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SKOROVAS GRUBER. PROSPEKTERINGSMATERIALE. VERDISETTING.

Oppgaven for utvalget var å gi en oversikt over kunnskaper og rettighetersom Elkem har cm Skorovasfeltet (Grongfeltet)." Dette er listet opp i
mitt notat av 18.desember 1981.

Forhold omkring rettighetene blir behandlet av Myhrvold bl.a. etter
sporsmålsliste i mitt notat til Myhrvoid (21.desember 1981).

Forutsatt at materialet skulle utarbeides idag, har vi foretatt to alter-nativeveier for verdisetting.

markedspris for å få utfort tilsvarende
rapporter.

Nåverdi av kostnadene Skorovas har hatt
på prospektering.

A) Markedsoris

fl 11111

1.800'

300'

kr. 350.000,-

Kostnadene er referert til tilsvarende punkter
i notat av 18.desember 1981.

1 2 Topografiske kart + flybilder og mosaikk

3. Geologiske kart.
Halls 1971-77, M= 1:10.000, 12 årsverk,kr.

Reinsbakken 1975-77, raile-
stokk 1:2.000, 2
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orebody the allochthonous


volcanic stratigraphy of the
Gjersvik Nappe, central Norway*
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Synopsis

The Skorovas orebody is one of the chief stratiform base-

metal deposits within the allochthonous greenstone belt

of the Central Norwegian Caledonides. It is contained in

the volcanic level of acomplex eruptiveassociation of Lower

to Middle Ordovicianagedefined as the Gjersvik Nappe. The

rocks of this nappe are contained as a depressed segment

of the larger Köli Nappe and defMed to the north and

south, respectively, by the Borgefjell-and Grong—Olden

basement culrninations. The principal components of this

nappe are a plutonic infrastructure of cornposite gabbroic

intrusions within which has been emplaced a series of

dioritic to granodioritic (trondhjemitic) bodies that form

the roots of a consanguineous subrnarine polygenic volcanic

sequence. The eruptive mcks are overlain unconformably• by a sequence of polymict conglomerates and calcareous

flysch sediments, the cornposition of which suggests

irrunediate derivation by erosion from the underlying

igneous complex.
Pre-tectonic segregations, veins and vesicle fillings of

epidote, albite, chlorite, carbonate and quartz related to

primary volcanic flow structures in the lava pile provide

evidence of pervasive in-situ sea-floor metamorphism, and

this interpretation is vedfied by the abundance of nearly

monornineralic epidote clasts in the derived conglomerates.

The relationship of the eruptive and sedimentary strites

is interpreted in terms of the evolution of an ensirnatic
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-

UNFSCO- IUGS International Geological Correlation Prograrnme,

pioject no. 60: CorreIation ot Caledonian stratabound sulphides.

h:or v.gan British contribution no. 1.
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ation have been governed iårge!y by t/.e Q:?:1:7;r:7y (1/ the

most competent lithologies, notably gabbro, dimite and

granodiorite (trondhjemite) intrusives ånd, within the

extrusive sequence, compact dacitic flowc>and their

tized aphanitic equivalents (keratophyres). The hetero-

geneous pattern of deformation is resolved in terrns of two

main stages of folding complicated by cornponental sliding

movements.
Mineralization occurs at two levels in the eruptive

sequence. The layered gabbros and lensoid metagabbros of

the plutonic infrastructure contain small cumulus bodies of

nickel-, copper- and platinum-bearing pyrrhotite—pyrite—

magnetite ore of rnagmatic derivation. Mineralization of

this type is at present only known in sub-economic quan-

tities.
The Skorovas orebody, in common with other widely

dispersed volcanic exhalites in the Gjersvik Nappe, occurs

within the volcanic sequence at a level marked by episodes

of explosive dacitic volcanism and associated fumarolic

activity. The Skorovas orebody consists of approximately
10 000 000 tons of massive and disseminated predominantly

pyritic ore with an approximate average grade of 1.3% Zn
and 1.0% CL1,together with trace amounts of Pb, As and

Ag. The complex lensoid geometry of the orebody is re-

solved in terms of the disjunction of a single stratiform unit

by tight isoclinal folding and componental movements,

probably involving both translation and rotation.
Enrichment of sphalerite, chalcopyrite and, locally,

galena within the magnetite—pyrite ores at the stratigraphic

top and margins of the ore lenses is interpreted as a primary

feature. The banded magnetite—pyrite ores are commonly

associated with magnetitic cherts or jaspers and are thus

transitional in aspect to the thin, iron- and silica-rich, base-

metal-depleted, exhalative sedimentary horizons that occur

extensively within the extrusive sequence of the Gjersvik

Nappe. These are interpreted as the products of settling of

colloidal iron and silica hydrosols following explosive dis-

persal into an oxidizing submarine environment. They are

valuable time-stratigraphic markers and indicators of way-up

in complicated structures and are a potentially valuable tool

in exploration for massive sulphide bodies formed in limited

reducing environments.

The belt of metarnorphosed Lower Palaeozoic rocks, chiefly

of Ordovician age, within which the important stratiform

pyritic copper- and zinc-bearing orebodies of the Scandina-

vian Caledonides are located extends over 1500 km from

Rogaland in southwestern Norway to Nord Troms. The

divisions of this complex metallogenic belt have been described

by Vokes 73 and Vokes and Gale," 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 segrnentation of the allochthon

on which the division into separate districts is broadly based.

Structural and stratigraphic corre!ations along the length of

the belt are rnade 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 TrImdelag (Trondheim

district1,49-50-52 North Tr6ndelag (Grong—Gjersvik

district)4° and the geographically adjacent areas of

Jåmtland and Våsterbotten in SwedenErinin to show that

the stratiform ores of Skorovas, Joma, Stekenjokk, L6kken

and Roros lie within the Keifi Na;ipe, which is the upper

128



structural t -1<olt Ni,ppe

fined by Tor r.,• . The broad correlation w.tHer. the

Kedi structural IÉLi can reasonebly be carried into the

Sulitjelina distriet ol tiordland,39.80 and in all probobity

this correlation can be extended into the ore cl kU el uf

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 metarnorphic grade of the host

Fostern Ihrust bcndary of the Co'eaoman allochthan

Fastern thrust boundory of Seve ncppe or equ.valent

with metornorphosed sediments ond eruphves of Combrion-

Silurian oge

Bosement inhers ond culminations, Pre-Cambrion

Jotun nappes ond reicted structures with cfficcrithonous

Pre-Combrion rocks

Pre-Combrion besement re-worked during tho Caledonion

orogeny

Rod,ngsfjall Belorn ond equivc!ent noppes

with L PGICIPolOIC rocks ot higher metarnorph c grudes

oVerlying the Seve - Koll noppe rn N Norway

,,c strotiforrn pyritic orebod,es of vutconrc
ot$,n!ty at the Ko!1 structurol level

Fig. 1 Synoptic geological rnap of Scandinavian

Cz.ledunides showing main districts of stratiform volcano-

g‘lje otes at Krili structural level

rocks frorn districl ict. • v IPP' C''

host rocks comp:Ise a vdre-d assurnbla.).. uf saie, ruslat

volcanic and sedimentary rocks with closely associated

plutonic masses of ultrabasic, basic and acid coroposition.

The conspicuous quantity of basaltic to andesitic volcanics

in the supracrustal sequences, taken togåther with their

deformed and metamorphosed condition, ranging in grade

from lower greenschist to almandine amphibolite facies,

has led to the familiar use of the terms greenschist and

greenstone in descriptions of the stratigraphy of various

districts.61 Goldschmidt 22 early lent authority to this

usage by defining the 'Stamm der grimen Laven und

Intrusivgesteine' as an important constituent rock kindred

of the south and central parts of the Caledonian allochthon

at the structural level now under discussion.

It is generally recognized that the stratiform pyritic ore-

bodies have a close genetic relationship to the volcanic rocks

with which they are associated 73 and that this relationship

originated with the formation of tholeiitic and calc-alkaline

eruptives at the margins of the Caledonian orogen in

Ordovician times.16,16-47-76 The genctic process that re-

lates the ores and host rocks has been masked by the effects

of metamorphic recrystallization and polyphase deform-

ation, which affected hoth ores 73-74 and host rocks during

the process of allochthonous tectonic emplacement conse-

quent upon collision of the Scandinavian and Laurentian

cratons during Middle Silurian times.10,24 The palaeo-

environmental interpretation of the rock assemblages con-

tained in the structural elements of the Kbli nappe is

clearly of the greatest importance in interpreting the genesis

of the associated ores; in a region of the tectonic cornplexity

displayed by the Caledonian allochthon, however, it is clear

that the primary geological framework must be established

by a study of the field relationships at a level of regional

detail such that the ore deposits can be considered at the

scale of the geological phenomenon responsible for their

forrnation. If a volcanogenic origin is postulated, an under-

standing of the volcano-stratigraphy and structure in an

area that extends from 1 to 10 km outside the orebody itself

must be sought. This has been the basis on which the

present study of the environrnent of the Skorovas deposit

was undertaken.

Regional structural and stratigraphic setting

Existing knowledge of the major structural and stratigraphic

units of the Grongfelt originated with the regional geological

mapping undertaken by Statsgeolog Steinar Foslie 17•14 during

the period 1922-27, the details of which were amplified

and interpreted by T. Strand 14 and C. Oftedahl. More recent

regional studies by Zachrisson81 in the adjacent Swedish

area of Jåmtland and Våsterbotten have given an idea of

the succession of structural units within the Kåli Nappe

sequence between the Grong and Stekenjokk areas. A com-

pilation from these sources is made in Fig. 2, which shows

the main second-order tectonic divisions that have been

recognized within the Kcili level of the Seve—Koli nappe.

Combining the terminologies of Foslie)2 Oftedahl 41 and

Zachrisson,81 there are four divisions to be recognized. The

first and uppermost of these is the Gjersvik Nappe, within

which lie the Skorovas (Sk) and Gjersvik (Gj) orebodies.

Below this lies the Leipik Nappe, within which, by extending

the structural interpretation of Zachrisson, the Joma

orebody (Jo) must lie. Below this lies the Gelvernokko

Nappe and, finally, the Lower Koli Nappe unit, within which

are situated the Stekenjokk orebodies (St) (the Stekenjokk

malm and the Levimalm).62
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of the regional guoIrpfiy, but the exact status of the secOnd-

order thrust boundarirs difficult to establish because

these are taken, for the most part, to follow stratigraphic

boundaries.4181 For the purpose of the present discussion,

however, the precise location of the second-order structures

and their relative tectonic status is less important than the

plutonic and stratigraphic relationships preserved within the

Gjersvik Nappe itself. In Fig. 2 the upper tectonic contact

with the Helgeland Nappe 23 is clearly defined. The plutonic

and supracrustal stratigraphy is revealed in the passage frorn

southwest to northwest across the area of the map covering

the Gjersvik Nappe. Without precise knowledge of the

relative ages and finer lithological divisions of the various

units the following sequence is conspicuous. Large masses

of gabbro and granodiorite (trondhjemite) in the southwest

are succeeded spatially to the northeast by the Gjersvik vol-

canic greenstone sequence with the contained orebodies at

Skorovas and Gjersvik. A period of relative quiescence is

indicated by the presence of a marble bed intermittently

preserved at the uppermost level of the volcanic greenstone

sequence. The rnarble 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

Tunnsj‘en. The volcanics with the overlying marble are

followed by a spectacular polymict conglomerate, the typi-

cal aspect of which is shown in Fig. 12. The final part of

the sequence is made up by the clastic sedirnents 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,41 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, $o that the Gjersvik Nappe, in its original

definition, does not include the Limingen Group. It seems

reasonable, however, to extend the compass of the Gje:svik

Nappe to include the sediments of this group, which seem

to be laterally related, in part, to the basal polyrnict co»iglo-

merate and to have derived most of their clastic components

from the Gjersvik plutonics, greenstones and overlying• limestones.

The roc:ks of tr!,!(:; r. , 1,r , 'y • • “Ik  ..!

fossil remains to ! s-s lor prec.s. Chrilflj

tion with stratigraphies in odjacent 5e111-10nts ol tho, Seve -

Köli Nappe. The volcanIc and plutollic unils of thi.!

Gjersvik eruptive complex do, however, bear certai n simi-

larities to the rocks ol the Stefien Group 72 in the

Trondheim region. The SteSren Group, locally, overlies

schists of the Gula Group containing Dictyonema flabelli-

forme.62 The contact between the two groups is, however,

markedly tectonic 16 and, thus, the graptolite fossil evidence

can only be used to suggest a possible maximum age of

Upper Cambrian—Lower Ordovician (Tremadocian) for the

Stéren Group, and it is conceivable that the tholeiitic

eruptive activity recorded in the St‘6ren sequence 16 could

have been initiated yet earlier in Cambrian time.

lt has generally been proposed that the Gjersvik Group

is of equivalent age to the Sfitren Group 116 and, by implic-

ation, that the two groups represent similar stages in the

morphological and magmatic evolution of the Caledonian

orogenic margin in central Scandinavia. Stratigraphic and

geochemical evidence suggests, however, that the eruptive

sequence of the Gjersvik Nappe is more evolved in terms of

calc-alkaline character 16•41 — 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 Str5ren Group,"

and a partial correlation, at least, with the andesitic green-

stones of the Lower Hovin Group (Forbordfjell, Hélonda

and equivalent greenstones)53.72 seems reasonable. The age

of the youngest Gjersvik eruptives therefore probably lies

within the Arenig -Caradocian range, whereas the graptoli-

tic fauna of the Bogo shale within the lower Hovin Group,

which overlies the Sti3ren Group in the Trondheim region, is

interpreted as belonging within the Didymograptus

hirundo zone.57 The Strbren Group thus has a defined

minimum age in the range Arenig to early Llanvirnian.

A further aspect of the stratigraphic correlation between

the Lower and Middle Ordovician sequences in the Trond-

heim and Grong districts concerns the tectonic and strati-

graphic status of various polymict conglomerate horizons

that occur at intervals within the Lower and Upper Hovin

Groups and, notably, that which overlies the Gjersvik

eruptive sequence.

The widespread occurrence of conglomerates (Venna,

-
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tectonized em,LC I . ir.tv - hun of ir, :

runge of basic to plutonic rt.Lks

prior to the rnain teetonic event, which led te the eron

ment of the Gjersvik Nappe within the alloctithors ond

which was also responsible for the generation of rnagor

isoclinal folds and the early axial plane schistosity that is

generally well develnped within rocks of the volcanic

sequence.

Because of gross differences in competence between the

various rock types, notably between the plutonic masses

and the supracrustal volcanic cover, this particularly hetero-

geneous style of deformation characterizes the intermediate

level of the Gjersvik Nappe, the pattern being controlled,
fl on the largest scale, by the form of the major gabbro, diorite


and granodiorite bodies. Within the volcanic sequence it-

self, high-level doleritic dykes and sills, together with

compact dacitic flows and their spilitized aphanitic

equivalents, exert a more local influence.

ln common with adjacent parts of the allochthon,81-82

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 pi esent 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 movernents 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 rnineralogy to for m chlorite—albite---epidote schists

devoid of any earlier volcanic fabric. In the field the exis-

tence of these sur faces and the flattening produced in the

adjacent units crcates a peculiarly lenticulated style of

deforrnation through which the early isoclinal fold pattern

rnust be traced. The lenticulate style' appears to be a

characteristicfeature of highly deformed volcanostratigraphy

and associaled plutonics in other regions, notably in the

Mauretanides of West Africa (G. Pouit, personal communi-

cation). Minor fold structures of the early generation are not

conspicuously evident within the volcanostratigraphy and

are best observed in the finely stratified tuff bands and

associated cherts and iron-rich chlorite schists of the

exhalitu facies (Fig. 7(a)). They can also be rnapped over

several tens of metres by following coherent chert horizons,

acid tuff bands and dykes, and thence into the I arger iso-

clines of the type illustrated in Fig. 5.

The configuration of these larger isoclines, taken to-

gether with the stratigraphic and structural evidence provid-

ed by the mapping of the surface of unconformity separat-

ing the eruptive sequence and the conglomerate series, de-

monstrates, at the present level of erosion, that the volcanic

sequence in the Skorovas district lies inverted within the

lower limb of a major southeast-facing fold, the identity of

which can be broadly equated with the Gjersvik Nappe.

The second stage of deforrnation, 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

Lille Ftlrick , I j(i miii ates1 ;it

of tl Lower ‘,t1[1, Over lying the Stw:r. Ci.

led Hiltedihi iropose a tecinnic event o)

signiticance ttult he )ermed the Trondheim Dist wh: nce.

Finther cornpa;  tiv! stildies of stratigraphy in the Trond-

heirn region led to the recognition of similar polyrnict

conglomerates at higher stratigraphic levels. Vogt 72

identified an Ekne (Caradocian) Disturbance and also rnove-

ments in the Lower Silurian which produced the basal quart-

7ite conglornerate of the Horg Group (Lyngestein Conglo-

merate), which identified a Horg Disturbance. Further work

by Roberts 53 has suggested additional refinements to the

chronology of uplift and erosion in the Trondheim District

during the mid-Ordovician, a separate event in Mid-Lower Hov

times being marked at the level of the Stokkvola conglo-

merate.53 Tectonic evolution in the Trondheim region in

Lower to Middle Ordovician time was evidently 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

Rg. 3 shows the inferred general stratigraphic correlation

between the lower Palaeozoic sequences in the Grong and

Trondheim regions. Zachrisson 52 has cited the faunal

evidence in support of a (lower ?) Silurian age for the

Stekenjokk orebodies, which lie within the lower part of

the sequence of basic to acid volcanic rocks composing the

upper part of the Lasterfjall Group (Fig. 2); this means that

the rocks composing the Gjersvik, Leipik and Gelvernokko

nappes and the upper parts of the Lower Kell Nanpe have a

probable age range from Lower Ordovician to L o,ver

Silurian, matching the age renge of the Trondhcim Super-

group as defined by Gale and Roberts..I6 The Skdrovas

and Gjersvik ore deposits lie within the Gjersvik Group of

volcanic greenstones and must be approxirnately lower to

Middle Ordovician in age. It is, however, interes ling that in

the Stekenjokk area, accepting the fossil evidence of

Zachrisson, conditrort suitable for the formation of strati-

form pyritic ores also existed in Lower—Middre Silurian• times.

Tectonic style within Skorovas area of Gjersvik Nappe

The programrne of field mapping in the Skorovas area, with

which the present writers have been actively involved since

1971, was designed to re-examine the major structural and

lithological boundaries within the plutonic to volcanic se-

quence of the Gjersvik Group and to extend, as far as

possible, the geological interpretations of Foslre 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 I linologies

within the volcanic sequence, which were unifor mly desig-

nated as greenstones by Foslie 12 on the 1:100 000 scale

map of the Trones quadrangle. The Skorovas r e, as shown

in F ig. 4, lies close to the eastern boundary of orre of the

main plutonic massifs of the Gjersvik Nappe. Fi om Fig. 2

it is clear that the rnassifs have distinctly tectonic boundaries

of low to intermediate angle (Fig. 6). The plutonic rocks

within these boundades frequently preserve their original

igneous fabrics, littie modified by the penetrtive effects of

tectonic deformation. The volcanic rocks and minor intru-

sives outside them, in contrast, generally show intense

perietrative tectonic fabrics. The plutonic massifs all have
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axes whili, evidently bear a c.r), it rels

of the jautralic massifs lying to the v,est uad imith (F igs. 2

and 4(a)). The iormation of the open dome and basin
accompanied by further movements along the

low angle planes generated during the first stage of def orm-

ation. These movements led to the creation of minor folds

and a srconclistage 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 fulding in the volcanic sequence at the southwestern

margin of the GreSndalsfjell massif. The vergence of the

axial planes of these and other similar late folds irnplies that

the principal tectonic stress responsible for this deformation

was imposed from a west to northwest direction.

