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I.

Thisreportdescribesthegeologyof theupperNumedalregionand

severalsulfidemineraloccurrenceslocatedthere. It incorporatesthe

new resultsfromfieldworkduring1975,presentsa new,andmorecomplete

geologicmap of theregionfromSlettestølto Nore,and describesthe

Duses,and Lauvaasen Brennebekkoccurrencesin somedetail. The study

regionincludesmost of theSkjønnemap sheetand extendsontotheNore

map sheetto thesouthas far as Nore (AMSseries711,1615I & II map

sheets,respectively;1:50,000).

Littlewas knownabouttheregionalgeologywhen theprojectbegan,

andno thoroughstudyof themineralizationand itsoriginhas beenwritten

previously.The GeologicalMap of Norway(HoltedahlandDons,1960)

ihdicatesPrecambriansupracrustalrocksof theTelemarkFormationoccur

thisregion,withbasementgneissesexposedto theeastandwestof

thearea. The map of mineand oredeposit localitiesfor southern

Norway(Foslie,1925)showstheNumedallocalitiesplotalonga lineartrend

whichmay be extended80 km southwardsto intersectthesulfideoccurrences

at-Hovin.

Due to the lackof regional,district-widegeologicstudies,theaim

of thisstudyhas been to firstmap and describethegeologicsettingin

whieh the sulfidemineralsoccur,and to providean applicablegeologic

descriptionof how theyformed. Mostof the informationpresentedhere

Lehased on fieldobservations.Fieldwork to datetotalsabout18weeks,

consistingof 3 weeksin theNumedalareaduringthesummersof 1972,1973,

and 1974;6 weeksduring1975;and 3 weeksin theHovinareain summer1974.

Air photographswereusedforbasemaps in thefield,and thedatawas then

transferredto theratherpoorquality.topographicmap sheets. The initial

reoonnaissancegeologicmap provideda baseformoreprecisemappingin

key;areasduringsubsequentfieldwork.

Importantnewpointsresultingfromthe 1975fieldworkincludea
thoroughlyrevisedstratigraphyand structurefor theregion,and site

descriptionsfor theDusesand Lauvaasen- Brennebekkoccurrences.

This investigationis partof theNumllovProjectestablishedby

ProfessorF. M. Vokesto studythemineralizationof thedistrict.His

encouragement,supportanddiscussionshavehelpedto increasethevalue

of thiscontribution.AmanuensisS. Bergstølhas studieda numberof the

sulfideoccurrencesand conductedfieldstudiesin selectedpartsof the

regionas partof theprojectstudy(Bergstøl,1973). Discussionswithhim
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duringthecourseof fieldworkhavebeenof immediatebenefit.A field
tourwas heldon September3-4,1974withProfessorG. 0. Allard,Professor
Vokes,andMr. ToreVrålstad.This.contributionto theprojectstudyhas
alsobenefittedfromdiscussionswithProfessorAllardand othermembersof
staffat theDepartmentof Geology,Universityof Georgia.NorskHydroA/S
provideda magnetometeron loanduringpartsof the 1974and 1975fieldseasons.

Geoloic Settin.

Figure1 showstberegionalgeologicprovinces,and thelocationof the
studyarea,at Rødberg,in the latePrecambrianTelemarkFormationsupracrustal
rocks. Thisformationhas beendividedintothreelithologicgroupsas shown
in Table 1.

The Numedalareais consideredto be a northeasternarmof theTelemark
gormation,with lithologicequivalenceas listedin Table1. Whilethe
comparisonis excellentat theformation/groupscale,moredetailedstratigraphic
sequences,and theinterfingeringHaglebuformation- Quartziteformationcontact
contrastwith theregionalrelationships.The structureof thestudyareais
dominatedby an isoclinalfoldwhoseaxialsurfacepassesthroughthe
greenstoneformation.

Stratira hic Units.

