
26

Metallogeny of the northern Norrbotten Fe-Cu-Au-ore province
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Introduction
Northern Norrbotten is an important mining province domi-
nated by Fe- and Cu- deposits, with Au as a minor constituent 
in some of the Cu-deposits. Economically the apatite iron ores 
are most important for the region with an annual production of 
c. 31 Mt of ore from the Kiirunavaara and Malmberget depos-
its, which is 90 % of Western Europe’s production of Fe-ore. 
During the last 100 years the total production from 10 mines in 
this region is about 1600 Mt of high grade Fe-ore. Copper has 
been produced during the 17th and 18th centuries from several 
small deposits in the Kiruna area. The most important one was 
the Gruvberget deposit at Svappavaara. Recently copper ore has 
been mined in larger scale at Kiruna in Viscaria (1982–1997) 
and Pahtohavare (1990–1997). At Pahtohavare some gold was 
also produced. Sweden’s largest sulphide mine, Aitik is situated 
in the Gällivare area. With an annual production of 18 Mt it 
is one of the major Cu and Au producers in Western Europe. 
Already 1902–1907 some copper and gold was mined in the Gäl-
livare area at Nautanen, Liikavaara, Ferrum and Fridhem.

Geological setting 
The geology of the northern Norrbotten region includes an 
Archaean granitoid-gneiss basement, which is unconformably 
overlain by Palaeoproterozoic greenstones, porphyries and sedi-
mentary successions. The Archaean basement is dominated by 
c. 2.8 Ga tonalite-granodiorite intrusions. Minor constituents 
are mafi c to intermediate volcanic rocks, clastic sediments and 
undeformed red c. 2.7 Ga granites (Martinsson et al., 1999). 
These rocks are intruded by several generations of mafi c dyke 
swarms. In the Kiruna area the deformed and metamorphosed 
Archaean basement is covered by a volcano-sedimentary pile 
comprising the Kovo Group, the Kiruna Greenstones, the Kur-
ravaara Conglomerate, the Porhyrite Group, the Kiruna Porphy-
ries and the Hauki Quartzite. Although most units are mainly 
conformable, the existence of conglomerate at several strati-
graphic levels, containing pebbles from underlying units, indi-
cate periods of erosion.

Clastic sediments and basaltic to andesitic volcanic rocks 
formed in a rift environment constitute the c. 2.5–2.3 Ga old 
Kovo Group. The Kiruna Greenstones were formed during a 
second rifting event at c. 2.1 Ga, which ended with the open-
ing of an ocean along a line from Ladoga in SE to Lofoten in 
NW. The lower part of the greenstones is dominated by basaltic 
volcanic rocks and komatiites, with clastic sediments and evap-
orites as minor constituents at the base of the pile. Volcaniclastic 
sediments with intercalations of graphitic schist and carbonate 
rocks are found in the middle part and MORB-type pillow lava 
dominates the upper part of the succession. Outside the central 
Kiruna area the uppermost unit comprises basaltic volcaniclastic 
rocks, graphite schist and dolomite. Most of the greenstones were 
deposited in a shallow water environment, although the MORB-
type pillow lavas represent a deeper marine facies formed within 
a NNE-directed failed rift arm (Martinsson, 1997).

The Kiruna Greenstones are unconformably overlain by the 
Kurravaara Conglomerate, which is dominated by ruditic to are-
nitic sediments. It belongs to the c. 1.90–1.88 Ga Porphyrite 
Group that comprises andesitic volcanic rocks formed during 
subduction and clastic sediments of mainly andesitic origin. The 
Kiruna Porphyries have a bimodal composition with a mainly 

basaltic lower part and a dacitic to ryholitic upper part contain-
ing thin intercalations of basaltic lava. However, in the central 
Kiruna area the lower part is mainly trachyandesitic in compo-
sition. An intraplate origin is indicated by the chemical com-
position of the porphyries. Later uplift and erosion of the area 
resulted in the formation of the arenitic sediments within the 
Hauki Quartzite.

