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Page 3

Application for "utmal"

-

¥r. Svinndal will prepare the application for "utmil"®
concerning the norwegian Governmeni's claims. He is present-
ly compiling data from the Seve operations, and will base
the application on the modellirng and reserve calculaticns
worked out by Norsk Bergverk A/3.

P
i

For tre Gruvedsen - Bolladalen West area, i.e. on Cappelen's
"mutinger", Fenco shall have to prepare the application.
Excisting data from this area comprise:

1. Surface from the Veiskjering (road cut) area (FSJ 1968).

2., B8ystematic surface samples from this years sampling
Frograrm.

3. Diamond drill heoles (F1, F2, F3, B1 and 32).

4. Mine maps from the Fen iron mine, showing the extension
of the hematite dykes.

This material has been presented to 2ergmesteren, and in
his opinion this is adequate for an "utm&l" application.
He accepts the view that the whole rock suite must be
regarded as potential kE-ore (provided that analyses of
this year's surface samples will not disprove the picture
obtained from previous assay work that there is a general
"anomalous" RE-content in the rocks from this area%, and
that we have sufficient evidence for the downward exiension
of the rocks to do some tonnage calculations.

Geologist J.E.Wanvik from Blkem is compiling these data

zi
o
on maps and profiles. Mr. Svinndal will assist us in
rg the applicazion.

nenoval of drill cares

A1l drill cores Irom Fen, which were stored at NGU in
Trondheim, have been moved to Ulefoss, where we are
building proper core handling facilities on Cappelen's
premises.

Geological mapping

Geological mapping is accomplished on secale 1 3 1000,
Three areas were given priority in 1980: (fig. 1)

1. Gruvedsen - Bolladalen West (responsible: K.lerk)

2. .ydro - Cappelen = Tufte (inecluding Tuftestollen)
responsible: S.0lmore)

3. Rauhaug - Vipeto responsivles V.Wiik)

Rock descriptions and classifications are largely based
on mesoscopic examinatlions, but some microsecopy has been
carried out (see Olmore's repor:).
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Index to the 1980 mapping activities,
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"2 Hydro - Cappelen - Tufte
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Fen Complex
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S.01lmere
V.wiik
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A major problem has been the characterization and classi-
fication of rocks and rocx varieties, and the three geolo-
gists have made a point of exchanging experiences and
visiting each other's fields, in an attempt to set up
uniform criterions for classification of rocks. This is not
and easy task and it has resulted in (at times) vivaceous
but inspiring discussions.

Olmore, Wiik and undersigned present separate reporis from
each sub-area. Since time is an important factor at this
late stage of the field season, no attempt has been made
to edit and compile the resulis from the three sub-areas
into a comprehensive presentation. The three reports (as
well as Nr, Carstens report on geophysics, see below) are
therefore presented in an unabridged version.

stabekk, September 29., 1980

/ i i i
k»lw-ltu=» M@,
Kristen lork
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GEOLOGICAL MAPPING OF THE GRUVEASEN - BOLLADALEN AREA

Introduction

iris area has been considered as having the largest poien-
tial for RE mimeralization. Existing geologic map is from
Szther (1957). This map is incorporated in Landreth's report
(1379). '

This year's mapping activities started along the road to
Febakke (see plate 131 ), where there is almost continous
exposure from the gneis east of the Fen complex, through
the red carboratite (Rsdberg) on Szther's map (where the
old iron mines are situated? and into the Rauhaugite rock
in the central parts of the complex. The relationships
between the various rock types can here be studied in
detail and a sequence of events can be documented.

The boundary between the gneis and the complex rocks was
then mapped from the road to the SE, towards the Gruve&dsen.
Here, outcropping is less good, but a picture of the border
relations has emerged.

The drill cores from the geochemical sampling were described
petrographically, and this serves as a preliminary guide
to the geology of the as yet unmapped parts of the Gruve-

dsen (see plate 1M).

Tne main provlem nas bYeen %o establish criiteria for rock
classification, 2s it socon became evident that Sether's
map gives a simplified and generzalized picture of the

geological conditions.

Rock types
Archean gneis.

Well foliated gneis make up the precambrian rocks immidi-
ately east of the Fen cozplex. The gneis here represent
parts of a supracrustal series of rocks of the Telemark
suite, and is different to the more granittic gneis wesi
and south of the complex (3.Daalgren, personal comm.).

Along the road cut the gneis sustain it's foliated texture
quite close to the contact. Dykes and lenses of fine grained
red, felspatic rocks are commonly encountered., Fenitization
has probably taken place to some extent, but on a meso-
scopic scale it is difficult to recognize the degree of
fenitization.