The oldestformationin theareais theHaglebuformation,namedafter
Haglebucampground.It is overlainby theQuartziteformation,which,in turn
is unconformablyoverlainby theGreenstoneformationas listedin Table1,

The Haglebuformationoccupiesa largeareain theeasternpartof the
map area andmay continueiseveralkilometersto thenorthand eastinto
Hallingdal.The rockis uniformlypink to grayhornblende-biotite-alkali
feldspar-quartzschistwithaccessorymagnetite.Colorindexis about15.
Whitespots,3 to 5 mm, are aggregates
The textureis inequigranular,ranging
2 mm hornblendeprisms. The foliation
mineralstreaksand the longdimension

of tinyquartzand feldspar(?)grains.
fromlessthan1 mmquartz grainsto
is due to alignedblackminerals,black
of thewhitespots. It is well

developedin mostoutcrops.Thin (1cm) quartzveinsarepresentat many
localities.

Infrequentoutcropsof blackamphiboliteandbiotite-hornblendeschist
nrthof økterenlakesappearto representa maficsillparallelto foliation
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Table 1. Comparisonof stratigraphicunitsin theNumedalregionwiththe supracrustalTelemarkFormation.

TelemarkFormation
(pons 1960 . 49-55)

BandakGroup.(acidandbasicvolcanics,and quartz-richsediments).8..Quartzschistwith conglomerate.74.Marble(presentlocally).6. Greenlava;includes.one layerof sandstonecontainingfossilalgae(?).
Porphyry(acidvolcanicrock),(locallymissing).4:.Greenvolcanicrockwith
conglomerate,beds of quartzitewith conglomerate,minorquartzschist.Pillow(?)structures;Cu - Ag mineralization.-possibleunconformity.
Quartzite,with conglomerate.Porphyry(acidvolcanicrock)variablethickness(locallymissing).

11.Basalconglomerateand quartzite,
Thicknessdecreasingeastwardto zero,wherenr. 3 formsthebase(?).

Unconformity

SaljordGroup.(quartzites,
conglomerates,schists).crossbeds andoscillationripplemarksare common;basicsillsarecommon.

Unconformity

RjukanGroup. .
Vemorkformation.
basicvolcanicrocks,sediments.TuddalforMation.
acid volcanicrocks(flowsand tuffs).


Stratigraphicunitsin theNumedalre ion.

Greenstoneformation.
fine-grainedgreenschists,amphibolite,meta-basalt,greenstone,meta-tuff,
quartzschist(inpart
conglomeratic),phyllite;pillowstructureslocally;Cu -Mo mineralization.

Unconformity

Quartziteformation.
metamorphosedpure
orthoquartzitewithcrossbedsandoscillation
ripplemarks;muscovitequartzschist,in part
conglomeratic;maficsills;at leastonemeta-basaltlayer.

interfingeringcontact

Haglebuformation.
hornblende-biotite-alkalifeldspar-quartzschist.
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of Ihe enclosiuz Hagiebu schist. The sill approaches the top of theformation, and appears to lie along the contact with overlying quartz schistnorthwest of ø;:lerenlakes.

TLiie Quartzi e formation includes t.wounits,described selFirately lipreviousreports as the Rødberg Quartzile and Ihe muscovite-quartz schlst. Fieldwork in the northeastern part,of the map area this summer revealed that thoseunits intertongue along strike, and that the dark sills, commonly presealin the quartzile, continue into the quartz schist,in this norlheastern area.
The distinctive, pure orthoquarIzite, now metamorphosed, is exposedalong the entirc western border of the study area, and in the northeast,as just mentioned. The rock is a hard, white muscovite-bearing quartzile,with about 95% quartz. Muscovite, the ouly major accessory mineral, occursalong bedding planes and imparts the dominant foliation. A few obliquefic,tmuscovite plates indicateian incipient creaulation foliation has developed.Cross beds and oscillatory ripple marks are common in the western oulcropbelt, where they consistently indicate an eastward younging direction.
Muscovite-ouarlz schists crop out over much of the eastern part of thearea, and are situated between the greenslone formation and the Haglebuformation. To the norlh along strike it is in conlact with Ihe quartzitomember. Typical hand specimens are light gray, fine-grained muscovile-quartz schist. Minor biolite and chlorite are present locally. Biotiteis evenly distributed ia some samples, and forms dark spots, a few mmacross, in others. A thin section of the latter type gives an estimatedmode of 75% quartz, A% albite, 5% muscovite, 5% epidote, 3% biotite,1% calcile and traces of Fe-Ti oxide. The rock has an irregular textureof fine groundmass quartz and albite, with aggregates of coarser grainedquartz. These aggregatcs may be metamorphosed cherl fragments. The muscovite,biotite and epidole tend to be concentrated along foliation surfaces whichenclose lozenze-shaped areas of colorless minerals. Additional fine muscoviteneedles without apparent preferred orientalioa cut across all other

