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Abstract:  The Älgliden intrusion is situated in the northern part of the Skellefte district, hosted by the 
older stage of the Jörn Granitoid Complex. This intrusion is a mafic dike-like body composed of 
gabbroic rocks, olivine-bearing toward the centre. Several lenses of massive pyrrhotite ± chalcopyrite 
are located in the northern and southern parts of the dike, in the middle of the intrusion surrounded by a 
disseminated mineralization of pyrrhotite ± chalcopyrite. The geochemical data indicate a comagmatic 
suite, differentiated from a basaltic magma. This magma was probably carrying sulphide droplets 
differentiated from a larger magma body at depth, but may also have segregated more sulphide liquid 
as the result of fractional crystallization, contamination and temperature drop. The immiscible sulphide 
droplets were then concentrated toward the centre by a flow differentiation phenomenon. 
The dike was emplaced at the interface between a marine domain to the south and a continental domain 
to the north, presumably a continental volcanic arc. The magma was led by a weaker zone in the 
country rock created in a local extension context. 
The Älgliden dike shows strong similarities with several other mafic intrusions or volcanic rocks of the 
same age, that sometimes also host Cu-Ni mineralizations. This possibly suggests a common source for 
these rocks that took part in a larger magmatic system comparable, at a smaller scale, to flood basalts. 
The Älgliden dike would be one of the numerous feeder dikes of such a magmatic complex, and an 
exceptional case, since it was able to reach sulphur saturation, and then to segregate and accumulate 
sulphides. 
Keywords: Älgliden dike, Svecofennian, Cu-Ni ore, flow differentiation, Skellefte district, magmatic 
differentiation, and sulphide segregation.  
 
 



 2 

Table of contents 

INTRODUCTION 5 

REGIONAL GEOLOGY 5 

GEOLOGY OF THE ÄLGLIDEN DYKE 7 

ANALYTICAL METHODS 7 

DESCRIPTION OF ROCK TYPES 9 

JÖRN GRANITOID COMPLEX  9 
ÄLGLIDEN DIKE  15 
M AFIC TO INTERMEDIATE LATE DIKES  18 
ALTERATION  18 
M INERALIZATION  18 

ROCK GEOCHEMISTRY 20 

M AJOR ELEMENTS  20 
TRACE ELEMENTS VARIATIONS  21 
REE SYSTEMATICS IN THE INTRUSION  21 

DISCUSSION 22 

NATURE OF PARENT MAGMA  22 
SULPHIDE FRACTIONATION BY SULPHUR - SUPERSATURATION 24 
Processes leading to sulphur-supersaturation and sulphide segregation 24 
The partition of Ni, Cu and PGE between sulphide and silicate liquids 26 
The Älgliden mineralization 26 
Source of the S 27 
MECHANISMS OF ORE FORMATION IN THE ÄLGLIDEN DIKE  27 
GEOTECTONIC SETTINGS AND ASSOCIATED MAGMATISM  29 
General geotectonic setting of the Skellefte district 29 
Geotectonic settings of the volcanic and intrusive rocks in the Älgliden area 29 
COMPARISON WITH SIMILAR CU-NI BEARING INTRUSIONS  31 
Cu-Ni bearing intrusions comparable to Älgliden in Northern Sweden 31 
Global comparison 33 

ORE POTENTIAL 35 

ORE POTENTIAL 36 

CONCLUSION: A MODEL FOR THE EMPLACEMENT AND DIFFERE NTIATION OF THE ÄLGLIDEN DIKE
 36 

ACKNOWLEDGMENTS 36 

REFERENCES 36 



 3 

Illustrations 
Figure 1: Geology of northern Sweden with main rock units indicated. After Weihed (2004). 1. Tallberg 
and Älgliden 2. Notträask 3. Näsberget 4. Ö. Skogträsk 5. Lanijaur 6. Storbodsund 7. Laver. ...............6 
Figure 2: Geology of the Skellefte District and surroundings areas, Weihed (2004) ...............................8 
Figure 3: Plot of log Ni versus MgO .........................................................................................................9 
Figure 4: Magnetic signature and geological map of the Älgliden dike. A. Total magnetic intensity. B. 
Tilt derivative. C. First vertical derivative. D. Inferred geology, logged drill holes are in red and 
brown, cross sections were done along drill holes in red. Grid spacing is 2 km. ...................................10 
Figure 5: Cross sections along the Älgliden dike. A. Along drill holes 60 and 9. B. Along drill hole 18 
C. Along drill holes 22 and 11. D. Along drill holes 47 and 31. E. Along drill holes 48 and 42. F. Along 
drill holes 59 and 15. ...............................................................................................................................11 
Figure 6: A. Cumulate texture in olivine-norite under crossed-polarized illumination. B. Fairly altered 
plagioclase cumulate under crossed-polarized illumination...................................................................15 
Figure 7: Normative mineralogical composition: A. based on optical observation of the Älgliden rocks 
thin sections B. using the CIPW, plotted in classification diagrams (after Streckeisen, 1976 and Le 
Maitre, 2002). � = olivine-bearing rocks, ● = gabbroic rocks, ◊ = feldspar-rich gabbroic rocks, ∆ = 
chilled margin. .........................................................................................................................................16 
Figure 8: Plagioclase amount clearly increasing toward the margins of the dike. Drill hole 33...........17 
Figure 9: Drill hole 15, 101.32 m, contact zone between gabbro and country rock.  The country rock 
xenoliths are completely altered. Few quartz phenocrysts (Q) "floating" in the gabbroic injection. .....18 
Figure 10: Contact between pyrrhotite net-textured mineralised gabbro and chalcopyrite mineralized 
feldspar-rich gabbro. Drill hole 42, 47.10 m. .........................................................................................19 
Figure 11: Primordial-mantle normalized values for the Älgliden rocks. Normalizing values after 
Wood et al. (1979a). ∆ = Älgliden chilled margin sample; ○ = average for late mafic-intermediate 
dikes; ● = average for Älgliden gabbroic rocks; □ = average for Älgliden olivine-gabbroic rocks......21 
Figure 12: Chondrite-normalized REE-patterns of the Älgliden rocks. ∆ = chilled margin sample; ○ = 
basic-intermediate dikes; ● = gabbroic rocks; □ = olivine-gabbroic rocks. Average values for each 
rock type are in green. Normalizing values after Boynton (1984) ..........................................................22 
Figure 13: K2O-SiO2 diagram after Middlemost (1985). Legend: see Figure 12...................................................................22 
Figure 14: Major element variation diagrams for the Älgliden dike. □ = olivine-gabbroic rocks; ● = 
gabbroic rocks; ∆ = chilled margin; ○ = average for basic-intermediate dikes. ...................................23 
Figure 15: Trace element variation diagrams (ppm). Legend: see Figure 14. .......................................24 
Figure 16:Tectonomagmatic discrimination diagrams. A. Ti-Zr-Sr (Pearce and Cann, 1973). B. Ti-Zr-Y 
(Pearce and Cann, 1973). C. Hf-Th-Ta (Wood, 1980). D. Nb-Zr-Y (Meschede, 1986). E. Ti-Zr (Pearce 
and Cann, 1973). F. Th/Yb-Ta/Yb (Pearce, 1982). ∆ = chilled margin; ○ = average for late basic-
intermediate dikes; ● = average for Älgliden rocks................................................................................25 
Figure 17: S-solubility of a differentiating magma formed by fractionation, after Li et al. (2001)........26 
Figure 18: Schematic representation of massive-mineralization organization in the Älgliden dike. Thick 
black lines: massive sulphide lenses........................................................................................................28 
Figure 19: Chemical evolution along Drill hole 22. Dashed orange lines represent the borders of the 
dike. Horizontal lines represent the average chemical composition of the country rock. Cross section is 
available in Figure 5................................................................................................................................29 
Figure 20: Schematic diagram of the forces acting on a particle during upward flow. A. In a non-
vertical conduit. B. In a vertical conduit. C. When entering a larger area. Modified after Gibb (1968).
.................................................................................................................................................................30 
Figure 21: A. Regional time-stratigraphic relationships, lithostratigraphy, and location of massive 
sulphide deposits in the Skellefte district. B. Lithostratigraphic and structural relationships of the 
Skellefte Group and Vargfors Group during the early to middle stages of Vargfors group 
sedimentation. After Allen et al. (1996). The red arrow is locating the time and space interval in which 
the Älgliden dike possibly intruded..........................................................................................................31 



 4 

Figure 22: Mantle normalized trace-element variation diagram. Normalizing values after Wood et al. 
(1979a). ∆ = ophitic gabbro from Lanijaur, data are from Martinsson (1996); + = Gallejaur basalts, 
data from Bergström (2001); * = Näsberget, data from Årebäck et al. (2006); ● = average for 
Älgliden....................................................................................................................................................31 
Figure 23: Plot of grade in wt.% Ni versus production + reserves in millions of tonnes for major Ni 
sulphide deposits of the world. After Naldrett (1999). The red arrow represents Älgliden ....................34 
Figure 24: Emplacement of flood basalts in an intra-arc extension context and magmatic sulphides 
deposition. 1. Lanijaur. 2. Älgliden. 3. Näsberget. 4. Gallejaur volcanics .............................................35 
 
Tables 
Table 1: Metal contents of the Älgliden mineralization n.c: not calculated. (1)Average on several cores.
.................................................................................................................................................................19 
Table 2: Partition coefficient for Ni, Cu and PGE in a sulphide-silicate system....................................26 
Table 3: Summary of the different mineralization types in the Älgliden dike..........................................27 
Table 4: Nickel deposits in Northern Sweden showing similarities with Älgliden. Lanijaur, Storbodsund 
and Östra Skogträsk values are from Grip (1961). N.d.: no data. ..........................................................33 
 
Appendix 
Appendix 1: Original results of chemical analyses for the Älgliden dike. HÅ: Hans Årebäck (2003-
2004), HH: Hans Helfrich (1966),TB: Therese Bejgarn (pers. com.).....................................................39 
Appendix 2: Recalculated composition of the Älgliden dike samples. The values have been recalculated 
on a volatile-free basis and on a sulphide- free basis. HÅ: Hans Årebäck (2003-2004), HH: Hans 
Helfrich (1966),TB: Therese Bejgarn (pers. com.2008)..........................................................................43 
Appendix 3: Petrographic description of the thin sections. JP: Jose Portacio (1986), HÅ: Hans 
Årebäck (2003-2004), HH: Hans Helfrich (1966),TB: Therese Bejgarn (pers. com.), CF: Cécile 
Filoche (this study). Pl: plagioclase, Fd: feldspar, Q: quartz, amph: amphibole, pyx: pyroxene, bt: 
biotite, ur: uralitization, ser: sericitization, serp: serpentine, mt: magnetite, tlc: talc, chl: chloritization, 
carb: carbonate, po: pyrrhotite, py: pyrite, cpy: chalcopyrite................................................................47 
 



 5 

Introduction 
 

The Älgliden mafic dike is between 2.7 to 
3.5 km long and 70 to 50 m wide. It is situated 
in Skellefte mining district, in northern Sweden, 
5.5 km west of the village of Jörn. The Skellefte 
district is the economically most important ore 
district in Sweden, which hosts over 100 
sulphide mineralizations of different kind: 
massive sulphide deposits, gold deposits, 
porphyry type deposits and nickel deposits 
(Weihed et al. 1992).  

The Älgliden dike intrudes the GI phase of 
the 1888 to 1880 Ma Jörn Granitoid Complex 
(Wilson et al., 1987; González Roldán et al., 
pers. com.). It was classified as a nickel 
sulphide deposit of mafic association and is 
known as the largest nickel tonnage of this 
category in Sweden (Nilsson, 1985). The 
deposit presents a copper and nickel 
mineralization and some zones with noticeable 
gold content were also encountered. 

The mineralization was discovered in the 
1940’s thanks to sulphide-rich boulders, traced 
down to the source. The presence of sulphides 
was then confirmed by geophysical surveys. 

Sweden hosts many Cu-Ni deposits of the 
ultramafic association in the Västerbotten nickel 
belt, but the only other significant nickel 
deposit is the Lanijaur deposit in the 
northernmost part of the Skellefte district, 
which was mined from 1941 to 1945. 

The aim of this work is to describe the 
mineralogy and petrography of the dike and its 
mineralizations, in order to create a geological 
interpretation and a geological model of the 
deposit. The mineralization can then be 
positioned in the global context of Ni-Cu mafic-
ultramafic deposits. The genetic relationship 
between the Älgliden dike and its surrounding 
rocks and mineralization is also of interest. 

The regional and local geology will first be 
described. The different lithologies within the 
dike will be presented, followed by 
geochemical results. The discussion will 
focuses on the processes that could have led to 
the formation of the mineralizations. Based on 
this, the mineralization will be compared to 
other mineralizations in its vicinity and to 
world-class Cu-Ni-PGE deposits. 

Regional geology 
 
 The Älgliden dike is situated in the 
syntectonic Jörn Granitoid Complex, which was 
emplaced in the western part of the Skellefte 
district. This area of the district is situated at a 
transition between a marine depositional 
environment in the south and a continental 
depositional environment in the north 
(Lundberg, 1980). 
 The Skellefte district is a massive 
sulphide province of Early Proterozoic 
volcanic, sedimentary and intrusive rocks. The 
regional stratigraphy of this area is quite 
complex showing great vertical and lateral 
variability (Eklund, 1923; Gavelin, 1955; 
Helfrich, 1971; Lundberg, 1980; Weihed et al., 
1992; Allen et al., 1996). The district is 
generally described as follow: 
 The Skellefte Group, the lowest 
stratigraphic unit, is dominated by juvenile 
volcanoclastic rocks, lavas and porphyritic 
intrusions such as the Jörn Granitoid Complex. 
Intercalations of sedimentary rocks can also be 
found. This group contains the bulk of the 
massive sulphide deposits and presents an 
extremely variable sratigraphy. The age of the 
Skellefte District was suggested by Billström & 
Weihed (1996) to be c. 1900-1880 Ma. 
 The Vargfors Group, overlying the 
Skellefte Group, is a heterogeneous unit, 
dominated by fine- and coarse-grained 
sedimentary successions with locally abundant 
intercalated volcanic rocks (mainly mafic 
units). Bergström (2001) divided the Vargfors 
mafic volcanic rocks into three main units: (1) 
the Gallejaur Formation (Figure 1), composed 
of basaltic and andesitic volcanic rocks 
enveloping the Gallejaur Complex, a laccolithic 
gabbro with a monzonitic centre, (2) the 
Varuträsk Formation, composed of massive and 
pillowed basaltic lava flows, (3) The Bjurås 
Formation, composed of thick mafic-ultramafic 
sills. The contact between the Skellefte Group 
and the Vargfors Group varies from 
conformable to disconformable.  
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Figure 1: Geology of northern Sweden with main rock units indicated. After Weihed (2004). 1. Tallberg and Älgliden 
2. Notträask 3. Näsberget 4. Ö. Skogträsk 5. Lanijaur 6. Storbodsund 7. Laver. 

 
According to Billström & Weihed (1996), the 
age of the Vargfors group is close to c. 1875 
Ma. 

The Arvidsjaur Group is usually seen as 
the continental extension of the Vargfors 
Group. It is characterized by felsic to 
intermediate volcanic rocks, including the 
Arvidsjaur granitoid Suite, and minor 
sediments. This Group defines the northern 
boundary of the district. The age of the 
Arvidsjaur Group was evaluated at c. 1875-
1880 Ma. 
 The Bothnian Basin, south of the 
Skellefte district, is dominated by sedimentary 
rocks and minor volcanic intercalations. 
 
 All these rocks were metamorphosed, 
usually in a lower greenschist facies, but some 

amphibolite facies rocks are also encounterd, 
especially in the Bothian Basin. In addition, the 
rocks are often intensely hydrothermally 
altered.  
 
