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Geoldricrl Renart on the Korsagfjord Tectonic findow

Introdcct ror

ïhis freld repert is based on ononino corried cut

during the surnmers cf 1975 and 1976.

In the Komagfood --dtcnic Window a thick sequence

of greebrfone metavoloctcres and interbcdded metosediments

(Raipas Snite) of stnposed Kacelian age (Rejcab 1963) is

excosed, withih the Caic2dontap,mountain chain. Unconforadab1c


lyLn- apen the Rarpas rocL , ard ovarthrust bu the Kalak

NapPe 5:rnlex durIng the 'aledonion cr tre r is a thin

sedint:ry scol T-',acrarbri-nodd.

	

The Isost detaIlri inyastigatres •in•cw as

a anore was tnat al Rdit in .19(3). Enw• of his stratiqracki-al

namLIclature bas h»en retaIn but detailed mapping

of toe riraensfanr_shos raCniirci the of a =Lber Of

new formational and groco (fCg. I).
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Precambrian Stratigrachy

The Precambrian Raipas Sulta is divided into turee

crcups (Fig. 1). The :,agerfiell Group, a sequence of volcanics


and interbedded sediments at variahle metamorphic grade, under-

lies the arkcses and quartz:tes of the Saltvann Group. The


relationsnic of the Porsavna- Group to the ether groacs is not

known with certainty, but it cossiDiy cver :es the Saltvann

Group.

N:auerf4ell GrouG

The oldest rocks excosed .n the area are those of the

Yagerfieil Grouc, excored C7cr a sary wide arGa of the Komagfjord

Wiriio south-east of the outcres- ef the Saltvann. This group

is composed of a thick scgdonce (possiblv gredter than i kilo-

metres) of basaltic lavas, tuffs und interbedded sedimentary

ilhs. 'ear the outcrop ef the :ttuara Groac, the matdmorphic


arade is low und primary fedtures suc- as cillows, amygdales,

hvalocftstite breccias 'n h-Jvas, ann aradino in tuffs, can be

recognised. Towards the scath howevei, neta.Gorphic grade rtses

from the biotite th nornblende Accomcanying this

e complete recrystallisation aud metamoruhic differentiation,

ana recoenition of urinar textures befories difficult, then

impossible. Lavas recrystallise te Sornblende sch.sts, tuffs


hc hernblende-duartG schistr.

thin the Magerfjell Grouc a number of medium-gratned

- c intrusives occur, cutte distinot frov,the laras and

from a later synoroecnto intrusive suite. These mefic tntrusives

are strong-ly deforned and fold,d bv the Pre defor=tion,
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and may represent s -aohcanic complexes which red the laoas.

Thin sed .entary .thits are intcrbeddea witn the

daminent tolcantrcinii segnent-e.

units :nteiceddo:: Li t1fo tc'f= ,;c2e p cdpainv crtainally

acid h9jm:nelastics or arkost c sands tnnes Carbchatt. iiorizons.


ef exeeflttonal pur Lv are very comsflentowards the ter cl the

Fermation, scociated with maile tuffs.

n:rcasLnc Tot.i-orcaio gradc tnwarets the scedth-ca ,


Initc deverco tremolite porohrtrobiasts.

In the cer4ro nf the window, tn the area tr hicliest

metaanruhie grade, ccnclumeratias ferm much cf thc.ertcroC..

2 C.ins tst •t pelehtac and houlders cf creenstone thcloot

and aranific queies set. In d tuffaceous matrix. Etrtaiha

dtfferonces in the propnrtion of each rock tope pre=ont oc=.

The Lowca.: =trdttgraphi do-einated hy Ocilders

'cr:ti- 000 iS. aca ttio deformcd grantte, eefte


acrt

eissosa he :h the areenstone se-rue••:-

dopcoi ted,al thauch this an.as not eutcrap anywnere wi thin thre

windo•. Ai heahor stratigrapdtc leeeis areenstone tjchleii

nec nommon and oventuailty Cedainate tILi canglcait,:atee•


cntt ts sn dtstin ion that il ndo heen civen fnr:tience

statas dna nameG the 'Aarktjel Irb=tion.

The remainder 0: 4e1 Group ha 3 Le=

ation in all

emapolng wilT enahle ftner sithe-avisten.



b. Saltvenn Grcup


The s'tatigrachical nomencInttre c Lli-teehy Reiten

(1963) is retained for this cro ) which stra.igraphicallv

overlies the Maccrfjell group. aevala: lb alaties, cuart-




zites of the Steinfjell Formatton cchtais wsJ: preserved

current-bedding hich clearly dan( (tca yeunging intn the

Saltvann Crouu, ene away from the sed:netita centsh! with

2 greenstenes, whichnust therefore he a har In a nucctser

ci , the Steihfjell Formattan ts undeil it by graded

tu'fs which also ihdlcate yobnging into tUe lt enn Group.

Furtherluore, the bedd in th-:e ta' ttpet s to 0t conctre-

e that s the auartzite, so ct an unaonformitv exists

at all, it is only a very shallow distordance. 1n other place


for exemple at Ulvarycgen, the nutute )f thia centect hes heen

obscured bv high stratn and [aalting anJ :ppe.ms to be tectt c.

The iswest Steinfjell ermation 's a segaence st

meetuft to coerse-creined meta- tagt -rta::tec

vartable narity anh hon rates. tiCm) are


:ra cuentl:cross-heddee, enahltne dete

.htle the conglomerate beds art aaefu! ladicet ors of true

beaaing. Over ::uciitf the t.etcrop, ( eding 0011ontv te

resognised with difticulty, espacCaliv ihne	 oure auartzttss.

