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ABSTRAGT

Grs5nda1en is a northwest-southeast trending valley lying

approximately 10 km. west of the rnining village of Skorovas, in central

Norway. The geology of Gri:Sndalen cornprises the western and southern

rnargins of the G“indalsfjell intrusive complex which has been thrust

over younger rocks within the allochthonous Gjersvik nappe. Litho-

logical distinctions in the field show the complex to be a sequence of

gabbros and later diojites il:tn;clud iato metavolcanios with minor phases

of basic and trondhjernitic dykes. Beneath the thrust horizon a suite

of schistose greenstones occurs, intruded by another igneous complex

ranging in composition frorn trondhjent;tic to gabbroic.

The lithologies have been subject to greenschist facies meta-

morphism, local hornfelinng and widesorad deuteric alteration.

Tentative sections of G:onc have t?. hased on thc

work in Grdndalen and to the
	

iker (1972).

A description of the economic ytoLogy of Gr;-Sndalen is nieen and comparisions

have been drawn between thc GrOndalstje11 complex and other selected

gabbro-diorite intrusive bodies in the greenstone belts of Norway.



1 INTRODUCTION
2

During the summer of 1977, at the invitation of ICIkem Skorovas

Gruber A/S, geological mapping of Grcindal-n was undertaken by Mr

I . L . Ferriday and the author. The ohjective of the study was to define

the local geology and investigate the potential economic value of the

area

1 1 Geociraohy

The mining viliage of Skorovas is situated in the upper Namdalen

valley, Nord TrOndelag, about 30 km from the Swedish border and

about 260 km north-east of Trondheim 1) The Skorovaselva

flows westward from Skorovas along th,t r..)r rn flanks of C":“Sndalsfjell.


to the west of whichlies GrOndalen. Cr:.(nd-ilse1va Ilows approximately

no:ti sonth from CrOnda1sys:-, a con-

fluence with the -s.orovasrdya a.5out west-. of Sk..)r.)vas.

1.2 Physiography

Grndalen is a glacial valley, ev:dently once occupied hy a

glacial lake . The valley floor lies at an average 400 rn. , is forested

Scots pine and is locally ma,s: particularly to the south of


Gro,:dalsvatn where exposure is 1ow.

The valley sides rise gradually to 930 m. at Syindre

Gr(4ndalsfjell to the east and to 800 m. at Murfjellet to the west. The

tree line usually occu-s arouncl the 500 m. level with scrub persist-

ing upwards for another 100 - 200 m . In general there is almost

total exposure above 700 m,
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.ig.2 Synoptic geoloysical of the Scand nvian

Caledonides showlag main stratiform volcanoenie ore

deposits at the Koli structural level.After et a31977.

1Gron
Steknjokk
dis ict

Eastern thrust boundary of the Caledonian
allochthoners

r--^ Castern thrut nal,pe or

14 3a...ement inliers and culminationst
1+ +1

R-7,77 Pre-Cambrian basement re-worked during the
Caledonian orogeny

F-1 nelcland aod equivalent nappes with Lower
Palaaozoic rocks at a higher metamorpic ,;rade

H" ?;etamor:ihrised sediments and eruptives of Cambrian-__I
Silnrian ae

G Princial strntiform pyritic orebodies of vocc
affinity



2 REGIONAL GEOLOGY 5

Simplified rnaps of the Scandinavian Caledonides and the general

geology of the Grong-Stekenjokk district are given in Figs 2 and 3.

The greenschist facies Lower Palaeozoic rocks form part of the

belt of alloc hthonous greenstones w thin the Central Norwegian Caledonicles

In the Grongfelt region these comorise the Gjersvik eruptive com-

plex, a sequence of gabbros that have been intruded by dioritic and

granodioritic bodies which fo m the roots of a volcanic sequence

Unconforrnably over this se(1uence lies a ooiymict cor4.1omerate and

finally the Lirning grocp, composed of a v,triety of ca:careous flysch

sediments. These meta-igneous and rnet--sedirnen ary rocks together

form the Gjersvik Nappe as defineci bv Nafls et al )77) •

This nappe ined , 9 a on the Nappe

which comprises Can-Wro -Sitli -nts and meta-




volcanjcs overlyingpraniti,

Thrust over thest: nappe dnits is ttL Helgelars: Nappe, a sequence

o' high-grade rnetamorphic rocks of suppeseci Lower Pataeozoic age•

The entire uapovt succession rests on a Pre-Cambrian granitic -

gneissose hasernent which defines the Gjersvik N: ppe in the Grongfelt

region to the north and south as the i33rgefje1l and Grong basement

culminations resp,:ctively (Figs 4, 5 and 6).

Mineralisalion occurs at two levels within the eruptive sequence

of the Gjersvik Nappe, The gabbro contains small bodies of cumulus

naineralisation generally of the pyrrhotite-pyrite-ma,J,netite assemblage,

includinc, small 1-)t siLynLicant arn= of nickel, copp•:r and plalinurn
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NAPPE

KÖLI NAPPE

SEVE NAPPE
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Fig. 4 Schematic diagram illustating tht, re3ative

por:.tions of the various nappe units in tte Gronjelt

region
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FIGURE
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Grong culmination showing the major •structural divisions.
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K9 -Upper,Kbli (Gjersvik Nappe) Layered gabbros

-Lower Kbli Nappe  Dioritic and granodioritic plutons

-Seve Nappe v-volcanics

J -Jamtland supergroup a-omphibolites

After Halls(1977)

INN el• Iffl N

ESE



as pentlandite, chalcopyrite and an unidentified platinum mineral. The

volcanic sequence contains exhalatiye type mineralisation as defined by

Carstens (1922), the strongest known expressions of which are the

copper-bearmg pyritie orebodies of Skorovas and Gjersvik. Other

stratiform base metal deposits in the Grong - Stekkenjokk region occur

at a higher stratigraphic level within the dominantly sedimentary sunra-

crustal units to the east of the Gjersvik Nappe.

The absence of fossils within the Gjersvik Nappe prevents precise

dating of the Gjersvik sequence B- eumorison with sirnilar rocks of


the St45ren Group in the Trondheim region the age of the Gjersvik

eruptives has been suggested as Lianvi rnian Uirough to Caradocian

(Halls et al 1977).
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Fig.6 Schematic diagram iltustrating the position of the GrOndalsfjell
Klippe (K) within the Gjersvik Nappe(N). S-Seve-Kbli Nappe.



3. TIIE GEOLOGY OF GRONDALEN

The geology of GrOndalen includes subvolcanic and extrusive

rocks of the Gjersvik eruptive corn--)tex occurring within the Gjersvik

Nappe.

The study area may divided into two distinct structural units,

a klippe of predominantly intrusive eharac:tcr and older yolcanics which

thernselves contain intrusives. The contact between these units is a

thrust plane.

3. 1 KN ne Litholoyies

The klippe comprises the Grindah:F.-11 intrusive complex which

has been intruded into volcanic greenstones. This C0n.plex extends

8 km. by 10 int; only ti southwe n GH,ndalen.

,Essentially tbis comp :,lex con1 • abtro or

;e.greenstone mater I ' diort!ic rr,;:t minor

intrusives oE a predorninantly n The sequence


of intrusive events is as follows:

Intrusion of the rnajor b o phases and subsequent minor

intrusives,

Introduction ci Iarge vc 	 o dor4te resultinz in alterat-

ion of the originally  Trabb_ uic phase to gabbro-




diorite hybrids and saussurite gabbros.

3. Intrusion of basic dykes

Intrusion of trondhrnJ Ycvk
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3 1 1. The Massive Greenstones

In this report the terrn "greenstone" refers to fine-grained

igneous rocks of extrusive origin whIca contain an assemblage of

minerals produced by regional greenschist metamorphism

The greenstones of the Grkida1sfiell complex are prograded and

outcrop to the west of GrOndalselva, lyIng directly above the major

thrust horizon. They a1so occur as a large rart-like body in diorite to

the isorthcast of GrOnda1svatn. The greenGtones commonly have a

nradzt1onal contact with the

In the south of the complex a zone of :eenstone xenoliths in

dioriL is mappable, trending east-west wriin whicrithe relationship

between rafts suggests the nat..re ot the dio-itic intr-sio;1 to be passive.

This zone is usually over 100 n vyide,re,“ hig 400 rn west of

GrLindalc,.;Iva. How er it ently around 1"3.2.00, 701001

whzre lones have a

aronnd (-14500, 713001 where nahes a contact with

diorite containing ,fabbroic xenoi

The greenstone xenolith zone passes 4cadationaily through a zone

ol greenstone containing irregular dior:tic vcining into more massive

greenstones. The veined zone is oL varyinf.; thickness and is not always

apparent. The vems occasiollally form nzt comple-ces, are usually

pers ent over no more than a metre and are up to 5 cm. thick:

The relationship of the areenstones to the sur rounding xeno1ithic

belt is more obscnre to the cast of Gr:,ndaiselva. The wide belt of

xenoliths, up to ti kilornetre wide,surroundinz, the small greenstone body

suggysts the latter represent the of a n-,ach larytr init of
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greenstones that underwent digestion by the diorite.

In the field the greenstones are seen to be dominantly massive

with very few primary textures being evident. Alteration of the primary

mineralogy by thermal and regional metamorphic events has probably

obscured many primary textures..

Well bandod volcanic rocks occur however around (-13100, 7 0250).,

The bands comprise segregations of mafic and felsic minerals into layers

up to 1 cm thick- Within a few metr es of this outcrop however,the rock

takes on the more typical hornfeised appearance.

Segregations of amphibole and ep nresent locally (Fig

7). These are probably the result of decteric processes,nossibly

related to sea floor metarnorphisrn,aitering the rgreenstones.

Two different compositional types o( Treens:ones within the

Gr6ndalsfjell igeous complex were rering ;n the fic`d:

3 1 i (a) Andesitic to Basic Cin:ens

These are the more abundant type or greenstone in GrSndalen

They are fine-grained, grey-green rocks wnich contain occasional rust

zones, indicating the presence of sulfides pts Locally this


lithology is slightly magnetic due to the presence of ma - ntite and

possibly pyrrhotite.

