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2.
TheColuMbiumdepbsitsin theFen zreaat Sbve,near
Ulefoss*Norway.

Igeation.

TheColumbiumbearingareaat Sbvecoversabout6 square kiloæ-
ters (3 km 7-3 and2 km. 2-W ) and is situatednearUlefoss,a
vi1lageof about1000inhabitants*at the shoreof the lakeNor-tsjd*

(15m.a.s.1.)

it belongsto theCountyof Telemarkand the nearestharbour
is the sortof Skien,about30 km by roadin SE direction.
The lakeNor 3j5 is alsoconnectedwith the seaby a riversystem
of lockswhichcan takeshipsUp to 200- 300 tons.The wateflay
downto the portof Skionis about
The distancefromUlefossto the railuay0s10-Eristiansand-S.'Jmnetion
at Lunde*is 10 km.1and thodistanceUlefoss-Osloby roadis about
/70 km.

Ow_t_iera.

The groundof thenorthernnartof thecolumbiumbearing•ore
areabelongsto theSöveAgriculturalSchool,ownedby theCounty
of Telemarks
Southof thisareatwofarmnamedTukTE havebeenpurchasedby
theNorwegianGovernmentandnowbelongstoA/SNorskBergverk,

Toponanhv.

Thetopographyof-tho-Fenregionshowsmoderatereliefwitha •
maximumheight of 160m. Theaverageheightis 50-70m.a,s,1,r
TheEreatestpartof theaweais coveredwitha heavysoilmantleof
clayandmorainicgravelsandhasbeencultivatedandusedforfarming,

Gt»1ogv.


TheFenregionhaslongagoattractedtheinterestof Norwegian
Geologistsbecause.oftherarewocks.whicheccurin thisarea.

1n theyear1880D,Cappe1engavea collectionof samplesof someof
thesereeksto theUniversityofCslo.
1n 1908thedistrictWasvisitedby theNorwegianGeologist
Professor.W.Werenskioldandin 1918by PtiofessorJ.H.L,Vogt,



3.

Yngtespeciallyconcentratedhisstudyon theoldironminosin
the.areawhichhavabeenin productionfromtheyear1652until
1927whonthey.werelaiddown.
1n theyear1918thegeologyof theareawasstudiedby professor
V.M.Do1dschmidt.DuringhisfieldworkGoldschmldtalsobecame
awareof somesmallcubiccrystalsof a mineralapparentlybelonging
to thepyrochlorgroupinthe limestonein a quarry,( theHydroQuarry:

situatedon theshoreof låkeEorsjS.

LateronthesFmnmineralwasfoundby microscopiestudiesof thin
sectionsinmemydifferentrocksof thearea.
Basodon thefieldworkof professorGoldachnidtandprofessor
BrUgger,a petrographicaldescriptionof therockvaspublishedby
BrUgger(1921)
Thispaperhasbecomea classioworkon alkalinerockareas.
Therooksof theFendistrictdifferverymuchin appearance
andmineralcompositionfromthecommoneruptiverocks.
Especiallyinterestingarethecalcitebearingrockswhich

accordingto Brbggeraresupposeddtobe eruptive.rocks,formedby
theerystallizationof oalcitebearingmagmas.
To distinguishtheexuptivelimestonefromthecommonlimestones
of sedimentaryorigin,thishas een&l.venthenameof Sövite.
Alsotheothercharaeteristicrocksof theareahavebeennamed
afterthefarmsin thedistrict.

T n c e ararterie3o of Sbv ar-a

I. sa*ykt..qta calciterockvhichcontainsminoramountsof apatite,

msanetite,silleatosandcolumbiumminerals.
2. Raubaggite,an ankerite..rook(composed'ofealolum,magneslumsnd
Ironcarbonate) vithSpatitetmagnetitosilicatesand.nlobatesas
mInorconstituents.
3.=.122=>(redrock) a caleiterockwhichis red,celoured
by flnedessiminatIonsof hematite.1n somepartsof therockthe
hematiteistheehiefmineralcomponentformingironores.
Theseoreshavebeenminedfrom1652up to recentyearsinmany
mineswithinthearea.



Alkalines-',1-;cateTOckS:

Themostabundantalkalinerocksarethenenheline-bearing
MSISA, II9.34,tn'andm4tTIZUa.

Vibetoiteis a rockvhichis almostentirelycomposedof pYrexenes
andamphiboles.

lloflaiMe s:acarbonate-silicaterockchieflycomposedof caleite
andpyroxene.
Theyoungestreckof theareeis theflut.iernizSzvhichis a darkportbyl
withlargeporphyriccrystalsofbiotitein a finegrainedmatrix,
ar;!a,is a sydniticrockwhichesneciallyOCCUrsalongtheborders
of theareaandis supposedtohavebeenformedby a reaction
betweenthealkalinemagmasandthesurroundinggneiss,
1n mostof therockscolumbiummineralshavebeen found by
microseopicstudyof thinsectionsandmanyassaysof rocksamples
of differentrocksshowsmallamouutsof columbium.
Roweveronlythesaviteshaveyetbeenaubjecttomoresystematie
stUdyof thecolumbiumbontent,
Thesbvitesoccuras moreor lessdike-shapedbodieswhichseem
to penetrate the silicate rocks with theexceptionof thedemtjernite.
Also small veins of sbvite occur abundantlywithinmostof thesilie
caterocksof thearea.
Alcingthe bo.vdersthe sbvitesuse to be especiallyrichin silicate-
minerals,mostlybiotiteandhornblendeandshowa gradual,tran.‘
sitionintothesurroundingsilicaterocks.
As a generalrulethegreatestcontentof columbiummineralsare
found neartheborderagainstthesilicate-rocksandin the
'adjacentpartof these,

Geothemistr

Accordingto Rankamatheaveragecontentot columbiumand
tantalumin igneousrocksarecalculatedto2k g/tCb and2,1gitTaw
TheaverageabundanceratioCb/Tais thus TheColumbiumores
at Savecontainabout0,1-012%Cb correspondingto 1-2000g/tand
thusrepresentingan enrichmentof about100timestheaverageof
igneousrocks.
Theamountof Ta oresentin theSbVitesisabout of theamount
of Columbiumandis about the same as theigneousrockaveragew
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In his paper(4)Briggerhas publishedthe followingchemical
analysesof BdvitefrontheEydroand Cappelendeposits

Chemica1analysesof an averagesemp/eof 50 kg from
the HydroQuarry.AnalystL.Thomassen.

Chenical-ansiysesef a fine-tomiddlo-grained" Schliere
/.poor Silicatemanerals. HydroQuarry.AnalystL.Thomassen.

Chemicalare,lysesof samplefroMCappelenQuarry,
AnalystL. Thonassen.

111

Si'02
TI02
Al203'
Fe2b3

Fe 0
Mn 0
MgD
Ca0
Ba0

Na2°
Kr 0

1120+
la20+
P O'2 5
0b2054.Ta205

002
Cl
F
B

. S03

li2°4»

1,
3.36

0.30

1.69

.6.13
2.99
0.31
3.10
kk.35
0.10
0.04
0.50
0.16
(0.14)

3.26

0.80

32.80

0.02


ca.0.28

0.42

0.06

100.81

0.14


100567

2.
0.73
-
0.60

0.53
0.67
0.28
2.83
50.47
.

