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A Reportconcerningan inspectionof the disusedSkutterudcobalt

minesat Modum,togetherwith a Discussionof the resultsthereof

and Reflectionson the structuralcontrolof the ore-deposition

by

F. M. Vokes.

e ort f in ecti .

The inspectiontookplace in the periodfrom 15th to 23rd

June 1956. The writercooperatedin partwith the NGU party

under Th. Siggerudwho were carryingout a radioactivesurveyof

the area.

b ect f the n e ion was to examinethe surfaceworkingsof

the Skutterudmines and all safelyaccessibleundergroundworkings,

with a view to deducingany structuralcontrolswhichmay havebeen

operativeduringthe depositionof the ores. The information

gainedfrom the fielddata and theiranalysiswas to be used to

aesessthe possibilitiesof discoveringfurtherore. Proposals

for futureexplorationwork were then to be made.

Areainseected.All the sufaceworkingsbetweenMuggerudSkjerp

and MiddagshvileSkjerpwere examined. Specialweightwas placed

on the main mines from BenneckeStoll to the northend of Nord-

gruven (seelongitudinalsection). The undergroundworkings

inspectedcomprisedKlara Stoll (x-cutand drivenorth);the

stopesUstreNo. 11, VestreNo. 11 and part of VestreNo. 10;

LudwigEngenStoll (x-cutand drivesN and S); Nordgruven(open

cast and all drivesoff this);Upperand LowerBærumStollsand

LenneckeStoll.

Use was made of the old mine plans,and especiallyof those

containedin the reportof BergingenibrEeltzen(October1952).

Re ts f in e ti (seedisduseion).The resultsobtained


from the inspectionshow that the ores at the Skutterudmines

occurredin 	 horizontellyelongotedshootshavingsmall


vertical,as cwpared with horizontal,dimensions. No structures,

(or otherindications)can be foundwhichgive rise to the
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fahlbåndtMidlerefahlbåndand Vestrefahlbånd(seesectionce).

Rosenqviststatesthatthesevariousfahlbåndsare separated

fromeachotherby comparetivelynarrowamphibolitebands.

The main strikeof therockswithinand on eithersideof

the fahlbåndzoneis N-Stand thedip is nearlyalwayswith

100 or 200 of theverticaltmostlyto theeast.

The lengthof themainfahlbåndzonein theareais about

11 Kmt but thewriter'sinspectionwas confinedto the section

of the SkutterudminestfromBenneckeStollin the southto

LudwigStoll(Nordgruven)in thenorth—a distenceof about

1700metres,

. Thereare veryfew deviationsfrom the overall

N-S strikeof the fahlbånd-zoneand few of thesecan be correlated

with themainore-bodiesas shownby theold workings.

Thereis a slightevidenceof a coincidencebetweena

workedpartof the zoneand a swingin strikedirectionin the

most southerlyopen-castof Sörgruven(onthewesterlyfahlbånd

here). The strikeof thefootwallrockshereswingsfromN 20°W

to N 10°Efromthe southto thenorthof theworkingtwhichis

up to 20 metreswide.

Northof the Bærum"stolls"the strikeswingsto a direction

about200Wof N for about100metrestbut thenswingsbacktso

thatat the southernextremityof the .:Mellomgruveworkings

it has a directionof a few degreesE of N. Thisvalueis

maintainedfairlyconstantlyas far as thenorthend of Nordgruven

As willbe seenfrom the sectionalongtheworkingsthe

areaof theabove-describedswingin strikeis apparentlya

barrenone. The old trenchesalongthefahlbånd-zonehere

revealonlyweakrusting. Alsoa drivesouthfromKlaraStoll

x-cutalongthe "Midlerefahlbånd"encounteredno ore in depth

in thisarea.

The rocksalongthewallsof thelargeopencastof


Nordgruvenalso showa very slightswingin striketfromabout



N 10°Wat the southernend to N 20°Eat thenorthern.

On theotherhand thelargeopenstopeof Mellomgruven

givesno evidenceof otherthanconstantstrike- her almostN-S.

Thusthecorrelationsbetweenswingin strikeand thicker

ore are veryunsureand it doesnot seemas thoughtherehas

beenany ore-controlthisway.

Localvariationsin thevaluesof diparenumerousbutall

are within200 of vertical,themajoritybeingwithin1006 As

can be seenfromthe sectionsacrosstheore zone,thedipas

a wholeis generallyto theeast.