The deformation history can be interpreted in the follow-

ing way. (1) Creation of the nappe, isoclinal folds and the

!.ever;,1 orders ut

at the stie:.ses
intuos(G during the main stag,, i'acernent of the

alInchlhon during (2) The second gener-
ation of tectonic structures is to have been im-




posed upon the first as a contequence of equilibration be-

tween the depressed Scandinavian basament 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.

4 Simplified geological map (a) of Skorovas area with line of section (Fig. 5) indicated (SSV, Store Skorovatn;


GR. Grubefjellet; ONV, Overste Nesåvatnet; TV, Tredjevatnet; BI, Brahammeren; HV, Havdalsvatnet) and synoptic rnap
(b) (see page 134) of principal structural trends
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In t:Hition to the fold and low- to internatttatotogle

thrit:t structures created during the first two periods of

,lding, the topography and geology of the Skorovas area

bren :trongly influenced by the formation of a cornplex

tystein of high-angle faults and fractures. For the most

ptrt these have suffered srnall displacement of the order of

metres, hut along the southwest contact of the Gjersvik

eruplive complex with the polyrnict conglomerate oblique

slip nurrnal faulting has resulted in a vertical displacement

of the order of 500 m (Figs. 4(a) and 5). The trend of

these fractures is predominantly in a NNE to northeast

direction and their formation post-dates the main periods of

folding in the area. The late fracture patterns in the

Skorovas area rernain a problem for future investigation.

In iii 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.

inic nv Got ttive stquence in

SuWowts Err

On the 1:100 035 suale rn:ta ol the Trones quadrangle corn-

nited from the work of Foslie 12 the plutonic rocks of the

Storovas area occur in two groups. The first group com-

prises the tectonically bounded rnassifs of Grndalsfjed and

NesSpiggen, which, though they have strongly tectonized

envelopes, preserve rnuch of their original igneous fabric in

the interior. The second group occurs as an arcuate belt

lying within the voIcanic succession to the north, west and

south of the Skorovas oredeposit (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 rnap of the Trones quadrangle. 12 Gabbros
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Fig. 6 Panoramic view of southeast margin of Gr6ndalsfjell massif seen from point of
vantage on trondhjemite intrusive of Skorovas intrusive arc. Major thrust horizon
separates diorite and gabbro (d) together with hornfelsed envelope (x) from structurally

underlying schistose extrusives (e). A further thrust separates extrusives from

trondhjamite (t) in foreground. Location of photograph (Fig. 7 (b)) shown by crossed
circle at far left of vista

X

of various facies were distinguished and at the opposite end

of the compositional scale trondhjemite, tectonized granite
and granitic dykes and sills were also shown. There is no
reference on the map to the occurrence of intermediate

dioritic rocks in the irnrnediate area of Skorovas, although
Foslie was undoubtedly aware of their existence because

diorites are mapped as a thin border zone to the north of
the Grdndalsfjell 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 irnportant component in the plutonic sequence and

that a definite relative chronology of intrusion can be

recognized.
It has already been noted that the plutonic sequences in

the GnEndalsfjell and Nesgpiggen massifs and the plutonic

bodies that cornpose the arcuate intrusive belt (Fig. 4) are

tectonically separated, and it is convenient to discuss their

plutonic histories separately.

Gribidalstjell massif

The starkly exposed rocks that compose the Grg(r-dalsfjell 


massif provide spectacular evidence of their relative ages.

The ear liest intrusives are fresh layered olivine gabbros,
which occur as large xenolithic masses or rafts with
maximum dimensions of the order of 70 m x 200 m, con-
tained in a matrix of metamorphosed gabbro and horn-
blende diorite. The cumulus layering of the gabbro bodies
is sub-vertical in attitude with a predominantly east—west

trend. This must be accepted as evidence of significant

post-cumulus displacement.
The composition of the layered gabbro varies from troc-

tolite to hypersthene gabbro and in all facies hypersthene

occurs, either as a reaction rim around olivine or as indepen-

dent ophitic grains. The mineralogy of the gabbro is thus

compatible with crystallization from a tholeiitic magrna.25•67
The nature of the xenolithic relationship is shown in

Fig. 8(a), and it is clear that the hornblende diorite is a
major component of the Gr(6ndalsfjell massif. The
peripheral contacts of the fresh layered gabbro with the

diorite display a distinctive pattern of retrograde alteration,

which partly follows the primary igneous layering and
partly exploits crosscutting joints to produce a distinctive

weathered surface (Fig. 8(b)). The alteration leads to the

•
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dialitization and chlurih c,! the Jrro

thene, the serpontlization of the olivirv and sairr•..-n• •

degradation of the calcie plagioclase to produce

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 magrna, which led to a retrograde sub-

solidus hydration in the pre-existing rnass of layered

gabbro, •

The various facies of altered gabbro may extend for a

considerable distance beyond the boundaries of the fresh

layered rocks, and the distinction between altered gabbro

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

the persistence of fluxion banding and layered structure

within the surrounding aureole of hydration. The horn-

blende diorite is characteristically cornposed of subhedral

dark green grains of hornblende together with saussuritized

plagioclase of interrnediate composition and accessory

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

sphene and the hornblende is generally partly chloritized.

One of the most striking features of the hornblende

diorite is the occurrence of coarse patches and pegmatoidal

veins, 0.5-3 m wide, consisting of euhedral hornblendes,

commonly up to 10 cm in length, set in a rnatrix of

andesine feldspar together with accessory amounts of

magnetite and pyrite. The pegmatoid veins show rhythmic

banding parallel to their contacts. This can be interpreted

 --
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Fig. 7 Typical dislocated isoclinal style seen in minor

folds of first generation in chert bands to south of

Nesåklurnpen (a) (top) and (b) localized post-schistosity

fedinis and incipient crenulation cleavage of second

gana-bnon formed in zone of high strain in schistose

giE-enstones adjacent ta tectonic boundary of Gr6ndalsfjell

massit. Location of photograph is shown in caption to

Fig. 6

as san of eprsodrc Oraira:r. ystaiiiziftiOn forna

flurds circulating within the knoraly consolidated drorirrn

body. These rocks can be jusbfibbly described as appindes,

and their presence inaplies that the level of exposure seen

in the eastern margin o; the Gr6ndalsfjell massif corres-

ponds to the upper portion of a differentiated dioritic

body.2528

At the rnargins of the hornblende diorite, close to the

contact of the plutonic mass with the enclosing greenslones,

a quartz-diorite facies occurs locally.

At least two generations of impersistent basic dykes cut

both the gabbro and the diorite with its appinitic facies. The

dykes are thin, usually less than 20 cm in width, and have a

northeastery trend with steep dips to the northwest. They

are composed of fine-grained hornblende and plagioclase,

together with minor iron oxides, and are locally porphyritic

with plagiocIase crystals up to 7 mm long.

The final eruptive event within the Gr6ndalstjell complex

was the emplacement of a swarm of Ieucocratic porphyritic

granodiorite dykes, which show a predominantly north-

easterly trend and dip steeply to the northwest. The dykes

are commonly 1- 2 m thick and can be followed for dis-

tances of 1- 2 km before they pinch out. Close to the

margins of the plutonic mass, and also within it, these

dykes show well-developed tectonic foliation and, locally,

mylonitic facies, which demonstrates that the northeast-

trending fracture system has been the focus of significant

post-intrusion tectonic strain. The granodiorite dykes are

composed dominantly of sodic placiioclase (roughly of

Fig. 8 Northeast face of Gr6ndalsfjell 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 Gr6ndalsfjell (Fig. 8(a). Troctolitic

gabbro shows strong differential weathering of pyroxene,

feldspar and olivine, producing pitted surface. Uralitized

assemblage weathers uniformly by comparison

if
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oligoolase corrimm:. ..), mrat

biotite, hornhlentle . sollerre The fer

minerals are generany partly chlorinzed and the 'irer.pars

have been variably altered to fine micaceous agntegates

(sericite or paragonite). Because of the modal composition

of these dykes, which is dorninantly oligoclase together

with quartz and with only accessory amounts of potash

feldspar, the rocks may properly be described as trondh-

jernite in the sense of the definition applied by Goldschrnidt

in 1916.22

This surnmary of the igneous relationships preserved

within the plutonic massif of Grdndalsfjell shows clearly

that a considerable volume of dioritic magma was empfaced,

probably at an intermediate to high crustal level, evidently

by invading a pre-existing mass of layered gabbro, which is

the oldest and presumably the deepest representative of

the plutonic assemblage in the Skorovas area. lt may be

added that magrnatisrn 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 Nes<biggen massif to the south (Fig. 4).

Inaddition to the main gabbro-diorite body of the

Gre(ndalsfjell 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

forrns the imposing topographic feature of Skorovasklumpen

in the basal slope of which lies the extension of the main

thrust surface, which is interprcted as separating the tectoni-

cally 'rnassive' plutonic level from the highly deformed

volcanic level. This feature is shown on the geological map

of the Skorovds area and in the accompanying structural

synthesis (Fig. 4). Investigation has shown that Skorovask-

lumpen and the nar row beR of similar character that can

be followed along the eastern margin of the Grdndalsfjell

massif are composed predorninantly of metamorphosed

basic volcanic rocks, togother with interbands of acid

(dacitic-keratophyric) cornposition and a proportion of

high-level basic intrusive material. The basic rocks of the

belt adjacent to the Grdndalsfiell massif are partly incorpor-

ated in a xenolithic screen of considerable complexity. The

or iginal igneous conlact of the diorite with the volcanic

country rocks is preserved intact within the main tectorric

boundary (Fig. 4(a)) and can be mapped over a distance of

4 km. Original volcanic structures, notably pillow forms and

vesicles, are preserveci within xenolithic masses and testify

to thevolcanic 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 clessif ication of the rocks of

Skorovasklumpen as fine•grained gabbros by Foslie 12 and

other workers lies in their omphibolitic metamorphic grade,

which has produced a mineralogy dominated by hornblende

and inter mediate to calcic plagioclase. The presence of

epidote as a constituent mineral throughout a significant

part of the amphibolitic sequence implies that these higher-

grade rocks span the epidote amphibolite facies to enter the

field of amphibolite facies. Since there is no association

with pelitic rocks, a precise description of the prograde

regional rnetamorphism of the hasic rocks of the Skorovas

area depends chiefly upon a determination of the progressive

changes in the composition of the hornblende and plagio-

clase, which must await further detailed work. Broadly,

however, the mineral assemblages accord with the sequences

regarded by Miyashiro 31,32,36 as typical for the regional

metarnorphism of mafic rocks at low to intermediate

pressure.

Cr ie :/b :.rores

ernorribolne ladd rer Skrany‘f kTdmper. I: 1 ial

pyrrhotite replat pyrit tho accessory iron nulkic -


an observation tr1;ir is readily made in the f ield. The

amphibolitic lui15 ocilly display distinct pentrative tec-

tonic fineation of the aruphiboles, and this lineation can be

observed in the. a:nphibolitized volcanic xenoliths in the

diorite. Arriphibolite grade rnetamorphism evidently took

place under the influence of early tectonic stresses with

which the emplacement of the gabbro-diorite massif was

partly synchronous. The establishrnent of a precise chrono-

logy for these events will depend upon the evidence provid-

ed by future detailed petrographic work. R is probable,

however, that the contact aureole of the Grdndalsfjell

massif and the amphibolitic rocks of Skorovasklumpen corn-

pose a continuum within the field of low to intermediate

pressure in which regional and contact rnetamorphism

converge."

Rocks of the arcuate intrusive belt

The intrusive arc differs from the plutonic rnasif of

Grdndalsfjell in three distinctive ways: (1) no u nrnetamor-

phosed gabbroic bodies have been found in which a

plagioclase- -pyroxene -olivine assemblage is preserved;

(2) penetrative deformation has produced distinctly tec-

tonic fabrics throughout most of the arc and mineral

assemblactes are reduced, for the most part, to those stable

within the greenschist facies; and (3) quartz-rich dioritic to

granodioritic rocks compose a large part of the complex and

the easter n extrernity of the arc joins a large granodiorite

mass to the south of Tunnsjden (see Fig. 4(a)).

Apart from these significant differences, which can pro-

bably be explained in terms of the higher level of emplace-

ment of the arc complex within the volcanic sequence, the

relative chronr!cgy of intrusive episodes in the arc is the

same as that c'nerved in the Grchrdalsfjell massif. The most

basic rocks dre the oldest and the successively younger

intrusions become increasingly silicic.

The degree of deformation within the plutonic arc is

often extrenle; but, locally, the original geometry of intru-

sion is preserved as shown in Fig. 9. The range of composi-

tions present in the rocks of the arc is very wide and in-

cludes hornblende gabbro, diorite and granodiorite (trondh-

jemite). The definition of the petrographic character of

each generation is complicated by the incorporation of

xenol iths of earlier basic volcanic and plutonic rocks as well

as by extreme deformation, local silicification and reduc-

tion of the primary minerals to greenschist assemblages.

Fig. 9 Trondhjemitic net veining in mafic diorite and

hornblende gabbro on southwest Grubefjell
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It suffice-; ;•:iliises ot iht

eunfarn Ifra [JI.tlIC{ ut ,inbbro, diorite and til  :11/I'VIlltic

granorhorhe cornpollents of the arc and to rte,,,est rhat

these are, ifl part, equivalent to the plutonic contrilex ob-

served in the Grilwdelsfjell rnassif. Prior to rhe major stages

of Caledoniar, delorrnalion leading to the allochthonous

emplacernent of the Gjersvik Nappe, it is assumed that the

rocks of the intrusive are and those of Grandalsfjell were

part of the s:ane cornplex plutonic continuum.

Volcanic rocks of Gjersvik eruptive sequence in Skorovas

area and their rnetamorphic 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 eitects of deformation and low-

grade metamorphism under conditions of the greenschist

facies. These modifications, together with the primary

complexity of the volcanostratigraphy, have been obstacles

to the systematic mapping of the greenstones.

It has long been recognized that the Gjersvik greenstones

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

• aff inity.21A1 Because of the confinement of systematic

geological studies to the immediate vicinity of the Skorovas

ing basalts, andesites and keratophyres of distinctly spilitic

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 observed at the macroscopic scale

within the acid and basic rnembers of the stratigraphy and

to exarnine their geometry with respect to meternorphism

and deformation.

It is difficult to assess the relative volumes of basic and

acid rocks v thin the volcanic sequence, but it can be said

with confiderire on the basis of regional mapping that, in

the general area of Skorovas, the dominant volcanic rock

types are baselts and basaltic andesities with lesser amounts

of andesitic and keratophyric rocks. This fact is apparent

from the relative outcrop of acid and basic rocks shown in

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

mate guide. Because of the deformed and dislocated con-

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

max imum thickness of volcanics is difficult to assess. A

eesonable estirnate based on constructed geological sec-•tions, taking into account the effects of tectonic flattening

and extension, can be given as 3-4 km.

The sed(rnentary 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

tectonic facies originating from metamorphosed and

flattened basic flow units.

The prinrary Kneralogy of all the rocks in the volcanic

successiun 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 episndes, the first of which was prior to the first stage

of penetrat;ve tectonic deformation. The evidence con-

firrning this metamorphic chronology is best preserved with-

in the basic rnernbers of the sequence.

Basaltic ar,ci vndesitic lavas

The state of deforrnation of the basaltic rocks varies

according to their position with relation to the early isa.

clinal tolding, the numerous lower-order thrust horizons

k rs

poss(ble, , ni(seive

pillowed e.trich the rr!ieel. I i r'ICS afe


neorly pieserved, as shown in F ig. 10. Tte (i;reensions of

piliows are variable, but diamr ters within the irrige 0.5- 2 m

are typical. In addition to pillowed baseitic flnw units,

there is a significant volurne of deformed meta-hyaloclastite

pillow breccia associated with the basaltic unit, which

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

breccia lithology is locally transitional to tuffaceous and

agglomeratic basic pyroclastic facies and can be traced

within a radius of 3 km around the orebody.

The abundance of amygdales, ranging in size from 2 to

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

that the lavas were erupted at relatively shallow depths,

probably of the order of 100-500 m.29-37 The prirnary

mineralogy has been cornpletely 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

-
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Fig. 10 A, Deformed basaltic pillow lavas observed on

northern slopes of Grubefjell below orebody. Cuspate

bodies of grey chert that occupy interstices between

pillows are conspicuous. In cases of extreme deformation

survival of these chert bodies within chloritic schist provides

a useful guide to original volcanic structure of rocks.

B, Basaltic pillows from flow exposed on southwest shore

of Tredjevatnet. Eruption of pillowed basalts followed

deposition of a dispersed exhalite horizon in vicinity of

Tredjevatnet centre. Layer of ferruginous silica gel, disturb-

ed during eruption of the basalts, formed a jasper matrix

for the pillows. Chloritized chilled margin of pillows is

conspicuous. Significant amounts of pyrite are also found

in association with jasper pillow matrix, the pillow lavas

lying stratigraphically but a few rnetres from horizon of

massive pyrite
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regror,..t rr. iscnrblddes, is r, , uns,

ponerd o TV rrcurldrr.iiesin the ,,,r;,. Tbc can

probably bk in terrns uf the iron ern ichment


shown by ti rt I orks (analysis 3, Table 1). St ilpnomelane,

in common with the other greenschist rninerals, oc:curs

dispersed throughout the body of the rock and also as

monomineralic fillings in arnygdales and in crosscutting

veinlets. The dominant mineralogy of the amygdales within

the pillcwed basalts varies widely. Combinations of two of

the cornrnor, greenschist mineral species are usual, involving

quartz, epidote, calcite, chlorite, albite and pyrite. Actino-

lite isnot usually found in amygdales. Within certain parts

of the Skorovas area the dimensions of the amygdales and

their rnineralogy have been useful in discrirninating between

individual flow units, although amygdale mineralogy cer-

tainly cannot be applied as a universally reliable criterion of

stratigraphy.

Within the more massive andesitic and basaltic rocks,

original flow textures are preserved by the orientation of

the altered plagioclase microlites. Augite phenocrysts are

pseudomorphed by Pctinolite and chlorite and the acces-

sory iron—titanium oxides are largely replaced by sphene.

The basalts are not conspicuously porphyritic and igneous• textures are frequently concealed in the meshwork of fine

actinolite, chlorite, epidote—clinozoisite and albite iMo

which the rocks have been transformed.

The effects of greensehist metamorphism are not only

apparent at the micro scale but are also dernonstrated by

the gross redistribution of the rock components, which has

produced massive hands and lenticular knots and spheroidal

r ,• itly epidote

v. r,,,.,.rr, ()f -,11(`M. bodies

with or the Ciri.L.! (if crunetres are


arranacd pandlul to the sur fares al thk pr!lcrw structures or

as discontinuous layers pdird!lel to fldw surfaces within

massive basalts and hasaltic andesites. The typical form

of these hodies is shown in Fig. 11.

The epidote•rich segregations are evidently pre-tectonic.

During the first period of penetrative deformation the
chloritic mass of the pillosved 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 metarnorphisrn was re-

sponsible for pervasive alteration and gross reorganization

of the mineralogy of the basic rocks prior to the tectonic

event responsib!e 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 rnetamorphic episode

was not changed, but tectonic facies were produced as a
result of further redistribution and segregation of the
various mineral species.

