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A"S SULFIDMALM 1

IntroductioR

Thisinvestigationwas undertakenby thewriterat the requestof Dr•Haldemann,
with a viewto ascertainingif possible:

whetherthe sulphidemineralizationsin the amphibolite-diorite-
gabbroterraincanindeedbe relatedto majorNNE/SSWfoldaxes
as suggestedin thephotogeologicalstudyby HUNTINGSURVEISLTD•.

whichobservedfracturepatterneare of significanceas orecontrole•

whichfracturtpatternsarepostore•

The followingreportattemptsnotonlyto answertheabovequestions,but
alsoto givea morecomprehensivestructuralhistoryof theareaof interest•

The Evje-Ivelandareamay safelybe regardedas structurallycomplex.Previous
investigatorehavesuggestedtwophasesof foldingto be operative,and field

• mappingby A/SSulfidmalmindicatedthisto be correct,

In the courseof fieldmapping,quitea largeamountof structuraldatawas
assembled,consistingmostlyof theobservaibleelements,of strikeanddipof
foliation,trendand.plungeof linearstructureson foliationplanes,and
trendandplungeof minorfoldstructures.

Locationof linearstructuresin the fieldproveddifficult,andonlyabout
70 suchstructureswererecorded,and in manycasestheyweremerelyrecorded
as "lineation",the characterof thelinearstructurein questionnotbeingetated
and thusloosingvaluablestructuralinformation.

As a basisforthe structuralanalysisof theareathe geologicalmap in scale
1:25,000(compiledby A/SSULFIDNALMi 1967)was usedin preferenceto the
single1:15,000map units. Thiswas donebecauseof the factthatthe compiled
map showsetandardgeologicaldata,suchas distributionandstratigraphic
relationeof lithologicalunits,locationandorientationofmacroscopic
structures(faultsetc.)andof typicalmesoscopicstructures,(notably5-
surfaces,lineationsandfolds)as an entity,

41,
All structuraldatawas recoEdedin the fieldin the 400°scale,butwas subse-
quentlyconvertedto the360 ecaleby thewriterin orderto keepin linewith
the standardpracticeof usingthe360°scalein structuralinterpretation,

PreviousWork.


TomF. W. Barthhas investigatedthe areain questionandhisresultswere
publishedin 1947(N,G.U,168a). Barthconcludesthattheamphibolitebody
is hnmogeneousand representsan almostcompletelyrecrystallizednoritebody•

Flatlying,north/southtrendingfold:in theperipheralpartsof the amphibolite
indicatethatthisparthasyieldedplasticallyto the deformingprocesses.
However,apartfromtheseareasBarthis of theopinionthatthecentralpart
of theamphibolitebodywasmuchmorerigidthanthe surroundinggneisses.
He describestwo kindsof lineardirection,oneproducedby striationand
groovingarrangement,theotherby hornblendecrystalsin parallelarrangement.

He regardethe foldsaccompanyingtherecrystallizationof thehornblendeto
be olderthanthosecausingthegrooving•Theaxesof theolderphasebeing
directedNW/SEandthoseof theyoungerN/S. He etatesthatthisyounger
phaseistheonlyonethatis recognizedin the surroundinggpeisses.

- 2 -
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A/SSULFIDMALM 2 Aetructuralinvestigationof
the rocksof the Iveland-Evje
area

Themoreprominanttectoniclinesand zonesof mylonitizationareconsidered
by Barthto be muchyoungerthanthe granitizationof the area.

In a photogeologicalstudyof theEvje regionby Huntingin 1966the following
historicaloutlineis suggested,

5) Developmentof theEvje-Gunnheimfaultzone (approximatelyE/W).

4) Emplacementof gneissdomes.
Foldingon NNE-SSWaxes.
Regiorialmetamorphism.

9) Foldingon ESE-WNVaxes,
Regionalmetamorphismwithdevelopmentof compositionallayering,

2) Intrusionof nickeliferousnorite,

1) Pre-existingcountryrock,? gneisses.

