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INNLEDNING

Kartleggingen1982blekonsentrertom Kautokeino-kartbladetog et begrenset

områdeved Bahasavdujavripå kartbladLavvoaiviog Siebe. I det sistnevnte

områdetgikkkartleggingenparalleltmed de geofysiskeundersøkelsersomble

utført,da feltetharvistsegå beståav bergartstypersomer potensielle

bærereav massiveNi-holdigekisforekamster,og muligeassosiertegull-konsen-

trasjoner.De sistekan eventueltværeknyttetgenetisktilde ultrabasiske

bergarter,ellertilvulkanogeneexhalativeforekomster.

I tilleggble en del spredtkartleggingog oppsjekkingutførtpå kartbl.Siebe.

Kartbl.Kautokeino-Lavvoaivi- Siebe er sammenstilletog tegnetog foreligger

somarbeidsutgaver.

Sommeren-83 vil gå med tilmer i detaljå undersøkeamrådetved Babasavdu-

javrim.h.t.stratigrafi,og å differensieremermellomulikebergartstyper.

Fullføringog oppsjekkingav Kautokeino,Lavvoaiviog Siebe kartbladenemed

prioriteringav det siste,skalføretilat disseforeliggersamforeløpige

utgavervinter -83/84.

Addjitog Urdutoaivivilventeligikkekunnepåbegynnesførsammeren-84.

Totalkjemipå grønnstenerog assosiertegranitterog gneiserer så å si

fullført(sevedlegg).Sammenmed geologienog strukturgeologiskestudierhar

dettegitten modellfordannelseshistorienav bergartenei Kautokeino.

Jegvil i dennerapportenpresenterede konklusjonerjegharkommettilog

hvilkekriterierde er basertpå.

ANALYTISKARBEID

Ca.65 prøverav grønnsteneneog 12 prøverav gneiserfragneisdomener det

gjorttotalkjemipå, inkludertREE-analyserpå 35 grønnstenerog 5 gneiser

utførtmed INAA på GeologiskHUseum,Tøyen.

Dataeneer behandlet,og en foreløpigtolkninger foretatt (sevedlagte

manuskript).

Dessutener noenindikasjonerom aldersforholdoppnåddpå grunnlagav Rb-Sr

isotopkjemi,somble gjortpå noenvulkanitterog granitter/gneiser.
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REGIONALT.

Kautokeinogranitt-/grønnstensterrengdanneren naturligdelav detkarelske

basementkomplekssomstrekkersegsomen bredNV-SøgåendesonefraOnega-

LadogasjøenegjennomSovjetog Finland(sefig.la). Dennesonener karakte-

risertved assosiasjonengranitt/gneis- grønnstensbelter,og er arkeiski

alder. Grønnstenenebestårofteav en komatiitt-tholeiittseriesom spesielt

utgjørgrønnstensserierogsåandrestederi verden; SuperiorProvince,Canada.

Barberton,S.-Afrika;Pilbara- og Yilgarn Blocks,Australia.

Granitt-grønnstenssonendannerbasementforyngregrønnstens-sedimentserier

(jatulian)somer spesieltutviklet N forOnegasjøen.Disseserieneer

avsatti forbindelsemed "rifting",innsynkningog bassengdannelsei en

NV-Sø-ligsonefraOnegasjøentilFinnmark.Denneriftsonener forblitten

svakhetssoneheltopp tilnyeretid,og dype NV-gåendeforkastningssoner

strekkerseginni Finnmarkog er antakligblittreaktivertheltopp tilnyere

tid. Disseforkastningssonene,e.g.Kantalahtii bruddsonekan tydespå

satelittbilder.Trekjentekarbonatitt,Sokli, Kovdor,Turjanniemi(deto

sistnevntei Sovjet) liggerpå dennebruddsonen.

KAUTOKEINO

En foreløpigtolkningav geologiener gjortforkartbladKautokeino- Siebe-

Lavvoaiviog et "samlekart"forBaharavdujavri- Belljas amrådeter laget

(fig.2).

Grønnstenenei Kautokeinoer begrensetav granitt-/gneissterrengi østog vest.

Gneisdomeni østskillerdem fra Karasjokgrønnstensbelte.

I grønnstensserienekanpåvisesbådelavaerog tuffitter(basaltiske).

Vulkanittenealternerermed uliketyperterrigenesedimenter,frametapelitter

tilmetasandstenerogkvartsitter.

Berartst er etrorafi stratirafi

Homoen amfibolitt. Denneopptreri storedelerav lagrekken,men serligi

ner tilknytningtilkvartsitt-/fuksittglimmerskifreog sandstener/glimmergneiser.

Dener middelstil grovkrystallin,moderat-tilsterktfoliert.

Min.: hbl + plag+ cpx + bio + ores.

Hbl kan opptreporfyroblastiskog lokaltutgjørehele bergarten(hornblenditt).

Mineralparageneserer heltog holdentmetamorfe.Teksturen,bnidlertid,kan

reflektereen delvisreliktmagmatisktekstur.
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Somoftester bergartenlikekornetmiddelskornetamfibolittmed hbl : pl = 1 : 1.

Bergartenkan tolkessomen metagabbro,metamorfoserttiløvreamfibolittfacies.

Om allevarianteneav den,i tilfellet,reflektererett stadiumellerflere

stadierav intrusjoner,kan ikkefastslåsmed sikkerhet.Det serut tilat de

grovkrystallineog/ellerporfyroblastiskevariantenekanrepresentereet sent

stadium og væresyn-til sentektoniskeintrusjoner,mensde middelskorneteer

pre-til tidligtektoniske(sills?).

La delte-/båndeteamfibolitter kanværerepresenterti 2, kanskje3 nivåer

i lagserien(Baharavdujavri-serien,Avzzejavri-serien,Caskias-serien)og er

klartvulkansk/sedimentærtdannet;metatuffitteriblandetmer ellermindre

terrigentmateriale.Dissevekslermed pelittiskeog psammittiskebergarterog

grafittskifere.De kanværemegetgrovkrystallinemed storeporfyroblasteri

en finkkornetmatriks. PorfyroblastenekanværeAl-silikat,gntog/ellerhbl.

Matrikser pl + qz + bio + musk.

Parageneser: I. Al-silikat+ bio + qz + fsp.

Gnt+ hbl + bio + qz + plag.

Gnt+ bio + qz + fsp

Hbl + cord(?)+ bio + qz + fsp.

Hbl + bio + qz + fsp.

Bio + qz + fsp.

Hbl + qz + plag.

Qz + plag.

Den storevariasjoneni mineral-assosiasjonerreflektereren sammensetning

gradvisfrarentvulkansk(tuffittisk)tilpelittisk/psammittisk.Paragenese

nr. 8 veksleroftestsom5 til 10 cm tykkebåndmed hbl-rikebåndav samme

tykkelse(par.7) Båndingenkanogsåvererepresentertved allede andrepara-

geneseneovenfor.

Fin-tilmiddelskornetehomoaeneamfibolitter.


Disseer tolketsommetavulkanitterog opptrergjennomatoredelerav terrenget.

De er somregelsterktfoliertemedhbl-nålersomdannerplanstrukturene.De

kanogsåværenoksåmassivetiltrossforamfibolittfaciesmetamorfose.Koma-

tiitterog metabasaltervilkommeinnunderdennegruppen,og opprinnelige

primæreteksturervildelvisgjenspeilesi denmetamorfeteksturen.Koma-

tiittenekan inneholdeol-fenokrystallersomgirden grønnebergartenet brun-

spettetutseende.Fenokrystalleneer mer ellermindrefoliert.01 er åpen-

bartmetamorftdannet,idetde kan innesluttehalvveismetamorftdannet

tremolittnål-aggregater.Imidlertidkan opptredentilol gjenspeileen
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opprinneligmagmatiskporfyriskdannelsesomsenerehar fåttpåvekstav ol

undermetamorfosen.

Pårageneser:

Basalter: plag+ hbl + bio + qz + ore

Basaltiskekomatiitter: hbl + plag + ore


- Ultrabasiskekomatiitter:hbl + ore + ol + klor+ serp.

01 kanbæreserp+ kloromvandlet,med en karakteristiskmineralogisksonering:

Kloritt(ytterst)—> serp —> ol.

Stripeteamfibolitter. Disseer sterktfoliertemed tynne,hvitelameller

somvekslermed lagav vanligamfibolitt(middelskornet).Bergartener assosiert

med understliggendeamfibolittseriemed komatiitter(ol-porfyriske).De stripete

amfibolittenekanværeav tuffittiskopprinnelse.Stripenekanogsåskyldesen

litengradav anatekse.

