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Tittel
Presentasjon for interesserte oljeselskap: Prospektering i Skorovasfeltet/Grongfelet

Forfatter ¥ i A  Bednift (Oppdragsgiver og/eiler oppdragstaker)
ato T o
Jensen, Roar i AT Elkem AS. Grubedivisjonen
I 1812 1881 |
Kommune Fylke i Bergdistrikt -~ 1: 50 000 kartblad ' 1: 250 000 kartblad
Namsskogan Nord-Trendelag 1824 2 Grong
Rayrvik
i
% Fagomsade Dokument type Forekomster | {forekomst. gruvefelt, undersekelsesfeait)
i+ Geologi Skorovasfeltet
Geofysikk Skorovas gruber
@konomi Grongfeltet
Réstoﬂgruppe_ b Rastofitype
Malm/metall Cu, Zn

Sammendrag, innholdsfortegnelse efler innholdsbeskrivelse
Noe korrespondanse mellom Elkem AS og Grong Gruber A/S vedrarende:

En vurdering om en samlet innsats ovenfor interesserte oljeselskap mellom Elkem AS og Grong Gruber A/S.
En presentasjon av Skorovasfeltet, varsler en tilsvarende for Grong gruber A/S noe senere.
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Att.: Adm.direktgr Ivar Dybdal

PROSPEKTERING I SKOROVASFELTET

Vi viser til tidligere kontakt om utnyttelse av den malmgeoclogiske
viten om Skorovas-feltet som Elkem sitter inne med.

Denne viten omfatter delvis rapporter og annet materiale som
selskapet disponerer, men er i avgjsrende gragd ogséd knyttet til
kunnskaper og erfaring hos de av vare ansatte som har vart til-
knyttet virksomheter i forbindelse med drift 0g undersgkelser i
feltet totalt.

Vi har hatt kontakt fra selskaper som har indikert interesse for
& diskutere videre eventuell nyprospektering i Skorovas-feltet,
men det er et tungtveiende gnske fra oss at man kan finne en
ordning sammen med Grong Gruber som gjgr at Grong-feltet som
helhet kan dekkes av en ny prospekteringskampanje.

P& mgpte i Skorovatn med representanter for Grong Gruber ble det
1.-2/2 iadr redegjort for det materialet vi tenker oss kan ha
interesse i denne sammenheng. Her ble det ogsa gitt en liste over
relevante rapporter, kart, borkjerner o.l. Samtidig ble det
angitt en kostnad for & fremskaffe et tilsvarende materiale i
1982-kroner.

Ved diskusjonene i Skorovatn ble det konkludert med at Grongfeltet
totalt, Skorovas-feltet og Molybden-feltene i Fremstfjell og
Gaizer er tre konkrete prospekteringsobjekter & g& videre pa.

Ved driftsstans 1/5-83 av Skorovas Gruber vil i henhold til
avtalen med Staten bl.a. alle bergrettigheter og malmgeologisk
materiale tilfalle Staten. I Industridepartementet er det rede—
gjort for vare tanker, og det forhandles n& om en handgivelses-
avtale med Staten for bergrettighetene i Skorovas konsesjonsomrade
og det materiale som er knyttet til disse. Det forutsettes en

5 ars avtaletid. Vi vil i tillegg til gjeldende bergrettigheter
ogsad mute objekter og anomalier som kan vere av verdi ved en ny
prospektering i feltet.

Fosladiesse Keontcraciesse Telsion, Telex
Postboks 5430 hMiddelthuns gaie 27 (02466870 18228
Oslo 3



Elkemas

‘ESE‘! Grubedivisjonen 2.

Vi tenker oss et avtaleverk mellom Grong Gruber, Elkem og et
utenlandsk oljeselskap som skal regulere et f.eks. 5 &rs
prospekteringsprogram for de 3 fgr omtalte feltene. Godtgj¢relse
til Elkem for & stille sitt materiale til disposisjon for
gjennonfgringen av programmet kan skje ved en engangsgodtgjgrelse
og eller ved arlig leie. Verdien av dette materialet kan sammen
med verdien av Grong Grubers eget materiale utgjgre det belgp
oljeselskapet skal dekke opp i prospekteringen. Skulle prospekt-
eringen resultere 1 drivverdige funn m& siktemédlet vare at Grong
Gruber béade blir operatgr og f& en eierandel over 50%.

I prospekteringsfasen kan kostnadene fordeles i forholdet f.eks.

20:80. Vi mener saledes at ved etableringen av avtalen kan vi i1

stor grad bygge pa de samme forutsetninger og forhold som man har
lagt til grunn for tilsvarende avtalcr om prospekteringssamarbeid
(f.eks. Union Minerals Norge i Fen-feltet). For gjennomfgringen

av programmet benyttes en operatgr som bgr knyttes sterkest mulig
opp mot eierselskapene i Grong Gruber.

Dersom det ansees som ¢nskelig, kan man diskutere en opsjonsrett
for Grong Gruber og et tredje selskap til innenfor avtale-perioden
& overta det eiendomsomradet Elkem har i Skorovatn til en narmere
definert takstpris.

Pnskelig og tilgjengelig ekspertise innen prospektering og kjenn-
skap til materialet og lokale forhold kan p@ narmere avtalte
betingelser stilles fra Elkem til operatgren for giennomfgringen
av prospekteringsprogrammet.

Med disse tanker som utgangspunkt for videre forhandlinger, héper
vi pa& snarlig svar slik at vi sammen kan starte arbeidet med a
utforme avtaletekstene.

Det bgr siktes pd & £& benytte feltsesongen 1982.

Dersom vi mot formodning ikke skulle lykkes i & oppna enighet

om disse forholdene, vil vi g& direkte mot oljeselskap med sikte
pa en undersgkelse begrenset til Skorovas eiendoms- og konsesjons-
omrade.

Med wvennlig hilsen
for Elkem a/s
Grubedivisjonen

-

Leif Kopperstad



Elkemas
ES¥ Engineering Division

PROSPEKTERINGSMATERIALE FRA SKOROVAS

Mpte i Skorovatn 1. - 2. februar 1982
Deltakere: Fra Grong Gruber: A.Haugen
T.Sverdrup
V.wWiik
Fra Skorovas Gruber: @.Johansen
C.W.Carstens
R.Jensen

Hensikten med mptet er & fa presentert det materialet som er lagret
i Skorovatn og som kan ha betydning for fremtidige prospekterings-
arbeider i Skorovas-ocmrédet. En liste over slikt materiale og en
prisantydning for kostnader ved & fremskaffe disse data pr. 1982 vil
bli lagt frem.

Dersom tiden tillater dette, foreslas at vi diskuterer det faglige
irnholdet i et eventuelt prospekteringsprogram Grong Gruber eller
Grong Gruber og Elkem i felleskap kan presentere overfor interesserte
oljeselskap.

Program
1. februar kl. 07.00, avreise Fornebu
" " kl. 0B8.53, tog fra Stigrdal
" " kl. 12.07, ankomst Lassemoen

Skorovas henter med bil.

1. Presentasjon av rapport og kart-arkiv.
Gjennomgdelse av enkeltrapporter etter gruppens gnske.

2, Presentasjon av budsjettpriser for materialet.
3. (Eventuelt}) Diskusjon om fremtidige prospekteringsarbeider.
4. Utarbeidelse av alternative program for slike arbeider.

2. februar kl. 16.27, avreise Lassemoen
" " kl. 19.45, ankomst Stigrdal
v " kl. 20.25, avreise Vernes

" " kl. 21.15, ankomst Fornebu

Forhandlinger om en avtale mellom Grong Gruber og Elkem vil kunne starte
primo £ uar.



Bilag 2

Bilag 23

Bilag 4

Bilag 5

Oversikt over prospekteringsmateriale R.Jensen
Verdisetting av prospekteringsmateri-
alet R.Jensen
Geological setting of the Skorovas C.Halls,
orebody within the allochthonous A.Reinsbakken
volcanic stratigraphy of the Gjersvik I.Ferriday
Nappe, Central Nerway A.Haugen
A.Rankin

Geology of the Skorovas kine:

A volcanic Massive Sulphide Deposit NGU-serien
in the Central NHorwegian Caledonides -— nr.360
A.Reinsbakken

Malmletingstatus for Skorovas Gruber Notat fra
og mulighetene ved ytterligere pros- C.W.Carstens
pektering 23.3.81

Forslag til prospekteringsplan i
Skorovasfeltet

Fig. 1: Forslag til prospekteringsom- . E
= C.W.Ca
rdde - 25.5.8

Sammensetningskart over turamunder-
spkelser 1 grubefeltet

Sammenstillingskart av IP-undersgkelser
i grubefeltet

Ceclouisk kart, Halls & Co. med omriss
av foreslitt prospekteringsomrade

Situasjonskart over ¢renser/konsesjoner
i Grongfeltet

Liste over geologiske og geofysiske
rapporter i arkivhylle i Skorovas
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% Topografiske khart
W= 1:10.000 (280 xm?) (1955)
M= 1:2.000 (3 kad)
v - 2
Ej endonisonride 155 ke”
. - i 2
Elendoms + konsesjonscmrade 265 ko
2. FlyTotomusaikk
M= 110,000 (2B0 km®)
Flybilcer éczker hele feltet.
W= 120,000 (3Jcme Bergverk 1Y66) |Eele Gronof=ltet)
z. Geclogishe hart
Foslie 1930 1-300.000D
Gielzwvik oS ML
Grormhiaus 19719 L9 1 25.00
Huseby 127] 1:; 10.000
Halls 971-1977 1: 18.000
Reinsbakken 16497 ¥, Z.000
Grubiekart og
proefiler 1:200
T ) Ak 3
i f\;j._r_,_ﬁl 1A 1% i
4. Geokjemiske kert mfanalyser Cu-Zn-Ph-Ni-Co
-
Terratest 1970 1:25.000 60 km” 235 pki., B elepcnter
Ekoroves/NGU 1U72-75 1:50.000 320 pkt., 5 elementer + Siorovashlugpsn.
5. Geoiysishe mwalinoor
Terratest flynalinger 1962 (2380 km°) (250 m profilavsi.)
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HGU Luram 1000 10 km

4
NGU Laram 1974 10 km”

NGH 1P 1973 2 kT — e meget  mdiomunets

RGU Ip 1975 2 ko
Cp., JP, PP og Turam ¥ horhuell
Elkem ANT 1479 & proiilkm.
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Sydestmalinzn 4500 t 1,69% Cu {1,4% produksjon)

Sydmalmen 550" t 1,43% Cu 1,47% Zn R

1 -

Piamanthoringer med hjersn
ctaljboring for 4

riftskontrell i gruva ikke tatt med) .

=)

Totalt Prospekiterling

a) PBH 1-100 fra 1913 ocg uwiover,
100 hull & ca. 150 m lerngde = 15,000 1.500 m

= Bull med bokstavnr. og dyphull

fra garuva fra Foslie 1936 og
utover r : - k| B o=
c) 10.000=gerien B4 hull (200 m lengde) 1E.000 m 15.500 o
(000 g 20000 m

Oppretiheldie bergrettighetsr pr. 12.desember 1981.

a) 3 lengdeuumal (1G17)
1) 2 flateutma (14981)
¢} 14 mutinger,

a=nhefel tet) (1975}
d) 1 uting, Nesaa (1GT75;
e} 10 mutinger., Geizer (1975)
) 5 mutinger, Gaizer (1873
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'HER. PROSPENTERINGESMATERIALE. VERD

Oppgaven for utvalgel var & gi en oversikt over kunnskaner o9 retiigheier
som Elkem har om Skoravesfeliet {Crongfeltel). Dette er liste: opp’ i

Rity notac av 18,desember 19R81.

Forutsatt al materialev skulle utarboides iGag, her vi foreiait te altep=

hativeveler for verdisetting.

Al Ma & for & f& utfori iilsvarende
b
B) RZ hostrsdens Shorovas her hLesti
Pé prespekierine, ’
Al larhedspris
Pesinadene e xeferert +i! tilsvarende punttes
1 nhtat av }8.desember 1981,
iy4 2 Topografiske kart + flyhilder og rocailk nr. 350.000,-
e Geoloasske kart
@) Halls 1971-77, M= 1:10.000, 12 &rsverl, B nw. i.800"
) Reinsbikken 1978-77, mile-
siokk 1:2.000, 2 ) " =00

€)  Grubekart og profiler, 4 " ! 600" . 700 . 000
A . e

4q. Geokjemiske kari m/fanalyses.
al Terratest, 235 pht. E clomcnter:

Progvetaking Kr.
Analyser
Flotod ng

-
ba L by
oo

b) Skorovas Gruber, ca. GOO pkt,
& elemenier:

wn

e

Analysesx " a0
- g El sl
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5. Geofysicke milinger.
Terratest £lymdlinger kr. 240° r“*i:
" ?L]]LP;LQ:— AN //
T g :l‘i ]
malinner " 245" [“q!’"“"" o
s N 24 - S ¥ "".'
HaGL helikopter- —— -
malinger - 525"
Turanm 1938, -59 oy s
=74, " 230
1P, SP, VLF, &MT " 150"
n Sl NEEy A o kr. 1.420.000,-
6. Malmberegninger, driftskalhiyle.
Syd og Sydpsimalmen.
Skiftesmyr 1l &rsverk, b 200.000,-
7. Diamantboringer med Ljernsheshrivelser o3
malm-analyser.
Detaljboring for ériftsionirell i gruva
ikke inklusive.
20.000 m x 300 kr/m: kr. 6.000¢
20.000 m % 50 kr/m: " 1,000 lyeduye " 7.000.000,-
B. Bergrettigheter (2 &rs avgift) " 20.000,-
9. Arslenn prosjektiedere, grubeaenlog,
atm. av prespektering, 10 drsverk: " 1.500.000,-
kr. 13.405.000,-
Haverd: av prospeiterinasuigl ftene
1954 = 1980 summert uten indsisjustering
i henhold il liste 19.9.1978 med i1illecag
Ky 5.000.000,-
Justert til ndverdi: kr. 10.500.000,-
log ¢ -g administrasjon

av prcspeﬁLerlngen spektering) .

