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lantroduotion

The fieldworkwas oarriedout duringthe summerseasonfrom21/6till

3/9/66,forBleikvassliGruberA/B in

The area is locatedcirca20 km eastfromMo and inoludesthe

easternMo-fjell,theReinfjelland a smallpartof theR5d-fjell.

It oan be reachedby theroad to Umbukta.

The main purposeof theworkwas to makea geologicalmap of an area

in whichgeochemicalOu-anomalieswerediscoveredrecently.

Thegeologicalinvestigationsextendoveran areaof ciroa12x7km.

Studieeof air-photosresultedin the structuralmap.Asample-map

was made of the mostimportantCu-anomaly(Mo.4).

2.Geolo and retro a

The regionalmetamorphiorocks havemetamorphosedin thegarnet-

amphibolitefaciesfor thegreaterpart.

They oanbe classifiedintothreegroupst

1.Garnet-mica-gneisees(partlypyrite-bearing)

2.Maphibolites

3.Mica-schiets(partlywithcalciteand/orlimestone/dolomitebands)

The succeesionle fromold to young,ascanbe observedratherwell

on the centralpartsof theReinfjell.Promits summit,whichis the

gneiseiccoreof the anticlineof theReinfjell,tothenorth,first

an amphibolitesoneie travereedand etilllowarthemica-schistswith

limeetone/dolomitebandsand lensescanbø seen.Inthiedirection'

we  inview of thedip of the schistosity, enterin higherstratigraphie

units,asthe northlimbof the anticlineie normal.(Seestectonics).



Southof theReinfjellthemica sohistewith the intercalatedlimestone-

and dolomitobandeare not developedin thiearea.Thiscanbe explained

by lateralfaciesohangeso thatthe oalo-mioasohistechasgeto

more quarts-fedsparrichsedimentetowardethe southaRers,Bjerndalen

has beenmainlybuiltup of gneisseeandmigmatitee.Thepyrito-bearing

gneisseeare not so importantas in the Reinfjellareaand arenarrow

scattereasonesbetweenthegneisses(withthered garnetandbiotite

and/ormuscovite).Themigmatiticcharacterof mapygneissiorocksis

probablydue to a processof differentiationduringthe regionalmats.

morphiemof the reek oomplex.

On the Reinfjellgradualtransitionsfromgneissto more achistoes

soneswithmuseovite,calciteor/andgraphite is common,probablydue

to variationsin metamorphism-degree,nneidby vriginalrock compoeition.

So,forinstance,intercalatedgraphiteschisteand calc-mica-schiste
-3

occurhereand there,intercalatedin thegneies.indicatinga variation

-0
in lithologyand'avariableresistanceto metamorphism.

A distinctionhae beenmadeon themap betweenthepyrite-bearingand

ore-freegneisses.lnbothgarnet,biotite,muscovite,quartsand feldspar

oocur,butin the pyrite-gneieseswo findaleopyriteand chloriteae

commonconstituente.Alsotheyshow,excepton the freshsurface,brown

(limonite),red(goethiet?)andyellow(sulphor)weatheringsurfaces,

givingtypioalweatheringsurfacesand pulverisingof therook.

Thiscanbe seenon an extensivesoaleon the Redfjell-summitand its

markedsouth-soarp,north-eastof Rauvatnet.Thepyrite-bearing,brown

colouredgnøieseearealsooommonin thenorthernalopeof theMo-fjell.

Thiszoneie eplittingup towardethe•ast,nearUtsikten,intwo separate



zones,which continue on the northern and southern flanke of the Reinfjell.

The strongly coloured rock show fineZy dipersed tiny pyrite cubes and

-grains.The ore is eecundary weathered into limonite,sulphur,etc.The

garnet also is often ohanged into limonite graine.The biotite obanges

into chlorit•,which on its turn can be converted into mnecovite flakes.

The rook compoeition ,probably leads to eagy and thorough desintegration

by such prooeseee at chloritization and limonitization.

