions in the quartz fragment. Rare 
inclusions in Sp and intergrown with or along grain boundaries to Po, Gn, Sp and 

Gd. 

Arsenopyrite X 
Euhedral porphyroblasts in Sp, rarely fractured and infilled by Po, Gn, Sp, Py and 
Gd 

Pyrite X Sub –> euhedral porphyroblasts in the dominating Sp. 

Gudmundite X Sub –> euhedral, intergrown with Gn and Po, rarely myrmekitic with the latter. 

Marcasite X Lamellae in Po. 

Bournonite X Intergrown with Gn, Frb and Gcr.  Mainly in pressure shadow zones. 

Geocronite X 
Intergrown with Gn and other sulphosalts in pressure shadows. Rarely enclosed by 

Gn. 

Ullmannite X Occur intergrown with Gd or Po, rarely myrmekitically, within galena. 

Nisbite X Intergrown with Po 

 

Thin section description 

The thin section is divided into massive mineralization, pressure shadows and gangue fragments. 

- The massive mineralization is dominated by sphalerite with associated pyrrhotite, galena, 

gudmundite, chalcopyrite as well as arsenopyrite and pyrite porphyroblasts. Galena is locally 

intergrown with freibergite and boulangerite. The gangue minerals are quartz, chlorite, mica 

and amphibole, the latter more abundant adjacent to the pressure-shadow zones. 

 

- The pressure-shadow and stringer zones refer to borders near a quartz fragment where 

pyrrhotite, galena, freibergite, boulangerite, bournonite and geocronite are accumulated. 

Nisbite, ullmannite and marcasite occur and freibergite is locally myrmekitic with galena. 

Veining of intergrown sphalerite, pyrrhotite, galena and freibergite into the fragment occur. 

 

- The gangue fragments contain disseminated sphalerite, galena, pyrrhotite, chalcopyrite, pyrite, 

arsenopyrite and sulphosalts. The fragments are quartz-dominated.  
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Comments 

Several minerals are accumulated or restricted to pressure-shadows near a quartz fragment. Chlorite 

fragments locally exhibit a kinked appearance.  

 
The pressure-shadow zone where freibergite is myrmekitically intergrown with galena. Chalcopyrite occur intergrown with 

gudmundite at grain boundaries to the intergrown galena and freibergite. Accumulated pyrrhotite contain minor lamellae of 

marcasite. 

 
Fractured arsenopyrite with infill of pyrrhotite, galena, sphalerite and gudmundite. Pyrite porphyroblasts are similarly 

fractured and infilled by sphalerite and pyrrhotite. Pyrite also contain inclusions of sphalerite.  
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751@635.5 (2) A – Ball ore – Massive to semi-massive sulphide mineralization 

Minerals  Relative amount Comments 

Sphalerite XXXXX Dominating sulphide, contains other sulphides but also as inclusions in Gn. 

Pyrrhotite XX 
Subhedral, associated with Sp as individual grains, commonly needle-shaped. 

Also, intergrown with and inclusions in Gn and intergrown with Gd. 

Galena XX 
Anhedral with irregular borders, mainly associated with Sp as individual grains 

or local accumulations.  Also, intergrown with Po and sulphosalts. 

Freibergite X 
Intergrown with Gn, locally with Bl. Rarely as mantles around the latter and as 

inclusions in Ccp. 

Boulangerite X Intergrown with Gn and locally with mantles of Frb. 

Chalcopyrite X 
An –> subhedral, individual grains in Sp and rarely inclusions in Gn, also 

intergrown with Gn, Po and Cbn.  

Arsenopyrite X Euhedral porphyroblasts with local inclusions of Sp. 

Gudmundite X 

Sub –> euhedral generally as inclusions in or overgrowing Gn and intergrown 

with Po, rarely forming needles. Locally with inclusions of Po and Gn but also 
intergrown with these and Sp.  

Pyrite X 

Euhedral porphyroblasts with inclusions of Sp, Po and some Qz, the two former 

also occurs as fracture infill. In addition, Py also occur as abundant euhedral 

grains in a Qz dominated fragment locally as aggregates. 

Cubanite? (X) Intergrown with Ccp 

 

Thin section description 

The thin section is divided into the massive mineralization, pressure shadows and a gangue fragment. 

- The massive mineralization is dominated by sphalerite and associated pyrrhotite, galena, 

chalcopyrite, gudmundite as well as porphyroblasts of pyrite and arsenopyrite. Freibergite and 

boulangerite occur intergrown with galena, the former rarely as mantles around boulangerite. 

The gangue minerals are dominated by chlorite, amphiboles as well as minor mica, quartz and 

euhedral apatite. Partly altered pyroxene to sericite also occur. 

 

- In the pressure-shadow zones near quartz-dominated fragments, galena, freibergite and 

boulangerite are accumulated and the main amounts of the two latter occur here. 

 

- The gangue fragment contains a veinlet of sphalerite where pyrrhotite, locally intergrown with 

chalcopyrite, also occur as inclusions in Sp. Chalcopyrite and pyrite also occur in the 

fragment, the latter abundant euhedral grains locally as aggregates. Freibergite occur as rare 

inclusions in chalcopyrite.  The fragment is quartz-dominated with rare veinlets of chlorite. 

Comments 

Pyrrhotite and sphalerite partly occur as fracture infill or as inclusions in pyrite porphyroblasts. 

Arsenopyrite porphyroblasts similarly contains inclusions of sphalerite. Galena and sulphosalts are 

accumulated at borders to the quartz fragment. Pyrite porphyroblasts also show rounded edges. 
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Accumulated galena in a pressure-shadow near a quartz fragment. A fractured pyrite porphyroblast with inclusions of 

sphalerite also occur. The massive-sphalerite mass contains associated pyrrhotite, commonly needle-shaped, and inclusions 

in and intergrown with galena.  

 
A pyrite porphyroblasts, fractured and infilled by pyrrhotite and sphalerite as well as some quartz. The porphyroblast also 

contains inclusions of sphalerite.  
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751@635.5 (2) B – Ball ore – Massive to semi-massive sulphide mineralization 

Minerals  Relative amount Comments 

Sphalerite XXXXX Dominating sulphide, contains other sulphides, also inclusions in Gn, Gd and Po. 

Pyrrhotite XX 
Subhedral, mainly associated with Sp as individual grains and local accumulations, 
commonly needle-shaped. Po is also intergrown with and as inclusions in Gn and Gd, 

the latter case is finer.  

Galena XX 
An –> subhedral, associated with Sp as individual grains or local accumulations. 

Also, inclusions in Sp and Po and as rare inclusions in Gd. 

Pyrite X 
Subhedral porphyroblasts in Sp but mainly small euhedral grains in the Qz fragment. 

Porphyroblasts contains inclusions of Sp.  

Arsenopyrite X 
Sub –> euhedral porphyroblasts in the Sp mass and at borders to the Qz fragment. 

Contain inclusions of Sp. 

Gudmundite X Sub –> euhedral grains in Sp intergrown with Gn, Frb and Po.  

Freibergite X Intergrown with Gn and Bl, rarely as mantles around the latter. 

Boulangerite X Intergrown with Gn and Frb. 

Chalcopyrite X Rare, occur as grains in Sp and a Qz-dominated fragment. 

 

Thin section description 

The thin section is divided into the massive mineralization, pressure shadows and gangue fragments. 

- The massive mineralization is dominated by sphalerite and associated pyrrhotite, galena, 

pyrite, gudmundite and chalcopyrite as well as pyrite and arsenopyrite porphyroblasts. Galena 

occur locally intergrown with freibergite, boulangerite and pyrrhotite. The gangue minerals 

are quartz, amphiboles, chlorite and apatite.  

 

- Pressure-shadow zones refers to zones at borders to a quartz-dominated fragment where 

galena, freibergite, boulangerite as well as pyrrhotite are accumulated.  