The c. 10 km thick pile of volcanic and sedimentary rocks 
were deformed and metamorphosed during the Svecokarelian 
orogen (1.9–1.8 Ga). Synorogenic intrusions ranging in com-
position from gabbro to granite belong to the 1.89–1.87 Ga 
Haparanda and Perthite suites. Postorogenic minimum melt 
granites and pegmatites (Lina Suite) are temporally associated 
with 1.79–1.80 Ga monzonitic to granitic intrusions (TIB 
Suite). A second event of metamorphism and deformation seems 
to have accompanied this younger magmatic episode, but is 
strongly developed only in selected areas.

Mineral deposits and regional alterations
Northern Norrbotten is a province characterized by regionally 
developed scapolitization and albitization (Frietsch et al., 1997). 
Alterations dominated by albite-carbonate, K-feldspar, sericite 
and tourmaline are of more local nature and often related to 
major shear zones. These alteration assemblages have formed 
from saline solutions in a multistage process including diage-
netic, hydrothermal, metamorphic and magmatic events with 
evaporites at the base of the greenstones as a possible source for 
Na and Cl. Similar alteration styles, with scapolite, albite, and 
K-feldspar as the most typical expressions of ore related altera-
tion, are also observed in many mineral deposits in the region.

Stratiform to stratabound mineralizations with Fe and base 
metals occur in volcaniclastic units in the middle and upper 
parts of the Kiruna greenstones. Based on the mineral composi-
tion and the character of the ores three main types are distin-
guished: base metal sulphide deposits (Cu or Zn-Pb), skarn-rich 
iron formations and chert-banded iron formations (BIF). Apa-
tite iron ores are mainly restricted to the Kiruna and Gällivare 
areas and most occurrences are hosted by the Kiruna Porphyries 
or the underlying Porphyrite Group. Sulphide mineralizations 
of epigenetic origin are mainly found in the Palaeoproterozoic 
greenstones and porphyries. Most of them are dominated by Cu, 
but some also contain considerable amounts of Co and/or Au.

Stratiform-stratabound sulphide occurrences
Sulphide mineralizations of a stratiform-statabound character 
are rather few and restricted to volcaniclastic units of the green-
stone successions. They are tabular or blanket shaped and domi-
nated by base metal sulphides. Varying proportions of chalcopy-
rite, pyrrhotite, pyrite, sphalerite, galena and magnetite occur 
disseminated or as massive intercalations in tuffi te, black schist 
and carbonate rocks. Chert is a common associated rock form-
ing extensive beds up to 20 m thick. The largest and only eco-
nomic deposit is the Viscaria Cu-ore situated at Kiruna. Huor-
naisenvuoma is a subeconomic Zn-Pb occurrence northeast of 
Kiruna. 

The Viscaria Cu-deposit is hosted by the volcaniclastic Vis-
caria Formation, which is overlain by the Peuravaara Formation 
that is dominated by MORB-type pillow lava. Three stacked ore 
horizons (A, B and D) contain sulphides and magnetite in differ-
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ent proportions. Thin horizons containing magnetite and some 
sulphides also occur in the Peuravaara Formation. The A-zone 
was economically most important, but during the last years of 
mining some ore was also produced from the B-zone. Totally 
12.54 Mt of ore with 2.29 % Cu was mined between 1982 and 
1997. A pronounced metal zoning is developed in the A-zone. 
Most conspicuous is the enrichment of Zn towards the hang-
ing wall contact in the central and high-grade part of the ore. 
The Cu content in this area is 3 to 10 %, with the highest grade 
developed towards the footwall. Accessory amounts of barite are 
found in the high-grade part. Enrichments of Zn, Mn and to 
some extent Au are noticed in the peripheral and low-grade parts 
of the ore zone (Martinsson et al. 1997). Laminated ore with 
slumping structures occurs in some parts of the deposit.

