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COPPER ARD TRON SULPHIDE DEPOSITS OF PORSANGER,
CO%Y OF FINNMARK, NORTHERN NORWAY.

INTRODUCTIOR

The here presented work is part of the exploration program of the
firm A/S Sydvaranger in the northern most county of Norway, Finnmark,
during the field seasons of 1965, 1966 and 1967. The work was started
and has been led by professor Jens A.W. Bugge, Oslo.

On regional and local scales it has been tried to correlate old
wellknown prospects with new indications found during this campaign.

The aim has been to &valuate the economic exploitability of the occurrences,
to characterli( them locally, and if possible, regionslly in order to
establish a base for further prospecting in the surrounding areas.

As it is possible to link together genetically several of the wide-
spread copper mineralizations of the western part of the county, special
considerations have been made to place the Porsanger deposits within the
frame of what I will call "The copper province of western Finnmark",

In the present description a survey of the different ore types, their
host rocks and surrounding milieg{ will be given.

The general structure, tectonical and metamorphic development are
mainly seen from the point of view of ore localization. Based on a
relatively broad analytical materiaf?- the outlines and some characteristics
of the geghemistry of ores and host rocks are discussed.

ﬂ*"‘The material consists of 59 complete analyses (21 elements), 42 analyscs
of ore + trace elements, 53 ore analysép carried out in the N.G.U.
laboratéries, several hundr&k of Cu-analyses dating from 1908 to 1968
performed by differant labs, analység from a special volumetric sampling
and ore dressing experiments by A/S Sydvaranger 1967.
The geochemical data will be treated more exhaustively and presented
together with the microscopical description in "Copper province of

western Finnmark" (manuscript).



LOCALIZATION - TOPOGRAPHY

The county of Finnmark covers more than 46 000 ka{?—ﬂﬂ*ﬁarthe-eize—
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The acbual occurrences lie in the late precambrian (farelidian age)
sediments and volcadeﬂes of the Lakselv valley, at the bottom of the
largest fjord of Finmmark, Porsangen.

Figure 1.
Geoldgical map. County of Finnmark.

The Lakselv valley is formed like a broad channel, excavated by
iceProsion through the over-lying eocambrian (caledonian) nearly flatlying
sediments, from the big Fundra in the South to the ocean. The long fjord
is of course only the submerged continuation of the valley. Theclassical
U~form is discerned in the cross-sections of this broad valley.

The general topography of the valley bottom is gently undulating.
But on a d@talled scale it is seen to be dissected by a system of ridges
an depressions. At some places relatively deep canytns accentuate this
relief. Some of the broader depressions are filled,with conspécuously
thick glacio-fluvial deposits.

By levelling in relation to the well exposed limit between the
precambrian rocks and overlying caledonian complex, it is seen that the
valley-bottom at places has kept its main sub-cambrian relief: - namely
that of the sub-cembrian peneplain, so well qsmonstrated on the tundra
further south. During the final stage of thequaternary epoch the rigdes
and higher plateaus of the valley have been washed nearly free from



overburden. This makes these parts easily mappable, a phenomenon
vhich is in striking contrast to the ﬁeavily covered tundra of southern
Finnmark and northern Finland, and to the depressions of this actual
areg as well. p

With patehwise distribution (:::i&gﬁin srees which are not so
roughly scoured by the ice) areas of deep chemicel erosion are found.
This is a8 & whole a quite rare phenomenon in Norway, where we more or
less have taken for pranted that the glaciation should have scraped and
wvashed all hard rock down to an unaltered level.

This very special combination of physical and chemical weathering
hes had a decisive influence on the mineralisation of the area. One of
the results is that in the mineralized zones there is an irregular pattern
of high and low metal contents sccording to the degree of chemical weatdi-
fering at the locality.

GECLOGY
HOST ROCK SERIES

The mineralized complex is of late precambrian age, -~ 600 - 1B00
million years. Most probably the age is karelidian.

Figure 2.

On the top of the figure is seen a schematized profile of the mineraligation

types within their host rocks.



The rockf§ series includes:

1. Amphibolites/zreen schists of volcanic sedimentary and of orthodox
sedimentary origin. Pillow lavas are found.

2. Quartzites/gneissie quartzites/leptites/quartz keratophyres,
3. Limestones/dol@mites.
L, Mica schists.

5. Black schistgt (graphit%,amorphous hydrocarbons), Locally plugs and
#ill-like bodies of ultrabasiec composition are found. They are

mainly quite pure hornblendites, often deepley serpentinized.