Current bedding indacates t at tho fcrnit (on laid down in

a seeimentar\ bas the prevenance of [ erials tahthe

west or nsrUh-west. Yiest of tre oehh:o:; the Och( fltr

tre of ve'n rtz, thouch locat2y oehhlts n greenctet

jtscer are fctund.a



The Steinfjell Formation appeors to pass up conformalflv

intc the Djupelv Formation, which is a conglemerate with

nucterous boulders and pebbles of greenstone lithologies set

ln a sparse sanay matrix. This is tfnturn overlain by the


h'skevann Formaticn, which is o sanay erhos ic ccnc' c.

frenuentiv current beadea, deminatea 1 purcie


veloanic Pcr

The Saltvann Greup is a minfmum of 2 kilometrcs thIck.

Persavann Groun

The stratigraphicat nofienc2atur, orected by h aud

Jansen during tho course of detailea ciaobing tn the Kvalsund/

Vargsund districts is retained here.

The natare of the contact betwern the arkoses of the

Saltvann Group and the greenstono/seaf=tary socuenceof the

Dersavann Group remains a diffletklt t Pors

in the south-west to Nusserenvann in the nor -cast, the

coontact appears to be tectonfo cnc, with considerab,10 «scordauce

in platnes. Fer example, east si Skin ficil, the headina in

the DjuPelv foormation nas J gou d of strike -ith


that of the greenstones on the ether side of the contflot. On

Nusseren itself however, there appeaim; to be a conforma bie

passage up froct the Saltvann Group into Ihe Porsavadn Group.

Current bedaing in the Fiskevann ForIra ts tnvcungs to the netrt-

east, as does grading iiituflo im:mtd osie nurth of the eontact.

It Is 219-isfonally uggestca cremare, c2::T tne

savann Gr2up is stratigraphically haer than the Saltvahh


Croup, the complexity of the contact in the wt.st being due



either to tectonic processes, initial primarv unconformity

or both. Further evidence for these age relationships is

summarised below.

i. As jansen (1976) has shown, it is impossible to

correlate the greenstone units north (Porsavann Group) and

sonth (Magerfjell Group) cf the arkosic Saltvann Croup.

These two groups exhibit strikinc differences in lithology.

For example, the Porsavann Grcup is dominated by pillow

basalts with an overlying seguence of dolomitc, carbonaceous

slafes and other sediments, while the nagerfjell Group

consists mainly of basalts and interbedded tuffs with very

little sediment. In a volcanic environment, rapid facies


change is to be expected (and is demonstrable within this

area) but this is not thought to be the reason for the

dissimilarity of the two grcups. A major aim of the geo-




chemical sampling programme is to compare the lava types cf

both these groups. At present however, it is not tnought they

are contemporaneous.

Stratigraphio evidence from the Nusseren distr ct,

with progressively vounger units of the Saltvann Group

apuearing to the north and apparently passing up into tuffs

at the base of the Persavann Grcup, appears very convincing

to the author.

Lavas and tuffs on the southern flank of

Skinnfjell and Nusseren contain xenoliths of cuartsite, probably

derived from the Saltvann Group during upward passage of the

magma
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The lowest Hogfjell Formation is the thickest cf the

Porsavann Group and is at least 2 kilobe_res thick. It is a


secuence 35 parnially sciittised basaltic lavas, with

subsldia amounts of gradee tuff, agglonerate, nyaloclastr___


breccia and conglonerate, metamorphosed under verv low greer-

schist facies rjetar=hin conditions.

This is overJaln bv the \Jarcsand Kornatio , a seguence

05 carbonaneerich sehinents, dcninantly dclondtic, but witn

some limastones ond interoefided puro ouartzites (frecuently

csrrent-besst- . 2, At the base, ;rev skales inter-

calafed with nhin bedocr deltarite relt transiricn series

with the ocfjeal Forrotto— At higner levele the

is rore nassive and contains in placeo very simpJe, laterally-

linkdd newispheroidal dones nroduced by stromatolitic aleae.

Prdoocntiv all sicn of brinary testures is dbletered bv strono

reattening in the long 11mbs of foldo of Precatbrian aee,

by cataclasis dor sr, the Caledondan oroachy. Certain horizone

are rich in cherty nodnles. At icasf 10C merres cf doloajte


is oresent Idcally, but this can be thianed, fore r 21t nut

altogether, by fold1 g and faulting.

The Vargsund Fornatren is conformably overlain by

ntchly graohitic slates cf the Kvalsund Formation, as

is read»ty se-va frat tho rab. (Plate As In faams ait


inte al part of the Precasbrian Possavann nzrcuo segue, oe,

Peitan's attemot to correlate it witn uhe Eocarbrtan Lormann

Pormation is clearly :ristakon. The Kvalsund Pcra tlon is a


well cjeaved, nonotoncus lithology , thoach odcaalc-J1 palebeds

dc siTLty sadiment reveal that these slatts exhiblt i stvle or
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deformation similar to that found in the overlyng Langorvann

Formation (Fig. 4). The Kvalsund Formation exhibits marked

changes in thickness, SCW2 of this may be jue to crigenal


sediffontary facies variation, but cost of St can be attributed

to folding.

The Langorvann Forcation forns the uppermost unit cd

tne Porsavann Group. dt the bace a thin conglumerate norizon


is socradically developed, espGcially L. :esterdalen. Sub-

rcunded pebbles of Greenstene litytoiochlosdith subsidiar

clasts of shale and vein quartz oebbles ore set jr.a grevie

green peles c matrix. This is followe Dy a much thickeo


seGuence of dark, slithtly graphitic shales, which becflifc

inoreasingly calcareous until eventually misritio limestone

beds appear in the seduence (some up to 25ccs thick). In


Kvalsund-dal these beds contain strocatolitic algal structures.

In addition beds of coarser-grained clastic sediobnt appear,

giving the seguence a turbaditic aspect. The highest unit ad


the Langorvann Formation exoosed ocnsists of greenish-grey

ashes and tuffs with thin interbedded lavas.

