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The Columbivn deposives in the Fen area at Stves near
I .
Ulefons, Norway.

Jogation.

{ ‘ The Columbium baa&ing area at Stve covers about 6 square kilouge
ters (3-km F-8 and 2 m, B-W } and ds situated near Ulefoss, a
village of about 1000 inhebitants, at the shore of the lake Nor-sjb,
(15 M.2.3.1.)

1% belongs to the County of olﬂmﬁ“% and the nearest harbour
is the port of Skien, about 30 km by zoad in SE direction.
The lake Nor sj6 is also comnected with the sea by a river system
of loecks vhich can taks ships up to 200 ~ 300 tons. The waterway
down %o the port of Skien is about 2.l
The distance from Ulefoss to thé reilway Uslawﬂristiansﬁﬁa'S,’Junctiéa
at Lumde, is 10 km. and the distance Ulefoss-Oslo by road is about
170 km,

Ownership. | ;

The ground of the northera part of the columbium-bearing ore
area belongs bto the Sove Agr*cu?tural GSchool, owned by the County
of Telemark,

Scuth of this area two farm nomed TUFTE have been purchased by
the Norwegian Government and now belongs to A/S Norsk Bergverk.

Topography.

- The topography of the-Fen region shows moderate relief with a
maximum height of 160 m. The average height 15 50 «70 m.2,9¢1a
The greatest part of the area is covered with a heavy soil montle of
clay anﬂ morainic g?&?els and has been cultivated and used for Parming

Gﬂolggx,

The Fen region has long agn attracted the interest of Norwegian
Geologists because of the rave rocks which eccur in this area. :

In the year 1880 D;Cappelen gave a collecti ion of samples of some of
these rocks to the University of Oslo.

In 1908 the distriet was visited by the Norwegian Geologist
 Professor W.Werenskiold and in'1918 by Profiessor J+HlsVogte
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Vogt especially concentrated his study on the old iron mines in

the area which have been in pro&ueczon from uhe vear 1652 until

1927 when they - were laid down.

In the year 1918 the geology of the area was studied by professor
V.M.Bo0ldschmidt. During his field work Goldschmidt also became

aware of some small cubie crystals of a mineral apparently belonging

to the pyrochlor group in the limestone in a quawryg ( the Hydro Quarry;
situated on the shore of lake Norsjs.

Later on the same mineral was found by mieroscopic studies of thin
sections in pany different rocks of the area. ,
Based on the field work of professor Goldschmidé and professor
Brogger, a petrographical descriptiom of the rock wgs publishad by
Brogger (1921 )

This paper has become a clasgic work on aslkaline roek areas.

The rocks of the Fen district differ very much in appearance

snd mineral composition from the common eruptive rocks,

Especially intéresting are the calcite bearing rocks which
according to Brogger are supposeddio be eruptive rocks, formed by
the crystaliization of calcite bearing magmas.

To distinguish the eruptive limestone from the commom limestones
of sedimentary origin, this has heer given the name of Stvite.
Also the other characteristic rocks of the area have been named
after the farms in the district.

The chief charecteristic rocks of the Stve area,

Carbo (S I g

1. Sogite. a caleite rock which eontains minor amounts of apatite;
magnetite, silicates and eolumbium minerals. : '

2. Raubgusite, an ankerite rock{composed of calcium, magnesium and
Iron carbonate ) with apatite, magnetita silicates and micbates as
minor constituents.

3. Bodberz, ( red rock ) a caleite rock which is red, c¢oloured
by fine dessiminations of hematite. In some parts of the rock the
hematite is the chief mineral component forming iron ores.

These ores have been mined from 1652 up to recent vears in many
mines within the ares.



Alkeline siliecate rocks: ‘ ' e

The most abundani alkaline vocks are the nepheline~bearing
d nelieipite. :

Vibeﬁuite is a rock which is almost entirely composed of pyroxenes
and amphiboles. ' ‘

Hollajte. is & carbonate-silicate rock chiefly eomposed of caleite
and pyrozene. |

The youngest rock of the area is the Q@quggg&kﬁ which is a dark porphy
with large porphyrie erystals of bictite in o flnepgrained matxdx,
Fenite is a syenitic rock which especially cccurs along the borders
of the area and is supposed to have been forwmed by 2 reaction

between the alkaline megmes anpd the surrounding gneiss.

In most of the rocks columbium minerals have been found by
microscopic study of thin seetions and many assays of rock somples

of different wrocks show small amounts of eolumbium. :
However only the sovites have yet been subject to more systematie
study of the columbium conbent. ' e

The stvites oeccur as more or less dike~shaped bodies which seenm

to peneirate the silicate roeks with the exception of the &amtjernite.
Also small veims of sbvite oceur abunﬁantly within most of the silie
cate rocks of the area.

Along the borders the stviites use to be ospeciQTTy Tich in silicate-
minerals, mostly biotite and hornblende and show a gradual tran~
sition into the surrcunding silicate rocks. :

4s a peneral rule the greatest eontent of columbium minerals are
found near the border agaelnst the silicate-rocks and in the

adjacent part of these. - e '

Geochenisti?v.

According to Rankema the average content of columbium and
tantalum in igneous rocks are calculated to 24 g/t Cb and 2,1 g/t Ta.
The average abundance vatio Cb/Ta is thus 11,4, The Columbium ores
at Stve contain about 0,1~0,2% Cb corresponding to 1-2000 g/t and
thus representing an enrichment of about 100 times the average of
igneous rocks.

The amount of Ta present in the Sovites is about lpzp of the amount
of Columbium and is about the same as the igneous rock average.
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In his paper (4) Brogger has published €
analyses of Sovite from the Hydro and Cappsl
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Lo Chemical analyses of an average sample o
the Hydro Quarry. Analyst L.Thomassen.

2o Chemiea%{amalyses of a fine-to middle~grained " Schliere ©
poor in Silicatdminerals . Hydro Quarry.Analyst L.Thomassen. '

3¢ Chemical analyses of sawple from Cappelen Quarrye.
Analyst L. Thomassen.

1& f . 20 30
810, 3.36 0,73 2,00
TL0, 030 = 0419
£1,04 5,69 0,60 0,66
. Fogly . 6.13 o 0.53 2.4y
Fe @ ' 299 0.67 2,06
Mn © 0.31 0,28 0.29
Mg © 3,10 2.83 2.25
Ca0 Lk, 35 50,47 48,72
Bad . 0,10 S 0.0%
Na,0 0.0% 0,01 0,02
K © ; 050 0.25 0.32
B, 0 0,16 © 0,04 0.10
B0+ (celk) {0.09) {0.10)
Po0g 806 0,95 3.38
Cby05 ¢ Tay0c 0.80 : 0.78 0.82
€0, - 32.80 T PRI 36022
el ‘ 0.02 ' ' 0,03 0,02
F £2.0.28 ; 0.08 ca, 0,29
s . 0.k2 0.29 0,51
50, ’ 0.06 o 0,02
100,81 160,07 . 100,45
H,0% 0.1t _ 0.09 0.10
10067 99.98 100.35

According to these apalyses and microscopical study W.C.Brigger has
caleulated the mineral composition :



Caleite
Dalémite
Mica
Magnetite
Trempldite
Apatite
Eoppite
Pyrite
Barite

T 2. 3%
67465 7991 7 16
6.37 13.3% A
8,61 2,05 3.8%
8.00 0.1k 2.90
“ A 1,00
?w?5 gw?? ¢ 80101
140 1.15 1.36
0.89 Os 54 1.08
0,16 - 0,06

100.83 $9,90 100.16

An analysis of Stvite carried out by Forsvarets Forsknings-

insgitutt, analy

.SiO2
"miﬂg
&1203
F@203
Mn O
‘Mg ©
ga 0
NEZQ
K20

:Pgﬂs
C02
F

8

?bgﬂs

é

e
2 P

2.12 %
0,28 #

1.92 %

- 6.28 *®

0.30 %

2 ﬁ'}.g}.;. 1
42,35 #

05\60 l"
3.84
39.16 ®

0,32 ®
0,30 ¥

100,23

Sv.Jarp, shows following resulis

L d
>

Chenmical analyses of columbium ore concentrate slso show

small amounts of Thorium and rare earth elements.