0.01
0.25
0.04
(0,09)

0.95
0.78
41.44.
0.03
0.08
0.29
.

100.07
0.09

99.98

3.
2.00
0.19
0.66

2.14
2.06
0.29
2.25
48.72
0.0k
0.o2
0,32
0.10
(o.10)

3.38
0.82
36.22 '
0002


ca:0.29

0.51

0.02


100.45

0.10


100.35

5.

Accordimgto theseanalysesandmicroseopicalstudyW.C.Brdiggerbas
calculatedthemineralcomposition:






1. 2, 3.
Calcite 67.65 79.91 74.46
DalOmito 6.37 13.34 7.45
Mica 8.61




205
•Magnetite 8.00 . 0.14 2.90
Tremolite




- 1.00
Apatite 7.75 2.77 8.ol
Kbppite i.ko 1.15 1.36
Fyrite 0.89 0.54 1.08
Barite 0.16 - 0.06




100. 83 99.90 100.16

An analysisof SövitecarriedoutbyForsvaretsForsknings-
institutt,analyst:Svaarp,showsfollowingresults

S102

TiO2

£1203

Pe203
Mn 0
Mg 0
Ca.0
Nå20

2.12%

0.28"

1.92"

6,28"

0,30n

2.44v


"

0.60"
X20

P205 3.84"

002 39.16
0.32 ti


0.30 n

Cb205
0.32 n

100.23

Chemicalanalysesof columbiumoreconcentratealsoshow
smallamountsof Thoriumandrareearthelements.



fhechiafSbvateOccurrencesin theNorthernpartef ahearaakrethedike-shapedbodies,thePsuslaprdike andtheSYdro-dike,and
d largeareaot Sövitearoundthefarm=1,Laa
Alsonumeroussmallerdikesareknownin theNorthernpartof
thedistrict.
Of thesethePhiladelfiadikewestof theHydro-Occurrencehas
beenexplored by 3 diamonddrillholes.

TheNordsjddikeat theshoreof thelakeneartheCappelendepositseemstobe a partof thinsövitebody.
On thesouthernsideof theSaveAericulturalSchoollnearthe -
farmhousesalsosomesmallersbvitedikeshavebeonexploredbytrenchesanddiamonddrillholes.
FartherScutharoundtkeTuftefarmstheColumbiumbearangsöviteformsa largecentralbodywhichsaemstobe thelargestsbvitebodyin thearea.
However,thisSaviteareais ratherinhomogenousandbuiltup by
zonesof Sbviteswithratherdifferentmineralcomposition,andalsosmalllayersof rödberg(redrock) andSilicaterocksoccurwith-
in theSbvitebodY.Especiallyhasthecentralpartof thearea
beenexploredbyranytrenchesanddiamond-drillholes.

TheWesternandSouthernpartof theareaalsoexhibit
largeouteropsof.Sbviteof varying'contentsofColumbium.
Thesehavenot,howsver,yetbeensubjeetto sufficient
exploration.

Thelargoareaof in thecasternpartof thedistriethavebeensampledvithaaaaspecimensandsomeof theseshow
censiderablecontentofColumbium.

Alsomanyof thesilicaterockswithinthe areaareknovn
to containsomeColumbiumminerals.Thusa ijoliticrodkfrom
Meltelginachesoutheltpa3,tof the areaaccordingto chemical
analyses(W.C,BråggerP.399)has a contentof 0.707JCb205Ta205,

S.s.,111"22Talost,ofthe ej2jVnb5urnbearinrSdvites.
Thepyrcebleremineralvalchvasobservedby professor

V.M.Go1d5chm4dtin thelimestoneof theHadroQuarrywasisolated
by professorW.C.Brbggerbydisoolvingthecalciteirrinitricacid,andthecrystalavereanalyeedby A.Faidland.Theresultof this-analysasshoarda contentof 375;Ta205,26% Tro,)0,.;and 13.84% Ca0aAd themineralwas accordinsto thi3awlysis-cjassifiedby Brögger
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as.amicrolite.

Duringhisstudyof mierolitemineralsE.Bjarlykke(1934)also
studiedsomesamplesof thesupposedmicrolitemineralfromthe
EydroQuarryat Sdve.
As theZ.,raysdiagramsof thismineraldidnotagreeverywell
withtheothermicrolitemineralsanX-srayspectrographical
analysiswascarriedoutandshawedthattheoldanalysisof
Rddlandwasnoteorrectas themineralaccordingtoX.Jrayspectro-
grammewasehieflya niobateof calciumwithonlyverysmall
'contentof tantainm.Thecompositionof themineralappearsin this
way-likea mineralnamedKoppitewhichhadpreviouslybeen
deseribedfromKaiserstuhlin Germanywhereit occurredunder
geologicalconditionssimi1arto thoseof Stive,
In 1947F.Aubertby meansof X-raydiagrammesalsoidentified
theColumbiummineralColumbitein columbiumbearingsdvites.
Thekoppitemtneralstudiclby BrdggerandBjdrlykkehada yellow-
browncolourand occurredin octnhedralcrystals.

Mieroscopicalstudiescarriedoutlastyearon different

scmplesof sdvitesshowhowever,thatthisrockalsocontainscf&ie
appl.entlycubickoppitelikecolumbiummineralswhichdifferin colour
andpartlyin crystalhabitfromtheoriginallydescribedkoppite.
Thecolourof thismineraldiffersfromcolourlessto slight
yellowandblack.'Somplesof thesemineralspickedoutunder
themicroscopearenovsubjectto a studyby meaneofZeray
diagramsandchemicalanalYses.

Tnefollowingmineralshavebeenfoundin thecolumbium
bearingsdvites:
Q.Q1We.CaCO3,spesificGravity2,7,Hardness3, Composition:
56 0a0and44CO2.Thismineralis thechiefmineralcomponentot
thesavites.Accordingto thechemicalanalysesalsosmallamounts
of ironandmagneciuma"presentas carbonates.
AnaSS2,calciumrphosphate,Sp.Gr.3,1.-3,2H 5.TheApatitein the
sövitosisnearlya pureF1uorapatite.

Pluorite,Cale2Sp.Gr43.2H,Y.Thismineralhasbectfoundby
W.C.Bröggerin thinsectionsof sbvites.
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paenetite;Pe304,sp.Gr.5.2H 6.Accordingtochemicalanalyses
themagnetiteof thecolurbiumorescontain0.5Vanadium.
BsinatiStF e2O3 sp.Gr.5,3H 6. nis mlneraloccursln sövitesas
smallthinplates.

Ziria FeS2t3pGr.5,0H.6oecursin smallweildefinedcrystals
mostlyin cube;with&riatedfaces.

Jatag, BaSC4,sp.Gr.4,5H 3.


ggruclua,£1203Sp.Gr.4,o11.9occursdessiiinatedin small
colourlessor slightlyyellowelipsoidiegrainawithoutcrystal
autlines.