Parageneser: 1. Plag+ hbl + bio + qz + ore

plag+ hbl + gnt+ bio + qz

plag+ hbl + cpx + bio + qz

Cpx + plag + bio + qz

De hvitelamellenebestårofteav paragenesenr. 4. Ba.kanvereimpregnert

med magnetkisog inneholderda barecpx + plag+ qz i tilleggtilkis.

Metasandstener/-pelitter. Detteer enmegetinhomogenog lateraltvarierende

sedimentlagrekke,og bestårav qz + fsp+ biotittskifere(metasandstener),

feltspatiskekvartsitter,renekvartsitter,glimmerskifere/-gneiserog konglo-

merater.

Bergartsserienopptrerstratigrafiskoverdenundersteamfibolittserien

(Baharavdujavriserien).

Kvartsitt : Kryss-sjikter ofteforekommende.

Ba. inneholderoftenoe feltspatkorn.

Metasandsten,
arkose : Kvartsittkan gå overi sandstensomregelinneholdene

varierendemengdebiotitt.Reneqz-bioskifere

forekommerogså.

Glimmerskifere: Disseer Mu-klor-bioskifere.Klorog mu kan i noen

tilfellerværesekunderenedbrytningsprodukterettergnt.

og/ellercordieritt,somutgjøren delav Cordieritt

gneiser.
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Migmatittiske : Granittiskmaterialevekslermedqz +mu + sill+ cord
glimmergneiser aggregater.De sistekanopptresomopptil5 cm store

kule-ellerlinseformedeinneslutningeri granittisk

grunnmasse.

Konglomerat : Dissekanha kvartsitt-,sandstens-ellergranittboller

spredti en pelittiskmatriks.Bollenekanvære1/2-5cm

store. Sedimentetharantakligsammensetningsom en grå-

vakkeog dannetsomen turbidittavsetning.Gradertlagning

og en 1/2-1m tykkekrysa-sjikter observertmed sten-,

grus- og pelittiskmaterialegodtsammenblandet.

Rekkefølgeni lagseriener,nedenfra:

Metagråvakker/konglamerater--> metasandstener

--> metapelitter--> metasandstener(glimmergneiser)

--> feltspatiskekvartsitter/kvartsitter.

Parageneser: I. qz + fsp

qz + fsp

qz + fsp+ bio

qz + fsp+ bio + Al-silikat(sill)

qz + fsp+ bio + gnt

qz + fsp+ bio + cord+ klor+ musk

qz + bio + musk+ sill+ cord+ granitt

Kvartsitt/qz-fuksitt-skifere/-Beiser(Masi-serien)

Denneserienserjegpå somliggendeøversti bergserien.Kvartsittener alltid

nestenrenkvartsitt,men kanvekslemed grønnefuksittskifereog gårlateralt

og vertikalt(opp)overi disse. Tilsynelatendeblir serienmer glimmerriknår

en bevegersegsydoveri feltetmot finskegrensen.Lagrekken50 forKautokeino

er:

Urenekvartsitter( 100m) --> sandsten+ fuksittgueiser

--> fuksittskifere/-gneiser.

En delav terrengeter metamorfoserti lavere- tilmidleregrønnskiferfacies,

og en kortbeskrivelseav bergarteneher følger.

Metadiabas/-abbro er massive,middelstilgrovkrystallinemedmagmatiske

teksturer.

Parageneser:Hbl + plag+ bio + qz + cpx

Hornblendekandelvisvaremagmatiskdannet,men kjemiener modifisertved

avkjøling,og svakmetamorfe.Detteseesved soneringensomtydeligframtrer,
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med en fargeløsindre kjerne og en grønnfarginglangskantenav krystallene;

d.v.s. : pargasitt(kjerne) --) hastingsitt/aktinolitt(kant).

Dissebergartenekan være umetamorfeekvivalenter,silde homogeneamfibolittene

beskrevetovenfor. De to bergartenekan opptrei ner assosiasjonog må i disse

tilfellerha blitt dannet til forskjelligtidspunkt. Diabaseneog gabbroenehar,

på sammemåten som de homogeneamfibolittene,intruderti forskjelligestadier,

antakligi tilknytningtil utviklingenav ulike svakhetssonergjennomhvilke

de intruderte. De fleste intrudertei ulike stadierunder dannelsenav vulka-

nittene (N-S-lig retning) som lagerganger,og er foldetsammenmed disse.

En del følgerogså sprekke-forkastningsretningeri NV-SE og Nø-SV -lige soner,

hvoravde førstekan vere dannet samtidigelleretter de sam intrudertei N-S

-lig retning. Diabas/gabbrosom følgerN0-SV soner ser ut til å vere klart

sen- til posttektoniske (Kautokeinoelv svakhetssone).

Metavulkanitter. Metabasalterer identifisertved karakteristiskmagmatisk

basaltisktekstur og andrevulkanskestrukturer(putestrukturer,blererom,

flytestrukturer).Teksturener fin- til middelskrystallin.

Metatuffitterer finkornetelaminertegrønnebergarter. Bergartenkan ha

metamorftdannet små akt.-nåler spredt i en finkornetkloritt-akt- ab matriks.

Metasedimenter. Grafittskifereog leirskifere (grå og grågrønne),laminerte,

opptrervekselvismed tuffitteneeller danneren egen sekvensi lagrekken.

øverst i lagserienopptrerdisse vekselvismed metasandstenersom den nederste

del av en mektig sedimentserie(Caravarri-serien),som bestårav en mektig

sandstensseriepå toppen. Caravarri-serienhar delvisprimer sedimenterkontakt

diskordantpå eldre bergarter,og delvis tektoniskkontakt til andrebergarter.

Primersedimenterkontakter observertved Gesjavri,og kan markereen primer

høyt liggende bassengmargin, hvor erosjonog grov,klastisksedimentasjon


(debrisavsetn.)fant sted. Vestoverfår leirskifereog fineresedimenteren

mer dominerenderolle,og markerermer fjerntliggendemiljø fra bassengkanten.

Albitt- karbonatomvandlin

Metavulkanitter (amfibolitterel. grønnstener)kan vere mer ellermindre om-

vandletved karbonatisering,og blir lyse rødaktigmed en matriksav sukker-

liknendekonsistens. Opprinneligestrukturer/teksturerkan være bevart (folia-

sjon,laminasjon,porfyroblastrelikter).

Mineralogiener monoton:


Qz + ab + karb. + hem.



- 7 -

Karbonatiseringen/albittiseringenharforegåtti forbindelsemed gjennomtrengende

karbonatrikeløsningerunderhøyttrykksomharhatten eksplosjonsartetutvik-

lingog forårsaketbreksjeringav sidebergart.Årermedkarb+ hem + qz

gjennomtrengerpå dennemåtenbergarten.Denneprosessenforegikki forbindelse

medbevegelserlangs N-S gåendeforkastningssoner.

Omvandlingenforegikkogsåvedmermekaniskebreksjeringer,spesieltmed NV-Sø

gåendeforkasningssoner,hvormindrekarbonatvar involvert.Breksjenekan da

utviklesså langtat de fåret utseendeav konglomerat.Bådekvartsittog vul-

kanitterblirberørt. Spesieltdensistekanveresvertoppmaltog bestårda

av bollerav ab-karb. i en finkornetqz-ab-karb.matriks.De er somregel

opptil10 m mektigesoner og er ikkeblitttektonisertvesentligsiden. De går

gradvisoveri sterkttektoniserte/breksjertealbittisertevulkanittereller

oppsprukkenbreksjertkvartsitt.

Retroraderin

En tektoniskepisodemed dannelseav intenseskjersonerhar førttildelvis

mylonittiseringog forskifringmed påfølgendenedbrydningav høyeregradsmeta-

morfeparageneser.

Retogradering:- hbl akt--% kloritt/biotitt

bio--> kloritt

cord kloritt+ +

fsp --> musk + +

Slikeretrogradeskjersonerer spesieltutvikletN forMiersonog i sydved

finskegrensenøst for Gedgejavri.Ellersgirdennetektoniskebegivenhetseg

bareuttrykki utviklingav apartineogsekunderkløv i alletyperbergarter

utenat noenbetydeligretrograderinghar funnetsted. Skjeresonenemed på-

følgendeforskifringkan sees på somen kompresjonsfasei motsetningtilfasen

med karbonatisering,sommer sannsynlighar foregåttunderen tensjonsfasehvor

CO2 rikegasserfrittharkunnetpassereoppgjennomsvakhetssonene.

