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Metalliferous ore deposits and mineralisations in the county of Finnmark occur in rocks ascribed to
three specific periods of geological time: 1) Archaean. 2) Early Proterozoic. 3) Caledonian. The only
Archacan ore deposit is located at the largest iron mine in Norway, Sydvaranger; this was deposited in
a shelf environment. The Early Proterozoic volcano-sedimentary belts can be divided into three
major metallogenetic provinces. In the easternmost Pasvik area no significant deposits are known and
only a few minor nickel mineralisations are present. The rocks of the Karasjok Greenstone Belt are
thought to have accumulated during a complete "Wilson orogenic cycle” and contain both stratiform
and stratabound copper deposits. banded iron formations and nickel mineralisations. A continental
rifting model is more likely for the rocks of the Kautokeino Greenstone Belt and for correlative units
in the tectonic windows to the northwest. Stratabound. copper deposits are dominant, occurring in
both metavolcanites and metasediments, but gold, uranium and REE mineralisations are also found.
This province includes the second operating ore mine in Finnmark at present, the Bidjovagge copper-
gold mine. The Caledonian province contains lead deposits in both amphibolite-facies and very low
grade metasandstones and Fe-Ti occurrences in mafic and ultramafic intrusive bodies in the Seiland
magmatic province.
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Introduction

The bedrock geology of the southern part of
Finnmark is composed of Archacan to Early
Proterozoic gneisses and volcano-sedimentary
supracrustal rocks overlain unconformably by
Late Proterozoic to Cambrian autochthonous
and parautochthonous sediments. Above these,
towards the northwest, are the Caledonian nap-
pes which comprise Late Proterozoic to Early
Ordovician metasediments, Precambrian base-
ment rocks and Early Palacozoic plutonic com-
plexes (Plate 1).

The Archaean gneisses consist mainly of fel-
sic orthogneisses and paragneisses. In East
Finnmark these rocks are transected by shallow
belts of probable Early Proterozoic volcano-sed-
imentary sequences. The Archaean gneisses in
southwestern Finnmark constitute a dome
structure, and this is pierced by Early Protero-
zoic plutonic rocks (Platel). The dome is flan-
ked by the Svecokarelian Kautokeino
Greenstone Belt in the west and the Karasjok
Greenstone Belt in the east. The precise rela-
tionship between these greenstone belts is a
subject of current discussion, but they are prob-
ably of similar age, i.e. Early Proterozoic (Krill
et al. 1985). The supracrustal rocks of the Alta-

Kvanangen, Altenes and Repparfjord-Komag-
fjord tectonic windows are correlated with those
in the Kautokeino Greenstone Belt (Pharaoh et
al. 1983, Siedlecka et al. 1985). The volcano-
sedimentary belts consist of metavolcanites,
mainly of tholeiitic basaltic composition, psam-
mites and pelites. Komatiitic metavolcanites are
found especially in the Karasjok Greenstone
Belt (Henriksen 1983, Often 1985). Felsic volca-
nites are rare, but the greenstone belts are in-
truded by younger felsic intrusions mainly along
their borders. The major types of ore deposits in
these various units are listed in Table 1. The
economically most important of these is the
Sydvaranger iron ore deposit of Archaean age,
which besides the Bidjovagge copper-gold mine
is the only operating ore mine in Finnmark at
present.

The present paper constitutes a review of the
metalliferous ore deposits and mineralisations
occurring in the county of Finnmark. The de-
posits are described broadly from oldest to
youngest, and the description is followed by a
discussion of the major metallogenetic provin-
ces recognised in the different geological re-
gions.
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deposits

(Superior type BIF)

(Algoma type BIF)

Archacan Early Proterozoic Late Proterozoic Palaeozoic

Deposits associated Bidjovagge (Cu-Au)
with basaltic Kafjord (Cu)
volcanism Porsa (Cu)

Biggejavri (U-REE)

Porsanger (Cu)

Repparfjord Geitvann Dividalen Group
Sedimentary (sandstone Cu) (sandstone Pb-Zn) (sandstone Pb)
sulphide
deposits Raipas (dolomite Daktegilva (dolo-

-hosted Cu) mite-hosted Cu)
Sedimentary iron Sydvaranger Karasjok

Deposits in mafic
igneous rocks

South Pasvik (Ni)

Anarjokka (Ni)
Pasvik (Ni)
Porsanger (Cu)

Seiland province
(Fe-Ti)

Deposits asso-
ciated with felsic
igneous rocks

Gievdneguoika
(Mo-W-F)
Raitevarre (Cu)

Table 1. The main ore deposit types of Finnmark.