10 arsverk:

Sum prospekiering

Roar Jensen

b LH00.000, -







Geolovical sotting of the Skorovas
orebody within the allochthonous
volcanic stratigraphy of the
Gjersvik Nappe, central Noirway™

C. Halls
Divisicn of Mining Geology, Royal Schoo! of
tines, London, England

A, Reinshakken
Geologisk Institutt, Norges Tekniske
Hdgskole, Trondheim, Norway

l. Ferriday
Division of Mining Geology, Roya! School of
Mines, London, England

A. Haugen
Grong Gruber A/S, Joma, Norway

A. Rankin
Division of Mining Geology, Royal Schoo! of
Mines, London, England

553.067: 553.277: 513.661.21(484.3}

Synopsis

The Skorovas orebody is one of the chiefl stratiform base-
metal deposits within the allockithonous greenstane belt

of the Central Norwegian Caledanides. It Is contained in
the voicanic level of a complex erup tive association of Lower
to hiddie Ordovician age defined as the Gjersvik Nappe. The
rocks of this nappe are cantained as a depressed segenent

of the larger Koli Nappe and defined to the north and
south, respectively, by the Bargefjel! and Grong-Oiden
bLasement culminations. The principa! components of this
rappe are a plutonic infrastructure of composite gabbroic
intrusions within which has Lean emplaced a series of
dioritic to granodiaritic (trandhjemitic) bodies that farm
the rocis of @ consanguineaus submarine polygenic volcanic
sequence, The eruptive rocks are everfain unconformably
by a seguence of polymict conglomerates and calcareous
flyseh sediments, the camposition of which suggests
irmmediate derivation by erosion from the underlying
igneous complex,

Pre-te<1onic segragations, veins and vesicle fillings of
epidote, albite, chlorite, carbonate and quartz related to
primary volcanic flow structuegs in the lava pile provide
evidence of pervesive ln-situ sea-floar metamorphism, and
this interpretation is verified by the shundance of nearly
monaminesalic epidote clasts In the dérived conglomerates.

The relationship of the eruptive and sedimentary suites
is interpreted in terms of the eve/ution of an ensimatic
island arc, of Lower to Middle Ordovician age, which under-
went uplifs and erosion prior to emplacement on the Fenno-
scandian barement during the elimactic stages of collision
tectonism of the Coledtonisn Qrogeny in Silurian times,

The entize igneous and sedimentary assemblage Las been
sffected by the tevtonic stages of allochthonous emplace-
ment, but the gross differences in campetence between the
component iithologies has retulted in & particularly hetero-

*UNESCO -t1UGS Intenatiunal Geoiopica! Correlation Programme,
project no. (i0: Conelation of Celedaonian stratabound sulphides.
iforwegian—British contribution ng. 1,
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tal sliding, f
ation have bear
mast competent lithologies, notaldyr gablbivo, diarite and
granodiorite [trondhjemitel intrusives and, within the
extrusive sequence, compact dacitic flows and their spili
tired aphanitic egquivalents (heratophyres). The hétero-
geneous pattern af deformation is resolved in terms of two
main stages of folding complicated by compaoninial sliding
maovements.

Mineralization occurs at two levels in the eruptive
seguence. The layered gabbros and lensoid mietagalilicas of
the plutanic infrastructure contain seal! cumulus bodies of
nickel-, copper- and platinum-bearing pyrehotite - pyriie—
magnetite ore of magmatic derivation. Mineralization of
this type is at present anly known in sub-econamic guan-
tities.

The Skorovas orebody, in common with other widely
dispersed volcanic exhalites in the Gjorsvik Noppe, occurs
within the volcanic sequence at a level marked by episodes
of exglosive dacitic valcanism and associated fumaralic
activity. The Skorovas orebody consists of spproximately
10 600 000 tons of massive and disseminated predominantly
pyritic ore with an approximate average grode of 1.3% Zn
and 1.0% Cu, together with trace amounts of Pb, As and
Ag. The compiex fensoid geometry of the arehody is re-
solved in terms of the disjunction of a single stratifarm unit
by tight isoclinal folding and componental movements,
probakbly invoiving both translation and rotation.

Enrichment of sphalerite, chalcopyrite and, focally,
galena vathin the magnetite-pyriie ores af the stratigraphic
top and margins of the ore lenses is interpreted as @ primary
feature. The banded magnetite—pyrite eres are commoenly
associaied with magnetitic cherss or jaspers and are thus
transitional in aspect to the thin, iron- and silice-rich, base-
metal-daple:=d, exhalative sedimentary horizons that eccur
exiensively within the extrusive sequence of the Gjervik
Nappe. These are interpretoed as the products of settling of
colloidal iren and silica hydrosols following expiosive dis-
pesal into an oxidizing submarine envirenment. They are
valuable timestratigraphic markers and indicators of way-up
in complicated structures and are & potentially valualile tool
in exploration far messive sulphide bodies farmed in limited
reducing environinents,

Hul and penetrative melan

guvernpd argely By the goaninl
- 3 £

The belt of metamorphesed Lower Palaeozoie rocks, chiefly
of Qrdovigian age, within which the imporiant stratiform
pyritic copper- and zinc-bearing orebodies of the Seandina-
vian Caledonides are located extends over 1500 kmn from
Rogaland in southwestern Norway ta Nord Troms. The
divisions of this complex metaliogenic belt have been described
by Vokes 73 and Vokes and Gale.?® and Fig. 1 shows the
relationship of the principal districts to the thrust frent of
the Czledonian allochithon. The culminations of the under-
lying Precambrrian basement, together with the offects of
erasion, have produced the segmentation of the allochthon
on which the division into separate distriets is brondly based.
Structure! and stratigraphic correlations along the length of
the belt ere made difficult by the structurg! complexity of
the allochthon, the sparsity of fossil remaiing and the pene-
trative effects of tectonic deformation and reglonzal meta
morphism. Sufficlent!y detailed studies have bren made,
however, in the regions of South Tréndelag {(Trondheim
district],*9:5052 North Tréndelag (Grong—Glerivik
districi)*9 and the geographically sdjacent areas of
Jamtland and Vasterbotten in Swedan 815283 14 cheow that
the stratiform ores of Skorovas, Joma, Stekenjork, Ldkken
and Bores lie within the Koli Nappe, which is the upper



—Koli Napipe complex de-

Y The broad correlation waiittun the
vel can reasonably be carried into the
Sulitjolma districy of tvardland, 22 80 gnd 1 alt prohability
this correlation can he extended into the ore district of
Nord Troms,

t1 ts clear that the separate districts that comprise the
QOrdovizian grovince of stratiform pyritic ores lie at & broadly
comparable struciural level in the Caledonian allochthon of
the Scandinevian peninsuia, but there are significant differ-
ences in the stratigraphy and metamorphic grade of the host
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rocks 1 cu o distriet. o general, the Srdovician
host rocks nprise a vanied sssemblage of suptatrueta
volganic and sedirmentary rocks with closely asioniated

plutonic masses of ultrebasic, basic and acid compesition.
The conspicuous guantity of basaltic 1o andes
in the supracrustal sequences, taken together with thaor
deformed and metamorphosed condition, ranuiig in grade
from lower greenschist to almandine amphibolite facies,

has led tu the famillar use of the terms greenschist and
greenstone in descriptions of the stratigraphy of various
districts. 51 Goldschmidt 22 early lznt authority 1o this
usage by defining the ‘Stamm dar griinen Laven und
Intrusivgesteine’ as an important constituent rock kindred

of the south and central parts of the Caledonian aliochthon
at the structural level now under discussion.

It is generally recognized that the stratiform pyritic ore-
bodies have a close genetic relationship to the volcanic rocks
with which they are associated 72 and thai this relaticnship
originated with the formation of tholeiitic and calc-alkaline
eruptives at the margins of the Caledonian orogen in
Ordovicizn times."%1847%.7% The genetic process that re-
lates the ores and host rocks has been masked by the eifects
of metamorphic recrysiallization and polyphase deform-
aiion, which affectad both ores 7374 znd host rocks during
the process of allochthonous tectonic empigcement conse-
quent upoen collision of the Scandinavian and Laurentian
cratons during Middle Sifurian times.’924 The palaeo-
envirgnmental interpretation of the rock assemblages con-
tzined in the structural elements of the Kali neppe is
clearly of the greatest importance in interpreting the genesis
of the associated ores; in & region of the teztonic compiexity
displayed by the Caledonian sltochthon, howsver, it is clear
that the primary geological framework must be establishad
by a study of the field relationships at a leve! of regional
datai! euch that the ore deposits can be considered at the
scale of the geclogice! phenomenon responsibie Tor their
formation. If & voloanogenic origin is postulsted, an under-
standing of the volcano-stratigiaphy and structurs in an
zrea that extends “rom 1 to 10 km outside the orebody itself
must ba sotght. This hat Bean the basis on which the
presant siudy of the eviranment of the Skorovas deposit
vias undertehen,

G vOICamos

Regicnal structure! and stratigraphic setting

Existing knovledge of the major structure! and stratigraphic
units of the Grongfelt originated with the regional geological
mapping undartzken by Statsezclog Steinar Feslie '2:1% during
ihe period 1922-27, the detalls of which were amplified
and interpreied by T. Strand ' and C. Oftedahl. Wore recent
regional studiss by Zachrissan®? in the adjacent Swedish
area of Jamtland and Vasterbotten have given &n idea of

the succession ef structural units within the Kali Nappe
sequence batwseen thz Grong and Stekenjork eress. A com-
pitation from thase sources is made in Fia. 2, which shows
the main sscond-order tectonic divisions that have beaan

Combining the ierminologies of Foslie,' Ofieda
Zachrissan,®' there are four divisions to be recog

first and uppermost of these is the Glersvik Nappe, within
which lie the Skorovas (Sk) and Giersvik (G]} orebicdies.
Below this Ties the Leipik Nappe, within which, by extending
the structural interpretation of Zachrisson, the Joma
orebody {Jo) must lie. Below this lies the Celvernokko
Nappe and, finally, the Lower Ko!i Nappe unit, within which
are situated the Stekenjokk orebodies (St (the Stekenjokk
maim and the Levimalm) 82
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Fig. 2 Map showing location of main ore deposits in Grong—Stekenjokk distriet (Sk, Skorovas, Gj, Gjersvik, Jo, Juma and St Stekenjokk) and mam stiuctural and stratigraphie
units that can be distinguished within Kali Nappe. (1) Thrust at base of Oiden basement nappe; {2) thrust at base of Seve—Koii Nappe; (3) thrust separating Seve and Kol senienens

within Seve—Kali Nappe Complex; (4} thrust separating Gjersvik Nappe at top of Koli Nappe sequence from high-grade metamorphic rocks of Helgeland Nappe Complex. Boundaries
based on geoiogical information from Foslie, Oftedahl, Zachrisson, Gee and Gustavson
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of the regionsl

1o the second-order ti T
rides a ueeful basis for deseriplions
. bt the exact status of the second

these are 1o for the most part, 1o follow siratigraphic
bounduries. For tne purpose of the present discussion,
howgver, the mretise location of the second-order structures
and thglr relative teclone status is less important than the
plutonic and stretiorsphic relationships preserved within the
Giersvik Nappe itself. In Fig. 2 the upper tectonic curitact
with the Helaeland Nopps 22 is clearly defined. The plutonic
and supracrustal stratigrephy is revealed in the passage from
southwest to northwest across the area of the map covering
the Gjersvik Nappe. Without precise knowledge of the
relztive ages and finer lithological divisions of the various
units the Tollowing sequence is conspicuous. Large masses
of gabbro and granodiorite (trandhjemite) in the southwest
are succeeded spatially to the northeast by the Gjersvik vol-
canic gregnstone sequence with the contained orebodies at
Skorovas ard Gjersvik. A period of relative guiescence is
indicated by the presence of @ marble bed intermittently
preserved at the uppermost level of the volcanic greenstone
sequence, The marlle is best preserved in the terrain north
of the Limingen Lake, hut a limited thickness is found to
the NNE of Skoroves ming in the terrain 1o the south of
Tunnsjden. The volcanics with the overlying marble are
followed by a tpectacular polymict conglomerate, the typi-
cal aspect of which is shown in Fig. 12. The final part of
the sequence it made up by the clastic sediments of the
Limingen group, composed by a variety of schistose conglo-
meratic, sub arkosic and phyllitic rocks, the mgjority of
which are distinetly calcareous.

Ciiedahi,2" in his discussion of the nappe units of the
Grongfalt, defined & thrust boundary of intermediate
significance that separates the polymict conglomerste and
the Limingzn sequence of calcareous and conglomeratic
metasediments, so that the Giersvik Nappe, in its original
definition, does not include the Limingen Group. 1 seems
rezsonable, however, 10 extend the compass of the Gjarsvik
Nappe to Includs the sediments af this group, which seam
to be |zterally related, in part, to the hasal polymict corgio-
merate and 1o have derived most of their clastic components

- tonics, greenstones and overlying

from the Giarzvik plu
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Iriferred stratigraphic correlation between Lowsr Palasnzoie sequences 1o south and nerth of Grong Culmination.

The rock it Giteswik Napes have, so fa, vl
ozl remain _-_-_-nat'.'-.'.- for precse dat =ed endp
iion with stratigraphies in adjacent segments of the Sove—
Hal Nappe. The valeanic and plutonie units of th
Gjersvik eruptive complex do, however, bes ¥
tarities to the rocks of the Stdren Group
Trondhicim region. The Stécen Group, locally, overlics
schists of the Guia Group containing Dic tyanema flabell
forme.®? The contact between the two groups i, howuver,
markedly tecionic ¢ and, thus, the graptolite il evidence
can only be used to suggest a possible maximum age of
Upper Cambrian—Lower Qrdovician {Tremadncian] for the
Stéren Group, and it is conceivable that the tholeintic
eruptive activity recorded in the Stéren sequence 9 could
have been initisted yet earlier in Cambrian time.

It has generally been proposed thai the Gjursvik Group
is of equivalent age to the Stdren Group 4% and, by implic:
ation, that the two groups represent similar stages in the
morphological and magmatic evolution of the Caledonizn
oroganic margin in central Scandinavia. Stratigraphic and
gaochemical evidence suggests, however, that the eruptive
sequence of the Gjersvik Nappe is more evolved in terms of
cale-alkaline character 1847 — a matter that is given further
consideration in a [ater section of this paper. Cale and
Roberts have therefore suggested that the Gjersvik erup
tives are of youngar age than those of the Stdren Group,'®
and a partial correlation, at least, with the andesitic green-
tones of the Lower Hovin Group {Ferbordfiell, Hélonda
and equivalent greenstones) 5372 seems 1easurable. The coe
of the youngest Gjersvik eruptives therefore probably Ties
within the Arenig—Caradocian range, whereas the grapioli-
tic fauna of the Bago shalz within the Lowar Hovin Group,
which cverlies the Stédren Group in the Trondhizim region, is
interpreted as balonging within the Didymograrius
hirunda zon2.%7 The Stdren Group thus has & defined
minimum age in the range Arenig to early Llsnsirrian

A furiher aspect of the stratigraphic correlation between
the Lower and Middle QOrdovician sequences in the Trond-
heim and Grong districts concerns the tectonic and stratl-
graphle status of variols polymict conglomersts horizons
that occur at intervals within the Lower anid Upper Hevin
Groups and, notehly, that which overlies the Gjersvik
eruptive seguence.

