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ABSTRACT

The Råna synorogenicCaledonide intrusion in north Norway contains
pentlandite+pyrrhotite+chalcopyrite+pyritedisseminationsgrading up tO
0.8% sulfide nickel in peridotite in the northwesternpart of the body.
Peridotite and pyroxeniteoccur as bands and lenses within a peripheral
zone mainly of norite, around a core mainly of quartz-norite.Crystal
settling appears to have been an importantprocess at Råna but over much
of the intrusionprimary structureshave been severely disturbed by the
later Caledonian fold phases which also involved local overthrusting:
these movements resulted in inioldingand thrustingof units of semipel-
itic and calesilicategneiss and black schist into the intrusion.The
body has the form of an inverted,possibly truncatedcone with its axiS
plunging northwestwardsat a moderate angle.

The peridotites show no obvioUs systematicvariation of sulfide or
silicate mineralogy across strike. Locally, ass&iated with certain
deformationzones, disseminationpasses into ma3sive mobilized sulfide ti
with up to 5% nickel. The proximity of sulfide-bearingblack schists to
mineralized rocks, the occurrenceof graphite djsseminatedin peridotite
and other factors, suggest assimilationof sulfur from the Country rocks.
Sulfur isotope studies do not, however, offer confirmationof the hypo-
thesis that an external source ot sulfur nas had more than very local
significanceat Råna.
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INTRODUCTION

The Råna mafic intrusion lies at approximately68°30'N, in steep

mountainous terrain 20 km soutnwestof the iron-ore port of Narvik in

north Norway (Fig.1).The present paper will give a brief description

of the general geology of the complex, with a more detailed consider-

ation of the sulfide-bearingareas - especially the main one at Bruvann

(Fig.2) - and of the cenetic implicationsinvolved.More comprehensive

treatment of varicus aspects of the geolo,ciyof the Råna intrusivewill

be forthcoming in later papers.

The informationpresented nere results from an investigationof the

Råna mass and its nickel mineralizationwhich began in 1971 and is now

approaching its conclusion.The investigationhas been financed by the

Norwedian steel company Stavanger Staal A/S and by the Norwegian state,

• and carried out mainly by the Geological Survey of Norway.

The intrusion itself has been described by Foslie (1920,1921),and

the general geology.ofthe surroundingarea by Gustavson (9966,1969,

1972). The area lies within the recently published geologicalmap-sheet

Nary-li:(1:250,000) (Gustayson 19Y4).

The mass contains the only nickel deposits registered in the Norweg-

ian Caledonides within a radius of 100 km. The region does eontain mdny

suSeconemic depos4ts of Cu, Pb, Zinand Fe, as described hy Fostie (1941,

1946,1949)and Juve (1967).Nickel explorationat Råna began during

World War I and the several known deposits were investigateda number of

times before the present work was initiated.

The only known major deposit is restrictedto an area of approxim-

ately half a sgare km just north of the lake of'Bruvann near the north-

western periphery of the intrusionwhere it outcrops between 400 and 500

m above sea level (Figs. 2 & 3). Prior to the present investigationa

total of 7,000m was drilled in tnis area at various periods, and during

World War II 800 m of drifting from which much of this drilling was

carried out. The present investigationhas, in addition to geologicalan

geophysicalmapping, entailed approximately28,000 m.of diamond drilling

GENERAL GEOLOGY OF THE INTRUsION 


The Råna mass has a surface area of over 80 sq. km and expresses

positive relief in relation to the surroundingmetasediments.Most of

the outcropping intrusive lies above 450 m and several peaks reach over

1,300 m. The area is dissected by the north-south-runningvalley of 2ixt

Råndal,the lake it contains lying at 12 m above sea level.

COUNTRYROCK
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The surface geology of the intrusion has a crudely concentric arr-

angement, witn a peripheral zone oi norite and a core ol quartz-norite,

both locally amphibole-bearing and bo:}.i locally baberoic, particularly

tne quartz-norite. The nordte zone contains somewhac irregular bands and

lenses of peridotite (the nain host roc:c lor tne nickel nineralization at

bruvann) and pyroxenite. ave nol evenly disposed arount


peripheral zone, but, wuere common, tend Lo occur towards the outer nar-

gin ok. the mass. South ot t.rie min intrusicn occur two outliers: the

Tverrijell synform east oi Rdhdal and on the north side of Kvanakertind

west of Lne valley (Fi(j. 2). ::either ci these appears to extend down to

sea leNiel. The Tverrljell outlicr is tne only pdrt of tne intrusion in

which systematic gravitational banding on scales below 100 m is conmon:

tnese structures, with the exettptien ok a few doubtful cases, are always

iright way up'.