G. o

Beforeattemptinga structuralanalysisof an areacertainthings,if possible,
shouldbe clearin themind. It is importantto knowwhetherthe systemis
homogenousor heterogeneous.If heterogeneous,it is importantto try and
establishthelithologicalrelationshipsbetweenthevariousmembereof the
system.

In the caseof the Iveland-Evjearea,it is alsoof the utmostimportanceto
determinewithwhatrocktypethenickelhas beenintroducedintothe system,
and at whattimein the historyof the areathietookplace. Onlywhenthie
is establishedcanthe resultsof the structuralanalysesbe of directvalue.

At thetimeof theirphotogeologicalwork Huntingwereunderthe impression
(probablybeinginfluencedby Barthsreport)thattheyweredealingwitha
moreor lesshomogeneousbody,originallynickeliferousnoritenow subsequently
modifftedto amphibolite.Mostgeologicalbodies,however,are heterogeneous
and fieldinvestigationsprovethatthisalsoholdstrueforthe Evje-Iveland
body, Mappingby the AiS Sulfidmalmteamlocatedmanyareasof massivebasic
rocks,themostimportantbeing,the hornblende- dioritein the vicinityof
Flåtmine,andthe two-pyroxenegabbroat Mdllandin Iveland•

BarthregardstheseMdllandgabbrosas unmetamorphosed"relicts"of the original
noriteintrusion.He takesthehornblende- dioriteto be a completely
recrystallizedrockwitha metamorphic-netasomaticmodeof origin,formedfrom
the Evje-Ivelandamphibolitethroughrecryetallizationunderstaticconditions.

Fieldworkwithinthe dioritebodyand a etudyof thinsectionstendhowever
to dJeproveBarthetheory„ At locality19E5bothWiikandthe writerhaveseen
indicationsthatsuggestthe hornblende-dioriteto be a youngerintrusive,here
a dyke-shapedbodyof coarsehornblendedioritecutsthrougha dark,mediumto
fine-grainedgabbro/metagabbro.Thedykerockie coarse-grainedandmassive,
whereasthe gabbrohas in partsa distinctfoliation.Thimsectionsshowthe
gabbroto be quitefresh,

If thefieldinterpretationthatthe dykerockis theyoungerone is correct,
thenlocality19E5is a strongindicationthatthe hornblendedioriteis an
intrusiveyoungerthanthe gabbroandthat it probablyobtainedits present
characteras a resultof autometamorphicprocessesat thetimeof intrusion.
Lookingat thislocalityin the lightof Barthstheoryit doesnot seempossiblethat
a processof metamorphic-metasomsticrecryetallization(asdescribedby Barth)
couldproducethehornblendedioritewithoutalsoalteringthe gabbro.

- 3 -



A/S SULFIDMALM 3 A structuralinvestigationof
the rocksof the Iveland—Evje

•

HaraldBj8rlykke,who togetherwith0, W. Carstensworkedas consultinggeologist
to RaffineringsverketA/S at Flåtmineis alsoof theopinionthatthehornblende
dioriteis • youngerintrusive,In thispublicationFlåtNickelMlne (N.G.016%.
1947)he writes:

"theFlåtoremusthavebeenformedby segregationin a dioritemagma(magmaof
the "oregabbro")whichwasespeciallyenrichedin sulphidesand hasbeen
intrudedintoan olderamphiboliterockof nearlythesamecomposition,which,
however,was poorin sulphides".

Turningnowto theMallandgabbroswe onceagainfindevidencethatdisputes
Barth, The gabbrois in mostplacesextremelyfresh,beingclassifiedbothin
the fieldand underthemlcroscopeas freshnorite.Strongevidencethatthe
rocksintrudedaltertheregjonalmetamorphismhasbeenputforwardby Wiikin
"A Petrographicdescriptionof the rocksof the Ivelandaje area",February
1968. Thewriterhasalsoseendefiniteevidencethatat leasts'meof the
gabbroin the MBllandareais youngerthan,andintrusiveintothesurrounding
amphibolite,

Thustheweightof evidenceseemsto indicatethatboththeFlåthornblende—
diorite,and theMbllandgabbroswerealmostcertainlyintrudedintothe
amphibolitebody,andarenotmerelyderivedfromit, FieldandmIcroscopic
evidencealsoindicatesthattheywereintrudedlaterthanthemainregional
metamorphism.

