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1. 2EBERAL INFORMATION(E.G.H.)
fl

A. LOCATION

The investigatedarea of Inner Finnmarkextends over the

southernKarasjokDistrictand the easternmostKautokeinoDistrict

(KarasjokHerred and KautokeinoHerred,PinnmArkPylke). It

totals nearly 1500 squarekilometere.

The situationwith regardsto distancesfrom main roads and

the coast is shovn on the key map Fig. 1.

B. ON THE CHOICE OF THE AREA

Around Njullas,in the southernpart of the area, H. Bjørlykke

discoveredultrabasicrocks in the courseof a brief reconnaissance

in 1938. It was not known vhether these ultrabasicscarrieda sulphide

mineralisation. However,Bjørlykkehad reportedpyrrhotitevith nickel

from ehears in amphibolitesof the lover Gorneejokkavalley.

The area vas selectedby PALCONBRIDGEin 1962 with a view

of assessingits nickelpotential. In the same year, an agreementwas

made between the newly formedNorwegianexplorationcompany

A/8 SULFIDMALM,a wholly-ovnedsubsidiaryof FALCONBRIDGENIKKELVERKA/8,

Kristiansand,and NORGES GEOLOGISKEUNDERSØKELSE,Trondheim,concerning

Finnaarkas vell as other projects. N.O.U. agreedto administerexploration

work for A/8 SULFIDMALM.

A certaintendencyto partitionoff Finnmarkinto spheresof

interestprobablydates back to this time or earlier. All of eastern

Finnmarkfrom the Pasvik to as far vest as Lakselv-Karasjokand south

tovards the Gorszejokkavalleywas consideredA/8 SYDVARANGERcountry,

and N.G.U.was concentratingexplorationvork in the Kautokeino

greenetonebelt and also administeredexplorationand developmentvork

at the Bidjovaggecopper deposit. The area from the Goresejokkasouth

to Njullas and the Finnishborder was in fact one of the few remaining

portionsof the Precambrianterrain of Finnmarkvhich looked interesting.
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The areachosenby A/S SULYIDMAIMis not,hovever,a coneession

areain i legalsense. It is a gentleman'sagreem•ntwith

A/S SYDVARANGERthatthepartiesconeernedshallnot interfere

witheachotheraprospectingareas.

The statementmadeby J.A.W.Buggein "Geologyof lorvay"

(N.G.U.No.208,1960,p.90)thatthePetsamoformationknovnforthe

workedsulphidenickelcres(Pechenganikelcomplex,U.S.S.R.)

"hasa much largerwesternextensionthanpreviouslyknown'probably

alsoinflueneedthe ehoiceof the area.

C. ACCESS

The areais notpermanentlyinhabitedwiththeexceptionof Angeli,

a smallvillageon theYinnieheideof theAnarjokka.Thereis a dirt

roadfromAngelito Karigasniemion the Karasjok-Inariroad.

Accessto the areaposedsomeproblemeduringthe earlystaget

of thepreparationsandfieldvork. In 1965,riverboatsvereused

fromIskurasto the upperOorzzejokka,alongtheAnarjokkato

Ulvefossenandin the Skiecamjokkato southof Jorbaluobbal.

Canadianlight-metalcanoeswerealsousedby theprospectorsin the

Oorzzejokka.The campeinthe southernareaverebasedon lakee

vhichcouldbe r•achedby hydroplaneand,in 1966,transportto the

NjullasCampvasby helicopter.

All thementionedmethodeof transportvereof ratherlimited

usewith regardto the actualmappingandprospectingwork. Hence

a totalof over3000kilometerswas coveredon footby theprospeetors

andgeologicalparties.

D. TOPOORAPNYAND VEGETATION

Themaintopographicfeaturesarequitewellportrayedon the

1:50'000AMSmaps: "Bmivasgiedde","Jorgastak",Noarvasr,"Hugstfjell",

and "Njullas".Theyareenlargementsof the 1:100'000mapesurveyed

in 1906. Allthesemapsshowform-lineeonlyandarerather

inaccurateas faras detailsareconcerned.

Oenerallyspeaking,theareaearriesa mountain-vegetation.The

voodlandin thesouthernKarasjokDistrictandalongtheriversfurther

to thesouthconsistsof pines,firsandbirehes.Stretchesof pure

coniferonswoodmarecharacteristicallypresenton sandyglacial
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depositsalongtheAnarjokkaand loverOorstejokka(elevation180-250m).

Thereis a veryextensivecoverof marshland("myr")betveenthe low

hillsand alongsomevalleysvhich,inmostcasts,marksimpedeå

drainagelinesand/orolderdrainagesystems.Oolmak(534m) and

Burbie(583m), thehighestmountainsinthe northernarsaare

coveredby graseandreindeermose (cf.Fig.2).

The generalelevationof the southernareais highervith

thevideinterfluvesbetveentheGorszejokkaandAnarjokka,

Bieidejokka-AnarjokkaandSkiecamjokkastandingat 350to 420m.

Here,the conspicuoushighpointsin thetopographyare: Noarvas(531m),

Elvkrokfjell(516m), Landgudfjell(491m) andNjullasflell(487m).

Theundulatingopencountryis coveredby moorlandandpatchesof sparse

voodlandmadeup by themountainbirch. The southernareavithits

numeroussmalllaktsis partof Finnmarksvidda;it is excellent

reindeergrasinggroundandis inhabitedby reindeer-herdingBamein

vintertime.

E. CLIKATE

Apartfromthe stationsalongthecoastof Finnmark,thereare

mateorologicalstationsat Karasjok(135m), Kautokeino(318m) and

Biccajavrre(cf.keymap). For1965,thsmeteorologicaldatafor

KarasjokandKautokeinoarepresentedin TABLEI. The figure.give

a goodideaas to theclimaticconditionsof InnerFinnmerk.Our

southernarea,particularlyat Z RoesjøandNjullas,is actuallycolder

androugherthanKautokeino.

Theprolongedperiodof snovcoverlimitsthe fieldseasonto

the relativelyvarmperiodJuneto September.Thisis,hovever,the

timeof maximumrainfallalthoughprecipitationrecordedin July1965

vas perhapsunusuallyhigh. The lovnumberof cleardaysbears

particularlyon aerialeurveys.



P. HIDROLOOI

The liorvegianWaterResourcesandElectricityBoard

(NOROESVAB8DRA0B-00 ELEKTRISITETSPEBEN)doesnotmaintain41.

gaugingstationin InnerPinnmark.Calculatedrun-offfigures

arebasedonmeasurementscarriedoutvithcommoncurrentrecorders

in theAltaarea,at BkoganvarreandPolmakvhicharecheckedtvice

a year.

Yortheareaunderconsiderationthe run-offis lessthan10

literper stcondpersquarekilometer.Thisvouldappearto be

the lovestrun-offfigureforany largerareain Norvay(ref.maps

in N.V.E.,HydrologiskeUndersøkelseri Norge,Oslo.1958).

The lakesin the areaareusuallyfrosenfromOctoberto

Juneandmostriversalsofreezeoverforaboutsixmonths. In many

placesbetveenthemainrivers,vatersupplyforminingoperations

andevenfordiamonddrillingwouldbe a problemduringthe

summermonthstoo.

•






Months Temperature oC mWaty Amount o

Year Daily Min. Max. DaLly Precipi-
1965 Average Average tation

TABLEI

Number of days with:
Temperattnecb Rain&amSliet
Min Max Min.




Clear
days

Overcast Snow
cove

Months
Year
1965





mm <0 <0 4-10








1 -16.1 -44.o 1.6 85 15 31 28 26 0 17 0 0 0 5 13 31 1




II -12.1 -35.8 3.6 83 30 28 24 23 0 19 0 0 0 2 11 28 II




.W III -13.8 -35.0 4.8 80 20 31 29 25 0 11 0 0 0 6 10 31 III




o IV - 2.3 -30.0 11.8 77 12 21 11 10 2 7 1 o o 7 13 26 IV




V 0.7 - 7.0 8.0 70 8 28 0 0 5 9 5 1 0 2 9 5 V




m VI  8.8 - 3.8 23.0 68 29 2 0 0 9 o o o o 3 9 o VI




VII 9.7 1.6 19.6 79 llb 0 0 0 21 0 0 0 0 1 16 0 VII




(1JVIII 9.8 0.4 21.4 85 81 0 0 0 21 0 0 2 0 o 18 o viII




;.11x 6.2 - 4.5 20.0 85 52 8 o o 13 o o 1 o o 14 o 1x




01 x - 1.3 -19.0 8.4 85 37 25 7 7 7 13 1 2 o 1 12 20 X




W XI -12.3 -38.0 4.o 86 18 29 20 20 1 15 0 0 0 4 15 30 XI 1




XII -19.1 -42.0 -1.0 84 18 31 31 26 0 14 0 0 0 3 16 31 xly (r,
1




Year -3.5 -44.0 23.0 81 436 234 150 137 79 105 7 6 o 34 156 202 Year




0

II

	