nortnern and nolInwesterh contacts of the intrusson jenerally diF

out dt hiueerdte Lu steep Wrsii@ Lhe soulhern and easern con-

tacu nr.,)inwrIrds undur the ma:w at angles which dre shdituw yu ftbdorate

in e and southeast. TLe contnct between norite drk: t

tr.o -fte-nefite core is eistinet only wnere IcctuflIc, LL care its

dib to tuat oi tne outer contact, except in che - :art

ok t“e intrusion where tc norite/quarcz-norite co':ItadL c. TnE

geometry of the contacts sugrjeJts tnat the intrusion nuc., d ellJe SGU!

the form of an inverted, possiedy truncated, cone with dn a

northwestwards and exposure nearinj the rook in the t:ast. h._s rkudel is

supported by the results of d (jravity survey (:JIndre & Boye. 1977). The

distribution or “•ck types wiyLin s ramewor -Jui the natro :)1 tne

magmatie sravita itnai slructurei, where uol tet. by Idter de:ormdt-

ion, sugeest that ,itationdi forees plaved an :portant role in the


ux

å) fe.liotite

Tne most eummon p-ridoti.o tnrieLy lound xaha is ndrAlurgite with

40-64. olivine (Fo86_87 based on ninc micropro .t.f,analyses), thougn

lherzolitic and dunitic vardeties also oecur, thd locally 9all amounts

piagioclase may be present. TnL.: prd_uotite units in lue northern al


sourhwestern parts of the intruston appear nowever to be generally homo-

gene:s over many tens of metres, with no systematic variation readily

appa:cht in primary eharacterlst:cs.

Ole -ine forms grains up to i mm long, subidiomorphic to rounded

agasne: silicates but aften idiomorphic against sulfides. Except in def-

ormation zones and along nydrated fractures the olivine is almost always



NORGES GEOLOGISKE UNDERSOKELSE
w

unaltered (serpentine, along irrecular cracks, is rare, especially in

the Bruvann area), and as yet no indication of zoning has been found.

Orthopyroxene (hypersthene) occurs as primocrysts similarly to olivine,

as megacrysts up to 1 cm long with rounded olivine inclusiohs, but most

frequently as anhedral interscitial grains. Where present, augite forms

megacrysts or interstitial grains similar to those of orthopyroxene.

Plagioclase is always interstitial in Rana peridotites. Phlogopite is a

common accessory in all peridotite varieties. The remaininc primary

phases, in addition to tue sulfides descriLed later, are picotite spinel,

hematite, ilmenite and mabnerite, all in small amounts. Lesondary amph-

ibole (uralite) in interstices is common, and in deformation zones, talc

and anthopnyllite.

b) Pyroxenite

This rock contains up to about 80% hypersth,rnein generally subid-

iomorphic qrains up to 3 mm long, thogh locally as much as 6 mm. Slight

marsinal zdning is found, and occasionally exson/tion lamellae of augite.

Ur.:ittizdtionis common. Interstitial mfrIeraisdre augite, prIlogopite,

plc.HJcidse and occasionally opaque mrnerals. Olivine-bedring varieties

:101 cw.monly.

. norite is useo here t. sover a wide :ange Ci (

totn plimary olivine-bearing dLo diohr.ile imiced

amounts. Alteration, CeIormatin and rec/vstallizatic.n f.er

complexities. Hypersthene occars as subiAiomorphic grains geheraiIv lhss

tnan 2 mm long, rarely with exsolvec IJmellae oqinopyro»-he rtrieare-

ly zoned. lnclusions oi plagioslase imnyhe presen,.in the hyperstht?ne*mx

(and vice versa). Placioclase mtivmij i» 1)L. -.ne rock and it is XERMX

generally unzoned. Clinopy/oxen, e urcenH has a mode o/ occarrenc

Eimilar to the hypersthene. ,ote¶ d iedt',Are :;one01rthE

rrites in certain areas. Seconr- amrL:void are commor

and where deformed the rock is recrystallized to amphibo-es+


plagiaciase+clinozoisitetnica.

d) Quarr.z-norite

The quartz•norite core o/ the intrasion appears to be less well def-

ined than suggested by Foslie (1?41) and to be more variable internally.

Placioclase is more abundant tnan in the norite, and is often idiomorphic

against quartz which is present n only small amounts. Clinopyroxene

increases relative to orthopyroxene, and primary amphibole and biotite

are present in addition to rare orzhoclase. Superimposed on these var-

iations are the eifects of deformation and recrystallization, especially

marked in the area of Eiterdal.

Later dykes and veins

, These are of two main types. 1) Northeast of the Bruvann area occur
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thin vertical north-south-running dolerite dykes. 2) Throughout the

intrusion, but especially in the southeast, occur sills of granite,

trondhjemite and quarrz-rich pegmatite.