Interureta`ion or  the Precambrian Stratigraohy

:4agerfjell Grouo

The prinarv textures of this grouo of Iavas, tuf ds and

sedia ts suggest that tnev ware depcsitej subancoecusly.

Pillow textures have long been taken to indicate a submarine

origin. In a few places. lensoid zones nf nvainclastite breccia

are interbedded with the oillews. Theaa appears to be a


c(mplete transition from unbrecciated pifinws te hyaloclastites
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showing the typical imicro-crackle bretcia' tnxtu-e deso-rbed

by Furnes (1972). Amygdales have bean identified at a


number af Icoalities and Incally farm 15-201 by voolume 95

thn rook. This suggests thdt they were ehIlled In a fal-r1

shallow depth of water, perhaps less than 1/2kilometre. In

other places, t e pillow Idva is free of amygdales and may hate

been poured out at greater dopths. 1n some cases, it is probable


that deformation has obliterated the evidence fer vesiculation.

It has certainly made identification of individual flows very

difficult.

In general therefore, tde envircnment cf dencsition of

the Magerfjell Groun seea-nsta have been one cf submarine eruPtien

and construction of lava piies in gradual]y saallowIng marine

basins. On the Ilornks of these submerina volcanoes talus


dnrived from breactatod lavd and agttd

deposlted, and pessiby rowdrked ta 1,f-nd00esradeb nEfs ane

tuffites (Fig.5).

b. Saltvann  Group

The prim ry features of the Saltvann Groun ind:cate that

these sediments :sare depesited in shallew water, possiblv

estnarfes or more likelv shdllow marine env ent er.arr

deltaic ocnditions. At individual icaa:itles, aros--beddIng


displays a distinct tendency towards a bi ddel distribution,

- uggesting reworking by ahannels nr by bidas. Taking the


Steinfjell Fcrmation asawlole , ourrents Jt th- time Of

depositicn were from tld narth-west ladrant. :Iuch of tho



sedimerif is h±chiv feldsathio in aspect (truc arkohes ar

qu'te com thc prcsence of catrplomerates wivh ochbles


derived from the Yiagerfjell Gronp preenstones supgeoto that

at leds L 30150ef the sna:Tent was locally derived. At the

exrc1k sonth-western end of its outcren, where it dicappe:

belov ItheKalak rnrest, the Steinfjel Formatich ofentans

cfcsiderablu d: )pht cf chnglornerate. eut na


north-edterly d rectt:m until at Saitycnn yery iittle

onngloccirdte lA present. At Livervccen conporfcrates cf


localised occuirence, dnd mostly restricted tn thin beds and

channel LhfiLln. This indicates very raoid facies uhange


within the SteinHell Fcrmation, probably also true ot the

Saltf -121Oroup •s a whoic.

i2cittcn(1)63 was not able to identif a sourc• for

thc uorphorc cdr 'es c his.cevann Feratic

J:t-1-1.11;hude',141C and oaro jes are kncfen

amces n the dre] itnn.s.t fpomohvries at cnt,Kirun

,triut.

Porsavinn Sroup

The extrusian of lavas and tutfs celiaorisinPfhn

marked the return cf a deepenin: I rino

envirchm=. rnis pcicanic seadence is doitinat2d by pailo

sub sis lasfitJ- brecuias and tutr oorihoou.

is ove ldin by dolomtes of f-bn sune Foniation whicl

were in 3 snallow marine or mesertieal environmen

tbo depth of w fer beina critieally rtadt. Air algLIT p1)y-

y1thesi_2. Currento-bejeleclnmur ccites enterhedded with the



dolomite indicate a north-easterly crovenence for thes.a

mature clastia sediments. Quiet shallow water marine conditi ,ns


seem to have peraisred doring the denositich of thc Kvalund

P•rmation and the lowermost part of the Langoryann Pormation,

hut the youngest Precambrian rocks preserved in the Komagflord

Window etc dshes, tuffs and lavas marking a return to volcano-

ganio sedimentatien.

Precambrian S•horodenlc Intrustions

It is possible to recognise three broad divisienscf

intrusive rocks. These include metagabbros t ficu' 


rocks which are found throughout the window Coven in the

Vardsund districtO and quarrz-diorite, which is restriated te

the area aroand averelv-vann in the soutn-west ef the i

cast of SkilleYord.

d• Methcabbres

Metagdhhros are widely distributed throughout the

window, with retrograde metamorphic assemblages refle-tins

the grade of the surrounding country recks. -1tP7h11-


west, e.g. at the Lappish ritual shore on the coastal

between ?;everfjnrciand Kvalstind, and es th- sthtmit

Slinnfjell, the ::ecagobhros ard at onlcritegPeom The .

frectuently retain a paor nchitic texture hot

dre seen to bente natregressed to alteration minerils soch

as serpentine, chlorire, sericite and actinelite. dalcia

plagiocldse hos altered to which is freguently inter-
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prown wit u Occasionally relaas of the nrrganal

haderalocy tre creserved e.g. recour evreyen uhenc-

crtyhts, hut thehe •te generally rare. As rietamorchic crnde


rises iowindu the interior of the window, recrvstdllisatihn

of thn gabbros 's mere cordalete aryd the ophttic texturoa rs

:ori cictc'l'::ehtroyed. It is reniaced sy a streap L - faUrc

oriPin prarduce,thy the naralLei cii inmettt

•f ne tcdiiasti preen hernbiende perchvrcbtasts oet in a


onirioa cf o1crociase.

