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ABSTRACT

Rocktypes


Ths Ldkkenorebodyis thelorgestof themanyoccurrences

of cupriferouspyrit,in theTrondheimregion,The rock
sof the

Ldkkenbelongto theLewerOrdovicianStdrengroupan
darepredominantly

volcanicsWhichhavebeenmetamorphosedin thegreens
Chistfaciesof

regionalmetamorphismto producerocksof spiliticmineralogy,andare

knownlocallyas greenstones.They arepartlyschist
oseandpartly

massive,and in the lattercaseareoftendevelopedas
pillowlavas,

indicatingthesubmarineoriginof manyof the flows.

The spiliteshavsin places,•speciallyneartheore,been

exposedto alteration,and themostcommonalteratio
nis thatof

carbonitiration,whiChis ascribedto theactionof CO
2bearing

solutionsassociatedwiththeore.

Menyof therocksareimpregnatedto a greateror lesser

extentwith sulphides,mainlypyrite,but alsopyrrho
tite.

Ores andOrebodies

The Ldkkenoresare situatedas concordantbodissin

metavolcanicscontaininglayersof sedimentarypyrite. (vasskis)

The metavolcanicsenclosingtheoresdip to thenorth
andform

thelimbof a syncline,theexisof whichpitchesto thewest-

o.
northwestat about15



The orebodiesaresituatedclosebeneath•
thrustplan.

whichdipsat about20° to thewest-nort
hwest.In thesastern

partsof theminetheorebodiesareoomedistanceb
elowthethrust

plane,Whilein thewesternparts,theor
e wis thoughtto havebeen

cutoffby thethrustuntilrecentexplorationprove
da further

extensionof the ore.

The massiveorebodiesareCharacteristi
callyin the form

of elongatedlensesor plates,thelongesta
xisof whichis paralls1

to thelineationand foldexisdirectiono
f theenclosingrocks.

Threeorebodieshavebeenmined. Theirr
elativesizesareapproximately

30 3 a 1 respectively.

The Liikkenore is finegrained(0.005- 0.1ma.)andof simple

mineralogys70-75%pyrite,6% Chalcopyr
iteand2.5%sphaleritewith

somemagnetite.Themainganglieminerali
s :uartz,12-14, with

smallercuentitiesof calciteandchlorite.Sulphuraverages42
%,

copper2.3% andzinc1.6%.

The secondtypeof sulphidemintralizationatLøkkenis the

vasskis.This is of syngensticoriginand formedc(nitempora
neously

withthesubmarinemetavolcanics.

The sulphidelayersin thevasskisaremainlypyritewith

20-44%sulphur.The copperandzinccont
entis lowto absentso

thevasskisis notminedas an ore. The textureisvery finsgrained

andthesulphidelayersvaryin thicknes
sfromsifewcentimetresto

lbouta metre,veryseldommore.
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IMTRODUCTIORandHISTORY

Duringthesummerof 1966,threeundergraduatestudents

fromth•RoyalSchoolof Mines,unde
rthe supervisionof DT.

W. Skiba,wereinvitedto melpthear
eaaround1*(kkenmineand

thenewlydiscovered•xtensionto th
eorebody. Mr.3. MaY maa

to specialisein petrologyandgeoc
himistry,Mr. E. Rutterin struct-

uresandmyselfin thelocalgeolog
yaroundthemineandalsothegeolog

y

of theorebody•xtension.

Location


LAken mineis justoutsidethesmalltown
of klikkenYerk

in thecountyof Sfim-Trlindelag,about70 km.southwestof Trondheim.

At presentit is thelargestproduc
er,in Norway,of aupriferous

pyrite,withirrun-of-minacapecity
approachinghalf milliontons

peryear. The min*is connectedto theShippi
nghaibourof Thamshavn

on Trondheimsfjordby a 2 km.lonjprivatelyownedelectricra
llway.

Thamshavnis alsothe siteof thecompanyessmelter.

(Seefigure1.)

HistorY


The firstore at LØkkenwasdisooveredi
n 16t4,and forthe

firsttwohundredyearsthemln*was
workedforitscoppercontent

only. A seelterwas•rectedat Svorkmo,abou
t7 km.northof the
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mine,andeightyeørslatersnotherst Grus
taaetor,15 km. southwest

of Llikken.

By 1770,theminehadreacheda depthof 166metres,et which

deptha waterfilledfrattureplenewasatt with. T
he influxof water

provedtoo greatforthepumpsandthemine
filledto i depthof

14motres. Neverthelessø limitedproductionwaspossiblefromthe

upperpartsof themineuntil11845,ebenworkingstoppoda
nd themine

allowedto fillwithweter.

Duringthiseerlyporiodof 190yeers,11,300b3ns3f copper

wineproduced.At firsttheoripheld4.7%copperbutlaterIt
dim-

inishedto about2.5%.

In 1655theminestartodagainto exporta
relativelysmall

guantityof pyritetoEnglandforsulphuricacidmanuf
acture.Due to

graduallyworseningpricirsfortheoro,19.
3rkbecameunprofitableso

thatin 1891 thesinewasonctagainforce
dto close.

Shortlybefore1900thetaakof dewaterIngtheminewas

comwencedandthiseorklastedfouryears.
Prospectingworkwes

carriedon at thesaretime.

In 1904theprosentcompanywas formedandund
ertookthe

sinkingof • new shaft,buildingof a concentratingplantend con-

structionof theelectricrailwsytoThamshavn.Thlswo
rkwas

complettdin 1910,shonproductiononcemor
estarted.

In 1912theknownreservesatLjkkenworeabou
ttwomillion

tons,but in late1913a faultedextensionwas found,and following
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on •xtensIvediamonddrIllIngprogramms,t
hesereserveswers

Increasedto 17 mIllIontonsby 1920.

In 1931,thesmelterst Thanshavnwasb
lownin,endthewell

knownOrklanothodwasusedto produc
ecoppermatteandeleaunts1

sulphur.

The highestannualoutputof Vhemlnewas attainedin 1937,

eibenproductIonreached562,000tonsc
ontsInIng41.08%sulphurand

2.14%copper. SIncethen,wIthdwindl
Ingreserves,theannualpro-

ductIonhes fallenoff somewhatand In 1959totall
ed342,330tons.

In recentyears furthercontInuationof theorebodywas

located,and afterexploratoryundergr
ounddrIllIng,an underground

shaftwas sunkandprepsraltIonsformln
Ingtheornby 1968arest

presentbeIngnade. The presentore reserveshavenotbeen
dlsclosed.
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SUMMARYOF TNEGB)LOGYOF NORWAY

Th* goologyof kentralNorwaycanbe dividedintothre*

broadgroupsof rocks; thoCaledonianor basalgneiss,theEocambrian

sparagmit*successionandtheSovin,StiirenandRProsgro
ups.Llikkon

liesin th*Stafrongroupof rocksand is surroundodby th*%ovinand

Norosrocks,withbasalgnoissandEocambrianto thenor
th- sastand

south- oast. (seeFig.2).

1). * Caledonian iss

The caledonianor basalgneiss,as thenamsindicates,is

th*lowestgroupof rocksin thestructuralsoquence,andprobably

alsotheoldestgryupin thestratigraphicalcolumn.The
gmiss is

overlainby EocambrienrocksandtheHovin,St‘ren,andRjrosgroups

of rocks.

In es,ence,theCaledoniangnsissof CentralHorweyis very

similarto theArchaeangneissfoundin south- eastHorway.It is thought

thatthegneissconsistsof Pre-Cambrianrockswhichhav
eblienhighly

metamorphosedand tectonicallyintercalatedwithEocamb
rianandCambro-

Silurianrocks. Suchhasbeenthetectonictransforma
tionof thegneiss

thatanypossibleangularunconformity,whichmayhavebe
enpreseht

betweenthe graissandCambro- Sllurianrocksof theTrondheimregion

hasbeencompletelyobliterated.
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ø EocambrIan ara Ites

Thø EocambrIanrockscomposewhatis knownas
theSparsgmIts

successIon,originallya termusedto descabe a møtamorphosedfelds—

pothicsandstone,but nowIncluditsa wIderangeof mck types;sandstone,

shals,Ilmostoneandconglowarste.(Thespa
ragmIteconglomerateshava

beenintørpretedas formallybeInga glacialtillIte.)The sparagmIte

formationis generallyunfossIlIførous,but s
tromatollteshavebeen

found.

Th. sparagmitesareassontIally• ssdlmentarysuccesslon,and

Is stratIgraphIcallyolderthanthe fossIlI
firrousCambro— SIlurlan

rocks. EocambrianIs usedto IndIcatethecl
oseassoclatIonbetwøen

thøtrussparagaltesandtha fossilbaarIngC
ambrIanrocksrithoughIt

IsmostprobablethattheformatIonextendsi
nt.thePre—CambrIan.

The upperpartof theEocambrIanis the•eulvalentof the

ScottIshDalradianrocks.

Tha sparagmltssuccessionIs fairlyextensIveandextendsto

thøeastIntoSwodenwhereit is foundto bø •inerallsed,although

no mInsraldeposItshavsbeenfoundin thego
rweglansparagmlUrs.

In thenarththeEocambrIanis tectonlcallyover
laInby

Cambro— SilurlanrocksanditselfoveTliesthebasal
gneIss.

IntrusIveserenot commonin Uhtspara;mItesuccasslon.
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3). The Hovin $ renand rosRocks

Runningsouth- eastthroughTrondheimandLdkkenis a

broaddepressionin whichmetamorphosødCambro-Silurianrocksh
ave

escapsd•rosion.The thrsegroupsof rocks,theHovin,Stdrenand

Rdrosgroupshavebeendatedas SiluriantoMiddleOrdovician
,Lowsr

OrdovicianandBasalOrdoviciantoCambrian,respectively.It
has

belinfoundthstthshighertherockssre in thestructuralsucc
ession,

theloworis thegradeof metamorphism.Thustherocksin thecentre

of thssynclinoritmorehardlymetamorphosod,øhilstat thebassof

thesuccession,justabovetheCaledonisngnelss,garnotgrador
ocks

arepresent.

The rocksof theHovin,StdrenandRdrosgroupsaremainly

mota- ergillites,althoughmets-volcanicsarepredominantin the

Stdrengroupateretheyarerepresentedas Igreonstonoslafterb
eing

metamorphosedin theGr•enschistfaciesof RegionalRetamorph
ism.

IntrudedintothoStdrengreenstonssariamsssssof gabbro,whilst

locallytherear, largsintrusiv,bo iesof trondhjsmito.(s typeof

granodiorits).

Closelyassocistodwiththemotavolcanicsarip sentral bodies

of massivøpyrite,manyof economicimportance,andoftsncont
aining

• fewpercontof copper. Thereasonforsucha markedassociation

betwoenmassivepyriteand themeta-volcanicsis dealtwithin
the

followingchapters.
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GEOLOGY OF THE LUKEN AREA
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LOKKEN MINR ARRA

SUCCESSION


Despitethe factthattherearerelativelyfewrocktypesat

likken,the stratigraphyof theareais somewhatcomplexandcanonly

be dividedintobroadlithologicalunits. Lackof recognisablemarker

horizons,andpoor•xposureoverthemajorityof theareamakedetailed

mappingof themeta-volcanicsdifficult.It is forthesereasonsthat

forthelestthreehundredyears,whilsttheminehasbeenoperati
ng,

no reliabledetalledmapsof theareahaveben produced,and therocks

wereknowecollectivelyas greenstones.

Mapping,duringthesummerof 1966,enabledsomesubdivisionof

theareaintomajorrocktypes,(dealtwithin thefollowingsecti
ons)

andgavea roughideaof theirsuccessionandhistory.

The rocksof UheLa‘kkenareahavebeensubdividedintothrse

broadstratigraphicalunits; theHovin,St‘renandRdrosgroups.

( Nyplassenbeds- originallysheles

andsandstones.

Hovingroup Fjeldheimbeds- shales,sandstones&

(k.Ord. Silurian) { limestones.

Fjeldheimconglomerate

Stahenrocks- mainlybasiclivawith

Suirengroup somepyroclasticsand

(L.Ordovician) sediments.Gabbroand

acidintrusives.

? 7
( Chloriteschists

Rjrosgroup

(Cambrien- basalOrd.) { 0arbenschists
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The HovinandStdrengroupshavebothbeeneUbject
edto

metamorphismin theGralenschistfaciesof RegionalM
etamorphism,

destroyingmuchof th•originalnatureof therocks.

Tho Fjeldheimconglomerataisibundat thebastof thøHovin

groupandcontainspebblosof rocksfromthestirengroup,(jasper

andgroenstons),andhencetheHovingroupis young
erthantheStlren

group,althoughthereis littleor no angulardiscordancebetweon

thom. The gros groupis thoughttsbe theoldestof the thresgroups

becauseof thohighergradeof motamorphismfoundin thøseroc
ks.

Graptolitessf Arenigianags are reportedto haveb
een found

in theShalein thoFjeldhsimrocksby BlakeandChadw
ickin thearea

to theeastof theL#kkenvalley.The st‘rengrouphas thereforeb
oon

datedasLowerOrdovician.

The volcOmicsof theStIrongroupweredepositsdas massive

andpillowlavas,withoccasionalpyroclasticbands
of tuffandagglo—

mørate. It isprebablethatmonyof themassiveflowswere formedon

land,whilstthepillowlavasformedby submarineeruptions.(Howevor,

theviscosityof magmaplaysan importantpartin w
hethora lavawill

formpillowswhen•xtrudirdontotheseabed,there
forenanyof the

mossivoflowsmaybe submarine).The poakof volcanicactivityhas

Issøndetedos upperCambriantoLowerOrdovicion.