Archaean deposits

Sydvaranger iron ore deposits

The Sydvaranger iron ore deposits occur in a
strongly folded sequence of metavolcanites and
metasediments of Late Archacan age (Bugge
1978, 1980). The iron formation can be traced
for 100km from Kirkenes to the head of Varan-
gerfjord (Plate 1). The stratigraphy is best
known in the mining arca of Bjornevann (Fig. 1)
(from top to bottom):

Biotite-hornblende gneiss (meta-andesite)

Quartz-banded iron ore

Bjornevann gneiss (quartzite and arkosite
with metarhyolitic inter-
beds)

Bjornevann conglomerate

The iron formation. has a well developed ban-

ding of alternating quartz and magnetite. The
content of clastic material is low, and carbonate
and sulphide facies are practically absent. Pri-
mary slump structures have been reported (Bug-
ge 1980). There is a marked petrographical dif-
ference between footwall and hanging wall. The
footwall rocks consist of shallow-water sed-
iments and felsic volcanites and the hanging wall
rocks of mafic to intermediate volcanites. The
ore consists of magnetite, quartz, hornblende,
grinerite. epidote. biotite and sometimes he-
matite. Traces of pyrite and chalcopyrite are
present and contain (.8 and 2 ppm Au, respecti-
vely (Bugge 1978). The crude ore averages 30%
magnetic iron and until now 130 mill. tonnes of
ore have been mined. The reserves are in the
order of 100 mill. tonnes, but the future of the
mine is uncertain.
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Fig. 1. Geology of the Sydvaranger iron ore deposit (from Bugge 1978).
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Nickel mineralisation in South Pasvik

Prospecting for nickel has taken place in the
Archaean rocks of South Pasvik. The area is a
high-grade metamorphic terrain with granitic
and biotite-hornblende gneisses, mica schists,
amphibolites, ultramafites and olivine gabbro
intrusions (Boyd & Nixon 1985). Both in Fin-
land and in USSR ultramafic rocks of this com-
plex have some associated nickel mineralisation
(Likhachev 1978). Mineralisation of ore quality
has been found only in harzburgitic boulders
with grades up to 3.5% Ni. 0.5% Cu and 10.8%
S (Boyd & Nixon 1985).

Early Proterozoic deposits

Nickel mineralisation in the Pasvik area

Exploration for nickel has taken place in the
Early Proterozoic Petsamo Group (Raheim &
Bugge unpubl. manus.) This volcano-sedimen-
tary unit can be followed from Polmak in the
west, through Finland, into Norway in Pasvik
and eastward into USSR. In the Nikkeli area in
USSR, near the Norwegian border, several lar-
ge nickel deposits are known. In the Pasvik area
the Petsamo Group rests unconformably upon
the Archaean Bjgrnevann Formation. A basal
polymict conglomerate is followed by andesitic
lavas and sediments, quartz keratophyres. a lo-
wer greenstone with sediments, a mixed phyllite
unit consisting of sediments, greenstones, gab-
bros and serpentinites, and an upper greenstone
unit with mixed sediments and volcanites (Boyd
& Nixon 1985). The ultramafic bodies of the
phyllite unit are strongly serpentinized. They
are of limited size and the largest body has a
strike length of 1km. They are practically sul-
phide-free, although pyrrhotite with pentlandi-
te flames has been observed. The best nickel
values have been obtained from a talc-chlorite
schist with 0.3% Ni, but no significant deposits
have yet been found in the Norwegian part of the
Petsamo Group.

Annarjokka nickel mineralisation
A/S Sulfidmalm prospected for nickel in the
southernmost part of the Karasjok greenstone
belt in the 1960‘s and 1970‘s. Some enrich-
ments of Ni and Cu were observed in ultrama-
fic rocks, but according to Boyd & Nixon
(1985) no significant mineralisations were
found.
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Karasjok banded iron deposits

The manganiferous banded iron formations in
the southern part of the Karasjok Greenstone
Belt have been described by Wennervirta
(1969). The banded iron formations occur at
two main stratigraphic levels (Often 1985); in
the upper part of the lower pelite sequence and
near the main komatiite level in the metavol-
canites. According to Wennervirta (1969) the
Njouvcokka deposit shows, stratigraphically
from bottom to top, oxide, carbonate and sul-
phide facies of banded iron formations. Sever-
al occurrences are known in the area and there
are lateral facies changes between the known
deposits. The oxide facies is represented by a
quartz-banded  garnet-griinerite-biotite-pla-
gioclase gneiss with magnetite and hematite.
The carbonate facies rocks are quartz-banded
marble with magnetite, hematite, manganife-
rous silicates and carbonates. These carbonate
rocks gradually pass upwards into sulphide-
bearing calc-silicate bearing rocks. The band-
ed iron formations resemble the Algoma-type
deposits of the Canadian Shield (Gross 1983)
which are characteristic of Archaean volcanic
suites, but which also occur in Proterozoic ter-
rains, e.g. at Jerome, Arizona (Anderson &
Creasey 1958). Comparable banded iron for-
mations are found on the Baltic Shield. In
Finland iron formations of both Archaean and
Proterozoic age are known from greenstone
belts (Laajoki 1983) and iron formations of
Proterozoic age occur in Sweden (Frietsch
1982).

Raitevarre copper deposit

The Raitevarre copper deposit occurs near the
top of the lower pelite unit of the Karasjok
Greenstone Belt (Often 1985). A copper-
enriched stratabound horizon can be traced
more than 4km (Bugge 1978) and contains a 10-
50m thick sequence with disseminations of chal-
copyrite and pyrite in what Resholt (1977)
called a dioritic gneiss and Bugge (1978) called
quartzites and micaceous gneisses. Often (1985)
reinterpreted the copper-bearing lithologies to
be intermediate volcaniclastic rocks. A strat-
igraphic column of the mineralized area based
on the three above-mentioned papers are:

Metabasalts

Black schists, sulphide-bearing.
Intermediate volcaniclastic rocks with chalco-
pyrite and pyrite.
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Various quartzitic, calcareous and volcanicla-
stic rocks.