 

- The gangue fragment contains veinlets of sphalerite that are locally intergrown with galena, 

pyrrhotite and chalcopyrite. Inclusions of pyrrhotite and gudmundite occur locally intergrown 

with one another. Rare galena inclusions and fine pyrite grains occur separately or as 

aggregates. The fragment is mainly composed of quartz and minor chlorite. 

Comments 

The pyrite and arsenopyrite porphyroblasts contain inclusions of sphalerite. Pyrite porphyroblasts also 

shows rounded edges. Pyrrhotite, galena, freibergite and boulangerite are accumulated along borders 

near a quartz-dominated fragment.  
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Minor accumulation of galena and pyrrhotite in sphalerite in a pressure shadow near a quartz fragment (partly visible on the 

left-hand side of the picture).  

 
Galena intergrown with lath-shaped pyrrhotite as well as freibergite and boulangerite. Freibergite rarely occur as mantles 

around boulangerite. Gudmundite also occur within intergrown sulphosalts and galena.  
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751@637.2 – Semi-massive sphalerite + galena + pyrrhotite mineralization – Massive to semi-

massive sulphide mineralization 

 
Drill core R2F751, depth 637.2 m. Samples for thin section marked with red boxes. 

Hand specimen description 

Semi-massive mineralization dominated by sphalerite seemingly folded around host-rock fragments, 

likely following the foliation. The host-rock fragments are silicified graphitic shale (black and fine-

grained). Galena and pyrrhotite occur as impregnation and pyrite as local, mm-sized, euhedral 

porphyroblasts in the sphalerite.  The sphalerite is finer-grained than in the adjacent ball ore in the 

same core.   

 

Thin section description 

The thin section is divided into the semi-massive mineralization and gangue fragments. 

- The semi-massive mineralization is dominated by sphalerite with associated pyrrhotite, 

galena, pyrite, arsenopyrite, gudmundite, chalcopyrite and allargentum. Freibergite and 

boulangerite occur intergrown with galena while allargentum is surrounded by sphalerite. The 

gangue minerals are quartz with lesser amphiboles and carbonates as well as minor chlorite. 

Some amphiboles appear partly altered to sericite. 

 

- The gangue fragments contain disseminated sphalerite, galena, pyrite, pyrrhotite and rare 

chalcopyrite. Pyrite occur as small euhedral grains either individually or as aggregates. The 

sulphides occur in a similar manner as described earlier. The gangue minerals are mainly 

quartz and amphiboles as well as minor chlorite. 

Comments 

Freibergite and boulangerite mainly occur intergrown with galena, the former locally as mantles 

around boulangerite.  

Minerals  Relative amount Comments 

Sphalerite XXXX Dominating sulphide, contains other sulphides but also occur as inclusions in Gn.  

Galena XXX 
An –> subhedral, mainly associated with Sp. Intergrown with sulphosalts and rarely 

as inclusions in Gd. 

Pyrrhotite X – XX 

Sub –> euhedral, mainly associated with Sp as individual grains, commonly needle-

shaped. Also, intergrown with and inclusions in Gn and sulphosalts. 

Locally intergrown with Gd. 

Pyrite X 
Sub –> euhedral, unevenly distributed, inclusions mainly in the gangue fragments 

and limited grains in Ccp and Sp. Local aggregates occur in the gangue fragments. 

Gudmundite X 
An –> subhedral, associated with Sp as sporadic grains. Also occur intergrown with 

Gn and Po as well as inclusions in the former. 

Freibergite X 
Intergrown with or as rare inclusions in Gn, generally at  grain boundaries, and 

locally mantles around Bl. 

Chalcopyrite X 
Unevenly distributed, mainly occur at borders between Sp and the gangue-mineral 
mass or as inclusions in the latter. 

Boulangerite X Intergrown with Gn, locally with mantles of Frb. 

Arsenopyrite X 
Sub –> euhedral, associated with Sp and Gn. Also, intergrown with and inclusions 

in the latter. 

Allargentum X Rare, occur surrounded by Sp.  
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The sphalerite mass with associated galena and minor pyrrhotite. The disseminated mineralization in the gangue fragments 

is also shown and is dominated by disseminated sphalerite and galena. 

 
Freibergite intergrown with and as inlcusions in galena locally occurring as complete mantles around boulangerite. 

Pyrrhotite occur intergrown with and as inclusions in galena. 
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751@637.2 (2) A – Semi-massive sphalerite + galena + pyrrhotite mineralization – Massive to 

semi-massive sulphide mineralization 

 

Thin section description 

The thin section is divided into the massive to semi-massive mineralization, pressure shadows and 

gangue fragments.  

- The massive to semi-massive mineralization is dominated by sphalerite with associated 

galena, pyrrhotite, gudmundite and chalcopyrite. Freibergite and boulangerite occur 

intergrown with galena, the former rarely as mantles around boulangerite. The gangue 

minerals are quartz, amphiboles, carbonates and sericite, the former rarely altered to sericite. 

 

- The pressure-shadow zones near a gangue-mineral fragment represent areas where galena, 

freibergite and boulangerite are accumulated.  

 

- The gangue fragments are either quartz- or carbonate-dominated. The former contains pyrite, 

galena, sphalerite and chalcopyrite as well as sulphosalts intergrown with galena. Galena also 

occur as rare stringers whereas sphalerite is locally islands with inclusions of pyrrhotite and 

galena. Aside from quartz, minor amphiboles and chlorite also occur. The carbonate fragment 

shows no accumulation of other minerals related to it. 

Comments 

Freibergite rarely occur as mantles, complete or incomplete, around cores of boulangerite. Galena and 

sulphosalts are accumulated in pressure-shadows near a quartz-dominated fragment. Carbonate locally 

occur as late-veins that cut sphalerite, pyrrhotite and galena. 

 

  

Minerals  Relative amount Comments 

Sphalerite XXXX Dominating sulphide, contains other sulphides but also inclusions in Gn and Ccp. 

Galena XX 
Anhedral and unevenly distributed, associated with Sp as individual grains and 

local accumulations. Also, intergrown with Po and sulphosalts. 

Pyrrhotite X-XX 

Sub –> euhedral, occur as grains and local-accumulations in associated Sp, 

commonly needle-shaped. Also, intergrown with and inclusions in Gn rarely 

associated with Frb. Also occur intergrown with and as inclusions in Gd. 

Pyrite X Euhedral grains, locally as aggregates, in the gangue fragments. 

Gudmundite X Sub –> euhedral, intergrown with Po and Gn. 

Freibergite X Intergrown with Gn, locally as mantles around Bl 

Boulangerite X Intergrown with Gn, locally with mantles of Frb 

Chalcopyrite X 
Rare, subhedral and unevenly distributed, intergrown with Sp and rarely Po, also 

occur along grain boundaries of Sp.  
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The sphalerite mass with associated galena and needle-shaped pyrrhotite, the former is accumulated at borders to gangue- 

mineral fragments and locally in the sphalerite. Furthermore, a late carbonate-vein cuts sphalerite, pyrrhotite and galena. 

 
Intergrown galena and sphalerite with pyrrhotite intergrown with and as inclusions in the former. Freibergite occur 

intergrown with galena and locally pyrrhotite as well as rare mantles around boulangerite. 
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751@637.2 (2) B – Semi-massive sphalerite + galena + pyrrhotite mineralization – Massive to 

semi-massive sulphide mineralization 

 

Thin section description 

The thin section is divided into the massive to semi-massive mineralization, pressure shadows and 

gangue fragments. 

- The massive to semi-massive mineralization is dominated by sphalerite with associated  

galena, pyrrhotite, gudmundite and chalcopyrite whereas marcasite occur as lamellae in 

pyrrhotite. Freibergite and boulangerite are intergrown with galena but also, in the former 

case, as inclusions in and intergrown with pyrrhotite and gudmundite. The gangue minerals 

are mainly quartz, amphiboles, carbonates, sericite and feldspar.   

 

- Pressure-shadow zones refer to zones in strain-shadows near quartz-dominated fragments 

where galena, freibergite and boulangerite are accumulated.  

