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Sammendrag
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Statement of Thesis

The area studied consists of about 150 equare milee of

metasediments and granites situated towards the centre of the

Caledonian orogenic belt. The granites occur both as structurally

basal masses, with concordant envelopse of metasediments, and as

concordant intercalations within the metasedimentary sequence. In


every case, the schist-granite contents are sharply defined.

Three periods of deformatIon have been recognised, termed

F F2 and3 respectively, the latter two possibly representing

overlapping phases of a aingle mojor fold episode. Each of ths

periods produced distinctive structures from completely isoclinal

first folds, through overturned and recumbent second folds to

broad open folds of the latest deformation.

The firat folding was reeponsible for the development of a

regional echistosity and also of numerons slides which are

sensibly coincident with the bedding. Cross-cutting slides are

also present, and are correlated with the F2 folding.

The metamorphic history of the metasediments caa be related

to the various fold periode. Thus fine-grained biotite and granular

quartz developed meinly during Fl times, while garnets formed

subsequently, and enclose the earlier fabrica. Rotation of the

garnet porphyroblasts by F2 deformation is coamonly seen. A

later age of metamorphism is preserved in calcareous rocks where

undeformed crystale of considerable size are present. Late stage,

probably 73, deformation is indicated by localised fracture of



various minerals,

The granite masses are shown to have undergone a similar

structural history to the metasediments. Reasons are given for

referring them to the base of the succession, and for regarding

them se having been in existence as granitic rocka before

subsequent sedimentation. Localised felspathisation of the


overlying sediments can be ehown to be related to the underlying

granite. The concordant sheet granites ere mminly regarded ae

representing diseonnected portions of the basal granites, isolated

in1 timee,
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GeneralDeacrition of the Ares

The area with which thisthesis is concernedis eituatadin the

Nordlandregion of I. Norway,just north of the ArcticGirols.

Ornes is a villagein the SW of the •rea and is the most taportant

centrefor the whols of the region. Situatedsome 30 km I of

Ornes ia BodIS,an importantmarket town of Nordlandwith a

populationof some 10,000.

The countryis mountainous; the highestpeaks,Scøtertind

and Galtskart,are justabove 1000 metres,and are coveredby

perpetal snow. Access to the heart of the region is afforded

by the deep glaoialvalleys,which predominantlyhave an NmeW

alignmentand are often occupiedalongsome of their lengthby

glaciallydammedlakes. Glacialdibrisc  much of the valley


flown formingmarshywaterloggedcountry,whlle thickwoods cover

most of the valleysides. Nountainridges betweenthe valleysare

intermittentlygrass—covered,but rock esposureeabove the tree

line are generallyvery good.

Towardsthe east, the generalheightof land increasestowards

en eztensivedissectedplateauaroundSoetertindand Galtskart.

This area, which is whollyabove the tree line,.isan irregular

northerneztensionof the Glombraeenicecap,and forma the

watershedfor riveraflowingW towardsOrnes,and those flowing

towardethe Sokumvandregion (fig.2). Situatedbetweenthe high

groundaroundScetertindand Galtakart,at • heightof 350 metres,



is lesvand,the largestlake of the area.

North of InnerGaltskartis a furtherarea of high gronnd,

consistingof an extensiveglacialcorrie,now pirtiallyoecupled

by thres lakesand surroundedby mountainsbetween600 and 900

metres in altitude.

The dominantE-W topograph1cal9gralnlof the area le

determinedby the regionalsoutherlydlp of the rocks. This also

accountsfor the steepnessof the N-facingscarp slopes,some of

which are vertical. Only in the extremeNE of the region do

the structuraland topagraphlofeaturestrendN-S.

Exposurein the region is varlable. In the W, •xposureis

confinedto coastaland etreassectione,with more extensive

tracts on the mountainridges,but to the t therels a gradual

increaseof emposureas the heightof the groundincreeses,and

vegetation1s less prollfic,until in the Steffodelenregion there

is nearly100% exposure.

Glactation.

The whole of the reglonshows evidence of extremeglaciation

with over-deepenedand U-shapedvalleys,commonlyoccupledby glacial

lakes. Nost of the mountainsummits,which vary between600 and

1000 metres,probablyrepresentthe remnantsof the pre-glscial

peneplain. Apart from localand recentscrees,there la little

loose materialon the high ground. A singleend moralne,present

as a well-definedridgeaome 20 or 30 metreshigh, occurson the N

face of Galtskart. IrregUlarglacialand fluvo-glacialdepoelts
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cover many of the valley floors,consistingof unsortodbouldar

clay, or local developmenteof var~ clays. Peat coveremuoh

of.theglacial deposits,and produceswaterloggedcountry,

particularlyin the exteneiveHerkvandvalley,and the area 8 of

Storviken. The lowerpart of the Narkvandvalley,and the wholo

of the velleySg of Solden,is coveredby a unifarmand rogular

white sand. This is bahkodup on the ematernside of Skraavon

(fig.5),but its thicknessin the valley floor is unknown. In a

cuttingN of Reipaa,at least 10 metreaof the sand is exposed.

The graineare subangularto eub—rounded,and well sorted,ranging

from 0.1 to 0.3 ima.diameter. Nost of the sand is composedof

quarteand felspar,but * whole series of oolouredsiltcoltsare

presentindicatinglocalderivationfrom a
calcareousenvirommant.

A particlesize analysis,performadby Nr. J. gonig,shows

similaritteswith glacialoutwashmaterial. Part of a shell

of an ostracod,identifiedby Dr. Z. Robineogas a memberof the

sub—familyCytherinao,indicatesa marine originof the sands.



MethodeUsed


Three fieldseasons,eaah of about ten weeks•duration,

were spent in mappingan area of approximately200 sq.km. Aerial

photographs,on a scale of 1 : 16,000,were avallablefor the

easternhalf of the region,and the majorityof the timewas devoted

to detailedapping of this area, using transparenttethylon$

overlaysto the photographs. For the regionW of a line from

Ornes to Orimatad,no aerialphotographsexist,and enlargements

of the Worwegian1 100,000topographicmaps had to be used.

Exposurein this area is poor,and • total of about four weeks was

spent in mappingthe region to determinethe major structural

elementsand extendthe more importantboundarieswestwards.

A base msp was constructedfrom the aorialphotographs,on

a scale of 1 t 16,000,by the slottedtemplatemethod(American

)anual of Photogrammetry2n4 ed.). The accuracyof the map is

determinedby the preciselocationof controlpoints,tak
en from

the 1 : 100,000map. Since many of the controlpointsused are

situatedon the coast, they can be relied upon as beingaccurately

located.



5

Aoknowle eme te

Ths 	 h was performedduringthe tenureof a D.S.I.R.

award. Part of the travellingerponseahave been defrayedby

the centralresearchfund of the Universityof Londonand part

by D.S.I.R.

Thanks are due to ProfessorS.S. Rollingworthfor introducing

the author to this field of ressarch,and for his •ncouragement

both duringfieldworkand laboratorystudisa. Dr. M.X. Wells has

superviaedthe researoh,and the writer ia gratefulto him for

informationrelatingto adjacentareas, for frequentdisoussions

and for help in the preparationof the thesis. To other

membørs of the researchgroup,particularlyMt. R. Bredshaw,

Dr. R.W.R.Rutland,Mt. P. Strogenand Mt. M.A. Jones,the author

le indebtedfor fruitfuldiecussion.The graniteanalyse were

performedby Mias D.S. Sutherland. Thin sectionshave been out by

Mr. M.C. Xennard,oftenfrom very difficultmaterial. PhotograPhid

work has been carriedout by Mise S. Jackson. Mr. A. Mtos

instructedthe author OB the methodsof constructionof a base map

from aerialphotographs,whichwas completed,by klnd permissionof

ProfessorE.R. Thompson,in the PhotogrammetryDepartmentof

UniversityCollege,London.

The kindnessand hospitalityof many Worwegiansis gratefully

acknowledged,perticularlythat of Horr Sohule in providing

accommodationin the schoolhouneat Drnes duringeach fieldseason.



6

Structural Settin of the Craes Re ion ia the Norwe lan Caledonides

The region lies well within the intensely deformed part of the

Caledonian orogenic belt, approximately 200 km W of the Caledonian

•Front'. This can be traced for many hundreds of kilometrea in

Central and Northern Sweden, where Caledonian sediments of Lo—Cambrian

to Silurian age locally rest with unconformity on the basement rocks

of the eastern foreland. Relatively undisturbed and unmetamorphood

Caledonian sediments form only a ver, narrow and impersistent strip,

and in general they are overthrust from the W by progressiwely more

metemorphosed schists of ø similar age.

In the Sulitelam region, which is 100 km of Ornes, and thus in

an intermediate position between the latter and the autochthenous

margin of the orogenic belt, the rocks are still in a eufficiently

low metamorphic state for faunal remeins to be preserved, Kautsky


(1953) has shown thet Upper Ordovician fossils are present and that

successions from the Lo—Cambrian to Upper Ordovician or Silurian

can be recognised. It is probable that the much more intensely


deformed rocks of the present region are broadly of a similar age.

The rooks of Sulitelse are regarded by Kautsky se belonging to a

large—scale thrust meas — the Seve Nappe — that has travelled an

undetermined distance from the west (Kautsky 1947, 1953). Within


the major nappe smaller scale thrusting has operated which has

locelly isolated small amounte of basement granite within the

metesediments. The basement over which thrusting has taken place
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is recognised, and belongs to the eastern cratogenic

The rocks in Nordland aa a whole, including those of the Ornes

region, consiat principally of granitic masses, sandwiched between

and enveloped by thick groups of garnet mica sohists and marbles.

On the most recently published survey map (0. Holtedahl and J. Dens,

1953), two types of granites are recognised, the •Basal Granites, of

Nordland and granitic igneous rocks of assumed Caledonian intrusive

origin. The granites of the brnes region, and all of those mapped by

the Department, are included by Holtedahl within this latter group,

though auch an interpretation is very much open to question. /n a


discuasion of the Caledonian Mountain Chain (1944) Holtedahl suggests

that the Caledonian granites were injected during the height of

tectonic processes, which probably also involved extensive movement

over the associated metasediments. The sections he gives across the

Caledonides indicate the Western Nordland granites to be aituated

in the core of a tectonic depreasion of Caledonoid trend — the

Nordland Synclinorium resting above the Cambro—Silurian metasediments,

Holtedahl's view ooncerning the tectonic position of the granites ié

not substantiated by the present study.

In view of the location of the Ornes region,it is to be expected

that basement rocks (including granites) would have become involved in

the Caledonian folding. The concordant nature of the granite masses

of Olomfjord and Bjellgtind are tentatively regarded as being of thie

character. Both the granite masses and the overlying metasedimenta

show evidence of more than one period of folding and perhapesrepeated

metamorphism. The locations of several minor,and possibly eocaaional
major thrust zonea have been identified.
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General Character of Foldin in the Ornes Re ion

The relationship between the Ornes area and the wider region

mapped by members of the Geology Department, University College, is

shown in fig,2. From the evidence of this whole regionu it is now

established that folding has occurred in at least two major episodes.

The first of these was very intense, with the development of

recumbent and tightly Lsoclinal folds. It is this period of


deformation that has had the greatest effect on the original

stratigraphy, as large-scale repetitions of distinctive sedimentary

sequences have been produced; but as the folding is completely

isoclinal, such repetitions are sometimes difficult to identify.

Contemporaneous with the firet folding there was large-scale slidingt

causing elimination of parts of the succession in some areas. Sliding

of this nature is not always easy to observe, and sometimes must be

postulated on the basis of non-matching successions. Aseociated with

the first-folding is a regional schistosity which is now the most

pronounced planar etructure the rocks possess. For the most part, it is

coincident, or very nearly so, with the compositional banding, but

at the closures of the isoclines, it can be seen to be an axial plane

schistosity cutting right across the original bedding. Attenuation

on the limbs of the isoclines can be shown in places to have been

intenset and was accompanied by a corresponding flow of material into

m The complete area so far covered by the mapping of membere of theGeology Department, University College, has been named after the mostimportant fjord penetrating the area, Glomfjord. In futuret
references to this complete area will be called the Glomfjord area.

lo



II

the cores. This indicates that even in groups of rocks that show no

evidence of large-scale closures, there has probably been a high

degree of bedding plane slip.

One of the best examples of an •arly large-scale isoclinal fold

is the Krokvatn-Rebenfjell fold, occurring to the E of the Gloafjord

Granite, The axial plane of this fold is parallel to the limbs, dipping

towards the E$ and the plungesof the southward-diretted fold closures

are inclided down the dip (Hollingworth et al 1960, Walton 1959). In


the northerly part of its outcrop, around Krokvatn, the rocka in the

core of the fold are a varied group of calcareous metasediments

with well-defined boundaries. Even though there is complicated minor

folding within the sediments, individual closures can be readily

mapped due to the marked contrast of lithologies. An axial plane

schistoeity is the dominant planar structure (in rocks of appropriate

composition) and demonstrably cuts across the banding in the core of

the fold; while in the limbe it is coincident with the bedding. As

the axial region of the fold is traced further S, towards Rebenfjell,

a thick group of pelitic echists ie encountered, dominated completely

by axial plane schistosity. Due to the uniformity of composition, no

examples of bedding cutting shhistosity oan be seen. One hae to travel


for about 15 km fram the prominent cloeuree iltthe N along the axis of

this remarkable fold, before meeting the next obvious closures to the S.

In the intervening belt, the rocks give the misleading impression of

belonging to an unrepeated succession. Å further important

characteristic of the fold is the extreme amount of flow into the core,
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coupled with attenuation on the limbs. Bordering the fold on either

side are important slides isolating it from the Glomijord Granite and

associated metasediments on the W, and from the Sokumfjell merble

group on the B. The positions of each of these slide zones cannot

be obeerved directly in the field, and have to be inferred from

consideratione of the succession.

When folds of this character are looked for in the Ornes

region, one meets the difficulty of poor exposure (p. a ). There

are several instances where the successions of rock types are

repeated and where isoclinal folding must be postulated, even though

no fold closures can be identified. Detailed stratigraphic corre—

lation of local successions, and the recognition of distinctive

sedimentary sequences, is essential, and reliance must be placed on

experience gained from the adjoining areas.

In the Glomfjord area, the firat fold slides have had important

effects on the major stratigraphy (aap 4). The eastern margin to


the region is marked by a slide zone aeparating the Vegdal Schists

from the Sokum/jell Marbles (Rollingarth et alt Rutland, Nicholson 1960).

