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INTRODUCTION

Thisreportdescribesthe stratigraphy,structure

and physicalgeologyof an areaaroundthe weet and northof

the villageof Gasbakken,Norway. Gasbakkenie eituatedabout

q0 kma. southof Trondhelmand about15 kme. eastof the important

miningcentreof Løkket.

It was the intentionof threestudente,A.E.Bsewick,

J.W.Rowlingand the author,to map in detailthe countrybetween

the Hølondadistrict,eastof Gasbakken,whichwas eurveyed

geologicallyby Th. Vogt (1945),and the areesweet of Gasbakken

whichweremappedby O.H.Hlakeand the authorin the summerof 1960.

Theselatterareasare situatedaroundthe eatateof Fjeldheimand

the lake Svartvatnet,whichliesa ehortdistancesouthof Fjeldheim.

They occurin the north-eaetof a largeareamappedon a

reconnaissancescaleby the lateC.W.Caretene,whosefindinge

were publishedpoathumouslyas themap "Geologiskkart over

Løkkenfeltet"in 1952.

The alm was achieved,but the fieldworkwas severely

curtailedby very wet weather. Of a totalof 49 days spentin

the areaby the authorduringJuly and August1961,only 36 days

were spentin the field.

Aerialphotographson a scaleof 1:15,000wereused

in the fieldand the finalmap is basedon a moaaicdrawnfrom

the aerialphotographe. The photographawerevery kindlysupplied

by the OrklaGrubeAktiebolag,Løkken. Fairlylargeerrora

occurwhen drawinga mosaicfromaerialphotographs,but it ia

feltthat themap obtainedin the presentinatanceia adequate

for presentingthe geologicaldata. The northpointwas

obtainedfromcompasemeasurementsin the field.

Th. Vogt,who madc an importantcontributionto

the geologicalknowledgeof the dietrict,givesan admirable

surveyof the literature,relevantto the areadescribedin thia

report,in his paper"The Geologyof partof the Slonda-Horg

diatrict,a typearea in the Trondheimregiod'in the Norek

GeologiakTideskrift25, 1945.
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Fig.1 Sketchmap to show the GeographicalLocation

of the Gasbakken,Fjeldheimand SvartvatnetAreas.
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SYNOPSISOFTHiGliOUJGT

Therockeof theGasbakkenarea,are

typicalof theTrondheimregionfacies(Holtedahl,1960).

Theyconsistof epiliticpillowlavasandassociatedmroclastic

depositswhicharefollowed,unconformably,by a bouldwrconglomerate.

Thieconglomerategradesup intoa seriesof gradedfeldspathic

sandstonesanddarkgreenandgreyshalescontainingintercalations

of impuregreylimestones.Numeroussill-likeintrusions

of porphyriteoccurin thelatersedimentaryrocksanda large

gabbroplutonexistein thevolcanicseries.

Therockehavebeenfolded,faultedand

regionallymetamorphosedup tochloritegradeduringthe

Caledonianorogenesis.Twodistinctactsof foldinghave

beenrecognised.

No absolutedatingby radioactivemethoda

arekmownfromwithintheimmediateneighbourhoodof Gasbakken

and,tharefore,thedatingisbasedpurelyon palasontological

evidence. Thiaevidence,whichwillbe discussedlater,indicates

thattherockeconsideredin thisreportweredepositedduring

LowerOrdoviciantimes.

Theoldestrockeexaminedwerethe

StørenGreenstones,which,fromtheiretratigraphicalposition,

appsartobe UpperCambriantoTremadocianinage. TheGreenstones

area mainlyvolcanicformationof apiliticpillowlavasand

pyroclasticdeposits. Thinbedsofredhemmatiticoudstone,

redjasperandsedimentarypyritesometimesoccurwithinthis

volcanicseriee.

TheStørenGreenstonesarefollowedby

theStokvolaConglomerate,a polygenousboulderconglomerate,

whichhasbeentakanby earlierworkerstorepresentthebase

of theHovinGroup. TheHovinGroupis thenamegiventoa

thicksuceessionof dominantlysedimentaryrockeoccurring

etratigraphicallyabovetheStørenGreenatones.Therocks

lyingstratigraphicallyabovetheStørenGreenstonesin the

Gasbakkenareaallbelongto theLowerHovinSeries.

TheStokvolaconglomerategradesup into

a sertesof feldspathiceandstonesandshaleswhichappear

tobe equivalentto theHølondaShalesandSandstonesof

Vogt(1945). Frequentthinbedsof an impuregreylimestone

occurwithinthesandstonesandshalesanditis probablethat



theselimestonehorisonsare equivalentto Th. Vogt'sH0londa

Limestone.

Intrudedinto theserocks,in particularinto

the LowerflovinSeries,are the 41onda Porphyrites. Theseare

sill-likemaeses,whichare usuallyonlya fewmetresin

thickness. The porpnyiticfeldspar,whichwas probablyoriginally

caleic,has been eithersaussuritisedor albitised. Analyses

givenby Voct (1945)indicatethatthe HgflondsPorphyriteswere

probablyoriGinallyandesites. Tha lareeeabbroicmass,which

occurswithinthe Støren reenstones,is probablyrelatedto the

HOlondaPorphyritesin that theyhad a commonmagmatieorigin.

Possibly,inconjunctionwith the lavasof the Creenstones,the

porphyritesand the gabbrorepresentthe initialmsgmaticstageof

a particulargeosynelinalphaseof the CaledonianOrogeny.

Evidenceof the geosynclinalphaseis preservedin the rocks

of the Gasbakkenarea end thisevidencewillbe discussedfully

in the Stratigraphicalsectionof the report.

Subsequentto the finaleffectsof the Caledonian

Orogenesis,the area exptrienceda prolongedpericdof crosion

and generalgeoloeicalquietude. The most recentmajorGeological

eventws the Pleistoceneglaciation,whichwrs the dominantagent

responsiblefor the presenttopography.

•
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PHTSICALGEOLOGY

1. Topographyand Krainage

The topographyand drainageof the

Gaabakkenarea is essentiallyconsequenton themajorrock types

and etructureof the area. The topography,as a whole,ie

fairlyamoothlyundulatingand thereare no horneor prominent

peaka. JohanKiaer (1932)observedthat" Hereare typical

highlandregions,stronglybroken,woodedgroundwith small

ridgesand lakes,now and thenwithwide outlookon distant

mountains". The higherreliefaroundGasbakkenie formed

of themore resistantStørenGreenstonesand the Hølonda

Porphyritesand thevalleyshavebecn cut in the softersedimentary

seriesof the H0londaShales,Sandstonesand Limestones.

Malberget,533m., whichhas been
smoothedoverallby glacialaction,is the highestfeaturein

the area;it is formedfromthe resistantStørenGreenstones.

Thisprominentlandmarkis boundedto the eastby a high,vertical

faultscarp. To the west lies the deLpgorgeof the Trivja

riverwhichisolatesthemass of Malbergetfromthe Greenstones

formingthe highgroundwhichpassesweetwardsinto the Fjeldheim

area. Northof Nalbergatand southof the farmFug1aashogetret,

thereis a topographicaldepressionwhichis occupiedby the large

gabbrointrusion. This depressioncontrastawith the high ground,

whlchis also formedof gabbro,to the west of the Trivjariver,

in the Fjeldheimarea. It is poseiblethatthe rivercourse

followsa faultsone in thisparticularregion.

Throughoutthe area the HAonda

Porphyritesinvariablyformthe backboneto highridgesand

otherpositivefeaturee. The softersedimenteusuallyoccur

bensathor on the flanksof the Porphyritemassesand therefore

theyhave receiveda slightdegreeof protectionfromerosion.

Å
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Fig.2Sketchsectionof HølondaPorphyriteintrusion,

nearStornaeve. Locality054.
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Low-lyingareaaare frequentlyoccupiedby poorly

drainedpeatbogw,whichare underlainby alluvialand/Or

morainicmaterial. Rekaaaamyrenie an extrmeelylargearea

of marshto the eastof the lakeSvorkajoen. At present,this

marshis underg6ingdrainegeand clearancepreaumablyfor

agriculturaldevelopment. A similarmarsh,Lillebumyren,

occurein the extremasouth-vest.

Rock esposureis generallypoorover the wholaarea

due to the extensivepaatboge and the moderaterlikeeetcoverof

fir and silverbirch. Prequently,in the forestedareas,

a cleanwell-exposedeurfacewouldbe foundvherethe thinsoil

coverhad been strippedeff in the rootmesh-vorkof a fallen

tree. The betterexposureawere usuallyto be foundon the

higherground.

The drainageis mainlyconsequentin thatit ia

controlledby the underlyinggeology. The lakesappearto lie

eitherin strikevalleyscut in the softwrrocka,o.g.Stenavd.,

Hjornlivd,and Langaaavd.,or in largefaultdepressiona,

e.g.Svorksjoenand possiblyEllingsvd..

Aa a reaultof therecentisostaticadjustments

subsequentto the glaciation,the riversand streamsgenarally

show a youthfulcharacterand themajorityare activelycuttimg

theircoureesdeep into the ceuntryrocks. The youthfulneas

is especiallywell exemplifiedby the Trivjagorge.

In cuttingback southwardsthroughthe resistantStørenGreenetones,

the Trivjariverhas entrencheditaelfin a deep,steep-sided

gorgewhiohextendeupatreamto themarshareaof Lillebumyren.

At thispointan artificialweirhas beenbuilton the aita.Of

what appeareto be a majorknickpointon the Trivjariverprofile;

the heightof thewaterfallis about25 m.. Lillebumyrenis

a depressionwhichis almoetentirelyinfilledwith alluvial

materialdepositedfromthe Trivjaas its currentie checked

on enteringthemaraharea. In the summermonthetheeiver

seandersplacidlyacroasthemarshuntilit reachesthe weir

and regainsits vigorouserosivepoweron plungingintothe gorge.

Duringthe springthavand afterperiodaof very heavyrain,

suchas occurredduringthe aummerof 1961,the riverfloodsover

its confiningleveesand depositsa freshcoverof alluviumon

the marsh. Successivemigrationsof the rivercourae,due to

lateralcorrasionand depositionon the meanderbenda,are clearly
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vielbleon the aerialphotographs. Due to the reductIonof

the currentvelocity,the rlverbed is braidedfor somedistance

upetreamfrom the pointwhereit enterethemarsharea.

Similar phenamenaare vissibleon theSkolda,

a majorriverflowingacrossthe area fromeast to west into the

lakeSvorkajoen. ThIsriverclearlyoccupleaa majorfaultvalley

and it is particularlyinterestIngbecause,justweetof Gasbakken

village,it appearsto have changedite course. Insteadof

runningdirectlyintothe extemeivemarshareaof Reksaasmyren,

the riverturnsaharplysouthand thenaftera few hundredmetree

it turnsweat ageinand eventuallyruns intothe mareha further

few hundredmetresdownstream. Thia ahortdiscordantetretch

of the coureealso appeareto occupya faultzone. Meanders

and oz-bowlakeshavebeen developedae therivercrossesthe

marsh. The riverappearstobe bulldinga bird-footdeltaas• it entereSvorksjoen.

•
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Fig.3Sketchand photographP124 to show the Greenstone

faultscarp,eastof Malberget,the lakeSvorksjoen,

the marsharea of Reksaaamyren,the farmst. Fuglaas,

and the generallyundulatingtopography.
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FjeldheimArea
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TrivjariverLillebumyrenr

Ftg.4SketchandphotographP119to showthelakeBjornlivd.,

LillebumyrenandtheFjeldheimarea.

PhotographtakenfromthePorphyriteridge,

nearStornaeve.

Bjornlivd.
/
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Fig.4SketchandphotographP119to showthelakeBjornlivd.,

LillebumyrenandtheFjeldheimarea.