Mineralogically the rock compr ses a groundmass of highly

saussuritised plagioclase (usually oligoclac,
10-30) which exhibits


albite twinning, chlorite replacng amphibole, ePitiote, clinozoisite and

minor quartz. Disseminations of magnetite or ilrnenite are commorn

Knots of clinozoisite, itp to .75 cm diameter, =,y reoresent relict


amygelaies.



N1

2"-:• •

1cm

Ficr. 7 Scgregation of amphibole (A),magnetite (>1) ,

chlorite-epidote (C) and feldspar (F) in greenstone at

(13050,70_50)

14‘
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3 . 1,1 (b) Acidic Greenstones

The acidic greenstones are fine-grained, whitish, keratophyric

rocks, often containing abundant epidote-rich veins. Plagioclase (albite

oligoclase) and quartz are the most abundant minerals- Minor amounts

of epidote, chiorite clhiozoisite, calcite and sphene are also present.

Rust zones are frequently associated vith the acidic greenstone lithologies

(Ghapt. 5).

The acidie e:drasves were only recognised arnongst the green-

stones to tho west of Grondalseiva where they reach a maximum thick-

ness of 200 m. but are commonly only about 20 m• thic1::.. The thicker

units are the more nersistant and may be iraced for un to 500 rn. aleng

strike.

Primary te:dures are absent from Innse ,:tp5 Jithologies

The units are thus

Ghert or 1 at tlitv in the

massive greenstones (-1R50, (s495). Composed almes, entirely of

quartz with abundan, stringers of eul-ledrrtl nyrite , thR; rock has a

grey - green colouration suggesting the presence of smal1 amounts of

maanettte.

The keratophyric bands -,nr1 chert horizons are the only strati-

graphic indic tors ithin the r-na s sive greenstones. fil„ortunately thco;

are not abundant enould to be valuable structural guides

3.1 Z . The Gabbro

The gabbro is a coarse grained rock occuring as xenoliths or

rafts un to 50 nu in ter in a ciioritic matrix. no are



generally equidimensional and may be angular or rounded, making sharp

to gradional contacts with diorite.

The rock usually has a dark green to dark brown, heavily pitted

surface due to the preferential weathering of the olivines It is usually


massive but occasional steeply dipping layering is evident (Fig. 8) due

to var ations in relative amounts of feldspars and ferromagnesian rin nerals

over 1 to 10 ern. The sub-vertical dips of the layering probably indicates

a post-cumulus (Isplacernent (Mason 1973).

Variations in the cornposition of the g,abbro arc re cognisable in

the field by the colonr of the weathering suri:tces:

3.1 Z. (a) Brown Gabbro

This is the most C011TIMO!! C“: Wthi.rrt) ()C.C‘I Grcindalsfjell

cornix -nd it mtly be massive 11 1. 'n occurs as

bodies

71070).

In thin section brown gabbro is seen to comprise olivine, pyroxene

and secondary hornblende in a matrix cf pla gioclase The olivines have

largely heen replaced by augite and less commonly orthopyroxe nes (Fig_

10). The olivine cores have heen ser=tinised and have also suffered

to rnincr ngsit.e. Sernc, aCCHIFS as veinlets along

fractures in the olivine, extending into the sur rouuiing pyroxenes,

MaL,,netite has separated out into the centre uf these veinlets• PlaLrio-c,

clase laths (labr dorite, An60-68) forms c intergrowths with

pyroxene and has sniffered relatively 	 orsa 5su isatun.
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3-1_ Z. (b) Green Gabbro

This rock is cemposed of about GO per cent nlagioclase, the

bulk of which is corroded and broken, few crystals showing zonmg. The

feldspars form a sheared and broken matrix around chlorite and minor

clinopyroxene both wh ch have become shenred and broken under stres ,

many crystals having suffered extreme displacement along their cleav-

age planes (Fig. Tv. nning is commonly observed in the less deformed


crystals.

This lithology probably represent n alleration product of the

brown gabbro; under s.learing the çiabbo deforrned in a brittle manner ,

presurnably when it was still anhydroto SnbseTtent alteration by hydrous


magmas altered the primary

Z. (c) Red-1'..:-own Gabbro

fhis •ry 1,a ,

xenolitls within the ,;re

urs as angular

In thin sectIon it is seen to ,3,r1entinised anhedral

olivine crystals, serpentinite veins L't2t1tiinJr into n,i,,hbouring pyroxenes,

where a greater amount of segregated rnagr occurs in the veins. Most

of the olivines are n-rned by macr! hyperstete Occas onally

an outer rim o :end c-sp'_nci is tDj 5 en, rerely eugite renlaces


the olivine.

The interstitial plagioclase, larJeLy altered to clinozoisite,

albite, nuartz and epidote, forms cuhitie intergrowths with the ierro-

magnesian minerals.
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This lithology probably repres::nts an olivine-rich cumulate phase

of the gabbro.

Alteration of the Gabbro

The green gabbro represents an a1teration product of the brown-

coloured gabbros (see above),

Where the ,gabbro occurs as xenoliths within a trondhjemite dyke.

(Fig 12), a 5 cm• halo of quartz-gabbro occurs around the xenolith.

The quartz most probably rom hvcirous fluids ‘.-olved from


the trondhjernite.

3 1 3 The D orite

The diorite is a dominaatly mediurn or coarse-gra:ned rock con-

sisting essentially of hornb1en,! I cl:tse si-tge dykes of

a finer dioritic dyk.-2 occar hovo-vi.0 ). A peLin-ntitic


so recognisable.

The diorite has suffered ve the plagionlase

appears clouded in hand specin L:1(1 section Ls seen to have been


replaced by very fine-grained ntergrzy.;  ..-ts of quartz-a1bite-sericite and

epidote or clinozoisite (Fig 13). Relict laths with albite or combined

carlsbad - alb1te twirc.lng are common Occasional zoned crystals are

pre nt with the calcium rich cores creater alteration than the


rims. Free quartz is present as a metarnurnhic product.

Where the e,_ect of saussuritisation has been m:nimal, for example

to the south of Middagshaugen, the feldspars anocar more glassy, free

quartz is absent and the rock 11;s a bluish tinge (Pig 14) This 1itholo(n,-



Fig.12 Quortzified gabbro holoe around brcwn
xenolith in trondhjemite dyke dt (-12.$,J,-.73751)).
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occurs as raft-like bodies up to 50 rn. in diameter within the more

abundant a Itor ecl cliorite.

The hornblende in the diorite is bro occurs either as a pri-

mary igneous phase or as uralite and is frequently altered to chlorite.

Dei):teric alteration has commonly induced "clotting" of the amphiholes

to produce more mafic segregations wintiffq the diorite at eg. (-11900,

70400), this lithology weather ng with a distinctly more pitted surface

This more mafic diorite frequently occurs within the gabbro xenolith zones,

possibly indic ot. hvbrid phase bfltwi. the diorite and


gabbro.

In the coarser diorites the feldspar has deyeloped as a cumulate

phase, illustrating the essentially charact,r; of at least parts

of t1i diocit.n (Fiy, Local se-i,rc tian! the

clase inte layers gives the rock a well develop,•d (Vig 1(4

Occasionrd relirt nyroxenes, ¶1'J:sifli7' ,tr:tiei, , are present

in rtiuc h of the dior are ive

later ab5ro e (i_L‘ritc.

A dionte containing red-brown bietite occurs to tho north of

Grq)ndals tn The biotite displays crenulated cleavage, contains

apatite inclusions and is partially chloritised This lithology occurs

as the rn extension of a greensto .e xenolith zen.e aud may represent

local totLI digustian of the xenolitns y dioritie ,

The quartz in the d orite occurs interstitIally between the feldspar

laths as anhedral, stramed crystals Where quartz was recognisable in

hand secimu, th- lithologywas mapried as quartz-diori,e.

pc)rpll\ ntbc „Lorite occurs aro=d (-105:)0 (,i1.50) aud also in



-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-



25

Murfjellet. This camprises well developed plagioclase phenocrysts,

up to 2 cm long, randomly orientated in a matrix of med urn grained

diorite,

A pinkish weathering diorite is recognisable, particularly within

the gabbro xenolith belts. This colour is probably due to the presence of

very evenly dispersed iron derived from the digestion of gabbroic material:

All the above variations in lithology are gradational into the more

abundant, l_g v c h saussuriti d diorite Acccssory minerals


common to the dio tc s are magnetite, apatita and occasional sphene.

Dissem ated sulfides occur locally in the diorites (Cuaoter 5).

A further type of d orite occurs just north of GrL;ndalsvatn at

(-12100, 69220). This lithology is LoiLled. It is thought

to be a mylonne fo..med by moyerneat aio the m.tior ust horizon


(Ch:Ipt.

Or_uin of th,‘

Geochemical work undertaken by W,t1L2r (1')7, showed sirnilar

concentrations of the trace elements NI, Ce and Cii in both the diorite

and the gabbro in the eastern nart of the GrOadalsfjell intrusive com-

plex. If the diorite is considered to have been intruded as a separate

magma these concentrations are unus unilv hinh This thus suggests

that the dlorite was produced at least nartiall by mktr.:}sonvtic alteration

of the gabbro.

The cumulus textures and layered nature some of the diorites

however indicates that a magmatic nhase was also important in the pro-

duction o, tRe diorift
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Pegmatitic Diorite

Pegmatitic diorite is rare in Grdndalen; some of the coarsest

massive diorites however could be terrned sub-pegmatitic The peg-

matitic phase occurs in two different forms: in discrete veins and in

more diffuse zones or patches.

3 1 3. (a) Pegrnatitic Veins

The pegmatitic veins occur wthin diorite, with gabbro xenoliths

just south of Middagshaugen. The veins ;Ire up to 30 cm wide and 20 m

long and their boundaries with the diorite are diffuse over 3 to 4 cm.

(Fig. 18).

The veins consist of large prismatic amph fl Lrystals reach-

ing 5 cm. in length set in a matrix uf fin'r clots of a. "bole or feldspar

The amohiboles grow inwards from m rjns or occur in bands centrally


positioned in the x-erins

The sinusoidal form veiss may be the formin which they

were initially emplaced since the veins crut an apparently untectonised

basic dyke. This dates the pegmatites as voanger than at least the first

generation of basic dykes, ie. late in the intrusive history of the

Grdndalsfjell intrusive complex. It is tixought that the veins were pro-

duced by late stage —ydrotherrnal fderteric1 iljids escaping through the •

consolidating diorite.

