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Introluetion

This reportdescribesthe peologyof the Numedal-

Hovin regionand severalof the coppersulfideoccurences

found there. Most of the sulfideoccurencesare locatedin

eithertheNumedalarea or near Hovin. Thesetwo areashave

been Mappedin reconnaissance.

Very littlewas knownaboutthe regionalgeology

when the projectbegan,and no thoroughstudyof the sulfide

occurenceSand theiroriginhas been written. The Geological

Map of Norway (Holtedahland Dons,1960) indicates

Precambriansupracrustalrocks of the TelemarkFormation

occur in,thisregion,withbasementgneissesexposedto the

east and west of the area. The map of mine and ore deposit

localitiesfor southernNorway (Foslie,1925)showsthe

Numedallocalitiesplot.alonga lineartrendwhichmay be

extended80 km southwardswhere it intersectsthe Hovin

occurences.

In view of the lackof regional,or district-wide,

geologicstudies,the aim of this studyis to map and

describethe geologicsettingin whichthe sulfideminerals

occur,and to providean applicablegeologicdescriptionof

how theY formed. Most of the informationpresentedhere

is brrlsodon fieldobservations.Field.workto date totals

about 12 weeks,consistingof about3 weeks in the Numedal



area duringthe summersof 1972,1973,and 1974;and 3 weeks

in the Hovinarea in summer,1974.Mnp data has beenplotted*

on air Photographs(1:35000and 1150000scales)in the field

•andsubsequentlytransferredto the ratherpoorquality

1:50000topographicmap sheets. The resulting,largely

reconnaissancegeologicmap has been improvedby more

precisemappingin key areas.

Importantnew pointsresultingfrom the summer1974

fieldwork discussedhere includeall the Hovinarea work,

with resultingextensionof the regionaistratigraphy.

Refinementsin the stratigraphyand struCtureof the Numedal

area suggesta possibleeastwardextensionof the supracrustal

belt, and any accompanyingsulfideoccurences,intothe

Hallingdaldrainagebasin..

This stUdy is part of the NumHovProjektestablishedby

ProfessorF. M. Vokes,NorgesTekniskeHøgskole. His

encouragement,supportand discussionshave helpedto increase

the value of this study. AmanuensisS. Bergst$1,also at NTH,

has studieda numberof the sulfideoccurencesand conducted

field studiesin selectedpartsof the regionas part of the

projecteffort( see Bergstpil,1973). Discussionswith him

dUringthn courseof fieldwork havebeen most helpful.

A brief, informalfieldtourwas held on September3 & 4, 1974

for ProfessorG. 0. Allard,Universityof Georgia,Professor

Vokes,and Mr. ToreVraalstad,NorskHydro.

RegionalGeologv

Figure1 showsthe regionalgeologicprovinces.
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The supracrustalrocks in the Numedal-Hovinregionare

quartzite,greenstone,porphyriticschist("porphyry"),and

muscovie-quartzschists. Theseare thoughtto be equivalent

to Membersof the TelemarkFormationestablishedelsewhere

in the mannerlistedin the stratigraphiccomparison(Table1).

Dips are generallysteep,exceptin the southernpart of the

Hovin area. Foldingin the regionis not yet well understood

even thoughat leasttwo importantfold structuresappearto

•be presentin the Numedalarea,and a thirdmay occurnear

the southernlimitof the Hovinarea.

The greenstoneformationis the hostrock for the

Cu-sulfideoccurencesin Numedal,butnot at Hovinwhere it

is absent. At Hovin,the countryrock is muscovite-quartz

schistfor all but one occurrence.

Stratigraphv

Each of the threelithologicgroupsof the Telemark

Formationare thoughtto be representedin the expanded

studyregionwhich includesthe Hovinarea. The inferred

psoitionof the muscovite-quartzschisthas been changedso

that it now overliesthe greenstoneformationin Table 1.

ComParisonwith the TelemarkFormationsuccession

shown in Table1 is excellentat the grouplevel,but several

differencesnhowup withinthe importantBandakgroup.

These are a'ttributedto geographic-geologicvariationswithin

individualBandakbasins. The discrepancywith the Bandak

group successionincreasesnorthwardintothe Numedal'armof

theTelemarkFormation.



Table 3..Comparironof -itratigrephicUnitsin the Numedal-
HovinAegionwith the TelemarkFormation,

itratirrphicUnits.inthe Telemark1,7ormationUnits
Numedat-HovinNurion. 	 (Dons,1960 nu. 49-55.)

BandakGroup (acidand basic.volcanics
quartz-richsediments).

