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Synogsis

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 vokanic level of acomplex eruptiveassociation of Lower

to MiddleOrdovicianagedefined as the Gjersvik Nappe. The

rocksof this nappe are contained as a depressed segment

of the larger KOli Nappe and defined w the north and

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

basement culminations. The principal cornponents of this

nappeare a plutonic infrastructure of composite gabbroic

intrusions within which has been emplaced a series of

diorilic to granodioritic (trondhjemitic) bodies that form

the roots of a consanguineous submarine polygenic volcanic

sequence. The eruptive rocks are overlain unconformably

by a sequence of polymict conglomerates and calcareous

flysch sedirnents, the composition of which suggests

imrnediate derivation by erosion from the underlying

igneous cornplex.

Pretectonic segregations, veins and vesicle fillings of

epidote, albite, chlorite, carbonate and quartz relned to

primary volcanic flow structures in the lava pile provide

evidence of pervasive imsitu sea-floor metamorphism, and

this interpretation is verified by the abundance of nearly

monornineralic epidote clasts in the derived conglomerates.

The relationship of the eruptive and sedirnentary suites

is interpreted in terms of the evolution of an ensimatic

island arc, of Lower to Middle Ordovician age, which under-

went uplift and erosion prior to emplacement on the Fenno-

scandian basement during the climactic stages of collision

tectonism of the Caledonian Orogeny in Silurian times.

The entire igneous and sedimentary assemblage has been

affected by the tectonic stages of allochthonous emplace-

ment, but Me gross differences in competence between the

component Ihhologies has resulted in a particularly hetero-

•IJNESCO—ILIGS International Geolo&cal Correlation Programme,

project no. 60: Coirelation or Caledonian stratabound sLiphides.

Norwegian—British contribution no. 1.

ation have been govtined 1.itg,ay : cif Ihe

nwst compelent lithoingles, .-mnd


granodiorite (trondhjemire) intrusive: .ind, within the

extrusive sequence, compact dacitic f lor.% and their spili-

tized aphanitic equivalents (keratophyres). The hetero-

geneous pattern of deformation is resolved in terms of two

main stages of folding conv,licated by componental sliding

movements.

Mineralization occurs at two levels in the eruptive

sequence. The layered gabbros and lensoid metagabbros of

the plutonic infrastructure contain small cumulus bodies of

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

magnetite ore of magmatic derivation. Mineralization of

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

tities.

The Skorovas orebody, in common with other widely

dispersed volcanic exhalites in the Gjersvik Nappe, OCCUrs

within the volcanic sequence at a level marked by episodes

of explosive dacitic volcanism and associated fumarolic

activity. The Skorovas crebody consists of approximately

10 000 000 tons of massive and disseminated predominantly

pyritic ore whh an approximate average gracle of 1.3% Zn

and 1.0% Cu, together with trace amounts of Pb, As and

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

solved in terms of the distunction 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 OCCUI

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 rnassive sulphide bodies formed in limited

reducing environments.

The belt of metamorphosed Lower Palaeozoic rocks, chiefly

of Ordovician Zge, within which the important stratiform

pyritic copper- and zinc-bearing oiebodies 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 beendescribed

by Vokes 73 and Vokes and Gale,75 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 correlations along the length of

the belt are made difficult by the structural complexity of

the allochthon, the sparsity of fossil remains and the pene-

trative effects of tectonic deformation and regional meta-

morphism. Sufficiently detailed studies have been made,

however, in the regions of South Trbridelag (Trondheim

district),45-50.52 North Tråndelag (Grong—Gjersvik

districtr° and the geographically adjacent areas of

Jamtland and Vasterbotten in Sweden 51,57»3 to show that

the stratiforrn ores of Skorovas, Joma, Stekenjokk, Idkken

and R6ros lie within the Kdli Nappe, which is the upper
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Ine 5"; .T1 - •-”p;ens first de-

fined by Turra aIinJ i :ered en•t eictietn veithin the


Köli structural level can re.r.:ntthly htt.,carried imo the

Sulitjelma district ot Nordiand,3"0 and in all probability

this correlation can be extended into the ore clistrict of

Nord Troms.

It is clear that the separate districts that comprise the

Ordovician province of stratiform pyritic ores lie at a broadly

comparable structural level in the Caledonian allochthon of

the Scandinavian peninsula, but there are significant diffe•

ences in the straligraphy and rnetamorphic grade of the host

Eastern Ihrusl boundory ot Seve -Kbli nappe or equivalent
with metomorphosed sedirnents and eruptives of Cornbrion-

Silur ion oge

Basement inliers and culminotions. Pre - Combr ton

Jotun noppes and reloled structures w th attochthonous
Pre-Cambrion rocks

Pre-Combrion bcsernent re-worked during the Cotedonton
orogeny

Heigeland. Rodingsfjoll ,Selarn and equivolent noppes
with L Potoeozoic rocks ot higher metamorphic grodes

oyerlying Ihe Seve-Kolt nappe in N Norway

pii PrIncipal stratiform pyritic oreboches ot volcaruc
offtroly ot the Koll structural level

Fig. 1 Synoptic geological map of Scandinavian

Caledonides showing rnain districts of stratiforrn volcano-

genic ores at Kbli structural level

rrct.L. trurn district d •-tt tc: G•rt,tvb...an

host rocks cornprise a v3rittd . stIptut rutttal


volcanic and sedirnentary rockt, v. il closel associated

plutonic masses of ultrabasic, basic and acid compositiork

The conspicuous quantity of hasaltic to andesitic volcanics

in the supracrustal sequences, taken tonether with their

deformed and rnetamorphosed condition, ranging in grade

from lower greenschist to almandine amphibolite facies,

has led to the familiar use of the terms greenschist and

greenstone in descriptions of the stratigraphy of various

districts.61 Goldschrnidt 22 early lent authority to this

usage by defining the 'Stamm der gninen Laven und

Intrusivgesteine' as an important constituera rock kindred

of the south and central parts of the Caledonian allochthon

at the structural level now under discussion.

lt is generally recognized that the stratiform pyritic ore-

bodies have a close genetic relationship to the volcanic rocks

with which they are associated 13 and that this relationship

originated with the forrnation of tholeiitic and calc.alkaline

eruptives at the margins of the Caledonian orogen in

Ordovician tirnes.15.15-47,15 The genetic process that re-

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

of metamorphic recrystallization and polyphase deform-

ation, which affected both ores 73.74 and host rocks during

the process of allochthonous tectonic emplacernent conse-

quent upon collision of the Scandinavian and Laurentian

cratons during Middle Silurian times.1024 The palaeo-

environmental interpretation of the rock assemblages con-

tained in the structural elernents of the Köli nappe is

clearly of the greatest importance in interpreting the genesis

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

displayed by the Caledonian allochthon, however, it is clear

that the primary geological framework must be established

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

detail such that the ore deposits can be considered at the

scale of the geological phenomenon responsible for their

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

standing of the volcano - stratigraphy and structure in an

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

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

present study of the environment of the Skorovas deposit

was undertaken.

Regional structural and stratigraphic setting

Existing knowledge of the major structural and stratigraphic

units of the Grongfelt originated with the regional geological

mapping undertaken by Statsgeolog Steinar Foslie 12.14 during

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

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

regional studies by Zachrisson81 in the adjacent Swedish

area of Järntland and Wsterbotten have given an idea of

the succession of structural units within the Kbli 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 Köli level of the Seve—KOli nappe.

Combining the terminologies of Foslie,12 Oftedahl 41 and

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

first and uppermost of these is the Gjersvik Nappe, within

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

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

the structural interpretation of Zachrisson, the Joma

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

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

are situated the Stekenjokk orebodies (St) (the Stekenjokk

malm and the Levimalm).82
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Fig. 2 Map showing location of main ore deposits in Grong—Stekenjokk district (Sk, Skorovas, Gj, Gjersvik, Jo, Joma and St. Stekenjokk) and main structural and stratigraPhic

units that can be distinguished within Kåli Nappe. (1) Thrust at hase of Olden basement naoPe: (2) thrust at base of Nappe; (3) thrust separating Seve and Kaii sequoncns

within Seve—Koli Nappe Cornplex; (4) thrust separating Gjersvik Nappe at tnp of Kbli Nappe sequence from high.grade rnetamorphic rocks of Helgeland Nappe Cornplex. Boundirtos

based on geological information from Foslie, Oftedahl, Zachrisson, Gee and Gustavson
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order thrust boundaries is difficult to establish because

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

boundaries.41,81 For the purpose of the present discussion,

however, the precise location of the second-order structures

and their relative tectonic status is less important than the

plutonic and stratigraphic relationships preserved within the

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

with the Helgeland Nappe 73 is clearly defined. The plutonic

and supracrustal stratigraphy is revealed in the passage from

southwest to northwest across the area of the rnap 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 levd of the volcanic greenstone

sequence. The marble is best preserved in the terrain north

of the Lirningen Lake, but a limited thickness is found to

the NNE of Skorovas mine in the terrain to the south of

TunnsWen. 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 rnade up by the clastic sediments of the

lirningen group, cornposed by a variety of schistose conglo-

merätic, 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 conglornerate and

the Limingen sequence of ca'careous and conglomeratic

metasedirnents, so that the Gjersvik Nappe, in its original

definition, does not include the Limingen Group. It seems

reasonable, however, to extend the cornpass of the Gjersvik

Nappe to include the sediments of this group, which seem

to be laterally related, in part, to the basal polymict conglo-

rnerate and to have derived most of their clastic components

from the Gjersvik plutonics, greenstones and overlying

limestones.

trit G rsvit :•( 1.,r, y.cl kt I10
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tion with stratigraphies in adjdcery. s 2-1,-nts of the Sevc-

Koli Nappe. The vulcanic and plutonic units of the

Gjersvik eruptive complex do, however, beal certain simi-

larities to the rocks of the Stsken Group 72 in the

Trondheim region. The Stdren Gioup, locally, overlies

schists of the'Gula Group containing Dicryonema ftabelli-

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

Suken Group, and it is conceivable that the tholeiitic

eruptive activity recorded in the Suken sequence 16 could

have been initiated yet earlier in Cambrian time.

It has generally been proposed that the Gjersvik Group

is of equivalent age to the St6ren Group 45 and, by implic-

ation, that the two groups represent similar stages in the

morphological and rnagmatic evolution of the Caledonian

orogenic margin in central Scandinavia. Stratigraphic and

geochemical evidence suggests, however, that the eruptive

sequence of the Gjersvik Nappe is ITIOre Solved in terms of

calc-aIkaline character 7"7 - 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 SUiren Group,16

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

stones of the lower Hovin Group (Forbordfjell, H6londa

and equivalent greenstones)63-72 seerns reasonable. The age

of the youngest Gjersvik eruptives therefore probably lies

within the Arenig -Caradocian range, whereas the graptoli-

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

which overlies the Stdren Group in the Trondheim region, is

interpreted as belonging within the Didymograptus

hirundo zone.57 The Stdren Group thus has a defined

minimum age in the range Arenig to early Llanvirnian.

A further aspect of the stratigraphic correlation between

the lower and Middle Ordovician sequences in the Trond-

heim and Grong districts concerns the tectonic and strati-

graphic status of various polymict conclomerate 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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disjunction within the two areas is shown schematically by oblique parallel lines

131



ur*•.: ana E.;,,; • )12 at the base

Ihr.• Rovin G,c, ;., vy•ir ft.r• (»Uren Group,


led Holtedahl 26 to propnre a tccionia evart of regional

signif icance thal he tr:rrur.:d the Tiondh( im Disturbance.

Further cornparative studics ol stratigi aohy in the Trond-

heim region led to the recognition of similar polymict

conglomerates at higher stratigraphic levels. Vogt 72

identified an Ekne (Caradocian)' Disturbance and also move-

ments in the Lower Silurian which produced the basal quart-

zite conglomerate of the Horg Group (Lyngestein Conglor

merate), which identified a Horg Disturbance. Further work

by Roberts 53 has suggested additional refinements to the

chronology of uplift and erosion in the Trondheim District

during the mid-Ordovician, a separate event in Mid-lower Hovin

times being marked at the level of the Stokkvola conglo-

merate.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 narned the Gjersvik Disturbance. This distur-

bance is probably most closely related in age to the

Stokkvola event.53

Fig. 3 shows the inferred general stratigraphic correlation

between the Lower Palaeozoic sequences in the Grong and

Trondheim regions. Zachrisson 82 has cited the faunal

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

Stekenjokk orebodies, which lie within the lower part of

the sequence of basic to acid volcanic rocks composing the

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

the rocks composing the Gjersvik, Leipik and Gelvernokko

nappes and the upper parts of the LoNer Köli Nappe have a

probable age range from lower Ordovician to Lower

Silurian, matching the age range of the Trondheim Super-

group as def ined by Gale and Roberts." The Skorovas

and Gjersvik ore deposits lie within the Gjersvik Group of

volcanic greenstones and rnust be approximately lower to

Middle Ordovician in age. It is;however, interesting that in

the Stekenjokk area, accepting the fossil evidence of

Zachrisson, conditions suitable for the formation of strati-

form pyritic ores also existed in Lower—Middle Silurian

times.

Tectonic style within Skorovas area of Gjersvik Nappe

The programme of field mapping in the Skorovas area, with

which the present writers have been actively involved since

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

lithological boundaries within the plutonic to volcanic se-

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

possible, the geological interpretations of Foslie and

Oftedahl as they affect the Skorovas area. Mapping in the

scale range of 1:2000 to 1:10 000 has also enabled the

first serious attempt to delineate the principal lithologies

within the volcanic sequence, which were uniformly desig-

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

map of the Trones quadrangle. The Skorovas area, as shown

in Fig. 4, lies close to the eastern boundary of one of the

main plutonic massifs of the Gjersvik Nappe. Frorn Fig. 2

it is clear that the massifs have distinctly tectonic boundaries

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

within these boundaries frequently preserve their original

igneous fabrics, little modified by the penetrative effects of

tectonic deformation. The volcanic rocks and minor intru-

sives outside them, in contrast, generally show intense

penetrative tectonic fabrics. The plutonic massifs all have

tquillupr•Sir%; 1.., • lh• te

ra:,ge of basic th • i'viJrItIy torrl, p!are


priur to the main tectonic eunt . sshich led 1n the empLice-

rnent of the Gjersvik Nappe within the allochthon and

which was also responsible for the generation of major

isoclinal folds and the early axia: plane schistosity that is

generally well developed within rocks of the volcanic

sequence.

Because of gross differences in competence between the

various rock types, notably between the plutonic masses

and the supracrustal volcanic cover, this particularly hetero-

geneous style of deformation characterizes the intermediate

level of the Gjersvik Nappe, the pattern being controlled,

on the largest scale, by the form of the major gabbro, diorite

and granodiorite bodies. Within the volcanic sequence it-

self, highlevel doleritic dykes and sills, together with

compact dacitic flows and their spilitized aphanitic

equivalents, exert a more local influence.

I n 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. lt 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

rnassive tectonic wedges, piercing and, in part, overriding

the superjacent volcanics to create the present pattern.

It should be emphasized that such planes of high lectonic

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 rnovements 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 reoraanization of

their mineralogy to form chlorite—albite--epidote schists

devoid of any earlier volcanic fabric. I n the field the eXis-

tence of these surfaces and the flattening produced in the

adjacent units creates a peculiarly lenticulated style of

deformation through which the early isoclinal fold pattern

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

characteristic feature of highly deformed volcanostratigraphy

and associated plutonics in other regions, notably in the

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

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

conspicuously evident within the volcanostratigraphy and

are best observed in the finely stratified tuff bands and

associated cherts and iron-rich chlorite schists of the

exhalitc facies (Fig. 7(a)). They can also be mapped over

several tens of metres by following coherent chert horizons,

acid tuff bands and dykes, and thence into the larger iso-

clines of the type illustrated in Fig. 5.

The configuration of these larger isoclines, taken to-

gether with the stratigraphic and structural evidence provid-

ed by the mapping of the surface of unconformity separat-

ing the eruptive sequence and the conglomerate series, de-

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

sequence in the Skorovas district lies inverted within the

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

which can be broadly equated with the Gjersvik Nappe.

The second stage of deformation, superimposed on the

grain of the early isoclines and schistosity, has created an

open system of broad folds, which have resulted in an

irregular pattern of dome and basin structures, the major
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axes of which evic•• kår a re1;(

of the plutonic rnasr».. lying to thr wr•:••• and (Figs 2

and 4(a)). The for mr.tion of the operi dome and basin

structures is accompanied by further movernems along the

low-angle planes generated during the first stace of deform-

ation. These movements led to the creation of minor folds

and a second-stage crenulation cleayage, which is typically

local and specifically associated with these horizons of

high straim The scale of the phenomenon is variable and

Fig.2(b)) shows part of the well-developed belt of second-

stage folding in the volcanic sequence at the southwestern

margin of the Gr6ndalsfjell massif. The vergence of the

axial planes of these and other similar late folds implies that

the principal tectonic stress responsible for this deformation

was imposed from a west to northwest direction.

The deformation history can be interpreted in the follow-

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

	 =
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tt,:y schistoNt• f riC , ier with Itle c

internal thru'd tIttrons, a COI1SegilenCt (,  
imposed during Ilit- main t.lage of emplacerrient ol the

alIochthon during Mid Silurian Itimes. (2) The secord gener-

ation of tectonic structures is c.onsidered to have been im-

posed upon the first as a consequence of equilibratiun be-

tween the depressed Scandinavian basement and the imposed

load of the allochthon. The depression of the granitic base-

ment into a field of higher temperature and pressure can

have given rise to plasticity of the basement. enabline 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 irnposed on the volcanic sequence by the

massive plutonic bodies as they slid under the influence of

gravity in an eåst to northeast direction from the flanks of

a basement dome in the vicinity of the Grong culmination.
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Fig. 4 Simplified geological rnap (a)of Skorovas area with line of section (Fia. 5) indicated (SSV,Store Skorovatn;

GR. Orubefjellet; ONV, Øverste Nesåvatnet; TV, Tredjevatnet; BI, Brahamrneren; t-IV, Havdalsvatnet) and synoptic map

(see page 134) of principal structural trends
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thlust structures created during the first c.ords ol


folding. the topography and geology of the S)orovas area

hasbeen strongly influenced by the formation of a cornplex

system of high-angle faults and Iractures. For the most

part these have suffered small displacement of the order of

metres, but along the southwest contact of the Gjersvik

eruptive complex with the polymict conglomerate oblique

slip normal faulting has resulted in a vertical displacement

ot 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-ciates the main periods of

folding in the area. The late fracture patterns in the

Skorovas area remain a problem for future investigation.

In all probability they can be attributed to the final stages

of Caledonian tectonism, but the influence of later events,

such as basement reactivation during Mesozoic rifting,

cannot be discounted.

Plutonic mt.n,tt.:rs of tatiptivr in

Skotovas utr.;,

On the 1:100 000 scale map of the Trones quairanale com-

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

Skorovas arra occur in two groups. The first gro,:p corn-

prises the tecionically bounded rnassifs of GrOndalsfjell and

NesZpiggen, which, though they have strongly tecIonized

envelopes, preserve much of their original igneous fabnc in

the interior. The second group occurs as an arcuate belt

lying within the volcanic succession to the north, west and

south of the Skorovas ore deposit (Fig. 4(a)). The plutonic

rocks of this belt have been subjected to the penetrative

deformation that affected the enclosing volcanic rocks and

have responded tectonically as part of the volcanic level

during deforrnation.