The lithology may be termed an appinite and, according to Halls

et al (1977) "their presence implies that the level of exposure seen in

the eastern margin of the Grdndalstrell massif corresponds to the upper

portion of a differentiated dioritic
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Fig.18 Pegmatitic diorite vein in diorite,

cutting doieri te (DI)-at (-12060,72525).

inset -see fig 19

1rn



Di

2 8

15c

Di

Fig.19 Pegmatitic diorite at (-12060,72525)
Amphibole crysta[s growing into a fine-grained
dioritic matrix(DJ with clots of amphibole
(stippled).Vein is in diorite(Di).
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3 1. 3 (b) Peurnatitic Zones

A 15 wide zone of pegrnatitic diorite occurs at (-11000, 68350),

striking northwest-southeast and being composed largely of coarse

saussuritised plagioclase together th amph bole crys:als up to 3 - 4 cm


in lem;th Like the pegmatitic veins, the pegmatite zones are evidendy

the result of deuteric alteration processes.

The xenolithic diorite contain_n, the pegrnaLite veins has locally

developyd crystals , crn long in a matrix of


mediurn-grained diorite. This may represvnt a poorly developed pegmatitic

facies.

Greenstone Xenoliths Diorite

Green3tone Kenolith zones the massl e -,reenstones The

xenol t ypicHly tLIiS of c?rti ,tslonal rafLs

tens viide are found. r-r-s are usually

veinc<i irrcgalar ith diorite and s(. riocking


featu. es , indicating the r atively D'ssiVe ,V,1 1 in whLch the rafts vere

broken UD ( ,s. 20 and 71).

The xenoliths usually have rounded a d sometimes corroded edges

indica,.ns nartial estion by the dLorite alt.lough locEilly, angular

xonoll.hs sharp boundaries occur Pods of ch-rt v:ith magnetit2

occur occasionally in the larger xenoliths at eg. (-!2900, 70520) and

minor disseminations of sulfide minera1s are common. At (-12430,

69210) a large rust zone in an acidic xonolithic raft is present (Chapt

The dion e containi.-ta the grecrrstone xcnolitiir is darker than

the more ::Iss ciiorte , nrobably dun to incornorJ-H.,,n of
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and gabbroic material comaining disseminated su1fids In the north-

west of Gr‘indalen, around (-14400, 70750) gabbro xenoliths and green-

stone xenoliths occur together in a oartici.ilarly dark dioritc.

3 1.5. Minor Intrusive Phases

3.1 5. (a) Basic Dykes

The basic dykes occur more abundantly in the major intrusive

phases of thr Gr‘iindaisfiell comolex than in the extrusives to the west.

They consist of a dense, dark-grey, fine to medium-(jrained rock and

reach maxirnurn,evicicntly tectonically co,troll2d dimensions of 50 cm.

in width and about 20 m. in length.

The dykes have an aporoximate nort'';t-scathv.oster1y trend

and most commonly dip fairiv steeply tO th  • or;11 Sinstra1

or dextral displacements of the dyk s by ooic of Itp to metre are


com s not se,±,• dykes

unicss parallel sets of dykes r;:orus

At least kvo generations and seve 11 different compositional

types of basic dyke are recognisable in tite field:

3.1 5. (a) i Quartz - Diorite Dvkes

Ouartz-diorite dvkes are oniv of rare oceurrenre iii Grnda1en,

eg. at (-12645, 697A0) and (-14112, 59730) v;herc thcy are found

diori te The dykes strike prodominantly northeast-southwesterly and


dip steeply northward and are usually offset by small fractures.

In hand specimen the ke is seen to aphimt clearly

3"

recoy;n1 rt/. alon with saut-5 c:Idsp • and amphibole



Fig.22 Stereoptot of basic dykes in the
Gröndatsfjell complex,
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3.1.5. (a) ii Late-Staee Doleritic Dvkes

The late stage doeritic dykes are the rnost abundant of the more

basic n or intrusive nhases. The doleritic textured dykes are com-

posed of a plagioclase and amphibole in slightly varying proportions

such that on weathering, their colour may vary from a light to a much

darker grey (Figs. 23 and 24).

Dissemmations of sulfide. mineralisation are common in the dykes

and some are magnetc suggesting locally abundant magnetite. Pheno-

crysts of plagioclase, up to 1 cm in length may occur in the larger dykes

and segregations of amohibole are also locally present (Figs 24 and 25).

At one location (-12060, 72525), a basic dyke is found within a

gabbroic ralt, but wnich did not extend inta the surrou ding diorite, The

dyke is coniposed of a coarse, dense, rey weathe ,ng rock.

Thin section rever,is rec sist prirnaril y of olivine,

pyroxenes, an amphibole and

The olivine has ,een ty, ;-ed and altered to uralite or

rarely cl nopyroxene h segregation of magnetite in the serpentinite


vems) and is usually in ophitic or subophidc intergoowths with one of

the other major phases (Fig. 26).

Clinonyroxene is also pres-nt as a primary phase, being usually

schillerised with spindles of ma ietite Sphene is a cornmon accessory.

The presence of this dyke within a gabbro raft suggests that

emplacement of a minor intrusive phase occurred before the introduction

of the diorite.
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Ha[oe of coarser, more mriI"Ic diorite

Rm

Fig. Clots of arnpHbold in [ate stage dolerite(DI),

cutting a diorite dyke at (12000,73350).

In diorite.

1m N 	 I

- -

-

Fig 25 Larae amphibole-rich segregation (A)

in do[erite dyke at (-11700,71260) Segregetions

of quartz (0), possib[y tectonised, occur at

dyke- diorite interface.

.35
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3.1. 5. (b) Trondhiemite D -k.es

Trondhjemite is the cornmonest rninor intrusive phase within

the C“3ndalsfjell igneous complex. It occurs within both the greenstone

hornfels and the major intrusive phases. At least two generations of

trondhjernite intrusions are recognisable in the field.

The dykes are commonly 1 or 2 m. in width but may reach 75 m.

at (-14400, 69270). They usually extend for at least 10 rn. , occasionally

reaching lengths of over a kilometre ta tne cast of Grcinda1se1va (Fig

27).

The dykes usually dip steeply northwards although a few dip

shallowly or to the south (1Ng. 28). They may be displaced by up to 1 m.

by small fractures (Fig. 29) and are o1en shear-folded (Figs. 30, 31

and 32) Parallel sets of dykes may possibly represent f 1 isoclinal

folding 33) aItholLg no F rid c!cniure:i w.»re see: in Gr&idalen.

The troncihjeniteweathers to a li otiocL aolour and sup-

ports the growth of a Light green-yelloy 1: ocarpon geographicum).


It is cornposed predorninantly of quartii and saussuritised feldspar but

rarely chlorite replacing biotite occurs as bands in the trondhjemite.

Xenoliths of angular gabbro or greenstone rafts up to 20 in across

occur locally in the larger dykes(1-• 27).

Segregations of quartz into knois and stringers up to 5 cm. in

width are common. Sim larly, knots composed of epidote and minor

pyrite occur towards the centres of some dykes.

The trondhjemite dykes are usually fine grai ned with only

occasional segregations of large feldsoar laths and rare muscovite layer s

into the centre of the dyke. A pegmatitic phase is also present within



-

M
M

IIM
M

IIIM
-101•01•110•111M

111•1-



•

•

•

•

Fig.28 Stereoplot of trondhjemite dykes in the
Gröndalsfjelt igneous complex,Gråndo[en.



;g
1

-11•111111ffi-



0



41

diorites in the northeast of the study an:a.

The pegmatites strike approxima ely northeast-southwesterly

and dip steeply to the north. They are usually about 2 rn. wide and can

be traced for up to 150 rn.

Within the matrix of quartz and saussuritised plagioc1ase,


euhedral crystals of muscovite up to 3 cm. in length are present. These

crystals occasionally have a slight bluish tinge in hand specimen, suggest-

ing they are possibly lithiurn rich. Wumnar amphibole, probably

actinolite, euhedral ep dote and a pink garnet are also present.

3.1.5. (c) Deuteric Veins and D 'kes

Veins of fine-grained quartz epidote occur frenuently

throughout the study arcu Cornrnuui re irre;uLarfeatures, not

normally traceable over more th,lr, y re less than

1 cm. thick. Thev aro most :at has under-

gone the severest saussuritis ai

Occasionally these veins have a sub-parallel orientation, strik-

ing typically northeast-southwesterly. 'f'he only dip measurement taken

was 20oN, strike 229o.

In thin section the veins arc: su to conwrise clinozoisite,

epidote, albite and qiiartz with occtSi udi chlorite. They have diffuse

boundaries with the host rock indicatini thcir deuteric mode of origin.

Dykes composed of this materiai also occur in Groindalen. These

are between 6 cm. and 12 cm. thickaad usually occuny 1ate stage fractures

(Chapt. These dyLcs are also fonad as separate intriisive phases at
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the edges of large trond jemite dykes at (-13670, 69470) He e two

aenerations, each about 10 cm. thick, are found on the footwall side of

the trondhjernite, but do not occur on the hanging wall A coarse dyke

occurs in a gabbro raft at (-12830, 71600) striking 95° Epidote crystals

7 to 8 mrn. in length are present in a fine-grained acidic groundmass and

segregations of quartz are cornmon, particularly to the centre of the

dykes.

The dykes are considered to represent the last stage of intrusion

in the complex, taking place altr teisional fractures and other pre-

existing anisotropies such as dyke/country-rock contacts.

3.1. 5. (d) Quartz Veins

Irregular quarts veins, lenses and knots are coynmon in both the

int rusive and extrusive rocks of the Grdndaisfjell complex. Occasional

thick veins , striking approximate norj, south and dipping moderately

to the north occur around eg. (-11770, 71100) where stringers and lenses

of coarse-grained pyrite are contained within a high1y sheared vein.

3. 2. The Litholoaies Beneath the Thrust Horizon

The lithologies occurring structurally beneath the klippe of the

Grinda1sfje11 complex outcrop to the west and south of the study area.

This snite comprises an arcuate belt of schistose greenstones lying

beneath the thrust horizon The greenstones make a fairly sharp con-

tact with a sheared trondhjemite to the south. Further to the south,

the trondhjemite is gradational into a quartz gabbro rock, all the

contacts trending approximately parallel to the trace of the thrust p1ane.
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3. 2.1. The Schistose Greenstone

The schistose greenstone belt is structura11y thickest in the

west, where it extends for several kilometres beyond the mapping

area It thins out southwards to a thic,ness of less than one kiloMetre

and reaches a thickness of a few hundred metres in the southeast.

