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Kort redezjørelsefor Skorovasforekomstens
Skorovasmalmenligger i likhet med de øvrize Grong-forekomster
oz Løkken-malmen , i.den såkaldtegrønnskiferformasjonen,av
ordoviciskalder. I Skorovas-Områdetbestår grønnskiferformasjon-
en.delS av relativtmassiv basaltisk lava, dels av mere skifrige-'
pyroklastiskelag, tuffer og agglomeraterlavsatti et havområde,
mulizens sammenmed rasktxxammxwakyfltnederodert oz sammenskylkt
basaltmateriale.Alle disse laz efter sin dannelse vært utsatt

for omvandlingeri forbinnelsemed den kaledonskefjellkjedefold-
ning, og det er nu ikke alltid lett å bli sikker på opprinnelsen
av de enkelte lag.Grønnskiferformasjoneni Grongteltet er videre,
som det sees av Foslies geologiskekart (Trones), sterkt gjennom-
satt av dypbergarter,av gabbrOid,og granittisk(Tronhjemittisk)
karakter. a profil tvers over dalen ved Skorovatn viser således,
regnet fra nord: Skorovasklumpensstore gabbrofelt,nedover mot
dalen grønnskifre,ved bebyggelsani kleiva av utpreget sedimentæ:
opprinnelse,i stigninzenpå sydsidenførst grønnskiferfsterktgt
gjennomvevetav trondhjemittganger,over bebygzelsenog oppover
mot gruva grønnskifte,dels av basaltiskmgf fitynwoklaste1!

hvorav noe av surerekarakter, så selve gruveomrae me omvandi
letegrønnatztaxskifrelogmalmlinser, overleiretav mere normale
grønnsteinerog grønnskifre.

Det har nylig vert hevdet at Skorovasmalmener intimt knyttet
til sure, pyroklastiskelag. Det er nok så at noen slike lag
forekommer,mest i nivå med heisebanen,men bergarten som omgir
malmen er helt overveiendeen eller annen variant av grønnskifer,
ot ofte sees basailtstrukturersom blærer og liknende.

Lagstillingener i det hele nokså flat, i malmområdet
heller den svakt mot øst, oppov2r mot toppen av fjellet blir
det noe brattere, i ovårensstemmelsemed dette sees et stadig stex
kere fall mot øst sydover i forekomsten.Noen steder i malmen
kan foldningeriakttas,og malmen viser , ved glidespeilog små
forkastninger,at den har deltatt i tektoniskebevegelser.Noen
skarpt gjennomsettendelinjer seas godt på flyfotografieneover
Skorovasområdet,de representererbevegelsessoner,muligens for-
kastninger. av disse skjærer over malmen i dens østlige ut-




liling, men vi har ennu ikke funnet bevis for nogn betydelig
spranghøyde.Dat ser i det hele tatt ikke ut til at tektoniske
bevegelserhar spilt noen avgjørenderolle i utformingen av
malmforekomsten.

aineralselskaper enkelt: svovelkis,kopperkis og
kt4h4114blende,litt magnetitt i enkelte lag, blyglans er en sjeldena€

Kopperkisenviser ikke noen regelmessigfordeling i forekomsten,
mens derimot sinkblendener anriket i heng, feltheng og feltligg
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Synopsis

The Skorovas orebody is one of the chief stratiform base-
metal deposits within the allochthonous greenstone belt
of the Central Norwegian Caledonides. lt is contained in
the volcanic level of acomplex eruptive association of Lower
to Middle Ordovician agedefMed as the Gjersvik Nappe. The
rocks of this nappe are contained as a depressed segment
of the larger Köli Nappe and defined to Ilw north and
south, respectively, by the Borgefjell and Grong—Olden
basement culminations. The principal components of this
nappe are a plutonic infrastructure of composite gabbroic
intrusions within which has been emplaced a series of
dioritic to granodioritic (trondhjemitic) bodies that form
the roots of a consanguineous submarine polygenic volcanic
sequence. The eruptive rocks are overlain unconformably
by a sequence of polymict conglomerates and calcareous
flysch sediments, the composition of which suggests
immediate derivation by erosion from the underlying
igneous complex.

Pre-tectonic segregations, veins and vesicle fillings of
epidote, albite, chlorite, carbonate and quartz related to
primary volcanic flow structures in the lava pile provide
evidence of pervasive in-situ sea-floor metamorphism, and
this interpretation is verified by the abundance of nearly
monomineralic epidote clasts in the derived conglomerates.

The relationship of the eruptive and sedimentary suites
is interpreted in terms of the evolution of an ensimatic
island arc, of Lower to Middle Ordovician age, which under-
went uplift and erosion prior to emplacement on the Fenno-
scandian basement during the climactic stages of collision
tectonism of the Caledonian Orogeny in Silurian times.

The entire igneous and sedimentary avtemblage has been
affected by the tectonic stages of allochthonous emplace-
ment, but the gross differences in competence between the
component lithologies has resulted in a particularly hetero-

•UNESCO—IUGS International Geological Correlation Programme,

project no. 60: Correlation of Caledonian stratabound sulphides.

Nonnegian—British contribution no. 1.

geneous style of deformation in which folding, componen-
tal sliding, fracturing and penetrative metamorphic refabric-
ation have been governed largely by the geometry of the
mon competent lithologies, notably gabbro, diorite and
granodiorite Itrondhjemitel intrusives and, within the
extrusive sequence, compact dacitic flows and their spili-
tized aphanitic equivalents (keratophyres). The hetero-
geneous pattern of deformation is resolved in terms of two
main stages of folding complicated by componental sliding
movements.

Mineralization occurs at two levels in the eruptive
sequence. The layered gabbros and lensoid metagabbros of
the plutonic infrastructure contain small cumulus bodies of
nickel-, copper- and platinum-bearing pyrrhotite—pyrite—
magnetite ore of magmatic derivation. Mineralization of
this type is at present only known in sub-economic quan-
tities.

The Skorovas orebody, in common with other widely
dispersed volcanic exhalites in the Gjersvik Nappe, occurs
within the volcanic sequence at a level marked by episodes
of explosive dacitic volcanism and associated fumarolic
activity. The Skorovas orebody consists of approximately
10 000 000 tons of massive and disseminated predominantly
pyritic ore with an approximate average grade of 1.3% Zn
and 1.0% Cu, together with trace amounts of Pb, As and
Ag. The complex lensoid geometry of the orebody is re-
solved in terms of the disjunction of a single stratiform unit
by tight isoclinal folding and componental movements,
probably involving both translation and rotation.

Enrichment of sphalerite, chalcopyrite and, locally,
galena within the magnetite—pyrite ores at the stratigraphic
top and margins of the ore lenses is interpreted as a primary
feature. The banded magnetite—pyrite ores are commonly
associated with magnetitic cherts or jaspers and are thus
transitional in aspect to the thin, iron- and silica-rich, base-
metal-depleted, exhalative sedimentary horizons that occur
extensively within the extrusive sequence of the Gjersvik
Nappe. These are interpreted as the products of settling of
colloidal iron and silica hydrosols following explosive dis-
persal into an oxidizing submarine environment. They are
valuable time-stratigraphic marken and indicators of way-up
in complicated structures and are a potentially valuable tool
in exploration for massive sulphide bodies formed in limited
reducing environments.

The belt of metamorphosed Lower Palaeozoic rocks, chiefly
of Ordovician age, within which the important stratiform
pyritic copper- and zinc-bearing orebodies of the Scandina-
vian Caledonides are located extends over 1500 km from
Rogaland in southwestern Norway to Nord Troms. The
divisions of this complex metallogenic belt have been described
by Vokes 73 and Vokes and Gale,75 and Fio. 1 shows the
relationship of the principal districts to the thrust front of
the Caledonian allochthon. The culminations of the under-
lying Precambrian basement, together with the effects of
erosion, have produced the segmentation of the allochthon
on which the division into separate districts is broadly based.
Structural and stratigraphic correlations along the length of
the belt are made difficult by the structural complexity of
the allochthon, the sparsity of fossil remains and the pene-
trative effects of tectonic deforrnation and regional meta-
morphism. Sufficiently detailed studies have been made,
however, in the regions of South TrOndelag (Trondheim
distric0,49,50-52 North Trbnclelag (Grong—Gjersvik
district)" and the geographically adjacent areas of
Jårntland and Våsterbotten in Sweden 81/37)33 to show that
the stratiform ores of Skorovas, Joma, Stekenjokk, 146kken
and RCiros lie within the Köli Nappe, which is the upper
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structural unit of the Seve—Koli Nappe complex first de-
fined by Törnebohm.68 The broad correlation within the
Koli structural level can reasonably be carried into the
Sulitjelma district of Nordland,38,80 and in all probability
this correlation can be extended into the ore district of
Nord Troms.

lt is clear that the separate districts that comprise the
Ordovician province of stratiform pyritic ores lie at a broadly
comparable structural level in the Caledonian allochthon of
the Scandinavian peninsula, but there are significant differ-
ences in the stratigraphy and metamorphic grade of the host

Eastern thrust boundary of Seve -Kall noppe or equivatent
w;th metamorphosed sediments and eruptives af Cambrian-
Silurian age

Basement inliers and culrninations Pre-Cambrian

Jotun nappes and related structures with allochthonous
Pre-Cambrian rocks

Pre-Cambrian basement re-worked during the Galedonian
orogeny

Helgeland, Rodingsfjall ,Belarn and equivalent nappes
with L Palaeozoic rocks at higher metamorphic grades
overlymg the Seve-Koll nappe in N Norway

Principal stratiform pyritic oreboches of volcanic
af f inity ot the Kol i structural levei

Fig. 1 Synoptic geological map of Scandinavian
Caledonides showing main districts of stratiforrn volcano-
genic ores at Köli structural level

rocks from district to district. In general, the Ordovician
host rocks comprise a varied assemblage of supracrustal
volcanic and sedimentary rocks with closely associated
plutonic massesof ultrabasic, basic and acid composition.
The conspicuous quantity of basaltic to andesitic volcanics
in the supracrustal sequences, taken together with their
deformed and metamorphosed condition, ranging in grade
from lower greenschist to almandine amphibolite facies,
has led to the familiar use of the terms greenschist and
greenstone in descriptions of the stratigraphy of various
districts.61 Goldschrnidt 22 early lent authority to this
usage by def ining the 'Stamm der grånen Laven und
Intrusivgesteine' as an important constituent rock kindred
of the south and central parts of the Caledonian allochthon
at the structural level now under discussion.

It is generally recognized that the stratiform pyritic ore-
bodies have a close genetic relationship to the volcanic rocks
with which they are associated 73 and that this relationship
originated with the formation of tholeiitic and calc-alkaline
eruptives at the margins of the Caledonian orogen in
Ordovician times.15-16,47,76 The genetic process that re-
lates the ores and host rocks has been masked by the effects
of metamorphic recrystallization and polyphase deform-
ation, which affected both ores 73.74 and host rocks during
the process of allochthonous tectonic emplacement conse-
quent upon collision of the Scandinavian and Laurentian
cratons during Middle Silurian times.1024 The palaeo-
environmental interpretation of the rock assemblages con-
tained in the structural elements of the Koli nappe is
clearly of the greatest importance in interpreting the genesis
of the associated ores; in a region of the tectonic complexity
displayed by the Caledonian allochthon, however, it is clear
that the primary geological framework must be established
by a study of the field relationships at a level of regional
detail such that the ore deposits can be considered at the
scale of the geological phenomenon responsible for their
formation. If a volcanogenic origin is postulated, an under-
standing of the volcano-stratigraphy and structure in an
area that extends from 1 to 10 km outside the orebody itself
must be sought. This has been the basis on which the
present study of the environment of the Skorovas deposit
was undertaken.

Regional structural and stratigraphic setting

Existing knowledge of the major structural and stratigraphic
units of the Grongfelt originated with the regional geological
rnapping undertaken by Statsgeolog Steinar Foslie 12•14 during

the period 1922-27, the details of which were amplified
and interpreted by T. Strand 14 and C. Oftedahl. More recent
regional studies by Zachrisson81 in the adjacent Swedish
area of Jamtland and Våsterbotten have given an idea of
the succession of structural units within the Koli Nappe
sequence between the Grong and Stekenjokk areas. A com-
pilation from these sources is made in Fig. 2, which shows
the main second-order tectonic divisions that have been
recognized within the Kdli level of the Seve—Koli nappe.
Combining the terminologies of Foslie,12 Oftedahl 41 and
Zachrisson,81 there are four divisions to be recognized. The
first and uppermost of these is the Gjersvik Nappe, within
which lie the Skorovas (Sk) and Gjersvik (Gj) orebodies.
Below this lies the Leipik Nappe, within which, by extending
the structural interpretation of Zachrisson, the Joma
orebody (Jo) must lie. Below this lies the Gelvernokko
Nappe and, finally, the Lower Koli Nappe unit, within which
are situated the Stekenjokk orebodies (St) (the Stekenjokk
malm and the Levimalm).82

Rogoland

district

Nord -Troms
district

Sulitjelma
• district

Grong -Stekenjokk
distriet

Trondheim
district

9 250 km

Eastern thrtist boundary of the Caledonian allochthon
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The broad classification into the second-order tectonic
units shown in Fig. 2 provides a useful basis for descriptions
of the regional geology, but the exact status of the second-
order thrust boundaries is clifficult to establish because
these are taken, for the most part, to follow stratigraphic
boundaries.41.81 For the purpose of the present discussion,
however, the precise location of the second-order structures
and their relative tectonic status is less important than the
plutonic and stratigraphic relationships preserved within the
Gjersvik Nappe itself. In Fig. 2 the upper tectonic contact
with the Helgeland Nappe 23 is clearly defined. The plutonic
and supracrustal stratigraphy is revealed in the passage from
southwest to northwest across the area of the map covering
the Gjersvik Nappe. Without precise knowledge of the
relative ages and finer lithological divisions of the various
units the following sequence is conspicuous. large masses
of gabbro and granodiorite (trondhjemite) in the southwest
are succeeded spatially to the northeast by the Gjersvik vol-
canic greenstone sequence with the contained orebodies at
Skorovas and Gjersvik. A period of relative quiescence is
indicated by the presence of a marble bed intermittently
preserved at the uppermost level of the volcanic greenstone
sequence. The marble is best preserved in the terrain north
of the Lirningen Lake, but a limited thickness is found to
the NNE of Skorovas mine in the terrain to the south of
Tunnsjden. The volcanics with the overlying marble are
followed by a spectacular polymict conglomerate, the typi-
cal aspect of which is shown in Fig. 12. The final part of
the sequence is made up by the clastic sediments of the
Limingen group, composed by a variety of schistose conglo-
merbtic, sub-arkosic and phyllitic rocks, the majority of
which are distinctly calcareous.

Oftedahl,41 in his discussion of the nappe units of the
Grongfelt, defined a thrust boundary of intermediate
significance that separates the polyrnict conglomerate and
the Limingen sequence of calcareous and conglomeratic
metasediments, $o that the Gjersvik Nappe, in its original
definition, does not include the Limingen Group. It seems
reasonable, however, to extend the compass of the Gjersvik

Nappe to include the sediments of this group, which seem
to be laterally related, in part, to the basal polymict conglo-
merate and to have derived most of their clastic components
from the Gjersvik plutonics, greenstones and overlying
limestones.

The rocks of the Gjersvik Nappe have, so far, yielded no
fossil remains to give a basis for precise dating and correla-
tion with stratigraphies in adjacent segments of the Seve—
Köli Nappe. The volcanic and plutonic units of the
Gjersvik eruptive complex do, however, bear certain simi-
larities to the rocks of the Stiren Group 72 in the
Trondheim region. The Stdren Group, locally, overlies
schists of the Gula Group containing Dictyonema flabelli-
forme.62 The contact between the two groups is, however,
markedly tectonic 16 and, thus, the graptolite fossil evidence
can only be used to suggest a possible maximum age of
Upper Cambrian—Lower Ordovician (Tremadocian) for the
Stdren Group, and it is conceivable that the tholeiitic
eruptive activity recorded in the Stdren sequence 16 could
have been initiated yet earlier in Cambrian time.

It has generally been proposed that the Gjersvik Group
is of equivalent age to the Stéren Group 45 and, by implic-
ation, that the two groups represent similar stages in the
morphological and magmatic evolution of the Caledonian
orogenic margin in central Scandinavia. Stratigraphic and
geochemical evidence suggests, however, that the eruptive
sequence of the Gjersvik Nappe is more evolved in terms of
calc-alkaline character 16,47 — a matter that is given further
consideration in a later section of this paper. Gale and
Roberts have therefore suggested that the Gjersvik erup-
tives are of younger age than those of the Stdren Group,16
and a partial correlation, at least, with the andesitic green-
stones of the Lower Hovin Group (Forbordfjell, HtIonda
and equivalent greenstones)53,72 seems reasonable. The age
of the youngest Gjersvik eruptives therefore probably lies
within the Arenig—Caradocian range, whereas the graptoli-
tic fauna of the Bogo shale within the Lower Hovin Group,
which overlies the Stdren Group in the Trondheim region, is
interpreted as belonging within the Didymograptus
hirundo zone.57 The Stdren Group thus has a defined
minimum age in the range Arenig to early Llanvirnian.

A further aspect of the stratigraphic correlation between
the Lower and Middle Ordovician sequences in the Trond-
heim and Grong districts concerns the tectonic and strati-
graphic status of various polymict conglomerate horizons
that occur at intervals within the Lower and Upper Hovin
Groups and, notably, that which overlies the Gjersvik
eruptive sequence.

The widespread occurrence of conglomerates (Venna,
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Fig.3 Inferred stratigraphic correlation between Lower Palaeozoic sequences to south and north of Grong Culmination.
Correlation is approximate and based on information from Vogt,72 Zachrisson,82 Oftedahl 46 and Roberts.53 Tectonic
disjunction within the two areas is shown schematically by oblique parallel lines
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Lille Fundsjai and Steinkjer conglomerates)53 at the base
of the Lower Hovin Group, overlying the SteSrenGroup,
led Holtedahl 28 to propose a tectonic event of regional
significance that he termed the Trondheim Disturbance.
Further comparative studies of stratigraphy in the Trond-
heim region led to the recognition of similar polymict
conglomerates at higher stratigraphic levels. Vogt 72
identified an Ekne (Caradocian) Disturbance and also move-
ments in the Lower Silurian which produced the basal quart-
zite conglomerate of the Horg Group (Lyngestein Conglo-
merate), which identified a Horg Disturbance. Further work
by Roberts 53 has suggested additional refinements to the
chronology of uplift and erosion in the Trondheim District
during the mid-Ordovician, aseparateevent in Mid-Lower Hovin
times being marked at the level of the Stokkvola conglo-
merate.53 Tectonic evolution in the Trondheim region in
Lower to Middle Ordovician time was evidently punctuatecl
by episodes of vertical uplift and erosion, the Trondheim
Disturbance being but the first of these. The polymict
conglomerate, which overlies the Gjersvik eruptives at the
base of the Limingen sedimentary series, evidently records a
disturbance of the Trondheim type, which, to avoid confu-
sion, will be named the Gjersvik Disturbance. This distur-
bance is probably most closely related in.age to the
Stokkvola event.53

Fig. 3 shows the inferred general stratigraphic correlation
between the Lower Palaeozoic sequences in the Grong and
Trondheim regions. Zachrisson 82 has cited the faunal
evidence in support of a (Lower ?) Silurian age for the
Stekenjokk orebodies, which lie within the lower part of
the sequence of basic to acid volcanic rocks composing the
upper part of the Lasterfjall Group (Fig. 2); this means that
the rocks composing the Gjersvik, Leipik and Gelvernokko
nappes and the upper parts of the Lower Käli Nappe have a
probable age range from Lower Ordovician to Lower
Silurian, matching the age range of the Trondheim Super-
group as defined by Gale and Roberts." The Skorovas
and Gjersvik ore deposits lie within the Gjersvik Group of
volcanic greenstones and must be approximately Lower to
Middle Ordovician in age. It is, however, interesting that in
the Stekenjokk area, accepting the fossil evidence of
Zachrisson, conditions suitable for the formation of strati-
form pyritic ores also existed in Lower—Middle Silurian
times.

