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FOREWORD

This reportis basedon theresultsof 7 weeks

fieldworkin thelikkenAreaof CentralNorway.

The arealyingwestof theOrklaRiveras faras

DragsetMine was investigatedin somedetall,andan

attemptwas madetogaina generalappreciationof

the structureeastof theOrklaRiveras faras

NSidalMine. Mappingwas doneon 1:15,000aerial

photographskindlyloanedby OrklaGrubeAktiebolag.

Thesephotographswerelaterusedto constructa

basemap coveringthewholearea. The areabetween

OrklaRiverandDragsetMinewas enlargedto 1:10,000

to facilitatethepresentationof data.

A certainamountof distortionis inevitablein

the finalmaps,as a resultof theircompilationfrom

aerialphotographs.
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INTRODUCTION


The likken Area lies in the Countyof Ser Trendelag,

Central Norway,about70Km. south—westof Trondheim(seeMap 8.).

The area is one of low to moderaterelief,the averageelevation

being about 3D0 metres. The most significantphysicalfeatures

are threenorth—southvalleys,cuttingacross the area and

across the grain of the land. The centralvalley is occupiedby the

Orkla River,which drainsthe regionand eventuallyemptiesinto

Trondheiasfjord.The two lateralvalleysare glacialand the

villageof Likken nestlesin the easternmostone.

The whole of the area lies just below the treeline and

most of the ground is coveredby dense coniferousforest. There

are a large numberof lakes in the area and where the forestis

thin there are extensivetractsof marshland. As a consecuence

of this, exposureover most of the groundis generallyvery

poor. Odd Patchesof glaciallysmoothedrock occasionally

protrudeabove the boggy areas,whichare often betterexposed

than the densely forestedareas. In the forestit is usually

necessaryto deliberatelysearchfor exposure.

FRONTISPIECEi (facingpage) View downstreamof the

Orkla River at DragsetMoen.
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NORWEGIANNAMESUSEDINTHETEIT

BERG mck, hill

BJØRN bear

DAL valley

FJELL mountain

FJORD flord

GRØN green

GR51 grey

NY new

SJØ lake

SKIFER slate,schist

SAETER summerfarm

TJERN tarn,laks

TROLL ogre,giant

VANN,VASS lake

GRUVE,GRUBE mine

NOTEON SHADINGOF POINT—DENSITYGONTOUREDSTEREOGRAMS

Unlessotherwisestatedtheshadingschemefor

variouspointdensitieson contouredstereogramsis as

givenforFig.17.The single•xceptioneldiagrwais

Fig.28.

All stereographicprojectionsareprojectedfroa

thsLOWERhemisphsre.
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STATEMENTOF THE PROBLEM

ThelikkenAreais particularlyinterestingfor

the followingreasons:

Lakkenis thesiteof a large,importantdepositof

cupriferouspyrite.OrklaGrubeAktiebolag,thecompany

whichoperatesthemine,has shownparticularinterest

in learningaboutthegeologyof thesurroundingarea,

therelationshipof theorebodyto theenclosingcountry

rocks,andtheoriginof theore. A detalledknowledgeof

thegeologichistoryand structuralcontrolof theorebody

is essentialin thesystematicexplorationof theareato

theendof locatingfurthereconomicdeposits.

A t firstsighttherocksof theLikkenAreaappear

uninterestingandunattractivebecauseof theirmassive,

apparentlyfeaturelessnature,structuralcomplexityand

poorexposure,As a result,rocksin thisareaand

similarareashavereceivedonlycursoryattentionfrom

geologistsin thepast. Theserocksformoneof themost

importantbeltsof greenschistfaciesmetamorphicsin the

world. It was feltthatit wouldbe of considerable

academicinterestto paymoreattentionto suchrocks,

particularlyin thelikkenAreain viewof theirassocia—

tionwith economicmineraldeposits.To thisendit was

3.



decidedto approachthemappingof theItken Areafromthree

viewpoints:

GeochemicalandPetrological.The aimwas to establish

validgeochemicalandpetrologiccriteriaforthemappingand

subdivisionof thebasicmetavolcanics,andto revisethenomen—

clature.Thisaspectof theapproachwastackledby Mr.J.May.

EconomicGeology.Mr.G.M.Kershawpursuedinvestigations

withinandin theimmediatevicinityof LffickenMine,to theend

of learningmoreaboutthemineralisationin thearea.

StructuralGeology.The atmwas to gaina general

appreciationof thegeometryandstructuralhistoryof thearea,

in relationtometamorphismandtheCaledonianOrogenyas•
whole. It washopedto learnmoreaboutthe structuralcontrol

of the orebody,andtherelationsbetweenthevariouscentres

of mineralisation.

The mainpurposeof thisreportis to presenttheresults

of the structuralinvestigations,butobservationson the

petrologyof therocksto thewestof theOrklaRiverwerealso

made,and theseresultsaresummarisedin thetext.

4.



GLACIALCONTROLOF PHYSIOGRAPHY

Therearea numberof physiographicfeaturesof thelikken

Areawhichare a consequenceof glaciation.

A seriesof glacialvalleysrunnorth—southacrossthe area,

cuttingacrossthegrainof thelandwhichis determinedby the

strikeof therocks. A possibleexceptionis theOrklaValley,butthe

DragsttandLokkenvalleysparallelthemost freouentdirectionof

glacialstrigeas measuredin theareaandplottedon

TheLokkenValleyis an •xcellentexampleof a U shaped

glacialvalley. Its flooris veryflatandcarriesa smallstream,

andits sidesare steepandhigh. A numberof hangingvalleysmeet

themainvalleyon theeasternside.

Thesevalleysformsignificantphysicalfeaturesin an area

whichis otherwiseof quitelowrelief.The wholeareais probably

a re—upliftedpeneplanatedsurface.

Evidenceforrelativelyrecentuplift,whichisprobably

stillgoingon at thepresenttime,is seenin thewaythatthe

OrklaRiveris beingrejuvenated.The riveris rapidlycuttingits

way downthrougha considerablethicknessof earlierrivergravels.

(seeplate1.). Thisis resultingin theformationof a pronounced

terrace.The boulderswhicharenowbeingtransportedalongthebed

of this fastflowingriverareverymuchlargerthanthelargest

pebblesof therivergravelswhicharenowbeingerodedaway.

5.



Contiderble thicknessesof boulderclay are notcommonly

seenin theL6kkenArea. Howeverpa discretedepositof boulder

clayls seenon thewestsideof theOrklaRIverin thesouthof

th• •rea on map A. This is probablya morainicdeposit.

Mentlonwillbe madeof thestructuralcontrolof physlo—

graphyin a laterchapter.

6.



PLATE 1.

Rivergreveleexpoeedon the behke
of the Orkla.

Rejuveneecenceof the OrklaRiver.
The rapiddovncuttingof the river
throughearliergraveleis leading
to the formationef a terrace.
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Fig. 2

CIRCULAR HISTOGRAM OF GLACIAL STRIAE ORIENTATIONS

OVER THE WHOLE AREA. 13 readings)



HISTUY OF PfiEVIOUSWORK

The LakkenAreawas COVerer1aspartof themappublished

by C.W.Carstensin 1952. The areacoveredby thismap,originally

on a scaleof 1:50,000,is shownin Rig.3. Becauseof its scale

thismap couldonlyshowthegeographicalrelationsbetweenthemain

rockgroupsin theLakkenArea.

For thepurposeof thernmainderof thisreport,wTheLakken

Area"is consideredtobé thatareacoveredby mapB.

Duringthesummersof 1959and1960partof theareaof MspA

was investigattd,chieflyfroma petrologicalstandpoint,by 2

HorwegianStudentgeologistsunderthedirectionof Prof.T.Strand.

Furthermentionof theirworkwillbe madelater.

A largepartof theLakkenAreahas beensubjectedto geo—

physicalinvestigationin thelast25 years. Aeromagneticand

•lectromngneticsurveymethodshavebeenemployed,and someof the

anomalieshavebeeninterpretedin termsof knowngeologicfeatures.

However,themostusefulgeophysica1methodshaveprovedto be

electricaland electromagneticmethodsemployedin,and in the

immediatevicinityof, themine.

A numberof unpublishedreports,mostof whichare somewhat

dated,have beenwrittenon thepetrographyandbulkgeochemiatryof

the rocksin theimmediatevicinityof themine. Unfortunately,all

are in Morwegian.Therehasbeenvirtuallyno attemptto makea

detailedinvestigationof thesttuctureof theLakkenArea. Most

7.



workershavebeencontentto recordonlytheobviousstructureof

thearealthegreatflexureof theL8kkenSynform.

Immediatelyto the eastof theareashownon Map B liesa

tractof countrywhichwadethesubjectof investigationsin theyears

1960& 1961by Messrs.Blake,Chadwdck,RowlingandBeswIck,of
ed

ImperialCollege,wholaterpublisheda jointpaperwhichappearøin

in 1964. The areacoveredby theseinvestigatyors,in relation

to theareacoveredby my colleaguesandmyselfle shownin FIg.3.

These authorswereinterestedmainlyin the stratigraphyand

petrologyof thearea,andlittlementionwasmadeof thestructure.

However,it is clearfromtheirpaperthattheyweredescribingthe

primarystratigraphyof theirarea,andthatthemajorstructureswere

of f1 age withtightfoldingandaxialplaneschistosity.Theywere

ablein the metasedimentsof theHovinGroupto distinguishbedding

fromschistosity.

They do notdescribeany structuresobviouslyrelatedto the f2

foldsof theL8kkenareasincetheirwholearealieson theextensive

southernflankof theL8kkenSynfora,but theydo describea sharp

changein the fl trend,apparentlywithan associatedcleavage.It is

notclearwhetherthisis relatedto f2or f3 distinguishedin the

L8kkenArea. It Is probablypartof the f3 adjustments.
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9.

THE STRATIGRAPHICSUCCESSIONINTHE EN AREA

On thebasisof grossdifferencesin lithologyit is possible

to dividetherecksof theLaken A reaintothreemaingroupst—

HOVINGROUP Metasediments&Intrusives

STgRENGROUP MetavolcanicsandIntrusives

RgROSGROUP MicaSchists,Gneisses

andAmphibolitts.

At thebaseof theHovingroupis exposeda conglomerate,locally

calledthe FjeldheimConglomeratt,whichcontainspebblesof green—

stoneandjaspertypicalof therocksof theStarengroup. The Hovin

groupis thereforestratigraphicallyyoungerthantheStarengroup.

It hasbeen assumedin thepastthattheStelrengroupis youngerthan

theRerosgroup,by thsprincipleof superposition.I feelthatthis

shouldnot be assumedso,sincethe successioncouldwellbe •

structuralone.

Blake,Chadwick& Co.(1964)describetheoccurrencein the

Fjeldheimbedsof theHovingroupof Arenigiangraptolites.The rocks

of theStBrengrouparethereforetentativelyassumedto be middle

andupperCambrian.

Despitetheoccurrenceof a basalconglomeratein theHovin

group,thus indicatinga timeunconformity,thereis no angular

discordancerecordedbetweentheHovinandSterengroups.



A norecompleteandgenerallydescrIptivestratigraphiccolumn

of therocksof the1.8kkenAreais glvenoverleef.
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A SUMMARYOF THEGEOLOGYOF CENTRALNORMAY (SeeMapC)

Thispartof Norwayexhibitsa successionof rocksand

structuresextendingfromthecentralpartof theCaledonianOrogenic

Beltin theNorth—West,to the forelandin theSouth—East.For the

purposeof descriptiontheregionmay be dividedintofour.

The Areaof BasalGneiss.

Rocksof theNappeRegion.

The SparagmiteReglon.

TheTrondheimRegion.

A. Rocks groupedto •theras theBasalGneiss

Theserocksare structurallyandpossiblyalsostratigraphically

overlainby theSparagmiteseriesand thesedimentaryandeffusive

igneousrocksof theTrondheimRegion.

Petrographically,theserocksareverysimilarto theArchaean

gneissesof South—EasternNorway.Theyarebelievedto be Pre—Cambrian

rocksstronglyinfluencedby theCaledonianOrogenyandtectonically

intercalatedwithSparagmiteanandCambro—Siluriabrocks.The degree

of metamorphicand tectonictransformationhas beensogreatthatonly

rarelycan thePalaeozoicrocksbe distinguishedfromthePre—Caledonian

rocks.

The Caledonizationof theArchaeanrockshasremovedany traceof

whatmightoriginallyhavebeenan angularunconformitybetweenPre—

Caledonianrocksof thegneissregionanddefinitelyrecognisable

11.



Sparagmiteanand Cambro—Silurianrocksof the TrondheimRegion. In

contrastto this,thereis a Sharpangularunconformitywhere Archaean

gneissesof South—EasternNorway come into contactwith rocksof the

nEppe area in the southernpart of the coveredby Map C.

B. ROCKSOF THE NAPPE REGION

This area may be delimitedto the east by Gudbrandsdaland extends

westwardstowardBergen. Structurallythe highestunit of the Nappe

Region is the UpperJotun Nappe. In 1936 Holtedahldemonstratedthat

all around the marginof the JotunheimenMassif the rocksare floating

on a thrustplane withouthaving any rootsin the presentsubstratum.

It is only since that time that the idea that large scalenappe tectonics

have played a largepart in the geologicalevolutionof Norwayhas

become respectable.

The crystallinerocksof the UpperJotun Nappe are predominantly

those of the charnockiticsulte. They range from basic to acid in

composition. Peridotitesoccur as lenticularor roundedinclusionsin

the basic and intermediate rocks. Anorthositesoutcropover large

areas of the nappe. Intermediaterocksarechieflyrepresentedby the

Jotun norites and syenites. Granitesof differenttypesform large

massifsor occur as sillsin the basic and intermediateBergen—Jotun

rocks. There are laterintrusionsof Cøledonianigneousrocks,notably

the Trondhjemites. The UpperJotun Nappe is believedto have been trans—

ported a considerabledistancefrom N.N.I.to S.S.E.

Beneath the Upper Jotun Nappe,and exposedin the northernpart

12.



of Gudbrandsdal,liestheLowerJotunNappe. The rocksof thisnappe

areverysiallarto thoseof thirUppørJotunNappe,ondit isonlythe

relationshipwiththeValdresSparagmitewhichallowszocksof thetwo

unitstobe distinguished.The LowerJotunNappeisoverthrustabovemarine

fossiliferousCambro—Silurianphyllites.

Lyingbetweentherocksof theUpperandLowerJotunNappesis •

veryimportantformationknownas theValdresSparagmite.kanygeo—

logistsbellevethisto be a synorogenicdepositformedafterthemise—

en — placeof theLowerJotunNappe,andcomposedof detritusderived

fromerosionof thecrystallinerocksof thatunit. TheUpperJotun

Nappe,therefore,tectonicallyoverliestheValdresSparagmitt.It has

however,recentlybeensuggestedthatthesuccessionfoundin theValdres

Sparagmiteis inverted,and thatthisformationis nota synorogenic

depositat all,but • thirdnappesheetsandwichedbetweentheUpperand

LowerJotunNappes.

C. The ara iteRe lon

The westernlimitgf theSparagmiteReglonis -pproximatelydefined

by Gudbratilidal.To theeastit extendsintoSwedishterlitory.To the

norththeSparagmiteis tectonlcallyoverlainby Cambro—Silurianrocksof

theTrondheimRegion.The Sparagmiteoverlies,apparentlyin an

allochthonousposition,Archaeangneisses,withwhichthecontactmaybe

seenalongthesouthernborderof theoutcrop.Theobserveddisplacementø

alongthe southernmarginis up to 3! kilometres,(Strand1954).

J.



The tera"Sparagmite"wes coineo150yearsago,initiallyto
descrIbetheslIghtlymetamorphicieldsparrichsandstonesoccurrIng
In the9sterdaldistrict.The wordIs derIvedfraatheGre,kword
meaning"fraTant".

The Sparagmltesedlmentarycomplexis stratIgraphIcallyolder
thanthesuperjacentfossiliferousCambro-Sllurlanstrata.Its agøIs
descrIbedby the termSoCambrIan,whichstressesthecloseassoclatIon
betweentheSperagmiteandthe fossllbearIngCambrlan.The formatIon
undoubtedlycrossesthebaseof theCambrianand•xtendsa consIderable
way Int*thePre-CambrIen.TheUpperpartof theSparagniteanappears
to be broadly•quivalentto theScottIshDalradian.

The SparagmiteFormatIonIncludesa widerangeof rocktypes,
Sandstones,Shales,ConglomeratesandLlmestones.The formationIs
generallyunfosålllfarousbutlocallytracefossIlsand stromatolites
havebeen found. Someof theSperagmlteenconglomerateshavebeen
Interpretedas glacialtIllItes.The Sparagmlteis generallydevoldof
igneousintrcslons.

D. The Rocksof theTrondheilmFe lon.

TheTrondheimregionis a broadax1a1depressionin whichmeta-
morphosedCambro-Llluriansed1mentaryand1gneousrockshavebeenprotected
fromeroslon.The narrowsouth-westernpartof thereglonis connected
to theNappeReglon,andthe southand•astapparentlytectonlcally
overliethe SparagalteReglon.To thewesttheTrondhelmFegionrocks

14.



are underlainby a stripof Sparagmiteof variablethickness,which

eventuallygrades into conformablyunderlyingbasalgneiss. A map

of the subfaakeszonesof the greenschistfaciesin this regionis

shownin Fig.5. From the map it may be seen that the structurally

higherparts of the successionexhibitthe lowestgradesof metamorphism.

Fpr example,the rocksexposedin the core of the TrondheimSynclinorium

are virtuallyunmetamorphosed,whereasgarnetgrade rocksoutcropat the

base of the successionimmediatelyoverlyingthebasal gneiss.