Muscovite-quartzschist a. Quartzschistwith conglomerate.
with deformedmeta- 7. karbie (locallypresent).
conglomerateand 6. Green.lava;includesone layer
calcareousfacies. of sandstonecontaining

fossilalgae(?).
5. Porphyry(acidvolcanicrock)

(locallymissing).
4. Greenvolcanicrock with

conglomerate,beds of quartzite
with conglomerate,minorquartz
schist.Pillow(?)structures;
Cu - Ag mineralization.

Possibleunconformity.
3. Quartzitekwith conglomerate.

2. Porphyry(acidvolcanicrock)

variablethickness,locally
missing).

1. Basalconglomerateand quartzite,

Thicknessdecreasingeastward
to zero,whereno. 3 forms
the base(?).

Unconformity

SeljordGroup (quartzites,conglomerates,

Quartzite SC hiStS ).

metamorposed pure Crossbeds and oscillation
orthoquartzitewith cross ripplemarksare common;
beds and oscillation basic sillsare common.
ripplemarks;basicsills
present,in part layered.

Unconformity
HjukanGroup

MediumgraY to darkgray Vemorkformation
porphyriticschist. basicvolcaniCrocks,sedimemts.


Tuddalformation
acid volcanicrocks.(flows
and tuffs).

Greenstoneformation
fine-,Tainedgreenschist,
amphibolite,meta-basalt,
siliceousgreenstone,
porphyriticschist("por-
phyry"),meta-sandstone,
Cu - Mo mineralization.



Rjukan group

Porphyritic schist in tbe extreme northwest corner

of the Hovin area is thought to be equivalent to the Rjukan

group exposed across Tinnsjpi. Tho. porphyritic'schist is

medium to dark gray and very fine grained, with coloi"less,

1- to 3-mm phenocrystal grains. A medium gray, fine-grained

chlorite-biotite-felsic minerals schist with crude layered

structure occurs nearby, but its stratigraphic relation is

unclear. It may belong to the Rjukan group, or it might be

part of the layered sill immediately to the east. The .

Rjukan rocks here are in.contact with a layered sill which

is part of the overlying quartzite formation.

QuartZite at Rgidberg

Distinctive, pure orthoquartzite,, now metamorphosed, is

exposed along the western edge of the study areas from the

northernost point in the Numedal area to the southernmost

point south of Tinnoset. The rock is a hard, white muscovite-

bearing quartzite. It consists of about 95% or more quartz,

with muscovite as the only major accessory mineral. The

muscovite occurs along bedding planes and imparts the

dOminant foliation. A few oblique muscovite plates indicate

an incipient crenulation foliation has developed.

Cross beds and oscillatory ripple marks abound in the

Numedal area, and have been observed scPth of Tinnoset. These

preserved sedimentary structures consistently indicate younger

rocks lie to the east.



Severaldark maficsills,and one meta-basaltflow

are pre'sentin the quartziteUnit: The maficsillsare found

in both areas. in the Numedalareaare to 3 meters


thick,and extendfrom1 to severalkilometersalongstrike.

One-unusuallythicksillexposedin a road cut near the

east end of lakeFOnnebb.is indistinctlylayered. Most of

the Numedalsillsare dense,fine-grainedblackamphibolite

with tracesof pyrite. Contactswith quartziteare sharp,

rarelywith a smallapophyseyextendingintothe quartzite.

Finer grainedborderssuggestiveof chilledmarginsare

presentat a few localities.

A Sqcondunusuallythicklayeredsilloccursin the

Hovin area. It is exposedin roadcutsat referencepoint

995419,and extendsat least4 km to the south. Neitherits

northerncontinuation,.norits possiblepresencealongthe

shore of Tinnsjyihavebeendetermined. The sill is a dark

greenishblack,medium-to coarse-grained,actinolite-

hornblende-plagioclaseamphibolitewith tracesof Pyrite.

Differencesin color,grainsize and colorindeximpartthe

layoredstructure,eachlayerhavinga massivetexture.

It is cut by 5 setsof jointsand fractures,2 of which

containdrusyquartzfillings.-

Tunnhovddam is foundedon meta-basaltwhich is situated

about 700 m below the top of the quartZiteformation. It is

a biotite-ilmenite(?)-quartz-clinozoisite-plagioclasemetamorphito

with relict volnanictf:xturedominatedby pingioclaselaths.

The quartziteis separatedfromeverlyingrormationsby

an unconformityhavingslightangulardiscordance.
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GreenstonefornatIOn'ofVadsetvann

This complexformationincludesgreenstonesand greenschists,•

pOrphyriticschists,aridmetamorphosedclasticsediments. It

forms a north-south-trendingbelt throughthe Numedalarea.