PhotographtakenfromthePorphyriteridge,

nearStornaeve.
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:hotograph E15. The gorge and a major knick point on

the ?rivja river. Nalberget lies to the east, on the

II1 1eft of the photograph,which was taken from a short

distance downstream from the Trivja dam.



•
PhotographP357. Typicalpeat bog and forestcovered

ridgeof HSlondaPorphyrite,nearHSlonda.

•
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2. The RecentGlaciation

Evidencethata recentice-coverexisted

over the wholearea is very abundant. Apartfromthe undulating

topographyand the 1aekof prominenthornsand peaks,thefamt

thatan ice-coverexistedover the higheetgroundis indicated

by the presenceof numerousmaseiveerratice,weighingmaay tonnes,

obviouslyrequiringa considsrablethicknesaof ice for their

transportation. The erraticsare of whitegranite(trondhjemite),

gneiss,conglomerateaand localcountryrock. Numeroue

occurrencesof trondhjemiteare presentaroundthe Gasbakken

regionso thatno definiteindicationof the directionof ice

movementcan be determinedusingthe erratice. However,

glacialetriae,whichwere foundin six localities,have an

averageatrikmof 325°. Thus it seemeprobablethatat one atagm

duringthe glaciationof the Gambakkenarea the diractionof ice

flowwas from themountainousregionin the south-east.

Tableof GlacialStriae

Outcropand locality Strike

001 BølondaSata.,Lillebumyren. 527°

008 Greenstone,near Trivjadam. 542°

0 119Porphyrite,road nearStornaeve. 325°

0 128 Greenetone pillow lawa, Malberget. 3250

0 214 HølondaSste.& Shale,Trotland. 312°

0 525Porphyrite,nearH0londakirke. 320°

Thesediectionscorrespondcloselywith

glacialstetamwhichare recor4ed,fnmawdjacentareas,on the

glacialmap of Norwaycompiledby Holtedahland Andereen,

(Holtedahl,1960).

Crag-and-tailfeaturesare commonand their

strikeeare generallyparallelto the overallstriasdirections.

A particularlylargeexampleoccursaroundthe farsst. Puglaas;

here themore resistantBølondaPorphyriteformsthe 'creg'while

the aoftershalesand limestoneeof the Efflondagroupformthe

'tail',whichextendsfor about1000metresnwth-weet of the

porphyrite'creg'beforevanishingbeneathReksaaemyreamareh,

Thestrikeand diapositionof thisparticularfeatureconfirms

that the ice was movingtowardsthe north-weetfromå sourcein the
south-east.
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The sourceof the ice probablyexistedon themountaineusregion

aroundForelhogna,1359m., about50 kms, to the ecuth-east.

At some time in the lateglacialhistory,

a relaxationof the severeclimaticconditionsresultedin a

degenerationof the overallice sheet,confiningit to amell

valleyglasiers. With the degenerationof the ice sheetthe ice

sourcewas 'decentralised'ao that,insteadof a majorsourcein

the south-east,localnucleiwere developed. In the Gasbakken

area,in particular,sourcesley in tho Langaasenand Trotland

valleysand in the valleyeastof Malbergat.

Furtherretreatoccurredwith extendedperioda

of still-standsuch thatpronouncedterminalmoraineshad time

to form in acme localities. A good exampleis the Wilonda

terminalmoraine,whichacts as a dam to the lakeLangaasvd..

The glaciergivingrise to thiamorainewas channelledto a

certainextentby the porphyrlteridgesrisingup each sideof the

lake. The moraineaouthof Trotlandmay be the terminalmoraine

of a glacierin the Trotlandvalleyor it may be a lateralmoraine

of a glacierin the Reksaaamyrenarea,

Generally,overthe wholearea,it seensthat

the valleyswere excavatedby the sheetice whereit occupied

and accentuatedpre-glacialshallowdepresaionsin the less

resistantBOvingroup. The latervalleyglaciersseem to have

contributedonly to localdeepeningand the formationof the

texminalmoraines. That thiais the case can be judgedfromthe

fact thatthe valleysaroundGasbakkanare relativelyshallow

and if truevalleyglaciershad occupiedthem for apy lengthof

time theyshouldsurelybe Much.deeperthan theyare at present.

Thus it couldbe inferredthat,comparedwith the life-spanof the

sheetice,the valleyglacierswere relativelyshort-lived.

The reasonwhy the sheetice did not exceettedeepvalleyswas

most probablybecausemush of ita enerhywas used up onmoving

over interveningridgesof resistentmaterialso that the lower

groundwas not erodeda greatdeal. In the eameway the energy

of presentday glacierstendato be dissipatedon more reeistant

topographicalirregularitiesin the pathof the ice. It seema,

therefore,thatsheetice,ratherthandistinctvalleyglaciers,

was the dominantformadoptedby tha ice duringthe glaciation.



FhotographP15 Glacialstriaeon H0londaSandstone,

Lillebumyren. Strike527°. Locality0 01.
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PhotographP322 The moraineat the southof the

Trotlandstrikevalley. This is possiblya terminal

moraineof a small,late-stagevalleyglacier,

•
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STRATIGRAPBT

1. THE STØRRNGRBLNSTONES

The StørenGreenstonea,occurringin

the area consideredin thiareport,most probablybelongto the

UpperStørenGreenstones,whichis Xhe youngestformationof

a majorLowerPalaeozoicgroupin the Trondheimregion.

Thismajorgroupis knownas the StørenSeries. It is a

principallyvnlcanicseriesand it ie namedaftera locality

at Størenin Gauldalen. The namewas introducedintothe

literatureby Kjerulfin 1875and explicitlydefinedand applied

by Tornebohmin 1896. The serieshas alsobeen calledthe

BymarkGroupby C.W.Carstens(1920),but the presentauthor

has followedVogt (1945)in retainingthe olderand probablymore

widelyknownterm. Frompalaeontologicalevidence,the

StørenGreenetonesin the Gasbakkenarea are probably

UpperCambrianto Tremadocianin age,

At Støren,whichis aituatedabout20 kma.

south-eastof Gasbakken,the thickmeasof the entireseries

may be about2500m., (Vogt,1945). The base of the Støren

Greenstones,whichweremappedby the authorin the Gasbakken,

vaa not seen. On his map, "Geologiskkart overLøkkenfeltet"

(1952),C.W.Caratensrecordsthatthe Greenstonesare in contact

with the RørosGroup,about5 kms. north-weetof Svorksjoen.

The RørosGroupconsistsof mica-schists,whichappearto be of

uncertainage. Thisgroupin turnrestsupon sparagmiticachista,

whichStrand(Boltedahl,1960)suggeetsmay be an originalbasement.

Fromvariosepartsof the Trondheimregionand adjacentdistricts,

Strand(Holtedahl,1960),recordsevidenceof thrustcontacts

betweenoriginalbasementand overlyingyoungerrocksand it is

conceivable,at leastto the presentautbor,thatthe rockain

the Gasbakkenarea,togetherwith the RfirosGroupand perhapseven

the sparagmiticschists,poesiblybelongto an allochtonousseries.

The StørenGreenetoneeexaminedby the

authorin the Gasbakkenarea are dominantlyvolcanicrocks,

containinginfrequent,relativelythin,discontinuoushorizons

of red hematiticmudatonea,red jaaperand sedimentarypyrite.

In the Rølonda-Rorgdiatrict,Vogt (1945)foundthat the Upper

StørenGretbstonescontaina greentuffaceouselatecalledthe

Høve Slate. No evidenceof thesealateswas foundthe Greenstones

of the Gasbakkenarea.
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The volcanicrocks,whichmay be generally

describedas ,spilitic',takethe formof pillowand massive

lavaflows,tuffsand mtllowagglomerates. The pillowstructures

indicatethatthe wolcaniceruptionsweremost probablysubmarine

in origin.

Pillowlavasare well exposedin namerouslocalities

on and immediatelyeurroundingMalberget. It was unfortunate

that im many placesthe exposurewas usuallyan ice-amoothed,

roche-moutonneeeurfaceand henceit was oftenimpossibleto

determinethe thirddimenaionsof the pillows. Near theTrivja

dam, Loc. 156.,largeexpoeureeof pillowlava,indicatethat

generallythe pilloweare roughlyellipticaland are fairlylarge,

reachingup to 0.6 m. i 1.0 m. z about2 m. in size. At this

particularlocalityit was possibleto establish,from the

interlockingattitudeof the pillows,that the flow,isinverted,

i.e. 'V'-upwards. At the Trivjadam, Loc. 157., the pilloweare

alsovery largeand it was noticedthat theysmetimes tookthe

formof longsausage-likerolle,whichwere about2.5 - 3 m. in

lengthand about0.1 - 0.3 m. in width. Theirthirddimension

was not visible. In an assemblageof pillows,exposedon a

largeice-amoothedaurfaceat the trig.pointon Malberget,Loc. 37.,

the pillowsrangein eize fromdimmosionsof about6 cms.up to

thoseof about1 metre. Also,in an assemblageon the south-east

sideof Malberget,Loc. 128.,the sizesvariedfromabout1 cm, x

0.5 cm. x ? up to about0.3 m. x 1.3m. x ? • In thislocality

the flowappearsto be inverted. In the area as a whole,the pillows

appearto havebeen squashedtectonicallyalonga atrikeof about

270°,such that the maximumcompreasionwas actingnorth-eouth.

Unfortunately,no measurementsfor possiblestructuralanalysis

couldbe made becauseof the ice-amoothedexposures.

The pillowsgenerallyhave chilled,fine-grained

rima and on weatheredsurfacesthe rims are indicatedby pale

brownishareaaabout2 - 3 cme,wide,dependingon the sizeof the

pillow,whichextend011 the way aroundthe circumferenceof the

exposedpillow. In fresherexposuresthe rima are usually

palergreenthanthe interiorof the pillowand it ie possible

thattherewas somereactionbetweenthe materialin the rim and

the largevolumeaof steamproducedby the eruption. The vast

quantitiesof ateamand hot sea-watermust have playedan important

part in assistingthe pillowmovementby buoyancyand lubrication

effects. The skinof the pillowemust haveremainedfairlyplastic



for some time to permitmovementof the pillowsas theywere

pushedforwardby subsequentbrethreaand to allowthe pillowe

to infilldepreasionsbetweenunderlyingpillowsin orderto

producethe protuberanceswhichgive the typical -ehaped


sectionwhichis so usefulin determiningthe attitudeof the

flows.

Towardsthe top and the bottomof a pillow

lava flowone wouldexpectto findmore sedimentmixedin with

the pillowscomparedwith the centreof a flow. Thia appeara

to be the case in the StØrenareenstonepillowlavasbecause

in some localitiestherewas an abundanceof matrixmaterialand

in otheretherewas little,if any,matrix.

On the south-westsideof Malberget,Loc. 136.,

whatappearsto be the top of a pillowassemblageis exposed.

The pillowsare fairlyamalland theyare surroundedby a

fine-grainedhomo_eneousred deposit,Fig.5. Thisred deposit

appeareto be eimilarto the red hematiticmudstones.

The emallpillowsmay representthe finalstageof an eruption

and the matrixmay representsome of thegreatvolumeof sediment

stirredup by the eruptionand whichwas depositedfairly

rapidlyafterthemajorviolenceof the eruptionhad subsided.

That thie is the top of a (lowis indicatedby thegradedbedding

of the darkgreenfeldspathictuffwhichoccursin thiaexposure.

cmd.
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Crodee4 tdre,

Fig.5. Loc. 136.Sketchof exposureshowingthered

matrixwithinthe presumedtop of a pillowlavaflow,

and thegradedbeddingof the tuff,whichindicates

that the succeseionie inverted.

In comparison,at the localities37, 156 & 157, the pilloweare

usuallytouchingand thereappearsto be almostan entirelack
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of apy matrix,apartfromvery smallamountsof coarse-grained,

feldepathicmaterialwhichis greenishin colour.

