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INThODUCTION.

The present study is concerningtwo sectors of the mining distric"of Knaben-gruvor(South Norway ).
This district consistsofplike the whole southernpart of Norway,ancient precambriangrounds belonging to the old scandiniavianghield.
It consists essentiallyof gneiss and graniteswith their usualtatellites:aplites,pegmatites,andquartz veins.The outcropsare numerous abd excellent,throughthe combined effectof the ancient quaternaryglacierswtth the present fluvialdenuda-tion.
There are numerous erratic stones with polishedand striatedwawingrocks on the surface of the battered table-plain,whosealtitudedecreases graduallytowards the South from 700 to400m.The fluvial denudationhas cut inside right and deep velleys,whosedominatingdirectionis Northe-South.
Many lakes and marehes are taking the hollows of this table-plain.Generallythe weathering of rocks is feeble,itis not going dee-per as a few centimeters.
The small fissuresare often filled by eptdote.The water of the lakes is stronglydyed in red brown with the smallparticulesresultingfrom the decay of ferromagnesianminerals.The way of the running water is often marked by ferrugineouscoates

The surveyedareas are:
10) An area directed North-Southfrom Knaben-gruvorto bjornvannat 7km Southwards.
20). An area directed North-liouthalongside the Sir-dalvatn,fromTonstadt to Oftedalat 15km South-wards and situated at 15km West f/cm the first.



1) nili 7jTJJTrT- BJORIWK.=.

seologicalmap at 1/1000 scale of the roof of the actual working
( Knaben-Homenvann)has been already done,justasaSystematicprospection
of molybdeniteulongside a North-Southdirectionthe brook of Knaben and
the Littleadalen.

Ly own work consisted in recognizingthe mineralizationWestwards
and 8outh-11;astirdsof the already prospectedresion.

The eneisE,whosedip 15°or 20° Kastwards is easily visible on the -
right bank of Lnabenbrook,hasbeen changed into granite alon2sidea

11
streak from :)km.at least in width.

The eastern boutary line is marked about through the cliff which
is borderins the ri2nt bank of Knabenbrookand after bendstowardS.

The eastern boundaryline is located off the prospectedarea.

The anejas has a varied appearance:
I) eye-aneisswith bis numerouspink feldsparsand a few

biotite.
2) sray dark gneiss with tiny straightand parallel beds

much more rich in inicathan the precedent.
)) aneissosearanite pink with little intricatedbeds,

often very like sranite.

The granites are of alcalin typepsodicopotussic orthose
and albite feldsnarswather a norphyrictyne v.ithbig pink c
or vnite feldspars,ora tiny graied nink type.

Anyway the durk minera,,lsare saarce and the granites ara often
turning into aplites.
They are accompa%nied ,as usual ,with numerous white or pink pegmatitic• veins with quartzdsemasses and big crystals of biotite ,whichare often

turning into :uartz veins.Eanymelky cLuartzveins compact or hollow
can be followed fregently on 5 to -10mlength.Theycut the [Lraniteor
thgkneise.

2he aplitic formationsare important:whiteor gray pink tiny'grai-
ned aplite shaping into very irregulcrlyramifiedveinz turninf;o:ten
into quartz veins.This formationfollows the granitic formationundern-
earth with about the same dip (20 or 300tEestwards).

the undergroundworks reachirr to the mark 547m at the first le-
vel have proved that the aplitic formation is grovangfinthickness with
the dellIpth.

spp aplite is often formedpqnthe surface,inthe shupe of small
veins,massesof big crystals of quartz and 2elspars in;graphicassocia=
tion .

Locally,somedark green amphiboliticveins are found throush cra-
nites or gneiss.

On the boundary line of granites and gneiss the transitionis gre-
dual but nearly fast.Kore often,the Pmeiss take 9,graniticappearance
and lose their beddingsmetimes the rock is,crosLedby dark straight
or folded stripes very rich in ferromagnesianminerfls.nsue shull ses
later Ithisapneurance is more frequentlyfound in the area Tonstadt-

Oftedal



Mineralization.

It is connectedwith the granitizatinnof the gneiss and with theusual satellitesof granites :aplitespegmatitesand quartz veins.- It consists chiefly of sulphides :mo]ybderite,pyrite,chalcopyrite.Theselater minerals have no economicvalue,becaus they are too scatteredand,during the treatment of molybden ore,thesesulphidesare striked out' by solution in QyNa.
The average percentage of molybdenitein the worked parts of/6e rockis not very high ,from 0,1 -rto 0,3 %.

11 I will now point out a few marks through which by overgroundinvesti, gations molybdenitecan be more easily detected.
I)Greatnumber of quartz veins crossing granite or aplitt or ra-rely gneiss in the vicinity.ofgranitespandusually connectedwith pegmatiticveins,is a very interestingindication.

As often as I have found the moZybdenite,itwas in the shape of big crys
tals in the hollows of quartz veins,or as material filling small fissuresinto granitesand rarely gneiss allways in proximity of quartz veins.However,allthe quartz veins are not mineralized ,but I think it isnecessary to point out on the map all the outcropswhere I haveYfounda great quantity of quartz veins peven though I did not find a visiblemineralizationinto,becausethese outcrops deserve more investigationsthan I would do.

Often it is very interestingto inspect the quartzosealluvionswhich are accumulatedby the running water in hollows of-the ice-pol-ished flags.IndeedI have found many crystals of molybdepite,chieflyon the points J24 ,J32,J33.Everytimethe molybden ore was containedinproximity:inlittle fissures of the rock.
11 2).The presence of other sulphidesas pyrite or chalcoppyriteis also a interestingindication.

Indeed I have often found these sulphides ,chieflyin quartz veins,be-side the moZybdenite,forinstance on the points :J40,J46,J47,J50,J51,356.In many cases •yrite and chalcopyritelie without molybdenite ,foriistance on the points :ift6,J24,J43;Hottver,insuch cases,itproves thatthe mineralizationexists'inithevicinity and,if the investigationsarepushed deeper,it is possible to find,the molybdenite.
3).The surficialferrugineouscoates on the rocks are tometimesinterestingfor the prospectionlbutvery hazardous .

