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og Lukkon-mslmen , 1 den séxelate grennskiferforussjonen, av
ordovicis« alder., I 3koroves-omridet bestér zrpnnscif. rforaasjon-
20 dels av reiativt massiv basaltisc lava, dels z2v mers sﬁifrigé
pyroxlastiske lag, tuffer og agglouwsrater,avsatlt i ot havourade,
wuligens sammen med rasrtxsammxnxxxixx nederodert oy sammenscylat
Dasaltmateriale, Alle disse lag Sr efter sin dannelse vert utsatt
for omvandlinger i forbinnelse med den kxaledonsike fjellkjedefold-
ning, og det er nu isce allvid lett & bli sikker pa operinnelsan
av de enxelte lag.Greansciferformasjonen i Grong gfaltet er videre,
som det sees av Foslies geologiske kart (Irones  STer«t gjsnnoum-
satl av dyposrgartier, av gabbroid, oy granittisk (Tronhjemittisk)
<aracter. U@ profil tvers over dalen ved Skorovatn viserp séledag;
regnet fra nord: _korovasklumpens store gaborofelt, nedover mot
dalen grennskifre, ved bebyggelsen i Kleiva av utprsget sedinente:
opprinnelse, 1 stigningen pé& sydsiden farst 3rﬂnns&ifer,star£t X3
iJemnonmvevet av trondhjemitiganger, over bebyggcclsen 0g Ooppover
wot gruve grennsxifre, d8ls av basaltisk §r§'efi&§ ﬁ¥n8¥20£iaster.

e
OVOrav noe &v surere faracter, sé selve zruveonridet medvomvandz

lete gronnzEximxskifre ,0g malulinser, overleiret av mere normale
ar@nnsteiner og grennsgifre,

Det har nylig vert hevdet at 3korovasmaluen er intimt gnyttet
til sure, pyroklastiske lag, Det er nok sd at noen slike lag
forecommer, mest i nivd med heisebanen, men vergartsn som omgir
malmen er helt overveiende en eller annen variant av gronnskifer,
of ofte sees basgltstruxturer som olmrar og liknende.

Lagstillingen er 1 det nele noksi flat, i aalmomrédet
heller den svext mot @st, oppovor mot toppen av £jellet blir
det noe brattere, i overensstemmelse med dette sees 2t stadiz ste
«¢re fall mot gst sydover i forexomsten. Hoen stader i malmen

san foldninger iacttas, og malimen viser , vad glidespeil og smé
for<astninger, at den har deltztt i textoniske bevegelser.Noen
skarpt gjennomseitende linjer sees godu pd flyfotografisns over
kaPOVasomrédet de representerer oevegelsessonsr, muligens for-
Kastninger, sn av disse s<jerer over malmen i dens gstliges ut-
kiling, wen vi har ennu icke funnzst bevis for nozn betydelig
spranghpyde. Let ser i det hele tatt ik<z ut til at textoniske
bavegelser nar spilt noen avgjsrende roile i ucioraingsn av
malmforecounsten,

wmalmens mineralselscap er enkelt: svovelkis, xopperkis og .
Bégxblende, litt magnetitt i engelte lag, blyglans er en sjeldaﬂgé

lopperxisen viser ikke noen rsgelmessig fordeling i forekomsten,
mens derimot sinkblendan er anriket i heng, faltheng og fultllﬁh
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Synopsis

The Skoravas orebody is one of the chief stratiform base-
metal deposits within the allochthonous greenstone belt

of the Central Norwegian Caledonides. It is contained in
the volcanic level of a complex eruptive association of Lower
to Middle Ordovician age defined as the Gjersvik Nappe. The
rocks of this nappe are contained as a depressed segment

of the larger Koli Nappe and defined to the north and
south, respectively, by the Borgefjell and Grong—0Olden
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.

Fre-tectonic segregations, veins and vesicle fillings of
epidote, albite, chlorite, carbonate and quartz related to
primary volcanic flow structures in the lava pife 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 conglamerates.

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 assemblage 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.
Norwegian—British contribution no. 1.
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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
most competent lithofogies, notably gabbro, diorite and
granodiorite (trondhjemite) intrusives and, within the
extrusive sequence, compact dacitic flows and their spili-
tized aphanitic equivalents (keratophyres). The hetero-
gengous pattern of deformation is resolved in terms of two
main stages of folding complicated by componental sliding
movements.

Mineralization occurs at two fevels 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—
rmagnetite 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 episades
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-
sofved in terms of the disjunction of a single stratiform unit
by tight isoclinal folding and componental movements,
probably involving both transiation and ratation.

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 markers and indicators of way-up
in complicated structures and are a potentially valuable tool
in exploration for massive sulphide bodies farmed in limited
reducing environments.

The belt of metamorphosed Lower Palaeczoic racks, 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 72 and Vokes and Gale,”® and Fig. 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 deformation and regional meta-
morphism. Sufficiently detailed studies have been made,
however, in the regions of South Trbndelag (Trondheim
district), 495052 North Tréndelag (Grong—Gjersvik
district)#® and the geographically adjacent areas of
Jiamtland and Vasterbotten in Sweden 818283 to show that
the stratiform ores of Skorovas, Joma, Stekenjokk, Lékken
and Réros lie within the Kéli Nappe, which is the upper



structural unit of the Seve—Kd&li Nappe complex first de-
fined by Tornebohm.58 The broad correlation within the
Koli structural level can reasonably be carried into the
Sulitjelma district of Nordland, 3282 and in all probability
this correlation can be extended into the ore district of
Nord Troms.

It 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
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Fig. 1 Synoptic geclogical map of Scandinavian
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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 masses of ultrabasic, basic and acid compositian.
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.®7 Goldschmidt 22 early lent authority to this
usage by defining the ‘Stamm der griinen Laven und
Intrusivgesteine’ as an impartant 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.15.16.47.78 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 7374 and host rocks during
the process of allochthengous tectonic emplacement conse-
quent upen collision of the Scandinavian and Laurentian
cratons during Middle Siiurian times.'924 The palaeo-
environmental interpretation of the rock assemblages con-
tained in the structural elements of the Kéli 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, hawever, 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 geclogical phenomenon responsible for their
formation. If a volcanogenic origin is postuiated, an under-
standing of the volcano-stratigraphy and structure in an
area that extends from 1 ta 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 knowladge of the major structural and stratigraphic
units of the Grongfelt originated with the regional geological
mapping undertaken by Statsgeolog Steinar Foslie 2:14 during
the period 1922—27, the details of which were amplified
and interpreted by T. Strand '4 and C. Oftedahl. More recent
regiona! studies by Zachrisson®! in the adjacent Swedish
area of Jamtland and Vasterbotten have given an idea of

the succession of structural units within the Koli Nappe
sequence between the Grong and Stekenjokk areas. A com-
pilation frem these sources is made in Fig. 2, which shows
the main second-arder tectonic divisions that have been
recognized within the Kéli level of the Seve—Kali nappe.
Combining the terminologies of Foslie,? Oftedah! 4! and
Zachrisson 8" there are four divisions to be recognized. The
first and uppermaost 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 fies the Gelvernokko
Nappe and, finally, the Lower K&li Nappe unit, within which
are situated the Stekenjokk orebodies (St} (the Stekenjokk
malm and the Levimalm).82
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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 difficult to establish because
these are taken, for the most part, to follow stratigraphic
boundaries.218' 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 22 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 lithclogical 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 voleanic greenstone
sequence. The marble is best preserved in the terrain north
of the Limingen 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
foliowed by a spectacular polymict congiomerate, 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-
meratic, sub-arkosic and phyllitic rocks, the majority of
which are distinctly calcareous.

Oftedahl,*? in his discussion of the nappe units of the
Grongfelt, defined a thrust boundary of intermediate
significance that separates the polymict conglomerate and
the Limingen sequence of calcareous and conglomeratic
metasediments, so that the Gjersvik Nappe, in its original
definition, does not include the Limingen Group. It seems
reasonable, however, 10 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.
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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—
Koli Nappe. The volcanic and plutonic units of the
Gjersvik eruptive complex do, however, bear certain simi-
larities to the rocks of the Stéren Group 72 in the
Trondheim region. The Stéren Group, locally, overties
schists of the Gula Group containing Dictyonema flabelli-
forme.®2 The contact between the two groups is, however,
markedly tectanic '® and, thus, the graptolite fossil evidence
can only be used to suggest a possible maximum age of
Upper Cambrian—Lower Ordovician {Tremadocian) for the
Stéren Group, and it is conceivable that the tholeiitic
eruptive activity recorded in the Stdren sequence '8 could
have been initiated yet earlier in Cambrian time.

It has generally baen proposed that the Gjersvik Group
is of equivalent age to the Stéren Group 4% 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 1847 — 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 Stéren Group,'®
and a partial correlation, at least, with the andesitic green-
stones of the Lower Hovin Group (Forbordfjell, Hélonda
and equivalent greenstones)®372 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 Stéren Group in the Trondheim region, is
interpreted as belonging within the Didymograptus
hirundo zone.57 The Stéren 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 Middie 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,

Inferred stratigraphic correlation between Lower Palaeozoic sequences to south and north of Grong Culmination.

Correlation is approximate and based on information from Vogt,’2 Zachrisson,B2 Oftedahl 45 and Roberts.53 Tectonic
disjunction within the two areas is shown schematically by oblique paraliel lines
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Lille Fundsjd and Steinkjer conglomerates)®3 at the base
of the Lower Hovin Group, overlying the Stéren Group,
led Holtedahl 2€ 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 maove-
ments in the Lower Silurian which produced the basal quart-
zite conglomerate of the Horg Group {Lyngestein Canglo-
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, a separate event in Mid-Lower Hovin
times being marked at the level of the Stokkvola conglo-
merate.52 Tectonic evolution in the Trondheim region in
Lower to Middle Ordaovician time was evidently punctuated
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®2 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 racks 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 Kdli 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 Skarovas
and Gjersvik ore depaosits 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 fassil 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 voleanic 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 '? 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 tectanic boundaries
of low to intermediate angle (Fig. 6). The plutonic rocks
within these boundaries frequently preserve their original
igneous fabrics, little modified by the penetrative effects of
tectonic defarmation. The volcanic rocks and minor intru-
sives outside them, in contrast, generally show intense
penetrative tectonic fabrics. The plutenic massifs all have
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tectonized envelopes and the intrusion of the complete
range of basic to acid plutonic rocks evidently took place
prior ta 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 schistasity that is
generally well developed within rocks of the volcanic
sequence.

Because of gross differences in competence between the
various rock types, natably between the plutonie masses
and the supracrustal volcanic cover, this particularly hetero-
geneous style of defarmation characterizes the intermediate
level of the Gjersvik Nappe, the pattern being contralled,
on the largest scale, by the form of the major gabbro, diorite
and granodiorite bedies. Within the valcanic 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, 8182
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 eartier volcanic fabric. In the field the exis-
tence of these surfaces and the flattening praduced 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 voleanostratigraphy
and associated plutonics in other regions, notably in the
Mauretanides of West Africa (G. Pouit, persenal ecommuni-
cation). Minor fold structures of the early generation are not
conspicuously evident within the volecanostratigraphy and
are best observed in the finely stratified tutf bands and
associated cherts and iron-rich chlorite schists of the
exhalite 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-
maonstrates, 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



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 alang 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 Gréndalsfjell massif. The vergence of the
axial planes of these and other similar late folds implies that
the principal tectonic stress responsible faor 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
load 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 fald 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 most
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 ablique
slip normal faulting has resulted in a vertical displacement
of the order of 500 m {Figs. 4{2) and B). 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
Skoravas 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.

Piutonic 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 '2 the plutanic rocks of the
Skorovas area oceur in two groups. The first group com-
prises the tectanically bounded massifs of Gréndalsfjell and
Nesapiggen, 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 Skarovas 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.’? Gabbros
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Fig. 6 Panoramic view of southeast margin of Gréndaisfjell 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 structuraily
underlying schistose extrusives (e). A further thrust separates extrusives from
trondhjemite (t) in foreground. Location of photograph (Fig. 7 {6)) 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 cccurrence of intermediate
dioritic rocks in the immediate area of Skorovas, although
Foslie was undaoubtedly aware of their existence because
diorites are mapped as a thin border zone to the north of
the Gréndalsfjell 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 chronolegy of intrusion can be
recognized.

It has afready been noted that the plutonic sequences in
the Gréndalsfjell and Nesdpiggen 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.

Grdndalsfiell massif
The starkly exposed rocks that compose the Gréndalsfjell
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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 arder 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 predeminantly 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 theleiitic magma.25.67

The nature of the xenolithic relationship is shown in
Fig. B(a), and it is clear that the hornblende diorite is a
major compenent of the Gréndalsfjell 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



uralitization and chloritization of the augite and hypers-
thene, the serpentinization of the olivine and saussuritic
degradation of the calcic plagioelase 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 racks, 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, 0.6—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 paratiel to their contacts. This can be interpreted

25¢m e e '

Fig. 7  Typical dislocated isoclinal style seen in minor
folds of first generation in chert bands to sauth of
Nesaklumpen (a) {top} and {(b) localized post-schistosity
folding and incipient crenulation cleavage of second
generation farmed in zone of high strain in schistose
greenstones adjacent to tectonic boundary of Grdndalsfjell
massif. Location of photograph is shown in caption to
Fig. 6

as a result of episodic deuteric crystallization from hydrous
fluids circulating within the largely consalidated 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 Gréndalsfjell 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 plagiociase,
together with minor iron oxides, and are locally porphyritic
with plagioclase crystals up to 7 mm long.

