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INTRODUCTION
SGU’s Barents mapping project (2012–2015) targets 14 geological key areas in northern Norr-
botten for detailed studies with the aim to increase the knowledge about stratigraphy, minerali-
sations and the geological evolution of the region (Figs. 1–2). Increasing knowledge of the geol-
ogy in the area is of fundamental importance for further mineral exploration. This report briefly 
summarises the existing geological and geophysical data of the Masugnsbyn key area, which is 
located c. 90 km south-east of Kiruna (Fig. 1). References to summary and field reports of the 
other key areas are given in Table 1. 

The supracrustal sequence in the Masugnsbyn area consists of Karelian greenstones overlain 
by Svecofennian metasedimentary rocks and minor intermediate metavolcaniclastic units (Niini-
skorpi 1986a, Padget 1970). Of economic interest are layers of iron mineralisations and dolomite 
between the greenstones and metasedimentary rocks, but also graphite layers within the volcani-
clastic greenstones and base-metal, sulphide mineralisations in the sedimentary and volcaniclastic 
rocks (Geijer 1929, Padget 1970, Witschard et al. 1972, Grip & Frietsch 1973, Niiniskorpi 1986a, 
Frietsch 1997, Martinsson & Wanhainen 2013). The supracrustal sequence forms a large scale 
fold structure, including the Kalixälv dome, the Masugnsbyn syncline, the Saittajärvi anticline 
and the Oriasvaara syncline with the associated Kalixälv fault (Padget 1970), herein collectively 
referred to as the Masugnsbyn fold complex. A c. 400 km2 large area was selected in this study to 
cover the supracrustal sequence and mineralisations of the Masugnsbyn fold complex.

Northern Sweden is one of the most important mining districts in Europe with world class 
mineral deposits, such as the Kiruna and Malmberget iron ores and the Aitik copper ore (Fig. 3). 
Apart from these major deposits, there are a large number of sub-economic to economic depos-
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Figure 1. Geological map of northern Norrbotten showing the location of the Barents project key areas.



5 (84)

its containing Fe and Cu±Au (Figs. 3–5, Martinsson & Wanhainen 2013, Weihed et al. 2008). 
Nearly all known mineralisations are hosted by supracrustal rocks, and the Barents project key 
areas were selected to cover the complete stratigraphy of these (Fig. 2). Detailed work in solving 
questions specific to each key area will also answer regional-scale issues, including the correla-
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Table 1. Summary and background reports of key areas in the Barents Project.

Key area Report ID Authors
Kiruna–Jukkasjärvi SGU-rapport 2013:08; 2014:10 Grigull & Antal Lundin 2013; Grigull et al. 2014
Svappavaara SGU-rapport 2013:09; 2014:10 Grigull & Jönberger 2013; Grigull et al. 2014
Nunasvaara SGU-rapport 2013:10; 2014:04 Lynch & Jönberger 2013; Lynch et al. 2014
Saarijärvi SGU-rapport 2013:11; 2014:04 Lynch & Jönberger 2013; Lynch et al. 2014
Akkiskera–Kuormakka SGU-rapport 2013:12; 2014:09 Luth & Berggren 2013; Luth et al. 2014
Harrijärvet–Vittangivaara SGU-rapport 2013:13; 2014:09 Luth & Antal Lundin 2013; Luth et al. 2014
Tjårrojåkka SGU-rapport 2013:14; 2014:04 Lynch & Berggren 2013; Lynch et al. 2014
Masugnsbyn This report Hellström & Jönsson 2014 
Käymäjärvi-Ristimella In progress Grigull & Berggren 2014
Sitojaure-Tjuolma
Liviöjärvi In progress Luth & Jönsson 2014
Saarikoskenvaara In progress Luth & Jönsson 2014
Nautanen In progress Lynch & Jönberger 2014
Allavaara In progress Lynch & Jönberger 2014

Figure 2. Tentative stratigraphic position of rocks in the Barents key areas. Ages of the stratigraphic groups are 
poorly constrained (modified after Bergman et al. 2001, Martinsson 2004 and Witschard 1984b).
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Figure 3. Bedrock geological map of northern Sweden showing current mines. 
The map has been generated using the 1:1 million national bedrock database and 
the mineral and bedrock resources database (SGU). NLD = Norrbotten Lithotec-
tonic domain. Modified from Martinsson & Wanhainen 2013.
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tion of geological units between different areas across Norrbotten. General issues in the key 
areas are to characterise and improve the understanding of the following points:

•	 stratigraphy, geochemical signature and age of supracrustal rocks
•	 structural and metamorphic development of the bedrock
•	 mineralisations 
•	 hydrothermal alterations.

OVERVIEW OF THE BEDROCK OF NORRBOTTEN
Regional reviews of the bedrock geology and metallogeny of northern Sweden are presented by 
e.g. Ödman (1957), Witschard (1984b) Bergman et al. (2001), Martinsson (2004), Weihed et al. 
(2005) and Martinsson & Wanhainen (2013). The Precambrian bedrock in northern Sweden 
includes a c. 3.2–2.6 Ga Archean granitoid-gneiss basement, the Råstojaure complex, which is 
unconformably overlain by Paleoproterozoic volcanic and sedimentary successions. Rift-related 
2.5–2.0 Ga Karelian basic metavolcanic rocks and associated sedimentary rocks of the Kovo and 
Greenstone groups occur at the lowest stratigraphic level (Fig. 2). These are overlain by terrestrial 
to shallow-water, c. 1.9 Ga arc-related Svecofennian successions, represented by the calc-alka-
line andesite-dominated Porphyrite group, the mildly alkaline volcanic rocks of the Porphyry 
group and, in the uppermost stratigraphic level, younger clastic sedimentary rocks (Fig. 2). The 
greenstones in the eastern part of Norrbotten differ from the Kiruna greenstones by the lack of 
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Figure 4. Simplified bedrock map of northern Norrbotten with occurrences of apatite iron ore and stratiform 
and stratabound base metal and iron deposits. KADZ = Karesuando–Arjeplog deformation zone, KNDZ = Kiru-
na–Naimakka deformation zone, NDZ = Nautanen deformation zone, PSZ = Pajala shear zone. Modified from 
Bergman et al. (2001).
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komatiites and basaltic pillow lavas. Graphitic schists and thick units of dolomite and banded 
iron formations followed deposition of a volcaniclastic unit of basaltic to picritic composition, 
typical for the uppermost part of the greenstones (Martinsson & Wanhainen 2013). The green-
stone group contains stratiform Cu-Zn-Pb deposits in the middle and upper parts (Martinsson 
& Wanhainen 2013), whereas the Porphyry group hosts economically important apatite iron 
ores, e.g. the Kiirunavaara and Malmberget deposits (Fig. 4).
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Figure 5. Simplified bedrock map of northern Norrbotten with occurrences of epigenetic mineral deposits. 
KADZ = Karesuando–Arjeplog deformation zone, KNDZ = Kiruna–Naimakka deformation zone, NDZ = Nau-
tanen deformation zone, PSZ = Pajala shear zone. Modified from Bergman et al. (2001).
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The northern Norrbotten area is characterised by an approximately north-north-east to 
north-north-west structural grain with a highly variable degree of deformation (Bergman et al. 
2001). Intense deformation and high-grade metamorphism is found in the eastern part of the 
area, e.g. in the Pajala shear zone. Another important regional zone is the Karesuando–Arjeplog 
deformation zone, which transects the central part of the area (Fig. 5). There is evidence for at 
least two major phases of Svecokarelian deformation and metamorphism. The first phase of de-
formation and metamorphism occurred in the Archean. An event of folding, uplift and erosion 
prior to deposition of Svecofennian volcanic rocks has been suggested by Ambros (1980).

The Paleoproterozoic supracrustal rocks were intruded by the calc-alkaline, 1.89–1.88 Ga 
old Haparanda suite and the alkali-calcic, 1.88–1.86 Ga old Perthite monzonite suite, which are 
considered comagmatic with the Svecofennian volcanic rocks of the Porphyrite and Porphyry 
groups, respectively (Bergman et al. 2001, Witschard 1984b). An early Svecokarelian deforma-
tion and metamorphic event affected the Haparanda suite intrusions, but seems to mainly pre-
date Perthite monzonite suite intrusions (Bergman et al. 2001). The Aitik Cu-Au-Ag deposit 
has been suggest to represent a porphyry copper system related to a 1.89 Ga quartz monzodior-
ite, later modified by hydrothermal and metamorphic events (Fig. 5, Wanhainen et al. 2012). 
1.80–1.79 Ga old minimum-melt granites and pegmatites, referred to as Lina granite, occupy 
large areas of Norrbotten (Öhlander et al. 1987). These are not easily distinguished from older 
leucocratic granites. Coeval with the S-type rocks of the Lina suite are c. 1.80 Ga old I- to A-
type magmatic rocks in Norrbotten belonging to the Edefors suite. These rocks are related to the 
Transcandinavian igneous belt that forms a 1 500 km long, north–south trending belt along the 
western part of the Svecokarelian domain. Younger events of metamorphism and deformation 
occurred at 1.86–1.85 Ga and c. 1.80 Ga (Bergman et al. 2006).

THE MASUGNSBYN KEY AREA
Masugnsbyn is the name of a small village situated 70 km to the north-east of Gällivare and 
90 km to the east-south-east of Kiruna, on the Kiruna–Pajala road between Vittangi and 
Junosuando. Iron ore was discovered at Masugnsbyn already in 1644, the first discovery of iron 
in Norrbotten (Geijer 1929). A blast furnace (masugn) built soon after appears to be the north-
ernmost of its kind in the world, situated at latitude of 67°27’. The operation of the blast furnace 
ended 1805, but the ore at Magnetgruvan was mined intermittently on a small scale until at least 
1870 (Geijer 1929). The settlement at the deposit was named Junosuando Masugnsby after the 
nearest village 20 km to the east, now shortened to simply Masugnsbyn. 

The Masugnsbyn iron ores form a more or less regular sheet which apparently is concord-
ant with the stratigraphy of the surrounding supracrustal rocks in a structure defined as the 
Masugnsbyn syncline (Padget 1970, Witschard et al. 1972). Mafic volcaniclastic units of the 
Veikkavaara and Vinsa groups, i.e. the upper part of the Greenstone group, are overlain by the 
Svecofennian Pahakurkio and Kalixälv groups, consisting of arenitic to pelitic metasedimentary 
rocks and minor intermediate volcaniclastics units (Martinsson 2004, Martinsson & Wanhai-
nen 2013, Padget 1970). The Masugnsbyn iron ores and a unit of dolomite occur in the top part 
of the greenstones. Dolomite is currently mined in a quarry at Masugnsbyn by LKAB for use as 
an additive in producing iron pellets.