The widespread cocurrence of conglomerates {(Venna,
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Correlation is approximate end bzsed on information from Vogt,72 Zachrisson, 82 Oftedahl 4° and Roberts.¥? Tectanic
disjunction within the two arees it shown schematiezlly by ablique parallel lines
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jor conglomeratesj= a1 the base
wip, overlying the Stdren Group,

lied Holiedahl 2% 10 propose & tectonic event of reponal
signitiza nee that e ormed the Trondheim Disturbance.
Furiher comparative studies of stratigraphy in the Trand:
heim region led 1o the recognition of simitar polymiet
condlomerates at Righer stratigraphic levels. Vogt 72
identified an Ekne (Caradocian) Disturbance and also move-
mitrts i the Lower Silurian which produced the basal gquart-
site eonslomerdte of the Horg Group {Lyngestein Conglo:
mrate), which identified a Horg Disturbance. Further work
by Raberts 73 has suggested additional refinements 1o the
chronology of uplift and erosion in the Tiondheim District
during the mid-Ordovician, a separate event in Mid- Lower Hovin
timas being marked ai the level of the Stokkvols conglo-
merate.®3 Tectanic evolution in the Trondheim region in
Lower 1o [Ciddle Ordovician time was evidently punctuated
by episodes of vertizal uplift and erasion, the Trondheim
Disturbance being but the first of these. The polymict
conglomerate, which overlies the Gjersvik eruptives at the
base of the Limingen sedimentary series, evidently records a
disturbance of the Trondheim type, which, 1o avoid confu-
sion, will be named the Gjersvik Disturbance. This distur-
bance is probably most closely related in age to the
Stokkvala event 3

Fig. 3 shows the inferred general stratigraphic correfation

between the Lower Palasozoic sequences in the Grong &and
Trondhcim regions. Zachrisson®2 has cited the faunal
evidence in support of a (Lower 7} Silurian age {or the

tckenjokk orebodies, which lie within the lower part of

the sequence of basic 1o acid volcanic rocks composing the
upper part of the Lasterfjatl Group (Fig. 2}; this means that
the rocks composing the Gjersvik, Leipik and Gelvernokko
nappes and the upper parts of the Lower Koli Napps have a
probatle age rdrbe from Lower Qrdovicien 1o/ Lower
Silurizn, matching the age range of the Trondheim Supar
group &8 defined by Gale snd Rober1s.'® The Skoravas
and Gjersvik ore deposits lig within the Gjersvik Group of
voleanic greensiones and must be approximaizly Lower to
Yiddle Qrdovician in age. It is, however, interesting that in
the Stekenjokk area, accepting the fossil evidence of
Zachrisson, conditions suitable for the formation of sirati-
form pyritic ores also existed in Lower—Middle Silurian
tumies.

a.| l."-"ri'" i

Tectonic style within Skoroves area of Giersvik Nappe

The programme of field mapping in the Skorovas area, with
which the present writers have Bieen actively involved since
1871, designed 1o re-examing the major structural and
lithologica! boundaries within the plutonic to voicanic se-
quence of the Gjersvit Group end 1o extend, as far as
pussible, the geological interpretations of Foslie and

fredahl as thay affect the Skorovas area. Mapping in the

scale range of 1:2000 to 1:10 00D has also enabled th
{irst serious altempt to delingate the principa! lithologies
within the voicanic sequence, which were uniformly desig-
niated as groenstones by Fostie '2 on the 1:100 GO0 scale
miap of the Trones guadrangle. The Skorovas zrea, &3 shown
in Fig. 4, lies ciose to the castern boundary of one of the
migin plutonic msssifs of the Gjersvik Nappe. From Fig; 2
it is cizar that the massifs have distinetly tectonic houndaries
of low to intermediate angle (Fig. 6). The plutonic rocks
within thess boundaries frequently preserve their original
igneous fabrics, ttle mud(fice by the penetrative eifects of
tectonic deformation. The volcanic 1ocks and minar intru-
sives oulside them, in comtrast, generally show intense
penetrative tectonic fabirics, The plutonic massifs all have
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teston g velopes.and the imtrusion of the oor
range ol bisic toacid plutome rocks ewident Lo e
prior 1o the main tectonic event, which fed to the emphace-

ment ot the Gjersvik Nappe within the allochihion and
which was alio responsible for the gencration of {
isoclinal folds and the early axial plane schoziont
generally well developed within rocks of the volc
sequence.

Because of gross differences in comipetonce betwein the
various rock types, notably between the plutcnic masses
and the supracrusia! volcanic cover, this porticulariy hetero-
geneous styte of deformaiion characterizes the intermediate
level of the Giersvik Nappe, the patiern balng controlled,
on the largest scale, by the form of the msjor gabbro, diorite
and granodiorite bodies. Within the volcanic sequence it-
seif, high-Tevel doleritic dykes and sills, tugether with
compact dacitic flows and their spilitized aphanitic
equivalents, exert @ more focal influence.

in common with adjacent parts of the eliochthon,
the histary of regiona! deformation can be resclived in terms
of two major stages, the first of which produced the prin-
cipal Caicdonian ‘grain’ of the terrain, creating isochingl folds
of the style illusirated in Fig. 5, and imposing the early
schistosity mentioned above. 1t vas during this stage that
the rmain thrust and slide horizons that separate the plutonic
and voicanic levels of the Gjersvik eruptive sequence were
established. The plutonic bodies evident!y behaved as
massive tectonic weadges, piercing and, in part, overriding
the superjacent volcanics to create the present paitern.

8182

It should be emphasized that such planes of high tectonic
strain also exist in several lesser orders within the volcanic
saquence. These surfzces, as wes noted above, are similarly
formed at lithologica! boundaries, showing marked con-
trasis in competency, and can partly be explained in terms
of componsntal movements alona the thinned and extended
limbs of isoclinal folds of the sarly b ic lavas and pillow
breccias. These rocks, under the influsnce of intense local
strain, sufier a complate penetrative reorganization of
their mineralagy to form chlorite—athite—s :.n iote schists
devoid of & igr volzanic fabric. In the figld theexis
tence of thes: ces and the fiatiening produced in the
adiacent unils creates @ pe ru'}a'i-, lenticuiated style of
deformation through which the early isoclingl fold pattern
must be traced. The 'r--nw-u-ra estyle’ appears o be a
characieristic feature of highly deformed veleandstratioraphy
and associzted plutenics in other regions, notably inthe

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

cation). Minor fold structures of the early generation are not
conspicuously evident within the volcanosiratigraphy and
are bes: olserved in she {inely sirghified 1uif bands and
associzted cherts and iron-rich chiorite schists of the
exhalite facies (Fig. 7(a)). They can alto b mapped over
several tens of metres by {ollowing coherent chert horizons,
acid tuff bands and dykes, and thence into the larger iso-
clines of the type illustrated in Fig. B.

The configuration of these larger iscclines, taken 10

pether with the siratigraphic and structura! evidance provid-
=d by the mapping ¢f the surface of untuinformity separat-
ing the eruptive sequence and the conglom "‘a‘.v serigs, de-
monstrates, at the present level of ercsion, that the volcanic
sequence in the Skorovas district ligs inves12d within the
loweer limb of a major southeasi-facing fo ':* the identity of
which can be broadly equated with © svik

The second stage of deformetion, tupi :Z": posed on the
grain of the garly isoclines and schistoelty, has created an
open system of broad folds, which hove resuited in an
irreqular patiern of dome and basin structures, the mzjor




axes of which evidently b rihip 1o the contacts
! the plutonic mpasife Ly witl and norih (Figs. 2
and 4(a}). The termstion of the open dome andd basin
structures is accompanied by further movements alang the
lzs-angle planes gunerated diring the first stage of deform-
ation. These movements led 1o the creation of minor folds
@nd & second-stage erenulation cleavage, which is typically
focal and specifically asspeisted with these horizons of

high strain. The scale of the phenomenon is variable and
Fig. 7(8)) shows part of the well-developed belt of second-
stage 1alding in the voleanic sequence &t the southwestern
matgin of the Gréndalefjell massif. The vergence of the
axial planes of thewe and other similar late Tolds implies that
ihie principal tectonic stress responsible for this deformation
was imposed from a west 1o northwest direction.

The deformation fistary can be interpreted in the follow-

ingway. (1) Creation of the nappe, isoclinal foids and the

irly whistowe Tabirie, woabther wilh the seyviral erdi
pntersial thrust horizons, was s coneguence of the stress
imposed during the main sthge ol emiplacement of the
allochthon during MId-Silurian times. (21 Thi second gene
#lion of tectonic structures is considered 1o hiove bien im:
posed upon the first as a consequence of equilibration be-
twean the depressed Scandinovian botement snd the imposed
load of the allochthon. The depression of the granitic bese
ment into & field of higher temperature and pretsure ean
higve given rise to plasticity of the basement, ¢nablirg local
inostatic adjustments to take pince by the initistion of 2
system of domes and basing in the basement. The second
fold phase in the Skorovas region is inmterpreied 23 2 conses
quence of forces imposed on the voleanic seguence by the
massive plutonic bodies as they slid under the influence of
gravity in an east 1o northeest diection from the flants of
¢ Licement dome in the vicinity of the Grong culmination.
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I addisips urd low- Lo inta: medisi-anghe

Uttt SErLACTUr CTE g the fitst two periods of

folding, the topography &nd grology of the Skorovis area

has hean stranagly influenced by the farmation of a complex
gly ¥

system of high-angle faults and fractures, For the most
part these have suffered smisll displacement of the order of
metres, but along the southwest contact of the Gjersvik
eruptive complex with the palymict conglomerate obligue
slip normal faulting has resulted in a vertical displacemiant
of the arder of 500 m {Figs, 4(a) and B). The trend of
these fractures is predominantly ina NNE to nottheast
direction and iheir formation post-dates the main periods of
folding in the area. The late fraciure patterns in the
Skorovas arga remain a problem for future investigation.
In all probability they can be-attributed to the final stages
of Caledonian tectonism, but the influence of later events,
cuch as basement reactivation during Mesozoic rifting,
cannotl be discounted,

T :11:‘.|f1il'f n'.-_-".h i of G W oerdpie #riLe ot
Shoravas ared

On the 1:100 000 scale map of the Trones gquadrangle ©

piled from the work of Forhe w

the plutonic rocks of the
Shorovas area occur in twogroups. The Tirst group com
prises the tectonically bourded massifs of Grondajsdjill @nd
Nesiplggen, which, though they have strongly 1estonized
envelopes, preserve rmuch of thelr original igneous fabiric in
the interior. The second group oceurs as an arcuate belt
lying within the volcanic succeision to the north, west and
south of the Skorovas ore deposit (Fig, 4(a3)). The plutonic
rocks of this belt have heen subjected 10 the penetrative
defarmation that affected the enclosing voleanic rocks and
have tesponded tecionically as part of the voicanic ievel
during deformation.

The plutanic rocks of the Skorovas zrea were divided
by Foslie into two principal compositional groupings, as
shiown in the map of the Trones quadrangle.’? Gabbros

{t)

Skorovas orebody
f: axial trace

f. cleavage
orieriaiion
Skorovaskliumpen-
Crandalsfjell
tectonic
discontinuity
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Fig. 6 Panoramic view of southeast margin of Gréndalsfiel! massif seen from point of
vantage on trondhjemite intrusive of Skorovas intrusive arc. Waiur thrust horizon
separates diorite and gabbro {d) tegether with hornfelsed enveiops (x) from structurally
underlying schistose extrusives {e). A further thrusi separaizs e» trusives from

trendhjemite (t} in foreground. Location of photograph {Fig. 7 (b)) shown by crossad

circle at far ieft of vista

of various faciss were distinguished and at the opposite end
of tha compaositional sczle trondhjamite, tectonized granite
end granitic dykes and sills were also shown. There is no
reference on the map to the occurrence of intermediate
digritic rocks in the immediate area of Skoravzs, although
Foslie was undoubtedly aware of their existence because
digrizes are mappad as a thin border zone to the north of
the Grdndalsfjel! massif and to the west of Heimdalshaugen.
The detailed mepping carried out by the pressnt writers

has shown that dioritic rocks of intermediate composition
form en important component in the pluionic sequence and

1 & defiritz relative chronology of intrusion can be
recoanized.

It has glready been noted that the plutonic sequences in
the Gréndatstjali and NesBpiggen massifs and the plutonic
odits that compoese the arcuate intrusive belt (Fig. 4) are
sctonically teparated, and it is convenient to discuss their
plutonic histories sepzrately.

o

=

Grendsisial! massif

The starxly exposed rocks that compose the Gid ndalsfiell
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massif provide speciacular evidence of thzir relstive agss.
The eariiest intrusives are fresh layzred olivine gabbros,
which occur as large xenolithic masses or rafts with
maximum dimensions of the order of 70 m x 200 m, con-
tained in a matrix of metamoaorphosed gabbro and horn-
blende diorite. The cumulus layering of the gabbro bodies
is sub-vertica! in attitude with 2 predominantly east—west
trend. This must be acceptad as evidance of significant
post-cumulus displacement.

The composition of the layered gabbro varies from troc-
tolite to hypersthene gabibro and in all fzcies hypersthene
ortcurs, either as a rezciion rim around elivine or as indepen-
dent ophitic grains, The mireralogy of the gabbro is thus
compatible with crystallizaiion from & tholeiitic magma.?5#7

The nature of the x= nc:i thic relationship is shown in
Fig. 8(a), and it is clear that the hornblende digrite is a
mzjor component of the Gréndalsfjell massif. The
periphera! contacts of the fresh layered gebbro with th
diorite disptey a distinctive patiern of re = a!teratiun,
which partly follows the grimary igneous leyering and
partly exploits crosscutting joints to produce & distinctive

‘eathered surfage {(Fig B(B)). The eleration leads to the

iro ar




wralitization i of | s
thiene, the serpentination o! e olivine 1 saussy
degradation ¢f the celoic plogiesiase 1o prod by
epidote, clinorzoisite and calcite. In the trooialitic Tacies
of the gatibro the growth of considerable gquentities of

chilorite within ihs plagioclane secompanies this breakdown.
The elteration is sscribed to the contribution of water

from ihe dioritic magma, which led 1o a retrograde sub-
sohidus hydration in the pre-existing mass of layarad

gahhro.

The various facies of altered gabhre may extend for a
considerable distanos beyound the boundaries of the frash
tayered rocks, and the distinction betwaen altered gabhro
and hornblende diorite is made in the field on the basis of
the persistence of fluxion banding and layered structure
within the surraunding zureole of hydration. The horn-
blende diorite is characteristically composed of subhedral
dark green grains of hornblende together with saussuritized
plagioclase of intermediate composition and accessary
Fe—Ti oxides. The iron oxides are frequently altered to
sphene and the hainblende is generally partly chloritized.

Cne of the most striking featuras of the hornblende
dicrite is the occurrence of coarse patches and pegmatoidal
veins, 0.5-3 m wide, consisting of euhedral hornblendes,
commaonly up to 10 em in fzngth, set in & mairix of
anidesine feldspar 1ogether with accessary amounts of
magneiite and pyrite. The peomatoid veins show rhythmic
banding parallel 1o their contacts. This can be interpreted

13 2
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Fig. 7  Typical dislocated isnclinal style seen in minor
folds of first generation in chert hands to south of
MesBklumpen (@) {top) and (B) locstized post-schistosity
Tolding and incipient crenulation ¢leavage of second
cenzrgtion formed in zone of high strain in schistose

g renstones adjacant to tectonic boundary of Grdndalstjell
mizssif. Location of photograph is showrn in captian to
Fio. 6

a5 @ resuit ol e 1ar i arysiadlizan dron

fluids errculating withird the lerg corisohi orine
body. Thiese rocks can be justifiabily describid be appinies,
and their presence implie: that the e of expoiurs sean

in the eastern marain of the Gréndalsfiell mawli corres
ponds to the upper porsion of a differeritiated dioritic
body 2578

At the margins of the hornblende diorite, elose to the
coniact of the plutonic mass with the enclosing greensiones,
a quariz-diorite fazies occurs locally.

