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1, Introdugtion

The fieldwork was carried out during the summerseason from 21/6 till
3/9/66,for Bleikvassli Gruber A/S in Mo-I-RANA.

The area is located cirea 20 km east from Mo and ineludes the
sastern No=fjell,the Reinfjell and a small part of the RBd-fjell.

It can be reached by the road to Umbukta.

The main purposs of the work was to make & geological map of an area
in which geochemical Gu-ancmelies were discovered recently,

The geological investigations extend over an area of cirea 12x7 km,
Studies of air-photos resulted in the structural map.A sample-map

was made of the most important Cu=-anomaly(No.4).

2.Geol and Petrogra

The regional metamorphie rocks have metamorphosed in the garnete
amphibolite facies for the greater part.

They can be classified into three groupss
1.Garnetemica=gneisses(partly pyrite=bearing)

2.Amphibolites

3. Miga=schists(partly with caleite and/or limeatone/dolomite bands)

The suecession is from old to young,as can be observed rather well

on the central parts of the Reinfjell.From its summit,which is the
gneissic core of the anticline of the Reinfjell,to the north ,first
an bolite zone is traversed and still lower the miga-schists with
1imestone/dolomite bands and lenses can be seen.In this direction’

in-view of the 0ip of the sohlstosity;™® SoVEF in higher stratigraphie
units,as the north limb of the anticline is normal, (See:fectonigs).



South of the Reinfjell the mica sehists with the intercalated limestone-
and dolomite bands ere not developed in this area,This can be explained

by lateral facies change so that the calec-mica schists chamge to

more quartg~fedspar rich sediments towards the south.Here,BjSrndalen

has been mainly built up of gneisses and migmatites,The pyrite-bearing

gneisses are no% se important as in the Reinfjell area and are narrow
scattered sones between the gneisges(with the red garnmet and biotite
and/er muscovite).The migmatitic character of many gneissic rooks is
probably due to & process of differentiation during the regional mata-

morphism of the ridek complex,

On the Reinfjell gradual transitions from gneiss to more schistose

gones with mussovite ,calcite or/and graphite 41s common,probably due

to veriations in mtmrphiu—degroo.d:asstd by pwiginal rock composition.
So,for instance, intercalated graphite schists and cale-mica-schists
ocour here and there,intercalated in the gnoiss.indicating-a variation

in 1lithology a.ndta variable resistance %o metamorphism,

A distinction has been made on the map between the pyrite-bearing and
ore~free gneisses.In both garnet,biotite,mscovite,quarts and feldspar
occur,but in the pyrite-gneisses we find also pyrite and chlorite as
comnon constituents.Also they show,except on the fresh surface,brown
(1imonite),red(goethiet?) and yellow(sulphur) weathering surfaces,
giving typical weathering surfaces and pulverdzing of the rock.

This can be seen on an extensive scale on the RBAfjel)l =summit and its
marked southescarp,northeezst of Rauvatnet,The pyrite~bearing,brown
coloured gneisses are alsc comeon in the northern slope of the Mo-fjell.
This gone is splitting up towards the east,near Utsikten,in two separate



zones,which ocontinue on the northern and southern flanks of the Reinfjell,
The strongly coloured rock show finely dipersed tiny pyrite cubes and
-grains,The ore is secundary weathered into limonite,sulphur,etc,The
garnet algo is often changed into limonite grains,The biotite changes
into chlorite,which on its turn can be comverted into muscovite flakes,
The rock composition ,probably leads to easy and thorough desintegration
by such processes as chloritisation and limonitization.

The feldspar~quarts lenses ,the garnet and the pyritegrains form more
resistant bands than the biotite-chlorite=muscovite~pyrite-limonite: bands,
Pyrite 18 the only gtnol;hvrﬂ found in these gneisses,besides

traces of Zn and Cu,a8s can be stated from the analyses of the NMosgruben-

mine ore(see Bconomic Geology).The dfp{sod pyrite may here and there

concentrate in massive oreebodies({Mosgruben).