I note the outcrop J40,where little impregnationsof molybdenitewithpyrite are connectedwith some plentidul red-brown ferrugineouscoatesThis fact is likei3rowned to the surficial oxidation of the pytite inthe rock.But very often this red brown colour is owned to running waterwithout connexionwith the mineralization.
I have seen neither molybdite,normagnetite which is found in littlemasses about the Sirdalvatn.



The chalcopyriteis sometimesaltered into green hydro-carbonate
malachite.

The mineralizedpegmatiticveins are rare.They contain only molybde-
nite without other sulphides,forinstancethe points J3,J..),J46.

As to conclusion,theoutcropswhich are interestingand deserve
deeper investigationsare those where thequartzosc and pegmatiticfor-
mations are plentiful ,wherepyrite and chLlcopyritewre found ewen
alibne,andaccessorelywhere ferrucineouscoates exists,onthe rock.

Surficial distributionof molybdenite.

	

1, The investigationswhich have operated this last war and my own
work show that numerousmineralizedpoints are scatteredirregularly
alongside the Knabenbrookand the Littleadalenfrym North to South.
These points are very rich in molybdenitebetween the Knaben mine and -
the Homenvannon the roof of the present undergroundworks.

The area situatedbetween the Littleadalenand the Borknomknattan
offers the same features.

On the contraxy on the South of Kaldalen and chiefly on the gneiss,
wherb the quartzoseand,rWgmatiticformationsare rather rare,themitne-
ralized points are scatteredand lees rich.

An other direction from North to SOUthiinterestingabout the mi-
neralization,issituatedbetween the Knabenvannand the Movastokn.

The richest areas.are situatedalongside the Atlakdalenand the
qyevann,then between the Movastokw and the Borknomknattan,wherethis
second direction is meeting with the first.

Between these directions,Ihave found only few interestingindi-
cationspbecausethks area is entirely covered by vegetationlandthe rare
outcrops I have met,are bearing no molybdenite.

	

11, The mineralizationseems likely to proceed further Southwards
why,as the topographicalmap ppints out,existmining works named
"Molybden-nedle,at10km GouthwardsrofMovastokn near Fjotland.

Study of undergroundmineralization.

The mining works are going deep into the montain from South.of
Knaben asfraras the Homenvannat altitude 670n (first lev.el),andthe
deepst level (I0th:1kvel)isat altitude 575m.

L:ese works show:

{

At a given level: a graniticformation bearinga rich minerali

zation parallel with NIJj-SW.

an aplitic formation;
In a vertical section:

the formation is going with a dip 300 Mst-
wards into the gneiss.
The thickness of the rich fo/mation: (cp
to :, os%)is deacrisingwith the depth,



while,on the contrary,thethicknessof aplitic formationincreases.
The molybdeniteappears in shape of little impregnationsin the middlE

of ligth gray graniteloontaining plenty of white felsparslorassociated
with quartz or pegmatiticveins .Sometimeslittle masses of calc-spar
are found.

tirregular mineralizedzone existsparallel with the aplitic forma-
tion;its Nbrthern part is rich,but in South the percentageof molybdenite
decreases(0, I%) with few localizedenrichingslandbelove the Homenvann
this zone endb by mineralized quartz veins.

The grarriteswhich are situatedbetween these two mineralizedzones
- is often porphtricwtth big pink felspars.Thesegranitesand the aplitic
formation are-lrarelymineralized.

Generaflyt);lemolybdenite is localized ,wherethe granite is rich
dh in quartz and felspars ton the contrary,vare granitesrich in dar

11, minerals.

•
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DYSTADT -OFTEDAL.
   

This area whose approximatesurface is 50km sq.,is elongated
North-S6uth in parallel directionwith the Sirdalvatn .
Old investigationsfor molybdeniteare to be seen above Avedal and on
the South of Bergheieabove Skibeli.

My own work has consistedin doing the geologicalsurvey (5300 scale
and in the same time in the studying the mineralization.

Geologicalfeature of this area.

A line North-Southpassing slightTy in the East of Oksendalparts
two great systems:

West of this line:the graniteswhich disappeaxin the Sixdalvatn
1;astof this line :the gneiss which I met as far as I could go

Eastwards .i,e. spreadingover 3km from the
separativeline.

THE WANITES.

They lie generallylike big rather irregularbenches with a dipof 30 or 400 Eastwards .Like for all Lue rocks of this region ,the weathe
ring is slight.Thedark minerals and the felsparsare partly chloritized
a-d the secondaryepidotefills the little fissures .

The granitesare light gray or pink ;generallyquartz and felspars
are plentiful andithedark minerals are scattered on shape of little spots

Sometimes they are turning into aplite.lnmany places tLe glanites
are porpbyric with big pink or white felspars .

1Nar Oftedal,thegranite situatedat the foot of the cliff contains
ml,tyihclusionsof magtetite visible with the naked eye.

THe aplitic passages excepted,thepegmatiticveins are rather rare ;
it is'generallya pink pegmatite with biotite and quartz masses.
The quartz veins,so ftequent in granites of Knaben,arevery rare.

These granites crowbut largely towards the South-Fast of Tonstadt
in the areas of Legeheie,Maridalett,LOyntj,andalongside the cliff ri-
sing above the road frqm Haugnom to Oksendal.

Microscopicalstudy.
It has been done with four samples:A ,B ,C ,I70.

I took the samples A,B,C,on the North of Haughom along the road vflich
follows the lake towards Tonstadt .
It is a light graygranitewith dark minerals scattered in little grains
and big felspars ordered in parallel lines.
It contains:

a great amount of quartz in large xenomorph ctystals,
microcline (potassicfelspar),a,little oligoclase(calcosor-

-dicfelspar)



often altered into kind of white mica (damourite).
rathei plentifulbiotite ,very pleochroic(from yellow-green
to dark bIown).
a little muscovite.

kig crystals of magnetite enclosingpyrite.phene allways connectedwith magnetite;thisassociation
proveb that this magpetite is really a titanomagnetite.

I have chosen the sample 170 ir vicinity of the contact gneiss-gra-
mitesIt-contains:

a gre;ftamount of quartz.
prevailingmicroclineaccompainedby a little oligoclase.
frequentassociation of quartz and felspars :graphicmicro-
pegmatiteand myrmekite.
rather rare biotie ,often chloritized.

bhortbr,thisEranite is typicallya calco-potassicgiehite with
biotite.

