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Genesis and tectonic setting of the hypozonal Fäboliden orogenic gold deposit, 
northern Sweden

Abstract: The well-known Skellefte Ore District, northern Sweden, hosts a large number of massive sulphide 
deposits, a few porphyry-type-deposits and a number of gold deposits in different geological settings. 
Southwest of this district a new ore province, the so called Gold Line, is presently being uncovered. During 
the past decade a number of gold occurrences have been discovered in this area. Only one deposit is in 
production, the Svartliden gold deposit (2 Mton at 4.3 ppm Au). However, with regards to tonnage the 
Fäboliden gold deposit stands out with a known mineral resource of c. 16 Mton with 1.33 ppm Au. Additional 
24.5 Mton with 1.5 ppm Au is indicated down to a depth of 350 m.

The late- to post-orogenic, c. 1.81–1.77 Ga, Revsund granite constitutes the main rock type in the Fäboliden 
area and surrounds a narrow belt of metavolcanic rocks and metagreywackes. The metasedimentary rocks 
are strongly deformed, within a roughly N–S trending subvertical shear zone, with boudinaged competent 
horizons that indicate E–W shortening and a suggested dextral sense of shear within the shear zone. 

The mineralization at Fäboliden constitutes a 30–50 m wide, N–S striking, steeply dipping ore zone. The 
mineralization is commonly hosted in arsenopyrite-bearing quartz-veins, which parallel the main foliation, 
within the metagreywackes in the shear zone. The fi ne-grained (2–40 μm) gold is closely associated with 
arsenopyrite-löllingite and stibnite and found in fi ssures and as intergrowths in the arsenopyrite-löllingite. 
Gold is also seen as free grains in the silicate matrix of the metagreywacke host rock. Microprobe analysis 
shows that the gold occurs as electrum (Au:Ag 2:1).

The proximal ore zone display enrichment in Ca, total S, As, Ag, Au, Sb, Sn, W, Pb, Bi, Cd, Se, and 
Hg, whereas K and Na are slightly depleted. The hydrothermal alteration assemblage in the proximal ore 
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 c. 1.3 km long ore body (lode) is steeply dipping and known to a depth of 150 m, with a few deeper 
boreholes indicating a continuation of the mineralization towards depth. The mineralization is also open 
towards north and south.

The fabric that hosts the mineralization is also found in the outer margin of the surrounding Revsund 
granite. It is therefore suggested that at least the fi nal stages of the gold mineralization are late- or post-
orogenic in age, and the maximum age for the mineralization is constrained at c. 1.80 Ga (Revsund age).

The mineralizing fl uids were composed of CO
2
-CH

4
-H

2
S. Gold, arsenopyrite-löllingite, and graphite were 

precipitated from this fl uid. The crystal structure of the graphite, enclosed in the gold related quartz veins, 
indicates a maximum temperature of 520–560ºC for the mineralizing event, temperature conditions equal 
to mid-amphibolite facies. These temperatures indicate pressure conditions of c. 4 kbar for the mineralizing 
event.

During deformation mineralizing fl uids are often concentrated into deformation zones. Therefore, the 
potential for economic mineralization in the Lycksele-Storuman region is regarded as very high since the 
initial results from this project have indicated the existence of several larger ductile to semi-ductile shear 
zones and accompanied silica alteration in the studied area. During 2004 the project strongly assisted in 
locating a new gold target in the Gold Line area. For more effective future exploration in this area a better 
understanding of the structural conditions and evolution is a key factor.
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Introduction
Prior to the 1980´s few gold occurrences were known in the Fennoscandian Shield, the most signifi cant 
having been the high-grade Boliden Au-Cu-As deposit (~15 ppm gold) 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 deposits within the Fennoscandian Shield. An intensifi ed gold exploration resulted in 
the discoveries of hundreds of gold prospects, which indicated a good potential for gold in the Fennoscandian 
Shield.

Southwest of the Skellefte District a new ore province, the so called Gold Line (Fig. 1), is presently 
being uncovered. The name Gold Line originally stems from a NW-trending linear Au anomaly on till-
geochemistry maps. The Gold Line is an area, situated in the northern parts of the Bothnian Basin, where 
very little research on gold deposits has been carried out prior to this study. Most information has previously 
been from unpublished exploration reports. However, since the price of gold has increased over the last years 
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. This study is focused on the Fäboliden gold deposit (the largest known gold deposit 
in the Gold Line; known resource of c. 16 Mton with 1.33 ppm Au), with brief discussions on some other 
deposits in this area (e.g. Stortjärnhobben, Knaften, Svartliden, and Barsele). 

  Fig. 1 Map of the Au content in till in the Gold Line and Skellefte District. Data from SGU.

The aims of this project are 1) to improve the geological knowledge of the gold deposits in the Lycksele-
Storuman area, 2) to understand the timing of mineralization, fl uid source and precipitation mechanisms, 
3) to establish genetic models for the deposits, emphasising structural control, hydrothermal alteration 
and characteristics of the mineralizing fl uids. Meeting these aims will help to identify differences between 
mineralized and barren systems and to constrain the favourable environment for localization of similar gold 
mineralizations.
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The mineralization at Fäboliden (Fig. 2) has been studied in detail with respect to structural settings, whole 
rock geochemistry, mineral chemistry, metal associations, hydrothermal alteration assemblages, and fl uid 
inclusion compositions in ore related minerals. The deposit is classifi ed as a hypozonal orogenic gold deposit 
(Table 1). The mineralized area constitutes a 30–50 m wide, N–S striking, steeply dipping ore zone. The 
mineralization is associated with quartz veins within a shear zone in the metagreywacke host rocks. Gold is 
closely associated with arsenopyrite-löllingite and found in fi ssures and as intergrowths in the arsenopyrite-
löllingite. Gold is also seen as free grains in the silicate matrix of the host rock. The gold was precipitated 
from a CO

2
-H

2
S±CH

4
fl uid under mid-amphibolite facies conditions (520–560ºC, c. 4 kbars).

The mineralization displays enrichment in Ca, total S, As, Ag, Au, Sb, Sn, W, Pb, Bi, Cd, Se, and Hg, 
whereas K and Na are slightly depleted and the hydrothermal alteration assemblage in the proximal ore 
zone is diopside, calcic amphibole, biotite, and minor andalusite and tourmaline. This type of assemblage is 
commonly recognized in hypozonal orogenic gold deposits worldwide. 

Fig. 2 Map of the Fäboliden gold deposit. Data from SGU.
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Critical characteristics Orogenic gold deposits

Age range Middle Archaean to Tertiary

Tectonic setting Deformed continental margin 

Structural setting Strong structural control. Commonly in high order structures, 
during later stages of compression and transtension

Host rocks Variable; mainly mafi c 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 dykes 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

PT conditions 0.5-4.5 kbars, 220-600°C. Normally 1.5 ± 0.5 kbars, 350° ± 50°C

Ore fl uids Low-salinity H
2
O-CO

2
 ± CH

4
 ± N

2

Proposed heat sources Varied; asthenosphere upwelling to midcrustal granitoids

Proposed metal sources Subducted/subcreted crust and/or supracrustal rocks and/or 
deep granitoids

Table 1. Compiled from Groves et al. 1998; McCuaig and Kerrich 1998; Ridley et al. 2000; Hagemann and Cassidy 
2000; Groves et al. 2003. 

This thesis consists of two papers. The fi rst paper entitled Orogenic gold in the new Lycksele-Storuman 
ore province, northern Sweden; with emphasis on the early Proterozoic Fäboliden orogenic gold deposit 
presents the geology, metamorphic- and structural settings, mineral chemistry, and hydrothermal alteration 
of the Fäboliden orogenic gold deposit. Geochemical similarities between the metasupracrustal units at 
Fäboliden, the setting of the mineralized quartz veins, and the alteration mineral assemblages are discussed. 
This is done in comparison with similar gold deposits worldwide. 

The second paper entitled Fluid chemistry of the Proterozoic hypozonal Fäboliden orogenic gold deposit, 
northern Sweden: evidence from fl uid inclusions discusses the compositions of the mineralizing fl uids 
involved in the formation of the Fäboliden gold deposit. The geological evolution during the mineralizing 
event is deduced from the fl uid inclusion data. 

Future work within this project involves additional microprobe studies for better interpretations of stable 
isotope analyses, which will be integrated with the fl uid inclusion data. This will improve the understanding 
of the fl uid source and precipitation mechanisms.
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Orogenic gold in the new Lycksele-Storuman ore province, northern Sweden; 
the Palaeoproterozoic Fäboliden deposit

Glenn Bark*, Pär Weihed

Division of Ore Geology and Applied Geophysics,
Luleå University of Technology, SE-971 87 Luleå, Sweden

(*glenn.bark@ltu.se)

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 is the Fäboliden gold deposit which holds about 16 Mton with 1.33 
ppm Au. Additional 24.5 Mton with 1.5 ppm Au is indicated down to a depth of 350 m.

Late- to post-orogenic, c. 1.81–1.77 Ga, Revsund granite constitutes the main rock type in the Fäboliden area 
and surrounds a narrow belt of metavolcanic rocks and mineralized metagreywackes. The metasupracrustal 
rocks are strongly deformed, within a roughly N–S trending subvertical shear zone. 

The mineralization constitutes a 30–50 m wide, N–S striking, steeply dipping ore zone. The mineralization 
is commonly hosted in arsenopyrite-bearing quartz-veins within the metagreywacke. The quartz veins parallel 
the main foliation in the shear zone. Gold is closely associated with 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 metagreywacke host rock. 

The proximal mineralization displays enrichment in Ca, S, As, Ag, Au, Sb, Sn, W, Pb, Bi, Cd, Se, and 
Hg, whereas K and Na are slightly depleted. The hydrothermal alteration assemblage in the proximal ore 
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 thermometry indicates 
amphibolite facies in the Fäboliden area.

Fabrics that host the mineralization are also found in the margin of the surrounding Revsund granitoid. It 
is therefore suggested that at least the fi nal stages of the gold mineralization are syn- to late-kinematic, and 
the maximum age for the mineralization is constrained at c. 1.80 Ga (Revsund age).

Keywords: Fäboliden, Gold Line, orogenic gold, Palaeoproterozoic, amphibolite facies, hypozonal, 
metagreywacke, arsenopyrite, löllingite.

mailto:bark@ltu.se


2

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 (Gaal and Sundblad 
1990; Eilu et al. 2003; Sundblad 2003). 

The Swedish part of the Svecofennian domain is 
host to a few orogenic gold deposits, 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 anomaly maps 
of Au and other normally Au-associated elements 

Fig. 1 Major gold districts and deposits in the Fennoscandian Shield. Letters indicate ore districts, and numbers mined 
deposits. Map modifi ed after Rutland et al. 2001.

Mined gold deposits:
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2. Haveri
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4. Kivimaa
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6. Kutuvuoma
7. Pahtavaara
8. Aitik
9. Björkdal
10. Åkerberg
11. Boliden
12. Svartliden
13. Enåsen
14. Falun
15. Ädelfors
16. Brustad
17. Harnäs

Major gold districts

A.  Pasvik greenstone belt
B.  Kolmozero-Voronya greenstone belt
C.  Central Lapland greenstone belt
D.  Kuusamo schist belt
E.  Northern Norrbotten mining district
F.  Oijärvi and Peräpohja belts
G.  Kuhmo and Suomussalmi greenstone belts
H.  Raahe-Haapajärvi district
I.  Ilomantsi area (Hattu schist belt)
J.  Savo district
K.  Tampere schist belt
L.  Skellefte District
M.  Gold Line (including the Bothnian Basin)
N.  Bergslagen mining district
O.  Mjøsa-Vänern ore district
P.  Southeastern Sweden
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such as As, Sb and Te. This is an area, 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 unpublished 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 numerous gold discoveries. 
The area hosts several known gold prospects, of 
which one has been turned into a mine (Svartliden; 
about 2 Mton with 4.3 ppm Au, Dragon Mining, 
annual report 2004). 

This paper will present the geology, structural 
settings, and hydrothermal alterations of the largest 
known gold deposit in the Gold Line, the Fäboliden 
orogenic gold deposit, which recently was test mined. 
Known mineral resources stand at approximately 
16 Mton with 1.33 ppm Au, and in addition to this 
the indicated resource down to a depth of 350 m 
is another 24.5 Mton with 1.5 ppm Au (Lappland 
Goldminers AB, press release Nov 2004). 