STRUCTURAL GEOLO3Y 


Thouhh the Råna intrusion may postdate the stroncest phases of reg-

ional deformation, the effects ui zne ldter pnases have locally been

very pronounced. This applies paflicularly to the area north of a line

from Bruvann to Saltvikvann and zo a belt from Kvanåkertind to Eiterdal.

(Fig. 2). Deformation in these dreds cor.tespondingto une re2ional F3

movements appears to have Leyln witn the development of segregation

banding in norite/metahorite, with subseguent iolding of the bands. RztEb,

Folding of the contact soutneast of Bruvann dnd south of Sepmolfjell,

and the d2velopment of the TverrEjell syncline seem to date from this

period. The climax of this pLase of Geformation involved disrupzion of

the mass in two major areds:

Tne overInfusting ol zne parz oi the intruston northwest ul a

IIAC from hruvann to stana(knoun as Ine Arnesnesten block) (Fi

Low;:rdstesoutheast. The tlifustis del:hed by zwo yne:s ';;Ode_c3

d serles of lehses .Theissl'yinc;1n stroni:..;

drcuate zone dipping nortnwest dt sr:_epangle wLich bec.m.es at

cee2er levels. The Arnesnesten :loc has d com.lex anzcfn.... as

d result of folding and taulti.1j,some .ofznis :-eldtento thrust

ing. In addition to disruptin:jtne ,:rintaryicnecus strLet,;.[

block, tnese movements reslted in the emj)lace:tentwiteLn LliCK of


gneiss lenses and slabs oi vdrious type: ineluhing black scniz (fies. 3

& 4). Relative to most olner ,:artsol n3rIte periphery this nrea is


distinguished by its high pruportion 0: ,Ltran-liLcrtocktu n-riL( and

by the presence of lafse Vja: ur p(2r,:i:JtLte witn nickel-Learing

sulfide dissemination. Tnis is not in uptnrust if


tne model of the intrusion ds an inverted cune in wnich grav,..ynettling

has been active is correct.

)6)The southern part of tne intrusion wds difected by the formation

of synclinal structures both edst and west of Råndal, those at Tverr-

fjell and north of Kvanåkertind eventually becoming separated fron the

rest of the intrusion by completely recrystallized deformdtion zones

containing bands and poas of country rock.

The F4 told pnase seen in the surrounding gneisses appears Lo have

its analogue within che intrusion in north-soutn block faults common in

well exposed areas on the soutn side of tne mass, and also on SepmolfjeI

and in the Arneshesten block.
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ingly complex in the southernpart of the area: mineralizedhorizons
split up and generally become weakerYlhe peridotiteunite finger out
and pass into generally noritic rocks of rapidly varying character.

Close to the base of the mineralizedperidotite in this area occur
accumulationsof massive epigenetic sulfide with up to 5% nickel. This
type of mineralization,first found at Bruvann in 1974, is now known
from several localitiesalong an east-west line (1250 N) close to the
southern contact of the deposit. These locationsusually have in common:
1) the presence of peridotiteor other olivine-bearingrocks,
2).deformation,and
3) the presence of tectonicallyemplaced gneiss lenses includingblack

schist.
Almost all of the localities show the massive sulfide occurring in connei
ection with disseminationin peridotite.(Fig.41.

West of the fault which dissects the Bruvann area, (Fig. 3) the sit-
uation is more complex.This part of the deposit is of a tonnage some-
what greater than that of the eastern area but it is nowhere exposed andwas not discovereduntil 1972. The western area contains two major miner-
alized peridotiteunits which lie rather klat in the south and which
increase in dip to about 450 to the northwest.The present stratigraphy,
partly the result of complex deiormation,is, in simplikiedfoim, fromtop to bottom:

Complex of interbandednorite, peridotiteand pyroxenite.
Upper mineralizedperidotite.
Interbandedperidotite and pyroxenitewith subsidiarynorite.
Lower mineralizedperidotite.
Pyroxenite.
Norite (to depth drilled, approximately400 m below sea level)

The western area nas several features in common with the eastern area.In both cases tne peridotites,both mineralizedand unmineralized,ter-
minate abruptly on their northern margans against a ridge of norste
(under country rock in the western area). In both cases the dissemination
tends to be ricner and more homogeneousin the nortn and more discontin-uous to the south.

It is thoughtprobable tnat the major mineralizedperidotite in the
eastern part of the Bruvann area and the lower mineralizedperidotite inthe west were originallycontinuousand tnat the upper peridotite in thewest may be a tectonic repetitionof lower one.