No detailed study of the occurrence is avail-
able and a further classification is not possible at
the present time. The described milieu broadly
fits the volcanite-associated sulphide deposit
type. However, the low grade disseminations of
the sulphides and the composition of the host
rock indicate that the possibility of the presence
of a deformed porphyry copper type deposit
cannot be disregarded.

Porsanger copper deposits

Several copper deposits are known in the Por-
sanger area in the northernmost exposed part of
the Karasjok Greenstone Belt. Juve (1968) and
Bugge (1978) described two main types of de-
posit in the area; a barren massive iron-sulphide
type and a dissemination-vein type with copper-
rich mineral assemblages. Both types are associ-
ated with basaltic volcanites and mafic intru-
sions.

The stratiform massive sulphide deposits con-
sist mainly of pyrite and pyrrhotite with only a
low copper content. They appear as up to 30 m
thick beds with up to 1 m thick massive sulphide
layers alternating with quartzitic and schistose
layers which can be traced for 3.5km. Some of
the deposits grade laterally into graphite schists.
They were described as metamorphic "vasskis’ of
Leksdalen type by Carstens (1931) and their
exhalative-sedimentary origin seems indisputa-
ble. The dissemination-vein type is known as a
mainly stratabound deposit of copper minerals.
Chalcocite, bornite and hematite with accessory
amounts of molybdenite and native copper is
the main mineral paragenesis of this type. Both
a synvolcanic origin and a later supergene en-
richment during the formation of the Late Pre-
cambrian sandstones have been proposed for
the genesis of these deposits (Juve 1968, Juve &
Vokes 1980).

Bidjovagge copper-gold deposit

The Bidjovagge copper-gold deposit is located
40km northwest of Kautokeino in the Kautokei-
no Greenstone Belt. Mathiesen (1970a) has
published a geological and geophysical map
over the mining area, while the geology has
been described in some detail by Hollander
(1979). Hagen (1982) has discussed the occur-
rences of gold and tellurides. The mine was in
production from 1970 to 1975, and was reope-
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ned in 1985. The latest published figures of
proved reserves are about 2.8 mill.tonnes with
1.5-2.0% Cu and 2 mill.tonnes with 0.8% Cu.
The average grade of gold is 1.2ppm (Hagen
1982).

The mineralised horizons occur at what is
probably a low stratigraphic level of the volca-
no-sedimentary Cas’kejas Formation which is
metamorphosed in upper low-grade facies
around the deposit (Sandstad 1983, Siedlecka et
al. 1985). The deposit occurs in the vicinity of a
positive gravity Bouguer anomaly presumably
caused by a thick pile of folded metavolcanites
(Olesen & Solli 1985). This may indicate proxi-
mity to a volcanic centre. The mineralisations
constitute four ore bodies on the eastern limb of
a N-S trending, upright antiform. Only weak
mineralisations are found on the western limb.
A geological profile through the antiform and
one of the ore bodies is shown in Fig. 2. Over a
stratigraphic thickness of about 300m in the
mining area the sequence is as follows (from top
to bottom):

Massive amphibolite (metadiabase or meta-
basalt).

Banded amphibolite (metatuff and metatuffi-
te).

Albite felsite, graphite felsite and graphitic
schists, with Cu-mineralisations.

Massive amphibolite, magnetite-bearing.
Carbonates, interbedded with massive and
banded amphibolites.

The albite felsites are very fine-grained,
massive and partly layered consisting of albite
with small amounts of quartz, carbonate,
amphibole, biotite and muscovite. With an
increasing content of carbon the rock grades
into a graphite felsite. The transition to band-
ed amphibolites is presumably continuous,
with increasing amounts of mafic silicates.
The massive amphibolites have either sub-op-
hitic or poikilitic textures and contain horn-
blende and plagioclase with subordinate
amounts of biotite, chlorite and magnetite.

The main mineralisations occur as veins in
brecciated and faulted zones in felsites and
graphitic schists. Low-grade disseminations,
in part defining a diffuse layering concordant
to layering in the felsites, are found between
the brecciated zones. This brecciation has pro-
bably both a primary and a later syntectonic
origin. The ore minerals are chalcopyrite, py-
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Fig. 2. Geologic section along profile 0 in the Bidjovagge copper mine. based on Mathiesen (1970a). The copper mincralisation

shown on the castern limb belongs to the “A ore body'.