Ge



The chief Sovite Occurrences in the ﬁorthern part of the area 2re the
dike-shaped bodies, the Cappelen-dike and the Hydro-dike.and
a large area of Stvite around the farm Tufte.

Also mumerous smaller dikes are known in the Northern part of
the district. \

0f these the Philadelfia dike west of the Hydro-Occurrence has
been explored .- by 3 diamond dzili holes.

The Nordsjs dike at the shore of the lake near the Cappelen deposit
seems to be a part of this sBvite ﬁﬁﬁym

On the scuthern side of the Stve Agricultural School, near the

farm hnuses also some smaller sbvite Gikes have been explored by
trenches and diamond drill holes.

Farther Scuth arcund the Tufte farms the Columbium bearing sovite
forms a large central body whwcb seems to be the largest sévite body
in the area. : o

However, this Sovite area is rather imhomogenous and built up by
zones of S6vites with rather different mineral composition, and also
smaill layers of rodberg( red rock ) and Silicate rocks oceur withe
in the Stvite nodv¢ Especially has the central part of the area
been explored by meny trenches and diamond-drill holes.

‘The Western and Southern part of the area’also exhibit
large outcerops of Stvite of warying contenbts of Columbium,

These have not, however, yet been subject to sufficient
-exp1oratzon»

The large area of yodbers &n uhﬂ eastern part of the district
have been sampled with hand specimens and some of these show
conslderable content of Calumbium. ;

Also many of the silicate rocks thhln the area are known
to contain some Columbium minerals. Thus a ijolitic roek from
Melteig in the southern part of the area according to chemieal
analys&s (W.C.Brogser p.399 ) has a content of! 0970?09204 < Tagos

he Mineraloow of the eolumbium hea%lmg Sovites.

The pyrockléore minersl which was observed by prcfessor
Vel.Goldsehmldy in the limestonme of the Hydre Quarry was isolated
by professor W.C.Brogger bv dissolving the caleite in nitrie acid,
and the erystals vere analysed by A.Rgdlond, The result ‘of this
apalysis showed a content of 37% ianﬂg, 26% Ub @5 and 13.8% 2 Cad
ag

anid the mineral was according to this mﬁali sig clossified by: Brigger



as a mieroclite.

During his study of mierolite minerals . Bjorlykke (193%) also

~ studied some samples of the suppooed mierolite mineral,from the
Bydro Quarry at Sove. ;

As the Xe-rays diagrams of this mineral did not agree very well
vith the other mierolite minerals an X-vay spectrographical
analysis was carried out and showed that the old analysis of
Epdlend was not correct as the mineral according to X-ray spectro-
gramme was chiefly a niobate of calecium with only very swell
content of tantalum. The composition of the mineral appears in this
vay 1ike a mineral named Roppite which had previously been
described from Kaisersiuhl in Cermany where it oecurred under
gaeloglcal conditions similar to those of Stve,

In 1947 F.Aubert by means of X-vay diagrammes also identified

the Columbium mineral Columbite in columbium bearing stvites.

The koppite mineral studie® by Brogger and Bjorliykke had a yellow-
brown celour and occurred in oetahedral erystals,

Mieroseop¢¢al studies carried out last year om different 1
somples of stvites show however, that this rock also contain sdhe
appéiently cubic koppitelike columbium minevals which differ in coluur
and partly in crystal habit from the originally described koppite. ‘
The colour of this mineral differsfrom eolourless to slight
yellow and black. Samples of these minerals picked out under
the microscope are now subject to a study by meens of Xeyay
diagrams and chemical analyses,

Tne following minerals have been found in the columblum
bearing stvites 3
Caleite, Caﬂes, spesific Ggavzty 247, Hardness 3, Composition 2
56 €20 and Y 002. This mineral is the chief wineral eomponent of
the stvites. According to the chemical analyses also small amounts
of iron and magnecium  “present as carbonates. s ‘
Apatits, caleium~phosphate, Sp«Br.3,1.= 3,2 H 5, The Apatite in the
stvites is nearly a pure Fluorapatite.

Fluorite, CaFf, Sp.Gr.3.2 H.Y. This mineral has bees found by
W.C.Brogger in thin sectioms of sovites.
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' Masnetites F@QGM? sp,6f¢5a2 H 6. According to chemieal analyses
the magnetite of the colurbium ores contain 0.5 Vanadium,

Jﬁﬂﬁggigngeaos, sp.Gr. 5,3 H 6, Tuis mineral oécurs in éavites as
small thin plates. : -

sziﬁé FeS, ,SD.GT, 5,0 H.6 occurs in small well definad erystals
mostly in cubes with $riated faces.
- Barite, BaSQ,, sp.Gr. 4,5 H 3.

Sorupdum, 41,0, Sp.Gr. ¥,0 0.9 occurs dessiminated in small :
eolourless or slightly yellow elipsoidie grains without crystal
outlines,

Butile, Ti0,, Sp. Gr.h,7 H.6 has been found in some concentrate
sampleg as small red coloured tetragonal crystals.

Silicate minerals ¢ /

™

Hornblende, Sp.Gr.2,9-3,2 H 5,5, 3 different hornblende minerals
have been met with in ore concentrates and thin sections.

The most abundant is the t*emallte which occurs in radiating
eolumner aggregates, The other t{ypes are "reen comuon hornblende
and biue ecoloured sodiumrieh amphibole.

Miea, Spe.Gr. 3,0 H 3, The most abundant mica is o biotite but
meseovite also occurs in some types of stvites.

dopaz, Sp.Gr.3,5 H 8 is present in small amounts as srall colourless
erystals.

Zireops 47810y, Spe Gre 4.2 T 7. The Zircon of the sovites occurs

as small tetra?onal crystals with well deflned erystal outlines.

The occurrence of koppite and eolumbite in eolumbium minerals has
been given by means of Xeray diagrams.

-KagngzeqcaEHEQO Sp.Gr. ¥ 25 H 5. This rnineral ﬂSQully oceurs as well
defined srall octahedrons. Colour brown to grey. Luster adamantine.
Columbite, Feﬂbeoé, Spelr. 5,3 H 6.Usually without erystal outlines.
Colour black. - ' ;

Besides these minerals the stvites 2lso contain some Cb- minerals
which differ in eolo&i aad parbly algo in erystal habit from the
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originally deseribed kopbitea

~ Thus a black mineral which occurs in spinell-like erystals
differs: very much in composition and strueture from koppite,

A preliminary chemlcal analysis of crystals of this.
mineral picked out under the binoceular microscope shows
content of a.bout 76 5 b 505 and 6 % MgO. The Debye « Scherrer
diagram showed nothing in comnmon with that Qf koppite and-the pattern
does not seem %o agree with a eubie 1dtt¢ee¢
Also some colourless op s1ighclv yellov erystals existi which are
pernaps, new columbium mineral speeies.

The study of these minerals is going on in colaboration of
professor Ivar Oftedal, at the Flneraloﬁicai Faculty (Institute ) of
the University of 0slo.

In an spprox. 50 % Columbium Oxide Concentrate produced from
stvites, Civil-engineer K.Stoklsnd has found 2. 7 % Th92 in a2 Hydro- -
product, 1.9 % Tof, in ﬁke Cappelen groduct and 1.7 % -in a Tulte
produet.