To the south,it appearsto thinnear Note,and is not present

in the Hovinarea. All the Cu-sulfideoccurrencesin the

Numedalarea lie withinthisbelt.

Table 2 presentsone successionof litho-stratigraphic

membersof•the formation. Internalmembershavenot been

mapped in detail,exceptfor selectedlithologiesthatare

especiallyrelevantto the mineraloccurrencesor to features

of tho regionalgeology. Contactsbetweenthe membersare

well definedat the map scale.

The unconformablecontactwith underlyingquartziteis

sharplydefined,and markedby quartzitebreccialocally

depositedat the base of the formation. The uppercontact

of'thegreenstoneformationwith overlyingmuscovite-quartz

schistis distinguishedby biotite-muscovite-quartzschist

adjacentto greenstone. In the northernmostpart of the

area, the contactis somewhatgradational.overabout10 m.

Here the Outcropsurfacesof darkgreen fine-grainedmassive

greenstonebecomelumpy,with developmentof epidote

nodulesand seams. åiliceousclastsof meta-chert(?)appear

and the matrixchangesto fine-grainedepidote-quartzschist.

The matrixthenchangesto muscovite-quartzschist. heveral

metersof deformedcobbleand pebbleconglomeratewith.

muscovite-quartz-schistrhatrixoverlicthe contactzone.



Litho-stratieranhin2,uccessionof the Greenstone
Formation,•SkjønneKapel to Rødberg. •

Chlorite.-actinolite-plagioclaseschist..
5ark green, fino grained, with epidote traces

rT,uscovite-blåtito-ouartz-feldsparschist.
i4edium.gray,fine grained, with traces of
epidote, calcite, magnetite,and bornite;

to 3 cm thick, calcite-bearingquartz
veins parallel foliation.
Actinolite -hornblende-plagioclase.schist.
Dark •reen, fine grained except for a few
local medium-grainedzones.

not exposed

Quartz schist(?).Gray, very fine grained,
dense,.withcalcite traces; similar to
porphyriticschist formation.
Actinolite-hornblende-plagioclaseschist.
Same as 3642-3673.

Felsic rock. Light gray, very fine grained,
flinty, with traces of biotite. Quartz veins
at contacts

Table 2.

3679-3760m

3673 -3679

364,2-3(i73

3510-3 642 •

3499-3510

3490-34 98


3457- 3490

3300-3339


3000-5300

3472-3497

3430-3472


3339-3430

200 -3000

Actinolite-hornblende-plagioclaseschist.
Same as 3642-3673.

not exposed

Actinolite-hornblende-plagioclaseschist.
Yark green, fine to medium grained; with epidote
ovoids, foliationdiverges about the ovoids;
pyrite and magnetite at 3396.

not exposed

Muscovite-quartzmeta-tuff(?).Light pinkish•
gray, fine grained; with magnetite traces,
rounded, deformed chert(?) pebbles; a few.
calcite-bearingquartz veins and pods, with
traces of chalcocite,rarely chalcopyrite;
medium Frained, with biotite and blue quartz
in lower 20 m.

Actinolite-hornblendeschist. 2ark green to
gray, fine grained, with traces of epidote.

0- 700 Porphyriticschist. Gray to purple gray,
very fine grained with 2- to 3-mm quartzmr
feldsparcrystals.

unconformity
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Muscovite quartz schist of Vetterhusgrend

;Iuscovite-quartz1;cn1stscrop out over the eastern
;. •

part of.the Numedal area, and forms the central formation

in-the Novin area. bark lenses and other dark rocks included

in the formation in the Hovin area contain most of the

Cu-sulfide occurrencesin this area. The muscovite-quartz

schist evidently overlies the greenstone formation,and comes

into direct contact with the quartzite to the south where the

greenstone formation iS missing.

Typical hand specimensare light gray, fine-grained

muscovite-quartzschistfliotite,with traces of magnetite

and chlorite common. .;wartzmakes up about 80 to 85, the

remainder being mica. The rock has low density, and contains

too little magnetite to attract a pencil magnet. Near the

contqct with greenstones in the Numedal area, biotite content

increases until it becomes as abundant as muscovite, or slightly

more abundant.