Tektonikk

Foldestilener beskreveti fjordåretsrapport.Somalleredeantydet,kanulike

typertektonikkidentifiseres:

Duktilfoldetektonikk

Stivtektonikkpå blokkern>

forkastninger/horisontalebevegelser

Kompresjon

Tensjon.
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I de høyeremetamorfebergarterkan 3 foldefaserskillesut:

Isoklinaleskjærfolder: Oppr. NNØ-SSV

Tettebøyningsfolder : Ø-V

Lineasjoner/Stengelighet:SSV

De lavmetamorfebergarterer foldeti åpne-tiltettebøyningsfolderrund

en N-S-ligfoldeakse.Disseer igjenfoldetrundten E-V -ligfoldeakse


sombareseespå en regionalskala,og forårsakerdom-og depresjonsformade

strukturer.

Stivtektonikkundertensjonsregimerhar forårsaketbrekseringerog karbonati-

seringerlangs N-S gåendeog NV-SØgåendeforkastningssoner,hovedsaklig

synligi de høymetamorfeamrådene(kvartsitt,gl.sk./-gneiss,amfibolitt).

Gjennomgåendeplanstruktureri nærhetenav slikeområder,og forkastningsplan

viserdette.

Intrusjonav diabaserhar foregåttlangsde sammesonerog er derforblittut-

sattforden sammekarbonatiseringsprosess.

Stivtektonikkunderkompresjonhar hattbetydningbarelokalt(somførbeskrevet)

men foregikkhovedsakligi N-S-ligretning,ellerfulgttidligeresvakhetssoner

dannetundertensjonsregimer.Dennefasenharvertgunstigfor intrusjonav

diabas- lagergangeri de lavmetamorfevulkanittene.

En sistetensjonsfasehar forårsaketbaresmåbevegelserog utviklingav NØ-SV

-ligeforkastningermed hovedsakligvertikalebevegelser.Diabaserog gabbro-

gangerhar intrudertlangsdissesonene. En delobservasjonerkan tydepå at

jo mermotnorddisseer orientert(NNØ),desssenereer de. Kautokeino-elva

rennerlangshovedsakligen slikforkastningssone.

Foldingenav de lav-metamorfevulkanittene/sedimentenekankorreleresi tidmed

stivtektonikkunderkompresjoni denhøy-metamorfebergartsserien(basement).

Skjærbevegelserkan ikkeidentifiseresi sammegradi denlavmetamorfebergarts-

serien,mensden sistetensjonsfasener likemye utvikleti alletyperbergarts-

terreng (ogsåi Caravarri-serien).

Reaktiveringav tidligeresvakhetssonerkanha forårsaketat disseogsåhar

utvikletseginni den lavmetamorfebergartsserien,som,om.enni mindregrad,

ogsåharutvikletkarbonatbreksjesoner.

Konklus'on:Berarter tektonikk.

En del tinggjørdet sannsynligat to bergartsserierdannettilheltforskjellig

tidmå væretilstede.Jeg vil postulereat hovedsakligmetamorfosegradener
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nok tilå skillemellomdissetobergartsserier.

En oppsummeringav en delobservasjonerkanvisedette:

Foldestilener mye merkompliserti denhøymetamorfedelen.

Allefoldefaseri denneserienbliroverprintetav planstrukturer

parallellemed deformasjonsstrukturenei denlavmetamorfeserien.

Forkastningstektonikk,N-Sog NV-Sø,som i vesentliggradbareharberørt

denhøymetamorfedelen,og forårsaketintensebreksjeringerog karbonati-

seringsprosesser.

En senforkastningstektonikk,Nø-SV,kan identifiseresi beggeserier.

Skjeresonerforårsakermylonittiseringog forskifringmedpåfølgende

retrograderingav høyeremetamorfmineralogi.

Antattetidligeremassivediabas-/gabbrointrusjoneropptrernertved

homogene,sterktfoliertemiddels-tilgrovkryst.amfibolitter.

Minhypoteseer,at den førstestivetensjonsfasenopptrerunderdannelsenav

en riftlangsen N-S -ligspredningsaksemedbevegelserlangs NV-Sø-lige

transformeforkastninger,og innsynkninglangs N-S gåendesoner.

Ved dissebevegelserforegikkkarbonatiseringerog breksjeringerav deteldre

basement.En rekkesvakhetssonerutviklesparalleltmed spredningsaksenmed

påfølgendekarbonatisering.Samtidigskjerinnsynkningog bassengdannelse

med vulkanismeog sedimentasjon.

KJEMI

Hoved-og sporelementerpå vulkanitteneog gneiserer behandleti vedlegget.

Gjennomsnittssammensetningeravgrønnstensbelteter sammenliknetmed liknende

i Finlandi tabellen.Denviserlikhetenmellomdisse,når detgjelderden

eldstegrønnstensserieni Kautokeino.Spesielter Mg0 innholdetkarakteristisk

og viserinnslagetfrabergartermed komatiitisksammensetning.Feltrelasjoner

tyderpå at dissebergarterer virkeligekomatiitter(putestrukturerog mulige

spinifexteksturerer observert).

HøyesteMg0 -innholdsomer analysertpå slikebergarteri Kautokeinoer 30 w Z.

Detvanligsteliggeromkr.22-24w % Mg0 (Perid.koe:).

Ellerser basaltiskekomatiitervanlig,medMg0~ 12-16w Z.

Ingenav dissebergarterserut til å representerenoendifferensiasjonsserier,

men er hellerprodukterav forskjelliggradav oppsmeltningi mantelen.
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Restenav grønnsteneneer tholeiittiski sammensetning,og er mer produkter

av ulikegraderav differensiasjon,delvis fraopprinneligkomatiitiskesmelter.

REE skaljegikkekomnenoe særliginnpå her,barenevneat de kanvise

grønnstensseriersomegentlighørertilsammedifferensiasjonsserie,og at det

på denmåtenkanværemuligå korreleremellomområder.Spesieltkan f.eks.

bergartsserienN forMieronog denpå Bællasvarriog sydoverikkeutelukkes

å høretilsammeserien.

REE på de "yngrevulkanittene"viseret annetmønster.En delav basaltene

her er mye sterkerefraksjonertepå de letteREE. Diabaseneog noenav basaltene

er derimotmer utarmet på sporelementergenereltfor sammeMg0-innholdenn

noen av bergartenefraden "eldreserien".

Kjemienpå "deneldreserien"visertrekksomer megetkarakteristiskfor

arkeiskegrønnstensbelter.Komatiiterer observertogsåi proterozoiskegrønn-

stener(Canada),menhørermermed tilsjeldenhetene,og dissehar aldriså høye

Mg0 -innholdsomde i Kautokeino.

Aldersdateriner

Sekundærealdrepå amfibolittergirca. 1900my. Denneviserantakligalder

på deformasjonenav denyngreserien(dkjærbevegelseri amfibolittene).

- Primærealdrepå amgibolitterer megetusikre,men indikasjonertyderpå

3.0by.

Gneiseneviseren usikkeralderpå 2.4by. (Metamorfosealder).

Posttektoniskegranitterintrusivergir 1700my.

Disseer påvirketsværtliteav tektoniskebegivenheter,og gir en nedre

grenseforgrønnstensbeltedannelsen.

Bådekjemienog radiogeneisotoperog aldersforholdpå gneisene(i gneisdomen)

kan tydepå at i hvertfallen stordel av disseer dannetved oppsneltingav

en delav grønnstensseriensomfinnes (Kautokeinoog Karasjok),og intrudert

i disse.

Stabekk,20. juni1983

KarlIngeOlsen
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'11-1EGEOIOGYANDImuullETATION OP THE GECCHEMISTRYAND

Rb-SrRECONMAISS
ANCESTUDIESON GREENS

TONESAND

ASSCCIATEDPLUTON
ICROCKSINKAUTCKE

INO.

Kart In3e•Olse"

AIS SYkloangerProspekterim

INTWIDUCTION.
R1Itriksvetlil,

1320Witekk,

• II1:»fir;
(/
thelast3 yearsan

intenseactivityha
vebeenconcentra

tedontheinvesti-

gationof Finnmar
kareaandwillcont

inueat leastanoth
er3 yearsby NGU.

NGU'sprojectisin
closecooperatio

nwithFinlandandSw
edenandconsistsof

mappingandore-pr
ospecting(geochemical,geophysical).Min

ingcompanies

haveshownincrea
sedinterestinthea

rea,especiallyint
heKarasjok-and

Kautokeinogreens
tonebelts,andA/SSydvarang

prhavea largpprogramincl
udirg

regionalmapping,w
hichhasbeenperf

ormedsincetheear
ly70's.Theunder

-

standingof thegeo
logyhasincreasedi

ntnenselyinspiteo
f thelargeamount

ofworklefttobe
done,andthetect

onicenvironmenthas
becomequitewell

established,howev
er,yettherearepr

oblemsconcerningt
heageof thevari

cus

units,boththeKa
resjokandtheKaut

okeinogreenstone
beltsandwhatposition

theorthogneisse
sandplutonicsinth

edomeinbetweenan
dtothewestof

Kautokeinogreens
tonesshalltake.

