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Abstract

The rocksof the liavdalsvatnand Ingulsvat
nareaforma minor

art of the GjersvikNappein the CentralNorwegianCaledoni
desand

onsistof a spilitisedmetavolcanicseauen
cewhichhavebeenthrusted 

indera thicksequenceof volcanergen
icclasticsediments.

The metavolcanicseauencecons
istsof predominantlybasaltic

pillowlava,whichare locally
intrudedby gabbroic,trondhjemiteand

ceratophyricbodiesand capped
by acid pyroclasticsand relat

edlavas,

vasskisand jasperin orderof decreasingage. Separatingthemeta-

volcanicsequencefromthe ove
rlyingmetaconglomeratesis a thinband

of marblewhichis believedto representthe lastepisodeof sedimentation

on thevolcanicbasementbeforete
ctonism.Thevolcanogenicclas

tic

sedimentsconsistof a basal'finefelsicconglomera
te'whichunderlies

a 'coarsepolymictconglomerate
'thatgradesverticallyupwards

to a

'finecalcconglomerate'.Phyl
litesand arkosesrepresentthe

finer

volcanoenicsediments.

Two episodesof foldingcan be recognised.The first,Fl has
a

fairly imoviaxialplaneandhas produc
eda penetrativeschistosity.


The second72, is locallydevelopedalonga seriesof narrowthrust

zonesip whichthe schistosit
yhas beencoarselycrenulated.

Bothlarge

scaleFl and F2 foldstructuresare absent.

Stabletraceelementassemblag
es,in additionto theraineral

assemblageof the Skorovasorebody,indicate
thatthebasalticrocks

haveoriginatedin an islandarc environment._These
rorksshowcharac-

teristicsof islandarc tholeiiteswhichare
a productof incipientarc

evolution.The presenceof trondajemiteand locallygrano
diaritic

intrusionin the Skorovasregion,may refle
cttheinitialstagesof

calc aikalineigneousactivity
whichwas interuptedby the obductionof

the arc environmentontothe co
ntinentalmass duringtheCaled

onian
_ 	 _

orogen.



troduction

A nearlycontinuousPaleazoicgeosynclinalbeltoccursin Norway

Ld adjacentpartsof Sweden,stretchingfor some1500km. degional

:ologicaldmdiesdemonstratethatthe beltrepresentsan allocthonous

;ripof metavolcanicrockswithassociatedmetasedimentsand significant

nountsof bothbasicand acidicintrusives.The belthas been thrusted

romthewest,over thePre-Cambriancrystallinebasementand itsmantle

f &i.ocambriansedimentsduringthe climazof the CaledonianOrogeny.

Associatedwiththemetavolcanicrocksare stratiformmassivepyritic

ese metaldeposits. The orebodiesare characteristicallylensoidal

haped,variablein size,and usuallypenetrativelydeformedwith their

mclosinehost rocks. Theserangefromgreenstones,greenschistsand

Imphibolites,dependingon the regionalmetamorphism.Generallythe

netamorphicfaciesincreasesnorthwardsfromlowergreenschistsin Sor-

frondelagto aImandine- amphibolitecharacteristicof theNordland

region.

Skorovasis situatedin the Grongdistrictfig.Ipwithinthe central

NorwegianCaledonides.Lying250 km north-eastof Trondheimand 200km

southof the arcticcircleat latitude64039'northand longitude13°17'
east.

GeologicallySkorovasliesin a segmentof thegreenstonebeltwhich

formspartof the Gjersviknappe. Thoughregionallytheamaischaracterised

by a seriesof superimposednappestructures,whichhavea senseof

overthrustingtowardsthe east.

\ 	

The area is economicallyimportantsincecontainingthe Skorovas
 

orebodywhichis thelargestin the Grongdistrict.

The regionwas originallymappedby S.Posliedurinethe 1920'sand

he was the firstto officiallyrecordthemineralisationat Skorovas.

Sincetheadventof largescaleminingoperationsmuch attentionwas given

to macpingdirectlywithinthevicinityof theorebody. It has onlybeen

in recenttimesthatmappingon a systematicscalehas materialised,away

from the orebody. A significantcontributionto theunderstandingof the

geologyhas been accomplishedby ImperialCollegefieldpartiesunder

the supervisionof Dr. C.Halls.



east

Theareamappedby theauthorlies 10 km westof Skorovasand

.:orporatesmetalvolcanicand
metasedimentaryrocks,with

maNW - SE  /1/.="-"/

endingbelt 6 km longand 3 km wide,betweenHavdal and In‘gulsvatn

g111. Explorationoperationswere
basedat a smallfishinghut on

e northernshoresof Havdalsvatnusingthemine a
s a supplybase.

The terrainis typicalof the landmapetermedby theNorwegians

highfjell. A terrainof highaltitudeand steepslo
pesabovethe

Imberline. Fbr themost part,thereli
efof thehigherfjelllay

etween500 - 800 metres.Thoughtowards
thewest,thehighground

falls

waydownthicklyforestedsl
opesto the Tunnsjodepression.The

linear

idgesandvalleyfeaturesWh
ichdominatetheuclandtopo

graphyclosely

eflectthe lithologicaland
structuralvariationin unit

s,parallel

o the NW- SE tectonicgrain.Rochemouto
neeslitterthe lowerslopes,

uotrudingas elongatedislandsin a sea of glacialdrift. Manysmall

0.acialrock basinzsupport
areasof marshygroundor smalllakes. The

largerribbonlakestendto
be concordantto the tectonicgrainof the

region,thusindicatingthe
trendof icemovementas NE - SW. Drainage

in mostareasis poorlydeveloped,withonly
youthfulstreamsgouging

downthroughthe rocks.

Rockexposurevariedconsid
erablyfromexcellenton theupperfjell

slopes,whilethe lowerreg
ionswereblanketedby a varietyof hardy

vegetation.The diversera
ngeof floraand faunaconstitute

dan addi-

tionalsourceof interest.

Precipertationis highand s
nowpatcheswhichwereso nu

merousin

the beginningof Julygraduallydiminishedto
wardstheend of August.

Though,by this timefreshsnowwas fa
llingand the geologicalpro

gramme

was in itsfinal stages.
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:enstoneIntroduction

Themain lithologicalunitsar
e shownon the sketchmap of the

Ppingareafig.naccomp
aniedby thegeneralstratigraphical


ccession.

