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1. IntroductIon
•

The aims of the followtnni port are us fullows:

A qualitativeand sumtquentrtativedeternanalionof
thin- and polishedsoultons. :Seeodneral tables)frio

the Tømmereswindow and the nronq Olden culmination
Trøndelag,Norway.

A petrologicalclassifIcationand assigrimentof the rocr,i
studiedunder the odcroscopewith specialemphasison
the rock composittam(refloctedin the mimeralasseolaair•
Chapler3.1.1.- 3. and tho metamorphicfabric.

A comparisonof macriscaptcalrisikdascriptionsand reiat .
can be foundin Chatier2.

A microScopicdeterminattonof the odneralizationsfrob
RukIdal,Gressamoenamd Hdervo1a,witb speciuldescrir-
tions of the fabriuand paragenosisof hust rock and od
alizationto formulatoprobablegenolicmodels.

A comparisonof the wineralizationsin Roktdalen,Greb
moen and Haervolairiurder to deIerminewhetheror nut
theseoccurrencesean he consideredto lie at a similortro-
tonostratigraphicposition.

2. Summary

•

•

Based upum the studyof nutu,ral(ømortilagesqualitaliveand
semiquantitative,grainsi2us, te\turesamd metamerphicfacteo,
the rocksure dividedin metabasites,melasediments,leptites
and Haervolagranites. Ihetrminerelogicalcompositionaru ta

be found in Chapter3.1.1.- 3.1.5.

The Haervolagranitesare not enly closelyassociatedwith the
leptitesin the fieldbot are also hardly distinguishablein
mineralogicalcomposition.
The granites typicall)stouxdhIgher cantentsof microciiro-
perthite,homogeneousgraim distributionand were lacking
augentextureswhich are Id m0 in the 1opt t by piagioclosonnoro-




ocrystsin a fine-grainudnraubdmass. Ispeciallytectonizel
leptitesshow strongsibilaritteswith tho granites.

The microscopichomogeneityof-the loptitosin the fieldinol
apparentunder the microsuapealthoughthe leptilesfrom the
Tommeråswindow and the Grang Olden culminationshow certats
similarities.
The apparentoveralluniformcompositionsof the leptitescould
be subdividedaccordingte veriationsin the mineralogicol
compositioni.e. garnelcontunt,and mbre obvdouslyby dtflor_
ingtexturese.g. feldsparphonocrysts,blastestsand ophilio
textures.
In the authorsopinionthe 1eptitesortglnatefrom a heterarene-
ous serlesof sedimentsamd vulcuntotufls,wetamorphosecti
the upper greenschist-anyhibolitefactes.
Primarymineralogicalcompositionsinfluencethe post metoutw-
phic minerelogyof the leptiles.



The leptitesare intrudedby metabasites. Theseare magmatites
of a basic compositionwhich weremetamorphosedwithoutdestrur-
tion of primarymagmatictextures. The mineralalterationhas
led to the formationof hornblende,chlorite,epidoteand cli-
nozoisite. This alterationis not believedto be causedby
regionalmetamorphismbot ratherby syn- or postcinematicauto-
metasomaticprocesses.
The secondaryalterationproducts,sericite,titanite,calcite,
epidote,clinozoisiteand Tuucoxenchave been collectivel
crystallized. Secondarygroolhuf oarnetshints towardspost-
cinematicmetamorphism.

The metasedimentsare rnpla nted by biolite-hornblendegnel:),A
carbonatesand quart.litt'..

In the following,a comparisonbetweenthe petrographicclassi-
ficationsin the fieldand thoseunder the microscopeis given.
Discrepanciesoccurmostly with metabasiteswhere typicalmag-
matic textureswere not recordedin the fieldand green horn-
blendeand chloritesnot clearlyrecognized.
Due to the fine-grainednalureof the leptitesfielddescrip-
tionswere not alwayscorrecl,especiallythe presenceof garnel
bandswere rarelyrecorded.

•

•



-3--

•
Tab. I: Comparative rock deneript tonn

Sample Nu. Field description Desciapttumuf
ClehedSpectnen

8 0 10 0 2 k-feldspar-chlorite alteredleptIle




-gneiss




801012 alteredleptite altenndleptite

801014 "Augen"leptite leptite

801017 leptite leplIte

8 0 1018 granulatedleptite bandedleplite

II.8 0 10 19 granulatedleptite bandedleptIte

8 0 10 2 0 granulatedleptite bandedleplIte

8 010 2 5 graniticgneiss graniticgnelsn

8 010 3 4 granite granIte

8 0 10 3 7 biotite-chlorite-
schist

mica-schint

8 0 10 3 6 citz-fs-pegmatile granite

8 0 10 4 0 graniticgneiss alteredlepltle

8 01051 kf-gtz-bio-granIte leptIte

8 0105 2 graniticgneiss leptite

8 0 10 5 4 alteredleptite leptile

B 0 10 5 5 alteredleptite leptile

11.8 0 10 5 7 alteredleptite bandedleptIte

'801058 qtz-fs-bio-gneiss leptIte

8 0 10 7 5 qtz-fs-bio-gnelss leptite

Petrographtcal

tlicroncoie;

alteredleptite

acid volcanic

leplite

leptite

acid volcaniu

acid volcantu

acid volcanie

graniticgenie

granite

banded leptitv

granite

alteredleptl'fl

banded leptite

banded leptite

leptite

leptite

banded leptite

bandedleptite

acid volcanic

•



Petrlduom,11


Mtor(g.coH




Sample No.




riuld doscription




8 4 0 1 0 2




alteredleptite




8 4 0 1 0 3




amphibolite




8 4 0 1 0 4




banded carbonate




8 4 0 1 0 5




amphibolite




4 0 1 0 6




banded carbonato




4 0 1 0 7




amphibulite




8 4 0 1 0 9




altered leptite




8 4 0 1 1 0




qtz-vein

(ill" 8 4 0 1 1 1




alteredleptite




8 4 0 1 1 2




alteredleptite




8 4 0 1 1 3




amphibolite




8 4 0 1 1 4




luplite




8 0 0 1 0 4




banded carbonate




8 0 0 1 0 8




brecciated leptite




8 0 0 1 0 9




amphibolite




8 0 0 1 1 2




muscovite mica-

schist




8 0 0 1 1 3




brecciated leptite




8 0 0 1 1 4




chlorite-hornblende
schist




8 0 0 1 1 7




"Augen"leptite




8 0 0 1 1 8




leptite




8 0 0 1 1 9




amphibolite




8 0 0 1 2 1




banded leplite




8 0 0 1 2 5




"Augen"leptite




8 0 0 1 2 6




greenschist




8 0 0 1 2 7




greenschist




8 0 0 1 3 0




amphibolite




8 0 0 1 3 1




marble




8 0 0 1 3 5 A/ quartzite

41.8 1 1 0 6 5




quartzite




8 0 1 1 1 3




quartzite

r/I I fl i (11.

S SIWI' I Ilit'r I

L, lept ite

al t ItTlItu

bar ititH l'

amphibulite

HirdHed

bdr rdt .1/41 ept

alterod leplito

quarizite

altotod lentlto

altorod

mica-ehtitt

lept ite

banded carbonatt

breceinted lept ite

moUjki;i i n

pH,1lilu

brecciatyd leptite

amphibultte

banded carbGnale

leplitu

leptite

bandod Ieptitu

oltw'pd Ipptift

metabatite

nielaba;;It

mied-tichna

N-Jrhonate

quartzttio mica-
schiot

quartrilin nUou-
schist

quartzitio dica-

schist

leptite

garnethouring
amphlbollto

banded etirtwiN.

mica schist

banded carhouato

Le-hoir ih

schist

altered leptito

quarlzile

altered

altered lopt o

mica-schist

banded lopt ito

banded carborat

brecciated I (i) H

metabasi to

quartzi Lin plo11 t o

breccialed

hornblende-erqdute-
gneiss

acid volcanto

acid voloaoin

hornblende gimios

acid volcnic

acid volcanin

metabasito

metabasito

hornblendo-blotito-
gneiss

carbonate

quartzitin miHi-

sehist

acid volcarue

acid volcanic



• The follov.Ungore mineralasseutlaup:.whfp Hflibd

in the polishedspelluns:

Tab. II: Paragenesisof ore minefsh,

Structureof the

Plneralization Rock TypePhragenesis

impregnation alteredleptite

massive Haervolagranite

111impregnation graniticgneiss
Haervola

impregnation metabasite

stratiform guartzite
(Gressamoen)

impregnation amphibolite
(Roktdalen)

massive carbonate
(Roktdalen)

stratiform carbonate

veln- type pegmatate
(Roktdalen)

(II, massive amphibolite
(Roktdalen)

massive massive ore
(Roktdalen)

massive massiveore
(Roktdalen)

mt, py, cp, ZnS,

PhS, ZnS, py, cp, mt, hp,
coy)

, py, PbS, ZnS,
leb)

mt, il, py, cp, po

PY, (leu

mt, po, cp, PbS

po, cp, ZnS, Cu, rt,
tm, mLittc,(11m)

rDp, /ns, cp

)1, PbS, py, cp

PbS, py, po

cp, py, po, PbS, ZnS, rflsc,
py

ct),po,
P)

In parentheses: alterationproducts

•
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followingthe inspectionunder the nderoscope,fuur diffue-
ent base-metalmineratizattuntwere (lasulfmtd:

1) strataboundgolena-sphuleritflmitzd'alizdtiuein:
leptites(boktdul
fluorite-bearioe(:urbagates(Roktdal)
fluorite-bearingquartzitestUressamoen)

2) base-metalimpr(gnatiuntn:
biotitesehists (kuktdhl)
graniticgneisses(Haervolu)

3) vein type galona-sphaferttemtnerulizationwilh guartzatn:
fluoriteas ganeue ift:

fluorite-bearingcarbonates(afterHossack,Roktdal)
biotiteschists,hungingwall of metabasites(after
Hossack,Rektdal)
leptites(Roktdul)

4) Massive,remobilizedgalenu-sphdltrilendneralizationin:
fluorite-beariegcarbonutet(Hoktdal)
Haervolagranite

Type 1 and 2 are bellexedto be of primarysedimentaryorilin,
whereastype 3 and 4 representremobilizedmineralization.
The paragenesisof the rerbobilizeduro hints towardsa

of metals from the underlying,concordantleptite,car-
bonatebiotiteschistsequences.
Sphaleriteis strohqul)corrulatedto fluorite-bearingcarbe-
nates,whereasgalenaconsentrutesin the gudrtzrich lepttte-
biotiteschistseguence.
Pyrileand chulcopyritewas tygicull found to be asscciated
with the leucocratic membersuf the rock suquence. Pyrrh,(tite
is confinedto melanocruticmembert.
J. R. Hossackpresenleda model,where the Pb-Znmineralizttioe
in Roktdalwas remobilizedfrom the uhderlyingBJØRNTJERN
schists,which contain:elevatedPb, Zn, Cu, U, Th concentra-
tions.
During the microscopic investigationthese schistswere found
to be considerablymore stronglydefurmedbut of lowermetamor-
phic grade than the impureleptites.
Ihe biotites in the metasediungltsare red-browncolouredh)
theirFe-Ti content,whereasthe bletitesin the leptitesnnd
theirconformablebiotile are colourless. Presumhtlythe

Fe-Ti contentwas libernteddurinhmiamorphism.
Ihe partialnrobrlizutiorrof rockschh be uttributedto,the
followingprocesses,causinginLrehsedhual flow:

volcanogenicexhalative
plutogenic(Mobilizationand assimilationof host rocks
basic intrusivesfor example)
metamorphogenic(Mobilizutionduringamphibolite-gradorela-
morphism)
sedimentary(Chewiralreastton uf grounduaterwith impturE)
sediments

A comparisonbetweenthe HJeuxolaand Ruktdul mineralizatiuns
revealstwo common features:



•

•

The masbiveure types apu coofow(lto ore minerals,whish
were detectedIn the surroundinc,husts.