NWerunning fault zones (z2rusned rock, 10 - 20 em) cutting
the gneis are also cozmonly encountered, and in some of
these, massive hematite is deposited.
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Approacning the boundary from E towards W, crosscutiing
lenses and dykes of red carbonatite start to appear. A
banding varallell to the contact is developed, and is
interpreted as flow banding.

Within 2 - 3 m of the complex boundary, a perous, highly

tered and appearently tectonized rock is developed, which
is difficult to classify, but which is believed to be of
gneissic origin.

The first rock to appear west of the gneis in the road
profile, is a breccia, i.e. angular fragments in a fine-
grained matrix. The actual boundary is sharp. A hematite
vein is developed on the contact,

Fragments of red carbonatite dominates in the breceia
close to the boundary, thus indicating that the brecciz
was emplaced after crystallization of the red carbonatite.
Fragments of felspar-amphibole rocks are also common, i.e.
of gneis derivation, but they look more fenitized than the
gneis just east of the contact, Also, fragments of light
colored carbonatite are seen.

It is difficult %o give a general description of the breccia
matrix, as it varies throughous the breccia body. In parts
it is rich Iin carbonates, in other parts siliceous material

dominates. it also vary in grain size.

Red _carbonatite (Rzdbers)

Just atove (south. of) the old Fen iron works there is a
topographic depression, which is covered along the road.
Lasti of this "valley" the volcanic breccia dominate, on
the western side we run into massive, red carbonatite.
Fragmental structures are observed also in this rock,
but is not so prevalent. The main adit to the Fen mines
was worxed on a hematite vein in the red carbona%ite.

Further west along the road, the red carbonatiie is tec-
tonically bordering another volcanic breccia, which prevail
up to Bolladalen, West of Bolladalen, red carbonatite again
appear. Further west there is ihe Rauhaugite of Szther,

but the boundary and the light carbenatite have not yet
been studied in detail.,

The smeis -~ Fen complex boundary

As mentioned, this bourdary is defined at the road cut as
the contact beiween aliered gneis and volcanic breccia,

with indications of tectonization along the contact., Up
along the slope towards 3E the same picture prevails.
Towards the crest of the hill the gneis change in character:
the rock appear to be crushed, the foliation becomes diffuse
or lacking, and the rock is more fenite-looking. The ternm
fenite breceia is used.
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Inside the complex, the volcanic breccia rock disappears,
and the fenite breccla is in contact with massive, red
carbonatite. The contact between veolcanic breccia and
this red carbonatite has not been studied yet.

There is indication of tectonic movement along the
complex boundary, or close to it, in this area, which
complicates the picture., This is where mapping is going
on at present.

Structural geolosy

As mentioned, several fault zones have been observed, cutting
both the gneis and the "Fen gocks". They have a rather
constant sirike of 130 - 150°, with vertical or nearly
vertical dip. OSome of them are characterized by 2 10 - 20 em
zone of crushed rock, and in some hematite mineralization
ocecur.

This direction coinside with a prominent topographic feature,
of which Beolladalen is one example, but there are others

parallell or nearly parallell to it across the Gruvedsen.

As mentioned, some movement appear to have taken place

along such a sirucfure at the eastern margin of the complex.

Also, this direction coinside with the direction of mest
of the hematiie ore todies, as revealed on old maps. The
highest RE-assays from previous work were encountered in
samples of nematite ore, and therefore such structural
features may be a conirolling factor both for hematite-
and possibly also for enriched RE-mineralization,

Stabekk, September 29., 1980
l‘ " .

Uy KN, T

Kristen lierk
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Mineral Potential of the Fen Alkaline
Complex, Ulefoss, Norway,

llolycorp Report.
The Alkaline Rock Province of the
Fen Area in Southern Norway.

Det Kgl. Vitenskabvers Selskavs Skrifter,
Nr. 1.
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4301 Sandnes - Norway

Bt et

Uiain?
s

WARRE 7o Bd

September 20, 1960
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My Ty 1 C By o
Mr. Thor L. Sverdrup

Exploration Manager
A/S Sydvaranger
Post Office Box 83

1 iy m Ty TR 4e
-~ 2 2_1_ STABEKK

Dear lr. Sverdrup:

Attached herewith is a veport summarizing mv thoughts
regarding the Fen Complex to date. This is intended
principally for K. Merk's use in compiling a more

compreliensive picture of the deposit for the upcoming

management committee meetings in October.

S.Dr. Olmore
itanager of Explor on

i
Union iinerals Worge A/S

™y
wat
i

CC: u. .'i:. };\..‘i;ﬂ
G.H. Laughbaum, Jr.
W.R. ldoran
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;lectron microprobe analysis of mica
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SUMIIARY

The Hydro-Cappelen area of the Fen alkaline complex has
been mapped in detail. Field relationships and megascopic
geology indicate the presence of a diverse fenite mass
peripheral to a multiple-phase carhonatite body (see

Figure 1). The emplacement of carbonatite and fenitization
are strongly influenced by structure.