At the tiumof theCaledonianMountainBuildingperiod,these

rocksweresubjectedto foldingandmotamorphismin
thegreenschist

faciøs.This metsmorphismhas slteredtheorigina
lco.mpositionof
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thevolcanicrocks,to a greateror lesserdegree,so thatthe

predominantmineralsnowpresentare albite,chl
orite,andepidote,

thelattertwogivingtherockstheircharacter
isticcolour,and

hencethe termIgreenstone!.Towardstheendof
theperiodof meta—

morphismthegreenstonesor metavolcanicswerein
trudedby several

msssssof gabbro.This toohas sufferedfromtheeffectso
f meta—

morphism,Fromthegeologicalmap ofL4ken, (Fig.6),it canbe

seenhow theboundaryof thegabbrointrusionscutacrossthetrend

of theearlisrfoldstructuresindicatingitslatero
rigin.
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GEOMA3kPHOLOGY


Muchof thephysicalgeologyof th•centralpartof

Nerwayis a resultof glacie1•ction,ind theLiikkenareaexhibits

severalfeaturesof glaciation.The presentdaylandsurfactis

sbout330metresebovesealevelandis cutby north-southvalleys

withstespsides,in somecesesalmostvertical,runningperps
n-

dicularto thepredominanteast-weststrikedirectionof therocks.

The topogrsphyis fairlyflatawayfromtherivervalleys,and

surprisinglyit is themeta-volcanicsratherthanthegabbroma
aaaa,

whichmakøsup thehighesthills. TheLgikkenandOrklaRiverv
alleys

arebothgood•xemplesof glacielvalleys,havingstespsidesa
nd flat

floorsof alluvium.Mangingvalleysarscommoninbothvalleys.

TheOrkleRivervalleyis particularlyinterestingbecauseof

theriverterraces,whichmakeverygoodagriculturalland. The river

has cutthroughthe terracosindicatingtherapidupliftof theland

surfacesincetheendof theIceAges.

Glacialdebrisismainlyrestrictedto thevalleys,Where

it is workedforsandandgravel,andlittleis presenton thehigher

landsurfaces.

Ifegetetionis predominantlypint forestwitha deciduous

undergrowthof smallbushes.
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STRUCTURALSETTING

The structuralsettingof therocksin theLøkkenareaIs

dIffIcultto ascertalndueto themassIvilnatureof theasta—

volcanIcs,whIcheredevoidof any schistositythroughoutthe

majorItyof the area. Clpand strIksdetermInatIonsars,forthe

mostpart,doubtfulbecausspIllowlavaformatIonsoffertheonly

readablestructures,anddip ønd strIkereadIngsfromonlytwo—

dImenslonaloutcropsof pillowlavacanonlybe approxImate.JoInts

arenotwelldevelopeddue to themasslysnatureof therocks.

Nowever,sven(romtheIlmløsdInfoimatIonavallable,

It is clearthattherockshaveundergoneseveralrecognIsable

phasesof deformatIonconnectedwlththeCalledonlanOrogeny,and these

art summarlsedbelow.

I) FIrstperiodsof foldIngbeforeandduringtheIntro—

ductIonof thepyrIteore,andat thesamethneas the

metamorphismIn thegreenschlstfaciss.

Secondperlodof foldingto producstheLokkensyncllne


andthemInorfoldson the sidesof thelargesynclIne.

ThrustIng,towardsthe•ndof thesecondperiodof

foldIng.

ThIrdandlastperiodof foldIng,producInga gentle

flexureaboutan appeoxImatelynorth—southtrendIng

axis.



5) Faultingandjointing,cuttingacrossotherstructures

resultingfnam,andnotdeformedby defonsations1 to

4.

Featuresresulti fromtheabove er1odsof deformaion

It is clearthattherocksto thenorthof Larkkenmusthave

been stronglyfoldedto havedevelopeda schlstosity,andas thereis

no sharpboundarywiththerocksatLlikken,whichhaveonlya Iittle

schistositydeveloped,it followsthattherockshavebeenisoclinally

folded,as schistosityis characteristicof isoclinallyfoldedrocks.

The isocllnalfoldinghasproducedlinsarstructuresin themore

stronglydeformadrocksto thenorthsuchas •longatedvesiclesand

stretchedpillows,but suchfeeturesarenoteasilyseenaround

14kken. The oremusthavebeenpresentat thistimeas theore is

pre-metamorphismandthemetemorphIsmaccompaniedthefirstperiod

of folding.At thisstagetheorabodIeswouldhavebeena single,

longnarrowflattishbody,thefoldingand splittIngintothethree

sectionstakingplacewithtkesecondperiodof fold1ng.

The secondperiodof foldingwasco-axialwithkhefirst

pøriod,and formedthelargeLlikkensyncline,theexisof wh1ch

pitthesto the west-northwestat about15°. Smalleralnorfoldswere

alsoproduced/onthelimbsof thelargesyncline,andtheore 1s

foundin suchfolds.Theorebodyplungesto thewestdownthe

southernlimbof theklikkensyncline,beneathan extens1vethrust
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planewhichdipsat 200,alsoto thewest—northwest.The thrust

was formedat,or neartheendof thesecondperiodof folding,and

is slightlywarpedby thisfoldingas wellas thelastperiodof

folding.

The thrustis easilyseenin themineas a claygouge,

severalcentimetresthick. (seePlate5). In placesthethrust

occurscloseto theore and is sometimesin contactwiththeore.

(seePlate15). Thisis clearevidenceforthethrustbeingof later

originthantheore,and it ispossiblethatthethrustwaslocalised

by thepresenceof theveryhardors.

The relativedirectionof movementof therocksat either

sideof the thrustplaneis difficultto proveas therearenomarker

horizonsthatcanbe tracedecrossthe surfaceoutcropof thethrust.

It wouldappeartobe mostprobablethatthemovementwas in a north—

southdirectionwhichwouldcorrespondto thedirectionof movement

of otherthrustsin theNorwlegianCaledonides.

N.

Ie.

s.
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Nowever,d1rectevidenceforthedirectionof movement

is somewhatcontradictory,Examinationof smalldragfoldsin,and

closeto thethrustsuggeststhatthesenseof movementwasdefin-

itelynorth- south,but thatin one casetherocksåbovethe thrust

weredisplacedto thenorth,and in theotherthemovementwas to

the south.

Shouldthelattercaseprovetobe theoverallpredom1nant

movement,i.e.rocksabovethethrustweredisplacedto thesouth,

thenit is possiblethatthethrustis nota truethrustbut in fact

a low anglesinistralstrike- slipfault. Nevertheless,thisseems

to be unlikelyas otherdefinItethrustshavebeendetectedto the

westof theOrklaR1ver.

..mwm•

Thrust.

Greenstone

N.

Ore

0 5m.

Figure4. Drag folddevelopedin greenstone,belowthe

thruston level481.



Plate 5. Thrust %ith shec.redIreonstoneebove and

massive greenstone.)elow.Level 48lm.

Plate 6. Srnall Luurtz drag fole along the thrust plane.

Level 430m.
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The amountof movemanton thethrustplan.is probablynot

verymuch,onlyå matterof a fewkilomstres,althoughthisagainis

doUbtfulånd is basedaainlyon tholackof strongcataclasticdoform

ation,Phichonewould•xpecttobo associatodwithå thrustof large

displacement.

Th. thirdandlastperiodof foldingwasonlya gentleflexure

aboutan approximatilynorth—southaxis. Thishashad th.effectof

deformingthøI.Wkkønsynclineintoa gontlyundulatingsyncline,withthe

changein plungoof itsexiabeinga matterof onlya fewdegrtes.Th.

thrusthasalsobeengivena gentleundulationaboutthønorth—southaxis.

Faultinghas cutacrossthaearlierstructuresand thereare

undoUbtedlymany faultscuttingthearea,but themajorityof thesewill

remainundetectoddue to thølackof outcropandtheuniformnatureof

the rocktype. Severalfaultshavobiendetectedwheretheydisplac.

themoreeasilydistinguishobleacidfelsitosills.Many faultsand

Shoarzonescan bo seenin thegabbsoin theminealthoughfaults

cannotbe seenin thesurfaceoutcropsof thogabbko.Menyof the

faultssemnin thiegabbrounderground(level481)havebeenintruded

by dykes. Faultsin thømota—volcanicsappearto be losscommon

thanin thegabbro.

Both thesurfaceandundergroundfaultsthathave



been napped appear to have a preferedstrikeorientationof

approxinatelynorth-sonthand dippingto tbe west,with others

havingan •ast-westorientationand dippingto the sonth,with

dipe averaging60 - 70°.

—E

Eis5 Frequency-diagrarn for the dip directions of 32 faults cre

dykes seen underground. Bearing mterval 100
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PETROLOGY

The rocktypesof theLa(kkaaareahave,forsometIms,been

dIvidedIntofivecleardivisions

I. Gabbro

11. Greenstone

111. Felsite

Vasskis

PyrIteore

Of the five,onl/thefirsttwoareof majoroccurrence,ths

felsite,vasskisandpyritebeingof significantInterest,however.

The •bovesubdivisionls basedon clearfielddIfferencesof therock

typee,but no scientificsubdivisionhasbeenmads. Attemptsto sub-

divIdsthsgre•nstones,on thebasisof colourdIfferences,havebeen

edewithIlttleor no success.It was thereforedecidedtoadopta

' more scientlfIcnomenclaturewhendescribIngtherocks,andbecauseof

the•ffectof metemorphiseon themineralogyof therocksa terminology

as adopted,basedon theepilitIcsuiteof rocks

I. Metagabbro

11. Spilitss(basicmstavolcanics)

111. Cuartskeratophyres(acidmetavolcanics)

Vasskis

Pyriteors
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METAMORPHISM


BeforeconsIderIngthepresentdaypstrologyandmlneral-

ogyof the rockeintheLlikkenarsa,theeffectof mstanorphtemmust

be mentioned.

As preplouslystatedtberocksatLAken havebeenmeta-

morphosedIn thegreenschlstfactesof regtonalmetamorphIsm,gIvIng

therocksthelrchsracterlstIcmlneralogyof albIts,eptdote,

chlorIteand calcIte.It Is however,morediffIcultto placethe

rocksIntotheapproprIatesub-facles,as defInedby Itnkler,due

to the factthsttherocksarebasIcvolcanIcsof a fairlyuniform

caposItionwhIchmight,or mlghtnot,producetherequIredIndem

mlnerals.ItInklerdefInedthe threesUb-faclesof thegreenschist

faclesas possøssIngthefollowIngmineralassemblages

(uartz- Alblte- MuscovIte- ChlorIte

iivartz- AlbIte- Epldote- BlotIte

9.I.3. Luartz- AlbIte- Epidote- Almandine

or ferbasicrocks:

8.1.1. Albito- Epidots- Chlorite- Actinolite- Snhene

Stinnomelan.t Guartr

8.1.2. Albite- Epidote- Chlorits- Actinolite- Sphene

= Biotite= Luarts
Almandine* Biotite t Cuartz

8.1.3. Albits- Epidote- Hornblende
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HencetheIndexmineralsforthethreesUb-factesare

st1pnslane, biotIteandhornblendeor almand1ne(andnotchlorite,

wh1chis foundin twoof thestb-factes).Stipnomelane,although

not comoonin thebasicmeta-volcan1cs,is found1n abundancein the

moreacidrocks; blotItehasbeenreportedinmete-sirdloents,of a

morevartablecomposItIonthanthemeta-volcanIcs,by Mr.Rutterfrom

thearn to thenorthof Llikken,endhornblende,an easymlneralto

Identify,has beenteeninonlya fewthinsect1ons.Thus1t would

appearthatsub-factes11.1.1.and3.1.2.are frer,uentlydeveloped,

whIlst8.1.3.is onlylocallydeveloped.However,due to theconstant

compostt1onof themeta-volcanicsthroughoutthearea,1t is not

possibleto delIneatethe•xactboundartesof thesub-facies,in

factit is onlypossibleto statethatthemetamorphicgrade1ncreases

from3.1.1.In thesouthto5.1.2.in thenorthof theWikkenarea,

whereblotIteismorecosn.

In general,despItitthepertodof metamorphIsm,1gneous

texturesare willpreserved.Inmanyof thecoarserbasicata-

volcanIcs,the texturalarrangementof the feldsperlathssuggests

1gneousorIgin,whIlst1n thegabbrooriginalbentfeldsparscan still

be seen. SpherulItesan wellpreservedin theacidmeta-v0IcanIcs

On the sed1mentaryside,pr1marybandingof pyr1te,

althoughrecrystallIsed,1s stillclearlyv1sIble1n thevasskis.
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ContactMetamorphism


SeveralgabbroOlaSseshavsbeenintrudedintothebasic

mete-volcanios,(ortruevolcanicsas theywouldhavebeenat

thetime),but havefailedto produceanymarkedcontactmetamorphic

effect.Thismay be dueeitherto theverybasicnatureof the

volcanicrocks,or anyeffectproducedhas subsequentlybeen

removedor obscuredby theregionalmetamorphism.Evenin xeno-

lithicinclusionsof meta-volcanicsin the gabbro,no contacteffect

canbe seen.

Intrusionof acid(felsite)sillsintothebasicmeta-

volcanicshas alsofalledto alterthemineralogyof thecountry

rocks,althoughsomecleavagehasdeveloped,especiallyin the

foot~allrocks.
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METAVOLCANICS.

Problemsof nomenclature

The effectthatmetamorphismhashadon thevolcanics,

of theLlikkenarea, leadsto problemsin givingtherocksa

scientificnamewhichimpliessomethingof theirmostimportant

cheracters.It soonbecomesapparentthatno singletermcan

coverallaspectsof origin,geochemistryandpastandpresent

mineralogy.,Thisproblemcenbe tackledfromtwodifferentstand—

points

The rockscouldbe givena namewhichimpliestheir

originandmineralogybeforemetamorphism.

The rockscouldbe classifledusingtheterminology

indicatingtheirpresentmineralogy,if nottheirchemistry.

If the formerof thetwopossibilitiesis applied,then

therocks,on thebasisof geochemistry,(May,1967)fallinto

thegroupof basalts,tholeiitesandspilites.Thisclassification

has themost seriousdraWbackthattheabovetermsexceptspilite

implythemineralogyof pyroxeneandplagioclase(labradoriteto

bytownitein composition).Clearlythisis notthe cameat Lpikken.

The compositionof theplagioclaseis nowalbite,andpyroxeneis

rare,beingunstableundergreenschistmetamorphismandhaving
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alteredto colourlessamphiboleWhenpresent.

The secondclassification,basedon thepresentdayminer-

alogy,althoughto a great•xtentmetamorphicin origin,wouldseem

to be preferable.The spiliticsulteof rockscoverstherangeof

•ineralogyas seenin thinsection,but therockshavea low sodacon—

tentrangingfrom2.5to 5.1%,andas truespiliteshavegreaterthan$%

itwouldappearthattherocksdidnotell formfroma true

spiliticmagmebut froTa basalticshimadifferentiatedto producea

rangein cOmpositionfrombasalticto truespiliticlavas.