At ieast two generations of impersistent besic dy kes cut
both ihe gabbro and the diorite with iis appinitic facies. The
dykes are thin, usually less than 20 em in width, and have a
nartheastery trend with steep dips to the northwest. Thev
are composed of fine-grained hornblende and plagioc! ase,
together with minor iron oxides, and are locally porphyritic
with plagioclase erystals up to 7 mm long.

The final eruptive event within the Grénda!sijell complex
was the emplacement of a swarm of leucoeratic porphyritic
granodiarite dykes, which show a predominantly north-
easterly trend and dip steeply 1o the northwest. The dykes
are commonly 1—2 m thick and can be followed for dis-
tances of 1--2 km before they pinch out. Close 1o the
margins of the pluionic mass, and also within it, these
dykes show well-developed tectonic foliation and, locaily,
mylanitic facies, which damanstrates that the northeast-
trending fracture system has bzen the focus of significant
post-intrusion tectonic strain. The granodierite dykes are
composed dominantly of sodic ptagioclase (roughly of

ST 15,

‘

S| --. |
NS
i0. 8  Northeast fzce of Cronda'stjell massif dispiaying
cecurrgnce of rafts of unaltered layered gabbro (dark)
within dioritic matrix {8) (top! (rafts are of the arder of
80-100m x 200 m) ard {b) field appearance of hydrated,
uralitized envelope that borders large xenolithic masses of
fresh layered gabbro on Gréndalsfizll (Fin. 8{z). Troctolitic
gabbro shows strong differentis! westhering of pyroxene,
eidspar and olivine, predicing pitted surface. Uralitized
aizemblage weathers uniform!y by comparison
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olgoaiase corm BRIV i ne,
bigtite, hornbleade gnd sphenta. 1 LT Qi mn
minerals are srally partly chioreed and the

have been voriably oltered to fing micsceous aghren

{sericite or paragonite), Becabse of the modal coumposition
of thesz dykes, which is dominently oligoelase topether
with guartz and with only accessory amounts of potash
feldspar, the rocks may properly be deseribed as trondh-
jemite in the sense of the definition applisd by Coldschmidt
in1916.22

This summary of the igneous refationships p!é'.-..‘!'u'i’d
within the plutonic massif of Gréndalsfiell shows cleaily
that & considerable volume of dieritic magma was emplaced,
probiably at an intermediate to high erustal leve!, evidently
by invading a pre-existing mass of layered gabhro, which is
the oldest and presumably the deepest representative of
ihe plutonic essemblage in the Skorovas area. 1t may be
added thai magmatism must also have been bimodal - that
is 10 say that the magmas were supplied fiom two genetically
different saurces, the first tholelitic and the second cale-
a'kaline. A range of similar igneous relationships ceecurs in
the Nesdpiogen massif to the south (Fig, 4}

in addition to the main gabbro-diorite iody of the
Gréndalsiiell messif delineaied by Foslie on the map of the

Trones quadranigle, a significant mass of ‘fine-grained gabbro’

is glsa shown lying directly 1o the north of Skorovatn. This
{orms ihe imposing topographic feature of Skorovasklumpen
in the basa! slope of which lies the exiension of the main
thrust surface, which is interpreted as separating the tecioni-
cal'y ‘massive’ plutanic leve! from ihe highly deformed
volcanic level. This feature is shown on the geologice! map
of the Skorevas area and in the accompanying structural
synthesis (Fig. 4). |nvestigation has shown that Skarovask-
tumpen and the nasrow belt of similar characier that can

be followed along ihe eastern margin of the Grédndalsijell
massif are composed predominantly of matamorphosed
basic volcanic rocks, together with interbands of acid
{dacitic-keratophyric) compesition ;nd g proportion of
high-level basic intrusive matzrial, The basic rocks of the
belt edjacent to the Grandalsijall massii are partly incorpor-
ated in a xenolithic sereen of considersble complexity. The
original janeous contact of the diarite with the voleanie
couniry rocks is proserved intect within the main tectonic
boundzry {Fig. 4{2)} and can be mappzd over a distance of
4 km. Original valceric structures, notably pitlow torms and
vasieles, are proserved within xenalithic masses and testify
to the valcanic origini of the country tocks. Similar textural
evidence of volcanic origin has hesn found within the basic
sequence that composss Skeoravasklumpan.

The rezson for the classification of ihe rocks of
Skergvasklumpen as fine-grained gabbros by Foslie 12 and
other workers ties in their amphibelitic meiamorphic grade,
which has produced 2 mineralogy daminatad by hornblende
and intermediaie 1o calcic plagioclase. The presence of
epidote as a constituent mineral throughout & significant
pari of the amphibolitic sequence implies that these higher-
grade rocks span the epidote amphibolite facies 1o enter the
field of amphibolite facies. Since there is no associnton
with palitic rocks, a precise description of the prograde
regional metzmorphism of the basic rocks of the Skorovas
arsa depends chiefly upon & determination of the pr
chznges in the compesition of the hornbiende and p! 1g.u~
clase, which must await further detalled work. Broadly,
however, the mineral assembiages accord with the seguences
regarded by NMiyashiro 313238 as typical for ihe regional
metamorphism of mafic rocks at low to intermediate
pressure.

¥
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One of ICILES 1] sy o1 ]

gmphibolite facics rocks of Sxorom f i thiat

pyrrhotine replaces pyrite as The atcassiry phide
art observation that is readily made inthe Hield. The
amphibalitic lavas locally display distinct pantrative 1ac

tonic lineation of the amphiboles, and this linegtion can be
observed in the amphibalitized voleanic xenolihis 0 the
diorite. Amphibolite grade metamorphism evidently took
place under the influgnce of early tectonic strasses with
which the emiplacement of the gabbro-diorite massil was
partly synchronous. The establishment of & precise chrono-
loay for these events will depend upen the syidence provid-
ed by future detailed petrographic work. 1tis probable,
however, that the contact aureole af the Gréndalsfjell
massif and the emphibalitie rocks of Skorovasklumpen com-
pose & continuum within the field of low to intermediate
pressure in which regional and contact metamorphism
converge.>*

Rocks of the arcuate intrusive belt

The intrusive are differs from the plutonic massif of
Gréndzlsije!! in three distinctive ways: {1} no urnmetamor-
phosed gabbroic bodies have been found in which a
plagiociase -pyroxene—olivine assemblage is proserved;

(2) penietrative deformation has produced distinctly tee-
tonic fabrics throughout mest of ihe arc and mingral
assemblanes are reduced, for the most part, 1o those ttable
within the greenschist facies; and (3] quariz-rich dioritic 10

granodioritic rocks compose & large part of the complex and

ihe eastern extremity of the arc joins a large granodiorite
mass to the south of Tunnsiden (see Fig. 4{al).

Apart f:om these significant differences, which can pro-
bably te explained in terms of the higher level of emplace-
mient of the arc eamplex within the voleanic sequence, the
relative chronology of intrusive episodes in the arc 15 the
same g that obeerved in the Gréndalsijell massit. Thz most
basic rocks ate the oldest and the sucesssively younger
intrusions become increasingly silicic.

Thie degree of defarmation within the plutomic arcls
often extreme; but, locally, the original geometry of intru-
sion is preserved as shown in Fig. 9. The range of compasi-
tions present in the rocks of the are is very gnd in:
cludes harnblende gebbro, diorite and granodilinils {trardh-
jemite). The definition of the pstrographic choracter of
each generation it complicated by the incorposation of
xenaliths of sarliser basic volcanie and plutenic rocks as well
&5 by extreme deformation, local silicification and reduc-
tien of the primary minerals to greenschist sssemblages.

Fig.9 Trondhjemitic net veining in mafic diorite and
hornblende gzbbro on southwest Grubefjell



It s sulficiehl {ii ; W Ag
canfirm the precence of gabibro, 'd SR haljN] =
granodiorite as components of the b:C and 1o suygest that
thiese are, in part, equiviatent to the plultinic complex ab
served in the Grdoralsfiel! massif. Prior 1o the mdjor stages
of Caledonian deformation leading 16 the allochthonous
emiplacernent of the Giersvik Neppe, it is assumed that the
rocks of the intrusive are and those of Gréndaisfjell were
part of the same complex plutonic cantinuum.

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

The volcanic rocks of the Gjersvik eruplive complex ere of
geological and economic interest for they are the host rocks
of the Skorovas deposit. The volcanic succession has suffer-
ed extremely from ihe effects of deformation and fow-
grade metamorphism under conditions of the greenschist
facies. These modifications, together with the primary
cormplexity of the volcanostratigraphy, have been obsiacles
10 the sysiematic mapping of the greenstones.

ft has long been recognized that the Gjersvik greensianes
are composed of a sequence of basic 1o acid rocks, includ-
ing basalts, andesiies and keratophyres of distinctly spilitic
aHfinity. 214" Because of the confinement of systematic
geological studies 1o the immediate vicinity of the Skorovas
mine itself, previous surnmaries of the volcanic stratigraphy
have been limited. During the pres=nt study an atiempl
has been made 1o document the range of primary volcanic
structures that can be observed at the macroscopic scale
within the scid and basic members of the stratigraphy and
10 examine their geometry vaith respect to metamaorphism
and deformation.

Itis difficult to essess the relative volumes of basic and
acid rocks within the volcanic sequence, but it can be said
with confiderice on the basis of reglonal mapping that, in
the general area of Skorevas, the dominant volcanic rock
types are basalts and besaltic andesities with lesser amounts
of andesitic and keratophyric rocks. This fact is dpperent
from the relative oulcrop of acid and basic rocks shown in
Fig. 4(a), although this can only be treated as an épproxi-
mate guide. Becsuse of the deformed and dislocated con-
dition of the sequence and the presant leve! of erosion, the
maximum thicknees of voleanics i difficult to assess. A
reasonable estimate based on comtructed eeological sec-
tians, iaking into account the effects of tectonic flattening
and extension, can be given as 3-4 km.

The sedimentary camponent within the pile is limited
to very thin, but stratigraphica!ly persittent, iron- and
silica enriched beds produced &s & result of chemical dis-
persion during volcanic activity. Banded calcareaus
greenschists, which have been considered by previous
writers 10 be of sedimentary origin, can be explained as
tectonic facies originating from metamarphosed and
flaiiened basic flew units.

The primary mineralogy of all the rocks in the velcanic
succassiaon has been degraded 1o assemblages of the
greenschist fucies. Textural evidence shows that the cree
tion of the greenschist {acies assemblages took place during
two episodes, the Tirst of which was prior to the first stage
of penetrative tecionie deformation. The evidence con-
firming this metamorphic chronology is best pressry ed with-
in the basic members of the sequence.

Basaltic and andesitic /avas

The state of deformatinn of the basallic rocks varies
according 1o their positien with relation to the early iso-
clinal felding, the numerous lower-order thrust horizons

and adjacent j 1

possible; howovet, i thevicimty of G 10 nbhseive
iltowed seque

nearly preserved, a3 shown in Fig. 10, Tr
pillows sre varoble, but diameters within the rango 0.5~2 m
are typical. In addition 1o pillowed basaltic flow unas,
there is a significant volume of deformed meta-hyaloclastite
pillow breccia sssociated with the basaltic unit, which
structurally ouverlies the orebody {see Fig. 17]. The pillow
breccia lithology is locally transitional to tuffzceous and
agglomeratic basic pyrociastic facies and can be traced
within a radius of 3 km 2:ound the orebody.

The abundance of amyodales, ranging in size from 2 1o
10 mm and, exceptionally, reaching sizes af 5 cm, indicates
that the lavas were erupled at relatively shaliow depths,
probably of the order of 100—600 m.2237 The primary
mineralogy has been compleiely replaced or pseudemorphed
by assemblages composed of chlorite, albite, epidote,
actinolite, calcite and sphene. Stilpnomelane, regarded by
Miyashiro 3¢ as atypical of low- to medium-pressure

ces i which the onginal ¢ 15 it

Iimetsions of

N
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Fig. 10 A, Deforr=d bassitic pillow lavas observed on
riorihern stopes of Grubefjell below arebedy. Cuspate
bodies of grey chert that cceupy interstices between
pillows are conspicucus. 'n cases of exireme deformation
survival of these chert bodies within chloritic schist provides
a useful guide io original voleanic structure of rocks.

B, Basa'tic pillows from flow exposed on southwest shore
of Tredjevatnet. Erupiion of pitlowed basalis followed
deposition of a dispersed exhalite horizon in vicinity of
Tredjevatnet cenire. Layer of ferruginous silica gel, disturb-
ed during eruption of the basalts, formed a jasper miatrix
for the pillows. Chioritized chilled margin of pillows is
conspicuous. Significant amounts of pyrite a7e 2lso found
in assoeiation vith jasper piliew matrix, the pillow lavas
lying stratigraphically but a fevw metres from herizon of
massive pyrite
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regiona metamorpkic sssemilyla Ty Come
ponpnt of the busaltic sndesaos o0 1 e Ones Thit can
probably De explamed in termi ol he ton onochment
shown by tlime rocks {analysis 3, Table 1), Stilpnomelane,
in common with the cther greenschist minerals, Gtcurs
dispersed throughout the body of the rack and also as
monomineralic fillings in amyedates and in crosscutting
veinlets, The deminant mineralogy of the amygdales within
the piliowed bigsalts varies widely. Combinations of two of
the comman gregnschist mineral species are usual, involving
quariz. epidote, calcite, chiorite, albite and pyrite. Acting
lite 15 not usually found in amygdales. Within certain parts
of the Skorovas area the dimensions of the amygdales and
therr minerslogy have been useful in diseriminating between
individual flow units, although amyogdale mineralogy cer-
talnly eannot be spplied #s & universally reliable criterion of
stratigraphy.

Within the more massive andositic and basaitic rocks,
original flow textures are preserved by the orlentistion of
the altered plagloclase microlites, Augite phenocrysts are
rseudomarphed by actinolite and chlorite and the acces:
sory iron-—titanium oxides are largely replaced by sphene.
The bigsalts are not conspicuausty parphyritic and igneous
textures are frequently congealed in the meshwaork of fine
actinplite, chlorite, epidote—clinuzoisite and albite into
which the rocks have been transformed.

