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SUMMARYANDCONCLUSION

The Vipeto-Rullekollareaoffersgoodopportunitiesforstudyingage

relationshipsbetweenthe variousrock types of theFencomplex.

Observationsmadein thecourseof thisstudyindicatethatthebasic

silicaterockswerethefirstrocksto formwithinthecomplex,either

by crystallizationfrom a basicsilicatemagma or throughextreme

fenitizationof regionalgneissrocks.

Fenitization,themetasomatictransformationof wallrock,causedby an

alkaline,mobilephase, preceededtheemplacementof søvite,whichis

theoldestof theFencarbonatites.Thesøviteappearsto havereached

itspresentpositionas a slow-flowingcrystalmush,unableto assimi-

latefragmentsof wallrockthatbecameenclosedin it.

A periodof coolingandsolidificationwas followedby a secondperiod

of volcanicactivity,characterizedby extremefracturinganddisrup-

tion,probablycausedby a high-energygasphasereleasedfroma boil-

ingcarbonatitemagma.

As in thefirstperiodof volcanicactivity,an alkalinesilicatemag-

ma was thefirstto intrude.Thesepipe-likeintrusionsof damtjernite

were followedby intrudingrauhaugite,a carbonatitecomposedof

ankeriticdolomite.Rauhaugiteanddamtjernitearebothseento grade

into volcanicbrecciarocksinadditionto theirappearanceas normal

magmaticinstrusions.Therauhaugitemagmamusthavebeenchemically

aggressiveandcapableof digestingfracturedwallrock.

Rødbergizationis theonlyvisibleresultof a thirdperiodof carbo-

natitevolcanism,this time in theform of alkalinefluidsmoving

upwardsalong fracturesand local passageways,transformingthe

adjacentwallrockinto red carbonaterock. Depositionof massive

hematiteoreas vein-fillingstook place towardsthe end of this

finalperiodof volcanicactivityin theFencomplex.

•

While theVipeto-Rullekollareaofferssufficientbedrockoutcropsto


allowcontactrelationshipsbetweenrocktypesto be studied,thetrue
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spatialdistributionof thevariousrockscannotbe mappedoutwith

certainity.This lack of bedrockexposurealsoplacesconventional

prospectingmethodsat a disfavour,andresultscanbe expectedonly

throughthe interactiveuse of geophysics,geologyand diamond

drilling.

From the informationaccumulatedso far, theVipeto-Rullekollarea

offers interestingpossibilitiesforfindingniobiumoreas wellas

rareearthelements.Mostexitingis thepossibilityof locatinghigh-

grade pyrochlor/apatite-oreof theTuftehavnalamprophyretype.The

proposedinvestigationof theVipetosøviteshouldexplorethispossi-

bilityandat thesametimeprovideinformationon thelow-grade,pri-

mary pyrochlormineralizationthat rangesas a second-ordertarget

worthyof beingexplored.

ThemostinterestingREEmineralizationoccurson thewesternslopeof

Brillekåshaugen,withina wedge-shapedrauhaugiteintrusionlocally

affectedby rødbergization.Currentdataindicatethatthiscouldbe a

late fracturefilling-typeREEmineralizationthatmightextend500m

to 1 km towardsthe northwest.Withthistypeof mineralization,

viableoredepositsmightwellhavebeengeneratedalongthezone,and

furtherexplorationworkwouldseemwelljustified.

Much workremainsto be donebeforethegeologyof theFencomplexis

fully understood.It is intheinterestof thecurrentFenprojectto

promote.a,betterunderstandingof thegeology,becausesuchinsightis

indispensablealsoin practicalexplorationwork.



INTRODUCTION

ThecurrentFen projecthasexplorationforexploitableoresandmine-

rals as itsprimaryobjective.Evenso,detailedgeologicalmapping

of thecarbonatitecomplexwas foundto be an importantandnecessary

first step when fieldwork gotunderway in 1980.To eachof the3

field geologiststhen availableto the projectwas allocateda

particularsub-area, to be mappedin scale1:1000in thecourseof

the1980and 1981fieldseasons.

The Vipeto-Rullekollarea was allocatedto theASV-geologist,who

started field workinMay 1980. Unfortunately,muchtimeinMay and

Juneof thatyearwastakenup by an unforeseendemandforsupervision

of a grid-samplingprogrammeto be carriedout inGruveåseninsupport

of an urgentapplicationfornutmål"on thatarea.

By lateSeptember1980a totalof 20 fielddayshadbeenspenton de-

tailedgeologicworkin theVipeto-Rullekollarea.A decisionwas then

madeto suspendallfurtherinvestigationson privatlyownedlandas a

responseto mountingconcernamongthelocallandownersaboutFenco

anditsexplorationactivitiesandpossiblefutureminingenterprises.

No furtherworkwasdonein theVipeto-RullekollareauntilNovember

1981.It was then feltthatthenegativeattitudeof thelandowners

towardsFencomightbe on thewane, andprojectgeologistsOlmoreand

Wiik revisitedparts of theareainorderto discussthegeological

mappingdone by Wiik in thisarea,beforeitsincorporationin the

overallgeologicalmapof theFencomplex.

Conversationswith a number of landownerssoonmadeitclearthat

Fenco was still unwelcomein thearea,in factthelandownersas a

group had agreedto usealllegalmeansto preventFencofromexplo-

ring their land. Geologicactivityon cultivatedacreagewasruled

outas againstthelaw,whilesomereconnaissanceworkwascarriedout

in theforestedareasto thesouth. Wiikspentan additional3 field-

3
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days on follow-upof a geochemicalanomalyon theW-ernslopeof

BrillekåshaugenE of Rullekoll,as thisforestedareawasbelieved

to remainaccessiblein termsof thelaw.

Fenco,withresponsibilityforpromotingtheexplorationrightsin the

Vipeto-Rullekollarea on behalfof theGovernment,canhardlyallow

the presentsituationto continue.Not onlydoestheimpassehinder

a possiblediscoveryof orebodieswithintheforbiddenareas,butthe

lackof geologicandgeophysicalinformationfrom thesepartsof the

Fen complexhampersthegeneralunderstandingof thedetailedgeology

of thecomplexas a whole andthusaffectstheprogressof theexplo-

ration work in general.The intentionbehind this reportis to

summarizetheinformationavailablefromtheVipeto-Rullekollareaso

far, and to presentrecommendationsforfurtherinvestigations,with

thehopethatthenecessarypermissionswillsomehowbe obtained.

Thearea

The 1 km portionof theFencomplexherereferredto as theVipeto-

Rullekollarea, is delimitedby theUlefos-Skienmainroadto the

north and thebrookHåtveitbekkento theeast,whilethesteephill-

slopes expressingthegeologicboundarybetweenthesoftcarbonatite

rocksandtheregionalgneiss,markthelimitationof theareatowards

southandsoutheast.

Exposuresof bedrockare ingeneralsmalland scattered,thelarger

assemblagesof outcropsbeingconfinedto topographichighssuchas

theVipetoridgebetweenHåtveitbekkenandthe streamfromDamtjern,

the hillockof Rullekoll,andthesouthernmostpartof thearea,from

Kåsahavnato theabandonedJuvefarm.

At altitudesbetween 100 m and 150m a.m.s.l.elevatedportions

of the Vipeto-Rullekollarea are mostly coveredwitha layerof

glacialtill of ratherlocalorigin,whereasthebedrockdepressions

havebeenfilledwiththickdepositsof marineclay inturndissected

by a youngerdrainagesystem.
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Some12 farmsteadsanda largernumberof single-houseresidencesare

locatedwithin the area. A proposedhousingschemeon Rullekollhas

been barred by localauthoritieson thegroundsthattheareamight

have mineableresources,and thatthehigher-than-normallevelsof

thoriumradiationmightconstitutea healthhazard.