The plutonic rocks of the Skorovas area were divided

by Foslie into two principal compositional groupings, as

shown in the rnap of the Trones quadrangle22 Gabbros
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Fig. 6 Panoramic view of southeast margin of GreSndalsfjell messif 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

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

trondhjemite (t) in foreground. Location of pholograph (Fig. 7 (b)) shown by crossed

circle at far left of vista
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of various facies were d stinguished and at the opposite end

of the compositional scale trondhjernite, 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 interrnediate cornposition

form an irnportant component in the plutonic sequence and

that adefinite relative chronology of intrusion can be

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

the Grdndalsfjell and Nes'Spiggen massifs and the plutonic

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

tectonically separated, and it is convenient to discuss their

plutonic histories separately.

Graindalsljell massi

The starkly exposed rocks that compose the Grdndalsfjell 


massif provide spectacular evidence of their relative ages.

The earliest intrusives are fresh layered olivine gabbros,

which occur as large xenolithic rnasses or rafts with

maximum dirnensions 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 rnust be accepted as evidence of significant

post-curnulus displacement.

The composition of the layered gabbro varies from troc-

tolite to hypersthene gabbro and in all facies hypersthene

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

dent ophitic grains. The mineralogy of the gabbro is thus

compatible with crystallization from a tholeiitic magma.25,67

The nature of the xenolithic relationship is shown in

Fig. 8(a), and it is clear that the hornblende diorite is a

major component of the Grdndatsfjell 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 crosscuning joints to produce a distinctive

weathered surface (Fig. 8(6)). The alteration leads to the
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epidote. clinozoisite and calcite. In the troctolitic facies

of the gahbro the growth of considcrable quantities ol

chlorite within the plagioclase accompanies this breakdown.

The alteration is ascribed to the contribution of water

from the dioritic magma, which led to a retrograde sub-

solidus hydration in the pre-existing mass of layer ed

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 rnade in the field on the basis of

the persistence of fluxion banding and layered structure

within the surrounding aureole of hydration. The horn-

blende diorite is characteristically composed of subhedral

dark green grains of hornblende together with saussuritized

plagioclase of intermediate composition and accessory

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

sphene and the hornblende is generally partly chloritized.

One of the most striking features of the hornblende

diorite is the occurrence of coarse patches and pegmatoidal

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

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

andesine feldspar together with accessory amounts of

magnetite and pyrite. The pegmatoid veins show rhythmic

banding parallel to their contacts. This can be interpreted

d.:11t r

ri:.: • ssithin

butiy. recks can be justif:tib!, d d as appirates,

and their presence implies that the levet of expesure seen

in the cister n margin of the GrdindalsWI niassil corres.

ponds to the upper portion of a differentiated dioritic

body.2528

At the margins of the hornblende diorite, close to the

contact of the plutonic rnass with the enclosing greenstones,

a quartz-diorite facies occurs locally.

At least two generations of impersistent basic dykes cut

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

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

northeastery trend with steep dips to the northwest. They

are composed of fine-grained hornblende and plagioclase,

together with minor iron oxides, and are locally porphyritic

with plagioclase crystals up to 7 mm long.

The final eruptive event within the Gr6ndalsfjell complex

was the emplacement of a swarm of leucocratic porphyritic

granodiorite dykes, which show a predominantly north-

casterly trend and dip steeply to the northwest. The dykes

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

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

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

dykes show well-developed tectonic foliation and, locally,

mylonitic facies, which demonstrates that the northeast-

trending fracture system has been the focus of significant

post-intrusion tectonic strain. The granodiorite dykes are

composed dominantly of sodic plagioclase (roughly of

25L.rn
-

•

,
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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

folding and incipient crenulation cleavage of second

generation formed in zone of high strain in schistose

greenstones adjacent to tectonic boundary of Gr6ndalsfjell

massif. Location of photograph is shown in caption to

Fig. 6

rarcli2fris‘

Fig. 8 Northeast face of Gréndalsfjell 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 cornparison
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have been vez iably altered 10 froc rnIca..;-otzs arcargi.tes

(sericite or paragonite). Cecause of the niudal composition

ot these dykes, which is dominantly obgoclase logether

with quartz and with only accessory amounts ot potash

feldspar, the rocks may properly be described as trondh-

jemite in the sense of the definition applied by Goidschmidt

in 1916.22

This summary of the igneous relationships preserved

within the plutonic massit of Grcindalsfjell shows clearly

that a considerable volume of dioritic magma was emplaced,

probably at an interrnediate to high crustal level, evidently

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

the oldest and presurnably the deepest representative of

the plutonic assemblage in the Skorovas area. lt rnay be

added that magmatism must also have been bimodal — that

is to say that the magmas were supplied from two genetically

different sources, the first tholeiktic and the second calc-

alkaline. A range of similar igneous relationships occurs in

the NesSpiggen massif to the south (Fig. 4).

In addition to the main gabbro-diorite body of the

Grdndalsfjell massif delineated by Foslie on the map of the

Trones quadrangle, a significant mass of 'fine-grained gabbro'

is also shown lying directly to the north of Skorovatn. This

forms the imposing topographic feature of Skorovasklumpen

in the basal slope of v‘hich lies the extension of the main

thrust surface, which is interpreted as separating the tectoni-

cally 'massive' plutonic level from the highly defor med

volcanic level. This feature is shown on the geological rnap

of the Skorovas area and in the accompanying structural

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

lumpen and the narrow belt of similar character that can

be followed along the eastern margin of the Grdndalsfjell

rnassif are composed predominantly of metamorphosed

basic volcanic rocks, together with interbands of acid

(dacitic-keratophyric) composition and a proportion of

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

belt adjacent to the Gröndalstjell massif are partly incorpor-

ated in a xeredlithic screen of considerable complexity. The

original igneous contact of the diorite with the volcanic

country rocks is preserved intact within the rnain tectonic

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

4 km. Original voicanic structures, notably pillow forms and

vesicles, are preserved within xenolithic rnasses and testify

to the volcanic origin of the country rocks. Similar textural

evidence of voicanic origin has been found within the basic

sequence that cornposes Skorovasklumpen.

The reason for the classification of the rocks of

Skorovasklumpen as fine-grained gabbros by Foslie 12 and

other workers lies in their amphibolitic metarnorphic grade,

which has produced a mineralogy dorninated by hornblende

and inter mediate to calcic plagioclase. The presence of

epidote as a constituent rnineral throughout a significant

part of the arnphibolitic sequence implies that these higher-

grade rocks span the epidote arnphibolite facies to enter the

field of amphibolite facies. Since there is no association

with pelitic rocks, a precise description of the prograde

regional metarnorphisrn of the basic rocks of the Skorovas

area depends chiefly upon a determination of the progressive

changes in the composition of the hornblende and plagio-

clase, which rnust await turther delailed work. Broadly,

however, the mineral assemblages accord with the sequences
31,32,36

regarded by Miyashiro as typical for the regional

metamorphism of mafic rocks at low to interrnediate

pressure.

'»t• Cari!••,)•(tiffu!: !•.;• '•

:••:•1(• li•fies rOcks o Sk••• • v. i.:•11;•er• l.11•;11

i hi.tie replaces pyrite as rsory ilar; stiphide -

ation that is readily made in the freld. The

amphibolitic lavas locally display distinct pentrative tec-

tonic lineation of the arnphiboles, and this lineation can be

observed in the amphibolitized volcanic xenoliths in the

dior,ite. Amphibolite grade metarnorphism evidently took

place under the influence of early tectonic stresses with

which the emplacernent of the gabbro-diorite massit was

partly synchronous. The establishment of a precise chrono-

logy for these events will depend upon the evidence provid-

ed by future detailed petrographic work. It is probable,

however, that the contact aureole of the Grdndalsfjell

massif and the amphibolitic rocks ot Skorovasklumpen com-

pose a continuum within the field of low to intermediate

pressure in which regional and contact metamorphism

converge.34

Rocks of the arcuate intrusive belt

The intrusive arc differs from the plutonic massif of

Grdndalsfjell in three distinctive ways: (1) no unrnetamor-

phosed gabbroic bodies have been found in which a

plagioclase—pyroxene--olivine assemblage is preserved;

(2) penetrative deforrnation has produced distinctly tec-

tonic fabrics throughout most of the arc and mineral

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

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

granodioritic rocks compose a large part of the complex and

the eastern extremity of the arc joins a large granodiorite

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

Apart from these significant differences, which can pro-

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

ment of the arc complex within the volcanic sequence, the

relative chronology of intrusive episodes in the arc is the

same as that observed in the Grdndalsfjell massil. The most

basic rocks are the oidest and the successively younger

intrusions become increasingly silicic.

The degree of deformation within the plutonic arc is

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

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

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

cludes hornblende gabbro, diorite and granodiorite (trondh-

jemite). The definition of the petrographic character of

each generation is complicated by the incorporation of

xenoliths of earlier basic volcanic and plutonic rocks as well

as by extreme deformation, local silicification and reduc-

tion of the primary minerals to greenschist assemblages.
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Fig. 9 Trondhjemitic net veining in mafic diorite and

hornblende gabbro on southwest Grubefjell
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thess are, in part,•irt tri ths plutonic complex ob

served in the Gr er•-;itlsfjell massit. Plior to the major stages

of Caledonian cktormation leading to the allochthonous

emplacernent ol the Gjersvik Nappe, it is assumed that the

rocks of the intrusive ar,c and those of Grdndalstjell were

part of the same cornplex plutonic continuum.

Volcanic rocks of Gjersvik eruptive sequence in Skorovas

area and their metamorphic condition

The volcanic rocks of the Gjersvik eruptive complex are ol

geological and economic interest for they are the host rocks

of the Skorovas deposit. The volcanic Succession has sufter-

ed extrernely from the effects of deformation and low-

grade metamorphism under conditions of the greenschist

facies. These modifications, together with the primary

complexity of the volcanostratigraphy, have been obstacles

to the systematic mapping of the greenstones.

It has long been recognized that the Gjersvik greenstones

are composed of 2 sequence of basic to acid rocks, includ-

ing basalts, andesites and keratophyre of distinctly spilitic

allinity.21.41 Because of the continernent of systematic

aeological studies to the immediate vicinity of the Skorovas

mine itself, previous summaries oi the volcanic suatigraphy

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 members of the stratigraphy and

to examine their geometry with respect to metamorphisrn

and deforrnation.

11 is difficult to assess the retative volumes of basic and

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

with confidence on the basis of regional mapping that, in

the general area of Skorovas, the dorninant volcanic rock

types are basalts and basaltic andesities with lesser amounts

of andesitic and keratophyric rocks. This fact is apparent

from the relative outcrop of acid and basic rocks shown in

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

mate guide. Because of the deformed and dislocated con-

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

rnaximurn thickness of volcanics is difficult to assess. A

reasonable estimate based on constructed geological sec-

tions, taking imo account the effects of tectonic flattening

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

The sedimentary component within the pile is limited

to very thin, but stratigraphically persistent, on- 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 primary rnineralogy of all the rocks in the volcanic

succession has been degraded to assemblages of the

greenschist facies. Textural evidence shows that the crea-

tion of the greenschist facies assemblages took place during

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

of penetrative tectonic deformation. The evidence con-

firming this metamorphic chronology is best preserved with-

in the basic mernbers of the sequence.

Basaltic and andesitic lavas

The state of deformation of the basaltic rocks varies

according to their position with relation to the early iso-

clinal folding. the numerous lower-order thrust horizons

.

I, IH ''1, ri` t;::., (•:r lv,

prlluwccl s.'qw•nct, C.r gt•orneores an•


near ly preserved, as shown iii F ig 10. The dimensions 01

piliows are variable, but diameters within the range as- 2 m

are typical. In addrtion to pillowed basaltic flow unils,

there is a signiticant volume of delorrned meta-hyalociastite

pillow breccia associated with thebasaltic unit, which

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

breccia lithology is locally transitional to tuflaceous and

agglorneratic basic pyroclastic facies and can be traced

within a radius of 3 km around the orebody.

The abundance of amygdales, ranging in size from 2 to

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

that the lavas were erupted at relatively shallow depths,

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

rnineralogy has been completely replaced or pseudomorphed

by assemblages composed of chlorite, albite, epidote,

actinolite, calcite and sphene. Stilpnomelane, regaided by

Miyashiro 36 as atypical of IOVV- to medium-pressure

•

v•-1 • •- .

- • -4

Fig. 10 A, Deformed basaltic pillow lavas observed on

northern slopes of Grubeljell 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 uselul 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 ot pyrite are also found

in association with jasper pillow matrix, the pillow lavas

lying stratigraphically but a few metres from horlzon of

massive pyrite
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probably be explarned rn terms of the iron enrichrnent

shown by these rocks (analysis 3, Table 1). Stilpnomelane,

in common with the other greenschist minerals, occurs

chspersed thrtughout the budy of the rock and also as

rnonornineralic fillings in arnygdales and in crosscutting

veiniets. The dominant rnineralogy of the amygdales within

the pillowed basahs varies widely. Combinations of two of

the cornmon greenschist mineral species are usual, involving

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

lite is not usually found in amygdales. Within certain parts

of the Skorovas area the dirnensions of the arnygdales and

their mineralogy have been useful in discriminating between

individual flow units, although amygdale mineralogy cer-

lainly cannot be applied as a universally reliable criterion of

stratigraphy.

Within the more rnassive andesitic and basaltic rocks,

original flow textures are preserved by the orientation of

the altered plagioclase rnicrolites. Augite phenocrysts are

pseudomorphed by actinolite and chlorite and the acces-

sory iron—titaniurn oxides are largely replaced by sphene.

The basalts are not conspicuously porphyritic and igneous

lextures are frequently concealed in the meshwork of fine

actinolite, chlorite, epidote—clinozoisite and albite into

which the rocks have been transforrned.

The effects of greenschist tnetamorphism are not only


apparent at the micro scale but are also demonstrated by


the gross redistribution of the rock components, which has


produced rnassive bands and lenticular knots and spheroidal

\ • •


•

r;

IwiJ17, IC.

order n1 tens of cr-ntirrairr • r3r.:

arranged parairel in the surfaces of thc or


as discontinuous layer s parallel to flow surfaces ‘sitirirr

massive besalts and br(saltic andesites. The typical (crrn

of these bodies is shown in Fig. 11.

The epidote-rich segreartions are evidently pre-tectunic.

During the first period of penetrative deformation the

chloritic mass of the pillowed basalts has tended 10 develop

a good schistose fabric and the geometry of the pillows. as

a whole, has become flattened to varying degrees. The

epidote layers have behaved as competent bodies and have

deformed by brittle fracturing; in extreme cases the

epidote bodies are preserved as cataclastically reduced

streaks and boudins within the highly flattened pillows.

The textural evidence clearly demonstrates that an

important episode of greenschist metamorphism was re-

sponsible for pervasive alteration and gross reorganization

of the mineralogy of the basic rocks prior to the tectonic

event responsible for the early penetrative schistosity in

the Skorovas region.

Deformation of the volcanic pile also took p!ace under

conditions of the Imver 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 alteration that took place in the


earliest event prior to the deformation of the rocks can be

-
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Fig. 11 A, Pillowed basaltic lavas from northwest of Havdalsvatn showing developrnent of pre-deformational metarnor-

phic searegrations of epkiote-rich rnaterials (e) parallel to pillow margins. During tectonic flattening epidote layer has re-

sponded by developing a system of brittle fractures. B, Lenticular segregetion of epidole (e) of pre-deformation age in

rnassive andesitic lavas southeast of Store Skorovatn. Conjugate pattern of brittle frictures produced during deformation

of cornpetent lenses is explicitly developed, as in generation of dilatant fractures filled with quartz, chlorite and carbonate
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Table 1 !oc.  (1 2' r.` )

and is:ato: (11. rrr . 0. 11rl fur P.. , r.y:Et.. klra1c,;i1r,r( , C.,„!• 2.

quartz kuelophyre. GrubAell; 3, t with st;Ipriorlfttine, I:, 4• aryiesile, GruH•fjell; 5, cidsts in

anglomeratc, Grubefjell; 6, pillowt-d b.,s311.

9, basalt, northeast Overste NesSvaln

123

Grutwfjell; 7, pilic“Ni d


456

Grub: fjell; 8, basall. 6 km sc.Jth...,est

789 70

ot Grubufjell;

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 :-....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

1(20 0.07 0.02 0.51 0.19 0.02 0.52 0.43 0.66 0.55 0.22 0.44

P205 0.24 0.03 0.10 0.18 0.12 0.17 0.11 0.06 0.03 0.14 +

Loss on

ignition 1.06 2.24 1.90 2.24 3.57 2.81






Total Fe as









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

Total 98.90 99.49 98.04 100.70 98.24 96.54 99.54 99.64 98.24




• Total Fe as Fe0.

+ Value not obta  ned by analytieal rnetbod used.

ascribed to contemporeneous 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 rnineralogy of submarine

basalts to produce assemblages of greenschist and lower

amphibolite facies is a phenomenon of wide occurrence

within the upper layers of the sea•floor.33,35 Humphris 27

recognized that the mctamorphic assembia:tes in [ecent

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

ed into cMor ite-dominated and epidote-dorninated types.

It is suspected that this division reflects a process of rneta-

morphic 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 pile.59-6°
The in-situ sea-floor metamorphism of the Gjersvik vol-

canic sequence was evidently an important event and, as well

as causing gross rnineralogical changes by chemical redistrib-

ution within the scale of individual flow units, bulk changes

in the chemical composition of the lavas also occurred,

leading to the conspicuously spilitic chemistries shown by

the analysis in Table 1.
The recognition of the pervasive pre-deformation in-situ

sea-floor metamorphism of the Gjersvik basalts also helps

to resolve the controversy that surrounds the tectonic status

of disturbances of the Trondheim type.11-51-55 The polymict

conglomerate that unconformably overlies the volcanic

sequence was formed prior to deformation and alloch-

thcnous transport of the Gjersvik Nappe. This is casily

demonstrated on a local scale by the pervasive schistose

febric of the matrix and the distinctive stretching of the

competent clasts parallel to the axes of the early isoclinal

folds (Fig. 12(.4)). It can also be demonstrated on a regional

scale by mapping the level of unconformity through the

folds of the first deformation (see Fig. 5).

