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Abstract  
A new promising ore province, the Gold Line, southwest of the well-known Skellefte District, 
northern Sweden, is currently under exploration. This province hosts, so far, one operating 
mine, the Svartliden Au mine, and the recently closed Blaiken Zn-Pb-Au-Ag mine. The 
largest known gold deposit, the hypozonal Fäboliden orogenic gold deposit, in the area was 
recently granted mining permits. The deposit holds c. 54 Mt at 1.2 g/t Au, with a planned 
production of 4.6 Mt of ore/year. 

The mineralization at Fäboliden is commonly hosted in arsenopyrite-bearing quartz-veins, 
within a roughly N-S striking, steeply dipping shear zone in amphibolite facies volcano- 
sedimentary host rocks. The narrow belt of supracrustal rocks is surrounded by late- to post-
orogenic Revsund granite. The gold is fine-grained (2–40 m) and closely associated with 
arsenopyrite-löllingite and stibnite. Gold is found in fractures and as inclusions in the 
arsenopyrite-löllingite. Gold is also seen as free grains in the silicate matrix of the host rock.  

The hydrothermal mineral assemblage in the proximal alteration zone is diopside, calcic 
amphibole, biotite, and minor andalusite and tourmaline. This type of assemblage is commonly 
recognized in hypozonal orogenic gold deposits worldwide. The lateral extent of the proximal 
alteration zone is estimated to 30–50 meters, and there is a good agreement between diopside-
amphibole-biotite alteration, quartz veining, and gold mineralization. The mineral assemblage 
in the distal alteration zone is characterised by the presence of Ca- and Fe-Mg amphiboles, 
hedenbergite, biotite, and quartz. The transition from the distal alteration into the regional 
metamorphic assemblage is diffuse, and the only discernable feature appears to be a gradual 
decrease of amphibole away from the mineralization.  

The ductile gold-hosting fabric progresses laterally across the Revsund granite contact and 
then disappears after a few meters inside the granite, suggesting that at least the final stages of 
mineralization syn- to postdate the emplacement of the c. 1.81–1.77 Ga Revsund granite. 
Relationships between garnet-biotite and graphite geothermometry, together with these field 
relationships, indicate that the late stages of mineralization at Fäboliden post-date regional 
peak-metamorphism in the area, which is estimated at c. 1.80 Ga. 

The Fäboliden gold mineralization is hosted by a reverse, mainly dip-slip, high-angle shear 
zone with a relatively small horizontal shear movement. The mineralization constitutes two 
sets of mineralized quartz veins, one steep fault-fill vein system that is parallel to the regional 
foliation and one flat-lying extensional vein system. Both vein sets are suggested to have been 
generated from the same stress field, during E-W shortening at c. 1.80 Ga. 

At least two types of ore shoot are present at Fäboliden, intersections between the fault-fill 
vein set and the extensional vein set and bends in the shear zone system both show elevated 
gold content, similar to many gold-quartz vein deposits globally. 

The fluids involved in the precipitation of gold at Fäboliden shows characteristics similar to 
other hypozonal orogenic gold deposits, such as a CO2-CH4-H2S fluid composition and 
pressure-temperature conditions of c. 4 kbar and 520–560°C. Sulphur isotope data, 34S, ranges 
between -1.5 and +3.6‰. Oxygen, 18O, and hydrogen, D, isotope data ranges between 
+10.6 and 13.1‰, and -120 to -67‰, respectively. The hydrothermal fluids at Fäboliden are 
interpreted to have originated from a crustally contaminated magmatic source.  

The potential for future orogenic gold discovery in the Fennoscandian Shield is considered 
good. From this PhD study it is suggested that interesting targets, concerning exploration for 
orogenic gold in at least the Gold Line, would be areas associated with roughly N-S striking 
tectonic zones that were active at around 1.80 Ga.  
 
Keywords: Fäboliden, Gold Line, Sweden, Palaeoproterozoic, orogenic gold, lode, quartz vein, 
amphibolite facies, hypozonal, supracrustal rocks, geochemistry, fluid inclusions, stable isotopes, 
arsenopyrite-löllingite, fault-fill vein, extensional vein, ore shoot 
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Preface 
In 2002, after having finished my MSc thesis at the Göteborg University, I worked during the 
field season for the Geological Survey of Sweden, mapping bedrock in south-western Sweden. 
My supervisor at the survey, Thomas Eliasson, got a phone call from an old friend of his, Pär 
Weihed. Apparently there was an opening for a PhD student at Luleå University of 
Technology. The project concerned lode gold in the Västerbotten county, northern Sweden. 
A couple of weeks later I got on a plane to Skellefteå, for the job interview. Pär picked me up 
at the airport in his roaring V8-Camaro. Then we drove to Boliden to meet with Lappland 
Goldminers AB (the owner of the main object of study, Fäboliden). After the interview we 
drove back to Skellefteå, sorted things out over a pizza, and a few weeks later I ended up in 
Luleå, a place I had visited for three hours once before.  
 

The results used in the interpretations in this PhD thesis were basically acquired from 
detailed field mapping, structural measurements, drill core logging, and sampling for whole 
rock geochemistry, mineral chemistry, fluid inclusions, and stable isotopes. The papers and 
manuscripts in this thesis were all written by me, under the guidance of my main supervisor 
Dr. Pär Weihed, and co-supervisor Dr. Curt Broman. In paper III, Fluid chemistry of the 
Proterozoic hypozonal Fäboliden orogenic gold deposit, northern Sweden: evidence from fluid inclusions, 
Curt Broman assisted in the sampling of mineralized quartz veins. Curt also did most of the 
analytical work at Stockholm University. I spent one week assisting in the lab, to learn the 
basic methodology in fluid inclusion analysis. Curt also guided me through the interpretation 
of the fluid inclusion data. In manuscript IV, Stable isotopes (S, O, H) from the hypozonal 
Fäboliden orogenic gold deposit, northern Sweden, I did the sampling and participated, during two 
weeks, in the analyses at the S.U.E.R.C. (Scottish Universities Environmental Research 
Centre) isotope lab at East Kilbride, Scotland, under the guidance of Dr. Adrian Boyce and Dr. 
Anthony Fallick. At the lab I performed the sulphur isotope analyses, both by conventional and 
laser combustion methodology. Adrian and his lab staff guided me through the analyses. The 
lab staff also did the oxygen and hydrogen analyses on my behalf.  
 

During these years I have presented my work at international conferences, attended several 
international workshops, and went on field trips in Sweden, Finland, and Turkey. My work 
has also been presented before the prominent Georange scientific committee annually between 
2003 and 2006. I have also presented the project at laymans level, to local politicians, at the 
Georange meetings in 2005 and 2006.  
 

Finally, during my PhD studies I have had the opportunity to meet some really interesting 
people. I have benefited greatly from rewarding discussions with world-class scientists and 
expert exploration geologists.  
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Introduction 
Prior to the 1980´s few gold occurrences were known in the Fennoscandian Shield. The most 
significant occurrence was the high-grade Boliden Au-Cu-As deposit in the Skellefte District, 
northern Sweden. However, since the price of gold increased during the late 1970´s the 
research activities became more focused on gold-only deposits. This, together with an increase 
in gold exploration, resulted in the discoveries of hundreds of gold prospects (Fig. 1), which 
indicated a good potential for gold in the Precambrian of northern Europe. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Gold occurrences in the Fennoscandian Shield. Area shown in Figure 2 is indicated. 
Modified after Rutland et al. (2001). Gold deposits after Eilu et al. (2003) and Sundblad (2003). 
 

Southwest of the well-known Skellefte District in northern Sweden a new ore province, 
the so called Gold Line, is presently being explored. The name Gold Line originates from a 
NW-trending sublinear feature on till-geochemistry anomaly maps on Au (Fig. 2) and other 
normally Au-associated elements such as As, Sb and Te. This area in northern Sweden has seen 
few papers published on the gold metallogeny (e.g. Hart et al. 1999; Bark & Weihed 2007; 
Bark et al. 2007). Most data have previously been from unpublished exploration reports. 
Orogenic gold-style deposits form the principal gold resource in many continents, so there was 
a clear need to better understand the potential for that style of mineralization in this area in 
northern Sweden. 
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Fig. 2 Gold content in the till overburden, Västerbotten county. Data from the Geological Survey of Sweden. 
 
Over the last couple of decades the interest for this area has increased, resulting in numerous 

gold discoveries. The Georange project 89126 Genesis and tectonic setting of Au-lode in the new 
Lycksele-Storuman ore province was initiated as a result of this increased interest, to scientifically 
investigate the gold mineralizations in this area. This study has been focused on understanding 
the Fäboliden gold deposit (the largest known gold deposit in the Gold Line; ~54 Mt at 1.2 
ppm Au), with additional minor studies of some smaller deposits in the area (e.g. 
Stortjärnhobben, Gubbträsk, Knaften, Blaiken, Svartliden, and Barsele). Since the start of the 
project in 2002 mining operations have started at Svartliden and Blaiken (now closed). The 
Fäboliden deposit was recently (2008) granted mining permits and is thus next in line.  

The mineralization at Fäboliden has been investigated in detail with respect to structural 
settings, whole rock geochemistry, mineral chemistry, metal associations, hydrothermal 
alteration assemblages, fluid inclusion and stable isotope studies. The main aim of this PhD 
study was to understand the genesis of the Fäboliden gold mineralization, which in this thesis is 
classified as an orogenic gold deposit, in the sense of Groves et al. (1998).  
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Objectives of thesis 
When starting the Lycksele Gold project in 2002 three main objectives were identified: 
 
To improve the geological knowledge of the gold deposits in the Lycksele-Storuman area.  
Initially, this was a poorly known area with regards to ore genesis, with only one conference 
proceedings on the Svartliden deposit prior to 2002 (Hart et al. 1999). Since then, a better 
overall understanding of the geological conditions for the gold mineralizations within the 
Lycksele-Storuman area has certainly been gained. The main focus has been on the large 
Fäboliden gold deposit, and the results have been presented at conferences, in peer-reviewed 
scientific journals, in a licentiate thesis, and at a number of Georange meetings (both at 
scientific and at layman level).  
 
To understand the timing of mineralization, characterisation of the mineralizing fluids with respect to fluid 
source and precipitation mechanisms.  
This objective has been accomplished from field work and from the studies of fluid inclusions 
and stable isotopes. In-direct field relationships suggest that the timing of the mineralization is 
c. 1.80 Ga, as suggested by structural and geothermometric evidence.  

Today there is no general scientific consensus about the origin of the fluids involved in the 
formation of so called orogenic gold mineralization. Fluids commonly are interpreted as being 
of magmatic and/or deep-seated metamorphic origin, as modern isotope data commonly does 
not allow a clear distinction between the two. In the case of Fäboliden, the origin of the gold-
bearing fluids is suggested from sulphur, oxygen, and hydrogen isotope data interpreted 
together with the estimated timing of mineralization to be from a crustally contaminated 
magmatic source.  

The precipitation mechanism for the gold is suggested, based on fluid inclusion studies, to 
be a simple mixing of a H2S-rich and a H2O?-CO2±CH4 fluid.  
 
To establish a genetic model for the deposit, emphasising structural control, and hydrothermal alteration.  
After the studies of the Fäboliden gold deposit, it is here classified as an orogenic gold deposit, 
as defined by Groves et al. (1998). Several other gold mineralizations in the area, such as 
Stortjärnhobben, Svartliden, Knaften, and Gubbträsk, share similar characteristics with 
orogenic gold-style mineralization regarding for instance structural control, quartz veining, and 
mineralogy. However, further studies are needed to properly classify these deposits.  

The Fäboliden deposit consists of two crosscutting auriferous quartz vein systems, one 
fault-fill and one extensional system. The fault-fill quartz veins are controlled by the steep N-S 
regional foliation, whereas the extensional vein system is flat-lying and discordant to the 
regional foliation. Both vein systems could have been generated from similar stress conditions 
during the formation of the gold mineralization.  

P-T conditions for the gold mineralization are c. 4 kbar, at a temperature range of 520–
560ºC, suggesting mid-amphibolite facies conditions. Hydrothermal alteration assemblage 
proximal to the mineralization is diopside, calcic amphibole, biotite, and minor andalusite and 
tourmaline. This type of assemblage is commonly recognized in hypozonal (>3 kbar, >475ºC; 
Groves et al. 1998) orogenic gold deposits worldwide (Eilu et al. 1999; Hagemann & Cassidy 
2000).  
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Review of research 
Orogenic gold deposits, as defined by Groves et al. (1998), account for a significant part of the 
global gold production and the deposit type form the principal gold resource in a number of 
continents (Fig. 3).  
 

 
Fig. 3 Global distribution of important orogenic gold deposits/districts, indicated by black dots, after Bierlein et 
al. (2006). 
 

This style of gold deposits form, during mountain-building processes, in transpressional 
collision orogenic belts, at the base of the seismogenic crust near major crustal faults (Sibson et 
al. 1988; Groves et al. 1998). Orogenic gold-quartz veins have a relatively simple and constant 
mineralogy and they represent parts of the deformed crust that were pervasively fractured and 
infiltrated by gold-bearing hydrothermal fluids. The most widely accepted source for the 
hydrothermal fluids is prograde metamorphic dewatering of a volcano-sedimentary pile 
(Groves et al. 1998) or of volcano-sedimentary material accreted underneath an arc (Kerrich & 
Wyman 1990). 

The structural control is strong in orogenic gold deposits, as they are commonly associated 
with regional-scale tectonic zones, but often occurring in higher order structures. The 
auriferous quartz veins are emplaced over a unique depth range compared to other 
hydrothermal ore deposits, with deposition of gold from 15–20 km to near-surface 
environments (Fig. 4). The deposit type is subdivided according to the depth of formation into 
epizonal (<6 km), mesozonal (6–12 km), and hypozonal (>12 km).  

 

 
Fig. 4 Typical geological environment for orogenic gold-style mineralization, with deposition of gold at, for 
instance, the contact between two different rocktypes within a crosscutting shear zone (right-hand side figure). 
Modified after Groves et al. 2003. 
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Table 1. Critical characteristics for orogenic gold-style mineralization. Data compiled from Groves et al. (1998), 
McCuaig & Kerrich (1998), Ridley et al. (2000), Hagemann & Cassidy (2000), Goldfarb et al. (2001), Groves et 
al. (2003).  
 

Characteristics Orogenic gold deposits 
  
Age range 
 

Middle Archaean to Tertiary 
 

Tectonic setting Deformed continental margin  
  
Structural setting 
 

Strong structural control. Spatial association with large-scale  
crustal structures, during late stages of compression and/or 
transpression 

  
Host rocks 
 

Variable; mainly mafic volcanic or intrusive rocks or  
greywacke-slate sequences 

  
Metamorphic grade  
of host rocks 

Mainly greenschist facies, but subgreenschist to  
lower granulite facies 

  
Association with intrusions 
 

Commonly felsic to lamprophyre dikes or continental  
margin batholiths 

  
Mineralization style 
 

Variable; large veins, vein arrays, saddle reefs,  
replacement of Fe-rich rocks 

  
Timing of mineralization 
 

Late-tectonic; post- (greenschist) to syn- (amphibolite)  
metamorphic peak 

  
Structural complexity of ore 
bodies 

Complexity common, particularly in brittle-ductile regimes 

  
Evidence of overprinting Strong overprinting in larger deposits; multiple veining events 
  
Metal association Au - Ag ± As ± B ± Bi ± Sb ± Te ± W 
  
Metal zoning Cryptic lateral and vertical zoning 
  
Proximal alteration 
 
 

Varies with metamorphic grade; normally diopside, calcic  
amphibole, biotite in metasediment-hosted amphibolite facies  
deposits 

  
P-T conditions 0.5–4.5 kbar, 220–600°C. Normally 1.5 ±0.5 kbar, 350° ±50°C 
  
Ore fluids Low-salinity H2O-CO2 ± CH4 ± N2 
  
Proposed heat sources Varied; asthenosphere upwelling to mid-crustal granitoids 
  
Proposed metal sources 
 

Subducted/subcreted crust and/or supracrustal rocks and/or  
deep granitoids 
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Methods 

Field work and drill core logging 
Within the Lycksele Gold project the main focus has been on the Fäboliden gold deposit, 
located about 40 kilometres west of the town of Lycksele in northern Sweden (Fig. 2). In this 
part of Sweden rock exposure is commonly scarce, and at Fäboliden the outcrops were all 
located just outside the actual mineralization. However, in 2005 the deposit was test mined 
and during 2006 a study of the test mine site, and three other excavations, enabled detailed 
mapping also within the mineralization. So, at Fäboliden over 130 outcrops and four trenches 
were mapped in detail (1:100 scale). In addition to this, drill core logging was performed on 
30+ drill cores from the mineralization, with a total length of over 4000 meters.  

Selected outcrops and drill core sections were sampled for whole rock geochemistry, and 
petrography. Samples were taken to characterise the different rock types and hydrothermal 
alteration associated with the gold mineralization. 167 whole rock analyses and 181 thin 
sections were examined in this PhD study.  
 

Geochemistry 
The whole rock samples were first prepared (crushing and milling) at Swedish GEOCHEM 
Services AB, Sweden. Major and trace element analyses of the whole rock samples were then 
performed at Acme Analytical Laboratories Ltd, Vancouver, Canada. Both major and trace 
element samples were prepared using LiBO2 fusion. Major elements were then analysed by 
ICP-ES, and for the trace element analysis ICP-MS was used. Precious and base metals were 
prepared by aqua regia digestion and analysed by ICP-MS. Each sample was also separately 
analysed for gold by fire assay fusion and ICP-ES. Every sample batch sent contained at least 
one in-house standard, for evaluation of the lab results.  
 

Microscopy and microprobe  
The polished thin sections were prepared by Vancouver Petrographics Ltd, Canada, and 
examined in transmitted and reflected light at Luleå University of Technology.  
After careful examination, using a standard petrographic microscope (Nikon Eclipse E600 Pol), 
of the 180+ thin sections 35 samples were selected for mineral chemistry analysis, using the 
Cameca SX 50 electron microprobe at the National Microprobe Laboratory, Uppsala 
University, Sweden. Analysis was made using an accelerating voltage of 20 kV, a beam current 
of 15 nA, and a spot size of 2 microns. Several hundred analyses were performed on the 35 
thin sections. A handful of the 35 thin sections were also mapped, in great detail, for Au, Ag, 
As, Sb, and alkalis. 
 

Fluid inclusions 
For the fluid inclusion study, 14 drill core samples of sulphide-mineralized and graphite-
bearing quartz veins, from Fäboliden, were prepared as 150 m thick doubly polished sections 
by Minoprep. After careful documentation and selection of fluid inclusions, 
microthermometric and Raman spectrometric analyses were carried out at the Department of 
Geology and Geochemistry, Stockholm University. Microthermometric analyses were carried 
out on fluid inclusions in the temperature range from -180° to 600°C on a Linkam THM 600 
heating and cooling stage. The reproducibility was ±0.1°C for temperatures below +40°C and 
±0.5°C for temperatures above +40°C. The stage was calibrated with synthetic fluid inclusion 
standards (SynFlinc). Raman spectrometric analyses were performed on fluid inclusions and 
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graphite using a multichannel Dilor XY Laser Raman spectrometer. Exciting radiation was 
provided by the 514.5 nm green line from an Innova 70 argon laser. The laser beam was 
focused on the sample through a petrographic microscope fitted with a 100X objective. The 
laser power was set to 200 mW at the entrance of the microscope. Analysis was made with 
detection accumulated 20 times with a measuring time of three seconds. The instrument was 
calibrated with respect to wave number using a neon lamp and a silicon standard. 
 

Stable isotopes (S, O, H) 
Stable isotope analysis was performed, on 50 mineral concentrate samples and 23 polished 
blocks, at the isotope laboratory at the Scottish Universities Environmental Research Centre 
(S.U.E.R.C.), Scotland. Arsenopyrite, pyrrhotite, quartz, and biotite, from the Fäboliden gold 
deposit, were used for analysis. Drill core samples were crushed and sieved down to 75 m. 
Then, the different minerals were separated, from the concentrate, using first magnetic 
separators and then by hand picking the desired minerals under stereographic microscope. The 
polished blocks were sampled from drill core and prepared by Vancouver Petrographics Ltd, 
Canada. 

Sulphides were analysed by conventional techniques (Robinson & Kusakabe 1975) in 
which SO2 gas was liberated by combusting the sulphides under vacuum with excess Cu2O at 
1075°C. In addition to the conventional analysis, a number of in situ laser combustion analyses 
were carried out on specially prepared polished blocks of the respective sample, following the 
technique described in Wagner et al. (2004). This allowed moderate resolution of sulphur 
isotopes (McConville et al. 2000). Liberated gases from both techniques were analysed on a 
VG Isotech SIRA II mass spectrometer. Calculation of 34S values, from both conventional 
and laser combusted analysis, from raw machine 66SO2 data, was carried out by calibration 
with international standards NBS-123 (+17.1‰) and IAEA-S-3 (-31.5‰), as well as the 
internal lab standard CP-1 (-4.6‰), with 1  reproducibility better than ±0.2‰. Data are 
reported in 34S notation as per mil (‰) variations from the Vienna Cañon Diablo Troilite (V-
CDT) standard.  

Oxygen isotope analyses were carried out on selected mineral separates (quartz and biotite) 
from the Fäboliden gold-quartz vein system. All separates were analysed using a laser 
fluorination procedure, involving total sample reaction with excess ClF3 using a CO2 laser as a 
heat source (in excess of 1500°C; following Sharp 1990). All combustions resulted in 100% 
release of O2 from the silica lattice. This O2 was then converted to CO2 by reaction with hot 
graphite, then analysed on-line by a VG SIRA 10 spectrometer. Reproducibility is better than 
±0.3‰ (1 ). Results are reported in standard notation ( 18O) as per mil (‰) deviations from 
the Standard Mean Ocean Water (V-SMOW) standard. 

For hydrogen isotope analysis of biotite, pure samples were heated to 150°C overnight 
under high vacuum to release labile volatiles after loading into thoroughly outgassed Pt 
crucibles. Samples were then gradually heated by radiofrequency induction in an evacuated 
quartz tube to temperatures in excess of 1200°C. The released water was then reduced to H2 
in a chromium furnace at 800°C (Donnelly et al. 2001), with the evolved gas measured 
quantitatively in a Hg manometer, before collecting using a Toepler pump. The gas was 
subsequently analysed on a VG 602D mass spectrometer with a manual Hg, high gas 
compression inlet system. Replicate analyses of water standards (international stds V-SMOW 
and GISP, and internal standard Lt Std) gave a reproducibility of ±2‰. Replicate analyses of 
international mineral standard NBS-30 (biotite) also gave reproducibility around ±2‰. 
Analytical results are reported as D notation as per mil (‰) variations from the international 
V-SMOW standard.  
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Summary of results and discussion 

Geology of the Fäboliden area 
The Fäboliden gold mineralization is hosted by Bothnian Group metagreywackes and 
metavolcanic rocks, surrounded by Revsund-type granitoids (Fig. 5). The main host rock is 
metagreywacke, but in the central part intercalations of metavolcanic rocks are also 
mineralized. 
 

 
Fig. 5 Bedrock map of the Fäboliden area. Modified after Björk & Kero 2002. 

 
Supracrustal rocks: The metagreywackes are strongly foliated and biotite-rich (Fig. 6). They are 
commonly argillitic, with coarser-grained parts (<1 cm grain size) which are less deformed. 
These less-deformed parts display more primary sedimentary textures such as poor stratification 
and bedding. The metavolcanic rocks are rather similar, in appearance, to the metagreywackes. 
The metavolcanic rocks are also fine-grained and biotite-rich. However, the metavolcanic 
rocks are commonly distinctly banded (Fig. 6), but it is difficult to separate the two rocktypes, 
especially in drill core, due to intense alteration and deformation. Intercalations of the 
supracrustal units are probably also common. In one location the metavolcanic rocks host a 
banded iron formation, with the banding parallel to the foliation planes.  
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Intrusive rocks: The late- to post-orogenic, 1.81–1.77 Ga, A/I-type, Revsund granitoid 
(Claesson & Lundqvist 1995; Billström & Weihed 1996) constitutes the main rock type in the 
Fäboliden area. The Revsund granitoid is medium to coarse-grained, coarsely K-feldspar 
porphyritic (commonly 2–5 cm), and isotropic (Fig. 6).  

The rocks mentioned above are all crosscut by a set of NW-SE striking, flat-lying, c. 1.26 
Ga (Söderlund et al. 2006) dolerites which are post-metamorphic, undeformed, and 
unmineralized.  

 

Fig. 6 Rock types at Fäboliden. A) Strongly deformed metagreywacke. B) Less deformed metagreywacke with 
coarser-grained horizons. C) Banded foliated metavolcanic rocks. D) Kfsp-porphyritic Revsund granitoid.  
 
Metamorphism: P-T analyses suggest that northern Sweden is a low to intermediate pressure 
province, commonly indicating pressures of 2 to 4 kbar (Bergman et al. 2001). Fluid inclusion 
analyses of mineralized quartz veins at Fäboliden indicate pressure conditions of 4±0.5 kbar 
(Bark 2005; Bark et al. 2007).  

Metasedimentary rocks in the northern part of the Bothnian Basin have been 
metamorphosed in amphibolite facies (Allen et al. 1996), and locally even in granulite facies 
(Lundström 1998). Bark (2005) deduced from garnet-biotite geothermometry regional 
metamorphic temperatures of 570–640°C, suggesting amphibolite facies conditions for the 
Fäboliden supracrustal rocks. Regional metamorphism in northern to south-central Sweden 
peaked at c. 1.87–1.80 Ga, as is indirectly indicated from age determination of intrusive rocks 
(Weihed et al. 1992; Billström & Weihed 1996; Weihed et al. 2002b; Andersson et al. 2006).  
 

Tectonic conditions and timing of mineralization 
The supracrustal rocks at Fäboliden are moderately to intensely foliated. The strike of the 
foliation changes from NNW, in the north, to NNE in the south (Fig. 5), with steep dips 
varying from 65°W to 65°E, but in most places subvertical. In the central part of the 
mineralization the dip is more gentle, averaging 60°E. 
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Primary structures, such as bedding planes (S0), are scarce in the metasupracrustal rocks. 
However, in a few outcrops structures interpreted as primary bedding planes, parallel to the 
foliation, can be seen. The regional foliation is interpreted as S1 since it is axial-planar to minor 
isoclinal folds that fold an earlier fabric, the suggested primary bedding planes (S0). These 
upright folds (with subhorizontal fold axes) are interpreted as F1-folds.  

In fine-grained deformed rocks a common problem is to find good strain markers to 
estimate a correct sense of shear. At Fäboliden kinematic indicators, e.g. rotated porphyroclasts, 
suggest a reverse sense of shear for the shear zone. Steep mineral lineations indicate a minor 
strike-slip component to the deformation. Due to the reverse sense of shear and the steep 
lineations a dominant dip-slip movement is suggested for the Fäboliden shear zone.  

The gold mineralization is composed of two sets of mineralized quartz veins. One steep 
fault-fill vein system, parallel to foliation, and one relatively flat-lying extensional vein system, 
discordant to foliation, is seen at Fäboliden. Both vein sets could be generated from the same 
stress field, during E-W shortening of the crust. 

At least two types of ore shoot are indicated at Fäboliden. Where the fault-fill vein set and 
the extensional vein set crosscut the gold grades are increased. Also, drill core assays, from the 
northern part of the mineralization, indicate elevated gold content where the shear zone bends 
towards NNW (Fig. 5). Both types of ore shoot are common features in gold-quartz vein 
deposits world-wide.  

Age determinations of shear zone-related titanite in the Vidsel-Röjnoret shear zone, in the 
eastern parts of the Skellefte District, indicate two ductile deformation events, at c. 1.85–1.84 
Ga and at c. 1.80 Ga (Weihed et al. 2002a). The latter of these events is suggested to reflect the 
timing of lower-amphibolite facies shearing, which was active contemporaneous with the 
emplacement of the 1.81–1.77 Ga Revsund intrusions (Bergman Weihed 2001; Weihed et al. 
2002a; Weihed et al. 2003). The mineralized shear zone at Fäboliden affects the margins of the 
surrounding, otherwise isotropic, Revsund granite, in a ductile manner. This ductile gold-
hosting fabric progresses laterally across the granite contact and then fades out after a few 
metres inside the granite, suggesting that at least the final stages of mineralization syn- to 
postdate the emplacement of the c. 1.80 Ga Revsund granite (Bark & Weihed 2003; Bark 
2005; Bark & Weihed 2007). 
 

Mineralization 
The steeply dipping sheet-like Fäboliden gold mineralization is known for 1.3 km along the 
roughly N-S striking shear zone (Fig. 5). It is up to 50 meters wide and known to a depth of 
over 150 meters. A number of deeper drill holes, down to 500+ meters, indicate a 
continuation of the mineralized zone at depth.  

The mineralization is hosted by graphite-bearing, variably boudinaged, quartz and sulphide 
veins within the shear zone. The sulphides are situated in semi-ductile structures, i.e. in thin 
veins parallel to the foliation planes and in the necks of boudinaged quartz veins, indicating 
that the timing of sulphide crystallisation is syn- to late-deformation (Bark & Weihed 2003; 
Bark 2005). 

The fine-grained gold (commonly 2–40 m) is closely associated with, and occurring in 
fissures and as intergrowths in, arsenopyrite-löllingite and stibnite. Gold is also seen as free 
grains in the silicate matrix of the host rock. Microprobe analysis shows that the gold 
commonly occurs as electrum (Au:Ag 2:1).  

Sulphides proximal to the mineralization constitute arsenopyrite, löllingite, pyrrhotite, and 
accessory chalcopyrite, sphalerite, stibnite, and galena. Arsenopyrite commonly displays a 
zonation with a more sulphur-poor and arsenic-rich inner core, composed of löllingite. Distal 
to the mineralization, pyrrhotite is the more common sulphide. The total sulphur content in 
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the mineralized zone is 2–3 wt.%, whereas the total sulphur content distal to the mineralization 
averages approximately 0.7 wt.%. 
 

Hydrothermal alteration 
The hydrothermal alteration assemblage in the proximal alteration zone, in the 
metagreywackes at Fäboliden, constitutes diopside, calcic amphibole, biotite, and minor 
andalusite and tourmaline. This type of assemblage is commonly recognized in hypozonal 
orogenic gold deposits worldwide (Eilu et al. 1999; Hagemann & Cassidy 2000; Ridley et al. 
2000). The lateral extent of the proximal mineralized zone is estimated to 30–50 meters, and 
there is positive spatial correlation between diopside-amphibole-biotite alteration, quartz 
veining, and gold mineralization (Bark 2005).  

Elements that show strong positive correlation with Au, in the proximal alteration zone in 
the test mining pit, are As and Bi. Weak positive correlation is seen between Au and W, Se, 
Sb, Hg, Ag, Si, total S, K, and Sn. There is also a weak negative correlation between Au and 
Al, HREE, V, Sc, total C, Na, Mg, Mn, Th, Ti, and Ca. 

The mineral assemblage in the distal alteration zone is characterised by the presence of Ca- 
and Fe-Mg amphiboles, hedenbergite, biotite, and quartz. The transition from the distal 
alteration into the regional metamorphic assemblage is diffuse, and the only discernable 
alteration feature appears to be a gradual decrease of amphibole away from the mineralization 
(Bark 2005). The extent of this distal alteration is heterogeneous and difficult to delineate due 
to limited outcrops and drill core data.  

The regional metamorphic mineral assemblage in the Fäboliden area constitutes biotite, 
quartz, plagioclase, K-feldspar, with accessory garnet and Fe-Mg amphibole.  
 

Fluid characteristics 
Primary fluid inclusions in the Fäboliden quartz veins show a CO2-CH4 or a H2S (±CH4) 
composition (the latter recognized for the first time in a Swedish mineralization). The primary 
fluid inclusions are associated with arsenopyrite-löllingite (+gold) and the CO2-CH4 fluid was 
also involved in precipitation of graphite. Orogenic gold mineralizations are commonly 
precipitated from H2O-CO2 ±CH4 ±N2 fluids. However, a prevalence of carbonic over 
aqueous fluid inclusions is characteristic for a number of high-temperature hypozonal orogenic 
gold deposits. The Fäboliden deposit, thus, shows fluid compositions similar to other 
hypozonal orogenic gold deposits. The proposed main mechanism for precipitation of gold 
from the fluids, is a mixing between H2S-rich and H2O?-CO2± CH4 fluids. 

Fluid inclusion data indicate arsenopyrite-löllingite and graphite deposition at pressure 
conditions of about 4 kbar. Graphite thermometry indicates maximum temperatures of 520–
560°C for the hydrothermal alteration at Fäboliden. 

Sulphur, oxygen, and hydrogen stable isotopes were analysed from the auriferous quartz 
veins at Fäboliden. Sulphur composition, 34S, display a marked homogeneity, ranging 
between -0.9 and +3.6‰ for arsenopyrite, and between -1.5 and +1.9‰ for pyrrhotite. The 
oxygen isotope composition, 18O, of quartz, range between +10.6 and +13.1‰. The results 
from the hydrogen isotope analysis, of biotite from the quartz veins, show a range of D 
between -120 and -67‰, with most data above -95‰. The mineralizing fluid, at Fäboliden, 
interpreted from stable isotope data together with the estimated timing of mineralization is 
suggested to have originated from a crustally contaminated magmatic source.  
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Conclusions 
The main conclusions drawn from this PhD study, regarding the hypozonal Fäboliden 
orogenic gold deposit: 
 

 The main host rock, for the gold mineralization at Fäboliden, is metagreywacke, but in 
the central part of the deposit metavolcanic rocks are also mineralized.  