	 T102,Sp.Gr.4,711.6hasbeenfoundin soneconcentrate
samplesas snallredcolouredtetregonalcrystals.
Silicateminerals

Hornblende,Sp.Gr.2,9-3,2H 5,5.3 differenthornblendeminercls
havebeenmetwithin oreeonåentratesandthinsections.
Themostabundantis thetremmlitewhichoccursin radiating
columnaraggregates.Theothertypesaregreencommonhornblende
andbluecolouredsodiumrichamphibole.
akm, Sp.Gre3,0H 3.Themoatabundantnicaisa biotitebut
muscoviteclsooccursin sometypesof sdvites.
/kpais,Sp.Gr.3,5H 8 is presentin snallamountscs smallcolourless
crystals.
Zircou,ZrS104,Sp.Gr.4.2H 7.TheZirconof thesdvitesoccurs
as smalltetra3onalcrystalswithwelldefinedcryctaloutlines.
Theoccurrenceof konniteandcolumbi,tein columbiummineralshas
beengivenby neanaofXferaydiagrams
gomålte,0a2Nb207Sp.Gr.4,5H 5.Thismineralusuallyoccursas well
definedsralloctahedrons.Colourbrownto gray.Lusteradamantine.
Columbite,FeCb206,Sp.Gr.5,3H 6.Usuallywithouterystalautlines.
Colourblacke
Besidesthesemineralsthesii7itesalsocontainsemeCb-minerals
whichdifferin colourandpaz.tlyalsoin crystalhabitfromthe
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originallydeseribedkoppite.

Thnsa blackmineralwhichoccursin spinell-likeerystals
differsVerymuchin compositionandstructurefromkoppite.

A preliminarychemicalanalysisof crystalsof this
mineralpickedeoutunderthebinocularmieroscopeshows
contentof a.bout76% Db205and6 % Mg0.TheDebye Scherrer
diacramshowednothingin commonwiththatof koppiteandethepattern
doesnotseemto agreewitha cubiclattice.
Alsosomecolourlessor slightlyyellowceystalsexitt",whiehare
perhaps,newcolumbiummineralspecies.

Thestudyof thesemineralsis goingon in colaborationof
11›.professorrvarOftedal,at theMineralogicalFaculty(Institute) of

theUniversityof Oslo.

In an approx.50,%ColumbiumOxideConcentrateproducedfrom
savites,Civi/-engineerK.Stokland'hasfound2.7% Th012in a Hydro-
product,1.5% Th02in theCappelenproduetand1.7% in a Tufte
product,

Thecontentor rareearthelementswereabout0.5%.
Theseelementsaresupposedto be presentaa eubstitutionain the
columbiumminerals,
TheSövitesareusuallyrathercourse-grainedroeks.Ilicroseopic
studyof thinsectionsshowsthatthece.lcitàgrainscanbe estimated
to an averageof about2 mm in diameterandmayin somepartsof the
roOkbe up to20 mm.
Thecolumbiummineralsofkoppiteandcolumbiteusuellyexbibit
a poikiliticstructurewhenstudiedln thinsections.Thepoiki1itie
inclusiensarechieflyealeiteandapatite.Thediameterof the
koppiteand.eolumbitecrystalsvaryfrom0.1to 10mm andmaybe
estimatedto an averageof about/ mm.

Themagnetiecrystels.areusuallylarCer thanthe.koppitesand
showseldoma polkiliticstructure.
Thesilicatemineralsofmicaandhornblondelform usuallygrains
Witha diameterof norethan1 em.Theaveragemay be estimated

to about5 mm.

Theapatiteis eisibleuuderthe mierosSe as roundedgrains
witheuterystaloutlines.The diametersvaryfrom0.1 to 3 mm and ma3;
averageaboutee2'eee.
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Developmentwork.

In 1940 theNoruegianGovernnentbecameinterestedin sövites
becauseof theircontentof phosphate,as the importof foreign
phosphateswerecut offduringj;hewar, •
Proft3esorV.M.Goldschnidta$ the directorof the StateRaw-Material

•	 committeethen,startedsomedevelopmentwork in the Söveareain col-




laborationwith Norges-GeologiskeUndersökelseGeologicalSurveyin
Norway) Thisdevelopmentwork 'includedsomediamond ånd chemical

analysesof phosphericacidand columbium.
Accordingto the reportof the StateGeologistArth.O.Poulsen,siz
trenches•in Tufteareawereworkedout and 30.sampleswere cnalysed.

111 At the sametimetho NorskHydroA/5,carriedout somediamond-dri1ling
in the HydroDepositunderthedirectiveof.theirconsulting
GeologistDr. C.W.Carstens.Aecordingto thisdevelopmentwork,the
Cclumbium-bearingsöviteore theHydro-Deposituas estinated
to 750 000 tonsmeasuredcre dounto the levelof LakeNordsjö.
In 1943theGermans becameinterestedin the colunbiumcontentof the
sövites.Theystarteda surveyof the area and the Norwegian -

dev.elopmentuorkwas stopped.The Germandevelopmentworkwas directedby
theGermanfirm I.G.FarbenindustrieA.G, Untilthe Capitulation
in May 1945the Germanshad spentabout1. mill.Norw.kroner(approz.
140000.-dollars) on the Savoproject.Theyhad plannedto start
the columbiumconcentrateproduetionin the autumnof 1945.
The Germandevelopmentwork ine:»deda greatnumberof trenches
diamond-drillingand chenicalanalyses.Theyalsocarriedoutmuch
researchworkto finda goodmethodfor the treatmentof the ore.
Afterthewar in 1945-46the StatensRåstoffkomiteTheStateRaw-
MaterialCommittee)continuedthedevelopmentwork in the SSreArea.
The Geologicalresearchwas diroctedby cand.real,EgilSmther.
Accordingto his report,theavailableamountof ore shouldcontain
680000 tonmphoshporicacidand 12000tonColumbium,
In 1951,.the gre depositct Savemas transferredto theminingCompany
A/S NorskBergverk,whichuas startedby thePorwegin7!nover17.;?nt;
the scmeyeart,
UntilDec. 1951, ge Ldeøon; rOTLs6.cs consultingGeologistfor
the SdveDe..pcsit,and wfterthettine0r. ilaraldnj5rlykkewcs enaged
as Geologistby the Copcny,



1n theSpringof 1952,an extensivediamonddrillingprogram
wascarriedoutin ordertoprovea sufficienttonnageofneasured
orefora largeminingplan,withproductionof 140000tonsraw
oreperyear.
Thedevelopmentworkhasmetwithmanydifficultiesas it ls probablythefirsttimathatthistypeofColumbiumOredepositshavebeensubjectto extensivedevelopmentwork,in ordertoplanproductionot
ColumbiumConcentrates.No experiencefrompreviousworkwas thereforeavallable.
TheOeologicalformationof theseColumbiumoredepositsisalso
subjectto differentopinionsamongthegeologistsandverylittleknowledgeof thesetypesof brewasavailablebeforehand.
As theColuubiummineralsoccurinverysmallamountsandoften
areverydifficultto identifywithoutmicroscopicstudy,the
valuationof theoremustentirelydependon thechemicalanalyses.Thusnumerous,costlychemicalanalyseshadto be carriedoutto
forma sufficientbasisforan economicvaluationof thedeposits.Muchstresshastherefore,beenlaidon theanalyticalresearchworkto gettheanalysesas correctas possible..
Tableshowingthedevelopmentworkin theFenArea,

411
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Besidesthis,theGermanGeologistRichterhasxtalysed179

hamdspecimensamplesfromdifferentplaceswithinthearea.

Untiltoadaythedevelopment york in theFenArea,amauntsto

4980 m. diamond drill holes and 1826,5 m. trenches.

1n all 2747 samples have been analysed fotCb205, P205 and

carbonates.Forthenostpartof thesesanplesbothspectro-

graphicalandchemicaldeterminationsof theeolumbiumoxidehave

beenearriedout.Formanysamples,twodifferent assays of

Colunbium have been madeto dheektheresults.