The eoloic settin

A substantialamountof bothscientificandtechnicalgeologicalwork

hasbeendirectedtowardstheFenareaalreadybeforetheonsetof the

currentFen project.Thegeologicsettinghas thusbeenwellestab-

lished,thanksin particularto thecontributionsby Brøgger(1921)and

Sæther(1957),butin recentyearsalsothroughsupplementarystudies

by specializedearthscientistsof differentcategories.

The Fen carbonatitecomplexappearsat surfaceas a roughlycircular

structure,about 2 km indiameter,cuttingthroughthePrecambrian

gneiss terrainat Ulefoss,12 km west of theOsloarea. While

age-datedat 560my and thussomethreehundredmillionyearsolder

than thePermianOslointrusives,the Fencomplexisnowthoughtto

be an early manifestationof the sameriftsystemthat latergave

passage to the magmaticextrusionsand intrusionsconstitutingthe

majorpartsof theOsloarea.

Gravity studiesreportedby Ramberg(1973)indicatethat theFen

complexextendsverticallydownwardsas a narrow,pipe-likeintrusion

to a depthof at least15km. Therockdistributionobservedwithin

the accessibleparts of theFencomplexcannotexplaintherecorded

gravityanomaly,and Rambergpostulatesthatthecarbonatitesand

carbonate-silicatemixed rocksprevalentat surfaceprobablydo not

extendmorethanonekilometer,andperhapslessthan0.5km belowthe

presenterosionallevel.The rocktypemostlikelyto be encountered

below the lightercarbonatiterocks,isdamtjerniteand/orpossibly

vipetoite.These tworocktypesare presentinminorquantitiesalso

at thesurface.



GEOLOGY

Themaingeologicfeaturesof theFencarbonatitecomplexareshownin

Fig.1,a generalizedgeologicalmappresentedby Ramberg(1973),based

on Sæther(1957).TheVipeto-Rullekollareahasbeenoutlined,and it

is seenthat- withthepossibleexceptionof nepheline-bearingbasic

silicaterocks (Urtite,Melteigite,Ijolite)- allthemainrock

types of theFencomplexarerepresentedwithinthisparticularsub-

areaof thecomplex.

The fact that theVipeto-Rullekollareadoescompriseallthemajor

rocktypesof theFencomplexmakestheareawellsuitedforstudying

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 geologic maD has been constnuctedfrom the limitedfielddata

availableand is presentedas Fiz. 2. This maD incorporatesmuch sub-

jective guessworkand shouldbe regardedas a preliminarymodel to be

revisedin the lizhtof new information.

The actual field observations in supportof Fig. 2 are shownas a

fold-out map attachedto this report.The legendof this map applies

also to Fig. 2. Samplinglocationsand other localitiesdescribedin

the fieldnotesare shown in Fiz. 3, which has also been providedas

a transparentoverlay,EnclosureI, for use with the 1:5000 maps.

Rock tiDes and the r interrelationshios

As one approachesthe Fen complexfrom the south,the regionalgrani-

tic gneissis seen to be brecciatedand/ortransformedby fenitizaticn

in a borderzone thatmay extend100 to 200 m into the gneiss.Within

this border zone, the explosiveforcesand the chemicallyreactive

fluids accompanying the early carbonatite intrusionshave brought

abcut different degrees of transformationof the pre-existingrock.

Nevertheless, both the granitic breccia and the homogeneous,

re-crystallizedfenite are clearly recognizableas "countryrock"

with respect to the carbonatitecomplex. The characteristicmineral

assemblage of the feniteis alkali-feldsparand ægirine,but the rock

composition is variable and may range from quartz-fenitesto those• carryingnepheline.

While transgressionof niobium mineralizationfrom the carbonatite

into adjacent fenites has been reported from some African

carbonatites,there is nothingto indicate that the borderzone in

this area does accomodate cre deposits of economicinterest.The

fenitehas normallyless than 1/2 magnetite.

The next rock type encounteredon Dassingfrom the southtowardsthe

centreof the ccmplexis of more questionableorigin. The rock is

hybrid in nature, comprisinga dark phaseof mafic silicateminerals

and a white-colouredphase with calciteas the major constituent.
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During the1980fieldworkthisrocktypewasmappedas silico-carbo-

natite,withan indexto indicatethe percentagecontentof carbonate

minerals,(e.g.SC15signifyinga dark,silicate-richvariety).Within

the currentFen project,theoldterm"hollaite"is nowbeingused

as a generalnameforthishybridsilicate/carbonaterock.

In theVipeto-Rullekollarea,hollaiteoccursina widezonealongthe

southeasternboundaryof thecarbonatitecomplex,givingway towards

the north, to søvite and othergenuinecarbonatites.Southof the

Vipeto farms hollaiteis observedto be intrudedby massive,white

søvite,whereas furtherto thesouth,alongtheroadto Håtveittjern

(loc.28W80),thehollaiteisobservedto passgraduallyintofenite.

In the easternpart of thearea, towardsBrillekåshaugen,a dark,

heterogranularrockoccupiestheborderareabetweengneissandwhite

carbonatite.Thisrockmayresemblehollaiteexceptforitssometime

breccia-like structuresandconspicuouscontentof redK-feldspar.

Under themicroscope,aggregatesof freshcarbonateappearto replace

thefeldsparandotherminerals,and it isnotinconceivablethatthis

borderzone of darks eniticfenite mayrepresentan intermediate

stage in themetasomatictransformationof gneissto hollaite.This

interpretationis corroboratedby observationsmadeby Olmore(1982)on

drillcorefromTuftehavna.

Along the southwesternhillsideof Rullekoll,there areseveral

outcropsofmassive,grayishrock,whichon weatheredsurfaceappears

to be intenselybrecciated.In thinsectionthisrockis seento be

dominatedby a carbonatemineralof lowHC1-reactivity,withminor

amounts of chloriteformingat theexpenseof biotiteand-notably-

remnantsof large feldsparcrystalsunderattackby thecarbonate

describedabove. The observationis an indicationthatthisrock,

which isnowessentiallyan ankeriticdolomite- type carbonatite,

could be theremainsof a raftof syeniticfenite,engulfedin, and

transformedby, an intrudingrauhaugitemagma.

Hollaiteclearlywasamongtheearlyrocksto be formedwithintheFen


complex. In theVipeto-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.

ViDetoite 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 deservesparticularattentioninconnectionwiththeongoing

explorationcampaign.However,theapatitecontentof vipetoiteis in

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

abundantat thedeeperlevelsof theFencomplexas suggestedby the

gravimetricmodelof Ramberg,itssignificanceas a futuresourceof

phosphatemightbecomea questionforconsideration.

Ramberg,in his papers on the Fen complex,makesthepointthat

vipetoiteistransitionalintodamtjernite(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

macroscopieappearenceinRullekollhasankeriteor ferrodolomiteas

the dominantcarbonatemineraland is named rauhaugite.In the

field,diluteHC1 wasusedto distinguishthetworocktypes.

It soonturnedout,however,thatdikesanddiffuseintrusionsof rau-




haugite appear within the western,søvite-dominatedarea,whereas
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reactivecalcitealsomaybe presentinquantityin therauhaugitein

the easternparts of the complex. Forthisreason,the initial

mappingwas performedusing thesamecolourcodeforbothkindsof

white-colouredcarbonatite,thelettersSØ andRH beingaddedwhenthe

diagnosiswasclear.

The Vi eto søvite intrudeshollaiteand is in turnfragmentedand

transsectedby damtjernite.Dikesandveinsof rauhaugitearealso

seen as intrusionscuttingthesøvite.Typicalsøviteisa whiteto

brownish,equigranularrock of variablegrainsize. Biotiteand

apatiteare common accessories,andsometimesthese mineralsare

orientedandconcentratedin parallelbands, givingtherocka faint

foliation.