The latter are separated from the uppermost Sokumvand diorites

(the Rarefjell Group of Rutland) by another slide, isolating the

diorites in a synformal structure. To the W of the Sokumvand

synform, the Meloy Schist Group is in close proximity, separated by a

thin band of Sokumfjell marble. The junctions between all the

groupe are thus »ti characterised by the preeence of important

alides. In no cases can the exact positions of the elides be located


by direct obaervation of mylonites, slickensides or other related
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phenomena. The exact age relations between the slides are unknown,

but as they are exactly parallel to the regional schistosity a first

fold structure and as they are commonly bent by the second folding,

they are assigned to the early period of deformation.

EVidence for the existence of similar major elides in the ernes

region is generally not so satisfactory. The most important of the

inferred slides has a NE.SW alignment, and separates the Bjelliitind

and Glomfjord Granites with their aseociated metasediments in the S

from the big group of pelitic schista and sheet granites in the N.

Other mejor slides have been identified from consideratione of

stratigraphicauccessions.

Beaides this large-scale sliding, smallscale deformation between

individual beds oan be shown to have occurred. Isoclinal folds can


often be traced in bede of one lithology that have quite simple

boundaries with their neighbours. Although such boundaries have

every appearance of being due to original sedimentation, their

paralleliam to schiatosity and to the isoclinal drag folds developed

during the first folding demonstrate that aliding on every scale from

unidportantbedding-plane-alip to major thrusts has occurred throughout

the Glomfjord area, and it is not surpriaing that no primary

sedimentary structures have been positively identified. •

Evidence of a later period of folding superimposed on the early

isoclines, is widespread throughout the area• It is variable in


style from broad open folds to recumbent overfolds, and may be of

two phases. In contrast .tothe early isoclines, axial plans
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schistosity is rarely developed, and the folde deform the regionel

schistoeity. In addition to the schietoeity, all the major elides


are folded by the eecond fold period. Associated with the second

folding is a series of minor structures with very different

charecterietics fron those of the eerly fold period. Thip mlner

folde are typically open end often anguler in style with few of the

f fo w " charecteriatice of the early isoclines. Sposmodically

developed is well-defined strain-slip cleavage, that deforms

the •ørly schietoeity ønd produces • plenar structure which møy bø

almost alt right angles to the litholagicel banding. These second

fold feeturee tend to dominate the Ornee region, and in the N)intens.

penetretive lineer structuree and etrain-slip cleavage obliteret.

oll treces of the eerly folds.

D'uble folding of the type outlined above haa been described

from a number of øreas, notøbly the Scottish Eighlends. In the

Loch Leven eree (Weise and MbIntyre 1957) large recumbent overfolde

with NWaxes øre superimpoeed by varied folde with subverticel NE.

trending exial plenes, The Loch Morør early folds ere øsymmetric, and havs

en EieWtrend (Reeisøy 1957). and øre suporimpoeed by NE-SW fold. In

both the aress, the geometricol reletlonships of superimposed

structuree erir deacribed in some deteil.

Examinetion of the febrice of the rocke in the field is important

in deducing their metemorphic history. Thus on the closures ot meny

of the first foldel en exiel plane schistosity with unbent eice

cryetøle cuttingecrose the bedding indicates post firet-fold
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recrystallisation, Moreover,in regionssho
wingstrain—slip

cleavage,e second—foldproduct, even thoughthe rocksare highly

deformedon a minor scale,the mica crystalsare unbent,provid,

that recrystallisationo
ccurredafter the laterp

hase of deformation,

Observationsof this typecorrelatethe s
tructuralhistorywith

the processesof metamorphism,a study that has been supplemented

to a large extentby microfabricanalysis.



Relationshi of Foldin to Bandin

Reference to the effects of the intense deformation of the

first folds on the bedding has already been made, but as it is such

an important and striking feature of the region, it is considered

in more detail in the ensuing discussion.

Continuoue exposure above the contact of the Bjelatind Granite

on the mountain of Galtakart," affords excellent

opportunities of atudying in detail what appears to be a simply

bedded succession. From a vantage point on the N side of Bjellgtind

the rapidly alternating sequence of metasedimente can be seen to be

overlying with apparent conformity the mass of the Bjellgtind Granite.

The immediate contact rocks appear to occupy a normal sedimentary

position above the granite which itself is finely banded parallel to

its upper surface. As far as can be seen in continuous exposure even

the beds which are only a metre or so thick persist to the limite of

exposure, a distance of more than a kilometre. No minor structures

are visible in the immediate contact metasedimente to the granite, but

away from thie region, examples of isoclinal minor folds can be seen,

particularly in the more competent but finely.banded beds, such as

siliceous schists. Here, the axial planee of the isoclines (fig.31)


are parallel to the schistosity and 'bedding9, showing that apparently

m In references to Inner Galtskart, the more important of the two
mountains named Galtekartjthe prefix eInnerl is omitted; when
distinction between inner and outer Geltskart is required, it is
termed Inner Galtskart.

17
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simply-bedded rocks are intensely deformed on a minor ecale, and

indicating that a great deal of movement must have occurred parallel

to the •bedding' planes. To a large extent, the individual bede must

have acted as tectonic units in firat-fold times, maintaining

regular boundaries with the neighbouring rocks, and yet folding on a

very intense scale internally. In these sediments that do not show

such deformation styles, there ia no reason to suppose that they have

escaped the folding that the nearby rocks have undergone. It is


more likely that they have the wrong properties for preserving auch a

fold style. Contrasting styles of deformation of the type outlined

above have been described from the Scottish Righlands (Sutton and

Watson 1952). The visible ,bedding'planesalthough superficially

simple in origin are therefore interpreted as schistosity planes

that were formed during first fold times, and along which sliding hae

occurred to a greater or lesser extent. Similar phenomena have been

described from other highly folded terrains, e.g. the Scottish

Righlands (King and Raet 1955).

An important conclusion from this is that the observed granite

contact and its internal banding, which have the same appearance as

the tbedding• in the sediments above, is also a first-fold structure.

This means that the granite may be separated from its metasedimentary

cover by a slide of unknown impertance, and may itself have undergone

the intense firat-fold deformation. Such a conclusion is supported

by the probable exiatence of an elongated isoclinal fold observed

by the writer in the granite of the N face of Bjellgtind (fig.12).



Thie fold is quite inaccessible,but appearsto be definedby the

convergeneeof two thin bands of dark biotiteschist. Withinthe

core so dsterminated,other handoølso appear to close. Interpretation

of the structureis dot •ntirelyunambiguous,but the dark bandsOre

very clear-eutand persistent,and divergein the eorrectsense for

the presumedplungeof the fold awer• distaneeof 2 km or more.

It is elear, therefore,that the observedregionalsehietosityis

•firet-foldstructure,and only in røstrietedcases ean it be ssen to

cut across the bedding. Wor this reason,a repeatedsucemion thalt

shows a simply-beddednatureoan representøn early first-foldisocline

whose axial region has heen so •ttenuatedas to eask any of the

originalclosures(seep, so ). Such ia thoughtto be the case for the

WesternOaltskartSuccession,where . large-sealerepetition

involvingfivedistinotivebandehas been observed.

One of the most strikingfeatureaof the Ornes regionis the

finsly-bandødnatureof the sedimentawhich havs the•ppeoranceof

being foldedinto• gentledome over the BjellgtindOranite..This

featureis representativeof only the latestphase of deformation,

and a cloaeretadyrevealsthe internalcomplexitiesof this

consistentlybandedsucceseion,



Terminolo of Rock Grou e

During the initialstages of field mapping,rock unitswers
identifiedand namodlargelyaccordingto their mineralcontent.
Terms such as hornblends-garnet-biotite-schist,siliceoua

garnet-mica-schistetc. were employed. /n addition,cirtain
distinctiverocks acquirednamee basedon some distinctivefeature
of their lithology. Outstandingamong theseare the 'hornblende
rock°,a greea calcareousgnsiss,with prominenthornblende
cryetals; and •siltyschiet% a messivegrey quartso-felapathic
schist. Thesa famlliartermeare reeervedfor formationsthat
are sufficientlyunique to *****as reliablemarkersin stratigraphic
and structuralcorrelations. Pinally,it ehould be noted thet ths
succeesionsinoludemany examplesof thinand rapidlyalternating
schiste of variouskinds which cannotbe ehown separatelyon ths
map, but aust be groupedaccordingto theirdominantchemicalor
eediaentationalcharacter. In thie way, groupe of calcarsous
echietehave been mappedwhich includerocks containinga wide
range of calcareousainerale,sometimesalternatingwith thin
marbles.

The followingrock groupeand mineralaseemblegesare

recogniseds.

Peliticrocks. These containtypicalassemblageeeuch ass

Plegioclase-auscovite.biotite-quarta

" almandlne



(3) Plagioclase-muecovite-biotito-quartz- kyanitSy-stauro-

lite.

Rooks of diverseappearencefall in thie group,but in general

they are schistossor foliateddue to the mioa, and weetherto

irregularbrown or ruety.00louredalabs. Relics of original

sedimentarystructuresare rarelyesen,and irregularporphyro-

blasticgernetamay be prominent. Xyaniteand eteurolits,elthough

only rarelypreeent,are usuallyeaellyidentified.

Rooks (Psammiticrocks,quartzoefelapatkiorooks).

The namo ie adoptedto suggeatgradationtowardeoriginal

sandstonolor quartziteefrompeliticmaterial(shalesor clays).

Typicalpeliticmlnerals,such as kyaniteand staurelite,are

lack1ng,thoughtheremay be very subordinatsamountsof garnet

occasionally;while the proportionof totalmica, particularly

biotite,is reduced. complementaryincreameof quartsand


felaparis the consequence,and thesetwo mineralsoftenmeke np

..morethan BOX of the rock.

Ono distinctivequartzo-folspathicformationhas aoquiredthe

field name •ailtyschistl,and is a massivelyweatheringgrey

rock, not unlikesome of the grey graniteswhen viewed from a

distanoe. Occesionellythe rook is very finelybanded,and may

preserveevidenceof isoclinalfolding(fig.32). Two distinct

layers of eiltyschistare presentin the Galtskartsuccession,and

oan be tracedtowardsthe B into the area mapplidby Wells and

Bradabaw,where the term was firatapplied.
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The remainderof the semi-pelitiosohiatgroup generally

weatherto more flaggygrey or brownrocks,which are normally

readilydifferentiatedfrom true pelitioschistø. Certain

thinlybandedrocks giventhe name RustySohist on accountof

the weatheringof biotiteto hematite øre often intersediate

betweenpeliticand semi-pelitiosohiets,and thereforediffioult

to classify.

CalcarsouePelitioRocks

This group,which formsvory distinctivobands in the Ornee

Region,iø probablya uniquestratigrapklohorison (es•p, (76 ).

It consisteof i politioschistwith a varieblebut normelly

small proportionof calcareousmintrala,such as hornblende,

diopeide•nd soapolite. Å littlecaloite,normallylems then 5%,

is alwayspresent.

It ie • rockstypeof uniformmineralcontentand appearance.

It ie alwayelight brown or green-brownin colour,generalty

banded on a ecale of about 10 cms, due to the inequalitiesof

the peroentageeof the calcareottemlneraleprosent,and often

showingcareousweatheringdue to irregularitiesin tho distribution

of calcito. Occasionalfoliationeurfaces,whioh are always

rough and uneven,containabundantgreenhornblendecrystals,

which have a broadand stumpyorystalhabitønd may bo oriented

parallelto an Y2 lineerdirection.
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Calo Sohiste Calc-silicateRocks and hibolites

Nembersof thia group are massiveand green ia colourand

generallyoecur in thin bands. /n the field,subdivisionis often

difficult,thoughon a petrographicbasis it is desirebleto

dietinguishthe threekinds of rooksas follows:

Calc Schietss derivativesof impgremarblesoften

interbeddedwith pure calcitemarbles. They normallycontainboth

diopaideend hornblende,togetherwith quarts,caloite,biotite,

scapoliteetc. å very veriedmineralassemblegeis characteristio

of thel,group.

C lc-silioateRocks. When the proportionof calo-silicate

minerals,auch as hornblendeor diopside,exceedsabout SQS, the

torm oalo-silioaterock is opplied. Membersof the groupmay be

of sedimentaryor igneousorigin,and are sparselybut widely

dietributedin the Ornes region.

Amphibolitts. This group consiats•ssentiallyof hornblende-

plegioclasecombinatione,but quartsand biotitemay elso be present,

end gernetmay be an importantconstituent. Diopsidemay acoompeny

horablendein certeinamphibolites. Two furthersubdivisionsare

generallyrecognised(cf.Turner,Williaamand Gilbert,1954).

(a) Ignlousamphibolites: theseconeistprincipallyof

hornblendeand plagioclase,with saall amountsof quarts

and biotite. Typicalaccessorymineralsare magnstiteand

sphene. Garnet may be abundant.

• (b) Sedimentaryamphibolites: the percentageof quarts and



biotiteis, in general,higherthan in igneous•mphibolites,

while diopaidemay accompanyor even subatitutefor horn—

blende. Small amounteof calcite,mapolits and epidote

are alao found,while in the rocks fron the Ornesregion

gernot is lacking.

A considerableemount of overlapexistabetweenthe two groups,

and commonlyit is difficultto aasignrocks to a perticular

subdivisionwith certainty.

Marbies

Both grey ønd brownvarietiesariefound,es well—differentiated

and generallythin layers. The grey varietyis oftena neerlypure

celciterock, the oalcite occurringin large interlookingorystals;

while the brownvarietycontainsa seriesof accessoryminerals

such aa phlogopite$tremoliteetc. Grey merbissars the more

common, As the marbleeusuallyweethermors rapidly than

neighbouringrocks, they form easilytracedmappinghorizons.

Migmatites


When a peliticor semi—psliticschistcontainswellaidefined

lenticularpatcheaof felapethicmeterial,intimetslyassociated

with the achistosepart of the rock, the tors migmatiteis applied.

They are generallyassociatedwith the mejor granitemassim,and

the most well—definedoccurain a narrowbeit near the Glomflord

granite.

Greniteeand relatedrocks

Rocks belongingto this groupare distinotivein appeeranoe,
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ond even when finely banded,as in thipcase of sone of theStorviken

rocks, are readilyrecognisable. They consistof aassivepink or

grøyvariablybandedgneissea,with a low percentageof nioa and

other ferronagneotan•inerals. The latterare generallywøll

orientedto give ø well—definedfollation. In certaincases the


grey ogranites •pproachsollsof the more nassivøsilty schistsin

appearance. Rowever,the lattørare alwayssonewhatnore schistose,

with a smallergrainsine, and gsnerallya nore granularquartso—

felapathicfraction.

