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SUMMARYANDCONCLUSION

The Vipeto-Rullekollareaoffersgoodopportunitiesforstudyingage

relationshipsbetweenthe variousrock typesof theFencomplex.

Observationsmadeinthecourseof thisstudyindicatethatthebasic

silicaterockswerethefirstrockstoformwithinthecomplex,either
by crystallizationfrom a basicsilicatemagmaor throughextreme

fenitizationofregionalgneissrocks.

Fenitization,themetasomatictransformationofwallrock,causedbyan

alkaline,mobilephase,preceededtheemplacementof søvite,whichis

theoldestoftheFencarbonatites.Thesøviteappearstohavereached

itspresentpositionasa slow-flowingcrystalmush,unabletoassimi-

latefragmentsofwallrockthatbecameenclosedinit.

A periodofcoolingandsolidificationwasfollowedbya second•period

of volcanicactivity,characterizedbyextremefracturinganddisrup-

tion,probablycausedbya high-energygasphasereleasedfroma boil-

ingcarbonatitemagma.
.

As inthefirstperiodofvolcanicactivity,analkalinesilicatemag-
mawasthefirstto intrude.Ihesepipe-likeintrusionsofdamtjernite

were followedby intrudingrauhaugite,a carbonatitecomposedof

ankeriticdolamite.Rauhaugiteanddamtjernitearebothseentograde

into volcanicbrecciarocksinadditiontotheirappearanceasnormal

magmaticinstrusions.Therauhaugitemagmamusthavebeenchemically

aggressiveandcapableofdigestingfracturedwallrock.

Rødbergizationistheonlyvisibleresultofa thirdperiodofcarbo-

natitevolcanism,this time intheform ofalkalinefluidsmoving
upwardsalong fracturesand localpassageways,transformingthe
adjacentwallrockinto red carbonaterock. Depositionofmassive

hematiteoreasvein-fillingstook placetowardsthe end of this

finalperiodofvolcanicactivityintheFencomplex.

1

While theVipeto-Rullekollareaofferssufficientbedrockoutcropsto


allowcontactrelationshipsbetweenrocktypestobe studied,thetrue
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spatialdistributionof thevariousrockscannotbemappedoutwith

certainity.This lack of bedrockexposurealsoplacesconventional

prospectingmethodsata disfavour,andresultscanbeexpectedonly

throughthe interactiveuse of geophysics,geologyand diamond

drilling.

From the informationaccumulatedsofar, theVipeto-Rullekollarea

offersinterestingpossibilitiesforfindingniobiumoreaswellas

rareearthelements.Mbstexitingisthepossibilityof locatinghigh-

gradepyrochlor/apatite-oreof theTuftehavnalamprophyretype.The

proposedinvestigationoftheVipetosøviteåhouldexplorethispossi-

bilityandatthesametimeprovideinformationonthelow-grade,pri-

mary pyrochlormineralizationthat rangesasa second-ordertarzet

worthyofbeingexplored.

ThemostinterestingREEmineralizationoccursonthewesternslopeof

Brillekåshaugen,withina wedgershapedrauhaugiteintrusionlocally

affeetedbyrødbergization.Currentdataindicatethatthiscouldbea

late fracturefilling-typeREEmineralizationthatmightextend500m

to 1 km towardsthe northwest.Withthistypeofmineralization,

viableoredepositsmightwellhavebeengeneratedalongthezone,and

furtherexplorationworkwouldseemwelljustified.

Much workremainstobedonebeforethegeologyof theFencomplexis

fullyunderstood.Itisintheinterestof thecurrentFenprojectto

promotea betterunderstandingofthegeology,becausesuchinsightis

indispensablealsoinpracticalexplorationwork.



INTRODUCTION

ThecurrentFenprojecthasexplorationforexploitableoresandmine-

rals as itsprimnryobjective.Even50,detailedgeologicalmapping

of thecarbonatitecomplexwasfoundtobean importantandnecessary

firststep when fieldwork gotunderwayin1980.To eachof the3

fieldgeologiststhen availableto the projectwas allocateda

particularsub-area, tobemappedinscale1:1000inthecourseof

the1980and1981fieldseasons.

The Vipeto-Rullekollarea was allocatedtotheASV-geologist,who

startedfieldworkinMay1980.Unfortunately,muchtimeinMåyand

Juneof thatyearwastakenupbyanunforeseendemandforsupervision

ofa grid-samplingprogrammetobecarriedoutinGruveåseninsupport

ofanurgentapplicationforHutmål"onthatarea.

By lateSeptember1985atotalof20 fielddayshadbeenspenton de-

tailedgeologicworkintheVipeto-Rullekollarea.A decisionwasthea

madetosuspendallfurtherinvestigationsonprivatlyawnedlandasa

responseto mountingconcernamongthelocallandownersaboutFenco

anditsexplorationactivitiesandpossiblefutureminingenterprises.

No furtherworkwasdoneintheVipeto-RullekollareauntilNovember

1981.Itwas then feltthatthenegativeattitudeofthelandowners

towardsFencomightbeon thewane,andprojectgeologistsOlmoreand

Wiik revisitedpartsof theareainordertodiscussthegeological

mappingdone by Wiik inthisarea,beforeitsincorporationinthe

overallgeologicalmapof theFencomplek.

Conversationswith a numberof landownerssoonmadeitclearthat

Fencowas stillunwelcomeinthearea,infactthelandownersas a

grouphad agreedtousealllegalmeanstopreventFencofromexplo-

ring theirIand. Geologicactivityon cultivatedacreagewasruled

outasagainstthelaw,whilesomereconnaissanceworkwascarriedout

intheforestedareastothesouth.Wiikspentanadditional3 field-

3
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days on follow-upof a geochemicalanomalyon theW-ernslopeof
BrillekåshaugenE of Rullekoll,as thisforestedareawasbelieved
toremainaccessibleintermsofthelaw.

Fenco,withresponsibilityforpromotingtheexplorationrightsinthe
Vipeto-Rullekollarea on behalfoftheGovernment,canhardlyallow
the presentsituationtocontinue.Not onlydoestheimpassehinder
a possiblediscoveryoforebodieswithintheforbiddenareas,butthe

lackofgeologicandgeophysicalinformationfrom thesepartsof the
Fen complexhampersthegeneralunderstandingof thedetailedgeology
of thecamplexasa wholeandthusaffectstheprogressoftheexplo-
rationwork in general.The intentionbehindthis reportisto
summarizetheinformationavailablefromtheVipeto-Rullekollareaso
far, aad topresentrecommendationsforfurtherinvestigations,with
thehopethatthenecessarypermissionswillsomehowbeobtained.

Thearea

The1 km portionoftheFencanplexherereferredtoas theVipeto-
Rullekollarea,is delimitedby theUlefos-Skienmainroadto the
northand thebrookHåtveitbekkentotheeast,whilethesteephill-

slopesexpressingthegeologicboundarybetweenthesoftaarbonatite
rocksandtheregionalgneiss,markthelimitationof theareatowards

southandsoutheast.

Exposuresofbedrockareingeneralsmallandscattered,thelarger
assemblagesof outcropsteingconfinedtotopographichighssuchas
theVipetoridgebetweenHåtveitbekkenandthe streamfromDamtjern,
the hillockofRullekoll,andthesouthernmostpartof thearea,from
KåsahavnatotheabandonedJuvefarm.

At altitudesbetween100 m and 150m a.m.s.l.elevatedportions

of the Vipeto-Rullekollarea are mostlycoveredwitha layerof
glacialtill ofratherlocalorigin,whereasthebedrockdepressions
havebeenfilledwiththickdepositsofmarineclay inturndissected
bya youngerdrainagesystem.
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Some12 farmsteadsanda largernumberofsingle-houseresidencesare

locatedwithinthe area.A proposedhousingschemeonRullekollhas

been barredby localauthoritiesonthegroundsthattheareamight

have mineableresources,and thatthehigher-than-normallevelsof

thoriumradiationmightconstitutea healthhazard.

The loicsetti

A substantialamountofbothscientificandtechnicalgeologicalwork

hasbeendirectedtowardstheFenareaalreadybeforetheonsetof the

currentFen project.Thegeologicsettinghasthusbeenwellestab-

lished,thanksinparticulartothecontributionsbyBrøgger(1921)and

Smther(1957),butinrecentyearsalsothroughsupplementarystudies

byspecializedearthscientistsofdifferentcategories.

The Fen carbonatitecomplexappearsat surfaceasa roughlycircular

structure,about2 km indiameter,cuttingthroughthePrecambrian

gneissterrainat Ulefoss,12 km west of theOsloarea.While

age-datedat 560my and thussomethreehundredmillionyearsolder

than thePermianOslointrusives,the Fencomplexisnowthoughtto

be an earlymanifestationofthe sameriftsystemthat latergave

passageto the magmaticextrusionsandintrusionsconstitutingthe

majorpartsoftheOsloarea.

Gravitystudiesreportedby Ramberg(1973)indicatethat theFen

complexextendsverticallydownwardsasa narrow,pipe-likeintrusion

to a depthofat least15km. Therockdistributionobservedwithin

the accessiblepartsof theFencomplexcannotexplaintherecorded

gravityanamaly,and Rambergpostulatesthatthecarbonatitesand

carbonate-silicatemixed rocksprevalentat surfaceprobablydo not

extendmorethanonekilometer,andperhapslessthan0.5kmbelowthe

presenterosionallevel.Therocktypemostlikelytobeencountered

below the lightercarbonatiterocks,isdamtjerniteand/orpossibly

vipetoite.Thesetworocktypesare presentinminorquantitiesalso

at thesurface.