Tectonic style within Skorovas area of Gjersvik Nappe

The programme of field mapping in the Skorovas area, with
which the present writers have been actively involved since
1971, was designed to re-examine the major structural and
lithological boundaries within the plutonic to volcanic se-
quence of the Gjersvik Group and to extend, as far as
possible, the geological interpretations of Foslie and
Oftedahl as they affect the Skorovas area. Mapping in the
scale range of 1:2000 to 1:10 000 has also enabled the
first serious attempt to delineate the principal lithologies
within the volcanic sequence, which were uniformly desig-
nated as greenstones by Foslie 12 on the 1:100 000 scale
map of the Trones quadrangle. The Skorovas area, as shown
in Fig. 4, lies close to the eastern boundary of one of the
main plutonic massifs of the Gjersvik Nappe. From Fig. 2
it is clear that the massifs have distinctly tectonic boundaries
of low to interrnediate angle (Fig. 6). The plutonic rocks
within these boundaries frequently preserve their original
igneous fabrics, little modified by the penetrative effects of
tectonic deformation. The volcanic rocks and minor intru-
sives outside them, in contrast, generally show intense
penetrative tectonic fabrics. The plutonic massifs all have

tectonized envelopes and the intrusion of the complete
range of basic to acid plutonic rocks evidently took place
prior to the main tectonic event, which led to the emplace-
ment of the Gjersvik Nappe within the allochthon and
which was also responsible for the generation of major
isoclinal folds and the early axial plane schistosity that is
generally well developed within rocks of the volcanic
sequence.

Because of gross differences in competence between the
various rock types, notably between the plutonic masses
and the supracrustal volcanic cover, this particularly hetero-
geneous style of deformation characterizes the intermediate
level of the Gjersvik Nappe, the pattern being controlled,
on the largest scale, by the form of the major gabbro, diorite
and granodiorite bodies. Within the volcanic sequence it-
self, high-level doleritic dykes and sills, together with
compact dacitic flows and their spilitized aphanitic
equivalents, exert a more local influence.

In common with adjacent parts of the allochthon,811"
the history of regional deformation can be resolved in terms
of two major stages, the first of which produced the prin-
cipal Caledonian 'grain' of the terrain, creating isoclinal folds
of the style illustrated in Fig. 5, and imposing the early
schistosity mentioned above. It was during this stage that
the main thrust and slide horizons that separate the plutonic
and volcanic levels of the Gjersvik eruptive sequence were
established. The plutonic bodies evidently behaved as
massive tectonic wedges, piercing and, in part, overriding
the superjacent volcanics to create the present pattern.

It should be emphasized that such planes of high tectonic
strain also exist in several lesser orders within the volcanic
sequence. These surfaces, as was noted above, are similarly
formed at lithological boundaries, showing marked con-
trasts in competency, and can partly be explained in terms
of componental movements along the thinned and extended
limbs of isoclinal folds of the early basaltic lavas and pillow
breccias. These rocks, under the influence of intense local
strain, suffer a complete penetrative reorganization of
their mineralogy to form chlorite—albite—epidote schists
devoid of any earlier volcanic fabric. In the field the exis-
tence of these surfaces and the flattening produced in the
adjacent units creates a peculiarly lenticulated style of
deformation through which the early isoclinal fold pattern
must be traced. The 'lenticulate style' appears to be a
characteristic feature of highly deformed volcanostratigraphy
and associated plutonics in other regions, notably in the
Mauretanides of West Africa (G. Pouit, personal communi-
cation). Minor fold structures of the early generation are not
conspicuously evident within the volcanostratigraphy and
are best observed in the finely stratified tuff bands and
associated cherts and iron-rich chlorite schists of the
exhalit.: facies (Fig. 7(a)). They can also be mapped over
several tens of metres by following coherent chert horizons,
acid tuff bands and dykes, and thence into the larger iso-
clines of the type illustrated in Fig. 5.

The configuration of these larger isoclines, taken to-
gether with the stratigraphic and structural evidence provid-
ed by the mapping of the surface of unconformity separat-
ing the eruptive sequence and the conglomerate series, de-
monstrates, at the present level of erosion, that the volcanic
sequence in the Skorovas district lies inverted within the
lower limb of a major southeast-facing fold, the identity of
which can be broadly equated with the Gjersvik Nappe.

The second stage of deformation, superimposed on the
grain of the early isoclines and schistosity, has created an
open system of broad folds, which have resulted in an
irregular pattern of dome and basin structures, the major
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axes of which evidently bear a relationship to the contacts
of the plutonic massifs lying to the west and north (Figs. 2
and 4(a)). The formation of the open dome and basin
structures is accompanied by further movements along the
low-angle planes generated during the first stage of deform-
ation. These movements led to the creation of minor folds
and a second-stage crenulation cleavage, which is typically

. local and specifically associated with these horizons of

high strain. The scale of the phenomenon is variable and
Fig. 7(b)) shows part of the well-developed belt of second-
stage folding in the volcanic sequence at the southwestern
margin of the GreSndalsfjell massif. The vergence of the
axial planes of these and other similar late folds implies that
the principal tectonic stress responsible for this deformation
was imposed from a west to northwest direction.

The deformation history can be interpreted in the follow-
ing way. (1) Creation of the nappe, isoclinal folds and the

early schistose fabric, together with the several orders of
internal thrust horizons, was a consequence of the stresses
imposed during the main stage of emplacement of the
allochthon during Mid-Silurian times. (2) The second gener-
ation of tectonic structures is considered to have been im-
posed upon the first as a consequence of equilibration be-
tween the depressed Scandinavian basement and the imposed
bad of the allochthon. The depression of the granitic base-
ment into a field of higher temperature and pressure can
have given rise to plasticity of the basement, enabling local
isostatic adjustments to take place by the initiation of a
system of domes and basins in the basement. The second
fold phase in the Skorovas region is interpreted as a conse-
quence of forces imposed on the volcanic sequence by the
massive plutonic bodies as they slid under the influence of
gravity in an east to northeast direction from the flanks of
a basement dome in the vicinity of the Grong culmination.
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In addition to the fold and low- to intermediate-angle
thrust structures created during the first two periods of
folding, the topography and geology of the Skorovas area
has been strongly influenced by the formation of a complex
system of high-angle faults and fractures. For the rnost
part these have suffered small displacement of the order of
metres, but along the southwest contact of the Gjersvik
eruptive complex with the polymict conglomerate oblique
slip normal faulting has resulted in a vertical displacement
of the order of 500 m (Figs. 4(a) and 5). The trend of
these fractures is predominantly in a NNE to northeast
direction and their formation post-dates the main periods of
folding in the area. The late fracture patterns in the
Skorovas area remain a problem for future investigation.
In all probability they can be attributed to the final stages
of Caledonian tectonism, but the influence of later events,
such as basement reactivation during Mesozoic rifting,
cannot be discounted.

Plutonic members of Gjersvik eruptive sequence in

Skorovas area

On the 1:100 000 scale map of the Trones quadrangle com-
piled from the work of Foslie 12 the plutonic rocks of the
Skorovas area occur in two groups. The first group com-
prises the tectonically bounded massifs of Greindalsfjell and
Nes8piggen, which, though they have strongly tectonized
envelopes, preserve much of their original igneous fabric in
the interior. The second group occurs as an arcuate belt
lying within the volcanic succession to the north, west and
south of the Skorovas ore deposit (Fig. 4(a)). The plutonic
rocks of this belt have been subjected to the penetrative
deformation that affected the enclosing volcanic rocks and
have responded tectonically as part of the volcanic level
during deformation.

The plutonic rocks of the Skorovas area were divided
by Foslie into two principal compositional groupings, as
shown in the map of the Trones quadrangle.12 Gabbros
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Fig. 6 Panoramic view of southeast margin of Gr6ndalsfjell massif seen from point of
vantage on trondhjemite intrusive of Skorovas intrusive arc. Major thrust horizon
separates diorite and gabbro (d) together with hornfelsed envelope (x) from structurally
underlying schistose extrusives (e). A further thrust separates extrusives from
trondhjemite (t) in foreground. Location of photograph (Fig. 7 (b)) shown by crossed
circle at far left of vista

of various facies were distinguished and at the opposite end
of the compositional scale trondhjemite, tectonized granite
and granitic dykes and sills were also shown. There is no
reference on the map to the occurrence of intermediate
dioritic rocks in the immediate area of Skorovas, although
Foslie was undoubtedly aware of their existence because
diorites are mapped as a thin border zone to the north of
the Grøndalsfjell massif and to the west of Heimdalshaugen.
The detailed mapping carried out by the present writers
has shown that dioritic rocks of intermediate composition
form an important component in the plutonic sequence and
that a definite relative chronology of intrusion can be
recognized.

lt has already been noted that the plutonic sequences in
the GSndalsfjell and Nes3piggen massifs and the plutonic
bodies that compose the arcuate intrusive belt (Fig. 4) are
tectonically separated, and it is convenient to discuss their
plutonic histories separately.

Grdndalsfjell massif

The starkly exposed rocks that compose the Grøndalsfjell

massif provide spectacular evidence of their relative ages.
The earliest intrusives are fresh layered olivine gabbros,
which occur as large xenolithic masses or rafts with
maximum dimensions of the order of 70 m x 200 m, con-
tained in a matrix of metamorphosed gabbro and horn-
blende diorite. The cumulus layering of the gabbro bodies
is sub-vertical in attitude with a predominantly east—west
trend. This must be accepted as evidence of significant
post-cumulus displacement.

The composition of the layered gabbro varies from troc-
tolite to hypersthene gabbro and in all facies hypersthene
occurs, either as a reaction rim around olivine or as indepen-
dent ophitic grains. The mineralogy of the gabbro is thus
compatible with crystallization from a tholeiitic magma.25.67

The nature of the xenolithic relationship is shown in
Fig. 8(a), and it is clear that the hornblende diorite is a
major component of the Grindalsfjell massif. The
peripheral contacts of the fresh layered gabbro with the
diorite display a distinctive pattern of retrograde alteration,
which partly follows the primary igneous layering and
partly exploits crosscutting joints to produce a distinctive
weathered surface (Fig. 8(b)). The alteration leads to the
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uralitization and chloritization of the augite and hypers-
thene, the serpentinization of the olivine and saussuritic
degradation of the calcic plagioclase to produce albite,
epidote, clinozoisite and calcite. In the troctolitic facies
of the gabbro the growth of considerable quantities of
chlorite within the plagioclase accompanies this breakdown.
The alteration is ascribed to the contribution of water
from the dioritic magma, which led to a retrograde sub-
solidus hydration in the pre-existing mass of layered
gabbro.

The various facies of altered gabbro may extend for a

considerable distance beyond the boundaries of the fresh

layered rocks, and the distinction between altered gabbro

and hornblende diorite is made in the field on the basis of

the persistence of fluxion banding and layered structure

within the surrounding aureole of hydration. The horn-




blende diorite is characteristically composed of subhedral

dark green grains of hornblende together with saussuritized

plagioclase of intermediate composition and accessory

Fe—Ti oxides. The iron oxides are frequently altered to

sphene and the hornblende is generally partly chloritized.

One of the most striking features of the hornblende
diorite is the occurrence of coarse patches and pegmatoidal
veins, 0.5-3 m wide, consisting of euhedral hornblendes,
commonly up to 10 cm in length, set in a matrix of
andesine feldspar together with accessory amounts of
magnetite and pyrite. The pegmatoid veins show rhythmic
banding parallel to their contacts. This can be interpreted

Fig. 7 Typical dislocated isoclinal style seen in minor
folds of first generation in chert bands to south of
Nesåklumpen (a) (top) and (b) localized post-schistosity
folding and incipient crenulation cleavage of second
generation formed in zone of high strain in schistose
greenstones adjacent to tectonic boundary of Grgindalsfjell
massif. Location of photograph is shown in caption to
F ig. 6


as a result of episodic deuteric crystallization from hydrous
fluids circulating within the largely consolidated dioritic
body. These rocks can be justifiably described as appinites,
and their presence implies that the level of exposure seen
in the eastern margin of the Gn5ndalsfjell massif corres-
ponds to the upper portion of a differentiated dioritic
body.25•78

At the margins of the hornblende diorite, close to the
contact of the plutonic mass with the enclosing greenstones,
a quartz-diorite facies occurs locally.

At least two generations of impersistent basic dykes cut
both the gabbro and the diorite with its appinitic facies. The
dykes are thin, usually less than 20 cm in width, and have a
northeastery trend with steep dips to the northwest. They
are composed of fine-grained hornblende and plagioclase,
together with minor iron oxides, and are locally porphyritic
with plagioclase crystals up to 7 mm long.

The final eruptive event within the GraSndalsfjell complex
was the emplacement of a swarm of leucocratic porphyritic
granodiorite dykes, which show a predominantly north-
easterly trend and dip steeply to the northwest. The dykes
are commonly 1-2 m thick and can be followed for dis-
tances of 1-2 km before they pinch out. Close to the
margins of the plutonic mass, and also within it, these
dykes show well-developed tectonic foliation and, locally,
mylonitic facies, which demonstrates that the northeast-
trending fracture system has been the focus of significant
post-intrusion tectonic strain. The granodiorite dykes are
composed dominantly of sodic plagioclase (roughly of

Fig.8 Northeast face of Grindalsfiell massif displaying
occurrence of rafts of unaltered layered gabbro (dark)
within dioritic matrix (a) (top) (rafts are of the order of
60-100 m x 200 m) and (b) field appearance of hydrated,
uralitized envelope that borders large xenolithic masses of
fresh layered gabbro on Grdndalsfjell (Fig. 8(a). Troctolitic
gabbro shows strong differential weathering of pyroxene,
feldspar and olivine, producing pitted surface. Uralitized
assemblage weathers uniformly by comparison
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oligoclase composition), quartz and accessory microcline,
biotite, hornblende and sphene. The ferromagnesian
minerals are generally partly chloritized and the feldspars
have been variably altered to fine micaceous aggregates
(sericite or paragonite). Because of the modal composition
of these dykes, which is dominantly oligoclase together
with quartz and with only accessory amounts of potash
feldspar, the rocks may properly be described as trondh-
jemite in the sense of the definition applied by Goldschmidt
in 1916.22

This sumrnary of the igneous relationships preserved
within the plutonic massif of Gn6ndalsfjell shows clearly
that a considerable volume of dioritic magma was enlplaced,
probably at an intermediate to high crustal level, evidently
by invading a pre-existing mass of layered gabbro, which is
the oldest and presumably the deepest representative of
the plutonic assemblage in the Skorovas area. It may be
added that magmatism must also have been bimodal —that
is to say that the magmas were supplied from two genetically
different sources, the first tholeiitic and the second calc-
alkaline. A range of similar igneous relationships occurs in
the Nes3piggen massif to the south (Fig. 4).

In addition to the main gabbro-diorite body of the
Gn6ndalsfjell massif delineated by Foslie on the map of the
Trones quadrangle, a significant mass of 'fine-grained gabbro'
is also shown lying directly to the north of Skorovatn. This
forms the imposing topographic feature of Skorovasklumpen
in the basal slope of which lies the extension of the main
thrust surface, which is interpreted as separating the tectoni-
cally 'massive' plutonic level from the highly deformed
volcanic level. This feature is shown on the geological map
of the Skorovas area and in the accompanying structural
synthesis (Fig. 4). Investigation has shown that Skorovask-
lumpen and the narrow belt of similar character that can
be followed along the eastern margin of the Grdndalsfiell
massif are cornposed predominantly of metamorphosed
basic volcanic rocks, together with interbands of acid
(dacitic-keratophyric) composition and a proportion of
high-level basic intrusive material. The basic rocks of the
belt adjacent to the Gr6ndalsfjell massif are partly incorpor-
ated in a xenolithic screen of considerable complexity. The
original igneous contact of the diorite with the volcanic
country rocks is preserved intact within the main tectonic
boundary (Fig. 4(a)) and can be mapped over a distance of
4 km. Original volcanic structures, notably pillow forms and
vesicles, are preserved within xenolithic massesand testify

to the volcanic origin of the country rocks. Similar textural
evidence of volcanic origin has been found within the basic
sequence that composes Skorovasklumpen.

The reason for the classification of the rocks of
Skorovasklumpen as fine-grained gabbros by Foslie 12 and
other workers lies in their amphibolitic metamorphic grade,
which has produced a mineralogy dominated by hornblende
and intermediate to calcic plagioclase. The presence of
epidote as a constituent mineral throughout a significant
part of the amphibolitic sequence implies that these higher-
grade rocks span the epidote amphibolite facies to enter the
field of amphibolite facies. Since there is no association
with pelitic rocks, a precise description of the prograde
regional metamorphism of the basic rocks of the Skorovas
area depends chiefly upon a determination of the progressive
changes in the composition of the hornblende and plagio-
clase, which must await further detailed work. Broadly
however, the mineral assemblages accord with the sequences
regarded by Miyashiro 313236 as typical for the regional
metamorphism of mafic rocks at low to intermediate
pressure.

One of the conspicuous features of the mineralogy of the
amphibolite facies rocks of Skorovasklumpen is that
pyrrhotite replaces pyrite as the accessory iron sulphide —
an observation that is readily made in the field. The
amphibolitic lavas locally display distinct pentrative tec-
tonic lineation of the amphiboles, and this lineation can be
observed in the amphibolitized volcanic xenoliths in the
diorite. Amphibolite grade metamorphism evidently took
place under the influence of early tectonic stresses with
which the emplacement of the gabbro-diorite massif was
partly synchronous. The establishment of a precise chrono-
logy for these events will depend upon the evidence provid-
ed by future detailed petrographic work. It is probable,
however, that the contact aureole of the GreSndalsfjell
massif and the amphibolitic rocks of Skorovasklumpen com-
pose a continuum within the field of low to intermediate
pressure in which regional and contact metamorphism

converge.34

Rocks of the arcuate intrusive belt

The intrusive arc differs from the plutonic massif of
Grikdaisfjell in three distinctive ways: (1) no unmetamor-
phosed gabbroic bodies have been found in which a
plagioclase—pyroxene—olivine assemblage is preserved;
(2) penetrative deformation has produced distinctly tec-
tonic fabrics throughout most of the arc and mineral
assemblages are reduced, for the most part, to those stable
within the greenschist facies; and (3) quartz-rich dioritic to
granodioritic rocks compose a large part of the complex and

the eastern extremity of the arc joins a large granodiorite
mass to the south of Tunnsjien (see Fig. 4(a)).

