
Bergvesenet
Postboks 3021, 7002 Trondheim Rapportarkivet

Bergvesenetrapport nr InternJournalnr Interntarkivnr Rapportlokalisering Gradering

BV 409 Oslo Fortrolig

Kommerfra ..arklv Eksternrapportnr Oversendtfra Fortroligpga Fortroligfra dato:
Øsnandske Aspro 1354 Ulmål

Tittel

Rapport vedr. Tuftehamna Fen-kompleks, S. Norway.
Geology, mineralogy and mineralizations.

Forfatter

Henning Qvale

Dato Bedrift

Prospektering AIS31112 1982 )

Kommune Fylke Bergdistrikt 1: 50 000 kanblad 1: 250 000 kartblad

Nome Telemark Østlandske 17134 Skien

Fagområde Dokumenttype Forekomster

Geologi RaPPort Fensfeltet

Råstofftype Emneord

Malm/metall Nb P

Sammendrag

The Tuftehavna Nb-mineralizations occur within a wedgeshaped søvitic body, enclosed in fenitic rocks.
Mineralized rocktypes are søvites, with columbite and pyrochlore; rauhaugites predominently with
columbite, and lamprophyric rocks and related segregation with fersmite, columbite and pyrochlore.

Only in the latter groupNb205 exeeds 1 wt %. Apatite is abundant in most of the mineralized rocktypes,
expect early rauhaugites.
The mineralized lamprophyric rocks are among the most radioactive (gamma-rays), show among the
highest spesific garvities, and contain either no or very much magnetite.



INTERN RAPPORT.

DATO: 31.12.82

A/S Sydvaranger.
Prospekteringsavdeling.
Nordraaks vei 2. 1324

RAPPORT NR: 135L

SAKSBEARBEIDER Henning Qvale

TEL 538976-120518
Lysaker, Norge

Antall sider 59
KARTBLAD 1713 33 bil 11

RAPPORT VEDPORENDE•

Tuftehavna, Fen Corm-.)lex.South Norway.

Geol•gy, mineralogy and mineraliza:lons.

FORDELING

OSLO:

tct{

RESYME:

The Tuftehavna NI3-mineralizationsoccur within

a wedgeshaped søvitic body, enclosed in fenitic

rocks. Mineralized rocktypes are søvites, with

columbite and pyrochlore; rauhausites

nredominentiv with columbite, and lamprophyric

rocks and related segregation with fersmite,

columbite and pyrochlore.

Only in the latter group Nb205 exeeds 1 wt %.

Apatite is abundant in most of the mineralized

rocktypes, except early rauhaugites.

The mineralized lamprophyric rocks are among the

most radioactive (y -rays), show among the

highest spesific Fravities, and contain either

no or very much magnetite.

KIRKENES:

ANDRE:

KOMMENTAR:
Ti_i



CONTENTS Page

1
2

48
49

50

1. INTRODUCTION

2. GEOLOGYOF THETUFTEHAVNAAREA

Regionalgeology 
2

Detailedsurfacegeology,Tufteha
vna 	 2

Geology,as observedin drillhole
s1 and 3-12 	 3

Synthesisand conclusionsfromdri
lllogexamination 6

	

3. PETROGRAPHY 
o

Fenite
8

Søvites
9

Latesegregatlonsassociatedwiths
øvites 	 18

RaUhaugites	
27

Sumaaryon Nb andP - mineralizations	
29

	

4, MINERALOGY 
31

Mineralanalysis 	
31

Oxides 
32

Apatitechemistry 	
39

Silicates 
44

	

5. CHEMISTRY 
46

Correlationsof mainoxides

Chemicalcorrelation 	

6. GEOPHYSICALSURVEY

Magneticsusceptibility	
50

Gamma-raymeasurements 	
50

Geophysicalcouparison 	
51

Geophysical-geochemicalcorrelation	
51

Gravimetricstudies 	
51

7. METALLOGENETICCONSIDERATIONS	
55

8. RECOMMANDATION	
56

	

9. REFERENCES 
57

10. FIGURECAPTIONS 	
58

Plate 1 -->4F

Appendix

Diamonddrillholelogs: TH-3 4 TH-12.



- 1 -

1. INTRODUCTION

This reportpresentsthe resultsof the geologicalwork carriedout in

the TUftehavnaarea, centralFen Complex,in 1982 by the colaborators

within the UnionMinerals- Fenco jointventure,as a continuationof

the work reportedby S. Olmoreresently(01more,1982).

In 1982 the area along the streamin Tuftehavnahas been mapped in scale

1:500with referenceto a surveyedgrid system. The area is also covered

by detailedsurfacemagnetic susceptibilityand Y-ray measurementsas

well as reconnaissanceVLF-measurementsdescribedin detail in a separate

report (Carstens,1982).

A drillingprogramcomprising11 diamonddrillholes of alltogether1405,90m

has been completedin 1981 through1982. Partialchemicalanalysisof

selectedcore sectionshas been carriedout at "Sentralinstituttfor

industrielllorskning"(SI) and,"Instituttfor energiteknikk"(IFE).

A reconnaiscancesurveyof petrographyand mineralogyof presumedeconomically

importantlithologiesis fulfilled. This surveyalso includechemicalana-

lysisof mineralsbymeans ofelectronMicroprobeatMineralogisk-geologisk

museum.

Unfortunatelya decisionhas recentlybeen made to discontinuethe writers

work within the project,leavingbehindnumerousunansweredquestionscon-

cernedwith the geology,petrologyand metallogenyof the area.

Oslo,31. December1982

((ifiks_
Henning le
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2. GEOLOGYOF THE TUFTEHAVNAAREA

2a Regionalgeology

TheFenalkalineComplexis locatedon thesouthernshoreof thelåkeNordsjø.
Thegeologyof the complexis describedin detailby Brøgger (1921)and
Sæther (1957).RegionalgeologicalmapsincludingtheFenComplexare
recentlycompiledby Dahlgpen(1978) and Dons& Jorde (1978).

TheroCksof the FenComplexareexpcsedoveran areaof appx.8 km2.
Theyareenclosedin Precambriangneisseswhichareoftenbrecciatedor
metasomaticallyalteredalongthecontacts,throughfenitizationto thesouth
andwestand cloritizationto the east (Andersen,pers.comm.).

Themajorrocktypesof the complexmaybe dividedin fivegroups:
Thebasicrocksbelongingto the ijolite-melteigite-urtitleseriesdominating
thesouthwesternpartof the complex (seekeymap,Plate1; vipetoitesin
thesamearea; carbonatites(swites,rauhaugitesandrødberg)in the
centralandeasternpart; Lampromphyricdamtjernitesoccuringallover
exceptin thesouthwesternpart; andthe countryrock-derivedfenites,
biotite-calcitefelsandothermetasomaticallyalteredrocksalongthe
southernandwesterncontactas wellas internallyin the centralpartof
thecomplex.In additiona largenumberof hybridand "interuediate"rock
typesareregistredfromallpartsof the complex.

Theareasubjectto thepresentstudyarelocatedin the centralpartwhere,
accordingto Sæther (1957),søviticandrauhaugiticrocksare intermixed
withandsurroundedpredominantlyby biotite-calcitefelsandotheraltered
basicrocks.

2b Detailedsurfacegeology,Tuftehavna

Therestrictedareaalongthe streamin Tuftehavnahasbeencarefully
searchedforexposures.Theresultis shownon Plate1.

Thefourmajorgroupsof rocksoccuringshowa preferentaldistribution.
To theeastandwestrocktypesderivedfromtheenclosinggneissesdominate.
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These are fenite,hollaiteand, dominating,syeniticfenite and biotite
calcite fels, rock typeswhich will be describedin Ch. 3. They are
cut by dikes of rauhaugiteI. To the south there is no exposuresindi-
catingwhat is the structuralrelationbetween the two fenite-derived
domains. However,the presentcoworkershave adopted the interpretation
of earlierworkers (e.g.Sæther,1957) suggestinga enclosurearound a
core of carbonatites.

The easternpart of the "core"isdominatedby more or less massive rauhaug-
ite (I) exposedin an up to 20 m wiliezone betweenfenitesand søvites.
The latter,dominationgthe centraland westernpart of the "core",are
in this general interpretationfurthersubdivided in a zone of blue
amphibole-bearingsøvites,and the area where the blue amphiboleare
virtuallylacking. This subdivisionseems to supportthe interpretation
of a structuralclosureto the south,as the blue amphibole.'bearingsøvites
are rimmingthe søvitemassiv,wheneverthe iim is exposed.

Within the blue amphibole-bearingsøvite (andpresumablyalso the rauhaug-
ites to the east)lamprophyricrocks are exposedat one localityat bottom
of the valley.

The structuralpatternof the area is characterizedby a generalnorth
to north-west-trendingatrikeof planar structures(Fbliation,schistosity
and banding)with steep to verticaldips.

2c Geology,as observedin drillholes1 and 3-12

The geologicallogs for drillhole1 (TH-1)are alreadyreportedby Olmore
(1982). The campletelogs for drillholes3 through12 (TH-3- TH-12)are
enclosedin Appendix1 and visualizedin Plate 2. The geologicaldata
are transferredto theirappropriatedrillingprofilesin Plates3A - 3F.
These are then simplifiedand interpretedin Plates4A - 4F, respectively.

Examinationof the differentprofiles,in the order fram south to north
in the area, revealsomevaluableinformation:
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ProfileTH-11 (Plate4A) TH-11 is dominatedby søviticrocks in the

upper part, rauhaugite(I) in the middle, and metasomaticallyaltered

countryrock, mainly syeniticfeniteand biotite-calcitefels are in

the lower part. These registrationscorrespondwell to the observed

and interpretedsurfacegeologyby implyingmore or less verticalcon-

tactsbetween the major rock types.

At TH-11, 20.10 m .an apatite-rock stronglymineralizedwith subhedral

columbiteis observedto be intercalatedwith rauhaugitic(I)material .

This apatite-rock shouldon texturaland compositionalreasonsnot be

confusedwith the lampréphyriChiotiteapatiterocks,as will be discussed

in Chap. 3.

ProfileTH-5/6 (Plate4B) This profileexposesa sequence,tom east towest,

mf . syeniticfenite and biotite-calcitefels, rauhaugite(I), and søvites

with clustersof biotite-calcitefels es well as numerousveinletsof late

rauhaugite(II). The most easterly'exposedsøvitesare blue amphibole

bearing. Biotit~patite-rocks are not exposedat sutface,but intersected

in TH-5 in alltogether87 cm at 44 in (2 cm) and 53 za(85 cm). No transection

is obsrevedin TH-6.

In both holes the relativevell definedcontactbetween søvite-dominated

and rauhaugite(I) -dominatedvolumes indicatea steep easterlydipping

positionfor this major structuralelement.

PrOfile'TH-4/3/4(Plate4c). In this profile the centraland western

limitationof the søvite-dominatedvolume into the surroundingbiotite

-calcitefels and feniticrockswhich are cut by frequentdikes of rauhaug-

ite (I). TH- 3 and 4 are drilledexclusivelywithin the søviticdomain,

TH-4 with a large fractionof rauhaugite(1) and biotite-calcitefels near

the lower terminationof the hole.

Lamprophyricrocks appear in all threeholes as well as being exposed

at surfacenear the top of TH-1.
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In T1i-1theintersectionsmeasureappx.8 m between2,35 (top)and 11,50m.
In TH-3correspondingintersectionsarefoundbetween32 and42 m totally
measuring3,60m includingminuteappearancesat 23 and49 m. In TH-4the
totalregistrationof lamprophyricrocksamountto 59 cm with19 cm at 12m,
25 cm at 53m andtherestsharedbetweenlocationsat 27m and54m.

The profileindicatea semiverticalor steeplywesterlydippingrelation
betweenmajorregistrationsof lamprophyricrocks. However,thetotal
thicknessdecreasesdrasticallyat depth,thecorrelationbetweenthe

shallowestappearanceof alteredcountryrocksin TH-1and theprobable
positionof thesameat surface(accordingto interpretationon thegeo-
logicalmap,Plate1) confirma steepeasterlydippingcontactbetween
søvitesand surroundingcountryrocksto thewest.

Profile7/8/12(Plate40 & 4E). DespitethefactthatTH-12is offset
by an angleof 20grelativeto theothertwo,theirstructuralrelation-
shiparewelldocumented,and theyare thereforetreatedtogetherhere.

Thereareno exposuresof bed»ck in theinmediatevicinityof this
profile.The threeholesare,alldrilled eastwardswithinthecental

søviticmassif,andprobablyintotherauhaugite(I)-daminatedareaindi-
catedon thegeologicalmap (Plate1). However,thepredaminanceof rau-
haugite(I)is hereat best,in TH-7,weak,and inYH-8andYH-12notpresent,
and therauhaugite(I)-bodyis thereforeterminatedin thisarea.

Rauhaugite(II)dikesandveilets,as wellas thecorrelatedapatite-veins
are commonrocktypesin bothTH-8andTH-12. Lamprophyricdikesand dike-
letsare commonin upperpartsof TH-7and8 andmiddledepthsof TH-12.
TH-7totallyintersects3,02m of thisrocktype,T11-8ca. 3,2m andTH-12
ca. 4,85m. The registrationsin thethreeholesmatchwellby suggesting
a steepwesterlydippingorientationof themajorconcentrationof lampro-
phyricrocks.

The terminationof TH-7was determinedby theappearancefo a majordiscon-
tinuity:a stronglyoxydizedfracturezonewithlessthan10%corerecovery
overthecentral5,5m.
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This transectionis the only one cuttingthe inferredfault zone running
along the Tuftehavnacreeketd restrictsthe possibilitiesfor orientation
of this major structuralelementas will also be discussedlater.

Profile-9/10(Plate4F). This northernmostprofileare exclusivelydis-
playingdata from the centralsøvite-dominatedvolume, and thereforegive
no informationabout contactrelation. The exposedsøvitesare predomminantly
blue amphibole-bearing.Minor fracturesof the core sectioncontainother
rock types as rauhaugites(I and II), apatiteveins and lamprophyre. The
latteronly occur in the lowerhalf of TH-10,where it totallyamountsto
0,42 m.

2d Synthesisand conclusionsfrom drill log examination.

The generalstructureof the TUftehavnaarea can be a wedge-like zoned
søviticbody surroundedby raMbaugitesin the east and subsequentlyfenitic
and fenite-derivedrock typeson either sides. "Eithersides"is used
here referingto east and west, because the actual structuralpatternto
the south is not fullyknown.

At depth the western contactsbetween carbonatitesand feniticrocks dips
eastwards,whereas the easterncontactare more or less vertical,i.e. the
structurenarrowsat depth. The generalorientationof the lamprophyric
are on the other hand dippingsteeplyto the west, at low anglewith the
søvitecontact.

The zoningmentionedabove refers to the predominanceof blue-amphibole-
bearingsøvitesalong the margins.

The suggestedorientationof the Tuftehavnacreekfault zone ar based onthefact
that it is only transectedin one drillhole:TH-7. The otherholes drilled
eastwardsdo not go deep/farenough to reach this possibleplanarstructure.
Therebythe orientationis restrictedto just a very smallangulardeviation
from the directionindicatedon the geologicalmap (Plate1).

Some additional"interrock"relationsseem to be generallyvalid and of
possibleimportancefor furtherexplorationwork.
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Thereis no spatialrelationshipbetweenlamprophyreandfenitic
rocksor rocktypesderivedfromfenites.Theyarealwayswellseparated.

Theappearanceof rauhaugite(typeI) is nota clueto theoccurrence
of lamprophyre.The formeroccurspreadallovertheinvestigatedarea
as wellas moremassivein the (south-)easternpart,whereaslamprophyres
are restrictedto thesøviticdomain.

Rauhaugite(I)occurtogetherwithallothermajorrocktypesbutare
especiallyenrichedin or nearto feniticdomains.

Lamprophyresoccurtogetherwithdifferenttypesof søvites,whichare
generallyhighinmagnetite.

Rauhaugite(II)andapatite-veinsarenot easilyseparatedmacroscopically.
Theyusuallyareof thesamethickness(i.e.verythinin thisarea),have
causedsimilarmetasomaticalterationfeaturesin surroundingrocks,and
theyshowcomparablecross-cuttingrelationsto otherrocktypesindicating
approximatelythesamerelativegge.

The occurrenceof rauhaugite(II) restrictedto carbonatitedomains.

Theydo generallynotappearwithinareasdominatedby feniticand rock
typesmetasomaticallyderivedformthdse.
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3. PETROGRAPHY

This account on the petrography of the major rocktype in the Tuftehavna area
are concentrated on the potensial ores, but will also give a general

introduction to the nature of the other rock types.

3a Fenite, syenitic fenite and biotite-calcite fels.

This group of rocktypes has at least one feature in common: They do all of
them appear to be devided from the surrounding gneisses through the action

of metasomatic processes. They are cut by dykes and veins of later carbonatites
and occur as xenoliths in the søvites (Fig. 1). The alteration of original
host gneisses have led to formation of a large variety of rock types, of which
those appearing in the heading of this chapter are the most characteristic.
They often occur in a zoned pattern, in the same order as listed, in large or
small scale (Fig. 1).

S c ni

Fig. 1

3a1 Fenite. This rock type are characteristically composed of microperthitic

alkalifeldspar and aegitine with soda amphihole, apatite, sphene, zirkon,

pyrite, calcite and quartz as minor, highly variable constituents

(Brøgger 1921, Sæther 1957, Olmore 1982). It is mainly recorded from lower
sections of TH 1 (Kmore 1982) and is therefore nossibly making Up larger
volumes along the western margin of the mapzed area.
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3a2 Syeniticfenite. Thistermwas introducedby Vartiainen8 Wolley(1976)
for completelyfenitizedrocks. Thatis rockswhichno morecontainquartz
any otherrelicsof the phasespresentin theoriginalgranitichostrock,
neitherany of itsstructuralor lecturalcharacteristics.Olmnrerelated
the termto Sæthers(1957) "pulaskitesyenite"but alsopointedout the
appearanceof biotiteand chloriteas theeffectsof retrogressionbecomes
moredistrinct.

The syenitefenitesaremostcommonalongthewesternedgeof themappedarea.

Furthermetasomaticalterationleadsto the completebreakdownof the
ferromagnesianphasesof the feniteto biotiteandChlorite as well as
serIcitizationof the feldspar.Ihe resultis a felsicpinkmediumgrained
rockcoumonalongthe easterpandwesternmarginof the garbonatitemassif,
andmakingup the centralpartof largerbocliesas wellas defititemenoliths

(e.g.Fig.1).

343 Riotite-calcitefels. Thisis amafic nnckrimmIngtbe1fenitesat the
contactwithcarbonatites.WidthsateemkreipeAyvariable.;-ftema few
millimetresto severalmeters. Its.M4mr.00112"tiiuStsarebiotite,calcite,
chloriteoftenintergrownwithserieite,magnetite,riebeckiteandpyrite.
Relictsericitizedalkalifeldsparås common.