The content or vare earth clements were about 0.5%,
These elements are supposed +o be present ay substitutions in the
columbium minerals. ;
‘The Stvites are asuall; rather course-ﬂralnnd Tocks, Micrescopie
study of thin sections shows that the celeite grains can be estimated
0 an average of about 2 mm in diameter and may in aome parts of the
rock be up to 20 mm.
The eolumbium mznergls of koppite and eolumbiue usually exhibit
a poikilitie struciure when studied in thin seetions. The poikilitie
inclusions are chiefly ecaleite and epatite. The diameter of the
koppite and . columbite crystals vary from 0.1 to 10 mm and may be
estimated to an average of about 1 nm, :

The magnetic erysta¢s are usually larger then the koppites and

show seldom a poikilitie structure.

The silicate mlﬂe?als of mieg and hornblende

with a diameter of more than 1 mm. The avera
to zbout 5 mms

, form usually grains

k]

€ may be estimated

U'Q‘a*

The anatzta 1@ %13ible under the mzcroqgne as rour ded grains :
without er;stai outllna Ss The &iamehe?s very from qgl to 3 mm and may
average abous 9.2 rmm, ‘
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Development worke

In 1940 the Horwegian Government became interested in sovites

because of their content of phosphate, as the import of foreign

- phosphates were cut off during the wars :

profBesor V.M. Goldschmidt as the director of the State Raw-Material

‘ cormittee then,started some development work in the Sove area in ¢ol-
laboration with Norges Geelogiske'Unﬂersakelssgeeologieal Survey in
Torway ! This developnent work included gome diamond apilling and chemical
analyses of ?hOSPHOTiﬁ ael

- - e g Ty
id and coluumbium.
of the State Geologist Arthef

According to the report .DsPoulsen, B1X
trenches . in Tulfte area were worked out aand 30 samples were analysed.
At the same time the Worsk Hydeo /S, carried out some diamond-drilling
in the Hydro Deposit under the directive of their comsuliing

Geologist D¥e C.W.Carstens. According %Yo this developuent work, the
Columbium-bearing stvite ore o? the Hydro-Deposit was estinated

to 750 000 tops measured ore down to the level of Loke NordsjOe

In 1943 the Germsns becane interested in the colunbiun content of the
sovites. They started a survey of the area,- and the Norwegicnm %
development work was stopped. The Garman development work was directed hy
the German firm 1.0.Farbenindustrie £.G. Until the Capitulation

in May 1945 the Germans nad spent about 1. mill. Norw. kroner (approx.
140 000.~ dollars ) on the Stve project. They had planned to start

' %he columbium concentrate production in the autumn of 1945.

The German develonment woTk ineluded a great mimber of trenches,
dismond-drilling and chemieal analyses. They also carried out much
pesearchwork to find a good method for the treatment of the ore.

After the war in 1945-40 the Statens Restoffkomite(The State Raw-
Material Commitiee) continued the development work in the Stve Area.
The Geological research was directed by eand.real.Bgil Szther. ‘
According to his reports the available amount of ore should contain
680 000 tons phosghporic acid and 12000 ton Columbiume

In 19%1; the ore deposit ot Sove was transferred to the mining Comnany
A/S Norsk Bergverk,‘which vas started by the Norwegian Govermént,

the same ysaTe | :

Until Deec. 1951; Dz, Olge Adanson., worked as consuliing geologist for
the Stve Deposit, and after that time Dr. Harald Bjorlykke was engaged

. as geologist by the Company.
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In the Spring of i9§2¢ an extensive diamond drilling program
was carried ouit in 0?&9? to prove o sufficient tonmnage of measured
ore for a large mining »lan, with production of 1%0 000 toms raw
oTe per year. : -
The development work has met with many diffieultxes as it is probably the
first time that this type of (olumbium Ore deposits have been subject
to extensive development work, in order to plan production of |
Columbium Concentrates. No experience from prev1ous work was therefore :
available. L X
The Geological formation of these Celumbium ore deposits is also
subject to different opinions among the geologists and very little
knowleﬁge of these types of dre was avallable beforehand.
As the Columbivm minerals cecur in very small amounts and often
" are very difficult to identify without microseopic study, the
valuation of the ore must entirely depend on the chemical analyses.
Thus numerous,costly chemical analyses had to be earried out to
form a sufficient basis for an economie valuation of the deposits.
Much stress has therefore, been laid on the amalytical researeh work
to get the analyses as correct as possible.

- Table showing the aevelogment work in the Fen Area,

Fumher : Total - Humber ef

Cappelen d@po»lﬁoeﬁ

8. 690,29 h 170
BYAP0 suiihiedeivie 23 2082342 ¢ 669
Flladelfia L .oeyee 2 16? 6.1 23
Sova CEHR DU E PR M +21 0 Q : 125
Tuft'e (BB R B ] A 8 8?7&5‘5 4 . }+55
Totals 5 598022 m Ihko
- - total Number of ana=
_ — Mumber lensht lysed samples.
Lrenches =
Cappelen deposit cweve 5 13% m S0
Hydm i‘.euaaoooawoaated‘l»é 3 309 ! 20’6
Filadelfi& u-w-swuueau 2 25&5 1?
huradCQL o-oﬁwo#&uw&soat 2 G?S l?
OV@.‘ GESodRDEOWOEEF i%’ 32‘:‘1@5’ 71
Tufte PRERV AP G LB OE e 13 10%5&“ ?0?
Hotvedtbeklen vecvives 8

Prestegdrdshagen «..... A L
‘ Fen irﬁn mn@s aa«twawo é el

Total : 40 1826.5 1126
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Besides this, the German Geologist Richter has analyse& 179‘
hand specimen samples from different places within the area.
Until to-day the developument work in the Fen Area, amounts to
%980 m, diamond drill holes and 1826,% m. trenches.

In all 2747 samples hove been analysed fbf Cbaog, P0g and
carbonates. For the most part of these samples both spectro-
graphical and chemical dgterminaﬁions of the columbium oxide have
been carried out. For maﬁy samples, two different assays of

Columbivm have been made to check the resulis.
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HB/RA
Zoe Cappelen Ore Depasit.

The Cappelen ore depesit forms a dike-zhaped body of eolumbiume
bearing stvite which outecrops in the FNorthern part of the area near
the shore of lske Norsis.

The ore outcrop has beecn exposed ever an avea of 5000 square meters.

The ore body sirikes E-W with a varying dip from 30 - 60%.
The surrcounding rocks are fenite and hollaite.
Usually the border of the stwite iz especially rich in mieca.

5 itrenches aeross the outerop have been sampled and assayed, each
sample covers 1,5 m. In all 77 ove samples ecovering a total length of
115,50 m of the exposed ore have been analyzed for eolumbium phosphorie
acid and carbomates.