TOPOGRAPHY
The topography in the area is typical for this part of Sweden with bogs and low, wooded hills, 
culminating at Jakkumus (530 m, Fig. 6). The river Kalixälven cuts the key area in an east-
south-easterly direction just south of Masugnsbyn. The river Torne älv flows in the same direc-
tion. A striking feature in the landscape east of Masugnsbyn is the Rautajokk canyon (Isokursu), 
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cut in granite and followed by the creek Rautajoki. The glaciofluvial erosion zone has exposed 
part of the Masugnsbyn ores, which is where the original discovery was made (Geijer 1929). 
Most of the area is, however, covered by Quaternary sediments, mainly glacial deposits, and 
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Figure 6. Topographic overview of the Masugnsbyn key area (ur Lantmäteriets Översiktskartan). Black polygon 
shows the extent of the study area. RT90 index squares are shown in red. 
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peat. The exposure of the bedrock within the key area is only 0.8% (Fig. 7). Therefore the in-
terpretation of the surface bedrock geology relies heavily on other data, including geophysical 
information and drillings. 
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Figure 7. Outcrops shown as red polygons and black crosses with 2 m elevation data (from Lantmäteriet) as 
background.
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The main part of the key area is located in the eastern part of the map 28L Tärendö NV 
(RT90), but small parts are located within the map sheets 28L Tärendö NO, SO and SV, as well 
as within 29L Lainio SV (Fig. 6). Index squares with a size of 5 x 5 km (RT90) are shown in 
some of the maps below as a guide to locations of objects in the Tables and text. The topographic 
vector datasets covering the Masugnsbyn key area include Lantmäteriet’s topographic maps at 
the scale 1:250 000 (Översiktskartan) and 1:100 000 (Vägkartan). Topographic information at a 
more detailed scale are aerial orthophotographs (1:20 000) and Fastighetskartan (1:10 000), both 
available as georeferenced raster colour images, the orthophotographs also in IR. High resolu-
tion 2 × 2 m elevation data (Lidar) is also available and will be useful in locating old mine pits in 
the planned mine inventory of the area. 

BEDROCK GEOLOGY OF THE KEY AREA
Background data concerning the bedrock geology of the Masugnsbyn area is extensive (Table 2, 
Appendix 1). SGU’s databases include bedrock maps, observations, lithogeochemistry and age 
determinations etc. (Figs. 8–9, Table 3). Many of the old field geological maps and diaries, as 
well as exploration maps and reports were scanned in the SGU project Geodigitalia, and are now 
available as raster images and pdf documents.

The most detailed bedrock maps covering the Masugnsbyn key area are 1:50 000 scale maps 
of 28L Tärendö (SGU Af 5–8, Padget 1970) and 29L Laino SV (SGU Af 11, Witschard 1970). 
These maps have been scanned and rectified and formed the basis for SGU’s bedrock map data-
bases in vector format (Table 2, Fig. 8).

Geijer (1930) described the geology of the ore field “Masugnsbyfältet” in the northern part of 
the key area and included a bedrock map at the scale 1:12 000. The geological map of the Pajala 
district (1:200 000) by Eriksson (1954) covers most of the key area. Regional bedrock maps at 
the scale 1:400 000 of the Norrbotten area are those of Geijer (1930) and Ödman (1957). A more 
recent regional bedrock compilation of Norrbotten has been done by Henkel & Sjöström (SGU 
unpublished) in the form of a vector based, digital bedrock map called NBDIG. Bergman et al. 
(2000) compiled regional bedrock maps of the northern Norrbotten area at the scale 1:250 000, 
based on new observations and the available, old 1:50 000 scale bedrocks maps.

Padget (1970) and Witschard (1970) have given the most comprehensive description of the 
bedrock geology of the Masugnsbyn key area as part of their mapping of the Tärendö and Laino 
map areas. Other important sources of bedrock information are from e.g. Bergman et al. (2001), 
Eriksson (1954), Geijer (1930), Kumpulainen (2000), Martinsson (2004), Niiniskorpi (1986a) 
and Ödman (1957), and references quoted in the text below. See also Appendix 1 for a literature 
compilation for the Masugnsbyn key area. 

Supracrustal rocks
At Masugnsbyn, Karelian greenstones of the Veikkavaara greenstone group are overlain by 
the Svecofennian, clastic metasedimentary rocks of the Pahakurkio, Kalix älv and Rissavaara 
groups (Fig. 10, Padget 1970, Martinsson & Wanhainen 2013). The Veikkavaara greenstone 
group constitutes the upper part of the Greenstone group whereas the Pahakurkio, Kalix älv 
and Rissavaara groups are units of the Middle sediment group (Witschard 1984a). The descrip-
tion below of the stratigraphy and lithological units of the Masugnsbyn area is mainly from 
Padget (1970).

The Veikkavaara greenstone group consists dominantly of mafic volcaniclastic rocks. Padget 
(1970) defined three units: a lower unit of massive basaltic greenstone, a middle unit of pelitic 
schist and quartzite (Suinavaara quartzite) and, at the top, basaltic greenstones with graphite 
schist and carbonate horizons. Varieties of the upper greenstones are light-green, fine-grained, 
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Table 2. Maps and datasets covering bedrock geology and mineral resources of the Masugnsbyn key area.

Reference Title Code Scale D* GIS
Geijer 1930 Berggrundskarta över trakten kring Masugnsbyn SGU C351 1:12K x Raster
Padget 1970 Bedrock map 28L Tärendö NV SGU Af 5 1:50K x Raster
Padget 1970 Bedrock map 28L Tärendö NO SGU Af 6 1:50K x Raster
Padget 1970 Bedrock map 28L Tärendö SO SGU Af 8 1:50K x Raster
Padget 1970 Bedrock map 28L Tärendö SV SGU Af 7 1:50K x Raster
Witschard 1970 Bedrock map 29L Lainio SV SGU Af 11 1:50K Raster
Ödman 1957 Precambrian geology of the Norrbotten county SGU Ca 41 1:400K x Raster
Geijer 1930 Geological map of the iron bearing region Kiruna-

Gällivare-Pajala
SGU C366 1:400K x Raster

Eriksson 1954 Geological map of the Pajala District, North Sweden SGU C522 1.200K x Raster
Bergman et al. 2000 Regional geological and geophysical maps of Northern 

Norrbotten: Bedrock map (east of the Caledonian 
orogen)

SGU Ba 56:1 1:250K x Raster

Bergman et al. 2000 Regional geological and geophysical maps of Northern 
Norrbotten: Metamorphic, structural, and isotope age 
map

SGU Ba 56:2 1:250K x Raster

Bergman et al. 2000 Regional geological and geophysical maps of Northern 
Norrbotten: Mineral and bedrock resource map

SGU Ba 56:3 1:250K x Raster

GTK-SGU-NGU Maps of Northern Fennoscandia (Nordkalottproject) 1:1M
Stephens et al. 1994 Geological map of Sweden. SGU Ba 52 1:3 M Raster
Bergman et al. 2012 Bedrock map of Sweden SGU K423 1:1M Raster
Eilu et al. 2013 Metallogenic map of the Fennoscandian Shield 1:2M x R/V
Eilu et al. 2013 Metallic Mineral Deposit Map of the Fennoscandian 

Shield
1:2M x R/V

Koistinen et al. 2001 Geology of the Fennoscandian Shield 1:2M R/V
SGU-database National bedrock map database 1:1M Vector
SGU-database Local bedrock map database 1:50K Vector
SGU-database Regional bedrock map database 1:250K Vector
SGU-database BMOD – bedrock map database 1:50K–250K Vector
SGU-database Norrbotten NBDIG (Sjöstrand & Henkel, unpublished) 1:250K? Vector
SGU-database Bedrock observations (rock types, texture, structure, key 

minerals etc)
Vector

SGU-database Bedrock Age Database (published radiometric age 
determinations)

Vector

SGU-database Lithogeochemistry Database (SGU analyses and 
external analyses)

Vector

SGU-database Mineral and bedrock resources Vector
SGU-database Outcrops, from the Norrbotten regional soil map 1:250K Vector
SGU-database Drillholes Vector
SGU-database Drillcores (cores stored at SGU’s Malå archive) Vector
SGU-database Ballast & industrimineral Vector
SGU-database Mineral Law Register (MRR10) exploration permits Vector
SGU-database National Interests (Riksintressen) mineral Vector
SGU-dataset Carbon & Oxygen isotope analyses Vector
SGU-dataset Sm-Nd isotope analyses Vector
SGU-dataset Alteration minerals, Norrbotten (from old field diaries) Vector
SGU-dataset Metamorphic key minerals, Norrbotten (from old field 

diaries)
Vector

SGU-dataset Mineralized boulders SGAB/SGU Vector
SGU-dataset Mineralized outcrops LKAB Vector

D* = Map description
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Figure 8. Bedrock geological map of the Masugnsbyn area (modified from SGU’s bedrock map database). 

Figure 9. Bedrock observations and analyses in the Masugnsbyn key area (from SGU’s databases).
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cross-bedded tuffs and coarser-grained hornblende-rich types, more reminiscent to lavas or 
intrusive sills. Rocks of the Veikkavaara greenstone group form a V-shaped area between 
Masugnsbyn, Saittajärvi and Junosuando, clearly outlined as a high magnetic, banded sequence 
on the aeromagnetic map, but it is poorly exposed (Figs. 8 and 20). Padget (1970) estimated the 
thickness of the layered sequence from profiles to 2 000–3 000 m. Graphite-bearing horizons in 
the greenstones are well known from electromagnetic measurements (Fig. 22). The marked alter-
nation of magnetic and less magnetic layered greenstones between the graphitic horizons could 
reflect a depositional feature. The primary banding is further accentuated by secondary growth 
of garnets or magnetite in distinct layers (Padget 1970). At the top part of the greenstones there 
are lenses of limestone which, in part, are dolomitic, as in the well-known Masugnsbyn dolomite 
currently quarried by LKAB. 

Minor, basic intrusions seem to be concordant or semi-concordant with the banded Veik-
kavaara greenstones. All are recrystallised and amphibole altered and are considered as metado-
lerites (Padget 1970). On the northern slope of Veikkavaara (28L 9 d) there is a body of gabbro 
dolerite which is slightly discordant to the layering of the greenstones. A schistose, ultrabasic 
marginal facies of the gabbro contains relict magmatic olivine surrounded by secondary altera-
tion minerals, such as serpentine, tremolite and magnetite. 