Greenstoneis a descriptiveratherthana genetictermdescribing

alteredbasicigneousrockand
generallyappliedon a regionalscale

1describeextensiveareasof suchalteredrocks. Here,the termwill

rigidlyappliedto basicmetavolcanicrocksof greenschistfacies

ivinga generalcomoositionof albite
,epidoteand chlorite.

Like themetasediments,theme
tavolcanicsare a continuationof the

orwegiangreenstonebelt. The metavolcanicsat &orovas are calledthe

jersvikgreenstoneswhilethos
eto thesouthof Norway,are termedthe

tirengreenstones.Thegxeen
stonesare separatedby an areacalledthe

'rrongCumalationin whichthe P
re—Cambrianbasementbreaksth

rouphthe

xeenstonebelt.

The greenstonesat Skorovasforma thicksequenceof soilitised

3ubmarineand possiblysub aer
ialvolcanics.Theyare of economic

interestbecausethe Skcrovas
orebodyoccurswithinthe sequ

ence.

The Tronessheetcompiledby the NorgesGeologiskeUnderso
kelse

from ?oslie'sdatashowlittl
elithologicalvariationwithi

nthemeta—

volcanicsequencein themappingarea. However,a numberof lithological

unitsare apparentin thefield. The lackof any subdivisioncouldbe

attributedto representationat the 1:100,000scaleand also,n
oneof

Foslie'sfieldslipsand note
shave beenpublished.

Geologicalinvestigationsindi
catetwo broadigneousgroupsw

ithin

themetavolcanicseouence.

thoseof basiccomposition

thoseof acidiccomoosition

The sequencealso includesche
micalproductsof volcanicexh

alation

in additionto theigneousrocks. Theseare the jaspersand varskis.

The basicigneousrocksinclu
de:

PillowLavas.

BasicBreccia.

WassiveLavas.

6
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A usefulcriteriawasfound,co
ncerningthematerialwhich

ccasionallyfillsthe cusps
hetweenadjacentpillows,fig.t

5 .

is—åtrongly-deformedpillowsjasperandchertoccura
sdiscordantrods.

31Lisappearstobe thecasewith
inthelava$adjacenttotheore

bodyat

korovas.Thus,concludingthea
ssociationof theorebodywitha



_

3ubmarineenvironment.Thecrit
eriaprovedusefUlin themappin

garea

_ _

forrecognisingpillowlavaswit
han apparentlackofanyprima

ry

structure.
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assiveLavas

Themasaivelavasare thesecondmost abundantlava
typein the

'egion.1n the fieldtheyappearto have a similarcompositionto the

)illowlavas,buttheirphysic
alappearanceis different.Theyhavea

)haracteristicallymassivetei
tureand are considerablyhard

erthanthe

pillowlavas. Dlineralogicallythe two lavat
ypesare similarexcept

thatthereis no preferredorientationof miner
algrainswithinthemessive

lavas. Thereappearsto be no definitecontactbetweenthe t
wo lavas

exceptin the casewheretheoccasional
massivebandoccurswithinthe

pillowlavasequenceor viceversa. The lackof any recogniseablecontact,

relatesto the problemof distinguishinga lavawhichshowsno pillow

structureand is not truelymassive. However,themassivelavais devoid

of jasper,vasskisand pyroclast
ichorizonswhichare characte

risticof the

pillowlavaseouence. Alsoep
idoteknotsare scarcein themassivelavas

but theoppositeis truefor the pillowlavas.

Geochemicalanalysisindicate
sthat themassiveand pillowla

vas

are chemicallysimilar,and it
is likelythattheywereboth

derived

from thesame parentmagma. The absenceof chemicalsedim
entsand pyro-

clastichorizon,suggeststhat
themassivelavaresultsfrom

an intrusive ,7

ratherthanextrusiveohaseof
igneousactivity.Possiblya

nearsurface

intrusiveevent.



mygdaleMineralogy

Amygdalesare a commonfeaturein boththe pillowsandmassi
ve

.avas. They havea somewhatrandomdistribut
ion,occurringas small

isolatedpatcheswithinan
exposure. Thedimensionso

f individual

amygdalesvariedconsider
ably,withcourse 1.5 cm, and fineamygdale

s


occurringtogether.Varia
tionis alsoa featureof theamygdale

infillingsin whichepidote,calcite,cu
artzand chloriteoccurwit

hina

singlehandspecimen.Alth
oughall typesof material

constituteinfillings

withinone exposure,there
is a tendencyfor calciteto pr

edominatein
tka:

the_upperparts_QLth
e_greenstoneseauence. In

thinsectionAamygdales

showa rangeof morphologies,froma singlecrystalto a composite

aggregateof minerals. The latteris a
camnonfeaturein thegreenstones

in whichquartzfillsthe int
ersticesof epidote. Occasionallyepi

dote

has a distinctfibroustexture(
fig.1.6).

Apparently,bothspherica
land ellipsoidalshapedamy

gdalesoccur

withina singleexposure.The reas
onfor thisis hard to explainsince

one assumesthe ellipsoid
alshapeis a productof deformation.The

amountof strainshownby the amygdaleswas conside
rablygTeaterin the

pillowlavasthanin themassivelavas.

15
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The phagioclasephenocrystsare
of albitecomposition,more ra

rely

hligoclase,showingvaryingdeg
reesofElteration.Veryfew fr

eshalbite

henocrystsoccur,butusuallyh
avecorrodededgesand numerou

sepidote

nclusions. The degreeof alterationis verymuch depend
enton the size

ifthe phenocrystsand amountof
deformitysufferedby the ronk. At the

:orrodedmarginsof thephenocrystsis invariablythemineralchlorit
e,

thileepidoteseemsto originatefromgrowthwithinth
e albitecrystals,

)ecauseof its commonoccurranceas inclusions.Occasionallyfelds
pars

arecompletelypseudomorphedby
euidoteaggregates.

As previouslymentioned,relictpy
roxenephenocrystsarepresenti

n

a numberof the basalticgreenstonesample
s. Theyare invariably

pseudomorphedby chloriteand/oramphibolesand
the secondaryamphibole

is oftenreplacedby chlorite. Someof thegreenstonesare associated

vith quartzphenocrystsand mod
eratequantitiesof quartzin thematrix.

