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THE FEN PROJECT

GEOLOGY OF THE NORTHWESTERN
SECTOR OF THE FEN COMPLEX-

THE GRUVEASEN-BOLLADALENSUB-AREA.

INTRODUCTION.

•

The geologicalmap accompanyingthis report (PlateI) is the
result of field work carriedout in this part of the Fen
Complexduring the period May - September,1981.

Classificationand petrographicdescriptionsof rock types
are based on mesoscopicexaminationof samples,and the
limitedamount of microscopicstudiespresentedlater is based
on samples collectedduring the reconnaissancestage of the
project.

Under "ordinary"circumstances,a geologicalreport would be
more becomingwhen petrographicand geochemicaldata for the
samples collectedare produced,but since the three geologists
who have been mapping the area - G. Foslie,T. Andersen (pre-
sents a separate report) and K. Mørk - are all leavingthe
project,we shall try to compileour present knowledgeand
ideas in writing for future referencefor our,successors.

The accompanyingmap (PlateI) is a compilationon scale 1:5000.
Field mapping was done in scale 1:1000,and a compiledversion
of the field sheets (outcropmap) has been worked out and sub-
mitted to the new project leader.

The main objective of this seasonswork has been to recognize
and classifythe main rock units in the field, rather than pro-
duce a 100 % "correct"geologie map. In areas with good exposure,
for instancealong the lake Norsjø,the Vegskjæringsectionand
along the eastern side of Bolladalen,we have been able to work
in reasonabledetail and feel relativelyconfidentabout rock
types, their relationsand extensions.In the Gruveåsenitself,
where outerops are small and sparse,the map is less reliable,
and more work is required.
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Representative samples of most of the rock units have been

collected (marked on the maps) and submitted for chemical ana-

lyses and preparation of polished thin sections. More samples

are obviously required, but (in my opinion) a sampling procedure

should preferably be designed by geologists who are doing the

investigations of the samples.

Some ideas about the age relations between the rock units have

developed, and the petrographic descriptions following are listed

according to this supposed genetic sequence.

2. PETROGRAPHIC DESCRIPTIONS.

2.1 Precambrian rocks.

2.1.1 Foliated sneiss.

Generally, the rocks outside the Fen Complex are dominated by

granittic gneisses (Sæther, 1957,Olmore,1981). East of the Com-

plex, such gneisses are more finegrained, with inlayers of mica-

gneisses and amphibolites, this sequence probably belonging to a

more heterogeneous supracrustal series than the more coarser-

grained unit along the Western part of the Complex (S. Dah:gren,

pers.com.).

In the field, a distinction was made between a distinctly foliated

fsp. - qtz - biotite - chlorite -gneiss and an unfoliated fsp. -

chlorite rock (fenite, see below), i.e. a distinction based do-

minantly on a structural criterion.

Mapping was extended outwards (from the Complex) into the foliated

gneiss, and only reconnaissance mapping has been done in this unit

500-1000 m east of the contact, the gneiss appear to have biotite

as the dominant mafic component, but within 100 m of the contact,

chlorite predominates.

Two samples have been studied in the microscope, one taken along

the Grønvoldveien (10c. 142588/52747, i.e. 150 m east of the

contact), and one at Gruveåsen (Loc. 142328152945). Only traces

of biotite are retained, the dominant mafic mineral being chlo-

rite associated with calcite. Quartz is present in both samples.

Examination under the Cathodoluminoscope (CL) reveal that some of

the pg K-fsp. (microcline) is retained, but is extensively re-

placed by a red luminescing (Fe+++-activated) felspar, i.e. a
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fenitizationprocess (acc. to A. Mariano,pers.com.),showing
that fenitizationof the precambrianhas taken place along this
eastern contactof the Fen Complex (contraryto previousdescrip-
tions).

Even in the samplesof foliatedgneiss,there is evidenceof
crushingof the rock, particularlyof the felspar,with introduc-
tion of chloriteand calcite along the cracks.

2.1.2 Gneiss breccia.

This rock unit has been describedby Sæther (1957).It is a brec-
cia with fragmentsof foliatedgneiss,which have rotatedrelative
to each other and cementedby a finegrainedgranitticmatrix.We

I111
have seen it, but haven't done much about it.

2.1.3 Fenite.

Approachingthe Complex contact from the east, the gneiss graduall,
loose it's foliatedtexture and become a more massive,but heter-
ogranularfelspar - chlorite - calcite-rock, i.e. quartz is no
longer detectablein hand specimen.CL shows that the pe felspar
is totally repacedby a red luminescingvariety.The rock is
extensivelycrushed,the felspar is broken up and calcite and
chloritefill intersticesand fractures.If the crushingis obvi-
ous in hand specimen,the term "fenitebreccia"has been applied
in the field, but since there are gradationaldifferences,such
varietieshave been grouped togetheron the geologicalmap to
one unit - fenite.

2.2 Basic silicate rock - "syenite".

In the Western portion of the map, along the lake Norsjø (Loc.
142800/52050),a basic silicateunit has been separatedout. It
is a dark to dark green, finegrainedrock with minor pink felspar.
It occurs as inclusionsin rauhaugite(seebelow). Further east
along the shore, similar inclusionsin rauhaugiteare dominated
by pink felspar associatedwith chlorite.These inclusionshave
been mapped as fenite i.e. altered precambrian.

Olmore (pers.com.)describesK-fsp.-floodingof basic silicate
rocks at Torsnesoddenand furtherwestwards,and in his opinion,
much of the fenite on the map (PlateI) can be K-fsp.-flooded
basic silicate.
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Hopefully,petrographicstudieswill clearifythe origin of the
basic silicaterock, but an extract of the discussionsis here
presented :

The basic silicaterock is a separatemagmaticunit, which
was later intrudedby rauhaugite,causingK-fsp.-flooding
(replacement)of the basic silicates (01more).

The basic silicaterepresentsan immiscibleequivalentof the
rauhaugitecarbonatite.The felspar is then either formedby
late segregationsof this intrusiveevent or by later intru-
sives - or the K-fsp. - chloriterock is alteredprecambrian
inclusionsin rauhaugite,i.e. basic silicateand fenite
have a separateorigin.

The basic silicaterepresentsaltered,more basic layers
(amphibolitic)of the precambriansequence,i.e. no potassium
metasomatismtook place, only recrystallizationof mafic
minerals and K-fsp. from the original fsp.-containingprecam-
brian.