 

- The gangue fragments contain disseminated sphalerite, galena, chalcopyrite and pyrite, the 

latter mainly as individual grains or aggregates. Freibergite and boulangerite are locally 

intergrown with galena. The fragments are mainly quartz with lesser amphiboles, carbonate 

and fine chlorite. 

Comments 

Galena, freibergite and boulangerite are accumulated in pressure-shadows near gangue fragments. 

Marcasite replaces pyrrhotite. 

 

 

  

Minerals  Relative amount Comments 

Sphalerite XXXX Dominating sulphide, contains other sulphides but also inclusions in Gn. 

Galena XX 
Anhedral, mainly associated with Sp as individual grains and local accumulations.  
Also intergrown with sulphosalts and rare inclusions in Gd. 

Pyrrhotite XX 
An –> subhedral, associated with Sp as individual grains and rare accumulations. 

Locally intergrown with and as inclusions in Gn.  

Freibergite X Intergrown with Gn, rare inclusion in Gd and locally mantles around Bl.   

Gudmundite X 

An –> subhedral, mainly intergrown with Po, locally forming needles, and as 

individual grains. Locally integrown with or as inclusions in Gn and associated with 
Sp. 

Pyrite X 
Euhedral grains in the gangue fragments, individually or as aggregates. Also occur 

as rare inclusions in Gn. 

Boulangerite X Intergrown with Gn, rarely with mantles of Frb. 

Chalcopyrite X Associated with Sp and intergrown with Po. Also occur in the gangue fragments. 

Marcasite X Lamellae in Po 
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Galena in the sphalerite mass with intergrown freibergite, boulangerite and gudmundite. The gudmundite contains inclusions 

of galena and the surrounding sphalerite are associated with grains of pyrrhotite and galena. 

 
Marcasite replacing pyrrhotite.  
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751@639.4 – Semi-massive to massive sphalerite + pyrite + galena mineralization – Massive to 

semi-massive sulphide mineralization 

 
Drill core R2F751, depth 639.4 m. Sample for thin section marked with red box. 

Hand specimen description 

Massive mineralization dominated by sphalerite and abundant, evenly-distributed, euhedral pyrite 

porphyroblasts ranging in size from 1 to 3 mm with finer-grains less than 1 mm in size. Pyrite is also 

associated with amphibole and chlorite. Impregnated galena and pyrrhotite also occur, the former 

accumulated in pressure-shadows near silicified host-rock fragments. Sphalerite, galena, pyrite and 

pyrrhotite are impregnated in the fragments.  

 

Thin section description 

The section is divided into semi-massive mineralization, pressure shadows and gangue fragments. 

- The semi-massive mineralization is dominated by sphalerite with associated galena, pyrrhotite 

as well as abundant pyrite and rare arsenopyrite porphyroblasts. Freibergite occur intergrown 

with and as inclusions in galena and chalcopyrite as well as rare inclusions in sphalerite. The 

gangue minerals are mainly amphiboles, some chlorite and plagioclase.  

 

- Pressure-shadow zones refer to borders near gangue fragments and pyrite porphyroblasts 

where galena, pyrrhotite, chalcopyrite and freibergite are locally accumulated.  

 

- The gangue fragments contain inclusions of sphalerite, galena, pyrrhotite and euhedral pyrite, 

the latter either occur individually or as aggregates. The gangue minerals are dominated by 

quartz with minor amphibole needles. 

Comments 

The pyrite porphyroblasts contains inclusions of sphalerite, galena, gangue minerals as well as 

chalcopyrite and pyrrhotite and locally show rounded edges. Galena, pyrrhotite, chalcopyrite and 

freibergite are locally accumulated at borders to quartz fragments or pyrite porphyroblasts. 

Minerals  Relative amount Comments 

Sphalerite XXXX Dominating sulphide, contains other sulphides but also inclusions in Gn. 

Pyrite XXXX 
An –> euhedral porphyroblasts, rarely elongated, commonly with inclusions of Sp, 

Gn, Ccp, Po or silicates. Rarely intergrown with and inclusions in Gn and Ccp. 

Pyrrhotite X 

An –> subhedral grains in Sp, commonly needle-shaped. Also intergrown with  

Gn, Ccp and Gd. Inclusions in Gn and Py, locally along grain boundaries  to the 

latter.  

Galena X 
An –> subhedral with irregular borders, associated with Sp. Inclusions in Py and Po, 

Intergrown with Frb and Po and along  grain boundaries  of Py porphyroblasts. 

Chalcopyrite X 
An –> subhedral, mainly at grain boundaries of or as inclusions in Py 

porphyroblasts and associated with Sp. Intergrown with Ccp, Gn and Frb. 

Arsenopyrite X Rare, euhedral, porphyroblasts, generally smaller than Py. 

Gudmundite X Mainly intergrown with Po or at  grain boundaries to and intergrown with Gn. 

Freibergite X Intergrown with Gn and Ccp as well as rare inclusions in Sp and Ccp.  

Marcasite? X Intergrown with Py and Po 

Mineral X X Occur along grain boundaries to Gn in the Qz–dominated fragment. 
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Overview of the mineralization with abundant pyrite porphyroblasts in the sphalerite mass and galena accumulated in 

pressure shadows near a quartz-dominated fragment. 

 

 
Anhedral pyrite porphyroblasts with inclusions of sphalerite. Galena, pyrrhotite and chalcopyrite occur along grain 

boundaries of these porphyroblasts.  
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751@648.3 – Vein-hosted to disseminated chalcopyrite + pyrrhotite + pyrite in hydrothermally- 

altered rhyolite and tremolite skarn – Stringer mineralization 

 
Drill core R2F751, depth 648.3 m 

Hand specimen description 

High-grade stockwork mineralization that occurs in a weakly silicified and moderately chlorite-altered 

rhyolite (greenish-grey and fine-grained). Quartz veins and patches also occur in the rhyolite. The 

quartz veins appear brecciated and infilled by pyrrhotite and chalcopyrite while the patches contain 

low-grade mineralization such as pyrrhotite. The specimen also includes zones rich in chlorite in 

which abundant mm- to cm-sized euhedral pyrite porphyroblasts mainly occur. These sections also 

contain minor pyrrhotite and chalcopyrite dissemination. 

 

Thin section description 

The thin section is divided into the sulphide-dominated mass and the gangue mineral mass.  

- The sulphide mass is dominated by associated chalcopyrite and pyrrhotite with large pyrite 

porphyroblasts surrounded by these. Chalcopyrite and pyrrhotite surrounds and contains 

inclusions of cobaltite, sphalerite, galena and rare cubanite. Pyrite are locally fractured and 

infilled by or with inclusions of chalcopyrite, pyrrhotite and sphalerite. 

 

- The gangue-mineral mass contains disseminated and local fracture-infill of chalcopyrite, 

pyrrhotite and sphalerite that occur as above. The mass is divided into a quartz- and chlorite- 

dominated section respectively. These contains minor quantites of one another as well as 

subordinate sericite.  

Comments 

The pyrite porphyroblasts are generally fractured and infilled by or with inclusions of chalcopyrite, 

pyrrhotite, and sphalerite. Sphalerite locally exhibit chalcopyrite disease. Quartz commonly show 

undulose extinction and chlorite rarely show a kinked appearance. 

Minerals  Relative amount Comments 

Pyrrhotite XXXX An –> subhedral, associated with Ccp but also inclusions and fracture-infill in Py. 

Chalcopyrite XXX An –> subhedral, associated with Po and Sp. Inclusions and fracture-infill in Py. 

Pyrite XXX 
Sub –> euhedral porphyroblasts, commonly fractured and infilled by Ccp, Po or Sp. 

Also contains inclusions of these sulphides. 

Arsenopyrite X Euhedral, mainly occur as inclusions in Po and Ccp. 

Cubanite X Observed at borders between Ccp and gangue minerals.  

Cobaltite X Euhedral, inclusions in Po and Ccp. 

Sphalerite X 

An –> subhedral, inclusions in and intergrown with Ccp, locally exhibiting Ccp 

disease. Also, inclusions in and along grain boundaries of Po and Py as well as 

fracture-infill in the latter. 