An attemptwas made to deduceany linear

trendsin theore-shootsalongthefahlbånd-zonein orderthat

thesemightbe used to pointto furtherore. As can be seen

from thelongitudinalsection,the outlinesof theold workings

are not veryhelpfulin determiningore-sbootdirections.They

indicatealmosthorizontalshoots,witha comparativelysmall

verticaldimensionin relationto thehorizontalone. Thegreatest

verticaldepthof themainworkingsin Mellomgruvenis 110-120

metres;in the othertwomines,theworkingsdidnot extendmore

than50-70metresbelowtheoutcrop.

It is generalexperiencein ore-geologythatore-shootsare

oftenelongatedin thelineation,or stretchdirection,ofthe

encicsingrockswhentheseare schistoseor gneissose.Thus

measurhmentsweremade alongtheouteropof thefahlbånd-zone

and in theaccessibleundergroundworkingsof thelinearelements

in the rocks.

Thesewere two typess

A preferredorientationof the elongatedminerals,

especiallyhornblendeand biotite.

A groovingor large-scaleslickensidingalongtheplanes

of schistosity,especiallywell seenon thewallaof someof the

old stopes,e.g.thewestwallof thelargeopencastat Mellom-

gruven. Thislinearelementindicatesmovementalongtheseplanes
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Rosenqvist(19149)mentionsthephenomenonbrieflyunderthe

headingof "Glidestriper".

Carefulmessuremntsand comparisonsshowedthatthetwo

linearelementscoincidein direction,and thustheyweremapped
-tit,

as one olinem(direction".

The lineationmeasurementshavebeenplottedon the

longitudinalsectionof theworkings,and thegeneraltrendo

of thelineationinserted.

The sectionshowsthattheplungeof thelineationis

everywherefairlyflat,usuallynevermore than2003only

occasionallywerevaluesas highas 400 recorded.

Themeasurementsalongthe surfaceworkingsshoweda steadily

N-plunginglineationof theorderof 200 fromBenneckeStollto

a pointabout150metresnorthof theBmrumStolls. Thislatter

pointappearsto be thecentreof a depressionof the:lineation,

and northof here theplungebecomessouthat valuesof 150-200.

Justnorthof themidpointof Mellomgruventhereoccursa

markedculminationof thelinearstructuresand theplunge

resumesits northerlydirection.Thiscontinueswithslight

variationsin magnitude to thenorthand of Nordgruven,(an4,

incidentally,at lerst as far as Mi44agshvileSkjerp,500metres

northof Nordgruven).

The lineationmeesurementsin theundergroundworkings

agreefairlywellwith thoseon the surface. However,those

takenalongLudwigEfigenStollshowa shiftto thenorthof the

depressionand culminationseenon the surface. The rlungehere

is much flatter,•butit canbe clearlyseenthattheculmination

of thelineationoccursabout150 metreshorimontallynorthof

its positionat theouterop. Thismeansthe crestof the

culminationplungesat about40° to theN. If one similarly

examinesthedepressionof thelineationto the southof the

culminationit can be seenthatits troughplungesnorthat

about30°.
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Thestructuralsignificanceof theseplungesof thedepression

andculminationarenotepsyto see. Theywouldseemtoimply

theectionof a coupleoftrocksalreadypossessinga uniformly,

N-plunginglineation(seeFig.A). ThiscouplewoUldseeato

be duetoan overridingpressurefromthenorth.

Fromn pointof viewof correlationwiththeore-bodies

it canbe seenthatallthemainstopesof MellomGruvelie

betweenthelinesof plungeof thetwolineationfeatures(see

section).Thismightbe takento implythattherewasan ore-

bearingzoneplungingnorthat about300in thisarea(seeFig.

B). However as willbe statedagain,laterexaminationhas shovn

thattheminerflizationat theLudwigEngenStolllevelle

definitelyuneconomic.Thereis,of course,alwaysthe

possitilityof furtherfl lyingufishes"of orebeneaththe


levelofLudwigEagenStoll,as suggestedinFig.B.

Thisstructurelevidenceof a continuationof oreindepth

is soweakthatit isnotc-nsideredworththeexpenditureof

moneyneededto testit. Theonlymethodwouldbe bymeans

of an inclinedholefromtheLudwigrfigenx-cut,a holeatabout

45°dipina duewesterlydirection.