Remobilizotiunof base melals is cunfinedto areas n( le-
creasedheat flow of magmatugunieprigin.

Furthermoreit was found:

Haervolaand RoktdalPelong tu t o surriegeulogicalunit.
bothoccurrencushavesimiho aragente,is
the alterationproductsare similar
both occurenceshave an equaldegree of weathering

However,theirchalcopyrite-pyrrhutilecontentwas found tt)
differ. The increasedpyrrholitecuraentof the Roktdalnsner-
alizationis believedto be more evidencein favourof the hy-
pothesisthat the sulfideswere mobilizedby the intrusionuf
basic magnatites.

The mineralizationin Gressamouncahnotbe connectedwith sag-
matio processes. It consIstsof a stralaboundgalena- imH.en-
nation in fluorite-bearingquartziteswithin the leptitcs.

Inis occurrenceis characterizedby:

predominantlygalena,minor pyrite and pyrrhotite.
an intimateassociationbetweenguartz and galena.
weak mobilization. The galena is only mobilizedover shurt
distancesand recrystallizedal the intersectionbetween
liationand sedimentarylayering.

Given a -similargeologicalhistorylur the Tommeråswinduwand
the Grong-Oldenculminarion,Mlich is tikelythe mineraliia-
tion in Roktdal,is clearlystronglyinfluencedby maomatutenic
remobilization,whereasthe occurrencein Gressamoenshows
only littlemobilizationof the ore. Here the primarysedimen-
tary base-metalmineralizationappearstu be well preservudomd
only weaklyaffectedby regionalmetamorphism.

•
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3. Petrographyor the Tommeråswindow Hrldtne bronn Ulden eulmination

The petrologyof thu Gronn-Uldenculminatiunin comparahletu

that of the TommerOswindow. Ihemaorosoopicalruck desorip-
tionsare to be seen in the HP rupurf '81. lhe rock clash:fi-
cationbasedon thu work (flCHE. DAL and j. S. PEAEL1 E196.

The sequencesinoludeleptites,aold vulcanics,metasedinumts
and metabasites. the followinnmicrosoopicalinvestigaticruf

the rocksmaintainsthin oubdi mmii.

3.1. Microscopyof the thin sections

3.1.1.Metabasites

The metabasitesconsistul wedium-finegrained
hornblendewith lesseranuuntsof Jpatile,sphene,zircon,
ore and plagioclase. lhto air mediun—finegrainedblack-
green heterogenousrucksf.Ufhpartlyde\,elupedaplitic
structure.

opaques:

The crystalshapu is euhedral-prismaticwith well develpped
basal facesshowingtimetynioalamphiboln-oleavage(appx.
120o). The partioularcumuurchangeocausedby strong
pleochroismfrom yellowlon-nunento hlulsh-green. The
crystalsare particallycidEmelahlic.Inclusionsof ru-




tile, leucoxene,ore, zirconand apatiteare common. Li-
monite layersand rims assuciatedwilh very thin "flour-
ore" are relictsof formerlyexistinghornolende. In-
clusionsof fluidcavilieoand gas bubblesare situated
along formerruptures,inclusionsofradiouctiveziroon
form circularpluuchruicrics in hornblende. Includnd

apatitecrystalsare prismudirtn lonn-culumnarwith euhedfal
crystalshapes. Hornblende altruedtu ohluritewith suf-
ondaryquartzand calcite. balcite is  nr fine grainedaffl

crystalshighlydispersedarmtimehurnblende,whereasthe
quartz inclusionsha\inglensold-ovuidoutlines.

Biotiteorystalsare xenomorphic-h pidiomorphic,with no
obviouscontactswith hurnhlende. Th(5 are Ti-richshowing

strongpleochroismfromblimfurred(Jronnr1969). Biotitehas
replacedhornblendetotallyOF at leaslparlly secondaryde-
velopedbyallerationof hornb1ende. 1hesn biotiles fornimor-




mekitic intergrowthswith nuartz.

The largercrystals idiomnuphiccrvotalshapes.
They are formedby recrystulli/ationof wedgelikeCF :;-

tals. Sphenecrystalsare intergrownwith hornblendein
granophyricstructure,ofien inoludingapatiles.

The ore mineralsare alteredto leucoxeneand limonite.
Larger grainsof rutileand spheneare developedby a 12ter
stage of crystallization.Rutileis associatedwith large
skeletalsulfides. fron-ore,magnetite,ihmeniteand tlfaco-
magnetiteusuallyaru preoentand alteredinto leu-
coxene. Ramdohr1956 deocuobesthi alturationin the fulUru-




ing way:

hornblende:

biotite:

sphene:

Ilmenite  L ;ptrere+ pyrite

plagioclase: Plagioclaseis the Maill leuomicralicconstiluentof the welu-
basites. The crystalsare alteredto sericileand are al-
bite twinned. Plagioclaheis replacedby hornblende. Ex-






8 0 0 1 0 9:




8 0 0 1 2 


411 8 0 0 1 2 


8 0 0 1 1 6:

K-feldsparcrystalsare olwa s xenamurnhicgnd interutitill
to plagioclasecloselydssuciA(rllyntlidossti. K-feldspnr

and quartz are commonin traces.

In sharplydefined Ini(eet 1 r d tiLt uyyrinilicat

In irregulargruinnc lescltud dith secondar n'n
erals.

1!;

Alterationproductssuch ah calettedrid(linuzoisite of phuni-
oelase and chloriteof hurnhiende ase comman.

Seealterationof hornd ende and sdnissuiii iiation of
plagioclase.
Discontinuousveinoof-ilunnrt» k -;eid:;nnndnd plogio-




showing 


Wheressprimar>struclort.otill(xis:, [16 fusimaryconsti-
tuents remain. The comninationar Jeus hasto?)plagio-
clase,hornblendeand varioussecondarymineralsresembles
the mineralsequenceobservedfollowingmetamorphIsmof a
gabbroicrock (microgabbropr dolerite). Alterationof the
iron ore, epidotization,saussuritizalion,chloritizaticnof
the primarymineral content of the hastn intrusionsisattrt-
butableto themetsmorphicinfluenceand alterationof the
whole Tømmeråsrock sequence.

Coarse-grained,heterogenousmetahasiles. The constituents
are hornblende,plagioclase,sphenu,ere and tracesof dark
mica, zircon,and apatite. Secendgr mineralsare chlerile,
sericite,leucoxene,rutile,limenitc,caletteand quartz.
Mm-thickveins ofquartz,feldsparand calcitecrosscutthe
primarymineralassemblage. flonqatedgreen ohlorite-crys-
tals occurbetweenvein und hest rock.

Fine grainedmetabasitein contactwith banded leptite.
(fig. 1).

Fine grainedmetabasite,developmentor coarse-grainedho n
blende.

Garnetbearingamphibolite. The mdin constiluents are garnet,
hornblendeand calcitewith smallerquantitiesof rutile,
plagioclase,apatite,ore and otherb. A particulartexture
due to metamorphism/recrystullization fs mnst characteristic.
Ore mineralsshow graphicintergrowthswith the silicates.

•
k-feldspar:

quartz:

ralcite:

hornblende: The crystalsare as usual greenisLI-bluechlouredand hyuldta-
morphicallyshaped. They are cleseb associatedwith rutile.

•
qarnet: In the sectionthe crystalsreacha faint reddish-yellowtint.

The growthof garnetgranoblastsincludesall otherconsti-
tuents,formingcoronasof quartzagainsthornblende. Calette
fills thin rupturesand joinls.It replace5 hornblende fil.

2), which is alteredto radial-shapedchloriteclusters.
This hornblendeis partl)surrounded Inyine-grdined biotile.

Minor ore alterationproductsof hurnhlende and ore crystgls
associatedwith secondar)hiutiteand chlorite. litano-maq-
netite is alteredto leucovene.



•
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fig. 1: 8 0 0 1 2 6, Brannheiklumpen,thin section, X nicols,magnifica-
tion x 25, metabasitein contactwith biotite-richbandedleptite.

;fr . •

1.! ' t

a.

• $
s• •

p t.^1

fig. 2: 8 0 0 1 1 6, Snåsavatnet,// nicols,magnificationx 73, replace-
ment of hornblendeby calcite.

8 4 0 1 0 3: Garnetbearingamphibolite.
Mainconstituentaregreenish-bluecolouredhornblendeand
lightbrowngarnetwithlesseramount of plagioclase,quart7,
spheneand apatite. "Coronastructures"aroundore are
developed. The coronasconsistof sphenewith sharp boundarie
againsthornblende.
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METABASITES





mineral 800109 800116 800126 800127 840103




quartz osec. +sec.




+sec. ++ = main constituent

plagioclase

albite




++ ++




+ = minor constituent

o = traces

k-feldspar

biotite




+sec.

0 0




sec = secondary

rad = radioactive
muscovite





sericite




+sec.




chlorite




+sec.




calcite ++sec.




SCC.




fluorite






sphalerite






hornblende ++ ++ ++ ++ + +




garnet ++.
pink - .... + ++.

light brown




epidote + - ++ ++ +




clinozoisite - - _ _ +




zircon + +rad. + +




sphene _ ++ _ _ +




apatite + + + + +




opaques + ++ + + ++




rutile ++ + _





galena _ - -





leucoxene




o + +




limonite




+ - - __






3.1.2. Metasedimenls

3.1.2.1. Quarlzites

-12-

Gre 


Gre 


Gre 


Gre 


81 1 8 5

81 1 0 6

8 0 0 1 1

8 0 0 13

7:

Five thin sections of the LFt' mluen-Lurudglen area wure andlyru3
under the microscope. Thr ruffkb cEirl be described either df IS-

pure quartzites or typical luntitu (See chapt. 3.1.3.3.). IHP

following descriplion complius with the quartzites.

The rocks are marked by d foliallue in an dngle of approxi

mately 20-30o to the bedding (fici. 3). Where the foliation
planes intersect the heddinn plancs. most of the sulfidef
occur in larger aggrendlee, thus niving the impression that
the mchilizatioh of the selfidas tenk place along the beddinn
planes over only short distances. Besides this course-nrained
sulfide mineralization thure exists a "primary" mineraliza-
tion of very fine-grained flour-ore parallel to the beddihn.
The crystals are often enclosed in quartz probably resumnlind
organic material in forh ef granhite. Ine flour-ore occrire
in finc undulating layere and rims hetweeh the quartz often
associaled with light micas (fdn. 4) and elongated larner sal-
fide crystals showing a flurd sInfrcture. The quartz grains are
recrystallized withoul culdnlastic textures. Inclusione uf
xenomorphic fluorite afr tlifluuph. Cuerse-qrained fluejit iin

also found associated y,dtfr enllides Jh places where budddin

planes intersect Foliation pldnes. Iluerite crystals are prn-
dominantly colourless with \lolutt marnins. Connected with thu
sulfides therefrequentlyoccursredieh-brown,iron-rich sena-
lerite.Traces of biotite,2patite and zircon sere also to
befoundinthe cleart7ites.

Medium-grained, follated Isir qtrrirtiite

Medium-grained, foliated fldeef paart/ite

Medium-grained, foliated flaser quartzite

Medium-grained, foliated ria:Wr quartzite

fine-grained quartzite

Thin layers of micas alternate sith pure quartzitic la  ere.
The light mica is faint greenibh culoured muscovite. Ihn rfuf

contains accessory amountfr uf nprInfre phasue and zircen. Quarf/
crystals are xenomorphic fine-uraihed and very clobely iater-
grown with each othur.

	

4: Fine-medium grained
A typical banding is caesed h) 111)urs of quartz. Varyihn in

grain size and alternating silh thin 12yers of light mica. lber
phyllosilicate layers vary in thickness and host larger quartz
crystals. The opaque plasen nrcur associated to the quartz or
as inclusions in the quart/.