However this graniticformation is not homogeneous.
Indeed the road cutting the rock alongside the Sirdalvatnshows some
pkt continuedoutcropswith clear alterationsof typic graniticappea-
rance.I have chosen for type the outcrop situatedbetween Haughom and

.the Rompen.
The succession ,from North to Southlis as followed

I°).Graytiny grained granite ,oftenpophyric(A ,B,)

20);Gray darker porphyric granite with ranks of big pink
felspais (C)

30).Gray granite crossed by little lenticulardark beds
and wide aplitic stripes (D)

4°).Alternacyof dark beds enclosingmany ranks of white
felspars ,and pink aplitic stripes (Ei

50).The dark stripes are getting smaller ,then end into
bevel a mid pink aplitic rock.

6°).The wdripedappearancecomes back with many folded dark
beds succedingto aplitic beds.(F ).

7°).Theseallways many folded are getting widepthendisappear
little by little.(G,H,I.).

80).The rock turns into a homogeneous light granite with
only few darksbeds.(J9

9°).The rock turns abruptly entiselydark only few
white folded aÀitic beds.(K).

A little farther a.very big quartz vein crosses these dark rocks perpen'
diculary to the foliation of rock.
The stiiped rocks with ranks of felspars in dark beds are largelyds-
velopped near Haughom in each side of the road from Haughom to Oksendal
and near the little lake of Oksendal,wherethey alternatewith the
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orthor,mbie pyroxene (bronzite),andclinorhomLicpyroxenc(augite).
This latter is ranely changed into a kind of sefl,entinean(jboreoften
into biotite and chlorite.
The originalmagnetite is plentiful.

Shortly,thesestriped rocks are constituedby an alternacy of apli-
tic beds ccntainingquartz,,oligoclaseand microcline,and of dark beds
containing quartz ,oligoclase,greenhornblend,pyroxenes,andbiotite.

THL GNKSo.

In the ,Last.ofa line North-Southpassing near Oksendal,a
gneissose formaticn is found with dip from30° to 40' Eastwards,which
has Wvisible influenceupon the topographicalshape:onthe wastern side
bf Avedal-valleythe slope presents successiveledges,andon the oppo-
site side the slope has the same declivityas the 4tp;of the gneiss

GeneralZythe gneiss is dark gray.It is compactand very bard;
It is possible to distingAsh two essentialappeararcesin this forma-
tion:

1).A thin bedded gneiss :it consists of an alLernacy of
staight,dark,andwhite beds.Thisappealancebecomespre-
vailin stwards.

2).A folded gneiss:thisappearance is very varied:
either:alternacyof white and dark beds parallel but

undulated.

or: very intricatebedding with dark,foldedand stret-
ched beds on a white aplitic ground.

These foldingsare sloping,stretched,drifted,onefsmallscale,exactly
like the great foldings of sedimentaryformationsin the mountains.
A very nice sample of these folded gneiss is visible on the large clif.
cutt by the brooks trough the rocks from Slettheie to Avedal-lake.

This appearance is chiefly distributedalongsiie the boundary-line
granites-gneiss:Slettheie ,Stakkhomheie,on the South of the Bergehei
alongside the Kleievannpandon the North of Avedal.

Locally the gneiss contains many little red garnets(pt.76. )
In all the gneissoseformatikon,theaplitid,pegmatiticlquartzveins are
veiy numerous,andsometimesthese aplitic veins containred garnets
enclosing little quattbz,orystals.

Microscopicalstudy.

(samples 70, 76, 194.)
op

The gneiss 70,and 76,are a thin beddedkind.
They contain:



puzzle of quartz orystals.
oligoclaseadone.
tety pleochroicbrown-greenbiotite more or less chloritizea little cordieritechiefly in the sample70Héa great number of big garnetstalmandin) enclosinslittlequartz crystals,inthe sample 76.

I took the sample 194 near the the boundary-linegranites-gneiss.It shows:
a puzzle of quartz cr,stals.
prevailingolisoclaseaccompained by fev rnicrocline
plentiful biotite.
no garnets nor cordierite.

Briefdy,the gneiss is typicalTya calco-sodicgneiss with biotite,andsilicates of metamorphism(garnet,cordierite).

The gueissoseformation is not everywherehomogeneous.On the border of the boundary-linegranites-gneiss,it containsa largequantity of granitic inclusionsgettingmore rare towards thelFast.They are often too little to be marked on the map at 1/50000 scale ,for instance,aroundthe Slettheie ,Stakkhopheie,Bergeheie,-,:berethegrandtizationis diffuse through the folded gray gneiss.On the contrary these grandtic inclusionsare more considerableonthe South-lrestof thåptakkhomfjelditiAvedad-vadleylaroundthe Vardefjand alongside the Kleievann.
Along the path which g.oesup from the.bottom of the Avedal-valleytdptakkhomfjeld,Isaw at first a dark folded gIeiss,ac1after a itter-ruption owing to marshes and vegetation ,a liht gray granite.Thisgranite turns gradually Into white a9lite ;:ithin various place,darkdiffuse beds like.clouds.Thiscludstlike.apliteturns graduallyinto atypic dark thin bedded gneiss.
Tis progressivetransformationfrom granite to gneiss takes Alacewithin a length of 200m.
The Vardefj area shows also a excellentsample of gradually ,trans-formation of granite into gneiss along tbe path from Listol-farmtowardsthe Vardefj.
These granitic inclusionshave various appearances:sometimesgrayor pink tiny grained ,sometimesporphyric with big felspars.Thay are often crossed by many quartz or pegmatiticveinslandcon-tain few little red garnets.
Further ,the granitesarstften crossed byaark folded stripes likethey are along the road from Haughom to Tonstadt.Over Avedal (Slettheie)theold investigationsfor modybdenite-show a complexsuccessionof appearances:in.the folded gray gneiss.The outcrop Il3presentsa successionas follows:

I).tiny grained gray granite crossed dark folded str
pes.(saple I).
2).thin bedded gray gneiss crossedby big quartz veins-containinga liitle 2yrite (sample2)
3).whiteaplite followed by dark striped rock((sample3



4). thirkpcddedglay greiss cressed quartz veins con-
taining big crystals ol py/dte.

Jihe.seriesof samples ( a,b,c,d,e,f,g.)proceededfrom a old surficial
investigationfor molibdenite.ItshoTisalso a successionof granites,
gneisspaplites and •darkstriped rocks ,crossedb; many quartz veins.

