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Synopsis

The Skarovas orebody is one of the chief stratiform base-
metal deposits within the allochthonous gresnstone Lelt

of the Central Norwegian Caledonides. It is contained in
the volcanic level af s complex eruptive assaciation of Lower
to Middle Crdavician age defined as the Gjersvik Nappe. The
rocks of this nappe ate contained as a Cepressed segroent

of the larger Kéli Noppe and defined to the north and
south, respectively, by the Borgefiel! “and Grong—Qlden
basement culminations. The principal components of this
neppe are 2 plutonic infrastructure of composite gabibroic
intrusions within whick has heen exnpfaced a series of
dioritic ta granodieritic (trondhjemitic) bhodies that form
the roots of a consanguineous subinarine polygenic velcanic
sequence. The cruptive racks are overlain unconformably
by a seguence of pelymict canglomerates and calcareous
flysch sediments, the compaosition of which suggests
imunediate derivation by erosion from the underlying
igneous complex.

Pre-tectonic segregations, veins and vesicle fillings of
epidote, alhite, chlorite, carbonate and quariz related to
primary volcanic flow siructures in the lava pile provide
evidence of pervasive in-situ sea-floor metamaorphism, and
this interpretation is verified by the abundance of niearly
monomineralic epidote clasts in the derived conglomerates.

The relationship uf the eruptive and sedimentary suiies
is interpreted in terms of the evelution of sn ensimatic
island arc, of Lower to Middle Ordovician age, which unider-
went uplift and erosion prior to emglacement on the Fenno-
scandian basernent during the climactic stages of cullision
tectanism of the Caledanian Orogeny in Silurian tirmes.

The entire igneous and sedimentary assermbloge fiss Leen
dffected by the tectonic stages of aliechthanous emp'sce-
ment, but the gross differences in competence between the
component litholagies has resulted in a particularly hetero-

CUNFSCO- 1UGS International Geoltogical Corretation Programme,
project ne, BO: Correlation of Culedonian sirgiabound su'plides,
$iuregian - British contribution no, 1.

G aws stitle af

tal sliding, fracturing and penolrative meram

atiot have been governed largely by Ve geomelsy of th
mast comipetent lithologivs, notality gabliro, eharite and
granodiorite (trondhjemitel intrusives and, wiibie the
extrusive sequence, campact dacitic flows and thiedr spili-
tized aphanitic equivalents (kerataphyres). The hetero-
geneous pattern af defurmation is resolved in terms of two
main stages of folding complicated by componer tal sliding
movernents,

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

The Skorovas vrehody, in comman with ather widely
dispersed volcanic exhalites in the Gjersvik Nappe, occurs
within the volcanic sequence at a level marked by episodes
of explosive ducitic volcanism and associated furnarolic
activity. The Skarovas orebody consists of approximately
10 000 000 tons of massive and disseminated predaominantly
pyritic ore with an approximate average grade of 1.3% Zn
and 1.0% Cu, together with trace amounts of Ph, As and
Ag. The complex lensoid gyeometry of the orebody is re-
solved in terms of the disjunciion of a single stratiform unit
by tight isoctinal folding and componental movernents,
probably invalving bath translation and rotation,

Encichment of sphalecite, chalcopyrite and, locally,
galung 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
assaciated with magnetitic cherts or faspers and are thus
transitional in aspect to the thin, iron- and silica rich, base-
mutal-depleted, exhalative sedimentary horizons that eccur
extensively within the extrysive sequence of the Gjersvik
Nappe. These are interpreted as the products of settling of
collaidal iron and silica hydrasofs following expiosive dis-
persal into an oxidizing submarine environment. They are
valuable tirne-stratigraphic markers and indicators of way-up
in complicated structures snd are a potentially valuable toal
in exploration for massive sulphide bedies farmed in limited
reducing environments.

The belt of metamarphosed Lower Palagozoic rocks, chiefly
of Ordovician age, within which the important stratiform
pyritic copper- and zinc-bearing orebodies of the Scandina-
vian Caledonides are located extends over 1500 km from
Rogaland in southwestern Norway ta Nord Troms. The
divisions of this complex metailogenic be!t have been described
by Vokes 73 and Vokes and Gale,”® and Fig. 1 shows the
relationship of the principal districts to the thrust front of
the Caledonian aliochthon. The cu!minations of the under:
lying Precambrian besement, 1ogether with the effects of
erosion, have pioduced the segmentation of the allochthon
on which the division into separate districts is broadly based.
Structural and stratigraphic carrelations along the length of
the belt are mmade 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 Trondelag {Trondheim
distriet) 495052 North Tréndslag {Grong—Gjersvik
district)?® and the geographically adjacent areas of
Jimtiand and Vasterbotten in Sweden 818283 1o show that
the stratiform ores ot Skoroves, Joma, Stekenjokk, Ldkken
and Roros lie within the Kali Nappe, which is the upper
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Fig. 1 Synoptc geological map of Scandinavian

Coledonides showing main disiricts of stratiferm voleano-
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hast rochs compree a varied usiemblage of suprpcrusta
volcanic and sedimentary tocks with closely assaciasgd
plutonic masses ol ultratiasie, basic and acid composiiion.
The conspicuous cuantity of basaltic 1o andesitic volcanics
in the supracrustal seguences, taken togathier with then
deformed and metarmorphosed condition, ranging in grade
from lower greenschist to almandine amphibolite facies,
has led to the familiar use of the terms greenschist and
greenstone in deseriptions of the stiatigraphy of various
districts.®! Goldschmidt ™2 carty lemt authority to this
usage by defining the ‘Stamm der grinen Laven und
Intrusivgesteing’ as an important constituent rock kindred
of the south and central parts of the Caledonian atlochthon
at the structural level now under discussion.

I1is generally recognized that the stratiform pyritic ore-
hodies have a close genetic relationship 1o the volcanic rocks
with which they are associated 72 and that this relationship
originated with the formation of tholeiitic and calc-alkaline
cruptives at the margins of the Caledonian vrogen in
Ordovician times.' 9194775 The genetic process that re-
lates the ores and host rocks has been masked by the effects
of metamorphie recrystallization and polyphase defarm-
ation, which affected both ores 7274 and host roeks during
the process of allochthonous tectonic emplacement conse-
guent upon collision of the Scandinavian and Laurentian
cratons during Middle Siurian times.'°24 The palaeo-
environmental interpretation of the rock assemblages con-
tained in the structural clements of the Keli nappe is
clearly of the greatest importance in interpreting the genesis
of the associated ares; in a region of the tectonic complexity
displayed by the Caledonian alloctithon, however, it is clear
that the primary geological framewwork must ie established
by a study of the field relationships at a level of regional
detail such thai the ere deposits can be considered at the
scale of the geological phenamenon responsible for their
formation. If a velcanogenic wrigin is postulated, an under-
standing of the volcano stictigrophy and structure inan
atea that extends from 1 1o 10 km outside the orebody itself
must be sought. This has been the basis on which the
present study of the ¢nvitoriment of the Skorovas deposit
was undertaken.

Regional structural and stratigraphic setting

Existing knowledge of the major structural and stratigraphic
units of the Grongfe!1 originated with the regional geological
mapping undertaken by Statsgeolog Steinar Foslie '2.74 during
the period 1892227, the details of which were amplified

and intarpreted by T. Strand "4 and C. Ottedahl. More recent
regional studies by Zachrisson® in the adjacent Swedish
area of Jimtland and Vasterbotten have given an idea of

the succession of structural units within the Koli Nappe
sequence between the Grong and Stekenjokk areas. A come
pitation from these sources is made in Fig. 2, which shows
the rmain second-arder tectonic divisions that have been
recognized within the Koli level of the Seve Ka!v nappe.
Combining the termiriologies of Foslie,’? Oftedahl 41 and
Zachrisson B! there are Tout divisions 1o be recognized. The
first and uppermost of these s the Gjersvik Nappe, within
which lie the Skorovas (Sk} and Glersvik (Gj) erebodies.
Below this ties the Leipik Nappe, within which, by extending
the structura! interpretation of Zachrisson, the Joma
orebody (Jo) must tie. Below this lies the Gelvernokko
Nappe and, finally, the Lewer Kol Nappe unit, within which
are situated the Stekenjokk orebodies {St) (the Stekenjokk
maim and the Levimaim) ®?

129
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based on geological information from Faslie, Oftedahl, Zachrisson, Gee and Gustavson

Map showing location of main ore deposits in Grong—Stekenjokk district (Sk, Skorovas, Gj, Gjersvik, Jo, Joma and St. Stekenjokk} and main structura: and stratiaraniue
units that can be distinguished within Koli Nappe. (1) Thrust at base of Olden basement nappe; (2} thrust at base of Seve—Kali Nappe; (3) thrust separating Seve and Kol seruonse
within Seve—Kéii Nappe Complex; {4) thrust separating Gjersvik Nappe at tep of Koli Nappe sequence from high-grade metamorphic rocks of Helgeland Najne Complex. Bauredar o



WMITE Shonwn an F i Ly 3 U L it
ot the iegional grol but thi exact status of the sccond
ordur thrust boundaries 1 difficult 1o establish because
these are taken, for the o
boundaries 4727 For the purpose of the present discuzsion,
however, the presise tocgtion of the second order structures
and their relative tectonic status is less important thar the
plutonic and stratigraphic relationships preserved within the
Gjursvik Nappe itself. tn Fig. 2 the upper tectonic corntact
with the Helgeland Noppe 23 is clearly defined. The plutenic
and supracrustal stratigraphy is revealed in the passage from
southwest 10 northwest across the area of the map covering
the Gjusvik Nappe. Without precise knowledge of ihe
relative ages and finer lithological divisions of the various
units the fotlowing seauence is conspicuous. Large masses
of gabbro énd granodicrite {trondhjemitel in the southwest
are succeeded spatially to the nartheast by the Giersvik vol-
canic greenstone seauence with the contained orebodies at
Skorovas and Gjersvik. A period of relative quiescence is
indicated by the presence of amarble bed intermittently
preserved at the uppermaost level of the volecanic greenstone
sectuence. T he marhle is best preserved in the terrain north
of the Lirmingen Loake, but a tiimited thickness is found to
the NNE of Skorovas mine in the terrain to the south of
Tunnsiden. The volcanics with the overlying marble are
followed by a spectacular polymict conglomerate, the 1ypi-
cal aspect of which is shhewn in Fig. 12. The finzl part of
the sequence is made up by the elastie sediments of the
Limingen group, compased by a variety of schistose conglo-
meratic, sub-arkosic and phyllitic rocks, the majority of
which are distinctly calcareous.

Ottedahl,®? in his discussion of the nappe units of the
Grangiett, defined a thrust houndary of intermediate
significance that separates the polymict conglomerate and
the Limingen sequrnce of calcareous and conglomeratic
metasediments, so that the Gjersvik MNappe, in its ariginal
definition, does not inelude the Limingen Group. [t zeems
reasonable, however, 1o nxiend the campass of the Gz svik
Nappe to include the sediments of this group, winich seem
10 he laterally related, in part, 1o the basal polymict conglos
merate and to have derived most of their elastie components
from the Gjersvik plutorics, greenstones and overlying

. limpstones.

wst part, 1o follow stratiorantue
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The rocks of 1w &G b Nugine huvi-so far, 4
fossil remaing 1o give & | for pre iting &t :
tion with stratigraphies in adjacont segments of the Sew
Ko!i Nappe. The volcanic and plutonic units of the
Gjersvik eruptive complex do, however, biear certain simi
lurities 1o the racks of the Stdren Group ™ 0 the
Trondheim region. The Stdren Group, Tocally, ovetiies
schists of the Gulas Groeup containirig Dictyonama flatielli
forme.®2 The contact hetween the two groups is, however,
matkedly tectonic '® and, thus, the graptalite Tossil evidence
can only be used to suggest a possible maximum age of
Upper Cambrian~_ower Ordovician (Tremadocian) for the
Stéren Group, end it is congaivable that the tholeiitic
eruptive activity recorded in the Stdren sequence ® could
have been initiated yet carhier in Cambirian time.

It has generally been preposed that the Gjersvik Group
is of equivalent age to the Stdien Group 4% and, by implic:
ation, that the two groups represent similar stages in the
meorpholegical and magmatic evolution of the Caledonian
orogenic margin in central Seandinavia. Stratigraphie and
geochemical evidence suggests, however, that the eruptive
sequence of the Gjersvik Nappe is more evolved in terms of
gato alkaline character 847 — 5 matter that is given further
consideration in a later section of this paper. Gale end
Rotierts have therefore supgested that the Gjersvik erup-
tives are of younpe age than those of the Stdren Group,'®
and a partial correlation, at lesst, with the andesitic green-
stones of the | ower Hovin Group (Farbordfjell, Hélonda
end equivalent greenstones) 372 seems reasonable. The age
of the youngest Glersvik eruptives therefore probsbly lies
within the Arenig-Cauraclocian range, whereas the graploli-
tic fauna of the Bogo shale within the Lower Hovin Group,
which overlies the Stdren Group in the Trondhaim region, 1s
interpreted as belonging within the Didymograptus
hirundo zone.®” The Stdien Group thus has a defined
minimum age in the range Arenig to eariy Llanvirnian.

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

The widespread occurrence of eanglomerates {Venna,
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Inferred stratigraphic correlation between Lower Palazozoic sequences to south and north of Grong Culmination.

Correlation is approximate and based on information fram Vogt, 72 Zachrisson 82 Oftedahl % ana Roberts.53 Tectonic
disjuriction within the two areas is shown schematically by oblique paralle! lines
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Further eomparalive stuclies of s{r.ﬂlr_;ld;:h\.' i the Trang

. oy

propose @ ecionic event ol regional

heirn region led 1o the recognition of simitar polymict
conglomierates 2t Bighor stratigraphic levets, Vogt 7
identdied an Ekne (Caradocian} Disturbance and also move-
ments i the Lower Siiurian which produced the hasal quart-
zite conglomerate of the Horg Group {(Lyngestein Conglo
merete), which dentified @ Horg Disturbange, Further work
by Roberts 33 has suggested additional refinements to the
chronology of uphift and erosion in the Trondhieim District
during the rid-Ordavician, a separate gvent in Mid-Lower Hovin
times being marked at the level of the Stokkyola conglo-
merate.®? Tectonic evolution in the Trondheim region in
Lower to Middie Ordovician time was evidently punctuated
by episodes of vertical uplift and erosion, the Trondheim
Disturbance being but the Tist of these. The polymict
conglamerate, which overlivs the Gjersvik eruptives at the
hose of the Limingen sedumentary serivs, evidently records a
disturbance of the Trondheim type, which, to avoid confu-
sion, will be named the Gjurevik Disturbance. This distur-
bance is probably most closely related i age to the
Stoktunla pvenib3

Fig. 3 shows the inferred general stratigraphic corelation
betwesn the Lower Palesogoic sequences in the Grong and
Trondheim regions. Zachiisson®? has cited the faunal
cvidence insupport of a (Lower ?} Silurian age for the
Stekenjokk orcbodies, which lie within the lower part of
the sequence of basic 10 acid volcanic 1ocks composing the
upper part of the Lasterijalt Group {Fig. 2); this meaps that
the rocks compesing the Gjersvik, Lemik and Gelvernokko
nappes and the upper parts of the Lower Kol W appe have a
probighle age range from Lower Qrdovician to L oxer
Silurisn, matching the age renge of the Trandheim Super-
group as defined by Cule and Roborts.'® The Shorovas
and Gjersvik ore deposits le within the Glersvik Group of
voleanie greenstongs and must be spproximately Lower to
Middle Ordovician in sge. 1t s, however, intoresting that in
the Stekenjukk &
Zoghtitsson, conditia
form pyritic ores olso existed in Lower
fmes.

, arwepting the fosil evidence of
saitabile far the Turmation of stratis

Middie Silurian

Tectonic style within Skoroves area of Gjersvik Nuppe

The programme of field mepping in the Skorovaes srea, with
which the present writers hove been actively Invalved since
1971, was designed 1o re-examing the major stiuctural and
lithological boundaries within the plutonie to volcanic se-
auence of the Giersvik Group and to extend, as Tar as
pussible, the geological interpretations of Fosl'e end
Ofedahl as they effect the Skorove: area. WMappaing in the
scale range of 1:2000 to 1:10 000 has also eninled the

first serious attempt 1o delingete ihe principal fhologies
within the volcanic sequence, which were unidoimly desig-
nated as greenstones by Foslie 2 on the 1:100 000 scale
map of the Trones quadrangle. The Skorovas sree, as shown
inFig 4, lies close 10 the eestern boundary of one of the
main plutonic massifs of 1the Gjersvik Nappe. Fiom Fig. 2
it is ciear thot the rmassifs have distingtly tectonic houndaries
of low to intermediate angle (Fig. 8). The plutonic rocks
within these boundsries frequently preserve their criginal
igneous fabries, little modified by the penetrotive eftects of
tectonie deformation. The voleanic rocks and niinor intru-
sives cutside them, in contrast, generally show intense
penetrative tectonic fabries. The plutonic maeaifs all have
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tecionized envy 1 1 on of
ranpe of hasic 1o aoid plutome rocks evid
pnior to the mam 1
ment of the Gjersw b Nappe wattun the aliochihor
which was also 1espansibie for the aun
isoclinal folds and the early axial plane schistos
generally well developed within rocks of the volcanic
spguence.

Because of gross diffetences in competende hetwean the
various rock typoes, notably between the plutonic masses
and the supracrustal vplcanic cover, this particularly heterg
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 granodicrite bodies. Within the veleanic sequence it
self, high-level doleritic dykes and sills, together with
compact dacitic flows and their spilitized aphanitic
equivalents, exert a more local influence.

In common with adjacent parts of the alloch thon, 8182
the history af regional deformation can be resolved in terms
of two major stages, the first of which produced the prin-
cipal Catedonian ‘grain’ of the terrain, creating isoclinal falds
of the style illustrated in Fig. B, and imposing the carly
schistosity mentioned above. [t was during this stage that
the main thrust and slide horizons that separzte the plutonic
and voleunic leve!s of the Gjersvik eruptive sequence were
established. The plutonic bodies evidently behaved as
massive tectonic wetiges, piercing and, in part, overriding
the superiacent volcanics 1o create the present potiern.

ctome event, which led 1o the !

sration of majo

It thould be emphasized that such planes ef high tectonic
strain also exist in several lesser orders within the volganic
sequence. These swrfaces, es was noted above, a:e similarly
formed at litholegical boundaties, showing marked con-
trasts in competency, and can partly be explained in terms
of componental inovements along the thinned and extended
limbs of isocling! folds of the verly basaltic lavas and pillow
breceias. These rocks, under the influence of inlense local
strain, suffer a complete penetrative reorganization of
theit mineralogy to farm chiorite- albite -epidote schists
devoid of any earlier volganic fabric. In the field the axis-
tence of these surfaces and the flattening produced in the
adjucent units creates @ peoutiarly lenticulated style of
deformation through which the early isociinal fold pattern
must be traced. The lenticulate style’ appears to be a
character istic featuw e of highly deformed volcanostratigraphy
and associaied plutenics in other regiens, noiably in the
Mauretanides of \West Airica {G. Peutt, personal communi-
cation}. Minor fold structures of the early generation are not
conspicuausly evident within the voleanostratigraphy and
are best ohserved in the finely stratified wff bands and
associated cherts and iron-rich chiorite schists of the
exhalite facies (Fig. 7{a)}. They can also be mapped over
spveral tens of metres by following coherent chert hotizons,
acid tuff bands and dykes, and thence into the larger iso-
clines of the type ilustrated 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 cruptive sequence und the conglomerate series, de-
monstrates, at the present 'evel of erosion, that the voleame
sequence in the Skoprovas district tes inverted within the
lower limb of a major southeast-facing fold, the identity of
which can be bread!y equated with the Giersvik Nappe.