	

2: Quarlz-muscovite-schist

5 A/B: See Gre 5, medium-grainrd fnl ded qunrIzit.



fig. 3 Gre 2, thin section,1/ nicols,magificallonx 63, impurequartzite,
remobilizedquartzincludesfluorite,muscovIteand ore. Ore min-
erals are situatedalong foliation-planes.

fig. 4: Gre 5, thin section,/1 nicols,magnificationx 50, impurequartz-
ite , faintbeddingis shown by the directionof muscoviteflakeb
and fluorite.

4.,
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METASEDIMENTS(primaryquartzites)

mineral Gres2 Gres3 Gres4 Gres5 800135 800112 811057 801064

•

quartz

plagioclase

albite

k-feldspar

++++ +++ +

biotite

muscovite

sericite

chlorite

calcite

fluorite

sphalerite

hornblende

garnet

epidote

clinozoisite

+ +

o+o
sec.sec.sec.

zircon 0 ± 4

sphene

apatite

opaques

rutile

galena

leucoxene

limonite

++

sec.

0

++0

sec.

0



3.1.2.2.Others

Seven specimenswere enal•zedunder the microscope. Iwo, sern-
ple No. 800119,800130,belonqto tbe uo called IinåsaGroup.
This sequenceconsistsof carhunates,cooglomerates,quartzitt.,
mica schists,greennchistsdnd emphfholites. the samplesWer
collectedsouth of Snåsavatnet. Anothorspecimen(sampleNo.
800114)was collectednear Oiningon(map sheet 1723 III) wheoe
alternatinghorizonsof leptiteuand metasodimentsOCCUr. lee

fourthsampleis from a horizonofgernet-bearinghornblende-
schist west of ldvsjdn (map sheetNorli .923, IV). The samplen
840105/07/13were collectednear the Nuktdelmineralization.

	

8 0 0 1 1 4: Garnet-hornblende-gneiss.
In a very fine-grainedmatrixof quertl,plegioclase,hornbiehde,
and epidote,garnetand clinoloisiteoccur in largeeuhedralpur-
phyroblasts. A proportionor the green hornblendealso forros
larger idiomorphiccrystals. The rock isrecrystallizedfofljw-
ing a strongdeformationC"Purchheweuurg").Tho rotatedgarboi-
and clinozoisiteporphyroblastoare puicilublastic,the inclo-
sions being of quartz (fig. N). ilu furniermineralassemblaoe
is very similarto that of tho leptifo,su that the rock pro-
bably belongsto a myloniticinne in the loptitosequence.
The plagioclasecrystbilsare heevilyalforedaed lhe secondaty
productscrystalizedin the centreperls of the Feldsparcryt-
tals. In the sectionepidote is nftnidhesidesclinozoisite.

Due to the instabilityof horehlendeunderdeformation,horn-
blende altersto biotiteand ciinozoisite(See Irbger1969).

	

6 0 0 1 1 9: Fine-grainedamphibolite.

hornblende: In the sectionthe hornhlundeiucoloured. Lao-
ger euhedralcrystalsoccur in a fine-greinedmetrixof ploglo-
clase and hornblende. Morhhiendei puti alteredto biotite.
Hornblendeand biotiledu fut occor in effntact.

biotite: Biotitecrystalsare red-brubmiunder the microscopewith stronu
pleochroism. The crystalssbus pertialalterationto chlorite;

opaques: Mostly very fine-grainedflour-likees inclusionsin hornblende
crystals.

quartz: Must of the quartzcontent in tfiesection is formedby the al-
terationof hornblenduinto bietife. Onert/ crystalswere
found interstitiallyin the metrix.

Apatiteand zirconwereobbervedinsmeller emounts.

8 0 0 1 3 0: Biotite-hornblende-gneiss.
The rock shows a markedbandinqdue lo tho mineralcontent.
Stronglyfoldedlayersof queitzalternetewith biotite-horn-
blende layers (fig.6).

•
opaques: The opaquesmineralsform larouetweuetos, they includegra

of apatiteand quartzend are cluuelyessuchitedwith horrtilth
biotitelayers.
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The hornblendecrystalswere foundassocialedwith biotite
and ore. The crystalsare hluish-greencoluuredand prism-
shaped. Largercrystalsoccurhavinggrown perpendicularto
the banding,formedby quartz and biotite-hornblendecrystoli.
These grains are perfectlyshapedand characterizedby the t>o-
ical cleavageof amphiholes.

The epidotecrystalsare hypidiomorphic,with yellowish-
bluishcoloursundercrossedpolarsand so are difficultto
distinguishfronclinozoisite.Epidotegrains are associated
with biotiteand hornblende.

Titaniteformsdense aggregateswith secondaryblue-green
colouredchlorile.

Biotitecrystalswere found intergrownwith hornblende. The
flakesare hypidiomorphicand red-brownunder ther microscope.

Apatitecrystalsare xenomorphicand associatedwith ore and
biotite.

•
hornblende:

epidote:


titanite:

biotite: 

apatite:


(•

Quartz,plagioclase,k-feldsparand albiteare the predominant
leucocraticminerals. The main constituentsare fine-grainec
plagioclaseand quartzoccurringin the matrix. K-feldspar
occurs interstitiallyto hornblendecrystals.

8 4 0 1 0 5: Coarse-grainedamphibolite.
There was no fluoriteto be seen in the sectionas described
from the hand-specimen. The mineralcontent,(Seemineral
table),has been remobilized. Blue-greenhornblendecrystals
show poikiloblastictextures,the inclusionsbeing of quartz
(fig.7). Under the microscopea small quartz vein with shorp
contactscross cuts the mineralassemblage.

Fine-grainedamphibolite.

See 840105 coarse - rained am hibolite with small uartz-vein.
-• ,yikir•

Y914

8 4 0 1 0 7:

8 4 0 1 0 3:

•

tus

4 •

t, 2.:

fig, 5: 8 0 0 1 1 4, thin section,// nicols,magnificationx 25, garnet-
hornblende-gneiss,porhyroblastsof idiomorphicgarnet,clinozui-
site and hornblendein fine-grainedmatrix.
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1
fig. 6: 8 0 0 1 3 0, thin section,1/ nicols,magnificatIonx 25, folded

biotite-hornblende-schist.

1
-.0 :4 7‘.tp

I.

fig. 7: 8 4 0 1 1 3, coarse-grainedamohibclite,thin section,// nicols,
magnificationx 25, poiciloblastichornblendecrystalswith inclu-
sions being of quartz.



METASEDIMENTS(others)

mineral 800114 800119 800130 840113 840107 840105

quartz ++ -ro ++ ++ + ++
sec.

plagioclase ++ ++ ++ ++ ++ ++

albite. - - - _ _ _

k-feldspar o o + + + o

biotite - ++ ++ ++
-1-1-ti-rich

4-1-green

muscovite - - _ - _ ++

serizite +sec. + + o + +

chlorite - - _ o o +sec.

calcite + -
_ +sec. _ ++ -I

fluorite _ _ _ _ _ _


sphalerite

hornblende ++ ++ ++ ++ ++ _

garnet + _ _ _ _ _

epidote + - + - - -

cll nozoisi te ++ - -

zircon + +rad. + +rad. +rad. +rad.

sphene - - + + _ _

apatite + + + + + +agg.

opaques + ++ ++ + +

rutile _ _ _ _ _ o

galena - - - _ + _

leucoxene - _ _ _ + _

limonite + + - + +



•

3.1.3. Leptites

The metamorphicrock sequencein the lommer(fswindowand th
Grong-Oldenculugnationih extens_kel studIedb many
The followingdescriptionef more or less bandedgranitte
gneisses,the most comman rock in the Precambrianarea, 1s
made by Chr. Oftedaland J. 5. Peucey (1964):

'The term fleptite'is heru used to [ricoho pale gFuy or pink-
ish, fane to medfumgrained,bandedur wassiverock,consfsfIng
principallyotfeldsparand guartz,ygln lesseramountsof
such mineralsas biotite,muscovite,epidote,garnet,sphene,
and zircon." The origin of the rocks is under discussion. Ihe

compositionof possibleparentsvaries fron acidicigneous
rocks to that of formerpsammiticimpuresandstoneswith pelt-
tic layersas well as layersof probablyacid rhyolilictuffs.
The gneissesare cut by humerousdikes of basic igneousIfitru-
sions (Chapt.3.1.1.).

Ihe strikingfeatureof the 'leptiles'fs the varietyof grain
sizes,grainboundarytwes and grain shapesseen In hana sae-
cimensand also in parts of the sections. Ihe leplitesare

dark-greyto pinkish-orangeand the texluralheterogeneity
causedby slightlyrotatedplagioclaseporphyroolastsandlare
elongatedguartzcrystalsin a fine graineeguartz-feldspor-
matrix. The texturallymore homogenuusor gneissusebandiag

is usuallynot detectablein hand specimensbot is clearb ob-
servableunder the microscope. The lleptites can be desclabed
ss bandedgneissesas well as foliutedgranites(Chapt.3.1.4.).
For all leptitetypes,the dark layersconsistof biotite,chlur-
ite, muscovite,ore minerals,epidoteand somelimesgarnet,
whereasthe lightbands are rich in guartzand feldspar. Ine
bands vary in thicknessfrom less than a mr to a meter scale.
The obviouspossibilitythat the gneissesebandingis a relfct
of originalbeddingis supportedin some areasby layersof
biotite-schistsand marbles conformableto the surroundinglep-
tites.

Under the microscopethe 'branulitgefUge'(Spheumann1932)1ff
well developed. The specimensshow a typicalmortar structare.
The grainboundariesbetueenelongatedquartzcrystals810 itten
lobateand in manyplace small crystalhof a secondquartzgen-
erationbetweenguartzand feldsparare de eloped. In the tane-
mediumgrainedquartz-feldspar-matrix,large slightlyrotated
plagioclasecrystals(appx.1 cm) are a conmon feature. Tho
plagioclasecrystalswere marginallyfracturedand subgrainsof
the primaryplagioclasedevelopedduringa laterstageof re-
crystallization.Ihese large plagionluseporphyroclast (uLLH-
sionallymicroclinuperthites)result in the typicalophtat-
mitic structureof stronglygranulatedleptftevarieties,ratlel
"Augen-loptite"(Chapt.3.1.5.3.3.).

-19-
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Plagioclasecrystalsonntitin two difhlddd generations.Prn-
mary porphyroclastwittlbunt albitu-himullueare partl)“1-
tered. Saussuritizalionand sericitizationhave causedsecan-
dary mineralssuch as muimovite,caluituand epidote. Thu al-
terationproductsare includedin thu primiiryplagioclasuani-
phyroclasts. Smallercrystalsin thu motrixshow the sane le-
gree of alteration. It alsu appearsthot partlythe epidote

and occasionallythe clinozoisitecontentin the groundmass
originate from the bruak down and recrystallizationof j tUFfla'F

plogioclase-richmineral assemblage.

Ihe evidenceofrecryslallizaticninthesu rocksare the me-
chanicalfragmentationof largestrainedplagloclasecrystal
into subgrainswithoutmarked strainshadowingof extinctioa
betweencrossedpolarsand withoutstrongolteration. Ihe
secondaryplagioclaserrysinlsare inunwletelyalbite-and
pericline-twinnedand always fine-mediungrained.

Ihe potash feldsparis a qraboblquilumacrncline-perthiteimnn-
ciatedwith quartzand is irregularl) distri-
buted in the matrix. Inclusionsof albiteare common. Ihe

feldsparmineralsare cut by fractureswhich are filledby
fine-grainedalbite. Fragmentsof alteredplagioclasecrystals
in the microclineare a strikingfealure. A smalleramounl
of the potash-feldsparexsolvesin plate-shapedinclusions
from the plagioclasecrystals,forwinganitperthiticplagio-
clase in the leptiles. the plagloclauesami also partlysur-




roundedby rims of k-fuldsoor.

the quartzcrystalsshow markedstrainshadov,iingof extinctinn
betweencrossednicols and irregularrurvedboundariesto the
neighbouringminerals. Lobate cr)stalshapesof largequartz
aggregatesare common,as well as smallrecrystallizedquartz
grainsbetweenquartzand feldspar. Tne secondgenerationis
not strainedand thereforupresentssome evidencein favouiof
mechanicalfragmentationof grainboundariesand laterrecryl-
tallizationof largerquartz crystala. Quartzhas replaced
and includesall other mineralsand also formsquartzitic
layersin the leptites.