The final eruptive event within the Gréndalsfjell 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-deveioped 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 sedic plagioclase (roughly of

Bece LS AN
Fig. 8 Northeast face of Gréndalsfiell 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 Gréndalsfjell {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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cligoclase 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 compaesition
of these dykes, which is dominantiy oligoclase together
with guartz 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 summary of the igneous relationships preserved
within the plutonic massif of Gréndalsfjell shows clearly
that a considerable volume of dioritic magma was emplaced,
probably at an intermediate to high crustal ievel, 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. |t 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
Gréndalsfjell 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 basa!l slope of which lies the extension of the main
thrust surface, which is interpreted as separating the tectoni-
cally ‘massive’ plutonic leve! fram the highly deformed
volcanic level. This feature is shown on the geclogical 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 Gréndalsfiel!
massif are composed predeminantly of metamarphosed
basic volcanic racks, 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 Gréndalsfjell 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 voleanic structures, notably pillow forms and
vesicles, are preserved within xenalithic masses and 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 metamarphic grade,
which has produced a mineralogy dominated by hornblende
and intermediate to caleic plagiociase. The presence of
epidote as a constituent mineral throughout a significant
part of the amphibaelitic 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 racks 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 a¢ typical for the regional
metamorphism of mafic rocks at low to intermediate
pressure.
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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
amphibelitic 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 Gréndalsfjeil
massif and the amphibolitic rocks of Skorovasklumpen com-
pose a continuum within the field of low to intermediate
pressure in which regional and contact metamarphism
converge.34

Rocks of the arcuate intrusive belt

The intrusive arc differs from the plutonic massif of
Grdndalsfjell in three distinctive ways: {1) no unmetamaor-
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 mast of the arc and mineral
assemnblages are reduced, for the most part, to those stable
within the greenschist facies; and (3) quartz-rich diaritic 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 Tunnsjden {see Fig. 4{z)).

Apart from these significant differences, which can pro-
bably be explained in terms of the higher leve! of emplace-
ment of the arc complex within the volcanic sequence, the
relative chronolagy of intrusive episodes in the arc is the
same as that observed in the Gréndalsfjell 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 ariginal 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 harnblende gabbro, diorite and granodicrite (trondh-
jemite). The definition of the petrographic character of
each generation is complicated by the incarporation of
xenoliths of earlier basi¢ volcanic and plutonic rocks as well
as by extreme deformatian, loca! silicification and reduc-
tion of the primary minerals to greenschist assemblages.
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Fig. 9  Trondhjemitic net veining in mafic diorite and
hornblende gabbro on southwest Grubefjel!



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 Gréndalsfiell massif. Prior to the major stages
of Caledonian deformation leading to the allachthonous
emplacement of the Gjersvik Nappe, it is assumed that the
rocks of the intrusive arc and those of Gréndalsfiell were
part of the same complex piutenic continuum.

Voleanic 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 lang been recognized that the Giersvik greenstones
are composed of a sequence of basic to acid rocks, includ-
ing basalts, andesites and keratophyres of distinctly spilitic
affinity.2747 Because of the confinement of systematic
geological studies to the immediate vicinity of the Skarovas
mine itself, previous summaries of the volcanic stratigraphy
have been limited. During the present study an attempt
has been made to document the range of primary volcanic
structures that can be aobserved at the macroscopic scale
within the acid and basic members of the stratigraphy and
to examine their gegometry with respect to metamorphism
and deformation.

It is difficult to assess the relative volumes of basic and
acid rocks within the volcanic sequence, but it can be said
with confidence on the basis of regional mapping that, in
the general area of Skorovas, the dominant voleanic 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 leve! of erosion, the
maximum thickness of valcanics 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 chemical dis-
persion during volcanic activity. Banded calcareous
greenschists, which have been considered by previous
writers to be of sedimentary origin, can be explained as
tectanic facies originating from metamorphosed and
flattened basic flow units.

The primary mineralogy of all the rocks in the valcanic
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-
¢linal folding, the numercus lower-order thrust horizons

and adjacent competent flow units or intrusives. Itis
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 diameters 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 arebody.

The abundance of amygdales, ranging in size from 2 to
10 mm and, exceptionally, reaching sizes of 5 cm, indicates
that the layas were erupted at relatively shallow depths,
probably of the order of 100500 m.2937 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 medium-pressure

. _ -_-.__ wi .- h ;
Fig. 10 A, Deformed basaltic pillow lavas observed on
northern slopes of Grubefijell below orebody. Cuspate
bodies of grey chert that occupy interstices between
pillows are conspicuous. In cases of extreme deformation
survival of these chert bodies within chloritic schist provides
a useful guide to original volcanic structure of racks.

8, Basaltic pillows from flow exposed on southwest shore
of Tredjevatnet. Eruption of pillowed basalts followed
deposition of a dispersed exhalite harizon in vicinity of
Tredjevataet 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 fram horizon of
massive pyrite
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regional metamorphic assemblages, is a conspicuous 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. Combinations of two of
the common greenschist mineral species are usual, involving
quartz, epidote, calcite, chlorite, aibite 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 amyadale mineral ogy cer-
tainly cannot be applied as a universally retiable 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 |argely replaced by sphene.
The basalts are not conspicuously porphyritic and igneous
textures are frequently concealed in the meshwark 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 tenticular 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 basaitic andesites. The typical form

of these bodies is shown in Fig. 11.

The epidote-rich segregations are evidently pre-tectonie.
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 metamarphism was re-
sponsible for pervasive alteration and gross recrganization
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 metamarphic alteration that togk place in the
earliest event prior to the deformation of the rocks can be

Fig. 11

A, Pillowed basaltic favas from northwest of Havdalsvatn showing development of pre-deformational metamar-

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

Whaole-rock analyses of Skoravas volcanics. Analyses (1—-9) with average values of ocean-floor basalt {10: Cann®}

and island arc tholeiite (11, Pearce and Cann®®) for comparison. 1, Porphyritic quartz keratophyre, Grubefje!l; 2,
quartz keratophyre, Grubefjell; 3, andesite with stilpnomelane, Grubefijell; 4, andesite, Grubefiell; 5, andesitic clasts in
agglomerate, Grubefiell; 8, pillowed basalt, Grubefjell; 7, pillowed basalt, Grubefjell; 8, basalt, 8 km southwest of Grubefiell;

9, basalt, northeast Qverste Nesavatn

% 7 2 3 4 5 & 7 8 9 10 11
Si0, 72,23 70.39 53.07 59.3¢ 56.12 50.156 49.30 48.99 50,13 49.61 52.86
Al; 04 11.82 12.27 1413 1540 1220 13.70 13.81 16.55 14.76 16.01 16.80
TiO, 0.80 0.27 0.77 1.06 0.96 1.54 1.89 1.30 1.24 1.43 0.83
FeaOg 2.14 3.37 6.48 3.49 3.3 okl + + + - +
FeO 1.28 0.44 6.62  6.01 6.44 7.78  14.70" 13.97¢ 14.95* + +
MnO 0.03 0.01 0.19  0.23 0.1 0.16 0.21 0.17 0,15 0.18 +
MgO 0.36 0.45 4.40 268 470 470 549 5.74 6.00 7.84 6.06
CaO 1.27 0.24 4.66 2.38 444 4.89 4.92 5.33 3.50 11.32  10.82
Na, O 7.50 8.00 5.21 7.50 6.25 8.81 6.47 6.88 7.30 2.76 2.08
K0 0.07 0.02 0.51 019  0.02 0.52 0.43 0.66 0.55 0.22 0.44
P20sg 0.24 0.03 010 018  0.12 0.17 0.1 0.06 0.03 0.14 +
Loss on

ignition 1.08 2.24 1.90 2,24 3.57 2.81

Total Fe as

Fe, 0, 3.56 386 1383 1017 1046 11.985 + + + 1263 11.45
Total 98.90 99.49 98.04 100.70 98.24 9854 99.54 99.64 98.24

* Total Fe as FeO,
+ Value not obtained by analytical method used.

ascribed to contemporaneous alteration of the voleanic
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 accurrence
within the upper layers of the sea-flaor.3335 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 > 10%:1 were calculated by Spooner and Fyfe 52
and the alteration process is believed to extend to a depth of
at least 2 km within the lava pile.5959

The in-situ sea-floor metamorphism of the Gjersvik vol-
canic sequence was evidently an important event and, as well
as causing gross mineralcgical changes by chemical redistrib-
ution within the scale of individual flow units, bulk changes
in the chemical composition 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 Trandheim type.''3155 The polymict
conglomerate that unconformably overlies the yolcanic
sequence was farmed 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 demcnstrated on a regional
scale by mapping the level of unconformity 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 valcanic rocks. Pebbles of kerato-
phyre are commaon, but of greatest interest are the pebbles
of the metamorphic epidote assemblage {Fig. 12(8)}, which
have evidently been derived by erosion of the metamor-
phosed Dasaits,

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
Gijersvik 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—Middie 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.!165
Further investigation will probably reveal the ubiquity of
sea-floor-hydrothermal metamorphic assemblages as clastic
constituents of the polymict conglomerates of the Venna
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and equivalent horizons. It may be regarded as axiomatic
that such assemblages should be incorporated into the
conglemeratic rocks produced by episodic uplift of the
Ordovician sea-floor and that the history of metamorphism
would be as extended as the history of submarine volcanism.

Magmatic activitv in the belt continued after the
erosional event. The evidence for this is provided by
quartz—feldspar porphyry dykes that cut both the eruptive
complex, the unconformity and the overlying conglomer-
ates prior to the first phase of deformation. These dykes
are similar in compaesition to other granodioritic rocks
within the eruptive complex and are regarded as the latest
product of calc-alkaling magmatism within the Skorovas
area.

Acid to intermediate flows and pyroclastics

There are, within the Skorovas region, a range of acid lavas,
tuffs and agglomerates, which are locally abundant and
form horizons that can be traced laterally over considerable
distances (see Fig. 4(a)}. These rocks are of critical interest
because they are closely associated with both the Skorovas
orebedy itself and with a variety of iron- and silica-rich
sediments, which, following the conceptual terminelogy of
Carstens 878 and Oftedahl,?? are appropriately described
as ‘exhalites’.

" o Tk ¥ O 3 ﬁrﬁj
Fig. 12 A, Typical appearance 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 a ductile fashion. B, Large pebbles of
pre-deformational epidete-rich metamorphic segregations
derived by erosion from underlying lavas are a common
constituent of greenstone-bearing facies of polymict cangle-
merate. Example photographed close to unconformity on
southern shore of Tredjevatnet
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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 specific parts of the Skorovas area suggests
that a minimum of four centres of acid pyroctastic eruption
were active. Their products are preserved, as far as it is
possible to tell, at an approximately similar level in the
volcanic sequence. In the vicinity of the Skorovas orebody
there is stratigraphic evidence of at least two pyroclastic
levels, the lowest of which is exposed in the basal siope of
Skorovasklumpen to the north of Store Skorovatn (this is
shown in Figs. 4(a) and 5).

The orebody itself evidently lies within the vicinity of
one eruptive focus, which will be called the Grubefjell
Centre. The other centres, tentatively distinguished, lie
west and southwest of Tredjevatnet {the Tredjevatnet
Centre), to the east of Overste Nesdvatn (the Nesdvatn
Centre)}, and further east in the terrain near Bldhammeren
(the Bldhammeren Centre). The main belts of acid rocks
shawn in Fig. 4(a) serve to identify these centres. Itis
difficult to judge whether the centres represent independent
volcanic structures or lateral eruptions on the flanks of a
single polygeneatic edifice.

The acid volcanic horizons show a range of well-preserved
pyroclastic fabrics to which Oftedahl 4142 drew specific
attention. Various agglomeratic facies are visible in the
acid horizons in the immediate vicinity of the mine (see
Fig. 14). Distal pyroclastic facies include fine tuff bands
with associated exhalite sediments (Fig. 15(a)}. Such
horizons are spread over large areas and are thus valuable
stratigraphic markers.

Pyrociastic facies can frequently be traced laterally into
compact parphyritic and aphanitic bands of keratophyric
aspect — presumably, flows or highly madified tuffs. In the
vicinity of the Blahammeren Centre porphyritic flows are
physically continuous with porphyry dykes from which the
eruptions appear to have originated. The dykes, in turn, can
be traced towards the large mass of trondhjemite that occurs
at the eastern end of the northern limb of the intrustive arc.
The disjunction caused by déformation at the margins of
the intrusive masses and within the volcanic sequence, how-
ever, denies a conclusive statement concerning the connex-
ions between the plutonie and valcanic levels during clima-
tic episades of acid eruptive activity.

Fig. 13 Plot of Ti versus Zr contents for Skorovas basic
extrusives {circles) and basic intrusives (triangles) showing
abundance of low potash (island are) tholeiites {LKT).
Distinct trend towards figld of calc-alkaline basalts (CAB)
and grouping towards ocean-floor basalt {OFB) also shawn



Chemistries of the acid extrusive rocks from the
Skorovas ore level are distinctly soda-rich (see analyses 1 and
2inTable 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 chiorite. Pyrite
is usually present as an accessory. The rocks are properly
described as quartz keratophyres 2%78 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
metamorphism 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.