13.
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EB/RA
T122.2pelenOr De s' .

TheCappelenoredepositformsa dike-shapedbodyof columbium»
bearingsavitewhichouteropsin theNorthernpartof theareanear
theshoreof lakeNorsjö.

Theoreouterop.hasbeenexposedoveran areaof,5000squaremeters.

Theorebodystrikesl&-Wwitha varyingdipfrom30 - 60°.
The surroundingrocksareteniteandhollaite.
Usuallytheborderof tbe sSvite is especially rich in mica.

5 trenches aeross theouterophavebeensampledandassayed$each
sample covers 1$5m. In all77oresamplescoveringa totallengthof
115,50m of theemposed orehavebeenanalyzedforeolumbiumpbosphorie
acidandcarbonates.

' The total length of thediamonddrillholesamountsto690$29a.

Trenelmis anddiamonddrillholesat theCappelendeposit.

Zumslatas
Length

of ore

Ore
Samples 41)2% °5 %

Average

P205 % 0a003

a c 43,50 29 0.357 3.41 75.0
3 C 13950 9. 0,310 3178 75,5
3 0 8 37,50 25 0,42.0 3,14 80,1
IfC 18,00 12 0)270 2,61 8096
5 C 3,(>0 2 0.350





115,50 77 9,35 3,23 78
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0313
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holes.

Dip

45°
30°
700

14.50


45.0

Lone,th-Taboholo




AvoroZo




2.

Drtlledby

11B/RA

C
C 2

C 3

0 13.

0 5
C 6
C 7
C 8

Az,

330°
35,5°

NO

NO

Total :1nore assesamples% Nb 0

	

30 0,240

	

19 0.306

	

17 0.22 •
32

	

31 0.44-0,3k

	

3G 0.26,,0.27

	

6 0,20

	

5 0.40

	

170 .0.33

cr,P 0- % CaCO




ko m
82,50ri
60,20
120.-
86.45

123.94

16z1
62,20m

64.00
27.50
32.88
16.6
3.9

223.68

3.0 71.1
1,8 46.0.

4.o 66.o
2.77 k9.7
3,90 52.o
2,9k ' 82.8

•
A/S NerskHydro
Gerzan
" thedateslost
" unkSownlecality.
A/S GorskBergverk

fl ti

tt tr fl

tt tt119.20


690,29 2.93 60.3

Averagetotal 0.3420b205 3.05P205 67 % UWON.



BB/RA 3.




21ajamal comositionf theCa ele ore

Accordingto chemicalanalysesandmicroscopicalstudiesthemineral'composition of the ore is calculatedto average:
Calcite (included i- 2 % magnaluacarbonateand ironearbonate ) 67 %Columbium minerals (chicfly Kbppite )




Apatite 	
7.7 "• Magnetiteandhematite
3.- "




Pyrite
1.-"




Barite
0,04"




Rest,Bilicateminerals,chieflyhornbiende




andMica-


 20.86"

Microscopicstudiesof theorealsoshowverysnallanountsofRutile(rio2)CorundumCA12031Zircon(Zr81.04) andTopaz.

•
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6.10019520

orereserveaof theCa elende os't.
Thefirstcalculationof orereservesof theCappelendepositwasoarriedoutby thewell-knownNorwegianxPinirggeologistDraCJ,Carstere• in hisreportof Jan.15,1914.
Hiscalculationwasbasedon thedata of-2trenches-and4 diamonddrillholesandgavea resultof 135000t moasuredoreaveraging0,30%Ch205.

In hisreportof 194-6theGermangoologistHorvathcalculatedtheore
reservesof Cappelento120000t measuredareaveraging0w5% Ch205.

11.
TheNorwegiangeologistD. OlgeAdamsonhasin hisreportof March2321950calculatedthetonnagesof theCappelendepositto 175000tmeasuredorewithan averageof 0,25-03 % Cb905,
In Dec.1951theCappelenorereserveswre calculatedby miningengineerL Nuswasto300000t measuredoreaveraging0i29% Cb205downto thelevelof lakeNorad.
In thespring1952tuoadditionaldiamonddrillholesweredrllledin ordetto eaplorethoorebodydownto a levelof4 50m.As,however,thedipof thedikewaslessthanassunod,thediamonddrin holoc 7 eutthefeetvnilof theorein a depthof 20 m
Accordingto theresultsof thenewdevelopmentworkthetonnagesoftheCappelendepositmaybe calculatedas foflows:
S tin C S (andC 3).
Horizontalwidthof thearein thetreneh 65 mLengthof theorebelongingto thessection 3o nHorizontaluidthet theorein d.d.h.C 2 6oDepthof theoroprovedby drilling t m sasol;Averagelovelof thetrouch 31,5nunn
Vertica1measuredorearoain thoseotion45442.36 tg2250m
VOltmeofmeasuredorebelongingto thesection2250 30 67 500nr3



BB/RA
6.10019520

5.

(D.d.h.0 5 andC 7)
Horizontalwidthof theorein thetrench
Lengthof theorebelongingto thissection
Horizontalwidthof theorein d.d.h,C 7
Depthof theoreprovedby drilling
Averagelevelof thetrench

Verticalmeasuredoreareain thesection3

56 m
31.
35 "
20 " a.s.l.
33,nnon

53m 21.(-11m?

Volumeofmeasuredorebelongingto thissectiou24.11x 31 = 74 74.1• 22.9.-Ups.a(D.d.h,c 6).
Borizontalwidthof thaoreinthetrench
Idengthof theorebelongingto thissection
Horizontalwidthof theorein d.d.h.c 6
Depthof theoreprovedby drilling 915m a.scle
Averagelevelof thetronch 33,5" 1) fl 11

Verticalmeasuredoroareai thesection4/ 984n?
Volumeofmeasuredorebolongingto thissection981+(>31 30 50P4.

•
2W2,1.9.1W.2522.22a2g.a.....9v2-fl,q.=2919P.Q9P(114t,, 

Measuredore Lowestleve1of
Section Volume• Tonnage moasuredore
C 3 s 67 500:1? 182250 t 41,5m.a.s.10
c 2 74 74/n 201Boo R 20 tinun
c k 30 501i-" 82360" 9,54

11~1~10110  121.

Total 172 745m 466klo t
na.zer 


Accordingto thepreviouslymentionedcalculatedtotalaverageof
0$342% 0b205$3$05% P205and67% CaCO3$themeasuredorein the

Cappelendeposit•wiilcontaina calculatedtonnageof :
2. 595• Ch20rr(.,Columbinso77J.d)

.11+225" P2 05 correstoudingto31 100t apatite
3124958 CaCC3 (Calcite)

As thoCappelenorehodyhas a:ratherlrregularshape$it is difficult
to calculateanyamountof lndicatedore.Itislhowever$reasonable
to assumethatthototaltonnagenaybe provedtobe considerably-greaterthanmeasnred.