The termwas introducedby Brøgger(1921)andalsousedby Sæther(1957)in
slightlyalteredform("biotitecalciterock"). Brøggwr(1921)didalso
introducedtheterm Mhollaite",whichSæther(1957)aholished,as the rock
typeconcernedcouldsimplybe called "pyromene-søvite",However,during
the 50'sthe useof "hollaite"as a fieldtermforall maficrocksin the
carbonatitedomainsledto confusion.Thisis alsoadoptedby the coworkers
withinthepresentproject (eg. Olmore1982,p.2) as hollaiteproperis
virtuallyabsentwithinthe Tuftehavnaarea.

Thisrocktypeis generallymåneralizedwithNb-oxides,thenatureof which
is not studiedin detail. ThecorrespondingNb205-contentis usoally
below0.5 % wt. overnarrowzonesalongthe interfacebetweenadjacentsøvite
and'biotite-calcitefels.

3b Søvite

3bl TerminologySøvites,in severalvarieties,dominatetheareaof concern.
Brøgger(1920)introducedthistermto coverthenearlypurecalcite-rocks.
Theseare "calcite-carbonatites"accordingto Streckeissen(1979).
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Brøgger (1920) applied separate names, like hollaite, kåsenite and ringite

to calcite-rocks dominated by different non-carbonates. Sæther (1957)

refined the term "søvite" by restricting it to calcite-rocks with non-

carbonates <10 %, and used the appropriate pre-fixes for those rocks

carrying between 10 and 50 % non-carbonates e.g. pyroxene-søvite. This latter

principle of terminology will be applied here, whenever possible. However,

these terrs will nevertheless be compared with those of Brøgger, in an attempt

to clear up the confusion introduced by unfortunate use of certain terms in

recent year.

The following account will be subdivided on the basis of structural, textural

and mineralogical characteristics of the different varieties of sovites in an

attempt to disclose any systematic variations within the area. Tentatively

6 types of søvite are defined. The importance of this subdivision is left

to future workers to decide upon.

3b2 Søvite I. This type is usually coarsegrained with a patchy appearance and

purple to grey colour. Reference sample: TH 1: 21.70 m (Fig. 2).

•
a •

Fig. 2

The major non-carbonate phases are biotite, magnetite, apatite, green amphibole

and pyrite. All occur in highly variable amounts, and usually only 3 or 4

are present in an sample,Accessorial constituents are c1inopyroxene, muscovite,

chlnr[te and zirkon.



I

Therocktypeexhibita heteroblastictexture coareecalcite,biotiteand
magnetite crystalsand interstitial mediumgrainedcalcite,apatiteand
otherphaåespresent. Magnetiteoftenshowa skeletalhabituswherelarge
grains are cut intoseperate elongatedpieceain opticalcontinuitywith
eachother,andwithmainlycalciteand apatitein between. Thisis probably
due to latemagmaticresorption.Magnetitealsooccuras overgrowthon
stronglyelongatedpyritegrains.

The coarsecalcitegrainsare zonedwithincreasingdolomitecontentsalong
therims (CathodeluminIscence:core orange, rim:more •eddish.

Apatiteoccuras mediumsized reendedmub.to anbedralgrains,oftenstrongly
elongated,and zenedwithrespect-tmeeet et microscopicinclusions
These,whichnatureis not knoWe‘are t1emd4eN:thecoreaof emy Brai44,
whereas virtuallyabsentin the:r4Ms.Thespeenamphibolesaresecondary
relativeto the calcite:tinysinglefi$4,[siortadialaggregatesof suchalong
restrictedgranulatedzones,oreore,rarelY-Seed in themassivepartsof the
rock.

No significantlib-mineralizatiefle:.

,
3b3 SiviteII. Thistypeshewa ceeraesigelmedietchy textereand whiteto blue

colour,the latterbeingdueto.thecontentofalkaliaaphibole.
(Referencesample. Th 3, 84,80m).

Majornon-carbonatephases areblueamphibelaiwegnetite,biotite,apatiteand
pyrite. Amongthe accessorialmineralsaresmallenhedralzirkoninclusions
in calcitethemostcharacteristic.

Calciteis the onlyprimarycarbonatepresent. Themineral occurtogether
withapatitein a granulartexture. A cathodeluminiscencesurveyrevealeda
weakzoning patternin the coarsestcalcitegraims: orangerimsand slightly
morereddishcores. Thesigaificanceof thisobservationis not stated.

ThebluDamphibole,a ri&bickiteacc.to Andersen (1981),occurcm-sized
radialaggpegates.Themineral-seemscolourlessi thinsection. The
aggpegatesare often rimmed by granularmediumgrainedapatite. Thisapatite-
medificationas wellas the metrixtypeare zoned in thesameway as in the
SmviteI.

Magnetiteoccuras en—to subbedralup to 1 cm largecrystalswhichhave
exsolvedTi-ores. Dendriticand/orskeletaldevelopmentof magnetiteare
alsooftenobserved.
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This sevite type contribute significantly to the total phosfor content of the

area, but is not of any imnortance as source of Nb.

134W -1111
Fig. 3a

Fig. 3b

3b4 Søvite III. This type is mediumgrained with grey-green to light pink colour,

and often inhomogeneous, patchy as the nreceding type I and II. It is

generally massive without distinct foliation developed. The major non-

carbonate-phases are green amphibole, biotite, magnetite, apatite and pyrite,

whereas zirkon and columbite occur in accesorial amounts. Reference sample

is TH-3, 58.40 m (Fig. 4).
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tr"

Fig. 4

This rocktypeis dominatedby calciteof highly variablegrain size between
1 and 0.05 mm. The calcite is zoned, i.e. it is dolomiticalong grain
boundaries,which are usuallyuneven. The apatite grains are medium to fine
grained, sub to euhedraland often consentratedin polyonalaggregates.
The apatitesare full of inclusions,equallydistributes,allthough some grains
encloselarge (tv 0.1 mm) carbonategrains in the core. The nature of this
carbonateis not known.

Pyriteoccur as rounded,often stronglyelongatedmedium sized grains.
Occationallyeuhedralcubes are also observed. It is often surroundedby
secondarymagnetite. Magnetite do also occur as euhedralindividualcrystals,
often enclosingilmenite exsolutionlamellaes. Eithermodificationare

extremelyimpurewith large amount of calcite inclusions, or appear as skeletal
remnants intimatelyintergrownwith calcite.

The zirkonsoccur as minute grains interstitiallybetween or includedin calcite.

The columbiteoccur as eu to anhedralhomogeneousgrains, <2 mm, but are
often rounded and full of intergrowths and inclusionsof calcite. This
Nb-mineralizationis common and is estimatedto be comparableto max.
0.5 wt

3b3 Søvite IV. This type is more finegrained,grey, often with a weakly developed
layering due to concentrationof mafic minerals. These are biotite,apatite,
chloriteand pyrite and occessionalamountsof quartz,magnetite,phyrochlore
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and columbite.

In additionto calcite,ankeriteand dolomitearepresentin significant
comments.

Referencesample: Bh 4: 64,50m

Fig.5

Therockeabibitsa polygopaltextureof mediumgrainedcalciteand fine
grainedapatite,the latteroften concentratedin aggregatien, The calcite
is somedinthe way tbatit is rimmed by dolomitealonggrainboundariesand
seccudarybiotite+ chlorite-rimlets.

An earlygenerationof mediumgrainedsub-to euhedralgreenbiotiteis
unerallybrokendownto radiel,veryfipegrainedaggregatesefbrownbiotite
andcbloritealongtherims. Thoroui alterationhas causedeasolutionof
quartzinthe coreof thebiotite-grains.Thesealteredbiotitesare
subsequentlysurroundedby anhedralfinegrainedaggregatesof dolomiteand
ankerite,and,as an outerrim of this coronalikestructure (Fig6),polygonal
medium to fine grainedstronglyzonedapatite,

4

•

1•11•--31

Fig. 6
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The zoning shows as shadings in blue in cathode luminoscope and to some
extent as a decreasein densityof inclusionstowardsthe rim.

Pyrite is the most abundantopaque,occuringpredominantly as < 0.05 mm
euhedralcubes. Minor amountsof euhedralmagnetiteis also observed.

Pyrochloreand columbiteare intimately intergrown. They occur as euhedral,
strongly zoned, 0.05-0.1mm large crystals. The cores are dominatedby
pyrochlore,which are translucentwith a deep red-browncolour.

Towards the rim the amount of opaque columbiteincreasegraduallywithin the
pyrochlorezones as "blebby" inclusions,as well as constitutingseparate
zones with pyrochloreas the minor phase. This mineralizationis a general
feature,resultingin an estimated Nb205 -content of ca. 0.3 and less than
0.5 % wt. in the whole rock.

3b6 Søvite V. This type is characterizedby a very peculiarorbiculartexture
definedby incomplete,often multiplecomplex spheres of mica + a REE-
mineral in weakly foliatedsøviticmaterial (Fig. 7). Most of the spheres
are stronglyelongated (e.g.10 : 1 : ratio between longestor shortest
axis), but some are obviouslynot. These latterare the most distinct
suggestinga synmagmaticorigin. The average diameter is around 0.5 cm.
Referencesample is TH-12, 122,50m (Fig. 7).

Calciteis completelydominatingalso this rock. Minor constituentsare
dolomite, REE-silicates, pyrite,pyrrhotite,a fibrous mica of unknown
identity.
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Thecalciteis generallymediumgrainedwithunevengrainboundaries.It is
crowdedwithincludedmineralsas wellas withtwophasesfluidinclusions
(gas- liquid).

The graphitespheresare zoned (Fig.8). The spheresthemselveshave
unevenlydistributedcoresof a unidentifiedREE-mineralsurroundedby a
greenfibrousmica. Bothare in coexistancewithpyriteandpyrrhotite.

On eithersidesof thespheresthereis a zoneof dolomitewichsubsequently
are in contactwithcalcite.

cc D:4
si

Cc

Got

REE -


silicate

Bi

si
2 -8mm Fig.8

Fig.8
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Søvite VI. Søvite dikes. In a number of cores crosscutting relationship
between different types of søvites can be observed. In these cases the later
dike-like søvites are generally mediumgrained white to grey with low contents of
mafic minerals. In the two reference samples chosen (TH-4, 28.45 m and TH-12,
104.20 m) blue-amphibole bearing søvite (Søvite II) and a layered lamprophyricbiotite-apatite rock are cut this later generation (Fig. 9A and B, resp.)

Fig. 9a

Fig. 9b and 10a

Equigranular calcite make up more than 95 vol. of these dikes. The rest is
rounded, elongated crystals of apatite crowded with very finegrained
unidentified included minerals, and occational larger subhedral biotite-
crystals. The biotites are usually strongly oxidized and/ore chloritized.
No Nb-mineralization are observed in these dikes.
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3c Latesegregationsassociatedwithsøvites

A numberof differentrocktypesappearas segregationsor dikelikebodies
withinsøvites. Theyare usually coarsegrainedandpredominentlycomposed
of two or moreof the "phases"biotite,apatite,magnetiteandNb-oxides.
Rarely,monomineralicvarietiesare developed.The twomostsignificanttypes
arediscussedbelow.

3c1 Biotite-apatiterock/lamprophyre. Thisrocktypeoccuras irregular

segregations,lenses,veinlikebodiesor dikespredominantlyrelatedto biotite
bearingsøvites. The thicknessof singlebodiesvariesfroma fewmillimeters
to morethan 1 m. The smalllensesand segregationsare usuallyelongated
parallell to foliationifpresentin the surroundingsøvite. (Fig.10a).
Veinsand dikesdo,however,oftencross-cutauchfeatures (Fig.10b),
suggestingthatmultiphaseor continuessubsolidusdeformationshas takenplace,
in accordanceswiththe conclusionsof Suther (1957). Thebiotite-apatite
rocksare on the otherhandpost-datedby intrusionof rauhaugiteI (Fig..10C),
andallthe presentrockshavesebsequmwtlybeensubjectedto localthorough
deformationand gnelasific~ma tFig.10d).

Thepetrography.ofthtbiotiteapaaitezackshas alreadybeenintroducedby
Olmore (1982),but it is intendedhereto go intosomemoredetail.

Therocksmay be massive,homogeneouswithoutvisiblelinearof planar
structures,or exposewell developedbandIng. Thisis definedeither
compositionallyby the largemodalvariations(e.g.4.8 - 66-.3vol % apatite
(Olmore,1982))or varlationsin grainsize. The interfacebetweenbandsmay
be planaror irregular.

The grainsizevariesfromthe coarsestbiotiteup to 5 mm,to oxidesless
thmn0.001mm, therebygivingthe rocka heterogeneousappearancebothin.macro
andmicroscopicscale.

Themajorphasesarebiotite,apatite,fersmite,pyrochloreand coluabite
withminor,or accessorialamountsof carbonateandpyrite.
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Biotite occuras singleand to euhedralphenochrystsor aggregates2-0.1mm.
The largergrainsshowundulatingextinctionand are stronglyzoned. The
generalpatternis a (yellowish)greencore,and towardsrim themineralis
stronglypleocroiticdarkbluegreento lightbrownwithdarkbrownzones.
(Fig.11A and Fig.3A,Olmore1982) Thiscorrespondto chemicalvariations:
the coreareenrichedin F, Mg and Al and depletedin Si andFe relative
to therim. Thedarkbrownzonesare charachteristicallyenrichedin Fe and
Ti, but depletedin F (Fig.11b) For furtherchemicaldata,se next
chapter.
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Inclusionsare common. Theseincludesub-tm euhedralveryfinegrained
pyrochlore(andcolumbite(?) ),and fersmitemostabundantnearrim,
(Fig.12), andoccasionallya finegrainedeuhedral Ta-mineralnot yet
identified(Fig.13), androundedpyriteand apatite. The latterMay in turn
enclosepyrechlereand fersmitecrijstals.eharactersticsarealsoradial
aggregatesof 0.0001-0.001mm thick needlesof fersmite (Fig.14) with
growthcentresalongrinsand internalfractures.
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Apatite occur in a granular texture interstitial relative to biotite, with an

average grain-size around 0.1 mm. The mineral may include large amounts of

Nb-oxides, both pyrochlore, columbite and fersmite.

Pyrochlore occur as euhedral, often perfect octahedral crystals, with size

ranging from 0.001 to 0.05 mm (Fig. 15). The crystals are colourless to light

brown, locally metamict, and exhibit extensive zoning, the nature of which is not

yet identified for this rock type. As part of the zoning are also observed local

accumulations of yet unidentified inclusions of size <0.0001 mm. Preliminary

data show that these are enriched in Ta relative to the host pyrochlore.

•

fl

11•••••11

Fig. 15a and 15b

Columbite is the least abundant of the "common" Nb-oxides. Just scattered

occurences are recorded indicating a general coexistance or emplacement

relation between columbite and fersmite, as they occur in the same textural

relation to other phases or with columbite as inclusions in fersmite.

Fersmite occur as sub- to euhedral crystals, desiminated or as inclusions

in apatite or biotite (Fig. 12). Grain-size ranges from 0.01 to 0.1 mm.


The crystal faces are rough and uneven, as are also the brown colour of the
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Partly metamictized mineral (Fig. 16a). The crystals are extremely
inhomogeneous. The fersmite matrix enclose at least two other oxide phases
as well as apatite (Fig. 16b). One of the oxides are most probably columbite.Although the small grain size prevents a conclusive identification.
Secondary carbonate appear througout the rocks as very finegrained veinlet
fillings and along grain boundaries. These veinlets are up to 0.5 mm thick.

' / ,—e:.

ta

'•

4

4

Fig. 16a and 16b

3c2 Magnetite- biotite- apatite rock. In this lamprophyric variety, magnetite
is one of the dominant phases. The appearance is in most respects identicalto the former biotite- apatite rock, massive and coarse graincd. However,the mineralogy differs considerably. Major Nb-phase is columbite, and calciteis as well as a major "primary" phase. Pyrite and Ereen amphibole occur asaccessional amounts. Reference sample and sole registrated occurense is
TH-4 around 16.70 m.

The biotite are originally zoned, but is often strongly oxidized and brokendown to very finegrained clouded aggregates in which fihrous green amphiboleis present as an important phase. The zoning pattern indicates that the
crystals have grown in two steps: The core has a uniform very light green to
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brown colour and show just weak pleochroism. This core is overgrown
concordantlyby a fine laminated,stronglypleocroiticzone of brown to dark
redbrowncolour. The outer rim of the biotitesshow a zonation in lightbrown
to redbrowncolour discordantwith the former, indicatinga brake in the growth.

Magnetiteoccur as up to 5 mm euhedralvery impure crystals. They are crowded
with inclusionsof non-opaqueminerals,orobablymainly apatiteand biotite,
which at least appear as the larger grains.

Columbiteoccur as roundedsub- to anhedralhomogeneouscrystalsof size up to
5 mm. No indicationsof exsolution or zoning phenomenaare observed. The
columbite-contentis estimatedto ca. 5 vol % at this specificcore section,
therebyclassifying this rock type as an importantsource of ore if present in
largervolumes.

3c3 Magnetite-blue amphibole-apatite-rocks. This heterogeneousgroup of rocks
are composeddominantlyof the mineralsgiving name to the group, in highly
variablefractions,with no or just minor amount of biotite and carbonates.The
rocks occur as concentrationsof one or more of the major phases in the parent
søvite,mostlywith gradual contacts. Dike-likeor cross-cuttingrelations,
like those exhibitedby the biotite-apatite-rocks,has never been observed.
These rocks are thereforeregarde'das integralparts of søvitebodies.
Referansesample in TH-3: 88.80 m (Fig. 17).

criert

Fig. 17
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Fromthe cores,thicknessesbetweena few cm and 2-3a are observed,most
commonare 10-30cm. The grainsizeis alsohighlyvariablefromsampleto •

sampleand fromonephaseto another.

Magnetiteoccursas sub-to euhedralsinglecrystalsup 1 cm,and as up to
5 cm large.aggregates(Fig:17),oftenwithdevelopedoetahedralexsolution
pattern.

Blueamphibole,a rlebeckite(Andersen,1981),occur as cm-sizedsemiradial
fibrousaggregates.Individualfibres are usuallyaround0.25mm longand
lessthan0.05mm thick. Themineralis macroscopicallybluish,but
colourlessin Mieroaeope.

Apatiteare usatiV eubhedral roundedgranularwithgrainsizeup to 1 zaa.It
is distinatttneytedtthe • partsare orowdedwithinclusions,zostly
earhonate (Jk*0Paqtlea), 4eesaa"ths rilmarefreefreisimamsions.Secondan
minutegraiggiendaggresataa:Ortneassatitaitatinedain08nnvenre01WE
apanae are net tettailika‘ta‘t 411* }Aale affhihnle.