GEDLOGY

ThemaingeologicfeaturesoftheFencarbonatitecomplexareshownin

Fig.1,a generalizedgeologicalmappresentedbyRamberg(1973),based

on Smther(1957).TheVipeto-Rullekollareahasbeenoutlined,andit

isseenthat- withthepossibleexceptionofnepheline-bearingbasic

silicaterocks (Urtite,Melteigite,Ijolite)- allthemainrock

typesof theFencomplexarerepresentedwithinthisparticularsub-

areaof thecomplex.

6
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Fig.1. Generalizedgeologiemap of theFencomplex.

The fact that theVipeto-Rullekollareadoescompriseall themajor

rocktypesof theFen complexmakestheareawellsuitedforstudying

the rocktypes andtheirinterrelationships.Withitsconsiderable

volumesof mineralizedcarbonatites,theareaalsoholdspromiseas

explorationterritory.

In the followingthe individualrocktypes aredescribed withan


emphasison observedfieldrelationshipsandfeaturesconsideredto be


of particularrelevanceto thecurrentexplorationproject.A tenta-
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tive geologicmap has beenconstructedfromthelimitedfielddata
availableandispresentedasFig.2. Thismapincorporatesmuchsub-
jectiveguessworkandshouldbe regardedasa preliminarymodeltobe
revisedinthelightofnewinformation.

The actualfieldobservationsin supportofFig.2 areshownasa
fold-outmap attachedtothisreport.Thelegendof thismapapplies
alsoto Fig.2. Samplinglocationsandotherlocalitiesdescribedin
the fieldnotesareShowninFig.3, whichhasalsobeenprovidedas
a transparentoverlay,EnclosureI,forusewiththe1:5000maps.

Rockt s andtheirinterrelationshi

As oneapproachestheFencomplexfromthesouth,theregionalgrani-
ticgneississeentobebrecciatedand/ortransformedbyfenitization
in a borderzonethatmayextend100to200m intothegneiss.Within
this borderzone,the explosiveforcesandthechemicallyreactive
fluidsaccompanyingthe earlycarbonatiteintrusionshavebrought
aboutdifferentdegreesoftransformationofthepre-existingrock.
Nevertheless,both the tic brecciaand the homogeneous,
re-crystallizedfeniteare clearlyrecognizableas "countryrock"
with respecttothecarbonatitecomplex.Thecharacteristicmineral
assemblageofthefeniteisalkali-feldsparandegirine,buttherock
compositionis variableand mayrangefromquartz-fenitestothose
carryingnepheline.

While transgressionof niobiummineralizationfromthecarbonatite
into adjacentfeniteshas been reported from some African
carbonatites,thereis nothingto indicatethat theborderzonein
this area does aceccodateore depositsofeconcmicinterest.The
fenitehasnormallylessthan1/2% magnetite.

Thenextrock typeencounteredon passingfromthesouthtowardsthe
centreofthecomplexis ofmore questionableorigin.Therock is
hybridinnature,comprisinga darkphaseofmaficsilicateminerals
anda white-colouredøhasewithcalciteas themajorconstituent.
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Duringthe1980fieldworkthisrocktypewasmappedas silico-carbo-

natite,withan indexto indicatethe percentagecontentofcarbonate
minerals,(e.g.SC15signifyinga dark,silicate-richvariety).Within

the currentFen project,theoldterm"hollaite"isnowbeingused
asa generalnameforthishybridsilicate/carbonaterock.

IntheVipeto-Rullekollarea,hollaiteoccursina widezonealongthe

southeasternboundaryof thecarbonatitecomplex,givingwaytowards

the north,to søviteand othergenuinecarbonatites.Southof the

Vipetofarms hollaiteis observedtobe intrudedbymassive,white
søvite,whereasfurthertothesouth,alongtheroadtoHåtveittjern

(loc.28W80),thehollaiteisobservedtopassgraduallyintofenite.

In the easternpart ofthearea,towardsBrillekåshaugen,a dark,

heterogranularrockoccupiestheborderareabetweengneissandwhite

carbonatite.Thisrockmayresemblehollaiteexceptforitssometime

breccia-likestructuresandconspicuouscontentofredK-feldspar.
Under themicroscope,aggregatesof freshcarbonateappeartoreplace

thefeldsparandotherminerals,anditisnotinconceivablethatthis

borderzone of darks eniticfenitemayrepresentan intermediate

stage in themetasomatictransformationofgneisstohollaite.This

interpretationiscorroboratedbyobservationsmadebyOlmore(1982)on
drillcorefromTuftehavna.

Alongthe southwesternhillsideof Rullekoll,thereareseveral

outcropsofmassive,grayishrock,whichonweatheredsurfaceappears

to be intenselybrecciated.Inthinsectionthisrockisseento be
dominatedby a carbonatemineralof lowHC1-reactivity,withminor

amountsof chloriteformingattheexpenseofbiotiteand-notably-

remnantsof largefeldsparcrystalsunderattackbythecarbonate

describedabove.The observationis an indicationthatthisrock,
which isnowessentiallyan ankeriticdolomite- type carbonatite,

couldbetheremainsofa raftofsyeniticfenite,engulfedin, and

transformedby, an intrudingrauhaugitemagma.

HollaiteclearlywasamongtheearlyrockstobeformedwithintheFen


complex.IntheVipeto-Rullekollarea thehollaiteisnotknownto
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carry significantamountsof oreminerals.It'scontentof magnetite

is so much lower than that of søvitesandrauhaugitesthatthe

contrastwas used by Carstens(1981)in theinterpretationof the

magnetometricdata.

Vipetoite is a coarse-grained basic silicaterock

resemblinghollaite but for the lackof thewhitecarbonatite

schlieren.Bodies of vipetoiteoccurnorthandwestof Kåsa-havna,

where they appear to float as rafts embeddedin søvite.In

contrastto theaggressiverauhaugitemagma mentionedabove, the

søvite magma receivingthese hugefragmentsof olderrockmaterial

musthavebeenratherdocile.

As a dark, coarse-grained,hornblendepyroxenite,the vipetoite

hardly deservesparticularattentionin connectionwiththeongoing

explorationcampaign.However,theapatitecontentof vipetoiteis in

the range 7 to 12 pereent,and if vipetoiteshouldproveto be as

abundantat the-deeperlevelsof theFencomplexas suggestedby the

gravimetricmcdelof Ramberg,itssignificanceas a futuresourceof

phosphatemightbecomea questionforconsideration.

Ramberg,in his papers on the Fen complex,makesthepointthat

vipetoiteis transitionalintodamtjernite(kimberlite).Thiscannot

be reconciledwith my observationswhich so far indicatethat

vipetoiteand damtjerniteareseparatedin timeby theintrusionand

solidificationof theVipetosøvite.

Søvite,a carbonatitewith calciteas themainconstituent,is the

dominantrock type in the Vipeto area. A carbonatiteof similar

macroseopicappearenceinRullekollhasankeriteor ferrodolomiteas

the dominantcarbonatemineral and is named rauhaugite.In the

field,diluteHC1wasusedto distinguishthetworocktypes.

It soonturnedout,however,thatdikesanddiffuseintrusionsof rau-

haugite appear within the western,søvite-dominatedarea,Whereas
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reactivecalcitealsomaybepresentinquantityintherauhaugitein

the easternpartsof the complex. Forthisreason,theinitial

mappingwas performedusing thesamecolourcodeforbothkindsof

white-colouredcarbonatite,thelettersSØandRHbeingaddedwhenthe

diagnosiswasclear.

The Vi to vite intrudeshollaiteandis inturnfragmentedand

transsectedby damtjernite.Dikesandveinsofrauhaugitearealso

seen as intrusionscuttingthesøvite.Typicalsøviteisa whiteto

brownish,equigranularrock of variablegrainsize.Biotiteand

apatiteare cameonaccessories,andsometimesthesemineralsare

orientedandconcentratedinparallelbands,givingthenocka faint

foliation.

Under the microscope,largecalcitecrystalsoftenshowsignsof

mechanicalstrain,indicatingthat the søviteprobablymovedas a

largelysolidifiedcrystalmushduringitsfinalstagesof intrusion.

Boulder-sizeand larger,angularfragmentsof fenite occuras

inclusionsincoarse-grained,igneous-lookingsøvitewestandeastof

Kåsa-havna.Thisalsoindicatesthatthesøvitemagmamusthavebeen

coolandnon-aggressivewhenstopingintoitspresentposition.Ithas

not been possiblesofartomakea meaningfulinterpretationof the

sparsestructuralobservationsobtainedwithinthesøvitearea.

Søviteisknownasa carrierofniobiummineralization,andtheVipeto

søvitedoes offerprospectsofconsiderableinterestwhichwillbe

discussedlaterinthisreport.

After emplacementof thesøvite,thenextimportanteventappearsto

be the intrusionof gamtiernite.Thisdark,porphyriticrockis

characterizedbytheoccurrenceofcia-sizefenocrystsofbiotite,set

in a greyish,finegrainedmatrixofcarbonatesandmaficsilicate

minerals.Thecommonlyeuhedralbiotitefenocrystsaresometimesseen

to have gottheiredgesroundedas ifwornbymechanicalabrasionin

theascendingmagma.
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surface.Ferro-dolomiteor ankeriteisthemainmineralcomponent,
and calcite, biotite/chlorite,and apatiteare omnnonminor
constituents.

Withinthe Vipeto-Rullekollarea,however,therauhaugitefrequently

assumesthe characterofa volcanicbrecciaoarryinga multitudeof
small fragmentsofpredominantlylight-coloured,carbonate-richrock
material.Fragmentsof other,darkerrocktypesarealsoseen,and

scmetimespyriteandotherbase-metalsulphidesoccurasa dispersed,
non-economicmineralization.Therauhaugitebrecciaisoftenseento
pass graduallyintodarkdamtjernitebrecciaorpossiblybrecciated
damtjernite(e.g.betweenloc.s77W80and16W80).Gradualtransition
is also observedbetweenrauhaugitebrecciaandrauhaugitewhichis
massive,homogeneous,andseeminglymagmaticoforigin.