-15.6 -42.5 0.5 84 20

	

-12.8 -34.0 2.9 79 10
31

28

29

24

26

23

0
2

21
9

0
2

0

0

0

0

3
4

16
9

31

28

1
II




III -14.0 -35.5 4.5 79 8 31 28 27 0 12 0 0 o 5 9 31 111




IV - 4.0 -31.5 7.5 78 5 27 11 11 2 6 2 1 0 3 11 30 IV




o V - 0.3 -8.5 5.8 73 7 30 o o 3 11 3 o 3 2 14 27 V




V/ 8.3 - 2.5 22.0 65 44 2 0 0 11 1 1 0 0 3 lo o VI




0
VII
VIII

9.4

9.4

	

0.6 19.0 75 103

	

0.5 18.5 83 97
o

o

o

o

o

0

23

21

1

0

1

0

5
4

o

o

1

0

20

20

0

0

VII
VIII




IX 6.0 - 3.0 18.1 86 52 11 0 0 9 2 0 5 o 1 16 o 1x




Ø X - 1.3 -21.5 9.3 83 25 27 9 4 7 13 4 5 0 4 14 16 X




XI -11.8 -35.8 3.7 82 12 30 22 19 2 13 1 0 0 3 15 30 x1




XII -19.5 -39.2 -2.9 83 21 31 31 28 1 19 1 0 0 4 17 31 xII




Year - 3.9 -42.5 22.0 79 404 248 54 138 81 108 15 20 3 33 171 224 Year




Source: Norsk Meteorologisk Irbok 1965
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2. REIIILANDSCOPEOF INVESTIGATIONS(E.G.R.)

The onlygeologicalinformationon thesouthernareaavailable
at thetimetheareavas selectedwerecopiesof fieldnotesby
H. Bjørlykkeon hisrapidtraversein 1938. In 1953,a largeportion
of the northvesternarea(480squarekilometers)vas coveredby
geologicalreconnaissancemappingby H. Wennervirta.Thisworkvas done
forGEOPYSISKMAIMIETING,nowa Branchof N.G.U.,andincludedgeophysical
andgeochemicalprospectingin thelowerGorzzejokkavalley. Particular
attentionvas paidto occurrencesof ferruginousquartzitesto thevest
and northof theGorszejokka,andcloseto ourarea. Wennervirta'sreport
is an outstandingcontributionto thegeologyof theKarasjokDiatrictboth
froma practicaland scientificpointof viev.

In 1962,an airbornegeophysicalsurveyof the stripsacross
the northernandsouthernareawasmadeby B.G.U.undera contract
arrangementvithA/S SULFIDMALM(seePARTIV,2).

A geologicalreconnaissancevas carriedoutin theNjullasarea
andin the lowerGorzsejokkavalleyby BoyeFloodin July-August,1962.
Thisworkvas undertakenby N.G.U.on behalfof A/S SULPIDMALM.
In his reporton Njullas,compiledunderthesupervisionof Johs.
Ferden,Flood(1963)deseribedthe zoneof gabbrosvhichstrikes
fromNjullasfjellin a northerlydireetionoverBurfjellandpaidmuch
attentionto ultrabasicrocks. The gabbrosandamphibolitesof the
areavereinterpretedas alteredbasiclavasandtuffs,and onlythe
ultrabasicsvereconsideredworthfurthereramination.No mineralization
connectedvithjointingandshearsoneswas observed.Sulphide
mineralizationsin shearedandpartlybrecciatedsonesveredescribedin
the reporton theGorszejokka(1962).Ploodconcludedthatthe
mineralizationsareof no economicinterestas analysesgaveverylov
nickelandcoppervaluesforthe collectedsamples.

In 1963and1964,E. Overwiencompiledmapsof InnerPinnmark
(1:250'000)and of Finnmark,SwedishandFinnishLappland(1:500'000)
usingallsourcesavailableat N.G.U. The lattermapprovidedthe
necessaryregionalgeologicalbackground.

Thevholeareawas flownby WIDERØS'sPLYVESELSKAPA/Sin July
andSeptember1964,aftera delayof tvoyears. The firstsetof
about600 photograpbsat a scaleof 1:20'000vas receivedin
October1964andphotomosaiesat the samescalevereavailableearlyin 1965.



R.G.U.compiledtopographicsheets1 20'000basedon the photomoomice

forthe northernandsouthernpartof the area,andthesesheetswere

tbalusedto plotthe datafromthe airbornegeophysicalsurveyin 1962.
Accordingto an agreementvithN.O.U.,A/S SULFIDNALMpaidfor

allthiaworkandreservedexclusiverightsto the information.

Eighttopographiceheetsof the centralareavhichwas not included

in theagreementvithR.G.U.weredrawnby E. Overwien.The compilation

of allthetopographicsheetsprovidedby N.O.U.vas verypoor;allsheets

hadtobe ccespletelyredravnby us beforetheycouldbe usedto plot

geologicalfielddata.

Plansforfieldwork1965madeby S. Charterislatein 1964

reckonedthatthewholeareacouldbe examinedin one fieldseasonof

fourmonths. Theyaleoprovidedfortwo Canadianprospectorsand

Canadianfieldequipmentincludingtwocanoes.Accordingto the

contractsbetweenPALCONBRIDOENICKELMINESLMMITED,Toronto

andtheprospectors.the latterwereto prospectforanyand all

mineralsandexaminethe areain relationto itsminingpotentiala

andgeologicalcharaeteristics.The Gorszejokkaareavherebest

usecouldbe madeof rivertransportvasto be coveredby the

prospectoreandthe remainingpartby geologicalfieldparties.

Parlyin 1965,whenthewritertookoverthe directionof the

project,it vas quiteapparentthattheprojecthadto aimatmore

thanan assessmentof thenickelpotentialalone,althoughthisramained

themaintarget. Therevas alsoa tacitagreementvithN.O.U.that

geologicalobservationsor mapswereeventuellygoingto be madeavailable

to N.G.U. Changesmadeto thepreviouslysetup programmeincludeda

nevtimescheduleforthe 1965fieldseason.

DuringtheperiodJune16thto August31st,1965,theCanadian

prospectorsviththeirtvo assistantsoperatedquiteindependently

fromthegeologicalparties.Thelatterverefirstbasedon

Relligskogen-fjellstue, oppositeAngeli,on theAnarjokka.The

fourgeologisteof thepartieswere: E. Overwien,V.R.Wiik,

LarsKirkertherandthevviter;fouratudentsservedas assistants.

InAugust,vhenthegeologistemovedto a basecampon theE. Rgiesjø,

E. Overvienandtvo etudentscarriedout EM andmagnetometerprospecting

work(seePARTrr). ThevriteralsospentsomedaysvithMesers.R.

LundmarkandR. Erstad,theCanadianprospectors.
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FramJune26thto Augmst14th,1966,thegeophysicalandthree

geologicalteamsconcentratedon detailedinvestigationtin the

Våkdalsvann-Yjullasarea(seeFig.3).

Geophysicalprospectingandgeologicalmappingcarriedoutby

E. OvervienandthevriteraroundGrinvann(Gorzzejokkaarea)

betveenJune28thandJuly5th,1967,villbe describedin a separatereport.

The scopeof the investigationscanbe summarisedas follows:

GeoloicalMa in :About1500squarekilameterewerecovered

usingairphotographs1:20'000.Å. impliedby thereliabilityindexgiven

on Fig.3,15%of thistotalvasmappedin somedetail.Verylargeartas

of moorland,whereoutcropsareextremelyrareandfarbetween,andwhere

traversesverevidelyspaced,aregivena lowreliabilityindex. The

enclosedgeologicalmaps1.20'000areessentiallyouteropmapsandthe

blankspacesgenerallyindicate"nooutcrops".

Photogeology:Å. a rule,allgeologicaltraverseswerepreeeded

by photogeologicalstudiesusinga WILDST4stereoscopein the field.

Mostof the southernand easternareawas interpretedforstructural

features.Thephotomosaicsandindividualphotographswereusedagain

vhenthegeologicalandgeophysicalmapsvereeompiledin 1966/67.

Hovever,no systematicphotogeologicalinterpretationof thevholearoa

vasmadeby a specialisedfirm.

Geoh icalGurv s:AirbornemagnetometerandEM •urveys

covera stripalongthe lowerGorzzejokkain the northandtheNjullas

areain thesouth;thusairbornesurveynapsareaveilableforabout50%

of theinvestigatedarea.

In thesouthernarea,anomaliesrecordedbythe airbornesurvey

wereaheckedby groundsurveys(seePARTIV). Traversesviththe

hand-magnetometerverecarriedoutoverseveraloccurrencesdiscovered

by geologicalpartiesin theeasternandsouthernareas,andEM traverees

oversuchtargetsveremadein two cases. All anomaliesin the

Gorzzejokkaareavereexaminedby theprospectors.

