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EDITOR´SPREFACE

Thisvolumeisthefourthinaseriesofpublicationscomprisingradiometricagede-
terminationscarriedoutasanintegralpartofthebedrockmappingprogrammeofthe
GeologicalSurveyofSweden.Thesevenpapersinthisvolumepresentdatafromdif-
ferent geological provinces of the Swedish Precambrian bedrock, from Råstojaure
northofKiruna toBlekinge in the south (seeFig. 1), and ranging in age between
ArchaeanandMesoproterozoic.

Thefruitfulco-operationwiththefollowingisotopelaboratoriesinvolvedinthe
presentinvestigationsisgratefullyacknowledged:theLaboratoryforIsotopeGeolo-
gy,SwedishMuseumofNaturalHistory,Stockholm(Head,Prof.StefanClaesson),
and the Unit for Isotope Geology, Geological Survey of Finland, Espoo (Head,
Dr.HannuHuhma;analysesperformedunderthesupervisionofDr.MattiVaasjoki).
Ineachofthepapersofthisvolume,informationisgivenregardingwhichlaboratory
isresponsiblefortheisotopicanalyses.

Analyticalmethodsfor theU-Pbdatingsperformedat theLaboratoryforIso
topeGeologyinStockholmcanbesummarizedasfollows.Thezirconsweresepar-
atedusingstandardmagneticandheavyliquidtechniques.Mostfractionswereabrad-
edaccordingtotheKrogh(1982)method.TheyweredissolvedinHF:HNO3inTef-
lon®capsulesinautoclavesaccordingtoKrogh’s(1973)method.Afterdecomposi-
tion, the samples were dissolved in HCl and aliquoted. A mixed 208Pb–233-235U
tracerwasaddedtotheID-aliquots.Someofthesmallersampleswerespikedwitha
mixed205Pb–233-235Utracerpriortodecomposition.Thesamplealiquots,dissolved
in3.1NHCl(IDaliquotsand205Pb-spikedsamples)or2NHCl(ICaliquots)were
loadedontoanionexchangecolumnswith50µlresinvolumeforextractionofPband
U.PbwasloadedonResinglefilamentswithsilicagelandH3PO4.Uwasloadedon
Redouble filamentswithHNO3.The isotopic ratiosweremeasuredonaFinnigan
MAT261mass spectrometer equippedwith five faraday cups.Most sampleswere
measuredinthestaticmodewiththefaradaycups.SmallPbandUamounts,yielding
lowsignals,weremeasuredinpeakjumpingmodeonasecondaryelectronmultiplier.
Thecalculationofthecorrectedisotoperatiosandtheerrorpropagationweremade
usingthePBDATprogramofLudwig(1991a),andthedecayconstantsrecommended
bySteiger&Jäger(1977)wereused.Calculationoftheinterceptagesandthedraw-
ingoftheconcordiaplotweredonewithLudwig’s(1991b)ISOPLOTprogram.The
totalPbblankwas5–10pgandtheUblanklessthan2pg.Theassignedcomposition
ofcommonPbiscalculatedaccordingtothePbevolutionmodelofStacey&Kramers
(1975).ThemassfractionationforPbis0.1%pera.m.u.Umassfractionationwas
monitored and corrected for by means of the 233-235U ratio of the
spike.Allanalyticalerrorsaregivenas2σ.

Monazite was analysed in the same way as zircon with the exception of being
decomposedin6NHCl.

Titanitewasanalysed in the samewayaszirconexcept from the ionexchange
procedurewhereaHBrstepwasaddedforbetterpurificationoflead.

FortheanalyticalprocedureoftheUnitforIsotopeGeology,GeologicalSurvey
ofFinland,thereaderisreferredtoSuominen(1991)andVaasjokietal.(1991).

4



5

Martinsson et al.

Bergström et al.

Lundström & Persson,
Lundström et al.

Delin & Persson

Persson & Persson

Kornfält 
& Vaasjoki

Fig.1.Locationofareasfromwhichpapersarepresentedinthisvolume.
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AgeoftheKristinebergPluton,
westernSkellefteDistrict,northernSweden

By

UlfBergström,KjellBillströmandThomasSträng

INTRODUCTION

TheSkellefteDistrict,interpretedasaPalaeoproterozoicvolcanicarc(Weihedetal.
1992,Allenetal.1996),isoneofSweden’smajororedistricts.Itcontainsabout100
massivesulphideandgolddeposits,occurringinac.100x30kmbeltofmetavolcan-
icandmetasedimentaryrocksinthenorthernpartofVästerbottenCountyinnorthern
Sweden.TheoresarehostedmainlybymetavolcanicrocksoftheSkellefteGroup.

TheageofthedifferentrocksintheSkellefteDistricthasbeendiscussedbysev-
eral workers and a summary was presented by Billström & Weihed (1996). Three
mainsupracrustalassemblagesmaybediscernedinthedistrictanditsimmediatesur-
roundings.Volcanicandsedimentaryrocksolderthanc.1950Maareexposedinthe
KnaftenareasouthoftheSkellefteDistrict(Wasström1993,1996).Asimilaragewas
obtained from a volcanic rock in the Barsele area further to the west (Eliasson &
Sträng1998).IntheseterrainssouthoftheSkellefteDistrictproper,severalgenera-
tionsofgranitoidsarepresentwithawidevarietyofages(Skiöld1988,Billström&
Weihed1996, Björk&Kero1996).Thedepositionof theSkellefte Groupand the
VHMS ores within the Skellefte District was interpreted by Billström & Weihed
(1996)tohavetakenplaceintheinterval1890–1880Ma.TheSkellefteGroupisover-
lainbysedimentaryrocks,andatleastpartlybysubaerialvolcanicrocksoftheVarg-
forsGroup.Thelattergrouphasbeencorrelatedwiththeterrestrial,volcanicrocksof
theArvidsjaurGrouptothenorth,andagedeterminationssummarizedbyBillström
& Weihed (1996), Skiöld (1987), and Skiöld et al. (1993) suggest a time interval
between1880and1870Mafortheemplacementoftheserocks.

The volcanic rocks of the Skellefte andArvidsjaur Groups are associated with
granitoidplutonsofthesameage.TheArvidsjaurDistrict,whichistheareawherethe
ArvidsjaurGroupisexposed,includesawidevarietyofintrusionsrangingfromto-
nalite toalkali feldspargranites.Somearewelldefined(rounded)plutons, like the
Arvidsjaurpluton(Muller1980),datedbySkiöldetal.(1993)at1877+8/-7Ma,while
others form large irregular masses. In the Skellefte District, a limited number of
plutonsaretentativelyassociatedwithrocksoftheSkellefteGroup.ThemajorJörn
plutonwasinvestigatedandtheJörnGIgenerationwasdatedat1888+20/-14Maby
Wilsonetal.(1987). Quartz-feldsparporphyrystocksanddykesformanimportant
component, dated at Tallberg at 1886+15/-9 Ma (Weihed & Schöberg 1991). Few
otherplutons in theSkellefteDistricthavebeensoextensively investigated.In this
paper,aU-PbzirconageoftheKristinebergplutoninthewesternpartoftheSkellefte
District ispresented.Asall the involved rocks (except theRevsundgranitoids)are
metamorphosed,theprefixmeta-isomitted.



REGIONALGEOLOGY

TheKristinebergareaiscomposedofrocksbelongingtotheSkellefteGroupvolcan-
icrocksandtheVargforsGroupsedimentaryrockswhichsurroundthedomeshaped
Kristinebergpluton(Fig.1).TheVindelgranselearea,tothewestjustoutsidethemap
area, formsanotheranticlinalstructure.Thec.1.8GapostorogenicRevsundgrani-
toidsbordertheKristinebergandVindelgranseleareastotheeast,southandwest.

TheSkellefteGroupvolcanicrocksintheKristinebergareamaybedividedinto
threeseparatetypes:1)plagioclase-(quartz)-phyriccoherentdacites–rhyolites,inter-
pretedaslava-orintrusivecrypto-domes,2)partlyporphyriticrhyoliticvolcanoclas-
tites and 3) basalts–andesites, mainly emplaced as subvolcanic sills (Bergström &
Sträng1998).Within the upperpartof thestratigraphy, intercalationsof limestone,
calc-silicaterocksandmudstonelensesoccurtogetherwithmassivesulphidedeposits
withinthevolcanoclastites.ThisunitwasnamedtheKimhedenFormationbyWillden
(1986),whoproposeddepositioninsubmarineriftsduringalateextensionalphase.
Alteration is widespread in the Kristineberg area. Intensely chlorite-
sericite-pyritealteredzonesoccur closetotheores,butonaregional scale thereis
also extensive, less intense alteration. The ore assemblages are overlain by mixed
felsic–maficvolcanoclastites(“tuffites”isawidelyusedhistoricalterm)withinter-
calatedbasalts.

TheSkellefteGroupisstratigraphicallyoverlainbyalaterallyextensiveargillite
formation,theMörklidenFormation,whichisreadilyobservedongeophysicalmaps
due to itsgraphiteandpyrrhotitecontent (Bergström& Sträng1998).Thismarker
horizonsuggestsstagnant,deepwaterconditionsandwaningvolcanicactivity.Itis
succeededbygreywackesoftheFäbodlidenFormation,depositedastypicalrhythmic
sandy–silty turbidites (Bergström & Sträng 1998). Both the Mörkliden and the
FäbodlidenFormationscorrespondstratigraphicallytotheVargforsGroup,asdefined
byAllenetal.(1996).

TheSkellefteandVargforsGrouprocksintheKristinebergareahaveexperienced
polyphasedeformationduringat least threephases.Thearea is characterizedbya
strongfoliation/bandingS1, whichissubparalleltotheoriginalbeddingandfolded
aroundE–W-trending fold axesplunging20–50° to thewestduringD2.Theolder
foliation/bandingispresentintheKristinebergplutonaswell.Ayoungercrenulation
cleavageS3,withsteeplineations,overprintstheolderstructures.Amarkedtectonic
lineament is present justoutside themaparea inFig.1,andseparates thestrongly
foldedandshearedrocksoftheKristinebergareafromthewellpreservedrockstothe
northwest.

8



9

Hornträsket

Kristineberg

Viterliden

N Svanaberget

Map area

Sample locality

Revsund granitoids

Tourmaline breccia

Porphyries

Granodiorite

Tonalite

Kristineberg pluton

Skellefte Group

Vargfors Group

Massive sulphide ore deposit

Fault

Greywackes

Argillites

Mafic volcanic rocks

Felsic volcanic rocks

km

0 3
N

Fig.1.SimplifiedmapofthegeologyoftheKristinebergarea.FromthemapsheetMalåSO
(Bergström&Sträng,inpress).
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GEOLOGICALFEATURESOFTHEKRISTINEBERGPLUTON

TheKristinebergplutonwasdiscussedbyDuRietz(1953),Edelman(1967)andWill-
den(1986).ThreeprincipalrocktypescanbedistinguishedwithintheKristineberg
pluton: tonalite which is thedominant rock type, granodiorite whichoccurs in the
north-centralcore,andporphyrystocksandsillsinthewesterncontacttowardsthe
volcanic rocks.The tonalite isadarkgrey,medium grainedgranoblastic rockwith
plagioclase,hornblende,andquartzasmainconstituents,withsubordinatebiotiteand
withmagnetite,apatite,andzirconasaccessoryphases.Thehornblendeismetamor-
phic,whileplagioclasewithAn30–40maybepreserved.

Thegranodioriteisagrey,mediumgrainedoligoclase-quartz-biotiterock,some-
timeswithc.5mmquartzphenocrystsandminoramountsofmicrocline.

There are two types of porphyries. The dominant variety is a dark grey, fine-
grained,granoblasticbiotite tonalitewith rarepreservedalbite twinnedplagioclase
phenocrysts.AnothertypediscussedbyDuRietz(1953)isafine-grained,lightergrey
rockwithagranitictotrondhjemiticcompositionandwithaplagioclaseporphyritic
texture.Thistypeoccursattheintrusivecontacttowardsthevolcanicrocks,whilethe
tonalitic,morecoarse-grainedtypeoccupiesthecoresoftheporphyrystocks.Tour-
malinecanoccasionallybeobservedandmagnetiteoccursasc.0.5mmgrains.

ThestrongNNE-trendingdeformationoftheplutonicandvolcanicrocksmakes
theprimarycontactrelationshipsdifficulttointerpret.Twomaineast–westtrending
porphyrystocksinthewesternpartoftheplutonareintrusiveintothevolcanicrocks
(Fig. 1). The internal relation among different units within the pluton is less well
known,althoughapliticporphyrydykescanbeseentocross-cutthetonalite.Noreli-
ableobservationshavebeenmadeoncontactrelationshipsbetweenthetonaliteinthe
Kristineberg pluton and the Skellefte Group volcanic rocks. Mafic dykes are also
presentinthetonalite,andDuRietz(1953)reportedsomemaficdykestobeintrusive
intotheporphyries.Betterpreservedpartsoftonaliteandgranodioriteareseparated
byzoneswithamyloniticfabric.Generally,thegranodioritehasamoremassiveap-
pearancethanthetonalite,possiblyduetoasmallermicacontent.Themetamorphic
gradeincreasestowardsthesouthandeast.ThenorthernporphyryatKristinebergis
sericitized and chloritized, while the southern porphyry exhibits the higher grade
biotite-cordierite assemblage (Du Rietz1953).A specific alteration type is present
closetotheKristinebergoredepositandontheViterlidenhill,c.3kmeastofKris-
tineberg,wherequartz-tourmalineveinletsformstockworkbrecciasinanaplitichost
rock(Edelman1967).

PETROPHYSICALFEATURESOFTHEPLUTON

TheKristinebergplutonhasamuchhighermagnetizationthanthesurroundingvol-
canicrocks,duetoadistinctmagnetitecontent.Thismakesitpossibletooutlinethe
plutonshape,eventhoughtherearefewoutcrops.However,themagneticsusceptibil-
ityvariesconsiderablyatdifferentsamplelocationsandthenumberofmeasurements
takenistoosmalltoestimateastatisticalmeanvalue.Susceptibilityvaluesoftheto-
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nalite range from 330 to 35,000 (µSI), while the distribution of the granodiorite
valuesisalmostaslarge,130to18,440(µSI).However,basedonmagneticsuscepti-
bilitymeasurementsinthefield,thetonalitetendstoexhibithighermagneticsuscep-
tibilityvaluesthanthegranodiorite.Thegranodioritecanbeseenasalowmagnetic
coreoftheplutonontheaeromagneticmaps.Theporphyrieshavesimilarmagnetic
propertiestothetonalite.Alterationanddeformationgivetheintrusiverocksofthe
Kristinebergplutonaheterogeneousmagneticpattern.Thedeformationcharacterof
theKristinebergplutonisalsoevidentontheaeromagneticanomalymap,wherethe
plutondisplaysabanded,almostsigmoidalpattern.Remanentmagnetizationislow
forthetonaliteandthegranodiorite.

Thedensitymeanofthetonaliteis2.69(g/cm3),whilethegranodioritehasalow-
erdensityof2.65(g/cm3).Onlyonesampleofthetonaliticporphyrieshasbeenana-
lysed,yieldingadensityof2.74(g/cm3).Basedontheabovedensityvalues,gravity
modellingsuggestsadepthofatleast6kmfortheKristinebergpluton.

γ-radiometricmeasurementsoftheKristinebergplutonindicatelowvaluesregard-
ingthecontentofpotassiumanduranium,aswellasthorium.Thetonaliteshowsa
potassiumcontentof1.6%,auraniumcontentof2.5ppmandathoriumcontentof
6ppm.A limitednumberofmeasurementsof thegranodiorite gives the following
meanvalues:K=2%,U=1.3andTh4.7ppm.

DESCRIPTIONOFTHEDATEDTONALITESAMPLE

ThesamplewastakenatNorraSvanaberget(Fig.1),fromasmalloutcropc.100m
fromtheroadbetweenKristinebergandBjörkliden,some1600metressoutheastof
Kronås(RAK163414E/721693N).Thisoutcrop(MGN930258intheSGUdatabase)
issituatedwithinastructurallywellpreservedblock,surroundedbyshearzones.The
datedsampleisatypicalgreytodark-greytonalitewithagranoblastictextureshow-
ingweakbutdistinctfoliation.Afewpreservedsericitizedplagioclasecrystalscanbe
observedwithAn37–44.Greenhornblendeismoreabundantthanbiotite.Magnetite
occursasc.0.5mmgrains.

ThechemicalcompositionofthedatedsampleisshowninTable1.Itissimilarto
that of the Sm-Nd-investigated sample from Viterliden (F 84133), analysed by
Öhlanderetal.(1987).Geochemicaldatafromagranodioriteandatonaliteporphyry
are also included in Table 1. A possible difference in geochemical composition
betweenthe tonalitesand the tonaliteporphyries ismanifestedby theabsenceofa
negativeEuanomalyandhigherP2O5fortheporphyry.Moredataisneededtoverify
this.
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TABLE1.GeochemistryoftherocktypesoftheKristinebergpluton.SampleMGN930258(the
datedsample):721693/163414(ICP-AESandICP-MS,SvenskGrundämnesanalysAB,Luleå,
1995),SampleUJB930186:722492/163904(XRFandINAA,XRAL,Canada,1994),Sample
UJB930275:722101/163105(XRFandINAA,XRAL,Canada,1993).