Due te Ihe mctamorphic recrystallisaLion c

pabbros it is very difficult to investigate mineratoptcal

vart.vion in and hetween each of the in

In nla s, uooe ef 'hn pahCro has a distinitt ieuaecrotia

ect, mav well indicate SOFIE` dfferanItoticn o!


ide daEtttHrna.

romoric intrusaens

Intrusly o- ultraoafic corrucsi,ien rre aIsc cdenrn::

and cit lasely asscoiated with sahbros,rcc: oilcLc

indtnndcntr of thes. In a nuaber of ulaces, e. . houth


Crnhoortnn ant. Saltvann, intrusions are of miaa2O conpcuttibn

adruentinoto drddang into gabbro, c iiculu ut tbe

oorpins of the intrusion. ditas is thDaubt th de due tto


eo-rposiaienal dIfferenocs upon intrusion, r-Lbe Lban dun

diffnrenttation in a lavetea intrusion subseduent tu emele

oent Luat prior ia co=lete crystallasaticr er

nafic racks dccc anon emplaced witn thin skirts of Pahltriau
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cornosition, cr they regresent segarate intrusions inte tho

gabbro with which they are associated.

In the north-west of the window tho ultramafic

intrcsives are completelv retrogressed to alteration

minerals, mainly serpentine, chlorite and talc. Towards


the interior of the window it is gossible to recconiso

relics of the original rfineralogv, including olitina, crtco

pyroxene and clinolayroxene, which show that the iztrusionn

were dunite ar Iherzclite peridotites before mot r. rphism.

c. Mode of em lacement of the gabbroic and ultramafic

intrasions

The contacts oetween these bedies and the coaLtry

rocks inta which they are intruded are exnosei dt • nuzt)er

of glaccs. The contact is always sharg and regular, and


the intrusions are for the mcst part, free of sonolitns.

The marginal zone of the intrusives is nearly alwavs Jine

grained Indicatini sore degree of chflIing of the magra,

and occasionally contains xencliths of the country rockb,

e.g. south of Indrevann a gabbro contains rounded disaggregated

grains of quartz, derived from the Steinfjell Formation host

rocks. Evidence for dilation of the country rocks during


intrusion is also found in the form of rdtatiou of codding

out of the regional frnd.

The intrusions are freguently irregular in s..ape and

dtscordant td heddiue, although they tend to he concOrddnt

wi.d.1the first schistosity and frequently are associated ,gith

the weak core zones of foldo. The evidence suggests th t the
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aebbros were esi:ilacedby a combinati•n of forceful intrusion,

with co::onrattveiv little stopino cf menaliths.

f,2_ontact n oroh c effects associc:cu sltid the intruscins

fteitan (1963) st es that there are ne contntt lieta croh2o

effects aftribuLable ta thL intrusiens. In fact, aacuales

are ell develord araund th intrasinrs r barticularib the

ultrsbnafic bodfc bat their study is hcnderau rihc rofraniory

nafure cf the coantry nosks, •hich cen artirss,


srkosos or gree ;tones, not chernically suits-de for fi.o.

'arcductlen of -,..iuminonificateporphyroblasts such os ocndi

Neverthelass, in thin section many of the coantry ro)

acijacent tc tne ntr',u21ns nanbe seen to 1arL ±2C

and daLciabed , ric•anch1astic, anneaiei fah.,

in one tufs ciOse to an utonamafic intrusinn.


reen contact ecaoansrphd ed to bcroxene h9rnfel:

A large intrusion ni ninartz-dierite 'trondh4c:it-)

2xp-_,Cd irsona Tverelv-Yinn in the soa-

a surface outcrou of approximately 25 s-  re ilefietres.

It is audte poor in fcrcomagnesian constituenta,

cembosed of blaaioclase and a ttio oie

with access ch as auartz and mriw_L

biotfte hns ni ead tn riuscovite durfrag

the rock - brecelated in blaces. This SU(V005

quartz-dierite ias suffcred dEtamorbini, and dCfol clen

subseauenL io aliaL1acccent. An shales of the Lcmvo n FortiiLtinn



- 15 -

(Eo-Cafabrian age) whign autgrop just sguth of the gaartz-

diorite are unhornfelsed, this metamorphisgl must be of pre-

Caledgnian age.

Xenoliths of country rock occur within the intrumign

but are rot cerpon. The 22argin gf the guarrz-d1crite j


p-orly exposed but where it can be seen it dips gertly

outwards. At the p=gin of the quartz diorite the S,


foliation and P1 folds are completelv out of the neglenal

trend, suggesting updoming by the mauma upon intruhLen.

f. nelationship gf the intrusuons t0 deforpatten

it is believed thst the gabbreic, ultramafc and

dioritic intrusives were injected into tne greenmtule seguentc

towards the end ef the Karelian defermation episcde. All


exhihir evidenee ni retrograg2ige metamorphism which has

iargelg oblirengted the gniginal igneous texturon.

w=191 os vn -ery stnong tectonic fabrOcm, bra thest


are not foun• in the nerth-west where metamorphic gr C1G iS

lewest, and oriqtnal onhitic textures are prescrveg. The

guartz-gior1te, alrhough intruded into a regtoh

high petamorphic grade appears itself to bc rotamorphemed

at low grade and this may maggest that the •nlartg-iinrIte

was a comparatively late intrusion, as thc Precra.hrion

metamorchism was waning.

Quartz/uotash-felespr Pegmatites

num2per cf localit1ea in the vJlley of the Reur)2ri1O-'111---

In some cases thin pecgratite veins discordant ro di re

deformed by chevron style n2 folds.
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V. Structural and metamerchic history of the Precambrian

rocks.

The structural histcry of the Precambrian rocks is

best studied in the central and south-eastern districts of

the window. The north-western part cf the window acted


as a 'buffer acainst which most of the fcron of the

Caledonien orogeny was spent. Cansidcfable reworkinc: of


the pre-existing structure occurred at this time in the

Vargsund district. It wds from this area that Pr1ngle

obtained a Rb/Sr isochron age of 950 .ears (as yca


unpublished), on shales of the Langorvann Forniation, at the

top of the Precambrian secuence. In all probability this


represents an older Precambrian (Karelian ?) age partially

nedified by the Caledon1an orogenv to -reduce an apparenb

'GrenvilliarY age.