Fig. 14  Blocky pyroclastic texture {a} {top} seen in
keratophyric flow unit on Grubefjell 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 horizan with which orebody is
associated. (b) Agglomeratic facies of keratophyric horizon
shown in {#). Locality is in immediate vicinity of ore
horizon above mine entrance on northeast Grubefjell. Acid
fragments are partly sificified 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 Nay O values in the range 4.3—6.0
wt °/; and K, O values in the range 1—2.5 wt °/;- This
gives a typical Na; O:K, O ratio for trondhjemite of the
order of 3:1. Partial analyses of three trondhjemitic rocks
from the Skorovas intrusive arc ¢ show that the Na, O
contents fall in the range 2—4.5 wt % and K5O values fall
in the range 1—-2.5 wt %. Na;0:K,0 ratios are of the
order 1:1.5—3:1. This range is clearly of the right order for
trondhjemitic to granodioritic rocks with Si05 contents of
about 70 wt %. The Na,0: K5O ratios of the spilitie
rocks are one to two orders of magnitude greater than those
seen in the regionally associated plutonics {see Table 1).

R )

Fig. 15 Exhalite horizon (a) {top} 2 km east of Qverste
Nesdvatn. Stratigraphic sequence is complex and made up
of graded tapilli 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 Bldhammeren. Scale in cm
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A comprehensive programme of whale-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 sadium, which has evidently occurred in the whole range
of the volcanic suite.

The chemical discrepancy displayed by the velcanic 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,”8.77 Sundius 96 and Vallance, 5279 amang others,
and it is clear, after the review of the problem by
Vallance, 8970 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 ta doubt that the
spilitic character of the Skorovas volcanic sequence is the
result of metasomatism, which accompanied the sea-floor
metamorphism of the voleanic rocks during Lower
Ordovician times. This metasomatic alteration by cireulation
of heated sea water changed the chemistry of the rocks,
notably enhancing the Na; O content and concealing the
natural magmatic consanguineity of the volcanic and
plutonic rocks.

Magmatic affinity of Skorovas eruptives and their
tectonic significance

The relative mability 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,? 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 8 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
basaitic rocks collected from various defined oceanic and
island arc environments.

Sixty-nine basaltic rocks from 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.*® 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 Skarovas district concentrate in the field of
island arc tholeiites with a notable trend towards the field
of calc-alkali basalts, {t 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 are tholeiites is regarded as a con-
firmation of consanguineity in the groups of basic plutanic
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.’??® Mareover, a know-
ledge of the field relationships in terms of the chronology
and relative volumes af the eruptive rocks at the plutonic
and volcanic levels confirms this view. Little quantitative
information is available concerning the relative volumes of
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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 Skoravas area, notably basalt > andesite > dacite and
rhyolite {or their spilitized equivalents). In the case of
mature calc-alkaline arcs the relationship is of a distinctly
different order — andesite 2 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 isfand arc of Lower
to Middle Ordavician age formed within an ensimatic setting
peripheral to the Laurentian or the Scandinavian craton.
The eruptive sequence, its magmatic evolution terminated,
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; %24 the tectonic transport in-
volved in the process of emplacement is estimated to have
been at least 200—250 km. 76.17.63.64

Skorovas orebody and peripheral exhalative mineralization

The description of the voleanic host rocks given above
confirms the association between the Skorovas arebody and
an eruptive sequence originating in an immature ensimatic
island arc of Lower to Middle Ordovician age. It isappropriate
to consider the morpholegy and mineralogy of the ore deposit
and the peripheral exhalite mineralization of the Skorovas
region in terms of the exhalative volcanic hydrothermal
origin proposed for it by Oftedahl.#142

The orebody is situated within a part of the volcanic se-
quence displaying distinctly calc-alkaiine 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 orebady with respect to the acid
horizons is difficult to establish owing to the disjunctive
tectonic style, but there is no doubt that the association

FROFILE T3

£ow 8

Fig. 16  Two sections of east orebody at profiles 59 and
73 east—waest situated 140 m apart along morpholagical
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



between ore and keratophyric extrusive rocks is intimate
{see Figs. 4{a), 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 preduction in 1952 until
197576 approximately 4 700 000 tons of ore were milled
to produce pyrite fines with an average grade of 1.2% Cu,
1.8% Zn and 45% S. 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. Itis a difficult prob-
lem to assess the average grade of the mineralized body as
a whole since this clearly depends upon the geological-econo-
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 2 Pb. Zinc content is of the
order of 2 wt % and Cu < 1 %.

Structural 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-

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 m. 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 fongitudinal division into an eastern
and a western orebody. This division may reflect 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 29 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
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structural interpretation zinc-rich level 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 arebody 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 fram the al-
tered basic host rocks — andesite, basaltic, andesite arid
basalt. The schistose tectonic envelope is shawn 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 histary of structural deformation within the orebody
can be summarized as follows:

(1) 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.

(2) Periods of post-schistosity deformation produced
folds of various scales. In the immediate contact
zone small falds 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 defarmation in the Skorovas region. This is
shown in the isometric projection {Fig. 16).

(3) 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 apen 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 stratigraphy within orebody

The bulk compaosition 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 oceurs
in much smaller amounts, and arsenopyrite and tennantite
occur locally as accessory constituents. This mineralogy
accounts for the average range of trace and miner metallic
elerments 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 B um in size in arsenopyrite from peripheral
parts of the ore. The principal gangue mineralogy of the
are 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 202141 has confined the choice
of genetic models for the arebody to the following
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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-

bedy 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. .

If 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 292" conducted
a systernatic 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 resuits 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 zine
showed an increase towards south of the orebody. In the
southern part Gjelsvik noted that zine, 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 compasition is
essentially pyritig, with minimal base-metal content. The
analytical data prove a systematic variation in base-metal |
content both taterally and vertically within the orebody, and
this is confirmed by petrographic studies and field
ohservation.

In the course of the present study it has been possible to
recognize facies of the ore that are probably of chemiical-
sedimentary origin and those which are essentially tectonic.
The pattern described by Gjelsvik 2927 grobably reflects
the influence of both processes. The primary textura!
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). Itis 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{D). Figs. 18{4) and 18(8)
show that the deformaticn 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 eataclastic
degradation. This mechanism has been described as macro-
scopic ductility by Atkinson,’ who has also shown that
cataclasis is probably the only significant deformation
mechanism avaiiable 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 polyerystalline pyrite is strongly and inversely
dependent on porasity. Large volumes of the Skarovas 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



narrow zones of cataclastic flow within which much of the
tectonic strain would have been accommodated. In 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 b in Table 2. The typical foliated texture of this ore is
shown in Fig. 18({D), 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 in Table 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 magnetite 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.30

The detailed palinspastic reconstruction of the lateral
and vertical facies variation within the complex Skorovas
orebedy is the subject of a current study by Reinsbakken

- - o .'-‘-. - -
Fig. 18 A, Typical compact 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 tectonie 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 chiorite
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and will not be discussed further here. It may be said,
however, that the zonal distribution of copper and zine
within the pyritic mass suggests that precipitation of the

ore minerals could be explained in terms of an evolving
chlaride-complex mode! 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 ] 7

s 486.80 47.20 38,90 4228 27.50 51.10
Cu 1.09 2.30 0.99 079 147 006 020
Zn 0.15 0.80 390 9.33 4420 002 041

Pb 0.03 0.04 0.056 004 400 0N

1, Massive pyritic ore (27 samples}; 2, copper-rich ore {14 samples);
3, banded magnetite-rich pyrite—sphalerite ore with carbanate (18
samples); 4, pyritic zinc-rich ore at stratigraphic top of orebody (13
samples); 5, Zn—Pb—Cu—ich peripheral ore — probably a tectanic
facies (2 samples; 6 massive base-metal-depleted pyrite or ‘vasskis®,
Havdalsvatn (1 samptel; 7, relatively enriched pyritic ore, Skorovas
{30 samples).

zonation within the Kuroko deposits.®® The applicability
of such a model depends on the existence of conditions such
that the metal- and sulphur-enriched hydrothermat 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.5* [t 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 theary of exhalative-
sedimentary ore genesis expounded by Oftadahl in
1958,4142 who carried forward the concepts formulated by
C. W. Carstens 78 in his studies of the Leksdal type

of sedimentary sulphide depaosit in the Trondheim district.

Oftedah! 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 main characteristics of the extensive peripheral ex-
halites are noted below,

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

{2} 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.
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{3} The sulphide facies are characteristically improver-
ished in base metals other than iron and manganese
(see analysis 6, 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 voicanic centras.

In the course of such a process rapid and complete mixing
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 hydrosaols in
suspension. The hydrosals will have suffered greater dis-
persion than the pyroclastic fragments and by subsequent
settiing will have produced & thin stratum of iron- and silica-
rich sediment that extends well beyond the limits of the
latter. [t is for this reason that the extensive exhalite hori-
zons are so named. They also constitute valuable time-
stratigraphic markers within the intrinsicaliy 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(5).

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 & complex
cyclic stratigraphy in which tuff bands are intercalated

{b)

Fig. 19  Scheme of interaction of hydrothermal brines
with sea water {a} {top) (after Sato 34} and schematic
eruptive and hydrothermal events in Skorovas volcanic
centre during climactic dacitic episode (b)



with iron-enriched chert bands that show a complex miner-
alogy, including stilpnomelane, iron-rich amphiboles and
chlorites, together with a spinel, commeonly of magnetite
composition (Fig, 15{a)}.

Carbonate - nch
basallic pdlow lava

Jasper

Isiderite -hematite of lacal occurrence | _
Magne!ite, Fe- chlorite, sidgnomelane

02-2m
Banded pyrite . magnetile |@
I
&
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Mass:ve pyrile r"
T ' Dacitic utf to aggiomarate -
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[
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Fig. 20  Ideal section showing products of single event

dispersal in extensive exhalite as observed in vicinity of
Bl&hammeren centre

As well as being valuable time-stratigraphic markers, the
exhalites may be developed as a tool in identifying 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

1t 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 geclogy 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 voleanic ievel, 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-Hést in 1932.% The present study has shawn
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 ecanomic 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 alsa 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,”  and Murphy 38
has described fault-bounded back-arc basins of Tertiary agein
Indonesia that contain up to 8-km thickness of clastic sediments,

which were deposited under subaerial to shallow marine condi-
tions. Itis, perhaps, a debatable exercise to attempt to correlate
the timing of such movements, which may be intrinsically of
intra-arc origin, with tectanic 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 isolated margins of the cragenic
system.3
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SKOROVAS GRUBER A/S

Skorovas Gruber is a pyrites mine belonging to the Norwegian
industrisl company Elektrokemisk A/S. It is situated in a
mountainous area on the 65th latitude some 115 miles south
of the Arctic cirecle znd close to the Swedish border. The
average altitude of the deposit 1s 2.000 feet over the sea
level In an area where the last scattered groups of pine and
bireh vanishes, to be replasced by heather and moss and other
unostentatious representatives of the aretie flora. Due to
the near vincinity of the North Atlantic, the weather is
frequently rough and the snowfall during the winter season
is ocecasionaily very heavy.

The Skorovas deposit was purchased by BElektrokemisk A/S in
1913. Two other deposits in the same area, Joma and Gjersvik,
had previously been aequired by Elektrokemisk in co-operation
wlth a French group of investors, and constituted as a separate
company under the name of A/S Grong Gruber. This company was
taken over by the Norwegian Government in 1918, while the
Skorovea deposit remained in the positidn of Elektrokemisk.
TheJoma—amd Gjersvik depositg are not yet brought into opera-
tion, but pzepaxatozy_wonkﬂismnow goigg an in tpg Glersvik

Cra’lsonr ) Grerdy

deposit—amd the Governmeﬁf*plans to- opendthélmine
operation within a couuple of years.

f

Due to difficult market conditions, transport difficulties
and the outbreak of World War IL? the exploitation of the
Skorovas deposit had to wait for years. In 1950, after some
preliminary work, Elektrokemisk decided to put the mine into

operation, this bei }he result of an approach from O E E. C._ﬁb

Al 2 3
who predicted a psnmanenx shortage of sulphur on the uonld
market.,
- > - 3 »—J’ A"‘co' .r./-lt
0/54‘7« pecees F ol P L e asd ~
The first shipload of pyrites from Skoroves was-exported- early
in 1953, and since then the mine has been worked continously
ol Tod V.o
with an annual gu-t-put.’ufmto 150.000 Zong-tons. 4 (¢4
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3 - - - ?//C oAty Atk il
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Beesnse of the nvew cosmpebitive sibusbtien on the sulphur market,

Ao 4
Skorovas Grubdfnﬁas reduced its output to a considerable degree,
! i

the export in 1959 amounted to & 7 oo

The Skorovas“&qposit has the form of an elongated lens, compareble

to 2 hand with‘hhg palm facing upwards, 500 m long and 300 m

wide, end with a thickness of nearly 4o m on esn average. Over

and around the main-&eposit, gseveral smaller deposits asre found.

The quantity of pyrites.is calculated to an amount of 7,3 million
_3eng tons. The ore is parftly cupreous (47% S end 0,8-1,4%% Cu)

and partly low=cupreous (47%.S and 0,1-0,6% Cu). The ore is

worked with the most modern outfit. Longhole drilling and the

slicing method is used. The output per man/shift is about

lo,5 tong.