Ratherthana secondaryoriginfor quartz,it
is suggestedthatthese

greenstonesare in thecompositionedrangeof an 'acidicandesite'.
_

Opacuemineralsareusuallyassoc
iatedwith the groundmass,ahow

ing

varyingdegreesof alteration.Pyriteto limonite,and limoniteto

leucoxene. Veiningis a commoncharacteristicof the greenstones,with

quartzand epidotepredominat
ingandminorvolumesof chloriteand

albite.



Metagabbro

Themetagabbrooccursas smallsheetand pod-likebodie
sintruded

intothemetavolcanicsecuenc
e.It is fine to mediumgrainedrock,

thoughtendingto fine at thecontactwiththe metavolc
anics.Locally

developedat thecontactare patchesof epidoteenclosingsmallgabbro
ic

xenoliths,thussuggestingepi
dotivationof themetagabbro.

tkemetagabbrois completelyc
onvertedto a meta-

morphicassemblageof mineral
s,thoughstillretaininga primarygabbroic

texture. The originalcalcip
lagioclasewhichis characteristicof

gabbros,has beencompletelyb
rokendownto formalbiteand

epidote

(fig.1.7). Furtheralterationis manifes
tedby thepartialbreakdown

of albitewhichis representedby the formationof chlorite. Theoriginal

pyroxenesshowreplacementby
chlorite,actinolite,epidote

and biotite.

The relativelyhigh percentag
eof opaquemineralsis attributed

to the

breakdownof the primaryferromagnesiummin
eralsand quartz,whichoccurs

as irregularmicrocystallinepatc
hes,is also thoughtto be of secondary

origin. The onlymacroseopicchemical
and structuralmodifications

appearas small,5 cm, crackedepidoteknots,whi
chis rathersurprising

consideringthe largeand nume
rousepidoteknots,so characteristicof

theadjacentpillowlavaa.

The gabbroicsheetsand nodso
ccurringwithinthemetavolca

nic

successionare interpretedas
amallhighlevelintrusionscl

oselyrelated

to thegenerationof thepillowsecuence.



CHLORITE

ALBITE 


1 Partial replacement ot albite

by epidote

2 Chtoritic aggregctte pseudomorph

ot an arnphlbole
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elsicRocks.

Thefelsicrocksforma smalloroportionof themetav
olcanic

$equence.Threetypesaredes
cribedin thefollowingdiscus

sion:

Kerotophyres

Coarseacidpyroclasticbrecc
ia

Finegrainedfelsietuff.

However,todescribeonlythr
eeisratheranoversimplifi

cation

ofwhatconstitutesoneof th
emajorcomplexproblemsassoc

iatedwith

theregion.A numberofminoracidlavasan
dintrusivesarepresent

whichdo notfitintoanyof t
heabovesubdivision.A particularly

interestingrockformsa significantphysicalfeature(
fig.18).

TermedEG 9 in thefield,it is a mediumg
rainedfeldspathicintrusive

whichhasbeenconsiderablych
emicallyaltered.Therockco

nsistsof

corrodedalbite,highlydefor
medquartz,epidoteandchlori

teinorder

ofabundance.R.W17 isa quartz-feldsparporphyriticlavawith

amdmouslyhighproportionsof
sericitein a finegrainedquartzand

albitematrix.Geochemicalan
alysisindicatestherocktob

e of

rhyoliticcomposition.
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atrographicallyidenticaltoke
ratophyres,regardedby Scott(1973)as

aemicallysiailarto trondhjemite,suggeststhatall
threelithologies

re geneticallyrelated. Prima
rilyrelatingto an acidintrusivephase

ith subsequentacidvolcanism.

Consideringthecloserelation
shipbetweenthe pyroclastichor

izon

nd jasper,it is concludedthatthe formerha
s formedwithina submarine

mvixonment.The apparentabun
danceof fragmentsin additionto the

mcreasingthicknessof thehorizontowardsthe southw
est,is possiblydue

toits distalrelationshipwith
an originalvolenniccerribm.The

centre

assumedto be locatedin thevicinityof Skorovas.



31sicTuffs.

Å thirddivisionof the felsicrockswas made in the field,that

f the felsictuff. It formsrelativelythinlentic
ularbandsinter-

alatedwithinthepillowlavase
cuence. Theyare discontineou

s,though

pecifichorizonweretracedove
r1 km alongtheirstrikelength. The

•nds are concordantwith the ge
ologicalstrikeand schistosity

of the

tgion.

Theunit is distinguishedfromthekeratoph
yresand the acid

)yroclasticbreccia,by its Characteristicbrowncolour
weatheringand

Issociatedfeldsparsand cuartz
grainsprotrudingfromthe surf

ace.

1.1xeralogicallytheyshowsimilaritieswith the
keratophyresalthough

havinga coarsermatrixand a higherpercentageof sericite.They

havea charactericallygranularandmas
sivetexture. However,there

is no directevidenceindicatinga tuffaceous,and theirtruemode
of

originis not knownexactly,but
theypredatethekeratophyricbo

dies

as in a few localitiestheyare cut by keratophysicdykes.
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asskis

Stratigraphicallythevasskisloc
allyunderliesthe jasperbands

nd overliesthe acidpyroclasti
cbreccia. However,the sequencei

s not
_ ._

lwaysapparent.

The vasskishas a variablemineralassemblage,con
sistingof pyrite,

agnekiteand a varietyof gangueminerals. Themost commo
nvarietyof

lenSK

LSSUS consistsof smallfinelydisseme
natedpyriticleves,and euhedral

mdms of magnehte withina greenchloriticschist.(fig.11)
. Fine

Danding(fig.11) is a significantfeatureof somehand specimen,and this

suggesta syngeneticoriginfor thevasski
slithology.Pyriteoccurs

interbeddedwith a meta-shalerichin finemagneiitegrains,andmagne
Site

occursuseudobandedwithpink jas
perand chert. However,thevasskis

horizonincorporatedmassivepyr
ite,massivemagneiite,and barre

nchloritic

schistsand chertsin any combin
ation.Faciesvariationof thevasekis

bandsis developedbothverticaland late
rallyalongstrike. Occasionally

a verticalsequenceis observedfrommassivepyrite,ban
dedpyriteand

magnetite,magnetiteand jasper
in orderof decreasingage.