In all the localitiesexaminedthe pillows

consisted(Mfdarkgreen,relativelyhcmogeneous,fineto medium

grainedrock formedalmostemtirelyof finegraineof dark and

palegreenminerals;emallgrainsof pyritealaooccur,distributed

apparentlyat random,throughoutthe rock. The pillowsare

frequentlyvesicular,espociallytowardstheircentres;the

vesiclesare invariablyinfilledby chloriteand calcite.

Vesicularpillowlava fromLoc. 156.,near the

Trivjadam, ie darkgreen,holocrystalline,fine to medium

grainedand lackingin phenocrysts. Vesiclesare fairZycoemani

and theyappearaa emall,irregularwhiteareasup to about8 mm.

in length. It is possiblethat theyhavebeen deformedtectonically.

Microscopicallythe vesiclesare filledwith chloriteand calcite

and theylie in a groundmassof albite,chlorite,leucomene,

epidoteand an opaquemineral,whichis probablypyrite.

In thinsection,the albiteoccurein very amalllathewhich

havea sub-trachytictexture. It is most probablethat the

albiteia an alterationproductof an originallycalcioplagioclase

feldspar. The lathsare wery amall,sub-hadral,colourlessand

equi-dimensional.Underhigh power,someof the lathsshow

Immellartwinningand extinctionanglemeasuresents,combined

with the fact thatthe refractiveindexof the lathsis lass

thanCanadabalsam,indicatesthe followingcomposition- AbnAnose

The chlorite,whichia plcochroicgreen,occursabundantlyas

smallblebs in the groundmass.Here it showsthe 'Herlinblue'

interfarencecoloureand it is probablynormalmaing,

However,thn chloriterimmingthe vesicles,whichis aleo

pleochroicgreenin colour,showsa plumred interferencecolomr.

Thismey be a varietyof pennine. It is probablethat the chlorite

is the alterationproductof someoriginalferro-magnesianmineral,

whichmey havebeen pyroxena. The lfflaca whichis semi-opaque,

brownishin colour,is randomlydietributedthroughoutthe

groundreassin emallirregularbleba. It is probablyan

alterationproductof ilmenite,indicatingthat the original

lavawas probablytitanium-richand probablythe originalpyroxene

was titaniferous-augite.The completelyopaquemineral,which

ie of minoroccurrenceappeara,fromfieldobservations,to be

ovrite.&ddote also ocursin the matrixas very amallgraine

and as largersub-hedralcrystals. It is pleochroicyellow-green
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and has a largeopticaxialangle. The calcite,whichalso occure

in smallamountsin thegroundmass,is most prominentas a mosaic

of anhedraltwinnedcrystalsin the centralareasof the vesicles.

The exposuresalongthe verticalfaultecarpeastof

Malbergetappearto be essentiallyof massivelava. Generally,

Loc. 162.,it is massive,dark green,mediumgralned,with no

obviousstructuresor notablefeatures. Thin eectionsof massive

greenstonalava from the Fjeldbeimarea indicatethat the composition

is basicallysimilarto the pillowlavas,exceptthat feldeparis

usuallyabeentapparently. Chloriteand pleochroicpalegreen

amphiboleare common.

The termspiliteis generallyappliedto thesechloritic,

soda-richlavasbut unfortunatelymuch confusionhas arisen

concerningboth the applicationof the termand the originof the

spilitelavas. Therehas been a tendencyto regardthe two terms,

spilitsand pillowlava,as synonymous. That this is not the case

ie demonstratedconclueivelyby the occurrencein the Gaabakkenand

Fjeldheimareasof pillowlavaeand massivelavasof eimilarspilitic

composition. Pillowstructureseemeto be simplya flowphenomenon

developedin submarinelavas,irrespectiesof theircomposition,

and dependingfor its formationon suitableconditionsof temperature,

viscosityand rate of extrusion. The orlginof spilitesby a

processof magmaticdifferentiationappearsto be ratherunlikely,

to the presentauthorat least,and themost acceptableoriginis

thatof albitisationof normalbasaltlavaby soda fremsea-water,

whichis trappedwithinsedimentssurroundingthe lavasas theyare

down-warpedinto the deptheof the geoeyncline. As thewater-

loggedeedimentsand lavaesink,geothermsof increasingtemperature

are encounteredso that,eventually,soda-richhydro-thermal

solutionspaes throughoutthe descendingmaterialto producethe

albitisation. The calciumdisplacedfromthe calcicplagioclase

wouldcombinewith the chlorineionsin the sea-waterand so escape

as the solublecalciumchloride. Some of the calciumwouldbe

retainedas calcite;the carbonateion probablycomingfromthe

sea-waterand surroundingsedimente.
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The pyroclasticdepositsoccurringwithinthe

StørenGreenstonesln the Gesbakkenareaare eas.ntiallyof

two types. The firatmay be describedas 'plllowagglemerate'.

On the south-eastaide of Malberget,Loc. 56.,an exposureof

typicalpillowagg1omerateis vislble. It conslateof maall

pillowsand lapilli,of varimussisesup to about1 netre in

length,contaInedin a darkgreencoarseto finegrained,

feldspathicmatrix. The pillowagglomerateappearsto overlie

a pillowlava and it is possiblethat the depositrepresentsthe

top of a flow,but the presenceof the abundantmatrixindlcates

thatit in probablyan wsglomerate. From the attltudeof the

pihiows in the flow,the succeselonat thislocalityis inverted.

Furtherexamplesof pillowagglomerateoccurnear the

entryof the Skoldariverinto the lakeSvorksjoen. The amall

pillowsor bombsconsietof veelcular,darkgreen,fine to medium

grainedrocksimilarto that foundin the lavas. The bomba

are about20 cm. i 5 cm. i 10 cm.,Fig.6. Thm matrixla alao

darkgreen.

11Yea'ailny
Sdetion doæo. ot?".

a-Zocass

Fig.6. Sketchto show the sizeof 'bombs,121

the pillowagglomerate,nearSvorksjoen.Loc. 178.

Furthersouth,Loc. 173.,the matrixis finegrainedand apparently

hematitic. Elsewhere,Loc. 182.,the pillowegglomeratescontain

some largmangularfregmentsof crystallinered jasper,about

30 cma.aorost. It la posaiblethattheaepillowor bomb

agglomeratesrepresentperlodeof more explosiveeruption.

The secondtypeof pyroclasticdepositis themore

normalfeldepathictuff,whichappearsto be moderatelycommon

in the Greenstonesuccession. On the south-eastsideof

Malberget,Loc, 127.,thereis an exposureof a darkgreen,

medlumto finegrbimedrockwhichappeersto containmucb

fibrouegreenamphibole,graineof darkgreenmineraland

somevery amallgrainaof palegreengebfeldapar (probably altered).

On theweathered eurface the amphiboleappearsto havebeen
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rairredleawingthefeldsparanddarkgreenmineralgrainestanding

outallghtlytogivea rough'eand-paper'surfaes. A alightly

coaremnrband1s presentandthla1sgraded,indicatingthatthe

succesadonis inwerted. It isposalblethatthisisa

submarinetuffdepos1t.

Apartfromthepyroclasticdeposits,there

ls tbeinterestingredsediment,which,aswealanoccurrlages

thematrixin soneof thepillowlawas,alsooccureas distinct

lens-likebodites.At locality175,on thenorthernedgeof

Lillebwayren,a largelensof thisredsed1mmmtmeasuresabout

2.4m. in lesgthandabout0.4m in thickness;iteareal

extent wannotvisibi.. Thesedbeentappearstobe homogemsous,

finegrained,henatitiomudatons. In placesit 1sthInlyhanded;

thisneybe a sedimentaryfeaturebecauseitappearstoroughlyparallel

thebeddingof thesurrountingtuffe. It iswerya1m1lerto

whathasbeencalled'Redjasper'whichoccurein the Palasesoic

HighlandBordarSeriesof theSouth-eastHighlandsot Sootland.

Theorlginof thematerialiauncerta1nbecauseitnnyrepresent

a wind-blownterrigenousdeposit,a blogenticdepoait,or itmay

be a syngeneticsedlmentary1ronore.

In a diausedworking,Loc.155.,nearthe

Trisjadoe,thereis a largeexposureof a nuchpurerfronof

jasper. It lsa maselve,pinkvedfinegrainedcrystalline

rockandit isertnnelyhard. Thislargeexposureis

surroundedby pillowlantbuttheexectlimitsof thejasperwere

notrecoråttl.Thejaspercontalnsthinbandsof a finegrained

greychertandalsopyr1te,whiohlna handspecLeenfoundon a

nearbytip-heapappearedtobe gradedas if itwerea sedimentary

formatlan.Itis possiblethatthispyr1teinrelatedto the

sedieentarypyritewhich1sofmoderatelycommonoccurrencein

theGreenstones.It isknownas ,wasakts,afterC.W.Carstens,

(1924). Bodieeof jasperarecommonin theGreenstomes,both

as knolleauchas thatseenla theVjeldheinarea,andas layere

recordidby Vog%(1945). He notesthattheselayerearsoften

fractureddue,he suggests,to lacerationof saaewhatconsolidated

jasperbedsthroughdisturbanoesof thedepositson thesea-floor,

eitherthroughvolcaniceruptionor by submarinelandal1des.

1n thelesasetamorphosedjaeperelsewherein theTrondheimregion,

ColdecketidtandC.W.Carstens(Boltedahl,1960)claiatohave

obserwedradiolarianstructures.
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In conclusion,itmaybe notedthatitwasvirtually

impossibleto traceseperateflowsandtuffnorlzonsforapy
diatanceacrosethecountrybecauseof thelackof ezposure.
Therefore,on thefinalmap,theStØrenGreenstoneshawebeen
consIdtredsimplyas oneformation.
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17it;.7. Vesicular spilite pilLow lava, tØren :;rcenstones.

Locality 156., near the Trivja dam.

imw power; plane polarised

he vpsieles :1rerimmed with grekn chlorite snd infilled

centrally with a mosaic of csleite. The significhnce


of tie areas Isackir ts the normal groundmass, to the

rilht af the vesicles, is uncertain. it is possible


that they represent some sort of flw 2heromenon,

indicatint,.r,that yie direction of movement of the vesicles

was flom r1,2:htto left and therefore paraliel to the

movement of the ±eldspar 1 tris.

lar6e 1;ratnof epidote is

L'he,:roundmassconsists ofaL)itic feLds-par, ite,

leueoxcne, epidote, c:leite and opa,»e m,neral.
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FhotographP219. Pillowlavasfrom the Wjeldheim

area,whichare ezposedon an ice-smoothedsurface

about500 m. northof the Trivjadam. A amallamount


of matrixis visibleto the upparleftof the hawmer

head;it consistsof angularfragmentsof darkereen

feldspathicmaterial,up to about5 cms. in size.

•
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Photograrh . iillow &:1Zerate, Støren retnstones.

jmall vesicular pillows or bombs and lanilli are contained

in a coarse to fine grained, dark green matrix.

Stratigraphically,the aulomerate lies above a pillow

lava, which indicates that the succession is inverted,

Locality 56., south—east sidu of Malberget.

•

•
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PhotographP,4. FillowagLlomerate,Støren8reenstones.

In this locality,whichis closeto a major,sub-horizontal

shearzone,the vesicularpillowsand lapillihave been

OLformedtectonically.

Locality178., Svorksjoen.

•



ann~

Photocrah
2.1

_12f:deyosits, Storen re...nstones.

The tuff bands ap:ea_ to fe ,-radtcand indicate that

thc succes:ion is dver-turned.

Locality 1:7„ south-cast side of f:alber t.