Galena X Rare anhedral, surrounded by Ccp, Po and gangue minerals. 
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Associated pyrrhotite, chalcopyrite and fractured pyrite porphyroblasts. Sphalerite occur as grains within pyrrhotite, 

chalcopyrite and pyrite as well as fracture-infill in the latter. Rare cobaltite inclusions occur in pyrrhotite. 

 
Fractured pyrite porphyroblast infilled by chalcopyrite, pyrrhotite and sphalerite, the latter also as inclusions in pyrite.  
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751@652.5 – Vein-hosted to disseminated chalcopyrite + pyrrhotite + pyrite in hydrothermally- 

altered rhyolite and tremolite skarn – Stringer mineralization 

 
Drill core R2F751, depth 652.5 m. Sample for thin section marked with red box. 

Hand specimen description 

Volcaniclastic rhyolite (light-grey and fine-grained) with coarser-clasts of quartz and feldspar. The 

rhyolite is weakly silicified and contains chlorite. The latter minerals increase in abundance closer to a 

sulphide vein dominated by pyrrhotite and chalcopyrite with impregnated galena. Chalcopyrite and 

pyrrhotite also occur disseminated in the rhyolite.   

 

Thin section description 

The thin section is divided into the sulphide vein and the gangue mineral mass.  

- The sulphide-vein is dominated by associated pyrrhotite and chalcopyrite that surrounds pyrite 

porphyroblasts and lesser galena and sphalerite.  The pyrite porphyroblasts are commonly 

fractured and locally infilled by pyrrhotite and chalcopyrite. These also contains inclusions of 

galena, chalcopyrite, sphalerite and silicates. Galena is intergrown with hessite and freibergite, 

the latter also as inclusions in chalcopyrite and rarely pyrrhotite. 

 

- The gangue-mineral mass contains inclusions, islands or veinlets of pyrrhotite, chalcopyrite, 

sphalerite, galena and pyrite occurring associated with one another as described above. The 

gangue minerals are mainly quartz, some feldspar as well as chlorite and other mica. The two 

latter show an increase in abundance closer to the sulphide vein.  

Comments 

Hessite and freibergite are mainly related to galena, the former commonly at grain boundaries. Pyrite 

porphyroblasts have rounded edges.  

Minerals  Relative amount Comments 

Pyrrhotite XXXX 
An –> subhedral, commonly associated with Ccp and Sp. Locally intergrown with 

but also as inclusion in Gn.  

Chalcopyrite XXX 
An –> subhedral, associated with Po, Gn and Sp. Ccp also occur as inclusions in Sp.  

Locally replaces Gn 

Galena XX 

An –> subhedral, inclusions in and intergrown with Po, Ccp and Sp. Gn is locally 

elongated and commonly associated with Ccp and Po. Generally, intergrown with 

hessite and Frb when these occur. 

Sphalerite XX 
Anhedral, intergrown with or inclusions in Ccp and locally Po. Locally exhibit Ccp 

disease. 

Pyrite X 
Subhedral porphyroblasts in Po, locally fractured and infilled by Po and Ccp. 

Contains inclusions of Gn, Sp and Ccp. 

Freibergite X 
Intergrown with Gn, commonly along grain boundaries. Also, inclusions in Ccp and 

rarely Po. 

Hessite X 
Euhedral, intergrown with Gn, generally along grain boundaries but also as 

inclusions in Gn. 

Nisbite Minor Intergrown with Frb 
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Sulphide vein dominated by associated pyrrhotite and chalcopyrite that envelops fractured pyrite porphyroblasts, sphalerite 

and galena. 

 
Galena surrounded by pyrrhotite and chalcopyrite with mutual borders. Freibergite and hessite occur associated with 

galena, the latter generally at grain boundaries. 
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751@654.7 – Vein-hosted to disseminated chalcopyrite + pyrrhotite + pyrite in hydrothermally- 

altered rhyolite and tremolite skarn – Stringer mineralization 

 
Drill core R2F751, depth 654.7 m. Sample for thin section marked with red box. 

Hand specimen description 

Silicified and weakly chlorite-altered rhyolite (grey and fine-grained), with sporadic chlorite occurring 

disseminated or as veins. The opaque minerals are mainly associated chalcopyrite- and pyrrhotite- 

schlieren seemingly related to the veins of chlorite and other mica. Impregnated pyrrhotite, 

chalcopyrite and rare pyrite and arsenopyrite occur in the groundmass seemingly with increasing 

abundance closer to the sulphide-dominated schlieren. 

 

Thin section description 

The thin section is divided into sulphide mineralization adjacent to mica veins and the gangue- mineral 

mass.  

- The sulphide-mineralization adjacent to mica veins refer to zones close to veins of mica where 

sulphides are more abundant as compared to in the gangue-mineral mass. The sulphide 

minerals are associated chalcopyrite, pyrrhotite, sphalerite, pyrite and some galena. 

 

- The gangue-mineral mass contains disseminated chalcopyrite, pyrrhotite, sphalerite, euhedral 

pyrite grains and rare galena. Cubanite also occur as lamellae in chalcopyrite. The gangue 

minerals are dominated by quartz, chlorite and other mica. 

Comments 

Pyrite and pyrrhotite locally occur as needles, the latter mainly as inclusions in sphalerite. Quartz 

exhibit undulose extinction. 

 

 

 

 

Minerals  Relative amount Comments 

Chalcopyrite XX 
An –> subhedral, locally intergrown with Po and Cbn that occur as lamellae. Also 

as inclusions in Sp and rarely Gn.  

Pyrrhotite X 

Subhedral inclusions, locally as needles, and accumulations in the gangue-mineral 

mass. Intergrown with Ccp and Sp, needles mainly related to the latter. Po also 
contains inclusions of Gn and Apy. 

Sphalerite X 
An –> subhedral, mainly adjacent to a mica vein. Locally intergrown with Ccp, Gn 

and Po as well as overgrown by Py.  

Pyrite X 
Euhedral grains and rare inclusions, rarely needles, in the gangue or at grain 

boundaries to Ccp and Sp. Also overgrow Po and Sp. 

Galena X Anhedral, commonly at  grain boundaries  to or as inclusions in the other sulphides. 

Arsenopyrite Minor Sub –> euhedral inclusions in Po. 

Cubanite Minor Lamellae in Ccp. 
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Disseminated sulphides in the gangue-mineral mass including chalcopyrite, pyrrhotite, sphalerite and pyrite. 

 
Sphalerite, chalcopyrite, pyrite and galena associated with a mica vein. 
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751@655 – Vein-hosted to disseminated chalcopyrite + pyrrhotite + pyrite in hydrothermally- 

altered rhyolite and tremolite skarn – Stringer mineralization 

 
Drill core R2F751, depth 655 m. Sample for thin section marked with red box. 

Hand specimen description 

Silicified and possibly weakly chlorite-altered rhyolite (grey and fine-grained). The rhyolite also 

contains chlorite. The latter minerals show a generally increasing abundance closer to sulphide 

mineralization. The sulphides mainly occur as a vein hosted by hydrothermally altered rhyolite, 

chlorite and other mica. The mineralization in the vein is mainly chalcopyrite and pyrrhotite with 

minor galena impregnation. In the host rock, chalcopyrite, pyrrhotite and pyrite occur disseminated.  

 

Thin section description 

The thin section is divided into the sulphide vein and the gangue mineral mass. 

- The sulphide vein is dominated by associated chalcopyrite and pyrrhotite. These surrounds 

lesser pyrite, sphalerite, galena, freibergite, hessite, cubanite and arsenopyrite. Galena is rare 

but freibergite and hessite are mainly intergrown with it, freibergite also occur as rare 

inclusions in chalcopyrite.  

 

- The gangue-mineral mass contains disseminated chalcopyrite, galena, pyrite and pyrrhotite, 

the latter locally as needles. Pyrite mainly occur in the gangue-mineral mass as small euhedral 

grains. The gangue minerals are dominated by quartz, chlorite and other mica, chlorite as 

fragments or needles. 