The vasskisis essentiallya chemicalsedimentwhichwas depo
sited

on thevolcanicbasementunderanae
robicconditions.Bacteriaplayi

ng

a significantpart in the percipitationof magnetitean
d pyritefrom

hydratediron oxides.

33
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wever,thisdoesnot appearto happenat the presenttime. in the

ppingregion,the closerelations
hipbetweenthejasperandunderlyi

ng

id pyroclasticbrecciasuggestsa commonorigin. Thejasperprobably

dginatedfrom the dispersionof finecoloidalsilicaand hydrated
iron

ddes whichwere derivedfrom the e
xplosivephaseof acidvolcanism.

is silicasuspensioncirculatingin
thesea waterwhilethepyroclast

ic

wizon was beingdeposited.The silicaa
pparentlyfixestheheamatite

aderoxilisiAgconditions,and pre
servesthe oxidisedcharacterof the

asperwhilesettlingon the sea floorunderanaerobiccond
itions.

educing conditionemust be presentsincetheVasskiswhichlo
callyunder—

ies the jasper,containspyriteaa
dmagnetite.



Conclusion

It is apparentfromthe greenstanedi.scus
sionthattherehavebeen

distinctphasesof volcanismin the Skorovasregion.

The firstphaseandmost predominantp
haseconsistedof the extrusion

_

r basalticlavason to a sea floor. The basalticsequencewas possibly
_

iteruptedby minoracidactivityindi
catedby the presenceof fineacidic

affs. Minorbasicexplosivevolcanicactivi
tyalsointeruptsthebasaltic

ava sequence. The lavascouldbe subdividedintoeventsdependingon

heir chemicalcomposition.The exist
enceof basalticandesites(Gjlelsvik

968) and tholeiiticbasalts(Scott19
73)has alreadybeenprovenin the

Icinity of the orebody.

The firstphasewas followedby a periodof exmlosiveacidvolcanism.

Chisperiodof igneousactivityresultedin the intrusionof the trondhjemites

md keratophyresand thesubsequentextru
sionof acid lavasand the

lepositionof the pyroclastics.Bothprobablydepo
siteddn the flanks

of thevolcaniccentre. The vast quantityof silicaand irongenerated

duringthisperiodresultedin the depositionof the jasperandvasskis

horizona The jasperoriginatingfromthe fixat
ionof hydratedironoxides

by silicain an oxidisingenvironment.The anerobicc
onditionson the

sea floorled to thepercipitationof pyriteandmagnetite,the two iron

mineralphasesof thevasskishorizon.



larble

Themarblein an importanthorizonas it occursstratigraphically

tbovethemetavolcanicsand unde
rliesthemetaconglomerates.It

probably

representsthe lastepisodeof sedimentationon thevolcanicbasement

Deforeupliftand theresultantrapiderosionof thevolcanicpile.

Themarbleformsa singlehorizonadjacentor closeto themeta,

volcanicsequence. In thenort
heastsectionof themappingarea,the

marbleformsa 50 metrehigh cliffsectionwhi
chthinsaut towardsthe

southwestintosmalllenses. Theband followsthe geologica
lstrikeand

is concordantwith the regionalsch
istosity.

Themarbleis relativelypure,m
assive,finelycrystallinerock

whichis locallyferruginousgiv
ingrise to itsweatheredbrownappearance

.

In a numberof localities,weatheringhas prod
ucedsolutionholes. The

freshsamplevariesin colourfrompure whiteto pinki
shbrown.

The contactrelationshipsof themarblebandwith thesurrou
nding

lithologiesis canpler. Involvingslidingacro
ssthe stratigraphical

boundaries,dislocationand fol
ding. A summaryof thevariouscontacts

is illustratedin fig.113. RupturedtightFl foldsand lion
dinage

structures characteristicof themarblebandsin the southwest regions.


Boundinagestructuresare confi
nedto regionsin whichthemarbleis

envelopedwithina carbonaterich chloriticschist.
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he Metaconglomerates.

The metaconglomeratesand relatedvolc
anogenicsedimentsare a

entinuationof themajorgreenstonebeltof Norway. Althoughthe

mtire correlationof thisgroupis not apparentwithinothe
rregions

)fNorway,thereis considerablesimilaritieson a finerscale. This

Lsbeat illustratedby whatthe author
termsas a coarsepolymictconglom-

aratewhidhis petrographicallysimilarto the Fjeldheimconglomerates

andthe basalconglomeratesof the LowerHolvinseries(Chadwick1964
).

On the Tronessheetthemetaconglomerat
esare subdividedintothe

trondhjemiteand calcconglomerate.Th
e authorhowever,recognises

threedistinctunits:-

FineFelsicConglomerate

CoarsePolymictConglomerate

FineCalcConglomerate

Themetaconglomeratesare overlainby a thicksequenceof finer

volcanogenicsedimentswhichertendint
oSweden. Thesedimentsrange

fromphylliteswhichdirectlyoverliet
hefinecalcconglomerateto

arkoses.
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The remarkablefeatureof theunit is the abundanceof felsic

Lastsas opposedto jasper,marbleor greenstonetypes. It appears

riattheunit was derivedfrom the erosionof felsicmaterialand more

pecifically,the felsicpyroclasti
cs,lavasand keratophyres.Thus,

t is reasonableto suggestthat the volc
anicsequencewas cappedby

elsicmaterdal,priorto tectonicuplift. The nearabsenceof jasper,

particularlyresistantrockand mar
bleclasts,whichare both signific

ant

:omponentiofthecoarsepolymictcong
lomerateindicateonlyminor tectoni

c

tplift.Apparentlynot effectingth
e relativelydeeperregionof the

)riginalsubmarineenvironmentin whichthe jasperand 'limestone'were

leposited.However,the finefelsi
cconglomeratemay havebeen tectoni

cally

pmplacedinto the regionfromautsi
deand thusnot relatedto the original

environmentin whichthe otherrockswere deposite
d.
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sa

ithintheunitmay be a reflectionof itshigh levelintrasioninto

he volcanicsequence.