The feldepar-quartz lenses ,the garnet and the pyritegraine form more

resistant bande than the biotite -ohlorite-muscovite -pyrite-limonite-bands.
o'f(rrA e ro

Pyrite is the only lareemiskevali found in these gneieses,besidee

traces of En and Cu,as can be stated fram the analyees of the losgruben-

mine ors(eee Economic Geology).The diPetaed pyrite msy here and there

conoentrate in massive ore-bodies(Mbegruben).

Å striking feature is the aseociation of theee ore-bearing zones in the

gneiss with the commonly long(till 5 km) and thin(some meters till 50 m)

amphibolite bands,which run conoordently with the echietosity of the

gneiescomplex.These amphibolite bands are generally understood as former

basio tuff layers or deposite.Their bounderies must coincide therefore

with the general bedding plane or plane of depositio*.The dark green

hornblende is the maln oonstituent of the bands.In shearzones biotite-

chlorite conoentrations oocur(17) or the amphibolito shaw pyrite-bearing

zones (32) as can be seen in the description of seotion 2,below.

The amphibolite banda below Uteikten are responsible for the orsais

bearing gneise zone in this area(see eection 1).Outerope in the waterfall

tract and along the hairpin road were a great help in making the situation

clear,as the fjell-slope is heavily vegetated here.

The pyrite-bearing zone on the eouthern flank of the Reinfjell is associ-
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atediwithsomethreear fouramphibolitebande,runningparallelwiththe

sohistosityandwiththeeast-westfoldingamee.Ononeof thebanda

øvreReinfjeldetie situatedandpartsof thiebandoutoropin expoeures

on tharoadeideehorteastandweetof thiseettlement;

Theotherbandehereare,e.g.orossingthetraneportroadto theMoegruben-

mineerareoutoffby themainroadtowardsWteikten.

Alsoon topof theMofjellan amphibolitebandoouldbe traoedovera

ehortdietanoe,probablywedgingoutin theetrikeby teotonioequeezing.

Withthisamphibolite(636m top)an orebearinggneieszonsis aamoiated,

whichoonoentrationof thzpyrite4twowork-piteweremadehere).

kleotheamphibolitebandson theReinfjellmeybe thimningoutor splitting

up in stillthinneretreakeon eomeplaoes(e.g.thethiokamphibiliteband

1 km northof lauvatnetis quicklythlmringouttowardstheRødfjell,

butreturnesin a emalllenein theeameetrikenorth-eastof thefjell

summit.Thiewedgingoutis aeoribedto differentialmovementandequeezing

outof theband.Oneof theamphibolitebandeat øvreReinfjellshows

fromImetto weatbetweenthemine-roadandtheUmbukta-roada eplitting

up intothinetreakeaa oanbe seenat a roadoutaropin theroadbend

weetof thesettlement.

Thefollowingrookdieoriptionie froma seotionalongtheroadfram1-8

throughthethiokamphiboliteband,1kmnorthof Rauvatneti(Seotion2)

1.4arnet-mica-gneies„borderingtheamphibolitebandto thenorthwitha

eteepnortharndip(70°N).

Thegneisebecomesmorechloritiotowardetheamphibolitewiththeeame

dipandetrike.Theohloritesometimeaie segregatedin streakeandbended

lamellae(aample14),Inthechloritethepyritegrainsareabundantbyt

finelydiapereed,whilelimonitizationoocure(ptton theroad-verge).



5

Thegneisshasa kindaf Ringengneise*textureawhitefeldeper.quarts-

riohsonesaroundtheredgarnetorgarnet-olustersproceededframthe

growthof thelattermineral.Thealmandinegernetwasformedat thecost

of theimmediatesurroundingdarkmineralsin a certainmøtemorphisfacies

lierealsoan intensiveisoolinalfoldingoanbe eeenandthemigrated

quartshascomentratedinto"preesure-shadows",asthehingeeof theee

folds.