Under the microscope,large calcitecrystalsoftenshowsignsof

mechanicalstrain,indicatingthat the søviteprobablymovedas a

largelysolidifiedcrystalmushduringitsfinalstagesof intrusion.

Boulder-sizeand larger,angular fragmentsof fenite occuras

inclusionsincoarse-grained,igneous-lookingsøvitewestandeastof

Kåsa-havna.Thisalsoindicatesthatthesøvitemagmamusthavebeen

coolandnon-aggressivewhenstopingintoitspresentposition.It has

not been possibleso farto makea meaningfulinterpretationof the

sparsestructuralobservationsobtainedwithinthesøvitearea.

Søviteisknownas a carrierof niobiummineralization,and theVipeto

søvite does offer prospectsof considerableinterestwhichwillbe

discussedlaterin thisreport.

After emplacementof thesøvite,thenextimportanteventappearsto

be the intrusionof damtjernite. Thisdark,porphyriticrockis

characterizedby theoccurrenceof cm-sizefenocrystsof biotite,set

in a greyish,finegrainedmatrix of carbonatesandmaficsilicate

minerals.Thecommonlyeuhedralbiotitefenocrystsaresometimesseen

to have gottheiredgesroundedas ifwornbymechanicalabrasionin

theaseendingmagma.
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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 nockfragmentscomprisinggneiss,fenite,søvite

and other carbonaterocks is a normalfeatureof thedamtjernite

intrusionsthat occur withinthebordersof theactualFencomplex.

Small dikesandpipe-likeintrusionsof damtjernitearealsofoundin

theoutsidegneissareas,buthere theoontaminationof theintrusive

by wallrockdebrisis lessconspicuous.

Some peculiar,egg-likenodulesmadeup essentiallyof coarse-grained

olivinearesometimesfoundin thedamtjernite,e.g.in thelowridges

of outcroppingdamtjerniteandrauhaugitebreccia thatrunSE-wards

from 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 kimberlitesinAfricaare knownto carrydiamonds,no minerals

of particularvalueareknownto be associatedwiththedamtjernites

at Fen.The importanceof damtjernitein thegeologicevolutionof the

Fen complexcannotbe denied,butso far, theeconomicpotentialof

theseintrusivebodiesis judgedto be low.

Rauhaugitehas been referredto on severaloccasionsalready.This

importantcomponentin thegeologicfabricof theFenvolcaniccomplex

isnoteasilyfittedintoplacein thesequenceof events.Thetypical

rauhaugiteisa whitemediumto fine-grained,equigranularcarbonatite

of igneousappearence,bestrecognizedby itsdarkbrownweathering
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surface.Ferro-dolomiteor ankeriteis themainmineralcomponent,

and calcite, biotite/chlorite,and apatiteare common minor

constituents.

Within the Vipeto-Rullekollarea,however,therauhaugitefrequently

assumes the characterof a volcanicbrecciacarryinga multitudeof

small fragmentsof predominantlylight-coloured,carbonate-richrock

material.Fragmentsof other, darkerrocktypesarealsoseen,and

sometimespyriteandotherbase-metalsulphidesoccuras a dispersed,

non-economicmineralization.Therauhaugitebrecciaisoftenseento

pass graduallyintodarkdamtjernitebrecciaor possiblybrecciated

damtjernite(e.g.betweenloc.s 77W80and 16W80).Gradualtransition

is also observedbetweenrauhaugitebrecciaandrauhaugitewhichis

massive,homogeneous,and seeminglymagmaticof origin.

While the nature of theobservedfieldrelationshipsas yetremains

obscure,thechemicaldataindicatethatniobiumas wellas rareearth

elementswere introducedor concentratedas a resultof rauhaugite

magmatism.Furtherstudyof thepetrologyandmineralogyof therau-

haugiteis thereforedeemednecessaryin thecontextof furtherexplo-

rationwork.

Rødberg is theobviouslocalnameforthethirdkindof carbonatite

rockfoundat Fen.And in thiscasethelocalnamestandsunchallenged

becausetherocktypeishardlyknownfromothercarbonatites.Rødberg

is a typicallyred-colouredcarbonaterockwhereminuteflakesof

hematiteoccur as a finelydispersedreddust cloudingthegrainsof

calciteor dolomitethatconstitutethemajormineralphase.

Rødberg is foundas irregularor poorlyoutlinedpatchesor bodiesin

differentparts of theVipeto-Rullekollarea.It is interpretedas a

productof some peculiarmetasomaticprocessthat has attacked

rauhaugiteas wellas søvite,andevidenceof rødberg having been

formed also as a resultof metasomatictransformationof damtjernite

isseenin severalplaceswithintheVipeto-Rullekollarea. A certain

spatialassociationbetweenrødberganddamtjernitepbintstowardsa



possiblecommonstructuralcontrolforthetworocktypes.

As describedfrom Gruveåsenfurtherto the north,schlierenand

dike-likebodiesof massivehematiteorearefoundinassociationwith

rødbergalso at Rullekoll. In bothareas,concentrationsof rare

earth elementsseem to accompanythe hematiteore along with

associatedthoriumwhich,on accountof itsradioactivitymay be used

as a guideto theother,morevaluablemetals.

Faults and otherlatefeaturesweremoreor lessignoredduringthe

early stagesof mapping, andfewfieldobservationsaretherefore

available. The occurrenceof a verticaldiabasedike,1 m wide,

runningN-S over thetoppartof Rullekoll,maybe noted.Thisdike

appearsto transsectall other geologicfeatures,and is thoughtto

belongto thePermianof theOsloarea.

In concludingthis sectionon rocktypesandtheirrelationships,I

mustconfesstohavingmadecertainfieldobservationsthatarediffi-

cultto explainwithinthesimplepetrogeneticmodelsuggestedabove.

These observationsrangefromsøviteintrudingrauhaugiteandrødberg

to fragmentsof rødberganddamtjerniteembeddedin rauhaugiteand

viceversa. Theobservationsare, however,dulyrecordedin field

notesandon thedetailed,1:1000scale geologicalmapsheets, filed

withtheFenprojectmanagement.

Studieson thecollectedsamlematerial

Inan effortto getas muchinformationas possibleoutof thelimited

data andsamplesobtainedbeforetheVipeto-Rullekollareawasclosed

to Fenco, a total of 51 geologicalrocksamplesweresubmittedto

chemicalanalysisalong with a setof 30 samplesfromtheVipeto

area collectedspecificallyforgeochemicalassessmentof thesøvite.

The analyticalresultsare tabulatedin AppendixI andwillbe

discussedunderGEOCHEMISTRY.
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As the politicalsituationdeveloped,theVipeto-Rullekollareawas

assigneda lowprioritywhichimpededthepetrologicalstudiesthat

would normally accompanygeologicalmappingand exploration.

Eventually,a totalof 36 polishedthinsectionswereprepared,butso

far these have beenusedmainlyas a meansof gettingfamiliarwith

the ratherexceptionalpetrologyof theFenrocks. No systematicand

detaileddescriptionhas as yetbeenworkedout fortheindividual

thin sections.Someof themcould,however,be of valueina future,

problem-orientedstudy of certainrocktypes,anda listingof the

polishedthinsectionsavailablefromtheVipeto-Rullekollarea is

presentedas AppendixII to thisreport.

For a geologistunfamiliarwithnnrbonatites,recognitionof thedif-

ferent main-phasecarbonatemineralsisdefinitelya problem.In an

attemptat clarification,20 samplesof crushedcarbonatitematerial

were examinedby powder-microscopyandcathodoluminescence.There-

sults of this pilot studyarepresentedinAppendikIII,wherethe

mostinterestingoutcomeseemsto be thatthered-coloureddolomitein

rødberg,fullof tinyexsolution(?)-lamellaeof hematite,hasa lower

refractiveindex(n = 1.67)andthusa lowercontentof ironin solid

solutionthanhasthewhite,ankeriticdolomiteof normalrauhaugite

(n = 1.69).