A large portioh of this formation is conglomeratic,

especially in the eastern and northern part of the Numedal

area. This variant contains up to 30('rounded and flattened

pebbles and cobbles. The vast majority of these clasts are

very fine-grainedquartz, euite possibly having originated

as chert. A small number of clasts are colored green by

epidote. The flattenedclasts lie pnrallel,and at least

locally have their long axes perferentiallyaligned. A similar

conglomeraticquartz schist exposed in road cuts along the

enst sidn of numndal differs in having flattened.cobbles

of-several lithologies,includinggneiss, and dark gray
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fine-grainedamphibolite(?).

in.the hovin area, the'typicalfine-grainedmuscovite-

quartz schist also forms a major part of the formation.

;,astwnTds,however, it contains calcite and epidote in

veriable amounts. A thin (50 cm thick) calc-silicatezene

or series of lenses, marks the beginning of this calcareous

facies, bergst4 (197)) first located and mapped this

zone. It consists of medium-grained,actinolite-chlorite-

epidote-quartz-calcitemarble. This zone, with the succeeding

calcareous muscovite-quartzschist facies eastwards, may form

a suitable marker horizon within the formation. Immediately

west of 51efje11.Campground,the cal-silicatezone lies

within 1 m of the upper contact of the formation. To thå

north a thick section of epidote- and calcite-bearing

muscovite-quertz2chist overlies the calc-silicatezone.

An occasional bed, or lense of porphyritic schist occurs

interbedded in this part of the section.

A number of lense- or dike-like bodies of dark rocks

occur in the lower, muscovite-quartzschist part of the '

formation.Theseare the locus of the Cu-sUlfide occurrences

in the :iovinarea. Their contrastinglithologiesare cited

below as part of the locality descriptions. Coarse,•pewatitic

ca1cite-bearingqunrtz veins fill joints in the quartz schist

formation,and are especiallywell developed in biotite-rich

zonus of the schist. iost are 20 cm thick and parallel to

slightly oblique to foliation. julfides are rarely present,

and then in only trace amounts.



The muscovite-quartzechist formation is highly deformed .

by tight, isoclinalmesoscopICfolds not seen in other

formations in the region. •he fold axes parallel regional'

foliation, and plunge gently (10-150)north and south.

The eastern contact with porphyritic schist in the Hovin

area appears to be confor:mahle,even though its map trace

is slightly oblique to the strike of regional feliation.

Porphyritic schist at blefjell Campground

Porphyritic.schist,colloquiallycalled 'porphyry',is

a common lithology in the region as thin beds and lenses in

the greenstone formationand the.muscovite-quartzschist.

It is_sufsficientlyextensivealong the eastern margin of the

dovin area to be recognizedas a formation.

The rock is light pinkish to Purplish gray, very fine-

. grained felsic schist composed of muscovite,quartz, and.

feldspar. 3- to 4-mm quartz crystals impart the porphyritic

texture at some localities,whereas feldspar crystals produce

the porphyritic texture at other localities. Although a

homogeneous formation, it has 5 lithologicvariants of note.

Immediately east of the calcareousmuscovite-quartzschist

fabies just described,the porphyriticschist commonly

carries epidote and calcite. At one locality south of

Reis.jaavann,traceamounts of tourmalineare present.

About 1 km east of Ormemyr, the porphyriticschist contains

many fine milky quartz veinlets and siliceous seams, and

numeroudistinctive. euhedral pyrite cubec up to 5.mm.
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It was not possible to map this zone more than a few hundred

meters to the north, where it terminatedagainst an intersecting

fault. Near Venelund, a d•rk gray rock body in the schist

forms the host rock at the Venelund prospect. Two mafic sills •

2 m thick, and mafic rocks elsewhere in the southern part of

the area cut the schist. These bodies are biotite-actinolite-

hornblende schist with traces of sulfides, mostly pyrite.

Biotite and epidote prevail at their margins.

Coarse, calcite-bearingquartz veins similar to those

feund in the muscovite-quartzschist are rarely present in

the porphyritic schist. They are about 25 cm thick, contain

small amounts of mica, alkali reldsparand •ornite, have an

occasional drusy cavity, and tend to have mica concentrations

along their borders. A few of these veins cut across

foliation, contain rotated fragmentsof wall rock, and are

bordered by more intensely-coloredwall rock up to several

décameters from the vein.

Gray schist at økteren lakes

This formation is present at the økteren lakes in the

Numedal area, and appears to occupy the core of a major

antiform. The schist'isa fine-grained,magnetite-bearing .

biotite-feldspar-quartzschist ± hornblende. Schistosity

is not sufficientlywell developed for the rock to be fissi1e.