The eftects of greenschist metamorphism are not only
apparent at the micro scale but are also demonstrated by
the gross redistribution of the rock components, which has
produced massive bands and lenticular knots and spheroidal
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bodies, 100 tinicralbgy of wihipehs & 4 nantly e
with lesser amounts of albite, guatts, el Those boddies
with-dimensions of the order of tons of cenhimetres are
arranged paraliel to the surfeces of the pillow siructure or
a5 discontinuous layers parallel to Yow surfaces within
massive basalts and basaltic andesites, The typical form

of these bodies s shownin Fig. 11,

The epidote-rich segregations are evidently pre-tectonic.
During the first period of penctrative deformation the
chloritic mass of the pillowed hasalts fas tended 1o develop
a good schistose fabric and the geometry of the pillons, as
awhole, has bacoma flattened to varying degrees, The
enidote layers heve bahaved as competent badies and have
¢oformed by brittie fracturing; in extreme cases the
epidote bodies are preserved as eataclastically 1educed
streaks and boudins witnin the highly flattened pillows.
The textural evidence clearly demonstrates that an
impartant episode of greenschist metamor phism was re
sponsible for pervasive alteration and gross 1eorganizetion
of the mineralogy of the hasic rocks prior to the tectenic
event responsible for the early penetrative schistosity in
the Skorovas region.

Deformation of the volcanic pile also took place under
conditiuns of the lower greenschist focies and the miner-
alogy established during the primary metemophic episode
was not changad, but tectonic facies were protiuced asa
result of further redistribution and segregation of the
various mineral tpeciog,

The metamorphic alteration that took place in the
earliest event prior to the deformation of the rocks can be

Fig. 11
phic segregrations of epidote-rich materials {e) paraiiel 1o piliow margins. During tecionic Tlsttening eprdote layer has e
sponded by developing & system of brittle fractures 8, Lenticular segregation of spidote (e] of pre-deformation age in
massive andesitic lavas southeast of Store Skarcvatn, Canjugste pattern of brittle fractures produced during deformation
of competent lenses is explicitly developed, as in generstion of dllatant fractures filled with quartz, ehlorite and cathonate
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A Pillowed hasaltic lavas from rorthwest of Hivdalsvatn showing development of pre-deformational metamor-



e 1 Whole-rock anady==s 0! Skorovas v 1181 vyih averags valuss ol cur basalt (10, C
snd island are tholeinte (11, Poarce ang Cann™" n. 1, Porphyriic quanz karaophyre, Grubetjell; 2,
guartz keratophyre, Grubelfz): 3, andesite with stily , Grubiefjcll; 4, andesite, Grolbe] 5, andhrsite alasts in
zsoglomeeate, Grubefiel; B, pillowed basait, Grubefjell; 7 owed basslt, Grubefjel!: 8, bawlr, 8 km sauthwest of Grubeljell;
8, basalt, northeast Guerste Nesavatn
% 1 2 3 4 5 & 7 8 & 10 11
5104 72.23 70.3¢ 5307 58234 5612 5015 4530 48.99 50,13 49617 bH2386
Al,05 11.82 12.27 1413 1840 1220 1370 1381 16.65 14.78 16.01 16.80
TiOg 0.80 0.27 0.77 1.06 0.986 1.54 1.89 1.30 1.24 1.43 0.83
FeaOg 2.14 3.37 6.48 3.49 3.3 an + + + + +
FeD 1.28 0.44 682 6.0 644 778 1470° 13.87° 14.95* + +
MnO 0.03 0.01 0.19 0.23 0.1% 0.16 021 0.17 0.15 0.18 +
MgO 0.36 0.45 4.40 2.68 4.70 4.70 549 £.74 6.00 7.84 6.08
Ca0 1.27 0.24 4.66 2.38 4.44 4,89 482 533 3.B0 11.32 1052
Naz O 7.50 8.00 5.21 7.50 6.25 g 81 6.47 6.88 7.30 2.76 2.08
K,0 0.07 0.02 0.51 0.19 0.02 0.52 043 0.8 0.55 0.22 0.44
P.Og 0.24 0.03 0.10 0.18 012 0.17 0.1 0.C6 0.03 0.14 +
Loss on
ignition 1.06 2.24 1.20 2.24 357 281
Total Fe as
Fec04 356 386 13.83 1017 1048 1185 + + ¥ 1263 1145
Totat 98.90 §e49 9804 10070 9824 9854 9854 28,54 98.24

* Tota!l Fe as FeQ,
+  Value not obtained by snalytical methoed used.

escribed to contemporan=ous z'te: ation of the volcanic
rocks in situe as @ result of the thermally driven circufation
of sea water in the upper 'ayers of the lava pile close 1o
the site of eruption on the Ordovician sea-floor. Consider-
able evidence has accumulated in recant years to show
thatin-situ alteration of the minsraélogy of submarine
basalts 1o produce assemblzages of greznschist and lower
amphibolite facies is @ phenomenon of wide occurrence
ishin the upper layers of the sea-floor. 3733 Humphris <7
recognized that the metamorphlic essemblages in recent
subimaring basalts from the Mid Atlantic Ridge can be divid-
ed into chlorite-dominated and epidote-dominated types.
[1 is suspected that this division reflects a process of mets
marphic segregation similar to that seen in the basakts
of the Gjersvik saquence.

The in-situ hydrotharmal alterztion processes evidently
involve the convective circulation of large volumes of sea
weter relative to the altered rock. Water : rock ratios of the
order of > 10%:1 were caloulated by Spooner and Fyfe 2
and the altweration process is believed 1o extend to a depth of
st least 2 ko within the lava pile.59 50

The in-site sea-{loor metamorghism of the Gjersvik vol-
canic sequence was evidently an important event and, & well
35 causing gross mineraiogical changes by chemical redistrib-
ution within the scale of individual flow units, bulk changes
in the chemical composition of the faves also oceurred,
leeding 1o the canspicuously spilitic chemistries shown by
the analysis in Table 1.

The recogrition of the pervasive pre-deformation in-situ
sez-floor metemorphism of the Ciersvik basalts also helps
1o resolve the controversy that surrounds the fectonic status
of disturbances of the Trondheim type.' 155 The polymict
conglemerate that unconformably cverlies the voicanic
sequence was formed prior to deformation and alloch-

thonous transport of the Gjersvik Nappe. This is easily
demonstraled on a locz! scale by the porvesive schistose
febric of the matrix and the distinctive stretching of the
competent clasts paraile’ to the exes of the early isoclinal
folds (Fig. 12{4)). It car 2'so be demonstrated on a regional
szale by mapping the lzvel of unconiormity througn the
isoclinal folds of the {irst deformstion (see Fig. 5).

The conglomeratz is compoted of boulders directly

i and valcanic sequence that under-
sition is domineted by marble
clests with associated pebbles of lasper, and in other places
the clast population is deminated by boulders of phaneritic

grancdioriie (trondhjemite), diorite, meta-gabbro and
various of the resistent voleznic rocks. Pebbies of kerato
phyre are commaon, but of grestest interest are the pebbles
of the metamorphic epidote assemblage (Fig. 12{8)}, which
have evidently been derived by erosion of the metamor-
phiosed basalts.

Final and conclusive evidence is thus provided for a
Lower—Niddle Ordovician metamaorphic event pre-dating
the Gjersvik Disturbiznze. The rmetamorphism was produced
by the thermal end hydrotherma! effects associated with the
contzmporansous eruptive activity embodied in the
Giersvik Nappe. Thz 1ectonic movements involved in the
furmation of the polymict conglomerate were predomin-
etely vertical a2 opposed to laiera! end must have been re-
lated to an early sizge of tactonic evolution within the belt
of Lower—Niddle Ordovician eruptives of which the Gjersvik
Complex was @ part.

The status of & possible metamorphic event pre-dating the
Trondheim Disturbance has been discussed elsewhere.’ 155
Further investigation will probably reveal the ubiquity of
sea-floor-hydrotherma! metamorphic assemblages as clastic
constituen:s of the pelymict conglomerates of the Venna
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ralent Horizons, 11 midy be regarched as sxiomsic
thiat such ¢ eorpds ated into the
conglomeratic rocks produced by episodie unlift of the
Drdavician see floor and that the history of metamorphism
would be as extended as the history of scbhmarnine yvoicanism.
Misgmatic activitv in the belt continued aft2r the
crosional event, The evidence for this is provided by
juuriz--faldspar parphyry dykes that cut both the eruptive
complex, the unconformity and the overlying conglomer-
ates nrior to the first phase of deformation. These dykes
are simila in composition ta other granodioritic rocks
within the ¢ruptive complex and are regarded 2¢ the latest
product of calc-alkaline magmatism within the Skorovas
area.

sremblsges should ba

Acid to intermediate flows and pyroclastics

There are, within the Skorovas region, a range of acid lavas,
tuffs and agplomerates, which are locally abundent and
form horizons that can be traced 'atarally over considerable
distarices {see Fig. 413)). These rocks are of critical interest
hecause they are closely associaled with both the Skorovas
orebody itself and with a variety of iron- and silica-rich
sediments, which, following the conceptual terminology of
Carstens 873 and Oftedah!,*? are appiopriately described
as ‘exhalites’.

s

x —t 4 A g N 4
Fig. 12 A, Typical sppearance of polymici conglomerates
as scen to northwest of Havdalsvatnet. Flentened boulder of
trondhjemite {1) displays tectonic fracture paitern character
istic of its brittie behaviour. Associated toulder of marble
{m} has deformed in a ductile fashion. B, Large pebbles of
pre-deformational epidale-rich metamurpnic segi egations
derived by erosion from underiying lavas ere & comman
constitusnt of greenstone-bearing facies of polymict congle-
merate. Example photographed close o unganformity on
southern share of Tredjevatnet
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leanic seguonce an

i late 1he valcanostratinraphy it
is not possible o describe 2 unigue and widely applicablie
type succession. The distribution of the various facies of

acid rocks within spocific parts of the Skorovas srea supgests
1hat 2 minimur of four centres of aoid pyroclastic eruption
were active. Their products are preserved, as Tar as it1is
possibie 1o tel!, &t an approximately similar level in the
voicanic sequence. |n the vicinity of the Skorovas eichody
thiere is stratigraphic evidence of at least two pyroclastic
fevals, the lowest of which is exposed in the basal slope of
Sko:ovasklumpsn to the north of Store Skorovatn (this is
shown in Figs. 4{g) and b).

The orebody itself evidently lies within the vicinity of
one eruptive focus, which will be cailed the Grubefijell
Centre. The other centres, tentatively distingaished, lie
west and southwest of Tredjevatnet (the Tredjevatnet
Centre), to the east of Oversie Nesavatn (the Nesavatn
Centre), and further east in the terrain near Bidhammeren
(the B!Shammeren Centre). The main beltsof acid rocks
shown in Fig. 4{a) serve to identify these centres. Itis
difficult 1o judge whether the centres represent independent
volganic structures or lateral eruptions on the flanks of a
single polygenetic edifice.

The acid velcanic horizons show a range of well-preserved
pyroclastic fabrics to which Cftadahl 442 drew specific
attention. Vaiious egglomeratic facies are visible in the
acid harizons in the immedizte vicinity of the mine (see
Fig. 14). Distal pyrociastic facies include fine wuff bands
with zssociated exhallte sediments {Fig. 15(a)). Such
hotizons are spread over farge aveas and are thus valuable
stratigraphic mars ers.

Pyroclastic farizs can frequently be traced laterally into
campact porphyritic and ephanitic bands of keratophyric
aspect - prasumsbly, flows or highly modifed tuffs. In the
vicinity of ihe Biihemmeren Cenire porphyritic flows are
physically continucus with purphyry dykes frem which the
eruptions appear 1o have originated. The dykes, in turn, can
be traced towards the large mass of trondhjemite that occurs
at the zastzrn end of the northern limb of the intrustive arc.
The disiunction causad by deformation at the margins of
the intrusive masses and within the volcanic sequence, howe-
ever, denies a conclusive statement concarning the connex-
ione bietween 1he plutonie and veolcanic levels during ciima-
tic episodes of acid eruptive activity.
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Fig. 13 Plot of Tiversus Zr comtents for Skorovas basic

exiruslves (eircles) and basic intrusives [triangles) showing
abundance of low potash (island arc) tholelhes (LKT).
Distinct trend towerds field of calc-alkaling basalts (CAB)
and grouping towards ocean-floor basalt (OFB) alse shown



Chemistries of the acid extruive topks from the
Shorovas ore leve! are distingtly sodenich (swee analyses 1 and
Zn Table 1). Petrographically, the rocks disptay a modal
compusition daminated by albite and guariz, occurring both
22 phenoorystt and a5 the constituents in the aphanitic
grenindmass, which is a mussic of albitic plaglociase micro-
ez znd quarntze. Whatever mafic silicates may have been
present are how tepiesented by dispersed chiorite. Pyrite
is usually present as an accessory. The rocks are properly
describud as quartz kerstophyres 278 and, teking into
considaration the analyses irom the basaltic and inter-
mediate rocks shown in Table 1, itis elear that the Skorovas
volcanic rocks are a spilitic suite.

The question is immediately raised as to the relationship
that such a volcanic suite might have 10 the plutonic recks
at various structural levels in ihe immediate vicinity of
Skorovas. The Lrief account of the plutonic rocks given
sbove demonstretes the wide variation in the candition of
mutamerphism and deformation displayed by these rocks;
there is no sungestion, however, that the compositions are
abnormally sodic and the feldipars, though degraded by
szussuritizetion, have original compositions in the range
lubraderite, in gabhro, 10 oligoclase, in trendhjemite.
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Fig. 14 Blocky pyroclastic texture (al {top] seenin
karatophyric flow unit on Grubeijel about 1200 m west of
Skorovas orebody. Pyroclastic fragments are slightly tlatien-
ed and silicepus matrix stands out as a 1eticular pattern,
Flow is part of major acid horizon with which crebody is
sssociated. (B) Agglameratic facies of keratophyric horizon
shown in (@), Lacality is in immediate vicinity of ore
forizon shove mine entrance on noithaast Grubelje!l. Acid
fragments are partly silicified and tecioricelly flattened. A
competent quartz vein with orientation <'ose to principal
stress responsible for flattening during first stage of pene-
1rative deformation has responded by buckie folding

Goddschimadt Bas given of the type wrondhjimnite
from the Trondhiim distries and vrom loealitiss in western
Nonway that show total Na- O values in the range 4 3-8.0
wt 2/ and K- 0 viluss in the rangs 1=2.5 wt °%. This
gives & typical Nas O:K. 0 ratio for trondhjemite of the
oraer of 311, Partial analyses of three trondhjemitic rocks
frum the Skarovas intrusive arc ¥® show that the Nax0
contznts fall in the range 2—4 .5 wt % and K20 vatues fall
in the range 1—-2.5 wi %. Nap0:K,0 ratios are of the
arder 1:1.6=3.1, This ranga is clearly of the right order {or
trondhjemitic 1o granndioritic rocks with $i0; conzents of
shout 70 wi %. The Na.Q: K20 ratios of the spilitic
rocks are one to two orders of magnitude greater than thoss
seen in the reglonally assacisted plutonics (see Table 1)

bt

Fig. 15 Exhalite horizon (a) (1ap] 2 km east of Quersts
WesEvatn, Stratigrophic sequence is complex and made up:
of graded lapilll 1weffs averlain by pink to brown coloured
handed cherty sediments incorpeorating magnetite, hema-
tite, stilpnomelane and iron-rich zamphibates. Purple chert
hand shows isoclingl fold siyie of earliest deformation with
conspicuous refraction of early cleavage. () Banded
pyrite—magnetite sadiment typical of reduced {acies of
ironsrich exhalites (vasskis), Large pyrits purphyrobasts
have suffered cateclasis and dislacation 1o varying degrees.
Specimen from 1.5 km north of BiShammeren, Scale inem
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A eomprehorcive grogramma af wholtd otk an
being underiaken at the prisient Hire 1o ¢ stablish the ma
ditferences in chemistry between the plutonic and the
yolainic sequences, but it is clear that the mos significant
chimical difference does lie in the conspicunus ennichment
in sodium, which has evidently ocouned in the whole range
of the volcanic suite.