Multiple stages of fenitization have been superposed on
grelssic wall rocks in the llydro-Cappelen area. As sovite
is approached gneiss grades from a weakly altered rock
containing agerine, riebekite and magnetite to an intensely-
altered hybrid rock that has heen flooded with carbonate.
This carbonate-flooded rock may be referred to as metasom-
atic carbonatite.

Tnree phases of carbonatite are recognized, each exhibiting
excellent intrusive relations with enclosing wall rocks.
The earliest phase is sovite which has bheen injected along
northeast striking fractures that dip towards the central
portion of the complex. Sovite is cut by later deolomitic
dikes. The latest carbonate phase is conspicuously iron-
bearing and is intruded along northwest striking fractures.

structures of the complex have two principal orientations -
northeast (about N559E) and northwest (about N300W). The
northeast-striking fractures developed prior to, or con-
temporaneous witn, the development of the complex and con-
trolled the emplacement of carbonate dilkes and fenitization.
There is an aligmment of northeast-trending magnetic anom-
alies over the central portion of the TFen complex. This
could reflect a large magnetite concentration at depth with
a northeast trend.

wortnwest structural trends are later than the northeast
ones and appear to form substantial fault zones. torthwest-
striking faults are interpreted as having offset the source
0f the northeast-striking anomaly.

The overall geometry of the complex is visualized as that of
an ellipse with its major axis aligned in an approximate
N550E direction.
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Figure 1. Two separate phases of carbonatite transecting fenitized granitic gneiss - a visual

representation of a portion of the geologic sequence of events in the Fen area.
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INTRODUCTION

The purpose of thnis report is to document field exploration
activities and concepts developed while aiming toward &

geologyic understandin for commercial purposes of the Fen
alkaline nplex. This information shall then he presentea
during th ENCO-Unlion management cemmittee meeting in
October ot

d here is the megascopic geology

Largely what is presente G

of a small, but important portion of the complex. A
detailed geologic map of the Hydro-Cappelen portion of the
complex is presented (Plate 1). Happing activities (Figure
2) covered an area of approximately 3/4 kmZ. DBxposure is

generally poor owing to thick soil cover, but there are a
few exceptional areas; these have received the most atten-
tion: the liydro open cut, Cappelen open cut, the Tufte
adit and road cuts along Ulefossveien and the road to

Febakke. A total of fifty-eight representative rock samples

have heen taken and thirty-eight of these have been cut for

polished thin section and scanned under the microscope. The

attampt here is to do enouuh petrography to help define and
sort out the principal mappable rock units.

geal is to develop a rock classification and a

t
¢ geology of the sequence of events in the deposi
L

-

i
=

11 then serve as a frame of reference for detailed
ing and underground mapping in the Tufte adit. A

1d understanding will also facilitate interpretati

us geologic efforts on the deposit - for example
957) .
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ROCK UNITS

Granicic Gneiss

]
L
)
o
B
T
b
=
et

s of Archean age comprises the country rock
urrounding the Fen alkaline complex. Brief examination
unweathered gneiss along a road cut about: 5 km northwest
Fen area was made. llagascepically the rock is well
ed with numercus dikes and veins of apatite and peg-
that cut across foliation. Also included in the

are local vatches of amphibelite. Locally the gneiss
ns large 2 - 5 cm augen of K-feldspar.

n
T

O O
F O ) Hh

e the gneiss has an average grain size
out 1 mm and is seen to consist principally of strongly
undulose quartz, microcline, perthitic K-feldspar, plagio-
clase, biotite (with alteration rims of CﬂlOLlLC), and
accessory apatite ard zircon.

s perhaps the most varied rock tvpe in the comple:x.
racteristics are hest ohserved in reoad cut at the
tion of Ulefessveien and Grandvoldveien (see genl-

e . .

) -'-.dj.a(:unt the liydro steinbrudd in road cut, and
underground in the first 50 meters of the pm‘t"il of the
Tu-testol]ea Fenite is extremely varied in mineralogy and

texture, and rock classed as fenite here will undoubtedly
Le separated into several sub-units as the work progresses.
enite formed from the hydrothermal alteration of granitic

lLCe
gnelss adjacent carbonatlte injections (Sather, 1957}.