While the natureof theobservedfieldrelationshipsasyetremains

obscure,thechemicaldataindicatethatniobiumaswellas rareearth
elementswere introducedor concentratedasa resultof rauhaugite
magmatism.Furtherstudyofthepetrologyandmineralogyof therau-
haugiteisthereforedeemednecessaryinthecontextof furtherexplo-

rationwork.

1Saer istheobviouslocalnameforthethirdkindofcarbonatite

rockfoundatFen.Andinthiscasethelocalnamestandsunchallenged
becausetherocktypeishardlyknownfromothercarbonatites.Rødberg
is a typicallyred-colouredcarbonaterockwhereminuteflakesof
hematiteoccurasa finelydispersedreddust cloudingthegrainsof
calciteordolomitethatconstitutethemajormineralphase.

Rødbergisfoundas irregularorpoorlyoutlinedpatchesor bodiesin
differentpartsoftheVipeto-Rullekollarea.Itisinterpretedas a

productof some peculiarmetasomaticprocessthat has attacked
raUhaugiteaswellas søvite,andevidenceofrødberg havingbeen
formedalso asa resultofmetasomatictransformationofdamtjernite
isseeninseveralplaceswithintheVipeto-Rullekollarea.A certain

spatialassociationbetweenrødberganddamtjernitepOintstowardsa
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At thetimeof intrusionof thedamtjernite,thesøvitemusthavebeen

cold andcapableof brittlefracturing.Thisisevidencedby chilled

marginsof thedamtjerniteintrudingsøviteat loc.69W80, andby the

occurrenceof numeroussharplyangularfragmentsof søviteembeddedin

thedamtjernitenearthecontact.

A variableload of rockfragmentscomprisinggneiss,fenite,søvite

and other carbonaterocks is a normalfeatureof thedamtjernite

intrusionsthat occur withinthebordersof theactualFencomplex.

Small dikesandpipe-likeintrusionsof damtjernitearealsofoundin

theoutsidegneissareas,buthere thecontaminationof theintrusive

by wallrockdebrisislessconspicuous.

Some peculiar,egg-likenodulesmadeup essentiallyof coarse-grained

olivinearesometimesfoundin thedamtjernite,e.g.in thelowridges

of outeroppingdamtjerniteandrauhaugitebreccia thatrunSE-wards

fram loc. 77W80 north of Rullekoll. Theseinclusionsareseenas

evidencefora deep-seatedoriginof thedamtjernitemagma.

It ismy generalimpressionfromtheVipeto-Rullekollarea thatthe

damtjerniteintrusionsmightbe controlledby a systemof deep, NW-SE

trendingfracturezones. Whether,in thecontextof theFencomplex

as a whole,thesefracturescanbe regardedas radials,hasnotbeen

considered.

While kimberlitesinAfricaareknownto carrydiamonds,no minerals

of particularvalueareknownto be associatedwiththedamtjernites

at Fen.The importanceof damtjernitein thegeologicevolutionof the

Fen complexcannotbe denied, butso far, theeconamicpotentialof

theseintrusivebodiesis judgedto be low.

Rauhaugitehas been referredto on severaloccasionsalready.This

importantcomponentin thegeologicfabricof theFenvolcaniccomplex

is noteasilyfittedintoplacein thesequenceof events.Thetypical

rauhaugiteis a whitemediumto fine-grained,equigranularcarbonatite

of igneousappPRrence,bestrecognizedby itsdarkbrownweathering



possiblecommonstructuralcontrolforthetworocktypes.

As describedfrom Gruveåsenflirtherto the north,schlierenand

dike-likebodiesofmassivehematiteorearefoundinassociationwith

rødbergalso at Rullekoll. Inbothareas,concentrationsof rare

earth elementsseem to accompanythe hematiteore alongwith

associatedthoriumwhich,onaccountof itsradioactivitymaybeused

asa guidetotheother,morevaluablemetals.

Faultsand otherlatefeaturesweremoreor lessignoredduringthe

earlystagesof mapping, andfewfieldobservationsaretherefore

available. The occurrenceof a verticaldiabasedike,1m wide,

runningN-S over thetoppartofRullekoll,maybenoted.Thisdike

appearstotranssectall othergeologicfeatures,andisthoughtto

belongtothePermianof theOsloarea.

In ooncludingthis sectionon rocktypesandtheirrelationships,I

mustconfesstohavingmadecertainfieldobservationsthatarediffi-

culttoexplainwithinthesimplepetrogenetiemodelsuggestedabove.

These observationsrangefromsøviteintrudingradhaugiteandrødberg

to fragmentsof rødberganddamtjerniteembeddedinrauhaugiteand

viceversa. Theobservationsare, however,dulyrecordedinfield

notesandonthedetailed,1:1000scalegeologicalmapsheets,filed

withtheFenprojectmanagement.

Studieson thecollected lematerial

Inanefforttogetasmuchinformationaspossibleoutof thelimited

data andsamplesobtainedbeforetheVipeto-Rullekollareawasclosed

toFenco,a totalof 51 geologicalrocksamplesweresubmittedto

chemicalanalysisalongwith a setof 30samplesfromtheVipeto

area collectedspecificallyforgeochemicalassessmentof thesøvite.

The analyticalresultsare tabulatedin AppendixI andwillbe

discussedunderGEOCHEMISTRY.

13
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As the politicalsituationdeveloped,theVipeto-Rullekollareawas
assigneda lowpriorityWhichimpededthepetrologicalstudiesthat
would nonnally accompanygeologicalmappingand exploration.
Eventually,a totalof36polithedthinsectionswereprepared,butso
far thesehave beenusedmainlyasa meansofgettingfamiliarwith
the ratherexceptionalpetrologyof theFenrocks.No systematicand
detaileddescriptionhas as yetbeenworkedoutfortheindividual
thin sections.Someof themcould,however,beofvalueina future,
problemorientedstudyof certainrocktypes,anda listingof the
polishedthinsectionsavailablefromtheVipeto-Rullekollarea is
presentedasAppendixIIto thisreport.

For a geologistunfamiliarwithcarbonatites,recognitionofthedif-
ferentmain-phasecarbonatemineralsisdefinitelya problem.Inan
attemptat clarification,20samplesofcrushedcarbonatitematerial
were examinedby powder-microscopyandcathodoluminescence.There-
sults of this pilotstudyarepresentedinAppendixIII,wherethe
mostinterestingoutcomeseemstobethatthered-coloureddolomitein
rødberg,fulloftinyexsolution(?)-lamellaeofhematite,hasa lower
refractiveindex(n = 1.67)andthusa lowercontentof ironinsolid
solutionthanhasthewhite,ankeriticdolomiteofnormalrauhaugite
(n = 1.69).

Fromtheimportantlocality10m southof loc.24W80,wherepyrochlore
mineralizationhadbeenobservedina road-cut throughVipetosøvite,
a 1 kg sampleofmineralizedsøvitewas collectedforratherspecial
treatment.Aftercarefulbreakingup intocoarsefragments,thesample
was treatedinhot,concentratedhydrochloricacid untilallsoluble
carbonateshadbeendestroyed.Theretainedunsolubleresiduecompris-
ing phlogopite,apatite,magnetite,pyrochlorand remnantsof a
greyishcarbonateisnowavailableformineralogicalstudiesofvari-
ouskindsoncrystalshavingtheiroriginalhabituspreserved.
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GEOPHYSIGS

With the limitedaccessto bedrockexposuresintheFenareaasa
whole,geophysicalmeasurementsbecomean importantsecondarysource
of informationalreadyat thestageofgeologicalmapping.Noneof the
existinggeophysicalmethodsresponddirectlytooresofniobiumor
rare earthelements,and geophysicsas an explorationtoolmust
thereforebe used withgreatcareandsubjecttofequentfeed-back

fromdetailedgeologicalinvestigations.

111 Magnetanetry

A geomagneticmap oftheFenareawaspreparedbyGeofysiskMalmlet-
ing alreadyin1949.Theverticalcomponentof themagneticfieldwas
measuredon sections20 m apartalongprofilelinesrunningE-Wat
intervalsof 100m. Sæther(1957)madeextensiveuseofthisgeophysi-
calinformationwhencompilinghisgeologicalmapoftheFencomplex.

Carstens(1980)reportsonsupplementarymagnetometricmeasurements
carriedoutduringthesummerof 1980as partofthecurrentFenpro-

ject.HisworkwasconcentratedontheVipeto-Rullekollarea,because
thisareahadbeenpoorlycoveredbytheearliersurvey.Asan experi-

ment, conductivitymeasurementswerecarriedoutalongwiththemag-
survey. Theinstrumentsusedwerea VLFreceiveranda proton(total
field)magnetometer.

For variousreasonsitproveddifficulttoreconcilethenewwiththe
oldmag-data,andduringNovember1980aneffortwasmadetocoverthe
wholeFenareawithnewmeasurementsona 20m by 100m grid.At that
time,however,landowners-oppositiontoFencohadbeguntodevelop,

and certainareashad to beexcludedfromthenewsurveyforthis

reason. Fig.4 is a magnetictotalfieldcontourmap,redrawnfrom
Carstens(1981).Thisfigureisalsopresentedasa transparentoverlay

markedEnclosureII.

15
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The most opnspicuousfeatureof thegeomagneticmap Fig.4 isa
deplorablelackofdatafromthecentralpartof theVipeto-Rullekoll
area.Nevertheless,severaldistinct,N-Strendingstructuresemerge
inthesouthandeast.Thesestructuresarenotreadilyapparentfrom
thegeologicalmaps and, unlessscmecorrespondancecanbe shownto
existbetweenthesemag-anomaliesand late featuressuchas the
diabasedike cuttingN-SthroughRullekoll,itseemsatpresentnot
possibletoreconcilegeophysicalandgeologicalobservationsinthis
case.