The A-zone is situated on top of a large alteration zone, which 
extends laterally beyond the economic part of the A-zone. It 
encloses the underlying B- and D-zones and continues about 
500 m stratigraphically below the ore in its central part. A high 
K/Na ratio, due to the alteration of plagioclase to phyllosilicates, 
characterises the altered rock. The ore constituents were prob-
ably precipitated from a brine pool formed by exhalations of 
highly saline solutions at the sea fl oor. Dissolution of evaporites 
at the base of the greenstones during hydrothermal convection 
is a possible explanation to the saline character of the ore fl uids. 
Temporal the ore formation was connected to a stage of rapid 
basin subsidence caused by the development of the failed rift arm 
(Martinsson et al. 1997).

Iron formations (BIF and skarn-rich iron formations) 
Skarn-rich iron formations and BIF lack economic importance 
in northern Norrbotten. Most numerous are the skarn-rich iron 
formations. They occur as stratiform-stratabound lenses with a 
length of 600-1300 m and a thickness of 50–100 m. The aver-
age compositions of most skarn-rich formations are rather simi-
lar with 30–45 % Fe, 1–3 % S and 0.02–0.1 % P (Grip & Fri-
etsch 1973). Typical size is 5–60 Mt and the largest and best 
known example is the Sahavaara deposit. Magnetite, serpentine, 
diopside and tremolite are the main constituents of these depos-
its. The ores may be overlain by diopside-amphibole skarn and 
calcsilicate-bearing chert. Pyrite and pyrrhotite are common 
minor components. They occur disseminated and in veinlets 
together with accessory amounts of chalcopyrite. Although core 
sections containing several percent Cu exist in many deposits the 
average grade is usually in the range of 0.02 to 0.07 % Cu. Altera-
tions are mainly recorded from the footwall, with the formation 
of biotite or chlorite and locally scapolite.

Some typical skarn-rich iron formations gradually change 
into BIF towards the hanging wall and/ or laterally, suggesting 
these two types of iron deposits to be genetically related (Grip & 
Frietsch 1973). One of the best examples is the Tornefors deposit 
in the Tärendö area, where a skarn-rich iron formation is over-
lain by a BIF.

Typical BIF-deposits are tabular with a thickness of up to 200 
m and a length of up to 15 km. Silicate facies BIF ś are wide-
spread in the upper part of the greenstone successions in the 
Pajala-, Tärendö-, and Lannavaara areas. The largest and best-
known deposit occurs at Käymäjärvi in the Pajala area. Gener-
ally the iron content is in the range of 15 to 25 %. Slightly higher 
grade is encountered in locally developed oxide facies. Many of 
the BIF-deposits are manganiferous with up to 4 % MnO.

Apatite iron ores 
Kiruna is the type area for apatite iron ores with the Kiirunavaara 
deposit as the largest and most well known example. It contains 
more than 2000 Mt of high-grade ore. Totally about 40 apatite 

iron ores are known from northern Norbotten. Individual depos-
its have an average content of Fe and P varying between 30–70 
% and 0.05–5 %, respectively. Besides magnetite and hematite 
most ores contain signifi cant amounts of apatite and they are 
generally strongly enriched in LREE and to some extent Th.

The apatite iron ores exhibit a considerable variation in host 
rock lithology, host rock relationships, host rock alterations, 
P-content and associated minor components. It is possible to 
distinguish two rather distinct groups of deposits: a breccia 
type and a stratiform-stratabound type. A third and less dis-
tinct group of deposits has features similar to both the other 
two groups, and is in many respects intermediate in character to 
them.

Apatite iron ores having the character of a breccia are mainly 
situated in intermediate to mafi c volcanic rocks, which occur 
in a stratigraphically low position of the Kiruna porphyries or 
within the underlying Porphyrite Group. Amphibole is always 
present as a minor component and accessory amounts of pyrite, 
chalcopyrite and titanite may be encountered. Host rock altera-
tions are not reported to be a prominent feature of these deposits 
but albite and scapolite seem to be rather common, while sericite, 
epidote and tourmaline are less important. Characteristic for the 
breccia-type deposits is the low P-content (usually in the range 
of 0.05–0.3 %), and an average iron content of only c. 30 %. 
However, the central parts of larger deposits may be more high-
grade (i.e. Mertainen). With a few exceptions magnetite is the 
only iron oxide.