 Tonalite Granodiorite Ton.Porphyry
 MGN930258 UJB930186 UJB93075

SiO2wt-% 62.1 74.8 65.3
TiO2 0.501 0.218 0.642
Al2O2 14.5 13.1 15.1
FeO3t 7.50 2.37 7.66
MnO 0.139 0.06 0.05
MgO 3.94 0.51 2.21
CaO 6.18 2.07 3.24
Na2O 2.97 4.24 4.94
K2O 1.02 2.35 0.39
P2O5 0.110 0.06 0.28
LOI 0.5 0.48 0.90

Bappm 422 771 207
Rb 23.6 43 10
Sr 424 267 337
Cr 107 110 93
Ni 30.5 3 4
V 172 - -
Co 25.2 4 9
Sc 20.6 4.6 17
Zr 126 120 135
Y 12.9 17 21
Nb 7.48 10 6
Hf 5.16 3.7 3.8
Ta 0.726 - -
U 2.59 2.6 2.4
Th 4.66 4.8 3.1
La 24.4 34.5 21.3
Ce 65.4 60 46
Pr 6.69 - -
Nd 30.4 26 22
Sm 6.14 4.2 4.9
Eu 1.11 0.7 1.6
Gd 5.17 - -
Tb 0.631 0.4 0.7
Dy 3.57 - -
Ho 0.673 - -
Er 2.39 - -
Tm 0.341 - -
Yb 2.40 1.4 2.2
Lu 0.307 0.23 0.30

Sum 99.5 100.3 100.7



U-PbDATINGRESULTS

ThezirconsofthetonaliteatNorraSvanaberget(sample96019intheLIGdatabase)
areeuhedralandweakly coloured,withgood transparency,althoughmanycrystals
areslightlyturbidandmetamict.Darkinclusionsarefairlycommonbutsuchcrystals
wereavoidedduringthehand-pickingprocedure.Rarely,slighttendenciesforgrowth
zoningwereobserved,butnoobviouscorescouldbedetectedinnormallight.Quite
afewcrystalsarelong-prismatic,approachinganeedle-likecharacter(cf. the>106
nålfractioninTable2),whileothercrystalsaremorestubbywithalengthtowidth
ratioofaround2–3:1(marked“hel”inTable2)andratherflatinaviewlookingper-
pendiculartothec-axis.Fewcrystalsarecompletelytransparentandhaveabrilliant
lustre(cf.the>74briljfraction,Table2).Certainofthelong-prismaticgrainshave
transversecrackswithevidenceforhavingbeenbrokenandsubsequentlyhealed.In
general,thelargercrystalshavefrequentlydevelopedcracks,whilethesmallergrains
aremorehomogeneous.

Fourdifferentsizefractionswereusedforthefinalselectionprocedureandalto-
gethereightfractions,includingtwothatwereabraded(denotedwith”ab”inTable
2),wereanalysedattheLaboratoryforIsotopeGeologyinStockholm.Theanalytical
procedureisdescribedintheEditor’sPrefacetothisvolume.Thelarge>150µmfrac-
tionplotsinaslightlyreversediscordantmannerintheconcordiadiagram(Fig.2)
and,considering itsnear-concordantposition,hasacomparatively low207Pb/206Pb
age.Thisfractionalsohasamuchlower206Pb/204PbratioandahigherPbcontent
relativetotheotheranalysedfractions.Theremainingsevenfractionswereregressed
toyieldanageof1907±13MawithaMSWDvalueof7.6(Fig.2).ThehighMSWD
valueindicatesacertaininternalsampleinhomogeneity,anopinionwhichisstrength-
enedbythedeviatingdataforthelarge>150µmfraction.However,weconsiderthe
1907Maage,definedbysevenseparatefractionsofvarioushabitusandopticalqual-
ity,tobeagoodestimateoftheintrusionageoftheplutonandpossiblythedeviating
fractionisreflectinganover-growthprocessatsometimesubsequenttotheintrusive
event.Still,theagedeterminedisunusualforamagmaticrockintheSkellefteDis-
trict, and some zircons from this sample should be analysed with an ion probe in
order to checkfor internalheterogeneitiesandpotentialproblemssuchasdifferent
generationsofzircongrowth.

DISCUSSION

Theover-printingmetamorphicandhydrothermalprocesseswhichhaveaffectedthe
rockmayalsohavehadaninfluenceonthezirconsystematics.Presumably,zircons
originally crystallized during a single event, forming a homogeneous magmatic
population. Subsequently, post-crystallization processes slightly affected the U-Pb
systematics of the zircons, except for the >150 fraction which was more strongly
over-printed. Inaconcordiadiagram this showsupasadiscordiawitha relatively
highMSWDvalue.ItissuggestedthattheanomalouscommonPbandtotalPbcon-
tentsshownbythe>150fractionreflectsanover-growthepisodethatwassynchro-

13
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nous with the c. 1.88–1.89 Ga old processes which generated the Skellefte Group
volcanic rocks andultimately the relativelyPb-richVHMSore atKristineberg.This
kindofprocessapparentlycreatedrimsonthezirconsthatarenotopticallydetectable.

Anepsilon-Ndvalueofc.+3.2(calculatedatt=1890Ma)waspreviouslyreported
forthetonaliteatViterliden(Öhlanderetal.1987)andananalysisofthewhole-rock
material of the dated zircon sample gave a similar epsilon-Nd value of +3.5
(Kjell Billström, unpublished results). Such a primitive Nd isotope value does not
allowanysignificantincorporationofmaterialmucholderthan1.9Gainthemagma
source.Thisisalsoconsistentwiththeapparentlackofcoresinthezircons.Inaddition,
thedataoftheabradedzirconsalsofellonthediscordia,afeaturewhichisnotconsis-
tentwiththepresenceofanysignificantcorematerial.Thesefeaturesgivecredittothe
interpretation that the1907Maage isagoodestimateofamagmaticcrystallization
event.

Theobtainedage for the tonalitewithin theKristinebergplutoncorrelateswell
withthe1902MaagefortheKattisavanpluton(Björk&Kero1996),situatedc.20
kmtothesouthwestandseparatedfromrocksof theSkellefteDistrictbyRevsund
granitoids. Recent investigations of the Kattisavan intrusion (Vesterlund 1996) de-
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Fig.2.ConcordiadiagramfortheanalysedzirconsfromtheKristinebergplutontonalite.
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scribeafractionatedtonalite-granodioritewithepsilon-Ndvaluescloseto+4,which
issimilartovaluesfortheKristinebergpluton.Petrophysicalproperties(Kero,pers.
comm.)arealsosimilar, i.e.highmagneticsusceptibilityandadensityofapproxi-
mately2.7g/cm3,eventhoughthereseemstobealargervariationoftheradiometric
values,inparticularforthorium.

TheaboveageandSm-Ndisotopecharacteristicssuggeststheexistenceofasuite
ofgeochemicallyprimitivegranitoidplutonswithagesslightlyabove1900Ma.Such
anageisdefinitelyhigherthanthatoftheJörnGIgranitoids(cf.Wilsonetal.1987).
Onadistrictscale,theSkellefteGroupvolcanismisinterpretedtobec.1890–1880
Ma(Billström&Weihed1996)and theearly-stageJörnplutonsarebelieved tobe
deepequivalentstothevolcanicrocksandmoreorlesscoevalinage.Giventheage
of1907Mafor theKristinebergpluton, it ispossible thatalsospatiallyassociated
supracrustalrocksintheareahavesimilarages>1890Ma,asthespatialrelationship
betweenplutonicandvolcanicrocksisvalidalsointheKristinebergarea.Thevol-
canicrocksandtheKristinebergplutonalsosharethesamedeformationhistory.Age
differencesof20–30millionyearswithintheSkellefteDistrictarecompatiblewith
thevariablePb isotopedataobtained fromgalenas across thedistrict (Billström&
Vivallo1994).However,therecognitionofmagmaticzirconagesslightlyexceeding
1900MaforplutonstothesouthoftheSkellefteDistrict(Björk&Kero1996),with-
outanyknownconnectionwiththeSkellefteGroupvolcanism,isconsistentwithan
alternativehypothesis,whereacrystallinebasementtothe1.89–1.88Gavolcanismis
present.ThismeansthatthelocalSkellefteGrouprocksintheKristinebergareamay
haveageswithinthe1.89–1.88GaagespanandthattheKristinebergplutonconsti-
tutes a basement. Until new age information on volcanic rocks becomes available
fromthewesternSkellefteDistrict,itisdifficulttoconcludewhichofthetwohypo-
thesesiscorrect.

TheporphyriesshowgoodintrusivecontactstowardstheSkellefteGroupvolcan-
ic rocks in the Kristineberg mine. Dykes of porphyry also intruded the tonalite-
granodioritepartsoftheKristinebergpluton.Thissuggeststhattheporphyriesmay
notberelatedtothetonalite-granodioritepart.Thesmalldifferenceincomposition
between theporphyriesand the tonalite–granodiorite ispossibly important,as they
mightrepresenttwodifferentmagmagroups.Possibly,theporphyriesformedasub-
volcanic component of the Skellefte Group volcanic rocks. Supporting this is the
sodiccharacteroftheKristinebergplutongranitic-trondhjemiticporphyries,whichis
similartothatofthecoherentplagioclasephyricvolcanicrocks(DuRietz1953).The
describedtonalite–porphyryrelationshipissimilartothesituationintheTallbergarea
(Weihed1992)withintheJörnpluton.Here,atonaliteisintrudedbyporphyrystocks
anddykeswithadifferentgeochemicalcomposition,buttheagedifferenceisquite
small,1888+20/-14Ma(Wilsonetal.1987)fortheJörnG1tonalite,and1886+15/-9
Mafortheporphyry(Weihed&Schöberg1991).Theporphyryintrusionsarespatial-
ly related to a large tonnage/low grade porphyry copper type of mineralization at
Tallberg,whichwassuggestedtoberelatedtovolcanismabovetheporphyrydykes
(Weihed1992).EvidenceforsimilarmineralizationtypesintheKristinebergpluton
wassuggestedbyLindberg(1983).
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CONCLUSIONS

AtonalitefromtheKristinebergplutonhasbeendatedbytheU-Pbmethodonzir-
cons.Theobtainedage,1907±13Ma,isinterpretedasthemagmaticcrystallization
age.Theepsilonvaluefor thesamesample is+3.5.Thisvalueandthe lackofob-
served cores in thezirconscontradict that inheritedoldermaterial in thezircons is
responsibleforthecomparativelyhighU-Pbage.The>150µmfractiondeviatesfrom
theotherfractionsandisinterpretedtorecordanoverprintingprocessatsomepost-
crystallizationevent.

TheKristinebergplutonisspatiallyrelatedtothevolcanicrocksoftheSkellefte
GroupandageneticrelationshiphasbeensuggestedbyBergström&Sträng(1988).
The1907±13Maageissomewhatolderthanthe1880–1890Maintervalsuggested
byBillström&Weihed(1996)fortheemplacementoftheSkellefteGroup.Twohy-
pothesesarepossible:1)TheKristinebergtonaliteisslightlyolderthantheSkellefte
Groupandformsabasementforthevolcanism.Thevolcanicrocksarecoevalonly
withtheporphyrystocksinthewesternpartofthepluton.Theovergrowthepisode
shownbythe>150µmfractioniscorrelatedwiththevolcanism.2)TheKristineberg
tonaliteiscoevalwiththeSkellefteGroup,andthevolcanicrocksareolderinthispart
of theSkellefteDistrict.Theporphyries representa late-stage intrusivecomponent
similartothesituationintheJörnpluton.Theoverprintingepisodecouldberelated
tothestrongdeformationevidentintheKristinebergpluton.
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UPbzirconagesofthreePalaeoproterozoicigneousrocks
intheLoosHamraarea,centralSweden

By

HansDelinandPerOlofPersson

INTRODUCTION

ThebedrockoftheregionofsouthernNorrland,ofwhichtheLoos–Hamraareaisa
part, ispredominatedbyrocksbelongingtotheSvecokarelianorogen,inparticular
high-grade metamorphic and strongly deformed granitoids, metasedimentary and
metavolcanicrocks.Inthewesternpartsofthearea,theserockshavebeencross-cut
bylate-topostorogenicgranitoidsoftheTransscandinavianIgneousBelt(TIB).The
Svecokarelianearlyorogenicgranitoidshavezirconagesof1843–1858Ma (Delin
1993,1996,Welinetal.1993andDelin&Aaro1994).TheTIBisrepresentedhere
bytheRätangranitoidintrusionand,furthersouthwest,bytheDalaVolcaniteCom-
plexandgranitesbelongingtotheDalaGraniteGroup.TheRätanintrusionisabout
1700Maold,accordingtodatingsbyWilsonetal.(1985),Patchettetal.(1987)and
Delin(1996).CloselyassociatedwiththeeasternmarginoftheRätanintrusion,three
separateyoungerintrusionsofporphyriticgranitoidsoccur.Twoofthesehavebeen
datedandclassifiedbyDelin(1996).Yieldingzirconagesofc.1800Ma,thegranit-
oidswereregardedasprobablemembersoftheRevsundGranitoidSuite.

TheSvecokarelian rocksof the region aregenerally affectedby strong, ductile
(andbrittle)deformation,themostconspicuousstructuralelementbeingtheStorsjön–
EdsbynDeformationZone(SEDZ).Thecomplexdeformationhistory, inparticular
concerning the SEDZ, has been thoroughly analysed and defined by Bergman &
Sjöström (1994). The SEDZ is a multi-phase, ductile to semi-ductile deformation
zonethatintersectstheareainaroughlyNSdirectionwithatotallengthofsome200
km.InthewesternpartoftheLoos–Hamraarea(map-sheet15FVoxna,Fig.1),the
Svecokarelianmetamorphismislowtomediumgradeandthedeformationisrather
weak.Here,apartlywellpreservedsynclinalsupracrustalsequenceoccurs,composed
mainlyofmetasedimentaryrocksandproductsofabimodalvolcanism.Thegeneral
stratigraphyhereis,fromoldertoyoungerformations,meta-argillite,quartzite,met-
arhyoliteandmetabasalt.ThegeologyoftheLoos–Hamraareahasbeenstudiedina
comprehensiveworkbyLundqvist(1968)andisalsodescribedinfieldworkreports
fromthe15FVoxnamap-sheet(Delin1995,Delin&Aaro1996).Aregionalgeolog-
ical map with description of the Gävleborg County, including the Loos–
Hamraarea,waspreparedbyLundegårdh(1967).

20
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Late- to postorogenic intrusions (TIB)

Syn- to late orogenic intrusions

Early orogenic granitoids

Early orogenic gabbro

Mafic metavolcanic rocks

Felsic metavolcanic rocks

Migmatized metasedimentary rocks

Metasedimentary rocks

Deformation zone, mainly brittle
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Fig.1.Schematicmapofthebedrockgeologyofthe15FVoxnamap-sheet,simplifiedfrom
Delin&Aaro(inprep.)andBergman&Sjöström(1994).A,BandCrefertodatingsamples
HLD940484,HLD930222andHLD940488,respectively.
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GEOLOGICALBACKGROUND

DuringregionalbedrockmappingofthesouthernNorrlandregion,centralSweden,a
numberofradiometriczircondatingshavebeencarriedout,someoftheseyielding
encouragingresults.Asacomplement to theseprevious works,andtoincreaseour
knowledgeof theSvecokarelian evolution in the region, threenew targets (Fig. 1)
wereselectedforU-Pbzircondating.Selectionandsamplingwerecarriedoutincon-
nectionwithbedrockmappingofthemap-sheet15FVoxna(Delin&Aaro,inprep.),
andthedatingresultsarereportedinthisstudy.

TheLoosandtheNoppikoski(c.30kmSWofLoos)supracrustalsequencespart-
lyshowsimilarlithologies,viz.aquartziteformationoverlainbymetarhyolite.They
havebeencorrelatedstratigraphicallybyLundqvist(1968),butnoisotopicdatahave
so far been available concerning the Loos metavolcanic rocks. For the ignimbritic
Noppikoski metarhyolite, Welin (1987) reported a zircon age of 1867±9 Ma. At
Hortesbergetinthe17FÅngemap-sheetarea(c.70kmnorthofLoos),aporphyritic
metarhyolitewassampledforzircondatingbyH.Delin(unpubl.).Thepurposeofthis
datingattemptwastogetusefuldataforlatercorrelationswiththeLoosmetarhyolite
andotheroccurrencesofmetarhyoliteinsouthernNorrland,centralSweden.Unfor-
tunatelytheisotopicanalysisfailedduetostronglyuranium-enrichedzircons.

InordertoascertaintheabsoluteageoftheLoosvolcanismand,ifpossible,cor-
relatetheLoosandtheNoppikoskisequences,U-Pbzircondatingwascarriedouton
asample(HLD940484)collectedintheLoosmetarhyolite.Additionally,aU-Pbdat-
ingoftitaniteinthesamesamplewasdone.As,accordingtofieldevidence,theLoos
metabasaltformationoverliesthemetarhyolitestratigraphically,theextrusionageof
thelatterwouldalsogiveamaximumageofthemetabasalts.