minerals. This schist mewber varies markedly across the area. Near itscontact with the greenstone formation the biotite content increases locallyand becomes as abundant, even slightly more abundant, than muscovite.A large portion of the formation is conglomeratic, especially in theeastern and northern part of the oulcrop bel.t. The large clasts arerounded and flattened pebbles and cobbles that make up as much as 30% ofthe rock. These clasts are composed of very fine-grained quartz, and



6quitepossiblyoriginatedas chert. A smallnumberof the'clastsare
coloredgreenby epidote. The flattenedclastsareparallelto one another,
andat leastlocally,have theirmaXimumdimensionspreferrentially
aligned. A differentconglomeraticquartzschisthasbeenexposedin road
cuts alongtheeastsideof Numedal. It containsflattenedcobblesof
severalrock types,includinggneissanddarkgray,fine-grainedamphibolite(?).
Rarely,themuscovite-quartzschistcanbe seento be highlydeformedinto
tight,isoclinalmesoscopicfoldsnot seenin otherformationsin theregion.Severaldarkmaficsillsof amphibolite,andonemeta-basaltflow
are presentin theQuartziteformation.The sillsare foundin both the
easternandwesternoutcropbelts. Mosterebetween1/2and 3 metets
thick,and extendfrom1 to severalkilometersalongstrike. One unusually
thicksillexposedin a roadcutneartheeastend of lakeFOnnebSis
indistinctlylayered.Mostsillsaredense,fine-grainedblackamphibolite
with infrequenttracesof pyrite. Contactswithbothquartziteand quartz

nresharp,rarelywitha smallapophysisextendingintothequartzite.
Finergrainedborders,suggestiveof chilledmargins,arepresentat a few
localities.

Tunnhovddam is foundedon meta-basaltwhichis situatedabout700
metersbelowthetopof thequartziteformation.It is a biotite-ilmentite(?)-
quartz-clinozoisite-plagioclasemetamorphitewithrelictvolcanictexture
dominatedby plagioclaselaths.

The Greenstoneformationis madeup of greenschists,greenstones,
meta-tuffand meta-sedimentaryrocks. It formsa north-south-trending
belt along thesynclinaltrough. It appearsto thinin thesouthnear
Nore. As shownon thegeologicmap (fig.2),all copper-sulfideoccurrences
in this regionare situatedin thisformation.The successionof lithologiesobservedalongthehighwayfromnear
SkjønneKapel (003803map gridcoordinates)to Rødberg(Table2) indicates
thestratifiedand complexnatureof theformation.Metamorphosedclastic
sedimentaryrockswithpreservedgradedbeddingandmud cracksare exposed
locallyelsewhere.å.fewmembersof theformationareshownon thegeologic
map. Contactsbetweenthevariouslithologiesarewelldefined.Originaltexturesfrequentlyare preservedin thinsectioneventhough
therockshaveundergonegreenschistfaciesmetamorphism.A thinsection



Table2. Lithologicsequencein theGreenstoneformationfromRødbergto SkjønneKapel.

Rødberg.

quartziteof theQuartziteformation.
unconformity

0- 700m Meta-tuff(?).Grayto purplegray,very finegrainedwith
2- to 3-mmquartzor feldsparcrystals.

700-3000 Actinolite-hornblendeschist. Darkgreento gray,finegrained,wit& tracesof epidote.
3000-3300 Muscovite-quartzmeta-tuff(?).Lightpinkishgray,finegrained,with tracesof magnetite,rounded,deformedchert(?)

pebbles;a few calcite-bearingquartzveinsand pods,with
tracesof chalcocite,rarelychalcopyrite;in lower20m
unitis mediumgrained,withbiotit+ndbluequartz.3300-3338 not exposed.