•



2. TBS STOXVOLl.CONGLCUERAT8

Stratigraphicallyabovethe volcanic

StørenGreenstones,to the weetof Gasbakken,thereis a very

coarse,unsortedbouldercong1omeratewhichapparentlyforms

thebase of the BovinGroup. It is probablyequivalentto

the Stokvo1aconglaseratewhichoccursin a similar

stratigraphicalpositionin the Trondheimregion, From

palaeontologicalevidence,lt appearsthatthe boulderconglomerate

in the Gasbakkenarsa is aboutTreadocian to LowerArenigin age.

The conglomerateis exposedin

a belt of varyingvidthon the southof Balberget,and also

it occursalongthe shoreof Svorksjoen,eastof Fuglaashogstret.

A conglateratehavingsimilartextureand compositionis well

exposedin a road cuttingon the northsideof Svorksjoenand

it is most probablethat it is also equivalentto the Stokvola

conglcaerate,althoughita relationto the StørenGreenetones

was not seen. Conglomeratichorisonsalsooccuron Bjorkliodden,

but it is thoughtthat thessshouldbe includedin the Bølonda

Shalesand Sandatones.

The exposureson the southside

of Malbergetwillbe consideredfirst. Ite taleAhickness

of the conglomerate,calculatedfrom thewidthof the exposure

and the angleof dip, appearsto vary betweenabout100 m.

and 180 m. at its thickest. Any angularunconformity,which

may have existedbetveenthe conglomerateand the Støren

Greenstonea,haa probablybeen obliteratedby tectonicaction,

i.e.similarfolding. Furtherwest,on the northod Lillebumyren,

thereis no basalconglomerateand the BølondaShalesand

Sandatonesoccurdirectlyagainstthe Greenstones. Perhaps

this particularareawas one of non-depositionor elselthe

conglomeratewas erodedsoon afterita depoaltion.

Tbe compasitionof the conglomerate

at Imcality14 is typical. The fragmentsare uneorted,rounded

to angularwith the angularityapparentlyincreasingwith

increasinghardnessof the fragmentalmaterial. The fragments

vary fraaaboutfinesandgradeup to bouldersabout1.5metres

in sise. They coneistof crystallinered jasper,darkgreen

Greenstone,finegrainedpinkand olivegreenrockswhichmey

be felsitic,softwhitishfeldspathic(?)materiiland sedimentary

materialwhichis very similarto the OverlyingBølondaShales
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and Sandstones. Ihe matrixia fineto coareegrainedand

feldepathic. Alsewhere,Locality43, the conglomeratecontains

fragmentsof similarsize and com>ositionbut includingwhite

quartziteand coarsewhitish-greenquartziticgrit,both of which

are fairlyabundant. Thereis aleo a greenrock whichweathers

pink and it is probablysimilarto the ,felaitic'materialin

Locality14.

At Locality14 the conglomerategradesrapidlyinto

darkgreen,finegrainedarglilaceouabands. The grading

indicatesthat the successionia inverted,with theyoungerbeds

to the south. In all theaxposuresalongthe southof Malberget

thefragmentsappearto have a prefend orientationsuchthat

theirlongeraxee occupya planedippingabout60° to 700 north

and etrikingabouteast-west. Thinveinletaof quartz,which

are parallelto thrisplanardirection,are of frequentoccurrence.

The planeis approximatelyparallelto the axialplanecleavage

foundin finergralnedhorizonein thisparticulararea and it

is most probablethatthe conglomeratefragmentehsve experienced

aome degreeof tectonicdeformation.

In the localitiesto the northof Svorksjoen,the

conglomerateconeisteof roundedto sub-angularfragmentswhich

vary fromabout1 mm. up to bouldersabout1.5 metreein size.

The fragmentsare of cryetallinered jasper,darkgrey quartzite

and darkgreen,mediumgrainedrockwhich is probably Greenstons.

The matrixis darkgreenand mediumgrained. FromLocality71

eastwerdsthe conglomerategradesrapidlyintogrit bedaof

variablethickness,someup to 10 metresthick. Then comes

anothergritbed,about2 m. thick,containingscatteredlarge

bouldereof Greenstoneand jasper. This bed also containssmall

areasof finegrainedgreenmaterial. It ie posaiblethattheee

are mudlumpswhichmay havebeen deformedtectonically. Sometimes

the finematerialoccursin thinbandawhichformconvolutebedding.

This boulderbed paseesintosimilardark greengritacontainAng

coaraepebblylayers. An abundanceof authigenicchloritoid

grainewas foundat thisparticularlocality,73;thepreeence

of ths chloritoidwill be discuseedin the Structureand Metamorphiem

section. Furtherborizonaof grit and conglomerateoccur

westwards. Gradedbeddingis visibleoccasionallyand ita

inconsistencyindicatesthat theremay be a seriesof tlifflat

foldsherehavingaxialplanesdippingat a moderateangleto

the north-west;theisoccurrencewill be diecussedin the structural

section.



Alongthe ehoreof Svorksjoen,nearPuglaashogstret,

the basalconglomerateie very subetantiallydeformedbecause

thereie a seriesof atrongehearzonesin thisarea. In the

løes affectedexposuresthe ftagmenteare of jaaper,greyand

whitequartziticrock and Greenstone. Nostly,however,the

Pregmentshave been deformedintoflatpancakelikeobjecte,

whichlie parallelto the shearplanes. Usuallyonly the

cryetallinejaaperhas resistedthe deformation.

Generally,the basalconglomerateappeareto have

been producedundorconditionsof rapidand confUeed deposition.

Theseconditionscouldhave beenglacial,but from the occurrence

of mud-lumps,convoluteand gradedbeddingand the sedimentary

evidenceof the overlying,turbidite,horizonsof theHølonda

Shaleeand Sandatoneeit is most probablethatthe conglomerates

were depoeitedin a geosynclinalenvironment. Theywere

probablyproducedby rapiderosiondue to abruptorogenicuplift.

The conglomerateeare probablysubmarinedepoaitabecausethey

lackany red colorationwhichie typicalof a conglomerateoccupying

a eimilarstratigraphicalpositionin the Bølonda-Horgdistrict,

Vogt (1945),and whichis thoughtto be a sub-aerialdepoeit.

Holtedahl(1920)introducedthe termTrondheimdieturbancefor

the orogenicphasewhicligaverise to the productlonof these

conglomerates. Breakecorrespondingto the Trondheimdieturbance

iåreknownfrommost of SouthernNorwayand poesiblyfrrxnsome

areasin AorthernNorway,Vogt (1945). Untilthe new dating

from the graptolites,foundby D.H.Blakein 1960,the Trondheim

diaturbancewas regardedas UpperSkiddavianin age. Now,however,

it mustbe regardedas elightlyolder,probablyTremadocianto

LowerArenig,3a-3b.

The conglomeratedescribedin the nreviouspages

is petrologicallyand stratigraphicallyegivalentto the Stokvola

conglomerate. In the Hølonda-Horgdistrict,Vogt (1945),

describesthe Vennaconglomeratelyingdirectlyon the

StørenGreenatonesand obvouslyoccupyinga similarpositionto

the Stokvolaconglomerate. It differsfromthe Stokvola

conglomeratein thatthe fragmentsconsistof a characteristic

sandstonerich in calcite;the colourof therock is lightcrey

to lightpurplishand consistingof finegrainedquartzwith

mach finegrainedcalcite,frequentlyao auch that the rock is

on the borderof a quartzrich limeetone. Nany largeboulders

and amallerpebblesof red jasperalso occur.
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Furthermore,in the Bølonda—Horgdistrict,the

Vennaconglomerateis overlainby the GaustadbakkBreccia.

Accordingto Vogt the brecciacosistsof thickbede with

fragmenteof Greenstonee,red jasperand severalsediments,

whichare embeddedin a reddishto reddishpurplesandstone.

Intercalatedwithinthe brecciaare thinbeda of the same

reddishsandstone,greensandstoneand chocolatecolouredshale.

In 1960,D.H.Blakefounda purpleagglomerate,whichmey be

similarto the GaustadbakkBreccia,in the eastof the

Svartvatnetarea. A.E.BeswickandJ.W.Rowling,in 1961,found

extensivebede of purplematerial,whichis probablyequivalent

to the GaustadbakkBreccia,in the areasto the eastand south

of the areamappedby the presentauthorin 1961.

However,no evideneeof(theevidenceof)thepresence

of the VennaConglomerateor the GaustadbakkBrecciawas found

eitherin theFjeldheimarea or in the areamappedby the present

authorin 1961. It is most probabletherefbrethat thereis

a facieschangefromwest to east. The moremarineconditions

are representedby the Stokvolaconglomerateto the west of

Gasbakkenand themore continentalconditioneare represented

by the Vennaconglomerateand the GaustadlNddcBrecciato the

southand eastof Gasbakken. Unfortunatelythe precisepositione

of the facieschangesare obecuredby foldingand faulting.
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Photograph P16. Fragment of beddcd seeimentarymaterial

in the Stokvola conglomerate.

Locality 14., north of Bjornlivd.

lt is possible that the fragment represents a large

consolidatedmudlump which was torn off the sea-floor

by the passage of the conglomeraticmaterial. As already

mentioned the conglomeratewas probably deposited rapidly

and it may have been the fore-runnerof a turbidite flow

producedby a sub-marine slumu which was trig,ered off

• orogenic activity,



Photograph P 7. :.tokvolacariomer te
1 -

the Hølonda Shales and Sandstones. "I-hecra=c

indicates that the succession is ovcrturned.

Locality 14., north of Bjornlivd.

•

•
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PhotographP22. Stokvolaconglomeratetraversedby

irregularveinsof quartzand calcite.

Locality71.,road cuttingon northshoreof Svorksjoen.

•



Photograph25. Roundedto sub-angularbouldersand

cobbleswithgradedgritband in the Stokvolaconglomerate.

The gradingindicatesthatthe beds are overturned.

Locality75.,road cuttingon the northshoreof Svorksjoen.

' -*

•
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3. THEHØLONDASHAUS ABDSANDSTONES

TheStokvolaconglomeratein the

Gasbakkenareagradesup intoa seriesofgraded,green

eandstonesandshales,whichwereprobablyoriginallyfeldspathic.

Conglomeratichorizonsalsooccurin theIcwerleveleof these

bede. Higherin thisserieethørearebedsof darkgrey,

fissileshales. Theaesandstonesandshalesof theLowerHovin

Groupareequivalentto theHNIondaShalesandSandstonse,Vogt(1945),

on thagroundsof petrologicalandstratigraphicalsimilarities.

ThegreyfissileshalesaresimilartotheSkjegstadShalee,

Vogt(1945),whichhavea widtdistributionatSlonda.

Thethicknessesof theshalesandsandatonesareveryVariable

andthereappeartobe manyfaciesalongtheetrike,which

togetherwiththepoorexposuremakeestructuralinterpretations

ratherdifficult.Theageof thegroupas a wholeis probably

aboutArenigianto Llanvirnian.Twonewfossillocalitiee

containingbrachiopodfaunaswerefoundbutdeepiteintensive

searcheenothingwasfoundin thedarkgreyehaleswhichmay

be equivalentto theBogoShaleeof D.H.Blake(19603,which

containinefUsegraptoliticfaunas.

In thelowerparteof thesucceesion,

whichareexposedbetweenLillebumyrenandnorthofHjornlivatnet,

theseriesconsisteof bandedgrey-greengrits,sandstonesand

shalee. Thøcoarserbedswsatherwhiteandgeterallystandout

slightlyabovetheeurfaceof theemposure. Thegradingof the

coarsermatørtalintothefineshaleindicateethattheeuccession

southofNalbergetisoverturned.Thegradedbedsaregenerally

onlya fewcms.thickandfromtheirmozberlt isobviousthat

thøremusthavebeenmanyturbiditycurrente flewingin thearea.