Streakeof biotiteeohlorite-pyrite-garneteeparatemorefeldspar-quarts

richstreake,whichoontainsomebiotiteandgarnet.Limonitisationoocure

in someof thementionedminerale,asthepyrite,causinga rustyespect.

3.Quarts-feldepållanifeimpregnatedby limonite,suppliedby thebiottte

andchlorite.

4.110aandpyritearefinelydispersedin thegnelse.Bogeraet.Biotite

andquarts-feldeparlenses,1m thiokzone.(15)

5.1noreaseof quarts-feldsparin quentityaawellas in thicknees.The

garnet1n welldevelopedagainin thissone.

6.2hinconcordentwiththeschistosityrunningamphibolitebandsend

streaksof somsomsthickwithredgarnet.Theseamphibilitebandsare

aplittingup in thinlamelles,whishoftenohangein a chloritiocompo-

sition,bythealterationof theamphibole.Thequarts-feldaparlenses

containoftenbrolnoaloite.

7.Thiokooarsegrainedanddisoordantfeldspar-quartsamicaveinein

thegnelesandamphibolite.

S.Theamphiboliteformsthemajorrockcomponent.Anamphibolitesone(16)

withpyritefinlaydispersedandin thinlemellas(32),Isoclinalfolding

withthequartsmigratedin hinges of folds.Thedipie variablebetween

40°and700
Borth.Alternationof strongBfoldingandstraightlayers

saggestsetrongdifferentialmovemwatein theamphibolite.



9,14mnatieveineareabandent.Sidanydisruptionofa emallgaelasband

aversomeeasandvagnaabondinege"struetureeanbe men lathiegneins.

10.2hinahloritambiotitesenes,prObab17melmstingfariterthearnton,

inwhishtheamphibolitslosallyalteredintothementhanaladneralsbi

a praeassafretrogrossivemetamorphian(17)ana 4 metenthieksonethe

enphiboliteiapyritsebearing.tinelydisperesipyritearinthinlamellae,

(18,32).

11.Thegerneteniesgneisssgainisrepresented.alternatinginthinbania

withamphibolite,Differatialnowemintsintherookseausedandeedia

appoarenee,lsoolinalfoldingbordørtostraightnafalflodlantittastiat

irregnlarly.Thewedgingeutof thetworooktypeaiselsoingularly.

Questssegragationsin"pressureashadowenasthehingesofth.toldshort.

Thssehistosityisdippingnorth(40-7=)°,1),

awd frr
Proma smallminingpit("%hernos',420)towardstheMdfjell,thefollowing

reektyposwarefound,perpendioulartothestrikel

1.1Yrits~ar1nggneiss,inwhishpyritismooneentrationsina esseteinscne

tomassivesmalllenses,00neordantthesehistosity(someenalltrenehse

and"Thermass-pit)(22).

f.Asmallamphibolitsbamd4

Mine greinedsloagnaiss,part1ysobietosewithabundentmussowiteand

• brownweathering(ltmonitisetion).

4.0ernetbiotitegeelaswithlimanitisationofitsdarkminerala

5.2h4namphibolitebandsandbiotitoriehsonesinthisgneins.Onøimfthe

emphibolitebandsisassosiatadwitha pyritebearinggneistswithintenes

In brownandyellowweatberingeolours,Sample(10)isa hornblands-sehist

coourringinthsamphibolitebandiwithblotiteandsmallgernets.



6.Chloriteemnsoovitegneisswithcaloite,formingoonspiouousbroad,hard

•lmestwhitebanksin thegeneralstrikeof therookoomplemalastio

foldingis oommon.Nopyrite.Thesoneis about20.30m wide.

7.0armetbearingoaloareousmioagneisswiththinpyritebearingsones

ot somemeterswide

8.Athinsoneof garnetmioagneiss,withtrregularooncentraionsofbiotite

inbands.

3.0aleareonemusoovite-ohloritesohistwithbiotite.Thelatteris limoni.

tisødendthereforethesohiethasa browncolour.