Apart from these significant differences, which can pro-
bably be explained in terms of the higher level of emplace-
ment of the arc complex within the volcanic sequence, the
relative chronology of intrusive episodes in the arc is the
same as that observed in the Gr6ndalsfjell massif. The most
basic rocks are the oldest and the successively younger
intrusions become increasingly silicic.

The degree of deformation within the plutonic arc is
often extreme; but, locally, the original geometry of intru-
sion is preserved as shown in Fig. 9. The range of composi-
tions present in the rocks of the arc is very wide and in-
cludes hornblende gabbro, diorite and granodiorite (trondh-
jemite). The definition of the petrographic character of
each generation is complicated by the incorporation of
xenoliths of earlier basic volcanic and plutonic rocks as well
as by extreme deformation, local silicification and reduc-
tion of the primary minerals to greenschist assemblages.
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It is sufficient for the purposes of the present discussion to

confirm the presence of gabbro, diorite and trondhjemitic

granodiorite as components of the arc and to suggest that

these are, in part, equivalent to the plutonic complex ob-
.

served in the Gr‘ndalsfjell massif. Prior to the major stages

of Caledonian deformation leading to the allochthonous

emplacement of the Gjersvik Nappe, it is assumed that the

•	 rocks of the intrusive arc and those of Grindalsfjell were


part of the same complex plutonic continuum.

Volcanic rocks of Gjersvik eruptive sequence in Skorovas
area and their metamorphic condition

The volcanic rocks of the Gjersvik eruptive complex are of

geological and economic interest for they are the host rocks

of the Skorovas deposit. The volcanic succession has suffer-

ed extremely from the effects of deformation and low-

grade metamorphism under conditions of the greenschist

facies. These modifications, together with the primary

complexity of the volcanostratigraphy, have been obstacles

to the systematic mapping of the greenstones.
It has long been recognized that the Gjersvik greenstones

are composed of a sequence of basic to acid rocks, includ-

ing basalts, andesites and keratophyres of distinctly spilitic
affinity.21A1 Because of the confinement of systematic

geological studies to the immediate vicinity of the Skorovas

mine itself, previous summaries of the volcanic stratigraphy

have been lirnited. During the present study an attempt

has been made to document the range of primary volcanic

structures that can be observed at the macroscopic scale

within the acid and basic members of the stratigraphy and

to examine their geometry with respect to metamorphism

and deforrnation.
It is difficult to assessthe relative volumes of basic and

acid rocks within the volcanic sequence, but it can be said

with conf idence on the basis of regional mapping that, in

the general area of Skorovas, the dominant volcanic rock

types are basalts and basaltic andesities with lesser amounts

of andesitic and keratophyric rocks. This fact is apparent

from the relative outcrop of acid and basic rocks shown in

Fig. 4(a), although this can only be treated as an approxi-

mate guide. Because of the deformed and dislocated con-

dition of the sequence and the present level of erosion, the

maximum thickness of volcanics is difficult to assess. A

reasonable estimate based on constructed geological sec-

tions, taking into account the effects of tectonic flattening

and extension, can be given as 3-4 km.
The sedimentary component within the pile is limited

to very thin, but stratigraphically persistent, iron- and

silica-enriched beds produced as a result of chernical dis-

persion during volcanic activity. Banded calcareous

greenschists, which have been considered by previous

writers to be of sedimentary origin, can be explained as

tectonic facies originating from metamorphosed and

flattened basic flow units.
The primary mineralogy of all the rocks in the volcan c

succession has been degraded to assemblages of the

greenschist facies. Textural evidence shows that the crea-

tion of the greenschist facies assemblages took place during

two episodes, the first of which was prior to the first stage

of penetrative tectonic deformation. The evidence con-

firming this metamorphic chronology is best preserved with-

in the basic members of the sequence.

Basaltic and andesitic lavas

The state of deformation of the basaltic rocks varies

according to their position with relation to the early iso-
clinal folding, the numerous lower-order thrust horizons

and adjacent competent flow units or intrusives. It is

possible, however, in the vicinity of Skorovas, to observe

pillowed sequences in which the original geometries are

nearly preserved, as shown in Fig. 10. The dimensions of

pillows are variable, but diarneters within the range 0.5-2 m

are typical. In addition to pillowed basaltic flow units,

there is a significant volume of deformed meta-hyaloclastite

pillow breccia associated with the basaltic unit, which

structurally overlies the orebody (see Fig. 17). The pillow

breccia lithology is locally transitional to tuffaceous and

agglomeratic basic pyroclastic facies and can be traced

within a radius of 3 km around the orebody.
The abundance of amygdales, ranging in size from 2 to

10 mm and, exceptionally, reaching sizes of 5 cm, indicates

that the lavas were erupted at relatively shallow depths,

probably of the order of 100-500 M.29-37 The primary

mineralogy has been completely replaced or pseudomorphed

by assemblages composed of chlorite, albite, epidote,

actinolite, calcite and sphene. Stilpnomelane, regarded by
Miyashiro 36 as atypical of low- to mediumpressure

Fig. 10 A, Deformed basaltic pillow lavas observed on

northern slopes of Grubefjell below orebody. Cuspate

bodies of grey chert that occupy interstices between

pillows are conspicuous. In casesof extreme deformation

survival of these chert bodies within chloritic schist provides

a useful guide to original volcanic structure of rocks.

8, Basaltic pillows from flow exposed on southwest shore

of Tredjevatnet. Eruption of pillowed basalts followed

deposition of a dispersed exhalite horizon in vicinity of

Tredjevatnet centre. Layer of ferruginous silica gel, disturb-
ed during eruption of the basalts, formed a jasper matrix

for the pillows. Chloritized chilled margin of pillows is

conspicuous. Significant amounts of pyrite are also found

in association with jasper pillow matrix, the pillow lavas

lying stratigraphically but a few metres from horizon of

massive pyrite
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regional metamorphic assemblages, is a conspicunus com-
ponent of the basaltic andesites in the mine area. This can
probably be explained in terms of the iron enrichment
shown by these rocks (analysis 3, Table 1). Stilpnomelane,
in common with the other greenschist minerals, occurs
dispersed throughout the body of the rock and also as
monomineralic fillings in amygdales and in crosscutting
veinlets. The dominant mineralogy of the amygdales within
the pillowed basalts varies widely. Cornbinations of two of
the common greenschist mineral species are usual, involving
quartz, epidote, calcite, chlorite, albite and pyrite. Actino-
lite is not usually found in amygdales. Within certain parts
of the Skorovas area the dimensions of the amygdales and
their mineralogy have been useful in discriminating between
individual flow units, although amygdale mineralogy cer-
tainly cannot be applied as a universally reliable criterion of
stratigraphy.

Within the more massive andesitic and basaltic rocks,
original flow textures are preserved by the orientation of
the altered plagioclase microlites. Augite phenocrysts are
pseudomorphed by actinolite and chlorite and the acces-
sory iron—titanium oxides are largely replaced by sphene.
The basalts are not conspicuously porphyritic and igneous
textures are frequently concealed in the meshwork of fine
actinolite, chlorite, epidote—clinozoisite and albite into
which the rocks have been transformed.

The effects of greenschist metamorphism are not only
apparent at the MiCro scale but are also demonstrated by
the gross redistribution of the rock components, which has
produced massive bands and lenticular knots and spheroidal 


bodies, the mineralogy of which is predominantly epidote
with lesser amounts of albite, quartz, etc. These bodies
with dimensions of the order of tens of centimetres are
arranged parallel to the surfaces of the pillow structures or
as discontinuous layers parallel to flow surfaces within
massive basalts and basaltic andesites. The typical form
of these bodies is shown in Fig. 11.

The epidote-rich segregations are evidently pre-tectonic. -
During the first period of penetrative deformation the
chloritic mass of the pillowed basalts has tended to develop
a good schistose fabric and the geometry of the pillows, as
a whole, has become flattened to varying degrees. The
epidote layers have behaved as competent bodies and have
deformed by brittle fracturing; in extreme cases the
epidote bodies are preserved as cataclastically reduced
streaks and boudins within the highly flattened pillows.
The textural evidence clearly demonstrates that an
important episode of greenschist metamorphism was re-
sponsible for pervasive alteration and gross reorganization
of the mineralogy of the basic rocks prior to the tectonic
event responsible for the early penetrative schistosity in
the Skorovas region.

Deformation of the volcanic pile also took place under
conditions of the lower greenschist facies and the miner-
alogy established during the primary metamorphic episode
was not changed, but tectonic facies were produced as a
result of further redistribution and segregation of the
various mineral species.

The metamorphic alteration that took place in the

earliest event prior to the deformation of the rocks can be

Fig. 11 A, Pillowed basaltic lavas from northwest of Havdalsvatn showing development of pre-deformational metamor-
phic segregrations of epidote-rich materials (e) parallel to pillow margins. During tectonic flattening epidote layer has re-
sponded by developing a system of brittle fractures. B, Lenticular segregation of epidote (e) of pre-deformation age in
massive andesitic lavas southeast of Store Skorovatn. Conjugate pattern of brittle fractures produced during deformation
of competent lenses is explicitly developed, as in generation of dilatant fractures filled with quartz, chlorite and carbonate
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Table 1 Whole-rock analyses of Skorovas volcanics. Analyses (1-9) with average values of ocean-floor basalt (10; Cann4)
and island arc tholeiite (11, Pearce and Cann46) for comparison. 1, Porphyritic quartz keratophyre, Grubefjell; 2,
quartz keratophyre, Grubefjell; 3, andesite with stilpnornelane, Grubefjell; 4, andesite, Grubefjell; 5, andesitic clasts in
agglomerate, Grubefjell; 6, pillowed basalt, Grubefjell; 7, pillowed basalt, Grubefjell; 8, basalt, 6 km southwest of Grubefjell;
9, basalt, northeast øverste Nesavatn




1 2 3 4 5 6 7 8 9 10 11

SiO2 72.23 70.39 53.07 59.34 56.12 50.15 49.30 48.99 50.13 49.61 52.86

A1203 11.82 12.27 14.13 15.40 12.20 13.70 13.81 16.55 14.76 16.01 16.80

Ti02 0.80 0.27 0.77 1.06 0.96 1.54 1.89 1.30 1.24 1.43 0.83

Fe2 03 2.14 3.37 6.48 3.49 3.31 3 31 +




Fe0 1.28 0.44 6.62 6.01 6.44 7.78 14.70* 13.97* 14.95* + +

Mn0 0.03 0.01 0.19 0.23 0.11 0.16 0.21 0.17 0.15 0.18 +

Mg0 0.36 0.45 4.40 2.68 4.70 4.70 5.49 5.74 6.00 7.84 6.06

Ca0 1.27 0.24 4.66 2.38 4.44 4.89 4.92 5.33 3.50 11.32 10.52

Na20 7.50 8.00 5.21 7.50 6.25 8.81 6.47 6.88 7.30 2.76 2.08

K20 0.07 0.02 0.51 0.19 0.02 0.52 0.43 0.66 0.55 0.22 0.44

13205 0.24 0.03 0.10 0.18 0.12 0.17 0.11 0.06 0.03 0.14 +

Loss on

ignition 1.06 2.24 1.90 2.24 3.57 2.81






Total Fe as









Fe203 3.56 3.86 13.83 10.17 10.46 11.95 +




12.63 11.45

Total 98.90 99.49 98.04 100.70 98.24 98.54 99.54 99.64 98.24




• Total Fe as Fe0.
+ Value not obtained by analytical method used.

ascribed to contemporaneous alteration of the volcanic
rocks in situ as a result of the thermally driven circulation
of sea water in the upper layers of the lava pile close to
the site of eruption on the Ordovician sea-floor. Consider-
able evidence has accumulated in recent years to show
that in•situ alteration of the mineralogy of submarine
basalts to produce assemblages of greenschist and lower
amphibolite facies is a phenomenon of wide occurrence
within the upper layers of the sea-floor.3326 Humphris 27
recognized that the metamorphic assemblages in recent
submarine basalts from the Mid-Atlantic Ridge can be divid-
ed into chlorite-dominated and epidote-dominated types.
It is suspected that this division reflects a process of meta-
morphic segregation similar to that seen in the basalts
of the Gjersvik sequence.

The in-situ hydrothermal alteration processes evidently
involve the convective circulation of large volumes of sea
water relative to the altered rock. Water : rock ratios of the
order of > 104:1 were calculated by Spooner and Fyfe 59
and the alteration process is believed to extend to a depth of
at least 2 km within the lava pile.69,6°

The in-situ sea-floor metamorphism of the Gjersvik vol-
canic sequence was evidently an important event and, as well
as causing gross mineralogical changes by chemical redistrib-
ution within the scale of individual flow units, bulk changes
in the chemical cornposition of the lavas also occurred,
leading to the conspicuously spilitic chemistries shown by
the analysis in Table 1.

The recognition of the pervasive pre-deformation in-situ
sea-floor metamorphism of the Gjersvik basalts also helps
to resolve the controversy that surrounds the tectonic status
of disturbances of the Trondheim type.11,61-66 The polymict
conglomerate that unconformably overlies the volcanic
sequence was formed prior to deformation and alloch-

thonous transport of the Gjersvik Nappe. This is easily
demonstrated on a local scale by the pervasive schistose
fabric of the matrix and the distinctive stretching of the
competent clasts parallel to the axes of the early isoclinal
folds (Fig. 12(A)). It can also be demonstrated on a regional
scale by mapping the level of unconforrnity through the
isoclinal folds of the first deformation (see Fig. 5).

The conglomerate is composed of boulders directly
derived from the plutonic and volcanic sequence that under-
lies it. Locally, the composition is dominated by marble
clasts with associated pebbles of jasper, and in other places
the clast population is dominated by boulders of phaneritic
granodiorite (trondhjemite), diorite, meta-gabbro and
various of the resistant volcanic rocks. Pebbles of kerato-
phyre are common, but of greatest interest are the pebbles
of the metamorphic epidote assemblage (Fig. 12(81), which
have evidently been derived by erosion of the rnetamor-
phosed Dasalts.

Final and conclusive evidence is thus provided for a
Lower-Middle Ordovician metamorphic event pre-dating
the Gjersvik Disturbance. The metamorphism was produced
by the thermal and hydrothermal effects associated with the
contemporaneous eruptive activity embodied in the
Gjersvik Nappe. The tectonic movements involved in the
formation of the polymict conglomerate were predomin-
ately vertical as opposed to lateral and must have been re-
lated to an early stage of tectonic evolution within the belt
of Lower-Middle Ordovician eruptives of which the Gjersvik
Complex was a part.

The status of a possible metamorphic event pre-dating the
Trondheim Disturbance has been discussed elsewhere.11•65
Further investigation will probably reveal the ubiquity of
sea-floor-hydrothermal metamorphic assemblagesas clastic
constituents of the polymict conglomerates of the Venna

141



and equivalent horizons. It may be regarded as axiomatic

that such assemblages should beincorporated into the

conglomeratic rocks produced by episodic uplift of the

Ordovician sea-floor and that the history of metamorphisrn

would be as extended as the hrstory of submarine volcanism.

Magmatic activitv in the bell continued after the

erosional event. The evidence for this is provided by

quartz- •feldspar porphyry dykes that cut both the eruptive

cornplex, the unconformity and the overlying conglomer-

ates prior to the first phase of deformation. These dykes

are similar in composition to other granodioritic rocks

within the eruptive complex and are regarded as the latest

product of calc-alkaline magmatism within the Skorovas

Acid to intermediate flows and pyroclastics

There are, within the Skorovas region, a range of acid lavas,

brifs and agglomerates, which are locally abundant and

for m horizons that can be treced laterally over considerable

distances (see Fig. 4(a)). These rocks are of critical interest

beeause they are closely associated with both the Skorovas

or iffiody itself and with a variely of iron- and silica-rich

sediments, which, following the conceptual tffiminology of

Carstens 6,7'8 and Oftedahl,42 are appropriately described

as 'exhalites'.
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Fig. 12 A, Typical appearence of polymict conglomerates

as seen to northwest of Havdalsvatnet. Flattened boulder of

trondhjemite (t) displays tectonic fracture pattern character-

istic of its brittle behaviour. Associated boulder of marble

(m) has deformed in ti ductile feshion. B, Lary: pebbles of

pre-deformational epidote-rich metamorphic segr),gations

derived by erosion from undffilying lavas are common

constituent of greenstone-bear ing facies of polymict conglo-

merate. Example photographed close to Ifircenformity on

southern shore of Tredjevatnet

Because of the deformation of the volcanic sequence and

the inherent lateral variability of the volcanostratigraphy it

is not possible to describe a unique and widely applicable

type succession. The distribution of the various facies of

acid rocks within specif ic parts of the Skorovas area suggests

that a minimum of four centres of acid pyroclastic eruption

were active. Their products are preserved, as far as it is

possible to tell, at an approximately simdar level in the

volcanic sequence. In the vicinity of the Skorovas orebody

there is stratigraphic evidence of at least two pyrociastic

levels, the lowest of which is exposed in the basal slope of

Skorovasklumpen to the north of Store Skorovatn (this is

shown in Flys. 4(a) and 5).

The orebody evidently lies within the vicinity of

one eruptive focus, which will be called the Grubefjell

Centre. The other centres, tentatively distinggished, lie

west and soUlhwest of Tredjevatnet (the Tredjevatnet

Cenbel, to ffie east of Overste Nesrevatn (the Nesevatn

Centre), end further east in the terrain near Blahammeren

(the Blahammeren Centre). The main belts of acid rocks

shown inn Fig. 4(a) serve to identify these centres. It is

difficult to judge whether the centres represent independent

volcanic structures or lateral eruptions on the flanks of a

sffigle polygenetic edifice.
The acid volcanic horizons show a range of well-preserved

pyroclastie fahrics re which Oftedahl 41•42 draw specific

attention. Var rous agglorneratic facies are visible in the

acid honffins in the immediate vicinity of the mine (see

Fig. 141. Distal pyroclastic facies include fine tuff bands

with associated exhalite sediments (Fig. 15b4). Such

horizons time spread over large areas and are thus valuable

stratigraphic markers.

Pyroclaffic facres can frequently be traced laterally into

compact por phyr itic and aphanitic bands of keratophyric

aspect presumably, flows or highly modified tuffs. In the


vicinity of the Blehammeren Centre porphyritic flows are

physically continuous with porphyry dykes from which the

emptions appear to have originated. The dykes, turn, can


be treced towards the large mass of trondhjemite that occurs

at the eastern end of the northern limb of the intrustive are.

The disjunct)on eaused by deformation at the margins of

the intrusive masses and within the volcanie sequence, how-

ever, demes ti conclusive statement concerning the connex-

ions between the plutonic and volcanic levels during clima-

tic episodes of affid eruptive activity.