GeneralProsectin.Work:Allmineralsandindicationsof

mineralisationsdiseoveredarerecordedon the enclosedgeologicalmaps.

Interestingsamplesvereanalyzedandthemineralsdeterainedin the lab.

aregivenin specialsquareson themaps.
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Detalledgeologicalexaminationsandsamplingof latearsonesand

ultrabasicrocksweremadein numerousplaces. Oeigercounterchecks

were oarriedoutvhereverealledfor. In 1966,a prospectingtrenCh

was dugandblastedaerosstheRpasjøananaly(seePARTIV,1).

All partiesconcernedrecordedblocksandbouldersof ultrabasies

andotherintereetingrocksas a matterof course(ef.enelosed

geologicalmaps).

ke)ResearchWork:Apartfromthe nsuallab.•xaminationsand

analyasssomeextramieroseopyvas considerednecessarysinceso little

vasknovnaboutthe natureof the rooks•neounteredin the central

andsouthernpartof ourarea. Itvas believedthatthisvorkmight

providesomecluesas to the natureof eertainrooksandminers1

associationsincludingthe sulphides.Theresultof thisworkis

presentedby V.H.Wiikin ehapter14belov.

•



Stratigraphic correlations in western and central Finnmark. Map com-
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3. REGIONALE Y (E.G.R.)

The investigatedareais situatedin Precambrianterrainin

thenorthernpartof thePennoscandianShield.Thepresentday

southernboundaryof theCaledonidesis 80to 110kilometersto the

northandnorthvest(seeFig.4).

Metamorphosedsupracrustalrocks,bothmetasedimentsand

metavolcanics,aredominantamongstthe encounteredrocktypes.

Rocksof igneousoriginincludegabbrosandultrabasics,andtheir

metamorphicderivatives,andtheRøesjøgranite(cf.chapterIsbelow).

Graniticgneissesandmicroclinegraniteof theeasternboundarysone

aretheproductof potashmetasomatismandmigmatisation.Theoriginal

natureof thesegranitizedrocksis difficultto determineand

thepossibilitythatsomerockswereinvolvedvhichdidnotbelong

to themainsuiteof supracrustalscannotbe ruledout. Oenerally,

theaineralcompositionof therocksindicatesa regionalmetamorphism

in theamphibolitefaciesvithvariationsin therangealmandine-

amphibolitedovnto albite-epidoteamphibolite.

The regionalstrikeis in a northerlydirectionandthe dip

is at moderateanglesto the east. Locally,however.the strike

anddipmayvaryconsiderablyandeasterlyplungingfoldaxesare

presentin thenorthernarea. Northerlytrendingthrustsones

recognizedinthe southernareaalsopertainto the characteristic

structuralfeaturesdescribedin PARTIIIof thiereport.

The supracrustalrocksbelongto the Karasjokzoneof the

KarelidicbeltwhichtrendsfrcmPinnmarkandPinnishLaplandto

southeasternFinland.Manyseparatebasinsof sedimentationhave

beenrecognizedin theKarelianbeltanddifferencesexistbetveenthese

basinsconcerninglithologicalfacies,natureof intrusives,metamorphism

andmigmatisation,structuraleventsandmineralization.Itmay be

recalledthattheOutokumpuore zoneand itssurroundingschistarea

is alsosituatedin theKarelianbelt. The absoluteageof theKarelian

sedimentationis notknovnbut age determinationsconcerningmetamorphism

andplutonicactivitiesindicatethattheKareliancyclefallswithin

the liadts1700- 1900m.y.



In theeast,the areaborderson the granulitecomplexof

PinnishLaplandwhichcontainsrocksof differentorigin.

Paragneissesincludegarnetiferousquartzofeldspathicgneisses,

garnet-cordieritegneisses,quartziteand graphitebearingbands.

Charnockiticquartzdiorite.andhypersthenegneisses,and gabbroic

rocksrepresentorthogneissesof the granulitecomplex.Thereis

a gradationalrelationshipbetweenthe granulitecomplexandthe

so-calledgranite-gneisscomplexwhichis regardedby Scandinavian

geologiststo formthe sedementationfloorforKareliansupracrustal

rocks. Thegranulitecamplexis thusconsidereda partof the

granite-gneissbasementvhichhas undergonea higherdegreeof meta-

morphismthanthe surroundingrocks. The granite-gneisscomplexis

correlatedwiththeBelamorian(1900- 2000m.y.)cycle. The age

of a quartzdioritefromInariis 1880to 1900m.y. Otherage

determinationswhichwouldsuyportthecontentionthatthe

granulite-gneisscomplexof PinnishLaplandrepresentsa

spre-Karelianbasement"arenotknownto thevriter.

It is generallybelievedthatthegranulitecomplex

hasbeenthrustin a westerlydirectionovertheKarelian

supracrustalsof ourarea. Thebordersonebetweenthe granulite

regionof Finlandandourareais situatedin theAnarjokkavalley

to thenorthof Angeli. At somepoints,granuliticrocksoccuron

thewestsideof theAnarjokka.Bornblendegranulitewas notedat

Beskukas bandsin amphiboliticrocksanda charnockiticrockwas

toundin theBtorfoesarea. Thepoesibilitythatsomeof the quartso-

feldspathicrocksof ourborderzonebelongto the granulitecomplex

hasnotbeenstudied.Promourlimitedobservationsin thisborder

zoneitwouldappearthatthethrustrelationehipcannotreadily

be provedin the field.

Arcuateand oftenboudin-shapedouteropsof amphibolites,

greenstonesand associatedmicagneisses,anda fewsmalloutcrops

of ultrabasicrocke,in thegranite-gneissto thenorthof Inariand

eastof thegranulitecomplex,areinterpretedby J.A.W.Bugge

(verbalcommunication)as a westerlyextensionof thePetsamoformation.

Thisextensionis saidto strikebackintoNorway andto finally

disappearundertheCaledonidesnearPolmak. Buggepostulates

a KarelianageforthePetsamoformation.It maybe recalledthat,
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in the type locality,the Petsamoformationis a foldedsequenceof

lov-metamorphicvolcanicsvith interbeddedslatesand phyllites.

The sulphidenickelores are localisedin stronglyshearedand

brecciatedultrabasicailla in this sequence. The existenceof

a vesterlyextensionof the Petsamoformationbeyond the Pasvik area

is open to some doubt. We have certainlyno proof that the Petsamo

formationextendsinto our area.

In the southvest,our area borderson the centralsone

of granite-gneissof Finnmark. This centralsone separatesthe

supracrustalrocks of the Karasjoksone from those of the

Kautokeinoregion (seeFig.5). At its northernend, H. SkAlvoldof

N.O.U.has discovereda conglomerateon the granite-gneissin• tvo places. From this it is concludedthat the Karelian


supracrustalsoverliethe granite-gneiescomplexvhich is

correlatedvith the Helamorian. Actually,the centralsone of

Finmaarkhas neverbeen systematicallyexploredby a geologist.

•
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b. azauL ammmwmfoRrnsx

A. INTRODUCTION

The area under considerationdisplaysa great varietyof rock

types. Althoughfor the purposeof claritythe geologicalmap distinguishes

betveena smallnumberof rock types only, it shouldbe pointed out

that most of these rock types embrace,in fact,ratherbroad eategories.

The follovingdescriptionemphasizesthe averagecharacteristiesof

each rock type,but an attemptis made to outlinealso the variability

displayedvithin each category.

In additionto the field observations,data relatingto the

rock typeshave been obtainedby microacopicexaminationof

thin-sections,polishedsections,and also to some extendby povder

microscopy. For a numher of specimens,qualitativespectrograpbic

analysesand, in some casee,specialvat chemicalanalysesand fire

assaysvere made. Laboratoryinvestigationsvere carriedout by

R. Buchan,Thornhill,and A. Wagner.Paleolah.,Nyon, Bvitzerland,

as vell as at the Nikkelverk,Krietiansand.

The investigatedarea consistsof a sequenceof Precambrian

supracrustalrocksgenerallyrefferedto the Kareliancycle,regionally

metamorphosedin the amphibolitefacies. Within thie basement,larger

intrusionsof gabbroand graniteoccur,as vell ss dikes and minor

bodies of ultrabasics,pegmatitesand doleriticrocks.

The geologicalpictureis one of great complexityseen as

the resultof severalsuperimposedphenomena

The regionaldistributionof primarylithologicalunits.

The regionalmetamorphiam. This displayea generallyuniform

trendvithin the range of the amphibolitefaciee,but vith

local and irregularlydistributedpartialanatexisand

metasomatism.

Emplacementof intrusivesand relatedmetasomaticeffects.

Retrogrademetamorphiceffectsproducedby subsequent

tectonisation.
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Consequently,oneandthe samelithologicformationmightappear

in oneareaas amphiboleachistand in anotherareaas flov-folded

migmatitevithpatchesof hornblenditein a quartzofeldspathic

groundmass.