Their existence is indeed intriguing, but they definitely do not seenm
to have any conne@tion with the mineraligations.

Gradual transitions between the different members (unities) are
found., But mostlyj)the appa;é;' 3~ unsharp iimits are due to very fine-bed
ded ulternations and rep@titions of two or three of the series memberg
The thicknesses of these repeated strata may vary between few millimeters
and several meters,

Thus, on a whole, the limits between the abovementioned four groups
are in fact quite sharp and consistent.

Figure 3. Lakselv valley, Porsanger.

Geological map of the northern part of the valley, with & generalized
E - W section.



MAIN STRUCTURE OF THE COMPLEX

The map shows a simplified picture of the northern part of the
Lakselv valley. The main structure is an irregular ring or basin in
whieh it has been possible to follov scme of the mineraliged horizons
(mainly pyrrhotite-pyrite-ore layers) the whole way round, ef%pt for
short distances made inagcessible by overburden or water. A pronounced
vertical fault separates the valley into this northern part and a southern
part which is much more covered and thus not so well knoé“btructurally.
Both the vertical and the lateral displacement of the fault indicate
that the same part of the stratigraphical column is Beprensented in the
$outh, and thus the same mineraliged horizons.

Heither this fault nor any of the numerous smaller ones found seem
to hewe any direct connection with the mineraligation processes,

Hﬁie axial plane traces of the major folds are seen to be oriented
more or less radially toverds the centre of the basin.

The folding has influenced the area along two main directions:

The first fold#M phase (Fl): NNW-SSE and the secong fold#ig phase (FQ):
RN FGusaiaitey .

F2 has i‘llﬁ!lhézﬁﬂi quite clearly deformed the Fl structures, but
it must be stressed that locally F2 folds are undoubtedly deformed by
Fl infiuence indicating a certain contemporaneity of the two phases,

It may be discussed to what extent the folding ofv the caledonian
mountain range, lying discordantly above the here described complex, has
influenced its structure.

The compiex is overiain by guite flatlying cambrian autochtouous
sediments. Above these occur eocambrian sediments separated from their
base by a thrust plane or a thrust zone. At some places this thrust plane
cuts down into the precambrian basement and has locally torn away large
pieces of the odder rocks and incorporated them into its own body. Of
course these thrust movements have been very powerful, but on a whole,
their effect on the precambrian basement is in the scope of our investi-
gation, of negligidble character.

Neither is it believed that the pure folding movements of caledonian
time have had any effect further than to fold the lose torn pieces into
the eocabrian sediments.

The fold axis directions which in the precambrian Lakselv sediments
exeptionally are found to be parallel to caledonian directkons, are
interpreted as interferenfe directions between the above mentioned F

and F2.

Tﬁi&g the whole tectonic history of the complel was completed
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already in precembrian time, |fhre-tdristdediy Lbionires|

The all-over prevailing schiééﬁity is parallel to the sedimentary
layering and has been develpped prior to the first foldfilg phase.
When in roughly tectonized parts it is oblique to it, the compostional
banding only seldom fails to show what are the original cutlines of the
different layers.

ORES, LOCALIZATION AND TYPES

The ores (minerali@ations)are unequivoqually located to the amphibolite
unites (mostly to one unity 400 - 600 m thick) in which they may be
followed tens of kilometers,

In the whoie valiey — an area of more than 350 km2 with an apparent-
ly enormous "mineraligation density", we are now able to restrict the

ore distribution to this/x of the strd‘igraphical column.
Two main ore parageneses may be pointed out:
I. The iron sulphide paragenesis (the "Kisparagenesis").

II. The copper paragenesis,

I. The iron sulphide paragenesis (Kisparagenesis") consists mainly of
pyrrhotite, but pyrite may be an importent constituent.P“M*“dﬂﬁauepTﬁgég
‘éa{uuU&ﬁaun.Tﬁe chalcoﬁ}fite content is very lowv. Sphaiefife éﬁd galeﬁa are
considered as local accessories. At places graphite is an important
constituent. The "Kis"-paragenesis displays a simple geometry, -
thin strata which are coneistently concordant to the sedimentary
layering. Thanks to the formation of gossans the pyrrhotite-pyrite
layers are easely mqpable over long distances.
These sulphide horizons are of no ecconomic value today, but were of
great Yalue during the mapping work, and particulerly for the
localization of the economically more interesting parsgenesis;
namely:

II. The copper paragenesis.

On & regional scale this one follows parallelly to the iron sulphide
paragenesis, but displays on the local scale & totally different
feometry.