Geological setting

In this paper the term Svecokarelian is used for the 
orogeny that occurred between 1.9 and 1.8 Ga, and 
the term Svecofennian is used for the supracrustal 
rocks that were emplaced during c. 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 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 3.1–2.9 Ga, but the main crustal 
growth occurred during the Palaeoproterozoic and 
was associated with the Svecokarelian orogeny 
(Gaál and Gorbatschev 1987). 

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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Northern Sweden hosts one of Europes more 
prominent ore districts, the Skellefte District. This 
district is generally defined as a Palaeoproterozoic 
region (1.89–1.87 Ga, Billström and Weihed 1996), 
elongated in NW–SE, which constitutes mainly well-
preserved, greenschist to lower amphibolite 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 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 (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 c. 1.9 Ga Palaeoproterozoic volcanic 
arc which formed at the margin of an Archaean 
continental landmass to the north and a Proterozoic 
sedimentary basin, the Bothnian Basin (Allen et al. 
1996 and references therein) to the south (Fig. 1). The 
boundary between the Archaean and the Proterozoic, 
delineated by changes in 

Nd
 values of c. 1.9–1.8 Ga 

intrusive rocks (Öhlander et al. 1993; Mellqvist et al. 
1999), is situated approximately 100–150 km north 
of the Skellefte District. Intrusive rocks, interpreted 
as hosted in a juvenile Proterozoic arc terrane, to the 
SW of the boundary show positive 

Nd
 values while 

rocks, interpreted to be formed within the Archaean 
craton to the NE of the boundary, show negative 

Nd

values.
In the early Proterozoic the Archaean craton 

was rifted, and the final break-up occurred at c. 
1.95 Ga, generating a large oceanic basin to the 
south, the Bothnian Basin (Nironen 1997). The 
Bothnian Basin constitutes mainly thick (>10 
km) basal metagreywackes and metapelites, with 
subordinate mostly mafic metavolcanic rocks, 
where the thickness of the metagreywackes suggests 
an original continental margin environment 
(Lundqvist 1987; Gaál and Gorbatschev 1987). The 
Svecofennian supracrustal rocks were intruded by 
several generations of calc-alkaline granitoids and 
to a lesser extent by gabbros during the c. 1.9–1.8 
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 c. 
1.82–1.80 Ga and A- to I-type alkali-calcic granites 
of the Revsund suite (incl. the Sorsele granite) with 
ages between 1.81–1.77 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 
2.93–2.65 and 2.02–1.88 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±14 Ma, Eliasson and Sträng 1998; Eliasson 
et al. 2001), in the Knaften area on the sub-volcanic 
Knaften granitoid, intrusive into the metagreywackes 
(1959±6 Ma, Wasström 1993) and on granitoid 
related dykes (1940±14 Ma, Wasström 1996) 
indicate that at least part of the metagreywackes 
in this area are significantly older than the c. 1.89–
1.87 Ga (Billström and Weihed 1996) Skellefte 
District and may in fact constitute a basement to 
the Skellefte District. Age determinations of the 
granitoids indicate 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). 

Regional metamorphism and tectonic evolution

Age determination of intrusive rocks suggests 
indirectly that regional metamorphism in the area 
between the Skellefte District in the north, through 
the Bothnian Basin, and towards south-central 
Sweden (Fig. 1) peaked at c. 1.85–1.80 Ga (Weihed 
et al. 1992; Billström and Weihed 1996; Weihed et 
al. 2002b). In northern Finland peak metamorphic 
conditions were reached somewhat earlier, at c. 
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 defi ned 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 615–805°C, while the medium-grade rocks 
suggest 510–570°C (Bergman et al. 2001). P-T 
analyses indicate that northern Sweden is a low to 
intermediate pressure province, indicating pressures 
of 2–4 kbars (Bergman et al. 2001). The pressure 
conditions throughout the Swedish and Finnish parts 
of the Svecofennian domain is suggested to be rather 
uniform, indicating pressures of c. 5 ± 1–2 kbars 

-9
+15
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(Nironen 1997). Local high pressure regimes are 
indicated within the domain, i.e. maximum pressures 
of >12 kbars 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 granulite facies 
(Hallberg 1994; Lundström 1998). Amphibolite-
granulite facies conditions have been reported from 
the Storuman area (Fig. 2), approximately 50 km to 
the NW of the Fäboliden orogenic gold deposit, by 
Lundström (1998), indicating temperatures of 500–
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 600–700°C 
(Hallberg 1994 and references therein).

The supracrustal rocks of the Skellefte District 
have undergone two major folding events, denoted 
D

2
and D

3
 (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 D

1
 deformation is reported by 

Bergman Weihed (2001 and references therein). The 
second deformation (D

2
) formed tight to isoclinal 

folds (F
2
) 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. D

3
 is characterised by 

open folds that show axial surfaces striking N-NE, 
indicating E-W convergence (Bergman Weihed 
2001). The timing of the D

2
 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, D

3
, is estimated at pre-

1.81 Ga (Rutland et al. 2001). However, Bergman 
Weihed (2001) reports that the Revsund granitoids, 
at least locally, are affected by the D

3
 deformation. 

D
3
 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 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 age of lower 
amphibolite facies shear zones, which were active 
contemporaneous with the emplacement of the 
1.81–1.77 Ga Revsund intrusions (Bergman Weihed 
2001; 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 D

3
 structures (Bergman Weihed 2001), 

deform the margins of the Revsund granitoids in a 
ductile manner. 

Methods

The study area was mapped in detail (1:100 scale) 
and drill core logging was performed on 21 drill 
cores. 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 alterations associated with 
the gold deposits. The samples were fi rst 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, where the major elements were 
analysed by LiBO

2
 fusion and ICP-ES. For trace 

element analysis LiBO
2
 fusion and ICP-MS was 

used. Precious and base metals were analysed by 
aqua regia digestion and ICP-MS. Each sample 
was also separately analysed for gold by fi re assay 
fusion and ICP-ES. From most analysed samples, 
and additional outcrop and drill core samples, 
polished thin sections were prepared by Vancouver 
Petrographics Ltd, Canada. A total of 167 polished 
thin sections (plus 23 polished blocks for isotope 
analysis) were studied. Petrographical studies were 
carried out at Luleå University of Technology and 
mineral chemical analyses were performed using 
a Cameca SX 50 Electron Probe Micro-Analyzer 
at the National Micro Probe Laboratory, Uppsala 
University, Sweden. 

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 
ore zone at Fäboliden.

Metasupracrustal rocks

The subdivision of metavolcanic rocks and 
metagreywackes is not straight forward due to the 
intense alteration and deformation of the area. The 
metagreywackes are, compared to the metavolcanic 
rocks, blackish grey in colour, biotite-rich, and less 
coherent in appearance (Fig. 4a). 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 instead dark grey in colour, contain amphibole 
as the main mafi c mineral and are more uniformly 
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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 rocktypes. There 
are also likely intercalations of the two rocktypes 
throughout the Fäboliden metasupracrustal sequence. 
Further more, the metagreywackes are probably 
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 diffi cult 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 appearance. 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 
1–5 mm in size and commonly orientated (mainly 
the porphyryclasts) with the long axis parallel to the 

foliation. The metavolcanic rocks contain distinct, 
5–30 mm wide foliation-parallel veins composed 
mainly of quartz-, carbonates-, and sulphides 
(commonly pyrrhotite) throughout the outcrop 
area (Fig. 4b). 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 banded 
iron-formation is present in one outcrop (Fig. 4c), 
showing 2–3 cm wide alternating layers of quartz 
and Fe-oxides/hydroxides. In these layers, as well 
as close to the 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 Bothnian Basin (Lundqvist 1990). Garnets 
are also, in places, seen in thin layers, commonly 
<0.5 m wide, in the metagreywackes. The textural 
appearances of these garnets indicate inter- to post-
kinematic crystallization. These garnet layers are 
found outside the ore zone, in both the foot- and 
hanging wall to the mineralization. 

Fig. 3 Bedrock map of the Fäboliden area. Coordinates in Swedish National Grid. Modifi ed after Björk and Kero 
2002.
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Fig.4  Fäboliden rock types. a) The upper two photographs show metavolcanic rocks and the lower two metagreywackes. 
Note the similar appearances of the two metasupracrustal rock types. b) Foliation-parallel boudinaged quartz-carbonate 
veins in the metavolcanic rocks. c) Banded iron-formation, with banding parallel to the main foliation, within the 
metavolcanic rocks. d) Isoclinal folding of the interpreted S

0
 fabrics in the metavolcanic rocks at Fäboliden. e) Sulphides 

(mainly arsenopyrite and pyrrhotite) in the proximal ore zone occur both within and in the necks of the boudinaged 
quartz veins that parallel the main foliation. f) Photomicrograph of foliated biotite-rich metagreywacke with larger 
rotated feldspars. g) Post-orogenic Revsund granitoid, surrounding the metasupracrustal rocks at Fäboliden. h) 
Photomicrograph showing rare layers of syn- to post-kinematic garnets in metasupracrustal rocks. i) Photomicrograph 
of very fi ne-grained, porphyroclastic metavolcanic rocks with larger subgrained quartz. 
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Metavolcanic rocks at Fäboliden mostly contain 
very fine-grained quartz, feldspar, biotite, and 
amphibole. In thin sections scattered larger crystals 
of quartz-, amphibole-, and often sericitised feldspar 
are seen in the matrix (Fig. 4i). Feldspar megacrysts 
are in places rotated with pressure shadows of 
subgrained quartz and biotite indicating movement 
along the foliation (S

1
) planes. Variable amounts 

of amphibole and biotite define the banding of the 
metavolcanic rocks. 

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 
are commonly fine-grained, equigranular (<3 
mm), biotite-rich and strongly foliated (Fig. 4d). 
However, in some outcrops more coarse-grained (1–
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, 
arsenopyrite, and minor chalcopyrite and sphalerite) 
are seen in both the metavolcanic rocks and the 
metagreywackes as weak disseminations and as 
thin veins (<2 cm wide) parallel to the foliation 
(Fig. 4e). 

Intrusive rocks

Revsund type granitoids surround the narrow belt 
of metavolcanic and metasedimentary rocks at 
Fäboliden. The granitoid is coarse-grained and K-
feldspar-porphyritic (2–5 cm large phenocrysts). It 
is whitish grey in colour, isotropic in texture, and 
unmineralized (Fig. 4f). Although the Revsund 
granitoid generally is isotropic in nature, the 
same foliation that hosts the gold-bearing quartz-
sulphide veins in the metagreywackes is seen in the 
marginal contact zone between the granitoid and 
the metasupracrustal rocks. The foliation continues 
1–2 meters inside the granitoid, where it fades out, 
suggesting syn- to post-emplacement deformation, 
contemporaneous with at least the fi nal mineralizing 
event.

Dykes

A few 20–30 m wide dolerites crosscut other rocks 
in the Fäboliden area. The dolerites are dark grey, 
isotropic, unmineralized, and unaltered. Chilled 
margins and ophitic textures are seen. These rocks 
clearly postdate the gold mineralization.

Petrological and mineralogical observations

The petrological and mineralogical studies have 
mainly focused on the metasedimentary rocks, which 
are the main host rocks 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, euhedral crystals overgrowing 
the grain shape fabric, and is thus interpreted to 
be post-kinematic in age. The metagreywackes 
display banding (Fig. 4d) defi ned by the biotite 
content that also defi nes the grain shape fabric of 
the rocks. Variable amounts of amphibole and 
pyroxene also delineate the banding. The grain-size 
is very fi ne- to fi ne, with varying amounts of larger 
(1–5 mm) rotated megacrysts of rounded quartz 
and more angular feldspars (Fig. 4d). The feldspar 
megacrysts are commonly sericitised. Garnets are 
seen as rounded fractured pre-kinematic megacrysts 
in <0.5 m wide rare layers, but also as subhedral 
crystals with a blastic growth habit, suggesting syn- 
to post-kinematic metamorphic growth (Fig. 4h). 
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:
spessartine-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 is enriched in the rim, and Mn 
and Ca is enriched 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. Using garnet-biotite thermometry 
(Hodges and Spear 1982) the metamorphic 
temperatures range between 510–640°C for the 
Fäboliden metasupracrustal rocks (Fig. 5). These 
temperatures overlap with the peak temperature for 
the mineralization, estimated to be 520–560°C from 
fl uid inclusion analysis (Bark et al. in prep).