Tbe immediateactioninsucha casewouldbetoprescribeadditional
magnetometryon a closergrid,inorderto seeifthepresentinter-
pretationcanbeverified.Froma geologiepointofview,highlocal
variabilitycanbeexpectedintheareasinquestion,anditiscon-
ceivablethat non-representativedata mighthavebeengivenundue
weightintheinterpretation.Supplementarymeasurementsalonginter-
mediateprofilelinesshouldclarifythesituation.

On theotherhand,there is thehigh-grade,Tuftehavnalamphrophyre
now understudyfurthertothenorthwest.Thisimportantminerali-
zationseemsto be associatedsomehowwithdistinctN-Strending
geomagneticstructures.AspointedoutbyCarstensinhisreports,
there is intheVipetoarea an interestingspatialoorrelation
betweenhighniobiumcontentsinthesøviteand magnetichigh'sthat
extendina duesouthdirection.Thissituationwillbediscussedina
latersectionon theVipetosøvite.

Radiometry

Withinthe Fenccmplex,thoriumappearstobethepredominantsource
of radioactivity.Measurementsof 19-radiationhavebeenusedbothin
the earlierinvestigationbyFSJ(1967-1970)and inconnectionwith
thecurrentproject.

Applicationof radiometricmethodsona regionalscaleisruledout

becauseof thewidespredoccurrenceofquanternarydepositsactingas
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an efficientshieldthatabsorbstheradiationfromunexposedbedrock
beforeit reachesthe surface.Appliedtospecificlocalproblems,
however,measurementsby a scintillometermay provideimportant
informationto guidefurtherexploration.Thisisindicatedby the
positiveresultsarrivedat in a preliminaryradiometricsurvey
carriedoutovertheBrillekåshaugenprospectinNovember1981.

Othermethods

GravitymeasurenentsasdiscussedbyRamberg(1973)clearlycarryin-
formationofgreatimportanceforunravelingthebrcedergeologicset-
tingof theFenccmplex.Withina localareasuchasVipeto-Rullekoll,
with its irregularsurfacetopography,gravimetrydoesnotappearto
bedirectlyapplicable,neitherinmappingouttheindividualgeologic
unitsnorasa directguidetoore.Thisquestionmight,however,war-
rantexpertadviceand/orlimitedfieldtrials.

Castens(oralccmm.1982)pointsout thattheVLFmethodappearsto
respondto theconductivitycontrastbetweenredbergandsurrounding
rauhaugite.Withtheconsiderabledepthrangeof theVLFmethod,the
possibilityof tracingzonesof redbergizationbelowquarternary
depositsandatdepthopensinterestingperspectives,andtheneces-
sarytrialsshouldbegivenhighpriority.

•



GEOCHEXESTRY

With theunexpecteddevelopmentswhichledtorestrictionson explor-

ationactivitiesintheVipeto-Rullekollareainlate1980,systematic

samplingfora Whole-rockgeochemicalsurveywasnevercarriedtocom•

pletion.Nevertheless,the geochemicaldataobtainedfromthearea

haveservedasa valuablesupplementtothegeologicalandgeophysical

information.It isessentiallythesedatathatformthebasisformy

recommendationsfor furtherwork to beundertakeninorderthata

satisfactoryassessmentof theVipeto-Rullekollareacanbemade.

The lematerial

Fromsomeninetyhandspecimenscollectedasreferencematerialduring

the geologicalmappingin 1980,fiftysampleswereselectedforana-.

lysis.The rocktypessøvite,rauhaugite,rødbergandbasicsilicate

rock were representedinthesamplematerialwithapproximately20%

each,with the last 20%comprisingdamtjernite,feniteandvarious

dark,unclassifiedsilicate/carbonaterocks.Thefiftysamplesare

identifiedbytheirlocalitynumberinthe W80series.

Asa specialproject,thirty1 kgsamplesofcarbonatitematerialas-

sumedtorepresenttheVipetosøvitewerecollectedinSeptember1980

for the purposeof geochemicalassaying.Thesesamplesarelabeled

SPO1toSP30.

In November1981,seventeensamplesof rauhaugiteandsyeniticfenite

were collectedfrom theprospectatBrillekåshaugen.Thesesamples,

(numbered741- 755withtheletterA,B orC todistingnishdifferent

rocktypes sampled at thesamelocality)wereanalysedinFebruary

1982alongwithonesamplefrana fluorite-richvolcanicbrecciarock

fromRullekoll(791180).

18



Theanal ical rocedures

UnderanagreementwiththeCentralInstituteforIndustrialResearch

(SI),the Fen sampleswerefirstsubmittedtoa StageI analytical

procedurefordeterminationoftheeightelementsNb,Y,Th,P,S,La,

CeandNd by X-rayfluorescence(XRF).Thisstandardized,low-cost

procedureusedtabletspressedfromrockmaterialgroundtominus200

mesh.Theresultswerepresentedwithanaccurracyof+- 30%relative,

and detectionlimits0.01% orbetter.Theprocedurewas standardized
on theassumptionthatthesamplematrixwouldbeessentiallycalcium
carbonate,andthatthecontentofTiOywouldbe approximately0.1%.

To cutcosts intheroutineanalysisofdrillholesamplesdetermina-

tionofP,S,LaandNdwaslaterexcludedfromtheStageI procedure.

The SI laboratoryalsoprovideda StageIIprocedurewheretheele-
mentsFe, Si,Mg,Al,P,Na,Ti,K,Ca,Mn,Ba,Sr andV weredeter-

mined bytheICP(p12~9pectrometric)methodaftercampletedecompo-

sitionof thesampleinhotacids.Onlysamplesof particularimpor-

tancewouldbe selectedforStageIIanalysis.Inconnectionwitha

specialstudy,sampleswitha highNb-contentwereselectedforXRF

determinationofU andTa.

Theresults

AllanalyticalresultsaretabulatedinAppendixI of thisreport.The

chemicaldata with correspondingsamplenumberandlocationcoordi-

nates werestoredona camputer-accessiblefileaspartofthelarger

dataset,FENDATA.

Fig.5A isa scaled-downmapplotwhereallsamplelocationswitha Nb
contentof 0.1% ormorearemarkedwitha starsymbol.Thesizeof

thesymbolvariesinproportiontotheniobiumpercentage.Thisfigure

is also providedasa transparentoverlayinscale1:5000,Enclosure
III, andifthisissuperimposedon thegeologicmap,niobiumisseen

tobeconcentratedinrødbergandrauhaugiteaswellas insøvite,the

occurencesbeingspredoutovertheVipeto-Rullekollarea.

19
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If,however,thescreenissetat0.2%Nb as inFig.5B,theremaining
anomaliesare seentobeconcentratedalongthesouthernboundaryof
the Vipetosøvite.Thisfitsthesubjectiveimpressiongainedthrough
geologicalmapping,thattheborderzonebetweensøviteandhollaite
seemstohavethehighestconcentrationsofpyrochlorinthesøvite.

Treatingall the analysedrockspecimensfromtheVipeto-Rullekoll
areaasonestatisticalsample,thehistogramforniobiumpercentages,
Fig. 6, at firstglanceshowsa positivelyskewed,almostlognormal,
frequencydistribution.Sucha distributionwouldbeexpectedifone
singleprocesswere tobe responsibleforthedispersionOfniobium
throughoutthe area.This isdifficulttoacceptfroma geological
pointofview and,bycloserscrutinyof thediagram,onemightadmit
thepossiblepresenceofone orseveralminorpopulationsofhigher-
gradvaluessuperimposedon thedominantlognormal(9)population.For
furtherspeculationsalongtheselines,thereadershouldturnto the
subsequentdiscussionon theprospectivityof theVipetosøvite.
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Apatiteconcentrateis a commodityofconsiderableeconomicimport-

ance,andthecombinedextractionofpyrochlorandapatitefromfine-

lygroundsøvite,theremainderofwhichmightbemarketedasagricul-

turallimestone,isan interestingconceptinthecontextof theFen

project.The arealdistributionofwhole-rockphosphoruscontentsis

showninFig.7.ComparisonwithFig.5 showsnocovariationof P and

Nb, and this is confirmedbystatisticalanalysiswhichyieldsa

correlationcoefficientr = 0.04.

The highestconcentrationof phosphorus(7)% P)wasfoundinsample

51W80X,a coarsegrained,whitesøvitewhichappearsasa young,intru-

sivephasetranssectinga damtjernite/rauhaugitebrecciaandpatches

of rødberg,alloccuringlocallywithintheolderVipetosøvite.

Notably,theNb-high(0.29%Nb)shownbyFig.5 forthesamelocality

stems fromsample51W80Bwhichrepresentsthegrey,volcanicbreccia.

This rulesout thepossibilitythat,inthiscase,theassociation

Nb-highwith highphosphorusmightreflecta mineralizationof the

Tuftehavnalanprophyre-type.

Comingfinallyto thedistributionof rareearthelements(REE),

Fig. 8 and EnclosureIV show that thisdistributionisfarfrcm

unifonn.Thestarsymbolsinthiscaseidentifythoselocalitieswhere

La, Ce and Nd contentsin sum exceed0.3%.Thehighestconcen-

trationsofREEareseentooccurinthewedgeofrauhaugiteextending

towards Brillekåshaugen.Here, as in otherpartsof the

Vipeto-Rullekollarea,an introductionofREErelåtedtotheprocess

of rødbergizationmightbe indicated,butisby nomeansdemonstrated.

