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suman

Thewaseiveoulades ofNordrsGjeitryggon000urin amphibalito-

chloritesehiatswhiohfonapartof thespilitseof theCalawdonian

MaintainChainofNorway. Thesssoklatswersproducadbylowgrado

regionalsodametamorphiemoftheCaliedontanOrogeny.Assoeiatodwith

thmaaretrondheinkitssandgabbroa.

Thodepositconsistsofa serinof steep.lyinolinedlensee,probably

slightlyoffseit,ofmassivopyritewithsubsidiarypyrrhotite,chaloopyrite,

sphalorite,magnstiteand,raroZy,galena. Thisisthesoqueocaof

depositionaxoeptforwagnettaiwhichmaybe contempornouswiththo

pyrrhotits.Caloitsandcpartsarethomaingonguominoralsandaocom-

paniodthelatersulphides.Goldandeilverocourbutareofodnor

importanoe.

Å replaoementnatunis indioated,bythewineralogyandwinorstruo-

tures,suohas thenhorsoauandtheretentionofwallrookstructuresby

thewassivesulphides.Rookalterationisrestriotadto theoontaots

wherefelspers,micas,ealoits,quartsandsulphidoshayethogreatest

damslopaent.Thewotasaaatimais sodioin oharaoterandisprobab.ly

relatedto theregionalmetaworphism.

Thecontrolaofdepositionweredadnantlyetruotural.

Massivesulphides,dueto theirhomogeneityandoaatrastin physioal

propertiestotheaurroundingrook,offeropportunitiesforgeoi:kaloal

prospectingnathods.SolfPotentialandGradmotorinvestigationsare



r•camindsd.

Thsapplioationofgeochamioalmethodsdesernosomooonsidaration

andexporiment.

Themarksdsizoilarityof theNorwegianmarainaeulphicts daposits i.

also notod.



INTRODUCTION

NordreGjoitryggenLwasvisitødduring1954forthamonthaof

AugustandUptwabør. Theworkdonowasoatfinødprincipallyto

mining. Thspologioalfieldworkwaslimitdtothesolootionof

speolmansandnotesband ondailyobarvations.Thsmajorpartof

thisstudyisth,resultoflaboratoryworkearriedoutat theRoyal

SohoolofMin.s,Lcadon.

TheapprorhaatogeographioalpoøitionoftheMineis:-

10.00E.

62.05N.

NordrsGjoitryggenliøsabovethetreslimit,961me.abovesea

leveland247ms.abovethoFollaVafl.y. Å localityopento the

sønnr rigoursof a northørnolimats.Soms35kilcartørseastie

Hjørkin. Thedistriothasa etrongminingtradition,FolldalVerk

havingoslobrated200yoaroofminingin1948. To thenorthnorth-

eastisRoros. FoundødtylingChristianIVofDonmark,a patranof

mining,it iøonsoftheoldestminingtownsin Soandinavia.Both

thøsemininggroupsproduoødmassivesulphideooppørorswhiohthay

maltedthemselves.

Sinastheoccomnoementofadningin1748produotionhasnot been

ocatinuousduatothalowtenoroftheore(approximatsly2%Copper)

andfluotuationsinthemarketprios. Inthe18501sthefollowing

procasewasdevelopedwhiohhelpedtoartøndth.workingliteof the

mines. Watørperoolatingthroughthelow-gradøorsdumpsdiseolvad



apprsoiablequantitiesof nopperocapounde.Thiocopperwasprecipi-

tatedfrcmsolutionsethesulphideusinghydrogensulphidegam.

TheNordreGjeitryggendepositwasdiscoveredin1920. kftera

periodofunoertaintyduringwhiohthecalcitecontentoftheorehin-

deredtheflotaticmproom ithasgrownintothelargestmineinthe

distriot.Withtheadre Gjeitryggenmineitis allthatrmnainsof

theonoeflourishingminingindustryofFolldal.
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TH3 ROCKS

Thegeneralgeologyofthedistriatis ahownby theaccompanying

NorwegianGeologicalSurnermapofFolldal Thismapisofthe

territorysituatedinthenorthernpartoftheHedmarkfylke,together

witha omallpieceinthenorth-weetbelcrigingto theSør-Trøndelag

fylke. Threeprincipalriveretrayersethearea,theFollain the

south,theGlamaintheeastandtheEinunnainthencrth-weet.Hintyy

glaciationhasoaryedouta countryofroundedhilleandsteep-sided

valleyeflooredwithglacialeediments.

TherocksareoftheCalaedoniamLlibuntainChainSysteminwhich

ocoursallthemanypyriticdepositsofNoremy. Foldingtogetherwith

tbøintrusionoferuptiyerockshaveproduceda rogionalmetamorphism.

Thesuocessioninthearsais illustratedin a profileiafterC.W.Carstens

andS.Foslie. Therockseahibita well-deyelopedstrikedirection,

north-easthouth-westwitha preyailingdiptothesouth-eastt)144/

To thesouth-eastaretheoldeltformatices,sericitequartsites

andschisteproducedby•lkalimstemorphiemof earkwCambrianfelsio

sedimentaries.Westof theseoccurphylliticschistsfollowedfarther

inthewestby theRorosandhornblendeschiste.

Trondheimiteoccursinaonesalongtheregionalstrikedirection,

onepassingthroughtheFolldalandGjeitryggenminingareas. Gebbro

andoliyine-serpantinehayebasnintrudedin theeast.

DuringtheCalaedonianorogeRytherocksweresubjectedto atrong
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oomprsesionalforesswhichhavealteredtheirstructureandoompositima.

TheRorosandhornbløndssohistsshowthegreateatmøtamorphiodevelop-

ment.

Powrookoutoropsappearabovean extensiveandthiokblanketof

deposits.Cone•quentlydstailedsurfacemappingisa diffioult

andlengthyprooess. Thsdepositsconsistoftransportedgravelsand

bouldsreonthehillswithadditicealfinersedimentsinthevalleys.

Smalloceeentraticesofhigh-gradssilioaøand,expossdbythørivers,

ccietinmanypartsofthelargørvmlleys.



Succmica inthsCaladonianltolmtainChaino N

1
Overthruats.
Continualfolding
andscias
metamorphiem

fiyoohformaticawithcon,
glcarates,arcoass,marlo,
late.,sto.

Jasperconglcaarstas.

Ekneand L.Silur.

"Tin MidOrd.
Group.

ErosionandDiscordancs.

Metamorphiem.
Intrusicaa,basicGabbros,amphib.
to acid. schistaandsodic

Folding. granites.

Grosnetonsformation

(opiliticlayas).

Phyllitsandmicaaohista.
Sparagmite(arcose)formation.

Discordancs,Peneplain.

Årchsanrocks.

Roroo Ord.-Cam.Group.
L.Cam



PETROGRAPRICDESCRIPTIONOF THE RACKS

Sericits sito. A finegraindschistocaposedofmuohquarts,

alteredplagioclase,ohloritisedbiotitsandinplaosscaloite. It

dips ateeplytothsnorthandnorth-weet.

Phyllits.A well-denlopedfinegrainedschistcomposedofquarts,

biotite,chlorits,graphitsandsubsidiarycalciteandgarmt. It

dipsgenerallyto thsnorth-west,butcontainsmanyfolda.

Rorosschists.Ths• arsnotasfinsgrainedasthephyllitos.Con-

ssquentlytheirschistosityisnotsopronnuncedduipitea subjection

togmatercompressionalforcuswhichcreatedmanycontortions.The

principalcomponsntmineralsarsquarts,biotitsandchloriteacastimes

withmuchgarnet,a littlehornblendeandoccasionallyclinosoiaite-

spidote. LargeImntioulesof quartsalsooccur. Wlthinthesesnhists

areocatainadbandsofhornblandeschists.

Horn i sohists.TheyoutoropatFolidalFerk,Gjeitryggsnand

otherlocalitissasbandsbetwsenthephyllitesandRwroasohistsand

isolatodintheeeformations.Theyhavmprotmbliyoriginatodfrombasic

volcanicandøruptivsroeka. Theyarscasposedofhornblende-actinolits,

plagioclass,clinosoisiteespidoteandocoasionalquartswithsubsidiary

caloite,rutilsandsphane. Theyaredescribedindetailin the

Appendix(BoreHoles80and81).
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Trondheimite.Thisbright,attractivmrookis composedof sodio

plagioolase,quartsandbiotitmwithminorhornblønde,chlorite and

soisits.



REGIONALMETAMORPHISM

Tharooksoftheareaareofa spiliticIcindredformingpartof

thePalaeosoicgeosynollnewhichhasbeenrnionallymetaxwmphosed.

ThemetamorphiematFolldalwasof a lowcrade. Inthefeleicsodi-

mentaryrockechloriteandbiotitedevelopød.

Ås onZya narrowsoneextending50ms,onøachsideofth.Nordre

Gjøitryggenaulphidedopoilitandsituatedwhollyinthehornblende

echietewasexaminedthsfollowingremarkehavea limitedapplication.

Å numberofdifferøntmineralaseemblagesocourinthehornblimde

schiste:-

Ålbitechloriteactinoliteepidote-clinosoisiteand
minorbiotitequartsrutileandsphone.

Albiteehlorit,quartsspidote-clinozoisitøand
minorcalciterutileandsphene.

Chloriteopidotø-clinozoisiteandminorbiotitøand
quarts.

111arecharacteristicofa low-graderegionalmetamorphismotthe

wreenechistfaciestype. Theoriginalrockswireprobablybaeicvol-

canics. Tariationainthømineralcompositionexistwithinveryshort

distances- 2 or3 cms. Albitaandactinolitashowthegreatøetvaria-

tica. Thismayindicatethata stablemineralassemblagehaenotbeen

reachødorthattheaemmaan.reprøsentsa etateofsquilibriumina

closedsystma. Thesediffersncesinmineralcompositicmmaybe duato:-

Originaldiffsrences.

ø. Selectivecirculationoftheporefluidsduringmetamorphism.
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In an environmentdeficientinwaterandoarbondico:ideaotinolite

wouldforainpreferenceto chlorite. Undertheinfluenc•of ciroulating

aolutionethebulkccepositiontondoto changeto a simplermineral

aseemblage. The commondevelopsentof calcitesuggeetean exceeeof

carbondioxide. Rutileis probablya relictmineralremainingfrcethe

originalrock.

Duringmetamorphiaathemigrationandrecrystallieationof eilica

formedisolatedquartslenticuleeof varyingeisein the schista.
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THE ORE DEPOSTFS

ManymassivesulphidelensesandbandsmxistintheFolldaldistrict,

severalofthemhavingbeenworked. Mostnotableamongthesearethø

Geltryggen,FolldalandRtistvangendeposits.Theprincipaloremineral

iapyritewithminorchalcopyriteandsphalerite.Thecoppørccetent

iø generallyaround2%. Thiamaybøincreasedtwoorthrestimeaby

supergeneenrichmentthoughit israreowing tothepastglacialactivity.

Goldalsooccurs,butin emallamcmnts,andisreportedtohe ccetained

mainlyintheooppermineral.

Thesulphidsdepositsaregenerallyrøstrictedtoa sonsin the

quartsmicaschistsoftheRoroaformationccataining amphiboliteschists,

borderedbythephyllitesandintrudedby sodiogranitea.Thisevidence

suggøstsa relationshipbstweentheeulphidesandthesodiogranites.A

similargranitiosonsemiststothenorth—westwhich,however,hasfew

recordedassociatoddeposits.Inthisinstancethegraniteshave

intrudeda harder,morequartonschistthanbefore. Thelocationof

soft,easilyreplaceablesedimentsmayalsobs a controllingfaotor.



NORDRBGJETTRIGGEM

Introduction

ThemassiverulphidelønsesofNordreGjeitmgenwerediscovered

asa resultofa prospectingcampaigncarriedoutin1920. Previously

thelocalpeoplehadnotedtheunusualattractionwhichtheareashowed

forlightning.AfluvisJ.pyriteands gossanassistedin itsfinal

location.liordreGjeitryggenhaoeincedevelopedintothslargestmine

ofthedistrict;itremains,however,ccaparativelyamall.

Thelønses,ofwhichonlythslargestismined,formsteeply-dipping,

narrcatabularlodes. Thssulphideoreis strong,hangingwell. This

feature,coupledwithto comparativefirmnessofthewallrocks,facili-

tatesthsemploymentofopeaatopemining. Somediluticatakesplace

owingto"slabbingoff"ofthehangingwall. Thisisocapensatedfor

bythelowcostofmining. Alsoa flexiblesethodisrequiredas the

Lodebranohesandvarieeinwidthfrank to 7 ms. Thatbelow m. is

unpayable.

Theproper*is emall,somsseventymenteingemployedon mining

andtransportingtheore. An inclinedshaft,looatedinthefootwall,

servesninelevelewhicharegeneraLly40ma.apart. A subeidiary

shafttranNo.5 Level,inolinedtotheplaneoftheLale,alsoserves

thelowerlevels. Abon No.5 LeveltheLodshaebeenworkedout.

Ccasiderabledeveloanentworkhasbeencarriedout. Provedand

ProbableOrsReservesamountto oa.600,000metrictcas,enoughfornine



years,productionat 230tonsa day.

An aerialropewaytransportsthe oreto a flotationplantat

Folldal,5 kilcmetersto thewest.

Sha Coun RocksandTectonicFeatures

The followingdescriptionis basedon mineplanesand a few scat-

teredobservationsas no undergroundmappingwas earriedout,nor do any

geologicalmapsexist.