The chemica! discrepancy displayed by the voleanie and
plutonic suites of the Skarovas area has been the oot of a
lengthy controversy concerning the affimities of spilitic
rocks in general. The prablem has been discussed by
Wells, 877 Sundius 8 and Vallance, *2.70 amang others,
gnd It is clear, after the review of the problem by
Vallarice, 570 that the case for post-eruptive metssomatic
aiteration of alkali contents by circulsting sea water is
sirong. Taken in conjunction with the textural evidence
desoribed above, there seems little resson 1o doubnt that the
spilitic character of the Skoroves voleanic seguence is the
result of metasomatism, which accompanied the sea-floor
mntarmotphism of the voleanie rocks during Lower
Ordovicizn times. This metasomatic alteration by circulation
of heated sea water changed the chemistry of the rocks,
notebly enhancing the Nap O contenmt and concealing the
natural magmatic consanguineity of the veicanic and
plutonic rocks:

Magmatic stfinity of Skerovss eruptives and their
tectanic siynificance

The relative mobility of the major elamants in hasic and
acid rocks during metamaorphic elteration poses obyious
problems with regard to the determination of the misgmatic
atfinity of eruptive sequences and the confirmation of
consanguingity within them. Cann,® in 1870, recognized
the possibility of using certain elements, notably Y, Zr,
Mb and Ti, which were unatfected by severe secandary
alteration processes, as indicatars of the magmatic afiinity
of ocean-floor basalts, Fearce and Cann € subsequently
extended this concept for use in determining the tectonic
setting of basic voleanic rocks by empirically defining the
ranpes of variation of the stable trace elgments in suites of
brealtic rocks collacted from various defined oceanic and
Islard arc environments.

Sixty-nine haszltic rochs from various parts of the
Shoerovas district have besn arialysed for s18ble trace
elements. In Fig. 13 the values Tor Ti are ploited against
those for Zr with reference to the fields of varicus basaltic
magma types as defined by Pearce and Cann®® [naddition,
the Ti/2r values for eight sesocisted gabbroic to dieritie
10cks from the intrusive arc are superimposed. These rocks
were chosen for their even phaneritic texture and lack of
conspicuous layering. The plot shows that the basaltic
rocks of the Shorovas district cuncentrate in the field of
islund arc tholeiites with a notable trend towards the field
of calc-atkali basalts. [t is also possible to recognize a group-
ing of values towards the field of ocean-floor tho'eiites.
The coincidence of the analysed values in the plutonic rocks
with the field of island arc tholeiites is regarded as a con-
firmation of consanguineity in the groups of basic plutenic
ond volcanic rocks falling in this field,

Study of the trace elements suggests that the eruptive
seguence in the Skorovas area originated in a tectonic
setting in which basaltic rocks typica! of an immature
istand are were being generated.’?7® Moreover, a know-
ledge of the field relationships in tenine of the chrenology
and rolative volumes of the eruptive rncks at the plutenic
and volcanic levels confirms this view. Litile quantitative
information is available concerning the relative volumes of
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IO L i miiurne cale-alkaing
ind i immmtare sl urcs. . Baker? e given won
cOompiraiive estimatos L d on obtervations of the South
Sardwich lsland volcanic segquenece, snd these arg judoed

1o bein the tumne order ol u'-‘.‘;_[lrll"[inll at 'I'I'|l|_'|:'_+ olserved in
the Skorovas ares, notsbly basalt ¥ sndesite > dagite and
rhyolite (or their spilitized equivalents). 1n the case of
mature cale-alkaling arcs the relationship 1s of 8 distinctly
differsnt order — andesite » basalt, The field evidence,
taken in conjunction with the supporting information from
chemical analysis and petrographic examination, forces the
canclusion that the eruptives of the Skoravas ares dre, in
fact, the constituents of an immature island arc of Lower

1o Middle Ordovicianage Tormed within an ensimatic setting
peripheral 1o the Laurentian or the Scandingvian craton.

The eruptive sequence, its magmistic evolution Terminated,
was emplaced as the struetural and stratigraphic core of the
Gjorsvik Nappe during the climactic stages of the Caledoran
orogeny in mid-Silurian times. The tectonic decapitation of
the island arc is believed 10 have originated with the collision
betwesn the Scandinavian craton—are margin and a
Laurentian counterpart, '%24 the tectonic transport in-
volved in the process of emplocement is estimated 1o have
been at lezst 200—-250 km, 16.17.53.64

Skerovas orebedy and paripheral exhalative mineralization

The description of the volvanic host rocks given abaove
confirms the association betwoen the Skorovas orebody and
an eruptive sequence ofiginating in an immature ensimatic
istand arc of Lower to Middle Qrdovician age. 1t isappropriate
to consider the morphology and mineralogy of the ore depasit
and the peripheral extialite mineralization of the Skorovas
region in terms of the exhalative volcanic hydrothermal
origin propoted for it by Oftedahl 4142

The crebody i situsted within a part of the volcanic se-
quencs displaying distinctly calc-alkaling character. Apart
from the keratophyric pyroclastic and Tlow units, at the
level of which the orebody it loeated, the sequence includes
a thickness of basaltic andesites and rocks in the range of
tilles contante appropriate to andesite and dacite, now
repressnted by spilitired equivalents. The precise strati-
graphic location of the orebody with respect to the acid
horlzens is difficult to establish owing to the disjunctive
tectonic style, but there is no doubt that the essociation

Fig. 16  Two sections of east arebody &t profiles 69 and
73 east—west situated 140 m apart alang morphological
axis of orebody. Progressive develupment of a first-phase
isoclinal fold is iMlustrated together with complex digitated
style of isoclinal closures. Qpen style of second fold phuse
shiown by undulation of lawer contact of ore on profile
50 east—west



Lietweon oie & pratcphyric
fsee Figs 4fz), 5 and 171,

Thu Skarovaes arebody, ot the preséent
ment, i estimated to comprise betwesn 2 G060 000 and
9.000 000 tons of massive sulphide ore, Inctuding 1 800 000
1ons of essentially pyritic ore with minimal base-metal
cantent, From the initiztion of production in 1852 until
1875—76 epproximately 4 700 000 1ons of ore were milled
to produce pyrite fines with an average grade of 1.2% Cu,
1.B% Zn and 45% S. Thisconcentrate veas marketed
primiarily for it high sulphur content. Following the de-
cline in the markes for sulphur-rich concentrates, @ new
Leneficiation plant has been constructed for the production
of Cu end Zn concuntrates. Present arg reserves are calcu-
lated as epproximately 2 000 000 tans with an average
grade of 1,16% Cu and 2.29% Zn. It is » difficult prob-
lam to assess the average grade of the mineralized body as
a whole since this clearly depends upon the grological-econe-
mic criteria chosen tadefine it 11 is, nevertheless, possible
1o ftate that the mingratogy is dominantly pyritic and that
the sulphur content of massive ore is of the average order
ot 35 wt % with Zn 2> Cu &» Pb. Zinc content is of the
orcur of 2wt % dand Cu < 1 %.

rtinate

1a%e ol :!e't'!_'ll.‘a-n-

. Brructural siyle of arebody
The marphologica! complexity of the Skorovas orebody
ciusad by tectonic disjunction of isoclinally folded lenses
and the extrerme tectonic deformation of the wallrock
envelope has been & considersbile obstacle to the clear
formation of & genetic mode! 29

The arehody can be described as an en-€chelon array of
closely spaced groups of massive sulphide lenses, the dis-
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tributaot af-which has'grepied i t ol 2ong with
3 length of epproximately 600 ¢ ¢ piprth 1o NNE
orientetion and with a widih of the oided of 200m. A

repfesen tative cross-section of the orebady s shownin
Fig. 7.

The lenticular bodies have their principal planés orientat-
ed paraliel to the axial planes of first-phase tsoclinal folds
and the individual lenses are apparently, to a significant
degres, the products of partial disjunction of fold limbs
within that fold system. |n detail, as s shown by Fig. 17,
the ore zane shows a longitudinag! division into an eastern
and & western grebody. Thisdivision may reflect the shape
of the orebody at the site of accumu'ation prior to deform-
ation. The lateral extremities of the ore iens systems char-
acteristicatly show multiple digitation and bifuscation and
shere are frequently zones of sulphidic impregnation reach-
ing ore grade that lie hetween the digitations of massive ore.
As Gjelsyik 29 noted, discardance is iocally cbserved be-
tween the contacts of some of the larger massive fenses and
the schustosity of the wallrocks., This evidence, together
with the irregular geametry of the orebody as a whole, was
used in support of an epiganetic mode for the formation of
the deposit, althounh Gjelsyik canceded that early Tolding
had probably bieen an influence in oreating its present
morpholagy and that emplacement 1ook place immedistely
following the eruption of the volcanic sequence 1n Lower
Ordaovicizn times,

It is possible to explain the local discardance tetween
garly sehistosity and thie contects of the massive lensesin
terms of ihe contrasi in the mechanical behaviour of the
base-metal-poor pyritic lenses and the volcanic walirocks
guring the {lattening and isoclingl fulding of the first stage
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Represertative section through east and west orebodies a1 profile 42 rast- west showing principal lithological

divisions of hest rochs and pesition of zine-rich fac es slong footwall of principal sxttern and western lenses. Accarding to
structural interpretation zinc-rich leve!l is stratigraphic 1op of ore. Complex digitaticn of ore is well illustraied
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y componental
¥ 3 CaTly ilhﬂ."a!" must
thg s1resses mmpossd

movEmentt at The org ont L
alto have been magnified in respor
during the second pariod of folding.
The early defurmetion In the immediste contact zone of
the orebody wes sutficient, beoause of the contrast in com-
pelency, 1o create & sohistose 1ecionic facles composed
predominantly of chlorite, carbonate and, locally, tale.
These components were derived by szgragation fiom the al-
terad hizsic host rocks — andsasite, basaltie, andesite and
basalt. The schistose tecionic envelupe is shown locally in
Fig. 17. The creation of this envelope facilitated the con-
tinuance of componenial movements within the vicinity of
the ore comiacts durinig iater deformation.
The history of structural deformation within the orebody
can be summarized as follows:
{1} Ezrly isoclinal foiding, sccompanied by creation of a
schistose envelope with componental movements in
the vicinity of the orebody contacts, led 10 a
tectonically disjunct styie.

{2) Perieds of post-schistosity deformation produced
folds of verious scales. | the immediate contact
zone small folds of up to seversl metres in wavelength
occur sporadically in respanse to local variztion in
orebody gzometry. The orebody as & whole, hiowever,
was folded on & broad apen style, which is typical
of later deformation in the Skorovas region. This is
shown in the isometric projection (Fig, 16},

(3) The final episode of deformation was marked by high-
angle fractures of low displacement with 2 peneral
northerly trend.

The early isoclinal structures display axial alignment in a
north to NNE direction with axial p'sres dippine at approxi-
mately 25° towards the cest. This is refl=ted in the axial
elongation of the orebody, The later open folds, part of
the regiona! dome and basin system shown in the structural
analysis {Fig. 4(b)), have steeply dipping exial planes and
an axial trend of epproximately NIWW nrientstion cor-
cordant with the pattern of the adjzcent structural basis,
on the flanks of which tho orebody lies.

Mingralogy and sirstigeaphy within arebody

Tha bulk composition of the Skorovas orebody iefiects a
minera'ogy of comparative simplicity. Pyrite, sphaiente,
magretite and chaleopyrite are the dominant ore mineral
species. Pyrrhotite is conspicuously ebsent. Galenz oceurs
in much sma'ler amounts, and arcenopyrite and tennantite
occur locally a5 accessory constituents. This mineralogy
accounts for the average rangs of trace and minor meiallic
elements recorded in ane'yses of the orebody, the foliowing
velues being considered as representative averages: Co,
100 ppm; Ni, 20 ppm; As, 300 ppm; Ag, 10 ppm; end
Au, 0.1 ppm. Cadmium is notebly enriched in sphaierite-
rich facies of the ore, reaching values of several hunidred
ppm, and Nin resches similar values in the pyritic facies.
Most of the minor chemical variation can be scrounted for
by dizdochic substitution within the commen ore minerals.
Arsenic and silver are notably contributed by arsenopyrite and
tennantite, and grains of native guld have busn cbszived as
inclusions of B pum in size in arsenopyrite from peopheral
parts of the ore. The principal gangue mineralogy of the
are consisis of chlarite, gquartz and calcite, tooethet with
lesser amounts of sericite and, locally, stilpnomelene,

The structurel and stratigraphic evidence summarized
here and by other authors 2921481 hag candined the choice
of genetic mode!s for the orebody 1o the following
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r-'r': oo ey wndpr sobmarin Cor 1 % = resilt of
emizsion of metal-nich Huds vicimty of an agid
eruptive centre or (2) epigenetic empia
body by replacement of part of the volcanie sequence in

the vicinity of the eruptive centre, this taking place during
post-eruptive hydrothermal sctivity in early Qrdavician
times.

1 the first alternative is to be given favour, it would be
desirable to be able 1o recoanize some evidence of
stratigraphy within the orebody. Gjelsvik "%4' conducted
a systematic analytical study of the major base-me1al con-
tents of ore from 43 drill-holes on selected profiles spanning
ihe length and breadth of the orebody. The results of this
study showed that the contents of zinc and copper varied
antigathetically, zinc showing & tendency towards enrich-
ment in the peripheral zones of the orebody and copper
teriding 1o concentrate in entiched core regions. 1t was
also noted that the overall content of copper &nd zinc
showad an increase towards south of the orebady. n the
southern part Glelsvik noted that zinc, in particular, is
enriched towards the hanging-wall and in the eastern and
western extremities of the ore lenses. In the central zone it
is enriched in the vicinity of the footwall contact (Fig. 17).
In the northern part of the orebody the composition is
essertislly pyritie, with minima! base-meta! content, The
analyiicel date prove a systematic varisiion in base-metal
content both isterally and vertically within the orebady, and
this is confirmed by petrogrephic studies and field
observation.