The metamorphic altdration that took place in the


earliest event prior to the deformation of the rocks can be

• r . ,

'er rsdi•

4hj; < :.

f ;fr

; .•

Fig. 11 A, Pillowed basaltic lavas from northwest of Havdalsvatn showing development of pre-deforrnational rnetamor-

phic sez;regrations of epidote-rich materials (e) parallel to pillow margins. During tectonic flattening epidote layer has re-

sponded by developing a system of brittle fractures. 8, Lenticular segregation of epidote (e) of pre-deformation age in

rnassive andesitic lavas southeast of Store Skorovatn. Conjugate pattern of brittle fråctures produced during deforrnation

of competent lenses is explicitly developed, as in generation of dilatant fractures filled with quartz, chlorite and carbonate
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and iddnd arc tholeatr 111, . , and !i. 1, Porphyritie qu:irt dtenhyre,

quartz keratophyre, Grubefjell: 3, andusite ‘z.th sh!;m.);:a.lanc, Gr abefjell; 4, andesite, GrubefetII; 5, ;aclesitic. 11,

agglomerate, Grubeljell; 6, pillo.ved basalt, ubefjell; 7, pillutved basalt, Grubeijell; 8, basalt, 6 km snuthwest ot :;! 11,yijell;


9, basalt, northeast Cbverste Nesavatn




1 2 3 4 5 6 7 8 9 10 11

Si02 72.23 70.39 53.07 59.34 56.12 50.15 49.30 48.99 50.13 49.61 52.86

A1203 11.82 12.27 14.13 15.40 12.20 13.70 13.81 16.55 14.76 16.01 16 80

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

Fe203 2.14 3.37 6.48 3.49 3.31 3.31 + + + + +

Fe0 1.28 0.44 6.62 6.01 6.44 7.78 14.70" 13.97' 14.95" + +

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

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

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

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

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

P205


a Loss on

0.24 0.03 0.10 0.18 0.12 0.17 0.11 0.06 0.03 0.14 +

W ignition 1.06 2.24 1.90 2.24 3.57 2.81






Total Fe as









Fe203 3.56 3.86 13.83 10.17 10.46 11.95 + + + 12.63 11.45

Total 98.90 99.49 98.04 100.70 98.24 98.54 99.54 99.64 98.24




• Total Feas Fe0.
+ Value not obtained by analytical rnethod used.

ascribed to contemporaneous alteration of the volcanic
rocks in situ as a result of the thermally driven circulation

of sea water in the upper layers of the lava pile close to
the site of eruption on the Ordovician sea-floor. Consider-
able evidence has accumulated in recent years to show

that in-situ alteration of the mineralogy of subrnarine
basahs to produce assernblages of greenschist and lower
amphiholite facies is a phenomenon of wide occurrence
within the upper layers of the see-floor.3335 Humphris 21
recognized that the rnetamorphic assemblajjes in recent

subrnarine basalts from the Mid-Atlantic Ridge can be divid-

sed into chlorite•dorninated and epidote-dominated types.
It is suspected that this division reflects a process of rneta-
rnorphic segregation sirnilar to that seen in the basalts
of the Gjersvik sequence.

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

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

The recognition of the pervasive pre -deformation in-situ

sca-floor metamorphisrn of the Gjersvik basalts also helps

to rc:Mve the controversy that surrounds the tectonic status
of 1:11t.rrbancesof the Trondheim type.11,51,55 The polymict

conglornerate that unconformably overlies the volcanic
sequenee was formecl prior to deformation and alloch-

thonous transport of the Gjersvik Nappe. This is easily
demonstrated on a local scale by the pervasive sch istose
fabric of the matrix and the distinctive stretching of the
competent clasts parallel to the axes of the early isoclinal

folds (Fig. 12(A)). It can also be demonstrated on a regional
scale by mapping the level of unconformity through the
isoclinal folds of the first deforrnation (see Fig. 5).

The conglornerate is composed of boulders directly
derived from the plutonic and volcanic sequence that under-

lies it. Locally, the composition is dominated by rnalble

clasts with associated pebbles of jasper, and in other places

the clast population is etominated by boulders of pharter itic
granodiorite (trondhjemite), diorite, meta-gabbro and
various of the resistant voleanic rocks. Pebbles of kerato-
phyre are common, but of greatest interest are the pebbles

of the metamorphic epidote assemblage (Fig. 12(8)), which
have evidently been derived by erosion of the metarnor-
phosed basalts.

Final and conclusive evidence is thus provided for a
Lower -Middie Ordovician metamorphic event pre-dating
the Gjersvik Disturbance. The rnetamorphism was produced
by the thermal and hydrothermal effects associated with the

contemporaneous eruptive activity embodied in the
Gjersvik Nappe. The tectonic movements involved in the
formetion of the polyrnict conglomerate were predomin-
ately vertical as opposed to lateral and must have been re-
lated to an early stage of tectonic evolution within the belt
of Lower-Middle Ordovician eruptives of which the Gjersvik
Complex was a part.

The status of a possible metamorphic event pre-dating the
Trondheim Disturbance has been discussed elsewhere.1 1,65

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 equivaleni horizons. :a• re(

(hat such assemblnge v ølp; ii)lo the

conglorneratic rocks produc.,:i by episticiic uplift of the

Ordovician sea-floor and that i e history of metarnorphism

would be as extended as the history of subrnarine volcanism.

Magmalic activity in the bell continued after the

erosional event. The evidence for this is provided by

quanz-feldspar porphyry dykes that cut both the eruptive

complex, the unconformity and the overlying conglomer-

ates prior to the first phase of deforrnation. These dykes

are sirnilar in composition to other granodioritic rocks

within the cruptive complex and are regarded as the latest

product of calc-alkaline magrnatism 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

orebody itself and with a variety of iron- and silica-rich

sediments, which, following the conceptual terminology of

Carstens 6•7#13 and Oftedahl» are appropriately described

as 'exhalites'.
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IfIC irlh-rent lateral variability (it tHe

is not [  ossihle to describe a unique and wklely oiplorntoIc

type succession. The distribution of thc var iolls facies of

acid rocks within specific parts of the Skor uvas dt ea sJwjests

that a minimum of four centres ol acid pyroclastic eruption

we-re active. Their products are prestived, as far as it is

possible to tell, at an approximately similar level in the

volcanie 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 slope 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 Neshatn (the Nesåvatn

Centre), and further east in the terrain near BI3hammeren

(the BlZhammeren Centre). The main betts of acid rocks

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

diff icult to judge whether the centres represent independent

volcanic structures or lateral eruptions on the flanks of a

single polygenetic edifice.

The acid volcanic horizons show a range of well-preserved

pyroclastic fabrics to which Oftedahl 41-42 draw 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.

Pyroclastic facies can frequently be traced laterally into

compact por phyritic and aphanitic bands of keratophyric

aspect - presumably, flows or highly modified tuffs. In the

vicinity of the Brahammeren Centre porphyritic flows are

physically continuoUs with porphyry dykes from which the

eruptions appear to have originated. The dykes, in turn, can

be traced lowards the large mass of trondhjemite that occurs

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

The disjunction caused by ddformation at the margins of

the intrusive masses and within the volcanic sequence, how-

ever, denies a conclusive statement concerning the connex-

ions between the plutonic and volcanic levels during clima-

tic episodes of acid cruptive activity.
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Fig. 12 A, Typical appearance of polymict conglomerates

as seen to northwest of Havdalsvatnet. Flattened bouider of

trondhjernite (t) displays tectonic fracture pattern character-

istic of us brittle behaviour. Associated boulder of marble

(m) has deformed in a ductile fashion. B, Large pebbles of

pre-def ormational epidote-rich metamorphic segr egations

derived by erosion from underlying lavas are a common

constituent of greenstone-bearing facies of polymict conglo-

merate. Example photographed close to unconformity on

southern shore of Tredjevatnet
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Fig. 13 Plot of Ti versus Zr contents for Skorovas basic

extrusives (circles) and basic intrusi.es (triangles) showing

abundance of low potash (island arcl tholeiites (LKT).

Distinct trend towards field of calc-alkaline basalts (CAB)

and grouping towards occan-floor b.salt (OFB) also shown

142



toCks from the

Skorovas om eve dre sod., rich (sCe analyses 1 .ir d

2 in Table 1). Pencgrapiii. ally, the rucks display a rnoda)

composition dominated by alhite and quartz, occurring both

as phenocrysts and as the constituents in the aphanitic

groundmass, which is a mosaic of albitic plagioclase micro-

lites and quartz. Whatever mafic silicates may have been

present are now represented by dispersed chlorite. Pyrite

is usually present as an accessory. The rocks are properly

described as quartz keratophyres 25 '76 and, taking into

consideration the analyses frorn the basaltic and inter-

mediate rocks shown in Table 1, it isclear 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

rnetamorphism 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 slands out as a reticular pattern.

Flow is part of major acid horizon with which orebody is

associated. (b) Agglomeratic facies of keratophyric horizon

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

horizon above mine entrance on northeast Grubefjell. Acid

fragments are partly silicified and tectonically flattened. A

competent quartz vein with orientation close to principal

stress responsible for flattening during first stage of pene-

trative defor rnation has responded by buckle folding

Geldschreildii ha; given cd the type

fiern the Trondheim district doci from loceiities in viiestern

Nerway that show total Na20 values in the range 4.3- 6.0


w: °;c and K20 values in the range 1--2.5 wt This


gives a typical Na20:K2 0 ratio for trondhjernite of the

order of 3:1. Partial analyses of three trondhjemitic rocks

from the Skorovas intrusive arc 56 show that the Na20

contems fall in the range 2-4.5 wt % and K20 values fall

in the range 1-2.5 wt %. Na20:K20 ratios are of the

order 1:1.5-3:1. This range is clearly of the right order for

trondhjemitic to granodioritic rocks with Si02 contents of

about 70 wt %. The Na20: K20 ratios of the spilitic

rocks are one to two orders of magnitude greater than those

seen in the regionally associated plutonics (see Table 1).

Fig. 15 Exhalite horizon (a) (top) 2 km east of Øverste

NesLatn. Stratigraphic sequence is complex and made up

of graded lapilli tuffs overlain by pink to brown coloured

banded cherty sediments incorporating rnagnetite, 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 B ihemmeren. Scale in cm
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differimces in chienisuy E-wtweun the plutonic and the

volcanic sequences, hut it is clear that the most signiI

chemical difference does lie in the conspicuous enr ichmar it

in sodium, which has evidently occurred in the whole ranne

of the volcanic suite.

The chemical discrepancy displayed by the volcanic. and

plutonic suites of the Skorovas area has been the root of a

lengthy controversy concerning the affinities of spilitic

rocks in general. The problem has been discussed by

Wells,76-77 Sundius 66 and Vallance,69,79 among others,

and it is clear, after the review of the problem by

Vallance,69" that the case for post-eruptive metasomatic

alteration of alkali contents by circulating sea water is

strong. Taken in conjunction with the textural evidence

described above, there seerns little reason to doubt that the

spilitic character of the Skorovas volcanic sequence is the

result of metasomatism, which accompanied the sea-floor

metamorphism of the volcanic rocks during Lower

Ordovician times. This metasornatic alteration by circulation

of heated sea water changed the chemistry of the rocks,

notably enhancing the Na20 content and concealing the• natural magmatic consanguineity of the volcanic and

plutonic rocks.

Magmatic affinity of Skorovas.eruptives and their

tecionic significance

The relative mobility of the major elernents in basic and

acid rocks during metarnorphic alteration poses obvious

problems with regard to the determination of the magmatic

affinity of eruptive sequences and the confirmation of

consanguineity within them. Cann,4 in 1970, recognized

the possibility of using certain elements, notably Y, Zr,

Nb and Ti, which were unaffected by severe secondary

alteration processes, as indicators of the magmatic affinity

of ocean-floor basalts. Pearce and Cann 46 subsequently

extended this concept for use in determining the tectonic

setting of basic volcanic rocks by empirically def ining the

ranges of variation of the stable trace elements in suites of

basaltic rocks collected from various defined oceanic and

island arc environments.

Sixty-nine basaltic rocks from various parts of the• Skorovas district have bern 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

rnagrna types as defined by Pearce and Cann.46 In addition,

the Ti/Zr values for eight associated gabbroic to dioritic

rocks from the intrusive arc are superimposed. These rocks

were chosen for their even phaneritic texture and lack of

conspicuous layering. The plot shows that the basaltic

rocks of the Skorovas district concentrate in the field of

island arc tholeiites with a notable trend towards the field

of calc-alkali basalts. It is also possible to recognize a group-

ing of values towards the field of ocean•floor tholeiites.

The coincidence of the analysed values in the plutonic rocks

with the field of island arc tholeiites is regarded as con-

firmation of consanguineity in the groups of basic pinionic

and volcanic rocks falling in this field.

Study of the trace elernents suggests that the eroptive

sequence in the Skorovas area originated in a tectonic

setting in which basaltic rocks typical of an immature

island arc were being generated."29 Moreover, a know-

ledge of the field relationships in terms of the chronology

and relative volumes of the eruptive rocks at the plutonic

and volcanic levels confirms this view. Little quantitative

inforrnation is available concerning the relative volumes of

the ‘frrious crup,:yr ;,.

i.ord in rrirnaturc. hrct. L.N Er1

comparative estimates Iresed on observfdieris of ila f:

S:Indwich Island volcfrnio sesidence, and thesc ar e d


to be in the same order of pPoportion as theSe (317/el '/E.i 17,

the Skorovas area, notably basalt andesite > d acite and


ihyolite (or their spilitized equivalents). I n the case of

mature calc-alkaline arcs the relationship is of a distinctly

different order — andesite > basalt. The field evidence,

taken in conjunction with the supporting information from

chemical analysis and petrographic examination, forces the

conclusion that the eruptives of the Skorovas area are, in

fact, the constituents of an immature island arc of Lower

to Middle Ordovician age formed within an ensirnatic setting

peripheral to the Laurentian or the Scandinavian craton.

The eruptive sequence, its magrnatic 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;19,24 the tectonic transport in-

volved in the process of emplacement is estimated to have

been at least 200-250 km.16,17,63,64

Skorovas orebody and peripheral exhalative mineralization

The description of the volcanic host rocks given above

confirms the association between the Skorovas or ebody and

an eruptive sequence originating in an immature ensimatic

island arc of Lower to Middle Ordovician age. It is appropriate

to consider the morphology 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.41.42

The orebody is situated within a part of the volcanic se-

quence displaying distinctly calc-alkaline character. Apart

from the keratophyric pyroclastic and flow units, at the

level of which the orebody is located, the sequence includes

a thickness of basaltic andesites and rocks in the range of

silica contents appropriate to andesite and dacite, now

represented by spilitized equivalents. The precise strath

graphic location of the orebody with respect to the acid

horizons is difficult to establish owing to the disjunctive

tectonic style, but there is no doubt that the association

7GE
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PROFILE 73
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Fig.16 Two sections of east orebody at profiles 59 and

73 east—west situated 140 m apart along morphological

axis of orebody. Progressive development of a first-phase

isoclinal fold is illustrated together with complex digitated

style of isoclinal closures. Open style of second fold phase

shown by undulation of lower contact of ore on profile

59 east—west

PROGILE 59 /

E-W -1 -60

/ 160

/

_aer /
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betwcw aoci ; atophyric LXirtJSiVtHr. ritirnjte

(see 4 ia), 5 17).

The Skor ovzs ur ebody, at the present stete of develop-

ment, s esnmeted 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. Fr om the initiation of production in 1952 until

1975-76 approxirnately 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 rnarketed

primarily for its high sulphur content. Following the de-

cline in the market for sulphur-rich concentrates, a new

beneficiation plant has been constructecl 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. lt is 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 wi % with Zn > Cu » Pb. Zinc content is of the

order of 2 wt % and Cu C 1 %.

• Structural style of orebody

›The rnerphological complexity of the Skorovas orebody

caused by tectonic disjunction of isoclinally folded lenses

and the extrerne 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 eruachelon array of

closely spaced groups of massive sulphide lenses, the dis-




0. sone with

.i aorth to NNE

orienlatron aild with a oi Int c,;our of 200 rn. A

[epresentative cross-section of thc ored.:,dy is shown in

Fig. 17.

The lemicular bodies have their principal planes orientat-

ed parallel to the axial p:anes of first-phase isoclinal folds

and the individual lenses are apparently, to a significant

degree, the products of partial disjunction of fold limbs

within that fold system. In detail, as is shown by Fig. 17,

the ore zone shows a longitudinal division into an eastern

and a western orebody. This division may 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 20 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 irnmediately

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

E4ST 72 WEST
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30E 20E 10 E 0 10 W

PROFILE 42 E-W
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Fig. 17 Representative section through east and west orebodies at profile 42 east—west showing principal lithological

divisions of host rocks and position of zinc-rich facies along footwall of principal eastern and western lenses. According to

structural interpretation zinc-rich level is stratigraphic tOp of ore. Complex digitation of ore is well illustrated
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of c1:: . The drsjonetion c.; r;

rne, • the ore contacts dar ing ;l4r: ..Ily ph:v.e must

also hpve heer; rnagnified in response to the sto sses irnposed

during thp second period of folding.

The i arly deformation in the immediate contact zone of

the crebody was sufficient, because of tlie contrast in corm

peteocy, to create a schistose tectonic facies composed

pn;lorninantly of chlorite, carbonate and, locally, talc.

These compenents were derived by segregation frong the al-

tered basic host rocks — andesite, basaltic, andesite arid

basalt. The schistose tectonic envelope is shown locally in

Fig. 17. The creation of this envelope facilitated the con-

tinuance of cornponental movements within the vicinity of

the ore contacts during later deformation.

The history of structural deformation within the orebody

can be summarized as follows:

Eady isoclinal folding, accompanied by creation of a

schistose envelope with componental movements in

the vicinity of the orebody contacts, led to a

tectonically disjunct style.

Periods of post-schistosity deformation produced

folds of various scales. In the immediate contact

zone small folds of up to several rnetres in wavelength

occur sporadically in response to local variation in

orebody geometry. The orebody as a whole, however,

was foIded on a broad open style, which is typical

of later deformation in the Skorovas region. This i
shown in the isometric projection (Fig. 16).

The final episude of deformation was mar ked 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-
rcalely 25° towards the east. This is reflected in the axial

eloogation of the orebody. The later open folds, part of

the regional dome and basin system shown in the structural

analysis (Fig. 4(b)), have steeply dipping axial planes and

an exial 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 cornposition of the Skorovas orehody reflects a

rnineralogy of comparative simplicity. Pyrite, sphalerite,

rnegnetite and chalcopyrite are the dorninant ore mineral

species. Pyrrhotite is conspicuously absent. Galena occurs

in much smaller amounts, and arsenopyrite and tennantite

occur locally as accessory constituents. This rnineralogy

aCCOunts for the average range of trace and minor metallic

elernents recorded in analyses of the orebody, the following

values being considered as representative averages: Co,

100 ppm; Ni, 20 ppm; As, 300 ppm; Ag, 10 ppm; and

Au, 0.1 ppm. Cadmium is notably enriched in sphalerite-

rich facies of the ore, reaching values of several hundred

ppm, and Mn reaches similar values in the pyritic facies.

Most of the minor chemical variation can be accounted for

by diadochic substitution within the common ore minerals.

Arsenic and silver are notably contributed by arsenopyrite and

tennantite, and grains of native gold have been observed as

inclusions of 5 orn in size in arsenopyrite from peripheral

parts of the ore. The principal gangue mineralogy of the

ore consists of chlorite, quartz and calcite, together with

lesser amounts of sericite and, locally, stilpnomelane.