A rapid scan of thin sections allows a few comments regard-
ing feni“c mineralogy. Primary or residual minerals relict
from the granitic gneiss parent are quartz, X-feldspar,

LioL;Lc andd apatite Secondary fenitization minerals result

from hyédrothermal lHthdULLth of new minerals and replace-
ment of old minerals or intreduction of new minerals in

veins. Carbonate minerals occur as replacements of primary
;inu:als as well as occur in veinlets. The following mineral

occurences are common: riebekite in veinlets and apen spaces,
small OS - .5 mm flakes of disseminated hiolkite, agerine

augite in veinlets and veins (one of the corliest and most

widespread of the fenite mincrals). ¥=leldspar occurs in
grains everaging 1 - 2 mm Lhat have been [looded through
fenite; it also occurs as veinlets and occasionally as large

dikes in dark fenitized gneiss (Figure 3}. Albite also is
found as .1 mm grains flooding fenitized granitic gneiss.
Hagnetite occurs as hairline veinlets and also replaces

biotite in weakly fenitized rock.

o o B O O

Fenitization appears to be the strongest adjacent to carbon-

atite dikes and is typified by introduced ﬂ—fU‘GhW“l and
albite along with agerine. The best example of this is in
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fine-grained K-feldspar cutting through dark fenite with ahundant agerine

FPigure 3. Dike of pink,
augite and riebekite veinlets.
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| sample F0037 from the Cappelen quarry. Where fenitigzation
s s = o R i P s & A4 3 .. ~ YA T.d s = Wt

1s less intense it is typifiied by reibikite and agerine

Q er
forming veinlets, and magnetite replacing primary biotite.

As can be seen in IMigure 1 there are at least two event:
f tion superposed on one another and the descrip-

e e L 54

*

clude the minerals formed from perhaps severa

rlapping events. TFor example, Iigure 4 is an
illustration of sovite dikes and veins with alteration haloes
cutting previously fenitized gneiss.

a1
e Al Caadiaiy 1o

1

b §
= P o Wi F
bpt.l.,,n..,;,'.",' ove

Carhorate Flooded Tenilte

Carbonacte-floocded fenite, the equivalent of metasomatic
carbonatite is observed at three localities. Onpne is

adjacent the ivdro dike on the east side, one is adjacent
the foundation of the old niohium smelter and one is inside
the Cappelen open cut. Carbonate-flooded Tenile is observed
to be a hybrid rock resulting from carbonate introduction
into fenite in contact with sovite intrusioens. This rock
ay correspond to the basiec silicate rocks of Szther
/) and perhaps the liollaite of Svindal {personal commun
)

- - ” 3= ey =y o - e s - = §a » g o e X - - %
E or the metasomatic origin of the rock is: the
= - 1 + = P LS
carhbonate rock to fenite wit

I P RN
1 the tack oOf

i
% 1ed contacts between the iww, and the presence of
mixed, hybrid textures with mixed mineralogy. Minerals
i 1t are albite, blotite, K-feldspar, pyljto and agerine
i in a carbonate matrix. The rock clearly has a
£ tture with grains ranging f}%“w .2 mm Lc» 2 mm in

dimension. MAs the rat o} ilicates carbonate
id@ALxhl& Lo about LO:1 the rock is best Cl!ﬂul ied as a
soda and potash metasomatized fenite. Carbonate-flooded

fenite and potash metasomatized fenite are believed to occeur
as numerous inclusions in sovite and can easily be mistaken

lor primary, magmatic silicocarbonatite lenses.

2
i

3 i

£ AR = - -Ya =t §
M I S B 4 Call DoNa L.;.EO

ocarbonatite is a contemporancous igneous phase of

sovite., The best exposures of this unit are on the north
side of the Cappelen open cut and along the Ulefossveieon

road cut. The best exposure along IIL"(H;vuw\Jvzl is diagrammed
in Figure 5. This unit has been separated from sovite where
the pvrvonLauD of silicates exceeds ahout JU percent. i

many localities sov1tu and silicocarbenatite are so i nately
related and mixed it is impossible to separate them by mappin
S0 one mustin these instances choose the dominant rock type
and make the appropriate designation.

-

Principal mineral phases comprising silicocarbonatite are
biQLluU, magnetite, p;rochlore and apatite.
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Sovite dikes with biotite - agerine? alteration haloes cutting previously fenitized

Figure 4.

gneiss.

granitie




Explanation

[.j Dolomitic dikes

[_WJ Silicocarbonatite - fleow bhanded

[,__] Fenitized gneiss - hiotite-amphibole roclh

Late carhbonate
dire

/ Carhonate dikelets
. with biotite haloes

—Pod of biotic
nd K=feldspar

.-,r:-
beil
3

i
vy
4

Pigure 5. Cross secliona 1. shetch of carbonatite relations in roadcut. Looking
northeast. Shows inclusions of fenitized ¢granitic gneiss in flow-
banded S-.ll’CC«.‘\H bonatite. Later dolomitic dikes cut across foliation.