These successionsare visible on the South of Ber.;eheieand in Ave-
dal-valley.Theoutcrop210 sLows a clay gneiss with few pink aplitic
beds panallel with the foliation cut by a big vertical quattz vein;it proves right that the qdk-tzveir is later than'thea2litic beds
consecutive to the granitizaLionof greiss.

,Microscopicalstudy.

1).Vardefjarea. ( samples 241, 235.)

Sample 24I.:light gray granite containing:quartz
ne, a little oligoclase,much biotite
chlorite or felspar nith magnetite.

Sample 235.:dark gray granite,containing:quattz,
tle oligoclase;biotiteaccompainedby
tly altered into chlo/ite,biotiteand

pprevailingmicrocli7
partly altered into

microclineand a
green hornblendpar-
epidote.

II).Slettheiearea. ( samples 113, I76,seriesapb,c,d,e,f,g.)

Sample 176; dark porphyric granite with big white felspars.Itcontains:
prevailingmicrocline,oligoclase,frequentmicropeg-

matitic association,marybiotite often altered into chlori-
te and magnetite.

Se/des 113; the fiist sam.)lecontains:qUkz,many oligoclase,vdthmicro-
pegmatiticassociation,rarebjctitelagreat amount of magnE
tite and titanomagnetiteoften altered into sphene.
thesecond,similarto the-typic gray greisslcontains:quartz,manyoligoclase,alittle microclinelgreenbrown bio'
tite,manymagnetite c/ystals.
the third ,dark granite crossed by dark stripes,contains:
quartz ,oligoclaselandmany pyroxenes:bronziteand chiefly
augite partly altered into biotite,chloritelepidotelsphenel
magnetite.

Se/ies å,b,c,d,e,f,g.

The samples.(a,b,c.) cerrespondwith a light gray graniteturning into aplite.Tkeycontains'apuzzle of quartz crysta'
,oligoclaseard microcline ,with micropegmatiticassociatiol
rather Iåre green bro,,kmbiotite,a little cordierite,pyrite.
and magnetite.
The followidgamples (d,elf,g.)have been taken in graygranite crossed by dark folded streaks.



The prevallinbfelspar is the oligoclase.Biotite
is accompainedby many crystals of green hornblend,which
is ofhen altered into biotite ,chloritele2idote,sphene,
and maretite.
In the samvie d,biotiteard green hornblendare accompain,,c
ed by augite altered into a kind of green hornblend(oura-
lite.) Magnetite is accompainedby titanomagnetitealte-
red into sphene and contain little inclusionsof pyrite.

III.) Avedal-valleyarea.

II (Samples 2C4, 209, 210 .)
az

Sample 204. Tiny grained pink granite dontainingtagreat amount of qua,
,microclineand oligoclase,withmictopegmatiticassociation,
rather rare biotite partly altered into chloritepfelspar,
and magnetite.

Samples.209.The first sample is ajpink2orphyric granite with quartz,
microcline,alittle oligoclase ,ratherrare biotitepa lit-
tle cordierite.

The second is the same 2or2hyric gi.anitecrossedby dark
folded stripes.Itcontains : quattz,microcline,alittle
myrmekite,muclaoligoclase,agreat amount of biotite and
green hornblend,bigcrystals of sphene.

The third is aidarkgneiss containing:quartz,oligoclase-
• little microcline,biotite,alittle cordierite,manybig
Crystals of sphene and zircon.

Sam21es 210. The first sample is a gray pink granite with quartz,

11 oligoclaseand microclinelgreenhornblend enclosingapati.4.

tetalteredinto biotite,chlorite,epidote,magnetite:alit-
tle cordierite.

The second is a very dark rock crossed by little lentieu-
lar avlitic beds.It contains:quartz, olisoclade,agreat
amount of dark minerals: bronzite altered into gkind of

1

serpentineand into ouralite.

green hornblendaltered into chlo
rite,magnetitelsphene.

Shortly: These rocks have a variable mineralogicalcompositionlnow
like thet»ic calcopotassicgranite,nowlike the typic cal-
cosodic Eneiss,nowintermediate.
The dark streaked rocks with quartz,oligoclase,biotite,horn-
blendpand pyroxenesparevery frequent.



THE CONTACT GRANITESr GNEISS.

This contact is observed easily in the followingareas:

I).Eaudtoknuten.

A cloudylikeaplite crossed by dark folded stripes lies between the
grayidark many folded gneisslandthe pink porphyric granite.
This transition-rocktakes place within a width of

II).Oksendalarea.

The transitionis clearTyVisible on the side of the cliff hverhan-
ganging the village.Itconsists of pink granite brossed by many dark
stripes,whichturns graduallyinto a tiny bedded gray gneiss.

III).Oftedalarea.

The contact is situated on thd side of the cliff overhanginghhe road
of Haughom.
The foot of the cliff consists of granite with dip Eastwards;theupper

npart consits of tiy 1;eddedgay gneiss with regular dip Eastards.
The contact is marked by a little ledge hidden by vegetation.

IV)..Aroundthe Slettheie ,and on the South of Haughom,the trarsition
is

Brieftylalongthe contact gionites-gneiss,thetransitionis allways
progressive.Itconsists chiefly of clou4y1ike aplitic fo/nations.

The graniticand gneissoseformationshave the same dip Eastwards.
Indeed,theboundary-lihemakes .bend Eastwards,whenit cutts the kite-
dal-valley.



SYNTHESIS02 POS.&):PETROCITit,Ph10STUBIE,.

I°).Comparrisonof granites and gneiss.

The former-studieshave disclosedthe eesentialpetrographiccharac—

ters of the formations:.

calcovotassicgranite with prevailihgmicroclineand oligoclase.and
biotite.

calcosodicgneiskith oligoclase,biotite,andsilicatesof metamorphig

The microscopiculstudy shows clearly that the transition,inthe

point of view of minerelosicalcompositionand the appearance,isgra-

daal,betweenthe typical gr&y sneiss( 70,76 )andthe typical granite:

( shown by the samples 194,115,I70,foundabout the boun—




dary line.

II°).Jomparrisonof the granites enclosed in the gneiss.