The Pahakurkio group (Padget 1970) comprises arenitic to pelitic metasedimentary rocks west 
and on top of the Veikkavaara greenstone group (Eriksson 1954, Geijer 1930, Kumpulainen 
2000, Niiniskorpi 1986a, Padget 1970). Pahakurkio means “the difficult rapids” and is spelt Pa-
hakurkkio on the topographic maps (Niiniskorpi 1986). The Pahakurkio group has been divided 
into four lithological units of alternating pelitic schist and quartzite. These are, from bottom to 
top: pelitic schist (2a), quartzite (2b), andalusite and sillimanite bearing pelitic schist (2c) and 
quartzite (2d, Fig. 10). According to Niiniskorpi (1986) the quartzites are rarely pure quartzite, 
but rather feldspar- and mica-rich. He also noted occurrences of graphite-bearing schists, cherts 
and abundant carbonate and skarn rocks within the Pahakurkio group.

The different units in the Pahakurkio group display a fairly simple assemblage of facies types 
and could, according to Kumpulainen (2000), consequently be treated as members, and the 
rank of Pahakurkio group could be changed to the Pahakurkio formation. Heavy mineral lay-
ers and cross-bedding are common in the arenitic units and locally also ripple and rill marks 
are found, which suggests a coastal depositional environment with presence of wave and pos-
sibly storm activity. The successions also display characteristic features indicating vertical facies 
changes into relative water depth where graphite-bearing shales represent deposition in stag-
nant waters beneath the storm wave base. Changes in relative water depth could either depend 

Group Sub-group (formation) Id Member Thickness (m)

Upper sediment group Rissavaara quartzite 4

3d Semipelitic, pelitic and basic schists

Kalixälv group 
3c Limestone

Porphyrite group &
Middle sediment 
group 

3b Conglomerate at Saarikoski and Tiankikoski

3a Amphibolitic schist

2d Quartzite 1800

Pahakurkio group 
2c Pelitic schist 1000

2b Quartzite 430

2a Pelitic schist 600

1c Basaltic greenstone with graphite schist, carbonate layers and bif 1500

Greenstone group Veikkavaara 
greenstone group 1b Pelitic schist and quartzite (Siinavaara quartzite) 100

1a Basaltic greenstone 2000

Figure 10. Stratigraphy of the Masugnsbyn-Tärendö area, modified from Padget (1970) and Witschard (1984b).
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on real sea level changes, changes in input of clastic material or subsidence of the basin floor 
(Kumpulainen 2000).

According to (Padget 1970), the Pahakurkio group is best exposed along the Kalix älv be-
tween Pahakurkio and Saarikoski (28L 6 d–e) and at Syväjoki and Hietajoki, south-south-east 
of Masugnsbyn (28L 7 e). Together, the outcrops at Syväjoki and Hietajoki constitute an almost 
complete succession. Cross-bedding is a common feature of the quartzites, and numerous way-
up determinations all show younging to the west. The lowermost beds of the Pahakurkio group 
are poorly exposed, but there are no indications of conglomerates or any marked discordance to 
the Veikkavaara greenstones. Instead, the slight discordance evident on a regional scale could 
be due to thickening of the uppermost unit of the greenstones towards Masugnsbyn. The low-
ermost beds of the Pahakurkio group exposed in the Rautajoki stream (28L 9 d) consist of mica 
schist and locally quartzite. Cross-bedding in the latter establishes a younging of the beds to the 
west and shows that the Pahakurkio group is younger than the Veikkavaara greenstones, here lo-
cally represented by the Masugnsbyn dolomite. 

Units of greenschist are conformable within both the two lowermost members of the Pa-
hakurkio group (2a & 2b), and seem to have a considerable lateral extent evident from the 
aeromagnetic map. The greenschist is scapolitised and has an unknown primary origin. Above 
the greenschist there are well-bedded, cross-bedded quartzites (2b) that grade upwards into 
andalusite-bearing pelitic schists (2c) via a transition zone in which the thickness and frequency 
of pelitic layers increase progressively. Layers rich in calc-silicates may represent a carbonate-
bearing horizon in the sequence. In the Syväjoki section (28L 7 e), pebbly, conglomeratic beds 
occur in the quartzites. The pebbles consist of quartz, quartzite and a dark rock, possibly green-
stone (Padget 1970). Dark bands in cross-bedded quartzites contain heavy minerals, such as 
rutile, tourmaline, zircon, ilmenite and apatite, but are not significantly magnetic. Quartzitic 
rocks in the uppermost member of the Pahakurkio group (2d) are well exposed along the Kalix 
älv between Pahakurkio and Saarikoski (Padget 1970). The quartzite is extremely well-bedded, 
flat or gently dipping, and locally show ripple and rill marks.

Rocks of the Kalixälv group are poorly exposed west and south of the Pahakurkio group. 
Outcrops occur along the Kalix älv, but also west and south-west of the river (Padget 1970). The 
aeromagnetic map reveals alternating high and low magnetic bands, in contrast to the overall 
low magnetic intensity of the Pahakurkio group. The high-magnetic sheets were assumed to be 
basaltic rocks (Padget 1970). However, Niiniskorpi (1986a) suggested that the high magnetic 
layers represent volcaniclastic rocks of intermediate composition, based on core drillings and 
geological mapping.

The lowest exposed unit is a c. 20 m thick conglomerate immediately above an unexposed 
high-magnetic band at Saarikoski. The latter is taken as the basal member of the formation. 
Well-rounded pebbles consist of quartzites and metabasic rocks. The conglomerate passes up-
wards into a rather dark, fine-grained hornblende-bearing quartzite. Distinct cross-bedding 
shows that beds young to the west, and therefore the Kalixälv group overlies the Pahakurkio 
group (Padget 1970). Based on core drillings in Kurkkionvaara Niiniskorpi (1986a) suggested 
that rocks west of the basal conglomerate consists of altered, intermediate volcaniclastic rocks of 
trachyandesitic composition. At Tiankikoski, c. 13 km downstream from Sarikoski, a polymict 
c. 30 m thick conglomerate contains rounded pebbles of gabbro, syenite, granite, felsic volcanic 
rocks and quartzites (Eriksson 1954, Ödman 1939). Below the conglomerate is a carbonatic 
greenstone, and above, a quartz-mica schist and locally gabbroic greenstone. Padget (1970) plac-
es the conglomerates at Saarikoski and Tiankoski at the same stratigraphic level based on simi-
larities in the nature of pebbles and spatial correlations of the units based on the pattern in the 
aeromagnetic map. To the west and south-west, an increasing degree of migmatitisation affects 
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the sedimentary rocks and therefore any natural, upper stratigraphic limit for the formation is 
not known. Between Pahakurkio and Saarikoski exposures of quartzite are cut by a number of 
dyke-like bodies (28L 6 d). These have a north-easterly strike and dip c. 45 degrees to the south-
east. The dykes are foliated with a variable intensity of deformation. According to the descrip-
tion of Padget (1970), the dykes seem to have an intermediate composition with a sub-parallel 
orientation of tabular andesine plagioclase. 

South-east of the key area at Haukkalaki (28L 6 g) and at Tärendö älv (28L 7  g), there is a 
poorly sorted conglomerate with pebbles of andesite and hornblende porphyry (Padget 1970). 
The conglomerate is considered to occur as accumulations on the eroded surface of porphyritic 
rocks underlying the conglomerate. Andesite porphyry occurs north and north-east of the hill 
Haukkalaki (28L NO 6 g, 7 g, 7 h). It is typically massive and characterised by tabular 1–2 mm 
long phenocryst of subhedral plagioclase (An10–15) in a darker matrix. The porphyry is also char-
acterised by irregular levels of magnetic intensity without any consistent pattern which might 
denote layering and seems in general to be discordant to the other rocks. It was suggested to 
be of intrusive origin by Padget (1970), whereas Eriksson (1954) considered it to belong to the 
Porphyrite-porphyry group. An intermediate metavolcanic rock in the Käymäjärvi area, 35 km 
east of Masugnsbyn key area, was dated at 1882±3 Ma (SGU unpublished, MSWD = 1.1, TIMS 
U-Pb zircon, titanite). 

Niiniskorpi (1986a) noted that both the Pahakurkio and the Kalixälv groups consist of a 
similar type of metasedimentary rocks, i.e. metapelites and quartzites, which makes it difficult 
to distinguish between these units. Occurrences of graphite-bearing schists and carbonate rocks 
within the Pahakurkio formation in turn complicate the delineation between the Pahakurkio 
and Veikkavaara groups. The quartzite on Rissavaara (28L 2 e), south of the key area, is accord-
ing to Padget (1970) possibly younger than the Kalixälv group, for tectonic reasons. The quartz-
ite is completely recrystallised and surrounded by granitic rocks.

Plutonic rocks
The supracrustal sequence is intruded by granitic, syenitic and gabbroic rocks of various ages, 
i.e. rocks belonging to the 1.92–1.88 Ga Haparanda suite, the 1.88–1.86 Ga Perthite monzonite 
suite, the c. 1.80 Ga Edefors suite and the 1.81–1.78 Ga Lina suite. The assignment of intrusive 
rocks to either the Perthite monzonite suite or the Edefors suite is difficult as field characteris-
tics and the geochemical signature of the suites are similar and radiometric age determinations 
are few in the area. In the northern part of the key area, the Masugnsbyn granite is dated at 
1858±9 Ma using discordant U-Pb TIMS zircon data (Fig. 9, Table 3, MSWD = 6, Skiöld & 
Öhlander 1989). The rock is isotropic, with perthitic microcline, quartz and minor amounts of 

Table 3. Radiometric age data from the Masugnsbyn area.

ID N E Locality Lithology System Method Material Age type Age (Ma) Age 
min

Age 
max

Interpretation Reference

165 7498791 802567 Masugnsbyn Granite Rb-Sr ID-TIMS Whole 
rock

Isochron 
age

1505±30 not known Welin 1980, 
Gulson 1972

355 7498831 801366 Masugnsbyn Iron ore U-Pb ID-TIMS Uranin-
ite

u.i. age 1755 1825 not known Welin 1980, We-
lin & Blomqvist 
1966

707 7498791 802567 Masugnsbyn Granite U-Pb ID-TIMS Zircon u.i. age 1858±9 Magmatic age Skiöld & Öh-
lander 1989

1398 7501593 820409 Viiksvaara Monzonite U-Pb ID-TIMS Zircon u.i. age 1797±15 Magmatic age Bergman et al 
2001

1625 7486167 804551 Pahakurkkio Metaargil-
lite

U-Pb ID-TIMS Mona-
zite

u.i. age 1856±7 Metamorphic 
age

Bergman et al 
2006

1626 7478607 808329 Takanenvaara Paragneiss U-Pb ID-TIMS Mona-
zite

u.i. age 1852 1865 Metamorphic 
age

Bergman et al 
2006
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mafic minerals. An albite-rich marginal phase occurs close to the contact to the supracrustal 
rocks. An εNd (1.87 Ga) value is calculated at –2.5 from a Sm-Nd isotope whole-rock analysis, 
indicating a minor contribution of Archean crust in the melt source (Skiöld & Öhlander 1989). 