TheWorkingsexistin threeadjacentlinearly-aligned,but slightly

offset,tabularlensee. Theirgeneralstrikedirectioncoincideswith

thatof the regicmalschistosity- 750N. Thølodesdip to the north.

Alongthe strikethedip is fairlyconstant,inereasingelightlyto the

east. The greatestvariationexistsdowndipforbetweenEtasjes14.

and 5 sremarkedincreasefromca.45° to 55°takesplace. The two

westørnlenseshavebeenminedout to & depthca.150ms.wherethøy

ceaseto be payable. The easternlensis larger. It has a maximun

lengthof aa.360ms. andhas beendevelopedto a depthof 320 na.

(8 Rtasje). Belowthisthedevelcpmentworkhad notyet locatedthe

lode. Thewidthoftheeasternlensis betwøen1 and3 ma. but ma7

exceed5 ms. occasionally.The followingdescriptionis confinedto

thiseasternlens.

Subsidiaryparallellensesandbranchesarefrequent,generally

ocaurringin theFootWall. Theserequirea systenof exploratory

drillinganda parallelsystemof development.
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Tariatimeexistinthewallrockewhicharepreduzinantlyamphi-

boliteschiste.Micaceousquartzitesoccurandarsparticularlyevident

intheeasternseotionbetweenItasjee3 and6. Alsoa well-døvsloped

ohloriteschistaxistsbelowMasje 8.

Themassivesulphidelensoean hard,ccmpactandcrystalline

oce,osedofpyrits,pyrrhotiteandtheganguemineralscalcito,quartz

andfelspar. Disseminationsoccurto a limit.dextentinthoconfining

quartzitseandinthealteredwallroOks. Partingplann atright

anglesto thelodswallshavwcraatod blockystructurein themaseive

eulphide.Thecontactsaresharpandwelldefined. Inthechlorit,

schistsa sheathofbiotitohasdeveloped,oontainingdieseminated

pyrite,chalcopyriteandpyrrhotite.Whenuneupportedthislayertends

toleavetheHangingWallinlargeslabo.

Lenticular"horsetofalteredwallrockarecommanintheamphi-

boliteschiets.Theygivstheimpressianofhavingundergoneno move-

mentretainingthooriginaldirecticeof sohietosity.

Wherecontortedmioaceausquartziteformsthewallrocke,the

originalfoldshapesmaybeobervedin themassiveaulphide.The

ganguetooshowsa vagualayeringparalleltothatinth.wallrocks.

Thesulphidespreferontiallyreplaoetheplatymineralsoutliningthe

foldstructuresintherockundergoingreplacement.

PaultingoftheLodeisbslievedto berare. Inan orepaes

betweenEtasjes7 and8 theLodeoontains wies of carbonacmcce

faultplanes. Thelodematerialseparateseasilyalcmgtheesfault

-13-



planesandmayexhibitslickonsidingbut is notcrushed,contorted,or

noticeablydieplaced.Whetherreplacementofan originallyfaulted

rockhastakenplaceisnotclear,butthiswouldexplaintheabeenos

of catalysisofthesulphideaandthecarbonaceousfaultgouge. A

faultplanebreakstheLodewheredisseminationsina mioaceouequartsits

takeiteplacebetweenEtasjes6 and6. Whetherfaultingof theLode

wr replacementafterfaultinghastakenplaceisagainnotclear.

Thelensesmaytenninatein smalllenticularbodiesof sulphide


and/orquartsoocasionalLyaccompaniedbybreccia.Exampleeoccuron:-

A branchlensonEtasje6 (Pt.No.27).
WesternendofLode,Etaaje6 (Pt.No.18).
EasternendofLode,Etaaje5 (Pt.No.40).

No definiteindioatiacswereobserredsuggestingthattheLode

existsta & faultorshearsans. Thegeneralimpreeeiongainødfrom

visualobservaticeisaneofreplacameinratherthanemplacement.

An importantstructuralcontrolcertainlyexiete. Itmay bøthe

presenceofdragfoldsan a largerfoldinwhichmineralising"solutiont

werelocalisedwithattendantreplacement.



ItINERALSOCCURRINGAT NCRDREGJEITRYOGEN

No individmalainaralwmaliseshan bansado. Thofollowingis

basedanphysicalpropartiøsobssrvedthroughthomiorosoope:-

-Plagioolan 119Ani Si3 Og andAnsCa1328i2Og

Chlorits ReMg5Al2513Oiswithvaryingantotnta offerrouairan

Aotinolits't Ca2(Mg,FO)5(OR)2(814011)2vithsaallamountaof
V,1 Al20.3andNa20

0Ca2(A1,1re)3813 01.3
ZPidota

Caloits CaCC13

Quarts Si02

Biotits SorantiallyH2K(Mg,F8)3A1(3104)3

LI Rutils Ti02

CaTiO2

AluninivaVaristy

I Biotits-Ptassopits.Zasent1al1yH2KKg3A1(81.04)3

vitha littl.førrouaironandsodius



II Musoovite. (11,K)A1 3104 probabZy sontains sodima

K,Na F•lspar (K,Na)411313 08

Sericit. As for ausoovit*

Aaphibole Ca Ug2 (A1,2111)23i3 012 montains a little sodima

Pyrito PaS2

Pyrrhotits lisørSx41

Chalsowrits CuTe32

Sphalorits 7.43

Magartite

Gala Pb3

Min. I Unkoownsulphida



xnanwn OF THZ WALL ROCKS LODE AND 0088AN

Thsminenlogyhasbeendoducmdfrcma numberof smlacted

speoimmnsincludingdrillcores. Diagramsofthelocationswith

attendantpetrographicdescriptionsof thesespscimensoanstitute

theÅppendix.

Thefollowingis summarisidfromthssedoscriptions.Forcon-

vsnisnoethemineralsaredividedintotwoclammess-

a. ThemineralecompooingtheWM11Rocksinclude:-
Thsoriginalminerals.
Themineralsof"hydrothermalorigin".

b. ThesconomicmineralsoccurringinthsLodsand
intheWallRock.

Thossotionisconcludedwitha brisfdascripticaof theminsrals

oftheOossanandgeneralnotio.

Th•WallRook

1. Or tel

PlagioclaseThisisalbitioincomposition.Itocoureas fine

grainød,clear,shapoless(allotriamorphio)crystalsvaryinggenerally

betwan0.025-0.05mm.indiameter,whiohfanalayersarthinlonticuløs

inthsamphiboliteandchloritesohists.Largørorystals(scam,0.3mm.

dia.)arepresentasroundødzmnoblastsorin maallgroups. Albiteand

Carlobadtwinningareinfreqamnt;determinationsoftheextinotion

anglesandR.I.indicatea ccmpositionoa.119Ani. Mioroscopm

inolusin of chloritsarscamman.
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Theplagioolasø-chloritecrystalocatactsareserratedwhereths

chloriteclearageplaneeabuttheplagioclase.Å texturecharactsristic

of recrystallisationduringmetamorphism.Thisdevelopmentot felspar

hascreatedamsiwfirtexturereadilyapparsntinthinsectian.

Chlorite Chloriteisthecharacteristicschistformingndneral.

Ithasa varietyofform,ocourringasplates,scales,andin fan-ehaped

aggregates.Theplatyvarietyislightgreenandfaintlyrpleochroic,a

contrasttothatofthefan-shapedvarietieswhichvaryframcolourless

to lightgreen. Theminsralis chieflyclinochlore.

kotinoliteActinoliteoccureas idicmorphicacicularcrystalo

groupedinstrandsalongtheschistosityoutliolngtheminorfold

structures.Thecrystallengthvarissfraamicroscopictoat least3 mus.

Cracksanddistortionsarsfrequwnt,particularlyinthelongercrystals,

andalsoCaTT0.1031 iøevidentalongthøpartingplanes.

Pleochroiamiswelledsfined.Thisindicateseither:-

Å highFettcontentor,

Å compositionnearthatofHornblende.

Crystalseahibitingfairlybrightgreenshavaa highPe++content. Oth•rs

areadmilartoHornblende,indicatingan incrsaseintheA1203content-

a hornblendicvariatyexistsinSec.Jo.32.

C soisi iswidelydistributedinthewallrocks,forming

animportantsecondarymineral.Thegreatestdevelopmentis in the

chloriteschistsinwhichitformsidiceborphicacicularcrystalehaving



a oniderableciiivariatice;common1ythøyareca.3 mm.inløngth,

withanwaiaumof1-2cms. Moreofteaitocoureas corrodadfragmmts

andgrainspartiallyreplacedby quarts,plagioclaseandcarbonate.

Lackofoolourandratherweakbirefringentcolourswithanaftalous

greysindicatisa ompositionnearthatof clinosoisite.Å fewcrystals

possesofaintbrmøncentrss,whicharssusceptibløto corrosionand

replacement.Thismaingisdueto& wariableironoontantwhich

deoreasestowardsth•orystaledgøø.

Caloitsieprøsentasa replacementmineralfortheirregulargrains

(xenoblasts),singlyandinpatohesandstringschieflylocatødinthe

mafiolsminar.Miorosoopicinterstitialbløbøarsfrequ•nt.Thø

largegrainsoftenconteincorrodødislandsofdifferøntlyorientated

calcite. Inclusions,reuidualgrainsofhardmineralsandreorystallised

rodeof chloride,punctuatethewholø.

Quarts Quartsiønotcommon,thoughoccasionallyitformsan

importantcompaumtot scmesohistlayereoftheFootWall. It isin

intimateassociationwiththeplagioclass.

Biotitoie infrøcFentlypresentaø an originalminsral. It is


typical,butcontainsno pløoohroichalos. Withintheschisttheorystal


platesformthinstrandsas inB.H.81at35,13,and2 ma.frcmthøLode.

Rutils isoctifinødtoparticularschistlayeru. Fragmentationand

corrosionhavsdsstroyedtheoriginalorystalform. Raremisoroscopic

idiamorphiccrystalsindicatslatørreorystallisatim.
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Spheneiørare,oocurringaumiorosoopioidianorphicorystaloof

oharactøristiofana.

Oarnol. Oneoolourlessidicaorphioorystalwasobservedwhichwas

fullof

2. The r s of rmalOr

Carbona aloi Caloitaisa oamonreplacontmånaralofthe

wallrookaandshowsmanyofthetypioa.l.replacemanttaturas. The

hardørminerals,withløssws11-developedoleavages- quarts,føløpar

andclinosoisits- remainas oorrodødislands. Itsshap.andformare

variable,bothrhombohødraloryataleandirrogulargrainsoccurforming

ocapactøvenly-grainedlayers,clustørsofidicaorphicorystaleand

disseminatione.

Caloitoisthedcainantgangusmineralformingoccasia»llythe

principaloanstituentmineraloftheLode. Preferentialraplaosmanthy

thesulphides,partioularlypyrrhotitøandohaloopyrito,iøthenatural

sequance.Thecamporitiaishasslittletariaticefraathatin thowall

rooks.

Mioaoocursinthrøøforms:-

Å variety.intarmadiatebetwøenbiotitsandphloppits
Å varietyofmusoovite,varysimilarto a.

o.Biotits- thehydrothermalariginofthismineralis
quostionable.

a. Å ocatamconstituentofthewallrookareplacingchlorite. It iø



charactørisedby etrongpleochorima- colcvrlesstobrown. Developing

iathechloritoitformisplativeandlathesofanintimateassociation

whichretaina similarorientation.Thebirsfringenceisstromg,

tothatofmuscovito.Itpossessesnearor straightextinctian.Pleo-

chorichalosarøabsent.

Itsgrowthis showninSec.22(photograph).Formationcommenass

withthedenlopmentofa colourlessarsainthechloritawhichpossess

whitoto yellowinterferencecolours.Thecrystaloutlinesappearas

theinterferencecolouremach greensandreds.

Themineralsofthisvarietylackaolour,butareinøveryother

respect•imilartotheabovevaristy. Thetwominsralsdovelop

comtemporanimuslyintheohlorite,arealwaysaseociatedandoften

intimatalyintergrown.

Normalbiotiteinwhichplsochroichalosareabsentisrarerthan

thetwoabovementionødmicas,butoccurswiththeminplatyfora. In

B.H.81at 3.8ma.framtheLodea soneofunusuallylargeorystalsof

biotiteandclinosoieitetraversethesohist. Itisnotknownwhether

thessareduetohydrotral activity.

Felraar Bothalbiticplagicalaseandpotassiumfeleparoacur.

Thsirdsmaavyment,particularlythatof theI felspar,isgreatostat

thscontact. ThieisillustratadinSec.36a(photograph).

Thealbiticplagioclaseisvariablein sizeforminganallreplacmaent

grainsin thschloritiandlargerscattiredclambrporphyroblaste
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containingresidualislandsofthehanIndnerals.Teryfinedark

inclusionsforma welldemarcatedamtralsoneina fswcrystals.Albite

twinningis common.

ThøK føleparoccursas cloudyirregularelongatedplatesdeveloping

attheLodecontact.Theplatesareintimatalyintergrown,seldomshow

twinningandhavetheirgreatestlengthalongthedirectionof schistosity.

Thøyreplacethechlorits,quarts,micaandcarbonats.Manyof the

microscopicinclusionsexhibita well-developed form. /n the


handsincimenthecontacthasa vitreoustogreasyappearanoewherethis

felsparispresentandcaitraststotheolearpatchesof quarts.