Fig. 5 Garnet-biotite thermometry indicating a 
metamorphic temperature range of 510–640°C. Graphite 
thermometry from the proximal mineralization suggests 
peak-temperatures of 520–560°C for the hydrothermal 
alteration at Fäboliden (Bark et al. in prep.).
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Structural settings of the mineralization

All metasupracrustal rocks are moderately to 
intensely foliated. Few primary structures, such as 
bedding planes (S

0
), are seen in the metavolcanic 

rocks and the metagreywackes. However, according 
to the position of the BIF (Fig. 4c), where individual 
bands parallel the main foliation, the original S

0

bedding planes are suggested to be parallel to the 
main grain shape fabric (S

1
). The foliation planes 

strike 343–036 (n=60), with dips between 65W and 
65E, in the Fäboliden area (Fig. 6) although the dip 
is generally subvertical. This fabric is interpreted 
as S

1
 since it is axial-planar to minor isoclinal folds 

(Fig. 4g) that fold the suggested S
0
 fabric. The main 

foliation (S
1
) in the area is axial planar to these 

upright folds (with subhorizontal fold axes) and the 
folds are hence interpreted as F

1
-folds.

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 correlated with kinematic indicators in 
outcrops outside the ore zone (e.g. the BIF) where 
extension gashes in the more competent boudinaged 
quartz-layers are seen (Fig. 4c). The dextral sense of 
shear is also consistent 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 ore body. Thus, there seems to 
be a general correlation of stress fields from micro- 
to deposit-scale. 

Mineralization

Gold is closely associated with arsenopyrite,
löllingite and is seen as fi ssure fi llings and 
intergrowths in the arsenopyrite-löllingite composite 
grains (Fig. 7). The intergrowths are found close to 
the löllingite-arsenopyrite boundaries. Gold is also 
seen as disseminated grains in the silicate matrix 
of the metagreywacke host rock, however always 
close to the arsenopyrite-löllingite. The average 
grain-size of gold is c. 10–40 m. Micro probe 
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 association. 
Pyrrhotite is commonly seen as fracture fi llings in 
the arsenopyrite, indicating that the arsenopyrite has 
crystallised prior to the pyrrhotite. 

Main sulphides constitute pyrrhotite, arsenopyrite, 
löllingite, with accessory chalcopyrite, sphalerite, 
stibnite, and galena. The arsenopyrite often shows 
a more S-poor/As-richer inner core, composed of 
löllingite (Fig. 7). 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-equilibrate on cooling and 
its composition reflects its temperature of formation 
(Kretschmar and Scott 1976). Calculations on the 
Fäboliden samples indicate a temperature range of 
313–533°C.

The sulphides are situated in semi-ductile 
structures, in thin sulphide or sulphide-quartz veins 
parallel to the S

1
 foliation planes and in the necks of 

boudinaged quartz-veins, indicating that the timing of 
sulphide crystallisation is syn- to post-deformation. 
The total sulphur content in the mineralization is c. 
2–3 wt. %, while the total sulphur content outside 
the mineralization averages c. 0.7 wt. %.

Fig. 6 Stereoplot showing poles to foliation planes in the 
Fäboliden shear zone (n=60).

The gold-hosting quartz- and sulphide veins 
are parallel to the foliation S

1
-planes in the 

metagreywacke host rock. The veins are commonly 
more or less boudinaged (Figures 4b, e). A vague 
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 1:50 000 
scale geological map of the area (Björk and Kero 
2002). Various amounts of rounded quartz- and 
more angular feldspar-porphyroclasts are seen in the 
metasediments. Rotated porphyroclasts indicate a 
dominantly reverse sense of shear with a suggested 
dextral horizontal component for the Fäboliden 
shear zone. In some of the outcrops the rotation of 
the porphyroclasts indicates a normal sense of shear. 
This deviation in sense of shear is suggested to be 
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Alteration

The rocks in the northern parts of the Bothnian Basin 
are metamorphosed to amphibolite facies (Allen et 
al. 1996; Lundström 1998). Micro probe analysis 
was used for calculating mineral chemistry (Droop 
1987) of selected parageneses in the Fäboliden 
metagreywackes and metavolcanic rocks. Outside 
the mineralization (Fig. 8) the mineral assemblage 
in the metagreywackes is characterised by Ca- and 
Fe-Mg-rich amphiboles together with hedenbergite, 
biotite, quartz, plagioclase (andesine, 28–42% 
An), and K-feldspar (Table 1), where amphibole, 
hedenbergite, and biotite are oriented parallel to 
the S

1
 foliation. Pyrrhotite is a common constituent 

together with small amounts of chalcopyrite, 
sphalerite, and galena. 

In the ore zone foliation parallel quartz veinlets, 
commonly 1–5cm thick (Fig. 9), are enveloped by 
diopside, calcic amphibole, K-feldspar, plagioclase 
(andesine, 37–65% An), andalusite, and very fine-
grained tourmaline (Table 1). Tourmaline overgrows 
the foliation. In the mineralized zone there is a slight 
increase in Ca, manifested by the higher An-content 
of plagioclase, the presence of diopside and calcic 
amphiboles. Other elements that are enriched in the 
proximal ore zone are S, Sn, W, As, Pb, Sb, Bi, Ag, 
Au, Cd, Se, and Hg. Na and K are slightly depleted 
in the mineralized zone. Si displays no positive or 
negative trend towards the mineralized.

Fig. 7 Gold closely associated with arsenopyrite-löllingite. a) Photomicrograph of gold and stibnite in fractures 
within arsenopyrite (aspy). b+c) Gold as inclusions in löllingite (löll) 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 (po). f) Gold in micro fractures in arsenopyrite. 
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In the proximal parts of the mineralization the 
metagreywacke displays an intense compositional 
banding (Fig. 9), 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. 8). However, here the quartz 
veining is almost absent and the gold content is low. 
This banding is also seen as distinct 5–30 mm thick 
parallel quartz-carbonate-sulphide-veins, in the 
metavolcanic rocks farther east (Fig. 3). 

The width of the intensely banded proximal 
mineralized zone is approximately 30–40 m, 
and there is good correlation between diopside-
amphibole-quartz alteration and gold enrichment. 
The extent of the distal alteration is not well 
constrained. Outside the mineralized area a gradual 
decrease in the amphibole content, into the regional 
metamorphic biotite-feldspars-quartz ± amphibole, 
garnet mineral assemblage can be seen. 

Minerals Regional               Distal            Proximal 
                             metamorphism       alteration         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
Chlorite M  M
Titanite   M
Garnet M   
Calcite M   
Ilmenite M   
     
     
Arsenopyrite   S
Tungstenite   M
Stibnite   M
Pyrrhotite  S M
Chalcopyrite  M  
Sphalerite  M  
Galena  M  
Au  M S
Ag  M S

S – Signifi cant, M – Minor    

Table 1 Mineral assemblages in the metagreywacke, with 
respect to proximity to mineralization

Fig. 8 3D-model of the alteration system at Fäboliden. Quartz veining and diopside-calcic amphibole-biotite alteration 
characterize the proximal parts of the mineralization. 
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Geochemistry

Metavolcanic rocks

Since all collected metavolcanic whole rock samples 
are affected to various extents by the regional 
metamorphism, the “least altered” metavolcanic 
samples, defi ned by Hughes Igneous Spectrum 
(Hughes 1973), were used for petrogenetic and 
geochemical classifi cation of the Fäboliden rocks 
(Fig. 10a). 

The volcanic rocks in the northern parts of 
the Bothnian Basin occur as intercalations in the 
sedimentary rocks, mainly metagreywacke-mudstone 
turbidites, collectively defined as the Bothnian 
Group (Bergström 2001). According to Bergström 
(2001) the Bothnian Group is composed of two 
main volcanic assemblages, one homogenous group 
of basaltic lavas and volcaniclastic rocks (HBA), 

Fig. 9 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. Note the sulphides in the 
neck of the boudinaged quartz vein.

Fig. 10 Classifi cation diagrams, for the igneous rock types 
in Fäboliden. a) Igneous Spectrum, after Hughes (1973). 
Metavolcanic samples plotting outside the spectrum 
were not used in the geochemical interpretations. b) 
Metasupracrustal 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.
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and one fractionated group of basalts to rhyolites 
(FBRA). The HBA basalts cluster in the basaltic- 
and picritic field in a Total-Alkali-Silica diagram, 
while the FBRA group defines a fractionation trend 
from basaltic andesite to rhyolite. The Fäboliden 
metavolcanic samples overlap both these fields (Fig. 
10b). The least altered metagreywacke samples, 
defined from drill core logging, correlate well with 
the metavolcanic FBRA assemblage of Bergström 
(2001). The Fäboliden metavolcanic samples will 
from here on be referred to as HBA and FBRA 

respectively. Metavolcanic and metasedimentary 
rocks are plotted in Harker diagrams (Fig. 11) for 
geochemical comparison, since the metasedimentary 
rocks may constitute resedimented volcaniclastic 
material or material eroded from volcanic centres. 
The SiO

2
 ranges for the metavolcanic rocks and 

the metagreywackes are 48.8–72.9 and 54.0–69.7 
wt.% respectively. In the Harker diagrams the 
metavolcanic FBRA assemblage is similar to the 
least altered metagreywacke samples (Fig. 11).

Fig. 11 Metasupracrustal rocks plotted in Harker diagrams. Note the similar chemistry of the two FBRA metavolcanics 
and metasediments. 
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The HBA volcanic and volcaniclastic rocks 
are high in Mg (Fig. 12a). The FBRA fractionated 
basaltic to rhyolitic rocks on the other hand are calc-
alkaline. In an AFM diagram (Irvine and Baragar 
1971) the HBA rocks display a typical tholeiitic 
signature while the FBRA samples show a more 
typical calc-alkaline trend (Fig. 12b), which is in 
conjunction with the results presented by Bergström 
(2001).

REE plots, normalised to chondrite (Sun and 
McDonough 1989), for the Fäboliden metavolcanic 
rocks are shown in Figure 13a, where the HBA 
group displays flat REE patterns. The FBRA group 
shows a more fractionated REE pattern, where 
some samples display a negative Eu anomaly. Two 
regional metavolcanic samples (TEN960101 and 
TEN930220; Bergström 2001) are also plotted 

for comparison. These samples display similar 
REE patterns when compared to the Fäboliden 
metavolcanic assemblages. 

In a Zr-Ti/100-Y*3 discrimination diagram 
(Pearce and Cann 1973) the HBA homogeneous, 
basaltic lavas and related volcaniclastic rocks plot 
as island-arc volcanic rock, overlapping the ocean-
floor basalt field (Fig. 12c), again similar to regional 
HBA rocks from the Bothnian Basin (Bergström 
2001).

In the Nb-Zr-Y discrimination plot (Meschede 
1986) the HBA group plot in the field for volcanic-
arc basalt, with an N-MORB signature (Fig. 12d). 
The FBRA assemblage on the other hand plots as 
volcanic-arc basalts, with more of a within-plate 
signature.

Fig. 12 Classifi cation and discrimination diagrams for the metavolcanic rocks. a) Metavolcanic rocks at Fäboliden 
overlap with the Bothnian Basin volcanic assemblages (shaded areas) of Bergström (2001), using the Jensen (1976) 
classifi cation diagram. PK=peridotitic komatiite, BK=basaltic komatiite, HFT=high-Fe tholeiite basalt, HMT=high-
Mg tholeiite basalt, CB=calc-alkaline basalt, CA=calc-alkaline andesite, CD=calc-alkaline dacite, CR=calc-alkaline 
rhyolite, TA=tholeiitic andesite, TD=tholeiitic dacite, TR=tholeiitic rhyolite. b) AFM diagram (Irvine and Baragar 1971) 
illustrating the differentiation trends for the HBA suite (tholeiitic) and the FBRA suite (calc-alkaline). c) Discrimination 
plot after Pearce and Cann (1973) indicating an island-arc setting for the metavolcanic rocks. Shaded area indicates 
the equivalent volcanic assemblage in Bergström (2001). d) Discrimination plot after Meschede (1986) indicating a 
volcanic-arc setting for the metavolcanic rocks. 
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Metasedimentary rocks

The metasedimentary rocks are plotted in the 
Total-alkali–Silica diagram (Fig. 10b) to compare 
their chemical composition (Na

2
O, K

2
O, and SiO

2
)

with the metavolcanic rocks. The least altered 
metagreywackes plot in the same fi eld as the FBRA 
metavolcanic assemblage. This suggests that the 
metasedimentary rocks are genetically related to 
the FBRA metavolcanic rocks. The FBRA related 
metasedimentary rocks are also spatially close to the 
metavolcanic FBRA rocks (Fig. 3). 