Itwillbe suggestedlaterthatthereisgoodcircumstantial

evidencethatthemineralizationat Modumisof onlyshallow

depth. It is thewriter'sopinionthetthisevidenceisof

moreweightthanthataffordedby thelineerstructures.

e • No E-Wstructures,e.g.faults,majorpoints

etc.,wereobservedin theareaof themines,whichmighthave

had a localizingeffecton theore-hodies.

. As statedpreviouslyallaccessibleunderground

workingswereinspected.Particularlycarefulattentionwas

paidto thefloorsandwallsof thestopesin thesystem,Östre

No.11 - VestreNo.11,andthebacksandsidesof thedrives

ex.LudwigEngenStollin ordertoobtainan ideaof thenature
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of theminernlizationunderthe deepestworkings.

As a generalityit candefinitelybe saidthatnoneof the

workingsshowedmegescopicallyvisiblesulphides.Evenclose

inspectionof hand specimenswith a hand-lensonlyrevealed

veryoccasionallya smallspeckof cobaltsulphidesor odd

spot'sof chalcopyrite.Cobaltbl')om(erythrite)was noticed

ikplaces alongthe backsof someof thedrivesat various

levels,but examinationof the rockbeneathit did not show

any noticeablesulphidcs.

A comparisonof themineralizationseenduringtheinspection

with ia-gespecimensof theoriginalore,now in theGeologisk

Museum,Oslo,indicatesveryclearlythatno more "ore"remains

to be takenout of theold workings.

As a confirm-tion,rcndomchipand grabsampleswere teken

in thecourseof thework. Thesehavebeenanalysed(spectro-

graphically)forCo andCu, as follows:
%Co % Cu

RSM 1 Nordgruven,chip sampleof pillar
in themainopencast 0.08

RSM2 Nordgruven,grab sampleof spoilin
southend of easterlystope,opencast 0,03

RSM3 VestreNr.11 Stope,chip samplesouth
of x-cutfromÖstreNr.11. 0,02 0108

RSM UstreNr. 11 Stope,gr[b samplefrom
brokenore near topof stope 0,01 0,02

RSM 5 Elarastoll. Drivesouthex x-cut
at 70 metresN of Klarax-cutin the
"VestreFahlbåndu 0,02 0,01

(AnalystsSentrplinstituttet.)

The ebovevaluesareof the sameorderas thosefoundby

Rosenqvistand Heltzen,but ratherlowerin magnitude.

Rosenqvistestimatestheoriginalore at Modumto have

contained0,08% 0,1% Co. Thevaluesgivenin thereport

by Heltzenlie between0,01and 0,1 ø Co,with themajority

below0,05%.
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Mineralizationwithsuchlow metalvaluesdoesnot seem

to the presentwriterto constituteworkableore. In spiteof

Rosenqvist'sassertionthat"themineis by noe meansexhausted"

it doesnot seempossibleto restartworkingunderpresent

conditionswith sucha lowmetalcontent.

Conclusions.

It is clearfromtheevidencein thisreportand from

thatof previousworkersthattheModumoresformedlong,shallow

ore-shootswithno preferentialplungedirection,apparently

closelyconnectedwith thepresenterosionsurface.

ThIsfact (accordingto Rosenqvist)led A. Buggeto make

the suggestionthatthecobaltmineralizationwas due to

secondaryenrichmentof a primaryPrecaml-rianmetallization

underthe sub-Cambrianpeneplane,Rosenqvist(op.cit.p. 210)

givesfiguresshowinga fallin theCo valueswithdepthunder

thepresentsurfaceto supportthislineof thought. The

presentwriteralsoagreesthattheformof thedepositindicates

somesortof horizontalcontrolnot toofar distantfromthe

presenterosionsu:ace. However,theminerAlogyof the ores

is not one whichwouldresultfromprocessesof secondary

enrichmentand cementntion;cobaltite,skutteruditeand

arsenopyrite(danaite)are primaryhydrothermalminerals.As

far as thewriteris aware,cobaltis not knownto form

secondary,enriched,sulphidesin a manneranalogousto, say

copper. The resultsof theweatheringof cobaltoresseemto

be confinedto erythrite(whenAs-bearing)and cobalt"wad"

(asbolane).We hav% for instance,the authorityof Goldschmidt

(1954,p. 669)that"cobalterenide	 weathersreadily


formingthearsenateerythrite".The oresworkedin theupper

levelsof Modummineswere,to judgeby themany specimensin

theGeologisk-MinernlogiskMuseum,certainlynot erythriteores.