Phyllosilicatesalwaysexist in the leplitesthesebeingmain-
ly flakybiotiteand mosun iteurefureidiallyorientedparallel
to banding.

Biotitecrystalsare coluurless-greenishwithoutthe cownon
strongpleochroism,often in subhedralgrainswithoutslightiv
bent cleavageof single flakes. Biotileis alwaysassociated
with muscovite,chlorite,apatite,ore, zircon,epidoteand
others formingthin dark InIndsin tho luptites. Colourless
biotitecrystalsare tho rhicd in the leptitesand beff

detectableby exsulvedliwuniterims alnng the biotite(01W-
cleavage. Occasionall)the biotitt ittmarginallvalteredta

chlorite. Symplecticinturgrowthsnf gudttiand biotituumuF
to be seen in some sections.

plagioclase:

k-feldspar:

quartz:

biotite:
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There is no evidencethat the Ilak)Nuseuvitein the mentitni
is an alterationproduct nf the feldspathicmineralsOF thl•

Chloriteis stronglypleochruie, coloured,LHiii-

lar shaped in close assoclatiunwitn nernblendeand hinlite.

Sphenecrystalsare small, menAlycu aurless-pale-yellowiti,
irregular-shaped,and part of the leucoxenecontenthaving
been formedby alterationot tht,urc minerals.

Zirconis cither fine-gratnedas incldsionsin phyllosilicafes
or coarse-grainedrecrystallized,oiten in close associatian
with apatiteand ore. The crystalsare colourlessand halces
aroundradioactivzircon inclusionsare )ery rare.

The crystalsare strongpleochroin,annedral,green-yellswish-
greencolouredand recrystmlltiedto lorgerelongatedgraite,
closelyassociatedwith garnet.

A smallproportionof apatite ts comon in all leptitevari-
eties. Apatitefirmseither xenumorpnindugreoateswith one
mineralsor prismatic-shanednrainhas inclusionsin guart2
and feldspars.

Sulfidesand iron-oreare the coeminere assemblageof the
leptites. Small cubic pyritecrystalsexist in the matrix,
whereasirregulariron OFP alteredto leuenxene.
The alterationof the iron UFP mineralsare also a striktno
featureof the leptites.

Garnetis an importantconstituetdol the bandedleptites.
The crystalsare of comparativelyven) tatitillsize,hardl) te
be seen in the hand specimentswith the naked eye. Usually
they are conformableto the beddingand yellowish-pinkcs-
loured. Garnetsare part1y poiciloblasticwith inclusionsrf
quartz,feldsparand lesseramcauntsof ore minerols.

muscovite:

chlorite:

titanite:

zircon:

epidote:


apatite:


opaques:

garnet:


rutile: Rutileis foundin altered leptitesiiismall, irregularsh red
grainsas an alterationproducdof the Ilnai-oreminerals.

During the microsopyof differentleotilesectionsthe rell(m-
ing schemeof rock classtficottonassurmad y.Fasmade 3croF-
ding to variationsin metonktiohictexturesond mineralastaa-
blages.

•



•
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3.1.3.1. Brecciatedleptites

Threesectionsof brecciatedleptitewere analysedunder the
microscopeand all threewere differentin fragments,matrik,
materialand secondarymineralphases.

	

8 1 1 8 1 8: Fine-grainedmatrix of feldspar,quartz,chlorite,epidote,
apatiteand opaqueswith calciteheterogenouslyscatteredpseu-
domorphafter large primarymuscovitecrystals.

In the groundmassare also fragmentsof quartz-feldspar-rich
leptiteto be seen. Cracks are filledwith fibrousaggregates
of quartz.

	

8 0 0 1 1 3: Fine-grainedmatrix of plagioclase,quartz,k-feldspar,biotite,
muscovite,tracesof opaques,spheneand zircon. Thefeldspar
contentis alteredto felty zeolitheswhich occuras fragments
in the matrix',cracksbeing filledwith fibrousaggregatesof
quartz.

	

8 0 1 1 1 2: Fine-grainedmatrix of quartz-feldspar-calciteinterrupted
by vein-type-likemineralizationof zeolitesand aggregatesof
piedmontiteCa2 (ALFe3+)AL2 0/0H/5104 Si07 interstitialan un-
knowncolourlessmineralphase,whichwas microscopicallynot
determinable.

•



brecciated LEPTITES

mineral

quartz

plagioclas

albite

k-feldspar

801112 800108 800113

++ ++ ++ ++ main constituent

++ + r minor constituent

o traces

++

biotite

muscovite

sericite

chlorite+sec.

secsecondary mineral

aggagglomerate

calcite++

fluorite

sphalerite

IN)

hornblende

garnet

epidote + pistacite
clinozoisite

zircon+sec.

sphene

apatite
agg •

ore _. + +

rutile - - o

galena - -

leucoxene - + +

limonite - + +



•
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3.1.3.2.Alteredleptite

The alterationof the leptitesis shoonhs of
the feldsparcontentand by strunglydevelopedsaussoriliza-
tion of the plagioclasecontent. 1itherzenlitizationutsaus-
suritizationoccurin individualthimsectionse.g. (zeolitiza-
tion:section801040,800)02:Saussurilization:840109,840111,
840112).

Zeolitizationis Svelldes•efopedin quartz-feldspar-richleptile
specimenswith small propurtionson phyllosilicates.Saus-
suritizationof leptitesis closelyassuciatedwith the prux-
imityof basic intrusionsns for instancein the Roktdalaiea.
Most of these leptitesare charanterizodby increasedcontents
of calciteand fluorite.A high rbloritecontentis also fuund,
while no epidoteoccurs in these rocks. Calciteforms small
veinletswith green chloriterims aleng the contactbetweea
the matrix and the veinlets,or it occurs interstitiallyin
the groundmass.

zeolitization:

	

8 0 1 0 4 0: Fine-grainedreddishleptite. Inematrixconsitsof plagio-
clase,k-feldsparand quartz with a minor proportionuf zitenn,
rutileand apatite. Secondarsalterationproductsare leucux-
ene (limonite)and zeolites(probablystilbite)which reoluce
the primarypyrite and plaqiuclasecuntent. Plagioclaseit
replacedby zeolites.

	

8 0 0 9 0 2: Fine-grainedreddishleptite. The specimenis very cavernous.
Structureand mineralcontentsee 801040.

snussuritization:

	

8 4 0 1 0 2: Fine-grainedleptite. Mineralsof the nroendmassare plagla-
clase,k-feldspar,quartz, chlorite,moscosite,zircon,apa-
tite,opaques,rutileand secomdaryleucoxene(limonite).
(See also 840109,fig. 8).

	

8 4 0 1 0 9: Fine-grainedleptitewith carbonatevelnIcts.Matrix consists
of plagioclasealteredto sericite(nuscovite),carbonate and
secondarychlorite,exsolvingalbite,qtarrtzand k-feldspar.
Accesoriesare: apatite,zircon,motcosite,chlorite,opaques
with secondarychloriteand fluorileirderstitialto the matrix.
Typicalcarbonate-veinletsoceur with chloriteat the contacts
to the host rock same as sulfidesand titnnite.

	

8 4 0 1 1 1: Fine-grainedleptitewith carbonateyeinlets. See 840109.

	

8 4 0 1 1 2: Fine-grainedleptitewith cefirse-grainedcarbonatein veinlets.
(See840109).

•
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fig. 8: 8 4 0 1 0 2. fine-grainedleptitewith carbonateyeinlets,thin
section, nicols,magnificationx 25, alteredplagioclasepor-




phyroclastin fine-grainedmatrix includingsecondaryproducts.

•



•altered LEPTITES • •
mineral

quartz

plagioclase

801040

-,..,_


++

800902

+

++

840102

+

+.4.

840109

+ ..

+

840111

+ ..


4.4.

840112


++

++

+

++ 
 r.

r.

maincnstituero

minorconstito
albite o o - o o ._ o r traces
k-feldspar + + + ++ ++ ++




zeolithes ++ ++ ... - _.- _




biotite + sec.

_. - - - - sec r secondarymiro
muscovite + - + + + +




sericite ++ - ._ _. - -




chlorite +sec. - + + + +




calcite - - ++ ++ ++ ++




fluorite

sphalerite

hornblende

-


-

-


-

-

+


-

-

+


._

-

o


-

-


-




i

ct,
1

garnet - ._ ._ - .. ._





epidote -




-




- -





clinozoisite




- - - - -





zircon + o + + + +





sphene - - - - - -





apatite o - + + + +





opaques + + + + + +





rutile + + + + + +





galena
- -

- - - -





leucoxene + ++ + _. + _





limonite + ++ + - - -







-27-

3.1.3.3.Ordinar leptite

The ordinaryleptitesare sehdi idedinto quartz-rich,
bandedvarIeties. Ihey dittnrslightlyin mineralass w

blagesas well as structurns.

3.1.3.3.1.Quartz-richleptites

Quartz-richvarietiesarecharhutterizedbya higherquartz con-
tent and an apliticstructure. Largerlensoidquartzcrys-
Idls are foundwith typicaIgevelopedmorturetexture. Ihe

typicalmineralassewhingeconsistsof plagioclase,k-fnld-
spnr nnd quartzvgth miner (Lmstituehtsof muscovite,bin-
lite,secondarysericileiwd chlurite,epidote,zircon,naL-
tite and opaques. Stnnlierinluentsot yelloidsh-pinkishgarnet
may occur in the leptites. In thw sectionthe garnetsnertnr
heterogenouslydistributed. Ihey OrrUr in quartz-rich1:15-

ers consistingof aggreqnteset small subhedral-anhedral-
shapedcrystals. BiotiLe(rystmlsare partlycolourlessahd
alteredto chlorite,wheiwas iron-oreand sulfideshave benn
replacedby aggregateser leucoxeneand limonite,apparently
titaniteand zircon. A slightgneissosebandingis apparent






due to leucocraticand meltmincraticlayers.Thefolialion
planesare highlightedhyttw arrnrmeflentofiron-oreand fel-
fideminerals.Insonwsectionssequencesof quihrtzIn)ertg
nmscovite-bearingquartzites,nndhprnet-bearingleptiles
(801056)were to be seen.

8 0 1 0 5 
 Fine-mediumgrainedleptitw (gunrtz-rich).

8 0 1 0 5 
 Fine-mediumgrainedleptite (qunrtz-rich).

8 0 1 0 5 
 Fine-mediumgrainedleptite (quartz-rich).

8 0 1 0 5 
 Fine-mediumgraInedleptite (quartz-rich).

8 0 1 0 5 
 fine-mediumgrainedleptite (quartz-rich).

8 0 1 0 5 
 Fine-mediumgrainedleptite (gunrtz-rich).

8 0 1 0 5 8: Fine-mediumgrainedleptIte (guiirtz-rich).

8 0 1 0 14: fine-grainedquartz-richleptilm(See811065)withophitic






structureprobablyacid xelennin.Ine ophiticstructureis
causedby:

feldsparphenocrystsof variousgrain sizeswith sl ghtly
curvedbut euhedralcrystal-shape. The plagioclasecrys-
tals are stronglyaltered to sericiteand enclosedb> n
thin later stage of ov(‘Hrift:thprobablyalbitic. BieLitn

and chloriteare schtieren-likeorrangedin thin Iders
around the phenocrysts. (Seealso fig. 9).

fragmentsof quartz-feldsnur-nligregateswithoutdislinot
crystal-shapeand giwin size.

8 0 0 1 1 7: Fine-grainedquartz-richleptitenith ophiticstructure.
(See801014).