Fromtheimportantlocality10 m southof loc.24W80,wherepyrochlore

mineralizationhadbeenobservedin a road-cutthroughVipetosøvite,

a 1 kg sampleof mineralizedsøvitewas oollectedforratherspecial

treatment.Aftercarefulbreakingup intocoarsefragments,thesample

was treatedinhot,concentratedhydrochloricacid untilallsoluble

carbonateshadbeendestroyed.Theretainedunsolubleresiduecompris-

ing phlogopite,apatite,magnetite,pyrochlorand remnantsof a

greyishcarbonateisnowavailableformineralogicalstudiesof vari-

ouskinds on crystalshavingtheiroriginalhabituspreserved.



GEOPHYSICS

With the limitedaccess to bedrockexposuresintheFenareaas a

whole, geophysicalmeasurementsbecomean importantsecondarysource

of informationalreadyat thestageof geologicalmapping.Noneof the

existinggeophysicalmethods responddirectlyto oresof niobiumor

rare earth elements,and geophysicsas an explorationtoolmust

thereforebe used withgreatcareandsubjectto frequentfeed-back

fromdetailedgeologicalinvestigations.

41, Magnetometry

A geomagneticmap of theFenareawaspreparedbyGeofysiskMalmlet-

ing alreadyin 1949.Theverticalcomponentof themagneticfieldwas

measuredon sections20 m apartalongprofilelinesrunningE-Wat

intervalsof 100m. Sæther(1957)madeextensiveuseof thisgeophysi-

cal informationwhencompilinghisgeologicalmapof theFencomplex.

Carstens(1980) reportson supplementarymagnetometricmeasurements

carried outduringthesummerof 1980as partof thecurrentFenpro-

ject. Hisworkwasconcentratedon theVipeto-Rullekollarea,because

thisareahadbeenpoorlycoveredby theearliersurvey.As an experi-

ment, conductivitymeasurementswerecarriedoutalongwiththemag-

survey. The instrumentsusedwerea VLF receiveranda proton(total

field)magnetometer.

For variousreasonsit proveddifficultto reconcilethenewwiththe

oldmag-data,andduringNovember1980an effortwasmadeto coverthe

whole Fenareawithnewmeasurementson a 20 m by 100m grid.At that

time, however,landowners"oppositionto Fencohadbegunto develop,

and certainareas had to be excludedfromthenewsurveyforthis

reason. Fig.4 is a magnetictotalfield contourmap,redrawnfrom

Carstens(1981).Thisfigureisalsopresentedas a transparentoverlay

markedEnclosureII.
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The most conspicuousfeatureof thegeomagneticmap Fig.4 is a

deplorablelackof datafromthecentralpartof theVipeto-Rullekoll

area. Nevertheless,severaldistinct,N-Strendingstructuresemerge

in thesouthandeast. Thesestructuresarenot readilyapparentfrom

thegeologicalmaps and, unless somecorrespondancecanbe shownto

exist betweenthese mag-anomaliesand late featuressuchas the

diabasedike cuttingN-S throughRullekoll,itseemsat presentnot

possibleto reconcilegeophysicalandgeologicalobservationsin this

case.

The immediateactionin sucha casewouldbe to prescribeadditional

magnetometryon a closergrid,in orderto see if thepresentinter-

pretationcanbe verified.Froma geologicpointof view,highlocal

variabilitycanbe expectedin theareasin question,and it is con-

ceivablethat non-representativedata might havebeengivenundue

weightin the interpretation.Supplementarymeasurementsalonginter-

mediateprofilelinesshouldclarifythesituation.

On theotherhand, there is thehigh-grade,Tuftehavnalamphrophyre

now under study furtherto thenorthwest.Thisimportantminerali-

zation seems to be associatedsomehowwithdistinctN- S trending
geomagneticstructures. As pointedoutby Carstensinhisreports,

there is intheVipetoarea an interestingspatialcorrelation

betweenhighniobiumcontentsin thesøvite and magnetichigh'sthat

extendin a duesouthdirection.Thissituationwillbe discussedina

latersectionon theVipetosøvite.

Radiometry

Within the Fencomplex,thoriumappearsto be thepredominantsource
of radioactivity.Measurementsof r-radiationhavebeenusedbothin

the earlierihvestigationby FSJ (1967-1970)and in connectionwith

thecurrentproject.

Applicationof radiometricmethodson a regionalscaleis ruledout


because of thewidespredoccurrenceof quanternarydepositsactingas
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an efficientshieldthatabsorbstheradiationfromunexposedbedrock

before it reachesthe surface.Appliedto specificlocalproblems,

however,measurementsby a scintillometermay provideimportant

informationto guide furtherexploration.Thisis indicatedby the

positiveresultsarrivedat in a preliminaryradiometricsurvey

carriedoutovertheBrillekåshaugenprospectinNovember1981.

Othermethods

Gravitymeasurementsas discussedby Ramberg(1973)clearlycarryin-

formationof greatimportanceforunravelingthebroadergeologieset-

tingof theFencomplex.Withina localareasuchas Vipeto-Rullekoll,

with its irregularsurfacetopography,gravimetrydoesnotappearto

be directlyapplicable,neitherinmappingoutthe individualgeologic

unitsnoras a directguideto ore.Thisquestionmight,however,war-

rantexpertadviceand/orlimitedfieldtrials.

Castens (oralcomm.1982) pointsout thattheVLFmethodappearsto

respond to theconductivitycontrastbetweenrødbergandsurrounding

rauhaugite.Withtheconsiderabledepthrangeof theVLFmethod,the

possibilityof tracingzones of rødbergizationbelowquarternary

depositsandat depth opensinterestingperspectives,and theneces-

sarytrialsshouldbe givenhighpriority.



GEOCHEMISTRY

With theunexpecteddevelopmentswhichledto restrictionson explor-

ationactivitiesin theVipeto-Rullekollareain late1980,systematic

samplingfora whole-rockgeochemicalsurveywasnevercarriedto com-

pletion.Nevertheless,the geochemicaldataobtainedfromthearea

haveservedas a valuablesupplementto thegeologicalandgeophysical

information.It is essentiallythesedatathatformthebasisformy

recommendationsfor furtherwork to be undertakeninorderthata

satisfactoryassessmentof theVipeto-Rullekollareacanbemade.

The samlematerial

Fromsomeninetyhandspecimenscollectedas referencematerialduring

the geologicalmappingin 1980,fiftysampleswereselectedforana-

lysis. The rocktypessøvite,rauhaugite,rødbergandbasicsilicate

rock were representedin thesamplematerialwithapproximately20%

each, with the last 20%comprisingdamtjernite,feniteandvarious

dark, unclassifiedsilicate/carbonaterocks. The fiftysamplesare

identifiedby theirlocalitynumberinthe W80 series.

As a specialproject,thirty1 kg samplesof carbonatitematerialas-

sumedto representtheVipetosøvitewerecollectedinSeptember1980

for the purposeof geochemicalassaying.Thesesamplesarelabeled

SP01to SP30.

In November1981,seventeensamplesof rauhaugiteandsyeniticfenite

were collectedfrom theprospectat Brillekåshaugen.Thesesamples,

(numbered741- 755withtheletterA, B or C to distingnishdifferent

rocktypes sampledat thesamelocality) wereanalysedinFebruary

1982 alongwithonesamplefroma fluorite-richvolcanicbrecciarock

fromRullekoll(79W80).