There is also a possibilitythat an intrusiveevent resulted
in magmatic segregationwithin a magma of more syeniticcom-
position,i.e. segregationof a basic silicateand a syenite
phase. The K-fsp. is then primarymagmatic.

2.3 Rauhaugite.

Within the mapped area, this rock type belongb to the rauhaugite
type II of Brøgger'sclassification,(1921),and describedby
him and Sæther (1957).

The road-cutalong Grønvoldveien,west of Bolladalen,(Loc.
142650/51050- 142550/51180)offers a well exposedsection throug,1

1 this rock unit. Also DDHs Fl and F2 are dominatedby this rock
type. These sectionsclearly demonstratethe variationsand he-
terogenityof this unit, but it has certaincharacteristics
which were describedby Sæther (1957)and which we have also ob-
served in the field.

2.3.1 Petrographicdescription.

It is generallya finegrained,but somewhatheterogranular,mas-
sive carbonaterock. It varies in colour from light grey to
brownish grey, in some parts it is greenishgrey.
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It contains chloriteas the dominantmafic mineral,either
finely dispersed- and hence the greenishvarieties- or as more
irregularpatches or veinlets.Larger,more massive inclusions
of chlorite-dominatedbasic silicaterock are also regularly
seen.

Generally,dolomiteis the dominantcarbonate (littleor no ef-
fervescencewith HC1) but in some parts calcitemay become a
significantcomponent(also evidencedby CL examination).Pyrite
impregnationis characteristic.Impregnationof small hematite
flakes are also observedin places,wherea magnetiteseem to
occur as secondarymineral along veins and fractures.

Possibly,the most characteristicfeatureis the brown surface
weatheringof this rock. It extendsgenerally1-2 cm from the
surfaceas a brown, porous zone.

Generally,this rock unit is massive,with no significantor
mappable structuralfeatures.However,a foliation,due to a fine
banding of darker silicaterichmaterial (especiallyevident on
weathered surface)has been describedin some localities(e.g.
142715/52130).This structureis interpretedas a flow banding
(similarstructuresare found in the søvite carbonatite)- and
thus indicatethat the rauhaugite- or at least a rauhaugite
phase - has an intrusiveorigin, i.e. is a carbonatite.

5 samples of rauhaugitehas been studied in thin section.They
have a generallyfinegrained,but heterogranulartextureof irre-
gular, sutured carbonategrains. 3 of the saMples (DDH F1- 22,4m,

F1-210,5 and 10KM79)are dominantlycalcitic,but witn some
dolomite (CL-examination),and 2 (DDH F1-66,4m and 11KM79)are
virtuallyall dolomitic (no luminescencein CL, indicatinga
certainFe-content,i.e. an ankeriticdolomite).

2.3.2 Special mineralogy.

Irregulargrains of baryte, sometimesgathered in clusters,
are observed in the microscope.Under CL it shows a pale bluish
grey luminescence.It seems to be a characteristicmineral of
rauhaugite.Euhedralgrains of apatiteare also seen.

Radial aggregatesof RE-minerals(see chapter 3) are dispersed
throughoutthe carbonaterock. Sample 10KM79 are enrichedin RE-
minerals,associatedwith baryte along veins (fig. 1).
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Sample 11KM79 contain a significant amount of euhedral crystals

of rutile - or aggregates of crystals - evenly dispersed. It is

a niobean variety, i.e. an ilmenorutile. This mineral was also

reported by Amli (1974) and has been found in many of the rau-

haugite samples. The mineral chemistry of this phase and of the

RE-minerals are discussed in chapter 3.

2.3.3 Conclusion.

The rock mapped as rauhaugite has various expressions in outcrop,

but it is distinctly separable as a unit in the field. The

brown weathering is characteristic, it is generally dolomitic

and therefore gives little effervescence with HC1. Chlorite is

the only mesoscopically detectable mafic mineral. The rock may

contain patches or fragmental inclusions of mafic silicate rock,

but lack the special (smaller scale) fragmental and orbicular

texture that characterize the dolomite-rich damkjernite variety

which is described in chapter 2.4.2.

According to the discussion on the genesis of the basic silicate

(and fenite) in the preceeding chapter, the rauhaugite was em-

placed either contemporaneous with, or later than the basic sili-

cate unit.

The rauhaugite is a carrier of RE-minerals, baryte and ilmeno-

rutile, and is therefore an important target for exploration.

2.4 bamkjernite.

The type locality for this rock is east of the lake Tamtjern,

south of Vipeto. It occurs here as a dike in precamb:fliansneiss.

The rock is porphyritic, with phenocrysts of bictite, cyroxene

and amphibole in a dark, basic silicate dominated matrix. Altered

olivine (—) serpentine) is also reported. (Brøsser, 1921,

Sæther, 1957).

From inside the Fen Complex, Sæther describes a numlberof pligs

of damkjernite, which, in addition to the mentioned phenocrysts

also contain xenoliths of rocks which occur adjacent tc them.

According to Sæther's map, damkjernite plugs also crcp cut within

the presently mapped sector of the complex. This has been cOn-

firmed, and a few "new" localities have been fcund, but the pic-

ture is more complex since there are at least two secarate rock

types within this unit.



2.4.1 Damkiernitewith dark basic silicatematrix.
r

"Typical" damkjernite with biotite and amphibole phenocrysts
occur as two bodies at the north end of Bolladalen, along the
lake Norsjø. A - lm wide dike, cutting rauhaugite, has also

been mapped further west (Loc. 142770/52095). Also up in the
Gruveåsen it has been observed in a number of localities.

The outcrops in the creek bed at the northern part of Bolladalen
show little xenolitic inclusions of surrounding rocks. Some small
fragments of light-coloured carbonate material may be of rau-
haugite composition, but they have not yet been properly identi-
fied.

By careful examination of hand specimen it is possible to detect
some rounded or orbicular, dark coloured inclusions and also some
small (less than 1 cm) angular dark fragments in the dark matrix.
We are suspicious that at least some of them might be composed
of serpentine.

The dark to dark green, finegrained, dense and massive damkjern-
ite rock with characteristic "booklets" of biotite is relatively
easy to recognize in the field.