In thisstudyI wil
lpresentthegeolo

gy,thechemistry;m
ajor-andtrace

elementsincludin
gREon thegreenst

onesandtheassoci
atedgraniticterrai

n

in Kautokeino.Som
econclusionsconce

rningoriginof the rock typesandthe

historyof thegre
enstoneterrainwil

lbe drawn.

PreliminaryRb-Sri
sotopestudieshave

beenperformedand
someindicatioPi

son

theageof someof
therockunitshav

tbeenobtained.

GEOLOGICALSEITIN
G.

Kautokeinogreens
tonebeltconstitutesa partof thenorthe

rnmostcontinuat
ionof

thekarelian-pre
karelianFinnish-Sovieti

cgranite-greenst
oneterrain.Thegree

n-

stonesareborder
edby granites- gra

nodioritesandorth
ogneissestothewes

t

andeast.Tb thee
astanothergreens

tonebeltissituate
dinKarasjokbetwee

n

thegranite-gnei
ssdome,whichsepar

ateait fromtheKau
tokeinogpeenston

es,and

thegranulitebelt
,whichcontinuesto

southintoFinlan
dandSoviet.A pos

-

sibleconnectionex
istsbetweentheKa

utokeinoandKaras
jokgreenstonesnort

h

andsouthofthegn
eissdome.TheKara

sjokgreenstonescon
tinuetotheKittil

å

greenstonebeltinN-Finland,whic
hisdatedtoarche

aninage(2700my).

TheKautokeinogre
enstonescanbedev

idedintotwotecto
nicunitsdifferin

gin

thecomplexityand
natureof theirte

ctonichistory,the
metamorphicgradea

nd

compositionof vol
canics.A probableagediffe

renceexistsbetwee
nthetwo
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istaks

theyoungermarkingtheonsetof proterozoictectonism,whiletheolderprottalAf

archeanor mayrepresent,togetherwitha gpanite-dioriticgneiss,a long

pericdofcrustformationinthearchean.

Theolderseriesiscomposedof a stratigraphyandvolcanism,whichissimilar

to archeangreenstonebelts,e.g.inFinland,CanadaandAustralia,although

disagreenentsexistaboutdetailson thestratigraphyinKautokeino.The

mejorunits,whichI seeas themostprobablefortimebeing,isframyoungpst

to oldest:

Quartzite,quartz-mica(fuchsite)-schistsf-gpeissesandmetasandstones.

Thissedimentseriesprobablychangecompositionlaterallytowardsmore

peliticvaritiesframeasttowest. Itstartswitha coarsersandstone

conglomeratezoneat thebottom(greywackes),whichismostlydeveloped

intheeastern-mostareascloseto thegranitegpeissterrain.

Thesedimentspossiblyliediscordanton thegreenstones:

Inhomogeneousseriesof metatuffitesinnaturesandstonesandmicaschists

(biotite+ qz + amf. gnt±Al - silicateschists)andgraphiteschists.

Thelawerpartof thisseriesmayconsistofbasalticandpossiblyultra-

basicextrusives.

Quartzites(impure),qz—fsp-biotiteschists.

4• Lawervolcanicseriesconsistingof basicandultråbasicvolcanicrocks

(basalticandperidotitickomadltes,seelater).Primaryvolcanicstrue-

turesimplicateextrusiveoriginof theultrabasicrocks.Theupperpart

developsintomoretuffiticvarieties.

Anybasementhasnotyetbeenshowntobe presentforthegreenstones.Field

relationsseemto indicateat presentthatthegranite-diotitegneissesto

theeastareistnisivein thegreenstoneseries.

Thevolcanicseriesmayrepresenta largetime-span,e.g.fromseries4 to 2

above,andnotonlya singlesmallepisodeofgreenstonebeltformation.In

thatcasea basementforat leastseries2 abovecouldbe found.Mbredetailed

mappingandgeochemicalstudieshastobedonetoelucidatethisproblem.

Nei & morphism.
Thereenstonesandsedimentshavebeenmetamorphosedintherangefranlow-

amphibolitefaciestohighamphibolitefacies.Thegradeincreasestowards

theeastandsouth.Hornblendebreaksdowntoclinopyroxeneinthebasic

volcanicsandmetamorphicolivinegrowsintheultrahosickomabites,probably



earlier 01-p1enuclyst:;, that the ol-component of' the tnelrix

concentrat.ed iii the pheimerynts.

In the metasediments (ky ?)andbio-cord-sillassemblagesare
observed. Ihehighestgradeassemblagesmaybeassociatedwithmigmatiti-
zationofqz-micaschists.

Commonforallthebasicrocksis thepresenceofmetamorphichornblendeand
plag.andtotaldestructionofprimarytextures.

Deformationoccuredin 3 episodesassociatedwiththemetamorphism.2 later
deformationeventshavecausedretrogressions(chloritization,serpentini-
zationandserisitization)inconnectionwiththeriftinganddeformution
oftheyoungergreenstones.

THEYOUNGERGREENSIONES.

Thesegreenstoneslieina basintypebeltboundedby faults.Therifting
crossedrightthroughtheoldervolcanicsandsediments.A horstofthe
oldrocksdevidestheriftinto2 inthenorth(northofKautokeino),butthe
horstthinsoutnearKautokeinoandtheriftbecomesoneunitsouthofthe
village(seefig.1). Theriftcanbe lookedatasa continuationofthe
basinformationtakingplaceintheearlyproterozoiccausingdepositionof
theKarelianformations(Jatuliangnenstonesandsedinents)SE-wardsthrough
FinlandandSovietto thelakeLadoga.Thezoneparallelsa similarbelton
Kola(Petsamofoundation)andthemobilebeltofthe$recofennidesinNorway-
Sweden- S. Finland.Similarbasinsadjacenttomobilebelts(geosynclines)
arefound,e.g.Canada(LakeSuperiorbasin,Keweenowan,Sudburybasin)and
Australia(Hamersley?). Thestratigraphyis from(youngesttooldest):

Sandstone/argilliteseries,startingwithpredouånantlyargållitesand
graphiteschistsat thebottomwithan increasingamountofdetritical
materialupwardsanda 1 to2 km thicksandstone/diartziteserieslieson
thetop.

Theseriesliediscordantlyon topof theyoungergreenstoneseriesand
partiallyon theoldergreenstone/quartziteseries(primary.sedimentary
contacton thehorstN of Kautokeino).

A seriesof laminatedtuffitesandargillites/graphiteschists.

Marbles/argillites.

4• Thebasalticseries,containingvariableamountsof basalticextrusives
(lavas).



Intrusionsofdiabasdikes/sillsandmetagabbrosarenumerous,bothih the

olderseriesadjacenttotherift,alongtheboarderof theriftandwithin

theyoungervolcanics.Iheseprobablyhaveintrudedatvariousstagesof

therift-development;duringtheinitiationofriftingandlaterduringthe

pilingupof volcanicsinthebasin.

Themetamorphismof theseries.(asthenomenclatureabovesuggest)islow

tomåddlegreenschistfacies,andprimarytexturesasophitictexturesinthe

diabas-sillsandlavatextures(plag-liststogetherwithmagmatichbl)arepre-I

served.

Biotiteandactinoliteporphyroblastsaredevelopedinthehighestgradeof

metamorphism.Tectonismisdemonstratedby tightuprightfoldswitha N-S

foldaxislandby shearzonesIbothdevelopedadjacenttotheriftandwithin

theyoungervolcanics,theformercausingretrogressions(chloritization)

brecciationandmylonitization.Theshearingprobablyhavebeencausedby

horizontalstrikeslipmovements.Combinedwiththesemovementsstrike-slip/

dip-slipfaultingina NNW-SSEdirectionoccured,andI havesuggestedthat

partsof theareacanbe explainedby blockfaultingtectonism,whereolder

andyoungergreenstoneseriesliecomplexilyinterminsled.Theintensecarbo-

natization/albitizationof thegreenstonesprobablyhaveoccuredduringthese

processes,togetherwiththebrecciation.