A striking feature is the association of these ore-bearing zones in the
gneiss with the commonly long(till 5 km) end thin(aome meters till 50 m)
amphibolite bands,which run consordantly with the schistosity of the
gneisscomplex, These amphibolite bands are generally understocd as former
basie tuff layers or deposits.Their boundsries must coinecide therefore
with the general bedding plane or plans of depositiog,The dark green
hornblende is the main oonstituent of the bands.In shearzones biotite-
chlorite concentrations occur(l7) or the amphibolite show pyrite-bearing
zones(32) as can be seen in the description of seetion 2,below,

The amphibolite bands below Utsikten are responsible for the ore-

bearing gneiss zone in this area(ses section 1).Outcrops in the waterfall
tract and alomg the hairpin roed were a great help in making the situation
clear,as the fjell-slope is heavily vegetated here.

The pyrite-bearing zons on the southern flank of the Reinfiell is associ-
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ated with some three or four amphibolite bands,running parallel with the
schistosity and with the eest-west folding axes,On one of the dands

fvre Reinfjeldet is situated and parts of this band cuterop in exposures
on the roadside short east und west of this settlement,

The othex bands hare are ,e.g.crossing the transportroad to the Mosgruben-
mineer are cut off by the mainroad towards Utsikten.

Also on top of ths Nofjell an emphibolite band could be traced over a
short distance,probably wedging out in the strike by tectonie squeesing,
With this amphibolite(636 m top) an ore bearing gneiss sone is assoclated,
which concentration of the pyrite {two workepits were made hexre).

Also the amphibolitebands on the Reinfjell may be thinning out or splitting
up in still thinner streaks on soms plases{e.g.the thick amphibslite band
1 km north of Rauvatnet 4s quickly thinning out towards the Rgdfjell,

but returnes in a small lens in the same strike north-east of the fjell
sumnit, This wedging out is asexribed to differential movement and squeezing
out of the band,One of the amphibolitebands at fvre Reinf)ell shows

from east to west between the mins~road and ths Umbukta-road a splitting
up into thin streaks as oan be seen at a roadoutorop in the road bend
west of the settlement.

The following rock digeription is from a section along the road frem K-8
through the thick amphibolite band ,1 km north of Rauvatnet:{Section 2)
1.0arnet-mica=-gneiss,bordering the amphibolite band to the north with a
steep northarn dip(70°K).

The gneiss becomes more chloritis towards the amphibolite with the same
dip and strike,The chlorite sometimes is segregated in streaks and bended
lamellae(sample 14).In the chlorite the pyritegrains are abundant byt

finely dispersed,while limonitization oocurs(pit on the road-verge).
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The gneiss has a kind of “Augengnelse™ textureswhite feldspar—quarige
rich zones around the red garmet or garnet-olusters proceeded from the
growth of the latter mineral,The almandine garnet was formed at the cost
of the immediate surrounding dark minerals in a certain metamorphie faclies
Here also an intensive isoclinal folding can be seen end the migrated
quartz has concentrated into npressure~shadows”,as the hinges of these
folds.
Streaks of bdiotite=chlorite=pyrite~garnet separate more feldspar=quartz
rich stresks,which contain some biotite and garnet,Limonitization ocours
in some of the mentioned minerals,as the pyrite,causing a rusty aspect,
3. quarts-£e1dspil®ifls tupregnated by limonits,supplied by the biotite
and chlorite,
4.Mica and pyrite are finely dispersed in the gneiss.No garnet,Biotite
and quarts-feldsper lenses,l m thick zone.(15)
5.Inorease of quarts-feldspar in quantity as well as in thickness, The
garnet im well developed again in this zome,
6.Thin concordant with the sehistosity rumning amphibolite bands and
streaks of some ems thick with red gernet,These amphibdlite bands are
splitting up in thin lamellas ,whieh often change in a chloritic compo-
sition,dy the alteration of the amphibole. The quartz~feldspar lenses
econtain often brown calcite.
7.Thick coarse grained and disecordant feldspar-quartgs~-mica veins in
thegneiss and amphibolite.
8.The amphibolite foramsthe major roek component,in amphibolite zone(16)
with pyrite finely dispersed end in thin lamellae(32),Isoclinal folding

with the quarts migrated in hinges of folds,The dip is variable between
40%and 700 North, Alternation of strongR folding and straight layers

suggests strong differential movements in the emphibolite.
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9. Pty matio veins are ahvundsnt,Sideway dimruption of a small gneiss band
over some cms and vague "boudinage" structure oan de seem in this gneiss,
10,Thin chlarite=biotite zcnes,probably reflecting former shear sones,

in which the amphibolite locslly altered into the mentioned minerals by

& prooess of retrogressive motamorphiom(17).In a 4 meters thick zone the
amphibolite is pyrite=bearing.Finely dispersed pyrite or in thin lamséllae,
(18,32).