If we nowdirectourattentiontowardstheknownnickellocalities,it becomes
evidentthatalmostallareconnectedwitheitherultrabasics,hornblende
dioriteor gabbroof theMBllandtype, If we regardthenickelas beingentirely
limitedto theserocktypes,thenwe havea fairlygoodideaof whenthenickel
was introducedintothebasiccomplex,i.e.in the caseof the gabbroandhorn-
blendediorite,afterthemainregionalmetamorphism,(asof the tineof writing
no accurateinformationis availableas to the agerelationsof the ultrabasic).

Havingnow a reasonableideaof therelationshipof thenickelto the Iveland—
Evjebasiccomplexin tineand space,a structuralanalysiscanbe attempted,

fractures.


"A Furtherresultattendingto theDisturbancesof the surfaceof theEarth
hasbeento producerentsor fissuresin theRockswhichhavebeensubjectto
violentmovements,andto convertthemintoreceptaclesofmetallicoresaccessible
by thelaboursof men",

ReverendWilliamBuckland1899,

Therearetwo typicalmodesof failureby fracture,namlev,tensionandshear,
Whethera rockfailsby oneor theother,or by a combinationof the twodepends
on the natureof the rockand the conditionsof deformation.

Duringthe1967fieldseason,fractureswerelocatedbothby directobservation
in the fieldandby photogeologicalstudles.Whenpreparingthe 1:29000geological
map it was decidedto incorporateonlythosefracturesthathadbeenrecordedby
a combinationof thesetwomethods,378suchmajorfracturesare shownon the
geologicalmap. (fractureembracingthethreetermsfault,shear,joint,)

-4-
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It shouldbe stressedherethatforthemostpartno detailedfieldobservations
weremadeof theeefractures,thefracturewasmerelyobservedin situand its
trendrecorded.In manycasesthetrendsweretakendirectlyfromthe aerialphoto.
graphs, A moredetailedexaminationof certainshearsin theFlåtNineareawas
undertakenby Dr• Haldemann.Thisinformation,togetherwiththe old documentsand
reportsfromtheFlåtfline,provideimportantcluesas to theagerelationsof the
shearsin thisarea,

A cursoryglanceat the completedgeologicalmap indicateda fairlycomplex
fracturesystemandthe problemwas firstapproachedby determiningtheactual
fracturepatternsoperative.Thiswas doneby takingthe trendof all 378 fractures
and plottingthe resultsin the formof a rosettediagram,fig.2. Thisshows
threemajorsetsof fractureeto be prevalentoverthe areatakenas a whole•
One settrendingeast/westandtwo complementarysetetrendingroughlyNW/SEand
NE/SW,

Fig•2. Totalareafracturepattern(378fractures).

Both fieldandphotogeologicalevidenceseemedto indicatethatthe east/weet
trendingfractureswereassociatedwiththemostbasicpartsof thearea•
i.e•theamphibolitehodyand thesurroundinghornblendegneisses.To verify
this,furtherrosettediagramawereplotted.Fig•3 showsa plotof the
fracturesoccuringin granitegneiesand intrusivegranite. Hereone cansee
thatthedominantdirectionsdevelopedare NW/SEand NE/SW. Thereis no
indicationof a strongeast/westdevelopmentas apparantin thetotalarea
plot,
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the rocksof the Iveland«Evje

Thissubdivisonof the totalareawas furthersubdivided,insofaras thatthe
fracturesin intrusivegraniteand thefracturesin granitegneisswere
plottedeeparatelyfromoneanother•Fig,4 is a plotof the fracturesin
intrusivegranite. Herethe observedpatterngivesa dominanbNW/SEsetof fractures,
and it spreadof fracturesbetweenN—NEandS-SW. No significanteast/west
fracturepatternsis developed.