rite and minor pyrrhotite. Accessory minerals
are magnetite, hematite and various tellurides
(Hagen 1982). Gold accompanies both the sul-
phides and the tellurides. Gangue minerals are
calcite, dolomite/ankerite, albite and quartz
and minor amounts of amphiboles, muscovite,
biotite and chlorite. The footwall rocks are
transected by veins and veinlets containing
gangue minerals and sulphides with associated
carbonatisation and albitisation. A complex
Ti-mineral was found in the albite felsite in a
restricted area (Mathiesen 1970b). Later rese-
arch has shown that it is a variety of davidite
similar to the occurrence in Biggejavri.
Hollander (1979) proposed an exhalative-
sedimentary origin for the mineralisations,
with the albite felsite representing volcanic
ashes settling in a reducing environment of
organic black clay. Preliminary REE-analyses
support the theory of the felsites representing
siliceous extrusives; they are not consistent
with patterns of chemical sediments. The albi-
te felsites have also been considered to have a
metasomatic origin (Padget 1959). Other the-
ories point to some form of association betwe-
en the mineralisations and the massive
amphibolites. In this case the amphibolites
are assumed to represent intrusions which
were accompanied by hydrothermal copper-
bearing solutions. They could have been in-
truded into unconsolidated sediments at shal-
low depths (Vik 1983) or at a late-orogenic stage
(Gjelsvik 1958). A similar mineralisation has
been found at Suovrarappat, 12km northeast of
Bidjovagge, at possibly the same stratigraphic

level (Sandstad 1983). Similar geological and
geophysical patterns are found at Riednjajav'ri,
25km south of Kautokeino, but only negligible
mineralisations have been found so far (Sand-
stad & Olesen 1984).

Biggejavri uranium and rare-earth ele-
ment occurrence

A U-REE-bearing albite felsite was found at
Biggejavriin 1983 (Olerud 1985) near the top of
the amphibolite unit of the Suoluvuobmi For-
mation (Solli 1983). The amphibolites are suc-
ceeded by schists of the same formation. Field
investigations in the form of regional and detai-
led mapping have shown that the main phase of
albite felsite formation occurred prior to the
Svecokarelian deformation and that the unit has
a stratabound character. One phase of slightly
radioactive albite felsite. however, occurs as
post-tectonic dykes.

The amphibolites have both a massive lava
character and pyroclastic textures, and are
strongly carbonatised near the albite felsite.
The radioactive albite felsite is medium- to fine-
grained and according to Olerud (1985) consists
of more than 90 % albite, a U-bearing, Cr- and
V-rich variety of davidite. calcite, muscovite,
chromite and rutile. Accessory minerals are cal-
kinsite, monazite, orthite, coffinite. ura-
nophane. brannerite, thortveitite and various
sulphides. The chemical composition of this un-
usual rock is shown in Table 2. The origin of the
rock is under discussion and an interpretation as
a volcaniclastic sediment is proposed. The con-
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tents of uranium, scandium and rare-earth ele-
ments are of economic interest.

average average

wt% ppm

SiO, 63.19 U 978
ALO; 18.42 Th 22
Fe,O, 1.33 Nb <5
TiO, 1.62 Zr 93
MgO 0.64 Y 248
CaO 0.73 Sr 31
Na,O 10.37 Rb 26
K,O 0.25 Pb 206
MnO 0.03 Cu <5
P,Os 0.02 Zn 24
l.o.ign. 1.50 Co 24
Ba s

Mo 16

Ce 605

La 1027

Sn <5

S 122

Ga 33

Table 2. Average chemical analyses of 3 samples of the

uraniferous rare-earth bearing albite felsite at Biggejavri,

Kautokeino.

Gievdneguoika granite with Mo, W, F
mineralisation

The Gievdneguoika granite is situated 40km
northeast of Kautokeino village and has an out-
crop area of less than 1km?. It is a syn- to post-
tectonic intrusion asssociated with the Svekoka-
relian orogeny and has been Rb-Sr-dated by
Krill et al. (1985) to 1789 + 64 m.y. B.P. The
granite intrudes the contact between the amphi-
bolites of the Galdenvarri Formation and the
granodiorites of the Jergul Gneiss Complex.
The granite contains fragments derived from the
amphibolitic country rock and metasediments
from the overlying Masi Formation. Some of
these fragments are massive skarn and consist of
garnet, fluorite, quartz, diopside and small
amounts of calcite and scheelite. Molybdenite-
and scheelite-bearing quartz veins occur in the
amphibolitic country rock.

The granite is extremely differentiated and
selected elements show the following values
(average of two samples): SiO, 74.50%, Al,O5
14.61%, CaO 0.73%, Na,O 4.75%, K,O
4.30%, Rb 569ppm, Sr 7ppm, Nb 65ppm, Y
74ppm, Ba 10 ppm and U 22 ppm. The content
of dark minerals is about 1% and these consist
mainly of garnet, biotite, muscovite, idocrase,
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scheelite, molybdenite, pyrite and chalcopyrite.
The chemistry of the granite is comperable to
that of granites hosting Sn- and W- mineralisa-
tions (e.g. Haapala 1977 and Pearce & Gale
1977).

Kafjord copper deposit

The Kafjord copper deposit (Plate 1) occurs in
the Kvenvik Formation in the lower part of the
Lower Raipas Group (Zwaan and Gautier
1980). The copper-mineralisations have been
known since the 18th century, and mining was
carried out during the periods 1827-1878 and
1895-1906. About 5-6,000 tonnes of metallic
copper has been produced from ore containing
approximately 5-6% Cu (Moberg 1968). The
description which follows is based mainly on the
university theses of Mgrk (1970) and Stache
(1970).