The structural and stratigraphic evidence summarized

here and by other authors 20,21,41 has confined the choice

of genetic rnodels for the orebody to the following

• •• (li trf the striwform

.e..r1, unjer ur result of

emrssioi, of met, :r of an acid

erfrptive centre or (21 uff.pf,.cement of the ore-

body fry replacemer,-, of part of the volcanic sequence in

thu vicinity of the eruptive centre, this taking pIace 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 2021 conducted

a systematic analytical study of the major base-metal con-

tents of ore from 43 drill-holes on selected profiles spanning

the length and breadth of the orebody. The results of this

study showed that the contents of zinc and copper varied

antipathetically, zinc showing a tendency towards enrich-

ment in the peripheral zones of the orebody and copper

tending to concentrate in enriched core regions. It was

also noted that the overall content of copper and zinc

showed an increase towards south of the orebody. In the

southern part Gjeisvik noted that zinc, in particular, is

enriched towards the hanging-wall and in the eastern and

western extremitics of the ore lenses. In the central zone it

is enriched in the vicinity of the footwall contact (Fig. 17).

In the northern partof the orebody the composition is

essentially pyritic, with minimal base-metal content. The

analytical data prove a systematic variation in base-metal

content both laterally and vertically within the orebody, and

this is confirmed by petrographic studies and field

observation.

In the course of the present study it has been possible to

recognize facies of the ore that are probably of chernical-

sedimentary or gnh and those which are essentially tectonic.

The pattern descrihed by Gjelsvik 2021 probably reflects

the influence of hoth pr ocesses. The primary textural

evidence for the op; ration of sedimentary processes in ore

deposition is g:ven 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 text ure is

shown in the banded pyrite, sphalerite magnetite ore of

Fig. 18(C). It is highly unlikely that such banding is of

tectonic origin. Moreover, where tectonism has had a per-

vasive effect on the ore, the textures are of distinctly tectonic

style (see Figs. 18(8) and 18(0). Figs. 18(A) and 18(8)

show that the deformation of the pyritic Ienses was marked

by mutual impaction and cataclasis of the constituent

grains. Any gross tectonic flattening or extension of the

lenses must have been accomplished by relative movement

between the individual grains accompanied by cataclastic

degradation. This rnechanism has been described as macro-

scopic ductility by Atkinson,1 who has also shown that

cataclasis is probably the only significant deformation

mechanism available to pyrite, under dry conditions in the

P— T range appropriate to the greenschist facies. It is un-

likely that deformation took place under dry conditions,48

but the range of textural evidence strongly suggests that,

within the massive pyrite, cataclasis was the dom inant de-

formation mechanism. Atkinson 1 a!so notes that the

strength of polycrystalline pyrite is strongly and inversely

dependent on porosity. Large volumes of the Skorovas ore-

body are composed by nearly monomineralic close-packed

aggregates of pyrite with low porosity and, when lithified,

these masses must have behaved in a highly competent

manner relative to the adjacent chloritized la.;as and pyro-

clastics. Under the influence of the tectonic stresses pre-

vailing during the first period of deformation it seems reason-

able to propose that the style of deformation within the

orebody may have been controlled by the development of
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natiOW 70•11:5

tectonic strain hv b,•••11

way, the forrnation of a di'Hunct lerliLji ilhidIILilt of

ore lenses could be explained as vie11 j the rarit, pt  viell-

preserved isoelinal structures.

Tectonic mineralogical facies of the orebody are un-

doubtedly i ecognizable in the hase-rnetal-enriched lenses

and extremities on the lateral petiphery of the ore. Zinc

values are enhanced by an order of magnitude and lead

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

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

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

development of a crenulation cleavage reIated to the second

phase of deforrnation.

Tectonic mechanisms are not, however, the sole explan-

ation of the peripheral enrichment of base-rnetal 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 


magnetite iiiid•vte. ••-•vr,f'S , ras ei

shown as 3 and ir; Tabie 2.

It appears alsc that a distincl prirmiry Vd! iatton

may also have been present to account icntne geriteraiiy de-

pleted levels of copper and zinc in the northr rn part of the

orebody. Final evidence of the operation of chernical-

sedimentary processes in the formation pf the orebody is

provided by the occurrence of magnetitic and hernatitic

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

orebody stratigraphically overIying the magnetite and zinc-

rich facies.

Evidence of a primary stratigraphy within the orebody

clearly exists despite considerable tectonic modification.

lt is also plain that the metal distribution can be interpreted

in terms of a stratigraphic zonation, which resernbles that

found in orebodies of undisputed volcanic exhalative

origin in such areas as the Miocene Green Tuff beR of

Japan.3°

The detailed palinspastic reconstruction of the lateral

and vertical facies variation within the complex Skorovas

orebody is the subject of a current study by Reinsbakken
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Fig. 18 A, Typical compact pyritic ore with minor

arnounts of sphalerite (grey). 8, Mutuai impaction relation-

ship in pyrite grains from coarser facies of massive ore

showing cataclastic rnechanism of deformation. C, Zinc-

rich ore with magnetite typical of upper stratigraphic levels

of orebody showing evidence of probable primary gradation

and sedimentary banding. Pyrite, white; sphalerite and

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

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

crenulation cleavage is visibly developed with seIective con-

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

composed of carbonate and chforite
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and vjrl I ant ! • ••

however, ; ' I L ,r,j) ':;; :!)1C

within the pyrwe mass suggests niec.re!,. hori of the


ore minerals could le• explained in terms et zil,

chloride-complcx rumrel such as that used by Salo to explain

Table 2 Average metal values for Skorovas ore types and

sulphide facies of an extensive exhalite

% 1 2 3 4 5 6 7

$ 46.80 47.20 38.90 42.28 27.50




51.10

Cu 1.09 2.30 0.99 0.79 1.47 0.06 0.20

Zn 0.15 0.80 3.90 9.33 44.20 0.02 0.41

Pb 0 03 0.04 0.05 0.04 4.00 0.01




1, Massive pyritic ore (27 samples); 2, copper-rich ore (14 samples);

3, banded rnagnetite-rich pyrite-sphalerite ore with carbonate (18

samples); 4, pyritic zinc•rich ore at stratigraphic top of orebody (13

sampIes); 5, Zn-Pb-Cu-rich peripheral ore probably a tectonic

lacies 12 samples; 6 massive base-rnetal-depleted pyrite or 'vasskis',

Havdalsvatn (1 sample); 7, relatively enriched pyritic ore, Skorovas

(30 samples).

zonation within the Kuroko deposits.55 The applicability

of such a model depends on the existence of conditions such

that the metal. and sulphur-enriched hydrothermal solutions

are not rapidly and widely dispersed into the dominantly

oxidizing conditions uf the subrnarine environment. This

requirernent must be met by topographical barriers in the

vicinity of the hydrothermal emanations or by density con-

trasts between the emanating brines and sea water." It is

upon the presence or absence of the conditions outlined that

the distinction between the hydrothermally intensive and

the hydrothermally extensive exhalite phenomena in the

Skorovas area is based.

Peripheral exhalative mineralization

The rnagnetitic 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 ferruginods siliceous horizons represent

a continuurn between the intenslve and extensive facies of

mineralization (see Fig. 19). The relative frequency of the

association between acid pyrociestic horizons of various

facies and banded magnetite -pyrite and chert in the

Skorovas area, and within the Gdongfelt as a whole, was one

of the primary inspirations for the theory of exhalative-

sedimentary ore genesis expounded by Oftedahl in

1958,41.42 who carried forward the concepts formulated by

C. W. Carstens 7.8 in his studies of the Leksdal type

of sedimentary sulphide deposit in the Trondheim district.

Oftedahl 42 emphasized the association between acid

pyroclastic activity and the formation of the iron- and silica-

enriched sediments. Understanding of the various exhala-

tive facies has been carried forward in the course of the

present study.

The main characteristics of the extensive peripheral ex-

halites are noted below.

The exhalite horizons are relatively thin, 0.1-2 m in

thickness, are laterally persistent within the volcano-

stratigraphy and can be traced over distances of the

order of several kilometres.

Internal variations of stratigraphy occur in detail.

The sequence is always marked, however, by a change

from a reducate sulphidic or magnetitic banded

stratum to an oxidate ferruginous chert (jasper).

These changes occur in a vertical sense (Fig. 20) and

also, gencrally speaking, in a lateral sense.

Tr, ,r. ch, •

bast. men15, (..ther :1 mur

(see dradysis 6. Table 1).

These vviciespread hands can be exp;;nned by a mecham

ism of explosive volcanic dispersal dunng the clirnactie daci-

tic eruptions associated with the various volcanic centres.

In the course of such a process rapid and complete mix ing

of the residual hydrous fraction of the dacitic magma with

oxidizing sea water will have occurred. The base metals will

have been subjected to infinite dilution in the course of

such a process, leaving oxidized iron and silica hydrosols in

sospension. The hydrosols will have suffered greater dis-

persion than the pyroclastic fragments and by subsequent

settling will have produced a thin stratum of iron- and silica-

rich sediment that extends well beyond the limits of the

latter. It is for this reason that the extensive exhalite hori-

zons are so named. They also constitute valuable time-

stratigraphic markers within the intrinsically variable

volcanostratigraphy.

The sulphide-magnetite mineralogy of the reducate

facies is to be ascribed to post-depositional bacterial reduc-

tion of iron, deposited in the oxidized condition. A typical

facies of this type is shown in Fig. 15(b).

The simple stratigraphy shown in the ideal section (Fig.

20) can be regarded as the product of a single dispersal

event. Some exhalites, however, give evidence of episodic

explosive and fumarolic activity that results in a complex

cyclic stratigraphy in which tuff bands are intercalated

I 2! 1
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Fig. 19 Scheme of interaction of hydrothermal brines

with sea water (a) (top) (after Sato 54 ) and schematic

eruptive and hydrothermal events in Skorovas volcanic

centre during climactic dacitic episode (b)
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lion-enriched ehert

,;1;,:jy, including stilpnomen.rii , irorerich

chlorltes, together with a cornmonly ot inagul

eumposition (Fig. 15(a)).
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acrided pyrile • mognehte

Fig. 20 Ideal section showing products of single event

dispersal in extensive exhalite as observed in vicinity of

BI?ihamrneren centre

As well as being valuable tirne-stratigraphic rnarkers, the

exhalites may be developed as a tool in identifying vent-

proxirnal 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.

Cunclusions

lt was recognized in the early stages of the present study in

1072 that the Skorovas area provided a unique window on

the eruptive and ore-for ming 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 rnetamorphic and tectonic processes that have acted to

produce the present geology of the Skorovas area in the

context of its position in the Gjersvik Nappe.

Attention has been specificany directed to the hydro-

thermal processes that take place at the volcanic level, but

•it is important to record the occurrence of curnulus ores ofmagmatic origin within the plutonic complex. At

Lillefjellklumpen, to the north of Skorovas (see Fig. 4(a)),

a srnall platinum-bearing pyrrhotite—chalcopyrite--pent-

landite lens has been found in association with a minor body

of metagabbro. This occurrence was described by Foslie

and Johnson-Hdst in 1932.13 The present study has shown

that small curnulus bodies of chalcopyrite—pentlandite-

bearing ore occur at a variety of sites in the layered gabbros

of the deeper plutonic level. At the present time these

bodies are of incidental economic interest only. The whole

range of phenomena described can therefore be said to typify

the ore-forrning environment within an ensimatic pericratonic

island arc, and only the porphyry style of sub-volcanic minen

alization appears to be absent. This may, however, reflect

the immature character of the arc.

The study has also placed the Gjersvik, Trondheim and

related disturbances in their proper geological context as

episodes of uplift associated with the stages of evolution of a

pericratenh arc system in Lower to Middle Ordovidan times.

Vertical mo,:ernents of this style can be said to be a character-

istic feature of the evolution of arc systems," and Murphy 38

hasdescrihed fault-bounded back-arc basins of Tertiary age in

Ioilonesi: that contain up to 8-km thickness of clastic sediments,

vAnch 1.4E ch;, , sued uri :

trons. It is, t-rhrs L ' ' •: -sc tc, atItTopt to

the timing of such moverm be

intra-arc origin, with lectunii. of differing style taking

place in other provinces of 11:e Cillerionides that coulcl have

been located, in Lower 0: onvicn times, on separate geo-

taraphically and tectonically isuneed marnins of the orugenic

system.3
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Geology of the Skorovass Mine: A Volcanogenic

Massive Sulphide Deposit in the Central

Norwegian Caledonides

ARNE RE1NSBAKKEN

Reinsbakken. A. 19140: Geolob7 of the Skorovass Mine: a voleanogenie massive

sulphide deposit in the Central Nonvegian Caledonides. Norget geol Unden. 360.

123-1.1-1.

lise Skorovass orebodv kone of the major stratabound base-metal sulplude de-

posits within the alloefithonous bell of the Central Norwegian Caledatudes and is

comained within the voleanie eruptive part of the Gjersvik Nappe. a subordinate

structund element uf the larger Ki,Ii Nappe sequence of the Scandinavian Caledo-

mdes. The orebods orons wohin dw metavoleame sennence at a les el mar ked by an

episode of exploske rhyodat air voleanism and assm iated fumarohe artis ss

Detailed geological invnugations hase outlined a complex, panialls imened

volcano•stinigraphv which in simplest WIMIN calt he subdis ided into thtee major

units. Whole rock inajor element grocheinical data from the vatRIIIS 5 oleanic units

show that the greenstone eniptives range in composithat from hasaltic hiough to

rhyodacitie. and the liace element data show romentrations and trends similar to

those of low K tholeittes from island The Skortivass eruptis e Inter-




preted as having tonned as an ensimatie Iludentw oland are to the s. est of the

Fennoscanehan rontinent during jirobable Lower to Mjddle i hdos wian

and subsemzeittly thiust mualw:;stward on to the l'immiscandian eomment dliong

the Silusia:l.

The Skonwass deposit consists i, f ea. 10Nlionnes of dominantly massts e and

mimir dissenunated pyritir cire ssith an avetage grade of 1.0 . Cu and Zn

together with trare amounts of Pb. Ag. As and nunor Cd. Fian majoi ore tspes

(facies) have been delineated and used to mappahle In hostra tigraphtc units ssithin

the varititis orr mmci, nd the Ca and Zn values from the masswe sulphide orebo-

dies sitinv a eleat antipathetic zonation with the Znvich ores concentrating at the

stratigniphic rp of the ore-lens system. which is itself immediately overlain by lenses

and bands of jaspilite and mag;wtitie chert. A caoss.cialing sulphide vein system

(stringel ione) has heen found duectly bentill and extending up into the Cu- fie h

part of the massis esulplude ores and is interpreted as tlwleeder-zone'm 'rom-rone'

to the massive ore The Skorovass orebw1v is intelpreted as has ing been deposited

direedy to the sea-floor from metallifert;us hydrothennal brinesemanatingout on

to the sea fkiir ni fonw a ss nsolcanie exhalahve masso suljande deposu

The imit I.s kne undergone two main imeliOds of penetrat is e dehinnation under

lower greensehist faeies met awhophism dunng w Int h time the serebtds and its

enclosing nwks obtained their present ronfigurathin of romplex.lensoid.en echelon

geometry.

Arne firmsba/krn,Grologisk Instinat. Unirmitart i Trondkim,

Norges kkraide hogable. Frondhem.
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GEOLOGY OF SKOROVASS M1NE 125Introduction

In recent years attention has been focusing on the Caledonian-Appalachian
orogenie 1>elt in the iight of the 'new plate tectonics' (Wilson 1966, Dewey1969, Miyashiro 1972.  Gale& Roberts 1974, Vokes & Gale 1976) and on thevolcanogenic sulphide mineralization associated with island arc volcanism at
destructive plate boundaries (Horikoshi 1969, Clark 1971, Sillitoe 1972,
1973, Sawkins 1972, 1976, Lambert & Sato 1974, Garson & Mitchell 1977and Sato 1977).

Recent publications on the greenstone belt of the Grong district and its
associated py ritic deposits (Cjelsvik 19(10, 1968, Halls et al. 1977) have
helped to set the Skorovass deposit in a more modern context in the light of
current theories of plate tectonics and assodated mineralization. Halls et al.
(1977) have given a detailed account of the regional tectonic and strati-
graphic setting of the Skorovass deposit. The Skorovass deposit has alsu
recently been cited by C. J. Dixon (1979) in his Aday of Economir Mineral De-
pasits as "a good example of (he type of basemetal-bearing pyritedeposit that
occurs along the Caledonian-Appalachian fold belt". With the increasing
attention that has been given to the Skurovass deposit, it seems only apt that
a detailed account of the mine geology should now be presented. This paper
summarises the regional tectonic and stratigraphic setting of the Skoro-
vass orehody ablv deal t with by et al. (1977), provides a more detailed
accoant of the vo'lcano,stratigraphy and geochemistry of the host rock litho-
logies and ut the various sulphide facies of the orebody itself, and discusses
the relationship between the mineralization and volcanism in the light of the
now accepted volcanogenic, syngenetic-exhalativemodel of sulphide deposi-
tion. A prehminary account is also given of the lithologies of the various
vokanic units and the stratigraphic relationship between these volcanic units
and the enclosing sulphide ores. This data forms part of a continuing doctoral
thesis project by the author at the Geological Institute, NTH, Trondheim.

(.()CATIoN

The Skorovass mine lies in the heart of the central Scandinavian Caledonian
mountain chain within the southwestern part of the 'Grong district' directly
southwest uf the large lake Tunnsjo, approximately 25 km west of the
Swedish -Norwegian border at lati.t.de 64°38' N and longitude 13°04' E(Figs. I de2). The tiny mining comm um ty of Skorovatn lies ina valley bottom
at an elevation of 500 m a.s.l. enclosed .on three sides by completely barren
mountains which reach an elevation of 900 m a.s.I.. The mine itself is situated
on the north-fadng slope of the mountain Grube0ell at an elevation of 620 m

(Fig. 3) where the main adit extends due south for several kilometres
directly beneath the main orebody.

HISTORY

The first record of sulphide discovery at SForovms dates back to Sept. 1873,

although some prospecting in the district had been camed out earlier. With

Frg. 7. Ssihrplic gndopral map of the Scandinavian Caledonides shoning the main distrirtsof

stratifinnt •olcanogenic ores locancin of the Skorovass oreinnly (After et al. 1977).

its large rusty zone over the surface projection of the northern extent of the
main ore sone (reported to be Notway's largest post-glacial gossan), the
Skorovass mine area must have been a source of curiosity for many an early
travel ler. The 'Cammelgruva' (old mine) was first staked in 1910 on a 3 - 4 m
thick massive pyrite lens, the surface project ion of the main ore sone, and anintense exploration drilling survey plus the driving of an exploration adit was
carried out by Elektrokjemisk A/S during the period 1913-1916. A second
period uf intense exploration was carried out from 1935 to 38 under the
leadership of state geologist Steinar Foslie. The Skorovass mine was fmally
put into production in November 1952,  although some desperate attempts to
open the mine had been made by the German occupational furcesduring the
second world war.

The Skorovass mine produced crushed pyrite from 1952 up to the autumn
1971 when a selective fletation plant was put into operation producing

both copper and zinc concentrates.
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Ag. 2. Map illIss ilg lot anon of the main ore delutut.in the Grong docnet (Sk = Skontvao..<;)
= Gjerni k. Jo-j mia and St = Stekenjokk) and main structo ral and so at sra plue untt, that
ean be dottogut-thed tiub,n the Not. Nappe_
( thrust at bLiseu(l nden Nappe; t:2) thrust at 13~ of Seve-Kålt Nappe; (3) thrust separaling

Seve and Kåli st(illence withm Seve-Knli Nappe Complex; (4) thrust separating Gjersvik
Nappeat top of kOlt Nappe sequentefront high-grade metamorphie rocks of lelgeland Nappe
Ctottples. Boundar les based on geologwal in fonna i on Intru olie. (ntedahl, Zarhi-ista tn, Gee
and Gostavson (From 11411s iL at. 1977).