The congtomerate is composed of boulders directly

derived from the plutonic and volcanic sequence that under-

lies it. Locally, the composition is dominated by rnarble

clasts with associated pebbles of jasper, and in other places

the clast population is dominated by boulders of phaneritic

granodiorite (trondhjemite), diorite, meta-cabbro and

various of the resistant volcanic rocks. Pebbles of kerato-

phyre are common, but of greatest interest are the pebbles

of the rnetamorphic epidote assemblage (Fig. 12(8)), which

have evjdently been derived by erosion of the rnetamor-

phosed basalts.
Final and conclusive evidence is thus provided for a

lower-Middle Ordovician metamorphic event pre-dating

the Gjersvik Disturbance. The metarnorphism was produced

by the thermal and hydrotherrnal effects associated with the

contemporaneous eruptive activity embodied in the

Gjersvik Nappe. The tectonic movements involved in the

formation of the polymict conglomerate were predomin-

ately vertical as opposed to lateral and rnust 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 elsev.here.11,65

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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that such assembaryas should bc in«,rpora• d into the

conglomeratic rocks pr oduced by episodic uplift Of the

Ordovician sea-tloor and that the history of melarporphism

would be as extended as the history of subrnarine volcanism.

Magniatic activitv in the bell continued after the

erosional event. The evidence for this is provided by

quartz—feldspar porphyn) dykes that cut both the eruptive

complex, the unconformity and the overlying conglomer-

ales prior to the first phase of deformation. These dykes

are sirnilar in cornposition to other granodioritic rocks

within the eruptive complex and are regarded as the latest

product of calc•alkaline magmatism within the Skorovas

area.

Acid to intermediate flows and pyroclastics

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

tuffs and agglornerates, which are locally abundant and

form horizons that can be traced laterally over considerable

distances (see Eig. 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

sedirnents, which, following the conceptual terminology of

Carstens 63$ and Oftedahl,42 are appropriately described

as 'exhalites'.
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Fig. 12 A. Typical appearance of polymict conglomerates

as se n to northwest of Havdalsvatnet. Flattened boulder of

trondhjemite (1) displays tectonic fracture pattern character-

istic of hs brittle behaviour. Associated boulder of marble

(m) has deformed in a ductile fashion. 8, Large pebbles of

pre-deformational epidote-rich metamorphic segregations

derived by erosion from underlying lavas are a common

constiluent of greenstone-bearing facies of polymict conglo-

merate. Example pholographed close to unconformity on

southern shore of Tredjevatnet

dr-forrnation ot the s.rprera .i• (1

•••• r.* al varrability ot the -traliora:dry il

describe a unique and appliCable


lVire succession. The distribution of the va: bous facies of

acid rocks within specific parts of the Skorcwas area suggests

that a minimum of four centres of acid pyroclastic eruption

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

possible to tell, at an approximately similar level in the

volcanic sequence. In the vicinity of the Skorovas orebody

there is stratigraphic evidence of at least two pyroclastic

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

Skorovasklumpen to the north of Store Skorovatn (this is

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

The orebody hself 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

Gentre), to the east ot Dverste Neshaln (the Neshatn

Centre), and further east in the terrain near Blåhammeren

(the Blåhammeren Centre). The main beltsof acid rocks

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

difficult 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 drew specific

attention. Various agslomeratic 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 porphyritic and aphanitic bands of keratophyric

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

vicinity of the BIShamrneren Centre porphyritic flows are

physically continuoUs with porphyry dykes from which the

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

be traced towards the large mass of trondhjemite that occurs

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

The disjunction caused by deforrnation at the margins of

the intrusive rnasses and within the volcanic sequence, how-

ever, denies a conclusive statement concerning the connex-

ions between the plutonic and volcanic levelS during clirna-

tic episodes of acid eruptive activity.

OFB

,DCCO

•
•
• •• •

AB

•

50 100 150 200

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

extrusives (circles) and basic intrusives (triangles) showing

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

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

and grouping towards ocean-floor basalt (OFB) also shown

SCW
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Skorovas ote IC‘t; arr CfislInCtly 5:,Ga•rich (se 1 “rd

2 in Table 1). Pctrographically, the rocks dicnkty a modal

cornposition dominated by albite and quartz, orcurring both

as phenocrysts and as the conslituents in the aphanitic

groundmass, which is a rnosaic of alhitic 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 iMo

consideration the analyses Irom the basaltic and inter-

mediate rocks shown in Table 1, it is clear that the Skorovas

volcanic rocks are a spilitic suite.

The question is imrnediately raised as to the relatronship

that such a volcanic suite might have to the plutonic rocks

at various structural levels in the imrnediate vicinity of

Skorovas. The brief account of the plutonic rocks given

above demonstrates the wide variation in the condition of

metarnorphism and deforrnation 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.
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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 flatted

ed aridsiliceous matrix stands out as a reticular pattern.

Flow is part of major acid horizon with which orebody is

associated. (b) Agglomeratic facies of keratophyric horizon

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

horizon above mine entrance on northeast Grubefjell. Acid

fragments are partly silicified and tectonically flattened. A

competent quartz vein with orientation close to principal

stress responsible for flattening durIng first stage of pene-

trative deformation has responded by buckle folding

,net has yvtn an.ttym.:. of IonrU;_rnrtr;

!r(rn th. rhstrict arid from I. in welein


Norway tha! show total Na20 values itt tlåe range 4.3 - 6.0

°/, and 1:20 values in the range 1-2.5 wt o4. This

gives a typical Na20:K20 ratio lor trondhjernite of the

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

from the Skorovas intrusive arc 5G show that the Na20

coments 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 lor

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

NesSvatn. Stratigraphic sequence is complex and made up

of graded lapilli tuffs overlain by pink to brown coloured

banded cherty sedirnents incorporating magnetite, hema-

tite, stilpnomelane and iron•rich arnphiboles. 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 BISPhammeren. Scale in cm
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being undertz.ken f.1 the p.e..ent 1.m, to ;71, V

differences in chernistry hr tv.een the plutonic and the

volcanic sequences, but it is clear itiat the most s.gnif icant

chernicz d.flerence does lie in the conspicocus enrichment

in sodium, which has evidently occurred in the whole lange

of the yolcanic suite.

The chernical discrepancy displayed by the volcanic and

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

lengthy controversy concerning the affinities of spilitic

rocks in general. The problem has been discussed by

Wells,7637 Sundius 66 and Vallance,69,70 among others,

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

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

alteration of alkali contents by circulating sea water is

strong. Taken in conjunction with the textural evidence

described above, there seems little reason to doubt that the

spilitic character of the Skorovas volcanic sequence is the

result of metasomatism, which accompanied the sea-floor

metamorphism of the volcanic rocks during Lower

Ordovician times. This metasomatic alteration by circulation

of heated sea water changed the chemistry of the rocks,

notably enhancing the Na20 content and concealing the

natural magmatic consanguineity of the volcanic and

plutonic rocks.

Magmatic affinity of Skomvas.eruptives and their

tectonic significance

The relative mobility of the major elernents in basic and

acid rocks during rnetamorphic alteration poses obvious

problerns with regard to the determination of the magmatic

affinity of eruptive sequences and the confirmation of

consanguineity within them. Cann,4I 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 rnagrnatic affinity

of ocean-floor basalts. Pearce and Cann 46 subsequently

extended this concept for use in determining the lectonic

setting of basic volcanic rocks by empirically defining the

ranges of variation of the stable trace elements in suites of

basaltic rocks collected bom various defined oceanic and

island arc environments.

Sixty-nine basaltic rocks frorn various parts of the

Skorovas district have been analysed for stable trace

elements. In Fig. 13 the values for Ti are plotted against

those for Zr with reference to the fields of various basaltic

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

the Tar 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. lt is also possible to recognize a group-

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

The coincidence of the analysed values in the plutonic rocks

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

firmation of consanguineity in the groups of basic plutonic

and volcanic rocks falling in this field.

Study of the trace elements suggests that the eruptive

sequence in the Skorovas area originated in a tectonic

setting in which basaltic rocks typical of an immature

island arc were being generated.19.28 Moreover, a know-

ledge of the field relationships in terms of the chronology

and relative volurnes of the eruptive rocks at the plutonic

and volcanic levels confirms this view. Little quantitative

information is available concerning the relative volumes of

p1(“11101. t• •

! lIle EI! I V..p'  HT

estimates besed on • S;aro,

Sar.d.vich Island volcanic sequence, and these Iftilirjed

to be in the same order of proportion thom.- obse:ved in

the Skorovas area, notably basalt andesite > dacite and

rhyolite (or their spilitized equivalents). ln the case of

mature calc-alkaline arcs the relationship is of a distinctly

different order - andesite Ik>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 constiluents of an immature island arc of Lower

to MiddleOrdovicianage formed within an ensimatic setting

peripheral to the Laurentian or the Scandinavian craton.

The eruptive sequence, its magmatic evolution terminated,

was emplaced as the structural and stratigraphic core of the

Gjersvik Nappe during the climactic stages of the Caledonian

orogeny in mid-Silurian times. The tectonic decapitation of

the island arc is believed to have originated with the collision

between the Scandinavian craton-arc margin and a

Laurentlan counterpart;1°,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 peripberal exhalative mineralization

The description of the volcanic host rocks g.ven above

confirms the assodation between the Skorovas orebody and

an eruptive sequence originating in an immature ensimatic

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

to consider the rnorphology and mineralogy of the ore deposit

and the peripheral exhalite mineralization of the Skorovas

recion in terms of the exhalative volcanic hydrothermal

origin proposed for it by Oftedahl.41A2

The orebody is situated a part of the volcanic se-

quence displaying distinctly calc.alkaline character. Apart

from the keratophyric pyroclastic and flow units, at the

level of which the orebody is located, the sequence includes

a thickness of basaltic andesites and rocks in the range of

silica contents appropriate to andesite and dacite, now

represented by spilitized equivalents. The precise strati-

graphic location of the orebody with respect to the acid

horizons is difficult to establish owing to the disjunctive

tectonic style, but there is no doubt that the association

Fig. 16 Two sections of east orebody at profiles 59 and

73 east-west situated 140 m apart along morphological

axis of orebody. Progressive development of a first-phase

isoclinal fold is illustrated together with complex digitated

style of isoclinal closures. Open style of second fold phase

shown by undulation of lower contact of ore on profile

59 east-west
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The Skor ovas orelicpcly, at the present si ale of devslup-

ment, is estirnated to conifer ise between 8 000 000 and

9 000 000 tons of massive sulphide ore, including 1 500 000

tons of essentially pyritic ore with minimal base-metal

content. From the initiation of production in 1952 until

1975-76 approxirnately 4 700 000 tons of ore were rnilled

to produce pyrite fines with an average grade of 1.2% Cu,

1.8%.Zn and 45%5. This concentrate was marketed

primarily Tor Rs high sulphur content. Following the de-

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

beneficiation plant has been constructed for the production

of Cu and Zn concentrates. Present ore reserves are calcu-

lated as approximately 2 000 000 tons with an average

grade of 1.15% Cu and 2.29% Zn. R 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

ol 35 wt % with Zn > Cu » Pb. Zinc content is of the

order of 2 wt % and CU C 1 %.

Strucrural style of orebody

-The morphological complexity of the Skorovas orebody

caused by tectonic disjunction of isoclinally folded lenses

and the extreme tectonic deformation of the wallrock

envelope has been a considerable obstacle to the clear

formation of a genetic rnodel.20

The orebody can be described as an en - khelon array of

closely spaced groups of rnassive sulphide lenses, the dis-

!,1 I cf ;.r. cne

a leosfr. of :n iyin; in a nn-th

oiientalion a width of the order of 70;) m. A

representative cr oss•section of the orebody is sliown in

Fig. 17.

The lenticular bodies have their principal planes orientat-

ed paraIlel to the axial planes of first-phase isoclinal folds

and the individual lenses are apparently, to a significant

degree, the products of partial disjunction of fold limbs

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

the ore zone shows a longitudinal division into an eastern

and a western orebody. This division may reflect the shape

of the orebody at the site of accumulation prior to deforrn-

ation. The lateral extremities of the ore lens systems char-

acteristically show multiple digitation and bifurcasion 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 hs present

morphology and that emplacement took place irnmediately

following the eruption of the volcanic sequence in Lower

Ordovician times.

lt is possible to explain the local discordance between

early schistosity and the contacts of the rnassive 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

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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also have been rndki!.if ied in response to ffie stressre.

during the serond period of folding.

The early deformation in the irnmediate contact zone of

the orebody was sufficient, because of the contrast in com-

petency, to create a schistose tectonic facies cornposed

predorninantly of chlorite, carbonate and, locally, talc.

These components were derived by segregation from the al-

tered basic host rocks — andesite, basaltic, andesite arid

basall The schistcse tectonic envelope is shown locally in

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

tinuance of componental movements within the vicinity of

the ore contacts during later deformation.

The history of structural deformation within the orebody

can be surnmarized as follows:

Early isoclinal folding, accompanied by creation of a

schistose envelope with componental movements in

the vicinity of the orebody contacts, led to a

tectonically disjunct style.

Periods of post-schistosity deformation produCed

folds of various scales. In the immediate contact

zone 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 folded on a broad open style, which is typical

of later deformation in the Skorovas region. This is

shown in the isornetric projection (Fig. 16).

The final episode of deformation was marked by high•

angle fractures of low displacement with a general

northerly trend.

The early isoclinal structures display axial alignment in a

north to NNE direction with axial planes dipping at approxi-

mately 25° towards the east. This is reflected in the axial

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

the regional dome and basin system shown in the structural

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

an axial trend of approximately NNW orientation con-

cordant with the pattern of the adjacent structural basis,

on the flanks of which the orebody lies.

Mineralogy and stratigraphy within orebody

The bulk composition of the Skorovas orebody reflects a

mineralogy of comparative sirnplicity. Pyrite, sphalerite,

rnagnetite and chalcopyrite are the dominant ore rnineral

species. Pyrrhotite is conspicuously absent. Galena occurs

in much smaller hmounts, and arsenopyrite and tennantite

occur locally as accessory constituents. This mineralogy

accounts for the average range of trace and minor metallic

elements recorded in analyses of the orebody, the following

values being considered as representative averages: Co,

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

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

rich facies of the ore, reaching values of several hundred

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

Most of the minor chernical 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 5pm in size in arsenopyrite from peripheral

parts of the ore. The principal gangue mineralogy of the

ore consists of chlorite, quartz and calcite, logether with

lesser amounts of sericite and, locally, stilpnomelane.

The structural and stratigraphic evidence summarized

here and by offier authors 2821•41 has conlined the choice

of genetic models for the orebody to the following

I , , " •

OiCtIC ' ' I ' 5.4)M.I!inc• d•. 0`.

erniss  on r„ezal rich fluids in nn. vicin.ty

erurn  vr cennt or (2) epigenene the ore-

body by terdarement of part of the volcanic innerice in

the vicinity of the eruptive centre, this takinr, pldc: du:ing

post•eruptive hydrotherrnal activity in early 0:Jowic:an

times.

If the first alternative is to be given favour, it synuld be

desirable to be able to recognize sorne evidence of

stratigraphy within the orebody. Gjelsvik 2121 conducted

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

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

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

study showed that the contents of zinc and copper varied

antipathefically, 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 Gjelsvik noted that zinc, in particular, is

enriched towards the hanging-wall and in the eastern and

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

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

In the northern part-of the orebody the cornposition is

essentially pyritic, with minimal base-metal content. The

analytical data prove a systernatic variation in base-metal

content both laterally and vertically within the orebody, and

this is confirmed by petrographic studies and field

observation.

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

recognize facies of the ore that are probably of chemical-

sedimentary origin and those which are essentially tectonic.

The pattern described by Gjelsvik 28•21 probably reflects

the influence of both processes. The prirnary textural

evidence tor the cperation of sedimentary processes in ore

deposition is given by the graded banding of the pyritic ores

in which rapid changes of rnodal composition and grain

size occur from band to band. This type of texture is

shown in the banded pyrite, sphalerite magnetite ore of

Fig. 18(C). lt 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. 15(8) and 18(D). Figs. 18(A) and 18(8)

show that the deformation of the pyritic lenses was marked

by mutual impastion and cataclasis of the constituent

grains. Any gross tectonic flattening or extension of the

lenses must have been accornplished by relative movement

between the individual grains accompanied by cataclastic

degradation. This mechanism has been described as rnacro-

scopic ductility by Atkinson," who has also shown that

cataclasis is probably the only significant deformation

mechanism available to pyrite, under dry conditions in the

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

likely that deformation took place under dry conditions,48

but the range of textural evidence strongly suggests that,

within the massive pyrite, cataclasis was the dominant de-

formation mechanism. Atkinson 1 also notes that the

strength of polycrystalline pyrite is stronaly and inversely

dependent on porosity. Large volumes of the Skorovas ore-

body are composed by nearly monomineralic close-packed

aggregates of pyrite with low porosity and, when lithified,

these masses must have behaved in a highly competent

manner relative to the adjacent chloritized lavas and pyro-

clastics. Under the influence of the tectonic stresses pre-

vailing during the first period of deformation it seems reason-

able to propose that the style of deformation within the

orebody may have been controlled by the development of
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ore lenses could be explained ziswel! as the rarity of well-

preserved isoclinal structures.

Tectonic mineralogical facies of the orebody are un-

doubtedly recognizable in the base-rnetabenriched lenses

and extremities on the lateral periphery of the ore. Zinc

values arz enhanced by an order of magnitude and lead

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

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

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

development of a crenulation cleavage related to the second

phase of deformation.

Tectonic rnechanisms are not, however, the sole explan-

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

do they cornpletely explain the separation between maxi-

mum zinc and copper values in the pyritic ores. There

appears to be a definite stratigraphy in which cupriferous

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

zinc-rich ores with laterally developed facies rich in banded
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3 and 4 in Table 2.

It •ppzars also that a distinct y 1;1Ima!N.d:-.;-11  Ori

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

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

o ebody. Final evidence of the operation ol chernical-

sedirnentary processes in the formation of the orebody is

provided by the occurrence of rnagnetitic and hematitic

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

orebody stratigraphically overlying the rnagnetite and zinc-

rich facies.

Evidence of a primary stratigraphy within the orebody

clearly exists despite considerable tectonic modification.

li is also plain that the rnetal 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 belt of

Japan.30

The detailed palinspastic reconstruction of the lateral

and vertical facies variation within the cornplex Skorovas

orebody is the subject of a current study by Reinsbakken

SoGurn

„ _

18 A, Typical cornpact pyritic ore with minor

arnounts of sphaterite (grey). B, Mutual irnpaction 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

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

zinc- and lead-rich peripheral tectonic facies of ore. I ncipient

crenulation cleavage is visibly developed with selective con-

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

composed of carbonate and chlorite
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howeyer, 11.;41Ire of top; rar raid ziric

within the pyrilic ns.ct ttiai precipilation ol the

ore rninerals could b e>.pIairir d in terrns of an evolving

chloride-complex model such as that used by Sato to explain

Table 2 Average rnetal values for Skorovas ore types and

sulphide facies of an extensive exhalite




1 2 3 4 5 6 7




46.50 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 sarnpIes); 2, copPer-rich ore (14 sarnples);

3, banded rhagnetite-rich pydte-sphaleriteore with carbonate (18

samples); 4, pyritic zinc-dch ore at stratigraphic top ot orebody (13

sampies); 5. Zn-Pb-Cu-rich perIpberal ore - probably a tectonic

tacies (2 samples; 6 massiye base-rnetal-depleted pyrite or Ivasskis'.