Due to the extraordinary rlbgness of the ore, the eonsentrator

is comparatively simple. A gbqg part of the ore is ready for
sale after crushing down to:8 mms_ The rest is treated in a
Heavy-Media plant, and the finefraction is separated by Jig-

and table washing. Plans are now be}ng prepared for an extention
of the mill with an additional plant for bulk flotation of the
poorer impregnations. As-the ores in thé‘qhole Skorovas and
Grong srea are character<zed by their fine grain, selective
flotation is very difficult to perform.

' The most spectacular feature of the Skorovas Gruber is the
airial ropeway which brings the pyrites from the mine to the
company’s own harbour installations at Kongsmo in the Folden-
fjord, a narrow seaway leading deep inland from the Atlantiec
Ocean., Ropeways may have been built with more imposing lengths
than this 45 km transport line, but it-seems-uniikely-thet
;ngsnaa-;32¥69 ways sl ha¥ito endEF more difficult operational
conditions. From an altitude of W7 m at the pit head 1t
ascends to a maximum sltitude of 660 m, passing several valleys
and mountains st varying heights until it reaches the fjord.
_Ihe-ropewayﬁis{ﬁivided in 3 sections with a total of 170 gal~-
vanized steel mests. jtt csrries 600 carrt‘g”Tﬂﬁzﬁﬂ,w}Efgﬁg st
capacity of 750 kg, The speed is 2,8 m per sec. shd the dis- 4 oo
tance between the mine and the harbour is covered in 4§ hoursf%?f
sfroans  Wra S Ui
Heavy snow falls and -the rapid chsnges in humidity and tempera-;.:z.
tures with severs icing conditftoms caused serious difficulties
during the firﬁz_couplerof winters, and a series of adjustments

had to be made. -The system is now working satisfactorily, and
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the transport is carried out without delay.

In the Kongsmo harbour there 1s storing accomodation for
about Yo.o000 tons pyrites, and loads of up to 5.000 tons on
a single keel may be delivered. The loading capacity is

['qﬂlf/#$
250 « 3Joo tons pér ‘hour.

The main s for the output is Sweaen -and West-Germany.
Smaller amounts are eXperted to eastern markets. e ——

>

\ .
In the lonely 11 tle valley around the Skorovas deposit a
plsasantdgiilzgh has taken shape. The houses are all modern
and very comfortably equipped. Thereare--hestels- for bacheloray
amployees»and—labeurars. Tho social life is excellently served
with a @Ommunity house cemprising—a—mo&ernmtheatre——a-restaurunt,
a—gymnasium and rooms for meetings and,gaEQS—*-i medern well
equipped school has been built for the children, of-the-people
omployedv The-ehtidren-now-atteniing emount ‘t'ﬁ‘IIb. There-is
an—interimietic church; being used-while plans -for-a—permanent
churoh-are prepared. Tihe county physieisn-hes-his residence in
the-villsage,. and a.ward and.a.nurse, provided by the.mine,-4s at
his-disposal. The ehildren are-under permanent -dentel-control,
and _this service will prerently be.sxtended to-the grown-ups.
The whole population of Skorovas 1s at the time being sbout
500.

oooooooooooooooooooooooooooooooo

X

\\//,Elektrokemisk A/S, the owner of Skorovas Ghuber, was founded in

1904, in order to create new industries based on Norwegian
ol AR PR TEI T

hydroelectric powefﬁgnd“ﬁarwegian ppfég%é. This was actually
brought about by the development of a method for the fixation
of nitrogen from sir which had been discovered by the physicist,
Professor Kristian Birkeland in cooperation with the industrial
pioneer, Mr. Sam Eyde. Financed by snd under the leadership of
the new company, this method was developed on an industrisl scale,
and the foundation was thus laid for the powerful Norwegian
nitrogen industry which was further expanded by Norsk Hydro-
Elektrisk Kvalstofaktiasselskab.
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Since 1ts foundation, Elektrokemisk A/S has pursued its original
goal. It has laid the foundation for new and independent activi-
ties - expanding industrially in various directions. Elektro-
kemisk A/S has carved a name for itself throughout the smelting
and aluminium industry of the world by introducing the famous
Stderbergz electrode and Flkem smelting furnaces -~ well known and
adopted in all countries where industrial programmes embrace
ﬁ%ﬁﬁéﬁZSE’or ores by means of electrlic power.

Today Elektrokemisk’s activities can be divided into the following
groups:

Purther development of electric smelting equipment and processes
within its Research and Development Department.

Consultant work, design, salas of furnace equipment and complete
plants through its Engineering Division.

Produetion of ferro alloys and electrode paste at its plant
Fiskaa Verk.

Production of pyrites at its minq’ﬂ the Skorovas Cruber.

Production of insulation materials at its factory, the Steinull-
fabrikken.

Production of raw aluminjum at its plant, the Mosjden Aluminium A/S
in cooperation with the Swiss firm Aluminium-Industrie-Aktien-
Gesellschaft (AIAG).
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Blektrokeniak A/S
Skirovas Gruber
Skorovas Mines

Skorovaa Gruber is situated in the wounteins ou the east side of
the upper Mamdnl wvalley, GA” N, lut, about 2000 feet (600 mebers)
sbove sea level and close tu the Norwegian/Swedish hoarder im
Namsskogan coswunity - Nerd-Treddelag fylke, The mine {s 1685 wilas
{270 km ) morth of Trondheim, other distances are: Ts the mearvst
eity, Namsos, 68 milen (110 km) tu the nearaut sirpsrt, Vernes,
150 miles ( 240 law ) snd to the nearest railvey station,
Lasaomoen, 15 miles {24 k),

Tha entrance to the mine is from & kil ig;‘HEHEH feetl ( G2% mebers)
above sea levol, The mill and ths =ii=fpYant facilitica are
situated oo the hillside on terraces below Lhe mine sntrance,

The mine village in bnildt in o swall valley close to the plaut,
fairly prolected by some pine- and ‘Birchtreses ia the upper limit

of the forest, about 1050 feol (500 maters) above sea leval.

The firat geological description of the Skerovas ore deposic, wvan

made ia 1873 by statsgeclog lisuay from the Nurgew Gesloglake
Undersskelasr.

Elekirokemiak A/S bougt the mining righis to all major ore deposita
in the Grong area in 1912 - 1915, Near thes end of World War 1

all these rights were nold io the Norwegims Govermenl axcept Lhe
rights of the Skorecva depoait,

The upper Namdal valley got ita mein Sighway, the 11 6 , with
conneciion to the soutliern Norway about 1923, and shont 15 yearss
Iater Elekfirokemisk A/S finished the 12 milea(20 ka) cond
eonneotion from this highwvay up to Skorovas, The natiovuasl rail-
way up through the Kamdal wvalley opened in 1040,

Aftesr exploratiups since 1911 the developmant of the Skorovas-
vrebudey started late in the 1930-yaara, After a ahort stop at
the beginning of World War 11, the development work was continued
during the wvar., The nustable markets after the war, cnused the
work to be disconiioued for some years, but from the late 1540~
years the dovelopmost wss again intensified and the mine and
plants vere ready for regular produatiosn in Mevember 1938,

The access to the orebody ia through s 8000 feet horisontal adis
from the hilleide, and the me jur part of the orebody is above thie
level, Tle& ore below this main level is released by two internal
inelined shaftu,

The mining is based on open tramavers stoping in up to BY feet

(20 meters) wide wtopes, leaving 9 meters (30 feat) pillmrs
between the stopes, The 2." diameter drill holes up to 115 feer
(35 meters) bong, are drilled by heavy equipwent from safs working
places, Through the year 33000 feet are drillod which Londed with
about 20000 1bs exploaives breakes about 160.000 metric toun eof ore.
45 mean work underground with an average production of 16,5 tean
erude ore per wan and shift, The norwal production psr year i4
sbout 200,000 tonn crude ore from underground, which equala

about 160,000 tonu cencentrate. The ore is slushed from draw-
points under the stopes te 10 toom ore-cers and bauled by

elsctric battery woters and duwped into the coarss eore bins,

All the crude ore iz orushed to minus 2%, The coarser part of
this crushed ore is treated in n sink and float prosess vhere o
mixture of finely grained ferrosilicon and water is made Lo n ‘pulp,

en with a speallick gravity of 3,2. In thkis
saapension the heavier ore sinke to the bhotiom of the vesasl and



the lighter walst rock "floats®™ off, The finer part of the crushed
ora is trealed by jiga-,tablep and in a floatition section. '

The concenirate from the mill jia dumped into & large bins in the
mountain and from this bins loaded diresctly inte ropswsy buckets,
The tramway has & capacity of 50 tonn per hour and transperts
the ore 27 miles (45 km) crosa the country to the neareat fjord.
The tramwsy is divided in J sections, sach 9 miles (15 km) and
with 3 angle stations, The longest free span between supporting
conatructions is nearly 3300 feei (1000 meters).

The highest point on the tramway ia 2160 feet sbove sea lewvel, At
all times 300 bucksts sach with a 750 kg (3/4 tona) payload are
on thelr way t. the eoast, and 300 smpty buckeis on their way
back to the minme,

In total 8000 ball- aad rellerbearings are moving when the tram-
way is romning,

Aftor dome Initial diflicnliies in Lthe Tirat years the rogolarity
of the trawway is brought up to 758, sll stops included (storm,
meinteunnce and breakdowns) in spite of a rather unhospitable
Iandnespe nnd long stormy winters, If may be worth wentiovming
that the snemymeters at the moal oritical places will shov wind
velucitivs of bherrycane strenghbh (62 kuptng not anfreguently.

The tramway ie in full epeed up to stromng gale force (40 kn¢tl].

The chlpping port on Kongsmosn is situnted st the end of the

50 ailen(80 lm ) long and narrow Follafjordeu, The storage bius
have a capaciiy of 50.000 tonn, thereof 25.000 tonn protected
againat fraexing (in the wintertime) inm biue mined out into the
rock. Net loading capnoity is 300 tenn per hour, After having
widoned some narrows ia tha Ljord, ships up 4o 11,000 tonn are
loaded at the port.

The fotal preduction is exported, at present mainly to Yeat-
Germany and Sweeden,

The Skorovas village has 137 family homes, an appartmenthouse
with 40 single-room for onmarried workers, & similar houae for
the uasarried stafi-people and slsc & guest-houase,

Beaidea the community public acheol with 85 pupils, the company
runs & privat junior high school with abont 35 ztudants,

The company hnz slso buildt a community heunss with set-np

for theaire and movie performences, oluob-rosas for the difforent
local sctivity-groups, reataurant, library, etlsthick-hall,
dentist-clinic, lady hairdresser, sto,

Resently a nevy hoated iundoor swvimming pool ies finished.
In 1965 wap bnildt a sm&ll ohurch

The health-serviee district-dochtor §s living and bes his office
in Skerovas, aud two ambulances are located at the minme., The
neares hoapital i in Namsos.

Skorovas Gruber employs in total ca, 210 people, labours and
stafi, Aboul 185 of these are living in the mine willage. With
their families and together with people employed by the
cooporative store, mchool, posteffice etc,, the totml populationh
is & little sore than 550 people,
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i &x2 Ore Bins & ca. 800 tons

Fra gruber 2 2 Rossfeeders 6 Chains, Motor 5 PH,

lektronen ; o 3 Jaw Crusher Blake 11,900 x 1200 mm.
= E :;7 250 t/h, Motor 122 PH,
: » 4 2 Vibrating Feeders 300 x 1200 mm,
fﬁ),/ Motor 3,2 Fi.
ST ANAT O 7/
O ! - < S 3Belt Conveyor 26", Speed 1 m/=ek,

- q
: l“*" G Lifting Magnets for Tramp Iron.

oppredmingscniegget

7 Plate Screen 13" x 13" Holes
Motor 7,5 HP, 300 Strokes/min.

8 %.1/4’ Standard Symon Conecrusher,

Motor 12z HP, Air Veaniilatos.
5 m3/min,

© Belt Conveyor 22", Speed 1 m/sek,
10 Belt Ccnveyors 20", Speed 1 m/:ek.

11 Ore Bin, L-rooms, 450 tons.
12 Roller Feeder 1/ HP, 10 RPM,
13 Belt Conveyors 16", Speed 1 m/sek,

14 2 Adequate Welghers, 150 t/h and
120 t/h.

'S5 Allis=Chalmers %’x10¢ Double Deck
Ripl-Flo, Vibrating Screen
12x12 am. and 6x6 mm,Meshes,
Motor & PH.

16 Akins Separater, 26", Cone, t/h
5-1C° RPM, Motor & HP,

17 Allis-Chalmers M!x16? Double Deck,
Low~Bead-Vibrating Soreen
8x8 mr. und 1x12 mm.5tainl.Steel
Motor oU HP,vibr.Mechanism 9,

18 2 Wilfley Pumps 24" 650 1/m. and
750 1,/uin,

19 Dings Magnetizing Llock 120

20 Dorr Thickener, 2 moZ x 1,8 m.
Motor 1,5 HF, Valve Linatex 3",

21 2 Magnetic Separators, Sydvaranger
Drum Type 600 @ x 475 mm,
1/2 HP, 4O RPM,

22 Akins Densifier, 24", Motor 3 HP
ca. 3 RPM,

23 Demagnetizing Coil, 6",

24 2 Dorreco Pan American Placer Jig
2x36"x 16" ca. 120 Strokes/mi;.
Motor 14 HP,

25 2 Rubber Lined Vacseal Pumpsg 2",
26 3 Deister Cone Baffle Classifiers.

