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EREFACE.

Duringtheaummerof 1966-67a teamof uniergraduategeologiets

framImperialCollegewaa invitedby theresidentminingcampapyat

Lokken,to investigatethegeologyin an areaenclosingthemine.

The teemcmprisedMr.B.B.Rutter,Mr.G.M.Kershawandmyself,andwas

guidedbothin thefieldand laterat Imperia.1Collegeby Dr.W.Skiba.

Looalassistancein thefieldwasprovidedby theminingcompany.

In all,sixweekswereepenton locationin thefieldandfollcwedup

by a yearaworkin thelaboratory.

The finalscriptwas aubmittedinMay,1967as partofmy final

B.Sc.year'samrk.

JohnMay
ImpørialCollege

April1967.
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THEFROBLEN


The Lokken area of Norway includesan extensivebelt of meta-

morphicrockswhich have been classifiedunder the generalname of

greenachiate. In additionto the metamorphicrocks it has lateZy

been establishedthat this belt ie also an extensivebelt of mineral-

isationof the massive sulphidetype. The generalproblemwas there-

fore to investigatein more detail the nature, originand econcmic

aspettsof theeerocks. In orderto do this the problemwas approached

in 3 ways, frcm a chemical-petrologicalview, fram a structuralview

and frcm an econanicview. Thesewere thenmade the subjectof the 3

theees submitted.

Fricmthe point of view of thiereport the rocksprovideda class-

ical exampleof greenschistmetamorphimnand ao providea chancefor a

more detailedetudypetrologicallyof thatparticularfaciesof meta-

morphien. In order to acheivethat aim however,it was thoughtthat

an extensivedetalledchemicalsurveyshouldbe carriedout sincethis

would give scme insightinto the chemicalcontrolaoperativeduring the

procese of metamorphiem. Also the chemistrywas thoughtto be the

most useful tool in evaluatingthe originalcharacterof the rocks

since the classicalpetrologicaltechniqueswere found to tc of sane-

what limiteduse.

A problem,which was not envisagedwhen the projectwas commenced

is also to be found in the Lokkenarea since it providesan area class-

ical, almost,for the study of a auiteof rocks termedspilites.
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The aboverepreeentto sameextentthetheoreticalproblemsto

be foundat Lokkenbutperhapstheproblemwhichmay shedmostlight

on all of theseis thefieldproblem,simplystatedas,howdoesane

map in thefieldan extensiveoutoropof seemingly"manotonousvarlable"

rocks. If thisreportcando a littleto shedlightontothiaaspeot

thena stepforwardhasbeenmade.
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3.

THE AREA


The area chosenfor studyis same seventykilometressouthwest

of Trondheimin the countyof Sor Trondlag. The small sketChmap fig.

ie includedto show the locationol the area. The area is marginally

terminatedin the west by the Orbla River valleywhich runs rough),Y

north-south. The valley occupiedby the townahipof LokkenVerk was

used to define the easternmargin of the area. The sauthernboundary

was arbitrarilyfixedby the geologicaloccurrenceof a contrasting

rock group,the Hovin Group (see latermap and stratigraphicsuccession).

The chief objectwas to map the greenstonearea and ao the mapping

ceased at the southernextentof that group. The northernextentof

the mapping is somewhatless well defined sincethe objectof the ex-

cercisewas to map as far north as possiblein the time avallable.

To same extent themining helped this choice since theywere in poss-

esaion of aeromagreticmaps of thie area and auggestedthat a geological

map of the same area be made.

At a laterdate, however,it was foundnecessaryto severely

reduce the size of the area to be coveredin detail since the nature

of the complexitieswhich subsequentlyarosedid not permit the expan-

sion of the detailedwork as was first envisaged.

The laboratorywork is in fact confinedto merely one complete


etrike sectionbut from this,much detailedknowledgehas been derived.

The field area definedabovewill subsequentlybe termedthe

Lokken area.

The topographyof the area is best des.ribedas a peneplaned
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surface,theaverageelevationbeingaboutthreehundredmetrea.

The topographyahowslittlesigeof oontrolby eitheretructureor

ancientgeologyandis duemalnlyto theeffectaof thelastglacial

period,wlthsomedirectsuperficialminingeffectse.g.thefissures

openedundettheskijumpdue todirectminingat depthbeloe.

The areais extensivelywocdedin thenorthby tallpineforeut

andhas thickmossyvegetationunderfoot.The lowerareasarecovered

by openbog areaswhichtakentogetherwiththethickmoss øerveto

substantiallyreducetheareaof exposurebothinwoodandclearing.

The greatestdieadvantagpwithrespectto exposureis thetotal

lackof continuityalongthestrike.Thustheexposuresarefrequently

isolatedandconnectionwithanyotheris extremelydifficult.This

hasbeenonm of thefundamentaldrawbacks,in earlierattempts,to

map thearea.

Apartfromroadandriverexposures,thetypicaltypeof exposure

is usuallya wellweatheredsurfacein thewood,roundedor nearlyso

in curvatureand on whichit is extremelydifficultto obtainfield

readingeandinformation.In extnmnecasesit was evendifficultto

obtainfreehsamplesnotwithstandingtheuse of a slolgehammer.

For thesereasoustheareaservesas a typicalexampleof theinestimable

valueof prcliminaryreconnaissancewerk. The key,wellexposedparts,

weredeterminedand tho fieldworkcentredupontheseinsteadof time

beingwaatedin almlesswanderingsin denselywoodedareas(thelatter

sometimesfounda desirablepleasurehowever).It wouldbe aswellto



5.

statehere that a reasonablysoundlybased prior assumptionhad been

made, thatwas of an east-westor nearly east-weetstrike. The recon-

naissancework was then based an this. Thia assumptionwas provedby

laterwork to be more or leas substautiallycorrect.

Nowherewas the nature of the terrainsuch as to make it inaccess-

ible, but the work in the wooded north of the area was in places found

most difficultto wnrk in. This was due mainXy to lack of land marks

and bad compasanavigetion(due to the largepyrite load bensath!).

Sane assistancewas providedby the mining companyand a swift sarvey

of the area was made. No pretenceis made that thiswas as extensive

as work in the southwhere a greatdeal of the actualfieldwork was

concentrated.

Maps of the area (topographic)are in existencebut theeewere

tound unaatisfactoryeven after enlargementfor mappingpurposes.

The mappingwas thereforecarriedout on aerialphotogranhsscale 1:15000.

Subsequentlya map has been constructedfrca them. The inaccuracies

of such a constructedmap are well appreciatedbut comparedwith the

use of such a map to this reportit is felt that they are entireZy

adeq4ate.
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PREVIOUSWORKGN THEAREA

Theminehasbeenestablishedsince1654andin thecircumstancee

theamountof previousworkis voluminousand someestablishedfacts

havebecomeacceptedwithrespectto theoreand the sumwmding rocks.

It is not theultimatepurposeof thisreporttoreviewtheprevious

work and conolusionsbut thebriefrecordgivenbelowis usefulfor

reference.

Theminehasnumerousaeramagneticandelectranagneticmapsof

theareaand sameof thesthavebeeninterpretedgeologicallybut

othersstillranainunintexpreted.In generalthesemethodshavebeen

mostusewheaappliedtoareasveryclosetoknownore or knowngeolo-

gicalfeaturessuchas vaskiesand gabbro.

A numberof unpubliahedreportshavebeenwrittenon thearea

andProf.T.Strandhasproducedan unfinishedmap. Mostof thework

however,it notall is recordedin Norwegianso thatalmostnothing

has beenproducedinEnalish.

It maybe notedthatMessrs.Chadwick,Blake,RawlingaandBeewick

of ImperialCollegeworkedon an areaoverto theeastbutverylittle

of theworkis directlyapplicableto thisreport.
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LABORATORILliTHQDSUSSD

Mineralsin this sectionwere determinedby teferenceto Kerr (1959)

Micrometricanalysiswere made with the SwiftAutomaticpoint count

with a totalnumberof pointeper sectionbeing approximatelyone

thousand. The accuracyis approximately0.290.

Geochemicalwork was carriedout ae follows. The rock samplesware
c..“)k:t-

crushed (handhaamerand mechanicalcrusher)sievedand stesmalin

two bottles.

For strontiumdeterminationson feldepar,the eampleswere washed\

to rernovethe "fines",dried and the ferramagnesiansseparatedby the

Frants Isodynamicseparator. Furifiedfeldsparsand yttrium standard

were mixed,pelletedand scannedin the range 0.4.5A0.73A on the x-reY

fluorescencespectrometer.For minor elementsnickeland chromium

the crushedsampleswere mixed in anodeswith atpalladium-carbonmix

and burnt on the opticalspectrograph(classica).methad). Determina-

tions were made by photographicalZyrecordingthe resulteon Kodak

glass plates and canparisonwith an includedinternalstandardW-1

(to be found an plate 3).

Major elementanalysiswas then carriedout on the same samples

in the follcmdrigways.

Calcium,magnesium,total iran (Fe203)and manganesewere deter-

mined using apprcpriatedilutedsolutiansand standardsolutionson the

Unicorn Mars AbsorptionSpectrameter.

Sodiumand potassiumwere detenninedin the classicalwsy of the

flame photameter.
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Phosphorusand titaniumweredeterminedan theUnicornspectraketer

usingtheappropriatelightsourceandfourcentimetre

In all seventeensampleswereanaZysedfor theaboVemajorand

traceelements(minor).Onlya selectedeightof these'sampinswere

howeveranalysedfor silicon(Si02)sincethetimefordetermiMagon

was prohibitive.It ie worthnotingherethattheuse of,rapidanalysis

techniqueswas neverconsideredsinceaccuracywas themainpurposeof

theexereiseandthennallvariationsneededwhendealingwitha lim-,

itedrangeof rockscanbe lostwithinthemethodlimits.Aluxainium

was notdeterminedbutwas obtainedby differencebut thealuminium

figureshavenotbeenusedin anydeterminations.Lossan ignition

(1120,002)was obtainedfor theeightsamplesforwhichSi02was ob-

tainedin orderthattheAl20 migntapproachthetruevalue.

The accuracyof theresultsis difficulttoasseasbut it is huped

it iswithinthenarrowerlimitspossible.Ca,Mg Pe203andMa results

were obtainedtwiceto checktheaccuracy.
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THEACTUALFIEIDPROBLEMS

In thissectiona briefreviewof theproblemswhicharosein the

fieldwillbe deacribedand in somecasesthemethodof overcomingthem

willbe stated.Someof theproblemaaremorefundamentalto thethesis

and solutionsto themaxe consideredin latersections.