Haydaisyatn (1 sample); 7, relatiyely enriched pyritic ote, Skoroyas

(30 sarnpIes).

zonation within the Kuroko deposits.55 The applicability

of such a model depends on the existence of conditions such

that the rnetal - and sulphur-enriched hydrothermal solutions

are not rapidly and widely d;spersed into the dominantly

oxid;zing conditions of the submarine enviroranent. This

requirernent must be rnet by lopographical barriers in the

vicinity of the hydrothermal ernanations or by density con-

trasts between the emanating brines and sea water.54 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.

Peripberal exhalative minerelizatit»?

The magnetitic cherts and jasper found at the stratigraphic

top of the Skorovas orebody signify the restoration of

chemically normal oxidizing conditions in the vicinity of

the orebody. These ferruginous siliceous horizons represent

a continuum between the intensive and extensive facies of

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

association between acid pyroclestic horizons of various

facies and banded magnetitc-pyrite and chert in the

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

of the prirnary inspirations for tht: theory of exhalative-

sedimentary ore genesis expounded by Oftedahl in

1958,41.42 who carried forward the concepts for mulated by

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

of sed:rnentary sulphide deposit in the Trondheim district.

Oftedahl 42 emphasized the association between acid

pyroclastic activity and the forrnation of the iron. and silica-

enriched sediments. Understanding of the various exhala-

tive facies has been carriecl 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 persistem within the volcano-

stratigraphy and can be traced over distances of the

order of several kilometres.

Imernal variations of stratigraphy occur in detail.

The sequence is always marked, however, by a change

from a geducate sulphidic or magnetitic banded

stratum to an oxidate ferruginous chert (jasper).

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

also, generally speaking, in a lateral sense.

he lar

ir.hed in basz )* : irmr.t st.

(Sre analysis 6, Tabie 1).

These widespread bands can be expIainr-d by a narclran-

isrn ot explosive volcanic dispersal dunng the climactic daci-

liC eruptions associated with the various volcanic centres.

In the course of such a process rapid and complete mixing

of the residual hydrous fraction of the dacitic magrna with

oxidizing sea water will have occurred. The base metals will

have been subjected to infinite dilution in the course of

such a process, leaving oxidized iron and silica hydrosols in

suspension. The hydrosols will have suffered greater dis-

persion than the pyroclastic fragments and by subsequent

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

rich sedirnent 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. Sorne exhalites, however, give evidence of episodic

explosive and furnarolic activity that results in a cornplex

cyclic stratigraphy in which tuff bands are intercalated
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dispersal in Extensive exhalite as observed in vicinity of

B:12hammeren centre

As well as •eing valuable tirne-stratigraphic rnarkers, the

exhalites may be deyeloped as a tool in identlfying vent-

proxiinal and vent-distal environments and have obvious

valuE as a guide in exploration. An investigation of exhalites

as an exploration tool is currently being carried out in the

Skdrovas area by Ferriday, Halls and Hembre.

Conclusions

It was recoanized in the early stages of the present study in

1972 that the Skorovas a-ea provided a unique window on

the eruptive and ore-forrning processes that take place within

a Palaeozoic island arc environrnent. An attempt has been

made in this paper to describe the major eruptive, hydrother-

mal metamorphic and tectonic processes that have acted to

produce tfie present geology of the Skorovas area in the

context of its position in the Gjersvik Nappe.

Attention has been specifically directed to the hydro-

thermal processes that take place at the volcanic leeI, but -

it is important to record the occurrence of cumulus ores of

rnegrnatic o-igin within the plutonic complex. At

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

a small platinum-bearing pyrrhotite—chalcopyrite—pent-

landite lens has been found in association with a minor body

of metagabbro. This occurrence was described by Foslie

and Johnson-Hekt in 1932.13 The present study has shown

that srnall cumulus bodies of chalcopyrite—pentlandite-

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

of the deeper plutonic level. At the present time these

bodies are of incidental economic interest only. The whole

range of phenomena described can therefore be said to typify

the ore-forming environment within an ensimatic pericratonic

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

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

the imrnature character of the arc.

The study has also placed the Gjersvik, Trondheim and

related disturbances in their proper geological context as

episodes of uplift associated with the stages of evolution of a

pericratonic arc system in Lower to Middle Ordovieian times.

Vertical memements of this style can be said to be a character-

istic feature of the evolution of arc systems,71 and Murphy311

hasdescribed fault-bounded back-arc basinsof Tertiary age in

Indonesia that contain up to 8-km thickness of clastic sedirnents,

111:, {), fru. 


e su r. rnovermn'A itr. 11

ntrz - arc o; v. ith tectonic style taking

place in other provinces of the Cdklion.1,25 that could have

been located, in Lower Ordovician times, en parate peo-

graphically and ts-monically isolated margir.s cl the corigenic

system.3
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Geologyof the SkorovassMine:A Volcanogenic
Massive Sulphide Deposit in the Central
Norwegian Caledonides

AnNE REINSIIAKKEN

Remsbakken, A. 1980: Geology of the Sk 3333vass Mine: a voleanogente massive

sulpInde deposit in die Centrai Norwegian Calednnides. Norges grol Undirs. 360,

123-131.

The Skt brovass nrebod y is nne of the major stratalta LInd base-metal sulphide de-

posits within the alloehthonous belt of the Central Norwegian Calrdomdes and is

romained within the voleanir eruptive pait lir the Gjersvik Nappe. a sabordmate

siructural element qd the larger Koli NIppe s•quenee of the Seandinavian Caledo.

mdes. The orebody cwrins hin the metavoleamc segurnre iii i level marked b an

episode iif esphisive rhyodanitir vidramsm and asmwiated fumarolic arto its .

Driailed geological investigations luve outlined a complex_ partially in;erted

volrano strangraphy whieh in simplest tenns can be subdividvd mlii three major

units. Whole mek major rlernent geoehrmiral data fonn the vanons solcanie units

show that the greenshino enquives iange in romp,,sition fomi ba.aloe through

thyodarnie, and the trate element data show e,mrentraihms and irends

thow of low.K tholeiites from idaml ares.uw Skorovass emptise segnem ris lier-

1,reird as lunong homed is in ensimat w tholvfitte idand are to the w est or the

Fennoscandian contment dui ing mobahle 1.oner cci Middle Ordovielan innes,

and subsequently tbrust sondwastw jrd int Fennosrandian continent dming


tlw Silunan.

The Slom wass deposit rumsists of ea. 1iiNthinne, of donmutruly masose and

minor diswminated pyritie ore ssith an average grade of and . Zn

together with inwe amenints of Ph. Ag. As and onnor Cd. Four major ine pes

((aties) have been delineated and used as mappable lithosoaographw muts ss thin

the va rioas ore Irmes. and the Cu and Zn vallws hom the massise sulphnie inel»-

dies shl.w a dear aaliparkeiir zonalian nilli the Inlich ines eoncentrattug at the

stramopaphie topof the ine len. system, ssher h isitself immedlawly merlainby lemes

and hands if ja  pilile and magnrhor c hen. A eniss-rowng suiphide vem s stem

(soingel tone) has been iiimnd directls henrath and extending up he Cu nt h

pan of the mayave sielphulemes and I. norrpreted as the 'freder-zone. or ..... 1.10ne. •

to the massive tue. The Nk an. meloalv es intmpreted as ciiing been depomted

directly on iii the sea-floor from metallifen;uslndrodiertnal brines emanaungout on

to the sra.flom cci form a ”nvokanic exhalatise inassive nelplude depoot

ks have tiodeigone two mam iwoods jwcwoateve deformation under

lower grrenst hist laries metamorplwan doeing which tinw ihr unebody and Ets

eneh”ing ti. ks obtained thet r present configut ation emnpleLlemold.en helon

g .to y.

Aner FroilbakArn.GroMgimi Inuoust, (Innorsitrin i Trondhenn.

Norges Irkntike hogilcole, Trandhrun.
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GEOLOGY OF SKOROVASS MINE 125Introduction

I n recent years attention has been focusing on the Caledonian-Appalachian
orogenie belt in the light of the •new plate tectonics* (Wilson 1966, Dewcy1969, Miyashiro 1972, Gale & Roberts 1974, Vokes & Gale I 976) and on the
volcanogenie sulphide mineralization associated with island arc volcanism at
destructive plate boundaries (Horikoshi 1969, Clark 1971, Sillitoe 1972,1973, Sawkins 1972, 1976, tambert & Sato 1974, Carson & Mi(chell I 977and Sato 1977).

Recent publications on the greenstone belt of the Grong (ist rict and itsassociated pyritic deposits (Gjelsvik 196), 1968, Halls et al. 1977) havehelped to set the Skorovass deposit in a more modem context iii the light ofcurrent thcories of plate tectonics and associated mineralization. Halls et al.
(1977) have given a detailed account of the regional tectonic and st rati-
graphic setting of the Skorovass deposit. The Skorovass deposit bas also
recently been cited by C. j. Dixon (15179) in his Adas of Exonornic Mineral De-posils as"a good example of the typeof basemetal-bearing pyritedeposit thatoccurs along the Caledonian-Appalachian fold belr. With the increasingafiention that has been gi ven to the Skorovass deposit, it seems only apt thata detailed account of the mine geoltw should now be prescnted. This papersumnlarises the regional tectonic a. id stratigraphic setting of the Skoro-vass orebody ably dealt with by I lalls et al. (1977), provides a more detailed

account of the vokano-stratigraphy and geochemistry of the host rock lit ho-logies and of the various sulphide facies of the webody Uself, and discussesthe relafionship betw een the mineralization and vol canism in the light of tl ie
now accepted volcanogen ic, syngenet ic-exhalat ive model of sulphide deposi -tion. A preliminary account is also given of the lit hologies of the variousvolcanic units and the stratigraphic relationship between these volcanic units
and the enclosing sulphide ores. This datzi forms part cf a con tinuing d octoralthesis project by the author at the Geological Institute, NTH, Trondheim.

LOCATION

The Skorovass mine lies in the heart of the central Scandinavian Caledonianmountain chain within the southwestem part of the 'Crong districti d irecdysouthwest of the large lake Tunnajo, approximately 25 km west of theSwedish -Nonvegian border at latitude 64038' N and longitude 139/4' E(Figs. I & 2).The tiny mining community of Skorovatn lies in a valley bottom
at an elevation of 500 m a.s.l. enclosed on three sides by completely barrenmountains which reach an elevation of 9nd m a.s.I.. The mine itscIf is situatedon the north-facing slope of the neountain Grubefjell at an elevafion of 620 ma.s.l. (fig. 3) where the main adit extends due south for several k ilomet resdirectly beneath the main orebody.

IIISTOItY

The first record of sulphide discovery at Skorovassdates back to Sept. I 873,
although some prospecting in the district had been carried out earlier. With

0 sediments and •ruplovri al Con.b”an -
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Ag: 1. Synoptin g enapof the SeandinayinnCaledonidesshowing the neainde%tneRofsnatifot n1  oleanovnic ores and loratkrn of the Skorovassorebody (After I Lii Is ei al. 1977).

its large rusty zone over the surface projection of the rtorthern ex tent of themain ore zone (reported to be Norways largest pos(-glacial gossan), tfieSkorovass mine area must have been a source of curiosity for many an earlytraveller. The tamnielgi uva' (old mine) was first staked in 19111on a 3-1 mthick massive pyrite lens, the surface projection of the main ore zone, and animense exploration drilling survey plus the driving of an exploration adit was
carried out by Elektrokjemisk A/S during the period 1913-1916. A secondperiod of iniense exploration wRS carried out from 1935 to :18 under theleadership of state geologist Steinar losi ie. The Skorovass mine was finallyput into produrlion in November 1952, al though some d esperate at tenlpts toopen the mine had been made by the German occupational forces during the
sccond world war.

The Skorovass mine produced cnished pyrite from 195,2 up to the autumnof 1976 when a selective lloiaiio,i plant was put into operat ion moducing
both copper and zine concentrates.
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Fig. 2. IsIau dvn, ing location of the nunn ore depo.d. in hr Gronsdistrict (tik Skorovass, Gj
(;jersvik. j<1 ,i4.1114and St Stekenj  U) and main strurtural and stratsralibir 11111(5that

can be di.tinguished xithin the Koh Nappe.
( ) thmst at base of Olden Nappe; (2) tbrust al base of Seve-Köli Nappe; (3) thrust separating
Seve and KirIi sequence within Nappe Conplex; (1) thrust aeparating Gjersvik
Nappe at top of Khli Nappe sequenre from high.grademetamorphie mcksof Helgeland Nappe
Complerr. Boundaries based on geologiral information from Fuslie,Oftedabl. Zachosson. Gee
and Gustavson (From HalIs et al. P177).

Fig. 3. South view cel thr Skorovass mine xdh the mme entrance and %aste dump to the top
right of the trarrmay. Nom the almoq ,,,, plete ouir iii, r‘posure on Gruhrryll in the hat
gmund. The ron  piruou  hem lung mrlarong at he photograph parallels the poundwnt
sehistoNity and wam radier intelperted a

Regional setting

The Skorovassdeposit occurs within the allochthonous greenstone belt or the
Central Norwegian Caledonides and is located at the acid volcanic level of a
complex eruptive sequence of probable Lower to Middle Ordovician age
known as the Gjersvik Nappe (11alis et al. 1977). The Gjersvik Nappe consti-
tutes the lowsrade metamorphic, uppennost unit of the larger Seve-Koli
Nappe Complex, structurally overlain to the west by the higher grade meta-
morphic rocks of the I lelgeland Nappe Complex (Gustavson 1973) and
structurally underlain to the east by the lower tectonic units of the extensive
Koli Nappe sequence, aml is confined to Ille north and south by t he Borgeljell
massif and the Grong-Olden basement culmination, respectively (Figs. I &
2). The principal components of tlw Gjersvik Nappe are a plutonic infrastruc-
ture of conlawite gabbroic intrusions within which has been emplaced a
series of diont ic to granoclimitic (tromlbjemitic) bodies which form the roots
of a consanguineous submarine polygenic vokanic sequence (I Ialls et al.
I 977). According to Furnes et al. (1 980) this is"perhaps the most completely
developed ensimatic island arc segment in Scandinavia in ternis of varietv of
magmatic products". •he igneutis complex is overlain unconformah:y by a
sequence of polymict conglomerates and calcareous flysch sediments,
derived by erosion directly from the underlying magmatic rocks (Fig. 4).

Pre-tectonic segregations, veins and vesicle fillings of epidote, albit e, chlor-
ite, carbonate and quartz related to primary vulcanic flo“ struc tures in the
lava pile provide evidence of pervasive seadloor met: rphisai
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shon.i.n.ser

Mg. 4. Simplilled geoli.gical map itt iIte 5 korovass area (SSV StoreSkorovaM;GR Grubc-
rjelles: ()NV Over.te NesiIvasnet (From I lails el al. 1977).

(Spooner & Fyfe 1973) and this is verified by the abundance of nearly mono-
mineralic epidote clasts 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 uplift and crosion prior to emplacement on to the
Fennoscandian basement during the climactic stagesof collision tectonism of
the Caledonian orogeny in Silti inn times.

The entire igneous and sedimentary assemblage has been affected by the
deformational processes of allochthonous emplacement but the gross di ffer-
ence in conlpetence between the component lithologies has resulted in a
particularly heterogeneous style of deformation in which folding, compo-
nental sliding, fracturing and penetrative metamorphic recrystallization have

been governed largely by the geometry of the most competent lithologies.

These are notably gabbro, diorite and granodiorite (trondhjemite) intrusives

and, within the extrusive sequence, by compact thyodacitic Ilows and their 


spilitized aphanitic equivalents (keratophyre). The heterogeneous pattern of

deformation is resolved in terms of two main stages of folding complicated by
componental slicling movements.

Volcanic Stratigraphy and Greenstone Geochemistry

Primary volcanic structures and textures have been described from the
westenl part of the Nonvegiall Caledonian grecnstone belt and have been

used successfully in deciphering the volcano-stratignyhy and providing
way-up detenninabons as an aid lii interpreting the numerous fold struettues
found in these area (Fumes 1972, 1973, 197.1, Furnes & Skjedie 1972, Gale
1975, Grenne et al. in press). Detailed mappiug within the Skoros ass mine
area (1:2,00(1 scale) has helped to doeument the man) pninury submanne

volcanic structures and textures that have not previously been described
from this area, es., close-packed pillows and associated pilhins brecrias and

hyaloclastites, zunygdales, Pow breccias and Ilow. top bieccias, lsiiicled tuffs
and aggloinerates, and acid explosion brecrias and lapilli tuffs 5a-d 8.;

(i), The IISC of these primary volcanic structures iii conjunction with the

intrusive relarionship and sshule-rock geochemistry has helped to delineate
a volcanic stratigraphy within the Uninediate inine area s sieR comprises a

metavolcanic sequence ranging in compositinn from basalts and andesites
through to rhyodacites.

vowANIC suitAtiGRAPny
The volcano.stratigraphic sequence of the Skorova.ss mine area can be
divided into three major units (Fig. (i):

the I.ower units, the oldest volcanics in the area, which comprise dark
chlorite-rich metabasalts and minor Fe-rich metabasalts, occurring pre-
dominan (ly as massiVe ft  ws and close-packed Ilow lavas.
the M iddIe units, an intermediate to acid voleanic complex of massive
andesitic and dacitie and stilpnomelane-bearing mentvolcanics, capped
by a rhyodacite and accompanying 'explosinn breccia' and mixed


tuffs which are intimately associated with the massive-sulphide minerali-
za(ion.

the Upper units, the youngest volcanics, which immediately overlic
the basic tuffs and sulphide inineralization, are composed of rela tively Ca-
Mg-rich basaltic to andesitic greenstones occurring predominamiy as
pale, epidote-rich, close-packed pillow lavas and minor porphyritic
inassive flows.

Lower Vokartic Unit (units A +11)

The Lower Volcanic Unit consists of two minor units, A and 13 (Table I,
Fig. (i). The lowermost unit, Unit A, is dominated by dark green chloritic

and minor epidote-bearing metabasalts which occur mostly as massive lava
flows and minor flow breccis. Some areas are dominated by pillow lavas with
cpidote-rich rims and taPpAsand associated pillow breicias and hyaloclastites.

1Sere•••••tunprn

Perit.•••
•  •/

FIUI Gebt. • M.11.

V4ir hIgh td7;.111

/ Fbrtt rd''''`1"k
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Fig. 5 (a-d). Photographa of primary volcanic structures and textures found at Skorovaw

Defonned Fe-rich metabasaltic bvaa, einnfl of thr Lower Voleanic Unit from be.


neath the orebody on weat Grubeljell. Cuspate bodies of white-grey chert that occupy

intenticea between pdlows are conspicumn. A flat lyeng nurnive andesitic dyke cuts the

pillowed sequence in the lower Nn tlf the pliotograph.

Strongly flatten“1 solt anic bn',i Iii with angular fi agmmus tel dork, magnetite-dnwmi-

nated meta-andesne set in u paler matrii of eimlote and (111,,, , r tolf hyalodustue foun


the upper levels rif und C. the h part V.ulca ,, c 1.111it.N.ele the turf quartz-




and chlorite-filled amygdales and dle pale macti,/n runsmonmndeng Ille Mdivic:ual frag.


trients (coin diameler 1.5 cm; same sin, roin itt thed 011 aii eethel photographs).