The Jörn Granitoid Complex 

 The Älgliden dike lies in the GI phase 
of the Jörn Granitoid Complex (JGC, Figure 1 
and Figure 2). The JGC is a multiple intrusion 
with three, or possibly four, intrusive phases, 
intruding the marine sediments and submarine 
volcanic rocks of the Skellefte Group, on the 
northern flank of the Skellefte District. The 
Vargfors Group directly overlies the southern 
part of the complex. The rocks of the JGC are 
ranging from granite to tonalite (Wilson et al., 
1987; González Roldán et al., 2006).  
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 GI is the oldest and outer part of the 
intrusion and was dated at 1888+20/-14 Ma by 
Wilson et al. (1987), and at 1886.4±3.3 Ma, 
1884.7±4.8 Ma, and 1880.0±3.9 Ma by 
González Roldán et al. (pers. com.). GII is a 
smaller and younger granitoid intrusion 
occurring around the village of Jörn and was 
dated at 1874+45-26 Ma (Wilson et al., 1987), 
1871.0±4.0 Ma, 1874.0±6.5 Ma, and 1878.0±19 
Ma (González Roldán et al., pers. com.). GIII is 
a large central granite diapir, which cuts the GI 
and GII phases, and its age is estimated at 
1873+18/-14 Ma (Wilson et al., 1987), 
1862.8±4.7 Ma and 1864.0±46 Ma (González 
Roldán et al., pers. com). Wilson et al. (1987) 
also recognize a GIV phase in the central GIII 
diapir. These age determinations suggest that 
the GI is comagmatic with the Skellefte 
volcanics. 
 The oldest GI tonalite-granodiorite, host 
rock of the Älgliden dike, is the most complex 
and heterogeneous phase of the JGC. Xenoliths 
of mafic volcanic rocks are common, and 
several generations of mafic intrusions occur in 
the area. Several small elongated high-level, 
quartz-feldspar porphyry stocks also intrude the 
GI zone as in the Tallberg mineralised area. 
 
The Tallberg Deposit  

 In its southern part, the Älgliden dike is 
also in contact with the Tallberg porphyry-type 
deposit (Figure 1 and, Weihed et al., 1987; 
Weihed 1992). 
 This area of the JGC is intruded by 
many large and elongated quartz-feldspar 
porphyries and is also very brecciated with 
quartz-vein stockworks. The central part of this 
brecciation is mineralised with chalcopyrite, 
pyrite, sphalerite, molybdenite, and magnetite. 
Disseminations of magnetite, pyrite, and minor 
chalcopyrite are also common in the host rock. 
The quartz-vein stockwork was accompanied 
by hydrothermal alteration: mainly propylitic or 
mixed propylitic-phyllic. 
 Late shear zones adjacent to postmineral 
dikes cut the porphyry system. The rocks are 
strongly altered (phyllic alteration) in these 
shear zones, and high Au, sphalerite and pyrite 
grades are common. 
 The porphyry stocks and the Älgliden 
dike seem to be close in time, but as the 

Älgliden dike cuts the porphyry stocks, it 
should be slightly younger (Weihed, 1992). 

Geology of the Älgliden dyke 
 
The Älgliden mafic dike is about 2.7 km long, 
based on the drill cores available, but appears to 
be 3.5 km long when measured on its 
geophysical profile (Figure 4). It is from 70 to 
50 m wide but is getting more narrow at its 
ends and sometimes towards depth (down to 15 
m in Dh 22). It is a sub-vertical intrusion, 
elongated from southwest to northeast. The 
faults can easily be recognized on the 
geophysical maps: three large strike-slip faults 
offset the dike in the northeast. One fragment of 
the dike also seems deeper, because it appears 
lighter on the first vertical derivative image 
(white circle on Figure 4C). A fourth fault can 
also be seen in the south. F1 and F2 were also 
identified in cores (see Figure 5 D and F). 
A glacial moraine from 5 to 20 meters deep 
covers the whole area.  
The Älgliden rocks are mafic and contain 
disseminated and massive mineralizations as 
pyrrhotite, chalcopyrite, minor pentlandite and, 
occasionally, pyrite. Variable amounts of 
magnetite are also associated with the 
sulphides. The dike is intruding the GI phase of 
the Jörn Granitoid Complex and seems to be cut 
by the GII phase in its northern part, according 
to the geophysical data (Figure 4A, B and C). 

 

Analytical methods 
 Available data 

19 cores were selected for this study 
(approximately 2560 m) of the 41 drill holes 
crossing the dike. All the Älgliden holes were 
drilled in 1965. The cores were logged a first 
time in 1965 and the more interesting sections 
were assayed for metals (Au, Ag, Cu, 
sometimes Ni). Most of the cores have been 
relogged, two or three times, sometimes 
accompanied by new metals assays. It should 
be emphasized that the multiple assays and 
samples done on the cores fairly damaged their 
quality. Half or only a quarter left of the cores 
as well as numerous gaps made the observation 
of lithologies and contacts difficult. 
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52 thin sections were also available: nine thin 
sections from Helfrich (1966a and b), 16 from 
Portacio (1986), nine from Årebäck (2003-
2004, Boliden data) and 18 from Bejgarn (pers. 
com.). Of these 52 thin sections, 28 are from 
the Älgliden dike rocks, the rest being from the 
country rocks or from late dikes. The thin 
sections descriptions are available in Appendix 
3.  
Årebäck and Bejgarn also made 
lithogeochemical analyses (respectively 33 and 
18). Helfrich (1966a and b) also did analyses on 
major elements, but it was not always possible 
to determine in which core the sample was 
originally taken. 
Nine polished sections, made by Helfrich were 
also studied.  
Finally, additional chemical analyses (six) and 
thin sections (seven) were made on core 
samples (ALA 18 and ALA 22) for this study.  
The amount of data is quite significant but not 
always useful. For some samples, just a thin 
section was available, on others it was just 
chemical analyses and for some it was both. 
 
Chemical analyses 

The chemical analyses from Årebäck and the 
author were performed by ACME analytical 
laboratories ltd in Vancouver. Major oxides and 
minor elements were analysed by LiBO2 

fusion/dilute nitric digestion and subsequent 
ICP-ES (Inductively Coupled Plasma Emission 
Spectrometry) analyses. Rare earth and 
refractory elements were analysed by LiBO2 

and ICP-MS (Inductively coupled plasma mass 
spectrometry). Precious and base metals were 
analysed by aqua regia digest and ICP-MS. 
Finally, Au, Pt and Pd were analysed by Ag 
inquart fire assay fusion and ICP-ES or ICP-
MS. Nickel was analysed by both ICP-MS and 
ICP-ES, the two results showing no correlation, 
only the values from the ICP-MS were used, 
given the low detection limit of this method 
(0.1 ppm). Au was also analysed by both 
methods, but the results are strongly correlated. 
However the ICP-MS has a lower detection 
limit (0.5 ppb), these results were thus used.  
 
Recalculation of whole rock geochemical data 

The major elements were recalculated on a 
volatile-free basis; Cr, Ni and Cu were included 
when their values were above 0.1%. 
The presence of sulphide is also changing the 
results: the sulphide minerals are indeed 
composed of significant amounts of iron, copper 
and nickel. The whole rock chemistry analyses 
are thus an “average” of the rock composition 
and of the sulphides composition.  
 

Figure 2: Geology of the Skellefte District and surroundings areas, Weihed (2004) 
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In order to be able to study the host rock of the 
mineralization, it is thus first necessary to 
calculate the amount of sulphide in the sample 
in order to be able to remove it from the whole-
rock composition: 
The iron from pentlandite, chalcopyrite and 
pyrrhotite; 
The nickel from pentlandite, 
assuming that Cu and Ni hosted by pyrrhotite 
are negligible and that there are no other 
sulphide minerals. 

This calculation was done according to a 
method by Li et al. (2001) and De Waal et al. 
(2004). 
Since chalcopyrite is the only Cu-bearing 
mineral, the assay values for Cu in the whole-
rock composition can be used to calculate the 
percentage of chalcopyrite (FeCuS2) in a given 
sample. Nickel is hosted by olivine and 
pentlandite. The amount of nickel in olivine 
was determined by the relation log Ni (ppm) = 
0.0624 MgO (%) + 1.4697. This relation was 
obtained from a plot of log Ni against MgO of a 
selection of sulphide-poor rocks (after LOI 
correction), Figure 3. 

y = 0.0624x + 1.4697

1.5

1.7

1.9

2.1

2.3

2.5

2.7

2.9

3.1

5 7 9 11 13 15 17 19 21 23 25

 
Figure 3: Plot of log Ni versus MgO 

The amount of nickel from the silicate phase 
was removed from the whole-rock nickel value 
to obtain the amount of nickel in sulphide. This 
nickel is hosted by pentlandite (Fe4.5Ni4.5S8) 
and was used to calculate the percentage of this 
sulphide in the samples. 
Finally the balance of S left was used to 
calculate the percentage of pyrrhotite (Fe7S8). 
Iron from the three sulphides and nickel from 
pentlandite were then removed from the 
samples results. 

No information was available for the analytical 
method of Helfrich data. Moreover, these 
results were not corrected from their sulphide 
content; no S, Ni or Cu assays were indeed 
available. 

The original results from the geochemical 
analyses are available in Appendix 1 and the 
recalculated analyses in Appendix 2. 

 

Description of rock types 

 Jörn Granitoid Complex 
 

The GI phase of the JGC is the host rock 
of the Älgliden dike. It is the most complex and 
heterogeneous phase of the JGC. The rocks, 
tonalite to quartz-diorite, are usually coarse 
grained, greyish to pinkish. The main 
distinguished minerals are quartz phenocrysts, 
bluish due to inclusion of rutile, and plagioclase 
phenocrysts, which show either a pink colour 
due to hematization or a greenish colour due to 
sericitization. Mafic minerals (such as pyroxene 
and amphibole) are also present in variable 
amounts and strongly altered to chlorite. Wilson 
et al. (1987) suggested that the GI phase 
consists of two unrelated magma types, which 
could explain such a variability. 

Microscopically the rocks consist of quartz and 
plagioclase phenocrysts in a matrix of 
plagioclase biotite and hornblende 
microcrystals, and minor amounts (1 to 3% in 
volume) augite as major minerals, and apatite, 
zircon and opaque minerals as accessories. 
Plagioclases are quite to strongly altered to 
sericite, biotite and hornblende to chlorite, and 
pyroxene to amphibole (Appendix 3). 
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Figure 4: Magnetic signature and geological map of the Älgliden dike. A. Total magnetic intensity. B. Tilt derivative. 
C. First vertical derivative. D. Inferred geology, logged drill holes are in red and brown, cross sections were done 

along drill holes in red. Grid spacing is 2 km.
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Figure 5: Cross sections along the Älgliden dike. A. Along drill holes 60 and 9. B. Along drill hole 18 C. Along drill 
holes 22 and 11. D. Along drill holes 47 and 31. E. Along drill holes 48 and 42. F. Along drill holes 59 and 15.
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In the southern part, small granite porphyries 
intrude the tonalitic and rocks. Both are cut by a 
quartz-vein stockwork, this area is thus strongly 
brecciated, silicified, and hydrothermally 
altered.  
The country rock shows a pyrite-chalcopyrite 
mineralization, with minor magnetite, and 
sometimes molybdenite in the southern quartz-
vein stockwork. The sulphide mineralization 
occurs as fine and disseminated or as small 
stringers along fractures or quartz breccias. 

 Älgliden dike 
 
Nomenclature 

The microscopic observations indicate that the 
rock samples from the Älgliden dike have 
compositions ranging in the basic field. 
Macroscopically the variations are quite 
difficult to see due to a sometimes really strong 
and fine-grained alteration, giving a “smoother” 
aspect to the rocks. This alteration makes a 
precise determination of the modal quantities of 
all primary minerals in the rocks by optical 
observation difficult.  
The rock name determination depended on the 
data available.  
For samples with just thin sections, an optical 
determination of minerals modal quantities was 
done. The rock type was then determined 
according to the IUGS nomenclature 
(Streckeisen, 1976, Le Maitre, 2002, Figure 
7A). For samples with only geochemical 
analyses, the whole rock geochemistry was 
converted into mineral modal quantities by 
using the CIPW norm, and then classified 
according to in the IUGS nomenclature (Figure 
7B). Since the CIPW does not include the 
hydrous minerals, the effects of alteration 
should be eluded (biotite, hydrothermal 
amphibole), but on the other hand, the 
magmatic amphibole is omitted too. Finally, for 
samples with geochemistry and petrography, 
the two methods were compared. The 
plagioclase amounts are almost the same with 
both methods, but it seems that the amounts of 
olivine and clinopyroxene were overestimated 
in the optical methods. This could be explained 
by the alteration which makes minerals 
identification difficult, and overall, their 

quantification. The rock type determined by the 
CIPW method is thus favoured. 

Figure 6: A. Cumulate texture in olivine-norite under 
crossed-polarized illumination. B. Fairly altered 
plagioclase cumulate under crossed-polarized 
illumination. 

According to both methods, the Älgliden rocks 
can mainly be classified as gabbroic rocks: 
olivine-norites (olivine-gabbronorites) and 
pyroxene-hornblende-gabbronorites/norites 
(Figure 7), some being close of the ultramafic 
field. An evolution trend can be seen in the 
composition: as the amount of olivine and 
orthopyroxene is decreasing, the amount of 

A 

B 
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plagioclase and clinopyroxene is increasing 
(Figure 7B) 
 
Mafic suite 
 Almost all the rocks of the Älgliden intrusion 
belong to a gabbroic suite. 
 Macroscopically the rocks are medium 
grained, dark green to black, quite 
homogeneous in colour and in grain size, small 
plagioclase (around 1 mm) can sometimes be 
distinguished. The mafic minerals (olivine, 
pyroxene and amphibole) show a strong 
alteration to chlorite. Magnetite is present in 
variable amounts.  
Microscopically (see Appendix 3), the 
composition is variable, from olivine-bearing 
norites (sometimes close to the plagioclase-
bearing pyroxenite field) to 
gabbronorite/norites. The variation from 

olivine-gabbroic to gabbroic is characterized by 
a decrease in olivine and orthopyroxene content 
and an increase in clinopyroxene, hornblende, 
and plagioclase.  
Olivine-gabbroic rocks are mainly composed of 
olivine cumulus (from 3 to 20% in volume) 
surrounded by orthopyroxene, hornblende and 
clinopyroxene (Figure 6A).  
Plagioclase is present, but as small anhedral 
crystals and does not represent more than 30% 
in volume. Nice poikilitic and ophitic textures 
were observed with olivine crystals enclosed in 
pyroxenes, and plagioclase enclosed in 
amphibole or pyroxene.  
Gabbronorites and norites are mainly composed 
of coarse-grained euhedral to subhedral 
plagioclase laths in significant quantities (from 
20 to 50% in volume).  

 

Figure 7: Normative mineralogical composition: A. based on optical observation of the Älgliden rocks thin sections 
B. using the CIPW, plotted in classification diagrams (after Streckeisen, 1976 and Le Maitre, 2002).  = olivine-
bearing rocks, ● = gabbroic rocks, ◊ = feldspar-rich gabbroic rocks, ∆ = chilled margin. 
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The plagioclase cumuli are surrounded by 
orthopyroxene, clinopyroxene and hornblende 
in variable amounts (1 to 10%). 
Minor amounts of biotite (around 5%) were 
observed in both rocks. Accessory minerals are 
apatite, zircon and opaque minerals. 
 The rocks are moderately to strongly altered. 
Olivine, when present, and sometimes 
orthopyroxene, are moderately to strongly 
altered into serpentine, magnetite and talc. 
Orthopyroxenes and clinopyroxenes are both 
partially to totally altered to chlorite or to 
amphibole (uralitization). Plagioclases can be 
highly sericitized. The alteration is sometimes 
so strong that the original cumulate texture can 
only be distinguished in PPL.  
Around faults, the rocks are turned into schists 
with a strong foliation enclosing the sulphides. 
The original mafic rock is no longer 
recognizable due to an intensive actinolite-talc 
recrystallization. 
 The olivine-bearing rocks seem to be located 
in the middle of the dike, associated with a 
stronger sulphide dissemination. 
 The mineralization mainly occurs as 
disseminated pyrrhotite and minor chalcopyrite.  