The area south-east of the Masugnsbyn key area is dominated by granites, syenites and gab-
bro. Padget (1970) placed the granites in the Lina suite, whereas Bergman et al. (2001) suggested 
that the rocks belong to the Edefors suite (1.81–1.78 Ga Granite-syenite-diorite-gabbro, GSDG). 
However, 30 km towards the south-east, in the Narken area (27L 9 j), a nearly isotropic meta-
granite sample was dated at 1872±4 Ma (MSWD=1.4, n=4, TIMS, U-Pb zircon, SGU unpub-
lished). The granite is co-magmatic with gabbroic rocks and was assigned to the Perthite monzo-
nite suite, and is also suggested to be the affinity of the rocks south-east of the Masugnsbyn key 
area. In the map area 28L SO, the Tärendö gabbro occupies a 22 × 6 km large area, and there are 
also several smaller gabbro intrusions surrounded by granite. 1.81–1.78 Ga GSDG rocks of the 
Edefors suite occur at Junosuando. A monzonite intrusion was dated at 1797 ±15 Ma (SGU un-
published, MSWD = 9, n = 5, TIMS, U-Pb zircon). 

The area west of Masugnsbyn is dominated by granite and associated pegmatite of the Lina 
suite. A sample taken 12 km west of the Masugnsbyn key area was dated at 1794±24 Ma (Skiöld 
1988, Vettasjärvi granite, MSWD=0.6, TIMS, U-Pb zircon). 

Structures
The Masugnsbyn area is located in a structural domain between the north-north-east to south-
south-west oriented Karesuando–Arjeplog deformation zone in the north-west, the north-north-
east to north-east oriented Pajala shear zone in the east, and the north-west trending Nautanen 
deformation zone in the south-west (Fig. 5). This structural domain show variable foliations and 
complexly folded supracrustal rocks (Bergman et al. 2001). A north–south trending, ductile shear 
zone borders the western margin of the Masugnsbyn key area. The supracrustal sequence in this 
key area forms large scale fold and fault structures which have north-east or north-west trends, 
thus intersecting at high angles. The main tectonic features include the Kalix älv dome, the 
Masugnsbyn syncline, the Saittajärvi anticline and the Oriasvaara syncline with the associated Ka-
lixälv fault (Figs. 11–13, Padget 1970). The fold axial planes are oriented in north-westerly direction, 
except for the Oriasvaara syncline that has a north-easterly trend, parallel to the Kalix älv fault. 

The Kalixälv dome is located between Saarikoski and Tiankikoski on the Kalix älv, with good 
exposures of rocks along the river. The dip of the beds is low to moderate but increases outwards 
from the centre of the dome (profiles I and IV in Figs. 11–12). Cross-bedding in the quartzites 
indicates younging of the beds outwards from the centre of the dome. 

The Masugnsbyn syncline is a long narrow structure extending from the village of Masugnsbyn 
south-eastwards in the direction of the hill Oriasvaara (Figs. 11–12). North of Masugnsbyn, a 
fold closure is apparent on magnetic maps. The fold axis plunges to the south and the structure 
is probably cut off by the Kalix älv fault in the south.

The Saittajärvi anticline, east of the Masugnsbyn syncline, forms a V-shaped structure out-
lined by the contact between the Veikkavaara greenstone and Pahakurkio groups, with a north–
south orientation of the fold axial surface and a southerly plunge of the fold axis (Figs. 11–12). 
The south-west facing limb of the fold is remarkably straight, where beds have a steep or vertical 
dip and may even be overturned to the south-west. The poorly exposed south-east facing limb 
also has a constant strike evident from the aeromagnetic map, but seems to have more gentle 
(40–60°) dips towards south-east (Fig. 13).

The Oriasvaara syncline, south-east of the Kalixälv fault, has a fold axis plunging to the south-
west, causing the structure to open in that direction. Locally, the structure is affected by strong 
transverse folds and faults with north-west or west-north-west orientation. The Oriasvaara syn-
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cline is bound to the north-west by the north-easterly orientated Kalixälv fault and is in tectonic 
contact with both the Masugnsbyn syncline and the Kalixälv dome (Figs. 11–12). Movements 
along the Kalixälv fault have down-thrown the south-eastern block. 
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Metamorphism
The metamorphic grade in the Masugnsbyn key area reaches medium to high grade and gener-
ally increases towards the south and west where migmatitic paragneiss occurs next to adjacent 
granitic intrusions (Fig. 14). In the central part of the area, the clastic sedimentary rocks of the 
Pahakurkio group still show primary textures and structures such as cross-bedding (Padget 
1970). The shales are metamorphosed to andalusite-bearing mica schists, and the sandstones are 
recrystallised to quartzites with metamorphic biotite (Kumpulainen 2000, Padget 1970). Other 
secondary minerals include muscovite, scapolite and amphibole (Fig. 15). The higher grade 
gneisses in the southern part of the area contain bundles of parallel sillimanite needles, grow-
ing at the expense of biotite, and locally minor cordierite and andalusite. The metamorphic 
mineral association with andalusite, sillimanite and cordierite and the absence of kyanite indi-
cate amphibolite facies conditions of relatively high temperature and low to moderate pressures 
(Padget 1970). The increasing metamorphic grade towards the adjacent granite intrusions sug-
gests that heat from the intrusions were responsible for the metamorphic conditions, i.e. that 
the alteration is contact metamorphic. 

The primary mafic minerals in the Veikkavaara greenstones are altered to amphibole, giving 
the rocks their dark green colour, hence the term greenstones. The amphibole is commonly a 
green pleochroic hornblende, but non-pleochroic, pale-coloured amphibole is also quite com-
mon (Padget 1970). Almandine is locally found together with hornblende and plagioclase, and 
also as garnetiferous layers in the basaltic greenstone at Veikkavaara (28L 9 d). The composition 
of the plagioclase (An10–50) and the presence of hornblende together with almandine suggest the 
rocks are in the garnet amphibolite facies of regional metamorphism (Padget 1970).

Figure 12. Vertical sections marked as profiles 1–4 in figure 11 (from Padget (1970).
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Monazite has been dated from two localities, one sample from an andalusite-bearing meta-
argillite at Pahakurkio (28L 6 e) and one weakly migmatitic paragneiss sample at Takanenvaara 
(28L 5 e) in the higher-grade area south-east of Pahakurkio. Bergman et al. (2006) treated the 
monazite data from the Pahakurkio analysis and two Takanenvaara analyses separately, with 
regression forced through a lower intercept at 300±300 Ma. The single monazite analysis from 
the Pahakurkio sample has an upper intercept age at 1856±7 Ma, whereas the two Takanenvaara 
analyses record 1856±4 and 1861±4 Ma, thus in the interval 1852–1865 Ma. A weighted average 
207Pb/206Pb age of the two Takanenvaara monazite analyses can be calculated at 1857±3 Ma 
(2σ) using the data of Bergman et al. (2006), suggesting an age of metamorphism at c. 1.86 Ga 
(Table 3). 

Figure 14. The metamorphic map of northern Norrbotten shows high-grade rocks in the eastern and south-
central parts of the area and low-grade rocks in the Kiruna and Stora Sjöfallet areas in the west. Most of the 
Masugnsbyn area is of medium metamorphic grade, but the southern part contains high-grade, sillimanite-
bearing, migmatitic paragneisses. KADZ = Karesuando–Arjeplog deformation zone, KNDZ = Kiruna–Naimak-
ka deformation zone, NDZ = Nautanen deformation zone, PSZ = Pajala shear zone (modified after Bergman 
et al. 2001).
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Hydrothermal alteration
Growth of secondary, potassium-bearing minerals such as muscovite and microcline has oc-
curred in the pelitic rocks of the Pahakurkio and Kalix älv groups (Fig. 15). Metamorphic horn-
blende in the basic or semibasic rocks is commonly replaced by biotite, whereas any excess iron 
forms magnetite (Padget 1970). Scapolite alteration is widespread in the greenstones with a char-
acteristic spotted appearance of rounded, light coloured crystals or aggregate (Fig. 15) s. It is also 
found as veins, and is clearly a late, secondary, post-metamorphic phase (Padget 1970). Tourma-
line alteration of the greenstone as well as plagioclase alteration has also been noted.

Skarn minerals are intimately associated with magnetite ore at Masugnsbyn in a steeply dip-
ping, 70–100 m wide zone with diopside, tremolite-actinolite and phlogopite, and more rarely ser-
pentine and chondrodite. The formation of skarn minerals has been attributed to contact metaso-
matic or metamorphic alteration by nearby perthitic granite (Geijer 1929, Ödman 1957). The mar-
ginal phase of the granite is albite altered. A c. 5% discordant U-Pb analysis of uraninite included 
in chondrodite skarn from the Magnetgruvan gives, together with regression of three other samples 
from northern Sweden, an upper intercept age at 1825 Ma (Welin 1980, Welin & Blomqvist 1966), 
whereas the U-Pb zircon age of the granite is 1858±9 Ma (Skiöld & Öhlander 1989).

MINERAL RESOURCES 
Background data concerning mineral resources of the Masugnsbyn key area are extensive 
with abundant publications from exploration activities (see Appendix 1). Mineral resources 
from SGU’s databases are listed in Table 2. They include mineral and bedrock resources data 
(MDEP), drillhole data, SGAB and LKAB data on mineralised boulders and outcrops, explora-
tion permits etc. and are also shown in Figures 16–17 and Tables 4–8. 

Of economic interest in the Masugnsbyn area are layers of skarn-rich iron formations and do-
lomite between the Veikkavaara greenstones and the overlying metasedimentary rocks, but also 
graphite layers within the volcaniclastic greenstones, as well as base-metal, sulphide mineralisa-
tions in the metasedimentary and metavolcaniclastic rocks (Frietsch 1997, Geijer 1929, Grip & 
Frietsch 1973, Niiniskorpi 1986a, Padget 1970, Witschard et al. 1972).

An inventory of the mineral deposits in Norrbotten will start this summer and SGU’s Min-
eral & bedrock database will continuously be updated. A more comprehensive summary of the 
mineralisations of the Masugnsbyn area will be presented later in connection with the report 
from that work. Below is a short summary of the mineral deposits within the Masugnsbyn key 
area and its closest surroundings. 

Iron mineralisations
The Masugnsbyn iron ores
Iron mineralisations occur north of Masugnsbyn in an 8 km long, in general north–south trending 
zone apparently concordant with the stratigraphy on top of the Veikkavaara greenstones (Fig. 18, Ta-
ble 4, Frietsch 1997, Geijer 1929, Witschard et al. 1972). The Masugnsbyn ore district has been divid-
ed into six sub-areas or “fields” from the south: Junosuando, Vähävaara, Välivaara, Vuoma, Isovaara 
and Nya Isovaara. Only the two southern sub-areas contain concentrations of economic interest and 
have therefore been subject to systematic drilling and ore calculation (Witschard et al. 1972). 