It wes decidildto adopttheterminologyof thespilitesuite,

and it is LSwell, beforeprocerdingfurther,thatthetermspilite

shouldbe definedto avoidtheuseof thesamenameto coverdiffering

rocktypes. The terminologyof the spilitesulteis drawnbasically

fromTurnerandVerhoogan,page202.

Spilltesarebasiclavasconsistingprincipallyof highly

sodieplagloclase,(albiteor o16geclase)andaugiteor itsaltered

equivalent,(actinolite,chlorite,epidoteetc.,)Olivineis eibeent

or sparinglyrepresentedby serpentinepseudomorphs.Evidenceof

hydrothermalactivity(e.g.alterationof pyroxent,infillingof

vesicleswithepidoteandcalcite)is usuallyconspicuousand rarely

ebsent,whilepersistantrelictpatchesof labradoriteor andesine

withinthecrystalsof albiteShowsconclusivelythat,in somecasesat

least,thepresentconditionof the feldsparsis a resultof albiti—

zationof initiall,morecalcicplagioclase.Many spilitesarepillow

lavas,thishoweveris notessmItial;norareellpillowlavas

spilitic.
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The associationof keratophyresand quaitzkeratophyres

withspilitez,withallthreehighlysodic,indicatesthata common

parentageis highlyprobablein themajorityof cases.Thusarises

theproblemof whetheror not there•zists primarymagmaof epilitic

compositionwhichcoulddifferentiatstokeratophyreandquartzkera—

tophyremagmas,itselfhavingbeenformedby thedifferentiationof a

basalticmagma. Howoverit is beyondthescopeof thisreportto

enterintothediscussionof themanyandvariedtheoriesproposedto

obtalna rockof spiliticcompositionand theproblemwillnotberdealt

withhere. Sufficiontto seythatthomajorityof spiliteoccurrences

arein greenschisttoetemorphicprovinces,endtheirpresentmineralogy

may notalwaysreflecttheoriginalChemistryof themagma.

Kerato resand r z keratoh resare thesilicarich


INuivalentsof spilites,and itmaybe notedthatas soonas freequartz

showsin themelt,theabilltyto formamygdalotdaltezturesdialnishes

or disappears(i.e.theviscosityof themagmaismuchincreesed).

Descriptionof therocktypeknownas Ifeleite'atL/kken

willindicateitscloserelationshipto theabovementionedquartzkera—

tophyres.gockscorrespondingtokeratophyreshavenotbeenfoundat

‘Ikken,possiblybecausetheycannoteasilybø distinguishedfromthe

spilites.
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SUBDIVISIONOF TNE SPILITES

Untilrecentlythemeta-volcanicsat Llikkenhavebeenknown

collectivelyas greenstones.Thisis oultesatisfactorywhenwlshing

to classthe rockstogetheras beingof a similaroriginandappear-

ance,but 1s notadequateWhenwentingtomip theareaintocomponent

flows. Furthersubdivision,on thebasisof colour,has notproved

adecivateands closerexaminationof therocksmustbe medeto find

otherparametersof sUbdivision.

The onlypossibleOharactersthatcanbe usedin thefield

formappingpurposesarecolour,grainsizeandthenatureof the flow.

(whethermassiveor pillows).In sonerespects,thecolourof a rock

is dictatedby themineralogyandgrainsize,andit is thuspossible

to pickout thoserockswhicharerichor dtfficientin chlorite;1.e.

thegreenfromthegrey. Withoutconsideringglainsize,thecolour

on itsown is of littlevalue. For example,a rockmightcontain

muchthlor1temixedwithlargerwhiteminsrelswhichwillgivethe

rocka greycolour,andconverselya veryfinegrainedrockwitha

littlechloritemightfloppeardarkgreen. The natureof a flow1s again

somewhatdeceptiveas it wouldappearthatpillowhorizonsmerge

graduallyintomassiveflows,and inmanycasesit 1s difficultto

say,fora limitedexposure,ifpillowsarepresentok absent.

Nommver,despltetheproblemsof each1ndividualparameter,

thestudyof thinsectionsanda comparlsonof handspecimenshas
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•nabledthe spIllt.groupto be subdivIdedintothreegroupson

thebasisof composItIonandgrainslzeas reflectedin thehand

speclmen.The characterIsticfeaturesof thethreesuodIvislons,

basedon thinseetion•xamlnatIonare indlcatedbelow.

TypeI. Largefeldspercrystsls,chlorIteand flbroussaphIbole

present.

Absenceof largefeldspars,much flbrousamphlboleand

chlorltepresent.

Abundantepldote,littlechlorlteand feldspar.

Hand spectmendifferencesarelessobviousanddepend

on thegrainsIzeandcolour.

Colourvartable,usuallymedlumto llghtgreen.

Gralnslzeis relatIvelycoarse.*

Colour•galnvarlablebut usuallyfairlydørk

green. GrelnslzemedIumto flne.

ColourlIghtgreento grey,grainsizevartable.

A typIcalmemberof •achof theabovegroupsis Illustrated

by the followIngdescriptIonsanddrawIngs.

b•g, The gralnslzeref•rsto therelatIvegrainslzeof the

spIlltes,whIchøreall fInegraIned.
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ecImen174

Speclmen174comesfromleval930metres,belowseveral

vasskishortzonsin the foot—mollof theore. It is i faIrlycoarse

grelned,mediumto lightgreenspilitewithseveralve1nsof calc1ts

cuttIngthe rock,up to fouror ftvemillImetreswlde. Thesecalcite

veInsmustbe ignoredwhenconsideringtherockas typtcalof type(1),

as theyare a resultof carbonatIzationwhichhas affectedtherocks

ctoseto theore.

In th1nsect1ontherockis foundto be composedof feldspar,

a flbrousamphtbole,epidoteandchlor1teas wellas calcitefromthe

carboadatzatton.

The textureof therockIs fairlyunIform,therebeingno

outstand1ngporphyriticminerals.It is conspicueusthattheamphI-

bole•ccurs1n ftbrousaggregates,Rpparentlyof laterforaationthan

theothermtneralsas lt cutsthroughthemin places.

The mineralogIcalcomposittonof the rockcanbe obtaIned

epproxImatelYby polntcountingthemineralgrains,andgivesthe

fellowIngresuIts.

feldspar 40%
amphibole 25%
chlortte 11%
tpidote 10%
calcIte 14

As the calciteis presentas a resultof carbonat1zaton,
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rough•stimmteof thecompositionbeforecarbonatizationcan

be •stimatedif thecalciteis leftoutof thecalculation,whenth•

followingresultsaritobtained




feldspar 47%
amphibol• 33%
chloritee 12%
eptdote 11%

The latterpercentagescanonlyb. approximateas it is

quitepossiblethatoth•rconatituentswerieintroducedalongwith

thecalcite.

Feldsuar


The feldsparoccursin tmogenerations,thefirstbeingin

the formof well foraed,euhedralto subhedralcrystals.The second

gen•rationformsanhedrelgrains,interstitialbetweenthetfirst

gen•rationfeldsper.Thereis littledifficultyin distinguishing

betweenthe two typesas theformertypeis nearlyalwaystwinnedon

thealbitelaw,mhilsttheaecondtypeismostoftenuntwinned.

The secondgenerationanhedralgrainsoftlencontainfragments

of otherminerals,andoccasionallyfragmentsof twinnedfeldspar

probablyfromthe firstgenierationoffeldspar.

Probablythesimplestway to accountforthetwogensrations

of feldsparis to assumethatthetwinned,firstgenerationis the

originalfeldsparof therookandthesecondgenerationhasbeen

formedas reaultof metamorphisa,or possiblywas •ddedalongwith

thecalcitsduringtheprocessof carbonatigation.
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The compositionof bothtypesof feldsparis in the

rang
° °f A°5-10,

indicatingthatthe firstgensrationof feldspar

haspossiblybeen•lteredin compositionby themøtamorphism.

lt is thepresenceof theserelativelylarge,twinnedalbits

crystalswhichis Mharacteristicof thefirstsubdivisionof the

spilitss.

Amphibole


fibrousamphiboleis of latecrystallizationas itoccurs

cuttingthroughotherminerads.In compositionit liesin therangs

tremolite— actinolitefamily,a typicalmetamorphicproductin the

greenschistfaciesresultingfromthealterationof primerypyroxenes.

In ordinarylighttheamphiboleis palegreenindicatingthatitmustbe

towardsthe ironrichactinolite•ndof theseries.

Nb •videnceof thepresence,or formerpresenceof pyroxene

canbe seen,all theemphiboleoccurringas fibrousaggregates.

idoteandChlorite

Npidoteandchloriteoccurin aboutthesameproportions

and ars foundas apperentlylatestagsinfillingbetweenthesarlier

feldspørs.

Epidoteoccursas discretegrainsin closeassociationwith

thechlorite,whichoccursas almostisotropicpatcheswhichsire

palegresnin ordinarylight. Grainsof epidotearealsocommon

withinthelargerfeldsparcrystalsandanhedralgralins.
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It is cleorthatthecalcitepresentin therockis

notof primarycrystallizationandmostprobablynotø direct

rosultof themetamorphiem,and isntsimportantwhenplacingthe

spilitesintotheirsubdivisions.It is howeverinterestingto

speculatsas to itsorigin,and themostlikelytheoryis thatof

carbonatizationassociatedwiththeformationof theort,and this

is dealtwith furtherundertheheadIngof wallrockalteratIon.

In theexamplechosen,thecalcItels presentas IndIvIdual

graInsandgroupsof graIns.Alsoit canbe ssenIntersectIngthe

largerfeldsparcrystels,i clearIndlcatIonof Itslaterorigin.

To summarlser,thecharacterlsticfeaturmsof thefirat

typeof spIllteare

largefeldsparsand flbrousamphlbole.

msdlumto lightgreen,coamsegrained.



Spilite Type (i)

0.5mm.

cl. I st genera tion of albi te

2 nd 11

Epidote

Chlorite

Calci te

Fibrous amphibole

Fig. 7
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$ eciain2D8

The secondtypeof spilitetobe recognisedin theLikken

arsais characterindby theabsenceof largefeldspars,suches

are foundin type(1),•ndUhepresencsof muchacephiboleand

chlorite.In handspeciaen,therockis usuallydarkgreenand

finsgrained.Vesicløsaricoemon,slthoughnotchøracteristicof

type(11),and not restrictedto thistype.

Speciatn2D8waschosento represøntthisgroupbscause

althoughpossessinathecharactsristicfsaturesre<xlredtobø

pletwdin grouptwf,it alsohas severalotherinterestingfeatures.

Specinen238 is froma surfaceexposureto theeastof themineshaft

and is a fairlydarkgreenfinegrainedvesicularlavaflowwhichcan

be tracedseveralhundredoetresalongthesttikle.

The anygdaloidaltextureis welldeveloped,theindividual

vesiculesbeingabout0.5 to 1 aillinetresin dianeter,and filled

withwhat•ppears,fromhandspeciaen,tobe calciteanda dark

ainsral,probablychlorite.

Thin sectionstudyrevealstheainerelogicalcomposition

to be aaphibols,feldspar,chloriteandepidotewithcalcite,chlorits

andspidotepresentin theanygdales.The textursis finegrained

andnarkedby thelackof enywellfonsedcrystals,andtheabundance

of the fibrousmaphibole.Alsostrikingis theverywelldefined

zoningof theaineralsfillingthevesiculis.
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The approximatepercentagemineralcomposItionof therock

is as follows.




Amphibole 41%
Feldspar 3$%
Epidote 16$
Chlorits 13$

The abovefiguresdo not 1ncludethemlneralsin the

vesiculesas it ismostlikelythattheseareof a later1ntroduced

formation.

Aamblbole


In essence,theamphlbolels thesameas thatpresentin

the firstspilit*sUbdivIsion,butoccurs1n largerquantitles.It

is of a flbrousnatureandis foundcoverIngtheearlyandauchaltered

feldspar.In compositionit mustlie towardstheactinoliteendof

thetremollte— actinoliteserles,but is probablynotas richin

ironas theemphlbolefoundin type(1).

It is clearlyof å muchlaterformationthanthe feldspars

as it is cuttingthroughth•groundmassof feldspar.Thereis no

evidenceas to whetherit has alteredfroma primarypyroxeneor was

introducedby * redistributionof •lementsfromotherpyroxenerich

rockscloseby duringth*metamorphiem.

This typeof emphibeleis commonto all thethreetypesof

spilitefoundat Ljkksnbut is foundto a greater•itentin type(11).
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Feldspar

The føldsparpresentin thesecondspilitesubdivision

differsmarlusdlyfrumthefirstsubdivisionin thatwellformed

crystalsare •bstnt,allthefeldsparbeinghighlyalteredand

intergrownwithamphibolo,Ohloriteandepidote.Relictsof large

twinnedcrystalscanbe seisn,but arealsoalteredandtheirboundaries

mergtintothegroundmassof smallfeldsparsandchloritewitha

fewepidotegrains.Themajorityof th.30 of feldsparis found

as interstitial,anhedralgrainswhichareonlyrarelytwinnod,and

usuallyganclosesmallfragmentsof theotherminerals.

The compositionof boththelergerrelictfoldsparsand ths

feldsparin thegroundmassishighlysodic,fallingintothealbiterange.

It seemsevidentthatthepresentday feldsparshsve

altarsidfroma morecalcicplagioclasetoalbite,raleasingcalcium

whichwasused to formepidoteandcalcite,andleavingtheoutline

of thsold feldsparstillvisiblethroughthenotworkof amphibole.

E ido• andChlorite

Epidoteoccursas smallsUbbedralgrain.in thegroundmass

of albiteand chlorittand tendsto be concentratedinandaround

thelargerpatchesof albite.

Chloriteis foundin abundancoin thegroundmass,bothas

fibroussggregatesand alsoas smallpatches.Onceagainthøtiorite



- 36 -

1s verynearlylsotroplc,buthas a vorydelppurpleblrefringence,

and is paløgreenln ordlnerylight.

naldistrIbutIonwithintheam dales

It is a wollknownfeatureof amygdaloldallavasthatthe

veslmle-InfIllIngmineralsareoftenzoned. In thecastof speclmen

208 the InfIllIngssquencels chlorltrepldots-calcItefromwalls

to centre.