Figure 8: Plagioclase amount clearly increasing 
toward the margins of the dike. Drill hole 33 

 
Feldspar-rich patches 

Coarse-grained, feldspar-rich gabbroic 
“patches” are scattered within the cumulate 
suite. These leucogabbroic (Figure 8) patches 
can be several decimetres wide and are 
composed of greenish (sometimes pinkish) 
plagioclase phenocrysts (up to 1 cm but usually 
a few millimetres large) and variable amounts 
(from 5 to 20%) of medium grained mafic 
minerals. Microscopically, they are composed 
of coarse-grained euhedral to subhedral 
plagioclase laths. Orthopyroxene can be present 
in noticeable amount with biotite and quartz 
(Figure 6B).  
The crystal accumulation is marked and 
according to the cumulate nomenclature they 
would be classified as plagioclase or 
plagioclase-pyroxene adcumulates. 
Minor amounts of disseminated chalcopyrite 
are sometimes associated with these patches 
(Figure 10). 
As for the main cumulative suite, these 
gabbroic rocks are moderately to strongly 
altered. Plagioclase is altered to sericite, 
pyroxene to talc, serpentine and magnetite and 
biotite to chlorite. 
These patches appear to be more frequent 
towards the margins (Figure 8). 
The origin of these enclaves is enigmatic. 
Given their coarser-grained character, these 
patches cannot be enclaves of a first magma 
replenishment of the conduit, as a first injection 
of magma would have crystallised as a fine-
grained gabbro due to the strong thermal 
difference with the country rock.  

 
Contact between the different lithologies of the 
dike 

Contacts between the different lithologies of 
the mafic suite are gradual. The composition 
evolves progressively and is hardly 
recognizable to the naked eye.  

Contacts between the gabbro patches and 
the other rocks are on the contrary fairly sharp.  
 
Contacts betweenÄlgliden dike and the country 
rock 
These contacts can sometimes be difficult to 
study because of the intrusion of later dikes or 
the brecciation by late tectonic events. 
However, they can be of two main types: 

Tonalitic country rock  

Plagioclase + 

Plagioclase - 

3 cm 

185.20 m 

177.00 m 
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- Straight with a well developed chilled 
margin (Dh 22, 59, 60). The grain size is 
significantly decreasing near the contact 
with the country rock; 

- Disorderly with country rock xenoliths 
or hybrid zones (Dh 42, 43, 15, see 
Figure 5). The magma intruded in 
weaker zones in the country rock, alters 
the country rock, except for quartz 
phenocrysts (Figure 9). 

Figure 9: Drill hole 15, 101.32 m, contact zone 
between gabbro and country rock.  The country rock 
xenoliths are completely altered. Few quartz 
phenocrysts (Q) "floating" in the gabbroic injection.  

Mafic to intermediate late dikes 
 
These dikes are clearly intruding all the 
previous rocks and the bigger ones show well-
developed chilled margins. Their intrusion 
caused in many places brecciation and/or 
foliation of the host rocks. Macroscopically, 
they are fine-grained black to dark grey rocks. 
Some can contain plagioclase phenocrysts a 
few millimetres large. 
Microscopically plagioclase, sometimes quartz, 
and biotite microphenocrysts are surrounded by 
a groundmass of feldspar and few mafic 
minerals. The rocks are relatively altered and 
the plagioclases are sericited, epidote can also 
be encountered. 
These dikes are ranging from andesite to basalt. 
They are usually unmineralized but they, 
however, sometimes can contain fine pyrite 
stringers along fractures. 

 Alteration 
 
In the Älgliden dike rocks 

The dike has undergone a moderate to strong 
alteration, mainly of a propylitic type. 

The ferromagnesian minerals (pyroxene and 
amphibole) are altered to chlorite and 
secondary biotite. Pyroxene can sometimes 
undergo an uralitization: to secondary 
amphibole.  
Epidote was also found replacing plagioclase 
and small calcite or quartz stringers were 
encountered cuting the rocks.  
Plagioclases is moderately to strongly 
sericitized and replaced by small white micas 
(sericite). Where the alteration is strong, the 
sericitization can also affect ferromagnesian 
minerals.  
In some shear zones (Dh 9, 88.45m) the rocks 
are altered to sericite, epidote, calcite and 
quartz, corresponding to a phyllic alteration. 
A few areas with red plagioclase were 
encountered, illustrating the alteration of 
plagioclase to K-feldspar, corresponding to a 
potassic alteration. 
 
In the granodiorite-tonalite country rock 
The propylitic alteration is present everywhere, 
locally with a potassic alteration along 
fractures. In the southern part, the rocks have 
undergone a stronger alteration because of the 
intrusion of the quartz vein stockwork. Some 
areas consist almost entirely of quartz, sericite 
and pyrite, defining a phyllic alteration. A 
potassic alteration is also common. 
 
In the later dikes 
These dikes are moderately altered too, with a 
propylitic alteration: chlorite, epidote, biotite, 
sericite and minor amounts of pyrite. 
 

 Mineralization 
 
The dike and its surroundings show two 
different kinds of mineralizations, one of a 
magmatic origin, restricted to the Älgliden dike, 
and a second of a hydrothermal origin. In the 
country rock, the hydrothermal mineralization 
is most intense in the porphyry copper deposit 
of Tallberg, southwest of the dike. In the 
Älgliden dike, the hydrothermal mineralization 
overprints the magmatic mineralization. 
  
Mineralization of a magmatic origin 

Q 

Q 

Xenolith 

Gabbro 

1cm 



 19 

This type of mineralization only occurs in the 
Älgliden dike and includes the following 
different types: 

1) Disseminated pyrrhotite and/or 
chalcopyrite, as a) “net-texture” ore, in which 
the silicate grains are enclosed in a continuous 
network of sulphide; as b) a lower grade 
“disseminated” ore in which sulphides occur 
both interstitial to silicate grains and as c) 
“blebs”; or as small stringers. Chalcopyrite is 
not always present and pyrrhotite can 
sometimes be the only sulphide, but when 
present in blebs, it appears to be at the 
periphery. Moreover, much disseminated 
chalcopyrite often seem to be associated with 
the feldspar-rich gabbroic patches (Figure 10). 
The amount of metal in this type of 
mineralization is variable, up to 0.73 % Cu and 
0.22 % Ni in dense net-texture ore, and up to 
0.28 % Cu and 0.10 % Ni in significant 
disseminated patchy ore.  

Figure 10: Contact between pyrrhotite net-textured 
mineralised gabbro and chalcopyrite mineralized 
feldspar-rich gabbro. Drill hole 42, 47.10 m. 

2) Massive pyrrhotite lenses, of a few 
decimetres to a few meters thick (up to 4 m in 

Dh 42). The length is unknown but they have to 
be smaller than 50 m as usually they cannot be 
followed from one drill hole to another (cross 
sections in Figure 5A and D). The only 
exception is a lens in the north that can be 
followed from drill hole 43 to drill hole 31, on a 
length of about 150 meters. This type is less 
common than the disseminated type and occurs 
mainly in the northern part of the dike (Dh 31, 
42, 43, 33), and to a lesser extent in the south 
(Dh 9, 13, 18). Two occurrences are found in a 
more central location (Dh 18 and 53). The 
massive pyrrhotite can sometimes be associated 
with chalcopyrite stringers. It consists 
nominatively of between 80 and 100% Fe-Ni-
Cu sulphide minerals. The remainder is 
alteration derivatives and silicate-rich and 
oxide-bearing “breccia” inclusions. This type of 
mineralization is carrying about 1.9% of copper 
and 0.64% of nickel. 
The massive-sulphide lenses are mainly located 
in the central part of the dike (Figure 5A, E and 
D), usually surrounded by a quite dense net-
texture mineralization. The mineralization 
becomes more and more scattered when 
approaching the margins and eventually 
disappears. Two exceptions were found in drill 
holes 18 (Figure 5B) and 53, were the lenses 
are located close to the northern and southern 
border of the dike respectively. A few 
chalcopyrite and/or pyrrhotite stringers were 
also observed in the country rock, close to the 
contact.  
In order to be able to compare the different 
mineralization types, a recalculation of the 
metal content to 100% sulphides is necessary. 

 

Table 1: Metal contents of the Älgliden mineralization n.c: not calculated. (1)Average on several cores. 

Type of ore 
Drill 
hole 

Au (g/t) Ag (g/t) Cu (wt.%) Ni (wt.%) S (wt.%) 
Cu 100% 

sulph 
Ni 100% 

sulph 
Cu/Ni 

13 0.1 4.0 0.15 0.63 32.9 0.18 0.74 0.24 
9 0.0 0.0 1 No assay 28.7 / /  
18 0.9 8.0 1.94 No assay 27.1 / /  
43 No assay No assay 0.4 0.78 22.6 0.68 1.33 0.51 
42a 04 4.0 0.12 1.18 38.3 0.12 1.19 0.10 
42b 0.2 1.0 1.53 1.1 35.8 1.64 1.18 1.39 
31a 2.0 71.0 11.3 0.73 33.9 12.37 0.80 15.48 
31b 0.4 16.0 2.43 0.11 35.8 2.62 0.12 22.09 
33 No assay No assay 0.23 0.14 31.3 0.29 0.17 1.64 

Massive sulphides 

53 0.1 6.0 0.2 0.42 28.5 0.27 0.57 0.48 
Net-texture sulphides /(1) 0.40 3.3 0.42 0.16 4.08 4.46 1.70 2.63 
Disseminated patchy 

sulphides 
/(1) No assay No assay 0.18 0.08 2.36 2.98 1.35 2.21 

Chilled margin 11 0.015 0.2 0.3 0.008 0.28 n.c. n.c. n.c. 

1 cm 

Pyrrhotite 

Chalcopyrite 

Olivine-Gabbro 

Leucogabbro 



The formula established by Barnes and 
Lightfoot (2005), was used: 

C(100% sul) = Cwr*100/(2.527*S + 0.3408*Cu + 0.4715*Ni) 

where C(100% sul) = concentration of an element 
in 100 percent sulphides; Cwr = concentration of 
the element in the whole rock; S, Cu, and Ni = 
concentration of these elements in the whole 
rock, in wt percent. 
 
The Cu/Ni ratios of the disseminated and net-
texture ore are similar (Table 1), this means that 
they were probably derived from the same 
sulphide liquid. However, the massive sulphide 
ores show a great variability from 0.1 to 22. 
Such variability could only be explained by 
different original sulphide liquids.  
 

At the beginning of 2009, an 
investigation was done by the Boliden 
Company on a few Älgliden samples, to find 
out the mineralogical composition of the 
magnetic concentrate produced by weak 
magnetic separation from the mineralization 
(Bolin, 2009). This study pointed out the low 
amount of pentlandite in the mineralization 
(0.1% of the separated products, with 0.2 to 
0.3% Ni). The main sulphides pyrrhotite and 
chalcopyrite are present too, but in small 
amounts, the rest of the recovered products 
being minor pyrite and iron oxides. 
 In 2001, due to an increase of the 
Platinum Group Elements (PGE) prices, the 
Boliden Company conducted a PGE study on 
several mafic and ultramafic intrusions, 
including the Älgliden dike (Årebäck, 2002). 
Twenty-four mineralised sections from 8 drill 
holes were reanalysed for Au+Pt+Pd. The gold 
results of the analyses are all quite high and 
consistent with the average values calculated in. 
Two values are really high (1190 ppb and 2200 
ppb in drill hole 43 and 59) respectively, but 
they appear to originate from heterogeneous or 
brecciated zones, suggesting that they might not 
be of a magmatic origin. Pd and Pt have 
average values of 24.4 and 10.8 ppb 
respectively. The Pd/Pt ratio is generally 
between 1 and 2. These values are again 
consistent with the results of the local sampling 
in cores. Distinct element correlations are hard 
to see in Årebäck’s study. However a fairly 
marked positive correlation can be seen, 

between Cu, Ni, Au, Pt and Pd. This argues 
again in favour of a magmatic origin for 
concentration of these elements. 
 
Mineralization of a hydrothermal origin 
 In the Älgliden dike, minor amounts of 
fine pyrite are found healing fractures with 
calcite or in shear zones. Chalcopyrite is often 
associated. This mineralization may result from 
local remobilisation and reprecipitation of the 
magmatic sulphides. Moreover, the quite large 
amount of iron liberated by the alteration of the 
ferromagnesian minerals is available for 
combination with introduced sulphur for the 
formation of pyrite. This mineralization may be 
responsible for the few high Au grades (around 
1000 ppm) mentioned before. 
In the country rock the mineralization occurs as 
finely disseminated pyrite and sparse 
chalcopyrite, particularly along fractures and in 
shear zones. In the southern part the pyrite 
stringers are associated with the quartz vein 
stockwork. This mineralization is not 
significant: around 0.1 g/t gold, about the same 
amount of silver and about 0.3 % copper. 
Molybdenite was also encountered in the 
stockwork quartz veins. 
 
A dozen of samples show quite high Mo 
amounts (from 14 to 54 ppm) in the Älgliden 
rocks, almost all are from the southern part (Dh 
18 and 59). These cores contain many country 
rock xenoliths and quartz veins, and 
molybdenum may thus be of a hydrothermal 
origin. 

 

Rock geochemistry 
 
Care should be taken with samples taken in 
inhomogeneous areas, i.e. in areas with 
numerous feldspar-rich leucogabbro patches. 
They would offset the results towards the 
gabbroic composition. Moreover, as they are 
usually unmineralized (except for local 
chalcopyrite stringers and disseminations), they 
create a “dilution” of the metal and PGE values, 
especially for nickel.  

 Major elements 
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The analytical results of the major elements are 
presented in Appendix 1. They were all 
recalculated to an anhydrous basis and to a 
sulphide-free basis (Appendix 2). Samples 
presenting excessive amount of sulphur were 
omitted to avoid inaccuracy of the recalculation 
method. All the samples from drill hole 18 and 
one sample from drill hole 15 show a strong 
silicification and are thus not included. This 
silification might be due to a contamination by 
numerous tonalitic xenoliths ( see cross 
sections: Figure 5B and F). 
The Älgliden rocks are a basic suite with low 
SiO2, ranging from 42% to 53.6%.  
The alteration process was isochemical since it 
seems to have caused minor changes in the 
whole chemistry when plotting Na2O and K2O 
against SiO2. 
Systematic trends can be seen for most of the 
elements (Figure 14). As SiO2 increases, TiO2, 
Na2O, Al2O3, CaO and K2O increase, while 
FeOt and MgO decrease. These variations are 
indicative of a fractional crystallization process 
with olivine playing a major role and, probably, 
plagioclase and pyroxene a subordinate role.  

 Trace elements variations 
Trace element analyses are listed in Appendix 1 
and Appendix 2. A clear correlation can be seen 
between many of the trace elements and SiO2, 
especially with those hydrothermally immobile 
such as, Zr, and Y (Figure 15). As Na2O and 
K2O, Sr is mobile during hydrothermal 
alteration, but its pattern is not too scattered 
which confirms that the chemical composition 
of the Älgliden rocks was not strongly modified 
by the alteration. 
In the primitive mantle-normalized variation 
diagram (Figure 11), all the rock samples show 
characteristic enrichment in elements from the 
crust such as K, Ba, Rb, Th, and negative 
anomalies in Nb, Ta, and Ti, which indicates 
addition of crustal components to the magma: 
The assimilation of even small quantities of 
felsic crustal rocks causes a sharp increase of 
the Ba, Pb, Th, and LREE content. However, 
this has no influence on the concentrations of 
Ta, Nb, Y, Ti and HREE, which causes 
negative Ta-Nb and Ti anomalies in the 
contaminated rocks (Puchtel et al. 1998). A 
strong negative Nb anomaly is also 

characteristic of the continental crust and can be 
an indicator of the crust’s involvement in the 
magmatic processes (Rollinson 1994).  The 
enrichment in large ion lithophile elements is 
characteristic of arc basalts (Sun, 1980; Pearce, 
1983) and is normally interpreted as the 
signature of a subduction component, but could 
also reflect alteration. 
The Sr anomaly is probably due to the 
fractional crystallization of plagioclase. 

Figure 11: Primordial-mantle normalized values for 
the Älgliden rocks. Normalizing values after Wood et 
al. (1979a). ∆ = Älgliden chilled margin sample; ○ = 
average for late mafic-intermediate dikes; ● = average 
for Älgliden gabbroic rocks; □ = average for Älgliden 
olivine-gabbroic rocks. 