1-he gneiss donie.
.6zc

Theoldergranite-dioritegpeissmassiveeartih of thegreenstonesarefolded

togetherwiththelatterintightisoclinalfolds,butoriginallytheyseem

tohavebeenintrudingthegreenstones,whichlieas inclusions,lensesand

rennantswithinthegpeissesas onecrossesintothegneissterrain.

younger grani-tes.
Granites/granodioritesintrudelate-topost-tectonicrelativeto thelatest

tectonismof theyoungergreenstonebelt,andhaveintrusivecontactstothe

oldervolcanics/sediments.Theintrusivesaremassivetoweaklyfoliated,

thelatterbeingfoldedinlargeopenfoldsaroundtheyoungerN-Sfoldaxis.

Theyoccuras largeror smallermassivesor as thindikescuttingthroughthe

olderstructures.



CHEMISTRY.

InthenextI shallpresenttheresultsofmain-andtraceelementsin-
cludingREEon thevolcanics,nainlyof theolderseries,andsomeprelimi-
naryRb-Srisotopeinvestigationson boththegpeenstonesoftheolderseries
andthegranitesandthegneisses.Sometraceelementfeatureswillalso
bepresentedforthelatter.

Methods.

TheXRF-analyseshavebeenperformedmostlyby aman.TysselandattheUniver-
sityof Bergen,anda fewat theGeol.Survey,Ttondheim.Rb-andSranalyses
havebeengotby XRFat theGeologicalMUseum,Tøyen.Sampleswithless
than20ppmRb,usedfortheisotopestudies,wereanalysedby theisotope
dilutiontechnique.

TheREEanalysesI havedoneby theepithermalneutronactiviationmethodin
cooperationwithamen.A.O.Brurfeltat theGeologjcalMuseum,Tøyen.
TheprecisionforCe andNd isnotverygpcdat thelawerconcentrationsin
thekomatiiticvolcanics(upto 50 % errorinthemeasurementsatthe1.67
level),however,La,Sm,Tb andYbaregpod(below10 % error).

Rb-Srisotopeshavebeenanalysedby themass.SpectrometeratGeological
Museum,Tøyen.Theisotopedilutiontechniquewasutilizedonmostofthe
basicmetavolcanics.

Themetavolcanics.

Infig.2 a & b AFM-andCa0-A1203-MgOrelationsof thegreenstonesareshown.
Itisseenthatchemically,therockscanbe classifiedasbelongingtothe
tholeiitic-komatiiticseriescharacteristicforsomanyarcheanterrains
(e.g.TinninsandAbitibiof theSuperiorprovincein Canada;.Barberton,
ZebakwianinSouthAftica;thebeltsof YilgarnandPilbarablocksinW-
Australia).

ThekomatiiticseriesrangeinMg0-contentup to 30w-%. Forthegreatest
partof theserockstheysatisfythedefinition;lowTi02-content((1.0w-%)
anda CaO/A12032 1 proposedby

C751W-detinitionowever,veryunsatisfactorilyincluderockswhichshould

benamedkomatiites.E.g.theTi02-contentcanbe higherthan1 w-%for
evenultrabasichigh-magnesianextrudedliquids.Themostimportantconstraint
shouldineithercasebe thattherockscanbeproventorepresenttruemag-
maticliquids,whichhaveextrudedon theearth'ssurface(oceanfloor?).
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Theultrabasicgreen
stonesinKautokeinoha

vewellpreservedpill
owsand

gasblebs,andsignsof
macro-spinifextextureshavebeenobs

ervedthough

theyareuncertain.I
ndividuallava-benc

hesof 1 - 1 m inthicknesscanbe

identified.Atthebo
ttomof these,accumu

lationofol-phenocry
stshasoceured,

whichbecomegradati
onallylessabundanttwa

ndsthetopof a bentliwhere

(atthesurface)nume
rousgasblebscanbe seen (subariteextru

sions).

Apparantlythevolca
nic'sconsistofa continuousseriesfro

mthelow-Mgtholei-

itesthroughthemedi
umMg0(10-17w-%)bas

altickomatiites(BK)a
ndto the

ultrabasichighMg ko
matiites,peridotiti

ckomatiites(18-30w-%
Mg0;PK).

However,as seenfrom
theCa-Al-Mgplot,ase

riesofkomatiitesals
ohavea

veryhighCaO/A1203
-ratioas opposedtothenorma

lvalueofabout1.0

forthemajorityof th
ekomatiites.Onlyon

eof thesewithhighCaO
/A1203-

(P16)
ratioisa PK,theotherzareBK

. ThisPKmayhavebeco
meaffectedby second-

aryalterationpheno
menaby theadditionof

carbonate.Aswillbe
seenlater,

themaincauseforth
ehighCa/Al-ratioof

BK isAl-depletionby
magmatic

mechanisms.However
,mostof theBKhaveCa

O/A1203-ratioscloseto 1.0.

Variationdi ams,fig.3, showtheb
ehaviourof somemajo

relementsandin-

compatibleandcompa
tibletraceelements.T

heZr-Ti02plotshow
stheincom-

patiblenatureofthe
setwoelements,altho

ughtherearesomescat
ter,thgy

plotaroundthelineo
f chondritic.Ti/Zr(

"400-110)andthecon
centration

of thesetwoelement
swillapproximatelyre

flectthedegreeof pa
rtialmelt-

ingofthesource(ma
ntlematerial)and/ort

hedegreeofdiffere
ntiationof

thebasalticmagma.T
hepartialmeltof a m

antlesourcewillbe i
nequili-

briumwitha specificmineralasse
mblage(ol+ opx

± cpx± gnt± spinell

plag)andthemajore
lementslikeMg,Ca,A

l andFewillbe cont
rolledby these

mineralphases.<-

-- Themgo-7102,CaO-
Ti02andA1203-Ti02pl

otsin fig.3 showhow
theseelements

mustbe controlledby
severalphasesforth

etholeiiticseries.I
sobaric

univariancymustbe su
pposedtogptalmostc

onstantcompositionfo
rthese

oxides(Fe0-Mg0-Ca
0-A1203;4 independentcompon

entsinthemagma).Th
epre-

senceof at least4 ph
ases,3 solids+ magmam

ustbepresenttosat
isfythe

observedcompositio
nof thetholeiites,an

dol + opx+ cpx+ spinellisthe

probåblecompositio
nof theresidue.Gntm

aybe presentas isse
enfromthe

HREE(seefig.4) for
someof thesamples.

Formostof thesampl
esfromkoma-

tiiticseriesit isse
enthatCa0andAl203app

arentlybehavelikein
campatibIr

elements,althoughso
mecomplexitiesappea

r.
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An incompatiblenaturerefl
ectsthedisappearanceorsev

eralor theabovenam,1

mineralphasesfromtheres
idue;cpxandspinellandpos

siblyopxareex-

haustedata specifictemperatureandde
greeofmelting,andtheonl

ymajor

mineralphaseleftisolivi
n,whichcontrolstheFe-andM

g contentsof the

liquid.As furthermeltin
goccures,theMg0-contentof

theliquidnowwill

increaserapidly,reflecti
ngtheamountofolivinbeing

melted.01hasa

preferrenceforMg overtha
tintheliquid.HoWever,th

eFe0-contentwill

notsignificantlybe change
d.

TheMg0-T102relationsfort
hekomatiitesshowthegrea

trangeofMgOfor

theserodes.Mostof theko
matiitessatisfythedefini

tionthattheyshall

containlessthan1.0w-%Ti
02. However,3 PKand4 BKs

howhighervalues

1.1,1.3and1.5forthePK,
andfrum1.5to2.1forthe

BK. TwootherBK

andonePKhave0.8w-%TiO
2andcanbe putinthesameg

roup.TheAl-andCa-

contentsapparentlyalsoha
vebeencontrolled.Itseen

sunreasonableUnat

theobservedhighTI-conte
ntscouldhavebeenderivedon

lyby somepartial

meltingprocess,as thehig
hMg-contents(upto 22w-%)

demandsa highdegree

ofmeltingin themantle.F
ractionationprocessesincr

easingtheinccapatible

elementconcentrations,controllingAl andCa,anda
t thesametimenmdntainin

g,

a highMg-valueoftheliqu
idismoreprobåblemechani

sm.Thisimplythat

themainmineralfractiona
tingnmstbe gnt,whichhasa relati

velylowkdt

(mineral-liq.).Thespread
intheCaO/A1203-ratiofortheBKreflectSthe

differencetowhatdegreeAl
andCa havebeencontroll

ed,andhereprobably

theamountof fractionati
ngcpxis important.

TheHREE-depletedpatternss
upporttheconclusionthatg

pt-fradtionationmay

havecausedthedescribedco
mpositionalfeatures(seefi

g.4). Thesame

isshownby thebehaviourof
Y,whichispartionedintog

ntinthesaneway

asHREE:

Modelcalculationscantest
thesefeatures,butisbeyo

ndthescopehere.