The plotof the fracturesconfinedto graniticgneisses(fig.5) givesmoreor
lessthe samepictureas fig,4: —twocomplementarysetsNE/SW,NWiSEwithvery
littleindicationof east/weetfracturedevelopment.

The rosettediagramforthe basiccomplex(amphibolitegabbroandhornblende
gneiss)wasthenplotted(fig.6). It can readilybe seenthatthereis a
very strongeast/westdevelopmentovershadowinga NW/EBanda NNE/SSWset
of fractures.

Thuswe haveestablishedthatin the amphiboliteand surroundinghornblendegneiss
an east/Westset of fracturespredominates.Thesefracturesarenotto any great
extentpresentin the graniticgneisses.Bothareaspossessa NW/SEandNE/EW
setsof fractures•

Themostdetailedinformationon the fracturesin the IvelandsZvjeregioncomes
undoubtlyfromtheFlåtMinearea• In the vicinityof a minemajorfractures
can be a merenuisance,or theycan spelldisasterforthemine. It is therefore
not surprisingto findthatquitean amountof timewas spenton the studyof
thesefractures.

Duringthelasttenyearsor so thattheFlåtMinewas operating,muchtinewas
spenton tryingto locatethe almostmwthical"etorsleppen".Thisis a fault
whichwas suspectedof cuttingand displacingthe ore, It is a roughlyN/E
strikingfaultdippingabout70 to thewest,it has beendescribedfroma number
of levelain themine,notably163,184,282 and402.

At differenttimesin the investigationsof thisfaultdifferenttheorieshave
beenadvanced,In 1939W.C. Carstenspostulatedthatit couldpossiblyhave
a horizontaldisplacementin the region250-300mt, Geologicaland drilling
evidencefailedto substantiatethishowever,and subsequentinvestigationsnow
seamto indicatethatalthoughthereseemsto havebeena relativesinkingon the
easternside,themovementalongthe faultmusthavebeennegligable,and that
no org of any importancehasbeendisplaced.

Otherexamplesof smallfault5havebeenrecordedfromthemine. Accordingto
Bjarlykkesomeof theselocalfaultseeemtobe contemporaneousmiththe granitization,
for in themineone can seea veinof pegmatitetwo incheswidecontinueuninter—
ruptedlyacrossa fault. Frankly,thisI findhardto believe,firstlyI am of the
opinionthatthe faultingin thisareais laterthanthe granitization.
Secondly,evenif thepegmatiteis laterthanthe faultthenI findit impossible
to understandthatthe pegmatitedidnotmakeuseof thisfaultand followin part
its lineof weakness.

Anotherinterestingobeervationwasmadeby Björlykkein 1940. On level163 he
findsseveralsmallshearswhicharemoreor lessparallelto the storsleppen.
The ore ie not chhoffby thesefaults,but continueson theeastsideof them
actuallyborderingagainsta amallzoneof finegraineddarkrock, I do not
thinkthatthisis definiteevidenceto saythatthe ore is pre—faultingor
ehearing.It seensreasonableto assumethatsomeof thesesmallshearsand

- 6-
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faultsfoundin themineprobablyrepresentborderfacesbetweenslightlydifferent
rocktypeswithinthe "orediorite",andthatmovementalongthemis negligtble.

Themajorityof themajorfaultsand shearsin the oredioriteand aroundthe
FlåtMinearepredominant17NE/SWshearstogetherwitha smallerproportionof
NW/SEfractures,ThisNE/SWshearingzonefitsintotheregionalsystemof faults
intersectingEasternSörlandet,andthisin itselfis an indicationthatthese
faultsare of a distinctlaterage, Otherindicationsalsopointto the fact
thatthisshearsystemis of a lateage. One of themostconvincingpiecesof
evidenceis to be foundat locality2IDc,wherea NE/SWshearis seento cutand
brecciatea pegmatite.