Is mostly occurs as elongated clouds of impregnation and more seldom
as small scale, fissure-depositions. Exceptionally "contact ores"
are seen: irregular asseublages of sulphides in amphibolite matrix,

but limited to one side by a guartzite wall.



The ore mineral assemblages are of different types in this "Copper

ore" type; their general characteristiesz are:

IIA. Protore.

What is believed to be the protore of the rich superficial
mineralisfitions is an even, lowgrade impregnation of chalcopyrite
and pyrite in the unaltered amphibolites., Molybdenite occurs as a
trace mineral, Minor magnetite is observed,

ITB. Cementation zone copper ore,

The rich copper ores seen in some superficisl zones is considered
to be & cementation product of the ebove mentioned protore.

It consiets mainly of chalcocite and bornite., Hematite is a more
or less constant minor congituent, either as martite after primary
magnetite or as new-formed individuals and beautiful specularite
clusters. HMHolybdenite ceccurs as trace mineral even here.
Chalcopyrite may be present in relatively coneiderable amounts,
but does not seem to be an integrated member of this paragenesisﬁ*
In a few exceptional localities the textural features reveal that
chalcopyrite has been enriched as such, but this is always in
transition zones to the Keal cementation assemblage: chalcocite
and bornite.

Hative copper occurs as traces in some places, and has been found

locally in lumps of up to 3 kz, often together with quartz and carbonate

as fissure fillings. The matrix of this ore type is often tranaformed.

Processes which have given the amphibolites a new appearance are:

Formation of new chlorites, talc, sericite, bleaching of biotite,

coloration of feldspars and biotite by finely distributed hematite
and new formation of specularite.

Locally there seems to be an enrichment of quartz and calcite, but
ﬂil impression may be due to the coarser grain size and the more

proninent fissure fillings in these areas.

As chalcopyrite slso may be a mineral of secondary enrichment, the

limits of the different zones may be irregular and somewhad arbitrary.

The zoning geometry has to & large extent been determined in the
field by help of the rock transformetions, but nicroscopy underlines
the field obeervations, and especially that chalcopyrite nearly
exclusively seems to occur as a primary mineral (Deer, Howie and
Zussmann, H. Bjgrlykke, F.M, Vokes).



IIC. Oxidation zone ore.

The last step of transformation undergone by this copper ore type
is a pure product of the oxidation zone. Malachite, azurite and
cuprite are conspicuocus representatives of this multicoloured
assemblage. Iron hydroxides generally accompany them.

As s transitional product between the cementation zone assemblage
and that of the oxidation zone, it is seen that the blue isotropie
chalcocite always is best develpped near oxidation zone minerals,
It has grown inwards from cracks and surfaces on the ordinary
chalcocite.

Under the same conditions the native copper always is Qurrounded
by a layer of cuprite.

The ultimate results of the weathering is that even the oxidation
products have been ieughed away. In some gossans & 5-25 cm zone
of total leaching-out of the ore metsls is observed. The host
rock, then transformed to & loose, dirty clayey sggregate has however
reteined the original foliation.

The three varieties of the copper ore:

Protore (chalecopyrite), cementantion gzone ore (chalcocite, bornite,

hemstite, native copper) and oxidation zone ore (malachite, azurite,

cuprite) are in some places intinately nixeel

Their ecconomic evaluation has been complex.,

By the help of extrectffion of larger volumes and channel sampling
(B. Réshoit 1968) the prospect as & whole, has for the time being

turned out not to be very promising from an economieel point of view.

Geometrical and petrological relationships betveen ores and host rocks.

The only primary geometrical connection between the two main ore
types (iron sulphide type and copper sulphide type) is that both of them,
on a regional scale, have a stratiform distribution and are adjacent to
each other within the foot wallhanging wall limits of the |{jf¢édevdres=y
greenstone/greenshist units. That they locally mey be difficult to tell
apart geometrically is mainly due to intense tectonization, but exceptio-
nally also to original rapid changes in the depositional milien and to
metamosphic processes,

The amphiboiite units form a series of original marl sediments and
extrusive voleanic greenstones, Within the amphibolite unities the two
"pure" rick types, marl and greenstone, prevaii volumetrically, but all
blends between the two exist.,
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The ahede complex is metamorphosed in the)epidste-amphibglite
(garnet-biotite) mineral f@pies. A metamorphie homogenization (con-
vergence) as to mineral content has taken place. As the metamorphic
lavas and metaxorphic mar‘L generally have the same mineral constituents,
a non genetical terminology was used for mapping purposes. However, it
was tried, on textural grounds to discern between voleanic greenstones
and greenschists of other origin., Microscopy has amply demonstrated
these possibl !?t%inctions to be useful, Greenschists may be of three
origine: puriiy volcanic, detrital volcanic and marl.