As therestof komatiitesis
concerned,withcompositi

onsincorrespcndence

withthedefinitionmentio
nedabove,mostof thesealso

showdeviationsfrom

thechondriticratios(Al20
31Ti02).However,theyared

evidedintotwogroups,

onecloseto thechondriti
cline(A1203/Ti02-,20)andanotherdepletedinAl

(A1203/TI02^114on themean).TheAl-depl
etedsamplesgrouparoundUne

chon-

driticlinefortheCa0/11
02ratio,butalsosomeCa de

pletioncanbe seen

forthePK. A smallamountofgntin ther
esiduecanexplainthefeat

ures.

TheHREE-patternsforthese
PKarealmcstflat;howeve

r,a smalldepletionis

observed;the(Tb/Yb)tiison
themean1 1 Ontfractinationwillcause

a

greaterchangeof thisrati
othanthesameamountofgnt

presentina residue

afterpartialnwlging.



Higherdegreesofpartia
lmeltingprobablycausedd

isappearanceofgntinth
e

residueas isindicatedf
ortwoofthesamples,on

eofwhichhas30w-%Mg0

(s.no.59).Theotherof
theseseemstohavebeen

affectedbyalteration
,at

leastwithrespecttoCa
andMg (Ti02",0.16w-%,s

.no.P 16).

S.no.59 hasa flatHREE
-patternorslightlyenri

ched(elb/Yb)NN,0.85)
.

Thesameistruefor theBK fallingon thecho
ndritelineforA1203/7

102.

The lattercouldshowth
atntrueBKnisfoltat ot

herP-conditionsthanthe
PK.

TheotherBKwithabnor
mallyhighTi02-content

smayhavebeendevelopedfr
om

PKbydifferentiation
.

ThehighCr-contents(fig
.3)aredemonstratedforthelumetiiticseries

.

A similartrendisobtain
edforNi. Thehighestconcentrat

ionisfors.no.59

andF 16A (-,3400ppmCr). IheincreaseofCrwithi
ncreasingMg0-content

(partialmelting)clearl
yshowthereleaseofCr as

cpxandoldissolvesin

themelt.ThehighCr-(a
ndNi)-contentsclearlyde

nonstratetheprimarym
a-

tureofthesemeltsformo
stofthekomatiites,althoughscmegptfractio

na-

tionmNyhaveoccuredas i
ndicatedinthediscuss

ionabove.Thisisthe

oppositeofwhatistheca
seforthetholeiiticse

ries,forwhichallbut

threeexceptions,haveCr-contentslessthan
200ppm,andmostlyconce

ntrated

around100ppm.Thisrefl
ectthatcensiderabledifferentiationofthese

nagmashasoccured,frac
tionatingcpxandolivina

ndchromitet plag.t
gnt.

Thisfeatureisalsocha
racteristicforMORBofwlhichprimar

ymagnasaremore

seldomobserved.

Thethreeexceptionsabo
vehaveCr-contentsinther

ange400 - 500 ppmand

mayrepresentprimaryma
gmas.

The o er volcanics.

Infig.2 theserocksarecompare
dwiththeolderseriesin

theAM-plot

andonlyshowtheoverla
pwiththetholeiiticserie

s.Accordingtotrace

elemerM:contents(notshownhere)theyfall
intotwogroups;onewith

104

concentrationsespeciallywithrespectto
LIL-elementsandonewithrelativel

y

highconcentrations.Notrendscanbeobtaine
dinvariationdiagrams,w

hich

maybeattributedtoano
riginfnxndifferentsourc

eregionsinthemantle.

SUMMARY.

Manydifferentmeåhanis
msseemto haveoccuredas

seenfromthecompcmit
ion

ofthekomatiites,anda
groupingof thisseries

canbeobtainedasfollow
s:



1. Peridotitickomatiites(Mg0 18w-1).

Nigh-Ti-type(0.85- 1.54w-%7102)

gnt.fractionation

Normallow-Titype.

Al-depleted(andCa)

4gpt. inresidue

Al-undepleted(onlythemostMg
0-rich)

Primarymagmas.

2. Basaltickomatiites(Mg0„<17w-%
).

High-Ti-type(0.8- 2.1w-%1102)

.74grit±cpxfractination

Normal1ow4. type(chondriti
cAl/TiandCa/11)

primarymegmas

ThenormaltypeBKandthePKsee
mtoorginatefromdifferentsour

ceregions.

However,fortype2 a) (BK)iti
sdifficultto tracetheirorig

in,butas

willbe seenlater,theyarepr
obablyfractionated(romPK-mag

pas.

Thepresenceofgntin thesource
regjonofPKindicatea relative

lygreat

depthof formation,whilea pos
siblehigherleveloriginforth

enormalBK

2 b) ispossible.

TheAl-depletionof PK andhigh
Ti-contentsseenforthekomat

iitesare

uncomnonforthearcheangreen
stonebelts.Thefinnishandcan

adian,ard

mostaustralianbelts,showcho
ndriticAl/Ti-ratiosandnearch

ondriticCa/Ti-

ratios.Inthatwaythechemi
stryof theKautokeinogreensto

nes(similarto

theKarasjokgreenstones)resem
blesmorethatofthe3.8b.y.ol

dgreenstones

inBarberton(S-Africå)andPiI
bara(Australia)

(A1203/Ti02—11;Kautokeino:

.A103/TiO2".13-14;chondri
te: ~20).

2 


Ithasbeensuggestedby sever
alauthorsthatthepresenceof g

ntinthe

sourceregionofkomatiitescou
ldindicatea natureof themantleearlyint

he

archean,whichwasdifferentfr
omthatin thelatestarchean.

Whetherthis

wasa chemicaldifferenceor it
reflectsa deeperorigin ,bythepresence

kå
ofgx"Anotunderstood.

Ifthefeaturereflectsa timedependentvariation)itwou
ldmeanthatthe

Keutokeinovolcanicsoriginat
edas farbackasmiddlearchean

.
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ihetholeiiticseriesmightrepresenthighlydifferentiate
dvaritiesfrom

thekomatiiticseries.Aswillbe seenfromtheREE-patter
ns,thismay

be trueforsomeof them.However,manyor themprobablyfor
medina diffe-

rentsourceregionthantheBKandPK (flatLREE-patterns
).

REE,oldervolcanics.

In fig.4 and5 thedifferenttypesof REE-patternsobtainedareshown.

Thekomatiiticseries(fig.4)isdevidedintwomaingroups
:LREE-depleted

andLREE-enrichedpatterns.

Thesetwogroupscanfurtherbedevidedintotwosubgroups:
HREE-depleted

andflatHREE-patterns.Thuswe get4 groups1 a & b (PK)and2 a & b (BK).

TheREE-patternsof thetholeiiticseries(fig.5)canbedev
idedinthe

samewayinLREE-depletedand-enriched.1nadditionthetho
leiitesccmtain

a groupofflatLREE-patterns.Allthesethreegroupsdbtai
nedmayhave

eitherflatordepletedHREE.

ThePK isbelow10 x chondrite,exceptforthegntfractionatedvarieties

(155and3). Theleastfractionatedis s.no.59,whichhave3.5x chondri
te.

TheBK-seriesmaybe up to 30x chondriteforLa,buttheHRE
Elieat the

sameniveauasthoseformostofthePK,oronlyslightlymor
eenriched.

Thetholeiiticserieslieintherangp10- 40x chondrite.

Sumpary:

PK :LREEdepleted; HREEflat

PK :LREEdepletedor flat;HREEdepleted

BK :LREEenriched; HREEflat

BK :LREEenriched; HREEdepleted

TH :LREEdepleted; HREEflat

TH :LREEflat; HREEflator
depleted

TH :LREEenrichect HREEflator
depleted

Groups1 b)and2 b) correspondtothehigh-Tikomatiitesdis
cussedatove,

anddemonstratetheinvolvementofgntintheproductionof t
heseliquids.

TheAl-depletedPK isgroupedintheflatFIREE-group(1a). Mostofthese,

however,showa slightHREE-depletion.(Mean(lb/Yb)Nev1.1),buthaxebeen

groupedas flattodifferentiatefromtherealHREE-deplet
edPKandEg

1.7-2.0).At Barberton(Gd/Yb)Nlieat 1.25-1.4(The(Tbri
b)N

willbecomelower),andimplythatprobablyonlya smalleramountof garnet

hasbeeninvolvedinPK-productionin Kautokeinorelativeto
theBarherton

greenstones.