 
 The gold is commonly very fine-grained and associated with arsenopyrite-löllingite, 

together with stibnite. 
 

 The mineral assemblage in the proximal hydrothermal alteration zone is composed of 
diopside, calcic amphibole, biotite, and minor andalusite and tourmaline. Distally, the 
only discernible alteration mineral is amphibole. The amount of amphibole seems to 
gradually decrease away from the mineralization.  

 
 The P-T condition for the alteration system at Fäboliden is 4 ±0.5 kbar and 520–

560°C.  
 

 Regional metamorphism, in the Fäboliden area, indicated by microthermometric data 
occurred in mid-amphibolite facies (570–640°C).  

 
 The gold-bearing quartz veins are hosted by late ductile structures and, based mainly on 

geothermometry, the late stages of gold mineralization are suggested to syn- to post-
date regional peak metamorphism.  

 
 Field relationships between the gold-hosting fabric and the local granite suggest that the 

timing of at least the late stages of gold mineralization is c. 1.80 Ga. 
 

 The Fäboliden orogenic gold mineralization is hosted by a reverse, mainly dip-slip, 
high-angle shear zone with a relatively small horizontal shear component. The strike of 
the shear zone is between NNW and NNE.  

 
 The mineralization constitutes two sets of quartz veins, one steep fault-fill vein system 

and one relatively flat-lying extensional vein system. Both systems host gold and can be 
generated from the same stress field, during E-W shortening at c. 1.80 Ga. 

 
 Two types of ore shoot are present at Fäboliden. Intersections between the two vein 

systems and a large-scale bend in the shear zone are locations of elevated gold 
concentration.  

 
 Fluids involved in the precipitation of gold at Fäboliden contained large amounts of 

CO2±CH4, which is commonly recognized in high-temperature orogenic gold 
deposits. Gold was mainly precipitated after mixing between H2S-rich and H2O?-
CO2±CH4 fluids.  

 
 Oxygen, hydrogen, and sulphur isotope compositions, from the mineralization at 

Fäboliden, are typical of orogenic gold deposits. Stable isotope data interpreted together 
with the estimated timing of mineralization suggest that the hydrothermal fluid at 
Fäboliden originated from a crustally contaminated magmatic source.  
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Implications for exploration and future work 
The Lycksele Gold project has generated an increased interest in exploration for gold in the 
Lycksele-Storuman region. Several exploration companies have established contact with the 
project and initiated considerable activities in the Lycksele-Storuman area. Our industrial 
sponsor, Lappland Goldminers AB, has continuously been provided with our new data, results, 
and gained geological knowledge of the area. As a direct result of this exchange of data the 
project itself, in July 2004, strongly assisted in locating a new gold target in the Lycksele-
Storuman ore province.  

On a regional scale, the potential for future discoveries of orogenic gold mineralization in 
the Fennoscandian Shield is considered good. In Finland, researchers and exploration geologists 
have during the past couple of decades focused on orogenic gold mineralization, whereas on 
the Swedish side the focus has been on the VMS-rich Skellefte District. Only recently has the 
focus been turned more towards exploration for gold-only deposits in northern Sweden. The 
Gold Line is still a poorly known area, with regards to exploration for orogenic gold 
mineralization, but the potential for future discoveries of this type of gold deposits in the Gold 
Line is considered good.  

During this PhD study a number of gold-only deposits, in the Skellefte District and Gold 
Line, have been examined. The main focus has been on the Fäboliden orogenic gold deposit, 
but minor studies and/or field visits have been done to Stortjärnhobben, Gubbträsk, Knaften, 
Barsele, Björkdal, Svartliden, and Blaiken. The gold deposits investigated are all associated with 
tectonic zones trending between NW to NE. The timing of gold mineralization at Björkdal, 
Åkerberg, and Fäboliden is suggested at c. 1.80 Ga. Thus, the implication for future gold 
exploration, in the Swedish part of the Svecofennian domain, is to target areas associated with 
roughly N-S trending tectonic zones that were active at around 1.80 Ga, when gold-bearing 
hydrothermal fluids percolated the crust in this region. 

During field work in 2006, data for the “tectonic” manuscript (V) was collected. In the 
early stages of the field work the intention was to try and estimate the regional tectonic 
relationships in the Gold Line. However, this task proved too large and time consuming, so a 
somewhat smaller study at a deposit-scale was conducted. The results from this study were 
considered in relation to already published regional tectonic data. Since published regional-
scale tectonic studies basically are from the neighbouring Skellefte District, it is my opinion 
that future exploration in the Gold Line would greatly benefit from a field-based detailed 
regional-scale tectonic study. From a more detailed regional tectonic model a better 
understanding of the potential for orogenic gold-style mineralization, in the Gold Line, would 
be gained and the target areas could be delineated.  
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ABSTRACT: The aim of this study is to discuss the genesis and tectonic setting of the Palaeoproterozoic
Fäboliden orogenic gold deposit (1.52 ppm, 17.1 Mton), which is located SW of the well-known Skellefte 
District, in the northern parts of the Bothnian Basin, in northern Sweden. This vein-type deposit is hosted by 
strongly foliated metagreywackes within a roughly N–S trending steeply dipping shear zone. The gold is 
found in close association with arsenopyrite in quartz veins parallel to the main foliation, indicating a late- to 
postorogenic age for the mineralization. The foliation grades into the surrounding isotropic Revsund granitoid
and thereby constrains the maximum age to 1.80 Ga. Palaeomagnetically dated 1.27 Ga dolerites cut the main
foliation of the metagreywacke sequence and thereby constrain the minimum age for the gold mineralization. 

 
 

1 INTRODUCTION 

The Fäboliden gold deposit, situated in the 
Lycksele-Storuman area, approximately 40 km west 
of the village of Lycksele in northern Sweden, was 
discovered in the early 1990’s. A junior exploration 
company, Lappland Goldminers, was established, 
and in 1993 the first diamond drilling took place. At 
present 104 holes, with a total length of approxi-
mately 15 000 meters, have been drilled. The indi-
cated mineral resource is, as of January 2003, 17.1 
Mt with a grade of 1.52 ppm Au, with a 0.4 g/t cut-
off. This equals more than 26 tonnes or 836 000 troy 
ounces of in situ gold.  

The aim of this study is to discuss the genesis and 
tectonic setting of the Fäboliden gold deposit. A fur-
ther aim is to assess the overall potential of the pro-
posed new ore district, between the two villages of 
Lycksele and Storuman, SW of the well-known 
Skellefte District (Fig. 1). Mostly junior exploration 
companies are exploring this region, and there pres-
ently is no on-going mining on any of these miner-
alizations. However, production is planned for the 
Svartliden deposit and the Fäboliden deposit is pres-
ently evaluated for production.  

2 GEOLOGICAL SETTING 

The Fennoscandian Shield constitutes the western 
part of the East European craton and occupies an 
area from western Russia to Norway. It is bordered 
to the west by the Caledonian orogenic belt. The 
oldest rocks in the Shield formed at 3.2 Ga but the 
main crustal growth occurred during the Palaeopro-
terozoic and was associated with the Svecokarelian 
orogeny (cf. Weihed & Mäki 1997).  

Northern Sweden hosts one of Europes more 
prominent ore districts, the Skellefte District. This 
district is generally defined as a Palaeoproterozoic 
region, elongated in NW–SE, which is formed 
mainly of well-preserved, greenschist to lower am-
phibolite facies felsic volcanic and sedimentary 
rocks (Weihed et al. 1992). The Skellefte District 
hosts a large number of massive sulphide deposits, 
mainly pyritic Zn-Cu-Pb deposits, which commonly 
are Au-rich (Allen et al. 1996). The District also 
hosts a few porphyry-type low-grade Cu deposits 
and a number of orogenic or mesothermal gold de-
posits in different geological settings, including 
shear zones (Weihed et al. 1992). These porphyry-
type deposits have been dated at 1886±15

9  Ma which 
is within error the same as the age of hydrothermal 
activity producing the massive sulphide deposits 
(Billström & Weihed 1996). The Skellefte District 

mailto:Bark@sb.luth.se
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itself is considered to be a remnant of a Palaeopro-
terozoic volcanic arc which was formed at the mar-
gin of an Archaean continental landmass to the north 
and a sedimentary basin, the Bothnian Basin, to the 
south, constituting metasedimentary rocks in lower- 
to upper-amphibolite facies (Allen et al. 1996). The 
supracrustal rocks were intruded by different types 
of granitoids during the c. 1.9–1.8 Ga Svecokarelian 
orogeny (Claesson & Lundqvist 1995). Well-
preserved Bothnian Basin metagreywackes, situated 
approximately 200 km south of the Skellefte Dis-
trict, contain detrital zircons with ages of 1.88–2.02 
and 2.65–2.93 Ga (Claesson et al. 1993), which in-
dicate that sedimentation continued until at least 
1.88 Ga. An intercalated quartz-feldspar porphyritic 
metadacite in the Barsele region, which is part of the 
Lycksele-Storuman area (Fig. 1), in the northern part 
of the Bothnian Basin, has been dated at 1959±14 
Ma (Eliasson & Sträng 1998). The exact age of the 
metasedimentary rocks is thus still an open issue. 
However, age determinations of the granitoids indi-
cate a depositional age span of the metagreywackes 
from pre-1.95 Ga to c. 1.88 Ga (Claesson et al. 
1993).  

 

 
 
Figure 1. Bedrock geology, shown as chronostratigraphical 
units. The black dots represent gold occurrences. The Fäbo-
liden orogenic gold deposit is indicated. Data from the Fenno-
scandian Shield bedrock database, Geological Survey of Swe-
den. 

3 GOLD OCCURRENCES IN THE LYCKSELE-
STORUMAN AREA 

During the past decade a number of gold occur-
rences have been discovered in the area between 
Lycksele and Storuman (Fig. 1). However, no thor-
ough metallogenetic studies have previously been 
undertaken in this area, and most of the available 
data are derived from unpublished exploration re-
ports. In total 14 deposits, e.g. Barsele, Fäboliden, 
Stortjärnhobben, and Svartliden, are presently 
known and delineate a NW–SE trending belt often 
referred to as the “gold line”. The Fäboliden gold 
deposit is located in the central part of this belt, ap-
proximately 60 km southwest of the Skellefte Dis-
trict (Fig. 1). Most of these mineralizations are rela-
tively low in both grade and tonnage (Table 1).  

 
Table 1. Gold occurrences shown in Figure 1.  
P-prospect, M-mineralization, nd-no data.  
Name Status Tonnage (t) Grade (ppm Au) 
Barsele 1 P 2 261 2,26
Barsele 2 P nd nd
Fäboliden P 17 100 000 1,52
Fäbodliden A P 100 3
Fäbodliden B P nd nd
Fäbodliden C P nd 2
Knaften M nd nd
Mejvankilen P nd nd
Middagsberget P 300 3
Paubäcken M nd nd
Sjöliden P nd nd
Stortjärnhobben M 3 400 000 3
Svartliden P 2 600 000 4,8
Vargbäcken P nd nd 

 
Only limited data have been published on the oc-

currences. The Stortjärnhobben gold deposit is struc-
turally complex, hosted by intermediate metavol-
canic rocks and metagreywackes, with crosscutting 
granite-, aplite-, quartz- and carbonate veins. The 
Svartliden deposit is hosted by E–W striking amphi-
bolite-facies metagreywackes and basaltic lavas, in-
truded by granitoid dykes spatially associated with a 
large granitic body (Hart et al, 1999). The Barsele 
deposits constitute four major sites of gold-bearing 
quartz and calcite stockwork, hosted in a granodio-
rite.  

4 GEOLOGY OF THE FÄBOLIDEN AREA 

The late- to post-orogenic, 1.80–1.77 Ga, Revsund 
granitoid (Claesson & Lundqvist 1995) constitutes 
the main rock type in the Fäboliden area (Fig. 2). 
This medium- to coarse-grained, coarsely feldspar 
porphyritic, granitoid surrounds a narrow synform of 
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amphibolite-facies metagreywackes and fine-
grained, banded, mafic metavolcanic rocks.  

 

 
 
Figure 2. Geology of the Fäboliden area, with the mineraliza-
tion indicated. Drillhole profiles generalized. Modified after 
Björk & Kero 2002. 

 
The metagreywackes, which are poorly exposed, 

are strongly foliated and sheared, fine-grained and 
biotite-rich. However, in one small outcrop, coarser-
grained less-deformed metagreywackes display 
more primary textures. This indicates that shearing 
was partitioned into the more fine-grained, less 
competent, layers of the metagreywacke sequence. 

The metavolcanic rocks dominate outcrops in the 
northern part of the Fäboliden area. In one outcrop a 
roughly 5 meter wide sequence of banded iron-
formation (BIF), with 2–3 cm wide layers of quartz 
and Fe-oxides, is intercalated within the mafic 
metavolcanic rocks.  

Several outcrops show extension gashes in the 
more competent rock units, which indicate a dextral 
sense of shear. This is clearly developed in the 
quartz-rich bands in the BIF sequence. Rotated and 
fractured porphyroclasts indicate that the shear zone 
has a subvertical sense of shearing. The foliation in 
the metasedimentary rocks strikes roughly N–S 

showing a subvertical dip. The strong foliation is re-
lated to a N–S trending shear zone.  

5 THE FÄBOLIDEN GOLD DEPOSIT 

The mineralized rock units constitute a 30–50 m 
wide steeply dipping, N–S striking ore zone. The ore 
zone is known, by diamond drilling, to a depth of 
approximately 150 m and has a known length of 
1300 m, but is open towards depth and towards 
north and south.  

The mineralization is commonly hosted in quartz-
veins within the metagreywackes in the shear zone. 
The extremely fine-grained (2–40 μm) gold is found 
as micro-fissure fillings and closely intergrown in 
arsenopyrite. The gold is also seen as Au-tellurides 
and as possible aguilarite-inclusions in the vein-
hosted arsenopyrite. Gold is also seen as dissemi-
nated grains in the hostrock, some closely inter-
grown with hessite. Abundant pyrrhotite and minor 
chalcopyrite and sphalerite are typical.  

The mineralized quartz-veins are parallel to the 
main foliation. This foliation also affects the margin 
of the surrounding Revsund granitoid, but gradually 
fades away 1–2 m inside the isotropic granite. It is 
therefore suggested that the gold mineralization is 
late- or post-orogenic in age, and the maximum age 
for the mineralization can therefore be constrained at 
c. 1.80 Ga (the age of the Revsund granitoid). The 
Fäboliden metagreywacke sequence is cut by 
dolerites, which cut the main foliation. These 
dolerites are palaeomagnetically dated at 1.27 Ga 
(Elming & Mattsson 2001) which constrain the 
minimum age for the mineralization. However, since 
the mineralization is hosted by semi-ductile struc-
tures and the crust cooled to subgreenschist facies 
temperatures soon after the intrusion of the Revsund 
granitoids, it is inferred here that the age of miner-
alization is not much younger than the Revsund 
granitoid, i.e. c. 1.80 Ga.  

6 CONCLUSIONS 

This new Lycksele-Storuman ore district, often re-
ferred to as the “gold line”, hosts a large number of 
gold mineralizations. The largest is the structurally 
controlled Fäboliden deposit which is classified as 
an orogenic type gold deposit. The mineralization is 
hosted in late- to post-orogenic ductile to semi-
ductile structures within a shear zone. The age of the 
mineralization is suggested to be close to 1.80 Ga.  
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Abstract

Southwest of the well-known Skellefte District, northern Sweden, a new gold ore province, the so called Gold Line, is presently being
explored. During the past decade a number of gold occurrences have been discovered in this area. The largest known gold occurrence is the
Fäboliden deposit. Late-to post-orogenic, ca. 1.81 to 1.77 Ga, Revsund granite constitutes the main rock type in the Fäboliden area and
surrounds a narrow belt of mineralized metagreywackes and metavolcanic rocks. The supracrustal rocks are strongly deformed within a
roughly N–S trending subvertical shear zone. The mineralization constitutes a 30 to 50 m wide, N–S striking, steeply dipping zone. The
mineralization is commonly hosted by arsenopyrite-bearing quartz-veins within the supracrustal rocks. The quartz veins parallel the main
foliation in the shear zone.Gold is closely associatedwith arsenopyrite-löllingite and stibnite and found in fractures and as intergrowths in the
arsenopyrite-löllingite. Gold is also seen as free grains in the silicate matrix of the host rock.

The proximal alteration zone displays positive correlation with Ca, S, As, Ag, Sb, Sn, W, Pb, Bi, Cd, Se, and Hg, whereas K and
Na show a slightly negative correlation. The hydrothermal mineral assemblage in the proximal alteration zone is diopside, calcic
amphibole, biotite, and minor andalusite and tourmaline. This type of assemblage is commonly recognized in hypozonal orogenic
gold deposits worldwide. Garnet-biotite geothermometry indicates amphibolite facies in the Fäboliden area.

The ductile fabric that hosts the mineralization is also found in the margin of the surrounding Revsund granitoid. It is therefore
suggested that at least the final stages of the gold mineralization are syn- to late-kinematic, and the minimum age for the
mineralization is thus constrained at ca. 1.80 Ga (Revsund age).
© 2007 Elsevier B.V. All rights reserved.

Keywords: Fäboliden; Gold Line; Sweden; Orogenic gold; Amphibolite facies; Metagreywacke; Arsenopyrite; Palaeoproterozoic

1. Introduction

The Fennoscandian Shield is composed of Archaean to
Neoproterozoic rocks, and can be divided into three main
crustal units (Fig. 1), the Archaean, Svecofennian, and
Southwest Scandinavian domains (Gaál and Gorbatschev,
1987). Each of these domains hosts orogenic gold
mineralization, but most occur in the Svecofennian domain

(Gaál and Sundblad, 1990; Eilu et al., 2003; Sundblad,
2003).

The Swedish part of the Svecofennian domain is host to
a few orogenic gold deposits (Sundblad, 2003), and in
recent years a number of new promising gold prospects
have been discovered in the Lycksele–Storuman area, to
the SW of the well-known Skellefte Ore District (Fig. 2).
This area is also known as the Gold Line. The name
originally stems from a NW-trending linear feature on till-
geochemistry anomalymaps of Au and other normally Au-
associated elements such as As, Sb and Te. This is an area,
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situated in the northern parts of the Bothnian Basin, where
few studies on gold deposits have been done prior to this
one. Most data have previously been archived in un-

published exploration reports. However, since the price of
gold has increased over the last couple of years, the interest
for this area has dramatically increased resulting in

Fig. 1. Major gold districts and deposits in the Fennoscandian Shield. Letters indicate ore districts, and numbers mined deposits. Rectangle indicates
the area depicted in Fig. 2. Map modified after Rutland et al. (2001). Gold deposits after Eilu et al. (2003) and Sundblad (2003).
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numerous gold discoveries. The area hosts several known
gold prospects, of which one has been turned into a mine
(Svartliden; indicated resources of about 2Mtwith 4.3 ppm
Au, Dragon Mining NL, 2005).

This paper presents the geology, structural setting,
and hydrothermal alteration of the largest known gold
deposit in the Gold Line, the Fäboliden orogenic gold
deposit, which recently was test mined. Total mineral
resources, measured and indicated, stand at 25.6 Mt with
1.4 ppm Au (Lappland Goldminers AB, 2004).

2. Geological setting

2.1. Regional geology

In this paper, the term Svecokarelian is used for the
orogeny that occurred between 1.9 and 1.8Ga, and the term
Svecofennian is used for the supracrustal rocks that were

emplaced during ca. 1.95 to 1.85 Ga, as recommended by
the Geological Survey of Sweden (c.f. Wahlgren et al.,
1996). This nomenclature has not been consistent in older
literature, so care should be taken when reading literature
on Svecofennian and Svecokarelian rocks.

The Fennoscandian Shield constitutes the western
part of the East European craton and occupies an area
extending from western Russia to Norway. It is bordered
to the west by the Caledonian orogenic belt. Towards
east and southeast the Precambrian rocks are covered by
Phanerozoic sequences. The oldest rocks in the Shield
formed at 3.5 to 2.9 Ga, but the main crustal growth
occurred during the Palaeoproterozoic and was associ-
ated with the Svecokarelian orogeny (Gaál and Gor-
batschev, 1987; Claesson et al., 1993; Mutanen and
Huhma, 2003).

Northern Sweden hosts one of Europes more pro-
minent ore districts, the Skellefte District. This district is

Fig. 2. Gold deposits in the Lycksele–Storuman area, SW of the Skellefte District. Coordinates in Swedish National Grid. Data from the Geological
Survey of Sweden.
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generally defined as a Palaeoproterozoic region (1.89 to
1.87Ga, Billström andWeihed, 1996), elongated in NW–
SE, which mainly constitutes well-preserved, greenschist
to lower amphibolite facies felsic volcanic and sedimen-
tary rocks (Weihed et al., 1992). The Skellefte District
hosts a large number ofmassive sulphide deposits, mainly
pyritic Zn–Cu–Pb deposits, which commonly areAu-rich
(Allen et al., 1996). The area also hosts a few porphyry-
type, low-grade Cu deposits and a number of orogenic
gold deposits in different geological settings, including
shear zone hosted ones (Weihed et al., 1992). One
porphyry-type deposit, Tallberg, has been dated at
1886 Ma which is within error the same as the age of
hydrothermal activity producing the massive sulphide
deposits (Billström and Weihed, 1996). The Skellefte
District itself is considered to be a remnant of a ca. 1.9 Ga

Palaeoproterozoic volcanic arc which formed at the
margin of an Archaean continental landmass to the
northeast and a Proterozoic sedimentary basin, the
Bothnian Basin (Allen et al., 1996 and references therein)
to the southeast (Fig. 1). The boundary between the
Archaean and the Proterozoic, delineated by changes in
εNd values of ca. 1.9 to 1.8 Ga intrusive rocks (Öhlander
et al., 1993; Mellqvist et al., 1999), is situated
approximately 100 to 150 km northeast of the Skellefte
District. Intrusive rocks interpreted as hosted in a juvenile
Proterozoic arc terrane to the SW of the boundary show
positive εNd values whereas rocks interpreted to be
formed within the Archaean craton to the NE of the
boundary show negative εNd values.

In the early Proterozoic, the Archaean craton was
rifted, and the final break-up occurred at ca. 1.95 Ga,

Fig. 3. Bedrock map of the Fäboliden area. Coordinates in Swedish National Grid. Map modified after Björk and Kero (2002).
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generating a large oceanic basin to the south, the Bothnian
Basin (Nironen, 1997). The Bothnian Basin mainly
constitutes thick (N10 km) basal metagreywackes and
metapelites, with subordinate mostly mafic metavolcanic

rocks, and the thickness of the metagreywackes suggests
an originally continental margin environment (Gaál and
Gorbatschev, 1987; Lundqvist, 1987). The Svecofennian
supracrustal rocks were intruded by several generations of
calc-alkaline granitoids and to a lesser extent by gabbros
during the ca. 1.9 to 1.8 Ga Svecokarelian orogeny
(Claesson and Lundqvist, 1995). The supracrustal rocks
of the Lycksele–Storuman area (Fig. 2) are surrounded by
S-type granites of the Skellefte–Härnö suite dated at ca.
1.82 to 1.80 Ga and A- to I-type alkali-calcic granites of
the Revsund suite (incl. the Sorsele granite) with ages
between 1.81 and 1.77 Ga (Claesson and Lundqvist,
1995; Billström and Weihed, 1996; Eliasson and Sträng,
1997).

Well-preserved Bothnian Basin metagreywackes,
situated approximately 200 km south of the Skellefte
District and 100 km southwest of the Lycksele–
Storuman area, contain detrital zircons with ages of
2.93 to 2.65 and 2.02 to 1.88 Ga (Claesson et al., 1993)
which indicate that sedimentation continued until at
least 1.88 Ga. The exact age of these metagreywackes is
not well constrained. U–Pb zircon dating in the Barsele
area (Fig. 2) on intercalated volcanic rocks (1959±14Ma,
Eliasson and Sträng, 1998; Eliasson et al., 2001), in the

Fig. 4. Fäboliden supracrustal rock types. Drill core samples showing
the similar appearances of the two altered rock types. (A)
Metagreywacke. (B) Metavolcanic rock.

Fig. 5. Photomicrographs (plane polarized light) of the Fäboliden supracrustal rocks. (A) Biotite-rich, foliated, metavolcanic rock with thin
boudinaged quartz veins. (B and C) Strongly foliated metagreywacke, showing rotated porphyroclasts with pressure shadows. (D) Metagreywacke
hosted almandine garnets, indicating syn- to post-kinematic crystallisation.
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Knaften area on the sub-volcanic Knaften granitoid,
intrusive into the metagreywackes (1959±6 Ma, Was-
ström, 1993) and on Knaften granitoid related dykes
(1940±14Ma, Wasström, 1996) indicate that at least part

of the metagreywackes in this area are significantly older
than the ca. 1.89 to 1.87 Ga (Billström andWeihed, 1996)
Skellefte District and may in fact constitute a basement to
the Skellefte District. Age determinations of the granitoids
indicate that the depositional time span of the metagrey-
wackesmay be from pre-1.95Ga to ca. 1.87Ga (Claesson
et al., 1993; Nironen, 1997; Lundqvist et al., 1998).

2.2. Regional metamorphism and tectonic evolution

Age determination of intrusive rocks suggests indi-
rectly that regional metamorphism in the area between the
SkellefteDistrict in the north, through the BothnianBasin,
and towards south-central Sweden (Fig. 1) peaked at ca.
1.85 to 1.80 Ga (Weihed et al., 1992; Billström and
Weihed, 1996;Weihed et al., 2002b). In northern Finland,
peak metamorphic conditions were reached somewhat
earlier, at ca. 1.88 Ga, and in southern Finland the time of
peak metamorphism is suggested to be coeval with that in
northern to south-central Sweden (Nironen, 1997). The
metamorphism in the Svecofennian domain, as defined by
Gaál and Gorbatschev (1987), is generally characterised
by high temperatures and low pressures (Gaál and
Gorbatschev, 1987; Weihed et al., 1992; Weihed et al.,
2002a). In northern Sweden, north of the Skellefte
District, both Proterozoic high- and medium-grade
metamorphic rocks are found. The high-grade rocks
indicate temperatures of 615 to 805 °C, whereas the
medium-grade rocks suggest 510 to 570 °C (Bergman
et al., 2001). P–T analyses indicate that northern Sweden

Fig. 6. Drill core samples of themineralizedmetagreywacke at Fäboliden.
(A) Quartz veining in the proximal alteration zone, enveloped by di-
opside-calcic amphibole–biotite alteration. (B) Quartz–sulphide veins in
the proximal alteration zone. Arsenopyrite and pyrrhotite are the main
sulphides.

Fig. 7. A 3D model of the alteration system at Fäboliden. The model is based on the intensity of alteration and veining in drill cores. Quartz veining
and diopside–calcic amphibole–biotite alteration characterize the proximal parts of the mineralization.
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is a low to intermediate pressure province, indicating
pressures of 2 to 4 kbar (Bergman et al., 2001). The
pressure conditions throughout the Swedish and Finnish
parts of the Svecofennian domain are suggested to be
rather uniform, indicating pressures of about 5±1–2 kbar
(Nironen, 1997). Local high pressure regimes are
indicated within the domain, i.e. maximum pressures of
N12 kbar in local transpressional structures in central
Sweden (Nironen, 1997 and references therein). All rocks
in the Skellefte District have been subjected to greenschist
to lower amphibolite facies conditions, with an increase in
metamorphic grade towards the Bothnian Basin (Weihed
et al., 1992). The metasedimentary rocks in the Bothnian
Basin have been metamorphosed into amphibolite facies
(Allen et al., 1996) and in places to granulite facies
(Hallberg, 1994; Lundström, 1998). Amphibolite–gran-
ulite facies conditions have been reported from the
Storuman area (Fig. 2), approximately 50 km to theNWof
the Fäboliden orogenic gold deposit, by Lundström
(1998), indicating temperatures of 500 to 580 °C for the
metagreywackes in that area. Farther south, in the
Bothnian Basin, upper amphibolite–granulite facies
conditions around the Enåsen gold deposit suggests
temperatures of 600 to 700 °C (Hallberg, 1994 and
references therein).

The supracrustal rocks of the Skellefte District have
undergone two major folding events, denoted D2 and
D3 (Bergman Weihed, 2001). An early foliation which

is interpreted as sub-parallel to the bedding in the
supracrustal rocks and which may have formed during
a D1 deformation is reported by Bergman Weihed
(2001, and references therein). The second deformation
stage (D2) produced tight to isoclinal folds (F2) with
NE-striking, upright, axial surfaces in the eastern and
western parts of the Skellefte District, and NW-striking
axial surfaces in the central parts of the district. The D3

deformation stage is characterised by open folds that
show axial surfaces striking N–NE, indicating E–W
convergence (Bergman Weihed, 2001). The timing of
the D2 event is estimated, from field relationships, to
pre-date the Revsund granitoids, and to post-date the
Sikträsk granitoid (1.88 Ga, Weihed et al., 2002a),
whereas the second major deformation event, D3, is
estimated at pre-1.81 Ga (Rutland et al., 2001). How-
ever, Bergman Weihed (2001) reports that the Revsund
granitoids, at least locally, are affected by the D3 de-
formation. The D3 is thus estimated to be syn- to post-
Revsund in age. Age determinations on shear zone-
related titanites in the Vidsel–Röjnoret shear zone, in
the southeastern part of the Skellefte District, indicate
two ductile deformation events, at ca. 1.85 to 1.84 Ga
and at ca. 1.80 Ga (Weihed et al., 2002a). The latter of
these events is suggested to reflect the age of lower
amphibolite facies shear zones, which were active con-
temporaneous with the emplacement of the 1.81 to
1.77 Ga Revsund intrusions (Bergman Weihed, 2001;

Fig. 8. Classification diagrams, for the Fäboliden igneous rock types. (A) Igneous Spectrum, after Hughes (1973). Metavolcanic samples plotting
outside the spectrum were not used in the geochemical interpretations. (B) Supracrustal rocks plotted in the Total-alkali Silica diagram (Le Bas et al.,
1986), for comparison with Bothnian Basin volcanic assemblages (shaded areas) in Bergström (2001). To compare the metavolcanics with the
metasedimentary rocks, the metagreywacke samples have been included in this plot. Pc = picrobasalt, B = basalt, O1 = basaltic andesite, O2 =
andesite, O3 = dacite, R = Rhyolite, S1 = trachybasalt, S2 = basaltic trachyandesite, S3 = trachyandesite, T = trachyte and trachydacite, U1 = tephrite
and basanite, U2 = phonotephrite, U3 = tephriphonolite, Ph = phonolite, F = foidite. HBA = homogenous basaltic lavas and volcaniclastic rocks,
FBRA = fractionated basalts to rhyolites.
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Table 1
Whole rock data for the supracrustal rocks at Fäboliden.

Rock type MVR MVR MVR MVR MVR MG MG MG MG MG

Alteration Least alt. Prox. Prox. Min. Min. Least alt. Prox. Prox. Min. Min.

N coord. 7170786 7169784 7169779 7169785 7169779 7169918 7169931 7169931 7169931 7169931

E coord. 1602492 1602325 1602325 1602361 1602337 1602357 1602475 1602475 1602475 1602475

Sample 93001 400S-A 400S-B 400S-C 400S-D 99017 99016-A 99016-B 99016-C 99016-D

wt. %
SiO2 57.80 63.39 64.73 55.76 73.84 68.38 59.81 62.92 70.20 54.73
Al2O3 17.15 13.90 13.05 11.33 9.73 13.11 14.48 14.49 11.20 14.76
Fe2O3 7.71 8.42 8.03 9.81 6.28 5.70 8.68 7.86 8.98 8.90
MgO 5.35 2.40 2.37 9.18 1.95 2.20 4.09 2.61 1.85 5.92
CaO 5.12 1.34 1.48 8.59 2.17 1.63 3.98 1.93 0.97 6.78
Na2O 4.08 0.49 0.44 1.16 1.45 1.90 1.60 2.40 0.53 1.97
K2O 1.13 4.47 4.08 1.84 2.60 2.70 2.78 3.13 2.87 2.25
TiO2 0.63 0.66 0.66 0.47 0.46 0.60 1.21 0.70 0.59 1.83
P2O5 0.24 0.13 0.15 0.08 0.11 0.16 0.43 0.16 0.14 0.89
MnO 0.18 0.06 0.06 0.17 0.04 0.04 0.06 0.04 0.06 0.09
Cr2O3 0.03 0.02 0.02 0.07 0.02 0.03 0.02 0.03 0.04 0.03
LOI 0.70 4.30 4.60 1.50 1.10 3.70 3.00 3.90 2.60 2.00
TOT/C 0.05 0.64 1.41 0.05 0.02 1.67 0.47 2.25 0.05 0.11
TOT/S b0.01 3.96 3.37 0.56 1.75 2.04 2.92 3.21 3.76 2.55
SUM 100.16 99.61 99.68 99.97 99.75 100.16 100.15 100.19 100.03 100.16

ppm
Ba 276 603 579 409 406 535 675 632 339 578
Ni 93 206 142 94 79 83 68 127 116 109
Sc 16 16 14 37 10 13 15 17 13 15
Co 27 19 18 28 17 12 14 18 13 27
Cs 5 5 5 9 5 7 8 12 4 11
Ga 21 16 15 12 13 16 20 22 15 23
Hf 3 4 5 1 3 5 5 4 4 6
Nb 4 10 10 3 7 9 13 11 8 24
Rb 35 181 196 92 97 98 120 134 100 107
Sn b1 7 9 7 11 2 5 4 32 9
Sr 408 128 160 131 157 145 332 185 63 817
Ta 0.2 0.8 0.7 0.1 0.5 0.8 0.9 2.0 0.6 1.4
Th 2.7 8.0 9.9 0.5 6.3 12.0 6.9 10.2 9.0 7.9
U 0.9 10.9 13.2 0.3 6.2 4.7 5.9 11.7 8.7 4.7
V 132 298 353 213 175 143 176 292 332 124
W 0.7 6.2 5.3 46.5 34.5 5.1 10.6 7.9 20.4 15.6
Zr 103 160 195 29 120 193 210 165 152 268
Y 15 29 32 10 20 24 30 34 24 31
La 24.7 27.7 28.6 4.5 20.1 31.5 39.3 34.6 29.9 64.6
Ce 55.3 62.8 65.6 9.6 47.1 62.5 84.5 65.9 59.9 141.2
Pr 6.7 7.5 7.7 1.4 5.5 7.4 10.5 7.7 6.9 18.2
Nd 30.5 29.4 31.0 6.0 21.2 32.4 46.0 31.2 28.0 76.9
Sm 5.1 5.7 5.9 1.2 4.0 5.7 8.7 6.1 5.1 13.9
Eu 1.4 1.3 1.3 0.5 0.8 1.3 2.1 1.4 0.8 3.8
Gd 3.7 5.0 5.5 1.6 3.6 4.5 6.9 5.6 4.4 10.2
Tb 0.5 0.9 1.0 0.3 0.7 0.7 0.9 0.9 0.7 1.3
Dy 2.5 4.6 5.1 1.8 3.4 3.9 4.8 5.1 3.8 5.8
Ho 0.5 0.9 1.1 0.4 0.7 0.8 1.0 1.1 0.8 1.0
Er 1.3 2.9 3.2 1.3 2.0 2.5 2.6 3.2 2.3 2.5
Tm 0.2 0.4 0.5 0.2 0.3 0.4 0.4 0.5 0.3 0.3
Yb 1.4 2.7 3.3 1.0 2.0 2.4 2.5 3.3 2.5 2.2
Lu 0.2 0.5 0.5 0.2 0.3 0.4 0.4 0.6 0.4 0.3
Mo 1.7 21.6 29.4 0.1 12.3 13.4 9.7 22.5 35.1 4.3
Cu 37.7 255.6 206.4 23.1 177.5 184.1 96.3 141.1 237.2 90.4
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Weihed et al., 2002a; Weihed, 2003). This is in
conjunction with structural interpretations in the
Fäboliden area (this paper), located to the southwest
of the Skellefte District, where structures, interpreted as
regional D3 structures (Bergman Weihed, 2001), de-
form the margins of the Revsund granitoids in a ductile
manner.