The greenstones have a well developed planar schistosity which

is concordant with the thrust plane and is probably the result of high

stram along this plane The dip of the schistosity varies from 300 to

70 but is com only ' to o0 'g 34). The observed variations in


dip may be due to late shear folding having been superimposed near-

ioaxially with primary axial planar schistosity (Chapt 4) Such shear

folds of minor amplitude cornmonly occur (Fig. 35).

The dominant greenstone lithology is a fine-grained, grey-

green, basic to andesitic sheared extrusive The planar fabric is

eviderit n ha d specimen by segregatiw 1f mafic and ft.-Isic minerals

into very e bcs Lnnoe af.c1 bole rich knots and quartz-




feldspar veins may also be present cottcordant -cith sctiistosity. Rust

zones, representing sulfidic mineralisation, may be concordant or dis-

cordant with schistosity (Chapt 5).

A schistose greenstone with a very pitted surface is present on

the eastern shore of GrOnda1svatn. These pits probably represent

preferential solution of carbonate of tectonic segregational origin. With-

in these pits, clusters of actinolite occur, orientated at right angles to

the pit wal1s.

Within the schistose greenstones more massive greenstone horizons

occur , often up to 2 metres thick and entending up to 20 metres. (Fig. 36).
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These are usually concordant with the schistosity but occasionally cut

it at low angles. These may repr esent mafic dykes.

The more acidic volcanics, including acidic tuffs at eg. (-15070,

71750) occur as light weathering massive bands within the schistose

greenstones. Similarly, rust zones may be included in these massive

acidic bands Locally, thin chert rich horizons, usually associated with

magnetite, are present in the greenstone schists at eg (-14950, 71750)

These bands, reoresentative of volcanic exhalative mineralisation,

a\,erage a few centimetres in thickness. it.11 the more massive bands

are more competent than the enclosing schists and are frequently

boud naged (Fig 37).

The penetrative schistosity has destroyed any primary extrusive

textures although possible relict pillows, outlined by curv 1 near epidote

veining were found at: (-12860, 69050) and banded acidie volcanics occur

at (-15600, 71370).

In thin section the primary is seer to have been com-

pletely replaced by minerals of the greenschist facies. The groundmass

is composed of abundant albite and actinolite which has frequently

crystallised into orientated layers. Disseminations and stringers of

euhedral pyrite, often altered to haernatite and limonite are conarnon

(Fig. 38).

The more massive greenstone horizons similarly possess

greenschist facies mineralogy, Tn thin section porphyroblasts of green

hornblende are seen to give the rock a weak planar fabric (Fig. 39).

Knots, composed of an iron rich epidote core, rimmed by iron

deficien„ eoidote and finally clinozoisite with pyrite, may represent

46
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ci oinal am} dales.

3. Z. 2. The Trondhjemite

The trondhjernite, as a major intrusive phase weathers to

a light-grey colour , sinïilar to the trondhjernite of the Grcindalsfjell

complex, and supoorts the growth of the lichen Rhizocarpon geogranhicum.

It is a coarse , phaneritic, hard rock composed essentially of con-

soicnous knots and strinn of blu oloured quartz in a matrix of


saussuritised feldspar c1uPrtz and minor ferromagnesian minerals.

A crude , planar fabric or tabplation is apparent in the trondhjernite,

this byn concordant 'ntn the greenstone schistosity and the

thrust p_ane orientation (Fig. 40), stu sting these fabrics were


imposed dy tecton3rn reiated to the form ot the klippe. The knots of

quartz occasionP: diamer un to 4 cm 1 cm. occur

frcnntntiv, condor':7. vith rhe crpde schistositv. Soinc_Ue-shaoed

xeno like leugth r.. are

orientated lønn the c de sc t, ninos a (-12700, 68150) and


(-12830, 68170). These are apparently composed of fine-grained

chlorite, epidote ancl quartz and may represent greenstone xenoliths.

Pitted zones are present locally in the trondhjermte, for

e\-,mpleat (11350, 68260). These oils are the result of preferential

v;eatheiing of knots of carbonate-chlorite rich material, again

orientated along the crude schistosity. These knots are lighter in

colour and softer than the pre- o sly described xenoliths.

In thin section olagioclase, possibly oligociase is seen to be

the rnaj.or component of the trondhjemite mineraloy. Saussu2itisation



Fig. 40 Stereoplot of schistosity in the Trondhjemite
and Ouartz Gabbro.
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to varying degrees has effected the plagioclase laths, proceding from

the core outwards until occasionally only relict laths are visible The

alteration products are epiclote, clinozo site, chlorite and possibly

actinolite with quartz.

Quartz compr ses about 35% of the rock, e ther forming inter-

stitial to the feldspar laths or as stringers, grains being anhedral and

sheared (Fig. 41).

Chlorite prcsant IJ sub:-(1 crystals but is often altered to

epidote, especially along the cleavaep1a nes. Magnetite is present as

an accessory.

A raft-like area of diorit c material is pres ent around (-11900,

67450). This is in fact an area of mafic trondhjernite The "raft" has

dimensions of about 500 ro. ny 200 ro. and has gradational contacts

ith the surrounddn y trondhjemitc.

3. 2. 3. The Gu-rtz Gabhro

The quartz gabbro is a coarse, dense rock which weathers a

dark-grey colour. Blue quartz crystals or aggregates, up to 3 - 4 ttrn.

in diameter are visible particularly well on the weathered surfaces.

The quartz, probably of metamorphic origin, is set in a groundmass

of ferromagnesian minerals and saussuritised plagioclase. Magnetite

and pyrite are present as disseminations.

A very crude planar fabric is apparent, stringers of blue quartz

reaching 1 cm. in length often occurring parallel to this.

To the south, the quartz gabbro passes gradationally into a

more felsic rock. The contact arain appears roughly parallel with
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the trace of the major thrust. Time did not permit the mapping of this

contact over more than a few hundred metres but examination of aerial

photographs of the area enable both the northern contact with trondhje-

mite and the southern contact with an unknown lithology to be extended

for about a kilometre (Fig.51 ).

3.2 1. Minor Intrusive Phases

3.2.4. (a) Basic Dvkes

Several types of basic dykes are recognisable in the lithologies

beneath the thrust ulane. Doleritic intrusions, with a similar appear-

ance to those intrusions in thc Gro'ndalsfjell complex comprise the rnost

abundant minor intrusive phase (Fi“s. id 43) but they occur less


frequently in the rocks beneath the thrust plane than above, in the

GrPndaisfjell comple: The rna ssiv horuions that cross-cut the


schistosity in tbe greenstones are aroba

A dark uroen deiertic porphyry dyke, striking ')I and dipping

steeply nor thward , occur s at (- 13350, 08100). Thin section reveals

this to be composed of amphibole phenocrysts up to 2 cm. in length in

a fine-grained groundmass of epidote, clinozoisite, chlorite, quartz

and alhite (Dig. 44). The phenocrysts display relict zoning, are

schillerized and rimmed by chlorite and magnetite Stringers and dis-

serninations of pyrite are common. Quartz, epidote and albite form

knot-like intergrowths which may represent relict vesicies or amygdales.

An andesitic porphyry intrusive is present at (-12830, 68170).

This is a medium to light grey-green rock with conspicuous amphihole

phenocrysts ap to 4 mm. in length set in a finer matrix. Knots of
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euhedral perite v.ath quartz Hill tectonic shadow zones around the

pyrite occur cornmonly in this dyke.

In thm section, arnphibole phenocrysts, pos.sibly actinolite, are

observed to repL:cc2 pyroxene, relict pyroxene cleavage being locally

inlierited by the amphibole In turn clinozoisite, chlorite and possible


epidote replace the phenocrysts, the margins of which are strongly

corroded (Fig. 45).

The rnatrix has been totally altered; a few lath-shaped aggregates

of clinozoisite, albite, chlor te and quartz may represent original

feldspar laths.

3. 2. 4. (b) Quartz and Eoidote Veins

Quartz and ep: veins are uIivisa1ly ,bundant in all major

litheingles In the g,seenstones the often follows the strike of the

sch stosity but is irre oth litholo e-nurtz-

a nte veins and knots sinnalarlv oscur iiruiarLy turcuahout lithologies

beneath the klippe.
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4. STRUCTURAL GEOLOGY

4.1. Tectonic Histor r of the Skorovas Reaion

Previous work, from Foslie (1922-1927) to Halls et al (1971-

1977) has led to the recognition of the following sequence:

(i) Intrusion of massifs into the volcanic stratigraphy.

(ii) The rnain tectonic phase, during the Caledonain orogeny

comprising:

Creation of tight (FI) isoclinal folds and primary

axial planar schistosity.

Emplacernent of the Gjersvik nappe.

Minor thrusting \,»thin the Gjersvik nappe between

the plutons and voicanics, arising due to major

differences in comoetence.

(iii) Local open folding along near rectnnear axes producing

broad dorne and basin structures probably related to the equilibration

between the basement and its nappe lead after nappe emplacernent.

Associated with this, re-activation of previously established

fractures and thrusts is thought to have resulted in shear-folding

of the Fl schistosity within the extrusives, particularly in the

vicinity of contacts with the larger intrusive masses.

The presence of large intrusive bodies within the volcanics is

an important structural factor, , since they have led to the development

of strongly heterogeneous stress fields in the Skorovas area, due to

their much greater competence under deformation.
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4. 2. The Structure of Gr8ndalen

Structural infornv:Lon is fairly sparse in the GrO:.dalen area.

Recordable infornntion is ntosta04:-.dant in the greenstone schists

beneath the thrust plane, but noor exposure in this area hinders any

serious attempt of structural mapping.

Structure of the Grdncla1sfjel1 Igneous Gornolex

Any intrusive structures within the complex are difficult to

ascertain because of the diffuse nature of the contacts, •naking accurate

determination of dip impossible. ilowe-;er, considermg the effect of

topograohic change on contact trends, one can infer that the dips of

the contacts ard generally steep.