Theseshearsbelongto the NE/SW-NW/SEpatternof fractureswhichis developed
overthe entirearea, Duringthisperiodof mylonitizationand regional
fracturingtheamphiboliteandthe surroundinggneissesmusthavebeenmuch
coolerthanduringgranitization.Theyactedas brittlerocksand wereat a

111 muchhigherlevelin the earth'scrust, It thunseemereasonableto assume
thatmylonitizationand granitizationare in no way geologicallyconnected,
allthe evidencepointsto the factthatthemylonitizationoccurredat a
much laterstagein time,

Themotivatingforcesthatcausefracturingmay be eitherlocalor regional.
Whenexplaitingfracturesystemsit is veryeasyto fallbackontolocalforces
as a cause,especiAllythosedependingon the energyof igneousintrusion,
It wouldbe veryplausiblewhenthinkingof theFlåtdioriteandthe central
gabbrosof theMallandarea,to concievea magmaenteringand supplyingthe
solutionsto traversethe cracksthatits own entryandcoolinghavecreated,
Theuncriticalacceptanceof thisis likelyto obscurenot onlythe origin
of the fractures,but alsothe sourceof the ore solutions,

However,if we lookcriticallyat theevidencethathasbeenpresentedabove
we havemanyfactorsthatindicatethatwe aredealingwithregionalforces,
Boththe developmentof the NE/SW-NW/SEpatternoverthe entireareaand
the factthatmany of the fracturesare shearstestifyto failureunder
regionalcompression.

If we considerthe entirefracturepattern,we canon a regionalscaleexplain
the patternas a resultof an east/Westcompressionanda corresponding
north/southtension,(Seefig,7,)
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Compressionin an east/westdirectionresultedin shearingalongsurfacesapproxi—
matelyparallelto the planeaof maximumshearingstress(approx.NE/SW.SW/SE)
andmakingan anglesomewhatlessthan45 to theplanesof maximumnortalstrees•
Theeast/westfracturescouldthenbe explainedas beingtensionfracturesnormal
to theplaneof theminimumnormalstress•

The factthattheseeast/westfracturesonlyoccurin theamphibolitecouldbe due
to the differencein mechanicalpropertiesbetweenthe basicamphiboliteand its
moreacidsurroundings.It is truethatto a certainextentsomeof theseeast/
westfracturesextendintothe gneissesflånkingthe amphibolite.Thisis very
evidenton the westflankof the amphibolitebody. Localforcescouldbe the
causeof theseextentions,for oncea fracturehasbeenformed,relativelysnall
deformationforcesarereqyiredto caueean extentionof the fracture.

Thietheorythenplacesall the fracturesinto& regionalsystemformedas a


11, resultof regionalforces,allthe fracturesbeingpost—ore.

Twopossibilitiesnowpresentthemaelvesas possibleorecontrols,Thefirst
andmostobviousbeingthe factthatanyons of thesefaultscouldhavedisplaced
ore lyingat depth. The otherpossibilityis oneof reworkingand reintroduction
of a sulphidemelt, The newlyformedfractureplanesrepresentareasof decreased
pressureand increasedpermeability,and thuspresentan idealpassagewayfor
ascendingfluids, Fromthe availableevidencehowever,it Seemsunlikelythat
this eecondpossibilityhasbeenoperative.An examånationof thinsectionsof
myloniticand shearedrockfromsameof the fracturezonesin theFlåtarea
indicatethata crushingandpartialrecrystalizationhastakenplace. The rocke
formedbeingin theGreenschistmetamorphicfacies. In noneof the slideswere
calciteor sulphidesnoted, It ie thewritersopinionthatrecrystalization
tookplaceonlyto a limitedextentand probablyin closedsystems.Itseems
highlyunlikelythatany noteworthyremobilizationtookplaceat depth,andthat
any ore hasbeenreworkedand introducedintothesefractures,

Onlyat onelocalityarenickelmineralizationsgeographicallyassociatedwith
a fracture,Thisis at Bekken,northof Birkeland(mapunitF9). Herethree

 41,

emallnickelprospectpitsassociatedwithultrabasicsrockslie on eitherside
of a smallstreamwhichoccupiesthe fracture,Thismighthavesomegeological
significanceor it may be a totalcoincidence,Detailedinvestigationsplanmed
for thissummerwillhelpto clearup thisproblem.