3. Methods

The study area at Fäboliden was mapped in detail
(1:100 scale) and drill core logging was performed on 21
drill holes. In outcrop and in drill core the different rock
types were sampled for whole rock geochemistry.
Samples were taken to characterise the various rock
types and hydrothermal alteration styles associated with
the gold deposit. The samples were first prepared
(crushing and milling) at Swedish GEOCHEM Services
AB, Sweden. Major and trace element analyses of the
whole rock samples were then performed at Acme
Analytical Laboratories Ltd, Vancouver, Canada. Both
major and trace element samples were prepared using
LiBO2 fusion. Major elements were then analysed by
ICP-ES, and for the trace element analysis ICP-MS was
used. Precious and base metals were prepared by aqua
regia digestion and analysed by ICP-MS. Each sample
was also separately analysed for gold by fire assay
fusion and ICP-ES. From most analysed samples, and
from additional outcrop and drill core samples, polished
thin sections were prepared by Vancouver Petrographics

Ltd, Canada. Mineral chemistry analyses were per-
formed using a Cameca SX 50 electron microprobe at
the National Micro Probe Laboratory, Uppsala Univer-
sity, Sweden.

4. Fäboliden gold deposit

4.1. Geology of the Fäboliden area

Four main rock types occur in the Fäboliden area
(Fig. 3). All of them, apart from the dolerites which are
seen only in drill core, crop out NE of the main min-
eralized zone at Fäboliden.

4.1.1. Supracrustal rocks
The subdivision of metavolcanic rocks and meta-

greywackes is not straightforward, due to the intense
alteration and deformation of the area. The metagrey-
wackes are, compared to the metavolcanic rocks, black-
ish grey in colour, biotite-rich, and less coherent in
appearance (Fig. 4). They also contain a higher density
of mainly quartz and feldspar porphyroclasts, are more
thinly calcite-veined and less uniformly carbonatized.
The metavolcanic rocks are dark grey in colour, contain
amphibole as the main mafic mineral and are more
uniformly carbonate-altered. There is, however, no
simple way to distinguish between the metavolcanic
rocks and the metagreywackes, since the individual
features mentioned above are seen in both rock types.
There also probably are intercalations of the two rock

Table 1 (continued)

Rock type MVR MVR MVR MVR MVR MG MG MG MG MG

Alteration Least alt. Prox. Prox. Min. Min. Least alt. Prox. Prox. Min. Min.

N coord. 7170786 7169784 7169779 7169785 7169779 7169918 7169931 7169931 7169931 7169931

E coord. 1602492 1602325 1602325 1602361 1602337 1602357 1602475 1602475 1602475 1602475

Sample 93001 400S-A 400S-B 400S-C 400S-D 99017 99016-A 99016-B 99016-C 99016-D

ppm
Pb 1.6 122.9 277.1 8.6 533.0 8.8 6.8 6.0 2338.3 4.9
Zn 27 1180 857 39 249 277 205 292 634 117
Ni 50.1 171.4 134.4 82.1 80.3 86.3 68.5 127.0 108.9 110.4
As 8.8 224.2 436.0 N10000 N10000 34.8 382.6 204.0 N10000 2002.7
Cd 0.1 14.9 13.0 0.1 6.7 2.6 1.7 2.5 13.9 0.3
Sb 26.8 1304.8 1587.9 58.0 1404.5 2.4 8.3 74.7 N2000 21.6
Bi 0.1 3.2 6.0 4.2 45.2 0.2 0.5 1.8 15.7 4.9
Ag 0.2 7.0 10.9 0.2 25.0 0.9 0.6 1.4 51.4 0.7
Au (ppb) 0.8 96.2 147.2 1665.0 6700.8 4.0 84.0 24.2 1131.3 1101.0
Hg 0.01 0.01 0.02 b0.01 0.01 0.01 0.01 0.01 0.02 b0.01
Tl 0.3 1 1.2 1.1 1.8 1.3 1.8 1.8 1.1 2.0
Se b0.5 8.3 8.8 3.8 13.3 8.4 5.6 9.7 16.0 4.2

Coordinates in the Swedish National Grid.
MVR = Metavolcanic rock, MG = Metagreywacke, Prox = Proximal alteration, Min = Mineralization.
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types throughout the Fäboliden supracrustal sequence.
Further more, the metagreywackes probably are at least
partly derived from volcanic detritus from the intercalated
volcanic rocks. This together with metamorphism and the
superimposed alteration in the area makes it very difficult
to distinguish the metasedimentary rocks from the
metavolcanic rocks.

Metavolcanic rocks which constitute roughly 75% of
the outcrops are very fine-grained and coherent in ap-

pearance. The rocks are strongly foliated with roughly
N–S trending steeply dipping foliation planes. They
show variable amounts of mainly quartz and feldspar
porphyroclasts and phenocrysts in a more fine-grained
matrix. The megacrysts are 1 to 5 mm in size and
commonly orientated (mainly the porphyroclasts) with
the long axis parallel to the foliation. The metavolcanic
rocks contain distinct, 5 to 30 mm wide, foliation-pa-
rallel veins composed mainly of quartz, carbonates, and
sulphides (commonly pyrrhotite) throughout the outcrop
area. The more competent quartz veins are boudinaged
and parallel to the less-competent veins, and/or layers,
of carbonates and sulphides. Within the metavolcanic
rocks, a barren possible banded iron formation is present
in one outcrop, showing 2 to 3 cm wide alternating
layers of quartz and Fe oxides/hydroxides. In these
layers, as well as close to the suggested BIF within the
metavolcanic rocks, almandine garnet is possibly contact-
metamorphic in origin, related to the intrusion of Revsund
granitoids. This has been described from several localities
in the BothnianBasin (Lundqvist, 1990). Garnets are also,
in places, seen in thin layers, commonly b0.5 m wide,
in the metagreywackes. The textural appearances of the
metagreywacke hosted garnets indicate syn- to post-ki-
nematic crystallization (Fig. 5).

Metavolcanic rocks at Fäboliden mostly contain very
fine-grained quartz, feldspar, amphibole, and biotite
(Fig. 5). Feldspar megacrysts are in places rotated
with pressure shadows of subgrained quartz and biotite
indicating movement along the foliation (S1) planes.
Variable amounts of amphibole and biotite define the
banding of the metavolcanic rocks.

Fig. 9. REE plots, chondrite normalised (Sun and McDonough, 1989),
for the supracrustal units at Fäboliden. Two samples in Bergström (2001)
have been used for comparison. (A) Metavolcanic HBA suite showing
relatively flat REE patterns. (B) Metavolcanic FBRA suite showing a
steep, smooth pattern, with a negative Eu anomaly. (C) Mean REE
compositions of the FBRA metavolcanic rocks and metagreywackes.

Fig. 10. AFM diagram (Irvine and Baragar, 1971) illustrating the
differentiation trends for the igneous rocks at Fäboliden.
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Metagreywackes are present in just a few outcrops
in the west-central parts of the outcrop area (north of
the main deposit area). The metagreywackes common-
ly are fine-grained, equigranular (b3 mm), biotite-rich
and strongly foliated (Fig. 5). However, in some
outcrops more coarse-grained (1 to 10 mm) quartz,
feldspars, and biotite are seen. The metagreywackes
also contain boudinaged quartz veins parallel to the
foliation planes.

Various amounts of sulphides (pyrrhotite, arsenopy-
rite, and minor chalcopyrite and sphalerite) are seen in
both the metavolcanic rocks and the metagreywackes as
weak disseminations and as thin veins (b2 cm wide)
parallel to the foliation (Fig. 6).

4.1.2. Intrusive rocks
The Revsund type granitoids surround the narrow

belt of metavolcanic and metasedimentary rocks at
Fäboliden. The granitoid is coarse-grained and potassi-
um feldspar-porphyritic (phenocrysts, 2 to 5 cm in
diameter). It is whitish grey in colour, isotropic in
texture, and unmineralized. Although the Revsund
granitoid generally is isotropic in nature, the same
fabric that is related to the gold-rich quartz–sulphide
veins in the metagreywackes is seen in the marginal
contact zone between the granitoid and the metasupra-
crustal rocks. The foliation continues for a few meters
into the granitoid, where it fades out, thus suggesting
syn- to post-emplacement deformation, contemporane-
ous with at least the final mineralizing event.

A few 20 to 30 m wide dolerites crosscut other rocks
in the Fäboliden area (Fig. 3). The dolerites are dark
grey, isotropic, unmineralized, and unaltered. Chilled
margins are seen at the dolerite contacts and ophitic

Fig. 11. Discrimination diagrams for the supracrustal units at Fäboliden.
(A) Nb–Zr–Y plot after Meschede (1986) indicating a volcanic–arc
setting for the metavolcanic rocks. AI, AII = within-plate alkali basalt,
AII, C = within-plate tholeiite, E-MORB = enriched mid-ocean ridge
basalt, N-MORB= ‘normal’mid-ocean ridge basalt, VAB = volcanic arc
basalt. (B) La–Th–Sc plot indicating island-arc setting for FBRA meta-
sedimentary rocks (Bhatia and Crook, 1986).

Fig. 12. Classification diagram after De la Roche et al. (1980), indicating
granitic composition for the Revsund granitoid, and basaltic composi-
tions for the dolerite dykes at Fäboliden. 1 = pyroxenite, 2 = peridotite,
3 = dunite, 4 = harzburgite, 5 = lherzolite, 6 =melteigite, 7 = theralite, 8 =
alkali gabbro, 9 = olivine gabbro (a = undersaturated, b = saturated, c =
oversaturated), 10 = gabbro norite, 11 = ijolite, 12 = essexite, 13 =
syenogabbro, 14 =monzogabbro, 15 = gabbro diorite, 16 = syenodiorite,
17 = monzonite, 18 = monzodiorite, 19 = diorite, 20 = nepheline syenite,
21 = syenite, 22 = quartz syenite, 23 = quartz monzonite, 24 = tonalite,
25 = alkali granite, 26 = granite, 27 = granodiorite.
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textures are seen in the interior of the dolerites. These
rocks clearly postdate the gold mineralization (Fig. 7).

4.2. Geochemistry

4.2.1. Supracrustal rocks
Since all samples collected from supracrustal rocks

are affected to various extents by the regional
metamorphism, the “least altered” metavolcanic sam-
ples, defined by Hughes Igneous Spectrum (Hughes,
1973), were used for petrogenetic and geochemical
classification of the Fäboliden rocks (Fig. 8). For the
metagreywackes the samples that were considered least
altered from drill core logging were used (Table 1).

The volcanic rocks in the northern parts of the
Bothnian Basin occur as intercalations in the sedimen-
tary rocks. These supracrustal units are collectively
defined as the Bothnian Group (Bergström, 2001). Ac-
cording to Bergström (2001) the Bothnian Group is
composed of two main volcanic assemblages, one ho-
mogenous group of basaltic lavas and volcaniclastic
rocks (HBA), and one fractionated group of basalts to
rhyolites (FBRA). The Fäboliden metavolcanic sam-
ples plot in both these fields (Fig. 8). The least altered
metasedimentary rocks are also plotted in the Total-
alkali-Silica diagram to compare their chemical compo-
sition with the metavolcanic rocks. The metagrey-
wackes plot in the same field as the FBRA metavolcanic
assemblage (Fig. 8).

Rare earth element plots for the Fäboliden metavolca-
nic rocks are shown in Fig. 9 where the samples display
two different patterns (Fig. 9A, B) that show good
correlation with the volcanic REE plots of Bergström
(2001). The average compositions of the least altered
samples of the FBRA metavolcanic rocks and the FBRA
related metagreywackes display a sub-parallel steep
fractionated pattern with a negative Eu anomaly
(Fig. 9C). The metagreywackes are slightly enriched in
the HREE relative to the metavolcanic rocks.

In an AFM diagram the Fäboliden HBA rocks dis-
play a typical tholeiitic signature while the FBRA sam-
ples show a more typical calc-alkaline trend (Fig. 10),
which is in conjunction with the results presented by
Bergström (2001).

In the Nb–Zr–Y discrimination diagram both vol-
canic assemblages at Fäboliden plot as volcanic-arc
basalts (Fig. 11). In the La–Th–Sc discrimination di-
agram for greywackes the Fäboliden metasedimentary

Fig. 13. Discrimination diagram, after Pearce et al. (1984), displaying
the suggested tectonic setting for the Revsund granitoids at Fäboliden.

Fig. 14. Garnet-biotite thermometry indicating a metamorphic temperature range of 510 to 640 °C. Graphite thermometry from the proximal
alteration zone suggests peak-temperatures of 520 to 560 °C for the hydrothermal alteration at Fäboliden (Bark, 2005). Garnet–biotite data are within
the shaded area and graphite data within the striped area.
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rocks plot in the continental island-arc field (Fig. 11).
Hence, both supracrustal units at Fäboliden indicate
similar tectonic setting.

4.2.2. Intrusive rocks
Revsund granitoid samples from Fäboliden were

also screened using the Igneous Spectrum by Hughes
(1973). The samples plot just outside the Spectrum, as
potassium-rich rocks (Fig. 8). This is probably due to the
relatively high K2O content (around 5 wt.%) of the
Revsund granitoids, as compared to the average upper
continental crust which contains about 3 wt.% K2O
(Wedepohl, 1995). In an R1-R2 diagram (Fig. 12) the
samples plot in the granite field. In an AFM diagram
(Fig. 10) the granites show a calc-alkaline trend, and in a
tectonic discrimination diagram such as Rb vs. Y+Nb
(Fig. 13) the granites plot on the boundary between
volcanic-arc granite and syn-collisional granite, which is
typical of granitoids of the Revsund suite (Ahl et al.,
2001).

A few dolerites crosscut the Fäboliden area. These
are unmetamorphosed and undeformed and plot within
the Igneous Spectrum of Hughes (1973). In an R1-R2
diagram (Fig. 12), the dykes plot as basalts, and in the
AFM diagram (Fig. 10), they show a tholeiitic character.
In the Nb–Zr–Y discrimination diagram, by Meschede
(1986), the dolerites plot in the field for volcanic-arc
basalts to within-plate tholeiites (Fig. 11).

4.3. Mineralization

4.3.1. Petrology and mineralogy
The petrological and mineralogical studies have

mainly focussed on the metasedimentary rocks which
are the main host for the gold mineralization at
Fäboliden. The metagreywackes are mainly composed
of quartz, biotite, feldspars, amphiboles, pyroxenes, and
andalusite. Accessory minerals are garnet, chlorite,
sericite, apatite, rutile, ilmenite, calcite, and tourmaline.
Andalusite is seen in outcrop as isotropic, subhedral
crystals overgrowing the grain shape fabric, and is thus
interpreted to be post-kinematic in age. The metagrey-
wackes display banding (Figs. 4 and 5) defined by the
biotite content that also defines the grain shape fabric of
the rocks. Variable amounts of amphibole and pyroxene
also delineate the banding. The grain size is very fine to
fine, with varying amounts of larger (1 to 5 mm) rotated
megacrysts of rounded quartz and more angular
feldspars (Fig. 5). The feldspar megacrysts are com-
monly sericitised. Garnets occur as rounded, fractured,
pre-kinematic megacrysts in b0.5 m wide rare layers,
and also as subhedral crystals with a blastic growth habit,

suggesting syn- to post-kinematic metamorphic growth
(Fig. 5). These layers occur outside the mineralized zone,
in both the foot- and hanging wall. The garnets are
dominantly of almandine composition, with minor
spessartine/pyrope-components [almandine:(spessar-
tine+pyrope) ratio=4:1]. The pre-kinematic garnets
commonly show a distinct chemical zoning, typical of
almandine garnets (Deer et al., 1992), where Fe and Mg
are enriched in the rim, and Mn and Ca in the core. The
subhedral blastic garnets do not commonly display
chemical zoning and have the same composition as the
rims of the zoned garnets. According to garnet–biotite
geothermometry (Hodges and Spear, 1982), the meta-
morphic temperatures range between 510 to 640 °C for
the Fäboliden supracrustal rocks (Fig. 14). These tem-
peratures overlap with the peak temperature for the
mineralization, estimated from fluid inclusions to be 520
to 560 °C (Bark, 2005).

4.3.2. Structural setting
All supracrustal rocks are moderately to intensely

foliated. Few primary structures, such as bedding planes
(S0), are seen in the metavolcanic rocks and the meta-
greywackes. However, according to the orientation of the
suggested BIF, where individual bands parallel the main
foliation, the original S0 bedding planes are suggested to
be parallel to the main grain shape fabric (S1). This fabric
is interpreted as S1 since it is axial-planar to minor
isoclinal folds that fold the suggested S0 fabric. The main
foliation (S1) in the area is axial planar to these upright
folds (with subhorizontal fold axes) and the folds are
hence interpreted as F1-folds. The foliation planes strike
343–036° (n=60), with dips between 65°W and 65°E in

Fig. 15. Stereogram showing poles to foliation planes in the Fäboliden
shear zone (n=60).
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the Fäboliden area (Fig. 15), although generally the dip is
subvertical.

The gold-hosting quartz and sulphide veins are pa-
rallel to the foliation of the S1 planes in the meta-
greywacke host rock. The veins commonly are more or
less boudinaged (Fig. 6). A stretching lineation plunging
subvertically towards south is seen in the metavolcanic
rocks, indicating that an oblique shearing took place in
the Fäboliden area. This lineation is also noted on the
1:50000 scale geological map of the area (Björk and
Kero, 2002). Various amounts of rounded quartz and
more angular feldspar porphyroclasts are seen in the

metasedimentary rocks. Rotated porphyroclasts indicate
a dominantly reverse sense of shearing with a suggested
dextral horizontal component for the Fäboliden shear
zone. In some of the outcrops the rotation of the por-
phyroclasts indicates a normal sense of shear. This de-
viation in the sense of shear is suggested to be caused by
slight variations in the steep dip (∼85°) of the regional
foliation causing the sense of slip to “tip over”. The
dextral component on horizontal surfaces is also seen
from kinematic indicators in outcrops outside the mi-
neralization (e.g. the suggested BIF) where exten-
sion gashes in the more competent boudinaged quartz-

Fig. 16. Gold closely associated with arsenopyrite–löllingite. (A) Back-scattered image of gold and stibnite in fractures within arsenopyrite. (B and C)
Gold as inclusions in löllingite and arsenopyrite, indicating gold precipitation at temperatures when löllingite is stable. Note that gold occurs as
inclusions both in arsenopyrite and löllingite. (D) Common zonation with a löllingite inner core in the arsenopyrite grains. (E) Photomicrograph of
arsenopyrite rimmed by later pyrrhotite. (F) Gold in micro-fractures in arsenopyrite. Apy = arsenopyrite, Stbn = stibnite, Au = gold, Lol = löllingite,
Po = pyrrhotite.
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layers occur. The dextral sense of shear is also consis-
tent with extensional fractures in porphyroclasts in the
metagreywacke, a feature seen in oriented thin sections.
The strike and dip of these extensional micro fractures
are similar to the strike and dip of the overall min-
eralization. Thus, there generally seems to be similar
stress fields from micro- to deposit-scale.

4.3.3. Gold occurrence
Gold is closely associated with arsenopyrite–löllin-

gite and is seen as fissure fillings and intergrowths in the
arsenopyrite–löllingite composite grains (Fig. 16). The
intergrowths are commonly found close to the löllingite–
arsenopyrite boundaries. Gold is also seen as dissemi-
nated grains in the silicate matrix of the metagreywacke
host rock, however always spatially close to the arse-
nopyrite–löllingite. The average grain size of gold is 10 to
40 μm.Microprobe analysis shows that the gold occurs as
electrum (Au:Ag=2:1) and in close association with
stibnite as auriferous stibnite, within the Au–As associ-
ation. Pyrrhotite is commonly seen as fracture fillings
in the arsenopyrite, indicating that the arsenopyrite has
crystallized prior to the pyrrhotite.

Main sulphides constitute pyrrhotite, arsenopyrite,
löllingite, with accessory chalcopyrite, sphalerite, stib-
nite, and galena. The arsenopyrite commonly shows a
more S-poor/As-richer inner core, composed of löllin-
gite (Fig. 16). Hence, high-temperature stable löllingite
is rimmed by arsenopyrite, indicating that the löllingite
was partially replaced by arsenopyrite. Arsenopyrite has
long been used as a sliding-scale geothermometer, using
the atomic As proportions in arsenopyrite. Arsenopyrite
does not readily, due to its refractory nature, re-equi-
librate on cooling and its composition reflects its tem-
perature of formation (Kretschmar and Scott, 1976).
Calculations on the Fäboliden samples indicate a tem-
perature range of 313 to 533 °C.

The sulphides are situated in semi-ductile structures,
in thin sulphide or sulphide–quartz veins parallel to the
S1 foliation planes and in the necks of boudinaged
quartz veins, indicating that the timing of sulphide
crystallization is syn- to post-deformation (Fig. 6). The
total sulphur content in the mineralization is 2 to 3 wt.%,
whereas the total sulphur content outside the mineral-
ization averages 0.7 wt.%.

4.3.4. Hydrothermal alteration
The rocks in the northern parts of the Bothnian Basin

are metamorphosed to amphibolite facies (Allen et al.,
1996; Lundström, 1998). Microprobe analysis was used
for calculating mineral chemistry (Droop, 1987) of
selected parageneses in the Fäboliden metagreywackes

and metavolcanic rocks. Outside the mineralized area
(Fig. 7), the mineral assemblage in the metagreywackes is
characterised by Ca- and Fe-Mg-rich amphiboles together
with hedenbergite, biotite, quartz, plagioclase (andesine;
28 to 42% An), and potassium feldspar (Table 2), where
amphibole, hedenbergite, and biotite are oriented parallel
to the S1 foliation. Pyrrhotite is a common constituent
together with small amounts of chalcopyrite, sphalerite,
and galena.

In the mineralized zone, foliation parallel quartz
veinlets, commonly 1 to 5 cm thick (Fig. 6), are enveloped
by diopside, calcic amphibole, potassium feldspar,
plagioclase (andesine; 37 to 65% An), andalusite, and
very fine-grained tourmaline that overgrows the foliation
(Table 2). In the mineralized zone, a slightly more
calcium-rich mineralogy, manifested by the higher An-
content of plagioclase, the presence of diopside and calcic
amphiboles, is positively correlated toAu. Other elements
that show a positive correlationwithAu in themineralized
zone are S, Sn, W, As, Pb, Sb, Bi, Ag, Cd, Se, and Hg. Na
and K show a slightly negative correlation with Au in the
mineralized zone. Si displays no positive or negative trend
towards the mineralized zone.

Table 2
Mineral assemblage in the metagreywacke, with respect to proximity
to mineralization

Minerals Regional
metamorphism

Distal
alteration

Proximal
alteration

Ca-amphibole S
Fe–Mg-amphibole M S
Biotite S S S
Quartz S S S
K-feldspar S S S
Plagioclase S S M
Diopside S
Hedenbergite S
Augite M
Tourmaline M
Andalusite M
Apatite M
Titanite M
Chlorite M M
Garnet M
Calcite M
Ilmenite M
Arsenopyrite S
Löllingite S
Stibnite M
Tungstenite M
Pyrrhotite S M
Chalcopyrite M
Sphalerite M
Galena M
Au–Ag alloy (electrum) M S

S — Significant; M — Minor.
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In the areas proximal to mineralization, the meta-
greywacke displays an intense compositional banding
(Figs. 4 and 6) due to variations in the amounts of biotite,
amphibole, and pyroxene. Intense banding is also seen in
the eastern, more distal parts of the hanging wall (Fig. 7).
However, here the quartz veining is almost absent and
the gold content is low. This banding is also seen as
distinct 5 to 30 mm thick parallel quartz–carbonate–
sulphide-veins, in the metavolcanic rocks farther east.
Due to the fact that it is difficult to distinguish between
hydrothermally altered metasedimentary rocks and
metavolcanic rocks in drill core, it is possible that the
strongly altered area to the east at least in part constitutes
metavolcanic rocks (Fig. 7).

The width of the main Au mineralization is
approximately 30 to 50 m, from a cut-off grade of
0.4 ppm Au. There is also a good positive correlation
between diopside–amphibole–quartz alteration and
gold enrichment in the main Au mineralization. Parallel
to the main Au mineralization there are also smaller
gold-rich veins, since, for instance, visible gold occurs
in the western most drill hole in Fig. 7, well outside the
main mineralization. Associated to these smaller parallel
veins there is also intense diopside–amphibole–quartz
alteration. The block model (Fig. 7) is based on the
intensity of alteration and veining in drill cores.

Distal to the mineralization, the transition between
the hydrothermal alteration and the regional metamor-
phic assemblages is gradual. Biotite is seen through-
out the mineralization and the country rocks, and is

not only concentrated around the quartz veins. As
biotite is considered to be part of the peak regional
metamorphic assemblages it is difficult to relate bio-
tite growth only to the hydrothermal event. Distal to
the mineralization a gradual decrease in the amphibole
content is seen. Amphibole is here the only mineral
typical of distal alteration. The decrease in amphibole
is heterogeneous and varies spatially. This type of
weak distal alteration is common for orogenic gold
deposits in amphibolite facies (e.g. Eilu et al., 1999).
The extent of distal alteration around the Fäboliden
gold mineralization is difficult to define due to limited
outcrops and drill core data.

5. Discussion

5.1. Timing of mineralization and relation to
metamorphism

Regional metamorphism, deformation, and alteration
have affected the supracrustal rocks at Fäboliden. Peak
metamorphism in the area occurred during 1.85 to
1.80 Ga (Weihed et al., 1992; Billström and Weihed,
1996; Weihed et al., 2002a), and was accompanied by at
least two major deformation events, at 1.85–1.84 and
1.80 Ga (Bergman Weihed, 2001). Rutland et al. (2001)
inferred three separate deformation events, at N1.9 Ga,
at ca. 1.86 Ga, and at N1.81 Ga. The latter deformation
event is described as NNW–ENE trending discrete
shear zones, developed prior to 1.81 Ga, deduced from

Fig. 17. Gold-rich ductile structures in the supracrustal rocks affect the margins of the surrounding Revsund granitoids, indicating that at least the late
stages of the mineralizing event at Fäboliden was coeval with the emplacement of the granitoids (1.81 to 1.77 Ga). (A) Undeformed Revsund granite.
(B) Sheared Revsund granite at contact to the supracrustal rocks. (C and D) Mineralized sheared supracrustal rocks.
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aeromagnetic data. The same types of structures are seen
at Fäboliden, which is located west of the study area of
Rutland et al. (2001). However, at Fäboliden, these
ductile structures are seen to affect the margins of the
surrounding Revsund granite, thus suggesting that at
least the late stages of the deformation event took place
between 1.81 to 1.77 Ga (the age of the Revsund granite,
Skiöld, 1988; Eliasson and Sträng, 1997; Ahl et al.,
2001). The ductile structures that host the gold-rich
quartz- and sulphide veins affect the margin of the
surrounding Revsund granite, where the grain shape
fabric fades out after a few meters (Fig. 17). The gold-
associated sulphides occur within the veins and in the
necks of the boudinaged quartz veins, so at least the final
stages of mineralization are suggested to be syn- to late-
kinematic. Since the mineralization is hosted by ductile
structures at Fäboliden, the mineralization is suggested
to be coeval or shortly post date the emplacement of the
1.81 to 1.78 Ga Revsund granitoid, during post-peak
metamorphic cooling of the crust. Also, the regional
foliation in the N–S striking Fäboliden shear zone
shows a similar orientation with structures formed
during the D3 deformation phase suggested by Bergman
Weihed (2001) to have been formed at ca. 1.80 Ga.
Thus, the age of at least the late stages of mineralization
at Fäboliden is suggested to be ca. 1.80 Ga.

Previous studies of the Skellefte District and the
Bothnian Basin have suggested that the metamorphic
grade increases southwards from the Skellefte District
(i.e. Hallberg, 1994; Allen et al., 1996; Lundström,
1998). The Fäboliden data show similar results as other
regional metamorphic studies in the northern parts of the
Bothnian Basin (Lundström, 1998), indicating peak
metamorphic conditions in the Fäboliden area to be in
mid-amphibolite facies, using the garnet–biotite
geothermometer of Hodges and Spear (1982). This
geothermometer gives temperatures ranging between
510 and 640 °C, with the majority of the samples above
560 °C (Fig. 14). General conditions during the
Svecokarelian regional metamorphism in the Bothnian
Basin are suggested to have been about 3 to 5 kbar and
550 to 700 °C (Lundqvist, 1990). Lundström (1998)
concluded, by using tourmaline–biotite geothermome-
try, that metagreywacke xenoliths, incorporated into the
Revsund intrusives in the Storuman area located
approximately 50 km NW of Fäboliden (Fig. 2), have
been subjected to metamorphism at 570 to 590 °C.

In addition, graphite is a useful indicator of the
metamorphic grade, as the graphitization process is
irreversible and shows no retrograde effects on the
crystal structure (Pasteris and Wopenka, 1991; Beyssac
et al., 2002). Temperatures obtained from disseminated

gold-associated graphite grains in the mineralized quartz
veins suggest a peak-temperature for the hydrothermal
alteration at Fäboliden of 520 to 560 °C (Bark, 2005).
This temperature range suggests that the mineralizing
event occurred post peak-metamorphism, or else the
graphite temperature would have indicated higher peak-
metamorphic temperatures.

Due to the refractory nature of arsenopyrite, it has
long been suggested that it does not readily re-equil-
ibrate during cooling. Arsenopyrite has therefore been
used as a geothermometer (Kretschmar and Scott, 1976)
in a number of arsenopyrite-bearing deposits. However,
pressure can strongly affect the composition of arse-
nopyrite causing the obtained formation temperatures to
be too low, thus the arsenopyrite geothermometer is only
recommended for deposits in greenschist and lower
amphibolite facies (Sharp et al., 1985). Results from
high-grade metamorphic deposits indicate that the dif-
ference in indicated temperature can be several hundred
degrees lower than the actual formation temperature,
possibly due to resetting of arsenopyrite or that the
arsenopyrite is retrograde (Sharp et al., 1985). The
temperature range estimated from the Fäboliden micro-
probe data displays relatively low temperatures of 313 to
533 °C (19 analyses, each on different grains), as would
be expected for deposits above lower amphibolite facies,
which then overlaps with temperatures given by the
graphite geothermometer. However, this geothermometer
is considered more reliable in the mid-amphibolite facies
range. Thus, the arsenopyrite geothermometer data are
only considered asminimum temperatures of arsenopyrite
crystallization.

5.2. Tectonic setting

Interpretations of the physical volcanology and tec-
tonic setting of the Fäboliden metasupracrustal rocks are
hampered by the restricted outcropping of the volcanic-
and sedimentary rocks, and the lack of stratigraphical
markers in these strongly deformed rocks. Thus, the
proposed tectonic interpretations are somewhat specu-
lative. The geochemical data suggest similar tectonic
settings for the metavolcanic- and the metasedimentary
rocks at Fäboliden. The metavolcanic rocks which dis-
play chemical compositions similar to the two regional
volcanic units, HBA and FBRA (Bergström, 2001),
indicate a volcanic-arc environment which correlates
with the suggested continental island-arc setting for the
metasedimentary rocks (Fig. 11). The Fäboliden meta-
volcanic rocks of the FBRA type and the least altered
metagreywackes also display similar chemical composi-
tions (Table 1) both regarding the major and trace
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elements, and the REE. This, together with field re-
lationships (intercalations of metagreywackes and meta-
volcanic rocks), suggest a genetic relationship between
the metavolcanic rocks of the FBRA type and the
metagreywackes in Fäboliden.