Chlorltomost frewentlyrImsthewallsof thevesIclewith

largeepldotecrystals1n,andprojectIngthroughthlsrimof

chlorlte.The centreportIonof thevesIcleis nearlyalwaysfilled

wIthcalcIte.

It ls thoughtthatamygdalemlneralsardprotIpltatedfrom

cIrculatInggroundwator,durIngor •ftørtheperlodof volcanlc

actIvity.It Is possIblethat,in thecaseof theLøkkørnarea,the

motamorphIsaand assoclatedremobIllzatIonof •lementsmayhave

resultedin the InfIllIngof theamygdalesby theminoralswhIchare

most stableundergreenschlstmetemorphism.

To summarlse,thecharactsrlsticfeaturesof thesecondtype

of mpIlltoare

Lackof largefeldspars,muchamphlbole
andchlorlte

Derkgran, mediumto finegraInsIze.



S ilite T e (ii)

a.

Chlorite.

Epidote

Calcite

Relicts of large albite crystals.

Amphibole.

Groundmass of albite and chlorite.

Imm

Fig.8
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T i iii ncimn

The thirdtypeof spilitediffersfromtheprevioustwo

typesin thatthersareno largefeldspars,whichar,characteristic

of typeons,and thereismuchmoreepidotspresentin typethres

thanln eitherof theothertypes.

ln hand specimen,mombersof thethirdsubdivisionars

usuallypalegren witha varlablegrainsizeandcommonlyoccuras

pillowlaveswIthwilldevelopedpillows.(seePlates7 ånd8).

Althoughfrequentlyfoundas piltows,notallpillowlavasareof type

thres,and typethrsedossnot alwaysformpillows.

Specimen79, chosento representtypethrie,is froma surfacs

outcrop,not far fromthslocalityof specimen208,andrestsconr

formablyon å thickhorizonof vasskis.(seePlate24). Pillowsare

welldevelopødandcanbe seenin thephotograph.Ths totalthickness

of the flowis onlyonsmetreandhencethespecimenis finegrainedy

thegrainsizevariesconslderablythroughouttypsthree,althoughthe

finorgrainedvarietissare theaostcommon.

Specimen79 te finegrainedandmediumto-lightgreenwith

emmetlnyscatteredflakesof a mineralwithan almostmetallic

lustre. Smallpatchssareverypaleyellowishgreenindicatingthe

presenceof epidote.The specimenfromthepillowlavashownin

Plate8, contains lotof spidote,muchof it concentratedin

vøsicløs,whichare alignedparallelto theedgeof thepillows.The

lightcentreof thepillowsis aleodueto å highconcentratIonøf
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epidote,and thiscanalsobe seeninplate8.

In thinsection,therockis foundto be veryfinegrained

indeed,soauch so thattheaineralsforaingthegroundwass,in

whichsaallepidotecrystalsare found,canonlyjustbe identified,

but cannotbe pointcountedto thatonlythepercentageof tpidote

to groundaasscanbe colculatedt

Epidote 64%

Groundaass 46%

The epidoteoccursas veryswell,oftenlessthan0.025

ailliaetres,anhedralto subhedralgrains,bothas isolatedand

intergrowngrains.The concentrationof thewidote grainsveries

froaonepartof theslideto another,inplacesoccupyingup to

80 or 90%of theareaof theslide,but ingeneraltheratioremains

aboutone to one.

The groundaassisverydark,dueto theveryfinegrained

natureof the individualainersIspresentin thegioundwass,shich

areaainlyfeldspar(probablyalbite),maphiboleandchlorite.

Smallcrose-cuttingveinsof quartzarealsopresent,and

it is interestingto notethatextinctionis quitenormalandnot

undulosswhichwouldsuggestthatthequartzis of latsstageorigin,

aftertheperiodsof deforaation.
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It 1s quiteclearthatthspresentminsralogyis sn-

tirelyof a secondarynatursend resultof thsastamorphic

processesshichhavs•ffectedthssholsof thsLlikkenaress.

T4 suessrise,thecharacteristicfeaturesof thsthird

typeof spilitsare

a. Lackof largefeldsparand thepresenceof

suchepidote.

h. Colourlightgrelento grey,grainsise

variablealthoughusuellyfairlyfine.



$ ilite T e (iii)

•

a.

b. •

0.05mm.

Very small subhedral epidote.

Fine grained groundmass composed of secondary

albite , amphibole and chlorite.

Fig. 9



PHte 7. Exce7tionalexpo?ureof %ell fozmedpilows.

Plate 8. Close vie% of plate 71 showin(7sell fonned

pillowswith e possible'way—uplstructure

y

•
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Plate 9. Broken pillow lava on the southernshore

of Bjdrnlivann.

•4

Plate 10. Close—upview of infillingbetweenpillows

only a few feet fromPlate 9.



40

KERATCPHYRESandC.UARTZKERATOPHYRES


The intermediatelavas,or keratophyres,havenotban

recognisadat L4kkøn,•itharbecaus*thøyareabsønt,•r mor*

probablybecaus*theycannoteasilybe distinguishodfromthebasic

spilites.

Acidrocks(quartzkaratophyres),howevarhaveboenre-

cogniserdforsometim*andar*knownlocallyes felsite,a genøral

termindicatinga quartzrlchrock. 1n contrastto thebasic

volcanics,thø felsitesar*hard,brittl*andlightto darkgrey in

colour,andare easilyidantifiedin the field.The felsitss,as

canbe s•enfromthemap,outcropas lensesand thinhorironswhich

haveboenfaulted.The shapeandpositionof theoutcropssuggøsted

to •arlierworkørsthatthefelsitashadbeenintrudødas lensasof

lave,whichwer*notcontinuous.Detailødmappinghow,however,

indicatesthstalthoughth*felsitssar* undoubtadlyintrusiv*,

theyareof a muchmor*continuousnatur*thanhad beenpreviously

supposød.Whatbefor*hadbinsnmappodas ø seriesof discontinuous

lensesis in fact* long,thrseto fourmetrethicksillof felsit*

whichhad i markød•ffacton thebasicmata-volcanicsclos*to it.

Climvagohas developed,mostmarkødlyin the foot-wallrocks,and

alsoto a lesserextentin thishangingwall. Th* sillhasban

displacedby severelfaults,thewestørn-mostof whichhadplayedan

importantpartin boundingth*gabbromassto th* south. It is
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probablythisfaultingwhichmisledearliorworkersintothinking

thatther.werea numberof isolatedmassesof felsite.

The silldipsto thenorthst ebout200,andis slightly

folded,resultingin thesmalloutcropsof felsitebeingpresentin,

andjustto the southof Bjg‘rnli.The southernmostof theseoutcrops

is on hill,50 metresebovethe faultedoutcropof thesill,and

is e resultof the samesilljustoutcropingon thetopof thehill

due to folding.

Thø largestof thefelsitiaoutcropsoccursjustto the

northof Dalotjorn,andis somewhatthickerthantheotheroutcrops.

It soemsmostlikelythatthethinnersillis an offshootfromthis

mass. Foldingand thialoc4 topogrephyhaveconspiredto makethe

outcropappeartobe thickerthanit reallyis,abouttwøntymøtres.

Althoughthickerthantheotheroutcrops,the felsiteis

almostIdInticalinhandspecimento thethinnersill,andspartfrom

a mlnorvariationin thoironoxidecontent,indicatedby a limonite

stain,themassis of uniformcompositionthroughout.

Oncøagain,theintrusivenatureof themassis indicated

by thedevelopmentof columnarjointingin somepartsof themass,

as illustratedby thephotographas over$



Plte 11. Coluwnarj3intirszin Lart7 <ni tophyrenenr L'alotjerr

The fe/site fro::al the differentoutcrens ip essenti,dly

the snme. There is n wsaul celourvatlation,from lightgroy to dnik

grey. The grain size is constant in all the outcrops:ne little

knowleegeof their cotpt.itinn cnn be f:om Fnd speci-.1enoue


to the veri fine graine tneture.



In Chins3ction,therockis finegrainedwitha few

porphyriticfeldsparcrystals,Quartzand feldsparmaksup the

bulkof the rockwithverysmallgrainsof epidotiscatteradthrough

thsmatrix,

The feldsparhas a lowrefractivsindsx,whichputsit in

therangeof Ae3_10.Twinningis not commonin thssmaller

crystals,althoughthelarger,porphyritiofeldsparsareoften

twinnedon the albitelaw. Patchss of ths feldsparhavecrystallized

into• sparulitictøxture,andsuchspherulitssarecoamonto all the

felsiteoutcrops.The individualspherulitesar,verysaall,only

one or twomillimetresin diamøter.

Cuartzis abundantas smallindividualanhedralgrainsand

clustersof intergrowngrains. Veinsof quartzwithalbiteare also

presentinmost sections.As faras canbe seen,quartzdoesnot form

sphsrulites,althoughit is difficulttobe surethatthereis no

quartzmaxedin withthø feldsparspherulites.

Ironoxide(possibleoxidisedfrompyrits),epidoteand

stipnomelanearirpresentin accessoryamounts,theformerfrøcuently

colouringthe rochpslebrown. Stipnomelaneoccursss scattered,

lathshapedcrystals,indicating,withepidote,thattherockis pre—

metamorphiumis age. Stipnomelanealsoindicatesthstthegradeof

metamorphiumwes in the8.1.1.subfaciesof thegreenschistfaciesof

regionalsetamorphism.
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/hepresenceof sphorulItes,andtheabstnnof rolIct

porliticstructuresIsa furtherpolntof øvldonceforthoIntruslve,
rath•rthan•xtruslve,orlonof thofolsItes.

Thoabovsdøscliptlonc •rrospondato thernorescIentific
ternInologyof quertzkerstophyre,ratherthanthesonemhatvogue
tøraof felsit.,andIsdefInodIn'Petrologyof thoIgneousRocks'
byHatch,WellsandWells,whoreItIs statedthet

"Quartzkeratophyrehasbsenusødinsev•ral

sønses,butthepractiseinthlscountryIs

to applyIt tothosodlerhyollteswhIchare

characterIzedby thepripsønceof albltoor

alblterishfeldspar,assoclatedwithlittle

coleurodsillcates,theorlgInalnatureof

whIchhasboommeobscurethroughaltoratIon.

Quartzkoratophyr.Is• typeof soda—rhyollte

andalnomberof thesplIltesultø."

ClearlytheabovedofInItIoncorreepondscloselytotho

rockswhIchstLjkkenareknownas felsIte.



Quartz Kerato h re

2rnm

Quartz

Feldspar

Spherulitic feldspar

Porphyritic

Epidote

Stipnomelane

Groundrnass of quartz, albite and epidote

Fig. 10
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At Ljkkenthereareseveralgabbromasses. In handspistimen,

thegabbroappearsto be freshandunalteredwiththe felsicto ferro—

magnesianratioof about1 i 1. The grainsirevariesfrom5mm.to peg—

matitic,withcrystalsup to4cm.

The •xactoutcropof thegebbromissesis difficultto

ascertaln,due to thenotureof thevegetationandlackof outcrop.

Contactsbetweenthemeta—volcanicsandgabbrohavebeenobservedin

onlyå fewpleces,andingeneral,thecontactshavebeeninferred.

It Is,however,evidentthatfaultingand thrustinghas playedan

tmportantpart in definingtheextentof thesemtsses,andthemass

on thewestsideof Bjdrn1ivannis mostprobablya thrustsliceoff

thelargermass to thewest. Whetheror not themass to thenorth

eastof thelakeis thethrusted,displacedcontinuationof the

massesto the west,isopento question.

It is mostprobablethatthegabbroshavebeenextensively

faultedbecause,althoughno faultshavebeendetectedon thesur—

face,manysmallfaultsand shearplanes,oftenintrudedby dykes,

canbe sistnin themine.

To the westof theOrklaEiver,it hasbeensuggestedthat

thegabbreis differentiatedandlayered,withsomegranophyredeveloped.

Thereis,bowever,no suggesrionat differentietionor layeringin any

of themessesnearthemine,but thosteilarityof alltbreømasses,in
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handspecimenandthinsection,indicatesthattheymighthavea

commonpirentage.

The similerityof thegeochemistryof thegabbromasses,

and the strontiumcontentof the feldsparsin particular,•lsotends

to indicatethe sameparentmegmaof themsssssexamined.

The modeof displacementof thegabbrosis somewhatdoubtful

becausethsrsis no localdisbsrtionor thermalmetdmorphismof the

countryrockscloseto thecontact.Ths lackof thesephenomenon

maybe •mplainedby assumingthatthegabbrowas intrudedintoa pile

of semi—molten,highlyviscous,hasiclavaswhichwereableto

accommodatsthe stressby essymovement.If thslavaswerestillat

• considerahlyhightamperature,whenthegabbrowasintruded,it is

doubtfulwhethera tkermalaureolewouldhavebeenproducedand

survivedths superlaposedregionalmetwmorphima.

In handspecimen,therockswhichhevebeenmappedas gabbre,

sppearto be fresh,coarsegrainedandcomposedof lergeplagloclase

and ferromagnesianminerals.Thegrainsizevariesconsiderably,

from0.5cm.to 4cm., thechangeingralnsiretakingplacsoverthe

spaceof a fewcentimetres.Thisis •speciallywelldevelopedin ths

thrustslicemass to thewestof Bjdrnlivann.Itmustbe notedthet

thepegmatiticpatchesappeartobe scatteredrandomly,andare not

restrictedto latercrystéllizationfeaturessuchas dykes.
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1n thinsection,however,whatat firstwightappearto be

largefeldsparcrystelsinhandspecisen,arein factan aggregate

of finegrainedsecondaryfeldsperandotheralterationproductswhichare

pseudoworphingtheoriginalplagloclase.The largeferrewegnesian

mineralis a pyroxenewhichis alsobeingreplaced,thistimeby a

colourlessemphibole.

plagiocles•


Muchof theoriginalplagioclesehasbeenalteredleaving

pseudomorphsof thelathshapedcrystals.The alteredplagioclase

wakesup 50 — 60%of therock,therestbeingpyromenewitha little

ironoxIde; no olivine,or olivintpseudowerphshavebeenrecognised

in the thinsectionsexamined.On closeexeminationof thefine

gralnedaggregats,whichhas replacedtheoriginalfeldspar,grainsof

chlorits(penninite),Widote and zoisitecanbe seenin a networkof

secondaryalblte.(RefractiveindexlessthanCansoabalsam).Where

littleof theoriginalstructureof theplagloclasscanbe recognised,

the alterationproductsareuniformlydistributedinpleceof the

plagloclase,but in placestheepidoteappearstobe concentratedin

veinsandaroundtheformercrystalboundaries.