GEOLOGY OF SKOROVASS M1NE 127

4

Ag. South new of the Skorovas mine uith the mine entrance and uattle dump to the ttp
right of the tmmwav. Note the almtut oimplete oun-ntp exptonte on Gruheftell In the hack
ground. The etnopi;uttu, hent hing layeeing at nos the photoglaph parallelt tho plomment
Nebrantaty and was eadier intetpreted ni lava fitat

Regionalsetting
The Skorovass deposit occurs within the allochthonous greenstone bdt of the
Central Norwegian Caledonides and is located at the acid volcanic level ef a
cornplex eruptive sequence of probable Lower to Middle Ordovician age
known as the Gjersvik Nappe (1-1allset al. 1977). The Cjersvik Nappe consti-
tutes the low-grade metamorphic, uppermost unit of the larger Seve-Koli
Nappe Complex, structurally overlain to the west by the higher grade meta-
morphic rmks of the i lelgeland Nappe Cornplex (Gustavson 1975) and
structurally underlain to the cast by the lower tectonic units of the extensive
Koli Nappe sequence, and is confined to the ninth and south by the ffingefjell
massif and the Grong-Olden basement culmination, respectively (Figs. I &
2). The principal components of the Gjersvik Nappeare a plutonic infrastruc-
ture of composite gabbunc intrusk ms within which has heen emplaced a
series of dknitic to granodioritic (trondhjemitic) bodies which fonn the roots
of a consanguineous submanne polygenic volcanie sequenee et
1977). According to Fumes et al. (1980) this is "perhaps the most completely
developed ensimatic island arc segment in Scandinavia in telms of yarietv of
magmatic products". The igneous complex is overlain unconformablv by a
sequence of polymict conglomerates and calcareous Ilysch sediMents,
defiyed by erosion directly from the underlying magmlatic rocks (Fig. 4).

Pre-tectonic segregations, veins and vesicle fiilings of epidote, albite, chlor-
ite, carbonate and quartz related to primmy volcanic 11~ structures in the
lava piie provide evidencc ur pervasive sea-floor memmorphism

•
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Fig. 4. Simplified genksical map of dieSkonivass areit (SSV = Stareskon»,atn;GR = Grube.

fielIet; ON V Ovexste NesAvatnet (From IlalIs et al. 1977).

(Spooner & Fyfe 1973) and this is verified by the abundance of nearly mono-

mineralic epidote clasis in the derived conglomerates (Halls et al. 1977).

The relationship of the eruptive and sedimentary units is interpreted in

terms of the evolution of an ensimatic island arc of Lower to Middle Ordovi-

cian age which underwent upli ft and erosion ior to emplacernent on to the

Fennoscandian basement during the d mactic stages of collision tectonism of

the Caledonian orogeny in Silurian times.
The entire igne:ms and sedimentary assemblage has been affected by the

deformational pnwesses of allochthonous emplacement bot the gress differ-

ence in competence between the component lithologies has resulted in a

particularly heterogeneous style of deformation in which folding, cornpo-

nental sliding, fracturing and penetrative metamorpliic recrystallization have

been governed largely by the geomeuy of the most competent lithologies.
These are notabl v gabbro, diorite and grarodionte (trondhjemite) intrusives

and, within the c:xtrusive sequence, by compact rhyochcitic hows and their 


spilitized aphanitic equivalents (kemtophyre). The heterogeneous pattern of

deformation is resolved in terms of two main stages of folding complicated by

componental sliding movements.

Volcanic Stratigraphy and Greenstone Geochemistry

Primary vokanie structures and textures have been described from the

westem part of the Norwegian Caledonian greenstone belt and have been

used successfully in deciphering the volcano-stratigraphy and providing
way-up detenninations as an aid to interlireting the numerous fold structures

found in these area (Fumes 1972, 1973, 1971, Fumes & Skjedie 1972, Gale

1975, Grenne et al. in press). Detailed mapping ssithin the Skorovass mine

area (1:2,11(10scale) has helped to cli wument the mans primary submanne

vokanic structures nd textures that have not previ;,usly heen clescribed

from this area, eg., ck ise-packed and Usst at t l'd pillow breccias and

hyaloclastites, amvgdales, flow breccias and flow -up breccias, banded tults

and agglomerates, and acid expliniion breccias and lapilh tuffs hgs..1a-d &

(i). The use of these pnmary volcanic structures in ompinction sitii the

intrusive relarionship and whole-nak geochemistr> has helifid to delineate

a vokanic stmtigniphy sithin the immediate mine area 5 hich comprises a

metavolcanic sequence ranging in composition from basalts and andesites

through to rhyodacites.

VOLCANIC SFRATIGRAIIIIv

The volcano-stratigraphic sequence of the Skorovass mine area can be

divided into three major units (Fig. (i):

the Lower units, the oldest volcanics in the area, which comprise dark

chlorite-rich metabasalts and minor Fe-rich metabasalts, occuMng pre-

dominantly as massive flows and closepacked pillow lavas.

(he Middle units, an intermediate to acid volcanic complex of massive

andesitic and dacitic and stilpnomelane•beanng metavolcanics, capped

by a rhyodacite and accompanying 'explosion breccia' and mixed


tuffs hich are intimately associated with the massive.sulphide minerali-

zation.

the Upper units, the youngest volcanics, which iminediately overlie

the basic tulTs and sulphide mineralization, are compused of relatively Ca-

Mg-rich basaltic to andesi[ic greenstones occurring predominantly as

pale, close-packed pillow lavas and minor porphyritic

massive flows.

Lower Volcank Unit (unitsA+B)

The Lower Volcanic Unit consists of two minor units, A and B (Table 1,
Fig.6).The lowermostunit, UnitA, is dominated by dark green chloritic
and minor epidote-bearing metabasaltswhichoccur mostly as massive lava

flows ard minor flow breccis. Some areas are dominated by pillow lavas with


epidohi-rich rims and netpAs associated pillow breccias itnd hyaioelastites.
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Fig 5 (a-d). Photographs of primary volcanie structure% and textures found at Skorovass:

Defonned Fe.nch metabasultic pillow lavas, tenif B of ths• a/Wer Voleanic Unit from be-

neath the orebidy on ssest Grobefjell. Cuspate bodies i while-grey ehert that oceupy

interaire, betu.,en pillows are compirtums. A massive andesitie dyke cuts the


MIlov. ed  equence n the Irmer pan cif the phinisraph.

StrongIy flaurned sok ano betur sa v.ith fragenma, sel rhok. magmune-dissemi.


nated meta -anoesite,et sn ireder matr.5 1.fepichile and r Idorete tolf i v livah,elastite (rom

the sn,pes Imeb und G. the hn. er past id the Nbddle Voh ansc Unn Note the uny quartz.

and chl.mte-filled amygdale, and the pale rear tum nm, sormunding the ind vdual frag-

ment, Usns. diame:er I S cm: the, ,ame stte com Is used on all n111CI nImmgraphs).

%,Inte dly oda, ne.e.plusion bIetL,.f shou ing angolar un.orted aenhe s.ik,nuehagments,

partiv mhello•cl and ter k ally flattened. set in a darker fine.gramed tuff matrix rich ,n


chlorite and wricne.

Dense, greyish, felste,•quartz-eye lapilli tuff showing the diffuse, welded-contart nature

of the individual paler felsie-ocidie fragmerus.

At the uppermost contact of this unit, especially within the mine area, there is

an upward gradation into a distinct horizon og Fe-rich metabasalts, und B;

these occur mainly as close-packed pillow lavas. The Fe-rich greenstones

have a characteristic dark greenish-grey, almost black colour and are strongly

magnetic (finely disseminated magnetite), and contain conspictious quartz-

and chlurite-filled amygdales and tricuspate greyish-white chert-filled inter-

stices between the individual pillows (Fig. 3a). In many places the Fe-rich

pillowed metabasaltic sequence is separated frinn the overlying younger

volcanics by a thin persistent horizon of grey chert and thin bands of magne-

tite, locally tenned the Iron Formation (Fig. 6 & 7).

Middle Volcank Unie (uniesC+D)

These units consist of a cornplex of intermediate to acid metavolcanics which

forms a prominent stratigraphic sequence throughout the Skorovass district

and which thickens noticeably within the immediate mine area (Eig. 4). The

lowennost unit, unil C, forms the greater part of this sequence and consists

predominantly of very dense, massive meta-andesitic flows with minor quan-

tities of associated breccia material occuning as flow breccias and flow-top

breccias and with local minor zones of pillow lavas and associated pillow

breccias (Fig. 3b). This imennediate volcanic sequence, und C, is quite

variable in composition as minor metabasalts and metabasaltic andesitesalso

occur within the dominating aphanitic lavas. The rocks of this sequence are

characterized by their dense, compact nature and pale greyish- green colora-

tion, reflecting an increase in aphanitic albite aml minor quartz; they are also

relatively magnetic, rellecting a content of finely disseminated magnetite

(Fig. 513). Quartz, epidote and minor stilpnomelane occur in conspicuous

large amygdaks, gas-bubble rims and tension gash and fracture fillings.

Stilpnomelane is a characteristic mineral uf the intermediate volcanic

sequence (unit C) occuning as diffuse brossnish patehes and concentrations

throughout the sequence in both the massive lavas and the pillow lavas and

associated pillow breccias. I lowever, it oceurs most noticeably concentrated

in areas dominated by numerous acid volcanic dvkes that introde the Lower

and Middle Volcanic Units and form feeders to the large acid extnisive

'domes' that cap the int ermediat e volcanic sequence in the vicinity of the

Skomvass orebody (Fig. 6).

"(be acid volcanic series, fonns the uppermost division of the

Middle Volcanic Unit and is a conspicuous and resistant sequenceof rhyoda-

citic dykes and thick bulbous bodies or 'dornes' of white rhvodacite and asso•

ciated angular breccia or 'explosion breccia' (IlorikosIn 1969) directly over-

lying and flanking the main rhyuclacite 'domes' (Fig.5e.).Comparablepheno-

mena have been reported from the Miocene Kuroko- type deposits of japan

by Hoi ikoshi (10(10) where the tufT breccias are conidered to be contact

products between the dacite magma and the seawater, and the explosion

breccia as products of `steam explosions' on the flanks of the dacite lava

domes. Similar domes of rhyodacite occur in the Gjersvik area 30 km NE of

Skuro“tn (Lutro (079).



Meto oadesats, pale, lasp,ble

ststpnomelone beorinq Fe -1c0o Foemotan, bontea magneirle ond chert
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Fig. 6. Schematic diagratn showing the stratigraphic relationships between the various volcanle
units and the position of the Skorovass orebody. Cireled cap.tal letters (i -F)in the legend refer
to the units shown Tabie I.

Rg. 7. Representative section through the 'East' and 'Main' orehafieS at profile 12 W

showing the principal lahological divkions of the host rorks (same Irgend as in Fig. II)and the
position of the Zn-rich ore facies along the fut,twall, associated wnb japdae and banded

magnetae and chert exhalites. Act ording to structural interpretati,m. the Zn-nch levels repre•

sent the stratigraphic top of the ole. The cotnplex digitation of the ore i well dlustrated,

demonstrating the style ol lite early folding and the traasistsiliitn ola stngle itre

la trizon into munerous elongate, en echelon lenses such as datse found on the west side o the

'Main orehotly.

The memrhyodacites are conspicuously aphanitic, almost flinty in nature,

albite- and minor quartz-porphyritic and generally pale green to apple green

in colour reflecting the minor chlorite mineralogy. However, dark grey,

massive metarhyodacites with sparse disseminated magnetite are found

immediately beneath the massive ores. As seen in Fig. 6 the white rhyodacite

'explosion breccia' is directly and gradationally overlain by a sequence of

pale tuffs, generally visibly fragmental and referred to as lapilh tuff (Fig. 3d.);

these grade upwards into well-laminated (primary layered) add (felsic) and

more basic tuffs containing varying amounts ofalbite-quartz-epidote-seficite

and chlorite in the matrix. Away from the large rhyodacite 'clumes' and

centres of acid explosive volcanism, the acid (felsic) tuffs thin rapidly and

become noticeably finer grained and more laminated in character. The

massiv e-sulphide ores at Skorovass occupy a stratigraphical position in the

top of diii 'explosion breccia' -hspilIi tuff - laminated acid (felsic) tuff

sequence and are immediately overlain by a thin horizon of dark, chiorite-

rich, basic tuffs, with hematitic chert or jaspilite and magnetite-rich bands

occurring at the upper contact of the ore zone. These basic tuffs form the

uppermost member of the Middle Volcanic Unit and presumably represent a

period of relative quiescence between the main episodes of volcanic ac tivity.

UpperVolinnicUnit(unitsE+F)
The upper volcanic sequence consists of a thick pile of pale, carbonate - rich


metabasaltic pillow lavas ti.) the east and south-east of the mine area (unit F),
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and an undedving thin inconsistent unit of very pale relatively Ca-Mg-rich

massive metaksaltic flows and minor pillowed horizons (unit E). These

younger metavokanics are quite restricted in occurrence in the actual mine
area. because of the structural inversion of the area where much of the upper
sequenee lies beneath the present erosion level beiow the orebody, but they

increase markedly in thickness to the east and south-east of Skorovatn.

E, the lowermost Ca-Mg-rich metabasaltic sequence, is conspicuously
ver. pale, and rich in epidote, albite, actinolite and calcite. It is noticeably

poi:phyritic and much coarser grained than the older aphanitic volcanics -

the main reasim why these rocks have previously been mistakenly called

gabbros. Numerous dykes of this unit are found cutting all the older volcanic

sequences, inciuding the sul phide mineralization of the orebody, fonning

feeders to unit E (Fig. 8). The omspictunts, metamorphosed, malk porphy-

ritic patches or crystals comprise actinolite and chlorite pseudomorphs after

presumed roxene crystals.

L'int P. the major portion of the Upper Volcanic Unit, consists almost en-

tirely of a thick sequence of pale, carbonate-rich pillowed metabasalts with

only minor massive llow units. The pillows have epidme, actinolite and

carhunate-rich rims and cusps, and numerous carbonate-filled amygdales

occurring in a zone immediately beneatn the pillow rims. Sume individual

pillows also show an internal porphyrioc texture. Minor metarhyodacitic

flows and dykes also occur in the Upper Volcanic Unit. These are conspic-

uously quartz- and alhite-porphyritic, pale green and devoid of mabmetite.

GREENS INE GLI ICIIEMISI RY

As a more detaiied geochemical investigation of the Skorovass volcanics is


now in progress, only a brief inte(im summary of the results and preliminary

, Zecaa

conclusions will be given here. Becausethe volcanic rocks at Skorovass are so

extremely fine-grained and aphanitic and generally devoid of any recogn-




izable primary volcanic textures, the use of major and trace element

chemistry has been necessary to distinguish the various volcanic units in the
volcano-stratigraphy, especially the units which have similar coloration and

surface weathering features, Le., basalts, basaltic-andesites and andesites.

The vokanic stratigraphy comprises a sequenceof extrusive rocks ranging

in commisition from hasalts and andesites thwugh to rhvodacites. a volcanic

suite w hich is characteristic of immature tholeiitic island ares (Mivashiro

197-1). This metavtdcanie sequence has a characteristic spilitic chemistry

which is rellected in the high Na20/K20 ratios (Table I), and s hich is
belie  ed to be attributed to pre-teittalic sea-floor metamorphism tilahis et at

1977).

tabl, 1. Slean tnalor rIcenent whole onk anal. ses foon the t, sokanw unas (A-F I .ithm the
Skoodas. nino. awa Past ,if the wholc ut k anahses I. samples) “ett. r arried out
empho ing anah tu.d melhods.p. firsi I lbed I/N I nr & Odega, d (6,7S) and the remamder at

the ((colognal inottow. N w beic tIle man. clements (w)ept sod lllll near analwd b. X-




ray Iltioreent e 'Plobps PN1 2(000) using glan brad, tocpmed atoaling to method. by
Padfuld & (da  1971). Na ssas deleirmonl bv wet ,Inounal method. (AASI and Irrmus non
by tomuon w til pot.ponini da Inomate.




A B C I) E I:

SIO2 48441 48.98 57.7(1 70.21 48.88 51.35

TK )2 1.67 1.46 1.12 0.55 0.72 1.50

A1203 14.35 14.93 14.12 12.07 1535 15.43

Fe203 3.1!1 5.99 4.15 2.42 2.51 4419

Fe0 9.24 11.16 . 5.90 2.111 6.42 7.97

NInG 0.38 029 023 009 0.151 0.20

Mg(.) 5.47 5.5*-1 3.27 0.80 6.88 4.56

Ca0 5.55 2.71 3.16 1.16 9.32 4.86

Na20 3.90 2.97 5.46 6.84 4A1 4 5.23

K20 0.04 0.40 0.36 0.31 0.43 0.26

l'205 0.10 0.11 0.15 0.11 0.05 0.12

1.0.1.• 5.38 4.86 3.28 1.42 5.65 3.63

Total 99.70 9939 99.05 99.70 100.24 99.20

No. of
analyses 7 4 10 11 4 7

- t.,issi,n ignmon.
(Lower Unn) - inetabmalt, dark Iii moderate green. chhonW minor emdote.
(Lower Unit) - Fe-rich metabasah, very dark green-gieywh, magneutic.

C (Middle Unit) - meta-andesite, some stilpnomelane-bearing.
D (Middle Unit) - metarhyodacites. minor albite porphyritic.

E (Upper Unit) - metabasalts, pale, epidote (Ca+Mg)'rich, often porphyrinc.
(Upper Unit) - metabasalt + andesitic basalt, pale. Ca nt h. cp.dote-bearing.

Fit 8. Nonh view alung a IS m-
thirk vertiral dyke ./f miemporphy-
raw membmaR. unil E of the l(pper
Volcanie Unit, that cuts through
very whivtose, notv. 5ulphide-diss-
eminated fehic tuff., prominent
sclustosity (S,),dippinglxi ca. 30° to

SE, is developed in both the dyke
and the enclusing turkshinsing that
the dyke intruded pnor to F,
def nwiti an
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Based on the 43 analyses so far available, a comparative study of the whole

rock major clement chemistry of the various volcanic units from Skorovass
(Table 1) appears to demonstrate that each unit has distinctive chemical
characteristics, which can also be seen in the AFM diagram (Fig. 9) and Ti-Zrdiagram (Fig.I0). The Fe-rich greenstones (uni t B) for example, show a much
higher total Fe content (ca. I (i 10203) than the lowermost metavolcanics
(unit A) of the same sequence, and the basic metavolcanics of the Upper
Volcanic Unit (units E+F) show a more varied chemistry with generally
lower Fe and Ti than the older metabasalts from the lowtr Volcanic Unit
(units A+B). The acid metavolcanics unit D) also show a distinct spilitic
chemistry with verv low 1(20 and high Na20 coments and have therefore
been ciassified as metarhyodacites to emphasize their high silica coment,
although they are in fact more li ke the ch,cites tha'. have been desclibed kom
the Nliocene volcanogenic Kwoko-type deposits at Kosaka, Japan (Hod-
koshi 1969),

The AFNI diagram of the Skon wass Mine vokanics appear to show two
separate trends in the spread of the analytical data (Fig. 9). One is an iron-
enrichment trend within the tholentic field of Irvine & Baragar (1971), and
embraces the oldest vokanics, units A +B, where the Fe-rich basalts are inter-
preted as differentiation products from a tholentic parent magma.

A second major trend occurs along the division line separating the
tholeiitic and caic-alkaline sedes reflecting the development of the interme-
diate and acid volcanic products (units C+D) of the Middle Volcanic Unit,
and corresponds to the 'distinctly cak-alkaline character' of Halls et al.
(1977).