To returna
Recentwork
to the east
possiblybe
the mine.

littleto themineat Flåt,
in the areaby Haldemannhas led to thediscoveryof a new shear
of theactualmine, Thisshear,namedtheMykleAsenshear,could
of importancewithregardto the questionof oredisplacementin

Foldinm.


Of firetpriorityin tryingto relateoreto foldstructuresis to determine
the dateof the foldingwithrespectto the ore deposition,thatis,whether
the objectof searchis a foldedore deposit,or orethathas beendeposited
in foldedrocks, Orethatwas presentbeforethe foldingwillnaturallyhave
been deformedalongwiththeenclosingrocks, Orethathasbeenintroduced
into recksthatarealreadyfolded,may showno relationshipto the folding,
but usuallyit reflectsfoldedstructurein oneway or another,
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Consideringthequestion:— "Canthe sulphidemineralizationsbe relatedto
majorNNE/SSWfoldaxesas suggestedby HuntingSurveysLtd„" We mustfirst
determineif sucha systemof foldaxasexist,andif so aretheypreor posts.
ore,

Becauseof theverynatureof sucha photogeologicalstudyHunting,wereledto aseume
certainimportantpointswithouthavinga fieldcheckto verifyor disputethese,
Theybegintheirsectionon etructuralfeatureswiththesentence,"Themost
obviousfeatureis the Hövringsvanngneissdome", Pieldevidencehowever,pointe
to the factthatthisso—calleddomeis in facta basin, Theyalsostatethat
the nickellocalitiesdescribedin Barthspublicationcanbe seento foraelongate
zonesin a NME/SSWdirection,Thiswas a correctobservationat thetimebutthe
discoveryin 1967of newlocalitiesmakesthepicturemuchmorecomplex.
(Seefig,8).

Thesehovever,areobviousandacceptedpitfallsof photogeologyanddo notdis—
creditHuntingin anyway, However,the stereographicplotsandinterpretations
presentedin thisreportarebasedentirelyon an evaluationof fielddataand
are in no way influencedby Huntingsreport,

Stereographicprojectionsweremadefromthreemainareas

the centralgabbroarea (mapunitsF11,E10,F10,D10,F9,E9,)

an areaof gneissesto thewestof the gabbroarea (C8,C7,— C11,C12,
C9,B11,B12)

an areato thenorth—eastof thegabbroarea(F7,F8,o6,07,o8,H5,H6,
H7,118)

Plotswerealsomadeof the totalarealineationsandthetotalareaminorfolds,

All the stereographicplotsfromthemap unitsmentionedaboveareof poles
to foliationplanesandtheseare contoured,

• All contouringwasdoneafterthe or circlemethod, Thisis mostsuitable
for diagramswithfewpoints-- 150or less,forweakccncentrations,and
especiallyfordrawingthecontourofminimumdensity.The contoursshowa
densityof pointsper1 per centarea,

Censideringfirstthetotalareaminorfolds, Theplotshowstwomainconcentrations,
a welldefinedconcentrationof foldsplungingverygentlyin a northerndirection,
and a not so welldefinedgroup,plungingfairlygentlytowardssouth—west,
Althoughthispintsuggeststhatat leasttwophasesof foldinghavebeenoperative
in the area,it is by no meansa conclusiveplot. Manyof thefoldsareno doubt
dragfoldsandptygmaticfolds,andthesecomplicatethe finalplot. This,
however,was wavoidableas no informationwas availableas to whattypeof folde
the writerwas dealingwithduringtheanalyses.