Whøretwinningwasabsenta differentiatiaihetweenthefelsparswas

notalwaysmadeasthesectionsarsmcmvtedin"Lakesidc" which

hasa higherrefractiveindex(ca.1.6)thantothvarieties.

Sericitsisnotas frequentas thecalcitsorthemicasthoughit

occurs,associatedwiththømicas,anddevelopswiththemin chlorite.

It fonnsclustersandstringsoffineinterlacingneedleswhichdonot

alwaysrotainthsorientationofthechlorits.

Quartsoccursasveins,1enticulesandisolatedgrainsdistributed

throughoutthewallrocksasa replacommtndmaral.Thøbertdevelop-

mentis inthschloriteschirtswhereitformsthinstringsof elongated

intørlockingwaterygrainscharacterisedby flamboyantextinctionand

myriadsofmicroscopicinclusionscanposedof oalcite,chloriteandthe

harderminerals.InB.H.81atthecontactmanyfineblackinclusions
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werecontainødinth.quartz. Thesecharacteristicstogetherwithths

largergrainsissservetodifferentiatlithehydrothermaltypefranthe

originalquarta. Thereplacsmentnatureisindicatodbyelccgationin

thedirectionof schistosity- & rettentionof thechloritsformandby

itainvasionalcmgthecleavageplanes. Quartzalsoreplacesthehydro-

thermalcarbonatsandmica.

Aftørcalcitequartsisthemostcamsonganguemineral. Boundary

relationohipebetwonthetwomineralsareambiguous,& "curiemintype

taxtureistypicalthoughsomereplacementofthecalcitebythequarts

isevidentalcmgthegrainboundaries.A browncolourationin the

gangueie occasianallypresentandthisisthoughtto bødueto iron

oxidescontainedinthequarts.

Amohibolehaleformedas a contactmimmral. It occursin irregular

patchøsandlenticuleeeithersheathingor formingnhorses"in themassive

sulphide.Theseconoctraticesarecomposedofacicularblackcrystals

orientatedintheplaneof schistosity.

TheamphiboleiøcharactørisedbyanR.I.of ca.1.65-1.68,anda

markødpleochroismframdirtymediumgrmenstomediumblue-greens(Z

direotica),whichtogetherindicatea compositionbetwesnthatof horn-

bløndøandarfvedsomits.

ghla.12 Duøtothepresenceoforiginalfreshchloritøthedetelop-

mentofhydrotharmaachloritoiønoteasilyobservablø.Gensrally

speaking,thechloriteshowsfewvariationsinform,colourand
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birefrigence.Thoananalous"Perlinbluonwasnotimen,whichsuggests

theabsenceofthechloritemineralponnine- a ccamonalterationproduct.

Adjacenttothecarbonatesoneotheohloritetextureearounusuallyfine-

Sec.10b(photctraph).Frøshmicroecopiorodsof chloriteexistintho

hydrothermalfaispar,calciteandquarta.

Clinosoisite- id Theoriginalsdneralearimreplacødbutars

belind toundergolittlealteration.Sa theform,coapooitionand

concentraticavarythroughouttheoriginalrocka trueassoømmentof

altorationwasnotmads.

Manycrystalsachibita strongerbirsfringenconøartheLodoindica-

tinganincroasointheFet+content. Zoningduøtoa soriosofdark

linesparalleltotheorystalødgesmayexietinthechloritoschists,

thecrystaloboingsurroundødbya greenhalo. In cmeAnstancea con..

centrationof crystalshadocourrødadjacontto soneof feloioandsul-

phldemAnerals.

Oarnet A rareamlitarymassof indefinablesub-microscopiccrystals,

probablychloriteandforsericito,ma,ybe theresultofthedecompcmition

ofa garnotcrystal.

Th•lconomic ral of theLodoandthsWallRock

Pvrit, Pyrite iethedcminanteconomicmineral.andusuallythe

chiefcospcmatminoraloftheLode. It formswell-developat (idio-

morphio)cubiccrywtals,gmørallyrangingin sirafrca0.5to 3.0mms.
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Å emalldøgreøofanisotropiemieexhibitød,thecoloursvaryingbetwem

darkyellowish-grøenstodarkpurplish-grøys.Corrosionandreplacement

areuninrsallyevident. Thscrystaloutlinesarepartiallyroundedand

sme areocmpletelylost.Xicroscopiccracksinthecrystalsinduce

furtherreplacement.Pyrrhotitø,chalcopyrite,sphalerite,galenaand

thegangusmineralsreplacsthepyriteinvaryingdegrem. Corrosionis

mostusualinthecarbanategangue,occasionallyorystaloutlinesborder

thepyrrhotiteandchalcophyrite.Roundedinolusimsoftheroplacmant

mineralsarøfroquentandthowa groupingabouttheoryetalcentres.

Themineralreplacingthepyritehasnormallythemaximumdevslopmentin

thecryetal.

At theLodecontactthepyriteoccursdiomminatedinthowallrock

preferentLiDyreplacingtheplatysdnewalswhereitcharactøristically

formscubes. Within2 wr3 ms.oftheLodeitmayoonetitutsthinbands

of cubiccrystals,generally2.0.3mms.indiam.,replacingtheohlormits,

carbonateandquartsofthealterødschist- Sec.10 (photograph).In

thøsebandsthecrystalemaycoalesceto formismorphousolumtørewhich

arøbcundedby& som freefrcmpyrito. Underhighpcmorthepyrito

orystalødgm appearminutølvsørratedbyrectangularapophymeeprotruding

intothecontainingmaficmineral(diagram).Theseapophymoaresub-

microsoopiopyritecrystalswhichreplamthewmwtainingmineralandso

ømtendtheboundariesofthelargørpyrit.crystal.Thisiethonatural

methodofpyritereplacementintheschiste.

-23-



Å featureofpartioularintsrøstiøth,ocemløteakeanceof visible

altørationinthacontainingohloriteandmioa.

Pyrrhotitaisthømostimportantminormineral. IntheLodethe

pyrite-gangusorystalcontaotehavølocalisedpyrrhotitsformation.It

ocoursaspatchesofallotricmorphicorystalsroplacingtheoarbonate

gangusandto loassrextantthepyrits. Themineralfrequent.17

enclosøsgoodorystalfacesofthepyritøwhichsuggestsa protective

charactørratherthan& replacomentcharactsr.It occursrarelywolving

tranthesphaleritsand,itiøthought,franthemagnetits.Løøø

cmomonlyit ispremmtasisolatedpatchesinthegangue.

Pyrrhotitøhaøthepeatestdeveloymentat theLodøcontactswhers

amphibolits-chloritsochistscomposethswallrock. Theminaralforms

inboththsmassivesulphide- byreplacementofthegangs minerals-

andinthewallrock- byreplacementof thsplatymixeralø.In tho

firstcassitoccursintørstitially,in thøsecandcasedisseninatedas

allotricsorphicelcegatograinsin thechloritsorlesscammmtly

replacingthøføleparø.Chalcopyrit•iø a commonassociatein thewall

rook.

Chalcovvritsoccurslessfrequentlythanpyrrhotitofarwhichithas

a mplacementpreferenosandconeequentlysharesitsmodeofoccurrencs.

Rarelythemajorpartof thepyrrhotitepresentmayhavebeenroplaced.

Isolatedpatchøøandveinletsareøøldomprøsentinthegangua. It

mplacesthspyrrhotite,gangusandpyritø. Textureswiththemagnstite
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areambiguous;goodcryetaloutlinesof thismineralsometimeaexistin

thechalcopyrite,suggestingreplacementby thelatter. Amphibolealso

mayrarelyreplaceit. Sphaleriteis a commonassociateand cammonly

formedcontemporaneouslywithandafterthechalcopyrite.

It is commonlyassociatedwiththepyrrhotitethoughin lesseramounte

wherethewallrockis of chloriteschists. Wherequartzitesoccurit

is themostprevalentmineralreplacingchloriteandmica.

Schaleriteis an associateof chalcopyrite,bothsharinga aimilar

environmentand form. The ephaleritehasa deepPortWinecolcur

internalreflectionwhichindicateaan appreciableFeS content,Dana

statesthecolouringrangefortheproportionof FeS to ZnS- to 1:2


in the sphalerite.Rareex-solutionpyrrhotiteconfirmsan ironcontent

10 per cent. The ironis believedto be preeentin thelowerproportione.

The proportionof sphaleritepresentisvariablethoughit always

remainsa minormineral,in somesectionsit is rareor even absent,in

othereit is thedazinantmåneralhavingreplacedmostof thepyrrhotite.

Sphaleritedoesnotusuallyoccurin thewallrock.

Magnetiteoccureas octahedra,eithersingtaarlyor as granular

aggregateo,generallylessthana quarterthesizeof thepyritecrystals.

The cantentvariesconaiderablythoughit alwaysremainaa minor con-

stituent,rarecrystalclustersoccur. The contentis greateet,

occasionallythemineralbecomingthe daninant"minorn,wherepyrrhotite

io absent; wherepyrrhotiteis notablypresent,magnetiteis rare. The

,25-



implicationaofthiarelationehiparenatundørstood.Å changein

acidityand/ortempøratursof theønvironmentmayrenderpyrrhotito

unstablewithtbømulting breakdownandformationofpyriteandcar-

bonatoorpyriteandmagnetitoin alkalinsornoutralconditiona.No

texturøøexistsuggestingauchan origin.

Ootabodraoccurinpyrrhotite,pyrito,chaloopyritsandthegingue.

Corrasioninthegangusiøpronounced.Pyritøorystalaindontthe

octabadra,inclusin inthepyritooryatalsarecommonandalsominor

boundaryreplaossøntbythepyritehastakenplaca. Occasionallythe

magnatitoexhibitsgoodcrystalforminth,ohalcopyritoandaphalørits.

Onlyoneinatanosoforywtalsmingwasfound.

Thefollowingphonomenaauggestadax solutionofpyrrhotite-

inclusionaof similarlyorientatedblebaandthspromanasof aulmicro-

scopic"sx-solutionlamellar".

Åa a wallrockminaralit is infrequent.



Gelenaisofwryildnorimportancs.Itis a rareconstituentin

SectionNo.32 fraa1 Etasjs. Themineralreplacespyrrhotitopreferen-

thentoa lsesextentsphalørite,chalsopyriteandpyrito(photo-

graph). Isolatedpatchoin theganguaarealsopresent.

laneralI ie lessfrequentthengalsna,vtichitsitherreplacesor

essolves(phetegraph).Theoccurrenceierestrictedtowheretheminerals

replacsthechalcopyrite.It ispinkishgreyin colour,hasa laawr

refleotiroitythanthegalenaandis isotropic.

Gossan

A emallgossannists canprieedof Ivdratedironandcopperoxidse-

limoniteandmalachite- rhichencrustthemassivesulphides.Thecar-

banateganguehasbeenleachedoutandhasneutralisedmuohof thesulphuric

aoidresultingfrompyritedecomposition.Thishasconsiderablyreduoed

thedepthofsecondaryenrichment.No cellnierstruoturehasdevelopedin

thegossan.

0eneralNotes


GoldandSilyerareextraotedfraathecopperconcentrates.An

analysisof themasmirossulphideframStopeNo.6 on6 Etasjeindicating

thefollawingprociousmetalcontents-

Ag permetrictcn- 20gme.

Au permetricton- 0.2gm.
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0o14andsilver,sitherin thenaturalstateor oombinød,wer.not

obsend usinga magnificationofX 400,onsquentk7theirmodøof

ocourrenoshasnotbøsnasoartatisd.

Å brimfnotson thesub-microgoopioalocourrenoeofgoldis thersfors

partinant.Itmayocouroambinødwithanotherslement(tialurium),in ths

nativsstatsmimedwithsilywrorin theionioformccntainidin a orystal

lattioe.

TheionioradiiofgoldandironFilt*are 2.881and2.5o1

rsopeotivaly.Thisallowsthsinoorporationofgoldionsin a orystal

lattiospartiaLlycompossdofironlons. Pyritspossessesthisability

to aboorbgoldionsin itacrystallattios;ophalarite,arsønopyritsand

ohaloopyritsalsopossøøsthisoharaotøristio.Thspreøsnosof goldinths

minorsulphideshasbilanøstablished,itsprøsenesin thepyriteiønot

Shouldtheanalysøsrsoordhigharvaluseaninvestigaiionofthe

mannerof 000urrenosofthsvaluablematalswouldbemeritød.

In ordertoobservethisioniogoldunderthemiorosoopeaggregation

ismososary. Edwardsreportsa suconsfulmsthod.foraohirvingthis.

Thapyriteishsatødto600°Candkeptat thatteaperatursforastenhours

duringwhiohtim.thsgoldaggregatesandis

Tranesofarsenio,oobaltandniokolarsrecordødin theanalysis

thoughabieralsoftheeiømentswersnotobserved.WinsralImay oontain

oithorof theseølementø.The000urrenosof oobaltandnioksimay bø

invest4gatodusingehroaographiccontaotprints.
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Theapoolaanamor•exeadnadforradioactivity,fluoroaceno.and

thermolmminasoeacebutgavenegatilmrosulta. Thophonomanaof thermo-

luain•ano5iafurtherdisouasedin thoSetionof Prospeting.



ROM ALTERATICS

AlteredRodka

Å. thewallrockshaveacomparativalyimifonamineralcomposition

theproductsofalterationshowlittlevariationexceptintheirintensity

ofocourrencs.Themicaceousquertaitesarelittlsaltered.