AtthesmallLakeLaxtjärnen, about6kmwestofLooscommunity, thereisan
occurrence of a fine-grained, quartz-porphyritic felsic rock with a subvolcanic
appearanceandnosignoffoliation.AccordingtoLundqvist(1968),therockforms
thenorthernmarginal phaseof anearlyorogenicgranite intrusion (here called the
Hamraintrusion).Thegranitehasanintrusiverelationshipwithrespecttometa-argil-
liticrocksinthenorthandhasformedacontactmetamorphicaureole,whichisone
of very few reported, concerning early orogenic granitoids of the Swedish Sveco-
karelianbedrock.Thereisnoobservedlithologicalcontactbetweenthegraniteand
themoreeasterlylocatedLoosmetarhyolite.However,xenolithsofmetarhyolitehave
beenobservedintheporphyriticgranite,afactthatindicatesanintrusiverelationship
withtheformer.

RocksoftheLaxtjärnengranitetypeoccuratafewotherlocalitiesintheLoos–
Hamraarea,mostlyinamarginalpositionnearmeta-supracrustalrocks.Incontradic-
tiontoLundqvist’sopinion(1968),someoftheseoccurrenceshavebeeninterpreted
aslateorogenicgranitesinearlier,unpublishedprospectingreports.Asanattemptto
resolve the problem, a sample (HLD930222) was selected for U-Pb zircon dating.
Thisdatingoughtalsotoyieldtheageoftheintrusivephasethatcross-cutsthecentral
partsoftheLoossupracrustalarea.

Inthesouthwesterncornerofmap-sheet15FVoxna,anareawitharedgranitewas
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identifiedduringbedrockmapping.Thegranitedifferedfromallpreviouslymapped
Svecokarelianearlyorogenicgranitoidsintheregionanddisplayedabsenceofpeg-
matitesandveryweakornofoliation.Italsoseemedtocross-cutthebasal,conglom-
eraticlayersoftheDalaVolcaniteComplex.Thelatterformsavolcanic–sedimentary
complex,whichwasdepositedunconformablyontopoftheolder,deformedSvecok-
arelian rocks.The redgranitewasconsidered tobeaDala typegranitebyHjelm-
qvist (1966) and in some other previous mapping works, according to which the
granitecouldformaneasterlyintrusionbelongingtotheDalaGraniteGroup.Tover-
ifythissuggestion,U-Pbzircondatingwascarriedoutonasample(HLD940488)of
theredgranite,taken1kmwestofLakeKölsjön.

SAMPLEDESCRIPTIONANDANALYTICALRESULTS

Theanalyseswereperformedat theLaboratoryforIsotopeGeologyinStockholm.
TheanalyticalprocedureisdescribedintheEditor’sPrefacetothisvolume.

Loosmetarhyolite

SampleHLD940484wastakenfromasmallroadcutc.1kmwestofLoosvillage
(map-sheet 15F Voxna NV, coordinates 684832/146430 in the Swedish National
Grid).Therocksampleisaveryfine-grained,darkgreyishviolettoreddishbrown
metarhyolite with a well-preserved porphyritic texture, the phenocrysts consisting
mainlyofplagioclase.Italsodisplayssomeauto-brecciationandflowstructures.The
chemicalcompositionoftherockisreportedinTable1.

Therocksampleyieldedveryfewzircons.Mostof themarecolourless todark
brownandhavelength/widthratiosofabout3,butshorter,aswellasmoreelongate,
crystalsarealso present.Themorphologyvaries fromeuhedral toslightly rounded
forms.Somecrystalshaveadistinctcore.Fourfractionswereanalysed,allofwhich
werestronglyabraded.

Zr1consistsoffourcolourlesstopalebrowncrystals.Twoareclearandfreefrom
cracks;theothertwohaveafewcracksandsomedarkinclusions.

Zr2consistsofsixdarkbrown,ratherfracturedandturbidcrystals.Somehavesmall
inclusions.

Zr3consistsofthreecrystals,whicharelighterbrownthaninfraction2.Theyare
clearandhavefewcracks.

Zr4consistsofsixbeigetopalebrowncrystals.Mostofthemareturbidandmeta-
mict.
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TABLE 1. Chemical composition of investigated rocks. The analyses were performed by
SvenskGrundämnesanalysAB,Luleå,usingacombinationofICP-AESandICP-MS.

Sampleno. HLD930222 HLD940488 HLD940484

SiO2(wt.%) 77.4 70.7 71.7
Al2O3 11.8 13.4 12.9
TiO2 0.161 0.361 0.562
Fe2O3 1.40 3.77 4.55
MgO 0.481 0.306 0.742
CaO 0.554 2.16 1.47
Na2O 3.29 3.52 3.51
K2O 4.83 5.27 4.40
MnO 0.0249 0.0821 0.0438
P2O5 0.179 0.227 0.239
LOI 0.3 1.1 0.5
   
Total 100.1 99.8 100.1

Ba(ppm) 872 813 802
Be 1.79 1.65 1.75
Ce 31.0 90.8 57.4
Co <5.35 <5.96 <5.66
Cr 16.9 20.3 43.9
Cu 11.2 10.3 13.2
Dy 4.43 10.6 5.77
Er 3.13 6.82 3.34
Eu 0.216 1.15 0.625
Ga <10.7 <11.9 <11.3
Gd 3.37 10.6 5.19
Hf 3.50 9.46 5.81
Ho 0.933 2.22 1.11
La 13.1 44.8 28.1
Lu 0.495 1.08 0.546
Mo 1.15 <0.716 2.20
Nb 13.6 14.2 9.51
Nd 14.8 43.2 25.4
Ni 12.2 <11.9 <11.3
Pr 3.62 10.8 6.39
Rb 131 162 124
Sc 8.39 5.79 8.83
Sm 3.22 9.72 5.35
Sn 2.31 7.22 2.43
Sr 35.9 69.9 84.3
Ta 1.14 1.48 1.15
Tb 0.655 1.66 0.891
Th 8.91 20.5 16.1
Tm 0.477 1.00 0.546
U 4.11 5.34 7.82
V <2.14 5.98 23.9
W 0.542 1.02 1.54
Y 38.9 87.3 42.7
Yb 3.25 7.62 2.94
Zn 19.0 83.6 18.0
Zr 112 354 215
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TheanalyticaldataarepresentedinTable2andFig.2.ThezirconsarerichinU
andradiogenicPb,makingtheanalysesoftheindividualfractionsprecise,despitethe
smallsamplesize.Thedatapointsdefineastraightlinewithinterceptagesof1862±5
and399±30Ma.Theupperinterceptageisinterpretedasthecrystallizationageofthe
rock.

Twoanalysesoftitanitewereperformed.Thetitanitecrystalsarepaleyellowto
yellowishbrown.Theirhabitsvaryfromeuhedraltoanhedral.

Ti1consistsof two large, browncrystals. Partsof the grainsare transparent.Both
grainsarefragmentsoforiginallylargergrainsandcracksarecommon.

Ti2consistsof thirteen small,paleyellowtopale brown grains.Mostof themare
fragmentsoflargergrains.Theyaregenerallytransparent,butsomegrainshavetur-
biddomains.

Thedatapointsplotpracticallyconcordant.Adiscordiawithafixedlowerinter-
ceptof0±400Mayieldsanupperinterceptageof1679±4Ma.
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Quartz–porphyriticgranite(Laxtjärnen)

SampleHLD930222representsthenorthernmarginoftheHamragranitoidintrusion,
andthesamplesiteislocatedatthesouthernendofLaxtjärnen(map-sheet15FVox-
naNV,coordinates684515/145975intheSwedishNationalGrid).Thegraniteislight
red, fine-grained, porphyritic and unfoliated, with an abundance of small, rounded
quartzphenocrystsandapartlygranophyricmatrix.Thegranitealsocontainsacon-
siderableamountoftourmaline,detectedbythemineralseparationphaseoftheiso-
topicanalyses.ThechemicalcompositionoftherockisreportedinTable1.

The zircon content is verymeagre and the zircon grains recovered constitute a
ratherheterogeneouspopulation.Manycrystalsarebrownishoryellowishbrownand
short prismatic (length/width = 1–3) and euhedral to subhedral. Some grains are
colourlesstopink,andsomeofthoseareeuhedralwhileothersareroundedorofir-
regular shape.Mostzirconsare stronglymetamict.The grain size is small and the
majority fallwithin the<74µm sieve fraction.A fewcrystals showpossibleover-
growths,andwereavoidedwhenselectinggrainsforanalysis.Somegrainshavedark,
roundedinclusions.

Zr 1 consists of colourless euhedral, fairly elongate (length/width»3) grains with
somedarkinclusions.Theyaremoderatelyabraded.

Zr2consistsofoneclearcrystalofgoodqualityandisstronglyabraded.

Zr3consistsof small, clearandshortcrystalsofgoodquality.Someofthemhave
smallinclusionsandarestronglyabraded.

Zr4consistsofsmall,good-qualitycrystals,thatarestronglyabraded.

TheanalyticalresultsareshowninTable2andFig.3.Thefourdatapointsdefine
adiscordiawitharatherpoorlinearfit(MSWD=3.3).Aregressiongivesintercept
agesof1857±36and-231±1033Ma.Thenegativelowerinterceptiscausedbyfrac-
tion2.Thishasa largeranalyticaluncertainty than theothersdue to small sample
size,lowcontentsofUandradiogenicPbandtoalow206Pb/204Pbratio.Hence,less
weightshouldbeattachedtothisdatapoint.Itisthereforepreferabletodrawthedis-
cordiathroughtheoriginwithanarbitraryerrorof±200Ma,whichyieldsanupper
interceptageof1866±17Ma.ThisdiscordiaisshowninFig.3andtheageisinter-
pretedasthecrystallizationageofthegranite.
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Redgranite

SampleHLD940488wascollectedinaroadcutc.1kmwestofLakeKölsjön(map-
sheet 15FVoxna, coordinates 680254/145108 in the Swedish National Grid). The
rocksampleisaveryhomogeneousdeepred,markedlyfelsic,medium-grainedand
weaklyfoliatedgranite.ThechemicalcompositionoftherockisreportedinTable1.

Thezirconsarecolourlesstobrownishyellow.Theyareeuhedralandhaveprism
andpyramidfaceswithlowcrystallographicindices.Aminorproportionofthecrys-
talsdisplaycores.Magmaticzonationiscommon.Mostcrystalsareshortprismatic
withlength/widthratiosof1–3.Thezirconsarestronglymetamictandveryfeware
suitableforgeochronology.Oftheanalysedfractions,no.1consistsofcrystalswith
fewfracturesandinclusions,whereasno.4hasthemostfracturedones.Allfractions
wereselectedfromthemiddlesizefraction(74–106µm)andwerestronglyabraded.

Theanalyticalresultsare showninTable2andFig.4.Thefourdata pointsare
slightlydiscordantanddefineastraightline,althoughthreepointsplotcloselytogeth-
er.Theupperinterceptageof1853±9isinterpretedasthecrystallizationageofthe
granite.
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CONCLUSIONS

ThezirconageoftheLoosmetarhyolite,1862±5Ma,clearlyagreeswiththatofthe
ignimbriticNoppikoskimetarhyolite(Welin1987).Itisalsopossiblycoevalwithsev-
eralscattered,undatedoccurrencesoffelsicmetavolcanicrocksfurthernorthwithin
the southernNorrland region. If so,all these rocksareprobablyproductsofwide-
spreadvolcanicactivityofrathershortdurationinsouthernNorrland.Furthermore,
thedatingresultoftheLoosmetarhyoliteyieldsamaximumageoftheLoosmeta-
basaltformation.

FromthesampleoftheLoosmetarhyolite,atitaniteageof1679±4Mawasalso
obtained.Themostlikelygeologicaleventcorrespondingtothisageisaheatpulse
fromthe1700MaoldRätangranitoidintrusion,locatedatahorizontaldistanceofc.
10kmnorthwestofthesamplingsite.ItcannotbeexcludedthattheRätanintrusion
couldbelocatedclosertothemetarhyolite,atdepth.Anotherindicationofathermal
eventatthetimearound1700MainthisareawasreportedbyWelin(1966),concern-
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ingaU-Pbdatingofpitchblendefromacalciteveinin theLooscobaltmine.This
analysis yielded an age of 1690 Ma, which was later recalculated to 1670 Ma by
Welin(1980).

Thequartz-porphyriticmarginalphaseoftheHamragranitoidintrusionyieldeda
zirconageof1866±17Ma,whichdefinestherockasanearlyorogenicSvecokarelian
granite,inspiteoftheobviouslackoffoliation.Asfieldevidence(viz.xenoliths)in-
dicatesthegranitetobeintrusiveintothemetarhyolite,thesomewhatolderageofthe
granitemustbeduetothelargeranalyticalerror.Thus,theLoosmetarhyoliteandthe
porphyriticHamragranitecouldberegardedasroughlycoeval,withthegraniteasthe
slightlyyoungerofthetwo.Thezirconageofthegranitealsofitswellwithintheage
rangeofotherfelsicSvecokareliangranitoidsinthisregion(Delin&Aaro1994,De-
lin1996andthisstudy).

ThezirconageoftheredgranitefromwestofLakeKölsjönis1853±9Ma,which
contradictstheoriginalsuggestion,supportedbyfieldappearanceandpreviousmap-
ping work, that this rock ought to belong to the Dala Granite Group. Instead, the
granitemustbeclassified among theearlyorogenicSvecokareliangranitoidsmen-
tionedabove.Itcanthereforebeconcludedthatfieldcharacteristicsofgranitesinthis
regionarenotalwaysreliableasabasisforatectonicclassification.
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UPbzircondatingsofSmålandandKarlshamngranites
fromsoutheasternmostSweden

By

KarlAxelKornfältandMattiVaasjoki

INTRODUCTION

DatingofaSmålandgranite,belongingtotheTransscandinavianIgneousBelt(TIB),
justnorthoftheE–WtrendingSmåland–Blekingedeformationzone(Fig.1)yielded
anageof1778±11Ma(Kornfält1993).AnotherdatingofaSmålandgranitec.14km
ESEofVäxjöhasgivenasimilarage(1769±9Ma,Jarl&Johansson1988).Alsothe
Tvinggranitoid,southoftheSmåland–Blekingezone,hasyieldedagesofc.1770Ma
(Johansson&Larsen1989,Kornfält1996),andcanberegardedasamorebasicva-
rietyofSmålandgranite.

Duringthemappingofmap-sheetKristianopelNVagranitewasfoundthatwas
considered theyoungest Smålandgranite in the region,as it cuts throughallother
Smålandgranitevarieties,exceptthefine-grainedones.Fortheinterpretationofthe
regional geology it was important to establish the age of this alleged youngest
Smålandgranite.

RocksbelongingtotheKarlshamngranitegrouphavebeendatedearlier,andthe
age of the massive Karlshamn granite proper has been reported as c. 1400 Ma
(Springer1980,Åbergetal.1985a,b,Åberg&Kornfält1986).Inwesternandcen-
tralBlekingetherocksoftheKarlshamngranitegroupare,asarule,massive,butin
easternBlekinge,andaboveallinthesoutheasternmostarchipelago,foliatedKarl-
shamngraniteoccurswhichcanbemistakenforthelikewisefoliatedandc.1770Ma
oldTvinggranite.Itwasthereforeofgreatinteresttoverifythatthisfoliatedgranite
reallybelongstotheKarlshamngranites.ApreviousdatingoffoliatedKarlshamn
granite, frommap-sheetKarlskronaNO,yieldedanageof1445±10Ma(Kornfält
1996).

SAMPLEDESCRIPTIONSANDISOTOPICDATA

The isotope analyses were performed at the Unit for Isotope Geology, Geological
Survey of Finland. Regarding the analytical procedure, see Suominen (1991) and
Vaasjokietal.(1991).

TheSampleKK94:33ofSmålandgranitewastakeninaroadcutatVäghyltan,map-
sheet3G,KristianopelNV(9b)(Fig.1).CoordinatesintheSwedishNationalGrid
are624651/150992.Thegraniteisratherheterogeneous,greyishredtored,medium-
grained, with characteristic, granulated quartz grains, which are often whitish on
weatheredsurfaces(Fig.2).ItschemicalcompositionisshowninTable1.
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Thezirconsseparatedfromtherockarepalebrownandofmedium(c.100µmin
length)grainsize.Therearesome(<1%)reddishcrystals whichwereremovedby
hand-pickingpriortoanalysis.Thezirconsareeuhedral,withsimpleprismaticand
pyramidalfacespredominating.Theyarerelativelylong,withalength/widthratioof
c. 5. The zonation is weak and a few (<1 %) crystals contain visible cores. Both
opaqueandtransparent,rod-likeinclusionsofundeterminednatureoccurfrequently.

Astotheanalyticalresults(Table2)theabradedfractionAisleastdiscordant,the
degreeofdeviationincreasingwithincreasinguraniumcontentanddecreasingden-
sity.Theupperinterceptageis1800±13Ma,withalargeMSWDof9.3(Fig.3).If
theverydiscordantdatapointDisomittedfromthecalculation,theupperintercept
becomes1793±3MaandtheMSWDdecreasesto1.1.However,weprefertheformer
age(1800±13Ma),basedon4datapointsinspiteofthelargeanalyticalerror.