3338-3430 Actinolite-hornblende-plagioclaseschist. Darkgreen,fine
to mediumgrained,withepidoteovoids,foliationdiverges
abouttheovoids,pyriteand magnetiteat 3396.1430.-3472.not exposed.

3472-c3487Actinolitenhornblende-plagioclaseschist, Darkgreen,fine
grainedexceptfor a few localmedium-grainedzonet.3487-3490 Felsicrock. Lightgray,veryfinegrained,flinty,with
tracesof biotite. Quartzveinsat contacts.3490-3498 Actinolite-hornblende-plagioclaseschist. Sameas 3472-3487.3498-3510 Quartzschist(?).Gray,veryfinegrained,dense,withtracesof calcite,similarto 0-700meta-tuff.3510-3642- not exposed.

3642-3673 Actinolite-hornblende-plagiocalseschist. Sameas 3472-3487.3673-3678 Muscovite-biotite-quartz-feldsparschist. Mediumgray,fine
grained,with tracesof epidote,calcite,magnetite,& bornite,
calcite-bearingquartzveins1/2 to 3 cm thick.3678 -3760 Chlorite-actinolite-plagioclaseschist. Darkgreen,fine
grained,with tracesof epidote.

SkjønneKapel
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of greenstonehas an estimatedmodeof 592albite,32%epidote,5% Fe-TiOxide,3% chlorite,and 1% or lesscalcite.Albiteoccursas 0.25-0.5mm lathsthatpreservethediabasictexture.Occasionalovoids,richin epidote,calciteand chlorite,may representformervesicles.Thisgreenstoneis consideredto be meta-basalt.
The meta-tuffnearKisgang(976894)is in parta crystalmeta-tuff.The crystal-tufftextureis wellpreservedby euhedralalbitecrystalsand glomerocrystallineaggregatesof albiteset in a cryptocrystallinegroundmass.Smallamountsof includedcalciteandmuscovitesuggestthat the crystalsarenowmoresodicthanoriginally.Calciteandmuscovitedisplaya randomtexturenot relatedto the overallrocktexture,and arethoughtto be theonlycompletelymetamorphictexturalelementsin thissection. Fe-Tioxideoccursin irregulargrainswhichincludesmall

silicategrainsand tracesof apatite. It is alsopresentas finespecksin the groundmass.Euhedralzirconis presentin traceamounts,and offersan opportunityto assesstheageof igneousactivity.Anothersample,from closeby one of theKisgangveins,containsmorequartzand sufficientmagnetiteto attracta pencilmagnet. Theoriginaltextureis lesswellpreserved,and distinctfoliationis developedby muscovite.Euhedralmagnetite,with cubicoutlines,cutsacrossand interruptsindividualfoliationplanes.
The baseof thegreenstoneformationis in contactwith theQuartziteformationalongan unconformityof slightangulardiscordance.The meta-tuffhost rockat Grovenrestsdirectlyon thequartzitesouthof Groven,butis separatedfromit by greenstonesnorthof Groven,so thattheoccurrenceappearstobe situatedat thebaseof thebasinflank. Locally,smalllensesof brecciacomposedof quartziteblocksimmediatelyoverliethe unconformity,mostnotablyat Kisgang.An apparenttopographichighof quartzite(at967925)has greenschistat thebaseof itsflanksbeneaththemeta-tuffbed;andinterruptsthemeta-tuffbed.

Structure.

North-southtrendingfoldsdominatethestructuralpatternsin the
region,modifiedby interferenceat thesouthend of lakeReinsjø(060950).



A regionalunconformityis presentalongthebaseof thepreenstoneformationas
ribedon the preceedingpage. However,thiscontactmaybe conformablenorthof

Slettehollenseter(004979).The HaglebuschistandQuartziteformation
interfingernorthof lakeReinsjø(040000),in contrastto theregional
unconformitylocatedat thishorizonelsewherein theTelemarkFormation
(Dons,1960). Bothof theseformationalboundarieshavebeen folded.
A smallnumberof faultswhichoffsetcontactsa few tensto hundredsof
metersare presentin thewesternarea. The zoneof shearedrockat Duses
will be describedwith theDusesoccurrencedescription.

Folds.