2.4.2 Damkj.ernitewith grey.„ dolomiticmatrix.

Appearently associated with.the damkjernite described above, but
occuring in separate zones, is a porphyritic/breccia rock with
biotite phenocrysts and rounded (orbicular) and fragmental in-
clusions (generally less than 1 cm across), set in a grey, fine-
grained, dense matrix of dolomitic composition. The overall tex-
ture is, in other words, similar to the damkjernite described
above.

Presumably it is this rock type, which appears to form a contact
zone between the typical damkjernite and rauhaugite, that led
Sæther to believe that rauhaugite was formed by replacenent of
dam,kjernite.

The contact relations between the three rock types rauhaugite -
damtjernite with dark matrix - damkjernite witn grey matrix, can
be seen in outcrop at Loc. 142525/52245. The pictures here demon-
strates that intrusive relationships are more probable, and tnat
the rock type in question is a separate igneous phase, distinct
from both rauhaugite and "typical" damkjernite.
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2.4.3 Genetic relationship between damkjernite types.

1 The similarity in texture and spatial association of the two
damkjernite types, has led this author to the conclusion that
they are genetically related, as part of damkjernite igneous
event. They have segregated as a result either of magmatic immi-
cibility or of crystal differentiation of silicates and dolomite
(i.e. a temperature separation). What we now see, are "composite

1 bodies" (analogous to composite dikes).

2.4.4 Relationship to other rocks.

Damkjernite dikes clearly cut rauhaugite and are therefore younger

Large fragments of damkjernite (1 m across, maybe larger) occurr •
in the explotion breccia described in the next chapter, and it
was therefore emplaced before this explosive event.

Both types of damkjernite are "rødbergized" in places, but as
explained in chapter 2.6 and in T. Andersen's report, rødbergiza-

l-	 tion is a process that overprints most of the rock types in this

area.

2.5 Ex losion breccia.

The geologic map (Plate I) shows that this rock unit forms a body
along the eastern contact of the Fen Complex. It was recognized
as a separate unit during last year mapping and Pack-Sack-sampling
in the Gruveåsen area.

The rock is a cataclasite, with fragments of à variety of rocK
types and of very variable size. In fact, it is difficult to
describe a genuine matrix in this breccia, as the groundmass be-
tween the larger visible fragments also consist of fragmented
material down to a fine powder (almost mylonitic).

The rock is therefore distinguished from a damkjernite breccia
(damkjernite with numerous xenoliths) and other breccia types by
not having an igneous matrix.

Such a totally powdered rock can presumably only form by a violent
explosive process, and the rock is therefore called an explosive
breccia.

The larger fragments of the breccia are mainly of rødberg and/or
fenite composition, but rauhaugite and damkjernite fragments have
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also been recognized, showing that the explosion was one of the

later events to occur in this part of the Complex.

The eastern contact towards fenite (Loc. 142550/52610) has indi-

cation of tectonic activity, with intense crushing and deposition

of hematite, i.e. a fault zone. In my opinion these features are

results of the explotion, whereby the fenite was intensely shat-

tered and crushed. Gases and/or fluids from this volcanic eruption

caused alteration and recrystallization of the adjacent rocks.

The explosion breccia rock unit is recognized in the field by

the variation in size and composition of the rock fragnents. It

is distinguished from damkjernite breccia by lacking the biotite

phenocrysts, and not having the equigranular, finegrained,

appearently igneous matrix.

2.6 Rødber - rødber ization.

Variations within the rødberg is described by T. Andersen in an

accompanying report. A few general comments shall be added :

Andersen describes a variety of textural and compositional rela-

tions within the rocks mapped as rødberg. The title of this chap-

ter indicate that this author regards rødberg as being the result

of a process, which has overprinted and altered other rock types,

i.e. not an igneous unit, and the geological map therefore shows

the areal extension of this process.

It was our intention to try to split up the rødberg unit and

classify the varieties according to what they were before rød-

bergization. This turned out to be very difficult. Only in some

outcrops we were able to see and recognize textural features

which could indicate the original rock, but in most cases such

"primary" features have been either obliterated, or the rock did

not originally have any specific characteristics.

We see clear evidence of rødbergization of fenite (mainly as

patches), rauhaugite (along certain zones, possibly structural)

and the damkjernite varieties. The explosion breccia contains,

as mentioned, fragments of massive rødberg, but rødbergization

of the groundmass has also been observed. This indicate that the

rødbergization process took place over a time span, probably

related to various pulses of igneous activity.
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Where we see clear texture features in the rødberg, the rock

has been given a special symbol on the map.

It has been considered whether the rødbergization process merely

involved recrystallization of preexisting rocks, with exsolution

of hematite derived from Fe-rich (ankeritic) dolomite, i.e.
without introduction of Fe and alteration of the overall che-

mistry. This is suggested and discussed by T. Andersen.

Assays data for Fl, F2 and F3 drill cores does not totally sup-

port such a hypothesis. Average Fe-content of Fl (32 assay zones)
is 8,6 % Fe, whereas rødberg in the same drillhole has an aver-

age of 14 % Fe (23 assay zones). Average for F2, which is vir-

tually all rauhaugite (40 assay zones) is 10,4 % Fe. F3 consist

dominantly of rødberg with an average of 17,7 % Fe. It therefore

appears that the rødberg is higher in Fe than rauhaugite, indi-
cating an introduction of Fe during the rødbergization process.
The differences are, however, not so marked, and it is possible

that rauhaugite might have originally been enriched in Fe in

certain zones, which later have been preferably subjected to

rødbergization.

Examination of massive rødberg (from the mine dump) under CL

reveals that it is composed of both calcite and dolomite, in

accordance with Andersen's observations. The dolomite generally

show a red luminescence, indication a Fe-poor variety (lumini-

zation will be quenched with a Fe-content > 1 % in dolomite,

A. Mariano, pers.com.). The rauhaugite dolomite, on the other

hand, show no luminization generally, and therefore appear to

be richer in Fe. This should support the idea of "isochenical"
transformation of rauhaugite—) rødberg (Andersen), but petro-

graphy done so far is far to scarce to be conclusive.

2.7 Ma netite-rich basic silicate rock.

This is generally a finegrained, dense, dark grey to greenish

rock, characterized by high magnetic susceptibility ( 5-10 % rtt).
It has mainly been observed along mine walls and in mine dumps.
It's relation to the rødberg and in particular to the massive

hematite veins has not been studied in detail, but it appears

to cut the rødberg and is itself transected by hematite veins.
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In an area NW of the farm Gruben (Loc. 142200/52700 - 142300/
52750) there appear to be a more extensive body of this rock
(mainly revealed by magnetic susceptibility measurements in a
sparsely outcropping area).

