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Abstract. Northern Norrbotten is part of an important 
metallogenetic province in the northern region of the 
Fennoscandian Shield dominated by the commodities Fe- 
Cu-Au including world class Fe-oxide and Cu-Au-Ag 
deposits. These occurrences are hosted by 2.3-1.9 Ga 
Palaeoproterozoic volcanic and sedimentary units 
deposited on an Archean basement. Based on the style of 
mineralization and the occurrence of regional scapolite 
and albite alteration among other alteration types this 
region has been regarded as a typical IOCG province. 
Kiskamavaara is a subeconomic Cu-Co-Au deposit 
situated together with several other epigenetic sulphide 
occurrences along a major shear zone. Chalcopyrite-
pyrite-magnetite-hematite ore minerals occur as breccia 
infill in association with strong K-feldspar alteration within 
an extensive zone of hydrothermal brecciation of andesitic 
host rock. The mineralization may be part of a 
symmetrically zoned system. A core rich in magnetite with 
traces of molybdenite is surrounded by an inner 
magnetite-pyrite-chalcopyrite assemblage and an outer 
and more extensive zone of hematite. In this transition 
zone sericite±tourmaline alteration partly overprints K-
feldspar alteration. Cu-Au-Co mineralization with breccia 
and K-feldspar alteration at the transition zone between 
magnetite and hematite is typical of magnetite- to hematite 
group IOCG-deposits. 
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1 The Northern Norrbotten ore province 
 
The northern region of the Fennoscandian Shield, 
involving parts of Finland, Norway and Sweden, is an 
economically important metallogenic province dominated 
by Fe-oxide and Cu±Au deposits. Economically most 
important are the apatite iron ores at Kiruna and 
Malmberget and the Aitik Cu-Au-Ag deposit. Besides 
these world class deposits there exists a large number of 
sub economic to economic deposits containing Fe or 
Cu±Au (Weihed et al. 2008). 
Based on styles of Fe and Cu-Au mineralization, 

extensive albite-scapolite±amphibole alteration and 
subsequent K-feldspar-sericite-iron oxide-sulphides 
alteration and mineralization, the region has been 
regarded as a typical iron oxide-copper-gold (IOCG) 
province (e.g., Martinsson et al. 2001; Williams 2010). 
Characteristic is also the highly saline (Na-Ca-Cl) nature 
of ore forming fluids (Broman and Martinsson 2000). The 
Cu±Au deposits are quite variable in character with 
magnetite as a minor or major component in most 
deposits. However, in strictly genetic terms, only some of 
these deposits may be classified as IOCG deposits while 
others only share some of the features characteristic of 
this ore type (cf., Edfelt et al. 2005; Wanhainen et al. 
2005) according to the definition by Hitzman (2000) and 

Groves et al. (2010). 
Host rocks include rift related Palaeoproterozoic 

greenstones (~2.3-2.0 Ga) and subduction related igneous 
and sedimentary rocks of the Svekokarelian Orogen 
(~1.9-1.8 Ga) deposited on an Archean basement. The 
most mineralized units are the Kiruna Greenstone Group, 
the Porphyrite Group and the Kiirunavaara Group. More 
intensely mineralized areas are mainly found along two of 
the major shear zones in Northern Norrbotten (Fig. 1). 
The NNE-directed Karesuando-Arjeplog Deformation 
Zone (KADZ) is the most prominent one separating 
domains of different metamorphic grade and 
lithostratigraphy (Bergman et al. 2001). It follows a deep 
crustal structure suggested to represent a 2.1 Ga aborted 
rift arm (Martinsson 2004). 
 

 
Figure 1. Epigenetic Cu±Au deposits and simplified 
geological map of Northern Norrbotten. Modified from 
Martinsson (1995). 
 
2 The Kiskamavaara Cu-Co-Au deposit 
 
2.1 Local geology 
 
The Kiskamavaara Cu-Co-Au deposit, located 40 km east 
of Kiruna, was found by the Swedish Geological Survey in 
1972 by drilling on geochemical and geophysical 
anomalies. It has been investigated by geophysical ground 
measurements (Mag, SR, IP) and drilling (65 Dh) during 
the period 1972-1980 (Bergman et al. 2001). The deposit is 
situated together with several other epigenetic sulphide 
occurrences along KADZ, partly in association with 
extensive zones of albite-carbonate alteration. Intermediate 
to felsic metavolcanic rocks and quartzite dominate the 



bedrock in the Kiskamavaara area. A granodiorite intrusion 
occurs 1 km south of the mineralization.  
Historic resources are estimated to 3.42 Mt with 0.37% 