The initialproblemof exposurehas alreadybeenstatedandso

littletimewillbe spenthereon it. The lackofwoodexposureand

thenatureof it whenfoundwas a decideddisadvantagein fieldco-

rrelation.Manyattemptaof fieIdatrikecorrelationweremadeand

thesewerefoundmostsuccesafulin thesouthwheretheareawas same-

whatdissectedby valleysalongthestrikeandgeneralexposurewas

better. Extenaionalongthe strikewas hereachievedfor about500m

but againfrustrationwas theendproductwhenboglandtooktheplace

of goodexposure.In thenorthevensuchcorrelatienwas impossible

and so thefieldmappingis samewhatisolatedexpoeuremapping.This

placesgreatemphasison latercomparisonof handspecimensfor this

was abouttheonlywey of overoaringthescatteredoutcrops.

Structuralworkin theareais aleoextremelydifficultdue to

thenaturtof exposureand lackof a substantiallygcodthreedimen-

sionalsurfacein whichto work. The structureof the areawas atten-

t4allyworkedon byMr.E.H.Rutterbut a ahortsheplifiedsummaryie

previdedlaterandit is hopedthatit is adequatefor thepurposes

of thisreport.

The fieldattackwas fairlysimple,prejimioaryreconnaissance

workwas carriedoutand thewellexposedareaslocatedandtheareas
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of lesaexposuremarkedout. Thewellexposedsectionswerethenex-

tremelyextensivelymorkedandthemostadvantagetaken. Mostof the

structuraldetailis derivedfromthem. In tfliaway a detailedfield

akeletonwas constructedand thebo/ of thesystemwas thenayatem-

aticallyfilledin by traverseacrosstheareas.The questionof cor-

relationbetweenthe skeletonpartsriseshoweverandherethegeolo-

gistmustplacegreatfaithin hisfieldwork.

The areawas quicklydividedup an thebasisof threewelldefined

rocktypeaalreadylongestablished- gabbro,felsite(a generalfield

term)andgreenstone(formingextensiveareas).To mapwithrespect

to theserocktypesonlyis not essentiallydifficultandcanbe achieved

with a fairdegreeof accuracy.Thelargestproblemis howeverthe

extensiveautcropof rockwhichhasalwayspreviouslybeentermedgreenm-

stone. Samecriterionfor subdiviaionof ttisrocktypewas theChief

aim of thiswerk. Variouspreviousattemptsat thisaimhavebeen

made but it is hgpedthatas a resultsameworkabledifferenceswith

a soundseientificbasiswillbe ereeted.

In thefieldthegreenstonesareproblematicrocks,theycanbe

distinguishedframthegabbrousuallywithdistinoteasebut times

arisewhenthisbecomesextremelydifficult.Itmustbe pointedout

howeverthatonlylackof exposureIntroducesacepticiemin theposi-

tionof thegabbrobourdarieswithrespectto thehoatgreenatone.

The felsitescanmergeintogreenstonebut theacceptedprevioualy

namedrocktype- felwite- is a clearlydefinedfieldrockforLokken.

It is suggestedthatthetermfelaiticgreenataneahouldnotbe used.
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To returnto thegreenttonesthemeelvee,theyrangpin colour

framall ahade::of greentodarkgreysandcolourwas foundno useful

indicator.In thepaattherockshavebeenmappedan lightanddark

greenstoneas a basisbut thereis a campletegradationbetweenthese

twoin thefieldand subsequentworkhas thownthisto be no valid

criteriorformappingaa & scientifiobaalsaa twoessentiallydiffer-

entrockecanhavetheammecolour.Variabilityin grainaiseandS.G.

wereallphysicalpropertiesuneablein thefieldfordivision.

Takingallthesevariablephysicalcharactersintoaccountthe

rockain apygivencontinuoussequencecouldbe dividedup by sameor

all of thecharacters.It is now theaim of thisworktoput this

fielddivisionon a acientificbatiaworkableif possiblethroughout

thearea.
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GEOMOPPEOLOGICC THE LOKKENAREA

As previouslystatedtheareais bestdesoribedas a peneplaned

surfacetheelevationbeingon averageaboutthreehundredmetres.

The areahas sufferedglacialactionandahowssaneclassicalfeatures

of glacial.gecmorphology.The twovalleysthemselves,occupiedby the

riverOrblaandLokkenVerkitaelfareexamplesof U shapedvalleyswith

flatbottcms(nowusedas arableland)andextremelysteepsides,sane-

timesapproachingtheverticalalmost.Hangingvalleysareanother

glacial featuretobe foundin boththesevalleys.

Thevalleybottamsthemselvesarecoveredwithalluviumandit is

clearfrcmthewellformedriverterracesthattherehaNtbeenseveral

distinctperiodaofupliftof tbelandcausingtheriverOrblato cut

down intopreviousriverterraces.

The abovelargescalefeaturescanalsobe matchaiwithmnaller

featuressuchas glacialstriaetobe foundon thefresherglacialsurfaces.

Glacialerraticmaterialis samewhatlimitedin itsextentand

mostrockexposurescanbe takenas in situexposure.In generalthe

highestfeaturesarefcamedof thegreenstone,whilatthelowerlying

flatterboglandaregeneralIyfoundas gabbro.Thisis somuch tbe

casethatorwmighteasilymap thegabbromasseson vegetationalone.
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SUMMARYOF THECEOLOCYOF CEETRALNORWAY

The geologyof centralNorwaycanbe dividedinto3 broadgroups

of rocks; theCaledonianor basalgneiss,theEocambrianspragmites

and theHovin,StorenandRorosgroups. Lokkenliesin theStortn

groupof rocksandis aurroundedby HovinandRorosrockswithbasal

gneissandEocaabrianto thenorth-eastand south-east.

The Caledonlan iss

TheCaledonianor basalgnelesas thenameindicatesis thelowat

groupof rocksin thestructuralsequencoandprobablyalsotheoldeat

groupin the stratigraphiocoluan.Thegneissis overlainby Eocambrian

rooksand theHovin,StorenandRorosgroupsof rock.

In essencetheCaledoniangneissof centralNorw-lyisvarystailaw

to theArcheangneissfoundin SENorwey. It is thougbjthatthegneies

consistsofPre Cambrianrockethichhavebeenhighlymetamorphosed

and tectonicalLyintercalatedwithEocambrianandCambro-Silurianrocks.

Euchhasbeenthe,tectonictransformationof thegneissthatanypossible

angulardiscontermitywhichmay havebeenpresentbetweentheameiss

andrambro-Silurianrocksef theTrondheimregionhasbeencompletely

obliterated.

Eorambrian ara ites

TheEocambrianrockscamposewhatis knownas thesparagaite

duccession,ariqinaliya termusedtodescritea metamorphosedfeldspathic

aandstonebutnow includesa widerangeof rocktypez; sanastons;shale;

limestoneandconglomerate(thesparagmiteoonglomerateshavebeenin-

terpretedas formerlybeinga glacia).tillite).
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The sparagnitesare essentiallya sedimentarysuccessionandare

stratigraphicallyolderthanthefossiliferousCambro-Silurian.

Eocambrianisusedto indicatethecloseassociationbetweenthetrue

sparagmitesand thefoseilbearingcambrianrocks,althoughit ismoat

probablethattheformationextendsintothePreCambrian.

The Upperpartof theEocambriansuccessionis theequivalentof

theScottishDalradianrocks.

The aparagmitesuccessionis fairZyextensiveandextendeto the

eastintoSwedenwhere it is foumdto be mineralisedalthoughno deposlts

havebeenfoundinNorway.

In thenorththeEocambrianis tectonicallyoverlainby Cambro-

Silurianrocksanditselfoverliesthebasalgneiss.Intrusivesare

not corn in theaparagmitesuccession.

HovinStorenRoresRocks

RunningsoutheastthroughTrondheimandLokkenis & broaddepres-

sionin whichmetamorphosedCambro-Silurianrockshaveescapederoalcm.

The threegroupsof rocks,theHovin.Storen,andRoros,havebeen

datedSilurian- MlddleOrdovician,LowerOrdovician- Cambrian,and

BasalOrdovician- Cambrianrespectively,It hashoweverbeenfound

thatthehiLtertherocksarein thestructuralsucoessionthelower

is the gradeof metamorphism.Thuatherocksin thecentreof the

synclinoriumarehardlymetamorphosedwhilstat thebaseof thesucces-

sionjustabovetheCaledonlangpeiesgarnetgradeoccurs.Therocke

of theHovin,Storen,andRorosgroupsaremainlymeta-argillitesal-

thoughmetavolcanicsarecommonin theStorengroupwheretheyarere-
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presentedas greenstonesafterbeingmetamorphosedto thegreenschist

faciesgrade. IntrudedintotheStorengrouparemassesof gnbbrowhilst

locallytherearelargeintrusivebodiesof trondjemite(a typeof

granodiarite).

The GeneralStrati hic succession oundLokk

HOVINGROUP
Laser-middle
Ordovician

Nyplassen


Rjeldheim

Beds:
metmaorphosedshales

sandstones

Boda:
metamorphosedshalea

sandatanes
limestones

PjeldhelatConglaserate
(absentin areamapped)

unconformity

STOIaNGROUP
Middle-upper Mainlymetamerphosedbasiovnlcanicswith
Oambrian gabbro,feleite,baslcdykes.

possibleunconformity

RCPCZMOUP Chloriteschists
Pre Cambrian Garhansohists.
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WNEFAL CEOLOGIOF ThELOKKENAREA

The Lckkenareais situatedin an extensivebeltof greenschist

metamorphicrockabestdescribedazmotavolcanics.In theareathe

gradeof metamorphiemhasreachedthegreensehistfaciesepidote-

albite- chlorite.Nowhereis schistocitywelldevelopedand ao the

rocksjustifythelocaltermstoneratherthanachist.

The rocksmappedwereallbelongingto theStorengroupalthough

thesedimentarymemberof thestratigraphicallyhigherHovingrowpwas

usedas thesouthernboundary.

The Storengroupin theareamappedconsiatedof a pileofmeta-

volcanieswithverylittlesedimentarymaterialpresentordiscernibla.

Includedin thepileare gparodiclensof jasperoidrockeand theblack

sedimentaryshalorichin pyrite(locallyknownas vaskiss)but these

arerestrictedto a fewisolatedocclurences.

The Storengroupwaa criginalZynamedby Kjerulf1£75andareof

uppermostCambrienin age. Vogt1)45suggesteda generaloorrelatian

with theArenigianBallantraevolcanicrocksof theSouthernUplands

of Sectland.

In thesynclineto the souththeHovinGroupweretracedand this

althoughmetanorphosedwas a dietinctband. No tracecouldbe found

howeverof thelowermostFjeldheimconglamerateandit mustbe cana

sideredabsentin thisarea. Thishasbeenstatedby Blake,Chadwick,

PawlingnandBeswickrho alsofcundtheconglameratetobe impersistent.

The Storenmetavoleanicsarecutby at leastthreeseparateintrus-

ivephases. Themajorof theseis a periodofemplacementofextensive
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laccolithsof gabbrowhich are croascuttingto the pile of meta -

volcanicsbut must themselvesbe regardedas meta gabbro. A smaller

phase of intrusiveactivityis representedby the acid feleiteswhidh

unlike the meta gabbroseem to be aill like and more canformablewith

the meta volcanics.