•
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Fig. 13 Plot of T1 versus Zr contents for Skoroves basio

extrusives Ice and basic intrusives •angb)s) sbowing


abundance ut low potash (island atc) tholentes ILKT).

Distinct trend towards field of calc-alkaline basalts (CAB1

and grouping towards ocean-floor basalt (OFBI also shown
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Chemistries of the acid extrusive rocks from the
Skorovas ore level are distinctly soda-rich (see analyses 1 and
2 in Table 1). Petrographically, the rocks display a modal
composition dominated by albite and quartz, occurring both
as phenocrysts and as the constituents in the aphanitic
groundmass, which is a mosaic of albitic plagioclase micro-
lites and quartz. Whatever mafic silicates may have been
present are now represented by dispersed chlorite. Pyrite
is usually present as an accessory. The rocks are properly
described as quartz keratophyres 25•76 and, taking into
consideration the analyses from the basaltic and inter-
mediate rocks shown in Table 1, it is clear that the Skorovas
volcanic rocks are a spilitic suite.

The question is immediately raised as to the relationship
that such a volcanic suite might have to the plutonic rocks
at various structural levels in the immediate vicinity of
Skorovas. The brief account of the plutonic rocks given
above demonstrates the wide variation in the condition of
metarnorphism and deformation displayed by these rocks;
there is no suggestion, however, that the compositions are
abnormally sodic and the feldspars, though degraded by
saussuritization, have original compositions in the range
labradorite, in gabbro, to oligoclase, in trondhjemite.

2 cm

_

t.12.
•••• •

Fig. 14 Blocky pyroclastic texture (a) (top) seen in

keratophyric flow unit on Grubefiell about 1200 m west of
Skorovas orebody. Pyroclastic fragments are slightly flatten-
ed arid siliceous matrix stands out as a reticular pattern.

Flow is part of major acid horizon with which orebody is

associated. (b) Agglomeratic facies of keratophyric horizon

shown in (a). Locality is in immediate vicinity of ore

horizon above mine entrance on northeast Grubefjell. Acid

fragments are partly silicified and tectonically flattened. A

competent quartz vein with orientation close to principal

stress responsible for flattening during first stage of pene-

trative deformation has responded by buckle folding

Goldschmidt has given analyses of the type trondhjemites
from the Trondheim district and from localities in western
Norway that show total Na20 values in the range 4.3-6.0
wt °4 and K20 values in the range 1-2.5 wt 0/c. This
gives a typical Na20:K20 ratio for trondhjemite of the
order of 3:1. Partial analyses of three trondhjemitic rocks
from the Skorovas intrusive arc 56 show that the Na20
contents fall in the range 2-4.5 wt % and K20 values fall
in the range 1-2.5 wt %. Na20: K20 ratios are of the
order 1:1.5-3:1. This range is clearly of the right order for
trondhjemitic to granodioritic rocks with Si02 contents of
about 70 wt %. The Na20: K20 ratios of the spilitic
rocks are one to two orders of magnitude greater than those
seen in the regionally associated plutonics (see Table 1).

Fig. 15 Exhalite horizon (a) (top) 2 km east of Overste
Neshatn. Stratigraphic sequence is complex and made up
of graded lapilli tuffs overlain by pink to brown coloured
banded cherty sediments incorporating magnetite, hema-
tite, stilpnomelane and iron-rich amphiboles. Purple chert
band shows isoclinal fold style of earliest deformation with

conspicuous refraction of early cleavage. (b) Banded

pyrite — magnetite sediment typical of reduced facies of

iron-rich exhalites (vasskis). Large pyrite porphyrobasts

have suffered cataclasis and dislocation to varying degrees.

Specimen from 1.5 km north of Blhammeren. Scale in cm
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'

- ‘•/^4stier4

zeird›.

143



A comprehensive programme of whole-rock analysis is
being undertaken at the present time to establish the major
differences in chemistry between the plutonic and the
volcanic sequences, but it is clear that the most significant
chemical difference does lie in the conspicuous enrichment
in sodium, which has evidently occurred in the whole range
of the volcanic suite.

The chemical discrepancy displayed by the volcanic and
plutonic suites of the Skorovas area has been the root of a
lengthy controversy concerning the affinities of spilitic
rocks in general. The problem has been discussed by
Wells,76.77 Sundius 66 and Vallance,69•70 among others,
and it is clear, after the review of the problem by
Vallance,69," that the case for post-eruptive metasomatic
alteration of alkali contents by circulating sea water is
strong. Taken in conjunction with the textural evidence
described above, there seems little reason to doubt that the
spilitic character of the Skorovas volcanic sequence is the
result of metasomatism, which accompanied the sea-floor
metamorphism of the volcanic rocks during Lower
Ordovician times. This metasomatic alteration by circulation
of heated sea water changed the chemistry of the rocks,
notably enhancing the Na20 content and concealing the
natural magmatic consanguineity of the volcanic and
plutonic rocks.

Magmatic affinity of Skoroyas'eruptives and their
tectonic significance

The relative mobility of the major elements in basic and
acid rocks during metamorphic alteration poses obvious
problems with regard to the determination of the magmatic
affinity of eruptive sequences and the confirmation of
consanguineity within them. Cann,4 in 1970, recognized
the possibility of using certain elements, notably Y, Zr,
Nb and Ti, which were unaffected by severe secondary
alteration processes, as indicators of the magmatic affinity
of ocean-floor basalts. Pearce and Cann 46 subsequently
extended this concept for use in determining the tectonic
setting of basic volcanic rocks by empirically defining the
ranges of variation of the stable trace elements in suites of
basaltic rocks collected from various defined oceanic and
island arc environments.

Sixty-nine basaltic rocks frorn various parts of the
Skorovas district have been analysed for stable trace
elements. In Fig. 13 the values for Ti are plotted against
those for Zr with reference to the fields of various basaltic
magma types as defined by Pearce and Cann.46 In addition,
the Ti/Zr values for eight associated gabbroic to dioritic
rocks from the intrusive arc are superimposed. These rocks
were chosen for their even phaneritic texture and lack of
conspicuous layering. The plot shows that the basaltic
rocks of the Skorovas district concentrate in the field of
island arc tholeiites with a notable trend towards the field
of calc-alkali basalts. It is also possible to recognize a group-
ing of values towards the field of ocean-floor tholeiites.
The coincidence of the analysed values in the plutonic rocks
with the field of island arc tholeiites is regarded as a con-
firmation of consanguineity in the groups of basic plutonic
and volcanic rocks falling in this field.

Study of the trace elements suggests that the eruptive
sequence in the Skorovas area originated in a tectonic
setting in which basaltic rocks typical of an immature
island arc were being generated.19,28 Moreover, a know-
ledge of the field relationships in terms of the chronology
and relative volumes of the eruptive rocks at the plutonic
and volcanic levels confirms this view. little quantitative
information is available concerning the relative volumes of 


the various eruptive products in mature calc-alkaline arcs
and in immature tholeiitic arcs. Baker 2 has given some
comparative estimates based on observations of the South
Sandwich Island volcanic sequence, and these are judged
to be in the same order of proportion as those observed in
the Skorovas area, notably basalt » andesite > dacite and
ityolite (or their spilitized equivalents). In the case of
mature calc-alkaline arcs the relationship is of a distinctly
different order —andesite » basalt. The field evidence,
taken in conjunction with the supporting information from
chemical analysis and petrographic examination, forces the
conclusion that the eruptives of the Skorovas area are, in
fact, the constituents of an immature island arc of Lower
to Middle Ordovician age formed within an ensimatic setting
peripheral to the Laurentian or the Scandinavian craton.
The eruptive sequence, its magmatic evolution term inated,
was emplaced as the structural and stratigraphic core of the
Gjersvik Nappe during the climactic stages of the Caledonian
orogeny in mid-Silurian times. The tectonic decapitation of
the island arc is believed to have originated with the collision
between the Scandinavian craton—arc margin and a
Laurentian counterpart;10,24 the tectonic transport in-
volved in the process of emplacement is estimated to have
been at least 200-250 km. 16,17,63,64

Skorovas orebody and peripheral exhalative mineralization

The description of the volcanic host rocks given above
confirms the association between the Skorovas orebody and
an eruptive sequence originating in an immature ensimatic
island arc of Lower to Middle Ordovician age. It is appropriate
toconsider the morphology and mineralogy of the oredeposit
and the peripheral exhalite mineralization of the Skorovas
region in terms of the exhalative volcanic hydrothermal
origin proposed for it by OftedahL41,42

The orebody is situated within a part of the volcanic se-
quence displaying distinctly calc-alkaline character. Apart
from the keratophyric pyroclastic and flow units, at the
level of which the orebody is located, the sequence includes
a thickness of basaltic andesites and rocks in the range of
silica contents appropriate to andesite and dacite, now
represented by spilitized equivalents. The precise strati-
graphic location of the orebody with respect to the acid
horizons is difficult to establish owing to the disjunctive
tectonic style, but there is no doubt that the association

Fig. 16 Two sections of east orebody at profiles 59 and
73 east—west situated 140 m apart along morphological
axis of orebody. Progressive development of a first-phase
isoclinal fold is illustrated together with complex digitated
style of isoclinal closures. Open style of second fold phase
shown by undulation of lower contact of ore on profile
59 east—west
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between ore and keratophyric extrusive rocks is intimate

(see Figs. 41a), 5 and 17).

The Skorovas orebody, at the present state of develop-
ment, is estimated to comprise between 8 000 000 and
9 000 000 tons of massive sulphide ore, including 1 500 000
tons of essentially pyritic ore with minimal base-metal
content. From the initiation of production in 1952 until
1975-76 approximately 4 700 000 tons of ore were niiHed
to produce pyrite fines with an average grade of 1.2% Cu,
1.8%,Zn and 45%5. This concentrate was marketed
primarily for its high sulphur content. Following the de-
cline in the market for sulphur-rich concentrates, a new
beneficiation plant has been constructed for the production
of Cu and Zn concentrates. Present ore reserves are calcu-
lated as approximately 2 000 000 tons with an average
grade of 1.15% Cu and 2.29% Zn. It is a difficult prob-

lem to assess the average grade of the mineralized body as
a whole since this clearly depends upon the geologicatecono-
mic criteria chosen to define it. It is, nevertheless, possible
to state that the mineralogy is dominantly pyritic and that
the sulphur content of massive ore is of the average order
of 35 wt % with Zn > Cu > Pb. Zinc content is of the
order of 2 wt % and Cu C 1 %.

Strbetural style of orebody

The morphological complexity of the Skorovas orebody
caused by tectonic disjunction of isoclinally folded lenses
and the extreme tectonic deformation of the wallrock
envelope has been a considerable obstacle to the clear
formation of a genetic model.2°

The orebody can be described as an en-échelon array of
closely spaced groups of massive sulphide lenses, the dis-
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tribution of which has created an elongate ore zone with
a length of approximately 600 m lying in a north to NNE
orientation and with a width of the order of 200 mo. A
representative cross-section of the orebody is shown in
Fig. 17.

The lenticular bodies have their principal planes orientat-
ed parallel to the axial planes of first-phase isoclinal folds
and the individual lenses are apparently, to a significant
degree, the products of partial disjunction of fold limbs
within that fold system. In detail, as is shown by Fig. 17,
the ore zone shows a longitudinal division into an eastern
and a western orebody. This division may refIect the shape
of the orebody at the site of accumulation prior to deform-
ation. The lateral extremities of the ore lens systems char-
acteristically show multiple digitation and bifurcation and
there are frequently zones of sulphidic impregnation reach-
ing ore grade that lie between the digitations of massive ore.
As Gjelsvik 2° noted, discordance is locally observed be-
tween the contacts of some of the larger massive lenses and
the schistosity of the wallrocks. This evidence, together
with the irregular geometry of the orebody as a whole, was
used in support of an epigenetic mode for the formation of
the deposit, although Gjelsvik conceded that early folding
had probably been an influence in creating its present
morphology and that emplacement took place immediately
following the eruption of the volcanic sequence in Lower
Ordovician times.

It is possible to explain the local discordance between
early schistosity and the contacts of the massive lenses in
terms of the contrast in the mechanical behaviour of the
base-metal-poor pyritic lenses and the volcanic wallrocks
during the flattening and isoclinal folding of the first stage
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Fig. 17 Representative section through east and west orebodies at profile 42 east—west showing principal lithological
divisions of host rocks and position of zinc-rich facies along footwalI of principal eastern and western lenses. According to
structuraI interpretation zinc-rich levd is stratigraphic top of ore. Complex digitation of ore is well illustrated
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of deformation. The disjunction created by componental
movements at the ore contacts during this early phase must
also have been magnified in response to the stresses imposed
during the second period of folding.

The early deformation in the immediate contact zone of
the orebody was sufficient, because of the contrast in com-
petency, to create a schistose tectonic facies composed
predominantly of chlorite, carbonate and, locally, talc.
These components were derived by segregation from the al-
tered basic host rocks —andesite, basaltic, andesite arid
basalt. The schistose tectonic envelope is shown locally in
Fig. 17. The creation of this envelope facilitated the con-
tinuance of componental movements within the vicinity of
the ore contacts during later deformation.

The history of structural deformation within the orebody
can be sumrnarized as follows:

Early isoclinal folding, accompanied by creation of a
schistose envelope with componental movements in
the vicinity of the orebody contacts, led to a
tectonically disjunct style.

Periods of post-schistosity deformation produced
folds of various scales. In the immediate contact
zone srnall folds of up to several metres in wavelength
occur sporadically in response to local variation in
orebody geometry. The orebody as a whole, however,
was folded on a broad open style, which is typical
of later deformation in the Skorovas region. This is
shown in the isometric projection (Fig. 16).

The final episode of deformation was marked by high-
angle fractures of low displacement with a general
northerly trend.

The early isoclinal structures display axial alignment in a
north to NNE direction with axial planes dipping at approxi-
mately 25° towards the east. This is reflected in the axial
elongation of the orebody. The later open folds, part of
the regional dome and basin system shown in the structural
analysis (Fig. 4(b)), have steeply dipping axial planes and
an axial trend of approximately NNW orientation con-
cordant with the pattern of the adjacent structural basis,
on the flanks of which the orebody lies.

Mineralogy and straugraphy within orebody

The bulk composition of the Skorovas orebody reflects a
mineralogy of comparative simplicity. Pyrite, sphalerite,
magnetite and chalcopyrite are the dominant ore mineral
species. Pyrrhotite is conspicuously absent. Galena occurs
in much srnaller amounts, and arsenopyrite and tennantite
occur locally as accessory constituents. This mineralogy
accounts for the average range of trace and minor metallic
elements recorded in analyses of the orebody, the following
values being considered as representative averages: Co,

100 ppm; Ni, 20 ppm; As, 300 ppm; Ag, 10 ppm; and
Au, 0.1 ppm. Cadmium is notably enriched in sphalerite-
rich facies of the ore, reaching values of several hundred
ppm, and Mn reaches similar values in the pyritic facies.
Most of the minor chemical variation can be accounted for
by diadochic substitution within the common ore minerals.
Arsenic and silver are notably contributed by arsenopyrite and
tennantite, and grains of native gold have been observed as
inclusions of 5 pm in size in arsenopyrite from peripheral
parts of the ore. The principal gangue mineralogy of the
ore consists of chlorite, quartz and calcite, together with
lesser amounts of sericite and, locally, stilpnomelane.

The structural and stratigraphic evidence summarized
here and by other authors 2021,41 has confined the choice
of genetic models for the orebody to the following 


alternatives: (1) syngenetic deposition of the stratiform
orebodies under submarine conditions as a result of
emission of metal-rich fluids in the vicinity of an acid
eruptive centre or (2) epigenetic emplacement of the ore-
body by replacement of part of the volcanic sequence in
the vicinity of the eruptive centre, this taking place during
post-eruptive hydrothermal activity in early Ordovician
times.

1f the first alternative is to be given favour, it would be
desirable to be able to recognize some evidence of
stratigraphy within the orebody. Gjelsvik 2021 conducted
a systematic analytical study of the major base-metal con-
tents of ore from 43 drill-holes on selected profiles spanning
the length and breadth of the orebody. The results of this
study showed that the contents of zinc and copper varied
antipathetically, zinc showing a tendency towards enrich-
ment in the peripheral zones of the orebody and copper
tending to concentrate in enriched core regions. It was
also noted that the overall content of Copper and zinc
showed an increase towards south of the orebody. 1n the
southern part Gjelsvik noted that zinc, in particular, is
enriched towards the hanging-wall and in the eastern and
western extremities of the ore lenses. In the central zone it
is enriched in the vicinity of the footwall contact (Fig. 17).
In the northern part of the orebody the composition is
essentially pyritic, with minimal base-metal content. The
analytical data prove a systematic variation in base-metal
content both laterally and vertically within the orebody, and
this is confirmed by petrographic studies and field
observation.

In the course of the present study it has been possible to
recognize facies of the ore that are probably of chemical-
sedimentary origin and those which are essentially tectonic.
The pattern described by Gjelsvik 2021 probably reflects
the influence of both processes. The primary textural
evidence for the operation of sedimentary processes in ore
deposition is given by the graded banding of the pyritic ores
in which rapid changes of modal composition and grain
size occur from band to band. This type of texture is
shown in the banded pyrite, sphalerite magnetite ore of
Fig. 18(C). It is highly unlikely that such banding is of
tectonic origin. Moreover, where tectonism has had a per-
vasive effect on the ore, the textures are of distinctly tectonic
style (see Figs. 18(8) and 18(0). Figs. 18(A) and 18(B)
show that the deformation of the pyritic lenses was marked
by mutual impaction and cataclasis of the constituent
grains. Any gross tectonic flattening or extension of the
lenses must have been accomplished by relative movement
between the individual grains accompanied by cataclastic
degradation. This mechanism has been described as macro-
scopic ductility by Atkinson,1 who has also shown that
cataclasis is probably the only significant deformation
mechanism available to pyrite, under dry conditions in the
P—T range appropriate to the greenschist facies. It is un-
likely that deformation took place under dry conditions,48
but the range of textural evidence strongly suggests that,
within the massive pyrite, cataclasis was the dominant de-
formation mechanism. Atkinson 1 also notes that the
strength of polycrystalline pyrite is strongly and inversely
dependent on porosity. Large volumes of the Skorovas ore-
body are composed by nearly monomineralic close-packed
aggregates of pyrite with low porosity and, when lithified,
these masses must have behaved in a highly competent
manner relative to the adjacent chloritized lavas and pyro-
clastics. Under the influence of the tectonic stresses pre-
vailing during the first period of deformation it seems reason-
able to propose that the style of deformation within the
orebody may have been controlled by the development of
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narrow zones of cataclastic flow within which much of the

tectonic strain would have been accommodated. !n this
way, the formation of a disjunct lenticular arrangement of

ore lenses could be explained as well as the rarity of well-

preserved isoclinal structures.

Tectonic mineralogical facies of the orebody are un-

doubtedly recognizable in the base-metal-enriched lenses

and extremities on the lateral periphery of the ore. Zinc

values are enhanced by an order of magnitude and lead

values by two orders of magnitude. This is shown by analy-

sis 5 in Table 2. The typical foliated texture of this ore is

shown in Fig. 18(0), which also displays the incipient

development of a crenulation cleavage related to the second

phase of deformation.