The total length of the diamond drill holes amounts 4o 690,29 B,

Trenches and diamond rill holes at the Cappelen deposite

en - :  bverage
Length Ore : . ' Hi
of ore  Samples © &05 & Py0g % Caloy
1c %3,50 29 0.357 3.1 75.0
3¢ 13550 9 0,310 3,78 7945
368 = 37,50 25 0,420 341 80,1
L e 18,00 12 0,270 2,61 80,6
5¢ 3,00 2 0,350 ’ :
115,50 77 0,35 3+23 78

e B e R o e S i




HB/RA 6,10.52,
iamond deil _ ; :
mmrsewhw ; _ Ionpth of the hole Humher BMs:sa_. Averaso
Ssotion &5, Dip Total in ere asg.sanples © :wmow 4 P mu 4 mmrm - Drilled ww
¢ 1 330° 5% Lom 16 n 30 04240 A/8 Forsk Hydro
¢2 038 wm&ma mow 82,50m 62,20 19 0306 5:C 7i.4% German
C3 ¢38 0% 60020 i7 0,22 1.8 46,0, ® the dates lost
Chb 120, - 6l 00 32 , # unbmown locality
¢ 5 C KO 5% - B6MLS 27,80 31 L PR VTN 4 PR Lo 66.0 A/S Norsk Bergverk
ﬁu m QN“- Hﬂo Ww-mo mm!-l " WMGmm WO Gsmmq)...o.ﬂ_m—“ M&«NQ .m.m-\. Gﬂ L .mmh i
C.7 : 123, 9% 16.6 6 0,20 3,80 ' 52,0 0 B H
¢ 8 119,20 Sl R 0,40 2.9%  82.8 oo 9
690,29 223,68 170 033 2.93 £0.3

bﬁmwmmm total

0,342 aumcm

3405 PO 67 % Ual0,
J 3
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Lhe winspal comisaition o i3, Canpelen ora,

&acaﬁdiﬁg’ to chemical analyses and nicrosconioal siazdies '&w Hnaral
composition of the ove iz ealewisted W aveopages :

Caleite (included 1 - 2 4 magrer umosrbonate
anﬂ_ ll’on’*ﬁmbgﬂa%@ ) ‘b}ﬂ.lﬂ‘.#i.ﬂﬂ.h%ﬂﬂ.!‘. 6?%

Columbiun minersls (chiefly Roppite ) o Oy m

Apatite . G e : ' FoF _
Magnetite ond hematite diden '
Pyrite ‘ i 1= '
Barite S Qa0 w

. Best, Siliecate minerals chiefly homblende ‘ i
: aﬂd I‘:iaaa‘tn#.#t&’.&&w*-ﬁt‘ﬂihbtr.b#-lfﬁbﬂl‘oli‘ ; E‘?—Q&iémg’

Miefos;eopic studies of the op a2dsn phow very m&ll amounts of
Rutile (‘L';S.GEE Cofundun {£22£}3 » Bircon (Z.'i‘&i% i end Tapag.
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The f£irst calenlation of ove ¥es62ves of the Cappelen deposit was
eariia& out by the wellekmnoun Norwegian mining genlogiet Dr.C.W.Carstons
- 40 his peporht of Jam. 15, 19k, : :
His caiedlation was based on the datz of 2 Urenches and & Qiamomd dwill
boles and gave a wesuit of 135 0680 % meagured ore averaging 0,30 %

Cbolye = |
In Ziﬁs report of 1946 the Gorman geologist Horvath calculated %h’é ore -
reseryes of Cappelen Lo 120 000 % neasured oye averaging 0,5 % 6_2!20‘5-.

The éﬁnmg:;am geologist Dr. Glge Ademson has in his repavi pf Hamh 13,
1950 paleculated the tonpages of the Ceppelen depasit b0 175 000 &
 Wmeasured ore with an average of 0,25 - Oy3 % oyl : ‘

In Deos 1951 the Cappelen ove FOSOTYSE wore caleulated by mining
engineer . Musmus bo 300 000 % measured ore averazing 0,29 ¢ b, 05
down #o the level of lake Norsjs, o e
In the sprine 19%2 two additional diamond drill holes vers deilled

in order to explore the ors Wody dowm %o a level of ¢ 50 m, .
43, however, the dip of the Alke vas legs than assumed, the dlemond
d»ill bole C ¥ eut the footwall of the ore in o depth of * 20 1 Gegal,

Aceording to the vesults of the new development work the tonnages of
the Cappelen deposip may be calonlated as fellowst:

gegtion © 3.8 (and ¢ 3). ;

orizontal vidth of the ore in the trench 65 m

Length of the ore belonging to this seeition 30 ®
Horizental width of the ove in dud.h, & 2 iegn :
Depih of the ors proved by eilling : * b5 mo8.g.1d
Average level of the treueh — 3500 rn

Vertical measured ove mrea in the section é&%@ v 36 = 2250 »°

Volume of measured ove belonging %o the section 2250 30= 67 500 3
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Horiwontal widbh of the ove im The tpench 56 n

Length of the ore belonging to this scclien 31w
Horlzontal widh of the ore in dedebs € 7 35 @ |
Depth of the orve proved by dvilling = €20 % a 5.1,
Aversge level of the tremsh ‘ o133 Rna

Vewtieal measured ove sves in the geptioy 31’?-25- 53 ] 21111 m
Volume of measwred ore balcngiag to this saction,2%11‘3‘3l = gy Pl

Seetion ¢ & (D.deho € 6).

Howizontel width of Zhe ore in the irench ¥ om
Length of the ove belonging to this seeiion 3k
Hovizontal width of {he ore in de@uha C & . 4y =
Dopth of the ove proved by deilling . * 9.5 m a.8sle "
Avepage levsl of the brench ! . 3,58 nee
Vertical messured ore aves i the gection 41 % 2% & offy g
Yolume of measured are belamﬁimg Yo this section 9By . 31 %-JEO G0k
mm “*%ﬁ-’e%“ Q&m 299,028, .42, the, Gannelen, Aposit,
Mﬂasurga ore  lewest lewel of
Sechion Volmme - Tonnage measured cre
€38 675007 182250t # 445 BeBesSoela
- Ty Ty 201 805 @ - F 20 &9 9w
oo 20 o4 » ',82 359 o + GuFnu o
. & £ A o

Total 172 S & L6610 i

According to the svavﬂaus*y meﬂtiﬂLc& calsnlated t@uﬁ1 gvarage of
By3k2 4 cb2$¢, 3%35 b Py0p amd 6? % Gmcgg, bh@-mﬂaSL?Gﬂ ore in the

'Gappelen dpposmt will eantazﬁ a ea?eulated tannage of

1 595 ﬁ' &ﬂg = ,fo?inbi 3 oxide) o
e - 2, O corzesponding to 3k %00 & epatite
312 %9; " Gatp, an“ci»el

As the Cappelon ore Pody has o ralbher irvegulae shapey 4t is difficult
to caltmlate aay amount of indicatod ove, 4% is, however, veasonable

wu

o) asspme that the tolal tomndge may be proved Yo be counslderably

groaber then i Beasoreds
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The dike-shaped body of the colunbium bearing sovite ore
forming the Hvdro ore deposit is exposed on the surface by 16 trenches
Trom the Hydro Quarry on the shore of Lake Norsjs, about 550 m in
SW direction where it peters out, ' ;
The average width of the dike is about 22 m and the total length -
of the tremches amounts to 309 8,k
The ore body strikes about RE-SW with a dip varying from 40-70 © 4y
SE divection, ' o ins |
The surrounding rock is a red colored fanite which is syenitie rock
suppbsed to have been formed by a nevascmaiie reaction between the allas
lire magma of the area and tho surrounding gueis. '

In the depth, tho deposit has been explored by 23 diamond drili

holes with a total lemgth of 2823.lom. '

Besides ﬁhése? 2 118 . long tunnel has been driven from the shore of
Lake Nor~3j8 in 8B divection cubting the dike al 2 vertical angle,

This tunpel exposes horizontal width of the ore of 53 m and hag d
not reached the hanging wall of the dike. A horizombal diamond drill
hole has been drilled from the face in the continuation of the

tunnel and shows additional 3.89 ore, before cutting the hanging wall,
In this way the horizontal width of the ore dike amounts %o 56,89,
 During the mining of the tunnel the ore was very carefully sampled and
assayed. No work had yet been earried out to explore the supposed con-

- tinuation of the dike in NE direction under the bottom of Lake Norsjs,

(see tables overleaf).
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Trenckes Hydre deposit :