Exammation of Ule 1:Z3000 geological map of the Ordndalsfjell

compleK shows thet the L,utere)c ,J4tterIL of n Gr;inda1en

is approximate1y symmetrical nUt cunc rop pi.tters in the east of

the complex, vitii tur 1.11u of syrnnu:tr3 runnin north-south through the

centre of the complex. The core and olciest part of tite intrusive body

is the gabbro raft belt The onter nnirgins comprise the hornfelsed

areenstones and belts of greenstone xenoliths in dior te.

One can su,,,,,est that the Gr6nda1sfiell rnassif represents an

inverted, mult secp 1 intrusive comnlex, probably originally


lying at a relatively deep pos tion within the Gjersvik nappe (Sections

1, 2, 3 and 4 Fiys. 46 and CL

At the eastern thrust margin of the complex, exhalative horizons

are seen to traverse the thrust w th disp1acements in the order of tens of

metres (Ferriday (1()7.7) personal comm ) This and the similarity of
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greenstone rnineralogies above and below the thrust suggests displace-

ment to have been relativulv small, or imbricate fracturing to have

taken place in the greenstones outside the cornplex, resu1ting in

similarly smal1 nett displacements of the order of 1 km. The direction

of thrusting is believed to have been generally from the west, since the

major basement occurs to the east.

The present depth of the Grdnda1sfjel1 complex is unknown.

However, a vurtcH thi, css of over 1000 m. is exposed in Grdndalen.

4. 2. 2. The Thrust Horizon

The thrust horizon in Grdnda1en can be traced by conspicuous

changes in topographv and vegetation (Figs. 48 and 49). A sheet of

trondh , vn rvinc in thickness trom 15 cm. to I n. , dipping

600 north\yards he thrust niane as its lower contact is


present in south-ea• GrOn -tien.Tlsvas seen at (-10(>80, 677901

and (-11400, 6:3830). 'the trondhiemite was not present to the west of

Grdndalen or to the north of Grdn.:'.alsvatn. Aunclut epidote veining

occurs within 1 m above and below the thrust At (-11950, 70880)

abundant quartz veins, up to 15 cm. thic, occur in the hornfelsed

greenstones above the thrust plane. The veins are orientated roughly

parallel with the strike of the schistosity of the greenstones beneath

the thrust plane and in cross section these veins exhibit well developed

shear folds.

The dip of the thrust pIane varies from 60 to 30o (Fig. 50) and

it is locally imbricate, particularly in the northwest of the mapping

51

area and also possibly to the north of Grdndalsvatn. Sirnil.trlv, imbricate
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thrusting may_well have taken place within the schistose greenstones

in the south of the area. The locally irnbricate nature of the thrust is

readily observable from aerial photographs of Grdndalen (Fig. 51)

The thrust horizon is suspected to have a saucer-like form

beneath the Grdndalsfjell complex ‘,1z‘ig. 4 6).

4.2.3. Structure of the Igneous Units Beneath the Thrust Horizon

Very little is known about the intrusive structure of the igneous

suite beneath the thrust. However, , the chps of the contacts between

lithologies are susoected to be steep.

4. 2. 4. Mode of intrusion and Mechanism of Emolacernent of the

Grdndalsfjell  Iuneous Complex

Field evidence s-Jggests -fhe Grc,nd Q.11 iutons to have been

intruded fairly passively. witb ggidence of possibly more

forceful intrusion, such as the veining ef greenstone by diorite. How-

ever the intrusive - country rock contracts have largely been obscured

by the thrust horizon. The passive nature of intrusion indicates that

there was not a great deal of resistance to the incorning rnagma imply-

ing that the magrna did not have to exert a large amou,.nt of force to

secure an entry (Speedyman, 1971). Thus the intrusion was of a per-

missive nature.

Pirsson (1914) descr bed permissive intrusion as one in which the

magma is intruded into low-pressure regions created by sorne force

other than that exerted by the incoming rnagma Dietrich (19 54) indicated

that such a force cou1d be tectonic, the magrna flowing into low-pressure



regions created by tecton c stresses

The intrusion of the Grcinda1sfje 1 complex probably occurred

before the emplacement of the Gjersvib nappe since it was probably

major competence differences between major plutonic bodies and the

surrounding volcanic or sedimentary formation that induced thrusting

within the nappe, resulting in the emplacement of the Gr¢nda1sfjell

complex as a klippe.

Examination ot the geological rnaps of the Gr¢ndalsfjell thrust

contacts shows that the primary lithologies as svell as the schistosity

traces curve around the thrust trace, sugesting the schistosity and

volcano-stratigraphy to be concordant or subcordant. This curving of

lithologies and schistosities around the C 6ndaisfjc-11 mass— was used

by Halls ct a1 (1977) to demonstr:. e tic presence of a tectonic discon-

tinuity e thrust bcy_inclar
fl

scontiouiç forrned as


a result ot the pre.iously mentioruDd ;z-,)5s competenco differences

between the Gr6ndalsfieli klippe ar,ci s.r rcunding extrusives durint,


nappe emplacement, the extrusive s havink behaved in a plastic manner ,

with "moulding" of the volcano-stratigraphy around the klippe.

To the south of Gr6nda1en the trondhjemite and gabbro litho-

logies , together svith their poorly developed schistosities, also trend

sub-parallel to the thrust trace. These relatively mas sive units form

the margin of a large Plutonic complex to the southwest of Gr¢ndalen

(Fos1ie , 1927). That this complex should also be affected by the klippe,

if only at its borders, demonstrates the importance of the tectonic dis-

continaity.

The curvilinear nature of the trace of the thrust horizon may

54
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also however be the result in part of subsequent fold ng of the klippe on

its nsargins the large hornfelsed greenstone apophysis to the west of

GrySndalselva is surrounded alrnost symetrically by a greenstone

xenolithic belt. The thrust horizon also curves around this greenstone

unit which may represent the axial trace of a synform or antiform.

There is no direct field evidence to support this theory however.

4.2. 5. Late Stacie Fractures

High anglz, late-stage fractures and faults strike dominantly

northeast-southwest across GrySndalen. These features are easily

recognisable on contour maps or aerial photographs as distinct gulleys,

up to 30 m. in width, that control the drainage in the Gr¢ndalse1va

catchment area. A map of the fractures and other geological inform-

at on obtainable from aerial photographs is given in Fig. 51 .

Outccop patterns suggest sma L1, localised displacements in the

order of 1 - 10 m. have occurred alon2 some of these fractures while

brecciated diorite-greenstone rock occur8L.at(-13670, 69420) in a gulley

marking one of the fractures.

Rose diagrams for the fractures shown in Fig.51 are given for

fractures above and below the thrust in Figs. 52 and 53 respectively.

Above the thrust plane a dominant set of orthogonal fractures occurs,

the major trend being northeast - southwest. This set of fractures is

also present in the lithologies beneath the thrust horizon where an

additional set of ortho;ional fractures are pesent, with major north -

south trends.

66

The formation of the features pcstdates both the emplacement
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Fig.52 Rose diagram of fractures cccuring above the

thrust horizon in Gråndaten.Fractures troced
from aerial photographs.
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Fig.53 Rose diagram of frc..ctures occuring beneath the

thrust horizon ir 3randalen.Fractures traced

from aerial photographs.
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of the klippe and the final folding phase. Fractures of this type are

common throughout the Skorovas region. "In all probability they can

be attributed to the final stages of tectonism, but the influence of later

events , such as basement reactivation during Mesozoic rifting cannot

be discounted". (Halls et al, 1977).

The north-south trending fractures in the plutonic rocks to the

south of the thrust horizon may possibly be the result of the emplace-

ment of the klippe; the extrusives and margins of the plutonic massif

developed a planar fabric and deformed plastically around the marg ns

of the klippe. The rocks distal to the thrust and deeper within the

large intrusive body may have responded merely by fracturing.

70



5. ECONOMIC MINERALOGY GRO NEALEN

Two types of mineralisation occur in the Grongfelt Region:

Curnulus ores of magma .c origin within the plutonic

members of igneous complexes.

(ii) Massive base-rnetal bearing sulfides produced at the

volcanic level.

Both ore types occur within the Skorovas region; sub-economic

quantitics of chalcoPyr e - penti:m(Ht.: ariIlz curnulus ore arc present


at Lillefjeliklumpen, to the north of [3:corovas (Johnson - Iddst, 1932;

Palmer, 1972) and the volcanic ores are represented by the Skorovas

orebody itself and peripheral exhalative mineralisation.

5.1. Mincralisa–on within the Grb:: Igneous Cornqlex

5.1.1. The M:Ls sive

Within the massive hor^, sed rus are commonly

observed These sones are often associ- d with the more acidic hori-

zons vith the volcanics at for instance (-11250, 70320). At the outcrop

level thc sulfides have been highly oxi—s d and cnrnmonly weathered

out to produce a leached lithology with cubic voids representing former

pyrite crystals.

A tiyritic-magnetite rust zone, striking approximately 1100 and

extending intermittantly over about 100 rn. , is present at (-13220, 70260)

in a shallow gulicy. Abundant euhedral pyrite crystals, up to 5 cm

in diameter occur in acidic to basic greenstones conza ning knots of

blue quartz.

In polished section pyrite, occurring as disseminations and
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knots up to 2 cm. in diameter is seen to be the major form of mineral-

isat on. Chalcopyrite and pyrrhotite, which is often highty altered to

marcasite-pyrite occurs as replacements and eeinlets with n pyrite

(Fi

Compass deflections around (-10450, 69740) indicate a magnetic

anomaly although only minor sulfide dissemination was recognised at

this locality. However this and the nearby presence of the Red Alpine

Catchfly (  fiscariL. c.lninTL) irciicrtcr plant for copper-rich solls


(Vogt, 1942; Brooks, 1972), may well indicate possible sub-surface

mineralijation.

Sulfidic mineralisation also oceurs y 	 ;-reenstones of the

xenolith c belts at, for instance (-11270, 707)C0 wl:ere the mineralization

extends into the surrounding ciioritL sgestirrt eitner total localised

digesdon of the xenolith or renoU1H,ition tho ore mi nttf als. A

reL tively large showing oi nth aion 10 nt by 20

oceurs in the Gr s va a o: so metres


from the thrnst }xonizoo. This showiE,- was oniy seen above water level

for two weeks when the GrOndalselva was in abnormally low flow

Pyrite, pyrrhotite and chaleopyrite are the dominant ore minerals,

occurri..g in varying proportions in massi.\-e, disseminated and veinlet

form. In polished seetion pyrrhol'_te, commonly altered to marcasite-

pyrite, is observed to be the dominant mineral in t'ne massive ore,

forming op.). ic and suh-ophitic intergrowths with ovrite (Fig 55 ).