Typical sulfide disseminationin the peridotitesat Bruvann contains:pyrrhotite (50-75%),pentlandite (10-35%),chalcopyrite(5-15%) and min-
ute amounts of pyrite (less than 0.5% according to a detailed point count
analysis by Malvik (1977)).The sulfidemineralogy of olivine-noriteand
byroxenite in
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In many parts of the intrusionthere are numerous subhorizontal

pegmatites, individuallyup to 50 m thick and with a total thickness

within the visible section of up to perhaps 200 m. These appear to have

been emplaced along subhorizontalfractures at a late stage in the

history of the intrusion,and possibly associatedwith the release of

load pressure related to uplift.

ORE GEOLOGY

DEPOSITS

a) The Bruvann area.

The deposit contains a calculated40-50 million metric tons of

sulfide disseminatedperidotite averaging 0.33% sulfide nickel. Restrict-

ed parts of this tonnage average as much as 0.6%, and individualanalyses

reach 0.8-1.0%.The deposit has approximatedimensionsof 900 m east-west

and 500 m north-south.It outcrops at 500 m above sea level at its east-

ern end and the deepest mineralized zones lie at 100 m below sea level at

the western end.

In the middle of the area the deposit is cut by a northeast-southwest

running hinge fault, the throw of which increases northeastwards from,

about 200 m close to Bruvann. East of this fault the peridetite is underj

lain by pyroxenite which in turn lies on norite. The base oE the peridot41

ite is rather flat-lying in north-south section and rises to ttleeast. In

the north the peridotite stops abruptly along a steep east-west contact

against a ridge of norite.and is cut off in the east by faulting with

upthrow to the east. Thus the norite underlying the Bruvann peridotite is

thought to be equivalent to tne idrgely noritic rocks on Arneshesten. The

peridotite is also affected by various lesser dislocations. The main ø

mineralized zone strikes east-west pardllel to the rock contacts and,

where not appreciablyaffected by deformation, as in profile 2600 F (Fig.

4), has a dip of about 450 near the surface while flattening out in depth

towards the south. Above this main zone occurs a series of thinner, more

tenuous zones of mineralization. A grossly simplified stratigraphy for .

the eastern area is, from top to bottom:

50-100 m: unmineralized peridotite containing thin, erratic zones

of mineralization. '

20-50 m: mineralizedperidotite (the main zone).

0-70 m: pyroxenite.

150 m: norite (to explored depth).

Much of the area is complicatedby deformationzones and by bodies of

other rock types including gneiss whose geometricrelationshipsare often

not amenable to interpretation(Fig. 4). The situationbecomes increas-
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uously and interstitiallyto olivine and hypersthenebut, in richer por-

tionxs, has the 'net' texture described by Naldrett (1973).The pentlandi
./

ite occurs for the most part as discrete, irregular grains close to or at

the margins of pyrrhotite and in cracks through pyrrhotitegrains.

'Flames'and lamellae of pentlanditeare present in the pyrrhotitenear

fractures and grain boundariesbut only in minor amounts - of the order

of I% (Malvik 1977). A somewhat curious feature of the disseminationis

the variabilityof the pentlandite:pyrrhotiteratio from area to area on

a polished section.The cnalcopyritealso occurs as free grains marginal

to pyrrhotite,but in addition is present as crack fillings cutting acrOS

other sulfides and somerimespenetrating.adjacentsilicates.Pyrite forms

isolated idiomorphicgrains in pyrrhotite. small amounts of magnetite

occur, often near the makrgins of olivine grains, and small amounts of

intergrownhematite and ilmenite are disseminatedinterstitially.In

• common with Ramdohr (1969), the writers nave found minor amounts of gra-

phite within sulfide disseminatedin peridotite. (Small amounts of gra-

phite are also dispersed within other rocks of the intrusiveat Bruvann

and elsewnere).

As noted earlier, accumulationsok massive ore occur locally along an

east-west-runningzone near tne soutnerknborder of the Bruvann area, and

their emplacement is apparentlyto some extent tectonicallycontrIled.

In most, but not all cases, this mineralizationlies beneath normally

disseminatedperidotite and above a gneiss-likerock pearing considerable

sulfide impregnation.The massive ore and the underlying impregnation

have a variable Ni:S ratio, generally lower than is characteristicfor

the disseminationin peridotite. In certain drillholes the massive sulf-

11, ide has a continuous thicknessof severalmetres: in others it has been

injected into veins from a few centimetres to several decimetres •cross.

It would appear that the massive ore accumulatedsubseguentto the sol-

idificationof the peridotite and along a zone of disruption between the

more homogeneous thicknessesof peridotite to the north and the more var4

iable rock types to the South. The presence of the sulfide-richgneissosE

rock beneath the massive ore may also have some genetic significance.