Tectonic mechanisms are not, however, the sole explan-

ation of the peripheral enrichment of base-metal values; nor

do they completely explain the separation between maxi-

mum zinc and copper values in the pyritic ores. There

appears to be a definite stratigraphy in which cupriferous

pyritic ores (analyses 1 and 2 in Table 2) are overlain by

zinc-rich ores with laterally developed facies rich in banded
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magnetite and carbonate. Analyses for these ore types are

shown as 3 and 4 ir Tabla 2.

It appears also that a distinct primary lateral variation

may also have been present to account for the generally de-

pleted levels of copper and zinc in the northern part of the

orebody. Final evidence of the operation of chemical-

sedimentary processes in the formation of the orebody is

provided by the occurrence of magnetitic and hematitic

chert bands (jasper) in the foot- and hanging-walls of the

orebody stratigraphically overlying the magnetité and zinc-

rich facies.

Evidence of a primary stratigraphy within the orebody

clearly exists despite considerable tectonic modification.

it is also plain that the metal distribution can be interpreted

in terms of a stratigraphic zonation, which resembles that

found in orebodies of undisputed volcanic exhalative

origin in such areas as the Miocene Green Tuff belt of

Japan.3°

The detailed palinspastic reconstruction of the lateral

and vertical facies variation within the complex Skorovas

orebody is the subject of a current study by Reinsbakken

18 A, Typical cornpact pyritic ore with minor

amounts of sphalerite (grey). 8, Mutual impaction relation-

ship in pyrite grains from coarser facies of massive ore

showing cataclastic mechanism of deformation. C, Zinc-

rich ore with magnetite typical of upper stratigraphic levels

of orebody showing evidence of probable primary gradation

and sedimentary banding. Pyrite, white; sphalerite and

magnetite, grey; silicate, dark grey. D, Foliated texture of

zinc- and lead-rich peripheral tectonic facies of ore. Incipient

crenulation cleavage is visibly developed with selective con-

centration of galena (white). Gangue matrix (dark grey) is

composed of carbonate and chlorite

20.91..m
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and will not be discussed further here. It may be said,
however, that the zonal distribution of copper and zinc
within the pyritic mass suggests that precipitation of the
ore minerals could be explained in terms of an evolving
chloride-complex model such as that used by Sato to explain

Table 2 Average metal values for Skorovas ore types and
sulphide facies of an extensive exhalite

1 2 3 4 5 6 7




46.80 47.20 38.90 42.28 27.50




51.10

Cu 1.09 2.30 0.99 0.79 1.47 0.06 0.20

Zn 0.15 0.80 3.90 9.33 44.20 0.02 0.41
Pb 0.03 0.04 0.05 0.04 4.00 0.01




1, Massive pyritic ore (27 sarnples); 2, copper-rich ore (14 samples);
3, banded magnetite-rich pyrite—sphalerite ore with carbonate 118
samples); 4, pyritic zinc-rich ore at stratigraphic top of orebody (13
samples); 5, Zn—Pb—Cu-rich peripheral ore — probably a tectonic
fades (2 samples; 6 massive base-metal-depleted pyrite or 'vasskis',
Havdalsvatn (1 sample); 7, relatively enriched pyritic ore, Skorovas
(30 samples).

zonation within the Kuroko deposits.55 The applicability
of such a model depends on the existence of conditions such
that the metal- and sulphur-enriched hydrothermal solutions
are not rapidly and widely dispersed into the dominantly
oxidizing conditions of the submarine environment. This
requirement must be met by topographical barriers in the
vicinity of the hydrothermal emanations or by density con-
trasts between the emanating brines and sea water." It is
upon the presence or absence of the conditions outlined that
the distinction between the hydrothermally intensive and
the hydrothermally extensive exhalite phenomena in the
Skorovas area is based.

Peripheral exhalative mineralization

The magnetitic cherts and jasper found at the stratigraphic
top of the Skorovas orebody signify the restoration of
chemically normal oxidizing conditions in the vicinity of
the orebody. These ferruginous siliceous horizons represent
a continuum between the intensive and extensive facies of
mineralization (see Fig. 19). The relative frequency of the
association between acid pyroclastic horizons of various
facies and banded magnetite—pyrite and chert in the
Skorovas area, and within the Grongfelt as a whole, was one
of the primary inspirations for the theory of exhalative-
sedimentary ore genesis expounded by Oftedahl in
1958,41.42 who carried forward the concepts formulated by
C. W. Carstens 7$ in his studies of the Leksdal type
of sedimentary sulphide deposit in the Trondheim district.
Oftedahl 42 emphasized the association between acid
pyroclastic activity and the formation of the iron- and silica-
enriched sediments. Understanding of the various exhala-
tive facies has been carried forward in the course of the
present study.

The rnain characteristics of the extensive peripheral ex-
halites are noted below.

The exhalite horizons are relatively thin, 0.1-2 m in
thickness, are laterally persistent within the volcano-
stratigraphy and can be traced over distances of the
order of several kilometres.

Internal variations of stratigraphy occur in detail.
The sequence is always marked, however, by a change
from a reducate sulphidic or magnetitic banded
stratum to an oxidate ferruginous chert (jasper).
These changes occur in a vertical sense (Fig. 20) and
also, generally speaking, in a lateral sense.

The sulphide facies are characteristically improver-
ished in base metals other than iron and manganese
(see analysis 8, Table 1).

These widespread bands can be explained by a mechan-
ism of explosive volcanic dispersal during the climactic daci-
tic eruptions associated with the various volcanic centres.
In the course of such a process rapid and complete mix ing
of the residual hydrous fraction of the dacitic magma with
oxidizing sea water will have occurred. The base metals will
have been subjected to infinite dilution in the course of
such a process, leaving oxidized iron and silica hydrosols in
suspension. The hydrosols will have suffered greater dis-
persion than the pyroclastic fragments and by subsequent
settling will have produced a thin stratum of iron- and silica-
rich sediment that extends well beyond the limits of the
latter. It is for this reason that the extensive exhalite hori-
zons are so named. They also constitute valuable time-
stratigraphic markers within the intrinsically variable
volcanostratigraphy.

The sulphide—magnetite mineralogy of the reducate
facies is to be ascribed to post-depositional bacterial reduc-
tion of iron, deposited in the oxidized condition. A typical
facies of this type is shown in Fig. 15(b).

The simple stratigraphy shown in the ideal section (Fig.
20) can be regarded as the product of a single dispersal
event. Some exhalites, however, give evidence of episodic
explosive and fumarolic activity that results in a complex
cyclic stratigraphy in which tuff bands are intercalated
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Fig. 19 Scheme of interaction of hydrothermal brines
with sea water (a) (top) (after Sato 54) and schematic
eruptive and hydrothermal events in Skorovas volcanic
centre during climactic dacitic episode (b)
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with iron-enriched chert bands that show a complex miner-
alogy, including stilpnomelane, iron-rich amphiboles and
chlorites, together with a spinel, commonly of magnetite
composition (Fig. 15(a)).

Fig. 20 Ideal section showing products of single event
dispersal in extensive exhalite as observed in vicinity of
BI2hammeren centre

As well as being valuable time-stratigraphic markers, the
exhalites may be developed as a tool in identlfying vent-
proximal and vent-distal environments and have obvious
value as a guide in exploration. An investigation of exhalites
as an exploration tool is currently being carried out in the
Skdrovas area by Ferriday, Halls and Hembre.

Conclusions

lt was recognized in the early stages of the present study in
1972 that the Skorovas area provided a unique window on
the eruptive and ore-forming processes that take place within
a Palaeozoic island arc environment. An attempt has been
made in this paper to describe the major eruptive, hydrother-
mal metamorphic and tectonic processes that have acted to
produce the present geology of the Skorovas area in the
context of its position in the Gjersvik Nappe.

Attention has been specifically directed to the hydro-
thermal processes that take place at the volcanic level, but
it is important to record the occurrence of cumulus ores of
magmatic origin within the plutonic complex. At
Lillefjellklumpen, to the north of Skorovas (see Fig. 4(a)),
a small platinum-bearing pyrrhotite—chalcopyrite--pent-
landite lens has been found in association with a minor body
of metagabbro. This occurrence was described by Foslie
and Johnson-Hdst in 1932.13 The present study has shown
that small cumulus bodies of chalcopyrite—pentlandite-
bearing ore occur at a variety of sites in the layered gabbros
of the deeper plutonic level. At the present time these
bodies are of incidental economic interest only. The whole
range of phenomena described can therefore be said to typify
the ore-forming environment within an ensimatic pericratonic
island arc, and only the porphyry style of sub-volcanic miner-
alization appears to be absent. This may, however, reflect
the immature character of the arc.

The study has also placed the Gjersvik, Trondheim and
related disturbances in their proper geological context as
episodes of uplift associated with the stages of evolution of a
pericratonic arc system in Lower to Middle Ordovician times.
Vertical movements of this style can be said to be a character-
istic feature of the evolution of arc systems,71and Murphy 38
has described fault-bounded back-arc basinsof Tertiary age in
Indonesia that contain up to 8-km thicknessof clastic sediments, 


which were deposited under subaerial to shallow marine condi-
t ions. It is, perhaps, adebatable exercise to attempt to correlate
the timing of such movements, which may be intrinsically of
intra-arc origin, with tectonic events of differing style taking
place in other provinces of the Caledonides that could have
been located, in Lower Ordovician times, on separate geo-
graphically and tectonically isol ated margins of the orogenic
system.3
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SKOROVA8GRUBER A/S

SkorovasGruber is a pyritesmine belongingto the Norwegian
a,5

industrialcompanyElektrokemiskA/S. It is situatedin a

mountainousarea on the 65th latitudesome 115 miles south

of the Arcticcirele and close to the Swedish border. The

averagealtitudeof the deposit is 2.000 feet over the sea

level in an area where the last seatteredgroups of pine and

bireh vanishes,to be replacedby heatherand moss and other

unostentatiousrepresentativesof the arctic flora. Due to

the near vincinityof the North Atlantic,the weather is

frequentlyrough and the snowfallduring the winter season

is occasionallyvery heavy.

The Skorovasdepositwas purchasedby ElektrokemiskA/S in

1913. Two other depositsin the same area, Joma and Gjersvik,

had previouslybeen acquiredby Elektrokemiskin co-operation

with a French group of investors,and constitutedas a separate

companyunder the name of A/S Grong Gruber. This companywas

taken over by the NorwegianGovernmentin 1918, while the

Skorovesdepositremainedthe position'ofElektrokemisk.

The-Jeme-andGjersvikdeposittare not yet broughtinto opera-

tion, but peepar-atory-work-La-now in thvGlarsvik
depesit aud the GovernmerTUans to'Y c'cra ec;O:14Hrecer


operhtlenwithin a couple of years.

Due to difficultmarket conditions,transportdifficulties

and the outbreakof World War II. the exploitationof the

Skorovasdeposithad to wait for years. In 195o, after some

preliminarywork, Elektrokemiskdecidedto put the mine into

operation,this being the result of an approachfrom 0.E.E.C.
ar-74

who predicteda lutzmanentshortageof sulphuron the world

market.
-4-

A . .7 4.4 2 /6-z„ ,so, 7,2/../<

The first ohipload-ofpyritew oiSkoroves-wes-exgultadearly

in 1953, and since then the mine has been worked continously
rcc

with an annual-eutPutuo to 15o.000 leng:tons A ISde-



- 2 -

a /2-<,/e-ca(c' 8,4711-4-(



-Rererattan-ofr-the on_thesullphur.mnrkeyL


SkorovasGruberrhasreduceditsoutputto a considerabledegree,

the exportin 1959amountedto f% 7,0-0-0

The Skorovas posithas theformof an elongatedlens,comparable

to a handwith e palmfacingupwards,5oom longand300 m

wide,endwitha t cknessof nearly14-om on an average. Over

and aroundthemain osit,severalsmallerdepositsarefound.


Tbe quantityof pyrites s calculatedto an amountof 7,3million

leng-tons. The ore is pa ly cupreous(47%S and o,8-1,14Cu)

and partlylow-cupreous(47%\Sand o,l-o,6%Cu). The ore is

workedwiththemostmodernoUtfit. Longholedrillingand the

slicingmethodis used. The outpntper man/shiftis about

lo,5ton‹.

Due to the extraordinaryribnnessof theore,theconsentrator

is comparativelysimple. A gh,dpartof theore is readyfor

saleaftercrushingdownto48laM. The restis treatedin a

Heavy-Mediaplant,and thefinefrac*ionis separatedby jig-

and tablewashing. Plansarenow bang preparedfor an extention

of themillwith an additionalplantfOr.,bulkflotationof the

poorerimpregnations.As-theores in thewholeSkorovasand

Gr-ongareaare charaeter4zedby theirfinegrein,selective

flotationis verydifficultto perform.

' The mostspectacularfeatureof the SkorovasGruberis the

airialropewaywhichbringsthepyritesfromthemine to the

company'sown harbourinstallationsat Rongsmoin theFolden-

fjord,a narrowseawayleadingdeep inlandfromtheAtlantie

Ocean. Ropewaysmay havebeenbuiltwithmoreimposinglengths

thanthis,48km transportline,but

ro)e-waysatek/haW4toendnr moredifficultoperational
troa

conditions.From an altitudeof 447 m at thepit head,it

aseendsto a maximumaltitudeof 66o m, passingseveralvalleys

and mountainsat varyingheightsuntilit reachesthefjord.

--The-ropeway-le-_Dividedin 3 sectionswith a totalof 17o gal-

vanizedsteelmasts.'ftcarries600 carrt4'esTeackwith ax I .9  1*/

capacityof 750 kg. The speedis 2,8 m per sec.and-thedir-.Z:jd

tancebetweenthe mineand theharbouris coveredin 4 hours.4.,7
Lsitoe /..5"

Heavysnowfallsand4ha----rapid--thangesin humidityand-temper.C.7,7Z

tullee-with-severeicingcondittonseaused_seriousdifficulties

duringthe firs.,ticoupl,e-tfwinters,and a serietof adjustments

had to be made. -Thesystemis now workingsatisfactorily,and



the transport is carried out without delay.

In the Kongsmo harbour there is storing accomodation for

about 4o.000 tons pyrites, and loads of up to 5.000 tons on

a single keel may be delivered. The loading eapacity is
2:2,;$4,g$,

25o - 300 tons per tour.

The main s for the output is Swadeh,and West-Germany.

Smaller amounts are e ted to eastern markets

In the lonely valley around the Skorovas deposit a

pleasant viliZetha<taken shape. The houses are all modern

and very comfortably aquipped. Thatiretrs-jwatale-tor-bacheloraj

exployeennti-lebettrarer>,The social life is excellently served
min/ eaecy,

with lfloommunity house.

a-granasium....ancl_rooniotatetags ansi-flass--4 medern well

equipped school has been built for the children fof-the-peepie

reet4eyed-v Ther-ebiltiren-newattendlateleount-t5-Iib. There-is

ma-listerimittic-cherebi beint used-while plana-for-s-perwanent

cheretrere preptred. The kwuuty physieian hae-his_rasidenee-In


theaellaege,..extd_a wardandra-nurse r provided. by-the-mineTists at

ble-dIepoeel. The-ahildren are.under-permanent-4ental-oontrol,

and_this_service_willprerently_be,extended to-the-grown-ups.;.

The whole population of Skorovas is at the time being about

5oo.

•

)\7Elektrokemisk A/S, ovas-Oruber, was founded in

1904, in order to create new industriAbased on Norwegian
a.22"" 	 "

hydroelectric powerrener~freh -Ta en s. This was actually

brought about by the development of a method for the fixation

of nitrogen from air which had been discovered by the physicist,

Professor Kristian Birkeland in cooperation with the industrial

pioneer, Mr. Sam Eyde. Financed by and under the leadership of

the new company, this method was developed on an industrial scale,

and the foundation was thus laid for the powerful Norwegian

nitrogen industry which was further expanded by Norsk Bydro-

Elektrisk Kvælstofaktisselskab.



Sinceits foundation,ElektrokemiskA/S has pursuedits original

goal. It has laidthe foundationfornew and independentactivi-

ties- expandingindustriallyin variousdirections.Elektro-

kemiskA/S has carveda namefor itselfthroughoutthe smelting

and aluminiumindustryof theworldby introducingthe famous

SdderbergelectrodeandElkemsmeltingfurnaces- wellknownand

adoptedin allcountrieswhereindustrialprogrammesembrace

istutr..ttlegt9oforesby meansof electricpower.

TodayElektrokemisk'sactivitiescan be dividedintothe following

groups:

Furtherdevelopmentof electricsmeltingequipmentandprocesses

withinits ResearchandDevelopmentDepartment.

Consultantwork,design,salesof furnaceequipmentandcomplete

plantsthroughitsEngineeringDivision.

Productionof ferroalloysand electrodepasteat its plant

PiskaaVerk.

Productionof pyritesat itsmine$ theSkorovasGruber.

Productionof insulationmaterialsat its factory,theSteinull-

fabrikken.

Productionof raw aluminiumat its plant,theMosjöenAluminiumA/S

in cooperationwith theSwissfirmAluminium-Industrie-Aktien-

Gesellschaft(AIAG).



Elektrukemisk A/S
Sktrovas Gruber
Skorovas Mines

Skorovas Gruber is aituated in the muuntains un the east aide uf
the upper Wamdal valley, 64° N. lat. about 2000 feet (600 meters)
above sea level and close tu the Norwegian/Swedish boarder in
Nameskogan cummunity - Nord-Treddelag fylke. The mine is 168 milee
(270 km ) north of Trundheim, other distanceo are: To the neareat
city, Namsos, 68 miles (110 km) to the neareat airport, Værnes,
150 miles ( 240 km ) and to the nearest railway statiou,
Lassemoen, 15 miles (24 km).

The entrance to the mine is from a hil4gije4,2050 feet ( 624 meters)
above sea level. The mill and the plånt facilities are

situated on the hillaide on terraces heluw the mine entrance.
The mine village is buildt in a small valley close to the plaut,
fairly protected by some pine- and/birchtrees in the upper limit
of the foreat, about 1450 feet (500 meters) above sea level.

The first geological description of the Skorovas ore deposit, was
made in 1873 by etatageolog Uanan from the Norges Geologiske
Undersekelser.

Elektrokemiak A/S bought the mining rigiia to all majos ore deposita
in the Grong area in 1912 - 1913. Near the end of World IrarI
all these rights were sold to the Norwegian Goverment except the
rights of the Skorova deposit.

The upper Namdal valley got ita main highway, the a Ü , with
connection to the southern Norway about 1921, and abentt15 years
later ElekttrokemiskA/S finished the 12 miles(20 km) road
connection from this highway up to Skorovaa. The natioual rail-
way up through the Namdal valley opened in 1940.