SampleKK94:31offinelymedium-grainedKarlshamngraniteoccurringasdykesor
smallmassifsinolderrocks,wastakeninaroadcutontheislandofTjurkö,map-
sheet 3F, Karlskrona SO (4h). Coordinates in the Swedish National Grid are
622028/148837. The granite, which cuts through a strongly foliated leucogranite
(Tjurkö granite), is greyish red, finely medium-grained and weakly foliated. The
chemicalcompositionisreportedinTable1.

The zircons from the rock are relatively small (c. 80 % <70 µm broad), light
brown,transparentwithsimpleprismatic–pyramidalcrystalform.Underoilimmer-
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Fig. 2. Medium-grained Småland granite from sample locality KK 94:33, Väghyltan. (The
diameterofthecoinis20mm.)
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TABLE1.Chemicalanalysesofdatedsamples.TheanalyseshavebeenperformedatSvensk
GrundämnesanalysABinLuleåbyICP-spectroscopy(ICP-AESandICP-MS).

Sampleno. KK94:33 KK94:31 KK94:34

Location Väghyltan Tjurkö Inlängan

Coordinates 624651/150992 622028/148837 621390/149747
  
SiO2(wt.%) 70.6 69.5 66.8
TiO2 0.63 0.50 0.73
Al2O3 13.8 13.2 14.9
Fe2O3 3.56 1.44 5.10
FeO  1.91
MnO 0.09 0.08 0.11
MgO 0.61 0.65 1.01
CaO 1.56 1.69 2.27
Na2O 3.32 3.04 3.89
K2O 5.86 6.07 4.78
P2O5 0.18 0.20 0.35
BaO  0.13
F  0.18
LOI 0.5  0.5

Total 100.1 98.6 99.9
  
Ba(ppm) 1160  1090
Be 1.75  5.31
Co <5.82  <5.98
Cr <11.6  <12.0
Cu 15.3  21.3
Ga 16.2  23.6
Hf 13.2  17.5
Mo 1.83  1.66
Nb 21.4 32 26.0
Ni <5.82  6.30
Rb 98.9 219 201
Sc 2.38  <2.39
Sn 1.11  2.91
Sr 236 221 256
Ta 1.15  2.24
Th 16.1 39 19.5
U 1.67 6 6.32
V 24.2  33.8
W 0.302  0.416
Y 33.1 63 50
Zn 68.2  107
Zr 513 477 715
  
La 118 132 104
Ce 229 251 223
Pr 22.9  24.4
Nd 82.0 112 89.4
Sm 10.4 15.2 13.1
Eu 1.23 2.54 2.28
Gd 8.18 14.1 11.3
Tb 1.21  1.63
Dy 6.34 9.63 8.92
Ho 1.23 1.98 1.76
Er 3.73 5.64 5.15
Tm 0.577  0.810
Yb 3.73 5.92 5.88
Lu 0.543 0.78 0.892
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sion,thecrystalsexhibitoscillatoryzoning,andcontainnosignificantinclusions.
Theanalysedfractionscontainlittleuranium(85–150ppm,Table2),andexhibit

adiscordancepattern typicalofmagmatic rocks, i.e. increasingdiscordanceas the
uraniumconcentrationincreases.Nevertheless,asaresultofthelowuraniumconcen-
trations,eventhemostdiscordantfraction(D)hasafairlylowdegreeofdiscordance,
andthefractioncontainingleasturanium(A)ispracticallyconcordantwithinexperi-
mental error. The common lead contents are high, as indicated by the measured
206Pb/204Pbratios,whichrangefrom200to250.However,ifthecommonleadcom-
positions arekeptwithin reason, no significant effect on the age result canbeob-
served.

The upper and lower intercept ages with the concordia curve are 1452±8 and
281±142Ma,respectively,andtheMSWDvalueisverylowat0.09(Fig.4),indicat-
ingthatanalyticaluncertaintyaccountsforalloftheobservedscatter.Thusitisobvi-
ous that sample KK 94:31 represents a rock belonging to the Karlshamn granite
group.ConsideringthelowMSWDandthenearconcordanceoffractionA,theresult
isprobablythebestageestimatefortheKarlshamngranitegroupobtainedsofar.
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Fig.3.U-PbconcordiadiagramforzirconsfromSmålandgranite,sampleKK94:33.



SampleKK94:34offoliated,medium-grainedKarlshamngranitewastakenonthe
island of Inlängan quite close to a military ‘pillbox’, where the bedrock had been
blasted during its construction. Coordinates in the Swedish National Grid are
621390/149747,map-sheet3FKarlskronaSO(2j).Thegraniteisreddishgrey,medi-
um-grained,withmegacrystsofpotash feldspar (<1 cm). It isweakly foliated and
contains somehornblende.Thechemical compositionof thisgranite is reported in
Table1.

Fourfractionsofzirconwereanalysed(Table2).Theseparatedzirconsrangefrom
50to200µminsizeandaregenerallypalebrown,althoughthereisalsoareddish
variety(<2%)whichwasremovedbyhand-picking.Thecrystalformispredominant-
lyeuhedralwithsimpleprismatic–pyramidalhabit.Thecrystalsintheheavyfraction
are mostly transparent, but the lighter fractions become increasingly turbid. Study
underoilimmersionrevealedrod-likeliquid-gasinclusionsandweakoscillatoryzon-
ing.Nocoresweredetected.Thelength/widthratiovariesbetween1.5and7,witha
medianatc.3.
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Thediscordancepatternoftheanalysedzirconsisnormal,i.e.theabradedfraction
Aisleastdiscordantandthedegreeofdiscordanceincreasesastheuraniumcontent
increases.Althoughthecommonleadcontentsareratherhigh,theestimatedcommon
leadcompositionhasnosignificantbearingonthedatingresult.Theupperandlower
interceptagesare1465±11and182±32Ma,respectively(Fig.5).ThehighMSWD
of5.6maysuggestaslightheterogeneityinthesourceofthezircons,butcouldequal-
lywellbearesultoftheconsiderableamountsofleadlossinthelighterfractionsC
andD.Theupperinterceptmostlikelyrepresentsthetimeoftheemplacementofthe
Inlängangranite,butthelowerinterceptisofnogeologicalsignificance.

DISCUSSION

Theobtainedage,1800Ma,oftheSmålandgranitesamplefromVäghyltanissurpris-
inglyold.Thisgranitevarietyshouldbetheyoungestmedium-grainedSmålandgran-
iteintheareaaccordingtotheobservedfieldrelations.(Stillyoungerisagreyishred
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to red, fine-grained to finely medium-grained granite occurring as dykes or small
massifsintheolderrocks.)AdatingofaSmålandgranitesampledc.20kmwestof
Väghyltanhas,asmentionedabove,yieldedanageof1778±11Ma(Kornfält1993).
Datingsofgranitoidswhichfromfieldevidenceareinterpretedasolderthanthegran-
itefromVäghyltanmightsolvetheambiguity.Furtherstudiesarerequiredtoestablish
whethertheoldageofthegraniteisduetoinheritance.

Åbergetal.(1985b)havepublishedzirconU-PbanalysesoftwosamplesofKarl-
shamngranitefromcentralBlekinge.Fouroftheanalysesfromthe‘normal’typeare
only slightlydiscordant and exhibit 207Pb/206Pbages in the range1420–1440Ma,
whileafifthfractionisreverselydiscordant.Fourfractionsfromaleucogranitictype
arequitediscordantandhavearelativelynarrowrangeofdiscordance,butdefinea
good(MSWD=0.38)lineartrendyieldinganupperinterceptof1403±36Ma,which
Åbergetal.(1985b)considerthebestageestimatefortheKarlshamngraniteintru-
sion.

However,theresultsofthepresentstudysuggestanageoftheorderof1450–1460
MafortheKarlshamntypegranites.ThedatingontheTjurkösampleisespecially
very reliable, theMSWDbeing0.09,with the abraded fractionnearly concordant.
Thusthereseemstobeadiscrepancyofabout50Mabetweenthepresentagedeter-
minationsandthehithertoacceptedageoftheKarlshamngranite.

ItisprobablethatthehithertoacceptedageoftheKarlshamngraniteintrusionis
basedonanoverlyconfidentinterpretationofdataandshouldberevised.Wesuggest
thatthenewagefortheKarlshamngraniteintrusionshouldbe1452±8Ma.Thisage
proposalisbasedontheveryreliabledatingofsampleKK94:31fromTjurkö,sup-
portedby the twodatingsofKarlshamngraniteKK94:34 from Inlängan,andKK
90:3fromNNEofRamdala(Kornfält1996)giving1465±11Maand1445±10Ma,
respectively.TheexistenceofasomewhatyoungergenerationofKarlshamngranite
inwesternandcentralBlekingecannotberuledout,butaslongasgooddatingsfrom
thatregionaremissing,wethinkthattheproposednewage,1452±8Ma,shouldbe
validfortheKarlshamngraniteintrusion.
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TheBrännbergslidengneissanexoticblock
ofaplasticallydeformedArvidsjaurmetavolcanicrock?

Fieldgeologicandradiometricdatingresults

By

IngmarLundström&PerOlofPersson

INTRODUCTION

TheareanorthoftheSkelleftedistrict(Weihedetal.1992)isdominatedbywellpre-
servedmetavolcanicand intrusive rocks.Themetavolcanic rocksbelong to theAr-
vidsjaurgroupofAllenetal.(1996)andarepredominantlyfelsicvolcaniclasticrocks,
mostlyash-flowtuffs(cf.Grip1935).Variousintermediateandmaficvarietiesalso
occur.Theintrusiverockscomprisedeep-seatedgranitoidsofJörnGIandGIIItype
(cf. Wilson et al. 1987) and more or less shallow, subvolcanic intrusive rocks.
Kathol & Rapp (1996) presented evidence that some of these intrusive rocks are
co-magmaticwiththeextrusiverocks.

Havingsufferedonlygreenschistfaciesmetamorphism,theserockshaveexperi-
encedverylittlestructuralandmetamorphicoverprintingandaregenerallyextremely
well preserved. Thus, Grip (1935) gives numerous examples of delicate volcanic
structuresandtextures,whosepreservationiscomparabletowhatisfoundinrecent
volcanic rocks.Suchwellpreserved, felsicvolcaniclasticand intrusive rocksoccur
aroundKlintånandKamsånrivulets,some20kmnortheastofJörn(seeFig.1aand
Lundström&Antal1998).Inthevicinityoftheserocks,penetrativelydeformed,re-
crystallized,highlymetamorphosed,almostgneissicrocksoccuronandaroundthe
Brännbergslidenhill.Thiscomplexunitoftectonometamorphicallystronglydeviat-
ingrocksisherecalledthe“Brännbergslidengneisscomplex”.Theexoticnatureof
theBrännbergslidengneissmadeanagedeterminationhighlydesirable.

GEOLOGICALSETTINGANDSAMPLEDESCRIPTION

GeologicalsettingoftheBrännbergslidengneisscomplex

TheBrännbergslidengneisscomplexisborderedbynorthwest-striking,plasticshear
zonesonitsnortheasternandsouthwesternsides(seeFig.1b).Boththeshearzones
andtheinteriorofthecomplexarecharacterizedbygentlysoutheast-dippinglinea-
tions.Thenortheasternzoneshowsasinistralsenseofshear,thesouthwesternzone
dextral(cf.Fig.2).Theseshearkinematicsindicatethatthecomplexwasmovedal-
mosthorizontallytowardsthesoutheast.Thewesternandeasternbordersofthecom-
plexarepoorly knownbecauseof lackofexposures,butgeophysicaldata indicate
brittledeformationzones.Small,moreorlessundeformedareasoccurinsidethecom-
plex.Fine-grained,basictointermediatemetavolcanicandintrusiverockscansome-
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timesbediscernedinsuchareas.Kinematicindicatorsareunknownfromtheinterior
ofthecomplex.Inmanyplaces,thedeformationfabriciscross-cutbyisotropic,red-
dishgranites,similartotheJörnGIIIgranite(seeFig.3,cf.Wilsonetal.1987),which
occursimmediatelytothewestoftheBrännbergslidencomplex.

Descriptionofdatedsample

The sample to be dated was taken from a road-cut, some 500 m north of lake
Grundträsk.Therockisastronglylineatedtofoliatedtonaliticgneiss,consistingof
quartz,plagioclase,biotiteandamphiboleasmainminerals.Ithasagranoblastic,well
recrystallized texture.Some10%of relict (?)plagioclasemegacrysts,ofmm-size,
occurwithinafine-grained(0.1–0.5mm)matrix.Compositional,texturalandgrain
sizevariationsgiverisetoadiffuselensoidpattern.Macroscopically,wingedporphy-
roclastsindicateadextralsenseofshear(Fig.2),whichisalsosupportedbyavague
c/sfabric,seeninthinsection.Thechemicalcomposition(seeTable1)isdioriticor
andesitic,buttherockissufficientlyquartz-richtogiveitatonaliticordaciticmodal
composition.

Theanalysedsamplewasextremelypoorinzircons.About50crystalswereob-
tained,mostofwhichwereofpoorquality(metamictandfractured).Approximately
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Fig. 1a. The Skellefte field. Boliden map-sheet indicated by thick square. Side of squares
50km.



half of the population is colourless and the other half is brown. The length/width
ratioismostlyc.1–2butgrainswithratiosof3–4alsooccur.Botheuhedralandsub-
stantiallyroundedcrystalsarefound.Severaloftheroundedcrystalsdisplaysmall,
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Fig.2.Wingedplagioclasemegacrystindicatingdextralmovement.Samplingsiteatroadcut
500mnorthoflakeGrundträsket,Swedishnationalgridcoordinates:724219/170602.

Fig.3.VeinsofgraniteofJörnGIIItype,cross-cuttingtheplanarfabricoftheBrännbergsliden
gneiss. Sampling site at road cut 500 m north of lake Grundträsket, Swedish national grid
coordinates:724219/170602.
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TABLE 1. Chemical analysis of the dated sample.The analysis was performed by Svensk
GrundämnesanalysAB,Luleå,usingacombinationofICP-AESandICP-MS.

Samplenr FRS960027
N-coord. 7242190
E-coord. 1706020
Reference: SGU

SiO2(wt-%) 57.3
TiO2 0.894
Al2O3 16.4
Fe2O3 7.95
MnO2 0.144
MgO 4.91
CaO 5.64
Na2O 4.07
K2O 1.85
P2O5 0.329
LOI 0.4

Total 99.5

Ba(ppm) 750
Be 0.797
Co 51.8
Cr 126
Cu 31
Ga 15.4
Hf 6.86
Mo 2.12
Nb 7.92
Ni 48.2
Rb 34.5
Sc 19.1
Sn 1.21
Sr 592
Ta 0.91
Th 5.7
U 3.56
V 129
W 210
Y 19.5
Zn 305
Zr 142
La 24.7
Ce 51.6
Pr 6.41
Nd 27
Sm 4.52
Eu 0.961
Gd 3.88
Tb 0.691
Dy 3.51
Ho 0.663
Er 1.98
Tm 0.305
Yb 1.95
Lu 0.418

Lab. SGAB97388-9
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high-indexfaces.Thebrownzirconsaregenerallyofpoorerqualitythanthecolour-
lessones.Afewcrystalshavebrowncoresandcolourlessrims.Becauseofthesmall
amountofmaterial,abrasionwasnotcarriedout.Twozirconfractionswereanalysed:

z1:22small,euhedral,colourlesscrystals,mostofthemfractured.

z2:10euhedraltosubrounded,smallcrystals,invariousshadesofbrown.Thedark
browncrystalsareturbidwhereasthelighteronesaretransparent.

Therockalsocontainssmallamountsofgreenishyellowmonazite,twoanalyses
ofwhichweremade:

m1:20smallratherclearcrystals.Somehavecrystalfaces,therestareirregular.

m2:35smallcrystals.Theyaremoreturbidthanthoseinfraction1.
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Twofractionsoftitanitewereanalysed.ThetitaniteoftheBrännbergslidentona-
litic gneiss is dark brown, often reddish brown. Most of the grains in the mineral
separatearefragmentsoflargergrains.

t1:7ratherlargecrystals.Theyarefragments,buttwocrystalsshowcrystalfaces.
Thelargestpartsofthegrainsaretransparentbutturbiddomainsoccur.Fewcracks
arepresent.Twoofthegrainsarereddishbrown,therestbrown.

t2:10smallgrainsthatarefragmentsoflargercrystals.Theyaretransparent,with
onlyafewturbiddomains.

TheanalysesweremadeattheLaboratoryforIsotopeGeologyinStockholm.The
analyticalprocedureisdescribedintheEditor’sPrefacetothisvolume.Theresultsof
theisotopicanalysesareshowninTable2andFig.4.Onezirconfractionplotssome-
whatdiscordantlywhiletheotheroneandthetwomonazitefractionsareslightlyre-
verselydiscordant.Thelatterthreehaveaspreadintheir207Pb/206Pbagesexceeding
analyticaluncertainty(Table2).TheUcontentofthetwoanalysedzirconpopulations
variesgreatly.Contrarytowhatnormallyisthecase,theU-richfractionislessdis-
cordantthanthefractionwithmoderateUcontent.Oneofthetwotitanitefractionsis
marginallydiscordantandtheotherreverselydiscordant.The207Pb/206Pbagesofthe
titanitesareslightlyolder than thezirconandmonaziteages, justoutside theerror
limits.Aregressioncalculatedonallsixpointsgivesanupperinterceptageof1872±7
Maandalowerinterceptclosetozero.TheMSWDislargeduetothepoorlinearfit,
butthesmalldiscordancemakestheagedeterminationprecise.