 REE systematics in the intrusion 
Chondrite-normalized REE-patterns are shown 
in Figure 12, and data are presented in 
Appendix 1 and Appendix 2. 
The rocks all show patterns of Light REE (La to 
Sm) enrichment relative to Heavy REE (Ga to 
Lu). The variations from La to Lu are relatively 
smooth. The chondrite-normalized La/Lu ratios 
are between 5 and 10. The La/Sm ratio, and the 
La/Yb ratio increase slightly from the olivine-
gabbro to the gabbro. 
The LREE enrichment is noticeably stronger 
for the chilled margin sample (Figure 11) 
underlining its more evolved character due to 
the contact with the felsic country rock.  
The total amount of REE in the olivine gabbro 
samples is significantly lower than in the 
gabbro, and the Älgliden rocks patterns show 
near-parallel distributions (except the chilled 
margin). This reflects an olivine-controlled 
differentiation process, because olivine 
accommodates almost no REE (Cox et al., 
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1979), with accumulation of olivine in the 
olivine gabbro.  
On the average values, no Eu anomaly can be 
seen, but when looking individually at each 
sample, one can see that the Eu behaviour is 
evolving from a slight positive Eu anomaly in 
the olivine-bearing samples (e.g. sample no 
20030219 Figure 12), no Eu anomaly (e.g. 
sample no 20030213 Figure 12) or negative 
anomaly (e.g. sample 20040028 Figure 12) for 
gabbroic rocks, to a slight positive Eu anomaly 
(e.g. sample no 20030212 Figure 12) for 
leucogabbros. These positive Eu anomalies are 
consistent with accumulation of plagioclase.  
 

Figure 12: Chondrite-normalized REE-patterns of the 
Älgliden rocks. ∆ = chilled margin sample; ○ = basic-
intermediate dikes; ● = gabbroic rocks; □ = olivine-
gabbroic rocks. Average values for each rock type are 
in green. Normalizing values after Boynton (1984) 

 

Figure 13: K2O-SiO2 diagram after Middlemost (1985). 
Legend: see Figure 12. 

The Tm anomaly was not interpreted, but it 
seems usually quite difficult to determine the 

concentration of thulium (because of its low 
abundance and mono-isotopic nature), this 
being accenting by its low abundance in 
chondrites. 

Discussion 

 Nature of parent magma 
 
A good way to determine the composition of 
the parent magma of a gabbroic intrusion is to 
investigate the chilled margin. The cumulate-
rocks composition cannot be used as they are 
fractionates of the parental magma. Two 
samples of the chilled margin are available, one 
from Helfrich, with just major elements 
analyses, but no thin section, the second is from 
Bejgarn, with a complete chemical description 
and a thin section. 

 
In the TAS diagram (Cox, Bell & 

Pankhurst, 1979, not shown), the chilled margin 
is clearly of a basaltic composition, with about 
47% SiO2 and 7.3% MgO.  
In the K2O against SiO2 diagram (Middlemost, 
1985, Figure 13), the analytical data suggest 
that these rock types crystallized from a 
subalkaline magma. The two chilled margins 
samples show opposite behaviours, one falling 
outside the trend, in the alkaline field, the other 
is calcalkaline, close to the tholeiitic field. The 
former shows a strong alteration in thin section; 
which could explain its deviation. Therefor, it is 
more carreful to use immobile elements to 
investigate the parent magma. In most of the 
tectonomagmatic discriminating diagrams 
(Figure 16A to F), the chilled margin sample is 
comparable with tholeiitic to calc-alkaline 
basaltic rocks, but mainly calc-alkaline, as 
proved by Jensen's cation plot (1976, not 
shown). The geochemical data thus suggest that 
the parental magma was a volcanic arc basalt 
bordering to within plate basalt (WPB). 

Care should however be taken with Pearce 
& Cann’s diagrams (Figure 16) because the 
effect of the crustal contamination was not 
considered in the construction these diagrams, 
and this is likely to have a significant effect on 
the chemistry of continental flood basalts and 
can lead to a misclassification (Wood et al., 
1979b).  
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Figure 14: Major element variation diagrams for the Älgliden dike. □ = olivine-gabbroic rocks; ● = gabbroic rocks; 
∆ = chilled margin; ○ = average for basic-intermediate dikes. 
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Figure 15: Trace element 
variation diagrams (ppm). 

Legend: see Figure 14. 

The mantle-normalized 
spider diagram for the 
incompatible major and trace 
elements shows a signature 
similar to that of subduction-
related calc-alkaline basalts 
(Figure 11), whereas there is 
a clear enrichment of LIL 
elements Cs, K, Rb, Ba and 
Th, followed by a sharp drop 
in Ta and Nb. This 
characteristic signature of 
subduction related basalts is 
mainly due to the crustal 
contamination affecting the 
magmatism in a volcanic arc. 
A plot of Th against Ta after 
Pearce (1983, not shown) 
supports the subduction-
related nature and places the 
sample in a continental 
volcanic arc domain. 

Sulphide fractionation 
by sulphur- 
supersaturation 

 
It is usually considered 

that the sulphur content of 
the mantle is low 
(McDonough and Sun, 
1995). A mantle-derived 
magma is thus sulphide-
undersaturated at the time of 
separation from the mantle 
residue, or during their 
ascent into the crust (Naldrett 
and Barnes, 1986; Naldrett, 
1999). Something special has 
to happen to the magma prior 
or during its emplacement to 
cause sulphur saturation, in 
order to form a significant 
magmatic Ni deposit. 
 

Processes leading to 
sulphur-supersaturation 

and sulphide segregation 

The solubility of 
sulphur in mafic magmas is 
controlled by several 
intrinsic variables.  
Temperature and FeO 
content are the main ones, 
but O-fugacity and SiO2 
content can also have a 
noticeable influence (Li et 
al., 2001). 
Moreover, the sulphur 
supersaturation cannot be 
achieved during ascent to 
the crust, because the S 
solubility increases with 
decreasing pressure. It is 
only when the magma 
cools, and presumably is 
stationary in the crust that it 
may eventually reach 
sulphur saturation and 
commence segregating an 

immiscible sulphide liquid. 
Important igneous processes, 
related to the variables 
mentioned above, necessary 
to allow the magma to 
achieve a high level of 
sulphur supersaturation are: 
 

i) Fractional 
crystallization (Li et al., 
2001): when magma, with a 
precise amount of S, is put in 
a chamber (point A Figure 
17), as it crystallizes, the S 
content in the magma 
increases (because S is 
incompatible) until it reaches 
sulphur saturation (point S 
Figure 17). Immiscible 
sulphide droplets form and 
settle out of the magma.  
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Figure 16:Tectonomagmatic 
discrimination diagrams. A. Ti-
Zr-Sr (Pearce and Cann, 1973). 
B. Ti-Zr-Y (Pearce and Cann, 
1973). C. Hf-Th-Ta (Wood, 
1980). D. Nb-Zr-Y (Meschede, 
1986). E. Ti-Zr (Pearce and 
Cann, 1973). F. Th/Yb-Ta/Yb 
(Pearce, 1982). ∆ = chilled 
margin; ○ = average for late 
basic-intermediate dikes; ● = 
average for Älgliden rocks. 

The S content of the magma 
then decreases along the S-
solubility curve (Figure 17, 
orange line). The plagioclase 
crystallization creates a slight 

increase of the solubility 
curve of S, because 
plagioclase does not 
incorporate FeO (B to R 
Figure 17). But as the S 
content increases faster than 
the residual magma is able to 
dissolve S, the residual 
magma remains sulphide-
saturated allowing later 
sulphide crystallization.  

ii) Crustal contamination 
(Li et al., 2001): 
contamination of a basaltic 
magma with siliceous crustal 
rocks can create a sulphide 

supersaturation too. First 
because the contamination 
lowers FeO content and 
temperature of the magma 
thus lowering its ability to 
dissolve S and because the 
contamination may involve 
the assimilation of crustal S 
from country rocks. Then 
because the contaminating 
rock may contain pyrite 
which may relieve sulphur in 
the magma through the 
conversion of pyrite to 
pyrrhotite during contact 
metamorphism (this seems to 
be an important process for 
the formation of 
disseminated sulphides). 

iii) Magma mixing: 
Naldrett and von 
Gruenewaldt (1989) 
suggested that the mixing of 
compositionally contrasting 
magmas, i.e. a primitive 
magma, hot and FeO-rich 
with a rather differentiated, 
cooler and FeO-poor magma 
would create a product 
falling into the field of S-
supersaturation.  

iv) A relatively rapid 
decrease in temperature, as is 
the case on the margins of an 
intrusion. The chilling 
process would keep fO2, fS2 
and the composition constant 
(Maier et al., 1998). 

v) A decrease in FeO 
content, as a result of 
chromite or magnetite 
precipitation. This would 
lead to a decrease in S 
solubility (Haughton et al., 
1974). 
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Figure 17: S-solubility of a differentiating magma 
formed by fractionation, after Li et al. (2001). 

The partition of Ni, Cu and PGE between 
sulphide and silicate liquids 

 
Nickel, copper and PGE (Platinum Group 
Elements) are chalcophile elements and have 
thus a strong affinity for the sulphide liquid. 
The degree of this affinity can be described 
through their partition coefficients (D) between 
the two melts (Naldrett 1989): 

Dsulph. liq./sil. 

liq.=

meltsilicateinelementofionconcentrat

meltsulphideinelementofionconcentrat

_____

_____

 

Table 2: Partition coefficient for Ni, Cu and PGE in a 
sulphide-silicate system 

 Cu Ni PGE 
Dsulph. 

liq./sil. liq 
200-1400 200-500 2000-200 000 

 
These elements have high partition coefficients 
and will consequently tend to move into the 
sulphide phase as soon as the sulphide liquid 
will start to segregate.  
The concentration of an element in the sulphide 
liquid is described by the following expression 
(Campbell and Naldrett, 1979): 

Cc=
)(

)1(

DR

RDCl

+
+

 

Cc: concentration of the element in the sulphide 
liquid 
Cl: concentration of the element in the silicate 
liquid 
R: R-factor 
A high R-factor means that relatively less 
immiscible liquid segregates from the magma. 
On the other hand, a low R-factor means that 
more immiscible sulphide liquid segregates 
from the magma. The effect of the R-factors on 
metal grades in the sulphide liquid is more 
significant for PGE than for Ni or Cu due to the 
high D values of PGE.  
A high R-factor (more than 105) will thereby 
lead to a strong depletion in highly chalcophilic 
elements, such as PGE, but will not 
significantly deplete the silicate melt in 
moderately chalcophilic elements, such as Ni 
and Cu. On the contrary, a low R-factor (few 
hundreds) will create depletion in Cu and Ni in 
the silicate melt and will relatively dilute the 
PGE contents in the sulphide liquid. 
 
The Älgliden mineralization 
 
In the case of the Älgliden dike, several 
processes may have led the parent magma to 
sulphur-supersaturation. Älgliden rocks present 
an enrichment in crustal elements, implying that 
the parent magma has undergone a crustal 
contamination, possibly by the contact with the 
country rock, which is a felsic rock locally 
sulphide-bearing, and/or deeper with other 
sulphur-rich rocks, that are frequent in the area.  
The geochemical data clearly show that 
fractional crystallization occurred in the 
conduit, this could also has been the trigger of 
the magma sulphur saturation. 
A combination of these different processes is 
possible: the magma was partially enriched in 
sulphur by contamination and the fractional 
crystallization completed the magma sulphur-
saturation, getting the sulphide liquid to extract 
from the magma. 
The R-factor of the magma may have been low 
to medium, because the segregated sulphide 
liquid is clearly enriched in Cu and Ni 
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relatively to PGE, but still shows noticeable 
amounts of PGE (Table 1). 

 

Source of the S 
 
No sulphur isotopic analyses were done on the 
Älgliden ores. Two sulphur sources are 
possible: the addition of crustal sulphur, 
causing the formation of sulphide liquid 
(negative values of δ34S) or an internal sulphur 
source, suggesting that assimilation of siliceous 
country rocks resulted in sulphide saturation 
(mantle-like δ34S values) 
Martinsson (1996) suggested that the sulphur 
from the Lanijaur Ni-Cu deposit sulphides is 
mantle-derived given the near-zero values of 
the δ34S. This deposit is assumed be similar to 
the Älgliden deposit (see below). 
 

 Mechanisms of ore formation in 
the Älgliden dike 
 
The sulphide dissemination in the dike is 
usually denser toward the centre, locally 
forming massive sulphides. 
The question whether the sulphide segregation 
occurred before, during or after the 
emplacement of the intrusion, and why the 
deposition occurs in that specific order (Table 
3) is key to understand the genesis of the 
deposit. 
 
The sulphide fractionation can have occurred 
prior, during and/or after the emplacement. The 
sulphide droplets deposition is then controlled 
by different forces, depending on the 
morphology of the magma body (Figure 20). 
This means that it first but certain that the 
intrusion is actually a dike and not a sill. 
No regional faults or folds were noticed in the 
area, that could have been responsible for the 

rotation of the dike.  
Assuming that the Älgliden intrusion is really a 
dike, the fractionation could not have occurred 
after the emplacement of the magma body or 
the sulphide droplets would have sunk due to 
their higher density and to the control of the 
gravity. The massive sulphide lenses would 
thus have been found at the bottom of the body, 
overlain by a net-texture mineralization. 
However, if the sulphide fractionation occurs 
before or during the emplacement of the 
magma, the gravity force is negligible 
compared to the fluid dynamics in the process 
leading the sulphide deposition.  
In a narrow conduit, friction along the walls and 
differential cooling can thus cause flow 
differentiation, a process whereby denser liquid 
concentrates toward the centre of the conduit 
(Gibb, 1968; Chai and Naldrett, 1992). In a 
strictly vertical conduit, the gravity force G is 
easily overcome by the flow force F, and the 
force f producing axial migration is free to 
transport all the denser particles toward the 
centre (Figure 20B). In the case of immiscible 
sulphide droplets, this type of flow 
differentiation will lead to an aggregation of the 
droplets in the centre of the dike, potentially 
creating massive sulphide lenses.  
In contrast, if the conduit is not strictly vertical, 
the g1 component of the gravity force is not 
overcome by the flow force (Figure 20A). This 
means that in one half of the conduit (above the 
central axis), both forces will act in the same 
direction, whereas in the other half they will be 
opposed. In such a configuration, the sulphide 
droplets would be concentrated in the lower 
half of the conduit under the central axis.  
 
 

Table 3: Summary of the different mineralization 
types in the Älgliden dike 

Type of ore Composition Localisation Associated lithology 

Massive lenses 
Mainly pyrrhotite, sometimes 

few chalcopyrite stringers 
associated 

In the middle of the intrusion, in 
the northern and southern parts 

Mainly olivine-gabbro 

Net-texture 
Mainly pyrrhotite, few 
chalcopyrite associated 

Around massive lenses Mainly olivine-gabbro 

Pyrrhotite and/or chalcopyrite All 
Disseminated 

Chalcopyrite alone 
Close to the margins 

Feldspar-rich gabbroic patches 
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Figure 18: Schematic representation of massive-
mineralization organization in the Älgliden dike. 
Thick black lines: massive sulphide lenses. 

In the northern and southern parts of the dike, 
the lenses are located in the middle, meaning 
that in these areas the dike was vertical at the 
time of the magma flow. These lenses also 
appear to be wider (up to 1 m). The dike is 
thinner at its ends, lowering the distance to 
travel for the droplets to agglomerate into 
massive sulphides. On the other hand, in drill 
holes 18 and 53, the lenses are thinner (a few 
decimetres) and respectively located near the 
northern and southern margins, in wider parts 
of the dike and in areas were the dike seems to 
curve. In these areas the dike was presumably 
dipping at the time of the magma emplacement, 
slightly to the southwest around drill hole 18 
and slightly to the northeast around drill hole 
53. 
 
Two possibilities are left. The sulphide 
segregation could have occurred before or 
during the intrusion of the magma. 
Considering the small size of the intrusion, the 
Älgliden dike hosts quite large quantities of 
sulphides. But the only way to be sure if the 
segregation occurred before or during the 
emplacement is to do a mass balance 
calculation, i.e. determine if the volume of 
magma emplaced was able to dissolve that 
much sulphides. According to Naldrett (1989), 
basaltic magmas can dissolve a maximum of 
0.3% of sulphides. Massive sulphides represent 
less than 0.01% of the total mass of the dike 
and hosting approximately 90% sulphides, 8% 
of the rocks are hosting net-texture ore at 8% 
sulphides, and finally 20% is hosting 
disseminated sulphides with approximately 2% 
sulphides. There seems to be more sulphides in 
the dike than the local amount of magma was 
able to dissolve, meaning that the sulphides 

may have segregated from a larger magma body 
at depth, and then have been entrapped by the 
ascending magma and deposited in the body. 
However, it is not known how much of the 
mass of the dike was already eroded or how 
much there is deeper, and what is their sulphide 
content.  
 