•rdinary

quartzrich LEPTITES

mineral

quartz

plagioclase

albite

k-feldspar

biotite

muscovite

sericite

chlorite

calcite

fluorite

sphalerite

hornblende

garnet

epidote

clinozoisite

zircon

sphene

apatite

opaques

rutile-

galena

leucoxene

limonite

801051 801052 801053 801054 801055 801056 801058




++ ++ ++ ++ ++ ++ ++ ++ = main constituent

++ ++ + + ++ ++ ++ ++ + = minor constituent

o o o o o o o o = traces

+ + + + + + +
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-
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osec.


+sec.
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_

-
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-

-

-

+


+

+ sec.
-

-

_

-

-

-

+


+

-

+sec.

-

-t

+

-

+


+


-


+sec.

sec = secondary minerals

agg = agglomerates
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IM'quartzrich LEPTITES

mineral 801014

quartz ++

plagioclase +

albite +

k-feldspar +

biotite +

muscovite +

sericite os
ec.

chlorite osec.

calcite -

fluorite -

sphalerite -

hornblende -

garnet +

epidote o

clinozoistte -

zircon +


•
801017 801019 Rok 6 Rok 7

++ + + + +




++ ++ r main constituent

++ ++ + +




++ + r minor constituent

+ + +




- o r traces

++ + ++




++
sec r secondary minerals

+ + +
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+ + + • +
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sphene +agg.
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leucoxene +
a nqq.rin-

Itmunite
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8 0 1 0 1 9: Fine-grainedquartz-richmineualizedleptite. Sulfide-miner-
alizationas impregnationalongquartzlayers. Sulfidesoccur
in elongatedsubhedralaggregates.

Rok 6: Fine-grainedquartz-richleptite. Slightlybandedspecimen.
Secondaryhornblendeis foundassociatedwith alteredbiotite.

Rok 7: Fine-grainedleptite.

3.1.3.4.Banded leptites

Rocks of this varietyare fine-mediumgrainedwith a distinct
bandingcaused of thickermelanocraticlayersbetweenthe
quartz-feldspathiclayers. They consistof biotite,musco-
vite, epidote,garnet,zircon,sphene,opaquesand apatite.
On the other hand the leucocraticlayershave a well developed
'fractionationdue to the variationsin grain sizes of their
mineralcontentsuch that gneissosebandingalso existson
a smallerscale in the leucocraticlayers.

Rok 1: Medium-grainedleptitewith flaserstructure.

Rok 2: Medium-grainedleptitewith flaserstructure.

8 4 0 1 1 4: Medium-grainedleptitewith flaserstructure.

8 0 1 0 0 2: Coarse-finegrainedheterogenousleptitewithflaserstructure.

Gres 8: Medium-grainedleptitewith flaserstructure. Typicalore
mineralizationalong bedding-foliation-planesdeveloped
(fig.9).
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• fig. 9: Gres 8, banded leptite,thin section,// nicolsmagnificationx 73,
mobilizationof the ore content from bedding-to foliationplanes.
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•banded LEPTITES

mineral

quartz
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albite
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3.1.3.5.Acid volcanics

lhe leptitesoccur in the fdeldwith dlrk hprizonsot su
called fissile-leptiteor ougen-luptite.Under the wicie-
scope these are characterizedby:

feldspathicphenocrysts(fig.10) with well developedntvs-
tal-shape. They occur from scale,commonlyhibing

overgrowthsof latur feldspar. ihe crystalsare bunn
alteredto sericiteand sowetimestitanitewhich occurb
aggregatesof small euhedralcr stalsinthe feldspar
(fig.8).

fragwenlsof quartzand feldbparkdth iriLqular-anguLiu
crystal-shape.

8 0 1 0 1 2:

81 1 0 6 5:

8 0 1 2 1 5:

8 0 0 1 2 1:

8 0 1 1 1 8:

8 0 0 1 1 7:

8 0 1 0 1 8:

B 0 1 0 2 0:

8 0 1 0 7 5:

8 0 1 1 1 3:

3) flaser-like- schlieren-liketextureformedby small rinw
of biotite'- chloritearound slightlyrotatedphenocrysts
(fig. 11). The groundmassconsistsof quartz-feldspar
with minor consituentsof biptile,chlorite,hornblende,
titanite,apatite,opaques,zircunahd sometimesgarnet.
Cracks in the rock are filledwilh quartzand epidote. No
twinningcould be observedin the fuldspar-phenocrystb.
K-feldsparhas exsoixedtdom the phenacr)stswhich arr aibn
enclosedby feldspathicrims,cunbistingof ulbite (fig.
Ihe primarycompositionof the phenuerystsis suggusted cl

be plagioclase.

Fine- graineddark leptitewith apliticstructure.

Fine-coarsegrainedbandeddark leplitekdth typicalophitic
structureformedby larde feldsparcrystalsin a fine-grairwd
quartz-feldspar-matrix.The xariabh-bizedphenocrystsann
heavilyalteredto sericiteand flaser-likeby surrounded
dark mineralcomponentslike blotile,chlurite,rutile,zir-
con, opaquesand leucoxene.

Fine-coarsegraineddark leptilewith ophiticstructure.

Fine-coarsegraineddark leptitewith ophilicstructure.

Fine-coarsegraineddark leptiftwith ophillestructuru.

rine-coarsegraineddark leptitewith ophiticstructure.

Fine-grainedleptitewith t)picalflaserstructoreand Ln5-

mineralization.Sphaleriteis associntudCiLtielongatudpyiite

crystalsin largeaggregatessurroundingfeldsparphenocr st
orientedparallelto the layeringuf the host rock.

Fine- coarse grainedleptitewith typicalflaserstructure.

Fine-mediumgraineddark leptite.

Fine-coarsegrainedleptitewith ophitici.tructurefeldspar
phenocrystswith well developederystalshapes in all sizes
were surroundedby rims consistingof durk ndnerals. lhe fuld-
spar crystalsare heavdlyalteredexsolvdngk-feldspurahd
showinga reldspathicovergrowth. Ibvy inelodulargebroktio

needle- shapedapatitecrystals. Cracksin the rock are filled
with quartzand epidote.
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fig. 10: 8 0 0 1 2 1: Banded leptitewith schlierenlike- ophiticstruc-
ture, thin section,// nicols,magnificationx25, heavilyaltered
and slightlyrotatedfeldspar-phenocrystfilledwith secondar>min-
erals like titaniteand sericite. The phenocrystis surrounded
by biotite flakesin thin layers.

fig. 11: 8 0 1 0 7 5: Banded dark leptitewith ophiticstructure,thin sec-
tion,/7 nicols,magnificationx 25, slightlyrotatedfeldspar-
phenocrystsof all sizes and apparentlywell developedfeldspathic
overgrowthin fine-grainedgroundmass,typicalaugen-structure.

yer giit; J$
J •'ar

•



ACID VOLCANICS

111

Mineral 800117 800118 800121 800125 801012 801018 801020 801113 801075

quartz ++ ++ ++ + + ++ ++ + ++

plagioclase ++ ++ ++ ++ ++ ++ ++ ++ ++

albite o o o o o o o o o

k-feldspar + + + ++ + ++ + + +

biotite ++ ++ ++ ++ osec. ++ ++ + +

muscovite - + + + - ++ ++ - +

sericite o o o osec. osec. osec. osec. osec. +sec.

chlorite +
sec.

+sec. +sec. +sec. osec. +sec. +
sec.

- -

calcite - - - + - _ - - -

fluorite - - - - - - - - -

sphalerite - _. - - - + - - -

hornblende - - - - - - - - -

garnet - - + - - + + - +

epidote ++ ++ ++ + ._ ++ ++ + +

clinozoisite - - - - - - - - -

zircon + + +
agg.

+agg.
+ + + +




sphene - + + o - + + - -

apatite + + + + _. + + + +

opaques o + + + + +g
ag.

+




+

rutile - + + - o - o - _.

galena - - - - - - - _. -

leucoxene - - - - + - - - -

limonite -




0 0 + 0




- o

•
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•

3.1.4.Haervold ranite

The Haervolagranitesarc relativel5deficientin mafic mds-
erals. They are light-reddIshcoluuredwith scatteredgrdins
of dark mineralsconsistingpredominantlyof biotite,zrrcon
and opaques. Micas, bioliteand muscoviteare often clonsfy
associatedand biotite is commonlyalteredto chlorite. Af-
terationof the feldsparcontenthas resultedin seriofteIteckr
and inclusionsof epidoteor cloodingof the feldspar. Ihe
rocksare granularand essuntiall5containquartz,plaqiu-
clase and k-feldsparin approximatelyequalquantitiesplaqin-
clase sometimesbeing dominart. In the fielda perfect(INt±1-

11011betweenthe granitesand surroundingleptitescould re ob-
servedand this exists alse under ths microscope,if the nore
homogenousstructureand coarse(Jfirlsize of the minerdlassem-
blages is neglected. Three specimenswere exarrined.iwn sde-
cimensbelong to the hdervoldgrdniteintrudedin the lep:Ites
at the southeastborder of tne Tomerås wdndow. The thiri
specimen so called granitirgneissis.takenfrom a small IPLbe-
like inclusionof metasudimentsand leplitesin the Haervola
granite.

8 0 1 0 3 4: Coarse-grainedgranite.

quartz: A typicalmortar textureis de5elopedbetweenldrgerstradied
lobatequartz crystalsand reldspar. Ihe small grains ars nu
strained. They are rfairstalliiedand mobilized,surroondfna
and includingthe feldspar-crystals.Quartzoccurs aluo a-
long cracks in the feldspars.

k-feldspar: Large anhedralk-feldspar-porphyroclastswith remnantsof pid-
gioclasegive evidencethat they hoe fbrmed by metasorr,itsism.
The k-feldsparis a mirronlineperthile,includingsecondar5
alterationproductsof the primaryplagioclases.

plagioclase: Largerplagioclasecrystalsare showingalbite-twinsoften
bent and only in parts or the cr5stals. The plagioclasesare
heavilyaltered to sericite,calciteand epidote. Albiteex-
solvesmarginalalong cracks.

aggregatesof Aggregationof chlorite,euhudral,zircon,leucoxeneand apa-
the marie tite are common and irderstitialtu the leptiteminerals.
mincrals: 1hey are often associatedv.dththin biotitefleckes,musco5ite

and secondarychlorite,whinh g15:efaint folidtionto the
rock. The iron-oremineralsare alteredto leucoxenecom-
parableto the alterationof the iroo-orein the leptites
whereasthe sulfidesstill exist in the matrix closelyasso-
ciatedwith biotite,muscoviteand chlorite.

Garnetbearinggranite.(See 801036). Garnetoccurs in small
euhedralgrainsassociatudwith musco5ite. The garnet is
yellowishcoloured.

Medium-grainedgraniticgbribb. Ine rock is strong15delarmd
wilh larger fragmentsschlieren-likesurroundedby a lecoc-
craticmatrix consislinqut quartzand feldsporand formind
an ophiticstructure.

8 0 1 0 3 


8 0 1 0 2 


quartz: Quartzcrystalsdispla5irreQularcur dng outlines. Quartzis
mobilizedformingquartziticlayersof lensoidsinglecrystals.
Inclusionsin the quartzdre rare.
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II, k-feldspar: K-feldsparis a microchineperthltuanuolar-shapedincluding
remnantsof plagioclase. Partly the k-leldsprd•exsolvesin

small blocks from the plagiouluse.

Plagioclasecrystalsare shuurnutbe SUElitcharacteristicalh
featureslike the plaoioclasrsuf the leptites. they occur

in large anhedralgrains includinosecondar5.lightmica, cal-
cite and epidote,which are parth arraogedin smull rinis
aroundthe grains. Plagiochrseis snliperthiticwilh small
albitegrainsexsolvedalong cracks iiithe grains. Albite-
twins are incompletelydeveluped.

The second plagioclasegenerationformsa murtar texturearound
the primaryplagioclases. Albite twinsare also bent and exist
in perfectshape after(0111).lhe secondplagioclaseis strongly
alteredto sericite.

Biotitecrystalsare closelyassociatedwilh muscuviteflakes.
Both mineralsare colourlessand distiuctiely bent. Biotite
is predominantlyalteredto chlortte.