DISCUSSIONANDCONCLUSIONS

Zirconfraction1andmostoffraction2comprisezirconsofeuhedralcrystalhabit,
characteristicofmagmaticandnon-metamorphicformation.Aszircon,monaziteand
titanite yieldvirtually identicalagesandplotalmostconcordantly,we interpret the
interceptageof1872±7Maasthecrystallizationageofthetonalite.

Itisnotpossible,withtheavailableinformation,totiethedifferentmineralages
todiscretegeologicalevents.Theusualcaseisthattitaniteyieldsyoungerorequal
ages than theother twominerals. Ithasgenerallybeenconsidered tohavea lower
closuretemperaturefortheU-Pbsystemthanzirconandmonazite,butrecentstudies
(e.g. Zhang& Schärer1996)havedemonstrated that titanitemaysurvive tempera-
turesabove700°Candthatmagmatictitaniterecordsthecrystallizationageofthe
rockandnotacoolingage.ThefactthatthetitaniteoftheBrännbergslidentonalitic
gneissgivesamarginallyolderagethanzirconandmonaziteshouldthereforenotbe
regardedasanomalous,althoughsuchcasesappeartoberare.Theoldtitaniteagesin
thisstudycannotbeexplainedbyerroneouscommon-leadcorrection,sincechoosing
amarkedlydifferentisotopicratioforinitialleadwouldmerelyalterthe207Pb/206Pb
agebylessthan1Ma.Itcanbeconcludedthatall threemineralsareofmagmatic
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originandthatcrystallizationofzircon,monaziteandtitaniteoccurredduringatime
intervalofabout10millionyears,possiblysuggestingthatelevatedtemperaturespre-
vailedoverasubstantialperiodoftime.Anexplanationintermsofunderestimated
analyticalerrors,e.g.duetolargervariationthanusualofthemassfractionation,can-
notbe totallydiscarded.However,bygivingaconservativeerrorof±7Mafor the
crystallization age, establishing the exact order of formation of the dated minerals
becomeslessrelevant.

Thisageissurprisinglyyoung,becausethefabricoftherockiscross-cutbyJörn
GIII-typegranites (see above), theonlyavailableagedeterminationof whichgave
1873+18/-14Ma.Obviously,theerrorhastobetakenintoaccountinordertoallow
timeenoughforthefabrictodevelopbetweentheformationoftheprecursorofthe
BrännbergslidengneissandtheintrusionoftheJörnGIIIgranite.Evidentlyamore
preciseagedeterminationoftheJörnGIIIgraniteisurgentlyneeded.

The origin of the exotic Brännbergsliden gneiss complex remains enigmatic.
According to age and chemistry it can possibly be correlated with theArvidsjaur
metavolcanicrocks.However,thelatterarenowhereknowntobeashighlystrained
andmetamorphosedastheBrännbergslidengneiss.
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Indicationsofearlydeformationaleventsinthenortheasternpart
oftheSkelleftefield.Indirectevidencefromgeologicandradio

metricdatafromtheStavaträsk–Klintånarea,Bolidenmapsheet

By

IngmarLundström,PerOlofPersson&UlfBergström

INTRODUCTION

Weihedetal.(1992)demonstratedthattwophasesofdeformationhaveaffectedthe
rocksintheSkellefteDistrict.Timeconstraintsarepoor,butdeformationmusthave
persistedafter1859Ma,whichistheageoftheSikträskgneissosegranitoid(Weihed
&Vaasjoki 1993), and endedbefore the intrusionof the1.78Gaold, undeformed
Revsundgranite(seeWeihedetal.1992).AccordingtoBillström&Weihed(1996),
peakmetamorphicconditionsculminated between1.84and1.82Gaago.Fromthe
structuralhomogeneitythroughouttheentirestratigraphicpile,Weihedetal.(1992)
alsoconcludedthatthefirstphaseofdeformationaffectedtheuppermoststratainthe
Vargfors area and probably did not commence until deposition of these rocks was
complete,i.e.after1875Ma.

However, in the Norrbotten area, north of the Skellefte field, an earlier (pre
1.85–1.87 Ga) metamorphic peak and deformation has been suggested by Skiöld
(1988),demonstratedbyWikströmetal.(1996)andimpliedbyBergman(1998).

Combinedwithexistingandnewradiometricagedata, recentlyconcluded field
workfor thebedrockmapsheetBoliden in theeasternpartof theSkellefteDistrict
(seeFigs.1,2andLundström&Antal1998a,b,c,d)likewiseindirectlyindicatede-
formation before c. 1870. These indications were obtained from the Stavaträsk–
Klintånarea around theeasternborderof theJörnGranitoidComplex(theJGCof
Wilsonetal.1987,cf.Lundström&Antal1998a,c,seeFig.1).Thepurposewith
thispaperistopresentthesenewdataandtointroduceapreliminarydiscussionthere-
of.

GEOLOGICANDRADIOMETRICDATA

Ageofdeformationandrecrystallization
withinandeastoftheJörnGranitoidComplex

TheJörnGranitoidComplex(JGC)wasdescribedanditsdifferentintrusivephases
weredatedbyWilsonetal.(1987).Thecomplexconsistsofaseriesofconsecutive
intrusions, labelled GI to GIV. Only the GI, which Wilson et al. (1987) dated at
1888+20/-14andtheGIII,whichwasdatedat1873+18/-14(bothU-Pbagedetermi-
nationonzircons),aresignificantinthestudyareaandcontextconsideredhere.The
GIismostlyagreyish,medium-grained,even-grainedgranodioritetotonalitewitha
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granoblastic,isotropictexture.Itisfrequentlycutbymaficandfelsicdykeswhichare
sometimesfine-grainedenoughtobesubvolcanic.TheGIIIisareddish,homogene-
ous,even-grainedgranitewithanisotropic,hypidiomorphic–granulartexturewhich
showsnosignsofrecrystallization.

FieldrelationshipsoftheGIandGIIIgranitoids
intheStavaträsk–Klintånarea

Locally, GIII granitoids clearly post-date older structures in the GI. Thus, at
Slevbäcken (coordinates 723234/170278), a foliated, granoblastic granitoid of GI-
typeoccursasinclusionswithinisotropicgraniteofGIIItype(seeFig.3).Southof
theKlintånrivulet,afoliated,recrystallizedgranitoidoccursalonganorthwest-strik-
ingductileshearzone(forkinematicdetails,seeBergmanWeihed1997).AtBastu-
lundsberget(coordinates723464/170866),thisdeformedgranitoidiscross-cutbyan
isotropic,reddishgraniteofGIIItype.TakingtheerrorlimitsoftheaboveGIIIage
determinationintoaccount,theconclusionisthatthefoliationinthegranitoidmust
predate 1.86 Ga (see Fig. 2). This is corroborated by the nearby and similar Ho-
bergslidengranite, whichisat least1862Maold(Lundströmetal.1997).Theage
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determinationof thesimilarAntakgranite (Kathol&Persson1997) wouldput the
minimumagelimitforthisdeformationat1867Maandtheminimumagelimitofthe
relatedArvidsjaurgranite(Skiöldetal.1993)wouldputitat1870Ma.Consequently,
thisdeformationmusthavetakenplacebefore1.86–1.87Ga.

FieldrelationshipsoftheGIgranitoid
andthesubvolcanicintrusionsintheStavaträsk–Klintånarea

AtFuruberget(coordinates723554/170762),thesameshearzoneandfoliated,recrys-
tallizedgranitoidasatBastulundsberget,iscross-cutbyastraightdykeofaplagio-
clase-phyric,fine-grained,isotropicrock(Fig.4).AsArvidsjaur-typevolcanicrocks
occurjusttothenorthoftheshearzone(cf.Lundström&Antal1998a),itistempting
tobelievethatthedykeisasynvolcanicfeederdyketotheserocks.Clearly,thefabric
ofthegranitoidmusthavebeenimposedbeforethedykesolidified,i.e.probablybe-
foretheArvidsjaurvolcanicrockswereextruded.Additionalevidencewasobtained
atValliden (723804/170778) just northof the shear zone, wherevolcanic rocksof
Arvidsjaur typeareassociatedwithawell-preservedconglomeratic,volcanicsand-
stonewithoccasionalclastsofarecrystallized,isotropic,typicalGItonalite(Fig.5a).
Table1showsthatthechemicalcompositionofoneoftheseclastsisverysimilarto
aGIanalysisbyWilsonetal.(1987).AsisshownbyFig.5b,c,thereisaveryevi-
dentdifferenceinthemetamorphicoverprintoftexturesintheclast,comparedwith
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Fig. 3. Reddish, isotropic GIII-type granite, crosscutting foliation in GI-type granitoid.
Slevbäcken(coordinates723234/170278).
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Fig.4.SubvolcanicdykecrosscuttingfoliatedgranitoidofGI type.Furuberget (coordinates
723554/170762)
a) Photomicrograph of the subvolcanic intrusion. Length of micrograph: 13 mm. Crossed
nicols.
b)Photomicrographofthefoliated,granoblasticgranitoidofGItype.Lengthofmicrograph:
13mm.Crossednicols.

a)

b)
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Fig. 5. Polymictic conglomerate with clasts of Jörn GI granitoid. Roadside exposure E of
Valliden(coordinates723804/170778).
a)ClastofJörnGIgranitoid.
b) Photomicrograph of granoblastic texture within clast of Jörn GI. Length of micrograph
13mm.Crossednicols.
c)Photomicrographofconglomeratematrix.Lengthofmicrograph13mm.Crossednicols.

a)

b)



its matrix. Evidently, the GI granitoid was deformed, recrystallized, uplifted, and
erodedbeforetheArvidsjaurvolcanicrockseruptedandtheconglomeratewasdepos-
ited.AccordingtoSkiöldetal.(1993),apooledagedeterminationofArvidsjaurvol-
canic rocks gave the age 1876±3 Ma.Therefore, the above processes should have
takenplacebeforec.1873Maago.

Consequently, thefieldrelationshipsandpresentlyavailableradiometricdatings
withinand around theJörnGranitoidComplex indicate thata tectonometamorphic
eventaffectedtheJörnGIgranitoidprobablybefore1.87Ga,butcertainlybefore1.86
Ga.Furthermore,theJörnGImusthavebeenupliftedanderodedatabout1873Ma
asalsosuggestedbyBillström&Weihed(1996)fromevidenceintheVargforsarea.

ContactrelationshipsaroundtheStavaträskmassifandageofdeformation

NorthofStavaträskacompositeplutonhasintrudedintofine-grained,mostlystrong-
lyfoliated,quartz-plagioclase-biotiterich,metasedimentaryrocksofmediummeta-
morphicgrade(seeFig.1andLundström&Antal,1998a,c).Theserocksmayalso
carrychloriteorgraphiteandcanbecordierite-orandalusiteporphyroblastic,espe-
ciallyinthevicinityoftheintrusiverocks.Thegrainsizeissometimessubmicroscop-
ic,butinmostcases,agrano-orlepidoblasticallyrecrystallizedclastictexturecanbe
recognized.Clastictexturesandsedimentarystructurescanalsomostlyberecognized
in the field. The pluton consists of a diorite, which was dated at 1877±2 Ma by
Lundströmetal.(1997)anda(tonalitic)trondhjemite.Bothappeartocross-cutpre-
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a)

Fig.6.ContactrelationshipbetweentheStavaträskdioriteandmetasedimentaryroofpendants.
SouthernslopeofNorsbergethill(coordinates722410/172680),1kmEofStavaträskvillage.
a) Field relationships between diorite and hornfels altered, foliated metasedimentary roof
pendant.
b)Microphotographofdiorite/metasedimentcontact. Lengthofmicrograph13mm.1nicol.
Noticecontactandcontactfoliationindiorite(rightandcentralpartofpicture)atrightangle
torelict,tectonicfoliationinmetasedimentaryrock(leftpartofpicture).

b)



existing fabrics in themetasedimentary rocks.For furtherpetrographicdetails, see
Lundströmetal.(1997).

TheNorsbergetarea

AtNorsberget(coordinates722410/172680),somekmeastofStavaträskhamlet,the
diorite cross-cutsandcausesahornfelsrecrystallizationofanolderfoliationinthe
metasedimentaryroofpendantsfoundclosetothediorite/metasedimentcontact(see
Fig.6).Consequently,thepre-hornfelsfoliationofthemetasedimentaryrocksshould
beolderthantheminimumintrusiveageoftheStavaträskdiorite,i.e.1875Ma(see
Fig.2).

ThePultarlidenarea

The field relationships between the trondhjemiteand the Stavaträskdiorite areun-
known, but at Pultarliden (coordinates 722350/171582), 4 km west of Stavaträsk,
trondhjemite dykes cross-cut and most probably post-date a planar fabric within a
conglomerate(Fig.7).Inordertoconfirmthepre-1875Maageofthehornfels-over-
printedfoliationatNorsberget,describedabove,thetrondhjemitealsowasdated.
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Fig. 7. Pultarliden trondhjemite, crosscutting foliated Pultarliden conglomerate. Pultarliden
(coordinates722350/171582).Cf.coverphotograph.



Descriptionofdatedsample

The trondhjemite (sample no. HCA930062) is a light grey to whitish, medium-
grained,even-grained rockwithahypidiomorphic-granular,weakly foliated to iso-
tropic,somewhatrecrystallized,butstillrecognizable,crystallizationtexture.Itcon-
tainsquartzandalbiticoligoclaseasmainminerals,subordinateamountsofmicro-
clineandbiotite,withapatite,titanite,zirconandmonaziteasaccessoryminerals.The
chemicalcompositionispresentedinTable1(cf.analysisHCA930060ofthesame
rockfromadifferentlocalityinTable1andFig.4ofLundströmetal.1997).

Therockhasfewzircons,allofwhichareofpoorquality,i.e.metamictandwith
numerous fractures and inclusions. They are colourless to light yellowish brown.
Manyareeuhedral,with prismfaceswith lowcrystallographic indices.Both sharp
androunded terminationsoccur.The length/widthratiovaries between1and4but
alsomoreelongatecrystalsarecommon.Manyshowcoresorovergrowths.Thecores
canbeofeuhedral aswell as roundedoutline.Crystalswithvisible coresorover-
growths were avoided when selecting crystals for analysis. All fractions were
thoroughlyabraded.Twofractionswitheuhedralandonewithroundedzirconswere
analysed:

Zircon1:3ratherlarge,euhedral,brownishsomewhatturbidcrystals;

Zircon2:7 small, euhedral, elongate,colourlesscrystals.Halfof thecrystalshave
fractures;

Zircon3:4roundedcrystals.Oneissphericalandthreeovalwithlength/widthratio
3.

The monazites are greenish yellow and vary from transparent to turbid. Some
grainshavecrystal faces whileothersareanhedral.Severalare fragmentsof larger
grains.

Analyticalresults

Theanalysesweremadeat theLaboratory for IsotopeGeology inStockholm.The
procedureisdescribedintheEditor’sPrefacetothisvolume.Theresultsoftheiso-
topicanalysesareshowninTable2andFig.8.Twoofthezirconfractionsareslight-
lydiscordantandthethirdalmostconcordant.Bothmonazitefractionsareconcordant
andyieldidenticalage.Thediscordiadrawninthediagramiscalculatedonallfive
pointsandhasanupperinterceptageof1874±3Maandalowerintercept closeto
zero.Zirconfraction3indicatesasomewhatyoungerage,whichneverthelessiswith-
in the error limits of the upper-intercept age. The U content varies substantially
betweenthethreefractions.ItisnotablethatdespitethehighUcontentoffractions1
and3,thediscordanceissmall.

Thegoodlinearfit,theagreementbetweenthezirconandmonazitedataandthe
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TABLE1.Chemical analyses:SampleHCA930062 (dated sample):Trondhjemite,whichcross-cuts the
planarfabricofthePultarlidenconglomerateatPultarliden.SampleFRS960031A:TonaliticclastinVal-
liden conglomerate atValliden.These two analyses were performed by Svensk GrundämnesanalysAB,
Luleå,usingacombinationofICP-AESandICP-MS.SampleGI-2:JörngranitoidofGI-typefromtheJörn
area(Wilsonetal.1987).