Figures9 and10 showhowtheananalousvaluesofrespectivelyBa and

Th are distributedover theVipeto-Rullekollarea.The+ signsin

Fig.9 Showsamplesnotanalysedforbarium.nork(1981)observesthat

baryteseemstobea connonmineralof rauhaugite,andhedescribesa

samplefrom GruveåsenwhereenrichmentinREE-mineralsisassociated

withbarytealongveins.
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In thislightFig.9 assumesimportanceinthesensethatitlends

supportto the hypothesisthattheREEmineralizationatBrilleksås-

haugenisrelatedtodeep,NW-SEtrendingzonesof tectonicmovement,

strikingalongthenortheastsideofRullekollandextendingtowards

loc. 77W80 atthenorthernboundaryof theVipeto-Rullkollarea.

Froma comparisonoffigures9 and10itwouldappearthatTh tendsto

followBa.IftheassumedgeneticrelationshipbetweentheREEandBa

is correct,radiometryshouldbeanappropriateprospectingtoolin

thiscase.

Inmyopinion,thewholecorridorbetweenloc.51480atBrillekåshaugen• and loc.771480at thenorthernextremityof theVipeto-Rullekollarea

warrantsdetailedexploratoryinvestigationasa zonewithmoderateto

goodpotentialforREEorebodiesofeconanicimportance.

Underthepresentejrcumstances,theBrillekåshaugenprospectpresents

itselfas thebeststartingpointforsuchan investigation.

•
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PROPOSALSFORFURTHERWDRK

Evenwiththelimitedamountofworkso farcarriedoutintheVipeto-
Rullekollarea,itisquiteclearthattheareaisimportant,bothin
the sensethat it probablyholds severalkeystoa fullerunder=
standingof the geologicevolutionof theFencomplex,andasan
explorationareaofunquestionablepotential.

Continuedgeologicalmappingwouldcertainlybedesirable,butinthe
givensituationthebestapproachwillprobablybetoorganizefurther
workintheareaintheformofspecific,target-orientedexploration
projectswithclearlydefinedobjectivesandfirmbudgetsandtime
schedules.Threepossibleexplorationtargetsaredescribedanddis-
cussedbelow.

TheVi to søvite

In a road-cut alongthe cart-tracktoHåtveittjern,loc.24W80,
geologistsfrom Unionand Fenco alreadyin 1979 discovereda
dispersed,primarymineralizationof 1-5mm large,euhedralcrystals
of pyrochloralongwith similar-sizemagnetiteandphlogopitein
massive, brownish-whitesøvitewhichalso carriesstreaksand
irregularclustersofyellow-greenapatite.

Fromthegeochemicalplots,thislocalityisseentobelongtoa belt
ofNb-highanomaliesrunningeast-westalongtheboundarybetweenthe
Vipetosøviteandadjacenthollaitetothesouth.

Carstens(1980and1981)pointstothesignificantspatialcorrelation
betweentheNb-enrichedsøvite(SP02assying0)46%Nb and2.1%P) and

a positivemagneticanomalypassingina N-Sdirectionalongsidethe
abovementionedlocality.In his interpretationthe N-S trending
magneticanomaliesinthisarea representdikesofmagnetite-,and
possiblypyrochlor-,bearingsøvitethatextendtowardsthesouth
beneatha thincoverofbasicsilicaterocks.

23
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The suiteofcarbonatitesamplesmarkedSP1toSP30werecollectedin
September1980as representativeoftheVipetosøvite.Whilea fewof
the samplescouldbehollaiticcarbonatematerialor nauhaugite,mis-
taken for søvite,thispossibilitydoesnotalterthefactthatthe

distributionofniobiumwithinthepresumablymassivesøvitebodyis
distinctly non-uniform.Fig.11A indicatesthat thefrequency
distributionoftheniobiumconcentrationsinthe30SP-samplesmight
be polymodal: a lognormaldistributionof low-grade,magmatic
dispersion-typebackgroundvalues,upon which scatteredhigh-grade

valuesofnoapparentregularityhavebeensuperimposedthroughthe
interferenceofsomeoreformingprocessasyetunknown.

The conceptofa primary,low-gradedispersionofpyrochlorcrystals
throughoutthe Vipetosøvite and, superimposed,localhigh-grade
mineralizations,has as yetnotbeensubstantiatedbygeologicob-

servationsfromtheVipeto-Rullekollarea. However,theTuftehavna
lamprophyreappearsto be just such a phenomenon,and the
possibilitythat a similarprocesshasbeenactiveintheVipeto
area, cannotbe ignored.

Thefabricofgeophysicalanomaliesbroughtoutbytherecentmagneto-
metricsurveyis difficulttoreconcilewitha modeloftheVipeto
søviteas a homogeneousintrusivebody. Itwould,however,becon-
formablewith othermodelse.g.of theVipetosøviteasa systemof

N-S trendingmultipledikes,eathdikehavinga differentmagnetite/

pyrochlorcontent.Alternatively,theVipetosøvitecouldbea mas-
sive body of intrusivecarbonatitetranssectedbyyounger,lampro-
phyretypemineralizationalongN-Strendingzonesof fracture.

It is this possibilityof findinghigh-grade,Tuftehavnatype
pyrochlore/apatitemineralizationthatprovidestherealincentivefor
continuedexplorationof theVipetosøvite.Withtheknowledgethat
this kind of orehasinfactbeendepositedina similargeological
environment1 km furtherto thenorthwest,itisdifficulttoseehow

theVipetosøvitecannowbe leftunexplored.
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As the nextstepinexploringtheVipetosøvite,therecentmagneto-
metricdata shouldbe supplementedwithmeasurementsalonginter-
mediateprofilelinesinthesouthernpartof thearea.Normalcover-
agewillalsobeneededinthosepartscurrentlywithoutdata.A VLF
surveyshouldbecarriedoutat thesametime,as thismightprovide
informationof help both intracingfaultzonesandforoutlining
areasofrødbergization.

The scatterdiagramofNb versusTh,Fig.11B, showsfortheVipeto
søvitedata a strongcorrelation(r=0.88) to existsbetweenniobium
andthorium.Thisrelationshipisvalidinparticularforsøvitewith
high Nb-values, which consequentlyalso carriesrelativelymuch
thorium.The implicationisthattheradioactivityfromthethorium
might perhapsserveasa guidetoconcentrationsofNb intheVipeto
søvite,andtheuseofa scintillometershouldbeconsidered.

It is difficulttoseehowa seriousappraisalof theVipetosøvite
canbemadewithoutusingdiaMonddrillinginselectedareas.

If the N-S trendinggeophysicalanomaliesareverified,the
drillingshouldaim at intersectingverticalzonesofmineraliza-
tion havinga N-Sextension.An inclinedhole,drilledatanangle
of 50 degreesin directionduewest, froma collarposition
nearloc.SP04mightbe considered.

Shouldthemagneticdatafailto giveany clearindications,the
drillingofseveralverticalholes,sitedon thebasisofsurface
geochemistry,mightbe theoptiontoprefer.

Inthelattercase,however,theprospectwouldhavetobedown-graded
withregardtothepossibilitiesforfindinghigh-gradeore.



The Brillekåsha n ros t

Attention was turned to this rather remote part of the Fen coraplexas

a result of the decision to assay the rock samples collected during

the geological mapping in 1980. Samples collected at localities 5W80

and 6W80 in the western part of Brillekåshaugen showed highly

ancaalous concentrations of REE, and in November 1981 these findings

were followed up by a scintillometer survey along with some geological

mapping and collection of additional rock samples.

Fig. 12 shows the preliminary geological map of the prospect in scale

1 : 1000, with the radiometric counts-per-minute contour map attached

as an overlay. The radiation measurements were taken at approximately

10 m intervals along profile lines running N-S with a spacing of

about 25 m. The survey was carried out by one person using a campass

for direction and pacing for the distances.

A total of 17 rock samples were taken from sample locations nunbered

741 to 755, shown on Fig: 12. All samples were subsequently assayed

with results as shown below:

TABLE I

ASSAY-DATA FROM

SANONORTH

THE

EAST %NB

BRILLEKASHAUGEN

% Y %TH

PROSPECT, FEN

V. P % S %LA %CE 17.ND
4W8OX 141158 2741t1.01




.007.00 1.3C0.1 .03 .055.025
5W808 141163 2697 .14 .024.10 1.4C0.1.13 .290.100
5W80C 141163 2697M.03




.00$00 0.4C0.1.02 .0349.015
6W80A 141175 26254.03




.014.14 0. 4C.3.4 .47 1.001.300
6W80C
8W80




14117552625.1.03
14116882540491.005.00




.005.01 0.

0.

21g.3 .38 .741.160

4.1.01.0121.010

F00741




141172257 8F1.




01.0211.020




.04 .070.030
F00742




141191525724.06




.0111.015




..02C.025.012
F00743




1412041525759.12




.018.013





F00744




1412465257614.07
1
.028.094




1.02!.033.016
.16C.270.090

F00745




141268D2576r.08




.03g.052




.028.065.030
F00746




141265D2583F.0654.010.045





.035.050.021
F00747




14124662595F.0721.0111.047




.0614,110.053
F00748




14120752595F1.111.019.125





.06 .130.065
F00749




14120825371-1.06 .018.028




.03d.047.025
F00750




14123052545C-054.015.054





.0341.070.035
F00751




1412485254214.092.023.110




t.3201.8301.350
F00752




14126352542H.035.0141.042




,„ted.6501.300
F007534 1411795265814.082.031.120




1.200.650.300
F007538 14117952658C.0864.026.130




.110.260.090
F00753C 14117952658J.072.029.135




.190.520.220
F00754 141177526601-L080.025.040




..120.380.200
F00755 14116552671H..0771.019.035




1.130.380.180
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ThenewassaydataconfirmedtheearlierresultsandshowedtheREEto
be enrichedin certainpartsofa 50m wide,wedge-shapedbodyof

rauhaugitesurroundedby dark syeniticfenite. Similar,smaller

wedgesof rauhaugiteoccurnearby,allthinningouttowardsESE.The

occurrenceofnarrowdamtjernitedikesintheeastwardcontinuationof

this trend,leadsoneto thinkintermsofdeep,persistantfracture
zonesthatprobablyservedaspassagewayfortherauhaugiteaswellas

forthedamtjernite.