- I -

S.no.59have('fb/Yb)N0.85andprobablyshowthatgntwasnotpreseniin

residue,asalsohasbeenconcludedearlier.

Thevariationof theLREE-patternsseen,canbeproducedby inferringa one

stagpof smallpercentagemeltingof mantlematerialproducinga LREE-

depletedresidueandLREE-enrichedmelt.Thelattermayrisethroughthe

mantleandcausemetasomatismoftheabovelyingregions,whichisthe

sourceregionfortheBK series(LREE-enriched).Thisisthemodelwhichis

acceptedamoungmostauthorstoexplainthenatureof thedifferentsource

regions.Itseemsas PK ismainlyproducedinLREE-depletedregions,while

theBKisproducedin theenrichedregionsmainly.Thetholeiiticseries

seem tohavehadtheiroriginineitherregionsandinadditionfroma

regionofundepletedLREE.

Thepossibilitythatonetypeofpatternmaybeproducedfromanotherby

fractionationprocessescanbe ruledout.

REE o r volcanics.

1nfig.6 thetwotypesofpatternsareshown.Cneisslightlytostrongly

LREE-olepletedandflatHREE(10-20x chondrite);theotherisIREE-enriched•

andHREE-depleted(LREE= 65-70x chondriteandHREE= 10-20x chondrite).

Itmaybe possibletoproducethesecondpatternfromtheotherby fractio-

nationprocesses(gnt+ cpx).Tb testthisitisnecessarytodo somemodel

calculations.However,itcannotbe ruledoutthetwotypesoriginatedfrom

differentsourceregions.

Mantleheteroneities.

Theheterogpneitiesof themantleas apparentlyis inpliedfromtheREE-

patterns(andalsowassuggestedframother-traceelementsand(rommajor

elementsabove),maybe a featurewhichisproducedsinultaneously,Le.asa

partof thesameprocessastheproductionof PK-andBK-magmas.lbeother

possibilityisthattheheterogeneitiesisa characteristicof themantle

producedby somespecialeventandpersiStedthrougna shorteror longer

periodof time. Tb getinformationåboutthis,isotopestudiesmustbe per-

formed.AtpresentnodecisiveconclusionshasbeendrawnframPb,Sror Nd

isotopestudiesinvariousgreenstonebelts.

TheinitialSr-isotopesshowa widescatterinvariousterrainsandcould

indicateisotopeheterogeneitiesin themantle.However,thecauseforthis

variationcanbeattributedtocontaminationprocessesandsecondaryalter-

ationprocesses.



ThePb-isotopes(1(.-values)showa narrowerrangethantheSr-isotopes,

butmayindicatethattheheterogeneitieshavepersistedthroughtime.

TheNd-isotopestudiesat presentindicateonlyverysmalldeviationfrom

thechondriteevolutioncurveforthemantleinthearchean.However,here

awaitsmoredetailedstudiesandmoredatatoseeifthisistrue.

InthenextI shallpresentsomepreliminaryRb-Sr-isotopestudiesonthe

volcanicsfromKautokeino,afterfirstconsideringthenatureof Rb-Sr

fractionationprocesses.

Rb-Sr-Kof theoldervolcanics.

Fig.7 showsRb-T102,Rb-SrandRb-K20variationdiagrams.Before,itwas

shownthatthecontentofTIO2isa measureofthedegreeofpartialmelting

andfractionalcrystallization;the11102-Zrplotshowedthetrendfram

highlydevelopedtholeiiticmagmastowardsthelessdevelopedkomatiitic

series.Theincompatibleelementswillbehavelikethat.Rb isa LIL-

element(large-ionlithophileelement)andgroupsamangthe"highlyincompa-

tible"elementstogptherwithe.g.La,andshouldreflectthedepletedor

enridhednatureof thesourceregionsinthesamemanneras La.

TheRb-TI02plotshowsa verygreatscatterandnoobvioustrendscanbe

obtained,asitshouldifRb reflectedonlyprimarymagpaticfeatures.The

greatscattermustinsteadthowa secondaryalterationprocessmainlycausing

an increaseof Rb formanyof thesamples.Thethreelinesdrawnonthe

plotrepresentthetrendsthevolcanicswouldhavetåkeniftheirorigin

wereframdepleted,undepletedor enrichedsourcetegionsrespectively

(TURb— 2700,1200or 550-600).Mostof thekomatiitesplotalalgthe

depletedtrendas is expectedframtheREE-patternsandmanyof thetholeii-

ticseriesdo thesame. As seenallthehighJfibasaltickomatiites(BK)

alsoplotalongthistrend,whichsupportsthesuggpstionthattheymay

representgnt-fractionatedkamatiiticliquids(PK).

TWoof theBK (withTi022 0.85w-%)originaflywereproducedfroma depleted

source(indicatedby REE)anditmustbe concludedthatthesehavegotintro-

ductionofsecondaryRbas seenfividtheTi02-Rbplot.

Someof thesamples(BKandTH)withLREE-enrichedpatternsfallalangthe

enrichedlineintheRb-Tiplot(35,F 32and22). Othersamples(TH)with

undepletedpatternsliealongtheundepletedlinein thesamefigpre.

TheK-Rbplotveryclearlyshowsthetrendforthealteredsamplesandsimul-

taneoussecondaryintroductionof K andRbwitha K/Rb-ratioofaround350.
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Inthisplotonecanalsopickoutthedepleted,undepletedandenriched
magpatictrends(RbismoreincompatiblethanK) :

.1) K/Rb(depleted) : 1000-3000

K/Rb(undepleted): 750-1100

K/Rb(enriched) : 600

IntheRb-Srplotsamethreetypesofpatternsmayalsobedrawn.

The
plotshowsa greatscatter,butsomesystemcanbe gpt. Someof thesamples
seemto falloffthetrendstheyshowedintheRb-Ti02plot.Thismayhave
occuredby cpx-and/orplag.-fractionation,followingthearrowsas indicated
intheRb-Srplot;e.g.s.no.3,15,F 26 and35. Theprocessproducesa
rangeintheRb/Srratios,thoughnota verylargerange,formaggasfrom
eachof thesourceregions.

Rb-Sr-isotopes.

I haveanalyzedtheRb-Sr-isotopesforsamplesfromeaChof thethreetypes
ofsourceregionsdiscussedabove.ThesesamplesapparentlyshowRb-Sr
relationshipsoforiginalmagmaticnature:

Depletedsamples ;Rb/Sr(source):0.005-0.015
s.no.164,119,15,3.

Undepletedsamples;Rb/Sr(source):0.025-0.035
s.no.95,F 26,7.

Enrichedsamples ;Rb/Sr(scurce):0.050-0.060
s.no. 35,22.

Fig.8 a)showstheRb(87)/Sr(86)Sr(87)/Sr(86)-diagramfbrtheabove
mentionedsamples,anda referenceisochronof 3000my.isdrawnthmmugh
eachof threegroupsmentionedabove.Theisodronsarelabelledaccording
tothegroupsabove.Thefoursamplesbelongingto group I prcduceanage
(erroaron)of 300Qh1.300my. whichmayindicatetheageof thevolcanics.

cT ihe referencesoAronsthroughthetwoothergroupsmayindicatethatisotopic
compositionoriginallywasdifferentforthethreegroupsof rocksandthus
shouldinplyisotopicheterogeneityof themantlein thearchean.However,
thefewsamplesana/yzed,especiallyforgroupsIIandIII,Lmplythatthe
featuresmayonlybe a coincidence.Mbreworkhastobedone,especiallyon
sampleswhichcanbeshownto havefractionatedSr toa considerabledegree,
andbelorgingtooneof thethreegrcupsmentionedabove.
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Someof thesamples
affectedbyseconda

ryalterationandRb-i
ntroduction,

as seenfromtheRb-
Ti02-andRb-K20 plots,havealsobee

nstudiedisotopi-

cally,andinfig.8 b
) theresultsaresh

ownintheRb-Sriso
topeevoluticm

diagram.Thereiss
omescatter,especi

allytwoof thesampl
esfallabove

theothers.

Thesamples(twoof
themomitted)produ

ceanage(errodron
)of 1900± 200my.

(2er),whichis thet
imeof Rb-introduc

tion.Thescatterispr
obablydueto

isotopicdifferenc
esintherocksat the

timeofalteration
.TheI.R.=

0.7025do notconfl
ictwithal000nw.-p

eriodbetweenthetime
of rockforma-

tionandalteratio
nprocessestakingpla

ces,ifanoriginalS
r (87/86)-ratioof

0.7009istakenfor
thevolcanics.

ConclusionsontheS
r-isotos.