The deposit consists of several veins located
in brecciated greenstones and usually near the
contact to metasediments comprising car-
bonates, mica schists and graphitic schists. The
greenstones in the mining area have been assu-
med to represent intrusive rocks (Mgrk 1970).

The rocks are folded into an anticline and
metamorphosed in greenschist facies. A near
flat-lying shear-zone, assumed to be a local
thrust, has been recognised and this truncates
the brecciated rocks (Mgrk 1970). This shear-
zone always occurs at less than 100 m above the
mineralised veins and partly follows the bound-
ary between the metasediments and greensto-
nes. The veins are mainly subparallel to the
strike of the greenstone although some bran-
ching occurs. The main veins have a strike
length of up to 350m and are commonly 1-3m
thick although they locally have a thickness of
8-10m. In the veins the sulphide minerals chal-
copyrite and pyrite are found as clusters and
disseminations, and hematite and magnetite are
sometimes present. The gangue minerals are
mainly calcite and quartz with minor amounts of
ankerite, chlorite and actinolite.

Mogrk (1970) proposed an epigenetic post- or
syntectonic origin for the mineralisations. Alte-
ration and leaching of the greenstones accom-
panying brecciation and folding led to the
deposition of sulphides and gangue minerals in
fissures. An alternative hypothesis regards the
mineralisations as epithermal and synvolcanic.
The brecciated greenstones then represent hy-
drothermal intrusive breccias in a shallow-mari-
ne environment. This theory still has to be
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developed. Similar deposits in the Alta-Kva-
nangen window occur on Middavarre and in
Bergmark (Vik 1980, 1981). It is worth noting
that at Bergmark there are also stratabound
mineralisations of the Bidjovagge type (Vik
1983).

Raipas copper deposit

Several mineralisations of copper sulphides oc-
cur in the Storviknes Formation of the Lower
Raipas Group in the Alta-Kvanangen tectonic
window (Zwaan & Gautier 1980). The Raipas
deposit is situated Skm southeast of Alta and is
the largest and best known deposit in the Stor-
viknes Formation. The deposit produced a total
of 12,500 tonnes of ore between 1837 and 1870
with an average grade of 6.3% Cu (Vokes 1955).

The Storviknes Formation overlies greensto-
nes of the Kvenvik Formation and comprises
600m of dolomites and grey and red siltstones
with carbonate beds. Tidal channels, stromato-
lites and palaeokarsts are found in the upper
part of the dolomite (Vik 1979). Above the
dolomite there are deltaic and fluvial sandsto-
nes of the Skoadduvarri Formation (Zwaan &
Gautier 1980).

The main copper mineralisations occur in the
uppermost part of the dolomite sequence,
mainly as cement in palacokarst breccias toget-
her with dolomite and barite, but also partly
disseminated in dolomite and in conglomerates
at the top of the massive dolomite (Vik 1979).
The major sulphides are chalcopyrite and borni-
te, with subordinate amounts of tennantite, di-
genite, linnaeite, siegenite and minerals of the
cobaltite - gersdorffite series (Vokes 1957,
Vokes & Strand 1982).

Repparfjord copper deposit

The Repparfjord copper deposit is situated in
the lower part of the Ulverygg Formation, which
is the lowermost part of the sedimentary Salt-
vatn Group in the Repparfjord-Komagfjord
tectonic window. The geology of the window has
recently been described by Pharaoh et al.
(1983), while Fabricius (1979) and Stribrny
(1979) have studied the mineralisations. The
total amount of ore was about 10 mill. tonnes
with a grade of 0.6 - 0.7 % Cu. The mine was
operated from 1972 to 1978 and 3 mill. tonnes of
ore were produced. The copper concentrate
contained 35-40 % Cu and 50-70 g/tonne Ag
(Stribrny 1979).
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The Ulverygg Formation (Fig. 3) is at least
1.000m thick (Reitan 1963), and consists of whi-
te or grey, lithic, feldspathic and quartzitic sand-
stones and polymict conglomerates. The rocks
are moderately folded and metamorphosed in
greenschist facies (Pharaoh et al.1983). In the
mine area thin, clast-supported, conglomerate
beds occur at the base of thin fining-upward
cycles commonly with cross-bedding and with
siltstones at the top. These moderately mature
sediments appear to have been deposited by
braided streams flowing from a siliceous source
area to the west and northwest. The ore zones
consist of diffuse lenticular bodies along a strike
length of up to 2km. The main ore minerals are
chalcopyrite, bornite, digenite and chalcocite.
The copper mineralisations occur as (Fabricius
1979, Stribrny 1979):

a) disseminations concentrated along bedding
planes. and in the top or bottom beds of the
fining-upward cycles:

b) disseminations and clusters in quartz veins
and brecciated host rock;

c) fine-grained disseminations
zones:

in  mylonitic

Type (a) constitutes 60% of the ore minerals.
Chalcopyrite and bornite commonly occur to-
gether with hematite, magnetite, ilmenite and
other heavy minerals. Type (b) consists of bor-
nite with chalcocite, digenite and chalcopyrite.
Both in geological setting and in ore mineralogy
the Repparfjord deposit shows many similariti-
es with ‘red-bed’ copper deposits (Brown 1981).