The trondhjemiteschistwithin
the coarsepolymictconglomera

te

met indicatelocalminorigneousac
tivityduringtheinitialstage

s

)fuplift.
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st2

niclusion

Certaingeometricalandmorphologic
altrendswithinthe conglomerate

equencecorrelatewith thepresentd
ay positionof the;erodedderivatives.

oththe fine calcconglomerateand f
inefelsicconglomeratehavean

nversethicknessrelationshipto themarblebandand felsicvolcanic
s

espectively.Themaximumthickness
of thefinefelsicconglomerates

owardsthe NE of the regioncoincidingwithdiminish
ingoccurranceof

elsic materialin themetavolcanics.The thinningof the finecalc

:onglomeratetowaxdstheNE coincideswith themaximumthicknes
sof the

iarble band.

The jasperbandswhichare abundant
to the SW of themappingregion

iiminish rapidlytowardsthe NE. The trendcorrespondsto a lateral

facieschangeof thecoarsepolymictconglomeratefro
mthe jasper,marble

andgreenstoneclastassemblageto one whichis dominatedby trondhjemite

andgreenstonein the NE. Thus,thereappearsto be a positivecorrelation

betweenthe absencesof jasperwithinthemetavolcanicseque
nceand

clastsin the coarsepolymictconglomerate.

Fromthe abovediscussionsit is believedthatthepresentdey


spatialrelationshipbetweenthemet
avolcanicsandmetaconglomeratesis

a mirrorimageof theirpositionpriorto nappeemclac
ement.Thus,there

has beenno substantiallateraltectonicmoveme
ntbetweenthemetavolcanics

andmetaconglomeratessequences.
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Thrustsare a majorfeatureof themappingarea. The thrustsrun

arallelto the tectonicgrainand lithologicalstr
ikeof theregion.

hey are clearlyrecognisedon aerialnhotographssincetheyform

Iraminentscarpfeatureswhichare of considerablestrikelength,often

Jxtendingrightacrossthemappingarea
. The rocksadjacentto themore

nrominentthrustsshowlittlebrecciat
ionand onlywheredisplacementsof

ypesor crenulationof the Si shistosityare recognised,can the thru
st

)eclearlydefined.

The majorityof thrustsappearto dip southeastwardsand are usually

confinedto schistosehorizonsor stratigraphicalboundarieswhere

dislocationof theunitsis a characteristicfeature. Dislocationis

thoughtto be themajorfactorcontrtbutingto the complexstructural

relationshinat the contactbetweenthemetavolcanicsa
ndmetaconglomerates.

Near the shoresof Ingulsvatn,to the NE of themappingarea,pillows,

acidvolcanicsand marbleappearsto havebeen thrustedas a wedgeinto

thepolymictconglomerate.The wedgei
s about0.5km fromthemetavolcanic/

- metaconglomeratecontact. However,th
e thrustcontactswerenot clearly

defined.

The geneticaspectsof thrustinghavealreadybeendiscussedi
n the

F2 section.
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rjectivesof the Study.

The aim of thisstudyis to detenninethe possiblepalaeo-tectonic

ivironmentin which theSkorovasregionor
iginated.To achievethis

Djective,end samplesof basicand acidic
rockswerecollectedin the

$^"pla% 661:s4ad-  Sj

ield. Supportedby previousImperialCollegefieldparties,t
hese

ereanalysedto determinetheirgeochemistry.

The relevantliteratureto whichmuchimp
ortanceis attachedin the

nd discussionfallsintotwo distinctgroups
:-

MajOr and minorelementgeochemicalmethodsto discriminate

the palaeo-tectonicsetting,in whichvolc
anicseauences,now

obductedontocontinentalmasses,may have
originated.

The characterisicsof map4sesulphideore
depositsand their

hostrocks,associatedwithspecifictect
onicenvironments.

Fromthe publisheddatatogetherwithres
ultsof thegeochemical

analysis,it is hopedthata usefuldiscussionwillmaterialiseconcer
ning

theoriginaltectonicenvironmentof theSkorovasregion.
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$1.

cyre

A flatdistributionfor oceanictholeiitesa
nd island,ore

tholeiites,thoughthe latterhavea greatervariation

in the totalrange.

A pronouncedenrichmentof the lighterrareearthand a

depletionof theheavierrareearthfor thecalc-alkal
ine

volcanics.

Someof thesetraceandminorelementcriteriaare
used in this

tudyto providea classificationof the basalticgreenstonesand to

uggesta possibleenvironmentfor theirorigin. The majorelement

Listributionmay proveusefulin distinquishingbetweenbasaltsand

rnsalticandesitesand alsoprovidinginfo
rmationconcerningbulk

yhemicalmodificationduringpostvolcani
cprocesses.
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ilcanismand associatedmassivesulphide
depositsin relationto

.atetectonics.

The greatvolumeof geophysicaland geol
ogicaldataaccumulated

aringthe last two decadesfrom theocea
nicand continentalenvironments,

as led to the formulationof the theoryof platetectonicsandits

cceptance,as a workinghypothesisin practice.The fol
lowingsection

ummarisesthemain aspects,layingparti
cularemphasison thegenesis

f massivesulphideore depositswithrel
ationshipto specifictectonic

nvironments.

Modernday theoriesof platetectonicsrequirethatoceaniccru
st

)egeneratedalongmid oceanicridges. The tholeiiticlavas,derived

rom the partialmeltingof mantleperio
dotitesmoveslaterallyaway

fromthe crust. This probablyinvolvesthe influenceof convection

zurrentswithintheunderlyingupperman
tle. The oceaniccrusthas a

stratifiedappekrance,consistingof a lowerlayerof gubbroicintrusives,

passingupwardsintoa doleritesheetcomplex. Theseare overl
ainby

pillowlavas,hyaloctastibesand locall
y,thinpelagicsediments.Euring

lateralmovementdownthe ridgeflanksi
ntrusionsof alkaliebasalts

are a commonoccurrance,but theyare subordi
nateto the tholeiiticlavas

in volume.

The massivesulphidedepositsoccurring
in thistypeof tectonic

environmentare characterisedby a simplemineralogy.Thisessentially

consistsof pyrite,chaliopyriteandmin
oramountsof sphalerite.The

hostvolcanicrocksaremaficto ultram
aficin compositionand invariably

spilitised.Felsicvolcanicphasesare
rareor absentand thereis also

a lackof pyroctazticmaterial. Thereare however
,aquagenetuffs,

hyloclastitesand pillowbrecciasinter
calatedwith the basalticflows

(Smitheringale1972). Sedimentsonlyconstitutea smallproportionof the

volcanicpileand are predominantlychem
icaldepositssuchas cherts,

jasper,umberand ochres(Bear1963,Constantinou1972).