Tpench  Longth Analvsed dverage

- ek 54 Carbo-

orgi saggges g;gg? ?205 nates,

H6(9) 40,5 m 87 4 e, 01265 2564 51.7%
CHP(2) 22,5 15 0.108% = 3.39" .. 48,39
H3(%) 22,5 n 15 - 0,397 2,507 88,67
H9(10) 2k.0 # 16 0.1367 2,30 535"
HL0(5) 22.5 % 15 C.1597 2,74 80,89
Hil 37.5 @ 19 0.175% 2,500 90, 5"
HI2  18.0 " 12 0.185% 2,98 80,1¢
Hi3 15.0 10 0.1317  3.ha¢ FLe Gt
Hi% . 27,0 18 0.1667 2,84 s, ON
HIG: (4058 5 0.173" 1.8y 78 ¢ 19
BB oo 9.5 5 0,162" 1,540 &b, 20
L7 7e5 ® 5 02388 3 598 5170
BGL T 3D 2 0,235% 3,437 55,48

Total 3 249.0 m 166

average: : 0.152%  2,749% 75.5%

The Hvdre Tunnel:

Lenght Tumber of ; :
of cre analyses Cb205 ong CaCOB
56,89 m 33 0.206 % 2,96 %  63.8 %

The total average of the Hydro denosit caleulated analyses
‘of trenches and &L&EGﬁd drilied holes gives: U 1?? Cclumbium Oxide Cbgi5

( according to the chemical analyses ) 3.29 % ph sphorie aclﬁ u?éﬁg?
corresponding t¢ 2,8 § apatite and 6601 % corbena te mincrals, chiefly

ealeifa.




Diamond drill holes mu.&ﬁo .mmccmm.«@ 32
Longth of o Ay 3
Drill drill hole mmewma NO = s-% Carhom
_j mmoﬁmw bz .ﬁmwf “ToTaLlin ore. Baon | Ghoms . Bpectre 1 .25 inates | Deilled by:
B 6a (8)] H 3097 & 79.30{ 30.0 § 51 0.21 § 4,88 | 70.0 The Germans
m wwawmmw w.a - WWWM Mww wmw.ww ww&w wm 0.59 . ol .00 | k2.0 w\\‘m _‘Mommw moemqmww
2 ® @ @ ; = 3 : ors (¢l
F B o B L i Bl Bloan | 8 aorf e | B eme
, : o s Os ‘ ors ?
P @S0 e e | BE) Blew | 838 |ree | g | Be e
B2 202 e s Loe wm@mm WM ouwmm 0.28 1§ 6,13 | 8l.0 | A/8 Worsk Bergverk
B3 Bad | lago m.__.,nm w.w?. : 0,348 | 0,191 | k.21 | 61, The Germens .
Ba0e O B30 105 fise [.2:00] %5%el 271032 | © {viwo|wed | 1/ Nerak morevem
Elso)] mn [P |50 |1apd2| 4eaB) 27055 | Olds - Sl es med
T Hmm. N»WH_ m.iu.w m..r.mﬁ mwg. NWWMW.N wmwmwv mm mvwwﬂu OGMN . WQ@F WOQG b.\m Z.QH.WH& mﬁ,ﬂﬂ.o
Eaop(is)] - 13259 1eo® | oyioel 30.550 28{0.20" | 0.26 | ek Rre
8 (il 113 325° 160° | 96.60] 30.07f 23{0.20 | 0,27 p el | velomk Bagee
B 160 - |53k mma 3227 mm“mo 93]0.25 I 0.26 m._& 776 M
Nl e s [hen) gl 2 0231 ' D20 | 1a60 | 55,7 Smvam o
o oael - (3930 ifo 1iailgl 385 ALdis b e e S o
B .&wmﬁ s |34 |30 [ el 15:6 13| 05ke | Odes | 3037 1 5%s s
5 1800183 H 38 | 369,883,301 9oi88] In.7ii 161 0.30 | 0.25 | 3.3 | ubeo < el
§ sy o |3eiee|Bi3e | et bl 15l 0idds | 003 | 3 3 Vo
H18e(21)] - {365 lus® fagBiok 5:69) 12 o3 | 031 w”mm wﬁw s
- - - - - Be5 0:36 | 0.52 § 3.88 | 88.
i o it e o mUM.W OQWW
6.78 0520 2.70 | 720
Total 282343 658.k2) 6831 . ol
verage Lo ; . 0.191% | 0.233%] 3.61% 61.5%
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The Mineral composition of the Hydro dike. :

The ore of the Hydro deposit differs from the Cappelen ore by being
gomewhat richer in dolomite and contains a less amount of magnetite.
The mineral composition of a sample from the Hydro Quarry caleulated
by Brogger and cited before, does not asree with the average com~
position of the depositu Especially is the amount of magnetite far too
higho

According to the 669 chemical analyses and microseopis study of
samples and dpill cores from different parts of the ore body the
average mineral composition ¢f the ore may be estimated as follows

Carbonate minerals (chiefly calclte)oG 1%

Apatite , 7.8 9
Columbiuvm minerals 0,3 ®
Magnetite approx. 1,0 7
Pyrite : i fl g

Rest: silicate minerals(chiefly mica:2§,-"

Besides thesey also very small amounts of hematite, barite,topas

and corundum have been observed In thin sections and ora concentrates.
With regard to the silicate minerals the Hydro ore differs from that
of the Cappelen deposit by being poor in hornblende and in some

parts of the deposit the ore contains small amounts of »hlorite
minerals, '

The ecolumbium minerals alse show some difference from those of

the Cappelen ore. '

The koppite in the Hydro ors is more uniform in appearance and erystal
habit and have a light brown color. In some parts of the deposit columbite
oacurs more abundaatly als0,

The ore bodJ of the Hydro depoult exhibit a marked zoning vlth a
central par? of white marble, composed of nearly pure carbonate
minerals and a darker marginal zone with more sillcates which often
gradually change into the surrounding silicate rochs.

According to the analyses, the white, nearly pure carbonate rock
is very poor in columbiun minercls. Thus the richest ors is usually
found in the silicate bearing sovites of the marginal zones,

The ore calculation is based on the mining ¢f the whole width of
the dike, and in this way the average content of columbium oxide is
econsiderably lower than that of the Cappelen deposit.

T hewevérg. seleetive wining of the marginal zones is carried
cut the ore average will be comslderably higher.
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Also in a vertical direction the ore of the Hydro dike exhibits a
distinet difference as the deeper ba?ts of the ore body, acdording

to the analyses of dizmond drill cores are richer in silicate minerals,
than the ore in the trenches. :

- Thus the average of carbonate minercls in the trenches is ealculated
to 75.5 % while the amount of carbonate minerels in the drill :
cores average 61.5 /5 carbonates.

Smaller dikes and veins of eclumbium'ﬁearing sovites occur

abundantly within the fenites of the hanging wall. :
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The ore reserves of the Hydro deposit.