10.Weatheredgneisseewithmoderatewrite whiohareinterealatet1in theee

eshiste.

11.0aleite.ohlorite.musoovitegneisewithharderbandsofgarnst-mioagneiss

andmiorofoldingoonspiouousby thepronouncedhardquartsefeateperstreaks

in thegneies.

12.Pyrite-bearinggnsisewithlooalenriohmentin a smalleheet;This

orehasbeenminødin a emallpit..tbundantred,yellowandbrownoolours:.

13,Abroadsoneof wtitegarnatmioagneissalongthenorthern1ake-shors:'

14.0arnetabiotitegneiesandbiotite-gneisewithpyriteimpregnationson the

southernshoreof thefjell.lakewitha to theeastrapidlyoutwedging

of an amphiboliteband(theeamewhiohformstheroadoutorop1 km notth

of Rauvatnet),Thispyritebearinggneiesnompiesthewhole highrpell-

areasouthof thelakeandhasveryoonspiouousredandbrownoolours.

Thegneiseis partlyohloritiriehas in thegreatesearpmentN.I.of

Rauvatnet(12).

).Teotonios


Differentfoldingphasesoanbe distinguished,

1.Isool4nalfoldingon a scaallsoale(someome-somem.)

2.Maarofoldingby a oompressionalstreeøin a M-SSE direotion:

3.1aerofoldingwitha oompressionalstressaotingin a IN-8,direetion.



Ad.1)

Theinteneivefolding,observedin thewholerookoomplex,hascontributed

to theschistoeityof thegneiseesandamphibolitebands.

Thiesmallsoalefoldingshour;notbe consideredas a mereintensive

bendingby compression,Suchbendingwoulddestray•forinstanoe,the

long,straightendrelativelythinamphibolitebards,runningparallelthe

sohistosity(tilla lengthof about5 kilometeranda widthot somemeter).

Thefolds,therefore,mybe betterexplainedas theresultof cleavage-

foldingora oombinationof thisanda prooessof flow,astheelastio

propertiesof therookmassstartto loosetheirinfluenosmadbecome

visoous,Theoleavage-planesrunin thesohietosity-plane,Theymustbe

oonsideredasetheplaoesof intensiveclose spacieddifferentialmovemento

andevidentlyarerunningaboutparallelwiththe outerbordersof the

achilbolitebands(thatis thedepositionplaneof thesemetamorphosed

basiotufflayers),wioharenotmuchdiscontortedby theintensive

folding,Thesedifferentialmovementsaanbe studiedin thefreshroad«

outorope1 km northofRauvatnetandaleoin a road-outorop111ka soutk

of thissettlement:Irregularfoldingpatternsalternateoloselywith

straightlayers,whichonlycanbe explainedby thesedifferentialmovemenl

Thesefoldingphaseis consideredoontemporaneouswiththegeneral

metamorphismanddifferentiation(segregation.)processesin therooks,

Ada)(Se.ProfitesA,B,C,D,E)

laorofoldingin a laterstageby compressionin a NU-SSISdireotion,

causedthemoreor leseparallelaxesof theReinfjellenticlinein the

northandtheMo-fjell-R5dfjellanticlinein thesouthof thearea.

Justbeyondthesouth-boundaryof themaptheSloikvold-Snauryggenune

clinalrunsaleoin thesametrend,butturnseharplyto the3-11



in thaTwervatnetarea.Shissynolineie a normalwideetruetursinthe

Sloikvoliareasbutmergesintoa eompressedandoverturnedstrueturs

in thoTwervatnetareaandSnauryggensthearialplanedippingea4400I.

Stillfurthersouth,butnotdetalledinvestigated,theeatiolinalaaws

of thoStangfjellrunein aboutthesamedirsetion,witha eharpplunge

in theUmekararsa,wheretheplungsseemealmoetvertioal.