18



The analtical rocedures

Under an agreementwiththeCentralInstituteforIndustrialResearch

(SI), the Fen sampleswerefirstsubmittedto a StageI analytical

procedurefordeterminationof theeightelementsNb,Y, Th,P, S, La,

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

procedureusedtabletspressedfromrockmaterialgroundtominus200

mesh.Theresultswerepresentedwithan accurracyof +- 30%relative,

and detectionlimits0.01% or better.Theprocedurewasstandardized

on theassumptionthatthesamplematrixwouldbe essentiallycalcium

carbonate,andthatthecontentof TiOawouldbe approximately0.1%.

To cutoosts in theroutineanalysisof drillholesamplesdetermina-

tionof P, S, La andNd waslaterexcludedfromtheStageI procedure.

The SI laboratoryalsoprovideda StageII procedurewheretheele-

ments Fe, Si,Mg,Al,P, Na,Ti,K, Ca,Mn,Ba,Sr andV weredeter-

mined by theICP (plasmaspectrometric)methodaftercompletedecompo-

sition of thesampleinhotacids.Onlysamplesof particularimpor-

tance would be selectedforStageII analysis.In connectionwitha

special study, sampleswitha highNb-contentwereselectedforXRF

determinationof U andTa.

The results

AllanalyticalresultsaretabulatedinAppendixI of thisreport.The

chemicaldata with correspondingsamplenumberandlocationcoordi-

nates werestoredon a computer-accessiblefileas partof thelarger

dataset,FENDATA.

Fig.5A isa scaled-downmapplotwhereallsamplelocationswitha Nb

content of 0.1% or morearemarkedwitha starsymbol.Thesizeof

the symbolvariesin proportionto theniobiumpercentage.Thisfigure

is also providedas a transparentoverlayin scale1:5000,Enclosure

III, and if thisis superimposedon thegeologicmap,niobiumis seen

to be concentratedinrødbergandrauhaugiteas wellas insøvite,the

occurencesbeingspredoutovertheVipeto-Rullekollarea.
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If,however,thescreenis setat 0.2%Nb as inFig.5B,theremaining

anomaliesare seento be concentratedalongthesouthernboundaryof

the Vipetosøvite.Thisfitsthesubjectiveimpressiongainedthrough

geologicalmapping,thattheborderzonebetweensøviteandhollaite

seemsto havethehighestconcentrationsof pyrochlorinthesøvite.

Treatingall the analysedrockspecimensfromtheVipeto-Rullekoll

areaas onestatisticalsample,thehistogramforniobiumpercentages,

Fig. 6, at firstglanceshowsa positivelyskewed,almostlognormal,

frequencydistribution.Sucha distributionwouldbe expectedifone

single processwere to be responsibleforthedispersionof niobium

throughoutthe area. This is difficultto acceptfroma geological

pointof view and,by closerscrutinyof thediagram,onemightadmit

thepossiblepresenceof one or severalminorpopulationsof higher-

gradvaluessuperimposedon thedominantlognormal(')population.For

furtherspeculationsalongtheselines,thereadershouldturnto the

subsequentdiscussionon theprospectivityof theVipetosøvite.
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Apatiteconcentrateis a commodityof considerableeconomicimport-

ance, andthecombinedextractionof pyrochlorandapatitefromfine-

ly groundsøvite,theremainderof whichmightbe marketedas agricul-

turallimestone,is an interestingconcept in thecontextof theFen

project.The areal distributionof whole-rockphosphoruscontentsis

showninFig.7. ComparisonwithFig.5 showsno covariationof P and

Nb, and this is confirmedby statisticalanalysiswhichyieldsa

correlationcoefficientr r 0.04.

The highestconcentrationof phosphorus(7.4%P) was foundin sample

51W80X,a coarsegrained,whitesøvitewhichappearsas a young,intru-

sivephase transsectinga damtjernite/rauhaugitebrecciaandpatches

of rødberg,alloccuringlocallywithintheolderVipetosøvite.

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

stems fromsample51W80Bwhichrepresentsthegrey,volcanicbreccia.

This rules out thepossibilitythat,in thiscase, theassociation

Nb-high with highphosphorusmightreflecta mineralizationof the

Tuftehavnalamprophyre-type.

Coming finallyto thedistributionof rareearthelements(REE),

Fig. 8 and EnclosureIV show that thisdistributionis farfrom

uniform.Thestarsymbolsin thiscaseidentifythoselocalitieswhere

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

trationsof REEareseento occurinthewedgeof rauhaugiteextending

towards Brillekåshaugen.Here, as in other parts of the

Vipeto-Rullekollarea, an introductionof REErelatedto theprocess

of rødbergizationmightbe indicated,but isby no meansdemonstrated.

Figures9 and 10 showhowtheanomalousvaluesof respectivelyBa and

Th are distributedover theVipeto-Rullekollarea. The+ signsin

Fig.9 showsamplesnotanalysedforbarium.Mørk(1981)observesthat

baryteseemstobe a commonmineralof rauhaugite,andhe describesa

sample from GruveåsenwhereenrichmentinREE-mineralsisassociated

withbarytealongveins.
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In thislight Fig.9 assumesimportancein thesensethatit lends

supportto the hypothesisthattheREEmineralizationat Brillekås-

haugen isrelatedto deep,NW-SEtrendingzonesof tectonicmovement,

strikingalong thenortheastsideof Rullekollandextendingtowards

loc. 77W80 at thenorthernboundaryof theVipeto-Rullkollarea.

Froma comparisonof figures9 and 10 itwouldappearthatTh tendsto

follow Ba. If theassumedgeneticrelationshipbetweentheREEandBa

is correct,radiometryshouldbe an appropriateprospectingtoolin

thiscase.

In my opinion,thewholecorridorbetweenloc.5W80at Brillekåshaugen

and loc.77W80at thenorthernextremityof theVipeto-Rullekollarea

warrantsdetailedexploratoryinvestigationas a zonewithmoderateto

goodpotentialforREEorebodiesof economicimportance.

Underthepresentcircumstances,theBrillekåshaugenprospectpresents

itselfas thebeststartingpointforsuchan investigation.

•
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PROPOSALSFORFURTHERWORK

Evenwiththelimitedamountof workso farcarriedout in theVipeto-

Rullekollarea,it isquiteclearthattheareais important,bothin

the sense that it probablyholds severalkeysto a fullerunder=

standingof the geologicevolutionof theFencomplex,andas an

explorationareaof unquestionablepotential.

Continuedgeologicalmappingwouldcertainlybe desirable,but in the

givensituationthebestapproachwillprobablybe to organizefurther

workin theareain theformof specific,target-orientedexploration• projectswithclearlydefinedobjectivesandfirmbudgetsandtime


schedules.Threepossibleexplorationtargetsaredescribedanddis-

cussedbelow.

TheVi to søvite

In a road-cutalong the cart-tracktoHåtveittjern,loc.24W80,

geologistsfrom Union and Fenco already in 1979 discovereda

dispersed,primarymineralizationof 1-5mm large,euhedralcrystals

of pyrochloralong with similar-sizemagnetiteandphlogopitein

massive, brownish-whitesøvite which also carriesstreaksand• irregularclustersof yellow-greenapatite.

Fromthegeochemicalplots, thislocalityis seento belongto a belt

of Nb-highanomaliesrunningeast-westalongtheboundarybetweenthe

Vipetosøviteandadjacenthollaiteto thesouth.