Alterationadjamenttoth.Lodemayb. extremewithampletolossof

theoriginaltexturs. Itadepthanddøgreear,variable.Developmentof

thealteraticeminerals,thisulphidssarcepted,is confinedto a narraw

soneabout2 ms.or lessfrmathecontact.

Fortheconvenienceof descriptionwallrockalteratialis considersd

accordingto originalcomposition.

Alterationof thschloritoalbiteaotinolitsclinosoisits
schistacontainingsubsidiaryrutileandsphene.

Alterationof thochloritsschists.
Alterationofthumicacsousquartsitus.

a. Thehydrothermalactivityhasproducedthegreatestchangsin this

groupdusto thsoriginalheterogensousnature.

Altsrationofthehighestgradeis characterisodbyNa-Kfolspar.

Thisdevelopeatthoocatactsreplacingprøviouslyformedhydrothennal

carbonato,quartsandmica. Associatedis albiticfelsparhavinga

widersoneofoccurrence.Quarts,mica,carbonats,mariciteandresidual

shradsof theoriginalrockforma heterogeneousmatrixcontainingthe

falsparsthoughofwideroccurrencs.Clinosoisiteandrutil.arenoticsablr
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resistantandremainasrelictminerals.Calcitograinsandorystals

replacetheschistandccuposethincompactbands(photograph)or dissemina-

tions. Whendisswinateditisnotsasilydifferentiatedfrantheoriginal

mineral. Quartzhasawide developnantoccurringeitheras irrogular

soatteredgrainsorasthinlonticulesin thschlorite.Thephlogopite

andcolourlessvarietiesotmicaarewidelydistad.butedinthiechloritoand

theirdevelopmentisa of thefirstindicationsoflvdrothermalaotivity.

Irregulargrainsofpyrrhotitoandchalcopyritsarescattøredthrough-

outthissoneof altarationreplaoingtheoriginalandbydrothermalminerals.

In thisenvironmentphlogopiticmicasheathstheIodereplacingthe

ch1orits.Bothareintimatfalyassociated,themicadecreasingin quantity

awayfraathecontactasdoesitaironcontent. Themicaplatesarewell

devslopedfanninga distinctbordersanswhicheasilynslabsoff"whein

unsupported.

Darkacicularamphibols,associatedliththeironrichvarietiesof

mica,hasforamdwterealterationisparticular1yintenss. It developsin

fthoraesil- raznants ofthewallroCkcontainedintheLode- uwiat the

inadist. ladecontacts.Rarelyitis disseadnatedinthemassivesulphide.

Themicaceousquartsitsswerenotexaminsd in thinsectionbutappear

tobe butslightlyaltered.Adjacentto thecantacttheoriginalplaty

mineralsarersplacadbypyrite,ohalcopyriteandpyrrhotite;fartheraway

browninicasdevelop.
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A simpleforaotscningis evidentfromthespsciamns:-

A soneofintensealterationis charaotørised
by sodio-potassiofelsparsinrooktypea.
phlogopitiomicafsaturisthiasonein the

ohloritiorockm.
A soneoflowalterationinwhichcalcit*,
ocacmrlms.awlphlogopiticmicaandquarts
OCCUP.

Zonikmaoisconfinedtothscentactsandmbntowithin2 or 3 ms.of

it,occasionalirragularrmtchsaof caloiteforaatgroaterdistances.

Bands,a fewnze.thick,oczaposedof calcitsgrainsandcrystalsoocur

intheohloriteschists.Thesebandsareshortbutwelldeftnsdandcas-

pactin thecentralparts.

MutualRalationshi

Thetexturesexhibitedarscharacteriatioofraplanment. Ambiguity

is OøaWftduetoconterqxamnirousdspositim. Thsorderofformationis

reflactedbythesoning- calciteandmicafiratacccepaniedlatorby

quartsandfollowedbyalbiticplagioclassandfinallybysodic-potassio

felepar.

Thefinalfelsparformsintimatelyintørlookingplatesreplacingthe

earliermineralsandcentminingresiduallathaandflakesofmioa. Ths

albitioplagioxlaseoccintsasroundedpowThyrOblastselthislmmdsof the

hardmrminerale- quarts,olinozoisitoandrutile. Thsquartzforms

irragularwaterygrainseithørisolatedor inlentioulesrepladingthsmica
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and original quarts and plagioclase.Itisofte interstitial to tho

calcitoroplaoing thisminoral along ths grain boundarlos. Calcito

roplans tho original rook, tho chlorito preforontially. Dovolopment of

tho mioa and soricits is confinod prinolpally to tho ohlowito in which it

forms similarkr oriontated laths and platos although soas arystals tranagross

tho sohistosity in tho foot vall of ths lomor lovols.

Rolationshi betwen the ss and Altorod Rocks

Pyrito and tho group - pyrrhotito, chalcopyrito and sphalarito diffe

in thoir modo of oocurrenco wsd aro considond soparatoly. No speimIns

of tho wall rock Wstho Lodo whors galina ocours woro axaminod.

Pyrito is prosont as idiomorphic orystals, usual],y<0.5 ma. dia.,

oithor diseminatod or more gonorally forming bands in tho chlorito schist

analogous to thoso of tho calcito (photograph) Tho disseminatod crystals


havo a wids rango of oocurrenco and ars 14 I to tho original pyrito.

Tho pyrito bands form in tho sone of lealtoratias in usociation with

tho carbautto bands as both prater a chloritio arviroment. Thoy mwor-

tholosa retain thoir idontity, unliko tho calcito bands, mhore altoration

is intonse.

Tho crystal face transgress tho chlorito cleavago but hart, producod

no distortims or visibl.. alteration in tho chlorits. Such foature as

"prossuro shadowMaursole woronot obsortod.

hotite chal to ami ti Those are sparsoly but
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widøLy distributød, their conowtration inoreasing toards ths Lode. They

occur alone aad together in irregular graina. Thoir presence in 3.0.81

25 ma. fran the Lodø indicatøø the rangs of occurrence.

Rsplacasønt by thees sulphidee ie preferential to thø platy admmale,

whosmfora thay retain to a alight døgrøø, and to oalcite. Arøaa of low

pramur•, ø.g. fold apioss, locallse foraatica. In thø sons of intemm

alteration rsplamment of all the bydrothernal ainerala, noepting the

I felapars, wero observed.

Sphalerite is rar, in the wall rock.

Conolusione 


Wall rook alteration ia of a liwitød extent madas sztetent 2-3 nus.

froa ths Lods. The smaphidøe ekhibit the widøet range of occurrence,

though in a dianainatød fora. Innature, the alteratica ie thought to bø

dasimantlysodic - though identificatim of the hydrotheraal ainsrala is

not ocaplatø. Mineral formatian ie dapeadent an original rook composition

ami ths heterogeneoue echLate ebow the greatset aineral developaent.

Initial altøration is typifisd by calcits, oolourless and phlogopitio

aica end quarts whinh oocur øven adjacaM to thø Lcd. though eeparatød by

a thin layer of coaresly oryetallins quarts. Leme canca is thø scaper-

impoaed later alteratian of highør grade characterizedby felepars and

greater drreloptent of thomicas - biotite and phogopitø in the ohlorito

echiata. Na-K følapars and aaphibole indicato alterattcn of the highset
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intensity.

Pyriteis believedto be associatedwiththelowgradealterationand

pyrrhotite,chalcopyriteandsphaleritewiththehighgradealteration.

S ested e of Alteration

1. Invasionby carbondicaide,sulphurandiran
accaapenied.byredistributionof alkalis-
predominant3ysodic,limeand aluminaand
themigrationandrecrystallisationof
silica.

a. Formationof calcite,mica,pyriteand soda
plagioclese.

2. Lesseningof activitybut alkaliinvasioncon-
tinuedwithprobableappearanceof potassium,
acocepanied.bycopper,eincandleadand
redistributionof alumina. Sulphurand
carbondioxidedecreasedin quantity.
Recrystallisationandmigrationof silica
continued.

b. Formationof felspars,mioa,amphibole,pyrrho-
tite,chalcopyrite,sphaleriteand galana.

Early
Stage

Latih
Stage
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Descriation

TheoreofNordrsOjeitryggenis a ccapactfinelyarystallinemassive

pyritewitha varyingamontof caloiteandquartagangus. Å thinlaywr

of thesheathingwallrockgenenar eartainsdisseminandwrrhotiteand

chalcopyritsin payablequantitin.

In thehandspeciantheoreappearsuniform,thoughvariationsin

ganguecont'entiandgrainsisearevisibisin specimanstraadifferentloca-

tions. Smalllenticulesandnins of quartsand/orcarbonaterarely

traversetheauiptlidn.Thean hasa bloakyfractunin son stopes.

Whenocaainedunderthemicronopecertainnriationsin foraand

compositionarenidet.

Pyrite,theprincipaloremineral,oecursaswellforaedcubiccrystals,

varyingin sin from0.5-3.0ams.in dia.,eitherisolatedor in clusters

whenthecrystalshapsis loet. Corrosionof thecrystaltoundariesby the

gangue,whin iaprincipallycalcite,isgeneralthoughveriablain intnsity.

Pyrrhotite,theprimesubsidiarymineral,replacesthegenguapreferentially

alongthegangue-pyritoorystalcantactsforminga pronetivecoatingabout

th•pyrits. ItalsoLillenall oracksintbeouns. Chalsopyriteand

leasconcnsphaleriteareassociatodadrorals.Theyrep.lsoebhe pyrrbo-

titeanning itaformandhabitandalso
r
occurinterstitiallyreplacingthe

gangueminerals.itagnetitsisanotherminorsubaidiarywineralformina



crystal octahodra dimminatod and in gnnular aggngates - then obsernbl•

in ths hand specimon. Galena and an anociatod unknoln.mineral an nry

ran.

Snondaryaricnntwaanotenoountorodthoughspnimans from

immumnadwilybelowthe surfacs outcrop wore not annod undor the mion-

scopo. Ito annoo or limited occurron is dus to:-

Noutralisatias by ths carbonate solutiona, dorind from
the carbonates, of the sulphurous snd sulpkurio aolds
darind fraa the pyrits which an instrumental in ths
soluticed and transportation of tho copper sulphidas to
lowor lnala and

Previous gladal ension.

Saproviouslymontinddisannationsofallotrimorphiopyrrhotito

chalcopyrits and occasionally idiormorphic pyrito occur in tho wall rook.

It ia not knownwhatherthisminsraldsation is gmatør in tho Foot Wall

than in tho Hanging Wall.

Differencas inklnoral Distadbution

Differønnt in the diatribution of tho slandta havo prodund

variatin in tho mineral composition of tho Lods. Pyrrhotito, chaloo-

pyrito, aphalsrits, magnotits and galona vary in occurrencs and rofloct

tha distribution of sulphur, iron, copper sinc and load. Their occur-

ran is rolated to position in tho 1/3dipand to othorminerals prosent.

Pyrrhotits exhibits ths loast variation rarigybeing absont in

polished sectian. Its abosncs is dus to atensin roplanont by chalco-

-37-



pyriteandsphalsriteandalsoa relationshipezietsbetweenit and

magnetite.lntwospeeimensfroatheeentreoftheIodeonNtarje6

pyrrhotStewas absentwheremagnetitewasplentiful.No terhalarelation-

shipsezistbetwointhesetwomincalssuggestingthatmagnetitois a

deaaapositionproduetofpnrhotite.

Tariatin aecordingtodepthexist. BetweenEtasjeo4 and8 the

sulpburandzineecatmntsdeersasefraa40 pereentto33-55per eentand

5-6percentto 2-4percentreepeotively.Theeoppereontentvaries

between1-2percentonbothEtaajes.Galenaandlarmewl.I arepresailt

onIy in theuppørportionof theIode. Å grsatermobilityof thezine

andleadionaduringfonzation would acoount forthisooneentrationinthe

upperlevels.

oeofFormation

Idiamerphicpyriteforaedby replaamentprooessesduringthefirst

stagesofthealkalimataacmatima.Caleiteandwrhotite,partial1y

ocatmeporaneous,followed.CorrosionandreplameaentoftheprritebY

ealaitetookplac•preeedingformationof pyrrhotite.Thismineral

replaesdtheealeitesurroundingthewrits eventuaWforminga proteetive

ocating.lagrationandreerysta3.11satimofquartzaeoemgeniedthis

activity.

is thealkalimetascaatimaoontinuoiso ohalcopyrite,sphalerit.and

galenareplaoedthegrevioussulphidssandganguemineralsoftheIodeand
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alsoformeddisseminaticasinthøwallrock.

TheperiodofmagnetiteformaticnisprobaWyccutemporaneouswith

thatof thepyrrhotitø.Thisis swimøstodbythorsplaomnentof pyrite,

thepresenceof possiblepyrrhotiteexsoluticelamellasandthairrelation

in ocourrence.

Thepøriodsofaineralisationarenotelearlydefinød,ratherthøy

morgeoneintotheothar.

TheaocceTenyingtableattemptsto portrmythøsequønosof formation.

It recordsa gradnaldereassinavailablesulphur- fonnaticaof pyrrho-

titeandpoasiblymagnstit*- andtheappearanceof copper,sinoandlead.
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Alkalimetaawaties

Idea

Felapar
No

Carbonati

Pyrite

Pyrrhotit•

Magnetite

Chaloopyrite

Sphalerite

Galana

Kineral

Note: IAnssrepreeentdurationof depoeitioaratherthanamount.
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REPIACIIMENTNAXURE CIP DEPOSIT

Evidømmlforthereplacementnatureofthsdepositiø oonsiderod

undørthrøøoatøgerim-

i. Strueturalføatures.
ii Contaotralatinhipaandinoludødstructures
iii Torturalandmineralogioalfbatureg.