These two trendsare almost identical to the trends described by Stanton &
Itainsay (this volume) from the Solomon Islands, where they interpret the
iron-en'richment trend as a differentiatimi trend from a th.oleinic parent
magma.

The second trend, towards the alkali apet is interpreted by Stanton &
Ramsay as the development of the calc-alkaline series by fractional crystalli-
zation dominated by intermediate and acid volcanics, and a corresponding
loss of the aqueous volatile phase and the production of the exhalative strati-
form ores. The Skorovassorebody is similarly int im ately associated with acid
volcanics marked by episodes of explosive rhyodacite volcanism and asso-
ciated fuinarolic activitv.

lbe two trends can also be detected in the Ti-Zr discriminant diagram
(after Pearce & Cann 1)73) (Fig. 10) nhere the spread of the analytical data
(dots) shows a prominent trend (rom the OBB field into the low -K tholente
field (1.KI), which roughly corresponds to the devdopment of the lower-
most, oklest, volcanir units (A+13); and a .econd minor trend into the CAB
field represented bv the intermediate and acid volcanic rocks (units C+D) of
the Middle Volcanic Unit. Although the use of such discriminant diagrams(Ti-Zr) has been restricted to basic vokanics, it has been shown bere at Skoro-
vass that it is the intermediate and acid volcanic units that are responsible for
the C.A13 trend.

Fig 9. AFM diagram of the total

analyncal data (dor.) and the mean
valnes (iriartzles) of the various
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According to Fox (1979), who examined the possible volcano-petroche•
mical variations and affinities of the host ro; la, of most of the stratabound,
volcanogenic deposits of the Kuroko type using standard means and discri-
minant analyses,such a comparison indicates that the vokanogenic deposits
in felsic terrains ate not restricted to the classical calc-alkaline rock associa-
tion at previously thought, but can actually be hosted by rocks showing a
wide range of irtm contents. rux show ed that iii most Canadian Shield depo-

TH
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150 200



411sits the Zn-Cu ores usually have iron-rich felsic hosts and that in most japa-
nese, lberian and Tasmanian deposits the Pb-Zn-Cu ores have iron-poor
felsic hosts. Eie concluded that most of the Zn-Cu-rich Kuroko-type ores of
the Canachan Shield are in fact hosted by subalkaline rocks having petroche-
mical affintfies from strongly tholeiitic to strongly calc-alcaline. Moreover,
Fox states that "regions characterized by tlnilei iUr differennation may have
smaller and less dispersed volumes of rhvolite and coarse pvroclastic rocks
than in calc•alkaline regions (although tht; tholentie rhyolite is more likely to
be quartz.poiphs-ritic)" shich is indeed the case at Skorovass. More
reeendy, Mat(;e.ehan & MaeLean (1!180) have studied the Archean Zn-rich
stratifin-nt massive sulphide deposits at Nlatagami, Quebec, where the
massh e sulphides fiwm part of the original stratigraphy as stratifonu lenses
clustered within 'eale.alkaline'Centres, most commonly on the lIanks of rh

 -o-lite domes orother felsic accummulatitms.fllev have;hown that the massive
sulphide deoosits, hich svere originally thou.ght to lie within cak•alkaline
rocks, occur.unhin a bimodal hasaltihsolite suite of tholentic affinity, and
that the apparent 'cale-alkah ne' affinity of die ibyobtesorfelsic rocksis due to
the ssidepread hydrothermal alteratkm that accumpanied su b-sea-floor
geothennal activ itv.

It mas thus be suggested that the Zn -Cu -rich volcanogenic ores of Skoro-
vass occor in acid nwks show ing similar petroehemistry to iron-rich, fel sic
tholentes such as thos• found in the Canadian Shield.

lartro (1979) has shown that similar met arhyodacites from the Gjersvik
area, 30 km north of Skorovass, are comparable to dacitic rocks thougMto
represent differentiates fnmi tholeinic basalts.

Stilpnomelaile is a conspicuous mineral in the intermediate and acidic part
(units C+D) of the Skto-ovass volcanic seqUence and occurs concentrated
particularly in the vicinity of the orebody and the main extrosive centre and
near the numerous acid volcanic dvkes, as diffuse shadows, vesicle fillings
and fractUre liii i 1g5 ahmg with qual:tz, epich,le, ntagnetite and minor pyrite.
According to recent investigations on the exhalative mineralization in the
Skorovass district by Ferriday and ot hen. (in pn-p.),stilpnoinclane is a promi-
nent mineral of the silintte exhalite facies. "lbese authors contend that the
components of the silicate exhalite have been derived by Icaching of Fe,
Ca, Al and silica from the volcanic pile as a result of pervasiVe spilitization by
convectively circulating fluids. Stilpnornelane is also found associated with
sorne of the Fe-t ich, magnetite bearing, metabasalts in the Oninediate mine
area. 'Ehis stilpnomelane-bearing unit has a rather special themistry, as it is
relativelv enriched in le, Ti and Na and depieted in Ca and l< when
compart:d to the rest of the Ee-rich metabasaltir sumples of unit B aud espe-
cially when c(1mpared to 'norrnar Fe-enriched tholdites. "fhis special
chemistry rnost probably reflects a period of intense hydrothermal alteration.

SkorovassOrebody
The orebody occurs as an en echelon array of closely spaced massive-
sulphide lenses producing a N-S to NE-SW mie.ned elongate orezone
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7). The ore zone has a width of ca. 200 m, a thickness of up to 50 m, and an
overall length in excess of 900 m at the present state of development,

although known massive-sulphide mineralization extends well to the south
of the presently mined ore-lenses. The orebody consists of ca. 10 million
tonnes of massive-sulphides averaging 1.0 Cu and 1.5 Zn. oNvhich 1.5
million tonnes are essentially pyritic ore devoid of appreciable base metal
contents. Production from I !132 to 1976 y idded -I.7 nirilion tonnes tifrnished
pyrite having an average grade of 1.15 - Cu, 1.8 Zn and 1S' S. hesent
reserves (1978) are caluidated at about 2 million tonnes ith an average
grade tif 1.15 ' „Cu and 2.211. rellecting the Zn-rich periphdal ore-lenses
now being mined. "Ilrare and minor metallie elements recoided in analsses
from I>ulk samplesof dwmeltody gise the follow ing lepresentatis e as eMges:
Co, 100 ppm: Ni. 20 ppm; As, .t00 ppin, 10 pian; and Au. 0.1 ppm.
Cadmium is nottcablv enrit bed in sphalente la esof the ore, reat hing alues
of sevetal humbed ppm, and NIn reaclws si in i arsal

UVN in the ps ritic facw-s

(Halls et al. I 977).
The bulk composition ol the Skorovass orebody refiects a danparausely

simple mineralogy, dommated In py ute. sphalente,chal«rinnte and magne-
tite in det rneang order of alMndame. Accessorv amoun'ts r tennanute,
arsenopy rite and galena are alm> present. Pyrilknite is conspit

thiLisly absent.

The principle gangue nlinerals ure chlorite,quat ti and cak ite together with
minor seridte, tak and actinolite. For more information on the Skorovass
deposit see Foshie (1926), Oftedahl (1958), Gjelss ik 091A

et al.

(1977) and Reinsbakken (1977).
Massiye-sulphides' are here defined as 50 sol. sulphides. and tdiss-

emniated' as < vol. sulphides.

ORE

Systematic analytical studies along selected tnine profiles show that zinc and
copper contents vary antipathetically. zinc being richer in the peripheral
zones of the orebody and copper concentrated in the cores of the massiveore
(Fig. 7). Alth(nigh tectonic defi wmation has destroyed ahm>st all traces of
primary (sedimentary) st ruct ures, det ailed mapping ( 1:200 scale) has demon-
strated that certain ore-facies can be used as lithostratigraphic marker-units
within the orebody.

Four major ore-facies tmrorrivpes have been sepatated within the Skoro-
vass i webody, based on textural Mul chemical variations. These are shown in
Table 2 ts ith their mean sulphur and base.metal values:

Type I a - d ore-facies, fine-grained, compact. massive pyrite ore.

Type Il2-c ore - favies, zinv - nch, massive sulphide ure.

Type III ore-facies, pyrite-disseminated chlorite schists.

t) Typ:- ore-facies, distal exhalative mineralization - 'vasskis'.
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Tabk2. Mean sulphur and basemetal valuesof the variousoretypes(facies)from theSkorovass

orebods and an extenaive distal exhalite facies ('vasskis*) from the Havdalsvatn area, 12 km

east of •Skt ,,,, va.a.

Id Ila Ilb lk III IV
_

37.05 36.21 42.28 27.50 33.54 -nd-*
0.74 0.41 0.79 1.40 1.09 0.06
3.98 3.95 9.33 4233 1.03 0.02
0.06 0.11 0.04 3.98 0.01 0.01

18 14 13 2 7 1

-nd- • = not andIssed roi

: Culich ni.ts'Ise p.Otir ore with minor banda of magnetite.
: Cinn;Etet massn e pvride ore, formv major part if the Skorovass orebody.
: S tich intisakf. ore, devoid iif base Mrtals (telerred li, as 'Skorovass vasskis').

Carbonate mmor magnetne banded massive pyritic ore. often Zn-bearing.

: Quad, spl,dlente and ilsote banded massese ssith teruntic lensoid boudinage

: !\1:5,15e in reth ore as the strattgraplut (spi. he ore onh minor pyrite

intet bandm-

Zn-Cu-I'h rit li pertphe“d etre band - 'potstmal exhalite.

Dommunated psoteln mibmate and mmor magnetne bemingeldterite schists(rekrred

as •st•dtuteniUty inte ote't.

IV Butal exhahte* Maasku.*), finesrained pyrice and minor magnetite banded minetali-

mtion frimi sa. 12 km E of Skorosaas (Havelakvato area).

The boundaries between the four major ore-facies are quite sharp and the
relative strat igraphic distribution the ore-facies within an idealized basinof

deposition is shown in Fig. 11.

The majer ore-facies I and 11are further subdivided into several subfacies

based un texturpl and chemical variations.These generally show gradational

boundaries, although they do display some systematic mutual relationships

with reference to their stratigraphic position in the postulated original basin

of deposition.

TypeI ore-faties

By far the most dominant ore-types at Skorovass are compact, massive
pyritic ores svhich for mapping pmposes can be divided into four chemically

and texturally distinct units (types la-d).

Copper-rich, compact pyritic ores, typela, are widespread throughout the
ore deposit and form a conspicuous zone along the petiphery of the ore zone
which is now interpreted asits stratigraphic base,and in many casesare found

imrnediately overlying or adjacent to a sulphide-veined •sningor zone'. The

Cu-rich pyritic ores are yellow.coloured (fine-grained chalcopyrite) and
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Fig.I I Schematie diagrain of the postulated original baain of deposition showing the relative


stratigraphic posmon of the tariou, Skorovass ore typea (facies). Symbols for the vadous ore

types are from able 2.

generally display a marked tectonic banding with only minor, thin, primary

bands of magnetite present. Fragments of acid vokanic or felsic

material are noticcable in.the lower reaches of the massive ores in the vicinity

of the sulphide tstringer zone' (Fig. I 3a). The average grack of this Cu-rich

facies is 2.6 ' Cu and 0.8' in (Table 2) but the Cu content vahes greatly

between 2 to across the Cwrich ore zone; vai ues greater than 5 Cu are


seldom found in the massive ps ritic ore. Copper values gre,tter than

represent larger concentrations 1tchalcopyrite occurring alOng fract
tires and

massive ore boundaries wlwre I hey are interpreted as reinesonting mobiliza-

tion and redeposition rdated tø the Caledimian dcfonnation.

Ore-typeIb. contpact massive pvrite ore, rowailutes by far the most domi-

nant and simplest ore facies in Sk<wos ass and is utantite,ed of almust totally

monominerallie pyrite in a Minor quartz matnx.It has a 5ers dense, compar

extremely fine-grained (III)! - 0.1 mm graiwsitc). almost 11ims nature

13b), often with a brecciated or catar1astic ni,,as, tesame nith kar quartz as

fracture fillings (Eig. 16). A cimspieuous fite ies oftlw masso unnpact pyritic

ore is npr k, %shichhas been separaled ftom typelb on the basis 01 its almost

total lack of base metals and extremely high 5 content tas eraging over 50

S); this has been ccstloquiailv tenned 'Skorovass vasskis' berause of its pale

ahnøst white coll tur. This facies is more or less restricted to the northern part

of the main orebtgly sshere it ft wm s the thickest part of the SLarrovttss deposit,

up to 50 m (north of profile 42 E-W, Fig. 7).

A much more dist inct ive variety is f the ctinqxtct massive pydte ores is type

Id, a carbonate-rich pyritic ore carrying noticeable amounts of Zn. This forms

a prominent zone peripheral to and along the forww all of the main orebody,

and on structural es idence forms the stratigraphic rop of the massive pyritic

ores (Figs. 7 8: I I). Thin svhiLe bands of carbonate (calcite) and rannor magne-

tite, quartz and chlorite form distinct Iayers in tlais annt (Fig. 13c), and the

pynte ore is noticeably coarser grained, almost sugary in nature, and occurs

asfriable pyrite sand where the carbonate matrix hasbeen leached out by the

acidic mine waters. The carbonate and minor chlorite matrix suggests that

there may be a relationship between this type Id ore and the adjacent type 111

ore.

lb Ic

S 45.58 46.97 51.06

Cu 2.63 1.10 0.20

Zn 0.77 2.14 0.4 I

Pb 0.04 0.05 -nd-*

No. of

samples 14 27 30

•
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Type 11 orefacies

The type 11ore-facies comprises the Zn-rich ores i Skorovass. Subfaties Ila, a
well banded quartz-sphalerite and fine-grained pyritic ore, forms a distinetmappabIe horizon adiacent to the Cu-rich and compact pyritic OrE'T. Thesubfacies I la is notable for its;mall-scale banded,lensoid-boundinaged struc-
tures (Fig. I 3d) which are interpreted as tectonically reoriemed primary
layers of dark silica and sphalerite, and pale fine-grained pydte, the individual
pyd to grains bens cataclastically deformed and fiattened. This paitcular
unit can be followed throughout almost the entire lengt h of the ore zone at
the same stratigrapliic level and is one of the best marker horizons within the
oreb<dy. This subfacies iii so has a very characteristic and consistent
chemistry with mean values of 0.4 ".. Cu, 4 ' Zn and 36 "••S (Table 2), refiec-
ting the quartz and sphale:ite bands within the pyritic ore.

The most dominan( subfacies of the type .11 ores, however, in tenns of
volume aml lateral extent, is subfrifies lit, a massive, Zn-rkh, dark brown
sphalente offt TIns t)ccurs mai nly in the southern extension of the Skorovass
deposit. concentrated in the upper and peripheral 1mrts of the ore lenses,
where it lies above, and draped around, a core of massive Co -ridt and
conumet py II ti 0 ore. The zinc.nch layersaredirectly in contact with aild over-
lain by thin horizons of dark chlontic schists (basic tuffs) and lenses of jaspi-
lite, as veiI as minor thin bands v1 inagnetite and chert. Jaspilite lenses of
various shapes and sizes, also occur 'fit)ating' within the massive sphalerite at
the upper eontact of this Zo-rich unit, auesting to a more plastic behaviour of
the sphalente ores under tectonisrn as compared s ith the more competent

jaspihte. The sphalerite has alsogenerally developed a strong foliation hich
conforms to the i nain sehistosi tv in the surrou ndi ng volcanic rocks. Tennan-
tite has been found hwally concentrated in patches along the contact zone
between the massive sphalente ores and the chlorite schists. This Zn rich ore-
subfacies (type 11b) vanes considerably in both textore and composition and
shows a ni:ahed transition into the massive pyritic ores below; a complete
gradation oreurs from massive pyritic ore s ith minor sphalerite bands,
through to thick layers of almost pure sphalerite, up to 2-3 m thick, with only
minor thin bands of pyrite (Fig. 12 & 14a.). Consequently, great variations in
Zn-con tent are found within thismassivesphalerite.rich ore and although the
mean Zn value for tbis ore type is about thick sections( I -3 m) of alinost
pure sphalerite are found baving mean values of up to 4.5 Zn.

Orc - tvm• lic, and Cu - beanng massive sphaterite ore forms a very
distincBve tInn horizon (5O cm. max.) w hich is almost totally restricted to the
northeminost lateral extension of the eastem orebody (Fig. 7). Like subfacies
1lb it forms the sa-atigraphic top of the massive pyritic and Zn - rich ores, and is
direcily overlain by small jaspilite lenses and dark chlorite schists. This unit
(type lk), while being of very local occurrence, forms a rather unique horizon
in that it is the only place in Skorovass where Pb is found in appreciable
amounts.It iscomposedof a very distinct, dark brown, strongly foliated spha-
lert te containing a very dark Fe-rich amphibole (grunerite?) and minor clear

suartz, galena and chalcopyrite (Figs. I 4b & 17). Because uf its very local
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occurrence, this unit has been interpreted as a'proximal exhalite', after Ridler
(1971, 1973).

Type 111ore-faries

A mther thick unit of pyrite-disseminated chloritic schists,previously termed
Nedimentary pyrite ore, occurs as a consistent horizon beneath the compact
pyritic ores of the main orebody. This shows a great lateral extension and is
assuciated with numeroussmaller massive ore lensesbeneath and to the west
of the main orebody (Fig. 7).This unit (I11),iscomposed of a strongly dissemi-
nated pyrite occuning as coarse individual grains and as fine dustings in

a

greatly yaryingcarbonate-andminor sericite-Pchchloritic schist;thecoarser
pyrite grains are associated with tbe carbonate-rich schists while the fine

pyrite dustings are found mainly in the dark chlorite-rich bands or lenses

1-
9.1
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• •
Ftg. 12. rhotonverngraph 111.Apt /I b
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td.uk ttley al the uppet

suanz.,11;i11( die

show.Inglayrrout ttf pynte Ityhtlet.
magile;nr and tio.nu tdal k to
bla:k1 aba, inestan

timle



144 ARNE REINSBAKKEN •
(fragments?) (Fig. 14d). This pyrite-disseminated chlorite schist unit gene-

rallv displavs a marked schistosity parallel to the boundary of the massive

ore. and the individual chlorite-rich bands are strongly lensoid suggesting a

strong tectonic reworking and flat tening of the individual 'fragmentsl, related

to the F, isoclinal folding.

Minor, thin. magnettuTinch bands or zones and minor layers richer in Zn

occur in this unit, strongly suggesting a relationship between this type

dissemi nated ore and the Carboilate-rich, type Id pyritic ore which iminedia-

tely overlies it. The pyrite-disserninated Chloritic schists occur as a lateral

extension of the main Massive pyritic ore zone and can be found bot h above

and below the massive ore lenseS øi the west of the main orebody where it is

difficult to establish irue stratigraphic relaiionships because of the intense

isochnal folding and related schistosity whif 11dominates this area.

fjpr IV oni-fades

Thin horizons of exhalative mineralization related to the Skorovass episode

of mineral izat ion can be found in a I 0 to iS km-wide area surrounding the

orebody. Detailed investigal ions by Ferriday et al. (in prep.) have shown that

lo:h tiuide and sulphide facies occur and that they are composed of tron and

manganese oxides, as vel I as sulphides and silicates, together with
9 nan ti ties

of ferniginous chert, and that they are "the result of precipitation of Fe-Mn

and silica hydrosols following wicle dispersal of exhaled fluids into the oxidi-

zing mahne environment" (op. cit.). The sulphide exhalite facies, composed

of extremely wen laminated sedimentary py rite beds and interbeds of

magnet:te and dark Fe-rich silicates, notably chhirite (Fig. I 4c), occur as very

tinn, locallv resoicted bands within the total exhahte snatigraphy.1he exha-

lites appe:Cr to be controlled not only bv the clianges in the nature of the

exhaled linids, but also bv the sea-floo; topography (small traps or local

basins) here the physico-Chemical conditions generally i emaii wd reducing

under relatively restricted sea-iiater circulation, resu li ing in the precipitation

of the sulphide facies from the exhided, dilute, metal-poor fluids. The

sulphide and oxide exhalites fmin the Skorovass dist rict are identical to the

's asskis' mineralizat ion as described by C. W. Carstens (1919, 1922, 1932,

1944) and 11.Carstens (1955) from the greenstones in the westem Trondheim

district, and typical of 'distal exhalites' as defined Ridler (1971,1973) from

the Archean greenstone belt of the Canadian Shield.