The skarn iron ore at Magnetgruvan in the southernmost part of the area was discovered 
already in 1644 as the first of all iron deposits in Norrbotten (Geijer 1929). The operation of the 
blast furnace ended 1805, but the ore at Magnetgruvan was mined intermittently at a small scale 
until at least 1870 (Geijer 1929). Exploration recommenced in 1914 by AB Nordsvenska Malm-
fält which led to the discovery of several new iron occurrences by diamond core drilling around 
the 1920’s (Asplund 1920, Geijer 1929, Högbom 1919, Table 8). 
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Figure 15. Metamorphic and hydrothermal alteration 
minerals in the Masugnsbyn key area (from SGU’s da-
tabases). 
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Table. 6. Mineralised boulders (dataset from the SGU Malå office).

ID Map B/O N_SWE E_SWE Mineral Occcurence Grade
OÖ198/41 28L5g B 7478161 815509 Chalcopyrite Dissemination Isolated grains
TE235/48 28L1h B 7489460 819387 Chalcopyrite Dissemination Poor
TE237/48 28L7h B 7488222 820253 Chalcopyrite   
OW18/48 28L7g B 7489858 819182 Chalcopyrite   
OW21/48 28L7g B 7489854 818882 Chalcopyrite   
OW22/48 28L7g B 7489854 818882 Chalcopyrite   
OW23/48 28L7g B 7489854 818882 Chalcopyrite   
VB75/48 28L7g B 7489453 818867 Chalcopyrite   
MB82/48 28L6f B 7483082 809471 Chalcopyrite   
GW77/49 28L9h B 7501472 816931 Chalcopyrite Dissemination  
OW/49 28L9h B 7498361 819471 Chalcopyrite   
ATH7/49 28L9h B 7498582 821068 Chalcopyrite   
MF12/63 28L8c B 7491503 795812 Chalcopyrite   
MF13/63 28L8c B 7493255 795939 Chalcopyrite   
MF14/63 28L8c B 7492729 795896 Chalcopyrite   
MF17/63 28L8e B 7493174 805065 Chalcopyrite Dissemination Isolated grains
ÅN9/63 28L9c B 7496440 796748 Chalcopyrite   
ÅN10-11/63 28L8d B 7491446 802912 Chalcopyrite   
ÅN12/63 28L6f B 7481603 811090 Chalcopyrite   
ÅN13/63 28L6e B 7486272 804929 Chalcopyrite   
ÅN14/63 28L7e B 7486467 804527 Chalcopyrite   
MINK992975 28L6f B 7481455 811292 Chalcopyrite Dissemination Poor
BNAG80091 28L7d B 7487399 800875 Chalcopyrite   
 115/44 29L1g B 7506746 814912 Chalcopyrite   
TE184/49 29LOf B 7506531 813365 Chalcopyrite   
OW42/49 29L0f B 7505711 813376 Chalcopyrite   
FR200A/65 29L1f B 7508189 810144 Chalcopyrite Dissemination In places good
FR200C/65 29L1f B 7508189 810144 Chalcopyrite Dissemination Throughout some
FR200D/65 29L1f B 7508189 810144 Chalcopyrite Crackfilling Throughout good
KL11/66 29L1f B 7507583 813551 Chalcopyrite Dissemination Throughout good
KL12/66 29L1f B 7507583 813551 Chalcopyrite Dissemination Throughout good
GW77/49 29L0h B 7501927 820724 Chalcopyrite Dissemination Throughout rich
OB/47 28L7e B 7487223 806917 Graphite   
OW19/48 28L7g B 7489858 819182 Graphite   
OW21/48 28L7g B 7489854 818882 Graphite   
OW22/48 28L7g B 7489854 818882 Graphite   
OW23/48 28L7g B 7489854 818882 Graphite   
ATH105/48 28L5f B 7477835 813539 Graphite   
VB75/48 28L7g B 7489453 818867 Graphite   
MB76/48 28L7e B 7486890 806271 Graphite   
MB104/48 28L6e B 7485536 805964 Graphite   
MF15/63 28L7d B 7487042 802570 Hematite   
FR200B/65 29L1f B 7508189 810144 Iron Dissemination Throughout some
XX7192731 29L0f B 7502793 811974 Iron Breccia  
MB105/48 28L6e B 7485536 805964 Magnetite Massive Throughout rich
BNAG80102 28L7d O 7486972 800336 Magnetite Dissemination  
BNAG80103 28L9d O 7498874 801266 Magnetite Massive Throughout rich
 115/44 29L1g B 7506746 814912 Magnetite   
GW77/49 29L0h B 7501927 820724 Magnetite Dissemination Throughout rich
MB82/48 28L6f B 7483082 809471 Molybdenite Dissemination Poor
TR/43 28L9c B 7497724 797431 Pyrite Dissemination  
OW23/48 28L7g  7489854 818882 Pyrite   
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ID Map B/O N_SWE E_SWE Mineral Occcurence Grade
VB75/48 28L7g B 7489453 818867 Pyrite   
MB82/48 28L6f B 7483082 809471 Pyrite   
OW/49 28L9d B 7499390 800584 Pyrite   
ÅN9/63 28L9c B 7496440 796748 Pyrite   
BNAG80101 28L7d O 7487041 800240 Pyrite Crackfilling  
BNAG80103 28L9d O 7498874 801266 Pyrite Massive Throughout rich
FW237/66 29L0e B 7501523 805081 Pyrite Dissemination Throughout rich
OÖ198/41 28L5g B 7478161 815509 Pyrrhotite   
OW18/48 28L7g B 7489858 819182 Pyrrhotite   
OW19/48 28L7g B 7489858 819182 Pyrrhotite   
OW21/48 28L7g B 7489854 818882 Pyrrhotite   
OW22/48 28L7g B 7489854 818882 Pyrrhotite   
MB216/48 28L9e B 7496455 803697 Pyrrhotite Dissemination Throughout rich
MF16/63 28L7d B 7490689 802422 Pyrrhotite   
MF17/63 28L8e B 7493174 805065 Pyrrhotite   
ÅN9/63 28L9c B 7496440 796748 Pyrrhotite   
FR200B/65 29L1f B 7508189 810144 Pyrrhotite Dissemination Throughout rich
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Magnetgruvan is part of the Junosuando deposit that was investigated by magnetic and 
gravimetric ground measurements, diamond core drilling and detailed geological mapping 
of the ore zone by the Geological Survey of Sweden in the 1960s. Aeromagnetic maps of 
28L Tärendö and 29L Laino also became available during this time. SGU carried out a drilling 
programme of the Masugnsbyn iron mineralisations in the years 1967–1970 with 33 holes of a 
total length of 5488 m. Based on the drilling, the ore tonnage of the Junosuando deposit was 
estimated to 60 million tonnes of iron ore with an average of 30% Fe, 1.9% S, 0.024% P, 1.3% F 
and 0.08% Cu. In the smaller Vähävaara deposit, the iron ore resources down to 150 m below 
surface were estimated to 3.1 million tonnes at 28.8% Fe with in average 2.7% S and 0.048% P 
(Witschard et al. 1972). The Junosuando deposit is currently being investigated by Talga Re-
sources Ltd and new estimates have resulted in 112 million tonnes of ore at 28.6% Fe JORC In-
dicated and Inferred resources. The mineralisation occurs within a 65–140 m thick skarn altered 
zone that is defined by drilling over 5700 m and consists of medium- to coarse-grained mag-
netite developed within two parallel zones. The footwall zone contains consistently higher iron 
grades, averaging 35.2% (http://www.talgaresources.com, Martinsson et al. 2013).

The Masugnsbyn iron mineralisations form a more or less regular sheet concordant between 
the Veikkavaara greenstones and the overlying Pahakurkio quartzitic and metapelitic metasedi-
mentary rocks in a structure defined as the Masugnsbyn syncline (Padget 1970, Witschard et al. 
1972). The syncline forms a north–south trending, narrow structure with a south-plunging fold 
axis. The iron mineralisations occur in the eastern limb of the syncline with a steep westerly dip, 
but the strike turns westwards as the syncline closes in the northern part, which is apparent on 
the magnetic maps. The southern part of the Junosuando field is characterised by the presence of 
a rather thick dolomitic marble. Sulphide- and graphite-rich, fine-grained schists continue from 
the Junosuando field northwards into the Vähävaara and Välivaara fields. The ore zone gener-
ally contains abundant iron-sulphides. The eastern wall rock to the deposits in the Junosuando 
field is a perthitic granite, which has a 1–2 m wide marginal phase of albite alteration along the 
contact to the ore-bearing skarn (Geijer 1929, Witschard et al. 1972). The Masugnsbyn granite 
is a north–south elongated 3.5 × 2.5 km body with an emplacement age of 1858±9 Ma (Skiöld 
& Öhlander 1989). The contact is generally rather diffuse over up to a few meters and contains 
more or less skarn relicts and can be rich in sulphides. Thin dykes of granite cut the ore and the 
wall rock (Grip & Frietsch 1973). The c. 1.80 Ga Lina granite limits the Masugnsbyn syncline to 
the west and to the north (Padget 1970, Witschard 1970).

The southern iron deposits are classified as skarn iron ores, whereas the mineralisations to the 
north more have the character of sedimentary, millimetre- to centimetre-wide, quartz-magnetite 
banded iron ore of an exhalative origin. However, both types also occur together and it is locally 
difficult to distinguish the two (Padget 1970). In the southern ores, skarn minerals are intimately 
associated with magnetite in a steeply dipping, 70–100 m wide zone with diopside, tremolite-
actinolite and phlogopite, and more rarely serpentine and chondrodite (Padget 1970, Witschard 
et al. 1972). In detail, the skarn zone is very complex, but different skarn types are usually inter-
banded more or less concordantly with the stratigraphy. Magnetite is irregularly distributed but 
tends to concentrate in bands (Geijer 1929, Witschard et al. 1972). Four main skarn-types have 
been distinguished: tremolite-actinolite-diopside-(augite) skarn, biotite (phlogopite)-rich skarn, 
serpentine-rich skarn and carbonate-rich skarn. The first is the most common. The biotite-rich 
skarn is directly associated with the ore zone, and serpentine skarn is late, replacing chondrodite 
or pyroxene. There is normally a rather regular zoning of the ore zone with increasing amounts 
of magnetite towards the footwall accompanied by a change from tremolite skarn to serpentine 
skarn (Martinsson et al. 2013). Chalcopyrite is a minor constituent in the ore and uranium-
mineralised fractures are locally found in Magnetgruvan.
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The close spatial connection between the skarn iron ores and the perthite granite suggests 
that the intrusion of granite is responsible for the skarn formation and mobilisation of iron. 
Geijer (1929) considered the whole mineral paragenesis to be contact metasomatic, with the 
nearby perthitic granite being the source of the metals, supported by the presence of fluo-
rine in certain skarn minerals (Frietsch 1966). It was suggested that high temperature fluids 
replaced the carbonate rocks that occur in the uppermost part of the greenstones. Frietsch 
(1966) argued that the mineral association is due to the effects of regional metamorphism 
caused by emplacement of Lina granites. The original sedimentary iron ores were recrystal-
lised and mobilised, and the constituent components reacted with each other to form skarn 
minerals. The locally banded structure seen in the skarn iron ores in Masugnsbyn and in 
other places is interpreted to reflect the original sedimentary structures. Addition of sub-
stances from the granite is not necessary as the chemical components necessary for the skarn 
formation existed in the layered rocks. 