The structureof the area ahawstwo rlearphases of foldingan

roughlynorth-southand eaat-westaxes so as to form a basin type struc-

ture rentringaboutLekken. The earlierE-W foldingis assymetrical

with a steepnorthernlikb and a shallowerdipping southernlimb. In

places the narthernlimb tenda to be verticalto overturnsd.Prom

pillow lava eposures no certaintyaboutway up couldbe deduced and

so, littlevalue can be placed an ups exreptwhere the exposureis


very good. The generalplungp af the area is to the west but thismust

change to the west of the Orbla river sincteast plungeswere observed

there. This variancein plunge givesriseto the secondphase of folding

and givesrise to the basin effect.

Deformatianin the area is generallyvery slightand pillowsahow

no signs of large smountsof defarmationand in the south they Show al-

most none at all. Schistocityis not developedat all in the rocks ex-

cept for rocks at the contactwith the acid felsites,but this is not a

regionaleffect. (Schistocityhere has been used tomean & cleavage).

The area is not adaptablefor the locatianof faultabut there

would seem to be at least two prominantfaultdirections,ane north-

south, the othereast~est. The faultaare best pickedup on the surface

when mapping the cantrastingfelsitesbut in the mine workingsthe
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gabbroandgreenstanealsoShowextensivefaultingbut thesearenot

discerniblean thesurface.Thethrowan thefaultsis extremelydif-

ficultto estimatebut theevidenceis thatsamemajorfaultsmainly

an a narth-southtrendcutthearea.

The centralstructureof theareamainlybecauseof itseconanic

aapectis a majorthrustwhichalsorunsroughlynorth-southbutseen-

inglybmniiiNgto thewestin thesouth. The surfaceewidenceforthis

thrustis extremelyvagueandit canonlybe seenin threeexposures

but it has beenmoreexactlymappedfromthemåmeworkingswhereit

frequentZyoutcrops,andalsoframsamedamfoundations.Themovement

an thethrustis framthenorth. A new anallerthrustslicewasmapped

for thefirsttime. Fram themineworkingpthethrustplaneplunges

to thewestat Sbout20°,andinmåme plansshowsno signsof being

folded,but in factthethrustplanehasbeenfoldedtwice. Theplungp

howeveris uniformin themineat 20°. Minorstructuresacccmpanying

the thrustarevisibledowntheminebut agy at anesurfacelocality

was anyminorstructureseentobe associatedwiththethrust,this

was in theformof a anallfoldedquartzvein.

Includedin thegreenstoneare twominormembers,thejasperoid

lensesanda sedimentaryshalelocallyas vaskiss.The jagperold

rocksarea contrastingred in colourandextensivelyepidoticveined.

They are pparodicin occurrenceandno predictabilityabouttheirwhere-

aboutscanbe deducedin thefield. Theyseemto turnup in apparently

extensivegreenstoneareas. A laterdescriptionis provided.

Thevaskisais a blackahalebandcanformableto thegeneralstrike
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of themetavolcanice.It ie richin pyritebutusuallythinand

weatheredout. TheminingcanpapyhavesufficientZydefinedthevaskiss

by physicalsurveysto enablethamto acourateZylocateit in bineholes.

Againa laterdescriptionis provided.

Theeelattertwohorisonsare includedwithintheSOorengroup

thevaskissrightlyso,but so littleis knownåbouttheoriginof the

jaaperoidrocksthatanyfurtherconclusionsarebeymndthescopeof

thiswork.

At thispointscmementionmustbemadeof theactualorebody.

It is in theformof a lensoidmassplunginguniformlyto theweetat

approximately90 (almostparallelto thethrust).It is seemingZY

conformableto thevaskissandso to thegreenstonesinwhich it is

found. It is in theformofmassivepyrite(70- 75%pyrite). It has

beendeformedby thefoldingand is a highlyconcentratedmaseand

littlediffuseintothecountryrockexceptfora smallbandof localZy

knownimpregnationore. Varioushypotheséshavebeenput forwardfor

its originandagainit is beyondthescopeof thiswork to further

thatalmin anywsy at all otherthanprovidingfurtherknowledge

aboutthegreenstonesin whichit is found.For detailedwork on

the ortthewmrk ofMr.G.M.Kershawis important.
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IllE META-GABBRO

Themeta-gabbrowasrepresentedby Carstensas beingpresentin

threemassesand thesewill mibseguentlybe knownas theBjernlwand

mass (themostnortherlyoccurrenceofmeta-gabbro),thePagerlwand

mass and themainmeta-gabbromass.

TheBjernlwardmaseoccursto thenorthof theLakeBjernliand

was mappedas suchby Carstens1951.In thefieldonlya guickreview

of thismasswas made,theaimbeingto checkitsactualpositionon

themap. In thisaimassistanceby Mr.Sagvoldwas foundinvaluable

sincehis knowledgeof localterrainwas foundromarkable.

TheFagerlwandmeta-gabbrowasestablishedas beinga thrust

boundedmass,beingboundedby themainthruston itseasternmargin

and havinga thrustaliceas a westernmargin. Thesetwothrustspinch

togetherin thenorthand southformingan eflipsoidalmassof gabbro.

It is exposedon themarginof Bjernberandwhereit is pegnalitically

developed.It is furtherexposedas a maceto thenorthofFagerlwand.

Themainmeta-gabbromass isby far thelargestdevelopmentof

meta-gabbroin theareaand itslocatianwasmappedindetail. The

boundariesareby nomeansexactsinceexposuresof actualcantact

or nearcontactrocksis poor,theactualcantactbeingseenin three

placescmly.

Prcmall appearancesthesemeta-gabbrosareintimateiyconnected

and as a resultof fieldworkandlaterthinsectionworkno distinction

couldbe madebetweenanyof them. It ismoreprobablethattheywere

enzplacedas onemasefromthesamesourceand theirpresentseemingly
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disconnectedpositioncouldbe theresultof thrustingandfaulting.

Meta-gabbrois not limitedto thisareabut occursto theeast

near Itaidalanddirectlyto thewestof theOrbla. Therelationship

with themeta-gabbroto thewestof theOrblais oneofmuch interest

sincethegibbrocanbe tracedalmostup to theriverbut an crossing

the riverthemarginalautcropbecomesmuchlarger.Theposaibility

of a faultexistingalangthatpartof theOrblamustnotbe excluded,

but in a surveymadeto thenorthwlthMr.Rutterna displacementof

themica schistrockacouldbe found,(anortherlymarkerhorizonoff

the actualmap). An alternativeexplanationcouldbe thatthemain

metam.gabbromassismoreextensiveto thesouthwestand to someextent

thisMAy be trueaincegabbroicrocktypeswerefoundin thatregion.

If thiswert so thenit wouldtransformthemain gabbromaasintoa

sizemoreakinto itsextremelyclosewesteriyneighbour,itmerely

thenhavingbeenfaultedanddisplacedto thesoutheame200m.

Faultsand thrustsin the abbro

Framevidencein themineandsamesurfaceevidenceit is clear

thatthegabbroshavebeenextensivelyfaultedandalsobeara close

relationshipwiththethrust.The autcrapsarefaultand thrustbound

in manyplaces,but in actualfactthethruatis neverseenin gabbroic

rocksbut is alwaysfoundin shearedgreenstonerock. Thereseems

littledoubthoweverthatthegabbrowae a controllinginfluencein

localisingthe thrust.Faultsarenot easy todeducean thesurface

and no realoertainycanbe placedin theirexactlocationand throw.
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Band and other ered effects

In the actualareamapped bandingwas not seen but the road exposure

to the west of the Orbla preeentsan exposureahowingverticalbanding,

the gabbrobecomingrepmatiticia parte of the exposure. This waa the

only banding seen in the gabbrowhich otherwieeseemsdevoid of slch

features.

A granophyretype rock has been reportedfrom exposureswest of

the Orbla but ie at the mament repreeentedby one specimenand so must

be furtherinvestigatedbeforefar reachingconclueionsare mede. On

the whole the gåbbropAvesfew clues to the shapeand structuralidentity.

The aboveare at themcment howeveranly factsbut it is suggestedthat

the ideaswhich follow the facts be follxmedup with more work in both

field and laboratory.

Ienolithsof greenstoneare commonin the gabbromaseesespecially

near the margins,but actualmapping of xenolithawas found impossible

due to the scale of mappingand poor exposure. It may howeverbe

pointed aut that the maln gabbroappearsto be cut by a traceableband

of greenstonebut the significanceof thia is not yet understood.

Contactmetamornhi

This is cempletelyabsentfrom the adjacentrockswhich hame been

tracedup to the contactshowinglittle or no changein charecter.

The explanatianmost favouredby the authoris that at the time of

intrusionthe countryrock (metavolcanicwas still sufficientlyhot

enough to absorb the heat effectsof the incaminggebbroand so prevent

all tracesof contactmetemorphisa).
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It is usual4,thecasethatthehighestgradeofmetamorphiemis

preservedandso itwouldbe expectedthattheaureoleto a hot gabbro

masswouldbe bothextensiveandpersistentabovegreenschistmeta-

morphiam.It is thiswhichleadsto theideathat thecontaotmeta.

morphiammusthavebeenabsantpriorto gweenschistmetamorphims.

Geochem the

Cerstensin hisworkdividedthegabbrosup intotaogroupsan a

geochaaioaltasisbasedonwholerockangyess.
atzo,
14;203 14.38

19.02 1.3

Fe203 3.35

Fe0 7.99

0.0 12.41

1.12018.86

TiO20.49

Fe203 1.99

Fe04.59

Ca015.18

Thisworkhasnotbeenverifiedand so its sighifieanceis not

fullyunderstoodsince thereseemslittleconnectionwiththinsectian

observations.

Strontimadeterminationswereattemptedby X.R.F.andoptical

speetrometryon extraetedfeldsparsfrcm16 samples.The grainswere

alsomountsåan slidessndwerefoundto containnimerousinclusionsof

epidoticmaterial.
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The strontiumresultsprovedto be veryindecisive,themaln

featurebeingtheirlowvalueforsuchrocksanlnearuniformityfar

all samples.Thisworkhasnotbeenfullyexploitedbut thespectro-

paphic platesare andlableforfurtheretudy.

Petrograrhy


The gebbrosahowa typicalrangein handspecimenofmost of their

physicalproperties.The colourvariesfrommelanocraticto some

leucocraticgabbroicgreenstones.Thedistinctionbetweengreenstone

(coareegrained)andgabbrowas not alwaysclearin thefield. Most

specimensare coareegradnedsima but sanepegmatiticdevelop-




mentecanbe found,themostnotableonebeingaa thesideof Iake

Båernliwherethefeldsparsarereaflywelldevelaped.Pegmatiteis

alsodevelopedat theroadexposureof themainmass (westof Orbla

river)butherethegabbroismainlyofmaficcansistenpy.