27 3 Deister Plat-0 Ore Concentrating
Tables 290 Strokes/min., - HP,
28 Dewatering Machire,

29 Nordengren Vacuum Pan Filter Kap,
10 t/h. Speed W4=300 em/min,
Sadivar Ge:red Motor Variator
4,795 HE,

30 Pure Ore Bin 250 tons.

— D
34 31 Concentrated Ore Bin 500 tons.
32 4* Short Head Symon Conecrusher
Hotgr 122 HP, Alr-ventilator
' ‘ 5 m3/min.
& ! { !

Tid utsii snisgshayn 33 2 Wisbech Vibrating Screens i 3 m2
| Motor 4 HP, Meshes 8x8 mm.

34 3 Bins a 5000 tons for the Ropeway.

35 Ropeway-~Wagon, 750 kg.Pyrite
Ropeway &5 Km.,Kap, 50 1?h.
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The Skeroves; pyrite mine, Srong srea.

The Akoreovassdeposit belongs %o the saxe gruup us te Lakisen
dgpeePt, bLeming a dase metal LEpring pyrite daposit iv spilitic

gresnstonsy inluiuqtho only sne g0 far put iants preduection 1in
the Greng area. q

For the éZf;hJu-; The gresnschist formation at Okerovess can be subdivided inde

rnfdeial Cnuarus’
TC?’J-‘J- Alasy
prapaacd a hepe
- Sﬂi;‘as
chep st (1),
whael is To -..—rJ
4*{01' dedails .
Gl a Shorf -
c-zl«:ld- (2N 3:'-'*-\
bene .

3 parts:

1, Xkmyx at the base, banded, limy greenschists of clearly sedi-
wentary origin, containing bdblue quartzités with small "vasskis”
bands, t—localittyi-end 2 ia tha mine willageiv

2, alternating greenstene flows and pyroclastics, some ef which
are keratophyres.

35, E the upper part, within which the depoait is situated, main-
ly spilitc flows ( amygdales commomly noted) and sowe thin,inter-
calated keratophnyre beds,

A band o frendizkuX hjemite seperates the twe l¥west formations
and forms an extensive contact zone of hybrid greenstones,

The top of the mou~tain north ¢f the gine village consists of
gabbre containing & amall depesit of ntckgiferous pyrrhotite.

The pyrite depesit consists of one lang°EXd s number eof

small satellites in close proximity. The former is 6oo-Teo m long
and 200-300 m wide, and of very irregular shape, perhaps best

describved as a system of closely spaced and interconnected lenses,

with tne largest dimention parallel ‘o the strike, which is north-
south, ( ee the longitudinal and transverse sections, fig )
The smell ore bodies are gensrally flat lenses , conformable to

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

too, is generally conformable , In the tppering bifurcations,
however, cros;Eht‘ing contacts are frequently observed,Rapid lateral
trmination 20f even thisk ore Bwds is notad?‘evernl places,

In the sedimentary greenschists, small, isoclinal folding 1is
observed, but generally the series appear only slightly folded,a.f
a flat dip towards east prevails in the mine area, Post ore fault-
ing occurred, resulting in small displacements and abundant
slickensiding,of ore fragmwents,

Owing te a distinct variation in grainsize and mX ;roper’'ions

of the mfnerals,the ores is commonly banded, and again in conformit)
» 3(‘;4.-»\. sfeacy . (€ Inodé ﬁ.afb—mwncq{ -‘a-»‘...t" s
with th- schlstozityor the

Sreonfitenes; YRSl FROTRUBEAM: POUIM DL Ine

is caused by zinc rich layers, Lswedy,, Fhe ow s rmassiie el JUEE ~
grained, but in the northern direction it grades inte coarsegrained

lowgrade type. The ore minerals ars pyrite, chalcopyrite and sphale



* 2
rite, with subordinate amounts of tennantite, magnetite, arseno-
pyrite and galena. Netably sbsent is pyrrhotite. Pyri}o is clearly
the eldes sulphide, being rep1.c.49£¢é2§;(%38‘%€hi w::o:f
The gangue consists of chlorite, quartz and calcite.Veins
o#.coarlo quartz,cnlcito and chalcopyrite, sopmetimes alac sphaler-
ite, but rarely, if ever, pyrite, interssot the masslve ore in place
es,
wallreck algeration is distinct, although irreguier, and
includes chloritization, sericitization, silicification, carbiﬁtl-
zation and talc fermation. Mostly the contact between ore and schist
is very sharp, but net infrequently an impregnated contact zone
is present,
In the central part of the ore body,the sulphur centent is
high, and Bey exesd So per cent over considerable thickness,Conse-
quently, the content of Cu anikﬁi—is very low in this part, Tumx
as /s “and ulse in the northern p;rt‘consilting of coarse impregnation
or ¢ this holds. Tof?dc the scuthern end of the deposit, howaver,
the amount of both petals increases suekyg greatly, exhibiting an
EnkkpukhEkix typical zonal distridution, with ocepper EENEERXIXY
uuéxztnix:;lxt enriched in the central, and zinc in the marginsl
parts of the ore body { fig )e
S.Feslie | 2 ) who made the first detailed investigation
of the deposit, considered 1t te be epigenétic, faxuudxiy(hydre-
thermal wetasomatic), whereas Chr.Oftedanl ( 3 ) recantly
suggested an syngenetic oragin | aubvolcanic-exhalative).
The genetic question is not definitely settled, but the present
suther ( (=« ) is in faver of an epigentic origin, although he
ginds it prematurs to state whetner it 1is formed bY nyixsRyENEX
rpplacomentbim pageatic xx .'12??3&P?:1 or by remebilization of
st syngenetid deposits during 0Tog nesis.
j. The visit te the mine will include crosscuts showing various
types of ore , and contact relationships., Qutcrops of massive and
' disseminated ore, a8 well as the surrounding schists will be
studied.

ngferences,

1. Gjollyik,T. The Skorovass Pyrite Deposit, Grong ares, Norway:
XXI Intsrnational Congress, 1900.
2. ?ollip,s. Jxorevass kisfelt i Grong: Norsk Yeol,Tidsskr. 19 ,19
3. Oftedahl,Ohr. Oversikt over Gron.feltets skjerp og nalnforok;nc
. or:Norges Geol. Undersak. ,202,1958.
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I

Skorovas Griaber ligger 1 et kupert fjellterreng pd estsiden av

@vre Namdal som er senteret i Namsskogan kommune. Kommunens areal

er ca 1400 km2 og med en befolkning pd 2200 eller 1,6 person pr. km2
representerer den ett av landets tynnest befolkede strek. Hoveddalen
ligger omlag 150 m.o0.h. mens de heyeste topper omkring Skorovas glr opp
1 1000 meoshis Der ereesee ete.

II

"Grongfeltet" som er nevnt ovenfor er et omrdde innen den kaledonske
fjeXlkjede, som er karakterisert ved mektige dekker av grennsten.
Vedrerende kisens dannelse (genesis) kan man kun konstantere at man

ikke har noen sikker antagelse, men der er fremsatt flere plausible
teorier. Kisforekomstene i CUrongfeltet ligger alle 1 Grennstein, en basisk

lava (===-== ) som antas & vere rent ut under vanne

Skorovasforekomsten har sin hovedakse liggende N-8. Den nordlige del
stikker frem i dagen oppe p& shaufjellet, og da den her er formet

som en 300 m bred plate, har det dannet seg et sterre rustfarget felt
som er synlig pd lang avstand. Mot sydm deles kisplaten i flere
parallelle linser, hvorav den mektigste fortsetter som en sigarformet
kropp til ca =-----m fra utglendet. Mineralselskapet er svovelkis

med mindre mengder kobberkis, zinkblende, kvarts og klorit. Mer
sporadisk forekommer megnetitt, kalkmarmor, fahlertz og arsenkis.

Magnetkis og blyglans er ikke funnet og edelmetallinnholdet er lavt.

III

Malmen brytes i skiver som er lagt tvers over forkometen. Skivene er
opptll 26 m brede og forelebig settes igjen 9 m brede pilllarer mellom

de utbrudte rom. For brytningen brukes "langhull" - lengce opptil 35 m -
gom bores ut med tunge spesialmaskiner og skjotestenger, fra lett
tilgjengelige og sikre ("safe") bvorsteder. Arlig bores ca 10.000 m
"langhull'" gsom ladet med cas. 12,000 kg sprengstoff lesner ca 160.000 tonn

melme



Iv

Mon md selvfelgelig ta i betraktning at driftsforholdene ved utenders-
anleggene 1 Skorovas ig i s&tdeleshet taubanen, er preget av det

sterkt vekslende og tildels harde klima, og det kan nevnes at

taubanens vindmAlere som er plassert pd s®rlig verharde punkter,

ikke sjelden regilstrerer vind av orkans styrke.

v

Skal man her nevne hjelpeavdelingene?
Mck. og el. verksted - telefon.

Egen bygningsavdeling

Snebreyting etce

Analyselab.

VI

Grubeanlegget med taubanen beskjeftiger ca 220 arbeidere og
funksjonerer. Av disse er omlag 185 bosatt i Skorovas, og med si e
familier gamt noen f& offentlige funksjonmrer utgjer de en befolkning
p4 ca. 600,



The oredeposit of Skorovas was before
comensement of mining beleaved to consist of pyrites of
a fairly uniform quality with about 1,5% copper in ealeo-
pyrite and 1 to 13% zine in galema.

Our developmentworks have however shown that
oregrades and contents of metals will vary considerably in the
different parts of the mine.

Roughly the deposit can be deseribed as a
nearly horisontal rulershaped bedy laying nerth-south with
a slight tilt to the east.At the northern end where ore outecrops
we have a coUrse low grade pyrit in quartz with little copper and
zine. lloving southward the ore graduslly changes to solid pyrit
split up by wedges of greenstone and with great and uneven
variations in content of copper and zinc even in the same
erossections. In the southern half of the deposit the ruler
narrows and the shape of the orebody can more correctly be
compared with a pencil or a cigar. Here we find a core of
good grade pyrite, fairly high in copper and low in zine,
but around this core the pyrite is of lower grade with less

copper and mueh richer in zine. Com?cn characteristies for
Ypsarie

4
all gradeds is the absence of leadninerals and pyrrhotite.
It may also be mentioned that the ore containg little silver,
only traces of gold and cobalt and about 0,05% arsenic.

fresent mill-faeilities include a heavy
media separation plant, jigs and washingtables, which machinery
only can perform a mecanical seleetion-of oreminerals and barren
roek. In the long run this will clearly not be setisfactory,
ags we can not benefit-of the diff<rent kinds of oregrades
to the full extend. This as much as our customers have
different derands as to metal contents, and als¢ because
we should be able to supply potential new customers with
the product they are demanding, as far as our raw materials
make this possible.

Present plans include building of a flotation
plant in connection with our present mill installations. At the
same tire we will go to finer crushing before heavy media
separation, and we will also instal further jigs working in
millsircuits before flotation.



In the mine there is developed = system of
longhole slicing by which we are able to brezk and load
different oregrades selectively, and with close cooperation
between mine and mill we aim to produce and market the
following produects:

Cupreferous fine pyrites with medium contents of copper and
it n L L] hlgher n i ] " t
Noncupreferous™" » " medium contents of 2zine

Bulk flotation consentrate with copper and zine
Flotation consentrate very low in copper and zine

zZine



ELE.TROKEMISK A/S
Skorovas Gruber

The mine,

Geology: The ore occures in a Greenaestone formation
originally submarine apilit-lava-flows, with horiszons of volcanic ash
and tuffs. Our theory ia that the ore has been deposited chefely
along mentioned ash-tuff-horizons by lowtemperaturmetasomatic activity.
Mear the ore the greenestone 1s choritisised and chisty.

The orebody has a core of purs pyrit (48-507 S) with
some copper in calcopyrite, but it is at the outscirts split up by

wedges of barren rock and the ore grade is lower.Bt %
also occures several smaler lenses d bottuslof the main orebed

and irreagular parties of low grade ore,

As the %éggaggebody is flatlaying thergﬁs no definit
"gtrike" or "fall", T has a cigershoped cross-section

thin éng out to thebouth and to the north widening to a plate fhat
partky cropes out and partky changes;$o impoore low grade ore.

)it 1111!_150

The deposite 1s opened by a main addit dividing into
two transportdrifts under the orebody. Most of the ore llies above
these drifts and mining was started in the cigarshoped section and
procaeded southwards, "

We started continued mining with shrinkagestopes
30 feet (9 m) wide, going stright across the orebody and with 20 feet
(6 m) pillars in between. Later width of stope were widened to
40 feet (12 m) and pillars 27 fest (8 m}.

However, shrinkagestopes appeared to be less satisfacto
as the pure pyrites in the middle section became mixed up with lower,
grades from the roof and with greenestone wedges in east and west
stope ands.