Most skarn iron ores and the banded iron formations in Norrbotten occur within basic vol-
canic rocks and sedimentary rocks with variable amounts of quartz, carbonate and iron (Frietsch 
1966). A striking feature is that the northern iron mineralisations, away from the Masugnsbyn 
perthite granite but close to Lina granites, have less skarn alteration and more of preserved sedi-
mentary, quartz-banded iron-ore, suggesting that intrusion of the low-temperature, minimum-
melt, c. 1.80 Ga Lina granites had less effect than the Masugnsbyn perthite granite. The older, 
c. 1.86 Ga Masugnsbyn perthite granite seems to be responsible for the contact metamorphic or 
metasomatic skarn alteration and also enrichment of iron, with higher grade and coarser grain 
size in the footwall next to the granite.

Leppäjoki
The Leppäjoki iron mineralisation is located 10 km west-south-west of Junosuando (28L 8 f) and 
is described by Lindroos (1979) and Frietsch (1997). It was discovered 1962 by airborne magnetic 
measurements performed by SGU. Magnetic and gravimetric measurements were done in 1964–
1965 and 1968, and was followed by the diamond core drilling of one hole of 221.14 m. The min-
eralisation is covered by soil with a depth to the bedrock surface of 12 m. Analyses of sections in 
the ore zone include Fe and P. Some analyses also include S and Cu.

The iron ores are found in small remnants of greenstones of the Veikkavaara group and are 
completely surrounded by microcline granite. The greenstones are outlined by a 250 m long and 
50 m wide magnetic anomaly extending east–west. The mineralisation consists of magnetite 
in amphibole skarn and has the shape of two, east–west trending, c. 250 m long layers that dip 
steeply towards the north. Next to the ore zone there are remnants of banded, biotite-rich green-
stone, probably a tuffite. Metabasite dykes cut the ore zone and the wall rock. The northern min-
eralisation is 5–8 m wide, whereas the southern mineralisation has an average width of 35 m. 
Magnetite occurs as a fine-grained impregnation in amphibole skarn or as a banding. The skarn 
rock consists of amphibole, chlorite, quartz and calcite and in some parts also mica. Pyrrhotite 
and pyrite occur as impregnation and vein filling in the ore. Covering an area of 6650 m2 down 
to a depth of 250 m, the southern occurrence contains an estimate of c. 6 million tonnes with, 
in average, 32.0% Fe, 0.04% P, 0.9% S and 0.04% Cu (Lindroos 1979). However, based on only 
one drillhole, the shape of the ore body is poorly known, especially at depth.

Tornefors 
The Tornefors iron deposit is located just west of the village Junosuando (28L 9 h) and is de-
scribed by Damberg et al. (1974) and Frietsch (1997). The ore is covered with c. 10 m of soil and 
was discovered by SGU in 1949 by magnetic measurements followed by six holes of diamond 
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core drillings totalling 808.15 m. Gravimetric measurements were done in 1966 and two addi-
tional holes of 316.25 m were drilled in 1970. 

The Tornefors skarn iron mineralisation occurs in the greenstones of the Veikkavaara group. 
It forms a 700 m long and up to 120 m wide, moderately to steeply east dipping, lens-shaped 
layer which strikes north–south but is gently winding and in the southern part dislocated by 
two minor faults. Magnetite occurs as bands or schlieren alternating with actinolite–tremolite 
and diopside skarn and layers of quartzite. In the western part of the zone, serpentine predomi-
nates. Locally, pyrite, pyrrhotite and some schlieren of chalcopyrite occur. The ore-bearing zone 
is intersected by up to 10 m thick dykes of dolerite and uralite porphyrite. Down to 100 m depth 
the amount of ore is estimated at around 2.6 million tonnes containing approximately 20% Fe, 
0.005–0.027% P and 1–5% S.

Immediately west of and in contact with the ore-zone is a fine- to medium-grained, grey, 
less than 10 m wide limestone horizon that can be followed more than 500 m. Westwards there 
is a strongly foliated and biotite-rich agglomeratic greenstone, where graded bedding indicates 
younging towards the east. Not far to the east there is a granodiorite intrusion. 

Dolomite
Masugnsbyn
According to a summary by Martinsson et al. (2013), dolomite is mined in a quarry in Masugns
byn by LKAB, who use the dolomite as an additive in the iron pellet production (Fig. 18). The 
total production is about 4 million tonnes. The quarry was previously run by Norrbottens Järn-
verk AB from 1952 to 1972. The SiO2 content is as low as 1.5%, which is essential for industrial 
purposes. Olivine, amphibole, chlorite, pyrite and calcite occur in minor amounts. The dolomite 
is present as a c. 100–200 m thick unit in the uppermost part of the Veikkavaara greenstones, 
between the greenstones and the metasedimentary rocks of the Pahakurkio group rocks. At 
the quarry, the dolomite is thickened and exceeds 300 m in thickness. The dolomite deposit 
in Masugnsbyn is further described in many publications, e.g. Müllern (1966), Padget (1970), 
Shaikh (1974), Shaikh et al. (1989).

Isovaara
At Isovaara (29L 0 d), c. 5 km north of Masugnsbyn, there is a 140 x 70 m large occurrence of 
dolomite that is detected down to 20 m depth (Fig. 18). The occurrence is limited to the north 
by pyroxene-biotite skarn and quartzite. The rock is, however, of poorer quality compared to the 
dolomite in Masugnsbyn, and contains chlorite, quartz, muscovite, amphibole, scapolite and 
sulphides (Fig. 16, Shaikh 1974, Shaikh et al. 1989). 

Hietajoki
Hietajoki is an occurrence of dolomite situated c. 7 km south-east of Masugnsbyn (Fig. 16). 
It is located in the same stratigraphic position as the Masugnsbyn dolomite, in the border be-
tween the Veikkavaara greenstones and sedimentary rocks of the Pahakkurkio group (Bida 
1979, Shaikh 1974, Shaikh et al. 1989). The carbonate rock strikes N30–50°W and dip steeply 
(80–85°) towards the east. The estimated length of the dolomite deposit is, as interpreted from 
geophysical data, at least 2 km. Bedrock sampling under soil suggests a length of 1 km and a 
rather constant thickness of about 200 m (Bida 1979). The occurrence has been investigated 
by diamond core drilling by SGU and LKAB, and is calculated to contain 9 million tonnes 
of dolomite down to 55 m (Shaikh et al. 1989). It consists of a rather pure dolomite, which 
passes into skarn banded limestone and limestone with schist bands towards the greenstones 
in the north-east (Shaikh 1974, Shaikh et al. 1989). The dolomite contains rather constant 
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values of magnesium and calcium (21% MgO and 30% CaO), but variable amounts of silica 
(0.5–3% SiO2) and iron (0.5–1.5% Fe2O3), attributed to impurities like tremolite, quartz and 
limonite (Bida 1979). 

Orjasjoki
At Orjasjoki, ca 20 km south-south-east of Masugnsbyn, there is a 40 000 m2 occurrence of 
dolomitic limestone, which has been included in the Kalixälv group, i.e. in the northern limb of 
the Oriasvaara syncline (Padget 1970, Shaikh 1974, Shaikh et al. 1989). The limestone is found 
within mica schist, above a unit of greenstone, and is cut in the south-west by granite and peg-
matite. The limestone strikes N50–60°E and dips 70–90° towards the south. In the western 
part, the limestone has a thickness of 90 m, but it thins eastwards to 50 m. Analyses show a 
composition of weakly dolomitic limestone, where the magnesium content seems to be bound to 
included serpentine. The limestone is medium-grained, white to yellowish brown and it locally 
contains serpentine, olivine (chondrodite) phlogopite, tremolite, diopside, apatite, titanite and 
traces of garnet and sulphides (Shaikh 1974, Shaikh et al. 1989).

Lautakoski soapstone deposit
A soapstone deposit occurs near Lautakoski, c. 15 km east-south-east of Masugnsbyn along the 
banks of the Tärendö älv (Fredholm 1886, Shaikh 1972, Svenonius 1916). The soapstone is inter-
preted as an alteration product of ultrabasic rocks, and occur as a narrow, 1 km long fragmented 
zone within a large body of gabbroic rocks intruding supracrustal rocks of the Veikkavaara 
greenstones. Mineralogically the soapstone is dominated by talc, chlorite, carbonate and mag-
netite. SGU has performed trenching, followed by a ground magnetic survey in 1967 and drill-
ing, the operations being completed in 1969. Ten diamond drill-holes totalling c. 950 m were 
drilled (Shaikh 1972).

Graphite
Graphitic schists are important members of the upper part of the Veikkavaara greenstone 
group. Though rarely exposed, their presence can be easily detected by electromagnetic methods 
(Padget 1970). Known occurrences include e.g. Jalkunen, 28L 6 e (Niiniskorpi 1987), Junosuan-
do, 28L 9 g (Padget 1970), Nybrännan, 28L 9 e (Gerdin et al. 1990), Palo Pöyviö, 29L 1 d (Geijer 
1918, Gerdin et al. 1990), Tiankkijokki, 28L 5 e (Gerdin et al. 1990, Niiniskorpi 1983) and the 
Suinavaaragruvan, 28L 7 g (Gerdin et al. 1990, Padget 1970). The graphite schist at Suinavaara 
seems to be the most interesting with an estimate of c. 125 000 tonnes of graphite with 29% C 
and 1.9% S (Gerdin et al. 1990).

Sulphide mineralisations
Sulphide mineralisations of the Masugnsbyn area that are in the current version of SGU’s Min-
eral and bedrock resources database (MDEP) are listed in Table 4. These occurrences are shortly 
described below. The planned inventory survey of the mineralisations in the Masugnsbyn area 
intends to update the information in the database.