The other group of deposits form stratiform-stratabound 
lenses in stratigraphically high positions within the Kiruna por-
phyries. They have hematite as a major iron oxide together with 
varying amounts of magnetite and these deposits also have a 
higher P-content, varying from 1 to 4.5 %. Amphibole is miss-
ing, and the gangue minerals are mainly apatite, quartz and car-
bonate. Host rock alterations are common with sericite, biotite, 
tourmaline and carbonate as typical products. The hanging wall 
rocks may also be strongly silicifi ed (i.e. Rektorn). Sulphides are 
rare and mainly found in small amounts in the altered footwall 
or as crosscutting late veins within the ores. Ore-breccia is lack-
ing or restricted to the footwall.

Some deposits share features with both these two groups of 
apatite ores. They are mainly stratabound in character but have 
also ore-breccia developed along the wall rock contacts (i.e. 
Kiirunavaara). Magnetite is the dominant, or only, iron oxide. 
Amphibole is a characteristic minor component and titanite 
may be present in accessory amounts. The Fe content is high 
(55–67%), and the average P-content is rather low, although it 
varies considerably (from 0.02 to >5 %) within individual depos-
its. Alterations in the host rocks are not well defi ned, but include 
the formation of albite, amphibole, biotite, sericite and locally 
scapolite or tourmaline. 

The genesis of the apatite iron ores has been discussed for 
more than 100 years. Suggested models include sedimentary, 
hydrothermal or magmatic processes. Most features of the ores 
are compatible with either a magmatic intrusive origin or a 
hydrothermal origin. Probably both magmatic and hydrother-
mal processed have been active explaining the large variation in 
mineralization style recognized within and between individual 
deposits. Geochronlogical data for the Kiirunavaara and Luos-
savaara deposits indicate an emplacement at c. 1.89 Ga (Cliff et 
al., 1990; Romer et al., 1994).

Thus, the apatite iron ores are temporally and spatially asso-
ciated to the c. 1.88 Ga Kiruna Porphyries. However, they 
are mainly restricted to the Kiruna-Gällivare areas where the 
Kiruna Porphyries are strongly affected by scapolitization and 
alkali-metasomatism.
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Epigenetic Cu-Au deposits
The largest number of epigenetic Cu-deposits have been found 
in the western part of northern Norrbotten and in the Gällivare 
area, which may be a result of more extensive exploration in these 
areas. Deposits in the Kiruna area mainly occur within volcani-
clastic parts of the Kiruna Greenstones, in andesites belonging 
to the Porphyrite Group or basalts from the lower part of Kiruna 
Porphyries. In some cases mineralizations are hosted by intru-
sions that are co-magmatic with the Kiruna porphyries. Most of 
the epigenetic Cu-Au deposits in the Gällivare area are hosted by 
volcaniclastic sediments varying in composition from arenites 
to pelites or by dioritic intrusions. These sediments belong to 
the Porphyrite Group and the diorites are probably synvolcanic 
intrusions related to andesites within the Porphyrite Group. 
Many of the deposits occur adjacent to major shear zones in both 
the Kiruna and Gällivare areas. Some deposits in the Kiruna area 
exhibit a close spatial and possible genetic relationship to apatite 
iron ores. 