Investigationshows that many of the granitesrflognieedia

the field ere reallyadenellitea,while othersare close to quartso—

felspathicschiste. In the osse of ths lattergroup,thø

percentageof følaparis always higherthan in the undoubtedly

sedinentaryquartzo—felspethioschisteof the area.

uertzfloriticGneisses

The nane is appliedto bandedgneissescontainingplogioclase,

biotiteand hornblende,with otherninerals,e.g. quartzand

nicrocline,in variablebut g lly subordinateanount. The7


are of restrictedoocurrence,and the largestoutcropis in the

vicinityof Ornes. More calcarsous—richgneissesare found

spasnodicallyelsewherø,the dark bandsbeingcomposedof hornblønde,

diopsideand biotite.

UltrabasicRock

Å singlelenticularease is found to ths W of Ornes. Thø

rockn are variablygreen or brown,massivein the centre of the
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complex,and sobistoseon the aargins. Reliotpyroxenssand

olivineeare ooanon in ths oentralportions,but asoondary

asphibolesand obloritemake up a larg.psroentage,partioularly

towardsthe nargins. Lergeroeettesof amphibolesare distinotiwe

in o•rtainfekoie.of the complex.



Ma or Structurt

Summar of Me or Structuree

To assist in the structuralinterpretationof the tirese

Region,equal area projectionsof poles to beddingand sohiatosity

(ffs diagrasm)and linearstructuree(B diegrame)TMwere plotted

(plate1). Nine separatesub—areaswere rsoognised,eich


dominatedby a einglemodorstructure,or series of relatedmajor

structures. When all the dimgramaare combined(figa) it oan


be seen that the polea to the beddingand achistbaitylie on a

singlegreatcircle,within which are two diatinctmaxime,

correepondingto two mean surfaces. The point of intersection

of the two rurfaces,which repreeentseparatelimbe of related

major folds,intersectwithin the maximumof the B diagramfor

the whole area. This indicatemthat for most of the ares the

majorityof the measuredlinearstructureswere producedat the

same time se the major structureenow visibleand that the region

approacheehome-axialitywith a WSW plungingexis. The main

exceptionto this is in the SE, where,es shown in the diagrams

for the separateeub-areas(platt1), the linearstructuresmostly

trend sonth—eaetwards.Prom the 7.1S diagramit can be oeem that

the axial planea of the folda are eithernearlyhorizontalor

nearlyvertical.

n Bbservationin the field shows thatall the linearstruotures
present in the Ornes regionare parallelto the b axes of the
major folds. Ne a ltneatione,of the type describedbyEvale (1953)are present.

30
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fig.8(a). Noosuromostoof 980 poloo to boddiag and aohlatibaityfor
thatwh•lemgmlea

ri8o8(b). Noasaromootaof 480 lisoor atrooturoafor tho wholo rogioa
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Due to the mouatainoustopographyof the Oraes regioa,anny

of the changeein trend of outorophave no structural•igaificance.

Thus theVeehaped outoropson 0altakertand Bjell:tindare dus

wholly to topographiccontrol. In oertainparts of the region,

notablyBleatindend Sterviken,it is difficultto projectthe

boundariesacrossregiowsofunexposedgroundbecausethe dipss

are low; large-soalecorrelationsare then ustoertain. To

overcometheee difficulties,the outoropsof the more impertant

beda were projectedon to a plene normalto the directioaef

regionalplunge. The metheddependsupon the foldemaintaining

their directionand •mount of plungeindefinitely,and does not

take into accountvariationsin thicksessof beds along the

directionof plungs. /n order to cover the whole of the region,


the most distantpointe on the boundarieshed to be projeotedabout

18 km, and it is these that are likelyto be the moat inaccurate.

Throughoutthe region except the S and NW, the regionallinear

stractureeare fairlyconstanton beeringsbetween2100 and

2400. The •verege,as determinedfrom the B diagramfor ths

whole region,is 230°,with a dip of 17°. Boundariesfrom the

whole of the erneaRegionwere plettedon to a planeat right

angles to this (fig.9). /t is immediatelyapperentthat the nest

importentstructureof the whele ef the Ornes Region is a large-acale

overfold,•lesingsouthwards,and with an axialplane that is

aearlyhorizontal. The two limbe of the'foldare at 60° to sme

another,• figurethat correspendsto the angulardifferenesof
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mexima of the ilS diegram, The fold,called theKjeipenFøld 

invelves,and cen be identifiedia ell the rocks fromStorvikvand

to Ijevand(seemap.3). Beneaththe fold the BjellitindGranite

occurein the core of the B elatind Antiform,a structurethat

ie leter than the KjeipenFold es it deformsthe exiel plane of

the latter into gentlearc.

Southwerdefrom Lysvend,the metasedimentedip constently

under the GlomfjordGrenite,whese northernboundaryprojecte ,

ahovc the KjeipenPold, suggestingthe graniteto lie structurally

above the •hele of the metesedtmentarysequence. Mereover,the

boundariesof the MesSenend Teksmene—BleatindgranitesflOt as a

aetoreleeetiametiøe-sttheGlerfjordgrealtebooadery,indicating

the probabilityof correletionof theeegrenites. In each case,

the lithologiesof the granitesand the sesociatedmetassdiments,

which dip beneeththem,are similer.

On the islandof Meshenand on the maialandat Bugten,

lineerstructureswith easterlydips predeminate,suggestiagthat

e true representationof the regionalstructuremey be different,

in this eree, from that indicatedia fig. 9 . Similarly,the

projectiondoes not cover the Yyken graniteend neighbourimg

rocks, becauseof the differentplungedirection. In the NW

of the Ornes Region,the prejectedoutcropaof the Skjeggea

graniteen fig,9show very sinuousforma unrepresentativeof the

true structurese determinedfrom direct fieldobservationand

ere not inoluded. The enomelyin this case is due to

fluctuationein the WSW plungesas they are crossedby the



SSIwtrending fold of Worth Skjeggsa.

In order to obtain a true representation of the struotural

relationships of the southern group of rooka, where linear


etruotures are deminant, the outoropa of the major umits were

projected on to a plane normal to the regional linear direetioa

(fig.l0, on a plane normal to 100°, with a dip of 109). This

shows the Glomfjord granite to be situated in an important

overfold,the S ilderdalen Pold,olostag nerthwarde in the opposite

direction to the Kjeipen fold. Within the upper limb ef the

Spilderdalen Pold, the Pykan Granite is situated, iteelf forming

the core of an isoclinal fold, the Steffodalen Pold. Above the

main Spilderdalen fold, part of a major isoolinal fold, the

Krekvand Fold is indloated, one of the largest isoollnal felds

ideatified in the Glomfjord Region, and mapped by Mesers. Wells,

Bradahaw and M.A. Jonee. Part of the BjellItind antiform is

again indicated on thie diagram.

I• both of the diagrams the overall pioture produced is not

an •xact representation of the struotural relatione of the rooka,

due to inherent limitatione of the methed of projeotion Imelt

as variatione in the directione of regional plunge and effoots

of later refolding. Other chajor structures can be determined


from field obeervations but their properties are euch that they

appear on neither of the diagrans. The equivalence of style of

the Kjeipen and Spilderdalea folde suggeste that they are of the

same general age, and the composite diagram (fig.11) ehowe their

35
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bread interrelatIons. Theae structurea are seen to refold

isoolinal felds (notably the rykan granite fold) while they them-

selves are alse refolded by etructures of a later age (notably the

ajellitindAntlform. This indicates three main periods ef

deformation, termed Fl, F2 sad
5

respectively. In the section


dealing with minor and micro structures it is ahown that the

styles of these phases of deformatien are quite distinct. Despite


this, it is possible that 5 may represent simply a phas• ef F2

folding, probably ef relatively late age.

Folds of F
1 age:- In addition to the Steffsdelen Føld noted

above, other structures of this earliest peried of folding oan

be recegnised. Large-scale lithological repetition, invelving the

whele of the upper part of the Geltekart succession, is alear from

fteld •bservation (see p. 60 ). Throughout the limits of outcrop,


ne clesure can be seen, but the individual cemponents ef the

successiea dø beceme extremely attenuated northwarda towards

Sirfjord. Thia is believed to be due te the exilteace ef a


cempletely iseclinal fold, the Galtskart Pold, whish is dominated

by an axial plane sohistOsity, and in whioh clesures are ne longer

visible. It is significant that analegous repetitions of the


succession occur above the eastern margin of the Hjallltind

ranite; bat in thia case, there is abundant evidence of isoclinal

fold olosures. This structure, mapped by Mr. Sradshaw, Sp here

termed the KvittindTeld.
•

Withia the granite masaes of Bjellåtind and Glemfjord are

prebable Iseclinal felds, termed the Lakaaadalavand and $ ilderhesten



rolda respectively (see p, 52 and figs. 12, 13).

Other folde of P2 age. lehen the Spilderdalen fold is traced

westwards from Steffodalen, the uniform southerly dipe repreeent
the under limb of the etructure, llowever, in the region of

gneiesic rocka to the E of Ornes, the dips are high and looally
reversed. As the correlation of basal Glomfjord granite with

Tekamona—Blaatind granite is suggested from fig.9, it is proba‘ble
that the ateep dipe in the gneiseic rocks repreaent part of a

monoclinal flexure, the D u vikf ell Pold.

/n the sucoessione of Slijeggen and Narkvand, two welledefined

zonee of steep dips occur, namely on the 8 side of Skraaven and
to the NWof Nerkvand. These are related to two monoclinal

flezures termed the Skjeggen and Breitind rolde respectively, and
are thought to repreeent major drag folde on the upper 15mb of the
Kjeipes rold.

On the northern margin of the Bjellibind Granite, in the
ground Impped by Welle and Bradahaw, a zone of E-11 •erticality

is encountered. This either repreeents a fold analogous to

the Spilderdalen overfold, or a Sight synfora, and ia oalled the

Laksaadalen Pold.

A major structure of either £2 or 1r3 age involves the
sucosseion to the N of Skjeggen and forms a largeescale antiform,
the Bolden Antiform, whose axie corresponde to the trend of the
valley running SE from Bolden.

Other folde of 11'3 age. Certain gentle worgs, which are not
intense enough to show up on fige. 9 and 10, can be recognised

_
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directlyin the field. Althoughof a relativelygentlenature,

thesefolds oftendetermineto • large •xtentthe shapesofthe

outcrops. Their axialplanesare normallysteep and oftennearly

vertical. The most importantof these,the Storwik8 nform,is a

complementerystructureto the BjellitindAntiform,and accounts

for the reverealof dip in the Storvikwand—Storvikenreglon.

In the region betweentheeetwo importantP3 fOlds,smaller

structurea,representingminorpuckers,can be identified. On

the NW of OuterGaltakart,the Narkvand8 nformaccountsfor thø

regionalchange of NW dips on IanerGaltskartto the SE dips in

southSkromdalevand. When tracedboth towardathe NE and 8W, its

identityis lost. A similarstructureon •lmost the samt axis

can be identifiedon Blaatind,the BlaatindS nform.

Two other73 structureearø establishedin the SW part of the

region,by conaiderationsof structuraland stratigraphIc•vidence.

A largepart of the region is coveredby water or ia unexposød,and

manyof the conclusionsmust be tentative. Correlationof the

Glomfjord—Nesbengranitewith thst of Tekamona—Bleatindhas already

beensuggested,and the two must connectby an antiform,plunging

west,to accountfor the observedstructuralarrangements. This

structure,the ernesAntiform,has a steepaxial planeand an

easterlytrendingaxis. Althoughthe Skjeggengraniteis regarded

as representinga reappearanceof the basalgranite,it is thought

to be separatedfrom the Tekemona—Bisatindgraniteby an ri alide.

Thus,a synformalstructureis inferredfrom the arrangementof

regionaldips, the Rei aa 5 nform,whichseparatesthe two granites,

4-1
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and is the complementto the Wrnes Antiform.

Examinationof the linearstructuresin the southernregion

(plate1) shows that in the E the undoubted11.2lineationsdip W,

while in the W the re  is the caee. The culaination,termed


the $ ildervandCulmination,is situatedaroundSpilderåaMk.,

and probablyhae a northeeouthaxis.

The Slide Zonea

Sliding of variedamplitudetook placecontemporaneouslywith

the fold periodalparticularlythe firstbut occasionallythe

second. For the most part, this was spread fairlyevenly

throughoutthe rocks,producingthe presentschistbsityand also

the common small—scaledislocationswhich can be observedin many

outcrops. Ocoesionally,however,alidingwas concentratedin

narrow,well—definedsonee. Later metamorphiemhas coapletely

obliteratedany directevidenceof these elidesones,and they can

only be identifiedby considerationsof successionsand

thicks f markerbands etc.

Throughoutthe region,the granitesand associatedmeta—

sedimentsare interfoldedby F2 mnd 13 movements,and in one

case by Fi movements(theSteffodalenfold). Eleewhere,in

isolatedregions,the two groupscan be øøen to be foldød

isoclinallybut independentlyof one another,suggestingthst

the two are separatedby slide sones of some importance. Strati-

graphicconsiderations,however,indicatethat the lowermoat

30.40 metresof the metasedimentarysequencehamprobabls

undergoneonly elightmovementin relationto the granite,and
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that the BasalSlide ia probablysituatedabove this (seealso p. 177).

Due to the lack of informationon1 structures,the eignificance

of this elide zone,which is probeblypresentabove both the

Sjellitindand Gloafjordsuccessionsis unknown.

NorthwardefromOaltakart,the sucoessionbecomesextremely

attenuated,and many of the dietinctivemarker bandaare

eliminated. A similarthinningoccursin the North Nerkvand

peliticrocks. Althoughpart of the attenuationmay be due tc


the Kjeipenrold, which is probablya shear etructure,this does

not appearto be adequateto ezplainthe total amount of thinaing

observed. The lattetis regardedas høvingbeen causedby

elidingalong the upper limb of the GaltakartFold, contemporaneous

with thie firstphase of deformation.The Galakert Slide followe

the outcropof the thickmarble-quartsiteband in the valley

betweenInnerand OuterGaltekart(see figa.3/4). The projnted

outcropof the alide is shown in reloN3 ; weetwardsit projecte

to the south of Miarkvandand throughtteipaa,while northwardeit

probablyreappearsin Storvikendue to the StorvikSynform.

On the S side of Iyevand,a closurewithincaloareouspolitic

echiets (probably• continuationof the Kjeipernfold) is cut off

by ø croseecuttingalide,the evandSlids (fig.3). Over some


distanceof its outcrop,distinctiverock typesare eliminated

againstthe slide. The structureseparatesthe Kjeipenfold, with

ita dominantsouth-westerlyplunginglinearstructuresfrom the

sal Spilderdalenfold. The amount of movementalong the elide

may have been relativelyelight,as the regionalIllucce88101115on



•ither side are similar. This slide,which is F2 in age, is the

only large.scalediscontinuityof this age in the OrnesRegion,and
is uniqueamongetthe slides in that it can be seencutting

obliquelyacrosemajor folde.