The petrographyof the rocksof the TrondheimRegionis well

known. The rocksare dominantlymeta-argillitesin various stagesof

metamorphism. There is, however,a considerabledevelopmentof meta-

volcanics,representedby the StWrenGreenstones,closelyassociated

with intrusionsof gabbroand sulphideore deposits. Locally there

are large intrusivebodiesof Trondhjemite.

In the north-westernpart of the regionat least,schistosity,

which is developedto a greateror lesserextent,seemsto parallel

the primary layering. The schistosityis then foldedinto the large

wavelength,large amplitudefoldswhichhave a characteristicCaiedonian

trend,and are the most obvious indicatorsof deformat1o5 in the area.

It may be generallystatedthat the patternof deformationbecomesmore

complexas one proceedsnorth-westwardsfrom the core of the Trondheim

Synclinorium. Lack of •xposuremakes it difficultto demonstrate

preciselythe changesin the style and extentof deformationacross the

region. As Strandhas pointedout, we cannotyet be sure that the rocks

of th:,sIeTon dc not elong to .oie thanone tectonicunit.

15.
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INTRODUCTION


A discussionof thepetrologyof therocksof theLakkenArea

Involvesdescriptionof therockswhIchmakeup partof theR5rosgroup,

theStdrengroupandpartof theHovingroup. The entiresequencehas

beenregionallymetamorphosedin thegreenschistfacIes.In someparts

of the secuencetheprimarystructuresand texturesof therocksmay

stillbe distinguished,andin thesecasesproblemsariseoverthe

nomenclatureof therocks.

PROBLEMSOF NOMENCLATURE

Problemsof nomenclaturearisewheretheprimarynatureof the

rockbeforemetamorphismcanbe recognisedto someextent.Wherethe

rocksaremetamorphosedto a highergradeanddeformedso thatprimary

structuresareno longerrecognisable,no difficultiesariseandmeta—

morphicterminologymustbe applied.In the formercase,however,the

difficultiesaretwofold:—

One can applyeithera metamorphicterminologyor nameswhich

describetheprimarynatureof therock. However,whe_aprimary

structuresand texturescanstillbe recognisedit seemsillogicalto

applya terminologywhichdoesnotattemptto describethem. Therefore,

as a guIdIngprInciple,I proposeto employtheterminologywhichtakes

accountof theprImarynatureof therockwherethiscanbe inferred.

At the gradeof metamorphismto whichtheserockswereraised,

16



17.

the stablemineralassemblageis albite+ epidote+ chlorite. The

terminologyadopted for these rocksdependson whetherthis is the

samemineral assemblageas was presentin the rock beforemetamorphism,

or whether it is secondary,as a resultof the metamorphism. In most

rockswhich have undergonesoda metasomatismas part of the metamorphic

event,teMturaldetailsare usuallypreserved,providingtectonic

stresseswere not overwhelming. This is the case in the south and west

of the Lekken Area, so it is not clearwhetherthe presentmineralogy

is primaryor secondary. If the mineralogywas unchangedas a resultof

the metamorphism,then the metavolcanicsmust be groupedwithin the

spilite—keratophyre—guartzkeratophyresuite. If the presentmineralogy

was imposedentirelyas a resultof the regionalmetamorphism,then the

rocks shouldbe named accordingto the compositionof the initial

feldspar,e.g. basalt—andesite—rhyolite,if the originalfeldsparwas

more calcic.

1n pespectof the influenceof chemicalcompositionon nomen—

claturea furtherproblemarises. My colleague,Mr.M6y,has shown

that the Na20 contentof the metavolcanicsis by no means constant.

Veriationsin soda contentbetweenapproximately2%, typicalof "normal"

basalts,and approximately54, typicalof spilites,are reported.

This conflictsto some extentwith petrographicevidence,which suggests

that all the feldsparis albite(Low extinctionangle and refractive

index less than canadabalsam). It is obvious from thin section

studiesthat the feldsparcontentis variablein theserocks,and could



accountforthesodavariation•venif allthe feldsparwerealbite.

It wouldbe interestingto seei contourmapof Na20percentageover

thewholeof thelikkenarta,thoughthecollectionof suchdata

requiredsculdbe •xtremelylaborious.

Fromwhathasbeensaidaboveit is not easytogeneralise


aboutthenomenclatureof themotavolcanicsof theL8kkenArea. This

questionis discussedmore fullyby Mr.Mayinhis report.Formy part

I propossto mak,a gentralisationandcallallthemetavolcanicswith

relictigneoustexturesand structuresmembersof theSpilite—

Keratophyregroup,in viewof theuncertaintyas to theiroriginal

camposition.It is pointless,of course,taehterintoø discussion

of whetherunmetamorphosedspilitesaleproductsof latemagmaticmeta—

somatismof basalticlavasor otherwise.I alsoproposeto includein

the spilitegroups il metavolcanicsin whichpossibleigneoustextures

havebeendestroyed,andno pillowstructuresor anyotherigneous

structuresaredeveloped,but whichfromtheirfieldrelationsare

obviouslymetavolcanicrocks. A fewof thetasicmetavolcanicsexhibit

primarybandingor fragmentarystructures,and thesewillbe regarded

as of pyroclasticorigin.

The schemeof nomenclaturewhichhasbeenevolvedis outlined

diagrammaticallyoverleaf.
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PROBLEMSOF FIELDMAPPING

For thepurposesof fieldmappingthe followingmaingroupsof

rockswereprovisionallyrecognised:

METAGABBRO Recognisedby presenceof largeamphibole

crystalswithwhitefeldspar.

VASKISS Thinbandsof bandedpyriticsedimentintercalated


withinthegreenstonms.

CHLORTTESCHIST Schistoserockrichin chlorite,epidoteand


calcite.

MICASCHISTS Schistoserockrichin muscovite chlorite.


Locallya gneissosetextureis developed,particularlyin thenorth.

THE STØRENGREENSTONES Of which3 typesweredistinguished

Coarsegrainedgreenstone— richin epidoteandamphibole,

and sometimesexhibitingbanding.This"GabbroicGreenstone"

of earlierauthorsprovidesoneof thefewmappablefeatures

of the Staren Greenstones.

Finegrainedgreenston.— exhibitingeitherpillowstructure

or a massivecharacter.Interpretedin thefieldas re—

presentingsubmarineor subaeriallavaflowsrespectively.

These rocksarestronglygreencoloured,principallyby epidote,

and neverexhibitvisiblequartz.Theywereinterpretedas

basicmetavolcanicsand formthebulkof thesurfaceoutcropin

the L8k.en Area.
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III) The felsItes— DIstInguIshedby thepresenceof visIble

quartzandnotablelackof •pIdoteandchlorItein hand

specimens.ThesearethereforeInterpretedas acIdrocks,

Rocksshowinglackof epidotebut no Visiblequartzand

veryfinegraInweremappedas "felsiticgreenstone",and

provisionallyregardedas IntermedIatstypøs.

JASPERAND BLUEQUARTZ occuras localisedlensesin the


greenstone.

CROSSCUTTINGDYKES

A black,finegrainedrock,veryfewoccurrences.

UponezamInatIonof thinsectionsof theserocksthenomen—

claturehas beenmodifIedandrenderedmoreprecise.In partIcular

the term"greenstone"hasbeenabandonedand theclassificationof

themetavolcanicshasbeenrevised.
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21.

METAMORPHISM 

1) REGIONALMETAMORPHISM

As was mentionedearlierthe wholeof the L8kkenArea was meta—

morphosedin the GreenschistFaciesduring the CaledonianOrogeny,

probablyat a late stagein the fl deformation. Most of the area considered

was metamorphosedto chloritegrade. The grade increasesnorthwards.

Fig.5. shows the map producedby Goldschmidtin 1915 showingthe

distributionof grade in the metamorphosedCambrosilurianrocksof the

TrondheimRegion. Earlierit was emphasisedthat the metamorphiciso—

grads parallelthe regionalscale structure. The coresof present day

synclinoriaare of low•rgrade than the coresof presentday anticlinoria.

Metamorphicgrade appearsto increasewith structuraldepth. In the

L8kken Area also the gradeincreasesas one proceedsdoblnthe structural

succession,the rocksof the R8rosgroup being of highergrade than the

rocks of the Hovin group.

The criteriaadoptedfor the descriptionof metamorphicrocksare

those suggestedby Winkler(1965). The mineralasseablagenoted in the

rocksof the L8kken Aree makes it clear thatwe are dealingpredominantly

with a suiteof metamorphosedbasic rocks. Winklerdescribesthe

followingsequenceof mineralparagenesesas being typicalof basic

rocksmetamorphosedin the greenschistfacies



Quartz—Albiteascovite—ChloriteSubfacies.

Albite+ epidote+ chlorite+ actinolite+ sphene

stipnomelane± quartz.

Quartz—Albite—Eidote—BlotiteSubfacies.

Chlorite+ actinolite+ epidote+ albite+ sphene

quartz± biotite

Quartz—Albite—Eidote—AlmandineSubfacies.

Hornblende+ epidote+ alhite± almandine biotite

quartz

Throughthewholeof thegreenschistfacieschloriteis

stable$and is thusnotan indexmineralof thechloritesubfacies.

Stilpnomelaneis theindexmineralof thechèoritegrade.

Biotiteis theindexmineralof thebiotitesubfacies.However,

thisis rarelydevelopedinmetamorphosedbasicrocks.

The mostreliableindicatorof thetransitionfrombiotiteto

garnetgradein basicrocksis thechangefromtremolite/actinolite

to themore•luminousamphibolehornblende.The chloriteof thegarnet

gradeis enrichedin magnesium.

Thesethreepointsamphasisethemainproblemsof thedelimitation

of subfaciestonesin areasof metamorphosedbasicrocks,andthe

LakkenArea is no exception. Stilpnomelane,biotiteandgarnetall


occurwithintheareamapped,but alwaysinverysmall;uantitilbs,
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and only in the few rockswhose originalcompositionswere sultable.

It is difficultto know whetherthis is sufficientjustificationfor

the erectionof subfacies.

In the extremenorthof the area of Map A, schistsand gneisses

containingsmallquantitiesof garnetoutcropalong the road section.

However, theserocks are invariablyrich in large grainsof i colourless,

non—pleochroicclino—amphiboleof the tremolite— actinoliteseries.

There is no traceof hornblende. For this reasonI believethat there

is no justificationfor consideringtheserocks to be in the garnet

zon•. On the other hand, however,it would seem reasonableto infer

that at this point we are well into the biotitezone,despitethe fact

that no biotite is developed.

Further south,near Laksayen,specimensof mica schistwere

collected. These rocks are rich in cuartzand albite,the schistosity

planes being markedby a littlechloliteand muscovite. Accessory

quantitiesof blotitewere observed. For this reason thisarea is

believed to be in the lowergrade part of the biotitezone.

South fromLaksayen,we pass into schistsrich in chlorite,

epidote,albite and calcite,with accessoryquartzand no biotite..

These rocks are tentativelyconsiderødto be in the chloritezone.

This mineral assemblageis fairlytypicalof all the basic greenstones

of the Låkken Area. In the acid volcanicsof the Hoslynga—SegelVatn

area however, an abundånceof stilpnomelenehas beenobserved. The

greaterpart of theLakken Area is thereforeconsideredto fall into

23.



the chloritezone. It is impossibleto preciselydefinethe boundary

between the chloriteand biotitezones. It probablyfollowsthe strike

of the schistosityand is here believedto approximateto the litho-

logicalbreak between the chlorite-albitis-quartzschiststo the north

and the calcite-epidote-chloriteschiststo the south.

Fig.7. shows the distributionof metamorphicgradesin the

Lakken Area.

The stableamphiboleseriesof the chloritegradeof the green-

schist faciesis the tremolite/actinoliteseries. In basic rocks

hornblendeis not normallystableuntilgarnetgrade. However,in a

numberof rocks in this area in the dhloritezone,hornblende,dis-

tinguishedby its characteristicpleochroism,has been notedalong

with tremolite/actinolite.Occurrencesof mineralscrystallising

metastablyin metamorphismare describedby Turner and Verhoogen

(1963,p.457),who say:-

"Ratherexceptionallyminerals formedby metamorphismare meta-

stable from the moment of their firstappearance. Accordingto

Ostwald'slaw, such phasestend to crystallisein preferenceto truly

stablephases,when theirappearanceinvolvesminimaldisturbanceof

the internalstructureof the reactingsystem. So in the stablegreen-

schistalbite-actinolite-chlorite-epidote-spheneformedby regional

metamorphismof basic rocksat low templeratures,it is by no means

uncommonto find scatteredgrainsof metastablegreenhornblende

pseudomorphousafter igneousaugiteor brownhornblende. Appearance
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of hornblendsas a transitoryphas•involvesrelativelyslightchange

inpreviouslyexistingspace—latticesof pyroxenes.In thisexample,

hornblende,thoughunstable,is nota relic."

2) CONTACTMETAMORPHISM

Possibleeffectsof oontactmetamorphismon thecountryrocksby

thegabbrointrusionwereanticipatedanda numberof specimensof

countryrock fromaroundthemainbodyof thegabbrowerecollected.

Xisnolithicinclusionsof countryrockoccurwithinthegabbroclose

to itsmargins. A specimenof one suchxenolithwassectioned.The

sectionexhibitedan unusualmottledtexturs

1/2 mrn.

The darkareasarealmostopaquein crossedpolars,but their

anomalousinterferencecolourssuggestthattheymaybe clinozoisite

pseudomorphingan earllermineral.The lighterareaseremadeup of

actinoliteand albite.The mineralparagenesis,therefore,appearsto
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be thatof greenschistfaciesregionalmetamorphism,obscuringany

tracesof an earliercontactmetamorphismdue to inclusionwithinthe

gabbromass.

Despiteitsunusualnature,I do not feelthatthetextureof

'therockis "typically"thatresultingfromcontactmetamorphism.

Consequently,it appearsthatanytracesof contactmetamorphismat

theedgesof thegabbrowillhavebeencompletelyobscuredby later

regionaWmetamorphism.It seemsreasonableto regardthisas evidence

thatthegabbrowas intrudedeitherbeforeor duringtheperiodof

theregionalmetamorphicevent.
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THEBfiSICMETAVOLCANICS

The workof Børlykke inpartof theareaof Map A in the

sammersof 1959and1960,was concentratedon thepetrologyof th•

basicmetavolcanics.Bjdrlykkeattemptedto divideup thebasic

greenstonesformappingpurposesaccordingto thefollowingprinciplest-

1) GrainSize.

It is truethattwodistincttypesof greenstons

maybe recognisedaccordingto grainsize,andthatthisformsa

usefuldistinctionformappingpurposes.

ii) Colour.

Lightgreenanddarkgreengreenstonesweredistinguished

amongthe finergrainedrocks. Nithineachcolourgroupmassive

structurelessvarietiesweredistinguishedfromrocksexhibiting

pillowstructure.

I stronglydoubtthevalidityor valueof thedistinction

betweenlightanddarkgreenstones,althoughthedistinctionon the

basisof grainsizeis usefulformappingpurposes,irrespectiveof

its significance.In the fieldI foundno consistencyin rocksOf a

particularshadeof green. In almostanygivenexposuretheshadeof

colourof the rockwasobservedto be extremelyvariable.Fordes—

criptiveand mappingpurposestherefore,I havetriedto recognis.

onlythedifferencesin theprimarystructuresandtexturesof the

rocks,with thepossibleexceptionof thegrainsizedistinction.
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The BasicMetavolcanicsmaybe consideredunderthreeheadings:—

TheChloriteSchists.

ThePillowLavas.

TheMassiveMetavolcanics.

(1) TheChloriteSchist.

The ChloriteSchistformsa mappablebandnearly1 Km. widein

thenorthof thearea. The schistositydipssteeplyto thesouth.

Mineralogically,therockis composedof chlorite,calcite colourless

epidoteandalbitein yaryingproportions,witha littlecuartzand

muscovite.Themineralstendtobe concentratedintothinbands. The

concentrationof chloriteintodiscretebandsgivestherockitspro—

nouncedschistosity.(Seefig.8(a)).

Originallytherockmayhavebeena finegrainedpyroclastic

deposit.Massiveinclusions,whichdeflecttheschistosity,canbe

seenin fieldexposures(Seefig.16(e)).Thesestructuresare tenta—

tivelyinterpretedas volcanicbombs. On themicro—scale,relict

fragmentsof whatmayhavebeenpyroclasticparticles,nowcompletely

recrystallisedanddeformed,canbe seen

Quartz + Calcite

Ilirix
.73 CC_CLTL>-

Albite + ilnidote


Fragent s

1 mm.
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The entirebandof chloriteschistmay forma distinct

tectonicuhlt.

(ii) The PillowLavas.

The greaterpartof therocksof theSt8renGroupappearsto

comprisepillowllavas.Thisis especiallytruein theimmediate

vicinityof Lakken.To a largeextentthepillowsaredeformed,and

thestylesof deformationwillbe discussedundertheheading,

"DeformationandStrain."

In the southernpartof theareaof MapB theamountof de—

formationis low,andthepillowstructureof therocksis readilyi

appreciated.In manycasesthe"way—up"of the flowscanbe deter—

mined(SeePlate2(b)).The pillowsvaryin sizefrom20 cm.to

2 metres,andusuallyshowa visiblezonation.Theouterpartof the

pillowis usuallya thinzoneof chlorite.Thispassesintoa zoneof

yellowy—greenepidoterichrock. Thiszoneis usuallya bout1 cm.

thick. Therearevagueindicationsthatthis representsa zoneof

infilledvesicles.The wholeof thecentralpartof thepillowis

a finegrainedmassof epidote,albiteandchloritewithsmallacicular

crystalsof actinolite.(SeePlate5(b) and fig.9).No visiblesub—

zonationof thecentralzonecanbe detected.