The second stage of deformation, superimposad on the
grain of the early isocline: and schistosity, has created an
open system of broad {olds, vwwhich have resulted in an
iregular pattern of dome and basin structures, the major



P evidently bear & relptineshiy the conmacts

i riarth (Figs, 2

ant! 4la1) . The formation of the open dome and basin

B L]
of the plutome mansifs lying 1o The weit

crrottues v acoompanied by further movements along the
bove ingle planes penerated during the first stage of deform-

ation. These movements led to the creation of minor Tolds
and o weand stege crenulation cieavags, which is typicatly
ivcal and specifically associated with these horizons of

high strain. The seale of the phenomenon is varisble and
Fig. 7141} shows part of the well-develaped belt of second-
«tnge {fulding in the volcanic sequence at the southwestern
marginof the Gidndalsfiell massif. The vergunce of the
axiai planes of these und other similar late folds implies that
the princips! tectonie 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, isoclina! folds and the

vial orders af
st N Wi co of the streses
cement af the
{2) The second yener-

oot duiing the moin stago

allochihon during WMid -Silunan 1o
ation of tectonic struciures 15 conniried le have been im-
posed upon the first as o conceguontce of equilibration be
tween the depressed Scandinavion bastment and the impossd
luad of the allochittion, The depression of the granitic base
ment into a fieid of higher temporatute and piessure can
have given tise to plesticity of the Lasement, enabling local
isnstatic adjustments 1o take place by the Initiation of a
systern of domes and basins in the basement, The second
fold phase in the Skorovas region is interpreted as a conse-
quenee of forces imposed on the voleanic sequence by the
massive plutenic badies as they slid under the influence of
gravity in an east to portheast direction from the flanks of

a basement dome in the vicinity of the Grong culmination.
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struttures created during the Tirst two periods ol
ding, the topography and geology of the Skarovas area
b e rongly influenced by the formation of @ comiplex
n of high-angle faults and fractures, For the most
1 thie have sutfered small displacement of the arder of

mieties, bt slong the southwest contact of the Giersvik
cruptive tomplex with the polymict congloimerate oblique
Wi petenal faulting has reselted in a vertical disptacement
of the ordder of 500 m (Figs. 4(a) and 5}, The trend of
thse fractures is predominantly in a NNE 1o northeast
directinn and their formation post-dates the main periods of
folding in the area. The late fracture patterns in the
Skoravas area remain a problem for future investigation.
o 00 prabability they can be attributed to the final stages
of Caledontan tectonism, but the influence of later events,
such =5 hasement reactivation during Mesozoic rifting,
cannat be discounted.

fher sEquente in

: rOVat are
O the 1100 000 scale map ! 1h s Trones il {ramgle com

ted from the work of Faihic X the plutonic rocks of the
Shorovas arce coour in two groups. The fost group com

nrises the tectonically bounded imassifs of Grdndalsijel! and

Nesfipiggen, which, though they have strongly tectonizesd
envelopes, preserve much of their original igneous Tabric in
the interior. 7he second group ocours as an arcuate belt
lying within the volcanic sucression to the north, west and
south of the Skorovas are deposit (Fig, 4(a)). The plutonic
rocks of this balt have haen subjected to the penetrative
deformation that affected the enciosing volcanic rocks and
have rezponded tectonicatly as part of the volcinic level
duting deformation.

The plutonic rocks of the Skotovas arca wer e divided
by Foslie inio two printipal compositional groupings, as
shown in the map of the Trones quadrangie.’? Gabbros

Skorovas orebody

f_axial trace

f, cleavage
orientation
Skorovasklumpen-
Grendalsfjell
feclonic
discentinuity
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Fig. 6 Panoramic view of southeast margln of Grdndalsfjell massif seen from point of
vantzge on trondhi=mite intrusive of Skorovas intrisive are, Major thrust horizon
separates diorite and gabbro (d} together with harnfelsed envelope {[x]) from strugturally
underlying schistose extrusives (e}, A further thrust sepatstes extrusives from
trandhiemite (t) in foreground. Lecation of photograph (Fig. 7 (b)) shown by crotsed

cirele at far left of vista

of vanous facies were distinguished and at the opposite end
of the compositional scale trondijemite, tectonized granite
and granitic dykes and siliswere also shown., There is no
referynce on the map to the occurrence of intermediate
dioritic roeks in the immediate area of Skorovas, although
Faslie was undoubtedly awaie of their existence because
diotites are mapped as a thin hoide zone 10 the north of
the Grénidalsfjell massif and 1o the west of Heimdalshaugen.
The detailed mapping carried out by the present writers

has shown that dioritic rocks of intermediate composition
form an imporiant component in the plutonic sequence and
that a definite relaiive chronelagy of intrusiun can be
recognized.

It has already been noted that the plutonic sequencas in
the Gréndatsfiell and Nesfpizgen massifs and the plutonic
bodies that compose the arcunte intrusive belt {Fig. 4) are
tectonically separated, and it is convenient to discuss their
plutonic histories separately.

Grdndalsliell massif

The starkly expesed rocks thet compose the Grdndalstjell
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massif provide spectacular evidence of their relative ages.
The earliest Intrusives are fresh layered oliving gabbros,
which ceeur s large xenolithic masses or rafts with
maximum dimensions of the order of 70 m x 200 m, con-
tained in a2 matrix of metamorphosed gatbro and horn-
biende diorite. The cumutus layering of the gabbro bodies
is sub-vertical in ettitude with a predominantly east—west
trend. This must be accepted as evidence of significant
post-cuimulus displacement.

The composition of the layered gabhiro varies Trom troc-
totite 10 hypersthene gabliro and in all facies hypersthene

ceurs, either 2s & reaction tim around colivine or as indepen-

dent ophitic greins. The mineralogy of the gabbro is thus
compatible with erystaliization from a theleiitic magma.” 4/

The nature of the xenolithic relationship is shown in
Fig, 8(a), and it is clear that the hornblende diorite is a
major compenent of the Grdndalsfjell massif. The
peripherat 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 ¢:osscutting joints to produce a distinctive
weathered surface (Fig. 8(b)). The alteration leads to the



ralitization and chlonl 1 WIRI 4 T T
thieng, the serpentiora f the allving ang +a
dregradation of the calelc plagiogiase 1o produce olbt
upidote, clinozoisite and caicite. 1o the troctolitie 100 les
of the gabbro the growth of considerable quantities of

cilorite within the pleaioctase accampanies this breskdown,

The alteration is aseribed 1o the contribution of water
from the dioritic maging, which led 10 & retrograde sub-
solidus hydration in the pre-existing mass of layered
gabbro,

The various tacies of altered gabhro may extend for a
considerable distance beyond the boundaries of the fresh
layered rocks, and the distinction between altered gabbro
and hornblende diorite is made in the field on the basis of
the persistence of fluxion banding and layered structure
within the sur rounding sureole of hydration. The horn-
btende diarite is characteristically compased of subhedral
dark green grains of hornbiende together with saussuritized
plagioclase of inlermaediate composition and accessory
Fe—Ti oxides. The iron oxides are frequently altered to
sphene and the hernblende is generally partly chloiitized.

Cne of the most striking features of the hornhlende
diorite is the occurrence of coarse patches and pegmatoidal
veins, 06—3 m wide, consisting ef euhedral hornblendes,
commaonly up to 10 em in length, set in a matrix of
andasine feldspar together with accessory amounts of
magnetite and pyrite. The pegmatoid veins show rhythmic
banding paraliel 1o their contacts. This can be interpreted

Fig. 7 Typical disTocated isoctinal style seen in minar
{olde of Tirst ganeration in chert bands 1o south of
Nuaklumpen (a) (top) and [6) localized past-schistosity
fe)ding end incipient erenulation cleavage of second
gereraton formed in zone of high st:ain in schistose
grecastones adjacent 10 tectonic boundary of Gréndaisfjel!
massif. Location of photograph is shown in caption to

D50 T4 of enisochc iy talhization from 14
flunds cueulating withm the leaely cormoiidoied d

biody, These rocks cerl be justifwbly desoriized as appuoites,
and their presence implies that the level of expesure seen

in the eastern margin i e Grdadalsijell masaf carres
ponds 16 the upper portion of a differentiaied dlonitic
bady.?5.78

At the margins ¢f the hoinblende diorite, close (o the
contact of the piutunic mass with the enclosing greenstones,
a quartz-diorite facies ocours locally.

At least two generations of impersistent basic dy kes eut
both the gabbro and the diorite with its appinitic facies, The
dykes are thin, usually Tess than 20 em in width, and have a
northeastery trend with steep dips 1o the northwest. They
are composed of {ine-grained hornblende and plagioclase,
toaether with minor iron oxides, and are locally porphyritie
with plagioc'ase crystais up to 7 mm fong.

The final eruptive event within the Gréndalsfjel! complex
was the emplacement of 2 swarm of leucocratic porphyritic
granodiarite dykes, which show a predominantly north-
casterly trend and dip steeply to the northwest. The dykes
ate commoniy 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 i1, these
dykes show well-developed tectonic foliation and, facally,
mylonitie facies, which demonstirates that the northeast-
trending fracture system has been ithe focus of significant
post-intrusion tectonic sirain. The granodiorite dykes are
composed dominaritly of spdic plagioclase (roughly of
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Fig. 8 Noriheast face of Grdndalstjel! massif displaying
occurrence of refts of unaltered layered gabbro (dark)
within diaritic matrix (3] (top) {rafts are of the arder of
60-100 m x 200 m) and (&) field appearance of hydrated,
urelitized envelope that borders large xenolithic masses of
fresh layered gabbro on Grdndalsfjell {Fig. 8{a}l. Troctolitic
gabbro shows strong differential weathering of pyroxene,
feldspar and oliving, preducing pitted surface. Uralitized
assemblage weathers uniformly by comparison
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biotite, harrtilends | spliena, The fon

minerals arg goaniirally partly ehloritized and 1he Tolgspars
have been variably sltored 10 fine i r
Lsericite or paragoniie). Because of the model Coreposition
of thuse dykes, which is dominantly oligociase tagether

with guartz and with only accessory amounts of potash
feldspar, the rocks may properly be deseribed as trondh-
jemite inthe sense of the definition applied by Goldschmidt
in 1916.27

This surninary of the igneous relationships preserved
within the plutonic massii of Grdndalsfiell shows clearly
that & considerable volume of dioritic magma was emplaced,
probably at an intermediate 1o high crustal level, evidently
by invading a pre-cxisting mass of layered gabbio, which is
the cidest and prosumably the deepest 1epresentative of
the plutonic assembilage in the Skorovas area. 1t may be
added that magmatism must also have been bimodat — that
is to say that the mmagmas were supplied from two genetically
different sources, the first tholeiitic and the second cale-
alkaline, A range of similar igneous refationships oceurs in
the Nesﬁptggen massif to the south {Fig. 4}.

Inaddition to the main gabbro-diorite body of the
Gréndalsijell massif delinested by Fostie on the map of the
Trones quadrangle, a significant mass of 'fine-grained gzbbro’
is atso shown lying direct!y 1o the north of Skorevatn. This
forms the irmposing topagrsphic feature of Skorovasklumpen
in the basal stope of which lies the extension of the main
thrust surface, which is interpreted as separating the tectoni-
cally ‘massive’ plutanic level from the highly deformed
voleanic level. This feature is shiown on the gealogical map
of the Skorovas ares and in the accompanying structural
synihesis (Fig. 4). |nvestigation has shown that Shorovask:
fumpen and the narrow belt of similar character that can
be followed alang the eastern margin of the Gréndalsijel!
massif are composed predominantly of metamorphosed
Lizsic voleanic rocks, together vath interbands of acid
(dacitic-beratophyric] composition and a proportion of
high leve! binsic intrusive material. The basic rocks of the
belt sfjacent 10 the Gréndalsijell massif are pertly incorpor-
sted in @ xenolithie screen of considerable complexity. The
origmal igneous contaet of the diorite with the vo'cenic
country rocks is presorved intaet within the main tegtanic
boundary {Fig. 4(4)) and can be mapped over a distance of
4 km. Original volcanic stuetures, notably pillow forrns and
vesiclas, are preserved within xenolithic masses and testify
1o the valeanie origin of the country rocks. Similar 1extural
evidence of volcanic origin has heen found within the basic
sequence that composes Skarovasklumpen.

The reason for the clesification of the rocks of
Skorovasklumpan as fine grained gabbros by Foslie '? and
pthe workers tes in thelr smphitiolitic metamerphic grade,
which has produced & miriralogy dominsted by hornblende
and intermediate 10 caleic plagioclese. The presence of
epidote as a conpstituent nmineral throughout a significant
part of the amphibelitic sequence impties that these higher-
grace 1 oeks span the vpidete amphibolite {acies to enter the
field of amphibolite facies  Since there is no association
with pelitic rocks, s proecise description of the prograde
regional metamorphism of the basic rocks of the Skorovas
acea depends chiefly upon a determination of the progressive
changes in the compaosition of the hornblende and plagio-
clase, which must awvait further detatied work. Broadly,
however, the mineral ascemblages accord with the sequences
regarded by Miyashira 314736 ag typical for the regional
metemorphism of mafic rocks at low to intermediate
pressure,

MICHCEOUS HHdrenntes
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neot e ; tutes of 1 | {
smptiibinlite 4 ' | 1 5l ovacl
pyerthiotite rog

an cehsarvalion th

pyrite s the atcessary jron 5 Tpihidg
visrapdily made in the Tield, The
amphibalitic laves logally display distinei pertrativie 1ec
1onic lingation of the amuptibales, and this imeation con be
ohserved in the amphibolitized voleanic >»enaliths in the
diorite. Amphibolite grade metamorphism evidently took
place under the influence of carly tectonie stresses with
which the emplacement of the gabbro.diorite massif was
parily synchironous. The establishment of & precise chirono:
logy for these events wili Gepend upon the evidence provid-
od by future detaled petrographic work. 1t is probable,
however, that the contact aneole of the Grdndaisfjell
massif and the emphibetitic rocks of Skorovasklumpen com-
pose a continuum within the field of low to intermediate
pressare in which regional and eontact metamorphism

converge.®?

Rocks of the arcuate intrusive belt

The inttusive are differs from the plutonic massif of
Gréndalstiell in three distinetive ways: (1) no unmetamor-
phosed gabbreic bodies have been found in which a
plagioclase —pyroxene -olivine assemblage is preserved;

{2) peneuative deformation has produced distinctiy tec-
tonic fatiics throughout most of the are and mineral
sssemblages are reduced, Tor the most part, to those stable
within the gresnchist facies; and (3} quartzerich dioritic to
granndiaritic rocks compose a latge part of the complex and
the eastern extremty of the are joins a large granodiorite
mass to the south of Tunnsiden (sve Fig. 4{a}).

Anatt from these significant differences, which can pro-
halaly be explzined in tenms of the higher level of emplace-
ment of the 1re complox within the volcanic sequence, the
relative ehror ology of intrusive episodes in the arc is the
same 0z thot coeerved inthe Grdndalsfiell massif. The most
basic rocks are e oldest and the successively younger
intrusions lcomae incieéusingty siticie,

The degree of defarmation withan the plutonic arc is
often extrenie hut, logally, the origing! geometry of intru-
sion is preserved as shown in Figo 9. The tange of composi-
tions present in the rocks of the are is very wide and in
cludes harntiende gabhio, diorite and granodiorite (trondh-
jumite). The definition of the petregraptie character of
zach paneration is complicated by the incarporation of
senoliths of carlier basic valcanic and plutenic rocks as well
as by extreme deformation, local silicification and reduc-
tion of the primary minerals 1o greenschist assembliages.
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these dre, in port, spnvalent 1o the plutanic complox ob
served in the Grondalstjel massif. Poior to the mbjor stages
of Calgdarian dotormation learling 10 the allochthonous
emplacoment of 1he Giessvit Nappe, it s assumned that the
rocks of The mirusve are and thase of Gréndalsfjell woere
part of the tome copmplex plutonic continuum.

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

The valcarc rocks of the Glersvik eruptive complex are of
geologica! and scenomic interest for they are the host rocks

of the Skorovas deposit, The voleanic succession hias suffer

ed exttemnely Trom the effects of deformation and low-
grade metumorphusm under conditions of the greenschist
tacies. These modilicetions, together with the primary
complexity of the velcanostatigraphy, have been obstacles
10 the systamnatic mejiping of the gregnstones.

It has lang been recognized that the Glersvik greenstones
ate composed of o suquence of basic to acid rocks, includ-
ing bawlts, andesites and keratophyres of distinetly spilitic
atfinity. 2147 Becpuse of the confinement of systematic
gealogiea! studies to the immediate vicinity of the Skorovas
mine isel | poovious summaries of the volcanic siratigrephy
have teen hmiied, During e prosent study an ottampt
has been mede to document the range of primary volcanic
structures that can be obrarved at the macroscopic scale
withinthe arid and bhasic members of the stratigraphy and
1o examine thep geameiry with respect 1o meteamo phism
and deformation,

s it fioult 1o assess the relative volumes of basic and
aeid roskos v thin the valeanic sequence, but it can be said
e on thie basis of regional mapping that, in
the general 21cs af Skarovas, the dominant volcanic roack
types are basilte ond basaltic andesities with lesser amounts
of andesitic and keratophyric rocks. This fuct is apparent
from the relative outerop of acld and basic rocks shownon
Fig. 4la}, although this can only be treated as an approxi-
mate guitie, Secause of the deformed and dislocated con-
dition ol the tonuence and the present fevel of erosiun, the
i bness of voleanics is difficult 1o assess. A
regsnrelibe stimate bosed on constructed geological sec:
tions, taking inta account the effects of tectanic flattening
and extension, can e given as 3-4 km.

The sec mentary component within the pile is tanited
to very than, but stratigraphically persistent, irgn- and
silica-inyiched Deds produced as a result of chemical dis
persian during volcanie activity. Banded calcareous
greenichists, which have heen considered by previous
wiilers to be of sedimentary origin, can be explained as
tectanic {etios origineting from metamorphesed and
flattened basic How units.

The primury mineralogy of all the rocks in the voleanic
succesion Lo boen degraded to assernblages of the
greenschist fuclee. Textural evidence shows that the crea
tion el the grecnsenist facies assermblages took place during
two enlsedes, the Tirst of which was prior to the first stuge
of peretrative tectonic deformation. The eviderice con-
firming ths metamorphic ehronelogy (s best pre served with
in the basic membes of the sequence.

with conligéne

N

Basalue and aodesivie lavas

The state of delarmation of the basaltic rocks varies
according 1o their position with relation to the garly iso
chinal fold ny, the numerous lower-arder thrust hotizons

» arord - T nawhiieh thi {54 f TS drg
Fig 10, The dim

prifloves are variabte, but diamy e within thye canpe 0.5=2 m

rearly preserved, &8 shown in pstons of
arg typical. In addition to piowed basaltic flow units,
there is @ significant volume of deformed metahyaloclastite
nillaw breceia associated with the tosaltic unnt, whieh
struciurally overlies the orebocy (see Fig. 17). The pitlow
brecels lithology is tocalty transitional to wifaceous and
agulomeratic basic pyroclastic facivs ang can be traced
within a radius of 2 km around the erebady.

The ebundance of amygdales, ranging in size from 210
10 mm and, exceptionally, reaching sizes of bem, indicatles
that the lavas were erupted at relatively shallow depths,
probably of the order of 100-500 m.2?#7 The primary
mineralogy hes been completely replaced o pseudomaot phed
by assemblages compesed of chlorite, #thite, epidote,
actinglite, calcite and sphene. Stilpnomelane, regarded by
Miyashiro 38 25 atypical of low- 10 medium jressure
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Fig. 10 A, Deformed basaltic piliow lavas ohserved on
northern slopes of Grubefje!! below orebody. Cuspate
bodies of grey chert that occupy interstices between
pillows ate conspicuous. In cases of extreme deformation
survival of these chert bodies within chloritic schist provides
a useful guide to original voleanic structure of rocks.

B, Basaltic pillows from flow exposed on southwest shore
of Tredjevatnet. Eruption of pillowed bisaits followed
deposition of a dispersed exhalite horizon in vicinity of
Tredjevatnet centre. Layer of ferruginaus sitice gel, disturb-
ed during erupticn of the basalts, formed a juesper mistrix
for the pillows. Chioritized chilled margin of pllicws s
conspicuous. Significant amounts of pyrite are aiso found
in assogiation with jasper pillow matrix, the pillow lavas
lying stratigraphiczlly but a few metres from horizon of
massive pyrite
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punen! of srefosnies in th
probsabily By Lagd i terms of the ran gnncbirmem
shiowin By thety 1orke [analysis 3, Tabio 1), Suipnomelone,
incommon with the other greenschist minerals, oocurs
gitpered thraughoot 1he body of the rack and also as
monemineratic flllings in amygdates and in crosscutting
veinlets, The dominant mineralogy of the amygdales within
the plllc wed besalts varies widely. Combinations of two of
the comman areenschist mingral species are usual, involving
quartz, epidate, ealcite, chiorite, albite and pyrite. Actino
lite is not usually found in amygdaies. Within cortain parts
of the Shoroves atea the dimensions of the amygdeles and
their mingralogy hove been useful in discriminating between
individual low units, although amygdale minerslogy cer-
tainly carinot be spplied as a universally reliable criterion of
stratigaphy,

Within the more massive andesitic and Lasaltic rocks,
origiral flow textures me pressived by the orientation of
the altered plagioelsse miciohites. Augite phenocrysts are
peeudomot phed by eetinolite and chlorite and the scces-
sory ron-titanium oxides are largely reploced by sphene.
The basalts are not canspicuously porphytitic and igneous
toxiures are Treguently coneealed in the meshwork of fine
actinolite, chlorite, epldote—clinozoisite and albite into
which thie rocks have been transformed.