Isolatedwith its local envelopeof schists,in the uppør

limb of the SpildørdalenFold is the Fykan Granite. It occura

in the core of a completelyisoclinalfold,and must be separated

from the remainderof the succession,which does not show an

equivalentfold, by alide sones developedat the time of folding.

The considerablestructuralcomplevityof the Steffodalenregion

is probablyto be accounted for by theseSteffodalenSlidee,as
suggestedin fig. 14 and mep 3.

Lithologicalsimilaritiesbetweenthe Glomfjordand 3jall2tind
granitesand their associatedmetasedimente,and also theSkjeggen

graniteassociatedwith metasedimentsto the N„are diacuasidin
siction They are thoughtto representetratigraphic


equivalentsthat were separatedby alidingduringFi timee.

The Sk e en Slidø followsthe southernboundaryof theSkjeggen

granite. It probablyaccountsfor the thinningof the granite

eastwards,and the eliminationof successivemembersof the

North Narkvandpeliticserieeagainstthe granite.



Detailsof Ni or Structurc

T1 Polds.

These belongto the earliestphase of deformationand are

completelyisoclinalin character. An associatedand often

pronouncedaxial plane schistbeityis normallydeveloped.

(1) The SteffodalenPold and aesociatedstructures

Situatedwithin the upper limb of the Spilderdalenfold, in

the east of Stiffodalen,is the Pyken granite. Towardsthe

north, the latter is seen to form the core of a northward.closing

isoclinalfold,which also involvesa local •nvelopeof

schiats (dee fig. 16 ). It is clear that a alideof conaiderable


importancemust separatethis structure,termedtheSteffodalenFold,

from the achist sequenceto the E. The westerlyextensionof thia

alide cannotbe determinedwith certainty,but probablyfollows

the major trønd of the schistaequenceof Steffodalen,as shown

in map 3. Close comparisonexistsbetweenthis structureand

parts of the NontagneNoire glidingnappes (deSitter and Trlhopy

1952). A seriesof sectionsof the developmentof thesenappes,

reproducedfrom de Sitter 1956, togetherwith a comparisonwith

the Steffodalenregion,ia shown in fig.14. Althoughgeometrically

simIler it cannotbe determlnedwhetheror not the Steffodalen

structuresdevelopedby the same •echanism.

The Pykan graniteis lithologicallysimilarto the Glomfjord

granite,end it is possiblethat the two granitesconnecton the

south aide of Glomfjordby an isoclinalfold, the complementto

the Steffodalenfold. No repetitioncan be establishedis ths
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achist sequenceb•tweenthe two granItesin the area •xaminedon the

sast of Glombraeen(M.A.Jones: peraonalcommunication)but a

large amount of slidingwouldclearlyaccompanythe development

of such a structureand the symmstryof lithologiescouldwell be

destroyed.

Close comparisonexistsbetweenthe Steffodalenand

Krokvand-Rebenfjel1folds (Walton1959, SollIngworthet a1 1960),

althoughthe foliationof the outermargin of the Yykan granite

followsthe arrangsmentof the fold, insideit ia wholLyaxial

plane. It is probablethat these two majorstructureswere

developedin the easm generalperiod of deformation.

The recognitionof the Steffodalenfold is importantin the

underatandingof the structuralhiatoryof other granitesof the

Ornes regIon. Exceptfor ita northerntermInation,the Pykan

granitehas everyappearanceof representInga sheet granitein an

unrepeatedsuccession,and is exactlyanalogousto the sheet

graniteeof Bleatindand Skjeggen. Thus it Is possiblethat some

or all of theseother aheet granitesrepresentisolatedfractIona

of'basalgranite. Such an explanationis suggestedin the case of

the Blastindgraniteswhich are lithologicallyvery simtlarto the

Glomfjordand Sjallitindgranites. Soms of the othersheet granites,

notablythoseof Skjeggenand Storvikare probablythrustsheeta,

emplecedduringri times,and in the occasionalinstanceswhere

termlnationaof the granitesare vialble,they do not appear to

occupyiaociins.fold closures(fig.15).



One other major isoclinalfold has peenrecognisedin the

Steffodalenregion,and is indicatedby the westerlytermination

of a thickmarbleband. Its charecteriaticsare broadlysimilar


to those of the Steffodalenfold.

(2) The NorthKv tt nd Yolds

Beneaththe silty schist of Xvittind,a duplicationin the

successionaround a distinctivepeliticschisthas been identified

by Wells and Bradshawas causedby an isoclinalfold,closing

weatwards. The schistesitycuta acrosa the lithologicalbanding

at the noa, of the fold,and is an axialplane structurs; the

axis of the fold plunges•ast. On the main geologicalmap, all

the information cet this region,and that ormtthe eaat•rn

margin of the Bjelatind granite,see kindlyauppliedby Dr. Nells.

On the shores of Lysvand,the lowerlimb of the fold ia no

longerseen, du. to the action of a slide developedat the same -

time aa the folding.

Rusty bandswithin the silty achiat on the north face of

Scetertindshow evidenceof a tight,nearlyisoclinal,fold,

closingtomardethe east. It appearsto be of equivalentstyle

to the fold in the north of Kvittind,but due to the inaccessibility

of the cliffs,its propertiesare not known in detail. Slides

probablyseparatethis from the isoclinsin peliticschista

deacribedabove. Towardsthe west, the ailty achist is sliminated

by the LysvandSlide (fig.3),but eastwarda,the schiatcontinues

and has i very distinctiveoutcrop(seemap 4). Its northern

4-9
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boundaryfollowsthat of the Bjellgtindgraniteinto the a
res E

of StSrfjord,where it closesnorthwardsdue to an isoclinalfold

on i nortbssouthaxis, and formapart of the lower limb of the

Erokvand—Rebenfjellfold, (Wellst personalcommunication).Its

southernboundary,however,becom
esinvolvedin the Spilderdalen

fold, end followsthe schistenvelopeof the Glomfjordgranite,

again on the lowerlimb of the Erokvend—Rebenfjellfold, Thus the

ailty schist has a trifurcatingoutcropcentredon Kvittind,

analogousto the outcropof the weet Wsvand calcareouspelitic

schistshown in fig,28. One branchcontinuesnorthwardsand

"representsthe core of a nortirsouthisOcline,one southwarda,and

again probablyis repeatedby folding,and one westwardainto

Scetertindwhere the easterlyclosingiaoclinealr
eadydescribed

occurs, This last branchis aleo involvedin the Ejeipenfold,

and reappearson Galtskartdue to the BjellgtindAntiform.

(3) The GaltskartVold and associatedstructures

One of the mostcontroversialaspecteof the structural

interpretationof the Ornes regionconcernsthe possibilityof

isoclinalfolds of major importanceaffectingappare
ntlysimply

beddedsuccessions. The most strikingof these involvesthe

upper part of the Galtakartsuccession,illustr
atedin figs,4, 58,

where lithologicalrepetitioninv
olvinga 5 part sequenceis

admirablydisplayed. No majorclosureshave been identifiedin

a series of traversesacross the area, and the schistosityis

everywherecompletelyparallelto
the lithologicalbanding, All
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the minor etructuresseen in this part of the successionbelong

to eitherthe r2or 7 period of deformation,exceptfor occasIonel

small-scaleisoclinalfolds in the uppersilty schist (fig.)1).

These are only very occaslonallyvisible,and have theiraxial

planes parallelto the dominantschistdsity. This 1s, thetrefore,

•videnceof the rocka havingundørgone71 deformation.

When tracednorthwardsfrom Galtskart,the successIonbecomes

extremelyattenuated,and on westernShrfjord,it can be shown

that many of the distinctivemarkerbands,auch as the silty

schists,have been ellminated,or so thinnedas to be unreoognisable.

This attenuationis probablyto be accountedfor by the action

of the northerlyclosingGaltekartfold, but thereare othør

possibillties. Thinningon the limbe of the Kjeipenfold la

illuetratedin fig.9; this is largelyto be accountedfor by the

thickeningof the weet Lysvandcalcareouspeliticschist in the

Suppevandregionby a serleøof 73 mlnor folds,situatedin the

core of the Kjelpenfold, and Is most probablya separate

phenomenonfrom the thinningfromGaltskartnorthwards. In


addition,the Galtskartelide,which probablyformedat the same

time•s the Galtskartfold, may accountfor aome of the attenuation

(seep. ),

Projectionof the North Kvittindfoldefrom Kvittindto

Galtekartis ifike)b3., -the

Thus, althoughthe Galtskartsuccessionhee every

appearanceof beinga normalone above the Bjell2tindgranite,

there ls probablysuccessiverepetitioncausedby major isoclinalfolds.
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(4) The Lakaaadslavandand S ilderheetenFolds

Both thesestructuresoccur in the basalgranites,in the

Bjellitindand Glomfjordgranitesrespectively(figs12 and 13).

That in the Bjellgtindgraniteie determinedby the convergence

and closureof a dark band high up in the N face of Bje11Stind,

and althoughit is not clear in the photograph,the writer ie

convincedof ita existencedue to detailedexaminationof the

region throughbinoculare. The bandsare probablydark biotits

schietsthat are fairlycommonlyseen in the Glomfjordand Blaatind

granites; none are exposedin accessibleparts of the Bjellgtind

mass, The closureof the preaumedstructureis •aatwards,and

the two bandscontinueto divergein the correctmannerwhen

tracedon to the NW face of the mountain; the probableaxia of

the fold, from the observeddivergenceof the bands,is alighed

east.west.

The fold on the northside of Spilderhestenis a more

convincingetructureinvolvingthreedistinctivebands,probably

of mica schist,which are visible from a distancein stespcliffs.

The closure of the fold appearsto be eastwards,and the axis of

the fold, which probablyrune nearlyparalle1with the northface

of Spilderhestenis SW.

In both canee, the areas where the preaumedfoldsoutcrop

are completelyinaccessible,and it la not possibleto be tnFirtlij

certainwhether or not the structureeexist, /f their existence


is accepted,it indicatesthat the basal granites,togetherwith
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the schists,have undergoneisoclinalri deformationeven though

contemporaneouealidinghas generallyseparatedthe two.

R. Bicholeon(1960)has photographedeimilarisoclinalfolds

in the Svartisengranite,a mase which he regardeae basal,and

the stratigraphic•guivelentof the Glomfjordgranite. There

can be no doubtof the existenceof these folda,which ars

beautifullyexposed,and affordcoafirmatoryevidenctfor the

less clearly displayedstructuresin the Grnea region, Nicholson

regarde the Svertisengranitefoldsas representingFi ieoclines

and indicatesthe variencsof this view with that of Skjimeth

and Stfrensen(1952)who interpretthe western •guivalentof the

Svartisengranitewhich outcropsin Holandefjordas an

allochthanoussheet emplacedduringthe serly folding.

These are the most widespreadand importentstructuresof

the ernes region,and have the greatesteffectupon the trends of

outerop. They cohaistgenerallyof broad—scalerecumbentoverfolds

with gently inclinedaxialplanes,

(1) ileivenlold


This structureinvolvesthe whole of the successionfron

Storvikmandto /Javand,end successiveclosurescen be traced in

all the mejorlithologicalunits.Becausethe exial plene of the

fold is nserlyhorizontal,its outcropon the surfaceie sinuous,

and is determinedlargely by relief. Predictionof its position

in unexposedground is thereforedifficult,and is complicated
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by the fact that it has been refolded 1n the 13 periodof defOrmation.

Direct observationsof successiveclosuresare only possiblein

isolatedregions. In order to fix the positionof the axial

plane with some degreeof accuracy,the successivepointaof

vertioalityon fig,9were projectedback to theirpoeltionon the

bese map. Good agreementbetweenobeervedaad calculatedtones of

verticalitywae obtainedfor well-exposedregioasand by joining

all the calculatedpointa,the tracegiven in eap 3 was obtained.

The locationof the axial plane in the aorth ia uncertain,and

north of Degro,where the last exposureof vertioalrocks oocure,

the trace is based •ntirelyon projection. Althoughtherears

local variationein the directionof dip of the axial plane,ite

mean inclinationis to the southeweet,bent by the Sjelatind

Antiformand StorvikSynfore. Southwards,ths fold is out out

by the ZysvandSlide.

Referenceto mep 3 shows that the lowerlimb of the fold

is exposedto ths north of Iyevandand Galtakart,while the wholt

of the region to the weet of the trace of the axialplane is within

the upper limb.

The cl t demonstrationof the fold is in the Galtskart-

Suppevandregion, On Galtekartitself,ths regionaldip ie

westwards,formingthe westernlimb of the BjellRtindAntifore,

but when tracedtowardathe south-weet,the successionbipoomee

involvedin a whole series of complicatedminorfolds,and is

finallyoverturnedto dip south-tastin the regionto the west
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of Suppevand.

Rusty bandsat the base of the silty schistthat outoropson

the northof Kjeipenshow • wholeseries of asymmetricdrag folds

with gentlyinclinødaxial planen (fig.19A). The drag folda

are dextral,in ths correctsenee for the majorclosureof the

fold on Kjeipen,and the whole of the massivenorth face of ths

mountainis regardedas being eituatedin the core of the fold.

When the boundaryof the silty schistwith the underlyingpelitic

schistsis tracedsouth-wiletwardsit becomesinvolvedin a

complicatedseries of minor folds,and then finallydips

constantlysouth•east,and is •ituatedon the upperlimb of the

main fold. Marblebands in the peliticschistsshow eactrtmely

complicatedminor foldewith horisontalaxialplenesand a common

developmentof small-scalealidee (fig.21).

Unlike the eilty and peltticschiststhat, en masse,show

a re1ativelysimplearrangement,the calcareouspeliticand

associatedthin peliticschistsare complixlyfoldødin the

Suppevandregion. The groupas • whole followethe same

structuralpatternas the aseaciatedailtyand peliticbands, but

ineteadof the regionaldip changingthrougha well-definedsone

whers the dipe art vertical,the schistaare foldedlnio a aeries

of persistentsymmetricfoldewith a veriedamplitudeand vertical

axialplanes. A detailedmap of this region ia shown in fig.20,

and a croas-sectionin fig.22. The northernboundaryof the

calcareouspeliticschistis disharmonic,as indicatedby the
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Tig,19A, The susmit of Kjeipenfrom ths north,showingdrag folds

in rusty sohiets,situatedon ths lower lisb of the Kj•ipenfold,

C.D refers to the looationof the section on the map, fig.20.
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closure in the calcareoua pelite shich is not follond by the

adjoining pelitic schist. From consideratione of tht regional

structure, the calcareous pelitic schiste of the Suppevand region

must be situated within the core of the main Kjelpen fold. The

aymmetrical folda now seen cannot represent drag folds produced

at the same time as the Kjeipen fold, because they have vortical

axial planee, while that of the major fold is horizontal. They

are therefore correlated with the 73 period of deformation, •nd

are thought to represent minor puokere on the flank of the

Bjellitind antiform, caused by flexuring of the relatinly soft

calcareous pelitio schiste as the blunt nose of the silty schist

moved slightly towarde the south during the formation of the major

73 fold. Just to the north of Kjeipen, minor overfolde irith

horizontal axial planee in calcareous pelitic schiets are

common (see fig. 45). These are much more intense than the

struotures with vertical axial plente enn to the south, and may

represent structures produced at the same time as the Kjelpen

Fold, Small—scale slides are commonly aas oc ia t ed vitit the

overfolda.