Thefeldsparslookdeceptivelyfreahin handspecimenandclear

feldeparscan seeming.lybe determinedwith thenakedeye. Usuallyhowever

the formof thefeldsparwas a whitecolourandidicmorphicin shape.

The ratioof ferro-magnesiansto felsicmaterialwas fairlyconstant

overthewholeof themassesat about1:1. Samepatchesof a more

ultramaficnaturecouldoccasionallybe found.

In thissectionthegabbroshowsverylittleof itsoriginalmin-

eralogyalthoughits texturesareto eomeextentpreserved.The effecte

of metamorphismareakaostccmpletewithall thesectionsexamined

showingthesmnefeatures.

Feldsparis scmewhatin excessof themaficconstituenteamounting



ehl•v.1-g.

Dvtalallt.

1.1n.t>.

I r LI1r-
' L1

r—
riai • ".%

lip.410  <,

shilh,Pc

-.)

 -•

C.)

a.N ik

liteit•FIL

ala •Vd.

1 sa.

Lne CO:Lfs, texturL.01 tnt.aection.

Thi, reilL ti lnurj ii-ncous teyture -ut Jeond ry

'yroxene the o-ily mincral

present c.LO th.:3is in , stykte of teraticr. to

the tn-ro-r1:.te o ed to 3.3W

he t•r•Lreids:•.r 'ot.sen to b bent.



25.

to approximately60X. Theplagioclaseis albitein natureand canbe

dividedintotwoseparateforms. The originalnatureof thefeldspars

cannotbe seenandin no slideexaminedwas any sortofrelicfeature

seenwhichmay havegivensameclueas to itsIdentity.Two typee

of feldsparare seenin thegabbroandaredescribedbelow.

Largefeldsparswithoriginalshapepreserved.

Here thealbiteis extrmnelyliketheoriginalfeldsparin shapeand

showsbroadalbitetwinswithfrequentcarlsbadtwiningand tLevery

occasionalpericlInetwiniAgstillvisible.The albitetwinscanin

somecasesbe seentobe deformedandbentor fracturedcrystalsare

common. The feldeparsareplatyinhabitbut no orientationcouldbe

deduced.As statedthesefeldaparsarealbitein ccmpositionthisbeing

detenninedby R.I.equalor lessthanC.B.(An1C,Xapprox.)Theydiffer

frcm theusualforrin thatthe calciumhasbeenremovedin theform

of epidoticmaterial(epidotezoisite)whichin sanecasesis poikalitic

in otherwiseolearûbite or hasmigratedto theboundaryandcanbe

seento almostcoatthenewfeldspar.

Matrixtypefeldspar

The feldeparherebreaksdownintoa fineaggregateof epidoticmaterial

in a matrixwhichlookslikealbitebutwhichpresuzablycontainssane

calcite,theactualmatrixbeingdifficulttodefine. In acmecases

the actualfeldspartypeis preservedbut thisle theexceptionnot

the oame.

Of thetwotypesthefirstseemsto predaninatebutmine apecimena

seemto ehowan increasein thesecomd.Thereis saneindicationthat
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albitemay provideageneralmatrixfillingbut thismaybeacase of

wherethefeldeparbreaksdownandtheepidoticmaterialis aggyegated

togetherleavingpatchesof clearalbite.

Of theoriginalferro-magnesianeonlyclinopyroxenecanat this

stagebe discerned(olivineis ccmpletelyabsent).Thepyroxeneie

abundantbut is alwaysin arrestedstageof alterationto a lightcoloured

(palegreen)fibrousamphibole(probablyactinoliteinnature). It

is alteringprofuselyalongcleavagedireotionsandarourvitheedges

whichgivetheminerala raggedappearancein thinsection.The am-

phiboleis intimatel,yconnectedw3ththepyroxeneandreplacingit in

all stages.

Chloriteis sparsein occurrenceandprobablyisderivedfranthe

breakdownof thepyroxene,thiebeingan alternativereactionto the

oneproducingtaphibole.Chloriteusuall,yoccursalongwithamphibole

ratherthanalone.

Of theopaquemineralsilmeno-magnetiteis probablythecommonest

present. Its occurrenceis usuallyin theformof complexclustere

and aggregatesshowingsanealterationto leucoxene.
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UARTZKERATOPHYRE

The termfelsiteis a generalfieldterm,usefulin thefieldto

denotea particularacidrocktype. ln laterdetailedworkhowever

thistermis usuallysupercededby a more specifictermwhichsheds

more lighton thenatureof theactualrock. Thiswas theapproach

used in thiscase. The termfelsitewas dsedduringtheactualfield

workbut in thelightof recentworkhaBbeencanpletelyreplacedby

a more specificterm- quartzkeratophyre.

Thefelsitesweremappedby previousNorwegianworkeraand found

to cropoutin 3 areas:-

thelargemassin thenorthwest.

a lensdirectZybelowtheski jump.

mall bandsnorthofBjernlivandvillage.

to thesea new occurrencewas addedwhichcroppedoutin thecentreof

Bjernlivandvillage.

The quartzkeratophyrerocksare quiteeasiZydistinguishedin the

fieldfromspilites,althoughreferencesaremadeto kerotophyres.

The writerhoweverfeels,thatthetermquartzkeratophyreshouldbe

restrictedin fielduse,and thatthereareno nearrelativesto the

felsites.In thefieldthequartzkeratophyreweathersto a white

surface,butwhenfreshis a massivedarkgreyrockwith& peculiar

typefracture.

In thinsectiontherockis quiteunlikeany of thesectionsof

kailiteavallable.It is coarselymicrocrystallineconsistingof

quartzandalbite.The sectionbreaksup intoyellowand greypolariaing
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areasbearingno relationshipto originaltexture.Includedin this

microcrystallineMAZ8 are spherulitesof cristobiliteandalbite

feldsparphenocrysts.Tbe spherulitesareaImostroundedin section

and ahowno signsof strongdeformation.Theferro-magnesiannumeral

is representedby wiepymicsceousbandswhichseemtomissthepheno—

crystsand spherulitesandforma networkfor themicroerystalline

groundmass. The materialhasbeenidentifiedas stipnomelaneandthis

is åmportantin thelatersectionon metamorphism.

It is thoughtthatthequartzkeratophyresrepresentan intrusive

phaseof acidmagmasintothestratifiedspilites.The quartz

keratophyresappearconformablewåththespiliteand soperhapsthey

are bestdescribedas acidaills. Schistocityis developedin therocke

bothaboveandbelowthequartzkeratophyresillsand thisis usedas

evidencefor intrusionratherthanextrusion.The quartzkeratophyres

havebeenfoldedandmetamorphosedalongwiththespilitecountry

rock and aomusthsvebeenfairlyearlyin thechronologicaltable.

The magmawasprobablyrichin sodahencetbeabundanceof sodicfeld-

sparat thepresenttime. It couldhaveorystallisedas a glassyground

masswith spherulitesof quartzandphenocrystsof feldspar(sodarich).

The glassprobablyrepresenteda eutecticrystallisationof quartz

and feldspar.SubsequentIytheglassdeVitrifiedintoitspresent

microcrystallineform. Lackof ferromagpesianmineralslendssupport

to tho abovehypothesesof a eutecticcrystallisation.Theabsence

of perliticetructurecanimposea secondinterpretationon thequartz

keratophyre.If themagmacooledrelativelyslowlyglasswouldbe
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preventedfromfonningand thepresentholocrystallinestatecouldre-

presenta primarycrystallisationstructure(igneoustexturesarepre-

servedin the spiliteandgabbro).The slowcoolingwouldagainfit

intoan intrusiveratherthanextrusivepicture.

Ratherthantheoutcropsbeingregardedaa isolatedintrusiona

lt is suggestedthatalltheoutcropsaremerelyeroaionaloutliers

of oneintrusivesill. The thicknessof thelargemassto thenorth

west is howeverpuzslingsinceusuallythemassesareextremelythin.

The thicknesshonmvercouldbe due to foldingand subsecpenterosion,

the sectionnow seenbeingan almostverticalnorthern15mbof a fold.

Onefeaturewhichthe quartskeratophyrerocksshowin particular

ie jointingvkdchis almostcolumnarin saneexposures All therocks

Showjointingwhichcanbe dividedintotwogeneraltypes:-

croasjointsperpendicularto thefoldplunge

ninesystanaticjoints.

The crossjointszanbe tracedthroughouttheareaas havingalmost

constantorientation.
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MINORINTRUSIVEFRASE

Basictypedykesof veryrestrictedoutcropsare tobe foundat

oertainlocalitieswithinthearea. Thebestlocalityis in theeast

sideof LakeBjernlibutbasicdykesarealsoabundantdownthemine.

The dykesare thoughttorepresentthelateetphaseof intrusiveao-

tivity.Theyaredistinctlyoroascuttingto thegreenstone.They

haveundergonemetamorphisabutdo not aeemtobe as foldedor contorted

ae onemightexpectforsuchearlydykes.
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PORPHYRITICSPILITE

Thisrockoutcropson twolocalitieson themap andformsa dis-

tinctfieldrocktype. The rockconsistsof phenocrystsof epidote

and hornblende.The originalcharacterof thephenocrystsis thought

to havebeenpyroxeneand theappropriatefeldepar.The twoarehowever

set in a finegrainedgroundmassof epidote,feldspar,chloriteand

msphibole.

Mr.Rutterfounda similarrocktypein theDraysitarea. It is

alsointerestingto notethatBlake,Chadwick,RawlingsandBeswick

reportedfindinga similatrocktypesåme10 kilometresto theeast

of Lokken. Hereit is apparentlybetterdevelopedandhaswarranted

theuse of thenameHolondaporphyry.Å possiblelinkbetweenall

threerockais almostcertainalthoughsamplesof theHolondaporphyry

havenot actuallybeenseen.
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THEJASPEROMROCKS

Theamoccurin thefieldin variousisolatedand scatteredout-

cropawhich,on the scaleof theairphotographsused,provedalmost

too emallto indicatean themap. Theyaredistinctiverocktypes

in thefieldusuallybeingred in colourdue to ironstainiag,andex-

tensivelyveinedby epidoticmaterial.An occtarencewas foundin

thewestof theareawherepillowlavawas seeminglyreplacedby & dull

reddishgreyjasperoidtyperock, Theexposurewas a emallovergrown

quarry,the jasperhavingbeenusedforroadmetal.

Generallytheoccurrenceis haphazard,usuallybeingin thefona

of lensoidmassesin otherwieeeztensiveareasofmetavoloanice.

Jasperoidrocksareolassicalaseociatesof spiliticsuitesand

are oftenquotedin theliteratureas radiolariancherte. In theInkken

jaspersno radiolarienremalnehaveeverbeenfound,therockbeing

entirekrmadeup ofmicrocrystallinequartz.