Strusturalflaturøø

As nomappingwasatteaptøda briefdisnoriptionlapørtinant.

In ahapsthedøpositmørtionsistof thranormonealightlyoffast

inolinødlønsesparallø1to th,regionalsohistosity.Thispattørnsøy

bø dusto:-

Thoreplatscantoffoldasituatelouthelimbofa large
foldor

Ditførentialmovement,iathestriksdirsotian,alangan
undulatingfaultplanewiththefonnaticmofaltørnatø
bighandlowpresuripsonøø. Thoselowprosouni&mnes
vouldlooalizemineralisationofa replannentnaturo.

Evicknoeforearthmovnentsof thelaattypeis sligbt. Mlnor

faultingis presentinthøIodsbuti.believedtobepreminnalisation.

Smallsonesofbrecoiationhavea restriotedocourrønosto leometermina-

tionsof thelanses.

GontaotRslationabiand/noludødStru

TheLodscontaotsarmskarpbutundulating,theIodøwidthfrocituntIy



varying.

A ocntaot structurs thatistypioalotmanyin thøohloriteschista

ilbastratødin diagram3 . It showsthemassivesulphidestraversing

theHangAngUL1replaaingminorfoldforms.

A struotureobservedinthøLodøthoromicaosouo quartsito fonathø

wallroakisdosarilmibutnotillustratel.Inthisfoldstruatures

inoompletelyreplacedexlstinthemassivesulphids.Roplaosoont ofthe

platyminorals preoededsulphidsdissiminationin thsmengulfedoquartsite.

"Horsesnof thsaountry.rookoeour as shred* andirrogular lentioulas

inthsIods. Theyrstaintheiroriginalorientationandshowno India-

tionamovement duringninoralisntion.

TexturalandMin oalhaturo

Froma oonadxUaidAanofthøaltorod rooksformatianofpyriteand

caloitebyreplaomematisindiaputabls.Individualorystalswhoroiso-

latod areidiomorphiotrunoatingthebedding. inthsohloritasehist

baohpyritearystalisborindbyminuto apophyess- oubes- of pyrits

protruding intothmcontaining minerallbiohadnnos th.growthof the

orystal.Clustersandisomorphousmassesformwharethøorystalsmaløstre

aboutwhiaharesulphidefre margins. Thølodepyriteis analogousto

thatinthewallrooksdifferingonbyin sissandintansityof ocourrenoe.

Bothtypesarethoughttohavoformedin thøsamemennor.

Typicaltaxturesindioatereplaarenentofthspyriteandsurrounding
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rookbytholaterinreocmplersulphidosandganguewinarals.

Thehydrothersalsdnaralsof thswallrooktoohaveformsdby replaos-

montofthaorigintladnarals.Stagssin thodavelopmentofsioafraa

chloriteworeobservadinThinSsetial22.

Little isknotaabouttheprosessosofreplaoment. Diffusionin

thesolidstatsthroughthsorystallattioesisfavouredatprosent.

-43-



carramsarORZ DEPOSITIONAND ORZ GIN/BIS

Prias controls of dsposition were thø etructural haturn of the

schists - at prøsønt unmappød. suitablu arsas wers thosewhere "pressurit

lows" existed, •tch as drag foldø on large fold limbs. A mineralogioal

control eziets inassuch ae the mineral ocapositiaa and texturos ot a

roak Wins its oompstIncy.

Thø physical propørtiss of thø schist allondmigratial to and oan-

centration of th• atneralizing "solutions" in the lowprusure areas.

Thø physics ofmigratian ars not undørstood but may es11 bø by ditfusion

through pare spacøs and alang grain boundariøs if not through the orystal

lattioss theaselves.

Thø gønsais of the deposit invites oonjecturø. Four facats of the

proble exist:-

i. Source of the øleents formingt-
Thø oreminsrals - 8, FO, Cu, Zn, aad Pb, and
The gangue and altered rooks.

iL Mothod of migratiat of tho elssanto.
iii Møtbod of conuntration of the elatento.
iv. bethod of dspositiat and history of replacedlmatørial.

The abovs elearts ars oontainød both in sodimentary and eruptive

rooks. Their coacintration in sithør orboth prøsents pørhaps tbe gratest

problem.

In this drantly salic avdromant the processes of rigUraloata-

mor~mtmay havw been instrumental in this oanosatratica. Kania and
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othorshan dAnonstratedthAsoluhilityof11A,CumadZn sulphidosin

•odiosoluttons.Thiosuggestsa possibl•asthodof solutian, aonoentra-

tian and tranaportation in thisarsaof sodalmtamorphiss.

-45-



PROSPECTING

ThomassiveinaphddosofNordr,Gjoitryggonrndr• furthM.rlooation

prospsotingauthodsthattiflpenstratsorbs indopandatoftheglaoial

overburdatandproduo.oharaoteristioanomalies.

Bothgeophysioalandpoohamicalmothodsareconsidørsd.

malM•thods

ThoSalfPotentialltethodhasbienusedprøviougywithsuoolmsas

thedepositsposssiesdetsotablenaturalourronts.Inprinelpleit oonsists

of thelocationandocuparisceof ourrentsproduesdduringtheoxidation

of a sulphidsdeposit.Buoha depositmaybe oomparedto anslootro-

ohmioalooll. Ioninterohangstakesplao.butimenooppersulphato

soluticesandsuliturioacidthoughthisisprobakåynottheankyohouloal

aotivitw.It is asan tonotshorsa prsviougysuggsstodroascefor

thelaokof superganswriohaent,i • thepauoityofsulphurioacidduo

to theinfluenosof oarbonatesolutions.Naturalpotentialsof thistyps

arsocafinsdto depositstranrsingthewatertahlsandsituatedina mans

of oxidation.

Alea oonsiderablsdifferencein densityexistsbetweentheoountry

rooksandthomassivssulphides,appreachaatoly2.5and4.0rospoottvgy,

graviastrioinvostigationsusingtheWordanGravimsterwouldsniatobe

vorthwhilo. Thixmaybe oceveniontliylntegratedlith& SolfPotential
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Survoythougha workinggridwithpreolsoZylovollodetationsisnooessary

forthearavintorSurvay.

Cl000hesioalI

Littleisknownabouttbatoohniquosandapplioationsofgiwedessioal

methodsin glaciatedrogions.Suohinnatigationshowsvorhavoboon

earriodout,withsuesosefulrosults,in siwilaroneironsentson ths

CanadianShiold. Thisindioatosanapplisabilityinthisregion. Aftor

thiinitialrmarokandderivatiaaofa satisfastwymothodof invertiga-

tiong000hewisalsurvoysar.sasiZyapplioabloandohaap. Sushapothod

couldindisatoareasofainoralisatialforssallprospostingoostawad

thuslaisinatoooatZynhitanelediss"zwthodsproviousZyswployed.

Noto,-Theraoluteinssoonso

In sertainonvironsantawallrooksofdepositsluwinososoa hsating

dustoinoludodradioaatinelswentsand/orirregularitissin tho orystal

lattioss.Solootodspeoleensworshsatodandcoolednaturallyduring

annazinationforluminssoanoobutgavenogativsresults.Thiaobsorva-

tionis inkospingwiththosoon thowallrooksof otawrwessivesulphidss

wadwaybs a oharaoteriatioof thosodeposits.
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R.4~1E

ScadreG ei lieesomøZn. southsastofNordreGjøitryggen

andsharesthesam•geologioaleharesteristies.Itproviouslyoonsieted

of threeseparateminesprobablyworkingthesamelodeor lenssystem.

Nawbutoneisworkedandan averyimallseale. Thismineis divided

geologieallyintotwoseotionsby a faultplans. Oneseatianenists of

sulphidestrnksanddisseminationsinmioaescmsqgartait•,theotherof

massivesulphidelens. Thefaultplaneeantainsgraphiticgaugeand

thoughdividingthedepositmaybe postraineralisation.Theabruptohangs

inoreoharaotermaybeduetodifferenenin theabuttingfaultedrooks.

Toldal Thisgroupofmines,nowolossd,liestotheeouthweetof

Gjsitryggeninthespabelt ofadneralizatian.Theyagainaregeologi-

eallysimilarthoughcoeurringnearertrandheimitsandgabbro.

G.Aasgaardreportstheir004~21111311 in a thinbandofamphiboliteøehist

oastainedin a hardarerystallinefelsierook.

Norsay

SulphidedepositsariesingularlyfrequentinNoreay.Anaescapanying

mapshcmstheirconfinemartto thePalecaoiesof thoCalmedonianNountain

Systemtowhoseparentoromnieaetivitytheyarebelievedtobe related.



Threstypeshavsbeendifførentiatadt-

i. Finograinødbandodpyriteandpyrrhotiteoontaining
littleooppor.

MassivepyriteandpyrrhmLiteeontaining& littleooppør
and000urringin amphibolitsandolactrit sohistsnear
gahhroandtrondhaimite- RorosType.

MIssivwp7ritawithquartsandlowin ooppør.

ThedepositsoftheRoroaTypo,ofwhichWeitryggsnis cne,are

surprisinglysimilar.Theypnerallyoccurin "plastio"highlyfoldød

chloritmandamphibolit•sohistsawlareassooiatedwitha latephaseof

eruptiveactivity.whiohis sodioin oharactør.Depositionbyroplacement

ratherthaninjectionisgeneranyindicated.A lackof extensinaltsra-

tionandhightapøratursmineralsis typical.SveaGavelintscommenton

theSkelleftedsposit,Swøden,iønotabiøinitsprobableapplisabilityto

thes•depooits.

"Astrikingfeatursisthstendencyof thesulphidesto accumulatein

theantiolinalfoldsandøøpeoiallyinthecentralpartsoftheantiolines".

Theøpilitioønvircantetofthølargørmassivesulphitd.depositsof

theworldiøwellknown.

Thøsefactsindicatmthattheforwationofmassivesulphideain this

spilitic enviramontisanoofitsoharaotøriatiosrathørthanan acoidant

of injection.Thustheirformationmaybe oloselyrslatedtothoprocessøs

ofmatamorphiemaswellas thotmof eruptiaL
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Pyrrh.


M a g fl .

Calcita

Chalcpyr.

Pyr.

P.S. No. 3. (x40)


8 Etasje, oentre of Lode in the Baok


The Massive Sulphide

Corroded idiomorphio pyrite is surroundød by allotriomorphio

pyrrhotite. Å few idiomorphio orystals of magnetite oocur. Minor

chaloopyritereplaces the oarbonate gangue •ometimes bordering the

pyrite.

Described on page xx.
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Qtz.

Ca lc .

P yr.

P y

P.S. No. 5, (x 28)

8 Etasjø, adjaoent to Poot Wall


Ths Msasivs Sulphide

The texture shown is typioal and gensral. Corroded pyrite

oubss are surrounded by pyrrhotits and gangus. Chaloopyrits replaolle

th. oarbonats gangue and pyrrhotlts.

Deaoribed on pags xxlii
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0

0

— Calcite.

Qu artz.

T.S. No. 5. (no)
8 Etaeje, adjaoent to Poot Wall


Ths Maselve Sulphide

Illuetratee the relationehip between the •oonondo ore minerale

and the gangue. Chaloopyrite and pyrrhotite replaoe the oarbonate.

Minor quarta hae developed later at the •xpenee of the oarbonate.

Desoribed on page xxii.
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Speo.No. 10

8 itaajo,160 oaa.froa tho Lodo in tho

Å hydrothoraally—altorodoh1oritoaohlatin whiohlayoringhaa

lovolopodowingto aolsotivoroplaomnt by oaloitoand pyrito.

Ths looationaof T.S. 10a aad 101)aro shownand thoaoars

doaoribodon pagoax and xi.
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T.S. 10a sons 3. (x 16)

8 Etasjøl160 oms. from the Lods in the P.W.

A mosaioof oaloiteorystalshave replaosdthe •ohistin the

of the photograph. Idiomorphiopyritshas developodto the

1Oft. The finely—texturedmineralto the rightis oblorite,probably

reorystallised.

Desoribodon pags x.

•
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T.S.No. 10b, sons3. (x 20 aad 40)

8 Stamjø,160 ems. from the Leds in the P.W.


A bydrothermally-altsrmdohlorite•ohist

Caloite,quarts,•ørloita,mioa and pyritshavs devalopsdirregu-

larly in the mohlet. Ths merioitsand mioa ars •tailydifførsntiated

from the ohloritsby tho birefringanosooloura. A vain of reoryetal-

1imed quartsoontainingamalllathaof ohloritshaa almo developedin

the sohist.

Dimoribadon page xl.
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Pyrrh.

Qtz.

Pyr.

Spoo.No. 13

8 Etaajo,froa PootWall at tho Coataot


Å miaorallsodobloritoalbitoquartssohiat

Tho growthof pyrrhotitoand quartslo partioularlyapparont.

Solasobaloopyritoaad idiosorphiopyritoaro alsovisiblo.
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! WWripipprjr

Speo.No. 14a

Staaja6, Post Wall Contaat

fl altorodalbitoohloritoolizosoisit.ooblot

Idiomorpkio•aloito,mioa sai frookohloritshavo dovolopsd

olostivolyin tko sohist. Tho •posklotappoaraasoof tho ronaimise

ohlot lo dus to tk• growthof oloropooploalbits,oaloitoanl quarts.
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Pyr.