In an attemptto obtainzaximumreadabilityof the geological

maps,a legendhasbeendevisedin vhichcoloursserveto distinguish

the variousprimarylithologicformationsor units,vhereassecondary

effectslikemigmatization,granitizationetc.are indicatedby symbols

superinposedon the oolouring.

The advantagesarethatinthisvaytheprimaryrock

distributionmaybe readmoreor lessdirectlyfromthemap,undisturbed

by the distributionpatternof the secondaryeffects.In the samevay,

the distributionpatternof someof thenamedsecondaryeffects

mlightalsobe moreeasilyinferred.

The disadvantagesarecausedby the factthatan interpretation

of the originof thetraneformedmaterialhasbeenvorkedintothemaps.

Thnsconfusionmightariseif e.g.a granitizedamphiboliteismapped

as hornblendegneissor an intrusivegranodioriteis assignedto

thegroupof quartzofeldspathicgneiss. In readingthemaps,the

possibilityof suchmis-interpretationsshouldbe keptinmind.

B. ROCRBOF SUPRACRUSTALORIOIN

For quartzite,micagneiss/mica-schistandquartzofeldspathic

gneissa supracrustaloriginis postulated.There•houldbe general

agreenentas to the sedimentarynatureof the firsttvo. Bovever,

thegroupof rockstermedquartzofeldspathicgneiseis rather

heterogeneous,andevenif.in someeases,the supracrustaland

probablysedinentarynatureof certainsuitesof quartsofeldspathic

gneisesesmsevident,thereareotheroccurrencesvhichcouldbe

explainedas sillsor otherstratiformintrusionsof a trondhjemitic

(quartzdioritic)magmaat an earlyorogenicstsge.

No conclusiveevidencehasbeenfound,hovever,foran intrusive

originof anyoccurrenceof quartzofeldspathicgneiss.Therefore,in the

absenceof suchevidence,a supracrustaloriginforallrocksof the

quartzofeldspathicgneissgroupis assumed.
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Quartzites

Ratherpure quartzitesoccur in a vide zone betveenNjullasfjell

and Skiecamjokka,and also as benches,one to severalmeters vide, in

a seriesof alternatingquartzofeldspathicgneissand zones of

amphiboliteto the vest of Pandefjell. In some placesthese pure

quartzitesare observedto gradeover into impure,micaceous,

chlorite-richor feldspathicquartzites,as for examplesouth-east

of Burhaugenand along the easternboundaryof the graniteintrusion

vest of vesternReeije.

Normal quartziteis a light greyishto vhite rock,mostly

fine-grainedand often ehovinga fine laminationvhich is visible

only on veatheredsurface. A certaincontentof sericiteis

ubiquitous,but also plagioelase(An
10-20)'biotite,chloriteand

opaquesmay be presentin minor amount. Zirconand apatiteare

cammonaccessories. The quartzitesnormellye*hibita granoblastie

texture,the quartzgrainsoftenhaving undulatoryextinction

and slightlysuturedgrainboundaries.

The fact that quartziteoften is distinctlymore fine-grained

than adjacentgneissand amphibolitemay be causedpartlyby eataclastic

degradationof grains in a late phase of regionalmetamorphism.partly

by the presenceof impuritieslike mica vhichmight have the ability

to preventgrain growtheven duringpeak metemorphiamby altering

surfaceenergyconditions.

Mica eisiMica-schist

A considerablerange in grain size as vell as in mineralogical

campositionis coveredby the membereof this rock group. The major

constituentsare in general: Biotite(Z • Y n brovn).muscovite,

quartzand plagioclase. Fine-grainedquartz-biotite(or chloritein

some places)schistsoccur transitionalto impurequartzites.

Pine-to medium-grainedquartz-micaschistsvith a notablegraphite

contenthave been observedin Njullasas vell aø in the Relligskogenarea.

The dominanttype of mica gneiss is a slightlyporphyroblastic

tvo-micagneiss,medium-grained.and vith plagioclase(oligoclase)

slightlyexceedingquartz in abundance. Garnet is often presentin

this rock, in same zones it may make up as much as 20% by volume.
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Disthene(hyanite)mey also be a prominentconstituentin certain

sonesof this miem-gmeiss(e.g.south-eastof Burfjell).

There is a generaltendeneyfor the biotiteto be replacedhy

chlorite,and even if this retrogradeeffectin most sreas is elight

only, it may in placesbe very pronounced,such as in the quartz-

chloriteschistassociatedvith impurequartsitesin the area

south-eastof Burhaugen.

A peculiargreyish,fine-grainedbiotite-plagioclase-quartzgneiss

vith lightgrey nodules,about 5 mm in diameter,occursalong the

NjullasjokkaAnomalyZone. Specimensof the same rock tyTe have also

been collectedfrom a ruaty shear zone near Bordermarker339 at

Kotkanpesåand from the vicinityof the mineralizedshear at Orinvann.

The nodulesare aggregatesof chlorite,and the findingsof relictgarnet

in some nodulesindicatethat theee are pseudomorphsafter garnet.

This rock is identifiedas normalgarnet-biotite-quartz-plagioclese

gneisswhich has ezperiencedshearingand recrystallizationin a

somewhatlovermetamorthicfacies. The fact that this varietyof mica

gneisshas a distinctlyhigher contentof ore minerals(mostly

pyrrhotiteand ilmenite)than the normalgarnet-micagneiss,is

emplainedby relatingthe mineralizationto the shearing.

This observationindicatesthat one phase of eulphide

mineralizationis associatedwith shearingafterthe peak of regional

metaeorphismvhile relativelyhigh metamorphicconditionsstill

preveiled. Garnetshad formedpreviousto the ehearing,biotiteis stable,

and there has been no epidotizationof the plagioclase.

In the southernpart of the regionthe two-micagneissshows

intensesmall-scalefolding,vhereasthe same rocks in areas further

northhave a well-developedundeformedplanarstructure.

The rocks of the mica gneissgroup are interpretedas

ergillaceoussedimentswhich, in some areas,occur in an original

Sepositionalrelationshipvith psammiticrocks (quartzites).
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3. guartzofeldsathic neisses

Light, gneiasierocks vith feldsparand quartzas their deminant

conetituentsmake up s considerableproportionof the countryrock and

an understandingof their origin is essentialfor a correetinterpretation

of the geologyof the region.

The quartzofeldspathicgneissesrepresenta very heterogeneons

group of rocks. The difficulttask of systematicallymapping out
jratiuj rurmativulswitliinthie graup was considered outside the

scope of the presentvork. In places,vhere such informationvaa

directlyavailablespecificationsas to the type of quartzofeldepatic

gneissare given on the 1:20'000maps.

Four types of quartzofeldspathicgneiss are differentiated.

Of these,the graniticgneiss,the quartzofeldspathiebiotitegneiss

and the quartzofeldspathichornblendegneissare fairlyvell defined,

vhereasthe fourthreferredto as quartzofeldspathicgneiss,comprises

a varietyof rocks. In areasvhere the necessaryinformationis

lacking,rocks of the three firstmentionedtypesmay also be

includedamong rocks of the fourthtype.

The averagequartzofeldspathicgneissmay be describedas a

medium-to fine-grainedrock of a yellovishto greyishvhite, rarely

reddishcolour. A more or lese distinctfoliationis outlinedby

sub-parallelorientationof darkminerals,normallybiotiteor

hornblende.

As the name implies,feldeparand quartzare essential

eonstituentsof all four types. In the granitiegneiss,microclins

is presentin amountsfrom 10% to more than 50% of the rock. Under

the nderoscopethese rocks shov texturalevidenceof tectonization

and microclineis seen replacingolder plagioclaseor intergranular

togethervith quartz. The vide occurrenceof graniticgneiesin

the Refesjø-areais interpretedas a granitisationof ordinery

quartsofeldspathicgneisses,relatedto the young graniteintrusion

vest of W-Bølesjø.

The ordinaryquartzofeldspathicgneiss,includingthe biotite

and the hornblende-richvarieties,has a quartzdioritiecomposition.
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The plagioelase,vhich for the ealictypeemake up 50 - 70%

of the rock, generallyhas a conpositionin the range albite-andesine.
Albite-oligoclasehas been observedin certainsalicvarieties

and andesinein quartzofeldspathichornblendegneiøs. Cmartsmakee up

at moet 30 - 40%of the rock. Biotiteis a normalminor constituent
also of the salicvarieties,but sometimesmuscoviteor a elinosmøhibole

may take its place. Occasionallybiotite is partly alteredto chlorite,
and epidoteoccurs. Spheneand apatiteare almost invariablypresentas

aecessoriesand less commonly,zircon,rutileand opaques.

Microclinemay be found in small quantitiesalso in quartzofeldspathic

gneissesotherthan those of granitictype. but this is not

generallyso. Very often quartzofeldspaticgneissesshov eigns of

slight tectonisationand more or less completerecrystallization,

producinga heteroblastictexture.