Porsa copper deposits

The Porsa copper deposits occur as a complex of
veins in a wide area located in the Svartfjell
Formation of the metavolcanic Nussir Group
(Pharaoh et al. 1983) in the Repparfjord-Ko-
magfjord tectonic window. Mining was carried
out in the years 1890-1910 and 1929-1931. Total
reserves are estimated to be less than 0.1
mill.tonnes of 1% Cu and a few thousand tonnes
of 0.2-0.3% U (Krause 1981).

The veins generally occur on the top of meta-
basaltic lavas which are overlain by metasedi-
ments and metamorphosed in lower greenschist
facies. The structure of the mining areas is domi-
nated by NE-SW trending. upright Svecokareli-
an folds. One of the deposits is found in the
vicinity of a major NW-SE trending thrust of
similar age. The Svecokarelian basement was
reactivated during the Caledonian orogeny, re-
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Fig. 3. Schematic lithostratigraphy for the Ulverygg formation. from Pharaoh ct al. (1983). Individual beds shown are not to

scale thickness. The position of the Ulveryggen copper mine is marked by a copper sign.

sulting in prominent break-thrusts on the Sve-
cokarelian fold limbs (Pharaoh et al. 1983). The
mineralised veins cut the regional NE-SW struc-
tures at an oblique angle; they are vertical and
lens-shaped with a maximum thickness of 10m
at the surface (Reitan 1963). The ore minerals
are predominantly chalcopyrite, pyrite, magne-
tite and hematite, but brannerite. pitchblende
and anatase have been found in two of the veins
(Krause 1980). Gangue minerals are quartz and
calcite with minor amounts of amphibole, chlo-
rite, plagioclase and muscovite. The mineralisa-
tions are assumed to represent fracture fillings of
hydrothermal. metamorphic origin, contempo-
raneous with either the Svecokarelian (Krause
1980) or the Caledonian orogeny (Reitan 1963).
The greenstones and overlying black slates are
looked upon as source rocks for the Cu and U,
respectively. However, leaching of uranium
from black shales is regarded as an ineffective
mechanism (Lindahl 1983). A synvolcanic orig-
in for both the copper and uranium mineralisa-
tions is also possible.

Caledonian deposits

Geitvann lead-copper (-zinc) deposit
The Geitvann lead-copper (-zinc) deposit is sit-
uated on Porsangerhalvgya, 3 km southwest of

Olderfjord. The mineralisation occurs in rocks
of the Kolvik Nappe of the Kalak Nappe Com-
plex. Lithologically the Kolvik Nappe consists
mainly of metasandstones (Klubben Psammite
Group) and pelitic to semi-pelitic schists (Gayer
et al. 1985). The sedimentary thickness of the
Klubben Psammite Group is difficult to estima-
te because of the strong polyphase folding and
the complex thrusting both within and between
the nappe units. However, the thickness of the
group is estimated to be at least 2 km on Sgrgy
(Roberts 1974). A belt with metadolerite dykes
and sills intruding the psammite occurs in the
mineralised area. The dykes are mainly cross-
cutting with respect to the banding in the psam-
mites, but sills can be seen branching out from
the steeply dipping dykes (Lindahl & Bjgrlykke
in prep.).

The mineralisation. which consists mainly of
galena, chalcopyrite, pyrrhotite and sphalerite,
is spatially bound to a bed enriched in calcite. In
detail the richer part of the mineralisation oc-
curs in breccias and veins. This could be due
partly to regional metamorphism and partly to a
primary stringer mineralisation. Comparison of
the lead isotope composition of the Geitvann
deposit with sulphide deposits in the Caledoni-
de and Grenville orogens shows that it is most
likely that the Geitvann deposit is hosted in
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metasediments of Late Riphean age (Lindahl &
Bjgrlykke in prep.).

Daktegilva copper mineralisation

A minor copper mineralisation is found in the
Porsanger dolomite in the Gaissa Nappe. It is
located on the small island Daktegilva in Por-
sangen. Quartz and copper minerals occur as
matrix in brecciated dolomite.

Lead mineralisations in the Dividal
Group

Several small occurrences of lead and minor zinc
are known from the Dividal Group and correla-
tive sedimentary formations. They occur in the
lower part of the autochthonous sequence in
sediments of Vendian to Early Cambrian age
and can be classified as sandstone lead deposits
of Laisvall type (Bjgrlykke & Sangster 1981).
At Gurrogaissa, 40km east of Lakselv, galena
occurs both as fracture fillings in granulite-
facies gneisses immediately beneath the Late
Precambrian peneplain and as fracture fil-
lings and disseminations in the lowermost
blue-grey feldspathic sandstone of the Divid-
al Group. Lead isotope data from Gurrogais-
sa are less radiogenic than those from
comparable Caledonian lead mineralisations
further south, and this has been interpreted as
relating to derivation from a uranium-poor
source rock (Bjgrlykke & Thorpe 1981).