Other drag folds on the lover lit of the Kjeipen Yold, and

in the correct sense for the observed closure are conon in the

Galtakert succeseion (fig.23A). in acoordance with the major


structure, they have gently dipping axial planes. The most

intense of these folde occur in marbles and quartzitee of west

Galtelcart (fig.48). All the drag folds obeerved in the Galtakart

go
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rocks are in the wrong sens.and are too intenseto be associated

with the broadBjellitindAntiform. Noreover,the inclination

of theiraxial planesindicatsathat theycannot bt associated

with the 13 period of deforsation.

The 11S diagramof beddingand schietisityfor 150

measurementsfor theSuppevandarea (plate1) which incorporates

the closureof the siltyschist on Kjeipen,has two well—defined

maxima. These correspondto the two limba of the fold,with

dipa to the W at 300 and the SE at 300 respectively,The latter

is ahown on the diagramas the much larger of the two comoentrationa,
due principallyto the locationof moat of theSuppevandregion

within the upperlimb of the fold. from the diagramit is eeen

that the angular distancebetweenthe two limba is 30°, i result

close to that obtainedfrom fig.9. Field evidenceahows that

the axial plane of the fold is nearlyhorisontal,and by

constructionfrom the ir8 diagramit oan be seen to dip to

the south—weetat about 150

Even thoughthere is a alightsoatterin the B diagramof 43

linearstructures,the meximumclearlyfalleas a pole to the

greatcircle throughthe maximaof the n S diagram,indioating
that the majorityof the lineationsare a consequenceof the

Kjelpenfold. The reasonsfor the scatterof linearstructurits

in this and all the othersub—regionais discussedin section

In the North Narkvandpeliticseries,from outerGaltakartto

Storvikvand,detailedmappingis difficultdue to lack of
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continuouedistinctivemarkerbands. On the northeide of

Storvikvand,a well-definedsheet graniteoutcropa,and probably

continuessouthwardsacrossthe lake to connectwith anothørsheet

granitevieible in the northface of Degro (fig.24). Here it


becomesinvolvedin an importantoverfold,closingtowardethe

southeeast,and with a gentlydippingaxlal plene; the


associatedschisteare similarlydeformed. Parte of the

schistosesuccessionhavea well-developedfracturecleavege,whose

axial planesare approximatelyparalleltith the major fold,and

which was probablyformedat the same time as the main fold. The

directionof the closureof the fold on Degro is the same as the

closurein the silty schiaton Kjelpen,and theirprobable

correlationis indicatedin fig.9.

Southwardafrom Degro,towardsOaltekart,the strikeof the

beds is constantlyNVøsSW,but the dips are high and variable

in direction. On outerGaltekarttwo large-soaledextraldrag

foldeare revealedby marbleand oalc schiet markerbaadawithin

monotonouspeliticschists(fig.233). They havilnearlyhorisontal

axialplanes,and are probablydrag foldson the underhimb of

the main fold. The proximityto the axial regionof the major

KjeipenPold is ehown in nop 3. Simileretructuresprobably

existin the Skromdalavandregion,and the rapidchangesof dip

may be due to folda of this nature,structureswhich are difficult

to identifyin relativelyflat grounddue to the attitudeof their

axialplenes.
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NorthwardsfromStorvikvand,there is no evidenceof closures

atmilarto those describedabove,and it appearsthat the whole

of the ffignakken—Grbtsetmastsit;jts situatedwithin the lower

limb of the fold. The axial plane must then be above groundlevel.

When the NorthMerkvandpeliticschistaare tracedSW from

Skromdalavand,the dip, althoughvariablein amount,is constant

towardsthe SE. Only in the SE of the aub—regiondoes the

Merevandsynformlead to localreversalsin the directionof dip

(see p. 6
). Ths reasonfor this constancyin dip directionis

the locationof the rocks on the upperlimb of the Kjeipenfold.

The axial plane of the Kjeipenfoldwhich outcropsto the eaat,has

generalnouth-westerlydip and will thereforeprojectunderneeth

this region. Atsthe lineerstructuresof F2 age are undeflected

in the region north of Merkvand,thereia no reasonto suppose

thatlater refoldinghas alteredthe positionof the projected

xial plane. In.centralMarkvand,it will be some 1000 metrea

beneaththe surface(seefig.25).

The $ diagramof 160 measurementsfrom the whole of the

North MarkvandRegion (plate1) showstwo maximarepresenting

dips to the southat 40° and to the NW at 30°. Moreover,the

extensionof the maxissis on a greatcircle,the pole to which

is representedby the maximumto linearstructures,also by chance,

based on 160 messuremente,indicatingthe connectionbetweenthe

major fold and the measuredlineerstructures. The more important


of the two maximaof the 175 diagramis thatrepresentingthe
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centraland westernpart of the regionsituatildon the axial

regionaand on the upper limb of the Kjeipenfold. However,dipe

from certainparts of the lower limb of the fold, notablyaround

Storvik,fall in the same maximumdue to refoldingby theStorvik

Synform. The other maximumrepresentsdips from the easternpart

of the region on the lower limb of the fold. rield observation

showe that the axial plane of the major fold has only a gentledip,

aad by plottingita ponitionon the liS diagram,it is seen to

dip westwardsat about 15°. This value is probablycorrect

only in a limitedregion,as theStorvOksynformmust havs some

effectupon ite inclination. In fact,if the positionof the


axIal plane is conetructedusingthis value, it outcropsonoe

again on the Storvikenpeninsula,which can be seen in the field

to be incorrect.

Withln theregion W of Skromdalevand,sones of ettep dips

are occasionallyencountered.The regionis situatedwholly on

the upper limb of the Kjeipen7old, and the etructurseprobably

representmonoclinaldras folds on one limb of the mejor fold.

All are in the correctsense for thie interpretation.The two

most sell definedof thesebelts ocouron the north of Markvand

(theBreitindPold),and anotheron southSkreaven(theSkjeggen

Fold).

A serieeof sectionsindicatingthe broadstructural

relationshipsof this regionare shown in fig.25,in each of which

is includedthe poaitionof the projectedaxialplane of the
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KjølpenFold. In the same way as the Galtakartsucoessionis
overturnedin theSuppevandregion,so the North Markvandpelitio
seriea from the SS ot Storvikvandis overturnedon the north of
Narkvand.

Correlationof the loweatrocks of the Storvikenpeninaula
with those of the Galtskartsuccessionhas alreadybeen mentioned
in connectionwith the projectionof the GaltakartSlide (seep. 4.3 ).
If this is the caae, the overZyinggranite-semi-peliticschist
sequencemust correlatewith the lowermootpart of the North
Narkvandpeliticschistsof OuterGaltskart. It has alreadybeen
shown that th• Skjeggengraniteand schiatsequenceto the north
must be whollYwithin the upperlimb of the Kjeipenfold and
aøperatedfrom the Galtakartsuccessionby the North Narkvand
peliticschists. Therefore,the calcareoussequenceof North
Skjeggencannotcorrelatedireotlywith that of Weet Storviken;
the formermust closewithin the envelopeof the latter,and the
closureprobablyprojectsabove Hbgnakkenand Storvikvand.

The TTS and B diagraamfor the Skjeggenregionshow a more
complicatedpatternthan thataøen in the area to the east,due
prinoipellyto the presenceof major foldson N-S axon. There ia
* singlemaximumto the 125 measurementsof polea to beddingand
schisttaity,repreaentinga eoutherlydip of 40° and the

complicatedscatteraround the maximumia due to theseN-S
structures. A similarrelationahipexistafor the diagramof
46 linear istructures,and again the greateatmaximamisestill due to
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structuresassooiatedwith the Kjeipenfold, on bearingsaround

.235°, and a mean dip of 25/).

Southwardsfrom the Suppevandregion,the influenceof the

Kjeipen fold quicklydisappears,due to the action of the Lyevand

Slide. Spanningthe westernend of Lysvendis a thick

calcareouspelitioschistwhose northernboundary,as already

described,becomesinvolvedin the Kjeipenfold. Convergenceof

the southernand easternboundariesof the same group,which has

a roughlytrLangularoutcrop,oecuraon the north face of

Scetertind,and is shawnin fig.26. The exactpositionwhers the

two bounderiesmeet is lnaccessible,and the notureof the junction

is unknown,but when plottedon fig.9 it appeareto represent

• furtherclosureof the Kjeipen fold. Within the caloareous

peliticschist in the regionof convergenceis clear evidenceof

major closure (fig.3)in the same directionas the mainKjeipen

fold,and which is truncatedby the lAysvandSlide. The reason

for the distinctiveshape of the outoropof the calcareouspelitic

schistis due to laterrefoldingof the structurearound the

BjellgtindAntiform. Thus, the easternand southernmarginsof

the calcareouspelitioschistare correlated,the formersituated

on the lower limb of the fold,and the latteron the upper limh.

No furtherclosuresof theKjeipenfold can be recognised

south of this band of calcareouspeliticechist,sndthe outorop

of the rocks cf the southernregion is determinedwholly by the

Spilderdalenfold, and structuresof the P3 period of deformation.

Separatingthe two regionsis the LyevandSlidt, to be
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desoribedin detaillater,whose generaloutcropfollowsthe

southernboundsryof the calcareousp•liticachist of Western

/ysvand.

(2)3 ilderdalenPold

In the south of the tornesRegion,where the structural

trend ia generally the dominaatatructureis an Overfold


closing northwardaof the eame style,and probably the aameage,

as the Kjeipen fold. It is separatedfrom the latterby the

LyavandSlide. Like the Kjeipenfold, the structurehas a

gently inclinedaxial plane,which has been refoldedby the later

P3 period of deformation.The positionof the axial planewas

plottedon map 3 in the eame way ae was that of the Kjeipenfold,

namely by relatingthe pointaof verticalityof fig.10 to their

geographiaalpositionon the base map. Again, the sinuousnatur•

of the axial plane ia largelytapographicallycontrolled. Over

most of the Grnee region,only the lower limb of the structure

is seen. Its upperlimb outoropsin the easternpart of


Steffodalen,and forma the whole of the easternboundsryof the

Gloafjordgranite.

The olearestdemonstrationof the fold occureat the head

of Spilderdalen,where the graniteboundary,which dips gentIy

eastwardsunderGlombraaen,becomesvertical,and then dipa

moderatelyateeplysouthwardaalong the whole of its northern

outcrop(ffliar. 1 ). Fig.27,which showsa view of the head

of Spilderdslen,indicatesthst the metasedimentsassociatedwith

71
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rig.28. Ths oonformahleoontaetof ths SjialgtindgraRitewith
the overlyingastaaedinentaon the north fao* of Sjellitind.
Tho oontaot ia sharpand mours helow the lowermostanow patohlis.
Sandingwithinthe granite is olserlydisplayed

riS•29. Ths oontaotof the Gloafjordgranitewith its assooisted
aetasediamtsin tha nose of the Spilderdalenfold at Gloabraasn.
Viøw fron the north
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the granitealso followthe same etructuralpattern,with steep

dips in the Steffodalenarea, An alternativeexplanationie that

the regionalconvergenceof dipe,representedby the north-easterly

dips of the contactsedimentsto the Glomfjordgraniteand the

southerlydips in the peliticschistsof Scetertind,represent

a tightand aymmetricalaynformwith a steeplydippingaxislplane.

However,in the presumedexial regionsof this suggestedfold,the

eheet dip is everywherevertioalor nearlyso.

Towardsthe north of Steffodalen,• seriesof distinctive

marker bands occur on the north of the peliticgroup,and show a

series of major closureswith K-W trendeof verticality,and

waterly plungingaxes (see figs 18, 198). They close in exactly

the same way se does the Glomfjordgranitemargin,and when

tracedboth weetwardeand southwards,form part of the regional

sucosseionaway from the granite. The oloeuresare therefort

interpretedas a northerlycontinuationof the Spilderdalenfold,

the direotionof the axes of each auccessivecloeurebeing

identicalwhile the steep sheet-dipsof centralSteffodalenare

regardedaa being situatedin the nose of the fold. The southern

bounderyof the mein eilty schistof Kvittindalso follownthe

petternof the Spilderdalenfold, but its northernmarginis

remarkablyelongatednorthwardsinto the area mapped by Wells and

Bradshaw,and becomeeinvolvedin a fold of a very different

nature.(seemep 4).

Within the boundariesof the observedSpilderdalenfold,which

ctinnotbe tracednorth of Scetertinddue to the action of the
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LyevandSlide, the detailedrelationshipsare oftencomplioated.

Thie Le particularlythe case in the east of the Steffodelen

region,where the SteffodalenPold, an earlierstructure,ie

•neountered. Here minor folds of Leoclinalcharacterarø

abundantand lead to extremecomplicatione(figs56-40,p. ).


On the south eide of Scetertinda seriesof large-scaleiàotltnal
sinistraldrag folds in marblesare vieible (eeep. fig.30B)


in the wrong senee for the Spilderdalenfold. They are aesociated

with the1 schietchaityin interbandedpeliticschiets,which ie

parallelto theiraxial planee,a directionthat is markedly

divergentfrom the axialplane directionof the main Spilderdalen

fold. Occaaionaldextralmonoolinalflexurea,with amplitudee

of about 10 metresare visibleon the eouthernflanks of

Scetertind. They have gentlyinclinedaxialplanea end are of an

equivalentstyle to the major fold,and probablyrepreeentdrag

folds on ite lower limb. Similarstructuresare visiblein the

schistein conlJactwith the granitebelowGlombraaen.

The Tis diagramfor 80 measurementsin the Steffodalenregion

showe two distinctmexima,correspondingto the two limaa of the

major overfold. 1n the 1N,the meen dip is southerlyat about40°,

while in the S and E it is towardethe NE at about 33°. The acatter

of the maxima ie on a well-definedgreatcirclewhose pol•

correspondawith the maximato 30 lineerstructureson a bearing

of 110, •ith a 100 dip. This is the axis of the major fold, and

suggestethat the linearstructursewere developedat the same

time. Constructionof the axialplane from the ffS diagram
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indicateathat it dipa to the SE at about20°.