The biotite and the hornblendetypes differfrom the above

describedrock in havingone of the mentionedmineralsas a major

oonstituentalongvIth feldeparand quartz. Hornblende-gneisapasses
into amphibolite,and for the more hornblende-richgneissesand some
amphibolitesthe distinctionbecomespurely arbitrary.

The differencebetveenbiotite gneissand hornblendegneiss

may in some casesbe a questionOf metamorphismonly,biotitebeing able

to form from the hornblendeduringretrogrademetamorphiem.

Along certainsones,the quartsofeldepathicgneisehas been observed
to have a rather strongreddishtinge,vhich may lead to its incorreet

interpretationas graniticgneiss. A plagioclasein the range

An10 to An30 is the dominantconstituent,and its colouris caused

by tiny,brovnishinclusions(hematite). The red-colouringseems

to be relatedto tectoniczones,and couldbe a secondaryeffect

prodteedby 7e-carryingascendingsolutions.

Commonto most rocks includedin the deseribedgroupof

quartsofeldspathiegneissis the prevalenceof a ratheracid plagioelase.

The compositionof the plagioclasevaries from andesineto pure albite,

and variationsin An-contenthes been observedvithinthe singlethin-
sections. The generalimpressionis that of an older more basie

plagioclasesu/feringmechanicaland chemicalbreak-dovnand more

or lessbeing replacedby a fresh,more acid plagioclase.
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In the instancesvhere epidoteis present,this phenomenon

of the plagioclasebeccmingmore albiticis readilyunderstood

resultof retrogrademetamorphisn,and this probablyappliesto

the vhole groupof quarteofeldspathicgneiss.

Providedthe above interpretationis correctand the

originalplagioclaseof the quartzofeldspathicrockswas indeedan

intermediateto basic one. then the questionof originof thelle

rocksturns into the problemof explaininga supracrustalmaterial

composedof andesine,quartzand variableamountsof hornblende

and biotitt. Lavas or volcanicashesof & tonaliticcomporition

vould fit the case.

C. AMPRIBOLITES

The amphibolitescomprisea group of rocksthe originalnature

of vhich is, as a rule, difficultto determine. Some amphibolites

undonbtedlyrepresentrocks of supracrustalorigin,vhile others

are meta-igneonsrocks.

The geologicalmappingled to the recognitionof the folloving

types of amphibolites:

Sill-typet Benchesor banda of amphibolitein the suite

of quartzofeldspathicgneissesand quartzitee.

Metagabbro-type.Amphiboliticrockscloselyrelated

to the gabbrosalongthe Njullasfjell Burfjell-

Copolcokkabelt.

The Restfossensequenceof amphibolites.

1. Sill-t e am ibolites

Amphibolitesoccur as nmeerousbands in the Kotkanpesi

section. The bands or zonesare strictlyconcordant,theirvidth

varyingfram 1/2 m to more than 10 m with an averagearound5 m.

In the Tupelakisectionof the Skiecamjokkazone,amphibolitee

also formpart of the supracrustalsuitetogetherwith quartsites.

micagneiseand quartzofeldspathicgneieses. In this area bands

or sonesof amphiboliteare vider, and bandedhornblende-gneiss

beeomesvery praminentin the quartsofeldspathicgneisses.
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This type of amphibolite is medium-to fine-grained,rather
hcaaogeneous,vith a fresh,granoblastictezture. Gradual
transitioninto dioritichornblende-gneisshas been observedto take
place over a distanceof 5 - 10 cm at one localitynear Skiecamjokka.
Three specimensfromthis localitynear Skiecamjokkashow the amphibolite
to consistof plagioclase An30) about 35%, hornblendeabout 35%,
and 10% fresh scapolite. The paragenesishornblende,plagioclase
(An30)and epidotepointsto a regionalmetamorphiamin the
almandine-amphibolitefacies,as is also indicatedby the videspread
occurrenceof almandinegarnetin the amphibolites. (Thepresence
of scapoliteis consideredto be a localphenamenonJ

hibolitesof meta abbro t e.

In connectionwith the variousbodies of gabbro in the Njullasfjell
Copolcokkabelt, an amphiboliticrock is found,vhich has a characteristic
streakyappearance. This streakyappearanceis producedby a separation
of the salicmaterialconsistingessentiallyof plagioclase,epidote&nd
sometimesscapolitefrom the dark greenish,fine-grainedhornblende.

The plagioclasein coexlstencevith epidoteis in the
rangeAn35-4uLa. The characteristiestructuremust have been produced
by shearmovementsin a solid or semi-solidrock. From the
plagioclase-epidoteequilibriumand the developmentof garnetin
particularzones,it follovsthat this recrystallizationtook place
under regionalmetamorphismin the almandineamphibolitefacies.

At some localitiesthis type of amthiboliteis observedto
strikeinto freshtwo-pyrozenegabbro. It is assumedthat it formed
throughehearingof the border zonesof the gabbrointrusions,the shearing
havingtaken place under conditioneof fairlydeep-seatedmetamorphism.

ibolitesof the Hestfossenee uence.

The vide zone ot amphiboliterocks referredto as the
Hestfossensequenceformsthe largestcontinuousrock unit in the
investigatedarea. It can be traced framthe Finnishborder in the
south,northvardsover the Jervfjelland Gurbismountainsand along
the Gorzzejokkainto the foldsof the Grinvenn-Lillefossenarea.
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Goodsectionsthroughmajorpartsof thesequencearefound

alongNjullasvannandNjullasjokkato thewestof Njullasvann,and

in thegorgecalledRestfossen.

As distinctfromthe otheramphibolites,theRestfossenrocks

aregenerallyfine-grainedandshov• pronouncedschistosity

or ratherfissility.Certainzonesvithinthe sequencehavean

ultremaficcharacter,beingmadeup of chloriteandactinolite

•xclusively.Thus,in detail,the Hestfoesensequenceis

heterogeneous,havingalternatingzonesof fine-grainedbut othervise

normalamphibolite,fissileamphiboliteandchlorite-actinolite

schists.Therearealsoportionsvhichhavea morecoaree-grained

appearance,dueto secondarygrowthof hornblendein & fine-grained

matrix. Small-scale,acutefoldingvas obarved in outcropeof

bandedamphibolite.

Microscopicexaminationof specimensrevealedthatthorough

ohearingandpartialrecrystallizationis verycommonin rocksof the

Restfossens•quence.In additionto hornblendeandplagioclase

(An30-40)vhichpresaly, at the out•etof thetectonization,were

the dominantminerals,epidoteis abundantin somezones

(epidositeves recognized).Quartzis presentin variablequantities

andminoramountsof carbonateverenoticedin somethinsections.

Spheneie a commonaccessory.The carbonateand specksof pyriteand

chalcopyriteseemto havebeenintroducedduringmorerecenttectonic

eventewhichproducedtheRestfossenfracturezone.

Thepresentinvestigationshavenotledto a clearpictureas

to theoriginof theRestfossensequence.Someevidenceindicates

thatwe aredealingwiththoroughlyshearedrocksof a basiccomposition.

TheRestfossensequencecanbe tracedformorethan50 km within

ourarea;if possiblerepetitionsby foldingor imbricatestructuresare

disregarded,itsthicknessmusthaveexceeded1000m. Sequencesof such

compositionandthinknessareknovmto be producedby basaltic

volcanism,belongingto the laterphasesof an orogeniccycle.

Thiscouldbe an explanationforthe originof theRestfossensequence

of amphiboliticrocks.
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On theotherhand,therockscouldrepresentmetamorphic

derivativeaof impurelimestonesandmarls. Thislatterexplanation

is actuallyconaidaredthemorelikelyone.

The sonestdthintheHestfossensequencemappedas ultrebasic

rocks,vlththe exesptionof a eheared,talcoseserpentinite.are

all chlorite-actinoliteschiste.Theeemightbe explainedas having

formedfrcmintenselyshearminormalamphiboliteaccordingto the

principlesof kinematicallycontrolledmetamorphicdifferentiation

as proposedby TuominenandNikkola.(Compt.Rend.Soc.Oeol.Finl.,

XXIII,1950). In thiscasetheyarenotrelatedto the restof the

ultrabasicrocksof themappedarea(ef.D. Rocksof IgneousOrigin,

oection2, belov).

Anotherpossibility,hovever,isthattheseultramafic

soneederivedfromsedimentshavinga similarchemicalcomposition

(e.g.dolomiticmarle). In the areasvestandnorthof Orinvann,

extensiveouteropeof chlorite-actinoliteschistsarerecorded

vhichcancertainlynotbe readilyexplainedas productsof

tectonisation.