In Harker diagrams the least altered 
metagreywackes and the FBRA fractionated basaltic 
to rhyolitic rocks plot in the same position, while 
the HBA homogeneous, basaltic lavas and related 
volcaniclastic rocks plot as a distinct group in all 
diagrams (Fig. 11). Fe

2
O

3
, MgO, and CaO display 

negative correlation with SiO
2
, while the rest of the 

main elements do not display any obvious correlation 
with SiO

2
. Compared to the metagreywackes the 

metavolcanic rocks of the FBRA group generally 
show higher contents of Al

2
O

3
, CaO, and Na

2
O,

while they are lower in K
2
O.

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 in a chondrite normalised REE plot 
(Fig. 13c). The metagreywackes are slightly 
enriched in the HREE relative to the metavolcanic 
rocks. In a chondrite normalised REE plot (Fig. 
13d), the average composition of the least altered 
metagreywackes closely resemble (Fig. 13d) the 
international sedimentary standards NASC (North 
American Shale Composite, Gromet et al. 1984) and 
PAAS (Post-Archaean Average Shale, McLennan 
1989).

In La–Th–Sc and Th–Sc–Zr/10 discrimination 
plots for greywackes (Bhatia and Crook 1986), 
the Fäboliden metasedimentary rocks plot in the 
continental island-arc field (Fig. 14a). This tectonic 
setting correlates with the metavolcanic samples 
from Fäboliden, also indicating an island-arc 
environment (Fig. 12c).

In a discrimination diagram for sandstone-
mudstone suites (Roser and Korsch 1988), using 

Fig. 13 REE plots, chondrite normalised (Sun and McDonough 1989), for the metasupracrustal units at Fäboliden. Two 
samples in Bergström (2001) have been used for comparison. a) HBA suite showing relatively fl at REE patterns. b) 
Mean REE compositions of the FBRA metavolcanic rocks and metasediments. c) FBRA suite showing a steep, smooth 
pattern, with a negative Eu anomaly. d) Mean REE composition of the metagreywackes compared to the international 
shale standards PAAS (Post Archaean average Australian Shale, Gromet et al. 1984) and NASC (North American Shale 
Composite, McLennan 1989).
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discriminant function analysis on the oxides, the 
majority of metagreywacke samples plot along a 
trend indicating an intermediate to felsic igneous 
provenance (Fig. 14c). This correlates well with 
the composition of the intercalated calc-alkaline 
fractionated basalt to rhyolite assemblage (FBRA). 

Even though the discriminant function analysis 
uses major oxides, the provenance signature is 
suggested to survive greenschist-amphibolite facies 
conditions, but the plot should be complemented by 
other data, for instance metavolcanic whole rock 
data, to establish the tectonic setting and source 
rock (Roser and Korsch 1988). The provenance for 
the metagreywackes at Fäboliden is suggested, from 
the discrimination diagrams, to be locally derived 
continental island-arc intermediate to felsic igneous 
rocks with some input of recycled sediments.

Revsund granitoids

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. 10a). This 
is due to the relatively high K content (c. 5 wt. %) of 
the Revsund granitoids, as compared to the average 
upper continental crust which contains c. 3 wt. % 
potassium (Wedepohl 1995). In a R1–R2 diagram 
(De la Roche et al. 1980) the samples plot in the 
granite fi eld. In an AFM diagram (Irvine and Baragar 
1971) the granites show a calc-alkaline trend (Fig. 
12b), and in a tectonic discrimination diagram such 
as Rb vs. Y+Nb (Pearce et al. 1984) 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). 

Dolerites

A few dolerites crosscut the Fäboliden area. These 
dolerites plot within the Igneous Spectrum by 
Hughes (1973), and are also unmetamorphosed and 
undeformed (Fig. 10a). In a R1–R2 diagram (De la 
Roche et al. 1980) the dykes plot as basalts. In an 
AFM plot (Irvine and Baragar 1971) they show a 
tholeiitic character (Fig. 12b). Using the Zr/4–Nb*2–
Y discrimination diagram by Meschede (1986), the 
dolerites plot in the fi eld for volcanic-arc basalts to 
within-plate tholeiites. 

Discussion

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 1.85–1.80 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 

Fig. 14 Discrimination diagrams for the metagreywackes. 
a+b) Plots indicating island-arc setting for FBRA 
metasediments (Bhatia and Crook 1986). c) 
Discrimination diagram, after Roser and Korsch (1988), 
indicating intermediate-felsic igneous provenance for 
metagreywackes.
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2001). Rutland et al. (2001) inferred three separate 
deformation events, at >1.9 Ga, at c. 1.86 Ga, and at 
>1.81 Ga. The latter deformation event is described as 
NNW-ENE trending discrete shear zones, developed 
prior to 1.81 Ga, deduced from 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 1.81–1.77 Ga (the age of the Revsund 
granite, Skiöld 1988; Eliasson and Sträng 1997; Ahl 
et al. 2001). The ductile structures that host the gold-
bearing quartz- and sulphide veins affect the margin 
of the surrounding Revsund granite, where the 
grain shape fabric fades out after a couple of meters 
(Fig. 15). Since the gold-associated sulphides occur 
within the veins and in the necks of the boudinaged 
quartz veins at least the fi nal stages of mineralization 
is suggested to be syn- to late-kinematic. The ore 
hosting deformation is suggested to be coeval, e.g. 
1.81–1.78 Ga, with the Revsund granitoids. Since 
the mineralization is hosted in ductile structures 
at Fäboliden the mineralization is suggested to be 
coeval or shortly post date the emplacement of the 
Revsund granitoids, during post-peak metamorphic 
cooling of the crust. Also, the main foliation in 
the N-S striking Fäboliden shear zone correlates 
with structures formed during the D

3
 deformation 

phase, suggested by Bergman Weihed (2001) to be 
c. 1.80 Ga. Thus, the age of at least the late stages 
of mineralization at Fäboliden is suggested to be c. 
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 
correlate well with other regional metamorphic 
studies in the northern parts of the Bothnian Basin 
(Lundström 1998), indicating peak metamorphism in 
the Fäboliden area to be in mid-amphibolite facies, 
using the garnet-biotite thermometer by Hodges and 
Spear (1982). This thermometer gives temperatures 
ranging between 510–640°C, with the majority of 
samples above 560°C (Fig. 6). The general conditions 
during the Svecokarelian regional metamorphism 
in the Bothnian Basin is suggested to have been 
c. 3–5 kbars, and 550–700°C (Lundqvist 1990). 
Lundström (1998) concluded 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 c. 
570–590°C metamorphism, using tourmaline-biotite 
thermometry. 

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 graphite 
grains in the mineralized quartz veins suggest a 
peak-temperature for the hydrothermal alteration at 
Fäboliden of 520–560°C (Bark et al. in prep). 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-equilibrate during cooling. This sulphide 
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 arsenopyrite 
causing the obtained formation temperatures to be 

Fig. 15 Ore-bearing ductile structures in the 
metagreywackes 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 (1.81–1.77 Ga). 
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too low, thus the arsenopyrite thermometer is only 
recommended for deposits in greenschist and lower 
amphibolite facies (Sharp et al. 1985). Results from 
high-grade metamorphic deposits indicate that the 
difference 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, yet overlapping, temperatures of 313–533°C 
(n=19), as would be expected for deposits above 
lower amphibolite facies. The graphite thermometer 
is considered more reliable for this mid-amphibolite 
facies deposit, thus the arsenopyrite thermometer 
is only considered as minimum temperatures of 
arsenopyrite crystallization. 

Host rock provenance and tectonic setting

One important factor controlling the chemical 
composition of sedimentary rocks is the lithological 
composition of the provenance area. Other factors 
such as degree of paleoweathering, transportation 
processes, organic and sulphide input, diagenesis, 
and metamorphism may greatly affect the fi nal 
chemical composition of sedimentary rocks (i.e. 
McLennan et al. 1980; McLennan 1982). Alkali 
elements, for instance, readily go into solution 
during weathering, hence the abundance of alkalis 
in the sediments does not simply refl ect the chemical 
composition of the source rocks (McLennan et al. 
1980). Even though interpretation of the chemical 
composition of sedimentary rocks is more complex 
than for igneous rocks, by using for instance REE, 
even for sheared rocks in upper amphibolite- to 
granulite facies, it is possible to estimate source 
rock composition and tectonic setting since most 
common sedimentary and metamorphic processes 
do not seem to signifi cantly affect the REE 
distribution in sedimentary rocks (McLennan et al. 
1980; Taylor et al. 1986; McLennan 1989; Bierlein 
1995). During hydrothermal alteration, and during 
shearing, REE have been suggested to be mobile 
even at greenschist facies (Lottermoser 1992 and 
references therein). However, very large fl uid-rock 
ratios are required to cause any signifi cant changes 
in REE patterns (Lottermoser 1992; Bierlein 1995). 
Also, if the hydrothermal fl uids are rich in H

2
S,

as in Fäboliden (Bark et al. in prep) the rare-earth 
elements could be transported as complexes in a 
wide range of different geological environments 
(Gieré 1993). Data from both the least altered and 
the altered Fäboliden metagreywackes do not, 
however, show any signifi cant differences in REE 
content, thus indicating that the REE have not 

been signifi cantly mobile during hydrothermal 
alteration. According to Bierlein (1995) the primary 
REE patterns remain essentially the same, despite 
deformation and amphibolite facies metamorphism, 
so the least altered metagreywackes were used in the 
geochemical plots in this study.

Apart from REE the contents of other trace 
elements such as Th, Zr, Nb, Y, Sc, and Co are 
partitioned directly into clastic sedimentary rocks 
during weathering and transportation and are 
usually considered immobile during the sedimentary 
processes (i.e. Bhatia and Crook 1986; Pan et al. 
1991). Caution should be taken when dealing with 
high-grade sedimentary rocks, since loss of Th has 
been noted in rocks at granulite facies (McLennan 
et al. 1980). Since peak metamorphism in Fäboliden 
is in amphibolite facies, tectonic discrimination 
diagrams using Th are considered reliable (Fig. 
14a+b). If Th indeed has been lost from the rocks, 
the original samples would plot slightly more 
towards the Th apex, which would not change the 
interpretation of tectonic setting. 

The sample batch used in establishing the 
NASC standard (North American Shale Composite) 
show considerable variation in the REE content 
in individual samples (Gromet et al. 1984 and 
references therein). If averaging the data these 
variations are masked and the REE content in the 
sediments are considered representative of their 
provenances (Gromet et al. 1984). Averaged REE data 
from the least altered Fäboliden metasedimentary 
rocks display a close resemblance (Fig. 13d) 
to the two international shale standards, NASC 
(Gromet et al. 1984) and PAAS (Post-Archaean 
Average Shale, McLennan 1989). The mean REE 
composition of the Fäboliden metasedimentary 
rocks is slightly depleted in the HREE compared to 
NASC standard. Compared to the PAAS standard 
the Fäboliden data is virtually identical, indicating a 
typical average shale composition of the Fäboliden 
metasedimentary rocks. The REE patterns (Fig. 
13c) of the Fäboliden metagreywackes are also 
generally in agreement with previous studies of 
the Bothnian Basin metasedimentary rocks (i.e. 
Claesson and Lundqvist 1995), although the samples 
from Fäboliden show a more distinct negative Eu 
anomaly compared to samples from Claesson and 
Lundqvist (1995). This possibly reflects normal 
crustal differentiation processes such as plagioclase 
fractionation (McLennan 1989). Local variations in 
trace element geochemistry in the Fäboliden area 
could also cause the difference in Eu compared to the 
study area of Claesson and Lundqvist (1995). Older 
Archaean rocks tend to show a less pronounced Eu 
anomaly (McLennan 1989), possibly suggesting that 
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Archaean source rocks were less important in the 
Fäboliden metasedimentary rocks. The difference 
in Eu content between samples from Claesson and 
Lundqvist (1995) and the Fäboliden area is thus 
suggested to be caused by different amounts of 
Archaean input to these sediments, also possibly 
reflecting a more local provenance for the sediments 
at Fäboliden, mainly from local Palaeoproterozoic 
reworked volcanic rocks. Mixing of both Archaean 
and Proterozoic detritus in metasediments in the 
Fennoscandian Shield is a common feature. Welin 
et al. (1993) presented negative initial 

Nd
 values 

of -2.2 to -3.3 for the metasedimentary rocks in 
the central parts of the Bothnian Basin, indicating 
a higher input of Archaean material in these 
metasedimentary rocks. They also suggested, since 
the nearest Archaean rocks are situated about 600 
km towards east, that the provenance area was either 
in these eastern parts of the Fennoscandian Shield 
or that there were unknown Archaean rocks present, 
possibly in the present west. This would explain the 
extremely low values of -6.8 in the southwestern 
parts of the Bothnian Basin (Welin et al. 1993). In 
central Finland, closer to the Archaean boundary, 
2.02–1.93 Ga metasediments display low 

Nd
 values 

from about -3 to -0.5, which also were explained by 
the mixing of Archaean detritus in the Proterozoic 
sediments (Lahtinen et al. 2002). 