Merasjärvi 
At Merasjärvi (29L 1 d), c. 8 km north-north-east of Masugnsbyn, there are outcrops with a 
molybdenum mineralisation containing 0.2–0.3% Mo in granite-veined (?) greenstone and gab-
bro. Cu-Mo-bearing boulders of skarn contain 100–300 ppm Mo and 0.2% Cu, and as best 
2900 ppm Mo (Lehto 1981).
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Maunuvaara 
In the north-west part of the mountaintop of Maunuvaara, 17 km south-south-west of Masugns
byn, there is an old copper mine, known from the 17th century during which time the ore was 
processed in the Svappavaara kopparverk (also named Magnovaara, Geijer 1918, Hermelin 1804, 
Tegengren 1924). The mine is water-filled and surrounded by some 100 tonnes of overgrown 
waste rock. The bedrock at the deposit is described as a fine-grained, grey, plagioclase-horn-
blende bearing gneiss, intruded by a light red to white, isotropic granite and some pegmatite. 
The granite is seen in outcrops on the north-western slope of the mountain and the fine-grained 
gneiss in the waste rock material. The ore consists of chalcocite with small amounts bornite and 
chalcopyrite in veins together with quartz and hornblende in the wider dykes. Thin fracture 
fillings consist mostly of chalcocite. Malachite and azurite are also present, as well as zeolites, 
including aggregates of stilbite (desmin) and chabasite. Hermelin (1804) also mentioned copper 
deposits at the mountains Vuolovaara and Rovavaara 2 km north-east and 10 km north-west of 
Maunuvaara, respectively. 

Niiniskorpi (1982) described exploration work at Maunuvaara from the early 1980s, includ-
ing geological mapping and boulder prospecting, geochemical sampling of bog peat and stream 
sediment, and magnetic and electromagnetic measurements (VLF and IP). According to Niinis-
korpi (1982) there is a 7.5 km long zone with small, separated copper mineralisations occurring 
as centimetre- to decimetre-wide quartz-hornblende veins in tuffite or locally skarn rocks, sur-
rounded by granite. Copper concentrations are variable but reaches a few percent. The gold con-
tent is generally below 2 ppm, but one sample contained 6.5 ppm. There are also samples that are 
anomalous in molybdenum (200 ppm) and tungsten (2900 ppm). Bog peat samples show Cu, 
Mo- and Sn-anomalies, but the mineralisations are hard to trace with geophysics.

Iso-Orotusvaara
At Iso-Orotusvaara (28L 5 b), c. 20 km south of Masugnsbyn, there is a weak Cu-sulphide 
mineralisation (<0.12% Cu) in intermediate tuffs or tuffites of the Kalixälv group (Niiniskorpi 
1986b, Niiniskorpi 1986c). The mineralisation was detected by soil geochemistry and diamond 
core drilling (Niiniskorpi 1986b, Niiniskorpi 1986c). Pyrite and pyrrhotite with or without 
chalcopyrite occur as a weak dissemination or locally as crack fillings. Traces of bornite and 
chalcocite are found in quartz-amphibole filled veins in one of the three drill-cores. Also granite 
dykes intruding the tuffs contain traces of sulphides, such as chalcopyrite and molybdenite. 

Kurkkionvaara 
The Kurkkionvaara Zn-Pb-Cu mineralisation (28L 6 d) is located c. 15 km south of Masugnsbyn 
at the contact between intermediate volcanic rocks of the Kalixälv group and metasedimentary 
rocks of the Pahakurkio group (Fig. 16). Niiniskorpi (1985 and 1986a) has described the explora-
tion history, mineralisations and geology of the Kurkkionvaara area. Extensive exploration work 
during 1981–1985 included bog peat and till geochemistry, boulder-prospecting, geophysical 
surveys, bedrock geological mapping and diamond core drillings. Drilling on soil geochemical 
anomalies has resulted in discoveries of small, sub-economic Zn-Pb±Cu mineralisations, usually 
as scattered sulphide veins or fracture fillings with sphalerite and galena, mainly in the meta-
sedimentary rocks of the Pahakurkio group, but also in the overlying quartz-rich conglomerate. 
Locally, there are richer mineralisations in some fracture zones with total Zn-Pb contents up to a 
few percent over 0.4–2.0 m. Some of the mineralised zones seem to be correlated with high boron 
contents and abundant tourmaline. Both ground magnetic and air-borne electromagnetic (sling-
ram) measurements have given strong anomalies related to rich impregnations of pyrrhotite and 
pyrite in metre-wide zones. The richest concentrations of Fe-sulphides occur in the 10–20 m wide 
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conglomerate horizon above the Pahakurkio group as an impregnation in the matrix. There are 
traces of chalcopyrite with 500–2000 ppm copper, but low amounts of gold and silver.

Rappukoski 
A copper mineralisation occurs at Rappukoski, c. 18 km south-south-east of Masugnsbyn 
(28L 6 e, Grip & Frietsch 1973). The mineralisation is located to a layer of calcareous skarn in 
outcrops on both sides of the river Kalixälven. A system of tension fractures created during fold-
ing is filled with quartz, calcite, hornblende, chalcopyrite, bornite and molybdenite. Chalco
pyrite is also, to some extent, disseminated in the wall rock. The width of the mineralised zones 
is usually 0.1–0.3 m, but can reach 2 m in connection with folding. The mineralisation contains 
1–2% copper and traces of molybdenum. The geology of the area is dominated by metasedimen-
tary rocks of the Pahakurkio group, mainly quartzitic micaschist, but also layers of conglomer-
ate and concordant greenstones, all cut by granite and pegmatite (Padget 1970, Ödman 1939).

Oriasvaara 
The Oriasvaara copper deposit is located c. 20 km south-south-east of Masugnsbyn (28L 6 f), 
east of the road to Tärendö and c. 1 km north of the mountain Oriasvaara. Two zones of miner-
alisation have been recognised in the supracrustal rocks that have been assigned to the Kalixälv 
group (Quezada 1976). In the western part the mineralisation is associated with greenstones and 
quartzites and in the eastern part there is a mineralisation in a limestone horizon. The western 
mineralisation has an impregnation of sulphides, including pyrrhotite, pyrite, chalcopyrite and 
trace of bornite, in both greenstones and quartzites. The scapolite altered rocks form a c. 180 m 
thick unit that generally strikes south-west–north-east. The mineralised zone is bounded by 
mica schist to the north and east, by pegmatite to the south, and appears to continue westwards 
as indicated by geophysical maps. Analyses of mineralised rocks give up to 1.3% Cu and a few 
analyses of gold give up to 0.5 ppm (Carlson 1982a, Carlson 1982b, Quezada 1976). The eastern 
mineralisation contains an irregular and fine-grained impregnation of pyrrhotite, chalcopyrite 
and pyrite in dolomitic limestone. The mineralisation is locally richer in skarn altered parts, oc-
curring as impregnations or in bands.

SOIL GEOCHEMISTRY	
The soil geochemistry database contains 436 physical samples within the Masugnsbyn area. Ex-
amples of some elements are given in Figure 19. A clear lead and zinc anomaly is associated with 
the Kurkkionvaara sulphide mineralisation, situated just south of the river Kalix älv.

Several studies show that the stratigraphy in northern Norrbotten is complex with two or 
more generations of till, which complicates the interpretation of till geochemical surveys (Fager-
lind 1981, Lagerbäck 1982). There are two different ice movement directions, an older from 
north-west and a younger from south-south-west. The older ice movement has left well-devel-
oped drumlins and seems to be most important in transporting material.

GEOPHYSICAL OVERVIEW
Airborne data
Airborne geophysical data over the key area and its vicinity were collected by Loussavaara-Kiiru-
navaara AB (LKAB) during the period 1981–1985. A comprehensive list of the measurements is 
found in Table 9. The airborne data were collected at 30 m above the ground with a line separa-
tion of generally 200 m, except in one area in the south within the key area, which had a line 
separation of 100 m. The dominating flight direction is east–west but three smaller areas were 
flown in a north–south direction. The data sampling along the lines is approximately 35 m. 
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In all surveys, magnetic, gamma ray radiation and electromagnetic slingram measurements 
were included. The electromagnetic method VLF has also been used in all areas. However, the 
registration of signals from one or two transmitters varies and the data coverage is in some cases 
incomplete (Table 9). 

The magnetic anomaly map over the Masugnsbyn key area and its surroundings is shown in 
Figure 20. The magnetic field within the key area is dominated by low signatures but with sev-
eral persistent, thin anomalies striking north-north-west. At the centre of the eastern limit of the 
key area, strong positive magnetic anomalies form a V-shaped structure. A positive anomaly cor-
responding to a gabbroic rock mass is present in the south-western corner of the key area. 

Figure 19. Examples of soil geochemistry maps with the elements Pb, Zn, Ni and Cu. The Kurkkionvaara Zn-Pb-
Cu mineralisation is clearly outlined as distinct anomalies.
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The electromagnetic data from VLF and slingram measurements are shown in Figure 21 and 
22, respectively. In areas where two VLF-transmitters were used, a peaker map is constructed, 
and the apparent resistivity and the current density can be calculated (Pedersen et al. 1994). The 
advantage of the peaker representation is that the location of an anomaly lies directly above its 
source. For the two-transmitter case, the identification of conductive structures are independent 
of their strike direction in relation to the VLF-transmitter, which is the case for one-transmitter 
measurements. The real part of the slingram data also shows conductive structures in the area.

Ground based gravity
The distribution of regional gravity measurements in the area is shown in Figure 23. The point 
distance is approximately 1 km. A detailed ground gravity survey was performed in 1965 in the 
area of the Masugnsbyn iron ore (Figs. 23 and 24). The most dense measurements were done 
with a point distance of 20 m and a line separation of 40 m. 

Ground based magnetic, electromagnetic and geoelectric measurements
Several ground based measurements have been carried out within the key area and its closest vi-
cinity in the 1980-ies by SGU. In the area of the Masugnsbyn iron ore, magnetic measurements 
were performed already in 1965 and 1967 covering the same area as the detailed gravity measure-

Table 9. Complete list of the airborne geophysical surveys over the Masugnsbyn key area. 