The isoclinalsynclineat Slettestøl(928982)has a steepaxialsurface
which trendsnorth-souththroughtheGreenstoneformation,Themineral
occurrences,as wellas lithologicunitsare distributedon both limbs.

Complexfoldpatternssouthof lakeReinsjø(060950)are thoughtto
resultfroma north-southorientedopenanticlineinterferingwith a

northeast-southwesttrendingsynclinalfeature.

Faults.•

Infrequentfaultsalongthewestflankof theSlettestølsyncline
offsetthebaseof theGreenstoneformation.Thesehaveapparentoffsets
rangingfromlessthan100metersto about500meters. Bothsinistral
and dextralfaultsare present. Anotherfault,of undetermineddisplacement,
•occurs1 km northwestof Tunnhovddam (at954878)in theQuattziteformation.

Co er-sulfideOccurrences.

Sevenformerprospectsandmines,and mnalleryet similarmineral

localitiesoccurin the lowerpartof theGreenstoneformation.The seven
are Duses,.Kisgang,Hytte,Groven,Knutstøl,Lauvaasen,and Brennebekk.Sultide-oearin

AQuartzveinsat theselocalitiesare irregular,seldommore than25 cm
thick,andseldomextendmore than100metersin Tength. Theycut across
foliation and occasionallyincludefragmentsof themetamorphicwall
rock. Thewall rockhasbeenaltered,andpartiallyreplacedat some
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Table3. The sevencopper-sulfideoccurrences:location,hostrock,
typeof occurrenceandmineralspresent.•
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occurrences,but not at others. Magnetiteis disseminatedin wall rocksat each locality..Pyriteis generallylacking.Thesefeaturesindicatethatthe veinsformedaftertheregionalmetamorphicrecrystallizationandschistosity.Yet confinementof thequartzveinsto areaswherelight,or siliceous,rocksarepresent;and variationin mineralogyaccordingtohost rock Iithologyindicatethatthewall rockshad a markedcontrolover localizationandmineralogyat somepointin thehistoryof theserocks. It is possiblethattheGreenstoneformationprovidedat leastsomeof the vein-formingcomponents.Table3 summarizestheabovedataindividually,and givesthegridcoordinatesof theoccurrences.Eachoccurrencehas severaluniquecharacteristicsthatserveto distinguishit fromothersin thedistrict.Theseare reviewedbelow,in alphabetical
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1
1

1

order,exceptthatLauvaasenand Brennebekkaredescribedtogether.
Miningactivityin thedistricthad ceasedby 1794,accordingto
Mr. Loftsgård,NoreCountyHistorian(personalcommunication).

Duses.

The Dusesoccurrenceis locatedin thenorthwestpartof thearea,
on the west limbof theSlettestølsyncline.Accessto Dusesis by footpath.
A privateroadleadsfromThnnhovdfjordto Slaattelihaugen,about2 km
southwestof Duses. A footpathleadsaroundthesouthtipof DusetjOrnto
Duses. It is alsopossibleto driveto Slettestøl,southeastof Dusesand
followthefootpathfromthere. (Neitherof theseroadsare shownon the
topographicmap,but canbe seenon theairphotographsand thebetter
highwaymaps.)

The mainworkingsfollowa zoneof shearedrockand calciteveins
in greenstone.A smallworking,located500metersto thesoutheast,is
ingteenschistthatis lessobviouslysheared. Heretheveinscutacross1
foliation.Themainworkings(fig.3a)consistof a trenchexcavatedalong
thevein and shearsystemfor a lengthof 55 meters,and undergroundworkings
with the entryat thesouthend of the trench. Themine is completely
flooded.

Exposurein the immediatevicinityis limitedto theareaabout.thetrench
and intrequentoutcropsas shownon fig.3a. Greenstoneis presentat the
trenchand in exposureswest of the trench. Coarser,moredistinctly
foliatedgreenschistis exposedin theoutcroplocatedeastof the trench.
Foliationin thegreenschistand theshearplanesessentiallyparallelone
another. This,togetherwith theabsenceof measurablecriteriaof displacenent,
leavesthequestionas to thenatureof thiszoneofshearedrockandcalcite
veinsunresolved.Calciteveinsvaryfroma few cm to 2 m thickalong
the zone. Theyarebrokenby shearplanesand locallyfillthinoblique
tensionfracturesin greenstone.Parallelgreenstonesliversarefrequently
interleavedin the calciteveins. Theveinsgenerallycontainsmallbut
variableamountsof bornite. Digenite,chalcopyrite,molybdeniteand quartz
are alsopresent.