• • •

Thedike-shancdbodyof tLceolumbiumbearingsoviteoreforineitheHydroCiredepositis emposedon theyurfaceby 16 trenches.fromtheHydro:Quarryon tleshore'ofLakeWorse»,about550mInSW directionwhereitpetersout.
Theaveragewidthof thedikois about22,mandthetotallengthof the.trenchesermuntsto 309m,
TheOrebodystrikes.aboutNE-SWwitha dipvaryingfrom40-700 in
Thesurroundingrockis•a redcoloredZenitewhichis syeniticrocksupposedtohavebeenformedby a metasomaticreactionbetweentheaikalinemagmaof the.areaandth3surroundingzneis.
In thedepth, thedeposithasbeenexploredby 23 diamenddrillheleswitha totallengthof2823.4212.
Besidosthese,a 118m. longtnnnslhasbeendrivenfroåtheshoreofLakeNor,;sjdin SE directioncuttinethedikeat a vorticalangle.Thisturtle1exposeshorizontalvidthof theoreof 53m and has .notreechedthebangingwallof thedike.A horizontaldiamenddrillholehasbecndrilledfromtheface in theeontinuationof thetunnelandshowsadditiona13.89m ore,beforeeuttingthehangingwall.In thiswaythehorizonta/widthof theoredikeamountsto 56.89.Duringtheminingof thetunneltheorewasverycarefullysampledandassayed.Noworkhadyetbeencarriedeutto explorethesupposedcorb.tinuationof thedikein NE directionunderthebottomof LakeNorsjd.

(scotablosoverleaf)



TrenehesHydrodeposit:
1~  111•••••••~1~a

Treneh Length Analysed
of oro

Ore samples
Cb205

Chem

Average
P 02 5

Carbo-




nates.

H6(9) 40.5m 27 0.126% 2.56% 5•.7%
H7(2) 22.5" 15 0.108" 3.39" 48.3%
H8(4) 22.5" 15 0.149" 2.50" 88.6"
B9(10).2k.0" 16 0.136" 2.59" 53.5"H10(5)22.5" 15 0.159" 2.71.1" 80.8"En 37.5" 19 0.175" 2.60" 90.5"
1112 18.0" 12 0.185" 2.98" 80.1"
H13 15.0" 10 0.131"•3.43" 71.9"
H14 27.0" 18 0.166" 2.84." 74,9"
1115 10.5" 7 0.173" 1.84' 78.1"1116 7.5* 5 0.162" 1.541 64.2"
1117 7.5" 5 0.234n 3.5?" 51.7"
H18 3.0" , 2 0.23511 3.43" 55.6"
Total 249,0m 166





average:




0.1525 2.749%




e/:





Lenght Numberof





ofore analyeeS Cb 02 5 P 02 5 CaCO3

56.89a 33 0.206% 2.96% 63.8%

Thetotalaverageof theHydredepesitealeulatedanalyses
'oftrenehesanddiamonddrilledholeagives:0.177% ColumblumOxideCb 0
( aceordingto theehemlealenalyses33.29% phesphorieacid(P205)correspendirgt:e7.8.1aratiteand6611. erhonatenineralsetlefly
SPJA..tia-



DiamonddrillholesHydrodeposit.
X)

Drill.
Seeti n Az Di

6a (8) H 6 309° 45°
6b(22) 3572 45,44..
7a (1) R .7 309' 60:
7b (5) -
8a (2) H 8 129:
8b (6) - 309: 43:
9a (9 H 9 140:
9b (7) H 9 309"; k5'
10a (3) H 10 145' 22°
10b(24) 3652H 45?,
lle(10) H 11 145' 5 '
11b(13) 90°
12e (k) H 12 I145: 202

fl12b(15) 325: 60;:
13a(14) H 13 325' 60:11
13b(16) 900
14a(11) H 14 t42o ro

F 14b(12)

  •

Total
Avorage

325° 752
14e(20) - 371 50:


1

'16o(17) H 16 361" 50" -
18a(18) H 18 369te 53t3°

fl•18b(19) .e 362.A6'422°
18e(21) - 365' 45"

Length
drillhole
otal ln

of ti71

	

1(1~ ' 2
ore'kEW1; Chem.

30.o I 51

	

3.0 9 0.55
35,o 18 ”
33.50 23 0.153
26.o 16
220e 27 0.179
19,271 27 0,15 '
33,103 24 0.11+8

	

56.o1 36 0.255

	

4.981 7 0.15
42,28 27 0435
26.841 88 0.15
39.k ' 16 0.277
30.551 28 0.20
30.07 23 0.20
38,20 93 0.25
31,00 34 0.231
43.co 67 0440
3 . 1.410.20
1368 12 0.348
14.71' 16 0.30
22,69 15 0.268
5069 12 0.17

	

5.58 0.36
8.191

	

6.78
0,15
0.20

	

658.42 683
0.191%

e r

ectr.
0.21

0.274

0.207

0 127
0.308
0.28
0.191

0.369
0.18

0.26
0.27
0.26
0.20
0.155
0.18
0.425
0,25
0.32
0.31

0.52

0,233%




Drillodby:

••• ••~Wile~

1 ......-

P20

4.88
5.00

3.07

5.00

6.13

4.21

4.10

3.64

4.02
2.85

1,76
2.36

3017
3.43

3.06
2.84

3.88

2.70

3.61

Carbo-
nates

79,30
194.41
62.20
104,50
62.80
77450
110,20.
70c00
97,:.75
192,14
127,12
257.o '
81.37
97002
96,60

312,27
.100,00
110.70
134.561
79044
99.88

77.72
198.;94

2823;4*

70.o

42.0

87.o

79.5

81.o

61.5

48.2

50.o

72.1

60.4

77,°55.5
32.o
37.0
45.3

46,o

64.3
74.i

88

72 .o

61.5%

The Gernans
A/S Norsk Bergvork
A/S Norsk Hydro
The Germans
A/S Norsk Hydro
The Germans
A/S Norsk Bergvork
The Germans
A/S Norsk Hydro
A/S Norsk Berevork

A/S Norsk Hydro

A/S Norsk Bergvork
It Mb

te. 11

t-

el Ml

ba t1 el

fl

ti tI

WraM110~4.01.1

.6.11



TheMinieralcompositionof thenydrodike,

Theoreof theHydrodepositdiffersfrontheCappelenoreby being
someWhatricherin doloniteandcontainsa lessamountof-magnetite,
Themineralcompositionof a samplefromthenYdroQuarrycalculate&
by BrUggerandcitedbefore,doesnotagreewiththeaveragecone *
positionof thedeposit,Especiallyis theamountof magnetitefartoo
high.

Accoedingto the669chenicalanalysesandmicroscopiestudyof
samplesanddrillcoresfromdifferentpartsof theorebodythe
averagemineralcompositionof theoremaybe estimatedas follows

Carbonateninerals(chieflyealcite)66,1%
Apatite 7.8n
ColumbiUmminerals 0,3

•
	 "

Magnetite approxe1,0"
Ryrite " 1.0 "
Rest:silicateminerals(chieflymica:25,-"

Besidesthese,alsoverysmall.amountsofhematite,barite,topas
andcorundunhavebeenobservedinthinsectionsandorecorcentrates.
Withregardto thesilicatemineralstheHydroorediffersfromthat
of theCappelendepcsitby beincpoorin hornblendeandin some
partsof thedeposittheorecontainssmallamountsof chlorite
minerals,
Theecolumbiummineralsalsoshowsomedifferencefromthoseof
theCappelenore.
Thekoppitein theEydrooreismoweuniforminappearanceandcrystal
habitandhavea lightipeownco1or.1n someeartsof thedepositcolumbitE
oecursmoreabandantlyaleo.