The Fäboliden metavolcanic rocks of the FBRA 
type and least altered metagreywackes display 
similar chemical compositions (Table 2) both 
regarding major oxides and trace elements including 
REE. The fractionated basalt to rhyolite assemblage, 
FBRA, chemically resembles the “FBRA-
associated” metagreywackes of Bergström (2001). 
This together with field relationships (intercalations 
of metagreywackes and metavolcanic rocks) suggest 
a genetic relationship between the metavolcanic 
rocks of the FBRA type and the metagreywackes in 
Fäboliden.

Interpretations of the physical volcanology and 
tectonic 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 highly 
deformed rocks. Thus, the proposed tectonic 
interpretations are somewhat speculative. The 
geochemical data suggest similar tectonic settings 
for the metavolcanic- and the metasedimentary 
rocks in Fäboliden. The metavolcanic rocks, which 
display chemical compositions similar to the two 
regional volcanic units, HBA and FBRA, studied 
by Bergström (2001), indicate a volcanic-arc 
environment which correlates with the suggested 
continental or mature oceanic island-arc setting for 

the metasedimentary rocks (Figure 14a-c). Due to 
similar chemical compositions, tectonic settings, and 
intercalated field relationships the metasedimentary 
rocks are therefore suggested to be derived mainly 
from reworking of the metavolcanic rocks.

Analyses of the HBA and FBRA volcanic 
rocks at Fäboliden indicate a change from more 
intermediate to felsic FBRA compositions towards 
west (the proximal ore zone) and more basaltic 
HBA compositions towards east (Fig. 3). According 
to tectonic interpretations by Bergström (2001) 
the HBA homogeneous, basaltic lavas and related 
volcaniclastic rocks are suggested to be older 
compared to the FBRA fractionated basaltic to 
rhyolitic rocks. If this chemostratigraphy is applied 
in Fäboliden this would indicate that the stratigraphic 
younging is towards west, accepting that there is no 
structural repetition. 

Mineral assemblages and hydrothermal alteration

Hydrothermal alteration envelopes around the 
Fäboliden gold lode deposit are typically limited to 
a few meters, with 1–3 cm individual quartz vein 
envelopes (Fig. 9). The envelopes, display intense 
mono- and bi-mineralic banding, which in the 
proximal parts constitute diopside, calcic amphibole, 
plagioclase, K-feldspar, biotite, and minor andalusite 
and tourmaline. Distal to the mineralization the 
transition between the hydrothermal alteration and 
the regional metamorphic assemblages is gradual. 
Biotite is seen throughout the mineralization and the 
country rocks, and is not only concentrated around the 
proximal quartz veins. As biotite is considered to be 
part of the peak regional metamorphic assemblages 
it is difficult to relate biotite growth only to the 
hydrothermal event. Distal to the mineralization the 
amphibole content is gradually decreasing, but is 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 (i.e. 
Eilu et al. 1999). The extent of distal alteration 
around the Fäboliden gold ore is difficult to define 
due to limited outcrops and drill core data. 

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 assemblages were related 
systematically to the host rock metamorphic grade 
(Ridley et al. 2000). The proximal alteration 
mineralogy at the Fäboliden orogenic gold deposit 
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Rock type Meta-
greywacke

Meta-
greywacke

Meta-
greywacke

Meta-
greywacke

Meta-
greywacke

Meta-
volcanic
rock

Meta-
volcanic
rock

Meta-
volcanic
rock

Meta-
volcanic
rock

Meta-
volcanic
rock

N coordinate 7169939 7169931 7169918 7169918 7170498 7170392 7170786 7170344

E coordinate 1602588 1602475 1602357 1602357 1602496 1602484 1602492 1602539

Sample FA200113 FA99016 FA99017A FA99017B Mean (n=9) FA99011 FA20008 FA93001 FA98003
Mean
(n=18)

wt. %

SiO
2

66.11 58.72 69.73 68.38 65.74 57.81 65.46 60.16 49.82 58.31

Al
2
O

3
13.29 13.08 13.61 13.11 13.27 16.60 15.47 15.86 14.03 15.49

Fe
2
O

3
7.82 10.14 5.31 5.70 7.24 8.76 4.18 8.16 12.88 8.50

MgO 2.27 3.46 2.05 2.20 2.50 4.97 2.56 2.91 7.15 4.40

CaO 2.04 2.20 1.82 1.63 1.92 4.55 3.65 4.76 11.13 6.02

Na
2
O 1.71 2.61 2.70 1.90 2.23 3.32 3.81 2.97 2.22 3.08

K
2
O 3.67 2.34 2.95 2.70 2.92 1.63 2.45 2.29 0.14 1.63

TiO
2

0.67 0.68 0.69 0.60 0.66 0.87 0.70 0.71 1.05 0.83

P
2
O

5
0.15 0.16 0.18 0.16 0.16 0.16 0.23 0.30 0.08 0.19

MnO 0.04 0.06 0.04 0.04 0.05 0.15 0.03 0.25 0.19 0.16

Cr
2
O

3
0.03 0.03 0.03 0.03 0.03 0.01 0.02 0.02 0.03 0.02

LOI 2.00 6.60 1.10 3.70 3.35 1.10 1.20 1.10 1.00 1.10

TOT/C 0.07 4.22 0.01 1.67 1.49 0.05 0.15 0.46 0.31 0.24

TOT/S 2.83 4.25 0.73 2.04 2.46 0.82 1.04 0.04 0.05 0.49

SUM 99.82 100.11 100.21 100.16 100.08 99.95 99.83 99.53 99.75 99.77

ppm

Ba 495 302 504 535 459 177 572 180 28 239

Ni 141 177 37 83 110 20 62 80 127 72

Sc 14 16 13 13 14 19 7 13 43 21

Co 26 24 12 12 18 32 10 25 54 30

Cs 8 7 10 7 8 6 4 12 2 6

Ga 18 18 17 16 17 20 20 17 16 18

Hf 5 5 8 5 6 3 4 4 2 3

Nb 9 11 12 9 10 8 8 5 2 6

Rb 143 114 128 98 121 44 87 56 12 50

Sn 5 2 4 2 3 1 10 1 3 4

Sr 190 142 210 145 172 315 430 252 173 293

Ta 1 1 1 1 1 1 1 0 0 0

Th 12 9 14 12 12 1 6 3 0 3

U 16 14 4 5 10 1 3 1 0 1

V 333 431 103 143 253 158 63 135 331 172

W 12 4 5 5 7 2 3 3 29 9

Zr 193 168 306 193 215 115 143 120 45 106

Y 33 34 27 24 29 22 11 18 21 18

La 38.0 31.6 41.2 31.5 35.6 10.5 22.0 30.5 2.8 16.5

Ce 71.3 62.7 80.5 62.5 69.3 21.6 49.1 68.1 6.9 36.4

Pr 8.5 7.5 9.1 7.4 8.1 2.8 6.1 8.6 1.1 4.7

Nd 31.6 29.7 38.5 32.4 33.1 12.4 24.2 37.4 6.4 20.1

Sm 6.5 6.1 6.6 5.7 6.2 3.3 4.6 6.7 2.4 4.3

Eu 1.3 1.5 1.4 1.3 1.4 0.9 1.2 1.6 0.7 1.1

Gd 5.7 5.8 5.3 4.5 5.3 3.3 3.3 4.6 2.8 3.5

Tb 0.9 0.9 0.8 0.7 0.8 0.6 0.5 0.6 0.6 0.6

Dy 5.4 5.2 4.3 3.9 4.7 3.6 2.1 3.1 3.4 3.0

Ho 1.0 1.1 1.0 0.8 1.0 0.8 0.4 0.6 0.7 0.6

Er 3.1 3.2 2.7 2.5 2.9 2.2 0.9 1.4 2.0 1.6

Tm 0.5 0.5 0.4 0.4 0.5 0.4 0.1 0.2 0.3 0.3

Yb 3.5 3.5 2.6 2.4 3.0 2.3 0.9 1.6 2.2 1.7

Lu 0.6 0.6 0.4 0.4 0.5 0.4 0.1 0.2 0.3 0.3

Mo 35 46 4 13 25 2 3 3 1 2

Cu 132 228 45 184 147 45 86 11 136 69

Pb 3 130 21 9 41 1 26 3 1 8

Zn 360 931 123 277 423 48 35 68 15 42

Ni 158 171 38 86 113 33 42 61 34 42

As 800 56 82 35 243 119 523 24 28 174

Cd 4 6 0 3 3 0 0 0 0 0

Sb 75 7 2 2 22 10 284 28 10 83

Bi 1 1 0 0 0 0 3 0 0 1

Ag 1 1 0 1 1 0 1 0 0 0

Au (ppb) 64 45 31 22 41 10 86 7 7 28

Hg 0 0 0 0 0 0 0 0 0 0

Tl 2 2 1 1 2 1 1 1 0 1

Se 6 14 2 8 7 1 2 1 1 1

Table 2 Whole rock data for the metasupracrustal rocks at Fäboliden. Coordinates in the Swedish National Grid. 
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matches the diopside class of Ridley et al. (2000). 
Diopside, calcic amphibole, biotite, and feldspar 
alteration is recognized in hypozonal orogenic gold 
deposits worldwide (i.e. Eilu et al. 1999; Hagemann 
and Cassidy 2000). 

The hydrothermal alteration associated with 
the mineralization is characterised by a relative 
increase in Ca as reflected by the presence of 
diopside, calcic amphibole, and more Ca-rich 
plagioclase (Table 1). Other main elements that 
are enriched in the proximal zone are S, Sn, W, As, 
Pb, Sb, Bi, Ag, Au, 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 is slightly depleted in 
the mineralized zone. The proximal zone displays 
no positive or negative trend concerning Si, thus 
the overall Si content seems to be unaffected by the 
hydrothermal alteration. 

During hypozonal conditions, at 525–650°C 
and 3–4 kbars (Hagemann and Cassidy 2000), 
the main proximal sulphides, related to the gold 
mineralization, are arsenopyrite, löllingite, and 
pyrrhotite. At Fäboliden the gold is closely associated 
with arsenides which usually occur as composite 
grains, where the löllingite cores are always rimmed 
by arsenopyrite (Fig. 7) and never in direct contact 
with pyrrhotite, indicating replacement textures (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 Norseman; 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 metamorphism desulphidation of 
arsenopyrite occurs by the reaction 

2FeAsS  FeAs
2
 + FeS + ½ S

2

generating löllingite and pyrrhotite adjacent to 
each other (Barnicoat et al. 1991). If this was true 
in 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 associated with pyrrhotite. This 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 metamorphism of arsenopyrite to 
löllingite and pyrrhotite with subsequent retrograde 
metamorphism back to arsenopyrite. 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 pressures 
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 
signifi cant amounts (Tomkins and Mavrogenes 2001 
and references 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 thermometer, suggesting temperatures of 
520–560°C in the proximal zone, should indicate 
higher temperatures as suggested by the regional 
metamorphic garnet-biotite thermometer (510–
640°C). Based mainly on the geothermometry 
data together with textural relationships between 
sulphides, the gold mineralization at Fäboliden is 
thus suggested to be syn- to post-peak metamorphic 
in origin. 

Conclusions

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

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

The gold-bearing quartz- and sulphide veins are 
hosted in late ductile structures in the metagreywacke 
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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 was 
syn- to late-kinematic. 

The metasediments at Fäboliden are suggested 
to be mainly locally derived from the intercalated 
metavolcanic rocks. Similarities in chemical 
compositions together with close spatial relationships 
suggest that the metagreywacke sequence at 
Fäboliden is locally derived.

The Fäboliden metavolcanic rocks are possible 
to divide chemically into two separate units; the 
FBRA fractionated basaltic to rhyolitic rocks and the 
HBA homogeneous, basaltic lavas, after Bergström 
(2001). This chemostratigraphy suggests that the 
FBRA volcanic rocks to the west in the Fäboliden 
area are younger than the rocks in the eastern parts, 
the HBA assemblage. 