Evenalthoughalterattonis complete,pseudomorphtwinningis

stIllclearlyrecognisable.The degreeof dhstructionof theplagio—

clisevariesfromsectionto section,and indeedfromonepartof ths

slIdeto another. In somecases,goodeuhedral,lathbhape•dcrystals

withalbitetwinningcenbe seen,withtheonlyevidenceof replacement
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beingthøpatchilsof epidoteand chloritsfoundwithinthecrystals.

Evidonc.of thsprisarynatursof theoriginalcrystals

of plagioclaseconbe seenwhørethe crystallathshavebeenbent

anddisbartedduringemplacesent.

Plats 12. Distortedfeldmparandpyroxensin søtagabbro

F rromanesiansinersls

The primaryferromagnosianin norsalgabbroicrocksis clino

pyroxene,often withsomeortho-pyromene.The pyroxenein theLlikkon

gabbrosis augite,or possiblytitan-augiteas it is slightlypleochroic,

andit •nclosestheplagloclasopseudosorphsin an ophiticrelationship.

Tbeaugitois alteringto a colourlossamphibelewithstrongbire-

fringenceand is probablycummingtonite,a commonalterationproductof

clino-pyroxen,undørincipientmetamorphist.

No ortho-pyroxenswas seenin anyof thesections.
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The alterationof the plagioolaseand pyroxeneis a olear

indiaationthat the gabbroaassesvers intrudedand solidified

•itherbefore the periodof aetaaorphiemhad ended or started,

and henoe the gabbrohas bten aetanorphosedin the greensohist

faniøsand is thereforeaore propørlyteraedaetagabbro.

0.5om.

Altered plagioolase - ohlorite,•pidoteand albite.

Pasudoaorphtvinningoan still be esen.

Augite alteringalong the oleavageto aaphibole.

a.

N N)

------2 C::-

b.

,

y ,-

Fig. 11



JASPER


JasperOCCUIS throughoutthearsaas as irregularpatches

in thebasIcvolcanics.Commonlythøjalpersare found1n lenses

up to severalmetresin size. Thelrcolourvariesfromdeeppurplish

red topalepinkandoccasIonallybluishwhiteandarecompletely

massIvef1negra1nedquartswIth1ronox1desteln.

The occurrencsof jasperis typicalof sUbmarInevolcanic

actIvity,and is thoughtto haveresultedframradIolarlancherts.

However,no evidenceof radIolarianshavebeenfound1n thejaspersat Wikkims.

1n thinsectIontheyarecomposedof an aggregateof quartzwith

highlydevelopedunduloseextInction,indicatingtheeffectof the

straindur1ngthedeformat1onof thearea.

Jasper1s alsocloselyassocIatedwiththeImpregnatIontype

of ore foundclossto themass1vepyr1teorebod1ssbutit is questIon—

Iblewhethererrnotthisoccurrencsof jesperhas thesameor1g1nas

thatwhichis found1n themetavolcanics.Mostprobably,thejaspers

foundin the ImpregnatIonorehaveresultedfromthedepos1t1onof

1ronrIchquartsassocIatedwiththeformatIonof theorebodies.

Evidencefor theabundanceof cvartzcanbe stenfromthemanyquartz

bendsin the 1mpregnationore. (seePlate16).



Part IV

MINERALIZATION
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MINERAL1ZATION

Two typesof •insralIzationat likkenhavsban recogniseds

epigenstic("gi.ngk1s')massivepyrltsors,andsyngenstlo("vasskis")

thInhor1zonsof bandedpyr1ts.

TheorebodlesatL#kkenare situatedas concordentbodies

in bosIcmetavolcanicsconta1n1nghorIzonsof sed1mentarypyriteor

vassk1s. Ths motavelcanIcsdipnorthand formthe11mbof a syncline,

theaxisof whichpitchesto thewest-northwestst about15 • A

culminat1onoccursjustto theeaatof 1#kken,so that1n theeastern

partof the fieldtheplungeisgentleto thesast.

The orebod1ssare situatedjustbelowa thrustplanewh1ch

d1psat about20° to thewest-northwest.The thrustwasoriginally

discoveredin themineas i claygougeseveralclintimetresthick.

In theeasternpartsof themine theorebodiesare sltuatedsomedis-

tancebelowthe thrustplane,wh1le1n thewesternpørtsthsore

•tails°ahdbecomilsouitsthinand is,inplaces,in contactwiththe

thrust(seePlate15). It seemsclearthattherelationahlpand

posit1onof theort andthrustarecloselyrelatedtosachother,

and thisproblem1s dealtwithlaterwiththsproblemof origin.

The orebodiesarecharacteristicallyin theformof slongated

lensesor art cigarshaped,thelongsstaxisof which1s always

paralls1to the lineationand foldaxisdirectionof theenclosing
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rock. At Wikkenall thre•orebodIes;th•Hovedgrubesh(main),Indien

(Ind1a)andBakIndIen(BackInd111),havebeenworkedand strIkøeast-

westånddip to thenorth. Ths plung.of theirlongaxisIs around90

to thswest-northwest.The well-rocksdlpgenerallyabout450 to the

north.

HovedgrubenIs thelargestof thisorebodIesand theIndlan

andBakIndIen11,In itshang1ngwallandaremuchshorterandnotas

thIck. The sIrsrelat1onis about33 s 3 1 respectIvely.

In theeast,towardstheolIgInaloutcrop,thethreeore-

bodI•s11epractIcallypsralle1to sachother,but theyconvergewest-

wards. Novedgrubenhad,untilthenewlydiscoversdextentIonwas found,

known1engthalongItsplungsof about14500metres. IndIenand

BokIndIlengraduallyapproacheachothertowsrdsthswestandhave

aleostconvergedat thspointwhisreBakIndlenpetersout at about1,150

mistresfromtheoutcrop(nowcoveredby mInsdumps). Stillfurther

awstwards,IndlenandHoveøgrubencomsclossrtog•therb•foreIndIen

disappearssome1,700metresfromoutcrop.

The LAken ore hasa finetoveryflnegraInedtexture,with$s

grainsirsof between0.5 ond0.005mm. Theminerelogicalcomposition

isvery simple;pyriteforms10-75%of theore,ahllethereis about

6% chalcopyrItsand2.5%sphalerItewithoccas1onalmagnetIte.Gangue

minsrelsare 12-18 quartz,withsmallcmentItIesof calcIteandchlorIte,

rh.flnegraInedtextureandabundantquartzmakestheoreexceptIonally

hard. The mineralogIcalcompositionof thsorevariesslightlyin the
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thomaorebodiesandalsowIthinth,HoombrubenItself. No rolularity

hasheenobservedin thesovarlationsbut it 1smostusualto flndthe

partswhichare richestin copper and sulphurnearøstthecentreof the

orebodyas sem in vertIcaltransvezsesection.Towardsthe footwall

th•ore isoftenesplaciallyhardendholdsmorequartsandløsscopper

andsulphurthannormally.The samela alsothecos.withtheupper

andloweredgesof theore lens. Towerdsth• wall,themain


•rebodyhas,as i rulø,lowercopperandmuarttcontentsthanusual.

1n crushedpørtsnearthe faults,thecoppewcontentis at tImes•spec—

iallylowon accountof leaching,whilsttherels usuallya copporrich

ore ln thevicinity.1n oneor twoIlmitedareasnearthefootwall

of thsorebody,exceptionallyrichcopperore,carryingborniteas well

as chalcopyrite,hasbeen found.

Nagnetiteoccurson thehanong wallor Hovodgrtabon,eastand

wøstof Wallenbørgshaft. ThemagnetIto—bearingzonasaro impreg—

natedwithpyrite(sescross—sectionsof orebodi•s).

1n theeasternpartof thedeposit,in thehangingwallof

themalnore, thereis i bodyof brecclaorewhichhas a strikelength

of over2D0metresand* thIcknossof up to 100metres.Thlsbreccla

ore cons1stslargelyof fracturedcountryrockwhich1s cementedtogether

withvelnsof cupreferouspyrite. Furthørwestthre occursi zoneof

pyrIteImpregnationln thehangingwallof theozwbody.The orebody's

footwallcontactls in generalsherp,whIchls alsothecassas regards

thehangingwallof thecompactoro.
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Therenormallyoccursa bedof the sedimenterypyrite(vasskis)

alongthe footwallof themainore,and in placesalongitshanging

wall. Otherbedsof sedimentarypyritelie in thsmetavolcanics,some

distancebelowthe footwallof theore. Normallyonlytheepigenetic

typeof ore is minedwith42% sulphur,2.$$copper,and1.8%zinc.

(se.AppendlxI).

The secondtypeof sulphidedeposits1n theLikkenareais

vasskis,and is thoughtto be of syngeneticorigin,beingformedcon-

temporaneouslywiththemetavolcanics.(In1922,Carstensassigned

an •xhalstive— blochemicaloriginto thistypeof deposit,whichhe

namedLeksdaltype,froma localltyemstof Trondhelm).

The eulphidelayerscontainmainlypyrite,withpyrrhotite,

ironoxidesand quartz.Theinsulphurcontentismostoftenbetween20

and43%,andonlyoccesionallyrisingover4O-45%.The copperandzinc

contentof th.vassiksis lowedthanthemassiveore andis sometimes

absent. It is si,pificantthatthe traceelementcontentof the

vasskisis markedlydifferentfromthatof themassiveore (sseAppendixI).

The textursis extremelyflnegrained,muchmoreso thanin

theepigeneticore. The sulphideoccursin layersvaryingin thickness

froma fewcontimetresto about1 metre,andoreinterbeddedwith

thicknessesof jasperandmagnetiteChloritsrock. The sulphidsbearing

layersnormållyhaveveryconsiderableortalextentandcanbe traced

geophysicallyforseveralkilomstres.
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Plate 13. Hanging—wallcontactbetweenmassivepyrite


ore and greenstone. Level 430m.

Plate 14. Foot—wallcontactof massive ore, vasskis

,nd greenstonewith jaspel anc .uartz.

Level 930m.



Plate 15. Intersectionof dre anu thrust pl?ne 4ith

bands df vasskis snd grecnstone.

Level 470w.

Plate 16. Impregntionore:bandsof pyrite,greenstone

ana quartz.Level930m.
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Thenewl discovored•xtensionto themainor Hovedrubenorebod

Fromthovortica1longitudinølsectionof theorebodiesat

Ljkkenit canbe seonthatallthreon•rrowtowardsthewestand the

IndienandBakindiendieout completely.TheHovedgrubenorebody

continuesbut slowlythinsas it comesclosertowardsthethrust

pleneuntilit isonly* fewmetresthickøt a dopthof 480motros

belowtho surface.It was thoughtthattheHovedgrubontoowould

soondieoutbut an •xploratorydrivewasmadeintobarrengabbroand

manyboliwidrifledto intersectanypossible•xtension.Fortunately

theore was foundto thickenandors res•rvesworesufficientlyin—

creasedto enablethe sinkingof an undergroundshaftandprwparations

made forminingoperationsto beginøarlyin 1968.

lt was at thisoarlystagein preparationforminingthat

theauthorwas invitedto map theundergroundgeologyencountered

andgeologicalplansof levels430,463,481,720 and933metresare

enclosod.The extontionof theoro had in thosummerof 1966only

beenexposodon level930 øndin a raiseon levol720,but extensive

drillinghasprovodthattheorebodyis a continuationof tho

Hovedgrubonorebodyas shownon thegoologicalplanof level481.

Thooroon 1evel930 is finegrainodmassivesulphidowith

• bodyof impregnationoro aboveitshangingwall. Several

wasskishorisonsbelow,and in contactwiththefootwallof the

orewereencountered,andprovidedi usefulindicationto the

ottitudeof theorebody.The structureof theneworebodyis still
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uncertain but is probably flat, lenticu1ar deposit, which, on

evidence from boreholes, pinches and swells ånd may be faulted in

places. (Unfortunately dstsiled core logs were not available to

th• wuthor as this information 1$ atill considexed confidential by the

minimg company).

The døscriptIons of massive pyrit, ore ånd vasskis from

different p•rts of the mine ånd from thia surface are given bolow

to illustrate the naturrof these rocks and their goneral conformity

over wide areas.

(1) MASSIVE PYRITE RE

The massIve pyrite ore present st the western end of tho

Hovedgruben orebody can be subdividød into four main types.

relatively coarse grained messive pyrite with

inihødrail cubic crystals of 0.5-1mm. visible.

medium grained massive pyrite, no visible

crystal grains.

fine grainsdi very fine with a marked angular

fracture habit.

Ehpregnation ore$ band of quartz, greenstone,

ånd coarse pyrite grains (see Platø 16).

This subdivision 1$ purøly abritrary, ånd apart from tho

impregnation ore there does not appeor to be any relationship to

•ach other. The impregnation orla is only present on the hanging

wall side of thø M4SSINM pyrite ore. Evøn in the coarsest pyrite ore,
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thegreinsizeis stillfino. The chalcopyritecontentverieswith

thegrainsizsto some•xtent,as dossthe sphalerite,•lthoughto a

lesserdegreethanthechalcopyrite.The ganguecontent,andhencethe

pyritecontent,isgreatlydependentupongrainsizet the finest

greinedpyriteore conteinsup to85%pyriteand10$gangus,whilst

thecoarservarleties,withonly50— (0%pyritit,containsuchsorit

gangus,up to 30%,theremainderheingchalcopyriteand sphalerite.

Pointcountingindicatestheassociationof grainsize

withpyritecontent.




LS Medius

0.1mm.

gara

0.25mm.0.0050m. 0.05am.