Rånbogen (Figs. 2 & 3)

This area, which lies near the northern contact of the mass, east of

Råndal, has been the focus of some attention since 1915, but has never

been drilled. Both norite and peridotite are commonly mineralized,thoug

irregularly so.

In some of the norite fine, unevenly disseminatedsulfide is common

and in certain deformed belts this passes over into zones of massive
•

sulfide

Rånhesen-shear zones up to several metres wide and several hundred

metres long contain predominantlygrapnite and pyrrhotite,with smal1(xmz

amounts of other sulfides,and also rounded inclusionsof silicates.Thes

zones may include lenses of black schist in which variable amounts of

graphite and pyrrhotiteare accompaniedby small amounts of chalcopyrite.
Mineralizationalso occurs irregularlywithin the peridotites in

Rånbogen.Two bands near the northern contact contain sulfide almost

•exclusively as rounded drops up to 6 mm in size. Further south weaknormal disseminationis found in peridotite.Common to all mineralizatio

so far known from Rånbogen are low Ni:S and Cu:S ratios (Ni:S is 1:14

or lower in the peridotites).The peridotitesrarely show more than 0.25

sulfidenickel.

Eiterdal (Fig. 2)

Tnis deposit lies at 300 m above sea level on a steep mountain side

in the southeasternpart of the intrusion.Five short exploratoryadits

were driven into the deposit during World War I but, because of the

apparently limited extent of the mineralizationand the difficultyof

the terrain, little further work has been-done.

The deposit occurs in olivine-norite,along the underlying, sheared

contact of the intrusion- here in contact with calcsilicaterocx con-

taining black schist. Near the contact the norite is also deformed, and

contains lenses of calcsilicaterock. The various types of mineralizatio

include 'drop' ore and impregnationwhich locally passes over into more

massive ore. Analyses from Eiterdal show up to 1% Ni in richer impreg-

nation with a Ni:S ratio of 1:10.

d) Other mineralizations.

Elsewhere in the intrusion,but particularlyin the northern part of

the norite periphery,peridotite commonly contains weak dissemination

with rarely more than 0.2% sulfide nickel. Vein sulfide with negligible

contents of nickel and copper also occurs, especially in sheared areas.
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Mineral chemistry

Table 1 shows tne results of microprobe analyses •f olivines and

sulfides from mineralized peridotite at bruvann. Sample 1 is from a zoneft

containing 0.4% sulfide nickel and the other two from zones witn 0.1% orli

less sulfide nickel. The pentlandites have compositions falling within the

range shown to be characteristic for the assemblage pyrrktotitejpentlanditt

+chalcopyrite+pyrite by Harris & Nickel (1972), a systematic relationship

also suggested by Graterol & Naldrett (1971). Harris & Nickel also show

that the nickel contents of coexistinn pentiandite and pyrrhotite are

crudely proportional (see also Papunen 1970) anu that tne cobalt content

of pentlandite varies inversely with that of nickel: the Råna data are in

agreement with these concluslons. Pentiandite 'ilEames' in the pyrrhotite

contain several percent less nickel than discrete grains.

• The microprobe was also used to search lor possible variations in

olivine or sulfide compositions relalive to gran boundaries against each

other: no such variations were found. This and the textural evidence (a

greåter tendency for idiomorphism in olivine acainst sullide tr:anacainst

other silicates) tend to disprove any sungestion that direet sulfurizatio]

of olivine (as suggested by Kullerud & Yuder 1965 and by Naldflett1966J29,

1969) has been an important process in the Råna peridatites. olivine


analyses show a positive correlation between sulfide nickel and the per—

centage ok nickel in olivine, as has been demonstrated on


natural material by Hakli (1971) ana experimentally by Fleet et al.(1977)

Bulk sulfide chemistry

A substantial portion ok the drill core material from the Bruvann

deposit has been analyzed both kor the total nickel content of the rock

(acid soluble) and for the sulfide nickel content (bromine soluble). The

difference between these two figures can be taken to represent approxim—

ately the silicate nickel concent of the rock for each sample. In turnr

given the peridotiticnature of rhe rocks and the partition coefficientst

for nickel between olivine and other silicates (Hakli 1971), this figure(

must be strongly influencedby the nickel content of the olivine. Assays

from two drill holes cutting the same mineralizedperidotitejust over

100 m apart are shown in Fig. 5. In Fig. 5a is shown a situation similar

to those described by Naldrett (1966) from the Alexo deposit and by Hakli

(1971) from the Tyrvaa and other deposits in Finland: in this case silic-

ate nickel shows a backgroundlevel of 0.06-0.10%,which decreases to

zero in the mineralized zone which has a grade of 0.4-0.6% Ni. Fig. 5b

shows a zOne with similar sulfur and sulfide nickel contents but in which

the silicatenickel content rises slightly,from a.backgroundlevel of-
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approximately 0.1%. The only major difference in rocK types between the

two sections is that the mineralized peridotite in Fig. 5a is split up

by two weakly to unmineralized pyroxenite zones, wnile the zone shown in

Fig. 5b is entirely oi peridotite (except wnere cut uy a late pegmatite).