Therauhaugiteinturn hasbeenaffectedbylocalrødbergizationand

depositionof dm-sizeveinsandschlierenofmassivehematiteore.

Not unlikely,theselate,metascmaticeffectswerecausedbyminera-

lizingfluidsmigratingupwardsinconnectionwithstillanotherre-

activationofthefracturezonesmentionedabove.TheREEminerali-
zationappearstobe somehowconnectedwithhematitedepositionand

rødbergization,but the concentrationof REE doesnotseemtobe
restrictedtothesegeologicalenvironmentsinparticular.

Under themicroscope,rauhaugitecansometimesbe seenintheprocess

ofdigestingoldersilicaterock,whereasinotherinstancesclear-cut

intrusiverelationshipsmay be observed. As forthermants of
foreignnack materialwithintherauhaugite,therearecaseswhere

thismightresembledamtjernitemorethansyeniticfenite.Moremicro-

scopyremainstobedoneinordertoclarifythemineralogyof theREE

carriersand to fix the timeofdepositionof theoremineralsin
relationto thebroadersequenceofevents.

AsreportedunderGEOCHEMISTRY,theBrillekåshaugenprospecthascome

upwiththehighestREEvaluesyetencounteredintheVipeto-Rullekoll

area. Furthermore,theradiometricdataareindicativeofa strong
and persistentndneralizationassociatedwiththecentralwedgeof
rauhaugite,butofgreaterarealextention.

Inmyopinion,thedocumentationpresentedhereshouldbe sufficiently
encouragingto justifyfurtherinvestigationsoftheBrillekåshaugen

prospectand itspresumedextensiontowardsnorthwest.Thefollowing

workprogramissuggested:



•
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Labwork


1. Studiesofthinsectionsandrocksampleswithemphasisonore

mineralparagenesisandtheconditionsthathavegovernedthe

depositionoftheoreminerals.

Natureof therelationshipbetweenREEandTh. Is radiometrya

guidetoore?

Determinationof petrophysicalparameterssuch as magnetic

susceptibility,electricconductivityand S.G. to findoutif

thesegeophysicalmethodswillbeofhelpinexploration.

Fieldwork


Lay-outof baselineandanappropriatesurveygridforreferen-

ceduringmappingandsamplingaswellas forgeophysics.Base-

linedirectionshouldbe NW-SE toallowforextensiontowards

loc.771480ifrequired.

Detailedgeologicalmapping,supplementedby selected

geophysicalmethods.

Nextstaae


Diamonddrillingtoprovideoontinuousintersectionsofpossible

orezones,providedthat suchtargetsareidentifiedinthe

courseoftheprecedinginvestigations.

•



Rullekoll- the roblemarea

Throughstudiesconductedby "ForskningsgruppeforSjeldneJordarter"

(FSJ) in the Fen complexbetween1967 and 1970,theareafram
RullekolltoRauhaugwasfoundtohavelocalconcentrationsofREEas

well as anomalousradioactivityduetoenrichmentinthorium.These

phenomenawere observedin rauhaugiteas well as in zonesof

rødbergizationandhematitedeposition.

TheFSJreportsemphasizethegreatsimilaritiesbetweentheRullekoll
areaandtheGruveåsen-Bolladalenarea,andtecauseof themuchlarger

rock volumesinvolvedin Gruveåsen-Bolladalen,FSJwithgoodlogic

decidedtoconcentratetheirexplorationeffortsinthelatterarea.

Itisdifficulttoseethatthecurrentinvestigationhasproducedany

resultswhichshouldjustifya changeof priorities.Withtheexcept-

ion of sample791180,whichassayed32.9%F,noneof thegeochemical
resultsfromRullekollareparticularelyoutstanding.FUrthermore,the

geologicalobservationsindicatethat.thearea has anextremely

complexlithology, and that,accordingly,comentrationsofore

mineralsarelikelytobe irregularandof limiteddimensions.

TheveryfirstactiontobetakenintheRullekollareaistocomplete

the regionalmagnetometricsurvey.Afterthat,VLFandradiometric

measurementsshouldbe takenona closergridsystem,whichshould

also te used as referencefor detailedgeologicobservationsand

systematicsamplingforgeochemicalandmineralogicalstudies.

My reccmmendationisthatthelcm-costgeophysicalworkis carried

out atRullekollassoonaspracticallyfeasible,but thatallwork

demandingmoreresourcesispostponeduntiltheongoingassessmentof
theGruveåsen-Bolladalenareahasbeenbroughtto itsconclusion.

29



EPILOGUE

Anyonewho hastakentheeffortofreadingthisreportmusthavehad

some good reasonfordoingso.Whetherthisreasonwasofa business

nature:(wheretolookfortheorebodies)or academical:(geologic

evolutionof the Fencomplex),thereaderbynowshareswithme the

disappointmentofnothavingfoundthefinalanswers.Perhapshe/she

also feels,likeI do,thattheneteffectof thisstudyhasbeento

generatenewquestionsinadditiontothosethatweretherebefore.

Nost perplexing,perhaps,arethequestionsposedbytheobserved

similaritiesand differencesamongthedifferentcarbonatitesofthe

Fencomples.

The søviteintrudedfirst,asa meltormushofcalcitecrystalswith

apatiteand pyrochlorwidelydispersedas early formedphases.

Probably,thesøvitemagmawasinnisciblycoexistantwiththealkaline

silicatemagma thatEnverise to thebasicsilicaterocks. Moving

upwardsaheadof thesnviteintrusion,theremusthavebeena reactive

fluidphasecapableoftransformingadjacentcountryrockintofenite.

The søviteitselfseemstohavehadlittlepotencyfordigestingor

transformingforeignrockmaterial.

The rauhaugiteis chemicallyand mineralogicallysimilarto the

søvite,and furthersimilarityisfoundwhenthecloseasscciation

betweenrauhaugiteand the alkalinesilicaterockdamtjerniteis

ccmparedtothefieldrelationshipobservedbetweensøviteande.g.

vipetoite.Whenconsideringintrusivebehavior,however,itisthe

differencesbetweensøviteandrauhaugitethatareremarkable.

Whileall evidenceshowthesøviteintrusiontohavedissipetedits

energyslowlyand quietly,it appearsas iftherauhaugitemagma

experienceda suddenpressuredrop that triggereda releaseof

internalgas, i.e. a stateof boiling.A giganticfluidizedbed

reactorcanbeenvisagedrunningout of controlanddigestingall

foreignrock materialencounteredas itcoreditswayupwardsuntil

finallysolidifyinginitspresentposition.

30
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Rødbergis the thirdand youngestcarbonatiteintheFencomplex.

While its overallchemicalcompositionissomewherebetweenthetwo,

rødbergotherwisediffersremarkablyfrombothsøviteandrauhaugite.

Firstly,there is no sign of analkalinesilicatemagmabeing

associatedwith rødbergat the presentsurfaceleveloftheFen

complex.Then,neitheristhereanysignofan intrudingcarbonatite

magmathatmightqualifyas rødberg.Whatisobservedaretheeffects

of a reactivefluidphase,capableofattackingolderrocks,be it

silicateor carbonate,and replacingthem with a homogeneous,

red-colouredmass ofdolomiteorcalcite.TheVipeto-Rullekollarea

offersmany localitiesWherethisprocessofmetasomatictransforma-

tion hasbeenfrozenina transitionalstagebetweene.g.damtjernite

and rødberg,anda petrologicalstudyof thesephenomenawouldbeof

greatinterestasa researchproject.

The most dharacteristicfeatureof the rødbergis,however,the

predominanceof iron inferrie,themosthighlyoxydizedstate.The

red eolourofrødbergisdueto theironoxidehematite.Thisis in

strikingcontrasttotheoldercarbonatite,rauhaugite,whichnotonly

hasferro-dolomiteas itsdominantmineralbutalsocarriespyriteand

otherbasemetalsulphidesas commonaccessories.

The differentstatesofoxydationthusstandasthemostremarkable

chemicaldifferencebetweenrauhaugiteand rødberg,and ifthls

difference can be explained,thatmightwellprovideinsightalso

into how the REE weretransportedandprecipitatedduringthelate

stagesofdevelopmentoftheFencomplex.

Korshinskij(1965)explainshow, both in magmasand hydrothermal

solutionsan increaseinalkalinitymaycausean increasealsoin the

activityofoxygen.Ifthisisappliedtoourcarbonatitesystems,the

rauhaugitewith its pyriteand ankeritereflectsa low-alkalinity

magma,beingso, perhaps,becauseof itscoexistencewiththehighly

alkalinedamtjernitemagma.The rødbergizingfluids,on theother

hand,havingno silicatephaseas itsopposite,conceivablyhadto

assumea morealkalinecomposition.
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Thesewildspeculationsterminatethepresentreporton thegeologyof
theVipeto-Rullekollarea.Thewriter,whonowleavestheprojectand
the fascinationsofcarbonatitegeology,isthankfUlforhavingbeen
given theopportunitytogeta glimpseintothisproblero-area,andhe
takes thisopportunitytowishthebestoflucktothosewhonowstep
intobringtheworktocompletion.