Samp1.No. 139 125 191 187

Pyr1te
 82$ 61% 6)% 46‘

Chalconvrite 3.5% 231 6.5% 25%

Sphalerite 3.5% 1%




1%

syaG 11% 15% 33.5% 28$

Althoughit is clearthatthersis i widevarlationin the

chalcopyritecontent,it is also•videntthetthefinerthe

gralnsize,the sedler 1s theganguecontent.Measurement•f grain

sizein the finergrainedspecimenscanonlyhe satisfactorilydone

afterfirst•tchingwithchresieecidfor• fewseconds.



a) Finegrainedvariety— $ •ciaan1

Specimen139is froaIsvel463a.,andis veryfinegrainid

inhandspectmen.Preshsurfacesarea paleyellowishsilver

oolour,withå verydistinctangularfracturehabitresultingfroa

thscompactmassivenatureof thsrock. In handapscimen,only

pyritecanbe identifisd,andthersis littleindicationof ths

presenceof gangus.Chalcopyriteand sphaleritecannotbe detected,

evenwiththealdof a handlens.

On a flatsurface,thsaassivefinegrainedpyritecanbe

seento be fracturedby verythindarklinessuggestinga concsn—

trationof ganguein theseareas.

On exsminationof a polishedsectionof theore,littlefurther

informationaanbe obtainedwithoutfirstetchingthesurfaceof the

saction.The pyriteis so finegrainedand intorgrownthatindividual

grainscannotbe distinguishedandonlyswallpatchesof 4halcopyrite

and sphaleriteandlargerpatchesof ganguscanbe recognised.The

aajorityof the7% chalcopyritsandsphaleritsoccursin i fracture
sone

zonetraversingthesection.The fracture/isonlya milliestre

acrossbut is quiteextensive,passingfroaone aideof thesection

to theother,i distanceof twocentiaetres.Althoughonlyons

•ineralizedfracturswas seenin thissectionitwouldappearthatit

is thislaterinfillingof fracturesthatis responsibleforthe

copperand zinccontentof thefinsgrainedors. Suchfractures
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werenot seenin anyof theothercoarsergrainedsectionsand this

wouldtendto suggestthattheirdevelopmentis onlylocal.(Plate18).

The chalcopyriteis alsofoundawayfromthe frectursrone

andoccursas tinyaggregatesof crystalsinfillingthegapsleft

betweenthepyritscrystals.Becausoof theverysmsilsizeof these

patches,it is notclearif therehasbeenany replacementof the

pyriteby the chalcopyrite,althoughthesizeof thepatchesmakils

thisa somewh•tunimportantfeature.Largerpatchesof chalcopyrite

arepresentin the fractureroneand fromtheseit ispossibleto say

thatverylittls,ifany,replacementof thepyritehasoccurred.

The sphaleriteis almostconfinedto thefracturszone,

•xceptfora fewsmallpatch•sin thepyrite. Suchis theguantity

of thesphaleritein thefracturetonethatit is clearthatit

musthavebeenintroduced,withsomeof thechalcopyrite,alongthe

fractureafterthe formationof thepyrits.The sphaleritehas

considerablyattackedendreplacedthepyriteandsmallcorroded

pyritecrystalsarepresentin thelargerpatchesof sphalerite.

In emmeareas,chalcopyritehasbeenexsolvedfromthe

sphaleriteproducingan emulsiontexture.It seemsunlikelythat

thisphenmmenoncanbe usedto indicate,withany certainty,the

temperatureof formation,es recentworkon exsolutiontextureshas

thownthatpressureplayssuchan importantpartin the formation

of suchtexturesthatunlessthepressureat thetimeof formation

canbø established,thetemperatureof formationof exsolutionbodlips
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c*nnotbe determined.It is interestingto notehoweverthatthe

exsolutionbodiøsdo notoccurcloseto existingchalcopyritemassøs,

suggestingthata degrø*of un-mixinghas alreadytakenplace.

The pyrit*is,forthemostpart,veryfinegrainød,with

crystalslessthan0.005mm.common.Largercrystalsdo occurand

maymeasureup to0.25mm.,althoughthesear*notcommonandcan

onlyb* detectedafteretching.Etchingalsorevealsthatthe

largerpyritecrystalsarechemicallysonød,thezonesb*Ingparallel

to someof thepresentcrystalfaces. Manyof the smallercrystals

arealsoronedanda mostinterestingfeatur*is theway thetones

ar*oftenterminatedby irregulargrainboundaries,indicatingthat

thevery finenatureof thispartof theore is resultof deformation,

in whichthelarg*rpyritecrystalshavebøenbrokenintofragmonts.

Furtherevidenceof suchdeformationis thepresenceof matchingwalls

of twuor more fragmentsof i singlecrystal.Thisis alsocom-

petiblewiththe formationof smallfractureronesandtheintro-

ductionof themoremobileølemintsintothesezonesof weakness.

Thø maingangu*mineralsarequartsandcalcit*.



 

it

Plate 17. Zoned pyrite after etchiN. Nute th very fine

6ne the /6nes ter-TiliNted by fr cture

r:2ecite.r)1:»2, '' jl riC3uL x 1;0.

Flete 18. Fr,cture zone in fine graineci on, fil e6 with
sph<)lerite ano some g 1.1gue.

Specimen 13), 1,Ykrel46:361.x 73.

i.

A frfl•

i;
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b) MediumgrainedvaristY— specimen135

Spetimen125 is fromtheneworebody•xposedin level930,

andis a veryuniformfIns•grained(0.05mm.)massivesulphids.1ts

pyritecontentIs lowedthantheveryfinegrainedore,611,,but

thechalcopyritecontentis abnormallyhighat 2$%,and thisis

reflectedln thecolourwhichis a yellowishgold,eventhoughchalco—

pyritecannotbe distinguishedfromthepyriteinhandspecimenuslng

• handlens. The •ngularfracturethatdevelopedin theveryfine

grainedore is lackingandalthoughthe fractureis hacky,thefaces

of the fracturesarenot•s smoothas specimen139.

PolIshedsectionexaminationof thesediumgrainedvaristy

of ore revealsthatitstextureis completelydifførentfroathat

of the finegrainedore. The pyritåcrystalsåremuchlerger,and

unlikespecimen139,arenot so Intergrownas tomaketheirboundarles

difficultto distinguishandresultingIn thepresenceof manywell

formedeuhedralcrystals.The largecmantItyof chalcopyriteis •lso

significantas lt wouldseemthatbeceustthepyritecrystalsare


larger,thers11 i largervoldbetweenthemcapableof beingfilled

by chalcopyriteandgangue.The chalcopyritehes •ttachedanddestroyed

manyof theoriginalboundariesof thepyritecrystals,producing

some•xcelentreplacamenttextureswhIchareillustratedlnPlate20.
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There is very little sphølerIte present and the reason

for thIs 1s obscure. Å possible •xplamitIon for the dafficiency

In the consier grained specimens is that much of the SalerIto is

of 1ater formatIon and, not baing capablip of replacing any of the

•inerals already pres•nt, lt was forced to •igrate Into the late

stage fracture zones.

The individual pyrite crystals rang. in slze froa smell

crystals, (rather than grains) about 0.005mm., to large 0.1mm.

czystals, but the majority are about 0.05mm. Mos$ of the crystals

ere subhedral, but good euhedral crystals are also common. Matny

of the largar czystals are fractursd snd have been attacked •long

thise planes of weakness by th• chalcopyrite, and occasionally

sphalerlte, resultIng 1n snall veins if cholcopyrIte and sphelsrite

travers1ng the graIns.

Etching reveals that the pyrite crystals ere strongly

zonød, and it ls Interesting to note that, unlike speciman 139,

most of the crystals appear to be whole and not broken fragments of

larger crystals. Plekte 19 ahows some typical well developed zonal

structures in the pyrite.

23% chalcopyrite is far above averege for the orebody as a

whole, but it is known that local •nrIchment in copper due to leaching

from ø ntighbouring area does occur although it has not yet been

established exactly Why there should be thls varlation. The chalco—

pyritip forms ahhedral grains about 0.01mo. 1n sise, and this grain
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siz,of th• thalcopyritestaysfairlyconstantin ell thsdifferent

grainsixøtypes. As pretflouslymentioned,thechalcopyritehas

atteckedthopyriteproducingatollstructuresanddiscontinuous

replecauentvains. elearevidinceforreplacemintis indicatidby

thst•xturesShowninPlats,20.

Iførylittlesphalerit.is prestntendis clearly•ssociatod

withpatchissof chalcopyrit.,althoughtandingto attschitselfto

thapyritecrystals.Evidencethatthespheleriteis also,to a

limited•xtent,replacingthepyritssis shownby velningof thepyrita.

Whilstthereis ne •videncethatthe sphsløritehas attackedthechalco-

pyrite,or has beenattackedby it,it seamsoostprobablt,thatthø

Chalcopyrit.andaphaleritewareformedat,or naarlyat thesame

time,andboth aftertheformationof thepyrito.

No •xsolutiontaxtureswere foundin the sphaleritein this

section,probablybessusethegrainsaie smallandun-mixinghas

procededto completion.

Thisgangueis composedmainlyof quartxand calcite,anda

certsinamountof leachinghas ensbledthegangueto penstraticracks

andgrainbounderles,althoughit would•ppearthattheammountof

leachingis swell.It ls however,clearthotfracturingis notvery

importantas th.vtinsof gangusdo notpassrightthroughthapyrite

crystalsindlcatinglirachingandnot fractursingas i fracturswould

bbsectthecrystal.



Plate 1:. e1l developedzonel stnicturesin

etehin,j) . x 1LC.

writy

d

-.Aast 4

Plete Lepl?ce:Aentof pyrite by chaTc32yrite.

:pecimen1;.5,level 9.n. x 150.
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c) Coarse rainedvaret — Specimern4P


SpecImen197Is ths opersesttypeof oreåndIn hand

specIre•nIndIvidualcrystelgraInscanbe IdentIftedwiththeneked

sye. ThetextureIs st111veryunIform•xceptforsomelergepatches

of whItsquartz,but theseersnottypIcalof thecoarsegraInedore

es a who1e. Ths colouris againyellowIshgold,reflectIngthehigh

proportIonof thalcopyritepresent;25%. Apartfromtheguertz,thers

is IlttlesIgnof the29%gangueotherthenå suggestionof a dark

rim to ths largerpyrItscrystals.

The coarsetypeof ore Is feundin sbundanceIn thenewore—

bodyexposedin løvsl 230m.,andit is fromthenewore thatspecImen

187 wascollected.

In contresttn the ftnergreInedspecimenselreedydescrIbed,

specImen187,on examInatIoninpolIshedaectIon,Is coareegraIned

wIthmuchlesspyrIteandmorechnIcopyrIteandgangue.The sphalerIts

contentremaInslowat about1%. It is immedIatelyobvIvusthatths

pyrltehesbeenreplacedby bothchalcopyrIteaedgangus,whIlstmany

of thslargerpyritecrystalshavebeensplitintosmellerfregments

by replacementvoInsof chalcopyrIteandgangue. It it forthis

ressonthateuhedralandsubhedraltrystalsårenotcommon,the

original boundartesof mostof thecrystalshavIngbeendestroyedby

replacement.

The grainsIzeof thepyrIteIs quItevartable,but averages

about0.25mm.,•lthoughlargercrystalsof up to onsmIllimetreare
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alsoplentiful.Smallerfragmentsresultfromthesplittingup of

largercrystals.In generaltheleachingandreplacementby gangue

has notprocededas quicklyas thereplacementby chalcopyriteand

thishas led to thegangueprotectingthepyritefromthechalco—

pyrite,and someinterestingtexturalrelationshipshavedeveloped.

. • It

0.2mm.

Fig.13


Etchingprovesundoubtedlythatreplacementof pyritoby

chalcopyritehas resultedin thesplittingup of largecrystalsinto

smalleranhedralgrains.

0.211,111.

fig.l4.



Essentiallyth.ChalcopyrIteis stmllarto thatwhIch

Is foundin speciain125,as alsois thesphelsrIts,andth•rsIs

littleneed to dwellfurtheron th•irpartIcularfeatures.The gangus

Is alsothe sams,quartzandcalcIts,elthoughthersIsmuchmors

presenty284; thisnodoubtbeIngdue to theIncreasein theslzeof

thepyrItecrystalsand thevoldsbetwon them. It is perhapsworth

mentIonIngthatgangu•fillodfracturespassthroughall theminerals

present,withoutdisplacIngthem,an4arethereforepostminsral-

IzatIonin age andprobablyresultfromthsdeformatIonsuff•red

durIngthemotamorphIsmand foldIng.

PolIshedsectlo LN-2

PollshedsectionLN-2wasnot collectedby theauthorand

unfortunatelythøreIs no recordof ItslocalIty,otherthsnIt was

cellectiedgmestof the shafto.Neverthe1ess,It Is of Intesøstand

worthmentionIngas It contaInspyrrhotIte,whichwas notse•nIn any

of theothersectIons•xamIned.

It Is a very fInegraInedspectmen,fInerthan139,and

contaInspyrIte,pyrrhotIte,chalcopyrIte,sphalerItsendgangue.

Pyritsand sphalerIteerepresentIn greaterquantIttesthanIn the

othersectIons,WhIlsttheganguecontentIs lower,andis agaln

malnlyquartzandcalcIte.
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The pyrrhot1teoccurssurroundIngandvelnIngthepyrIte

crystals.(seeP1ate21) anddoesnot appearto bø replacIngthepyrIte,

but 1s rathør1nfIIIIngInterstIcasbetweenthepyritecrystals.It

is diffIcultto suggestan •xplanatIonforthepresence)f thepyrrhotIte

wIthoutknowingmortabout1tsIocatIonIn relatlonto the shapeof

theorebody,but it seemspossIblethatdurIngthe formationof the

orebody,the sulphurdefIcIentpartscrystallIzedas pyrihotIte,rather

thenpyrIte,afteras muchpyrItehad crystallIzedas the sulphut

contentwouldallow.

izø

Sck

Plate21. PyrrhotItesurround1ngandveInIngfinegraInedpyrIte.