The microscopicalstudy poils out that these graniteshuve a variable

minsralogicalcomposition,Let allv,aysbiotitelsometimesoligoclase

like the gneiss,sometimesprevailingmicroclineand a little olisocla—

se like the granites of Sirdalvatn.
The principul differenceis the presence of green hornblend and the

greater freouenceof cordierite.

III°)1 Oom-axative study of the dark striped rocks in the granites.

These appearancesare very freuent a mid the granites ,alongsidErthe

Sirdalvatn paboutthe boundary line granites — sneiss ;and also å mid

the sranites enclosed in the sneissose formation.
The microscopicalstudy shows that the mineralogicalcomposition

these rocks is very differentfrom that of the granitesand the gneiss

Indeed Imicroclinedisappearsgraduallyand is replacedby olisoclase,

meanwhile green hornblend appears rallwaysaccompainiedwith much bio—

tite and sometimeswith pyroxenes:augiteand bronzite.

The dark minerals are often altered into various.modifications:

I).12heorthorhombicpyroxenes (bronzite)are altered into serpen—

tine or sometimesouralite.

II).The clinorhombicpyroxehes (augite)are chansed into biotite

chlorite,withmagnetiteand epidote or into ouralite.



III).Greenhoreblend is altered ino blotitea-d cblorite
with magnettte,sphenelepidote;

ihese chemical tiarsformationsare correspondi'3 with a more complex
alterationthan tbat which is qwed to whathering,a'dare certainly
connectedwith the geologicalhistory of these rocks.
The usual alterationsowed to weatheringare:

alterationof the biotite into chlorite with magnetite or into felsra
pars with magpetite.

alteration of sodico-calcicfelsbars into mica damouriteand sometime
eblorite,of potassic felspais into kaolin and chlorite.

INTL.UiP&,TATION.

I.havepointed out that the border of the granitic formation of
the Sirdalvatn is marked by:great transformationsof the appearances
of the gneiss.
To explain that,I have refered to different works of J.Sederholm

and C.Wegmanabout the Precambrianof South -Finlandand to works
of Sirs.Roquesand Demay about the Precambriano9kortagne-Noireon the
South of Central Plateau of France.
Sederholm names "migmatites"the rocksloftenalready metamorphic,

which are mixed with a granitic or aplitic oi pegmatitiemagma.
He distinguishesallways in these migmatitesi

1

the woof wtich is the remain of the originalfrock
the"ichotmwhich is imbibing the woof.

The percentageof ichor is allways high: 50 to 80%.
On the aveiage,themineralogicalcompositionis the same as this

of a calco-alcalin(monzonitic) granite with oligoclaseor andesine
microcline,biotitefrequentlyaccompatniedwith amphibolesand pyro-
xene;theassociationof quartz,and felsparsare frequent:graphic
micropegmatitepandchieflymyrmekite,whichconsists of small intrica-
ted threads of quartz a mid crystals of felspars.
The great amount of cordieriteand garnet almandin is characteristic
for thesemigmatites.
In the countråteswhere tbe migmatitestake up large..surfaces(Fin-
land,SouthNorway, South of Central Plateau in France ) a whole
series is found going from gneiss and micaschistes(ectinites)to
the deep aboriginal granite.Itconsits of:

I)embrechites:eye and striped gneiss with regular
foliation.

II)anatexites:injectedgneiss with undulatedbeds
these foldings becomeMarked and irre-
gular (synmigmatiticfoldinge)
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on the North-Eastof Avedål,
on the North of Slettheie.

Nowhere is the magnetite connectedwith the quartz veins,norasso-
ciated with the sulphides.

k,,yriteand chaleopyriteare allways enclosed in little hollows of
quartz veins ancinever in pegmatiticveins.
lyrite is more numerous than chalcopyrite.Onaccount of their disper-
sion,these latter minerals are without economicalimportance;

Molybderite.

Lang years agoimany surficial investigationshave been tried over
Avedal and also on thm South of the Bergeheie,wherethe mimeraliza-
tion appears rather expanded on the surface.
nie,ore lies in hollowa of quartz veins and flils numerous n
fissures of rock,sometimesin pegmatiticveins ,but never in connmxio
with the crusts of quartz.
The mineralizationis interestingonly in the complex of anate».
constitutedby folded gneiss,aplitesand granites;outsidethmse areas
mcdybdenite is very scattered.
I will point out two interestingoutcrops:

N° 73.(South of Vardefj):a big pegmatiticvein crosses the
gfau-it-NueånglIgnåorniqlszaMelligiri.masses
Molybdenite is very frequent in the hollows of the
masses and of the quartz vein.
It is more scattered in pegmatiteand also in fissures
of the surroindingEneiss.

No I73.(Northof Raudtoknuten);moZybdeniteis scattereda
mid a dark gneiss rich in ferromagnesianminerals
while in the Knaben area, moZybdenite is never connec-
ted with the rocks rich in dark minerals.

Shortlyithemineralizedpoints are distributedirregularlyon a
streak of 3km width along the contact granites-gneissand are all-
Most,lackingin\thegranitic formation.
It is likely that the mineralizationof Sirdalvatnarea extends
more to South of Oftedal.Icould not make sure of that for lack of
time.
It appears that the mineralizationof this area is less important
a-d morm scatteredthan that of Knaben area.
To getåmore exact opinionabout the percentaLTeof molybdenitepit
would be necessaryto continue the old surficial investigations
alongside the contact granites-gneis from North to South chiefly
in the anatexites.



However,evenif the percentageis interestingfor being operated,
it would be impeded by the grLat difficultyof access resulting
of the height of the cliffs.

INTEKPKETATION.