An interestingfeatureof thepillowlavasiS seenin the

exposuresaroundBjdrnlivann,wherewellshapedpillowoutlineson a

glaciatedsurfaceareseento gradelaterallyinto"fragmented"

pillows(SeePlate3). Thismay representtruepillowbrecciationor
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Fig.8.

Concentrationof :linerdsinto

diecretebande inthhe Chlorite

schiste.The concentrationof

orlentatedflakes of Chlorite

into bands gives the roCk ite

pronouncedschistosity.

Fragmentarystructurein the

fine grainedacid greenstones.

A delicateethistositycuts

across the rock, which appeare

quite massive in hand specimen.
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PLATE 2.

An outcropof pillowlavain the eouthern

partof tbe1.5ftenArea.Notetheunetrained

pillowe.

An invertedpillowin the eameoutcrop.The

scaletape (paesingthxoughthe rootof the

pillow)iehalfa metrelong).
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Fig.9.

(a)Mineralzonationnearthe rim of a lavapillow

in a flowin the southernpartof theLekken

Area.
A = albiteeepidote+chlorite+actiaolite

"corezone"

B = epidoterich "veeicularszone.

(b)Cloeseupof partof (a), abowingcontrast

betweenzoneeA & B.
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PLATB d.

"Pragmentation"of basicpillowlava
ae eeenon the ahoreat Björnlivann.

Wellformedpilloweat the eamelocality.
Thereie completelateralgradation
between(a)å (b).It le euggestedthat
thisie a veiningphenomenon.Notethe
"fracturing"and dieplacementof the
edgeof the nillowseenin (b).
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PLATE 4.

Thrustplaneexposedin the southr.west
cornerof Hoslynga.Hotecontrastin
dip of schistibsityaboveand belowthe
thruetplane.

Crosejointsurfaceon wellforaedpillow
lavas.South-eastcornerof Hoelynga.
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a formof hydrothermalveining.

(Iii) The MassiveMetavolcanics.

These are basic rocks showingno sign of a pillowstructure,

but there seemsto be consIderablevarietywithin the group.

SchistosityIs developedto a greateror lesserextent,but particu—

larly so in the north. MIneralogIcally,theserocksare identicalto

the pillow lavas,though thereare considerabletexturalvariations.

For the purposesof fieldmapping,two quitedistinctivetypes

couldbe distinguished.

(a) A CoarseGrainedVariety.

This rock occurs in the formof lensesintercalatedwithin the

SterenMetavolcanics,and becauseit is easilymapped it is shownon

Map A without any allusionsas to its primarynature. The maximum

thicknessof such lenses is rarelymore than 23 metres,and their

limitedlateralextentis takenas a generalindicationthatone

shouldnever expectto finduseful,thin markerhorizonsof great

lateralextent in rocksof this type,with the possibleexceptionof

the vasskis bands.

It is occasionallypossibleto distinguisha formof graded

bedding in theserocksby a variationin epidotecontentacrosslayers.

Plate 5(a) showssuch banding. It thus appearsthat the banded rocks

probablyrepresentpyroclasticdeposits,thoughprimarytexturesljave

been completelydestroyedby metamorphicrecrystallisation.

I find it is generallynot possibleto make any inferencesabout
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PLATE 5.

Primarybandingin coareegrainedbaeic
metavolcanicroOk, Thebandingie beet
aeenin thephotographby holdingit at
armelength.

Zonationof the outerpartof a pillov.

In (a)and (b)the scaletapeie 25 cm.long.
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the originalnatureof the coarstgrainedrockswhere no primary

bandingcan be detected. They may representlavas,pyroclasticsor

hypabyssalintrusives.The coarsegrain may be entirelysecondary.

Lack of exposureand the recrystallisednatureof these rocksmakes it

impossibleto be any more precis.than this.

(b) A FineGrainedVariety.

Mineralogically,these rocksalso are typicalof basic rocks

metamorphosedto chloritegrade,and here too it is virtuallyimpossible

to make precise inferencesas to the mode of originof these rocks in

view of the metamorphicrecrystallisation.However,in a few cases

tracesof what may have originallybeen fragmentscan be distinguished

by slightmineralogicaland texturaldifferences,thoughin some

specimensthe effectof epidoteveiningis to producean "agglomeritic"

structure. Lack of epidotein the acid metavolcanicsmakes it easier

to distinguishprimary fragmentarystructuresthan in the basic rocks.

The delicatebandedstructuresof the coarserrockshas neverbeen

observed in the fine grainedmassivebasic metavolcanics.However,

it is worth bearingin mind that a considerableproportionof these

rocksmay be pyroclasticin origin,thoughsome are probablysubaerial

lavasor perhaps snallbasic sills.

Distributionof the Massive and PillowVarietieswithin the outcro

of the Basic Metavolcanics.

Fig.10. showsa map of the area to the west of the Orkla Piver
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on which213observationsof rocktypesobservedinparticularex—

posuresareplotted.Themap attemptsto givea broadindicationof

thedistributionof massivemetavolcanicsandpillowlavaswithinthe

StarenGkoup. Some.indicationof thedistributionof exposuresover

theoutcropis implied.

Thereis a generalindicationthatto thewestof thearea the

rocksare predominantlyof themassivetype,and thattheincidence

of pillowlavasbecomesgreateras oneproceedseastwards.It is

possiblethatthismaybe a reflectionof thepalaeogeographyof the

areaat the timeof thevolcanicactivity,but it shouldbe bornein

mind thatlackof observationsmaymeanthatthiseast—westdis—

tinctionis a randomone.
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Fig.10.

Map of the areawestof the Orkla,

showingthe distributionof "massive"

lavasand lavasshowingpillowstructure.

Badhpointrepresentsthe typeof rock

observedat individualexposuresin the

outcropof the basicmetavolcanice.

213localitiesare shown,
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BASIC INTRUSIVEROLKS

1) MinorIntrusions

SmallDykes.

Im a fewrareoutcropssmalldykesof a massiveblackrock

canbe seencuttingacrossthelayeringof thecountryrock(See

fig.24).Becauseof theirsmallsizetheseintrusionsareonly

rarelyexposed.It wasconsideredthattheserocksmightformuseful

timemarkersin themetamorphicevent,andone suchspecimenwas

sectioned.

The mineralparegenesisis metamorphic.The rockis composed

almostentirelyof actinolite,albite,epidoteanda littlechlorite.

The feldsparappearstobe remarkablyfresh,andoccursinter—

stitiallybetweenthegrainsof amphiboleandepidote.

It is possiblethatthesedykesmaybe postf folding

(theyare not sc,entobe contortedin thefield,nor is thereany

tendencyto thedevelopmentof schistosity)but theyhavecertainly

beenaffectedby one or moreepisodesof theregionalmetamorphicevent.

BasicPorphyrite.

In 3 localitieson Map B outcropsa mostunusualporphyritic

rock. The rockconsistsof large,completelysaussuritisedtabletsof

fe Idsparand smaller,•uhedralphenocrystsof secondarychloritebeing

againreplacedby hornblende. Thesephenocrystsaresetin a fine

grainedmatrixof albite,epidote,chåoriteandleucoxene.The



Ftg, 11.

Drawingahowingpartof a thin aection

of a basicporphyrite(Holonda2orphyrite?)

Note the alignmentof the acicular

minerals.The rock showsno traceof

achistosity.
A = hornblende; C = chlorite;

= Alteredfeldepar;

G = Greundmase,

Drawingahowingthe textureof the

porphyxiticquartzkeratophyresas

eeenin thinsection.
Q = quartz; F = feldspar(albite)

G = Groundmass.
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34.

phenocrystsare generallyorientedintoa flowstructure.Fig.11(a).

showsa sketchof a thinsectionof thisrock.

The pseudomorphsaftertheoriginalmaficmineralareparticularly

interesting.Theoriginaleuhedralcrystalswereprobablyof a

pyroxene,whichwasthencompletelypseudomorphedby Mhlorite,whichis

in turnbeingreplacedby greenhornblende.

The descriptionof thebasicporphyriteaffordedherecorresponds

almostexactlywiththatgivenby Blake,Chadwick,RowlingandBeswick

fortheHolondaPorphyrites,whichareextensivelydeveloped10 Km.

eastof Lekken. It thusappearsthatthe1.6kkenPorphyritesare


probablyequivalentto theHolondaPorphyrites,althoughI myselfhave

not seenspecimensof thelatteT.

2) Ma or Intrusives.

TheMetagabbroMasses.

Metagabbrooutcropsoversome6 sc.km.of theLikkenArea, the

largestsinglemass beingdevelopedwest of the Orkla River. The mass

of the gabbro rising from the river can be seen in the top left of the

frontispiece. The groundover which themetagabbrooutcropsis

characteristicallyflat,boggy, with few trees and low lying compared

with the countryrocksto the west.

The metagabbrois generallyvery poorly exposed,the best

exposuresbeing along the road section. It is in one of these

exposuresthat bandingof the metagabbrois particularlywell seen



(Seeplate6). In threeor fourexposurestowardthecentreof the

massbandingis againseen. The bandinggenerallystrikeseast—

westand is approximatelyvertical.It consistsof an alternation

of layersrichin amphibolewithlayersrichin alteredfeldspar.

In goodexposuresthebandingis seento undulategently,but in the

southernpertof themetagabbrooutcropno handingwasseenat all.

It is knownfromfieldevidencethatthenortherncontactof

themetagabbrodipssteeplyto the south,probablyconformingto the

schistosity.Thereis no evidenceas to theshepeof thecontactto

the southandeast. To thenorth—westtheextensionof themetagabbro

appearsto be in theformof a sill. lt may be seenfromMap A that

thelayeringand localplungeof thefl structuresin thecountryrock

in proximityto thewesterncontactof themetagabbroaredeflected.

Thismay be due to a lobeof themetagabbro.

Mineralogically,themetagabbroconsistsof albite,colourless

epidote,clinozoisitehoinblende,tremoliteandchlorite.The

originalfeldsparispseudomorphedby an intergrowthof albite,epidote

andclinozoisite.ThisI regardas convincingevidenceto theeffect

thatthe feldsparwasoriginallymorecalcic.Theoriginalmafic

mineral,probablya pyroxene,is now replacedb, hornblende,tremolite

and chlorite.The wholerockremainscoarselyholocrystalline,

showingno tendencytodevelopa schistosity.It is suggestedthat

the metagabbrowas notaffectedb thefldeformation,i.e.was

intrudedpost—fl butwasmetamorphosedduringa latestcgeof the

3.



PLATE 6,

Layeringin themetagabbro,as seenin the
northeasternpartof the outcropweetof
the OrklaItiver,The bandingis vertical
at thislocality,

Closeup of the bandingseenin (a).

The bandingconeistsof alternatians
of amphibolelayerswithlayersof
alteredfeldspar,
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CaledoninMetamorphicEvent,heforethe commencementof the f

deformation.

Outcroppingtn thesouth—westpartof themetagabbromass,and

apperentlyassociatedwithit,is a rockwhichin thepasthas always

beenmeppedes gebbro.Closerexaminationof thisrockshowsit to be

nota gebbroat all,but a rock•xhibitingø tvelldevelopedgranophyric

texture.The rockcontainsabout15-20%of quartz,forminga graphic

intergrowthwithfeldspararoundlargeeuhedralfeldsparcrystals,

Whichare up to2mm.long. The feldsparis entirelyalbiteandappears

to be quitefresh,unlikethefeldsparsin themetagabbro.The fresh—

nessof the albite,andthelackof claciumrichmineralse.g.epidote

group,suggeststhatthe feldsparwasneververycalcictobeginwith,

i.e.the feldsparof thegranophyrewasprobablymoresodicthanthat

of thegabbro. Chloriteoccursinterstitiallybetweenthelarge

feldspars.Accessoryquantitiesof epidoteare seen,usually

associatedwiththeinterstitialchlorite.

The granophyreappearsto foraa cappingto thelargegabbro

mass,assumingtheverticalbandingin thegabbroto be an indication

thatit is turnedon itsside. It is possiblethatthemetagabbrois

• gravitydifferentiatedintrusion,thegranophyrerepresentingthe

laststageof thedifferentiation,but furtherworkis requiredto

investigatethisinterestingpossibility.The worstproblemabout

investigatingthemetagabbromassesis thattheyareprobablytheworst

exposedrocksin the1.8kkenA rea.
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THE PCIDYrTAVOLCANICS


The acidmetavolcanicsformfairlydistinctiverocksin the

field,and outcropoverrestrictedareasasMapsA andB show. The

volumesof acidrockareextremelysmallcomparedwiththoseof the

basicrocks. On thewesternsideof theriverat least,theacid

rocksformdiscretelayers,and,unlikethebasicrocks,do not

•xhibitpillowstructure.Individualbandsof acidrockareusually

quitethick(morethantenmetres).

The acidrockscharacteristicallyarerichin quartzandalbite,

andare impoverishedin chlorite,muscoviteandepidote.Phenocrysts

of quartzandalbitesetin a finegrainedgroundmassof quartzand

feldsparsummarisesthetextureof theserocksinverygeneralterms.

Smallquantitiesof stilphomelaneoccurinmostof theacidrocks.

I havenot studiedsufficientsamplesof rockin thinsectionto

be ableto saywhetherthereis a gradationfrombasicrocksto the

acidrocksor not,but a cursoryexaminationof handspecimenssuggests

thatthereare littleor no rocksin theareaof intermediatecoar

position.

For thepurposesof gentraldescription,threetypesof acidrock

havebeen distinguishedin theareawestof theOrkla. Followingthe

usageof the term"spilite"in connectionwiththebasicrocksbecause

of thealbiticfeldspar,the acidrockswillbe calledquartz—

keratophyres.
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The ritic uartz—keratoh res.

These rockscomprisethe greaterpart of the volumeof acid

rocks,and occur as thick,homegeneouslayers.

Å. was mentionedabove,theserocks consistof euhedralpheno—

crystsof quartzand albiteset in a fine grainedmatrixof quartz,

feldspar,chloriteand muscovite(See fig.11(b)).The rocks show no

evidenceof any structure,macroscopicor microscopic,which suggests

• particularmore of origin. The rock couldbe of pyroclasticorigin,

an acid lava,or a hypabyssalacid intrusive.

The fine rainedcuartz—keratoh res.

Dospite the fact that no cuartz is visiblein hand specimen,

these rocks are very rich in quartzof very fine grain. They consist

of a very finegrainedmass of cuartz,albite,chloriteand muscovite.

Schistosityis developedto a variableextent. The rocksare too

massive to permitmicrofoldingof the schistosity.

The interestingpoint about these finegrainedacid rocks is

that they exhibita fragmentarystructure. Discreteareasof coarsor

trture or of differentcolourcan be distingulshedin each hand

specimenon a cut surface(See fig.8(b)). It thus appearsthat these

nocksprobablyrepresentaccumulationsof acid pyroclasticdebris.

The Bandedcuartz—keratoh res.

These rocks form a very smallproportionof the totalvolume

of acid rocks. A band 14 to 2 metres thickunderliesthe thick



porphyritic,quartz-keratophyrelying to the east of Lillevatn.

The rock is distinctivethroughthe concentrationof stilpnomelane

into brown bands easily seen in hand specimen. In thin sectionthe

stilpnomelanebanding is seen to go hand in hand with the congregation

of phenocrystsinto bands as shownin fig.12. The stilpnomelane

flakesare seen to be orientedinto a poor schistositywhich lies at a

slightangle to the coarserbanding. This coarsebandingis probably

• primary structure,suggestingthat the rocksisprobablya pyroclastic

accumulation.

The albitephenocrystsin this rockare generallyseen to be

mantledby a zone of finegrainødquartzand feldspar,which is itself

often mantled by flakesof stilpnomelane.These zones, figuresin

fig.12b & c. and plate7 c & d., are tentativelyinterpretedas de-

vitrifiedglassy shrouSdsaroundcrystaltuff fragments.

It is possiblethat the quartzin theseacid rockshas an aniso-

teopic febric,but usuallythe rocksare too finegrsinedto make a

quartzorientationanalysisfeasable.

From the featuresof the acid rockspointedout above it appears

that the bulk of acid rocksmay be of pyroclasticorlgin. Some attempt

is made on Map A to show the distributionof the varioustypesHofacid

rocks. The banded acid rocksare too thin to be shown. Becaussof the

poor exposure,this representationof the acid rocks is probablygrossly

oversimplified,but there is littlethat can te doneto rectifythis.
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Fig. 12.

Wholeelidedrawingof a thinsectionof

a bandedquartzkeratophyre,ilotethe zonee

of orientedetilpnomelane,S.

and (c) Enlaxgedportionsof (a) ehowing

finertexturaldetalle.Notethe ehroude

of matrixmaterialand etilpnohelanearound

the nhenocryetin (b).

F= Feldspar(albite)

S = Stilpnomelane
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PLATE 7,

Photomicrographshowingf2 microfoldsin

Quartz-albite-chlorite-muscoviteschist

of the RbrosGroup.

Photomicrographshowingisoclinallyfolded

polycrystallinequartzbandin quarte-sericite

rocksfromthe southernpartof the areaof 1,1apA.

and (d) Albitephenocrystsshroudedby finegrain

quartz+ albitein bandedquartzkeratophyre.

(Beefig.12.)

Magnificationis I 40 in eachcase.
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THE ROCKSOF THE R RDSGROUP

Rocksof theRarosgroupoutcropto thenorthof thetakk•n

Area,structurallyunderlyingtherocksof theStarenGroup. The

rocksaremetamorphosedtobiotiteandhighergrades.A considerable

varietyof metamOrphicrocksarerecordedin the RdrosGroup, but

becauseof poor exposureonly the Laks8yenroad sectionwas open to

closeexaminationin the area mapped.