1",0-5mi8nbuctral8rniM8,ne±4.to
agaregates te~b~witidite

aapB4145ar: mp to 0.1mm are alsoremoodedfrom
thieen

Caleite showa granulerveyyfineto mediumgrainedtexturein eqmilibrium
nitnunnellasreplacingapatits.

Fyriteoccur as up:to0.1mm andto subbedral graine dessiatnated througout
the aaphibole•free partsof therocks. A strongly anisotropie sulphide (?),
notyet identiFledio recordedneatto labgemagmetitecrystals.

NO distånctvaies of Nb-oxidesare observed.

Occasionaleuhedral grains of zirkonare recordedin apparentcoexistence
withmagnetite,apatite,biotiteand calcite.

3c4 Apatite-rock. In TH-11 at around 20 m depthis locallydevelopeta
"pure" apatite-rockstronglymineralizedby columbite.It is developet within
a sequenceof intermixedrauhaugitesand søvites,but thestructural
relatiouto theserocksarenot clarified.

Therockis uessive,fineto.mediumgrainedand has a greyto pinkcolour.
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3d2 RauhauEite (II). This late, multiple generation of the rocks are not studied
in detail by the present author. Within the Tuftehavna area they are seen as
numerous veinlets, of thicknesses usually less than a few millimeters, cutting
the other carbonatite types. When cutting søvite rocks, a charachteristic grey
metasomatic haloe is developed, probably due to dolomitization of the calcite.

This alteration feature is also observed around late apatite veinlets, which
for convenience therefore are grouped together with the rauhaugite (II),
although their relative age-relations are not known.
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Sæther(1957) reportsa generalNb205- contentof 0.2-0.5% wt. in the

rauhaugite(II),and lowcontentof apatite.In practice,however,these

contentsareof no importance,as thetotalvolumesof theserocksare

negligible.

3e Summaryon the Nb-and P-mineralizations.

As a summaryof thispetrographicaccount I willcomparetheoccurringrock-

typesas potentialsourcesfor Nb-oxidesandapatite.

Therichoresarerepresentedby whatis in thisreportdenotedas "late

segregations".Threeof those (seeTable1) havebothapatiteandNb-oxides

as majorconstituents.Thefourth,whichareblueamphibolebearing,hasno

Nb-oxides.Magpetiteis a majorphasein this oneas wellas in one of the

Nb-mineralized,but thelatteris of subordinateimportancewhenregistred

volumesin TUftehavnais considered.

Of subeconomicimportancearetheNb-ndneralizationsof differentsøvite

types(III withcolumbite;IV withpyrochloreandcolumbite)whichalso

containsubstantialamountsof apatite;therauhaugites,whicharegenerally

low in apatite;andapatiteveinletsassociatedwiththesecondgenerationof

rauhaugites,andthebiotite-calcitefels.

So farno Nb-mineralizationarereportedfromrockscontainingblueamphibole

(søviteand segregations).Thetextures (fibrousradialaggregates)of

these aikali-amphibolesexclude a puremagmaticoriginof themineral.

Chemicalconsiderationssuggestthatthenecessaryalkaliesaresuppliedfrom

(fenitized?) gneisses,andthereforethatthesesøviticrocksarestrongly

contaminated.



Rocktype Nb-oxides


x

Mineralizations

Apatite Magnetite

Fenites

Biotite-calcitefels

SøviteI




x x
II II




x x
.1III x x x
II IV x x




II V -. -  

It VI - - -

Biotite-apatiterock(Segrega typeI ) xx xx -

Magnetite-biotite-apatiterock(TypeII) xx xx xx

Magnetite-blueamphibole-apatiterock - xx xx

Apatite-rock xx xx




RauhaugiteI
II II

Apatiteveins

x


x

-

xx

-

Table1. Majormineralizationsand therelationto theirhostrocks.

not enriched

enriched

xx stronglyenriched
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4. MINERALOGY

Thischapterwillgivean unevenpresentationof themåneralogyof themajor

rocktypes. Forobviousreasonsthe activitieshavebeenconcentratedon

thosemineralgroupsmakingtheeconomicpotentialof thearea,primarilythe

Nb-oxidesand apatite.Theothermineralgroupswillbe discussedto the

extentnewdataareavailable.

4a Mineralanalysis.

An ARL-EMX-electronmicroprobeattachedto a LINKquantitativeenergy-

dispersiveanalyzerat Mineralogisk-geologiskMuseumin Oslo.

Standardsettingshavebeen:

Accelerationvoltage: 15 kV

Emissioncurrent: 100mA

Beam current: 1 • 10-7A

countingstatistics,Theanalyticaldetectionlimåtsdefinedas 20 based on

recalculatedto wt %, are givenbelow.

Thesevaluesareapprovimate,as they varysomewhatftom

Thisis mainlyrelatedto variationsin badkgpoundlevel

in amountsof


SiO2


TiO2

Al203

Fe0

tin

Mg0

Ca0

Na20

K20

P205

SO-4-

F-

Cl-

interfering

.26

.27

.19

.30

.30

.19

.17

.24

.13

.43

.15


2.65


.11

elements.

Nb205


Ta205

Y203

Ce203

La203

1102

Th02

.31


.36

.39

.61

.36

.42

.69

phaseto phase.

dueto fluctuation

In analyticaltablespositivedetectionscorrespondingto valuesbetween

1 Cand 2 arare indicatedas traces ("tr").
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The energy-dispersiveanalysesof Ta do howeverintroducea separateproblem

becauseof the Ta-peakscomplexityand overlapwith other elements. This

problemare not yet fully overcome,and have resultedin low reliabilityupon

exactlystated high Ta-values,despitegood reproducability.

To controlthe qualityon the differentelementsa number of pre-analyzed

standards,måneralsand glasses,are analyzedas unknowns.

Data on three apatites,from Gloserheia, South Norway,Durango,Mexico and

Huddersfield,Quebec are includedin Table 2. A generalreproducable

agreementbetween the analysesand pUblishedvalues for CaO, Na20, P205

and Cl. A reasonMbleproportionalityis shown by S042- although

the exact values are way off the "recommended".For the otherelenentsthe

result is at best indicativeat these low amountsaroundor below detection

limåt.

The specificproblem exhibitedby F- causedby three factors

Low countingrates for this light element.

The element is easily vaporized from the surfaceas a result

of overheatingthroughelectronbozbardment. This effecthas

been minimised by defocusingthe electronbeam.

Overlapbetween the FK - line and the FeL - line making F-

analysesof Fe-bearingmineralseven WATt dubious.

For the specificaim of detecting Mgt2, F- and Cl- in the apatitesmore

accurately,the elementswere analysedon the manual spectrometers.

ADP-crystal was used for the two forner,and RbAP for the latter.

4b Oxides

4bl Pyrochlore. This cubic mineralfulfilthe requirementof the generalformula.

X2Z206 (OH,F) where X where the X-position may be occupiedby Na, Ca and

V among others, and Z by Ta and Nb (Phillipsand Griffen,1981).

It occursinseveralmineralizedrock, either intergrownwith columbiteor as

separatecrystals,the fornerin søvite,the latterin biotite-apatiterock.

(lamprophyre).

The søvite-pyrochlore(SøviteIV) occurs as coarsegrains (usually0.05- 1 mm),

intimatelyin cyclicconcentriczoningpatternwith columbite. The mineral

has a dark brown colourin transmittedlight,and a reflectivilyhigher than
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Table -2a Microprobeanalysisof Std. 85, apatitefrom Gloserheia,
SouthNorway.

Values in "( )" are below detectionlimits,set here to be 20.

OE (5042-+ F- + C1-)

Sum includesother11203= 0,50%

OE is Calculatedby the presentwriter.

Analysisby Amli (1973).

Table -,2b Microprobeanalysisof Std. 112, apatitefrom Durargo,Mexico.

Values in "( )" are below detectionlSits, set here to be 20.

CE (5042-1+F- + C1-)

Sum includes2203 = 1,43,1(20= 0,01

Sr0 = 0,07,As205 = 0,09

Calculatedby the presentwriter:

- OE

Fe0 from Fe203

- SO42- from 503

Analysisfrom Young et al (1969)J

Table - 2c Microprobeanalysisof Std. 148, apatitefrom Huddersfield,Quebec.

Values in "( )" are below detectionlimits,set here to be 20.

OE (SO4 + F + Cl )

Sum includesCO2 = 0,88 and 1120-= 0,29

Calculatedby the presentwriter:

OE

Fe0 from Fe 02-3

Analysisfrom Trzcienski(1974).
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Table - 2a
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Anal. ao.Date 5102 £120 FeD NaO Ca011a20- I,202. Y 0 Ca203 11203 SO42- r Cl- 014I) SUN

I14/7 .69 0 0 0 53.40 (0.14) 39,09 1.34 0 0 45 2,80.18 1.29 96,00
2 N ,68 0 0 0 54,99 („20) 40,29 ,98 (,$0) (.39) .60 (1.113) .20 ,92 99,74
3 N ,48 0 0 (.16) 54,72,28 40,94 (.79) (.18) (,24) ,5I (2.53) .19 1.19 99,83
4" (,I3) oa na 0 54,55 (.13) 41,23 0 0 0 (,I4) (2,02) .16 ,91 97,45
5 N ,35 na oa 0 55,90 (,13) 41,52 (,42) 0 0 0 ( .30) ,I3 .16 98,59

Neao ,47 0 • 0 0 54,71,10 41,61 ,7I ,14 ,I3 ,34 1,90.17 ,89 99,47
St. dev .24




,90•07 ,97 ,52 ,22 ,18 ,26 .97,03 ,44




Neeommended(2) .49 41 Ili oa 54,47oa 40,67 ,7I I0 oa Ila 2,92oa 1;23 98,13
AAAAA-2b




AAAAA SIS






Anal. ao.Dats 8102 £1203 760 Na0 Ca0161120 1203




- • 1)

On . SON

I14/7 ,34 0 (.13) (.11) 54,17,46 40,53 0 (,99) (.64) ,69 2,85 ,39 1,40 99,00
2 ,28 0 0 0 55,02 .(,11) 41,27 (.24) (,34) .(,16) ,87 (2,18),44 1,16 99,75
315/7 (.20) 0 (818) 0 34,21„32 40,66 0 (.31) (.10) .07 3,4$ ø$å 1.09 99.11
4 (,24) 0 (.19) 0 54,52,41 40,38 0 (.68). (.65) ,87 (1,98),47 -,96 99,13
5 ,50 0 0 0 56,40,35 40,29 (e31) (.55) (.33) .45 ( ,80),30 .48 96,02
6" (,19) 0 (,19) ,22 54,85,56 41,64 (,11) ,79 (.70) ,07 ( e$1)t$$ .3$ 100,65
713/7 ,39 ne ta (,17) .54,08 ,46. 39,72 (.60) (.62) (,37) .90 0,10 .32 1,95 99,70
8 (,18) na na ,25 55,49,38 40,82 0 (.22) (,32) ,84 (2,60),43 1,33 100,20
9 1, ,29 ne oa ($11):55,42,38 41,46 0 ,92 .76 ,84 (2,53),57 1,29- 101,79

1025/5 aa (,10) 0 (,19)155,14 9.44 39,95 an 0 na na 5,35 mp 2,25 98,92
II.$ aa (.10) 0 8 55,44,36 39,53 aa (621) na ne (1,96) aa ,70 96,60
12 na 0 0 0 55,51 ,46 40,65 aa (.33) ea la (1,09) 24 ,40 97,58
13• aa 0 (,21) ,26 54,62,35 39,74 aa (46) na na 2.89- na 1,22 97,01
14, oa 0 (,17) 0 55,38,36 40,09 ala 0 na na (1,81) aa ,76 97,05

Neao ,29 0 .10 ,10 54,68,39 40,47 ,14 ,42 ,49 .80 2,38 ,39 1,15 99,70
St..dev. ,11.




,I0 ,I2 ,54.10 ,47 ,2I „29 ,24 ,14 1,34 ,06 ,57




Recommended2)I ,34 .,07 ,05 ,01 54,02 .23 40,78





„45 3,53 ,4I 1,66 98,40
Table -2e





ANALYSIS







Aaal. no.Dat• 5102 £1203 1e0 Ng9 cao Na20 P205 7203 Ce203 1a203 SO42- rCl- 0a1) SUN

I14/7 1,44 0 (.19) 0 53,24,32 37,64 (,34) 1,34 (,44) 1,14 4,100 1.95 98,02
2 1,23 0 0 0 53,87,26 37,78 0 1,28 („20) 1,08 3,100 1,49 97,31
3 1,07 0 0 0 53,14(.13) 37,60 0 1,06 (,43) 1,11 3,490 1,65 96,38
413/7 1,07 oa aa (,10) 53,95(,I2) 37,44 1,02 1,41 ,8I ,81 (2,12) 0 1.02 97,83

Naan 1,20 0 0 0 53,55,21 37,62 .34 1,27 ,47 1,04 3,220 1,53 97,39
St. dev. ,16





.42,10 ,I4 ,48 ,I5 ,25 .15 ,86 .39




Seetemended2) 1,75 na ,I2 ma 53,66,28 38,08 ,15 1,22 -.44 ,87 3,90na 1.73 99,91



Sample No.

TH-13.95 m

1111

1111

1111

1111

TH-13.95 m

Table 3.

PointNb205Ta205Ti02UO3A1203Ce203Fe0Mn0Mg0Ca0

1.169.104.100000tr.19.2

1.267.503.80tr000tr18.7

1.367.603.10trtr00tr17.5

1.1267.2tr3.6tr00tr0tr18.8

31457.62.33.60.302.60tr21.8

1.463.6.54.20.30.80.316.6

1.568.603.40000tr019.1

SelectedmIcroprobeanalysisof pyrochloresfrom biotite- apatite rock (lamprophyre).

Na20

7.0

6.4

7.3

6.3

tr

6.3

6.2

F"

8.0

6.5

5.0

8.7

3.8

5.9

6.3

Sum

99.4

96.4

95.5

95.9

882

92k

973 1
w
w

Sums do not include F-.

"tr" = traces
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thatof theassociatedcolumbite.It is crowdedwithincludedphases,quartz

andpyriteareregistered.Preliminarydataon thechemistryindicatethat

thism dificationis highin V (Ar5% wt) and Ta (~10 % wt),andareto

a certainextentin accordancewiththeCa-pyrochloresreportedby Mariano

(1980).

The "lamprophyre- pyrochlores"arealreadydescribedin Ch. 3c1,Fig.15.

Theyarecharacteristicallycolourlessto light brown,andexhibitverystrong

internalreflections.Thegrainsizevariesfrom0.001to 0.05mm. The

chemistryis ratheruniform,as shownby selectedanalysislistedin table3.

They are characterizedby relativelyhighcontentsof Ti, Ca, Na, andF-,

hereasTa, V and Fe arelowor virtuallyabsent. Noteworthyare the

possitivecorrelationbetween Ta and Fe enrichmentsand Nb and Na

depletions.

4b2 Columbite. This orthorbmbig mineralis themostwidelydistributed

Nb-mineral,reportedfromsevites,limprophyresandrauhaugites.It is always

opaque,and anisotropicwitha greycolourin reflectedlight. Themineral!s

idealformula is XZ20 wherethe X-positionmostcommonlyareoccupiedby

Fe and.Mn,andthe Z-positionby Nb and Ta. However,.chemistry,as wellas

size and texturalrelationstoadjacentphasesarehighlyvariable.

Columbitein "SeviteIII" occuras anhedral,oftenroundedgrains,withsize

lessthan2 mm. dhemicalanalysesof twograinsindicatehigh Fe and low

Ti and Ta relativeto theothermådifications(Tåble .

Columbitein "SeviteIV" are intimatelyintergrownwithpyrochlorein zoned,

euhedral,up to 0.1mm crystals.They areroundedwithveryfinegrained

inclusion of pyriteanda silicaphase (accordingto chemicalindications).

The columbitecrystalsare chemicallyinhomogeneous,butgenerallylowerin

Nb andhigherin Ta thanaverage (Table4).

Columbiteis a subordinatephasein biotite-a titerock whereit occur

closelyassosiatedwithandprobablyin a replacementrelationto fersmite,it

is not easilyseparatedopticallyfrom thelatter despiteitshigher

reflectivity.Veryfinegrainedinclusionsin fersmitefulfilthis

requirement(Fig.15),but areunfortunatelytoofinegrainedto.beidentified

by useof microprobe.Analysisof definitegrainsare givenin Table4.

TheyshowthelowestMn-valuesandarealsorelativelylowin Ta.

Columbiteis,however,themajor Nb-phasein na etite-biotite-aatiterock.
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Sample




Point RockTypeNb205 Ta205

Analysis

T102A1203Sc203 Y203 Ce203 Fe0 Mn0 Mg0 Ca0 Na20 UO3 1:




TH-3 58.40 1 B SøviteIII76.1 0 2.1 tr




0 20.3 1.2 tr .3 tr tr 100.0




TH-3 58.40 1 C SøviteIII73.6 0 2.6 0




0 19.7 .9 0 1.8 tr 0 98.6




TH-4 64.50 2 B SøviteIV69.0 5.6 4.2 tr




0 19.0 1.5 tr .2 0 0 99.5




TH-4 64.50 2 D SøviteIV66.4 4.2 4.4 4




.9 17.9 1.3 .3 .8 tr 0 95.8




TH-1 3.95 1.7 Bi-ap-rock72.6 .4 5.8 0




0 18.7 .4 .6 1.9 0 0 100.4




TH-1 3.95 7.4 Bi-ap-rock74.5 0 4.5 0




0 18.4 .8 .7 .9 0 0 99.8




TH-1 9.60 1.3 Bi-ap-rock68.7 1.5 7.8 .3




0 18.5 .9 .9 .5 tr 0 99.1




TH-4 16.70 1 B' Mgt-bi-ap-rock63.9 8.3 4.0 1.1




.9 16.7 1.2 2.5 .9 tr 0 99.5




TH-4 16.70 1 D Mgt-bi-a-rock73.0 .4 5.8




tr 19 8 1.3 .3 .3 tr 0




TH-11 20.10 1 A/B Ap-rock73.3 2.4 2.8 tr




0 19.0 1.1 .3 .7 0 0 99.6 iTH-11 20.10 1 C Ap-rock67.4 2.7 2.5 .2 •




0 17.1 1.2 tr 5.3 0 0 96.4 w
....1TH-11 20.10 1 D/E Ap-rock73.7 2.6 3.3 0




0 19.5 .9 .3 .7 tr 0 101.0 I
FV-23




1 RauhaugiteII71.69




6.16




.67 .94




20.55 2.99




40.5




103.00




FV-23




2 RauhaugiteII65.91




6.05




1.32 .66




20.14 3.25




<0.5




97.33




FV-23




3 RauhaugiteII69.77




5.50




.38 .73




19.76 3.45




<0.5




99.59




FV-23




4 RauhaugiteII69.89




5.84




.64 .90




20.59 2.84




<0.5




100.70




FV-23




5 RauhaugiteII68.69




6.23




1.12 1.30




19.72 3.00




40.5




100.06




FV-28




6 RauhaugiteII71.40




5.74




2.74 .65




17.49




<0.5




98.02




FV-28




7 RauhaugiteII71.78




5.16




.73 .46




20.67




<0.5




98.80





Table4.Microprobe analysisof columbitefromdifferentrocktypesfrom






theTuftehavnaarea,and for comparisonfromrauhaugiteII W of
Fensgruvene(AM1i, 1974,samples FV-23 and FV-28,Wavelengthdispersive
analysis).

traces
Blank= not analyzed
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Opticallythemineralis homogeneouswithno sign of zoningor includedor
exsolvedopaquephases. However,themineralis crowdedwithnon-opaque
phases,of whichone is identifiedas a thoriumrsilicate,probablythorite.
Analysisof thecolumbite,listedin Tåble4, ehowvariable,but significant
contentsof Ta and Ce,anda positivecorrelationbetweentheseelenents
and Mg and Al.