SectionLN-2.x 3,0.
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IIALLROCK ALTERATION

Examinationof handspecimenønd thinsectionsshowsthat

thsrockscloseto theore areexceptionallyrichin calcite.Not

onlydoesthe calciteveintherocksbut thinsectionsrevealthat

calciteis intimøtelymixedwiththsrockforming•ineralsof boththe

hangingand footwallrocks,of theore. Suchis thequantityof ths

calcitethatit cennotbe disputedthattheprocessof carbonat-

imationhas takenplace,notablypre-datingtheore,as littlecalcite

is foundactuallyin theore itself.

The •ffectof carbonatisation,combinedwIththemetamorphism,

on whatmustorigInallyhavebeena normalvolcanicflow,is

illustratedby the followingdescriptionof a rocksample,and thin

section,collectedfromjustbelowthemassiveore.

Specimen194is from1eve1933metres,closeto thebase

of a vasskishorison,whichis in contactwiththefoot-wallof the

newlydiscoveredextensionto theoxebody,.It isoneof thecoarser

grained,grey-greenspilites,withseveralsmallveinsandpockets

of calcitevisible.No pillowstructuxeswereseen,andthe texture

is compactandmassive.

On •xaminationof • thinsoction,therackis foundto be

composedrofteldspar,talcitsandchloritewithaccessoryspidote.

The aost characteristicfeaturesof thisrockare thewillformed

feldsporcrystals,whichput it in thespilitesubdivision(I),and
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thelargeamountof calclte.A sodalanalysis,obtainedby point

counting,glvesb3% feldspar,29% calciteand111%chlorit•.

Corrodedfeldsparcrystalsare surrounded caiciteand


chlorite,thecalctteappearingto be ettackingthe feldspar.

Calcitealsov•lnstherock. Ep1doteis onlypresentas a few

scatteredahhedralgrains,rithestin thethloritepatches.

The feldsparis albiteand ls frequentlytwinnedon the

albitelaw,andalselesscommonlyon thebavinolaw. The twinntng

1s quttesharp,whichsuggeststhatthecrystalsgrewafter,or

becauseof themetemorphism,andareundoubtedlyformedfrom* more

calc1crichplagioclase.Someof thelargercrystalsarecutby veins

of calcit•indicattngthelate1ncomingof solutionsrlchinCO2.

Mostof thecrystalsarebeingcorrodedby thecalciteandhaveregged

idges. The chlorite,almostisotroplc,is alsoattackingthealbite,

andoctursinterstitialhstweenthealhite.

AccordIngto C. W. Carstens,therocksnearestto theore

containlargeamountsof addedquartz,but nonewas seenin the

abovethinsection,althoughsectionscut fromsampl•stakenfrom

otherPartsof themine,closeto theore,didcontainsmallamounts

of quarta. Also,Carstenssuggeststhates wellas quartz,much

chlorite,withor withoutserictte,hesbeenadded. Purthøraway,

sericitebecomesthethiefaddedmineral.Cduartzls presontin

minorquentitiesin mostof thesetypes. Carstensconcludedthet
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thelocal•stasomatism•ssociatedwithth•orehad involvedth•

additionof silica,potashandwatir.

T. Strandhas alsodescribledrocksrichin elbitewhich

he •scribesto theadditionof sodium.(orthelocal•nrichment

of sodium).
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(2) THE VASSKIS


The secondtypeof sulphidemineralization,in theLIkken

area,is thevasskis,usuallythinbandsof ironsulphideseparated

by a darkgrilyto black,finegrainedrock. The vasskisis found

in associationwiththemassivepyriteorsbodies,justb•lowthe

footwel:,andoccasionallyabovethehangingwall,althoughthis

is moreuncommonthanfootwalloccurr•nces.Severalhorizonsof vasskis

maybe presentbelowtheøre,(seegeologicalplansof level9301m.),

andup to a considerabl•distanceawayfromthøore. It is also

foundto thenorthof Løkkenwher.no massivepyritehasyetbeen

found.

The sulphidelayers$mainlypyritswithhematiteandmag—

netiteand smallamountsof chalcopyriteandsphalerite,occur

usuallyin parallelbands,a fewmillimetresto a metrethick,in

darkwasskis tshalel.Severalsulphidebandsmay occurwithinthe

samsshal.horizon,andmanyshalehorizonsmaybe closetogether

andparallelto eachother. The vasskisoccursinterbeddedwith

jasper,magnetits—chloriterockand thebasicmetavolcanics.

It is thsparellelnatureof thevasskishorizons,and

theirconformablerelationshipwiththelavaflows,as shownby

pillowslyingin contactwiththevasskis,thatled to Carstents

in 1922,who was convincedof syngeneticoriginforthevasskis,

to aesignan exhalativebiochemicalmodeof formation.Ithas long

beenthoughtthatthevasskiswas formedby sedimentarydeposition,
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End *n fEct vasskismeans liwaterpyritet in Noregian.

=

PlEte Dne netre thick vasskishorizon,restingon nassive

metsvoicEnicsEno overlsinby pil ov lava. Note the

chlorite lins to the theirc:nfirnahle

reletionship,Aithth3 vasskis shale,on ehich they lie.

(The whitep tch 11 usitz.) Level 7Wm.
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Althoughthevasskisoccursin suchclose•ssoc1atIon

withthemassivepyriteore,thereIs no dIffIcultyin distInguIshIng

betweenthetwodIfferenttypesof pyrIteminerallzation.

Only themassivepyrItsismlnedas thevasskishas a

sulphurcontenttoolow to repayworkIng,never•xceedIng40% and

usuellyonlyabout310%.The copperand zInccontentis alsomuch

lowerin thevasskisthan1n themassIveore•nd Isoccasionally

ebsent.

Althoughthevasskls1s notmlnedås anore,it 1s a useful

indlcatIonof posslblemassIvesulphldemlnerallzatIon.The

connectlonbetweenthevasskisand themass1veorels opento

questIon,but It la clearthattheirmethodsof formatIonsre

completelydifferent,and thIsls reflected1n thetraceelement

of theore andvasskla,whichdifferconsIderably.(seeAppendlxI).

Becauseof thecloseassoclatIonbetweenvaskIssandpyr1te '

ore,notonly atLØkk.n,but alsoat othermasslv,sulphidedepos1ts

In Norwty,suchss atNjerkinand Foldal,thelocationof thevasskis

hasbeendetermlnedwIthsomecareusinggeophysIcalmethods.

ResIstIvItyandelectro—magneticsurveyshavedetectedseveral

vasskishorlzonsof consIderableareal•xtentwhichhavebeen

tracedand drIlledto •xploreforanymass1vesulph1deswhich

mightbe present.
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From thestudyof thinsections,thedark'shalelfound

in tuchclossassociationwiththepyritebendsappearsoriginally

tohavsbeen a sediment.Thisconclusionis reachedfromthe

textureof the rock,ratherthenthsmintralcomposition,which

hasbeenmuch altitredandprobablycompletelydestroyedby the

subsecuentmatamorphimain thegreenschistfacies.

Althoughcalledshale,therockhas no cleavageandis

completelymassiveandvery finegrained.Inhandspecimenthø

shaleis darkgreytoblackin colour,and apartfromveinsof quartz

andcalcite,and of coursethepyritebands,no individualminerals

canbe identifiedwiththenakedeye.

Examinationof the rockin thinsectionrevealsa criss-

crosspatternof fibrouschlorits,withlargersubhedralepidotein •
groundmassof feldspar.Fromcomparisonof therefractiveindex

of the feldsparwiththatof Canadabalsam,it was foundthatthe

feldsparwas lessthanAn10. Unfortunately,therockwastoo fine

grainedforrefrectiveindex1iuid dsterminations:but it seems

mostprobablethatthefeldsparis albitein composition.

The chloriteoccursas smallnesdleshapedcrystalswhich

aremostprobablytwinned,but are toosmallforpositivedeter,-

minationto be made. Thssewmallneedlesintersectandcrossone-

•notherwithoutsnyapperentorientationwiththepyritebands,

whichareparallelto thebeddingof theshalehorlzon.Cutting

throughthe chloriteneedles,ars larger,subhedralepidotegrains.
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Thesetoooccurscatteredthroughouttherock. Betweenthenetwork

of chloriteneedlesand thespidotecanbe seen smallpatchesof

albite. Fromthetexturalrelationshipsit wouldappearthatthe

albiteformedbeforethechloriteandepidots,whichhavethengrown

so as to almosthichpthealbite.

Veinsof latørquartzandcalciteare abundant,especially

closeto the1114Ssivepyriteore. The quartzis badlystrainedand

has an unduloseextinction•nd is alsooftenfoundin shadowzones

alongsidesomeof thepyriteindicatingthatitmusthavebmen

depositedduringa timeof greatstrain.(Duringtheformation

of theore ?).

Pyriteis plentifulandoccursas euhildralcrystals,

dxstlikegrainsandbandsof interpenetratingcrystals.The very

finegrainedtextureof someof thepyritemaybe takenas tvidence

fordepositionas a sediment,mostorobablywiththehelpof bacteria

producinghydrogensulphide.(Polishedsectionexeminationconfirms

thistheory).The coarsecrystalswouldbe formedby there—

mobilizationand recrystallizationof thefinegrainedpyriteduring

compactionandmetamorphiam.

In polishedsectionit soonbecomesapparentthatthe

opacuemineralogyof thevasskisis muchmorevariablethanthst

of themassivepyriteore. Pyriteis stillthemostabundant

mineralbut occursih twndifferenthabits.Themostcommon

occurrenceis thatof euhedralcrystalswhichformlayersparallel



Vasskis iShale'

Bands of pyrite with

Epidote

Fibrous chlori te

Feldspar groundmass

0.5cm.

Fig. 15
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to thebeddIngof thevasskishorizones å whole. Betweenthe

pyrIterichleyersoccursthesecondtypeof pyriteandis found

as verysmallspheres.Otheraleåralspresent,althoughto a

lesserdøgrsethanthepyrItsarehematIte,chalcopyrits,sphalerlte,

mognstIte,pyrrhotIteand•rsenopyrite.

The fellowIngdescriptionof theopequemineralsin three

polishedsectIonsIndicatesthevariedappearanceandmlnerelogy

of thevasskls.The firstpollshedsectIonis typicalof thebanded

vasskis,wbilsttheothørtøoillustratetheverlednatureof the

mlneralogyånd vesskisin general.

Soeclmen184


Specimen184comesfromlevel810metresandis composed

of thinbendsof pyriteonlyå centimetreor twothickadd separated

by vørymessivedarkgreenishblac'svasskisshale. At firstglance

thepyriteIsysrsappeartobe one singlsbandbut closerexamln-

ation	 ls thattheyare in factcomposedof manyverythinlayers


veryclosstogether,glvingtheappearanceof a singleband.

MicroscoplcexaminatIonof thepyriterichbandsreveals

thepresenceof eUhedralpyritecrystalsandsmallerspherical

bodiesof pyriteconcentretedintothelayersand,•specially

thesphericalbodies,scatteredthroughtherestof thegangusbetween

thelayers.
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The individualpyifte bands vary in thicknessfrom a few

millimetresdown to fractLns of i millimetre,and are composedof

small suhedralpyrite crystals,often intergrownwith each other,

and very amall spheroldalaggregatesof pyrite. Ihe photogrkph

below illustratesthe parallelnatureof the banding.

Plate 25. Bends of pyrite crystalsin vasskis

Note the smal1tr round framboidsbetween the

pyritebands.

Specimen184, level810m. x 150.
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The most intaatustinofefture .)fthis s.ectionhay,ever,

is the fine rpheroid-1 Lyitte, hec use Jn close exaoinotipn, they

ure founc to 'sefretho1cs Abich ate comi of crlent:tedcrystallItes


of pyrite. (see Pl&te

The otittr sf frb».bp1d,is not undarstpo ut theii

forrlati-nfraY ctlloioal crecioit“t n ts Known. Fr abundance


of ftamholos in .ciarinesenioents anc the preserce of organic matter,

it is thpledltthat they ere precinitted bt the actitn of hydrogen

su dhide, produced by bacteria, on ttan hyetoxices is the teu.

(Fraobo1ds have also heen reported frot hiqh teAperature vein5,

(Cornwaft) cithocRb the fraboids rep)rted uld not csntain otionted

crysta1titet. It has a. been suegettor thtt sulashidetzou.0 be

precipitted bolcs on the Aloorfllrelfe of

ples.rare1n veins, and this theory has been te ec ourt fo the

presence3f fr.,,boicisot In Tinto, --tr, -Hthoc-h once a.ain the


crystallites are not ocientated:.

'fl tubhedral

tn vos kis th::Id.

recic:er lavel

x 1 :f , cU etsien.



—79 —

The secondexampleof vssskts1s one contaIninga large

ruantItyof magnitIteand smallertamintItItsof pyrIts,sphalsrite,

chalcopyr1teandpyrrhotIte.Inhandspec1menthsrockis dark

greywithlightergreybandswhichare richerin pyrIte,and Is

stronglymagnot1cdue to theh1ghcont•ntof magnst1te.

The localityof spectmen216 Is inLpikken,justto ths

northof theminssurfacsplentsndIs not farfromthsoutcropof

theore.(nowcoveredby dumps).

Polishedsect1onexaminat1onrevealsthebandsof mainly

pyriteandmagnstIte.The bandingis natas welldef1nedss that

described1n specimen184,but is stIllwelldeveloped.

The pyxlte1s foundas subhedralandanhedralgrains

conflnedmainlyto themagnetiterichbands. Frambo1dsarenot

commonbut muchof thepyr1teis poorlycrystallizedandmay well

be theresvItof recrystallIzatIonof the framboids.Smallgra1ns

of pyriteare alsofound•nclosedwithInsomtof thelargermagnitIte

grains.

The megnetIte1s an anomalousblueishgreycolourand

formsanhedralgraInsinboththebandsand thsrestof therock

matrlx. The presenceof somuchmagnet1tewouldIndicatethatthe

cond1t1onsdur1ngdepositiondidnot favourthe formationof sulphides,

•ltherbecausetherewasa lackof bacteriato producshydrogensulphlds

or ssacurrentsbroughtm.fficientoxyjento the siabed at tooxyd1ze

mostnf thepyr1teproduced.T1t1slattersuggestionwouldaccountfor

themagnet1tebe1ngfoundawayfromthebands,andthegeneral
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Specimen182was collectedon level75.0metresand is an

unusualtypeof vasskis,differingin •ppearanceandmineralogy

fromthemoreusualvasskishorIrons.