5.3. Mineral assemblages and hydrothermal alteration

Ridley et al. (2000) classified a number of orogenic
gold deposits hosted in high-grade metamorphic rocks
in the Yilgarn block, Western Australia, according to
prominent minerals in the proximal alteration zones in
mafic host rocks. Even though the deposits are hosted in
different types of host rock, it was argued that the
different proximal high-temperature mineral assem-
blages were systematically related to the host rock
metamorphic grade (Ridley et al., 2000). The proximal
alteration mineralogy at the Fäboliden orogenic gold
deposit matches the diopside class of Ridley et al.
(2000). Diopside, calcic amphibole, biotite, and feldspar
alteration is recognized in hypozonal orogenic gold
deposits worldwide (e.g. Eilu et al., 1999; Hagemann
and Cassidy, 2000).

The hydrothermal alteration associated with the
Fäboliden mineralization is characterised by a Ca sili-
cate-rich mineralogy, as reflected by the presence of
diopside, calcic amphibole, and more Ca-rich plagio-
clase (Table 2). Other main elements that show positive
correlation with Au in the proximal alteration zone are
S, Sn, W, As, Pb, Sb, Bi, Ag, Cd, Se, and Hg. This
proximal metal association is characteristic of orogenic
gold deposits (i.e. Groves et al., 1998; Hagemann and
Cassidy, 2000; Ridley et al., 2000; Groves et al., 2003).
The K and Na content show slightly negative correla-
tions with Au in the mineralized zone. The proximal
alteration zone displays no positive or negative trend
concerning Si, thus the overall Si content seems to be
unaffected by the hydrothermal alteration.

At hypozonal conditions, at 525 to 650 °C and 3 to
4 kbar (Hagemann and Cassidy, 2000), the main
sulphides related to the gold mineralization, are
arsenopyrite, löllingite, and pyrrhotite. At Fäboliden,
the gold is closely associated with arsenides which
commonly occur as composite grains, where the
löllingite cores are always rimmed by arsenopyrite
(Fig. 16) and never in direct contact with pyrrhotite,
indicating replacement (i.e. Barnicoat et al., 1991;
Hagemann et al., 1998; Ridley et al., 2000). This
mineral assemblage and similar reaction textures has
been recorded in a number of hypozonal lode gold
deposits in Western Australia (i.e. Transvaal, Marvel
Loch, Frasers, Griffins Find, Mount York, and Norse-

man; Hagemann et al., 1998, and references therein).
Below granulite facies, the dominant arsenide is
arsenopyrite, commonly together with pyrrhotite or
pyrite (Barnicoat et al., 1991). During prograde meta-
morphism, desulphidation of arsenopyrite occurs by the
reaction

2FeAsS→FeAs2 þ FeS þ 1=2S2

generating löllingite and pyrrhotite adjacent to each
other (Barnicoat et al., 1991). If this was true at
Fäboliden the composite grains should have an
arsenopyrite inner core rimmed by löllingite with
pyrrhotite closely associated with the arsenides. These
mineralogical relationships are not seen at Fäboliden,
where the löllingite is rimmed by arsenopyrite associ-
ated with pyrrhotite. The latter texture is interpreted as
syn- to post-peak metamorphic (Barnicoat et al., 1991).
However, in recent years the interpretation of gold
deposition relative to the peak-metamorphism from this
type of textural relationship has been questioned.
Tomkins and Mavrogenes (2001) argued that, due to
extremely rapid equilibration of sulphides at high
temperatures, the textural relationship of löllingite
rimmed by arsenopyrite associated with pyrrhotite
could be generated from complete prograde metamor-
phism of arsenopyrite to löllingite and pyrrhotite with
subsequent retrograde metamorphism back to arseno-
pyrite. With this interpretation, the gold-associated
arsenopyrite would be pre-peak metamorphic. It was
also stated by the same authors that investigations of
invisible gold in arsenopyrite and löllingite could
suggest when the gold was introduced in relation to
peak metamorphism. During heating at elevated pres-
sures the invisible gold is expelled from the arsenopyrite
prior to its inversion to löllingite and pyrrhotite, and
retrograde arsenopyrite is not able to incorporate the
invisible gold back into its structures in any significant
amounts (Tomkins and Mavrogenes, 2001 and refer-
ences therein). The Fäboliden samples have not been
investigated for invisible gold, and a conclusion drawn
by the above discussion is that the relationship between
the mineralization and peak metamorphism is somewhat
speculative using only the textural relationships.
However, if the mineralization was pre-metamorphic
the graphite geothermometer, suggesting temperatures
of 520 to 560 °C in the proximal alteration zone,
should indicate higher temperatures, as suggested by
the regional metamorphic garnet–biotite geotherm-
ometer (510 to 640 °C). Based mainly on the
geothermometry data together with textural relation-
ships between sulphides, the gold mineralization at
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Fäboliden is thus suggested to be syn- to post-peak
metamorphic in origin.

6. Conclusions

The metamorphic grade in the Fäboliden area is in
mid-amphibolite facies, as indicated by microthermo-
metric data. Three different geothermometers, garnet–
biotite, arsenopyrite, and graphite, all indicate similar
temperature ranges for the mineralized rocks at
Fäboliden.

The ductile gold-hosting structures at the Fäboliden
gold lode deposit also affect the margins of the sur-
rounding Revsund granite, indicating that at least the
late stages of gold mineralization at Fäboliden were syn-
to post-emplacement of the Revsund granite (ca. 1.80Ga).
Structures with the same kinematics that host the gold at
Fäboliden have been suggested to have been active at ca.
1.80 Ga by Bergman Weihed (2001). The timing of mi-
neralization at Fäboliden is therefore suggested to be close
to 1.80 Ga.

The gold-rich quartz- and sulphide veins are hosted
by late ductile structures in the supracrustal rocks and,
mainly based on the relationships between different
geothermometers together with textural relationships
between sulphides, the gold mineralization at Fäboliden
is suggested to be syn- to post-peak metamorphic in
origin. Gold-associated sulphides situated both within
and in the necks of the boudinaged quartz- and sulphide
veins indicate that, at least, the late stages of the
mineralization were syn- to late-kinematic.

The tectonic setting for the metavolcanic rocks at
Fäboliden is suggested to be a volcanic arc environment,
at a deformed continental margin, typical of orogenic
gold deposits globally (Groves et al., 1998; Goldfarb
et al., 2001; Groves et al., 2003). Similarities in chem-
ical compositions, together with close spatial relation-
ships, also suggest that the metasedimentary rocks at
Fäboliden are mainly locally derived from the interca-
lated metavolcanic rocks.

In the proximal alteration envelopes, around the
quartz- and sulphide veins in the orogenic gold mine-
ralization at Fäboliden, elevations in the Au content are
characterised by positive correlations of Ca, S, As, Ag,
Sb, Sn, W, Pb, Bi, Cd, Se, and Hg. Potassium and Na
show vague negative correlations with Au. The mineral
assemblage in the proximal alteration zone is composed
of diopside, calcic amphibole, feldspars, biotite, and
minor andalusite and tourmaline. This type of assem-
blage is commonly recognized in hypozonal orogenic
gold deposits worldwide. The extent of the proximal
alteration zone is estimated at 30 to 50 m, and there is a

good positive correlation between the diopside–amphi-
bole–quartz alteration and an increase in the gold
content. Distal to the mineralization, the only discern-
ible alteration mineral is amphibole. The amount of
amphibole seems to gradually decrease away from the
mineralization. However, the extent of the distal alter-
ation is not well known.
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Abstract: A new ore province, the Gold Line, southwest of the Skellefte District, northern Sweden, is 
currently under exploration. The largest known deposit in the Gold Line is the hypozonal Fäboliden 
orogenic gold deposit. The mineralization is hosted by arsenopyrite-bearing quartz veins, within a steep 
shear zone in amphibolite facies metagreywacke host rocks. Gold occur in fractures and as intergrowths 
in arsenopyrite-löllingite, and as free grains in the silicate matrix of the host rock. The hydrothermal 
mineral assemblage in the proximal alteration zone is diopside, calcic amphibole, biotite, and minor an-
dalusite and tourmaline. Primary fluid inclusions in the Fäboliden quartz veins show a CO2-CH4 or a H2S 
(±CH4) composition (the latter recognized for the first time in a Swedish ore deposit). The primary fluid 
inclusions are associated with arsenopyrite-löllingite (+gold) and the CO2-CH4 fluid was also involved 
in precipitation of graphite. A prevalence of carbonic over aqueous fluid inclusions is characteristic for 
a number of hypozonal high-temperature orogenic gold deposits. The Fäboliden deposit, thus, shows 
fluid compositions similar to other hypozonal orogenic gold deposits. The proposed main mechanism 
for precipitation of gold from the fluids, is a mixing between H2S-rich and H2O?-CO2±CH4 fluids. Fluid 
inclusion data indicate arsenopyrite-löllingite and graphite deposition at a pressure condition of about 4 
kbar. Graphite thermometry indicates maximum temperatures of 520–560°C for the hydrothermal altera-
tion at Fäboliden, suggesting that at least the late stages of the mineralizing event took place shortly after 
peak-metamorphism in the area, i.e. at c. 1.80 Ga.
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Introduction
Prior to the 1980´s very few major gold occurrences were 
known in the Fennoscandian Shield. The most significant was 
the high-grade metamorphosed epithermal-style Boliden Au-Cu-
As deposit (average 15 ppm gold) in the Skellefte Ore District, 
northern Sweden (Bergman Weihed et al. 1996). However, since 
the price of gold increased during the late 1970´s, the research 
and exploration activities became more focused on gold also 
within the Fennoscandian Shield. This resulted in the discoveries 
of hundreds of gold prospects, which indicated a good potential 
for gold in the Precambrian of northern Europe (Fig. 1).

In recent years, a number of promising gold prospects have 
been discovered in the Lycksele-Storuman area, southwest of the 
Skellefte Ore District (Fig. 2). The area is also known as the Gold 
Line, a name that originally comes from a NW-trending linear 
feature on till-geochemistry anomaly maps of Au and other Au-
associated elements such as As, Sb and Te. The Lycksele-Stor-

uman area is situated in the northern part of the Bothnian Basin 
(Fig. 2), from where very little data on gold deposits have been 
published prior to the present study. Most data have previously 
been archived in unpublished exploration reports. However, 
during the last couple of years, the interest for this area has dra-
matically increased, resulting in numerous discoveries of gold 
mineralizations. One of the known gold prospects, the Svartliden 
deposit, is presently being mined (2 Mt with 4.3 ppm Au; Dragon 
Mining 2005) and another, the Fäboliden deposit, has recently 
been test mined. Fäboliden is the largest of the known gold pros-
pects in the area, with measured and indicated mineral resources 
standing at 25.6 Mt with 1.4 ppm Au (Lappland Goldminers AB 
2004).

This paper focuses on a study of fluid inclusions in mineralized 
quartz veins from the Fäboliden gold deposit with the attempts 
to characterise the chemistry of the ore-forming fluids and to 
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establish a genetic model. Understanding the conditions for 
mineralization at Fäboliden is critical for future exploration in 
the under-investigated Lycksele-Storuman area.

Regional geological setting
The bedrock of the Fennoscandian Shield (Fig. 1) can be sub-
divided into three main crustal domains; the Archaean, Sve-
cofennian, and the Southwest Scandinavian domains (Gaál & 
Gorbatschev 1987).

Rifting of the Archaean craton started at c. 2.45 Ga, and the 
final break-up occurred at c. 1.95 Ga, generating a large oceanic 
basin towards south, the Bothnian Basin (Nironen 1997). The 
basin is mainly filled with thick metasedimentary sequences and 
subordinate metavolcanic rocks. The thickness of the metagrey-
wackes is estimated to about 10 kilometers which suggests an 
originally continental margin environment (Lundqvist 1987). 
The supracrustal rocks of the Bothnian Basin were intruded by 
several generations of calc-alkaline granitoids and, to a lesser 
extent by gabbros, during the 1.9–1.8 Ga Svecokarelian orogeny 
(Claesson & Lundqvist 1995). The supracrustal rocks of the 
Lycksele-Storuman area (Fig. 2) are intruded by S-type granites 
of the Skellefte-Härnö suite dated at c. 1.82–1.80 Ga and alkali-
calcic granites of the Revsund suite with ages between 1.81–1.77 
Ga (Claesson & Lundqvist 1995; Billström & Weihed 1996; 
Weihed et al. 2002a).

Well-preserved Bothnian Basin metagreywackes, situated ap-
proximately 100 km southwest of the Lycksele-Storuman area, 
contain detrital zircon with ages of 2.93–2.65 and 2.02–1.88 Ga 
(Claesson et al. 1993), which indicate that sedimentation contin-
ued until at least 1.88 Ga. The exact age of these metagreywackes 

is not well constrained, but age determinations of granitoids in-
dicate that the depositional age span of the metagreywackes may 
be from pre-1.95 Ga to c. 1.87 Ga (Claesson et al. 1993; Nironen 
1997; Lundqvist et al. 1998). U–Pb zircon dating in the Barsele 
area (Fig. 2) on intercalated volcanic rocks (1959±14 Ma, Elias-
son & Sträng 1998; Eliasson et al. 2001) and in the Knaften area 
(Fig. 2) on the Knaften granitoid (1959±6 Ma, Wasström 1993), 
which is intrusive into the metagreywackes, indicate that at least 
part of the metagreywackes in this area are significantly older 
than the c. 1.89–1.87 Ga (Billström & Weihed 1996) Skellefte 
District rocks and may in fact constitute a basement to the Skel-
lefte District.

The supracrustal rocks of the Skellefte District have been 
subjected to two major deformation events, D2 and D3 (Bergman 
Weihed 2001). Similar structures are seen in the supracrustal 
rocks of the northern part of the Bothnian Basin (Bark 2005). 
The D2 event in the Skellefte District is characterised by tight 
to isoclinal folds with NE-striking, upright, axial surfaces in 
the eastern and western parts of the Skellefte District, and by 
NW-striking axial surfaces in the central parts of the district, 
indicating NW to SE convergence. The latest major deformation 
event, D3, is characterised by open folds that show axial surfaces 
striking NNE, indicating E–W convergence (Bergman Weihed 
2001). The timing of the D2 is estimated, from field relationships 
to pre-date the Revsund granitoids (Claesson & Lundqvist 1995; 
Billström & Weihed 1996; Weihed et al. 2002a) and to post-date 
the Sikträsk granitoid (Weihed et al. 2002a), whereas the D3 
event is estimated to be syn to post-Revsund in age (Bergman 
Weihed 2001). Structures interpreted as D3-type are seen in the 
Fäboliden area (Bark 2005), indicating that major deformation 
took place at around 1.80 Ga (the age of the Revsund granite, 
Skiöld 1988; Eliasson and Sträng 1997; Ahl et al. 2001).

Regional metamorphism of the Bothnian Basin
Garnet-biotite thermometry indicates regional metamorphic 
temperatures of 560–640°C for the Fäboliden area (Bark 2005) 
suggesting amphibolite facies conditions. Previous studies of 
metamorphic conditions, in the northern part of the Bothnian 
Basin, indicate that the metasedimentary rocks have been meta-
morphosed into amphibolite facies (Allen et al. 1996), and even 
granulite facies further to the south (Hallberg 1994; Lundström 
1998).

The metamorphism in the Svecofennian domain, as defined 
by Gaál and Gorbatschev (1987), is generally characterised by 
high temperatures and low pressures (Gaál & Gorbatschev 1987; 
Weihed et al. 1992; Weihed et al. 2002a). The pressure condi-
tions throughout the Swedish part of the Svecofennian domain 
are suggested to be rather uniform, indicating pressures at about 
5±1–2 kbar (Nironen 1997).

Regional metamorphism in the area between the Skellefte 
District in the north, across the Bothnian Basin, and towards 
south-central Sweden (Fig. 1) peaked at c. 1.85–1.80 Ga, as is 
indirectly suggested from age determination of intrusive rocks 
(Weihed et al. 1992; Billström & Weihed 1996; Weihed et al. 
2002b).

Geology of the Fäboliden area
The Fäboliden mineralization is hosted by metagreywackes and 
metavolcanic rocks, which are surrounded by Revsund-type 
granitoids (Fig. 3).
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Fig. 1. Bedrock map of the Fennoscandian Shield, with important gold 
deposits and belts indicated. Map modified after Rutland et al. (2001). 
Gold deposits after Eilu et al. (2003) and Sundblad (2003). Rectangle 
indicates the area depicted in Fig. 2.



The metagreywackes, which are poorly exposed, are strongly 
foliated, fine-grained and biotite-rich. In a few places, the meta-
greywackes are more coarse clastic (<1 cm grain size) and less 
deformed, displaying more primary sedimentary textures such 
as poor stratification and bedding. The fine-grained and banded 
metavolcanic rocks dominate the northern parts of the Fäboliden 
area. In one outcrop, a roughly five meter wide sequence of sug-
gested banded iron formation (distinct banding of Fe-oxides and 
quartz) is intercalated within the metavolcanic rocks.

The late to post-orogenic, 1.81–1.77 Ga, A/I-type, Revsund 
granitoid (Claesson & Lundqvist 1995; Billström & Weihed 
1996) constitutes the main rock type in the Fäboliden area (Fig. 
3). This medium to coarse-grained, coarsely K-feldspar porphy-
ritic, isotropic, granitoid surrounds a narrow belt of metagrey-
wackes intercalated with mafic metavolcanic rocks.

All the rocks mentioned above are crosscut by a set of NW–SE 
striking, flat-lying, c. 1.26 Ga dolerites (Söderlund et al. 2006) 
which are post-metamorphic, undeformed, and unmineralized.

All supracrustal rocks at Fäboliden are moderately to intensely 
foliated (Bark 2005). The foliation planes strike 343–036° (n = 
60), with steep dips from 65°W to 65°E, but are normally sub-

vertical. Few primary structures, such as bedding planes (S0), 
are seen in the metasupracrustal rocks. However, according to 
the position of the suggested banded iron formation, where indi-
vidual bands parallel the main foliation, the original S0 bedding 
planes are suggested to be parallel to the main grain shape fabric 
(S1). This fabric is interpreted as S1 since it is axial-planar to 
minor isoclinal folds that fold an earlier fabric (S0). The axial 
planes to these upright folds (with subhorizontal fold axes) are 
parallel to the main foliation (S1) in the area and the folds are 
interpreted as F1-folds. Kinematic indicators, such as rotation of 
megacrysts, suggest a dominantly reverse sense of shear with a 
suggested dextral component for the Fäboliden shear zone. Also, 
a vague stretching lineation, with a subvertical plunge towards 
south, suggests an oblique component to the shearing.

Age determinations of shear zone-related titanite in the Vidsel-
Röjnoret shear zone, in the southeastern parts of the Skellefte 
District, indicate two ductile deformation events, at c. 1.85–1.84 
Ga and at c. 1.80 Ga (Weihed et al. 2002a). The latter of these 
events is suggested to reflect the timing of lower-amphibolite 
facies shearing, which was active contemporaneous with the 
emplacement of the 1.81–1.77 Ga Revsund intrusions (Berg-
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Fig. 2. Gold deposits in the 
Lycksele-Storuman area, 
SW of the Skellefte Dis-
trict. Data from the Geo-
logical Survey of Sweden.



man Weihed 2001; Weihed et al. 2002a; Weihed et al. 2003). 
The ductile mineralized shear zone at Fäboliden is seen to affect 
the margins of the surrounding isotropic Revsund granitoids and 
thus at least the final stages of the mineralization are suggested 
to have taken place at c. 1.80 Ga.

Fäboliden orogenic gold deposit
The steeply dipping sheet-like Fäboliden gold mineralization is 
known for 1.3 km along the N–S striking shear zone (Fig. 3). It 
is up to 50 m wide and known to a depth of about 150 m. A few 
deeper drillholes, down to 350 m, indicate a continuation of the 
mineralized zone at depth.

The mineralization is mainly hosted in graphite-bearing quartz 
and sulphide veins, which parallel the main foliation, within the 
shear zone in the metagreywacke host rock. The veins commonly 
are variably boudinaged. The sulphides are situated in semi-duc-
tile structures, i.e. in thin veins parallel to the foliation planes and 
in the necks of boudinaged quartz veins (Fig. 4), indicating that 
the timing of sulphide crystallisation is syn to late-deformation 
(Bark & Weihed 2003; Bark 2005).

The fine-grained (2–40 μm) gold is closely associated with 
arsenopyrite-löllingite and occurs in fissures and as intergrowths 
in the arsenopyrite-löllingite (Fig. 5). Gold is also seen as free 
grains in the silicate matrix of the metagreywacke host rock. 
Microprobe analysis shows that gold occurs as electrum, a gold-
silver alloy (Au:Ag 2:1), and in close association with stibnite 
within the gold-arsenopyrite/löllingite association.
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Fig. 4. Drill core samples of metagreywacke from Fäboliden. A. Less-deformed part of the metagreywacke. B. Strongly foliated metagreywacke. 
C. Quartz-sulphide veins in the proximal mineralization. Arsenopyrite and pyrrhotite are the main sulphides. D. Quartz vein in the proximal ore 
zone, enveloped by diopside-calcic amphibole-biotite alteration.

Fig. 3. Bedrock map of the Fäboliden area. Sampled drill hole section 
indicated in bold. Map modified after Björk & Kero (2002).
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Fig. 5. Gold closely asso-
ciated with arsenopyrite-
löllingite. A. Back scatter 
image of gold and stibnite in 
fractures within arsenopy-
rite. B. Gold as inclusions in 
löllingite and arsenopyrite, 
indicating gold precipita-
tion at temperatures when 
löllingite is stable. Note 
that gold occurs as inclu-
sions both in arsenopyrite 
and löllingite. C. Photomi-
crograph of arsenopyrite 
rimmed by later pyrrhotite. 
D. Common zonation with 
a löllingite inner core in 
the arsenopyrite grain. 
Apy – arsenopyrite, Stbn 
– stibnite, Au – gold, Lol 
– löllingite, Po – pyrrhotite.

Fig. 6. Profile across the 
Fäboliden gold deposit 
showing fluid compositions 
in the mineralization. Gold 
mineralization is indicated in 
dashed lines and correlates 
well with strongly banded 
diopside-calcic amphibole-
biotite alteration.

Proximal sulphides constitute arsenopyrite, löllingite, pyrrho-
tite, and accessory chalcopyrite, sphalerite, stibnite, and galena. 
Arsenopyrite commonly displays a zonation with a more S-poor 
and As-richer inner core, composed of löllingite (Fig. 5B–D). 
Hence, the high-temperature löllingite is rimmed by arsenopy-

rite, indicating that the löllingite was partially replaced by ar-
senopyrite (Bark 2005). Distal to the mineralization, pyrrhotite 
is the more common sulphide, at the expense of the arsenides. 
The total sulphur content in the mineralized zone is 2–3 wt.%, 
whereas the total sulphur content distal to the mineralization 
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Fig. 7. A. Raman spectrum showing first- and second-order regions for 
graphite in quartz from the Fäboliden Au deposit. B. Correlation of the 
peak area ratio R and the temperature T (after Beyssac et al. 2002). R 
= “1350” / ( “1350” + “1580” + “1620” ). The range of results between 
520° and 560°C from the Fäboliden graphite (n = 10) is indicated by 
dashed lines.

averages approximately at 0.7 wt.%.
The hydrothermal alteration assemblage in the proximal al-

teration zone, in the metagreywackes at Fäboliden, constitutes 
diopside, calcic amphibole, biotite, and minor andalusite and 
tourmaline (Bark 2005). This type of assemblage is commonly 
recognized in hypozonal orogenic gold deposits worldwide (Eilu 
et al. 1999; Hagemann & Cassidy 2000; Ridley et al. 2000). The 
lateral extent of the proximal mineralized zone is estimated to 
30–50 m, and there is good correlation between diopside-amphi-
bole-quartz alteration and gold mineralization (Bark 2005).

Elements that show a positive correlation with Au, in the 
proximal alteration zone, are: Ca, S, As, Ag, Sb, Sn, W, Pb, Bi, 
Cd, Se, and Hg. K and Na show negative correlation with Au, in 
the mineralized zone. A number of elements, i.e. Si, display no 
positive or negative trend towards the mineralization, thus the 
overall Si content seems to be unaffected by the hydrothermal 
alteration.

The mineral assemblage in the distal alteration zone is charac-
terised by the presence of Ca and Fe-Mg amphiboles, hedenber-
gite, biotite, and quartz. The transition from the distal alteration 
into the regional metamorphic assemblage is diffuse, and the 
only discernable alteration feature appears to be a gradual de-
crease of amphibole away from the mineralization (Bark 2005). 
The extent of this distal alteration is heterogeneous and difficult 
to delineate due to limited outcrops and drill core data.

The regional metamorphic mineral assemblage in the Fäboli-
den area constitutes biotite, quartz, plagioclase, K-feldspar, mi-
nor garnet, and small amounts of Fe-Mg amphibole. Biotite and 
amphibole define the regional grain shape foliation in the area.

Sampling and analytical methods
For the fluid inclusion study, 14 drill core samples (Fig. 6) of 
sulphide-mineralized and graphite-bearing quartz veins were 
prepared as 150 μm thick doubly polished sections. After careful 
documentation and selection of fluid inclusions, microthermo-
metric and Raman spectrometric analyses were carried out at the 
Department of Geology and Geochemistry, Stockholm Univer-
sity. Microthermometric analyses were carried out on fluid inclu-
sions in the temperature range from –180° to 600°C on a Linkam 
THM 600 heating and cooling stage. The reproducibility was 
±0.1°C for temperatures below +40°C and ±0.5°C for tempera-
tures above 40°C. The stage was calibrated with synthetic fluid 
inclusion standards (SynFlinc). Raman spectrometric analyses 
were performed on fluid inclusions and graphite using a mul-
tichannel Dilor XY Laser Raman spectrometer. Exciting radia-
tion was provided by the 514.5 nm green line from an Innova 70 
argon laser. The laser beam was focused on the sample through a 
petrographic microscope fitted with a 100× objective. The laser 
power was set to 200 mW at the entrance of the microscope. 
Analysis was made with detection accumulated 20 times with a 
measuring time of three seconds. The instrument was calibrated 
with respect to wave number using a neon lamp and a silicon 
standard.

Results
Raman spectrometry of graphite
Ordering of the graphite structure reflects the maximum tem-
perature condition that has affected the mineral, and since the 
graphitization process is irreversible its temperature-crystallinity 

relation can be used as a geothermometer (Pasteris & Wopenka 
1991; Beyssac et al. 2002). In order to determine the crystallin-
ity of graphite, Raman spectrometry was performed on graphite 
in the mineralised quartz veins using the same doubly polished 
sections as was used for microthermometric analyses. All spectra 
were recorded on graphite beneath the surface of the quartz to 
avoid any effects that may have been produced during sample 
preparation. The Raman spectrum of graphite (Fig. 7A) has a 
first-order region with two main bands at 1350 and 1580 cm-1, 
and a minor band at around 1620 cm-1 seen as a shoulder on the 
1580 cm-1 band. The 1580 cm-1 band is the only band in well-
ordered graphite and the bands at 1350 and 1620 cm-1 reflect 
defects in the structure (Pasteris & Wopenka 1991; Beyssac et 



al. 2002). The second-order region is composed of overlapping 
bands around 2700 cm-1. The shape of these bands becomes more 
asymmetric with increased structural order. A linear correlation 
between the band area ratio, R = “1350”/(“1350”+“1580”+“16

20”), and the temperature, T, has been proposed by Beyssac et 
al. (2002) according to the equation T (°C) = –445 * R + 641. 
This linear correlation is shown as a line in Fig. 7B. The ratios 
of the band areas measured on 10 isolated graphite crystals from 
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Fig. 8. Photomicrographs showing typical primary and secondary (C, D, E, F) fluid inclusions from the Fäboliden Au deposit. A. Type 1, CO2-rich 
fluid inclusions. B. Type 2, H2S-rich inclusions. C. Type 3, CH4 fluid inclusions. D. Type 4, aqueous low-salinity fluid inclusions with varying phase 
ratios. E. Type 5a, halite-bearing aqueous high-salinity fluid inclusions. F. Aqueous high-salinity fluid inclusions, one with a small vapour bubble 
(type 5b) and the other filled with a liquid phase (type 5c).



the Fäboliden deposit are between 0.18 and 0.27, suggesting a 
maximum temperature range of 520–560°C (Fig. 7B).

Fluid inclusion types
Characterisation of fluid inclusions as primary or secondary 
inclusions is based on the criteria given in Roedder (1984). The 
classification of the studied inclusions into five types was done 
after phases present at room temperature and after preliminary 
microthermometric and Raman spectrometric surveys (Fig. 8). 
The size of the inclusions is measured for their longest dimen-
sion.

Type 1: CO2-rich fluid inclusions. – This type of fluid inclusion is 
present in samples FA99016 at 39.0 m and 46.2 m, in FA20002 
at 82.7 m, and in FA20113 at 160.3 m (Fig. 6). These are the 
earliest fluid inclusions in the quartz and are associated with 
arsenopyrite which shows a good positive correlation with gold 
in the Fäboliden mineralization. They have a primary random 
occurrence together with grains of graphite (Fig. 8A). At room 
temperature, almost all of these fluid inclusions consist of one 
liquid-like phase, only a few display two CO2 phases (liquid and 
vapour). The inclusions appear with a rounded or with a negative 
(trigonal) crystal shape and they are generally less than 15 μm, 
but individuals may be up to 25 μm.
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Fig. 9. CO2-rich fluid inclusions (type 1). A. 
Frequency histogram for CO2 homogenization 
temperatures, homogenization was always 
to the liquid state. B. Frequency histogram 
for CO2 melting temperatures. C. Plot of 
homogenization temperature versus melting 
temperature of the CO2-rich fluid inclusions. 
In the diagram, the influence of molar volume 
and mole fraction CH4 on various combinations 
of homogenization and melting temperatures 
are given (after data from van den Kerkhof 
& Thiéry 2001). The melting temperature 
of pure CO2 is –56.6°C and the critical tem-
perature +31.1°C. D, E. Raman spectrum of 
a CO2-rich fluid inclusions with two bands at 
1282 cm-1 and 1385 cm-1, and one band at 2912 
cm-1 confirming the presence of CO2 and CH4, 
respectively. A band at 1160 cm-1 (in D) is from 
the host quartz.



Type 2: H2S-rich fluid inclusions. – These inclusions were only 
found in sample FA200113 at 147.9 m (Fig. 6). They consist of 
two phases, liquid and vapour, at room temperature. They are 
primary and occur scattered together with graphite in quartz 
(Fig. 8B), but without any direct association to the metal sul-
phides. They are rounded and slightly elongated, and usually 
with a weak outline towards a negative (trigonal) crystal shape. 
Their size is less than 15 μm.

Type 3: CH4 fluid inclusions. – These are present in all samples 
(Fig. 6), have a secondary appearance in healed microfractures 
in quartz, and are associated with pyrrhotite. They are dark and 
consist of one phase at room temperature (Fig. 8C). The inclu-
sions have an irregular shape and are commonly relatively large, 
with a size that may reach 55 μm.

Type 4: Aqueous low-salinity fluid inclusions. – This type occurs 
in all samples (Fig. 6). These are secondary and appear in healed 
microfractures in quartz, in many places close to type 3 CH4 in-
clusions. The inclusions have an irregular outline and their size is 
up to 30 μm. Coexisting aqueous inclusions appear with varying 
vapour-to-liquid ratios (Fig. 8D), from inclusions with about 60 
volume % vapour to liquid-rich inclusions with about 1 volume 
% vapour (visual estimate).

Type 5: Aqueous high-salinity fluid inclusions. – These represent 
a late aqueous fluid inclusion population in the studied samples 
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Fig. 10. A. Frequency histogram of homogenization temperatures for 
the H2S-rich fluid inclusions (type 2). Homogenization was always to 
the liquid state and melting of solid H2S took place between –85° and 
–86°C in all cases. B. Raman spectrum of a H2S-rich fluid inclusion 
with bands at 2580 cm-1 and 2903 cm-1 indicating the presence of H2S 
and CH4 respectively.

Fig. 11. A. Frequency histogram of homogenization temperatures for 
CH4 fluid inclusions (type 3). Homogenization was always to the gase-
ous state. B. Raman spectrum of a CH4 fluid inclusion with a character-
istic band at 2914 cm-1.

Fig. 12. Frequency histograms for the aqueous low-salinity fluid in-
clusions (type 4). A. Homogenization temperatures. B. Ice melting 
temperatures.



and occur as secondary inclusions in healed microfractures in 
quartz. Based on phases present at room temperature, the inclu-
sions can be divided into three subtypes: Type 5a inclusions, 
which are present in FA20001 at 61.5 m and 107.9 m, and in 
FA200113 at 147.9 m and 160.3 m (Fig. 6), consist of three 
phases comprising liquid, vapour and a solid phase (Fig. 8E). 
The solid is identified as halite because it has a well-developed 
cubic form, is translucent and isotropic, and by its behaviour 
on heating. Both the vapour bubble and the halite cube take up 
about 1 to 5 volume% each of the total inclusion volume. Type 
5b and 5c inclusions occur in FA20002 at 35.1 m, in FA20001 at 
61.5 m, and in FA200113 at 147.9 m (Fig. 6). Type 5b consists of 
liquid and up to approximately 1 volume% vapour, whereas type 
5c constitutes one-phase aqueous inclusions that are completely 
filled with a liquid. In some healed microfractures, the subtypes 
5a and 5b or 5b and 5c coexist (Fig. 8F). All three subtypes have 
irregular shapes and their size is in general below 10 μm, but 
some may be up to 30 μm.