SULEIIIDE STRINGER LÅ )NE

A flattened stockwork system of interconnected pyrite and quartz veining

with associated wall-rock alteration (bleaching due to pale aphanitic albite

and minor quartz) (Fig. 15a-d)occurs in an elongate zone cutting through the

add and minor basaltic rocks directly beneath and adjacent to the Cu
- rich

massive sulphide ores (Figs. ( Sr I I ). The individual thin sulphide veins are

found to coalesce upwards into larger zones of intense albite al•eration and
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veins or channels of sulphides that project directly up into the thick Cu-rich

massive pvritic ores. This interconnected system is interpreted as belonging

to the •fe:ider-zonel or iroot zong of the ores, attesting to their submarine

hvdrothermal-exhalative origin. Zones of extreme hydrothermal alteration,

sulphide veining and impregnation are dominated almost totally by albite

and minor sericite and quartz and occur in an area of rnany smal ler, irregular,

massive pyrite lenses that grade into the main pyritic ore zone. I ndividual

fragments of the pale albititie altenttion products iire found witInn the lower

reaches oNhe Cu-rich iynticore5 (Fig. 13a) and a band of hagmental albitite,

forming a distitict horizon bentiath the massive ore, has been integireted as a

coarse tuff or shimp deposit of hydrothennally altered volcanie material

explosively ejected along with the metal-rich emanating fluids frorn the

cenduit rhannels out on to the sun ounding sea-floor.

ORE GENEsIs

Textural evidence indicates that certain ore-facies are probably of chemical-

sedimentary ongin and that the Cu-Zn zonation pattern is a primary dis-

persion elfect within the basin of deposition and can be interpreted in tenns

of a stratig: aphit zonation - Cu consentrated at the base and Zn towards the

top - resembhng that found in the ores of undisputed submarine, synvolca-

nic, exhalative otigin in stich undeformed areas as the now famous Kuroko-

type deposits of Japan (Sato 1977).

Additional evidence favouring the operat Mn of chemical-sedimentary

processes in the ore fonnation is provided by the occurrence of rnagnetitic

and hematitic chert hands (jaspilite) in the stratigraphic hanging of the

orebody overl>ing the Zn-rich ore facies. Thus, the fonnation of the Skoro.

vass Ofes is interpreted ZLSthe fesUll of direct mecipitation from hot rnetaiii-

ferous brines emanating thniugh fracture zones Of conduits out on to the sea-

lloor and being deposited under reducing conditions in a submahne topo-

graphic basin (trap) in the vicinity of the acid volcanic eruptive centre.

Metamorphism

The earliest event to have affected the volcanic rocks of the area is that of a

pre-tectonic metamorphic alteration. This in - situ sea-floor metamorphism is

ascribed to contemporaneous alteration of the volcanic rocksas aresult of the

thennally driven circulation of Nea water in the upper layers of the volcanic

pile (1 lalls et iL 1977). Bulk changes in the chemical composition of the lavas

occurred leading to the ontspictuntsly spilitic chemistry.

Later tectonic defonnation of the volcanic pile in Silurian times took place

under conditions of lower greenschist facies metamorphism but the minera-

logy established during the primzuy episode was not changed.Further north

and nortIteast, however, upper greenscInst facies conditions were attained in

parts of the greenslone sequence (1.utro I 979).

10
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ry.

a

•
c. . d 1-4

lig. 13 (a-d). The major ore type ((acies) from dm Skorovass orebody (see ako Fig. 14).

Type 1 a ort. Cu-rich massiv• pyntic ore. uttonically banded with a thin primary band of
black magnetile shaminga weakdeveloprnem of minor F,crenulation fokk. Note the large

lensoid fragments of albititic aheration matenal (grey).

Typelh-rore. Extremely fine-gratnedcompact.massive pyritic ore with minorcloar quartz

(dark) as matnx and fracture falings.Sphaterite (dark grey) is prominent at the bottom of

the plumigraph.

Type1d ore. Carbonate-rich massive pyritic oreshowing a coaner pyritegrain size in calcite

matrix and with a whitecarbonate band (or vein?) showing the ptygmatic styleof F, pfastic

deformation which is peculiar to this carbonate rich horizon.

itypt Ila ore. Tectonically banded and knsoid-boodinaged quartz-splualeriteand pydte-
bandedmassive ore. Darker bandsarecommoedof quartz wich finelydisseminated sphale-

rite. and ute paler bands of extremely fine-gmined, cataclastically deformed pynte.
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;

1-)g. 1.1 (a-d). The major ore t  pes (farrm) from the Skormass otebork..

Type11børe. Pronarv sedneentan and lech uuuc.,lh handed ma ,,,, Zat h ote Sphalente

(pate) and clonte (datk) bamis ine set in thw Lei la  ers fine giamea pstite Nt ne the


parnally rotated whne felsw (allininc) fiagment attesting to the trettuM natuw of the

banding.

hpe Ilr are NlassiseZneo Pb nch ;tt-ripinral in.. Stoingly liliated masove sphalente

(gre  ) mmot haliop  rile and galena (whne) and silwates mostl  a datk Fe.


h ampluboie 1.;iuntiote?).

T pwal 'dotal rNhallt? minnaluation Psassiasi Sedimentary.banded, base-

mmal depletnl. m. ,,,,, naled ,, led ss1111 Mbrale malerial (d.t:1.) composed

mard  of Fe tult ht ,,,,, hiem the edjevamet ares ca. 111km south of the Skortwass

111/110

t,p€ •Seilimentary' or dosenunated p nte ore. Strongly schistose (5,) dosennnated

p  rae bands and I , mme dasong in clitonne sabists (dari) and minurr inbonate fich

bands (l,ght). large, •hohlasoc ii  nte cr- stals show the matrix effect of p  nte porphyro-

blastic gmwth.
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Ag. 15. (a-d). Series of photographs from the 'fiteder-zone dit ectly beneat h the Cualch massive

sulphide ore, showing the progressive development of hydnalwrmal waldrock aheration

associated with the sulphide veins of the •stringeetone':

(a) Dark aphanitic metabasalt cut by interconnected seins quade and coarse-grained pyrite

shiasing Maial traces il pale hydnahennal bleat hing alteratton at the vein boundaries

(aphangic albite and quartz).
A more adsamed stage showns mtlre inliglse hydrothermal alteration surrounding the

sulphale veins.
The efid produrt til hydrothermal aloaation sitt, the formation of large areas of pale,

comidetely alb:tized Inaterial (origmally called iteratm,hyrel islmich is asstsciated with

thirk sulphale seins found datuals beneath pattly within the lower reaches of the

massive solphide ore itself Nore tht. dy coned nature ol the alletair altera-
tion mans ial ncar the roht. Ille, is inteimeted as co]]] d altemiwn product with the

darker zones representing a dwaing of sery fimuly dissemmated pyote. the fragmental

nature was probably governed by the original act panern ihrough sshit I. the emana-

ting fiuiads passed up through the derdor zone', now teptestsard by die wilphale veinr.

Simmlar fragmental albitite also ota Urs as loraI Inerria horizotts straligraphlrahe heneath

and pattlyss Inn the lower reaches of the eturich massive pyritic ore. (Note the Uttall frag-

ment if Pale in the eturich solphide tue. (Fig. I 3 a.)

Quartz.eye porphyntle, al bil iUr seniCite st hist fonn the intensely sulphide impregnated,

completely altered central part uf the leeder-suinger ione' showing much fine-grained
dusting and impregnation il perite. The coarser grained perite and quartz veins are notice-

ably sheared parallel to the pr:om inent whistosity (Sd, indicating that the pyrite veining

and associated a!teration must have occurred beftne the phase of deforination (E) and

is consequentb not related secoodary te Inheation associated wah fidding, 


Tectonics
At the present level of erosion, the vokanic sequencein the Skorovass district

lies inverted within the lower limb of a major SE-facing
fold loosely knownas

the Gjersvik Nappe (11alls et al. 1977) (Figs. 4 & 7). The
area has undergone

tvio puriodsof major deformation during which the orebody and itsenclosing

volcanic mcks obtained their present configuration of complex,
lensoid, en

echehm geometry (Fig. 7).

The fIrst phase of deformation,F,occurred during We period of overthru

sting and emplacemem it of the Gjersvik Nappeon to the Fennoscandian base-

ment. During this pnicess the supracrustal rocks were affected by a major

penetrat deli inna tion, ptodueing early isoelind reetunbent folds aCeolll-

panied the creation of an aNial plane sehistosity (S,). nuring the subse-

quent stage of main throsting and sliding. horizons Wparated into ntassive

uedges alting plant's of bigh tectimic strain and overrode one another. Such

planes ssere gelw rally Isaated ahnig rnajirr ht htrk)gierd binindaries

betw stil Unill slit ssiii g maiked contrasts in c0111petC1Wies - a crunironental

mmr nent il1i rog the rhimuil and extended lindrsof iSs)clinal filds, areompa-

nied bv Ilattening and the pioducUon of a tlentictdatestvle'(llanset al. 1977).

Becatt'sr of the guiss ddlezent es in competenre betw een the arir ars rock-

typt, (e.g.. carbi inate n h Il lhtss knas ver sus the tuuni>act,aphanitic massiVe

dtvodai ite flow s and d  kes), a particularl, heteiiigetteints st  Iv of defin-ma-

tion is characteristie of the esarusise levels of the Gjerssuk Nappe tn the

Skruosass area. illt• I pattem being cinunilled on the lo ger st ale lis the fonns

of the nurre rompetent members, the intrusise massifs aird at ud extrusive

donws and imrusis e dykes.

Eadv, reeurnhent, ista limial folds display gentle asird plunges to
the

S - SS hich roughly parallels the elongation of the orela illld have

axiid pbnes (S, ) dipping a1iploximate1y 23° to the SE. tonie handing


ssithin the •res parallels the Inain srhistosity (S,) in the endosing schist ense-

hpe and relnesents il Il a‘lal plane structure accompaming the fust phase

isochnes. Phase I iwa Iin.tl nial trend (1:,) is reflected in the eIongation of t1te

rnain ore biadv. Individual lenNes are apparently the prOduet of partiaI

disjonction and oandation of fold limbs within the fold system - the latera1

extremities of the ore lens ss stem characteristically show ing multiple

tion and hiftni:ition (Fig. 7).

told stIlll tores of the eady generation air not particularly comnlon

within the massive volcanic sequence and are best observed in
the finely

stratified tulT bands aml associated, more competent cherts and iron.rich

chlorite scltisis of the eshalative facies. Early isoclines ine also preserved at

the contac ts of the ores with the suti:ounding schistose envelope and

within the w ell banded sphalerite and chlorite-rich facies of the ore
ItselL

The second stage of defonnation, superintosed on the grain of the eady

isochnes and S, sclfistosity, hascreated a system of broad open, upright folds

which have resulted in an irregular patteMof dome and basin struct ures. The


fonnation of these open dintle and basin st FUCtures was accinnpanied bv


further nui‘ ement (shonening) ahalg the low angle pI alles generated during



411phase I. and these movements led to the creation of minor fold crenulations
and a local second stage axial plane cIeavage (S2). The second phasecrenula-
tion folds (F2) show a consistent axial trend plunging cæ 12-15° towards the
SE (161°) itnd with axial planes dipping moderately to the NE. This period urpost - schistosity deformation- produced folds of varying magnitude from
m Mute crenulations (often microscopic) and drag folds, to raiher large, open,
undulating folds. Detailed structural studies will be required to determine
the mutual and termx nitl relationships of i hese post-schistosity structures.

lbe 11maiepistde of defiamation is represented by a complex system of
high-angIe ntirmal faults and conjugate fractures, dominated by NNE

- SSWto NE - SW and E-W trends and showing vertical displacementsof up to
2 - 3m from within the mine (Fig. 7). These faults and fracture zones penetrate

both the ores and the encloSing schists and have created stability prob!ems
within the mine.

Tectonic Deformation of the Ore

Wheie ttctonism has bad a pervasive effect on the ore the textures are
distinctly of a tectonic nature, and any gross tectonic flattening and extension
of the ore lenses must have been accomplished by relative movements
between the individual grains accompanied by cataclastic degradation,
called 'macwscopic ductility by Atkinson (1975). Textural evidence
strongly suggests that, w:thin the massive pyritic ores, cataclasis

was thedominaint defonnation mechanism (Fig. 16). Atkinson (1975) noted that the
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Ag. 16. Pholomicrograph of type b-r orr. Typical compact very fine-grained pyritic ore with
minor artmunt of whalente (grey) and suartz (black) as matrix fluling. and with catacIastic
deformanon of pyme gratn, (cubm).
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strength of poI.cr.stalline » nte is stningly zuid inversely dependent on
poromtv. Large  olumes of the Skormass Mebody ate conq M.sed of neatly
momanineralic closelmcked agglegalesof fine grained pvrite with low poro-

sity and. ssilrn lit In fl cd, (hese masM's ni ti sl haVr behavetiin a lughly Com pe-

tent manner relative to the adjacent ch1ontized las as and pyri‘g lastics.
During phase I. the style of defonnation within the orebody may have

been controIled by the development of narrow tones of cataclastic flow
within which muclt of the tectonic stmin would have been

accoinmodated.

This produced a disjunctive lenticulat arrangement of ore lenses (Fig.7).The
si>halente-nch and chlorne-carbonate-rich banded ores, on the other hand,
appear to have behaved differently under early isoclinal fold defoonation, as
most of the sphalente rich ores display a stronglv developed planar fabric,
comparable to that in the enclosing chloritic schis't envelope (Fig. 17). Phase
II crenulations with associated axial plane cleavage are also found developed
in the sphalerite-banded ore in much the same manner as in the enclosing
schists.

Conclusion

A detailed investigation of the volcanic lithologies has led to the establish-




ment of a volcano-stratigraphy for the host rocks of the Skorovass deposit.
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Continuing studies of the geochernistry of the individual volcanic units are
showing that the Skorovass volcanics originated in an environment produc-
ing basaltic and intermediate lavar of island arc tholciitie character with a
slight cak - alkaline affinity, and aspreviousstatedby Hallset al. (1977),

"theorebody is situated within a part of the volcanic sequence displaying
distinctly calc-alkaline character". This study shows that the calc-alkaline
trend is a reflection of the intermediate o acid volcanic compositions of
extrusive rocks that show an intimateassociation with the sulphide orebody,
and that t hese acidic or felsic lavas can be of tholentic origin, as suggested by
Fax (1979), Lutro (1 979) and NlarGeehan & MacLean (19)0).

The Skorovass eruptive st-quence is interpreted
as having formed as anensimatic theleinic island are to the west of Fennoscandian continent

during probable Lower to Middle Ordovician thnes and subsequently
obducted and thrust southeastward following continental collision at the
climactic stages of the Caledonian orogelly during the

Silurian.
From an area of such complex volcanie extrusive and intrusive natureas an

island arc (e.g. theSkorovass area). detail ed knowledge of the volcano.strati-graphy is necessary to h:lp interpret the trends produced on both major
element and trace element discriminant diagrams such

as the commonlyused AFM diagram and the Ti-Zr diagram of Pearce & Cann (1973). Uncri-
tical and blind use of such diagmms without prior knowledge of the
volcano-stratigraphy can lead to misleading interpretations of the palaeovol-
canic environment.

Detailed investigations of the complex polyphase deformation of the
Skorovass orebody and enclosing volcanic rocks have pennitted a palin-
spast ic reconstruction of the lateral and vertical ore facies w ithin the original
basin of deposition and have demonstrated the infimate relationship
between the massive sulphide ores and the explosive acid volcanism

andassociated fumarolic activity, now found as the sulphide veins of the •feeder
zones. The formadon of the Skorovass orebody must therefore be seen in the
light of a volcanogenic hydrothemal-exhalative mode of deposition.
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1. INNLEDNING (bakgrUnn og sammendrag)

Undertegnede er blitt pålagt oppgaven å arkivere og

sammenstille undersøkelsesdata fra tidligere malmunder-

søkelser, en oppgave som 0.S.Hembre var kommet godt i

gang med. Oppgaven er tenkt gjennomført innen en tidsram-

me på ca. 3 måneder.

Da det i utgangspunktet har hastverk med å komme igang

med ytterligere malmleting, har man på crunnlag av en"røff"

gjennomgåelse av geologiske"avhandlingerfloggeofysiske

rapporter forsøkt å gjøre seg opp en generell malmletings-

status. Man håper notatet kan bidra til å motivere til plan-

legging av ytterligere undersøkelser. I det minste håper

man at det kan frembringe en diskusjon om videre malmunder-

søkelser i Skorovasfeltet.

Som naturlig er, har tidligere malmundersøkelser stort sett

vært konsentrert til Hovedmalmen og de marginale forekomst-

ene Syd- og Sydøstmalmen. Et område av størrelsesorden 8-

10 km2 ansees for å være meget godt undersøkt ned til ca.

4-500 m under dagoverflaten.

Dels under nevnte nivå har imidlertid strukturgeologiske

undersøkelser og boring vad hovedmalmen indikert at grønn-

steinssonen i hvilken malmen er tilknyttet,repeteres på dypet

som et resultatav isoklinalfolding. Spredte A.M.T.under-

søkelser indikerer at en "malmleder" også kan repeteres.

De foreliggende gode geologiske kart viser en utbredelse

av betydelige grønnsteinsarealer som ikke er systematisk

undersøkt geofysisk. Disse grønnsteinsarealer ligger

relativt nær de eksisterende daganlegg, og de kan repre-

sentere områder i hvilke det er muligheter for å finne

mer dagnære malmkropper.



á



2. GEOLOGI

2.1. Innledning.

Geologisk kartlegging har vært utført siden 1930. 5 geologer

har vært inne i bildet, og det har vært kartlagt båCe i regio-

nal og detalj målestokk (1:50000 - 1:2000). Geologisk arbeide

pågår fremdeles gjennom A.Reinsbakkens Dr.ing.arbeider.

2.2. Grønnstein og malm.

Noe forenklet kan man si at 3 grønnsteinsserier finnes i feltet.

Malmen opptrer på grensen mellom 2 serier hvor den ene serie

er preget av mye eksplosiv vulkansk virksomhet. I de andre

seriene finnes også skjerp og mineraliseringer. Det nevnes

at Skiftesmyr, som forøvrig ikke ligger i Skorovasfeltet,

synes å være knyttet til den nederste grønnsteinserie.

De 3 nevnte grønnsteinserier ansees i utgangspunktet å være

potensielle moderbergarter for kismalm. Nevnte moderbergarter

har et betydelig areal og finnes relativt'nær eksisterende dag-

anlegg. Det kan geologisk sett være nærliggende å trekke frem

grensesonen i hvilket kjent malm finnes som en ledehorisont for

videre malmleting.

2.3. Strul,.turgeologa.

Etter den primaeredannelse Yar bergartene blitt utsatt for nve

bevegelser med overfoldninger.