At Stabbursdalsvatna (Bojobask) 40km
southwest of Lakselv, disseminations of galena
were found in 1974 in the lowermost quartzitic
sandstone of the Dividal Group. The sandstone
is only 1.5m thick and occurs just above the
basal conglomerate. Disseminations and fract-
ure fillings of galena are also reported from the
basal sandstones of the Dividal Group at other
localities in the Lakselv district (D. Roberts,
pers.comm. 1983). A lead mineralisation has
also been discovered at Raudfjell south of Re-
pparfjord. Galena occurs as subeconomic vein-
lets and disseminations in coarse-grained
sandstone and in the basal conglomerate of the
Lomvann Formation (Pharaoh et al. 1983), a
correlative of the Dividal Group.

Fe-Ti oxide occurrences in the Seiland
magmatic province

Several large and low-grade deposits of Fe-Ti
oxides are found within the synorogenic Finn-
markian intrusions of the Seiland province
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(Geis 1971). Recent work by Robins (1985) has
revealed that the principal concentrations of Fe-
Ti oxides are within layered mafic intrusions and
alkaline ultrabasic rocks. He describes three
main types of Fe-Ti oxide enrichments in the
basic rock complex. 1) In the Hasvik subalkali-
ne layered gabbro the Fe-Ti oxide enrichments
occur in layers at a high level in the intrusion. 2)
In the Rognsund layered intrusion of nepheline-
normative olivine basalt composition the Fe-Ti
oxides became cumulus minerals at an early
stage. Thus, in this magma the Fe-Ti enrich-
ment occurs in layers at a low level in the intru-
sion. 3) Robins (1985) also describes a swarm of
apatite-ilmenite-titanomagnetite  hornblende
clinopyroxenite dykes. Geis (1971) has shown
that the main oxide minerals in these occurren-
ces are titanomagnetite, containing up to 0.59%
V, and ilmenite.

Quaternary deposits

Alluvial gold deposits in the Karasjok
area

In the southern part of the Karasjok Greensto-
ne Belt several Quaternary alluvial gold depos-
its are known (H. Bjgrlykke 1966). Sargejak
was the most important deposit and yielded ap-
proximately 20kg gold up to 1937. New investi-
gations of the composition, transport directions
and transport distances of the Quaternary su-
perficial deposits by Often et al. (1984) have
shown that the main gold-bearing gravel has
been transported from the southeast. This indi-
cates that the source rocks of the gold may be
metakomatiites and metabasalts from the main
komatiite stratigraphic level.

Discussion

The Archaean rocks in Finnmark occur in two
provinces. In the eastern province the largest
iron mine in Norway, Sydvaranger, is located in
a thick sequence of intermediate to felsic meta-
volcanites and metasediments of Late Archaean
age. Shallow-marine sediments in the sequence
indicate a shelf environment (Bugge 1978) thus
suggesting that the deposits belong to the Lake
Superior type. In the western, Finnmarksvidda
province, gneisses are the most common Arch-
aean rocks, but a sequence of probable Archae-
an supracrustals which consist of a thin
succession of mafic metavolcanites and metase-
diments is also known (Solli 1983). No signifi-
cant mineralisation has been discovered in these
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Archaean rocks in southwest Finnmark. The
relationship between these two Archaean
provinces is still uncertain.

The Early Proterozoic volcano-sedimentary
belts constitute three major metallogenetic
provinces. In the easternmost Pasvik area Ni is
the most important ore element, but the occur-
rences are small. However, the potential of the
area is indicated by the large Ni-deposit in
USSR on the opposite side of the border in the
Peschenga and Allarechka areas (Gorbunov et
al. 1985). In the Karasjok Greenstone Belt both
massive and disseminated stratiform and strat-
abound copper sulphide deposits, banded iron
formations and nickel mineralisations are
found. In addition, alluvial Au-deposits in Qua-
ternary superficial material are known. In the
Kautokeino Greenstone Belt and in the Alta-
Kvanangen and Repparfjord-Komagfjord tec-
tonic windows copper and partly gold are the
most important ore elements. Copper deposits

of stratabound type are generally brecciated and
associated with basaltic volcanism, but stra-
tabound Cu-deposits are also found in sandsto-
nes and in dolomites. Au, U and REE are also
found in this province. A minor Mo-W occur-
rence located in a post-tectonic granite marks
the end of this mineralising epoch.

Hietanen (1975) proposed a North American
Cordilleran-type plate tectonic model for the
Svecokarelian geosynclinal complex in south-
western Finland and northern Sweden. This
model has been further developed by several
authors (Berthelsen 1980, Gaal 1982), while
Raith et al. (1982), Barbey et al. (1985) and
Krill (1985) have presented plate tectonic mod-
els for the northernmost part of the Baltic Shi-
eld.