Theproblemof thefrequencyof theturbiditeflowsprovides

an interestinggroundforspeculationbutthereisnottimeto

enterintoithere. Theturbiditeoriginof thebedswillbe diecussed

inmoredetaillater. Fromthinsectionsof similarrocks,from

Hoidalin theFjeldheimarea,thecoareewhitishgrains,whichlook

feldspathicinhandspecimen,consistof a finegrainedmaseof

sericite. Thesericiteiemostprobablythealterationproduct

of originalfeldspargraina. Apartfromrareredjaspergrains,

veryfeworiginalclaeticgrainsof quartzoccurintheserocks.

Onthenorthof Lillebumyrenthedark

greengradedsandetonesrestdirectlyagainetGreenstonepillows,
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pillowagglomerateand phyllites(tuffs). Any angular

unconfoneityis not visible. The absenceof the basal

Stokvolaconglomeratein thieareamay be due to the factthat

the Greenetonesformeda submarinerise whichwas coveredsome

timelaterby the bandedfinergrainedsediments.

At locality2., the darkgreenshalescoutainthin layere

of slightlycoareermaterial. Thereare minorbedding

disturbancesin thisexposureand theyare probablydue to

slumpiMg. The beddingdips eteeplyto the northand theyare

cut by an equallysteeplydippingcleavagewhichbas a similar

east-weststrike. In many localitiesit was difficultto

distinguishbetweenbeddingand cleavage.

At locality4., the thicknessof the coareewbandeis only

a few cma.. The ckeavageis especiallywell developedin the

finewshalybandsbut in the coarserbandsthe cleavageis less

distinct. The cleavageis puckeredby latermovementswhich

are probablyrelatedto the secondact of folding.

Furthersouth-eastalongthe shoreof Voldmovd.

at locality22.,thereis a largeexposureof grey-greenshaleo

and sandstoneswhichcontainthinborizonsof conglomerate.

The conglomeratesgradeinto the finershalewithinabout50 cas.

- PhotographP111. The fragmenta,whichare roundedto angular,

have a maximumsizeof about3 cma. They coneistof red jasper,

finegrainedwhiteand finegrainedgreenmaterial. The matrie

increasesupwardsin the bed. The gradingshowsconclusively

that the etrataare inverted. A few metresnorth-westalong

the shoreof Voldmovd.thereis an exposureof grey-green

shalesand sandstonescontainingmme fragmentsof beddedgreen

shaleaand sandstones,whichare apparentlyidenticalto the

lisglondaShalesand Sandatones. Thesefragmentsare probably

consolidatedmud-lumps- Fig.9. They probablyoriginated

from the sea-floorby the laceratingeffectof a submarinequake

and were thenassimilatedintoand evenbaallydepositedfroma

turbiditeflow.

Ftg.9. Sketchof mudlempsin 1101ondaShalesand Sandstones.

Locality22., Voldmovatnet.
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On the southside of ealbergettheselowergrey-green

beds pensstratigraphicallyupwardaintoa bed of fosalliferoue

impuregrey limestone,whichie very eimilarto what Vogt

describesan the HPlondaLimestone. The bed is about50 metres

thickand it passessoutheardsintofissilegrey shaleswhichare

very similarto theSkjegetadShales„ The shales,whichhave

been widelyused forread-surfacing,are exposedin two emall

disusedeuarriesnearBjornlivatnet,locality19. Here the

shalesare very fissiledue to the firetfoldclaavageand later

closelyapacedjoints. It is darkgrey to blackin colour.

The beddingis indicatedby slightlyharderbandsabout1 ca. thick

and in the largerquarrythereie a 2 amtrethickbed of darkgreen

shaleswithinthe grey ahales. The beddingand cleavageare

almoetparalleland dip about700 northand etrikeeast-west.

They are ruckedby alightmovementeon planeaabout10 cme.apart,

whichdlp 64°W and atrike155°;theyare probablyrelatedto the

secondfolding. Similargrey shaleaoccurto the southof these

quarrieson the ahoreof Voldmovatnet. The shaleeat locality21

contalnamallcalcareousnodulee,about0.5 cme, in eize,on the

beddingplanes. Gradedbeddingindicateethatthe successionis

stillinverted. Thereis a complexcontortionof the firstfold

cleavagein thieparticularexposure.

Unlessthereis a strikefaultthroughthe Bjornlivatnet

- Stornaevearea then thiapatticularshalebed is about300 to

450 metresthick(true). At localities49 and 50 the grey shales

are in contactwith an intrusionof the 11,51ontaPorphyrite.

The intrusivenatureof the Porphyriteis demonstratedby ita

discordantcontactwith the beddingand the slightbakingof the

shales. Frequentlythe shaleshere containbrownapeckaof

brownlimonite,probablyafterpyrrhotite;browniron-staining

ia common. Veryemallacaleconvolutebeddihgoccurewithin

slightlycoaraerbeda,(locclity52).

Furtheraouthbeyonda furtherPorphyriteintrusion,

the crey-creengradedsandstonesand ahaleere-appear. From

conclusivegradedbeddingtheyare overturnedand unlessthereis

a etrikefaultthroughBjornlivatnetand Stornaevethesebedemust

be youngerthan the grey ahalesdtzscribedabove. At 1(cality62

a wholeseriesof gradedsandstonebeds are visible. The complete

gradedbed fromsandstoneto shaleis about15 cma. thick.

It wouldappearthatthe Porphyriteintrusionsmentionedabovehave

been intrudedalongthe boundariesof themajorfaciestypes.
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Aroundst. Fuglaasthereare furtherexposuresof green

and grey ahalescontaininga thinbed of limestone,whichare

arrangedin a synformalstructure. It was in thisarea that

the secondfoselllocalitywas found- locality117. This area

will be discussedunderthe sectionon the BølondaLimestones.

The exposureaon the peninsulaof Bjortlioddenare

mainlyof darkgreeneandstones,gritsand conglomerates. They

probablyrepreeenta protractedgredingof the Stokvolaconglomerate

into the BølondaShalesand Sandstones. The conglomerate

fragmentsare eimilarto thesein the Stokvolaconglomerate,but

generallytheyare amallerand are not touchingbecausethereis

a greateramotattof grittymatrixthanthereia in the Stokvola

conglomørate. Furthermore,occasionalthinargillaceousbanda

occur. It is for thesereasonsthatthe rocksformingthe

Bjorklioddenpeninsulahave been includedin the 1101ondaShales

and Sandatonesby the presentauthor.

Southof Bjorklioddenand west of at. Fugleasthereis

a very largemeas of rock projectingfromthe marshsurface,

locality165. The mass is much too largeto be an erratic.

It consistaof a conglomeraticrock containinga1mostexclusively

amall,angularto sub-angularfragmenteof a densely"porphyritic"

darkgreenrock. Theaphseerrgistr'are anhedralgrainsof white

sauesuritieedfeldspar. The matrixis similarin composition

to the fragmentsthemse1ves. Rerely,a littlered jasperand

acme vhitequartsitefragmentsare present. This depoaitmay

pørhapebe volcanicagglomerateor possiblyit is a reworked

tuff. The stratigraphicalpositionis unknownbecauseof the

isolatedpositionin the middleof the marah.

The BølondaShaleaand Sandatonesare alsoexposedin

the area northof Gaabakkenand artemmiBillondaitself. In these

areasthereappearto be mo conglomeratichorizons. The grey

fiasileshalesand the gradedgreensandstoneaand shalesare

aimilarto thosealreadydeecribedsouthof Nalberget.

Generallythe darkgrey fissileIthalesare veryatailarto the

Skjegatadahalesexceptfor slightdifferercesin the concentrations

of limoniticgrains. ArounithefarmReksaasen,weet of Trotland,

the grey shalesare exposedin a numberof emallquarriesand

beneaththe intruaiveporphyritescarps. The ahalescontain

thingradedbeda whichare inverted;the slightlycoarserbands

illuatratethe phenomenonof cleavagediffractionratherwell.

The shalsein the porphyriteof Swartaasen,vest of Gaabakken,

are also invertedand theymay belongto the samehorisonas
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thoseoccurringat Rekeaaaen. However,thereappeareto be a

majorfaultthroughReksaaamyrenin thiaparticularregionao

thatany connectionie uncertain.

AroundTrotlandthe grey shaleaare elightly

calcareousand they paaainto impureahaleylimeatonea.Vogt (1945)

suggeetedthat thiegrey ehalewas intercalatedin the Herlonda

limeatone. However,fromobservationsof the presentauthor,

it wouldseemmore reasonableto includetheeeahaleawithinthe

IbilondaShaleeand Sandatoneebecausetheyare very similarto the

normallyoccurringgrey shalee. Furthermore,the HpflondaLimeetone

does not appearto be a discreteformationin itself,retherit

is a seriesof limetonsehorizonewithinthe HølondaShaleeand

Sandetonee.

Northof Stenevatnetthereis a complexetxuctural

area. The rocksconeietof greenahales,eandatoneaaand grits,

grey ehales,nodularrubblylimeatonee,purerlimeditoneaand

porphyrite. Foreetcoverand facieschangeeadd to the difficulty

of interpretation. The complexityia probablydue to the

superiaposedfolding. In placeethe greensandatoneecontain

largepyritecubea,up to 2 cms. in aize. A detalledre-investigation

of thiaarea and thatto the northwouldbe veryuseful.

Grey-finenahaleeand eandatonee,grey shaleeand

impurelimestoneeare exposedin numerouelocalitiesto the eaat.

AroundHølondaKirkeand Langeaevatnet,the grey flasileSkjegetad

Shaleaare exposedin a numberof emallquarriee. In a large

quarry-locality310 - aome diatancesouth-ehetof gølondaKirbe,

the ahaleeare darkgreyand containbrownapaecksof llaonite

afterpyrrhotite. They are weatheredand brokenfor a metreor

so beneatha aoil and bouldercley coveraboutome metrethick.

Thin bandsabout1 ca. thickof dark and lightgrey ahalesoccur

at intervaleof 1-2 cma. indicatinga beddingdip of about2001W,

etrike045°.

Exampleeof elumpedbeddingand poesiblya eoleeast

were foundin greenaandatoneato the eouthof the porphyrite

intrusionnear H01onda- locality331. Theseparticularetructurea

indicatethathere the beda are rightwey up. Numerouethinlimeatone

beda occurwith the grey shaleaand greenahaleaand sandatonee

in thiearea.



Fig.10 Sketchesof elumpedbeddingandsolecast

ingreensandstones,southof ¥londa Kirke.

Locality331.

IntheSkoldaval1taynorthofEllingkvatnet- locality335,

a greyahalevasfoundwhichcontalnedntamerouslargelath-like

"porphyritic"bodiesabout1 cm.I 2 mm.insise. In handspecimen

andin thinsectionthematrixappearstobe normalgreyshaleand

the"phenoter4aks'aredarkgreybutapparentlyof theeamematerial

as thematrix. It ie thoughtthattheymayrepresentthe

beginningof somemetamorphiceffect,i.e.a crudelyspottedrock.

Themajoraxeshaavea sub-parallelorientationpitchingakiut45°W

downa partingplanedipping680W,strike1380.

Fromtheevidenceof theirownlithologyandthat

of thesurroundingstratigraphyitseemeobviousthatthe

HølondaShalesandSandstonesarea geosynclinaldepositandthey

weremoetprobablydepositedfromturbiditycurrents. Thsdarker

greencoarserbedsprobablyrepresentdepositswtichwereformed

nearerthesourceof theturbiditsflowandthegreyshaleswere

probablyformedat greaterdepthandrepresentthefinalfine-

grainedcomportentsof theturbiditeflows. Thesourceof the

turbiditsflownprobablylayin thecoastalfringeof unconsolidated

conglomeratea,eandandmudwhichhadbeenerodedveryrapidly

fromabruptlyupliftedlandareassurroundingthegeosynclinal

seas. Theseunconsolidatedmasseswereprobably triggeredoff

intoslumpeandturbiditeflowsby inteneemarineerosionand

earthmovementsdueto fluctuationsin theorogenicactivity.