Immediatelyunderlyingthe chloriteschistsof the St8renGroup

lies a zone of GarbenSchist. This is a very distinctiverock type

and is recordedat many places in theTrondheimPegion. Schistosity

is well developed,and neediesof actinolitearrangedinto character—

istic rosettesare seenon the schistosityplanes. There is no

tendencytowardalignmentof the actinolitefibres. The contactbetween

the chloriteschistsand the garbenschistsis not exposed,but the

transitiontakesplace within a zone less than 4 metreswide.

Lying beneath the garben schistsis a seriesof strongly


schistosechlorite—albite—muscovite—quartzschists. These are very

fine grained rocks,excepton the schistosityplaneswhere muscoviteand

chloriteare concentrated.Minor amountsof biotiteareseenin thin

section.Microfoldingof theschistositytoproducea strongcrink1e

lineationis seeninmostexposures.(Seeplates7(a)8.8, and

fig.16(b)& (d).

The mica schistsdescribedabovegradedownwardsintocoarser

grainedschistsuntilthe rocktakeson a gneissosetexture.The

40.



amountof quartzbecomesreduced,muscoviteincreasesin quantity

andgrainsizeand the schistositybecomesmoreirregular.Albite

is lowbut of coarsergrain. The chloritebecomescoarserandmore

mognesiumrich. Frombeinginsignificantin quantity,tremolite,

in the formof large,•quantgrains,becomesthepredominantmineral.

Thereis no hornblendeandverylittleepidote.In thenorthernmost

partof theareamappedsmall•:uantitiesof garnetbeginto appearin

thegneisses,but thisis notaccompaniedb/ anyappreciabledevelop—

mentof hornblende.
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PLATE 8.

Quartz-albitenmuscoviteechloriteschist
of the RbrosGroupehowingwelldeveloped
f2 crinklellneation.

Smallf2 chevronfoldein chloritesehiet
nearHoelynga.

The scaletapeie one halfmetrelongin
eachcaee,



k?`fr.1
14

+
1.7..c.



THEJASPERI. SES

Lenticularmassesof Jasperoccurin thebasicmetavolcanics

at * numberof localitiesalloverthe28kkenArea. Morerarelythe

rockdoesnothavetheintenseredcolourof Jasper,butmay be blueor

white. The lensesareelongatedin theplaneof theschistositypar-

allelto the f1 stretchdirection.Theyrangein sizefrom3 metresto

50 or moremetresin length.Tecturallytherockconsistsof small,

suturedquartzgrains,about•lmm.in diameter.Scatteredthroughout

the rockare smallpyritegrainsandpatchesof haematite.It is

evidentfromthebehavlourof thegrainsundercrossedpolarsthat

thequartzhas somesortof anisotropicfabric,but timeprecluded

thedetailedinvestigationof thisfeatureat thisstage.Manyof the

grainsshowedunduloseextinction,associatedwitha latestagein the

structuralhistoryof thearea.

It is wellknownthatchertsarecommonlyassociatedwithsub-

marinevolcanicrocks. If thejasperlenseswereoriginallybodiesof

radiolarianchert,thenno traceof organicstructuresareleftafter

the recrystallisationassociatedwiththeregionalmetamorphicevent.

VASSKIS

Vasskisis a bandedpyriticshalewhichoccursintercalated

wittiinthe acidandbasicmetavolcanicsof theLakkenArea. Suchbands

rarelyexceed2 metresin thickness,but criayextendoverconsiderable

areas. The Vasskishasbeenexhaustivelystudiedby Norwegian
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geologistsin the past,particularlyin the Immediatevicinityof

the 1.8kkenMlne, and will not be consideredin detailhere.

To the west of the Orkla Riveronly one occurrenceof vasskis

is recorded. Thls is a stronglyalteredband lyingbeneatha thick

layer of acid rock to the northof Lillevatn. This band shows con—

siderablecontortionin the southernpart of its outcrop,where it

is probablycut off bg a fault. At this localitythe band has bøen

worked in the past, probablyfor its pyrite content.
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PLATE 9.

(a) Outoropof a jaeperlenein basicpillowlavae.

(b) Smallfoldin a haematite.riohsediment
trappedin a mpooket"withinthe above
jasperlens.
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STRUCTURILLGEOLOGY
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THEMAINGROUPSOF STRUCTURES

It is possibleto discernin thisareaa numberof phasesof

deformation,allof whichareconnectedwiththeCaledonianOrogeny.

In thiscontexttheterm"Phaseswisusedto distinguishstagesin the

progressivedeformationof an area. Eachphaseis representidby a

particularassociationof structures,indicativeof theparticular

dynamicconditionsoperativeat the time.

The main structuralepisodesor phaseswhichtookplacein the

1.8kkenArea aresummarised(inchronologicalorder)as follows

1) Isoclinalfolding(f1)associatedwithregionaldynamothermalmeta—

morphismin theGreenschistFacies.

Structuresassociatedwiththisphaseare:

Developmentof Schistosity.

Developmentof linearstructuresby stretchingin theplane

of schistosity.

e.g.Stretchedpillowlavas,deformedspherulites,vesicle

elongation,elongationof pyriteorebodiss.

2) Foldingof thePre—Formedschistosity(f2)intoarealscaleparallel

foldsalmostcoaxialwiththef1 linearstructures.No metamorphismis

associatedwiththisphase.

Structuresassociatedwiththisphaseare

44.



Developmentof "Mlnor"foldsin thehingeof themajor

structure,The1.8kkenSynform.Theseare termed2ndorder

structures.

Developmentof kinkbandsandkinkfolds,plungingparallel

to thelocalaxialdirectionof theLikkenSynform.These

are termed3rd.Orderstructures.

Developmentof a ripplelineationby microfoldingof chlorite

flakes.Theseare termed4th.orderstructures.

Thrusting,occurringtowardstheendof f2. The directionof

transportappearstohavebeen fromnorthto south,corresponding

generallywiththedirectionof tectonictransportin theNorwegian

Caledonides.The thrustplahesappearto havesufferedgentlewarping

associatedwitha latestageof f2.

An episodeof gentleflexuringabouta north—southaxis(f3).

Thishasproducedlocalvariationsin theplungeof the fland f2

structures.The orientationof thethrustplaneshasbeenconsiderably

affectedby thesemovements.

Faulting.Thesefaultshavedissectedallearlierstructures,

and theirdisposition,mainlyeorth—southandeast—west,has controlled

presentday drainageandgeomorphologyto a oonsiderableextent.There

appearsto be a geometricalrelationshipbetweenfaultandjoint

orientationin thearea.
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The foregeingsummaryof thestructuralhistoryof the

LIkkenAreawillbe usedas a basisforthemoredetaileddes—

criptionof thestructurswhichfellows.
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THE FIRSTPHASEOF FOLDING(f1)

This phaseis simplifiedin theensuingdiscussionto a single

phaseof tightor isoclinalfolding#butmay,andprobablydoes,

itselfconsistof a complexs•quenceof deformations,perhapsincluding

several"sub—phtsses"of folding.

(a) The evidenceforti t or isoclinalfoldin.

(1) The drvelopmentof sthistosity.

It is generallyagreedthatthedevelopmentof schistosityin a

rockindicatesconsiderableshorteningof therock,usuallyinvolving

folding.In addition,whereprimarylayeringcanbe distinguishedin

therock,it is generallyseento paralleltheschistosity.

Schistosityis not,however,uniformlydevelopedalloverthearea

considered,especiallyin themetavolcanicsin thesouth. In some

bandedacidrocksa slightangulardiscordencecanbe detectedbetween

primarylayeringandschistosity(asindicatedby orientedstilpnomelane

flakes).(SeeFig.I2.).'A 3ci"1v)

ii) Way—UpCriteria

In areasWhereschistosityis not so welldevelopedit isoften

possIbleto distinguishtheway—upof therocks. Way—upcriteriawhich

havebeenobservedale :

Shapesof pillowsinpillowlavaø,

Gradingof beddingin pyroclasticdeposits.
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It is generallyobservedthatin anygivensub—areatherocks

areneverconsistentlyoneparticularway—up,althoughtheymay dip

consistentlyin one direction.Thisis tobe expectedif therocks

are isoclinallyfolded.

RelationbetweentheChloriteSchistsandthemoremassiv,

metavolcanics.

The contactbetweenthechloriteschiststo thenorthand themore

massivemetavolcanicsto thesouthis notstraight.Lenticularmasses

of oneoccurin theothercloseto thecontactwithoutanydeflection

of theschistosity.Suchlenticlesmustthereforerepresentpre—f2

structures.

In theareaof acidvolcanicsthecharacterof theintercalated

basicrocksishighlyveriable,frommassivehomogeneouslavason the

one handto wellfoliatedschistson theother. Thisis tobe expected

in an areaof isoclinalfolding.

RelationsbetweentheAcidandBasicRocks.

In theHoslynga— SegelVatnAreaacidandbasicrocksare seen

tobe intercalated.Thisintercalationmaybe primaryor it maybe

a consequenceof isoclinalfolding.Unfortunately,fromthe field

relationsit is impossibleto be surewhichis thecase.

The Dispositionof therocksof theHovinGroupsouth

of L8kken.

A traverseof theroadsectionsouthfromL8kkenvillagewasmade
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in order to determinethe way in which the band of theHovin Group

rocks is disposedrelatIveto the surroundingSt8renGreenstones.

(See Map B). Dip readingson schistositywere takento see whether
fold

this is a synformitcoreproducedby foldingof the schistosity,or

whetherthe schistositywas constantin dip, therebysuggestingthat

this is the core of an f1 isocline. As map B shows,no significant

changein the dip of schistositywas detected. SInce the styleof

f2 foldsobservedelsewhereobviatesthe idea that this couldbe

causedby isoclinallyfoldedschIstosIty,it must be ceocludedthat

this is the core of an overturnedf1 syncline,as would be expected

from the stratigraphicrelationsbetween theHovin and StOrenGroups.

It is NOT clearwhether this synclineis antlformalor synformal;

Youngest
I S.

/

Youngest

S nformal$ ncline Antiformal$ ncline

The Area of Blake,Chadwick& Co., adjoinsthe south—eastern

edge of Uhe area of Map B. The band of HovinGroup rocksmentioned

above extends into theirarea. They have apparentlybeen able to

distinguisha slightangulardivergencebetweenbeddingand schistosity.
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W.

They thereforeinterpretthisHovin Groupband as the coreof a

synformalsyncline,with axialplane schistosity,clearlya major fl

fold. Unfortunatelytheirpaper does not suggestthe axial direction

of the syncline,nor do they describeany linear stTucturesin the area.

I am not entirelysatisfiedthat this is neceesarilya synformal

syncline: it couldbe neutralor antiformal. %hich interpretationis

adopteddependson whetherevidenceas to the axialdirectioncan be

found. It does not necessarilyfollow,of opurse,that the axial

directionwill parallelthe stretchdirectionrecordedin the Dragset

area. The rangeof possibilitiesare summarisedin Fig.13(a). In

generalthe fl plungedirectionmust plunge to the northof the strikeof

the limhsof the fold.

Four kilometresnorthof Lökken,Carstenshas mapped a similar

band of Hovin Group rockt(see Fig.3.). IF this is part of the same

fold structureas the band southof Lekken, then the fold couldbe

describedas a neutralfold,with its axis directedperpendicularte

the f1 stretchdirection(see Fig.13(b).). It is not clear to me how

this northerlyband of Hovin Group rocksfits in with the chlorite

echiststo the west. These relationswere not investigatedduring the

periodof the fieldwork.

It shouldbe noted that for theHovin Group band southof Ldkken

the interpretationof a synformalsynclineplungingparallelto the

stretchdirectionappearsto be impossible,as Fig.13(a).shows, Only

an antiformalsynclineplungingparallelto the stretchdirection



cenbe envIsaged.

Clearly,moreworkis requIredovera largeareeIn orderte

determInetheaxialdIrectIonsof thefl foldsandthelrangular

relatIonsto thef1 stretchdirectIon.

vI) Observedf1minorstructures.

It wouldbe virtuallyImpossIbleforamallscalefoldsto

developIn themassIvemetavolconlcs,andnonewereeverseen. In

thechlorItssctiiststo thenorth,however,a carefulsearchwasmade

forsma11foldsto whichtheschIstosItywasaxIalplane,but thsse

rocksare so stronglyschIstoseandrecrystellisedthatno convIncIng

traceof primarybandIngwaseverseen. However,at a localIty km.

northfromDragset:mIne,a tracewas seenof whatmayhavebeena

foldedprImaryband. ThebehavIourof theschIstosItyIn thehinge

zontof thisfoldwasobservedto be typicalof thecompetent-less

competentrelationin cleavedrocks

Divereent Cleavage

Convereent Cleavaee
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Pig. 13.

(a) Rangeof possibilitiesfor plungeazimuth

of the fl folds.

(b) Showingpossiblerelationbetweenbandeof

ilovinGroupsedimentsoutoroppingnorth

and southof Lacken.
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In the southof the areaof MapA, thereoutcropsa bandof

stronglydeformedrockjustabovethethrustplan.. Thisrock•xhibits

isoclinallyfoldsdbandswitha welldevelopedexialplaneschistosity.

It may wellbe thatthebandingseenin therockis notof primarysedi—

mentaryoriginbutof tectonicorigin,so thatthelaterthrustinghas

become localisedon earlierzonesof weakness.Certainfeaturesof

therock,whichwillbe discussedundertheheadingof petrofabrics,

tendto suggestthis. This rockalsoexhibitsptygmaticveins,which

suggestthatthe flphaseof foldingInvolvesquitea complexsequence

of •vents.

(b) Linearstructuresassociatedwiththe f 1.folding.

A numberof significantlinearstructuresareassociatedwithfl.

i) Elongationof pillowsandbombs.

In the north—eastcornerof Malisetertjernin thechlorite

schistsare seenstructureswhichareinterpretedas volcanicbombs.

Thesebombsarenotcloselypackedaspillowswouldbe,butare

relativelywidelyspaced,andcomein a varietyof sizesup toperhaps

halfa metreacross.Theyformstructuralinhomogeneitiesaroundwhich

theschistosityis deflected.Theyarecharacteristicallyflattened

perpendicularto theschistosityandareelongatein theplaneof 151he

schistosityandplungegentlyto theeast.(seeFig.16(e).Thehosst

sedimentmay haveoriginallybeena finegrainedbasicpyroclastic
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rock. Assumingthesebombs to have originallybeen equant,there

has clearlybeen a physicalstretchingin the plane of the schistosity

and a shorteningperpendicularto the schistosity.

A little furthersouthpillow lavasbegin to be well developed.

In theserocks the pillowsare closelypacked and usuallyexhibita

pronouncedelongationdirectionwhichplungesgentlyeastward. The

sectionperpendicularto the schistosityis usuallymore equant than

that seen in the bombs, althoughschistosityis commonlystillde—

veloped. Pillows seen in the northernpart of the area can be up to 8

times as long as theircross sectionaldiameter.

ii) VesicleElongation.

Over the whole area wherepillow lavasare developed,the pillows

generallypossessa more or less vesicularinterior. The vesiclesare

always elongateparallelto the elongationdirectionof theirparent

pillows. Commonlythe strainis so high that the ends of the vesicles

become ragged,sothatthey degenerateinto tubes. Measurementof the

elongationdirectionof stretchedvesiclesis much more difficultthan

measuringthe same for stretchedpillows.

111) DeformedSpherulites.

In one localityonly, 300 metres north—eastof Lillevatn,outcrops

a spheruliticacid lava in which the spheruliteshave been deformed

into •llipsolds. The ellipsoldsare extremelyconsistentin axial ratio

and orientation,and it seemsreasonableto supposethat these spheru—

lites were originållyvery close to being truly spherical. The
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•llipsoidsare flattenedin theplaneof theprimarylayeringand

schistosityand theirlongaxesplungegentlyto the•ast.

iv) PreferredOrientationof Minerals.

Thiswillbe dtscussedundertheheadingof petrofabrics.

Althoughtheamountof strainassociatedwiththefl foldingis

not constantoverthewholearea,it seemsfairlyclearthatthe

orientationof thestrain•llipsoidwithrespectto theschistosityis

fairlyconsistent,and thatthelongaxisof theellipsoldrepresentsa

directionof physicalstietChingandtheshortestaxlsoneof physical

Shortening.

Fig.14.1s an •gualareaplotof theplungedirectionsof linear

structuresassociatedwithf 1.e.linearstructureslikethosedes-

cribedabove. The vectormeanplunges10/ 95. On MapB thecorres-

pondencebetweentheplungeof the fllinearstructures,theelongation

directionof theLôkkenorehodyand thelineDregset-likken-Hdidalmay

be elearlyseen. Forthisreason,and forotherswhichwillemergein

thediscusslonof thef2 structures,I suggestthatthestructuralcon-

trolof theLakkenorebodyis primarilyassociatedwiththe fl folding.

(c) Possible re-f structures.

We have earlierseenthatit is possibletoerectin thisareaa

successionof ouitedistinctivesuperposedmetamorphicrocks. This

stratigraphyascendsperpendicularto theschistosityin theareaand
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F ig.14. LINEATIONS

91 readines of stretchlineationsover the whole
of the area west of the Orkla River.
Stretch.Lineation= Elongationof Pillowsand

bombs,vesicles& soherulites.



perpendicularto the metamorphicdsograds. There is clearlyno reason

to supposethat thismust be the primarystratigraphicsuccessionin

the area. It is probablya tectonicallyimposed stratigraphy.

There is no gradualincreasein the developmentof schistosity

as one passes down from the massivemetavolcanicsinto the chlorite

schists. The developmentof schistosityis abrupt,althoughno actual

contactis exposed. The chloriteschistsapparentlyrepresentan

originalrock type Whichyieldedeasilyto deformingforces,unlike

the massivemetavolcanics.Thlsbandof chloriteschistdoes not outcrop

again on the southernflankof the Lakken Synform,it probablypinches

out at depth. The continuationof investigationswest fromDragsetwill

probablyanswer thispoint.