The ¢ifects of gresnschist metamarphiom are not only
apparent &t the micro seale but &re also demonstrated by
the gross rodistribution of the rock companents, which has
produced massive hands andd lenticular knots and spheraidal
= 3 " ‘?_‘..'L.'l:h' g . K —

L]

e — = =)

wiill LERA] al th il il Wwlres gre
a@rranioig parddel o thie surla af 1h witroctures of
s discontinucts Tayers parallel to flow surtaces s ithan

miastivg basilts and tasaltie sndesites. The wypical form
of these bodies i shown in Fia, 11,

The epidote-rich segregations are svidently pre-tectonic.
During the fis penod of pengtrative deformation the
chiloritic mauss of the pillowed basalts has tended to develop
a gontd sohrstose Tebne and the geometry of the pillows, 23
a whaolg, hat become flattened 10 varying degrees. The
epidote layers have behiaved as competent bodies and have
deformed by brittle fractuning: o extreme cases the
epitote bodies are priserved as cataciastically reduced
strears and boodine withmn the highly flattened pillows.
The textural evidence clearly demaonstrates that an
important episude of grevnschist metamorphism was re-
sponsibie for pervasive alteration and gross reorganization
of the minerslogy of the hasic rocks prior to the tectonic
event responsible for the carly penetrative schistosity in
the Skorovas region,

Deformation of the voleanic pile also took place under
conditions of the lower greenschist facies and the miner-
alogy established during the primary metamoiphic episode
was not changed, but tectonic Tacies were produced as a
tesult of further redisinibution and segregation of the
varipus mingeral species,

The metamorphie gl cration that 1ok place in the
earliest eveni prios to the deformatian of the rocks can be

A, Pilloveed basaltic tavas from northiv ot of Havdalsvatn showing development of pre-deformational metamar-
ations of epidote-rich materiats (e} paralie! to pitlow marging, During tectonic Tlattening eprdote Teyver has re

sponided by developing o systemn of brittle fraciures. £, Lenticular segregation of epidote (e} of pre-deformatior agoan
maseive andesitic lavas sputhicast of Store Skorovatn. Conjugate pattern of britt'e fractures produced during deformation
of competent lonsas is explicitly developed, as in generation of dilatant fractures Tilled with quartz, chlorite and carbonate
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Tulslg 1T Whial {1=31 with avirag

and slaind are tholeliie 117 angd C 1, Parmhiyritic gunit eifaiyr

guaris }_-_-r‘n'ulj‘.yn.fj.l. tigdjell) 3, andesate vy sliljin Glnlll:i’]i‘”,d, aldesite. Grube il B, ansisgin i
anglemerae, Grubeljell) 8, pillowed Basalt, Grabeljull, 7, pillpveed basalt, Grubedjell; 8, basalt, 8 L southisest of Grubiedjell
9, basalt, northeast Querste INewavatn

% 7 2 a 4 5 6 7 8 g 10 il
510, 12.23 70.38 55307 5934 6612 65015 4930 4299 5013 49.61 527 86
A0, 11.82 12.27 14.13 1540 1220 1370 1381 16.55 14,76 16.01 16 80
TiO, 0.80 0.27 0.77 1.06 0.96 1.54 1.89 1.30 1.24 1.43 0.83
Fe,Og 2.14 3.37 6.48 3.49 i =3 + + + +

FeO 1.28 0.44 €62 6.0 6.44 7.7 14.70" 13.87" 14.05" + +
vinQ 0.03 0.01 0.189 0.23 0.11 0.16 0.21 0.17 0.15 018 h
MaO 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 4.89 492 5.33 3.50 11.32 10.52
Na, O 7.50 8.00 5.21 7.50 6.25 8.81 6.47 6.88 7.30 2.76 2.08
K,O 0.07 0.02 0.51 0.19 0.02 0.62 0.43 0.66 0.55 0.22 0.44
P, Og 0.24 0.03 0.10 0.18 0.12 0.17 0.1 0.06 0.03 0.14 +
Loss on

ignitign 1.06 2.24 1.90 2.24 3.7 2.81

Total Fe as

Fe, 04 3.56 3.86 13283 1017 1046 11.95 + + + 12.63 11.45
Total 98.90 98.49 G8.04 10070 9824 9854 9954 00654 98.24

¢ Total Feas FeO,
+  Value not obitained by sanlytical method used.

ascribed to contermporaneous alteration of the volcanic
rocks in situ as & result of the thermally driven circulation
of sea water in the upper layers af the leva pile ciose to
the site of eruption on the Ordoviclan sea-{loor. Consider-
able evidence has accumulated in recent years to show
et fnsitu alteration of the mineralogy of submarine
baisits 1o produce assemblages of greenschist and lower
amphiliolite facies is a phenomenon of wide otcurrence
within the upper tayers of the ses-Toor.?¥35 Humphris 27
recognized that the metamorphic assembleose in recent
submarine basalts from the Mid-Atlantic Firlpe can be divid-
ed inte chiorite-dominated and epidote-dominstad types.
It is suspected that this division reflects a process of metar
marphic segregation similar to that seen in the basalts

of the Gjersvik sequence,

The in-sit hydrothermal alteration processes evidently
involye the convective circulation of large volumes of sea
water relaetive to the altered rock. Water © rock ratios of the
order of > 10%:1 were caiculated by Spooner and Fyfe %
and the alteration process is believed ta extend 1o a depth of
at least 2 km within the lava pile. 5980

The in-situ sea-floor metamorphism of the Gjersvik vol-
canic sequence was evidently an impertant event and, as well
2t cousing gross mineralogical changes by chemical redistrib-
ution within the scale of individual flew units, Lulk changes
in the chemical composition of the leves also accuried,
lezding to the conspicuously spilitic chemistries shown by
the analysis in Table 1.

The recognition of the pervasive pre-deformation in-situ
st a-floor metamorphism of the Giersvik basalts also helps
to roculve the controversy that surrounds the tectonic status
of disturbances of the Trondheim type. 172155 The polymict
canglomerate that uncenformahbly overlies the volcanic
sequengn was formed prior to deformation and alloch-

thonous transport of the Gjersvik Nappe. This is easily
demonstreted on a loce! scale by the pervasive schistose
fabric of the matrix and the distinctive stretching of the
competent clasts paraliel 10 the axes of the early isoclinal
folds {Fig. 12{A}). It can a'so be demaonstrated on a 1eyional
scale by mapping the level of unconfarmity through the
isoclingt foids of the first deformation (see Fig. ).

The conglomerate is composed of boulders directly
derived from the plutonic end voleanie sequence that under-
lieg it. Locally, the composition is dominated by maibie
clasts with essaciated priobies of Jasper, and in other places
the clagt population iz dorminsted by boutders of psheanaitic
granodiorite {trondhjemii=), diorite, meta-gabbro and
various of the resistant velcanic rocks. Pebbles of kerato-
phyre are common, but of greatest interest are the pobbles
of the metamorphic epidote =zcemblage (Fig. 12(8)}, which
have ovidenitly been derived by erosion of the metamor-
phosed basalts.

Firal and conclusive evidence is thus provided for a
Lower-hiiddle Ordovician mstamorphic event pre-dating
the Gjercvik Disturbance. The meteamorphism was produced
hy the thermal and hydrethenmal effects assotiated with the
contomporaneous eruptive activity embodied in the
Gjerevll Nappe. The tectonic movements involved in the
forreation of the polymict conglomerate were predomin-
ately yertical as opposed 1o lateral and must have been re-
lated 1o an early stage of tectonic evolution within the belt
of Lewer—Middle Ordovician eruptives of which the Gjersvik
Complex was a part.

Thie status of a possible metamorphic event pre-dating the
Trondhelm Disturbance has been discussed clsewhere.) 155
Furthier investigation will probab!y reveal the ubiguity of
wza-fleor-hydrothermal metamorphic assernblages as clastic
cenitituents of the polymict conglomerates of the Venna
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vl omuivalent hotirons [ BT i iR}
that sueh psspmblages U EILE L ! ted o the

congloreratic rocks prigd by wrganatndie wpiil of the
Crdavician sea-oor and 1hat the history of metamorphiism
wonld e as extended as the history of submarine voleanisn
Wagrnatic activitv i the belt continued afler the
eronional event, The evidence Tor thas s provided hy
auariz —feldspar porphyry dykes that cot both the eruptive
compliog the unconformity and the overlying conglomer-
ates prior 1o the firgt phase of deformanion. These dykes
are similar in compositien to ather granodioritic 1oGks
woithin the cruptive complex and ate regarded as the latest
product of cale-alkaling magmanism within the Skorovas
area,

Acid to intermediate flows and pyroclastics

There are, within the Skorovas reglon, a range of acid lavas,
tufts and agglomerates, which are locally abundant and
form horieons that can be traced latwrally over considerable
distances (see Fig. 4{a)). These rocks are of eritical interest
hecause they are elosely associated with both the Skorovas
urebody itself and with a varigty of iron. and silica-rich
sediments, which, following the conceptual terminology of
Carstens %728 ani) Oiedant ®? are appropriately described
as ‘exbialites’

Fig. 12 A, Typical appeatance of polymict conglomeraics
as seen 1o northwest of Havdalsvoinet. Flattened boulder of
trordhjemite (U displays tectonic fracture pattern charscisr
istie of its brittie behaviour. Associated boulder of marble
{rm! has deformed in 2 ductile fastuon: 8, Large pebbles of
prede | ormationa! epidoterich metamarphic segiegalions
derived by erosion from underlying lavas are a commn
constituent of greenstane beating favies of pelymict cunglos
merate. Example pholographed clase to unconfarmity on
couthe tr shore of Tredjevatnet
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win ol the didorem
T rivpit fotprdl warnability of hie vodl Lea T & wh
Iy apgalizani
sion. The distribution of the various facios of
kg within specifie parts of the Skorovas ur ca Suggests

g0t poenible 1o deseribe & umigul and wis

aeid re

that & minimum of four centre! of acid pyroclistic erup

Tian
wire active, Their products ate jpesaved, as Tar 28 15
poasibie 10 tell, a1 an approximately sivular lewel in the
voleanic sequence. ba the vicinity of the Skorovas arcbody
there is stiatioraphie evidence af at least two py1oclastic
leyels, the lowest of which is exposed in the basal slope of
Skarovasklumpen to the north of Store Skorovatn (this is
shiown in Figs. 4la) and 5).

The orebody itsell evidently Hios within the vicinity of
ane eruptive Tocus, which wall he ealled the Grubefjell
Centre. The other centres, tentatively distinguished, lie
west and southwest of Tredievatnet (the Tredjevatnet
Coentre), to the east of Overste Nestvatn (the Neshvatn
Centrel, and further east in the tenain neat Blihammeren
{the Bihammeren Centre). The main behis of aeid rocks
shown in g 4la) serve 1o identify these centres, Itis
ditficult 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 woellpreserved
pyroclastic fabrics to which Oftedahl AYA2 oy vy speaific
attention. Vatinus agglomeratie Tucivs are visible in the
sl horizons in the immedigte wicinity of the mine (see
Fig, 14}, Distal pyroclastic fucies include fing tuff bands
ments {Fig. 160a)). Such
harlzons are spread over 1srge areas and are thus valuable
siratigraphic markers,

with associvted exhaliie sedi

Pyroclasiic Tacios can fregquoently be taced laterally into
compact porphytitic and aphanitic bunds of ke ataphyric
aspeet — prosumably, flows or highly modified 1utfs. [0 the
wicinity of the € Hhammeten Centre porphyritic flovs are
physically continuous with porphyry dykes fram which the
cruptions sppedr 1o have originated, The dykes, in tuin, can
he traced 1owirtls the large mass of tondhjermite that occurs
at the vastetn and of the northern limbs of the intrustive arc,
The disjunction caused by déformanon at the marging of
the intrustve masses and within the coltanic sequendce, how-
ever, denies a conclusive statemuont concerning the connex-
jons hetween the plutonic end volcam tevels during clima
nc epsodes of acid eruptive activity,

N\
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24 e

Fig. 13 Plot of Tiversus Zr contents tor Skarovas bisic
extiusives Leireles) and basic intrusi or {1riapalest showing
abundance of low potash {island are) tholeiites (LKTI,
Distinet trend 1owards field of ealc alliline basalts (CAB)

and grouping towards ocean floor Lutelt (OFBY also shown



rocks from the

Chamirsty af 1he 1 i
Shovovas ore Tevel dre d thy soda-rich {:
2in Table i), Povromy v the rocks display @ moda!
composition dominated Ly ol
as phenoerysts and as the constituents in the aphanitic
groundmass, which is 2 mossic of albitic plagiociase micro-
lites and quartz. Whatever mafic silicates may have boen
present are now represented by dispersed chiorite Pyrite
is usually present as an accessory. The rocks are properly
described as quartz keratophyres 278 and, taking into
consideration the analyses from the basaltic snd inter-
mediate rocks shown in Table 1, itis clear that the Skorovas
volecanic rocks are & spilitic suite.

The question is immedistely raised as to the relationship
that sueh a volcanic suite might have to the plutonic rocks
at vafious siruciural levels in the immediate vicinity of
Skorovas. The brief account of the piutonic rocks given
sbove dermonstrates the wide variation in the condition of
metamor phism and deformation displayed by these rocks;
there is no suggestion, however, that the compositions are
abnotmally sodic and the faldspars, though degraded by
saussuritization, have original compositions in the range
lsbraderite, in gabbro, to olipac!ase, in trondhjemite.
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Fig. 14  Blocky pyroclastic texture (2) {top) seen in
keratophyric flow unit on Grubefjell about 1200 m west of
Sharovas orebody. Pyrociastic fragments ore slightly ilotten
ed and siliceous matrix stands out as a reticular patiern.,
Flow is part of major acid horizon with which oiebody 18
associsted. (b} Agglomerztic facies of keratophyric horizon
shown in {g). Locality is in immediate vicinity of ore
lorizon sbove mine entrance on northeast Grubefjell. Acid
fragments ate partly silicified and tectonically flattened. A
compeient quartz vein with orientation close to principal
stress responsible Tor flattening during first stage of pene-
trative deformation has responded by buckle folding

wnldichmict has given analysca ol the Type trane

he Trondbheim district and fram Incaiitios inow rry
Norway that show tatal Ne- 0 vilues i the range 4.3-6.0
w194 and K20 values in the ranae 12,5 wt ?f. This

gives & typical NagQ:Ko 0 ratio for trondhjemite of the
order of 3:1. Partial analyses of three wrondhjemitic rocks
from the Skorovas intrusive arc % show that the Na; O
contents fall in the range 2—4.5 wt % and K, 0 values {all
in the range 1—2.5 wt %. Ns,0:K;0 ratios are of the
order 1:1.5—3:1, This range is clearly of the right order for
trondhjemitic to granodioritic rocks with 510, contents of
zhout 70 wt %. The Na;O: K50 ratios of the spilitic

1ocks are one 10 two orders of magnitude greater than those
seen in the regionally associated plutonics (see Table 1),
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Fig. 15  Exhalite horizon (@) {top} 2 km east of Qverste
Nesdvatn. Stratigraphic sequence is complex and made up
of graded lapilli tuffs overlain by pink to brown coloured
banded cherty sediments incorporating magnetite, hema-
tite, stilpnamelane and iren-rich amiphiboles. Purple chert
band shows isoclinal fold style of certiest deformation with
conspicuous refraction of eatly cliavean. () Banded
pyrite- magnetite sediment typical of reduced facies of
irgri-rich exhalites (vasskis). Large pyrite porphyrobasts
have suffered catac!asis and dislocation to varying degiees.
Specimen from 1.5 km north of Bifhammeren. Scale in cm
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slishy 1

beingundinahe: ' n1 1imet
diffgrencas in chiemising bptween the pluionic and 1he
voleanic seauences, hut it is clear that the most signil

chemical differonce does lig in the conspicunus entchiment
in sodium, which tias evidenily occurred in the whole ranipe
of the valcanic suite,

The chemical dscrepancy displayed by ihe volcanic and
plutonic suites af the Skorovaes area has heen the root of a
lengthy controversy concerning the affinities of spilinie
rocksin genetal. The problem has been discussed by
Wells, 7877 Sundius %8 and Vallange, %979 among others,
and it is clear, after the review of the problem by
Vallance, 5970 that the cise for post-eruptive metasomatic
altergtion of alkali contenis by circulating sea water is
strong. Taken in conjunction with the textural evidence
described above, there seems little reason 1o doubt that the
spilitic character of the Skerovas volcanic sequence is the
result of metasomatism, which accompanied the sea-floor
metamorphism of the voleanic rocks during Lower
Ordovician times. This metasomatic alteration by cireulation
of hieated sea water changed the chemistry of the rocks,
notably enhancing the Naa O content and concealing the
natural magmatic consanguineity of the voleanic and
plutonic rocks,

Magimatic affinity of Skarovas eruptives and their
tectonic significance

The relative mobility of the major elerments in hasic and
ecid rocks during metarnarphic alteration poses obvious
problems with repard 1o the determinstion of the magmatic
affinity of eruptive ssquences and the confitmation of
cansanguineity within them. Cann,? in 1970, recognized
the prssibility of using cortain elements, notably Y, Zr,
Mh and Ti, which ware unaffecied by severe sscondary
slteraiion processes, #s indicators of the magmatic afiinity
of ocean-floor besalts. Prarce and Cann 48 subsaquently
exiended this concept for use in deter mining the tectonic
setting of basic volicanic 1ocks by empirically defining the
ranges of variation of the 1izble trace elements in soites of
basaitic rocks collucted {rom various defined oceanic end
istund arc environments.

Sixty-nine basaltic rachs from various parts of the
Skaorovas district have beon analysed Tor stalye trace
glements. In Fig. 13 tho va'ues for Ti ere plotted apzinst
those for Zr with reference to the fields of various bassltic
megma types as defined by Pearce and Cann.*® In azddition,
the Ti/Zr values for eight sssociated gebbiroic to dioritic
rocks from the intrusive arc are superimposed. These rocks
were chasen for their even phaneritic texture and lack of
conspicuous layering. The plot shows that the basaltic
rocks of the Skorovas district concentrate in the fizld of
island arc thoieiites with a notable trend towards the ficld
of calc-alkali basaits. It is also possible 1o recognize & graup-
ing of values towards the field of ocean-floor tholeiites.

The coincidence of the analysed values in the plutenic rocks
with the field of istand arc tholeiites is regarded a5 & con-
firmation of consanguineity in the groups of basic pluranic
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 genciated.'¥28 Noreover, a Lnow-
ledge of the fiald relationships in terms of the chronology
and relative volumes of the eruptive rocks at the plutonic
and veleanic levels confirms this view. Little quantitative
information js available concerning the relative volumes of
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comparative estimatos bosod an olssvations of 1
Sundwiehy lsland volcanic sequence, and theee s fud g
to be in the sume order of propattion ot 1hos brset
1he Skorovas aiea, notably bazalt ™ andesite > danie a
rhyolite (or their spilliized equivalents). In the case of

different order — andesite ™ hasalt, The field evidence,
taken in conjunciion with the supporting infermation from
chemical analysis and petiographic examination, forces the
conclusion that the eruptives of the Skorovas area are, In
{act, the constituents of an immature islend arc of Lower

to Maddie Ordavician age formed within an ensiinatic setting
peripheral 10 the Laurentian or the Scandinavian craton.

The eruptive secuence, its maygmatic evolution terminated,
was emplaced as the structural and stiatigraphic core of the
Gjersvik Nappe during the climaelic stages of the Caledonian
oropeny in mid-Silusian times. The tectonic decapitation of
the istand arc is believed to have originated with the collision
between the Scandinavien craton—are margin and a
Laurentian counterpart; 1924 the tectonic transport in-
volved in the process of emplacement is estimated to have
heen at least 200 ~250 km 16.17.63.64

Skoreovas orebody and pariphera! exhalative mineralization

The descriptinn of the volcanic host rocks given above
confirms the assaciation betwesn the Skorovas orebody and
&n eruptive sequence originating in an immature ensimatic
istand aic of Lower 1o Middle Qrdovician age. |t is eppropriate
io cunsider the morphotogy and mineraiogy of the ore deposit
and the peripheral exhatite mingralization of the Skorovas
region in terms of the exhalative voleanic hydrothermal
origin proposed for it by Oftedahl 4142

The orebody is situated within @ part of the voleanic se-

guence displaying distinctly czlc-alkaline character. Aport
from the keratophyric pyrociettic and flow units, at the
level of which the o:ebody is located, the sequence includes
2 thickness of basaltic andesites and rocks in the range of
sitica contents appropriate to andesite and dacite, now
represented by spilitized equivaients. The precise stiati-

rzphic location of the orebody with respect 1o the acid
horizons is difficult to establish owing to the disjunctive
teclanic style, but there is ne doubt that the association
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Fig. 16  Two sections of east orebody at profiles 59 and

73 east—west situated 140 m gpart along morphological
exis of orebady. Progressive develupment of a first-phase
isoclinal fold is illustrated togathur with complex digitated
style of isoclina! closures. Open style of second fold phase
shown by undulation of iower contact of ore on profile

53 east—west
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Thi Skore aiohody, at tho present stote of dovidlap
ment i 1o 1o comprise between 8 GO0 000 and
8 GOU 270 1omy of massive sulphide ore, including 1 500 000
tons of voentially pyritic ore with minimal base-metal
content. Fram the initistion of production in 1952 until
197508 sppveximately 4 700 000 tors of ore were milled

to prodoce pyrite fines with an average grade of 1.2% Cu,
1.8% Zn and 45% 5. This econcentrate was marketed
primarily for 115 high sulphur content. Following the de-
cling in the market for sulphur-rich concentrates, a new
beneficiation plant has been consirucied for the production
of Cu and Zn cancentrates. Present ore reszrves are calcu-
lated ec approximately 2 000 000 tons with an average
grade of 1 15% Cu and 2.29% Zn. It is a ditficult prob-

lem 1o sssess the dverage grade of the mineralized body as

a winole since this clearly depends upon the geological-econo-
mic eriterig chosen to define it. 11 s, nevertheless, possible
to stale that the mineralogy is dominantly pyritic and that
the sulphur content of massive ore is of the average order

of 35wt % with Zn > Cu 2 Pb. Zinc content is of the
order of 2wt % and Cu <1 %.