Epidoteexistsbeside clinczoisite. Ihe epidolecrystalsare
small,greenish-yellowiancolouredsnd xenumurphic. Clino-
zoisiteis normallynot existentin thy leptitesbut,occur in
the graniticgneissesshowingtypicaflybrownish-bluecolours
under crossedpolars.

Zircon formsagglomerationsof sgallcrystals,surroundedb)
alterationproduclsof the iron-uresuch ss limoniteand
leucoxene.

See zircon. Besides the iruu-nreminerals,sulfidesare
also visible. They occur in the oroundnassin singlegrains,

often cubic shaped,or in largersogredalesof gslenaand py-
rite.

plagioclase:


biotite:

epidote:


zircon:

opaques:

•



IIERVOLA GRANITE
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3.1.5.Roktdalen

The petrographyof the Rektdalenarea is characterizedby
the local occurrenceof Pb-/nmineralizedcarbonatesand
quartziteshosted by leptilen.(Seefhapt. 3.1.3.).

3.1.5.1.Carbonates

The carbonatescan be clussifiedas bandedmarble - banded
calcareousgneiss due to theirrock composition. The banded
marble horizonis conformableto the surroundingcountry
rocks and containsoval nodulesof flttoritein a fine-gramed
matrix of calciteand fluoritewith lesseramountsof ZnS,
quartzand feldspar. The fluoriteis colourlessto greenish-
greyishin hand specimens.Under the microscopethe oryolidn
show a faintviolettint. lhc carbonatesarc partly renebi-
lizedwith quartz and sultidesforminolocal, very dense uiar-
bles ofcoarse-grainedxenomnrphiccalcitewith single inoli-
sions of ore (sphalerite)minerals.

9 0 0 1 0 2 A: bandedmarble


9 0 0 1 0 2 B: bandedmarble

	

9 0 0 1 0 4: bandedmarble
Fluoritein thin layersof differentsize alternatewith lay-
ers of calcite. The layersare impure,so that always a small
amountof calciteoccur interctitia]in the fluoriteand VIUP
versa (fig.12). In the sectIonrlunriteshows also very
ical oval shapedcrystalswith granulatedgrainboundaries.

Fluoritecrystalswith inclusionsof ore mineralsarc comman,
whereassphaleriteoccurs in thinintercatationsconsistimgof
singlegrainsparallelto the beddingplanes. Plagioclase,
quartz and k-feldsparare interstilialin singlecrystalson
one side to calciteand fluoritebut also formingthin slter-
nating layerswith the fluoriteand the calcite.

	

9 0 0 1 1 1: bandedcalcareousgneiss.
See 800104. Plagioclaseexsolvesk-feldspar,which is form-
ing small rims aroundthe pluniuclasecrystals.

	

8 0 0 1 0 4: course-finegrainedbandedculcareousgneiss.
The rocksessentiallycontainncaloite,fluoriteand quartz
besideslayersof feldspur,epidete,red-brownbiotite,apa-
tite and ore. The quartzcrystalsshow markedstrain shadow-
ing of their extinction. Replacementof biotiteby quartzis
due to the remobilizationof the quartz,which includesalso
apatite,biotite,ore and epidote. Cracks in the rock are
filledwith euhedralcourse-grainedcalcitecrystalssurrounded
by quartzand sulfides(fi(J.13).

	

8 4 0 1 0 4: fine-grainedbandedmarble.
Fluoriteoccurs in oval nodulos in a fine-grainedmatrixof
calcite,fluorite,sphaleriteand others.

	

8 4 0 1 0 6: bandedmarble
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• Rok 4:


Rok 5:

fine-grained bandedmarble.
In the section four alternatinglaers were to be found:

layer:homogenousintergrownmutrixof fluoriteand calcate
crystals.

layer: sphaleriteand calcitewith quartzand interstal
feldspar.

layer:mixture of fluorlteand calcitewath stratiforfii
sphalerite.

layer:coarse-grainedcalcitecrystalsintergrownwith aal
nodulesof fluoriteand quartz.

fine-coarsegrainedbandedcalcareousmarble.
Layers of fluorite-calcite-sphaleritealternatewith leptites-
The mineralassemblageis the typicalleptitecompositiondes-
cribed in Chap. 3.1.3.

8 0 0 1 3 1: flne-gralnedbandedmarble.

.^ 4111pir
r

fig. 12: Rok 4, Roktdalen,bandedmarble,//nicols,thin section,magnifi-
cation x 25, alternatinglayersof calcite-fluoriteand fluorite-
calcite.

•
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fig. 13: 8 0 0 1 0 4, banded remobilizedcalcareousgneiss,// nicols,thin
section,magnificationx 63, vein-typelikemobilizationof calcite,
quartzand sulfides.

;Iffrakt• ,•
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IICARBONATES primary

mineral 900102A 9001028 900104 900111 Rok 4 Rok5 840104 840106 800104

quartz + + + + + + + + +

plagioclase o o + + + + + + +

albite - - - a - _. - - -

k-feldspar o o - o + + + - o

biotite - + + - o +

muscovite - ._ - - - - + + ._

sericite - - - - - o o -

chlorite - - - - - ... - o -

calcite ++ ++ ++ ++ ++ ++ ++ ++ ++

fluorite ++ + + ++ + + + + ++ + + ++ + + 1
z-
-sphalerite + + + + _ _ + + _ 1

hornblende - - - - -

garnet - - - - -

opidote - - + + - +

clinozoisite - - - o - -

71I.C(IP 0 O o n _ o + +

sphene - - - - - o _ _ _

apatite ._ - - o + o

opaques + + + +

rutile - - - - - - o - -

galena - - - - - - -

leucoxene - - - - - o

limnoite - - -



•

•

-42-

8 0 0 1 3 1: lhls section was found lo humulf-rilfffuftctfrbontftv
out any characteristic fahilo ur niiriri 1 COMpLY: i [jur. Iht

c imen is taken from the Crcssanicenarea dhd mluht be part
metasedimentary horizons tn thf,area. lhn sectufli itt ot I(.1N,

not comparable with sections ot the 8uktdal carbonales.

mineral 800131 (L8LSSAMOEN)

guartz
albite
plagioclase
k-feldspar
biotile
cmscoxite
sericite
chlorlte
garnet
epldote
clinozoisite
zircon
sphene
apatite
ore
rutile
leucoxene
limonite
fluorite
calcite ++
sphalerite

•
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• 3.1.5.2.Quartzites

Quartziteshave been aftert lIvrezodtlisattnb.
They show gnerL:!:o indtratand qranublablin I

tures.

Rok 2: Coarse-grainedguartzitu.

In this sectionthe quartzornincare oval with granulared
grain boundaries,showinod morterstructure. the quart/
crystalsare strainedand showtriplejunctions. New small
grainsare developedbetwden qutirtzand quartz or qudrtz add
sphalerite. Quartz ineludesapnlitecrystalsand is clostd 
associatedwith sphaleritennd oalena.

Under the microscopethe sphaleritecrystalsare dark brogu-
redcoloured intergrownwith galenain dense aggregates. 5phd-
leriteis either interslitialto the guartzcrystalsor sui-
roundingthe quartz. Inclusionsof smallanhedralapatite
grainsin the sphaleriteure common.

Galena is associatedwith sphalerrteoften fillingcracks in
the sphalerite. Muscoviteand small grainsof secondar5rmt
strainedquartzoccurmilF(J1ifilialonb the galenacrystals.

Luhedralgrainsprobablypyriteand pyrrhotiteoccur eitrIre•ar

inclusionsin the guartzur interstitialto thequartz. Inr(it,i'

aggregatesincludebiolite flakes,and areclosely associntedgdtr,
sphalerite.

quartz:


sphalerite:


galenn:


opaques:

Fluorite: Fluoriteoccurs in large recr stallizedaggregatesand irdnedes
biotiteand zircon.

biotite: biotitecrystalsare nearlycolourlessunder the microscope.
and alteredto chlorite.

8 4 0 1 1 0: Quartzmobilizatewith Solti(leimpregnation.See Rok 2.

•



IPMOBILIZED QUARTZITES

mineral 840110 ROk 2

quartz

plagioclase

albite

k-feldspar

++ r main constituent
+ r minor constituent
o r traces

secsecondary mineral

biotite

muscovite

sericite

chlorite o +sec.

calcite

fluorite

sphalerite

hornblende

gnrnet

epidote

clinozoisite

zircon

sphene

apatite

opaques

rutile

galena

lcucoxene

limonite
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list of thin sections

metabasites: 800116,800109/26727,840104

metasediments: 1. quartzites:Gres2/3/4/5,811057/64,800112/35A735B

carbonates:800131

others: 800114/19/30,840105/07/13

leptites: 1. brecciated:801112, 800108/13

altered:	 a) zeolithisationof feldspars:800902, 801040, 840109


b) saussuritisationof feldspars:840102/11/12

ordinary: a) quartzrich:801051/52/53/54/55/56/14/17/19,Rok 6/7

banded Rok 1/3/5,840114, 801002, Gre 8

acid volcanics:801012/18/20/75,800117/18/21/25,811065/801113

Haer\olaqranite: 801025/34/36

Roktdalen:1. carbonates:900102A/B/04/11,840104/06,800104, Rok 4/5

2. quartzites:840110, Rok2
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•
4. Ore microscopy

4.1. Roktdalen

9 0 0 1 0 1 A: Massivelead-zinc-ore(type 1). The most abundantore mtne-
rals are sphalerite,galena,p rrhotite,chalcopyriteand secsnd-
ary pyriteas well as magnetite. Age relationshipscould not
be observed. The sulfidesshowed typicallyrecrystallized
structures. The ore mineralswere coarsegrainedand anhedr2l.
Gangueand ore mineralsare intimatelyintergrownand generE,11y.
of comparablesize. Especiallygalenashows well developed
graphicintergrowthswith quartz. Pyrite and magnetiteare
presentin very large amountsas a productof alterationof
pyrrhotite. Pyrrhotitehas been partiallyto completelyaltered
to an exceedinglyfine grainedintimatemixtureof pyrite
and marcasite.

pyrite:
 The crystalsare anhedral. Smalleraggregatesare surrounded
and finelyintergrownwith quartz.The amountof pyriteis lower
than that of pyrrhotite. The sulfidesare partlysecondary
afteralterationof pyrrhotiteand oftenskeletallygrown with
secondarymagnetite.

pyrrhotite: The sulfideoccursin the followingways:

as relictlensoidgrains in sphaleritewith twinning
laminationdue to pressure

with colloidalalterationproductssuch as pyriteand
marcasite

in subhedralaggregateswith chalcopyritein the matrix.

.44•4( ,

glrs
• r.

spi;

4 41k

,

• fig. 13: 9 0 0 j 0 1 A, Roktdalen,polishedsection,// nicols,typical
massivesulfideore with sphalerite,galena,magnetiteand pyrile,
magnificationx541

9 0 0 1 0 1 B: Massivelead-zinc-ore(type 1).
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•

Massive lead-zinc-ore(1vpu 11). laude amount);of :n1uLd.
pyriteand pyrrholitu,sphalerltuT.othnudnuldustiestiTntuTu
(fig. 14, 15) formingeithercoarseorainedHgoreodtes01
dikes in the malrix en in gruphicinterg~ns with tiai

feldsparand possiblyH1::o

The sulfideappearsin 2 forns:

small •enomorphiccrystalsin thu matrix

in aggregateswith itruou1arcor\edboundaFles UF iii
subhedralgrains (fig. 15)

The b-typeseums to hu d recrystallizedproductwhich
includessmall,ounwiun1>lensoidgrains cf sphulerilu,
uhalcopyriteand pyrrhutite,where galenaalso occurs as
inclusionswithin pyrile. The pyrrhotiteinclusionshave
cataclastictextureswhile spholeriteis ob isuslyrecry-
stallizedwith roundedun partl)developedgruin bound-
aries.