Magnetitecrystalsåre disseminatedin thegreenstone,especiallywest

of the shear- veinsystem. A magneticsurveyin thevicinityof theworkings
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indicateslowmagneticsusceptibilitiesat the trenchand a linearpositive
apparentanomalyabout25metersto thewest. Fig.3b is a contourmap of
theuncorrectedfieldvalues,and fig.3c combinesthisdatawith thegeneral
map of theoccurrence.

In summary,magretite-bearinggreenstoneis presentwestof thetrench,
whereaslimitedevidencesuggestsmoredistinctlyfoliatedgreenschistis
presenteastof the trench. The calciteveinsand shearedrocksare
closelyassociatedat the trench.At leasttheshearedveinmaterialis
olderthanthe shearing,whilethetensiongashfillingsuggestssomedegree
of carbonatemobilityduringshearing.It seemspossiblethattheshear
zonerepresentsslipalongfoliationduringfolding,and thatit mighthave
been localizedalonga carbonatezone.

Groven.

.Grovenis thesouthernmostoccurrence,and is situatedin meta-tuff
nealrthe flankof thedepositionalbasin. Severalopeningshere are located
on quartzveinsin schistosemeta-tuff.A few veinshavebeendeformedalong
with enclosingachist,and arepartiallyrolledinto. -shaped crosssections.

Hytta.

Hyttå is partiallycoveredby a largedumpfroma nearbyhydro-electric
tunnelexcavation.It occurain thegrayschistosemeta-tuff,about4 km
southof Kisgang. Cu-sulfidemineralsand calcitearepresentin thequartz
veinshere.

Kisgang.

Chalcopyriteis theonlyimportantcoppersulfideat Kisgang. Calciteis
essentiallyabsent,althoughsideriteis present. Kisgangis locatedin
schistosemeta-tuffa fewmetersabovetheunconformablecontaCtwith the
Quartziteformation.Irregularquartzveins,about25 cm thick,containthe
chalcopyriteand siderite.Themeta-tuffhostcontainsdisseminated-
magnetite,and is discoloredto a lightergrayat theveinwalls.

Knutstøl.

Knutstøloccurson theeastlimbof theSlettestølsynclinewhere
greenschistand greenstonelayersmeet. Thegreenstonecontainsmagnetite
at theoccurrenceandfor distancesup to 200m to thesoutheast.A ground
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magneticsurveyhad notbeenundertaken.N. G. U. Bergarkiv668reports
thatsmallamountsof silverandgoldarepresenthere,in additionto copper.
The sulfidesoccurin quartzveinswhichrangefromlessthe 1 cm to 25 cm
thick. Althoughirregular,theygenerallystikealongthefoliationof the
host rock anddipmoderatelyto theeast. Mostveinscontainsmallamounts
of coppersulfides.Wallrocksare oftendiscoloredto darkpinkwithin
10 to 15 cm of theveins. Theveinsare largely,but not entirely,confined
to the moremassivedarkgreenstone.

Lauvaasen& Brennebekk.

The similaritiesbetweenLauvaasenandBrennebekkhavebeennotedin
my previousannualreports. Threetapeand compasstraversesweremadeduring
summer,1975;one nearLagvaasen,one nearBrennebekk,1 km to thesouth,and
one acrossan anomalousbend in theriverBorgaai,abouthalfway betweenthe
othertwo. Eachwas orientedapproximatelyperpendicularto theregionalstrike.
The resultsare plottedon fig.4, on whichthecontactshavebeenconnected
fromone traverseto thenext. Accessto theseoccurrencesis goodvia the
BorgagrendroadfromNumedal. The connectingroad to Lauvaasenfarmpassesover
thedump at Lauvaasen.Althoughabandoned,theconnectingroad to Brennebekk
mightstillbe suitablefor tractoruse. (Theseroadsarenot shownon the
topographicmaps,but canbe seenon air photographsand thebetterroadmaps,
exceptfor theroadto Brennebekk.)Althoughminingactivityceasedlongago,
explorationaditsweredrivenbeneaththeBrennebekktrenchduringa recent
periodof activity,reportedlyduringthe1940s. The decayingheadframeat
Lauvaasenmay alsodatefrom thisperiod,and indicatethatsomeactivitywent
on here at thistimetoo.