Two different mechanisms of formation are 
thus conceivable, and both are suggested to 
have been active.  
Sulphides forming the mineralization of the 
dike could have segregated from a larger 
magma pool, in a deeper magma chamber, and 
then been entrapped by the ascending magma 
and deposited in the magma channel. This 
would provide the volume necessary for the 
massive sulphide lenses observed. 
Sulphides could also have separated from the 
´flowing magma: fractional crystallization is 
indeed one of the processes leading to S-
saturation.  
The flow differentiation process would have 
then concentrated the sulphide droplets toward 
the centre. Shear structures were observed at 
the contact between massive ore and host rock 
supporting the first mechanism, and interstitial 
sulphides of the net-texture ore are supporting 
the second one. 
The lithological/chemical/mineralogical 
differentiation along the dike (Figure 19) might 
be the result of three processes: 
1) a chemical differentiation: due to the strong 
chemical differences with the country rock 
and/or the contamination, the magma near the 
margin is not able to crystallize mafic minerals 
as olivine or orthopyroxene; 
2) a thermal differentiation: as there is a strong 
difference in temperature between the country 
rock and the magma, the magma is cooling 
rapidly near the margins, and is thus not able to 
fractionate. The composition of intrusion 
margins will be close to the basaltic parent. 
3) a mineralogical differentiation: the flow 
differentiation applied to the sulphide droplets 
might also be applicable to crystals: dense 
crystals, such as olivine and pyroxene would 
migrate toward the centre, explaining the 
central occurrence of olivine-gabbro. In 
contrast, crystals less dense than magma, such 

Dip 
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500 m 
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as plagioclase, could have migrated toward the 
margins, explaining the numerous coarse-
grained feldspar-rich areas observed near the 
borders. Given their size and the thermal 
differentiation phenomenon explained above, 
such euhedral crystals could not have 
crystallized near the margins  

Figure 19: Chemical evolution along Drill hole 22. 
Dashed orange lines represent the borders of the dike. 
Horizontal lines represent the average chemical 
composition of the country rock. Cross section is 
available in Figure 5. 

Geotectonic settings and associated 
magmatism 
 
General geotectonic setting of the Skellefte 
district 

The Skellefte district is generally regarded as a 
volcanic arc. The hypothesis of a volcanic 
island arc is favoured by most authors 
(Lundberg, 1980), but recent studies tend to 
prove that the Skellefte arc formed directly 
adjacent to the continental Arvidsjaur Group 
region, placing it in a continental arc setting, as 
originally proposed. 
The geochemical data of the Älgliden dike are 
concordant with this since the Älgliden parent 
magma was most likely emplaced in a 
subduction environment because it is calc-
alkaline close to tholeiitic in composition. 
 

Geotectonic settings of the volcanic and 
intrusive rocks in the Älgliden area 
 
The Älgliden parent magma intruded the GI 
phase of the Jörn Granitoid between 1888 and 
1880 Ma, and is not cut by the Tallberg 
porphyry intrusions. Based on the dating of 
these porphyries by Weihed and Schöberg 
(1991), the Älgliden dike is thus younger than 
1886+15/-9 Ma. The geophysical data also make 
the dike older than the GII phase of the JGC. 
According to the latest dating (González 
Roldán et al., pers. com.), the GII phase was 
emplaced in the 1878-1871 Ma interval.  
 
West of the Älgliden dike is the Gallejaur 
complex, dated at 1876±4 Ma (Skiöld et al 
1993) and 1873±10 Ma (Skiöld 1988). The 
Gallejaur intrusion is intimately related to the 
mafic volcanic rocks of the Vargfors Group 
(Weihed, 2004). 
 
These intrusive suites occurred in two time 
intervals with different tectonic significance 
(Weihed, 2004). The first calc-alkaline episode 
of intrusions includes the earlier phase of the 
Jörn suite and Happaranda suites. In the area of 
this study, the GI is representing this episode. 
This was followed (or maybe overlapped at the 
end) by an episode of monzo-intrusions, 
including the perthite monzonite suite and the 
Arvidsjaur suite. The late phases of the JGC (II, 
III and IV) and the Gallejaur intrusion are the 
know representatives of this episode in the 
Älgliden surroundings. González Roldán et al. 
(2006) confirmed that a major change occurred 
between GI and the rest of the JGC facies, 
involving changes in the geochemical character 
of magmatism and coeval thermal activity. 
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Figure 20: Schematic diagram of the forces acting on 
a particle during upward flow. A. In a non-vertical 
conduit. B. In a vertical conduit. C. When entering a 
larger area. Modified after Gibb (1968). 

According to Allen et al. (1996), the intrusion 
of the GI at the end of the Skellefte Group 
volcanism was mainly responsible for an uplift 
of the district. This uplift resulted in unroofing 
and erosion of the upper part of the sequence 
and was accompanied and/or followed by 
differential uplift and subsidence causing the 
Skellefte arc to collapse into a complex horst 
and graben. Thus, large volumes of moderate to 
high-Mg basalts were erupted and minor 

andesite-dacite-rhyolite volcanism 
occurred (Gallejaur volcanics). 
These events are suggestive of an 
intra-arc rift setting, resulting in the 
tapping of primitive mafic magma 
(Gallejaur volcanics), continued 
subsidence in the area of the 
Skellefte arc, and renewed a more 
continental volcanism to the north 
(Arvidsjaur volcanics) (Allen et al., 
1996; Claesson, 1985). 
 
When placed in that context (post 
GI, pre GII(?), calc-alkaline to 
tholeiitic intrusion), the Älgliden 
intrusion appears to have occurred 
during the second episode of 
intrusive suites, contemporaneously 
with the Gallejaur formation and 
the Vargfors Group volcanics 
(Figure 21). 
When plotted together, the 
Älgliden rocks and the Gallejaur 
basalts show similar patterns 
(Figure 22), supporting this 
hypothesis. The Älgliden dike and 
the Vargfors volcanics may be 
differentiation products of a 
common source. However, the less 
differentiated character of the 
Älgliden rocks and their medium to 
coarse-grained granular texture 
indicate a deeper emplacement of 
the dike. 
 
The original Älgliden magma is 

thus suggested to have intruded in an intra-arc 
rift, accompanying large volume of basalt, the 
dike being part of the deeper system feeding 
these basaltic eruptions. This basalt intruded 
along a zone of weakness of the crust formed 
during extension. 
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Figure 21: A. Regional time-stratigraphic 
relationships, lithostratigraphy, and location of 
massive sulphide deposits in the Skellefte district. B. 
Lithostratigraphic and structural relationships of the 
Skellefte Group and Vargfors Group during the early 
to middle stages of Vargfors group sedimentation. 
After Allen et al. (1996). The red arrow is locating the 
time and space interval in which the Älgliden dike 
possibly intruded. 

This is support by the NNW-SSE orientation of 
the dike, concordant with numerous other faults 
in the area (Figure 1). Helfrich (1971), in 
Älgliden, Grip (1946), in Laver, and Martinsson 
(1996), in Lanijaur (Figure 1) made similar 
assumptions about these intrusions being part of 
a common feeder system. 
Moreover, the geochemical data show a 
volcanic arc basalt affinity close to within plate 
basalt affinity for the Älgliden parent magma 
(Figure 16). Many studies have noticed that 
some continental flood basalts do not plot in the 
within plate field, the discriminating diagrams 
used are indeed not considering the effects of a 
crustal contamination. This could be the case of 
the Älgliden rocks whose trace elements show a 
strong crustal contamination. 
 
This geotectonic context suggests that the 
Älgliden dike as an intrusion related to flood 

basalt (Naldrett’s classification of mafic and 
ultramafic bodies, 1989). 
In that kind of intrusions, the flood basalts 
extruded during intracontinental rifting 
localized along a fracture zone (which can be 
just one narrow fracture or hundreds of 
kilometres of parallel fractures). Basaltic 
magma derived from the underlying mantle has 
risen along these fractures to spread out across 
the continental surface as thick, extensive 
deposits of flood basalt (Naldrett, 1989). These 
flood basalts display a strong elemental and 
isotopic variation, attributed to melting, mixing, 
and above all, crustal contamination, making a 
petrogenetic interpretation difficult (Wilson, 
1989). 
 
The Noril’sk-Talnakh Cu-Ni deposit in Siberia 
and the Duluth Complex in Minnesota are the 
best examples of this category. 

Figure 22: Mantle normalized trace-element variation 
diagram. Normalizing values after Wood et al. 
(1979a). ∆ = ophitic gabbro from Lanijaur, data are 
from Martinsson (1996); + = Gallejaur basalts, data 
from Bergström (2001); * = Näsberget, data from 
Årebäck et al. (2006); ● = average for Älgliden. 

 

 Comparison with similar Cu-Ni 
bearing intrusions 
 
Cu-Ni bearing intrusions comparable to 
Älgliden in Northern Sweden 
 
 Many nickel-copper-bearing mafic and 
ultramafic magmatic mineralizations can be 
found in Sweden, but they usually are of minor 
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to moderate importance in terms of 
mineralization. The main occurences are 
located in the Västerbotten nickel belt, south of 
the Skellefte District (Figure 1), and are 
associated with tholeiitic ultramafic volcanic 
rocks and with many small ultramafic intrusives 
(Nilsson, 1985). 
Some synkinematic Svecofennian 
(Svecokarelian) or post- Svecofennian gabbros 
also contain nickel sulphides. There are about 
twenty sulphide deposits in gabbroic rocks with 
associated pentlandite-bearing pyrrhotite, 
mostly occurring at contact with igneous bodies 
(Frietsch, 1980). Some of them are located in 
Northern Sweden and display similarities with 
the Älgliden dike (Figure 1).  

 
The Lanijaur intrusion 

The largest of these deposits is the Lanijaur 
deposit in the northern part of the district. It is 
the only Ni-Cu ore mined in the area and 
produced 100,526 tonnes of ore averaging 
2.20% Ni, 0.93% Cu and 0.1% Co (Grip, 1961). 
This deposit is a phacolith, composed of rocks 
ranging from gabbro to granodiorite, from the 
lower part to the top. At the bottom of the 
gabbro, two linear, pyrrhotite dominated, 
sulphide bodies occur (Martinsson, 1996). 

 Storbodsund  
Storbodsund is a horizontal tabular mafic 
pluton located at about 33 km west of 
Arvidsjaur. Boulder tracing led to the discovery 
of the intrusion in 1942 and the area was 
investigated with electrical and magnetic 
methods, revealing anomalies. These anomalies 
were drilled and a massive nickel pyrrhotite 
body was discovered, having the shape of a flat 
sheet between the gabbro and underlying 
metarhyolite and granite (Grip, 1953). Besides 
pyrrhotite ad pentlandite, the deposit also 
contains chalcopyrite and considerable amounts 
of pyrite and magnetite (Grip, 1944). The 
tonnage was calculated at 3 000 tons at 0.6% 
Cu and 2.3% Ni (Grip, 1945). The host rocks 
belong to the Arvidsjaur Suite, dated at 1876±3 
Ma for the rhyolite (Skiöld et al, 1993) and 
1877±8 Ma for the granite (Skiöld et al, 1993), 
the gabbro being younger. This deposit is very 
similar to the Lanijaur deposit regarding its 
morphology. 

 The Näsberget layered intrusion  
The Näsberget mafic intrusion is located in the 
northern part of the GI. It is a layered intrusion 
9 x 4.5 km large. The layering is normally 
striking NE and moderately dipping toward 
NW, and is well developed in the southern and 
southeastern parts (Filén, 2001).  

Årebäck et al. (2006) identified 3 different 
zones in the intrusion: A lower zone, a main 
layered zone and an upper zone, forming a ca. 
3-4 km thick layered sequence. The Lower 
Zone and the Upper Zone are poorly defined 
due to limited exposures, cumulate textures are 
sparse and the rocks consist of gabbronorite, 
hornblende gabbro and quartz-bearing gabbro. 
The Main Layered Zone, on the other hand, is 
characterised by cumulate textures, well 
developed layering and the occurrence of 
cumulate olivine. It ranges in rock composition 
from mela- to leuco- olivine gabbronorite. The 
transitions between the megaunits are 
characterised by Fe-Ti oxide rich gabbroic and 
ultramafic rocks.  
 
An iron vein deposit was mined at the end of 
the 18th century. Magnetite also occurs in veins 
(associated with actinolite, quartz, K-feldspar, 
apatite and sulphides in variable amounts) 
within the gabbro. 
These veins are steep and strike WNW. In the 
northernmost part the gabbro has a 
monzogabbroic composition. The intrusion was 
also investigated for PGE, but no major PGE 
concentrations were found. 

 Östra Skogträsk, Påläng and Rian (Grip, 
1961) 
Further north in Sweden, north and northwest 
of Nederkalix, several parts of the border zone 
of tonalitic/granodioritic massifs are 
differentiated into gabbro. These gabbroic areas 
contain some nickel mineralizations. The Östra 
Skogträsk deposit was drilled in the 40’s and 
the presence of coarse-grained disseminated 
nickeliferous pyrrhotite was revealed. The 
sulphide-bearing gabbro was found brecciated 
towards the footwall, fissures being filled with 
pentlandite-bearing pyrrhotite and minor 
chalcopyrite. The ore contains about 0.44% Ni 
and 0.34% Cu. 
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The Påläng massif displays a similar 
composition, but without nickel. The Rian 
massif also appears to be similar to Skogträsk 
but with maybe higher nickel concentrations.  
  

The Notträsk layered intrusion 
The Notträsk gabbroic intrusion is located 6 km 
NE of Boden. It is a funnel-shaped layered 
intrusion considered to be part of the early-
Proterozoic (Svecokarelian) synorogenic 
Haparanda granite series. Its structure is quite 
complicated, with abrupt changes in lithology 
(Filén, 2001; Grip, 1961). Arvanitidis (1982) 
established that the intrusion formed from two 
magmas, of a probably common source. The 
intrusion is well preserved indicating a younger 
age than the main rock series. The mafic 
intrusive rocks of the Notträsk area have been 
explored for Ni and Cu by many companies, 
subeconomic PGE concentrations were also 
found recently (Filén, 2001). 
All these deposits are hosted by gabbroic rocks 
intruding, or being part of, massive 
granitic/granodioritic/tonalitic intrusive suites. 
These intrusions are of Svecokarelian age and 
were emplaced in a syn- or late orgen context. 
They show similar trace elements behaviour 
(Figure 22), suggesting a possible comagmatic 
origin. They host variable amounts of nickel, 
copper and PGEs as pentlandite-bearing 
pyrrhotite and chalcopyrite as disseminated 
and/or massive ore. The ore bodies are always 
located at the bottom contact of the intrusion 
with the host rock, except for Älgliden. The 
Älgliden deposit is the only deposit with such a 
morphology (dike) with central massive ore 

lenses. Moreover, it is the only deposit with a 
Ni/Cu ration lower than 1. 
 
Global comparison 
 
The main world-class Ni-Cu-(PGE) deposits are 
magmatic sulphide deposits formed from the 
segregation and concentration of droplets of 
sulphide liquid from mafic or ultramafic 
magma (Naldrett, 1999). 
These deposits can be divided into four 
subtypes (Naldrett, 1989; Eckstrand & Hulbert, 
2007). 
� Deposit formed by a combination of 

processes involving crustal melting in response 
to a meteorite impact. This is the unique case of 
the Sudbury deposit in Canada; 
� Deposits in mafic sills and dike-like 

bodies associated with rift and continental flood 
basalt such as the Noril’sk deposit in Siberia, 
the Voisey’s Bay deposit in Canada, the 
Jinchuan deposit in western China and the 
Duluth Complex in Minnesota. These deposits 
are the products of magmatism that 
accompanied intracrustal rifting events. They 
are hosted in conduits or feeder to the larger 
igneous provinces. The magma is usually 
contaminated through incorporation of S from 
adjoining wallrock. 
 