Columbiteis alsothe majororemineralin apatite-rock, whereit occuras
mmrsizedsubhedral,roundedcrystals,poiciliticallyenclosingmediumto
fine-grainedsubhedralapatite.Thechemistryvariessomewhatindicating
thouroughinhomogenities Thehigh Ca (Ca0= 5.3 %) in pt. lc,a rim

positionin theanalyzedgrains, maybe dueto interferencefromincluded
fersmitenot registredoptically,or possiblya solidsolutionbetween-the-two
structurallycloselyrelatedminerals.•The Ta-contentsarenoteworthyabove
2 % (wt% Ta205).

Columbitein Fauhaugjteshas notbeenstudiedby thepresentauthor. Amli
(1974) hasanalyzedcolumbitesfromrauhaugiteII sampledwestof Fens-
gruvene.Hisanalyses (seeTable4) showstrongenrichmentin Mn, Sc and
Y. Thetwo latterelementshavenotbeenfoundin significicantamountsin
any coIumbitesanalyzedduringthecourceof thepresentstudy.

4b3 Fersmite. Fersmiteis an orthorombig mineralwithidealformula
XZ2 (O,OH, F)6 where X is representedby Ca,Ce,Na and Z by
Nb, Ti,Fe,Al accordingto Phillips& Griffih(1981).Brieflyspeakingthis
meansthatfersmiteis chemicallyrelatedto columbiteby exchangingFewith
Ca in the X-position.The chargeeffectof other substitutionsis
balancedby substitutionof OH- and F- for 02

Thefirmexistenceof thismdneralin Norwayhasnotyetbeenpublished.
V. d. Veen (1960) suggeststhatthephase "intersediatebetweenkoppite
and columbite"describedby Sørum (1955) ftomSøveis actuallyfersmite.
Mariano (1980) reportsextensivezoningin pyrochloresftomtheHydroQuarry
by Søve. Someof thesezone segments consistsmostlyof Ca and Nb (eg.
figs5b and6b,Mariano,1980),butby containingvirtuallyno Na theyare
notresemblingknown Ca-pyrochloresframtheFenComplex.On theotherhand
thesespectraseensidentificalwiththeonepresentedin fig.10b (ftomthe
Vipetoarea),whichis identifiedas a fersnåte,althoughnot "isostructural
withpyrochlore"as claimedon p. 20 (Mariano1980),butwithcolumbite.
However,as no analysiscorrespondingto thesespectraarerecordedin his
tables,no stoechiometricscalculationcanbe carriedoutto controlthe
identity.
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In the Tuftehavnamaterialfersmiteis only regdstredin the biotite-apatite,
therebeing the major Nb-oxide. The generalnode of occurenceis described
in Ch. 3 (C.f.Figs. 12,14 and 16). I will thereforeturn directlyto the
chemicaldata available.

In Tåble 5 analysisof fersmitesfrom five split cores from TH-1 are listed.
The major elementsare Ca, Nb and Ti whereasthe mineralis generallylow in
Ta and REE. The F-contentsare generallybelow detectionlimit,but still
listed (in "( )" ) for the purposeof calculatingof structuralformulas,
which are based on (6 ozygens F-) in the unit cell. These calculations
verifythe dominanceof Ca in X-positionand Nb in Z-positionin the structure.

The fersmitesare earlier (in Ch. 3) shown to be extremelyheterogeneous.
This is generallynot reflectedin chemicaldata,which suggeststhat the
heterogeneitiesare chemicallycloselyrelatedto the host. An examplewould
be the suggestedcolumbiteinclusion,which specificallycouldaccountfor
the observedvariationsin Fe-contents.

4b4 Ta-mineral. An unidentifiedTa-richmineralis observedoccationallyin
biotite-apatite-rock. It is usuallyeuhedral,stronglyzonedand
contaninated" by silicates (Fig.13). Grainsizeis usuallyless than 0.1 mm.
The mineralappearto be isotroPic,but opticallyheterogeneous:Partly
translucentwith lightbrown colour,partlymetamictized. It has a greyish
colourin reflectedlight.

Prelindnarychemicaldata on the core,which are the most Ta-rich,give appx.
45 % Ta205' 25 % Nb205 and between8 and 0.4 % of Ca, Ti, Al, U, Fe, Na
and Mg -oxideslisted in downwardorder,sumningto 91.5 %.

4b5 Magnetite. The magnetitesare not studiedin any detail,and just
qualitativedata are obtained. These includethe generalobservationof
ilmeniteexsolutionlanellaes. Furthermorethese seem to be a generalfeature
that the magnetitesfrom søvitesare enrichedin V. Tom Andersen (per.comm.)
have obtainedup to 1.15 % V203 by microprobeanalysis. On the other hand
magnetitesfrom magnetite-biotite-apatite-rock are virtuallyfree from
vanadium.

4c Apatitechemistry

Microproibeanalysckshave been carriedout on apatitesfrom the major rock

typeswithin the area. In additionon the routineenergy-despersionbased
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fullanalysis,morecarefulindividualanalysisarecarriedoutforMg,Cl

and F- tolix theseconstituents'variationsrelativeto specific

industrialwants.

As is shownin Tåble6, the variationsaregenerallysmall. Charachteristic

are:

Ca0: 54-56wt %

Na20: 0.2-0.4wt %

P205: 40.3-41.3wt %

F- : 2.5-4.0 wt %

Cl- : 0.04-0.12wt % (Av.0.07%) and

Mg0 0.10wt % •

Contentsof Si02' Al203' Fe0, Ce203 and La203 arelowandirregular.

Theonlytracesof chemdcalzoningareexhibitedby Cl whichis significantly

enrichedalonggrainboundaries(cf.TH-1,9.60m 1C vz. 1D,Table6).

Whetherthisis a generalphenomenonor is restrictedto certainrocktypes,

samplesor structuralfeaturesis notyet ascertained.

Ihe calculatedstructuralformulaedindicatea deficiencyin theP-position

suggestinga significantsnbstitUtionof C (intheformof (C0501)3-?)

forPO43- Takingthis,as well:asthesubstitutionsof OH- for F- andCl-,

into accounttheprobablefullcompositionof theanalyzedapatitesmaybe

expressedas

(Ca4.90-4.98A1
0-0.02%-0.01Na0.02-0.07)(P2.84-2.928i0-0.4

s0-0.01c0.05-0.16)012 (F0.70-1•00C10-0.20110-0.28)

The indicatedcontentof C is comparable

1.4wt %. Thisparameter,if confirmedby

themostcriticalwhenconsideringtheFen

industrialproductionof fertilizers.The

by Lenning (1982) aremetwithas faras

Complicationsarisingfromimpuritiesin a

of the discussionsin thischapter.

to CO2-contentsbetween0.4and

laterdirectanalysis,seemtobe

apatitesas possiblesourceof

otherqualityrequireuentsoutlined

the apatiteitselfis concerned.

concentrateareoutsidethe scope
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ShetYLEPOINT RE7 NETOOD ROCETTPE 8102 £1202 Pe0 Mg0 Ca011a20 P202 7202 Ce202 la202 504 7 C1-On1) SUPI
- -- -- -









TH-13.95n 1 25/5ZDX Diap-rocknå 0 0 0 54.5,2 39,8 II. tr na na tr(2.4)na.996,0

1 14/7" " ,3 tr 0 tr 55.0,3 40,7 0 tr 0 ,2 3.0 0 1,497,8




" 	opectr




0





3.5 ,041,698,1

2 25/5INIX * nm ,2 0 ,2 54.6,3 40,4 na 0 na na tr(1.8)na,896,7
2 14/7" " .3 ,2 0 tr 55,4,2 41,3 tr tr 0 tr tr(2.6)0 1,198,9




"•pectr "




0





3.3 1,051,499,4

4 25/5EDX




na ,2 tr tr natr 41,0 na tr na na tr(1,9)na,898,0
711-18,35n 1 25/5" 111ap-reckna 0 0 tr 55,9,2 40,9 na 0 na na tr(2.4)na 1,898.4




15/7øpectr "




0





3.5 ,051,599,1

2 "EDX '" tr tr 0 tr 55,0,4 40,8 0 tr tr tr 4.3 0 1,898,3




"øpectr "




0





4.2 ,051,898,3

TH-19,60siLh 14/7EDX 8/ ap-rock,3 tr 0 0 56,4,3 40,9 0 0 0 ,3 0 ,12,198,2




"spectr




"
 0






4.0 ,121,8100,5
18 IDX " tr 0 0 0 55,9,2 41,3 0 tr tr tr 2.8 0 1,299,0




"epectr "





0






2.8 ,081,299,1
1C 'IDX " ,4 0 0 0 56,4,4 42,0 0 tr tr -tr tr(2,0) 0,8100,2




*apectr. *





0






3.0 ,111,3000,8
11) EDX " tr o 0 tr 55,9,4 41,7 0 tr 0 tr tr(1,8) 0,8_99,0




esspectr *





0






3.4 ,081,4100,1
3 25/5EDX n nå 0 0 ,3 55,7,4 41,0 na tr aa na 0(,9) na,497,9

111-141.0m 1

1

25/5EDX

14/7"

enIte, na


,2

tr

0

0


0

0


0

	

56,1,3

	

54,8,3

40,8


40,3

na

0

0


0

nå

0

na


tr

tr(1,4)na„698,0

tr(2,1)0,996,9




"





0* •pectr






3.3 ,071,497,6
111-312,70.1 15/7EDX Mgt-bi-ap-,5

rock
0 tr ,2 54,3,2 40,4 0 0 0 tr tr(2,3)0 1,096,9




" spectr •





0






3.0 ,C61,397,4
2 ZDX w tr er tr ,2 54,0tr 40,1 tr 0 0 tr tr(,9) 0,494;8




spectr w





0






2.9 ,051,2 96,1
3 " EDX " i3 ,2 0 tr 55,0tr 40,8 0 tr 0 ,4 tr(I,7) 0,8 97,6




" spectr w





0






3.0 ,051,4 98,4711-338,251 " EDX Ap-vein
w

tr 0 ,4 ,3 54,4,4 40,6 0 0 0 tr 2.6 01,1 97,6




" spectr





0






2.6 ,08 1,197,72+3 " EDX " ,5 0 0 0 '54,3,2 40,4 0 tr 0 ,3 3,6 tr 1,697,5




" spectr ..





0






3,4
 ,111,597,5





Table6. Microprobeanalysieof apatitefromTuftehavna,Yen.




EDX*Energy-disperriee meaenremento;Spectr.:"Vave-length-

deepersive"meaanrenentsnadeon separatenenualspectroneters,

tr*tracee;na- not•nalyzed;0, (1,-+C1-+6042-).
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Table 6 contd.

Structuralformula,based on 25 0+2(011,F, C1)




Si 
 Al 	 Fe 
 Ht Ca Na 
 PYCe LaS F C1

TH-1 3,95 1




9,93 ,07 5,77




1,22




1




9,86 ,13 5,78 0,02 1,59








1,86 ,01




2 ' ,02 ,03 9,86 ,09 5,76




,98




2 ,05 ,03




9,92 ,08 5,85




1,37








1,74 ,01




4




9,93 ,07 5,78




1,01




TH-1 8,35 1




9,92 ,08 5,73




1,26








1,83 ,Oli




2




. 9,87 ,13 5,77




2,27









2,22 ,01
TH-1 9,60 1A ,05




9,89 ,11 5,67 ,08 - ,04








1,46 ,04




1B





9,92 ,08 5,80




1,50









1,50 ,02




1C ,07




9,88 ,12 5,81




1,05









1,59 ,03




1n





9,87 ,13 5,81




,96









1,81 ,02




3




,07 9,81 ,12 5,70




,44




TH-1 4,40 1





9,92 ,08 5,72




,53





1 ,03




9,92 ,08 5,73




1,20






•






1,80 ,02
TH-3 12,70 1









,08




,05 9,89 ,06 5,82




1,22









1,59 ,0




2





9,94 ,06 5,83




,51









1,64 ,02.




3 ,05 ,04




9,96




5,84 ,02 ,92









1,62 ,01-1
TH-3 38,25 1




,06 9,75 ,13 5,75




1,39









1,39 ,03




2/3




,07 9,93 ,07 5,82 ,03 1,96









1,85 ,03
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4d Silicates

The silicatesoccuringin rocksfromtheTuftehavnaareahavenotreceived

the attentiondeserved.Forpetrogeneticandmetallogeneticpurposes,the

intentionwas originallyto "map" the chemicalvariationsforthemost

widelydistributedsilicatesand correlatesuchdatawiththoseof related

phases,oxides,carbonates,phosphatesandsulfides.Thisprogramis not

fulfilled,andthe soledatapresentedhereareon biotitesfromthe

lamprophyricrocks: biotite-apatiterocksandmagnetite-biotite-apatite

rocks.

Thebiotite-phenochrystof theserocksarezoned,oftencyclically.Thezoning

patternin biotitesfrombiotite-apatite-rocksaredescribedin Ch. 3.

Theunderlyingdata (Table7) showthattheyaremaguesian(Mg/Fe-ratios

arebetween6 and9) althoughnot as magnesianas theoneanalysisfroma

søvite(pers.comm.S. Olmore).Qualitativedataon biotitesfroma magnetite-

biotite-apatite-rockshowa similarMg-richcore,buta muchstrongerFe-

enrichnenttowardsthe deepbrownrim.

All listedbiotitesare charachteristicallylowin Ti,contraryto thebiotites

from damtjernitesreportedby Griffin& Taylor(1975)with3-6wt % Ti02.

Routinefluorine-analysiswouldnormallybe of limitedvaluein a Fe-rich

phase,becauseof the overlapbetweenthe employedF K-linesandFe L-lines.

However,theexpectedproportionalitybetweenapparentF andFe detectionshave

notshownup. FromFig.11 it canbe seenthatthetwoparametersare partly

inverseproportionalsuggestingthatforsomereasontheseF-valuesare

conditionallyreliable.



OIMMINIIMOMMOIM

Sample




Point 5102 T102 Al203 Fe0 Mn0 Mg0 Ca0 Na20 K20 F-



TH-1 3.95 1 A core40.2 0.3 11.5 4.4 tr 25.3 0 .3 10.2 2.4 94.6
TH-1 3.95 1 B 140.7 0.5 10.8 6.0 0 24.6 0 tr 10.4 3.9 96.9
TH-1 3.95 1 C rim40.7 0.6 11.7 6.6 0 23.4 tr .3 11.0 5.4 99.7
TH-1 8.35 1 A core40.3 0.5 12.5 4.9 tr 25.0 0 .5 10.2 3.0 96.9
TH-1 8.35 1 B 40.3 0.5 12.8 4.7 0 25.2 0 .4 10.3 3.4 97.6
TH-1 8.35 1 C 41.2 0.6 11.5 7.5 tr 23.0 0 0 10.8 3.5 98.1
TH-1 8.35 1 D 41.4 0.4 11.8 5.5 0 25.4 0 0 11.0 5.2 100.7
TH-1 8.35 1 E v 41.7 0.8 11.3 7.0 0 23.3 0 0 10.4 4.0 98.5
TH-1 8.35 1 F rim42.5 0.5 11.8 6.8 tr 23.9 tr tr 10.7 4.7 100.9
TH-1 8.35 1 G core40.0 0.5 12.5 4.9 tr 25.3 0 .4 9.9 5.0 98.5
TH-1 8.35 1 H i40.5v 0.5 11.6 6.6 •0 23.8 0 tr 10.6 5.0 98.6
TH-1 8.35 1 I rim41.9 0.5 12.2 6.0 0 24.0 0 tr 10.7 3.8 99.1
TH-1 9.60 1 A 40.8 0.3 10.5 5.9 0 24.8 0 0 10.6 4.2 97.1

F-0014




41.33 .27 11.15 2.7 n.a 27.86 1.33 n.a 9.93 1.94 99.92

Table 7. Microprobeanalysisof biotites from biotite-apatiterock from Tuftehavna
(TH-1-samples analyst H.Q.), and from Søvite (?) from the Hydro Quarry
(F-0014,analystA.I. Gunow, Colorado).

Sums include F- but are not adjustedfor F-;=. 02-.
Sums of sample F-0014 also includescalculated H20+ = 3.72 % (by Gunow,
pers. comm. Olmore).
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5. CHEMISTRY.

A generalchemicalassay programfor selectedelementshas been carriedout
on the split drill cores. The completeTH-1 has been analyzedfor Nb, Y, Th,
Ce and Ta by Sentralinstituttfor industriellforskning (SI)and on
selectedsegpents for P by eitherSI or Instituttfor energiteknikk(IFE).
The cores of TH-3 through TH-12 are analyzedpartlyor completelyfor
Nb, Ta, U and P by IFE.

The chemicaldata are earlierpresentedby Hultin (1982). As they are
obtainedfrom two differentlaboratoriesknowledgeof the correlationbetween
the two as well as the accuracyof the data is essential.
For this purposethe upper ten meters (2.35- 12.0 m) of TH-1 have been
reanalyzedby Louviers'Laboratories,Colorado,USA (01more1982) and by
IFE for some of the elementsdiscussedin the presentreport: Loviers,
Nb & Ta; IFE: Nb, Ta and U. No countercheckis made on P.
The resultsare listedin Table 8. These show that there existrather essential
divergencesbetweenthe values from the differentlaboratories. However,for
most of the elementsthese divergences seem to be of a systematiccharacter.
E.g. for Nb and U IFE'sanalysisare alwayssignificantlylowerthan the two
other laboratories,whereastheir Ta-valuesgenerallyare higher. Louviers1
are low in Y aUd high in Ce relativeto SI (theseelementsare not analysed
by IFE). The correlationbetween Th-valuesfrom Louviers'and SI is better.
This suggeststhat the major problem is one of calibration.