Carstens(1980and 1981)pointsto thesignificantspatialcorrelation

betweentheNb-enrichedsøvite(SP02 assying0.46%Nb and2.1%P) and

a positivemagneticanomalypassingin a N- S directionalongsidethe

abovementionedlocality.In his interpretationthe N-S trending

magneticanomaliesin thisarea representdikes of magnetite-,and

possiblypyrochlor-,bearingsøvite thatextend towardsthesouth

beneatha thincoverof basicsilicaterocks.
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The suiteof carbonatitesamplesmarkedSP1to SP30werecollectedin

September1980as representativeof theVipetosøvite.Whilea fewof

the samplescouldbe hollaiticcarbonatematerialor rauhaugite,mis-

taken for søvite,thispossibilitydoesnotalterthefactthatthe

distributionof niobiumwithinthepresumablymassivesøvitebodyis

distinctly non-uniform. Fig.11A indicatesthat thefrequency

distributionof theniobiumconcentrationsin the30 SP-samplesmight

be polymodal: a lognormaldistributionof low-grade,magmatic

dispersion-typebackgroundvalues,upon which scatteredhigh-grade

values of no apparentregularityhavebeensuperimposedthroughthe

interferenceof someoreformingprocessas yetunknown.

The conceptof a primary,low-gradedispersionof pyrochlorcrystals

throughoutthe Vipetosøvite and, superimposed,localhigh-grade

mineralizations,has as yetnotbeensubstantiatedby geologicob-

servationsfromtheVipeto-Rullekollarea. However,theTuftehavna

lamprophyre appears to be just such a phenomenon, and the

possibilitythat a similarprocesshasbeenactive in theVipeto

area, cannotbe ignored.

Thefabricof geophysicalanomaliesbroughtoutby therecentmagneto-

metric survey is difficultto reconcilewitha modelof theVipeto

søvite as a homogeneousintrusivebody. Itwould,however,be con-

formablewith othermodels e.g.of theVipetosøviteas a systemof

N-S trendingmultipledikes,eachdikehavinga differentmagnetite/

pyrochlor content.Alternatively,theyipetosøvitecouldbe a mas-

sive body of intrusivecarbonatitetranssectedby younger,lampro-

phyretypemineralizationalongN-S trendingzonesof fracture.

It is this possibilityof findinghigh-grade,Tuftehavnatype

pyrochlore/apatitemineralizationthatprovidestherealincentivefor

continuedexplorationof theVipetosøvite.Withtheknowledgethat

this kind of orehas in factbeendepositedina similargeological

environment1 km furtherto thenorthwest,it isdifficultto seehow

theVipetosøvitecannowbe leftunexplored.
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As the nextstepin exploringtheVipetosøvite,therecentmagneto-

metric data should be supplementedwithmeasurementsalonginter-

mediateprofilelinesin thesouthernpartof thearea. Normalcover-

agewillalsobe needed inthosepartscurrentlywithoutdata. A VLF

survey should be carriedoutat thesametime,as thismightprovide

informationof help both in tracingfaultzones andforoutlining

areasof rødbergization.

The scatterdiagramof Nb versusTh,Fig.11B, showsfortheVipeto

søvitedata a strongcorrelation(r=0.88)to existsbetweenniobium

and thorium.Thisrelationshipis validin particularforsøvitewith

high Nb-values, which consequentlyalso carriesrelativelymuch

thorium.The implicationis thattheradioactivityfromthethorium

might perhapsserveas a guideto concentrationsof Nb in theVipeto

søvite,andtheuseof a scintillometershouldbe considered.

It is difficultto seehowa seriousappraisalof theVipetosøvite

canbe madewithoutusingdiamonddrillingin selectedareas.

If the N- S trendinggeophysicalanomaliesareverified,the

drillingshould aim at intersectingverticalzonesof mineraliza-

tion havinga N-S extension.An inclinedhole,drilledat an angle

of 50 degrees in directionduewest, froma collarposition

nearloc.SP 04 mightbe considered.

Shouldthemagneticdatafailto giveany clearindications,the

drillingof severalverticalholes, sitedon thebasisof surface

geochemistry,mightbe theoptionto prefer.

In thelattercase,however,theprospectwouldhaveto be down-graded

withregardto thepossibilitiesforfindinghigh-gradeore.



The Brillekåshau en ros ct

Attention was turned to this rather remote part of the Fen complex as

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

anomalous 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 compass

for direction and pacing for the distances.

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

741 to 755,

with results

ASSAY-DATA

SANO

shown on Fig. 12. All samples

as shown below:

TABLEI

were subsequently

PROSPECT,

W. P fX 3 %LA

assayed

FEN

%CE %NDNORTH!EAST %NE:

FROM THE BRILLEKASHAUGEN

% Y %TH
4w3OX 141158527411.013.007.0011.3 0.1




.03C.055.025
5W3013




14116352697}1.14C.024.1011.4(0.1(.13e.290.100




5W80C 14116352697FI.03!.00.00!0.400.1




.02 .036.015
6W80A 1411755262511.038.014.14C0.403.4





.47C1.00.300
614S0C 14117552625J.035.005.01.50.250.3.




.38C.740.160
21480 14116852545K.049.005.00c .400.1




.010.012.010
F00741 14117252578F.043.0211.020 1.040.070.020
F00742 14119152572H.0621.01t.015 •.020.025.012
F00743 14120452575R.120.018.013 1.025.033.016
F00744 14124652576k.079.025.094 160 97fl 090
F00745 14126352576F.084.031.052 -02q.065.030
F00746 14126552533F.069.010.045 L035.050.021
F00747 14124652595g.077...011.047 .0654110.053
F00748 14120752595F.110.019.125 ;,.060.120.065
F00749 14120352537H.068.013.023 1•030.047.025
F00750 14123052545C.054.015.054 1.0344.070.035
F00751 14124852542H1.092.021.110 N320.830.350
P00752 14126352542H1.035.014L042 1.180.650.300
FOn752A 141179526584+.022.031.120 L200.650.300
F007538 14117952652C.08&.026.130 .110.260.090
Fn0753C 14117952658,1.072.029.135 .190.520.220
F0m0754 14117752660H.080.025.040 .120.380.200
F00755 14116552671H,.077.019.035 L130.380.130
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The newassaydataconfirmedtheearlierresultsandshowedtheREEto

be enrichedin certainparts of a 50 m wide,wedge-shapedbodyof

rauhaugitesurroundedby dark syeniticfenite. Similar,smaller

wedges of rauhaugiteoccurnearby,allthinningouttowardsESE.The

occurrenceof narrowdamtjernitedikesin theeastwardcontinuationof

this trend, leadsoneto thinkin termsof deep,persistantfracture

zonesthatprobablyservedas passagewayfortherauhaugiteas wellas

for thedamtjernite.

The rauhaugiteinturn hasbeenaffectedby localrødbergizationand

depositionof dm-sizeveins andschlierenof massivehematiteore.

Not unlikely,theselate,metasomaticeffectswerecausedbyminera-

lizingfluids migratingupwardsin connectionwithstillanotherre-

activationof thefracturezonesmentionedabove. TheREEminerali-

zation appearsto be samehowconnectedwithhematitedepositionand

rødbergization,but the concentrationof REE doesnotseemto be

restrictedto thesegeologicalenvironmentsin particular.

Under themicroscope,rauhaugitecansometimesbe seenintheprocess

of digestingoldersilicaterock,whereasinotherinstancesclear-cut

intrusiverelationshipsmay be observed. As fortheremnantsof

foreign rock materialwithin therauhaugite,therearecaseswhere

thismightresembledamtjernitemorethansyeniticfenite.Mbremicro-

scopyremainsto be donein orderto clarifythemineralogyof theREE

carriersand to fix the timeof depositionof theoremineralsin

relationto thebroadersequenceof events.

As reportedunderGEOCHEMISTRY,theBrillekåshaugenprospecthascome

up withthehighestREEvaluesyetencounteredin theVipeto-Rullekoll

area. Furthermore,theradiometricdataareindicativeof a strong

and persistentmineralizationassociatedwiththecentralwedgeof

rauhaugite,butof greaterarealextention.

Inmy opinion,thedocumentationpresentedhereshouldbe sufficiently

encouragingto justifyfurtherinvestigationsof theBrillekåshaugen

prospectand itspresumedextensiontowardsnorthwest.Thefollowing

workprogramissuggested:
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Labwork


1. Studiesof thinsectionsand rocksampleswithemphasison ore

mineral paragenesisandtheconditionsthathavegovernedthe

depositionof theoreminerals.