D. ROCKSOF IGNEOUSORIOIN

1. Oabbro

Rocksof & metagabbroiccharacterhavebeenreportedfrom

isriouspartsof themappedarea,but sisablebodiesofmoreor

lessfreshgabbrooccuronlyin & belt,1 - 2 km videand15 - 20 km

long,extendingfromNjullasfjelltovardeCopolskaidde.Outside

thisbeltfreshgabbrohasbeenfoundin tvo smallbodieslocated

alongtheSkiecamjokkato the eastof Veakdalsvann

Themappedgabbrosrepreeent,in fact.a varietyof rocks.Ovor

distancesof centimetresto decimetres,freshgabbrocanpassinto

black-andvhite-spottedhornblendegabbro,vhichagainmay gradeinto

one of thenumerotmshearedandfoldedvarietieeof amphibolitesof

themetagabbrotype. No regularpatternis recognised,vhichgoverns

thesecomplexstructuralandmineralogicaltransitions.Thedescribed

conditionsaresuchas mightbe expectedin the outersonesof gebbro

bodiesvhichvereintrudedduringan activestageof dynamometamorphism.

The almandinesaphibolitefaciesof themetegabbroicamphibolitemust

not necessarilybe matchedby equallyhighregionalmetamorphism
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at the timeof amplacementof thegabbros,sineethehot intrusives
probablycreatedtheirovnthermalmilieu.

The freshgabbrois normallyitdium-grainedbut,in places,

coarsegabbroalsooccurs. Å fine-grainedvarietyof fresh,

hyperiticgabbrovas foundneartheborderof oneof thegabbro

bodieenorth-eastof Vaakdalsvann.On accountof poorexposure,
it couldnotbe elarifiedvtetherthisrepresentathe chilledmargin
of the originalintrusionor someyoungerdoleriticintrusion.

Withinthemaingabbrmbodies,vhereverpriaarystructures
stillobtain,the rockshovtlathsof plagioclasein a sub-ophitie

arrangementamonggrainsof rhombieandmonocliniepyroxene.The

observedtextureis characteristicof thickvoleanieflovs,

and dikesof gabbroiceomposition.The geometrieappearanceof

the gabbrointrusionsis indeedoneof tabularbodiesoccurring
alonga narrovbelt.

The freshgabbrois ecmposedof plagiociase30-40% (byvol.),
andortho-andelinopyroxenesin subequalamounts.The plegioclase

canpositionvariesfromoneloealitytothe other. Precise

determinationsshovAn43_45 in a specimenfromthe southernmost
gabbrobody (Njullasfjell)andAn58_60in a specimenframthe
northernmostone alongthebeit(Copoleokka).The lattershovs

normalsoningandis cloudedby tiny,brovnishinclusions.Whereas
theljullasfjellsampleshoveslightautometamorphismonly.vithrims

of bluish-greenamphibolearoundgrainsof pyroxene,secondary,
brovnish,greenhornblendeisvelldevelopedin the Copolcokkaspecimen.
Plagioclasehereexhibitsbenttvinlamellae,and interstitial
quartsis present.

The abovedescriptionsrelateto specimensformvidely

separatedlocalitiesvithinthebeitandmay indicatetherange

of lateralvariation.Hovever,insufficientdataareavailableto
sayvhetherthevariabilityvithineachgabbrobodyexceedsthe

differencesbetveengeographicallyseparatedbodies.
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A numberof speeimensof alteredgabbroor meta-gabbrohavebeen

investigatedfromthe "gahbrobelt"as wellas framlocalitieselsevbere
in thearea. Characteriaticof theseis thedominanceof hornblende

withrelicsof clinopyroxenetogethervithintermediateto basic
plagioclaseandepidote.In somsplacesscapolittispresentandmore

or lesseompletelyreplacestheplagioclase.Theoccurrenceof

scapoliteappearsto be relatedto thebordersonesof the intrusive
bodiesin the gabbrobelt.

Ilmenite,magnetibtspheneandapatiteareconaconaccessories
inboththe freshgabbroandthemeta-gabbros.The contentof the
mentionedtxidesmightlocallybe in excessof 10 % (byvol.)

of therock.

2. Ultrabasicrocka

Rocksof ultramaficcompositionverefoundinaanypartsof
the investigatedarea. Theyvaryconsiderablyin siseandshapeas
wellaa in mineralogicalcomposition.Therecordedobservationsvere
somewhatinconsistentwithrtgardto the classificationof ultrabasics.
Whendrawingthe 1:20'000maps,itwasthereforedecidedto lumpall

ultramaficrockstogetherunderoneandthe senecolour.Where

possible,therockvas assignedto oneof the follovingrocktypee:
serpentinite","pyroxenite","chlorite-actinoliteschist"or

"hornblendite".

A moresystematicetudyof fieldobaervationsand laboratory
resultsledto a subdivisionof theultramaficrocksintothres

geneticallydifferenteategories:

Intrusiveultrabasicsandtheirmetamorphicderivatives.

Ultramaficpaleosomegeneratedby partialanatexis.

Chlorite-actinoliteachistaformedin sonesof shearing

throughkinematicallycontrolledmetemorphic

differentiation(Tuaninen& Mikkola.1950).

The laattwo categorieehaveno Ni-potential,andare not
furtherconsideredin thepresentcontext.
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The ultrabasicroeks of category(1) representan element

lithologicallyaliento the supracrustalor metavolcanicenvironment

in vhich they occur. It can be assumedthat theee rocks repreeent

intrusionsof duniteand harzburgitevhichvere emplacedsome time

during the regionalmetamorphism and vhich subeequentlysufiered

various degreesof metasomatismand retrogrademetamorphism.

This explainsthe great variabilityin mineralogicalcomposition

of these ultrabasiesas vell as their structuralrelationshipto

surroundingrocks. TABLE II illustratesroughlythe pars,genetic

variationsvithinthe group of ultrabaeicrocks of category(1).

Å. seen from TABLE II, there are relativelyfev ultrabasies

in vhich significantamountsof primaryolivineor pyroxene

are preservedto classifythem as dunitesor harsburgites. In

additionto these tvo types, porphyriticmetaharzburgitehas

been observed,thus inereasingthe numberof types of primary

ultrabasicintrusionsto three- dunites- harzburgites-

porphyriticharzburgites.

Most ultrabasicrocks had theirmineralogicalcomposition

modifiedthroughserpentinization,CO2-metasomatismand addition

of silicafrom the environmentor from circulatingsolutions.

One and the same intrusivebody may displayall theseefects,

and no significantregionaldifferencesin metamorphismcan be

recognized. In TABLB II, the specimenshave been arrangedroufflay

in order of increasingtransformation.Slightmetamorphismcauses

serpentinizationof the olivineand convertsorthopyroxeneto

talc (B20-metasomatism).Introductionof carbondioxide

facilitatesthe breakingdovn of the primarysilicates,producing

serpentine,talc, anthophyllite,actinolite,chloriteetc. in

additionto carbonates. Magnesiteand calcitehave been identified

in some cases. Additionof silicamay lead to a transformationof

ultrabasicsinto actinolite-chloriterock or pure actinolitefels.
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It ie evidentfromthe stracturesanåtexturesof thevarious

ultrabasicsheredescribedthatthemetasowatismrelated

to dynamo-metamorphism.Tectonisationprobablyprovidedthe

strainenergyandnecessarypermeabilityto makepossiblethe

transformationof dunitesandharsburgitesto soapstonesand

actinolite-chloriteschists.In anycaseitvas notedin the

fieldthatmanyolivine•-serpentinerockshavean outersone

of actinolite-chloriteschist.

Our observationalmaterialdoesnotpermitthe •stablishmentof

systematievariationtrendsvithregardto primaryoomposition

and frequencyof oecurrencesof ultrabasics.It vouldappear,

•eeYig.6,thatultrabasicsaremorecommonin the southern

partof the area,but thismaybe partlyaccountedforby the fact

thattherø,thebedrookis betterexposed.The generalimpression

is thatthe distributionof ultrabasicsis controlledessentially

by faultsand shearsones.

8i02 andpotassium-richsolutionsrelatedto the

nearbyNiqrsjøgraniteappearto haveproducedtheactinolite-rich

varietiesof ultrabasicsto thenorthof W. Retesjø.

•
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TABLE II


MINERAL COMPOSITION CF ULTRP,Wi5IC
ROCKS FROV INNER FIWA.ARK.