Microthermometry and Raman spectrometry of fluid 
inclusions
Type 1: CO2-rich fluid inclusions. – The homogenization of CO2 
took place within a large range from –46.0 to +22.5°C (Fig. 9A), 
to the liquid-like state in all cases, and the melting temperature 
of the frozen CO2 was measured at –62.4 to –57.6°C (Fig. 9B). 
Figure 9C shows the homogenization temperatures, ThCO2, plot-
ted versus the melting temperatures, TmCO2. In this temperature 
plot, the corresponding molar volume (cm3/mole) and mole frac-
tion CH4 are also given after the data in van den Kerkhof and 
Thiéry (2001). The temperatures indicate a CH4 content of about 
5 to 25 mole% in the CO2 fluid. Raman analyses (Fig. 9D, E) 
confirm the presence of CO2 by the two bands at 1282 cm-1 and 
1385 cm-1 (van den Kerkhof 1988) and CH4 by the band at 2912 
cm-1 (Seitz et al. 1993). No other gases were detected. The molar 
volumes of the CO

2
-rich inclusions vary from 43–45 cm3/mole 

to about 80 cm3/mole.

Type 2: H2S-rich fluid inclusions. – The melting temperature of 
the frozen H2S occurred between –86 and –85°C and the homog-
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Fig. 13. Frequency histograms for the aqueous high-salinity fluid inclusions (type 5). A. Total homogenization temperatures of the halite-bearing 
inclusions (type 5a). Homogenization occurred either by melting of the halite crystal (grey) or by disappearance of the vapour bubble (white). l 
– liquid, v – vapour. B. Homogenization temperatures of the two-phase, liquid and vapour, inclusions (type 5b). C. Halite melting temperatures of 
all halite-bearing inclusions (type 5a). D. Final ice melting temperatures of the two-phase, liquid and vapour, inclusions (type 5b).



enization of H
2
S to liquid state was in the range +26 to +67°C 

(Fig. 10A). The melting temperatures are at, or very close to, the 
triple point of pure H2S (–85°C; Touray & Guilhaumou 1984), 
but melting below this temperature is due to a mixture with mi-
nor amounts of some other gas species. Raman analyses (Fig. 
10B) confirm the presence of H2S liquid by a band at 2580 cm-1 
(Dubessy et al. 1992), and further show that the other gas is a hy-
drocarbon, probably CH4, shown by the band at 2903 cm-1. The 
latter band position is shifted for 10 cm-1 to lower wavenumbers 
compared to published values, 2917–2910 cm-1 (with decreasing 
molar volume) of pure CH4 (Seitz et al. 1993). However, a similar 
displacement (13 cm-1) to lower values has previously been noted 
for CH4-H2S mixtures by Guilhaumou et al. (1984). Using the 
computer programs developed by Bakker (2003), calculations 
based on the obtained temperatures give a H2S-rich composition 
with up to 2 mole% CH4 and a molar volume between 45 and 55 
cm3/mole.

Type 3: CH4 fluid inclusions. – Homogenization was always to 
the gaseous state in the temperature range –82 to –121°C (Fig. 
11A). The temperature data suggest a methane composition (van 
den Kerkhof & Thiéry 2001) and the Raman analysis (Fig. 11B) 
shows that these inclusions are pure CH4 by the band at 2914 cm-1 
(Seitz et al. 1993). No other gases were detected. The correspond-
ing molar volumes of the inclusions, according to the data in van 
den Kerkhof (1988), are very high, from about 100 cm3/mole for 
the inclusions with the highest homogenization temperature, up 
to nearly 1000 cm3/mole with most values around 300 cm3/mole 
(for homogenization around –95°C).

Type 4: Low-salinity aqueous fluid inclusions. – Total homogeni-
zation occurred either to the liquid phase between 91 and 391°C 
or to the vapour phase at 253 to 380°C (Fig. 12A). First melting 
of the frozen inclusion content was observed at –22°C which 
is close to the eutectic temperature of the NaCl-H2O system 
(–21.2°C; Bodnar 1993). Final ice melting took place between 
–0.1 and –8.0°C with most measurements above –1°C (Fig. 
12B). These temperatures correspond to salinities in the range 
0.2 to 11.7 wt.% NaCl equivalent (Bodnar 1993).

Type 5: High-salinity aqueous fluid inclusions. – Total homog-
enization of the halite-bearing inclusions (type 5a) occurred 
either by the dissolution of the halite between 127 and 215°C 
or by the disappearance of the vapour bubble between 142 and 
203°C (Fig. 13A). In both cases, total homogenization was pre-
ceded by a partial homogenization, in the first case involving 
liquid-vapour homogenization at 110 to 201°C, and in the second 
case liquid-halite homogenization at 127 to 180°C. Total homog-
enization of the two-phase inclusions (type 5b) was measured 
between 64 and 166°C, to the liquid state (Fig. 13B). The one-
phase liquid-filled inclusions (type 5c) give no homogenization 
temperature, but this type of inclusion is assumed to have been 
trapped at temperatures below about 70°C (Roedder 1984). For 
all three subtypes, first melting was observed at temperatures 
around –60°C which is close to the eutectic temperature, –52°C, 
of a CaCl2-NaCl dominated composition (Davis et al. 1990). For 
the three-phase halite-bearing inclusions (type 5a), the salinity 
has to be determined from the dissolution of the halite crystal. 
Melting of halite was measured between 127 and 215°C (Fig. 
13C). Using the equation for the NaCl-H2O system by Sterner 
et al. (1988), the temperatures indicate salinities of 29–33 wt.% 
NaCl equivalent. However, these must be regarded as maximum 
values (Sterner et al. 1988) as the first melting temperatures 

point to the presence of CaCl2 in addition to NaCl. In the subtype 
consisting of liquid and vapour without halite (type 5b), final 
ice melting took place between –18 and –29°C (Fig. 13D). To 
avoid metastable ice melting and incorrect temperatures (Roed-
der 1984), the single-phase liquid inclusions (type 5c) were 
heated above 100°C, before freezing, in order to stretch them 
and to generate an artificial vapour bubble. After this treatment 
they displayed similar final ice melting temperatures as the two-
phase inclusions. The final ice melting temperatures correspond 
to salinities in the range 19 to 24 wt.% CaCl2+NaCl equivalent 
(Oakes et al. 1990).

Discussion
The results of this fluid inclusion study of quartz vein samples 
from the Fäboliden gold deposit give evidence for a genesis with 
progressive changes in chemistry of carbon-bearing and aque-
ous fluids at two distinct pressure conditions. The distribution 
of the fluid inclusions in the quartz vein system as primary or 
secondary inclusions, following the criteria of Roedder (1984), 
and their relation to the sulphides makes it possible to outline a 
model for the evolutionary path of the fluids during the mineral-
izing event at Fäboliden.

P-T considerations
Previous studies on the regional metamorphism in the Both-
nian Basin have suggested P-T conditions of 3–5 kbar and 
550–700°C (Lundqvist 1990). The Fäboliden metagreywacke 
have been metamorphosed at mid-amphibolite facies conditions 
and the garnet-biotite geothermometer shows regional peak-
temperatures between 560–640°C for the Fäboliden rocks (Bark 
2005). Raman analysis of the crystal structure of graphite, in the 
mineralized quartz veins from Fäboliden, indicates a very nar-
row peak-temperature range for the hydrothermal alteration at 
520–560°C. Compared to the higher regional metamorphic tem-
peratures, of 560–640°C, the graphite thermometer indicates that 
the hydrothermal system was active post peak-metamorphism, or 
else the graphite structure would have indicated higher tempera-
tures closer to the peak-metamorphic conditions.

Earlier regional studies of the metamorphic history of the Skel-
lefte District and northern part of the Bothnian Basin, indicate 
that peak-metamorphism occurred at c. 1.85 to 1.80 Ga (Weihed 
et al. 1992; Billström and Weihed 1996; Weihed et al. 2002b). 
At Fäboliden the mineralization occurs in late-kinematic duc-
tile structures, which are seen to progress into the surrounding 
Revsund granite suggesting that at least the late stages of the min-
eralizing event took place at c. 1.80 Ga, the age of the Revsund 
granitoid (Bark 2005). The indirect dating of the mineralization, 
together with graphite thermometry, would thus suggest the min-
eralization to be post peak-metamorphic in age.

The metamorphic pressure conditions are not given by the 
graphite geothermometer itself, but using the molar volumes 
of the primary graphite-associated CO2-CH4 fluid inclusions to-
gether with the graphite temperatures, an estimate of the pressure 
can be done. Based on the available data for the variation of mo-
lar volumes with different temperature and pressure conditions 
for the CO2-system (van den Kerkhof & Thiéry 2001), the molar 
volumes of these fluid inclusions, 43–80 cm3/mole, indicate a 
pressure of 4±0.5 kbar. This pressure is also consistent with the 
regional metamorphic conditions of 3–5 kbar (Lundqvist 1990).
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Fluid evolution
Primary stage. – Early primary fluid inclusions in the Fäboli-
den quartz veins are dominated by a mixture of CO2 and CH4 
(Fig. 8A). Close spatial relation between these inclusions (type 
1) and graphite implies that graphite was precipitated from the 
carbonic fluids during quartz vein formation at P-T conditions of 
4±0.5 kbar and 520–560°C. The fluid inclusions have a CO2-rich 
composition with 5–25 mole% CH4. Such a composition may be 
achieved by a simple mixing of a CO2 and a CH4 fluid. Mixing of 
fluids with varying CO2/CH4 ratios is an effective mechanism to 
cause graphite to precipitate (Rumble et al. 1986). Graphite could 
then form by the reaction CO2 + CH4 = C + H2O. However, no 
aqueous phase coexisting with the CO2-CH4 inclusions and the 
graphite was detected in any of the Fäboliden samples. On the 
other hand, it is possible that the H2O was consumed by wall-rock 
reactions generating the hydrated alteration minerals amphibole, 
biotite and tourmaline. Hydration reactions can deplete such a 
fluid in H2O and thereby promote graphite precipitation (Rum-
ble et al. 1986; Luque et al. 1998). Other possible mechanisms 
for generating varying CO2/CH4 ratios are reduction of CO2 by 
the addition of H2. Hydrogen may have been derived from the 
interaction between an inflowing H2S-rich fluid and complexed 
metals in the sulphide deposition process. Almost all of the H2S 
was consumed during this process, but the preserved local high 
contents of H2S are evident by the occurrence of the primary 
H2S-rich (type 2) fluid inclusions. The crystallinity index for the 
graphite associated with the primary H2S-rich fluid inclusions is 
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Fig. 14. Plot of homogenization temperature versus salinity for all aque-
ous fluid inclusions. The salinity is presented as wt.% NaCl equivalent 
for inclusions with Tfm at –22°C, and as wt.% CaCl2+NaCl equivalent 
for inclusions with Tfm at –60°C. Tfm = first observed melting. The 
dashed line separates the two groups of aqueous fluid inclusions with 
different saline compositions.

similar to the graphite that accompanies the CO2-CH4 inclusions. 
This, together with the low molar volume of the H2S inclusions 
(about 45–55 cm3/mole), suggests that the H2S inflow took place 
at unchanged P-T conditions. Thus, consistent with the observa-
tion that löllingite is rimmed by arsenopyrite (Fig. 5B–D), it is 
proposed that the CO2-rich fluid gradually became more S-rich. 
The inflow of the H2S-rich fluid encouraged both precipitation 
of graphite, by creating gradients with varying CO2/CH4 ratios 
in the CO2-rich fluid, and deposition of arsenopyrite-löllingite, 
gold, and accessory stibnite. Some of the metals might have been 
transported in the H2S-rich fluid in which antimony (Zakaznova-
Iakovleva et al. 2001) and gold (Stefánsson & Seward 2004), can 
be transported as sulphide complexes, whereas it is likely that the 
CO2-rich fluid phase supplied arsenic and iron. Even though CO2 
is an important component in many ore-forming systems, no evi-
dence exist for metal transport involving complexing with CO2 
itself (Lowenstern 2001). However, thermodynamic calculations 
by Pokrovski et al. (2002) show that As(OH)3 is the dominant 
As-bearing complex in high-temperature (>300°C) volcanic 
gases even at very low water pressure, which may have been 
the case at Fäboliden too. Pokrovski et al. (2002) further suggest 
that hydroxide complexes also may be important in the transport 
of Fe in volcanic gases (in the absence of other complexes). The 
origin of the CO2-rich and the H2S-rich fluids is unknown, but the 
timing of the Fäboliden mineralization is suggested to be close to 
the emplacement of the spatially close, 1.81–1.77 Ga, Revsund 
granitoid (Bark 2005). It is therefore believed that there might be 
a genetic link between the fluids and the Revsund-type igneous 
activity. Furthermore, preliminary δ34S data for the sulphur in 
arsenopyrite cluster around 0‰ (Bark, unpublished data) which 
is consistent with a magmatic source.

Secondary stage. – In connection to further tectonic activities 
in the area, the quartz veins were deformed and fractured. The 
upwelling carbon-bearing fluids continued to move along the 
opened fractures but had been completely reduced to a CH4 
fluid (type 3) and the early gold-arsenopyrite-löllingite miner-
alization was followed by pyrrhotite as the major sulphide phase 
(Fig. 6). The high molar volumes of the trapped CH4 inclusions 
(100–1000 cm3/mole) imply a significant decrease in pressure 
at this stage. Even if the temperature was still high and the tem-
perature obtained from the graphite crystallinity, 520–560°C, is 
taken as an upper temperature limit, an estimate of the trapping 
pressure would give values below 1 kbar for CH4 inclusions hav-
ing a molar volume of 100 cm3/mole, or less than 0.3 kbar for 
the main part of the inclusions (van den Kerkhof 1988). These 
are maximum estimates and lower temperatures will give values 
below these. The temperature was probably lower (<400°C) as 
shown by the aqueous low-salinity (type 4; Fig. 14) inclusions 
that were trapped in healed microfractures adjacent to the CH4 
inclusions. By considering the low pressure at this stage, it seems 
reasonable to assume that these aqueous low-salinity inclusions 
represent an inflowing surface-derived water phase at relatively 
shallow levels (Fig. 6). The two modes of homogenization 
recorded for coexisting inclusions imply trapping of a boiling 
fluid at temperatures in the range from about 390° to 250°C. The 
trapped aqueous fluid with a salinity of 1 wt.% NaCl equivalent 
would start to boil at 390°C if the pressure falls below about 
0.25 kbar (Bischoff & Pitzer 1989). Subsequent cooling to a tem-
perature below 100°C is documented by the large span of lower 
temperatures with homogenization to the liquid state.

The CaCl2-NaCl dominated moderate- to high-salinity group of 
aqueous fluid inclusions (type 5) constitutes an additional aque-



ous phase that has infiltrated the fractured quartz vein system at 
a late stage (Fig. 6). The CaCl2-NaCl dominated aqueous fluid 
entered the fractures as a relatively hot (>215°C), salt-rich (33 
wt. % CaCl2+NaCl equivalent) fluid. The temperature estimate 
>215°C is deduced from the homogenization temperatures of 
the halite-bearing inclusions (type 5a), but these are minimum 
temperatures for the initial trapping conditions as no correction 
for an unknown pressure could be taken into account. The varia-
tion in composition and in homogenization temperature, coupled 
with the fact that many of the halite-bearing inclusions coexist 
with two-phase and single phase inclusions, imply a rapid cool-
ing to below 100°C. The dilution and the temperature decrease 
possibly occurred after mixing with the low-salinity fluid (type 
4). The Ca-rich character of the high-salinity fluid and the enrich-
ment of Ca in the mineralized zone suggest that this fluid might 
have been involved in the final stage of alteration.

Concluding remarks
The Fäboliden gold deposit is hosted by a late to post-orogenic 
shear zone and is classified as an orogenic gold deposit (Bark 
& Weihed 2003; Bark & Weihed 2004; Bark 2005). The major-
ity of orogenic gold deposits worldwide have been deposited 
from low-salinity H2O-CO2±CH4 fluids at 180–700°C and 1–5 
kbar, where gold was transported as a reduced sulphide complex 
(Groves et al. 1998; McCuaig & Kerrich 1998). The estimated 
P-T conditions (4±0.5 kbar and 520–560°C) for the Fäboliden 
deposit are within these ranges. The presence of diopside and 
löllingite in the alteration assemblage is also indicative of 
hypozonal conditions; 3–4 kbars and 500–700°C (Mikucki & 
Ridley 1993; Hagemann & Cassidy 2000). The large amounts of 
CO2±CH4 in the Fäboliden deposit also agree with typical fluid 
compositions in orogenic gold deposits. However, a separate 
H2O phase coexisting with the carbon-bearing phases was not 
detected in the Fäboliden samples. One possibility is that modi-
fications of the inclusions and selective leakage of the aqueous 
phase occurred during uplift and cooling (McCuaig & Kerrich 
1998). Gold-associated sulphides situated both within and in the 
necks of the boudinaged quartz and sulphide veins indicate that 
at least the late stages of the mineralization were syn to late-kin-
ematic. Hence, modifications of the fluid inclusions with some 
H2O loss are possible. However, it is difficult to explain why all 
water escaped. Therefore an alternative explanation is that all 
the H2O was consumed in wall rock reactions, generating the 
hydrated alteration assemblage of calcic amphibole, biotite, and 
minor tourmaline. The absence of primary H2O inclusions, or 
a high CO2/H2O ratio, is however not an uncommon feature in 
orogenic gold deposits (Schmidt Mumm et al. 1997). Prevalence 
of carbonic over aqueous fluid inclusions, with no visible H2O 
phases at room temperature, is characteristic for a number of 
hypozonal high-temperature orogenic gold deposits; i.e. Renco 
deposit, Zimbabwe (Kolb et al. 2000; Kolb & Meyer 2002), and 
Birthday deposit, South Africa (van Reenen et al. 1994). Hence, 
the Fäboliden deposit shows fluid compositions similar to 
other high-temperature orogenic gold deposits. Reduced sulphur 
complexes are widely accepted as responsible for the transport 
of gold in low-salinity fluids and this is also suggested for the 
Fäboliden gold. However, in contrast to the general model where 
gold is deposited from a H2S-bearing H2O-CO2±CH4 fluid via 
sulphidization of the wallrocks (Groves et al. 1998), our model 
suggests that gold was mainly precipitated after mixing between 
H2S-rich and H2O?-CO2±CH4 fluids.
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Stable isotopes (S, O, H) from the hypozonal Fäboliden 
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Abstract The Gold Line in northern Sweden is a relatively new gold ore province where a 
number of gold-only deposits have been discovered during the past twenty years. The largest 
known gold deposit, with respect to tonnage, is the Fäboliden hypozonal orogenic gold 
deposit. The mineralization is hosted by arsenopyrite-rich quartz veins, in amphibolite facies 
supracrustal host rocks, controlled by a roughly N-S striking shear zone. Gold is closely 
associated with arsenopyrite-löllingite and stibnite and commonly found in fractures and as 
intergrowths in the arsenopyrite-löllingite. The timing of mineralization is estimated, from 
field relationships, at c. 1.80 Ga.  
Sulphur, oxygen, and hydrogen isotopes from the mineralized quartz veins have been studied 
using both conventional methods and by laser combustion techniques (sulphur). Sulphur 
isotopes, 34S, range between -0.9 and +3.6‰ for arsenopyrite and between -1.5 and +1.9‰ 
for pyrrhotite. Oxygen isotope data, 18O, from quartz shows a narrow range of +10.6 to 
+13.1‰. Hydrogen isotope data, D, from biotite range between -120 and -67‰, with most 
data between -95 and -67‰. Stable isotope data interpreted together with the estimated timing 
of mineralization suggest that the fluid involved in the mineralization at Fäboliden originated 
from a crustally contaminated magmatic source. 
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Introduction 
Northern Sweden hosts one of Europe’s more prominent ore districts, the Skellefte District, 
with deposits such as the world-class Boliden Au-Cu-As deposit. To the south-west of this 
well-known district a “new” ore province, the so called Gold Line, is presently being explored 
(Fig. 1). During the past ten to twenty years, a number of promising gold prospects have been 
discovered in this area, though few papers have been published on the area (e.g. Hart et al. 
1999; Bark & Weihed 2007; Bark et al. 2007). 

To date, only one of the gold prospects in the Lycksele-Storuman area, the Svartliden 
deposit, is presently being mined. Another prospect, the Fäboliden deposit, has recently been 
granted mining permits. Fäboliden is the largest of the known gold prospects in the area, with 
measured and indicated mineral resources standing at 54 Mt with 1.2 ppm Au (Lappland 
Goldminers AB 2007).  

The mineralization is hosted by arsenopyrite-bearing quartz veins, within a steep shear 
zone in amphibolite facies metagreywacke host rocks, and is considered to be of the hypozonal 
orogenic gold class. This paper focuses on a study of stable isotopes (S, O, H) from the 
mineralized quartz veins from the Fäboliden gold deposit. The aim of this study is to attempt 
to characterise the chemistry of the ore-forming fluids, and to delineate potential source rocks, 
in order to refine genetic models which will be valuable for future exploration.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Bedrock map of the Lycksele-Storuman area. Coordinates in Swedish National Grid. Modified after Bark 
& Weihed (2007). 
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Regional geological setting 
Rifting of the Archaean craton during early Proterozoic generated a large oceanic basin, the 
Bothnian Basin (Nironen 1997), at a continental margin (Gaál & Gorbatschev 1987). This 
basin was mainly filled with thick metasedimentary sequences and subordinate metavolcanic 
rocks. Later, these supracrustal rocks were intruded by several generations of granitoids, and to 
a lesser extent by gabbros, during the 1.9–1.8 Ga Svecokarelian orogeny (Claesson & 
Lundqvist 1995). The supracrustal rocks of the Lycksele-Storuman area (Fig. 1) are intruded by 
S-type granites of the Skellefte-Härnö suite dated at c. 1.82–1.80 Ga and alkali-calcic granites 
of the Revsund suite with ages between 1.81–1.77 Ga (Claesson & Lundqvist 1995; Billström 
& Weihed 1996).  

Previous studies indicate that the metasedimentary rocks in the Lycksele-Storuman area 
have been metamorphosed to amphibolite facies (Allen et al. 1996), and locally even to 
granulite facies (Lundström 1998). Geothermometric data from supracrustal rocks at Fäboliden 
indicate peak metamorphic temperatures of 570–640°C for the Fäboliden area (Bark & 
Weihed 2007) suggesting amphibolite facies conditions. 
 
Geology of the Fäboliden area 
The main rock type in the Fäboliden area (Fig. 2) is the late- to post-orogenic, 1.81–1.77 Ga, 
A/I-type, Revsund granitoid (Claesson & Lundqvist 1995; Billström & Weihed 1996). This 
medium- to coarse-grained, coarsely K-feldspar porphyritic, isotropic, granitoid surrounds a 
narrow belt of metagreywackes intercalated with mafic metavolcanic rocks. The gold 
mineralization at Fäboliden is hosted, largely in veins, within the strongly foliated, fine-
grained, and biotite-rich metagreywackes and metavolcanic rocks.  
 

Fig. 2 Bedrock map of the Fäboliden area. 
Coordinates in Swedish National Grid 
(RT90). Modified after Björk & Kero 
(2002). 
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All supracrustal rocks at Fäboliden are moderately to intensely foliated (Bark & Weihed 
2003). The foliation strike changes from NNW, in the north to NNE in the south. The dip, 
in the northern part of the mineralization, varies from 65°W to 65°E, but is normally 
subvertical. In the southern part of the mineralization the dip is gentler, averaging c. 60°E. In 
outcrop and drill core primary structures, such as bedding planes, are scarce. However, where 
bedding planes can be interpreted from outcrop, they appear parallel to the regional foliation, 
suggesting S0//S1. 

The ductile mineralized shear zone at Fäboliden is seen to affect the margins of the 
surrounding isotropic Revsund granitoids (Bark & Weihed 2007). Bergman Weihed (2001) 
discussed two ductile major folding events, denoted D2 and D3, which occurred at c. 1.85 to 
1.84 Ga and at c. 1.80 Ga respectively. The latter of these events is suggested to reflect the age 
of lower amphibolite facies shear zones, which were active contemporaneous with the 
emplacement of the 1.81–1.77 Ga Revsund granitoid (Bergman Weihed 2001). At Fäboliden, 
structures interpreted as regional D3 fabric host the gold mineralization within the supracrustal 
rocks. This, structurally late, ductile fabric progresses laterally across the granite contact and 
then gradually weakens and disappears a few metres inside the granite. The Revsund suite 
granitoids are generally considered unaffected by regional peak-metamorphism (Lundqvist 
1990). So, if at least the late stages of gold mineralization at Fäboliden occurred 
contemporaneously with the emplacement of the Revsund granite, then at least the final stages 
of mineralization must be post-peak metamorphic in age.  

Furthermore, Bark & Weihed (2007) discussed the relationships between garnet-biotite and 
graphite geothermometers from the Fäboliden area, representing peak-metamorphic 
temperatures (garnet-biotite) and temperatures of gold-associated alteration (graphite). They 
suggested that due to a lower temperature range for the hydrothermal alteration (520–560°C), 
compared to regional peak-metamorphic temperatures (510–640°C), the gold-bearing 
hydrothermal system at Fäboliden is likely to have a post-peak metamorphic timing (Bark & 
Weihed 2007). [Note: The lower end of this metamorphic temperature range (510°C) of Bark 
& Weihed (2007) was based on a single microprobe analysis. All other analyses (on nine gt-bio 
pairs) plot between 570 and 640°C. When later scrutinizing that single analysis, it is evident 
that an anomalously Fe-rich part of the garnet was used for analysis. Since it is the exchange of 
Fe-Mg that is central to the garnet-biotite geothermometer, an unusually Fe-rich part of the 
garnet will severely affect the resulting temperature. Hence, the lower end of the regional 
temperature range should be considered 570°C.] 

From the discussion above, the mineralization at Fäboliden is suggested to be coeval with 
or to slightly post-date the emplacement of the 1.81–1.77 Ga Revsund granite (Claesson & 
Lundqvist 1995; Billström & Weihed 1996; Weihed et al. 2002), during post-peak 
metamorphic cooling of the crust (Bark & Weihed 2007).  

The youngest rocks in the Fäboliden area are a set of, c. 1.26 Ga (Söderlund et al. 2006), 
crosscutting NW-SE striking, flat-lying, dolerites which are post-metamorphic, undeformed, 
and unmineralized. The dolerites clearly crosscut and thus post-date the gold mineralization at 
Fäboliden. 

A more detailed description of the Fäboliden geology is given by Bark & Weihed (2007). 
 
Gold mineralization 
The hypozonal orogenic gold mineralization at Fäboliden (c. 4 kbar and 520–560°C; Bark 
2005; Bark et al. 2007) is mainly hosted by graphite-bearing quartz and sulphide veins, which 
parallel the main foliation within the shear zone in the metagreywacke and metavolcanic host 
rocks. The veins commonly are variably boudinaged. The sulphides are situated in semi-ductile 
structures, i.e. in thin veins parallel to the foliation planes and in the necks of boudinaged 
quartz veins indicating that the timing of sulphide crystallisation is syn- to late-deformation 
(Bark & Weihed 2003; Bark 2005; Bark & Weihed 2007).  
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Gold is closely associated with arsenopyrite-löllingite (±stibnite) in the proximal alteration 
zone (Bark & Weihed 2003; Bark 2005; Bark & Weihed 2007), and has been suggested to be a 
co-precipitate with the arsenopyrite, during hypozonal conditions at Fäboliden (Bark 2005). 

Gold mainly occurs as inclusions and as fissure fillings in the arsenopyrite-löllingite (Fig. 3), 
but is also seen as free grains in the silicate matrix of the host rocks. Gold occurs commonly as 
electrum (Au-Ag 2:1), but also as auriferous stibnite.  
 

Fig. 3 Back scatter images of gold closely associated with 
arsenopyrite-löllingite. A) Gold and stibnite in fractures 
within arsenopyrite. B) Gold as inclusions in löllingite and 
arsenopyrite. Apy=arsenopyrite, Stbn=stibnite, Au=gold, 
Lol=löllingite. Modified after Bark & Weihed (2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Hydrothermal alteration 
Around the mineralized quartz veins there are, <5 cm wide, alteration envelopes, comprising 
diopside, calcic amphibole, biotite, and minor andalusite and tourmaline. These envelopes 
constitute the proximal alteration zone at Fäboliden (Bark & Weihed 2007). The transition 
from hydrothermal alteration to a regional metamorphic mineral assemblage is gradual. In distal 
alteration zones, a decrease in amphibole is the only discernable feature to separate the 
hydrothermal alteration from the metamorphic assemblage. This decrease in amphibole is 
heterogeneous, making it difficult to delineate the extent of the distal alteration zone. This 
type of weak distal alteration is common for hypozonal orogenic gold deposits worldwide (Eilu 
et al. 1999).  

Sulphides in the proximal alteration zone comprise arsenopyrite, löllingite, pyrrhotite, and 
accessory chalcopyrite, sphalerite, stibnite, and galena. Arsenopyrite commonly displays a 
zonation with a löllingite inner core (Fig. 3).  

Distal to the alteration zone, pyrrhotite is the more common sulphide and arsenopyrite-
löllingite is absent. The total sulphur content in the mineralized zone is 2–3 wt. %, whereas the 
total sulphur content distal to the mineralization averages below 1 wt. %. 
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Analytical methods 
To better characterise the chemical signature of the ore-forming fluids involved at Fäboliden, 
in addition to fluid inclusion data presented by Bark et al. (2007), arsenopyrite and pyrrhotite 
from the quartz vein system were analysed for sulphur isotopes. Quartz and biotite from the 
proximal alteration zone were analysed for oxygen and hydrogen isotopes. Drill core samples 
were crushed and sieved down to 75 m. Then minerals were separated using first magnetic 
separators, and then by hand picking under stereographic microscope.  
 
Sulphur isotope analysis 
Sulphide separates were analysed by conventional techniques (Robinson & Kusakabe 1975) in 
which SO2 gas was liberated by combusting the sulphides under vacuum with excess Cu2O at 
1075°C.  

In addition to the conventional analysis, a number of in situ laser combustion analyses were 
carried out on polished blocks of the respective sample, following the technique described in 
Wagner et al. (2004). This allowed moderate resolution of sulphur isotopes to be undertaken 
(McConville et al. 2000). 

Liberated gases from both techniques were analysed on a VG Isotech SIRA II mass 
spectrometer. Calculation of 34S values, from both conventional and laser combusted analysis, 
from raw machine 66SO2 data was carried out by calibration with international standards 
NBS-123 (+17.1‰) and IAEA-S-3 (-31.5‰), as well as SUERC’s internal lab standard CP-1 
(-4.6‰), with 1  reproducibility better than ±0.2‰. Data are reported in 34S notation as per 
mil (‰) variations from the Vienna Cañon Diablo Troilite (V-CDT) standard. The analytical 
results, for conventional and laser combusted sulphur analysis, are summarized in Table 1 and 
2. The majority of isotope analyses were made on arsenopyrite since the arsenopyrite is 
believed to be associated with the precipitation of gold, at Fäboliden, whereas pyrrhotite is 
considered to have formed later during significantly lower P-T conditions (Bark 2005; Bark et 
al. 2007). 
 
Oxygen isotope analysis 
All separates were analysed using a laser fluorination procedure, involving total sample reaction 
with excess ClF3 using a CO2 laser as a heat source (in excess of 1500°C; following Sharp 
1990). All combustions resulted in 100% release of O2 from the silica lattice. This O2 was then 
converted to CO2 by reaction with hot graphite, then analysed on-line by a VG SIRA 10 
spectrometer. Reproducibility is better than ±0.3‰ (1 ). Results are reported in standard 
notation ( 18O) as per mil (‰) deviations from the Standard Mean Ocean Water (V-SMOW) 
standard, in Table 3. 
 
Hydrogen isotope analysis 
For hydrogen isotope analysis of biotite, pure samples were heated to 150°C overnight under 
high vacuum to release labile volatiles after loading into thoroughly outgassed Pt crucibles. 
Samples were then gradually heated by radiofrequency induction in an evacuated quartz tube 
to temperatures in excess of 1200°C. The released water was then reduced to H2 in a 
chromium furnace at 800°C (Donnelly et al. 2001), with the evolved gas measured 
quantitatively in a Hg manometer, before collecting using a Toepler pump. The gas was 
subsequently analysed on a VG 602D mass spectrometer with a manual Hg, high gas 
compression inlet system. Replicate analyses of water standards (international stds V-SMOW 
and GISP, and internal standard Lt Std) gave a reproducibility of ±2‰. Replicate analyses of 
international mineral standard NBS-30 (biotite) also gave reproducibility around ±2‰. 
Analytical results are summarized, as D notation as per mil (‰) variations from the 
international V-SMOW standard, in Table 3.  
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Table 1 Sulphur isotope data, conventional analysis, from Fäboliden. 