A mining system had to be found whereby pure and
impure) ore could be broken and loaded independently, and some
modification of longholeslising was desided upon.

zrom-sma}}Jshrinkagestopes we are now breaking slots
40 feet wide across the orsbody, and these slots are widemed by
blasting sliees 23 fest wide into the opex slot. Both slots and
slices are drilled and blasted in a sequens that anables us to load
out different oregrades independantly.

From bells under slot and slices the ore is sdroptad
through slusher drifts to bunkers delivering into granbytype cars
in the transportdrifts,

Care are moved by battery locomotives to the mine
opening where the cars are emptised ihto bunkers, one for pure grade
and one for washery grade ore,

Effectss Zverage daily output is about 650 tons,

“ine workers (belowe gr.) ﬁO o

Maintenance etc.

O.p. mansh, u.ge. about 11 tona

" mine dep. " 9

O0.P. drillershift in stopes incl. blasting 100 t. (25 m3)(880 quft,)
Scraperloading 150 t. per man and machineshift,
Loading into cars ca. 400 t per mansh.



Sulphur Prospects in Scandinavis = Corrections concerning
Elektrokemisk A/8, Skoroves Gruber, Norway.

The October 1959-issue of "Sulphur" glves under the
heading "Sulphur Prospects in Scandinavia" some information
concerning the "Skorovas Mine" and its owner "Elektrokemisk A/S".

These information are partli misleading and are in the following
corrected and made more explicit.

Elektrokemisk A/S i1s not state-owned, but a private
company concerned with series of industrial activities and
developments. Founded by the indus*rial piloner Mr., Sam Eyde
in 1904 1its intention was to create new industries based on
Norwegian hydroelectric power, raw materlals and own patents.
This initial goal has since beem pursued, and the firm has
laid the foundation for various new and independent industrisl
activities., Elektrokemisk A/8 will be well known to the smelting=
and aluminium industri of the world through the introduotion

of the renowned "Sederberg electrode® and its Elkem smelting
furnaces,

Today Elektrokemisk' activities can be devided into
the following groupst

Purther development of electric smelting equipment and
procesaes within its Regearch- and Development Department,

Consulting work, design, gsles of furnace equipment and
cBmplete plants through its Engineering Division,

Production of ferro alloys and electrodepaste at its plant
Piskaa Verk.

Production of pyrites =t its mine Skorovas Gruber,

Production of insulaztion materials-at its factory, the
Steinullfabrikken,

Production of raw aluminium at its plant, the Mosjsen
Aluminium A/8 in cooperation with the Swiss fimm
Aluminium-Industrie-Aktiengesellschaft (AIAG).

The Skorovas deposit was purchased by Elektrokemisk
in 1913, Two other deposits in the came area, Joma and Gj}ersvik,
had previously been aquired by Elektrokemisk in cooperation
with a Prench group of investors, and constituted as a
separste company under the name of A/S Grong Gruber, This
company was taken over by the Norwegian Btate in 1918, while
the Skorovas deposit remained under the ownership of
Elektrokemisk, The Joma and Gjersvik deposits are not yet
brought into operation, but the government now has plans to
start operation at @jersvik within a couple of years,

To avold any misunderstanding we underline that
Elektrokemisk A/S is & private company and that the Gjersvik
end Joma mines belong to a state-owned company called i
A/8 Joma Bergverk,

Due to difficult market conditlons, transport difficulties
and the outbreak of World War Il the exploitation of the
Skorovas deposit had to wait for years. In 1950, after some
preliminary work, Elcktrokemisk decided 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 European
market.



-l

The first shipment of Skorovas-pyrites took place
early in 1953, and since then the mine has been woriked
continiously with an annual production up to 150,000 tons
a year., As & result of the difficulties on the sulphur=
market in the last years Skorovas Gruber now has reduced
its output to a considerable degree = thus the export in
1959 amounted to 107.000 tons.

The mine is situated in a nontainous area on the
65th latitude, some 200 miles north of Trondheim, and close
to the Swedish border, The average altitude of the deposit
is 2000 ft, well above the highest-growing birches,

The deposit can be deseribed as a flatlying

irregular orebody with the longer axis laying north-=outh,
At the northern end where the ore outorops there i{: a

coarse impregnation of low grade ggyito in quarts with little
copper an zinc. Moving southward the ore gredually changes to
golid pyrite split up by wadgec of greenstone and with great
and uneven variations in content of copper and zine. In the
southern half of the deposit the orebady narrows and the shape
can be compared with a penecil or eigar, Here we find a core of
good grade pyrite fairly high in copper and low in zine, but
arround this core the pyrite is low grade with less copper

and much richer in zinec.

The mine, which is new and equipped with moderm
nmachinery is worked by a system of longhole slicing by which
it is possible to=break and load the different oregrades
gselectively., Output per manshift underground is 13,0 tons.

Moat of the ore i3 of vory good quality and part of
it 18 ready for sale aftor being crushed to minus 8 mm,
The rest is at present treated in af Heavy-Media~plant
supplemented with a jig and washingtebles for the finer
crushed fractions, Present plans include building of a
flotation plant in connection with existing mill installetions,
With this combined plant it will be possible to beneficiate
all oregrades to the full extens,

The most spectacular feature of the Skorovas Gruber
is the airial ropeway which brings the pyrites from the mine
to the company's own harbour installations at Kongsmo 4in the
Foldenfjord, & narrow seaway leading deep inland from the
Atlantic Ocean. Ropeways may have been built with more imposing
lengths than this 45 ¥m transport line, but few ropeways
have to endure more difficult operational conditions,
an altitude of 502 m at the pit head, it ascends t0 a maximum
altitude of 660 m, passing several valleys and mountains at
varz}ng heights until it reaches the fjord, Divied in 3 sections
with a total of 170w§alvanized ateel masts, it carries
600 carriers, each with a capacity of 750 kg, The speed 18
2,8 m per se¢, which gives a capacity of 50 tons per hour.

In the Kongsmo harbour there is storing accomodation for
about 40,000 tons pyrites, and loads up to 5. tons can be
shipped. The loading capacity is 250-300 tons per running hour.

Lastly may be mentioned the mining ocamp, housing a popue
lation of about 500 in well=built houses. On the social side one
can mention a wee equipged clup-house and a modern school, To
make the community complete there only remains bdbuilding a church
which at present is on the drawing-board,



Sulphur Prospects in Scandinavia - Corrections concerning
Elek trokemisk A/S, Skorovas Gruber, Norway.

The October 1959-issue of "Sulphur" gives unier
the heading "Sulphur Prospects in Scandinavia" some informationg
concer?ning the "Skorovas liine" and its owner "Elek trokemisk A/S".
These informatidng are partly misleading and are in the
following corrected and made more explicits.

Elekirokemisk A/S ist not state-owmed, but a
private company concerncd with series of industrial sctivities
and develonments. Founded by the industrial pioner lr, Sam Eyde
in 1904 its intention wes to creste new industries basad on
Yorwegisan hydroelectric power, raw matrials and own pstents.
This initial gosl has since been pursued,and the fim has laid

o =
T R R

the foundation for various new and independent activities,
Elek ro¥emisk A/S will be well known *to the smelting- and
alumirium industry of the world through the introduction

of the renowned "Sgderberg electrode" and its Elkem smelting

furnsces.

Today Elektrokemiak' activities can be devided

into the followling groups:

Further development of electric smelting eaquipmont an?
processes within its Research- and Development Department.

Consul ting work, design, sales of furnace equipment and
complete plants through its Engineering Division.

Yroduction of ferro alloys and electrodepaste at its

plant Fiskaa Verk.
Production of pvrites at its mine Skorovams Gruber.

Froduetion of insulation materials at its factory, the
Steinullfabrikken.

Production of raw Aluminium at 1ts plant, the lesjisen
Aluminium A/S in cooperation with the Swiss firm
Aluririum-Industrie-Aktienge=allschaft (AIAG).

The Skorovas denosit was purchased by flelctrokemisk
in 1913, Two other deposits in the same erea, Joma and Gjersvik,
hed previously been aquired by Elektrokemisk in co-cperation
with 2 Prench groun of investors, =and constituted as a
separate company under the name of A/S Grong Gruber. This
compeny was taken over by the Norwegian State in 10218,
while the Skoroves deposit remained under the ownerchip of
Blektrokemisk. The Joma and Gjiersvik depesits are net yet



brousght into operation, but the gevernment now has plans
to start operation at Gjersvik within a couple of years.

To avoid any misunderstanding we underline that é
Elektrolkemisk A/S is a private company and that the
Gjersvilt and Joma mines belong te a =tate-ovmed company
ealled A/S Joma Bergverk,

Thie to difficult market conditions, transport 4iffi-
culties and the outbreank of World Waw IT the exploitation
af the Skorovas deposit had to wait for years., In 1950, after
some preliminary work, Rlektrokemisle decided to put the
mine intc operatien, thias bheing the result of an approach
from 0.E.E.C. who predicted a serious shortage of sulphur

on the Europesn market.

The first shipmeont of Skeorov=a-pyrites took place
early in 1953, and sinece then the mine has been worked
continiously with an annual prodnction up to 150.000 tons
a year. As a result of the Aifficulties on the sulphur-
market in the last years Skorovas G%ggar now has reduced
ita output to 2 considerable degree,-“the export in 1956
amounted to 107.000 tons.

2 The mine is situated in a monteinous area on the
[7 ;;4ﬁ49 65th letitude, some 20 miles north of Trondheim, and close
——= to the Swedish border. The average altitude of the deposit

is 2000 ft, well above the highest=growing birches. e

Roughly the deposit can be deseribed asg fil nearly

L ?: N horisontzl $u3errhap=2d body laying north-south witﬁha ~
i ;
slight -$ilt to the east; At the northern end where ore /
Theot ja Litpiisaeatoan, - L.
putcrops we-have u_Eggzagng Tow grade pyrihzln quarts
f;mkaﬁﬁr with little coppé? and zino. Moving southward the ore
A

_ ' gradually changea to solid pyrit¢enlit up by wedges of
‘A ( v*‘fyvﬁj =  greenstone and with great and unaven variations in content

#yméﬁohﬁ ¢f copper and zine. In the socuthern half of the deposit the
_-rube¥ narrows and the shepe of throxsbaly can more-eorrectiy
B /. be compared with a peneil or ¢iger. Here we find a core

VJ_',_ V(*), of good grade pyritej fairly high in copper and low in 2zine,
G " but arround this core the pyritef is low grade with less
copper and much richer in zinec,

The mine, which is new and equipped with modern machinery
is worked by a system of longhole slicing by which it is
rossible to break and load the 4ifferent oregraded selec-
tively. Cutput per manshift underground is 13,0 tons.
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Most of the ore is of wvery good auality and part
of it is reedy for sale after bekng crushed to minus 8 mm,
Thﬁpreat is at present treated in a Heavy-Media-plant
suplemented with a jigg'and washingtableg for the finer
crughed fractions. Present plans ineclude building of a
flotation pleant in connection with existirg mill installations.
With this combined plant it will be possible to beneficiate
all oregrades to the full exten#.

The most spectacular feature »f the Skorovas
Uruber is the sirial ropeway which brings the pyrites
from the mine to the company's own herbour installations
at Kongsmo in the Foldenfjord, a narrow seaway leading deep
inland from the Atlantic Ocean. Ropeways may have been built
with more imposing lergths then this 4% km transport 1line, but
few ropeways have to endure more difficult operationsal
conditions. Yrom an altitude of 502 m at the pit head, it
ascends to a maximum altitude of 660 m, passing several
valleys and mountains at varying heights until it reaches
he fiord. Divided in 3 sections with s total of 170 gelvanized
gteel masts, it carries 600 carriers, ecach with a capacity
of 750 kg. The speed is 2,8 m per seec, which gives a
capacity of 50 tons per hour.

n the Kongsme harbour there is storing
accomodation for about 40,000 tons pyrites, end loads up
g i Sl
to 5.000 teons may be 4=liwered, The loading ccpacity

is 250=300 tons per running hour,

Lagtly may be mentioneé the mining camp, housing
a population of about 500 in well-built houses. On the
social side one can mention » well equipped club=house and
a medern schodl, To make the community complete there
only remsins building = church which at present ia on
the drawing-board.



Forxorxd.

To av de store kisforekomster i Grongfeltet, Gjerevik og
Joma, ble oppdaget i hemholdevis 13909 og 1911. Den tredje store
forekomst, Skorovass, var kjent fra fsr, 0§ den ble mutet i 1910.
Dette fsrte til en veritadel skjerpefeber i distriktet. Skjerpe-
perioden resulterte i oppdagelsen av et stort antall sméd og
mellomstore forekomster, men inntil nd er det ikke kjent noem

flere forekomster enn do"fﬂntc. som er sd store at de erasss f("
drivverdige.



ppdaget, og

fumnet, Dette faxt
mell imntil nu er de

el skjerpefeder 1 distriktet,
oen annen forekomst sem or sd

Praktisk talt alle d¢ fumne forekomster 1A innenfor det
davarends Orxemg herred, og malmfeltet Likk derfor namet
Grengfeltet. Dette mavmet har det bibehiolds, til troes for
at det store Greng herr§d 1 1923 bdle oppdelt 1 herredeme
Oreng, Narram, Namsskxogm og Reyrvik. Bdledes ligger nu
Joma- og Giersvikforshemsteme i Meyxvik og lhrevn-fnrcmncn‘
i Vamsskegan.