I am inclinedto suspect,that by analogywith the successionof

structuresdemonstratedin the ScottishHighlands,the band of chlorite

schistmay be a tectonicunit emplacedbefore the periodof isoclinal

foldingand metamorphism. A phaseof free tectonictransportbefore

the main f1 deformationwould lead to a tectonicstratigraphywhich

would,after the f1 foldingand metamorphismand f2 refolding,have a

form like that observedtoday. If this suspicionis true,then the

Starenand Earos Groups representtectonicunits emplacedvery early in

the historyof the NorweglanCaledonides.

The possibleoccurrenceof an importantphaseof dislocationvery
eallyin the tectonichistoryof the Trondheimarea does not appear to

have been generallyappreciatedin the past. Overemphasisof the later,
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moreobviousphasesof thrustingin Norwayappearstobe thecase.

Criticalre—examinationof 6he"classicaPNapperegionof Central

Norwayis revealinghithertounexpectedcomplexity.Occurrencesof

latethrustingbeinglocalisedon earlier,isoclinallyfoldedthrust

planeshavebeendescribedtome.
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THE SECONDPHASEOF FOLDING f 1

The f2 foldingIs verynearlycoaxIalwiththslinearstructures

associatedwithf1,andis themostobviousphaseof deformatIonto

haveaffectedthearea. It is manifestin thefoldingof the fl

schIstosityintoregionalscaleflexuresan theonehand,to mIcros—

copickinkson theother, In the1.8kkenareathereis no traceof


thedevelopmentof a cleavageor schistosityassociatedwith f2,and

thereare strongindicationsthatthe foldingis parallelin tharacter,

1.e.producedby bucklingof thestratifiedmass.

(a) EvIdenceforthe arallelnatureof thef foldin

i) The absenceof associatedcleavageor schIstosIty.

Thereis no traceof e steeplyInclinedcleavagecuttingthemeta—

volcanIcs,neitheris thereanytendencyin thedhloriteschiststo the

northof the areato thedevelopmentof a regularstrain—sllpcleavage.

11) MinorFolds.

In the chloriteschistswheresmallscal•foldsof the f1 schis—

tosityare developedtheyareseento dieoutveryrapidlyawayfrom

thecentreof maximumdisturbance.Suchfoldsareneverobs•rvedto

be verytight.

Structuressimilarto kinkbands,butwhichare conjugatemicro—

foldsof the f1 schistosity,are seenin thechloriteschists(see

Fig.16(c).).The axialdirectionsof thesemicrofoldsareconsis—
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tentlyparallelto the localplungeof the major structurebut their

axialplaneorientationsare variableby rotationabout the axial

direction. These structuresare interpretedas having formedat

differentstagesin the historyof the major f2 structure. Perhaps,

for •xample,they formedparallelto the axialplane of the major

structure(an issumptionfor the sake of the argument). Dependingon

the particularstage in the historyof the major structureat which

each microfoldwas formed,the amountof rotationsubsequently

sufferedwas different,hence the differentaxialplaneorientations

but commonplungedirectionsat the presentday. For this inter—

pretationto be oorrect,the major structure(TheL8kken Svnform)

must be of a parallelnature.(See Flg.15.).

(b) Minor StivcturesAssociatedwith the f2 folding.

The majoi f2 structure,to Which the sizeof all other f2.

structuresis relative,is the 9.8kkenSynform". This, however,is

a relativelyminor flexureon the flankof the regionalstructure,

The TrondheimSynclinorium.

1) SecondOrderMinor Folds.

Second order minor foldson the flankof the1.8kkenSynform

can only be appreciatedby detailedmappingon well exposedground.

In the area of ecid volcanicsbetweenHoslyngaand SegelVatn it is

possibleto infer firstorder folds from readingsof dip and strike
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Fig, 15.

Saggestedmechanismforthe formation
of mihnort2 foldewithvariableaxialplane
orientationewithreepeotto the major
etructurt,the LakkenSynform,

1),2)and 3) repreeenteacoeseive
stagesin the inceptionand rotationof
minorfoldeon the northernlimb of the
majoretructure,
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of thef1 schistosity.Whenthiscanbe doneit seemsthatthere

is no relationbetweentheorientationsof theiraxialplanesand

theorientationof theaxialplaneof theLlikkenSyncline.The

wavelengthof thesefoldsappearsto be of theorderof 20 to 100

metresand theyappeartobe closedbutnevertight. I;eadingsof the

dipof the schistositysuggestthatthe firstorderfoldsarebest

developedin thoseareaswherethemeandipof theschistosityis

verylow, 1.e.in thehingeof theL8kkenSynformand in theextreme

north—westof the areaof MapA. No secondorderminor foldsof

the schistosityhavebeendetectedin thesteeppartsof thenorthern

limbof theL8kkenSynform. Onlyverygentle,verylargewavelength

andlowamplitudeflexuresareapparentin thesouthernlimbof the

1.8kkenSynform.

11) ThirdOrderMinorFolds.

Such folds,havingwavelengthsvisibleon thescaleof a single

exposurecannotbe developedin themassivemetavolcanicsin thesouth

of thearea. Suchfoldscanonlybe developedwhereindividuallayers

arethin,1.e.in theschistoserocksto thenorth. The parallelnature

of thesesmallflexureshas alreadybeenemphasised,but trulyconcentric

andchevronvarietiescanbe distinguished.(SeePlate8). Verysmall

(wavelengthof theordeTof lcaor less)Thirdorderminor foldsare

commonlyobservedto be conjugate(See Fig.16(c).).

The inconsistencyin the orientationof theaxialplanesof these

foldswith respectto theorientationof theaxialplaneof themajor
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Fig. 16.

Minoretructuresin the Schiete.

Kink Band.

SmallScaleparallelfoldingof the
enhistosity.

Smallscaleconjugatefoldingof the f2

echistosity.

Micro-ecaleconjugatefoldingof the
achistosity.

Maseiveinclusionwithinthe schiste,note

deflectionof the sahistosity,and stretch
directionof the inclusionin the planeof
the schletosity4due to fl • The deformed

inalusionie believedto representa
volcanicbomb.
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structurehas alreadybeenmentionedandan explanationsuggested.

iv) FourthOrderMinorStructures.

Theseare representedby themicroscopicripplelineationseen

on thesurfaceof thechloriteschists.Thisis simplya smallscale

crenulationof theplatyminerals,chloriteandmuscovite,in the

rock. It is essentiallya lineationproducedby compression,in

contrastta thelinearstructuresproducedby extensiondescribed

in connectionwiththef1deformation.

This ripplelineationis parallelto theaxialdirectionof the

thirdorderf2 foldsandto thelocalplungedirectionof theL8kken

Synform.On thestereogramin Fig.18.isplotted22 readingsof the

plungedirectionsof thelinearstructuresassociatedwithf2. The

sparcityof readingsisbecausethesestructuresareonlywellde—

velopedin thewelllaninatedchloriteschiststo thenorthof the

LakkenArea.

(c) The Geomet of theL8kkenS nformwestof theOrkla.

Fig.17.showspolesto 328readingsof theorientationof the

f1 schistosityoverthewholeof theareawestof theOrklaRiver.

Thereare twomainconcentrationsof poles,indicatinga welldefined

hingezonebetweentwoessentiallyplanarlimbs.The apicalangleof

thehingeis approximately95 degreesand themeanplungeof thefold

is 10 degreesto thedirection80 degreeseastof truenorth. This
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Fig.18, LINEATIONS


22 readingsof riprolelineationsin the

schistoserocks west of the River Orkla.

Ripple Lineation= Lineationproducedby

microfoldingof olaty rd_neralsin the

schistoserocks.
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Fig.19.

28 readinimtakeneamtof theOrklaItiVerr.

N.



comparesverycloselyto thevectormeanof thereadingsplottedin

Fig.18. A deviationof ± 5 degreesfromthemeanplungedirection

aboutan axisdirectednorth—southis apparenton Fig.17.This is a

consequenceof the f3 flexure.

Assumingno steeplimbattenuationof the fold(a conservative

assumption)the•xialplanebisectstheapicalangle,inwhichcase

the theoreticalorientationof theaxialplane,fromFig.17.alone,

willbe strike85 degrees,dip63 degreesnorth.

The LikkenSynformdoesnot appeartobe a tightenoughstructure

for therelativølyresistantmassof thegabbrointrusiontohave

affectedthetrendof therocks.

(d) An larRelationsbetweenthef 8 f2 structures.

Fig.22.is a diagraamaticrepresentationof thegeometric

featuresof the f2 folds.Alsoshownis thestretchdirectionof the

f1 folds.

i) The L8kkenpyritedepositismarkedlyelongatein the•ast—

westdirection.It is a noteworthyfactthatif hhelengthof this

depositis producedwestwardsit intersectsDragsetMine,and if it

is producedeastwardsit intersectsWidal Mine. Thisdirection,here

calledtheDragset—HdidalLine,correspondsvery closelywiththe

plungedirectionof thefllinearstructures,lyingwithinthecone

representingthemaximumdensityof fieldreadings(over20 per 1%
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Fig.21 (a)

Histogramof shearnlane

strikedirectionseast

of the Orkla River.

11 readings

Fig. 21 (b)

Lineationseast of the

Orkla River.

11 readings

N.



area of the sphere)as plottedon the stereogramin Fig.14. The

plungedirectionof theL8kken Synformlies outsidethis cone.

ii) Whereas the Dragset—NdidalLine crossesthe hinge of the

LdkkenSynform at DrogsetMine, the Lekkenorebodyis well away from

the hinge, apparentlyclimbingthe southernlimbof thesynformin

an easterlydirection.

111) Although1t is noteasytodo sobecauseof themore

massimecharacterof therocks,ithasbeenpossibleto takea small

numberof readingson linearsttuctureswhiclzarebelievedtogivean

impresslonof theplung,of theL8kkenSynformon theeastsideof the

OrklaRiver. Thesereadingssuggestthattheaxisof thesynformis

almosthorizontalor plunginggently(lessthan10 degrees)to the

west. Nowever,carefullypreparedsectionsparallelto the length

of the L8kken orebody show that the averageplunge is 20 degreesor more

to the W.N.W. Clearly the orebodyplungesalonga line of greater

slope than the plungedirectionof theL8kkenSynform.1notherwords,

the orebody is ascendingthe flankof the f2 structure,oblictieto

the axlal directionof thef2 structure.

1v) If the f linearstructuresandthe surfacetrendof the f21

axial surfacewere used to oonstructa solutionfor the axial surface

orientationof the L6kken Synform,it would dip te the south. This is

clearlyan erroneousconclusion. It attenuationof the steeplimb of

62.



thesynformwereoonsIdered,the•ffectof thedivergenceof fl and

f2 structureswouldbe evenmorepronounced.Nencetheearlierstate—

mentthatlt is a conservativeassumptionto supposethattheaxial

surfaceof thelikkenSynformblsectstheapicalangle.

The linesof evIdencesuggestedabovesuggesta smallangular

divergenceof about5 degreesbetweenthe fl and f2 structures,and

thatthe structuralcontrolof theLökkenorebodyisby the fi

structures.

63.



Pig. 22.

GeometricRepreeentationeof the compaxative
featuresof the t1 andf2 struetures.

Shovethe azimutheof thegeometricfoatures
of the ft and f2 folds.Notethe divergencebetveen
the f2 plungeazimuthand the ft etretchdirection
azimuth.

The axieltraceof the laken Synformon the horizont
is preeumedto bisectthe apical(hinge)angleof the
fold.Thiele a coneervativeassumption.

Showsthe somerelations'presentedstereographic

A and B representthe vectormeanaof the
concentrationsof polesto the (flat)limbeof
the LiSkkenSynform,
C D representsthe axialtraceon thelortmontal
of theLffickenSynform.

m half of the(hingeangle.nm^0%90')
F = Plungeof the ft linearstruetures.
= Flungeof the LekkenSynform.

The Axial"Plane"of the LekkenSynformis etip)led.
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PLATE 10.

Lookingweetwardat the HOidalopen
caetworkinge.liotethe gentleeaeterløy
plungeof the orebodyae taferredfrom
the ehapeof the workinge.
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THE THRUSTINGEPISODE

Investigationscarriedout to the west of th• Orkla River

show that the f2 structuresare transectedby a numberof low angle,

gentlyundulatingthrustplanes. The existanceof thrustsin this

area was not recognisedby Bjdrlykkeduring the 1959-60investiga—

tions. Throughdetalledgeologicalinvestigationsin the Lakken

mine east of the Orkla kiver it has longbeen known that there is at

leastone persistentthrustplane cuttingthe metavolcanicsahd

passing throughthe mine just above the orebody.

(a) EvidenceforThrusti and MovementDirection.

The existenceof thrustseast of theOrkla River is undoubted,

and projectiononto the surfacestronglysuggeststhat the main

thrustoccupiesa topographicdepressiondsarkedby the line of lakes

which includesBjdrnlivannand Fagerlivann.(SeeMap B).

It is not so east to demonstratethe significantdevelopment

of thrustswest of theOrkla, where thereare no undergroundworkings.

This is especiallyso in the southof the area,but in the north,

aroundHoslynga and Mjovatn,the task is much easier. This is a con—

seciuenceof the rapidchangein dip of the fl schistosityas one goes

southfrom Uhe belt of chloritesdhistsacross thehinge of the Lökken

Synform. In this aree a block of verticalor steeplydippingschistose

pillowlavas is seen to be restingon near horizontalmetavolcanics
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PLATE 11.

Thrustplane expoeedin LOkken

The lower pliotograph ehowscrushingof

the rock and foldingof quaxtzvein

in the thrust plane,
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65.

(see Map A 8 F1g.23.). In a oumberof places the actualcontactis

exposed,and is seen to consistof a thin zone (10cm.)of clayey

gouge passingrelativelyrapidlyintomore massive rocksabove and

below. The dispositionof dips seemsto suggestfairlyconclusively

that the block of steeplydipping rocks representsa part of th•

steepnorthernlimb of the1.8kkenSynformwhich has been moved a few

hundredmetres southwardonto the hingeof the fold.

The thrustplane seems to be locallyassociatedwith a thin,

persistent,schistoseband of coarsegrainedrock %hichexhibitsno

pillow structure. In additionit is observedthat the thrustplane

is progressivelylet down to the west by a seriesof normal faults.

West of the river the thrustplane dips gently to the east,but

apparentlyless steeplythan the localplungevalueof the L8kken

Synform. To the •ast of the Orkla, however,where theL8kken Synform

appearsto plunge gentlywestward,the thrustdips more steeplywest—

ward, at about degrees. The relativeorientationof thrustplanes


with respect to the plungeof the f2 structures,therefore,appears

to be fairly consistentover the wholeof theIikken area.

In the alea west of the Orkla, as one proceedssouth from the

hinge zone of the L8kkenSynform,changesin dip valuesof the fl

schistositybecome less pronounced,and it becomesmore and more difficult

to detectevidenceof thrusting. Here the picturepresentedof the

dospositionof thrustslicesis constructedfrom actualexposed

thrustplanes and topographicalfeatures. A particularlygood



PLUM 12.

Thruatpleneeezposedon theeurfaceweet
of theRiverOztla.

Thrnetplenoexpoeedin tbesouth.east
oornerof Beelynga

Thraetplenetwhowingstrangbreoolation,
exposedon theroadsectionnearBfflirtjern.
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sectionshowingthrustimbricationis exposedin a valley 600 metres

south—eastof Langdalsvatn. On the road sectioneast of ilrubedammen

a gently northwarddippingthrustplane is seen cuttingobliquely

across the primarylayeringof the massivelava flows.(See Fig.i4.).

In the southerapart of the area,where the Drugu streammeets the

cross connectingroad fromDragsetMoen to the DragsetRoad, the

stream fallsover a smallcataract,the only natuealwaterfallin

the area (SeePlate 13.). Closer examinationshowsthat the cause


of the waterfallis a thrustplane cuttingthroughits base. This

plane, Which dips gentlyto the north—west,can be tracedfor about

3D metres along the road section. The thrustplane consistsof about
clay

2Dcm.of/gougewhich passesabove and below into a zone of 1 metre of

crushedand cleavedrock. A specimentaken from about1 metre above

the thrustplane exhibitsa well developedshearcleavagewhich crenu—

lates the f1 lamination(see sectionon petrofahrics).The pillow

lavas lying above this thrustplane exhibitconsiderablefl strain,

whereasbeneath the thrustare pillowsshowingvirtuallyno signof

strainby elongation. This is regardedas evidenceof a north to

southmovementby the thrustslice.

There are many other examplesof exposedlow angle shearplanes

in the area west of theOrkla River.

It is not easy to conclusivelydemonstratethe directionof

movementon thrustplanesby correlationof displacedrock horizons

above and below the thrustplaaes. In the 8j8rtjernLake area 6-45.h.fek
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PJAT.,..13.

Smallcataractin the DruguRiverformed

by erosionalonga thrustplane.The rock

is crushedfor a considerabledistance

aboveand belowthe actualplaneof

movement.
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a thickbandof cearsegrainedrockoccursjustnorthof thelakeand

westof the thrustplane. Thisbanddipsgentlynorthwardsand

exhibitsa vagueprimarybanding.Just southof thslakea similar

rockof similarorientationandexhibitinga definiteprimarybanding

is exposedjustabovea thrustplane. It is possiblethatthesebands

areequivalent,andthereforesuggesta northto souththrustdis—

placementof about500metres. Similarly,•astof theOrkla,a gabbro

massis exposednorthof Bj8rnlivannjustbeneaththethrustplane.