11, The garnet-mica gnsiss sgain is reprosented,cltorneting in thin bends
with amphibolite.Differenticl movements in the rockscsused a migmetic
aprearanos,Iscolinel folding border to straight unfolded layers,asltermating
irregularly.The wedging out of the ¥wo rock types iz also irregularly,
Quartz segregations in "pressure=shadows™ ag the hinges of the folds here.
The schistosity is dipping north (40-7.0N),

Section P-P'

From & small mining pit("Thermeoa”,420) towerds the RBdfjel},the following |
rock types were found,perpendicular to the astrike:

1, Pyrite«bearing gneiss,in which pyrité-concentrations in a eertein cone
to messive small lemses,coneordant the schictosity(some amall trenches

and "Thermos®-pit)(22),

2.7 smal) amphibolite band,

S.Fine preined micn gneiss,pertly schistose with chbundont museovite and

s drovn weathering(limonitization),

4.,Garnet diotite gnelss with limonitizetion of its dark minerals

S.Thin amphibolite bands and biotite rich zomes in this gneiss, One of the
amphibelite dands 1s associated with a pyrite bearing gneiss with intens-
ive brown and yellow weathering colours.Semple (10) is a hormblende-sehist
cccurring in the amphidolite band,with blotite and suall garnets.



6.Chlorite-mugscovite gneiss with calcite,forming comspicuous broad,hard
almes$ white dbanks in the gensral strike of the rook complex,FPlastic
folding is common.No pyrite.The zone is about 20-30 m wide,

7.Garnet bearing caloarsous mica gneigs with thin pyrite bearing zones

of some meters wide .

8+A thin sone of garnet mica gneiss,with irregular concentralons of biotite
in bands.

9.Calcareous mscovite-chlorite sohist with blotite.The latter is limonie
tized and therefore the schist has a brown colour,

10,Veathered gneisses with moderate pyrite whioch are intercalated in these
sehists,

li,Caleite=chloritesmiacovite gneiss with harder bands of garnet-mica gneiss
end microfolding sonspicuous by the pronounced hard quartz-felldsparstreaeks
in the gneiss,

12,Pyrite~bearing gneiss with local emrichment in a small shee$ ,This

ore has been mined in a smell pilt.Abundant red,yellow and brown colours,
13.A broad zone of white garnet mica gneiss along the northern lake-shore,
14,.CGarnet-biotite zneids =nd biotite-gneiss with pyrite 4impregnations on the
southern shore of the fjellelake with a to the east rapidly outwedging

of an amphibolite band{the same which forms the road outerop 1 lm novth

of Rauvatnet).This pyrite bearing gneiss occupies the whole high fjell-
area south of the loke and has very conspicuous red and brown colours.

The zneiss is partly chlorite rich as in the great escarpment K.B.of
Rauvatnet(12).

34Tectonios
Different folding phases can be distinguished:

l.Isoclinal folding on a swall seale(some cmsesome m,)
2.Mesrofolding by a compressional stress in a NEW-SSE direction,

3.Macrofolding with & compressional stress acting in s NE=SW direetion.



Ad,1)

The intensive folding,observed in the whole rock complex,has contributed
to the schistosity of the gneisses and amphibolite bands,

This zmall scale folding shoulinot be considered as a mere intensive
bending by compression.Such bending would destroy ,for instance,the
long,otraight and relatively thin amphibolite bands,ruming parallel the
schistosity(till a length of about 5 kilometer and a width of some meter),
The folds, therefore,mey be better explained as the result of ocleavage-
foldingor a combination of this and a process of flow,as the elastie
properties of the rookmass stert to loose their influence and become
visoous,The olesvage~-planes run in the schistosity-plane.They must be
oonsidered ascthe plagces of intensive closew-spaced differential movenments
and esvidently are running ebout perallel with the outer boxrders of the
amphibolite bands(that is the deposition plane of these metamorphosed
basic tufflayers),wich are not much discoatorted by the intensive
folding.These differential movements can be studied in the fresh road-
outorops 1 km north of Rsuvetnet and also in a rosd-outorop 1% lm south
of this settlement,Irregular foldingpatterns alternate olosely with
straight layers,which only cen be explained by these differentisl movemen®
These folding phase 1s considered contemporanecus with the general

metamorphism and differentiation(segregation-)processes in the rocks.