‘6 abeg
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Sovite

The best exposures of sovite are in the lydro and Cappelen
quarries and underground in the Tufte adit about 50 meters
from its portal (see geologic map, Plate 1, and Figure §).

Sovite on fresh surface is a white to yellowish gray,
medium to fine-grained equigranular rock. O »Oﬂ.hm”eo

1s tthe unit is guray and minerals more res stent to

n
[ ort
H
rt kb
2 Pitho il 1 I o
¥

weathering than Lhdyltc sucn as pyrochlore and uUﬂtlhe
Stand out in relief.

Under the microscope the rock is scen to he compr i sed
dominantly of annedral ‘alcite grains in an interlocking

4= 3 el J—"l._.._ ]

tightl it mosaic. The grain size is variable, for

t*arulu at the Hydro open cut the grains average .2 - .4 mm
in largest dimension and in the Cappelen epen cut the sovite
is typified by grains averaging 1 - 3 mm in largest uluch\'or
Dolomite is also undoubtedly mixed in with the calcite but
its abundance is yet to be established. Apatite grains are
commaon and tend to occur in clusters of grains on the order

- kd
mm in maximum dimension. Other acces SOy miner

of .1 - .5 als
are magnetite, pyrochlore, phlo”npitv pyrite and sphene.
hpati Lolumns are commonly arranged in radial patterns.

A qguick scan in thin section indicates tha: the sovite is
foliated, this is especially evident in specimens taken near
the margins of the dike, where it comes in contact with
fenitized wall rocks. The foliation is defined by sub-
parallel alignment of apatite and phlogopite.

Electron microprobe analysis of the mica in the sovite

(Table 1) shows that il is an "Mg-rich hiotite (phlogopite)

and that despite the high sg content of the biotite, fluorine
content is relatively low". (A.J. Gunow, personal communication,
1980) .

Dolomitic Carbonatite

Dolomitic carbonatite is exposed in three small outcrops
along Ulefossveien. It also may subcrop in the southeast

portion of the Tuftestollen where it is termed Rauhaugite by
Smther. It is a medium grained white to light gray dense
carbonate, lacking conspicuous silicates and conLaining trace
amounts of sullides, whoere the unil transects coun' i y rocks
fenitic haloes are developed. T[igure 5 shows dense white

dolomitic carbonate dikes cutting well foliated silico-
carbonatite in road cut aleng Ulefossveien.

Late Dolonibkle Velins

1

Late dolomitic veins are apparently widespread in the T

_ -

b

1)
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&1 , 41.33 19,32
Al B 15 2. 90
Cl 0.01 0.01
F 1.987 1.97

feimz e

in 0.52 :
2+

™ e

Fe , i
» 2.

PakT

Fe

Mg 27.8¢6

L By ;\.i).

X 9.93

-
.

e
<

Cs .. N.D.
|
- i |
L% ::L) 0.87 \
—_—
TOTAL 99,92
|
|
| | |
Table 1. Electron microprobe analysis of bio-

tite in sovite fron

4 ]

Hydro Steinbrudd.

(see text for discussion)
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are especially well exposed in the Hydro and

b, pd i

& cuts. They are conspicuocus in cutcrop hecause

chey are the latest crosscuiting carbonate nhase and hecause
they usually weather hrown. Lhocally the veins occur as
swarms, and were evidently so numerous atb the Cappelen
hat they presented a considerable ore caontrol

ndal, personal cummunication} . Generally the
& northwest strike (see Plate 1).

e ol oy e - el el e vy =y A T oew w A 4 - 3w e 1 e
Jhneerl Lhe MILYoscope tne grain size of the veins is

o e A . ' ¥ .. - N AN e 1 - P - . e . — =
conspicuous:y Ifiner than the sovite and ranges from .05

ls present are dolomite, trace amounts
IS r
ite and apatite. Perhaps some of the

c or sideritic, for there are numerous
?

i
s developed on margins of carbonate grains.

¥
to .1 mun. MNinera
S wmwuyd o [ =-TehaTern
QL RPyIrite, magnet

T . el
carbonate is ankerit
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ruginous halo
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bDamtjernite 1s thought to be the youngest intrusive rock in
14 - NS e TN R Lt -] 1 .} S T SR Vi AR p—
wile ren C‘fu"l:}.'_\_:.x Clat 15 I (‘]llt(‘(: ll(.) ‘L.ll\.' delesls ol tiie car AL E A,
S@nsu SLricte. A rew patches of damtjernite and associated

ut in the map area. Cross cutting relations a

Elaa el TR i TRt T e P Rl o | PR 12 i d =% Lo
e AYdro steinbrudd indicate that this unit cleaz ]_‘;' cuts

vite and late dolomitic carbonatite veinsg, for here it
tains inclusions of hoth.

rnite consists of phlogopite and anqular wall rock
fragments of carbonatite ranging frem abour 1 em to 15 or 20 Cj
in largest dimension immersed in a black mabtrix of pyroxene
and amphibole. The angular fragments of carbonate give eviderce

i-1- 1 }

r the high melting temperature of carbonate as well as the
insolubility of carborate in damtjernite magma.