Tne distinction between tnese two zones could not te explained by sulfur-'

ization unless this were a very local phenomenon.

The Ni:S ratio for mineralization at Bruvann varies fro 1:2 downwards!
4

but is clustered between 1:2 idQ 1:5-6, witn a median at approximately

1:4. This is typical oi the values for nickel suiride deposits in perid- ;

otites given by Wilson & Anderson (19'..)9).Tne Cu/Cu+Ni ratio (0.2) of thel

Bruvann dissemination lies witnin the rance foune in deposits in ultra- I

mafic rocks (Naldrett & Cauri 1976: kajamani & Naldrett 1978). It should I

here be noted that the majority odeposits ror whicn such metal ratios ;

are cited as characteristic are Arcnean (e.g. ceposits of the Abitibi

and Nanitoba belts), and occur in host con.plexeswhich as a whole are

mucn more maiic than tne Räna mass.

It nas been roted already that certain metal ratios appear to be

cnaractEristic of different parts of the intrusion. Thas, ht Bruya.nn,

where tne dominant mineralization is in peridotite, the Ni:S natio is 1:4

while in Eiterdal, in olivine norite it is 1:10 and in RAnooden, wnere

the mineralization is prebominantly in norite, the ratil)is 1:1.4at less.

A similar tendency with respect to rock type has been shown by HAKIi

(1971). This trend sug(Jeststhat the rullide :Liga,tkdin c,:rtdIn:JcIrtsof

the intrusion attained a Gegree ot local homogeneity, the composition

being dependent at least in part un the nature of the silicate magma• present.

c) Sulfur isotope study

The presence of graphite in v„Iriousrocks in the intrusion, the
vn

juxtaposition of sulfide-ricn Ulack schist with Sineralized peridotite

and massive sulfide, and disequilibrium features such as illustrated in

Fig. 5 led the writers to suspect an external source for some ot the

sulfur in the deposits.

The presence of graphite in sulfide-bearing mafic intrusives has been

described from the Bushveld Complex (Liebenberg 1970), Kotalahti (Haapala

1969), Hitura (Papunen 1970), the Harriman and Warren deposits in Maine

(Rainville & Park 1976) and from the Water Hen Intrusion in the Duluth

Complex (Mainwaring & Naldrett 1977). In ax number of these cases country

rock xenoliths are prominent. Sulfur isotope studies based on the differt

ence in 348/32S between Sul4ies'in black schists and other metasediments

and the ratio for sulfur from normal uncontaminated mantle-derived magma

have been used(Wto indicate a partly external source of sulfur for the

aulfides in certain ma.ricintrusives (Godlevskii& Grinenko 1963:Vtakibg
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Naldrett 1966: Liebenberg 1969: Mainwaring & Naldrett 1977).

Table 2 shows the results of sulfur isotope analyses performed on

Råna samples. On the principle that investigations of the origin of

sulfur in ore deposits should be oased on the sulfur isotope ratio for(xki

the total sulfide content, not that of the individual minerals (Rye ac(fialma

Ohmoto 1974), the sulfide minerals were nort separated individually. The

samples consisted of more than 93% pure bulk sulfide fractions, with the

mineraloay for individual rock types as described earlier. The writers

have to date not found published suliur isotope data for separated pent-

landite, but data on separated mineral fractions of coexisting pyrite,
1-1

pyrrhotite and chalcopyrite (i/Akke18 197g: Rye & Ohmoto 1974: yrainwaring

& Naldrett 1977 and others) suggest that the degree of isotope fraction-




ation which can be expected in this paragenesis and at high temperatures

• of deposition is very limited. In addition, the changes in sulfur isotope

ratio so far demonstrated as due to wallrock contamination (Liebenberg

1969: Godlevskii & Grinenko 1963: Mainwaring & Naldrett 1977) are almost

an order of magnitade greater than those which would be expected from

isotope fractionation.

The results for dissemination in the Råna peridotites (Table 2) are

closely comparable with those cited by Stanton (1972) kror a rinLer of

de,)osits in mafic and ultramcfic racks and interpreted

uncontaminated magma from a deep-seated ,:ource. Tnis ap.:±iec cHAJILy to

the samples of dissemination in norite, and, tnaxu<jh ILe :dm -kles from

pyroxenite and massive sulfide cenLain sligntly neavier sui±ur, L}.e

difference is small and does not appecr to ue re1ated to variaticns in

1111the proportions of sulkide minerals.