Thin, 1-cm-thickquartz veins are common in trace amounts

throughout. Although gray on fresh surfaceS, the rock weathers

pink. The contact relations of this unit have not yet been

observed.
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',3tructure

An.unconformityseparatesthe quartzitefromyounger

rocks to the east. Foliationstrikesnorth-southand dips

steeplyover most of the regionexceptat økterenlakesand

in the southernpart of the Hovinarea. The divergent

foliationat theselocalitiesare thoughtto reflectlarge

scale folds. Anotherimportantfold occursat Slettestpil

in the Numedalarea, Faultshavenot yet been shownto

play a majorrole in the regionalstructure;yet some

possibilitythat faultsorientedparalielto the strikeof

foliationare presentremains. Minor crossfaultsoffset

the muscovite-quartzschist,porphyriticschistcontact.

Zones of'shearedrdck are presentat Duses,near Venelund,

and at the northernterminationof the pyritezone in the

porphyriticschist.

Unconformity

The unconformity,alongthe top of the quartziteis

markedby slightangulardiscordancein the southernpart

of the Numedalarea,and locallyby minorquartzitebreccia

at the base of the overlyingunit..Evidentlya topographic

high.persistedin the southernpart of theNumedalarea,with

a basin to the north. Lensesof porphyriticschisthere rest

on the quartzitealongthe flankof the high,and extendout

into the basinwhere theyrest on earlierlayers..

Fold at pikterenlakes

Strikinp;geomorphicfeaturesvisibleon air photographs



suggesta majorantiformoccursat økterenlakesand

northwards. A gentlynorth-plungingantiformis inferred

to be presentatythelakes. Its plungeis thoughtto form

a saddleabout7 or R km northof the lakes,and emergeas

a gently south-p1ungingantiformfarthernorth. This

interpretationis supportedby the patternof strikeand

dip readingsaboutthe lakes,and the atypicalfailureof

the økterenschistto continuenorthwards. If this inferred

antiformis of regionalextent,it is quitepossiblefor .

the greenstoneformationto recur to the east,towards

Hallingdal.

Fold at Slettest01

This is a synclinewith steepaxialplaneapproximately

parallelto the regionalfoliation.The axis appearsto

plungegentlyto the north.

Fold near Ormemyr

Unusuallyshallowdipsnear Ormemyrat the southeastern

part of the Hovinarea are interpretedto reflecta large

fold structure. Arcuatelineartopographicfeaturessupport

this inference,and raise the possibilitythat the muscovite-

quartz schistformationcurvesaroundthe porphyriticschist

to the south.

Faultsand nheared-rockzones

set of faultswith sinistralapparentoffsetof

few tens of meterscuts the muscovite-quartzschist-porphyritic

schistcontactin the Hovinarea. Althoughnone of the faults
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appear to be a major tectonic feature, the set is consiStent

over this part of the area..•Two additional possible members

of the set occur at Venelund'andat the northern exposed:

limit of the pyrite zone. The pyrite zone appears to be cut

off by a fault at the northern limit of exposure,and its

continuation displaced froM view.

Joints

No detailed joint'studieshave been undertakendue to

time restrictions. Their orientationsrelative to fold

structures, coupled with selectivepresence of vein filling,

may warrant study as part of future, more detailed mapping

in critical, or target, areas.

Cobuer-sulfide occurrences

The Cu-sulfide occurrencesare located in the first

major formationabove the quartzite, that is, above the

unconformity,except:Venelund. The Numedal occurrencesare

confined to the.greenstoneformation,are vein deposits,are

frequently located in siliceousmembers of the fotmation,and

have magnetite disseminatedin wall rocks. In contrast, the

Hevin occurrenceshave Cu-sulfide minerals both in quartz

veinS, and disseminatedin the host rock. Host rocks are

dark gray to black, and enclosed in distinctly silicecius

country rocks. No associatedmagnetite disseminationswere

observed in this area. Table 3 summarizes'themineralogy,

type, and host rock lithologicsof the occurrences.



Table 3. rdneralor,y,host rocks and country rocks of
the Numedal-HovinProspects and ;Piorkings.
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Duses 967946 GSF GS + V + ? + - + + + +
Kisgang 976994 GSF PS + V + + + 	
Hytte 977950 GSF PS + V + + + + + 	
Groven 994741 02? PS + V + + + t + + - - +
KnutstA 993944 GSF G3 + VR + + + + ? ? ? -
Lauvaasen 009845 GSF SG + VH + + + + + +
Ikenebekk 008836 G3F SG + VR + + + - + + + -

Bake 0333781Q:3DS - VD +
Vasstveit 014333 :D.SDR - VD + + +
kivdalen 032347 CQ3 05 - Vp +

DamstS1 034243 iQ.; VD +
Venelund 067269 PS HS - VD +

GSF = Greenstone formation GS = Greenstone
MQS = Muscovite-quartzschist PS = Porphyritic Schist
SG = siliceousgreenstone DS = dark schist
DR = dark rock HS = Hornblende schist
V.= vein = replacement D = disseminations
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Numedal area

The Cu-sulfide occurregic'es in the Numedal area consist

of quartz vein networks within particular litholdgies.of the

greenstone formation. The mineralogy of the veins and extent

or replacement vary according to wall rock lithology.