Pyrrhotite also occurs as veins in DVnite (.17if_L ) and shows occasional


possible annedlment textures. Chalcopyrite occasionally repiaces the

pyrrhot 1.e as v dl s for ming a r.7.eparate phase within the stlicat:
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rnatrix Complex magnetite-ilmenite sphene intergrowths are present

as disseminations Pyrite also forms cornplex intergrowths with

graohite which is probably the metarnorohic derivative of carbon pro-

duced in the process of reduction of exhaied iron hydrosols to iron

oxides and sulphides by decaying organic matter in environments of

limited circulation on the sea floor.

The host rock to the rnineralisation is a highly altered acidic

greenstone containina chert-rich horizons and irregular veins of diorite.

It cornprises saussuntised feldspar, cluari1 chlorite, ernidote and both

non-ferroan and ferroan zoisite. A gossan, up to 5 crn. thick is locally

present

5.1. 2.. The Gabbro

Magnetic anomalies, that noAceably deflect compass bearings,

are present around 10450, 697-10) 706,'“I) whcre outcrops


of coarse, green gabbro and red-brcc.vn g:11,pro as xo-ioiilhsin green

gabbro occur respectiyely (Chapt. 3 1 I ) In hand specimen both rock

types evident ly contain magnetite; the red-brown gabbro in polished.

and thin sections is seen to contain abundant magnetite yeinlets exsol. ed

from serpentinised olivines (Eig In addition, minor amounts of


pyrite, chalcopynite, pyrrhotite an- magnetite are oresent as dis-

seminations. The ore minerals in the red-brown aabbro show no

evidence of being formed by a cumulate process.

Euhedral magnetite crystals uo to 2 cna in diameter occur to

the south of Middagshaugen at (-12680, 72250). The magnetite may

have been remobilised on the ernplacernent of the diorite.
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Disserninations of sulfidic rnIneralisation, of pyrite or pyrrhotite

are recognisable in al1 gabbroic lithologies. These are orobably usually

of cumulus origin, similar to the mineralisation in the gabbro in the

eastern part of the Grøndalsfjell cornplex. (Walker, , 1972)

5. 1. 3 . The Diorites

Minor disseminations of suladic mineralisation are present in

all dioritic litholog'„es, particularly in the more basic rock-types

Similarly, disserninations of magetite ane common in a11 lithologies.

Pyrite is the most common sul fi cle mtneral although cha1copy-

rite is present at (-150C,F9:50C and possibly pynnhotite at (-12670, 70040).


In polished section the pyrite is seen to occur as euhedral or subhedral

crystals (Fig 57 ) Clinozoisite and ciudrt.: occasaonally infili tectonic

shadow zones around these grains , thern as pre-tectonic In-




clusions of silicate material are common n the: pyrite whiln minor

amounts of replacement by pyrrhoti..‘ ned coovnite occurs. Mag-

netite occurs as an intercumulds phd 5 s complex intergrowths with

ilmenite or mag-ilmenite, and with a silicate phase, possibly sphene

5. 1. 4 . Minor Intrusives

Disseminations of pyrite , rnagnetite and possibly pyrrhotite

occur in the basic dykes The magnetite occurs either as subhedral

crystals (Fig. or as complex intergrowths w:th ilmenite and sphene.


Occasionally the dykes noticeably magnetic at, for instance (-12010,

71180).

Trondhjernite may contain rrunor stringers of presumably
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remobilised pyrite and pyrite may a1so be found as segregations within

epidote rich veins at for instance (-12830, 71600) within a doleritic

dyke.

A quartz vein, containing abundant euhedral pyrite as stringers,

knots and lenses , that are up to 1.5 cm and orientated along the altitude

of the vein, occurs at (-11770, 71100).

5. Z. Mineralisation Lhe Lithologies Beneath the Thrust Horizon

5.2.1. The Schistose Greenstones

Disseminations and stringers of pyrite are common within the

schistose greenstones. Rust zones, up to 20 m. in length and 2 rn. in

width, often concordant with the trace of the schistosity or cutting it at

low angles occur commonly within this lithology. These rust zones

are freount,.y associanid with acidic bands bat may also occur within

the andesitic to basfc volcanics.

Rust zones , at eg near S2dss1Tnulen (-E,Roc,575L,T;), with typical

dimensions of 10 m. in length and 1 m. in width,are cornmon. Pyrite

is the most common form of mineralisation, occurring either as sub-

bedral to euhedral crystals, comrnonly with corroded faces and minor

replacernent by pyrrhotite, or as cornolex intergrowths with a silicate

phase (Fig. ). Minor disseminations of anhedral rn2erna•tite are also

present.

Oftedahl (1958) described a showing of base-metal mineralisation

within schistose volcanics at (-14300, 72830), this prospect having been

previously investigated by Foslle (19:19).
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Fiyure 59. b. Pyr iLa with coi:rn. d edyas iii seL i st.ose

gruenstunu at: (-9890,67540 .
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Exposure in the vicinity of the prospect is poor, the land being

heavily forested by Scots nine. Hov.-ever immediately around the

prospect the tree densty is noticeably lower, probably due to heavy-

metal poisoning of the soils (3u6lviken and Lag, 1977).

The prospect may be divided into two sites, a northeastern and

southwestern, separated by about 30 m. of marshy ground.

Mineralisation in the northwestern site is largely confined to a

schistose IY1J1c. volcanic lithology tuat has been veined irregularly by

quartz. The mineralised zone strikes 1130 and dips between 60oN and

sub-vertical, betn6 apparently on the limb of a fold and averaging .5 m.

in thickness.

Pyrrhotite is the dorninant ore rnineral, occurring locally as

knots, up to Z cm. in diameter, stringers and disseminations in thin

section it i s seen to contain a ic intergrowths.


Chaleopyritu, magne—tt and sphalerite reul;kce thd 3yrrilotite which is

altered aleng crystal rnargins and fractures to marcasi,e. Sphale

also occurs in veinlets through pyrrhotite. Silicate inclus ons are


common in the grains, which occasionally show well-developed tri-cuspate

annealment textures.

Pyrite occur s as anhedral to euhedral crystals, usually rimmed

by pyrrhatite. Chalcopyrite and pyrite also occur within the silicate

matrix as disseminations parallel to schistosity

The footwall comprises a schistose andesitic to basic volcanic

rock contrtining minor stringers of pyrrhotite and pyrite. The hantung

wall cornprises a sirnilar lithology but is more massive and. displays

bondinacring, of epidote-rich veins (Chant. 3.2. , description of more

massive greenstone lithologies within the schists).
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The southwesterly site comprises pyrite-sphalerite

mineralisation within a schistose acidic volcanic lithology. A minor

fold in the schistosity plunges 46° to 245°.

The ore mineralogy is comprised of approxirnately equal arnounts

of pyrite and sphalerite with minor magnetite. Minor chalcopyrite


occurs as inclusions in the sphalerite, intergranular between pyrite

crystals and as disseminations within the silicate matrix.

The sphalerite occurs as ophitic and sub-ophitic intergrowths with

pyrite. It has a reflectance of about 20 and whitish internal reflections,

suggesting a part cularly low iron content within the sphalerite (Ramdohr, ,

1969).

To the west of the area mapped, a single traverse from the E57

to the SSW of Lillefjelidomma revealed a haematite-magnetite schist

within the extrus ea, 2.5 km. southwest of Vestre Lillefjellet, 400 m.

due east of trig. point 625. Within orie outcrop the lithology varied accord-

ing to the relative abunclance of haernatire and rnaonetite. In the haematite

rich sthist,orientated layer s of in a silicate matrix

give the rock a well developed schistosity (Fig. 60 ). Grains of pinkish-

grey magnetite occur within the haematite layers. The pink colour

may represent high contents of manganese within the magnetite (O'Leary,

1973) or alternatively, high contents of titanium (Rarndohr, 1969). In

the magnetite-rich schists, grey-coloured magnetite crystals, having

abundant silicate inclusions occur. These schists contain well twinned

haematite crystals (Fig. 61 ). These lithologies probably represent

peripheral exhalative-sedirnentary mineralisation within the volcanic

sequence.
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Mineralisation within the Intrusive Litholo ies

The trondhjemite contains only sparsely disserninated pyrite

or pyrite-magnetite mineralisation; the quartz-eye gabbro (silicified

gabbro) similarly only contains minor amounts of disserninated pyrite,

magnetite and possibly pyrrhotite (Fig.62 ).

The minor intrusive phases contain only stringers and dis-

seminations of pyrite and pyrrhotite with magnetite.

5.3. Mineralisation and Metamorohi srn

Within the GrOndalsfjell intrusiye complex, the origin of

mineralisation is at least partly rnagmatic, as indicated by the presence

of cumulate magnetite. The magnetite occurring in the form of complex

magnetite-ilrnenite-sphene intergrowths rnay be the result of one or

more genc:rations of ilmenite exolvLg frorn the magnetite during slow

cooling (Rarndohr, However ths does not explain the presence

of the intergrowths with Uie voicariic lithologies so there may well be a

metamorphic origin to these phases.

Euhedral pyrite, occurring as stringers in many of the lithologies

both above and below the thrust horizon suggests that remobilisation of

the pyrite has occurred, as does the presence of pyrite as segregations

within late-stage deuteric epidote-rich veins. However the presence of

mutual impaction boundaries on some of the crystals indicates that some

of the pyrite was deforrned in a brittle cataclastic manner by either the

tectonic event that produced the Flisoclinal folds or the thrusting.

The pyritic and pyrrhotitic copoer-zinc bearing mineralisation

in the volcanics may also have been remobilised from its original
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stratiform, vulcanogenic position; the strike of the rust zones in

the greenstone schists is usually parallel to the trace of the schistosity.

This may represent remobilisation and redeposition of the sulfides in

a saddle-reef type attitude, being concordant with schistosity. More

probably however, , the sulfides are in a stratabound attitude since the

original volcanic stratigraphy has deformed plastically around the

klippe and has developed schistosity sub-parallel to the original stratigraphy.