Sample Mineral 34SCDT (‰) 
 
FA20002-073.70ma arsenopyrite  0.2 
FA20002-073.70mb arsenopyrite  0.4 
FA20002-075.20m arsenopyrite  0.6 
FA20003-037.75m arsenopyrite  0.0 
FA200113-122.87m arsenopyrite -0.1 
FA200113-123.00m arsenopyrite  0.0 
FA200113-148.00ma arsenopyrite  1.3 
FA200113-148.00mb arsenopyrite  1.5 
FA200113-149.45m arsenopyrite  1.0 
FA200113-149.82m arsenopyrite  1.8 
FA200113-155.70ma arsenopyrite -0.4 
FA200113-155.70mb arsenopyrite  0.9 
FA200113-157.32m arsenopyrite  0.2 
FA200113-160.17m arsenopyrite -0.4 
FA200113-160.34m arsenopyrite -0.5 
FA99016-025.40ma arsenopyrite  0.9 
FA99016-025.40mb arsenopyrite  1.0 
FA99016-036.50m arsenopyrite  2.6 
FA99016-041.65m arsenopyrite  1.6 
FA99016-042.00m arsenopyrite  1.6 
FA99016-043.80m arsenopyrite -0.9 
FA99016-048.52m arsenopyrite  1.7 
FA20002-082.90m pyrrhotite  0.4 
FA200113-144.05m pyrrhotite  0.5 
FA200113-151.33m pyrrhotite  0.2 
FA200113-160.34m  pyrrhotite -0.8 
FA200113-166.71m pyrrhotite  0.0 
FA200113-169.25m pyrrhotite -1.5 
FA99016-050.10m pyrrhotite  0.1 
FA99017-039.10m pyrrhotite*  0.8 
FA99017-076.65m pyrrhotite* -2.6 

FA99017-116.55m pyrrhotite* -3.3 

   
CDT = Cañon Diablo troilite. * Least altered samples. 
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Table 2 Sulphur isotope data, laser combustion analysis, from Fäboliden. 

Sample Mineral Comments 34SCDT  (‰)
1 

 
FA20001-106.95ma arsenopyrite core  2.7 
FA20001-106.95mb arsenopyrite rim  2.6 
FA20002-073.70ma arsenopyrite rim  2.5 
FA20002-073.70mb arsenopyrite core  1.4 
FA20002-073.70mc arsenopyrite rim  1.9 
FA20002-075.20ma arsenopyrite core  1.7 
FA20002-075.20mb arsenopyrite core  1.9 
FA20003-037.75m arsenopyrite rim  1.7 
FA200113-122.87ma arsenopyrite core  0.6 
FA200113-122.87mb arsenopyrite core -0.1 
FA200113-132.80m arsenopyrite core -0.2 
FA200113-146.29m arsenopyrite core  1.2 
FA200113-146.43m arsenopyrite rim  1.7 
FA200113-146.57m arsenopyrite rim  3.6 
FA200113-148.00ma arsenopyrite rim  2.3 
FA200113-148.00mb arsenopyrite core  2.4 
FA200113-149.45m arsenopyrite core  0.3 
FA200113-150.78m arsenopyrite core  1.2 
FA200113-151.63m arsenopyrite core  0.9 
FA200113-155.70m arsenopyrite core  1.6 
FA200113-157.32m arsenopyrite core  1.2 
FA200113-160.17m arsenopyrite core  1.0 
FA200113-160.34ma arsenopyrite core -0.8 
FA200113-160.34mb arsenopyrite rim  0.4 
FA99016-036.50m arsenopyrite core  2.3 
FA99016-042.00ma arsenopyrite rim  2.7 
FA99016-042.00mb arsenopyrite core  1.6 
FA99016-043.80m arsenopyrite core  0.2 
FA99016-047.92m arsenopyrite rim  0.6 
FA99016-048.35m arsenopyrite core  1.8 
FA99016-048.52m arsenopyrite rim/core  1.6 
FA20002-075.20ma pyrrhotite core  0.8 
FA20002-075.20mb pyrrhotite core  1.0 
FA20003-037.75m pyrrhotite rim  0.0 
FA200113-150.78m pyrrhotite core  0.8 
FA200113-151.63m pyrrhotite rim  0.5 
FA99016-042.00m pyrrhotite rim  1.9 
FA99016-048.35m pyrrhotite core  1.5 

CDT = Cañon Diablo troilite. 
1 All values were corrected from raw 34S values, using the laser fractionation factor determined by Wagner et al. 
(2004) whereby; 34Strue = 34Smeasured +0.4, which is the same as that calculated for pyrrhotite by Maynard et al. 
(1997). Shaded cells indicate core/rim analysis on single grains. 
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Table 3 Oxygen and hydrogen isotope data from Fäboliden. 

Sample Mineral 
18O 

mineral 
D 

mineral 

18O 
fluid 520°C 

18O 
fluid 560°C 

D 
fluid 520°C 

D 
fluid 560°C 

FA20001-104.95ma biotite    -95   -58 -62 
FA20001-104.95mb biotite   7.3    9.8   9.8   
FA20002-075.20m biotite    -95   -58 -61 
FA200113-144.05m biotite    -67   -30 -33 
FA200113-151.33ma biotite    -80   -44 -47 
FA200113-151.33mb biotite   7.7  10.2 10.2   
FA200113-169.25m biotite  -120   -83 -86 
FA99016-033.05ma biotite    -71   -34 -38 
FA99016-033.05mb biotite   8.0  10.5 10.5   
FA99016-050.10m biotite    -91   -54 -58 
FA20001-104.95m quartz 11.4    9.3   9.6   
FA20002-073.70m quartz 11.3    9.2   9.5   
FA20002-075.20m quartz 11.6    9.5   9.8   
FA200113-144.05m quartz 12.2  10.1 10.4   
FA200113-148.00m quartz 12.0    9.9 10.2   
FA200113-151.33m quartz 11.4    9.3   9.6   
FA200113-160.34m quartz 11.2    9.1   9.4   
FA200113-166.71m quartz 12.0    9.9 10.2   
FA200113-169.25m quartz 12.0    9.9 10.2   
FA99016-025.40m quartz 10.6    8.5   8.8   
FA99016-033.05m quartz 13.1  11.0 11.3   
FA99016-036.50m quartz 11.6    9.5   9.8   
FA99016-041.65m quartz 12.2  10.1 10.4   
FA99016-050.10m quartz 11.9    9.8 10.1   
        
For equations on the calculated fluid compositions see text (Results). The temperature range used for the 
Fäboliden samples is 520–560°C, after Bark (2005). All values in per mil. 
 
 
Results 
 
Sulphur isotope data 
This is the first study of sulphur isotopes undertaken in the Gold Line. Results of sulphur 
isotope analysis are presented in Table 1 and 2, and show a marked isotopic homogeneity. 
Conventional analysis yielded 34S values, for arsenopyrite, in the range -0.9 to +2.6‰ (n=21), 
with a median value of +0.6‰ (Fig. 4A). For pyrrhotite the 34S range was -1.5 to +0.5‰ 
(n=7), with a median value of +0.1‰.  

A higher spatial resolution gained by using laser combustion technique, compared to 
conventional methods, made it possible to analyse individual arsenopyrite and pyrrhotite grains 
in situ. Mainly arsenopyrite, being associated with the precipitation of gold at Fäboliden (Bark 
et al. 2007), but also pyrrhotite were analyzed with the aim to detect possible zonations of 
sulphur isotope composition within the sulphides (Table 2). For arsenopyrite the cores yielded 

34S values in the range of -0.8 to +2.3‰ (n=20), whereas the rims ranged between 0 and 
+3.6‰ (n=11; Fig. 4B). The mean and 1  standard deviation of these data are: core = 1.1 ± 
0.9‰ (n=20), and rim = 1.9 ± 1.0‰ (n=11). Thus, there is no statistically significant isotopic 
variation between rim and core in these arsenopyrite data. A similar lack of variation is 
suggested by analysis of pyrrhotite, yielding a 34S range in cores of +0.8 to +1.5‰ (n=4), and 
analysis of the rims ranging between 0 and +1.9‰ (n=3). The marked isotopic homogeneity 
of the dataset is seen by combining all vein sulphide data, which gives a mean of 1.1 ± 1‰ 
(n=53) for arsenopyrite, and 0.4 ± 0.9‰ (n=14) for pyrrhotite. 
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In an attempt to characterise background values of 34S three pyrrhotite samples that were 
regarded as “least altered”, showing only slight signs of alteration and located >50 metres 
outside the proximal alteration zone, yielded a 34S range of -3.3 to +0.8‰. These results 
overlap the 34S values from the proximal alteration zone, but indicate a slight shift towards 
more negative values for regional metagreywacke samples. However, further analysis is 
required to define a more representative sulphur isotope range for the unaltered, but regionally 
metamorphosed, metagreywackes in the Fäboliden area.  

 
Fig. 4 Frequency diagrams show-
ing 34S values for arsenopyrite and 
pyrrhotite. A) Analysis by conven-
tional method. B) Analysis by laser 
combustion method.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Oxygen and hydrogen isotope data 
Results of oxygen and hydrogen isotope analysis are presented in Table 3, and shown 
graphically in Figure 5. The oxygen isotope composition, 18O, of quartz from the auriferous 
quartz veins at Fäboliden plot rather homogeneously between +10.6 and +13.1‰. The 
median value for the quartz data is +11.8‰. Oxygen isotope data from biotite analysis, from 
the Fäboliden mineralization, shows a narrow 18O range of +7.3 to +8.0‰. The results from 
the hydrogen isotope analysis show a range of D -120 to -67 ‰ (Table 3), with the majority 
of data plotting between -95 and -67‰. Median value for the hydrogen data is c. -91‰.  

The isotopic signatures for D and 18O of fluids have been calculated from the measured 
values, assuming equilibrium, based on temperatures from graphite geothermometry (520–
560°C) from the proximal alteration zone at Fäboliden (Bark 2005; Bark et al. 2007) . The 
calculated values for 18O, from quartz, range between +8.5 and +11.3‰ (Matsuhisa et al. 
1979), and from biotite between +9.8 and +10.5‰ (Bottinga & Javoy 1973). Mean calculated 
fluid 18O for quartz are +9.6 ± 0.6‰ (at 520°C) and +9.9 ± 0.6‰ (at 560°C), and for biotite 
+10.1‰ (520–560°C). So, statistically, these minerals are in isotopic equilibrium with the same 
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fluid at the noted temperatures. For hydrogen, D, fluid data calculated from biotite analysis 
plot between -85 and -32‰, with most data above -60‰ (Suzuoki & Epstein 1976). Mean 
value for hydrogen is -55 and -51‰ between 520°C and 560°C respectively. 
 

 
Fig. 5 Diagram showing the relationship between the Fäboliden oxygen and hydrogen isotope data. 
Metamorphic and magmatic fields after Taylor (1974). Orogenic gold field after Ridley & Diamond (2000).  
 
 
Discussion 
 
Sulphur isotopes 
The remarkable homogeneity of the Fäboliden sulphur isotope dataset is evident when 
combining all vein sulphide data, showing a mean value of +1.1 ± 1‰ (n=53) for 
arsenopyrite, and +0.4 ± 0.9‰ (n=14) for pyrrhotite. This indicates that this high-temperature 
hydrothermal system is dominated by reduced species (Ohmoto 1986). Since the data are close 
to 0‰, the obvious interpretation is that they are consistent with a magmatic origin for the 
sulphur at Fäboliden. So, let us examine the validity of this interpretation.  

Prior to this work, sulphur isotopes had not been studied in the northern part of the 
Bothnian Basin, the so called Gold Line. However, in the neighbouring, well known Skellefte 
VHMS district a number of sulphur isotope studies have been performed over the years. 
Wagner et al. (2004) added new isotope data from the world-class Boliden Au-Cu-As deposit 
to the existing sulphur isotope dataset of the Skellefte District, and showed that the 34S 
compositions of ten massive sulphide deposits range between -2.3 and +4.7‰, a restricted 
range which is similar to many VHMS districts globally. They also argued that processes such 
as leaching of sulphur from the Svecofennian volcanic rocks or a direct magmatic contribution 
to the hydrothermal systems could at least partially explain the very narrow range in sulphur 
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isotope compositions from the Boliden deposit. The Fäboliden data also shows a very narrow 
range of isotopic sulphur compositions, overlapping the dataset from the Skellefte District. 
Hence, a similar argument for the Fäboliden data would be that the sulphur was locally leached 
from the metavolcanic rocks in the area and/or that the hydrothermal system was subject to a 
direct input of magmatic sulphur. Since the timing of mineralization at Fäboliden is estimated 
from field relationships at c. 1.80 Ga (Bark 2005; Bark & Weihed 2007), which is coincident 
with the spatially close emplacement of the Revsund granitic suite, it is possible that the 
magmatic source is the more likely. 

On a wider scale, compilations of sulphide isotope data, 34S, from a large number of 
deposits show a common range of -3 to +9‰ for orogenic lode gold deposits globally (Steed 
& Morris 1997; McCuaig & Kerrich 1998; Ramsay et al. 1998; Ridley & Diamond 2000). 
Sulphur isotope data from the Fäboliden deposit plots clearly within the range noted above, 
with 34S between -1.5 and +3.6‰. This narrow range in 34S composition is similar to other 
hypozonal orogenic gold deposits such as the giant Champion deposit in the Kolar schist belt, 
India (Hagemann & Cassidy 2000). A number of important lode gold deposits in the Yilgarn 
Block, Australia, also show similar isotopic signatures as Fäboliden (i.e. Wiluna, Morning Star, 
Princess Royal, and the Mt. Charlotte deposits; McCuaig & Kerrich 1998). This range for 34S 
in the gold-associated sulphide minerals has been interpreted to originate from common 
sulphur reservoirs such as mantle-derived magmatic rocks and average crustal sulphur (Ridley 
& Diamond 2000, and references therein). Our interpretation suggests that in the case of 
Fäboliden the ultimate magmatic source is the more likely.  
 
Oxygen and hydrogen isotopes 
The Fäboliden oxygen and hydrogen isotope data, from quartz, plot in the overlapping fields 
of magmatic and metamorphic fluids, after Taylor (1974), in the D vs. 18O-diagram (Fig. 5), 
suggesting that the hydrothermal fluid at Fäboliden originated from a magmatic and/or deep-
seated metamorphic source, a feature consistent with the scientific consensus for the origin of 
fluids related to the majority of orogenic gold deposits (i.e. McCuaig & Kerrich 1998; 
Hagemann & Cassidy 2000; Ridley & Diamond 2000; Groves et al. 2003). McCuaig & 
Kerrich (1998) stated that if the oxygen data is greater than +8‰ the origin of the fluid cannot 
be magmatic alone. Having 18O-enriched metasedimentary rocks in the source rock reservoir 
could generate fluid 18O values greater than +8 per mil (McCuaig & Kerrich 1998, and 
references therein), but it is also possible that if the related magmatic system had assimilated 
substantial amounts of pelitic material a magmatic system with higher oxygen isotope values 
could be produced compared to if the system is unadulterated (Taylor 1980).  

In the Gold Line very few stable isotope studies have been undertaken. Wilson et al. 
(1985) presented oxygen isotope data (n=5) from two different granitic suites, the Revsund 
and Skellefte-Härnö types (Fig. 1), and concluded that there is evidence (including higher SiO2 
content and peraluminous nature) of assimilation of pelitic components in both these granites 
with the Skellefte-Härnö type being the one with the highest input of metasedimentary 
material. Since the Fäboliden oxygen data shows 18Ofluid higher than +8 per mil, it indicates 
that there is probable incorporation of 18O-enriched metasedimentary rocks in the source 
reservoir, thus, any of these granitic suites could be the potential source rock for the auriferous 
fluids involved in the mineralization at Fäboliden.  

Whilst we cannot definitively establish the dominant fluid involved in the genesis of this 
orogenic lode gold deposit on the basis of oxygen and hydrogen isotopes alone, as such non-
diagnostic behaviour in terms of fluid sources is typical of lode gold deposits (McCuaig & 
Kerrich 1998; Hagemann & Cassidy 2000), our overall data do point to a crustally 
contaminated magmatic source as being important.  
 
 



 13

Conclusions 
Sulphur, oxygen, and hydrogen isotope data from the Fäboliden gold deposit indicate an 
isotopic signature typical of global orogenic gold deposits. The narrow range of 34S is similar 
to data from at least ten gold-rich VHMS deposits in the neighbouring Skellefte District, but 
also compared to giant orogenic gold deposits such as the Champion deposit in the Kolar schist 
belt, India, and from a number of important lode gold deposits in the Yilgarn Block, Australia.  

Regarding the source of the mineralizing fluid at Fäboliden, sulphur, oxygen, and 
hydrogen isotope data together with the estimated timing of mineralization suggest that the 
fluid originated from a crustally contaminated magmatic source.  
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Tectonic model for the Fäboliden orogenic gold deposit, northern 
Sweden – implications for late Svecokarelian gold mineralization  

in the Fennoscandian Shield 
 
 
 

Glenn Bark & Pär Weihed 
 
 
 
 
 
Abstract Northern Sweden is currently experiencing the exploration of a new gold ore 
province, the so called Gold Line, situated south-west of the well-known Skellefte massive 
sulphide mining district. Presently, this province hosts one operating mine, the Svartliden gold 
mine, and another gold deposit, the Fäboliden deposit, has recently been granted mining 
permits. In the north-western periphery of the Gold Line the Blaiken Zn-Pb-Au-Ag mine was 
recently closed. During recent years, a number of promising gold prospects have been 
discovered in this area. The largest known, and best studied, deposit is the hypozonal 
Fäboliden orogenic gold deposit. The mineralization is hosted by arsenopyrite-rich quartz 
veins, in amphibolite facies supracrustal host rocks. The timing of mineralization is estimated, 
from field relationships, at c. 1.80 Ga.  

The Fäboliden gold mineralization is hosted by a reverse, mainly dip-slip, high-angle shear 
zone with a relatively small horizontal shear component. The gold is hosted by two sets of 
mineralized quartz veins, one steep fault-fill vein system that is parallel to the regional foliation 
and one flat-lying extensional vein system. Both vein sets could have been generated from the 
same stress field, during E-W shortening at c. 1.80 Ga. 

At least two types of ore shoot are present at Fäboliden. Intersections between the fault-fill 
and extensional vein sets and bends in the shear zone system both display elevated gold 
concentration.  

The potential for future orogenic gold discovery in the Fennoscandian Shield is considered 
good. The orogenic gold deposits discussed in this paper are all structurally associated with 
deformation zones striking between NW and NE. Considering the zonation in timing of 
orogenic gold mineralization with younger deposits towards south-west, the implication for 
future exploration, at least in the Swedish part of the Fennoscandian Shield, is to target areas 
associated with roughly N-S striking tectonic zones that were active at around 1.80 Ga, during 
E-W convergence during the final stage of the Svecokarelian orogeny. 
 
Keywords: Fäboliden, Bothnian Basin, Palaeoproterozoic, Sweden, Fennoscandian Shield, 
orogenic gold, ductile shear zone, fault-fill vein, extensional vein, ore shoot. 
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Introduction 
In recent years, a number of promising gold prospects have been discovered in the so-called 
Gold Line, in northern Sweden (Fig. 1). The majority of these prospects show characteristics 
typical of orogenic gold deposits. Orogenic gold-quartz vein systems account for a significant 
part of the global gold production and the deposit type forms the principal gold resource on 
many continents. The vein systems typically occupy steeply dipping shear zones and appear to 
have developed syn- to late tectonically in horizontal compressional or transpressional regimes 
(Sibson et al. 1988; Groves et al. 1998). In spite of the importance of orogenic gold deposits as 
a global gold resource, few research papers have been published on the mineralizations in the 
Gold Line (e.g. Hart et al. 1999; Bark & Weihed 2007; Bark et al. 2007). The best studied 
deposit, the Fäboliden orogenic gold deposit, is also the largest deposit with respect to tonnage 
(c. 54 Mt at 1.2 g/t Au, Lappland Goldminers 2007b). Previously, no detailed structural study 
of the Fäboliden deposit was possible due to the lack of good exposures and a total absence of 
oriented drill core. As a result from test mining of the deposit, better exposures became 
available in 2005. The exposed bedrock was mapped in detail (scale 1:100) during 2006. 
Hence, in this paper we propose a first, more detailed, tectonic model for the Fäboliden 
orogenic gold deposit. We will also briefly discuss the regional tectonic implications for late 
Svecokarelian gold mineralization in the Fennoscandian Shield. 
 
Regional geological setting and metamorphism 
At c. 2.45 Ga, rifting of the Archaean craton of the Fennoscandian Shield started, and the final 
break-up of the craton occurred at c. 1.95 Ga, generating a large oceanic basin in the south, 
the Bothnian Basin (Nironen 1997). This basin, which is filled mainly with thick 
metamorphosed greywacke sequences and subordinate metavolcanic rocks, is interpreted as a 
fore-arc environment (Weihed et al. 1992). The thickness of the metagreywackes is estimated 
at about 10 kilometres (Lundqvist 1987), which suggests a depositional continental margin 
environment (Gaál & Gorbatschev 1987). The supracrustal rocks of the Lycksele–Storuman 
area, which form part of this greywacke sequence, (Fig. 1A) were intruded during the early 
stages of the 1.9–1.8 Ga Svecokarelian orogeny by c. 1.90–1.86 Ga calc-alkaline granitoids 
(Kathol & Weihed 2005). During the late stages of the orogeny the supracrustal rocks were 
intruded by c. 1.82–1.80 Ga S-type granites of the Skellefte-Härnö suite and by c. 1.81–1.77 
Ga alkali-calcic granites of the Revsund suite (Claesson & Lundqvist 1995; Billström & 
Weihed 1996).  

P-T analyses suggest that northern Sweden is a low to intermediate pressure metamorphic 
province, with peak metamorphic pressures of 2 to 4 kbar (Bergman et al. 2001). Earlier 
studies of metamorphic conditions in the northern part of the Bothnian Basin indicate that the 
metasedimentary rocks have been metamorphosed in amphibolite facies (Allen et al. 1996), and 
locally even in granulite facies (Lundström 1998). 

Regional metamorphism in northern to south-central Sweden peaked at c. 1.87–1.80 Ga, 
as is indirectly indicated from field relationships and age determinations of intrusive rocks 
(Weihed et al. 1992; Billström & Weihed 1996; Rutland et al. 2001; Weihed et al. 2002b; 
Andersson et al. 2006) 
 
Structural evolution 
No detailed regional structural study has been undertaken in the Gold Line (Fig. 1B, SW 
corner). However, in the much more investigated neighbouring ore province, the Skellefte 
District, the supracrustal rocks have been subjected to two major deformation events, denoted 
D2 and D3 (Bergman Weihed 2001). Similar deformation is seen in the supracrustal rocks of 
the northern part of the Bothnian Basin (Bark 2005). The D2 event in the Skellefte District is 
characterised by tight to isoclinal folds with NE-striking, upright, axial surfaces in the eastern 
and western parts of the Skellefte District, and by NW-striking axial surfaces in the central 
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parts of the district. The latest major deformation event, D3, is characterised by open folds that 
have axial surfaces striking NNE (Bergman Weihed 2001).  
 

 
Fig. 1 Simplified geological maps, modified after  Bergman Weihed (2001), of the Gold Line and Skellefte 
District, northern Sweden. A) Bedrock map showing granitoids and supracrustal rocks, to demonstrate the main 
rheological conditions at c. 1.80 Ga. The area depicted in Figure 2 is indicated. The Gold Line constitutes the 
sublinear array of gold mineralizations in the lower left part of the map. B) Tectonic map, with the main shear 
zones featured.  
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Shear zone-related titanite in the Vidsel-Röjnoret shear zone (Fig. 1B), in the eastern part 
of the Skellefte District, indicate two ductile deformation events, at c. 1.85–1.84 Ga and at c. 
1.80 Ga (Weihed et al. 2002a). The latter of these events, e.g. D3, reflects the timing of 
regional lower-amphibolite facies shearing, contemporaneous with the emplacement of the 
1.81–1.77 Ga Revsund intrusions (Bergman Weihed 2001; Weihed et al. 2002a; Weihed et al. 
2003). 
 
Gold mineralization 
During the past twenty to thirty years, hundreds of gold prospects have been discovered in the 
Finnish and Swedish parts of the Fennoscandian Shield. However, since it is not the scope of 
this paper to discuss all styles of gold mineralization in the Fennoscandian Shield, the focus will 
be on orogenic gold deposits, as defined by Groves et al. (1998), in the Skellefte District and 
the Gold Line, in northern Sweden (Table 1).  

In the Skellefte District, the Björkdal and Åkerberg gold-only deposits (Fig. 1) have been 
mined, and in the Gold Line, the Svartliden deposit is presently being mined. The Fäboliden 
gold deposit has recently been granted mining permits. All four of these deposits show 
characteristics typical of orogenic gold deposits, such as structural control, low sulphide- and 
base metal content, quartz vein systems, and gold as the only economic commodity.  

However, the origin of the Björkdal deposit is still debated. Weihed et al. (2003) favours 
the more classical orogenic gold type of deposit, whereas Broman et al. (1994) and Billström et 
al. (in press) state, from geochronological, fluid inclusion and stable isotope studies, that the 
origin and composition of the mineralizing fluids suggest a genetic relationship with the ore-
hosting quartz monzodiorite intrusion. However, Broman et al. (1994) also suggest that the 
Björkdal deposit shows several distinctive similarities with mesothermal gold deposits. Roberts 
et al. (2006) also emphasizes an intrusion-related origin for the gold mineralization at Björkdal, 
based mainly on Sm-Nd dating of scheelite, and REE characteristics, from the mineralized 
quartz veins.  
 
Table 1 Mined orogenic gold deposits in the Gold Line and Skellefte District, and some gold-only prospects 
presently under evaluation. Europe’s largest gold resource, the Finnish Suurikuusikko orogenic gold deposit, is 
included for comparison with the younger Swedish deposits.  
Deposit Status Tonnage Grade Timing Structure Reference 
  (Mt) (ppm Au) (Ga) (shear zone)  

Suurikuusikko p   16 5.1 1.89–1.85 N-NNE  Ojala et al. 2007 
Åkerberg1 c  >1 3 pre-1.80 E-W  Sundblad 2003 

Björkdal m >20 2.5 c. 1.80  NNE  Weihed et al. 2003 

Svartliden2 m     3 4.5 ? ENE  Dragon Mining 2005 

Fäboliden p   54 1.2 c. 1.80 N-S  Bark & Weihed 2007 

Stortjärnhobben p   nd nd ? NNW  Bark et al. 2005 

Barsele p   13 1.9 ? NNW  Northland Resources 2006 

Knaften p   nd nd ? N-S  Lappland Goldminers 2007a 
m-mine, c-closed mine, p-prospect, nd-no data. 1 at Åkerberg regional scale N-S striking tectonic zones are 
spatially close. 2 at Svartliden NNW striking regional scale tectonic zones are spatially close, but not detected in 
the mine. 
 
 
In the case of the Björkdal deposit there are two different interpretations regarding the timing 
of the mineralizing event. Weihed et al. (2003) advocate, based on structural relationships, that 
the mineralizing event occurred at c. 1.80 Ga. The evidence for this is the crosscutting 
relationship between the gold bearing quartz veins and the S2 fabric dated at other locations in 
the Skellefte district at ca. 1.80 Ga. Roberts et al. (2006) and Billström et al. (in press), on the 
other hand, suggest that the mineralization is older at ca. 1.88–1.90 Ga, based on radiogenic 
and stable isotope studies combined with fluid inclusion data. In our view the latter model fails 
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to explain the fact that gold bearing quartz veins clearly cross cut a tectonic fabric (S2), 
imprecisely dated at 1.80 Ga (see Weihed et al. 2003 for a discussion). We therefore retain the 
model of a late mineralizing event also at Björkdal. 

At Åkerberg, crosscutting field relationships set the minimum age of mineralization at c. 
1.80 Ga (Sundblad 2003). Also at Fäboliden, field evidence suggest a timing for the late stages 
of gold mineralization at c. 1.80 Ga (Bark & Weihed 2003). The timing of mineralization at 
Svartliden is poorly known.  

In addition to the deposits mentioned above, a number of promising gold prospects, for 
instance the Stortjärnhobben, Knaften, and Barsele occurrences, are presently being explored 
in the Gold Line (Fig. 1).  

 
Fäboliden geological setting and metamorphism 
The Fäboliden mineralization is hosted by a narrow belt of metagreywackes with intercalated 
metavolcanic rocks, which are surrounded by Revsund granitoids (Fig. 2). The gold 
mineralization is dominantly hosted by the metagreywackes, but in the central and southern 
parts of the deposit mineralization also occurs in the metavolcanic rocks.  

 
Fig. 2 Bedrock map of the Fäboliden area, 
with essential structural features indicated. 
Mapped key areas are indicated with letters 
A to E. Area E corresponds to the test 
mine site. Modified after (Björk & Kero 
2002). Coordinates in the Swedish 
national grid (RT90).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The metagreywackes are strongly foliated, fine-grained and biotite-rich (Fig. 3A). Some 

horizons of coarse-grained (<1 cm grain size) sandy metagreywackes are less deformed (Fig. 
3B), displaying what is interpreted as primary sedimentary textures such as diffuse bedding.  

The metavolcanic rocks are fine-grained, foliated, and banded (Fig. 3C). In one outcrop, a 
roughly five meter thick barren sequence of banded iron formation (distinct banding of Fe-
oxides and quartz) is intercalated within the metavolcanic rocks. 
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The late- to post-orogenic, 1.81–1.77 Ga, alkali-calcic Revsund granitoid (Claesson & 
Lundqvist 1995; Billström & Weihed 1996) constitutes the main intrusive rock type in the 
Fäboliden area (Fig. 3D). The granite is medium- to coarse-grained, coarsely K-feldspar 
porphyritic, and isotropic. 

All these rocks are all cross-cut by a set of NW-SE striking, flat-lying, c. 1.26 Ga 
(Söderlund et al. 2006) dolerites which are post-metamorphic, undeformed, and 
unmineralized. The dolerites clearly post-date the mineralization at Fäboliden.  

For a more thorough description of the Fäboliden rocktypes see Bark (2005) and Bark & 
Weihed (2007). 

Fluid inclusion analyses of mineralized quartz veins at Fäboliden indicate pressure 
conditions during the formation of quartz veins of 4 ± 0.5 kbar (Bark 2005; Bark et al. 2007). 
Regional metamorphic temperatures, deduced from garnet-biotite geothermometry, for the 
Fäboliden area suggest amphibolite facies conditions at 570–640°C (Bark & Weihed 2007). P-
T data from the Fäboliden deposit is in agreement with earlier regional studies of the 
metamorphism in the northern part of the Bothnian Basin (Allen et al. 1996; Lundström 
1998).  
 

 
Fig. 3 Rock types at Fäboliden. A) Strongly deformed foliated metagreywacke. B) Less deformed metagreywacke 
with coarser-grained horizons. C) Banded foliated metavolcanic rocks. D) Kfsp-porphyritic Revsund granitoid.  
 
 
Gold mineralization 
The mineralization at Fäboliden is mainly hosted by variably boudinaged graphite-bearing 
quartz- and sulphide veins, in a reverse, mainly dip-slip, high-angle shear zone. The width of 
the proximal part of the mineralized zone is estimated to 30–50 m, from drill core assays. The 
gold-associated sulphides (mainly arsenopyrite) are situated in semi-ductile structures, as thin 
veins parallel to the regional foliation and in necks of the boudinaged quartz veins (Fig. 4), 
indicating a syn- to late-deformation emplacement of the sulphides at Fäboliden (Bark 2005; 
Bark & Weihed 2007). 
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Fig. 4 Drill core sections showing sulphides situated 
in low-strain positions around metagreywacke-hosted 
quartz veins at Fäboliden. A) Arsenopyrite rich quartz 
vein. B) Pyrrhotite in the neck of a boudinaged quartz 
vein. apy-arsenopyrite, po-pyrrhotite, q-quartz.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The gold is very fine-grained (commonly <10 m) and closely associated with 
arsenopyrite-löllingite, and stibnite, in the quartz veins (Fig. 5). Gold is also seen as free grains 
in the immediate wallrock that envelopes the gold-bearing quartz veins.  

Close to the gold mineralization arsenopyrite is the more common sulphide, but distally 
pyrrhotite dominates. The total sulphur content in the mineralized zone is 2–3 wt. %, but 
distal to the mineralization the sulphur content averages about 0.7 wt. %. 

The proximal hydrothermal alteration assemblage in the metagreywackes at Fäboliden 
constitutes diopside, calcic amphibole, biotite, with accessory andalusite and tourmaline, and 
there is a positive spatial correlation between diopside-amphibole-biotite alteration, quartz 
veining, and gold mineralization (Bark 2005; Bark & Weihed 2007). This type of mineral 
assemblage is common in hypozonal orogenic gold deposits worldwide (Eilu et al. 1999; 
Hagemann & Cassidy 2000; Ridley et al. 2000). 
 
Timing of mineralization 
The roughly N-S striking mineralized shear zone at Fäboliden (Fig. 2) affects the margins of 
the surrounding, otherwise isotropic, Revsund granite, in a ductile manner. This ductile gold-
hosting fabric, interpreted as regional D3 structures, progresses laterally across the granite 
contact and then gradually disappears after a few metres inside the granite, suggesting that at 
least the final stages of mineralization syn- to postdate the emplacement of the c. 1.81–1.77 Ga 
Revsund granite (Bark & Weihed 2003; Bark 2005; Bark & Weihed 2007). Thus the final 
stages of gold mineralization could be younger than 1.77 Ga. However, the mineralization is 
hosted by ductile-brittle structures in amphibolite facies and the last known ductile event in 
this region occurred at c. 1.80 Ga (Weihed et al. 2002a), which suggests a timing of 
mineralization closer to 1.80 Ga, during metamorphic cooling of the crust.  
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Fig. 5 Back scatter images showing the textural 
relationship between gold and sulphides. A) Gold 
together with stibnite, hosted by minute fractures and 
as inclusions in arsenopyrite. B) Arsenopyrite with 
löllingite inner core. Au-gold, stbn-stibnite, apy-
arsenopyrite, löll-löllingite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The Fäboliden quartz vein system 
At Fäboliden all supracrustal rocks are moderately to intensely foliated (Bark 2005). The strike 
of the regional foliation changes from NNW in the north to NNE in the south (Fig. 2). The 
dip in the northern part of the mineralization varies from 65°W to 65°E, but is normally 
subvertical. In the central and southern parts, the dip is slightly less steep, averaging 60°E. 
Primary structures, such as bedding planes (S0), are rare in the metasupracrustal rocks. 
However, in a few outcrops what is interpreted as primary bedding planes, parallel to the 
foliation, can be seen. The regional foliation is interpreted as S1 since it is axial-planar to minor 
isoclinal folds that fold the suggested primary bedding planes (S0). These upright folds (with 
subhorizontal fold axes) are interpreted as F1-folds.  