The'§ﬁ§§féaleulaﬁicn of the ore reserves of the Hydro deposit
was carried out by Dr. C.W. Carstens and gave as result a tonnage of
608,125 tons ore, averaging 0.21 % Cb205 down to the level of Lake
Torsjo (1% m a.s.l.)
In his Teport of 19%6 the Germen mining geologist Dr. Horvath eal-
~culated the Hydro ore to 600,000 tons down to the mentioned level and
aﬁeraging 0.23 % Cbaog. Dr,0lge Adamson has in his report of 1950
calculated the tonnage of the Hydro ore deposit down to the level
of Lake Nordsjs to 750,000 tons with an average content of 0.2 % Cby0

In Desember 1951 mining Engineer N. Museus ea?eulated the tonnage
of ore in the Hydro deposit down o the saimne 1evel to 590 000 tons,
averaging 6@17% % Cby0ce

In order to have a good margin of security, Muszus calculated the
dverage of the diamond drill holes, in such 2 way,; that the missing
drill cores within the ore body, were assumed to be without any content
of eolumblum@ :

Sinee the ecalculation of engineer Musmus was carried out, many
new analyses of previcusly drilled holes have been availahle and in
the spring of 1952, two additional holes were drilled in order to
cut the dike in the level of % 50 m.a.s.l. '

All analyses of the diamond drililed cores are now completed and
a nevw calculation of the ore reserves in the Hydro deposit has given
the following results, basad on the ore avea in sach vertleal sections

Section H6. e
Horizontal width of the ore in the trench 28 m
Lenght of the ore body belonging to this section 20. ?5 m.
Horizontal width of the ore in d.dsh, 6 b 9.0 1
Depth of ore proved by drilling ; 110.0 .
Average level of the trench 3ge5 ass.l.

Veasured ore area in the section ﬁﬁmm_ﬂ »110 = 2035 m2

Ore area dowy to level of + 50 w ﬁaﬂnlm 2849, 8%.9 = 1582 gz

Velume of measured ore belonging to :
the Sectiont g o il iecisrdssnsescase 2035 X 20 75 = 42225 m3

Volume of ore down to level +50 m a.s.le 1582 x 20.75= 33526 md




Section H7 i -
Hordzontal width of the ore in the trench 23,.0m

Lenght of the ore body belonging te this section 23.5 "
Horizontal width of the ore im de.d.ho H7 b %2,5 "
Depth of the ore proved by sdrilling 58,0 #
Average level of the trench i 1.5 "a.8.1,

. Measured ore area in the seebion 425 +23 . 5§ = | 1809 m2

2
Ore area down to level +50m a.8.1. 425 +23 . 91.5= 3007 5l

Volume of measured ore belonging to 2
the sectiono.....u'....,.nn re il 18?? X 2305 = L :
Volune of ore down to level of #50xm a.8.1.2 3007 x 23¢9 & 79168 m3

Section HB.

Horizontal width of the ore in the trench 22,5m
Length of the ore body belonging to this section 23,07
Horizontal width of the ore in d.d.h. B8 b 22,.5%
Depth of the ore proved by drilling 39.07
Average level of the treuneh 50,0
Measured ore arsa in the secticn 22,5239 ¢ gy w2

‘Ore ares down to level of + 50 m 8.8.1s 22.5 = 100 = 2250 @2
Volume of measured ore belonging to this section t 23 x 877 » 20271m3

9 " gre down to level of ¥ 50 m a.s.l.% 23 x 2250 * 31750 m3
Horizontal width of the ore in the trench , 28 m

Length of the ore body belonging to this section lg "
Horizontal width of the ore in d.d,h. HY a 28
Depth of the ore proved by drilling hyw
Average level of the tvench 55 m asSale

Measured ore area in the ceebion 28 z 43 & 1204 ne
Ore area down to lewel of 450 m 88,1« & 28 x 10%.5 = 2926'm?,

Volume of measured ore belonging %o sactidﬁﬁ19 x_lzokfﬁ 22876 >
. " ore down to level of % 50m a.s.ly¢ 19 x 2926 = 55594 m3

Segtion H 10
Horizontel width of the ore in the treneh o7 m
Length of the ore belopging %o this section Jo.»

. Horizontal width of the ore in d.d.h, H 10 a Ly #
Depth of the ove proved by drilling 5 e
Average level of the trench . 50 m 28,1

Measured ove arsa in the sectiom 45 + 27. . 3 o
Ore area down to level of # 50m s.s.l, 45 + 27 4100 = 3600 m®
‘ . gl )
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Volume of measured ore belonging to the sectiom 19 x 1332 = 24308 m3 = -

H N ore dowh to level of #50 m a.5.l. 19 x 3600 = 68400 md
Section H 11.

Horizontal width of the ore in the trench 29 m
Length of the ore belonging to this section 20.5 m
Horizontal width of the ore in d.d.h. H 11a Ly «
Depth of the ore proved by drilling , She i
average level of the trench ; 93m a.S.1.
Measured ore arsa belonging to this section &1 4 29 , 39 , 1365 m= e

Ore area down to level of 4+ 50m QQSmla A Z

TNY 50 1A 3605 m?
5 .
Volume of measured ore belonging to the section 3 20.5 xz 1365 =<22982 n3
Volume of ore down o level of + 50 m.a:8.1. 20.5 z 3605 = 73902 m3

Section H 12.

Horizontal width of the ors in the trench 19 m.
Length of the ore body belonging to this section 20.5"
Horizontal width of the ore in d.d.,h. H 12b 32"

Depth of the ore proved by drilling B
Average level of the trench . 53 Me3¢Soele
Measured ors area in the section ; 19 + 32 857 . 1953 o

Ore area doun to level of % 50 m.a.s.l. ;2*%m3g . 103 ® 2626 12

VYolume of measured ore belonging to this seection 20,9 x 1453 a;gzgﬁgi

B ® ore down to level of + 50m a.s.l. 20.5 x 2626 = 53833 3,
Section H 13. '

Horizontal width of the ore in the trench . 22;5 A
Length of the ore body belonging to this section 20 "
Horizontal width of the ore in d.d.h. H 13 a 36"

Depth of the ore proved by drilling 50 1

Average level of the trench 52.5 MeleSale

Measured ore area in the section 30 + 22,5 « 50 = 31377 p2

. : 2
Ore area down to level of + 50 m.a3.8.1. 30 + 22, 102.F = 2690 m2

Volume of measured ore belonging to this seetiom : 20 x 1312 & 262%0'm3
" " ore down to lével of + 50m a.s.l. : 20 x 2690 = 53800 m3
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Seciion H Ik :
Horizontal width of the ore in the trench 50 m,
Length of the ore body belonging to this seetion . 29.75 ¥
Horizontal width of the ore in d.d,h, H 14 b 60 ®
Depth of the ore proved by drilling L 60
Average level of the trench : : 53 ® a.s.1.

Measured ore area in the sectliom 60 + 50 ,'50 = 3300 m2

Ore area down to level of + 50 m a.s.l. 40 ; 20, 103 2 5665 2

Voilume of measured ore belonging to this sectlon 29.75 x 3300 = 98175 _m3
n " ore dowvn to the level of % 50 m 8.8.14:29.75 x 5665 =16853%m3

Section H 16.

Horizontal width of the ore in the trench 10 m
Length of the ore body belopgla# to this section 39,5
Horizontal width of the ore in d.d.h. B 16 a : 20 n
Depth of the ore proved by drilling : gl
Average level of the tremch ; 43 n
licasured ore area in the section 10 + 20 17 & 255 g2

2
Ore area down to 1lével of +50m a.ss1., 104 20 . o3 » 1395 m2
2

 Volume of measured ore balonging %o this section 39 5.x 255 = 10072 m3
" % ore down to level of < 50w 8.8.1. 39.5 x 1395 - 54602 m3
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According to the dates given for each ore section the/velums of
ore will amount %o 3 :

-gggume_ ggiumm Depth of ore body

Section proved by down {0 level proved by drillings
drilling +50m a.S8.1. : !

"6 42225 m> 33526 13 276 @ 28010

H7? L5528 72168 16 n°

H 8 20171 51750 a3 o RO B 3

H9 22876 5550k 0 2 L e

H 10 24308 68400 ; $13.25  ®

H 11 27982 73502 Loitelpoam.