Pillow lavas were found at several localities, but are difficult to
follow along the strike.

Pure limeston€f{of agveral meters’ thickness are together with carbon-
bearing schists and the sedimentarv ‘ron zulp™’ies expellent stratégraphic
levels.

Generally it can be concluded that the copper paragenesis is beaund
to the green lavas and the iron sulphide paragenesis (Kisparagenesis) ise
beund to the basic marl sediments,

It is however, sometimes difficult, in detail to retrace every
individual locality of the one or the other ore assemblageff back to its
original depesitional milieti., The reasons for this may be one or several
of the following:

1. The twc paragenesis have originally been deposited very near to each
other, ,

2. The tectondzation has brought them even nearer to each other.

3. General metamorphic and particular cementation processes have
moélized products from the one andfor the other paragenesis and
redeposited them within the same volume.

The primary deposition of the iron sulphide paragenesis must have
been one of sedimentary character.

C.¥W. Carstens, vho made a thoreush investigstion of these iron
sulphide deposits in the esrly thirties ( ) considered
them ot represent a metamorphic variety of the sedimentary Kieslagertatten-
type "vapskis". This is a view I share in every detail.

They are ztrictly stratabeund deposits ofv msoriginal
horizontal distribution. Their hosfrocks are marl and quartz feldspathie
seliments, There is always an important hydrocarbon compoment in the matrix
or adjacent whiss, "OtWG.

The "vasskis" horizons have no absdlute preference for any of these
hodj rocks, but there is 2 clear tendency that quartz is more abundant as

matrix constituent than are for instance the limerich marils.

Especially it is seen that the limestone or dolomite layers whiqﬁ,are



feund near the irongulphide horizons are absolutely unaffected by the
primary mineraligation.

This, even if these iror sulphides are intercalsted in a mainly
volcanic series, their matrij is purely sedimentary, the depdsition
seems to have taken place periodic between phases of extrusive activity.
The relatively high hydrocarbon content which always accompany tﬁi?%ﬁiphide
layers is seen as & sign of biochemical activity having favoured their
precipitation.

The primary copper paragenesis,prctore, is strictly bound to the
extrusive greenstones. On & regional scale the mineralizaetion has a
stratiform lenficuler form, strictly the same geomeiry as the lava
bodies. On a local scale the protore bodies appear as less regular
impregnation lenses or "clouds", always with their largest dimensions
parallel to the hanging and foot wall limitations of the lava%enches.

The dominating protore mineral is chalcopyrite, Pyrite is consédered
to be an acecessory mineral, cccompanying chalcopyrite relatively
unsystematically. Other acceéssories are magnetite. hematite and ilmenite.
As a trace mineral molybderite seems to be consistent in all directions.

Tt must be stressed that molybdenite is e very scarce trace mineral,
but the multiple finds of it in the protore parugenesis is some what in
contrast with the very low content of Mo in the green lavast 3 - 10 ppm.

Molybdenite iz relstively more conspicuous in the cementation zone
copper ores, A bigger grains%ge is one of the reasons for this, loeally

very restfhdﬁd enrichments have taken place. But by no means they seem
important enough to form an economic ore,

The bearers of the primary copper mineraligation (protore) are as
earlier mentioned exclusively areenstones, extruded in water or possibly
in exceptional cuses on dry land, The thickness of the individual benches
varies from few centimeters to several decdmeters. Typical is that the
hanging and foot wall rock of every singlie lava horizon is completely
devoid of this primary minerali8ation. This holds consequently for
every type of adjacent rock, that be the principal hanging and foot
wallrock o*ithe whole unit: gneisaic guartzites, or the many intercqla-
tions of-the same and of marl, limestogggf?%i;cﬁschists.

The copper content of the protore in these extrusive greenstones is
low, and the unaltered rock can never be considered as an ore in the
economic sense og the word. A probsble background value for the copper
content of the greenstones lies under 0,05% and around 0,1% in the better
zones, FExceptionally there gre zones with 0,2 - 0,3% Cu as chalcopyrite
in unaltered greenstones. ‘$2§éﬁ-one has to move to the altered part of

the ore zones, where the cementation proccesses have epriched the volume



particularly in copper.