Den fsxste utvikling av Grongfelset er nyttet til "Det
Foreke Axtieselskab for Rlektrekemisk Industri®, nu Elektro-
kenisk A/S.

Allerede 1 1910 besluttes Rlektrokemisk & ta hindgivelse
PA Gjersvikfeltet. Semt 1 1911 ble feltet exrhverves og under-
askeleen igangsatt, og selskapet £ikk bindgivelse pA Jomafeltes.
Por & fA kapital t11 undersskelsen av Joma- og Gjersvikfore-
konstens og de mange omliggende forekomster gikk Klektroxemisk
Saumen med ot fransk syndikat, eg 14/12 1912 dle A/S Orong Srwber
stiftet, med far sterste delen fransk aksfekapital. Dette sele
okap irmkispie 1 1914 Jomafeltet. Rlektrokemisk helds inidley
%14 Skorvvasafeltet utenfer Orong Gruber) dette folt ble imme
kispt 1 1914,

Ved sluttem av farste verdensirig fant regjeringen (ved
stataminister Gumnar Kumdsen) at staten bwrde sikye seg dinse
Stere kisforekenster av flere grumer, bl. a. at utenlandsk
Inpial ixke shmlle fi em dominerende imnflytelse. Beter at
o%aten hadde kjspt opp aksjeme i A/8 Greng Gruder fra bide
det franske syndiat og Elektrokenisk A/B, vedtok 8%ortinget
31. mai 1918 den shkalte "Grofiglov® forat evemtuells nys fumn
ikke skulle komme pd fremmede henders

Lev av 351. mai 1918 v, 61
“Om an del av Yo n "

§ 1. Anmeldelee, muting eller exhvervelse pas anden magbe ov
mmmrmmumnnmm-m



gni sendeatoten inden ot omraade av Bordre Trondhjems smt,
begruenset mot nexd av amtagrsnsen mot% Nordlanis smt, mot
Mt av riksgrensen, mot ayd av ea ret linje fra grsnsexss
ar. 192 %1l Sandsjsens setlige vik, Kalvikem og herfra
av sjserne Sandsisen, laksjsen, Skjeldredvand og Otter-
sjsen ned mellemliggende levestykker og videxre av Sand.
dsla til demne elve utlep 1 Namsen og mot vest av Hamsem
68 demnes dielv Storelven, til demne skjares av antse

o} 8¢ (endret ved lov av 30. juni 1952 nr. 6 og nAlydende):

Eongen ksn msd Stortingets samtykke avslutte kontrakser
om bexrgverksdrift indem det 1 § 1 newnte omride med
Borsks koammuner eller norske statsborgere eller aktie-
selskaper og andre selskapsr med begrenset ansvar, som
har helt norsk styres med sete i Norge eller som har et
8%yre, hvorav flertallet besthr av norske statsborgere
o8 Jom har sete 1 Norge.

§ 3. (wemidrwey)
Demme lov trmder i kxaft straks.®

Norge hadde hexmed L£A%Y ot statsgruvefels. Da staten
hodde rr:.t:tzt !?Lintpcmmr skjerperetten og tormed oged
stoppet m"}or videre fumn og wndersskelser, kam man
81l 8¢ 4ot dernwd hviler en forpliktelse pd staten ¥11 A fore-
e e grundig wderaskelse av dette lovende malmSeisk. Ut fra
dotte aynspunkt begyate Norges geelogiske wndersakelse ved
stategesiog Steinar Poslie 1 1922 med n gramiig geolegisk
kartlagging av Greagfeltet. Demme kartlegging, som 1 det
veamntlige var fexdig i 1951, eufattet ogsh en befaring av
alle registrerte skjerp og foreksmster, samd avmerking av
rustsoner og lignende som ume vame nye forekomster.

Joslie fortsatte senere dem geologiske kartlegging av
do ssmmenforliggende strwk Nordli og Barli. Dette arbeide
var ferdig 1 slwttem av 1930-4reme. PFeslie rakk imidlersid
iXxe A beanbeide 4et%e meget stere materisle. Om geologiem
har han bexe publisert heretninger fre feltarbeides i 1922
og 1923. I "Nerges svevelkisferekesster” har Poslie (1926)
beskreves 4e tre stere ferekemstor Joma, Skerevass og Gjersvik

(13 ) tuly



sawh Pinburfeltet. I 2pesielle arbeider er forskomstens
Lillefjellklumpen (1332) og Joma (1949) blit4 beskrevet.

Foslies manuskriptkart er nu under trykning og geologiske
beskrivelser til kartene er under utarbeidelse. Det synes
imidlertid rimelig & samle beskrivelsenes av maluforekomstsns
i en egen oversikt, heller enn & la disse heskrivelser fremkomme
i kartbladsbeskrivelsens under 4e respeltive kartblad. I det
foreliggende arbeide er det dexfor gitt en oversikt over alle
Foslies observasjoner over store og smd forekomster. I tillegs
hertil kommer forfatterens egzne resultater fra befaringer 1
perioden 1952-56. Smrlig Jomaforskomsten, den sterste av alle
Grongreltets forekomster, er blitt atudert i adsklllig detalj.
De strukturelle ’kglggis*:hnrnl ter som derved ble oppnddd,
har ledet tilv‘; onvurdering IV mlegenets form. Skorovasgs-
Torekomatens geoclogiske omgivelser or 0g3h blitt underkastet
detaljstudium. E; per andre forekomster, Kirma, Borvassfeltet
0g Finnburgruven er blitt beszk:. Forevrig er oversiktens
anforsler resymé av Poslies feltobservasjoner nir intet annet
er spesielt nevnt.

P4 Foslies kart over Syd-Norges malmforekomster er 43 av
Grongfeltets forekomster avmerket (Foslie, 1925), I den fore~
liggende oversikt er forskomstene nummerert fra 1 +til 131,0¢ 1. 7
Do enkelte skjerp innen hva som kan vare en enkelt rulmon%' ¢boken
her tildels fAtt egne nummer, idet dette kan lette oversiktsn
over de kjente data. Beskrivelsen av de enkelte forekomstexr
innledes med omtale av "da tre store", Joma, Skorovass og
Gjersvik, deretter folger de mindre Torekometer. Btter disse
beskrivelser gis en malmgeologisk oversikt over Grongfeltet
og en diskusjon av forekomstenes darmelseomive.



¥r. 2. Skorovass graver.

Historie og tidligere deskrivelser.
Skorovassforekomsten eor den eneste i Grongfeltet som det
Bit$1il exr blitt drifs pd. Forekomsten ligger i nesten 700 meters

hoyde 1 en fjellkolle ( "sruberjelles”), med Sopper pd vel 800 m.

Allerede foxr 1875 var det skjexpet phk den meget sterke rust-
sone 1 fiellet, og dette hadde 4%t den lokale benevnelse "Rau-
berget®. I nevnte Ar ble streket geologisk rekognosers av oand.
min. X.H. Hauan. I gin dagbok il professor Kjerulf beretter
Havan at han kort ssmnenfor et skjerp fant en stsrre, naturlig
fjellhule hvor en svovelkisvegg pd ot PaAr favners hsyde er blostet.
Denne kis hadde unngh¥t skjerpernes Oppmerksomhes. "At kismassen
er ganske detydelig, synes utvilsomt®, skriver Hauan. Forekomstenmn
¢r nevnt av Kjerulf (1875, 8.69) 1 en tabell over Nordtrsndelags
gruver og skjerp under navnet "Rauberget v. ved Tuns jo®.

Bergmester ¥N.0.Hagem foretok 4/9 1904 en befaring av fore-
komsten sammen med kirkesanger Lindseth. I Hagens rapport over
"den ssakaldte Skorevands kisforekomst" beskrives seks arbeids-
punkter med maksimal kismektighet pd 4,5 m.

Forekomsten ble sk anmeldt da skjerpeperioden begynte, og
Hauans “"maluvegg®, den senere Gamlegruva, ble mutet 16/10 1910,
Flektrokemisk opprettet kontrakt om erhvervelse 1 1912 0g innkjspte
Teltet 1 1914. I periocden 1913-1916 ble Torekomsten underssict
med to stoller og 20 borhull. Den farste beskrivelse er publisert
av J.H.L. Yogt (1915, s. 37=56). Senere er Torekoms ten ocztalt
&Y A. Bugge (1922) og H.X. Smith (1922).

Skorovassforekomsten 0§ de mindre forekomster i ot onkring.
liggende omrdde bdls beholdt ay Elektrokemisk A/8 da staten i
1918 kjspte opp resten av xongforekomstens.

I oversiks over de imm$il da kjente fakta ble gity ay
Foslie (1926, s. 86-90) 1 hans arbeid over de norske 8vovelkis-
forekomster.

I 1935 ble den npere wndersskelses phdbegymy, og Yoslise repport
av 1938 dmnner srumnlaget for ferbaredelaen 311 drifsen. Dea vike
tigste anleggesperiode sok t1) 1 1950, og 1 1952 ble Arifyen ph-
begrat. Lrlig beytes ca. 180 000 Yomn rimaln, hvorav fremstilles
130 000 tonn eksportkis. Dem rikeste kisvare kauses; restem
vaskes ved of “heavy nediwa’ anlegs, hvar griderg og fattig kis
ued spe.v. mder fyeskilles: Dem nedknusse kis smdes med
on 45 ¥n lang taudbeme %1l Kongswe for akipnify,

Foelies antagelse, pd srumnlag av 35 boahpll 0 elektxo.
Bagnetisk mlling, var as kisen hadde grovi SeteSern son lange
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flatsliggende linser. Oppfaringen gjennom 4 &r har vist at G
selven dette bilde generelt er riktig, har de sterke tektoniske
bevegelser pd malmens grenseflater resultert i at den brytbare
mela nmrmest har form av en litt flat Pigar, se fig. 8.

Det geclogiske resultat av PFoslies undersskelser er publi-
sert 1 et foredragsreforat (Feslie, 1939, s. 115-11§). Eoved-
resultatet er at malmdannelsen er metasomatisk. De leeninger
sor har vandret imn i gremmsteinen og avsast kisen, har santidig
omdannet den omgivende bergart til lysere rustskifre.

Geologiske forhold.

Nalmen opptrexr i et mektig grmmnsteinskompleks. Dette har
omitring malmen mest bra skifrighet med ot sstlig fall pd 10-15°.
Det symes ikke A vere noem tydelig plviselig textonisk grunn
for forekemstens beliggenhet. Vest for gruvefeltet sker det
gradvis med granitthrer i grsmmsteinem inntil vi fAr en granitt-
sone med klumper og rester av grafmetein og gadbbro. Denne gra-
nissaone bsyer omkring forekomsten (se fig. ), og i veiskjsringen.
mellom Samvirkelaget og gruvekontoret sees forskjellige stadier
av grenittens assimilasjon av grametein og gabdro.

Samensetningen av bergartens omkring malmen illustreres av
tadell 1. Poruten dem vanlige grsmnstein (tabellems nr, 1), 4dgn
xlorittrike skifer (nr. 2) og mer ubestemmelig Xalkrik skifer
{ar. 3) opptrer 1 malmens umiddeldbars nmrhet en seris lyse,
ofte rustne bergarter. Poslie (1939, 8.115) sier om disee $rust-
skifre®: “"Bevarte kvartafylte blarerum viser at disse opprinne-
1ig har vurt lavaer, eventuelt oged endel tuffer." Bergartens
or vakkert dlottet langs gx¥ivens heisbane. Xtter farfatterens
undersgkelser har vi her fslgende forhold.

lengs det nederste av heisbanen sees markerts benker av
sromms bein eller grwmnskifer. DBenkene representerer utvilsomt
undersjsriske lavastrsmmer, kanskje slik at% hver stsxre benk er
en lovastrsu. Yeod RlibVeusdenferste shrm “overleires grsmnakiferen
av ot oa. J B tykt lag av agglomeras. Det viser lyse boller i en
meYkere grunnussse av bligri skifer. Bollene eor vanligst %-10 om
store. Ved forekifringsn er bdollene utgnidd til langatrakte flate
linser, do lengste opp 1 40 om lengde., Kjemisk analyse (ss sabell
av ¢t bolleriks lag viser kvartskerstofyr-sammensetning. Avset-
ningen nk fslgelig besth av vulkaniike bombder &v obsidian eller
ayelis, blandet med aske



hersbaneys ,
\e\"" —1y%e ekifre, og diese ian falgesyopp t1l malmen. Disse ruste

{ep?

/¢

&V varierende sammensetning.
Over agzlomeratlaget folger en serie med oftest 4-6 m
tykke lavastremmer, og melleom hvert ligger det tynnere lyse
&V sur aske, dels agglomerstisk. Derover dominerer rustne

skifre mid tolkes som sure asker, dannet ved eksplosiv vulkan-
virksomhet pd havbunnen. Blotningene over malmsonen tyder pi

et der ogsA over malmen ligger en liten serie av lyse rustakifre.
Det forhold at selve maluen ligger i de lvse rustsxifre og

videre at disse er rustne nettop forii de innehslder svovelkis,
synes A antyde at aalmdannelsen kan vare knyttet til disse skifre,
alted til unlersjsisk eksplosiv vulkanisme som har produsert

sure tuffer.

Malmex).