LL 15 suspected that the damtjernite was introduced along
R R ) PR I P . i e o g - R e E, T, - e
NOrctnwess —gstriking rrac tl.l!‘f:y, a]‘.zl thus ma b'.“ da sdiinle ot

b TR T DO SN Tagey [ e P pea o - ey oy - f e —— = & - | .
cile Carbpona uu‘_;".clbe_u'\,‘.‘piCLQL parent maqgia oL the conplex.

Diabase dikes are the voungest igneous phase in the comnples
P, i H

area.  These may be of Permian age and thus unrelated to the
genesis of the alkalinoe compldox, whore he dialiisge canlains
abundant inclusions of carbonate [rom adjacent wall rocks

it ] s an intrusion breeccia. The diabase has been

int in late fractures exposed in the ilvdro open cut,
the Cappelen open cut, underground in the Tuftestollen

and in a cut near the Esso station along Ulefossveien.
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and dips Lo the southeast about 559
This sel. is oxce

te adit

ptionally well
and along the Ulelfossveien -
S

E el 11\.1 Ly easy to map because
itizing solutions and carbon-

2

atite dikes and he feormer presence of fenitizing
splutions is mad by agerine and ricbekite (see
late 1). The Has been injected along a fault
n triking approximately N55CE and dipping about 650
1
h

00

e
the southeast (
ceded carhonati

e O MO of NONE L
j B
@

at the fault zone
considered proven

see Figure 6), Th
ite injection is

o
ecause an adjacent Su)—paralTe* fauvlt zone is cut by '
arhonate veins and the gouge ad Jnccnit the veins is
' Carbonatite dikes filling fractures in the
Capnel pen cut also have a :GancaS: strike (see Plate 1l).
noxrti iral trends in the comple:
led b to studies and topographic |
ate 2 features taken from photo-
graphic examination are plotted on a sketch i}
9 magnetic map of the complex [ is
note that the main northeast alignment: of
s 15 subparallel to the faul whieh have
guided carbonate emplacement and feritization in the Hydro-
Cappelen area.
A northwest- i set of fractures is perhaps as well
defined t 1east set described above. The north-
wesli set developed later than the northeast set and has
Peen invaded by late dolomitic carbonatite veins (see
Plate 1). There are also a few faults with a northwest
strike. A large northwest-striking fault is inferred
along the trace of Ulefossveien. Anothor northwest-
striXing fault is inferred between the lydro and Cappoelen
open cubs; this fTaullb may truncale the lydro dike.  Several
Large nor bl L Lantd Ly Sgeli ol in Lhe i'!;‘(' LI LTG0 TR el 3
One 1n particular cxtends from the Cappelen open cut south-
east to the old smelter. "
area using aerial photo=-
a nunber of northwest-
structural map (see Plate 2}.
triking faults is inferred
which appears to extend
may be expressed by the
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abrupt

Another
Lake to
fault n
the two
(see P]

trurcation of th northeast-trending magnetic high.
large northwest linear can be traced from Damtjern
Vipeto Melleom and from here to Ullefossveien. This

@y be empressed on the magnelic map by the gap between

segments of the northeast-trending magnetic high
-
L=

ClegE Lhmpblacames
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roonacltte massas are

. A
1 R
ion is well defined in the silicoc
. :
s S

enerally s
]

C
sovite units by the aligmment of dark silicate minerals,
magnetite and pyrochlere. Generally the foliation is
sub-parallel to the trace of the geometry of the carbonate
dike. This is well exhibited underground in the Tufte adit

(SE@ I'lq

liation, or flow structure, of the carhonate units
1 fa."
[ .

ing of fenite inclusions in the magma.

(=
insolubility of Lenite in carbonete magma, leads

liated nature of the carbonatite mass, as well as the
ki =

e hypothesis that it may have been emplaced as a mass
of relatively dry viscous paste and may have been forced
into every major crack and crevice in the overlying fenitized
wal rocks. Thus, the emplacement of ihe carhonatite mass i
hypothesized to be structurally controlled.
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APPENDIX - SAMPLLE DESCRIPTIONS

See geclogic map for sample location.