Thismay be equivalentto themaingabbromasswhichliesabove the

thrustplaneto thesouth—westof Bj8rnlivann.If thisis so thenthe

dixectionof movementon thethrustplaneis northto south.

Theredo notappeartobe anyoonsistentlydevelopedminor

structuresassociatedwiththethrustingwhichprovideevidenceof

thedirectionof movement.

Over thewholeof thelikkenArea,thethrustplanesexposedin

thesouthgenerally*howevidenceof greatercrushingandgreaterdis—

placementsthanthoseexposedto thenorth. No evidenceof thrusting

has everbeen foundfurthernorththanthebeltof chloriteschists.

The impression,thereforeis thatthestrainby thrustingisgreaterin

thesouththanin thenorth. Thistoo,is regardedas evidencefor

northto souththrustdisplacements.

(b) Timin of thee isodeof Uhrustin.

The thrustplanesappeartoundulate:
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gentlyaboutan east—westaxis.

gentlyabouta north—southaxis.

As wasmentionedearlier,thereseemstobe a fairlyconsistent

angularrelationbetweenthe thrustplanesandtheplungeof the

LakkenSynfotm,whichalsoundulatesabouta north—southaxis(axisof

the f3 flexure).This suggeststhatthe thrustsare relatedto a

latostagein the formationof theLakkenSynform,accordingto the

sequenceof eventssuggestedby de Sitter:

1. 2.

3. 4.

(Reproducedfrom"StructuralCueology"pp.233,by L.U.døSitter)

This is thetypicelassociationof thrustfaultsandparallei

folds. If thisassociationis torrect,thenwe wouldexpectnorthto

southmovemønton thethrustfaults.I shellthereforereferto these

thrustfaultsas "latestagef2 thrusts"in future.
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It has been suggestedthat thesethrustfaultsare entirelypost

f
2. and are relatedto the f3

flexure. This would implyan east to

west movementfor the thrustswest of the Orkla and a west to eastmovement

for the thrustseast of the Orkla, i.e. a conjugateset of thrusts

associatedwith the f3 flexure. There does not appearto be any

evidenceto substantiatethis theory.

(c) Relationgetween the Main LakkenThrust and the thrustin west

of the Orkla hiver.

There is no definiteevidenceto supporta possiblecontinuityof

the thrustwhichoccursjust above the LakkenOrebodyand any particular

one of the thrustsliceswhichoccur west of theOrkla. There •xistsa

possibilitythat the thrustplane exposedin the southof the area of

Map Å either is or was continuouswith the LakkenThrust. Surface

evidencesouthof the LikkenMine suggeststhat theLakkenThrust,

which strikesnorth—southnear the WallenbergShaft,swingsaround

towald the west. This wouldbe expectedaccordingto the idea of gently

foldedthrustplanesoutlinedabove. Å detailedsearchis new reguired

for evidenceof whetherthis thrustplane, whichappearsto be con—

tinuousover a wide area, can be eventuallyshownto vee down the

Orkla Valley.

There existsa possibilitythat the OrklaValleymay locallybe

structurallycontrolled,e.g. by a fault. This was suggestedat first

by the curious fact that the main gabbromass ends abruptlyagainstthe
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westernbankof theriver. A daywas spentinvestigatingthispossi—

bilityby searchingforfeatureswhichmighthavebeenexpectedin

associationwitha largefault. No suchevidencewas found.

However,at thattimethepossibilityof tracinga continuous

thrustplaneacrosstheriverin thesouthof theareawas notcon—

sidered.Extrapolationof thedipsof thrustson eithersideof the

riveris tooimprecisean indicationof possiblefaultingin theOrkla

Valley,eventhoughany steepfaultcontrollingtheOrklaValleywould

produce a largedisplacementin theoutcropof a lowanglethrustplane.

Thus thetm mainhypothesestobe testedby futureworkare summarised

below:

/0 R E
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WithFault WithoutFault



The possibilityof a faultof largedisplacementdownthrownto

theeastmustalwaysbe considereduntilthetruthis establishedone

wayor another.This couldbe of considerableeconomicimportanceas

presentminingoperationsgetdeeperas theyapproachtheriver.

(d) Ca arisonwithr ionalscalena e tectonics.

It has btenempasisedabovethattheobviousthrustingwhichhas

occurredin theLökkenAreais associatedwitha latestagein the

orogenichistoryof thearea. Similarly,it appearsfromtheliker—

aturethatthegreatnappessouthof theTrondheimregionarerather

latestructures.Theycutacrossmetamorphiczonesandlatefolds,

thoughit is notclearfromthepresentliteratureto whatextentthe

latethrustsof theNappeRegionare rejuvenatedmovementsalong

earlier,perhapsisoclinallyfoldedthrustplanes. In bothcasesthe

rocksappearto havemovedfromnorthto south,thoughof coursethere

ie a tremendousdifferencein scale.Thereis considerabledislocation

metamorphismassociatedwiththegreatnappes,whereasin thelikken

Areathe rocksaroundthethrustplanesareonlycrushedto a clay

gougeand locallycleaved.

Apart fromthedifferencein scale,thereiappearto be remark—

ablesimilaritiesbetweentheLlIkklonthrustsand thelatemovementsof

theGreatNappes.Bothappearto havemovedin a directionroughly

perpendiculartothe lengthof theNorwegianCaledonides,relatively

latein the orogeniccycle,thoughnotnecessarilysimultaneously.
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THE f3 FLEXURE

The useof thetermf3 todescribethisflexureabouta north—

southaxismaybe misleading.It is nota distinctphaseof fohding

if we regardfoldingas a relativelyseveredeformation.Hhwever

the f3 flexureappearsto havea verydefinitetimerelationshipwith

theotherstructuresin theareain thatit followsthelatestage

f2 thrustingmovements.The resultof the f3 flexureis merelyto

altertheplungeof theLökkenSynformand thedipof thelatestage

f2 thrusts.The diagramsin Fig.25.sumup the •ffectsof the f3

flexure.

It is becausethetransitionfromwesterlyto easterlyplunging

structurestakesplaceapproximatelybeneaththeOrklaRiverat th•

presentday thatstructuraldatafromUheeastandwestof theOrkla

are consideredandplottedseparatelyin thisreport.

From thestereogramin Fig.14.it is inferiedthattheaverage

changein theplungeof the f structuresfrom Dragsetto theOrkla2
RIveris 15 degrees.
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FAULTINGANDJOINTING

(a) Faulting


Fig.269kisa circularhistogramshowingthe strikedirections

of 31 faultsexposedto thewestof theOrklaRiver. It wasconsid—

eredthatthismethodof datapresentationwasbetterthanplottingpoles

to shearplanesurfaces,sincethedipof suchshearplanes,though

alwaysgreaterthan45 degrees,showedno c onsistency.The diagram

showspronounceddirectionsof maximarunningmorth—sou%handeast—

Viest.

The topography,as reflectedin Uhedrainagepattern(seeFig.27),

of theareashowsa seriesof valleystrendingN—S,W.N.W.—E.S.E.and

E.N.E.—W.N.W.Thenorth—southfeaturesareprobablyfaultcontrolled,

and somecan in factbe showntobe so. Thesevalleyshaveprobably

alsobeen emphasisedby glaciation.The approximatelyeast—west

trendingfeaturesartapparentlycontrolledby thetrendof theunder—

lyingrocks,particularlyin thenorthin thebeltof chloriteschists.

Furthersouth,in theDragsetopencastworkings,a largenormel

fiultis seento trendparallelto thetrendof the schistosity,

althoughthe faultdipsmoresteeplythantheschistosity.This

faultcan be tracedeastwardsvia a topographicdepressionuntilit

is exposedin theGrubedammenroadsectionas a shearzone. It thus

appearslikelythattheeast—westtrendingfaultsarelocallycon,

trolledby the strikeof therobks.
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The east—westsetof faultsappearsto involvelargerthrows

thanthe north—southset. Theyalsoseemtobe fewerin number,

althoughtheyareprobablymoredifficulttodetect. Plate14. shows

a normalnorth—southfaultexhibitingdragof beddingon eitherside.

On the easternsideof theOrklaRiveralsothefaultstrend

north-southand east—west,as thecircularhistogramin Fig.21(a).

shows. Very fewreadingsof exposedshearplanesweremadeeastof

theOrkla.

(b) Jointing


A totalof 253 readingswestof theOrklaRiverand66 readings

eastof theOrklaRiverweremadeon theorientationof jointsurfaces.

i) Westof theOrklaRiver.

The largeareacoveredon thestereogram(Fig.28.)by thepoint

densitiesbetween1 & 5 suggeststhata lotof thejointdatawas taken

on non—systematicjoints.Howeverit is quiteclearthattherearetwo

main setsof syst3maticjointsemerging.Thesetwosetsstrikeroughly

north—southandeast—westandare steeplydipping(comparefaults).

The north—southstrikingsetis clearlythebetterdeveloped.

Thesesetsof jointsaregeoffletricallyrelatedto thestructural

elementsof theLakkenSynform.The north—southstrikingsetis

generallyverycloseto perpendicularto theplungeof theLakken

Synform,and theeast—weststrikingsetis closetoparallelto the

axialsurfaceof thefold. Thesetwojointssetswillthereforebe
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PLATE 15.

Welldevelopedcronejointein finegrained

quartzkeratophyre;florth-eaetcornerof

Hoalynga.

Unueuallyvalldevelopedcroesjointein

basicpillovlava,nearDrugavatn. Note

the f1 etretchdirection,shovnby the

elongationof the pillove,is normal

to the planeof the croesjoints.
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designatedcrossjointsandlongitudinaljointsrespectively.

1) The Crossjoints.

In the fieldjointsof thissetareusuallyveryobvious.The

degreeof developmentof systematiccrossjointsvariesaccordingto

rocktype. In generaltheacidrocksexhibitcrossjointingex—

tremelywell(SeePlate15(a)).The jointsareusuallycloselyspaced

(approx.20cm.)øndareveryflat. An extreme•xampleof regularity

of crossandlongitudinaljointingis seenin an exposureof acidrock

nearBjørnli, wheretherocksurfaceis likea sheetof corrugated

iron.

Crossjointserenot sowelldevelopedin thebasicrocks,and

theyaremorewidelyspaced.Sometimeshowever,pillowlavas•xhibit

clossjointingunusuellywell,forexampleinPlate15(b),whichshows

welldevelopedcrossjokntsinpillowlavasnearMjovatn.The long

axesof the defermedpillowscanbe seentobe approximatelyperpendicu—

larto the j'Intsurfaces.

In the gabbro,Jointingis muchlesssystematic,as mightbe

expected,and crossjointsarenotparticularlywelldevelopedat all.

Occasionally,however,wherea xenolithof countryrocais embeddedin

thegabbro,particularlynearitsmargin,thegabbrois seentodevelop

a systematicsetof jointsinheritedtrom thecountryrock. Theletihks

in thegabbroaremoredloselyspacedthanthejointsin thecountry

rock.
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Xenolithin southendof thegabbroon the

westsideof theOrklaRiver.

2) TheLongitudinalJoints

Theseareno more frequentlydevelopedon thescaleof the

individualexposurethannon—slestematicjoints,andarenotas easily

recognisåbleas a setas are crossjoints.Theyareapparentlyno

botter developedin acidrocksthanin basicrocks.

A characteristicfeatureof alljointsis thedevelopmentof

"plumose"structure,characteristicof brittlefracture,on thejoint

surfaces.

Eastof theOrklaRiver.

Orientationsof jointplanesmeasuredeastof theOrklaare


plottedon the stereogramin Fig.29. It is clearthateitherthereis
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a lackof datafromthisarea,or thatnon—systematicjointsaremore

commonthansystematicsets. Ingeneraltherocksaremoremassive

hereanddo not showevidenceof thefldeformationto theextentas

do therocksin thenorth—westpartof theareawestof theOrkla.

Forexampleonerarelystesa welldevelopedelongationof thepillows

in basiclavas. Thismeansthattheeyedoesnotreadilydistinguish

systematicjointsfromnon—systematicjoints. Whensuchis thecase

systematicsetsof jointsonlybecomeapparentwhena largeamountof

datais collected.

In particularoutcropof pillowlavasin thevillageof Läkken

itself,a particularlyinterestingmodeof jointingwasobserved.

(SeePlate16.). Herethepillowsareunusuallylargir(upto 1 metre),

almostsphericalandquiteundeformed.As theplateshows,concentric

and radialjointingof thepillowsis extraordinarilywelldeveloped,

so thatthe rocktendsto splitintocubesof sideapproximately10cm.
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PLATB 16.

Steeplydippingpillowlevasin LftkenVillage.

Thepillowsexhibitvery welldevelopedradial

and concentriejointing.

TheloverPhotographis a eloee-upof one of

the pillowsin the sameexpoeure.
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Fig.29. POLES TO JOINT SURFACES

66 readingseast of the Orkla River.



DEFORMATIONAND STRAIN

The amountof deformationsufferedby rocksin theL8kkenAree

Is farfromuniformthroughoutthearea. Thebulkof thedeformation

sufferedby the rockssincetheywerefirstformedis associatedwith

the f1phaseof deformation.Indicatorsof thestateof strainin

theareaare s—

DeformedPillows.Theseareusefulespeciallywherethe

strainis high.

DeformedVesicles.Smalland difficulttomeasurein the

field.The •ndsaregenerallyragged.

lii) DeformedSpherulltes.Suchrocksareveryrarepandonly

3 localitieswerefound. Verywellshapedellipsoidsare

preservedhowever.

Unfortunatelypsystematicmeasurementsof a largemumberof

thesestrainindicatorswerenotmadein the field.Howeverpa number

of comparativeobservationsweremadethroughoutthearea. Fromthese

a numberof generalprincipleshaveemerged.

(a) Deformationis strongerin theareaaroundDragsetMine

than•nywhøreelsein theareainvestigated.The amountof strainde—

creasesas onegoes sauthand east,

78.

(b) Markedchangesareoftenobservedin thestateof strain
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acrossthrustplanes,1npartIcularacrossthethrustin the south

of theareaof Map A. Beneaththisthrustpillowsareperfectly

formedand showno signsof distortion(seePlate2(a).),but rocks

abovethethrustshowa definiteschistosityandthePillowsare

deformed.

3n thesouthof the L8kkenArea,wherethepillowsarenotdis—

torted,thereis evidencethatstrainwasaccommodatedby slipbetween

thepillows.The rtmsof thepillowsaregenerallyheavilychloritised

andexh1bitirregularslickensidesovertheirsurfaces. It is thus

envisagedthatan esrlystagein thedeformationof a pileof pillow

lavas,beforedistortionof the Individualpillowshasbegtn,is a stage

of slipbetweenpillows,analogousto theclosepackingof sandgrains

underpressure.

Overthewholeof theareaeastof theOrklaFiver,thereis

no greattendencytowarddistortionof thepillowsor elongatIonof

vesIcles.The rockhasa verymassivecharacterandschistosityis not

developed.It hasbeensuggestedthatthepileof metavolcanIcs

thickenseastwardfromDragsetandis at itsthickestatL8kken,where

it is thereforemoreresistantto deformation.

Fig.30.1s a mapof theL8kkenAreawhichattemptsto illustrate

the relativeamountsof distortionaldeformationoverthearea.

St,ucturesindicatingtheshapeof the strainellipsoid(axialratlo
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of greatest to least exes) vary from in the south 10:1 in the

north—west.

The rapid change 1n f1 strain froro north to south is possibly

accompanied by a corresponding chang. in the style of the fl folds.

Unfortunately, lack of data prevents me from Amplifying this suggest—

ion.
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Y OF TRUC HIS RY OF T

The diagramoverleafgivesan "ata glance"

summaxyof the structuxelhistoryof the Ihkken

Area,whichhas beendescribedin the foregoing

sections.



Phase Styleof Deformation AssociatedStructurcs

fl

EarliestTectonicMovemente-Thruetingt
Initletionof f isoclinalfolde

Recrystallisationof mineralein
responseto metamorphicenvironment.
Betablishmentof Schistosity.

Elongationof piLlove,spherulitee,
bombeand vesiclesin the planeof
the sehietosity.Preferred
orientationof mineralgrains. /

Caledonien/

etemorphic

Intrusion
of Gabbro& baeic

dykes& Crinklelineation,minor
conjocatekii&foldeand
kink bands.

Event

f2

Foldingof fi
schletoeityintoarcalscale
parallelfoldsaboutaxie.

Thrusting,cuttingacrossthe f2 folde.

3
Flexuringof f2 foldsabout axie.

UPLIFT,FAULTINGAW3JOINTI».



PETROFABRICS

In manyorogenicareas,thesequenceof deformationssuffered

is reflectedin themicroscopicfebriceof therocks. Thisis true,

to someextent,of theLSkkenArea. It is foundthattheresponse

of particularrocksto thevarlous•nvironmentsimposedthroughtime

dependsupon thelithologicalcharactersof therock.

The structuralhistoryof thearea,as recordedin thefebric

of therocks,is summarisedas follows:

(a) The f1 deformationandmetamorphism.

The most significant•ffectof the f1 deformatiomandsubsequent

metamorphismwas theimpositionof a schistosityon thelessmassive

rocks. The sthistosityis soneequenceof thepreferredorientation

of micaand Chloriteflakes,andappearsto be axialplaneto thefl

folds. Thereis no •videnceto suggestthatthe schistosityis •

shearphenomenon;it probablyformednormalto thedirectionof

maximumcompression.

Examinationof a largenumberof specimenshas failedto reveal

anytendencyfordimensionalalignmentof acicularor fibrouscrystals

eitherwithinor obliqueitotheplaneof theschistosity.The

completeabsenceef mineralelongationlineationis noteworthyin view

of the factthatlinearstructuresproducedby physicalstretchingin

theplaneof theschistosityhaveb•enobserved.Itmøy thereforebe
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thecasethatacicularcrystals(e.g.wmphiboles)formedat a late

stagein themetamorphicevent,afterthepeakof the deformation.