Pyrrh.

Speo.Jo. 16

6 £tasjø,in theLodi adjacentto theHantlnalWall


Å mineralimedamphibol•sohist

Idicatorphiopyritaandallotricsorphiopyrrhotitahair,developodby

replarant of tho schiat.
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Chalcpyr.

Gal.

Pyrrh.

Chalcpyr.

Chalcpyr.

P y r rh. —

Qt .

Ga I.

Ca lc.

Sphal.

Pyrrh.

d›.

P.S.No. 32. (x 120)

1 fitasje,adjacentto HangingWall

TheRassiveSulphide

Chalcopyriteandgalenahavepartiallyreplacedpyrrhotiteand

calcite. Galenadevelopedlaterthanthe chalccpyrite,replacingit on

occaniona.

The contrastin theganguemineralsis readilyapparent.

Describedon pagexxvii.
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Spec.No. 36

LodeContact. Loosespecimentakenfroman ore chuteon Etasje6

Themassivepyritehaspartiaflyreplacedthe chloriteechist. This

illustrateethelinearnatureof replacementandthe residualnatureof

the echist"ialande". Minorchalcopyriteie interstitialto thepyrite.

The originalwallrockechisthae beenconeiderablyalteredby late

alkalimetasomatiemandie now a felspar-quarte-mica-chloritaschist.
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T.S.No.56a.(x 25)

Loos.specinantakentrasorsohutoanNtaajs6


LodoContaat

Felspar(Na-K)haadrvelopildat theContact,replacingtheprevioua

lvdrothenialninerals- caloits,nicaandquartz. Quartzhaarearystal-

lind i littlefartherfraatheContact.

Describsdonpags
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li W BoreHolo80)

A oorewasaxaminedwhiohraprenntod60ms.ofthecomatryrookat

rightanglestothelode. Inthehandspecimantherockappsarsas a

ohloritoschistinterbsddadwithlayorsofquartsiteandocartaining

quartsnodules. Ill-definedbiotitmbandsoccuradjacentto thmlode.

Thinsectimsofthsooreoutaorosstheschistowitymrstakenat

intervalsof58and33ms.fromthelodeandattheoontact. Hoth

seotionsdiaclosed:-

TelsparohloriteaotinolitsOpidote-clinosoisitsschistsmith
oubsidiarybiotite,quarts,rutileandsphims.

TheSegregationofthemaficmineralsendfelsparsin separatelami-

narandthegeneralunifonaorientationofthsplatyandmicaosous

mineralshaveproduoedtheschistosestruoture.Numerousemallthrustm

anddrag-folds(limblongthoflom.)existinthishighly-oontorted

sohist.

Yelonar. Thisisalbitioinocaposition.Crystalsareinterlockedand

uniformlyfinagrained(0.025-0.05mm.dia.). Largørorystals(0.3mm.cUa:

formolustersandoftenoontainblebsandneodleeoftheeurrounding

mineralsasminuteinclusions.Twinningisrare.

Chloritsoccursasclearplatyandscalyformsandinfan-shapedaggre-

gatea. Theplatyvarietyislightgreenandfaintlypleochroic,a con-

trastto thepleochroismof thefan-shapodvarietisswhichis oolourless

tolightgresn. Microscopicflakimandradlesofthemineralexist

alatgthebordersandinthelargerfølmparorystals.
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Actinoliteshoesa variationinlengthtrommicroscopictothatof

approximately1 mm. Thisacicularmineraloccursas stragglingcon-

centrationssitherina chloriticorfelopathiogrcandmasa. It is

crackad,distortidandfragmented.

id -Clinsosi . Thsmineraloccursas fragmontsandas distorted

andcorrodødcrystalswhichshowreplacementbyquartsandfelspar.

Generalgrainlengthisapprozimately1 mm.orløss. Zcaingis not

unusualandrecordsa reductionin theirceccatenttowardsthearystal

edges.

Carbonate.Calcitsocoursas irregulargrains(menoblasts)singlyand

inpatchesandstringschieflylocatedinthsmaficlaminar. Theyare

sanød,thelargegrainsoftsncontainingcorrodsdislandsofdifferently-

orientedcarbanate.Thewholeispunctuatedwithresidualgrainsof

feloparandquarts. Theminsralalsoformsmicroscopicblebsin ths

largerfelsparcrystalsandaroundtheirperipheries.

Biotits.Å biotitiomineralpossessingextromebiotitspleochroismand

akaormallystrongbinfringentcolours(R.I.1.621-1.635)isoccasionally

closelyinterlsavedwiththechlorite,withwhichithasa replacement

association.

9ffins.isunoamncaandisassociatedwiththsfelspar.

Rutile. /tis confinedtoparticularsonesinthemaficminerals.

Corrosionandfragmentationhaveresultedin thedestructianof tho

originalcrystalform.

Scheneisrareandoccursasmicroscopiocrystalsoftypicalform.
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Contact. Actinolitefelaparchloritecarbonaterutileschiet.

ThesChistosityiswelldevelopedandfollowsmanyamallcon-
tortions.Actinoliteismoreabundantthaninprevious
sectionsandthefeleparleseso. No readily.-noticeable
changeinthefelspargrainsiseaxiets. Xenoblastsof
calciteincreasetowardsthelode. Thesearecomposite
containingtwoperiodeofthemineral. Biotiteisrare,
occurringinthechlorite.

A fewirregularelongategrainaofpyrrhotitereplacethe
platyminerals.
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The P Wall Bore Hols 81)

Å COM was examined whioh extended for a distanee of 55 7118. into

the country npok at right angles to tha lode. In the hand speolmen it

ie yery similar to the hanging wall - a ohlorite schiet interbeddid with

quartsite bands and containing thin layera of biotito at intwvals of

35 and 5.5 218. from the lode.

Thin sections out aoroes tho sohistoaftywero taken at intsrvals of

55,25, 13, 5.8 and 2.2 ms. and at tho oontaot. Thess motions

disolosed:-

Felspsr quarts ohlorite sohists interbadded with groon sehists.

At 55ms: Peløpar quarts ohlorite epidote-olinosoisite sohist with

subsidiary earbonate, rutils and sphene.

25 ms: Oreen sehiet. Chlorite epidots-clinosoisite sohist with
subsidiary biotite, quarts and sulphidss (pyrrhotite
and ohal000pyrita).

13 ma: Felaper quarts earbcmate biotitti aotinolite epidote sohist
with aubsidiary rutile, ophons and sulphidell (pyrrhotite,
pyriti and ohaloopyrite). This is traversod ty narrow
sones & few oma. in width of biotite spidots and ohlorite
epidota.

5.8 ma: Yelspar biotite spidota oarbcriate schist with eubsidiary
quarts, ohlwrite, sulphidis (pyrrhotita and ohaloopyrits)
and rutile. A sone of unusuallylarge oryetals of
olinosoiaiti and biotite traverao the sohist.

2 ms: Serieita sohist ocataining lentioules oomposed of folimpar
and/or ohlorito with subsidianrepidote-elinosoisite,
carbonate, rutils and sulphides (pyrite and ohaloopyrita).

•



TheFootWnll BoreHole81)

å DescriptionoftheThinSectionoCut.

Thegeneralstructureie •imilarto thatof theHangingWall-


highty-contortedsehistoontainingnumerousanallthrustsanddragfolds.

Themineralassemblagealsois similarandinthefollowinganly

themaininaturesareenumerated.

53ms: Feleparquartzchloriteepidcte-clinozoisteschistwdthsub-
sidiarycarbonate,rutileandsphene.

Theplagioclaee(albite)andquartsarefinegrainedand
intimatelymixedandforma sievetaturein thechlorite
whichoccursasfan-shapedaggregates.Thishasresul-
tedinthepartialloeaofthesohistosestructure.
Thecharacteroftheorystalboundariesbetweenthese
mineralssuggestseithercontemporaneouscrystallisation
orreplacementofthechlorite.Occanionalscattered
allotricmorphiccryntalsof quartz,ca.>1.5mms.in
c.s.occur. hicroscopiorodeofchloritsexistalang
thebordersofandinthesecrystals.Porphyroblasta
of calcite,ccataininginclusions,replacetherock.

Idicmorphicto sub-idiamorphiccrystalsofpyritereplate
theplatymineralsandcontainresidualielandsof the
moreresistantminerals,e.g.quarts.

25ms: Greenschist. Chloriteopidote-clinosoisiteschistwith
subsidiarybiotite,quartzandsulphides(pyrrhotite
andchalcopyrite).

Chloritewitha littleepidote-clinozoisitearethe com-




ponentmineralsandform a prominentschistositythat
ie seldomattainedintheobservedrooks. Theohlorite
occursinfaneandsheavesandisnoticeablypleoohroic
(colourlesstolightgreen). TheOpidote-clinosoisits
orritalsareacicularandexhibitgoodorystalform.
Cracke,fragmentaticeandsomereplacementoftheir
centresby quartzisevident. Thebirefringentaolours
arsstrcmgandindioatea compositionneartheepidote
endoftheseries.Rarequartzgrainswithwary
extinctionarescattøredthroughcmt.
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Irregulargrainaofpyrrhotite(dcainant)andpyrite
replacethechlorite.Generallythegrainsare
oblonginshape,haveparallel.sidee,lieinthe
directiaiof schistosityandsometimeeoccuratthe
cryatalcartactabetweenthehardandsoftminerala

13me: Felsparquartzcarbonatebiotitoactinolitsspidote
schistwithsubeidiarysulphides,rutileandsphene.
Thisis travereedbynarrowzoneea fewans.inwidth
ofbiotiteepidoteandchloriteepidote.

Smallactinolitacrywtalahavinga oroes-sectional
lengthof0.5mma.or leseoccurconcentratedin
layersandstrandereflectingthefoldforms. Zoned
carbonateporpbyroblaataarelocatedinthelayere
cantainingfelaparandquartzreplacingfavourably
thsplaVminerale. Thehardermineralsremain,
fonzingatringeof residualislands. Idiamorphia
pyriteandamallirregulargraineof chalcopyrite
andlorpyritsalsoreplacethepLzt4rminerals.

5.8mo: Felaparbiotiteepidotecarbcnateschistwithaub-
aidiaryquartz,chlorite,sulphideeandrutile. A
zoneofunusuallylargecrystalaof clinozoisiteand
biotitetravereetheachist.

Inthezaneof anallercrystalsthegrowthoffølepare
in clustersandlenticuleshasreaultedinthepar-
tiallosaof theschistoestexture.Grainsizela
generallysmallerthanin theprevioussections.
Biotiteandepidotaarepresentinappromimately
equalamounte.Thespidoteiscrackedandfragmen-
ted; zoningoccurs,thecrystalcentreeshowing
elightcolourationandetrangerbirefringence
coloure.Selectivwreplacementby quartsandocaa-
sionallybiotitoof theseiron-richzoneehastaken
place. Thecarbonateclosterstendto formstrings
perallelwiththedirectionof schistosity.

Crystalsofclinozoisite,aame1.2cas.longin c.s.,
togotherwithsheatheofbiotite,occuradjacentto
theprevi.ouszons. Thieclinozoisitsisalsozaaed,
corrodedandreplaced.Microacopiccrystalsof
rutileareincludedinbothminerals Thebiottte
sheathsshowreplacrentbyirregulargraineof
pyrrhotite.Subordinateamountsof chalcopyriteare
presentinthesulphidegrains.
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2 ma: Sericiteschistccntaininglenticulesofføleparan4/or
chloritewithsubridiaryepidote-clinosoisite,car-
banats,rutileandsulphidøø.

Thøsericiteincludesoccasionallenticulø.of (a)plagio-
clase(b)plagicelaseandchloritaand(c)chlorits.
Scatteredgrainsof plagioctlaresurroundboth(a)and
(b). Rutilø,thoughstilla minormineral,i.mare
c=on thanpreviouslyobserved.Itscrystalfora
varieøfromidiomorphiooryatals0.2ma.ino.ø.to
maallacicularoryatalsandstringsoffragments.
Caloitsmarksa traasitiontoa sonsofwell-developed,
intimately-mixødbiotiteandchloritø.Bothminørals
arepunctuatedwithplagiociasegrains.

Pyritewitha littischaloopyriteoccursinthipsericite.
A gradualinorøaøøinthesulphideccctenttakesplacs
towardsa ohloritsbiotitesonewhsr•itreacheea
maximumandgranulesdevolop,cceposødofmanymaall
graineandcrystals.

Contact:A hydrothereally-alteredføleparchloriteepidaterutils
schistcontainingsøricite,micaandcarbonate.

Muchoftheordørandtextursoftheoriginalschisthas
besnloat. Altørationhaoproduoedhetørogenøityin
siasandcontent.Crystalsof carbonats,quarts
andplagioclasø,soattøredandin aeparataoluatørs,
form, withislandeof theoriginalschist,theprin-
cipalccaponenta.Thøcalciteis similarin fana and
relationshipsto thatalreadydescribed,buthasnow
baccmeprsdominant.Thequartsorystalsare43-4mms.
inc.s.,crackød,possøsewavyextinctionandserrate
ødgeswhenadjacantendcontairtaanyfinsblackinolu-
sions. Thøplagioclase,howevor,is emallerpnerally
rstainingitsoriginalsise. Micaandplagioclase
form intimateclusters,andwhenin ccetactwithquarts
andcarbonaterespsotivelysuggesta roplacementaeso-
ciation.Søricitehasdøvelopedinthechlwriteof
theresidualrockandalsoaspatchssinthealtøred
årøis.