Structural style of orebody
Tha murphoiogicd complexity of the Skorovas orebody
causod by tectunie disjunction of isaciinally folded lenses
and the extreme tectonic deformation of the wallrock
grvelope bas been & considerable obstacle to the clear
furmation of & genctic model .20

The orebody can be described as an en-échelon array of
cintely speced groups of massive suiphide lenses, the dis-
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orrntation and with gawigdih of 1 i
repressntative ctoss-section of by 1z shown in
Fig. 17.
The lenticular bodies have then prindipal planes arieniat-

ed parailel 1o the axial planes of firsi-phase isoclinal folds
and the individual lenses ate apparently, 1o a significant
degree, the products of pairtial disjunction of fold limbs
within that fold system. In detaii, as is shown by Fig. 17,
the ore zone shows a longitudinal division into an eastern
and & wesiern orebody. This division may reflect the shape
of the orebody at the site of accumulation prior to deform-
ation. The lateral extremities of the ore lens systemns char-
acteristically show multiple digitation and bifurcation and
there are frequently zones of sulphlidic impregnation reach-
ing or¢ grade that lie between the digitations of massive ore.
As Gjelsvik 29 noted, discordance is locally observed be-
twween the centacts of some of the larger massive lenses and
the schistosity of the wallrocks. This evidence, together
with the irregular geomeltry of the orebody as a8 whole, was
used in support of en epigenetic mode for the formation of
the deposit, although Gjelsvik cunceded that early folding
had probably been an influence in creating its present
morphology and that emplacemsnt took place immediately
following the eruption of the volcanic sequence in Lower
Ordovician times.

1t is possible 1o explaln the local discordance between
early schisiosity and the contacts of the mastive lenses in
terms of the contrast in the mechianical behaviour of the
base-metal-poor pyritic ienses and the voleanic waiirocks
during the flattening and lsocling! folding of the first stage
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presentative section through east and west orebodies at profile 42 east—west showing principal Ithological

divisions of host rocks and position of zinc-rich fecies along footwall of principel eestern and western lenses. According to

structurd! interpretation zing-rich level is stratigiaptiic top of ore,

Complex digitation of ore is well lustratad

145



§ ' HATTI T, ¢ i i
01t b kU o Lry g I

I 1 the ore contacts during hi murst

gl kbve been magnified in response to the stresses impoidd
durning the wipond nenod of felding,
The varly deformation in the imimediate contact 7one of

the orebody was sufficient, because of the contrast in com-
petleoy, 1o oreate & schistose tectonic fucivs composed
precdominantly of chiorite, carbonite and, localty, tale,
T se components were derived by seqregation from the al-
seredd basie host rocks — andesite, besaltie, andesite arid
hasalt, The schistose tectenic envelope is shown logatly in
Fig. 7. The creation of this envelope focilitated the con-
tnuance of companental movernents within the vicinity of
the ore conthets during later deformation.
The histary of structural deformation within the orebody
can be summarized as fallows:
{1} Early isochnal folding, accompanied by creation of a
schistase envelope with componental movements in
the vicinity of the orebody contacts, led to a
tectonically disjunct style.

{2)  Periods of post-schistosity deformation produced
folds of various scales. In the immediate contact
zane small folds of up to several metres in wavelength
accur sporadically in 1esponse 10 jocal variation in
orebody geometry. The orebody as a whole, howeyer,
was foided ona broad open style, which is typicat
of latgr deformation in the Skorovas region, This is
shown in the isometric projection {Fig. 16).

(3)  The fing! episode of deformation was marked by high-
angle fractures of low displacement with a general
northarly trend.

The early ivocling! structures digplay axial alignment in a
north to WNE direction with axial planes dipping at approxi-
rrataly 287 towards the cast. This is reflected in the axial
elnngation of the orebody. The later open folds, part of
the regional dome and basin system shiown in the structural
anelyus (Fig, 4(A)}, have stecply dipping axial planes and
&n uxlal trend of approximately NNW orientation con-
¢ sidant with the pattern of the adjacent structural basis,
on the flanks of which the orebaody lies,

Minoralogy snd stratigrephy within orelody

bulk camposition of the Skorovas crchody reflects a
minerslogy of comparative simplicity. Pyrite, sphaletite,
imoynetite and chalcopyrite are the daminant ore mineral
tpecies, Pyrrhotite is conspicuously sbsent. Galena occurs
in much smaller simounts, and arsenopyrite and tennantite
aecur locally as accessory constituents, This mineralogy
azcounts for the average range of trace and minor metallic
elernents recorded in analyses of the aielindy, the following
velue: being considered as representative averages: Co,
100 pprm; Ni, 20 ppm; As, 300 ppm; Ag, 10 pmi, and
Au, 0.1 ppm. Cadmium is notably enriched in sphalerite-
rich focies of the ore, reaching values of several hundred
eritn, end Mo reaches similar values in the pyritic facies.
Nogt of the minor ehemical variation can be aceounted for
by disdechic substitution within the commaon ore minerals.,
Areenic and silver are notably contributed by arsenopyrite and
tanmantite, and grains of native go'd have been ohserved as
inclusions of B um in size in arsenopyrite from peripheral
parisof the ore. The principal gangue minetaiogy of the
are eensitts of chlorite, quartz and caleite, tagether with
leeser armounts of sericite and, locally, stitpnomelane.

The structural and stratigraphic evidence summarized
here and by other authors 292747 has contined the choice
of genetie modeis for the orebody to the fellnwing

146

i The straniorm
drasult of
ty of an acid
nelic emplucoment of the ore

pruplivie centre of {2) ep
body by teplacemant of purt of the volcanic sequence in

the vicinity of the eruptive eentre, this taking place during
pest-eruptive hydrothenmal sctivity in eatly Ordovician
tirnes,

f the first alternative is 1o be given favour, it would be
desirable 10 be able 1o recognize some evidence of
stratigrnphy within the orehody. Gjelsvik 29?1 conducted
a systematic anslytical study of the major base-meta! con-
tents of are from 43 drili hioles on selected profiles spanning
the length and breadih of the orebiody. The resuits of this
ciudy showed that the conments of zine and copper varied
antipathetically, zine showing a tendency towards enrich-
ment in the peripheral zones of the orebody and copper
tending 10 congentrate in enriched core regions. 1t was
also noted that the overall content of copper and zinc
showed an increase towards south of the orebody. In the
southern part Glelsvik noted that zine, in particular, is
grwriched towatds the hanging-wall and in the eastern and
wostern extrernities of the ore ienses. in the central zone it
is enriched in the vicinity of the footwa!l contact (Fig. 17).
In the northern part of the orehady the compaosition is
essentially pyritie, with minimal Lizse-metal content. The
analytical data prove a systematic variaiion in base-metal
content both laterally and vertcally within the orebody, and
this is conflvmed by petrographic studiss and field
obeervaiion,

In the course of e present study it has bean possible to
rocognize facies of the ore that are probably of ehemical-
nrary orlgin énd these which are essentially teclonic.
The pattern describied by Gielsvik 7927 probably reflects
the influence of both processes, The primary textural
ayidence for the op cration of sedimentary processes in are
deposition is given by the graded banding of the pyritic ores
in which rapid changes of mods! composition and grain
size oceur Trom band 1o band. This iype of texture is
shown in the bandad pyrite, sphalerite magnetite ore of
Fig. 18(C). Itis highly unlikely that such banding 1s of
tectanic origin. Wioreaver, where tectonism has had a per-
vasive ef fect on the are, the textures are of distinet!y tectonic
style {soe Figs. 1813) and 18(D). Figs. '18{A} and 18(8)
show that the deformation of the pyritic lenses vwas marked
by moutual impaction and cataciasis of the constituent
grains. Any gross tectonie flatiening or extension of the
lenses must have been sccomplished by relative movement
hetween the individug! grains accompanied by cataclastic
dugradation. This mechanism has been described as macro-
scopic duetility by Atkinson,’ who has also shoven that
cataclasis is probably the only significent defermation
machanizm available to pyrite, under dry conditions in the
P- T range appropriate 10 the gieenschist facies. Itisun-
likely that deformation took place under dry conditions, 48
but the range of textural evidence strongly suggesis that,
within the massive pyrite, cataclasis was the dominant de-
formation rnechanism. Atkinson ' &izo notes that the
strength of polyerysialline pyrite is strangly and inversely
dependent on porosity, Large volumes of the Skarovas ore-
hady are composed by nearly monomineraiic close packed
agyr egates of pysite with low porosity and, when lithified,
these masses must have behaved in & highly competent
manner relative to the adjacent chloritized levas and pyro-
clastics. Under the influence of the tecionic stresses pre-
vailing during the first period of deformation it seems reason-
able to propose that the style of deformaticn within the
orebody may have Lieen controlied by tne development of
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ore lenses cogid e exploined 3 well as the ranity of well
preveryed linclingl structures

Tectonic mineralogieal facies of the arebody sre un-
doubtedly 1eongnizable in the basemictabenriched lenses
and extremities on the lateral pariphery of the are. Zing
values are pnhanced by an order of magnitude and lead
values by two orders of magnitude. Thos s shown by analy-
sis G inTalve 2. The typical foliated 1exture of this ore is
shown in Fig. 18(D}, which also displays the incipient
tavelupment of a crenulation civavage related 1o the second
phase of deformation.

Tectonic mechanisins are not, however, the sole explan-
ation of the peripheral enrichment of hase-metal values; nor
do they cornpletely explain the stparation between maxi-
mum 2inc and copper values in the pyritic ores. There
appears 1o be a definite stratigraphy in which cuprifeious
pyritic ores (analyses 1 and 2.0 Table 2) are overlain by
zinc-rich ores with laterully developed foeias rich in banded
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shiown as 3 ang 4 an Table 2,

11 apypears alvo that & distincy primacy fatoest varialion
may a'so have beon present 10 socount for the grraerally ae
pleted tevels of copper and zing in the northern part of he
orgbindy. Final evidence of the uperation of chomnical
sedimentary processes in the formation of 1he archody s
provided by the oeclrrence of magnetitic and hematinie
chert bands (Jaspur) in ihe Toot and henging wills of the
orebody stratigraphically overlying the magnetite and zing
rich facies,

Evidence of a primary stratigraphy within the o1 ehody
clearly exists despite considerable tectonic modification.
it is also plain that the metal disiribution can be interpreted
in terms of a stratigraphic zonation, which tesembles that
found in crebodies of undisputed volcanic exhalative
origin in sueh areas as the Miocene Green Tufl beit of
Jopan.30

The detailed palnsgastic reconstruction of the lateral
and vertical facies variation wittin the complex Skorovas
orebody is the subiect of a current study by Reinsbakken

Fig. 18 A, Typica! compact pyritic ore with minor
arnounts of sphalerite {grey). 8, Mutual impaction relation-
i in pyrite grains from coarser facies of massive ore
showing cataclastic mechanism of deformation. C, Zine
rlch ore with magnietite typical of upper stratigraphic levels
of orebody showing evidence of probable primary gradation
and sedimentary banding. Pyrite, white; sphalerite and
magnetite, grey; silicate, dark grey. D, Foliated texture of
zing- and lead-rich periphera! tectonic facies of ore. Incipient
crenulation cleavage is visibly developed with seivctive con
centration of galena (white). Gangue matrix (dark grey) is
composed of carbonate and chlorite
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Average metnl values 1or Skoproves are types and

% ! 2 2 4 § [ 7

g 45 80 47.20 3880 4228 2150 B1.10
Cu 1.09 2.30 029 079 147 CO6 0.20
Zn 0.15 080 390 Q33 42420 002 04
Pb 003 004 008 poa 400 001

1, Mosive pynitic ore (27 sampiest; 2, copper-rich ore {14 sarmpies);
3, banded magnetitu-rich pyrite—sphisterite ore with carbonate (18
sarmples) ; 4, pynitic zine-rich ore at stratigraphic top of orehody (13
samples) ; 5, Zn-Ph ~Cu~ich periphural ore — probably a tectonic
facies (2 samples; B massive hase-metal-depleted pyrite or ‘vasskis’,
Havela'svatn (1 sample), 7, relatwely ennched pyritic ore, Skorovas
(30 sampries).

ronetion within the Kuroko deposits.®3 The applicability
of such ¢ mode! depends on the existence of conditions such
that the metal and sulphur-enriched hydrothermal solutions
are not rapidly and widely disporsed Into the deminantly
oxidizing conditions of the sub:marine envitonment, This
requirement toest be met by tepogrephica! barriers in the
vicinity of the hydrothermal emanations or by density con-
trasts hetween the emanating brines and ses water.”® 1t is
upon the presence or shsence of the conditions cutiined that
the distinction hetweon the hydrothermally intersive and
the hydrothermally extensive exhelite phenomena in the
Skoroves area is hased.

Feripheral exhalative mineraheztion

The magnetitic cherts and jesper Tound at the steatigrephic
top of the Skorovas orebody signify the restoration of
chemically normal oxidizing conditions in the wicinity of
the orebody. These forruginous siliceous horizons represent
g cominuupm between the ntene nsive facies of
mineralization (see Fig. 19). The relative freguency of the
gssociation between ecid pyrocstle horizons of various
facios and banded magnetite—pyrite end chert in the
Skorovas area, and within the Crongleit a5 2 whole, was one
of the primary inspirations for the theory of exhalative-
sedimentary ore genesis expounded by Oftedehl in
1858,4 42 who carried forwaid the coneepts formutated by
C.W. Carstens 78 in his studies of the Leksdal type

of sedimentary sulphide deposit in the Trondheim district.

Oftedah! 42 erriphasized the association between acid

pyroclostic activity end the formation of the iron- and silica-

enriched seciiments. Understanding of the various exhala:
tive facies has been caried forward in the course of the
present study.

The rmain characteristics of the extansive peripheral ex-
halites are noted below.

{1} The exhalite horizons are relatively thin, 6.1-2 m in
thickness, are laterally persistent within the velcano
stratigraphy and can be traced over distances of the
order of several kilometres.

(2} internal variations of stratigraphy occur in dzizil,
The sequence is @lways marked, however, by a chanas
from a recucate sulphidic or megnetitic banded
stratum to an oxidate Terruginous chert (jezper).
These changes occur ina vertical sense (Fig. 20} and
alse, genwially speiking, in a luteral sense.
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In the course af such a process rapid snd comiplete mbang
of the residual hydrous fraction of the docitic magma with
oxidizing sta water will have occurred, The hose metsls will
have beon subjected 10 infinite dilution in the course of
such a process, leaving oxidized iron and silica hydrosols in
sowpension, The hydrosols witl have suffered greater dis-
persion than the pyroclastic fregments and by subsequent
setthng will hove produced a thin sieatum of iton- and silica-
rich sediment that extends well beyond the limits of the
latter. 1118 for this reason that the extensive exhalite hori-
zons are so named. They also constitute valuahle time-
stratigrophic mun kers within the intrinsicaily varinble
volcunostratinraphy.

The sulphide —magnetite mineraiogy of the reducate
facies is 1o be ascribed 1o post-depasitional bacterial redue
tion of iron, depasited in the oxidized condition, A iypical
facies of this type is shown in Fig. 16(b).

The simple stratigraphy shown in the jdeal section (Fig.
20) can be regarded as the product of a single dispersal
event, Some exhalites, however, give evidenee of episodic
explosive and fumaralic activity that results in a complex
cyclic stratigraphy in which twff bands are intercalated
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Fig. 19 Scherne of interaction of hydrothermal brines

with sea water (@) (top) (after Sato 34) and schoematic
eruptive and hydiothermal events in Skorovas volecanic
centre during climartic dacitic episode {b)
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As well as being valuable time-stratigrephic markers, the
exhalites inay e developed as a tool in identifying vent-
proximal andl vent-distal environments and have ohyious
value asa guide in exploration. An irvestigation of exhalites
as an exploration 1ool is currently heing carried out in the
Skdrovas area by Ferriday, Halis and Hambira,

Conclusions
11 was recognized in the earty stages of the present study in
1072 that the Skorovas ares previded o unigue windaw on

the eruptive and ore-farming procesies that teke place within
o Palaeczoie island ore environment, An attempt has been
nadde inthis paper to describe the major eruptive, hydrother:
mal metarnn phie and tectonic processes that have acted to
produce the [aresent geology of the Skorovas area in the
context of its position in the Glersvik Nappe.

Artention has been specificelly dirscted to the hydro
tharmal processes 1hat take place &1 the voloanic level, hut
it is Important to record the cecurrgnce of cumuius ores of
magmatic grigin within the plutonic complex. At
Liltefiellkumpen, to the north ef Skorovas (see Fig. 4(a)),

a srmall platinum-bearing pyrrhotite ~chalcopyrite—-pent-
landite lens hias heen found in assacistion with a minor body
of mutigabore, This occurrence was Juseribed by Foslie

and Jotinson-Heést in 1932."% The present study has shown
that small cumulus bodies of chalcup yrite—pentiandite-
hearing ore occur at @ variety of sites in the layered gahibros
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 typity
the oreforming environment within an ensirnatic pericratonic
island aig, and only the parphyry siyie of sub-volecanic miner-
alization gppenrs to he shsent. This may, however, refleat
the immsture character of the arc.

The study hps also ptaced the Giersvik, Trondheim and
releted dlsturbionces in their proper geological context as
iplift associated with the stages of evolution of a
peticrate i are system in Lowsr to MVaddle Ordavician times.
VMervca! mooements of this style can bie said to be a character-
istic feature of the evotution of are systems, 7V and Mur phy 32
haedeseribed fault-hounded back-arc basins of Tertiary agein
thet containup to 8-km thicknes of clastic sediments,
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Geology of the Skorovass Mine: A Volcanogenic
Massive Sulphide Deposit in the Central
Norwegian Caledonides

ARNE REINSBARKEN

femsbukken, A 180 Gealogy af the Shorovas Mine: a volcanagenie masave
sulphude depumit i the Central Norwegian Caledomdes. Narges geal Lindres. 384,
F24-151

Ilie Skotovass urebody s one of the major stratabound base metal sulphide de
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124 ARNE REINSBAKKEN .
Introduction

In racent vears attention has been focusing on the Caledonian-Appulachian
orazenie belt in the light of the ‘new plate tectonics’ (Wilson 1960, Dewey
FI08. Mivashiro 1972, Gale & Roberts P74 Vokes & Gale 1976) and on the
voleanogenic sulphide mincralization associated with island are s olcanism at
destractive plate boundavies (1orikoshi L9069, Clak 1971, Sillitoe 16572,
T35 Sawking 1972, 1670, Lambert & Sao (97 Lo Garson & Miwchell 1977
and Sato 1477,

Recent publications on (e arcenstone belt of the Greng district and s
assHciated pariie depasits (Gjelsvik o, 1968, Halls et al. 1977) have
helped 1o set the Skorovass deposit ina more modern context in the light of
curent theoties ol plate tectonies and assocated minerabization, Talls et al.
H977) have given a detatled account of the tegional tectonic and stiaj-
Sraphie setting of the Skorovass deposit. The Skoravass deposit has also
recently been efred by C. ] Dixon ( P78 in his Athe af Feonomic Minerel De-
Jiootis as u good exampleof the type of base metal bearing pyrite deposit that
vceurs alonye the (,‘illl‘(]()t)i‘II1—.\})[}alil('!1iilll wld belt”. With the incl'(':lsing
attention that has heen given tothe Skortavass deposit, it seems only apt that
a detalivd account of the mine geotopy should new be presented, This paper
summanses the regonal tectome and stratigreplie settng of the Skoro-
vass arebods ably dealt with by Halls et al {1077y, provides a more detnled
accouat of the volcano stratigraphy and geacheminty of the hast 1eck Lihe.
logies und of e various sulphide facles of the arebody itself, and discusses
the relationship between (he munerahzation and voleanism the light of the
now accepted vole antgeme, syngenete exhalative maodel of sulphide depost
tion. X preliminary account s also given uf the fithologies of the various
vuicanic units and 1he stratigraphic relationship between these voleanic units
and the enclosing suiphide ores, This das farms part of continuing doctoral
thesis project by the authaor at the Geological Institute, N I'H, Trondheim.