In manyof therocksof theLIkkenAreaguartzgrainsoccur.

The smallergrainscommonlyshowa vagueformorientationwithtriple

pointgrainintersections.The grainsareusuallyslightlyflattened

normalto theplaneof theschistosity.Usuallythequartzis too

finegrainedin theserocksto permita stereographicanalysisof the

c—axisorientations.

Sometimestheoutlinesof healedcracksformedbeforeor during

fisan be distinguished.Opencracksin rockscannot,of course,

survivemetamorphicrecrystallisation,butverycommonlytheoutlines

of suchdislocationsarepreservedby an infillingof coaxsely

crystallintcuartzor calcite.Possibleancientjointsor theoutlines

of fragmentshavebeenpreservedin thisfashion.(Seethesectionon

thechloriteschists).

Microscopictracesof thef1 stretchingcansometimesbe seenin

the formof boudinagedgrainsof pyriteandrutile.The cracksare

filledeltherwithfibrouschloriteorguartz. Suchcracksappear

normalto theschistosityand the stretchdirection.One suchrutile

grainis seenin Fig.30(b).Notethatthisparticularglainhas poor

crystaloutlines.Thisis unusual,forrutileis charactøristically

highinBeckerlscrystalloblasticseries,thoughexceptionsare

recorded.

Fromobservationssuchas these,thefollowingrather
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speculativeschem•is suggestedforthe fl deformationandmeta—

morphisa

1) fl foldinganddeformation(includingstretching)

Formationof axialplane)
)

schistosityby cryst—)
)

allisationof oriented)
)

flakesof chloriteand)
)

muscovite.Crystallisation)
)

of albiteandepidote.)

Crystallisationof

tremoliteand
)

actinolite.)

Caledonian

Metamorphic

Event

(b) The f2 Deformation.

Thisphaseprobablyfollowedverysoonafterthemetamorphism,

and is representedmicroscopicallyby crinklingof thef1 schistosity

to producea linsationon theschistositysurfaces.Flakesof micaand

chloriteareobservedto be physicallyflexed,but in somerockslaths

of feldsparandactinolitearealsoobservedto be bent.

The amplitudeof suchcrinklefoldsis controlledto a large

extentby thelithologyandthicknessof schistositylaminae.f2 is

thereforenot representedas crinklefoldsin themassivemetavolcanics.
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Micrafoldsareonlyseenin thaschiststo thenorth.

Throughoutthewholeareaquartzgrainsare gen•rallyseen

to be strained,as evidencedby unduloseextinction,in thehard,

massiverocks. In thecalcite,sericiteand chloriterichschists

the strainappearsto havebeenrelievedby f1» of thematrix. It

is possiblethatstrainstoredin quartzgrainsin rockswithrigid

matricesmay be inheritedfromf2. The quartzgrainsarenever

pbserVedto be •xtensivelyruptured.

(c) TheLate St e f2 Thrusting.

Overmostof the areamassivemetavolcanicsareobservedtobe

cutby the thrustplanes,but nomicroscopiceffects,otherthanirregu-

larcrushingof therockcloseto thethrustplanes,areobserved.

However,in the southof theareaof Map A, thethrustplanecuts

througha relativelysoft,bandedrockwhichshowsa numberof

interestingfeatures.Thisrockis shownin Fig.30(a)& (b). By

virtueof its naturetherockappearsto havetakenon a veryregular

anddelicatecleavage,obviouslyassociatedwiththethrusting,which

crenulatesthe f1 schistosity.

This particularspecimenalsoshowsa numberof interesting

featuresconnectedwithfl,whichsuggestthatflwas a lotmorecom-

plicatedthansimplyisoclinalfoldingfollowedby metamorphism.

However,due to lackof rockslikethisone in the1.8kkenArea,a

detailedanalysisof the fl deformationmay neverbe possible.The
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The rockconsistsmainlyof sericite,micaand chlorite,andis

banded. It is shotthroughwithtightlyfoldedbandsof poly—

crystallinequartzwithchlorite.The tracingof thehandspecimen

showsa gentlyfoldedptygmaticquartz—chloritevein,presumably

intrudedhalf—waythroughtheisoclinalfoldinj,anda similarvein

whichis not foldedat all. The unusualtextureand stronglyde—

formedstatesuggestthatthisrockmay havebeendeformedbeforeth•

commencementof the fl folding.The rockmayhavebeena mylonite,

so thatthe latestagef2 thrustinghas locateditselfon an earlier,

isoclinallyfoldedthrustplane. As was emphasisedearlier,it is

worthbearinginmind thatan importantphdseof dislocationmay have

occurredbeforethemain f1 folding.

(d) Shearing


Whererecentsmallshears,geometricallyrelatedto thelatest

faulting,transecttherocks,localcrushingand truncationof mineral

grainsmay be observed.Somesuchshearshavebeenheeledby the

growthof quartzor calcite,sometimesshor.Ingslickensides.



Yig.30.a.

Dravingof a cut surfaceof a hand
epecimenof chlorite-vericiteechiet
expoeednearirageetMen.

Dravingof paxtof a thineectionof
the eamerodk.

See textfor description.(page84 )
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RESULTSOF THE1966S(MMERMAPPING

1) StructuralGeology

A sqhemeof structuralhistoryof theL8kkenArea is presented,

andan accountof thegeometryof the structuresseenin theareais

given, faras is knownal present.It is importantto extendthe


workover a muchlargerareathanthe immediatevicinityof L8kken,

sincethestructuresthemselvesare large.It willbe interestingto

discoverthemannerin whichthegeometryof thedeformationchanges

laterally,andto tie in the sequenceof eventswiththoseestablished

in adjacentareas,forexample,thearealyingto the northof L8kken

whichwas mapped by J.S.Peaceyin 1961.

A numberof remarkshavebeenmadein thetextwithregardto a

numberof specificproblemsehichneedto be tackledwithintheLekken

Area,for example,theestablishmentof theaxialdirectionsof the

f1 folds.

Withparticularreferenceto theeconomicaspectsof thestructur-

al geology,it seemsprobablethatthestructuralbontrolof thepyrite

orebodiesis by the fldeformation,suchthattheorebodiesare

elongatedparallelto the fl stretchdirection.Thisimpliesthat

theorebodieswereprobablyin positionbeforethecommencementof

theorogenicmovements,i.e.theyare syngenetic,associatedwiththe

geosynclinalvolcanism.Thisis corroboratedby petrofabricevidence

of disseminatedpyritegrainsbeingdeformedby flmovements.
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One of theproblemsof theareawhichsoonbecameapparent

was theguestionof whethertheDraiset,1.8kkenendN81dalorebodies

aregeneticallyoonnectedor representseparetecentresof minerel—

isation.The correspondencebetleenthedirectionof elongattonof

theorebodies,the fl stretOhdirectionandthelineDragset—Lekken—

Neidel,seemsto suggesta geneticrelationship.Forthisreasonit

seemsto me thatthelineDragset—akkenis themostobviousplacs

to investigateforpossiblenewpyritedeposits.

2) Petrology.

(a) Nomenclature.

Å numb•rof primarystructuresandtextureshavebeenfound1.6

themetavolcanics.Theseareusefuafortherevisionof nomenclature.

The fieldassociations,mineralogy,structuresandtexturesof the

metavolcenicssuggestthattheyshoulohe namedeccordingto the

spilite—keratophyrenomenclature.Nowever,thegeochemicalworkof

Mr.Mayhas shownthatchemicallynot alltherocksaretypically

spilitic,but sincetheepplicationof thespilitenomenclatureto a

suiteof rocksshouldnotbe basedon one setof criteriaonly,but

on thecombinationof minerslogy,modeof occurrence(geologicen—

vironment),modalcompositionand chemistry,it hasbeendecidedto

recommendtheadoptionof thespibite—keratophyrenomenclaturefor

theserocks.
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The Metagebbros.

Cursoryexaminationof themetagabbrowestof theOrklahas

shownthatit is nota homogeneousintrusion.In thelowerpart

it •xhibitslayering,and it is cappedby a sheetbf granophyre.

Thewholemassappearsto be lyingon itsside.

Thereis clearlyroomforfurtherinvestigationof thepetrology

and structumez,ofthegabbromasses.

Mapping.

The geochemicalworkofMr.Mayhas ledto theformulationof

criteriewhichmayleadin the futureto theusefulsubdivisionof

themetavolcanics.

88.



SELECTEDREFERENCES




Backlund„N.G. 1920

Battey,M.H. 1956

Beiley, B. 1960

Bjørlykke,U. 1960

Carstens,C.W. 1951.




1952

Carstens,H. 1960

The SteinmannTrinity.

Q.J.G.S.Vol.116,pp.365.

L8kkensfeltetGeologi.

NorskGeol.Tidsskr.29,9-25.

GeologiskKart over Løkkensfeltet.

NorgesGeografiskeOppmaling.

Stratigraphyand Volcanismof

the TrondheimsfjordArea.

NorgesGeol. Unders.No.212b.

89.

Die Magmatesteineder Geosynklinale

von NowajaSemlja. Reportof the

scientificresultsof the N6rwegian

expeditionto NovayaZemlya,1921.

The petrogenesisof a spiliterock

series fromNew Zealand. Geol. Mag.

Vol. 93.

GeologiskDetaljkartleggingav omradet

mellomDragsetGruveogOrkladalen.

Unpublishedreport.



90.

Carstens,H. 1954 Samt1.8kkenVerksJubileumsbok:

"EnMorskGrubeGjønnom300Ar."

t,65-1954.Publicationcelebrating

300yearsof miningat Lökken.

Chadwick,Blake,

Rowling8 Beswick. 1964 TheGeologyof theFjeldheim—

GasbakkenArea,Ser—Trendelag.

NorgesGeol.Unders.223,43-60.

Coates,R.R. 1936 PrimaryBandinginBasicPlutonic

J. wavi.Vids. 44, pp. 407.

Dewey,H. 8 Flett,J.S. 1912 On someBritishPillowLavas

andtherocksassociatedwiththem.

Geol.Mag.Vol.8.

de Sitter,L.U. 1964. StructuralGeology.2ndEdition.

McGrawHill,London.

Vokes,F.M. 1960 Minesin SouthandCentralNorway.

Guidebookpreparedfor21st,Int.

Geol.Congress.MorgesGeol.Unders.

212m.

Holtedahlp0. 1951 The StructuralHistoryof Norwayand

itsrelationtoGreatDritain. 7th

WilliamSmithLecture.C.J.G.S.Vol.108

PP.65.



Johnson& Stewart

Kioer,J.

Kva le,A.

Odegaerd,M.

Overwein,E.

Peacey,J.S.

1963 The BritishCaledonides,

Oliver8 Boyd,London.

1932 TheHovinGroupin UheTrondheim

Area. NorskVid.Akad.No.4.

1953 LinearStructuresandtheirPelation

toMovementsin theCaledonidesof

Scandinavia. Vol.109,

P. 51.

1959 Vasskis—Gangkisi Likkenfeltet.

Unpublishedreporton theVasskis

andore atL8kken.

1960 Struktur-GeologiskeUnders8kelser:

L8kkenGrube. Unpublishedreporton

the structuresin theL8kkenMine.

1961 TheGeologyof theareaaround

Gangaasvann,$8r-Trendelag,Norway.

UnpublishedPh.Dthesis,University

of London.

1964 Deformationin theGangaasvannArea.

NorgesGeol.Unders.223,pp.275-293.

91.



92.

Pitcher& Flinn 1965 C4ntrolsof Metamorphism.

OliverandBoyd,London.

Solomon,M.


Stdrmer,L.

1966 The Originof thePillowLavas

andHyaloclasticBrecciasof King

Island,Tasmania.GeologicalSociety

of LondonCircular133.

1966 Aspectsof theCaledonianGeosynclineand

theForelandwestof theBalticShield.

20th.WilliamSmithLecture.Geological

Societyof LondonCircular134.

Strand,T. 1949 bewTrilobitesfromtheHolondaLimestone.

Norsk.Geol.Tidsskr.Vol.25.pp.429-527.

" R%pporttilOrklaGrubeAktiebolagom

EökkenfeltetsGeologi. Unpublished


reporton theGeologyof theakken Area.

" & Holmsen 1960 Stratigraphy,PetrolOgyandCaledonian

NappeTectonicsof CentralSouthern

Norway. GuideBookpreparedfor21st

Int.Geol,Congress.NorgesGeol.Unders

No.212I.



93.

Turner& Verhoogen 1963 IgneousandMetamorphicPetrology.

McGrawH111,London.

Turner& Weiss

Vogt,•.

1963 StructuralAnalysisof Metamorphic

Tectonites.

McGrawLondon.

1949 TheGeologyof theHolonda—Horg

District.Norsk.Geol.Tidsskr.

Vol.25 pp.449-527.

Winkler,H.G.F. 1965 Petrogenesisof MetamorphicRocks.

SprInger—Verlag,Serlin.



MA P A

52

-

aD
2 7

513‘

-

-

 

ar•eet.e.„.• ,

„e.

-e

 

`•:/

, •
77

58

6
47 87

- -- ____ — —

---5(67 ,
/ t

—___.r.--2._
67 I

	

1,•,,4;-.:-. I ..---
---- — 7--

----
_ — 


I I
MALI S ETERTJER N ____T-- 8.6" 4 / 1 . --1--

; ---2 77 S / —
2 / I

1

---- / / ----
r

\ \ 21 (:',-.34
1

--t).2" --"" -71 ,V
64 HOSLYNGA

„--- ----- -Bi / .„ / 1 I 	 ? ---t--- I
-- \

L- (

/ 0 ...7..z .--r---r-_:kAs
I : 83 7B in - - ,

, / r ) ( , ..,-1 '
I

--7 Cilin

1

---<""Øøkere / "/ 17___rr- 42 \ _,.,` if
I 1

 
x

67
/

\75
I
I

---4 --- I

	

, 8e, /I
---J----

33 11
<5

. 1 (

•
\ /

\\
1

. I

.

cJ

38 \

tittre-1

RUEIE

DE

tIOVATN
t ,---.

N „,..,--:.---,,
-.---.

	

,-•-, ,
,,

k -..---. •-- 

_ ---4- - y,----4. i

. — n
49 \ ' ' ' - 10 r I

\ trLir
•

L LEVAT

73

2 8---\11NSag ' I
3

grai,
gisk. 111110

-----:41~
GEOLOGICAL MAP

of the area between

DRAGSET MINE & the ORKLA RIVER
Ir

MICA SCHIS TS

CARBEN SCHIST

(.. _ORI T E SCHIST

COARSE GRAINED

F2 LIN EATION

L, rHOLOGICAL

I3OUNDARY

THRUST

.
•- -• • PORPHYRITIC ACID

.

.1
ME TAVOLC AN ICS

I NE GRA INED ACID


 J M TAVOLCANICS

I BASIC

PORPHYRITE

r-

- - GRANOPHYRE

JASPER AND

UARTZ ITE LENSES

VASSKIS

.„„..e BASIC DYK ES

\\

21 \

1/4`.

10

Nç

8 L y(

3B

N




1 29,,y„- 0

‘ ‘Wiratt. 1

BASIC METAVOLCANICS

F:NE GRAINED BASIC

ME TAVOLCANICS WITH

PILLOW STRUCTURE

_
E NE GRA I NED BASIC

METAVOLCANICS WITHOUT

PILLOW STRUCTURE

METAGABBRO

••••"*—' RIVER GRAVEL
ashit.

BOU LDE R C LAY

/"•••••,

73r

— • — c„;‘,,

19

DRAG SE T

MI NE

,

7,135

lh

MAG

NORTH

N.

•••

•

0
0

GEOLOGICAL SYMBOLS AND COLOURS

- - - FAULT

23
TRI K E & DIP

OF LAYERING

F Ll NEATION

12 26

DRUGLIVAT N,


32

-

LANGDALSVATN

ER

st

SEPTEMBER 1966

"7„, ROAD

RACK
CONIFEROUS

FOREST

MAR S HLANID
ROUGH

PAST URE

MAN- M ADE

OUNDA RIF S

NATURAL
BOUNDAR IES

eg. forest-marsh:

SCALE = I 10000 (Approx

2 5 •5 •75 I Mile

1.5 Km.

5

40

0

SEGEL VATN

/32



MAP B

GEOLOG1CAL .-10LS AND COLOURS

LITHULOGICAL BO '.

THRUST P Ard

F. LINEAT C/L.

F2 LINEAT ON

D!P & STR IKE OF SCHi[H OS1TYI PPWAP't LAYERING
23

59
FAUI_T

R:VER GRAVELS

58

27

METASEDIMENTS OF THE HOVIN GROUP

L__ I
BASIC METAVOLCANICS

- N...--- - -

,86-..-,
 ‘-if 4 -,...,.."...

-
/ /1.- 17

i •-- -.,_.ni

1 / \
I --.

)" "T-4:?;-- i..."-...--
/ / ----fr,_

"7-- , ---- — :11

. 17



z6;- %
Z c'....-I;t3/

82
O

N

-t-

ACID METAVOLCANICS

METAGABBRO, with
granophyre in uPper

Dart

PorpnyrItic Basic
Minor Intrusives

LØKKEN OREBODY
projected onto surface

DRAGSET


MINE
19

 
21

MAG
NORT

MICA SCHISTS & GNEISSES of THE RØROS

GROIJP

CHLORITE SCHIST

7

40

fl

00
GEOGRAPHICAL LOCATION OF THE LØKKEN AREA

0 tr

N.

ri
Dralp•l

ifielene iten ,

LØKKEN .

Nl• I I•1

0

ø

R•enal,.