Natureof therelationshipbetweenREEandTh. Is radiometrya

guideto ore?

Determinationof petrophysicalparameterssuch as magnetic

susceptibility,electricconductivityand S.G. to findout if

thesegeophysicalmethodswillbe of helpin exploration.

Fieldwork


Lay-outof baselineandan appropriatesurveygridforreferen-

ce duringmappingandsamplingas wellas forgeophysics.Base-

linedirectionshouldbe NW-SE to allowforextensiontowards

loc.77W80ifrequired.

Detailed geological mapping, supplementedby selected

geophysicalmethods.

Nextstage


Diamonddrillingto providecqntinuousintersectionsof possible

ore zones, providedthat suchtargetsare identifiedin the

courseof theprecedinginvestigations.

•



Rullekoll- the roblemarea

Through studiesconductedby "ForskningsgruppeforSjeldneJordarter"

(FSJ) in the Fen complexbetween 1967 and 1970, theareafrom

Rullekollto Rauhaugwas foundto havelocalconcentrationsof REE as

well as anomalousradioactivitydueto enrichmentin thorium.These

phenomenawere observedin rauhaugiteas well as in zones of

rødbergizationandhematitedeposition.

TheFSJreportsemphasizethegreatsimilaritiesbetweentheRullekoll

areaandtheGruveåsen-Bolladalenarea,andbecauseof themuchlarger

rock volumes involvedin Gruveåsen-Bolladalen,FSJwithgoodlogic

decidedto concentratetheirexplorationeffortsin thelatterarea.

It isdifficultto seethatthecurrentinvestigationhasproducedany

resultswhichshouldjustifya changeof priorities.Withtheexcept-

ion of sample 79W80,whichassayed32.9%F, noneof thegeochemical

resultsfromRullekollareparticularelyoutstanding.Furthermore,the

geologicalobservationsindicate that thearea has an extremely

complex lithology, and that, accordingly,concentrationsof ore

mineralsare likelyto be irregularandof limiteddimensions.

The veryfirstactionto be takenintheRullekollareais to complete

the regionalmagnetometricsurvey.Afterthat,VLFandradiometric

measurementsshould be taken on a closergridsystem,whichshould

also be used as referencefor detailedgeologicobservationsand

systematicsamplingforgeochemicalandmineralogicalstudies.

my recommendationis thatthelow-costgeophysicalworkis carried

out at Rullekollas soonas practicallyfeasible,but thatallwork

demandingmoreresourcesis postponeduntiltheongoingassessmentof

theGruveåsen-Bolladalenareahasbeenbroughtto itsconclusion.

29



EPILOGUE

Anyone who hastakentheeffortof readingthisreportmusthavehad

some good reasonfordoingso.Whetherthisreasonwasof a business

nature: (where to lookfortheorebodies)or academical:(geologic

evolutionof the Fencomplex),thereaderby nowshareswithme the

disappointmentof nothavingfoundthefinalanswers.Perhapshe/she

also feels, likeI do,thattheneteffectof thisstudyhasbeento

generatenewquestionsin additionto thosethatweretherebefore.

Most perplexing,perhaps,arethequestionsposed by theobserved

similaritiesand differencesamongthedifferentcarbonatitesof the

Fen comples.

The søviteintrudedfirst,as a meltor mushof calcitecrystalswith

apatite and pyrochlorwidely dispersedas early formed phases.

Probably,thesøvitemagmawas immisciblycoexistantwiththealkaline

silicatemagma thatgaverise to thebasicsilicaterocks. Moving

upwardsaheadof thesøviteintrusion,theremusthavebeena reactive

fluidphasecapableof transformingadjacentcountryrockintofenite.

The søvite itself seemsto havehadlittlepotencyfordigestingor

transformingforeignrockmaterial.

The rauhaugiteis chemicallyand mineralogicallysimilarto the

søvite,and furthersimilarityis found whenthecloseassociation

between rauhaugiteand the alkalinesilicaterockdamtjerniteis

comparedto thefieldrelationshipobservedbetweensøviteande.g.

vipetoite. Whenconsideringintrusivebehavior,however,it is the

differencesbetweensøviteandrauhaugitethatareremarkable.

While all evidenceshowthesøviteintrusiontohavedissipatedits

energy slowly and quietly,it appearsas if therauhaugitemagma

experienceda sudden pressuredrop that triggereda releaseof

internalgas, i.e. a state of boiling.A giganticfluidizedbed

reactorcanbe envisagedrunningout of controlanddigestingall

foreignrock materialencounteredas itcoreditswayupwardsuntil

finallysolidifyingin itspresentposition.

30
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Rødberg is the third and youngestcarbonatiteintheFen complex.

While its overallchemicalcompositionis somewherebetweenthetwo,

rødbergotherwisediffersremarkablyfrombothsøviteandrauhaugite.

Firstly,there is no sign of an alkalinesilicatemagma being

associatedwith rødbergat the presentsurfacelevelof theFen

complex. Then,neitheris thereanysignof an intrudingcarbonatite

magmathatmightqualifyas rødberg.Whatisobservedaretheeffects

of a reactivefluid phase,capableof attackingolderrocks,be it

silicate or carbonate,and replacingthem with a homogeneous,

red-colouredmass of dolomiteor calcite.TheVipeto-Rullekollarea

offers many localitieswherethisprocessofmetasomatictransforma-

tion hasbeenfrozenina transitionalstagebetweene.g.damtjernite

and rødberg,anda petrologicalstudyof thesephenomenawouldbe of

zreatinterestas a researchproject.

The nost characteristiofeatureof the rodbergis,however,the

predominanceof iron in ferric,themosthighlyoxydizedstate.The

red colcur of rødbergisdueto theironoxidehematite.Thisis in

strikingcontrastto theoldercarbonatite,rauhaugite,whichnotonly

has ferro-dolomiteas itsdominantmineralbutalsocarriespyriteand

otherbasemetalsulphidesas commonaccessories.

The differentstates of oxydationthusstandas themostremarkable

chemicaldifferencebetweenrauhaugiteand rødberg,and if this

difference can be explained,thatmightwellprovideinsightalso

into how the REE weretransportedand precipitatedduringthelate

stagesof developmentof theFencomplex.

Korshinskij(1965)explainshow, both in magmas and hydrothermal

solutionsan increaseinalkalinitymay causean increasealsoin the

activityof oxygen.If thisisappliedto ourcarbonatitesystens,the

rauhaugitewith its pyrite and ankeritereflectsa low-alkalinity

magma,beingso, perhaps,becauseof itscoexistencewiththehighly

alkalinedamtjernitemagma. The rødberzizingfluids,on theother

hand, havingno silicatephase as itsopposite,conceivablyhad to

assumea morealkalinecomposition.
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Thesewildspeculationsterminatethepresentreporton thegeologyof

theVipeto-Rullekollarea. Thewriter,whonowleavestheprojectand

the fascinationsof carbonatitegeology,is thankfulforhavingbeen

given theopportunityto geta glimpseintothisproblem-area,andhe

takes thisopportunityto wishthebestof luckto thosewhonowstep

in to bringtheworkto completion.