Cu and 0.09% Co. The content of Co in pyrite varies 
between 0.07 to 3.6%, on average 0.9% (Martinsson and 
Wanhainen 2000). Gold is not included in the resource 
estimates as it was not systematically analysed. 
The host rock to the mineralization is fragmental in 

character with subrounded clasts, up to 4 cm in size of 
altered volcanic rocks of intermediate composition. The 
matrix to the clasts is mainly fine grained volcanic material 
and varying amounts of hematite-magnetite-pyrite. Many 
clasts are strongly K-feldspar altered, giving them a red 
colour and increased grain size. Texturally similar K-
feldspar alteration occurs as diffuse patches in the matrix 
to the fragments, indicating the alteration to partly precede 
clast formation. Thus, a hydrothermal origin is suggested 
with contemporaneous alteration and fragmentation due to 
tectonic and hydrothermal activity.  
The metavolcanic rocks are metamorphosed at lower to 

medium amphibolite facies. Intense ductile deformation is 
often developed in the andesite, resulting in a steep and 
generally strong foliation in a NNE-SSW direction. In 
contrast, the fragmental rock has only locally suffered 
from ductile deformation, which is expressed as narrow 
zones of mylonite or a weak to strong foliation. The 
deformed rocks are commonly rich in sericite.  
  

2.2 Deposit characteristics 
 
Kiskamavaara contains three richer sulphide lenses 

within a ca. 900 m long and 15 to 40 m wide mineralized 
zone (Fig. 2). The deposit consists of Co-bearing pyrite 
occurring disseminated in the matrix to the fragmental 
rock together with magnetite and some chalcopyrite (Fig. 
3). The composition of the breccia infill is changing from 
almost massive pyrite in the central part of the rich ore 
lenses to disseminated magnetite-pyrite in the peripheral 
parts and hematite-magnetite outside the sulphide 
mineralization (Fig. 4). Higher content of Cu is sporadic 
within pyrite rich lenses but typical of their periphery. 
Carbonate and locally quartz occur as gangue minerals, 
enclosing euhedral pyrite and magnetite. However, the 
carbonates are often weathered away giving the 
mineralization a vuggy character. Elevated gold contents 
(0.1-0.4 ppm) are related to sulphide mineralization and 
molybdenite occurs locally as an accessory mineral. 
Several types of alteration have affected the bedrock in 

the Kiskamavaara area. Most prominent is a very strong K-
feldspar alteration, which comprises a 250 to 300 m wide 
zone within the fragmental rocks. The central, and 
sulphide mineralized part of the alteration zone, differ only 
by its more reddish colour. A carbonate rich albite rock 
occurs east of the deposit and may represent an altered 
felsic intrusion or a strong hydrothermal alteration of the 
andesite. The K-feldspar altered fragmental rock is 
enriched in K2O (7.1-11.6%) and Ba (0.25-0.64%), while 
Ca, Na, Zn and Y are depleted. Further east scapolite in 
association with biotite is a common alteration assemblage 
in metavolcanic rocks and metadiabase. Scapolite mainly 
forms porphyroblasts but locally also veinlets. 

 
 
Figure 2. Geology of the Kiskamavaara deposit. Modified 
from Martinsson and Wanhainen (2000). 
 

 
 
Figure 3. Co-bearing pyrite from the central mineralized zone 
at Kiskamavaara. Size of view 4 cm.  
 
In more detail the host rock to the Kiskamavaara 

deposit exhibit a rather distinct zoning pattern from west to 
east that is truncated at its eastern side by a shear zone. In 
the western part the rock has a reddish grey colour and is 
dominated by K-feldspar alteration with disseminated 
hematite as breccia infill. Further east sericite and minor 
tourmaline overprint the K-feldspar alteration and 



magnetite and calcite starts to appear as breccia infill. This 
is followed by a zone with a strong red colour and 
remnants of scapolite alteration. Magnetite, pyrite and 
some chalcopyrite and calcite occur as breccia infill but are 
succeeded eastward by a magnetite zone almost lacking 
sulphides and having traces of molybdenite. 
 

 
 
Figure 4. Hematite-magnetite as breccia infill from peripheral 
part of the mineralized zone at Kiskamavaara. Size of view 
10 cm. 
 
3 Discussion 
 
Kiskamavaara is one of several epigenetic sulphide 
deposits containing Cu±Co±Au along the KADZ and 
most of them seem to be structurally controlled. 
However, no age data exist to constrain firmly timing of 
mineralization. Regionally, two major events of Cu±Au 
mineralization have been identified at 1.9 and 1.8 Ga 
(Billström and Martinsson 2000). Very extensive 
hydrothermal alteration zones occur along the KADZ. 
They commonly exhibit a zoned character with a distal 
scapolite-biotite alteration grading into carbonate-albite 
alteration with locally a carbonate rich core (Bergman et 
al. 2001).  
Similar scapolite-biotite and albite-carbonate 

alteration occur adjacent to the Kiskamavaara deposit but 
have a faulted contact to the K-feldspar dominated 
alteration hosting the deposit obscuring their relationship. 
Possibly the alteration zone at Kiskamavaara is the 
preserved western part of a symmetrically zoned system 
within a more extensive hydrothermal breccia. In that 
case a magnetite dominated core containing traces of 
molybdenite is followed by a magnetite-pyrite-
chalcopyrite zone that is surrounded by hematite and with 
sericite-tourmaline alteration occurring in the transition 
zone. This position of Cu-Au mineralization at the redox 
boundary between magnetite-hematite dominated 
mineralization is typical for magnetite- to hematite group 
IOCG-deposits (Williams 2010).  
 