No furthercontrol of analyticalresultsor interlaboratorycorrelationhas
been carriedout. With basis in petrographic observationsI do however,
regardthe givenresultsas being of reasonablequality, therebytakinginto
accountanalyticalproblensrelatedto the elementsinvolved,the "unusual"
bulk chemistryand the methodsemployed.



fre .
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Table 8






Depth (a) Lah. Nb205 Tie205 503 1h02 Ce02 U308

2.35 - 3 SI 6.15 .062 .014 .024 .18 .032




Louvlers 6.93 .054 .008 .018 .230 .18




IFE 5.0 .107




.022

3 . 4 SI 3.86 .028 .015 .012 .14 .025




Louviers 2.95 .024 .009 .010 .213 .13




IFE 2.6 .038





.017

4 - 5 SI 4.00 .032 .010




.10 .017




Louders 3.07 .021 .006 .006 .135 .005




IFE 2.8 .037





.008

5 - 6 SI 3.43 .010 .011




.11 .008




Louviere 2.92 .012 .007 .006 .197 .005




IFE 2.2 .013





< .006

6 - 7 SI 5.43 .039 .011 .006 .14 .024




Louvien 5.61 .038 .007 .012 .141 .011




IFE 4•4 .057





.015

7 - I SI 4.43 .033 .011




.14 .018




Louviers 3.82 .022. .006 .005 .177 .008




IFE






•- 9 SI 6.29 .053 .010 .030 .16 .032




Louviers 7.96 .057 .009 .038 .223 .016




IFE 5.3 .069





.021

9 - 10 SI 4.72 .049 .017 .038 .16 .032




Lemviere 4.67 .041 .007 .032 .204 .017




IFE 3.3 .063





.021

10 - 11 SI 2.00 .049 .015 .051 .09 .026




Louvliers 1.47 .034 .009 .047 .146 .014




IFE 1.3 .050





.017

11 - 12 SI 1.43 .027 .016 .027 .12 .020




Louviere







IFE .7 .024





.011

Table 8. Cheldeal enalyels of somples frole 78-1, 2.35 - 12.0 le

by three lodepenåent leboratorlee.

SI: kotrallnet1tutt for IndtatrIell foreknIns (m).
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5a Correlationsof main oxides

Plate 5 - 8 presentthe resultsfor Nb205, Ta205, P205 and U303
respectively. These platesare transparentoverlaysdesignedto fit directly
onto each other,thelithologicaldrill-logs(Plate2), or the geophysical
core date (Plate9 and 10), therebymakingthe cenditionsfavourablefor the
reader to make her/hisown conclusions. I will thereforeconfirmthe
discussionto make some commentson the illustrationsand the relations
between them.

Plate 5. Nb205 show major enrichmentsthroughthe lamprophyricrocks,
mainlybiotite-apatiterocks,but also relatedto magnetite-richvarieties,
as in TH-4 and TH-12. The large volunesof Nb-enrichmentare represented
by biotite-calcitefels and feniticrocks in TH-1. However,this enrichment
is not strong enough to be of economicalinterest.

The major Nb-depletionis shownby the søvitescontainingblue amphibole.

Plate 6. Ta205 is enrichedin the biotite-apatite-rocks and to some
extent in rauhaugiteI and apatite-richsøvites. The enrichmentrelated
to feniticrocks etc, is not as pronouncedas for Nb. E.g. in TH-1, there
is some Ta-richzonesbetween 125 and 165 m partlyrelatedto biotite-
calcitefels,but the Ta-contentdecreasesfurtherdownwards.

Plate 7. P205 is of coursereflectingthe apatitecontentsin the rocks
and are thereforeenrichedin søvites,lamprophyricrocks and other "late
segregations" and apatiteveinlets. Relativelow P-contentsis found in
rauhaugitesand feniticrocks.

Plate 8. The higher U303-contents are foundwell distributedbetween
the differentrock types. On the other hand moderateenrichment is
specificallyrelatedto biotite-apatiterocks, whereasthe othermajor
rocktypesdo not show any distinctpattern in this respect.
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5b Chemicalcorrelation.

The correlationbetween Nb (Plate5) and Ta (Plate6) is very good and
generallyindependantof rock type. The correlationwith P (Plate7) is
also good, althroughthe latterelementshow a much wider distributionof
enrichment,especiallyin søviterocks. Correlationwith U (Plate8) is
not so well pronounced,with a wide range of rock types contributingto the
higher values.

The correlationbetweenTa and P is generallygood. Most sectionsenriched
in Ta are also enrichedin P, but the oppositeis not alwaysthe case,e.g.
in apatiteveins in TH-7, ad in the blue amphibole-magnetite-apatite
segregations. The correlationbetween Ta and U is very good and generally
independantof rocktypes.

The correlationbetweenP and U is not very good, illustratingthe lack of
enrichmentof U in apatite-richrocks.
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6. GEOPHYSICALSURVEY.

A carefulreviewof the geophysicalsurvey in Tuftehavnaand adjacentareas
is givenby Carstens (1982). I will thereforehere just add some cowments
to the possiblecorrelationsbetween lithologiesand geophysicalparameter,as
measuredon the drill cores. I will also includean evaluationof gravimetry
as a possibletool for detectingmineralizedlamprophyreswithin the
Fen Complex.

6a MagneticSusceptibility

When measureddirectlyon undisturbeddrill cores,magneticsusceptibility
give a (semi-)quantitativemeasurefor the contentof ferromagneticminerals,
i.e. here mostlymagnetite.

Plate 9 presentsthe resultsof these measurementsfrom Tuftehavnacores.

It shouldbe noted at this stage that the data used in this presentationare
obtainedby severalworkers,utilizingnot exactlythe same techniques.
However,the generalapproachhas been to make a member of measurements
(usuallythree) over a distanceof 1 m and averageto obtainedvalues before
plotting. Stilltheremay be inhomogeneities "escaping" measurements
resultingin inconsistencieslike the one demonstratedby TH-12,127.5 m:
an occurrenceof magnetite- blue amphibole- apatitesegregations,but no
magnetite.detected

From Plate 9 it is seen that the søviteshave a highlyvariablemagnetite
content. Among the enrichedvarietiesare blue amphibolebearing. The biotite-
apatiterock has no magnetiteat all (e.g.see top ot TH-1),as is also the
case with most fenitesand biotite-calcitefels (lowerpart of TH-1) and
the rauhaugites.

6b Gamma-raymeasurements

The y -ray measurementsare plottetin Plate 10. Largevaluesshow uniform
low or intermediate values. The anomalous high valuesare confined mostly
to occurencesof apatiterich søvites,biotite-apatiterocks,magnetite-
blue amphiboleapatitesegregations and rauhaugiteII.
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6c Geophysicalcomparison

As expectedthe correlationbetween y-ray measurementsand magnetic
susceptibilityis not very good. For the major Nb-enrichmentsrepresentedby
biotite-apatiterocks the correlationis negative. The highestcorrelation
is exhibitedby the magnetite-bearingsegregation,og which some are also
Nb-enriched. (TH-4,16.5 m and TH-12,45.5 m).

There is no indicationthat søvitesadjacentto stronglymineralizedbiotite-
apatiterocks are low in magnetite. Ratheron the contrary,theseminerali-
sationsshow a definiteaffinityfor the blue amphibole(andoftenmagnetite-
rich) søvites,as is also indicatedon Plate 1, the geologicalmap.

6d Geophysical-geochemicalcorrelation

Low magneticsusceptibilityand high y-ray detectionsare the undisputed
guidesto stronglymineralizedbiotite-apatiterock. Lowergrademineralized
rocks of this type, do also emit less intensey-radiation (TH-5and TH-7).
On the otherhand the mineralizationsmagnetite-blue amphibolebiotiterock
may also be of economicimportance.

Relativelygood correlationis shownbetween y-ray intensityand P-contents
(Plate7), possiblyrelatingthd y -rays to the amountof apatitepresent.

The last relationto be mentionedhere, is the one between -ray intensities
and U (Plate8). The correlationis relativelygood, suggestingthat U are
contributingstronglyto the totaly -radiationfrom the rocks.

6e Gravimetricstudies

The gravityanomaliesacrossthe Fen Complexare known from the work of Ramberg
(1964,1973). The regionalgravityhigh suggesta dominanceat depth of denser
rock types, like damtjerniteor vipetoitewhereas the highercarbonates
dominatesat surfacelevel.

The "pure" varietiesof the major rock types exhibitdistirictdensity
contrasts. Due to extensivecompositionaloverlapthese contrastsare in
variabledegreereduced,but shouldstillbe sufficientfor detecting a
3-dimentionaldistributionalpattern.
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6e1 Densitydata on the major rock types at Tuftehavna. For this purpose
densitydata on importantrock types appearinglocallyat Tuftehavnaas well
as on major rock types occuringregionallywithin the Fen Complexare compiled
in Table 9, togetherwith their compositionalcharachteristics.

The anticipateddensitiesare calculatedon the basis of roughpetrographic
data, variationsin modal compositionand referencedata on mineraldensities.
(Phillips& Griffen1981, Deer, Howie & Zussnann1963).

Despitethe obviousuncertaintiesinvolvedin these data,they clearly
indicatethat the apatite,magnetiteand/or Nb-richrock-typesare among the
densestoccuringin the Fen Complex and the densestwithin the restrictedarea.

A seriesof measurementscarriedout at the Mineralogical-geologicalmuseum
on split core segmentsfrom Drillholes 1 and 3 give densitiesbetween 3.06
and 3.21 g/cm3 (Table10) on lamprophyricrocks. The intensionis that this
samplingshould cover a reasonablelarge range of texturaland compositional
variationsexhibitedby this rock type. However,none of the samplescontained
substantialamountsof magnetite,which will increasethe densities.

This tentativesurvey suggeststhat detailedgravitystudiesdo certainly
representan attractiveexplorationmethod for localizingnew Nb-mineralization.
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Table9

Rocktype MajorphasesAniticipated
(fallinorderof im ortance)densitran e

DatafromRamberg1973
MeandensitDensitran e




Søvite Cc-bi-blueamph-wigt-ap 2.80 2.73-2.90




Magnetite-segregation




(Mgt>50%) Mgt-blueamph-ap-bi-Cc4.0-5.2




Blueamph
(b.a.>50%) Blueamph-mgt-ap-bi-Cc3.0-3.5




Biotite-apatiterock Bi-ap-Nb-oxides+/-mgt2.87-3.16 \




(Measured:3.06-3.21j




RauhaugiteI Ank-dol-Cc-ap-Cb 2.91 2.81-2.99




RauhaugiteII Ank-dol-Cc-chl




Apatite Ap-dol2.86-3.2






171Rødberg Cc-hm 2.95 2.86-3.06 Co

Biotite-calcitefels) Bi-Cc-px-chl-ap-ab-





Hollate/Kåseniteetc. -blueamph-sph 2.88 2.83-2.96




Fenite Alk.fsp.-px-amph-ap-sph-zr-py 2.71 2.68-2.77




Damkjernite Bi-amph-px-ol 3.08 3.05-3.09




Damkjernitebreccia + countryrock 2.94 2.78-3.12




Vipetoite Px-amph-viL 3.11 2.92-3.26




Melteigite Px-Ne 3.13 3.02-3.18




Ijolite Px-Ne 2.92 2.80-2.99




Urtite Ne-px-bi 2.64




Tinguaite Alk.fsp.-Ne-px 2.78 2.76-2.84




Tuf

tehavna

2
0
.d
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Drillholeno. m Densityg/cm3

1 3,95 3,17

	

6,75 3,06

	

8,35 3,12

	

9,60 3,15

	

9,70 3,12

	

11,15 2,99

3 34,15 3,21

	

35,80 3,08

Table 10 Densitydeterminationson splitcore segmentsof

lamprophyricrocks from Tuftehavna. Drillholeno. 1; 11.15m is

impure,by containingappx. 50% sdvite.
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7. METALLOGENETICCONSIDERATIONS

The rock types occuringin the Tuftehavnaarea representa sequenceof magnetic

and metasomaticevents,more or lesswell-definedand separated. Most of these

eventsare relatedto differenttypes of Nb-mineralizations,as describedin

precedingchapters. No thoroughaccounton the metallogeny of all these

types can be givenat present. I will insteadjust sum up the vain characte-

ristic for the type of mineralizationwhich have attrachted most attention

duringthe last periodof explorationin Tuftehavna: the lamprophyric

biotite-apatiterocks.

The biotite-apatiterocks are stronglyrelatedto the søvites. Partly they

occur interlayered,partly the biotite-apatiterock crosscutthe søvitethere

by postdatingit. All the major phases,probablyalso includingthe ore

mineralsfound in the biotite-apatiterock do also appearin mineralized

søvites. These includebiotite,apatite,pyrochlore,columbiteand probably

also fersmite.

The rauhaugiteson the other hand are, wheneverthe relationscan be observed,

laterthan the biotite-apatiterocks,and exhibitquite a differentmineral

paragenesis: They are generally'lowin apatiteand biotite,and the pre-

dominantNb-mineralis columbite.

It is thereforeconcludedthat the biotite-apatiterocks are genetically

relatedto the søvites,in which they are emplaced. It is suggestedthat they

representlate magmatic differentiatesfrom the søviticmagma,and that they

have sufferedfrom syn to post magmatic.mobilizationleadingto the commonly

observeredcrosscuttingrelationship.

The Nb-mineralsare regardedas generall havinga primaryorigin. The

pyrochloresoccur as perfecteuhedralcrystal,showingno texturalor chemical

sign of pseudomorphism. The primaryoriginof the fersmiteis for internal

texturalreasons somewhatobscure. It is here referredto the mumerous

partly unidentifiedphases includedor intergrownwith the fersmite. However,

the crystalforms,as well as the coexistencewith unalteredpyrochlore

excludethe possibilityof oseudomorphism from pyrochlore. Pseudomorphiam

from columbiteis also regardedas hardly probable,with referenceto the

considerableamountof Fe which then would have had to be moved away from the

systemconsidered. It is thereforeconcludedthat the includedmineralseither

are primaryinclusionsor exsolvedpostmagmaticallyfrom the primaryfersmite.
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8. RECOMMANDATION

In the Tuftehavnaareawe havehadthe possibilityto studytheonlyknown
occurencewithinthe Fen Complexof stronglymineralizedlamprophyricrocks.
Consequentlythereis not the fainteststatisticalreason to suggestthat
thisis a typicaloccurenceof theseimportantrocktypes.Withthisstrong
reservationin mind,theTuftehavnastory pointstowardssøviticdomains.
Thedistanceto enclosingcountryrockis small,but thatisprobablynot
diagposticas the distancewouldneverbe verylargein thiswedge-shopedpart
of thesøvitebody (seekeymap,PlateI). Magneticpropertiesarediognostic,
as magpetiteis either lackingcompletelyor veryabundantin themineralized
rocktypes. -radiationmaybe diagnosticin søviticterrainswherethe

lamprophyreswouldbe amongthemostradioactive,comparablewithrødbergand
massiverauhaugites.Specificgravityis diagposticseparatingmineralized
lamprophyres.from fenites,søviteand rauhaugites,butnot fromrødbergor
not-mineralizedlamprophyreslikethe dankjernites.

My recomnendationwouldthereforebe to concentratetheeffortsto søvitic
bodies,whichexhibithigh y -radiation,magnetichighor low,and
gravityhigh.
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Fig. 11 Biotitein biotite-apatiterock.

5q

Fig. 12

Fig. 13

Fig. 14

Fig. 15

Fig. 16

Modifiedfrom Fig. 3A, Olmore 1982. Biotitephenocrystsfrom TH-1,
8.35 m. Horiz.width 3 mm, parallelnicols.

Semicontinousprofiles,A-F and G-I, throughthe two adjacent
phenochrysts. Analysisare recalculatedto 100 % on volatile-free
basis. For F- the originalvaluesare used. Full analysisare
listedin Table 7.

Fersmite(black)and pyrochlore(translucent,euhedral)in biotite-
apatiterock. TH-1, 3.95 m. Horiz.width 0.54 mm. Parallelnicols.

EuhedralTa-mineralincludedin biotitein biotite-apatiterock.
TH-1, 3.95 m. Reflectedlight,parallelnicols. Horiz.width o.54 mm.

Radial aggregatesof fersmåteneedlesin biotite-apatiterock.
TH-1, 3.95 m. Horiz.width 0.36 mm.

Reflectedligbt,parallelnicols.
Transnåttedlight,parallelnicols.

Octahedralzonedpyrochlorecrystalsin apatitein biotite-apatite-
rock. TH-1, 3.95 m.
Parallelnicols,oil imnersion. Horizwidth 0.06 mm.

Transmittedlight.
Reflectedlight.

Fersmitein biotite-apatiterock.

Inhomogeneousdark brown to black colour.
TH-1, 3.95 m.
Transmittedlight,parallelnicols.
Horiz width 0.18 mm.

Includedhigh-reflectivity(relatively)phasesin fersnite.
One of these are probablycolumbite(seetext for discussion).
TH-1, 3.95 m.
Reflectedlight,parallelnicols,oil immersion.
Horiz.width 0.06 mm.

Fig. 17 Segragationsof magnetite,blue amphiboleand finegrained
interstitialapatite.
TH-3, 88.80m.

Fig. 18 RaUhaugiteI

Cuttingfoliatedsøvite.
TH-8, 7.40 m.

With xenolithsof biotite-calcitefels.
TH-8, 108.25m.
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Fig. 11 Biotitein biotite-apatiterock.

Modifiedfrom Fig. 3A, Olmore 1982. Biotitephenocrystsfrom TH-1,
8.35 m. Horiz.width 3 mm, parallelnicols.

Semicontinousprofiles,A-F and G-I, throughthe two adjacent
phenochrysts. Analysisare recalculatedto 100 % on volatile-free
basis. For F- the originalvaluesare used. Full analysisare
listedin Table 7.

Fig. 12 Fersmite(black)and pyrochlore(translucent,euhedral)in biotite-
apatiterock. TH-1, 3.95 m. Horiz.width 0.54 mm. Parallelnicols.

Fig. 13 EuhedralTa-mineralincludedin biotite in biotite-apatiterock.
TH-1, 3.95 m. Reflectedlight,parallelnicols. Horiz.width o.54 mm.

Fig. 14 Radial aggregatesof fersniteneedlesin biotite-apatiterock.
TH-1, 3.95 m. Horiz.width 0.36 mm.

Reflectedlight,parallelnicols.
Transuittedlight,parallelnicols.

Fig. 15 Octahedralzonedpyrochlorecrystalsin apatitein biotite-apatite-
rock. TH-1, 3.95m.
Parallelnicols,oil inuersion. Horiz width 0.06 mm.

Transuittedlight.
Reflectedlight.

Fig. 16 Fersmitein biotite-apatiterock.

Inhomogeneousdark brown to black colour.
TH-1, 3.95 m.
Transwittedlight,parallelnicols.
Horiz width 0.18 mm.