Locatioxn

The Skorovass mine lies in the heart of the central Seandimavian Caledanian
mountain chain within the southwestemn part of the ‘Grong district’ clirucll)’
southwest of the large lake Tunnsjo, approximately 25 &m west of the
Swedish ~Norwegian border at latiee H1°38" N and longitude 13004 I
(Figs. 1 & 2). The tiny mining commum v of Skorovatm Hes i valley bottom
atan elevation of 300 m asJ. cnclosed on three sides by completely burren
mountaing which reach an elevation of 900 mast. The mineitseifis situated
on the norh facing siope of the monntun G ubefjell at an elevation of 620 1n
asl (Frg 3) where the main adit extends due south for several Kilometres
directly beneath the main vrebody.

HISTORY
first record of sulphide discon ery at Storovass dat s back 1o Sept. 1873,
althourh some prospecting in the district bad heen carned ow eariier. With
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Frg 1 S geslogical mup of the Seandires san Caledomnides shans g the main districis of
stratform soleanogenic ores and location of the Skon wass orehody (Alier Halls et gl 19770

its large rusty zone over the surface projection of the northermn extent of the
matn ore zone (reported to be .'\'um'a}"a. Lugest post-glacial gossan}, the
Skorovass mine area must have been a source of curiasity fo; many an carty
traveller. The ‘Gammelgiuva® (pid mine) was fist staked in 1810 onad-4m
thick massive pyrite lens, the stface projecton of the main are zone, and an
intense explotation ds ling surs ev plus the di ing ol anexplotation adit was
carned out by Elekitokjemisk A8 during the petiod 19131916, A second
pertod of mtense explotation was cartied out fiom 1923 o 48 under the
leadership of state geologist Stemar Foslie, The Skoro s mine wis fnally
put nte producuon in November 1932, although some desperate attemnpts to
apen the mine had Leen made by the German occ upational forces dunng the
second world war,

The Skorovass mine produced crushed pynte from 1932 up tao the avtamn
of 197 when o selective fle:ztion plaat was put imto operation producing
both copper and sine concentiates.
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The Skorovass deposit ueeurs within the allochthonous greenstone belt of the
Central Norwegian Caledonides and is located at the acid valeunic level of a
complex eruptive sequence of probuble Lower ta Middle O:dovician age
knowa as the Gersvik Nappe (Hadls etal. 1977), The Gjersik Nappe consti-
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Frg 4 Simphbied geological nrap of the Skorovass area {38V = Store Skarovatn, GR = Grube.
flellet, ONY Ovenste Nesavatmet (Fam Halls et al. 19770,

(Spooner & Fyvfe 1973) and this is venfied by the abundance of nearly mono-
minecralic epidote clasts in the derived conglomerates (Halls et al. 1977).
The relationship of the ereptive and sedimentary units s interpreted in
terms of the evolution of an ensimatic island arc of Lower ta Middle Qrdovi-
cian age which underwent uphft and erosion prior to emplacement on to the
Fennoscandian basement duving the &) mactic stages of collision tectenism of
the Caledoman vrogeny 1 Silurian tmes,
The eutne spneous and sedimentary assemblage has been affected by the
deformational processes of wllochthonous emplacement hat the gress differ-

ence i competeace between the component lithologies has resulted in a
particaiarly heterogeneouns style of deformation in which lolding, conipo-
nental sliding, fracturing and punetrative metamorphic recrystallization have
been governed largely by the geometry of the most competent lithologies.
These are notahly gabbro, diorite and grar odiorite (trondhjemite) intrusives
and. within the extrosive sequence, by compact rhvodheitie flows and their
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spilitized aphanitic equivalents (keratophyre). The heterogeneaus patiern of
deformation is resolved in terms of two main stages of folding complicated by
componental sliding movements,

Volcanic Stratigraphy and Greenstone Geochemistry

Primary voleanic sttuctures and textures have heen deseabed from the
western part af the Norwegian Caledonian greenstone helt and have been
used successfully 1 decphenmg the volcano stiatigraphy and providing
way-up determinations as an aid to mierpreting the pumeaons fold structures
found in these area {Furnes 19720 1973, 1974 Fumes & Skjperle 1972, Gale
1975, Grenne et al, i press). Detaled mappmg within the Skorovass imine
aren (122000 sealed has helped to decoment the many prmoy submaernine
volzanic structutes and textwes that have not pae \mn\l\ heen deseriped
from this wea, eg., close packed pillows and assectared [ll!l:l\\ hreccias and
hyvaloclastites, amyadales, fow brecoas and Qow tep hiecous, banded tatts
and agglomerates, and acid explosian breecas and Tapall watis thigs. Sa-d &
). The wse of these prmary volcame structimes 1y conjunction with the
intrnseve relationship and whole tock geochemstrs has helped 1o delineate
a voleanie stratigraphy within the imumediate mame wea whuh comprises a
metaveieanic sequence mnging m compositon fiom besalts and andesites
through to thyvodacites.

VOLOCANIO STRATIGRAPHY

The voleuno-stratigtophic sequence of the Skorovass mine area can be

divided into three major units {Fig, 6):

1) the Lower units, the oldest voleames in the arew which comprise dark
chjorite-rich metabasalts and minor Fe-nch metabasalts, occurming pre-
dominantly as massive Jows and close packed pillow lavas,

2) the Middle umits, an interraediate to acd voleanic complex of massive
andesitic and daciue and stlpnomelane beanng metinoleanices, capped
by ashyodacite ‘dome’ and accompanying explosion breceia” and mixed
tafis which are imtimately associated with the mussive sulphade nunerali-
Zation.

3) the Upper wits, the voungest voleames, which iminediately overlie
the basic tulfs and sulphide minerabzaton, are composed of relatn elv Ca-
Mg nch basalue w andesitie greenstenes occurnng pudnmm&r‘tl_\ as
pate. epidote-nch, close-packed pillow lavas and minor parphyritic
massive lows.

Lower Voleante Unit (unity A+85)

The Lower Volcanic Unit consists of two minor units, A and B (Table 1,
Fig. 6). The lowermost unit, Unit A, is dominated by dark green chleritic
and miner epidote-bearing metabasalts which oceur mostly as massive lava

flows ard minor flow breceis. Some areas are dominated by pillow lavas with
£ )
epidote-nch nims and cuj)_s cud associated pillow breccias and hyvaoclastites,
3 p
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Frg 3 fzed) Photographs of pramary colcamic stragtures and textures found at Skoroviss:
{a) Deforned Feoneh metabasaltoe pillow favas, unzz B of thee Lawer Valeame Unit from be
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At the uppermost contact of this unit, especially within the mine area, there is
an upward gradation into a distinct herizon og Fe rich metabasalts. wmt [
these uccur mainly as elose packed pillow lavas. The Feorich greenstones
have a characteristic dark greenish-grev, almast black colour and are strongly
magnetic (finely disseminated magnentel, and contain conspicnons quasts:
and chlorite-filled amvgdales and ticuspate grevish-white chert filied mter
stices bBetween the individuad pillows (Fig. 5a) In many places the Ferich
piloved metabasatuc sequence s separated hom the uverlying vounger
votcanics by a thin persistent horizon of grey chent and tie bands of magne
tite, locally termed the fron Formaton (g 6 & 7)

Muddie Voleanic Unit (units (C+13)

These units consist of u complex of intermediate to ac id metavolcanics which
forms a prominent stratigraphic sequence throughout the Skorovass district
and which thickens noticeably within the immediate mine area {(Fig. 4).The
Jowermost unit, apet , Torms the greater part of this sequence and consists
predominantiy of very dense, massive meta-andesitic ow s with minor quan-
tities of associated breccia material ocoumng as flow breceras and low wop
brecos and with local nunor zones of pillow lavis and associated pallow
brecaas (Fig. 3b) This intermediate volcame sequence, wnit O 15 quite
vanable incomposdion as minor metabasalts and metabasaltie andesites also
oceur within the dommating aphanitic lavas, The rocks of ths sequence are
characterized by their dense, compact nature and pale grevish green colora-
tion, refllecting an increase i :i;-hamllu' albite and mimor quints; 111(-} are also
relatively magnetic, reflecting a content of finelv dissemimated magnetite
(Fig. 5bh Quartz, epidote and nunor stilpnomelane occunr in corspicuous
large amvgdales, gas bubble nms and tension gash and fracture fillimgs,

Sulpnomelane i a charactenstic mineral of the wtenmedate volcame
sequence (emd ¢ occurrmg es dilfuse browmish patches and concentrations
thronghout the sequence in bath the massive bavas and the pillos lavas and
assoctted pillow breceias, However, itoceuns most notceably concentrated
in areas donunated by numerons acid voleanic dykes that intrude the Lower
and Middle Volcanic Units and fornm feeders o the farge acid extrusive
‘domes’ that cap the imermethate volcame sequence m the viemity of the
Skotovass orebady (Fig. o),

The acid voleanic senes, wart £, forms the uppermaost division of the
Middle Volearme Unitand is a conspreeaus and 1esistant sequence of rhyoda
citic dvkes and thick bulbous bodies or ‘domes” of white thyvodacite and asso-
ciated anguler breceia or ‘explosion breea” (Honkeshi 19648) directly over-
hving and lankmy the man thyodacite ‘domes” (Mg, Se ). Comparable 'p]u'nn—
mena bave been reported from the Miocene Kuteho type deposits of Japan
by Horikoshi {1909} where the tulf breecias are considered to be contact
products between the dacite magma and the seawater, and the explosion
breccia as products of steam explosions’ on the flanks of the dacite lava
domes. Snmilar domes of thyodacite occur in the Gersvik area 30 km NE of
Skotovatn (Lutio (979),
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Fig. 7. Representative section throngh the “East' and "Main® one bodies at profibe 32 E-W
showing the prnGpal hthologieal divisions of the host roc ke {same legend as i Fig o) and the
posttion of the Zn neh ore fucies slong the lootwall, assetiated with paspilite and bangded
magnetite and chert exshalites, According 1o st tred mterpretation, the Zn nch e Is 1repre
sent tlie seratgraphie o of the ate Vhe comples diganion on the are s ow eIl st rated,
dempmtratng e style of the caly soclinad Wldmyg and the s postion of 4 single ore
hotizesn it nemerons slomeate, enechelon lenses such as those found on the nest wde of the

Mo onebody

The meuuhyudacilcs are conspicuously aphanitic, almost flinty in nature,

| . .

7] Meta-zesan, brnt green, N Striaqere® “teeder-gone mierconnected albite- and minor quartz-porphyritic and generally pale green to apple green
chigritic - 1dole bea . . : . .

'ex epidate Beafing sulphide venlels in colour reflecting the miner chlorite mineralogy. However, dark grey,

S:r;ri,:r:';fe;i:.s;‘:f;.;n P "”E Vigh's.vn gulpludes, witiv pastiibm ar Gus Zn caRiores massive metarhvodacites with sparse drsseminated magnetite are found
’ o Ry W immediately bencath the missive ores. As seenin Fig. 6 the white thyoducite
:.f.zgsﬁzz:i?;::c:,‘c?::' E A e RS explosion breca is directly and gradutionally overlain by a sequence of
vory R ' - SRR Il a0 chent pule tuffs, penerally visiblv fragmental and referred to as lapiil taff (Mg, 5d.);
B 1 ] e I:J il potene. c.,:,::,!;,:m“ R maanelne these wrade upwards into well laminated (primacy lavered] acid (telsic) and

more basic teffs contaiming varving amounts of albite quintz-epidote sencite

Whie fhys-cooite exlosign brecca”, =] 2a-3 rien mela - basoit H
foErse Pyracidstics DNT oo, male, cmnte ragh and chlonte i the matnx Away from the large thvodaciie *domes” and

centres of acid explosive voleanism, the acid (lelsic] ttls thin rapidy and
become noticeably finer grained and more laminated in character. The
massivesulphide ores at Skorovass occupy a stratigraphical position at the
top of this ‘explouon brecdia® - Japilli teff = laminated acid {felsic) toff
sequence and wre immediately overlain by a thin hoizen of dark. chionite-
rich, basic tutls, with hematitic chert or jaspilite and miagnetite ich bands
occurting at the vpper contact of the o1e zone. These basie wedfs foom the

A & Pudlow Sreccra, Mew-lop brecoics + + Porphyrig b ro - n i i T
anc e ltieiaies pRYrilie to mIEro - POrpRyrlic lexlure uppermaust member of the Middle Volcanic U n:t;md]m-.\umuhlv representa

- Feis 1
L || eisic lapifle fulf, pate ® Ca rich meta- basalt and andesite,
L L] etten grudes lo well iamingted tuffs pale, calcite » epidote

VOLCANIC STRUZSTURES AND TEXTURES

Y Clase poc<2g sillows MoM Mosswve Lova Mlows

$ S Stipmomelare - bearing wslconites pcnufl of relative quiescence between the main epr\udcs of volcanic activity.

Upper Voleanic Unit (units E+F)
The upper volcanic sequence consists of a thick pile of pale, carbonate-rich
metabasaltic pillow lavas o the east and south-east of the mine urea {unit ¥),

Fre. n. Schematic diagram showing the stratigraphic relatonships between the varions velcume
units und the pustion (3!}!10 Skoravass orebody. Circled cap tal lettars (fo=F inthe legend refer
1w Ui wimts shown in Tabie ]
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and an underlving thin inconsistent unit of very pale relatively Ca-Mg-rich
masave metabasaltic flows and minor pillowed horizons (unit E). These
younger metavoleames are quite restricted in occurrence in the actual mine
ared, because of the saectural iversion of the area where much of the upper
seguenee les beneth the prosent erosion level below the orebody, but they
merease markedly i thickness o the east and south-cast of Hl-'.(‘n‘m-aln. '

Cme £, e lowermost Ca My vich metabasaltic sequence.is conspicuously
very paiesand rich i epadote, allate, actinohite and calcite. I is noticeably
porphyrine and much coarser aramed than the older aphanitic voleanics -
the main reason why tiese rocks have previoushy been mistakenly calied
gabbros. Numeions dvkes ol this unit are founed ¢ utung all the older \"olcamic
sequendes, induding the sulphide mineraluzation of the orchody, forming
teeders to unit I (Frg. 8). The conspieuons. metamorphesed, matic porphy-
rinc patches oF envstals compnse actinolite argd cidorite pseudomarphs after
presumed savionens Crystals,

{ o £, e magor portion o the Epper Voleanse Unit, consists almost en-
tiely of a thick secuentee of pale, cathomate neh piilowed metabasalts with
onlv miner massive flow umits. The pellows Lave epidote, actinolite and
carbonate rch nims and cusps, and numerous carbonate-illed anvedales
vccurning o core mmediately beneatn the pillow vims. Some individual
pillaws also show an internal porohyoine texture, Minor metarhyvodacitie
tews und dykes also ocan i the Upger Voleane Unit These are censpic-
uously quauts and albite porphyitie, pate green and devaid of magnetite.

GREENSTONL GLOCHHEAISTRY
As a more detasled geochemical mvestigation of the Skorovass voleanics is
now in progres, only a baef intenm summary of the results and preliminary
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conclusions will be given here. Because the volcanic rocks at Skorovass are so
extremely fine-grained and aphanitic and generally devoid of any recogn-
izable primary volcanic textures, the use of major and n.rucr‘ I(-]o.imvm
chemistry has been necessary to distinguish the various volcanic units in the
vu]runu-;lruligmph_\'. especially the units which have similar coloration and
surface weathenng features, e, basalts, basaluc-andesites and andesites,
The voleanie stratigraphy comprses asequence of extrsiy e roe ks m‘n;:mg
in compasition from basalts and andesites through to thyodacites. a valpanic
suite which s cuaeteristic ol fmmatare tholeisue sland ares (Aliyashiro
197 1) This metavolcanic sequence has a charactensne spelitic chenstry
which s rellected mthe high NogO KO ratios (Fable 1 and wineh s
behieved w be atnbuted 1o pre tectome sea floar mctemorphisin (i Talls et al.

1977).

Tatde B Mean mapor cloment whole sk analyses o the ssoleanc usins (A F ) witlun {hg:
Sheromase mite ared et ob Uie wliobe sodh analvses (15 saraples] were carred out st NGL
emplovimg anahteal methds as desenbed by Fave & Odeqand 119655 and thee :rl:m.::dz-: o
thee Crenlosieal Tast vrtes XTEL where the i elesents exeept sodinm wese analy s.l';. 1:\ X
s Husrescenme Plgggs PN S0008 s whass boeads prepated astondma e methoads bis
Padticld & G 59700 Sssas detenmined by wet cienugal methods CUYS sad fettans von

byttt woth pastassin: diclinamae

\ [ ¢ 8] E I3
Sit) g 48 18498 RVl 7021 lh‘}_iH K} _i')
Ti0), 1.67 1.4t 1.12 055 i.l /_f‘ 1..10
AlyO)q 1145 1094 11.12 1207 I.:.I..» 1543
Fe,0)y 34 300 315 2.2 2451 i.(?!_’
FeQ) 02y 1.1 sS40 210 642 797
NnQ) (1LAR8 024 023 .03 0.14 U.If(!
Mg SA7 A5 327 0.8 (.88 4.:»(?
Cal) 255 271 3.16 1.16 032 -E.Hh
Nu, O 3490 .97 540 9.3 4.04 .‘).23‘
K,0 004 0.40) 0.30 0.1 .4 :j U'z.h
|';,( Yy 0,10 0.11 015 0.1 l_).l)..: U.l‘z
1.0 1* 3.8 1 B0 3.28 1.§2 b d.603
Total 94970 9439 9905 L4 70 Jon2d 0420
No. of )
anulvses 7 4 i) 11 4 7

Lawss o igina,
A tlemer Ut - mwtabrasalt, datk to modernate green, chlontic + minor epidote,
I (Loser Uit = Ferch metabasaly, very daik green-gresish, magneune.

C {Middle Umit) - meta-andesite, some sulpnomelane-beaning.
D {(ALdddle Umt) = metarhvodacites, minor albite porplisntie

E (U it} = metabasales, pale, epadote (Ca+My) nche often pocphy miic
F (Upgier Unat) - metabasalt + andesitic basaly, pale, Caonche epidiote beanng
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Based on the 13 analvses so far available, a comparative study of the whaole
rock major element chemistry of the various voleanic units from Skorovass
{Table 1} appears 10 demonstrate that cach unit has distinctive chemical
characteristies, vwhich can also be seenrin the AFM dingram Fig 9} and Ti-7r
dragram (Fig. 10). The Fe-rich greenstones tunit B for example. show a much
higher toral Fe content feas 1o FeyOy) than the low crmast metavolcanics
fumt Al of the same sequence, ind the basic metavalcanics of the Upper
Vaolcanic Unit tunits E4F) show o more vaned chemistry with generally
fower Fe and 11 than the older metabasalts from the Lenwer Volcanic Uni
(utits A+BL The acid metavol anmics e 1Y also show & distnet spilitic
chemistry with very low RO anxed high N O contents and lay e therefore
been dessified as mvlarhj.'z.d.u'm's to emphasice ther high silica cantent,
althongh they ave in fact more ke the dacites thi have been Jdew 1ibed from
the Miccene voleanogenic Kuroko type deposits at Kosaka, Jupan {Hon
kushi 14:04),

The AN diagrinn of the Skoroyass Mine volcanies appear to show two
sepatite vends in e spread of the analytical dita (Fug. ). One iy an iron-
entichiment trend within the tholeiitie field of Tevine & Basagar { 14971), and
embraces the oldest voleanies, unjes A+Bowheiethe Feaiely basalts are inter-
peted o diferenaation products fram a tholene parent mirgma.