The.orebodyof theHydrodepositexhibita merkedzoningwitha
centraipartofwhitemaebleecomposedof nearlyeurecarbonate
mineralsanda darkeemarginalzonowithmoresilicates*whichoften

gradually-changeintothesurroundihgsilicaterocks.
Accordingto theanalyses,thewhita,nearlypurecarbonate-rock

isverypoorin columbiumminerals,Thustherichestoreisusua1ly
foundin thesilicatebearingsovitesof,themarginal•zonee.
Theorecalenlationis basedon theminingcf thewholewidthof
.thedike,andin thiswaythe averagecontentof columbiumozedeis

considerablylowerthanthatof theCappelendeposit.
It however selGet,Lvetriningof themarginalzonesiszarried


outtheoreaveragewillbe considerablyhigher,



Alsoin a verticaldirectiontheoreof theHydrodikeeXhibitsa
distinctdifferenceas thedeeperPartsof theorebody0according
to theanalysesof diamonddrillcoresareticherin silicateminerals,
thantheorein thetrenches.
Thustheaverageof carbonatemineralsin thetrenchesla calculited
to 75.5%.whiletheamountof carbonate,mineralsin thedrill
coresaverage61.5j carbonates:
SmallerdIkesandveinsof columbiumbearingsovitesoccur
abundantlyvithinthetenitesof thehangingwall.

•
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Theorereservesof theHydrodeposit.

Thean calculationioftheorereservesof theHydrodeposit
wascarriedautby Dr.C.W.Carstensandgavaas resulta tonnageof
608,125tonsorieaveraging0.21% 0b205downto thelevelof Lake
Norsjö(15m a.s.1.)
Inhisreport of 1946 theGermanmininggeologistDr.Horvathcal-
culatedtheHydrooreto600,000tonsdownto thementionedleveland
averaging0.23 Cb205.Dr.OlgeAdansonhasinhisreportof 1950
calculatedthetonnageof theHydrooredepositdownto thelevel
of I:akeNordsjdto 750,000tonswithan averagecontentof 0.2% Cb205*

InDeeember1951miningEngineerN. Musmuscalculatedthetonnage

•
nf orein theHydrodepositdownto thesamelevol,to 590,000tons,
averaging0.174% Cb205.

In ordertohavea goodmarginof security,Nusmusca1culatedthe
averageof thediamonddrillholes,in sucha way,thatthemissing
drillcoreswithintheorebody,wereassumedtobe withoutanycontent
of columbium.

Sineetheealculationof engineerMusmuswascarriedout,nenY
newanalysesof previouslydrilledholeshavebeenavai1ab1eandin
thespringof 1952,twoadditionalholesweredrilledin orderto
cutthedikein the1evelof 50m.a.s.1.

Allanalysesof thediamonddrilledcoresarenowcompletedand
a newcalculationof theorereservesin theHydrodeposithasgiven
thefollowingresults,basedon theoreareain eachverticalsections

guti,2n_fiks




Horizontalwidthof theorein thetrench 28 m
Lenghtof theorebodybelongingto thissection 20.75111.
Horizontalwidthof theoreind.d.h.6 b 9.0 fl
Depthof oreprovedby drilling 110.0 "
Averagelevelof thetrench 35.5 " a.s.1.

Measuredoreareain thesection28 4.9 .1105 2035m2

Oreareadownto levelof 50m a.r.1.28+9.85.5• 1582 m2

Volumeof measuredorebelongingto 2
thesection: ,  2035x 20.75 2 42225m3
Volumeof oredownto level4.50m a.s.1._1582x 20.75.33526m3



ÅREIS2/2.27
Horlzontalwidthof theorein thetrench••
Lenghtof theorebodybo1ongingto thissection
Horizontalwidthof theorein d.d.h.H?b
Depthof theoreprovedby drilling
Averagelevelof thetrench

23.0m
23.5"
42.5
58.0" ,
41.5"a.e.1.

Measuredoreareain thesection4254.23• 56a 1857mg
2

Oreareadownto level+50ma.s.1.425+23 . 91.5c3007m2

Volumeof measuredorebelongingto 2
thesection  .  1877i 23$ = 45528m3

Volumeof orcdownto levelof 4-50ma.s.1.:3007x 23.5.:72).68m3

Section
22.5m
23.0m
22.5"
39.0"
50.0"

Horizontalwidthof theorein thetrench.
10" Lengthof theorebodybelongingto thissection

Horizontalwidthof theorein d.d.h. b
Depthof theoreprovedby drilling•
Averagelevelof thetrenCh

Measuredorearoain thesection 22.5i 39 877mR

orgareadownto levelof 50m a.s.1.22.5x 100z 22501112

Volumeof measuredorebelonginkto thissection: 23 i 877m 2017Im3_

st " oredownto levelof 50m a.s.1.:23 i 2250c 51750m3


SectionH9.
Horizontalwidthof theorein thetrench

of theorebodybelongingto thissection
L15ntal widthof theoreind.d.b.119a
Depthof theoreprovedby drilling
Averagelevelof thetrench

28 m
19*28"
43 "
54.5m a.s.1.

Measuredoreareain the seetion28 k 43 e 1204m2


Oreareadownto levelof +50m a.s.1.: 28 x 104.5m 2926I?

Volumeof measuredorebelongingto section:19i 1204m 22878m, 

" oredownto levelof 50ma.stl.19 x 2926n 55554m3

Horisontalwidthof theorein thetrench
Lengthof theorebelongingto thissoction
Berizontalwidthof theoreind.d.h.E 10 a
Depthof theoreprovedby drilling

27 m
19"
45 n
37n

Averagelevelof thetreneh 50m a.s.1.

Measuredoreareain thesection45 4"27. 37 w 1332.m2
2

Ormiareadownto lovelof 50ma.m.l.	 * 27.100 I60Q.p2
2
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Volumeof measuredore belongingto the section19 x 1332s 24108 m3 
fl " ore down to levelof +50 m a.s.l.19 x 3600 .68400m3

Horizontalwidthof the ore in thetrenchLengthof the ore belongingto thissection
Horlzontalwidth.ofthe ore in d.d.h.H llaDepth of the ore provedby drilling
averageleve1of the trench.
Measuredore areabelongingto thissection41 + 29• 39
Ore areadownto 1evelof 50m a.s.l. ": 2

103 s
2Volumeof measuredore belongingto the sectiont 20.5

Volumeof ore downto levelof 50 m.a.s.1.20.5x 3605

29m
20.5m
41"
39"
53ma.s.l.

s 1365m2


3605mg


1365w 27982  

" 73902aa

19 m.
20.5"
32 "

Horizontalwidthof the ore in the trench
Length.ofthe ore bodybelongingto thissectionHorizontalwidthof the ore in d.dih.H 12bDepthof theore provedby drilling 57Averagelevelof the trench 53 m.a.s.1.
Measuredore areain tht section 19 * 32 .57 1453np.