The totalarealineationplotshowsa marked.concentrationplungingsteeply
southwards,Thesecanbe interpretedas lineationsin "c"to theN/Sfoldaxes.
Againthepictureis probablysomewhatcomplicatedhy slickensidesandentirely
localphenomena,

- 9 -
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An examinationof individualplotsdidnot reveala tremendousamountof data.
In veryfewof theplotscoulda girdlepatternbe seen,and in manycases
plotswerecomplicatedby superimposureof variouslocalphenomena,suchas
faultzones,andareasaroundintrusivebodies•

The individualplotsviewedas a wholepresenta moreclearpicture(Seefig,9)
a pictureof a widesynclinoriumwiththeMöllandgabbroareamoreorlessin its
centre, Thisconfirmthe interpretationput forwardbyWiik in hispetrographic
report. The formof the synclinoriumis by no meanzuniform,stereographic
plotsfromthewesterlymap unitssuggestthatthewesternlimbofthesynclinorium
is made up of steeplydippingalmostisoclinicalfoldswiththefoldaxes
trendingroughlynorth-south,Plotsfromtheareato the eastsuggestthat
here the rocksareaffectedby muchbroaderfolds,trendingin a west-south-
westerlydirection,

111 -Allthe sevenmap unitsinvestigatedin thewestare remarkablyuniform•They
all showmaximaof concentrationzin a beltfromSE to NE and alltheplanar
ele2entsaresteeplydipping.Thisthenis an areawherethe deformationhas
beenuniformandof onetype. It is thewritersopinionthata possibleinter-
pretationof suchstereographicpatternscouldbe a seriesof overturnedisoclinal
foldsthe axesof whichtrendroughlynorth-south.Sixminorfoldsandfour
lineationzarerecordedfromthearea,and_Ofthefolds,three,arein accordancewith
a north-southfoldpattern, Thelineationsareallsteeplydippingandcanall
be regardedac "c"lineationsto north-southfolds,

As the centralareais approachedthe samekindof structuresseemto prevail.
Mkp unitsD10andFllbothsuggestnorth-southisoclinicalfoldingalthoughnot
of an overturnednature, In1)10the foldaxesseemto be swingingmoretowards
the northeast.Otherplotsfromthiscentralareaarevery complexandextremely
difficultto interpret,MhpunitF10 is complicatedby superimposureof entirely
localphenomenasuchas igneouzintrusionsanda NW/SEtrendingshearzone,

Threeplotsfromthe easterngabbro/gneissborderarea(E9,E10,F9) givegood
411 undisturbedgirlepatternsand,in mostcases,withminorfoldsandlineations

clusteredacoundthe correspondinggirdleaxes, Thesefoldsaremuchbroader
than the onesto theweRtandtheytrendroughlyin a southwestdirection
(E9:- W3205,F9: - W20 S, E10:- $28%), Ihuswe haveon theeasternborder
zonesof thegabbrorelativelyundisturbedfoldsformingthe easternlimbof
the synclinorium.

The gneissesto the eastof the gabbroareaalthoughgivinga moreor less
eloRgatedmaximumof pointsalsofollowthesametendencyanda foldaxistrending
W16 S canbe extrapolated.

s ts

Essentially,the resultsobtaineddismiescertainareasof investigationas
unfrultful,andearmarkothersfor furtherstudy.

The faultandfracturepatternsare in thewritersopinionunimportantandat
the presentstateof investigationrequireno furtherdetailedstudy,

- 10 -
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The evidencestatedshowsthesefracturesto be latein ageandalmostcertainlypost..ore.

Fromthe availableevidenceit hasbeenestablishedthattheareahasbeendisturbedby at leasttwophasesof foldingandthatit seemsas iftheEvje—Ivelandamphibolitebodyhasbeenintrudedintoa synclimoriumstructure.

The directionsof the two phasesof foldingidentifiedagreequitecloselyto thosesuggestedby Hunting,andsonecomparisoncanbe seenbetweenallignementof certainnickellocalitiesand theNE/SWfoldaxes.

BarthalsoidentifiedtheN/S phaseof foldingandhe consideredthisto betheyoungestphasepresent.Huntingconsiderthe NWE/SSW(ourmoreWSW/ENE)phaseto be the youngørandthieis morein linewiththeviewsof thewriter,Thewritersopinionhowever,is basedon scantyevidenceandmoreon intuitionthanany definiteproof.