A second major trend occuss along the division line sepirating the
thaletitic and caic-alkaline series 1eflectmg the de clopment of the tnterme
diate and acid voleanic praducts (units C+1 of the Middie Violcanice Unat,
and correspunds 1o the ‘dislinclly cale-alkatine chinacter’ of Halls et al.
(1977}

These two trends ase almost identical to the trends deseribed by Stanton &
Ramsay (this volume! fiom the Solomon Islnds, where they interpret the
ren-entichment trend as g differentiation tend from a theleiitie parent
magma,

The second trend. towards the alkali apex s interpreted by Stanton &
Ramsay as the des elopment of the cale-alkaline sertes by lractional crvstalli
zation domnated by mtennediawe and acid voleamces, and a carresponding
loss of the aquenns volatile phase and the producton of the exhalative stragi.
form ores. The Skorovass orebody iy simikuly intimately associated with acid
voloanies rarked by episodes of explosive rhyodacite voleamism and aseo
ctated fumarolic w tivaty,

The two trends can also be detected mothe TeZr diserimmnant diagram
lafter Peace & Cann 197.4) (Frizg. 10 where the spread of the analvical data
{dwis) shaws a prominent trend from the OFB field into the Jow K tholente
field (L.RT), wiuch ranghity corresponds to the des clupment of the lower
maost. oldest volcame units (A+Di and a cecond mnor tend inw the CAB
freid represented by the mtermediate and aeid yoleane rocks (imits C+1) of
the Middle Voleame Unie Although the use of such diseriminant diagrams
(T-Zr} has been restricted to basic voleanies, it has been shown here at Skero-
vass that it is the intetmediate and acid voleanic units that aie responsible for
the CAB trend.
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tend m the case of the Shamovans voloaies oo etheron of tee andesite and by oddae it
Y

Cormpmesibanay

d s velcano s petrog e
According to Fox (1317?’). who examuned the pu\.\lhh MVELCATH Y :ru«.. !
g i . N 2 abweund,
mucal vanations and affimties of the host rocks of most of the strata k{a :
Anouer [ K K e ~- 1d mweans and diseni-
i : g f the Kurako tvpe using standa :
vol(.mugmlc de posits o : ) Gurc i Sy
mrinant anal\'sc:. Sll(‘h a comp;msun mdu‘alos ll'lc‘tl l]lL \-(Jl( .mugl nlid ]
fine, 1 ical cale-alkahine rock associa-
i i ans ale rstricted to the cliassical calealks
in felsic terrains ate not res : ; 1% i
tion a8 previously lhuughl. but can ;s(umll) be hosted b_\ ltud;ah;. 4
ar " i b n Sheeld dcpo-
i i 3 ’ o that m maest Canadia
wide tange ol iron contents, roux shuwe
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sits the Zn-Cy ores usually have jron-rich felsic hosts and that in mast Japa-
nese. Iheran and Tasmanian deposits the Pb-Zn Cu ores have iron-poor
felsie hosts, He conc tuded that most of (he Zn-Cu-rich Kuroke tvpe ores of
the Canadian Shield are in fuct hosted by subalkaline rocks having petroche-
mical aflimties from sttongly thalwiitic 1o strongly cale-alealine, Moreover,
Fox states than “regons charaeterizedd by thalviitic ditle

rentiadion may have
smatler and Tees dispersed valumes of thvolite

ang coarse pveoclastic racks
b the tholesitie thyvolite s more likely to
be quartz porpdivia )™ - which s tmdeed the case gt SKorovass, f\f()l‘e
tecently, MacGechan & Mo Lean (14950 Lave stadied the Archean Zn-rich
strabfonm sy ¢ sulplide deposits Matagami
mitssis e swdpliides foem pait of the original stratigraphiv as stratitirm lenses
chustered wiilhin eyl alkaline centres, most cotmmanly an e ]
lice domnes or athes fela, decummulatians, | hev have shy

thanin calc alkaline temons (althoy

« Quebee, where the

anks of fhivg-

o that the massive
sulpince detosits, which were eiginally thought w lie within eale alkaline

rocks: oceur within » inmuoelal hasaly thavalite suite of thulesitic alfinity, and
that the apparent 'cale-alkaline alfimiy uf[hrrlt)ulltc.s or
the \v.x(!vxplr.;d Ivdiothermal afteration that
seothermal ooty iy,

dscrocks s due 1o
accompanied suboseadfloor

It muy thas he sizgested that the Zn Ca ey volaanugenic ores of Skorg-
Vil avcur o acid rocks \h:m:ng sumtilar peneog lwmi\-u_\‘ to on nch, felsic
tolentes such as those fourd i the Canadian Shield.

Lutra (0979) Bas shown that sinnlar tetiwhyodacites from e Gijersvik
arei, 3O km narth of Skarovass, are comparahle w dacitic rocks ll:u‘ughilo
represent differentiates from tholeitie basales,

Stilpnomelaae iy compicuous mineral i the mtermediate and acidic part
(units C=D) of the Skorenviss voloanie sequence and occurs concentrated
particubiu v in the vic 1ty of the orely sy aned the rain extrus e centre and
near tie numetous aeid vole arc dvkes, as diffuse shadows, vesicle filings
and Iracture fillings along with quars, epidute. magnette and nminer pyrite,
According 10 recent Mvestisishions on the exhalatjve mmerzhization in the
Skewovess distriet by Fvuid.z} and others (in prepdosul pmomclane is a promi-
nent mimeira of the silicate exhiadite Lucies, These authors contend that the
components of the siheate exhalite have been detved by feactrg of Fe,
Ca, Al and stlica from the volcanic pileas aresult Uf[JL‘I'\’E!Sl\‘l' sinlitization by
cunvectively cirg ulating fuids, Stlpnomelane is aiso found assoviated with
some of the Feyioh, magneute bearing, netabasalts in the immediate mine
arca Tais stilpoomelane beiving unit has a rather special chemisty, as it iy
rc].m\t-ly ernched o Fe, Ty and Na and depieted in Ca and wien
compitred to the rest of the Fe neh moabasalise samples of ani B o espe-
cially when compaed Lo nermal’ Fe enri hed tholeiites, This special
chemstry muost probebly reflects & period ol imtense hvdrothermal alteration,

Skorovass Orebody

The orebody oecurs as an en ¢chelon array of closely spaced massive-
sulphide lenses procuting & N-3 to NE-SW urieated elongate ore zone g,

3 2 Al B B ——
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I i y 30, and an
7). The ore zone has a width of ca. 200 m, a thickness of up lfod)() g
. welo ;
i all length in excess of 900 m at the present state o ‘ “‘,;“1. ek
Ol\ Tr Iy kiuu n massive sulphide mmeralization extends well to
alt I(Jtlg HES

T a 10 million
Iv mined ore lenses. The mebody consists of ca pifilen
e Coand 150 Zn ol which 1.5

wal

- AT )
tonnes of massive-sulphides averaging 1.1 i 1 of appreciable base me
z - g LASTIL# ¢ :
. s are essentially pynne cre de
illion tonnes are esse v ops A H wof Crshed
i ‘oduction frem P052 e VG v ekded 17 mllllm\lnnin Su ’
contents Production ! T Cu 187 7o and 138, Present

D o g ]l.l‘) 2 slbion tonnes with an average
: 7 2 : about 2 s ‘
e U78) we caloulated gt abou - g
eserves (1978) . .
r le of I( b Cuand 229 Zocreflecting the Zn o peniplic xi.ll :
b | S Celeme wearded inanaivses
f; ‘u being mmed. Trace and migor metalle elements recand .\ s
i : . 21 TCRe I L LIV N CT e
wiv e the lollowing 1eproset
ol the arebedy wivve the I

fiom bulk samples o E o T
Co, 100 prang Ny, 20 ppam Asc 00 ppen Ag, 10 ppen and \l ;:

o £y o, ‘ | [ e one, teac g values

g . . halene Lacies of the ore, 1oy
Cadonum iy soticabiy enriche :\]1'“"1’ : i e faele
teadiies st " N i )

ol several hundred poan, and Mn

Halls et al, F957). ~ el
( The bulk commpositon of the Skorovass arebady flects acony , )

T : ' J BORTLe el e

mple mineralogy, donnnated by pyntessphalenite, chudoog l. maghe
N o il A : 1 Holeina 1
tit [in decreasing order of abundance, Acvessory amaunts

e . L

absent.
nite and galena are alsa present. Pyechotine is convic mm--l\i shise "
S S . 1w caloate togethier with

T : e aals are chlonte, quaatz and o e
Fhe prnaiple gangue minera ! ‘ g with
in Ir S(lifll(‘ tale and actnalite, For more miommation on llz]: “!\ll[r lt :
et & T 3 ; o (LML [H0R alls etal,

‘islie dabl (19538), Gelsy ik (T8, T908),
deposit see Foshie {1926), ¢ H‘l’ic_i il (195 ]

(1977) and Remnsbakken (1977) ) o
Massive subphudes” are here defined as 2 50 vol.

emnated” s < 50 val sulplides

sulphides, and “diss-

SULEFIIN. 1R L ACHS . _— S
s selecte w prefiles show that 2
Systematic aralvucal studies along selected mine

copper contents vary antipathencally, zine lw!n%.', ‘n,(h{:r :}tlll::_(n}:::'l:]:,;::
zones ol the orebody and copper concentrated i the (_(h!;l‘bll e ¢ ore
(Fig. 7). Although tectonie deformatom has dm““'\l_f,‘;:)l:]_l,li(_)‘!‘ e of
p imary {sedimentary) structutes, detaled mu;:]nng(" 2 ;;“. . l.l flemag
strated that certain ore-facies ean be used as Iithostratigrap H

within the orebody, . i e s
Four major are facies or ore 1vpes hive been sepasated withy
‘o : . 3

dss oreho H i ] L N A oS ] [BRIRGREAY bl!ll\\ nin
1% lll)l v, base dl n e \Hll.lldll(l\hlﬂ‘lll.l! dHiatl I'h ol
Vi

s e wltres:
Taubie 2 with ther mean sulphur and base metal salues
3 : - ore,
1) Type Fa-d ore foaies, fine gramed, compact, missive pyite «
i .
2) T\'pc [] - U['L"fdcl‘.'s‘ Illl‘ﬂ(‘h. 1TISSIVE &Ullhlldt Qre.

3) Type M orefacies, pyote-disseminated chlonte sehists,

Sy - g
i al = : metalization - vassks'.
1) Typ= £17are fucies, distal exhalatve mmetahiz
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Table 2. Meansulphng ST a S 4 JATIOLS O pes [face L= LIRS
ATy hir and ba netal value the various vre type: ([ iey) rom the Sker
ble 2 M I fth he Skorovass

orebady and an oxgensive
H v distal exlalite facies 4 s 4
Y, e awshiy') from the Havdalsvatn area, 12 km

\\ . » -
t Ta ih I ’]d Illa 1lb Ilc I IAY
2‘ 1;33 047 3106 37.05 3621 4228 2750 3354 m’l_"r
‘12 208 110 020 0.74 041 0.79 l. 0 00
¢ oS . K 7t 4 1.09 .00
Zn 077 2104 041 3048 3.05 ) o
11 E 8. .05 9433 4253 1.0: :
Ph 001 005 =nd-* 006 001 001 398 ().U\li :;((;f
No. of . ‘

samples 14 27 30 18 L4 13 2 7 1
ml * = o s ses o
la

C - |
ot mgssise pyntie are winly muner bands of magnehte

LR Cinn SRINC N Y { £y
- MY . P
I p: l:’ Y- I e, fogm Mot parl e the Skorovass prebody
THET TSI ? L TN $1 { ; s \‘.
& kot \.\l LI e, devand of base metals etemed o oas Skotovasy v |5\kl\’)
e : YR IS g i N
4 C [IFIERS tunor wmagneuite banded massnve pyotic ore, olten Zn be SHIY
[l L harts apl AL [l W | v \h
B arte s waletabe ate Eraauled
N LI RATIIR N * H 3
~irang trp e e eh tectonie letsand bﬂlllllr].u_\;c
(17 Lases sl i w e
avnve Aoy aoe at e strag
¢ trutrgtaplue Lo of the §
b ara| i he wre lwneon, with IEIOE vt
HE

el g1 b whno et
£n-Ca-Ph h pe tinbierad one hand - “proxcimu) eshaliee

I 1 isse 1] ¥ L LT ¢ an i u 4 G "
i wivd pate § Ty i At heanng ehlonge solnsts feeferred
i i Tl o mmar agneid B el frefere

Rty P sale ape’)

for s e

Jisial exbigline” fvassh e ] | el

[ K ' o 'l hine Ko 1ed peyite el 1 T
l Magnenly banded |

Al anca i ke Fof Shoros s (Havdalsvatn area

I].w bhoundaries between the four major ore facies are quite sharp and
relative strat igreplue buti i H e o
graplie distnbution of the ore-facics withinan idealized basin of

deposition s shown in Fig, 11

. I l;]e major ore factes and 11 are further subdivided into several subfacies
Dase ;un tc.\;l;:r;'l and chemmicat vanations. These generally show gradational

(} ‘- 1 ICIEY - . H : y ‘ .
na t:nt dr.us, .l.lhuulgh they do display some svstematic mutual relationships
with ieference to ther slrut:gr.’xphic sition i :
T position in the postulated original basin
of deposition. I nne bt

Type I ore-fucies

By I;'l the m}ust‘ dominant oretypes at Skorovass are compact, massive
VIHIC OTe i ] 508 ivi i b

?‘ s which for mapping purposes can be divided into four chemically

and texturaily distinet umits (tvpes la-d). ’
Coner-ri i R0 S

L d)pt)ui rich. compact pyriti ores, type la, are widespread throughout the
y l(pl)stl and form a conspicuous zone alung the petiphery of the ore zone

whicllis now inte vits strati i i

whic 1;§'nms mlcrpr.emd as ts stratigraphic base, and in inany cases are found

giln(‘f}ldld}. overlying or adjacent Lo a sulphide-veined stringer zone”, The
unich pyrtic ores are yvellow-coloured {fine-grained chaicopyrite) and
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Jdasp lite Ce -

t“Cotpenale BaNEY

Sivinger~  leecerozane
intercannagled sulph e squartz veuming
't ggtegacted wanrege Borachorg ond

qiterg’anm ':55:0'5"',?'-(|:C'G’:

al busin of depaitaon shuwing the relativ e

Fag 11 Schemate duagron ol the postulated onge
s} Symbels for the vanous ore

2 oof thie varions Skoravass ore types Hacs
=)

stratigraphic posit

tpes are from Tahl

generaliv display a marked tectonic banding with onty minor, thin, primary
bands of magnetite present. Frugments of acid volcanie or felsic falbititic)
material are noticeable inthe lower reaches of the massive ores in the vicinity
of the sulphide strnger zone’ {Fig. 13a) The average grade of this Curich
facies is 241 Cuand 08 - Zn (Table 2} but the Cu content varies areatly
bHetween 2 to 5 across the Cune hore zone; vaines greater than 5 Cuare
seldom found in the massive pyiuc ore Copprer values greater than 5
pepresent larger concentrations of Chadcopyinte ocourang alonse fractues and
massive vre boundanses where thev are muemreted as representing muolbxliza-
tion and redeposiion related 1w the Cabedonian delonmation
Ore-typre b, compact muasaye pr e oret caatitutes by far thie most dom
nant and simplest ore facies in Shorovass and 1s compresed of shmest totally
monominerallic pyiiten a mimot quartzmatins. I has avens dense compact,
extremely fine grained {021-0.1 mm gram sized, whinost flinty nature (e
I.ib',l.niu.:n with i e ciated or cataclasue macie textie with dJear quaniz as
fracture fillings (g 101 consprvunas bcies of the massiv e compact protic
are s e foowhie h has been separated fiomn bpe I on the usts of ats almost
total lack of base metals and extremely lugh S content averaging over K
) this has been colioquialiv termed “Skorovass vasshas Because of s pale
alinost white colour, Tlis faces is more o Tews testric tedd to the notthern part
of the mun oscbody where st lenms the thckest partol the Shotosass deposit
up o 3 m {nonth of profile 12 E=W, Fig, 7
A much mane distinctive vanets of the compact massive py dte ares isHpe
K, a carbonate-nch prntic ore cay ing noticeable amounts of Zn This forms
a pruminent zone prripheral to and alung the footw all of the man orebody,
and on structura! evidence forms the stratigraphic top of the massive pyotic
ores (Figs, 7 & 11} Thin white Hands of carbonate (caleitel and minor magnes
tite, quartz and chorite form distinet Tavers in this unit (Fig, 13¢), and the
pyrite ore is nuticeably coarser grumcd, almost sugary in nature, and occurs
as friable pyrite sand where the carbonate matrix has been leached out by the
acidic mine waters, The carbonate and minar chlorite matrix suggests that
there may bea relationship between this type Id ore und the adjacent type 11

[£134

L T LS T
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Tipe I cre-facies

The tvpe 1l ore factes comprises the Zn-rich ores i Skorovass. Subfacies Ia, a
well banded quartz-sphalerite and fine-grained pyritie ore, forms a distinet
mappable honzon deaccnl lo the Cu-rich and compact p)'n'tic ores. The
subfacios Hais notalile forits simall-scale banded, Icmcnd-buundinag(‘d struc-
tures {Fig 13d) which are mterpreted as tectonically reoriented primary
lavessof dark sitica and sphalerite, and pale fine-grained pynte, the mdividual
Pyt gruans being Cataclostically deformed and Hattened. This particular
unit can be followed throughout almost the entire length of the are zane at
the same sttatigraphic level and is one of the best e ker hortzons within the
orehody, This subfacies also has a very chaactenstic and  consistent
chemestey with mean values ol 0 Cudt  Znond st .8 (Table 2), veflee
ez the quarts and sphalenise hands within the pyutie ore,
The most dominan: sublucies of the tvpe 1T ares. however, in teums of
volume and lateral extent, s sielifactos I, & massive, Za rich, dark tnown
sphalerite ore. This ocenrs mainly i the southern extension of the Skaroviss
depasit, eoncentrated 1y the upper and peripheral pacts of the ore lenses,
where 1t hes ahove, and draped around, a core of massive Curich and
compact pnrine ore, The zine-nich lavers are dire Us mcontact with imd over
lain by thin horzons of dark ciloricie sehists {basic tlls) and lenses ol jaspi-
Yive, as well ws minor thin baneds of magnetite and chert, Juspilite lenses of
vanous shapes and sizes, also occnr Toatng within the massive sphialerite at
the apper contact of this Zi-nch utat, attesting to amare plastic behaviour of
the sphalenite ores under teetonism as compared with the more cumpetent
Juspahite The sphaierite has also generaliv developed a strony foliation wineh
conforms to the muain seaistosity in the surromding voleanie tacks, Tennan-
tte hus been found focally concentrated 1 jraches along the contact zone
between the massive sphalerite vres and the ehlarite sehiists This Znorich ore-
sublacies (tvpe b varnies considerubly in botl texture and composition and
shows o marked tamition mg e massive pyrte ores helow; a complete
gradution ocours lom muassive pyrie ore wath minor sphalente bands,
trougl to thick lavers of aimest pre sphalerite, up to 2-3 m thic k.\\:lhun]y
mines thin bunds of pyrie (Fig. 12 & ia) Consequently, great variations in
Zrcomentare found within thes massive sphalente-tich ore and althangh the
mean Zn valoe fog this ore typesubout O thick seetions (1-3 m) ol alinost
pure sphalestte are found haveng mean values of up to b Za

Oretspe ffe, Py oand Cu-bv.xllng massive sphalerite ote forms a very
distinetive thin horkzon (30 con. mas,) which is almostwotally restricted o the
naithernmost lateral estension of the eastern vrehody (Fig. 7). Like sublacies
It forms the sbatigraplic toprof the massive pyntic and Zn-tich ores, and 1s
directly overlun by siviall jaspalite Jenses and dark ehlonte schists, This unit
(l} pe e, while bemg af v ery lucal accurrence, forms a rather umque horizon
in that it is the only place in Skorovass where Pb is found in appreciable
amounts. Itis composed of a very distinet, dark brown, st rongly foliated spha-
lerte containing a very dark Fe-rich amphibole {grunetite?) and minor clear
quartz. gilena and chalcopyrite (Figs. 1tb & 17). Because of ity very local
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alite” after Ridlor
occurrence, this unit has been interpreted as a*proximal exhalite’, after Ridle
(1971, 1973).