2
Ore areadownto levelof 50 m.a.s.l.3.9+ 12

• 103 a 26267,22 

Volumeof measuredore belongingto thissection20.5i 1453 29786ril• " " ore downto levelof 50ma.s.l.20.5t 2626a 53833al3,.

io E
Horizontalwidthof the ore In the trench
Lengthof theoro bodybelongingto thissection
Horizontalwidthof the ore in d.d.h.H 13 aDepthof theore provedby drilling
Averagelevelof the trench

Measuredoreareain thesection .124.22,1•50
Oreareadownto levelof + 50 m.a.s.1430 + 22. 102.rw 2690mi2

22.5
20 ."
3r "
5D
52.5m.a.s.l.

ser

Volumeof measuredore belongingto thisseetion: z0x 1312a 26240m3
" ore downto lévelof + 50ma.s.l.: 20z26900 53800 m3
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4

Rorizonta1widthof theorein thetrench 50 m.
Lengthof theorebodybelongingto thissection 29.75"
Horizontalwidthof theorein d.d.h.H 14 b 60 *
Depthof theoreprovedby drilling 60 "
Averagelevelof thetrench .53m a.s.l.

Measuredoreareain thesection60 + 50 • 60 z 3300mR
2

Oreareadownto levelof4 50m a.s.1.624.S.° 103 5665m2


Vaumw of measuredorebelongingto thissection29.75x 3300w 96175m3
ø oredownto thelevelof + 50m a.s.1.:29.75x 5665w168534m3


•
Horizontalwidthof theorein thetrench 10 m
Lengthof theorebodybelongingto thissection 39.5
Horizontalwidthof theorein R 16 a 20 "
Depthof theoreprovedby drilling 17 "
Averagelevelof thetrench 43 "

Measuredoreareain thesection10+ 20 • 17c 255moR
2

Oreareadownto levelof +50ma.s.1. 10 + ?0 93 ø 1395mR
2

Volumeof measuredorebelengingto thissection39.5x 255w 10072m3,

" " oredownto levelof = 50m'a.s.1.- 39.5x 1395x.,4602n4

•
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51.

Accordingto.thedatesgivenforeaehoresectionthevolumeof
oreviiiamountto

Section

li 6
H 7
H 8
H 9
H 10
H 11
E 12
H 13

H 16

TotS1

Ore
Volume
provedby
drilling

42225m3
45528
20171
22876
24308
27982
29786
26240
98175
10072

347363m3

Ore
Volume)
downto level
+50ma.s.l.

33526ti3
72168
51m
55554
684.co
.73902
53813
538co
168534
54,602

652583 m,

Depthof orebody
provedby drilling:

=76M a.s.l.
=16 " "
=12 " "
+13 m

fl+13.25
fl4-11

n
fl4.2,5
fl+3,25
fl+24.5

Thisgi7esa tonnageof :
347363x 2,7 937,880t°115measuredore,and
652583x 2.7=1761,971= oredownto level= 50m a.s.l.

As givenin thedescriptionof theoresectionsthehorizontal
widthof theoreinereaseawiththedepth.

Thustheaveragehorizontalwidthin thetrenchesis25.45m wbile

theaverageof thediamonddriilholesamountsto 34.10m. •
Withthelengthof 235.50mused by theorereserveea1cu1ationsthe
horizontaloreareaof thesurfaeewillamountto235,51:25.45m e

5993m2 twhilethehorizontaloreareagivenby thedlamonddrill
holeswillbe235,5x 34,10a 8030re-

Thlsmarkedinereaseof thehorizontaloreareatowirdsthedepth
formsa basIsforassumlngthattheorebodyshouldcontinnewith
at leastthesameoreareadowntoa veryconsiderablodepth.
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In facttheverticaldrilleddiamond drillholesH 11 b and
H 13 b confirm thissuppositionas theyare cuttirgthecolumbium
bearingobviteore downto 235,and280Nelow the surface,respectivebr.
The verticalpositionof theseholesmakesit impossible,however,
to usethesedatesfor catulatingthehorizonta/widthof the ore.
It wouldin thisway be reasonabledn acconntof thesedates
and geologicaldatato calculateas indicatedorestheorevolmme
downto a levelof e 230 m a.s.l,givingan estimationof indicated
ore of about5milliontons.
As inferredoremay be classifiedan assumedcontinnationof the
theHydrodikefartherdown,beyondthe4230m leveland theassumed
continuationin NE direetionof thedikeunderthebottomof Lake
Norsjö0
This will givea considerableamountof inferredore.
With regardto the contentof columbiumoxide,the assaysfrom the
trenchesshowan averageeontentof 0.152% Cb205and2.749
whilethe averageof thediamonddrillholesare 0.192% Cb205and
3461% P205.Accordingto thisthe eontentof columbiumoxideand
phosphoricacidincreasesinthe doeperpartsof thedeposit.

It is therefore,very reasonableto assumethatthe eontent
of columbiumoxideand phosohoricacidof the indicatedandIm-
ferredore volumewillbe at leastthe sameas calculated
for themeasuredupperpartof theore body.
Accordingto the ealculatedaverageof 0.177% Cb205and
3.291jP,05 (phosphoricacid ) the contentof thesecomponents
will amountto ;

easureaore 1660 tonseolumbiumoxide(Cb20c)-
30a56 phosphoricacid (p2051)

ore reservesdown-tolevel= 50 m a.s.l.: 3119 tonscolumbium
oxide(CbnOt

59969 a phosphoricaefd
(P205 )
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TbeTuttedepositsoccurin a central,largeabvitebody
aroundtheTuftefarms,about700M southof theAgrieultural
School.Thesbviterockis chieflyexposednearthefarmhouses
andin somesma11rivervalleys.

Theaverageheightof theareais 70-80m
ThestSviteareaof Tufteischieflycomposedof.acentral,
whitecoloredsbviteroakwitha marginalsonewherethesövite
containsmanysmalldikesand"Schlieren*of rbdberg,raubaugite,
andsilicaterocks,mostlygreenstone.

Therocksof theTufteareain someplaces,exhibita slight,
verysteepparallelstructurestriking B' S toBE-SW.
Theminerallzationof thesBviteis rathervarlablewithrich
oresInteraeptedby'sbviteswitha verylowcontentof columbium.

Therichore seemsto be arrangedin sonesconformwiththe
generalstructureof thearea.

Theareahasbeenexploredby 8 trenehesand11 diamond
drillholesandthelongdrillholes5!7and.T8givea geOd
geologicalpictureof thesbvitebodyanditsmineralization.
Somepartsof theoresoneln theTuftearearepresentthe
richestore,hithertofoundin thedistrict,

•
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Trenches

Ore
Lenght samples

of ore
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of therichestorezonesin theTuftearea,thechief

columbiummineralis a blackmineral,whichoccursin magnetite-
likeerysta1s,butdiffersfrommagnetiteby beiugnonmagnetic.
Somecrystalsof thismineralhavebeenpickedout.underthe
binccularandbeen subjecttomineralogicalstudy.
A prolitinarychemicalanalysisshovs thatit representschierly
a mtgneeiumcolutbatewith76% Cb205.AnXr.raydiagramof the
mineralpowderdoesnotagreewitha cubiclattice.
The structureof theTufteoreisverysinillarto thatof the
EydroandCappelendeposits.

Theor s e
Theexplorationworkhithertocarriedoutin theTuftearea

is onlypreliminaryandas therocksarestronglycoveredwith
glacialdrifts,ve haVenotyetsufficientdatafora moredetailed
geologicalpietureof thearea.
In thiswayit is difficultto combinetheorezonesfoundin.
thedifferentsections,
Thespecialproblemwiththisareais thatit is builtup of many
oretoneswithinthesamestiviterockcomplezandno relation
betweentheorezonesandthedifferencein thecompositionof
therockshas.yetbeenstated.
Thustheexplorativeworkhasnotglyensufficientbasefor
calculating'anyconsidorableamountof measuredore.
However,thelargewidthof themanyorezonesandthegeological
observationsmakeitracsonableto aasumthatthisareavill
representthelargestreserveserprobablisoreinthedistriet.