One of the best occurrences in the valley, the Karinhaugen prospect,

was calculated to have the following ore sssay areas on the surface
{Nordenskidld 1908, Geneslay 1938, Poulsen 1938): 2,5% Cu - 700 m2,
l.?%bu - lSOOﬂﬂ?’Hovever analyses from drilliags performed 1939 (Poulsen
1939) show that the ore volume is very restricted and the prospect was
discarded as uneconomic. See figure nr. L,

Figure L.

The theory of protore—cementation ore - leached/oxidized ore illustrated

by 0ld drill hole series in the occurrense Karinhaugen.

DISCUSSION

The iron sulphide ores are considered as metamorphic sedimentary
formations genersted in a carbon bearing miiietiof marl/quarts
sedimentation intercalated in a series of basic wédydddd lavas and
i, f%ﬂAd&.ﬁbuai.Lbeu(.thffGi

HJE%%?&sumed protore c¢f the copper mineralizations has been
primarly introduced into its host rock is far more unclear. Nothing
conclusive can at the moment be gaid about the form in which the copper
minerals firet were deposited {native, oxide or sulphide).

(Hhre—rackground—valueof tHe topper{
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The background value of the copper content of
the green lavas is not higher than normally can
be awaited from extrusive greenstones formed
under similar conditions.
The distribution geometry of the protore favours
the theory that the copper should have been intro-
duoed to the site together with its host rock£
thus the copper being of direct synvolecanic origin.
The timing of the later development of the
oopper paragenesis 1s complex. It must have taken
rlace during an epocﬁ@hen aquous solutions have been
able to circulate th;ough pores and cracks, and must
have been a process of long duration,
The copper assemblages (except the protore)} as they
occur on numerous veins, oracks, and pores, exhibit
a typical cementation zone geometry, over important
parts of the field, and their mineralogy is not less
typical for such formations., Especially the native
copper on quartz and calcite veins is of interest,
The metal has been dissolved from its
original protore and redeposited at short distances
from its original location, Within certain volumes
the whole process has taken place in situ, The
mobilisation and depositional agenses must have been
relatively cool or low-tempered solutions.

The somewhat irregular zoning observed
between the protore and the cementation zone generally
seems to have horizontal limitations.This suggests
that the ground-water can have been at the origin
ofy the dissolving and redepositing medium.This again
requires that the cemented areas must have been nearly

uncovered or under a quite shallow overburden.
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Such concditions have only taken place during the
eocambrian epoch and from the quternqry epoch on
and up to our days, The relatively short time elapsed
since the beginning of the quaternary epoch, makes
it little probable that the formation should have
taken place in such a recent time,
That the cementation processes ahkew- may be of
eocambrian age is a hypothesis which, with our
present EKNENEARKY knowledge, does not meet any
severe contradictions, but the material from a
larger regional survey has to be treated more in
detail before the arguments for and against can be
presented with the objectivity they deserve,.

As mentioned above, one may locally find
mixtures of high and low teperature mineral assemblages

in the copper mineralisations. Teedenical—iisiurbances-

-for-4thig, Loocally it is not possible to establish

the comsequent age relationships between the
different depositions., Tectonical disturbances
have been emphasized as the most probable reason
for this. However, it is believed that several
pulsations under different thermal conditions
may have regenerated at least smaller parts of
these ores. Through the long history of the deposits
it is fully possible that different power-releases
have influenced them, For instance there are
mineralised crack and fissure systems of both
precambrian and caledonian directions,

One of the more spectacular consequences
of the hypothesis of formatigﬁvgémentation ores in

late precambrian or early palaeozoic time is that



15.

important areas now lying under the cover of
the caledonian mountain chain would be virtual
prospecting fields., Areas in Tinnmark of comparable
and partly similar geological and topographical
positions which probably have been subject to the
same proocesses a3 the Porsanger deposits are for
example Suovrarappa copper prospect North of
Rautokeino and Ulveryggen in the Repparfjord
window, Other areas of deep chemical erosion
are desoribed by Tore Gjelsvik ( e
The Porsanger copper and iron sulphide
deposits offer a unique chance %o study stage by
stage the complex development of a widespread
mineralisation system, If the economic possibilities
of the Porsanger area turned out EEXE# not to be
very promising for the time being, the studies of
these and other prospects in adjacent areas will
be continued in order to try to throw more light
upon & province which more and more seems to

deserve the attention of the prospector.
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PORSANGER KIS-0G KOBBERFOREKOMSTER

GEOLOGISK OVERSIKT, LAKSELVDALENS NORDLIGE DEL

GUNNAR JUVE 1965-67
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