Tyvpe [ ore-fucies .
ﬁ; f’:uhvr l!u{k unit of pyrite-disseminated chlontic .schiz.ls. pr‘cvlmll:sl)' lc;rl'n:aei
ssedimentany pynite ore’, peeurs as a consistent honzon befw.i: 1‘1 1('. c:”."id !
pyntic ores of the main vrebody, This shows a great lateral L*'\lumu:} t .
associated with numerous smatler massive ore lenses beneath and lu. ;m \:. ¢ .
of the mam orebody (Fig, 7). This umc (1 is con-q)med ofa;lrtl:‘gl}l JT:tjr:;
nated pYfILe oCcurting as coarse md.\-ldua?I Sr.ums zmd.aAs ‘II;L‘ u‘; I:‘lb]' %
greatly varving carbonate- and minor sericite-rich chlunnc. $C us[}‘ lI }L ?-d:‘me
b\'rit(" gr:u;h are associated with the carbonate rich st‘luslx; -\\ 1]1 ¢ “;_ o
[);’l‘lll‘ dustings are found manly in the dark ¢hlonte nch bands or len
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(fragments?) (Fig. 14d). This pvrite-dissemin; i i i
rgments?) (1 s py1 ated chlorite schist unit gene-
v duplavs a marked schistosity parallel to the boundarv of the massive
; t A ¥ t B - - 4
ore. and the individual chlonte-rich bands are stronely lensoid suggesting a
sl A I ¥ $ . 7 ] 1 :—.’ i >
v tectonic rewarking and attemny of the individual “frag :
tig e e al*fragments’, related
w the Fy raelinal folding.
\ s T
[m.m. thin. muagnetite-nch bands or zones and mimor lavers richer in Zn
(;(LLII :.n this unit, strongly suggesting a relationship bvluécn this type HI
disse ated ore a s . : P ’
isseminated ore and the carbonate rieh, type Id pyritic ore which immedi:
telv overlies it The pyrite di i c itic Tatera]
Y ov > L. pyrite-disseminated chloritic schists occur as o lateral
exte § r . aa . '
\tlt ;1\1011 ol the main massive pyritic ore zone and can be found both above
ar 1) N H ' i )
;;:(r )Lll(m the LSSV Ore fenes to the west of the mam orebody where it is
cul: AT i ] : : ! )
ai ].u to establish true stratsgraphic relationships becavse of the intense
buclingl folding and velated schistosity whien dominaes this area

Dipe TV ore-fucies

Ilnn. horzons of exhalative mineralization related to the Skorovass ¢ isode
of mincializavon can be found 11 a 10 1o 1.5 ki wide area surruulndill-:'f th
crebody. Detnied investigations by Ferriday et al. {in prep.) have sim\s':?t]"“i
Foth onide ana sulphide facies occur and lh;;l they are composed of iron d.ndd
manganese oxides, aswell as sulplades and sific ul’u\, together with quantities
ol ferruginous chery, and that they are “the result uf‘p;vcipitulion (I)f ‘["c—’\l]
und SiIl(Ell hvdrosols following wacde dispersal ol exhaled fluids into then\"idil:l
zing mariae vaviionment”™ (op. it ). The sulphide exhalite facies, com );)‘;(‘d
of extremiely well laminated sedimentars prrite beds and n;lc:bcld . {
:Euflgncliw and duwik Fe rch stlicates, notably (‘h’lurzlc {(Fig, ek occur as \5' 0
tf:lll, locally restneted bands within the total exhalite Sfl:ll"l'ilp‘h\ 'I‘lu“ L'\‘;ll'}-
lllei“s ;lij]}j;?r ;u be controlled not only by the changes mhlhu [l’;l’ll!ll‘ of ll;:’
exhaled fluids, but abo by the sea-floor ahl : g
basinst where the plivsico ¢ Iu‘:]]);:l.lri:::;:l '[\(:1!1):':-}:';l:jk)-lxlflI‘-klrh.‘.!“. .“d[h.“r I‘.J'G{l

\ wns genvrally remamed reducing

u.f;dcr:cla:l:\t'l) restricted sea-water etrculation, tesniting in the precipitat )bl
of the sulphide favies from the exhaled. dilite, llh‘il]-];l)(ll'l ﬂun(lls "l‘lh]
svlphi.de and oxide exhalites from the Skoros ass distict are idenli('a!- io 1i1§
‘\laaskls' mincralization as deseribed by COW, Carstens (1919, 1422, 18942
19 1.1.) and 1 (,a.rswm( 1955) from the greenstones in the w eslurn']'1'on‘d||cim!
district, and tvpical of*distal exhalites as defined by Ridler (1971, 197 $) fron
the Archean greenstone belt of the Canadian Shicld, o ]

SULFHIDE STRINGER ZOXLL

A flattened stockwork system of interconnected pyrite and quartz veinin
with associated wall rock alteration (bleaching due to pale aphaniiic albitf
and minor quartz) (Fig. 1 5a-d) occursin an elongate zone cutting through the
acid and minor busaltic rocks directly beneath and adjacent to the Cu-rich
massive sulphide ores {Figs. + & 11). The individual thin sulphide veins are
found to coulesce upwards into larger zones of intense atbite alteration and
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project directly up into the thick Cu-rich
massive pyTitic ores. This interconnected system is interpreted as belonging
to the Feeder-sone” or ‘oot zone” of the ores. attesting to their submarine
hvdrothermal-exhalative origin. Zonges of extreme h}'dﬂ)lhﬂﬂ)ui alteration,
and impregnation are dominated aimost totally by alhite
an area of many smaller, iregular,
Individual

veins or channels of sulphides that

!:l—l]])]lid"‘ venung,
and minor sericite and gquart and oceur in
lenses that grade up into the main pyobc ore zone.
fragments of the pade aibitite alteration products are found witlun the lower
reaches of the Cuorich paaitic ores (g, 13al and i band of fragmental albotite,
Boneath the massive ore, has been interpretedasa
rmally altered volcanie material

massive pyrite

forming a distinet hortzon
coarse tuff o slump deposit of h_\dmllw
explosivel ejected along with the metal rich emanating fluicds from the

conduit Fhannels out on o the surtounding sea floor.

ORE, GENESTS
Textura! evidence indicates that certain ore facies are probably of chemical-

sedimentary origin and that the Cu-Zn zonation pattern is a pnmary dis-
1 elfect within the basin of deposition and can be interpreted in terms
Cu consentrited at the base and Zn tow ards the
ores of undisputed submarine, s’\'n\'o!ca-
d areas as the now famous Kuroko-

persios
of a stratigraphic zonation -
top - resembling, that found mn the
nic, exhalative erigin in suck undeforme
type deponits of Japan (Sato 1977),
Additiona) evidence favouring the operation of chemical-sedimentary
processes 1t the ore formetion is provided by the vecurience ol magnetitic
and hematitic chert bands U;l\‘)l“lt') in the stratigraphic hanging wall of the
orcbody overlving the Znonh ore facies. Thus, the formation of the Skoro-
vass otes is mterpreted as the tesult of direct previpitation from hot metalli-
ferous brines ensapating through fracture zones ot conduits aut on 1o the sea-
fioor and bemg depovited under reclucing conditions i a submanne topo-

graphic Lasin {ttap) in the vicinicy of the adid volcanic eruptive centre,

Metamorphism

The carliest event to have affected the voleanic rocks of the arca is that of a
pre-lectonk metamorphic alteration. This fn-sttn sea-floor metamorphism is
ascribed o contemporaneous alteration of the volcanic rocks as aresult of the
thermaliy diven dirculation of sei water in the upper layvers of the volcanic
pile (Hatls et AL 1977). Bulk changes in the chemical composition of the lavas
occurred leading o the conspreuously spihiue chemistry.

Later teetenie defornmation of the volcanic pile in Silunan times took place
under conditions of lower greenschist fucies metamorphism but the minera-
logy established dunng the primary episude was not changed. Further north
and northeast, however, upper greenshist facies conditions were attained in
parts of the greenstone sequence (Lutro 1470).

A T
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Tectonics

At the present les ol of crosion, the velcanic sequence in the Skorovass district
lies inverted within the lower limb of a major SE facing fold loosely known as
the Gersyik Nappe (Halivetal. 1977) (Figs. § & 7). The arca has undergone
teo periods ol migin deformation duning which the orebody and s ene losing
volcanic tchs abtamed then present configurition of complex, lensoid. en
cchelon geometey (g 7).

The T st ]Jl'l.l.\l"(" delormation, F,, occurred dunng the petiod of overthru

Giersvik Nappe on to the Fennoscandian bise-

sting antd cmplacement of the
ected by o major

ment. Dunng this progess the supracrustal o ks were ath
poneiiative delormaton, producing carly isoclinal recumbent folds aecom-
panied b, the creatiom of an asigd plane scinstosity (S,), Dunng the subse-
quent stage of man thiustng and shiding, horzens sepaiated nto massive
wedges along prhasiies ol hixzh tectomie stran and overrade one another Such
planes of sliding were generathy located along svaor lithelagical boundaries
betwern wnits siow i marhed contrasts 11 tompetviacies - a um'.]n-nvl.l.:]
o enent dlung the dimed and extended lunbs of inoclinad folds, accunpa-
nied by littenig and e produciion of @ lentenlate stivlet (Halls et ad J977).
Because of the gross diflerences m competence between the vanous rocks
tvpes le g cabonate o brpnfiow lavas versas the compuact. aphamue massive
iy odacite lows and dykesta parucelahy hetetogeneais stvie of delorma
ton s dhasacteriste of the extrusive feveds of the Ciemvik Nappe 1 the
Skotovass atea, the pratten hesng controtled on the Lazer soale by the forms
of the mote tnm}n-lrm members, the amtrusive mussids and aod extrusne
domes and intusive dyvkaes,

Einly, recumbent, mochnad fulds display gentle anadl plunges 1o the
S-88WL which ronghly parailels the dlongaton of the arebody, and have
antal planes (5, dipping appravmately 259 to the SE Fecunue bandimyg
within the ores pagallels the mam schstasity (55, 1 the enclosing s hist enves
lope and represents an axuil plane structure accompany g the finst phase
sochnes, Plurse Do linal asaad trend (F) s reflecied i the clopganon of the
main ore bodv. Tndivdusl lenses we appazently the product of partial
disjuncton ad vanslaton of Told lmbss wathan the fold system = the lareral
extremties of the e bens susteny Charactenstic aliy showug multiple duna
tion snd bBilwrcation g 7).

A lold sttuciines of the carls generation are not parti ululy common
within the massive voloane sequence and are best observed in the finely
siratified 1ot bands wsd associated, more competent cherts and iron-rich
chlorste sehists of the exhalative facies, Early isuddines e also preserved at
the contacts of the massive ores with the smrounding sehistose envelope and
within the well banded sphalente and chloniterich faties of the ore itself,

The second stage of deformation, superimposed on the grain of the carly
isoclines and S, schistosity, has created i system of broad open, upright fulds
whith v e resulted man ivregular patter of dome and basin strectures, The
formation of these open dome and basin structures was accompanivd by
further movement shortenmgl along the o angle planes zenerated duning
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phase I and these mov
and a local second stag
tion folds
SE

ements led to the creation of miner fold crenulations
e axial plane cleavage (S,}. The second phase crenula-
I show a consistent axial trend plunging ea. 12-15° towards the
b ard witl axial planes (l:]:plns lIlln!il'rallcl}' tothe NE, This PCI‘i(]d o
post-schistasity: deformation” produced fo
minuie crenelations (often micrascopic)
undulating folds, Detailed struet
the mutual and temporal el

[ex42

ds of varving magnitude from
anel drayr fulds, to rather large, wpen,
utal studies will be required 10 determine
atiemshups of these pest-sehistosity stivetures.
maton is represented by a complex svstem of
igh-aagle nommal flts and conpugate lraciures, dominated by NNE-SSW
1o NE-SWoand E-W tends and showine vertical (hspl.l(‘l'mvnl:.nfup lo2-3
m tom within e mine (Fig 7 These laules arwed fracture zones penetrate

Both the ares and the ene loster schists < nel have created stabilin problems
within the mme,

The final epsode of defig

Tectonic Deformation of the Ore

Wheie wotenism has had o pervasive effect on the ore the
I

textures are
distinetly of s tectonic nature, and eny gross tectonic flattening and extension
of the ore lenses my

tst have been accomplished by relative movements
bBetween the imdeidual RIS accompanied by catacl
called “macroseepic du tlinn' by Atkison (1973},
5ll‘(m;_:l'\. SR

astic degrad;!lion,
Textvaral evidence
ests that, within the massive pyiilic ores. catael
dominant deformation mechamism Fig. 10). Atkinson (197

isis was the
a} nuted that the
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Fig 16 Photomicrograph of type { h-¢ ore Typical compuact very fine

it ameing of sphaiente turevi and yuartz, (black) as matnx fi
deformmutron of Py e grans (eulies)

grained pynuc ore with
g, and with cataclastic
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Hine pymte s sttongly and mversely dv;-vlu!cm on
st A e ! . rebody e nu‘.ﬂmwd ol n-.'\u;.\'
potesity. Large volumes of the Skerovass o e ol
monamineralic Gose pached agurogates of fine gradoe }] N o
aty el when Dithufied, these niasses must has e belos r'( n; a n‘;‘ o
tent manner relative o the adjacent chlontized lu\.l; :ll\l. ‘{1\]1(;: l.n.“‘ l-m\.e
Duning phase Lo the style of deformation within t ( m; ]Al.ll.;(l.h‘lil. jgve
been contiolled by the deselopmuent of narrow mmk\‘(.r IS .‘m.m“ddwd-
withim which much of the tectonte stz sould hay li » t;) ‘::::“_w b
This produced adispunctive Ivnltit uhau .nrf.alzlgl;:-:l\l\:;:.l(!]‘:”:l( (;: o l:l[:,l. e
sphalente rrch and Chlonte-carbanase lu _ : et .l“ld kbt Tt
: : av e behaved ditterently under carly sochng . .
.lll]'n)([:l‘.:n;ll)l::'islnhuli‘t1lu rich owes display '.1- stiongly des tl‘ll‘)[)t.'r:ll}jnll.nrl\:;g fl::::c‘;
comparabile to that in the onqlo-_unyi (-Ilalonui( sg\h:?‘l (l:‘l: :‘:I:}‘;'m:{ du\'.v]“[md
renulations with associated axal plane ceavage ared ‘
}lll(lll(t::]])‘::::i](::[v banded ore in much the same manner as m the enclosing

schists,

Conclusion

B {8 ] Westigd 101 ol the volcanic lithologies has Cd to ll\e (’Sl;\bllbh‘
\(l‘l ll(]il’\‘l- it I I I } I 2 I I
ment Uf i \-HI(.HIIJ s[ldll"’h!])l\\ fl)l lh(‘ IIUS‘ lUfl\& ()f l]ll_' .'\1\(110\‘«\55 clcpﬂs.l.
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Continuing studies of the geochemistry of the individual vole
showing that the Skorovass volcanics originated in an environment produc-
ing basaltic and mtermediate lavas of island arce tholeiitie character with o
slight cale alkaline affinity, and as previous stated by Halls et al, (1977), (he
ur('bud‘\' 1 sitwated  within a part of the voleanic sequernice dis[)i:l)'illg
distinttly cale-alkaline chasacter™, This study shows that the cale alkaline
tend is a reflection of the intermediaie to acid vele
extiusive rochs that show HUBHITIRITT
and that these acidic o felsic Livars ¢

anic units are

anic compuositions of
association with the silphide orebody,
: 3 ‘ an be of tholeiiye origin, s suggested b‘y
Fox (19704, Lutro (19749) and XaeGeehun & MacLean {1980,

The Skorovass CIUPLIVE sequence iy mierpreted as Raving formed as an
ensimatic thoeleiitie iJand are o e west of the Fennoscandinn continent
during prabuble Lower 1o Middle Ordovician times

and sebucquertly
obducted and thrus sunthieastw

atd [ Mlowing contmental collision at the
climauctic stages of the Caledonian orogeny during the Silarian,
Fromanarea ofsuch commplex volosnic eatnsiy cancdhaintrusnve nature as an
island are (e the Skorovass area), detailed know ledge of the voleano strati-
araphy iy e essary to help mterpret the wends praduced on boih major

element and vace element discriminant dige

grams such as the commuonly
used AR\ divgran and the Ti-7) dragram of Pearce & Cann (1973}, Uneai-
tical and blind use of such i

1wtioms without prior km)\-.h’dsc of the
vu!t'umrslrutigmph‘\ can lead to :v\i\h-driing mterpretations of the palacoval-
Cunic envitonment,

Detasled iny estigations of the complex polvphase deformation of the
Skorovass orcbody and enclosing volcanic rocks have permitted a pabin-
spastic reconstruction of the latera) and vertical are facies withi the vrigmal
basin of deposition and have demaonstrated  the intimate relationship
bhetween the massive sulphide ores and the explosive acid voleaniam and
associated fumarolic activity, now lound us the sulphide venss of the “feeder
zone’. The formation of the Shorovass orebody must therefore be seen in the
light of & volcanogenic hvdrothemal exhalotive made of deposition,

Aelnadedgoments. The anthor w hos to thath the Skowo

uppattuny of caresing out the detaled sufiee and andergiound geologial mippnyg on
which most of thy tepott s based, and g providing bim with faihties ot vanoms ntervaly
duning the perind betseen che sprimg ol 1978 w0 957

s mitung statf tor piving bim (he

The wuthor was suppotied b a 2% ypar prnodd Sept 1971 =March PEE7) by an NTNE
Industiy schiolanshup (Norges Tehnpshe Nazvitembanel oo Forshnisgsiad) while direetiv
mvalved i the Shirosasy resenreh Preguect wngder e gindance of Professer F AL Vokes The
(_;"rjlu::!\k fostitary, NTH, previded l.ulu-n.nul_\ fe dlities and aific spaice and 1 Ramme 1
thunked o hus gndance and wanbance 10 the aye ol the XILE gnel AAS o
Sarsdvik performed some of te trace clesent analy ses, wlule
INGLY provided whole rock major
thus repart,

The author 4 especialiy mdebied 1 Pr € Hally and My i chdq_\ uf RSM, lmprnal
College, Londen, fur their numerons discussians an the regional geolosy suruunding the
Storavas fegon A Johanmesen dralted the diagrams

L thank Me 1" Grenne. Dre D Roberis and Mrofessor I M Vakes for valusble commonts and
entiensm ol the first draft of the manus B andd tar improving the English teat
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!, INNLEDNING (bakcrunn og sammendrag

Undertegnede er blitt palagt oppgaven & arkivere og
sammenstille unders¢gkel sesdate fra tidligere malmunder-

3

sykelser, en oppgave som 0.S.Hembre var kommet godt i

Gang med. Oppgaven er tenkt gjennomigrt innen en tidsram-
me pd ca. 3 mdneder.

Da det i utgangspunktet har hastverk med a komme igang

med ytterligere wmalmleting, har man p& crunnlag av en'rgif"
giennomgdelse av geologiske"avliandlinger” og geofysiske
rapporter forsgkt a gje¢re sey opr en generell malmletings~
status. Man hdper notatet kan bidra til & motivere til plan-

leguing av ytterligere undersgkelser. 1 det minste héper

man at det kan frembringe on dis

kusjon om videre malmunder-—

spkelser i Skorovasfeltet.

Som naturlig er, har tidligere rzlmunders¢gkelser stort sett
vart konsentrert til movedmalmen og de marginale forekomst-
ene Syd- og Syd¢stmalmen. Et cnrade av stgrrelsesorden -
10 km? anseces for & vare meget ¢odt undersgkt ned til ca.

4=500 m under dagoverflaten.

Lels under nevnte nivé har imidlertid strukturgeologishe
undersgkelser og boring ved hovedmalmen indikert at grgnn-
steinssonen i hvilken malmen er tilunvitet, repeteres pa dypet
som et resultat av isoklinalfelding. Spredte A.M.T.under-

sgkelser indikerer at en "malmleder" ogséd kan repeteres.

be foreliggende gode geclogiske kart viser en utbredelse
av betydelige gr¢rnsteinsarcaler som ikke er systematisk

undersgkt geofysisk. Disse gr¢nnsteinsarealer liguaer

relativt nar de eksisterende da og de kan renre-
sentere omrader i hvilke det er muligheter for a finne

mer dagnere malmhkropper.
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2.1. Innledning.

Geologisk kartlegging har vart uvtfi¢grt siden 1930. 5 geologe:
har vart inne i bildet, og det har vert kartlagt ba’e i regio-
nal og detalj malestokk (1:50000 ~ 1:2000). Geologishk arbeide

pagar fremdeles gjennom A.Reinsbakkens Dr.ing.arbeider.

2,.2. Grgmnstein og malm.

Noe forenklet kan man si at 3 g¢rgnnsteinsserier finnes i1 feltet.
Malmen opptrer pa grensen mellom 2 serier hver den ene serie

er preget av mye eksplosiv vulkansk virksomhet. 1 de andre
seriene finnes ogsa skjerp og mineraliseringer. Det nevnes

at Skiftesmyr, som forgvrig ikke ligger i Skorovasfeltet,

synes & vere knyttet til den nederste grgnnsteinserie.

De 3 nevnte gr¢nnsteinserier ansees i utgangspunktet & vare

potensielle moderbergarter for kismalm. Nevnte mederbergar ter
har et betydelig areal oy finnes relativt nar eksisterende dag-
anleag. Det kar geclogisk sett vare nerligoende & trekke frem

grensesonen i hvilket kj alm finnes som en ledehorisont for

3
- -

videre malmleting.

2.3, Strulturgeolocl.

Etter der primere anrelse her bergartene bElitt uvtsatt for nye

bevecelser med overioldhinger.

? foldefaser opptrey med akeer henboldsvis moi S8V og 558, 09
begge er preget av isoklinalfoléning. Ftier foldrirgene er felte
utsatt for relativt steile for¥estnincer. Forkasiningen stryber

mot NH@ og NO.

Det er verdt & merke seg at ikke minst malmenes romgeometrisie
form er preget av nevnte foldninger. Malmen er meget opp-
stykket og har form av linser i et stjert om stjert m¢gnster
med akseretning mot syd. Det er eksempelvis sterke indika-
sioner péd at gkonomiske mekticheter av malm har oppstétt som

et resultat av sterk isoklinalioldning.



Et annet resultat av strukturkartlegging er indikasjoner pe
at gre¢nnsteinssonen,som Xjent malm er knyttet til, er repe
tert pa dypet som et resultat av iscklinalicldaning. Dette
er forgvrig delvis bekreftet ved resultatene fra iype
borhull.

Er malm av form og sterrelse lik hovedmalmen {(eca.lOmill.tonn]

vil lett kunne mistes hvis man ukritisk selter icang med
systematiske geofysiske bakhemdlinger uten & ta hensyn til
strukturceologiske tolkninger. De geofysiske profiler kan da
lett f& en ugunstig retning cog innbyrdes avstand i forhold til

det sghkite objekts stgrrelse og akseretning.