After explorations since 1911 the development of the Skoruvr.s-
orebodey started late in the 1930.:Yeers,After a ahort stop at
the beginning of Warld War II, the development work was continued
during the war. The unatable markets after the war, eaused the
work to be diacontinued for some years, but from the late 1940-
years the development was again intensified nnd the mine and
plants were ready for regular production in hovember

The access to the orebody is through a 4000 feet horiaontal adit
from the hillside, and the major part bf the orebody is ahove this
level. The ore below this main level is released by two isternal
inclined shafts.

The miniug is based on open transvers stoping in up to 85 feet
(26 metera) wide stopes, leaving 9 meters (30 feet) pillars
between the stopea. The 2-:,e"diameter drill holes up to 115 feet
(35 meterø) long, are drilled by heavy equipment from safe vorking
placen. Through the year 33000feet are drilled which loaded with
about 26000 lba explosivesb:eakes about 160.000 metric tonn of ure.
45 men work underground with an average production of 18,5 tonn
crude ore per man and shift. The normal production per year is
about 200.000 tonn crude ore from underground, which equals
about 160,000 tonn cencentrate. The ore is slushed from draw-
pointeunder the stopee to 10 tonn ore-cars aud hauled by
electric battery motors and dumped into the coaree ore bins.
All the crude ore is crushed to minus 2". The coarser part of
this crushed ore is treated in a sink and float prosess where Ct

mirture of firkelygrainedferrosilieon and water is made to a
es with a spesifick gravity of 3,2. In this

suspension the heavier ore sinks to the bottom of the v.3sneland



the lighter walat rock "floate" off. The finer part of the crushed
ore is treated by jigs-,tables and in a floatition section.

The concentrate from the mill is dumped into 4 large bins in the
mountain and from thie bins loaded directly into ropeway buckete.
The tramway has a capacity of 50 tonn per hour and transports
the ore 27 miles (45 km) crose the country to the neareat fjord.
The tramway is divided in 3 sectiona, •ach 9 miles (15 km) and
with 3 angle stations. The longest free span between supporting
constructions is nearly 3300feet (1000 meters).

The higheat point on the tramway is 2160 feet above aen level. At
all times 300 buckets each with a 750 kg (3/4 tons) payload are
on their vay t. the coast, and 300 empty buckets on their way
back to the mine.
ID total 8000 ball- and rollerbearings are moving when the tram-
way is running.

After some ånitial difficulties in the first years the regularity
of the tramway is brought up to 75A, all stopa included(storm,
maintenanceaud breakdowns)in spite of a ratherunhospitable
landacapeand longstormywinters.It may be worth mentioning
thatthe anemometersat the most criticalplaceswill show wind
velocitiesof berrycanestrength(62 knots)not unfrequently.
The :1-Eimvayie in full apeed up to stronggale force (40 knots).

The ahippingport on Kongsmoenis situatedat the end of the
50 niles(80km ) long and narrowFollafjorden,The steragebins
have a capacityof 40.000tonn, thereof25,000 tonn protected
acainstfreczing(in the wintertime)in bine mined nut into the
roctz.Net Ioadingcapacityis 300 tonn per hour. After having
widenedsome narrownin the fjord, ships up to 11.000 tonn are
loadedat the port.

The totalpreductionia esported,at presentmainly to West-
Germanyand Sweeden.

The Skorevnsvillagehas 137 family homes, an appartmenthouse
with 40 aingle-roomfor unmarriedvorkera,a similarhouae for
the nnmarriedstaff-peopleand also a guest-house.

Besidesthe communitypublicschoolwith 85 pupils,the company
runs a privatjuniorhigh schealwith about 35 students.

The companyhas also bnildta communityhousewith set-up
for theatreand movie performences,club-roomsfor the difforent
localactivity-groups,restanrant,library,atlethick-hall,
dentist-clinic,lady hairdresser,etc.

Itesentlyanev heatedindoorswimmingpeol is finiahed.

In 1965wao buildta small church

The health-aervicedistrict-doctoris livingand has his office
in Skorovaz,and two ambulancesare locatedat the mine. The
neareahospitalis in Namsos.

SkorovasGruberemploysin total ca. 210 people,laboureand
staief.About 185 of theaeare livingin the mine village.With
their familiesand togetherwith peopleemployedby the
cooperativeatore,school,postefficeetc., the total populatioft
ina littlnmore than 550 people,
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FLOW - SHEET
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2

STAMTRE
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Fragrober

13

)31

13

16

17
13

13

of

22

45,23

10

32

9

1314

11

12o G <,
c 13

30

1 2x2 Ore Binsà ca. 800 tons

2 2 Rossfeeders6 Chains,Motor5 PH.

3 Jaw Crush,-)rBlake11,900x 1200mm.
250 t/h.Motor122 PH.

4 2 VibratingFeeders800 x 1200mm.
Motor3,2 PH.

5 BeltConveyor2613,Speed1 m/5Jek.

6 LiftingMagnetsfor TrampIron.

7 PlateScreen1+“x 1k" Holes,
Motor7,5 HP, 300 Strokes/min.

8 4.1,k'StandardSymonConecrusher,
Motor 122HP, Air Ventilator.
5 m3/min.

BeltConveyor22",Speed1 m/sek.

10 BeltConveyors20",Speed1 m/sek.

11 Ore Bin,4-rooms,450 tons.
12 RollerFeeder1/2HP, 10 RPM,
13 BeltConveyors161!,Speed1 m/sek.

14 2 AdequateWeighers,150 t/hand
120 t/h.

15 Allis-Chalmers4'x102DoubleDeck
Ripl-Flo,VibratingScreen
12X12mm. and 6x6 mm.Meshest
Motor6 PH.

16 AkinsSeparator,36",Conc. 50 t/h
5-10RPM,Motor5 HP.

17 Allis-Chalmers4/x16'DoubleDeckt
Low-Head.-VibratingScreen
8x8 mm. and 1x12mm.Stainl.SteelMotor20 HP,Vibr.Mechanism5.

18 2 WilfleyRumps23-"650 l/m. and
750l/min.

19 DingsMagnetizingBlock12"
20 DorrThickener,3 m.øx 1,8m.

Motor1,5HP, ValveLinatex3".

21 2 MågneticSeparators,Sydvaranger
Drum Type600 0 x 475 mm.
1/2RP, 40 RPM.

22 AkinsDensifier,24, Motor3 HP
ca. 3 RPM.

23 DemagnetizingCoil,6".
24 2 DorrcoPan AmericanPlacerJig

2x36"x36"ca. 120Strokes/min.
Motor 1+ HP.

29 28

13

14 25
10.

27

24

• 25 2 RubberLinedVacsealPumps2".
26 3 DeisterCone BaffleClassifiers.
27 3 DeisterPlat-0Ore Csncentrating

Tables290 Strokes/min.2 RP.
28 DewateringMachine.
29 NordengrenVacuumPan FilterKap.

10 t/h.Speed44-300cm/min.
SadivarGearedMotorVariator
4175HP,

30 PureOre Bin 250 tons.
31 ConcentratedOre Bin 500 tons.
32 4# ShortHead SymonConecrusher

Motigr122HP, Air-ventilator
5 mi/min.

33 2 WisbechVibratingScreenså 3 m2
Motork BP, Meshes8x8 mm.

Til utskipningshcvn
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34 L/

35 .5 4

L) L/

I I




34 3 Binså 5000 tonsfor the Ropeway.
35 Ropeway-Wagon,750 kg.Pyrite,

Ropeway45 Km.,Kap.50t/h.
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SkprotliLayri‘e

The Akorovas5deposit btlongs tho Sdr.i? grJt:p 5.2

- 14~1194, beming & bass metal beerir.gpyrit;t: iu

greenstone0 eakt.likitheonly one zo fex put preduct


the Grong area.

fer+kt )21.1.j,hs:-/ Ths greenschist formation at ckorovassban b4i)subditidd nti
nek44en,49. Co cs

a .s a hsAls" parts:

	

f a*-, 1, ktzyx at the base, banded, limy greenachists of clearly seih-
Sfinnss

mentaxy orlgin, containing blue quartzités with amall i'vesskis'
4Lp (

	

rc rr&Q bande. _E,14,164}e-3-r

4 <frr 444, ". 2, alternating greenstone flows and pyroclastics, soze ef which
(3/,,/=.1& .Sk wr

arø keratophyres.
i

3, la the upper part, within which the deposit is situated, main-

ly spilitc flows ( azygdales commowly noted) and soze thin,inter-

calated keratophyre beds.

Å band o#.4rendlonzii-hjeelteseparates the two 1:ivetitformations

and forzs an extensive contact zone of hybrid greenstones.

The top of the •ouråtainnorth •f the gine village consists of

gabbre containing a azall Itepositof nickekerous pyrrhotite.

The pyrite depesit consists of one latgbodveand P number of

small satellites in close prozimity. The former is 600-7•o z long

and 2oo-3oo • wide, and of very irregular shape, perhaps best

described as a system of closely spaced and interconnected lenses,

with tne largest dimention parallel to the strike, which is north-

south.( cee the longitudinal and transverse sections,fig

The small ore bodies are generally flat lenses • conformable to

the schistosity of the enclosing greenschists. The big ore body,

too, is generally conformable 1n the typering bifurcations,

however, crose!Cut'ingcontacts are frequently observed.Rapid lateral

4rmination Iof even thiek ore tirdts-sis noted4ieveral places.

In the sedimentary greenschists, small, isoclinal folding is


observed, but generally the series appear only slightly folded,44

flat dip towards east prevalls in the mine aren. Post ore fault-

ing occurred, resulting in small displacements and abundant

slickensidin&of ore fragments.

Owing to a distinct variation in grainsize and zt troporaions


of the minerals,the ore is commonly banded, and again in conformit)
>1••-t-4.5 . Pba pre•-teun •

with thi schistozity
ef the 4WebetI1pflIII74RitoffiWprituigf444Onfl4Mine

is caused by zinc rich layerø. r". ':514.#5'" 4"j 1-'`-
grained, but in the northern direction it grades into coareegrained

lowgrade type. The ore •inerals are pyrite, chalcopyrite and sphele



2

rite, with subordinate amounts of tennantite,magnetite,arse
ne-

pyrite and gelena. Notably absent le pyrrhotite. Pyritieis clearly

tgigrected

the eldes sulphide, being replacedof i xnt other ones.

The gangue consists of chlotite, quartz and calcite.teins

o# csarso quartz,calcite and chalcopyrite, sometimes aleo spheler-




ite, but rarely, if ever, pyrite, intersect the easelve cre in pines

418.

Wallrock alteration is distinct, although irregnier, and

includes chloritization, sericitiz
ation, silicification, car

betti-

zation and talo fornation. Mostly the contact between ore and schist

is very sharp, but not infrequently an impregnated contact zons

is present.

In the central part of the ore body,the sulphur centent is


high, and mey exeed 5o per cent over considerable thickness.Conse-

quently, the content of Cu and ln is very low in this part, temz

at..9 ri/S tT,sa4flao in the northern part,consisting of coarse impregnation

or e this holds. Toas the southern end of the deposit, however,

the ameunt of both metals increases miudg;greatly, exhibiting an

amttmetkette typical zonal distribution, with ompper mixtmally;

meemmknexemext enriched in the central, and zinc in the marginal

parte of the ore body ( fig ).

9.Foslie ( ) who made the first detailed investigation

of the deposit, considered it to be epigenitic, lammeexii(hyd
ro-

thermal retasomatic), whereas Chr.Oftedahl ( 3 ) recently

suggested an syngenetic origin ( subvolcanic-exhalstive).

The genetic question is not deflnitely settled, but the present

auther ( ) is in favor of an epigentic origin, although he


finds it premature to state whetner it is formed by kedmetkormst

ripplacementb¥$magmatic
IX emmanations, or by remobilizationof

rA, su‘s., (4.4

amt syngenetid deposits during4orogenesis.

The visit to the wine will include crosscuts showing varioue

types of ore , and contact relationships. Outcrope of massive end

disseminated ore, as well as tLe aurrounding schists will be

atudied.

Aeferences.

1. Gjelsvik,T.

Foslie,S.
Oftedehl,

The Skorovasspyrite Nposit,Gr
ong area,Norway:

XXI International Congress, 196o.

ikorevass kisfelt i Grong: Norsk ueol.Tidsskr. 19 ,19

Car. Oversikt over Gron.feltets skjerp og malmforekoms

• er:Norges Geol. Undersak. ,2o2,1958.
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SkorovasGreberliggeri et kupertfjellterrengpå østsidenav

øvre Namdalsom er sentereti Namsskogankommune.Kommunensareal

er ca 1400km2 og med en befolkningpå 2200eller1,6 personpr. km2

representererden ett av landetstynnestbefolkedestrek.Hoveddalen

liggeromlag 150 m.o.h.meng de høyestetopperomkringSkorovasgår opp

i 1000m.o.h. Der er  etc.

II

"Grongfeltet"som er nevntovenforer et områdeinnenden kaledonske

fjellkjede,som er karakterisertved mektigedekkerav grønnsten.

Vedrørendekisensdannelse(genesis)kan man kun konstantereat man

ikke har noen sikkerantagelse,men der er fremsattflereplausible

teorier.Kisforekomstenei Grongfeltetliggeralle i Grønnstein,en basisk

lava ( ) som antaså være rentut undervann.

Skorovasforekomstenhar sin hovedakseliggendeN-8. Hen nordligedel

stikkerfremi dagenoppe på snaufjellet,og da den her er formet

som en 300 m bredplate,har detdannetseg et størrerustfargetfelt

som er synligpå lang avstand.Hot syds deleskisplateni flere

parallellelinser,hvoravden mektigstefortsettersom en sigarformet

kropp til ca 	 m fra utgåendet.Mineralselskapeter svovelkis

med mindremengderkobberkis,zinkblende,kvartsog klorit.Mer

sporadiskforekommermagnetitt,kalkmarmor,fahlertzog arsenkie.

Magnetkisog blyglanser ikke funnetog edelmetallinnholdeter lavt.

III

Malmenbrytesi skiversom er lagt tversover forkometen.Skiveneer

opptil26 m bredeog foreløbigsettesigjen9 m bredepillarermellom

de utbrudterom.For brytningenbrukes"langhull"- lengdeopptil35 m -

som boresut med tungespesialmaskinerog akjøtestenger,fra lett

tilgjengeligeog sikre("safe")borsteder.Årlig boresca 10.000m

"langhull"som ladetmed ca. 12.000kg sprengstoffløsnerca 160.000tonn

malm.
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IV

Man må selvfølgeligta i betraktningat driftsforholdeneved utendørs—

anleggenei Skorovasig i særdeleshettaubanen,er pregetav det

aterktvekslendeog tildelahardeklima,og det kan nevnesat

taubanensvindmålereaom er plassertpå særligværhardepunkter,

ikke ajeldenregistrerervind av orkansstyrke.

V

Skal man her nevnehjelpeavdelingene?

Mek, og el. verkated— telefon.

Egen bygningaavdeling

Snøbrøytingetc.

Analyselab.

VI

rubeanleggetmed taubanenbeskjeftigerca 220 arbeidereog

funksjonærer.Av disseer omlag 185 boaatti Skorovas,og med si:e

familiersamt noen få offentligefunksjonærerutgjørde en befolkning

på ca. 600.

x._

c
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In the mine there is developeda system of

longholeslicingby which we are able to break and load

differentoregradesselectively,and with close cooperation

betweenmine and mill we aim to produceand market the

followingproducts:

Cupreferousfine pyriteswith medium contentsof copper and zinc

	

tt
" higher tt

	

Noncupreferous" medium contentsof zine

Bulk flotationconsentratewith copper and zinc

Flotationconsentratevery low in copper and zinc



ELEKTROKEMISKA/s

SkorovasGruber

The mine

j ologp The ore occuresin a Greenestoneformation
originallysubmarne pilit-lava-flows,withhorizonsof volcanicash
and tuffs. Our theoryis thatthe ore has been depositedchefely
alongmentionedashm.tuff-horizonsby lowtemperatarmetasomaticactivity.
ISar the ore the greenestoneis Choritisisedand chisty.

The orebodyhae a core of pure pyrit(48-50%S) with
some copperin calcopyrite,but it is at the outecirtss litup by
wedgesof barrenrock and the ore gra ø is lower.gt
also occuresseveralsmalerlenees d ott • main orebod
and irreagularpartiesof low gradeore.

As the orebodyis flatlayingthereisno definit
"strike"or "fall". has a cigarshopedcrose-section,

thinlangout to theSouthand to the northwideningto a platethat
partkycropeeout and partkychanges;toimpoorelow gradeore.

Minina.

The depositeis openedby a matn additdividinginto

two transportdrifteunderthe orebody. Most of the ore liesabove
thesedriftoand miningwas startedin the cigarshopedsectionand
proceededsouthwards.

we startedcontinuedminingwith shritkageetopes
30 feet (9 m) wide,goingstrightacrosethe orebodyand with 20 feet
(6 m) pillarsin between. Laterwidth of stopewere widenedto
40 feet (12m) and pillare29 feet (8 m).

However,shrinkagestopesappearedto be lese satiefacto
as the purepyritesin themiddlesectionbecamemixedup with lower,
gradesfrom the roof and with greenestonewedgesin eastand west
stope ende.

A miningsystemhad to be foundwherebypure and
impureXore couldbe brokenand loadedindependently,and some
modificationof longholeslisingwas desidedupon.

Frms~shrinkagestopes we are noa breakingelots
40 feetwide acrosethe orebody,and theseslotsare widenedby
blastingellees23 festwide into the open elot. Bothsloteand
elicesare drilledand blastedin a sequenethatanablesue to load
out differentoregradeeindependantly.

Frombelleunder elot and slicesthe ore is edroptbd
throughslusherdriftsto butkersdeliveringintogranbytypecare
in the transportdrifts.

Cars are movedby batterylocomotivesto the mine
openingSherethe carsare emptiedihtobutkere,one for pure grade
and one for washerygradeore.

EffectesEveragedaily outputie about650 tons.

Mtne workers(belowegr.) 60 40
Maintenanceetc. 12
0.p.maneh.u.g. about 11 tons

fl " mine dep. " 9
O.P. drillershifttn stopesincl.blasting 100 t. (25m›)(880quft.)
Scraperloading150 t. perman and machineshift.
Loadingintocars ca. 400 t per mansh.



SulphurProspectsin Soandinavia Correctioneconcerning
ektrokemisk 8 SkorovasGruber Norw

The October1959-issueof "Sulphur"gives under the
heading "SulphurProspectsin Scandinavia"some information
concerningthe "SkorovasMine" and its owner "ElektrokemiskA/S".
These informationare partlymisleadingand are in the following
correctedand made more explicit.

ElektrokemiskA/S is not state-owned,but a private
companyconcernedwith seriesof industrialactivitiesand
developmente.Poundedby the industrialpioner Mr. Sam Ryde
in 1904 its intentionwas to createnew industriesbased on
Norwegianhydroelectricpower, raw materialeand own patents.
This initialgoal has since beem pursued,and the firm has
laid the foundationfor variousnew and independentindustrisl
activities.Elektrokemisk4/13will be well known to the smelting-
and aluminiumindustriof the world throughthe introduction
of the renowned"Søderbergelectrode"and ite Elkem amelting
furnaces.