FromthesuccessIonof coarsegreensandstones

andshalesandgreyshalesfollowedby greensandstonesandshales

-43-



itwouldappsarthattheareaofdepeoitionvariedeitherindepth
or in itediatancefromtheaourceof theturbiditeflows.

Theaevariationecouldhavebeenduetoinfillingandhence
ahallowingof theareaor it couldhavsbeenduetoan orogenic

effectexchthatthedown-warpingof thegeoeynclinswaninterrupted
byminorupliftain particulararaaa. Thieorogenicshallowing
of thegeosynclineesawouldalsoaccountfortheoccurrenceof
theimpuregreyHølondaLimeatonee,whichwereprobablyahallow

lagoonaldepsoita.

On thefinalmaponlythegreeneandstonesand
ahalenandithegreyshaleahavebeendiatinguishedbecausethe

individualconglomeratichorisonearetooemalltobe repreeented
eeparately.

•
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Fig.11 Calcareousnodules

in grey shales.

Locality021.,northshore

of Voldmovatnet.

2 eas

Fig.12 Small-scaleslumped

beddingin coarserbamdsin

greyshales.

Locality052.,Stornaeve.

Fig.15 Seriesof gradedbeds in greensandstones

and shales. Gradedbeds indicateinversionof the

succession. Locality062., southof Stornaeve.
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PhotographP111 Conglomerategradinginto

fineargillaceousmaterial. The direction

of the gradingindicatesthatthe beds are

inverted.

1101ondaShalesand Sandstones.

Locality022.,northshoreof Voldmovatnet.
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•
Photograph112 Jeriesof thinGradedbeds in

overturnedHOlondaShalesand Sancstones.

Locality 022.,northshoreof Voldmovatnet.

•



-4 8-

•

PhotographF
210 Grittyconglomerateon the- 


Bjorklioddenpeninsula.

II›
Locality095.
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PhotographP33 Volcanicagglomerateor reworked

tuff forminglargeisolatedmass in the marsh

west of st, Fuglaas.

Locality165.

•

•



4. 111£146L0/111ALDIWTONES.

Vogt (1945)describeethe Hølonda

Lisestoneas coneistingof one horisonof variablethickness

whichcontainsin ita upperpart an intercalateddarkgrey

shals. Fromobservationsof the presentauthor,it would

seemmore reasonableto regardto HølondaLimestoneas a

seriesof horisonaoccurringwithintheSIonda Shalesand

Sandstonee. The intercalatedgrey shalewithinVogt's

limestonewouldthereforebecomepartof the HølondaShales

and Sandstonesas has alreadybeen noted. Simplyby extending

Vogt'stermstratigraphically,all the limestonesoccurring

withinin the HølondaShalesand Sandstoneein the Gasbakken

Areamay be calledthe HølondaLimeetones.

The llmestoneeare generallyfine-

grained,impureand dark or palogrey in colour. They are

also fossiliferousin many places,but in the Gasbakkenarea

the fossilsare mostlyfragmentaryand onlyone definitely

recognisablefossilwas found. It is a turrettedGasteropod,

possiblyfi2xEdissa.. Posailevidencefromotherparts

of the HølondaLlmeatonewillbe discussedin the palaeontology

section.

The 50 metrethickbed of limeatone

in thsHjornlivatnet- Stornaevearea is exposedfromnear

Voldmovatnetup to 80n distancenorth-eastof Bjornlivatnet

whereit vanishesintoa marshyareabetweenthe Støren

Greenstonesand the HølondaPorphyrite.Aroundthe log cabin

northef Bjornlivatnet- locality27 - the limestoneis darkgrey

with an imperfect ahaleypartingwhichdipsateeplyto the north.

Thereare a ntaabarof thinirregularveinletsof calcite.

Yoasilfragmentsare visibleand theyare possiblyof ernall

brachiopodsand corals.' A thinsectionof thislimestoneproved

to be particularlyinterestingbecauseit containsa numberof

almostperfecteuhedralcrystalaof albite. They are fairlysmall,

the largtetbeingonly about2 mm. in itsgreateetdimension.

The most obviousoriginfor thesecrystalsis thattheyare

volcanic;whethertheywere originallyalbiticie veryuncertain.

Thinsectionswere cut fromotherlimestonesover the areamapped,

but no albitecrystalswere foundinapy of these. The matrixof

the limeetonesconeistsof very finegrainedcalciteand

impuritiesand sometimeathereare smallareasof calcitemosaics

whichmay be recrystallisedorganicmaterial.
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The exposureof limeatonein the synformalstruoture

at st. Fuglaas- locality122 - ie interestingin thatit

showsthe passageof greyshaleeintothe limestone,orvice

vereabecausethe orderof the euccessionis uncertain.

Towardsthe llmestonethe shalesbecomesincreasinglycalcanous

and contain more and more calcareousnoduleeuntileventually

the limestonedomlnates. This transitionfromshaleeto

limestonetakeeplaceovera beddingthicknessof abouta

fewmetres.- PhotographsP213 - 15.

Thelimestoneoccursnry frequentlynarthof

Gasbakkenand thebeds are of variablethicknen, from 1 to 2 m.

up to about50 m.. In many placeethereappearto be facieschanges

alongtht striksand thie is broughtout on the sectionCDE on

the finalmip. Frequentlyneara porphyritehody the limestone• is brecciatedand riddledwith mmallporphyritsmassesonly

a few cms. in size. Thisbrecciationcan be seenon both

eidesof a iwirphyritebody ln a road cuttingesat of Gasbakken

locality275 - and it appearsthatthe porphyriteis

definitelyintrusive.

The NilondaLimestonesprobablyoriginatedin

relativelyshort-livedlegoonalshelfareas,wherelessturbid

conditioneand a supplyof calciumcarbonatefavouredthe

extetenceof Coslenteratesand shellyorganisme. It is possible

tbat normalsea-watersourcesof calciumcarbomatewere

augmentedby celciumsaltewhichhad been liberatedby the

• albitieationof the basalticlavasin the geosynclins.
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PhotographsF215 - 15. Transitionof grLy shalesinto

impurelimestone. Locality125.,st. Fu:1aas.
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5. THB BØLONDAPORPUIRITSSAND THE MALBERGETGABBRO.

I. The 1461ondaPorphyrites.

The BølondaPorphyritesare altered

porphyriticbasicigneousrocks,whichformconcordanthorisone

in the LowerBovinrocksof the Jasbakkenand B0londa-Horgareas.

Accordingto analyeespubliehedby Vogt (1945),theyare

soda-andesites;the soda contentbeingdue apparentlyto the

albitisationof originallycalcicplagioclasefeldepar.

In the 11Slonda.4orgdistrictVogt (1945)foundtwo different

typesof Porphyrite -

Berg type,whichis composedof thicklytabularphenocryste

of a formerlymore basicplegioclaseand more sporadicphenocryste

of alteredpyroxenecontainedin a very fine-grainedgroundmase

consietingof lathsof albite,•pidote,horrblende,chlorite,etc..

Almastype,whichdiffersfrom the Berg typeinteralia in

themuchmore crowdedphenocrysteof albiteand alteredpyroxene.

Furthermore,Vogtmaintalnathathe coulddistinguishbetween

entirelyeeparatehorisonsof Berg ard AlmasPorphyrite,but in

the Gasbakkenarea it was foundthatboth typesfrequently

occurredin ths samehorison. It is ratheruncertainwhether

Vogt'sdistinctionis entirelyvalidand no distinctionhas

beenmade betweenthe two typeaon the finalmap of the

Gasbakkenarea.

The BølondaPorphyriteaare of very

widespreadoccurrenceover the area as a whole,but nonewere

foundin the Støren7.reenstonesor the StokvolaConglomeratein

the Gasbakkenarea. Generallytheyare about10 to 50 m. thick.

NearStornaeve- locality34 - wherethe porphyriteie in contact

withdark greyshaleeit is fairlydenselyporphyritic. The

phenocrystsare pale and darkgreenin colourand measureabout

1 cm. X 2 mm.. The palerfeldepathicphenocrysteare more

abundant,but in eomeplacestheyappserto be segregatedfrom

the dark ferromagnesianphenocryets. Theredid not appearto

be any ropeyor blockystructuresor any preferredorientation

of the phenocrystsin this locality. Towardsthe top (true,eince

inverted)of the porphyritemass some largeellipsoidalcavities

about5 oms. in max. dimension,were found;theyare probably

vesicles. Theyare infilledwith a soft,whitemineralwhich

may be calcite.



ElsewherenearStornaeve- locality57— the porphyrite

is coarselyporphyriticand similarto Vogt'sBerg type.

The feldspathicphenocrystsare tabular,meesuringabout1 cm. X 0.2 ma.

Thereare alsoamallerdarkgreenferromagnesianphenocrysts,

whichare much lessabundant- by a factorof about1 : 8 as

seenon the surfaceof the exposure.

On the road fromStornaeveto Gasbakken- locality59& 60

- the occurrencsof both thsBerg and Almastypesin the

sameborisonis very obvious. In the Berg typeto the south

the largephenocrystaof palegreenalteredfeldsparare

surroundedby smallerphenocrysteof alteredfeldsperand ferro-

magnesianminerals. The groundmaseis finegrained,darkgreento

blue. Just to the norththereare abundantlargefeldspathic


phonocrysteand ferromagnesianphenocysts. The matrisis blue -green

in colour. The feldsparphenocrystsstandout on theweathered

surfaceand the ferromagnesianphenocrystsgenerallylie belowit.

Thie lattertypeis approachingthe 41mastype.

In thinsection,theBerg type- locality60 - consists

of tabularphenocrystsof partiallysaussuritisedsibite,which

showslaswellartwinning. The prismatiolakbsare extensively

fracturedand sometimeshave irregularraggedmarginsdue to

alightdisplacementson the fractures. Tha fracturesare often

infilledwith eitherpleochroicgreenchloriteor fresh

secondaryalbitegrowingin crystallographiccontinuitywith the

albitephsnocryste.The albitein the rock is most probably

a productof thealbitisationof a formerlymore calcicplagioclase

feldspar. The dark ferromagnesianphenocrystsvisiblein hand

specimenconsistof raggedmate of fibrous,pleochroicpalegreen

. Thøsemats are aboutthe sameteiseas the

albitephenocryste,but theyare much leseabundant. The amphibole

is most probablythe alterationproductof originalpyroxene.

The phenocrystsare containedin a fine-grainedgroundmassof

abundantanhedralpriemsof albite,granulesof pleochroicyellow-

greeneuidote,plino-soisitoand chlorits. Semi-opaque,brownish

blebsof letacoxensafterilmeniteare fairlyabundant.

Berg porphyritefroma road cutingsaatot Gasbakken

- locality249 - contaimaan abundancsof pleochroicyellow-brown

•tilonomelanearrangedin rosettseof smallneedle-likecrystals.

This fins-grainedstilpnomelaneis alsovisiblein the hand

specimen. Stilpnomelanewas not foundelsewherein the Gasbakken
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area,butitwasfoundina dykerockof eimilarcomposition

totheWilondaPorphyritein theFjeldheimarsain 1960.

Theoriginof thestilpnomelaneisprobablydueto iron

meta-somatiemof thechlorite. Itmaybe duetotheentryof

tron,richsolutionsviafractureeaesociatedwiththemajor

faultwhichpassesa shortdistanceto thesouthof thislocality.