TRØNDELAG

5 0 K m

fr

of-r

r•i5

TRONDHEIM


eX

SØ R —

15
12

12

1 _
t j33

-• 	

, •
LØKKE‘NC.

IMINE

--

L
./

2


69 L KK

0 9

c.-

4 7

/4 4

52
Arie

/

0

N .

Trondheim

Oslo

3?l

SCALE 1:25,000 lapprox.)

2 Miles

2 3 Km.

THE GEOLOGY of the LØKKEN AREA
Central Norway



- MAP C
•

Geological Map of Central Norway

S IM PLIFIEDI AFTER HOLTEDAHL AND DONS • 1953

Secle 1:1,000,000

0 10 20 30 40 SO 60 70 Km,

"ty. 1- 17.0tiiiHEIM. •
..

-

-

L I.4f..tbA‘S
Ot-

(

0

:•

/
, k1'

r ;

	

I L •   •
'

, -

-r7
ff-,1

,

,
, - J_ "F OTUN HEIM

„-•

f;(
•r»f VAL DR\EIS

-+N
1,P1 S'\,‘

3 / v

rjr
"•• 

y

"nd"!,' •••

E N

71

-• _

' - -

L___-

\ w
\ -Z.

‘1\ \ 0
\ ,- .,/ IP

\ I l',2
% I 7

13

icJ

C\

A te

.S;a1

•••4......;

METASEDIMENTS EOCAMBRIAN
SPARAGMITE THRUST

BASIC

E X TRUSIVE

LITHOLOGICAL BOUNDARYU.J OTIJN NAPPE
Crystalline rocks mainly

of plutonic orlgin FAULT

CAMBRO-SILURIAN

TRONDJEMITE
L.JOTUN NAPPE

Plutonic rocks & Cambro Silurian

sediments + basic volcanIcs

VALDRES SPARAGMITE

(Synorogenic)

GNEISS Structure wholly or
partly Caledonion

PRE-CAMBRIAN ROCK COMPLEXES

Structure mainly or wholly Pre-Colcdonian
GABBRO



Sec t io n 1

NORTH SOUTH

DIAGRAMMATIC SKETCH SECTION THROUGH A ,B  AND C ON MAP B .

SCALE 1:25,000

1 2 3
Km

HORiZONTAL SCALE = VERTCAL SCALE

L ACID METAVOLCANICi
ROCKS

BASIC
cJMETAVOLCANICS 	

vr; 4 RØROS GROUP CHLORITE SCHIST GABBRO HOVIN GROUP THRUST



TiThegeologyikitheL3kkenareaby ErnestH.Rutter

UtdragvedT.Strand

	

a.1 - 15 Innledning$topografi,iebevegelse,oversiktoverSör-Norgesgeologiefternor
skekilder.

	

s.16 Nomenklatur,noenavbergarteneharprimmrestrukturer.Etproblemom
nuværendemineraleri Frdnatenene(albitipepidot,k lorit,hbl.)erprimmre

ellersekundmre(oppatattvedmetamorfose).I fdrstetilfellemå bergartene

17 regnessomspilliter.EfterMaysundersökelserveriererNa50-1nnholdet
mellem2% ("normalbasalt")og 5% (typiskapillit).(Henvi&n.tilMays
rapport).

18 I rapportenregnesallemeta-vulkanitermedprire strukturertil
spillit/keratofyr-gruppen,videreoge:allesikremeta-vulkanitersbmhar
fåttSdelagtdeprimmrestrukturer.Noenharprimmrbåndingogmå regnessom
tuffer.(skjemeeftera.18)

19-20 Overeiktoverde bergartatypersombleutskiltunderkartlegningen.
21-24	 "etamorfosograd,skjemaefterWinkler.Bestemmelseav subfaciesvanskelig,


menmetnmorfosegradenhicernedoveri lagrekken.Metamorfosekartfig.7
25;26	 Kontaktmetamorfose.Undersdkelseavxenolitheri gabbrovisteingensikre


tegnpåkontaktmetamorfose,intrusjonav gabbroenfdrellersamtidigmed
regionalmetamorfosen.

27. Basiskemeta-vulkaniter.KommentartilUnniBjörlykkeskart.Kornstdrrelse,
finkornetgrovkornetregnessometnyttigkriterium,derimottvilsomtom fargen
(lysellermdrk)eretvbetydningsomskillemerke.

	

28. Meta-vulkanitenendelesi tregrupper:
1. Kloritskifer.seJmnenhengendesonei nordligedelavområdet,anseessok

enfinkornettuff,muligensmedenkeltestorevulkanskebomber.

	

29 2.Pillow-lavaer._Putestirrelse20 cmtil2 m, sonert(anm:variolitstruk-
turbeskrevetavH. Caratens)(fig.9).I sydligedelav områdetmedsvak
deformasjonkanopp-nedbestemmesi mangetilfelle.

VedBjörnlivannblotningersomviserfragmenteringavputer(p:..3)

	

30 3. Massivemeta-vulkaniter.ciasiskebergarterutenputestruktur.Skifrighet

utvikletmesti nordligedelavområdet.Delesi

a. grovkornetvarietet,kanlettskillesut frade finkornete,linsefor-
31 meteinneslutninger(brunefargekartA).Deeri noentilfellelagdelt

(tuffer),meni alm.er (lava?tuff?)umuligå bestemme.
b.Finkornetvarietet.Anseessomoverveiendepyroklastiske(tuffer).
Fig.10viserutbredelsenevmassivegrdnstenerogpillow-grönstener

32	 vestforOrkla(213obs.).Demassiveogpillow-grdnstenersynesfremherskende

vestover.

	

33 Basiskegangbergarter.1.Småganger.2.Hölonda-porfyriter( medstore
feltspatinnsprengninger(fig.11)beskrevetav Chadwick& Co.i liellheim-
området)

	

34 Gabbro(pl.6) erbåndet,bindingenstrykerdst-vestog ervertikal.Ved

	

35-36 diferentiasjonerdetdannetgranofyr(15-20%kvarte)idendvredelavgabbroen.
37 Suremeta-vulkaniter(kvarts-keratofyrer)rikepåkvartsogalbit.

2re typer:porfyrisk,finkornetog båndet,annentypemedinneslutningerog
38-39 dentredjeer sikkertpyroklaatiske(tuffer)(fig.12,pl.7c-d)

Rdros-gruppensbergarter,veiprofilLaksdien,garbenskiferogklorit-
albit-muskovit-kvarte-skifer.GårnordoWrimergrovkornetebergarter

	

41 ("gneiser")rikepåkloritog tremolit

	

42-43 Jaspis-linserogvasskie(Fl.9).



StrukturgeologL.
Hovedgrupperav strukturer
1. iaoklinalfoldning(fg)samtldigmedgranakifermetamorfosen.strukturert
a. skifrighet,b. linjestrukturerved strekning/ skifrighetsplanet,strulake
puter,eferolitherog blmrestrakturer,lengderetningav kielegewene.

Annenfoldning(f ) er foldningav fgeakifrighetenefteraksernwr same
aenfallende retnintrutetlinjestruktutene.Strukturer:"minorfolde"
ombdiningenv hoves Ldkkenesynformen,dissekaldeeannenordene

xtrkturer.5. Ihmidcfolder(Vefolder)medakeerparallellemedakseretningen
forLakkenesynformen,tredjeordenestrukturer.3 o. rynkelineasjonvedmikro-
foldningav kloritflak,fjerdeordenestrukturer.

Overskyvning(thrusting)ved aluttenav f2efoldningln,i retnIngtilayne-
latendefranordtilsyd.

swakbdIningom nord-eydakser.
Forkattningeri retninghovedeakelignord-sydog detevest.

47 / FUratefoldstaae(f4)dannettottoisoklinalfolder....vidensfordette

1 "nnelse av elelaketl'alm.parallellagningen.

48 2. 'Opp-nedkriterieri putelavaer(seforan)og vedgradertlagning
tuffer(grovkornetnederst,gradviemerfinkornetoppvoer).I et bestemteffråd
områdeer bergartenealdrigjennemgåendeenteninvertertelleri normallagatia
lagetilling,menvekslendebeggedelermadkonatantfall(overbevisendearga-
ment)

jorholdved linseravmassivemeta-valkaniteri kloritakifer.
vekselav basiskeog sure1,gav vulka.itervedHoslynga,ManA


skyldes.opprinnellgveksling,men kanogs'våregjentagele av lageneved
isoklinalfold,ing.

Foldenav Hovin-bergartermed grdnatenpå beggesidersydfor _..tikken49 erutvileomten synklinal( medde yngstelagi midten)Anipendet er uviset
om dener en eynform(somdukker nedover)efleren attform (sonlukker

segoppover),det avhengerav retaingerfor foldningsaksenfall(pitch)
Fig.13. (\nm.Detteør lettå demonatremnår folden,representeresav et

50	 cannenbrettetpapirstykke,hvorprettenmå svaretilfoldningsaksen)Hvis

foLdningsaksenør pgrallelmed strekningsretningen,må synklinnlenvmre
en antlform.

51 Direktemålingav foldnings&csenpå emåfi-foler er 3etlitenmulighet
ior,mankanikkevonteå finnedemi massivåbergarterog de finkornete
.loritskifreri nordviserikkelagnIng.ùi divergentretningav sklfrighet
(cleavage)vedDrggseter blitttydetsomet foldet lagmerkompetent

ennde omgivende.

52 Jetfinnesisoklihnlfolderi båndetebergarterved skyveplanot,men
boaldingenher (Jiwarts)er muiigehsav sekundsxopprinnelse(svarerikketil
lagningen)

53-54 f1linjestrukturer.Elongasjonav puter,bomber,blmreremoc sfmruli_her
hgr dstligretningmed svaktfalli sammeretning(diagramfig.14, 5.54-55)

55-56 Antylningat grensenStdrenegr.tilRdr.s-gruppeni dinnordlita3e1at

områdeter entyvegrense(hypotetiskformodning)

57 AnnenfoÅefase9f2. loldenesakserhar (omtrent)sgmmeretmingsom
som ctrkningsretningenforft.fieskifrighetenfoldes,på denene sidetil
IéIå fleksurergv regionalutirrekating,på denannensidetilmikres.opiske
småknekk.Ingenny akifrighetbledennetvedfg-foldningen.
av fi-kifrigheten,knekkfolderog kOnjugertefalderer illu,tr2rtfig.16
(8.59-60).De har sammeakseretningmenfoldenesakseplan varierende

stillingefterhiormegetellerlitetde blebdietveddanaelseav den store
struktur,Ldkken-synformen,somIgjenor en underordnetfleksurvedkanten
av Trondheims-feltetsstoresynklinorlum.(detmanglerherog swke en klar
definisjonav hvadetmenesmed Lakkenesynformen,bl.a. av hvor gngtden
stre:dcerseg).

De forholdsvis folderav annenordener ikkeblittdirektelakttatt
aen kanutledeeav skifrighetensvekslendefallstdrrelse,de må vareav
stOrrelseeorden

15.44

45



stdrrelsesorden20 til100m. De syneså vmre
rredjeordenssmåfolderomtaltovenfor.

s. 60 Fjerdeordensstrukturerer mikroskopiskerynker.

LakkenesynformensgeometrivestforOrkla.Diagramflg.17 (polertil
f1 skifrighetsflater)viserto konsentrasjonerav lagstilling,'hn med bratt
fallmot sydog en annenmedmegetslakerefallmot nord.Vinkelena meilem
de toabeni foldene(indikertvedde fremherskendefallav skifrgheten)
er 95" Jkseplanet,somantasaåhcaverede t8retningerfaller65 notnord,
foldningsaksenretningElO"Nsi heller10

61 Vinkelrelasjonmellemf, og fp#strukturer.Fig.22 (s.63-64)visergaemet
geometriskedatabådeforfl og 2 foldeneog linjestrukturer.Ldkken-malmens
dengderetnIngfallersammenmed fl linjestrukturen(somerparallelmed
Jrcigset- L5kken- Höldal-linjen)men fallerikkesammenmedakseretningen
for IJkken-synformen.

Fig.21 viseret litetantallav tbkttattelinjestrukturerI de massivia
bergarterdstforOrkla,somsannsynligviifallereammenmed laken-synformens
akse,somher (hvisså er tilfelle)er nestenhoElsontalellerfallersvakt
vestlig.Lakken-mglmenhvisaksehellerminet20 WNW må vmreblittlöftet
oppved foldningenpi sydgsankenav Lakken-synformen.

63 Deter en divergensav 5 mellemfi og f2-strukturene.Lökken-malmens
retningmå hoisin"structurecontrgipvedfl-deformasjonen.

64 Overskyvninger.
Disseer fdrkjentI gruveområdetöstforOrkla,men er vanskeligereå

påvisei -mrådetvestforOrkla,men herdogmuligI dennordligedelomkring
hoslyngaog Ejovatn#hvoren blokkav vertikleellers.teiltfallende
skifrigepillowalavaerllggerovermeta-vulkanitermednestenhorisontal

65 skifrighet (kartA og fig.23).På en rekkestedermed blottotkontakter
det funnetleirmasse.Skyveplometfallerlokaltsammenmed et tyntbåndav
sklfriggrovkornetbergartutenpillow-struktur.
vestforOrklqfallerskyveplanetNEME svaktmot öst elletsvakereenn

falletforLakken-synformensakseretning.(Falletsterkeredstforelven).
I den sydligedel av områdetvestforOrklaer detvanskellg; finneskyvnin
ger#herantageligskjellstruktur(enrekkesammenskjövneflak).

66 ilimrmerebekkrivelseav en dellokalitetermedskyvegrenser.
67 Skyvningensretnibgvanøkeligå bestemme,mullgenser sammellagpå ett st

stedpåvistbådeoverog underskyveplanetog viseren forskyvningfranord
mot dydav 500m.

68 Skyveplanenesvaktböletom bådeen nord-sydligog an 6st-vestligretning.
det er en konstantvinkelrelasj:nmellemskyveplanetog akseretningenfor
Lakken-synformen,dettetyderpåeatskyvningenhar sammenhengmed en sen
fasei ddnnelsenav L3kken-synforgen.

69 Ingenevidensfor smmenhengav skyveplanöst og vestforOrkla,dog en
mulighetforat bÄX skyveplanetfra grubenkommerigjensydllgstI onrådet
vestforOrkla.

70 •ulighetforforkastninglangsOrkla(ingenevIdensfordettefunnetved
en nmrmereundersdkelsei marken).KAtiaigVirknIngenav en eventuelforkastn
forkastningpå skyveplanetsutgående(teoretiak)illustrerts.70.

71 3ammenligningmed annenkdtledonikde:ketektonik.

62.



	

s. 72 fa— flaksurbdierakyveplanetog likeledesLökkan—
synformensakse(fig.25)

	

73 Forkastningerog sprekker.
Fig.26aer hisifgramav retningerfor31 forkastningervestforOrklaog
viseroverveienderetningerav dissedst—vestog nord—syd,hva somgjen—
speilesi topografien.De dst—vestligesyneså ha störresprInghdideog

74 forskyvningerennde nord—sydlige.

Sprekker(joints)har sammehovedretningersomforkast—
ningene,nord—sydog dst—vest,de nord—sydligesterkestutviklet.llestår
i relasjontilLakken—synform,de nord—sydligestår nestenloddresttpå
densakse,de dst—vestligeer parallelemeddensakseplan,de er således

75 henholdsvistversprekker(crose—joints)og lengdesprekker.
Tversprekkeneer bestutviklet,smrligI felsitene,mindregodtI de

basiskebergarter.I gabbroener sprekkemönstretmIndresystematisk.
Sprekkenear mindresystematiskutvikletvestforOrkla(sammenlign

diagrammerfig.28 og 29)
76 Lengdesprekkene(dst—vest)er mindresystematiskitvikletenntversprek—

kene.

	

78-80 .Deformasjonener megetsterkereutvikleti denvestligedelenn
den östlige,fremstilletfrifig.30 ved akseforholdeti strain—ellipsoldet.

ved s. 80 Tabellariskoversiktoverdeformasjonsfasene

	

81-85 Petrofabricser an beskrivelseav bergartenesfinstrukturm. h. t.
orienteringav mineralkorrscmer blitttili de forskjelligefaser,f. eks.
parallelinnordningav glimmerog kloriti fl—skiftighetensplan,fyllte
smasprekkero. 1.

T11sluttforaftterenssammenfatning.



På en egskursjon 10. august spmmen med Rutter og de to andre
engelske studenter og Sagvold gikk vi over området på østsiden
av veien ved pragset og la særlig vekt på de skyvesoner som
Rutter her nrr beskrevet i sin rapport eftmr undersøkelsene
sommeren 1966.

I bekkeprofilet ved veien (benveien) som tar opp ved
Uragsetmoen er det tydelig en gnuggsone, som meget vel kan
markere et skyveplan, som kan være fortsettelsen av skyve-
planet fra Løkken grube.

Derimot er de andre skyvesoner som er kartlagt og beskrevet
i raprorten mindre overbevisende fordi det p& de fleste av
dmm I det minste ikke kan påvisms noen gnuggsone (forskifring)
Pv bergarfene ved planet. Dette gjelder saledes XX det skyve-
olrn som efterAapporten s. 65 skal være blottet ved Hoslynga
og Mjovatn, sk nvor det ikke ble pavist noen forskifring ved
det pastatte skyverlan. Noen leirmasse ved planene sa jeg
beller ikke, men noen steder finkornete skif-rlag mellem
benker av massiv vulkansk bergart, men dette vil jeg oppfatte
som et primart trekk.

zifierhva jeg belv har sett, er jeg saledes skeptisk over
for de fleste av de kartlagte skyvestrukturer.

blindern ?1. aug'ist1967

ifeLt-1

(Dette kan betnaktes som et vedlegg til mit reyme av Rutters
raprort).