Today Elektrokemisk'activitiescan be devidedinto
the followinggroupst

Further developmentof electricameltingequipmentand
procesaeswithin its Research-and DevelopmentDepartgent.

Consultingwork, design,snles of furnaceequipmentand
cOmpleteplants throughits EngineeringDivision.

2roductionof ferro alloys and electrodepasteat ite plant
Fiskaa Verk.

Productionof pyrites at its mine SkorovasGruber.

Productionof insulationmaterials-atits factory,the
Steinullfabrikken.

Productionof raw aluminiumat its plant, the Mosjøen
AluminiumA/S in cooperationwith the Swiss firm
Aluminium-Industrie-Aktiengesellschaft(AIAG).

The Skorovasdepositwas purchaeedby Elektrokemisk
in 1913. Two other depositsin the same area, Joma and Gjersvik,
had previouslybeen aquiredby Elektrokemiskin cooperation
with a Prench group of investore,and constitutedas a
separatecompanyunder the name of A/S Grong Gruber.Thie
companywas taken over by the NorwegianState in 1918, while
the Skorovasdepositremainedunder the ownershipof
Elektrokemisk.The Joma and Gjersvikdepositsare not yet
broughtinto operation,but the governmentnow has plane to
etart operationat Gjersvikwithin a couple of years.

To avoid any misunderstandingwe underlinethat
ElektrokemiskA/S is a private companyand that the Gjerevik
and Joma mines belong to a state-ownedcompanycalled
A/S Joma Bergverk.

Due to difficultmarket conditions,traneportdifficulties
and the outbreakof World War II the exploitationof the
Skorovasdeposithad to wait for years. In 1950, after some
preliminarywork, Elektrokemiskdecidedto put the mine into'
operation,thie being the result of an approachfrom 0.E.E.C.
who predicteda serioueshortageof sulphuron the European
market.
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The firstshipmentof Skorovas.pyritestookplaoe
earlyin 1953,and sinoethentheminehas beenworked
continiouslywithan annualproductionup to 150.000tona
a year.As a resultof thedifficultieson the aulphurs
marketin thelastyearsSkorovasGrubernowhae reduced
its outputto a conelderabledegree thusthe exportin
1959amountedto 107.000tons.

The mineie situatedin a montainousareaon the
65thlatitude,some200milesnorthof Trondhels,and close
to the Swediehborder.The averagealtitudeof the deposit
is 2000ft, well abovethehighest-growingbirches.

The depoeitcanbe describedas a flatlying
irregularorebodywiththelongeraxislayingnorthouth.
At thenorthernendwherethe ore outoropstherejr.a
coareeimpregnationof low gradepyritein quartswithlittle
copperan zinc.Movingsouthwardtheore graduallyohangesto
solidpyriteeplitup by wedgesof greenstonsandwithgreat
andunevenvariationsin contentof copperand zine.In the
southernhalfof the depositthe orebedynerroweand the ehape
can be comparedwitha pencilor eigar.Herewe finda coreof
goodgradepyritefair1yhighin copperand low in zinc,but
arroundthiscorethepyriteis low gradewithlesecopper
andmuch richerin zinc.

Themine,whichis new and equippedwithmodern
machineryis workedby a systemof longholeelicingby which
it is possibleto2breekand loadthe differentoregrades
selectively.Outputpermanshiftundergroundie 13,otone.

Moet of the ore is of vc-rygoodqualityandpartof
it ie reat for ealeaftcrbeingcrushedto minue8 mm.
The reetis at preeenttreatedin 84 Heavyadedia-plant
supplementedwitha jig andwaehingtablesfor the finer
cruehedfraotions.Preeentplansincludebuildingof a
flotationplantin conneotionwith existingmillinstalletions.
Withthiscombinedplantit willbe possibleto beneficiate
all oregradeeto the fullextent.

Themost spectacularfeatureof the SkorovasGruber
ie the airialropewaywhiehbringethepyritesfromthemine
to the company'sown harbourinstallationsat Kongemoin the
Poldenfjord,a narrowseawayleadingdeepinlandfromthe
AtlantioOcean.Hopewaysmey havebeenbuiltwithmore imposing
lengthsthanthis45 km traneportline,but few ropewegom
haveto enduremore difficultoperationalconditions,
an altitudeof 502m at thepit head,it ascendeto a maximum
altitudeof 660m, passingseveralvalleysandmountaineat
varyingheighteuntilit reachesthe fjord.Diviedin 3 sections
witha totalof 170galvanizedeteelmaets,it carries
600 carriers,eachwith a capacityof 750 kg. The speedis
2,8m per eec.whichgivesa oapacityof 50 toneper hour.

In thefongemoharbourthereie etoringaccomodationfor
about40.000tonepyritee,and loadeup to 5.000tonscan be
shipped.The loadingcapacityie 250e300tonsper runninghour.

Lastlymay be mentionedtheminingcamp,housinga popu-
lationof about500in well-builthouses.On the socialeideone
canmentiona wee equippedclup-houseand a modernechool.TO
måke the communitycompletethereolgyremainebuildinga church
whiChat preeentie on thedrawingeboard.



Sulphur Prospectsin Scandinavia- Correctionsconcerning

Elektrokemisk S SkorovasGruber Norwa .

The October 1959-issueof "Sulphur"gives under

the heading "SulphurProspectsin Scandinavia"some information#

concertningthe "SkorovasMine" and its owner "ElektrokemiskA/S".

These informatiOnpare partly misleadingand are in the

followingcorrectedand made more explicitt.

ElektrokemiskA/S ist not state-owned,but a

private company concernedwith series of industrialactivities

and developments.Founded by the industrialpioner Mr. Sam Eyde

in 1904 its intentionwas to create new industriesbased on

Norwegianhydroelectricpower, raw matals and own patents.

This initial goal has since been pursued'and the firm has laid
 ,

the foundationfor various new and independernt,actiM.ties.

ElekLrokemiskA/S will be well known to the smelting-and

aluminiumindustry of the world through the introduction

of the renowned "Søderbergelectrode"and its Elkem smelting

furnaces.

Today ElektrokemiRk'activitiescan be devided

into the followinggroups:

Further developmentof electric smelting equipmentand

processeswithin its Research- and DevelopmentDepartment.

Consultingwork, design, sales of furnace equipmentand

completeplants through its EngineeringDivision.

Productionof ferro alloys and electradepasteat its

plant Fiskaa Verk.

Productionof pyrites at its mine Skorovas Gruber.

Productionof insulationmaterialsat its factory, the

Steinullfabrikken.

Productionof raw Aluminiumat its plant, the Mosjøen

AluminiumA/S in cooperationwith the Swiss firm

Aluminium-Industrie-Aktiengesellschaft(AIAG).

The Skorovasdepositwas purchasedby Elektrokemisk

in 1913. Two other depoRits in the same erea, Joma and Gjersvik,

had previouslybeen aquiredby Elektrokemiskin co-operation

with a Prench group of investors,and constitUted as a

separate companyunder the name of A/S Grong Gruber. This

companywas taken over by the NorwekianState in 1918,

while the Skorovasdeposit remainedunder the ownershipof

Elektrokemisk.The Joma and Gjersvik deposits are not yet
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brought into operation,but the governmentnow has plsns


to start operationat Gjersvikwithin a couple of years.

To avoid any misunderstandingwe underline that

ElektrokemiskA/S is a private company and that the

Gjersvik and Joma mines belong to a state-ownedcompany

called A/S Joma Eergverk.

Due to difficultmarket conditions,transportdiffi-

culties and the outbreak of World Wam II the exploitation

of the Skorovasdeposithad to wait for yearn. In 1950, after

some preliminarywork, Elektrokemiskdecided to put the

mine into operation,this being the result of an approach

from 0.E.E.C.who predicted a serious shortage of sulphur

on the Europeanmarket.

The first shipmrntof Skorons-pyrites took place

early in 19531 and since then the mine has been worked

continiouslywith an annual productionup to 150.000tons

a year. As a result of the difficultieson the sulphur-

market in the last years SkorovasGruber now has reduced

its output to a considerabledegreee export in 1959

amounted to 107.000tons.

The mine is situatedin a montainous area on the

65th latitude,somefflmiles north of Trondheim,and close

to the Swedish border. The average altitudeof the deposit

is 2000 ft, well above the highest=growingbirches.

Woughly the deposit can be describedas Rriarly
\
\,horisontal body laying north-southwith a

elight•tiltto the d-t;-eA At the,northern end where ore I
/hereAs

,14,44

outeropsJwa-hax..ea co e o Iåw grade pyritn quartz

with little copper and zinc. Moving southwardthe ore

gradually changes to solid pyritesplitup by wedges of

greenstoneand with great and uneven variationsin content

of copper and zinc. In the southernhalf of the deposit the

narrows and the shape can

be comparedwith a pencil or digar. Here we find a core

of good grade pyritl, fairly high in copper and low in zinc,

but arround this core the pyritei is low grade with less

copper and much richer in zinc.

The mine, which is new and equippedwith modern machiner

is worked by a system of longhole slicingby which it is

possible to break and load the differentoregradedselec-

tively. Output per manshift undergroundis 13,0 tons.
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Most of the ore is of very good quality and part

of it is ready for sale after being crushed to minus 8 mm.

The rest is at present treatedin a Heavy-Media,plet '

suplementedwith a jig'and washingtablesfor the finer

crushed fractions.Present plans include building of a

flotationplant in connectionwith existingmill installations.

With this combinedplant it will be possible to beneficiate

all oregradesto the full extent.

The most spectacularfeature of the Skorovas
Gruber is the airial ropswaywhich brings the pyrites

from the mine to the company'sown harbour installations

at Kongsmo in the Foldenfjord,a narrow seaway leading deep

inland from the Atlantic Ocean. Ropewaysmay have been built

with more imposinglel*hs than this 45 km transportline, but

few ropewayshave to enduremore difficultoperational

conditions.Prom an altitudeof 502 m atthe pit head, it

ascends to a maximum altitudeof 660 m, passing several

valleys and mountains at varying heights until it reaches

the fjord. Divided in 3 sectionswith a total of 170 galvanized

steel masts, it carries 600 carriers,each with a capacity

of 750 kg. The speed is 2,8 m per sec, which gives a

capacity of 50 tons per hour.

In the Kongsmo harbour there is storing

accomodationfor about 40.000 tons pyrites, nd loads up

tO 5.000 tonsawkyLbedclivored.The loading capacity

is 250-300 tons per running hour.

Lastly may be mentioned the mining camp, housing

a populationof about 500 in well-builthouses. On the

social side one can mention s well equipped club-houseand

a modern schodtl.To make the communitycomplete there

only remains building a churchwhich at pregent is on

the drawing-board.



Porord.

To av de otore kiaforekomøteri Grongfeltet,Gjørøvikog

Joma, ble oppdageti henholdevis1909 og 1911. Don tredjø atort

forskoust,Okorovasa,var kjønt fra før, og den ble mutet i 1910.

Dette førte til øn veritabelskjørpefebøri distriklet. Skjørpo-

pøriodenresultertei oppdagelsonav et otort antall små og

alloatore forekomater,men inntilnå ør det ikke kjent noon
c

fløre forøkomøterønn degenevnte,soa ør altstors at dø er*454sfler

drivverdige.



Porord.

ble den storelikorovaisklefort ppdagst,og
like•tterble andreelorekimfore r, Joaa og Gjerevik,
fmaaet. Dettefert en el ekjerpefeber1 distriklet,
asa tnntilnu er de noenannenforekometsoa ar så
etorat den • vverdig. 8k4 resultertelaidler-
tid 1 e elsenav et etortantallral og se torefore


er.
Praktiektaltallede fonmeforekeasterlå innenfordet

davareadeGrongherred,og malefeltetfikkderfornavnet
Grongfeltet.Dettenavnethar det bibeholdt,til trosefor
at det etoreGrenghurrldi 1923ble oppdelt1 herredens
Grong,Narraa,Naasskogenog Røyrvik. Såledesliggernu
Joma-og Gjerevikforekeastimei Payrvikog likerovassforekoasten
Naaseksgaa.

Denfereteutviklingav Grongtelteter knyttettil °Det
ferekeAktieselekabfor BlektrokemiakIndustr1',nu ilektro-
keraskA/3.

Alleredei 1910beeluttetIlsktrokealakå ta håndgivelee
på Gjerevikfeltet.Genti 1911ble felteterhvervelOg under-
sekelesaigangsatt,og selskapetfikkhåndgivelsepå Joaafeltel.
Por å få kapitaltil undersøkeleenav Joaa-og Gjerevafore-
kemeteneog de aengeoaliggendeforekoasterg1kkAlektrekeedsk
esemenned et franeksyndikat,eg 14/121912bleA/I GrengGraber
seAftwit,aed for •terstsdelenfranekaksjekapttel.Deftesel-
ekehpinnkjøpte1 1914Jeleafeltet.Ilektroksmiekholdt1a1dler.
t44 ftørevassfeltetutenførGroagGruber; dettefell ble inn-
kjept1 1914.

Ved slattenav føreleverdenekrigfantregjeringea(ved
etateataisterGennarItnedeen)at etatenburdeslikreseg diest
etortk1sferekosmeterav fleregranasr,bl. a. al utenlaadek
kapktalikkeskallefå en deainerandeinnflytelee.Itteerat
etatsahaddekjøptopp akejamei A/11GrongGrabertra både
detframekeryndlkatog 21okirokeatekA/11,vedtekItoritnget
31.na1 1918daa eåkaltowereiglov"ferateventuellsnye fmna
ikkeakultekeereepå freemeteheaders

Lov av 31.mal 1918nr. 41
"Ome oreke r as 4 av le n •9

I1. Analdslee,eutiagellerszhvervillsepsaendeamate ev
autbareenvisaingerellergreberer ikket111adtfor eadre



and salaatnten inden •t omraade av Nordre Trondhjeme amt,
begrenset mot nord av amtsgransen mot Tordlands amt, mot
wfl av riksgrunsen, mot syd av en ret linje fra grmuseriss
ar. 02 1111 Sandojeeas ittlige v1k, Nalviken og herfra
av oluerae Sandajmen, Iakejøen, Skjølbrildvand og Otter-
sjøen med •ellemliagende levestykker og videre av Sand-
Arla til deane ein ntløp 1 Nameen og mot vest av Namsen
egdennes blelv Storelven, til denme skjeures av amts-
fpleeen.

_.111, (endret ved lov av 30. jun1 1932 nr. 6 og nk1ydando)1

KUngen kan med Stortingets setykke avelutte kontrakter
om bergverksdrift inden dipt 1 i 1 nernte område med
norake kommuner eller norake stetsborgert eller aktie-
elaskapen og andre selakaper med begrenset ansvar, som
har helt norsk styre med eete I. lorgs eller som har et
stYre, hvorav flertallet består av noreke statsborgere
sg ism har setil 1 Norge.

3. (Meindret)

Dawae lov trader 1 kraft straks. 11

lorge hadde hermsd fått et statsgruvefelt. Da staten
hadde fratat,tprivatperooner skjerperettaa og isrmed ege&
etroppet 44:44:171for videre funn og undersøkelser, kaa aan
si at det 4esishviler en forpliktelse på staten til å fore-
ta en grundig underaskalse av dette lovende malmeetak. L% tra
dette rynsinakt begynte Norges geologleks undereskelse ved
stategeolog 81e1nar Noalie 1 1922 med an gruadig geologisk
kartlegging av Grenifeltet. Denne kartlegging, som 1 det
vesentlige var ferdlg i 1931, omfattet også en befaring av
alle registrerte skjerp og forskemeter, samt avmerking av
rustsonar og lignende oom kwase vare nye forekometsr.

Poelie fortsatte senere den goologisk* kartlegging av
de sønnanforliggende strøk Nordli og Serli. Dette arbelde
var ferdig 1 slutten av 1930-åreall. Poelle rakk imidlertid
ikke å beawkeide dette meget store materiale. Om geologien
har haa bare peiblisert børelninger fra feltarbeidet i 1922
og 1923. I "Werges svovelkistorekometør 9 har Poslie (1926)
beskrevet de tre etore forekometer Joma, Skorovass og Njerevik

64'ik4c/f.1.3.54u19



eamt Pinburfeltet. I epesiellearbelderer forekometene

Lillefjellklumpen(1952)og Joma (1949)blitt beskrevet.

Poelieemanuakriptkarter nu under trykningog geologiske
beekrivelsertil kartene er undør utarbe1delse. Det eynee
1m1dlert1drimeligå eamle beskriveleeneav malmforekometene
1 en egen oversikt,hellwr enn å la d1see beekriveleerfremkomme
1 kartbladebeskr1velseneunder de reepektivekartblad. I det
foreliggendearbeidt er det derforgitt en oversiktover alle
Pool1esobeervaejonerover etore og amå forilkometer.I tillegg
hertil kommør forfattereneegne resultaterfra befaringer1
per1oden1952.56. SferligJomaforekomsten,den størsteav alle
Grongfeltetsforekomster,er blitt studert 1 adskilligdetalj.
ri etrukturellegeglogiekeeyneppnktersom dervedble oppnådd,ebriatt,“4  t na tor4ttct-
har ledet ti1vin omvurderingav malmlegemetsform. Skorovase-
forekometensgeologiskeomgivelseror også blitt underkastet
detaljetudlum. Et par andre forekomater,Klrma, Forvasefeltet
og Pinnburgruvener blitt besøkt. Forøvriger overeiktene
anførelsrresymi av Posliesfeltobservasjonernår intet annet
ør epee1eltnevnt.

På Boalieekart over Syd-Norgeemalmforskomaterer 45 av
Grengfeltetsforekometeravmerket (Poelie,1925). I den fore-
liggendeoversiktør forekametemenummerertfra 1 til 1519c/tt I
tm enkelteskjørp innenhva slomkan vmre en enkeltmalmaonirt/Ail'"7
har tildelefått egne nummer, idet dette kan lette overalkten
over de kjente data. Beskriveleenav de enkelteforekometar
1nnledesmed omtaleav "de tre store",Joma, 3korovaesog
Gjørev1k,deretterfølger de mindreforekomøter. litterdisse
beekrivelaergie en malmgeologiskoversiktover Grongfeltet
og en diekusjonav forekometenesdanneleesmåte.



Wr. 2. Skorovaae ør.
Histor1e og tidligere beekrivelsør.