	

2.8 Late dolomite - carbonatite (breccia).

In the Fen Adit there occur a body of white-grey, massive dolo-
mite-carbonatite with frequent inclusions of red patches of
rødberg - partly hematite-rich. A fragmental (breccia) structure
is marked in some parts, with angular fragments of a more grey,
"impure" dolomite rock resembling "ordinary" rauhaugite. Simi-
lar features have also been noted in rauhaugite in the "veg-
skjæring" section, but here we have not seen rødberg inclusions,
and they were therefore regarded as variations within the rau-
haugite.

Because of the rødberg inclusions and rauhaugite fragments, this
rock has been interpreted as a late dolomite intrusive body.
Bearing in mind a model of enrichment of special (and valuable)
elements in late stage magmatic segregations, this rock is of
special interest, and it has been sampled in the Fen Adit by
Olmore.

	

2.9 Pink felspar-rich rock.

Within the area comprised in this report, this rock has been
observed in two outcrops (Loc. 142415/52675 and Loc. 132420/
52630) i.e. some 50 m apart. It possibly forms a dike-like body,
which, in case, appear to cut through damkjernite (see Plate I).

The rock is pink, massive, with variations in grain size. Pink
fsp. is the dominant mineral, but some chlorite and possibly
other mafics are observed as irregular patches. A similar rock
has been mapped by Olmore further west (along the shore of lake
Norsjø). We have considered the possibility of calling it a
syenite, but hesitate to do so with the limited petrographic
data we have.
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2.10 Diabase.

Two dikes of finegrained,grey, massiverock are mapped as dia-
base, and believed to be related to the Oslo Graben igneousevent.
They occur in the road-cutapprox. 75 m W of the Fen Adit portal.

The distinctionbetween this rock and the magnetite-basic-sili-
cate rock (if any !) should be established.

	

3. MINERALOGY.

In addition to the mineralogicalstudiescarriedout by T. Ander-
sen (see accompanyingreport), this author has done some detailed
studies of three mineral phases which were encounteredduring
microscopicexaminationof rauhaugitesamples.

	

3.1 RE-minerals.

In three thin sections (samplesDDH Fl - 22)4m,Fl - 66,4m and
10KM79),a fibrousmineralwas detected.It occurs as radial
aggregatesdispersedthroughoutthe dolomiterock, and in sample
10KM79 it is enrichedinveinsassociated with baryte. This sample
was examinedby microprobe,which gave the followingcomposition:

Element % element % oxide formula

Ca 3.336 4.668 1.040
Ce 31.348 36.717 2.796
La 20.769 24.357 1.868
F 5.635 8.007 3.706
Th 1.034 1.177 0.056
0 12.804 0.000 10.000

Total 74.925 74.925




SEM examinationshowed that the fibreswere composedof two
phases (Fig. 3), and EDAX-spectrarevealedthat both phases were
Ca-containingRE-fluorides,but with differentCa-content(Figs.
4 and 5). They are probablyan intergrowthbetweenparisite and
synchisite.

3.2 Baryte.

This mineral occurs as aggregatesof equant,low birefringent
grains, evenly dispersed.As mentioned,it is enrichedalong
veins in sample 10KM79.
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Under CL it shows a pale bluish grey luminescence.Microprobe
analyses confirmedthe presenceof Ba and S-lines on EDAX-
spectra.

3.3 Ilmeno-rutile.

Et
Et

Et

This mineral was first detectedin sample 111(1479,where it makes
out approximately5-10 % of the TS (visualestimate),as euhedral
crystalsand crystalaggregatesdispersedthroughoutthe rock.
It was identifiedunder the microscopeas rutile,but microprobe
analyses revealeda rather complexcomposition:

Element % element % oxide formula

Ti 43.562 72.664 8.217
Nb 7.354 10.519 0.715
Ta 6.936 8.469 0.346
Fe 3.648 4.693 0.590
Mn 0.060 0.077 0.010
Ca 0.356 0.498 0.080
Sn 1.139 1.446 0.087
V 0.216 0.318 0.038
0 35.414 - 20.000

Total 98.685 98.685




Accordingto this analyses the mineral containsa significant
amount of Nb and Ta, and some Sn, in addition to Ti and Fe.

The TaL-line,which the analyses is based on, lies very close to
a SiL-line,and the computerwas thereforealso programmedto
analyse for Si. This, of course,changed the value for Ta drama-
tically,as most of this peak was counted as Si :

Element % element % oxide formula

Ti 44.287 73.873 7.874
Nb 7.188 10.282 0.659
Ta 0.052 0.063 0.002
Fe 3.737 4.307 0.570
Mn 0.061 0.079 0.010
Ca 0.355 0.497 0.075
W 0.0 0.0 0.0

Et
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Fig. G SEM Back-ScatteredElectronImage of ilmeno-rutile
in sample 11KM79.White = Nb-poor; Grey = Nb=rich"

Fig, 7 EDAX spectrumof

se:5c area in fig. 6
Note low Nb-peak
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Fig. 8 LDAX spectrumof
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but strong Fe-lines.
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% element % oxide formula
Sn 1.134 1.440 0.081
V 0.220 0.323 0.037
Cr 0.0 0.0 0.0
Si 2.845 6.087 0.863
0 37.573 - 20.000

Total 97.452 97.452




I.e. negligible amount of Ta, but we also got a poorer "total"-
figure.

The rutile mineral was subsequently examined by SEM, and fig. 6
is a back-scatter-electron image showing that the crystals con-
sist of the two phases :

a grey phase, with Ti, Fe and some Nb as the major components
(EDAX, Fig. 7),

a white phase, with Ti and more Fe , but with little Nb
(EDAX, Fig. 8).

Ta did not show up on EDAX on any of these phases, but a Sn-peak
was obtained in phase 2.

Based on the SEM BSI-picture, the two phases were again analysed
by another microprobe (at SI), with a spectrometer attached to
it, which enables a more specific analyses of the exact wavel-
lengths for Ta and Si. Neither Ta nor Si showed up !

The rock sample 11KM79 was also assayed by XRF (± 30 % relatively
accuracy), but no Ta was detected.