Theywereprimary,hydrothermalsulphideoresand the causeof
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long,flatformof theore-shootsmustbe soughtin structures

controllingthisprimarydeposition.

Rosenqvist(op.cit.p. 211)statesthat" the occurrence

of a seriesof cobalt-bearingsulphidesshowsunequivocally

thatan ore-mineralizationtookplacein r fl

withoutgivingany evidencefor thisassertion.

The presentwriterproposesthata Permianazeis much

more reasonablefor theModumores. Thiswouldbringthemin

linewiththe similar,thoughnot identical,oresof the

Kongsbergarea,only some40 kms. to the WW. The evidence

affordedby theselatteroresseemsto showquiteelearlytheir

Permianage (see,e.g.Bugge,1917andNeumann,1944). The

oresof bothareaswouldseemto belongto a silver-cobalt-

nickelmetallogeneticprovincealongtheimmediatewestern

bordersof theOsloEruptiveprovince.Theirgenesisseems

undoubtedlyconnectedwith theemplacementof.thedeeperuptives

in thisprovinceduringPermiantimes. (Neumannsuggestsa

geneticconnectionwith theDremmensgranite.)

If we can presupposea Permianage for theModumminerali-

zationtwe are in a positionto explainquitesimplythelong,

flatformdisplayedby theore-shoots.As Rosenqvistpoints

out (p.210), thepresenterosion-surfaceis not veryfar

beneaththeoriginalpositionof the sub-Cambrianpeneplane.In

Permiantimesthispeneplanewas coveredby a thicklayerof
Cambro-Siluriansediments,mostlyimpermeableshales. Any

mineralizationcomingup thezoneof weaknessnow represented

by the fahlbåndrockswouldbecome"dammed-up"by thisroofof
2aalshelesandwouldspreadout longitudinally(N and S)*4

3one. Sihca thR GoKFrelliK4roof toas
or nearlyso, the resultingore-shoot(orseriesof ore-shoots)

wouldbe horizontaltoo (seeFig.(3).

This typeof controlis well-knownin ore geology. Just

as one examplemay be citedthelong,ribbon-likelead-ore
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bodiesof theienninesin En-land.Thesearelocatedalong

faultsinlimestonejustbeneatha roofof impermeableshnle.

Theimplecationsof theabovesuggertionsarethusthat

theModumoresarenotof greatdepth,andthatthepoor

mineralizationseenin,a.g.,LudwigEigenStollis dueto the

factthattheoreshavebeen"bottomed"by theworkings.

As McKinstry(1e4e)pointsouteveryore-bodyor system

of ore-bodiesmusthavean "inlet",a feedingchannelwhichgave

accessto theore-formingsolutions.Therelativeconcentrations

of orein theSkutterudmines,especiallyMellomGruve,suggeSt

thischannelmaybe locatedsomewherein thisaree.•Itcould

evenbe thattheN-plungingstructuredeecribedon p.6 is

taffthisfeedingchnnnel•If so,it be expectedtocontain


someoretogreaterdepths,butthestrikelengthwouldbe

veryshort,probablynotmorethan300metresandtheprspects

do notwarrantanyexpenditurein lookingforthishypothetical

ore.

Sincetheore-controls(aspostulated)seemtohave

produceda long,shallowore-body,or seriesof such,search

in depthis nottobe recommended.Thisleavesthequestion

of thesearchforfurtherore-bodiesalongthestrikeof the

fahlbånd.Herethetopographyplaysa largerole,sincethe

originalore-bearingzonewillonlybe preservedWhereerosion

hasnotloweredthelandsurfncetoomuch. Fig.D isa topo-

grephicalprofilealongthelineof thefahlbånd.It shows

hownearlyalltheoldworkingsandcertainlyalltheimportant

oneslayat or nearthehighestpointsalongthefnhlbånd,

supportingtheideaof sometopographiccontrolof theore.

deposition.It,thereforetdoesnot seemlikelythatfurther

worthwhileore-findscanbe expectedin thetopographical

depressionsalongthefahlbånd.

Thewriterisledquitefirmlyto theconclusionthatthe

ore-mineralizetionalongthemainfahltåndbetweenSkutterud



minesand Svartfjellminehas been"bottomed",end thatmost

of the ore depositedhas beenremovedby erosionbeneaththe

levelof the sub-Cambrianpeneplane.
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