Away from Vargsund Caledonian effects are limitied

or absent and it is here that the Preeambrian structure is

least anbiguous. In the 1977 field season lt is noped tc

obtain material from the pegmatites and synorogenic intrusives

in this zone which can be dated radiemetrically. This snoula


then establish the unmodified age of the Precombrian event.

Structure of the central and soutn-eas tern distn)ets

1. First phase of deformation (r)1k)

The dominant structura1 feature of this area is the

regional schistosity (S,k) which mainfains c north-east south-_

west trend and generallv steec south-easterly dic threughout

the window. The majority of the ro,fas are greenstone
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tuffs and concleerates dt amphibclite Crade. Primary

layerinc in the tuffs is tralasposed parallel to the Slk

tectcnic fabric, pillows are flattened beyond recognition

and the only evidence for bedding coraes from thin beds cf

acidic tuff and sandstone sbcradically -eve1oped throughout

the sequence.

E1k folds are rare, but where observed are steeblv

ilunging, and tight to isoo1inal in sty1e. Where c1eavace


and bediing can be seen in the same outoreb, as in tuffs

with sedimentary beds, the angle between biddinc and cleavace

is again suggesting th-t the rociGnal structure is

teL or Lsoclinal fold:nd.

Creen hornblende is fouhd in 211 the strat1grapnic

un1ts and exhi'sastrang preferred erientation (L1k)

within the tirit sdhislosity. This iineaticn is steetilo

plunging and barTliel to the princ1b (Y) j:NiS Or the


finite strain el1ibscid as dedbced from stretched nebbles.

There seems to be a verv b1ose re Iat oarh o betweeh the

orientationefall3linearelements and the

axis of the strain ellibsdid. This is a situatien -dhich


is also very comron in true Archaean creenstone bel

whdre all of these structural eleme. s are steeblv or vertAcally

pdunging. it is believed that this relation

donsecuence of hich srraih during the fsr:bation t first

schistosity, with rotatinn cf ltnear stretd-hai elea,ents intc

the brincipal finite extension directisn.

This effect is raa.stmared n rc(*s ,here 1avering is
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iJ erlentated at a low ingIe to the flattcnmkg ficib and

rkod non-cy fold axes trtcrto ii:sh flattening

strain Curing cformation. As Ramsan and Stu ,'975)

ee snown, the Haperixposition of hiqa strnIn in this

situattion can land to rntation of the parasitic fold axes

so that they AC longer maintain 5 pumptal2van relationship

with the mojor id axeo, g situation they cgll incongruous

foldina. If the strain is high encon' nearly all fold

Jxes will e':o::tuI' ho rotitoi t-oi..'ardstrn oncest

axis of the finita Jn 'ip: rehrasenting J__

dfrention Lan finite extensi nn

thn :Iark-a2 caenteol.cndisplan

ribin ,gtadncf foamn as a CDflOC1CO cf

ctIlitn t hotween the ImJhbles ara their mat._x.

e Plaeao itttle aeforxed gneigat onistlas occur togetner•

witn very httgh 'ermod grnnns no.iiiic formor


frcounntly reagin thefr nrHinal cilgotMo uhann, whige the

Intter felyhe no deforfod (in the sgme catcro-n that it is

	

ico from the deformed matr

2. injection begtiaaitos

Quart---not wsh- fel Os.,o,nr ?e(.1,:t 4 stuE :tre lown from a

ndmber f.f longl jtfes in vgl of

, l=et res ocuth--4e bk.

, diseurdant

Ick
2

s ohnso nf pegatmte amplacccont cre-

stnehln represenIs the thermal mdximeri nf xotac• phisx,

nnJtoteis ocnerrin an tho Inwer lem_ f tha creenstone
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Eea_uence or pernaps, remobills t on of the underl2ind grantic

basement.

Second phase ar deforma or)(0-2k)

Conjugate folds of the first schistosity Occur, on

north-east - south-west axes and axial planes generally

dipging stee)ly south-east or north-west. They are gurte


variable in stylo, mainly kink and cheyron fclds, though

some more ductile buckle folds are found. Non-cylincrism


is a very frequent feature, an is the variahility of axia2

plancs, which is a consequence of the S.k anisotrocy

resulting in markedly inhomogeneous strain. The E,k


schistosity is crenultted into an S7k strain Slip cleavnge,

hut littlo rec :stallisation appoars to accomoany this

second fold phase. )),Prerethe structures of the firs tt fold


phase were suitably orientated with rogard te the socond

fold phase, they were refolded into uentle hook-tvco inter-

ference folJ patterns. T:is is hest seen where metamerph'e


grade ahd Einite strains wero low durinc D,, sc the,_bed' inp

is preserved (Fig. 6a).

1n ccnoluslcn, it can Ce saie that the structuro and

stradgrojhy of the contral district of the KomacfjorE

is as yet poorly understocd. This is c1ue in eart to the


ohliteration uf prlmary textures bv motamorphic rocrystal

ation which ccompanles the deveropment of green hcrnblende

at the amphibolite isograd. This makes detrrminati•n ef


hedding and wav-up virtudlly imcossible, and witheut such

structural information, and useful marker hordzons, detailed
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structural interpretation is very diftScult. A further

complication is that the strstigraphy in such a voicanio

onvironf:ont rodybe subject to rapid Focies chrnges, and

fherefore difficult to use ds u mapping tool.

fructfre of the Nortn-western distrIct

I. Intrceuction

It is loss easy to unravel the rccorb ri structura:

sogtence here as most structures in the Vargsund dhstrict

are compostte, a consequence of Oaledonian reworr,ing of

frooadsbrion structures. The metamorrhic grade attained


during the Precaabrian orogeny declines t::Jards the north-

wost, falli,g to biotite grade in the area south of the

SteinfjelI Fe=ation outcrop, and chforlfo grade north of

HkinnEjelL. This area nas not been s pleotera to intense


rocrystailisation and metamorphe differontiatIon as in

the douth-east and primarr te:rtures nach as autvydales,

lastite breccias and nillows tn lav,s, and current-

ng and alual structures in doloftites, arc well oreseroec.