In the coutse of the present study it has been possible to
recagnize facies of the ore that are probably of chemical-
sedimantary arigin and those which are essentially tectonic.
The patiern doscribed by Gjsisvik 29027 prabably reflects
the influence of both processes. The primeary textural
gvidence {or the operstien of sedimentary processes in ore
duposition is given by the graded banding of the pyritic ores
in which rapid changes of modal compesition and grain
size pecur from band to band. Thic type of texture is
shown In the banded pyrite, sphalesite magnetite ore of
Fig. 18{C). Itis highly unlikely that such Banding is of
tecionic origin. Moreover, where 1ec1anism hes had 2 per
vasive effeci on the ore, the texiures are of distinetly 1

cemient of the ore-

show that the deformation of the pyritic lenses wes marked
by mutual impaction and cataclasis of the constituent
grains. Any gross tectonic flattening or extension of the
jenses must have been accomplished by relative movement
betweoen the individual graing accompanied by cataclastic
degradation. This mechanism hzs been daseribed as macro-
scopic ductility by Atkinson,? who has aiso shown that
cataclzsiz i¢ probably the only sigrificant deformation
mechaniem avalizble 1o pyrite, under dry conditions in the
P—T range appropriate 1o the greenschist facies. |t is un-
likely that deformation took place under dry conditions,*®
but the rangs of textura! evidence strongly suguests that,
within the massive pyrite, cataclasis was the dominant de-
formation mechanism. Atkinson ! also notes that the
strength of polycrysigliine pyrite is strongly and inversely
dependent on porosity. Large volumes of the Skorovas ore-
body are composed by nearly monomineralic close-packed
aggregates of pyrite with low porosity and, when lithiiied,
these masses must have behaved in & highly competent
mannet relative to the adjacent chloritized lavas and pyro-
clasiics. Under the influence of ihe tectonic stresses pre-
vailing during the first period of deformation it seems reason-
able to propose that the style of deformation within the
orebody may have been controlled by the developmant of



narrow - zanes of eptociostd Tew within which mud I tha
ticlonic strain would heve been accommodutced. 1o s
way, the formation of 3 ditjunel lenticular atrangement of
ore lenses could be explained as well &5 the rarity of well
preserved isocling! structures.

Tectonic mineralogicz] facies of the orebody are un-
toubtedly recognizable in the base-metal-enriched lenses
anid extremities on the latzral periphery of the ore. Zinc
values are enhanced by an order of magnitude and lead
values by two crders of megnitude. This is shown by analy-
sit 5in Table 2. The typical foliated texture of this ore is
shown in Fig. 18101, which also displays the incipient
development of a crenulation cleavage related to the second
phase of deformation.

Tectonic mechanisns zre not, however, the sale explan-
ation of the peripheral enrichment of base-metal values, nor
do they compieiely explain the separation between maxi-
mum zinc and copper values in the pyritic ores. There
appears to be a definite stratigraphy in which eupriferous
pyritic ores {analyses 1 and 2 in Table 2) are overlain by
zinc-rich ores with laterally developed facies rich in banded
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mag e angl corhbonate.  Analyses o these ore 1y pes Ot
shown o83 and 4 in Tuble 2

It appears also thss o distinet primory loteral varigtion
may dlso have betn present 1o sccoun for the generally de-
pleted levels of capper and 2ing in the northern pan of the
orebody. Final evidence of the aperation of chemical
sedimentaty processs in the formaition of the orebody is
provided by the cocusrence of magnetitic and hematitic
chert bands (jasper] in the foor and hanging-walls of the
orebody stratigraphically overlying the mapnetité and zinc-
rich facies.

Evidence of a primary swratigrephy within the oreboedy
clearly exists despite congiderable tectonic modification.
I is also plain that the metal distribution can be interpreted
in terms of @ stretigraphic zanation, which resembles that
found in orebiodies of undisputed voicanic exhalative
origin in such areas as the Wiocens Green Tuif belt of
Japan.30

The detailed polingpastic recanstruction of the lateral
and vertical facies varlation within the complex Skorovas
grebody s the subject of a cuirent study by Reinsbakken

Fig. 18 A, Typical compact pyritic ore with minor
gmounts of sphalorite (grey). B, Mutual impaction relaticn-
ship In pyrite graine from coarser facies of massive ore
showing cataclzetic mechanism of deformation. C, Zinc-
rich ore with magrietite typlcal of upper stratigraphic levels
of orebody showing evidence of probable primary gradation
and sedimentary banding. Pyrite, white; sphalerite and
magneiite, aroy, silicate, dark grey. D, Foliated texture of
2ing- and lead tich peripheral tectonic facies of ore. Incipient
crenulation cleavage is visibly developed with selective con-
centration of galena (white), Gangue matrix (dark grey) is
composed of carbonate and chiorite
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however, that the ronal detribution of T
within the pyritic mzss sugpests Thal precipimalion of the
ore mingrals could be explained in terms of @n cvolving

chiotide-complex model such és that used by Sa1o 10 explain

Table 2  Avergge meta! values for Skorovas ore types and
sulphide facies of an extensive exhaliie

& i b 3 4 5 & 7

8 4c BO 47.2G 38.80 42278 27 50 51.10
Cu 108 230 0.99 0.79 147 008 020
Zn 015 080 3.30 833 4420 002 o4
Pb 003 00 0.05 004 400 0O

1, Matsive pyritic ore 127 samples); 2, copper-rich ore {14 s:mplas);
3, banded magneiite-rich pyrite—sphalerite ore with carbonate (18
simples) ; 4, pytitic zinc-rich are at stratigraphic top of arebody (13
samples); B, Zn—Pb—Cu~izh periphiiral ore — probably a tectonic
facies {2 samples; € metsiva base-metal-depleted pyriteor ‘vasskis',
Havdalsvatn (1 sample); 7, relavively enriched pyritic are, Shorovas
(30 samples),

zonation within the Kuroko deposits. 3 The applicability
of such @ mode! depends an the existence of conditions such
that the metal and sulphur-enriched hydrothermal solutions
are not rapidly and widaly dispersed inta the dominantly
oxidizing conditions of the submarine envirgnment. This
requirement must be met by topographical barriers in the
vicinity of the hydrothermal emnanaiions or by density con-
trasts betwsen the emanaling brines and ses water.® It ls
upon the presence or abs=nce of the conditions cutiined that
the distinction Lstveeen the hydrothermelly intensive and
the hydrathermelly extensive exhalite phercomana in the
Skorovas area is hased.

Peripheral exhelztive mineralization

The magrietitic cherts and jasper found at the siratioraphic

tup of the Skorgves orebady signify the restoration of

chemically normal exidizino conditions in the vicinity of
the orebody. These ferruginous siliceous horizons rapresant

g continuum betaesn the intensive and exiensive facies of

mineralization {se2 Fig. 19). The relative frequency of the

association betwesn acid pyroglestic horizons of various
acies and banded magnetite—pyrite and chert in the

Skorovas-area, and within the Grongfelt 38 awhole, wa

of the primary insp ons for the theory of exhialatl

sedimentary ore oo axpounded by Oftedahl in

1958,4742 whao carried forward the concepts formulited by

C. W. Carsiens 78 in his studies of the Leksda! wype

of sedimentary sulphide depasit in the Trondhe m district.

Oftedahl 42 emphasized the association between zcid

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

enriched sediments. Understanding of the varicus exhala-
tive facies hes been canried forviard in the coursz of the
present study.

The main characteristics of the extensive peripheral ex-
haiites are noted below.

{1} The exhalite horzons are relatively thin, 0.1-2 min
thickness, are leterally persisient within the voleano-
stratigraphy &nd can be traced over distences of the
order of severa! kilometres.

{2) Internal varistions of stratigrephy occur in detail.
The sequence ie always marked, however, by & change
from a reducste sulphidic or magnetitic banded
stratum 1o @n oxidete ferruginous chert {jasper}.
These changes occur ina vertica! sense (Fig. 20) and
also, gznerally spraking, in a laterzl sense.

Wwhoed in bome mctals other than mon 3 I
{sec anzly Tabte 1).
These widespread bands can be explained by 2 medhan.
ism of expionve volcanig dupersal during the climactic daci-

tic eruptions associated with the various volcanic centres,
Inthe course of such & process rapid and complete mixing
of the residual hydraus fraction of the decitic magma with
oxidizi ater will have eccurred. The base metals will
have been subjected to Infinite ditution in the course o
such 2 process, leaving oxidized iron and silics hydrosols in
susponsion. The hydrosols will have sufiered greater dis-
persion than the pyroclastic fragments and by subsequent
setthing will hsve produced a thin stratum ef iron- and silica-
rich sedimsnt that extends well beyond the fimite of the
latter. itis for this reason that the exiensive sxhalite hori-
zons are so named. They also constitute valusble time
stratigraphic markers within the intrinsically variable
volicanesiratigraphy.

The sulphide—magneiite mineralogy of the reducate
facies is to be ascribed to post-depositiona! becterial redue-
tion of iron, deposiied in the oxidized eondition. A typical
faclec of this 1ype is shown in Fig. 18(b).

The simple stratigraphy shown in the idesl section (Fig.
20} can be regurded as the product of & single dispersal
event. Some exhalites, howsver, give evidence of episodic
explosive and fumarolic activity that results in a complex
eyclic stretigraphy in which tufi bands are intercalated
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Fig.- 19  Schome of interaction of hydrathermal biines
with sez witer [2) (1op) (atter Sato 59) and schematic
eruptive and hydrotherma! events in Skorovas voleanic
centre during climaretic dacitic episode (&)
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Fig. 20 ideal section showing products of single event

ditpersal in extensive exhialite a8 observed in vicinity of
c

Blebhammergn centre

As well as hising valuable time-tiratigraphic markers, the
exhalites may be duveloped o a tool in identifying vent-
proximal and vent-distal environments @nd have cbvious
value 28 & guide in exploration, An investigstion of exhalites
as an exploration tool Is cutrently being carried out in the
Skorovas area by Ferriday, Halls and Hembre.

Conclusions

11 weas recoanized in the early stz study in
1972 that the '-‘-Aou WES SIES ff o dow on
the eruptive and vre-farming processes that tske place within
& Palzeczoic 5|=:1:J arc eiwviranmeni. An attemnpi has been
made in thiz paper to describe the major eruptive, hydrother-
mial metemorphic and 1ectonic 1 peesses that have acted to
produce the presant gealogy of the Skorovas area in the
context of its posltion in the Glersvik Nappe.

atiention has been spe .llll.-.-“y’ direcizd to the h'{d'u‘

hermal processes thst fake place st ihe voleanic leve!, but

i is Impertant to record the eccurrence of cumulus ores of
magmatic origin within the plutonic complex. At
Lillefjellklumpen, 1o the north of Skerovas (see Fig. 4(al),
g wmall platinum-bearing pyrrhiotite—chaicopyrite—pent-
lendite lens has been found in asseciation with a minor body
of metagabbro. This occurrence was describad by Fostie

and dohinson-Hdst in 1932.'% The presaent study has shown
that small curnulus bodies of chalcopyrite—pantlandite-
bearing ore occur at @ varisty of sites in the layered gabbros
of the degper plutanic Tevel. A1 the present time these
bodizs are of incidental economic interest anly. The whole
range of phenomena deseribed cen therefore be said to typify
the ore-Torming environment within an ensimatic pericratonic
island are, and only the porphyry style of sub-volcanic miner-
alization appears to be absenl. Thus may, however, reflect
the immature charactar of the arc.

The study has also placed the Gjersvik, Trondheim and
related disturbances in their proper oeological context as
episodes of uplift associated with the stages of evolution of a
pericratonic arc system in Lower to Viddle Ordovician times.
Vertical movernents of this ¢tyle can be ssid 1o be & character-

z=s o the present
4 3 unigue vein

istic feature of the gvolution af arc systems,”and Murphy =8
has described fault-bounded back-are basins of Tertiary age in
Indanesia that contzinup e 8 km thickness of clastic sediments,

-"ll .|_‘1 Ll C ¥
it ‘arc origin, '.-.lhtrht"' 1C eveEnts of
"\|.le.1 in gther provinces of the Cal tha
been located, in Lower Ordovician times, on se -,.-_' ale gog

grephically and tectonically isolated marging of the orogeni

5]
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1. INNLEDNING (bakorunn og sammendrag

Uridertegnede er blitt pdlagt oppgaven & arkivere og
sammenstille undersgkelsesdata fra tidlicere malmunder-
spkelser, en oppgave som O0.8.lHembre var xommet godt i

gang med. Oppgaven er tenkt gjennomfiert innen en tidsram-

me pa ca. 3 maneder.

Da det i utgangspunktet har hastverk med & komme igang

med ytterligere malmleting, har man pé& crunnlag av en'rpif"
cjennomgielse av geologiske"avhandlinger" og geofysiske
rapporter forsgkt & gjg¢re seg opp en generell malmletings-
status. Man héper notatet kan bidra til & motivere til plan-

legging av ytterligere undersgkelser. I det minste hiper

man at det kan frembringe en diskusjon om videre malmunder-

spkelser i Skorovasfeltet.

Sem naturlig er, har tidligere malmundersekelser stort sett

T

vErt konsentrert til Sovedmalmen og de margi
ene Syd- og Sydgstmalmen. Et omrdde av st¢rrelsesorden 8-
10 km? ansees for & vare meget godt undersekt ned til ca.
4-500 m under dagoverflaten.

Dels under nevnie nivé har imidlertid struiturceolcciske
unders¢gkelser og boring ved povedmalmen ingikert at grgnn-
steinssonen i hvilken malmen er tilknyttet, re;&tare¢ pa dypet
som et resultat av isoklinalfolding. Spredte A.M.T.under-

gspkelser indikerer at en "malmleder" ogsé& kan repeteres.

De foreliggende gode geologiske kart viser en utbredelse
av betydelige grgnnsieinsarealer som ikke er systematisk
undersgkt geofysisk. UDisse grpnnsteinsarealer ligger

relativt ner de eksisterende daganlegg, oc de kan reprec-

F

sentere omrdder i hvilke det er mulicheter icr & finne

.

mer dagnare malmhrioppe:
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2.2. Gr¢nnstein og malm.

Noe forenklet kan man si at 3 grgnnsteinsserier finnes i feltet.
Malmen opptrer pa grensen mellem 2 serier hvor den ene serie

Ysplosiv vulkansk virksomhet. I de andre

ye e
finnes ogsd skjerp og mineraliseringer. Det nevnes

(r\
4]
5
fte
o
3
M

at Shiftesmyr, som forgvrig ikke ligger i Skorovasieltet,
ttet til den nederste grgnnsteinserie.

o

De 3 nevnte grgnnsteinserier ansees i uvtgangspunktet & vare

potensielle moderbergarter for kismalm. Nevnte moderbergarter

de dag-

0¥

lig areal og finnes relativt ner erksistere

by

har et hetyde

Hh

s2ett vare narliggende a trekke frem

s
nsesonen i hvilket kjent malm finnes som en ledehorisont for
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Det er verdt & merke seg at ikke minst malmenes romgeometriske

form er preget av nevnite foldninger. almen er meget cpp-
stykket og har form av linser i et stjert om stjert mgnster

meé akseretninc mot syé. Det er eksempelvis sterke indika-
cner pad at gkonomiskxe mekticheter av malm har cppstatt som

s
et resultat av sterk isoklinalfoldning.



er forgv

bornull.