Towardsthe W, in the NorthSpilderdalsvandregion,only

the lowerlimb of the fold is •xposed,due to the inclinationof

the axial plane of the fold, and the dip is everywhere8, with the

granitestructurallyabove the metasediments.The rocks consist

principallyof the Steffodalenpeliticseriesand exposureis not

good; little is known of the detaileof minorstructures. One

isolatedaverfoldin massivepeliticschistahas the aamm style

of deformationas the Spilderdalenfold and probablyrepresents

part of a dextraldrag foldwhose upperlimb has been removedby

erosion. Its axialplane has a similarinclinationto that of


the major fold (fig.440). Most of the otherainor foldsart

earlierstructures,much more intensethan that describedabove,and

on differentaxes.

Structuraldata diagramsfor the NorthSpilderdalsvandarea

indicatethe positionof the regionon the lower limb of the

Spilderdalenfold. 106 measurementeto beddingand schistbsity

form a singleconcentration,withinwhich the maximumis fairly

diffuse. The meen dip is juat to the E of S, at 40°, but

variationsin dip from200 to 700 are commonthroughan arc of

about 60°. No obviouetrendsin the scatterof the iTSdiagraa

can be seen, but the slight elongationalonga greatcirclewhose

etrike is juet E of N doescorreapondto the greatcirclein the

Steffodalenregion. The ko measurementsof the B diagramshow

the largeatacatterin any singlesub-region,due principallyto



refoldingof earlierTi lineatione. Bowever,the greetestsingle

maximum ie almostdue east with a 15° dip, and is a conaequence

of the Spilderdalenfold. A alightmaximumwith a weeterlydip

may be due to the proximityof theSpildervandculmination

(eeep. II ). Comparisonwith the B diagramfor the Steffodalen

region,shows that the seximumhas moved from a bearingof 110

to 090. The reaeonfor this is not clear but say be due either

to originalvariationor later refolding.

On the coast south of 5rnesand oa the ialandof Neaben the

roeks still dip constantlyunder the Gloafjordm-NtsBengranite,

even though the amount of dip is variable. Bkpoeureis not good,

and detailedobservationshave not been poessible.

Variationain ths amount of dip froa 250 to 600 are ahown in

the fiEl diagrambased on 56 seasurementefor the South Draes

region. On the mainlandthere ie oaly a slightvariationfrom

the mean southerlydirectionof dip. Aa for the North

Spilderdalavandregion,there is a markedscatterin direction

of the 20 linsarstruotureemeasured,due principallyto the

identificationof early linearstractures. An easterly


concentrationis due to F2 structuresdirectlyrelatedto the

major overfoldand are msinly to be found in the east of the

region. On MeaBinall the linearstructuresmeasuredhave

westerlyplunges,and again are probablyrelatedto the

SpildertioksFold.
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(3) D u vikt oll Fold

The recognitionof this foldand its significancein the
regionalstructuredepondson the stratigraphiccorrelationsof
the Brnes and Blaatindregions, Lowermostin the succession
on Blaatind,an area that is completelyisolatedby drift,is a
calcareouapeliticschist. It is of identicallithologyto the

calcareouapelite of North Djupviktjell,and althoughtbe
regionaldips of the two achiatsare nearlyat right angles
(southwardaon Djupvikfjelland almostwestwardson Blaatind)
they appear to connectup acrosa the valleyNE of Mesvold. Such
• projectionia illustratedin fig,9,and is suggestedby a
reasonablecorrelationof stratigraphicauccessions(see
stationAknoand fig,60). 1n eachcase there is n achiat

sequenceof comparablelithologieslyingunderneathe granite
mase. Ths graniteathemaelvesare cloaelycomparable.

An •pproximatepredictionof the positionof the axial
plane of the Spilderdalenfold when projectedwestwardsmay be
mede, knowingits inclinationin Steffodalenand allowingfor tho
effectof the Spildervandculmination, Assumingthe axis to
maintainita bearingof 110 and dip of 150 on Steffodalen,the
positionof closureof the granitewill be some 2000 metrea
above groundlevel at Djupvikfjell.The effectof the

Spildervandculminationwill be to bring the exialplane down
towardsground level,and assumingthat the observed15-200di
ofregional lineetionis representativeof the major fold,it



shouldreappearon the Blaatind-Tekamonamassif. Thus, the

Tekemona-Bleatindgraniteis interpretedaa repreaentingthe

reappearanceof basalgranitein the lowerliab of ths

Spilderdalenfold,due partly to the effectof the Spildervand

culmlnation,but also to otherP3 folde on differentaxea. The

nose of the fold is interpretedas beingsituatedin the

unexposedgroundaroundReipaa.(F9Q5)

Once theee broadrelationshipsdescribedabove have been

recognised,it is possibleto give a rationalexplanationof the

steep dips observedin the Ornes gnsisses, Theas compriasa

eteep limb of an essentiallymonoclinalfold,which has

affectedpart of the under limb of the Spilderdalenfold, The

monoclineis asysimetric,with gentledipa in the northwhere the

Blaatindrocks occurand a steepersoutherlylimb in the Bugten

region.

The B diagramsfor both the Blaatindand Elat Ornearegiona,

which are affectedby the Djupvikfjelland Spilderdalenfolda

each show an easterlyplungingmaximum,with a 15o dip,which

correspondswith the constructedaxis of the Djupviktjellfold.

Th• main concentrationfrom 50 measurementsin the ITSdiagram

for the Blaatindregionrepresentsthe gentleupperlimb of the

monocline. That of tho Eaat Ornesregion (basedon 25

measurements)indicateea southerlydip of 30° and 18 located

on the ateep limb of the monocline. The planarstructureain

thia regionare mainlycaused by the arrangementof pegmatites



in the long limba of Fi isoclinea,and by the gneissicbanding

which is parallelto these. That they are representativeof the

regional obeddingand achistosity*is shown by the conformable

contactwith adjacentschistaon SouthDjupviktjell. Finally,


the southernlimb of the monoclineis representedby the rocks

in the South Ornesregion,where the mean dip as calculated

from 35 measurements,is towardsthe S at 40°.

(4) T folds in the Sk • •n—NorthMarkvandre ion

series of monoclinalflexures,representingdrag folds on

the upperlimb of the Kjeipenfoldthavealreedybeen describedin

the sectionon the Kjeipenfold (p.67 ).

(4) BoldenTold and associatedstructures

In the metasedimentson the N of Skjeggen,linearstructures

on bearingsbetween1600 and 1900are seen. Theseare g 11,y


associstedwith sheet dips to the8W, varyingin amountfrom

60 to 90°, an arrangementthat is quiteunlikethat on the

mountainitaelf. Little time for detailedmappingof the region

was available,and es the aree is not coversdby aerialphotographs,

and is poorlyexposed,only the broadestfeatureaconld bø determinød.

The tentativecorrelationsof the regionare shown on the main

geologicalmap,where the connectionbetweenthe steepsouth—

weaterlydipa of the coastalauccessionwith the more gentle

southseasterlydips of the Skjeggenmassif is thoughtto be due

to an antiform. That thia structurecontinuessouthwardais shown

by a calcareouspeliticschist thatcan be tracedon the west

side of Skjeggenand croasesover the valley,to reappearon
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Skraaven: the dipesindicatean antiformplungingsouthwards.

Similarly,the northernboundaryof the Skjeggengranitecrosses

the valley via a steeplydippingzone to reappearon Skraaven.

Theee stetp dipa are part of the Skjeggenfold on a different

axis, and possibl,of a differentage from the Boldenantiform,

and it ia in thiaregion that the two structureeconverge.

Exposuresof graniteon the coast north of Bolden dip

ateeplyeastwardsand a zone of ateep dips can be identified

southwardsfrom this, on the weet side of Skraeven. The only

other structuralinformationon this regioncomes from the weet

of the Kunna peninsula,where the rocks dip gentIy eaatwards.

There are two possibleexplanationsto accountfor thia

arrangement:—

the atructureis an asymmetricsynform,complementary

to the Boldenantiform,

the rocka at Kunna are overturnedwith reapectto thorm

at Skjeggen,and the totalstructureis a major

overfold,with a gentlyinclinedaxial plene,of

•quivalentstyle to the Kjeipenand Spilderdalenfolds.

It is the latteralternativethe writerfavours.

The Skjeggengranite is regardedas basalgranitedetaohed

duringFl times (p.95 ). It structurallyoverliesmetaaediments,


auggeatingthat it 443overturned. On the second explanation,

therefore,the rocks at Kunna are the right way up, and it is

the Bolden overfoldwhichaccountsfor this inversion. All the



islandsto the W and SW of Kunna are mappedby the Surveyas

granite,and as they oover a very large areal the most likely

esplanationis that they representbasal granites. Thus, the

balanoeof evidenceeppears to be in favourof interpretingthe

structureas a major overfold,with the rocks of Kunna and all

the islandsto the W formingthe lowerlimb. The axis of the

fold is aouth—easterly,on a very differenttrend ftom the

Kjeipenfold. Det.iledrelationshipsbetweenthe two etruotures

are unknown,due to the poorly exposednature of the terrain.

(6) LakaaadalenTold

On the northernehoresof Laksaadalavand,verticalquartzitea

with an EeW trendare encountered. When tracedtowardathe N,

the sheet dip is consistentlysouthwards,althoughexposurtis

poor and the detailaobscured. This regionhae been mapped

prinoipallyby Wells and Bradshaw,and idtsrpretationaa to its

atructuralarrangementcan only be determinedwith referenceto

the areae N and E. It appears,however,that thereare two


possibleer,planationsto accountfor the sone of steep dipst

the existenceof a tightsynformon the northern

margin of the granite,

a major overfoldwith similarcharaoteristicato the

Spilderdalenfold.

Regardleasof which of these is the correctinterpretation,

it appears that the fold is of 72 age, with an easterlyplunging

asia, and a well—developedassociatedlineation.



Superimposedupontheearlierstructuresarebroad-scale

andgentlenrpewithsteeplyinclinedazialplanes.Certainof

thesecanberecogniseddirectly,themostimportantbeingthe

Bjell2tindantiform,butintheleaswellexposedregione,

particularlyinthewest,thepositionaoftheazialplaneehave

tobeinferred.Ineverycasewherefoldswithgentlyand

steeplyinclinedaxialplanesarecloselyassociated,itcanbe

shownthatthosewithsteepaxialplanesarelaterthanor

refoldthoseirithgentlyinclinedaxialplanas.Thieaffordsa

methodofdistinctionbetweenF2and73etructurea,

(I)TheBellEtindntiform

ThewayinwhichtheKjeipenfoldisdomedoverthe

Bjellhindgraniteieehowninfig.9,andthestruotureistarmed

theBjell2tindantiform.Onlyaemallpartofthestructureis

visibleintheOrnesregion,ohihtisresponsibleforthe

appearanceoftheBjellgtindgranica,andtheculminationwhich

extendaintotheStSrfinneetregion.liereitisterndthe

StIrfinneetanticline,andhasaN-Sazia.Itaccountsforthe

neterlyneetdipeoftheGateet-Galtakartregion,andthe

entwarddipsoftherocksWofSbrfjord.Whenthearrangnent

ofthepartofthefoldthatoccursintheOrneeregionis

constructed(fromthe300westerlydipaofGaltakart,andthe

30°SITtoSdipeofSouthLyavand)itisnentohaveaSIaxis,

plungingat20°,andanearverticalazialplane.Thieazial
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direotionis displacedfrom that of the main ShrfinnsetAnticline,

and indicateathe mejorstructureto be,periclinal.

Towardathe SW of the Ilyevandregion,the antiformrapidly

loses its identity,and the regionaldip is dsterminedwholly

by the major72 overfolds. The seriesof symmetricalfoldsin

the calcareouspeliticschiat of the Suppevandregionwhich have

verticalaxial plenee are correlatedwith the Bjellitindantiform,

and are thoughtto have developedby crumplingof the relatively

eoft calcareouspelitesin contactwith the massivecore of the

Kjeipenellty schiet (eeealso p. 6o and fig.22). The direction

of exea of the folde corresponchwiththat of the Bjellgtind

antiform.

A possiblecontlnuationof the same structureis represented

by the Ornee fold (p.97 )1 the structuraldetallaof which ere leas

well known. In additian,theSpildervendculmination(p. 91 )


with an eseentially11.8axia, ia probablyof the same general

age, and may representa contemporaneouacross—fold(NSI9;tl"1-45.5).

(2) The StorvikS nform

On the W side of the SOrfjordthe sheet dip is towardethe

NW or W, due to the situationon the lower limb of the Kjeipen

fold. When tracednorth—westwarde,however,on to the H5gnakken—

Orbtastregion, the beds are almosthorizontal(fig.16),and further

to the WW, on the Storvikenpeninsula,dip gentlysouthwarde.

This gentlesynform,with an axia whichplungesto the SW at 15°,

has an axial plane that is nearlyvertical,and is comparablein



style to the Bjellatitind antiform. /t ia the complementary

aynfors and was probably formed during the same general period

of deformation.

Towards the SW, the fold cannot be traced for any greet

diatance. The rocks here dip consistently to the SS and are

situated wholly on the lower lieb of the ICJeipen fold,

The lowest rocks seen in the W of Finneskua, consiat of

calcareous pelitio schists, lithologically identical to those in

the Galtakart succession, fl appeara that they are lateral


equivalenta, and that their reappearanc• is due to the synfors, a

view that ia supported by the sapping of Wella on the east of

Gretset (sap 4). The structural importance for thia corr•lation

ia diacussed slsewhere (p. ).

(3) Markvand and Bleatind nforma

Between the Bjellitlad antifors and Storvik synfors, two

gentle F3 atruåtures are developed. On the Outer Geltakart—

Molndelatind ridge, a zone where the beds are horizontal, accounts
for the change in aheet dips (map 1). The structure ia synformal,

and haa an azial plane that dips steeply to the SE, with a

SW trending azie• The structure is not a simple synfors, and a

whole series of minor ripples arranged en Schelon can be

identified in the azial region. Towards the SW, a thick marble

band marke the core of the fold. The structure is ternad the

Markvand synform,
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In an analagousway to the Storviksynform,the Markvand

synformonly occursover a limitedregion,probablydue to its

situationon the pre-existingKjeipenfold. Towardsthe NE, it

dies out where the steep dipe of theSouth Skromdalsvandregion

in the closureof the Kjeipenfoldare •ncountered,while to the

SW it probablyalso disappearswhen the regionaldip is wholly

south-eastwards.