A schematic model based on a compressional stress regime during vein formation and late 
folding of the vein system is shown in Figure 6 (modified after Robert & Poulsen 2001). 
Structural features at Fäboliden are described and interpreted according to this model below. 
 
Ductile shear zones 
In fine-grained deformed rocks, a common problem is to find strain markers i.e. to establish a 
correct sense of shear. At Fäboliden, kinematic indicators, such as rotated possible phenocrysts 
(Fig. 7), suggest a dominantly reverse sense of shearing.  
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Fig. 6 Block diagram, modified after Robert & Poulsen (2001), illustrating the proposed relationship between the 
ductile shear zone and the fault-fill vein set and the extensional vein set at Fäboliden.   
 
 

Fig. 7 Photomicrograph (plane-polarized light) 
showing rotated feldspar porphyroclasts, indicating a 
reverse sense of shear, with the eastern side up, for the 
Fäboliden shear zone. The thin section shows a 
vertical section, perpendicular to the foliation. fsp-
feldspar. 
 
 
 
 
 
 
 
 
 

 
 

In area E, in the south-central part of the mineralization (Fig. 2), discrete shear zones are 
parallel to the anastomosing regional foliation. Shearing is heterogeneous and more intense in 
10–50 cm wide zones between larger lithons of less deformed metavolcanic rocks. The strike 
of the shear zones varies from NW to NE, with a dip of c. 60°E to subvertical (Fig. 8A). In 
most places the shear zones strikes towards NNE in area E, with a few zones striking NW (Fig. 
8A). It is unclear if these two systems represent a conjugate set of shear zones or if they are the 
result of two separate shearing events. The orientation of the majority of shear zones show 
similar orientation as the regional grain shape fabric in area E, indicating that shearing has taken 
place dominantly along the foliation planes within this shear zone system or that the grain 
shape fabric is a shear foliation. 
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Fig. 8 Stereographic projections of Fäboliden structural data (Schmidt net, lower hemisphere). A) Poles to 
discrete shear zones (planes) in area E (n=30) B) Stretching lineations, with the fold axis (220/30) at site E 
indicated by a star. C) Poles to foliation planes, indicating a shift in the strike in the northern part of the 
mineralization. D) Relationship between the fault-fill vein set (mean of 025/60) and the extensional vein set 
(012/28) in area E, with an intersection between the two vein systems plunging 10° towards 031°.  
 

 
In a few places, a vague lineation interpreted as a stretching lineation is seen on the 

foliation planes in the shear zones (similar to the lineation schematically illustrated in Figure 6). 
The lineation is manifested by stretched aggregates of probable diopside and amphiboles in the 
foliation planes. The lineation in the southern and central parts of the deposit (area C and E, 
Fig. 2) trends and plunges towards 061–110/53–78°, whereas in the northern part (area A and 
B, Fig. 2) the orientation of the lineation is 179–202/77–80° (Fig. 8B). The lineation in the 
southern and central parts indicates a dominant dip-slip movement in the shear zones, provided 
that the lineation is a stretching lineation related to shearing. The lineations plunging more 
towards NW are possibly caused by the rotation of lithons within the shear zone during 
progressive deformation. In the northern part of the shear zone, the steep south-plunging 
lineation indicates a small horizontal shear component. A sinistral component, assuming a 
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reverse sense of shear to the shear zone, would result in a lineation orientation like those seen 
in the northern part of the Fäboliden shear zone.  
 
Fault-fill veins 
The term fault-fill vein is here used for quartz veins that indicate opening vectors sub-parallel 
to the vein (after Robert & Poulsen 2001). The fault-fill vein system at Fäboliden is controlled 
by and aligned with the discrete shear zones discussed above (Fig. 8C). In area E, the mean 
orientation of the fault-fill vein set is 025/60 (Fig. 8D), whereas the dip of the vein set is 
steeper in the northern part of the mineralization. The veins are commonly more or less 
boudinaged, and the thickness of individual veins is 1–5 cm, with some veins up to 20–30 cm 
in width. The veins commonly contain slivers of foliated wallrock.  
 
Extensional veins 
The term extensional vein is here used for quartz veins that indicate opening vectors 
perpendicular to the vein and the 1 of the tentative stress field in the area, at c. 1.80 Ga. In 
Fäboliden, a few flat-lying folded quartz veins have been identified. However, it is only at the 
test mine site (area E, Fig. 2) that it is possible to get good three-dimensional exposures within 
the mineralized zone. The width of the largest extensional quartz vein in area E is 10–20 cm 
(Fig. 9). The exact orientation of this extensional vein was not possible to measure, but a 
subparallel, thinner vein suggests a strike and dip of 012/28 for the flat-lying vein set (Fig. 8D).  
 

Fig. 9 Extensional vein in area E indicated by 
dashed lines. The vertical face of the outcrop is 
oriented perpendicular to the strike of the foliation, 
looking towards south. Hand compass for scale. 
 
 
 
 
 
 
 
 
 
 

 
 

Also, a handful of cm-thick folded arsenopyrite-rich quartz veins, with a similar orientation 
as the thicker vein, are seen in this area. The axial planes to these thinner folded veins are 
subparallel to the regional foliation (Fig. 10). A rough estimate of one of the fold axes indicates 
a trend and plunge of 220/30.  

To better characterize the extensional quartz vein system mineralogically, additional work 
is needed. However, from mapping and geochemical sampling it is indicated that the 
extensional veins are rich in arsenopyrite and that the gold concentration is high. 
 
 
 
 
 
 
 
 



 12

Fig. 10 Extensional folded veins in area E. The axial 
planes to the folds in the arsenopyrite-rich cm-wide 
veins are roughly subparallel to the regional foliation 
which in this particular outcrop is about 030/55. 
View towards south-west. 
 
 
 
 
 
 
 
 
 

 
 
Structural interpretation of the Fäboliden gold-quartz vein system 
At Fäboliden there is a shift in the orientation of the shear zone between the southern and 
northern parts (Fig. 2). The northern part strikes towards NNW, whereas the southern part 
strikes towards NNE (Fig. 8C). Where the shear zone is close to the metavolcanic rocks it 
seems to refract from the metavolcanic rocks towards NNW, as indicated by a shift in the 
strike of the foliation. The northern part is also steeper, commonly subvertical while the dip is 
roughly 60°E in the south. A difference in rheology between the metagreywacke and the 
metavolcanic rocks during progressive deformation could explain the shift in orientation of the 
foliation. Also, differences in the geometry of the contact between the supracrustal rocks and 
the surrounding granite could generate local variations in the stress field, and thereby affect the 
orientation of the shearing, resulting in different strike orientations between the northern and 
southern parts of the shear zone system.  

At 1.84 Ga the Fennoscandian Shield collided with Sarmatia in the south-east, and at c. 
1.82 Ga with Amazonia in the west (Lahtinen et al. 2005; Weihed et al. 2005). Between 1.85 
and 1.80 Ga, the main shortening direction is suggested to have rotated from NW-SE towards 
E-W (Bergman Weihed 2001; Weihed et al. 2005). A shift in compressional direction could 
possibly explain the difference in strike between the northern and southern parts of the shear 
zone, where the northern block was subjected to rotation, whereas the southern part did not 
rotate as much, possibly due to the strain shadow of the Revsund intrusion. A possible rotation 
of the northern part of the mineralization is also indicated from geomagnetic data (pers. com. 
Hans Isaksson, Geovista, 2007).  

The steep (60–90°) fault-fill veins at Fäboliden are emplaced during reverse shearing, as 
suggested by rotation of possible phenocrysts controlled by the foliation (Fig. 7). Fault-fill 
gold-quartz veins are commonly associated with high-angle reverse structures (Fig. 11) formed 
during compression. Under such conditions, subhorizontal extensional veins likely form as 
hydraulic fractures at mid-crustal levels (Robert & Poulsen 2001). In a compressional stress 
field shallow-dipping (c. 30°) reverse shear zones are expected to form (Ramsay 1980; 
Hodgson 1989), but commonly fault-fill veins are hosted by higher-angle structures. This is 
possibly due to reactivation of pre-existing high-angle structures and lithological contacts as it 
is likely that additional stress is channelled through already existing structures, instead of the 
formation of new low-angle reverse faults (Sibson et al. 1988).  
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Fig. 11 Schematic model for high-angle reverse 
shear zone, with horizontal extensional veins 
associated with the steep fault-fill vein. No scale. 
Modified after Sibson & Scott (1998).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

At the Archaean Sigma mine, in the Canadian Abitibi greenstone belt, there is no 
consistent cross-cutting relationship between the subhorizontal extensional veins and the 
steeper fault-fill veins, thus there is strong argument that both vein sets formed roughly 
contemporaneously (Sibson et al. 1988). Although the timing relationship between the 
different vein systems have not been possible to determine. It is possible that the fault-fill and 
the extensional vein systems at Fäboliden are roughly coeval, like in the Sigma mine, and thus 
formed during similar regional stress conditions.  

The regional tectonic evolution of the northern part of the Bothnian Basin is poorly 
known. However, in the neighbouring Skellefte District most north-striking shear zones 
indicate reverse, eastern block up sense of movement (Bergman Weihed 2001). This is also 
seen at Fäboliden where the steep reverse shear zone indicates eastern side up (Bark 2005; Bark 
& Weihed 2007).  

The shear zone at Fäboliden indicates locally both a sinistral and a dextral horizontal 
component. However, based on the proposed stretching lineations the main movement at 
Fäboliden appears to be dip-slip (Fig. 8B). For gold-quartz vein deposits this is commonly the 
case (e.g. the Sigma mine, Val d'Or; Robert & Brown 1986; Sibson et al. 1988). If the main 
movement is dip-slip, then small differences in the horizontal movement can result in an 
alternating horizontal shear component observed along the shear zone system, which is seen at 
Fäboliden. Also, possible variations in strain intensity and the geometry (dip) of the contacts of 
the surrounding granite could explain the local differences in the horizontal shear component.  
 
Ore shoots 
In area E (Fig. 2), discrete high-strain zones parallel to the shear zone boundaries are separated 
by lithons that are less deformed. The high-strain zones are characterised by an anastomosing 
geometry, a feature commonly seen at all scales in shear zones and shear zone systems (Bell 
1985; Hodgson 1989). These high-strain zones commonly form a three-dimensional network 
surrounding low-strain blocks in the bedrock. The low-strain lithons, between the shear zones, 
commonly host extensional veins (Robert & Brown 1986; Hodgson 1989). At Fäboliden, flat-
lying, 1–20 cm wide extensional veins are seen in low-strain lithons in area E. The two vein 
systems, the fault-fill veins and the extensional veins, intersect and the calculated intersection 
between the two vein systems plunges 10° towards 031° (Fig. 8D). Ore shoots are commonly 
associated with extensional veins, and the intersections between extensional and fault-fill veins 
are common sites of elevated gold concentrations (Robert & Poulsen 2001). The intersection 
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between the extensional and fault-fill veins in area E is unusually Au-rich, with up to 20 g/t 
Au, compared to the average grade of the Fäboliden mineralization, thus indicating the 
importance of these structures for gold concentration.  

Bends in shear zones, such as the refraction of a shear zone due to rheological contrast 
between rock units, are common sites of linear ore shoots (Hodgson 1989; Robert & Poulsen 
2001). At Fäboliden, drill core assays indicate Au-rich sections, compared to the average grade, 
where the shear zone is close to the metavolcanic rocks in the northern part of the 
mineralization (Fig. 2) coincident with a bend in the shear zone.  

In summary, at least two types of ore shoot are present at Fäboliden. Relatively flat-lying 
intersections between the extensional and the fault-fill vein system, as seen in area E, constitute 
one type. Also, where the shear zone bends drill core assays indicate unusually high gold 
content.  
 
Regional tectonic implications 
Globally, orogenic gold formation correlates well with periods of growth of juvenile 
continental crust (Goldfarb et al. 2001). In the Fennoscandian Shield, age data on orogenic 
gold mineralization is scarce (Table 1). However, it is possible to divide most of the deposits 
into three main periods of orogenic gold-formation; 2.72–2.67, 1.90–1.86, and 1.85–1.79 Ga 
(Weihed et al. 2005). These periods are suggested to reflect times of progressive growth of the 
Fennoscandian Shield, towards south-west, as is manifested by a zonation in the timing of 
orogenic gold mineralization, with older deposits (i.e. Suurikuusikko; in Figure 1) in the 
north-east and younger (i.e. Björkdal, Åkerberg) in the central part of the shield (Weihed et al. 
2005).  

In the Skellefte District and the Gold Line, in the Swedish part of the Fennoscandian 
Shield, the timing of orogenic gold formation occurred at c. 1.80 Ga, during post peak-
metamorphic cooling of the crust. In the eastern part of the Skellefte District, at Björkdal, the 
age of orogenic gold mineralization is suggested at c. 1.80 Ga (Weihed et al. 2003). The same 
age, set as minimum age of mineralization, is suggested for the Åkerberg gold deposit 
(Sundblad 2003). In the central-western part of the Gold Line, at Fäboliden, field relationships 
suggest a timing, for at least the late stages of mineralization, at c. 1.80 Ga (Bark & Weihed 
2007).  

Between 1.85 and 1.80 Ga the regional scale stress field, for the western part of the 
Fennoscandian Shield, rotated from NW-SE to E-W (Weihed et al. 2005). Towards the end 
of this time period orogenic gold deposits formed in the Swedish part of the Fennoscandian 
Shield.  

The orogenic gold deposits discussed above are all hosted by tectonic zones striking 
between NW and NE (Table 1), formed during E-W shortening. At Åkerberg, the ore-
hosting deformation zone strikes roughly E-W. However, there are also both minor N-S 
striking shear zones within the mineralization and a number of regional scale N-S striking shear 
zones in the Åkerberg area. The mineralization at Svartliden is hosted by an ENE-trending 
structure, but also here are large-scale NNW-striking tectonic zones spatially close. Hence, 
although a direct relationship with mineralization is not manifested everywhere the orientation 
of the regional scale tectonic zones, at least spatially associated with gold mineralization, strike 
roughly N-S.  
 
Conclusions 
The Fäboliden orogenic gold mineralization is hosted by a roughly N-S striking reverse, 
mainly dip-slip, high-angle shear zone with a relatively minor horizontal shear component.  

The mineralization is dominated by two sets of mineralized quartz veins. One steep fault-
fill vein set and one relatively flat-lying extensional vein set is seen in area E, at Fäboliden. 
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Both systems host gold and are rich in arsenopyrite. Both vein sets could have been generated 
from the same stress field, during E-W shortening at c. 1.80 Ga. 

At least two types of ore shoot are present at Fäboliden. At sites where the fault-fill and 
extensional vein sets cross-cut, gold concentrations are elevated. In addition, drill core assays 
from the northern part of the mineralization indicate elevated gold content where the shear 
zone bends towards NNW. Both types of ore shoot are common in gold-quartz vein deposits 
globally.  

The Gold Line is still very much an under-investigated area, with regards to exploration 
for orogenic gold mineralization. The orogenic gold deposits discussed in this paper are all 
structurally associated with NW to NE-striking tectonic zones that were active at c. 1.80 Ga. 
At this time auriferous fluids infiltrated structures related to the conditions of E-W shortening.  
Thus, the implication for future exploration, at least in the Swedish part of the Fennoscandian 
Shield, is to target roughly N-S striking tectonic zones that were active between 1.85 and 1.80 
Ga, when the compressional stress field rotated from NW-SE to E-W. 
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Drill hole coordinates 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Coordinates for drill holes used in this thesis 
 
Drill hole N coord E coord Z coord

FA20001 7169933 1602546 473

FA20002 7169931 1602506 475

FA20003 7169932 1602451 478

FA20008 7170392 1602484 446

FA20009 7169921 1602403 480

FA20010 7169949 1602651 469

FA200113 7169939 1602588 470

FA200129 7169946 1602654 469

FA20112 7170393 1602532 444

FA20114 7170396 1602583 442

FA93001 7170786 1602492 435

FA93002 7170784 1602432 433

FA93003 7170984 1602362 425

FA98003 7170344 1602539 450

FA99010 7170515 1602557 442

FA99011 7170498 1602496 448

FA99012 7170389 1602439 444

FA99013 7170454 1602464 450

FA99014 7169070 1603046 492

FA99016 7169931 1602475 477

FA99017 7169918 1602357 479
 
Coordinates in the Swedish national grid, RT90.  
Z coord in meters above sea level. 
 
Mapping/sampling was also performed at the test mine site, the so-called 400S-pit, a pit 10 m 
wide and 60 m long, located approximately at 7169790/1602380.  
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Whole rock geochemical data 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Whole rock geochemical data; Fäboliden metagreywacke. 
 
Sample FA20009-

043.50M 
FA20010-
042.35M 

FA200129-
059.90M 

FA99017-
017.40M 

FA99017-
146.55M 

FA20001-
132.05M 

FA200113-
125.70M 

FA99016-
038.50M 

FA99016-
050.10M 

FA99016-
065.15M 

Rock type MG MG MG MG MG MG MG MG MG MG 

Location D D D D D P P P P P 

wt. %           

SiO2 60.78 60.73 60.53 62.09 59 62.15 66.18 70.2 59.81 62.92

Al2O3 15.69 15.48 17.9 13.94 15.14 13.5 12.1 11.2 14.48 14.49

Fe2O3 8.23 8.16 7.1 9.55 9.42 8.13 9.63 8.98 8.68 7.86

MgO 3.73 2.71 1.94 2.71 3.48 2.89 2.18 1.85 4.09 2.61

CaO 3.07 7.04 3.59 2.05 1.55 2.25 2.11 0.97 3.98 1.93

Na2O 2.68 1.91 4.56 2.34 2.02 2.58 2.03 0.53 1.6 2.4

K2O 2.89 1.27 1.9 3.14 4.07 2.42 2.42 2.87 2.78 3.13

TiO2 0.73 0.708 0.882 0.689 0.735 0.629 0.632 0.585 1.211 0.697

P2O5 0.136 0.148 0.333 0.158 0.15 0.136 0.132 0.138 0.426 0.16

MnO 0.07 0.24 0.2 0.04 0.07 0.05 0.02 0.06 0.06 0.04

Cr2O3 0.035 0.008 0.015 0.033 0.029 0.029 0.032 0.035 0.023 0.033

LOI 1.8 1.6 1.1 3.4 4.5 4.9 2.5 2.6 3 3.9

TOT/C 0.09 0.31 0.15 1.35 2.16 3.32 0.61 0.05 0.47 2.25

TOT/S 1.66 0.64 0.22 3.56 2.43 3.36 3.57 3.76 2.92 3.21

SUM 99.91 100.01 100.06 100.16 100.18 99.74 99.99 100.03 100.15 100.19

      

ppm      

Ba 483 258 309.2 617.1 651.4 549 414.1 338.5 675.3 632.4

Ni 90 20 32 172 114 116 168 116 68 127

Sc 23 16 16 18 21 16 14 13 15 17

Co 27.4 18.7 17.1 23.7 22.8 16.9 19.3 12.9 13.9 18.3

Cs 13.4 3.3 6.8 6.9 12.5 8.4 7.2 3.8 8.2 12.1

Ga 23.4 20.3 19.8 18.3 21.8 17.2 16.2 14.7 20.3 21.5

Hf 3.8 4.7 4.2 4.1 4 4.5 4.6 4 5.1 4.3

Nb 9.6 9.3 8.6 8.9 9.8 10.4 9.1 8.3 13.1 11.3

Rb 169.9 36.7 38.5 119.4 183.3 124.6 104 99.8 120.1 134

Sn 3 1 <1 2 3 37 2 32 5 4

Sr 194.9 329.4 293.2 208.4 147.9 161.7 154.4 63.3 331.9 184.8

Ta 0.7 0.8 0.6 0.7 0.8 0.7 0.9 0.6 0.9 2

Th 8.8 1.7 2.4 10.1 11.9 9.8 9.3 9 6.9 10.2

U 3.1 1.3 1.3 13.4 10.4 13.1 10.9 8.7 5.9 11.7

V 167 120 129 336 230 354 387 332 176 292

W 9.7 1.3 2.2 10.8 5.1 4.6 4 20.4 10.6 7.9

Zr 135.8 189 150.6 153.6 137.7 181.3 175.8 151.6 209.8 164.7

Y 22.5 40.1 20.9 31.7 32.5 31.4 32.4 24 29.9 33.7

La 30.5 17.3 32.6 33.1 32.1 32.8 32.3 29.9 39.3 34.6

Ce 60.6 34.5 71.3 63.7 63.8 64.5 62.9 59.9 84.5 65.9

Pr 6.86 4.33 8.69 7.43 7.6 7.61 7.54 6.92 10.5 7.71

Nd 27.2 18.2 36 31.4 29.2 30.3 29.1 28 46 31.2

Sm 5.6 4.6 6.1 5.7 5.8 6.7 6.2 5.1 8.7 6.1

Eu 1.24 1.17 1.68 1.44 1.33 1.14 1.28 0.83 2.06 1.35

Gd 4.71 5.56 4.54 5.56 5.81 5.93 5.74 4.37 6.89 5.6

Tb 0.7 1.01 0.67 0.88 0.9 0.89 0.92 0.66 0.93 0.92

Dy 4.19 5.83 3.54 4.71 5.07 5.02 5.51 3.8 4.84 5.05

Ho 0.76 1.32 0.64 1.08 1.12 1 1.03 0.81 0.96 1.12

Er 2.15 3.94 1.82 3.16 3.36 3.4 3.09 2.27 2.59 3.19

Tm 0.34 0.63 0.29 0.48 0.48 0.44 0.52 0.34 0.38 0.51

Yb 2.26 3.88 1.87 3.2 3.37 3.3 3.4 2.46 2.53 3.32



(continued) 
 
Sample FA20009-

043.50M 
FA20010-
042.35M 

FA200129-
059.90M 

FA99017-
017.40M 

FA99017-
146.55M 

FA20001-
132.05M 

FA200113-
125.70M 

FA99016-
038.50M 

FA99016-
050.10M 

FA99016-
065.15M 

Rock type MG MG MG MG MG MG MG MG MG MG 

Location D D D D D P P P P P 

ppm      

Lu 0.34 0.6 0.27 0.55 0.52 0.56 0.53 0.42 0.39 0.57

Mo 3.8 2.9 2.7 34.9 15.4 33.2 38 35.1 9.7 22.5

Cu 82.1 65.1 17 239.2 162 216.5 292.3 237.2 96.3 141.1

Pb 5 3.5 1.6 4.5 9.5 7.4 4.3 2338.3 6.8 6

Zn 138 59 83 324 305 279 209 634 205 292

Ni 97.5 15.6 35.1 176.9 129.3 161.4 179.6 108.9 68.5 127

As 170.1 3.4 13.9 984.5 109.4 144 283.6 >10000 382.6 204

Cd 0.3 0.2 <.1 3.6 1.1 2.5 1.8 13.9 1.7 2.5

Sb 3.2 1.7 3.3 9.6 2.4 12.7 12.8 >2000 8.3 74.7

Bi 0.4 0.1 <.1 1 0.5 0.5 1.9 15.7 0.5 1.8

Ag 0.4 0.2 0.1 1.7 0.8 0.9 1.1 51.4 0.6 1.4

Au (ppb) 14.6 0.8 2 74.3 10.7 9.3 26.4 1131.3 84 24.2

Hg < .01 <.01 0.01 0.01 0.01 < .01 <.01 0.02 0.01 0.01

Tl 2.9 0.2 0.6 1.6 2.3 2 1.5 1.1 1.8 1.8

Se 2.9 1.2 0.6 12.7 6.6 11.2 18.4 16 5.6 9.7

Au** (ppb) 25 4 <2 189 47 40 39 1272 203 91
 
MG – metagreywacke. D – distal to alteration. P – proximal to alteration. ** Gold fire assay. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Whole rock geochemical data; Fäboliden metavolcanic rocks. 
 
Sample FA400S-

47M 
FA400S-

48M 
FA400S-

55M 
FA400S-

58M 
FA400S-

59M 
FA400S-

01M 
FA400S-

02M 
FA400S-

12M 
FA400S-

27M 
FA400S-

36M 
Rock 
type MV MV MV MV MV MV MV MV MV MV 

Location D  D  D  D  D  P  P  P  P  P  

wt. %           

SiO2 47.76 47.09 53.57 52.57 48.92 63.39 64.73 73.84 48.18 55.76

Al2O3 9.72 11.15 15.44 12.67 12.13 13.9 13.05 9.73 12.49 11.33

Fe2O3 10.72 12.59 9.05 9.72 10 8.42 8.03 6.28 10.01 9.81

MgO 11.05 8.52 6.65 6.63 8.15 2.4 2.37 1.95 6.9 9.18

CaO 17.12 16.65 7.49 12.73 16.34 1.34 1.48 2.17 17.66 8.59

Na2O 0.63 0.66 4.19 3.69 1.88 0.49 0.44 1.45 1.15 1.16

K2O 0.46 0.52 1.18 0.31 0.58 4.47 4.08 2.6 0.35 1.84

TiO2 0.418 0.398 0.422 0.304 0.258 0.661 0.656 0.456 0.596 0.467

P2O5 0.182 0.183 0.109 0.103 0.094 0.131 0.148 0.108 0.14 0.082

MnO 0.16 0.16 0.14 0.15 0.21 0.06 0.06 0.04 0.17 0.17

Cr2O3 0.089 0.052 0.032 0.061 0.065 0.021 0.02 0.015 0.043 0.065

LOI 1.7 2 1.7 0.9 1.3 4.3 4.6 1.1 2.3 1.5

TOT/C 0.07 0.11 0.03 0.1 0.19 0.64 1.41 0.02 0.42 0.05

TOT/S 1.64 1.82 1.08 0.93 0.81 3.96 3.37 1.75 1.37 0.56

SUM 100.03 99.99 99.99 99.86 99.95 99.61 99.68 99.75 100 99.97

      

ppm      

Ba 62 86.9 252.1 175.7 372 602.6 579.3 406 44.9 409.3

Ni 101 80 57 110 137 206 142 79 34 94

Sc 56 38 36 41 35 16 14 10 38 37

Co 49.6 37.1 41.1 46.9 42.6 19.4 18.1 17.3 29 28.2

Cs 1.4 1.4 6.4 0.5 1.3 5.3 5.3 5.1 1.3 9.1

Ga 9.8 11.6 13.7 9.3 9.4 16.3 15.3 12.6 12.2 12

Hf 1 1.4 1.2 0.9 0.5 4.1 5.1 3.4 1.3 1

Nb 3.2 4 3.1 2.2 1.7 9.8 10.3 7 2.7 2.7

Rb 18.1 22.3 43.9 7.4 19.3 180.8 196 97.4 17.7 91.6

Sn 10 11 9 3 9 7 9 11 14 7

Sr 142.2 171.3 168.3 175.4 196.3 128.3 159.9 157.2 219.2 130.9

Ta 0.2 0.3 0.2 0.1 0.1 0.8 0.7 0.5 0.2 0.1

Th 0.8 0.7 0.9 0.7 0.3 8 9.9 6.3 0.5 0.5

U 0.6 0.8 0.3 0.4 0.4 10.9 13.2 6.2 1 0.3

V 251 212 200 201 195 298 353 175 232 213

W 0.8 2 0.7 0.7 1.6 6.2 5.3 34.5 3.9 46.5

Zr 33 38.6 37.7 24.6 18.4 160.2 195.3 119.7 40.7 29.3

Y 9.5 10.8 13.6 8.2 7.3 28.7 32 19.7 13.6 10.3

La 7.2 8.3 6.6 6.1 4.7 27.7 28.6 20.1 6.4 4.5

Ce 16.4 18.7 12.9 11.9 10 62.8 65.6 47.1 15.2 9.6

Pr 2.29 2.38 1.63 1.63 1.39 7.53 7.71 5.49 2 1.38

Nd 10.7 11.2 7.1 7.2 6.5 29.4 31 21.2 8.5 6

Sm 2.4 2.3 1.5 1.6 1.2 5.7 5.9 4 2 1.2

Eu 0.63 0.7 0.53 0.43 0.41 1.26 1.27 0.83 0.84 0.52

Gd 2.21 2.13 1.83 1.53 1.2 4.95 5.47 3.58 2.1 1.56

Tb 0.32 0.37 0.33 0.26 0.22 0.9 0.95 0.67 0.37 0.27

Dy 1.59 2.03 2.14 1.43 1.08 4.62 5.11 3.39 2.11 1.75

Ho 0.32 0.37 0.46 0.28 0.24 0.93 1.07 0.66 0.48 0.39

Er 1.06 1.2 1.51 0.93 0.84 2.85 3.15 1.96 1.42 1.27

Tm 0.15 0.16 0.24 0.13 0.12 0.44 0.45 0.29 0.19 0.17

Yb 0.98 1.06 1.45 0.78 0.66 2.66 3.32 2.03 1.35 1.02



(continued) 
 
Sample FA400S-

47M 
FA400S-

48M 
FA400S-

55M 
FA400S-

58M 
FA400S-

59M 
FA400S-

01M 
FA400S-

02M 
FA400S-

12M 
FA400S-

27M 
FA400S-

36M 

Rock type MV MV MV MV MV MV MV MV MV MV 

Location D  D  D  D  D  P  P  P  P  P  

ppm      

Lu 0.14 0.17 0.23 0.14 0.11 0.48 0.5 0.31 0.19 0.2

Mo 0.2 0.4 0.3 0.4 0.2 21.6 29.4 12.3 0.2 0.1

Cu 109.3 186.2 82.8 71.8 52.9 255.6 206.4 177.5 169.5 23.1

Pb 26.4 10.2 34.7 24.1 334.8 122.9 277.1 533 18.5 8.6

Zn 24 22 61 24 33 1180 857 249 13 39

Ni 113.6 78.4 47.5 100.9 111.7 171.4 134.4 80.3 47.3 82.1

As 4218.1 3511.8 998.9 2623.7 3315.4 224.2 436 >10000 3586.1 >10000

Cd 0.1 0.1 0.3 0.6 0.6 14.9 13 6.7 0.2 0.1

Sb 169.7 116.1 34.6 110.8 194.8 1304.8 1587.9 1404.5 68.8 58

Bi 4.3 1.7 0.9 2.6 11.8 3.2 6 45.2 6.8 4.2

Ag 0.9 0.7 0.7 0.8 3 7 10.9 25 1.2 0.2

Au (ppb) 681.8 430 135.8 528.7 518.1 96.2 147.2 6700.8 1578.9 1665

Hg <.01 <.01 <.01 <.01 <.01 0.01 0.02 0.01 <.01 <.01

Tl 0.2 0.1 0.6 0.1 0.3 1 1.2 1.8 0.2 1.1

Se 3.4 4.1 0.9 1.2 2.8 8.3 8.8 13.3 6 3.8

Au** (ppb) 901 645 171 672 493 192 225 6402 1638 2024

 
MV – metavolcanic rock. D – distal to alteration. P – proximal to alteration. ** Gold fire 
assay. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Whole rock geochemical data; Fäboliden intrusive rocks. 
 