None of tho sedimentary units (incIddina numercus shale

hori 9ns) suggest that the metamorphie urade hds ever ence-rded

the frdscavite-chlcrite sub-facies in the argaund district.

The structure of this distriot is dorfinated tv steep

break thrusts en the overtarned lianhuof Enlds, so that

grrenstenes forming the corso of anticiines sre thrust over

the sedioes1-s ir the svnciina core Tais relatienshic fs

secr ilenc the :::Dantof the sund in the Porsa

(Fig. 9 and Plath 2 - Ceologicd1 sections). These



thrusts are closely associated with intense imbricate

thrusting in the sediments (Fig. 10) and in places ve rv

strong cataclasis. For example, in Vesterdalen, south of


Neverfjord, the stratigraphy is so cataclased that tnly

in a few places can relics of relatively undeformucd sediment

be identified. In addition, the1k cleavage in the


Vargsund and district dips steeoly to the north-west,

whereas elsewhere in the window it dips to the south-east

It is believed that these essentially 'brittle'

phenomena of thrusting and cataclasis are a consecuence flf

compression from the north-west during the Caledoniah orogeny.

At the same time the existing Precambrian cleavage (S,k) was

rotated a few degreas to dip to the north-west. It is also


possible that continued sub-vertical extension ocourred in

the reactivated cleavage plane, sa the first cleavagc ih

this district may be a compound one. The fibre lineetion

seen on many cleavage planes in the greenstcne lavas

on the cc,st-:cay well be an indication of Caladonian recctiv-

ation of the Karelian cleavage.

Moving away from the Vargsund, Caledonian effects

become less noticeable and eventually die out altogether.

The 51k cleevage is vartioal in the creenstone on Skinnfic21,

and is either vertical or steeply scuth-east dipp_ng

grained sandstones of the Steinfjell Formation.

Despite the strong reworking during the Calcdeniah

oroccny, it is still c:ossible to identfy thn Prcc'a}criai.

structural sequence.
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Ffrst rhasc ef de f orriatior.

The f:rst folas are of varfable style, dennding for

the most part on the lithology invcived. The best folds


are seen in striped lithologies containing beds of differiny

viscesity and Ihsfxnens, such as the hangorvann Forbcticn

(Fig. Uhero massive formations such as cuartzfte an:2

lavo de nnt have well deveicramincr fcids. The first fold

axes plunge at variable ungles to noth-east and scuth-west,

and fn sume stcrors a very wide range of plunge is present.

This sudyests thc devoloprent of non-phasaf, nch-oglindric97

folds during tft formation. These fo:ds a e ds!soc ed

oliththefirstp9detrativecleavage(G,X) wh ch is bost seen

in fhe draphite slaton of the Kvalsund Formafien.

s a,0 rarol: seen in the Srltvfan Sroup,

but rge scac ore clesso; roo

t he .iree u ct exposura arcund Ulveryggen

foldind can be tight on a maior-scale, with stronc snenrihd

oionJ astiatplanes, and almosT certainly tne copper minera:-

isatton is reloted to these Prenambrian strucfbres. Tho

southern mar,in of the Sanvann Grour is a ffldod rrImaro

contact with the snderlving dreenstones. Fost of Inderefrn

the interfolding is by fairlv gentle folds, but it is tigat

nr iseclinal usf ncrth 9f Nagerfjell. Witn incrodsing

tcth tncss cf fold g , xural slip becomes fery fm.portach

1n the S'verygden districf th s ccntact fs cie tacton, f

ohth 2artial truncation of a major syncline in the St itdUjeJ

Formation hr oult.

The p9st-D1 peqnae ites seen in toe scuth of tno -indow

dne nd- scen in regfn of lowor ro derph
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3. Second ehase of deformation (D7k)

The second generation of folds isseen cn Skinnfjell,

bui has not been identified elsewhere in the Vargeund district.

These are folds ef Slk, bedding in tuffs and intersectiens

of these were present (Fig. 6b). They gre freacentiv at

chevren style and many are markedly As in


the south, the F2 -k folds are more cr loss coamial with the

FIk folds, with axial planes dipcing eneeply to the north-

west.

The altvann Grouc arkoses and quartzites apmear to

have been too massive to be affected bv the

and foiLdsof this generation have not boen iden fied in

sedinents of the Porsavann Group.

VT. Focambrian sedicontat'on

Around the margin of the Komagfjord Terne r ‘Jindcw

a sucuence of sediments is preserved Iving dno-font-,bly en

the Precambrian rocks describea above. This thi uhit of

nhalas and sandstones is truncated by tce basai thrust of the

Caledonian Nappe secuence, the Kalak Thrhst.

a. Lomvann Formation in the no-thern cart ot ac ar
'Kindow

In addition to the outcroms of the Lomvann Formdtion

described by Reitan at Faegfjord in the north-edst, the

fermation als0 outcrocs along the wesbern rbargin of the wndcw

nedr Porsavann and Hermanvann, and on into the sout-h-west

the district, at StoreLprresfjord and Korsfjor . Jdneen (1976)

han described the unconformitv at Hermanvenn, whore thc
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relationship of the Lom.vonn Formation to thnePrecao.brian

basement is clearly revealed (Fig. 7).