TheAreabetwen theTufte-andtheHydros-Caspelendeposits.

Accordingto thegeologicalstructure,theareabetween

theTufteandtheHydro-Oappelendeposits,is supposedto be bullt
up of manydikesof sövite,strikingE-W.

TheoutcropswithinthisareashowthatroCksarebulltup
by layersof carbonaterocksandgreenstones.Partsof thecarbo-
naterocksarerichinmagnesiumandmaybe classifiedas raUllaugite.
Alsosomesmallerzonesof redbergoccurfrequently.Thecarbonate •
layersareusuallyrathersmallandthecontentof columbiumvaries
betweenwide1imits.Theareahasbeenexploredby sometrenchesand
diamonddrillholes.

Itewkaat
Length Ore Average%
Of ore samples

C andD 33 m. 30 0b205 P205 Carbonates
0.365.

fl nd I.s : Lenghtofholes Ads. Average%
Az Dip Total In saåplesCb205 P205 Carbonatiore

S 1 157.650
s 2 138°
S 3

S 4

1

s s

37 6 125.1 12.5m
29 ° 1214 n 5.5"




6o.0 " 9.0 m




115.0 " 34.1 "

71 8•Qi 3.72 68.9
28 0.234 5.12 42.9
16 0.270 5.80

38 0.207 2.95 84.7
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The Sövit•areaaroundVibeto.

Southof theVibetofarmhousesa seviteareaof about

30 000 m2 has beenmapped.

'Fromthisarea23 sampleshavebeenassayedfor Columbium.

The mostabundantrochwithintheareais a whitecoloredsövite

with calciteas chiefmineralcomponent.

The assey3of phosphOricacid showcontentsuP to 9 P2o5.
The contentof co1umbiumin the assayedsamplesis ratherlow,

mostly1e3sthan0.1%Cb205.SomeanalYseshowever,show0.2%

and one singleanalysisshowso.3%Cb205.

Accordingto the resultsof the exp1oringworkon theotherdeDosits

it'isreasonableto assumethatgoodcolumbiumoresmay occurnear

the borderagainstthe surroundingrocksand a/so thatzonesof

goodore -Jlaybe foundwithinthe sövitearea.

An othersöviteareaof about10 000m 2occurs about100 m.

southof thehousesof thefarmRauhaugandalsoa smallarea

SE of Vibato.The sdviteof theseareashas not beenassayedfor

columbium,

Thearea of the Main roadUlefoss-Skien:

Thisareais stronglycoveredwith glacialdrift,with only

smallOuteropsof sövite.butprobablytheunderlylngrockchiefly

consistsof .stiviteand is connectedwith the sövitebodyin the

Tuftearea,

At Prestegårdshagenthe sövitehasbeen sampledand assayed.These

samplescontainedhowever,onlysmallatountsof columbium.

puumtwtof c lumbiumin other o ks in the distrie

Considerablecontentsof columbiumhavebeenfoundalsoin

rauhaugiteand redberg.

By further.ezplorationof theserocksnew depositsmay be found.

Also someof the silicaterocks,especiallythe ijolitesmay

containzones with columbiumore.
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åkeLZWAI
nostof thesanplesanddianonddrilleoreshavebeenassayed

forcolumbiumwithbothspeetrographicalandchemica/methods.
Thechemicalanalysesforcolunbiunandphosphoricacidhavebeen
carriedautby theInstitutoofDefense(ForsVaretsForsknings-
institutt)andby theInstituteforIndustrialResearch( Sentrale
instituttforIndustriellForskning)
Thespectrographicalassaysforcoluebiumhavebeenearriedaut
by TheStateLaboratoryof Rawnaterials( StatensRåstofflabora-
torium).Thespectrographecalassaysgenerelly,showgreater
valuesthanthechenicaldeterminations.nuchresearchworkhas
thereforebeen madeto explainthisdifferenee.
Theseinvestigationshavegivenas resultthatby themethod
usedforthechenicalassaysit is diffirultto geta complete
solutionof coluebiumminernls.Thecheckingof someof the
chemicalanalysesshowsthattheseareaptto ineicatevalues
whichareapnroe.10 percenttoolow.

As thechenicalassays,aceordingto Schultz'smethodnowused,
requiremuchtimeandandareverycostly,reciee:ehworkis going
on to findnewandcheapermethodsforassayingthecolunbiumores,
This.workseemstohavemetwithsomesuccess.

e d e i

As theore of thoSeveAreacontainsconsiderableamountsof
silicetenineralstheburnineof theoredidnotseemto be a sult-
ableprocessforreeoveringthecolumbiumminerals.

Exeensiveresearchworkhasthereforebeencarriedout
by Docentrenorteneen,et tbn oredressingLaboratoryof theNorweglan
Instituteof Technologyin Trendheim.nr.Hortensonisworking
outa methodformechanicalconcentrationof thecolumbium
eineralsandtheweatite,

Thisstudyhas resultedin a combinationof tabling,magnetic
separationandflotation9giviega concentratewithnorethan20
percentCb20eand50,percentapatite.Thecpatitewillthenbe
dissolvedin nitricacidandusedas phosphatefertilizer,giving
a residuewithuorethae40 pereentCb205
Furtherconcentrationof columbiumbyeeausof chemicaltreatment
willalsobe nossibleifwanted.
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Conclusions.
Theexplorationworkhithertocarriedoutin thePendistrietbzsgiventhefollowingresults:

Measuredore, Average Amountsof
Tonnage C13205 132°5 Cb205 P205 Apatite

Cappelendeposit466k/Ot 0.342%3.05% 1595 t 14225 t 34700 tHydro n 937880" 0.177n3.29n 1660 t 30856 n 75260 n
Total 1.404290t




3255 t 44081 t 109960 t

Thetonnageof poSsibleovein theHydrodepositmaybeeetimatedto some5mill.tons.
1n theTufteareano orereserveshavebeencaleulatedas thegeologicalstructureisnotsufficientlykmown.
Accordingto thetermsof theMe LaughlintheTuftedepositswIll
be clessifiedas partimensurateorebodiesas theoresartlikelyto extendnuchfartheranddeeperthanthelimitstovhichdevel-opment caneconomicallybe carriedout,andthereis goodreasonto expectthat,newoneswi/1be foundwithinthearea.
Afterourpresent-knowl&gefromtheexplorationworkhithertocarriedout,it is reasonableto assumethattheore reservesInthisareawillturnouttobe considerablylargerthantheHydro-deposit.Theoresof theTufteareaalsoshowhighervaluesin11, Columbiumandphosphoricacidthantheoreof theEydrodeposit.
rurtherorereservesmaybe locetedin theothersbviteareasinthedistrictwhichareverylittleexploredandthosewhichhavenotbeen sampledat all.Alsothelargeareasof rauhaugiteandredbergmaycontaincolumbiumorebodies.
Theamountof 1.4mill.tonsMeaTuredorein thearea,thelargeamountsof indicatedandinferredore,andthegreatpossibilitYof find'egneworebodies,shouldallowthebuildingof a mineplantof greatcapacity.

OslothellthNov.1952.