White rhyorlacite•explosion breccia' slko, ing angular unwo ted aridn vidcanne hagments,

pardy whcibed and tecornically fitalened, ael in a darker fineslained hulf matos rich in

chlonte and senCile.

Dense, greyish, fekic, 'quartz-eye lupilli tuff showing the ddluse, welded.contact nature

of the individual paler felsic-acidic fragments.
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At the upperrnost coMact of this unit, especially within the mine area, there is

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

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

have a characteristic dark greenish-grey, alinost black colou r and are st il Ifii y

magnetic (finely disseminated magnetile), and contai n conspicuous quartz.

and chlorite-filled amygdales and tricuspate greyish-white chert-lilled inter-

stices between indiviclual pillows (Fig. 5a). 1n many places the Fe-rich

pillowed metabasaltic sequence issepai ated fnun the ovedying younger

volcanics by a thin persistent Imrizon of grey clwrt and thin bands of magne-

tite, locally termed the Iron Formation (Fig. (i & 7).

Ahitidle Vokanic Unit (units e+D)

These units consist of a complex of intemwdiate to acid metavolcanics which

fonns a prominent stratigraphic sequence throughout tbe Skorovass district

and which thickens noticeably within the immediate mine area (Fig. 1). 'fhe

lowcnnost unit, unit G, fonus the greater part of this sequence and consists

predominamly of very dense, massive meta-andesitic flows widi ininor quan-

tities of associated breccia ma terial occurring as flow breccias and flow-top

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

breccias (Fig. 51)). This intermediate volcanic sequence, unit G, is quite

variable in composition as minor ineutbasalts and met abasahic andesites also

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

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

tion, rellecting an increase in aphanilic albite and minor quartz; they are also

relatively magnetic, reflecting a content of fmely disseminated magnetite

(Fig. 5b). Quartz, epidote and ininor stilpnomelane occur in conspiciams

large amygdales, gas-bubble rims and tension gash and fracture

Sfilpnomelane is a characteristic mineral of the intenuediate volcanic

sequence (unit (;) occurring as diffuse bumnish patches and concentrations

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

associated pillow breccias. I lowever, it occurs most noticeably conceni rated -

in areas dominmed by numerous acid volcanic dvIces that intrude the lzmer

and Middle Voicanic Units and hinn feeders to the large acid extrusive

'clomes' that cap the intermediate volcanic sequence in the icinity of the

Skorovass orebody (Fig. ti).

The acid volcanic series, twit D, forms the uppennost division of the

N1iddle Vokanic Unit and is a conspicuous and resistant sequenceof rhs oda-

ci Ur. dykes and thick bulbous bod les or'domes'of while hylidacite and asso-

cimed angular breccia or 'explosion breccia' (I lorikoshi 19(.9) directly over-

lying and llanking the main rhyodacite'domes'(Fig..ic.).Comparable pheno-

mena have been reported from the Nliocene Kuroko-type deposits of Japan

by I lorikoshi (1969) where the tuff breccias are considered to be c;mtact

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

Skurovaln (Lutro 1979).
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to the units shown in Table I.
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Ftg. 7. ItrpresentatWe xection thniugh the 'East' and 'Main* orebodies at 42 E-W

showing the prinripal al dis isions of tlw host flKk.(sarne Icsend a in Firi. 1,1 and the

pusition ot the Zn.rich tur faries tiotig lit fooissall. associated smiti, jaspdite and banded

magnetite and clier t exhalites. Arrottimg i,, •drucitnal intequelatiien. Ilie iti nt

sent the strangrapIne top of Ille ote. considex digitation of the ore is illustratrd,


deinorvitnoing the sisie cef Ilie eadv norlInal fidding and lite Iransposnenn of a slogle ,an

horinin into nuinerints eltingate, en VelinIon leuxes sur h as those found-on the wext side of the

311111' I Ilthody.

The metarhyodacites 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. 1-lowever, dark grey,

massive metarbyudacites with !parse disseminated magnetite are found

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

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

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

these grade upwards into well-laminated (priinar)' layered) acld (felsic) and

more basic tuffs containing varying amounts of albite-quartz-epidote-sericite

and chlorite in the matrix. Away kom the large rhyodacite schimes' and

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

become noticeably finer grained and more laminated in character. The

massive-sulphide ores at Skorovass occupy a stiatigraphical position at the

top of this 'explosion brercia' - lapilli tulf - laminated acid (febic) tulT

sequence and are immediately overlain by a thin borizon of dark, chlotite-

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

occurring at the ul per rontart of the ore zone. These basic tuffs fonn the

uppermost member of the Nliddle Volcanic Unit and presiunabl v represent a

period of relative quiescence between the main episodes of volc:mic activity.

upperVolcanicUnil (units E+F)

The upper volcanic sequence consists of a thick pile of pale, carbunate-rich


metabasaltic pillow lavas to the east and south-east of the mine area (uni: F),
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and an underlying thin inconsistent unit of very pale relatively Ca-Mg-rich
massive metabasaltic flows and minor pillowed horizons (unit E). These
younger nletavolcanics are quite restricted in occurrence in the actual mine
arca, because of the structural inversion of the area where much of the upper
sequence lies beneath the present crosion levd below the orcbody, but they
increase markedly in thickness to the east and south-east of Skorovatn.

Unit E, the lowermost Ca-Mg-rich met abasalt ic sequence, is conspicuously
very pale, and rich in epidote, albite, actinolite and calcite. It is noticeably
porphyritic and much coarser grained than the older aphanitic volcanics -
the main reason why t hese rocks have itrevionsly been mistakenly called
gabbros. Numerous dykes of this unit are found cutting all he older volcanic
sequences, imluding the solphide mineralization of the orebody, fonning
feeders to unit E (Fig. 8). The conspicuous, metamorphosed, iiafic porphy-
ritic patches or crystals comprise actindite and chlorite pseudomorphs after
presumed pyroxene crystals.

Unil F, the majm portion of the Upper Voleanic Unit, consists almost en-
tirel y of a thick sequence of pak, carbonate-rich piilowed metabasalts with
onl y minor rnassive flow units. The pillows Ilave epidote, actinolite and
carbonate-ach .riins and cusps, and numerous carbonate-filled amygdales
occurring in a zone immediately beneath the pillow rirns. Some individual
pillows also show an internal porphyritic texture. Minor metarhyodacitic
flows and dykes also occur in the lipper Volcanic Unit. Thesc are conspic-
uously quartz• and albite-porphyritic, pale green and devoid of magnetite.

GREENS'IUNE GEI

As a more detailed geochemical investigation of the Skorovass volcanics is

now in progress, only a brief interim summary of the results and preliminary

fig. 8. North view tdong a I.5 m-
..:Ii thiek verbetI dyke or TieflUsurphy.

...;±! ritie tnetabasalt, unii If of the Upper
, j Volennie Unit, that euts through

i vrry sellist(e, rosty, salphide-diss-
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r.

1 eminated felsie tulTs. The pront inent

subistosity IS,),dipping at ca. 30° to

SE, is developed in both the dyke

Laddsiddåst.

. „ .it .,.•. i and the encb,,,Ing torkshowing that
' ..,,,,....6(&'...7", HIrt.,+: the dyke was intruded rifior to l',


'-as 'a.......st....-••  .,..:2(I4 deformation.
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condusions will be given here. Because the volcanic rocks at Skorovass ar e so
extremely fine-grained and aphanitic and generally devoid of any recogn-
izabk primary volcanic textures, the usc of major ana trace element
chemistry has been nccessary to dist inguish the varions volcanic units in the
volcano-stratigraphy, especially the units which have similar coloration and
surface weathering features, i.e., basalts, basultic-andesites and andesites.

The volcanie stratigraphy comprises a sequenee of extrusive rocks ranging
in composition from basalts and andesites through Lo rhyodaci tes, a volcanic
suite whieh is characteristic of inunature tholeinic island arcs (Miyashiro
197.1). This metavolcanic sequence has a characteristic spilitic chemishy
which is reflected in the high Na,O/K,O ratios (Table I), and sshich is
believed be p‘attributed to re-tectonic sea4loor metammphism (1 lalls et
1977).

Table I. NIedu major tdement uIude ou I and Ines foun the 11 V111-allIC 11111' Pt -Fl bun,r, the

Skulosuss man• arra. Palt ..1. the N ilnil. 1111 k ,inaI  ses (I.I. samplesI ssete cartird out at NUU

empIosing anaIs t ical medu uls 115 CiPst I lbed by II.(yr & I blegard ( I U7:(I und tlw renbooder at
the Geologival instdote. NTI I. uhrie the nbon eirownts es( ept si,d111111 b tie andIssrd by X -

bly nuotrscetwe Illubps I'M Stoo0) using glass bedd• porpated at(tuding 10 Illt th.d. bs

Padbeld & G 1in (19711. Nu uas determinvd bs b rt themn ul ntethods IAAS) and lenous uon
by bontion ... dh pota  suou du hounate.
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SIO2 48.9.1 48.98 57.76 70.21 48.88 51.35

TiO2 1.67 1.46 1.12 0.53 0.72 1.50

A1203 14.35 14.93 1.1.12 12.07 15.15 15.13

Fe»3 3.49 5.99 4.15 2.42 2.51 4.09

Fe() 9.24 11.16 5.90 2.16 632 7.97

N1n0 0.38 0.29 0.23 0.09 0.19 0.20

N1g0 5.47 5.53 3.27 0.80 6.88 4.513

Ca0 5.55 2.71 3.16 1.111 9..32 4.86

Na20 3.90 2.97 5.46 6.84 4.04 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 3.28 132 5.65 3.63

Total 99.70 99.39 99.05 99.70 100.24 99.20

No. of

anal yses 7 4 10 II 4 7

•• I.tt.is on

A (1.oner (Inn) - metabasall, dark I. moderote grern, thlontir + rninor epidoie,
ti (Lower Unit) - Fe-neh tnetabusab, very daik green-greyodt, ntagnettuc.

(2 (Middle Unit) mebbandesite, sorne solonotnelane-bealing.

(Middle Utot) - metatbyodaenes, rninor allite poryllsritic.

(Upper - inetabasalts, inde, rpidoir (Ca+Mg)-firlt, tdten pomlis fitie.
1; (Upper lJnit) - enetabasalt + andesitie basalb pale, Ca.rich. epidote braring.
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Based on the 43 analyses $o far available, a comparative study of the whole
rock major element chemishy of the various volcanic units from Skorovass
(Table I) appears to demonstrate that cach una has distinctive chemkal
characterisfics, which can also be seen in the AI31 diagram (Fig. 9) and Ti-Zr
diagram (Fig. 10). The Fe-rich greenstnnes i B) for example, show a muchhigher lotal Fe content (ca. Fe203) than the lowennost metavolcanics
(unit A) of the same sequence, and the basic metavolcanics of the Upper
Volcanic Unit (units show a more varied eltemistry with genetally
lower Fe and Ti t han the older metabasalis funn the Lower Volcanic Unit
(unas A+B). The acid metavolcanics hinit also show a distinct spilaie
chernistry with very low K,0 and bigh Ni1/20 contents and have thereforebeen classilied as mewrhyodacaes to emphasize their high silica content,
although they are in fact more like dw dacites that have been described from
the Miocene voleanogenic Kuroko ype deposits at Kosaka. Japan (I lori-
koshi 1969).

The AFM diagram of the Skoruvass Mine volcanics apikar to show, two
separate trends in die spread of the analy6cal data (Fig. 9). One is an iron-
enrichment trend within the tholenfic field of Irvine & Baragar (i 971), and
embraces the oldest volcanics, units A+ B,s here the Fe-riell basalts are inter-preted as differentiation products fraini a tholetitic parent magnia.

A second major trend occurs along the division line separating the
tholeiitic and calc-alkaline series reflecting the development of the in(erme-
diate and acid vokanic products (unas C+D) of the NIiddle Volcanic Unit,
and corresponds to the 'distinctly cale-alkaline character' of Halls et al.
(1977).

These two trends are almost identical to the trends described by Stanton &
Ramsay (this volume) from the Solomon Islands, where they interpret the
iron-enrichment dend as a differentiation trend from a tholciitic parent
magma.

The second trend, towards the alkali apex is interpreted by Stanwn &Ramsay as the development of the ka line series by fractiona I crystalli•
zation dominated by int erm ed inte and acid volcanics, and a corresponding
loss of the aqueous volatile phase and the production of the eximlative strati-form ores. The Skorovass orebody is similarly intimately associated with acid
volcanics marked by episodes of explosive rhyodacite volcanism and asso-
ciated fumarolic activity.

The two trends ean also be detected in the Ti-72 discriminam diagranl
(after Pearce & Cann 1973) (Fig. 10) where the spread of the analyfical data
(dots) shows a prominent trend from the 01-11 field inw the low-K tholente
field (LKT), which roughly corresponds to the development of the lower.
rnost, oldest, volcanic units (A+I(); and a secodd minor trend int o die CAB
field represented by the intermediate and acid volcanic rocks (unas C+D) of
the Middle Volcanic Unit. Although the use of such discriminant d iagrams
(Ti-Zr) has been restricted to basic volcanics,a has been shown here at Skoro-
vass that it is the intermediate and acid volcanic units that are responsiblc for
the CAB trend.
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According to Fax (1979), ssho examined the possible volcano.petroche-
mical variations and affinities of the host rocks of most of the stratabound,
volcanogenic deposits of tlw Kuroku type using standard means and d iscn
minant analyses, such a comparison indicates that tlie vol cant senic deposits
in felsic terrains are not restricted to tbe classical calc-alkaline rock associa-
tion as previously thought, but can actuallv be bosted by rocks show ing a
wide range of iron contents. l'ox showed duat

in Canadian Shield de[xi-
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sits the Zo-Cu ores usually have iroo-rich felsie liosts and that in most japa-
nese, lberian and Tasmanian deposits the Pb-Zn-Cu ores have iron-poor
felsk hosts. concluded that most of the Zn-Cu-rich Kuroko-type ores of
Ole Canadian Shield are in fact hosted by subalkaline rocks Ilaving pet roche-mical affinities from strongly tholeiitic to strongly calc-alealine. Moreover,
Fox states that "regions characterized by tholeil tic differentiation may have
smaller and less dispersed volumes of rhyolite and coarse pyroclastic rocks
than in calc-alkaline regions (altbough (he tholeiitic rhyolite is more likely tobe quartz-polphyritic)" - which is indeed the case at Skorovass. More
recently, MacGeelian & MacLean (1980) have studied the Archean Zn-rich
stratiform massive sulphide deposits at Matagaini, Quebec, where the
massive sulphides form part of the original stratigraphy as stratiform lenses
clustered within 'calc-alkaline'rentres, most commonly tus the flanks of rhyo-
lite domes or other felsic accummulations.fiwy have shown that the massive
sulphide deposits, which were originally thought to lie within ralc-alkaline
rocks, occur within a bituodal basalt.rhyolite of thaletilic affinity. and
that the apparent 'calc-alkaline'affinity of the rhyolites orfelsic meks isdue to
the widespread hydrothermal alteration that accompanied sub-sea-floor
geothermal activity.

It may thus be suggested that tlw
volcanogenic ores of Skoro-vass occur in acid rocks showing Simnhlmrpetrochemistry to kon-rich, felsic

tholeittes such as those found in thr Canadian
Lutro (1979) has shown that similar metarhyodacites from tlw Cjersvik

area, 30 km north of Skorovass, are comparable to dacitic rocks thoughtto
represent differentiates from tluileMic basalts.

S61pnomelane is a conspictunis mineral in the intermediate and acidic part
(units C+ D) of the Skorovass volcanic sequence and occurs concentrated
particularly in the vicinity of the orebody and the main extrusive centre and
near the numerous acid vokanic dykes, as Jiffuse shadows, vesicle Ihlings
and fracture fillings along with quartz, epidote, magnetite and minor pyrite.
According to recent investigations on the exlialative mineralization in the
Skorovass district by Ferhday and others (in prep.), stilpnomelane is a promi-
nent mineral of the silicate exlmlite facies. These authors contend that the
components of the silicate exhalite have been derived by leaching of
Ca, Al and silica from the volcanic pile as a result of pervasive spilitization byconvectively circulating lluids

. Stilpnomelane is also found associated ‘vithsume of the Fe-rich, magnelite-bearing, metabasalts in the immediate mine
area. •his stilpnomelane-bearing unit bas a rather special chemistry, as it is
relatively enriched in Fe, Ti and Na and deplewd in Ca and K when
compared to the rest of the Fe-rich metabasaltic samples of unit 11and espe-
cially when compared to 'normar Fe-enriched tholeines. flis special
cheMisny rnost probaNy reflects a period of intense hydrothermal alkration.

Skorovass Orebody
The orebody occurs as an en echelon array of closely spaced massive-




sulphide lenses producing a N-S to NE-SW oriented elongate ore zone(Fig.
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7). The ore zone has a width of ca. 200 m, a thickness of up to 50 m, and an
overa11 length in excess of 900 m at the present state of development,

. although known massive-sulpHde mineralization extends wdl to the south
of the presendy mined ore-lenses. 'the orebc nly eonsists of ca. 10 million
tonnes of massive-sulphides averaging 1.0 Co and 1.5 ';1,Zo, of whieb 1.5million tonnes are essentially pyritic ore devoid of appreciable base metal
contents. I'mduelion from 1117,2to 1976 yielded 1.7 million tonnesoft rushed
pyrite having an average gmde of 1.15 Cu, 1.8 ",, Zu and 15 S. Present
reserves (I!178) are calculated at about 2 million tornws sdils an as erage
grade or 1.15 "., Cu and 2.29 Zn, rehlet ting dieun-rich peripheral ore lenses
now being mincd. Tiace and minor wetallic elements recorded in unaly ses
from bulk samples of the owbody gis the follow ing reprosematis e averages:
Co, 100 ppm; Ni, 20 prin; As, 3011 plun, Ag. 10 ppol; and Au. 0.1 mnu.
Cadmitnn isnotirably entiched in sphah-fity facies of the ore,reat hing alues
of se‘dal hundred lipm, and Mn reaches shnilar valties in the pyrnic hicies(I lans tI I. 1977).

The bulk compositum of the Skorovasy iffebody rellects a cumpahms elv
simple mineralogy,dorninated by rile.sphaleMeshah opyrite and magne'.


in decreasing order of ithundance. Accessory amounts of 111111:11111te.

arsenopyrne and galenu ate also prescnt.r.rlindite iS (onticuotray absent.

The principle gangue nuncials aie chlorite. qual tz ond Colule logelber ismlbi

minor serieue, talc and actinolue. Fimr Mure informanon on the Skorosass

deposit see Fosh• (192(u), ( )fledahl (1938), Gjelsvik (1960.1968). I lalls et al.
(1977) and ReinsbAken (11i77).

'Massive-sulplfides' are bere dernwd as sol.". sulphides, and •diss-
erninated' as < 50 vol. sulphides.