The composition of the ilmeno-rutile is however not resolved.
The two microprobes used, and the SEM unit give deviating results
as far as Ta is concerned, and more work is required, preferably
by someone who can offer better standards for the elements in
question.

In Deer, Howie and Zussman (1966), ilmeno-rutile with 15 % Ta
and 10 % Nb is described, and Sn is appearently "typical" in Ta-
rich varieties.

Rutile grains were detected in a number of rauhausite samples,
and it is also present in the matrix of carbonate-rich (dolomitic)
damkjernite and in rødberg. Amli (1974) described ilneno-rutile
as a relatively common mineral in rauhaugite and rødberg samples
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from the "vegskjæring" area, but he did appearently not analyse
for Ta.

4• MINERALIZATIONS.

4.1 Hematite mineralization.

•

Study of the extent and nature of hematite mineralization has not
been a priority matter this season. Most of the mine pits are
marked on the maps. The walls of these pits represent good out-
crop,but they are very difficult to get to. So far only general
mapping has been done on accessible sections.

Hematite deposition seem to be associated with fault zones, with
a general NW direction (120g)• Crossing directions are also
developed.

It is remarkable that massive magnetite-bearing basic silicate
rock often seem to occur along the walls of the stopes. A pos-
sible geneticconnection is therefore indicated, for instance
that fault zones cutting the magnetite-bearing rocks formed
channelways for oxidizing fluids with alteration of magnetite and
Fe-silicates to hematite.

	

4.2 RE-mineralization.

As mentioned in a preceeding chapter (3.1), RE-minerals occur as
dispersed aggregates in rauhaugite, and are enriched along veins
together with baryte.

The average REE-content of rauhaugite and rødberg is tco low to
make ore grade (FSJ-investigations). A secondary vein type of
mineralization may, however, result in a local enrichment in
certain zones in the carbonate rocks. Such appearent secondary
enrichment has been described from Tuftestollen (01more, 1981),
where it is associated with magnetite and pyrite along an assumed
fault zone.

	

4.3 Nb-mineralization.

Amli (1974) identified both columbite and Nb-ocntaining ilmeno-
rutile in his samples of rauhaugite from the "pregskjæring"area.
He states that : "A general impression is that Nb-rutile occur
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in orders of magnitudemore frequentthan columbite"(page 41).

Chemicalassays show an averageNb-contentof all samplesana-
lyzed so far of only about 0,1 % Nb. A Nb : Ta ratio of about
10:1 will, however, greatlyenhance the value of this mineral.
This means approximately1 % Ta in ilmeno-rutile,or 0,01 % Ta
in an "average"rock sample.This is close to the detection
limits for the analyticalmethodswe have used, so the rutile
remains an importantpiece in the puzzle.

4.4 Fluoritemineralization.

.Rathermassive fluoritemineralizationhas been observedin two
localities:

Loc. 142800/52065.
Loc. 142900/51955.

Loc. 1 has been chip-sampledover a 2 x 2 m area. The sar.p1e
contained9,5 % F, equivalentto approx. 20 % CaF2.
This localityis situatedat the edge of a basic silicaterock,
but the fluoriteseem to sit in rauhaugite.

A careful search for more CaF2 along the shore of lake Norsjø,
towardsBolladalen,was carriedout, as this zone may represent
a cohtinuationof a possible "Bolladalenfault zone".We did
not find any CaF2 along this section,nor any evidenceof tec-
tonization.

GENERAL COMMENTS.

It is, of course,prematureto suggest a model for the evolution
of the Fen Complexbased on the work that has been done far, but
this author should like to point out some strikingfeatures.

The Fen Alkaline Complex is assymetrical.The SW sector is domi-
nated by basic silicate rocks - melteigitesetc., at least partly
relativelycoarsegrained.TowardsNE, søviticcarbonatitesstart
to appear, as dikes and largermasses, probablyassociatedwith
a mafic silicatephase. A centralzone, extendingfrom Tufte to
Vipeto, is dominatedby mixed carbonatites(calciteand dolomite).
Further NE-wards,rauhaugite (type II of Brøgger)has the largest
areal extent. In the NE sector of the complex,rødbergbecome
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more frequent.The rødbergizationprocesshas thereforebeen
more extensivein these parts. An explosiveevent createdthe
rock along the NE margin.

This picture may indicatean evolution,from more deepseatedmag-
matic rock to the SW, possiblehigher level intrusivesin the
centralparts and a sub-surfaceexplosivephase in the NE corner,
i.e. a younging and higher level volcanismfrom SW to NE.

The rødbergizationprocess has accordinglybeen more pronounced
in the higher levels of this sequence,and thereforean oxidation
process in a near the surfaceenvironmentmight be a possibility,
as opposed to a chemicalone (stabilizationof Fe3+ by intro-
duction of alkaline solutions,A. Mariano,pers.com.).

Stabekk, 30-9-1981.

Kristen Mørk
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REE-ANALYTICALTECHNIQUESAT THE MICROPROBE.

REE-analysisdo not ordinarilybelong to the routinemethods at an

electronmicroprobe.Analyticaldifficultiesare caused by the

closenessof the X-ray emission lines in the spectra of the individual

elements.The REEs show interference-,mass-absorbance-and fluor-

ecence-effectsstronger than any other group of elementsin the

periodicsystem.Neverthelessseveral labs have developedtechni-

ques to determineREEs in high consentrationsin minerals.

Amlie& Griffin (1975)developed a method for quantitativeanalysis of

all the REEs with a wavelength-dispersivemicroprobe.This method is

both time- and work consuming,and demands extensivecomputertreat-

ment of the microprobedata. It is, however, possible to do this

kind of work at the Museum.

The existingmicroprobesetup at the Museum (ARL-probewith LINK-

system energy dispersiveanalyser,program ZAF-4/FLS),allows simul-

taneousquantitativedeterminationof 14 elements,when the REEs are

excluded.Because of the complexityof REE-spectramorecomputer

capacityis demanded,which implies that fewer elementsmay be ana-

lysed at the same time.

The Fen-rocksand minerals are generallyheavily enrichedin the

lighterREEs (La-Ce-Nd).Therefore it was decided to try standardizing

these elements (and maybe Eu) at the microprobe.By excludingcertain

overlappingareas in the spectra, satisfyinganalyticalresultswere

obtainedfor La and Ce. So far standardizationfor Nd has not been

possible,due to lack of a suitable standard.(A Nd-standardwas

ordered from IFE in early August, it has not yet been delivered).