The study on all the deposits of molYbdenitediscloses that they
are allways connectedwith an intrusionof acid magma,eitherin
sedimentaryformations or in series of metamorphicrocks.
There are essentiallytwo kinds o eposits:

I)Contactdeposit (pyrometasomatictype ) o*the border of
the granitic intrusionsor in the granit it self.

lI).kneumatoliticdeposits (pegmatiticveins) where molybde-
nite is connectedrith wolframiteand cassiteriteand
minerals bearing Fluorin and Lithium as tourmaline,
lepidolite.
Earely in hydrothermaldeposits (quatbz veins ) where
mo46-bdeniteis accompainiedwith pyrite and other sulphi-

des

The two deposits of Knaben area and Sirdalvatnarea are connected
with a granitic lacolith raising through a great formation of
gray gneiss.
I remind that at Knaben,onlythe intruded granitesare mineralized
by sulphideswithout magnetite,and on the contrary,inthe Sirdal-
vatn area,the mineralizationconsists of magnetiteand sulphides
only localized in the contact zone.
In his publication:MagmaWandigneous ore deposits (EconomicGeol-
gy May 1926 ) Mr J.H. Vogt etablishesa classificationoi
deposits.Hecites some deposits of Telemark connectedwith pracam-
brian glanitesand allways free of cassiteriteand wolframite,
bearingmolybueniteaccompainiedwith a feeble percentageof pyri-
te and chalcopyrite.
This descriptioncorrespondsexactlywith the two deposits of Kna-
ben and Sirdalvatn.
It is likely uhatmolybdeniteand pyrite and magnetite were alrea-
dy originallyin the intrudedmagma.Accordingto Mr Vogt,the aver-
age percentageof molybdenitein graniticmagma is 0,0001%.
Further,manylittle inclusionsof originalmagnetite,pyriteand
perhapsmolybdeniteare clearly visible in the microscopicalexa-
mination.
Lindgrenand Vogt think that these minerals have been extracted
from magma by Fluorin,Ghlorin,orSulphur to form volatile compound
which have a low boiling and critical point.
I believe that Fluorin did not play a part in this reactions,be-




causd never found fluor-bearingminerals like tourmalinein the
pezvmokfes



It is possible to severalpeidodes durirg the olidi-fication of the i2truded graniticmagma.
The usual constituantsof g/rnite,quartz,felspars,micasare cristal-lizing aL first.Then,the constituantsof pegmatitesare cristalli-zing from guzeous clompounds(pneumatoliticpe/dode ) rith graphicassociation 01 quartz and felspars.
Finally,happensthe Aydrothermalperiode rith the filling by quartzof fissures,whichare crossing the granites and the surroundingrockLarsen and Wright have poitLedout that quartz connectedwith felsparin graphicassociationis the allotropickind quartz/Scrisballizingat 000 or 7000,whilethe quartz of masses enclosedin pe6matiticveiis the kind quartze(erdstallizingat lower temperatdreabout 500°.That proves that the quartz veins and quarbz masses have come laterthan the pegmatiticveins.
Lindgren has shown clearly that it is magnetite which cryistalfisesmore often first at high temperature,andthat the sulphidescome onlyafter in following order: prite,mispickel,chalcopyrite.I remind that in ;3irdalvatnarea,magnetiteappears chiefLy in thecrusts ou quartz on the surface of the anatexitesand sometimes inpegmatiticveinstneverconnectedwith other sulphides.Its crystallizationhas happened during the first periode (solidifi-sation of anatexites)anu overlapsalso on the second periode (pned-matolitic periode)
Lindgren points out that molybdenite crystallizesin v:sriousperiodesaccoiding to the deposits.
In birdulvatnarea,molybdeniteappears in pegmatiticvens but chiefdyin the hollows of quartz vrins and the fissures of rock in the vicinity ol these veins.Itscrystallizationhas happened during the secondperiode (pneumatolitieperiode ) and chiefiy during the third (hydro-tnermal periode).
the other sulphides,pyriteani chalcopyriteare found only in quartzveins and sometimesin imregnation amid the surroundingrocks.Their crystallizationhas happened only during the third periode.The following table condensesthe priceding results which give a likeTy interpretationof all my observations.

magnetite


molybdenite

I.Ciystallizationoi graniticmagma(quartz
crusts)

III.Iteumatoliticperiode(pegmatiticveins)
III.aydrothermalperiode(quartzveins and

nnisses)
pyrite
,chalcopyrdte



INJECTU A;,;FEIBOL1T.JJOF TONJIADIhOAD.

black:amphiboliticbeds.
white:apliticbeds.

OF TONSIADIIRUAb

black: amphiboliticbeds
rhite: aplitic beds cale:



INJECTZDA.MPHIBOLITESOF TONSIADT vUAU.

black:amphiboliticbeds.
white:aiditicbeds. Scale:

IN,L6CTILDGN.L,IbbOF

ocale: 2.0Q7'



INJSCTEll GNii.LSS OF 3Li!;1THEa

o ca 1 e:

NEBULITEJ OF



PEGMATITEVEIN (outcropNo 73.)STOREHEIE.

p:pegmatite.
q:quartz.
g:gneiss

mo:molybdenite.

Seale: 50c3?'
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EF.ULT OF MIChOSCOPICAL ts_AMINATIONOF SAMPLE.:13

WITH FOLARIZINGLIGHT

In all this study,theplagioclasicfelspars have been deter
minated according to the method of French mineralogistA.M. Leyy
on the sectionspeipendicularto the crystallogiaphicdirectiongi.

All the drawings are executedfrom tne examinationwith the
polarizinglight with magnifying20.



OF SIRDALVA1N.

SAMILES A,B4O,I70.

SAMILE A.

Light grsy granitewith big white felspars.
It contains:
many xenomorph quartz crystals.
prevailingmicrocline.
oligoclaseoften altered into damourite (a kind of white mica ).
micropegmatiticassociationand myrmekite.
rather numerous crystals of biotite often altered into felspars or

chloriteand magnetite along the cleavages.
big crystals of magnetite enclosingpyrite.
titanomagnetitealtered into sphene.
epidote,apatite.

SAMI'LEB.

Light gray tiny grained granite.
It contains:
xenomorph clystals of quartz.
prevailingmicrocline.
a little oligoclase.
micropegmatiteand myrmekite.
rather numerbus brown biotite enclosingzircons.
a very little muscovite.
big crystals of magnetite altered iwto red hematite and enclosing

pyrite
titanomagnetitealtered into sphene.
apatite and big scattered crystals of zircon.

SAMPLE C.

Light gray granitewith a few little beds of mica.
It contains:
many xenomorph quartz crystals.
prevailingmicroclinewith sometimes Carlsbad twin.
a little oligoclase.
brqwn biotite enclosingzircons,oftenaltered into chlorite.
a little cordierite.
magnetite enclosingpyrite.
apatite.

SAI&LE 170.

Light gray graniteallmost aplitic.
numerous quartz crystals.
prevailingmicrocline,myrmekite.
rather rare biotite chloritizedor

It contains:

partly altered into felsparsand
magnetite.



INJECTEDAlihHIBOLIT'L$OF T-vS(NDTFLAD.