Examplesof theseore depositsspanthewholePhoner
ozoic,appearinE

firstin the earlyPalaeozoicophoilites,rightu
p to presentdayametallic

gelsfoundon the floorof the RedSea (Deyensand Ross1969). The

earlierPalaeozoicdepositsincludethe
NotreilameBay area (Smitheringale

1972)and Bay of Island(Duke1971)in northcentraland w
esternNewfoundland.
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U.efSummaryof Previous

Une of themost comprehensivegeochemicalstud
iesof the Skorovas

:gionwas compiledby Gjelsvik(1968). He recognisesthreeextrusive

Pcksin theclosevicinityof the orebody; basaltic,andesiticand

eratophyjic.Theyare all of spiliticcharacterhavinghigh Ea, low

and Ca, andmostlyvery lowK. Thoughthesetrendsare modified

djacentto the orebodywherethe extrusiveshaveu
ndergonepronounced

eaching. dere thereis a strongdepletionof ,a and Ca,some leaching

silica,whereasMg and occasionallyK showan increasein concentration.

is unfortunatethatno traceelementsdatais includedin his work,

lincethiscouldpossiblyindicatethe n
atureof the basalticgreenstones.

Scott(1973)distinquishestwo typesof
basalticgreenstones,from

;eochemicaland mineralogicalevidence
in the Skorovasregion. The

first,calleda tholeiiticgreenstoneis characterisedby relictpyroxene

phenocrysts,high Mg0,Ni, Cr and low N
a20content. Thesecondtype,a

spiliticgreenstoneis more predomina
ntin theregionand has a relatively

low Mg0,Ni, Cr and highNa20content. He concludesthatthegreenstones

showno convincingsimilaritieswithany one pr
esentdayma.nflaseries

but displayingcharacteristicsof bothislandarc tholeiitesand abyssal

basalts. The latzerstatementshouldb
e treatedwithcautionsince

statisticallythe datawas inadecuate
.

Regionallythe Grongdistrictis describedas a possiblecalc-alkaline

suite (Galeand Roberts1972).However,datacollected
by Roberts(1974)

and interpretedby thewriter,usingthe Ti-Zrand Ti-Zr-
Ydiscrimination

diagram,indicatethatthe basalticgre
enstonesare oceanictholeiites.

The resultscorresoondto theabyssalbasaltsdescribedby 3cott
(1973)

foundin the Skorovasregion. ?urthercomparisonbetweenRoberts(197
4)

and Jcott'sdata revealsa considerablesimilaritybetweenthe bas
altic

greenstones.As previouslymentioned,Scottrecognised
two typesof

basalticgreenstones.Thesetwogroup
sare alsodistinouishedfrom doberts

data correspondingto one characteris
edby highMg0,Ni, Cr and low Na20

and the othergroupby low Mg0,Ni, Cr and highNa20. The formerbeing

the tholeiiticgreenstoneand the lats
r the spiliticgreenstone.Thus,

thereappear to be a goodcorrelationof basaltictypeson a localand

regionalscale.
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mparingtheNi and Cr contentto thoseof standardpresentday volcanic

>cks,thespiliticgreenstonescorrespond
to the islandarc tholeiites.

letholeiiticgreenstonesaopearto be considerablyenrichedin Ni and

r,and therefore,cannotbe justifiablycanparedwithany standard

)1canicrodk. aowever,the volcanicrocksof highNi and Cr content

re exclusivelyoceanictholeiites.

The mostserioushandicapof previouswotkershas beenthe lackof

ieldevidenceindicatingpillowstructure
sand pyroclasticunits. The

atterbeingessentialfor indicatingsubm
arinevolcanicactivity. Thus,

hare has beena tendencyby previousworkersto regard corovasas solely

>ceanicfloororigin. Thoughthispossibilitystillmust be considered,

rvidenceprovidedby pyroclasticunitssuggestan islandarc environment.

Ehepossibleenvironmentswill be discussedat a laterstagein the study.
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st VolcanicProcesses.

tamorphism.

The metavolcanicsandmetasedimentsof theSkorovasregionhave


,quiredtheirpresentmetamorphiccharac
ter,not durinea singleevent,

Itduringa seriesof events. Theseeventsinvolveda periodof residence

the seafloorand subsequentincoroorati
onin the compressionalfields

r the Caledonianoregenyas a resultof obductiononto thePre Cambrian

asement.

Aiyrashio(1972)has givenan accountof oceanfloormezamorphismin

itu,in thevicinityof mid oceanridges. Metamorphicbasalts,dolerites

nd gabbroswhichhavebeen dredgedfrom the
oceanflooreitherbelongto

he zeolite,greenschistor amphibolitefacies. A schistosityis lscking

n nearlyall cases. Associatedwith low crystallisationin su
chmetamorphic

;errainais the introductionof Na and removalof Ca. The outgoingfluids

?ichin Ca wouldbe ultimatelyemittedinto thes
ea to contributeto

:arbonatedeposition.

Islandarc metamorphismis usuallyrepre
sentedby highand low pressure

regionalmetamorphicbelts,occurringpa
rallelto eachother. The high

pressurebelt corfespondsto thetrenchzoneand is believedto originate

fromthe rapidtransportof the lithosphericplatedown thesubduct
ion

zone. On thecontinentalsideof an islandarc is situatedthe low pressure

belt,accompaniedby graniticand andesi
ticrocks. Iz is thoughtto result

from thegrossthemal and chemicalaffectscausedby therisingcalc-alkaline

batholithsfrom the underlyingsubducti
onzone.

MineralogicalAlterationand Metamorphi
cFacies.

The metavolcanicsandmeta sedimentshav
ea mineralassemblageconsistent

with the greenschistfaciesof metamorp
hism.The latzeris dividedinto

three(Winkler1967).

Quartz- albite- muscovite- chlorite.

Quartz- albite- eoidote- biotite.

Quartz- albite- epidote- almandine.