On thesegroundsthereforeis offeredas an alternativeexplana"

tionthattheyrepresentlatestagehydrothermalactivityby watersen-

richedin silica.
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SED13LENTARI tuffaceouma

Intercalatedsedimentarymaterialwas foundto be entirelyabsent

from thevolcanicmaterialexceptforonepeculiarmember,of definite

sedimentaryoriginbutunknownderivation,localZyknownas vaskisa.

It is diacerniblein thefieldas a rustylookingrockowaskllyextens-

iveZyweatheredout. A freshsurfaceshowsit to be a blackshale

with richpyritelgyersinterbandedwithShale. The outcropsareex-

tremelylimitedandit is onlyfoundat threesurfaceoutcrops.

The vaskiseis extremelyimportantto themdme sinneit is belland

to be conformablewiththeactualore. For thisreasonphysicalsur-

veys havebeenextensivelycarriedoutandthevaskissalthoughnot ac-

tuallyoutcroppingis oneof thebestaappedrocktypesof thearea.

An extremeZydetalledreportcanbe foundin theworkofMr.G.M.Kershaw.

The anZyothersedimentaryunitfoundwasa suspecttuffleyer

km thick,foundinbetweentwospilitehorizons.

TheHovingroupwasneithermappednorstudiedthereforeno

desoriptionis given.



á



34-.

TN7PODUCTION

The termgreenstonewas adeptedby localgeologistsandworkers

becauseit providesa simpledescriptionof therockswhichextend

acrosefromtheeast(Holdal)to thewest(Drayset)andcompletely

makeup thmsignificantrocktypeof theLokkenarea. Therocks00-

rrespondto themorenormalnameof greenschists,but lackof a schis-

tocityhazbroughtabouttheues of themoredeseriptivetermstone.

Thm rocksaredcminantlygreenin colourbut subtlevariationsinto

greysarAlpurplescanbe seen. On thewholethereforethetermgreen-

stoneexcellentiydescribesthefieldappearanceof 90%of themeta-

volcanicaaroundLokken.

Mineralogicallythegreenstonesshowa remarkableconsistencyover

theentirearea,theassanblagebeing- albite- epidote- chlorite-

amphibole.Thiaia thestableassemblagefor greenschistmetamorphiem

whichhasbecnclassicallyattainedthroughoutthearea. Variability

is howeverfoundin texturesandproportionsofmineralsandan attempt

will be madmto correlatethesewithoriginalcharacter.
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NOTESONNOW&NCLATURE

Sme confusionhas arisenoverthenmenclatureto be appliedto

the greenstoneneincevaricuspossibilitiesexist:

therockearcmetamorphicrocksandmetamorphicterminology

coulddescribethem.

therockshavebeennowestablishedas igneousandan igneous

teminologycouldbe used.

theepiliteterminologyhasbeenapplied.

In shortthesituationie thattherockshaveametamorphicmin-

eralogyandigneoustextures.To use therefore•ithertenninology

wouldbe ignoringapparentevidenceshownby therooke.

The spiliteterminologydoeshoweverseemto combinea mineralogy

similarto themetamorphiconeaandalsocmhine a rangeof textures

applicableto therocks. It is howeverratherunfortunatethatthe

rockschemicallyarenot all spilites.It is felthoweverthatsuch

knowledgeis not readilyavailableaa thepreviousknowledgeand it


is thereforebetterin theeirometanceswhennamingtherocksto turn

a blindeyeto it,

It is suggestedthereforethattheterminolog,of thespilitee

be applieddireotlyto all therocka.

It haahoweverbeenfoundnecesearywhensubdividingtheeerocke

to applya strictmetamorphicterainologysincespilitesdo notencom-

pass auchfinerdivision.
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FIEW UCLUR1JaNCX

The spiliteshavetwocammonfieldforms,welldevelopedpillow

structureandmassivestructurelesslava. 1n allcasesit is noteaey

to distinguishthetwosincetheamoothglacialsurfacesfoundin the

foresttetraylittleof thestructurebeneaththem. A statistical

etudyof pillowtononpillowlavahasnot beenmadebut of the seventeen

samplesanalyeedthreewertdefinktepillowlavas,andnothin4:exam-

plarycouldbe foundin any of theirpropertles.

A somewhatdetaileddescriptionof localityIkl3A is given,because

the exposure,& wrallquarry,indicateshowmagnificentlypillowsare

developedat Lokken.At thesametimethe glaciatedupperquarrysure.

facecanbe examinedtodemonstratehowlittleof theactualstructure

is shown.

The uppersurfaceof thequarryis a smoothglacialsurfacein

whicharcuatestructureeressemblingpossiblepillowshapescanbe seen.

On thissurfacealonnthenatureof thestructuresin thequarrybelow

wouldneverbe thoughtof.

The quarryitselfprovidesfreshthreedimensionalpillcmsfor

study, The exposureis suchthatfor oncetheapplicationof theterm

pillowis justified.The generaldip is north30°witha pitchto the

west of 20 - 30°. Upsidedownor rightwayup? The authorthinks

rightwayup. Thepillawsarealmostundeformedtectonicallyandany

flatteningwhichhastakenplacecanbe explainedsimplyin termsof

campaction.The smallerthepillowsthelesseventhecampaction

deformation,and samealmostroundexamplescanbe seen. All thepillawa
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havea polisheddarkgreenchloriticoutersurface.Thiais a secondary

developmentof chlorite,possiblyfremincludedtuffaceousor sediment-

arymaterial.The aversgepillowsizeis one twometresbut extranes

at eitherend canbe found. Tho largprpillowsare seentobe inter-

nallybreakingup intoanallerpillowsdue torapidcooling.

TexturalIythepillawsshowa coarsecentregradingoutwards


intoa finegrainedmargin. AnymatriaoriginAllyaroundthepillows

is not representedas tlechloriticcoating.Theoillowsshowconcon-

tricsoningeasieetseenin theformof epidotecontent.Thisie us-

uallyin theformof a visicularlAyerpassingintoa denseepidotic

layerverynsarto theactualmarginof thepillow. Radialfractures

ce thepillowsarecocznonand calcitefillingthefracturesindicates

thatthelateprocesaof carbonitisatianwasvidespread.

has alreadybeennotedthatflatteningdueto compactiontakes

plaee. Mr.Rutterdescribesdeformedpillowsfrcmmorehighlydisturbed

areaa,whichhavebeentremmaiougyclongatedin one directic.n.An

intereatingdcmonstrationof selfdeformationdue to com2actionis shown

on the sideoe Bjernaaand.Herethepillowsare mnall,lessthanone

metre,andhavebeenbrokenwhilattheextcriorcarapacewas solid

and theinteriormolten. Oncetheshellhasbrokentheinteriorhas

flowedoutleavingthebrokenrim"floatingein moltenmaterial.It

is suggestedthatweightof everburdenwouldbe sufficienttodo this.

In thinsectiontheouterskinahowsa glaseynature,whichia in keep-

ing withapy ideasfora rapidchillingof theexteriorwhilatthe

centrecouldhavezmmainedmoltan.

Pillow lavais net thecammonestfieldformof spiliteandmaking
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up themajority(80) is themassivestructurelesavariety.Theusual

outcropformis entirelymassivewithno structureswhatsoever.

Schistocityis absentbutdoesdevelopoverto thewest. It hasbeen

suggeatedthata schistocityexistsat Lokkenbut thegeneraluse of

thewordschistforrockdescriptioncannotbe appliedat Iokken.

Jointingandfracturingaredevelopedin theexposurestuthavebeen

excludedunderthetermof structuresasuamdabove.

Themassiveoutcropsshowa completerangein texturefrcmcoarse

to finegrained.The colourrangeis alsopresent.The exposureIM

42-43ahoweda bandedappearancewhichwas firstthoughttobe indica-
tiveof pyroclasticrocks. Subsequentinvestigationhas ahownthisnot

to be thecase,thenatureof thebandingbeingthoughtat themanent

to be sameseconlarymetamorphicgradingof epidote.

Seconiaryveiningof themassiverocksby epidoteand calciteis

carmum. Thlagivestherocksagglaneraticaffinitiesin thefield

and in facttheyhavebeendescribedas such. It is suggestedhawever

thatthisis onceagaina phenemenadue tometamorphicsegregation.
The ao calledagglemeraticfragmentscanbe matchedup eithersideof

the infillingmatrixand thissuggestsvelning.Calciteof secondary

originis seenthrougbouttheareaandis concentratedneartheactual

ore body.

Replarmmentof piflowlavaswas firatreportedby Carsten,who

describeda mineexposureofmaasivepyritewithpillowstructuresin

it. Prof.T.Stranialaoexaminedtheexposureand sawtheamnestructurea

tut remainedunconvincedthattheyin factwerepillowstructures.
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The encposurehasnowbeendestroyedby thezdne. Theauthorhowever

canreporta snallexposurein thenorthwestW.? wherethepillow

lavashowsa peculiarreddeningandarebeingreplacedby chert.

Jasperis foundassociatedwiththeexposure.

Abun3antsmallscalejointsandfracturesarefoundin thegreen-

stone. Crushaonesand snallscaleshearzonesareccsmon,usuall,y

withan east-westca3entationanda steepdip to thenorth. Sometlmes

extensiveoruebing of therockalongtheseshearshas takenplace,

and jaaperinclusionscanbe seen. Noneof theshearsshowsdneral-

isation.The laststatementmaybe aminded,sIncethemineat Hoidal

is bcundby an east~st shear. The jointpatternhasalreadybeen

describedfor thefelsites.
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kIMEA1Å3GY(texturenotdescribed)

Themineralo2yis constantthroughoutthewholearea,although

theproportionsandtexturesdo differ. Themineraleare thoseclass.

icalZystableunderthemetamorphicconditions.Themain constituent

mineralsarefeldspar,epidote,chlorite,amphibole.Acessoriesare

present.

Feldspar

Thefeldsparhas opticalZybeenidentifiedas albite(Anlessthki

105:).The opticaldetezninationhasbeenthesamefor everyslide.

Themethodusedforidentificationwasrefractiveindexin ccoparison

to canadabalsalm.No relicsof anymoreAn richfeldsparswereever

found,eitherpreservedaloneor aa reliccores. Inclusionsof ferro.

magnesianmaterial(epidotic)is howevercemmon.Feldsparextracted

fromthegabbro(- coareergrains)werefullof inclusivematerial.

Two generationsof feldeparhavebeenrecognised:

largefeldeparsraggedin appearancebut thoughtto textural:

representtheoriginaligpeousfeldspar.

vagueIsldspaticanmmusualZy in thegroundmass and thm4411

to be recrystallisedfeldepardue tometamorphism.