X - Dominant constituent>605
x - Major constituent >105
+ - Minor constituent

Spec.no. No.Locality

L 17-9
M 17-30
BE 3311

G 1 -1
0 6(9A
BF 331
M 17-4
0 62A
BF 13B
-W-2681
W 104
0 111
BF 5
0,1101
G 25-7
0 11011x
G 25-8
H 27-4
0110II
BF 2
G 25-4
0 90-8
PF 6
0 99,
0 69-
EGH 533
0 47
W 26811
W 227

W 340
0 62P
W 294
W 216C
BF 26
E 7-4

BF 13A
BF 14
0 18

4 Lillefossen
Ha,..1kee1ven

12 Skiecamjokka
B Jervfjell

11 Jorbaluobbal
13 Skiecamjokka

2 Haalkedalen

11 Jarbaluobbal
16 Njullasjokka
20 Kirksæther Revine
21 NNW of Laksefjell
17 Njullasjokka
17 Njullasvann
17 Njullasjokka
6 W of Gorzzejakka
17 Njullasjokka
6 W of Gorzzejokka
5 Gorzzejokka

17.Njullasjokka
19 Hestfossen area
7 W of Gorzzejokka
17 Njullasjokka
17 Njullasvann
17 Njullasjokka-zone
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20 Kirksether Ravine
10 Baltofeltet
20 Kirksæthers Ravine
15 Aaoaardtappen
14 Skiecamjokka
11 Jorbaluobbal

14 Skiecamjakka

14 Skiecamjakka
16 W of Burhaugen
1 Ravkcokka
16 Njullasjokka
18 Pandefjell
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Intrusive ranite

An intrusivebody of graniteis v*11 exposedjust to the vest

of W. Ridesjø.Here,massivemedium-to coarse-grainedgranite

intrudedimpure,micaceousquartzite,fragmentsof which are found

embeddedin the graniteof the contactsone. Hydrothermalquarts

and pegmatitiefeldspathicmaterialvas found in fracturesin the

border zone. No contact-metemorphicphenomenavere observed. The

graniteintrusionseemsto hawe taken place at the now exposedlevel

as & mush of solidcrystals,forcingaside and locallybrecciating

the surroundingrock.

AccordIngto Buchan'sdescriptionof a specimenfrom the

conteetzone,the major componentsof the graniteare:

11› orthoclase30%,microcline20%, plagioclase(± An34) 101,

quartz10%, and biotite8%.

Prom the ewidencein the mapped area it would appearthat

this granitehas not been affectedby regionalmetamorphism,it

is thereforeinterpretedas a late-kinematiegranite.

Pegmatites


In the fieldthe term pegmatitewas used to cover a variety

of quartzofeldspathicrocksvIth a grain site ranginetrom 5 mm to

about 10 em.

• In the easternpart of the area there is evidencethat such pegmatites

representthe coarse-grainedmetasome (BarthTheoreticalPetrology,

1962) of weinedmIgmatites.and this may be the case also for most

pegmatitesin the centerand northernarea.

In the southvhere the rocksare better exposed,it is possible

to distinguiehbetweenthree typea of pegmatites:

(1) BetweenNjullasand Skiecamjokkamany concordantzones.

5 to 10 meters wide, of pegmatiteoccurwithinthe

sequenceof mica and hornblendegneiss.Their major

constituentsare albiticplagioclaseand quartz. Aplite and

cross-euttingsmallweinsmay be found associatedvith the

pegmatites. These pegmatitesprobablyrepresentmobilized

metasameintrudedin a zone of movement (thrusting).



To the west of Njullas,pegmatitesare not found in

significantnumbersuntil the Kotkanpesåsuite is reached.

In this suite of quartzofeldspathicgneiss and quartzite

with interlayeredzonesof amphibolite,certainportions

of the quartzofeldspathicgneisshave less dark minerals

and a largergrainsizethan the surroundinggneissor

amphibolite. Schlierenor patchesmay sometimesreach

considerabledimensions(up to 5 meterswide), and these

vere mapped as pegmatite. They consistmainly of albitic

plagioclaseand quartz. Throughtheir distributionand

boundaryrelations,it is suggestedthat these pegmatites

representzones in the gneissvhich have euffered

tectonizationaccompaniedby increasedfluid eirculation

and recrystallization,perhapswith some removalof femics.

On the border and in Finlandin the Kotkanpesåarea.huge

IDASSOS of pegmatitestandout as hilly featuresin the

landscape. They are clearlyintrusive,in places cutting

acrossbeds in the supracrustalformations,but there is

a generaltendencyfor them to form conformablelense-shaped

bodies. These pegmatitesare distinguishedfrom the other

typesmentionedin that they have a high K-feldsparcontent.

Subordinateto microcline,an acid plagioclaseand quartz

are essentialconstituents. Biotite,partlyalteredto

chlorite,occursin minor amountsmostly in the form of clusters

or stripes. Texturesshowmicroclinein this type of

pegmatiteto be replacingplagioclase,vhereasthe remaining

plagioclaseand quartzbear evidenceof tectonization.

It is possiblethat these pegmatitesrelateto the

Egfesjøgraniteintrusion.

Microscopically,no mineraleof economicinteresthave been noted

in any of the describedpegmatites. The field evidencethus suggests

that the pegmatitesare barren. Spectroscopicexaminationsfor trace

elementsvere not, hovever.carriedout.
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5. Doleriteand otherbasic ke rocks

Doleritesare very scarcein our area.but a fev occurrences

of metadoleritesvere mapped. Outeropsof a doleritedyke vere found

on the Gorzsejokkanortheastof Grinvann It is a fresh,finegrained

and massiverock vith a porphyricintersertaltexture. It is mainly

composedof plagioclase(An60)and a clinopyroxene,probably

sodic augite.

On the northernshoreof W. Rglesjøoccurs dark, fine-grained

rock vhich under the microscopeshovs a subophitictexturevith

more or less lath-shapedgrainsof sodicplagioclaseas the dominant

constituent. Light-greenclinoamphibole,biotite,spheneand opaques

are presentin subordinateamounts. This rock is to a large extend

transformedinto a shearedmetemorphite,and the primaryigneouztexture

is preservedlocallyonly.

The "gabbropegmatite"to the vest of Helligskogstuais a very

coarse-grainedrock vith biotite,actinoliteor hornblende,garnett

plagioclase(An3540) and clinoenstatiteas the main constituents.

Bpecksof molybdenitevere noted in this rock. Accordingto its

mode of occurrencethe rock must be interpretedas a 41yke.Hovever,some

specimenssuggestthat one is dealingvith a skarnphenomenonor

a zone of silicificationat the contactbetveenamphiboliteand

metagabbro. Fist-sizedalmandinegarnetsand largeplagioclase

and pyroxenecrystalsinfluencedthe choiceof the fieldterm

"pegmatite"for this rock.

E. ROCKS OF UNKNOWNORIGIN

1. Albite eiss (Albitite)

The name albitegneissvas given to a peculiargroup of rocks

occurringmainly along the gabbro-belt. Certainindicationssuggest

that there is a geneticrelationshipbetveenthe gabbro-intrusionsand

these rocks. In places,albitegneissis foundto envelopegibbro

bodies. /t forms a transitionbetveenthe border of the gabbro

intrusionand amphibolitevest of Hurfjelland to the north of Njullas-

fjell.



The colourof the albitegneissemvariesfrom reddishor

greenishwhite, aplitie,and streaky,finelybandedtypes to dark

varietiestransitionalto amphibolite. Commonto the whole group

is the fine-grained,equigranular,sugaryappearance.

The mineral compositionvaries considerably,but albite is

alvays a major constituent. Quartzmay, or may not be present. The

femicsvary in quantityas vell as in quality,most frequentlyfound

is a light,bluish-greenclinoamphibole.In some albitegneiss,a

light greenishdiopsideis the major femicconstituent,making up

20 - 30 % of the rock,with minor amounteof the abovementioned

clinoamphibole.Spheneand apatiteare often foundas accessories,

and occasionallyalso rutileand opaques.

The compositionalvariablilityof the albitegneissesis

readilynoted in outerops. One often gainsthe impressionthat a

transformationhas taken placewhich irregularlyconverted

amphiboliticrocks into light albitite. Reliesof darker,

amphiboliticrock are recognizedin variousstagesof transformation

in an albititematrix.

A seriesof thin sectionstaken from normalamphiboliteacross

the irregulartransitionalzone and into aplite-likegreenish

albititehave shed some light on the nature of this transformation.

In the first stage,commonhornblendeis transformedinto a

hastingeiticvarietyof amphibole.characterizedby very strong

absorptionand a small2 V. The plagioclaseof the amphibolite

becomessericitized(paragonite?)and is in a furtherstage converted

to freshalbite (An ). In the succeseivestagesalbitebecomes0-10
more and more abundant. The hastingsitedisappears,and fresh,

hypidiomorphic,lightgreen clinoamphibole(2Velarge)or diopside

constitutethe femics Spheneremainsa conspicuousaccessory.

In the intermediatestages of this transition,relativelylarge,

anhedralgrainsof apatiteoccur,particularlyalong certainzones.

It wam observedin one thin sectionthat the replacementof amphibole

grairmby albiteled to a precipitationof iron as oxide. In the

field,a particularlyhigh contentof magnetiteWaS noted in a certain

zone withinthe albitegneiss.

The above observationsare taken to indicatea metasomaticorigin

of the albitegneiss group of rocks. Alongwith the intrudinggabbros,



emanationsaseendedvhichverecapablaof transformingthe sheared

basementrocksaboveandaroundthe intrudinggabbros.