 HCA930062 FRS960031A GI-2
N-coord. 722350 723804 722526
E-coord. 171582 170778 168606
  
SiO2(wt-%) 70.7 61.2 63.1
TiO2 0.236 0.487 0.4
Al2O3 15.6 16.3 15.1
Fe2O3 1.97 6.75 1.2
FeO   4.8
MnO   0.11
MnO2 0.0429 0.117
MgO 0.74 2.79 1.18
CaO 2.35 6.22 5.3
Na2O 4.98 3.39 2.7
K2O 2.29 1 1.7
P2O5 0.0998 0.113 0.05
CO2   1
H2O+   1.9
LOI 0.2 0.5

Total 99 98.4 98.59

Ba(ppm) 883 385 315
Be 1.21 0.25
Co 51.5 15.5
Cr 23.4 29.4
Cu 30.9 15.1 29
Ga 13.7 6 16
Hf 4.54 2.68
Mo 1.92 1.05
Nb 3.02 2.93 4.8
Ni 11.3 13.1
Pb   9
Rb 45.1 21.5 42
Sc 2.98 17.5
Sn 0.896 0.543
Sr 652 399 188
Ta 0.479 0.6
Th 2.49 3.69 4
U 1.25 1.51 5.1
V 21.5 101
W 373 0.285
Y 4.65 12 23
Zn 142 88.3 57
Zr 72.3 65.7 89
La 9.21 12.3 15.3
Ce 16.1 23 38.1
Pr 1.97 2.88
Nd 7.26 12.1 14.4
Sm 1.14 1.98 3.1
Eu 0.693 0.441 0.69
Gd 1.01 1.97 3.46
Tb 0.197 0.391
Dy 0.82 2.19 3.61
Ho 0.196 0.489
Er 0.451 1.5 2.2
Tm 0.109 0.197
Yb 0.567 1.68 2.52
Lu 0.232 0.213 0.41

Lab. SGAB97388-9 SGAB97580-1



smallorzerodiscordanceallfavouraninterpretationoftheupperinterceptageasthe
crystallizationageofthetonalitictrondhjemite.

Itthereforeseemsthatapenetrativefoliationwasimprintedonthehostrocksof
theStavaträskdioriteandPultarlidentrondhjemitemorethan1871Maago.

DISCUSSION

Theobservationsdescribedaboveindicateductiledeformationalongdiscreteshear
zones,thorough,staticrecrystallizationandintrusionoffine-grained,probablyshal-
lowdykesinanderosionoftheJörnGIgranitoidbefore1.86–1.87Gaago.Tempo-
rally(seeFig.2),theseprocessescouldcoincidewiththepre-Stavaträsk–Pultarliden
deformationsdescribedabove,which,however,imprintedamuchmorepenetrative
fabricatahighermetamorphicgradethanisfoundintheJörngranitoids.Thiscould
indicate that the Jörn GI was deformed at shallower, cooler levels than the
Stavaträsk–Pultarlidenhost rocks.The fine-grained,probablyshallowlyemplaced,
subvolcanicdykesintheGIaswellastheconglomerateclastsofthisgranitoidalso
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indicatethattheJörnGIinthisareahadreachedashallowcrustallevelatabout1.87
Ga,cf.Billström&Weihed(1996).

The events affecting the Jörn GI granitoid must have occurred after 1908 Ma,
which is the upper age limit of the GI (see Fig. 2). The Brännbergsliden gneiss
(Lundström&Persson1998,thisvolume)wasdeformedmorerecentlythan1879Ma
agoandissituatedquiteadjacenttotheductileshearzonedescribedabove(seemap
Fig.1).Itisthereforetemptingtobelievethatthisisthemaximumagealsoforthe
deformationoftheGI.Thegneiss,however,isbothstructurallyandmetamorphically
so different from the rocks immediately surrounding it, that it is doubtful what
relevancetheageofitsdeformationmayhaveforitspresentsurroundings.

AmaximumageforthedeformationoftheStavaträsk–Pultarlidenhostrockscan-
notbeestimatedatpresent,butcouldbeeasilyobtainediftheclastsintheconglom-
erateweredated.Agranitoidclast(Fig.9)foundinthePultarlidenconglomeratewas
sampledforagedeterminationandwillhopefullyshedsomelightonthisproblem.

CONCLUSIONS

Numerous observations indicate that deformation was active in the Stavaträsk–
Klintånareabefore1860–1875Ma,therebyindicatinganearlierstartofdeformation
thanhithertorecognised.TheSikträskgneissdome,describedbyWeihed&Vaasjoki
(1993)andBillström&Weihed(1996)tobedeformedafter1862Ma,issituatedwell
onthesouthernmarginoftheSkellefteDistrict,c.50kmsouthwestoftheareacon-
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Fig.9.GraniteclastinthePultarlidenconglomerate.(Coordinates722434/171434.)



sideredhere.ThedomeandtheStavaträsk–Klintånareaarethereforeremoteenough
fromeachothertowarrantseparatestructuralhistories.However,thetimeseparation
betweenthe‘post-Sikträsk’and‘pre-Stavaträsk’deformations(seeFig.2),supportthe
multistagedeformationalhistoryintheinterveningarea,demonstratedbyWeihedet
al.(1992),albeitwithanearlierstartthanconceivedbythem.

The deformation suggested to predate the intrusion of the Stavaträsk plutonic
rocks,wouldfitwelltemporallywiththenumerousevents,describedabove,thatoc-
curredbetweentheemplacementoftheJörnGIandGIIIgranitoids.However,regard-
lessofthispossiblecorrelationintime,theseinterveningeventsshowthattheGIand
GIIIgranitoids intruded independentlyofeachother.Assuggestedby Billström&
Weihed(1996),theyshouldthereforemostprobablybeunderstoodasunrelatedintru-
siverocks,despitetheirclosegeographicconnection.

Kautsky(1959)observedthatboththeVallidenconglomerate(“daskonglomerat
beiSnippundSnapp”ofKautsky)andtheconglomeratesatÅseletcontainedgrani-
toidclasts.Basedonthisevidence,Kautsky(1959)suggestedthatthemetasedimen-
taryrocksnorthofStavaträskshouldbelongtothe“ElvabergSeries”(Kautsky1957)
andthusbeyoungerthanthemetavolcanicrocks.Thisisalsotheimpressiongained
bymanyyoungingobservationsfurthersouth(seeFig.1b).Thegranitoidconglomer-
ateclastsalsopromptedLindströmetal.(1991)toproposethatthemetasedimentary
rocksaroundÅseletbelongedtothe“upperSvecofennian”.However,theÅseletcon-
glomerateissituatedalongstrikefromandverysimilartothePultarlidenconglomer-
ate.Asmentionedabove,thisconglomerateseemstohavebeendeformedbeforec.
1871Ma,i.e.possiblyevenbeforethedepositionoftheVallidenconglomerate.The
Åselet–Pultarliden conglomerates are furthermore much more deformed and more
metamorphosedthantheVallidenconglomerate(cf.Figs.5a,cwithFigs.7and9)
anddonotcontainanyrecognizableJörnGIgranitoidclasts,typicaloftheValliden
conglomerate.Theymaythusevenpredate theJörnGIgranitoid.Thestratigraphic
positionoftheStavaträskmetasedimentaryrocksthereforeremainsenigmatic.How-
ever,shearzonesaboundalongthemetasediment/Arvidsjaurmetavolcanitecontact,
andthereforeatectonicinsteadofadepositionalcontactisplausible.
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UPbzirconagesofArchaeantoPalaeoproterozoicgranitoids
intheTorneträsk–Råstojaurearea,northernSweden

By

OlofMartinsson,MattiVaasjokiandPerOlofPersson

INTRODUCTION

TheeasternandnorthernpartsoftheBaltic ShieldincludelargeareasofArchaean
rockswithagesbetween2.65and3.2Ga(e.g.Skiöld1979a,Jahnetal.1984,Luuk-
konen1992,Lobach-Zhuchenkoetal.1993,Kärkietal.1995).Thesearedominated
bytonalite–granodiorite,whilemafictofelsicvolcanicrocks,metasedimentaryrocks
andundeformedredgranitesareminorconstituents(Ward&Nurmi1989,Luukko-
nen1992,Lobach-Zhuchenkoetal.1993).

ThemostextensiveareaofArchaeanrocksinSwedenliesnorthofKiruna,where-
asonlysmallisolatedareashavebeenfoundfurthertothesouthinNorrbotten.Ar-
chaeangranitoidsgiveagesfrom2.64to2.71GaintheLuleåarea(Lundqvistetal.
1996,Wikströmetal.1996),2.67GaatKukkola(Öhlanderetal.1987)and2.71–2.83
GaintheKirunaarea(Welinetal.1971, Skiöld1979a, Skiöld&Page1998).The
deformed and metamorphosed Archaean rocks are unconformably overlain by
Palaeoproterozoicvolcanicandsedimentarysuccessions.

The Archaean basement and the Palaeoproterozoic volcanic and sedimentary
coverhavebeenintrudedbyfourmajorgroupsofigneousrocks.Theagesofearly
orogenicintrusionsvaryfrom1.87to1.89Ga(Skiöldetal.1988).Theseintrusions
havebeensubdividedintotwotypes.TheHaparandaSuite,rangingfromgabbroto
granitebutdominatedbydiorite–granodiorite,wasoriginallyassignedtointrusions
insoutheasternNorrbotten(Ödmanetal.1949).Later itwasextendedtocomprise
petrographically similar intrusions in northern Norrbotten (Ödman 1957), and in
northernFinland(Hiltunen1982).ThePerthiteSuite,comprisingmonzogabbro,mon-
zonite,syeniteandgranite,isrestrictedmainlytothenorthwesternandnorthernparts
ofNorrbotten(Geijer1931,Witschard1984).IntrusionsofthePerthiteSuitearegen-
erallyundeformedandhave thereforebeenconsidered somewhatyounger than the
HaparandaSuite,whichisdominatedbymoreorlessdeformedrocks.Characteristic
ofthePerthiteSuiteistheoccurrenceofphenocrystsofperthite–antiperthite,orpla-
gioclase rimmed by perthite (Geijer 1931). Quartz-rich granites, pegmatites and
aplites of the Lina Suite are extensively developed in northern Norrbotten. The
granitesaretypicallyporphyriticwith4to15mmlargemicroclinephenocrysts,and
theymayexhibitaweaktoratherstrongfoliation(Holmqvist1906,Geijer1931).Age
determinations demonstrate an emplacement at 1.78 to 1.79 Ga for the Lina Suite
(Skiöldetal.1988,Wikström&Persson1997a),whichissimilartoreportedagesfor
syenitictograniticintrusions,similarincharactertotheTransscandinavianIgneous
Belt(TIB)atKirunaandintheNarvikarea(Romeretal.1992,1994).
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GEOLOGYOFTHETORNETRÄSK–RÅSTOJAUREAREA

LateArchaean,andearlyPalaeoproterozoic,rockunitsarepartlywellexposedinthe
Torneträsk–RåstojaureareanorthofKiruna.TheArchaeanrocksaremainlyfoundin
thenorthernpart.Towardsthesouth,theygivewaytoPalaeoproterozoiccoversuc-
cessionsandseveral suitesofSvecofennian intrusions(Fig.1).Thisbasementarea
northofKirunahasnotbeendescribedindetail,butis knowntoconsistofmainly
tonalitictogranodioritic rocks(Ödman1957, Öhlanderetal.1987,Kathol&Mar-
tinssoninpress).Red,undeformedgranitesarelessabundant(Ödman1957,Offer-
berg1967),butformcharacteristicclastsinthediscordantlyoverlyingbasalconglom-
eratenorthofKiruna(Geijer1931,Martinsson1997).Stronglyrecrystallizedmafic
tofelsicvolcanicrocks,quartzite,andgneissofarkosictopeliticoriginaregenerally
ofminorimportance(Kathol&Martinssoninpress).Similarassociationsofplutonic,
volcanicandsedimentaryrocksarefoundfurthernorthinnorthwesternFinland(Leh-
tovaara1995).

Chemically,theArchaeantonalitesclearlydifferfromtheArchaeangranodiorites
and granites in the Kiruna–Torneträsk–Råstojaure area (Fig. 2), which suggests
differingmagmaticoriginsfortheserocks.Comparedwiththetonalites,thegrano-
dioritesaregenerally lessdeformedandmayhaveaporphyritic texture (Kathol&
Martinssoninpress).Thegranitoidsarelocallystronglyinfiltratedbygraniticmate-
rial (Ödman 1957), and especially along shear zones the formation of secondary
microclinemaybeextensive.

ThePalaeoproterozoiccover,comprisingtheKovoGroup,theKirunaGreenstone
Group,theKurravaaraConglomerate,theKirunaPorphyries,andtheHaukiQuartzite
(Fig. 3), is preserved in several synclinal belts in the southern part of the
Torneträsk–Råstojaurearea.TheKovoGroupincludeabasalclasticunitofconglom-
erateandquartzite,whichisoverlainbyandesite,volcanogenicgreywackeandtho-
leiiticbasalt(Martinsson1997).Maficsills,intrudingthelowerpartofthesequence,
haveazirconageofc.2200Ma(Skiöld1986),givingaminimumdepositionalage
forthisgroup.Tholeiiticbasalticlava,withintercalationofkomatiites,mafictofelsic
volcaniclasticrocks,blackschistandcarbonaterocks,constitutestheKirunaGreen-
stoneGroup.DykeswarmswithamainlytholeiiticcompositionintrudingtheArchae-
an basement in a NNE direction are probably related to the greenstone volcanism
(Martinsson1997).

EarlyorogenicintrusionsoftheHaparandaSuiteareofminorimportanceinthe
Torneträsk–Råstojaurearea.Theyarerepresentedbygabbro,dioriteandminorfelsic
intrusions.Generallytheseintrusionsaretosomeextentaffectedbyductiledeforma-
tion,resultinginamoreor lesspronouncedmineralorientation.ThePerthite Suite
formlargeintrusionsinthesouthwesternpartofthearea.Monzoniteisamajorcom-
ponent (Fig.4),occurring togetherwithvarying amountsofgabbro,monzogabbro,
monzodiorite,quartzmonzoniteandPerthitegranite,partlyintheformofzonedcom-
positeintrusions.Perthiticfeldsparisacharacteristicmineralintheintermediateand
felsicintrusions,usuallyoccurringas1–2cmlargephenocrysts.Gradualcontactsand
hybridrocksarecommonlyfoundbetweengabbroandmonzonite,indicatingcoexist-
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Fig.1.SimplifiedgeologicalmapoftheTorneträsk–Råstojaurearea,mapsheets30Jand31J,
withlocationofanalysedsamples:1,tonaliteatRåstojaure(BOM950401);2,graniteatLulep
Patsajäkel(BOM940243);3,monzoniteatRunkanjunnje(BOM940635);4,graniteatRakis-
vare(BOM940362);5,graniteatRipasjaure(BOM940758).



ingmagmas.Minordykesofapliteandfine-grainedquartzmonzoniteoccurlocally
inmonzoniteandgabbro.IntrusionsofthePerthiteSuitearegenerallyundeformed,
althoughmagmaticfoliationmayoccuratthecontacts.However,southofTorneträsk
theyareaffectedbyastrongductiledeformationalongaE–W-trendingshearzone.

Severalgabbroic complexesoccur in the southwesternpartof thearea in close
associationtomonzoniteofthePerthiteSuite(Fig.1).Theyaremafictoultramafic
incompositionandexhibitinpartawelldevelopedigneouslayering.Parallel-orient-
edplagioclase,pyroxeneandolivinearethemajormineralsinthemaficparts.Peri-
dotiteoccursaslayeredunitsinthelowerpartsandaslateintrusions.Dioriteisan
importantcomponentintheupperpartofsomecomplexes.Duetothewell-preserved
characterofthecomplexes,andthespatialassociationwithmonzonite,theyaresug-
gestedtobelongtothePerthiteSuite(Kathol&Martinssoninpress).

Reddishandquartz-richgranitesofLina-typearefoundnorthofTorneträskand
alongtheNorwegianbordertowardsRåstojaure.Theyaregenerallyundeformedbut,
especiallysouthofRåstojaure,foliatedgranitesexist.AtTorneträskthegraniteisme-
dium-tocoarse-grainedandthetextureispartlyporphyriticwithc.10mmlargemi-
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Fig.2.Chemical classificationofArchaeangranitoids from the Torneträsk–Råstojaure area.
P–Qdiagraminmolarproportions(Debon&LeFort1983),unpublisheddatafromSGU.



croclinephenocrysts.Xenolithsofandesiteanddioritearelocallyabundant(Kathol
&Martinssoninpress).Furthernorthwards,intrusionsofmedium-grainedgraniteare
surroundedbymigmatiticArchaeangneissofarkosictopeliticorigin.Dykesofaplite
andpegmatiteoccurwithinthegranites,buttheyaremostextensivelydevelopedin
thesurroundingrocks.
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SAMPLEDESCRIPTIONANDRESULTS

FivesamplesofgranitoidrocksweretakenintheTorneträsk–Råstojaurearea(Fig.1).
Twoofthem,adeformedtonalite(BOM950401)andanundeformedreddishgranite
(BOM940243),arefromtheArchaeandomain.ThePerthiteSuiteisrepresentedbya
granite(BOM940362)andamonzonite(BOM940635).ThelatterintrudestheRun-
kanjunnjegabbrocomplex,andwasselectedtogivetheminimumageofthisintru-
sionaswellastheageofthemonzonite.ThefifthsampleisfromaLina-typegranite
(BOM940758).