•
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FEN PROJECT
SURFACE ROCK SAMPLES FROM THE VIPETO-RULLEKOLL AREA
COLLECTED BY WI IK , AUG. -SEPT. 1980 ANALYSED SI 1981

SANO COORDINATEr NB% Y % TH7 P ' S % LA7. CE7. ND% .1.I X. TA%
1W80A 14131C 5203- . 01 . 012.01 1.5C 0.1e. . 02c . 053.027
2W80A 14129 J2065 . 029.015 0253.8C 3.10.035.072 042
4W80X 14115E 52741t . (IS. 007.0051.3C0.17.030.055.025
5W80B 14116: _269 -,. 140.024 1001.4( ). 10.1:30 270.100 .002.003

5WROC 14116c 5269 . 03, . 005 005 ). 4C 0.11.021.036 015
6WROA 14117 _.262- . 038.014 140 ). 4 3.40 4701.00 300
61480C 14117, 262- _ . 0:35.005 OlE ). 2,0.38.2.80.740 160
:3:480 14116 _254 (. 049 005 005 ). 4( ). 14.010.012 010
9W80 14127 J2152 . 110.022 025 . 3C 0.36.045.085 039 .001.004

10W80 141238 213c . 160 043 045 ). 5( l. 12 070 170 060 .003.003
11W80 14119- .221 . 089.014.028 ). 6-0.44.02- . 037 021
13(480 14120 214 .t. 044.029 03:31.103.31.065.140 058
14(480 14147C „..225- . 100.018.07 ). 7 1.3C . 14 . 250.085 .001.001

II, 15W80 14146r J227:8.110 018 075 ). 4( ). 27.070.140 060.. 004.005
16W:30 14145:: 5228- t . 041.005.04 >. 3( ). 11.017.037.029
17(4:30 141462 J231: B. 053.016.09:: ). 3c ). 25.120.250 100
19(480 14 k4815234:_ . 12C. 023.03-- -'. 8C 1.1 . 06 . 130.0601
20W80A 14146 .2:34 R. 150.01:3 0521.2C ). 06.040.075.041 . 001 , 008
20W808 14146 5234 . 12( . 035.05:3.2C 0. OC. 05•7.11 . 051 ,,0. 007
21(480 14145- .1235f. R . 110.011.041 ). 8C ). 18.075.170.052 .005.007
32W:30 14100C 5176C C . 00t . 012.00E1.3( 0.06.02 - . 04: . 023 . 001.009

. 3W80 14092F J11:3- F 060 010 0081.90 ). 16.040.095 042
34144304 14093C -.111- C. 032 005.00-.3.82 J. 05.02E . 045.020
34(4808 14093( ...111,_ S 035 005 005 ). 40 ). C>7.010.010 010
38(480 14131-5154C R. 065 018.0761. RC ). 07.040.066.040
38W80X 14131- _.154( S 060 005 007 ). 44). 35.014 023 018
41(4:304 14140 5126 C. 027 005 005 ). 3 ). 24.010.010.010
47W80 14093 046( :. 028 008 005 ). 72 ). 52.018.029.017
50W80 14127 5155 . 054.005.0071.1 ). 16.150.25 . 067
51W80A 14128 .154:- . 086 006 009 ). 95 ). 19.029.064 039
51W80B 14128 51542 . 290 010 01 1.7 ). 5 . 047.110.-065 . 002.002

II,51W80X 14128 154:3.005 023 005 . 401.08.065.160.08052(480 14130 5154 . 066.009.00 ). 84 ). 2: . 11( . 180.052
52W80X 14130 D154.8.065 010.0171.001.11.081.140.050
53W80 14136C 5151( H. 100.005.011 '). 6C ). 3C . 042.084.037 . 001.002
54W80 141382-11541 . 170 005 0:34 ). 44 ). 21.250.430.120 . 001.004
55(4804 14121 516822.010.007.0051.20 ). 24.023.050.021
55W808 14121 J168„ . 015 012 0121.90 ). 21.030.070 0:35
56W804 14098 -.188C 6. 270 008 00E1.50 - . 2. . 030.070.035.001.002

1

56W80B 14098 188( :. 041 009 0051.40). 09 016.040 025
56W80C 14098 -.188C. 013 012 0051.50). 06.028.065 031
60W80X 14114 ...165- 022 017 010,. R0 ). 31.037 090 044
62W80 14094 196 R.170 005 007n. 93). 03.010.017 014 . 001.005
63W80 14136 - 192Z S 093 008 0241.40).10.025 055 031
67W80 14100 202 R. 065 005 011 ). 75 ). 40.110.250 065
68W80 14101, ...208 170 011 0371.80 ). 06.025 060 028 . 005.020
70W80 14095-5203 . 048.013.01 ). 8- '). 14.085.140.063
73(480
74W80
75W30
79W80

14108- 2102.079 017 0113.72 .38.018 028 26
14113, -208:C . 031 026 03C. -'. 4C ). 4. 030.076.043
14084- .192-3.042 008 0071.10 ). 06.017 035r 024
14119-5226C . . 100 030 072 . 095 2701.12:0
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SAMPLES OF VIPETO-SOVITE COLLECTED PY MORV AND wIIr, SEPT. 1980

SANO COORDINATES NB% Y % THY P %

SP0114094...5176 8. 180J.013 034-,.10

460.012.061 10

030.009 004).475 176( 8 110 019 048 023

S % LA% CE% ND% U % TA%

150 028 061 029.002.021

5176 S. 590.020.052.027.001.016

5181(C.210.010.03 1.80.230.015.050.028.001.009

_SP014098 -C51885.2201.009 0121.20H50.022.056.028.001.007

SP0614101,518105.110.010.03(0.97.160.11
0.1801.043.001.002

Æ.0 14094(-472C8.009.010.0041.20.290.021
051.024

SPOC14096(5169-E.009.015.0021.00.18C)1.
020.049 027

3 P0C.14103( .175 8.014.009 011).64.3401.025 055 023

SP1(14106-473(E.009.015.01 3.1CF.190i.030.081 046

SP1114110(J171-8.009.014 0108.50.060'.028 074 040

SP1C14111. ...16258.009.013.0091.60,190.020 047.024
SP1'714116--.165-S.140.011.0051.20.350.

01050.024.001.003

1
8P1414111 -.160(S.082.015.012.10.140.020.050.029

SP1514110(..157(:-..030.020 0171.70,180 • 024

4-
SP1/.14133 .153-$.060.004.01(0.48.180.029

SP17141375y1528.090.005.0071.50.260.022

SP1C1413255181(S.094.004.015 ).64.170.050.089.029

SP1'T141010.5208-S n71 010.015).92 050.018 042.023

5P2(14106( .211-8.020.007 00.. 5. 44. I 4( . 071 047. 021

SP21141030..206(s.054.008 0101.90.270.018 045,022

SP2'714105( .202-3.031.005 00-1.20.140.017 041.020

SP2t141090_499C8.400 016 060/.60.260.0181.0511.026.001.037

F
SP2 14114 .209C 5 .009 012 0 H06—.90.230.0191 05025

. 8 P25141145 .210Fs.009 012 004).93.120.090 052F.027

.SP26141305 .204(3.014012 021-''.30.090.022 0591.031

5P27141215.201 s„037.012 0111.30,260.017 046L0241

SP2E141345.J195(3.065,(K)S 0141.80.200.016 046*027

SP29141370...191--: 042.009 0091.50.250.01k 045.021

9P3(141405 .192(5..068.005.01 20,4.20.034.0781

SPO-140965


SPOC.14098r


SPO 14097C

054.029

072.026

.0721.03

WHOLE-ROCK SURFACE SAMPLES FROM THE BRILLEKASHAUGEN PROSPECT

COLLECTED NOVEMBER 1981 BY wIlr

	

F00741 14117- .257, 043 021 020 .04(.07C 030
LAY CE ND

SANO COORD %INATE: NB Y % TH% % %

F00742 141191 .257 062 011 015 .02 .025 012

	

F00743 141204 .257-R.120 018.013 .02-.032 016

F00744 141246 257 079 025 094 .160.27C 090

	

F00745 141262 ,2576F.084.039.052 .022.06-.030

	

F00746 141265J2582-.069 010.045 .0P.5.05( 021

	

100747 141246 .259,F.072.011.047 .06,011(.053

	

F00748 141207 259- .110 019.125 01.(  190 065

	

F00749 141202J253 .0681.013.028 .03(..047.025

0:: .07 .02t;

10.300
.32C.881.350

8(.65
20C.A5'.2.00

11 .26 .090

F00750 14123( 12545C.054.015.054

F00751 14124,5254'7 .092.022.110

F00752 141262...254'7H 035.014.042

1007534 1411755265 H.082.031.120

F007538 141175265CC.086.026.130

F007530 1411755265 J.0724'.029.135

F00754 14117 (266CH.OR(1.021.040

F00755 14116_5267 H.077.015.035

19(.520 .220

12(.38( .200

13(.38( .180



FEN PROJECT
SURFACE ROCK SAMPLES FROM THE VIPETO-RULLEKOLL AREA
COLLECTED BY WIIK, AUG.-SEPT. 1980 ANALYSED BY SI 1981(STAGE II-ANALYSIS)

SANO
1W80A
2W80A
4W:30X
5W:30B
5W:30C
6 W80A

6W80C
8W80
9W:30.