The sulfur within tne Lands 01 ulacK scnisL, Doth within and outside

the intrusion, is on average markedly liuiater Inun meteoritic sulfur, and

are clearly lighter than the values obtned ±rom dissemination in perid-

otite. The values fall within the range cited by Stanton (1972) for

ancient sedimentary rocks with no volcanic component.

These results would appear to suggest that external suitur was not a

significant factor in the formation of the mineralization in the perid-

otite at Bruvann, nor,probably in peridotites elsewhere in tho intrusion.

Only very locally ( and only in samples in which graphite is clearly

visible megascopically) has external sulfur had an obvious influence.

A possible explanation is that country-rock sulfur was absorbed only

locally, and/or at a stage at which the norite may have been in a mushy

state or even after much of the mass was solid.
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DISCUSSION 


A classificationeof ultramafecand associatedmafic rocks was pro-
posed by Naldrett & Gasparrini (1971) and later modified by Naldrett *X5121
(1973) and by Naldrett & Cabri (1976). In all three papers the main emph-
asis is on the.implicationsof the classificationfor metal deposits,
especiallyof nickel, associatedwith these rocks. With more general
geologicalconsiderationsin view, classificationsof mafic and ultra-
mafic rocks have been published by Thayer (1960, 1971), Jackson & Thayer
(1972);Thayer & Jackson (1972),Moores (1973) and Wyllie (1969).The
Råna intrusionand a number of others in tne Caledonides,including
those of the Seilend Proxvince (Robins & Gardner 1974), Ireland (Leake
1970: Kanaris-Sotiriou& Angus 1976) and northeast Scotland do not fall
easily into any of the published classifications.This problem aknd many
of the difficultiesin interprelinethe eana mass and its mineralization
arise from the fact that, though it eas many of the features of the
stratiformor funnel shaped intrusionseccurring in stable areas, it lies
in an orogenic belt and also nas many of the features of the intrusions(ej
classi±iedas alpine (Jackson& Thayer 1972). In tnis context the use of
the terms 'stratiform'and 'concentric'(descri•tiveol•the form of the
intrusicn)as opposed to 'alpine' (descriptiveof present eeological
envircement)(Jackson& Teayer 1972) seems untortunateas “Iso
tendency to equaLe talpineultrame±icrecks' with opniolite (aidrett &
Cabri 1976: Garson & Plant 197e). Some reservallenece existinc

classificationsof mafic and ultramailcrocks feLefebeen expresned by
Challis (1965, 1969), Challis & Lauder (1965),MeTageart (1971),Nesbitt
et al. (1970),Moore (197e), eobins e Guedner (1e7e) and otilers.

As has been describee, tee ecre of Ue contacts o.fthe Råna intrusion
suggest the shape of an inverted cone, pcssibly truncated,witr its axis
plunging norrewestwardsand the nechest eection of che cone, pessibly
near the roof of the inteusion, in tne east and the deepest section in
the northwest. In a very general sense tne distrioutionof tne seridotite
bodies lends support for teie model, as they are not frequent on the east.
ern rim and are most frequent along tee northern and northwesterncontact
Further confirmationof this model is given Dy the nature of the Arnes-
hesten block which, having been terust up from an even deeper level than
those exposed elsewhere,contains not oniy perieotiteso± substantial
thickness,but the only ones in tne intrusionknown to be significantly
mineralizedover large volumes. However, when consideringthe distribut-

iOn and attitude Of the individualperidotitebodies problems are en-
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countered: the individual peridotites may be subparallel to the outer

contact ( eastern Rånbogen, Tverrfjell) (Fig. 2) or discordant to it

(western Rånbogeh, Bruvann) (Figs. 3 & 4), some bodies changing along

their length from apparently concordant to apparently discordant. So far

the writers have failed to construct a model accounting for these comp-

lexities: they must, however, be related to the extensive syn- and post-

(text)intrusive defromation of the area, and complicated by the possibilit:

indicated by the nickel-rich metal ratios from Bruvann, that some of the '

peridotites may have crystallized from an earlier, more mafic magma pulse.

The pentlandite-bearing sulfides at Råna are invariably within, or

closely associated with olivine-bearing rocks. Though the writers do not 1

believe that direct sulfurization of olivine has been a major process

in forming the nickel mineralization at Råna, the connection between

olivine-bearing rocks and nickeliferous sulfide magma is not thought to

be coincidental cr purely laue to physical factors. Irvine (1975, 1977)

has suggested the existence of a mechanism which would seem to explain

satisfactorilZy makny features of the Rana mineralization. He suggests

that an increase in silica or alkalies in 7a magma (either by contaminat—,
ion or by magma mixing processes) causes a polymerization of the macma,

,
which results in ions such as Ni2+ wztn hign ocrahedral site prei.erence

energies being preferentially expelled from the silicate licLzidand into

the sulfide magma. Among aspects tne Bruvanh deposit eyit13.inecL. by

this process are: 1) the mineralization does not occur at the base of the

peridotites and 2) the mineralization, both disseminated and massive, is

almost always associated witn peridotite, and to a degree may extend into

adjacent pyroxeknite (Fig. 5a).