Along the projectedaxis of the Markvandsynform,another

aimilaratructureis seen in the Blaatindmassif. The

arrangementsof dips on the mountainindioatesa very gentls

synformwith a steepaxial plane and an axis which plungestowards

the SW at 18°.

(4) The ørneaFold

The structuralinterpretationof this region is basedupon

mapping that was considerablylesa detailedthan the regionsto

the E, using an enlargementof the 1 s 100,000Norwegiantopographic

map; large tractraof unexposedgroundcomplicatk matters. Any

conclusionsas to the regionalatructuralarrangementare therefore

highly tentative.

In the sectionon the Spilderdalenfold,the westerly

projectionof the latterwas discussed(p.77), and it was

concludedthat the granitecould reappearin the Teksmona-Blaatind

massif. A cross-sectionacrossthis region (fig.25)compares

closelywith that of Vogt in 1912 and the correlationof

metasedimentsdippingunderneathgraniteshae alreadybeen outlined.
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The structuralarrangementof the Blaatindand South Ornee

regionsindicatesanantiform,the Orneeantiform,with an axial

plane that dips st•eply to the NNW with an axis plungingat 19°.

On this interpretation,the ielandof Nesbenshouldbe

eituatedin the nose of the antiform,and there ahouldbe mome

indicationthat the graniteand schietsequencedoes connectup

with that on Bleatind. Only a singleday was availablefor

mapping the sast coaat eettion,principallyto determinethe

correlationsof the auccessionwith that on the mainland,and to

fix the poeitionof outcropof the Ornes Oneieses. In ths

south of the ialand,the graniteboundaryis a direotcontinuation

of that of the Glomfjordgraniteseen on the mainlandonly 2 km

eway; its outcropon the weet of the islandis takenfrom ths

existLngsurveymap. The bend in outcropia whollytopographic.

The euoceedinggroup of metaaedimentsis broadlysimilarto that

on the meinland(seep.(69)and the dip ie still towardsths

eouth at about 40°. A littlefurtherN, however,the strike

changeerapidly,until the rocks dip towardethe SW, in a fairly

well definedzon. alignedNA-SEacrose the island. This is

exectlythe directionto be expectedon the priasentinterpretatlon,

and connectsup with localstrikedirectionsin the Teksmona

granite. However,on the north of Nesten the strikechangeeback

to almost due E-W, end quartziticrocks projectdirectlyinte

eneiesteon the meinland. The reasonsfor both thesephenomena

are not clear, but it suggeetsthat the Ornes fold is not a



simple antiform. In addition,a seriesof isoclinalfoldshave

been identifiedin the quartzitesof Mestlen,probablyof the same

age as thoas in the gneisses.

(5) ThirRsi aa S form

In the eame way ae the recognitionof the ernsaAntiform

depends on a correct interpretationof the localetratigraphy,

so the establiehmentof thia fold is entirelydependenton the

•xtrapolationsthroughthe anexposedgroundwest of Markvand.

Correlationof the Djupvikfjellsucceseionwith that of lower

Blaatindhas alreadybeen mentientd(p.79), and it is ths western

extrapolattonof the successionthat is of prime importanoe.

Two poseibilitieeexist:-

(1) the succeseioncontinueswith an E-W etrike,and

disappearsout to sea at Reipaa. It is thia alternative

the writer favours.

(ii) the successionconnectswith that of SouthBreitind,by

meane of a major overfold,correlatingthe Blaatindwith

the Skjeggengranite.

The regionaldip for the criticalreAton to the W of

Markvandis ateepand towardsthe south,exceptfor very oocasional

measurementeon the southernflanksof Breitind. Thees may have

been recordedfrom blocksthat were not in aitu, but are anyway

of very local significance. Thue thereis littlestructural

indicationof a major fold closure,and se the euccessionis

very variedlithologicallyand no beddingcuttingacrosethe



the measuredschistbsityhas been observed,the possibilityof

there being an Fi isoclinalfold with associatedaxial plane

schistisityappearsto be remote.

Moreover,the northernboundaryof the Skjeggengranite

has been shown to connectwith the graniteon Skraavenby a

ateepRE, SW belt,while a amall band of peliticachiets,of

similargeneralllthologyto the southBreitindpeliticschiste

has been identifiedon the extremesouth-westtip of Skraaven,

agein with a NS-SW alignment, Finally,the schistsequence

of southBreitind,on the contactwith the Skjeggengranite,ie

quite unlikethat on Blastind.

The two granitesare thereforeinterpretedas being


sepusted by a band of schistawhich outcropsalong Markelven,

From therarrangementof the eteep southerlydips of Weat

Markvand,and the more gentlewesterlydipa of Blaatind,the

rocks of the lattermust overlisthoseof ths former (see fig,25),

and the structuremust be synformal. Using thøse two regional

dips ae representingthe limbs of the fold, its axis ie seen to

plunge SW at 18°, and its axial plane to dip eteeplyNW; thes.

are comparablepropertiesto the Ornesantiformto which it is

the complement.

Both the Reipaa synformand Ornesantiformare upsidedown

structuresif the beealatratigraphicpoaitionof the Glomfjord

granite is accepted. The minorBlaatindsynform,on the common

limb to the two structureshas alreadybeen mentioned,and a



euggestedcorrelationmads with the Narkvandsynform. Reference
to map 3 shows how the axia of the ernesantiformcorresponds

alsoet exactlywith that of the Bjell8tindantiform,while the

Relpaa synformcorrespondefairlywell with that of the Storvik

synform. The structureeare all of the same age, and correlation
of the two sets of structuresis suggested.

(6) 3 Folde in the SteffodalenRe ion—

No large—scaleF3 structuresare seen in the region,but a

seriea of small symmetricalfoldswith verticalor steeply

inclinedaxial planes,analogousto the folds in calcareouspelitic
schiste of the Suppevandregionare coamon (fig.498). Like the
Suppevandfolds, theyare remarkablypersistent,and can sometimes

be traced for distancesup to a kilometre. Theirdireotionis
constant,and is justS of 8, parallelwith the axial direction

of the major Spilderdalenfold.

(7) 5 ildervandCulsination

The linearstructuresin the $ of the lerneeregionhave

a generalE—W trend. Nowever,in the N, the predomlnanttrendis
weetwards,and in the E •astwards. The culsinationof linear

structuresie not well—definedbut mast høve an approximate11-8

axia paseing throughSpildervand. It is probablyresponsible

for the reappearanceof the basal granitein Blaatind(seep.79 ),
and may representP3 cross foldingproducedat the same time as

the ernes and Bjellgtindfolde. This phenomenonia seen in

other complexlyfoldedbelteand hae been describedramkthe



ScottishEighlandeby Ung and RasL (1955)and i5.regardedas being

dua to accommodationby constrictionof the materialwhen

foldedat depth. Sutton and Watson (1954)have describeda

series of obliquesubsidiaryfoldson the limba of majorfolds.

They have shown that theseobliquefoldsare due to variations

in origInalplunge of the mijorfold, and are thereforecoeval

with the major folds.Whetheror not the Spildervandculaination

is an F2 structure,comparableto thosedescribedby Suttonand

Wateon, or an F3 cross—fold,of the same age as the Ornseend

Bjellgtindfoldscannot be determinedon the informationavailable.

The Slide Zones

Two main groups of elidescan be established,accordIngto

the age of theirdevelopment.

DuringF1 times,a largeamount of thrustingtookplase,

distributedratherevenlythroughthe succsesion.

Concentrationof •ovementoccurredalongoertain

boundariesof lithologicalcontrast,and such mones

can be postulatedfrom atructuraland stratigraphic

considerations.

A singleexampleof an P2 slide has been identified

separatingthe Kjeipenand Spilderdalenfolda. The

stratigraphicsignificanceof the alide ie probably

slight,as the lithologioalgroupson eithereide are

identical.



Y Slidss1

(1) Basal Slide


In both the groups,later metamorphismhas completely

obliteratedindicationsof etructuraldislocation,and uniformm.

schistdalty•xtendsacrossall th. postulatedalide.

The recognitionof Lsoclinalfolds in the basal graniteshas

alreadybeen outlined; similarisoclinescan be identifiedin

th. overlyingmetasedimentebut it La only rarely that the two

are interfoldedon an isoclinal style. It may be inferrsdthsre-

fore that separatingthe two broad groupsLa a elide sone of some
importance. The basal30 to 40 metresof ths metasedimentary

succession•bove the BjellItindgraniteabows no evidencsof

isoclinal folding,and is not repeatibdon 5 major scalehigherup

in the Galtakartsuccession. It is remarkablyconatanteven in

detail over the limitaof outcropof 3 to 4 km, and is regarded

as havingremainedapproximatelyin contactwit> the granite

throughoutall periodaof deformation. The major basal slide

probablyoccursabove this sone,and aocountefor the elimination

of the Lsocllnalfoldsof Galtakart,and the lowermostfold on

Xvittind.

(2)GaltakartSlide

Just so the basal elide separatesthe Galtskartisoolinal

foldsfrom the basalgranite80 has the GaltakartSlide elLminated

thecontinuedrepetitionof the successionupwards. In the valley


bstweenInnerand OuterGaltekart,a thickmarbleand quartsite
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band separatesthe Galtakartsucossaionfrom that of the North

Merkvandpeliticgroup. Both lithologicallyand structurally,

the two serieaart different(seealso pp.131, 173 ). The

lithologicaldifferencesare describedin section2knowhile the

main struoturaldifferenceia the presenceof a aeriesof major

iesoclinalfolds in the Galtakartsuccessionand the lack of

largs-scalerepetitionby isoolinalfoldingin the North Narkvand

peliticrocks.

The marblesquartzitesequence,which itaelfis very highly

deformedoftenwith en intensefracturingof the quartsits

members,is taken to representthe positionof the slide sone,

althoughita esect loaationis unknown. On map 3 the slide ia

representedby the outcropof this diatinctivegroup. The

situationof the slid, on the upperlimb of the Galtskartfold is

also ahown in mep 1 which indicatesthe •xtremsthinningof the

successioneboth northwardstowardeSbrfjord,and westwarda

towerdsNarkvand. Both these regionsare situatildon the limbs

of the Kjeipenoverfold but as deacribedearlier 51 ),

the atructuredoes not appear to be of the etyle to producesuch

thinning,particularlyin massivebandasuch as the siltyachist.

/t is suggested,therefore,that thinningin both thseeregions

is a consequenceof the ri slidts,and in the Galtakartregion

was •ssociatedwith the developmentof the Galtskartfold. Å


similar thinningand partialeliminationcan be seen in the case

of the North Merkvandpelitica,and in thiegroup,on the aorth

of OsterGaltakart,estreme7i slidingis indicatedby



irregularlenticularmassesof marblesand amphibolites.

SteffodalenSlides

These structuresaccountfor the isolationof the Steffodalen

fold in the upper limb of the Spilderdalenoverfold(fig.14)and

are describedon p. Irs

Sk • lenSlide

The main reason for the recognitionof this slide is the

etratigraphicsimilaritybetweenthe Bjell:tindgraniteand ths

metasedimentson Galtskart,and theSkjeggengranitewith the

associatedmetasedimentsto the north (fig.64). Å partial

eliminationof the North Nerkvandpeliticseriesagainotthe

southern boundaryof the granite,which representsthe position

of the slide, is shown in map 3, As the boundaryis not well

expoeed,it is Lmpossibleto observethe natureof this

ellmination. The Skjeggengranite,when projectedeastwards,

connects up with the much thinnerStortindgranite; the latter

is entirelyeliminateda littlefurthereaat. This is regardød

as being controlledby the Skjeggenalide.

The slide itselfis affectedby the Kjeipenfold,indicating

that it is of F1 age. Othersimilarstructuresprobablyaccount

for the southerlyeliminationof sheet granitesof the Storvik

region and may accountfor the presenceof the granitesin the

metasedimentarysequence(seealso p. 1,3 ).

The svandSlide

The diegramof linearatructuresfor the whole of the Ornes
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region shows two distinctmaxime (fig.S13),correspondingto

south—westerlytrendingexes in the majorityof the aree, and

E—W trendsin the southernmarginof the Ornesregion. Considerations

of the majorstructurtsshow thateach of theseregioneta

dominatedby a singlemajor overfold,the Kjeipenand Spilderdalen

folds reapectively, which from examinationof the attitudesof

axial planes and style of deformationare regardedsa having

developedat the same time. The regionof convergenceof thess

two folds ie a well definedsone which followsthe southern

boundaryof the calcareouspeliticschistof Weat Zysvand,and

correspondsalmost exactlywith the change in trend of the

associatedliaear structures. Detailedinformationis avallable

only for a smallpart of the sone, fromNorth Kvittind,to East

Scetertind,aa the region of projectedoutcropon to Djupvikfjell

and Blaatindis onlypoarly exposed.

The clearestdemonstrationof the structureis on North

Scdtertind,where theclosure in calcareouspeliticschisteis

truncatedby a massiveband of siltyschist (fig.3). The latter


is quickly eliminatedtowardsthe west, and the alidemuat follow

the lower boundaryof the silty achist. Eastwards,ite effectis

no longer visible,but it accountsfor the abeenceof the fold

on Kvittind; here the alide is conformablewith the bandings

South-weetwardsfromScetertind,the southernboundaryof the

west Zyavandcalcareouspelite is not well exposed. Rowever,a

furtherdistinctiveband of calcareouspeliticachist,whioh
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outcrope on North SestertInd, and follows the Spilderdalen fold

is eliminated westwards in the poorly exposed ground north of

Digermulen. There are two explanations to account for this:—

the caloareous pelite forms the core of an tsoclinal

fold, which closse westwarde,

it is elimInated agaInat the Iyavand slide in a s/mIlar

manner to the ailty achist further to the west.

On the southern eide of the North Scetertind calcareous pelits

is a distinctive group of rocks of undoubted stratigraphic

eignificance (fig.60). These are not seen on the north of the

eame band, and if an Isoclinal fold does exist, the auccession

must have been eliminated by slIding. In addition, the semt


group of distinctive rocke is seen furthe: to the west, this time

bordering upon the dest Lyevand calcareous pelitic achlet,

suggesting stratigraphic correlatIon (eee also p,115 ).

Because of these factore the writer favours the interpretatIon

of the weetern termination of the calcareoue pelltic achlet as

due to the action of the IlyevandalIde, in a aimilar way to the

silty schist of North Scetertind. On this InterpretatIon, the

obeerved change in etrike of the caleareous pelitie schist near

its weeterly terminatIon, may represent a drag fold nroduced during

the formation of the slide, while the rapid way in which the fold

dies out south—westwards would then be expected. The geometrical

relatIonships on North Soetertind auggest a movement of the

aouthern block towards the weet, and the direction of the fold in



the calcareouspelitesupportssuch a contention.