10W80
I 1W80
13W80
14W30
15W80
16W80

11.171480
19W80
20W80A
20W00 B
21W80
:32W:30
3314:30
34W30A
34W:3013

381480
3:3W80 X
411480A
471480
50W30
51W80A
51W80B
51W8OX
52W30

Ank 5 2 L480 x
s53W80

54WS0

55W:30A
55W3OB
56W80A
56W8013
56W80C
60W80 X
62W80
631480
671480
681480
701480
73W80
74W80
75W80

FE% SI% MO% AL7. P % NAX TI7. K % CA% MNY. BA7. SR7. V %
1.30 . 200 . 9IC . -7/8( 1.70( ). 05t . 14 . 50 5.00 . 42 _ . 03C . 14 0.009
4.10 . 800 201 .:39( 3.001 . 05C 0.17C . 50C 4. CX . 59( 0.14( 0.14( 0.008
7.50C 6.000 ?. 500 1.8001.10 J. 05 I . 10( /. 900 4.00.018 . 19( . 27C . 0025
A. 4008.00t . 0001. ood I . 70( . 04C 0.071 . 50C 1. OC. 81 0.05 0.18C 0.004
2.80024. 001.600A. 30( 0.15( 1.800p. 07( _ . 100 . 300 ). 12 . 23( 041 009
:3. 1001.80 (6.2CK 0.07d0.13( 0.02:C ). 5CK 16.0( 1.20( 2.6010.21-0.004
25.0014.100 ). 1800.12d0. 13C ). 01( ). 021 50( . 270 ) 0010 A6t 0 OIC 014
7.200 22.004.0007.0000.2210.22C 0.21C 4.00 4.90C. /. 1 IC 0.67C 0.25C 0.0 t 4
3. c>0-9.0004.4002.7001.70C ). 40 0.72C J. 50 19.00 28 0.28t 0.07 . 012
8.70C 3.000F2.00C 1.3000.32< 0.04 0.1:3( 0.50C 29.0( /. 25 0.05:..0 0560.005
8.0005.2007.300t2.20d0.57 . 0:3C . 18( . 50c 17.00 39( 0.91t .). 14C . 015
5.0001.4000. 80d0.73‘11.10t 0.07 0.07'70.50 19.0 .. 44( 0.63( 0.0660.004
6. iOqi.1007.3000.3300.45d0.20 ). 03‹ .). 50( 13.00 ). 73( 1 . :30C. ). 16t . 006
7.20011.5007.7000.410.14C 0.07C 0.04 0.50 13.0( . 67 ( 0. :35-0.15(1.009
7.00 16.005.4005.90 0.04 ). 28C ). 12. . 30 . 800 . 23t ). 58( /. 082 ). 014
9.40( . 60d6.9003.30d10.15( 0.101 . 50 ( 13.0 58 2.20 0.13C . 007
10.00 ). 900P. 730p. 2703.00c . 15 . 10( . 50 7.00 . 23( •-•.10( ). 15. . 007
6.40 15.000.700p. 32 1.201 0.03 - ). 09c . 50 0. OC ). 25C 0.05 . 06E ). 008
0.820 . 30op. 480p. 17 . 50C . 050 . 031 . 50 0.00 . 220 . 074 J. 100 . 002
24.0 . 6011.1000.93 0.62 0.03 . 20 . 50 16.0 L15 . 17C . 05 . 017
4.500 .8003.0002.20 1.70 . 03 . 140 . 50 5.00 . 190 . 096 . 059J. 009
12.0 17.003.2003.00C 2.80( 0.07 . 551 . 40 . 30C . 07 . 20( /. . 019
4.00017.002.2003.00‹ . 77( 1.500 . 22( 3.00 11.00 ). 21 ). 204 . 20C . 006
7.50t '2.002.4009.3010.24( 0.60C . 26 6.30 . 50C _). 10( 0.46C 0.03 0.010
4.70C 1.4007.4000.74 . 60( 0.04( /. 021 . 50( 4.0 8:3C ...15 3.07. . 002
6.50C /. 2007.2000.05E 0.15( 0.031 , 00F /. 50( 2. OC 1.10( 0.75C. 0.26 0.002
4.60C , 4.001.9008.Roffi. 14t J. 3303. OH:-:-). 3003.20C ). 07 ). 49( ). 56( . 003
7.20(19. (42.0007 . oodo. 52c 5.80C 1.60( 1 • 30C . 40C .). 22C 0.02 ). 11( 0.023
7.800 . 2005.4002.3001.20( ). 05C) . 5103.50( -0.00 J. 49. ). 570 .. 41C . 012
6.5001.9009.3000. 79(.1.00C 0.02C /. 17( . 50( 13. C)( 0.74C ). 38( /. 16( 0.006
6.6001.9006.9000.65(1.90(..020 .150).50019.00/.7901.100).39 .005
1.90( )r c:'. 3005.5000.021. 70( . 10 . 00- . 50( /7.0( ). 25( ). 09 ). 58C . 001
A. 0001.2007.7000.420 :). A7 . 030 . 030 . 500 0.00 ). R30 . 110 . . 120 ). 003
A. 700 /. 8007.9000.19( ..). 89-0.02( -). 022 . 50 2. Oc . 70C . 09 ). 14C . 004
5.400 . 6003.5000.03C ). 33C . 030 . 009 . 500 0.00 - . 37 . 49C . 21 . 002
6.80( . 7008.6000.077 . 22 0.03 . 01 ). 50C 19.0 1.20C . 42( ). 29C . 003-
2.000 . 70d4.9000.09-- 1.40( . 030 . 01. . 50( 3.00 .). 38 . 00 ). 05( .. 003
2.80 .60d9.1000.09:: . 50 0.041 . 05 . 50 22.0 0.38 0.0050.07 . 005
1.500 ). 60d2.5000.00-71.90«). 03C. ). 02:: ). 50C 3.0 . 35( ). 130 ).. 35 ). 001
7.50( 9.7003.7003.10( 10( 0.02( 0.37( 0.50 19. CK /. 19C 0.02:.0. 15C 0.009
1.20( 1.40(#3.5400.41( 1.9(n 0.04( . 05E ). 50( 33.00 ). 13( . 07', . 48t . 002
3.00 1.2005.200p. 31C 3.40t 0.05C 0.0570.50C 26. 0( /. 32( 0.0050. I 2C . 005
2.00.1.00010.000.22( . 91( 0.02( .). 035 ). 50C 20.0( ). 40( ). 0070. :3:3C.J. 002
3.10C 1.00Cd . 4000.0432.00 0.04 - . 0560.50C. 32. C)C0.22( 0.04 0.38C - . 012
6.10( . 8048.50011.70c . 62 ). 03( . 43 - ). 50 16. OC .). :39( , 93( ). 094 _ . 006
0.65 0.7001.0000.07 2.60 0.05( 0.01= 0.50( 35.0( ). 13( . 06 ' . 24( ). 001

17.60C 3.1005.6001.10( - . 604 . 02c -.).20c. ). 50( )2.01 .290 ). 05- :). 074 ). 011
8.10-3.8006.30(1.40( . 61C 0.03C . 67 - . 50C 19.0 . 28 - . 15 0.11 _). 018
6.601 • . 90 . 6001.40 . 70 . 050 . 390 . 50 13.0 . 36 . 63( ). 150 . 003
4.10C 16.0( 1.50d0.70( 1.10( 0.01 . . 22C . 50C 18. OC0.15 . 016 ). 01 . 008



GRUPPEN
APPENDIXII

A listingofpolishedthinsectionsframtheVipeto-Rullekollarea.

Samleno. Rockfieldname Comments

81480 Darksyeniticfenite Invadedbycarbonate

91480 Darksilicocarbonatite




111480 Silicocarbonatitebreccia Invadedbyrauhaugite

161480 Silicocarbonatite? Gneissremnant?

181480 DamtjerniteRødberg? Fsp./chl./calcite

321480 Silicocarbonatitew/intr.carb.Pyrochlor& apatite

501480 Silicocarbonatitew/rauhaugiteN.B.:Oreminerals

561480 SøviteorRauhaugite N.B.:0.27%Nb

581480 Carbonatitebreccia




631480 Søvite Mbchapatite/pyrochl?

641480 VipetoiteinSøvite




6510 Hollaite




661480 Søvite Abundantapatite

69W80A Damtjernite/Søvite Intrusivecontact

6911808 Damtjernite




721480 FeniteSøvite




741480 Silicocarbonatitebreccia




791480 Volcaniebrecciaw/Fluorite




Brillekåshan ros ct

Thesamplesnumbered:741,742,743,744,745,746,747,748,749,

750,751,752,753A,7538,753C,754,and755

areallavailableaspolishedthinsections.



GRUPPEN

APPENDIXIII

Identificationof carbonatesbypowdermicroscopy.

SampleRockRefr.Index ( n)

numbertof carbonatemin.

HC1


reaction

Cathodo-

luminescence DIAGNOSIS

2W80D-breccia 1.670 (+) Strongred Ca/Mg-dolomite

3W80Søvite 1.67 (++) Yellowbrown Caleite?

6W80Rauhaugite 1.700 (0) Weak,brownishAnk.dolomite

14W80Rauhaugite 1.700 (0) Nil Ank.dolomite

20W80RHRødberg 1.67




Calcite?

38W80Søvite? 1.700 (++) Neutral Ank.dol.+Cål.

'40W80Hollaite <1.69 (++) Yellowbrown Calcite+ Fsp.

41W80AHollaite 1.66




Caleite/K-fsp.

42WBOAHollaite/Søvite<1.70 (+) Darkbrown/OrangeDolamite/Cal.

46W80BFenite 1.66 (++) Caleite

51W80ARødberg? 1.700




Brickred Ank.dolamite

51W80BRHbreccia >1.69 (+) Dark Ank.dolomite

51W80XSøvite? 1.69 (+)




Dolamite

53480Rauhaugite 1.70 (+) DarkbrownishAnk.dolomite

60W80Søvite 1.66




Calcite+ Fsp.

61W80Søv.intrusion1.66




Caleite

74W80RH breccia 1.690 (0) DarkbrownishAnk.dolomite

78W80Rauhaugite 1.700 (0) DarkbrownishAnk.dolomite

80W80Hollaite/Damtj1.69




Dolomite

81W80Rødberg 1.67. (0) Strongred Ca/Mgdolomit
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