Comments 

Chlorite and mica increases in abundance closer to the sulphide-dominated vein. Quartz exhibit 

undulose extinction and some mica appear kinked.  

Minerals  Relative amount Comments 

Chalcopyrite XXXX  
An –> subhedral, mainly associated with Po. Also occur as inclusions in and 

intergrown with Py and Sp. 

Pyrrhotite XXX An –> subhedral, mainly associated with Ccp and Sp, also inclusions in the latter.  

Pyrite XX 
Euhedral, mainly occur as smaller grains in the gangue mineral mass. Intergrown 

with Ccp and Po, also as inclusions in the latter. 

Sphalerite X Anhedral grains intergrown with or as inclusions in Ccp and Po 

Galena X Inclusions in Sp, Po and intergrown with Ccp. 

Freibergite X Rare but occur intergrown with Gn and as inclusion in Ccp. 

Hessite X Rare but occur associated with Gn, generally at grain boundaries 

Cubanite X Lamellae in Ccp  
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Sulphide vein dominated by associated pyrrhotite and chalcopyrite with mutual borders to one another. Subordinate 

sphalerite also occurs intergrown and as inclusions in these, mainly related to chalcopyrite. 

 
Sphalerite crystal with inclusions of galena that is associated with chalcopyrite. 

Ccp 

Po 

Sp 

Ccp Sp 

Gn 
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751@661.1 – Vein-hosted to disseminated chalcopyrite + pyrrhotite + pyrite in hydrothermally- 

altered rhyolite and tremolite skarn – Stringer mineralization 

 
Drill core R2F751, depth 661.1 m. Sample for thin section marked with red box. 

Hand specimen description 

Tremolite skarn (green with a white-tint and fine-grained). The opaque minerals in the skarn are 

disseminated chalcopyrite, pyrrhotite and minor amounts of galena. The hand specimen also includes 

local accumulations of these sulphides, galena occurs here in anomalously high amounts compared 

with most of the stringer mineralization.  

 

Thin section description  

The thin section is divided into sulphide dissemination and the gangue-mineral mass. 

- The sulphide dissemination contains associated chalcopyrite, pyrrhotite and galena with some 

sphalerite. Freibergite and hessite are mainly intergrown and as inclusions in galena, 

commonly at grain boundaries, but these also occur as inclusions in chalcopyrite. Subordinate 

native silver and electrum occur as inclusions in galena commonly intergrown with hessite or 

each other.  

 

- The gangue-mineral mass contains disseminated and schlieren-style mineralization of 

chalcopyrite, pyrrhotite, sphalerite and galena related to one another as described above. 

Hessite, freibergite and electrum also occur mainly associated with galena. The gangue 

minerals are mainly talc, amphibole and minor chlorite. 

Comments 

Sphalerite locally exhibit chalcopyrite disease and native bismuth is mainly related to silver- and gold- 

bearing minerals. Hessite, freibergite, electrum are almost exclusively related to galena.  

Minerals  Relative amount Comments 

Chalcopyrite XX 
Anhedral, associated with Gn and Po but also occur as inclusions in Gn and, rarely, 

in Sp.  

Galena XX Anhedral, associated with Ccp and Po and as islands in these, Gn replaced?  

Pyrrhotite XX 
Anhedral, associated with Ccp and Gn but also inclusions in and intergrown with 

Gn. Inclusions in Gn rarely associated with hessite. 

Sphalerite X 
Mainly surrounded by or intergrown with Ccp, locally exhibiting Ccp disease. Also 
occur at  grain boundaries to Gn and Po as well as intergrown with the former. 

Hessite X 

Subhedral, associated with Gn generally along grain boundaries, but also as 

inclusions. Locally intergrown with Frb and native bismuth in Gn. Rarely with a 
mantle of Frb within Ccp.  

Freibergite X 
Intergrown or as inclusions in Gn, commonly along grain boundaries, but also as 

inclusions in Ccp. Locally intergrown with hessite and native bismuth in Gn. 

Electrum X Mainly inclusions in Gn, commonly intergrown with native bismuth when it occur. 

Native bismuth X 
Inclusions in Gn and rarely Ccp. Commonly intergrown with silver and gold-bearing 
minerals 

Native silver X Rare, inclusion in Gn intergrown with native bismuth. 
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Polymetallic dissemination-type dominated by associated chalcopyrite, pyrrhotite and galena.  

 
Galena with associated hessite as well as freibergite and native bismuth. Also shows pyrrhotite and chalcopyrite.  
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751@678.5 – Vein–hosted sphalerite + chalcopyrite + galena mineralization in hydrothermally-

altered rhyolite – Stringer mineralization 

 
Drill core R2F751, depth 678.5 m. Sample for thin section marked with red box. 

Hand specimen description 

Silicified and weakly sericite-altered rhyolite (light-grey and fine-grained) with subordinate chlorite. 

The opaque minerals occur as evenly-distributed pyrite and pyrrhotite impregnation with local pyrite 

porphyroblasts. The hand specimen also contains sulphide veins dominated by sphalerite adjacent to 

which chalcopyrite and pyrrhotite are more abundant.    

 

Thin section description 

The section is divided into the sulphide veins dominated by sphalerite and the gangue-mineral mass. 

- The sulphide veins are dominated by sphalerite and associated chalcopyrite, pyrrhotite and 

subordinate galena. The sphalerite locally exhibits chalcopyrite disease. Chalcopyrite also 

occur as local accumulations in the gangue-mineral mass intergrown with pyrrhotite, galena 

and sphalerite. 

 

- The gangue-mineral mass contains pyrite porphyroblasts and disseminated sphalerite, 

pyrrhotite and galena. Hessite and freibergite are mainly associated with galena, the former 

generally at grain boundaries. Furthermore, native bismuth occur associated with hessite in 

galena. The gangue minerals are mainly quartz as well as lesser chlorite, muscovite and 

sericite. 

Comments 

Sphalerite locally exhibit chalcopyrite disease and cubanite occur as lamellae in chalcopyrite. 

Freibergite and hessite are seemingly restricted to galena. 

Minerals  Relative amount Comments 

Sphalerite XX 
Occur as veins partly associated with Po, Ccp and Gn and as inclusions in the two 

former and the gangue-mineral mass. Locally exhibit Ccp disease. 

Chalcopyrite XX 
Larger islands or grains in the gangue-mineral mass and Sp veins associated with 
Po, Sp and Gn. Rarely inclusions in Gn and elongated-grains in Py. 

Pyrrhotite XX 
Occur intergrown with and as inclusions in Gn and Sp. Commonly intergrown with 

Ccp and locally with Gd occurring together in Gn or Ccp. Associated with Ccp. 

Galena X  Intergrown with or as inclusions in Ccp, Sp and Po, mainly the two former.  

Gudmundite X Intergrown with Po in the gangue-mineral mass. 

Pyrite X 
Sub -> euhedral porphyroblasts in the gangue-mineral mass. Locally fractured and 
infilled by pyrrhotite. Also rare elongated grains in the gangue-mineral mass.  

Cubanite X  Lamellae in Ccp 

Hessite X Intergrown with or as inclusions in galena, generally at grain boundaries. 

Freibergite X  Intergrown with or as inclusions in galena 

Electrum X  intergrown with galena, pyrrhotite, hessite and freibergite  

Native bismuth X  Inclusions in hessite, locally near grain-boundaries between hessite and galena 
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Parts of the sulphide veins dominated by sphalerite with associated chalcopyrite, pyrrhotite and galena.  