Seven prospects and former mines, plus smaller, similar

mineral localities are included in the study area. The seven

are Duses, Kisgang, Hytte, Groven, Knutstøl, Lauvaasen, and

Brennebekk. Quartz veins at these localitieS are irregular,

seldom more that 25 cm thick, and seldom extend more than

100 meters. They cut across foliation and occasionally include

fragments of the metamorphic wall rock. The wall rock has

been altdred, and partially replaced at some occurences,

but not at others. riagnetite is disseminated in wall rocks

at each locality. Pyrite is lacking. 'These features

indicate the veins formed after the regional metamorphic

recrystallization and its associated schistosity developed.

Confinement of the quartz veins to areas where light, or

siliceous, rocks are present; and variation in mineralogy

according to host rock lithology indicates the wall rocks

had a marked control over localization and mineralogy at

some point in the history of these rocks. It is possible

that the greenstone formation provided at least some of the •

vein-forming components.

Each deposit has several unique characteristics that

serve to distinguish it from others in the district.

Duses occurs along a zone of shaared rock in schistose
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greenstone. The.quartz veins carry abundant calcite, and calcite

also fills obliqun fracturen. Bergarkiv 668 reports this

occurrence carries silver and gold in trace amounts. Professor

was particularlyinterestedin the possible cOntinuation

of the shear zone, and recommended it be mapped and examined

in detail.

At Kisgang, chalcopyriteis'the only copper

sulfide. Calcite is essentiallyabsent, although some

siderite is present. It is located in porphyritic schist

only a feW.meteraabove the unconformablecontact with the

quartzite formation. The chalcopyriteis in a network of

irregular quartz veins about 25 cm thick. The porphyritic

sehist neiarbycontains disseminatedmagnetite,and close by

the veins is lighter gray and slightly altered.

Hytte is partially covered by a large dump from nearby

tunnel excavation. It occurs in gray porphyritic schist.

The quartz veins carry calcite as well as Cu-sulfides, in

contrast to Kisgang.

There are several workings at Groven. All are lbcated

on quartz veins in porphyriticschist. Some of the veins

have been deformed-alongwith enclosing schist, and are

partially rolled into I shaped cross sections.

KnutstA occurs within the greenstonesat an internal

contact between greennchistand siliceousgreenstone. The

giliceoun greenstonecontains magnetite at the deposit, and.

for distances up to 200 m to the southeast. Bergarkiv 669

re )orts small emounts of silver gnd gold are present here too.



Lauvaasen and Erennebekkare quite similar. They are

situated in the same silicedUsbed in the greenstne.formation.

This is a purple-gray finely liMinatedbed. Molybdenite is

a significant ore mineral in these deposits as well as bornite

nnd digenite. In addition to irregular quartz veins, walL

rock alterEltionand replacement is importanthere.This is

shown.by samples on the dumps, but coUld not be evaluated

in situ because the mines are now closed and flooded. The

altered wall rock is cream to pink colored, and contains

Cu.sulfides along former foliationplanes and cross fractures.

Malachite is present at each deposit, and elsowhere marks

outcrops in the greenstone formationwhich contain a few grains

or minerals.

Most of these occurrenceslie along two north-south

zones. Duses, Kisgang, Hytte and Grov'enmake up the

western zone. Lauvaasenand Brennebekk form the eastern

zone. Knutst/l lies between the projected zones to the north.

Hovin area

Most of the 3 weeks spent in the Hovin area was devoted

to reconnaisancemapping. For this reason, and because other

cUrrent work by Bergst/land others, together with old Bergarkiv

reports, partiallydescribe the nni-sulfidelocalities,the

following comments are far from complete, and no large

scale maps have been prepared. With the availabilityof

larger scale (1:35000)air photographs,and complete

stereographiccoverage, photographedthis summer, more preciso
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locations of the occurrencesshould become a simple matter.

Moro•thorough deseriptions selected occurrencesshould


follow.