Sample FA02036 FA02124 FA02092 FA99010- 

09.50M 
FA20010- 
203.90M 

FA200113- 
034.50M 

FA200113- 
198.50M 

FA200129- 
161.60M 

Rock type RG RG RG RG DOL DOL DOL DOL 

wt. %         

SiO2 69.07 71.95 71.7 71.94 46.79 46.96 47.04 47.08

Al2O3 13.9 13.38 13.34 13.63 14.88 14.81 14.85 14.91

Fe2O3 3.28 2.23 2.3 3.17 15.5 15.38 15.84 15.62

MgO 0.51 0.45 0.37 0.6 6.3 5.84 5.69 6.28

CaO 1.79 0.88 1.06 1.04 9.13 9.32 9.36 8.99

Na2O 2.71 2.78 2.51 2.89 2.73 2.77 2.76 2.73

K2O 5.4 5.37 5.74 4.65 1.11 1.08 1.1 1.08

TiO2 0.5 0.29 0.32 0.41 2.605 2.658 2.702 2.481

P2O5 0.09 0.05 0.03 0.06 0.577 0.612 0.616 0.565

MnO 0.03 0.02 0.02 0.03 0.21 0.2 0.21 0.21

Cr2O3 0.015 0.013 0.014 0.013 0.013 0.012 0.013 0.012

LOI 0.4 0.9 0.6 0.8 0.2 0.4 0.1 0.2

TOT/C 0.03 0.04 0.05 0.07 0.01 0.07 0.02 0.02

TOT/S 0.01 < .01 < .01 0.02 0.13 0.15 0.14 0.13

SUM 97.8 98.4 98.07 99.3 100.06 100.06 100.29 100.17

    

ppm    

Ba 887 745 565 607 621.8 623 665.8 616.8

Ni < 20 < 20 < 20 28 71 74 55 66

Sc 5 4 5 7 34 34 35 32

Co 4 2.5 2 3.4 49.6 49.7 48.7 54.3

Cs 3.5 3.3 2.4 4.6 1.3 3.3 1.3 1.4

Ga 22 19.8 21.2 21.9 21.9 24.5 22 22.6

Hf 8.8 6.2 7.7 9.1 4.3 4.6 4.8 4.3

Nb 15.3 10.7 12.1 14.3 9 9.6 9.2 8.7

Rb 218.4 215.8 252.9 233 23.9 22.3 20.4 22.3

Sn < 1 3 < 1 2 1 <1 <1 <1

Sr 169 149.1 111.1 129.3 374.1 377.2 349.8 392.3

Ta 0.8 0.8 0.6 0.9 0.6 0.5 0.5 0.6

Th 23 20.7 40.4 46.7 1.2 1.5 1.5 1.4

U 2.4 5.6 3.1 7.6 0.4 0.4 0.5 0.4

V 28 14 15 21 328 336 322 300

W 1.6 1.6 1.6 1.8 0.3 0.2 0.4 0.4

Zr 289.9 196.2 221.2 280.8 171.4 181.2 182.5 166.8

Y 32.2 28.1 21.4 31.5 38.8 41 41.6 36.9

La 82.9 49 53.6 97.5 21 22.3 23 20.6

Ce 174.4 111.2 135.4 198.8 47.9 49.9 52.7 50.1

Pr 18.45 12.44 15.09 23.24 6.85 6.97 7.06 6.76

Nd 69.3 49 55.4 91.2 31.4 33.2 33.9 32.8

Sm 11.1 9.1 10.6 16.3 7.8 7.4 7.9 7.1

Eu 1.11 0.7 0.67 0.68 2.46 2.54 2.81 2.4

Gd 8.3 7.08 7.02 10.31 7.58 8.21 7.75 7.62

Tb 1.02 0.96 0.99 1.41 1.17 1.27 1.23 1.19

Dy 5.46 5.09 4.65 6.81 7 7 7.1 7.01

Ho 1.1 0.99 0.78 1.15 1.29 1.32 1.37 1.31

Er 2.81 2.61 1.93 2.76 3.49 3.7 4.17 3.71

Tm 0.41 0.41 0.29 0.41 0.56 0.57 0.58 0.53

Yb 2.63 2.6 1.66 2.48 3.15 3.33 3.52 3.24

Lu 0.4 0.33 0.21 0.3 0.51 0.55 0.59 0.5



(continued) 
 
Sample FA02036 FA02124 FA02092 FA99010- 

09.50M 
FA20010- 
203.90M 

FA200113- 
034.50M 

FA200113- 
198.50M 

FA200129- 
161.60M 

Rock type RG RG RG RG DOL DOL DOL DOL 

ppm    

Mo 4.9 4 4.7 4.9 1.7 1.3 1.9 1.5

Cu 6.2 4.5 4.3 9.2 75.7 76.3 83 75

Pb 14 14.1 13.8 10.5 1.9 2.1 0.9 2.1

Zn 69 35 57 73 89 87 94 88

Ni 5.2 4.1 4 24.4 54.9 58.2 53.7 68.3

As 8.5 12.8 2.7 9.5 <.5 0.8 1.6 0.8

Cd 0.1 0.1 < .1 0.2 0.1 0.1 0.1 0.1

Sb 0.3 0.7 0.6 2.1 <.1 0.3 0.1 0.1

Bi 0.1 0.1 0.1 0.1 <.1 <.1 <.1 <.1

Ag 0.1 0.1 0.1 0.1 <.1 <.1 <.1 <.1

Au (ppb) 1.3 0.7 < .5 2.6 <.5 <.5 1.1 <.5

Hg 0.01 < .01 < .01 0.01 <.01 <.01 <.01 <.01

Tl 0.7 0.2 0.7 0.5 0.2 0.2 0.2 0.1

Se < .5 < .5 < .5 < .5 <.5 <.5 0.5 <.5

Au** (ppb) 2 2 < 2 < 2 <2 2 <2 <2

 
RG – Revsund granitoid, DOL – dolerite, ** Gold fire assay. 
 
 
 



Appendix 3 
 
 
 
 

Electron microprobe data 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Microprobe data from selected minerals, from Fäboliden. 
 
Instrument: microprobe CAMECA SX50 / WDS EPMA. 
Analytical parameters: 20 KV, 15 nA, spot size 2 microns. 
 
Amphibole: 
 
Sample FA93003- 

073.85m p8 
FA02070A 

p7 
FA02016A

p1 
FA200113- 

144.05M p22
FA99016-

033.05M p1 
FA99016- 

033.05M p2 
Location* D D D P P P 
       
Conc. wt%       
Na 0.06 0.10 1.99 0.11 0.44 0.40 
Mg 9.09 10.76 7.68 10.56 10.38 9.53 
Al 1.02 0.43 8.60 1.33 2.04 2.90 
Si 24.43 25.20 19.00 25.39 24.84 23.82 
K 0.00 0.00 0.00 0.14 0.20 0.36 
Ca 0.20 0.70 0.71 9.21 8.73 8.90 
Ti 0.06 0.03 0.44 0.09 0.18 0.41 
Mn 0.47 0.31 0.25 0.16 0.22 0.19 
Fe 20.27 17.96 17.89 8.11 7.56 8.20 
Cr 0.00 0.04 0.01 0.00 0.08 0.09 
O 40.81 41.77 40.83 43.24 43.01 42.48 
SUM 96.41 97.30 97.40 98.33 97.66 97.29 
       
Mineral 
(23 O)  

Fe-Mg 
amphibole 

Fe-Mg 
amphibole 

Fe-Mg 
amphibole

Calcic 
amphibole 

Calcic 
amphibole 

Calcic 
amphibole 

*D – distal, P – proximal. 
 
 
Pyroxene:  
 
Sample FA02099A 

p7 
FA02099A 

p9 
FA02099A 

p3 
FA02099A 

p4 
FA200113
-144.05M 

p29 

FA200113
-144.05M 

p14 

FA20002-
061.15m 

p1 

FA20002-
061.15m 

p7 
Location* D D D D P P P P 
         
Conc. wt%         
Na 0.00 0.00 0.00 0.01 0.15 0.37 0.00 0.09 
Mg 2.12 1.40 0.89 0.82 8.47 10.07 7.87 7.43 
Al 0.06 0.23 0.20 0.04 0.32 2.50 0.14 0.17 
Si 22.56 22.40 22.16 22.36 24.75 24.49 24.81 24.39 
K 0.00 0.00 0.00 0.00 0.00 0.31 0.00 0.00 
Ca 15.94 14.66 14.73 15.16 17.28 9.20 17.50 16.84 
Ti 0.01 0.02 0.00 0.00 0.06 0.21 0.00 0.00 
Mn 0.13 0.17 0.08 0.10 0.24 0.14 0.25 0.28 
Fe2+ 19.15 21.74 22.06 22.01 5.53 7.79 6.62 7.95 
Cr 0.00 0.00 0.03 0.00 0.04 0.07 0.01 0.04 
O 39.05 38.79 38.24 38.44 42.71 43.08 42.54 41.96 
SUM 99.01 99.40 98.38 98.93 99.54 98.24 99.74 99.15 
         
Mineral 
(6 O) 

Hed-Diop Hed-Diop Hed Hed Diop-Hed Augite Diop-Hed Diop-Hed 

*D – distal, P – proximal. Hed – hedenbergite, Diop – diopside.  
 



Plagioclase: 
 
Sample FA93003-

073.85m 
p7 

FA200129-
026.45M 

p4 

FA02016A 
p6 

FA200129-
026.45M 

p18 

FA20002-
073.70mA 

p3 

FA200113-
146.10MB 

p6 

FA20002-
061.15m 

p10 

FA20001-
104.95m 

p6 
Location D D D D P P P P 
         
Conc. wt%         
Na 5.37 5.94 4.01 5.16 5.17 2.76 4.44 4.84 
Mg 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 
Al 13.66 12.67 15.20 13.45 13.82 15.77 14.63 14.40 
Si 27.09 28.05 25.78 27.05 27.10 24.34 26.31 26.67 
K 0.04 0.05 0.01 0.03 0.09 0.03 0.12 0.15 
Ca 5.63 4.74 7.73 5.91 5.78 9.40 7.00 6.35 
Ti 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 
Mn 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Fe 0.03 0.12 0.00 0.16 0.02 0.00 0.03 0.06 
Cr 0.00 0.00 0.04 0.03 0.00 0.01 0.00 0.02 
O 47.15 47.24 47.40 46.99 47.31 46.49 47.36 47.48 
SUM 98.98 98.82 100.17 98.77 99.31 98.81 99.89 99.99 
         
An comp 37.55 31.40 52.50 39.67 39.07 66.14 47.49 42.93 
Mineral 
(8 O) 

Andesine Andesine Labradorite Andesine Andesine Labradorite Andesine Andesine 

*D – distal, P – proximal.  An – anorthite. 
 
 
Biotite: 
 
Sample FA200129

-026.45M 
p8 

FA93003-
073.85m 

p15 

FA02046
B p1 

FA200129-
026.45M 

p2 

FA20002-
073.70mA 

p1 

FA20001-
104.95m 

p3 

FA20002-
061.15m 

p8 

FA99016-
038.50MB 

p1 
Location D D D D P P P P 
         
Conc. wt%         
Na 0.09 0.17 0.00 0.01 0.05 0.03 0.00 0.05 
Mg 7.49 7.27 9.12 6.61 12.68 11.89 7.93 5.16 
Al 8.77 8.79 8.43 9.12 9.30 10.28 8.65 9.99 
Si 17.20 16.77 17.90 16.94 18.80 17.82 17.00 16.66 
K 6.96 6.51 7.65 6.92 8.11 8.41 7.79 7.52 
Ca 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 
Ti 1.78 1.78 1.64 1.31 1.53 0.65 1.01 1.31 
Mn 0.00 0.00 0.20 0.03 0.19 0.66 0.14 0.76 
Fe 13.87 14.08 10.24 14.38 2.20 4.16 11.85 15.45 
Cr 0.02 0.03 0.00 0.00 0.07 0.06 1.08 0.03 
O 38.97 38.34 39.55 38.18 41.46 40.86 38.49 38.36 
SUM 95.16 93.74 94.72 93.50 94.39 94.82 93.94 95.30 
         
Mineral 
(24 O) 

Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite 

*D – distal, P – proximal.  
 
 
 
 
 



Garnet-Biotite geothermometry: 
 
Sample FA200129-

026.45M 
p8 

FA93003-
073.85m 

p4 

FA93003-
073.85m 

p3 

FA200129
-026.45M 

p23 

FA200129
-026.45M 

p10 

FA200129
-026.45M 

p25 

FA99011-
037.30m 

p9 

FA200129-
026.45M 

p2 

FA99011-
037.30m 

p3 
Mineral 
(24 O) Bio Bio Bio Bio Bio Bio Bio Bio Bio 

          
Conc. wt%          
Na 0.09 0.19 0.12 0.10 0.05 0.10 0.06 0.01 0.06 
Mg 7.49 7.31 7.52 7.02 7.51 6.80 6.07 6.61 5.88 
Al 8.77 9.01 9.01 8.39 9.03 9.19 9.31 9.12 9.02 
Si 17.20 16.82 16.55 16.54 17.05 17.26 16.39 16.94 16.46 
K 6.96 6.71 5.94 7.07 6.89 7.20 6.60 6.92 7.19 
Ca 0.00 0.01 0.01 0.00 0.00 0.00 0.03 0.00 0.03 
Ti 1.78 1.44 1.30 1.64 1.54 1.64 1.48 1.31 1.74 
Mn 0.00 0.05 0.06 0.07 0.01 0.10 0.39 0.03 0.30 
Fe 13.87 13.17 13.61 14.63 13.00 14.27 16.39 14.38 16.56 
Cr 0.02 0.02 0.06 0.00 0.00 0.01 0.02 0.00 0.01 
O 38.97 38.20 37.89 37.71 38.59 39.04 38.14 38.18 38.15 
SUM 95.16 92.93 92.07 93.16 93.68 95.62 94.87 93.50 95.40 
          
          
          
Sample FA200129-

026.45M 
p9 

FA93003-
073.85m 

p5 

FA93003-
073.85m 

p5 

FA200129
-026.45M 

p22 

FA200129
-026.45M 

p11 

FA200129
-026.45M 

p26 

FA99011-
037.30m 

p8 

FA200129-
026.45M 

p1 

FA99011-
037.30m 

p2 
Mineral 
(12 O) Gt Gt Gt Gt Gt Gt Gt Gt Gt 

          
Conc. wt%          
Na 0.00 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.03 
Mg 2.43 2.38 2.38 2.18 2.85 2.36 1.61 2.51 1.60 
Al 11.25 11.21 11.21 10.81 11.03 11.09 11.33 11.03 11.18 
Si 17.57 17.21 17.21 17.16 17.47 17.36 17.23 17.17 17.29 
K 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
Ca 0.88 1.05 1.05 0.93 0.90 0.93 1.30 0.84 1.38 
Ti 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.02 0.00 
Mn 1.96 3.14 3.14 3.58 1.85 3.44 7.58 2.17 6.66 
Fe 26.43 24.93 24.93 25.31 26.19 25.76 21.80 26.20 22.05 
Cr 0.01 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.00 
O 40.14 39.64 39.64 39.27 39.99 39.96 39.77 39.52 39.51 
SUM 100.71 99.63 99.63 99.24 100.27 100.92 100.69 99.48 99.71 
          
Temp* (°C) 570.8 577.2 578.5 588.9 605.4 613.5 632.4 642.6 643.3 
 
Garnet-biotite geothermometry, after Hodges and Spear (1982). A pressure of 4 kbar was used 
for the calculations, in compliance with fluid inclusion data from Fäboliden. OH was assumed 
to be “100- analytical total”. FeO was assumed to be Fe2+. Gt – garnet, bio – biotite. 
 
Reference: Hodges, K.V. and Spear, F.S. 1982. Geothermometry, geobarometry and the 
Al2SiO5 triple point at Mt. Moosilauke, New Hampshire. American Mineralogist 67, 1118–
1134. 
 
 
 



Arsenopyrite-Löllingite: 
 
Sample FA20001_

106.95m 
_tr1A 

FA20001_
106.95m 

_tr1B 

FA20001_
106.95m 

_tr1C 

FA20001_
106.95m 

_tr4 

FA20001_
106.95m 

_tr1D 

FA20001_
106.95m 

_tr1E 

FA20001_
106.95m 

_tr1F 

FA20001_
106.95m 

_tr1G 
         
Conc. wt%         
S 17.90 18.40 17.31 17.85 3.13 2.98 3.11 3.18 
Sn 0.07 0.00 0.04 0.04 0.00 0.00 0.00 0.00 
Ag 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 
Sb 0.14 0.00 0.15 0.18 0.18 0.10 0.19 0.20 
Au 0.07 0.00 0.07 0.00 0.00 0.00 0.00 0.00 
Co 0.00 0.00 0.00 0.06 0.00 0.06 0.02 0.03 
Ni 0.15 0.13 0.30 0.11 1.01 1.05 1.06 0.74 
As 47.41 47.19 48.71 47.97 67.59 67.73 67.69 68.06 
Fe 34.63 33.80 34.42 34.21 27.34 27.37 27.17 27.38 
SUM 100.36 99.51 101.00 100.43 99.24 99.29 99.25 99.60 
         
Mineral Apy Apy Apy Apy Löll Löll Löll Löll 
 
All analyses are on arsenopyrite/löllingite grains from the proximal alteration zone at 
Fäboliden.  
Apy – arsenopyrite, Löll – löllingite. 
 
 
Gold: 
 
Sample FA 20001-

104.95m p9 
FA 20001-

104.95m p10 
FA 20001-

104.95m p12
FA 20001-

106.95m p6 
FA 20001-

106.95m p10
FA 20001-

106.95m p11 
       
Conc. wt%       
S 0.03 0.00 0.09 0.00 0.18 0.07 
Ag 0.00 0.00 31.81 18.63 31.38 21.49 
Sb 55.61 56.04 0.00 0.00 0.09 0.00 
Te 0.01 0.07 0.11 0.12 0.08 0.12 
Sn 0.31 0.19 0.00 0.00 0.00 0.00 
Hg 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 0.00 0.00 0.00 0.00 0.00 0.00 
Au 42.95 42.66 66.05 79.27 66.93 76.19 
Cu 0.01 0.00 0.00 0.03 0.01 0.00 
SUM 98.93 98.96 98.06 98.05 98.68 97.88 
       
Type Au-Sb Au-Sb Au-Ag Au-Ag Au-Ag Au-Ag 
 
 
All silicate mineral calculations above are based on the methods by: 
 
Robinson, R., et al. 1982. Phase relations of metamorphic amphiboles: natural occurrence and theory In: Veblen D, Ribbe P 
(Eds.) Amphiboles: petrology and experimental phase relations. Reviews in mineralogy, Mineralogical Society of America, pp. 
390. 
 
Droop, G. 1987. A general equation for estimating Fe3+ concentrations in ferromagnesian silicates and oxides from microprobe 
analyses, using stoichiometric criteria. Mineralogical Magazine 51, 431–435. 
 
Leake, BE., et al. 1997. Nomenclature of amphiboles; report of the subcommittee on amphiboles of the International 
Mineralogical Association, Commission on New Minerals and Mineral Names. The Canadian Mineralogist 35, 219–246. 
 



Appendix 4 
 
 
 
 

Stable isotope data 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sulphur (S) isotopes 
 
Sample Mineral 34SCDT  
 
FA20002-073.70ma arsenopyrite  0.2 
FA20002-073.70mb arsenopyrite  0.4 
FA20002-075.20m arsenopyrite  0.6 
FA20003-037.75m arsenopyrite  0.0 
FA200113-122.87m arsenopyrite -0.1 
FA200113-123.00m arsenopyrite  0.0 
FA200113-148.00ma arsenopyrite  1.3 
FA200113-148.00mb arsenopyrite  1.5 
FA200113-149.45m arsenopyrite  1.0 
FA200113-149.82m arsenopyrite  1.8 
FA200113-155.70ma arsenopyrite -0.4 
FA200113-155.70mb arsenopyrite  0.9 
FA200113-157.32m arsenopyrite  0.2 
FA200113-160.17m arsenopyrite -0.4 
FA200113-160.34m arsenopyrite -0.5 
FA99016-025.40ma arsenopyrite  0.9 
FA99016-025.40mb arsenopyrite  1.0 
FA99016-036.50m arsenopyrite  2.6 
FA99016-041.65m arsenopyrite  1.6 
FA99016-042.00m arsenopyrite  1.6 
FA99016-043.80m arsenopyrite -0.9 
FA99016-048.52m arsenopyrite  1.7 
FA20002-082.90m pyrrhotite  0.4 
FA200113-144.05m pyrrhotite  0.5 
FA200113-151.33m pyrrhotite  0.2 
FA200113-160.34m  pyrrhotite -0.8 
FA200113-166.71m pyrrhotite  0.0 
FA200113-169.25m pyrrhotite -1.5 
FA99016-050.10m pyrrhotite  0.1 
FA99017-039.10m pyrrhotite*  0.8 
FA99017-076.65m pyrrhotite* -2.6 
FA99017-116.55m pyrrhotite* -3.3 
   

CDT = Cañon Diablo troilite. * Least altered samples. 
All values in per mil. 
 
Sulphur isotope data, from conventional analysis (for method, see manuscript IV). 
 
 
 
 
 
 
 
 
 
 
 



Sulphur (S) isotopes 
 
Sample Mineral Comments 34SCDT  (‰)

1 
 
FA20001-106.95ma arsenopyrite core  2.7 
FA20001-106.95mb arsenopyrite rim  2.6 
FA20002-073.70ma arsenopyrite rim  2.5 
FA20002-073.70mb arsenopyrite core  1.4 
FA20002-073.70mc arsenopyrite rim  1.9 
FA20002-075.20ma arsenopyrite core  1.7 
FA20002-075.20mb arsenopyrite core  1.9 
FA20003-037.75m arsenopyrite rim  1.7 
FA200113-122.87ma arsenopyrite core  0.6 
FA200113-122.87mb arsenopyrite core -0.1 
FA200113-132.80m arsenopyrite core -0.2 
FA200113-146.29m arsenopyrite core  1.2 
FA200113-146.43m arsenopyrite rim  1.7 
FA200113-146.57m arsenopyrite rim  3.6 
FA200113-148.00ma arsenopyrite rim  2.3 
FA200113-148.00mb arsenopyrite core  2.4 
FA200113-149.45m arsenopyrite core  0.3 
FA200113-150.78m arsenopyrite core  1.2 
FA200113-151.63m arsenopyrite core  0.9 
FA200113-155.70m arsenopyrite core  1.6 
FA200113-157.32m arsenopyrite core  1.2 
FA200113-160.17m arsenopyrite core  1.0 
FA200113-160.34ma arsenopyrite core -0.8 
FA200113-160.34mb arsenopyrite rim  0.4 
FA99016-036.50m arsenopyrite core  2.3 
FA99016-042.00ma arsenopyrite rim  2.7 
FA99016-042.00mb arsenopyrite core  1.6 
FA99016-043.80m arsenopyrite core  0.2 
FA99016-047.92m arsenopyrite rim  0.6 
FA99016-048.35m arsenopyrite core  1.8 
FA99016-048.52m arsenopyrite rim/core  1.6 
FA20002-075.20ma pyrrhotite core  0.8 
FA20002-075.20mb pyrrhotite core  1.0 
FA20003-037.75m pyrrhotite rim  0.0 
FA200113-150.78m pyrrhotite core  0.8 
FA200113-151.63m pyrrhotite rim  0.5 
FA99016-042.00m pyrrhotite rim  1.9 
FA99016-048.35m pyrrhotite core  1.5 

CDT = Cañon Diablo troilite. 
 

1 All values were corrected from raw 34S values, using the laser fractionation factor determined 
by Wagner et al. (2004) whereby; 34Strue = 34Smeasured +0.4, which is the same as that calculated 
for pyrrhotite by Maynard et al. (1997). Shaded cells indicate core/rim analysis on single grains. 
For references, see manuscript IV. 
 
 
 



Oxygen (O) and hydrogen (H) isotopes 
 

Sample Mineral 
18O 

mineral 
D 

mineral 
18O 

fluid 520°C 
18O 

fluid 560°C 
D 

fluid 520°C 
D 

fluid 560°C 
FA20001-104.95ma biotite    -95   -58 -62 
FA20001-104.95mb biotite   7.3    9.8   9.8   
FA20002-075.20m biotite    -95   -58 -61 
FA200113-144.05m biotite    -67   -30 -33 
FA200113-151.33ma biotite    -80   -44 -47 
FA200113-151.33mb biotite   7.7  10.2 10.2   
FA200113-169.25m biotite  -120   -83 -86 
FA99016-033.05ma biotite    -71   -34 -38 
FA99016-033.05mb biotite   8.0  10.5 10.5   
FA99016-050.10m biotite    -91   -54 -58 
FA20001-104.95m quartz 11.4    9.3   9.6   
FA20002-073.70m quartz 11.3    9.2   9.5   
FA20002-075.20m quartz 11.6    9.5   9.8   
FA200113-144.05m quartz 12.2  10.1 10.4   
FA200113-148.00m quartz 12.0    9.9 10.2   
FA200113-151.33m quartz 11.4    9.3   9.6   
FA200113-160.34m quartz 11.2    9.1   9.4   
FA200113-166.71m quartz 12.0    9.9 10.2   
FA200113-169.25m quartz 12.0    9.9 10.2   
FA99016-025.40m quartz 10.6    8.5   8.8   
FA99016-033.05m quartz 13.1  11.0 11.3   
FA99016-036.50m quartz 11.6    9.5   9.8   
FA99016-041.65m quartz 12.2  10.1 10.4   
FA99016-050.10m quartz 11.9    9.8 10.1   
        
For equations on the calculated fluid compositions see text (Results). The temperature range 
used for the Fäboliden samples is 520–560°C, after Bark (2005). All values in per mil. 
 
Oxygen and hydrogen isotope data, from conventional analysis (for calculations, see 
manuscript IV). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Appendix 5 
 
 
 
 

Structural data 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Planar structures at Fäboliden.  
(* no reliable measurement was possible. Coordinates in the Swedish national grid, RT90.)  
 
Outcrop N coord E coord Feature Strike Dip
GBA02001 7171390 1602510 Foliation plane 007 86
GBA02002 7171385 1602500 Foliation plane 163 89
GBA02002 7171385 1602500 Foliation plane 171 88
GBA02003 7171335 1602525 Foliation plane 191 79
GBA02004 7171315 1602530 Foliation plane 192 88
GBA02005 7171345 1602550 Foliation plane 175 86
GBA02005 7171345 1602550 Foliation plane 348 84
GBA02007 7171325 1602540 Foliation plane 171 80
GBA02007 7171325 1602540 Foliation plane 171 87
GBA02009 7171330 1602585 Foliation plane 190 87
GBA02126 7171355 1602635 Foliation plane 354 *
GBA02029 7171235 1602745 Foliation plane 008 90
GBA02032 7171220 1602760 Foliation plane 006 80
GBA02010 7171030 1602340 Foliation plane 001 *
GBA02041 7170960 1602370 Foliation plane 006 75
GBA02041 7170960 1602370 Bedrock contact 354 *
GBA02042 7170945 1602365 Foliation plane 353 *
GBA02046 7170945 1602370 Foliation plane 174 *
GBA02049 7170950 1602390 Foliation plane 189 86
GBA02050 7170955 1602380 Foliation plane 170 *
GBA02051 7170960 1602385 Foliation plane 031 *
GBA02053 7170965 1602390 Foliation plane 007 84
GBA02053 7170965 1602380 Bedrock contact 015 *
GBA02056 7170930 1602415 Foliation plane 014 83
GBA02058 7170910 1602405 Foliation plane 352 *
GBA02012 7171045 1602590 Foliation plane 181 82
GBA02013 7171060 1602610 Foliation plane 184 85
GBA02014 7171065 1602620 Foliation plane 183 86
GBA02016 7171055 1602610 Foliation plane 168 82
GBA02017 7171055 1602615 Foliation plane 189 80
GBA02017 7171055 1602615 Foliation plane 176 82
GBA02017 7171055 1602615 Foliation plane 176 89
GBA02022 7171050 1602665 Foliation plane 170 79
GBA02023 7171045 1602680 Foliation plane 010 90
GBA02024 7171040 1602675 Foliation plane 188 87
GBA02026 7171055 1602640 Foliation plane 005 90
GBA02060 7170995 1602650 Foliation plane 176 85
GBA02021 7171030 1602610 Axial plane to fold 300 80
GBA02079 7171020 1602800 Foliation plane 013 90
GBA02079 7171020 1602800 Foliation plane 009 88
GBA02079 7171020 1602800 Foliation plane 189 79
GBA02085 7170975 1602760 Foliation plane 002 90
GBA02059 7170930 1602585 Foliation plane 181 78
GBA02059 7170930 1602585 Foliation plane 192 88
GBA02059 7170930 1602585 Foliation plane 192 87
GBA02061 7170855 1602590 Foliation plane 028 84
GBA02062 7170785 1602575 Foliation plane 036 83
GBA02065 7170875 1602665 Foliation plane 013 90
GBA02066 7170865 1602680 Foliation plane 034 88
GBA02067 7170860 1602675 Foliation plane 032 90



Outcrop N coord E coord Feature Strike Dip
GBA02069 7170855 1602660 Foliation plane 018 78
GBA02070 7170850 1602680 Foliation plane 026 85
GBA02072 7170840 1602675 Foliation plane 195 87
GBA02075 7170825 1602645 Foliation plane 022 87
GBA02076 7170825 1602660 Foliation plane 028 84
GBA02077 7170815 1602660 Foliation plane 024 85
GBA02078 7170810 1602665 Foliation plane 020 90
GBA02068 7170860 1602670 Foliation plane 022 90
GBA02098 7170675 1602530 Foliation plane 179 84
GBA02099 7170730 1602600 Foliation plane 017 82
GBA02101 7170710 1602595 Foliation plane 012 65
GBA02103 7170750 1602590 Foliation plane 021 65
GBA02105 7170680 1602600 Foliation plane 359 78
GBA02105 7170680 1602600 Foliation plane 007 65
205N_H1 7170405 1602440 Foliation plane 004 60
205N_H2 7170405 1602445 Foliation plane 352 75
205N_H2 7170405 1602445 Shear zone 324 65
205N_H2 7170405 1602445 Foliation plane 348 *
205N_H2 7170405 1602445 Bedrock contact 000 *
205N_H2 7170405 1602445 Quartz vein 290 90
205N_H2 7170405 1602445 Quartz vein 320 *
205N_H2 7170405 1602445 Quartz vein 278 *
205N_H3 7170405 1602445 Foliation plane 360 80
205N_H4 7170405 1602445 Foliation plane 354 80
205N_H5 7170405 1602445 Foliation plane 358 *
325S_H1 7169840 1602390 Shear zone 350 *
325S_H2 7169840 1602395 Shear zone 005 52
325S_H2 7169840 1602395 Foliation plane 005 52
325S_H3 7169840 1602400 Shear zone 015 *
400S_P1 7169780 1602350 Foliation plane 060 65
400S_P2 7169780 1602350 Foliation plane 047 50
400S_P2 7169780 1602350 Foliation plane 021 85
400S_P3 7169780 1602360 Foliation plane 000 75
400S_P3 7169780 1602360 Foliation plane 009 64
400S_P3 7169780 1602360 Quartz vein 012 28
400S_P4 7169780 1602370 Foliation plane 031 55
400S_P4 7169780 1602370 Foliation plane 018 76
400S_P4 7169780 1602370 Foliation plane 035 65
400S_P4 7169780 1602370 Foliation plane 029 54
400S_P5 7169780 1602380 Shear zone 356 60
400S_P6 7169785 1602380 Shear zone 323 48
400S_P6 7169785 1602380 Shear zone 326 54
400S_P7 7169790 1602380 Shear zone 016 70
400S_P7 7169790 1602380 Foliation plane 040 70
400S_P7 7169790 1602380 Shear zone 332 70
400S_P7 7169790 1602380 Shear zone 009 65
400S_P8 7169790 1602360 Foliation plane 014 60
400S_P9 7169790 1602355 Foliation plane 025 55
400S_P9 7169790 1602355 Quartz vein 164 56
400S_P11 7169790 1602345 Foliation plane 028 52
400S_P11 7169790 1602345 Foliation plane 022 50
400S_P12 7169780 1602345 Foliation plane 021 56
400S_P12 7169780 1602345 Shear zone 036 66



Outcrop N coord E coord Feature Strike Dip
400S_P14 7169780 1602380 Shear zone 014 *
400S_P14 7169780 1602380 Shear zone 020 *
400S_P15 7169780 1602385 Shear zone 025 *
400S_P16 7169780 1602385 Foliation plane 014 50
400S_P16 7169780 1602385 Foliation plane 018 53
400S_P18 7169790 1602400 Shear zone 027 *
GBA06039 7170875 1602660 Foliation plane 031 90
GBA06039 7170875 1602660 Foliation plane 024 90
GBA06039 7170875 1602660 Foliation plane 022 86
GBA06039 7170875 1602660 Foliation plane 192 84
GBA06040 7170880 1602660 Foliation plane 014 90
GBA06041 7170881 1602660 Foliation plane 022 88
GBA06043 7170882 1602657 Foliation plane 192 86
GBA06044 7170885 1602653 Foliation plane 017 90
GBA06045 7170885 1602650 Foliation plane 200 86
GBA06046 7170890 1602651 Foliation plane 013 86
GBA06047 7170891 1602652 Foliation plane 185 82
GBA06048 7170896 1602656 Foliation plane 013 90
GBA06048 7170896 1602656 Foliation plane 194 88
GBA06049 7170896 1602658 Foliation plane 188 86
GBA06050 7170896 1602654 Foliation plane 011 86
GBA06051 7170902 1602650 Foliation plane 017 86
GBA06051 7170902 1602650 Foliation plane 186 82
GBA06051 7170902 1602650 Foliation plane 198 86
GBA06051 7170902 1602650 Foliation plane 188 82
GBA06051 7170902 1602650 Foliation plane 179 82
GBA06051 7170902 1602650 Foliation plane 189 88
GBA06051 7170902 1602650 Foliation plane 026 90
GBA06052 7170904 1602652 Foliation plane 182 80
GBA06052 7170904 1602652 Foliation plane 172 86
GBA06053 7170897 1602668 Foliation plane 188 84
GBA06029 7170250 1602790 Foliation plane 355 78
GBA06030 7170250 1602790 Foliation plane 010 80
GBA06031 7170250 1602790 Foliation plane 125 50
GBA06032 7170250 1602790 Foliation plane 008 90
GBA06038 7170250 1602790 Foliation plane 017 90
GBA06038 7170250 1602790 Foliation plane 026 90
 
Linear structures at Fäboliden.  
 
Outcrop N coord E coord Feature Strike Plunge 
GBA02002 7171385 1602500 Fold axis 163 * 
GBA02002 7171385 1602500 Fold axis 171 * 
GBA02065 7170875 1602665 Mineral elongation lineation 194 80 
GBA02068 7170860 1602670 Mineral elongation lineation 202 80 
205N_H1 7170405 1602440 Mineral elongation lineation 83 60 
205N_H3 7170405 1602445 Mineral elongation lineation 110 78 
400S_P3 7169780 1602360 Mineral elongation lineation 55 65 
400S_P4 7169780 1602370 Fold axis 220 30 
400S_P4 7169780 1602370 Mineral elongation lineation 16 53 
400S_P16 7169780 1602385 Mineral elongation lineation 90 55 
GBA06051 7170902 1602650 Mineral elongation lineation 89 77 
 