Table 4: Nickel deposits in Northern Sweden showing 
similarities with Älgliden. Lanijaur, Storbodsund and 
Östra Skogträsk values are from Grip (1961). N.d.: no 
data.

Deposit 
Ore 
type 

Ore body 
Associated 

rock 
Morphology of 
the intrusion 

Country rock Ni Cu Ni/Cu Au Pt Pd 

Lanijaur 
Diss + 

massive 

Bottom 
contact with 
country rock 

Olivine-
gabbro 

phacolith 
Skellefte 

Group meta-
sediments 

2.2 0.93 2.37 Tr. <0.1 <0.1 

Storbodsund 
Diss + 

massive 

Bottom 
contact with 
country rock 

Gabbro Sill 
Arvidsjaur 

granite suite 
2.3 0.6 3.83 Tr. / / 

Näsberget / / 
Gabbroic 

rocks 
Layered 
intrusion 

GI of the 
JGC 

/ / / / / / 

Östra 
Skogträsk 

Diss 
Bottom 

contact with 
country rock 

Gabbro, 
quartz-
diorite 

Differentiated 
border of a 
large felsic 

pluton 

/ 0.44 0.34 1.29 / / / 

Notträsk n.d. n.d. Gabbro 
Layered 
intrusion 

Haparanda 
granite suite 

n.d. n.d. n.d. n.d. n.d. n.d. 

Älgliden 
Diss + 

massive 

Multiple 
vertical lenses 
in the middle 

Gabbro Dike 
GI of the 

JGC 
0.15 0.5 0.3 0.5   
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 Once formed, and if enough, sulphide droplets settle 
gravitationally within the moving magma and are 
collected where the magma velocity is reduced. The 
enrichment is probably achieved by different pulses of 
magma that brings additional metals.  

� Deposits associated with komatiitic (Mg-
rich) volcanic flows and related sill-like 
intrusions as the Thompson district in Canada 
or the Kambalda area in Australia 
� Other mafic/ultramafic intrusions: Råna in 

Norway, Selebi-Phikwe in Botswana. 

 

Figure 23: Plot of grade in wt.% Ni versus production 
+ reserves in millions of tonnes for major Ni sulphide 
deposits of the world. After Naldrett (1999). The red 
arrow represents Älgliden 

Naldrett (1999) defined the most important 
features of the world-class Ni-Cu-PGE 
deposits: (1) a magma capable of crystallizing 
substantial amounts of olivine. The presence of 
olivine reveals three facts: olivine-normative 
magmas are generally hotter than those with 
higher Si02 content, magmas richer in olivine 
tend to have higher content in Ni and finally, 
olivine-normative magmas more readily react 
with SiO2-bearing country rocks. 
(2) a prominent crustal suture, which provides 
zones of weakness through which magma can 
ascend into supracrustal rocks. 
(3) plentiful sulphur in the adjacent or subjacent 
country rocks, being a potential source of S to 
getting the magma to S-saturation. 
(4) evidence of chalcophile element depletion 
in associated silicate magmas. 
(5) evidence of interaction with country rocks 
as digested  inclusions of country rock within 
the intrusion. Intermixing of sulphide-
undersaturated primitive mantle-derived basalt 

and felsic impact melt may indeed cause 
sulphide saturation. 
(6) the occurrence of mineralization within or 
close to a conduit along which magma flow has 
been concentrated. The majority of the deposit 
are thermally eroded feeder channels for 
overlying volcanics. 
 
The morphology of the intrusion is very 
important, as underlined by Maier et al. (2001). 
Until recently, large layered intrusions were 
considered as the best targets for Ni-Cu-PGE 
deposits. However, it appears that these 
deposits are of low economical importance 
among Ni-Cu deposits compared to magma 
conduit systems. Voisey’s Bay is the best 
illustration of a magma conduit. Li et al. (2000) 
established that in this intrusion, the sulphide 
segregation occurred in a lower magmatic 
chamber due to the contamination by sulphide-
bearing country rocks. The sulphides were then 
entrapped in the ascending magma trough the 
conduit system. They precipitated in low 
velocity zones such as narrowing zones in the 
conduit or as entrance zones to a new chamber. 
New injections of S-saturated magma through 
the conduit then upgraded the metal content of 
the proto-ores deposited earlier. In some areas, 
proto-ore was injected into the floor, being 
“protected” from late metal enrichment. 
In contrast, in large layered intrusion, sulphur 
saturation may occur due to fractional 
crystallization, the small amounts of segregated 
sulphides are then diluted by accumulating 
silicates. In such a case, the sulphides are 
usually dispersed and metal-poor because no 
process took place to concentrate and enrich 
them (Maier et al. 2001). 
 

The case of Älgliden 

The Älgliden dike does not present ore grades 
and tonnages comparable to the major Cu-Ni 
deposits. The world-class Cu-Ni deposits 
grades are typically between 0.7 and 3% for Ni, 
and between 0.2 and 2% for Cu. Tonnages are 
from a few hundred thousands to a few tens of 
millions (Eckstrand and Hulbert, 2007). The ore 
concentration in the Älgliden dike is small 
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compared to the deposits mentioned above 
(Figure 23). 
 
When considering Naldrett’s (1999) and Maier 
et al. (2001) criteria for major Ni-Cu deposits, 
the Älgliden dike agree with some of them but 
lacks others. 
(1) The intruding magma was indeed able to 
crystallize olivine, but not in substantial 
amounts. (2) The magma seems to have 
intruded a weak zone in the crust. (3) 
pyrrhotite-rich schist is common in the 
Skellefte district, being a potential source of 
sulphur. (4) The olivine composition was not 
analysed in this study, so there are no data to 
determine whether the silicate liquid was 
depleted or not in chalcophile elements. (5) The 
dike shows strong evidence of interaction with 
the country rock in the form of numerous 
digested xenoliths. (6) The Älgliden dike may 
be part of the feeding system of a bigger 
magmatic event. 
Moreover, no sign of multiple magma 
injections was found. No straight contact 
between the different rock types of the dike, no 
xenoliths of a former finer-grained gabbro, to 
indicate this have been detected. However, this 
was assumed by Helfrich (1966a and b) and 
Grip and Frietsch (1973). The lack of multiple 
injections could be the explanation for the low 
metal content of the sulphide phases, the proto-

ore was emplaced by only one magma pulse 
and thus was never upgraded in metal. The 
amount of proto-ore formed during this one and 
only surge was furthermore not significant, 
because it was segregated from small volumes 
of a probably weakly S-saturated magma. These 
facts led to the formation of a small size and 
low grades ore deposit. 
The characteristics of others Ni-Cu deposits in 
the Älgliden surroundings also corroborate this 
model. These deposits are assumed to have 
formed in the same environment as the Älgliden 
dike (Figure 24), and some of them, can be part 
of the same system. The only ones able to 
accumulate significant amounts of metal-rich 
sulphides are those with a horizontal conduit 
with sometimes evidence of several pulses such 
as Lanijaur and Storbodsund. In contrast, the 
larger and layered intrusion of Näsberget shows 
no sign of sulphide deposition. 
 
 
 
 
 

Figure 24: Emplacement of flood basalts in an intra-
arc extension context and magmatic sulphides 
deposition. 1. Lanijaur. 2. Älgliden. 3. Näsberget. 4. 
Gallejaur volcanics 
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4 

Mid-crustal magma 
chamber 

Source 

GI 

Magmas  
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Ore potential 
 
From an ore point of view, Portacio (1986) 
separated the dike into three zones: the central 
part of low interest, from drill hole 50 to drill 
hole 53, with a weak mineralization, the 
southwest and the northeast parts with the 
major sulphide concentration. These parts were 
respectively evaluated to host 0.2 to 0.3 Mt at 
1.1 g/t Au, 1.4% Cu and 0.3% Ni, and 2.5 to 5 
Mt at 0.5 g/t Au, 0.5% Cu and 0.2% Ni. As 
Portacio reported, the small density of drilling 
is not making the evaluation precise, and more 
drill holes would be necessary in order to better 
define the dense-mineralised areas. 
 

Conclusion: a model for the 
emplacement and differentiation 
of the Älgliden dike  
 
The formation of the Älgliden intrusion is 
interpreted as follows. A basaltic magma, 
maybe carrying sulphide droplets from a first 
segregation in a deeper magmatic chamber, was 
intruded in the granodioritic/tonalitic older 
stage of the Jörn Granitoid Complex, in a 
volcanic arc tectonic environment. The magma 
intruded through a fault network, created by 
local crustal extension of the arc complex. In 
the vertical conduit, magma differentiated by a 
combination of flow differentiation, thermal 
differentiation and chemical differentiation, that 
concentrated mafic minerals and sulphide 
droplets in the central part of the conduit. In 
contrast less dense crystals, such as plagioclase, 
were led toward the margins of the conduit. In 
this way, a lateral zonation was formed, with 
more mafic rocks and denser mineralization 
toward the centre. The injection of hot magma 
in a weak zone of a cooler country rock caused 
fragments of country rock to be entrapped and 
eventually digested, leaving silica-rich 
metamorphosed enclaves in the gabbro.  
The lack of several magma pulses, and the 
small volume of magma involved resulted in 
the formation of in a low tonnage metal-poor 
ore. 

The Älgliden dike was then cut by mafic to 
intermediate dikes, and the area overprinted by 
hydrothermal alteration. This alteration 
remobilised some sulphides and reprecipitated 
them along faults or brecciated zones. 
Late tectonic events where also responsible for 
the numerous faults, locally brecciating the 
Älgliden rocks, the late dikes and the country 
rocks. 
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Appendix 1: Original results of chemical analyses for the Älgliden dike. HÅ: Hans Årebäck (2003-2004), HH: Hans 
Helfrich (1966),TB: Therese Bejgarn (pers. com.) 

Lithology Tonalite-granodiorite olivine-gabbronorite and olivine-norite 

Sample Average 20030214 20030207 20030220 20030206 20030217 20030211 B42 

Drill hole  ALA48 ALA43 ALA49 ALA43 ALA30 ALA47 ALA 31  

Source  HÅ HÅ HÅ HÅ HÅ HÅ TB 
Thin section    1727  1734 1733 67a 

Sec. start  90.3 39.9 74.5 15.45 38.8 93.6 67.15 

Sec. stop   90.55 ? ? 15.6 ? ? 67.45 

SiO2 % 69.65 39.27 37.91 38.54 43.2 39.32 40.26 42.32 

Al2O3 % 13.92 6.34 5.19 6.83 7.44 5.62 5.56 9.52 

Fe2O3 % 3.64 22.31 23.42 23.84 17.72 21.95 22.23 18.92 

MgO % 1.59 21.57 22.53 19.69 21.38 21.84 21.94 18.08 

CaO % 3.23 3.25 2.32 3.23 3.87 2.92 2.62 4.95 

Na2O % 3.46 0.93 0.73 0.88 1.02 0.79 0.75 1.26 

K2O % 1.36 0.42 0.33 0.45 0.45 0.42 0.38 0.64 

TiO2 % 0.23 0.38 0.41 0.54 0.53 0.51 0.5 0.64 

P2O5 % 0.08 0.15 0.11 0.13 0.19 0.13 0.15 0.11 

MnO % 0.06 0.2 0.2 0.19 0.2 0.19 0.2 0.25 

Cr2O3 % 0.01 0.233 0.247 0.217 0.146 0.242 0.252 0.201 

LOI % 1.70 5 6.2 5.3 3.9 5.7 4.8 2.5 

S % 0.34 2.65 3.48 8.19 0.45 2.5 2.42 0.48 

SUM % 98.9 100.1 99.6 99.8 100.0 99.6 99.6 99.4 
          

Ba ppm 408.55 203 177 192 222 167 176 236 

Co ppm 7.04 172.2 210.6 192.7 127.5 174.6 180.4 115.3 

Cu ppm 214.15 2590 4140.9 4136.6 488.1 2653.9 2782.1 504.4 

Cs ppm 1.05 0.3 0.5 1.7 0.6 0.4 0.6 1.1 

Ga ppm 15.99 8.4 8.2 10.1 9.5 8.4 8.2 12 

Hf ppm 1.65 0.9 0.9 1.1 1 1.2 1.1 1.2 

Nb ppm 2.88 1.9 1.9 2 2.7 1.9 2.3 2.4 

Ni ppm 44.33 695 1048 786 715 926 602 628 

Pb ppm 1.86 10.6 18.2 19.7 6.9 7 11.3 3.8 

Rb ppm 23.33 11.4 9.1 10.5 11.2 10 12.2 15.4 

Sc ppm 7.00 13 12 11 15 13 13 20 

Sr ppm 419.12 180.5 127.9 187 216.5 145.9 137.9 235.2 

Mo ppm 5.46 9.9 6.7 4.2 3.1 4.6 7.9 7.3 

Th ppm 1.09 0.7 0.4 1.2 1 1.2 0.7 1.4 

U ppm 0.98 0.9 0.8 0.7 0.8 0.9 0.8 1.2 

V ppm 46.64 94 100 107 105 115 110 197 

Y ppm 5.78 9.9 6.6 10.1 10.5 8.6 10.4 9 

Zn ppm 32.27 96 195 96 74 88 84 54 

Zr ppm 55.72 34.9 29.9 37 44.1 36.7 38 44 

La ppm 7.09 8.1 6.3 7.3 8.8 7.4 8.6 7.7 

Ce ppm 14.10 15 11.4 14.5 17 13.8 14.9 15.7 

Pr ppm 1.76 2.03 1.59 1.88 2.25 1.91 2.09 2.07 

Nd ppm 7.29 9.6 6.6 8.6 9.7 8.4 8.9 8.9 

Sm ppm 1.31 2.1 1.3 1.8 2.3 1.8 2.2 1.82 

Eu ppm 0.38 0.71 0.5 0.62 0.72 0.57 0.75 0.56 

Gd ppm 1.14 1.83 1.33 1.91 2.07 1.78 2.17 1.66 

Tb ppm 0.17 0.28 0.23 0.27 0.28 0.26 0.31 0.29 

Dy ppm 0.96 1.52 1.14 1.44 1.84 1.3 1.59 1.53 

Ho ppm 0.20 0.31 0.23 0.31 0.33 0.31 0.39 0.34 

Er ppm 0.56 0.77 0.67 0.92 1.03 0.76 0.98 0.97 

Tm ppm 0.09 0.16 0.13 0.14 0.18 0.14 0.21 0.15 

Yb ppm 0.59 0.87 0.65 0.9 0.97 0.79 0.97 0.86 

Lu ppm 0.09 0.14 0.14 0.13 0.16 0.1 0.17 0.14 
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Lithology olivine-gabbronorite and olivine-norite Gabbronorites gabbros and norites 

Sample B38 20030205 20030209 Average 20030210 20040024 20030216 20030202 20030213 

Drill hole ALA47  ALA42 ALA44  ALA47 ALA15 ALA30 ALA31 ALA48 

Source TB HÅ HÅ  HÅ HÅ HÅ HÅ HÅ 

Thin section 80a    1729     

Sec. start 80.45 54.9 81  66.9 40.35 15.5 75.55 48.85 

Sec. stop 80.64 55.1 ?   67.2 40.55 ? 75.8 49.1 

SiO2 % 41.9 40.8 41.73 40.53 42.64 41.21 45.16 45.69 44.52 

Al2O3 % 7.68 7.92 8.69 7.08 9.25 6.97 7.2 10.27 9.96 

Fe2O3 % 19.93 23.56 21.02 21.49 21.09 19.76 18 17.48 17.9 

MgO % 18.94 18.02 17.9 20.19 16.34 20.65 20.39 16.35 16.21 

CaO % 3.93 4.09 4.25 3.54 3.97 2.9 3.58 4.89 4.28 

Na2O % 0.95 0.72 0.87 0.89 0.95 0.09 1.08 1.29 1.3 

K2O % 0.53 0.37 0.53 0.45 0.69 0.32 0.52 0.53 0.83 

TiO2 % 0.71 0.53 0.61 0.54 0.6 0.433 0.63 0.54 0.64 

P2O5 % 0.14 0.09 0.17 0.14 0.16 0.163 0.18 0.16 0.2 

MnO % 0.22 0.21 0.2 0.21 0.25 0.16 0.2 0.18 0.18 

Cr2O3 % 0.306 0.182 0.236 0.23 0.23 0.393 0.133 0.188 0.2 

LOI % 4.2 3.4 3.5 4.45 3.7 6.5 2.9 2.3 3.2 

S % 0.97 3.2 2.19 2.65 2.4 2.48 0.7 1.38 1.6 

SUM % 99.4 99.9 99.7 99.7 99.9 99.5 100.0 99.9 99.4 

           