Ad,2)(See Profides A,B,C,D,B)

Maorofolding in a later stage by compression in e ENW-SSE direction,
caused the more or less parallel axes of the Reinfjell anticline in the
north end the Mo~-fjell-RBdfjell antiocline in the south of the area.
Just beyond the south=boundary of the map the Slolkvold-Snauryggen syn-

¢linal runs slso in the same trend ,but turms sharply to the S-B



in the Tvervainet area,%his syncline is & normal wide structure in the
Sloikvold area,but merges intoc a compressed and overturned structure
in the Tvervatnet area and Snauryggen,the axial plane dipping ca.400 N,
%111 further south,but not detailed investigated,the amticlinal axes
of the Stangfjell runs in about the same directiom,with a sharp plunge
in the Umskar area,where the plunge seems almost vertiecal.

orth of the Twervatinet area the incumbent Rddfjell anticline is some-
what thrusted upon the Tvervatnet synoline with the thrustplane of

a 62.40° N.dipping,probedly represented by the road ouscrop,l% km south
of Rauvatnet,This incumbent struoture turnms to the west into the normal
wide enticline of the Nofjell,The Bj8rndalen i3 the transition area
between the two anticlinal forms just mentioned,The anticline is still
overturned to the south here,

The Reifjell anticline shows also ah gradually increase of the intensity
of folding from west-sast,as the anticline gradually becomes overturmed
and more compressed.To the west this anticline is flattening and
merges intc a flexure and eventually in the north limb of the Mo-fjell
anticline,Also the Reinfjell syneline twrns from a highly compressed
struocture in the east(between Rein-and M34fjell)into a shallow form
and eventua.llyl into a monocline in the west,The axial plunge of the
Reinfjelllis to the west,whoreas the plunge of the Reinfjell symcline
18 to the east.The Mofjell axes plunges east and west from a structural
culmination point,which lies olose to 1o the topographic culmination,
The RB4vand forms a struetursl depression,ss dres the Tvervabd,The

R84Ljell enticlinal axes plungeg westward, The amount of the plunge in
all-cises 1o not Sire than °8“.200.111 excoption forms the stark plungse
of the Stangfjell anticlinal axes in the Umskar ares,and Kiubben,

This area however is not puffielent imvestigated yet.



0

In the thrust-zone of the ingumbeat Rodfjell anticline,of which & part

15 exposed over 50 m, in a road outcwop,l’ km south of Rauvatnet, there are
highly distorted,folded and faultet amphibolite,quartzefeldspar rosk lenses
and & strongly pyritided gneiss zone as an intercalation in the amphibolite.
The outerop show a cloase identity to the sone of differential movemsnt

1 km north of Reuvatnetesettliemont with also mainly amphibolitie rocks.
However,unsufficiens examination of the area east of tho pressnt one,

mekes it not certain if the two 20nmes are siratigraphically the same,us $ae
profile A sugzests,but 18 seems not improbable,

A2

The plunging axes form struotural cnlminstions sond depressions suhich
suggests smothar folding approximately perpendlcular $to the first,with

a gompresgional foree in a NE~SW direction.A sertsin interferemce of the §
$wo f£0lding atages can be deducsd probably from the deviation of the BNE-
W37 axes into a move E-v direction(e.g.%o fjsll anticlinal sxes)e(De Sittes,
Pe314=317)sAlB0 the gemeral berding of the axes in o southweast direction
more to tie east cau be nseribed to this folding stage probably.

Phe wrench= and thrugt-faulting,shown dy the strueturel mep,drawn from
aerisl photos ,are also possible effeets of this compressional siress.

In the Puglen area paris of the norih limb of the Reinfjell anticline
seem to have boen distorted,becoming reversed(with a southward dip) by
this folding.