5.4. Geochemical Analyses

Electron probe analyses were reade of samples from the prospect

discovered by Foslie at (-14320, 72820) and the ore showing in the

Grdnda1se1va at (-12440, 69220).

(: \
I SPECIMEN KI 63, location: (-14320, 72820)

Mineral : pyrife

Element % Detection Limit gj Flement

Mg 0.108 0.0000

Ca . .096 0.0000

Ti .106 0.0000

Cr .178 0.0000

Mn .144 0.0000

Fe .618 46.5382

S .421 53.9840

Ba .279 0.000

Mineral : pyrrhotite

Element % Detection Limit % Element

Mg 0.105 0.0000

Ca .093 0.0000

Ti .107 0.0000

Cr .131 0.0000

Mn .146 0.0000

Fe .709 60.9564

S .362 38.9538

Ba .282 0.0000
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(ii) SPECIMEN EI 66, location (-14320, 72820)

Mineral : pyrrhotite

Element Detection lirnit Element

S 0.343 35.3531
Ca .097 0.0000
Ti .109 0.0000
Cr .137 0.0000
Mn .151 0. onoo
Fe .538 31.1630
Co .294 0.0000
Ni .237 0.0000
Cu .S.19 35.1362
Zn . 406 0.0000

Mineral: sphaleritc

Element

Ca

To

Cr

Fe

Co

Cu

cr;)Detection hmit

0.229

.070

. 079

.098


.109


.137

Element

32.2172
0.0000
0.0000
0.0000

20900. 
0.7789
0.0010
0. 0090

0.0000
71.2734

-A trace of cadmiam was also n the sphalerite.

SPECIMEN NI 19 (iii), location: (-1 440, 69220)

Mineral pyrite




Element Detection limit % Element

5 0.474 54.3280
Ca . 096 0.0000
Ti .106 0.0000
C r .127 0.0000
Mu .145 0.0000
Ire . 619 46.5870
Co .325 0.7086
Ni .219 0.0000
Cu .276 0.0000
Zn .387 0.0000

Note the presence of a small amount of cobalt within
the pyrite.



Mineral : pyrrhotite

Element % Detection limit % Element

S 0.363 38.8815

Ca .094 0.0000
Ti .107 0.0000
Cr .134 0.0000
Mn .148 0.0000

Fe .710 60.7788
Co .354 0.0000
Ni . 227 0.0000

Cu . 286 0.0000
Zn . 400 0.0000

The presence oflovv-iron sphalerite vvas confirnaed at the

prospect north-viest ofCirSndalstjSnna.The values of zinc are anomalously

hiEh however,partiallydue to miscalibratiunon the probe; the

va'I..,ecfor th..ot'ncTele:nentsEc-c: t! strdar:_ls.

87
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6 CONCLUSION ANI) EC.ONOMIC POTENTIAL OF GRONIJALEN

The major component of the GrPndalsfjell intrusive complex,

the dioritic phase, has been recognised as being later than both the

cumulate form of mineralisation and the exhalative-type mineralisation;

it does not const tute an economic target for metallic orebodies.

Cumulate mineralisation

This is best develoned in the gabbroic Tolo=ses of tho GrPndalsfjell

intrusive complex and at th s level of exposure mineralisation is present

only in sub-econornic quantities; no p _uandite or platinum phases were

reco rnised. Since the intrusive body is overturned, the gabbro is

expected to pass into diorite at depth and in conclus:on, mine ralisation

is unlikely to occur in econornic fku Litic beneath thc snracc. However

there s a lot of 'depth in which un-ocoett- 'things no,11(.1.

Exhalati,- mineralisation

The economically intere re fined:-

1. The greenstone xenolith zone, occurring to the south of GrPnda1en

and above the thrust horizon. Here mineralization w'thin the xenoliths,

present in the GrPndalse1va as copper-bearing pyrrhotite ore may be

connectod somehow to the magnetie anornaly present around the reen-

stone raft at (-11170, 1')500) where the presence of the copper indicator-

Visce ria alpina has been noted.

Certainly the extension of the xenolithic balt to the west of

GrPndalselva passes through the niincralised area and the brown mica

diorite into this anonn.rdeds zem,, Wiicther th; rearesents any real,
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rather than apparent, connection is unknown but geophysical rnethods

such as resistivity, electromagnetic and V. L. F. techniques may be

able to ascertain this.

S. Foslie's (1919) prospect, first described in a publication by

Oftedah1 (1958) occurring below the thrust horizon to the west of

GrqMdalstjonna at (-11320, 72830). At the surface, zine mineralisation

as sphalerite is the dominant ore mineral but at depth this may change

into a copper -rich facies. Re-trenching in order to ascertain the structure

and continuation of the rnineralisation zone at depth may prove valuable

since low exposure hinders realistic evaluation ot the prospect

Exhalite showings to the south west of Lillefjellet. Due to lack

of time, little work was undertaken in this area, but the single traverse

did reveal haematite and magnetite cn schists. Geophysical work may

indicate sub-surface. base metal b —

1\14  radisation to the south east of Lille e within the


schist are numerous small showings of eichalite type mineralisation

within lavas and pyroclastics. At denth there may be a connection of

these showings.
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7. COMPARISON BEFWEEN THE GRONDALSEJELL INTRUSIVE

COMPLEX AND OTIIER SELECTED MAFIC INTRUSIVE

COMPLEXES IN THE GREENSTONE BELTS OF NORWAY

A comparision between the Groadalsfjell igneous complex and

other comPlexes is roade on the basis of the following features:

(i) The nature of the relations} p between the plutonic body and

the country-rocks.

The nature of the intrusive lithoogies, their intrusive form

and their ore mineralisation.

The structure of the igneous con-:plex.
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7. A. COMPAR1SON S...:LIT.TELMA GABBRO COMPLEX

The Sulitjeirna gabbro ol Nordland complex forms the peaks of

the Sulitje1ma mountains on the Norweki- n-S edish border. The gabbro

outcrops over an area of about 13 km east-west by 10 km north-south

(Figs.

7. A.(i) Relationshia of the czabbro cornplex with the country rocks

The Sulitjelma gabhro makes sharn contacts with the country rocks

which have been hornselsed over a zone about 30 ni. wide. Veins of

gabbro, not usually coarser than the mai uabbro mass, extend into the

conntry rocks In addition larger apohyses of gabbro run out from the

main mass for a kilornetre or more. S onc apophyses are bodies,


cross-cutting the country rocks. SimiL dv screuns of coJntry - rock

extend inte the

In contrast the Gr$ïtdaLsLdt r more diffusr

cont“cts with the coury rocks. couHet however has been largely


obscured bv the thrust horizon. Wher pryser:t howev:.r. veins of dioritic

materi I exte ding into the greerystones are sirmlarly noticeably as

coarsely crystalline as the main nas sand thus a chilled margin facies

appears absent in both areas. The consplcuous coTIntry-rock. xenolith

zones present in Cronrbdsfjcli uro abs-nt in Snl-Ttjelma. Apophyses of

dior5te, extend nearly 1 lcm. into th country rock in the west of

G“Sndalen where they tre cut off by the thrust horinon. Screens of

country rock extend about 1 bm. into the morite and are largely horn-

felsed in contrast to the relatively nn.rrow bernfels zono at SulitjeIrna

tectonic cont: made ro in the soutir:. st, mat

by a tectonic melan c)::abbro ser abbrol. At
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the present level of exposure, the Grndalsfjell complex of course,

makes a tectonic contact on all sides

Sulitjelma displays cross-cutting relationships v,ith the country

rock and in the northeast corner of the complex there are igneous breccias

cornposed of hornfelsed fragments of country rocks and more rarely

gabbro in a leucocratic igneous matr x of varied composition,thought by

Mason (1970) to be a result of partial rnelting of the country rock

The sub-parallelism of acidic volcanic bands within the screen

of hornfelsed greenstones to the clioritcapophyses in the Grndalsfjell

cornplex, may suggest a more concordant intrusion No breccias are

found in GrcSndalsfjell. The discordant nature of the igneous body with-

in country rock at Sulitjelma may suggest zi. slightly more foneful

intrusion when compared to the in1ru:3ion ol t' Gr;3ndalsfje11 plutons

Nature and form o the '

Three facies of unaltered a51ro  :re recognised by Mason

(1970). These are massive olivine gabbro yrhrnic 1ayered olivine gabbro


and biotite-bearing ferrogabbro. Also a srnaii body of granite, the

Furui.und-graniteoccurs to the west of 5..litjelmaisen. The nirulund

granite locally veins gabbro and thus is thought to be later than the

gabbro although it is likely that both betong to the same episode of

intrusive activity. A granite facies is not developed at Grndalsfjell,

the more acidic phase being represented by trondhjemite (relatively

deficient).

Grondalsfjelli:: comparison has more numerous lithologies:

there are two distinct forms of oHvine L;a1)bim, layer crJ and massive
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as well as hypersthene gabbro, norite and troctolitLe (recognised by

Walker 1972). Various diorite facies occur as well as basic and

trondhjernitic rninor intrusive phases.

The layering at Sulitjelma is sirnilar to that at G“indalen in

both mineralogy and the fact that both are steeply dipping. Fluxion

phenondena recogniseci in the layering of both rnassifs and the layering

in both is suspected to have been forrned by gravity settling in the

presence of convection currents according to the ''Ska ergard rnodel".

Assurning this model is correct, it is deduced that the present steep

attitude of rythmic layering is due to post-curriulus displacement.

The gabbros frorn Sulitjelma and the Greindalsijeli gabbros and

much of the diorites are cumulates. Sub-economic deposits of pyrrhotite as a

int ercurnulus phase uro present in boti s.

A. Structure of the n 	 Carmilex

Sections showing the structare of the Sulitjelma intrusive corn-

plex are given in Fig Mason (1070) used the att—ude of the rythrnic


layering as evidence for deforrnations of the gabbro. In the zone of

layered gabbro running east-west across the cornplex the layers dip

generally steeply northwards in the southern part of the zone, verticany

in the middle parts and steeply dipping in the northern part. Mason

tentatively suggested that this inclicates that the gabbro is folded locally

into a syncline but lies on the northward dipoing limb of a cornplex

Structural depression whose centre lies further north. The axial trace

of the sy_ncline runs east-west across Duoldagabjavl-ehandfolds both the

Furulund granite and gabbro The absence of cryptic layering, as an

indicator of relative age rneans that the structure is only tentative.
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7. 13. COMPARISON WITH THE STORELV GABBRO

The Storelv Gabbro is a large sheet of dominantly gabbroic rocks

that occur in SOrcky, Finmark. The complex can be traced for some 40

km. along strike and reaches a maximum thickness of 3 krn. (Figs. 53

and6() ). The body has been considerably deformed, with many of the

variations in thickness due to tectonic extension.