H 12 29786 53633 R e S e

- H13 26240 53800 + 2,5 °®
Bilh 98175 168534 e
B 16 10072 BLG02 24,5 L

Total 347363 m3 652583 nd

This gives a tonnage of :

347363 x 2.7 = 937,880 tous measured ore, and

652583 xz 2.7 =1761,97% " ore down to level + 50 m a.S.l.
As given in the deseription of the ore sections the horizontal
width of the ore increases with the depth. |

Thus the average horlzontal width in the trenches is 25.%5 m while
the average of the diamond grill holes amounss to 3%.10 m.

With the length of 235.50 m used by the ore reserve calculations the
horizontal ore area of the surface will amount to 235.5 X 25.45 m =

5993 w2 , while the horizontal ore area given by the diamond drill
holes will be 235.5 x 34.10 = 8030 m”

This marked inerease of the horizontal ore area towards the depth
forms a basis fov assuming that the ore body should continue with
at least the same ore area down to a very oonsiderable depth.
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In faet the vertical drilled diamond drill holes H 11 b and -
H 13 b confirm +this supposition as they are cutting the columbium
‘bearing sovite ore down to 235%%nd 280™selow the surface, respectively.
The vertical position of these holes makes it impossible, however,
to use these dates for ca culating the horizontal width of the ore.
It would in this way be reasonable on account of these dates .
and geological date to calculate as indicated core,the ore volume
gown tc a level of + 230 m a.s.l: giving an estimation of indicated
ore of about 5 million tons.
As inferred ore may be classifled an essumed continuation of the
the Hydro dike farther down, beyond the 230 m level and the assumed
continnation in NE divection of the dike under the bottom of Lake
Norsjt. e
This will give a considerable amount of inferred ore.
With regard to the content of columbium oxide, the assays from the
trenches shov an average content of 0,152 % Cb,0p and QQ?RQ % 2T
while the average of the diamond drill holes are 0,192 % Cb205 and
3.61 % P205. According to this the content of colurbium oxide and
phosphoric acid increasesin the deeper parts of the deposit,

It is therefore, very reasonable to assume that the content
of columbium oxide and phosphoric acid of the indicated and in-
ferred ore wolume will be at least the same as calenlated
for the measured upper part of the ore body.

According to the caleulated average of 0.177 4 Cb205 and |
3.29 % PEOS {phosphoric agid } the content of these components
will amount tc 3

Measured ore : 1660 torscolumbium oxide (Cby0g )
30355 ¥ pbosphorie acid (P205 )

The ore reserves down to level + 50 m a.s.l. ¥ 3119 tons eolumbium
oxide(Cb,0

59969 ® phosphorie §c§d
(Pgos )
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The Tufte deposits.

The Tufte deposits occur in a eentral, large sdvite body
around the Tufte farms, about 700 m.south of the Agricultural
School. The stvite rock is chiefly exposed near the farm houses
and in some small river valleys.

The average height of the area is 70-80 m 2.s.1.

The stvite area of Tufte is chiefly composed of a central, .
white colored sbvite rock with a marginal zone where the stvite
contains many swall dikes and "Schlieren® of rodberg, raunhaugite,
and silicate rocks, mostly gresnstone.

The rocks of the Tufte avea in some places, exhibit a slight,
very steep parallel structure striking N -~ S to NE-SW.

The mineralization of the stvite is rather variable with wich
ores intercepted by stvites with a wery low content of columbiwn.

The rich ore seems to be arranged in zones conform.with the
general structure of the area.

The area has been explored by 8 trenches and 11 diamond
drill holes and the lomg drill holes T7 and T8 give a good
geological picture of the stvite body and its mineralization,
Some paxrts of the ore zome in the Tufte area represent +the
richest ore, hithertc found in the district.

s PR




Trenches and diewond drill holes of the Tufte deposits
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Average
2 Sa%p1eS  Chem, dpoc. ., _
Tyenches of cre P2°5 Caibcuntes
1 o5 13 a8 w0 2 6oy D vbs e o
- 31- 38 2 o ® 8 0,186 4e39 87,0
o» ?}*"3' 9 2’{" " 16 0&260 1’;'_@05 i 82:‘?
F2 . 2.7 .30 .m 26 0,207 Yo37 Bsgg
T3 23 34 ig = 12 0.236 ' 3,92 83.%
15 2~ 6 e 2 5 0,302 2,30 73,0
- Bl 58 o . 8. 0212 5.63 82,6
=2 80"“ 83 6 . zl‘ 0@205 3::.3..2 : 8290
- Q2. OF g o 603 48 86,9
o Bl 72 13,5 ® g s 0,320 :
T 7 45. 67 WS 023 0247 3-.?;)3 725
- 117-128 i5 » 10 0.229 912 gogﬁ
T8 32-e . 39.5% 13 0,226 . 3+33 85.3
- Total: " 252.0m 168 . S
Average: 0,247 % L.62% 78.2%
Cre Lenght ofd.b. Wumber  €B.0. =55 " Carhosates.
D.D.h.Dip zaﬂe m.Total m.O¥e ore Sam;!}g.ghﬁm?speg, :
P31 30° 0 ~.35 6590 35.0 16 0,335 0.637 5.31 65.90 . .
- %5@ Oiliieiih 50:20 5,50 1% 0,19 o;i&% §°§3 ?gﬁg :
T3 ao 50 -« 68,85 79.63 18.85 18 0.185 0.393 4,87 97.2.
Th B5% kO - 55,20 61.90 18.20 13 0.243 0,060 5.83 83.3
TS '*‘5@ 15 « 31,60 49,80 16,60 10 0.23% 0,315 3,19 56.5
T6 100 16.08- 3i.46 146,90 159%8 8 0.275 0.348 3,00 92,2
T7 b5% 20,20~ 31.- 177.61 10.80},,, 0.275 O.k20 3.38 33
= 149,79-157,70 3 0.235 0,398 5.39 98.
P8 1597 O - 56,90 246,58 56.90} 0.17% 0203 3,32 63.b
o I 108&65““135650 26985 3.6\‘*_ {3&1?0 Gc233 2¢5l!’ 6103
b ; 182 580"‘209&720 26:.1!40 QnZlO 002?9 3 22 82 «0
Cem 2180?0‘"225&10 6093__ 003-82 09263 33?2’ ?;‘7'05
Totals 877.88 235,58 u52
Average 1 L irobasd 92,34

Total average of trenches and drill 110195;032320"9205, L.21 % ":?205

g ?57‘5: Cﬂl‘h@’
. pate.
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As will be sesn from the tables of assayed semples fiom
trenches and diamond drill cores, some of thegse show up to
#'different ore zones with iantervening sdvite poor in columbium.
The whole core of the 246 m long diamond dzrill hole T8 hae been
analysed and is supposed to give a good picture of the sovite
body. ‘

The average content of the whole eore amounts to :

0.118% Cby0c, 144663 P 05 and 65.7% carbonates which

probably will agree rather well with the average of the sdvite
area of Tufte. ' '
The mineral composition of the Tufte OTe.

According to the chemieal analyses of trench samples and diamond :
drill cores, the sdvite of the Tufte area is comsiderably richew
in caerbonate minerals than the Hydro- and Cappelen sbvite.
No amalyses of the magnegium-and irom carbonate have been earried
out, but according to the general appearance of the roek the
gverage content of magnecium and ilrom as carbonates, may be
assumed to be considerably greater than that of the Hydro
deposit. The amounts of phosphorie acid is also considerable
higher, '
~ As no ore dressing test on a large scale has been carried
out with the Tufte ore; we have no data for estimating the content
of magnetite and pyrite. According to the macroscopie picture of
the rocks the content of pyrite may be estimated to about the
same value as the Cappelem, while the content of magnetite may
be a little lower.
Thus the mineral compogsition of the Tufte ores may be
estimated as follows: : '
Carbonates (incl.carbonates of magneeium and iron) 75%

Magnetite and hematite \ about 2"
Pyrite L RRER Loy
Apatite _ | f 10,27%
Columbium minerals 0.4 %

Rest:silicate minerals,chiefly mica and hornblende__ 131,33
: 1000""’




In some of the richest ore zones in the Tufte area, the chief
columbium mineral is a black m;ﬁeral, which oecurs in magnetite-

like erystals, but differs from magnetite by being non magnetic.