Ryassumingdiffere
ntsourceregionsfort

hevolcanicsaccord
ingtotheREE-

patternsanddefine
thetypeofRb-evol

utionforthevolcani
cscharacteristic

foreachof thesere
gions,ithasbeenpo

ssibletoseewhichs
amplesare

leastaffectedby se
condaryalteration

,thuspreservingtheo
riginalRb-

contents.

A possibleageof 3.0b
.y. I.R.= 0.70090isOb

tainedforthedeple
tedsamp-

les. TheI.R.fall
son thesinglestag

eSr-isotopeevoluti
oncurve,witha

Rb/Sr-ratioof0.02
6,by 3.0b.y. Thisaloneindicat

esthatisotopichete
r-

ogeneitiesdidnote
xistinthemantlei

nthearcheanunder
neathKautokeino.

Thustheindicatio
nof groupsIIandIII

thatheterogeneit
iesexistedmay

notbe true.Howev
er,thepossibilityal

soadse thattheundeplete
danden-

rithedregionshave
persistedthroughti

mewhilethedeplet
ednatureonlyis

producedsimultane
ouslywiththePK-maggas

.

THEGRANITE-DIORI
TEGNEISSES.

4ho
Thegneisseseastof

vgreenstonesrangeincompositi
onframgranodioriti

cto

quartzdioritic.Th
emajorelementswil

lnotbe discuasedhe
re. Sonetrace

elementshavebeenu
sed,namelyRb-Sr-B

a-Sc,to tryto seeif
theelements

followsomesortofm
agmaticdevelopmen

tamongthegreisses
.I willassume

thatRbbehaveas an
incompatibleelemen

tduringsomemagmat
icprocess

producingtherocks
.Rb thereforewillb

e a functionofdegreeo
f partial

meltingor (/and)fr
actionalcrystalli

zation;i.e.F = Rbo/RbwhereF is t
he

fractionofMagmare
lativeto theresid

ualsolidsor fracti
onalmineralsand

Rboistheoriginalc
ontentof Rb in thes

ourcematerial.

Ryplottingtherati
os;Sr/Rb,K/Rb, Ba

/RbandSc/Rbagain
stF, it ispos-

sibletogetan ide
aofwhatresidualmi

neralsarepresentdu
ringnelting



processesorwhatmineralsfractionatetoproducea differentiationserips.

Rbohastobe knownandissetto7 ppm,whichisthemeanfortheunaltered
volcanics.

Infig.9 theresultingplotsareshown.A magmaticevolutionbydifferent
degreesof partialmeltingofa sourceseemstobethecase.Fractional
crystallizationprocesseswouldleadtoquitedifferenttrends.

Byusingappropriatepartitioncoefficientsforeathelementbetweenthe
differentmineralsanda gpanodioriticmelt,curvesforthedifferentmine-
ralsinthediagramsin fig.9 canbe constructed.

K-Bbshowsthata mixtureofhblandplagwas'presentintheresidue,but
donotruleoutthepresenceofgntandcpx. However,hbland/orplag
musthavebeenpresent.TheSr-Rb-andBa-Rbplotsshowthesame.

TheSc-Rbplotimplythepresenceof~ 10 % gntformostof thesamples.
TWosamplesShowthatgntwasthemainmineralintheresidueforthemagges
whichtheyrepresent.

Infig.10REEforsomeofthegneissesisshown.TheHREE-patternsare
generallystronglydepletedandtheLREEis stronglyenrithed.

The(La)N.concentrationsrangebetween25and150.xchondrite.A concentra-
tionof 10-15x chondriteforthesourcematerialfitstheObservedgneiss-
valuesproducedby 5-30% partialmelting.Thisindicatesthatthearchean
volcanicsmaybe thesourcematerial.

Thepresenceofgntiswelldemonstratedby theHREE-patterns.lbetwo
sampleshavingthegreatestdepletionofSe (infig.9)alsohavethegreates
depletionofHREE. ThepositiveEU-anomalymayalsohavebeencausedby
gntfors.no.24and92 (small).Therearenootherchemicalindicationof
plagaccumulation.No negAtiveEu-anomaliesareobserved,whichsuggpstthat
plaghasnotbeenpresentduringpartialmelting.

on iss-chemist.

Thegrano-dioriticgneisseshaveoriginatedby 5-30% partialmeltingof a
hbl+ gnt± cpx-rock(garnetamphibolite).Thissourceprobablyhavebeen
thearcheanvolcanicsasdescribedbefore(PK+ BK + TH).

Rb-Sr-isoteson the eisses.

AllthesamplesusedforthestudyabovehavebeenanalyzedforRb-Sr-isotope:
totrytogetan age,andseeif theisotopegeochemistryfittheåbovecon-

ClUsions.Infig.11theRb-Srisotopeevolutiondiagramforthesamplesis
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shown.Ihereisa greatscatter,butomittingtwosamplesan agpof2400
300my (2cr)isobtained,indicatinganageofearlyproterozoic,whichcould
bea minimumagebecausepartialSrhomogenizationmayhaveoccuredduring
laterevents.Sr-initialratiois0,7034anddo notprecludethegpeenstones
beingthesource.However,morepreciseestimatesof themeanRb/Srof the
volcanicsmustbe gpt. A possibilityisthata crustal(i.e.gneissic)resi-
dencetimeofa coupleofhundredmillionyearshastobe inferredtoexplain
theinitialratio,whichalsomaybe trueif2400my isa minimumage.

h.Beforetoofar-reacingconclusionsaretaken,moredetailedworkhastobe
doneon thegneissestoresolveeventualresettingof Sr-isotopesonlocal
scale,.asthesamplingwasdoneona moreregionalscale,onlyforreconnais-
sancestudies.

Rb-Srisot e studieson lateto sttectonicanites.

Thesearegranitictograno-dioriticincomposition.Samplesmainlyfrom
onebodyhavebeenused(nearBaharavdujavri,seefig.1)withsupplementof
samplesframsmallerdikesandothermassivesfbrthersouth-east.

Thesamplesdefineanageof 1715 32my,omittingthreeof thesamples,one
ofwhithlieabovetheisOchron.Thisisa narrowdikecuttingthrougha
micaschistandmayhavegotradiogenicSr fromthat. Thetwoothersamples
havehighRb/Sr-ratiosandaredikeswhichcouldbe of a youngeragethan
therestofthegranitesmeasured.I.R.= 0,7040,andindicatesthatthe
sourcematerialforthesegranitesmayhavebeenthevolcanicsaswasthecase
alsoforthegneissesdiscussedabove.

CONCLUSIONS.

Thekomatiite-tholeiite7seriesinKåutokeinohasprobab/yanarcheanage.
Thedhemistryof theyoungervolcanics,whichhavebeenproducedby later
rifting,istholeiiticandshowpartial1ymoreenrichedREE-patternsthanthe
oldervolcanics.Thekomatiite-tholeiiteseriesshowingeneralchemicalother
characteristicscommonwithvarcheangreenstonebelts.Details,however,
revealthatthekomatiitesbelongtotheAl-depletedgroupsofkomatiitesas
haveonlybeenrecognizeda fewplaces(Barberton,Pilbara)andinthatway
aredifferentfrome.g.thefinnishgreenstonebelts.Anagedifferencefor
thelattermaybe thecase.

Ont-fractionationof theperidotitickomatiitesseemtobe a commonphenome-
na inKautokeino,producinghighTi perioditic-andbasaltickcmatiites.
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Normalbasaltic-andperidotitickomatiiteshaveoriginatedf
romdifferent

sourceregions.

Theassociatedtholeiiteseriesmayhavebeenproducedby fra
ctionalcrystal-

lizationofeitherbasalticorperidotitickomatiiticliquid
sandinaddition

a thirdsourcealsoseemstobe theoriginforthetholeiites(
flatLREE).

Sr-isotopeson thevolcanicscouldindicateisotopeheterog
eneitiesofthe

archeanmantle.Inthatcasethedepletedsourceseenstobe
longtoregions

of normalevolutionof Rb-Sr-isotopes(Rb/Sr^,0.03),whiletheundepleted

andenrichedsourcesmaybe abnormal.

Thegranite-dioritegreissterrainshowan originby differentdegreesof

partialmeltingof a gnt-amphibolitesource,whichmayrepresentthegreen-

stonevolcanicsthroughwhichtheyintruded.Theageof 2400
my forthe

gneissesmeybe a mfriinutiage,as thegreatscatterma&indicate.

Theyoungeraranites(1715my)mayalsohavebeenproducedby
partialmelting

ofbasicmetavolcanics.

KarlIngeOlsen
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