 
Electrum intergrown with gudmundite, pyrrhotite, hessite and freibergite in a pyrrhotite grain that, in turn, occur in a 

chalcopyrite-dominated part of the vein. 
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9.3. QEMSCAN raw data  
QEMSCAN analyses for each studied thin section are shown and presented in wt.% (automatically 

calculated based on theoretical density values). The second section shows the association between 

different minerals for sample 707@206 (1). The minerals are associated if pixels, created during the 

QEMSCAN study, of the respective materials occur adjacent to one another. It is presented in such a 

way that minerals in the first row are associated with the minerals in the first column (for example 

freibergite is associated with galena to 28.60 wt.%). In both tables some rows includes two or more 

minerals (for example Sp-Gn) and this is a result of pixels that includes both minerals. The matrix row 

is minerals that are undistinguishable. 

Mineral assay 

Mineral Unit 
Sample 

751@591.75 

Sample 

751@637.2 

Sample 

751@578.2 

Sample 

707@206(1) 

Sphalerite Wt.% 15.39 35.55 57.60 47.80 

Pyrrhotite Wt.% 1.20 0.51 9.38 0.21 

Pyrite Wt.% 0.03 0.18 0.57 6.60 

Chalcopyrite Wt.% 0.04 0.01 0.06 0.03 

Galena Wt.% 5.98 10.13 0.35 14.50 

Arsenopyrite Wt.% 0.00 0.00 0.32 0.02 

Freibergite Wt.% 0.08 0.08 0.00 3.39 

Gudmundite Wt.% 0.02 0.04 0.03 0.07 

Boulangerite Wt.% 3.12 0.02 0.76 0.03 

Nisbite Wt.% 0.00 0.00 0.00 0.00 

Bournonite Wt.% 0.00 0.00 0.00 0.00 

Geocronite Wt.% 0.01 0.00 0.00 0.00 

Ullmannite Wt.% 0.00 0.00 0.00 0.00 

Cubanite Wt.% 0.00 0.00 0.00 0.00 

Marcasite Wt.% 0.00 0.00 0.00 0.01 

Antimony Wt.% 0.00 0.00 0.00 0.00 

Dyscrasite Wt.% 0.00 0.00 0.00 0.00 

Magnetite Wt.% 0.00 0.00 0.00 0.00 

Quartz Wt.% 0.00 45.21 2.37 1.19 

Chlorite Wt.% 4.46 0.14 11.48 0.29 

Muscovite Wt.% 0.00 0.28 0.40 6.85 

Albite Wt.% 0.00 0.37 0.20 1.83 

Anorthite Wt.% 0.00 0.24 3.68 0.78 

K-feldspar Wt.% 0.00 0.00 0.00 2.48 

Tremolite Wt.% 11.19 3.39 0.62 0.23 

Calcite Wt.% 42.81 0.91 1.35 0.00 

Dolomite Wt.% 13.91 0.00 0.01 0.00 

Sanidine Wt.% 0.00 0.00 0.00 0.06 

Oligoclase Wt.% 0.00 0.02 0.04 0.01 

Biotite Wt.% 0.00 0.00 0.03 0.01 

Phlogopite Wt.% 0.00 0.00 0.15 0.06 

Diopside Wt.% 0.02 0.00 0.00 0.00 

Enstatite Wt.% 0.00 0.00 0.00 0.00 

Hornblende Wt.% 0.00 0.00 0.00 0.00 
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Dravite Wt.% 0.00 0.00 0.43 0.00 

Epidote Wt.% 0.00 0.02 0.19 0.06 

Talc Wt.% 0.09 0.01 0.01 0.00 

Titanite Wt.% 0.00 0.08 0.46 0.03 

Rutile Wt.% 0.01 0.00 0.05 0.00 

Barite Wt.% 0.00 0.00 0.00 0.00 

Apatite Wt.% 0.03 0.00 0.27 0.03 

Fluorite Wt.% 0.00 0.00 0.01 0.02 

AlSiO Wt.% 0.00 0.00 0.78 0.00 

Ti trap Wt.% 0.00 0.00 0.03 0.00 

Sphalerite-Galena Wt.% 0.08 0.33 0.16 2.70 

Chlorite_Galena  Wt.% 0.16 0.01 0.37 0.07 

Anorthite-Albite Wt.% 0.00 0.01 0.01 0.19 

Anorthite-Sphalerite Wt.% 0.00 0.01 0.29 0.07 

Pyrite-Quartz Wt.% 0.00 0.01 0.00 0.01 

Galena-Anorthite Wt.% 0.01 0.06 0.48 0.48 

Quartz-Pyrite Wt.% 0.00 0.08 0.00 0.01 

Calcite-Quartz Wt.% 0.19 0.13 0.22 0.00 

Muscovite-Pyrite Wt.% 0.00 0.00 0.00 0.03 

Albite-Galena Wt.% 0.00 0.03 0.02 0.40 

Galena-Tremolite Wt.% 0.05 0.02 0.00 0.01 

Boulangerite-Tremolite Wt.% 0.04 0.00 0.01 0.00 

Dolomite-Galena Wt.% 0.17 0.01 0.00 0.00 

Galena-Muscovite Wt.% 0.14 0.36 0.10 0.79 

Sphalerite-Galena Wt.% 0.10 0.37 0.06 1.96 

Sphalerite-Quartz Wt.% 0.07 0.60 0.45 0.45 

Quartz-Galena Wt.% 0.00 0.11 0.00 0.02 

Quartz-Galena-Sphalerite Wt.% 0.00 0.01 0.00 0.06 

Muscovite-Galena Wt.% 0.00 0.02 0.12 3.78 

Muscovite-Sphalerite Wt.% 0.00 0.01 0.15 0.65 

Muscovite-Sphalerite-Galena Wt.% 0.00 0.00 0.02 0.38 

Matrix Wt.% 0.04 0.11 4.33 0.69 

Others Wt.% 0.57 0.51 1.57 0.68 
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Mineral association for thin section 707@206 (1). 

Mineral  Unit Frb Sp Po Py Ccp Gn Apy Gd Bl Bo Gcr Ul Mrc 

Background  0.85 1.01 0.12 0.75 0.36 0.45 0.00 2.08 0.51 9.09 4.22 0.00 0.56 

Sp Wt.% 34.38 0.00 27.54 48.16 41.99 39.79 44.59 12.63 9.24 9.09 11.45 0.00 3.93 

Po Wt.% 1.98 0.80 0.00 9.39 0.18 1.08 0.00 4.78 0.29 0.00 0.60 0.00 0.00 

Py Wt.% 8.60 6.42 42.81 0.00 4.64 3.13 1.35 17.10 1.66 4.55 3.61 33.33 74.16 

Ccp Wt.% 0.08 0.12 0.02 0.10 0.00 0.06 0.00 0.15 0.07 0.00 0.00 0.00 0.00 

Gn Wt.% 28.60 15.46 14.30 9.14 7.65 0.00 8.11 15.41 46.61 31.82 38.55 66.67 8.71 

Apy Wt.% 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 

Frb Wt.% 0.00 3.50 6.89 6.57 2.73 7.50 0.00 5.86 23.81 22.73 4.82 0.00 1.12 

Gd Wt.% 0.20 0.04 0.56 0.44 0.18 0.14 4.05 0.00 1.23 0.00 0.00 0.00 0.00 

Bl Wt.% 0.85 0.03 0.04 0.05 0.09 0.44 0.00 1.31 0.00 0.00 0.00 0.00 0.00 

Bo Wt.% 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gcr Wt.% 0.02 0.00 0.01 0.01 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ul Wt.% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mrc Wt.% 0.01 0.00 0.00 0.52 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Qz Wt.% 2.19 3.24 0.80 1.40 17.12 2.66 4.05 1.77 0.94 9.09 1.81 0.00 0.00 

Chl Wt.% 0.67 1.12 0.16 0.85 1.18 0.44 0.00 0.31 0.14 0.00 0.00 0.00 0.28 

Ms Wt.% 3.13 6.33 0.40 5.62 0.55 3.13 13.51 4.55 1.52 4.55 3.61 0.00 1.40 

Ab Wt.% 1.73 1.59 0.31 0.78 8.65 1.54 0.00 3.93 0.79 4.55 4.22 0.00 0.00 

An Wt.% 1.03 1.17 0.13 0.40 1.18 0.88 0.00 1.16 1.15 0.00 3.01 0.00 0.28 

Kfs Wt.% 1.94 2.03 0.22 1.02 0.64 1.42 17.57 6.70 1.08 0.00 1.20 0.00 0.28 

Tr Wt.% 0.42 0.40 0.01 0.14 0.82 0.61 0.00 0.23 0.79 0.00 1.81 0.00 0.00 

Cal Wt.% 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sd Wt.% 0.05 0.06 0.00 0.02 0.09 0.04 1.35 0.23 0.14 0.00 0.00 0.00 0.00 