Includedhigh-reflectivity(relatively)phases in fersmite.
One of these are probablycolumbite(see text for discussion).
TH-1, 3.95 m.
Reflectedlight,parallelnicols,oil immersion.
Horiz.width 0.06 mm.

Fig. 17 Segragationsof magnetite,blue amphiboleand finegrained
interstitialapatite.
TH-3, 88.80m.

Fig. 18 RauhaugiteI

Cuttingfoliatedsøvite.
TH-8, 7.40 m.

With xenolithsof biotite-calcitefels.
TH-8, 108.25m.
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DIAMANTBORING Tuftehavna 1982.


Kjerneobservasjoner.

TH-3 1
Profil 	

141.534

Borhull nr.

Koordinator : Y 	 50960

Påsatt i høyde ry 70  n"11

	

.. m.

80ginmMng

X 


« med hehung -45°

Borhullets lengde 93.00m

IBoret meter Bergart

0 - 5.10 Overburden

	

6.80 Grey søvite, partly rusty,med. gr.
chloritevein 5.10
Dol. veinlets 6.00
Bands of BT + CHL 6.40
Brecc.with BT + CHL ? 6.60

	

10.60 Søvite,white,massive,med. gr.
Slickenside 7.00
Brecciated 7.20
PY-richalong fault 8.40
Rusty with euh. MT. 8.70-9.90

	

12.85 Søvite, grey,MT-rich 12.10
Interst.noncarb.finegr.
phase with grey-greencol.
BT+PH cryst.1-10mm

	

13.15 Søvite whitew/MT

	

15.80 Søvite, white to grey,partly brec. text.
Relict,exsolved MT-cryst.
CHL-joints

	

23.20 Søvite, with bluish/violet
cryst.of MT.
Greenksh-greydol. dike
Dessim.PHY foliation
AP-dike
late rauh.dike cuts fol.
and mineralization
BT+AP-dike

15.50


subh. relict

21.35
21.90
22.20
22.45-22.60

22.86-22.90

K ierne. Skifrighet Bergart
mangel prøve

20o

35

750


20°

8o

so°

500

	

23.70 Søvite, pink to grey, fine gr. fol.

	

25.00 Søvite, fine grainedwith largeeuh.
BT-flakes+ MT.

and brecciated.
25.85-25.90
26.00
27.70
29.20
29.30-30.00

32.00 Søvite, as abovepartly pink
Late dol. veins

_ Brecciatedwith grey dol.
MT-phenocryst,BT <10 %
With PY+AP+MT+BT
Mafic veins
With olivine,dark veinlet
sub. parall.to e:a
Cut fol.

1100•9-74. FS 0030. A 4. 11. C

30.00-31.00 10°

70°



Ark	 2 
 Bh. nr. TH-3 Profit..1

Boret meter BaBan
Kjerne- Skifrighet
mangd

Berprt

pwm

32.90 Søvite, Foliatedwith patches
and stringersof BT+AP -rock

at 32.40-32.60
Dykelet at 32.60

with 500 to c.a.
Crosscuttingdike of
BT+AP-rock 32.95-32.90

33.10 MassiveBT+AP-rock,banding crosscutting
sone foliationin søvite

33.60 Søvite with patchesof pink occasional
large (<2 mm) PHYCL cryst.

34.60 Massive AP+BT -rock

34.80 Søvite locallyw/AP -dike/veinletsloaded
with PHYCL.
Pink decolouration.
Banded AP+BT -rock,bands
Medifine gr. CHL -joints.and probablyalso
chloritizised BT.

36.80 Søvite

36.95 BT+AP-rock, fine gr. well demonstrated
"dissolvedsøvite"..

37.50 Søvite


37.80 Late dol (?)veinletssub parall. to c.a.
cut BT+AP-rockwhich cuts foliationin
søviteat

40.20 Søvite,

complexcuttingrelationships 38.30

Weaklyfoliationsøvitecut by
BT+AP-rock cut by 7 cm
Appearantly gneissicapatiteor dolomite
veins <2 cm, cut by
Greenishveins/joints filledwith
dol./ankeritic carb. causing
alterationof søviteas well
(Rauh.II)

40.50 Massive AP+BT -rock.

79.20 Søvite, usuallyweakly fol. but also small
gneisicrelics 41.45,

41.60
and 41.90

patchesand stringerswith
BT+AP.
Impure 46.00-46.30
Pegmatiteof søvite 46.30
Dol. veinlets 46.75
Brecciated 48.30
CHL. -veinlets 52.50
Impure 53.00-54.20
Impure,gneissicand
brecciated 54.20-56.40
Massive impuresulphiderich 56.40-62.10

so°


so°

60°

75°

I I 003-9-74. FS 0031. A 4. H.



Ark 3 Bh . nr.	 T1-3 	 Profil 


1
1
1

1

1
1

1

1

1

Gneissic
Homogenous,massive BT-rich
Gneissified vein
Mainlymassivehomogenous,
silico-søvitewith large
amountof blue amph.
Withoutamph.,but with
clustersof mafics + PY
Impure,some PY + conc. along
dolo (?) veins

91.30 Silico-søvite

LargeMT -cryst./clusters
+ PY + PO ?

91.90 Søvite


93.80 Søvite, impure,alternating
with silico-søvite.
All med. gr.

Stop at 93.00m.

Boret meter I BerPn

62.10-62.90
62.90-65.15
64.75

IKjerne-
Skifrighet

mangel
Bergart

prøve

65.15-70.60


70.60-73.60


74.00-79.20

88.20-88.80

I 000-9-74. FS 00.31. A 4. H. C.



DIAMANTBORING Tuftehavna 1982.


Kjerneobsenrasjoner.

Borhull nr.  TH-4 1.Profd 	

50959 141.534Koordinator: Y 	 X 	
nj 70 m.o.h.

Påsatt høyde 	 m.

80greming 	

- 67.5°med heining 	

91.35Borhullets lengde

Borm meter I Berprt Kjerne- SlarighetBerBan
mangelpreve

0 - 2.75 Overburden

3.80 Søvite, fine gr., rusty

5.90 Søvite, w/ diss. euh. MT + FY/P0.

6.00 Søvite, deep weathered.

7.50 Søvite, fine gr. white/pink
Apatiteveinlet 6.20-6.40
Occ. MT -emp. <0.7 cm.

8.20 Silico?søvite dark grey

Brecciatedappearance.
AP or DOL -rich patchesfloating
in CaCo3 -richmatrix

9.25 Søvite, white/pink-fine gr.

9.75 Søvite brecciatedw/ dolomite(?)
matrix cuttingc.a.

11.45 SaiteL med.gr.white to grey.
1 mm BT -grainsand agg. of FO.

Decolouration(to pink) along
veinletscv1 mm thickCHL.

11.60 Søvite, with euh. MT -cryst.".2mm
and PO -agg.

12.25 Søvite, white impuiew/stringers/
patchesof mica.

12.40 Silico-søvite,w/ largeBT and
MT- empt. Graduationto more finegr.
rock with largerfractionof blue amph.(?)

15.85 Søvite, impure. Impuritiesare
concentratedin irregularpatchesand agg.
Joint w/ rustyweathering QA-15.75

16.05 Søvite, interlayeredwith pure søvite.

16.55 AP or Dol. dominatedrock w/ gneissic
appearance. Frequent .41cm MT -cryst.
(euh)+ 5 PY.

17.45 Søvite


17.48 MT + BT + AP -rock.

45-75°

70°

I 000-9-74. FS 0030. A 1. 14. C.



2TH-4
Ark 	 nr.	 Profil	 2.

Horet meter Bergart Kjerne-ShfrighetBer gart
mangel prøve

	

17.70 SøVite, grey impuresilico.med.gr.

	

17.85 -Søvite, coarsegr. with w/ HT + blue am,

	

17.90 SøVite


18.15 Søvite, coarsegr. silico.w/euh.
MT and blue am.

	

19.25 Søvite, impure.

	

19.35 Søvite, gneissic

	

19.70 Søvite, Impurew/ occ. MT -cryst.

	

20.95 -SilicOsøvite, coarse gr. w/MTn..1 em
conc. betw. 19.70-20.10

	

21.20 Søvite, pure w/ PY -agg. < 1 cm
long lensoide

	

22.15 Silicosøvite, w/ patches
of PO at 21.50

	

22.30 Søvite, impure

	

23.00 SilicOsøVite


25.50 -SøVite, impure,MT-enrichuent
at 23.30
and 23.70

	

26.50 Silicosøvite, massive

	

27.40 Søvite, rel. pure,
doloritizised(?)veinlet

	

28.00 Silicosøvite


28.20 Søvite


28.45 Silicosøvite


28.55 MICA + AP + PY -rock, 5 cm, encl, in søv.

	

31.30 SilicosøCite


31.85 SøVite, impure

	

42.25 SiliCoSøVite, w/dess. sulph. (PY + PO?)
and MT at 32.00-32.50

Zones of gneissification
and decolourationnj1 cm
thick,,J10cm zone at 32.50-32.70
blue am. disapp. at 33.25
blue am. increases at 33.90
w/ numerousstringers at 34.40
and veinlets <1 mm thick
irreg. Traces often parall.

Significant,but variable
MT -content.
Gneissifiedzones
Gneissifiedand coarse
brecciatedsøvite/silicosøv.
Granularsilicosøvitew/euh.
MT grad. disapp.
grey coarsegr. calc. dom.
rock (silico?)søvite?

1000-9-74. FS 0031 A 4. H. C.

c.a.
at 35.10

at 36.25-36.30 90°

at 37.60-37.90


at 37.90-38.15


at 38.15-38.65



Ark	 3 	 lqh nn 	 TH- 4 Profil	 1.

Boret meter Bertnut
Kjerne- Skifrighet
mangel

Bergan

preme

Brecciatedsøvite 38.65-38.85
BT+MT -bearingsøv.probably
also am. -bearing 38.85-40.60
W/ BT+AM+acc. MT 40.60-42.25
Dark wein w/wide metasomatic
halo. Dark calc. (Rauh.II? ) 41.30-42.25

	

42.35 Søvite, fine gr.

	

42.55 Søvite, increasingdark min.
Brecciated,gneissic,metasomati-
cally decolourizised.
Dark grey colourdominates.

	

45.05 Søvite, white areas dominate

	

45.65 Silicosøvite, spinifextext.

	

48.00 -Søvite

Søvite, (silico), "spinifex"dominates,
patches/areas of more pure søv.

	

48.60 Søvite, BT + AP -enriched

	

48.85 Søvite, BT + MT -enrich

	

48.90 Søvite, BT -enrich

	

49.00 Søvite


49.65 Silicosøvite,with BT

	

49.68 Rauhau ite-vein 45°

	

50.15 Silicosøvite, partly spinifex

	

50.60 Søvite, impure,interlayeredby
silicatedominatedsilicosøviteAM. dom.

	

50.95 Silicosøvite, spinifex.

	

51.05 -SøVite

	

52.60 Silicosøvite, partly spinifex,
gneissicand- or - decolourized pink.

	

52.95 Layered AP + BT -rich

	

53.20 Søvite, impurew/ minor am.

	

56.00 Søvite/silicosøvite,impurew/loc. spinifex
and am. as maj. phase.

	

56.10 Layeredgneissicsøvite

	

56.45 Søvite; impurew/ BT + MT,
partly gneissic,partly homog.

	

56.60 Søvite, (silico?) dark grey homog.

	

56.82 Søvite, impureas above

	

56.87 Søvite


57.40 SøVite/silicosøvite,alternating

	

57.50 Søvite


66.25 Søvite, impurew/ generallygneissic
appearance.

I I 1000-9-74. FS 0031. A 4. H. C.



Ark	 4
Bh.nr. TH-4

Profil 1


Boret meter Bergart Kjerne-SkifrighetBergarr
mangelprøve

DOL(?) +/- CHL -veinlets at 57.20-57.90,
62.50
64.70-66.20

Hafic patchesand stringers at 59.20-63.50
Impregnationof sulphides at 58.70
Veins with metasomatic
lateralalteration at
7 cm which crosscutting
foliationin søvite.

	

66.75 Søvite med. gr.

	

67.15 Søvite sulphiderich, mostlygranular
impuresøvite,foliated brecciatedfragments
of hollaite (?).

	

67.45 Søvite

	

67.55 Søvite sulphiderich

	

69.20 Søvite impurewith sulphiderich zones.
Well foliated,often gneissic.

	

70.30 Rauh. (?) dolonite dominatedimpure
well fol. with gneissiccarbonatite.

	

70.40 Hafic dike


71.00 As 69.20-70.30

	

75.55 Søvitet impure--.
Dolomiticcarb. rauh.


76.30 Rauh. dolomitic

	

77.22 Hollaite (?), massivebrecc.dense,
blackrock.

	

77.80 Rauh. w/ minor calc.

	

78.10 Hollaite


78.45 Rauh. impure,sul. -rich mafic stringers.

	

82.45 Rauh. rel. pure.

	

82.52 Carbonatite, impurecalc. dom.

	

82.90 Hollaite(?) sul. -rich

	

83.25 Søvite impureinterlayeredw/ holl.

	

84.10 Søvite


84.35 Hollaite


84.42 Søvite impure

	

85.30 Hollaite


85.60 Søvite, pegmatitic

	

85.80 Hollaite


86.80 Søvite, impureas hollaite
and agg. of sulphides (PY 1/2- 2 cm
long)

	

87.40 Hollaite


I 000 -9-74 ES 0031. A 4. 11.C

62.05,

45°

72.93-73.25



Ark	 5
Bh. nr. 	 TR—4

Profil

Boret meter
Bergart Kjerne-  SkifrighetI Bergart

mangelprove

	

88.10 Søvite/Hollaite,heterogenous,
interlayered.

	

88.50 Hollaite, massive,partly caarsegr.

	

89.25 Søvite, impure,layered

	

89.97 Mafic rock,porphyricwith crosscutting
søvite (zoned)veinlets.

	

91.35 Søvite, w/ large patchesof hollaite.
The latteris PY —rich.

Stop at 91.35m

I I 000-9-74. FS 0031. A 4. H. C.



DIAMANTBORING Tuftehavna
1982

Kjerneobservasjoner.

Borhull nr. 	 T1l-5 Profd 2 


Koordinator : Y 50998

ni  Pisatti høyde 60
X 141.495

	 m. 0.h.
280g

Bergan

i retning

med helning —450

Borhullets lengde 58.75 m

Boret meter I I Kjerne-
Skifrighet Bergart

mangel prøve

See appendix

I 1100-9-74. ES 00311.A 4. ti.C.
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DIAMANTBORING Tuf tehavna1982. 


Kjerneobservasjoner.

Borhull nr. 	 TH- 6 Profil 	 2

Koordinator: Y 	 50999 	
X 	 141.495 


n, 60Påsatt høyde  h

retning 	 280g 


med helning —70°  

Borhullets lengde 111.50 tft

Boret meter BaBart Kierne-Skifrighet I
mangel

BaKatt

prøve

See appendix

I 000-9-74. FS 0030. A 4. H. C
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DIAMANTBORING Tuftehavna 1982.


Kjerneobservasjoner.

TH-7 3
Bodmillnr. Pmfd 	

50963 141.575
Koordinator: Y 	 X 	

Moatt i høyde 	 71 


100retning 	
-45 m

med helning 	

Borhullets lengde85.50 m

Boret meter

0 - 4.05 Overburden

Bergart
Kjeame- SkifrighetBergart
nungelprøve

4.85 Søvite, rusty impure,well fol. at 4.60

6.50 Rauh.I, with patchesof BT+AP-rock.
Massivebetween 5.60-5.95

7.00 Søvite, rusty,rel. pure (rauh.I
with much calcite).

7.40 Rauh.I,


7.65 Rauh.I, rich with calcite.

7.85 Søvite, impureand AP-rich.

8.10 Rauh.I, Lowercontact

10.45 Søvite, impure.

10.83 Rauh.I.


12.35 Søvite, with MT+BT phenocryst.

14.95 Søvite, rauhaugized,strong1y brec.
Dark grey, patchy,well fol.
Rustybetween 12.85-13.85
Fol. at 13.90

15.65 Søvite MT-rich,massive,coarse/med.gr.
MT => 1 - 5 cm.

15.90 Søvite, MT-rich,phenocryst.1-10 mm.

+ / - AP and BT. Fol. at 15.70

20.95 Søvite impure,w/ grey silicatesoccational
MT - phenocryst. Weak fol. Coarseto med.gr.
1 - 5 cm thick MT + AP - BT rock dikes at
16.70, 16.95, 17.05, 17.20 and 19.40.
Pure søvite-dikes (?) at 16.02-16.07

16.62-16.70
16.80-16.93
17.10-17.16

Fo1. at 17.50 80o
Py-vein,2 mm thick at 18.20. 10o

21.80 Søvite veinswith cal. rich rauh. veins.

27.50 Søvite) med.gr.with BT-phenocryst. 2 mm.
Well fol. at 24.15-24.75

24.20 85o

	

24.60
550

1000-9-74. FS 0030. A 4. 1-1.C.

60o

50o

350


900

-



Ark 2 nr.	 TH-7 Pndfil. 3 


Boretmeter BerPrt
Kjerne-skifrighetBergart

mangelprøve

Pure søviteat
Well fol. at
Rauh.vein at 27.40°

24.75-24.95
27.32-27.50,27.90 60o


0

31.70 Seitjet coarsegr. with fine grainedcross-
cuttinggneissicgrey søvite.
Increasing amount of BT-phenocryst.< 15
Fol. at 29.40.

32.05 Søvite, fine gr. impuregrey and AP-rich.

32.17 'BT+.A15.‘rdck,coarse gr.

32.45 Søvite, fine gr. grey, gneissic.
Fol. at 32.40.

34.90 BT + AP-rock, very coarseto coarse,
partly fol. at 34.50

35.00 Søvite,. BT + AP-rich

43.15 Søkjite, coarsegr., patchyAP-decreasing
Pic~cryst variable.
Blue am. variable.
Occ. weak fol. at 39.50

40.60

41.60

43.80 Søvite coarse, pure w/sharp contacts.

48.10 Søvite, coarseand impurewith veinlike
bodies of MT + AP-vein BT-silicaterodks.
Locallygneissicfol. at 46.20
Rautr:I at 46.90-47.00

48.80 Søvite, coarsegr. impurew/blue am.

49.10 Rauhaugite,Calc.-richfine gr. grey with
AP-vein or Rauh.7)

49.60 Søvite, impurewith blue am.

50.15 Mt + BT Prconcentration, coarsegr.

50.25 RaUhaugiteI, fine grainedwith grey AP.

50.80 Søvite, impure med. gr.

54.45 Rauhaugite,fine grained,grey with AP.
Fol. AP-dikes at 52.30 and generally
sub-parallel at 53.15-54.45
Patchesof søvite.