SA.IrLEUD,

bAtPLE D.

The thin section shows a littleaplitic bed crossirga dark rock.
Ihe aplitic bed contains quartz and felspars oligoclasewith microp.

pegmatiticassociationand myrmekite.
The dark part contains:
quartz
oligoclase.
a little biotite often altered into chloriteand magretite.
big numerous crystals of green hornblend (twin h1 ) altered into

biotite,chlorite,magnetite,spheneand epidote.
many crystals of magnetite enclosingpyriLe.
scatteredcrsstals of z_ircon,apatiteincluded in hornblend.

SAIdrLLE.

Altrenacy of dark abd aplitic beds with big eyes of felspars.
The sam_.leEI(dark bed )contains:
auartz .prevailingoligoclase.
a littlemicrocline.
myrmekiteand micropegmatitidassociation.
a little biotite.
numefous efystals of green hornblend (twin hl )alteredinto biotite

and sphene.
magnetitu enclosingpyrite.
titaromagretitealtered into sphenel
apatite.l
The sample E2 (apliticbed ) contains:
quartz.
oligoclaseoften altered into damourite ,microcline

myrmekiLeand micropegmatite.
§little magnetiteand red hematite.

bkk,LE E.

Light gra$ granite crossed by little lenticular dark beds enclo„›in•
big eyes of felspars.
It contains: quartz ,prevailingoligoclase ,microcline.
myrmekite and miclopegmatite.
brown biotite enclosingzircons.
green hornblend ).

apatite,bigcfystals of zircon,sphene



 

.1.1ccessionof tiny dark beds and light aplitic beds.
It contains:
quartz .
prevailing oligoclase,microcline.
myrmekiteanu micrbpegmatite.
big crystals of green hornblend (twin hi ) ofter altered into bio—

tite,chlorite,magnetite,sphene.
biotite altered into chlorite,magnetite,felspars.
a little cordierite.
magnetite enclosingpyrite.
titanomagnetitealtered into sphene.




Dark rock with thin aplitic beds.
It contains:
quartz.
much oligoclase.
much green hornblendaltered into biotite,hhlorite,sphene.
biotite.
apatite included in hornblend.
magnetite, titanomagnetite.
big crystals of sphene.

.A.LJL.L,I.

Dark rock crossed byirregulartide aplitic beds.
It contains:
quartz.
oligoclase.
much biotite enclosingzircons.
green hornblend rith twin hl and alteration ir biotite and sphene.
a little cordierite.
many big crystals of magnetite;titanomagnetitealtered into sphene.

bAsrLflJ.

Light gray rock with irregulardark beds.
It contains:
quartz and oligoclase.
much blotite partly alterod into chlorite,felsparsand magnetite.
green hornblend enclosingapatite and altered into biotite,chlorite

and epidote.
magnetiteand titanomagnetite.



SA1v1FLiK.

Allmost entirelydark rock with little lenticularaplitic beds.
It contains:
quartz.
much oligoclase.
myrmekiteand micro-pegmatite.
many pyroxenes:bronzite.

augite often altered into biotiteand chlorite.
many big crystals of magnetiteand titanomagnetite.

•



III°. TYkICAL GNMba.

SAtatiii1/4376,7U, 194 41.3 ,209c.

bW1,1, 76.

Thin bedded gray gneiss containingnumerous red garnets.
The bedding is not visible in the microscope.
It contains:
numerous xenomorph quartz crystals.
much oligoclase.

much biotite often altered into chloritealong the cleavages.
numerous big ciystals of garnet almandin enclosinglittle quartz cry

tals.
a little cordierite.
rare magnetite,epidote.

SAMI-LE70.

Thin bedded gray gneiss.
It contains:
puzzle of little quartz ciystals.
much oligoclase.
numerous crystals of biotite parallel with the bedding.
a little cordierite.
a little magnetite.
apatite.

bAE.111,194.

Thin bedded dark gneiss.
The bedding id clearly visible in the microscope.
It contains:
puzzle of little quartz crystals.
prevailingoligoclaseoften damouritized,a littlemicrocline.
frequentmicrdlpegmatiticassociationsand myrmekite.
biotite often altered into chloriteand felspars.
magnetite.
I point out two beds of stringy biotite enclosinga puzzle oi little
quartz crystalswith magnetite.Thefelspars are entirely lacking.
That is like to a fiagment ot micaschist a mid the gneiss.



SAMYLE 113 •

Thin bedded gray gneiss.
It contains:
quartz.
much oligoclase ,a little microcline.

myimekiteand micropegmatite.
green brown biotite partly chloritizedor altered into felspars

and magnetite.

much magnetitealtered into red hematite.

epidotesphene.

SAM.riEaosc.

Dark folded gneiss.
It contains:
quartz.
much oligoclase,alittle,microcline.
myr mekite and micropegmatite.
brown green biotite enclosingbig crystals of zircon,andaltered


into chloritealong the cleavages or into felspars.

a little cordirrite.
a little titanomagnetitealtered into sphene and red hematite.

big scatteredcrystals ot zircon.

•



IV. GRANITE,t3OF ANATEXY ENCEOSED IN THE GNEIj.

a,b,c,d,e,f,g,204 ,255,241 ,I70 ,II51,II3,2U9a,209b410a

SkIlts a.

TiAy grained gray granite.
It contains:
numerous quartz crystals.
much oligoclase;
a little microcline.
myrmekite and micropegmatite.
gre(dibrown biotitepartly altered into felspars.
a little cordierite.
rare magnetite,a little sphene.

• • 

aAdyisLEb.

Light gray gamite allmost aplitic.
It contains:
quartz.;
much microcline.
myimekite and micropegmatite.
many ciystals of biotite enclosingzircons.
a little cdaierite.
magpetite enclosingpyrite partly altered into red hematite.
titanomagnetitealtered into sphene.

Light gray tiny grained granite.
quartz.
much oligoclase,alittle microcline.
mytmekite and micropegmatite.
much biotite enclosingzircons.
a little cordierite.
much magpetite.
titano-magretitealtered into red hematite.andspheee.



SAMPLE g.

Light gray granite with scattereddark minerals.
It contains:
quartz.
oligoclase.
myrmekiteand micropegmatite.
rare biotite enclosingzircons.
a little green hornblend.
a little magnetite.