The table below shows an analysis of a glassy mix of La and Ce oxides.

(ElementalCe/La = 4/1). The fit to the true compositionmust be con-

sidered acceptable.Note however that the large ZAF-correctionfactor

for each of the REE-elementsdecreasesthe analyticalprecision.

The main advantageof this techniqueas comparedto the wavelength-

dispersivemethod, is its extreme rapidness.A partial analysis of a

simple REE-mineralsuch as bastnåsiteis completedin about 5 minutes

On the other hand, its applicabilityto more complexREE-minerals

(e.g.silicates)has so far not been tested.



- 2 -

An expandedversion of the computer-programused (LINK'sZAF-4/FLS+),
with a capacityof altogether30 elementshas lately been developed.
The Museum is consideringbuying this system in the near future,at a
cost of around 25 000 Nkr.

If this system is installedat the probe, it would be possibleto ex-
pand the field of interestto all the REEs, and probably also to ana-
lyse REEs in more complexphases than is possible today.

Reference :

Amlie, R. and Griffin,W.L. (1975) : Microprobeanalysis
of REE-mineralsusing empiricalcorrectionfactors.
Am. Mineralogist,60, pp 599-606.

SPECTRUM : LA/CE STD N8-

LAST ELMT BY STOICHIDMETRY




3o-6-1981

FLMT ZAF % ELMT % OXIDE FORMULA
LA 1.004 17.105 20.060 373
GE 985 64.899 76.015 1.402
sI 986 1.348 2.883 145
AL 689 252 476 028
CA 1.317 078 110 005
o 399 15.862 000 3.000

TOTAL




99.544 99.544




Electron microprobeanalysis of a standardglass with elemental
Ce/La ratio of 4/1 (obtainedresult 3.6).
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SURFACE GEOLOGY OF THE CENTRALGRUVEASENAREA,

EASTERN FEN-COMPLEX.

This part of the common report (writtenby Andersen)is concerned
with the occurrenceof "rødberg" (a carbonatitestainedred by dis-
persed hematite)in the Gruveåsen-Bolladalenarea in the easternFen-
complex. It is based on fieldworkdone by Andersen in May, July and
parts of August 1981. Some laboratoryresults (microprobedata) ob-
tained in the same period are also considered.The descriptiveparts
of the report are concludedby some speculativegnetic remarks.
There must be viewed as ideas that could (or should)be tested by
furtherfield-, geochemical-and mineralogicalwork. The author leaves
the Fenco-staffat the 1. september 1981,but he hopes to be able to
continuework with these and other Fen-problemsin his new position
at the University.He also looks forwardto cooperatecloselywith
the Fenco-Unionstaff.

a) l'idberga_petrographyand field occurrence.

In hand specimen the rødberg is characterizedby a dark red to
carminecolour on weathered surfaces,and by a grey to reddish
grey colour on fresh fractures.

The mesoscopistructureof the rock varies widely. It has proved
convenientto define the followingfour "field-types"of rødberg :

Homo enous rødber - A finegrained,"structureless"rock,
sometimeswith minor medium grained veins or blebs of red
calcite. Small scatteredmegachystsof greyish green chlorite
(presumablyaltred biotite) occur in some areas.Hematite can
be found as small, speculartabletsdispersedin the rock.
This subninitis dominatingin the western part of Gruveåsen
and in the southernBolladalen.

"Im ure" or silicatebearin rødber . - This is a rock_domin-
ated by carbonate,but it has abundantfine grainedsilicate
(mainlychlorite),forming lensesand veins. These are not
clearlyvisible on weathered surfaces.Magnetic susceptibility
measurementsindicatethat this rock-typeis locallyrather
rich in magnetite.The "impure"rødberg can be found locally
in the western and centralGruveåsenassociatedwith the for-
mer unit. Gradual transitionsseem to separatethese to varie-
ties of rødberg.



Rødber with fra entar structure. This unit is a silicate-
bearing rødberg variety,recognizedby a pronounced"breccia"
structureeasily visible on weatheredsurfaces.

Angular fragmentsof red carbonate,each between a few mm and
more than a dm across are embedded in a grey to red silicate
bearingmatrix. Thistnit,which is in places difficultto
distinguishfrom the easternborderbreccia(describedby Mørk
in this report) occupiesa considerablearea in the east-
centralpart of Gruveåsen.

"Rødberized" damtjerniteor damt'erniticrauhauite. This rock
differsfrom the otheriunitsmainly in that a relict "primary"
texture can be observedon a mesoscopicscale, and that it
grades into an obvious parent rock in the field.

Randed chloriteor serpentine-richfragments,a few mm in dia-
meter and chloritemegachysts (biggerthan those in the homo-
genous rødberg, upto 3 cm across) occur abundantly.The matrix
is also more silicaterich than in the other varieties.The
unit can be found in an area south and southwestof the en-
trance to the Fen-adit.

As long as no systematicthin section data exist the mesoscopic
classificationoutlinedabove should be returned.Accordingto the
approvedIUGS nommclatureof carbonatite-rocks(Streckeissen1980)
the differenttypes of rødberg should be named hematite-calcite
carbonatiteor hematite-dolomite-calcitecarbonatite,dependingon
their carbonatemineralogy.The silicousrødbergmight be called
hematite-chlorite-calcitecarbonatiteetc.

• To clarifythe mineralogicaldifferencesbetween rødbergand rau-
haugite and the variationswithin the rødberg itself, a few micro-
probe analysisof carbonate-phaseswere performed.The results of
these are shown in fig. 1. An iron-bearingdolomiteor ankeriteis
the dominatingphase of the rauhaugite,which accordinglyshOuld be
classifiedas ankerite-ferrocarbonatite(Streckeissen1980).

-Thetwo rødbergsamples show some differences.The sample from F-3
drill-coreis a pure hematite-calcitecarbonatitewith very minor
relict ankerite.Sample 8 from the entrance of the Fen-adit is a
hematite-dolomite-calcitecarbonatite(accordingto the apparent
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abundanceratioof the phases). The texture is somewhatporphyritic.
The bigger crystalsshow Fe-contentsbelow the detectionlimit,but
the calcitecontainsome manganese (max. 2,7 mt % Mn0). The rather
erraticFe-rich calciterepresentpoint-analysisin the very fine-
grainedgroundness.It is more than probable that the iron-values
are artifactsdue to exitationof hematite inclusionsand crystals
along grain boundaries.