2 foldefaseropptrer med henboldsvis mot SSV og SSO, og

beoge er preaet av isoklinalfoldning. Ftter foldningene er feltet

utsatt for relativt steile forkastninger. Forkastningen stryker

mot NNO og Nø.

Det er verdt å merke seg at ikke minst malmenes romgeometriske

form er preget av nevnte foldninger. Malmen er meget opp-

stykket og har form av linser i et stjert om stjert mønster

med akseretning mot syd. Det er eksempelvis sterke indika-

sjoner på at økonomiske mektigheter av malm har oppstått som

et resultat av sterk isoklinalfoldning.



Et annet resultat av strukturkartlegging er indikasjoner på

at grønnsteinssonen,som kjent malm er knyttet til, er repe-

tert på dypet som et resultat av isoklinalfoldning. Dette

er forøvrig delvis bekreftet ved resultatene fra 2 dype

borhull.

En malm av form og størrelse lik hovedmalmen (ca.10mill.tonn)

vil lett kunne mistes hvis man ukritisk setter igang med

systematiske geofysiske bakkemålinger uten å ta hensyn til

strukturgeologiske tolkninger. De geofysiske profiler kan da

lett få en ugunstig retning og innbyrdes avstand i forhold til

det søkte objekts størrelse og akseretning.

Strukturgeologisk kartlegging og en best mulig forståelse av malm-

ens stratigrafiske posisjon i vulkanittene bar kort sagt stor


betydning for å finne frem til områder i bvilket stratigrafiske

strukturelle betiroelser kan finnes som kan kontrollere andre

malmkroppers opptreden.

Nevnte geologiske strukturstratigrafiske forhold som bar betyd-

ning for prospektering ventes nærmere avklart gjennom A. Reinsbak-

kersDr.ing.arbeider.

3. GIMFYSIKK

3.1. Innledning.

Geofysiske undersøkelser er utført i tidsrommet 1938 - 1979.

De geofysiske hjelpemidler var lite tilgjengelige da malmen ble

funnet og er derfor ikke utført i en ideell rekkefølge.

I denne del blir elektriske og elektromagnetiske undersøk-

elser som spesielt har hatt betydning, viet oppmerksomhet.

Det refereres forøvrig til den utmerkede BVL-rapport nr.45

hvor noen sider blant annet ombandler nytteverdien av geofySikk

i Skorovasfeltet.

3.2. Geofysiske undersøkelser og resultater.

Vanlige flymålinger i 150 m høyde har gitt svært usikre indi-

kasjoner.

Helikoptermålinger utført av Terratest og NGU gir skikke-

lige indikasjoner på utgående av Hovedmalmen. Bortsett

fra grønsteinsområdet nord og nordøst for Lille Bkor-

vatnter området målt. En del helikopteranralier er ikke

oppklart.



Av utførte bakkeunderselser sum 1.P. Turam, VLF iii-tstands-

målinger oq magnetiske undersøkelser, står turam og I.P. i en

særklasse.

I.P. indikerer hovedmalmens fortsettelse mot syd, samt at den

indikerer mineraliseringer vest for hovedmalmen og i underkant

av denne. Undersøkelsene har derimot ikke gitt gode holde-

punkter for boring vest for hovedmalmen. Man skal også merke

seg at syd-øst-malmen fremkommer middels anomalt ved I.P.-

undersøkelsene.

Turamundersøkelsene indikerer hovedmalmens utstrekning mot syd,

samt at den indikerer klart både syd og syd-øst-malmen syd og

syd-øst-malmeb beliggende ca. 200 m under dagen er funnet som et

resultat av prospektering hvor turamundersøkelser har spilt en

sentral rolle. Det påpekes imidlertiå'hele området mellom syd og

syd-øst-malmen er turamanomalt. Ved konduktiv strømtilførsel har

man ikke greid å skille marginalmalm fra fattige impregnasjoner.

A.M.T.undersøkelser er utført i et relativt beskjedent omfang.

På grunnlag av et profil som passerer over Hovedmalmen, kan man

si at denne fremkommer anomalt. Merkelig nok har man ikke fått

skikkelige indikasjoner på Syd-syd-østmalmsonen. A.M.T.mål-

ingene har gitt indikasjoner på en dyp leder ca.800-900 m under

dagen. Det er sannsynlig at nevnte indikasjoner kan gjenspeile

en leder i grønnsteinsonen som synes å repeteres på dypet.

• 3.3. Konklusjon av tidligere undersøkelser.

Av tidligere utført geofysikk kan følgende konklusjoner trekkes:

Dersom Hovedmalmen hadde vært ukjent idag, kunne den blitt funnet

ved turam, I.P.motstand, VLF, A.M.T. og elektromagnetiske målinger

fra helikopter. Syd- og syd-øst-malmsonen som ligger 200-250 m

under bakken, ville kunne blitt funnet ved turammålinger.

På grunn av relativt stor elektrisk motstand i sidebergarten i

Skorovasfeltet har nevnte geofysiske metoder god dybderekkevidde.

Dersom ikke skjermende grunne ledere finnes, er dybderekkevidden

omtrent som følger:

Helikoptermålinger ca. 50 m

VLF-målinger " 100 m

Turammålinger " 500 m

A.M.T.-målinger >1000 m



4. PROSPEKTERINGSSTATUS

Av konkrete objekter er "syd-øst-malnen" (600.000 t 1,4t Cu og

1,4% Zn) og "Syd-malmen" (300.000 t 1,7% Cu og 0,3T Zn) funnet

som et resultat av prospekteringen.

De nevnte marginalmalmer samt Hovedmalmen (10 mill.t) ligger

innen for et turamundersøkt område på ca. 10 km2. Det påpekes

at spesielt turammetoden synes å være velegnet i Skorovasfeltet.

Nevnte områder anses for å være bra undersøkt ned til et dyp på

ca. 2-300m under bakken.

Innenfor nevnte turammålt område er dog den nedfoldete grønn-

steinen i hvilket malmen er tilknyttet, et prospekt for dyp-

41,
malmleting. Strukturelt sett er det indikasjoner på at nevnte


nedfoldete grønnsteinsone blir grunnere mot nord. A.M.T.målinger

tyder så langt på at en leder kan finnes ca.200-350 m i for-

lengelsen av dyphullene 10071 og 10035. Det påpekes at A.M.T.-

resultatene er kun basert på resultatene fra to profiler hvis

avstand innbyrdes er ca. 200 m.

Området bør undersøkes ytterligere med A.M.T.målinger før man

tar standpunkt til eventuelt å forlenge nevnte borhull eller

bore andre hull. I utgangspunktet vil man prioritere slike dyp-

undersøkelser omtrent likeverdig med mer grunne undersøkelser

utenfor nevnte område på 10 km2.

•
Majoriteten (over 90%) av berggrunnen utenfor utgjøres av grønn-

steiner - grønnsteiner som også kan ligge strukturelt gjemt under

andre bergarter. Undersøkelsene utenfor området har vært mer

spredt.

Noen mineraliserte objekter er dog fremkommet av hvilke noen bør

undersøkes videre. Hembre har laget en objektbeskrivelse.

I Guizernområdet finnes Mo-mineralisering og området henger struk-

turelt sett sammen med Fremstfjellområdet, hvor Grong -gruppen

har interessante molybdenoppslag.

Man burde være motivert for å undersøke større områder syste-

matisk ned til et dyp av 2-300m under dagoverflaten. I mot-

setning til de fleste andre bergverksområder har Skorovas-feltet

svært stor blotningsgrad hvilket muliggjør at man kan komme langt

med strukturgeologiske undersøkelser. Bergartene har dessuten

relativt høy elektrisk motstand slik at man kan se relativt

dypt med elektromagnetiske undersøkelsesmetoder.



Forslag til metudihkrekkefølge ved vtterligere malmundersøkelser

er som følger:

Nærmere strukturgeologiske undersøkelser samt rekognoserende

VLF-målinger.

Systematiske turamundersøkelser i området som prioriteres ut

ifra VLF- og strukturundersøkelser.

Mer kostbare og tidkrevende A.M.T. undersøkelser bør utføres

mer regionalt. Formålet er å detektere dypere objekter hvis

turam skjermes av tynne ledere.

A.M.T.metoden kan også bidra med å fremskaffe strukturelle

opplysninger.

•
5. LITT OM PROSPEKTERING I MERÅKER-TYDALOMRÅDET

Skorovas Gruber har også drevet kismalmleting i Meråker-Tydal-

området. Dette område ansees neppe å få noen innvirkning på

situasjonen i Skorovas, men da det har vært arbeidet i dette

området i omlag 10 år fra 1965, synes man området bør nevnes i

dette notat.

Skorovas Gruber har undersøkt en del gamle gruber og skjerp av

hvilke kan nevnes: Kongens grube, Torsbjørk grube, Ramfjell

grube, Fonnfjell grube, Lillefjell grube, Gilså, Kluken grube

o.fl. Kongen grube, som ble drevet fra 1747 til 1793 var en av de

11 mest kobberførende. Det har blitt produsert ca. 5000 tonn smelte-




malm å 4,5% Cu. En del flyanomalier som ikke direkte har for-

bindelse med gamle gruber og skjerp er også undersøkt. Majori-

teten av undersøkelsene har vært konsentrert til et område ved

Storhusmannsberget i hvilket område det fra tidligere fantes

endel skjerp. Foruten at det er boret 10 hull, er det gjort

geokjemiske undersøkelser og IP og CP-målinger. "Malmberegninger"

viser 7,5 mill.tonn med 0,3% Cu og 0,3% Zn.

Undersøkelsene har ikke ført frem til interessante kisobjekter.

Det nevnes at endel geofysiske flyanomalier og bakkeanomalier

ikke er oppklart.

Skorovas hadde tidligere endel mutinger i feltet, men de siste

av disse gikk i det fri ved årsskiftet 80/81. I løpet av 1981

har Orkla delvis mutet våre tidligere rettigheter.



Man skal ikke se helt bort ifra at noen gruber og skjerp i Mer-

åker-Tydalsfeltet kan inneholde edelmetaller. Den tid da Skoro-

vas Gruber A/S utførte undersøkelser var ikke gull og sølvprisene

interessante. Således er det tidligere bare utført ubetydelige

edelmetallanalyser.

8 analyserte bly-magnetkisprøver fra Kluken-området viser i snitt

238 ppm Ag.(normal sølvgehalt i Garpenberg er 110 ppm).

Prøvene er over-representative, men gir dog likevel en bra indika-

sjon.

Storhusmansberget i Meråker-feltet har som nevnt ca. 0,3%Cu og

0.3%Zn, og edelmetallanalyser er ikke gjort.(Aitik har gehalter

på 0,35%Cu og 5 pmm Ag.)•
6. ETTERORD

Bergverksindustrien er for tiden inne i en vanskelig periode.

Grubeselskaper trues av nedleggelse, og både vngre og erfarne

bergfolk går over i oljeindustrien. En basis for mineral

og malmprospektering er gode geologiske regionalkart. Kart1egoir:ger:

av Norge er en seirgelighistorie. Med myndiabetenes nåværende kapi-

talbevilgninger til NGU vil det ta omlag 130 år før landet vårt er

geologisk kartlagt i målestokk 1:50.000.

For å prøve å sikre bergverksbransjens eksistensmuligheter, må


vi være villige til å satse mer på prospektering. For at pro-

111, spektering skal gi resultater må man ha gode ideer, god =ke3s-

oversikt, god geologisk bakgrunn, god kjennskap til prosPekt

eringsteknikker, og ikke minst være villige til å satse risiko-

kapital. Enkeltvis mangler selskapene en del av overnevnte

faktorer, og da kanskje speSielt vilje og kapital. En av de

beste måter å unngå tap på,er å ha vilje til å satse relativt

mye kapital på motiverte undersøkelsesobjekter.



Stagnasjon og nedbygging av beroverksindustrien bor kunne unnoes

gjennom et mer utstrakt prospekteringssamarbeide selskapene seo

mellom. Samarbeid med ol'eselska er er ikke minst interessant for

å o nå bet deli ka italstøtte til ros ekterin .

Med utgangspunkt i produksjonsverdi av malmer og mineraler (ikke

olje) pr.arealenhet ligger Norge på en klar jumboplass sammenlignet

med f.eks. Sverige, Finland og Canada. Landet er underprospektert

og burde som sådant være et godt objekt for investering i Malmleting.

Skorovasfeltet i hvilket en grube og flere skjerp finnes er i utgangs-

punktet et interessant objekt for malmleting. Resultatet av de gode

geologiske arbeider som er utført i området er at en kjenner store

grønnsteins arealer og strukturelt sett skulte grønnsteins områder

i hvilket det burde være oode muligl-eterfor å finne malm relativt

nær de ekisterende daganlegg. På grunn av feltets relativt store

elektriske motstand finnes det gode geofysiske elektromagnetiske tek-

niker som kan detektere mulige malmledere under overflaten.

Ved kapital, støtte fra f.eks. olje selskaper er man geologisk sett

motivert til å satse på ytterligere prospektering i Skorovasfeltet.

Fra et samfunnsmessig synspunkt har dette hastverk.

•
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FORSLAG TIL PROSPEKTERINGSPLAN I SKOROVASFELTET

Innledning.


Undertegnede er på bakgrunn av notatet "Malmletingstatus for Sko-

rovas Gruber og mulighetene ved ytterligere prospektering", blitt

anmodet om å konkretisere et eventuelt opplegg for videre pros-

pektering.

Et område av størrelsesorden 60 km2 som er ca. 6 ganger arealet

av tidligere turammålt område innenfor hovedmalmen og syd- og

sydøstmalmen, er i utgangspunktet medtatt. Området er geologisk

interessant, men det er så stort at det må en meget hektisk og

intensiv prospekteringskampanje til for å undersøke det relativt

systematisk innen 1983. Hvis man ikke er villig til å trekke ut

prospekteringen over en lengre periode, bør man overveie å kon-

sentrere seg om et noe mindre område.

Området er delt inn i 4 deler i hvilke man etter nærmere disku-

sjoner og faglige studier kan prioritere en eventuell prospek-

teringskampanje.

Generell prospekteringsmetodikk.

I overensStemmelse med tidligere notat kan prospekteringen gjøres

som følger:

Geologlsk strukturkartlegging og VLF undersøkelser.

Turamundersøkelser

A.M.T.undersøkelser

Eventuelt tilleggsundersøkelser og boring.

Metode Profilavstand Målepunkt
avstand

VLF 100 m 20 m

Turam 200 m 20 m

A.M.T. 200 m - 1 km 50-100 m

Spesielt strukturkartlegging forutsettes å være så krevende at

en meget erfaren geolog må gjøre dette.
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Område 3. Områdets areal er ca. 15 km2. Lederhorisonten som

hovedmalmen er knyttet til løper gjennom området, og ved Lang-

tjønna er det påvist sulfidbånd hvis mineralisering finnes mer

eller mindre sammenhengende innenfor en strøklengde på 4 km.

Grong-gruppen har planlagt å undersøke S.Langtjønna-området

nærmere denne sesong. Innenfor område 3 finnes også ikke

undersøkte helikopteranomalier.

Område 4. Områdets areal er ca. 14 km2. Syd for Nesåvatnet

finnes endel ikke undersøkte helikopteranomalier som bør

følges opp (se kart i tidligere notat). Man har dels trukket

-411 området ut i trondhjemittene og de diorittiske gabbroer.


Årsaken er at det ifølge Halls & Co's kart er indikasjoner på

at hovedmalmens lederhorisont synes å strekke seg inn under

nevnte bergarter.

4. Gjennomførina, kostnader og tid.

Hvordan prospekteringen generelt er tenkt gjennomført med til-

hørende overslagskostnader er satt opp i tabellform. Det vises

til tabell 1.

En anstrengt og teoretisk tidsplan for en prospekteringskampanje

er indikativt vist i tabell 2.



OVIIIKT OVER PROSPEKTERINGSMETODIK OG OVERSLAGSKOSTNADER




Strukturkart-
legging,noe





kjernelogging
og tolkning

V.L.F. Turam A.M.T. Boring




Spesialgeolog

A.Reinsbakken

Studenterog
assistenter

N.G.U. ED- GE Oppdrag

Område 1 6 mndr. 260km - 4.3mnd. 130km 2,3mnd. 26km - 1,8mnd. 5000 m

ca. 25km2 120.000 kr. 91.000 kr 234.000 kr. 260.000kr. 2 m111.kr.

Område 2 1 mndr.




18 km - 1 mnd. 2000 m

4.4 km2 20.000 kr.




180.000 kr. 800.000kr.

(Dypprosp.)

3 mndr. 140 km-2,3mndr.




2500 mområde 4 70km - 1,3 mn 14km - 1 mnd.

14 km2 60.000 kr. 49.000 kr. 126.000 kr. 140.000 kr. 1 mill.kr.

Omr:vle3 3 mndr. 150km - 2,5mndr.75km.-1.3mnd.




15 km -1mnd. 2500 m

15 km4 60.000 kr. 53.000 kr. 135.000 kr. 150.000 kr. 1 mill.




260.000 kr. 193.000 kr. 195.000 kr. , 730.000 kr. 4,8 mill.kr.

Oppfølgings- Ledelse,
geofysikk, sammenstil-
turam, CP. ling,tolk-
etc. ning

ko , “

NGU-GE

300.000 kr.

100.000 kr.

Grong Gruber
GE

7 mnd.

280.000kr.

1 mnd.

40.000kr.

4 mndr.

150.000 kr. 160.000 kr. 1.7 ml

4 mndr.

	

150.000 kr. 160.000

	

700.000 kr. 640.000 kr.
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Foreløpis liste over geo/oilske rapporker i arkiyhyne.

Institusjon Kamentarer

1971/I97& VolherHir.singer Irnperial College The Geology of WesternSkorovaskIvrnpen and vkinit 9. Kart

1978... Sepen Flition




The Geologyof Eastern Skorovasklurnpen. å ukers fellorbe,a

1972, QuenhnGeorge
PoIrner Rojal Schoolof Mines The 5eolo3j of astern Shorovasklumpea and the 135C Defec




6eology of LIlleGellklunnpen- Cu/Ali Assernbloje Kart




' VolkerHirsinjer




Geolo3ical Report on Grubefiellet ond
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1972, H.C.Gale
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1973 o
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1973 Peter Walker




RoyolSchool of Mines The Grønndo155-ell Gobbro.
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Flor519
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55C Degrec

1973 gojer D.5c0H-




Koyai School of Hines The Grube5e11 Volcanics

1973 Michael Horder
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1973 /von Majfield
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Forekepis liste over jeolojiske rapporter i arickehjile fro 5korova3fe-H-er

rfr Insfrifrusion

1938 Seofysist MalkylId-in9

1955 NGU a37

1959 &eotysisicMolmiefrinj GMati5

1963 8EM

1970 7errate51-

1971 NGV

1971 NGU 10541

1971 NGU 951

1971 terro frest

197a, NG1.1 112.1

1973 NGU 1&16

1971-1 NGU 12711

1975 Al6U 13115

Tura rn Lflnolcrsø Ictiscr

-1-urarnmar.lin3r Nesåvio)In.

Lyc°2linjer Del

MCSn. treICOkriponenk rn eninjer.

D;versc uricier5Q4kelser (5rov5protsjeld-ei- atf

CP t4ålin3er „baknal»,e,n.

CP,1P,SPoj PPGrubefre11.

Helikopfrermålih3er (Majn.EM).

CP,IP05 tlIF Målinjer over Nordre Grubefiell.

CP,IP ved Nordre Groberjeli

flehkop-1-ermålin3er Del

CP,IP03 PP ved erubefjen og Nesåvain

Kornemlarer

'-1 uker

ca, dascr

pat dajer

uke
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Co. 141dajer

14-1da3er

C61. do3cr
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