A a oonsequence the mapped emphibolijebands in the hairpin road area
(Utsikten) will have a more complicated contimuation to the east,than is
indicated on the map,The direstion was deduced from scattered crecke-out-
orops in a heavy vegetation ares.This makes it 4iffiouliy to check the
trends acourately here.
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gonomie Feol

In the area the pyrite ore io dispersed in some zones of the garnet-mioa gneiss
and in the amphibolite bands.On some places the pyrite have segregated in

coarsegrained massive ore=bodies(Mosgruben=423, Thermos=420, Aresns=423,
Bert.lberg_426.s°1u”_425 ,and still amaller pﬂl.o.g.on the Ro:lnr;lell) .

All the pits in the area have been abandoned,The Mosgruben mine,at the south
flank of the Reinfjell is the most important of them all,.The pyrite here

18 sonrse grained(i-1 em § and forliamesthveive layes,sonsordsnt the sshisto-
sity and at the foot of an amphibolite band,The dip is abous 70° North.

The remnant ore is 1 meter thick and probably notélonger than 1 or 2 m.

The pyrite (24) is the main ore.For 5,0u,Zn and 5102 are givem resp, 49%,
002%,1% and 1¥8.As in $races,(N.G.U.Bergarkivet Rapport,¥0.1134).The ore-
body was 150-200 m lomg and 2«5 m wide,according to this report,

On the Nofjell(Bertelberg,Selaaen) smaller workpits were made and here the
ore m:st have been of less importance than at Mosgruben,so far as the dimen-
sions are oconcerned.Some piles of ore=rook outside the mine say something of
the composition and size of the orebod#(25,26).In the mine itself wvery little
ore was left,in the gnelsasic country roock,

At the 495 m top(Sfigruben) small conceatrations of pyrite were found in

a shallow trench end immediate surrounding of a pyrite gneiss,the roof of a
significant amphiboliteband,plunching ca.200NW(the gensral plunche direction
of the Mofjell anticlinal axes here).Sample 31, This ore-bearing zome in the
northern limb of the Mofjell continues furthexr to the west and may be eommess
ted with the ore<bearing sone of large Mo-mine at No-i-Rana.

The topogrephically highest amphibolite band is stratigraephically the lowest
It is not certain if the two bands can be structurally commected by isoclinal
folding or/i-;floublmg by a process of imbrication had taksn plage.

19ns T
No ceachoppoussces eould be observed in the area and therefore



Geochemical anomal y no. 4 (CQPPER) Small numbers

RODVATNET (Umbukta road ) refer to rock samples | s CALE 1:15000
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the bands are here considered as stratigraphiocally different levels
in the morthern limb of the Ho-fjell antiocline,

The Roagrubsn ore zone,in the reversed southern limd of the Reinfjelle
anticlineg, shows another emrichment on a much omeller scale in the
northeeast continuation,just deyond the topographicallpulmination of the
Reinfjell,3 km He.E., of the Mosgruben ming.Here & deep pit was made("Thermod
Ko ore was loft in the visidle paxrt of the pit,vhich was filled up with
water.Hovever some piles of wastematerial show mich of the pyritds ore
eoing from the pit(sample 22),It is quite well possible that the

Hosgruben cre-bearing gneiss sone contains still more enxrichments detwesn
the two mines.Close north of the pit several trenches delivered unsignifi.
oant quemtities of pyrite-ore,The gneiss is strongly limonisimed in pexrtss

The geochemicol anomaly no.4(see fig.l} is 2 Cu-anomaly in a ore=besring
gneiss sone running parallel and south of the Kosgruben oresbearing gneisse
sons, The anocmaly was detailed examined upcn possidle Cu-minerals,however
wifh negative rosult.A close spaced rock sampling was mads for further
chemiosl unalyses{mimbers 1-22).

Fo significant Zn-It orefications occocur in the srea,

For genetisal reflections is here referred to the themis of R.Saager(1966,

Bedifdsee

It mightd be advisable that a further geophysioal rasearch of the mentionsd
Cu=-anomaly should be zade,Provious to this eleo?o—mgutic SUrveys across
more or loss well known ore-bodies(liosgruben)and ore bearing gneisses
bordering the ore-mass,may be useful io learg if there is any significsnt
sontrust betwesn the ore-bearing gneiss and the cre-~less gneise and
between the ore=bearing gneiss and the ore-uuss iteelf,
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