Contact-and age-relationsof the Rdberg.

Where the contactbetween rødberg and raugaugiteis exposed,the
rødbergcan be shown to cut through the older rock. This is observed
both at the apparentcontact of the main rødberg area (loc. 52400,
142400)and in a minor scale where rødberg is developedalong frac-
tures and crush-zones(e.g. at severalplaces in the brecciated
rauhaugiteexposed in the roadcutwest of the Fen-adit).

No definalcontactsbetween the units i) to iv) are exposedin the
centralGruveåsen.The petrographicvariationsobservedindicatethat
gradualtransitionsexist between units i), ii) and iv). On the
other hard, the fragmentaryrødbergmight have an unexposed,sharp
contacttowardsthe other units (themost promisingarea being the
densly coveredwoodlandwest and southwestof loc. 52700, 142300).

In the breccia exposed in the roadcuteast of the mine adit rødberg
occurs among the inclusions,and must thereforeat least in part be
older than the formationof the breccia zone. The easternborder-
zone of the rødberg-fieldhas been studiedin detail by Mørk and
Foslie, and will thereforenot be consideredany furtherin this
part of the report.

Veins and dikes.

Severalveins and dikes are observedin Gruveåsen.Where the contact-
relationsare exposed, these are indicatedon the map.

i) Hematitedikes. Hematite dikes occur all over the Gruveåsn-area,
most of them have been partly removedby mining activities.
The old mine-map thereforegives some structurallyimportant
information.

The main mineral in the dikes is always hematite (mostlyas fine-
grainedmasses, specularhematitehas not been observedin dikes
from the rødberg area). Magnetiteand silicatesoccur in variable
amounts.Some compositeveins with alternatingbands of hematite
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and coarse enhedral calcite parallell to the walls have been
observed (e.g. at loc. 52475, 142345).

ii) Oxidized crush-zones. These are zones of veins a few dm to a
couple of meters wide, consisting of a finegrained, bright and
porous material. The veins are enriched in hematite relative to
the surrounding rock, whether this is rødberg or rauhaugite.
The contact to the wall-rock is a gradual transition over a few
centimeters.

iv) Ma netite-rich silicate dikes. These dikes are finegrained and of

a grey colour. They have been found at a number of localities
all over Gruveåsen, and in most cases they seem to occur in con-
nection to mine-systems, (the dikes themselves do not seem to
have been mined) as at localities 52720, 142405 (sample F 00649)• and 52605, 142400. The magnetite-rich dikes are cutting the

rødberg, and show sharp contacts towards it. At loc. 52390, 14320
a magnetite-rich dike is cut by a (permian ?) diabase dyke.

Minor veins and blebs of light brownish-yellow, translucent
ankerite occurs in the dyke at loc. 52495, 142364 (sample F 00646).

Both the mine-map and observations in the field indicate that
hematite dikes follow a rather well defined structural pattern
with a most abundant direction of N 120°Ø. This direction coin-
cides with the most pronounced fracture orientation in the area
(as interpreted from aerial photographs). Magnetite-silicate
dikes and the few possible permian dikes observed (diabases) do
not follow this pattern.•

Altred gneiss.

Altred gneiss as described by Mørk from outside the complex is present
as fragments in damtjernite intrusive breccia and as a bigger "raft"
in the rødberg around loc. 52550, 142400. The contacts toward the
surrounding rocks are not exposed.

The gneiss is brecciated, with a large number of veins of fine-grained
hematite-silicate material. These have little or no calcite and an
overall hardness greater than the rødberg.

Damtlernite intrusive breccia.

(The photographic characteristics of damtjernite and its inclusions
are described elsewhere by Mørk).
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Unaltreddamtjerniteand a damtjerniteintrusive "megabreccia"
occupiesa ratherwell defined area southwestof the Fen-adit en-
trance (around52600, 142400).

The inclusionsin this damtjerniteare mainly altred gneiss, ranging
in size from centimetresto biggerthanthe individualoutcrops.
Westwardsthis unit grades (?) into the gneiss "raft" described
above, to the east it is cut by the easternbreccia zone.

The groundmassis locally oxidized,and might in places be considered
a true rødberg (loc. 52605, 142410).

f) Genesisof the rriberg.

The rødberghas since the work of Brøgger (1921)been thoughtto be
of metasomaticorigin.Re34, REEs etc. should then have been intro-
duced to the rock systemby a fluid phase of unknown origin.

•

Anotherpossible "rødbergizationmechanism"is that the pure hema-
tite-calcite(or hematite-dolomite-calcite)carbonatitewas produced
by otherwiseisochemicaloxidationof ferrocarbonatiteof rauhaugite
type. The data presentedin fig. 1 above seem to supportthis pos-
sibility.

It is however beyond doubt that iron must have been mobilizedduring
the formationof the Fe-ore dikes. An aqueous volatilephase in
equilibriumwith solid carbonateat low to moderate temperatureis
unable to carry ferric iron in solutionin the necessaryconcentra- '
tions to producea massive hematite deposit (compareGarrels &
Christ (1965),fig. 7.11). On the other hand additionof a proper
complexingagent to the system could increasethe-mobilityof iron.
Under reducing conditionsFe24 concentrationsin a fluid in equili-
brium with sulfidesare high enough to allow considerablemobility
of iron (Helgeron1969).

If the rødberg itselfhas been oxidizedwithout mobilityof iron,
the hematitedikes could be producedby oxidationof previous
ferrousdikes (e.g.magnetite-pyriterocks of the type known from
Tuftestollen,Olmore (1981)).This problem should be consideredin
the futurework with the rødberg.The problem of metasomatismvs.
"isochemical"oxidationis also of economicimportancein this part
of the Fen-complex.It would be of great value to find out whether
the high concentrationsof REEs locallyin the rødbergarea really
are due to some kind of metasomatism,or simply inheritedfrom the
parent rock.
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MINERALOGY :

IDENTIFICATIONSAND CHEMISTRYOF FEN MINERALS, 1981, I - A
PRELIMINARYREPORT.

This preliminaryreport summariseswork done in the period
15/3 - 1/9, 1981.