Onlythe last subfaciesis absentfrom themappingregionas almandine

nor its basalticequivalent,an aluminousamohibolewerepresent. This

subfaciesrepresentsthehighestgradew
ithinthegreenschistfacies.
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4•09

teirgenesisis consideredpre-tectonicas epidotedasts occursin

temetaconglomeratesand thus,theirorigin
is probablylinkedto

lemicalalterationin the submarineenvironment.The occurranceo
f

?idoteor veinsand amygdakinfillingssugg
estprecipitationfrom

irculatingfluids. Å more complexprocesssuchas remobilizationand

electiveprecipitation,is neededto explai
nthe occuranceof epidote

notsin thepillowcores. The presenceof smallgabbroicxenoliths,

5im,withinepidote,locallydevelopedat thecontactof thegabbro

ith themetavolcanics,suggestdeepseatedaque
ousfluidsmigrating

long the contactzone.

Tectonicand metamorphicredistributionof m
ineralphasesis most

tonspicuousin thrustand faultzones. Smallscalemetamorphic

,edistributionof mineralcomponents,particularlyepidote,qu
artzand

,alciteos veins,occursin everyhorizonmappedand in factin every

thinsectionstudied.
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alyticalMethods.

Two analyticalmethodshave beenused in thisstudy,the X.R.F.and

m directreadingspectrometer.

The firstmethodthe X.R.F.,due to circums
tancesbeyondthe authors

mtrol,had to be doneoutsideof ImperialCollege. For thisreaaon,

am deeplyindetedto Dr. Ian Gibsonand co—workersat BedfordCollege.

ieregeneroushelpat suchshortnoticemade possiblethe determi
nation

f thefollowingminorelements,Ti, Zr,Y Nb, Sr and Rb. Theelements

f concentrationsgreaterthan5 ppm are of a high degreeof accuracy,

ithin2%. However,Nb and a numberof rubiumconcentrationsare so low

s to be beyondthe calibratedaccuracyof themachine.

The precisionof analysisby the directreadingspectrometeris not

mfficientfor the purposesof detailedpetrographiccomparisons.Of

:he26elementsanalysed,only9 are withinan accuracyof 5%. These

dementsincludeCu, Co,Ni, Cr, Mg, K, Al, Ba and Sr. Themostserious

irawbackto thismethodis the absenceof Si, Na and Fe. The silicon

:ontenttendedto fluctuatedependingon the rocktype,althoughfairly

accuratefor the acidendmembers,but show
ingvaluesconsiderablybelow

theaverageexpectedfor basicrocks. Sodiumanalysisis not possible

by thismethodsinceit is usedas a fluxin preparingthe samples.

The main purposeof thisstudyis to establishsamplecriteriafor

theenvironmentalaffinityof the rocksuitesand therefore,fullcheinic
al

analysisis not needed. To thisextenttheanalyticaldataobtainedis

sufficientlyusefulto providea basisfor discussion.
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riefSampleDescription.

W 15 hne grainedMetagabbro.Non-weathered.Epidot
eand quartz

veinpresent.

Location545072280

	

4.8 Metagabbro.Non-weathered.Mostlyplagioc
laseandamphibole.

Minorepidoteand patchesof secondardquartzpresent. Visible

pyritegrain.

Location3970-71230

	

)49 PillowLava. Non-weathered.Limaa" amphibolephenocrysts.

Minorpatchesof secondardquartzin additionto epidoteand

quartzvein present.

Location3290-69830

I M 17 Amygdaleidalmassivebasalticgreenstone.N
on-weathered.Usually

darkgrey in colour. Quartz,colliteand chloriteamygdal

infillings.

Location

46 Alteredbasalticgreenstone.Non-weathere
d.Righlydeformed.


Secondaryquartzvisible.

bocation414071440

53 Amygdaloidalbasalticgreanstone.Non-weat
hered Quartzand


chloriteanygdalinfillings.Minorepidote
veinandvlsiblepyrite

grains.

Location6630-69820

51 Schistosebasalticgreenstone.Non-weathe
red.


amphibolephenocrysts.

Location5130-68870

R W 32 Agygdaloidalmassivebasalticgreenstone.Q
uartz,carbonate

and epidoteamygdalinfillings.Visiblepy
ritegrains.

Location6280-72880

57 Very fine gTainedepidoterichgreenstone.



LocationLowerHeisbahn,Gruberfjell.

6 Deformedmediumgrainedaciddyke.


LocationGrundersfjell.



	

19 CoarsegrainedGrondhjenite.Rela
tivelyhigh proportionof

chloriteand epidote.

Location845071650

	

41 CoarsegrainedGrondhjenite.A minorproportionof ferromagnesium


minerals.

LocationPylonhole,N.W.of Stalvikfjell.

	

44 Acid (felsic)pyroclasticbreccia. Rich
acidmatrix.Keratophyric

'type'fragments.

Location017068200


43 Samelithologyas G 44.

Location320069750

	

2 45 Quartzfeldsparporphyriticacid (f
elsic)lava.

Location020067720

54A	 Darkgrey quartzrichkeratophyre
.


Location660069900»

55B Some lithologyand locationas G 54A./


S4 144 Darkgrey quartzkeratophyre.Visi
blepyritegrains.

Location310074650

R W 17 Quartzfeldsparporphyriticlava.
Sericiterichmatrix.

Location395071050.

R W 17B Same lithologyand locationas R W 17.

42 Leueocraticquartzrichkeratophyr
e.


Location237069590

G 56 S9me lithologyand locationas G 57.

	

• G 52 Schistosebasalticlava. Non-weathered.Amphibolephenocry
sts.

Minorepidoteveins.

Location513068870

50 Pillowcore. Non-weathered.Lilaccolouredcarb
onateamygdals.

Location296069880

R W 49 Datk greenstone.Weatheredappear
ance.Characterisedby a verY

deep greencolour. Richin stilpnomelaneand pyrite.

Location615073600

R W 18 Basicbrecciafragment.Weathered
.Quartz,calciteand epidote

amygdal

Location387070900
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W 48 Pillowlava. Non-weathered.Li"kato.4amphibolephenocry
sts.

Minorepidoteveins.

Location560072000

W 50 Alteredlava. Non-weathered.Mostlychlorite,amphibole
,epidote

and plagioclase.Minorpatchesof quartzpresent.

Location598072920

50A PillowRirn Non-weathered.Minorauartzveinsand amph
ibole

phenocrysts.

Location296069880

55 Massivegreenstone.Non,weathered.Minorq
uartzand epidote

veins. Secondaryquartzin matris.

LocationLowerHeisbahn,Gruberfjell.