Year Company Gephysical methods used Area Flight 
direction

Flight line 
separation 
(m) 

Flight 
altitude 
(m)

1985 LKAB Magnetics, gamma spectrometry, 
VLF (2-transmitters), slingram

Almost entire 28L SO E–W 200 30

1985 LKAB Magnetics, gamma spectrometry, 
VLF (1-transmitter), slingram

Part of 28L SV N–S 200 30

1982 LKAB Magnetics, gamma spectrometry, 
VLF (2-transmitters) (50% cover-
age), slingram

28L NO, 28M NV, part 
of 29M SV

E–W 200 30

1985 LKAB Magnetics, gamma spectrometry, 
VLF (1-transmitter), slingram

Part of 29L SO E–W 200 30

1981 LKAB Magnetics, gamma spectrometry, 
VLF (2-transmitters), slingram

Almost entire 28L NV E–W 200 30

1983 LKAB Magnetics, gamma spectrometry, 
VLF (2-transmitters) (80% cover-
age), slingram

29K SV, 29K SO, 29L SO E–W 200 30

1982* LKAB Magnetics, gamma spectrometry, 
VLF (2-transmitters) (80% cover-
age), slingram

Part of 28K NO and 
28L NV

E–W 200 30

1983* LKAB Magnetics, gamma spectrometry, 
VLF (2-transmitters), slingram

28K NO and part of 28K 
NV, 28L NV

E–W 200 30

1982** LKAB Magnetics, gamma spectrometry, 
VLF (1-transmitter), slingram

Part of 28L NV N–S 100 30

1982** LKAB Magnetics, gamma spectrometry, 
VLF (1-transmitter), slingram

Part of 28L NO N–S 200 30

1961** SGU Magnetics 28M and 28L E–W 200 30
1962** SGU Magnetics 29K SV and SO E–W 200 30
1962** SGU Magnetics 28K E–W 200 30
1963** SGU Magnetics 29L SV, SO and 29M SV E–W 200 30
1972** SGU/LKAB Magnetics, gamma spectrometry 29K E–W 200 30
1976** SGU/LKAB Magnetics, gamma spectrometry, 

VLF (1-transmitter)
Almost entire 29K E–W 200 30

* Radiometric measurements one year later

** Not used for producing maps for this report
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Figure 20. Magnetic anom-
aly map of the Masugnsbyn 
key area and surroundings. 
Main roads and larger villag-
es are shown on the map. 

Figure 21. Imaginary part of 
the peaker VLF data. Dark 
blue colour indicate conduc-
tive structures. 
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Figure 22. Real part of the 
slingram data, measured 
with a frequency of 3720 
Hz. Darker colour indicates 
more conductive structures. 
The red polygon shows the 
outline of the Masugnsbyn 
key area. 

Figure 23. Residual gravity 
field. The gravity data has 
been filtered to enhance 
the response from a depth 
less than approximately 3 
km below the surface. Black 
crosses show the locations 
of measurements. 
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ments (Fig. 24). Slingram measurements were conducted in a smaller part of the area (Fig. 25) in 
the 1970ies.

All areas of ground-based measurements are listed in Table 10 and the locations and cover-
age is shown in Figure 25. At most of the locations, both slingram and magnetic profile meas-
urements has been performed. The exception is in the large area named Saittarova where only 
ground slingram measurements were performed in order to map the nort-west striking conduc-
tive structure which is clearly indicated in Figure 22. 

The distribution of single profile measurements, IP, VLF and magnetic, are shown in Fig-
ure 26. The main part of the profiles have been measured in 1995 within a regional mapping 
project (Bergman et al. 2001). West of the key area, four profiles (IPa-d, Fig. 26, Table 11) have 
been measured with geoelectric methods and data on induced polarisation, self potential and 
resistivity are available.

Figure 24. Residual gravity field from detailed measurements in the northern part of the key 
area. Black dots show the location of measurements. 
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Figure 25. Location of 
ground magnetic meas-
urements shown on the 
airborne magnetic map. 
Red lines show location of 
ground magnetic profile 
measurements. The polygon 
numbers refer to Table 10. 

Figure 26. Location of 
ground profile measure-
ments shown on the air-
borne magnetic map. Profile 
ID refers to Table 11. 
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Petrophysics
There are 331 petrophysical samples within the area shown in Figure 27. The outcrops within the 
key-area are fairly limited (red polygons in Fig. 27) and the samples are therefore heterogeneous-
ly distributed. Most samples have been collected in relation to known mineralisations or deposits 
of industrial minerals as well as along the river where large outcrops are present. Density, mag-
netic susceptibility and remanent magnetisation have been measured on all samples. 24 of the 
samples are orientated and the direction of the remanent magnetisation has been determined. 

Table 10. Ground magnetic measurements. The polygon number refers to Figure 25. 

Area (polygon no) Method Year Measurement Line dis-
tance (m)

Point dis-
tance (m)

1. Masugnsbyn grav - terrain corrected Bouguer anomaly - -
mag 1965, 

1967
anomaly 20 (80) 10 (20)

slingram 1974 Im, SR 18kc/s, coil separation=60 m 80 (40) 20 (10)
slingram 1974 Re, SR 18kc/s, coil separation=60 m 80 (40) 20 (10)

2. Jylkkyvaara mag 1983 total field 100 20
slingram 1983 Im and Re 100 20

3. Jalkunen mag 1983 total field 100 20
slingram 1983 Im and Re 100 20

4. Kurkkionvaara mag - total field 100 (50) 20 (10)
slingram - Im and Re 100 (50) 20 (10)

5. Maunuvaara IP, SP, resistivity
mag 1984 total field 100 10
mag 1981 total field 100 20

6. Tiankijoki mag
slingram 1985 Im, SR 3.6kc/s, coil separation = 40 m 100 (50) 20 (10)
slingram 1985 Re, SR 3.6kc/s, coil separation = 40 m 100 (50) 20 (10)
mag 1982 total field 100 20
mag 1983 total field 50 10
mag 1983 total field 100 20
slingram

7. Oriasvaara slingram 1967, 
1976

Im, SR 18kc/s, coil separation = 40 
and 60 m

40 20 (10)

slingram 1967, 
1977

Re, SR 18kc/s, coil separation = 40 
and 60 m

40 20 (10)

mag 1976 anomaly 40 20
8. Lauta mag 1984 anomaly 100 10

slingram 1984 Im 100 20
slingram 1984 Re 100 20

9. Saittarova slingram 1946 Im, SR 3.6kc/s, coil separation = 40 m - -
slingram 1946 Re, SR 3.6kc/s, coil separation = 40 m - -

10. Leppäjoki mag 1969 anomaly 40 (80) 10 (20)
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Figure 27. The topography 
within the Masugnsbyn key 
area based on LiDAR data 
(2x2 m DEM). The red areas 
show outcrops and yellow 
dots the location of exist-
ing petrophysical bedrock 
samples. 

Table 11. Ground magnetic measurements. The line number refers to Figure 26.

Profile Method Measurement date/year Point distance (m) Length of profile (m)
L1 VLF 13-Jul-95 10 1690
L2 VLF 03-Aug-95 10 670

Mag 03-Aug-95 10 1910
L3 VLF 11-Jul-95 10 1510

Mag 11-Jul-95 10 2260
L4 Mag 11-Jul-95 10 2430
L5 Mag 30-Jul-95 10 1350
L6 VLF 29-Jul-95 10 3590

Mag 29-Jul-95 10 3280
L7 VLF 29-Aug-95 10 860

Mag 29-Aug-95 10 940
L8a VLF 23-Aug-95 10 920

Mag 23-Aug-95 10 1050
L8b VLF 23-Aug-95 10 960

Mag 23-Aug-95 10 930
L9a-e Mag, Slingram 1984 20 4000-5000
L10a-e Mag, slingram 1984 20 3500
IPa-d IP, resistivity and SP 1980 20 1200
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FURTHER WORK
Extensive background material exists for the Masugnsbyn key area, with many detailed geologi-
cal and geophysical investigations done in connection with bedrock geological mapping and 
mineral exploration. Data from previous studies provide a foundation to build upon to further 
enhance the knowledge of the bedrock geology of the area. Increasing knowledge is of essential 
importance for further mineral exploration. Many excellent studies have been done, but most of 
these are old. For instance, the most recent bedrock maps in detailed scale of the Tärendö and 
Laino areas were published by Padget and Witschard more than 40 years ago. The scientific un-
derstanding, analytical methods and even terminology have developed considerably since then. 
Correlation between geological units and understanding of the geological evolution is, for ex-
ample, hampered by poor or missing time constraints on the formation of rock units. The rapid 
development of new radiometric dating techniques in the last 10–15 years, using in situ probing 
techniques like SIMS and LA-ICPMS of single mineral grains, gives better and more easily in-
terpreted age data at a lower cost, and also allows for determination of multiple events recorded 
in complex single mineral grains like zircon. Also other geochemical analytical methods and 
geophysical techniques have developed resulting in better and more precise data. It is easy to for-
get, but the digital era started only some tens of years ago. Today we have completely new tools 
to process, analyse and visualise geophysical, geochemical and geological data. Available datasets 
can be integrated and combined using GIS. Even positioning in the field is improved with use 
of GPS and better topographic maps, not to mention the detailed elevation data from Lantmä-
teriet. 

The available time and resources for new surveys and analyses in the Masugnsbyn key area 
is very limited, but below we list some general tasks and issues that we hope to solve and under-
stand better:

•	 Improve the current bedrock geological map by integrating old and new geological and geo-
physical data. A more detailed bedrock geological interpretation can be achieved using the 
anomaly pattern seen in the geophysical maps.

•	 3D and 4D geological and geophysical modelling to visualise and understand bedrock geol-
ogy at depth and in time. 

•	 Improve the knowledge about the stratigraphy, geochemical signature and age of suprac-
rustal rocks, and do regional correlations of rock units across Norrbotten. Rock units in the 
Masugnsbyn key area planned to be sample for geochemisty, Nd-isotopes and geochronology 
are:
–	 Basaltic rocks of the Veikkavaara greenstone group.
–	 Intermediate and felsic volcanic rocks north-east of Masugnsbyn in contact with the 

Veikkavaara greenstones. What are the relations between these volcanic rocks? 
–	 Quartzitic rocks of the Pahakurkio and Kalixälv groups. Is there any difference between 

these rock units?
–	 Intermediate volcanic (?) rocks in the Pahakurkio and Kalixälv groups.

•	 Better understand of the structural and metamorphic development of the bedrock.
–	 Have rocks of the Veikavaara greenstone group a more complex deformation history than 

the younger Scecofennian (?) metasedimentary rocks of the Pahakurkio and Kalixälv 
groups?

–	 Is there a discordance beteen the Veikavaara greenstone group and the Pahakurkio group?
–	 Improve the poorly contrained c. 1.86 Ga metamorphic age of the migmatitised para

gneiss at Takanenvaara (Bergman et al. 2006) by more U-Pb analyses on monazite and 
possible, secondary zircon rims. 
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–	 The granite south-east of the Masugnsbyn key area has an unclear age affinity and will be 
sampled for U-Pb zircon geochronology to date the intrusion and possibly to relate this 
age to obtained metamorphic ages in the migmatitic paragneiss.

–	 Quantiative constraints of metamorphic P-T conditions including samples from andalu-
site-bearing metaargillites, sillimanite-bearing migmatitic paragneiss and garnet-bearing 
greenstone.

•	 Increase the knowledge about mineralisations and hydrothermal alterations in the area.
–	 An inventory of mineralisations of the Masugnsbyn key area is planned, including sam-

pling for petrographic and chemical analyses to characterise mineralisations and associ-
ated wall rock alterations.

–	 The Masugnsbyn perthite granite will be sampled for SIMS/LA-ICPMS geochronology to 
better constrain the igneous crystallisation age of the granite with implications for timing 
of the skarn iron ore formation.
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