_
!
h
i
1

FOCO1L Gruveasen, gneiss with vein of specular
hematite and quartz.

rgooz (TS) Granitie gneiss, medium grained, fenitized.
FOQQ03 (Ts) K-feldspar dike, pink, rear collar of
Tuftestolien, typical of fenitized gneiss.
rpoo4 (TS) Granitic gneiss, fenitized.
] F0G05 (T8) Granitic gneiss, fenitized.
. FOOO® (Ts) Granitic greiss, fenitized.
l FOGO7 (Ts) Cranityie gneiss, well foliated - from
outside comple:x.
I ro0os {'rs) Dike rock from outside complex.
I FO009 (159 Hydro carbenratite (sovite), Hydro steinhbrudd.
FO0010 (TS) Bictite - anphibole rrock at contact with
hydro carbonatite, also 1-3 percent pyrite,
Hydro steinbrudd.
007 L] ol Tes [ - g - MEIE ] e T3 = P S
FOQll ('T'S) Dolomite dike, late, with finely disseminated
l pyrite, lydro steinbrudd.
- F0012 {Ts) Carbonatite, sovite, vical, with dissemin=-
l ated sulfides and ullmetit
FGOL3 (TS) Fenitized gneiss, Hvdro steinbrudd.
i
l FOO0l4 (T8) Carbonatite, sovite, lmm flakes of areen
phlogopite, magnetite, liydro steinbrudd.
i o015 (Ts) Carbonatite, sovite, with late dolomitic
veing cutting.
3 o =y — e - - S _
FOO01G (TS) Carbonatite disseminated bictite, magnetite,
' sullides, pyrochlore, east margin of Hydro
sheinbhrudd. Radial aggregates of carbonate
I graing.
Focl7 (TS) Carbonate-{looded granitic gneiss?
- - =
I F0018 (T3) Carhbonate-biotite rock with disseminated
Su.L;,lLQS.
1 - ~ * - o]
I Fgoly {"s) Saie as F0018.
FO020 (TE) Slag from old smelter at en, biotite rich.
b, |
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Locations are

]

(TS) Hafic inclusion in sovite, mostly chliorite

(TS) Sovite, Hlydro steinbrudd.

(1) Late dolomite vein on northwesi trend -
Hydro steinbrudd.

(2} Late dolomite vein - same as above.

Silico carbonatite on margin of Hvdro dike

ol

Hvdrio steinbrudd

from the back of

check magnetite for

steinbrudd.

Sovite with 20 to

Biotite-rich carbonatite from

30 percent magne:tite
the Cappelen steinbrudd
vanadium content.

Cappelen

inclusions,

{TS) Intrusive bhreccia adjacent diabase dike in
Cappelen steinbrudd, has a northeast strike.

(TS) Eiotite-rich fenite - compare with primary
magmatic biotite.

(TS) Fenitized granitic gneiss with exceptionally
pink K-feldspar - abundant chlorite.

(2 TS's) Silico-carbonatite.

{TS5) Granitic yneiss - fenitized, is it K-felds-
pathized at this locality?

{T8) Sovite, Cappelen steinbrudd.

(18) Sovite, Cappelen steinbrudd.

{TS) Sovite magnetite rich, Cappelen steinbrudd.

{TS) Sovite, Cnp}u_‘lm‘. steinbrudd.

Fenite, could be

FO038 - FO058 have not been
writing.

carbonate f{looded zone.
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GEOLOGICAL MAPPING IN THE RULLEKOLL-VIPETO AREA

In accordance with the work schedule drawn up for the 1980 ield

ASV-geologist Wiik assumed resporsibility for the detailsd re-mapping of

W

this south-eastern quadrangle of :he Fen compiex. The work started in
May-June, but was severely hampered by the demand for simultaneous
supervision of the Gruvedsen grid-sampling programme. No progress was
made during July, when Wiik was away on ASV assignments and vacation.

Upong resumption of the field work in early August, top oriority was
given to the Vipeto area, where visiting Union and Fenco aeologists had
earlier discovered pyrochlore-rich carbonatite in fresh road cuts along
the cart track to Hitveit-tjern. This sovite body was recarded as a
possible drilling target for the 1981 operations, and project leader Mork

Jjoined Wiik in mapping and sampling the surface exnpressions of this so-
called Vipeto sovite.

By mid-September most of the necessary field work had been completed, and

a detailed documentation: "The Vipeto Sovite - A drilling Proposal" is now
under preparation. No chemical data are as yet available to substantiate

the claim that the Vipeto sovite must be expiored by drilling as potential
niobium ore. Mapping has, however, indicated that the isolated sovite
0ccurences might well belong to one fairly large intrusive body of carbonatite
extending from Rullekoll in the east to somewhere W of Hitveitbekken in the

west.  According to Ramberg's gravity modelling, such a body of sovite could
extend to a depth of 1000 m in this area.