Some erystals of this mineral have been picked out under the
binccular and been subject to mineralogical studyo

A preliminary chemical analqus shows that it represents mhiexl}

a mognesium columbate with 76 % ¢ “bgosn An Xbray diagram of the

mineral powder does not agree with a cubie lattice.

The structure of the Tufte ore is very similar to that of the

Hydro and Cappelen deposits.

The ore reserves in the Tufie area,

The exploration work hitherto carried out in the Tufte area
is cnly preliminary and as the rocks are strongly covered with
glacial drifis, we have not yet sufficient data for a more detailed
geological pieture of the area.

In this way it is difficult to combine the ore zones fourd in
the different sections,

The special problem with this area is that it is built up of many
ore zones within the same s@vite rock complex and no relation

- betuween the or¥e zones and the difference in the composition of
the rocks has' yet been stated,

Thus the explorative work has not given sufficient base for
calculating any considerable amount of measured ore.

However, the large width of the many ore zones and the geological
observations make it reasonable to assume that this area will
representy the largestreserves of probable ore in the distriect.
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The Area between the Tufte- and the Hydro-Cappelen deposits.

According to the geological strueture, the area between

the Tufte and the Hydro-Uappelen deposits, is supposed to be built
up of many dikes of sbvite, striking E-W.

The outcrops within this area show that rocks are built up
by layers of carbonate rocks and greenstones. Parts of the earbo-
nete rocks are rich in mognesium and mey be classified as rauhaugite.
Alsoc some smaller szones of redberg cccur frequently. The carbonzte
layers are usually rather small and the content of columbium varies
between wide limits. The sres has been explored by some trenches and
L diamond drill holes.

Trenchess

Length Ore Average %

0f ore samples
¢ and D 33 M. 30 Cbgog : P205 Carbonates

: 0.365
Diamond drill boles : Lenght of holes Ags. Average %
o Dip Total . ‘In ove samples Cb205 P205 Carbonat

S 11157.65% {37 ° | 125.11m 12.5m 71 | 8885 [3.72 | 68,9
gip fa38 O e Dl o1 8 | T e ey 28 .| 0.23% {5.12 | 42,9
53| _ 60.0 "l 9.0 m 16 | 0.270 | 5.80

S 4} 115,0:%1 " 3u d 38 0,207 | 2.95 | 84,7




35

The Stvites area around Vibeto,

e

South of the Vibeto farm houses g sovite area of aboui
30 000 m? has been mapped.
From this area 23 samples have been assayed for Coluzmbiume
The most abundant roch within the area is a white colorea stvite
with cale‘te ag chief mineral component,
The assays of phosphoric acid show contents up to 9 % P2 5e
The content of columbium in the assayed samples is rather low,
mostly less than 0.1% CbQOS, Some analyses however, show 0.2 %
aud one singlé analysis shows 0¢3ﬂ Cb 05n
According to the results of the ezploring work on the other deposits
it is reasonable to assume that good columbium ores may occur near
the border against the surrounding rocks and also that zones of
good ore may be found within the sBvite area.
An other sbvite area of about 10 000 m © oceurs about 100 m.
south of the houses of the farm Rauhaug and also a smell area
SE of Vibeto. The sgvite of these areas has not been assayed for
columbium.
The area W of the Main road Ulefoss- Mnlen,

L)

This area is strongly covered with glacial drift, with only
small outcrops of sovite but probably the underlying rock chiefly
consists of stvite and is comnected with the sbvite body in the

Tufte area.
At Prestegdrdshagen the stviltehas been sampled and assayed.These
samples contalned however; only small amounts of eolumbium.

The content of columbium in other roghs in the district:

Considerable contents of columbium have been found also in
raubhaugite and redberg.
By further exploration of these rocks nev deposits may be found.
Also some of the siliecte rocks, especially the ijolites may
contain zones with columbium ore.
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Analyses:

Host of the samplez and diamond drill cores have been assayed
for columbiun with both speetrographical and chemical methods.

The chemical analyses fur columbiun and phosphoric acid have been
carried out by the Institute of Defemse (Forsvarets Forskningse
institutt) and by the Imstitute for Industrial Research ( Sentral ~
institutt for Industriell Forskning )

The speetrographical assays for colunbium have been earried out
by The State Laboratory of Rew llaterials ( Statens Ristofflabora-
torium). The spsctrographical assays generally, show greater

- values than the chemical determinations. Much ressarch wark has
therefore been made to explain this difference.

These investigations have given as result that by the method
used for the chemical assays it is difficult to get a complete
solution of columbium minerals. The checking of some of the
chenical analyses shows that these are apt to indicate values
vhich are approx. 10 percent too low.

As the chenmical assays, according to Schultz’s method now used,
require mich time and and are very costly.re¢seurch work is going
on to find new and cheaper methods for assaying the coluﬁbium ores.
This work seems to have met with some success.

Ac the ore of the Stve Area contsins considerable amounts of
silicuote minerals the burning of the ore did not seem to be a sulte
wble process for recovering the coluubium minerals.

Extensive research work has therelore bheen earried out

by Docent M.Mortenson, at the ore dressing Laboratory of the Nbruegian

Institute of Technology in Trondheim, Mr. Mortenson is working
out a method for mechanical concentration of the columbium
minerals and the apatite.

This study has resulted in a comhlnation of tabling, nagnetic
separation and flotation, giving a eoncentra;e with more than 20
percent Cb205 and 50 percent apatite.The apatite will then be
dissolved in nlirie acid and used as phosphate fertilizer, giving
a residue with more than 40 percent cbaogﬁ
Further concentration of columbium by means of ehemzcal treatnent
will also be. possible if wanted. :

|
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Conclusions.
The exploration work hitherto carried out in the Fen distriet
ha23 given the following results:

Measured ore, : Average Amounts of
Tonnage Cbzos P205 Cooly 9205 Apatite
- Cappelen deposit k66410t 0.342% 3.05% 1595 ¢ 14225 & 3u700 %
 Hydro - % . 937880" 0,177% 3.29° 1660 ¢ 30856 ® 75260 ®
Total 1.404290¢ 3255 © W4081 ¢ 109960 T

The tonnage of possible ore in the Hydro depo it may be
estimated to some § mili.tons,
In the Tufte aresa mo ore reserves have been caleulated ag the
geologiecal structure is not sufficiently known.
According to the terms of the Me Iaughlim the Tufte deposits will
be classified ag partimensurate ore bodies as the ores are likely
to extend much farther and deeper than the limits to which devel-
opment can economically be carried out, and there is good reasom
to expect that.new ones will be found within the area,
After our present knowledge from the exploration work hitherto
carried out, it 1ls reasonoble to assume that the ore reserves in
this area will turn cub to be considerobly larger than the Hydro~
depos:tq The ores of the Tufte area also show higher values in

Columbium and phosphoric acid then the ore of the Hydro deposit.
Further ore reserves moy be located in the other sdvite areas in
the district vhieh are very 1ittle explored and those which have not
been sampled at 211, Also the 1arae areas of rauvhaugite and redberg
may contsin columbium ore bodies,

The amount of l.% mill.tons measured ore in the area, the large
amounts of indicated and inferred ore, and the great possabzllty

of finding new ore bodies, should allcw the building of a mine
plant of great eapacity.

Oslo the 1ith Nov.l?ﬁ?.
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