The Hovir occurreneescontrast sharply with these at

IJunw1ti. All but one occurs in dark.rocks in the muscovite7

quartz schist. Venelund differs only in that the dark

rock is enclosnd in porphyriticschist. Disseminated

Cu-sulfides in the dark rock are important in addition to

Cu-sulfide bearing quartz veins. Discolorationof the

dark rock at Vasstveit may be an *indicationof an epigenetic

nrigin. The distinct magnetite disseminationsfound associated

with the Numedal occurrencesiS essontiallyabsent at the Hovin

localitis. Pyrite is lacking at the occurronceshere too.

The Bakke locality consists of several small surficial

djggings near dakkon farm. Here the Muscovite-quartzschist

contains more irregularquartz veins and streaks than usual.

nark muscovite-epidote-biotite-feldsparschist + hornblende

quartz forms a 2 m wide zone which appears in every way

other than mineralogyto be a part of the muscovite-quartz

scist lithology,includingpresence of quartz veins. Within

the dark schist, the veins carry Cu-sulfides. Minor amounts

of Cu-sulfides are dissominatedin the dark schist as well.

Vasstveit is the largest mine in the Numedal-Hovin

region. The main stnll is located in a rather variable
fl

dnrk rock, sveral tens of meters thick, enclosed by

muscovite-quartzschist. At the entrance,and immediately

oulside, it is dark, fine-grainedmassive amphibolitewith

visible mngnetite. Discolorntionnear bornite-bearing

(•alciteveins nenr the entrance sup:gestan epigenetic
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origin for at least this.part or the deposit. Most of the

walls in the stall, however: expose dark fine-grainedschist

composed of biotite and felsic minerals + magnetite. Where

the schist contains dissegninatedtraces of Cu-sulfides,

chiefly bornito, it is purole colored. Discontinuousbornite

coatings are prosent on some joint surfaces in the south wall.

A breccia of purple, bornite-bearine;rock, and crystalline

calcite in a biotite-richmatrix is exposed at the base of

the southeast wall. Minor molybdenite is present in loose

blocks and in samples on the dump.

Efforts to map the dark host rock at Vasstveit were

frustrated as much by inadequatecontrdl as by heavy

vegetatidn. Hopefully, stereographiccoverage.byair

photographs at 1:35000 scale will suffice for future mapping

of the host rock.

The old Skivdalenmine opening is now covered by a

large rock and the workings zre inaccessible. The country

rock is the ordinary muscovite-quartzschist with the usual

coarse quartz veins, which here contain significantquantities

of Cu-sulfides, mostly bornite. Orientationof foliation

in the schist varies considerablyat the mine locality.

Most specimens on the dump are dark, biotite-richschist,

frequently with traces of Cu-sulfides. A few quartz-vein

samples with bornite and other Cu-sulfidesare also present,

sb that it isn't known if the mine was based on vein ore, or

disseminated ore, or both. A dike-likebody of dark black

schist expoued a few meters above the opening, and elsowhere

nearhy contains visible chalcopyrite. Both grade and volume



of this dark schist appears too low to be worked economically.

At least 2 outcrops less thn 1 km east of the mine contain

Cu-sulfides. These are in dark gray to black schist

enclosed by muscovite:quartzschist.

Damstøl is a small working situated high on a steep

hillside in the southernpart of the area. The dark gray

host rock is about 3 meters across and encosed by muscovite-

quartz schist. Host rock and regional foliation dip steeply

and are conformable. The working extends about 14 m along

the dark rock. Quartz veins are present and might have been

the basis for mining. Yet Cu-sulfide disseminationsin the •

dark rock might better explain excavationalong the host rock.

Venalund is an undergroundworking, unioue in having'

porphyritic schist for country rock. However, the depCsit

itself is located in a variable, dark, medium-grainedhornblende

schist enclosed in the country rock. It contains traces cf .

magnetite and minor Ou-sulfides,chiefly bornite. Quartz

.veins cross cut foliation. Pure quartzite is present about

100 m to the east, separatedfrom the porphyriticschist

by a small sharp valley thought to mark a fault. A dark

sill is present in the quartzite at this locality.

Magnetic information

Because magnetite is commonly associatedwith the

Numedal occurrences,I previouslysuggested magnetic surveys

might prove interesting. Acromagneticmaps for the southern

3 of the 4 map sheets which cover the projeet area ( that is
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sheets 1615 II, 1614 I and 1614 II) demonstratethe generally.

even magnetic values ohtained at the widely spaced network

flown. A magnetic high is present near the Vasstveit mine.