Hese the Lemvann Formation consists of a secuence

of dark grey 5hales with thin sandstone stringers, althouh

more massive pure white quartzites are nresent at the base

of the formation (Fid. 8). This autochthonous sequence


rest uhconformbly on arkoses and conglodoratee of the

Steinfjell Fo latien, the base of the Lomvann :2anealien beIng

diseordant ta bath bedding and cleavage in the anderlying

unit. Vein quartz pebbles in the Steinfjelh Formotion are


flattened in the cleavage and truncated bv the uncenformitv,

while duartziete nd vein quartz cebbles in tie th'n basal

conolamerate of the Lemvann Fermation are undefenned.

In placee, e thin conglamerate with a nearly sartei:

tillcid-like texture is found at the base of the sequence.

The Lomvann Fermatien was itself deformed during the Caleden an

orageny, and 1 cf its ege relatienships ie ost


cci-tainly an eL.mv lent of the Deceribrian DiviiHi Greup

faund on the autechthen along the Caledonian As it


is traced south-westward along the southern maruin ef the

window, the shale in the Lomvann Formation changes colour

tc greenish-yrey, and the amount of sonSy materiJ1 present

declines. Dv Vuggenes-stein it has begun to teke en a


reddish cole8r.

VII. Caiedenian detarmation

Duriny Lhe Caledonian orcgeny the autechthanous

Lomvsnn Formation Sescribed above was interfolded with the
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Precambrian basem.ent rocks and then overthrust by the Kalak

Nappe Complex. At no time during the Caledonian orogeny


does metamorphic grade appear to have risen above muscovite

grade in the Lomvann Eormation. Reworking of the basement


rocks was mainly brittle in nature, nroducinc the north-

west dipping break-thrusto of the coastal distr1::t and n

clasis in certein areas.

1. First hase of deformation (D1c)

The first folds of bedding in the Lomvann Formation

are associated with a weak slaty cleavage (S1c) dipping at

between 55 and 80° to the north-west. This is very neariv


conlanar with the cleavage (S1k) in the Precambrian rocks

helow the unconformity, and the latter may well have been

rejuvenated at this tinn. Evidence for continued extenoion


in the Precambrian cleavage (51k) comes frw a well marked

sub-vertical, fibre lineation (L1c) develobed on thdt cleayace

in the Precambrian rocks of the Vargsund district.

At one or two localities it is nossible to see the

Precambrian cleavage in the rocks below the unconformity

beinc refolded by open folds with a steenly inclined axial

nlanar crenulation cleavage which has the sann orientation

as the first slaty cleavage (S1c) in the Eocambrian rocks

(Fic. 11). This is however, comparatively rara, and is


likely to have happened only where the Precambrian cleavage

was favourably orientated with reuard to the Caledonian plane

of flattening, so thdt it could he folded. In most pl.acen


the Precambrian cleavage was rotated onlv a few degn-es from



a st2u south-d trerly a steep ner 1-;;asterly one,

effecticelv conI abut witn the cleavacc in the KocaTbrian.

Purther auformat ion in tho hosei it rocks wds then achievea

by extension in toc plane ef the p_e-existinc 51k anisctropv,

crodueing the fihre lineation (1,1c), and cataclasis in suitable

lithologies e.q. Interhedded dolomiff tne shales.

Puld sly.o in thc Lomivann Fernaticn is controlleC by

the doctility of the un lerlying basepent and of the sedi=nts

heing detcrflod. ere tho hascf=t Ittholocies are r.ore

ducti.e, e..-t.ctTflmite or the aefor=tion of the

Focallia_an une. ,:jrcaterthun ever the rfore

competent ] tnd sdndstones. ho leser art ci the


Loft.= Forelation censists ef fairly co=etann sandsctnes

and en-rtitea in wbich vn folds are developed. ihese

noss tnte shales wItn thin stndstcbe nnd siltsrcne

stringors much

lbe north rty dIppin fhlrusts ot Porso anf

eisewnore the coact ef ted Varengundmr' .10) were o

consennence fiest phase offhofernanionhecause the


thrust fahric at Porsa is refolded by kinkfcias of an

ar±entation drtf,stve tvptcal -

Second cndse of defermatton (D7o)

The scorcnd Caledentan cvent in this o strict was the

elobldoca:ontof the Kalak Kdnpe Penplex across the hasefoent

and its autochthonous cover of Eocnftbrian sedirrents.

Tinined» distane for the translation of the allochthonous

eleaxants of thc Katak opoe Complex t.wards thc south-east
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is cf the order of 85 kilowetres. This is cha distance

from the western edge of the Kom.agfjord Window to the edge

of the Caledonides to the south-east.

In tho Rbrmanvann area, the parautochthonsus nappo

is anderlain bv a nglonitic zone of variable thiefaness,

passing up into sheared greenstones with a gentiv dipping

feliaton. emplacement of the nappes was racerded in


the underlying nocambrian rocks bv the develec=t ef k'nk

felds (F7c) which refold the Flc axial planes 12),

and also by sigmeidal tension gashos. Roth have a geometfy


determined bv a shear coupla with overthrusting frem the

north-west. The tension gashes may reoresent diletant


fractures opening in the rfok below the nappe and racerdng

incremental movements durina its emplasfement.

The strain-slip cleavages and folds affeetina che

S1 k in greenstenes along the ceast of the Varesund mav bave

developed during this2c event.

3. Caledon n intrusives

Reitan's map shows gabbros intruding the Lcmvann

bermation at Vuagenes stein, about 3 kms scath nf

on Sennaland. These gabbros were sampled ana .b7(

be much fresher leoking than any of the other gabprcs en ch

window, with well preserved gabbroic textures. It seemb


prubable that they are of Caledonian age for they appeal tu

bass under the Kalak Thrust Plane. Expcsura lb perv e af in


this area and it has not vat proved nessible to ffnd ho

felsea Lomvann Fermation lithologies, to ccnfira
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eviecnce. Thds raises the possibilitv that some of the

intrnsions elsewhere in the window mav be of Calednnian age.