 
Acknowledgements 
 
Kiskamavaara was part of a regional metallogenetic 
project financed by Boliden AB, Viscaria AB, Terra 

Mining and NUTEK. 
 
 
References 
 
Bergman S, Kübler L, Martinsson O (2001) Description of regional 

geological and geophysical maps of northern Norrbotten County 
(east of the Caledonian orogen). Geol Surv Sweden, Ba 56, 110 p 

Billström K, Martinsson O (2000) Links between epigenetic Cu-Au 
mineralizations and magmatism/deformation in the Norrbotten 
county, Sweden. In: Weihed P, Martinsson O (eds) Abstract 
volume & fieldtrip guidebook, 2nd annual GEODE-
Fennoscandian shield field workshop on Palaeoproterozoic and 
Archaean greenstone belts and VMS districts in the 
Fennoscandian Shield, 28 August to 1 September, 2000, 
Gällivare-Kiruna, Swede. Luleå University of Technology, 
Research Report 2000:6, 6p 

Broman C, Martinsson O (2000) Fluid inclusions in epigenetic Fe-
Cu-Au ores in northern Norrbotten. In: Weihed P, Martinsson O 
(eds) Abstract volume & fieldtrip guidebook, 2nd annual 
GEODE-Fennoscandian shield field workshop on 
Palaeoproterozoic and Archaean greenstone belts and VMS 
districts in the Fennoscandian Shield, 28 August to 1 September, 
2000, Gällivare-Kiruna, Swede. Luleå University of Technology, 
Research report 2000:6, 7 p 

Edfelt Å, Armstrong RN, Smith M,  Martinsson O (2005) Alteration 
paragenesis and mineral chemistry of the Tjårrojåkka apatite-
iron and Cu (-Au) occurrences, Kiruna area, northern Sweden. 
Miner Deposita 40:409–434 

Groves DI, Bierlein FP, Meinert DM, Hitzman MW (2010) Iron 
oxide copper-gold (IOCG) deposits through earth history: 
implications for origin, lithospheric setting, and distinction from 
other epigenetic iron oxide deposits. Econ Geol 105:641–654 

Hitzman MW (2000) Iron oxide-Cu-Au deposits: What, where, when 
and why. In: Porter TM (ed) Hydrothermal iron oxide copper-
gold & related deposits: A global perspective. Australian Mineral 
Foundation, Adelaide, pp 9–25 

Martinsson O (1995) Greenstone and porphyry hosted ore deposits in 
northern Norrbotten. Unpublished report, NUTEK Project nr 92-
00752P, Division of Applied Geology, Luleå University of 
Technology, 58 pp 

Martinsson O (2004) Geology and metallogeny of the northern 
Norrbotten Fe-Cu-Au province. In: Allen RL, Martinsson O, 
Weihed P (eds), Svecofennian ore-forming environments: 
Volcanic-associated Zn-Cu-Au-Ag, intrusion associated Cu-Au, 
sediment-hosted Pb-Zn, and magnetite-apatite deposits in 
northern Sweden. Soc Econ Geol, Guidebooks Series 33, 131–
148 

Martinsson O, Wanhainen C (2000) Excursion guide, GEODE 
workshop, August 20 to September 1, 2000. In: Weihed P, 
Martinsson O, (eds) Abstract volume & fieldtrip guidebook, 2nd 
annual GEODE-Fennoscandian shield field workshop on 
Palaeoproterozoic and Archaean greenstone belts and VMS 
districts in the Fennoscandian Shield, 28 August to 1 September, 
2000, Gällivare-Kiruna, Sweden. Luleå University of 
Technology, Research Report 2000,6:63–76 

Martinsson O, Broman C, Billström K, Wanhainen C (2001) 
Character and origin of Cu-Au deposits in the Northern 
Norrbotten ore province. Abstract, A Hydrothermal Odysse, 
Townsville 17-19 May 2001 

Wanhainen C, Billström K, Stein H, Martinsson O, Nordin R (2005) 
160 Ma of magmatic/hydrothermal and metamorphic activity in 
the Gällivare area: Re-Os dating of molybdenite and U-Pb 
dating of titanite from the Aitik Cu-Au-Ag deposit, northern 
Sweden. Miner Deposita 40:435–447. 

Weihed P, Eilu P, Larsen RB, Stendal H, Tontti M (2008) Metallic 
mineral deposits in the Nordic countries. Episodes 31:125–132 

Williams PJ (2010) "Magnetite-group" IOCGs with special reference 
to Cloncurry and Northern Sweden: Settings, alteration, deposit 
characteristics, fluid sources, and their relationship to apatite-rich 
iron ores. In: Corriveau L, Mumin AH (eds) Exploring for iron 
oxide copper-gold deposits: Canada and global analogues. Geol 
Assoc Can Short Course Notes 20, pp 23–38 