Allsamples,exceptthetonalite,wereanalysedattheUnitforIsotopeGeology,
GeologicalSurveyofFinland.Basedonthespecificgravityoftheseparatedzircons,
theyhavebeensplitintothreedensityfractionsforeachsample.Oneadditionalfrac-
tionconsistsofabradedzirconsfromtheheaviestfractioninthreeofthesamples.The
tonalite samplewasanalysedat theLaboratory for IsotopeGeology,SwedishMu-
seumofNaturalHistoryinStockholm.Inthissample,thesplittingintofractionsof
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Fig.4.ChemicalclassificationofPerthiteSuiteintrusionsfromtheTorneträsk–Råstojaurearea.
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theseparatedzirconswasbasedonmorphologyandqualityofthecrystals.Seethe
Editor’sPrefacetothisvolumeforinformationabouttheanalyticalprocedure.Ana-
lyticaldataaregiveninTables1and2.
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TABLE1.U-PbzircondatafromtheRåstojauretonalite.

Sample Weight U Pbtot. Common 206/204a 206-207-208 206/238b 207/235b 207/206
 (µm) (ppm) (ppm) Pb(ppm)  Radiog.   age(Ma)
      (atom%)b     

1 44 120.4 71.6 0.07 11316 70.4-12.8-16.8 0.4855±17 12.214±46 2675±3
2 51 121.5 71.7 0.13 10941 70.7-12.9-16.4 0.4830±13 12.182±34 2680±2
3 33 130.3 76.7 0.31 6153 70.3-12.8-16.9 0.4791±14 12.056±40 2676±2
4 23 130.4 74.2 0.27 5431 72.9-14.6-12.5 0.4804±20 13.288±56 2831±2
 

a)correctedformassfractionation(0.1%pera.m.u).
b)correctedformassfractionation,blankandcommonPb.

TABLE2.U-PbzircondatafromtheTorneträsk-Råstojaurearea.

      
 Fraction U Pb 206/204 206-207-208 206/238a 207/235a 207/206
  ppm ppm meas. Radiog.(atom%)a   age(Ma)

BOM940243LulepPatsajäkel     
 
A +4.5abr 163.3 56.61 1128 75.12-8.56-16.32 0.2905±17 4.541±261854±2
B +4.5 215.6 67.13 641 75.48-8.53-15.99 0.2533±15 3.929±231840±3
C 4.3-4.5 505.1 111.30 337 77.42-8.31-14.27 0.1709±10 2.518±151746±5
D 4.2-4.3 1336.4 201.84117.5 78.25-7.26-14.49 0.0905±5 1.152±71474±16
       
BOM940635Runkanjunnje      

A +4.5abr 341.3 100.92 1970 77.49-8.61-13.90 0.2601±15 3.967±231809±1
B +4.5 344.7 104.63 1479 77.50-8.59-13.91 0.2646±15 4.026±241805±2
C 4.3-4.5 707.8 163.27 1069 77.92-7.88-14.20 0.1804±11 2.502±151634±8
D 4.2-4.3 1667.6 294.22 351 74.67-7.12-18.21 0.1333±8 1.744±101525±8
       
BOM940362Rakisvare       

A +4.5abr 108.4 36.10 2140 68.81-7.75-23.44 0.2617±15 4.046±231834±2
B +4.5 159.5 44.48 1569 70.58-7.85-21.57 0.2228±13 3.399±201810±2
C 4.3-4.5 497.1 84.91 1362 72.64-7.54-19.82 0.1395±8 1.986±121683±2
D 4.2-4.3 1030.3 117.47 1121 73.46-6.89-19.65 0.0934±5 1.202±7 1495±3
       
BOM940758Ripasjaure      

A 4.3-4.5abr 863.4 147.60 478.3 78.73-7.81-13.46 0.1407±8 1.916±111600±7
B 4.3-4.5 972.4 155.92 476.5 79.65-7.81-12.54 0.1332±8 1.792±111577±1
C 4.2-4.3 1284.4 139.70 414.2 79.73-7.35-12.92 0.0890±5 1.126±7 1463±3
D red 902.2 159.31 270.6 79.38-7.70-12.91 0.1353±8 1.801±121558±8
 

a)Correctionformassfractionation,blankandcommonPb,commonPb:206Pb/204Pb:15.7;207Pb/204Pb:15.4;
208Pb/204Pb:35.2.



Råstojauretonalite(sampleBOM950401)

TonaliteisamajorcomponentoftheArchaeanbedrockinthenortheasternpartofthe
Torneträsk–Råstojaurearea.Minorbeltsofparagneissandamphibolite,representing
oldercrust,occurinthetonaliteandamphibolitexenolithsarelocallyabundant.Small
xenolithsaregenerally stronglyabsorbedandappearas clotsofbiotite.Secondary
microclinemayoccur inveinlets, as replacementofplagioclaseorporphyroblasts,
andinirregularpatcheswithdiffuseoutlines.Extensivemicroclineinfiltrationmay
endupinastronglyrecrystallizedgraniticproduct.SampleBOM950401isfroma
smalloutcrop7kmsouthwestofRåstojaureattheeasternsideofNjárgajárvi(topo-
graphicmapsheet31JNO,coordinatesintheNationalGrid7631020/1697840).The
tonaliteisgrey,mediumgrainedandexhibitsawell-developedfoliation.Itcontains
25–30%bluishquartzand5–10%biotite.Minorxenolithsofamphiboliteexistinthe
outcrop,butsecondarymicroclineisalmostnon-existing.

Mostoftheseparatedzirconcrystalsareeuhedral,but theiredgesaregenerally
moreorlessrounded.High-indexfacesoccuroccasionally.Severalcrystalshavealso
ruggedorcorrodedfaces.Thelength–breadthratioofthecrystalsvariesfrom1to4.
Mostofthezirconsaremetamictandturbid,andarepaleyellowtopinkorcolourless.
Coreswerefoundinapprox.10%ofstronglyroundedzircons,whileeuhedralcrys-
tals rarely contained any detectable older material. The cores are generally small,
metamictand located close to themarginsof the grains. Inone grainhowever, the
coreconstitutedapprox.90%ofthetotalgrainvolume.

Fourfractionsofzirconswithoutdetectablecoresorovergrowthshavebeenhand-
picked.Allfractionswerestronglyabradedbeforeanalysis.

1)Sixteeneuhedraltoslightlyroundedcrystalsofgoodquality.Theyaretransparent
andhaveapinkcolour.Smallhigh-indexfacesoccurinsomecrystals.Fracturesare
rare.

2)Fifteeneuhedraltoslightlyroundedcrystals.Similartofraction1,butofslightly
poorerqualitywithmoreabundantfracturesinouterparts.

3)Fourteeneuhedraltoslightlyroundedcrystals.Similartofractions1and2,butof
poorerquality.

4)Tenstronglyroundedcrystalswithsomefractures.Theyarecolourless,orpinkto
paleyellow.

The threeeuhedralzirconfractionsgivean upper interceptageof2679±12Ma
(Fig.5),withaMSWDof11.ThisratherhighMSWDvaluemayindicatetheexis-
tenceofopticallyundetectableheterogeneities in thecrystals.The roundedzircons
aresignificantlydifferent.Their207Pb/206Pbageis2.83Ga,whichrepresentsamin-
imumage.Theycontainasmallerportionof208Pb,indicatingahigherU/Th-ratioin
theroundedzirconswhencomparedwiththeeuhedralcrystals,suggestingcrystalliza-
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tioninmagmasofdifferentcompositionforthesetwozirconpopulations.Itisalso
possible that the rounded zircons represent a mixed population, although no cores
werevisibleinalcohol.

GraniteatLulepPatsajäkel(sampleBOM940243)

The sample BOM940243 is from an outcrop on the southeastern side of Lulep
Patsajäkel(topographicmapsheet30JSO,coordinatesintheNationalGrid7567640/
1681640).Thegranite formsa4x2kmlargeintrusioninArchaeangranitoidsand
gneiss.Thecontactsofthegranitearenotexposed,butapliteandpegmatitedykesare
foundlocallyinthesurroundingrocks.Severalmetadiabaseswithchilledmarginsin-
trudethegranitealonganorthwest-trendingfault.Thegraniteispalered,undeformed
andmedium-grained.Itcontains25–30%quartz,5%biotiteandaccessorytitanite.
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Thetextureispartlyporphyritic,with4–8mmlargephenocrystsofmicrocline.Pet-
rologically,thegraniteatLulepPatsajäkelissimilartoredgranites,occurringaspeb-
blesatthebaseoftheKovoGroup,anditwasselectedasapossiblelateArchaean
granite.

Basedoncolourandmorphology,twozirconpopulationsaredistinguished.About
90%ofthematerialconsistsoftranslucentpale-brownorbrownsubhedralcrystals
withalength/breadthratioof1.2to2.5.Theremaining10%arereddish,translucent,
andsubhedraltoanhedralcrystals.Underoilimmersionitappearsthatabout20%of
thecrystals in the heavy (+4.5) fractionare turbidandanhedral, while the restare
eitherfragmentsof,orcompleteeuhedral,transparentcrystals.Thenumberofturbid
crystalsincreasesinthelighterzirconfractions.Nozoningorinclusionsweredetect-
edinthetransparentpopulation.Duringhand-picking,theredcrystalswereremoved
andanalysesweremadeonthebrownzirconsonly.
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Thedegreeofdiscordancyandtheuraniumcontentincreasewithdecreasingden-
sityofthezircons,whichisthenormalpatternforigneousrocks.However,thevari-
ationinbothuraniumandcommonleadcontentsisunusuallylarge.Thefouranalysed
fractionsgive an upper intercept ageof 1877±14Maand a lower intercept ageof
243±38Ma,withaMSWDof12(Fig.6).Astheabradedfraction(A)exhibitsonly
76%oftheuraniumobservedinthecorrespondingunabradedfraction(B)andhasa
206Pb/204Pbratioalmosttwiceashigh,itmaybearguedthatmuchoftheuraniumand
thecommonleadresidesintheturbidandprobablysoftercrystals.

MonzoniteatRunkanjunnje(sampleBOM940635)

AtRunkanjunnjethereisa10x5kmlargegabbroiccomplexwithawell-developed
layeredstructureinitsmiddlepart.Itissurroundedbymonzonite,whichalsoforms
intrusionsinthecomplex.ThesampleBOM940635isfroma3x1kmlargemonzon-
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iteintrusioninthesoutheasternpartoftheRunkanjunnjecomplex(topographicmap
sheet30JSV,coordinatesintheNationalGrid7551460/1655920).Itisundeformed
andhasareddishtobrownishgreycolour.Thetextureisporphyriticwith6–10mm
largephenocrystsofperthiteoccurringinamedium-grainedmatrixoffeldspar,10–15
%amphiboleandapprox.5%biotite.Petrologicallyitissimilartothemuchlarger
monzonite intrusionsof thePerthite Suiteoccurring in thesoutheasternpartof the
Råstojaure–Torneträskarea.

Morethan60%oftheseparatedzirconsdonotpassthe70µmsieve.Thecolour
variesfromtranslucentclear,tobrown.Hardlyanypyramidalfacesaredevelopedand
crystalformsrangefromsubhedral(prismaticfaces)toanhedral.Faintzoningoccurs
occasionally,andnoobviouscoresweredetected.Themostheavyzirconfraction(A),
seems tobe ratherhomogeneousasair abrasionhaspracticallynoeffectoneither
uraniumorleadconcentrationsorisotopicratios.Allfractionsarehighlydiscordant
andtheremaybesomesourceheterogeneity,astheMSWDisveryhighat72.Con-
sequently,theupperinterceptisratherimpreciseandtheagebasedonfourfractions
is1868±55Ma(Fig.7).

PerthitegraniteatRakisvare(sampleBOM940362)

ThegraniteatRakisvareconstitutesthedominantpartofa12x7kmlargecomposite
PerthiteSuiteintrusion.Thesouthernandeasternpartsconsistofquartzmonzonite,
whileperthitegraniteoccupiesthecentralandnorthernparts.Afine-grainedandpor-
phyriticrimisdevelopedatthenorthwesternsideoftheintrusionandagabbroicdyke
runsalongthewallrockcontactinthisarea.ThesampleBOM940362isfromanout-
croponthewestslopeofRakisvare(topographicmapsheet30JNO,coordinatesin
theNationalGrid7579440/1687260).Thegraniteisred,medium-tocoarse-grained,
andundeformed.Thetextureisporphyritic,with6–10mmlargephenocrystsofper-
thite.Itcontains25–30%quartz,1–5%biotite,andaccessoryamountsoftitaniteand
fluorite.

Separatedzirconsaregenerallylessthan70µminsize.Morphologically,theyare
characterizedbyshortprismaticsurfaces.Morethan90%areclearandtranslucent,
therestbeingyellowish-reddishincolour.Noinheritedcoresweredetectedunderoil
immersion,butoscillatoryzoningmaybeseen.Theanalysesshowadistributiontyp-
icalofmagmaticrocks:theuraniumcontentsandthediscordanceincreaseasdensity
decreases.However, even the abraded fraction isdistinctlydiscordant.Four zircon
fractionsgiveanageof1874±12Ma,withaMSWDof9.7.Thecorrespondinglower
interceptageis241±15Ma(Fig.8).

GraniteatRipasjaure(sampleBOM940758)

AlargeareaofLina-typegraniteexistsnorthofTorneträsk.Theapprox.20x13km
largegraniteintrusionisborderedtowardsthesouthbya2to4kmwidezoneintense-
lyinjectedbypegmatiteandaplitedykes.Xenolithsofandesiteanddioriteupto3km
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insizearelocallyabundantinthegranite.Minorpegmatiteandaplitedykesarecom-
monlatephases.Porphyritedykeslocallycutthegraniteinanorthwesterlydirection.
ThesampleBOM940758 is fromanoutcropsouthwestofRipasjaure (topographic
mapsheet30JNV,coordinatesintheNationalGrid7588460/1656010),closetothe
Caledonianfront.Thegraniteispalered,mediumgrainedandundeformed.Thetex-
ture isheterogranularorporphyriticwith5–8mm largemicroclinephenocrysts. It
contains25–30%quartz,andapprox.5%biotite.

Mostseparatedzirconsaresmall(90%<70µm),andexhibitsimpleprismatic
and pyramidal crystal forms. The length/breadth ratio ranges from 1.5 to 3. Two
colourvarietiesaredistinguished:adominating(approx.80%)palebrownpopula-
tion and subordinate reddish crystals. Both types vary from translucent to turbid.
Underoilimmersion,apronouncedoscillatoryzoningisobserved.Nosignificantin-
clusionsoroldercoresexist.SampleArepresentsanairabradedportionoftheheavi-
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est fraction (4.3–4.5 g/cm3), while samples B and C are unabraded. The reddish
crystalswerehand-picked,apartfromthesethreezirconpopulations,combinedand
analysedseparatelyassampleD.

Allsampleshavearatherhighuraniumandcommonleadcontent.Theyarealso
extremely discordant (Fig. 9), and consequently the calculated intercept ages,
1696±65and164±55Ma,arenotwellconstrainedand shouldnotbeusedasgeo-
chronologicdata.Excludingtheredzirconsfromthecalculationdoesnotsignificant-
lyaffecttheresult.Itmaybearguedthatthehighlydiscordantpatternistheresultof
a three-stageleadlosshistory:1) leadlossbycontinuousdiffusionfromtheinitial
emplacement to theCaledonian event,2)episodic lead lossduring theCaledonian,
and3)continuouslossbydiffusionfromtheCaledoniantothepresenttime.
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DISCUSSION

TheanalysedsampleofRåstojauretonaliteisdominatedbyeuhedralzirconcrystals
withnodetectedcores,buttherearealsocorrodedeuhedralcrystalsandroundedzir-
congrains.Basedonthreefractions,theeuhedralcrystalsgiveanupperinterceptage
of2679±12Ma.Althoughthecalculatederrorisratherlow,the2679Maagemight
belesspreciseduetotheclosespacingofthedatapoints,incombinationwiththeir
discordantcharacterandthelargeMSWD(Fig.5).The207Pb/206Pbageforonefrac-
tionofroundedzircongrainsisapprox.2.83Ga.Atleasttwoalternativeinterpreta-
tionshavetobeconsidered:1)theyoungeragerepresentsthemagmaticemplacement
ofthetonalite,whiletheolderageisgivenbyinheritedzirconsfromthemeltsource,
and2)theolderageistheemplacementofthetonaliteandtheyoungeragerepresents
alatermetamorphicoverprint.

Theeuhedralzirconcrystalsgivingtheageofc.2.68Galackdetectablecores,and
havealength–breadthratiobetween1and4.Themorphologyofthesezirconsand
theirhigher208Pb-contentsuggestthemtobeofmagmaticorigin,andconsequently
thisageshouldrepresenttheemplacementofthetonalite.Zirconcrystalsgivingthe
207Pb/206Pbageofc.2.83Gaaredistinctlydifferentincharacterandtheirmarkedly
roundedshapesuggestsaxenocrysticorigin.