St1.1111RW,

Systematic analytical studies along selected mine profiles show that zinc and
copper contents vary antipathetically, zinc being richer in the pehpbelal

7.0nCS of the orebody and copper concentrated in the cores of the massive ore
(Fig. 7). Although tectonic ch.ftionation has destroyed traces of
pnmary (sednuent ary) st ruct ures, detailed mapping (1 :200 seale)hasdeznon-
strated timt certain orr-facies can be used aS lubustratigraphic mar ker-units
within the orebody.

Four major ore• facies or ore-types have been separated within the Skino•
vass orelxnly, hased on and chetnical variations. These are shan in
Table 2 with their inean sulpbur and base-metal values:

I) Type I a - d ore-facies, linesrained, compact, massive pyrite ore.

Type II a - c ore-facies, zinc-rich, massive sulphide ore.

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

Type /V ore-facies, distal exhalative mineralization - 'vasskis'.
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nhlt 2. Mean solphor and basemetal valuesof the vatious ore types(facies)(rom the Skorovass
orebody and an extensive distaI exhalite raciesevasskis.)from the flavdalsvatn area, 12km
east or Skorovass.

Wt. 'llt la 1b Ic Id Ila IIb IIc III IV

S 45.58 46.97 51.06 37.05 36.21 42.28 27.50 33.54-
-nd--*

Cu 2.63 1.10 0.20 0.74 0.41 0.79 1.40 1.09 0.06

Zn 0.77 2.14 0.41 3.98 3.95 9.33 42.53 1.03 0.02

Pb 0.04 0.05 -nd-• 0.06 0.11 0.04 3.98 0.01 0.01

No. of

samples 14 27 30 18 14 13 2 7 I

-nd -• - md analssed for.

la Cu fir h massirre pyritic ore with minur bands ol magnetite.

lb Cumpart maorise pyritre ore, fonns mapd pari of dre Skorrwan nrebruly.
lc 5-neh maror re p  nlbr mre. devord of base melals (referred arr Skorovass vasskisl.


Carlyrnare + mourr magnente banded masuve pyribc rree. irften Zarbearing.

Ila Qtraotsplialrote and py Ille bilinkd nlassne ore is iii, tertonre lensord.boodinage

II b Nlauroe Zn orb rne at the miangraplut top of the ore horizon, witli ininor pyrite

inter banding.

I le Zn-Cu-Pb ta lt peopheral ore band - 'poorimaI erchalice'.

Dirorminatrd py in carbon Ile and minor magnetitebearingcldoriteschists(refeired
to i, 'sedonentary py fite rue').

IV : •Di‘ral erdralite* I'varoko'), fine gramed pyfite and minirr ruagnetite banded menerali.

zation from ea. 12 krn E. crf Skirowass (I IrodaIsvatn area).

The boundaries between the four major ore•facies are quite sharp and the

relative stratigraphic distribmion of the ore-facies within an idealized basin of

deposition is shown in Fig. 11.

The major ore-facies I and Il are further subdivided into several subfacies

based on textural and chemical variations. These generally show gradational

boundaries, although they do display some systematic mubial relationships

with reference to their stratigraphic position in the postulated ortginal basin

of deposition.

TypeI ort-faries

By far the most dominant ore.types at Skorovass are compact, massive

pyritic ores which for mapping purposes can be divided into four chemically

and texturally distinct units (types la-d).

Copper-rich, compact pyri tic ores, typela, are widespread throughout the
ore deposit and form a conspicuous zone along the periphery of the ore zone

which is now interpreted as its stratigraphic base, and in many cases are found

immediately overlying or adjacent to a sulphide.veined Istringer zonet The

Cu-rich pyritic ores are yellow-coloured (f. ne-graincd chalcopyrite) and

hAr. 11 Si bensarre di.Iglatil imf Ille pounlared rInginal basinlrf depouturn sbourng the relative


ritratrgraplin posilimm of the marimuSk anure t)pes kfacres). Symbols for the vaOnus ore

per. are fornr Table 2.

generally display a marked tectonic banding with only minor, thin, prim ary

bands of magnetite present. Fragments of acid volcanic or felsic (albitittc)

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

uf the sulphide 'stringer zone. (Fig. 13a). The average grade of this Cu-rich

facies is 2.6 Cu and 0.8 7.11Cl.able 2) but the Cu conten t vafies greatly

between 2 to 3 arross the Co•rich ore zinte; valites greater than 3 ' are

seldom found in the massive pyritic ore. Copper greater than


represent larger comentrations cd.chalcopy nte occurring aking hartwes and

mossive ore boundaries isiiei, tIwy interineted as epresonting


tWn and redeposition related to the Ualedonian delofination.

Oretypr lb, compact massive ps fite ore, ronstittnes by lar the most domi.

nant and simplest t,i e facies in Skolos ass and is composed il iIi,iiia( totally

monominendlic pyrite in a minor quai winati ix. It has a very dense,tompart,

extremely fine-graire(l (0.01-0.1 nun grain size), aloo 1st flinty natwe 115g.

131)),oneo witls si brermated mnrataclmstr nmum texture ssitli clear qualtz as

frarture BIlings (15g. 16). A conspi('uons facirs uf the massis e rnmnpit i)s ritic

ore is typek. wI,icli las been separated flom typt. on the basis til is almost


total lack of base metals and extremelv high S content (averagint; ose: 50

8); dtis has been rttllcn1oiailv tenned 'Skorovass vasskis' beraosS• of its pale

almost svhite colour. This facies is tflore cii less resurried tu the nui them part

of the main orebody i here it fonns the thickest part of the Skt inwass del

up to 50 m (north of profile •12 E-W, Fig. 7).

A much mote clistmetive varody of the coolmet massive pynte Ides is type

l,11a calbonate firh pyhtic ore rarts ing nolireable amoulasof Zn.This fonns

a prominent zone perpheral to and along the ftnitwall of the main orebody,

and on structural evidroce ffirms so attgraphie of the inassive pyhtic

ores 7 Ck.I 1). Thin w hite bandsof carbonate (calcite) and minor maene-

bte, quartz and chlorite fonn distinet layers in this unit (Fig. I 3c), ancl the

pyrne ore is noticeably coarser gi ained, ahnost sugary in nature, and occurs

as friable pyrite sand where the carbonate matrix has been leached out by the

acidic mine waters. The catbonate and minor thlorite matfix suggests that

there may be a relationship between tIns type 1d ore and the adjacent type III

Ore.
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Type 11 are-facks

The type II ore-facics comprises the Zn-rich ores i Skorovass. Subfacies Ila, a
banded quartz-sphalerite and fine.grained pyritic ore, forms a distinct

mappable horizon adjacent to the Cu-rich and compact pyritic ores. The
subfacies Ila is notable for its ;mall-scale banded,lensoid-boundinaged struc-
tures (Fig. I 3d) which are interprded as tedonically reuriented primary
layers of dark silica and sphalerite,and pale fine-grained pyritedhe individual
pyrite grains being cataclastically deformed and Rattened. This particular
anil can be fullowed throughout almost the entire length of the ore zone at
the same stratigraohic one of the best marker horizons within the
orebock. This' sUbfacies a!so has is very charaderistic and consistent
chemistry with mean values of 0.-1":.en, I ':.. Zn and 36 ';..S (Table 2), reflec-
ting the quanz. and sphalerile bands vdMin the py ritic ore.

The most chmiinant subfacies of the type 11 ores, however, in temn of
volume and lateral extent, is sulfaries a massive, Zn-rich, dark brownsphaierite ore. This occurs mainly in the southem extension of the Skorovass
deposit, concentrated in the upper and pdiphend parts of the ore lenscs,
where it hes above, and draped around, a core of massive Cu-rich and
compact pyritic ore.The zinc-rich layers aredirectly iii contact with and over-
lain by thin horizons of dark chloritic sehists (basic hiffs) and lenses of jaspi-
lite, as well as minor thin bands of maymetite and chert. Jaspilite lenses of
various shapes and sizes, also occur 'fluating' within the nu:ssive sphalerite atthe upper Conlact of this Zn-ricli und,attesting to a more plastic behaviour of
the sphalerite ores under teetonism as compared with the more competent
jaspilite. The sphalerite has also generally developed a strung foliation which
confonns to the main schistosity in the surmunding volcanic rocks. Tennan-
tile has been found locally concemnued in inuches along the contact zone
between the massive sphalerite ores and the chlorite schists. This Zn-rich ore-
subfacies (type 11b) varies considembly in both texture and composition and
shows a marked transition into the mnssive pyritic ores below; a complete
gradation oceurs from 11115515 v pyritic ore with minor sphalerite bands,
through to thirk layers of almost pine sphalerite, up It 2 - 3 m thick, with only
minor thin bands of pyrite (Fig. 12 & 14a.). Consequently, great varial imn in
Zn-roment are fouml within this massive te-rich ore and although the
nlean Zn value for this ore type is abunt l., thick sections I -3 in) of almost
pure sphalerite are found 1;15'ing values of tip to 7.n.

Ore - wm lk, Pb• and Cu -bearing massive spnalerite ore forms a very
distindive thm horizon (rdI cin. max.) which is alinust totally restricted to the
nodbernmost lateral extensi(il of the castern orchody (Fig. 7). Like subfacies
11b it limns the suatigraphic top of the massive pyritic and Zn-nch ores,and is
directly overlain by small jawilite lenses and dark chlorite schists. This unit
(type 11c), while being oNery hical occuirence, forms a rather unique horizon
in that it is the only plare iii Skorovass where Pb is found in appreciable
amounts. It iscomposed of a very distinct, dark brown, strongly foliated spha-
ieriie containing a vely dark amphibole (grunerite?) and minor dear
suartz, galena and chalcopyrite (Figs. I 4 b St. 17). Because of its very local
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occurrence, this unit has been int rpreted as a'proximal exhal after Ridler
(1971, 1973).

Ope ast.fades

A radter thick unit of pytite-disseminated chloritic schists,previously termed
•sedtmentary pyrite OCCOIS as a consistent horinm beneath tlw compact
pyritic ores of the main orehody. This slums a grcal latcral csaension and is

asmiciated with numennIS smalier massive orelenses beneath and to the w est
of the main orebody (Fig. tnin (111).is composed of a strongly dissemi-
nated pyrite occuning as coarse individual grains and as fine dustings in a
greally varying carbonate. and minor sericite- tich chlori tic schist: the cuarser
pynte grains are associmed widt the carbonate•rich schists whde the fine
pyrite dustings are fonnd mainly in the dat k uhlorne-rich bands or lenses
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(fragments?) (Fig. bld). This pyrite-disseminated chlorite schist unit gene-

rally displays a marked schistosity parallel to the boundary of the massive

ore, and the individual chlodte-rich bands are stiongly lensoid suggesting a

strong tectonic reworking and flattening of the individual 'fragments', related

to the F soclinal folding.

Minor, thin, magnetite-rich bands or zones and minor Ioyers richer in Zn

oecur in this unit, strongly suggesting a relationship between this type 111,

disseminated ore and the earbonote-rich, type 1d pyritie ore which irnmedia.

telv overlies it. "Fhe pyrite-disseminated chloritic schists occur os a lateral

extension of the nlain massive pyritic ore zone ond can be found both above

and below the massive ore lenses to the west of the main orebody where it is

difficult to establish true stratigrvphic relationships because of the intense

isoclinoI folding and related schistosity which dominates this area.

Ope IV oreiwies

Thin horizons of exhalative mineralization related ;o the Skorovass episode

of mineralizotion can be fotind in a 10 to IS km-wide area surrounding the

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

both oxide and sulphide facies occur and that they are composed of iron and

nlanganese oxides. as well as sulplades and silicales, together with quantities

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

and sihca hydrosols following wide dispersal of exhaled fluids into the oxidi-

zing marine environment" (op. cii.). The sulphide exhalite facies, composed

of extremely laminated sedimentary pyrite beds and imerbeds of

magnetite and dark Fe•rich silicates, notably chlorite (Hg. 14c), occur as very

restricted bands Wit hin the total exhalite stratigraphy.The exha-
htes appear to be controlled not only by the changes in the nature of the

exhaled fltiids, but also by the sea-thmw topography (small fiaps or local

basins) where the physico-chemica/ cumditions generally remained reducing

under relatively restricted sea-water circulation, resulting in the precipitation

the sulphide facies from the exhalcd, dikt0, neud-poor flukls. The

sulphide and oxidc exhalites frorn the Skorovass district are identical the

'vasskis' mineralization as described by C. W. Carstens (1 919, 1922, 1932,

19.1 I ) and 11.Carstens (1955) from the greenstones in the westernTrondheim

distriet, and typical ondistal exlialitcs'as dermed by Ridler ( I 971 , 1)73) from

the Archean greenstone belt of the Caimdian Shiekl.

STRINGER 1.()NE
A flattened stockwork system of interconnected pyrite and quartz veining

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

and minornuartz)(Fig.15a-d)occurs in an elongate zonecutting through the

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

massive sulphide ores (i & I I ). The individual thin sulphide veins are

found to coalesce upwards into larger zones of intense a:bite alteration and
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veins or channels of sulphides that project directly up into the thick Cu-rich

massive pyritic orcs. This interconnected system is interpreted as belonging
to the 'feeder-zone. or 'root zone' of the ores, attesting to their submarine

hvdrothemml-exhalative origin. Zones of extreme hydwthennal alteration,

sUlphide veining and impregnation are dominated ahnost totally by albite

and minor wricite and quartz and occur in an arcil of manv smaller, inegular,

massive pyrite lenses that grade up into to bY ille [fle zonc. Individual


fragmentslif the inde albititic alteration produc ts are found withni the lower

reaches of the Cti-rich pyritic 0105 (Eig. I 3a) and ;i band of fragmental

forming a distinct Iffirizon bencath the massive ore, has twen interpreted as a

coarse tulf or shimp deposit c)f hydrothermally altered voleanic muterial

explosively ejected along with the metal-rich emanating Iluids from the

conduit channels out in to the surrounding sea-floor.

oRE GENEms

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

sedimentary origin and that the Cu-Zn zonation pattem is a primary dis-

persion eflect within the basin of deposition and can be interpreted in temis

of a stratigraphic zonathin - Cu consentrated at the base and Zn towarck the

top - resembling that found in (he ores of tmdisputed submadne, svavolca-

nic, exhalative origin in such undel.ormed areas as the now famous kuroko-

type deposits of Japan (Sato 1977).

Addifional evidence favouring the operation of chemical-sedimentary

procesws in the ore formation is provided by the occurrence of magnetific

an(I hematitic chert bands Uaspihte) in the suatigraphic hanging ali of the

orebody overlying the Zn-rich ore fades. Thus, tlw fonnation of the Skoro-

vass ores is interpreird as the iesult of direct precipitation from bot netalhi-

ferous brines enumating through fracture zones or condnits out on the sca-

floor and being deposited under reducing conditions in a submarine topo-

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

Metarnorphism

The eadiest ovent to have alTected the volcanic rocks of the area is that of a

mr•tectottic metamorphic alteiation. This in-silu scalloor metamorphism is

ascribed to contemporaneous alteration of the volcanie rocks its a result of the

thermally driven circulation uufsea water in the twer loyers of the volcanie

pile (I hills e( ol. 1977). Ihilk changes in the chemical composition of the lavas

occurred leading to the conspicuously spilitic chemistry.
Later tectonic deformatkm of the volcanic pile in Silurian times took place

under conditions of lower greenschist facies metamorphism but the minera-

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

and northeast, however, upper gieunst hist facies conditions were attained in

narts tuf the greelISLWIC sequence kUnni 1979).

10
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Ag. 13 (a-d). The major ore type (facies) from (he Skorovass orebody (see also Elg. 1.1).

a orr. Cii. ro1, 171aVilve pyrinc ow, ret i.eeerally banded with a thin primary band of
black magnelite showing a strok d(Weillpillela ler minor F, crenulation foldv. Note the large
lenwid frugments alimation inaii.ial (grry).
7:rpr /6-.r en. Extremely fine grainrd, rim, par i. massive orr with minowelearquarla

(dark) as ma, rix and footurr lilliugs

. Spludrriie (da, k grey) is prominent at the boionn
ufthr phoupgraph.

(e) Typeld ore. Crohrmate ra h mioaivr p rior ore showing a roarwr pyrite grain vizr in caleire
mai nx and with a whiterarbonate band(or vein?) drowing IlleplygmaliCslyleof F, plaatic
defomration whith is peruhar lii this carbonair rich horizon.

(d) fjpe I/o ort. Tectonieally banded and knund.boudinaged quarte.sphalerne and pyrite-
bandedmanivenre.Darkerbandaarecompowdorquartz with finelydisseminatedsphak-
rite, and the paler bands of extremely fine•rained, cataciaatic.dly deformed pyrite.
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I.

hg. 1.1 (a-d). The major ore bpr. (firrimt from thr Sk ,,,,,, orrhod..

Tfla- ne. Pomalv wd and rei Inern Ol londed lll a,,,, 11111hole !th.derne

(pale) and r kente (dalk) bands 111 dm ke; fmr giamrd ele. Nirle the

nbealed sdule Irket (albetior) fragment atte,nng in the let tonn nattne thr
bandeng.

r1pr If g ore. Ma ,,, ve ('n Phtol. prnirbrral ory. Sitongi, massise

(141r,) ss.ili nonne halt op  ele and gale hetr) mxl dark sdu atv., mowl. a dark Fe.


enli antpluboir (gonwine.).
(e) r‘gt tur: minmaliiation ('s asdos'). Sedoneman-bandrd. base.
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Fig. 15. (a-d). Scries ofplagogiaphs from the'reeder-zone'directly beneath the Cu.nch manive

sulphide ore, showing the progressive development of hydrothermal wall-rock alteration

assoriated with the sulphide veins of the 'stringer-zone':

Dark aphanitir metabasalt cu by interronner ted veins
of quartz and roarse,grained pyrite

show ing traces ipale hydrothennal bleaching alteration at the vein
houndarie,

(aphanitie albite and quarit).

A morr advanced stagn showing morn intense hydrothennal alteration surrounding the

sulphide veins.

'rhe end product of hydrothermal altera non uit h the formation iii large areas nf pale,

completely albnizerl matecial (miginally ralled '1<emlo1ihyte) tsiiirli is assorintecl with

thirk veins finincl chrectiv benrath and paitly within che lower oun hes of the

massive sulphideore itsr If Note il iigi..'iiuti. partly:toord ulasitret, Fitistril,,itir agent,

tion matenal Iwar the roin. ged /otted alteration profirutt,ith the
darker zonn representing a dusting of vrry liii> disseminated

fulgmental
nature was mobahly govenned hy the original futeime pattern thunigh ss lii l( thr nmana•

ting Iltocis i.usst.t i ip Ilfrough the •fmlee uutt
, i is lu11tesent,.(1 by the utlphide veins.

Sinular fraginental albility also trr, is h(ral brecnia holizons .tratigraiMically beneath

and pmtly xithin the louer reat-hesof the Cwri, h iltnssivr i rlti,,,rt'. (Note the small fwg-

ment of air 'albitite' in dir (21,-fich sitlphide ture. (Eig. li
a.)