The mineralogicalstudies done on Fen-materialso far are re-
strictedto :

Identificationof phases and intergrowthsof phases from
sampleswith suspectedREE-mineralizationby means of X-
ray diffraction.(Debye-Scherrercamera).The X-ray runs
and the film developingwere made by cand.real.Borghild
Nilsen at the Mineralogisk-GeologiskMuseum, Oslo.

Analysisof known or suspectedREE-mineralsand other phases
of possible economicinterestby electronmicroprobe (at the
Mineralogisk-GeologiskMuseum, Oslo).

Laboratoryfacilitiesand technicalassistancewere availableat
the Museum due to an agreementwith Fenco. In addition to the work
reportedhere,theauthor has in cooperationwith dr. phil E.-R.
Neuman,been trying to develope analyticaltechniquesfor REE-
minerals at the probe. The results of this work are reportedse-
arately.

Results :
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Hi h REE-sam le from Tuftestollen F 00113 ( rovidedb
S.D. Olmore).

The sample consistsof medium- to coarse grained subhedral
magnetiteand pyrite,with minor gypsumandchlorite.Inter-
stitial parisite (Museumfilm no. 25738 ) and bastnäsite
replacingparisite (film no. 25734 ) were identified.

Table 1 gives partial compositionof one point of each REE-
phase. (Notethat Nd is not determined).An analysisof magne-
tite from the same sample shows very pure Fe304 with Ti and
V below detectionlimit.

Mineral se re ations from rødber and ma netite-richdikes,

Gruveåsen.

Clustersof yellow to light brown grains occurringin minor
blebs and veins in several samples from the dump of the Fen
iron-mineswere examined,also were som?lightsegregations
in a magnetiterich silicatedyke from centralGruveåsen
(sampleF 00646).

The X-ray films show intergrowthsof differentphases, the
most common are : Ankerite,hematite,magnetite,goethite,
quartz and monazite (the only REE-mineralfound, occurring
as intergrowthswith ankerite and goethitein a sample from
the mine dump).

No microprobeanalysishas been performedon this material.

Yellow orous material from a dyke at the border of the

Carbonatite E. Gruveåsen (K. Mørk, sample 11 1980).

The sample examinedconsistsmainly of a soft, finegrained,
yellow mass with minor opaques and quartz. In thin sections
it has a pronouncedpleochroism(yellow-brown).The mineral
gaves no lines on a- X-ray film, the chemicalcomposition
seems to show little variation (table2). The analysisand
the opticalpropertiesindicatea sheet silicate.Certain
identificationis not possiblewithow6 X-ray data.

Fibrous mineral from søvite,Håtveitbekken(K. Mørk sample
14, 1980).

This mineral (suspectedto be wollartonite)is proved by the
probe analysis (table 3) to be an alkali-amphiboleof the
riebeckite-magnesioriebeckitecompositionalseries (kkIce1978).



Sheet silicate from the entrance of Tuftestollen(S.D. Olmore
1980 - sam le).

A probe-analysisof the mineral (suspectedvermiculite,Olmore,
1981) shows it to be a biotite.

Ne heline from the Meltei area.

A sample of pegmatite nephelinefrom "Urthite-pegmatite"
(Brøgger,1921) south of Melteig farm was analysedwith the
microprobe.The nephelineshows no compositionalvariations
within the single-crystalexamined, (tab. 4 gives the composi-
tion of onepoint),but it is unfortunatelyrather high in iron.
Along cracks the nepheline is altred to a white mica. This
alterationproduct is present only in minor amounts in the
section.

Even if the iron content of this sample is much too high for
the nephelineto be of any economicinterest,some more analy-
ticalwork should be carriedout to check whether this is re-
presentativefor the entire "melteigite-complex".Unfortunately
the existingthin sections (Hydro-samples)are all glass covered.

More analyticalwork is currentlybeing done by the author in
cooperationwith S.D. Olmore and project leaderMørk. Hopefully
we will be able to present more compositionaldata for REE- and
Nb-Ta-mineralsduring the autumn. Further analysesof REE-
phases should however be postphoneduntil it is possible to
obtain satisfyingresults for Nd.
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Table 1.

Partial compositionof parisite and bastruesite,sample

F 113,

Tuftestollen.

7.74-711i gri."7":":211;
!rsi'v't,st:# - •

jzfillgrl“ - ;giARISITE.,TLIHESTOLLH ;

LAST:lttlTBY STOICHIOMETRY

Z'AF




'IDE FOFMULA

.921 21.168 24.;25 .5a2




27.442 32.143 .g.70

978 .041 .087 .005

.693 .060 .113 .003

1.0:48 .000 .000 .000

1.228 6.863 9.603




1.1,35 6.716 9 .543




.351 14.025 .000




76.314 7A.314
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.353
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Table 2.


Compositionof yellow mineral,sampleKM11,from the eastern

border of the Fen carbonatite,E.Gruveåsen.The'probeanalysis

also indicates some fluorine.

- 8ECTPUM: GULT MIMP. FEM 11/T.M.

IRST ELMT EY :TOICHIOMETRY




FLMT ZAF '.-.ELMT ''.0..I DE FDP. MULA

: I i. 006 14. f:-::::2 31.729 2. 296

T I . 886 . 012 . 020 . 0 Cll

RL . 835 9.779 18.478 1.576

FE . 949 23.184 351. C::25 1.805

Mti .839 .000 .000 .000
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CA 1.011 .160 .224 .017

MR . 622 . 2c.48




. 401

K 1.039 3.160 3. :E;07 . 351

0 . 490 36.801 . ii Ij 0 10.000
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Table 3.


'Probe analysis of alkali amphibole from sevite,Håtveitbekken

(an intermediatemember of the riebeckite-magnesioriebeckite

series) from sample KM 14 .

WECTFUM: K.M. 14/FEWUF:JEHT FIEFIG
T.A. FEHC0,31.7.81

LAST ELMT BY STUICHIDMETRY

FINT ZAF *.ELMT %WIDE F3FMULA

5I 1.053 26.440 5s.551 3.066

TI .3=9 .161 .=63 .02?
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FE .910 , 3.099 3.997 .476

Mti .906 .000 .000 .000
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MA .735 4.319 5.9=2 1.510

ic I.001 .749 .901 .164




.815 .000 .000 ,oo
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TDTSL
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Table 4.


'Probe-analysis(scan over one single crystal) of nepheline

from urthite pegmatite,Sof Melteig farm.(Sampledby

T.Andersen 1981)

•
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