Strukturgeclogiek kartlewging og en best mulig forstdelse av malm-
ens stratigrafiske posisjon 1 vulkanittene har kort sagt stor
tetyéning for & fairme frem til omrader i1 Yvil¥et stratigrafiske

o strukturelle betirgeleer kan finnes som kan kontrollere andre

malmkroppers opptreden.

Nevrnite geologiske strukturstratigraliske forteld som Far betyvdé-

P

-

N

-
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3.1. Innledning.

Geofysiske underspkelser er utfert i tidsrommet 1938 - 1979.
De geofysiske hijelpemidler var lite tilgjengelige da maiinen ble
funnet og er derfor ikhe utfert i en ideell rekkefglge.

I denne del blir elekiriske og elektromagnetiske undersgk-—
elser som spesielt har hatt betydning, viet oppmerksomhet.

Det refereres forgvric til den utmerkede BVL-rapport nr.s45

hvor roen sider klant annet omtandler nytieverdien av ceofysikk

(]

i Skorevasfeltet.

3.2. Geofysiske undersghelser og resultater.

a) Vanlige flymélinger 1 150 m hgvde har gitt svart usikre indi-
reaojoner.

b) Helikoptermiélinger utfgrt av Terratest og NGU gir skikke-
lige indikasjoner pi utgaende av Hovedmalimen. Bortsett
fra arensteinsonradet nord og nordest for Lille Skor-—
vatn, er omréadet malt. En gel helikopterancmzlier er ikke

oppkiart.



o)A tfoirte hakieundersrnclsely R T L Muram, WVLF stands-
1 . e S . [ 1 - . e -2  FY—— P e T i 1 .
malinoeyr oa macenetiske undersghglser, star furam og I.P. 1 ¢n

sarklasse.
| = g 1 o b e = Ty £ = = A & 1 - g . 1=
I1.P. indikerer hovedmalmens fortsettelse mot syd, samt at den

indikerer mineraliserincer vest for hovedmalmen og 1 underkant
av denne. Undersoekelsene har derimot ikle gitt wvode holde-
punkter for boring vest for hovedmazlmen. Man skal oasa merke
seqg at syd-@gst-malmen fremkommer middels anomalt ved 1.P.-
unders¢kelsene.

Turamunders¢kelsene indikerer hovedmalmens utstrekninag mot syd,
samt at den indikerer klart bade syd og syd-¢gst-malmen syd og
syd-¢st-malmeb bhelicgende ca. 200 m under dagen er funnet som et
resultat av prospektering hvor turamundersgkelser har spilt en
sentral rolle. Det papekes imidlertja}he1e omradet mellom svd og

syd-¢st-malmen er turamanomalt. Ved honduktiv stromtilfersel har

m

man ikke greid & skille marginalmalm fra fatiice impregnasjoner.

d) A.M.T.undersgkelser er utfgrt i et relativt beskjedent omfang.
P& arunnlag av et profil som passerer over Hovedmalwen, kan man
si at denne fremkommeyry anomalt. Merkelig nok har man ikke fatt

skikkelige indikesjoner pa Syd-syd-¢gstmalmsonen. A.M.T.mdl-

=

ingene har citt indikasjoner pd en dyp leder ca.800-900 m under

-

dagen. Det er saansynlic at nevate indikasjoner kan gjenspeile
)

e
en leder i gre¢nnsteinsonen som synes & repeteres péd dypet.

3.3. Konklusjon av tidligere undersgkelser.

L

Av tidlicere utfgrt geofvsikk kan fglgende honklusjoner trekhes:
Dersom Hovedmalmen hadde vert ulkjent idag, kunne den blitt funnet
ved turam, I.P.motstand, VLI, A.M.7. og elektromagnetiske wmalinger
fra helikopter. Svd- o4 syd-¢st-malmsonen som ligger 200-250 m

under bakken, ville kunne blitt funnet ved turammalinger.

P& grunn av relativt stor elektrisk motstand i sidebergarten i

+

Skorovasfeltet har nevnte geolfysishe metoder god dybderekkevidde.

Dersom ikke skiermende arunne ledere finnes, er dybderekkevidden

omntrent som Inlcer:

Helikoptermalinger ca. 50 m
ViP-mélincer le0 m
Tarammalinger " 500 m
A.M.T.-malinger S+1000 m



4. PRDSPEKTERINGSSTATUS

/v konkrete objekter er "syd-¢st-malmen" (600.000 U 1,45 Cu oa
1,4% Zn) og "Své-malimen" {(300.000 £ 1,7% Cu o¢ 0,37 Zn) funnet

som et resultat av prospekteringen.

De nevnte marginalmalmer samt lovedmalmen (10 mill.t

ot
?'j
L&

innen for et turamundersgkt omr&de pd ca. 10 km™. Det pipekes
at spesielt turammetoden synes & vare velegnet i Ekorovasfeltet.
Nevnte omrader anses for & vare bra undersgkt ned til et dyp p&

ca. 2-300m under bakken.

Innenfor nevnte turammalt omride er dog den nedfeldete gr¢nn-
steinen i hvilket malmen er tilknyttet, et prespekt far dyp-
malmleting. Strukturelt sett er det indikasjoner pd at nevnte
nedfoldete grgnnsteinsone blir darunnere mot nord. A.M.T.malinger
tyder sd langt »n& at en leder kan finnes ca.200-350 m i for-
lenuelsen av dyphullene 10071 oa 10035. Det papekes at A.M.T.-
resultatene er kun basert pa resultatene fra to profiler hvis
avstand innbvrdes exr ca. 200 m.

Onré&det ber undersgkes viterligere med A.M.T.malincer [d¢r man
Lar standpunkt til eventuelt & forlenge nevnte borhull eller
sore andre hull. I utcangspunktet vil man pricritere slike dyp-
unders¢gkelser omtrent likeverdig med mer ¢runne undersfkelser

utenfor nevnte omréde pa 10 kin®.

Majoriteten (over %0%) av bergourunnen utenfor utgj¢res av grenn-
steiner = grgnnsteiner som ogsd kan ligoe strukturelt gjemt under

andre bhergarter. Undersgkelsene uvtenfor emrédet har vart mer

. e +
E-E.llk [ =

"'4

Noen mineraliserte chiekter er dog Iremkommet av hvilke noen begr

anderspkes videre. Hembre har laget en cbhbjektbeskrivelse.

I Guizerromridet finnes lMo-mineralisering og omrddet henger struk-
turelt seit sammen med Fremstfjellomradet, hveor Creng -gruppen

har interessante moivbdenoppslac.

Man burde vare motivert for & undersgke stgrre onrader syste-
matisk ned til et dvi av 2-300m under dagoverflaten. 1 mot-
setning til de fleste andre hergverhksomrader har Shorovas-feltet
svaert ctor blotningsgrad hvilket muliggje¢r at man “an komme langt
med strukturceologiske undersgkelser. Bercariene har cessuten
relativi hgy elektrisk motstand slik at man kan se relativt

dypt med elektromaanetiske undersghel sesmetoder.



FPorslag il met ikkrekhoefolage ved vitterligere malpuncsrsghel sen

1) Warmere strukturceologiske underspkelser samt rekounoserende

VLF-m&linger.

2) Systematiske turamundersgrkelser i omriddet som prioriteres ut

ifra VLV'- oo strukturundersgrelser.

3) lier kostbare og tidkrevende A&.M.7. underspkelser bgr uvifures
mer regionalt. Formilet er & detektere dypere objekter hvis
turam skjermes av tynne ledere.

E.M.T.metoden kan ogsd bidra med 4 fremskaffe strukturelle

opplysninger.

5. LITT OF PRCSPEKTERING I MERAKER-TYDALOMRADET

Skorovas Gruber har ogsd drevet kismalmieting i Merdiker-Tydal-

omridet. Dette omrade ansees neppe a4 f& noen innvirkning pe

film

situasienen i Skorovas, men da det har vert arbeidet i1 dette

o |
-

omradet 1 omlag 10 &rx fra 1965, synes man omradet DL¢r nevnes

dette notat

Shorov Gruber har undersgkt en del camle cvruber og skjerp av
wilks kan nevnes: Hongens grube, Torsbjprk grube, Ramfijell
grube, Fonnfiell grube, Lillefjell crube, Gilsa, Kluken grube

o.fl. Mongen grube, som ble drevet fra 1747 til 1793 var en av

de

mest koblerfegrende. Det har blitt produsert ca. 5000 tonn smelte-

malm 8 4,59 Cu. En del flvanomalier som ikke direkte har for-
hindelse med camle gruber og skjerp er ogsa undersgkt. Majori-
teten av unders¢kelsene har vart konsentrert til et omréde ved
Storhusmannsbercet i hvilket omréde det fra tidligere fantes

endel skjerp. Foruten at det er boret 10 hull, er det gjort

ceokjemiske unders¢kelser og 1P og CP-milincer. "Malmberegninger”

viser 7,5 mill.tonn med 0,3% Cu og 0,3% Zn.

mders¢kelsene har ikke f¢rt frem til interessante kiscobjekter.
Det nevnes at endel ceofysiske flyanomalier og bakkeanomalier
ikke er oppklart.

Shorevas hadde tidligere endel mutincer i feltet, men de siste
av disse gikk i det fri ved arsskiftec 80/81. I lgpet av 1981

har Orkla delvie mutet vare tidligere rettigheter.



Manr skal ilkke se¢ helt bort ifra at oern gruber oo skijerp i Mer-

Sker-Tvdalsfeltet kan inneholde edelmetaller. UDen tid da Skorg-

vas Gruber A/5 utfegrte underspkelser var ikke gull cg sglvprisenc

interessante. S&ledes er det tidligere hare utfert ubetydelige

delmetallanalyser.

o Do
8}

L)

opin Ag. (normal s¢glvgehalt i Garpenberg er 110 ppm) .

i)

o

sjon.
Storhusmansherget i Meraker-feltet har som nevnt ca. 0,3%Cu og
0.3%2n, ou edelmetallanalyser er ikke gjort.(.hitik har gehalter

p& 0,35%Cu og 5 pmm Ag.)

6. ETTERORD

Bergverksindustirien er for tiden inne i en vanshelig periode.
Grubecelskaper trues av nedleugelse, og bide yngre og erfarne
bergfelk gar ovar i oljeindustrien. En basis for mineral

og malmprospektering er gode geologiske regionalkart. Kertlegoil
av Worge er en sorgelig historie. Med myndighetenes navarende K
ralrevilgninger til NGU vil det ta omlaeg 13C &r for lancelt vert
geologisk kartlagt 1 mélestokk 1:50.000.

For & prove 4 sikre bergverksbransjens eksistensmuligheter, mé&

vi vere villige til & satse mer pad prospektering. Tor at pro-

spektering skal gi resultater mf man ha gode ideer, cod ;.rieds-
oversikt, cod ceologisk bakgrunn, cod kjennskas 11l proskext

eringsteknikker, og ikke minst vare villige til & saise risiko-
kapital. Enkeltvis mangler selskapene en del av overnevrnte
faktorer, og da kanskje spesielt vilje og kapital. En av de

beste m&ter & unnga tap pd, er & he vilje til & satse relativt

mye kapital p& notiverte unders¢kclsesobiekter.

nalyserte bly-magnetkisprggver fra Kluken-omradet viser i snitt

&
r¢gvene er over-representative, men gir dog likevel en bra indika-
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FORSLAG TIL PROSPEKTDRINGSFLAN 1 SHOROVASFELTET

-

Undertegnede er p& bakgrunn av notatet "Malmletingstatus for Sko-
rovas Gruber og mulighetene ved vitterligere prospektering", blitt
anmodet om & kxonkretisere et eventuelt oppleyg for videre pros-
pektering.

Et omréde av stgrrelsesorcden 60 km2 som er ca. 6 ganger arealet
av tidligere turammalt cmré&de innenfor hovedmalmen og syd- ©g
cydgstralmen, er i utgangspunktet medtatt. Omradet er geologisk
interessant, men det er s& stort at det ma en meget hektisk og
intensiv prospekteringskampanje til for & undersgke det relativt
systematisk innen 1983. BHvis man ikke er villig til & trekke ut
prospekteringen over en lengre periode, bepr inan overveie a kon-
sentrere seg om et nce mindre cmrade.

Onridet er delt inn i 4 deler i hvilke man etter narnere disku-
sjoncr og faglige studier kan prioritere en eventuell prospek-

teringskampanje.

2. Generell preospekteringsmetodikk.

I cverensstemmelse med tidligere notat kan prospelteringen gjgres
om fe¢lger:

. Geologisk strukturkartlegging og VLF undersgkelser.

s

1

2. Turamundersgkelser

3. A.M.T.undersg¢kelser
4

. Eventuelt tilleggsundersgkelser og boring.

Metode Profilavstand M&lepunkt
avstand

VLF 100 m 200 m

Turam 200 m 20 m

A.M.T. 200 m - 1 km 50-100 m

Spesielt strukturkartlegging forutsettes & vare sa krevende at

en meget erfarven geolog ma gjgre dette.
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Hvis man slgyfet geologisk strukturkartlegging og VLF undersgk-

-

, matte man male turam med en profilavstand pa ninare enn

M
=
mn
M
a

0 m for & vaere sikker pa ikke & miste en potensiell malm av

"

0
tgrrelsesorden 10 mill.tonn. Slike undersgkelser ville hli mer

?T'

thare og sannsvynligvis ikke s& gunstige som en forhindsunder-
spkelse med strukturkartlegging cg VLF. VLF-malinger wvil ha be-

tydning for & kunne optimalisere et turamkabelutlegg.

3. Generell beskrivelse av prospekteringscoumréddene.

Omréde_ 1. Omradets areal er ca. 26 m. Majoriteten av omradet
utgjgres av grgnnstein, mens omradet mot Skorovasklumpen ut-
gjgres av en mer amfibolittisk bergart som synes & ligge som et
“lokk" over grgnnsieinen. Man kan heller ikke utelukhke at amfi-

belitten kan fgre potensielle malmer.

N

lialls & Co's kart viser en sur tuff-agglomeratisk horisont nede

€

i Skorovaslia. Denne ledehorisont og akseretningen pi kjent
malm danner en basis for utvelgelse av omrade 1. mradet er
dreiet noe mer mot NN@ i forhold til kjent malmdrag pa grunn av

kjente strukturer i omradet.

Som en ser av vedlacte kart (fio.l),er deler av omradet tidligere
turanundersgkt. Omrddet fra Skorovaslia lgpende mot Tunnsjgen
viser svake anomalier som i fe¢lge A.Haugen ikke er fulgt onp.
Omyr&de 2. P& grunnlag av A.M.T.mélinger utigrt i 1¢79 har man fatt
ndikasjoner p% en dvpleder som ligger i forlengelsen av dyphullene
10071 og 10035 - 7 - 900 m under dagen.
I overensstemnmelse med tidligere strukturgeologiske unders¢kelser
nar boringen dog indikert at gr¢nnsteinsonen (som malmen er knyt-
tet til) er nedfoldet. De geofysiske indikasjoner synes & kunne
gjenspeile er elektrisk leder i denne. De strukturgeclogiske
resultater tyder videre pa at denve n~dfrldete ar¢gnnsteinsone
kan bli grunnere mot nord, slik at en eventuell malm lettere kan
angripes med en ckr&svnk fra Dausjeen.
Det foreslaite omrddet/ QTges opp med systematiske Z.M.T.mélinger
med 200 m profilavstand. Seismiske undersgkelser bgr ousd overveles

dersom nve A.M.T.m8linger c¢ir lovende resultater.
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omrade 3. Omradets areal er ca. 15 km”. Lederhorisonten som

A " e

hovedmalmen er knyitet til lgper gjennom omradet, og ved Lang-

.
=)

tignna er det pdvist sulfidband hvis mineralisering finnes mer

eller nindre sammenhenogende innenfor en 5Lr¢klengde pa 4 km.

r?’

Grong-gruppen har planlagt & unders¢ke S.Langt jgnna-cmrade

(4]

nermere denne sesong. Innenfor omrade 3 finnes ogsa ikk

unders¢kte helikopterancomalier.

. e 1 o A
Onmrade 4. Omrédets areal er ca. 14 km™. Syd for Nes

finnes endel ikke undersgkte helikopteranomalier som bgr

{ 'A

vatnet

fplges opp (se kart i tidligere notat). Man har dels trukket

omrddet ut i trondhjemittene og de diorittiske cgabbroer.

joil}

Srsaken er at det ifglge Halls & Co's kart er indikasjoner p
- u o

t hovedmalmens lecderhorisont synes a strekke seg inn under
e

v
4]

a
nevnte hergarter.

4. Gjernnomfgring, kostnader og tid.

Hvordan prospekteringen generelt er tenkt ¢jennomfgrt med til-
herende overslagskesinader er satt opp i tabellform. Det vises
til tabell 1.

Fu anstrenct og teoretisk tidsplan for en prospekteringskamp enje

sy indilativt vist i tabell 2.
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Kenklusion.

Net er d&arlic prospekteringsfilosofi & skjeve ned pa "khjekkenhage'-
prospektering fordi dagens metallpriser er lave. Basert pi ana-
lyser fra hovedmalmen burde det vaere muligheter for & finne nye
malmolbjekter som bestdr av kobberrike og spesielt sinkrike partier.
Ved selektiv brytning er man da mindre avinengig av konturene.

Man shal heller ikke se bort ifra at det om noen ar kan bli l¢nn-

somt & preodusere svovelkis til energiutvinning.
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Forelgpig liste over geologiske rapporter 1 ackivhylic
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1971 /1972, | Volker Hirsinger

1972

1972

1372,

1972
1973
1973

1973

1972

1973
1973

e,

974

1977

: 5+Cp6n Flitton

Quen tirm 6(0(‘96
Falmer

Voiker H: rsin_gcr

: H.C Gale

— ] —

Peter Walker

Rabert John

Horslgfj

R03Cr D 5cott

; Michael Horder

| Ivan ngff'dd

/?oyzr 9. White
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Imperial (ollege

Roual School of Mines

Royol School of Mines

R%al School of Mines

Px’%aﬁ S¢hool of Mines

Tekst

—

Komertarer

The Geoiogy of Western Okorovasklumpen and vicinity.
The Geology of Eastern Skorovasklumpen.

The Geology of Castern Snorovaskiumpen and the

Ge. )/Jj of the Lnfc;d.mumOCn Cu/Ni Assermblaae

Geological Report on Grubefjeliet ond
the Surraunding Area.

Geolagi Sandsia omr
66010‘91 i Sonddla omr

The Grgnndalsfell Gabbro.
The Geology of the Skorovas Area.

The Grubcfjcﬂ Volcanics
Blahammeren—Havdalen region,@fo/%ica{ Report.
Bldhammeren ~Havda'en rcigfon. Gfo/ogicaf ﬁ’cporf.

The 0601033 of the Havdaisvatn and Ingusvatn firea, Hq"o loqical
5*&{1 of (Gneays and scd. rocks, Gnd a discussion on the.
pﬂf"O:Cn‘“’()' satting of the Skorovas Region
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Forelgpig liste over qeoiogiske rapporter i arkivhylle fra Skorovasfelter
P9 g0 PP )

Ar Institus/on
1958 beofysisk Ha/wﬂc‘-f“r-mj
19568 NGU 237
1359 beotysisk Malmieting GMEH5
1962 ABEM
1970 Terratest
1971 NGY
197 NGU 1084
1971 NGU 98I
1971 Terratest
1974 NGU 11Z]

1973 NGV 1216
1974 NGU 1274
975 N6U 1343

Teicsk

h/OrY‘l entarer

TUermc;/in\gcf‘ i Skorovas
Turarmundersgkelser
Turarrmwf/n?jcf Nesavatn.
Flymalinger  Dei 1L

M%n. trelkom ponent ma/m\cj‘cf.

Diverse undersgielser ( 6ror39pro:sj' ekter av §. Logn).

CP Malinger Sydmalmen.

(F1FP 5P og PP Grubefel.

Helikopter md/:'nger (Majn. +EM),

CP,IPog ULF Mdlinger over Nordre Grubefjell.
CP, 1P ved Nordre Orubefjel

H@/I.}CO(O?LCF méh'nger Del IC

CP,fPoﬂ PP ved GrubefjéH 0g Nesdvaln

o uker

ca. /L; Cl’(fj(‘,‘f”

et par cager

/ vke

1,5 vker

ca. 14 dagr_’r
JH dajc‘f

| &
ca. M dager

L



far . Institusjon
1976 : NGU 1536
1979 | NGU 645
1960 ‘ Elkem

1980 NGU

Tekst

CPjS%3;4ghq9cr ved Nordre Grubefell.

EM /‘n'd:’:'ngcr 1 BH iOO&S@ 10071,

AM.T. /“/'ci’//nﬁcr‘

Rcvud:frf’ry av EM ;'”/a".’f'njcri BH 1007).

9 dager