•

•
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FEN PROJECT
9URFACE ROCK SAMPLES FROM THE VIPETO-RULLEKOLL AREA
COLLECTED BY WIIK, AUG.-SEPT. 1980 ANALYSED SI 1981

SANO COORDINATES NB% Y % TH% P • S % LA% CE% ND%A.1 s/..TA7.
1W80A 141815203-:=.01'.7--012.011.5C0.1C.02s.053.027
2W80A 14129 5206 -029.015.0252.2(0.10.025.072.042
4W80X 14115E52741E.016.007.0051.2(0.17.030.055.05
51480B 141162_269/(.140.024 1001.40.10.120.290.100.002.003
5W90C 1411625269 .025.005.005).4(0.11.021.036.015
6W20A 14117-J262- .038.014 140).4(3.40.4701.00 300
61480C 14117--,262-085.005.0153.2-0.28.280.740 160
st480 141160 J254_ C.049.005 005P. 4( -..).14.010.012 010
9w80 14127_ J2152 .110.Or5. Cy7)1. :( 0. :=:A. 045.085 029 .001.004

10W80 141238_,213':'.160.042 045).50).12.070.170 060,003.003

11W80 14119221- .089 014.028).6-0.44.02C.027 021
13W80 141205.214 .044 029 0221.10).21.065.140 058
14W80 14147(5225- .100 010.07C).7(1.:3(.14C.250.025.001.004

15W80 141466J2272B.110 012 075).40).27.070.140 060,.004.005
16W80 14145S5228-E.041 005.046.).3().11.017.037.029
17W80




14146S528129.0521.016.093).36).25.120.250 100

19W20 14t4815234:: .12C.023.03-').8(1.1(.06(.120.060
20W80A 14146 5234 R.150.018.0521.2C).06.040.075.041 .001.008
20W808 14146 5234 .12(.025.0528.2C0.0.05.11(.051,002.007
211,180 14145-5285CR.110.011.041).80.18.075.170.052.005.007
32W80 14100(5176(C.006.012.00S1.3(0.0!.022.042.023

.001.00933W20 1409255112_F.060 010.0021.90).16.040.095 042
84W80A 14(29805111_C.088.005.005).8:).05.02c-.045.020
8414209 14093(J111_9.085 005 005).40).07.010.010.010
82W80 14121_5154(R.065.012.0761.80.07.040.01..6.040
:..:8W8OX14121-5154(S 0A0 005 (307).44).85.014.023 018
41W80A 14140(5126(13.027.005.005). SF -). 24.010.010.010
47W80 14093(5046(K,028,008.005).72). 32.018.029.017
50(480 14127(5155ED.054.005.0071.1().16.150.250.067
51W80A 14128 J1542R.024. 006 009).95).19.029.064.089
51(4808 14128 515429.290.010.0161.7().5E.047.110.065 .002.002
51W8OX 14128 515428.005 028.005 .40).08.065.160.020
52W80 141:30 5154e .066.009.006).84).22.110.120.05-2
52W80X 14120 .2154(.2.065010.0171.001.11.081.140.050
53480 14186(5151( .100.005.011).6.042.084.087.001.0(2
54W80 141282J1541 .170 005 034U.44).211.250.430.120.001.004
55W80A 14121 51689.010.007.0051.20i.24.022.050.021
55W809 14121/J1688 .015 012 014.903.21.u30.070 035
56W80A 14092(5188(8.270 008.00811.50).2-.030.070.035.001.002
56W808 14099( 199(C.041 009 005k.40).09.016.040 025
56W80C 14098(5189(s.012 012 0051.50).06.028.065.031
604480X 14114051657 .022 017 010).80).31.037.090 044
62(480 1409405196 R.170.005 007).92).03.010.017.014.001.005

63W80 1413621519222.092 008 0241.40).10.025.055 031

1.

67 (480 141002 CO2 R.0A5.005.011).75).40.110.250.065
68W80 141018_209CS.170 011 0871.90).06.025.060 023 .005.020
70W80 14095_5202( .048.012.01 ).82).14.085.140.063
73 (480 1410W.J210 .079 017 011).72).28.018.028.26
741420 14112-5208.021.026.02).4().4.4.030.0761.043
75W80 14084_5192_:.042 002 0071.10).0A.017.025r0'7,4
79w80 14119...522I.,,c.100.080.07: .095.2701.130
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FEN PROJECT
SURFACE Rocr cAMPLE3 FROM THE VIPETO-RuLLEroLL AREA
COLLECTED BY WIIK, AUG.-SEPT. 1980 ANALYSED BY sl 1921(5TfiGE II-ANALYSI3)

.ft

1.30C „ 206.
FE%

4
SI0% h

4.1000.8003.
7.5006.0002.
ts. 40( 2,00014.
2.80026.061.
2.1001.8004.
25. i)04.1000.
7.20022.004.
>3.2009.0004„
2.7002.0002
2.0005.2007.
5.0001.4008
4.1001.1007.
7.2001.5007
7.00014.005.
9.40d4.40oA

„ 000,9000
4.40015.000

:32dS 2000
24. OC3.6001
4.5004.2003
12. OC 17.00:3
4.00017.002
7.50(22.002
4.70(1.4007
6.50(0.2007
4.60(24.001
7.2009.002
7.0(7.2005
6.5001.9009
6.40( 1.9006
1.90(2.3005
6.000.2007
6.7000.2007
5.4000.6002
6.80C10.700.2
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1...
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A listingof polishedthinsectionsfromtheVipeto
-Rullekollarea.

Sam le no. Rockfieldname Gamments

8W80 Darksyeniticfenite Invadedby carbonate

9W80 Darksilicocarbonatite




11W80 Silicocarbonatitebreccia Invadedby rauhaugite

16W80 Silicocarbonatite? Gneissremnant?

18W80 DamtjerniteRødberg? Fsp./chl./calcite

33.180 Silicocarbonatitew/intr.carb. Pyrochlor& apatite

50W80 Silicocarbonatitew/raUhaugiteN.B.:Oreminerals

56W80 Søviteor Rauhaugite N.B.:0.27%Nb

58W80 Carbonatitebreccia




63W80 Søvite Milchapatite/pyrochl?

64W80 VipetoiteinSøvite




65W80 Hollaite




66W80 Søvite Abundantapatite

69W80A Damtjernite/Søvite Intrusivecontact

69W8OB Damtjernite




72W80 Fenite Søvite




74W80 Silicocarbonatitebreccia




79W80 Volcanicbrecciaw/Fluorite




Brillekåshauen ros ct

The samplesnumbered:741,

750,

742,


751,

743,


752,

744,

753A,

745,746,747,748,749,

7533,753C,754,and755

areallavailableas polishedthinsections.
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Identificationof carbonatesby powdermicroscopy.

Sample Rock Refr.Index( n )

number t e of carbonatemin.

HC1


reaction

Cathodo-




luminescence DIAGNOSIS
21480D-breccia 1.670 (+) Strongred Ca/Mg-dolomite
31480Søvite 1.67 (++) Yellowbrown Calcite?

61480Rauhaugite 1.700 (0) Weak,brownish Ank.dolomite
141480Rauhaugite 1.700 (0) Nil Ank.dolomite
201480RH Rødberg 1.67




Calcite?

381480Søvite? 1.700 (++) Neutral Ank.dol.+Cal.
401480Hollaite <1.69 (++) Yellowbrown Calcite+ Fsp.
411480AHollaite 1.66




Calcite/K-fsp.
42W80AHollaite/Søvite<1.70 (+) Darkbrown/OrangeDolomite/Cal.
46W808Fenite 1.66 (++)




Calcite

51W80ARødberg? 1.700




Brickred Ank.dolomite

51W8OBRH breccia >1.69 (+) Dark Ank.dolomite
51W8OXSøvite? 1.69 (+)




Dolomite

521480Rauhaugite 1.70 (+) Darkbrownish Ank.dolomite
601480Søvite 1.66




Calcite+ Fsp.
611480Søv.intrusion1.66




Calcite

741480RH breccia 1.690 (0) Darkbrownish Ank.dolomite
781480Rauhaugite 1.700 (0) Darkbrownish Ank.dolomite
801480Hollaite/Damtj1.69




Dolomite
811480Rødberg 1.67 (0) Strongred Ca/Mgdolomit
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