The most strikingfeatureof specimen182 is the absence

of nu definedbandsor layersof pyrite,but insteadtheopagus

mineralsformfiattenød,branchingloopswhich•ncloselensesof

thedarkshele. Theselensesareonlysmall,thelargestbeingonly

two centimetreslongendone cent1metrethick. The opagusminnals

surroundingthe lensesareonly fractionsof i millimetrethick,

slightlythickerwheretwobranchesmøet.

The flattenIngof theloopsandlensesis parallelto the

strikeof thekasskishorlzonas e whole.

The minsralogyof theloopsalsodiffersfromthepyrite

richbands•lresdydescrIbed,themostpredominantmineralbeing

bematitewithpyriteand wmallyuentitiesof sphalerite,chalcopyrite

andarsenopyrite.The hematitsformsthematrixof theloopsin wh1ch

ere foundeuhedrelpyritecrystals.The sphalerite,chalcopyrite

andarsonopyritearealsofoundsa irregularpaUhes in thehematitis

but ørstpresentin accessoryamountsonly.

The pyrite,as nU as formingeuhedralcrystalsin the

hematitels alsopresentin the formof frambolds,suggestingthat,

despitethe absenceof parallellayering,thisvarletyof vasskls

1s alsoof sedimenteryorigln. The framboidsare scetteredevenly

throughthe lensesbut are notk1s1151•ln thehemstitsbands,
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The unusualtextureandthepresenceof hewatitemust

be •xplainedbeforeanythooryof origincenbe eccepted.The

presenceof thehematiteofferslittletroubleto thesedimentary

theory,simplythattherewes insufficientsulphurin the formof

hydrogensulphidebeingproducedby bacteriatéktepup withthe

precipitationof ironoxIdesendhydroxides.Thereforenotall

theoxidecould.,be convertedto sulphideandhenceaftercompaction

•ndmetamorphismhematitewasproducedalongwithas muchpyrite

es couldbe formedfrowtheavallablesulphur.

The presenctof ironoxidesin the formof hewatiteor

magnetiteis notuncommonin thevasskisandwereseenin several

of thesectionsexamined.Arsenopyriteis unusualandcanonly

be attributedto thelocalconcentrstionof •rsenicon the seabed.

Thismust combinewithany ironandsulphurtoproducearsenopyrite.

The textureof thehematitebandsemlosinglensesof

vesskisshaleismoredifficulttoimpådin,but theonlypossible

explanationmustinvolveremobilizetionand racrystallization

associatedwiththismetwsorphisw.
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ORIGINOF THE KKENORMODIES ANDVASSKIS

Severeltheorieshavebeenproposedto accountforthe

foreationof theLlikkonorebodiesas we see theetoday.The earliest

of thesewas J. N. L. Vogt'stheoryof formationas injectionsof

magmaticsulphidesderivedfromthegabbromageaof thearea,

G. W. Cerstenstproposedthattheoreswereforeedas hydrothermal

replacementsot thegreenstonss.In 1944ho describeda pillos-

structurefroethelikkenøre whichhe clisimedWis 8 relictstructure

fromtheoriginalpillowof thelavaflow.

7. Strandhesreportedseeingsimilerstructuresin theore

withoutbeingconvincedthattheyreallyrepresentedrelictpillows.

In viewof thepositionof theore abovothe sedimentaryvasskiswith

thegreatestthicknessof ore coincidingwiththemaximumcurvaturs

of ths folds,ho thinksthatthepossibilitycennotbo excludedthat

theore, forthegreaterpart,is intrusive,in thesensethatthe

sulphidesweredepositedin spacesoptivanbotweenthevasskisand the

massivegreenstone.The primaryoriginof themassivepyrIteis still

in doubt.

However,beforeany theorycanbo accopteditmust satisfy

soveralpointsof geologica1•videncs,

1) The associationof massivelpyr1tedeposits,

throughoutNorway,withthevolcanicswhichhavs

beenmetamorphosedto å greateror lesser•xtent.
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il) The conformableattitadsof thao‘abuirleatv the

surroundIngcountryrocks.

III) The lackof any informatIveprImarystructures

preservedwIthIntheorabodtes.

tv) The syngeneticnatureof thevasekisandits

connectIonwiththtorehodies.

v) presenceof thethrustplaneattlikken.

If we canimaginea basaltmagmadifferentiatIngto produc•

theasseMblageof rocetypetthatis foundat tøkken- basalts,

thelelit•hasalts,spIlItesetc.,thenIt Is wellknownthatthe

latshydrothermalandpegmatitIcstagesleadreactlytomono-

mtnerallccrystalltzationproducts.In manycaseshydromagmatic

dIfferentlationof basalticnagmahas led tc theconcentratIonof

majorconstituentsof rocks,$uchas Iron,mangenese,titaniumand

calciumand slItca.Allof theseelementswouldformoxIdesand soms

of themsulphidet,providedthatsulphur as avellable.Alsoths

rarermstallicelemantssuchas copper,silver,and9oldmay be concøn-

trated.SuchdeposItshavsbaensubdividedintoomy,sialepho,and

mativemøteldepostts(s.9.Ktruna- Fø,Telness- Ti,Michigan

natIvacoppørandCanadlan9olddsposIts).

Duzingthlsprocessof differentlatIoni portionof the

volatilefractionmay escapeand formreplacementdeposits,or is

shidintothøoceanas submarins•chalstIonsandleadsto •mhalatIva

sedimantarydepositssuthas thiaKupførschisferandCopperbalt.In
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thisway it ismostprobablethatthevasskiswouldhavebeen

prodUcod.Ironandminor•lementssuchas copperweresxhaledinto

thsseaWhere,due tobacterialactionin producinghydroginsulphido,

pyritewas precipitatedon theseabed as s sediment.Duringthesame

process,whilstconditionsmørecalmsr,theshals•ssociatedwith ths

vasskiswouldalsobe deposited.The pyritewouldbs precipitatedas

finedustbutmotamorphiseandcompactionwouldloadto thers—

crystallizstionof thepyriteintothebandingseenat thepresenttims.

Aftersevoralvasskishorizonsanda considsrablethicknossof

volcanicflows,manysUbmarineas indicatedby pillows,wer,formed,

thediffsrontietedpyritehydromsgmewas intrudødat dopth,moreor

less,in the formof a sillintothopileof volcaniclaveflows,

conformableor norly sowiththevasskishorizons.Thsøxactconform—

ble naturecannotreadilybe dsterminedas theonlydefinablestrati—

gr•phichorizensars thevasskis,whichare notalwayscloseto thsors

and cannotbe followedunderground,foranydistance.The pyrite

hydromagmaalthoughat i hightemperatursproducedlittlemetamorphic

affecton the surroundingrocksas thøyarepredominantlybosicand

stableat high tempøratures,muchin thesamsway as thegabbroalso

falledto produce• metamorphicaursolø.The imprognationore was

formodsimplyby themorevolatilsconstituentsandlaterproducts

invadingthe countryrockscloseto theors. Thiswouldaccountfor

thsquartzbandsandpyriterichin chalcopyrite.Muchof thequartz

is stainedredwithironproducingjasper.Carbondioxideassociated

withthe intrusionhas resultedincarbonatizationof thesurrounding
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meta-volcan1cs. After the formation of the orebody the area was

sUbjected to folding, during whith the orsbody was foldid to produce

the small folds, men in the s•ctions in Figure 12, on the 11mb of ths

large syncline.

Towards the end of the folding the gehbro was intruded neer

the ore. The ore and gebbro being more competent than the volcanics

focused the st  so that planss of weakness were developed at


their contect with the volcanics, and hence the thrust formed along

their contacts bringing the ore and gabbro closer together.

Prolonged metamorphism in the greenschist faciss of regional

mstemorphism has destroyed th• original mineralo9y of the volcanics

producing the 'greenstones' but has had little effect on the ore.

This is clear from the primary textures, (I.e. banding) still dis-

played in the vasskis.

A late flexurs of the existing folds has resulted in the

present attitude of the orebodies as seen at Dragsst, 1.1(kken, and

Hglidel, and although the orebodies may not be connected by thIck

ore horizons they are most probably of the same origin. It is signi-

ficant that the Ldicklin and Héidal orebodies ere connected by a vesskis

horizon. No connection has bilen established between 14kktre ore-

bodies and the Dragset orebody.
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EvIdence for and a ainst other_possIble modes of format1on.

1) SedImentary 


The most favourable piece of •v1dence for • sedImentary

formatIon is the conformible nature of the orebod1es wIth the

vasskis and surrounding spIlIte flows. flowever, the methods of

derposItIon of such a çuantity of almost pure pyr1te connot be

Immag1ned. BacterIal actIon reg4u1red to produce suffIcIent R2S to

precIpItate to much pyr1te is out of ths cuestIon as the carbon

content of the ore would be consIderable. Aloo one would expect

sedImentary structures such as layerIng to be present and to have

survived the metemorphIsm as has the vasskIs. It 1s not possIble

for molten pyrite, in any state, to be extruded onto the sea bed, dus

to the high temperatures and the presence of oxygen at the earthes

surface.

Therefore it would seem that 4 sedimentary formatIon was not

possIble.

R lacement of the metavolcanlcs

Uarstens claimed to have seen relict pillow structuris of

lava replaced by pyr1te. Strand reported slmilar structures but

was not convInced Chat Vhey were relict pillows. Unfortunstely,

such structures have now been mined and further examination is not

possIble.

The main objections to a replacement orIgIn are the

conformable nature of the ores, (It has been suggested that replacement
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ighttakeplacirslonga horizonof lavathemicallyfavourable

forreplacement,but thsreis no rvidenceh)rthisbeingthecass

and,in generalthelavaflowmatLgikkenarethemicallyvery

similar).The absenceof relictpatthesof countryrockandgrada—

tionalcontacts1s alsosignificant,slthoughthsimpregnationore

mightbe takenas evidancsforreplacementon a localscale. Ib

videnceof a replacementoriginwas seenin thepolishedsactions

examinod.

Evidencefora replacementoriginis largelylacking,but

thisin itselfcannotexcludethepossibilityof suchan origin.
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APPENDIXI


AlthoughtheelnerelogicalcomposItIonof themassIve

pyr1teore,at 14kken,1sverysimple,thschemicalcomposItIon

is complex.The fellowIngmay be takenas a typIca1analysist

Solphur

Iron 38.0%

Insolubles 14.3%(mainlymmartz)

Copper 2.3%

Une 1.8%

Manginese 3.00%

Cobalt 0.07%

Arssnic 0.05%

Lead 0.02%

Cadelum 0.01%

S•lsnium 0.007%

N1ckel 0.001%

SIlver 169titon

Gold 0.29r/ton

Theivasskisisof veriablechemIcalcompos1t1on,ths

sulphurmtntentbe1ngmostoftenbetween23 and40$,andonly

occasIormllyrisingover40-45$. As slreadymentioned,the copper

ønd zintcontentof thevasskis1s normallyextremelylow to absent

and thetraceelementcontentvar1esmarkedlyfromthatof the



maselveore, notablyselenlumhes notheen found1n thevasskts.

A comparisonof themostcontrastIngtrac••lements1n thevesskis

andmassIv•ore 1s glvenbelow.

Foursamples,two fromVheore and two fromdifferentvesskte,

horlsonswereanalysedspectrographIcaillysnd fourtrace•lementswere

foundto contrastmostmarkedlybetweentheore andvssskls.Thes.

weremickel,chromlum,silverandtItanlum.




MessIveore




yesskls

Spectmen 139 125 72 184

NIckel Tract absent 750 700

Chromlum — — 150 330

511ver 330 250 — 100

TItentum 50 100 1000 1000

ws The samplesconststedof crushiadore,IncludIng

gangueand samplesfromthepyrIterichlayers

In thevesskisshale,butmusthaveIncludedsomie

of the shale.
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APPENDIXII


Listof thinand lishedsectionsreferredto in thetext

a). ThinSections

SpecimenNo. SectionNo, Location Desc ri ptiom

1

6

24


33

30382

28303


28334


28306

Entranceto Wallenberg

shaft.

RoadcuttinginBjjrnly

Northof 8jfirnlivann

Southof Bjjrnli

Pillowlava

Spilite

Quartzkeratophyre
43 28307 ":" Dalatjern Metagabbro
45 28308 Northof Quertzkerstophyre
75 28310 Vasskisoutcrop,Llikken Spiliteor dyke
76 28311 7m.abovevasskiso/c. Spilite
77

78

28312


28313

fl5m."

1.5m." fl

79 28314 0.5m." Pillowlava
9811 28315 Westshoreof BjØrnlivann Metagabbro
101 28316 Level481 •

117 28317 Level720 Vasskisshale
withdiseminatedpy.

128 28318 Level430abovethrust Spiliteor





Shearedgabbro
137 28319 Level463aboveore Spilite
145 28320 Level481 Dykeinmetagabbro
149 28321




154 28322 Level933 Vasskis
172 28323 • Spilite
174 28324 •




185 28325 Level810 Vesskit
190 28326 Level930 foot—wall




contactwithore
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SpectT!enNo.Section No. Locstion

Level930 foot—well

contactwithore

Description

19428327
Spilito

196 28329 Lovel720 abevevasskis Pillowlava

197 28330 •below Mossivespilite

198 28331 Level481 Motagabbro

202 28332




Pillonlasm

208 28333 VasskisoutcropLiikkon Vesicularlava
209 28334




Porphyriticspilito

211 28335 • Spilite

212 28336 Entrencstominietunnol,
Liikken Pillowlava

215 28339 S.E.of 8jjrnlivenn Brokenpillowleva

b). P lishedSections




SpecimenNo. Location

Vasskisoutcrop,Llikken

••

Description

72


72

Massivopyriteinvasskis

Bandsdpyritefromvasskls

l25 Level932,neworebody Ore
135 Level430




&39 Level464




153 Level930 liandødpyritofromvasskis
182 Level750 Networkof pyritofrom

vasskis
184 Level810 Finepyxitobands
187 Level930,noworebody Ors

191 III•III •

216 BelowviaductinLøkken Magnetitsrichvasskis
LN-1 Hot recordod Ore
LN-2
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