Ba ppm 189 144 213 191.90 246 125.3 256 238 328 

Co ppm 126.1 125.4 157 158.18 148.2 178.1 123.2 125.6 142.5 

Cu ppm 923.1 2564.6 2361.1 2314.48 2335 2811.7 808 1211.2 2226.4 

Cs ppm 1.6 0.9 0.9 0.86 1.2 0.6 0.8 1 1.5 

Ga ppm 10.9 11.3 10.2 9.72 13.2 10.3 10.1 13 13.6 

Hf ppm 1.2 0.7 1.3 1.06 1.4 0.9 1.2 1.5 1.6 

Nb ppm 3.2 1.2 2.9 2.24 2.7 2.2 3.2 2.5 3.3 

Ni ppm 685 668 895 764.80 774 593 802 721 918 

Pb ppm 4.3 41.4 8.7 13.19 14.7 2.4 5.5 13.3 7.2 

Rb ppm 12.3 9.4 16.1 11.76 18.2 6.8 11.8 15.9 22 

Sc ppm 17 18 16 14.80 19 10 18 15 17 

Sr ppm 192 181.4 211.3 181.56 214.1 22.9 193.6 299.9 255.2 

Mo ppm 4.6 5.7 6.7 6.07 30.6 15.1 2.3 5.5 43.3 

Th ppm 0.8 0.7 1.3 0.94 1.5 0.9 0.8 2.1 1.6 

U ppm 0.9 0.7 1 0.87 1.1 0.9 0.8 1 1.2 

V ppm 165 160 141 129.40 164 91 101 127 143 

Y ppm 9.6 9.4 17.5 10.16 13.7 7.4 12.2 12.4 14.7 

Zn ppm 59 65 61 87.20 56 92 65 49 60 

Zr ppm 38.6 26 46 37.52 45.2 36.2 47.4 55.2 52.7 

La ppm 7.4 7.8 20.1 8.95 12.2 6.6 8.8 10.5 11.4 

Ce ppm 15.4 12.2 25.5 15.54 19.6 14.9 17.3 17.5 21.5 

Pr ppm 2.07 1.82 3.29 2.10 2.8 1.72 2.36 2.53 2.83 

Nd ppm 9.3 7.3 13.3 9.06 11.3 6.5 11.7 10.2 13.1 

Sm ppm 1.92 1.4 3.2 1.98 2.6 1.4 2.7 2.1 3.1 

Eu ppm 0.58 0.53 1.17 0.67 0.92 0.38 0.82 0.75 0.92 

Gd ppm 1.87 1.49 2.57 1.87 2.31 1.41 2.68 2.51 2.56 

Tb ppm 0.31 0.25 0.65 0.31 0.42 0.21 0.4 0.38 0.46 

Dy ppm 1.6 1.29 2.14 1.54 2 1.2 1.98 1.78 2.33 

Ho ppm 0.33 0.34 0.64 0.35 0.49 0.24 0.43 0.45 0.45 

Er ppm 1 0.82 1.2 0.91 1.07 0.76 1.21 1.06 1.38 

Tm ppm 0.16 0.15 0.43 0.19 0.24 0.11 0.18 0.24 0.25 

Yb ppm 0.96 0.84 1.32 0.91 1.12 0.55 1.1 1.18 1.29 

Lu ppm 0.15 0.17 0.34 0.16 0.24 0.09 0.18 0.21 0.19 
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Lithology Gabbronorites gabbros and norites 

Sample 20030215 20030218 20030222 20091001 20091002 3601 20091000 20091003 B64 B87 

Drill hole ALA48 ALA49 ALA51 ALA22 ALA22 ALA47 ALA22 ALA22 ALA22  ALA31 

Source HÅ HÅ HÅ CF CF HH CF CF TB TB 

Thin section 1728 1731  19238 19239  19237  191a 76a 

Sec. start 131.2 17 123.5 180.22 186.22 99 176.2 189.35 191 76.9 

Sec. stop 131.45 ? ? 180.67 186.72 100 176.6 189.85 191.7 77.2 

SiO2 % 44.1 44.56 45.08 46.55 46.37 42.6 46.75 48.61 48.84 47.86 

Al2O3 % 11.55 9.09 12.37 12.24 11.85 9.2 14.14 14.9 15.51 15.38 

Fe2O3 % 17.3 17.34 13.45 13.78 13.14 12.4 12.04 10.57 10.1 12.2 

MgO % 15 16.5 14.51 12.32 12.36 17.5 7.52 9.5 8.53 9.56 

CaO % 5.84 4.63 6.79 6.25 6.4 3.8 6.88 8.97 8.67 7.26 

Na2O % 1.16 1.03 1.2 1.68 1.85 1.1 2.41 2.34 2.6 2.28 

K2O % 0.64 0.73 0.7 0.76 0.49 0.65 0.58 0.73 0.94 1.15 

TiO2 % 0.61 0.72 0.68 0.971 0.96 0.6 0.998 0.807 0.93 0.72 

P2O5 % 0.18 0.2 0.19 0.229 0.26  0.244 0.184 0.27 0.2 

MnO % 0.17 0.16 0.18 0.18 0.18 0.19 0.14 0.15 0.15 0.15 

Cr2O3 % 0.151 0.196 0.132 0.122 0.122  0.05 0.076 0.057 0.083 

LOI % 3.3 4.7 4.7 4.4 5.6 4.2 7.7 2.8 3.2 2.8 

S % 2.44 0.91 0.15 0.64 0.33  0.74 0.07 0.15 0.16 

SUM % 100.0 99.9 100.0 99.5 99.6 92.2 99.5 99.6 99.8 99.6 

            

Ba ppm 256 294 255 431 277  354 264 350 388 

Co ppm 148.5 117.7 77.8 90 81  57.5 48.2 51.5 51.7 

Cu ppm 2382.5 1061.3 192.7 753.1 289  2539.7 73 62.4 91.6 

Cs ppm 1.1 1.5 1.2 0.4 1.1  1 1.5 1.2 1.8 

Ga ppm 11.7 12.6 14 15.7 15.4  16.6 15.5 16.4 16.1 

Hf ppm 1.5 1.6 1.8 2.3 2.3  2.3 1.5 2.1 1.9 

Nb ppm 3.1 3.7 2.9 4.9 5.8  4.8 3.7 5.1 3.8 

Ni ppm 960 834 507 532 391  367 180 155 173 

Pb ppm 11.7 5.7 3.1 11.3 18.5  9.6 7.4 6.5 7 

Rb ppm 14.3 16.1 15.2 15.3 10.9  14.2 15.9 22.4 28.3 

Sc ppm 16 19 16 19 20  24 28 26 23 

Sr ppm 271.3 209.8 277 300.7 330.5  377.8 473.9 567 481 

Mo ppm 5.2 4 0.9 1.6 1.7  1 0.8 1.1 5 

Th ppm 1 0.8 1.4 1.7 2.1  1.7 1.3 1.6 1.8 

U ppm 1 1 0.8 1.3 1.6  1.2 0.9 1.3 1.5 

V ppm 99 133 113 158 154  171 138 171 169 

Y ppm 13.1 14.5 13.5 17.5 19.5  17.3 14.1 17.4 14.5 

Zn ppm 64 42 60 62 167  127 44 47 40 

Zr ppm 52.5 53.9 55 74.1 85.5  71.9 56.2 72.6 61.6 

La ppm 10.7 10.9 10.8 13.6 15.2  13.4 10.6 14.2 10.9 

Ce ppm 20.7 22.6 22 31.8 36.8  31.6 24.8 30.4 24.2 

Pr ppm 2.77 2.97 2.93 4.3 4.83  4.29 3.36 4.15 3.24 

Nd ppm 12.5 13.7 13.6 17.9 20.1  17.3 14.3 18.7 13.1 

Sm ppm 2.6 3.4 2.8 3.71 4.33  3.82 2.97 3.73 2.93 

Eu ppm 0.89 0.89 0.95 1.17 1.38  1.35 1.03 1.27 1 

Gd ppm 2.63 3 2.41 3.41 3.88  3.5 2.92 3.52 2.8 

Tb ppm 0.37 0.41 0.39 0.55 0.64  0.59 0.47 0.57 0.45 

Dy ppm 2.09 2.37 2.26 2.8 3.24  2.9 2.46 3.11 2.62 

Ho ppm 0.47 0.51 0.47 0.59 0.66  0.6 0.49 0.62 0.52 

Er ppm 1.15 1.29 1.23 1.58 1.8  1.63 1.45 1.75 1.42 

Tm ppm 0.17 0.18 0.17 0.25 0.27  0.25 0.21 0.27 0.23 

Yb ppm 1.11 1.18 1.16 1.51 1.8  1.46 1.21 1.67 1.3 

Lu ppm 0.21 0.21 0.16 0.21 0.25   0.22 0.2 0.24 0.21 
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Lithology Gabbronorites gabbros norites Chilled margin Basalt - andesite 

Sample 20040025 20040022 Average B78 3591 Average  

Drill hole ALA15 ALA13  ALA11  ALA22  

Source HÅ HÅ  TB HH  

Thin section    23a   

Sec. start 72.85 36.5  23.9 174  

Sec. stop 73.05 36.8   24,2 175   

SiO2 % 51.42 47.18 45.83 50.19 43.7 51.178 

Al2O3 % 17.67 16.69 12.01 15.07 15.2 16.5 

Fe2O3 % 8.88 12.92 14.61 9.02 7 9.168 

MgO % 6.3 7.25 13.34 7.59 7.1 5.654 

CaO % 6.6 7.49 5.84 8.97 7.8 7.36 

Na2O % 3.24 2.4 1.65 2.35 2.4 3.272 

K2O % 1.4 1.12 0.75 2.06 0.35 0.986 

TiO2 % 0.761 0.548 0.71 0.7 0.75 1.112 

P2O5 % 0.226 0.164 0.20 0.34  0.37 

MnO % 0.11 0.12 0.17 0.18 0.12 0.146 

Cr2O3 % 0.057 0.045 0.14 0.044  0.0224 

LOI % 3.8 4 4.11 3.1 8.8 4.02 

S % 0.69 2.69 1.10 0.28  0.12 

SUM % 100.5 99.9 99.4 99.6 93.2 99.8 

        

Ba ppm 446.4 376.6 305.33 766  446.6 

Co ppm 41.6 150.9 102.13 36.1  30.38 

Cu ppm 1001.6 5543.6 1461.43 301.5  51.6 

Cs ppm 1.2 1.9 1.19 2.6  1.64 

Ga ppm 19.3 16.3 14.36 18.1  18 

Hf ppm 1.8 1.2 1.68 3  3.02 

Nb ppm 4.7 2.5 3.68 5  8.18 

Ni ppm 191 426 532.75 111  101.8 

Pb ppm 16.2 29.9 10.63 6.5  51.24 

Rb ppm 31.1 24.5 17.68 51.2  23.96 

Sc ppm 18 16 19.00 25  21 

Sr ppm 732.6 535.7 346.44 883.2  584.28 

Mo ppm 14.3 19.9 9.52 0.6  1.24 

Th ppm 1.5 1.5 1.46 6.8  2.5 

U ppm 1.5 1 1.13 5.5  1.5 

V ppm 119 92 133.94 177  158.4 

Y ppm 13.9 12.1 14.24 14  18.94 

Zn ppm 68 129 73.25 76  221.6 

Zr ppm 69.4 45.1 58.41 94.6  116.1 

La ppm 14 10 11.49 26.7  22.04 

Ce ppm 32.2 21.6 24.34 60  46.8 

Pr ppm 3.97 2.73 3.24 8.14  6.172 

Nd ppm 16.7 11.1 13.86 34.8  26.28 

Sm ppm 3.6 2.5 3.02 6.49  5.028 

Eu ppm 1.15 0.89 0.99 1.76  1.468 

Gd ppm 3.14 2.47 2.82 4.78  4.426 

Tb ppm 0.43 0.38 0.45 0.6  0.666 

Dy ppm 2.55 2.06 2.36 2.79  3.452 

Ho ppm 0.48 0.43 0.49 0.49  0.648 

Er ppm 1.28 1.15 1.33 1.34  1.816 

Tm ppm 0.19 0.16 0.21 0.19  0.29 

Yb ppm 1.45 1.14 1.26 1.24  1.696 

Lu ppm 0.21 0.16 0.20 0.16   0.26 
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Appendix 2: Recalculated composition of the Älgliden dike samples. The values have been recalculated on a volatile-
free basis and on a sulphide- free basis. HÅ: Hans Årebäck (2003-2004), HH: Hans Helfrich (1966),TB: Therese 

Bejgarn (pers. com.2008) 

Lithology Tonalite-granodiorite olivine-gabbronorite and olivine-norite 

Sample Average 20030214 20030207 20030220 20030206 20030217 20030211 B42 

Drill hole  ALA48 ALA43 ALA49 ALA43 ALA30 ALA47 ALA 31  

Source  HÅ HÅ HÅ HÅ HÅ HÅ TB 

Thin section    1727  1734 1733 67a 

Sec. start  90.3 39.9 74.5 15.45 38.8 93.6 67.15 

Sec. stop   90.55 ? ? 15.6 ? ? 67.45 
SiO2 % 71.61 42.47 42.05 44.75 45.13 42.95 43.51 43.89 

Al2O3 % 14.32 6.86 5.76 7.93 7.77 6.14 6.01 9.87 

Fe2O3  % 3.77 21.33 22.37 17.91 18.07 21.37 21.53 19.13 

MgO % 1.64 23.33 24.99 22.86 22.34 23.86 23.71 18.75 

CaO % 3.33 3.51 2.57 3.75 4.04 3.19 2.83 5.13 

Na2O % 3.55 1.01 0.81 1.02 1.07 0.86 0.81 1.31 

K2O % 1.41 0.45 0.37 0.52 0.47 0.46 0.41 0.66 

TiO2 % 0.24 0.41 0.45 0.63 0.55 0.56 0.54 0.66 

P2O5 % 0.09 0.16 0.12 0.15 0.20 0.14 0.16 0.11 

MnO % 0.06 0.22 0.22 0.22 0.21 0.21 0.22 0.26 

Cr2O3 % 0.01 0.25 0.27 0.25 0.15 0.26 0.27 0.21 

          

Ba ppm 408.55 203.00 177.00 192.00 222.00 167.00 176.00 236.00 

Co ppm 7.04 172.20 210.60 192.70 127.50 174.60 180.40 115.30 

Cu ppm 214.15 2590.00 4140.90 4136.60 488.10 2653.90 2782.10 504.40 

Cs ppm 1.05 0.30 0.50 1.70 0.60 0.40 0.60 1.10 

Ga ppm 15.99 8.40 8.20 10.10 9.50 8.40 8.20 12.00 

Hf ppm 1.65 0.90 0.90 1.10 1.00 1.20 1.10 1.20 

Nb ppm 2.88 1.90 1.90 2.00 2.70 1.90 2.30 2.40 

Ni ppm 12.90 759.37 925.28 578.23 720.16 822.09 808.03 430.73 

Pb ppm 1.86 10.60 18.20 19.70 6.90 7.00 11.30 3.80 

Rb ppm 23.33 11.40 9.10 10.50 11.20 10.00 12.20 15.40 

Sc ppm 7.00 13.00 12.00 11.00 15.00 13.00 13.00 20.00 

Sr ppm 419.12 180.50 127.90 187.00 216.50 145.90 137.90 235.20 

Mo ppm 5.46 9.90 6.70 4.20 3.10 4.60 7.90 7.30 

Th ppm 1.09 0.70 0.40 1.20 1.00 1.20 0.70 1.40 

U ppm 0.98 0.90 0.80 0.70 0.80 0.90 0.80 1.20 

V ppm 46.64 94.00 100.00 107.00 105.00 115.00 110.00 197.00 

Y ppm 5.78 9.90 6.60 10.10 10.50 8.60 10.40 9.00 

Zn ppm 32.27 96.00 195.00 96.00 74.00 88.00 84.00 54.00 

Zr ppm 55.72 34.90 29.90 37.00 44.10 36.70 38.00 44.00 

La ppm 7.09 8.10 6.30 7.30 8.80 7.40 8.60 7.70 

Ce ppm 14.10 15.00 11.40 14.50 17.00 13.80 14.90 15.70 

Pr ppm 1.76 2.03 1.59 1.88 2.25 1.91 2.09 2.07 

Nd ppm 7.29 9.60 6.60 8.60 9.70 8.40 8.90 8.90 

Sm ppm 1.31 2.10 1.30 1.80 2.30 1.80 2.20 1.82 

Eu ppm 0.38 0.71 0.50 0.62 0.72 0.57 0.75 0.56 

Gd ppm 1.14 1.83 1.33 1.91 2.07 1.78 2.17 1.66 

Tb ppm 0.17 0.28 0.23 0.27 0.28 0.26 0.31 0.29 

Dy ppm 0.96 1.52 1.14 1.44 1.84 1.30 1.59 1.53 

Ho ppm 0.20 0.31 0.23 0.31 0.33 0.31 0.39 0.34 

Er ppm 0.56 0.77 0.67 0.92 1.03 0.76 0.98 0.97 

Tm ppm 0.09 0.16 0.13 0.14 0.18 0.14 0.21 0.15 

Yb ppm 0.59 0.87 0.65 0.90 0.97 0.79 0.97 0.86 

Lu ppm 0.09 0.14 0.14 0.13 0.16 0.10 0.17 0.14 
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Lithology olivine-gabbronorite and olivine-norite Gabbronorites gabbros and norites 