Based on recent age determinations and
structural and metamorphic studies Krill (1985)
has proposed a plate tectonic model and descri-
bed a complete "Wilson orogenic cycle’ for the
Early to Middle Proterozoic rocks in the eastern
part of Finnmarksvidda. Gaal (1982) suggested
that sea-floor spreading (Norrland Ocean) took
place around 2.1 Ma B.P. and that island arcs
formed at 1.9 Ma. Sm/Nd ages for komatiites
from the Karasjok area (Mearns & Krill 1984)
also give a date around 2.1 Ma. This indicates
that sea-floor spreading took place in northern
Finland, Norrland and in central Finnmark at
the same time. Mikeld (1980) suggested that
the Outokumpu Cu-Co deposit is of Cyprus-
type deposited in a marginal basin and Gaal
(1982) related the formation of the Outokumpu
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deposit to the sea-floor spreading at 2.1 Ma. On
geochemical grounds Park (1983) proposed that
the Outokumpu assemblages were deposited in
an island-arc or back-arc basin tectonic settings
rather than on the deep ocean floor. These tec-
tonic settings are consistent with the current
assumptions for the tectonic settings of the Ka-
rasjok Greenstone Belt (Krill 1985, Often
1985). Cu-Co deposits like Outokumpu have
not been found in the Karasjok Greenstone Belt
but low-grade copper deposits associated with
quartzites (meta-exhalites?) and black schists in
the Porsanger area may represent similar depos-
it types. Several nickel deposits are also found in
the Karelian zone of the Svecokarelian orogen
(Papunen & Vorma 1985), and the minor occur-
rences of nickel known in the Karasjok Green-
stone Belt resemble those of the Kotalahti-type.
According to Gaal (1982) the oceanic plate was
subducted in an east-northeasterly direction be-
neath the Archaean craton at 1.9 Ma B.P. and
an island arc with stratiform lead-zinc and por-
phyry-type copper-molybdenum deposits was
formed. Acidic metavolcanites with stratiform
zinc mineralisations are also known from the
Karasjok area (J. Heim, pers. comm. 1984).
The banded iron formation in Karasjok of prob-
able Algoma-type may be related to the island
arc environment of the central Finnmark oroge-
nic belt.

Both a continental rifting (Torske 1978, Wit-
schard 1980) and an ensialic back-arc basin en-
vironment (Pharaoh & Pearce 1984) have been
suggested as depositional environments for the
supracrustals in the Kautokeino Greenstone
Belt and tectonic windows further to the north.
The best preserved example of rift sediments is
exposed in the Repparfjord-Komagfjord win-
dow where the 3km-thick Saltvann Group was
deposited in a horst-and-graben tectonic envi-
ronment. The association of fault-controlled
cratonic basins and sediment-hosted ‘red bed’
copper deposits is well established (Bjorlykke
& Sangster 1981). On a global scale the largest
deposits of this type were formed in the Middle
and Upper Proterozoic of Africa and Australia.
Repparfjord would thus seem to be one of the
oldest examples of this type of deposition. The
greenstones from the Nussir Group in the Re-
pparfjord-Komagfjord window, the Kvenvik
Greenstone in the Alta-Kvenangen window,
the Cas’kejas Formation in the Kautokeino
Greenstone Belt and the Kiruna and Vittangi
Groups in northern Sweden can be correlated
(Pharaoh & Pearce 1984). The greenstones oc-
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cur in sequences with shallow-marine sed-
iments, tuffites and diabases. The brecciated
character of the volcanite-hosted deposits and
the association with shallow-marine sediments
indicate that boiling of the ore-forming solu-
tions played an important role in the sulphide
precipitation. These volcano-sedimentary belts
are characterised by an enrichment of uranium
in association with the Cu-Au deposits and by
the albite felsites. This must presumably reflect
a high degree of involvment of continental crust
in the ore-forming process. The Bidjovagge de-
posit has been correlated with the Viscaria Cu-
deposit in Kiruna, the Kopperasen Cu-U de-
posit near the Norwegian border in northern
Sweden and the Pahtavuoma Cu-Zn-U deposit
in Kittild (Inkinen 1979). Most convincing is the
correlation between Viscaria and Bidjovagge.
The more stratiform appearance of the Viscaria
deposit can be explained by a lower temperature
of the ore-forming solutions or a somewhat
greater water depth during the sulphide precipi-
tation in the Kiruna area. The youngest sulphi-
de occurrences in the Svecokarelian in
Finnmark are those of the Raipas-type deposits.
They show many similarities with Phanerozoic
karst-related lead-zinc deposits (Bernard 1973),
but the copper dominance of this province is
also reflected in the metal composition of the
Raipas-type.

The Caledonian nappe complexes in Finn-
mark lack the Lower Ordovician metavolcanites
and later granitic intrusions found in the Norwe-
gian Caledonides further south and are thus
comparatively barren metallogenically. How-
ever, the Late Precambrian to Cambrian clastic
sediments within the nappes were deposited
along the Baltoscandian continental margin or
in intercratonic basins, a situation which should
have favoured the formation of lead-zinc depos-
its. At the present time the only known deposit
of this type is that of Geitvann.

The occurrences of galena in the thin auto-
chthonous Late Precambrian to Cambrian sed-
iments are related to the main Cambrian
trangression and the formation of orthoquartzi-
tes. The lead was derived either directly from
the Precambrian basement due to weathering or
by local leaching of arkoses (Bjorlykke & San-
gster 1981, Bjgrlykke & Thorpe 1982). An im-
portant argument for a local source of the lead is
the non-radiogenic lead isotope composition of
the galena in the Gurrogaissa area.

Several examples of large magmatic enrich-
ment of Fe-Ti-oxides are known from the Sei-

NGU-BULL. 403 1985

land province but the grade reported from these
deposits is too low to be of economic interest.
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