Duringthecoureeof cheadcalinveetigationit hasbecomeapparent

thatthenatureof thefeldsparwithrespecttoAn cantentie not ss

evenas theabovepioturesakesout. It is howevertuifortunatethat

thegrainsiseof therocksmakesopticaldetenainationsdifficult.

le suggestedthereforethatthefeldapartypesareextractedandana-

Zysedfor sodacontent.



Enidote:

Usuallyidentifiedas epidotiomaterialincludingbothepidote

and soisitemembers.Againno precieedeterminationhasbeencarriedout.

Chlorite:

The identificationof chloritewas alsoleftas sudhsinceagain

extractionandcbam4ralanalysisis thebesttechniqueapplicable.

Amphibole:

The amphibolewasdeterminedopticallyas beinga memberof the

tremolite- actinoliteseries.No furtherdeterminationwasmade.

The distinctionbetweenthisamphiboleandhornblendewasmain.lydmduced

on preochroism.

Accessories:

Simplylistedthey are; sphene,stipnomelane,hornblende,pyroxene

and opaqueminerals(pyrite,phyrotite,magnetiteandilmenomagnetite).
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METAMORPHISM


The spilitesarepetrologcallymetamorphicrocksalthoughtheir

igneousnaturehasbeenchemicallyproved. Thebesttermtodescribe

tham,is thereforemetavoloatica.

In delsoribingthematamorpbismmudhof theworkhasbeenderived

framWinkler.

The numeralassemblagewhichtherocksnow ahow,is classicalfor

thatdesoribedas greenschistfacies(linklerB1). Thebestcharaoteris-

ticfeatureof thisfaciestobe:foundin therncks,is theconstant

associationof aibiteandepidote(zoisite).Chloriteisnot an index

mineralof greenecnistfacies. TnnierandVertoognndefinetheuppar

boundariesof thegreensehistfaciesas theohangein An contentof

the feldsparfromAn lessthanor eqgalto705toAn greaterthanor

eqgalto 15%as reportedby sameworkersis ueedas theboundary.QP-

ticallythetwofeldsparsareeanyto distingpish.

Establishmentof theactualfaciesis straightforwardbut placing

therocksintoan appropriatesUbfaciesismcwedifficult.Thisis

beoausetheindexmineralsare to saneex.tentChemicallycontrolled

and thellmitedChamistryof themetavolcanicsdoeslittleto helpthis.

AccordingtoWinklerthesUbfaciesare:

B.1.1. quartz- albite- muscovite- chlorite

3.1.2. quartz- albite- epidote- biotite

B.1.3. wartz - aIbite- epidote- aDmuldine
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Formetemorphicbasicrockshoweverthefollowingis used:

5.1.1. aibite- epidote- chlorite- actinolite- sphene

stipnamelanequartz

B.1.2. albite- epidote- chlorite- actinolite- sphene

biotite quartz

8.1.3. aIbite- e2idote- hornblende+ almandine

biotitee quartz

The actualdefiningmineralsare thereforebiotite,atipnamelane

and hornblende.

Fromtheapilitestipasaane andhornblendehavebeenreported

but of extremelylimiteloccurrence.It ie thoughtthatthechemistry

wouldallowhornblendeto fcrmandso itsabeenceto a regionalextent

canbe usedtoexcludesubfaciesB.1.3. Bothblotiteandatipnceelane

would formwiththechemistrytherockspossessandthereforedis-




tinctionbetweensubfacies13.1.1.andB.1.2.cannotbe found. It is

probablethatno one gradepersistedoverthewholeareaand thehorn-

blendepresentmay refleota risein grade. Mr.Rutterworkedan scee

sedimentsto thenorthwherethesubfaciesisdefinableendprojeotion

of his resulteintotheareamay help.

Duringmetamorphiemthetexturesinmany of therockswerepre-

served. Thiscanbeetbe appreciatedin aceeof themorecoareer

memberswhichstillexhibita clearigpeoustexture,in thearrangenent

of thefeldeparsintolatheandtherelativepositioningofwhichmust

havebeenferroemagnesians.Althoughbothhaveundergonemetamorphiem

both gabbroandfelsiteshoworiginaltextures.
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Themetamorphimahas causedsamemineralsegregationwhichin

placeshas causedextensivenetveiningof therock. The resulting

rookthanlooksalmostlikean originalagglomerate.The largescale

representativeof thisis bandingwhichcanbe seenan oneexposure

(noteveryormbelievesthisbardingto be metantorphio).In thofield

no structuresotherthanpiflowswerefoundan a largescale. It is

interestingto notethatMr.Rutterhasfoundgradedbedding,averthe

west,whichhaisnotbeendestroyedby metemorphina.
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GEOCHEMISTRIOF THESPIIITES

A strikesection.waschosenfor analysisbecauseitwas feltthat

as thesectioncoveredhalfthe areamapped,acrosstheatrike,some

connectionmustbe preservedbetweeneachspecimen.Thiewas in direct

contrastto a randamselectionof samplesfranall overthearea,for

whichrelatingthefinaldatawouldhavebeenmoredifficult,In all

seventeensampleswereanalysedforbothmajorand traceelements.

Bulk samplesof therockwereusedfor theanalysis.The strikesec-

tionwasdividedup intoseventeenunitsin thefieldusingthephysical

charaetersavailable.

TablesI and IIpreeentthe chemicaldatafor themajorandminor

elements,comparisonfiguresfor classicalrocksarefoundin table

IocationOf theactualspecimenscanbe foundon themap.

The analysesbothformajorand traceelementsahowa remarkable

semblanceto publisheddataforbasicvolcanicrocks. Thedataalso

ahowsthatthe suiterepresentedis entirelybasicwithno acidor true

intermediatetypes. The questionas towhetherarkyof thesamplesre-

presenttuffsmay be consideredhere. The chemicalanalysiswouldonly

te expectedtodistinguishtuffs,derivedfranbasicvolcanicmaterial,

if oneor moreof thenuajorconstituents,sayolivine,was notpresent

in the tuff. Thereia haweverno evidencein thefieLlto suggestthat

any significantbreaktoplace,duringvitichweatheringcouldhavetaken

placeso removinga majorconstituentfromtherocks,laterto erode

and formtuffs. Thereforefnmaa chemicalpointof viewthesecpence

may containtuffs. It is howeveroertainto saythatthesecpence
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analysedcantainsno nanvolcanicsedimentarymaterial.

It is worthnotingthattheminorelementanayses althoughfaLling

withinacceptedltmitsforigneousrocks,ahowsanevalueswhichare

extremetylowforbasicrocks. It mey alaobe atatedthattheminor

elementsaregeneralyon thelowsideforbasicrocks. Thiemay in-

dicatethattheminorelementshavebeenaffectedby themetemorphism,

a foaturenot ahownby themajorelemente.

Therearehowevergoodgraphicalrelationshipsbetweenall the

elements,bothmajorand traceelaments.Furtherworkon thetrace

elementscouldbe interestingtn thisreepect.

In comparingtheresultswithpublisheddata,tableIII(Nockotie)

remarkablesimilaritiesartrecordedbetweentathordinarybasaltsand

apilites.The areacanthereforebe reganiedas an exampleof spilitic

rocksinterbedded(orintermized)withordinarybasalticrocks. The

latteris notan uncannonoccurrencein spilitedescriptions,(the

termbasaltandspilitearehereusedin a chanical aenseonly). The

Lokkenareaamemsthereforeto providean exampleof a spiliticassoci-

ation,themajorityof therocksbeinghcueverbasalts.

Cenar element is

Traceelements

Ni. : range 9 - 200 ppm generaW in thebasicrangebut acme

Cr. : range19 - 330ppm verylowvaluesindicativemoreof acid

rocks,

Yr. : thespectralline was lookedforas it is generallyfoundin

acidrocks. Absentin all cases.

Co. : generalcceparisonwasmadeand thevalueswereallmuch the



same. Thischaracteristicof cobaltwbichusualZyis more

constantthanNi andCr.

or elements

range46.0- 53.0(notdete!m1nedfor allsamples)53.0"!

S102was takenas nptbeingindicativeof trueintermediate

rocke. The SiO2contentcanthereforebe concludedto

coverthewholebasicrange(S102for spilltes49.0- 51.0

average).Saneattemptto estimateS102for theremaining

samplesusingotherelementalcharacteristicswasmade. 1n

no casedid the calculatedanabmesexceedtheabove

range0.5%- constantforall thesamples,


generallylowerthanexpected.

deterndmedas totalironFe203(Fe203+ Fe0). Range10 -

13.0%.Not of realvalmeainceFe0 isdesirable.

Mn0 • approxiamtely7.2%forall sampbss.

rangefram5.0%- 10.0%. Showan excellentantipathetic

relationshipwith000. Theeeareexpectedvaluesforbasio

rocksvaryingwith5102.content.

Ca0 : rangefrcm7.0- 12.0v. Theseareeomewhathigherthan

expectedfor mmXhrocksespeciallysincesameare salaen-

riched.Thiemaywellbe accountedforhoweversince002

was not deterndnedandassumingall002presentas CaCO3

(calcite1n alides)thenallowingfortheCa in CaCO3the

actualCa0wouldbe machreduce4.

8102:



TABLE I


CompleteChemictflResults

( both major& minor elementanalysisis given. )
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Na20 : range2.521:- probablythemostintereatingelementdet-

erminød.It was assumedthevalueswouldahawverylittlerange

in sodapriorto analysis.The rangeaboveis campletelygrad-

uatednonefallingat thelowerendhowever.Takenwiththe

factethatallrocksapproximateto 50>Ialbiteandall thefeld-

eParie determinedat An = 7.0%approx.,therangpis somewhat

difficultto explain•

1(20 : extremeiylowto abseetusingmajorelementtechniques

constantat 0.1%approx.

Triangglardiapramshavebeenplottedfort-

Fe203- Ne20 + K20 -11g3

140 + Fe203- Ma20+ 1(20- Ca0

x2p- Na20- Ca0.

Theeewerethencomparedwiththesimilardiagramsproducedby Nookolde

and Allen. As was expectedhoweverthepointstendedto clusteron

all thediagramsoncemoreemphaaisingthelimitedrangeidthintherocka

analysed.The onlyconclusionwhichcanbe drawnfrcmtheploteis

thsttheymay representthebasicbeginningofNockoLlsandAllenstrende.

It ie interestingto notethattheyoverlapintothefieldof rocks

describedby NockoldeandAllenas parentalmagaaor cumulativerocks.

The chemicaldatahaseverdoesnot lenditselfin anywey to thinkingthese

rockaas cunulative.