The proximal alteration envelopes around the 
quartz- and sulphide veins in the orogenic gold 
mineralization at Fäboliden are mainly characterised 
by an increase in Ca, S, As, Ag, Au, Sb, Sn, W, Pb, 
Bi, Cd, Se, and Hg. K and Na are slightly depleted. 
The alteration assemblage in the proximal ore zone is 
composed of diopside, calcic amphibole, feldspars, 
biotite, and minor andalusite and tourmaline. This 
type of assemblage is commonly recognized in 
hypozonal orogenic gold deposits worldwide. The 
extent of the proximal mineralized zone is estimated 
to 30–40 m, and there is good correlation between the 
diopside-amphibole-quartz alteration and an increase 
in the gold content. Distal to the mineralization the 
only discernible alteration mineral is amphibole. The 
amount of amphibole seems to gradually decrease 
away from the mineralization. However, the extent 
of the distal alteration is not well known. 
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Abstract: Southwest of the Skellefte Ore District, northern Sweden, a new ore province is presently being 
explored, the so called Gold Line. Today the largest known gold deposit in the Gold Line is the amphibolite 
facies Fäboliden orogenic gold deposit.
 The gold mineralization is commonly hosted in quartz veins, which parallel the main foliation, within a 
steep shear zone in the metagreywacke host rocks. Gold is closely associated with arsenopyrite-löllingite in 
the quartz veins.
 Two main groups of fl uid inclusions are present in the Fäboliden quartz veins. 1) Primary inclusions 
with a CO

2
-CH

4
 or a H

2
S (±CH

4
) composition (the latter recognized for the fi rst time in a Swedish ore 

deposit). 2) Secondary fl uid inclusions composed of pure CH
4
 and low-salinity aqueous fl uids. The primary 

fl uid inclusions are associated with arsenopyrite-löllingite (+gold) and the CO
2
-CH

4
 fl uid was also involved 

in precipitation of graphite. It is generally believed that the graphite-forming process should generate a 
H

2
O phase as well. However, the presence of a H

2
O phase was not detected in any of the primary fl uid 

inclusions and is suggested to have been consumed by wall rock reactions, generating the hydrated alteration 
mineralogy of calcic amphibole, biotite, and minor tourmaline. Fluid inclusion data indicate arsenopyrite-
löllingite and graphite deposition at a pressure condition of c. 4 kbars. Graphite thermometry indicates 
maximum temperatures of 520–560°C for the hydrothermal alteration system at Fäboliden.
 Pyrrhotite was deposited after a subsequent pressure decrease and a later input of pure CH

4
 and low-

salinity aqueous fl uids, as suggested by the secondary fl uid inclusions. These later fl uids were trapped at a 
substantially lower pressure of less than c. 0.3 kbars and a temperature of nearly 400°C.

Keywords: Fäboliden, fl uid inclusion, CO
2
, H

2
S, CH

4
, quartz vein, orogenic gold, amphibolite facies, 

metagreywacke.
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Introduction

Prior to the 1980´s very few gold occurrences were 
known in the Fennoscandian Shield (Fig. 1). The 
most signifi cant 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 deposits 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. 

linear feature on till-geochemistry anomaly maps 
of Au and other Au-associated elements such as As, 
Sb and Te. The Lycksele-Storuman 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 put together as unpublished
exploration reports. However, during the last couple 
of years the interest for this area has dramatically 
increased, resulting in numerous gold discoveries. 
One of the known gold prospects, the Svartliden 
deposit, is presently being mined (2 Mton with 4.3 
ppm Au; Dragon Mining annual report 2004) and 

Fig. 1 Bedrock map of the Fennoscandian Shield, with important gold deposits and belts indicated. Map modifi ed after 
Rutland et al. 2001.

In recent years a number of new promising gold 
prospects have been discovered in the Lycksele-
Storuman area, southwest of the Skellefte OreDistrict
(Fig. 2). The area is also known as the Gold Line, 
a name that originally stems from a NW-trending 

another, the Fäboliden deposit, has recently been test 
mined. Fäboliden is the largest of the known gold 
prospects, with known mineral resources standing 
at c. 16 Mton with 1.33 ppm Au. In addition to this 
the indicated resources down to a depth of 350 m 

Fig. 2 
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is another 24.5 Mton with 1.5 ppm Au (Lappland 
Goldminers AB, press release November 2004). 

This paper focus 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 establish a 
genetic model.

of orogenic gold deposits in different geological 
settings, including shear zone hosted gold deposits
(Weihed et al. 1992). 

In the early Proterozoic, rifting of the Archaean 
craton was initiated and the final break-up occurred 
at c. 1.95 Ga, generating a large oceanic basin to 
the south, the Bothnian Basin (Nironen 1997). The 
basin is mainly filled with thick metasedimentary 

Fig. 2 Gold deposits in the Lycksele-Storuman area, SW of the Skellefte District. Data from the Geological Survey of 
Sweden.

Regional geological settings

The bedrock of the Fennoscandian Shield (Fig. 1) 
has been subdivided into three main crustal domains; 
the Archaean, Svecofennian, and the Southwest 
Scandinavian domains (Gaál and Gorbatschev 1987). 
In the Swedish part of the Svecofennian domain 
one of Europe’s more prominent ore districts, the 
Skellefte District, is situated. This district hosts a 
large number of massive sulphide deposits, which 
commonly are Au-rich (Allen et al. 1996), a few 
porphyry-type, low-grade Cu deposits and a number 

sequences and subordinate metavolcanic rocks. 
The thickness of the metagreywackes is estimated 
to c. 10 kilometers which suggests an original 
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 c. 1.9–1.8 Ga Svecokarelian orogeny (Claesson 
and Lundqvist 1995). The supracrustal rocks of 
the Lycksele-Storuman area (Fig. 2) are intruded 
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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 and Lundqvist 1995; Billström and 
Weihed 1996; Weihed et al. 2002a)

Well-preserved Bothnian Basin metagreywackes, 
situated approximately 100 km southwest of the 
Lycksele-Storuman area, contain detrital zircons 
with ages of 2.93–2.65 and 2.02–1.88 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 (Eliasson and Sträng 
1998; Eliasson et al. 2001) and in the Knaften area 
on the Knaften granitoid which is intrusive into the 
metagreywackes (Wasström 1993) and on granitoid 
related dykes (Wasström 1996) indicate that at 
least part of the metagreywackes in this area are 
significantly older than the c. 1.89–1.87 Ga (Billström 
and Weihed 1996) Skellefte District and may in fact 
constitute a basement to the Skellefte District. Age 
determinations of the granitoids indicate 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).

The supracrustal rocks of the Skellefte District 
have been subjected to two major deformation events, 
D

2
 and D

3
 (Bergman Weihed 2001). The first tectonic 

folding event 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 deformation event, D

3
, is characterised by 

open folds that show axial surfaces striking NNE, 
indicating E-W convergence (Bergman Weihed 
2001). The timing of the first major deformation 
event, D

2
, is estimated, from field relationships, 

to pre-date the Revsund granitoids (Skiöld 1988), 
and to post-date the Sikträsk granitoid (Weihed et 
al. 2002a), whereas the latest deformation event, 
D

3
, is estimated to be syn- to post-Revsund in age 

(Bergman Weihed 2001).

Regional metamorphism of the Bothnian Basin

Regional metamorphism in the area between the 
Skellefte District in the north, through the Bothnian 
Basin, and towards south-central Sweden (Fig. 1) 
peaked at c. 1.85–1.80 Ga, indirectly suggested 
from age determination of intrusive rocks (Weihed 
et al. 1992; Billström and Weihed 1996; Weihed et 
al. 2002b). The metamorphism in the Svecofennian 
domain, as defi ned 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). The 
pressure conditions throughout the Swedish part of 
the Svecofennian domain is suggested to be rather 
uniform, indicating pressures at c. 5 ± 1–2 kbars 
(Nironen 1997). P-T analyses indicate that northern 
Sweden is a low to intermediate pressure province, 
with pressures of 2–4 kbars (Bergman et al. 2001). 
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 metagreywackes and metapelites in the Bothnian 
Basin have been metamorphosed into amphibolite 
facies (Allen et al. 1996) and even granulite facies 
further to the south (Hallberg 1994; Lundström 
1998).  Amphibolite-granulite conditions have been 
reported from the Storuman area (Fig. 2), c. 50 km to 
the northwest of the Fäboliden gold deposit, where 
Lundström (1998) presented results indicating 
temperatures of 500–580°C for the metagreywackes 
in that area. Garnet-biotite thermometry indicates 
regional metamorphic temperatures of 560–640°C 
for the Fäboliden area (Bark and Weihed in prep.), 
thus suggesting amphibolite facies conditions. 
Further to the south, in the Bothnian Basin, upper 
amphibolite-granulite facies conditions around the 
Enåsen gold deposit indicates temperatures of 600–
700°C (Hallberg 1994).

Geology of the Fäboliden area

The late- to post-orogenic, 1.81–1.77 Ga, A/I-
type, Revsund granitoid (Claesson and Lundqvist 
1995; Billström and Weihed 1996) constitutes the 
main rock type in the Fäboliden area (Fig. 3). This
medium- to coarse-grained, coarsely K-feldspar 
porphyritic, isotropic, granitoid surrounds a narrow 
belt of metagreywackes intercalated with mafi c 
metavolcanic rocks. The metagreywackes, which 
are poorly exposed in outcrop, are strongly foliated, 
fi ne-grained and biotite-rich. In a few places the 
metagreywackes are more coarse clastic (<1 cm grain 
size) and less deformed, displaying more primary 
sedimentary textures such as poor stratifi cation and 
bedding. The fi ne-grained and banded metavolcanic 
rocks dominate the northern parts of the Fäboliden 
area. In one outcrop a roughly fi ve meter wide 
sequence of banded iron-formation (distinct banding 
of Fe-oxides and quartz) is intercalated within the 
metavolcanic rocks. All the rocks mentioned above 
are crosscut by a set of NW-SE striking, fl at-lying, 
c. 1.27 Ga dolerites (Elming and Mattsson 2001) 
which are post-metamorphic, undeformed, and 
unmineralized.
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All metasupracrustal rocks at Fäboliden are 
moderately to intensely foliated. The foliation planes 
strike 343–036 (n=60), with steep dips from 65W 
to 65E, but is normally subvertical. Few primary 
structures, such as bedding planes (S

0
), are seen in 

the metasupracrustal rocks. However, according to 
the position of the banded iron-formation, where 
individual bands parallel the main foliation, the 
original S

0
 bedding planes are suggested to be 

parallel to the main grain shape fabric (S
1
). This 

fabric is interpreted as S
1
 since it is axial-planar 

to minor isoclinal folds that fold an earlier fabric 
(S

0
). The axial planes to these upright folds (with 

subhorizontal fold axes) are parallel to the main 
foliation (S

1
) in the area and the folds are interpreted 

as F
1
-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 titanites 
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 (Bergman 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 be c. 1.80 Ga.

Fig. 3 Bedrock map of the Fäboliden area. Sampled section indicated in red. Map modifi ed after Björk and Kero 
2002.
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Fäboliden orogenic gold deposit

The steeply dipping sheet-like Fäboliden gold ore is 
known for c. 1.3 km within the N-S striking shear 
zone (Fig. 3). It is up to 40 m wide and known to 
a depth of c. 150 m. A few deeper boreholes, down 
to 350 m, indicate a continuation of the mineralized 
zone towards depth. 

The mineralization is commonly hosted in 
graphite-bearing quartz- and sulphide veins, which 
parallel the main foliation, within the shear zone 
in the metagreywacke host rock. The veins are 
commonly more or less 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 (Fig. 4).

inner core, composed of löllingite (Fig. 5B-D). 
Hence, the high-temperature löllingite is rimmed 
by arsenopyrite, indicating that the löllingite was 
partially replaced by arsenopyrite. 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 averages approximately 0.7 wt. %.

The regional metamorphic mineral assemblage 
in the metagreywackes at Fäboliden constitutes 
biotite, quartz, plagioclase, K-feldspar, minor 
garnet, and small amounts of amphibole. Biotite 
and amphibole define the regional grain shape 
foliation in the area. Towards the mineralized zone 
quartz veining becomes a more pronounced feature. 
Indistinct quartz veins, commonly 1–5 cm thick, 

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. 
Note the sulphides in the neck of the boudinaged quartz vein.

The fine-grained (2–40 m) gold is closely 
associated with arsenopyrite-löllingite and found 
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. Micro probe analysis shows that gold occurs 
as electrum (Au:Ag 2:1) and in close association 
with stibnite within the gold-arsenopyrite/löllingite 
association.