Deposits hosted by the Kiruna Greenstones are mainly of two 
types: carbonate-quartz veins and Pahtohavare type. Vein type 
mineralizations contain chalcopyrite or locally chalcocite in a 
gangue of quartz, ferro-dolomite or calcite. They are usually 
hosted by mafi c sills or basaltic lava. Ore related alterations are 
mostly minor. The vein-type deposits lack economic importance 
although they attracted prospectors in the 17th and 18th cen-
turies due to the locally high Cu-grade within these minerali-
zations. Pahtohavare-type deposits are characterized by albiti-
zation, scapolitization and locally carbonatization. Pyrite and 
chalcopyrite are the dominant ore minerals and besides Cu also 
Au may be of economic signifi cance. A weak enrichment of U 
is common in several occurrences. Graphite schist seems to be 
an important chemical trap and most of the ores are hosted 
by strongly albitized graphite schist where the graphite is lost 
during the alteration. The only deposit of economic importance 
is the Pahtohavare deposit, which in many respects is similar to 
the Bidjovagge Au-Cu deposit in northern Norway (Björlykke et 
al. 1987).

Deposits occurring in the Porphyrite Group and the Kiruna 
Porphyries are characterized by alterations comprising K-feld-
spar, scapolite, and often some tourmaline and occasionally 
sericite. Extensive albitization is only locally developed and then 
mainly in association with intermediate to felsic intrusions. The 
main ore minerals are pyrite, chalcopyrite and magnetite. Sev-
eral deposits also contain bornite and minor amounts of molyb-
denite. Pyrite with a high Co-content is the most important ore 
mineral in a few deposits. The ore minerals occur disseminated, 
in veins, veinlets or in breccias. Aitik is the largest Cu-Au deposit 
in northern Norrbotten, but several subeconomic to potential 
occurrences exist. Several small deposits have been mined in 
the past (Nautanen, Liikavaara, Ferrum, Fridhem and Gruvber-
get).

Characteristic for all investigated epigenetic Cu-Au deposits 
in northern Norrbotten is the high salinity of the fl uid inclu-
sions (Broman & Martinsson, this volume). Mobilized compo-
nents from evaporitic sediments at the base of the greenstones 
may have contributed to the saline character of the hydrothermal 
fl uids. Chronological data from mineralizations suggest at least 
two events of ore formation: at c. 1.87 Ga and 1.77 Ga (Bill-
ström & Martinsson, this volume). Both are temporally related 
to magmatic and metamorphic events of regional importance. 
Thus, the epigenetic Cu-Au deposits seem to be products of 
multistage hydrothermal events related to magmatic, metamor-
phic and tectonic processes.

Conclusions
The single most important feature of this region is probably the 
occurrence of evaporitic sediments at the base of the c. 2.1 Ga 
greenstones serving as a source for Na and Cl during later geo-
logical processes. The saline character of the hydrothermal fl uids 
creating regional alterations and mineral deposits is manifested 
by the extensive formation of scapolite and albite in the Palaeo-
proterozoic rocks and the high salinity in fl uid inclusions from 
gangue minerals in stratiform and epigenetic sulphide deposits 
in this region. The metal association, the mechanism of trans-
port and precipitation of the ore constituent is largely controlled 
by the high Cl-content in the ore fl uids. Thus, the character of 
the mineral deposits is strongly dependent on the saline charac-
ter of the ore-forming hydrothermal systems. 

Another important feature is the large-scale 1.9–1.8 Ga defor-
mation zones controlling the location of many epigenetic Cu-Au 
deposits. The most prominent structure is the NNE-directed 
Karesuando-Arjeplog deformation zone. In direction and loca-
tion it corresponds to the failed rift arm that formed during the 
break up of the continental crust at c. 2.1 Ga. Other major defor-
mation zones have a NW-SE direction, which parallels the pas-
sive margin and the dyke swarms that formed in response to the 
ocean opening from Ladoga to Lofoten during this rifting event. 
This suggests that many of the deformation zones important 
for the generation and location of the epigenetic Cu-Au depos-
its are reactivated old zones of crustal weakness initially formed 
during the 2.1 Ga rifting event. These deep crustal structures 
and the occurrence of evaporites within the Paleoproterozoic 
pile of volcanic and sedimentary rock may also be features of 
genetic importance for the generation of apatite iron ores in this 
region. 
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