Quartz-eye porphyritic, albintic seririte schist hom tlw imensely sulphide impregnated,

completely ancred rentral part of the 'freder-stringer zone' showing murli fineintined

dusting und impregnation ufiuyr.ur.l'herglarser grained pyrite and quartz veinSarenotice-

ably sheared parallel to dir prominnit whisiosity (S,), indirating that
tilt• pyritr veining

and assorialrd ton nl ust have ocrui red bef ure il,,fir.lpluneof defo, mation (E,) and

is consequently not to snrondary temobilization (u.sociated
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Tectonics

.At the present level of erosion, the volcanic sequence in the Skorovass district

lies inverted within the lower limb of a major 5 E-facing fold loosely known as

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

two tt'tiockof majordelonnation during which the orebody and its enelosing

voleanic rot ks obtained their present configuration of complex, lensoid, en

Cchelon grometry (Fig. 7).

The fulst phase oldeformation,F,,occurred during the pedod of overthru-

sting and emplacement of the Gjersvik Nappe on to the Fennoscandian base-

ment. During this uyeess the supraerustal rocks were affected 1)y a major

penetrative delonnation. producing early isoclinal recumbent folds accom-

panied by the creation of an axia  plane schistosity (5,). During the subse-

quent stage of main thrusung iItUi shding, honions separated into massive

wedges alung plittles high trdt/Ille strain and ovelTode onc another. Such

planes1f sliding ere generally located along major liulittiogicitl boundaries

between units show ing maiked contrasts in competencies - a componental

movement along the thinned and extended limbs folds, accompa-

nied by Ilattening and the pioduction tifa lenticulate sts (1 et al. 1977).

Because of the gross eni es in competence between the varions rock-

types (eg.,carbonale rit h iiitttss lavas vOIMIN the “Intali,aphantur massive

rhvodacite nows and kes), a lietriogeneous style if defonna-

th'm is chatacteristic ol the extrusive les els of the Gjersvik Nappe in the

Skorovass area, the pattem being controlled on the larger scale lw the forms

of the more competent members, the intmsive massils ant!, acid extrusis

domes and intrusi. e dykes.

Early, rectunbent, folds displav gentle axial plunges to the

S-SSW, which parallels the elong.ation of the otebody, and has e

axial planes (SI) dipping approximately 2.10 to the SE. Tectonie banding

within the ores ihuallels the main schistosity in the enclosing Whist ense-




lope and repiesents an oxial plane stiticture acounpanying the first phase

isoclines. Phase 1 ism Imal oxial tiend (1',) is iellected in the elongation ti the

main ore hody. Individual lenses are appatently the pmduct

disjunction and LI:1:1%Liti011 tif i kl liffibt itsi tititt tise fold systum - the kneral

extiennties of the ore lens system characteristically showing multiple

tion and Infint ation (Fig. 7).

Mium fold structuies of the eady generation ate not particuladv comnum

within the massive volcanic setmetwe and are best observed in the finek

stratihed tulf Inmds and associated, more competent cherts and iron-riell

chlorite schists of the exhalative facies. Eady isuelines are also preserved at

the contarts si the massive ines ssith the surrounding sehistose envelope and

within the w ell banded sphalerite and chlorne-rich beies of Ote

The second stage of defonnation, superimposed on the grain of the carly

isoclines and S, schistosity, has created 0 system of broad open, opright folds

which have resulted in att irregular iiattern of dome and basin structures.The

formation il these open dome and basin structures was acrompanied by

further movement (shottening) along the low angle planes generated duhng
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phase I, and these movements led Lo the creadon of minor fold crenulations
and a local second stage axial plane cleavage (S2). The second phase crenula-
t ion folds (F2) show a consistent axial trend plunging ca. 12-15° towards the
SE (161°) and with axial planesdipping moderately to the NE. This period of
post-schistosity deformatiow produced folds of varying ni agn i tude from
minute crenulations (often microscopic) and drag folds, to rather large, open,
undul,tting folds. Detailed structural studies will be required to determine
the mutual and temporal relationships of these post-schistosity stroctures.

The (Inal episode of defoonation is represented by a complex system of
high-angle normal faults and conjugate fractures, dominated by NNE-SSW
to NE-SW and 11.-W trends and showing vertical displacementsof up to 2-3
m from within the mine (Fig. 7). These faults and fractur e zones penetrate
both the ores and the enclosing sehists and have created stability problems
within the mine.

Tectonic Deformation of the Ore

Where tectonisin has had a peivasive effect on the ore the textures are
distinctly of a tectonic nature, and any gross tectonic Ilattening and extension
of the ore lenses must have been accomplished by relative movementsbetween the individual grains accompanied by cataclastic degradation,
called •macroscopir ductility' by Atkinson (1975). Textural evidence
strongly suggests that, widtin the massive pyritic ores, cataclasis was the
dorninant deformation mechauism (Fig. 1(i). Atkinson (1975) noted that the

L..•271 ;,...--cv •-•••"- r ,-- '1/4p.t,r, f.,...e ,2....,.. ._.-,„.)./7,)f4,•te___,. .,. 	 - f`.S •1-:: - 1.--•li• ;,..s- ..,......: c,i,:.•:), 1,,,,-;:?;•;,:,--".1..r",;,-,;_....*:
-,,:- -7:-.: `--/,s-,-...;;---• -,..-4 <r•̀,,,,-'..,• -!.. :r.:>„-31 # '. Nr.:' ---•....,_4;,,,,,,.;-.;„ 1,-;- - --„,,,cy. --,,...c._..i.,..,:,.g...-....-, :.<,....-.•,..--, m,.--,, --,. -5•••,.. ...t.,,,,„• • 
\:-...z.,(--)..-‘
i • f.;:- ..-,:. ' L.-.t A t;#<•. e.H.4.-ii,;,,s4 .,.- .»

cr., !,,,,,.‘„4,

,ii i --,t ,,, ,./. r / ''.; / , --kiN.2*-.-y ' .,.•, "w,,•.i.r L (i'r,..- ,l't ....‘ ‘•...., --. 5,-- - Atlr•N. - .. ! °, •;''' .. s'Y • ••••••• l' a 11,4 - -...*1q; ;•./..4 '
-• .. ......, r:0


- \ArinC.• '''-)--I. - j , , •• ..-,--• '- ' r.
' ..4 •
, .


--. 4-..„.....,. ,i. th,.;,..4"-:' ,,. L,...-(..1±,e. 
i• /... -rr•I ..• '' ,• ,... 4 .•,..\ r

>..\"•

)747:. • 1.3 /». :.4#1.r"?,.  
,

••2' •
ng. 16 Pholomicrograph of bype/b-r ore. Typical compart very Ilne.grained pyriuc ore withrrunor of spludente (grey) and quartz (hlacl.) as matna filling. and with cataclastie
defonuation of pyrde grams (cubes).
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scepn

Erg. 17 l'hotoniu roruarh.of ry..11( urr Li. ell re rtherallurfaur. aroking a de.e
loprd fohau. restore ‘slia poinon.” o ituaola iSi in th...uonoadaug
siianhi Ao qw•la o.oul.a.au  . do.deui..peri.aonc,ha h du.r. u.,.
runrenuilooludgalrua iii, ti thaut, uslowl I h. bdurrd ntawial•me I b atuphi
lade i,goowow'l and qual I/

strengill polyervstalline r rite is strongly and inversely dependent on
porosity. Laige volumes of the Skinovass iiiebod

 wmposed of neat

monumMeralic dusetarked aggiegates i.f IMe•graimAl ss puro-
aity and, w hen hl,1rd. these masses int6t hase brhayeti a Inglav compe•

tent manner relative to the adjarent ehlontized lavas and pyrot lastics.

Dufing phase 1, the style of defonnation within the orebodv mav have
been controllnl by the de.elopment irf nanow zones catadastic flow

ithin which much of the tectonic strain would have been accommodated.
This produced a dispmetive lenticular arningement irFirre lenses (Fig. 7). l'he
sphalerite-rick and chlorite-carbonate•rich banded ores, the other hand,
appearLr have Iwhaved diffetently under eady fold deformation. as
must of the sphalerite rich ores display a stiongly developed planar fabric,

 comparable
to that in the enelosing chloritic schist envelope 17). Phase

11crenulations with associated axial planecleavage arealso found devehiped
in the sphalerite-banded ore in muell the same manner as in the enclosing
schists.

, •

1.•

, .

Condusion

A detailed investigation of the voleanic lithologies has led to the establish•

ment of a volcano-stratigrurhy for dre host rocks of the Skorovass deposit.
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Continuing studies of the geochemistry of the individual volcanic units are

showing that the Skorovass volcanics originated in an environment produc-

ing basaltic and intermediate lavas of island arc tholeiitic character with
aslight calc-alkaline affinity, and as previous stated by Halls et al. (I 977), "the

orebody is situmed within a part of the volcan ic sequence displaying

distinctly calc-alkaline character", This study shows that the calc-alkaline

trend is a reflection of the intermediate to acid volcanic compositions of

extrusive rocks that shosv an intimate association with the sulphide orebody,

and that these acidic or felsic lavas can be of tholeinic as suggested by

Fox (1979), Lutro (1979) and NlacCeehan & MacLean (1980).

The Skorovass emptive sequence is interpreted as having fooned as an

ensimatic tholeiitic island arc the west of the Fennoscandian continent

during probable Lower to Xl iddle Ordovician times and subsequently

obducted and thrust southeastward following continental collision at the

clirnactic stages of the Caledonian orogeny during the Silurian.

From an area of such complex volcanic extrusive and intrusive nature as an

island arc (e.g. I he Skorovass area), detailed knowledge of the volcano-strati-

graphy is necesszny to belp interpret the trends produced on both major

element and trace element discriminant diagrams such as the commonly

used AFhI diagrain and the Ti-Zr diagram of Pearce & Cann (i 973). Uncri-

tical and blind use of such diagrams without prior knowledge of the

volcano-stratigraphy can lead to m isl eading interpretations of the palaeovol-

canic environment.

Detailed investigations of the complex polyphase deformation of the

Skorovass orebody and enclosing volcanic rocks have permit ted a pa lin-

spastic reconstruction of the lateral and vertical ore facies within the original

basin of deposition and have demonstrated the intimate relationship

between the massive sulphide ores and the explosive acid volcanism
atticl

associated furnarolic activity, now found as the sulphick veins of the 'feeder

zone'. The foonation of the Skorovass orebody must therefore be seen in the

light of a volcanogenic hydrothemal-exhalative mode of deposition.
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1. INTRODUCTION

	

1.1 Location:

The Skorovas orebody containing about 10 million tons of massive

pyritic ore represents one of the major basemetal deposits in the

greenstone belt of the Central Caledonides. Skorovas is located

in the southwestern part of the Grong district, 280 km north of

Trondheim.

	

1.2 History:

An intense exploration drilling program and the driving of an

exploration adit were carried out by Elkem a/s during the period

1913 to 1916. The mine was put into production in 1952.

Until 1975 about 4.700.000 tons of bulk sulphide concentrates

were sold. Due to a decline in the market and the price for bulk

concentrates, a selective flotation plant was put into operation

in 1976.

1.3 The Main Orebody:

The length of the orebody is approximately 700 m with its main

axis in a north to NNE direction (See fig. 1). The width of the

oreody averages about 200 m. As a result of tight isoclinical

folding and partial disjunctions of fold limbs, the ore has a len-

soid en échelon geometry.

The grade of the base metals varies in the orebody with Zn being

richer in the peripheral zones and copper tending to concentrate

in the core region. The overall content of Cu and Zn shows an

increase towards the south of the orebody.

The crude ore production in the years 1977 to 1981 has been about

1.1 mill. tons with an average grade of 1,22% Cu and 2,83% Zn.

A representative average of some trace-elements are as follows:

Ni - 20 ppm, As - 300 ppm, Ag - 10 ppm and Au - 0,1 ppm. The

silver values are mainly found in arsenopyrite and tennantite.

Native gold has been observed as small inclusions in arseno-

pyrite.

Estimated ore reserves as of January 1, 1982 are about 436.000

tons averaging 1,35% Cu and 2,5% Zn. In addition there are about

3 million tons of pyritic ore averaging 0,23%Cu and 0,56% Zn.
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1.4 Summary of Prospecting Work:

Geological investigations date back to 1930 when S.Foslie carried

out regional mapping in the Grong district. As a consulting

geologist he also supervised the ore exploration before the mine

was put into production.

In recent time Halls et al. and A.Reinsbakken have conducted

geological investigations in the area. A total of 10 graduate

geologists have contributed to the work by Halls et al. in the

period 1971-1977.

The recent geological investigations have made significant

contributions to the understanding of the geology in the area

which is the basis for ore prospecting.

A geological environment of andesitic and rhyodacitic rocks in

association with volcanic breccias are considered to be

favourable for the occurrence of ore. Also deformation pro-

cesses as tight isoclined folding may contribute to the

occurrence of economic ore deposits.

Geophysical explorations date back to 1958. Most of the investi-

gations have been carried out by the Norwegian Geological Survey

and Terratest (see fig. 4). Because of the relatively high

resistivity of the country rocks in Skorovas, electric and

electromagnetic methods have been useful. Air-borne measurements

from helicopter have identified shallow pyritic mineralizations.

Among the ground methods the turam-method has been of particular

value, locating objects at depth of about 200 m.

Geochemical investigations of stream sediments have been carried

out by the Norwegian Geological Survey, Terratest and the Mining

company itself. The survey was of a regional character. (See

fig. 3).

The mine has up to 1980 had its own geologist for mine geological

work, for supervising prospecting field work and for interpreta-

tion work.

1.5 Summary - Results and Prospecting Status:

The marginal deposits Syd and Sydøstmalmen have been found by

drilling to check geophysical anomalies, (See fig. 1). They are

located about 200 m below surface.
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The tonnages and grades of the marginal massive ores are as

follows:

Sydøstmalmen 430.000 t assaying 1,4%Cu, 0,2%Zn


Sydmalmen 520.000 t assaying 0,9%Cu, 1,5%Zn

The mineralizations are occurring within an impregnation zone

located between the marginal ores.

The deposits are not considered to be fully delineated in

laterial directions. There are also certain possibilities of

repetition of mineralization at deeper levels because of the

tight isoclinal folding pattern.

About 17 other pyritic occurrences have been located. The

occurrences and their status are listed in table 2-5. A map

showing the locations is presented in fig. 2.

Out of the geophysical anomalies that warrants a further check,

the I.P.anomalies just west of the Main orebody should be given

priority. (See fig. 5). The anomalies may reveal a possible


additional ore reserve, and more drilling is recommended to check

the anomaly.

The majority of all explorational activities took place before

detail geological information of the area was available. The

recent geological information and the following up objects and

anomalies described above support the general statistical

experience that a mining district has a proven favourability for

the occurrence of ore.

As a result of depressed base metal prices in the last years the

profits in mining have been limited. In such a situation the

Mining company had to prioritate rationalization in the mine

instead of prospecting.

Based on modern geological information and on improved geophysi-

cal techniques we recommend to follow up exploration in an area

of 54 km2. (See table 1 and Fig.7).
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2. TOTAL COST AND UNIT PRICE FOR PROSPECTING WORK

The following chapter lists the prospecting reports, deposit eva-

luation and work that has been conducted in the Skorovas area.

Exploration drilling and mine-claims are also included. Based on

today's costs for prospecting work, a value on the various ser-

vices has been set.

2.1 Base maps Scale Value (NOK) 


Aerial photographs

Aerial photograph mosaics

280 km2

Topographic maps
280 km2

Topographic maps
3 km2

1:20000

1:10000

1.10000

1:2000 350.000

2.2 Geological maps and reports

Foslie, 1922-1927 1 : 1 0 0 0 0 0




Gjeldsvik,1965

Grønnhaug,1970 1:25000





Huseby,1971 1:10000





Hallsetal.1971-1977, 1:10000,





12 manyears

Reinsbakken1975-1977,
2 manyears

Mine mapsand profiles,

4 manyears

1:25000,

1:2000,

1:200,

1.800'

300'


600' 2.700.000

2.3 Geochemical investigations





Terratest197060km2 1:20000 80'




NGU/Skorovas1972-75260km2 1:50.000 135' 215.000
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Terratest 235 samples analyses on


V, Ni, Fe, Ag, Pb, Cu, Zn and Co.

NGU/Skorovas 320 samples analyses on

Cu, Zn, Ni, Co, Pb.

Fig. 3 shows the investigated areas.

2.4 Geophysical Investigations

Terratest aeroplane E.M.

investigations 1962

Terratest helicopter E.M.

investigations 1972

NGU, helicopter E.M.

investigations 1974

NGU, Turam investigations

1938, -59 and 74

NGU, I.P., S.P. and VLF-

investigations 1979

	

280 km2 280'

	

20 km2 245'

	

250 km2 525'

	

20 km2 220'

40' 1.420.000

Fig. 4 shows the investigated areas.

2.5 Exploration drilling

Exploration drilling, 20.000 m

including core analyses 7.000.000

Grade control drilling on the main

ore is not included

A map showing the majority of all

drillholes is shown on fig. 1.

2.6 Mining project evaluation

Syd-, Sydøstmalmen & Skiftesmyr,

1 manyear 200.000

Skiftesmyr is a marginal pyritic deposit

situated about 50 km south of Skorovas.
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2.7 Mining Claims

3 old lengdeutmål (staked claims) covering

the mine

2 new utmål (staked claims) covering the

southern part of the deposit

16 mutinger (claims) at the southern part
of the Skorovas field

23 mutinger (claims) that we now have applied
for. Various parts of the Skorovas field.

Taxes claim, 2 years 20.000

Fig. 5 shows the claimed areas.

2.8 Administration

Salary for project managers and mining
geologist,
10 manyears 1.500.000

Total cost for prospecting 13.405.000
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3. GEOLOGICAL INVESTIGATIONS

3.1 Introduction

Geological investigations and reports were made as far back as

1922. By the recent work of Halls et al. (1971-77) and Reins-

bakken (1974-77), geological maps that form a good basis for

further explorations have been developed.

The geological investigations by Halls et al. were carried out as

a joint project between Elkem a/s, NTNF, NTH, the Royal School of

Mines and Imperial College of London. Ten graduate geologists

have made significant contributions to the investigations by

field work and reports. The geological mapping was done in the

scale 1:10 000 and the results have been put together on a map in

the scale 1:25 000. Referring to the enclosed publications of

Halls et al., Fig. 4 shows a simplified map.

A.Reinsbakken was during the period 1974-1977 involved in a

Skorovas research project. He has done detailed mapping in the

mining area (1:2000) and within the mine (1:200). He is presently


working on his doctorate which we expect will be of importance in

the interpretation of ore controlling structures. His work is

expected to be concluded in 1983.

3.2 Ore controlling environments and deformations

The geology is very well described in the enclosed publications

of Halls et al. and Reinsbakken. We have endeavoured to bring to

attention the geological environment and deformation process that

we considered to be of importance in the further exploration of

the area.

The major part of the Skorovas area is dominated by greenstones

of basaltic to andesitic compositions. The greenstone area is

intruded by gabbroes and dioritic rocks.