147 Finegrainedintrusives.Richin epidoteouartzand feldspar.

Possiblyandesiticcomposition.

Location345069940

W7 Somelithologyas G 57.

Location428071550
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Harker Variation Diagrams For The

VoIcargc and Plutonic Rocks
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Mineralogicalobservationsin additionto macroscopicfieldevidence

uggesta considerablevariationof majorelementconce
ntrations.This

Lppearsto be the casefrom inspectionof the data. TheMarkervariation

degramindicatesa vagueconcentrationof 1(20towardstheacid and

lembers,but thereis littleinternalcorrelationwithineitherthe

icidor basicfields.

A subdivisionof the basalticgreenstonesbasedsolelyon 14g0and Ca0

:.soncentrationis not thoughtjustifiable,althougha certaingroupof

greenstoneshave relativelyhigh concentrati
onof thesemajoroxides.

Theyare alsocharacterisedby highconcentrationsof transitionelements

and low Ti and Zr content. Thisdatasuggestsan islandarc siteof

originfor this groupof greenstonesas willbe discussedpresently.The

rathererraticdistributionof Mg0 and Ca0 withinthisparticulargroup

is attributedto thevariableproportionto differentferromagnesium

mineralspresentin eachsample. Tremoliteand actinolitecontainCa

and a variableproportionof Mg and Fe elements,whileepidotecontains

Ca and chloritethe elementMg.

The considerablefluctuationof Al203resultsfromthe breåkdown

of primarycalcicplagioclaseand manifestationo
f variousferromagnesium

minerals.

Sr, Ba and Rb.

Thesetraceelementshavealkalicor calcicaffinitiesand are thus

subjectto fluctuationas a resultof postvolcanicalteration.

The Sr valuesshowa considerablerangeof concentrationsbut showa

vaguedepletiontrendtowardstheacid endme
mbers. Althoughcorresponding

to the depletiontrendof CaO, theSr showslittlecorrelationwiththe

Ca0 concentrationsfor individualspecimens.
The apparentindependence

betweenSr and CaG suggestthe formeroccurswithinotherato
micsites

ratherthanjust a straightCa substitutionrelationship.Thisis

substantiatedby Sr enrichmentat the pillowmarginsrelativeto thecore,

whichis the reverseof the Ca0 trend.

The existenceof ano,mouslyhighvaluesuchas occursin R.W 7, an

andesite,where theSr concentrationapproaches1000ppm,suggestsa

genesisrelatedto Sr bearingporefluids. However,theconcentratine

mechanismsand the Sr relationshipwith the associatedmineralsis n
ot

known.



Bariumshowsa completelyunsystematicdistributionand appe
ars

be unrelatedto alkalicor caleicmajoreleme
nts.The greenstones

lowbariumconcentrationswithintherangeor
islandarc tholeiites,

it occasionallyvaluesare considerablyhigher.
However,thevalues

wellabovethe rangefor oceanictholeiites.
Pillowand core

mnplesshowno significantdeviation,suggestinga minimalredistribution

ie to ionicexchangewith sea-water.Eventheheav
ilydeformedsamples

howno markeddepletionof barium.

The Rb valuesare generallylow for all thero
cksanalysised,

ut concentratingtowardsthe acidend members. T
hiscorrespondsto the

enerallyhigherK20 contentof theacidmembers. Thereis moderate
_ .

orrelationbetweenRb and 1(20contentfor individualsamples. Rb
appears

o havebeenenrichedby 60.%at thepillowmarginsrelativeto the core,

rhichcorrelatewith the increaseof 1(20contentat themargins.

f - Zr - Ti and Nb.

Pearceaad Cann (1971)havedemonstratedtheuse of traceelements

Y - Zr - Ti and /floin identifyingancientvolcanicrockmand t
he oaleo-

tectonicsetting. A more detailedsummaryof theirconclusionhas

alreadybeenoutlined.

The majorityof basalticgreenstonesanalysedploton theTi - Zr

discriminationdiagramin the fieldof low Potassiumtholeiites(fig.25).

Thisis analogousto islandarc tholeiites.Thisgroupof greenst
ones

analysed,show considerablevariationin mine
ralogyand physicalproperties.

Theyincludemassive,schistose,pillow,porp
hyritic,lavasand breccia

fragments,showingvaryingdegreesof deformation.Thevariationof

samplesconfirmto a certainextent,Pearceand Canr'stheoryconc
erning

thepreservationof theseelements,duringpostvolcanicalterati
on.They

are therefore,dependenton theprimarychemicalcharacterisicsof their

parentmagma. Thereis however,somemoderatevariationbet
weensamples

and more surprisinglywithina singlepillowstructure.Here,analytical

data indicatesthattnepillowrirnisenrich
edby 25% Ti and 100%Zr

relativeto theircore. Thevariationin concentrationsis beyondthe

scopeof the writerand eithersuggestsa substantialamountof doubt

concerningthe stabilityof theseelementsduringpostvolcanicalteratio
n,
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initial stagesof contraction.Thus,the senseof contractionis

southwards.

The sequenceof eventsas envisagedfor theSkorovasregion:

Initialstagesof islandarc evolutionwiththe extrusionof

islandarc tholeiiteson theoceanictholeiiticcrust. The

developmentof a backarcraarginalgeosyncline.

Thegrowthof volcanicpileandaccompaniedgabbr
oicintrusions.

SpilitizatiOnof the tholeiiticlavas.

Laststagesof tholeiiticgenerationand the formationof the

Scorovasorebody.

High levelintrusionof trondhjemitematerialand minorfelsic

extrusiveactivity,with thedepositionof vasski
sand jasper.

Possiblythe initialstagesof calcalkalineactivity.

Depositionof limestonein thedeeperpartsof themarginalbasin.

Sporadicparogenlcmovementresultingin the accumulationof

volcanogenicclasticsediments(finefelsiccongl
omerate).

Majortectonicactivityand theformationof the coarse

conglomerateand finer(arkose)volcanogenicsedi
mentsin the

deeperpartsof thebasin.

Nappeemolacement.

The conclusionssummarisedabovedependto a largeextenton logical

deduction,basedon fieldwork) iUt supportedby analyticalstudies,the

basisof whichhas beentheprincipleof uniformitarismas
appliedto the

petrogenesisand geochemistryof Phanerozoicvolcanicsequences.
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