En form og stgrrelse lik hovedmalmén (ca.lOmill.tonn)

vil lett kunne mistes hvis man ukritisk setter igang med

systematiske geofysiske bakkemdlinger uten & ta hensyn til

ke tolkninger. iske profiler kan da

s
lett f& en ugunsticg retning og innbyrdes avstand i forhold til
t

De gecfysishe

funnet og er 4

I denne éel blir elektriske og elektromacgnetiske undersgk-

elser som spesielt har hatt betydning, wviet ppmerksomhet.

Det refereres forgvrig til den utme

a) Vanlice usikre indi-

Yassency
rasjencr.

H

L) Helihopiern nger utfgrt av Terratest o¢ r skikke-

lige in

-

cner p& utgéende av Hovedma

fra insomré&det nord og nerdegst

apier

oppklart.



své-¢sc-malmeb beliggende ca. 200 m undex dagen er funne
resultat av prospektering hvor turamundersgkelser har spilt en

o o N ,at .
tral rolle. Det pépekes imidlexrtid/hele omradet

lmen

e greid

a radd b
vea turam, I.P.motstandg, , A.M.T. oc elektromagnetiske mélinger
fra helikopter. Své- og i~gst-malmsonen som ligger 200-250 m
under bakken, wville kunne itt Furnet ved turammalinger.
P& tivt stor elextrisk motstand i sidebercarten i

ltet har nevrnie g

shjermende grunn

rgicer:

ca. 50 m

"o100 ™
" 500 m




Innenfior nevnte

1t omrade er dog den nedf
7

i bvili=t malm
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n'er tilknytret, et preszek
r

sett er det indikasjcne

hlir agrunnere mot nord.

han finnmes ca.200-33
og 10035.

resuliatene

spunktet vil

everdig mec e

10 =m=.

o0%) av bercgrunnen utenfor utgljpres

strukturelt

.3

sakelsene utenior cmradet
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Moen minerzlissris ebjekter er dog fremnketimet av hvilke noen bLor
urdersghes videyre. liembre har laget en objektbesikrivelse.
Mo-mineralisering og omrddet henger il
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Forslag til metodikkrekkeigloe ved vtterligere malmundersgrelsar

1) Narmere strukturgeclo ke undersgkelser samt rekognoserende

VLF-malinger.

N ]

Svstematisk

e turamundersnkelser i omradet som prioriteres ut
ifra VLF- og strukturunders¢k

1 -

3} Mer kostbare og tidkrevende A.M.T. undersghkelser bdr uLigres
mer regionalt. Formélet er & detektere dypere objekter hvis
turam skjermes av tynne
A.M.T.metoden kan ogsi bidra med & fremskaffe strukturelle

opplysninger.

5. LITT O PROSPEKTERING I MERAKER-TYDALOMRADET

Skorovas Gruber har ogsi drevet kismalmleting i Merdker-Tydal-

omr&édet. Detie omrade ansces neppe & fi4 noen inavirkning pa

"‘I-

situasjonen i Skorovas, men da dei har vart arbeidet 1 dette
omrddet i omlag 10 &x fra mes man omradet bgr nevnes i
dette notat.

Skorovas Gruber har undersgki en del camle gruber og sk
hvilke kan nevnes: Longens grube, Torsbj¢rx gru

grube, Fonnfjell eruke, Lillefjell grube, Gilsa, Kluken grube

o.f1. Hongen grube, som ble drevet fra 1747 til 1793 var en av

malm & 4,3% Cu En del flyancmalier scm ikke direkte har for-
bindelse med gamle cruber og skjerp er ogsd undersgkt. Majori-

teten av undersphelsene har vart konsentrert til et omrade ved
54
J....

reget i hvilket omrade det & tidligere fantes

D 4

Storhusmannsh
endel skjerp. Foruten at det er boret 10 hull, er det gjort
geokiemiske undersd¢kelser og 1P og CP-milinger. "Malmberegninger"
viser 7,5 mill.tonn med 0,3% Cu cg 0,3% Zn

-

Undersgkelsene har ikke f¢grt frem til intercssante kisobjekter.
Det nevnes at endel ceofysiske Iflvanomalier og bhakkeanomalier
ikke er cppklart.

Skorovas hadde tidligere endel mutinger i feltet, men de siste
av disse gikk i get fri

ved Arsshiftet B0/81. I l¢pet av 1981

har Orkla delvis mutet vare tidligere retticheter.

de

iest kobberfgrende. De* har blitt produsert ca. 5000 tonn smelte-=



Sxer-Tydalsfelter kan innsholde edelmetallexr. Den tid da Skoroc-

=55 . 2 3 i
mryeget viser 1 snitt

. {normal s¢glveehalt i Garverb

i &

o

rg er 110 ppm).
Prgvene er cver-representative, men 1
sjon.
Storhusmansbercet i Merdker-feltet har som nevnt ca. 0,3%Cu og
0.3%Zn, og¢ edelmetallanalyser er ikke gjort.('Aitik har gehalter

pa 0,35%Cu og 5 pmm Ag.)

6. ETTERQRD

5

Bergverksin n er for tidenrn inne i1 en vanskelig periode.

a e
Grubeselskaper trues av nedlegcelse, og bide yngre og erfarne

b
over 1 oljeindustrien. En basis for mineral

bercfolk gar

og malmprospextering er gode geologiske recionalkart. Kartiegginger
ay Norge €r en gelic historie. Med myvndighetenes neverende kapi-
talbevilgrninger til HGU vil det ta omlag 13C ar fer landet vart er

For & prgve & sikire bergverksbransjens eksistensmuli¢neter, ma&

vi vere villive til & satsz mer pé prospektering. Tor at pro-
scektering skal gi rescvltater m& man ha gode ideer, god markeds-
cversil ; : ;

ikxt, god ceologisk bakgrunn, god kjennskap til prosreest
cringsteknikker, og ikke minst vare villige til & satse r
mangler selshkapene en del av overnevnte
faktorer, o0g da kanskije spesielt vilje og kapital. En av de
-
[

4

beste méter & unngd tap p&, er & ha vilje til & satse relativt

mve kapital pd motiverte undersgkelsesobjekter.
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Ved harital - stetie fra {.eks. olie selskaper er- man geologisk sett
motivert til & satse pa ytterligere prospektering I Skorovasfeltet
Frz et samfunnsmessig syvnspunki har dette hastverk.
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FORSLAG T1L PROSPEKTERINGSPLAN I SKOROVASFELTET

4. Innledning.

—_— s e

Undertegnede
rovas Gruber
anmodet om &
pektering.

Et omrdde av

av tidligere

er p& bakgrunn av notatet "Malmletingstaztus for Sko-
og mulighetene ved ytterligere prospektering”, blitt
konkretisere et eventuelt opplegg for videre pros-
stgrrelsesorden 60 ]-:rn2 som er ca. 6 ganger arealet
turammi&lt omrdde innenfor hovedmalmen og syd- og

Omrédet er gecleocgisk

sydgstmalmen, er i utgangspunktet medtatt.
hektisk og
det relativt

interessant, men det er s& stort at det md en meget
intensiv prospekteringskampanje til for & undersgke
systematisk innen 1983. Hvis man ikke er villig til & trekke ut
prospekteringen over en lengre periode,; bgr man overveie & kon-
sentrere seg om et noe mindre omréde.

Omridet er delt inn i 4 deler i hvilke man etter narmere disku-
sjoner cg faglice studier kan prioritere en eventuell prospek-

teringskampanie.

2. Generell prospekteringsmetocdikk.

e

1. Geclogisk strukturkartlegging og VLF underspkelser.
2. Turamundersgkelser

3. A.M.T.unders¢kelser
4

1. Eventuelt tilleggsundersgkelser og boring.

Metode Profilavstand Malepunkt
avstand

VLF 100 m 20 m

Turar 200 m 20 m

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

Spesielt strukturkartlegging forutsettes & vare sd krevende at

en meget erfaren geoleog md gjgre dette.



sterrelsesorden 10 mill.tonn. Slike undersgkelser ville bli mer
kostbare og¢ sannsynliguvis ikke sa gunstige som en fornindsunder-

3. Generell beskrivelse av 1cskekte1_”usomré dene.

- & — - 2 s = 5 5 . =
Omrade 1. Omridets areal er ca. 26 km . Hajoriteten av omradet
utgj¢res av grgnnstein, mens omradet mot Skorovasrxlumpen ut-
gjgres av en mer amfibolittisk bergart som synes & ligge som ¢t
w111

lokk" over grgnnsteinen. Man kan heller ikke utelukxke at amifi-

= les

bolitter kan fgre potensielle malmer.

Halls & Co's kart viser en sur tuff-agglomeratisk norisont nede
i Skorovaslia. Denne ledehoriscont og akseretningen pé kjent

Cmradet erxr

=1
fin
jo 1
()

j—

malm danner en basis for utvelgelse av om

dreiet noe mer met NN@ i forheld til kjent maimdrag pa grunn av

~ L LT = - T owe { < b P s - Ry S + 37 5
Som en ser av vedlagte kart (fig.l),er celer av omradet tialicere
R y= g ot le - - - A Ty Ol ¥ srm e ] P e me m L S
cus INCersisT. Umradec 1Ird =XC Vasitla Dende mot Tunnsjec
- - = =T P - = oi ) o 3 Ty Yelr e =y ey

viser svake anomalier som i felce A.Haugen ikke er fulgt opp

. AP | - £ T o= - e b - I A PR R 2 T T - = £2
Oomrade 2. P& grunnlag av A.M.T.mé&linger utfgrt 1 1979 har man fatt

indikasjoner p& en dypleder som ligger i forlengelsen av dyphullene
10071 og 10035 - 7 -~ 200 m under dagen.

I overensstenmelse med tidligere strukturgeolecgiske unders¢kelser
har boringen docg indikert at g¢rgnnsteinsonen (som malinen er knyt-
tet til) er nedfcldet. De geofysiske indikasjoner synes & kunne
gjenspeile en elekirisk leder i denne. De str -ukturgeologiske
resultater tvder videre pa at Jden-e n~dfrldete crgnnsteinscne

kan bli runnere mot nord, slik &t en eventuell malm lettere kan
g
g

angripes med en skrisvnk Ira Dausjden.

. - ner | . L
Det foreslattie crrafep}-g;c;s opp med systematiske A.M.T.matinger
med 200 m profilavstiand. Seismiske unders¢grelser bgr ogesd overveles

dersom nye A.¥M.T.mélinger ¢ir lovende resultater.
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omride 3. Omradets areal er ca. 15 kmz. Lederhorisonten som
hovedmalmen er knyttet til l¢per gjennom omxradet, ©og ved Lang-
tjgnna er det pivist sulfidbind hvis mineralisering finnes mer
eller mindre sammenhengende innenfor en str¢klengde pa 4 km.
Grong-gruppen har planlagt & underspgke S.Langtj¢gnna-omradet
nermere denne sesong. Innenfor omrade 3 finnes ogsd ikke

undersgkte helikopteranomalier.

Omride_4. Omréadets areal er ca. 14 km® . Syd for Nesavatnet
finnes endel ikke undersgkte helikopteranomalier som bgr

feploges opp (se kart i tidligere notat). Man har dels trukket
omradet ut i trondhjemittene og de diorittiske gabbroer.
Arsaken er at det ifglge Halls & Co's kart er indikasjoner pa
at hovedmalmens lederhorisont synes & strekke seg inn under

nevnte bergarter.

4. Gjennomfpring, kostnader og tid.

Hveordan prospekteringen generelt er tenkt gjennomfgrt med til-
herende overslagskostnader er satt opp i tabellform. Det vises
til tabell 1.

En anstrengt og teoretisk tidsplan for en prospekteringskampanje

=
er indikativt vist i tabesll 2.
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Forelgpiqg liste over geologiske ravporter | arkivh
P9 9 3 P Oylle

Farfchr /I’)Sf/fu.fyor) Tekst  Komeniaer
197141972, | Volker Hirsinger Imperial College | The Geolagy of Western Skorovasklumpen and vicinity. | Kart
| |
1 1972 Slepen Flitton | The Geology of Easiern Skorovasklumpen. j O ukers f2he
1972 Quentin Gtorge i ;
Palmer Royal School of Mines The Oeolay 4 of Lastern Shorovasklympen and ihe | B5C pevee
Gealogy of the Ll llefiellklurpen = Co /NI Assemblage | Kart
- i . :
i Volker Hirsinger | Geological Report on Grubefjeliet and i
the Surrounding Area. i Sommerarbeid
1972, i H.C Gale [ 660/03{ | Sanddla omr 1‘ NGU 1122
I |
1973 f—— 1 Geolag: | Sandgla omr | NGU |89
| |
! i
1973 | Peter Walker 4 Reyal School of Mines The 6r¢nnda/:\5‘cll Gabbro. [
1973 | Rabert John |
Horsley The Gealogy of the Skorovas Area. | Kart fra Dacsso o
[ I B5C Degree
1973 Reger D Seott R%a/ Scehool of Mines The Grubefiel! Volcanics i
1973 Michael Horder Dlahammeren—Havdalen re gion 66‘0/(19/:0! Report. | Sommerache
1973 an Magficld Bldhammeren =Havdalen region. Gealogical Report. \
1974 H’ogcr 9. White R?jal School of Mines The Oca)og of the Havdalsvatn and Ingusvatn fAirea, Agedlogical | Kart flernet
#ud/ of . gneoys and sed rocks, ond a discussion on the Omfatbenie vert
paléotectonic seting of the Skorovas Regqion
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Forclgaplg liste over geologiske rapporter i ackivhylie fra Storowasfeiter

7In5h‘fu5_,‘on ]
(Ee,'ogg.,st Malmlcting

NoU 237 i
Geotysisk Maimieting 6GM245 ;
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NGU
NGU

NGU 98I

1084

Terratest
NGU 112]
NGU 1216
NGU I2TH

NOU 1343

Tekst

Turammai/ingcr | Skarovas.
Turarundersgkelser
Turammar/mﬁcr Nesavatn.

Fie ma'//ng:f Der I

Maﬁn frelcom ponent ma’/mgU

Drverse undersgielser (Orongprogertet av 8. Logn)
CP /Via'/mgcr jjdmalan

CP1PSP 0 PP Grubejell.

fHelikopler m/}//h\gcr' (Majn +EM),

CP,1P oy ULF Mdlinger over Nordre Grobefjell.
CP.IP ved Nerdre Orubefiel

Helikopter mc;/mﬂcr Del IL

CPIPoy PP ved Crubefjell og Nesdvaln

7"{1)'7“: Crm e

Y yker

ca. 14 daﬁcr

ek par dLUC‘/

| pke

1,5 uler

cao 14 daner

-
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ar Institusjon Tekst Komentarer
1976 | NGU 1536 CPog PP Malinger ved Nordre Orobefeil. ca. ‘fdaﬁcr'
1979 NGU 1645 EM Mdlinger 1+ BH 10035 04 10071,
1560 | Elkem AMT. Malinger 9 dager
1280 NGU Revvdering av EM Md/fngcr; BH 10071,