Sorthof theTwervatnetareatheineumbentRfidfjellantielineie some-

whatthrustedupontheTwervatnetsynolinewiththethrustplansof

e5.400R.dipping,probablyrepresentedby theroadouterop,134ka eouth

of Rauvatnet.Thisineumbentetruetureturnsto theweetintothenormal

wideentiolineof theSofjell.TheBj5rndalenis thetransitionarea

betweenthetwoantielinalformsjustmentioned.Theantiolintie still

overturnedto thesouthherø.

TheRetfjellantiolineshowealsoangraduallyinoreaseof theintwnsity

of foldingfremewst.east,astheantiolinegraduallybeeomesoverturaed

andmoreoompressed.Tothewestthisantiolineis flatteningand

margesinto& flexureandeventuallyin thenorthlinbof theMo-fjell

antiolinealsotheReinfjellsynolinerturnefroea highlycompressed

struoturein theeast(bsteeenRein-and15dfjell)into& ehallowform

andeventuallyintoa monoolinein thewest.Thearialplungeof the
Oy

ReinfjellYieto thewest,whereastheplungeof theReinfjelleynoline

ie to theeast.TheMofjellaresplungeseastendwestfroma struotural

oulminationpoint,whiehlieeeloestoto-thetopographieoulmination.

TheR5dvandformsa strueturaldepression,aetas theTvervaideThe

R5dfjellantielinalaxte plungesweetward.Theemountof theplungein

alloasesienotmore ea.200
o
.Anexceptionformsthastarkplungethan 


of theStangfjellantiolinalaxesin theUmakarareasandKlubben.

Tbisareahoweverienotsuffielentinvestigatedyet.



Inthethwast-noneefthainenabentRedf3e11antiolinellofwbiaha pert

ieexposedover$014 ina roadoutoropahkmsouthotkauvatest,theamaws

highlydistortedifoldedandfaulteteaphibatte,quart~eltsperroeb1enees

eada stramgypyritidedgnelessoneasaninterealationinthesamhibolits.

Theouteropebowa oloo identitytothesoneofdifferentialenvement

1 kanarthofkauvatast•settlementwithallaomainlyamphibolitiereekm.

Uowever,unsuffioienteameinattonoftheareaeastoftbøprent OGN

makesitnotartainlfthetwosonsearestratIgraphioaflytheneinelleSthe

prefilsA euggeets,butitasemeaotlaprobable.

Ad.3

Theplungingamesforastruoturalentainationeanddepreations,ffihith

meeets anothertoldingaPirekintallperpendinnlertothefirdt.with

anomPressionalforoeina N14.311direetionaoartaininterterenosofthet

twofoldingatessesanbededuaedprobablytromthedeviationofthe31Ita

WEISasesinto wereRindireotion(e.g.110fjellantiolinalanes).(DeSitter

P.314-317).Alsothegeneralherdingofthearesina south.wastdireotiaa

moretotheeastoaubeaeoribedtotbisfoldinsstagaprobably.

Thewreneb andthrust-faultina,sbownbytbestruoturalmapodrawnfrom

aerialphotos,arealsopossibleetfooteofthisoompressionalstress.

1ntheInglenareapertsofthenorthliaboftheReinfjellantioline

seemtohavebeendietortedeb000ndngrevereed(witha southearddip)by

thiefolding.

Asa oansequaostbøneppedasphibolitebandsintbehalrplinroaderva

(Utsikten)willbaveaworeoomplioatedeontinuationtotheeast,thenis

indioatedonthemap.Thedirestionwasdeduoadfromesatteredoreek outs

eropeina beavyvegstationareasibismakesitdiffieultytooheekthe

trendsaseuratelyben.
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sonomi 1

In theareathepyriteoreis dispersedin somesonesot thegarnet-micagnetes

andin theamphibolitobands.Onsomeplaoesthepyritehavesegregatedin

ooareegralnedmassiveore-bodies(Nosgruben-42,,Thermos-420,Areens-423,

Bertelberg-426,Seleaen-425tandatillsmallerpiesfe.g.ontheReinfjell)

All thepits1n theareahavebeenabandoned.TheNeegrubenmine,atthesouth

flankof theBeinfjellie themostimportantof themall.Thepyritehere

il eoareegrained(telaa andforiismemii WV"telayer.consordmntthesohisto's

sityandat thefootof an amphiboliteband.Thedipis about700North.