While the geologic setting of the area cannot be claimed to be resolved,

certain important age relationships have been established. The main sovite

intrusion appears to be younger than the vipetoite and other silico-carponatite

rocks occurring around the margins and occasionally as bodies thought to be

roof pendants relative to the sovite. The Vipeto sevite has in turn been

intruded by damtjernite and associated volcanic breccias of variable character

and composition. Stil] later, damtjernite and associated breccia rocks have

in part been transformed to the red carbonate - hematite rock called rodberg.



APPENDIX III

Young veins and minor intrusive bodies of doliomitic carbonatite seem somehow
to be connected with the process of rodberg formation, whereas elsewnere
damtjernite appears to grade via volcanic breccia into carbonatite breccia
and massive dolemitic carbonatite.

This relatively orderly picture is to some extent complicated by faulting
and brecciation caused by tectonic movement, and more ominously, by observ-
ations that do not fit the model, e.q. the appearance of rodberg fragments
in an otherwise normal damtjernite.

An estimated 4 - 6 weeks of additional geological mapping will be required
to complete the map in scale 1:100C covering the Rullekoll-Vipeto quadrangle.
Even if better here than in the areas further north and west, the rock
exposure is relatively poor, and surface mapping should not be expected te
yield full infaormation about the distribution of the different rock types

in the area. Geophysics and data from diamond drillholes are expected to
provide valuable supplementary informaticn.

As regards the economic potential of the quadrangle, RE-mineralization in
connection with the rodberg {and rauhaugite?) the Rullekoll area stands
alongside the pyrochlore-bearing Vipeto sovite as a prospect worthy of
further investigation. Whereas the distribution of pyrochlore within the
Vipeto sovite probably is a matter of primary dispersion within one or more
homogeneous carbonatite intrusives and thus largely independent of later
geologic events, the RE mineralization appears to be influenced by severa)
factors such as presence of young dolomitic carbonatite, radberg and tectonic
shearing. For this reason geologic mapping should be completed before more
direct RE exploration is undertaken.

If weather conditions permit, further mapping and sampling in the Rullekoll
area will be carried out this year. When it comes to more direct exgloration
for REE, such a programme should be based on the experience gained from the
investigations in Gruvedsen.
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APPENDIX 1V

GEOCHEMISTRY

Following negotiations with analytical laboratories in early 1980, an
agreement was made with SI (Central Institute for Industrial Research,
Oslo) concerning quick, routine analysis of large series of samples e.g.
core samples from exploration drillholes. A similar agreement with IFE
(Institute for Energqy Technology, Kjeller) was designed to provide Fenco

with more accurate information about REE contents of selected samples of
particular interest.

As a start-up exercise, SI was given 20 drillcore samples from earlier
exploration drilling carried out by FSJ in the NE part of the Fen complex.
According to the agreement, SI should determine La, Ce, Nd, Y, Nb, Th, V
and P by XRF on rock powder. It turned out, however, that the high content
of Ba in the Fen carbonatites precludes the XRF determination of V.

SI has therefore proposed an alternative scheme, where V has been excluded
from the first-step routine XRF assay but will be determined along with

several other elements in an optional second step that requires decomposition
of the sample material in acid.

SI has proposed the following two-step scheme:
Step one: XRF on powder - determination of La, Ce, Nd, Y, Nb, Th and P with

an accuracy of at least & 30 relative %.
Price per sample: NOK 130,-

Step two: Complete decomposition of sample by treatment with HC1, HF, and
H3 BO3 - determination of Ca, Mg, Fe, P and V by ICP (plasma spec-
troscopy).

Price per sample: NOK 170, -



Note:

APPENDIX IV

A large number of additional elements may be determined during
the ICP run for an additional charge of NOK 5,- to 10,- per
element, the exact charge depending on the number of elements
requested.

As an alternative second step, SI proposes HC1 treatment of the
sample followed by ICP analysis of the solute, no attention being
paid to the insoluble residue which will consist mainly of silicate
minerals. For this simplified procedure SI charges NOK 150,- per
sample. It is felt that the price difference is tog small to
justify the loss of accuracy caused by ignoring an unknown and
variable weight% of insoluble residue.

In the same way, IFE was asked to re-analyse 50 rock samples
representing a wide range of Fen rocks. This laboratory will use

a combination of XRF on fused sample material and neutronactivation
to determine La, Ce, Nd, Y, Sm, Gd and Eu with high precision and
accuracy. IFE expects of the order of 250 samples to be analysed
by this procedure and will charge a price of NOK 375,- per sample.

Both IFE and SI have had certain difficulties in reconciling their
new results with those initially reported for the same samples

and have had to carry out much additional work in order to resolve
this problem. Both laboratories will submit their reports early
next month. SI will then proceed to analyse the drilled-out grid
samples from Gruvedsen and handspecimen-samples from the Vibeto
sovite, altogether around 100 samples.
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