TheAlmastype- locality321,a quarrynoarBølonda

Kirke- containsfeldsoar,phenocrystswhichhavebeenentirely

saussuritised.Ferromagnesianphenocrystaaremoreabundant

comparedwiththeBergtype. Theoriginalamagtis preserved

inpartaof theslide. It issuhatantiallyalteredaroundthe

marginato • Thepyrozeneispalebrown

incolour,witha highopticexialangle;it ieopticallypositive

andhasa moderatebirefringence.Thepyrozeneis probably

auelto. Semi-opaque,brownish)eucoxeneafterilmeniteis

fairlyahundantas emallgranules. Thegroundmassisfine-

grainedandconsistsof granularalbite,pleochroicgreenchlorits,

enidoteanda littleauartz.

Theoriginof theB‘londaPorpbyriteshaebeena

matterof debatesincetheearliestgeologicalinvestigationsin

theregion. Vogt(1945)thoughtthatprobablytheywere

extrusivelavasbutC.W.Careters(1951)believedtheywere

intrusive.Fromobeervationsof thepresentauthorof the

11SlondaPorphyritesin theGasbakkenarea,it appearethatthe

majorityareintrueivesille. Theintrusiveoriginisclearly

demonetratedinmanylocalitise- Stornaeve54,50,63;st.Fuglaas115:
Svartaaaen195,201;Rekeaasen209,211;Gaabakken249,262,275;

Wilonda280,328. In theselocalitieethefollowingcharacters

indicatetheintrueiveoriginof theporphyrite:-

Shalesnearcontactarebakedtorabout0.5- 2 m. - 34,249.

Porphyritecutsthebedding- 280,328,

Largexenolithicfragmenteup toabout0.5m. caughtin the

top(true)of theporphyrite- 57,63.

(tv)Inahalesandlimeetoneelargefragmentsof porphyriteoccur
bothnearthetopandbottomof theintrusion- 115,262,275,328.

Theporphyriteerarelyshowedanycooledmarginsandtheywere

slwayscoareelyporphyriticup tothecontactwiththecountry

rock- Thiecouldmeanthattheintrusionewererelativelycool

whentheywerebeingintruded, No conclusiveevidencewas

foundto confirman eztrusiveoriginof anyof theporphyrites

in the Gesbakkenarea.
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Al7castype containinc uh,nocrystsef saussuritiseU

felspar and hu.;itealtered at the naarin to tremoltte-

actinolite. .;roundmau:.;of brownish leucoxene,yellow-




Lxeen epidote, [;reenchlorite, albite and k little

 ;uartzand opahue pyrite. Low power,p.pl.


Locality 7)21,near HOlonda Kirke.

3erg type containint;phenucrysts partiallysaussuritised

ålbite and mats of fibrous tremo:ite-actinolitein a

J•oundwass containing an anundance of yellow-brown

stilpnomelane,bretn chlorite, epidote, leucoxtne and

albite. Low power,p.r.1-


Locality 249, road cutting eact of ';asbak/..en.
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thotocapn 7month upper surface

true, since overturned - of intrusive

sill of hplonda.l'orphyrtte.

Locality 18., near tornaeve.
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Fhotorraph 1.29 F.Slonda,:orphyritetntruded into5 


L;reyshåles. Ihe ;crohyriteamuears to have a


non-porphyritic,medium-mrainedcooled marcin about

2 to 5 metres in width. The jrey shales re baked

for a metre or so flom the contact. Stilpnomelane

is abundant in this exposure.

Localtty 249., east of jasbakken.
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•

i-hotographP34 H0londa Yorphyrite intrusion

cutting the bedding of shales.


The shales are baked for about 50 cms. from

the contact und the porphyrite is coursely

porphyritic up to the centuet.

• Loculity 260., west cf Hplonda.
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•
PhotographP212 Darkgrey-greenshalescontaining

a largefragmentof EølondaPorphyrite.

The fragmentis probablypartof a smallintrusive

stringerassociatedwith themajorintrusiona few

metresto the north.

Locality115.,Ellinsvatnet.

•
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s

PhotographP9 BidlondaPorphyritecontaining

xenolithsof very hard,grey-greenbakedshales

and sandstones. The xenolithicfragmentsprobably

originatedby the brecciationof the adjacent

shalesand aandstonesby the intrusionof the

porphyrite.

Locality195., Svartahsen.•
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II. The halbergetGabbro.

The mass of uralitisedand

sauseuritisedgabbro,whichoccurewithinthe StørenGreenstones

on the northof Malbergetand west of Fuglaashogstrat,appears

to be one of a numberof Caledoniangabbrointrusionsin the

Trondheimregion. The Malbergetgabbroie a continaation

of the gabbrowhichwas partlymappedin the eastof the

Pjeldheimareain 1960. The exposuresof gabbrowerevery

rare in theMalbergetareaand the boundarieshavebeen

deduced mainlyfrom the topography. The contactwith the

StørenGreenstoneswas obscuredby vegetationbut it is probable

that the gabbroformaa lens-shapedintrusivemaaawhichis probably

concordantwith the etructure. Generallyit is coaree-

grainedbut near the contactinttheTrivjagorgearea it was

medium-grained. The extentof a contactaureole,if one exists,

was not seen.

In thinsectionthe typicalgabbro

consisteof completelysaussuritisedeuhedralfeldsoar,partially

alteredpphiticauaite,chlorite,eoidote,hornblendeand

a littlekelegja. The elongatelatheand plateaof the

original i 8 e are entirelysaussuritisedto a


mase of micro-granularsecondaryminerals. Relicaof original

lamellartwinningare sometimesvisible. The ophiticefeaiteis

is very palebrownand it is sometimestwinnedon 100.

Posaiblyit is titaniumrichbecausethereia an abundanceof

leucoxenein the rock. The augiteis alteredat itsmargin

to pleochroicgreenhornblendeand sometimestremolite,after

the processof uralitisation. keucoxene,afterilmenite,

occursin the formof relicskeletalstructuresof the original

ilmenite. Pleochroicpalegreenchloriteoccursaa small

irregularpatchesand it is occasionallydevelopedaroundthe

hornblendeuralitemarginof the pyroxene,probablyas an

alterationproductof the amphibole. knidoteis also

presentin the groundmass.

At Løkkensimilargabbromasses

appearto be linkedwithvaluablecupriferouspyriteore

bodies.



Since the Stlfren Greenetone spilitic lavas, the
lifflonda Porphyrites and the Nalberget Gabbro originally
had a eimllar original baeic composition, it eeeme probable
that they had a eimilar magmatic origin. Furthermore, it
is knovn that the Støren Greenetons lavaa are Lower Palaeosoic
in age and it is likely that the lifilonda Porphyritee and
the Nalberget Gabbro are probably not very much younger.
Therefore it eeeme reaeonable to auppose that theee basic

igneoue rocks belong to an initial magmatic phase of the
Caledonian orogeneeie.

•
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6. THE METAMORPHISMAND STRUCTURALGEOLOGY

The rockain the Gaabakkenareahavebeen

regionallymetamorphodedup to chloritegrade. The Lower

Rovinrockeappearto havebeen affectedalightlylesa than

the StørenGreenstohes. Chloriteis abundantin the Greenstones

and the HølondaPorphyritesbut it is much lessabundantin

the sedimentaryrocksof the LowerHovinGroup. Although

the relativeabundanceof chloriteis partlya reflectionof the

chemicalcompositionit does appearthatthe LowerHovinrocks

did not sufferthe eame degreeof metamorphismas the

StørenGreenstones.

One of themost interestingfeatureeof the

metamorphismwas the occurrenceof chloritoidin the darkgreen

gritsexposedin the road cuttingnorthof Svorksjoen- loc.73.

The chloritoidappearsas crowded,angularblackporphyroblaste,

about2 X 2 wm. in size,whichare distributedregularly

throughoutthe rock irrespectiveof the grainsize. The

distributionappearedto be abouttwo cryetalaper sq. cm..

Theyoccutin a well-definedsoneabout40 metreswide,which

appeareto be parallelto the strikeof the beddingof thegrite.

The northernextentof the zonewas not seenbecauseit lieson

the extremenorthof themap area. In thinsection,the chloritoid

occureas sub-hedralprismaticcrystals;the (001)formappears

to be best developed. Thereappeareto be an imperfect110

cleavage, The mineralis pleochroicpalegreento darkblue

and it commonlyshowsan "hour-glass"inclusiontexture.

Polysynthatictwitningis common. Chlorite,calciteand

clasticfragnentsof quartzand alteredfeldeparare aleo present.

Many of the clasticfragmentsare brokenand showsignsof

cataclasis- quartz,for example,showsstrainedextinction.

It appearethatthe growthof the chloritoidwas subsequent

to the deformation. Accordingto Harker(1960),chloritoid

is producedonly in rockswhich,with an abundanceof alumina

and a aufficiencyof iron-oxide,are relativelypoor in

magnesia,limeand potashand its formationia probably

dependentupon the presenceof kaolin. Tho reactionswhich

wouldgive rise to andalusiteor cordieritebeinginhibited,

kaolinreactswithmagnetiteto give the stress-mineralchloritoid.

Furtherwork in the area northof Svorksjoento etudythe extent

of the chloritoidzonewouldproveveryusefUl.
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Concerningthe structureof the area,it can be shown

thattherewere two distinctacts of folding. The firstfolds

are fairlytightstructuree. Theyhavebeen foldedrather

more gemtlyapparentlyaboutfoldswhichstrikeapproximately

north-west south-east. The originaldispositionof the

firstfoldsis uncertainbecausein the west of the Gasbakken

areaand in the Fjeldheimareathe dominantstrikeof the axes

is east-weet,whileeastof Gasbakkenand in the E0londa-Eorg

districtthe axes strikeaboutnorth-eest- south-west.

The firstfoldsthereforehavean arcuateformwhichhas a

centretowardsthe north-west. The approximatelynorth-west-

south-eastradiusis parallelto the axialdirectionof the

secondfolds. The Gasbakkenarea itselfoccupiesa zoneof

"puckering"of the firstfoldsby the secondset.

The tightmajor foldin the Fjeldheimareaplunges

to the eastbut southof Malbergetthe directionand anount

of the plungeis uncertain. The entireFjeldheimfoldwas

not tracedintothe regionmappedsouthof Malbargetwhere

therocksbelongto the steeplydipping,overturnedlimbof

the Fjeldheimfold. The axialplanscleavageheredipa steeply

to the north- usuallyabout70°E,strike2700. Occasionally

this firotfoldaxialplamecleavageie "rucked"by slight

movementson planeswhichare relatedto the secondfolding.

This"rucking"is usuallyknownas shear-cleavage.

Thia overturnedlimbmay be tracedas far as the

majorfaulton the eastof Malberget. This faulthas a

pronounceddown-throwto the east- the amonntsof thevertical

componentand the horizontalcomponent,if any,are unknown.

The faultappearsto be youngerthan the laterfolding.

To the northof Gashakkenand aroundEølondaKirke

the firstfoldaappearto remainfairlytightstructures

with axialplanesdippingabout40°Nd. The plungesof the

foldsare uncertainbut theydependon theirpositionrelative

to the secondfoldaxialplanes. The sectionCDE on the

finalmap is purelya possibleexplanationof the structure

in thiearea and it also illustratesthe possibleaspectof

the firetfolds. Shearcleavageis frequentlydevelopedin

the shales. The EølondaLimestonetendsto developsmall

minorfoldewithaxialplansaparallelto the planeswhich

giverise to the shearcleavagein the shales. Theseshear

cleavageplanesappearto be the axialplanecleavageof tha

secondfolds.



Tha presenceof the secondfoldsis basedesaentially

on the followingevidence3-

Outoroppatternefrom -

(1) Areasmap.Jedby the authorand fellowstudents.

(ii) The Bølonda-Horgarea, Vogt (1945).

(111)Geologiskkartover Løkkenfeltet,Caretens(1952).

StereogramI. Tr-polesof beddingplanesfromthewholearea

are distributedabouta greatcirclewhtehhas a poleplunging

56° to 298°,i.e.the secondfoldaxialdirection.