Proximal sulphides constitute arsenopyrite, 
löllingite, pyrrhotite, and accessory chalcopyrite, 
sphalerite, stibnite, and galena. Arsenopyrite often 
displays a zonation with a more S-poor/As-richer 

are oriented parallel to the foliation. Elements that 
are enriched in the proximal ore zone are Ca, S, As, 
Ag, Au, Sb, Sn, W, Pb, Bi, Cd, Se, and Hg. K and 
Na are slightly depleted in the mineralized zone. 
A number of elements, i.e. Si, display no positive 
or negative trend towards the mineralized, thus the 
overall Si content seems to be unaffected by the 
hydrothermal alteration. The hydrothermal alteration 
assemblage in the proximal ore zone is 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 and Cassidy 
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2000; Ridley et al. 2000). The lateral extent of the 
proximal mineralized zone is estimated to 30–40 
m, and there is good correlation between diopside-
amphibole-quartz alteration and gold enrichment. 

Distal hydrothermal alteration 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. The extent 
of this distal alteration is heterogeneous and difficult 
to delineate due to limited outcrops and drill core 
data.

Sampling and analytical methods

For the fl uid inclusion study, 14 drill core samples 
(Fig. 6) of sulphide-mineralized and graphite-bearing 
quartz veins were prepared as 150 m thick doubly 
polished sections. After careful documentation and 
selection of fl uid inclusions, microthermometric 
and Raman spectrometric analyses were carried out 
at the Department of Geology and Geochemistry, 
Stockholm University. Microthermometric analyses 
were carried out on fl uid inclusions in the temperature 
range -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 fl uid inclusion standards (SynFlinc). 

Fig. 5 Gold closely associated with arsenopyrite-löllingite. A) Photomicrograph of gold and stibnite in fractures within 
arsenopyrite (aspy). Scale bar is 100 m. B+C) Gold as inclusions in löllingite (löll) and arsenopyrite, indicating gold 
precipitation at temperatures when löllingite is stable. Note that gold occurs as inclusions both in arsenopyrite and 
löllingite. Scale bar is 100 (B) and 200 (C) m. D) Common zonation with a löllingite inner core in the arsenopyrite 
grains. Scale bar is 500 m. E) Photomicrograph of arsenopyrite rimmed by later pyrrhotite (po). F) Gold in micro 
fractures in arsenopyrite. Scale bar is 200 m.
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Raman spectrometric analyses were performed on 
fl uid inclusions and 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 fi tted 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 wavenumber using a neon lamp and a 
silicon standard.

effects that may have been produced during sample 
preparation. The Raman spectrum of graphite 
(Fig. 7A) has a fi rst-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

refl ect defects in the structure (Pasteris and Wopenka 
1991; Beyssac et al. 2002). The second-order region 
is composed of overlapping bands around 2700 cm-1.
The shape of this becomes more asymmetric with 
increased structural order. A linear correlation of the 
band area ratio, R = “1350” / (“1350” + “1580” + 

Fig. 6 Fluid inclusion types in the Fäboliden ore body. Gold mineralization is indicated and correlates well with strongly 
banded diopside-calcic amphibole-biotite alteration.

Results

Raman spectrometry of graphite

The ordering of the graphite structure refl ects the 
maximum temperature condition that has affected the 
mineral and its temperature-crystallinity relation can 
be used as a geothermometer (Pasteris and Wopenka 
1991; Beyssac et al. 2002). Graphite is therefore 
useful as an indicator of the metamorphic grade 
because the graphitization process is irreversible 
with no effects on the graphite structure during 
retrogression. In order to determine the crystallinity 
of graphite, Raman spectrometry was performed on 
graphite in the 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 

“1620”), 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 fi gure 7B. The ratios of the 
band areas measured on 10 isolated graphite crystals 
from 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 fl uid inclusions as primary 
or secondary inclusions is based on the criteria 
given in Roedder (1984). The classifi cation of the 
studied inclusions into fi ve types is made after 
phases present at room temperature and preliminary 
microthermometric and Raman spectrometric 
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surveys (Fig. 8). The size of the inclusions is 
measured for their longest dimension.
Type 1:  CO

2
-rich fl uid inclusions. This type of 

fl uid inclusions 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 
fl uid inclusions in the quartz and are associated with 
arsenopyrite. They have a primary random occurrence 
together with grains of graphite (Fig. 8A). At room 
temperature almost all of this inclusion type consist 
of one liquid-like phase, only a few display two CO

2

phases (liquid and vapour). The inclusions appear 
with a rounded or with a negative (trigonal) crystal 
shape and their size are generally less than 15 m,
but individuals may be up to 25 m.

Type 2: H
2
S-rich fl uid inclusions. These inclusions 

are 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-sulphides. They are rounded and slightly 
elongated and usually with a weak outline towards 
a negative (trigonal) crystal shape. Their size is less 
than 15 m.
Type 3: CH

4
fl uid inclusions. This fl uid is present 

in all samples (Fig. 6). These 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 inclusions have an irregular shape and are
commonly relatively large, with a size that may 
reach 55 m.
Type 4: Aqueous low-salinity fl uid 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 CH

4

inclusions. The inclusions have an irregular outline 
and their size is up to 30 m. Coexisting aqueous 
inclusions appear with varying vapour-to-liquid 
ratios (Fig. 8D), from inclusions with about 60 
volume % vapour to liquid-rich inclusions with 1 
volume % vapour. 
Type 5: Aqueous high-salinity fl uid inclusions. These 
represent a late aqueous fl uid inclusion population 
in the studied samples and occur as secondary 
inclusions in healed microfractures in quartz. 
Based on phases present at room temperature, the 
inclusions 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 inclusions 
consist of liquid and up to approximately 1 volume 
% vapour and type 5C are one-phase aqueous 
inclusions that are completely fi lled 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 m, but some may be up to 30 m.

Fig. 7 A) Raman spectrum showing fi rst- 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.
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Microthermometry and Raman spectrometry of 
fl uid inclusions

Type 1:  CO
2
-richfl uid inclusions. The homogenization 

of CO
2
 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 
CO

2
 was measured at -62.4° to -57.6°C (Fig. 9B). 

Figure 9C shows the homogenization temperatures, 
ThCO

2
, plotted versus the melting temperatures, 

TmCO
2
. In this temperature plot the corresponding 

molar volume (cm3/mole) and mole fraction CH
4
 are 

also given after data in van den Kerkhof and Thiéry 

(2001). The temperatures indicate a CH
4
 content 

of about 5 to 25 mole % in the CO
2

fl uid. Raman 
analyses (Figures 9D-E) confi rm the presence of 
CO

2
 by the two bands at 1282 cm-1 and 1385 cm-1

(van den Kerkhof 1988) and CH
4
 by the band at 

2912 cm-1 (Seitz et al. 1993), no other gases were 
detected. The molar volumes vary from 43–45 cm3/
mole to about 80 cm3/mole.
Type 2: H

2
S-rich fl uid inclusions. The melting 

temperature of the frozen H
2
S occurred between 

-86° and -85°C and the homogenization of H
2
S,

to liquid state, was in the range +26° to +67°C 

Fig. 8 Photographs showing typical primary (A, B) and secondary (C, D, E, F) fl uid inclusions from the Fäboliden Au 
deposit. A) Type 1, CO

2
-rich fl uid inclusions. B) Type 2, H

2
S-rich inclusions. C) Type 3, CH

4
fl uid inclusions. D) Type 

4, aqueous low-salinity fl uid inclusions with varying phase ratios. E) Type 5a, halite-bearing aqueous high-salinity fl uid 
inclusions. F) Aqueous high-salinity fl uid inclusions, one with a small vapour bubble (type 5b) and the other fi lled with 
a liquid phase (type 5c).
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Fig. 9 CO
2
-rich fl uid inclusions (type 1). A) Frequency histogram for CO

2
 homogenization temperatures, homogenization 

was always to the liquid state. B) Frequency histogram for CO
2
 melting temperatures. C) Plot of homogenization 

temperature versus melting temperature of the CO
2
-rich fl uid inclusions. In the diagram the infl uence of molar volume 

and mole fraction CH
4
 (in italics) on various combinations of homogenization and melting temperatures are given 

(after data from van den Kerkhof and Thiéry, 2001). The melting temperature of pure CO
2
 is -56.6°C and the critical 

temperature +31.1°C. D+E) Raman spectrum of a CO
2
-rich fl uid inclusions with two bands at 1282 cm-1 and 1385 cm-1,

and one band at 2912 cm-1 confi rming the presence of CO
2
 and CH

4
 respectively. A band at 1160 cm-1 (in D) from the 

host quartz is in italics.
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(Fig. 10A). The melting temperatures are at, or very 
close to, the triple point of pure H

2
S (-85°C; Touray 

and Guilhaumo 1984), but melting below this 
temperature is due to a mixture with minor amounts 
of some other gas species. Raman analyses (Fig. 10B) 
confi rm the presence of H

2
S liquid by a band at 2580 

cm-1 (Dubessy et al. 1992), and further show that the 
other gas is a hydrocarbon probably CH

4
, shown 

by the band at 2903 cm-1. The latter band position 
is shifted about 10 cm-1 to lower wavenumbers 
compared to published values, 2917–2910 cm-1 (with 
decreasing molar volume) of pure CH

4
 (Seitz et al. 

1993). However, a similar displacement (13 cm-1) to 
lower values has previously been noted for CH

4
-H

2
S

mixtures by Guilhaumou et al. (1984).  Using the 
computer programs developed by Bakker (2003), 
calculations based on the obtained temperatures 
give a H

2
S-rich composition with up to 2 mole % 

CH
4
 and a molar volume between c. 45 and c. 55 

cm3/mole.

Type 3: CH
4

fl uid 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 and 
Thiéry 2001) and Raman analysis (Fig. 11B) shows 
that these inclusions are pure CH

4
fl uid inclusions 

by the band at 2914 cm-1 (Seitz et al. 1993), no 
other gases were detected. The corresponding 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). 

Fig. 10 A) Frequency histogram of homogenization 
temperatures for the H

2
S-rich fl uid inclusions (type 2). 

Homogenization was always to the liquid state and melting 
of solid H

2
S took place between -85° and -86°C in all 

cases. B) Raman spectrum of a H
2
S-rich fl uid inclusion 

with bands at 2580 cm-1 and 2003 cm-1 indicating the 
presence of H

2
S and CH

4
 respectively. 

Fig. 11 A) Frequency histogram of homogenization 
temperatures for CH

4
fl uid inclusions (type 3). 

Homogenization was always to the gaseous state. 
B) Raman spectrum of a CH

4
fl uid inclusion with a 

characteristic band at 2914 cm-1.

Type 4: Low-salinity aqueous fl uid inclusions. Total 
homogenization 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-H

2
O system (-21.2°C; Bodnar 1993). Final ice 
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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 eq. wt. % NaCl (Bodnar 1993).

the dissolution of the halite crystal. Melting of 
halite was measured between 127° and 215°C 
(Fig. 13C). Using the equation for the NaCl-H

2
O

system by Sterner et al (1988), the temperatures 
indicate salinities of 29–33 eq. wt. % NaCl. However, 
these must be regarded as maximum values (Sterner 
et al. 1988) as the fi rst melting temperatures point 
to the presence of CaCl

2
 in addition to NaCl. In the 

subtype consisting of liquid and vapour without 
halite (type 5b), fi nal ice melting took place between 
-18° and -29°C (Fig. 13D). To avoid metastable 
ice melting and incorrect temperatures (Roedder 
1984), the single-phase liquid inclusions (type 
5c) were heated above 100°C, before freezing, in 
order to stretch them and to generate an artifi cial 
vapour bubble. After this treatment they displayed 
similar fi nal ice melting temperatures as the two-
phase inclusions. The fi nal ice melting temperatures 
correspond to salinities in the range 19 to 24 eq. wt. 
% CaCl

2
+NaCl (Oakes et al. 1990).

Fig. 12 Frequency histograms for the aqueous low-
salinity fl uid inclusions (type 4). A) Homogenization 
temperatures. B) Ice melting temperatures.

Type 5: High-salinity aqueous fl uid inclusions. Total 
homogenization 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 preceded by a partial homogenization, in the 
fi rst case involving liquid-vapour homogenization 
at 110° to 201°C and in the second case, liquid-
halite homogenization at 127° to 180°C. Total 
homogenization of the two-phase inclusion (type 
5b) was measured between 64° and 166°C, to the 
liquid state (Fig. 13B). The one-phase liquid-
fi lled inclusions (type 5c) give no homogenization 
temperature, but this type of inclusions is assumed 
to have been trapped at temperatures below about 
70°C (Roedder 1984). For all three subtypes, fi rst 
melting was observed at temperatures around -60°C 
which is close to the eutectic temperature, -52°C, of 
a CaCl

2
-NaCl dominated composition (Davis et al. 