Occurs in the followingways:

small cubes in the matrix

largecavernouscrystulsreplacinogalona

Is mostlyC031-segrain(l (fig.13) with trrodular to sflifflhIy
curvingboundaries. Contactswith galenaand ulher
are gentlycurvingoccasionallysub-pol5ganalto irregulan.
Ovoidalto sphericalinclusionsof sllicotes,gulena,
Lite and pyrrhutileare uicHT.on.Sphaleriiei1 iron rich

having red internalreflustions.

Galena is characlerizedb> surfaceshaving typicaltriangiu
grindingscratches,due to bad polishing,being strongly
associatedwith magnetiteand silicateswhich form the bulk
of the densemassiveminurals. l'41derevergalenais the most
abundantore-mineral,aogregatesof galeriashow also ousps
into the surroundingminerals. Inconylefepurificationof
galenaduring the recrystullizatiunis a uommon feature.

Marcasiteis the most abundantsecundars.nineral: It is
closelyassociatedwilh forming dunsu anhedrul

masses of yellowishgreenaggregalcs,with a typicalgruunish-
violet interferencecolour.

It is guestionablewhetndrthe p rilu contentis primur\or
secondary. Evidencesux1st (Jio.16,, tha: at leastpurt
of the pyrite is a secondaryproductof thu alleratiun
of pyrrhotite. Thesealterationtakes place around 300-55d°

Red colouredsphaleriteis abundant. In the massiveore the
sphaleriteis coarse grainedand annedral. Jointsin thu 5pHH(.-
rite are filledwith galunaund murcasitu.

• 9 0 0 1 0 3:

galena:


(•
pyrite:


sphalerite:


galena:


others:

sphalerite:


• chalcopyrite: Chalcopyriteis less abondant).It includesfrugwentsof goluna
and ovoid pyrrholite.

pyrrhotite:
 Pyrrhotiteis partlyoulaclastic,cnotaintny inelusioot;of si

cates and locally also sphalerite. the p\urhotile par11)

forms typicalconcentric"bird-eyss-structures"with a vep



-48-

•
dense pyrite-mareasitemixturewith refictsof pyrrhotitein tty
centreparts. The secondarymignetite1.5more or less asset-
iatedwith the silicates(fig. 17).

•

•••

•
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Fig. 14: 9 0 0 1 0 3 Roktdalen,polishedsection,// nicols,magnifi-
cation x54 massive lead-zinc-ore type II (sph = sphalerite,
gn r galena, po r pyrrhotite,py = pyrite,cp = chalcopyrite,
mt = magnetite).

•

e

• 411. st
4,-Ry

AMOOL
Fig. 15: 9 0 0 1 0 3 Roktdalen,polishedsection,// nicols,magnifi-

cation xl6g graphicintergrowthof pyritcand galena.•
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Fig. 16: 9 0 0 1 0 3 Roktdalen,polishedsection,1/ nicols,magnification

x40(1 relict ef an altered pyrrholite,secondaryrinerals
pyrite and magnetite.

po

 •• •

4sr.
•

•

Fig. 17: 9 0 0 1 0 3 Roktdalen,polishedsection, 7/ nicols,magnification
x16(1galenareplacingalteredpyrrhotite with typicallydeveloped
"bird-eyes-structures".

• 8 4 0 1 0 1: Roktdalen,feldsparpegmatitewath amphibole,containing
galena.
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ilmenite:

The rock is invregnatedgith men t , goln;iri, pyrite
chalcopyrite.

Lath-shapedsmullcryst.fda nnalyeegrainedgroondHa
associatedwith amphibel•find edeas afffraffaentsof ttf•
surroundingrockg.

galena: Interstitialxenomorphiccrystalsin the motrix.

pyrite:
 The pyrite crystalsareblastum>luniticwith inclusions
of ilmeniteand zircon.

chalcopvrite: Chalcopyritefillsinteddlitia1navitiesin the matrix.

8 4 0 1 0 3: Roktdalen,mediumgrainedamphibelilewith stockworklike
galenamineralization.The host-rockmineralizationcomsigts
of Fe-Ti-oxidesoccurringin the matrixwith amphibolesaad
micas. Pyrite,chalcop rite and pyrrholiteoccurhetero-

genouslybetweenthe silicateu. Ine IFILI55IVUore is madu ep
by galena,pyrrhotiteand

Ilmeniteappearsin lataieiffeaular-ehapeacr)stals,irchricrig
ovoid silicatesand locallyalso pyrrhatite. Magnetiteu)saket
duringa slage utrecrythdf111/ationtarmssmalt flomesalneg thif
ilmeniterims or is intergrognwith the ihmaileinseperated
crystalsalong grain bouadaides(fig.18).

Magnetitehos sharp contantswith limenite,therebeing ra
evidenceof any reactionbetguenthese. the crystalsare nat
cataclastic. They are pariffedduringa stage of remobiti-




zationso that most of the furdierincluslunsor silicatcs
aresituatedalong the grain tuundaries.

ilmenite:

magnetite:


galena 1: Exists in small cataclasticahhedralgrainsof mediumsize
in the matrix and locallyaigo aggreqatedwith chalcopyTite.

galena II: Forms disseminationsy.aininthe groundlilon5, and associaled
with crystallineflourestugetherif.dtnpIaly minerals.

galena III: Fills fine jointsin the host-ruck,and fgrmi.aggregatesidin
pyrrhotiteas well as lie runndedoilicatefragnent:af
the host-rocks. (fig. in .

pyrite I: Forming largeaggregalegwith biutitughich shog the effects
of intensedeformation.

pyrite II: Concentricto skelet21p ritifaggregates.

pyrrhotiteI: Small cataclastic2nhedrel in thn grcundmass
containingflamesof pehtlandlfe. (fig.

rrhotiteII: Forms fine veinswith pvillintiteand silieatiftragments
(fig.20). Inclusiunsut rJ;ilerriiip\rrhntiteand vice
versaare a common feattne. P rrhuilte11 is pentlandite

bearing.
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Fig. 18: 8 4 0 1 0 3 Roktdalen,polishedsection,// nicols,magnification
x54 accretionarycrystallizationof lensoidto ovoid silicates
in recrystallizedilmenite(il) with wignetile(mt),and pyrrbo-
tite (po)exsolvingpentlandite

po

Fig. 19: 8 4 0 1 0 3 Roktdalen,polishedsection,1/ nicols,magnification
x54 galenawith pyrrhotiteIl, the lattershowingtypicallyflames
of pentlandite. Triangularwrench -pits and scratches in galen3

• are formedby poor polishing.
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111

•

Fig, 20: 8 4 0 1 0 3 Roktdalen,pol shed section,// nicols,magnIfication
x91,galenaaggregateswith silicateinclusions.

8 4 0 1 1 3: Coarsegrainedamphibolitewith galena impregnation.Ihe
mineralizationis identic21to 8 4 0 1 0 3, but chalropyriteoccul.!;
in additionin irregularaggregateswith pyrrhotiteI. Chalco-
pyrite shows inclusionsof small lensoidto drop-likesphalerite
crystals.

Fig. 21: 8 4 0 1 1 3 Roktdalen,polishedsection,/1 nicols,magnificatien
x12Qirregularshapedaggregatesof galenaand p rrhotiteinstilia.
to thegroundmass.

•
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Fig. 22: 8 4 0 1 1 3 Roktdalen,polishedsect on, 1/ nicols,magnification
x%, irregular-shapedgalena crystalsat the boundariesbetween
secondaryquartzand host-rock.

Fig. 23: 8 4 0 1 1 3 Roktdalen,polishedsection,7/ nicols,magnification
x54 irregular-shapedgalena crystalsand elongatedcataclastic
chalcopyritecrystalsalong the border zone of a biotiterich
layer in the host-rock.

•
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.e.
•

•
F.g. 24: 8 4 0 1 1 3 Roktdalen,polishedsection,// nicols,magnification

x44 skeletalintergrowthof guartzand pyrite II.

(•

8 4 0 1 0 4:

.galena I: 

9alenaII: 

sphaleriteI:


Roktdalen,bandedcarbonate-fluoritc,with remobilized
galenaand sphaleriteruneralizatton.Mineralizedhorijont
in the carbonate-fluoritedemonslratethe most primary
aspectsof Roktdalmineralization,being conformableto tWv
layeringof the host rocks. the layeringconsistsof mr-tnick
alternatinglayersof calcite,fluoriteand sulfides(mainI>
red sphaleritel,gneisses,mica schistsand quartz-feldspar.
Mineralizedzones pinch and swell accordingto contentcf
coarsercrystallinesphaleriteand lensesof dark fluorite.

Localconcentrationsof sulfidesexist,consistingof galena
and sphaleritewith lesseramountsof pyriteand traces
of chalcopyrite. Solfide-richlayerspass graduallyintet
sulfide-poorzones.

Smallanhedralcrystaltin the matrix.

Large anhedralaggregatesb,gthsphalerlteII.

Red sphalerite(iron-richvariety)is the most abundant
mineral. The small crystalsare confinedto fluorite-rich
zones,where they occur interstitiallyto fluorite.

s halerite II: Massiveaggregateswith galena II.

s haleriteIII: Ovoid or lensoidinclusiunin pyrite.

111 pyrite I: Thin rims around the silicatesof thegroundma'ss.

pyriteII:
	

Secondary.pyriteassocialedwithmugnetiterams.
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chalcopyrite: Smallanhedralcrystalsln the utiosimiss. Chalcopyrite
occursin all sectionaf thh Poktdalensutte - independefi
of the contentof other sollides.

8 4 0 1 0 8: Roktdalun,banded fluorite-Seatingcarbenatewith remoh-
ilizedgalena and sphalerite. lhe unneralizationconsisii

of coarsegrainedmassive gatena,sphnlerite,pyrrhotile,
pyrite,lesseramountsor chalsop>tgieas well as seconeFo 
marcasiteand magnetite.

galena I: Smallanhedralcrystalsin tfh groondmass.

gHIPMH II: Coarse-grainedsputhicin massivedegrenalessith pyrrho-
tite,large crystalsare considerahl scralchedwith tri-
angularrenchingby polishing. large orystalscommonly
show slightanisotropismcausedb) laterdeformationas we,1
as faintundulationsof cleav(;eplanes. Calena shows
irregularto smoothlycur Inn crystalboundarieswith grflti-
blastictexturesin the recrystallizedore. Inclusionsot

silicatesand ore mineralsaro com~n.

pyrrhotiteI: Anhedralto subhedralsmall grains in the matrix.

rrhotiteII: The crystalsare rose-colouredwith a brownishtint with
stronganisotropism. Pentlanditeflamesoccur in the pyrrhu-
tite and are developedb) exsolulionduringslow cooling
temperatures. Inclusionsof iondr eithedraizirconsand 0\jlj

smallsphaleritegrains hre u ecb:Hebieature. Finer grain-
size is typicalof crystalsst pyrrhiliteiocalized wittsn
granoblasticgalenagrains in the recrystallizedore. Pyrifo-




tite is alteredto a MixtuFenf secondar marcasite-pyrite
and magnelite.

marcasite: Marcasiteis faintyelluv,nshwith iigreenishtint against
pyrite. Anisotropyis stronnlydeveloped. Singlecrystals
of marcasiteare rare.Mdfcusiteis inlergrownwith pyrite
in a very fine-grainedmixture fillingthe intersticesbetween
crystalsof alteredpyrrhttlite.laruermarcasitegrains
betweengalenaand pyrite shos pol sHthetic twinning. Susn
marcasitedemonstratesa secundar geherationformedby risr -
stallization,beinganhedtal ann Lure white ccloorts:
than the firstgeneratior.iii! u ti leLucerithese two gerh-




rationswere rare.

chalcopyriteI: Smallanhedralchalcopyrte crystalsnccui in the groond-
mass.

chalco rite II: Smallanhedralcrystalsin the massiveore associatedwith
pyrrhotiteand galena. See also cubanite.

sphaleriteI: Large crystalswith irregularor snhockstonaloutlinesin
massiveore.

sphaleriteII: As ovoid ultra-finegrainediphalertt enclosedby pyrith.

pyrite I:
 Thin rims aroundsilicatesin the gruondssts.
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pyrite II: Secondary,formedby allerationof the pyrrholite.

cubanite: Very fine grainedcubanitecrystalsOCCUP at the borders
betweenchalcopyriteand pyrrhotite. They are formedb 
exsolutionof the chalcoprite and also by secondary
accretionaryrecrystallization.