In conclusiontherefereand in answerto Dr, Haldemann'squestionit isthe writersopinionthatallthefracturepatternsarepost—oreandthattheyarenot importantas orecontrolsexceptin thecasewheretheymaycutand dislocatepotentialorebodies.

Withregardto thefolding,twophasesarepresentin the areabut theirage relationsbothto eachotherandto the ore,andtheirinfluenceasore controlshasnotbeenestablishedand in thewritersopinioncannot be establishedbeforefurtherdetailedfieldinvestigationahavetakenplace,

t o s r t

Thisreporthasattemptedto drawconclusionsfromtheavailabledata.It is clearthatin orderto determinemoreaccuratlycausesandseriesof eventsmuchmoredetaileddatais required,andit is suggestedthatmoredetailedstructuralinvestigationsbe madein the field.

The fieldproceduresof structuralanalysisareadditional,andtheyinno way replaceroutinefieldmethods, Theseadditionalproceduresshouldconcentrateon accumulatingorientationdataforstructuresthatcn themososcopicor themacroscopicscalearepenetrative.Of particularimportancein suchdetailedstudiesareage relationsof differentstructures.
Lineationsetc,shouldnotmerelybe measuredbutalsogivena shortdescription,forexample,thelineationmeasurementsfroma singleexposuremightread 	

trend plunge notes
Ll 28 55 finestiationparallelto

fold axisB andto inter—
sectionofSl and52

L2 248 58 crenulationon 52 parallel
to intersectionof 82 & 53

(TakenfromStructuralAnalysisof NetamorphicTectonitesTurner& Weiss,NoGraweHill1563.)
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It is suggestedthattheabovementioneddetailedstudiesbe directed
towardsa more clearunderstandingof thefoldstructuresin thearea.

FN/kt
April25,1968,
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Anaendix.


A shortdescriptionis givenof mostof the stereographicplots
accommundswithisreport.

St reo ot C

Thevastmajorityof thepointsin thisplotdip steeplyto the
east,fiveor sixpointsdipfairlysteep1ywest.The general
strikeis roughlynorth/south.Thispatterncanbe explained
as resultingframfairlyisoclinalfoldsbeingslightlyoverturned
westwards,thewesterlydippingelementsbeingeithera disturbed
partof thiesystemor perhapsbeingrelatedto samekindof drar

fold•

Stereo

Thisplotpresentsmuchthe samekindof pictureas C12•The
lineationpresentis in "c"to north/southfolds•Theminorfold
fallsout of boththepatternandtheoryandmightpossiblybe
a minordragfold•

Ste e o B11 C C8 C
Theeeplotsfallintothe samegeneralgroupas plot

Fo tio bb

Thisplotshowsmoreor lesswhatonemightexpect—theplanar
elementsare steep1ydippingandshowno preffereddirection•
Mbstof the foliationsvereprobablyobservedin theborderzones
of the gabbros,the foliationbeingparallelto thecontact,

nia-Mik121
Thisplotindicatesfairlytightfolding,the foldaxis
trendingabout5? westof north,

MIADunitD10

Againtightisoclinalfoldingis suggestedby theplot.The
limitednumberog pointssuggestthefoldaxisto be trending
some20'eastoUnorth•

ManunitE9
Thisprovedto be oheof the fewpbtsto givea reasonable
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girdlepattern,The extrapolatedfoldaxistrends32°Bouthof west.

Mlo unitE10 


Thisunitgivesan incompletegirdlepatternbut interpretation

of the availablepatterngivesthe foldaxisas trendingsouth28°west,

MADunitFq

Againthe samegeneraflAtternas the twopreviousplots.Foldaxis

trends20°southof west,

Mål)unitF 10 


Thisplotappearsverycomplex.The relativelydisturbedpattern

is dueto ictealphenomenasuchas a NME trendingshearzone,

• ahdvariousigneousintrusions,

t F F8 G G8 H H

Thisareagivesa slightlyelongatedareaofmaximumdensity,

Althoughit doesnotgivea completegirdlepatternit followsthesame

Teneraltrendas theothereasterlyunitsandgivesa foldaxistrending

16e.southof west,

•
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