8korovaeaforekometen ør den eneete i Grongfeltet eom dethittil ar blitt drift på. Porekomaten 11gger i neeten 700 metershøyde i øn fjellkolle ("grubefjellet"), med topper på vel 800 m.Allerede før 1873 var det skjerpet pitden meget sterke rust-sone 1 fjellet, og dette hadde fått den lokale benevnelse "Rau-berget". I nevnte år ble stroket geologisk rekognosert av oand.ain. K.R. Hauan. I ein dagbok til profeesor Zjermlf beretterHauan at han kort sønnenfor et ekjørp fant en etørre, naturligfjelibule hvor øn evovelkiavegg på et par favnørs høyde or blottet.Denne ku hadde unngitt skjerpernes oppmerksomhet. "At kiemaseener ganske betydelig, eynee utvileomt", skriver Hauan. Porekomstenrar nevnt av Kjerulf (1875, le.69) i en tabell over Nordtrandelagegraver og skjerp under navnet "Rauberget v. ved Tunejø".Hergneeter I.O.Haften foriltok 4/9 1904 en befaring av fore-komaten aanman mad kirkeleanger Lindeeth. I Hagens rapport over"den eaakaldte Skoravande kieforekomet" beskrivøø eeke arbelds-punkter mad makeimal kiemektighet på 4,5 n.
Warekometen ble al aameldt da skjørpeperloden begynte, ogHauane "nalmvegg", den eenera Gamlegruva, ble mutet 16/10 1910.Zlektrokemlek opprettet kontrmkt om erhvervelee i 1912 og innkjøpteføltet i 1914. I perioden 1913-1916 ble forekometen undersøktmed to stoller og 20 bothull. Den ferste beskrivelse ør publiwertav J.H.L. Yogt (1915, e. 37-56). 8enare er forekomsten omtaltav A. Rugge (1922) og H.E. Hmith (1922).
Skorovaasforskomøten og de mindre forakomater 1 et omkring-liggende område ble beholdt av Wlektrokerdek A/8 da staten1918 kjøpto opp resten av Grongtorekomatene.
211 overelkt over de tnntil da kjente fakta ble gitt avPoelie (1924, e. 86-90) 1 hana arbe1d over de norake evovelk1s-forekommater.

1935 ble den nyere undersøkelee påbegynt, og Wosliee rapportav 1938 danner grannlaget tor torberedeleen til driften. Don vik-tigete an1eggepørlode tok til 1 1950, og 1 1952 ble dr1ften på-begynt. Arlig brytee oa. 180 000 tonn rånalm, hvorav fremetules150 000 tonn økeportkle. Dwa rlkaste kievara knusee; restenvaskes ved et "beevy medium" anlegg, hvor gråberg og fattig kismed epe.v. ineder),5 treakillee. Dc nedknuati, kis sendes meden 45 ka lang taubane't11 Kongemo for ek1pnleg.
loallee antagelee, på grunn3.ag av 55 boalball og elektro-magnetisk måling, var at kieen hadde grOvt SS lars eom lange



flattliggendelinser. Oppfaringengjønnon 4 år har vistat
selvomdetteblidegenerell•r riktig,har de aterketekton1øke
bevegelorpå malmenegrenseflaterreeulterti at denbrytbare
malmnmrmesthar formav en littflat‘1gar,ae fig.8.

Delgeologiebsroaltal av Poellesundersøkelserer publi-
serti et foredragøreferat(Pealle,1939,ø. 115-11ø).Roved-
reinitateter at malmdannelsoner metasomallisk.De lasninger
lomhar vandretina 1 grenmeteinenog avsaltkiøen,har eamtidig
omdannetden omgivendebergart111 lysereruatek1fre.

isologiskeforhold.

rfr; - t

Malmenopptreri et mektiggrønnoteinakompleka.Dettehar
omkringmalamamestbra skifrighetmed et •etligfallpi 10-15°.
Detegmeeikkeå vuerenoentydeligpåvisoligtektoniskgrunn
for forekemetemebeliggenhet.Vestfor gruvefeltetøkør det
gradviemed gran114åreri gremøteineninntilvi får øn granitt-
sonemed klumplirog reaterav granetein og gabbro. Dennegra-
nitteenebøyeromkringforøkometen(sefig. ),og i voiskjeringenw
mellomdamvirkelagetog gruvokontoripttieøøforekielligeetadier
av granIttensaaadmilagjonav grønneteinog gabbro.

dammeneetningenav bergarleneomkringmalmenilluatrersaav
tabell1. Porntendenvenl1gegrenaateln(tabellemenr. 1),den
kler1ttrikeekifer(nr.2) og mer ubeetemmeligkalkrikøktfer
(nr.3) opptrerinalmeneumid6e1baripnettelen earielyse,
ofterustnebergarter.Poalle(1939,5.113)øierom dlege›rmet-
øklfres$ 91evartekvarteryltebletrerumv1aørat diøseopprinne-
lighar vmstlavasr,eventneltogalendeltuffer." Bergartene
er vakkertblottetlansagmkvesupheisbane.ItterforfatIerena
nadereeteleerhar v1 her følgendeferhold.

Langedetnedereteav heisbanenseeømarkertebenkørav
gremmeteinellergretnekifer.lenkemprepresentererutvilsomt
underejelskelavaetrømmer,kanøkjealikal hver etørrebenkør
enlawaetriem.Tel øreletårn`iverleireegrønnakiferen

av ot ea. 3 m tyktlagav agglomerat.Delviserlysebollør1 en
mørkerlegsmammuseav blågriøkifer. Bolleneør vanliget5-10om
elore. Tel torekitrimgener belleneutgniddtil langetrakteflale

de langsteopp 1 40 em lengde. 14ealskanalyee(eatab.11
av et bolleriktlagvieerkvartekeratofyr-seamenøetning.Avset-
mbligemmk tsIgmligbemitåøvvnlkamikebomberav obeldlaneller
Skyslit,blandetmed aeke



av varierendesammeneetning.
Over agglomeratlagetfølger irnsørie med oftest m

tykke lavastrummer,og mellomhvert liggør det tynners
b&se, ag av sur ask!I dele agglomeratisk. Dernverdominererrustne9 he s _

ekifre,og •liesekan følges pp til malmen. Disse rust-ketb1°	 skifremå tolkes som sure askør, dannetved ekeplosivvulkan-




virkaomhetpå havbunnen. Blotningeneover malmaonentyder på
at der også over malmen ligger en liten serie av lyse rustakifre.Det forholdat selve malmen ligger 1 le lyse rustskilreog
videre at disse er rustnenettop forii de innehDlierevovelkia,
synes å antyie at akalmitnneleenkan vmre knytsattil disee akifrø,altså til uniersjsiekeksplosivvulkanismssom har produaert
ure tuffer.

Malsen.

Som ofteet ør det en helt ekarp grønse mellomkis og grønn-
tein. Den siste har da alltid ekifrighetparalleltgrensegn.Kisøn kan ha en tilsvarandeparallellskifrignetmarkertved

oppsprekningeller ved båndingav grovereevovelkis-eller kob-
berkiskorni dan finkornigeresvovelkie. Kialegemetkan ogeå,
sarlig i horisontalretning,gå over t_grannsteinved gradvisres• ravtagendeimpregnasjon. , har ikkegranneteinenutpregedefolder omkringmalmlegemene,men smyger
aeg i blite bølger rundt disse.

Greneeforhoidenetyder etter forfatterenemening på at
malmen var et faat legemsunder den siste tektoniseringog bare_umdergikken delvisomkrystallisering.fivorvidteølve malme )--
(danneleaner syngenetiskeller epigenotiskira en tidliger*Ji_
tipicteniskfasø) lar ses ikke avgjørr n aiete-telbniesringmå ha medførten differemaiellglidntngtverw igjønnomhele
lagpakken. Det ør ingen tegn til noen klare skyveplan,og det
eneete som seee av forkaatningerer de mefet små og sene for-
kastningerhvis maksimalespranghaydeør kpmeter. ça-

Malaen beetårmeet av meget finkornigevovelkiemed litt
kobberkia,maguletkisog ainkblendt. Mineralogisker forekomatenintersesantved at det ør an kiar anrikningav kobberkisi fore-
komstenseverste linae ("Loftet'). Her finnee også man og lav-hydrotermalkobberkisog einkblimedøi roser og på sprekker



malaen. Rn elik •inkblende•r analyeert(upublisørtanalyes,
ved Poslie),og døn har bare 2,5 aol.-% 708.
•tterKU1leru4 (1953, i 136) til elMitne?
under 1580 C. Disse ainsralerer sålødeilea
de må vare langt yngre ønn dannelsenav selve malmløgemet.

/g

Dette svartr

,:rmperalur av
vhydrotermale,og
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Location:

Ore Deposits

Transports

LaborTorces

Population:

64° 401 northlatitude,elevationabout600 m (2000ft)

near the Norwegian-Swedishborderin tpe municipality

of Nameekogan,Nord-Trendelagfylke(county).

DietancefromTrondheim,270 km (165milee),from the

neareettown,Nameos,110 km (69 miles),from the

nearestairport,Værnes,240 km (150milee),from the

nearestrailwayetation,Lassemoen,23 km (14 milea).

Firetdescribedin 1873.Acquiredby ElektrokemiekA/S

in 1913.Productionstartedup 1952. Area of
,

Concessionsaasq.km.( 4

Capacityper year: 150.000tons of fine pyritee

45 km (28 milee)ropewayto shippingpoint,Kongemoen.

Permanentlyemployedattieminesabout2410.

Populationof the miningvillageabout600.

The plantof SkorovasGruberie eituatedin ruggedmountainterrainto the

east of the upperreacheeof the riverNameenin the municipalityof

Namsekogan. Thie municipalityhae an area of about 1400eq.kmand,

with a populationof 2200or 1,6pereoneper sq.km,representeone of

7
the country'emoet spareelypopulatedareas. The “titude of the Namsen

valleyis here about 150metereaboveeea level,while the highestpeaks

surro8ndingSkorovasextendup to 1000meters. Of the 1400eq.kmthere

are 384 eq.kmof productiveforeetland,36 eq.kmof lakesand riversand

4 eq.kmof cultivatedland, the remaining1000eq.kmie moore and mountains.

The antranceto the mine (624m abovesea level)is locatedway up in the

mountainsidewith the ore dreesint:plant,ropewaystationand workshops



groupedon terraceahtlowerlevele. The miningvillagelies fairlywell

protectedin a emallvalleybelowthe mine and ie surroundedby scatte*ed

pineand birchtreee. Due to the northerlylatitude,the timberline is

at about500 m abovesea level,and abovethiethe onlyvegetationto be

foundis epareeheatherand moss.

The firetprofiseionaldescriptionof the Skorovasdepositwas made by a

publicservant,State geologistHauan,who vieitedthe placein 1873.

Drillholesand othereignaof blastingthatgeologistHauanfound,

indicatedthateven at an earlierperioedeuriosityhad been ehownae to

what mightlie hiddenbeneaththe layerof rustwhich coversthe meliateim

mountainat thisepot. Repeatedinveetigationswere made in the following

years,but the endlesedietanceswothoutany kind of establishedcommuni—

cationeand the larEecapitalinvestmentswhichwould be required,made it

unprofitableto beginregularoperationat that time. Thus, the firet

samplesof ore going to factåriesin Swedenand aothNorway,had to be

traneportedeaetwardto Swedenover the nearby lake,Tunnsjøen,by boat

in summerand by horeeand eled in winter.

In 1912-13Elektrokemlekacquiredall the miningrighteof any interest

in the Grongarea,includingSkorovas. Aroundthe end of theFiretWorld

War the NorwegianGovernmenttookover the Joma and Gjerevikminingareas

whileElektrokemiskretainedrighteto the Skorovasdeposit.

Some preliminarywork wae done in the yearebetweentheWare. In the

middleof the 1920'sthe dietrictwas connectedto the nationalhighway

networkby a road along the riverNamsen,the preeentHighway50. In the

30'sElektrokemiskbuilt,with governmentsupport,a 20 km road connecting
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Skorovas with Highway 50. At the eame time, the main railway from

Trondheim was extended to the Grong area, and now this line —

Nordlandsbanen— is completed northward as far ae Bodø.

The opening of the Skorovas deposit wae etarted at the end of 301e.

After a short interruption tt the outbreak of the war, the work was
. .

continued without entusiasm until the end of the war. A further delay

occured, ae market conditions were rather uncertain during the firat

post—war years, but in the year of 1950preparationeetarted afresh, and

in November 1952 normal production could begin.

The "Grong mining area" mentioned above is an area within the Caledonian

mountain chain, characterized by thick coverøs (mappeis) of green—stone.

Å. far as the geneeis of the ore deposite ie concerned, one can only state

that there is no sure explanation but several plausible thevries have been

advanced. All ore deposits in the GronL area are connected with the

green—stone, a basic lava which ia assumed to have been •xtruded under water.

The main axis of the Skorovae deposit lies in a north—south direction.

The northern part outcrepe above the timber line, and, as it forms a strip

300 m long, a rather large rustcolored area has developed which is visible

from a long distance. Towarde the south, the main ore body splite into

eeveral parallel leses, the largest of which exteda like a eigar—shaped

Lkteif;
body for about 600 m. The principål mineral is pyrites with leseer

quantities of copper pyrite{ zinc blende, quarte and chlorite. More

sporadically are found magnetite, calcium carbonate and fahliii:444,°-

Magnetic pyrite and galena have not been found, and the content of

arsenic and "preciousmetale is low.



The mine is opened up by a main adit running 1200 metere into the mountain,

and from thie)moet of the ore may be mined. The deepeat laying part of the

ore body is reached by two inclined ehafts. Mining operatione were etarted

in the innermoet part of the mine and are gradually retreating toward the

outcrép.

'111
The ore ie removed in etopee acroes the w1.4eof the ore body. Theee

etopee are up to 26 m wide, and pillars 9 m wide are left in between.

Longhole elicing with holee — up to 35 m long — drilled with heavy

machinee and extension rode from "eafe" positionc, ie the normal mining

practi‘e. The yearly average ie roughly 10.000 m long—holee which,

filled with about 12.000 kg of exploeives, yield approximately 160.000

metric tone of ore.

The mine at Skorovae ie now well mechanized. Daily effort per longholea

7-
driller 27 metere of "drill holes" including repairs and moving of

equipment. Output per man shift "underEround" (45 men) ie 15 tone.

Normally, 185.000 tone of crude ore are extracted per year, yielding
„

150.000 tone of fine pyritee.
0 '

The stopes are undermined by bell—opeMingsLeading the broken ore to

elusherdrifte,where it ie moved by ecrapers to the edit and here filled

into "Granby"—care of 3,6 m3 capacity. Battery—operated electric

locomotives movee the cars in traine of five to the mineopening.

vs.c.
A emall portion of the ore is '4dbneenough to be exported after cruehing

only. The reet of the ore goes through an ore dressing plant, where the

major portion ie processed in a heavy media separation vessel. The ore

ie here fed to a pulp of ferroeilicium and water with specific gravity 3,3.



The pyriteeeinkand the unwantedtailinge(barrenrock)will float,abt

and are skimmedoff. The fines (- 5 mm)/treatedin jigaand on

coneentratingtables.

Difficultmarketconditionein recentyearshave led to very etrict

requirementeon quality. The outputfrompartsof the minewhere leah

ore occurecan thereforenot be mixedwith the highergradepyritee,but must

be refinedby flotationin orderto give a satisfactoryeulphurcontent.

The ore dressing,willthereforebe supplementedby a flotationunit which

will be in operationfrom 1963. Accordingto preeentplans,this plant

will treat40.000tone of ore per year,workingtwo ehifts,and will thus

produce25.000tons of concentratewith a sulphurcontentof 48-50per cent.

Prom the ore dreesingdepartmentthe pyritesis deliveredto threeexcavated

(.

t. 5 n rock. Each bin has a capacityof about5.000metrictone and the

i ‘ ‘.

pyriteeare tappedfrom the bine directlyinto the ropewaybuckete. The

ropewayis 45 km in lengthand has a capaeityof 50 tonsper hour of

operation. The ropewayhas threetraktion-sections,eachof 15 km, and

it hae two


etructuree

wAK:
ffiewmtintermedialetatione. There are 170 pylonsand 23

for%Fhoringand tighteningof the carryingcable,all built

of galvanizedsteel. The longeetepan is more than 1000meters. Total


drop ie 467 metersand the highestpointis 660 metereabovesea level.

, Tractionis suppliedby threemotors,two of 55 kW and one of 120kl.

The rollingetockconsisteof 600 buckets,each carryinga net load

of 750 kg. When the ropewayis in operation,3600wheeleand sheaves

ase rolling. The speedie 2,8 m per eecond,and a bucketmakeea trip

fromSkorovasto Kongemoenin ki houre. After the initialdifficultiee



had been overcomeand necessaryImprovementshad beenmade,the operation

of the ropewayhas been quiteregular. It is however,necessaryto have

in mind that the r4pily changingand at timesratherharshclimat,will

influenceon the operationof all outdørequipmentat Skorovas,and this

relateeespeciallyto the ropeway. It may thus be mentionedthat the wind

velocitymeterewhichare positionedat the most exposedpointsalongthe

ropeway,not seldomregisterwinds of hurricanestrength.

The shippingport of Kongsmoenlies at the innerend of the 80 km long

and rathernarrowFollaFjord. There are atoringfacilitiesfor up to

5 differentgradesof fine pyriteeor flotationconsentrate.Three

frostfreebina excavatedin the hillsidewill togetherstore25.000tons,

and a shelteredamergerncystorecan takeanother15.000tons.

Depthat the wharf is 251 at extremelow tidewater. Effectiveloading

capacity,275 metrictonsper hour.

Becaueeof narrowlin the fjord,the harbourat presentcan not receive

shipsof more than 5.000tons d.w. Extensivedredgingwork thatwill

startin near future,aa supposedto re6ultin a chanaldepp enough

to aloweshipsup to 8.000tons d.w. to enterthe harbour. At the same

time thewharfwill have to be extendedso as to be able to receive

veseelsof up to 120meterein length.

hve
SkorovaeApyriteshave been eold in most of the Europeanmarkets.

In recentyearedeliverieshave gone chieflyto SwedenandWest

Germany.
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Sampleein 1961of the cupreouspyritesfromSkorovasshowedthe

followingaverage:

Sulphur 46,8%

Copper 1,2%

Zinc 1,6%

Iron 41,1%

Aranta Arcenic 0,05%.

Deliveriesof pyriteswith low coppercontent,usuallyare higherin

sulphur,but containsonly 0,5 — 0,6 % copper.

All buildingsat Skorovas— apartfrom the elementaryschooland the

teacherlsresidence— are ownedby the company. A few houseewere

builtduringthe SecondWorldWar but most of the buildingswere

erectedduringthe expansionperiodfrom 1950and onwards.

"? 1.21,
Thereare-74dwellinghousestwith together130 flats,one hostel

.k
NtY4with 40 einglerooms,sittingaffit3dining—roomant(kitchencatersfor

singleworkers,unmariedofficepersonalhave theirown mess,and thereis als.

company,s,uesthouse.

In additionto the publicelementaryschool,with about85 pupilet

thereie a privatesecondaryschoolwith about30 pupils.

Purthermoretthe companyhas builta communityhousewith combined

theaterand cinema,meetingrooms,cafeteriatlibrary,gymnasium,dental

clinic,beatyshopant a few hobbyreoms. The housecoversan area of

800 sq.m.and has a volumeof 8.000 cu.m.

The publicphysicianfor Namsekoganmunicipalitylivesand has an office

in Skorovas. The localRed Crose operatestwo ambulances.The nearest

hospitalis at Namsos.
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The mine, includingthe ropewey,employeabout2k0 persone.

Of theee,about 185 liveeat Skorovaeand, togetherwith their

familiesand with the few publicservantsand peopleworkingin

the localshop,theyadd up to a populationof about 600.