A graincasposedofmagnetitøandchalccpyritewaø
observed.
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Section1. 8 Etase MainShaft

A finegrainedactinoliteplagioclaseepidote-clinozoisiteschistwith

subeidiarycarbonateandrutile.

Theprincipalmineralsposeessa vsryfinegrainandare 1ni41 arto

thoseinB.H.81at 58ms. Actinoliteispresentas acicularcrystals

containedina matrixoffreshdhlorite.Thesecryatalsoutlinethe

manycontortionsexistingintbeschist. Variationsinthechemical

compositionoftheepidote-clinozoisitemineralsareindicatedby zoning

andintermittentpleochroiamwhichtogethereuggesta decreasingiron

content.Rutileispresentascorrodedfragmentsandmicroscopic

idiomorphiccrystals.

Section. 8 Btase 80 cms fromtheLodeintheF.W.

A chloriteplagioclasequartzepidoteschistwithsubsidiarycarbonate,

biotiteandsulphides.

Thequartzconsistsoftwotypesdifferentiatedby size. The

largervarietytendsto formclustersandveine,posseaseeflamboyant

extinctionandhasminuteinclusionsofquartzandchlorite.Crystal

boundarieslyingagainstthecleavagefacesofbiotiteehowa serrate

form. Well-developedchloriterodeaccompanytheqpartzclusters.

Epidotecrystals,some mms.in c.s.,arecorrodedandreplacedby


quartz.

Grainsofpyrrhotiteexistinthechloritecontainingresidual

quartz. ix



Seeion10a. 8 Etas• 160cms.frcatheLod,in e F.14.

Å hydrothermallfllteredchloriteschistinwhiehfoursonesaredis-

cernible.Eachsoneisdescribedindependently.

Zam,1. Å chloriteplagioelaseepidoteclinosoisite-Opidotoschistwith
subsidiaryquarts,carbcnateandrutilecontainingas
hydrothermal-alteraticnproductsmicaandfurthercarbonate
andquarts.

heterogeneousmaseofchloriteandbiotiteplatesandlathe,
scatteredgraineofplagioclaseandquartsandisolated
patchesofcarbonate.Quartsoccursaslargegraine
showingflamboyantextinationandpossessingminutsinclu-
sionsoftheoriginalrockminerals,i.e.,rutile. Å
sericiticmineralformingetringsofinterlacedfine
needlestraversesthechlorits.Theepidote-clinosoisite
crystalsarecorrodedandreplacedbychlorite.Each
crystalissurroundedbya lightgreenhalo.

Adjacenttoa vein
pyritemarksthe
chloriteschist.
occursingularly
pallychlorite.

or clusterofquartzcrymtalsidiamorphic
transitiontothenextsons,oneof pure
Thepyritocrystals,Z0.3nm.in c.s.,

andindenseclustersreplacingprinci-

Zone2. Å chloriteschistwithrarecarbautts,clinosoisiteand
pyrits.

Thschlcwitehasa scalytexture.Darklinessonsthe
clinosoisite.

bons3. Å carbonatechloritequartsrockwithsukeidiarymicaof
hydrothermalorigin.

Thscarbonatschloritecrystalbowndarieseuggesta replace-
mentrelationship.Manyasallresidualinclusionsexist
inthecarbanate.Rarsserieiteandmicaoccurin the
chlorite.Occasionalgraineofquartspunctuatethe
whole.

Zons4. Å carbonatequartsehloriterockwithsubsidiary.mica,Opidote
andpyriteofhydrothermalorigin.

Thepyriteissimilarinoccurrenceandappearanceto that
pretiouslydescribed,thoughthecluateremergeintolargør
isomorphouslumpa.



Seoion10b. 8 160 oms.fromtheLodøin F.W.

A heterogeneoushydrothermally-alteredohloritesohistshowingvxgue

soning.

Zuva1. A chloritssohietocatainingplagioolase,quarts,oarbonate,
serioits,mioa,ratileandgarnet.

Zone2. A oarbonat*rookwithsubeidiaryquarts,mioa,ohlwiteand
pyritø.

Theoarbratøformsa mosaioof meallorywtalsinwhiohthe
assooiatødmineralsareunsvenlydistributed.

Zone3. A serioiteohloritesohistwithsubsidiaryoarbonate,
quarts,plagioolase,olinosoisite,mioa,rutileand
pyritø.

Theplagioolaseandquartsoonsistsof smallgrainsun-
øvenlydistributedintheserioiteohloritagroundmaso.
Largergrainsofquartsofa hydrothersaloharacter
oeourinolustersassooiatedwiththeoarbanatø.

Zone4. PredaninanAyquartswithminorchloriteandbiotits.

Zons5. A mixtursofquartsandoarbonatewithløse-frequent
ohloriteandmioapeousminsrals.

ot a and1 b. 8 Ztasø fromFootWalla on

An alteredobloritefeloparquartssohistcontaininghydrothsrmaloar-

baaatefelsparquartsandsulphides.

Theremnantsofthesohistareisolatedandtraversedby thehydro-

thermalminerals.Mioaandsulphideehavedevelopedintheohlarits

andlaterminerals.

Origtnalrook. A chloritefelleparquartsschistwithsubsidiaryoaloite

andolinosoisite.
xi



descriptiaiofthehydrothermalmineralsfollown.Theterm

hydrothernalisappliedtothasemineralsformedduringthehydrothsrmal

activiby.

Carbarate-Calciteformaclustersandstririgaof crystalareplacingthe

originalrock. Ithasa preferenceforthechlorite-micaetringers,

initialreplacanenttakingplac.alongthecleavageplanes. The,

originalepidot.isrosistantandformscorrodedislandsin theporphyro-

blaste. Oftencorrodedislandsof a differently-orientatedcarbonate

axistwithintheporphyroblasteindicatingtwoperiodsofcarbanisation.

Felanaroccinieasirregularinterlockingpaates,or aoroundedporphyro-

blasts,ane3 mma.langinc.s.,replacingtheariginalroCk. Albite

twinningrareayoccura,otherwieetwinningismarkedayabeent. Same

prphyroblastaexhibita cantralsonecontainingmanyfinedarkinclu-

siona,withthemareassociatedlargergrainsof a metallicmineral

(probabaypyrrhotite).Thefelsparreplacesthechlarite-micastringers.

Pelaparcarbonatecontactsarerare. A nshoreline"typeof contact

existain aneinstance.Inthsfelaparadjacentto theccatactare

maAyfineInclusionsforminga patternof islands.

Thisrelationehipsuggeetsreplacementof thecarbonate.The

relaticashipwiththehydrothermalquartsisnotclear. Stringsof the

originalfelsperandquartstraversethiaandtheotherlatorminerale

Quarts. Irregularcleargrainshavinga fluidformandflmeboyant

extinotionreplacetheplatyminerals Clinozoisite,chloriteand


blotiteremainasinclusions.Replacementof thecarbonatealongcrystal
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boundariøshasoocurrød.Ålsoa "shor•line"textursexistebetwein

adjacentgrains,thonthequartssontainsmanymiaroscopicoarbonats

inclusions.

&25 oftwotypeshasdevelopedinthechlorite.Onøistypically

biotitio,theothsris stronglyplsochroicwithbrightinterførsnas

oolourø.

Sulphidsø.Pyrrhotits,pyritsandohalcopyritetogetherfonairregular

grainsprøiSrøntiallyreplacingthechlorits.Pyrrhotiteisdceinant

Replacementofthshydrothermalminsralsisindicatedbypyrrhotite

intergrowtheinthsfølspar.

Se iane I and I. E ø • 6 oo Wallcon .

Å hydrothørmally-altørødlaysrødflasparchloriteclinosoisiteschirt

possiblycontainingsomequarts. Altøratian,typifiedbycarbonate,

felsparandquarts,followsparticularsamm parallølwiththo schisto-

sity. 8sotiansacrosothamillustratetheircharactør.

SectionI

Å falaparchloriteschistccmtaininghydrothørsalplagioalass,

oarbonats,micaandpyrrhotite.

Følioaris bothhydrothørmalandoriginal.Ålbitetwindøterminations

indicatødthecospositicmÅ19.311110.7or1.16.7An3.3fortheoriginal

følspar.

Chloritsispnerallysimilarto thatinB.H.80at33nw. Tbs twc
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verietiøsofmicawhichoccurinSection13havedevelopedalangthe

cleavageplanee,forminglatheandplatemidenticalto thechlorite

exceptforoolcur.

Carbotm caloite,asi•usual,formsporphyroblastareplaoingthe

originalrook. Themoreresistantminerale,quartzandfelepar,remain

asresidualislands.

,SectionII

Thesohistisherealmoetentinlyreplacedby carbonats.A littlø

hydrothermalquartzbordørsthøcarbonatoorystals.Ae beforø,mioais

developedin thechlorite.

SoctionIII

SireilartoSootionsI andII. Albitetwindeterminationegave

identioalresultstotholmpreviouslymadø.An attocupsnyingR.I.

doterninationsuggested idiazorphiocolourløsegarnet


ocoursasan orlginalmineral.

on . Etasø 6 R W oon otwhore Lodø e .

A highly-ocatortedfølsparohloritesohistinwhiohmioahasdeveloped

intheohlorits.Pyrrhotiteandless-ocemonchaloopyritereplacmthe

chlorits.A conoentrationotthesulphidesexistainthefoldapices.

air



Section1 . rookca. ms.fromLodø

Å falsparaotinoliteclinosoisitesohistwithdissemdnatedpyrits. Tha

abeaneeofohloritsindicatos& schistofa moreoargetentcharactør

thanthosepreviouslyneminødEvidenceof hydrothermalaltørationis

rarø. Å fewstrandsandstringsof carbonatereplacetheactinolite

andfelspar.

Sec on • E s e 6 a"horesuin

Å hydrothentally-altøredrockcomposodofa hoterogensousmassof

ohlorite,whitemioa,biotiteandsuboidiaryplagioclasø,quarts,

clinozoiaite-øpidote,pyrits,rutilsandgarnet. Thisgradossharply

intoa quartsomrockocataininga networkof finepyritscrystalo.

Chloritsfamarplatesandscales.

Whitemicadøvelopsasrodeandlaths(lengthvariesaround0.5mm.in

o.e.)in chlorito.Formationccamenesswiththedirvelopmentof a

colourlessarimapoommeingwhitetoyellowintørførenosoolourø. Crys-

taloutlinesappearwiththobrightarinterførenceoolours(grmenandred).

Biotitsreplammchloriti.Cmeplatøofbiotitswastraversodby

well-døvelopedSheathof chlorite.

Platioolaseisanoriginalmineralforminga sievestructurein the

chlorite.Simplatwinningis ocoasionallyapparent.Inolusionsare

numerous,scemshowingotrongbirefringence.

sweisioocursasa fewscattøredgrains.
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Clinozoisi idotecorrodedarystalsandfragments,some1 mm.longin

c.a.,constitutepartoftheoriginalschist. A feworystalsexhibit

brownishcentres.

Pprite. Idiomorphicorystals,ane 3 mms.in width,replacethe schist.

Rutileandquartzarecontainedasinclusions.

Cernet. A lonewell-formedorystalfUllofminuteinolusionsoccurs.

Se on . Etasø 6 åhaf

A plagioclaeshornblendeohloritsschistwithsubeidiaryolinosoisite-

epidote,quarts,metalliomineral,micaandoarbonate.

Idicaorphichornblendereadilyobservableinthehandepeolmenand

ehowingno preferentialorientationhasdevelopedinthechloritic

layers. Smalldragfoldeproducea slightirregularityinthelayering.

Theraredevelopmentofmioaindicateslittlehydrothermalaotivity.

Plaaloolaseformålaymrsstreakedwiththemafiominerale.Porphyro-

kaasts(cne0.5mm.ino.s.)arsrare.

Hornblend,occureasidicmorphicacioularorystalswhoseaveragmlength

in orossseetim ieoa.3 mms. Sanedistortionandfragmentatica

acoanpaniedbyoorrosionalongtheplanesofpartinghastekenplaos.

Chloriteformeplatesandscalee.

ie comparativelyrare,ocourringasminwtsorystals

andcorroiedfragnents.

r formsirregulargraineofa poikolitiotexturscon-
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taininginoludedfølspar.Itsoolourisrathsrdarkforpyrrhotiti.

Ilmeniteorpyrrhotite.

Mioa earbona and s arerarøeonstituents.

Se cat . facm adao

Å felsparmieaohloriteearbratøelinosoisitø-øpidotesohistwithsub-

sidiaryaulphidesandrutile.

Thedevelopuntoffelspar,mlioaandoarbonateevideneehydrothørmal

altøration.Bothoriginalandhydrothermalfølsparareprosent. Tha

originalocoursinitstypioalformandoontraststotheelosely-inter-

lookingplates,eontainingmanyinelusione,of thehydrothermalvariøty.

Micaiswidelydistributsdintheohlorite.Itposeesee.strongpleo-

ohroiem(oolourlesstovaryingshadesofbrown). Theoutørsoneaof

thøearbonatsporphyroblastshavea frostedappearaneeandoontainmany

fineinolumians.Thehydrothørmalfelsparmaykmreplaoingtheoar-

bonatm. Pyritoformsirregulargrainsandahreds(onsijmms.longin

e.s.)replaoingtheplatyminsrals.Chaloopyriteisalsorarelyprøsønt.