	

7. B. (i)Relat onshio of the Gabbro Comolex with the Countr r-Rocks

The Storelv Gabbro makes fairly diffuse contacts with the country

rock; extensive rafts of limestone and calc-silicate rocks are found

within the gabbro. These are members of tho Klubben psammite and Storelv

Schist groups. In the southwest, rafts of horafelsed graphite-schists also

occur, indicating the presence of the Falkenes Marbie and Aafjord Pelite

Groups.

The the west of Sandofjord, oilatLci gabbro,

approximately 50 m. thick follows cl.eselt the axiai plane of a major Fl

recumbent syncline. This sheet of uabbro reoresents either an apophyse

of the Storely Gabbro or a thin sheet of the same age parallel to the main

body.

Over much of its outcrop, the Storely gabbro appears to lack well

developed contact metamorphic effects, and over large tracks tho

country rocks apparently per sist to the contact of the gabbro, which is

often highly foliated due to post-emolacement deformation. Occasionally

well developed hornfels do occur at th gahbro contact, though, in con-

trast to G“indalsfjell, more typically hornfelsed rocks are found as lenses

within apparently normally foliated lenses. The hornfels occur along
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the southwestern outcrop of the Store, v Gabbro and in the northern

part of the Seines peninsula in the B,3rfjord area where the hornfels

are locally highly foliated. In thin section the rocks have a grano-

blastic hornfels structure with nreservation of Fl fold structures.

These features are absent in GrOndalsfjell where nearly all primary

tectures have lieen obliterated and intrusion occurred before the F one

folding developed.

In contrast to the Gr6ndalsfjell complex, partial melting result-

inu from anatexis is a.b.:ndant. These anatectic veins vary in form and

make diffuse to sharp contacts with the horefelsed country rock.

The metasedimentary rafts vithiri the fltorelv Gabbro also con-

tain abundantly preserved Fl minor folcl s with ranobla stic textures

superimposed upon them. Vtns ru: also comn.ton N these

(n) Nature and form of UlL iLruai'& rocks

The Storelv Gabbro is an iz,t:i comprising gabbro

th subordinate ultramafic varieties and sheets of diorite, monzonite

and adamellite. The latter two phases are absent from the Grcindalsfjell

comnlex, wi h trondejemite occurring in their place. As in the

Grodalsfjcll complex however, the intrusive relationshins are well

preserved. Similarly, abundant metasomatic activity accomoanied the

later memhers of the igneous sequenc(,

At both GrOndalsfjell and Storciv, the gabbro was the earliest

intrusivt phase, followed by diorite (although two cenerations of gabbroic

intrusion zire possib ly loresent in the Cr-Ondalsti,W. con-ip . The
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Storelv gabbro and diorite both contain metasedimentary rafts, whereas

only the latter contain country rock rafts at Grdndalslje11.

The gabbro and diorite at Storelv botb have identical structural

and rnetamorphic histories which leads Sturt and. Taylor (1 9 7 2) to sug-

gest that "there was probably no great time span between their succes sive

emplacements" although they were deformed. and metamorphosed prior

to the emplacement of the sheets of quartz-monzonite and adamellite. At

Grdndaisfje11 the gabbro and diorite haye similar metarnorphic histories

(although the gabbro is serpentiniseci) but neither disolay any obvious Fl

defor mation fabrics .

The gabhro at StOrely shows considerabie variation, but is usually

a melanogabbro with small lenses and discontinuous sheets of peridetite

and troctolite, though a more leueocratic facies may be locally extensive.

No layering is evident. The or igit nd fabric are

nowhere perfectly preserved in S;or& Gabbro aud tids is largely

true of the GrdndalsTie11 complex a1though 12c-a1 areas of blue-diorite

represent relatively fresh zones.

The eastern outcrop of the Storelv Gabbro is extensively deformed

although zones of highly schistose rnaterial, developed late in the 51

stage, are found throughout the cornplex. In contrast, the Grdndalsfjell

complex has only locally developed mylonitic or brecciated lithology and

has nowhere developed a schistosity. Basic dykes in the Storelv Gabbro

are deformed by F2; this is possibly also true of the basic dykes of the

Grdnda1sfje11 complex.

Irregular sheets of diorite intrude the Storely gabbro and contain

angular xenollths with marked net-vein contacts. At Grdndalsfjell
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however one major dioritic phase (with local chemical variations)

intruded the gabbros. Subsequent deuteric alteration and regional

metarnorphism has altered the primary nnineralogy of the diorite but

the igneous fabric is often largely retained. This is in contrast to the

Storelvdiorite where a metamorphic fabric and mineral assemblage is

present.

The monzonites and adamellites, not present in the Gr¢ndalsfjell

complex form sheets containing dior. e and gabbro as xenoliths.

The effect of the main second period of deformation had a much

greater effect on the Storelv Gabbro than the Grndalsfjell intrusive

complex; the former suffered intense internal deformation and developed

new foliation and boundinaging of the acidic sheets occurred. The

latter only deformed locally.

.7. B. (iii) The Struc,dre of Complex

The Storelu Gabbro was emplaced into structures already oro-

duced by Fl deformation. In cornparision the Grndaisfjell complex

was intruded probably pre-Fl. The structure of the Storelu intrusive

complex is described by Fig.67 .
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7 C. COMPARISON OF THE GP:OtNDALSEJELL COMPLEX WITH

THE HYLLINGEN COMPLEX

The Hyllingen gabbro complex lics in the Haltdalen district in

S¢r-TrOndelag (Figs and ) and forms the southern part of the


Fongen gabbro massif which extends northwards from Haltdalen for

about 10 km. , having a width of 5 - 10 km.

(i )
Relationshio with the countr rocks

Thc Hyllingen abUro compiex is intruded into Palaeozoic meta-

sediments and metavolcanics which were folded and metamorphosed

during th- Caledonian orogeny. Hornfelsing of the country rocks (the

Stren group and Gula sctist group) occurred on the intrusion of the

gabbro.

The int=sivu relationshos

rflie greater oart of the abbro complex is made up

oi olivine gabbres and norites; traneitiews between these two exist

depending on the relative abundanee of clinopyroxene and orthopyroxene

whereas d orite forms the major ignectis nhase in the GrOndalsfjell

cornplez.

Ultrabasics (olivine-serpentine-tremolite rocks) occur as

small knolls adjacent to the main gabbro massif to the west of

Skjelapynten and at HoltsjOhOgda (Eig These rocks may be des-




cribed as p;roxenites and olivine -bearing serpentinites: they grade

marginally into olivine-bearing tremolite rocks. Magnetite, ilrnenite,

chrornite and p•ntlandite-bearing pyrrhotite comprise the ore mineralogy.

Lateral variations amongst the more mafic constituents, to produce

distinct zones, are not recognised at GrOndalsfjell No pgntlandite or
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or chromite has been recognised at Grdndalsfjell.

The western part of the main gabbro complex at Hyllingen

comprises per otite layers alternating with more feldspathic olivine

aabbros and niorites. This is not present at Grdndalsfjelb many

ultramafic-rnafic relationships have probably been obscured by the

intrusion of the diorite to produce isolated rafts of gabbroic material.

The peridotites grade into olivine-gabbros by an increase in

plagioclase content. An abrupt change from peridotite to olivine-

gabbros occurs in the layered sequence however. Magnetite and

il—enite are more abandant than in G ondalsfjell and pyrrhotite is also

present emphasising the intimate correlation between ore mineralisation

and the more rnafic cornponents of the massii.

Gradational contacts of peridotites are also made with olivine-

free pyroTKeite rabbro "ch -tselt es eastwards into horrblende


diorite; the diorite grades eastwards into montionites. At Grdndalsfjell

the dioritic phase is more abundant whilst the rnonzonite is absent.

Swarms of medium to fine-grained leucocratic quartz-monzonite

rocks, with the same order of thickness as many of the trondhjernite

dykes at Grdndalsfjell (0.5 - 2 m. ), encompass the eastern border of

the Hyllingen complex, intersecting the hornfels and schists as sills.

(iii) Structure ot the Complex

The complex has a well developed foliation that appears as a

sheet-like fracture system which is specially prominent among the

olivine gabbros and the peridotites. The sheets are from a few cm.

to several metres in thickness and these commonly have transitions
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into massive rocks without any planar fabric.

The fracturing is in fact well developed foliation; the fracture

pattern is thus related to the flow pattern that produced the foliation

(Nilsen, 1973).

The flat-lying shear zones (Fig. 69 ) trend paraIlel to the

foliation planes, these being occupied by thin horizons of f1aser gabbro.

In Grdndalsfjell a thin zone of flaser gabbro (0.5 rn. in diameter) is

recorded in a gabbro xenolith within diorite Various pegmatites occur

adjacent to the shear zones at Hyllingen. Strain is assumed to have

acted parallel to foliation planes in the complex, thus producing the

flaser gabbro. Pegmatite formation must have taken place before the

occurrence of brittle fracture.

The layered gabbro rafts have no noticeable well developed

fracture system. The trondhjemite pegmatites however are thought to

have been intruded before the fractur•the comolex.

The general structure of the Hyllingen complex seems to be a flexed

sheet, lying conformable with the enclosing supracrustals. A thickness

of 3 km. is estimated, but a thinning of the sheet to the south is recog-

nisable and a concave-convex form is suspected (Fig.70).

The Hyllingen gabbro complex has petrological layering;


gravity layering of both cryptic and rythmic types are present whereas

only rythmic layering has been recognised in the Grdndalsfjell complex.



7.D. SUMMARY.

The Grondalsfjell igneous complex has tectonic bound-

aries with the underlying, older lithologies. This may obscure

many primary igneous structures and make obvious comparisons

with other igneous complexes difficult to draw.

However the Grondalsfjell igneous complex has a more

abundant dioritic component than the other igneous complexes

described. There is also an abscence of granitic rock types

suggesting the Grondalsfjell complex is relatively K- deficient.
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