Sample B38 20030205 20030209 Average 20030210 20040024 20030216 20030202 20030213 

Drill hole ALA47  ALA42 ALA44  ALA47 ALA15 ALA30 ALA31 ALA48 

Source TB HÅ HÅ  HÅ HÅ HÅ HÅ HÅ 

Thin section 80a    1729     

Sec. start 80.45 54.9 81  66.9 40.35 15.5 75.55 48.85 

Sec. stop 80.64 55.1 ?   67.2 40.55 ? 75.8 49.1 
SiO2 % 44.44 43.75 44.36 46.27 45.46 45.42 46.85 47.51 47.01 

Al2O3 % 8.15 8.49 9.24 8.23 9.86 7.68 7.47 10.68 10.52 

Fe2O3  % 20.13 21.79 20.07 18.86 19.95 19.22 17.97 16.72 17.31 

MgO % 20.09 19.33 19.03 19.99 17.42 22.76 21.15 17.00 17.12 

CaO % 4.17 4.39 4.52 3.77 4.23 3.20 3.71 5.08 4.52 

Na2O % 1.01 0.77 0.92 1.19 1.01 0.10 1.12 1.34 1.37 

K2O % 0.56 0.40 0.56 0.57 0.74 0.35 0.54 0.55 0.88 

TiO2 % 0.75 0.57 0.65 0.55 0.64 0.48 0.65 0.56 0.68 

P2O5 % 0.15 0.10 0.18 0.14 0.17 0.18 0.19 0.17 0.21 

MnO % 0.23 0.23 0.21 0.21 0.27 0.18 0.21 0.19 0.19 

Cr2O3 % 0.32 0.20 0.25 0.22 0.25 0.43 0.14 0.20 0.21 

           

Ba ppm 189.00 144.00 213.00 211.60 246.00 125.30 256.00 238.00 328.00 

Co ppm 126.10 125.40 157.00 144.44 148.20 178.10 123.20 125.60 142.50 

Cu ppm 923.10 2564.60 2361.10 2123.54 2335.00 2811.70 808.00 1211.20 2226.40 

Cs ppm 1.60 0.90 0.90 0.88 1.20 0.60 0.80 1.00 1.50 

Ga ppm 10.90 11.30 10.20 10.29 13.20 10.30 10.10 13.00 13.60 

Hf ppm 1.20 0.70 1.30 1.11 1.40 0.90 1.20 1.50 1.60 

Nb ppm 3.20 1.20 2.90 2.30 2.70 2.20 3.20 2.50 3.30 

Ni ppm 513.80 427.33 424.60 583.87 336.86 706.16 603.30 326.72 330.07 

Pb ppm 4.30 41.40 8.70 12.16 14.70 2.40 5.50 13.30 7.20 

Rb ppm 12.30 9.40 16.10 12.81 18.20 6.80 11.80 15.90 22.00 

Sc ppm 17.00 18.00 16.00 14.09 19.00 10.00 18.00 15.00 17.00 

Sr ppm 192.00 181.40 211.30 203.16 214.10 22.90 193.60 299.90 255.20 

Mo ppm 4.60 5.70 6.70 6.01 30.60 15.10 2.30 5.50 43.30 

Th ppm 0.80 0.70 1.30 0.95 1.50 0.90 0.80 2.10 1.60 

U ppm 0.90 0.70 1.00 0.88 1.10 0.90 0.80 1.00 1.20 

V ppm 165.00 160.00 141.00 121.88 164.00 91.00 101.00 127.00 143.00 

Y ppm 9.60 9.40 17.50 9.76 13.70 7.40 12.20 12.40 14.70 

Zn ppm 59.00 65.00 61.00 82.21 56.00 92.00 65.00 49.00 60.00 

Zr ppm 38.60 26.00 46.00 39.17 45.20 36.20 47.40 55.20 52.70 

La ppm 7.40 7.80 20.10 8.78 12.20 6.60 8.80 10.50 11.40 

Ce ppm 15.40 12.20 25.50 15.41 19.60 14.90 17.30 17.50 21.50 

Pr ppm 2.07 1.82 3.29 2.07 2.80 1.72 2.36 2.53 2.83 

Nd ppm 9.30 7.30 13.30 8.90 11.30 6.50 11.70 10.20 13.10 

Sm ppm 1.92 1.40 3.20 1.92 2.60 1.40 2.70 2.10 3.10 

Eu ppm 0.58 0.53 1.17 0.64 0.92 0.38 0.82 0.75 0.92 

Gd ppm 1.87 1.49 2.57 1.80 2.31 1.41 2.68 2.51 2.56 

Tb ppm 0.31 0.25 0.65 0.30 0.42 0.21 0.40 0.38 0.46 

Dy ppm 1.60 1.29 2.14 1.49 2.00 1.20 1.98 1.78 2.33 

Ho ppm 0.33 0.34 0.64 0.34 0.49 0.24 0.43 0.45 0.45 

Er ppm 1.00 0.82 1.20 0.88 1.07 0.76 1.21 1.06 1.38 

Tm ppm 0.16 0.15 0.43 0.18 0.24 0.11 0.18 0.24 0.25 

Yb ppm 0.96 0.84 1.32 0.88 1.12 0.55 1.10 1.18 1.29 

Lu ppm 0.15 0.17 0.34 0.16 0.24 0.09 0.18 0.21 0.19 
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Lithology Gabbronorites gabbros and norites 

Sample 20030215 20030218 20030222 20091001 20091002 3601 20091000 20091003 B64 B87 

Drill hole ALA48 ALA49 ALA51 ALA22 ALA22 ALA47 ALA22 ALA22 ALA22  ALA31 

Source HÅ HÅ HÅ CF CF HH CF CF TB TB 

Thin section 1728 1731  19238 19239  19237  191a 76a 

Sec. start 131.2 17 123.5 180.22 186.22 99 176.2 189.35 191 76.9 

Sec. stop 131.45 ? ? 180.67 186.72 100 176.6 189.85 191.7 77.2 
SiO2 % 46.78 47.26 47.38 49.01 49.51 48.38 51.25 50.27 50.67 49.55 

Al2O3 % 12.25 9.64 13.00 12.89 12.65 10.45 15.50 15.41 16.09 15.92 

Fe2O3  % 15.77 17.47 13.99 14.40 13.68 14.10 12.67 10.86 10.32 12.46 

MgO % 15.91 17.50 15.25 12.97 13.20 19.87 8.24 9.82 8.85 9.90 

CaO % 6.20 4.91 7.14 6.58 6.83 4.32 7.54 9.28 9.00 7.52 

Na2O % 1.23 1.09 1.26 1.77 1.98 1.25 2.64 2.42 2.70 2.36 

K2O % 0.68 0.77 0.74 0.80 0.52 0.74 0.64 0.75 0.98 1.19 

TiO2 % 0.65 0.76 0.71 1.02 1.02 0.68 1.09 0.83 0.96 0.75 

P2O5 % 0.19 0.21 0.20 0.24 0.28  0.27 0.19 0.28 0.21 

MnO % 0.18 0.17 0.19 0.19 0.19 0.22 0.15 0.16 0.16 0.16 

Cr2O3 % 0.16 0.21 0.14 0.13 0.13  0.05 0.08 0.06 0.08 

            

Ba ppm 256.00 294.00 255.00 431.00 277.00  354.00 264.00 350.00 388.00 

Co ppm 148.50 117.70 77.80 90.00 81.00  57.50 48.20 51.50 51.70 

Cu ppm 2382.50 1061.30 192.70 753.10 289.00  2539.70 73.00 62.40 91.60 

Cs ppm 1.10 1.50 1.20 0.40 1.10  1.00 1.50 1.20 1.80 

Ga ppm 11.70 12.60 14.00 15.70 15.40  16.60 15.50 16.40 16.10 

Hf ppm 1.50 1.60 1.80 2.30 2.30  2.30 1.50 2.10 1.90 

Nb ppm 3.10 3.70 2.90 4.90 5.80  4.80 3.70 5.10 3.80 

Ni ppm 271.78 355.31 263.05 189.80 195.17  95.44 120.75 104.97 121.97 

Pb ppm 11.70 5.70 3.10 11.30 18.50  9.60 7.40 6.50 7.00 

Rb ppm 14.30 16.10 15.20 15.30 10.90  14.20 15.90 22.40 28.30 

Sc ppm 16.00 19.00 16.00 19.00 20.00  24.00 28.00 26.00 23.00 

Sr ppm 271.30 209.80 277.00 300.70 330.50  377.80 473.90 567.00 481.00 

Mo ppm 5.20 4.00 0.90 1.60 1.70  1.00 0.80 1.10 5.00 

Th ppm 1.00 0.80 1.40 1.70 2.10  1.70 1.30 1.60 1.80 

U ppm 1.00 1.00 0.80 1.30 1.60  1.20 0.90 1.30 1.50 

V ppm 99.00 133.00 113.00 158.00 154.00  171.00 138.00 171.00 169.00 

Y ppm 13.10 14.50 13.50 17.50 19.50  17.30 14.10 17.40 14.50 

Zn ppm 64.00 42.00 60.00 62.00 167.00  127.00 44.00 47.00 40.00 

Zr ppm 52.50 53.90 55.00 74.10 85.50  71.90 56.20 72.60 61.60 

La ppm 10.70 10.90 10.80 13.60 15.20  13.40 10.60 14.20 10.90 

Ce ppm 20.70 22.60 22.00 31.80 36.80  31.60 24.80 30.40 24.20 

Pr ppm 2.77 2.97 2.93 4.30 4.83  4.29 3.36 4.15 3.24 

Nd ppm 12.50 13.70 13.60 17.90 20.10  17.30 14.30 18.70 13.10 

Sm ppm 2.60 3.40 2.80 3.71 4.33  3.82 2.97 3.73 2.93 

Eu ppm 0.89 0.89 0.95 1.17 1.38  1.35 1.03 1.27 1.00 

Gd ppm 2.63 3.00 2.41 3.41 3.88  3.50 2.92 3.52 2.80 

Tb ppm 0.37 0.41 0.39 0.55 0.64  0.59 0.47 0.57 0.45 

Dy ppm 2.09 2.37 2.26 2.80 3.24  2.90 2.46 3.11 2.62 

Ho ppm 0.47 0.51 0.47 0.59 0.66  0.60 0.49 0.62 0.52 

Er ppm 1.15 1.29 1.23 1.58 1.80  1.63 1.45 1.75 1.42 

Tm ppm 0.17 0.18 0.17 0.25 0.27  0.25 0.21 0.27 0.23 

Yb ppm 1.11 1.18 1.16 1.51 1.80  1.46 1.21 1.67 1.30 

Lu ppm 0.21 0.21 0.16 0.21 0.25   0.22 0.20 0.24 0.21 
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Lithology Gabbronorites gabbros  norites Chilled margin Basalt - andesite 

Sample 20040025 20040022 Average B78 3591 Average  

Drill hole ALA15 ALA13  ALA11  ALA22  

Source HÅ HÅ  TB HH  

Thin section    23a   

Sec. start 72.85 36.5  23.9 174  

Sec. stop 73.05 36.8   24,2 175   
SiO2 % 53.58 50.42 48.61 52.03 51.76 56.67 

Al2O3 % 18.41 17.83 12.72 15.62 18.01 17.06 

Fe2O3  % 8.58 11.35 14.52 9.35 8.29 7.65 

MgO % 6.57 7.75 14.19 7.87 8.41 5.39 

CaO % 6.88 8.00 6.17 9.30 9.24 7.55 

Na2O % 3.38 2.56 1.74 2.44 2.84 3.33 

K2O % 1.46 1.20 0.80 2.14 0.41 1.04 

TiO2 % 0.79 0.59 0.76 0.73 0.89 0.98 

P2O5 % 0.24 0.18 0.21 0.35  0.39 

MnO % 0.11 0.13 0.18 0.19 0.14 0.16 

Cr2O3 % 0.06 0.05 0.15 0.04  0.02 

        

Ba ppm 446.40 376.60 305.33 766.00  446.60 

Co ppm 41.60 150.90 102.13 36.10  30.38 

Cu ppm 1001.60 5543.60 1461.43 301.50  51.60 

Cs ppm 1.20 1.90 1.19 2.60  1.64 

Ga ppm 19.30 16.30 14.36 18.10  18.00 

Hf ppm 1.80 1.20 1.68 3.00  3.02 

Nb ppm 4.70 2.50 3.68 5.00  8.18 

Ni ppm 75.20 86.86 261.46 76.70 0.00 82.78 

Pb ppm 16.20 29.90 10.63 6.50  51.24 

Rb ppm 31.10 24.50 17.68 51.20  23.96 

Sc ppm 18.00 16.00 19.00 25.00  21.00 

Sr ppm 732.60 535.70 346.44 883.20  584.28 

Mo ppm 14.30 19.90 9.52 0.60  1.24 

Th ppm 1.50 1.50 1.46 6.80  2.50 

U ppm 1.50 1.00 1.13 5.50  1.50 

V ppm 119.00 92.00 133.94 177.00  158.40 

Y ppm 13.90 12.10 14.24 14.00  18.94 

Zn ppm 68.00 129.00 73.25 76.00  221.60 

Zr ppm 69.40 45.10 58.41 94.60  116.10 

La ppm 14.00 10.00 11.49 26.70  22.04 

Ce ppm 32.20 21.60 24.34 60.00  46.80 

Pr ppm 3.97 2.73 3.24 8.14  6.17 

Nd ppm 16.70 11.10 13.86 34.80  26.28 

Sm ppm 3.60 2.50 3.02 6.49  5.03 

Eu ppm 1.15 0.89 0.99 1.76  1.47 

Gd ppm 3.14 2.47 2.82 4.78  4.43 

Tb ppm 0.43 0.38 0.45 0.60  0.67 

Dy ppm 2.55 2.06 2.36 2.79  3.45 

Ho ppm 0.48 0.43 0.49 0.49  0.65 

Er ppm 1.28 1.15 1.33 1.34  1.82 

Tm ppm 0.19 0.16 0.21 0.19  0.29 

Yb ppm 1.45 1.14 1.26 1.24  1.70 

Lu ppm 0.21 0.16 0.20 0.16   0.26 

 



 47 

Appendix 3: Petrographic description of the thin sections. JP: Jose Portacio (1986), HÅ: Hans Årebäck (2003-2004), 
HH: Hans Helfrich (1966),TB: Therese Bejgarn (pers. com.), CF: Cécile Filoche (this study). Pl: plagioclase, Fd: 
feldspar, Q: quartz, amph: amphibole, pyx: pyroxene, bt: biotite, ur: uralitization, ser: sericitizati on, serp: 
serpentine, mt: magnetite, tlc: talc, chl: chloritization, carb: carbonate, po: pyrrhotite, py: pyrite, cpy: chalcopyrite 
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