	

ons a ønd b. C . Loosespeoimentakenfromors
ohutsonStakjø .

WallRook. FølsparquartsmioaohloritosehistwithsubsidLaryear-

bcmatø,olinosoisite,aulphidssandrutile.

Separationofthsfelsieandplatymineralshaeresultodin a

nu



diatinotlayaringofthewallrock. Idirorphiopyritøorystalø,form-

ingwell-dsfinødstrandøandlayes,røylacmtbøorisInalminerals.

Occasionalohorset,ofthøwallrockremain1nthemacuirssulphide.

Thepyriteshowsno prøførentialreplanomnt- itadvancumona broad

frontaoroøsthøoriginallayering.Theaverassdismnsionsot the

pyritaanbeearebstumen0.5- 1.0ma.

Minormaounteofallotriamorphiopyntotit.andokaloopyritø000nr

asripplacemitzdnerale,

1. Intørstitialtothepyrit*,
11. Inthechloritsmicalayoreofthewallrook.

Følemar1.pradosinentlypotanio.Itocoursascaomiy,irresplar,

donsatødplatasdinmlopingatthsLodeocatact.Theplatøøare

intimatilyintergrom,seldomshowtwinningandhavoths1rgrøøiøst

langthalongthsdirsotionof Ochistosity.Thryrsp1aostheohlorite,

quarts,miguiandcarbonate.Partsofthøsøminsralsromainaa residnal

inclusions.Menyofthømicroccopiomicainclusionstuhibita well-

dørslopodlath-likøform.

(hurtgoconrsasoloargrainsforminglontiooløsandstrandsin theplanø

otsohistosity.Thøgrain Intørlockwithmodøratø1yregularbcun-

dariøø. Thøyoontainnanyminntøinolusiona.Thøquartsappoarstobø

replaoingthøpamtradmøralø,øisdlarlyorlantatedfragemntsof biotit•

arsoontainødinthegraina.

Ata. Twovaristiøs

1. Varistypleochroicinbrownandposøsssingstrcas
birofringenos.

11. Biotits
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Bothareintimatalyaseosiatedandhavadevelopodfranthechlorits.

Clinosotsitsisalmostscmfinsdtotheohloriteasithaoreplandboth

thsfolsparandthequartz.



The Lode



POLISNEDSECTIONS

No. . 8E eoentrs ofLodeintheBaok.

Zoonaniomine.,major:-Pyriteandpyrrhotite
minor:-Chaloopyrite,sphaleriteandmagnetite

GengUemine:- Caloiteandquarts

bffile,thepredoedyww4,ndmeral,•xhibitswell-developedaubesunerally

enclosedinallotriomorphicpyrrhotiteandrarelyoontainingislandsof

gangusandmagnetite.Whereclustershaveformedtheorystaloutlines

arelost. Thepyriteshoweconsiderablereplaoementbypyrrhotite

alongitearystalboundaries.

Pyrrhotite.Allotricworphie.It isthemainreplacementmineralof

Sphalerite.Aflotricaorphic.It ocourawithokaloopyritereplaoing

thepyrrhotiteandpyrite. Rarebleb.ofpyrrhotiteexietin the

ephalerite.

Chaloopyrite.Allotriomontio.Withsphaleriteitocoursin the

intereticesofthepyriteorystale,followingtheirboundaries.Pyrrho-

titeisreplaoedpreflrentiallytopyrite. Somereplacementof the

ganguehastakenplace. Wlthsphaleritea"shorslinW'textureexiste.

RareunorientatedWebs arsdistributedinthepyrite.

Xagnetitsoccursas octahedraandgranularaggregates.Goodorystal

formisexhibitedagainetthesulphidemineralebutforoneexception

wherereplacementbypyritewasobserved.Pyriterarldiyformaindenta-

tionsintheoctahedra.Exsolutionblebeofpyrrhotitsshowreplaoement



by chalcopyrite.Pyrrhotiteandpyriteworoobservedinanebleb.

No.2 8 Etasø ada øn to Foo

Economiomins.,major:-Pyriteandpyrrhotita
m1nors-Chalcopyrita,sphaleriteandmagnetite

Ganguemins:- Calcitsandquarts

b2:12 • Corrodonandreplammentbypyrrhotiteismoreadvanndthan

inSactionNo.3. Onlya fewemallcrystalsinthepyrrhotitaposam

goodarystaloutlineo.Thepyritecontainsblebøofmagnatito,chaloo-

pyrite,sphaleriteandgangue.

Chaloorgrita.Formssmallscatteredgroupsreplacingpyrrhotite,

pyriteandgangue.

8thalørits.Poseweeøøøa "caries-likenboundarytaxturawithitoasso-

ciatedminaralchaloopyrite.Itreplacespyrrhotitepreferentiallyto

Prits•

amesiss•Minorreplacementhyprite andchaloopyritehasoccurrad.

Pyrrhotiteiøpresentintheposeiblaformofaxsolutionlsmella.

No . 8 Etase acen tothe Wall.

Economicmina.,major:-Pyriteandpyrrhotite
minor:-Sphalerite,ohaloopyriteandmagnetite

Ganguamins.

hztis • Corrosionandreplacementof thawrite isleseweIldavelopad
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thaninSectionNo.2. Inclusionsofpyrrhotite,ephalerite,chalco-

pyrite,magnatiteandganguearimcontainadinthecrystalcentros.

Prrrhotiteshowsa propartionalincreaseoomparedtoSectionNo.3.

Sohaleriteroplacespyrrhotitepreferentiallytoth.gangue.

Chal000rrit.islooscommanthaninSecticeNo.3. Itreplacespyrite

inpreferencetomagnetite.

ThinSootionN . . 83 ada en o F W

Boonomicmine.,major:-Pyritoandpyrrhotite
minor:-Chaloopyrite,ephaleriteandmagnetite

Ganguemine., major:-Caloite
minor:-Quarts,amphiboloandrutile.

Thesulphidesarocontainedin& cloaely-interlockingmashof cal-

eitegrains. Quartzoceursasislandeinthesegrainsandalsoalong

thairboundaries.

Frrita. Corrodedidiomorphiccrystals.Itsrelationshipwithths

calcit*ia generallyindeterminatethoughreplacementofthismineral

wasobeervedalongitsgrainhoundariesandoleavageplanes.

withquarts;tItepyritecrystalsgeneraliylieacroasitegrain

bcuadariøs.

Chalcoorritereplacsaboththsgangueandthesulphides-pyriteand

pyrrhotits.

Prrrhotitsreplacesthegangueandpyrits.

Calsitahasa fairlyevengrainsise. Itshowsreplacimentby the



sulphideaandquarts.

SmE15 oecursas elearintimately-intergrowngranulespossessinga flam-

boyantextinction.Å Ileariestype"boundaryexistswiththeceleite.

inwhitelsisuneomman.It oceursas eorrodedorystals;scue,2 mms.in

length. Theyexhibita markedpleochroism,darkgreento blue-green.

Replaaementbytheganameandaulphidsmineralsisevident.

Rutilerarelyoceurs. Oenerallyitis eontainedinthesulphides.

Therelationshipsbetweenthepyrite,ealsitoandquartzaregenerally

embiguous.

N • 8 E i adacen 7 Wall.

Zoonmiemins.,major:-Pyritsandpyrrhotita
minor:-Chaloopyrite,sphaleriteandmagnetite

Ganguemins:- Caleite,quartzandamphibole.

Siletionis generally4m41srtoSectionNo.4.

Chelsovyritashowsa alightinerease.It surreundsthepyriteoecur-

ringinthegangue,replaeingthegangueinpreferencetothepyrite.

An aeisulargangueminaralreplaeesthechalcopyrite.

8nhaleriteisrare.



No.6. 8 Btasø entreofLodein theback.

Boonomiomine.,major:-Pyrite
minor:-Pyrrhotite,sphalerite,ohaloapyriteand

magnetite

Ganguemins: Caloiteandquarts.

Pyriteisleøsoommonthaninthepreviousseotiong.Corrosionia

morepronouncedthaninSeotionNo.4andNo.S.

Pyrrhotiteshowsa markeddeerease.

Sphaleriteismpreplentifulthaninanyofthepreviousseotions.It

replaosstheganamsandpyrrhotiteinpreferencetopyrite.

Nagnetiteispresentasa fewsmalleuhedralorystals.

No.8. 8E se adacientoH Wall

Boceuaniomins.,major:-Pyriteandpyrrhotite
minort- Chaleopyriteandsphalerite

Ganguemins:- Calcite,quartsandemphibole.

Pyrite. Corrosionislessevident.

ChaloonyriteiømoreabundantthaninSeotionNo.5 andNo.6.

No. . 6 8 * • oentreofLcdeintheBaok.

Boonamiomins.,major:-Pyrite
minor:-Nagnetite,ohaloopyritoandsphalørite

Ganguemins:- Caleiteandquartz.

Pyrits. Theidiomorphioorystalsshowoonsiderableoorrosian,
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partioularlywhat in oattaot with the gangue. Inolusions arit mmterme

and largø, magnetite predcminating.

Aat mours as ocerodød oryatals in thø gangue wtiohmay form gramt-

lar aggrøgatøø. Using amag. ofI4D0 the asaller orystala øxhibit a

good shmpe. Replaament of the pyrite is suggested by sameocataots.

agaziji osours, roplacsing the gangus and also pyritø along ite

orystal tamiaries and arasks. Its ralationahip with the magnatite 1.0

amtdguousi the magaitial exhibita good orystal formagainst thø ohaloo-

pyrite but elm replacas ft.

Ighaimmii. gaterally assatiatod with the obaloopyrite. 51m4larlyrit

roplaats the pyrite and aleo the ohaleopyriti.

laing&A,iø rarø. Itwas obeerrød as a blab in thø pyritø undergoing

replatmeent by ohaloopyrite.

amilaiø ocepond of quarts and oaloite.

Socoacio mins., major:- Pyrito
minor:- Chaloopyritit, pyrrhotite and sphalørits

Gengui mins:- Caloits, quarts and amphibolø.

Prrite rstains its idiamorphio fora. Corrosice ig most prcaamoød in

the gangus.

LintsWeis a mplaosamat mineral forming ingular patoMm md ehrødg.

Sthaløritt is ram. It forms emall round patohøø in the ohaloopyritø.



Cengueprodceinates./tsoaapcnentsareoaloits,quartsandamphibolø.

Thezelationofthetranspanntmins.tothesulphidssis ambiguous.

Thehardaoieularneedløsof theamphibol.traversethesulphidea,indi-

eatinglaterdevelopaant.

No.1 . 6 Stas• o H Wall.

Ecioncelomina.,major:-Pyrits
minor:-Pyrnotiteandohaloopyrite

Ganguemins:- Caloite,quartsandamphibole.

Thsmins presenthavesimilerrelationshipstothos•axistingin

previousseotions.Thepyritegrainsizeismorsoonstantthanusual.

Asphiboleisa minorganguemineralandahaesreplanmentbythesulphides.

Chaloopyritsispresentinammllquantities.

No. . 6 E nearoon • o L atbrea he t.

lionio mins.,major:-Pyrite
minor:-Magnetite,ohaloopyrite,pyrrhotiteand

sphalerits

Gangueming:- Caloiteandquarts.

TheSeotionisgenerallysimilarinnatureto thossfram6 Etasje

previouslydesoribed.Idicaorphiopyriteandthegangueminerals

predominate.Magnetiteisan importantsubsidiary,oeourringascorroded

idiasorphiocrystalsshowingreplaosntbypyrits. Minorlooalisations



ofOhaloopyritsarscommon. Pyrrhotiteandsphaleritearerare.

No. . 6 B inLodsnear Wall.

Zocnaaicmins,major:-Pyrite
minor:-Nagnetits,ohalcopyritsandpyrrhotite.

Gengusmine:- Caloitoandquarta.

Thsmineralsoocurringhave 4mflarrelaticeshipsto thosedescribsd

previcusly.Thegangusmineralsprodaminate.

No. . 1 B adac to

Boonomicmins.,major:-Pyrit.
minor:-Sphalwite,chalcopyrito,pyrrhotits,

galsnaandanunlmownmineral

Gangyamine.,majcr:- Crlcita
minor:- Quartsandmica-ohlorits.

Pyrite. Idiceorphic.Meragsoryttalsis.gennallylesethanusua1,

oa.1-3mms.india. Theoryetalaarecracksdandaorrodød.Asplaco-

mentbythssulphidesandganguahastakinplace. Microscopicinclu-

sims of thsesmineralaarsfrequent.

Sphaløritepreførentiallyreplaossthepyrrhotits,formingirregular

wreathsaboutthepyrits. Minutoinolusionaofohaloopyritsarefrequent.

Calcitsoccasionallyshowereplacementbythelephalerits.

Chalcoarriteoccureaspatchsaandahrsdaaroundthepyriteand inthe

gangus. Itzeplaossthspyrrhatitsandthegangue,thspyrrhotito

preferentially.



brrhotitooryetaleformsevegationsborderingth•pyriteandreplaeing

thegangua.

Galenapreferentiallyreplaoesthepyrrhotiteandalsoformeisolated

patehesin thegangue.

ItineralI islessfrequentthangalenawhiohitsitherreplaoesor

exsolves(Photograph). Theocourrinais reetriotedto chaloopyrite

whichthemineral(s)replaae(s).It ispinkishgrey,haea lower

reflectivitythanthegalenaandieisotropio.
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