56.00 Søvite, patchy and silicaterich and
massive. Coarse gr. MT-greysilicate-AP
(access.)

56.05 Søvite, Impure,med.grainedwith
BT-phenocryst 1-3 mm.
Gneissicappearanceat 56.40-56.55.
Fol. at. 57.50

75o

50o

60o
85°

400

80°

5o

40o

59.85 "Silicate-søvite"
< 3 cm anh, euh.

AP-vein at

Rauh.-vein II

w/grey silicateMT-agg.
BT (( 1 cm)-minorPY or PO.

57.30
58.15
58.40-58,55

fl

15

45o


18o

I 1000-9-74. FS 0031. A 4. H. C.
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Ark	 3 


Horameter

60.00


68.50

Bk nr.	 TH-7 Profil3 	

WcifrighetBergart
pnin

BergartKjerne-
mangd

Rauhaite (?)massive, greyfineto med.
grained.AP-bearing.

"Silicatesøvite"massive, coarseandpatchy,




20 %blue,green sil.am.




15 %MT, verycoarseagg.or
occationallyeah.phenocryst.




5 %BT- phenocryst.euh/subh.




Wellfol.gneissictransection




at60.45 35




64.05-64.30w/strongPY-min. 50o




MT + BT + CALC-rock,verycoarsegrained
at65,80-66.15




BT + AP -efirichmentat67.50-67.60'




MT -enrichment67.60-68.10




70.95 Søvitesvariabletypes,generallycoarseto




Med.gr.AP-rich.




BT + NT.-contewtrJ10%. eitheras fine/med.
grainedanh.grains,or verycoarseeuh.
phenocryst.




. Weaklyfoliatedat69.30 35o




71.85 MT + AP-rockmassive




No BT




73.55 Søvite,massive, coarse/med.gr.




AP + MT, w/minorBT.




74.45 MT + AP -ra massive,No,BT.




Coarsegrained.




76.65 SirritesAP + MT w/månor




at74.90 80o




Numerousrustydolo.stringers..




76.70 Coreloss




77.60 Søvite, AP + MT as åbove.
Extremelyrusty. 1-3mm eUhr'.MT-cryst.

77.85 Søvite rel.pureandmassivew/euh.
MT-phenocryst.

80.00 Søvite, impure,rustyandfoliated.
Significantdolo.stringers< 5 mm thickfol.
< 1 cm euh.MT-phenocryst.
Thesøvite leas.--thoroughlyweathered.

79,65-79.95 puresøvite,stronglyweathered.

85.50 Søvite, BT-rich,impure
Greatcoreloss.
40 cm.recovered.

I I 000-944. FS 00.31.A 1. H. C.
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DIAMANTBORING Tuftehavna 1982

Kjerimeobservasjimer.

Borhull nr. 	 1H-8 Profd 	 3

50.962 141.575Koordinator: Y  X 	
t•-, 71

Pisatt i høyde 	 m.

100gi retning 	

—68°med helning 	

Borhullets lengde 132.00 m

Boret mcter Berpn
Kierne-BergartSkifrighet
mangelprøve

0- 1.60 Overburden

2.05 Coreloss. Rustyrel.puresøvite.

3.60 BT-søvite.BT - 5-10%. Whiterel.homogenous
BT-PH-agg.1-3cm.
Chloritefilledjoints at 2.50 40o-60o

	

3.20 10°

4.15 Do.heavily weatheredandrusty.

Rustyjoints 3.75-4.10 00
4.80 Interlayeredsøviteandrauh.veins,allrusty

Rauh. veins 4.15-4.18 35o

	

4.25-4.35 80o

	

4.75 50°

5.85 Rustysøvitew/ gneissicappearance.
Fol. at 5.70.

7.00 Brecciatedsøvite. Interstitialrauh.in
subordinateamounts.

7.90 Do.butrauh.dikesatnJ30 % of totalin

irregularpatchesand alongjoints.
Fol. in søvite at 7.50 65o
Joint at 7.60 350
Therauh.clearlycutsthefol.in søvite.

9.20 Impuresøvitew/ irreg.stringersandpatches
ofmaficconcentrations.
Rauh. vein at 9.10 60o

9.55 Do.butmaficsmin, makeup 25 % incl.
PY + MT + BT.

10.05 Søvitew/ irreg.patchesrichin MT + PY.

12.45 Weaklyfol.søvitew/ 5-10% M.
Fol. at 10.60 75o
Rauh.vein 11.75 30°

12.65 Massiverauh.dikesinterlayeredw/ gneissic
finegrainedsøvite. PY-rich (5 - 10 %)
Fol. at 12.55 45°

12.85 Gneissicsøviteas above.

18.00 Impuresøvite,massiveto wellfoliated
mediumto coarsegrained.

I 000• 9-74. FS 0030. A 4. H. G.
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Ark	 2 
 TH-8nr.	 Profil	 3 




Boretmeter Bergart

Kjerne-




mangel
Skitrighet BerBart


pnwe




Rustyweathered13.40-13.70




BT + AP -stringers13.85-14.05




20o




Rauh.vein1 cm14.33




50o




AP -rich gneiss15.20-15.22




25o




BT+AP+MTenrichedsøvite15.22-15.80




BT+AP -enrich/BT+AP-rock16.00-16.30




Numerousmm-thickrauh.
veinetsat15.80-16.00




16.50




Fol. in søviteat17.50




50o




20.20 Do.Med, to fine grained.




Well foliated,locallyPY -enriched

at19.90-20.00




Fol.at18.70




50o


	

Cross cuttingsøvitedikes1 and 3 cm thick

	

at20.05

	

and20.12





20.40 Rauh.dikesmall fractionof søvite.





20.90 Well foliated,gneissicimpuresøvite.





Fol.at20.65




50o




Jointat20.90




350




22.70 Med. grainedimpuresøvite.Weakly fol.





RaUh.dike 2 cmat21.50




' 25°




Deeplyweatherand rusty
at22.30-22.70





24.20 CoarsegrainedBT-søvite.





BT + PH cryst. <1 cm,PY + AP enriched
locallyat23.75





Fol.at23.20




60o




24.55 Massivefine grainedbandedwhite and grey





(AP ?) søvite





Banding/ foliationat24.30




25o




25.10 CoarsegrainedBT -søviteas above.





25.60 Mostlyfine grainedbanded søviteas above,
interlayeredw/ coarse BT -søvite.





Fol.at25.50




35o




(Thisfol. seems to be secondaryin rel.
to a compositionalbanding).





26.65 CoarseBT -søvite.





27.00 MassiveBT + AP -søvite.





27.90 Very coarse,5 cm, relictpatchesof





(BT)+ AP -rock.w/ interstitialsøvite.





Fol.at27.20,
cut by gneissicsøvite-veinsat,
or rauh. (II ?).




900
so




35.55 CoarseBT -søvite,amountsof BT + PH -cryst,





highly variable
0 - 15 % per 10 cm core.
Occational cm -sized euh. MT -cryst.
Largenum. of rauh. veinlets
especiallyat 31.00-31.50

33.50-33,85
BT+AP -enrichedsøvite at 33.40-33.50

100-500

100-900

I 000-9-74. FS 0031. A 4.11. C.



Ark	 3 	 igt nr. 	 BH- 8
ProfiL. 3 	

Boret meter BerPrt
Kjerne-Skifrighet
mangel

Bergart

preve

35.90 MT -søvite.Startingin a coarsegrained
skeletaltexturegraduallyturningto banded
finegrainedplasticallydeformed(?)texture.
Fol.variesfrom 90° to 10° along
lowercontact.

40.65 Impuresøvite,generallywellfoliatedpure
85osøvitedikes at 37.25-37.30

	

38.70-38.85 900
andbetween 39.60-39.80 45o
Thelatteris seperatedin severalzones
by maficlayersof MT + tremolite(?)
+ AP (?)-rock. Thetremoliteappearsas
radialaggr. 5 mm.
BT + AP -rock at 39.27-39.32 60°
cuttingfol.in adjacentsøvite 450

Pachescontainingblueamph.agg.locally

at 40.35
Fol.søvite at 40.60 300

	

41.90 47 o

42.85 MT,greysilicatesøvitecytby rauh.veinlets.

44.00 Impuremassivesøvitew/ 5 - 10 % M.

44.40 Veinsof rauh.andveinletsintercalatedwith
søvite.

51.75 Impuresøvite.
Rauh. at 44.60-44.70

	

48.95-49.05 50o
Fol. at 47.45 35o

	

50.35 40o

52.85 MassiveBT+AP -rockof grainsizevarying
fromfineto verycoarsecalcitebearing.
Uppercontact 500

53.10 Impurefoliatedsøvite.

53.85 Finegrained BT + AP -rock.

61.10 Impurefoliatedsøvitew/ patchesandstringer
of BT + AP -rockup to 5 cm.
wideat: 55.00-55.50

	

55.95-56.35 with 500
at lowercontact(sub)parallel
in søvite 57.90-58.00

58.45
Fol. at 59.40 30o
RaUh;and vein at 61.10

63.10 Alternatepurewhitesøviteanddarkgrey
impuresøvite,AP -rich.

55oFol.in maficpatches 62.35

64.05 Darkgreywellfoliatedimpuresøvitew/ some
puresøvitebands.
Fol. at 63.20

68.85 Rel.puresøvitew/ darkgreypatchesand 50°
numerousrauh.II veinscrisscrossing
especially at 65.30-65.80,
alsocutby mm. thickbracciatingchlorite
veins.

1000-944. FS 0031. A 4. H. C.



4 TH-8Ark  Bh. nr. 	
3

Profil 


Boret meter Bergart

at 65.30
at 67.60
at 67.65-67.75

69.90-69.70

Kierne- I alfrIghet I Bergart
mangel preve

530


50o


20o

Fol.
Rauh.w/ AP -vein
Dark grey impuresøvite

69.95 Same but pink.

Rauh. II

74.15 Med. grainedMT -søvitewell foliated
M > 20 %.
Pure søvite at 70.45-48.00
Thin rauh. at 70.70 + AP

71.40
71.60 + AP
72.55 + AP -vein
73.70

Fol. at 71.25

75.85 BT -søvite (BT < 5 %) massivewithout distinct
foliation. BT as < 3 mm phenocryst.
Rauh. II at 75.15

78.60 Søviteas abovew/minor irreg: patches /
stringersof AP -rich.
'norBT in both rock types.
-vein at 78.55

eak fol. in søvite at 78.20

83.65 Same,but AP -rocksare major constituents
(ru 40 %). Coarse grained. Occasional

-phenocryst.
ol. 80.25

85.25 Impuresøvite fine to medium grained
-rich => grain size 1-2 mm.

eak fol. at 83.75
90.10 Rel. pure søvite,weakly foliated

'w/ occationalBT and MT -phenocryst.
Rauh. I -dike, 3 cm at 88.60
MM -thickrauh. II veins at 88.70

90.20 Pure søvitedike

91.25 Well foliatedsilicaterich søvite.

MT -phenocryst 2 % i 1-3 mm
Fol. at 90.40

90.30

96.20 Impuremed./finegrainedsøvite.
No distinctfol.

96.45 Rauh. I dike tangential e.a.

40°

20°

80o

75°

90°750

so°

80°

37°

25o

45°

60°
65°

60°
15°
750

25°
150
20°

distinctfol.

-dike at 96.80
II veins

102.25 Impuresøvite
Med. grained.
1 cm rauh. I
cuttingrauh.
AP -veinlet
Fol.
AP -dike


at 97.50
at 98.50
at 99.50-99.70

99.75 cutting (?)
Rauh. II at right angle
AP -dike 5 cm
AP -dike 1 cm

at 100.05

at 100.95

20°

25°

500 - I I 72 I S 0031 A 1



5 TH-8 3Ark Bh.nr. Profil 


Boret meterBergart Kierne-Bergart

Skifrighet


mangelprøve

103.45 Coarsegr. silicateMT -søvite,blue amph.,
Anh. MT. Grain size 3-15 mm.

104.55 Impuresøvite.

10475 Pure søvite

107.65 Impuresøvite,coarse / med.gr.,partly
blue amph.-bearing.
MT -usuallyoccur at anh. skeletalaggr.
< 3 cm, last 5 cm of sectionshowsenriched
euh. MT -cryst. 5-15 mm.
3 mm thickAP-vein at 107.50 400

107.75 5 cm pure med. gr. søvite

107.90 Impure,coarsesøviteas above, dominantly
cut by compositedol. + AP -dike. 250

108.00 Pure søvite

108.15 Impurecoarsesøviteas above

108.30 Composite dol./AP -dikew/ rounded
fragmentsof rødbergite(?) relatedto
damtjernitephase of intrusion
(accord.to S.P.O.)

123.70 Impurecoarsegrainedsøvite.
AP - MT (euh.)enrichmentat 108.80-109.05
AP - enriched,BT bearingat 109.95-110.40
Gneissicdevelopment at 110.60-110.70 70°

110.95-111.00
Pure med. gr. søvite at 111.40-111.55

112.25-112.60
AP -enrichment at 113.30-113.90
Pure med. gr. søvite 113.90-114.00
MT + AP + BT -enrichment at 114.00-114.35
MT -euh. 1-5 mm, BT subh. < 3 mm.
Pure søvite 116.25-116.45
AP -enrichment/ AP -rock at 117.00-118.30
Do. 118.50-118.70
MT (euh.)(0.5- 1.5 cm) +
AP -enrichment at 120.70-120.90
Do. 121.60-121.80

125.40 Med.gr.impureBT, grey-blueamph. søvite.
AP -veinlet at 123.80 20°

26.40 Coarse gr. rel. pure søvitew/blue amph.<1 cm
Gheissicat75o 126.00, fol.

127.00 Do, but higher fractionsof dark mineral.

127.30 As from 125.40-126.40

128.90 As from 126.40-127.00
with max. M at 127.00-127.20

60oFol. gneissicrock at 128.60

130.07 Alternatingpure søviteand very coarse
blue amph.-and AP -bearingsøvite.

131.15 Fine / med. gr. fol. impuresøvite-
Euh. MT-cryst. and PYCHL - emp.
Fol. at 130.85 550

500 . Il 72 IS 0031 A 1



TH-8 3
Ark  Bh. nr.  Proffl 


Bont meter Bergart Kierne.

mangel
SkIfrighet

Bergarz


preve

131.30 Gneissic AP- and dol
rauh (?)

132.00 Fol. impuresøviteas
variablefol. Fol.

. rich søvite (?) or

above,but lightly
at 131.40 40°

Stop at 132.00.

`1

soon 1s0031 A 1



DIAMANTBORING Tuftehavna 1982

Kjerneobservasjoner.

4Borhull nr. 	 T11-9
Profd

50957  Koordinator:Y
X

141.65

" : 71
Påsatt i høyde   m.

80g

med helning

Borhullets lengde 85.30 sti

Boret meter gerBan
Kjerne- I

SkifrighetBergart
mangelprøve

Se vedlegg.

i reming

-45°

1 11011-9-74. FS 1111341.Å 4. II. C.
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DIAMANTBORING TUFTEHAVNA- FEN 19 82.

Kjerneobservasjoner. H. Qvale.

Borhull nr. TH-10

50956

70.5

80g

-70g

122.00m

4Pmfd 	

141.615Koordinator : Y 	

Påsatt i heyde 	

i retning

med herning

Borhullets lengde

m o. h.

Boret meter Bergart Kieme- I Sicifrighet I Berganmmgdpreve

0 - 2.50 Overburden

Rødbergite,red to grey, fine to med.gr.

w/relictunaltered søviteblocks <10 cm.

No appearentfoli.

5.65 Med.gr.bi.- søvite cut at 900

by rauhaugiteII - veinlets

5.70 AP-richrauhaugiteII - dike.

6.50 Rel. pure søvitecrossedby rauhaugite-veinlets 90o

9.75 Patchymed.grainedbi-søvite.

Numerousmm-thickveinletsof chl/ap/dol(?)

Mostlysub parallel to foliation.

10.80 Coarse gr. impuremassive,blue amphibole

bearingsøvite,rel. rich in AP at 10.50.

14.95 Coarsegr./alternatingmed.gr.bi-søviteand

coarseralmost (?) pegmatiticpure søvite

veinlets(1-2 cm). VariableAP-content,

althoughnever exeptional.

12.05-12.45 med.gr.pure søvite

14.15-14.40 oxidizingalteration

along joints. 400

29.95 Massiveimpuresøvitew/blue amf., skeletal

bi + MT with occationaleuh. MT-clusters.

Med, to coarsegr. rødbergititionat

	

16.10-16.30 400

	

17.40-17.80 350

along joints.
I 000 - 9-74. FS 00.10. A 4. H. C.



Bh . nr.	 TH-10

Bergart

Profil	 4



Kiene-ISkifrighetI
mangel

Bergan

prøve

AP- vein at 18.40 550

AP + DOL-veinat 22.70-22.75 30o

AP - enrichmentat 23.35-23.65




AP - enrichmentat 24.35-24.60




Gneissification/ well foliated

locallywith AP and PY-richat 25.05-25.75




Foliatedat 25.30 70o

Same,but coarse/very coarseand

douinatedby blue amp.Other major

phasesanh. bi, anh.skeletalor


enh. MT.




Well fol./gneissic 32.10-32.25 70o




Same,but low in blue amp. and

euh. MT.




As from 29.95-33.50




Rauhaugite(?) Iat 36.70-36.80




Med./coarsegrainedgrey/green

skeletalMT.

RauhaugiteII at 37.50 (5 cm). 10°

44.70 Medicoarse grainedmassivesøvite,

impurew/grey/greensilicates,

AP + /- bi + /- MT (boththe latters

mostlyas relictskeletal

in alteration 42.00-42.50
with rel. pure søvite.

45.15 Impurewell foliatedsøvite. This

sectionshows zoningaroundpure

søvite 44.90-44.98
and increasingmag. to both sides.

Foliationat 44.90.

47.20 Coarseimpure,mostlyblue amphibole

bearingmassivsøvite.

Extrusivezoned,ph, blue amph.

RauhaugiteII (1 cm) at lower

contact.

80
0

rk	 2

Bonxmeter

33.50


34.00

34.95


37.05

1000-9-74. FS 0031. A 4. H.C.



Ark	 3 
 BiL nr.	 TH- 10 pronl  4

Boret meter Bergart

	

I Kjerne-Bergan
Skifrighet


mangelpreve

47.50 Med. grainedrel.-puresøvite,no distinctfol.

48.00 Some but high in mag. 40 %,

dominatedby MT + BT. Minorblue amph.

50.05 Coarse- very coarsegrainedblue amph. + MT +

BT + AP and impuresøvite.

MT enhed. ‹.2 cm.

Blue amph. anh. Ç 2 cm.

Massiveblue amph. + MT + BT t AP rock alt.

no/pure søvite from 49.50-49.85.

50.50 Med. grainedBT + MT søvite

M = 50-10 %.

51.50 Massivecoarseblue amph. + MT + BT -rock.

No foliation.