• Both LauvaasenandBrennebekkare in theGreenstoneformation,300 and 260
meters,respectively,fromthe contactwiththeQuartziteformation,on the
east limb of the Slettestølsyncline.Westof thiscontact,theGreenstone•
formationhereconsistsof a sequenceof threegreenschistunitsseparated
by two felsicbeds. Theirindividualcharacteristicsare notedon themap,
fig. 4. Relictpillowstructuresin greenschistshavebeenobservedin the
riverbedon theLauvaasenandRiverbendtraverses,andwherenotedon the '
map betweenthesetraverses.The foliationin thisareadipsmoderatelyto
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thewest, andminerallineationsplungealongthefoliationin a WNW direction.At Lauvaasen,theshaftandmostof theaccesstrenchis flooded. Thelimitedaccessibleexposuresare of phyllite,cutby a few thinquartzveinswith smallamountsof sulfideminerals.Blockson thedumprevealthat_molybdeniteis presentas weIlas coppersulfides,feldsparand calcite.Alterationand replacementof thephyllitehostis demonstratedin otherblockson the dump. Brennebekkis locatedin veryfine-grained,grayfelsicschist.The old,surfacetrenchfollowsa zoneof quartzveinswhich-rangefrom1 to15 cm thick,andapproximatelyparallelthehostrockfoliation.The rockformingthe eastslPeof thetrenchcontainschloriteand locallyhås beenaltered to a darkred color. The featuresof mineralizationhere areverysimilarto Lauvaasen,with significantmolybdeniteshowings,coppersulfidespresentin the quartzveins,and discolorationandreplacementof wall rocksat leastlocallydeveloped.The mainexplorationaditpenetratesveryfine-grainedlightgrayphylliteandfine-grainedgreenschists.Calcite-bearingquartzveinsoccurin both lithologiesand are generallyparallelto foliation.About40 m undergrounddriftsextendoutalongstrikewheremalachitestainsa few jointsurfaces.Blockson thedumpshowquartzveinswith calcite,epidote,and bornite. Rarely,a pyritegrainis presentin a veinblock.Calciteis frequentlyconcentratedalongveinborders. Otherblockshavemolybdeniteon jointsurfaces.Althoughdisseminatedmagnetiteis present,no groundmagneticsurveyhas beenundertakenin conjunctionwith thesetraverses,as themagnetometerwas not availableat thistime.
Malachitestainsand chalcopyriteare locallypresenton jointsurfacesin dark gray felsicschistnearthe easternlimitof themuscovite-quartzphyllitebed on theRiverbendtraverse.Furthermoreit is possibletofollowthe felsiczonenorthwardsto thediversiondam,about1 km northofLauvaasenat coordinates005865,whereblastingto excavatethe damfoundationexposedquartzveinswhichcontainbornite,a littlepyrite,andhavesomeopen space. The hostrockof blastoporphyriticmuscovite-feldspar-quartzschistwith tracesof magnetiteis 15 m thick,withgreenschistoneitherside.

In summary,LauvaasenandBrennebekkare locatedin felsicrockswhichforma zonewithintheGreenstoneformation,and extendsfor at least2 km.
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Coppersulfidesarepresentin at leasttwoadditionallocalitiesalong the

zone, one where the rock is freshly.blastedand one where the river flows

across the strike of the beds.

Summar and eneral conclusions.

A northeasternare of the Teltmarkformationextends throughthe upper

Numedal region,where the Bandak-equivalentpreenstoneformationis preserved

in .thecore of an isoclinalfold. Seven formerlyworked sulfideoccurrences

in the region invariablyare quartz or calcitevein mineralizationwith no,

to moderate, wall-rockdiscolorationand replacement. In cantrastto these

epigenetichydrothermalvein features,the veins are confinedto the lower

part of the greenstoneformationand are situatedin felsicbeds, except for

Duses and Knutstøl. It is also noteworthythat some of the occurrencesmay

be paired about the isoclinalfold. Duses and Knutstølare locatedat about

the sam latitude,and approximatelythe same distanceabove the folded base

of the formation. These two are locatedin greenstonerather than meta-tuff,

Similarly, Hytta and Lauvaasenare locatedat about the same latitude,and

approximatelythe same distanceabove the folded base of &he formation.