Graphefor theinterrelationshipsbetweentheelementshavebeen

plottedandit is remarkableto eeehowwelltherelationshipsstill



FIGUBF 5

Tri-ngulalplots of,

Ea20 K20 - Ca0 - Mg0 Fe203

Fe203 - s,,g0- Na20 K20

K20 - Na20 - Ca0

The i,.ctuale1ement3plottecare the same 8.3 those

plottedby Nockolds.The two trendsshownon the diagram

are reproducedfrom Nockoldsactualdiagrams.Note

hoh allthepoits clusterat the startingends of the

two trends .The clusteringshowsthe relative

sm,11 variationchemicalcum.ositionobservedin the

analyses.
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holdaftermetamorphiam.Thisis evenmoreremarkablewten thecanpar-

ativelimitedchemicalrangeis takenintoaccount.The aboveeven

hollsfor thecaseofNa20. For thisreasontheconclusionthatmetamor-

phismhasdonelittleto alterthebulkchemistrysemnsperfectlyvalid.

It alsosemnsto iniicatethat,assuningtheNa20contentto be second-

ari/yderived,no processofmassintroductionhasbeenoperative.

Moreoverstrictcontroloversodamusthavebeenthecase.

Sanesevregationof materialon a anall_acalehasbeendescribed

and accordedto metemorphiem.It seetashoweverthateventherelatively

anallsmnpleusedforanakyais,hascompletelyremovedthisuneveness.

Asamdingnobulkchemicalchangedue tometamorphismit is now

proposedto chemicallysubdividetherocks. Sincemetamorphiemhas

leftunalteredthechemietryit is suggestedthatthedivisionshave

saneparentalbasis. Latertheamnegroupingewillbe ahownin thin

section.At themcmentit is proposedto letterthegroupsas A B andC

but namesare suggestedlateran,

GroupA : 2i02< 472'. includesalllow8i02members

Na20< 3.5' allmembersarelawestNa20

Ni 100ppm

Cr > 250ppn no overlapoccurswithrespectto trace
elements.

Mg0 high 7.5- 10.0% possiblerangesbut

Ca0 high 9.2- 12.07 sameoverlap.

GroupB : Si02 approx=50.O,t highestsodawithan 3i02

N 0 rangecorrespondingto class-a2 74.5
icalspilitefigures.

Ni <30 PTin strictcontrolagainhere
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Cr < 50 Ifflm

Fe20 high 12.0- 13.5
possibleranges

Mg0 low - 6.0.$

GroupC: 3102 > 50.0 someoverlapwithGroupB

Na20 intermediatebetweenÅ andB

Ni 70 - 85 ppm rangeof 15ppm
precisecontrolhere.

Cr 180- 200ppm rangeof 20 giva

No clearlimitsforothermajorelements.

The abovechemicalsubdivisionis theonewhichwas usedto group

the rooksinitialky.Frcmherethegroupingwas testedin thinsection

and hardspeoimen.GroupC not clearZydefinedchamicallyexceptfor

traceelements,is themostdistinctin thinsection.

The divisionsmadeareopento criticiamonmapygrounds,both

theoreticalandpractioalandthisis fulZyrealised.Sincehowover

the aimof theworkwas a sUbdivisionthisalonemay justifytheabove.

InitialkySi02contentwas usedto divideup therocks,mainZybe-

causemostpetrologistaacceptverylittleelsedue to lackof understand-

ing of theotherelementswithrespectto rockgenesis.It is however

veryclearkyahownthatminorelemente,fareasierto obtainandpro-

bablymoreaccurate,are themostusefulguide. (ignoringthe supposed

metamorphicmeadjustsent)The othermajorelementsdo showdivision

but themearenot as readilydemonatrableas theabove.
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SODAMETAMOEPHISMANDBFDAFNCTLSOffSPILITHS

Theevidenceforregardingalbitecrystallisationas a primary

phenamenaseems,as inmostcaseswithepilitee,to be obliteratedby

latermetamorphicevents.Battey,Amstutzandothersclaimthatspil-

ites yanforma distinctstateofnrimaryvolcanicrocks.

Most casesdo secmto showhoweverthatthealbiteie of a second-

ary nature.To explainthismanymethodehamebeen employedfor in-

troductionof sodaintothe systmn.Spiliteenearlyalwaysshowan

enrichmentin eoda. It is recogpisedthatthesodacontentof basic

magmais consideraolylowerthanthatof spilites.Perhapsthelargest

objectionto theintroductionof aodafromexternalsources,is t.st,

it is commonto findnormalbasaltainterbeddeiwith spiliti_e.This

clearlyindicatesthata aclectivemechanimnmustoperateduringthe

introductionof the soda.

The aboveis verymuchthecase at Lokken.The areahaspreviously

beendescribedas an areaof opiliticrocks. Carefulanalysiehas

now shownmanyof theserocksto be normalbasalttypes. Scmehowever

have thesehighsodacontentswhichtheclassicalpetrologietwillnot

acceptas primaryforbasalticrocks.

In thecaaeof Iokkentwoanswersaroseto theproblem:

t Mt thefeldsparcontentmightvaryconsiderablyenoughto

changetheanalyticalresults.

all thefeldsparwas not albite.

It may be saidthatin thelightof preaentknowledgeneitherof theee

two is applicable.Theproblemstillthereforeremainsunsolvm1but
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a sumnaryof thefactsis madebelow:

Someadjustmentof sodahas takenplaceeitherby external

sourcesor internalreadjuatment.Hereit may be notedthatno soda

poormemberswerefound.

Therehasbeenstrictcontrolwithrespectto otherelements.

Rass introductionwasnot thecaae..

It ie probablethatbothmetawwmaticandmetamorphicprooesses

contributedto theabovestate. A suggestionismade thatfurther

ertensivesodadeterminationsaremadaandtheareapossiblycontoured

with respectto soda. Alsomay it be suggestedthatsomeof thefeldapars

of bothtypesbe extractedand thepreciseNa contentobtained.



OPPICALSUBDIY= OF PHEariums

The spiliteshavebeenopticallydividedintotbreegroupaandap-

propiatelynamed. Thefollowingis a shortpetrographicaldescription

of thetypes:

T A aibite- e idotefals

Thisis themostdivereegroupandmaybe calledthe 'sack'group.

Themodalanalysisis:

albite 50%

epidote 35.;;;

amphibole10%

chlorite

Althoughcalledthealbite- epidotefeldsparsit is thelackof chlorite

thatcharacterisesthegroupin thinsection.The texturesarehighly

veriablefraneemigabbroicto finegrainedporphyriticvarieties.In

both fineandcoarsegrainedvarietiesalbiteandepidotedcminate

throughout.In samecoarsevarietiespyroxenemaybe seenbutusually

in an advancedstateof alteration.

(No is includeddue to diversityof theGroup1)

T B albite- chloritefels.

As groupA showsthevariability,so thisgroupis oneof the

easiestto identifyespecialyin handspecimen.

The modalanalysisis:

albite 413%

epidoto 17.6%

mnphibole9.5%

chlorite24.0%

others 1,0%
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The shalesareallfinegrainedwithporphyriesusuallyof feld-

spar(nawalbite)andhornblende(presumablypyroxene).In direct

casparisonwithgroupC thisgrouplacksthe largeraggedfeldspars.

The finegrainedmatrixseemeto be composedof feldeparandchlorite

with eaneamphibole.The feldsparrecurealsoin thegroundmass as

emalltwinnedlathe,raggedin outlineoM probablyan originaltexture

althoughrecrystallieed.

The epidoteseemsto havesegrebettedin thesespecimens,and occurs

in olustersandveinsusuaflyreplacingthelargefeldepara.

-Chloriteoccurcthroughoutthe groundmassbut alsoas deneeshape-

lessareasof ragEedfibrousclusters.

In handspecimenthegroupshowsa darkercolourgrey-greento

blackandis somewhathiger in S.G. The characteristicfeatureis

howeverthattheytendto sparklein handapecimen,thelightreflect-

ing trmnchloritecleavageflakee.

T C ite- e idote-

Thleis highlycharacteristioin thisseetion.Themodalanalysis

is:

albite 51%

epidote 23%

saphibole15%

chlorite 9%

others R%

The cceparativegrainsiseismuchlargerthantheothereendthe

textureswithrespectto thefeldepareis unique. It le thim/FouP
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whichshowstherelicigpeoustextureswell.Thefeldsparsdominate

ae large raggedlathewiththeferromagnesiansbeinginterstitial.

Some segregationon thepartof epidoteagainoccurs.Amphiboleal-

thoughonlya anallerpercentageis smnewhatmoredominant.

The sectionsagainshowthetwo generationreldspars.The firat,

thelargetwinnedlathehavebeendeacribedand thesecondis thevague

matrixtypeas foundin the gabbroau3othercoarsetexturedrocks.

.tyroxeneis agpinpresenton sanesectionsas highlyalteredcry-

stals(usuallyreplacedby hornblende).

Identificationin handspecinenis notcasyto describebut there

is a rewlatity in appearanceto thegroup. The colourismediumgreen

for thegreenstonesandthegrainsizeie equalfor thewholegroup.

The wrains looklikea typicalfelstyperock.

The identification in handspeimenisnot claimedto be easy

and applicablebut groupB canbe easilyrecognieed.Afterthisit im

s matterof gettingone'seye in for groupC andthereetfallinto

groupA.

In thinseotiontextureeeparatesgroupC and thentheabundance

of chloriteseparatestheothers.

Ifmappingon handape:Imensis possibleas claimedthena strict

oontrolcanbe keptby disoreteuee of thineections.

The relationshipsof tlIssegroupsto origin,metamorphiemor

stratigraphyis not at themamentknown. Theyjustrepresentpossible

mappingoriterior.



WiNERAL=ROLOGY:

The Lokken greenstonesare a classicalexampleof the pretectonic

volcanicactivityassociatedwith geosynclines. That is, they represent

an early stagevulcanismassociatedwith subsidenceand sedimentation

in the geosynclinaltrough.

Taken on a regionalscalethey are in associationwith described

geosynclinalsediments(Hovingroup). Also the pillaw structurewhich

they exhibitis furtherevidencethat the volcanicactivityitself

was submarinein nature.

Usuallysuch rocksare found associatedwith basic intrusives

and chertdeposits. In the case of Lokken,the basic intrusivephase

is representedby the large gabbromasseswhich can be takenas the

equivalentof many of the serpentinesusuallyassociatedwith this

suite. The chertsare usuallydescribedas radiolariancherts. In

Lokken theseare representedby the jasperoidlensesand althoughno

radiolarianramainshave been found,they both representthe same sili-

ceous rich material.

It is difficultto assess the differentroles of sedimentand

volcanicmaterialinfillingin the troughsince only the volcanics

have been worked in. It may be that aftervulcanismbegan the trough

became filledwith only volcanicmaterialbut ideas such as this are

only supposition.

FetrologicalLythe volcanicsdo not show the usual range found

in suchrocks. The classicalcases show apiliteassemblagesassociated

with classicalvolcanicsrangingfrom basic to acid. In the case of

Lakkenhawever,the spilitesseem to be associatedwith only the basic

volcanicmember. The acid phasemay be representedas a later intrus-

ive phase. Furtherwork, especiallyto the north,may also show the

range into intermediatevolcanicmaterial. If this is the case then

the areawill indeedbe classicalfor apilitestudy.