SAMPLEa.
Gray granite crossed by dark stripes.
It contains:
a great amount of quartz.
oligoclase.
much green brown biotite enclosingbig crystals of zircon.
and often altered into chloriteand felspars.
big crystals of green hornblend enclosing crystalsof apatite.
magnetite encLosingpyrite and altered into red hematite.
sphene.

SAKPLE e.
        

Very dark rock crossed by few aplitic beds.
It contains:
quartz.
oligoclase.
green hornblend.
pyroxenes:bronzite.

augite altered into ouraliteand biotite with epidote.
big crystals of magnetite.
titanomagnatitealtered into red hematite and sphene.

S-MYLL f.

Alternacy of dark and aplitic beds.
It contains:
oligoclase.
quartz.
biotiteanclosing zircons.
green hornblend enclosingapatite and altered into biotite,epidote

and sphene.
magpetite.



SA .V.Lb2 3 .

Gray granitewith little irregulardark beds.
It contains:
quartz;
prevailingmicrocline .
a little oligoclase.
biotite enclosingzircons,alteredinto chlorite or felspars with magn

tite.
green hornblend enc1osingapaLite,alteredinto biotite,chlorite,epi—

dote.
iwlagnetite.
sphene.

bAthiL—241.

Light pink granite.
It contains:
quartz;
prevailing microcline (Carlsbadtwin ).
a little oligoclase.
myrmekite and micropegmatite.
biotite enclosingzircons,alteredinto chlorite or felspars with magn

tite
magnetite,titanomagnetite.
apatite ,sphene.

åAMILL 176.

Park porphyric granitewith big white felspars.
It contains:
quartz.
microcline and oligoclase.
myrmekite on the border of the microcline crystals.
biotite enclosingzircons,oftenaltered into chlorite,orfelspars.
big csystals of magnetite.
titanomagnetitea1tere,dinto sphene.
apatitepzircons.

SA;i:LLE2C4.

idnk tiny grained gwanite.
It contains:
quartz.
microcline,oligocl».seallmost entirelydamouritized.
micropegmatiticassociation.
biotite often chloritizedor altered into felspars.
magnetite altered into red hematite,titanomagnetite:crystalswith

geometricalshape altered into sphene.



SA 115.

Light gray granite crossed by rare dark folded stripes.
The light gray part contains :
nuartz
oligoclase, rare myrmekite
chloritizedard altered into felsparsand magnetite biotite
magnetite, titano-magrAtitealtered into sphene
many scattered crystals of sphene

SAsilI1E,1133

dark rock, crossed by small wkite aplitic beds.
It contains :
quartz
oligoclase( albite and periclinetwins )
pyroxenes:bronzile

augite, which is sometimesaltered into biotite and chlo-
rite

rare chloritizedbiotite
magnetite altered into red hematite
sphene.

SAMI1E 209 a:

• Red porp4ric granitewith big pink felspars.
It contains :
quartz
microcline
rare oligoclase, myrmekite,micropegmatite
often chloritizedbiotite.
rals cordierite
magnetite,altered into sphene titano-magnetite
epidote

20L,b :

1.1EGRANIteas the preceding, but crossed by many dark folded
stripes

The dark streaks contain :
quartz
numerous crystals oi'oligoclase
freque,t association myrmekiteand micropegrnatite
many beds of biotite enclosingziitons
mary beds of big crystals of green hornblendaltered into chlorite

and magnetite



many big crystals of titanomagnetitepartly altered into sphene.
The granitehas the same mineralogicalcompositionas the granite

209a.

SAMPLE 2I0a .

Light pink granite with little scatteredmasses of dark minerals.
It contains:
quartz.
oligoclaseallmost entirelyaltered into damourite.
myrmekite and micropegmatite.
big crystals of green hornblend enclosingapatite and altered into

epidotetsphenetmagnetite,andchlorite.
biotite entirelyaltered into cnlorite or felspars.
big crystals of magnetite.
titanomagnetitealtered into sphene.

•



SAMPLE A .GRANITE OF SIRDALVATN.
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q:quartz
fd.damouritizedfelspar
mi:microcline
ol:oligoclase
my:myrmekite

mp:micropegmatite
b:biotite

mg:magnetite
ep:epidote



SAMPLED.INJECTEDAMPHIBOLITLCF TON0TADThOAD.
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q:quartz
ap:apatite

fd.damouritizedfelspar zr:zircon

ol:oligoclase mg:magnetite

my:myrmekite tm:titanomagnetite

b:biotite sp:sphene

hv:gxeenhornblend



SAMFLEG. INJECTEBAMRHIBOLITEOF TONSTADTROAD.

q:quartz fd:damouritizedfelspar
01:Iligoclase my:myrmekite
hv:greenhornblend b:biotite
mg:magnetite sp:sphene
ap:apatite



SAMÅLE K. INJECTED AMPHIBOLITE OF TONSIADT ROAll.
•••

4

q:quartz fd:damOuritizedfelspar
olsoligoclase mp:micropegmatite
b:biotite br:bronzite

ag:augite mg:magnetite
tm:titanomagnetite sp:sphene
ep:epidote



SAMPLE76, 11PICALGNEISS.

q:quartz ol:oligoclase
b:biotite gr:garnet
mg:magnetite



SAMil.B194.TYPICALGNEISS.

q:quartz hi:oligoclase
mp:micropegmatite my:myrmekite
mc:microcline b :biotite
mg:magnetite



SAMFLE d. GRANIThOF ANATUY.

q:quartz ol:oligoclase
br:bronzite apaugite
hingreenhornblend b:biotite
mg:magnetite tm:titanomagnetite

sp:sphene



SAMPLE235. GRANITEOF ANATEXY.

q:quartz
ol:oligoclase
hvigreenhornblend
mg:magnetite

mcmicrocline
fd:damouritizedfelspar
b:biotite



SAMPLE209b. GRANITEOF ANATk.XY.

q:quartz
my:myrmekite
hv:greenhornblend
mg:magnetite
sp:sphene

ol:oligoclase
b:biotite
zr:zircon
tm:titanomaivietite



SAMPLE2I0a. GRANITE.OF ANATEXY.

q:quartz
fdsdamouritizedfelepar

.hv:greenhornblend
ap:apatite
mgsmagnetite

ol:oligoclase
evsmyrmezite
chschlorite
tmstitanomagnetite