Theremnantoreis 1 meterthickandprobablynotelongerthan1 or 2 m.

Thepyrite(24)is themainore.PorSliClu,Nnand8102aregivenreep.

0.256,1%andU.A. in traoest(N.O.U.BergartivetRapport,No.1134).Theore-

bodywas 150-200 inlomgand2e5a wide,a000rdingto thisreport.

On theNofjell(Bertelberg,Selaaen)smallerworkpitsweremadeandtherethe

oremusthavebeenof lessimportancethanat Nosgrubentsofaras thedimene

sionsareoonoerned.Somepilesof ore-rookoutsidethemineseysomethingof

thecompositionandBizeof theoreboty(25,26),Inthemlneitselfvery11ttle

orewasleft,inthegneissiocountryrook.

Åttthe495a top(Søkgruben)smallooneemtrationsof pyritewerefound in

• shallowtrenohandimmediatesurroundingof a pyritegneise,thexeofof a

significantamphibolitoband,plunohingoe4202NW(thegeneralplunohedireotion

of theNofjellantiolinalaxeshere).8ample31.Thisore-bearingsonein the

northernlimbof theNefjelloontinuesfurtherto thewestandmaybe eonnee‘

tedwiththeorebearingsoneof largetb-mineat No-i-Rana.

Thetopographioallyhighestamphibolitebandie stratigraphioallythelowest

It is notoertainif thetwobandsoanbe etruoturallyconneotedby isoolinal

foldingorredoublingby a prooessof imbrioationhadtakenplem.
sYnn

No sikghspadcsnkqwooeseeeeouldbe observedin theareaandtherefore
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thebandsareher.sonsideredaslitratigraPhteallydifferentIsvele

inthenorthern liaboftheNo-fjellantioline,

2heNongrUbenoresone,inthereversednouthernliaboftheReinfjells

antioline,showsanotherenrielteentona auehemellersoaleiathe

nerthseasteentinuation,juetbeyandthetopographieallpubeinatisofthe

Reinfj•ll,)hat,t,oftheilosernbeneinelarea deeppitweeleatie(strod,

Noorswaslattinthevisiblepartofthepit,whiahwasfilledupwith

waterJewever,seaspilesofwastesaterialshowaush-ofthepyritteort

eoaingtromthepit(easple22),Itisquitewellpossiblethatthe

aosgrabenors-besringgneiesseneeontainastillmoreenrishaentsboteeen

thetwoednesAlostnorthotthepitseveraltrenehesdeliveredwasIgnifl-

eantquentitiesofpyritesorefithegneiesisstronflyliaonitisedinperts:'

ThegeoehmodealaaoaaIyno.d(seefig61)isa Cusenanalyina oresbeering

gneissOQUe runningparallelandsouthoftheNongrubenore-beeringgneises

sone,TheanoaalywesdotailedszaainedupanpossibleCusminerals ehowever

withnegativeresultiAelosespeeedrookseaplingwasmadeforfurther

ebeedealanalyses(nalbers1.22).

Ye signifioantis-Pborstioatleasesourinthearsa.

YorgenstlealnfleetioneteherereferredtothethesisefLsaager(19$6,

Itallehtdbtedvisablethata furthørgeophysioalresearehofthementionød

CusanomalyshouldbenadetareviouetothiseleetTasesgnetieourveyeaeress

soreorleesweilknewnoresbodies(Noegruben)endorebearinggnedsøss

borderingtheore-mans,meybeneetultolsfl ilthereie anysignitiseat

sontrastbetweentheorssbearinggneisseadtheoreslessgnelseaed

betweeatheorssboaringgneiøseadtheore-wass
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