VIII Mineralisaticn

It is apparent that ore-bearinghydrcthermalfluids

have bcon generated several times during the geelbgiocl

hestory the Komaafjord ';;indow. It is known thdt baseits


contain up to 150ppm of coceer, with cimore normal range

of 25-75ppm. flydrothermal solutions eermeating throuqli

a thick pile of such volcanic rocks corld take into solution

a censiderable amount of eopper, which would thcn be

reprecinitated nearer the surface of the harth in ceoler

rocks. Such hydrothermal aolutions could have been


gonerated on a number of ciccasions -

I. Aseociated with the Precarliian netamorphism,

generatod cither bv anarexts in the fecederlevein

of the greenstone pile, reactivation cf the

basement, er both.

Develenrunt of hvdrothcraoi cenvectien :ystems

associated with the intrusion cf the ultramafic,

gabbroic and dipritic rocks.

Semobilisation of both basement and suhr=ustal

cover during the Caledonian crogeny.

It has been pcssible to rucognise several types cf

mineralisation, some of which may bo closelv rolated.

a. Ulvervggen Mineraliset:ion

flere low grade copper sulphide -ineralisaton is uras



a tightly folded and sheared zone within the Steinfjell

Formation. The nre bodies are compnsed of zones of


comparatively rich ore (average 0.751 Cu locally rising to

3I Cu) separated by walls of leaner cre, or barren zones.

Reitan describes the mineralisation as being 'scattered

ptches or grains interstitial to the ciastic grains or the

c-untry rocki. The ore bodies are aligned para]lei


to the axial planes of the major folds of this dishrict.

It seems that copper boaring hydrothermal solutions migrating

upwards from the 1ower levels of the greenstone secuence

during the Precambrian metamorphism may have found hore

conditions which favoured the precipitation of the cooper.

The ore bodies abpear to be discordant to the bedding, so

this environmental control seems unlikely to have been a

sedie'entary feature such as asain-size, content of fine-

grained sediment etc. The primary sulphides,bornite and


chalenpvrite, have been identified in sandstones of all

types from conglomerates (in matrix) dirough to vory finc-

erained sanstones. Alsost certainly, 4-hecontrol is a


structural one, the ore having been procipitated in zencs

of granulation or shearing, perhaps not obvious on the macro-

scopic scale. Later remobilisation of the copper may havo


produced the irregular veinlets and coated jcint surfaces.

b. Hogfjell ineralisation

A number of voins of chalcopvrite and pyrite with a

gangue of quartz and calcate (the pyritic paragenesIs of

lInkes, 1957) accur in the valcanics of the Hegfjell Pormatia.

Most are orientated normal to the bedding and the first
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clea,dge S,k, but their nge relationship wi_n the Ulvervgger

copner ores is not oertain.

c. Mineradisation associnted with the intrusive duite

Manv gabbroic intrusives have trones o ealphide

rdre For onannlo, at che Eappisa ratani stene

on ie road bete:een Neverfjore and Kvaisund, ccoiin jeints


and fractures in a medium grnined gabbro are canLed with

epidote, whieh are in turr cot by calcitc vens bend c

copper solphide. The gabbre is itself very rich in

disseminated copper sulphide. In this case therefore,


nineralisation cienflv post dates emplacemeht cf rc gebbros,

end storlar relationshipn hdve been cbserred agen

e.here cnhbraic intrus. vn been intrarb

nxial zones of solds.

Cther dissednat.ed cienosin

Disserlinated selphiees have been tound in small

i 3 in M.ist Y tho Preo diraan recks, tho


areenstenes.

Mineralisetion of ealedonian awe

There is also eviderce for rerbbdlisation nt sulphides

dur,nw ,Tarlater ihan, the earedonian crugeny. of


Porsavann, below the nnse of the Caledenian parautbchtronous

nanne there is a small prosnect into the Ion.a nn Uort•tion.

Everv hand sneciTen collected fro-m the ars

eflatains at least a little s ': _phide. Conner ane Iron pyrite

eceur as segre s and veinlets which are i :anssgrossive to
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to bedding and cleavage, and not flattened by the Idtter,

so mineralisation is clearly lator than the first Calodonisn

ise of folding. in this case, remobilisaIlon ef sulphiGes


may haye been d consequence of high parG fluid pressures

during the oyerthrusting of the Caledonian naoue

Mineralisation does not extend into the Caledonian rochs

above the thrust plane. Although the amount of mineralisstacn


uresent he e is very small, it is interesting in that it do

possible to demonstrate a Caledonian (or younger) ase fer

Conclusions on mineralisation

Although the age relationships are as yet poorly

anderstaud, it is however clear that severai distinat ohase-

of mineraltsatO-n nave ocourred, cach perhafls :ravoncrina

sulnhiSe from the orevious cycle. 't ,s haaed

detailod geochemacal analysis which is beang carried cut

at che moment wall help shed further light oh these proble:

1n oarticular it is hoped to definG zones whfch vo soted


as sulphide donors and receivers so that a ge';cheniiccd

model can be derived from mineralisation wathih tLo window.
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Future work and aums

Tn the final year of this studentship th• informdt:L=

on the strastural, metamorpnic anO,mineralisattun history

czalaeo ty, cantenticnal techntques wttl bo tntegr

Sata trom geschemical analyocs heing sdrried out at prcsor.

Traoe element data, in particular, should shed considerdhic

ight on the environment of origin a de volcanis rockt,

and s-:4 how the chflmisLry c the recka don aLterut tnrcuctn,...


thetr geological history.

In addition it is intended to carry out darc Earth

Element studies to invcstigate the petrogenic evolution of

the rocks ect the ared. Radiometric satina will he usc,: to


date certain kee events in the distrt
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