1990). For the three-phase halite-bearing inclusions 
(type 5a), the salinity has to be determined from 

Fig. 13 Frequency histograms for the aqueous high-
salinity fl uid 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).
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Discussion

The results of this fl uid 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 aqueous fl uids at 
two distinct pressure conditions. The distribution 
of the fl uid 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 fl uids during Fäboliden 
ore formation. 

PT considerations 

The Fäboliden metagreywacke rocks have been 
metamorphosed to mid-amphibolite facies conditions 
and by using the garnet-biotite geothermometer on 
these rocks, Bark and Weihed (in prep) obtained 
temperatures between 560–640°C. Previous studies 
on the regional metamorphism in the Bothnian Basin 
have suggested general P-T conditions of 3–5 kbar 
and c. 500–700°C (Lundqvist 1990). The crystal 
structure of graphite in the mineralized quartz 
veins from Fäboliden indicates a narrow peak-
temperature range for the hydrothermal alteration 
at 520–560°C. The graphite data correlate well with 
the regional metamorphic temperature conditions 
in the northern parts of the Bothnian Basin. The 
graphite temperatures suggest that the mineralizing 
event occurred post peak-metamorphism, or else 
the graphite structure would have indicated a higher 
temperature more close to the peak-metamorphic 
conditions. The metamorphic pressure conditions is 
not given by the graphite geothermometer itself, but 
using the molar volumes of the primary graphite-
associated CO

2
-CH

4
fl uid inclusions together 

with the graphite temperatures, an estimate of the 
pressure can be made. Based on the available data 
for the variation of molar volumes with different 
temperature and pressure conditions for the CO

2
-

system (van den Kerkhof and Thiéry 2001), the molar 
volumes of these fl uid 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). 

Another geothermometer which may be useful for 
the Fäboliden deposit is arsenopyrite. In Fäboliden, 
arsenopyrite is considered closely associated with 
gold precipitation. Bark and Weihed (in prep.) 
indicated temperatures of 313–533°C for the 
Fäboliden deposit, using arsenopyrite thermometry. 
However, the arsenopyrite composition is affected 
by pressure, generating low temperatures for 
deposits above lower-amphibolite facies (Sharp 
et al. 1985). The arsenopyrite results are however 

overlapping with both the graphite- and garnet-
biotite thermometers. As the graphite thermometer 
is considered more reliable for this mid-amphibolite 
facies deposit, the arsenopyrite thermometer is 
considered as minimum temperatures for the 
hydrothermal alteration system (Bark and Weihed 
in prep.).

Fluid evolution

Early primary fl uid inclusions in the Fäboliden quartz 
veins are dominated by a mixture of carbonic fl uids 
composed of CO

2
 and CH

4
 (Fig. 8A). Inclusions of 

these fl uids (type 1) are randomly distributed in the 
quartz together with dispersed graphite. Close spatial 
relation implies that graphite was precipitated from 
the carbonic fl uids during quartz vein formation 
at P-T conditions of 4 ± 0.5 kbar and 520–560°C, 
as were discussed above. Fluid precipitation of 
graphite can take place by changes in P-T conditions 
or in chemistry (Luque et al. 1998). Raman analysis 
of graphite grains in different samples from the 
Fäboliden quartz veins show a very narrow range 
in crystallinity index (0.18–0.27), suggesting that all 
graphite precipitated at almost the same temperature 
conditions (Fig. 7B). It is therefore more likely that 
the main mechanism for graphitization was changes 
in the fl uid chemistry. The fl uid inclusions have a 
CO

2
-rich composition with 5–25 mole % CH

4
. Such 

a composition may be achieved by a simple mixing 
of a CO

2
 and a CH

4
 fl uid. Other possible mechanisms 

for generating varying CO
2
/CH

4
 ratios are reduction 

of CO
2
 by the addition of H

2
 or redox reactions 

between CO
2
 and wall rock minerals (Luque et al. 

1998). The trapped CO
2
-CH

4
 fl uid at Fäboliden can 

be a result of one or all of these processes. Mixing 
of fl uids with varying CO

2
/CH

4
 ratios is an effective 

mechanism to cause graphite to precipitate (Rumble 
et al. 1986). Graphite could then form by the reaction 
CO

2
 + CH

4
 = C + H

2
O. However, no aqueous 

phase coexisting with the CO
2
-CH

4
 inclusions and 

the graphite was detected in any of the Fäboliden 
samples. However, it is possible that the H

2
O was 

consumed by wall-rock reactions generating the 
hydrated alteration minerals amphibole, biotite 
and tourmaline. Hydration reactions can deplete 
such a fl uid in H

2
O and thereby promoting graphite 

precipitation (Rumble et al. 1986; Luque et al. 1998). 
The mechanism where CO

2
 is reduced by the addition 

of H
2
 requires a reaction in which hydrogen becomes 

available. Besides accompanying the graphite, the 
CO

2
-CH

4
 inclusions are associated with arsenopyrite 

which is the earliest sulphide phase in the Fäboliden 
quartz veins. Presumably, much of the hydrogen may 
have been derived from the interaction between H

2
S

and complexed metals in the sulphide deposition 
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process. Almost all the H
2
S was consumed during 

this process, but preserved local high contents of 
H

2
S is evident by the occurrence of the primary 

H
2
S-rich (type 2) fl uid inclusions. The H

2
S-rich fl uid 

inclusions possibly represent a separate input of a 
fl uid that mixed with the ascending CO

2
 fl uid. The 

crystallinity index for the graphite associated with 
the primary H

2
S-rich fl uid inclusions is similar to the 

graphite that accompanies the CO
2
-CH

4
 inclusions. 

This, together with the low molar volume of the H
2
S

inclusions (c. 45–55 cm3/mole), suggests that the 
H

2
S-infl ow took place at unchanged P-T conditions. 

Thus, consistent with the observation that löllingite 
is rimmed by arsenopyrite (Fig. 5B-D), it is proposed 
that the CO

2
-rich fl uid gradually became more S-

rich. The infl ow of the H
2
S-rich fl uid encouraged 

both precipitation of graphite, by creating gradients 
with varying CO

2
/CH

4
 ratios in the CO

2
-rich fl uid, 

and deposition of arsenopyrite-löllingite, gold, and 
stibnite. It is well known that H

2
S is highly reactive 

and form metal-sulphides if suffi cient metals are 
available. The section of the drill cores containing 
the H

2
S-rich fl uid inclusions probably refl ect a stage 

during the quartz vein formation when the infl ow 
of H

2
S was faster than sulphides were precipitated 

and the metal supply was negligible. Some of the 
metals might have been transported in the H

2
S-rich

fl uid in which antimony (Zakaznova-Iakovleva et al. 
2001) and gold (Stefánsson and Seward 2004), can 
be transported as sulphide complexes, whereas it is 
likely that the CO

2
-rich fl uid phase supplied arsenic 

and iron. Even though CO
2
 is an important component 

in many ore-forming systems no evidence exist for 
metal-transport involving complexing with CO

2

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 seems to have 
been the case at Fäboliden. 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). Mixing of 
the CO

2
-rich and the H

2
S-rich fl uid, with complete 

consumption of H
2
S and with methane, graphite and 

sulphides as products of this reaction, is proposed 
to be the main process of forming the early gold-
arsenopyrite-löllingite ore stage. The origin of 
these two fl uids is unknown, but the timing of the 
Fäboliden mineralization is suggested to be close 
to the emplacement of the 1.81–1.77 Ga Revsund 
granitoid (Bark and Weihed in prep.). It is therefore 
believed that there might be a genetic link between 
the fl uids and the igneous activity. Furthermore, 
preliminary 34S for the sulphur in arsenopyrite 

cluster around 0 ‰ (Bark unpublished data) which 
is consistent with a magmatic source.

  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 and were trapped as 
secondary fluid inclusion during subsequent healing 
of the quartz. At this stage, the ascending fluid had 
been completely reduced to a CH

4
 fluid (type 3) and 

the early gold-arsenopyrite-löllingite mineralization 
was followed by pyrrhotite as the major sulphide 
phase. All remaining H

2
S was used up as metal 

sulphides. The high molar volumes of the trapped 
CH

4
 inclusions (100 to c. 1000 cm3/mole) imply a 

significant decrease in pressure at this stage. Even 
if the temperature was still high and the temperature 
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 CH

4
 inclusions having 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 
CH

4
 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. Gravity flows is an effective 
mechanism of downward surface water penetration 
in fractured rocks (Gleeson and Yardley 2003). 
Initially, when large volumes of this low-salinity 
water entered the quartz vein system it started to 
boil. 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 eq. wt. % NaCl would start to boil at 390°C if 
the pressure falls below c. 0.25 kbar (Bischoff and 
Pitzer 1989). Subsequent cooling of the quartz veins 
by the inflowing aqueous fluid to a temperature 
below 100°C is documented by the large span of 
lower temperatures with homogenization to the 
liquid state.

The CaCl
2
-NaCl dominated moderate to high 

salinity group of aqueous fluid inclusions (type 5) 
constitutes an additional aqueous phase that has 
infiltrated the fractured quartz vein system at a 
late stage. Besides differences in chemistry, the 
two aqueous phases (type 4 and 5) each reflect a 
separate thermal course, even though they both end 
up at temperatures below 100°C (Fig. 14). Fluid 
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inclusions show that the CaCl
2
-NaCl dominated 

aqueous fluid entered the fractures as a relatively 
hot (>215°C), salt-rich (33 eq. wt. % CaCl

2
+NaCl)

fluid. The temperature estimate >215°C is deduced 
from the homogenization temperatures of the halite-
bearing inclusions (type 5a), but are minimum 
temperatures for the initial trapping conditions as no 
correction for an unknown pressure could be added. 
The variation 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 cooling 
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 enrichment of Ca 
in the ore zone suggest that this fluid might have 
been involved in the final stage of alteration. Even 
though metals such as Pb and Zn are highly soluble 
as chloride complexes (Seward and Barnes 1997), 
no relationship between this fluid and the sulphides 
was found in any of the studied samples. 

Concluding remarks

The Fäboliden gold deposit is hosted in a late 
to post-orogenic shear zone and is classified 
as an orogenic gold deposit (Bark and Weihed 
2003; Bark and Weihed 2004; Bark and Weihed 
in prep.). The majority of orogenic gold deposits 
worldwide have been deposited from low-salinity 

H
2
O-CO

2
 ± CH

4
 fluids at 180–700°C and <1–5 

kbar, where gold was transported as a reduced 
sulphide complex (Groves et al. 1998; McCuaig 
and 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 and Ridley 1993; 
Hagemann and Cassidy 2000). The high amounts 
of CO

2
 ± CH

4
 in the Fäboliden deposit also agree 

with typical fl uid compositions in orogenic gold 
deposits. However, a separate H

2
O phase coexisting 

with the carbon-bearing phases was not detected 
in the Fäboliden samples. One possibility is that 
post-modifi cations of the inclusions and selective 
leakage of the aqueous phase occurred during uplift 
and cooling (McCuaig and 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 was syn- to late-kinematic. Hence, 
post-modifi cations of the fl uid inclusions with some 
H

2
O loss are possible. However, in this model it is

diffi cult to explain why all water escaped. Therefore 
an alternative explanation is that all the H

2
O was 

consumed in wall rock reactions, generating the 
hydrated alteration assemblage of calcic amphibole, 
biotite, and minor tourmaline. The absence of primary 
H

2
O inclusions, or a high CO

2
/H

2
O ratio, is however 

not an uncommon feature in orogenic gold deposits 
(Schmidt Mumm et al. 1997).  Prevalence of carbonic 
over aqueous fl uid inclusions, with no visible H

2
O

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 and Meyer 2002) and Birthday deposit, 
South Africa (Van Reenen et al. 1994). Hence, the 
Fäboliden deposit shows fl uid 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 
fl uids and this is also suggested for the Fäboliden 
gold. However, in contrast to the general model 
where gold is deposited from a H

2
S-bearing H

2
O-

CO
2
 ± CH

4
fl uid via sulphidization of the wallrocks 

(Groves et al. 1998) our model suggests that gold 
was mainly precipitated after mixing between 
H

2
S-rich and H

2
O?-CO

2
 ± CH

4
fl uids.

Fig. 14 Plot of homogenization temperature versus salinity 
for all aqueous fl uid inclusions. The salinity is presented 
as eq. wt. % NaCl for inclusions with Tfm at -22°C and as 
eq. wt. % CaCl

2
+NaCl for inclusions with Tfm at -60°C. 

Tfm = fi rst observed melting. The dashed line separates 
the two groups of dominating salt compositions. 
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