5. StereogramII.n--polesof firetfoldaxialplanecleavage

fromthe entirearea are distributedabouta greatcircle

whichhas a poleplunging45° to 292°,1.e.the secondfold

axialdisection.

Stereogram of planesgivingrise to puckersin


firetfoldcleavagehavea sub-parallelorientation,1.e.these

planesappearto be an axialplanacleavageof a secondfold

system. Minorfoldedevelopedln 11mestomeahavean

approximateIysimilarplungeto the north-westand are

comparableto the poleaof the greatciroleeobtainedin

I and II.

StereogramIV. Plungesof intersectioneof supposedsecond

foldaxialplanecleavagewith the firstfoldcleavageand

the beddingplanes. Theseplungeawere calculateduaing

a ,-diagram. They all plungeto the north-westindicating

a secondfoldaxialdirection„whichalsoplungesin this

direction.

All theseseparatepieceeof evidencepointto the

existence secondset of foldewhichhaveaxesplungingto the

north-westat about40o. The axialplanesdip about65o to

the north-east.



STEREOGRAM

Tr-polesof thebeddingplanesfromthe entirearea.

An indicationof the plungeof the secondfoldaxialdirection

is givenby the pole to the planecontainingthe polesto the

bedding. This pole plunges360 to 2980.

• beddingplanepoles.

--- planecontainingthebeddingplanepoles.

poleof the aboveplane.
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STEREOGRAMII

Ti-polesof the firstfoldaxialplanecleavage.

(observationsfrom the entirearea)

An indicationof the plungeof the secondfoldaxialdirection

is givenby the pole to the planecontainingthe polesto the

firstfoldaxialplanecleavage. This poleplunges450 to 292°.

• polesto firstfoldaxialplanecleavage.

---planecontainingthe cleavagepoles.

poleof the aboveplane.
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STEREOGRAMIII

Tr-polesof the secondfold axialplanecleavage

and the plungesof minor folds whichappearto be related

to the secondfold system.

• polesto secondfold axialplanecleavage.

plungeof minor folds.
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STEREOGRAMIV

Plungesof intersectionsof the secondfoldaxialplane

cleavagewithbeddingplanesand firstfoldaxialplane

cleavage. The polesof the planeacontainingthe poles

of the beddingplanesand the firstfoldaxialplane

cleavageare alsogiven.

The plungesof the intersectionsindicatean overall

plungeof the secondfoldaxialdirectionto the north-

west.

+ intersectionof secondfoldcleavagewith beddingplanes.

+ intersectionof secondfoldcleavagewith firstfold

cleavage.

0 poleto planecontainingbeddingplanepoles.

• pole to planecontainingfirstfoldcleavagepoles.
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It appearsthat the synformalstructureat st. Fuglaas

is a produntof the secondfolding. Alsothe majorfaultthrough

Uasbakkenis perhapsrelatedto the secondfoldingand fromita

positionit is possiblethatit may representa majormovement

on axialplanesurfaceof the secondfolds,i.e. it may be an

majorexampleof shear-cleavage.

Vhe thrustingeastof Fuglanshogstret- locs.170,185,189,

and on Bjorkliodden- loc. 107 - is very intense. At locality185,

only the crystallinered jasperresiatedthe shearingand the

flmbainingmaterialhas bebn thoroughlydeformed. The age of

the shearingis uncertain,but it appearsto have takenplace

beforethe Yalbergetfaulting.

Shesrsonesalso oceurin the HalondaPorphyriteeastand

west of st. I.Uglaas- loes.68 and 159. Thin sectionfrom loc.68


revealsthat theporphyritehas sufferedseverecataclasia.

fkpneof the originalphenocrystsremain. The rock is simply

a massof fine-grainedsaussuriteminerals,chlorite,epidote,

leucoxene,a littlequartz and a greatdealof interstitial

calcite. Thisshearingin loc. 08 appearsto haveoccurred


priorto the secondfoldingbecausethe typicalsecondfold

shearcleavageis developeddinthe shearedrock.

o>s.

./X/

mifte'
she' r

Shearcleavageof secondfoldedeveloped

in deformedH0londaPorphyrite.

Loeblity68.,st. Fuglbss.

Shcarzonesare alsodevelopednorthof Svorksjoenin

the Stokvolacongloweratesand grits.,locality77. Here the

shistosityis bestdevelopedin the finerwaterial;the

conglomeraticbandshave an irregularblockyappearance.

Againthe red jasperhas withatoodthe deformation. The shear

planesdip Ou° SW, strike095°. The relativeage of this

deformationis uncertainbut it may be relatedto the major

faultpassingthroughGasbakken. The growthof the stressmineral

chloriEoid. isrob?bll re.I.9tcd bo Ck  s skear n 3 •



-74-

The probablerelationof the eugeosynclinaland initial

magmaticphases,the tectonicactivityand the regional

metamorphiemof the CaledonianOrogenesisare shownon

the parangenesisdiagramoverleaf. Apartfrom indicating

that the eugeoeynclinaland initialphasesprobablyoccurred

duringthe Lower Palaeozoic,no attempthas beenmade to

assignan abeolutedate to any of the events.

•
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PhotographP331 Typicalshearcleavage

producedby displacementsof the firat

foldcleavageby movementon the second

foldcleavageplanes.

Calcareousgrey 1101ondaShales.

Locality270.,south-eastof Stenhavatnet.
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•
PhotographP28 Minorfoldsdevelopedinstead

of shearcleavagein lipilondaLimestone,due to

the differencein competencebetweenshaleaand

limestone.

Locality80.,peninsulain NW parpof Svorksjoen.

•



-78-

'!'-'-' "!..9-- . ---:? --., -•i l'• ' • t .. - - r'?"':•::-.--,-.-.:.:-,---
' • :., ..,4,-- ,

- " ** - -:•.,.,,...,,t- - .
.. . ‘' . ‘----‘? rl.-7\•;‘,,,,i. , .ii.-;4:: .

,' -,,..„'Ll....

'4 -1«4

„:"..,' R ,-,..,:r. , , . ..
. .

.-- :tit44
4:4:;,..

i.

	

-- .

">.
, .

"""

;,•-.4 [J. • -"t
4 ..1 -. “._" 5-1;'.., ..-_  

':' )11.

	

'. 'ret.'" ..,..--;•,c- - ;""•,•:-- ,,.. 1.
• ''' '-'„,' .4"-'?-,•‘‘n,.:.. .- ;!". .

	

:-,:::»jr-,..:.,.‘titis''-i,":;. -*/t •:".--1
‘'.-i ' Irel -

',.. , / . 1":: , t. • „.... 1•;....i: . ,:. •-!- •;4;. ,
.1/44nira' 4. "' •

- i

PhotographP24 Chloritoid,visibleas black

specks,developedin Stokvolagrits.

Locality77.,road cuttindon northsideof Svorksjoen.
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PhotographP27 ShearedStokvolagritsand conglomerate.

bocality77., road cuttingon northside of Svorksjcen.

•
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PhotographP35 Shearedgrits/conglomerateor

perhapaagglomerate.

Locality185.,shoreof Svorksjoen,eastof


Fugleashogstret.
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7.PALUDIFOLCIGT

TWo new fossillocalitiescontainingbrachlopods

were foundat locality30, northof Bjormlivatnet,and at

locality117,st. Fugleaa. At locality30, in an exposure

at the sideof the trackto the log-cabinnorthof Bjornlivatnet,

an abundanceof brachiopodswas foundin theSlonda shaleswhlch

lie above(true)a limestomebed. At locality117,a few

metresnorthof the farmhousesof et. Fuglaas,the brachlopode

occurin gren HølondaShales. Faintimpressionsof possible

brachlopodswere foundat locality50, Stornaeve,and at

locality115,st. FUglass. A specimenof possiblythegesteropod

pormotoma8D.was foundin theSlonda Limestoneat locality118,

near et. FUglaas. Elsewherethe HølondaLimestonefrequently

containedunidentifiablefosailfragments.

Aftercomparingthe brachiopods,ratherunsuccessfUlly,

with the descriptionaby Reed (1932)of brachiopodsfoundin

the Hovinsandatoneat Grimeaseen,whichlieoabout4 kms. east

of the Gaebakkenarea,and in the BølondaLimestoneand Shales

at Katuglaasenwhichis about4 kms. north-eastof HpflondaKirke,

it was decidedthatprofessionaladviceahouldbe sought.

The foesilawere takento the BritishMuseum(NaturalRistory),

London,wheretheywere examinedby Dr.W.T.Dean.

Dr. Deandescribesthe brachiopodaas followw:-

"Generallyspeakingthe specimensare too poorlypreservedfor even

genericdetermination. The best specimenim fromlocality117,

whichis a singlevalvebearinga generalresemblanceto

sakwagatz, thoughit hasnot been possibleto comfirmsuchan
identificationin the absenceof any internalstructures.

Ono specimenfromlocality30 showsmarkingesuggestiveof those

on the interiorof a clitambonitidbrachiopod,whileothersmight

well be clitambonitidpediclevalvea,but in all casesthe specimens

are too distortedor badlyweatheredfor anythingmore thana

tentativesuggestion.

If the abovegroupsof brachiopodaare, in fact,preeent,it seems

unlikelythatthe age of the faunais earlierthanabout

MiddleOrdovician.The largenumberof speciesdescribedby Reed

fromthe regiondoee not seemto correspondwith thisnew material,

as far aa comparisonis possiblewith suchpoor specimens."

ThissuggestedXiddleOrdovicianage is not in

accordancewith the Arenigianage indicatedby the graptolites



foundby h.n.Blakein the Svartvatnetarea in 1960. rhe

stratigraphicalpositionof the graptoliticshalesis uncertain,

but it certainlyap:..earsto be yeungerthJntne Størenireeustones

and it was thoughtthat theyoccurre.:somewherewithinthenølonda

Shalecand handstones. fLerefore,eithertLebrachiepodsare


actucllyolderthanhr. :eansadgestsor thegraptoliticshales

occJrii a faultedmacs froumuch lowerin the succescien,i.e

posbibly in the Åøren Jrcanstones. A more acceptablealternative


to the ahcveibropositioasis taat theLowernovinrocksare fairly

stronglydiachroLonssuch thaL theiiariheCepositionneganmuch

earlderin the uestof the co-ubinedFjeldneim-Svartvatnet-aasbakken-

and n01onda-norL,areas. in supportof thisargwilentis the fact


thattae hasalconglomeratecf the Loweraevinrocksis distinetly

marinein thewest and becomesmore continentalin the east.

The possiblediachronismand fossilages foundby otherauthors

is shownin the foll,wingdiagram (ile.“/,‘,,Jnce na5 ;ter "ade
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Listsand descriptionsof a largevarietyof fosailorganisms

fronthe regionmay be foundin papersLirXiaer,Hoeg,Hadding,

Foerste,Strandand Størmer(1952),1ogt (1945)and Strand(1949).

It is hopedthata paperby J.H.Blakedescribingthe graptolite

faunain detailwill be publisbedvery shortlyin the Norsk:Jeologisk

Tidsskrift.
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8. STRATIGRAPHICALCORRELATIONS

The valueof any geological

surveyis enhancedif it is possibleto make strat/graphical

correlationswith otherareas. Some correlationswith the

Pjeldheim,Enlonda-Horgand otheradjacentareaahavealready

beenmentionedin earliersections• However,becauseof the

possiblediachroniamof the LowerHovinGroupand the fact that

synonymoustermahave probablybeenglvenby varioveworkersto

depos/teof differentages in the LowerHovinGroupin the region,

it le felt that,at present,it may be unwiseto say more

concerningstratigraphicalcorrelationsof the Gasbakkenarea

with othersin the region. More fossilevidence/s required


and fUrtherdetalledvork ie needed,particularlyin the

Hnlonda-Rorgdistrict,to helpclarifythe situation.
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