The ore is associated with the greenstones at a level marked by

an episode of explosive rhyodacitic volcanism. Relatively rough

breccias are occuring indicating a close relationship with a

volcano. Primary ore solutions are interpreted as having been

trapped on a sea floor basin from metalliferous solutions coming

from the volcanic area.
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The structural deformations are as follows:

Isoclinal folding displaying axial alignments in a north to

NNE direction. This is reflected by the axial elongation of

the ore body. The axial planes are dipping towards the east.

The lenticular ore body has its plane orientated parallel to

the axial planes. Geological sections of the ore body show

that deformations have partly been so strong that disjunction

of foldlimbs have occurred. It is assumed that economic

quantities of ore may have occurred partly as a result of the

strong deformation processes.

Periodes of more open folding having an axial trend of

approximately a NNW orientation. The axial planes are almost

vertical.

The final deformation is represented by a complex system of

normal faults with a generally northerly trend.

3.3 Evaluations of areas favourable for the occurrence of ore

The known ore mineralizations and the located mineralization

objects Skorovaslia, Finnkjerringhullet and Drikkevatnet Syd are

forming a centerline through an area about 4-6 km wide and with a

length of about 9 km. (See fig. 2). That area is considered to


be most favourable for the occurrence of ore.

Within that area the prominent rhyodacitic rocks running east of

the Main ore body and the same type of rocks running north and

west of Store Skorovatn is supposed to be a good marker indicator

for the occurrence of ore.

The tight isoclinal folding pattern may indicate possible repeti-




tions of ore-mineralizations below the known ore mineralizations.

Referring to Fig. 4 and 5 in the enclosed publication of Halls et

al., there are structural indications that the rocks in which the

Main ore occurs may be repeated towards depth as a result of a

rather big isoclinal fold. The results from drillholes 10035 and

10071 support these structural indications.

Away from the rhyodacitic marker indicators (of explosive volca-

nism) in the eastern directions the acid tuffs thin out and

become more laminated in character. This peripheral structure is

not considered to be too favourable for the occurrence of ore.
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4. GEOPHYSICAL INVESTIGATIONS

4.1 Evaluation of geophysical methods

Geophysical investigations have been carried out in the period

1958 to 1979. In sulphide ore exploration the electric and

electromagnetic (EM) methods are most important. In Fig.4

there is a map of the investigated areas and it shows the methods

that have been used. The usefulness of geophysical methods are

evaluated against results from investigation on well known

objects as the Main ore and Syd-and Sydøstmalmen.

Air-borne E.M. investigations give rather diffuse anomalies

of the Main ore, the reason is assumed to be navigation

problems.

Helicopter-borne E.M.investigations (1972,1974) give good

indications of the outcrops of the Main ore.

Ground surveys as Turam, Induced polarization (IP) and resi-

stivity measurements give distinct anomalies of the outcrops

of the Main ore and its continuation towards south below the

overlying rocks.

The marginal ore deposits Sydmalmen and Sydøstmalmen are

located about 200 m below the surface level. It is

noteworthy that the turam method reveals distinct anomalies

from the mineralization level. The anomalies from I.P. and

direct current soundings surveys are, however, rather

diffuse.

The audiomagnetotelluric method (A.M.T.) reflects the Main

ore, but the anomalies above the Syd- and Sydøstmalmen are

rather diffuse. It is assumed that the anomalies from Syd-




and Sydøstmalmen would have been more distinct if high fre-

quence VLF resistivity measurements had been available and

used to support and enhance A.M.T. interpretations.

The resistivity contrast between known pyritic mineraliza-

tions and country rock is very high in the Skorovas field.

Therefore the area is in general a good object for geophysi-

cal electric and electromagnetic investigations. The depth

of penetration of some methods is estimated to be as follows.

Helicopter investigations ca. 50 m

VLF investigations
ti 100 m

Turam investigations 300 m

AMT investigations 1000 m
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4.2 Results from geo hysical ex lorations and evaluations of

anomalies

we have already mentioned that the marginal ore deposits Syd- and

Sydøstmalmen have been found as a result of geophysical investi-

gations. Turam surveys played a central role in the

investigations.

Also other concrete pyritic mineralization objects have been

detected. With reference to table 2-5 and Fig. 2 the following

mineralization occurrences have been picked up by helicopter

measurements and turam investigations:

5,9,10,11,12,13,14,16,16,17,18 and 19.

Most of the distinct turamanomalies are further investigated.

Rather weak turam anomalies are occuring west of the known ore

structures, see Fig.S. By comparing the results with the geolo-

gical maps by Hall et al. the following anomalies may be

explained;

Anomaly A a fracture zone

fl a thin exhalite horizon

" C-D the border between andesitic and rhyodasitic

rocks.

It is difficult to explain the anomalies E and F by the geologi-

cal structures. We can see (See Fig. 2) that anomaly F also

reveals IP anomalies. The anomaly is decreasing from about 5% to

2% towards the south.

The main ore shows rather distinct IP anomalies (7-9%), but also

the nearest area west of the main ore represents an anomale area.

The anomale areas is not considered to be well enough checked by

drilling, and it is rather interesting as additional ore tonnage

to the Main ore may be found.

As previously mentioned, the rock formation in which the Main ore

is located may be folded down in a rather big isoclinal fold.

A.M.T. investigations in this area are rather limited, but weak

anomalies indicate a conductor 8-900 m below ground level.
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GEOCHEMICAL INVESTIGATIONS

The investigated area is shown in Fig. 3. The analyses are based

on stream sediments, and the investigations are of regional

nature.

So far, the results have not been studied well enough to give a

proper evaluation of the field results.

From the tables 2-5 listing the mineralization objects it

follows that geochemical investigations played a central role in

identifying Grønndalselva (object 1) and S.Lillefjelldoma (object
2). (See Fig. 2). We consider them to be following up Zn.objects.

PRELIMINARY PROPOSAL FOR FOLLOW-UP EXPLORATION WORK

6.1 High priority investigation objects

The most interesting geological structures and pyritic minerali-

zation objects are located within the 22 km2 area 1 (See Fig. 7).

By checking the IP-anomalies just west of the main ore body it
may be possible to locate additional ore that can extend the

life of the mine in Skorovas. The IP anomalies indicate conduc-

tors below the footwall level of the mine. It is recommended
about 7 more drillholes. The direction of the drillholes should

be based upon a closer study of ore structures in the mine.

The zone between Syd- and Sydøstmalmen represents a rather uni-

form electrical conductor. This conductor has been thoroughly
checked by drilling, but areas do exist both within the Marginal

ores and in profile 1300 S where drilling has not been done.

Sydmalmen and its openings toward Finnkjerringhullet is con-
sidered to be interesting as a potential Zn-ore.
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Because of interesting geological environment and easy road access

and infrastructure, it is reasonable to give priority to investi-

gations of the andesitic and rhyodacitic structure running

north and east of Store Skorovatn. The object Skorovaslia (Object

6, See Fig. 2) is situated in the eastern part of that structure.

Because of existing power lines in the area geophysical investi-

gations will be difficult. To limit noise from powerlines, a so
called differential turam investigation method should be tried to

select drilling targets.

The turam anomalies E and F are rather weak, but based on geophy-

sical considerations they may indicate interesting Zn mineraliza-

tions. I.P.investigations on the anomalies should be considered

prior to drilling.

6.2 Second priority investigation objects

A lower priority should be given to area 2-3 (32 km2) (See Fig.
7). Down-the-hole geophysics and A.M.T. investigations should be

performed in guiding further drilling on the objects Drikkevatnet

Syd and Grubtjønna. (Object 12 and 11).

The pyritic objects Nesåflya and Nesåfoten (objedts 13 and 5) are
not explored by ground geophysics or drilling. More detailed
mapping and ground geophysical investigations should be done to

get a basis for planning of drilling.

The object Langtjønna within area 3 has been the subject of some

VLF investigations. More ground geophysics and detail mapping
should be performed on that object.

A deep-exploration area is marked within area 1. As previously
mentioned, A.M.T-investigations reveal rather deep located anoma-

lies (800-1000 m) a lower priority should be given to further

investigations.

The Western peripheral objects Grønndalselva.and Lillefjelldoma

(object 1 and 2) are regarded as interesting follow-up Zn-objects

(See Fig. 2) Gaizern (object 20), is a follow-up Mo-object. As

a first phase of exploration, however, we feel priority should be

given to objects closer to the mining district.
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6.3 A procedure for follow-u ex lorations

On the basis of already described pyritic mineralization

objects an area of 54 km2 should be followed up. (See Fig.7).

The previously turam investigated area within the mining area is

rather limited (10 km2) and it is considered worthwhile to cover

most of the area once more by geophysics. A frequence turam

investigation method should be tried.

Within area 1 the geographical relationship between follow-up

objects are rather close and it is suggested that the total area

is investigated systematically.

with respect to the low priority areas, a systematic investiga-

tion of all the areas is recommended before concentrating too

much work on already detected follow-up objects.

In general the following procedure for further explorations is

recommended,

Geological structure analysis, VLF resistivity investiga-

tions, at a profile spacing of 100 m.

Turam investigations (frequency turam). Space between profi-

les 200 m.

Regional A.M.T. investigations. Space between profiles

1 km.

Drilling and down-the-hole geohpysics.

Possible ore is supposed to be structurally controlled. More

structural interpretation work is recommended by study of

existing geological maps and by more field work. Structural ana-

lysis and VLF investigations are of importance to optimize

"heavy" turam investigations. A.M.T. investigations are expected

to be of value to get information on deep structures. It should

also be used as follow-up exploration on specific anomalies and

located objects. By the additional use of VLF resistivity data

A.M.T. interpretations can be improved.

Rough estimates for costs are given in table 1.
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7. CONCLUSION

Geological maps are the basis for explorations. The majority of

explorations in the Skorovas district have been carried out

before modern detailed geological maps were accessible.

As a result of depressed base metal prices in the last years, the

profits in mining have been limited. In such a situation the

Mining company had to prioritate rationalization in the mine

instead of prospecting.

Today we have good, detailed geological maps giving indications

of favourable ore structures. By using improved geophysical

methods the vertical dimension can be explored more

satisfactorily.

A mining district has a proven favourability for the occurrence

of ore. Within the Grong field area the Skorovas district repre-

sents a favourable area for exploration for both zinc and copper

ores.
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8. APPENDICES

Appendix Table/Fig.

Cost estimate for further prospecting Table 1

Listing of prospecting objects Table 2-5

Map over identified ores and drillholes Fig. 1

Map over located mineralization objects. Fig. 2

Map showing geochemically investigated

areas Fig. 3

Map showing locations of geophysically

investigated areas Fig. 4

Turam and IP-anomalies in the mining

area of Skorovas Fig. 5

Location of claims in the Skorovas

District Fig. 6

Preliminary proposal to follow-up

exploration Fig. 7
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COST ESTIMATE FOR FURTHER EXPLORATION WORK

Area/ObjectStructuralVLF resistivityFrequency
mapping andTuram

analyses,
interpret.

High priorit6 mths.230 km - 3,8 mths 115 km-2mths.

A.M.T.

23 km-
1,5 mths

Diamond
Drilling

8000 m

Follow-up
geophysics,
Down-the-hole
geophysics

Administr.
interpret.
evaluations

2 years

TABLE 1

Sum Costs

Area 1,22 km2 120.000 115.000 210.000 230.000 4 mill. 300.000 900.000




West of Main






Ore IP-anom.




1000 m






500.000 40.000




Syd-and Syd-
østmalmen




1500 m






750.000 40.000





120.000 115.000 210.000 230.000 5,25 mill 380.000 960.000 7,2 mill.







2 years

Low priority.







Area 2-3,32 km2 1 year 330 km 165 km 34 km 10.000 m




2 years




240.000 165.000 300.000 340.000 5 mill. 300.000 960.000




"Deep Ore







Exploration" 1 mth.




18 km- 20.000 m





20.000




1 mth.







180.000 800.000 100.000





260.000 165.000 300.000 340.000 5,8 mill. 40.000 960.000 8,2 mill.
years
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TABLE OF PROSPECTING OBJECTS TABLE 2

Object nr. TYPE OF MINERAL- STRIKELENGTH/ GEOLOGICAL ENVIRONMENT GEOPHYSICAL AND DIAMOND REMARKS

IZATION THICKNESS GEOCHEMICAL DRILLING

ANOMOLIES

Grønndals-

elva 1

S.Lillefjell-




doma 2

Grønndals-

vatnet 3

Massive pyritic 20m/12m

and diseminated
Zn mineralization

200m/thin

Massive and dis- 7/up to 0,3m
eminated pyritic

Basic extrusives

Basic extrusives with

thin acid horizons

Andenitic and diorit-

tic intrusions

Zn-anomali


Zn-anomali

Cb-anomali
Magnetic -"-

Spalerite (light in

outcrops. Shduld 


be followed up

as a Zn object.

Reason for Zn-

anomaly not found.

Should be followed

as a Zn-object.

Not a follow-

up object

10076

(Negative)

Rhyoducitic and ande-

sitic rocks

Rhyodacitic pyro-

clastic rocks and

andesitic rocks.

Strong isoclinal

folding

Rhyodacitic and ande-

sitic rocks

Rhyodacitic pyro-

clastic rocks and

andesites. Strong

isoclinal folding

Weak Cu- and
Zn-anomali

Weak EM ano-

malies.

Helicopter

anomali

Zn-anomali

Distinct geo-

physical anoma-

lies

Geological environ-

ment is interesting.

Should be followed

up by detail  

geological mapping  

and turam investi-
gations.

Geological environ-

ment is interesting

extending west

around Store
Skorovatn. The zone

should be followed up.

The mine is

almost

depleted.

Finnkru -

doma 4

Nesdfoten 5 Pyritic and 30m/1-2m

magnetite

Skorovas- 6 Massive pyritic 7/Up to 1m

lia mineralizations thick

The Main 10 mill.tons 700m/Up to

Ore 7 pyritic ore 30m
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TABLE OF PROSPECTING OBJECTS TABLE 3

Object nr. TYPE OF MINERAL-




IZATION
STRIKELENGTH/ GEOLOGICAL ENVIRONMENTGEOPHYSICAL AND
THICKNESSGEOCHEMICAL

ANOMOLIES

DIAMOND
DRILLING

REMARKS

Syd-and Syd- Sydøstmalmen/Cu 200m/5m Rhyodacitic pyroclastic Distinc turam-

øStmalmen 8 430.000t 1,4%Cu, rocks and andesites. anomalies
0,2%Zn Strong isoclinal folding
Sydmalmen 550 000t 200m/5m
0,9%Cu, 1,5%Zn


Finnkjerring- Pyritic mineral-
izations

200m/1-2m Similar to Syd and
Sydøstmalmen

Turam anomaly 10053

hullet 9






Nø Drikke-
vatnet 10

Pyrite and
chalcopyrite

200m/0,5m Rhyodasitic rocks
and basic extrusives

Helicopter anomaly
Turam

1044,1043,
1030,10029,






VLF 1056,10072






Weak geochemical
anomalies for Cu
and Zn




Gurbtjønna 11 Pyrite, 50-100m/ Andesitic to basaltic Helicopter anomaly 10074,1037,




magnetite and thin rocks.Strong deform- Turam anomaly 10038,10039,




sphalerite




ation




10040,10041,






10042

Marginal deposits.
Geological environ-
ments and deforma-
tion structures are
similar to the main
ore. Deposits are 
partly open and
more drilling is
recommended.

It is possible that
the mineralisations
represent a con-
tinuation of Syd-
malmen. The object 
should be followed
up by charged 
potential and 
possible more 
drilling


The mineralizations
which represent
thin Cu rich zones
are relatively well
followed up.

Grades of base met-
als are interesting,
but CP and drilling
show limited tonn-
age of mineraliza-
tions. Deep ore 
exploration should
be considered.



Object nr.




TYPE OF MINERAL-

IZATION

41,. i.

STRIKELENGTH/
THICKNESS

'TABLE OF PROSPECTING OBJECTS

GEOLOGICAL ENVIRONMENTGEOPHYSICAL AND
GEOCHEMICAL
ANOMOLIES

DIAMOND
DRILLING

TABLE 4

REMARKS

Drikke-
vatnet Syd 12

Pyrite and
magnetite

1500m/
variable

Andesitic and
rhyodasitic rocks.
Pyroclastic.
Strong isoclinal
folding.

Helicopter anomaly
Turam
VLF

1057,
1059,
4 old
holes

1058,

1660,

drill

The mineralizations
may represent a
continuation of
Sydmalmen and
Finnkjerringhullet.






Deeore explora-
tion is recommended.

Nesåflya 13 Pyrite and
magnetite

750m/
variable

Andesitic rocks Helicopter anomaly
VLFt.
Distinct geochem-
ical Pb-anomaly




Accompanying
exhalites can be
traced up to object
12. Deep ore
exploration is
recommended.

Stamnes-
tjønna14 Pyritic

minerali-
zations

1500m/0,3mCalcareous lavaes
and acid extruxives

Helicopter anomalies - Associated with
peripheral
exhalites. Not a
too promising
follow-up object.

N.Lang-
tarmen15

I. 1000m/
variable

Basic extrusives and
acid instrusives.
Strong deformations.

The object should
be considered
followed up by
sampling and VLF
investigations.

N.Krongle-
fjell16

el 300m/
variable

Helicopter anomaly
VLF

Associated with a
peripheral exhalite
horizon. Not an
interesting follow
up object.



a • •

TABLE OF PROSPECTING OBJECTS TABLE 5

Object nr. TYPE OF MINERAL-




IZATION
STRIKELENGTH/ GEOLOGICAL ENVIRONMENTGEOPHYSICAL AND
THICKNESSGEOCHEMICAL

ANOMOLIES

DIAMOND
DRILLING

REMARKS

Helicopter anomaly
Zn and Pb anomaly

Helicopter anomaly -
Zn and Pb anomaly

Helicopter anomaly

Gaizern VLF anomaly

Pyritic
17 minerlizations

Pyrite,
18 hematite and

magnetite

20 Disseminations
of molybdenite
pyrite and
chalcopyrite

1100m/300m

500m/300m

1-2km/thin

1500m
(based on
VLF inves-
tigations)/
400m

Quartz porphyry and
pyroclastic pillow
lavaes.

Thin tuff horizons
and calcareous
lavaes.

Basic volcanics and
tuffs with intrusions
of diovite

To some degree the
geological environ-
ments are similar
to enrivonments of
known ore. The
object should be
followed up by
turam investigations

Associated with
peripheral exhalite
horizon. Not an
interesting
follow-up object.

The object was
detected by geol-
ogical mapping.
Mineralizations are
lacking detailed
investigations.
It is considered to
be an interesting
follow-up Mo.
object.

S.Lang-
Tjønn

Blåham-
maren

Havdals- Pyrite and
vatnet 19 magnetite
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8. APPENDICES

Appendix Table/Fig. 


Cost estimate for further prospecting Table 1

Listing of prospecting objects Table 2-5

Map over identified ores and drillholes Fig. 1

Map over located mineralization objects. Fig. 2

Map showing geochemically investigated

areas Fig. 3

Map showing locations of geophysically

investigated areas Fig. 4

Turam and IP-anomalies in the mining

area of Skorovas Fig. 5

Location of claims in the Skorovas

District Fig. 6

Preliminary proposal to follow-up

exploration Fig. 7
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