Spot readings at outcrops during the latter part ot the

field season served to confirm the generally even magnetic

attraction of the country rocks. Pew spot readings near

the OU-sulfidebccurrences in the Hovin area were enormously .

higher than country rock values. However, distinctlyhigher

values were obtained at the Numedal Occurrencesvisited.

(Unfortunately,these are in the northern map sheet (1615 I)

for whiCh ne aerbmagneticmap is available.)

The groånd magnetometerstudies carried out by Bergstp(1

during July in the Hovin area may further clarify the

generalweaknessof magnetic anomalies associablewith the

occurrences here: Å comparablestudy of the Numedal area

would delimit the magnitudeand extent of the anomalies

there, and might proVe to be a useful prospecting tool for

this area.

-3ummp.rvand oroblems remaining-

A single, regional stratigraphycharacterizesthe study

areas. etamorphosedvolcanic, volcaniciastic,and clastic


rocks form the bulk of the lithologicunits overlying the

quartzito, nnd host all the Cu-sulfido occurrences. The

greenstono formationoccupies a former topographiclow in

the Numadal area and may pinch out to the south. The muscovite-

quartz schist has a conglomeraticfacies in the Numodal area
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and a calcareousupper member, or facies, in the Hovin

ar2a. Steep dips prevall, y?.tmajor folds remain to be

mapped, They appear to be preSent near the borders of

the mapped areas. They might bring about a repetition of

the Cu-sulfide-bearingstrata in adjacent areas, such as

Hallingdal. This, in turn, would provide better insight

into the extent of mineralization,its nature, and possible

genetic relation to the host rock/countryrock associaibns.

Presumably this would also present an expanded comprehensive

perspective of possible target areas over the entire region.

The role of metamorphismand its timing relative to

original Cu-sulfide fixation in these rocks remains a major

problem to understandingore genesis, and to exploration

potential in this region.

Proposals for future work

Several questions and in2ompletestatementsmade above

must be satisfied in the field. Others lack the benefit

of laboratory studies. Chief among the field related problems

at the regional scale, are the fold structuresand the extent

of Cu-sulfide mineralizationin this arm of the Telemark

Formation. More specifically,siliceous members of the

greenstone formationshould be mapped carefully. Likewise

dark rocks in the muscovite-quartzschist merit more complete

study.

Several sulfide occurrencesdeserve close scrutiny.

De.tailedmnp:»Ingof the Lauvflacen-3rennebekkarea, Duses,
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Kingang, Groveneas,Vasstveit,and Venelund shOuld be undertaken.

(A detailed map of Kisgang is already underway.) The zone of

sheared rock at Duses should be explored along its length

by various means. r..agneticanomalies should be sought

in the greenstoneformationand carefully evaluated.

Laboratorystudy of samples collected during the 174

field season is hampered at the moment by delays in shipment.

They are expected to arrive within a few day.

I would like to continue field work in summer, 1975in .

order to study the importanceof regional folding and possible

eastern extensionof the district in the north; examine the

occurrences named above in the greenstone formationby means

of larger scale mapping; and to continue to take spot

magnetometerreadings during the course of field work. The

Hovin area warrent:, continued^studywhich I would like


to pursue, time permitting. Finally, it would be worthwhile •

to trace the unconformityalong the top of the quartzite from

Numedal to Hovin while paying particularattention to the

lithologies immediatelyoverlying it.'

Petrographicsnd other laboratory study, coupled with

library research prior to the field season should help clarify

the origin of questionablerocks such as the muscovite-quartz*

schist and the porphyriticschist; the mineralogy and texture

of the Cu-sulfides;and the rock alterationwhere present.
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A/S SULFIDMALM
INTER-OFMCE MEMORANDUM

Date:

To:

ee:

From:

SubJect:

26th February,1975

FalconbridgeNikkelverkA/S

W. D. Harrison,H. T. Berry, F. Nixon

J. B. Gammon

905-15. Field work at Numedal-Hovin. Re ort No. 338/74/15.

Please find attacheda reportby Annis on his work in the
Humedal-Hovinarea during 1974. This area is the third

joint ventureregion that we have with the :TorskHydro
company. Neither companyprioritisesactivityhere

which mainlyconsistsof an academicstudy heing under-
taken by Annis from the Universityof Georgiaunder the

directionof ProfessorG. 0. Allard. Annis'sexpenses
are coveredby Norsk Hydro. Sulfidmalm'sonly expenses

currentlyare maintainingtittle to the main showings

which have been optionedfrom the state.

As a quick study of Annis'sreportwill revealhe is only
just gettingto detailedgripswith the problemand future
action on our part will await his findings.