Ogc Wt.% 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.07 0.00 0.00 0.00 0.00 

Bt Wt.% 0.02 0.06 0.01 0.03 0.00 0.01 0.00 0.00 0.07 0.00 0.00 0.00 0.00 

Phl Wt.% 0.14 0.23 0.01 0.10 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Drv Wt.% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ep Wt.% 0.07 0.08 0.00 0.02 0.09 0.05 0.00 0.08 0.00 0.00 0.60 0.00 0.00 
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Tlc Wt.% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ttn Wt.% 0.03 0.02 0.00 0.05 0.00 0.05 0.00 0.00 0.14 0.00 0.00 0.00 0.00 

Brt Wt.% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ap Wt.% 0.04 0.09 0.00 0.02 0.00 0.02 0.00 0.00 0.07 0.00 0.60 0.00 0.00 

Fl Wt.% 0.07 0.03 0.00 0.02 0.09 0.07 0.00 0.00 0.22 0.00 0.00 0.00 0.00 

AlSiO Wt.% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sp-Gn Wt.% 2.27 24.77 1.86 2.50 1.09 10.61 1.35 1.16 1.59 0.00 1.20 0.00 1.40 

Chl_Gn  Wt.% 0.11 0.11 0.03 0.07 0.00 0.23 0.00 0.15 0.07 0.00 0.00 0.00 0.00 

An-Ab Wt.% 0.07 0.14 0.01 0.05 0.27 0.07 0.00 0.31 0.07 0.00 0.60 0.00 0.00 

An-Sp Wt.% 0.09 0.41 0.01 0.04 0.36 0.07 0.00 0.23 0.14 0.00 0.00 0.00 0.00 

Py-Qz Wt.% 0.01 0.00 0.00 0.29 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gn-An Wt.% 0.48 0.25 0.03 0.09 0.18 0.63 0.00 0.15 0.87 0.00 1.81 0.00 0.00 

Qz-Py Wt.% 0.03 0.04 0.05 0.10 0.09 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cal-Qz Wt.% 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ms-Py Wt.% 0.01 0.01 0.01 0.29 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.56 

Ab-Gn Wt.% 0.15 0.07 0.03 0.05 0.27 0.52 0.00 0.23 0.14 0.00 0.60 0.00 0.00 

Gn-Tr Wt.% 0.01 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Bl-Tr Wt.% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.07 0.00 0.00 0.00 0.00 

Dol-Gn Wt.% 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Gn-Ms Wt.% 0.57 0.30 0.18 0.53 1.00 2.98 0.00 0.23 0.87 4.55 3.61 0.00 1.40 

Sp-Gn Wt.% 1.72 12.28 1.86 1.38 1.09 11.74 1.35 1.00 2.16 0.00 4.22 0.00 1.12 

Sp-Qz Wt.% 0.34 4.27 0.21 0.37 0.91 1.11 0.00 0.31 0.14 0.00 0.00 0.00 0.00 

Qz-Gn Wt.% 0.04 0.08 0.02 0.03 0.36 0.32 0.00 0.08 0.00 0.00 0.00 0.00 0.00 

Qz-Gn-Sp Wt.% 0.07 0.39 0.04 0.06 0.00 0.26 0.00 0.00 0.29 0.00 0.00 0.00 0.00 

Ms-Gn Wt.% 1.85 2.41 0.19 4.54 0.18 5.12 2.70 1.62 0.94 0.00 4.22 0.00 3.09 

Ms-Sp Wt.% 0.31 3.53 0.05 0.30 0.36 0.19 0.00 0.23 0.00 0.00 0.00 0.00 0.56 

Ms-Sp-Gn Wt.% 0.24 1.90 0.01 0.22 0.09 0.27 0.00 0.15 0.14 0.00 1.20 0.00 0.00 

Matrix Wt.% 0.71 3.30 0.08 0.84 2.09 1.00 0.00 1.31 0.65 0.00 1.81 0.00 0.28 

Others Wt.% 3.80 1.88 1.01 2.65 3.10 1.10 0.00 14.25 1.30 0.00 0.60 0.00 0.84 

Total Wt.% 100 100 100 100 100 100 100 100 100 100 100 100 100 
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9.4. EMPA raw data 

 

Mineral Thin section Unit Cd S Zn Cu Fe As Ag Pb Sb Bi Hg Co Au Te Ni Total 

Arsenopyrite 707@206.1 Wt.% 0 19.7 0 0 32.8 40.2 0 0 1.6 0 0 0 0 0 0.3 94.6 

Boulangerite 751@635.5B Wt.% 0 17.5 0.3 0.4 0.1 0.1 0 54.7 24.6 0.2 0 0 0 0 0 97.9 

Boulangerite 751@635.5B Wt.% 0 17.6 0.6 0.1 0.1 0.1 0 55.3 25.7 0.4 0 0 0 0 0 99.8 

Boulangerite 751@635.5B Wt.% 0 17.9 0.2 0.3 0.1 0.1 0 55 25.6 0.1 0 0 0 0 0 99.3 

Boulangerite 751@592.9 Wt.% 0 17.9 0.4 0.1 0.1 0.1 0 55.2 25.3 0.2 0 0 0 0 0 99.2 

Boulangerite 751@592.9 Wt.% 0 17.6 0.1 0 0 0.1 0 54.7 25.5 0.5 0 0 0 0 0 98.4 

Boulangerite 751@592.9 Wt.% 0 17.9 0 0 0 0 0 56 25.5 0.2 0 0 0 0 0 99.7 

Boulangerite 751@592.9 Wt.% 0 17.8 0.1 0 0 0 0 54 25.6 0.7 0 0 0 0 0 98.2 

Boulangerite 751@592.9 Wt.% 0 17.8 0 0 0 0.1 0 54.6 25.6 0.5 0 0 0 0 0 98.6 

Boulangerite 751@592.9 Wt.% 0 17.8 0 0 0 0.1 0 55.5 25.6 0.2 0 0 0 0 0 99.3 

Electrum 751@661.1 Wt.% 0 0 0 0 0 0 54.8 0.2 0 0 11 0 33 0.1 0 99.1 

Electrum? 751@661.1 Wt.% 0 0 0 0 0 0 0 4.5 0.7 0 0 0 0.1 0 0 5.3 

Freibergite 707@206.1 Wt.% 0 23.1 1 25.1 5.5 0.3 17.9 0.2 27.1 0.1 0 0 0 0 0 100.4 

Freibergite 751@652.5 Wt.% 0 23.1 0.8 24.3 6 0.2 19 0.3 26.8 0.1 0 0 0 0 0 100.6 

Freibergite 751@652.5 Wt.% 0 23.3 0.7 25 7 0.3 18.6 0.2 26.8 0.1 0 0 0 0 0 102.1 

Freibergite 751@652.5 Wt.% 0 23.5 0.7 24.5 6.2 0.3 18.3 0.4 26.9 0.1 0 0 0 0 0 101 

Freibergite 751@652.5 Wt.% 0 23.6 0.8 24.3 6.1 0.2 19 0.3 27.1 0.1 0 0 0 0 0 101.6 

Freibergite 751@652.5 Wt.% 0 22.7 0.7 23.3 5.9 0.2 19.4 0.8 26.7 0.1 0 0 0 0 0 99.8 

Freibergite 707@206.1 Wt.% 0 23.1 0.9 24.6 5.5 0.3 18.6 0.4 26.8 0.1 0 0 0 0 0 100.2 