However,thisinterpretationmaybeinconflictwithexistinggeologicalandgeo-
chronologicaldatafromArchaeanrocksinnorthernSweden.Thedeformationofthe
ArchaeangranitoidsnorthofKirunaisgenerallystrongestinthetonalites,whilegra-
nodiorites are less affected and the redgranites are almostundeformed. These red
granitesareamajorconstituentofthebasalconglomerateintheunconformallyover-
lyingKovo Group northofKiruna. If the lateArchaeandeformation eventwasof
regional importance innorthernSweden, the existenceofundeformed redgranites
withanageof2710±4MaintheKirunaarea(Skiöld&Page1998),mustimplyan
ageinexcessof2.7GaforthedeformedtonalitesatRåstojaure.Thus,the2.68Ga
ageofthedeformedRåstojauretonalitemayalternativelybeinterpretedasameta-
morphicage,and2.83Ga itsageofemplacement.This isconsistentwithexisting
geochronological data fromArchaean tonalitic to granodioritic intrusions north of
Kiruna.Twopoorlydefinedagesindicateanemplacementatc.2.8Ga(Welinetal.
1971,Skiöld1979a),whilea2.69Gaage,givenforeuhedraltosubhedralzirconsin
t h e  g r a n o -
diorite,issuggestedtorepresentametamorphicevent(Skiöld1979a).

Atthepresentstateofknowledge,neitherofthesetwoalternativeinterpretations
fortheRåstojauretonalitecanberejected.However,theexistenceofmarkedlyround-
ed zircon crystals with older cores clearly demonstrates a complex history of the
Archaean granitoids in northern Sweden. To decipher the late Archaean mag-
matic–metamorphicchronologyinthisarea,theionprobetechniquemightbemore
successfulthanconventionalzircondating.

Irrespectiveofwhetherthe2.68GaagefortheRåstojauretonaliterepresentsthe
emplacementoralatermetamorphicevent,thismustbethemaximumageofthedis-
cordantlyoverlyingKovoGroup(Fig.3).Volcanicandvolcaniclasticrocksofande-
siticcompositionfromtheKovoGroup,andabasalticlavafromthelowerpartofthe
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Kiruna Greenstone Group, give zircon ages in the range 2682±4 to 2692±5 Ma
(Skiöld&Page1998).Byusingtheouterlimitsoftheageerrors,thismightnotbea
chronostratigraphiccontradiction,butanextensiveerosionoftheArchaeancrustand
thefollowingdepositionoftheKovoGrouphadtooccurwithinafewmillionyears
(Fig.10).Theexistenceofamajorunconformityatc.2.7Gaisnotsupportedbythe
presence of 2638 to 2655 Ma old Archaean granites in southeastern Norrbotten
(Lundqvistetal.1996,Wikströmetal.1996);amorelikelyexplanationistheoccur-
renceofinheritedArchaeanzirconsinthesevolcanicrocks.Asimilarinterpretation
wasmadeforthec.2.7Gazirconagesrecordedforintermediatetofelsicvolcanic
rocksinthePalaeoproterozoicgreenstonesuccessionsinnorthernFinland(Lehtonen
etal.1992),andfor2693Mazirconsinac.1980MabasaltfromKarelia(Puchtelet
al.1998).Basedonpetrographicandstratigraphiccriteria,theKovoGrouphasbeen
correlatedwithSumi–SariolanunitsinKarelia,implyingadepositionalagebetween
2.5and2.3Ga(Martinsson1997).

ThegraniteatLulepPatsajäkelwasselectedasapossiblelateArchaeanintrusion.
However,thezirconageof1877±14Maforthisgranitedemonstratesarelationtothe
earlyorogenicHaparandaorPerthitesuites,bothexhibitingagesaround1.88Ga(Fig.
11).RedgranitesareimportantcomponentsofthePerthiteSuite.ThePerthitegran-
itesaregenerallyundeformedandcontainbluishquartzandperthiteasmajorminer-
als,thelatterpartlyintheformof10–20mmlargephenocrysts(Geijer1931,Ödman
1957).Fine-grainedandporphyriticbordersmayexistand theyoftenoccur indis-
tinctlyoutlinedcompositeintrusionsrangingfromgabbrotogranite(Ödman1957,
Kathol&Martinssoninpress).ThegraniteatLulepPatsajäkeldoesnotexhibitthese
characteristics of Perthite granites.Although the Haparanda Suite is dominated by
diorite–granodiorite, it may include minor amounts of reddish and mainly unde-
formedgranites(Ödmanetal.1949,Eriksson&Hallgren1975,Witschard1984).The
graniteatLulepPatsajäkelprobablybelongstothissuite,whichrangesinagefrom
c.1870to1890Ma(Fig.11).However, intrusionsassignedtotheHaparandasuite
outsidethetypeareaarechemically,andtosomeextentpetrographically,noteasily
distinguishedfromplutonsofthePerthiteSuite.Asthesetwosuitesalsohaveover-
lappingages,thishighlightsaproblemwithclassificationofearlyorogenicintrusions
innorthernNorrbotten.

AgeneticrelationbetweenthePerthiteSuiteandtheKirunaPorphyrieswassug-
gestedbyWitschard(1984),basedonsimilaritiesinchemistry.Thisissupportedby
the1879±7Maage for a syenite from this suite (Skiöld& Öhlander1989).How-
ever,gradationsbetweenPerthitegraniteandLinagraniteoccurlocally,indicatingthe
possibleexistenceoftwogenerationsofPerthitegranite(Ödman1957).Thenewre-
sultsfromthePerthitegraniteatRakisvare(1874±12Ma)andthemonzoniteatRun-
kanjunnje(1868±55Ma)confirmanageofc.1850–1880MaforthePerthiteSuite
(Fig.11).ThisisalsotheminimumageofthegabbroiccomplexessouthofTorneträsk,
whichareintrudedbymonzoniteandquartzmonzonite.Basedontheirundeformed
characterandthewell-preservedmineralogy,thesecomplexesareregardedasrepre-
sentingearlyintrusionsofthePerthiteSuite.
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DuetothehighlydiscordantcharacterofthezirconresultsfromtheRipasjaure
granite,thecalculatedageofc.1.7Gaisveryuncertainandisalmostlackingingeo-
chronological significance.Previous zircondatingof individualLinagranite intru-
sionsinnorthernNorrbottenhavesufferedfromsimilarproblems.However,pooled
datafromtwointrusionsgiveanageof1794±24Ma(Skiöld1988).Asimilar,and
moreprecise,ageof1783±3MawasobtainedforaLinagraniteinsoutheasternNorr-
botten(Wikström&Persson1997a).Thus,consideringtheimpreciseageoftheRi-
pasjauregranite,itcouldbeofLinaage(c.1770–1790Ma),althougharelationtothe
c.1710MaTransscandinavianIgneousBelt(TIB)granitoidsintheRombak–Tysfjord
area(Romeretal.1992)isalsopossible(Fig11).Theoverlappingagesexhibitedby
theLinaSuiteandtheoldergenerationoftheTIBSuitemayindicateageneticrela-
tion, with the latter constituting the heat source for extensive crustal melting and
generationoftheLinaSuiteminimum-meltgranites.
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UPbzirconageoftheVätögranite,southcentralSweden

By

LarsPerssonandPerOlofPersson

INTRODUCTION

TheVätögraniteisaredtoreddishgreyrockoccurringneartheeastcoastofsouth
centralSweden,about70kmnortheastofStockholm(Fig.1).Ithasbeenreferredto
the suiteofearlyorogenicSvecokareliangranitoids whichisc.1.9Gaold(Persson
1993,Ripa&Persson1997,Persson&Persson1997).Thelargest intrusionof the
Vätögranite,about3x2kminsize,issituatedonthemiddleeasternpartoftheisland
ofVätön,approximately17kmENEofNorrtälje.AccordingtoLundegårdh(1954)
other outcrops ofVätö granite can be found in the southern parts of the island of
Björkön;west,southandeastofagabbrointrusionnearRådmansö,about7kmtothe
southofthemainintrusionoftheVätögranite;southofGrisslehamn(about45km
NNEofNorrtälje);andnearthechurchofRoslags-Kulla(about38kmNEofStock-
holm).

TheVätögranite isusedasbuildingandornamental stoneandwasquarriedat
severalplacesinthemainintrusion(Lundegårdh1971).Todayonlyonequarryisin
operation,atKarlsängen,wherethesamplingwasmade.

ThegranitehasbeeninvestigatedbyLundegårdh(1954)andAndréasson(1973).
ThebasicandultrabasicrocksofthisregionweredescribedbyLundegårdh(1943,
1946,1947,1949)andAndréasson(1970).

GENERALGEOLOGY

Inawidesense,southcentralSwedenbelongstotheore-bearingdistrictofBergslag-
en,formingpartoftheSvecokarelianorogen(2.0–1.7Ga).Theoldestconstituentsof
thebedrockaremetasedimentaryandmetavolcanicrocks(Fig.1).Themetasedimen-
taryrocksaredominatedbytuffiticarenites,greywackes,butintercalationsofargil-
liticmaterialoccur.Bothrhyolitesandbasalts(amphibolites)existamongthemeta-
volcanicrockswhichareabout1.9Gaold(Welin1987,Allenetal.1996,Lundström
et al.1998.The supracrustal rocksaregenerallyaltered to veinedgneissesand raft
migmatites(cf.Lundqvist1979).Theearlyorogenicgranitoidshavegranitictotona-
liticcompositions.TheVätögranitehasbeenconsideredcoevalwiththeVängeand
SalagranitessituatedtothewestofUppsala.Itwasconsideredasearlyorogenicby
Stålhös(1972,cf.Persson&Stålhös1991).TheSalagraniteisrepresentativeofgra-
nitictogranodioriticmembersofthesuite.TheSala–Vängegranite(samplingpoint
immediately to theeastof the townofSala, c.120kmNWofStockholm)gavea
U-Pbzirconageof1891±6Ma(Ripa&Persson1997)whichispracticallyidentical
withtheU-Pbzirconage1890±3MaobtainedontheSalagranite,actuallyagrano-



diorite(Persson1993).Thegranodioritewassampledc.15kmnorthwestofSala.A
similargraniteinÅkersberga(Fig.1)hasaU-Pbzirconageof1875±6Ma(Persson
&Persson1997)andthusrepresentsalaterintrusivephase.

SAMPLING

TheVätögranitehasbeensampledinthequarryatKarlsängen(Fig.1;mapsheet11J
NorrtäljeNO,coordinatesintheSwedishnationalgrid:6635780/1678350).Bothred
andgreyvarietiesweresampled.Thetransitionbetweenthetwoisgradational,im-
plyingderivationfromthesamemagma.
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Fig.1.Geologicalmapofeastern southcentralSweden,simplifiedfrom:Geology,National
AtlasofSweden,1994.
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PETROGRAPHYANDCHEMISTRY

Thepredominant typeofVätögranite ispinkish red andcoarselymedium-grained
(Fig.2).Pinkfeldsparcrystalshavealengthbetween5and15mm,usuallyaround
10–12mm.Thegreyishredvarietyusuallydisplaysfeldsparcrystalswitha length
between8and10mm.Bothgranitetypesshowadistinctlineationalthoughthegran-
itesseemmassiveinsurfacesperpendiculartothelineation.

AccordingtoLundegårdh(1954),thegraniteatKarlsängenhasthefollowingmo-
dalcomposition:microcline36%,plagioclase33%,quartz28%andbiotite,includ-
ing chlorite, 3 %. Subordinate minerals are opaques, epidote, apatite, allanite and
zircon.Thus,itisamonzograniteinthesenseofStreckeisen(1967).

ThechemicalcompositionpresentedinTable1isabulkanalysisofbothredand
greyish red granite. Lundegårdh (1954, p.16) presented results from five and
Andréasson(1973)fourchemicalanalysesoftheVätögranite.ThosefromKarlsängen
areshowninTable2.Theresultsfromtheolderandthepresentinvestigationarefair-
lysimilar.

Fig.2.PhotographofVätögranite.Thefeldsparmegacrystsareonaverage12mmlong.



94

TABLE1.ChemicalcompositionoftheVätögranitefromtheKarlsängenquarry.Theanalysis
wasperformedbySvenskGrundämnesanalysAB,Luleå,usingacombinationofICP-AESand
ICP-MS.

Sample,Vätögranite wt.% Sample,Vätögranite ppm

SiO2 74.3 Ba 802
TiO2 0.173 Be 2.02
Al2O3 13.6 Co <5.90
Fe2O3 2.42 Cr 30.4
MnO 0.072 Cu <5.90
CaO 1.46 Ga 16.6
MgO 0.26 Hf 5.38
Na2O 3.35 Mo 2.83
K2O 5.07 Nb 9.45
P2O5 0.0853 Ni 15
LOI 0.2 Rb 150

Total 100.9 Sc 3.12
  Sn 3.98
LOI=lossonignition  Sr 179
  Ta 1.58
  Th 16.9
  U 12.9
  V 4.41
  W 0.588
  Y 17.5
  Zn 53.3
  Zr 167
  La 43.1
  Ce 77.8
  Pr 9.25
  Nd 33.2
  Sm 5.74
  Eu 0.855
  Gd 4.18
  Tb 0.731
  Dy 3.23
  Ho 0.643
  Er 1.9
  Tm 0.336
  Yb 1.93
  Lu 0.317



ZIRCONDESCRIPTIONANDANALYTICALRESULTS

Theredandgreygranitesamplescontainzirconsofsimilarappearance.Theyvary
fromcolourlesstobrown,withcontinuousgradations.Somegrainsarepatchybrown.
Thequalityisgenerallypoor:onlymetamictorfracturedcrystalsweredetectedand
inclusionsarecommon.Abouthalfthepopulationconsistsofeuhedralcrystalswith
sharpedgesandonlydisplayingfacesoflowcrystallographicindices.Theothercrys-
tals aremoreor less anhedral or rounded, and showhigh-index faces. There is no
correlationbetweencolourandcrystalhabit.Whenexaminedinhigh-refractiveliq-
uid,almostallgrainsshowmagmaticzoning.About20%haveroundedcores.Such
grainsareencounteredprimarilywithinthebrownpopulation.Thecrystalsselected
forisotopicanalysisdidnotshowanysignsofcoresorovergrowthswhenviewedin
alcohol.Allanalysedcrystalswerethoroughlyabraded.

Fivefractionseachfromtheredandgreygranitevarietieswereselectedandana-
lysedat theLaboratory for IsotopeGeology,SwedishMuseumofNaturalHistory,
Stockholm. Mostly colourless grains were chosen but three fractions consisted of
browngrains.Thezirconsfromtheredgranitewerenotdividedintosizefractions.
Theanalysedzirconsfromtheredgraniteareshortprismaticwithlength/widthratios
of1–2,exceptfraction1:4whichhasl/w=3–5.Thezirconsfromthegreygranite
havel/wratioof1–4.TheanalyticalprocedureisdescribedintheEditor’sPrefaceto
thisvolume.

TheanalyticaldataareshowninTable3andFig.3.Thebrownzirconsarericher
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TABLE2.ChemicalcompositionoftheVätögranitefromtheKarlsängenquarryaccording
toAndréasson(1973)andLundegårdh(1954).

Sample,Vätögranite wt.%,Andréasson(1973) wt.%,Lundegårdh(1954)

SiO2 73.8 74.38
TiO2 0.22 0.19
Al2O3 14.7 12.76
Fe2O3 0.7 0.74
FeO 1.39 1.15
MnO 0.05 0.03
CaO 1.9 0.86
MgO 0.51 0.21
Na2O 2.9 3.51
K2O 4.0 5.67
BaO 0.09
SrO  0.07
P2O5  0.15
Total 100.3 99.7
 
 ppm
Sr 270
Zr 80



inuraniumandpoorerin208Pb(implyinglowerThcontent)thanthecolourless.How-
ever, even among the colourless fractions, the variation in 208Pb is conspicuously
large. This might indicate a heterogeneous population where zircons crystallized
underdifferentmagmaticconditions, incorporatedinheritedmaterial,orwereover-
grownwithnewmaterial.Thedatapointsdonotdefineaperfectlineararrayinthe
concordiadiagram(Fig.3).Aplausibleexplanationforthisisthat,althoughdevoid
ofvisiblecores,somegrainsobviouslycontaininheritedoraddedmaterial.Thisap-
pliesparticularlytothebrownzirconsoftheredgranite(fraction1:1)whichhavea
markedlyolder207Pb/206Pbage.Sincethetwosamplesundoubtedlyarecomagmat-
ic, theagecalculationcanbemadeonall fractionscombined.However, since the
brownzirconsaremorepronetoshowinheritance,theregressionwasmadeonthe
colourlessfractionsonly(7points).Theobtainedageis1889±19MawithanMSWD
of21duetothelargescatter.Acalculationusingthefourleastdiscordantcolourless
fractions(2:1,2:2,1:3and2:4)resultsinanupperinterceptageof1894±7Ma,alow-
erinterceptageof333±156MaandanMSWDof0.03.However,itishardlyjusti-
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fied todisregardsomanyof thedata pointsmerelybecause theydiverge from the
discordia,sowechosetheconservativeagefiguredisplayedinthediagram.

CONCLUSIONS

ThezirconageoftheVätögranite(1889±19Ma)coincideswiththatoftheSalaand
Sala–VängegranitesandalsolieswithintheerroroftheÅkersbergagranite.Wethere-
foreconcludethattheVätögranitebelongstothegroupofearly-orogenic,Svecoka-
reliangranitoidsinsouthcentralSweden.
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