2. TheR es Trenchrock

A trenchacrosstheEM-anomalyat easternRøesjørevealed

peculiarfeldspathicrock,thenatureof vhichis notyek fully

understood.Theroekhas a rathermassiveappearance,but handspecimens \

showa considerablevariationin grainsizeandcolour.Weatheredsurfaces\

havea hrovncoating,but therearealsobrovnirregularpatchesof

coarse-grainedpotassiumfeldsparamongdenser,greyishor vhite,

quartsofeldspathicmaterial.Othervarietiesshovdarkgreyish,irregular

streaksandsmallaggregatesof femicsandopaques,surroundedby

a vhite,apliticmatrixcomposedof albits,vithsubordinatequartz

andmicroeline.Scatteredspecksof molybdeniteoccur,occasionally

havinga grainsizeof 5 mm ormore.

The feldspathicroekisvelljointedandminorconcentrationsof

sulphidesoccuron thesejointfractures.Rovever,thetotalsulphides,

(bothdiseminatedsulphidesandenrichmentson fractures),neveraddup

to morethan10%of the rock. Pyrrhotiteappeareto be the primary

mineral,but extensivetransformationto marcasiteandpyritehas

takenplace.

Thinsectionsshowa considerablevariationin the relativeamounts

of themajorconstituents.Albitedaminateeinmostsections,with

quarts,oligoclaseandmicroclineeachmakingup from5 to 25%of

rockvolume. Biotite,chlorite,spheneand apatiteare cammonaccessories.

A fewthinsectionsshova dominanceofmicrocline,andtextural

evideneeof microclinereplaeingplagioclasevas noted. Plagioclase,

quartmandbiotitedisplayprotoelasticfeatures,whereasmicrocline

is fresh.

TheRøesjøtrenchroCkis probably& productof metasomatic

processes.It mayhavebeena quartsofeldspethicbiotitegneissvhich

was albitizedpriorto the developmentof microcline.Similarities

betweenthisrockandthepegmatitesof type (3)as vellas its

spatialsituationpointto a possiblegeneticrelationshipto the

Røesjøgranite.
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The disseminatediron sulphidescouldbe primaryand the

molybdenitemay have been introducedduringthe phase of

potashmetasotism,vben the microclinevas produced. The enrichment

of iron sulphidesalong jointplanesdemonstratesthat a redietribution

or nev influxtook place after the structuraleventthat caused

the jointing.

F. LOCALMETAMORPHICEFFECTS

In additionto the rocks described,vhich have undergone

regionalmetamorphismin the amphibolitefaciesand sUbsequent

retrogradeadjustmentson a regionalscale,some rockevere noted

vhich have obviouslysufferedsecondarytransformationor alteration

on a local scale. The natureof thesetransformingprocessesis

variable. Along certainsonesand in restrietedareas local røise in

temperaturehas led to partialanatexisand the formationof migmatites,

vhereas in a laterphase mechanicaldeformationcave rise to a variety

of tectonitesalongthe ehear sones. Localmetasomatiam,normally

accompaniedby one or both of the tvo firetmentionedfactorsalso

producedrocksvhich are at variancevith any of the rock types

previouslydeseribed.

G. BCAPOLITIZATIOR

Rocks vith a notablescapolitecontenthave a restricted

occurrencein our area. The localitiesare shovn in Fig.T.

Apart from the tvo localitiesin the Helligekogenarea,vhere

scapoliteoccursin pegmatiticbasic rocks, scapoliteis found

in metagabbroicand amphiboliticrocks only. In the Vaakdalsvannarea

there are strongindicationsof the scapolitisationbeing relatedto

the intrvaionsof gabbro.the border sones of the gabbrosthemeelves

being slightlyautometamorphosedand scapolitised. This is not

in accordancevith the findingsfrom northernBveden,vhere regional

scapolitisationoccurs. There the sourceof the scapolitisingagents is

foundto be the Lina granite. khereas in Bvedenchalcopyritegoes along

vith the scapolitization,there is no evidenceof such a relationship

in our area.
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5. ON MINERALI TIONS AND ASSOC TED PHEN

The Earelianbelt is not a uniformprovince,neitherfrom

a petrologicalnor from a metallogeneticalpoint of viev. With

rtgardto the natureof the petrologicalprovinceto vhich our

area pertains,our observationsrevealedthe folloving. The

supracrustalrocks includerocks of sedimentaryand volcanicorigin.

The generalisedgeologicalmap, Fig.8,demonstratesthat severalof

the originallystratiformrocks,or suitesof rocke,can stillbe

traced over considerabledistancesinspiteof subsequentehanges

producedhy metamorphism(s)and tectonics. Hovever.the original

chemicalcompositionof the metavolcanicrocks is difficultto

assess. For inetanee,an interpretationof the amphibolites

of the Hestfossensequenceas productof a basalticvolcaniemis

very much on the speculativeeide. Some evidencevas put forvard

.that auch of the quartsofeldspathicgneiasderivedfrom lavasor

volcanicaahes of a tonaliticcomposition. The intrusiverocks

seem to providemore reliableinformationas to the natureof the

magma. There is sufficientevidencefrom the compositionof the

basic rocks that the provinceincludeda primaryolivinebasaltmagma

frowvhich gabbrosand ultrabasicrocks (peridotitesand pyromenites)

formedby differentiationand plutonieerystallization.The

late-kinematicpOesjøgranite,on the otherhand, testifiesto

the presenceof a primarygranitemagma in a late phase of the

orogeniccycle. The natureof veins and fracture-fillingein the

border sone of the Rpfesjøgraniteindicates,hovever,that the

hydrothermalsolutionsrelatedto this granitemagma did not carryany

economicminerals. Wiik'spetrologicalstudy did not produce

elear-cutevidencethat parts of the quartsofeldspathicrocks derived

from earlier (synkinematic)granodiorites.

In the pegmatites,the phenomenonof sodic feldsparbeing

replacedby potash feldspar- ratherthan the otherway round -

was observed. It is worth notingthat the pegmatitescarry none of

the more interestingaccessorymineralaone could expect. This is

taken to indicatea paucityof residualsolutionsor of certain

elementsin the provinceand seema significantfrom a metallogenetie

point of viev. The Rilesjøtrench rock may representthe only

known exceptionif, indeed,it is a pegmatitee.str.and the maall

amountsof molybdenitebelong to the pegmatitemineralsand are not part

of the iron-sulphidemineralisation.
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lo economicallysignificantprimarymineralizationvas found.
The investigatedultrabasicrockscarryainor emounteof sulphides
only and no continuousmassive sulphideareasvere locatedin, or
in associationvith, ultrabasicroake. The titaniumcontentin parts
of the Njullasgabbrosis in the rangeproducedby accessoryminerals.
Stratiforaainor mulphidesoccur in associationvith graphite-bsaring
herizonsin the Maritskogenanticline(seePART IV, p.4).

As a rule,i highercontentof metallicmineralsin roeks and
mineralizationsoccur in shearsor tectonicalignmentsinterpreted
as thrusts;a fev vere locatedin jointsand fracturesvhich seem to
relateto comparativwlyyoung tectonicevents. Sulphidemineralizations
and typicalmetasomaticmineral aseemblageesometimesoccurtogether.
One mineralizedshear in the loverOorzzejokkashovemassivepyrrhotite(22%)
and a little chalcopyritein associationvith scapolite(20%);
(see PART IV, p.5). On the other hand, no concentrationof sulphides
occuretogethervith the elightscapolitizationvhich accompanies
some of the gabbrosof the NjullasfjellBurfjellbelt.

The massivesulphidebrecciafrom the Grinvannsheasevas
producedby the .soaking"of a heavilyshatteredzone by iron-sulphides
(Buchan). In one sample,mareasitizedmassivepyrrhotiteformsmore
than 98% of the total sulphideassemblage. The examinedsamplesfrce the
mineralizedGorzzejokkaehearein vhich no ultrabasiceoccur,uhoved
a very lov nickelcontent. No pentlanditevas recognizedin any of
them and the ratio chalcopyriteto iron-sulphidesseemeto be most
unattractive.

The best exampleof a mineralizationin a structuralzone
vhich includesultrabasiceas vell as other rocksis providedby
the NjullasjokkaEM anomalyzone. Here,the sulphideshave been
re-distributedand vere noted in graphite-bearingnica (-chlorite)
schistsand other shearedrocks as vell as in the ultrabasice.
Dieseminatedsulphidesfoundin a talcoseserpentinitein the river
sectionamountedto nearly 10% (est.%by vol),but inmost casesthey
averageless than 5%. Mapnetite+ chromespinelis presentin equal
to slightly1  amounts. The sulphideassemblageof this
zone consisteof pyrrhotite,pentlanditeand minor chalcopyrite,
but practicallyno pyrite. The ratiopentlanditeto pyrrhotite
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foundso fkris in the range1 3 to 1 : 4. Two anaysesmade
in Kristiansandshowedthatthenickelto copperretiorangestram
13 : 1 to 20 : 1.

Kristiansend,

26thOctober,1967.
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