(*

•

magnetite: See pyrrhotite.

limonite: Thin rims of limonitearound the sulfidesare producedby
weathering.

Fig. 25: 8 4 0 1 0 8 Roktdalen,polishedsection,// nicols,magnification
x40, largerecrystallizedchalcopyritecrystaldividedby galena
and pyrrhotite-(marcasite-pyrite-mixture).Chalcopyriteand cubanite
occur in small amounts.

4.2. Gressåmoen


8 0 0 1 3 5 A/B: Quartzitewith galena impregnation. The mineralizationin
Gressåmoenis conformablewith a quartzrichmetasedimentary
serieswithin the leptites. The leptitesare consideredto be
acid metavolcanics. The mineralizationappearsto be closely
associatedwith quartziteswhich are variably graphite-
bearing,and carbonates. The mineralizedhorizonconsists
of disseminatedgalena-pyrite-sphaleriteimpregnation conform-
able to the layering(bedding)of theirhost rock. The
sulfidemineralsare accompaniedby layersof lightmicas.
The thicknessof the sulfide-layersin the sectionwas
only of the order of a few millimeters. The mobilization
of the sulfidesalong the layeringhas formedlaminaeof
sulfideimpregnation. Most of the mobilizedsulridesare
locatedat cleavage-beddingintersections.



•
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Smallelongatedcrystalsin the matrlyassuciatedwith
micas,or formingsnijliirregularaggregateswith pyrrho-
tite.

cialenaII: Largerarregularaggregütesof galena-pyrrholite-chalcc-
pyrite.

pyrrhotite: See galena I and II, pyrrhntiteis alteredto marcas te ahs
lesseramountof pyrite.

pyrite I: 9aillsubhedralcrystalsin the groundmass.

pyrite II: See pyrrhotite.

sphalerite: Small anhedralgrains in the groundmass.

leucoxene: Leucoxeneis a mixtureof rutile,zircon,limoniteand sphece
formedby weatheringof the ilmenite-magnetitecontentof tfe
host rock. Theseweatheringproductsare typicalin the
leptitesof the Grong-Olden-culminationand the Tommerås
window. Leucoxeneaggregatesocculwith angularoutlinestu
the surroundingmineralsand are often replacedby quartz
(fig.26, 27).

411

1
Fig. 26: 8 0 0 1 3 5 A Gressåmoen,polishedsection,X-niculs,magnificatlue

x54 typicalaggregateof leucoxenebesideszircon.

•
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fig. 27: 8 0 0 1 3 5 A Gressåmoen,polishedsection,X-nicols,magnification
x4Op leucoxenea mixtureof sphene,rutileand limonitewith lesser
amountsof zircon.

4.3. Metabasites

8 0 0 1 1 6: Garnet-bearingamphibolite.
Typicalimpregnationwith sulfidef,pyrite,pyrrhotite,chalco-
pyrite. Fe-Ti oxides,such as negnetite,ilueniteare clorely
associatedwith silicates. Rock duef not belongto the
Tommeråsrockseguencesisee also 3.1.1./.

4.4. Granitic neissesand Haervola ranite

8 0 1 0 2 5: Graniticgneiss.
The rock is comparableto alteredleptites. Ore miner2lsin
the host rock are magnetite,ilmenitehce ily alteredto
leucoxeneand pyrite stronglyweetheredto liuenite(fig.25).

pyrite I: Anhedralcrystaldisseminatedin the groundmass. Sometimef
elongatedin small rims elong the beddingplane. See lirnII.

magnetite: Magnetiteoccurs in small anhedral-subhedralcataclasticalh
deformedcrystalsin the groundmies.

limoniteI: Fillingjoints and cracks in the matrix.

limoniteII: Is replacingthe pyrite in le ers (see fig. 28).

limoniteIII: Part of the leucoxenecontentbesideffutile.
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Fig. 28: Graniticgneiss,Haervolabesides rutlle,pollshedsection,
// nicols,magnificationx16.0replacementof pyritewith limonitu.

8 0 1 0 3 9:

pyrite: 

magnetite: 

limonite:

sphalerlte: 
galena  
chalcopyrite:


(SectionI) Haervolagranitewith galenamineralization
of the host rock. Very fine grainedstrataboundmineralizatIrn
of sphalerite,chalcopyrite,secondarymagnetite,galenaand
limoniteafter pyrite. The sulfidelayers,of a few miLl-
meters thickness,are associatedwith bioliteand except
of sphaleriteand galena similary

to the graniticgneissesand eYen to the leptites.

Heavilyalteredto limonite(comparewith 8 0 1 0 2 5).
Two generations of limontteform concenticallayers.

Small euhedralor subhedral,often cohic grainsin the mGtrix.
Partlyalteredto limonite.

See pyrite and magnetite.

Formingelongatedaggregotesor anhedralcrystals.

•
8 0 1 0 3 9: (SectionII) granite,Haervolu,yein-typemineralization

of galena-chalcopyrite-sphalerite1h cavernuusquartzitic
matrix. Two types of aggregateswere to he seen:
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galenacrystalenclosedft thin p rits-covellinerims.
Il
galena,pyrite,sphalerits,mannstils,hematite,secondaly
limoniteand covelline.

Occasionallythe crystalsbhav.sub-pnlygonaloutlinesaoair-1
quartzand are envelopedby thin co .ullinerims. Contacts
betweengalenaand chalcopyritsare smonthlycurving.
Galena is also fillingjoistsin the quartz.

Formingcavernousaggregateswith galena,magnetite,hemattle
and lesseramountsuf limsnite. Chalcoprite is altered
intu co slline (fig. 32.

galena:

chalcopyrite:


sphalerite: Very dark, almostblack sphaleritefurmsirregular
inclusionswith rims of chalcopyrite(fig.31) in the
magnetite. larger zoned crystalswith curvingboundaries
are filledwith ultra fine-grainedinclusions(fig.28).

magnetite: Magnetitecrystalsare anhedral,exsolvingthe hematite
contentin irregularformedblocks. Magnetiteis inter-
grownwith chalcopyriteand quartz (fig.30). Under crossea
nicolsa spindle-shapednetworkthat formsexsolutionof
hematitein magnetiteis to bu seen.

hematite: See magnetite.

•

(11

•

gst .1. 4

•

."11.

Fig. 29: 8 0 1 0 3 9 Haervolagranite,polishedsection,7/ nicols,
magnificationx40, zonedsphaleritewith cur‘ingcrystalbound-
ariesbetweenmagnetiteand chalcop)rite.

•
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Fig. 30: 8 0 1 0 3 9 Haervolagrantte,polishedseetton, // nicols,
magnificationx40,)yuggy aggregateof sphalerite,(coyelltne),
hematite-magnetiteand sphalertte.

•
I.

•

•

Fig. 31: 8 0 1 0 3 9 Haervolagranite,polishedsection,// nicols,
magnificationx4E4 sphaleriteinclusionwIth chalcopyriterim
in magnetite.

•
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Fig. 32: 8 0 1 0 3 9 Haervolagranite,polishedsection,/1 nicols,
magnificationx40q vuggy aggregateof chalcopyrite,covelline
showingthe typicallyviolettarnish.

4.5. Fremstfjellet


Mo i 81 (4): Vein-typemineralizationof pyritc-chalcopyrite-molybdenite
in quartziticmatrix.

pyrite III:


Anhedral-subhedralcrystalsin the groundmassor as small
ovoid inclusionsin silicates. Pyrite I is also formingthin
layersaroundthe marginsof biotites.

Anhedral,cataclasticbut recr)stalli7edpyrite inter-
stitial to silicatesof the gruundmasswdth irregular-
formedoutlines,as ovoid or lensoidinclusionsof chalco-
pyrite and pyrrhotite.

Anhedralcataclasticbut largefrecrystallizedaggregates
in a quartzosematrix with smallovoid inclusionsof
pyrrhotiteand sphalerite.

( II, pyrite I:


pyrite II:


chalcopiriteI: Ovoid small inclusionsof qreenishchaicopyritein pyrite.

chalcopTite II: An-subhedralcataclasticcrystalsin the groundmass.

• molybdenite:
 The white molybdenitewith strongplenchroism(white-
darkgrey)is furthercharacterizedbs high anisotropism.
The crystalare of tabularshape,subhudralwith irregular
basal face. Molybdeniteshows high deqrueof cataclastic
deformatione.g. brokencrystals,partlycurved tabulars
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•
with highlyde delopedtranslatIonalong "Imbricatestructbuf
Where the tabularsare broken the molybdenitefornksven,
fine grainedcrystalsin quartzosematrix 1n a similarwa‘
to graphite. Fragmentsof conrser-grainedmolybdenite
are includedand surroundedhy gangueminerals,pyritenod
chalcopyrite,so that molybdeniteappearsto belong to n
primarymineralization.

pyrrhotite: See pyrite III.

sphalerite: Black sphalerite,Fe-rich,as small lensoidinclusions1n
pyrite III.

(11

(• Fig. 33: Mo I 81 (4) Frenstfjellet,polishedsection,1/ nicols,magnificatioo
x40Q chalcopyrite- pyrite- aggregatewith o oid inclusionsof pyrrlii-
tite and irregular-formedfragmentsof chalcopyrite.

•
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Fig. 34: Mo I 81 (4) Fremstfjellet,polishedsection,// nicols,magni-
ficationx40C{subhedralpyrite withininclusionsof ovoid-
irregularformedchalcopyrite-pyrrhotiteand sphalerite.

ti

einr
12's

Fig. 35: Mo I 81 (4) Fremstfjellet,polishedsection,// nicols,magni-
ficationx164 pyritewith cuspateoutlineeand molybdenitein
quartz. Pyrite includesfragmentsof molybdenite.

•
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Fig. 36: Mo I 81 (4) Fremstfjellet,polishedsection,/1 nicols,magni-
ficationx404 deformedmolybdenitetabularin quartziticmatrix
(sectionof fig. 24).

4.6. Leptites


Alteredleptitewith sph8leritemineralization.The strat6-
bound mineralizationisforR:Oasimpregnationofelongated
pyriteand sphaleritecrystalsin bahded leptites. Besides
pyrite,chalcopyriteand magnetite-ilmeniteoccur as
primaryore mineralsof the host rock. The mineralization
is very fine-grainedand heterogenous.

Small anhedralcrystalsin the groundmass.

Larger anhedralaggregatesof magnetiteand ilmenite.
Ilmeniteis stronglyweatheredto limunite.

Cataclasticanhedraland elong2tedlargercrystalsin the
groundmasscloselyassociatedto biotate-muscovite-layers
(fig. 26).

Small anhedralcrystalsrn the groundmassinterstitialto
the silIcates.

8 0 1 0 1 9:

magnetite:


magnetite-
ilmenite :

pyrite:


chalcopyrate:


411 sphalerite: Sphaleritecrystals are associated wIth pyrite forming larco
elongatedaggregateswith blotite-musco\ite, while locall
platy quartz is also ir6ohcd.
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PY

Fig. 37: 8 0 1 0 1 9 leptite,polishedsection,// nicols,magnification
x54 elongatedpyrite aggregateswith irreqularcrystalshape,
closelyassociatedwith biotitc forminglayerstogetherwith
quartz.

e

•
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4.List of ore sections




4.1.Roktdalen: 900101A/B 840101




900103 840105




840104




840108




840113

4.2.Gressamoen: 800135A/8




4.3.Metabasites: 800116




4.4.Haervola Granite: 801025 801039

4.5.Fremstfjellet MoI844'




4.6.Leptites 801019




•
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