Freibergite 707@206.1 Wt.% 0 22.9 1 24.5 5.3 0.3 18.5 0.2 26.8 0.1 0 0 0 0 0 99.8 

Freibergite 707@206.1 Wt.% 0 22.9 0.9 24.6 5.6 0.3 18.3 0.2 26.8 0.1 0 0 0 0 0 99.7 

Freibergite 707@206.1 Wt.% 0 23.2 1 24.6 5.5 0.4 18.6 0.1 26.9 0.1 0 0 0 0 0 100.3 

Freibergite 751@635.5B Wt.% 0 23.2 1.3 23.9 5.5 0.2 18.3 0.3 27.1 0.1 0 0 0 0 0 100 

Freibergite 751@635.5B Wt.% 0 23.3 1.2 24.8 5.5 0.3 18.5 0.3 27.3 0.1 0 0 0 0 0 101.2 

Freibergite 751@635.5B Wt.% 0 23.4 1.1 24.8 5.5 0.2 17.8 0.3 26.9 0.1 0 0 0 0 0 100.2 

Freibergite 751@635.5B Wt.% 0 23.2 1.2 24.9 5.5 0.2 18.2 0.3 27 0.1 0 0 0 0 0 100.7 



 
 

111 
 

Mineral Thin section Wt.% Cd S Zn Cu Fe As Ag Pb Sb Bi Hg Co Au Te Ni Total 

Freibergite 751@635.5B Wt.% 0 23.2 1.4 24.7 5.3 0.2 18.3 0.4 27 0.1 0 0 0 0 0 100.7 

Freibergite 751@592.9 Wt.% 0 23.4 1.1 26 5.5 0.2 17 0.3 27.6 0.1 0 0 0 0 0 101.1 

Freibergite 751@592.9 Wt.% 0 23.4 1 26 5.5 0.3 17.3 0.3 27.3 0.1 0 0 0 0 0 101.1 

Freibergite 751@592.9 Wt.% 0 23.5 1 25.7 5.7 0.2 17.7 0.2 27.4 0.1 0 0 0 0 0 101.6 

Freibergite 751@592.9 Wt.% 0 23.6 1 26.4 5.6 0.2 16.8 0.3 27.1 0.1 0 0 0 0 0 101.2 

Freibergite 751@592.9 Wt.% 0 23.5 1.4 26 5.8 0.3 16.4 0.3 27.1 0.1 0 0 0 0 0 101 

Freibergite 751@661.1 Wt.% 0 23.5 0.7 24.8 7 0.2 19.3 0.5 26.7 0.2 0 0 0 0 0 102.8 

Freibergite 751@661.1 Wt.% 0 23.4 0.8 23.9 5.3 0.2 19.1 0.8 26.6 0.2 0 0 0 0 0 100.3 

Freibergite 751@661.1 Wt.% 0 22.9 0.7 24.2 6.5 0.3 19.6 0.5 26.2 0.2 0 0 0 0 0 101.2 

Freibergite 751@661.1 Wt.% 0 22 0.7 21 7.4 0.2 24.6 0.2 25.1 0.1 0 0 0 0 0 101.4 

Freibergite 751@661.1 Wt.% 0 23 0.8 24.7 7.1 0.2 18.6 0.4 26.2 0.3 0 0 0 0 0 101.1 

Gudmundite 707@206.1 Wt.% 0 15.2 0 0 26.8 0.9 0 0 58.2 0 0 0 0 0 0.4 101.5 

Gudmundite 707@206.1 Wt.% 0 15.9 0 0 27.3 0.9 0 0 57.3 0 0 0 0 0 0 101.5 

Gudmundite 707@206.1 Wt.% 0 15.5 0 0 25.8 0.9 0 0 58.3 0 0 0 0 0 1.5 102 

Gudmundite 751@635.5B Wt.% 0 15.5 0 0 26.9 0.9 0 0 58.5 0 0 0 0 0 0.2 102 

Gudmundite 751@635.5B Wt.% 0 15.7 0 0 27.3 0.8 0 0 58.4 0 0 0 0 0 0 102.2 

Hessite 751@652.5 Wt.% 0 0 0 0 0 0 63.8 0.1 0 0 0.1 0 0.1 36.1 0 100.2 

Hessite 751@652.5 Wt.% 0 0 0 0 0 0 64.9 0 0 0 0.1 0 0 36 0 101 

Hessite 751@652.5 Wt.% 0 0 0 0 0 0 62.5 0.3 0 0 0 0 0 39 0 101.8 

Hessite 751@652.5 Wt.% 0 0 0 0 0 0 64.2 0.4 0 0 0 0 0 36.4 0 101 

Hessite 751@652.5 Wt.% 0 0 0 0 0 0 65.4 0.4 0 0 0.1 0 0.1 36.8 0 102.8 

Hessite 751@661.1 Wt.% 0 0 0 0 0 0 64.4 0.1 0 0 0 0 0 37.4 0 101.9 

Hessite 751@661.1 Wt.% 0 0 0 0 0 0 64.5 0 0 0 0 0 0 37.6 0 102.1 

Hessite 751@661.1 Wt.% 0 0 0 0 0 0 60.6 1.8 0 0 0 0 0 39.9 0 102.3 

Native Ag? 751@661.1 Wt.% 0 0 0 0 0 0 59.9 0.7 0 0 0 0 0.6 34.9 0 96.1 

Sphalerite 751@652.5 Wt.% 0 30 59.2 0 7.1 0 0 0 0 0 0 0 0 0 0 96.3 

Sphalerite 751@652.5 Wt.% 0 33 59.5 0 7.1 0 0 0 0 0 0 0 0 0 0 99.6 

Sphalerite 751@652.5 Wt.% 0 33.3 59.4 0 7.7 0 0 0 0 0 0 0 0 0 0 100.4 
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Mineral Thin section Wt.% Cd S Zn Cu Fe As Ag Pb Sb Bi Hg Co Au Te Ni Total 

Sphalerite 751@652.5 Wt.% 0 33.2 60.1 0 7.5 0 0 0 0 0 0 0 0 0 0 100.8 

Sphalerite 751@652.5 Wt.% 0 33.6 60.2 0 7.4 0 0 0 0 0 0 0 0 0 0 101.2 

Sphalerite 707@206.1 Wt.% 0.7 32.8 57.7 0 8 0 0 0 0 0 0 0 0 0 0 99.2 

Sphalerite 707@206.1 Wt.% 0.6 33.3 58 0 7.9 0 0 0 0 0 0 0 0 0 0 99.8 

Sphalerite 707@206.1 Wt.% 0.5 33.1 57.5 0 8.4 0 0 0 0 0 0 0 0 0 0 99.6 

Sphalerite 751@635.5B Wt.% 0 33.4 59.5 0 7.2 0 0 0 0 0 0 0 0 0 0 100.1 

Sphalerite 751@635.5B Wt.% 0 33.3 60.5 0 6.9 0 0 0 0 0 0 0 0 0 0 100.7 

Sphalerite 751@635.5B Wt.% 0 33.5 60.2 0 7.3 0 0 0 0 0 0 0 0 0 0 101 

Sphalerite 751@592.9 Wt.% 0 33.4 59.6 0 7.5 0 0 0 0 0 0 0 0 0 0 100.5 

Sphalerite 751@592.9 Wt.% 0 33.6 59.1 0 8.1 0 0 0 0 0 0 0 0 0 0 100.8 

Sphalerite 751@592.9 Wt.% 0 33.4 59.3 0 7.7 0 0 0 0 0 0 0 0 0 0 100.4 

Sphalerite 751@661.1 Wt.% 0 33.3 59.2 0 8.3 0 0 0 0 0 0 0 0 0 0 100.8 

Sphalerite 751@661.1 Wt.% 0 33.6 58.9 0.5 8.3 0 0 0 0 0 0 0 0 0 0 101.4 

Sphalerite 751@661.1 Wt.% 0 33.5 59.2 0 8.3 0 0 0 0 0 0 0 0 0 0 101.1 

 

 
 