It may not be valid to separatethe spilitesfrom the ordinary

volcanicmaterial sinceboth are of the same origin. It may be con-

cludedhoweverthat sameprocessaffectedthe lavasafterextrusion



and prior to matamorphism. This process convertedcertainmembers of
the suite to spilitesand did not convertthe othermembers. The pro-
cess was one of metasamatismwhich causeda pre metamorphicconversion
to the feldsparsto a form less An rich; thisnew form not being the
same in all cases and now producingthe two distinctforms.

FETROGENISIS:

It is not proposedto deal here fullywith this topicbut to
point out a few suggestedideas. The whole subjectis intimatelytied
up with the petrogenisisof spilitesand enoughhas been written on
that subjectto indicateit is an intricateproblem.

The environmentof depositionis certainlymarine on the evidence
of pillow formationand the marine sediments- Vaskissand Hoven group
- associatedwith the rocks.

The presentmineralogyin the rocks is not primary,but is it in
fact entirelymetamorphic? It is suggestedthat the mineralogyis of
two generations. A first generationmetasomatiemmineralogyformed
soon afterdepositionand a secondgenerationmetamorphicmineralogy.
The evidencefor this lies in the authorsbelief that all the albite
feldsparis not metamorphicin origin. Two feldspartypeshave been
identifiedin thin sectionand theserepresentthe two generations.
The largefeldsparswith raggedoutlineare first generationwhilst
the vaguer Stapilenfeldsparis the recrystallisedsecondgeneration
metamorphicfeldepar.

The genesisof the first generationfeldsparis the most difficult.
It formed afterdepositionand beforemetamorphism. It requiresan

introductionof soda into the system. These sourcesmay be late mag-
matic fluids or includedbrines. The introductionalso requiresstrict
chemicalcontrol. These are a few of the problemstiedup here with
the genisisof spilites.

It is naw suggestedthat prior to metamorphismall the feldsparwas
of an enrichedAn contentand that the metamorphismprovideda recrys-
tallisingforce. The metamorphismis haweverunlikelyto have converted
An rich plagioclaseinto albite.

The ferromagnesiansare the metamorphicproductsand it is



difficultto estimatetheeffectof theaupposedsoda-richfluids

on theoriginalferro-magnesians.It may be thatall themineralogy

is firstgenerationfeldsparsincelittlechangewouldbe required

to stabilisethisin greenschistconditions.
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STRUCRJTALrIETTY

The lokkenareawas E)artof theCaledonianorogeniczoneand thare-

fore thastructuralhistoryie eceewhatcanplex.The followIngis a

briefstructuralhistorybut thedetailocworkand then1scontaining

the conclusionis thatofMr.Rutter.

The nreahasbeenaubjectedto threenaktnphaseeof foldingatue

of vAticharequiteapperent,thethirdeanewhatr!credifflcultto sec.

Thesowlflsubsequentlybe calledF1,P2, andF3 in accesdancewIthMr,

Rutterainterpretation.

ThsFi phaseof foldingwas a periodof 1aoclinalnapptformatian

an azes approxlmatelyeaat-we•t.Themalnattributeof thiephase1n

connectlon-alththeLokkenanmkis thifltheschistocity111adlreot re-

ault, AlsoassociatedwithF1 was themetscw~ period(upto gre

schletgrade).The 1soclinalfoldingle nota featureunonersonto

Lokkenbut is amaln etructuralepiscdecancerningthewholeof aentral

Norway.

The schistocity1reposedby Pl was thansubjeotto roldingiteelf

a secondphase,F2. Thisalsoappearsto havebeenan axesroughly

trenlingeasteweet.That is coazialwithFl. Mr.Rutterhureverwhe

has carriedoutadetalledstrueturalanalyalsofbothFiandF2 oans

oludesthatthereis a allghtangulardivergenoebetweentheszesot

PlenaP. Th1shasbeenoalculatedtobe ebout5°. Themainattribute

of theF2 phase1s that1t producodthostruoturecemmonlyrsferred to

as theLokkensynclinoand thoachistocitydlpsmeasuredare1n factF2.
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hur.beenproducedthatthetermshouLlbe theLokkenunfons

but theauthordoen notfullyunderstandthisat thetimeofwråting.

ho rmtanorphismhasbecnfoundasso-iatenwith

Finallj theF3 foldingtookpla-eon axesroughly11- 5 ana eaused

a flexingof trieLokkensynfonnand so xlvingthearea5 regional

plunceto tho CffectsofF3 flexurecanalsobo men 1n theattitude


oi the thrustplone. To theeastof theOrblatherogiorwaplungsis

eastanå thisformathebasinatructurereferretito earlieron4

&Lperimposedon thefoldingarca thrustphaseproducingnerthe

southrunninstImustsarvla faultphaaeproducingtwofaultdinotions

cazt-weetandnorth-south.The ohronolocicaltimingof thesetwoaow

cordinj,toMr.nutterifm-

thrusting lateF,

faulting- late
5

Å tonological anmary of structurelleventecanbe mades•

71 ldfoing anåmetamorphism R-W

P2 icliing E-Z

thrusting N-S

F3 folding N-S

faulting N-S andB.A

The thruatinghasalwaysboenregardedas hightyeignificantat Ickken

ainceit is cannectedtn scmcwaywiththeore. The ation amea

thatthethrustcouLlhavelocalisedalangtheore.

The osebodiyishoweverregardedas preF1 simosthsF1 stretchIng

directionis parallelto theelenuttionot theorebody.

Themovementon thethruatis difficult to estimate but theop1nion
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of allthreeworkersis howeverthatitwas onlyrelativelysmall,a

fem 100.11only. The directionofmover hasbeendedueedas strike

alipmovement froa thenorthto thesouths

A signifixentpreblemaroesby thelwatilmia*Draymetof thrust«..

Ing atallar to thatseenat lokken.The Iokkenthrusthasbeenwell

nappedas namingncrth  eouth througha onaveniem*Ilneof lakes,and

thenstvingingto themeatin the aeuth. Unfortunatelyit seemsthe

fate of everybosbr to cease nappingthethruatat thatpointmainkybe-

cauaesurfaceexponum of thethruatis absentcomplatelyandalsothe

lakeecuasebaingeonvaniont.ThepossibilityuntoubtedZyerlatshow..

ever thatthe thrusta* Lokkan amiwwweet,Vs up theOrblarivervalley

and finalkilinksup withthethrustafoundatDrayset.Furthernep-

ping In thisvitalareadescribedabovemouldtolve thisquestions

The faultingis interpretedas beingthelatestmajorstructuralfe-

sture. It esemsobviousthattheansais cutby sanc larpcfaultsbut

laokof adetailedstratiom~makes theirproofextronelydifficult.

The possibilitycf a large northasouthfrat existingtn theposition

nowoccupied by the Orbla rivermas inventigated.A displazrementof

the gabbrommz ameptedbut apartfrcm this littloevt.ion-ecouldbe

foundand theproblom atill remaina.
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These aregiveninohronologioalorderas far aspossible.

Å eeriesofimeaseaspoured out fran subnerine vents.The actual

vent•hore not bean locatedbutac ording to regional work by Carstens

andothers the meouroe(or soureea)ewe clome totheLokken ammi, if

not direatly in it.

The pils was then intruled by a tasic ind acid phase, the beale

phimmeprodueing large gibtromasmmehilat the acid phase produced a

more sinor episode of intrusion.The emplareant of amassive eyrite

ore bodymust then have teken place, although the actual aource (magt..

motic?) and mode of emplatwant are unknowm. Åt about the eame time as

the emplacemead of the ore bogy the eedimentation arA subsequent de-

pordtion of the vaskias must have taken place. (Perheps there ia a0Cerean

souroe for the two). The area tInmitecame part of the Caledorian

arogeny and metamorphionandisoclinal (7 ) too placc. This

wasfollowedby two further phasea of folding (172) and (Y3). The (F2)

eoexial with (F1) whilst acecmpaniel by extenaive thrustin fram north

to south (Fe) as oppoeing north-south trenis.

åfterall these episodes the etabilismimass once more wts sx-

teneiveZyfauited an north-south and east-west trende.
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SUWIC: OT WNC:ILtle-NE RE2ULl FROMTUIS WO•

Geochamical

1.:te work hae shost that thcre bae becn no =ass adtusbzont .7)fcle-

ments intherocks auringproccznee Alch affected them. This provides

chackon the,etholusedto detorminethefirststatemont,that is

geochcmicaltecbniquosarevalldinestablinhingthoorigihal character

of therchke.Thiaistss1rat1jtLeartearproachasusedbyTaylor

onNewZealiandmotaaorphiorocks.

Tha chemistry has si,own away the roekecenbe culeavidedinto

groupsand which has subsequentiy beon tested in both thln section and

hanåmeelmn.

Theinvestigationeintcthetra:eelemontehascnceaein deman-

atratedthatwitamajcwolerentcontroltraptelements can be useful

toole indScuminingzsek types. 1n tis case it hazbeenshownthat

traceelesentanslysizinby farthemostaccurateieansofsubdivision

provideda prier3.tç2 eontrclisthown.Traceeletsentsarealsoseee-

whateaaierto deterfeiho thanmajor elementssuchaa SiO2 and Kg0.

mora thanretical problan has been shown to exiatinthedifferent

wmpsamjor and tracc elets behaveduringseconiaryprocesses.

Petiroloijrcal 


Themainmemberof theloldanamite isbasiematerialwithno knom

intermalistemembersendahlya sligntwoleveofacidmatorial.

ThsareahasdemonstratedtheclamicexacQleof g tenschist

matamorphiseinbaaicigneousrocksanditnaslefttheauthoriano
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doubtthatint:,f,apertieulattieldtherielsadetinitelaeketprusell

knowled0:.

Thsareahasaleoprovedtobe clansicterthestudyofspilitie

relstlemships.

Potrogenisisbasbriearbeentaucheduffibutmoreproblessarine

thannee solted.Potrogsnisiaof thetakkenproemstonesismorelya

oassofcpilitepetrogonisis.

Outofthecontuaionoftbegreenstoroshasarieønapossible

methodofflaUlmaffingthebosievolearicspreeent,
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It is hoped thst auch ths i'uture work has bsen pointod out In

the rslovant 4;haitsts ot thia thssis, but sass ,Fooral abas asy bort-

14 ths vlsw this work ths tirit sia shoula bs to try sod. thon.

itak ths knwsustouss, sinos this wifl not only halp the potrolog-

loal intanatatIon but asy also bo ot soonasio valus,

Ths gobbro masoss should Ds ozooinsd la groator dotail for again

thare Is • possIble olassio story to Os tound, Å sous oontar nsp

would provids s uswitul tool in Interpretstiors

ths telaite rooks to the wut st Dunrstit auly provide

exasplas ot ths, ta tar, aissing intnediatss.
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