A further, possibly relatod, mechanism is suugested by: 1) the comm—

only nonidiomorphic nature of olivine crystals in the peridotites( except

against sulfides) and 2) the prominence of orthopyroxene in the perid—

otites and of orthopyroxenite in association %ith them — both factorstlingni)

pointing to a period in which olivine was being resorbed by the magma as

a result of the olivine —enstatite reaction relationship. The partition

coefficient olNi/HyNi (Hakli 1971) is such that this process, though

affecting only a portion of the original volume of olivine crytallized,

because it would be active more or less throuchout the magma chamber,

would release substantial quantities of nickel to the macma to be

preferentially absorbed by available sulfide liquid.

A number of mineralogical and field geological indices suggest that

part of the sulfur in the Råna mineralization was derived from black(sx •

schist lenses within and around the intrusion. The sulfur isotope results

seem to indicate that this process may have been active, but only locally
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and apparentlynot at a stage at which the major mineralizationat

Bruvann could be affected.This tends to suggest that the tectonic

juxtapositionof black schist and mineralized rock seen in the Bruvann

area occurred too late to have had any influence,even on the massive

sulfide. Conversely,to have had more than local influence,such con-

taminationprocesses would seem to require the incorporationof(tke)

country rock into the magma very early in its crystallizationnistory.
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TABLE MICROPRO3EANALYSES

Oljvjnc
110.

SiO2 Mg0 Fe0Ni0 Fo anal. total

411

41.2 49.3 13.9
40.1 46.6 12.9

40.2 50.1 14.1

Pcntlanditegrains
Weicht%

fr Fe Ni 00

0.19

0.15


0.16

3

86.3

86.6

86.4

total

3 104.6

3 99.8
3 104.6

Atonic%
Fe Ni Co

No..
S anal.




1) 28.3 36.8 1.1 34.0 100.2 22.9 28.3 0.9 47.9 2




2) 29.8 34.1 1.5 32.1 97.5 24.4 28.7 1.1 45.8 3




3) 29.0 34.4 2.3 32.5 98.2 24.1 27.2 1.8 46.9 2




Pentlanditeflamesin pyrrhotitc






1) 33.7,31.4 0.2 34.2 99.5 27.3 24.2 0.2 48.3 2




2) 36.1 29.0 0.3 31.0 96.4 30.6 23.4 0.2 45.8 3




Pyrrhotite








1) 58.4 1.33




40.0 99.7 45.2 1 .0




53.8 2

• 2) 61.9 0.04




35.5 97.4 50.0




50.0 3




3) 59.5 0.59




37.7 97.8 47.3 0.04




52.2 2

The analyseswere performedusingan ARL.CDC- SM electron

microprobeat the Inst.for Fysikk,I:orges..u&miske:dgsko1e,

Trnndheim.
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TABLE

Sumnary of sulfur isotooe data

No. of Ave.

•

flineralizationtype sanples 5.34s Rance of 534S

Peridotite dissemination 11 +0.3 —2.5 to +1.6

Pyroxenite dissenination 1 +2.7 ••••

Norite dissenination 6 +0.7 —0.1 to +1.6
Norite diss. with craphite 4 -5.9 —3.7 to —7.6

Massive culfide 10 +2.3 +0.4 to +4.2

Massive sulf. with craphite 3 -12.E —3.2 to —17.6
Su1fide fron blaci:sehist
within the intrusion

4. -7.A —3.6 to —13.6

Su1fide from br:-ekschist
outside the intrusion




—9.0 +1.0 to —13.5

Lhe anaLyses were perfoned by Geochron I,nboratoriesInc.,

-.;oston.%543 is measured reative to 343/323 for Conon Ginhlo
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Le-ends for 1-LTu r

Fig. 1: r.,)of Norway showing the location of the R&TiaintrusiPn.

Fig. 2: Geological map of the Råna intrusion.

Fig. 3: Geological map of the northwesternpart of the Aåna intrusion.

Fig. 4: Geo1og1.ca1interpretationof profile 2600 E in the Bruvann area:

the coordinatesrefer to the system a1so used in Fiss. 2 & 3.

.ftg.5: Log sheets for two core sections from the Bruvann area showing

geology and analyticalvalues: H refers to acid soluble

nickel and NiBr to bromine solublenickel.

•
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