Aeroma netic information.

Aeromagneticmaps coveringthe 4 map sheets of the projectarea (1615I &

II, 1614 I & II) were scheduledto be completedin December,1975. Anomalously

high magnetic values occur in the vicinityof the Vasstveitmine in the

Hovin area, and another anomalyreportedlyis present at the Duses occurrence.

(Bergstøl,personalcommunication).

Geolo ic histor .

The following time sequencechart is based on informationalreadystated

in this report, except that the amphibolitesills in both the Haglebuand

Quartzite formationsare assignedthe same temporalpositionhere and

associatedwith the meta-basaltat Tunnhovddam. The role of metamorphism

and its timingrelativeto originalCu-sulfidefixation in these rocks

remains a major problem to underatandingore genesis, and to exploration

potential in this region.



Table4. Time sequencechart.

Minor faults

Duses shearzone
Isoclinalfold

Dusescalciteveins
Sulfidebearing

quartzveina

Barrenquartzveins
Regionalmetamorphism
Greenstoneformation
deposition

Erosionandminor
deformation

Amphibolitesills
and basaltflow

Quartziteformation
deposition

Haglebuformation
deposition

???

? ?
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Recommendations.

All aeromagneticanomaliesin theGreenstoneformationshouldbe
visitedto determinetheircause,and thepossibilityof associatedmineralization.
(Itis possiblethatwhenmy copyof theaeromagneticmapsarriveI will
alreadyhavefieldobservationson someanomalies,andbe ableto say
somethingmore definiteaboutthem.)

The shearzoneat Duses,and itspossiblecontinuationalongthe
westernslopeof theridgefromLangaasen,southof Duses,tohill 1071,
north of Duses,shouldbe thoroughlyprospectedalongitsentirelength,
ie - fromcoordinatelocality977910northwardsas far as 965965,with
specialemphasison thebreakin slopevisibleon airphotographs,but not
distinguishedon thetopographicmap.

The felsicrockzonethroughLauvaasenand Brennebekkshouldbe
examinedmore completely.Especiallyif an aeromagneticanamalieis
coincidentwith the zone,groundmagneticsurveysmighthelp locate
more concentratedmineralization.The repeatedshowingsof coppersulfides
in favorableoutcropssuggeststhatgeochemicalsurveysdesignedto
identifyanomalousmetalconcentrationsin the areamightalsopinpoint
more concentratedmineralization.It is doubtfulthatcursoryor widespread
streamsedimentsamplingwillproveto be suitable.Howeversediment
samplingalongsmalldrainagetributaries,or samplesliofthe lowersoil
horizonsmightsucceed.

The chemicalcharacteristicsof theGreenstoneformation,and laboratory
studiesof thepossibleroleof metamorphismin themineralizationhistory
are to be undertaken(aspartof my atudieshere).

Long-rangestudiesof themineralization- metalcontentpatterns
of the BandakGroup;and of theformationandmetamorphichistoryof the
TelemarkFormationin relationto mineralizationmightprofitablyfollow
the itemsabove.
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GEOLOGY OF' THE SLETTESTØL—NORE REGION.

Legend

LITHOLOGIC UNITS (Telemark Frn. equivalent)

GREENSTONE FORMATION. (Bandak Group)
phyllite.
quartz schist, in part conglomeratic.
greenschist.
meta - tuff.

QUARTZITE FORMATION. (Seljord Group)
meta-basalt.
amphibolite, as sills, mony not shown.
muscovite-quartz schist, in part Conglomeratic.
quartzite.

HAGLEBU FORMATION. (Rjukan Group)
omphibolite, as sill.
biotite- alkali feldspar-quertz schist.

Lithologic contact, dashed where cpproximate,
dotted where inferred.

Axial surface of fold, dashed where
approximate, dotted where inferred.
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