Som oftest er det em helt Skarp grense mellom kis 0§ gremne
stein. Den siste har da alltid skifrighet parallelt grensen. :
Kisen kxan ha en tilsvarende parallell skifrighet markert ved
oppsprekning eller vad banding av grovere svovelkis- eller kob-
berkiskorn i den finkornigere svovelkis. Kislegemet kan ogsh,
sarlig i horisontal retning, giA over hgrn;?stoin ved gradvis
aviagende impregnasjon. » har ikke
grsunsteinen utpregede folder omkring malmlegemens, men smyger
8eg 1 blste belger rundt disse.

Grenseforholdene tyder stter Toxfatterens meaing phk at
malmen var et fast legeme under den siste tektonisering og bare
undergikk em delvis ommlwowidt _E;hh‘.bﬁﬂ:'}
(damnelsen er syngenetisk eller epigenetisk &n on tidligere
tektenisk fase) lar seg ikke avgjmb" n siste tektonisering "I
md ha medfert em differemsiell glidning tvers igjenmnom hele |'
lagpakken. Det or ingen tegn til noen klare skyveplan, og det
SROS%e Som 9008 av forkastminger er de meget sal 0g sene fore- /
kastninger hvis maksimale spranghsyde er X meter. - 4

Malmen bestir mest av Beget finkornig svovelkis med lits
kedberkis, megnetkis og sinkdblends. Minerslogisk er forekomsten
interessant ved at det or en klar snrikning av kobberkis i forse
konstens sverste linse (®Leftet®). EHer finnes ogshk sem og lav-
hydrotermal kobberkis og simkdlends 1 roser og pd sprekker 1




malmen. I slik sinkblende or smalyserts (upublisert analyse,
ved Poslie), og den har bare 2,5 nol -S FeB. Deite svarer
etter Dullexud (1953, #« 136) #il .n tx clpcra'mr av
under 138° C. Disse mineraler er sdledest vhydrotermale, og
de mhk vare langt yngre enn dannelsen av selve malmlegemet.

/8
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1,
2.
3,
4.
5.

7.

8.

9
10.
11.
12,
13.
14.
15.
16.
17.
18,
19.
20,
21.
22.
23.
24,
25,
26,
27.

Mine Ore Bins

Cone crusher 4 1/4°'

Bin

Belt weigher

Wet screen, 5 mm

Heavy media plant with Akins separator
Dreining and washing screen
Céncentrate bin

Cone crusher 4'

Vibrating screen

Roll e¢rusher

Jig

Consentrating tables
Dewatering spiral classifier
Vacuum filter

Mill feed bin

Constant weight feeder B
Ball mill

Jig

Spiral classifiex
Conditioner

Flotation cells

Thickener

Drum filter

Rotary Dryer

Concentrate bin

Bins delivering to aerial ropeway



Location:

Ore Deposit:

Transport:

Labor Yorce:

Populationt

64° 40" north latitude, elevation about 600 m (2000 ft%)
near the Norwegian-Swedish border in the municipality
of Namsskogsn, Nord-Trondelag fylke {county).
Distance from Trondheim, 270 km (165 miles), from the
nearest town, Namscs, 110 km (69 miles), from the
neareat airport, Vernes, 240 km {150 miles), from the
nearest railway station, Lassemoen, 23 km (14 miles).
First described in 1873, Aequired by Elektrokemisk A/S
in 1913. Production started up 1952, Area of

L
Concession: 4#ﬁ'sq.km. (LY ag. wiles
Capacity per year: 150.000 tons of fine pyrites
45 km (28 miles) ropeway to shipping point, Kongsmoen.

Pernmanently employed at the mine: about 2‘0.

Population of the mining village about 600,

The plent of Skorovas Gruber is situated in rugged mountain terrain to the

east of the upper reaches of the river Namsen in the munieipality of

Namsskojen,

This munieipality has an area of about 1400 sq.km and,

with a population of 2200 or 1,6 persons per sq.km, represents one of

b i

the country's most sparsely populated arees., The attitude of the Nanmsen

valley is here about 150 meters above sea level, while the highest peaks

surrotinding Skorovas extend upr to 1000 meters. Of the 1400 sq.km there

are 384 sq.km of productive forest land, 36 sg.km of lakes and rivers and

4 pq.km of cultivated land, the remaining 1000 sq.km is moors and mountains.

The antrance to the mine (624 m above sea level) is located way up in the

mountainside with the ore dressin. plant, ropewaystation and workshorps



grouped on terracesét lower levels. The mining village lies fairly well
protected in a small valley below the mine and is surrounded by scatteged
pine and bireh trees., Due to the northerly latitude, the timber line is
at about 500 m above sea level, and above this the only vegetation to be

found is sparse heather and moss.

The first profissional description of the Skoroves deposit was made by a

publie servant, State geologist Hauan, who visited the place in 1873.

Drill holes and other eigne of blasting that geologist Hauan found,
indicated that even at an earlier perioed?uriosity had been shown as to
what might lie hidder beneath the layer ;f rugt which covers the me@umtmim
mountain at this spot. Repeated investigations were made in the following
years, but the (endless distances wothout any kind of established communi-
eatione and the large caplital investments which would be required, made it
unprofitable to begin regular operation at that time. Thus, the first
samples of ore going to factdries in Sweden and soth NHorway, had to be
iransported eastward to Sweden over the nearby lake, Tunnsjeen, by boat

in summer and by horse and sled in winter.

In 1912-13 Elektrokemisk aequired all the mining rights of any interest
in the Grong area, ineluding Skorovas, Around the end of the First World
War the Norwegian Government tcok over the Joma and Gjersvik mining sreas

while Elektrokemisk retained rights to the Skorovas deposit,

Some preliminary work was done in the years between the Wars. In the
middle of the 1920's the district was connected to the national highway
network by a road along the river Nemsen, the present Highway 50. In the

vl

30's Elektrokemisk built, with government support, & 20 km road connecting
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Skorovas with Highway 50. At the same time, the main raillway from
Trondheim was extended to the Grong erea, and now this line =

Nordlandsbanen - is completed northward as far as Bode.

|
L

The opening of the Skorovas deposit was staried at the end of 30's,
After a short interruption &t the outbreak of the war, the work was

i R AL R
continued without entusiasm until the end of the war. A further delay
occured, as market conditions were rather uncertain during the first

post-war years, but in the year of 1950preparations staried afresh, and

in November 1952 normel productdon could begin.

The "Grong mining area" mentioned above is an area within the Caledonian
mountain c¢hain, characterized by thick coverfs (mappefs) of green=stone.
As far as the genesis of the ore deposits is concerned, one can only state
that there is no sure explanation but several plausible thepries have been
advanced. All ore deposits in the Grong area are connected with the

gZreen=-stone, a basic lave which is assumed to have been extruded under water.

The maln axls ol the Skorovas deposit lies ir a north-south direetion.
The northern part outereps above the timber line, andy as it forms a strip
300 m long, & rather large rustcolored aree hus developed whiech is wvisible
from a long distance. Towards the south, the main ore body splits into
several parallel leses, the largest of whieh exteds like a eigar-shaped

T e
body for about 600 m. The prineipdl mineral is pyrites with lesser
quantities of copper pyrited zine blende, quarts and chlorite. Hore

eporadically are found magnetite, calcium carbonate and fahléggzk*’*+‘°"‘

Magnetic pyrite and galena have not been found, and the content of
1

-

arsenic and precious metals is low.



The mine is opened up by a main adit running 1200 meters into the mountain,
and from this,most of the ore may be mined. The deepest laying part of the
ore body 1s reached by two ineclined shafts. Mining operations were started
in the innermost part of the mine and are gradually retreating toward the
outerfip.

The ore is removed in stopes meross the wi;: of the ore vody. These

atopes are up to 26 m wide, and pillars 9 m wide are left in between.
Longhole slieing with holes = up to 35 m long - drilled with heavy
machines and extension rodes from "safe™ positions, is the normal mining
practi%e. The yearly average is roughly 10.000 m long-holes which,

filled with about 12,000 kg of explosives, yield approximately 160.000
metrlie tons of ore.

The mine at Skorovas is now well mechanized. Daily effort per longholes
driller 18{27 meters of "drill holes™ ireluding repeirs and moving of
equipment. Output per man shift "underground" (45 men) is 15 tons.
Rormally, 185.000 toms of erude ore are extracted per year, yielding
190.000 tons of fine pyrites, Y

The stopes are undermined by bell-opellings ﬁeading the broken ore to
slusherdrifte, where it is moved by serapers to the edit and here filled
into "Granby"-cars of 3,6 m capacity, DBattery-operated electric
locomotives moves the cars in trains of five to the mineopening.

A small portion of the ore 1515;5; enough to be exported after erushing
only. The rest of the ore goes through an ore dressing plant, where the

major portion is processed in a heavy medim separation vessel. The ore

is here fed to a pulp of ferrosilicium and water with specifie gravity 3,3.
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The pyrites sink and the unwanted teilings (barren roek) will flost, =mka

and are skimmed off. The fines (-~ 5 mml:;feated in Jjigs and on
consentrating tables.

Diffieult market conditions in recent years have led to very striet
requirements on quality., The output from parts of the mine where lesh

ore oecurs can therefore not be mixed with the higher grade pyrites, but must
be refined by flotation in order to give & satisfactory sulphur content.

The ore dressing;w;ll therefore be supplemented by a flotation unit which
will be in opera?l;n from 1963. According to present plans, this plant

will treat 40.000 tons of ore per year, working two shifts, and will thus

produce 25.000 ftons of concentrate with a sulphur content of 48=50 per cent,

From the ore dressing department the pyrites is delivered to threé'éicavated

o sl roek, Each bin has a capacity of about 5.000 metrie tons and the
i Bet g el Ak

pyrites are tapped from the bina direetly into the ropeway bucketa, The

ropeway 1s 45 km in length and has a capasity of 50 tons per hour of
operation. The ropeway has three traktion-sections, each of 15 km, and
it hus twojﬁa;éﬁ intermedial stations. There are 170 pylons and 23
n

structures fort@nhoring and tightening of the earrying cable, all built
of galvenized steel, The longest span is more than 1000 meters. Total
drop is 467 meters and the highest point is 660 meters above sea level,
Tractioﬁ‘is supplied by three motors, two of 55 kW and one of 120 kW,
The rolling stoek consists of 600 buckets, each carrying a net load

of 750 kg. When the ropeway is in operation, 3600 wheels and sheaves

mwe rolling, The speed ies 2,8 m per second, and a bucket makes a trip

from Skorovas to Kongsmoen in 4% hours, After the initial difficulties



- S

hzd been overcome and necessary improvements had been made, the operation
of the ropeway has been quite regular. It is however, necessary %o have
in mind that the rﬂpidly changing and at times rather harsh elimat, will
influence on the operation of all outdofrequipment at Skorovas, and this
relates espegially to the ropeway. It may thus be mentioned th&t the wind
velocity meters whieh are positioned at the most exposed points along the
ropeway, not seldom register winds of hurricane strength.

The shipping port of Kongsmoen lies at the inner end of the 80 km long
and rather narrow Folla Fjord. There are storing faeilities for up %o

5 different grades of fine pyrites or flotation econsentrate, Three
frostfree bins excavated in the hillside will together store 25.000 touns,
and a sheltered emergerncy store can take another 15.000 tons,

Depth at the wharf ig 23' at extreme low tidewater. Effective loading

gapacity, 275 metrie tons per hour.

Because of alnarrowf in the fjord, the harbour at present can not receive
ships of more than $.000 tons dew. BExtensive dredging work that will
start in near future, as supposed to result in a chanel depp enocugh

to alowe ships up to 8.000 tons d.w. o enter the harbour. At the same
time the wharf will have to be extended soc as to be able to receive
vessels of up to 120 meters in length.

Skorovaérgyritas nave been so0ld in most of the European markets.

In recent years deliveries have gone chiefly to Sweden and West

Germany.
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Samples in 1961 of the cupreous pyrites from Skorovas showed the

following average:

Sulphur 46,8 %
Copper 142 %
Zine 1,6 %
Iron 41,1 %
krgemir Arcenic 0,05 %,

Deliveries of pyrites with low copper content, usually are nigher in
su}phur, but contains only 0,5 = 0,6 % copper.

All buildings at Skorovas - apart from the elementary school and the
teacher's residence - are owned by the company. A few houses were
tuilt during the Second World War but most of the buildings were

erected during the expansion periocd from 1950 and onwards,

t
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There are -74 dwelling houses, with together 130-flats, one hostel

L
W

with 40 single roonms, sittiné7éndsdiningvroom anﬁ kitchen caters for

single workers, unmeried office personal have their own mess, and there is als.
company puest house,

In adaition to the publie elementary school, with about 85 pupils,

there is a private secondary school with about 30 pupils.

Furthermore, the company has built a community house with combined

theater and cinema, meeting rooms, cafeteria, library, gymnasium, dental
clinie, beety shop and a few hobby rooms. The house covers an ares of

800 sq.ms and has a volume of 8,000 cu.m.

The publie physician for Namsskogen municipality lives and has an office

in Skorovas. The local Red Cross operates two ambulaneces. The nearest

hospitel is at Namsos,.



The mine, including the ropeway, employs about zéo pPersons,
0f these, about 185 lives at Skorovas and, together with their
families and with the few publie servants and people working in

the local shop, they add up to a population of about 600,