Blue amph. content and grain size decreases.

M = 5-50 %.

Chloritefilledjointat 51.10 100

53.63 Fine/med.grainedimpureBT + MT -grey silicate

søvite.

53.75 FoliatedrauhaugII. 900

60.00 Massiveor weakly fol. impurecoarsesøvite

dominatedby blue amph. + MT and BT.

Foliatedat 54.40.

MT + blue amph. segr. 55.55-55.65 45°

61.20 Impuregrey/greenamph. (?) + BT + AP -søvite.

Massivebut cut by numerousveinlets

(rauh.II ?) at 60.60. 10°

62.10 Alternatingpure søviteand clustersof

AP + MT -grey silicates+ BT.

Cut by rauh. II (1 cm) 61.50 0 7
0

rauh. II (3 cm) 61.80o 70o

62.95 Rel. nure søvitewith relictskeletalBT, to

some extentelongatedat 62.85 m. 700
Coarsegrainedrauh. II (1/2 cm)

parall.at ca. 62.40-62.85 m.

I 1000-9-74. FS 0031. A 4. I-1.C.

64.95 Well foliatedimpuresøvite.As above,but

with additionalfine/med.gr. MT.



Ark	 4 
 nr. TH-10 	 Profit 
I .

1
1
1

1
1
1

1

1
1
1

(M 20 % in plain søvite)but cut by MT +

silicatesegr.at 63.30 (4 cm thick)

(II foliation).

Rauh.II vein (2 cm) at 64.60


Foliation at 64.95

66.55 Weaklyfoliatedfine- med. grainedMT + BT

-søvite.

Foliation 65.75

Veinlets (Rauh. II ?) 65.15

and at 65.70-66.00

Rustyweatheredrauh. II at 66.55 parall.


foliation.

69.00 Coarsebl e amph. + MT + BT + AP -søvite.

Between 68.40-68.85 CC < 20 %.


Weaklyfol. at 68.50

71.65 Coarsesøvite, M 5 % exept 69.95-70.35

where M AN,10-15 %.

Weaklyfol. at 69.70

Rauh. II (1 cm + 2 x 1 mm) 69.50

Rauh. I 70.15

cut by rauh. II-veinlets.

21-
qc- 7te

9‘"

PC 7L ‘,1/4

77.15 Coarsemassiveblue amph. + BT + MT + AP -søvit .

M eiv 50 %. Gneissicrauh. I 72.18-72.32


with desiminatedcolumbite

AP-enrichment,gneissic 73.45-73.55

Rauh. II veinlets at 76.85

Fol. at 74.75

78.80 Same,well foliatedfine- med. grained,fol.

77.80

78.55

Dol. dom. at 78.55-78.70
Rauh. I - gneiss.

I 000-9-74. FS 0031. A 4. H. C.

Boretmeter Bergart

40o

BerBan

prøve

SlciffighetKjerne-




mangel

25o

15o



550

70o 


20o



10o

400

45°
85o

25°


15o

35°


90°

10°

35o

700

40



Ark	 5 Bh. nr.	 8H-10
Profd 


Boretmeter
BerBart Kjerne-SIdnighetnagan

mangdprmm

81.95 Coarsegrainedas to 77.15
but M 10 %, and concent.in
bands/patches,and cut by several
irregulardikes at rauh. I at 80.15-80.45

80.60-80.80


80.95-81.10


81.50-81.80

91.90 Same,but higher M : 10-75 %

mostlydom, by blue amph.

agg. nj 1-5 cm.

Euh. MT is com. At 81.95BT +
AP -rock (82.05-82.13)is cut 25°
by rauh. I. Rauh. II at 84.20 300

89.10 10°

88.45 50o
Fol. 86.85 70o

88.80 80°

Gneissifiedat 91.80-91.90
Coronatext. aroundblu amph. at 91.80

96.55 Med.grained, blue (/green)

amph. still present,but only as

singlegrain or smalleragg. without.
preferedorientation.

99.15 Alternatingrock as above,but with
well developedfoliationand banded
fine grainedBT-søvite.

Foliation 96.35 65o

97.70 oo
98.80 20o

99.30 Pure søvite.

Sanple

Sample

111.25 Med./ fine grainedimpuresøvite
with occationalzonesof pure
søvitemostly at 100.10

100.50

101.10

103.05

104.85

90o

1000-9-74. FS 0031. A 4. 11.C.



Ark 6 Bh. nr. BH-10 PrOfti. 	 4

Boret meter Bergart Kjeme-
Skifrighet

manBel
Bergan

preve

AP.zonesat 102.15 800

AP + BT segregationalongpure

søviteat 103.05

AP-enrichmentat 104.80 550
Rauh.I (3cm)enclosedin gneissic

finegrainedsøvite(impure)rich

in py.

Foliatedat 105.25-105.50 20o
Puresøviteat 106.25, 50o
foliated.

Spenifexlookingtextureat 108.10-109.65

110.50-110.80

Irregularfoliationpattern

generally 900

118.05 Realpuresøviteweaklyfoliated.

BT+AP+MT-segregationin

coarsesøvite

MinuteBT + AP -segr.at

Puresøviteat

Foliatedat

118.50 Puresøvite

113.15-113.40

115.30

117.05

116.20-116.3

118.05 ao°

119.00 VerycoarseAP + blueamph.+

BT segregationin puresøvite.

InhomogeneousAP-richimpuresøvite

patchesof grey-greensilicates,

AP; brecciatedsegregationof

theseandpuresøvite

Rauh.II (1cm) 119.50 50

	

120.25 450

a
1000-9-74. FS 0031. A 4. H. C.



DIAMANTBORING Tuftehavna 1982

Kjerneobservasjoner.

TH-11 5
Borhanr.  Pmfil 	

Koordinator: Y 	 50.989 	 X 	 141.456

PLuttiheyde 	 61 


. immfing 	 79g 


• med helning —45°

Borhullets lengde 39.50vvl

Boret meter Bergart

 IKierne- skifrighet I Bergart mangel

pnwe

0- 3.15 Overburden

7.20 Coarse impuresøvite
Massivepartly skeletal.
No distinctfol. BT + MT + green amph.
M < 25 %

10.05 Rauhaugite, fine grained
M 10 %, gneissic,locallywell foliated
M < 50 - 70 %.

17.00 Coarse /med.gr. impuresøviteas 3.15-7.20
Foliated.
Rauh. I at 10.95-11.00

50-70°

18.95 Med. gr. pure søvite.

21.60 Intercalatedfoliatedpure søvite,impure
med. gr. søviteand mafic bodies of hollaite?

29.50 Oxydized- rustycarbonatite

39.40 Oxydized synitic rock (MT + FSP)
and hollaite.

1000• 9.74. FS 0030. A 4. H. c.



1

1

1

1
1

1

1
1

DIAMANTBORING

Kjerneobservasjoner.

3Bm 	 TH-12hdUnr.  Brofil 	
50942 141.569Koordinum:Y 	 X 	

ni 72
Phattibmrde  mp.h.

80g. i reming 	

- 720med helning

Borhullets lengde 201.35 m

Boret meter I BerBart I Kjerne- I skirrighet I
mangel Bpanagavert

- 2.30

2.95

Overburden

Med. -coarsegrainedpure Søvite.-patches
of BT and radialamph. aggregates
(blue-greenamph.).




3.05 Gneissifiedrusty søviteas above. Foliated 550




4.75 Impuremed. gr. søvite.Massive homog.subhedr





BT + AP -bearingM20 %.




7.50 Søvite,do. butM50 %.





MT-bearing,often euhedral.




12.30 Med/fine- gr. greenishgrey impuresøvite




sample




M50 %.Homog. massive.




14.55 Coarseblue amph./BT/+/- MT +/- AP impure
søvite.





Gneissiczones13.95-14.05 65o




Rauhaug.Igneissic13.30 20




14.15-14.25 o43




15.65 Med./finegr. impuregrey green søvite.





No apparent.blue amph.




16.15 GneissicrauhaugiteI. Foliatedat 15.95 63°




24.25 Coarsemassivepatchyimpure søvitew/BT +
greenmin. (amph ?) and AP.





Chloritebearing streaksat 19.00-19.20
and 23.50.




27.00 Fine gr. often well foliatedimpure.





M¼# 30 % - BT - dominating.





Fol.& contactto formerrock type)





at 24.30 25o





25.30 65o




32.30 Rel. pure patchysøvitecoarse/med.gr.
increasingM = 5 - 50 %.Usually week or





no foliation.Gneissic at29.40 80°




32.20 70o





Cuttingbandat 150




32.45 BT + AP + MT + PY -rockcutting (?) søvite
coarsegrained.Euh. MT.




37.65 HomogenousBT + PY +/- MTsøvite.
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Ark 	
2

Bh. nr. TH-12 3.Profil 


Boret meter BergartI




Rel. pure MEni 5 - 15 %. No foliation.
GneissicAP-rich at 33.60-33.65
PO + MTat 33.90
Weakly foliatedat 36.60




37.35
MT + AP -rock 35.60,35.85

	

44.80 Patchy inhomog.impurecoarsegr. søvite,
rich in PO and +/- BT + blue amph. Min.5-50%.
Brecciatednear upper MT + AP -rock at

41.80-42.00
BT + AP MT -rock transferingto very fine
grainedmassive dark grey/blackrock.
(similarto hollaite?) and to MT + AP -rock

42.70-43.10

	

46.30 MT-rock. Dominantlymassivecoarse to very
fine grainedlocallyenrichedin AP + PY + BT
and with enclosedsøvite "blocks" near
lower end.
Contactsampleat upper end. Foliationin
søvite at 44.80

	

49.00 Fine grainedweakly fol. and banded impure
AP + BT -søvite. at 46.60
bandingwith,
is cut by fol.
ti5 - 25 %.
Søvite pegmatiteat 48.70
along with gneissificationand numerousrauh.
II veins < 5 cm wide to 48.90.

	

51.60 Coarse gr. blue amph. bearingimpuresøvite.
Rauh. II vein 0.5 cm thickat 49.90
reacts on Hel.
Weakly foliated,containsblue amph. t BT +
MT + AP. M = 5 - > 50 %.

	

52.20 As 51.60 but blue amph. out and MT in as
dominantphase.

	

55.90 Finegrainedimpuresøvitew/ M ,..50 %, green
amph. + BT +/- AP +/- MT.
1 cm thick søvitepegmatiteat 53.60

	

102.95 As 51.60, coarsegrainedcutting (?) pure
søvite at 55.90-56.30. Irregular
gneissification commonbetween
57.40 and 57.80. MT -dominant
M - phase from 55.90-58.00

58.45-59.10
Thereaftermostly skeletal.
Blue amph. generallyapparentor dominant,
the latter continouslyfrom

Gneissicfol.

Rauh. II (?)

 IK

jerne- Skifrighet Bergart

 mangd

powe

900

45°
48o

70o

20
500

350




65.80-73.20




and 74.40-79.00




at 58.40 800
at 64.08-64.15 900




64.33-64.34 200

I I 000-9-74. FS 0031. A 4. H.C.

1

Numerous CHL and -or PY-veinlets criss-
crossing from 62.00-65.60



3Ark 
 Bh. nr. TH-12 Profil	 3

Domt meter Bergart
Kjeme-skiBergartffighet
mangdmwm

Patchesand veinletsof
BT + AP -rock at 63.15
( 2 - 3 cm) 70o
and BT + AP + MT -rock at 73.55-73.80
Pure søvite 73.20-73.55
coarsegr.
1 cm. veinletBT + AP at 75.30
Weak fol. at 76.15 30o
Gneissicfol. at 79.20 45o
Very inhomogenousbetween 79.15-81.60.
BT + AP -rock stringers
and patches 79.75-79.50

and 80.05-80.15
Dark grey fine grained/veryfine grainedrock
(BT + AP ?) at 80.13-80.75
and rauh. II (?) vein at 81.55-81.58 150
Weak fol. at 83.60 70o

88.95 65°
89.35 50

Rauh. II (?) at 91.55-91.60
Fol. at 90.95 900
Rauh. II (?) at 92.10-92.15
Rauh. I at 93.25-93.35, fol. 45°
Blue amph. dominanting 92.40-94.80
Rauh. II (?) at 96.55 15°
Fol. at 98.95 30o

	

100.40 40°

	

105.40 Impurefoliatedsøvite,fine grainedand
mostly gneissic,intercalatedwith other
rock types.
Rauh. I at 103.02-103.40
BT + AP -rock at 103.60-104.20
with Rauh. I.
Cut by unfoliatedsøvite 104.20-104.70
w/ BT + AP -rock at 104.60 (3 cm)
Rauh. I at 104.70-104.95
BT + AP -rock at 104.95-105.30

20oFoliated at 103.25

	

107.20 Foliated BT + AP -rock
(AP - dominant)fol. at 105.50 30°

	

129.35 Rel. pure fine/med.grainedsøvite.Weak or
no fol. Grain size usuallybetween
0.5 - 3.0 mm occasionally.

90
oRauh. II veinlets at 107.45

Chlorite _ at 107.20-108.40,
crisscrossing
BT + A+ -rock at 108.50-108.75
Patchesof BT + AP at 111.80-111.95

at 112.85-112.90
BT+AP+MT-enrichment at 113.15-113.30
AP -enrichment at 113.50-113.70
AP -vein at 114.20-114.25 50o

114.30-114.33 65o
Rauh. II at 114.95 (1 cm) 80°
AP -vein at 115.00-115.08
BT+AP+MT-enrichment at 115.20-115.35



Ark 4 TH-12141.nr. 	 Proa. 3 


BoretmeterBergartKjeme-
mmgel

Coarsegrained.Euh. BT + MT.
BT+AP-patch 2x 1/2 cm at116.90
MT-enrichment117.90(1/2 cm)

McffrighetBergart
preve

BT + AP -rock 118.70-118.75




Foliationat 118.50




65o

FinegrainedBT+AP -rock
interlayeredwith søvite.

120.98-121.45




Fol. 121.10




60o

Rauh. IIat 121.70 (2 cm) 70o

BT+AP-rockat 122.23-122.32




SphericalAP-søvite 122.55-123.15




cut by rauh. IIat 122.70 (2 cm) 90o
BT+AP -rock 123.12-123.40




Fol.at 123.50




20o
BT+AP -rock 123.75-123.92




Patchesof BT+AP -rock 123.97-124.35




BT+MT+AP-rock in
patches/ stringersat 127.40-217.70




Do. 127.90-127.95




Numerousrauh. II
and/or AP-veins
crisscrossing

128.20-128.70




BT+AP -rock/patchat 128.75




Foliatedat 128.75




45o

I.
132.10


139.75

131.40 Hollaiteor AP -rich rock.
Massive,no fol. Crisscrossed.bychlorite
veins,or rauh. II. It shows veinlike
extensionsdown-wardscutting
AP -rich søvite at 900

AP -richsøvitedominating. Massive or with
irregularitydirectedstructuralelevents.

Med./ coarsegrainedsøvite. M = 5 - 20 %,
dominantlyBT. Cut by numerousrauh. II
veinletsup to 1 cm, all the way from top to
bottom. Blue amph. and PY occur locally
near bottom.

	

140.65 Well foliatedrauh. I in white and grey fine
grainedversionsinterlayered w/fine
grainedwhite søvite (?).

	

145.70 Coarsegrainedimpuresøvite dominatedby
MT + BT and- or greenishamph.
Occationalrauh. II -veinlets.
No distinct foliation.

	

148.10 Do, but PY -rich and w/ M >50 %=)mafic rock.

	

157.80 Coarsegrainedimouresøvitew/ BT, MT and
blue amph. as dominantingphases.
AP -enrichmentat 149.75-149.85

150.05-150:10
Gneissicand PY -enriched

at 150.90-151.10
Foliated at 150.90
BT -porphyroblasts?

80o

I 1000-9-71. FS 0031. A 1. H. C.



Ark	 5 Bh. nr. TH-12 profil 


Kjeme- Bergart
Bergart Shfrighin

mangel preve

Gneissic at 151.70-151.85 Fol. 35o
AP - dike/vein 152.85-152.95 60

Two rauh. II generations?

at 153.80-153.90
2-5 cm MT and blue grey zoned rounded
silicateaggregates.

158.70 Impurefine/med.gr. AP -rich søvite.
11-,e,50 %. BT, green amph, MT.

177.50 Coarsegr. impuresøvite. Near top dominant
by BT, MT and green amph. and variable
Ma.,3 10 - 50 %.
From 162.00to app. 170.00 increasing
calciteand blue amph. becomingthe dominant
phase. VisibleAP.
Rauh. II veins with stronglyalteredcontacts
parall.to subparall. 155.05-167.00
Foliation at 168.60
M > 50 % at 171.10-171.40

172.20-172.45

174.25-175.15

175.25-175.60

Gneissicrauh. I 177.10-177.17
Foliation

178.90 Med. grainedimpuresøvite
M = BT + MT and rich in AP.
M = 40 %. No dist. fol.

184.90 Med. grainedrel. purer søvite (M =10-20%)
with distinctfoliationdevelopetlocally
BT +/- greenamph. +/- MT dominated,
often in skeletaltexture.
Fol. at 179.70 40°

	

182.05 35o
Thin (c 1/2 cm) rauh. II. veinlets
sub. parall. at 181.70-183.00
Rauh. II 183.18-183.26
PY-veinlet- 2 mm thick 184.65 70o
MT -(rustyrims) + AP
enrichment at 184.75-184.90

191.20 Impuremed/coarsegr. søvitew/amph. in a
sphenetex/skeletal texture+ euh. MT as
major M. Interruptedby zonesof rel. pure
søviteas above.
Weaklyfoliated.
The skeletaltexturegraduallydissappear,but
the rock retainsits greyishtint causedby
the amph. and a substantialAO -content.
AP + MT euh. 189.05-190.05
AP -veinlet(?) 190.05 (3 cm)

198.35 Heterogenousrel. pure med. grainedsøvite
with gneissicwell fol. zoned Mfl,10%
BT -majorphase. Local large MT, but MT
alwayspresentin small quantity.
Gneissic at 191.30-191.50
AP-veinsw/ MT at 193.40-193.50

Boretmeter

65o



500

80o

65o



900

I 000 FS 00.11. A 4. H. C.



Ark 6 
 BIL nn 	 TH-12 Profit 3

Boret meter I Bergart
I Kjerne- I

SkiErighet I Bergan
mangelprøve

Euh. coarseMT at 194.20-194.60
Rauh. II veinlets

( 1/2 cm) at 195.10
195.30-195.50
196.10
196.20-196.35
197.65

PY + MT + AP euh. 197.35-197.50

198.80 As above, but AP -rich

201.35 Coarse/ very coarseimpure.søvite
w/ blue amph.,euh. MT and BT,
and AP.
Blue amph. aggreg. are often zoned and
rounded.

1000-9.74. FS 0031. A 4. H. C.

Mil

°22%-13