In the region of Ornse the gnelseicrocks ere thickbut

north—weetwerdsand eastwardstheirpresumedleteralequiwalents

are considerablythinner. It ie possiblethat the LyevandSlide


has had some influenceupon the variationin thicknessof the group

(eeealso p. Z8it).

Weetwerdsfrom ernes, the Bleatindregion is again dominated

by east.weetlinear directionsand ie also withinthe influence

of the Spilderdalenfold. Yor thisreason, the weaterlycontinuation

of the Lyevandslide is regardedas followingthe westernboundary

of the calcareouspeliticachistof Leat Bleatind.

The 1.yevandalide is the only large—acalestructurethat in

one place at least is demonstrablycrosa—cutting. It is essociated


with two major P2 foldsand is probablyof the same generalage.



Effecta of Refoldin on LinearStructures

The majorityof linearstructuresin the Brnes regionwere

developedduring the F2 period of deformetion,and theirorientation

dependsupon whetherthey occur in regionsdominatedby the Kjeipun

or Spilderdalenfelds. Later foldinghas been onexes almost

the same as those of the F2 major folda,end it is onlyposaible

to assign the lineerstructureeto the r2phase on considerations

of styls and intensity. Slight scatterof the F2 linearstructures

does exist,however,and can be causedby one or both of two

factorat—

originalvariation

later refolding.

The effectsof refoldingof earlierstructureshave been

describedprevionsly(Weiss1959,Rammay1960). Both these

authorahave outlineda method to explainthe effectsof refolding

of linearstruoturea. Accordingto whetherthe later foldingis

concentricor similerin style, the eerlylinearstructureswill

lie on a emall ciroleor a greatcirolearound the new axial

directionrespectively. In the majorityof cases, the F2 linear


structuresare refoldedby F3 foldson elmostidenticalaxes, and

the scatter may be difficultto identify,or to separatefrom

originalvariation. Occesionally,71 linearstructuresare


refoldedby F2 foldson very differentaxes, and the effectsare

easier to obeerve. These are describedin somt detailat the

end of this section.

9 1



(a)Sub—regionsaffectedprincipallyby F2 lineerstructuree

(1) BlastindRe ion. Two maxiseare seen in the B diagram,

correspondingto plunges of 262 at 16° end 220 at 25°, the firat

of which is by far the more important. The lesserof theee,

consistingof only five measurements,representsa restriatedarea

in the south. When the axis of the Blaatindsynform,an 73

structurs,is plotted,it falls in the extremssouthernpart of

the major maximum,and bears no eimplerelationto the arrangement

of F2 linearetructures. For this reason,the observedscatterla

regardedaa representingoriginalvariationthst appearsto have

no aerial control.

North MarkvandRe ion. A singlewell—definedmeximumto

160 measurementeof the B diagramis seen,and the axts of the

later 73 foldsare on bearingsthat are almostidentical. No

aerial control to the elightsoattercould be determlned,and the

few measurementein the north—eastquadrantare evenlydietributed

throughthe whole area. Ae the 73 foldaare on the eamebeeringe

as the P2 lineeretructures,no scatterdue to refoldingla to be

expected,and the totalalightvariationobeervedis probably

ariginal.

East OrnesRe ion. Leck of detailedetruoturalinformation

preventsany concluaionsfrom beingdrawn. The singlemaximmmiain

an easterlydirection,and does not appear to have beenaffected

by refolding,

Su evandRe ion. The 8 diagramshowsa markedsoatter

I 0 0
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which can be relatedto separategeographicalregions. As a

generality,those that fall on the moro easterlypart of ths

maximumare confinedto the W of the region,and vice verea,while

the singlesub—maximumis caused by linearstructuresfrom •

restrictedaree on the N of Kjeipen. The neerestlarge—scale13

structureie the Sjellgtindantiform,whose axis falle in the

centre of the main maximum. As the axes of both12 and 13 folds

are very nearlyequivalent,the ocatterobservedcannotbe due to

refolding. The aerialcontrolon the scattermust therefore

be due to originalvariationin the 12 lineerdirectione.

evandRt ion. A siallarsystematicvariationin the

orientationof the B diagramcan be ehown to occur in thiaregion.

Thua, the lineerstructureson bearingsaround2500 predominatein

the South Lysvendregion; those on 2300 correepondto the rocka

of East Galtekartwhere dips are low, and thoseon 210° to the

steeper dlpe of 4eat Galtskart. When the positionof the later 13

Bjellgtindantiformie plotted,it falls midwaybetweenthe 210

and 2300 maxime,and a smallcirclebetweenthe two, using the

13 axie as centre,can be constructed. The 250 maximumis a long

diatancefrom thia small circle,suggeetingoriginalvaristion,

while it is possiblethat the observedscattoron Galtakertis a

direct consequenceof the Bjellgtindantiform.

SteffodelenRe ion, Two distinctlineardirectione

prevail on bearingsof 110 and 125°. The formerpredominatein

the N and W of the region,and the latterin theSE, particularly
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around the Fykan granite. The etyle of the linearstructuresis

constant,and all probablybelongto the F2 period of deformation.

The constructedaxis of the Spildørdalenfold falls in betweenthe

two mexima,and as thereare no major13 folds,the Sca.Lbem is

regardedas beingdue to originalveriationin axial directionof

the linearstructures.

In the remainingsub-regionethe linearstructuresdo not show

auch a simplearrangement. For two of theee,the complicatione

are due to F1 linearstructureeon veriableaxes, but in ths

North Skjeggenregion, theyare caused by 72 etructureson varied

83Coss

(7) Sk e on Re ion. Four diatinctmaximecan be recognised

in the pattera of the B diagram,one of which is the dominant.

Just under half the total of linearstructuresmosured are grouped

around a meen of 2300, correspondingto the areae influencedby

the Skjeggenand Ejeipenfolds. Anothermaximum,around1500, is

caused by llnearstructuresin theNorthSkjeggenreglonand is

related to the Bolden fold. Only a few structureson bearings

around this value are represented,but due to the rapidityof

mapping,this is unrepreeentative.The two remainingmaxima,

one plungingE and the otherW, occur in the Breitinda.W.Narkvand

region,and are reletedto the monoolinalflexures on the upper

limb of the Kjeipenfold. The reasonfor the variationof this

trend from that of theregionalllneardirectionis not known.

/f great circlesare drawn on the diagramfor each of


the recognisedfolds,theirpolescorrespondaccuratelyto the
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maximum of the associatedminor structures. In •ach case, the

folds have one limb representedby the main moximumin the riS

diagram,and consequently,the greatcircleafor sach of the folds

pass throughapproximetelythe same point.

(b)Sub—regioneaffectedby bothP1 and2 linearstructuree

South OrnesRe ion. Few linearstructureshave been

recordedfrom thiaregion,but those that have been abow a marked

acatter. The two most importantmaximmare easterlyand westerly

plungingreapectively,and are of F2 age. Their variationis due

to the Spildervandculmination,and in the W of the region,

particularlyin Nestlen,the linearstructureedip W, while on

the mainlandand in the E of the region they dip E. The smount

of separationof the maximaie 250, and ie probablya meseure

of the intensityof the culmination.

Thø remainderof the scatterie due to atructuresin the

region to the E of Sugten,where southerlytrendinglinear

directioneare spaamodicallydeveloped. Some of theseare of P1

age, but some are very gentlepuckerson nearlyN—S axes and may

be correlatedwith the Spildervandculmination. No trendin the

F1 structurescan be observed.

North ilderdalavand. It is thisarea that shows the

largeatecatterof linearetructuresof any of the subiartgions.

The n S diagram,on the other hand,showea singlemaximumdue to

the positionon the lower hiab of the Spilderdalenfold; the

scatterwithin this one maximusia considerable,but cannot be



related to separategeographicalarimme.

The largestmaximumoa the B diagramrepresents•asterly

plunging linearstructurea,releteddirectlyto the Spilderdalen

fold, which are found throughoutthe region. Occasionalweeterly

plungingaxes of the eame age are found,principallyin the W of

the region,and may representan approachto the Spildervand

culminationwhose main axis is some distanceto the W. LIneer

structureson beeringsaround 070 are foundprincipallyin the N

part of the region, towardsthe Iyavandelide.

An isportantseriesof linearstructuresare found in the S

of the region,on axes varyingfrom 1300 to 1900and generallywith

high dips. They consistprincipallyof axial directionsof

intenseF1 minor folds in marblesand calc schistethat have been

refoldedby the Spilderdalenfold,and exhibita well-defined

trend. To accountfor this trend,comparisonof thieregionwith

that of SteffodalenW88 made,where the approximatedirectionof

the F1 Steffodalenfold is ESE. When this is plotted

stereographicelly,togetherwith the maximumof F1 structuresin

the North Spilderdalevandregion,a greatcirole may be drawn

between the two points. The observedtrend of Fi lineardirections

fall alsost exactlyon this greatcircls,suggestingthe scatter

to be a consequenceof refoldingof the early/11lineations

about the Spilderdalenfold. If thia 1.8 the case, the refolding


should be of similarstyle,a view supportedby fieldevidence.

By unfoldingaround the Spilderdalenfold, it can be eeen

that the presentNS Filinear structuresof theSpilderdalevand

104
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region become1~N, in conformitywith all the otherlinserstructurme
and majorfolds of this age to the E of the Glomfjordgranits,

corroborativeevidencefor regardingthe metasedimentsof the

South Ornearegion to be upaidedown.

Summar of A • Relitionshis of Folds

The geometricrelatioeshipaof the major structurseindicats

directly the influenceof threemajor fold efisodea,termedFl,

F2 and 13 respectively,each of lesseningin‘ensity,and eachwith

typioalcharacteriatics. It has been shown that the whols of the


Ornes region has undergonedeformationduringeach of the fold

periods.

F1 Folds. The earliestfoldsare entirelyisoclinalin

character,oftenwith a pronouncedaxial planeechistisity. In

the Ornes region,theSteffodalenfold ie the only majorFi

structureto be identifiedwith certainty,but a seriesof

probableisoolinalfoldecan be eatabliehedin the Galtskart

succeesionon the basis of lithologicalrepetition. Linear


structuresare rarelypreserved,exceptin restrictedregions,

e.g. North Spilderdalsvand.

Contemporaneouswith this fold period,a largeamountof

aliding tookplace, occasionallyconcentratedietowell—defined

zones. They may be identifiedon structuraland atratigraphic

evidence.

F2 Folds. It is these foldsthat have the greatest•ffect on

the geometricalarrangementof the rocks of the Ornes region; they

consist of recumbentoverfoldewith gentlyinclinedaxialplanes.
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Two majorF2 foldshave been recognised,namelythe Kjeipenand

Spilderdalenfolds,with SW and plungingaxes respectively.

Other lesa importentF2 structursehavs been recognised,mainly

monoolinalflexureson the flanksof the largerfolds. In the

NW of the region the Bolden antiformis probablyof a similar

ags, and may alao have a gently inclinedaxialplane. /t

probablyrepressatea contemporaneouscroas—fold. The mejorityof

the lineeretructureswers developedat the same timealsthe F2

folds,•nd are consequentlyconcentratedin two generaldireotions,

oorrespondingto the two most importantF2 folde. Field evidence

suggeste the F2 folds to be similarin etyle,and the trend of

the refoldedlinearstructuresin NorthSpilderdalevandcorroborates

this view.

Separatingthe two major foldeia the Ijavandalide,ths

only largs—soaleF2 structureof thie naturesesa in the Ornes

region. /t aleo separatesthe two regionallineerdirections

showing them to be associateeof the F2 folde.

/3 Polds. These consistof symmetricalfolds,generally

of a gentlenature,and of largeamplitude. Their axialplanea

are verticalor very steeplyinclined,on axes ideatioal,or

very nearlyao, to the F2 folds. The etyleof the foldsis

concentric,and althoughthey are demonstrablysuperimposedupon

the P2 folde, it is probablethat theyrepresenta laterphses of

the eame generalperiod of deformation.

Similerconclusionsas to the etylesand charactsristicaof

the thres periodeof deformationmey be deducedfrom a study of



minor structures(seesection P11).

General conclusionsand com arisonwith the remainderof the

Glost ord re on

Correlstionof fold stylesis possiblewith the remainderof

the Glomfjordregion,which has been shown to have undergonea

similar structuralhistory. Thus the F1 periodof deformation

is displayedto advantagein the trokvand—Rebenfjellfold

(Nollingworthst øl 1980, Walton1959)and othermajor isoclinal

folde have been describedby Rutland (1958)and Nicholson(1960).

Although these are comparablein stylewith the F1 foldaof the

Ornes region,it is impossibleto be certainwhethertheyall

developedat the same time, In additionthe isoclinalfolds in

the basal granitesmay belongto $ still earlierphase of deformation.

72 foldaare also found throughoutthe Glomfjordregion. The

largest of these in the east of the region is the Sokuawandsynform,

a N-8 structurethat is in part overturned, /t appearsthat the

F2 folde of the weaternpart of the Glomfjordregionare more

intensestructures,with more pronouncedoverturningthan those in

the emst,

The 73 structuresare only spasmodicallydevelopedin the Ornes

region,and show intereetingrelationshipato the earlierstructurts

and to one another.

A marked constancyof all the linearstructuresin any one

area, togetherwith parallelismto the azial directionsof the major

folds is a characteristicof the Ornes region, Nowever,it is not

necessarilythe case that the two structuresare productsof the
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same period of deformation. Thus, in the NE part of the region,

the predominant lineation is an P2 structurs and developed at

the same time as the Kjeipen fold, whersas all the readily

identified major folds have a sisilar orientation, but ars

probably of P3 age,

then a wider region is considered, however, different

relationships are found to exist. Thus, in the N of the Glomfjord

region, around Sbrfjord, the latest folds of presumed P3 age have

• NeS alignment, markedly divergent froz the r2 fold directiona.

It appears probable that the basal granites influenc• the geozetry

of the P3 folde to a marked extent. The S5rfinnset antiform,

which involves the rocks around Sbrfjord, has • N—S•xis. When

the Laksaadalen fold is encountered, the fold ie no longer present•

Nowever, the BjellStind antiform appeara to be a remergence of

the same structure, but here it haa • SW planging axis, in

conforzity with most of the other P3 folds of the brnes region.

In the Steffodalen region, the P3 folds are on very nearly

easterly plunging axes. Thus, the alignment of the P3 folda

appeare to be affected by the proximity of the Glomfjord granite,

the largest mass of basal granite in the wholn of the Glomfjord

region, Such an influenc• of basal rocka upon later structures

hae been noted elsewhers. In the Kettlezan hille the diroction

of alignment of domelike struaturea is dependent upon the shape

of the basin border. Some authorities, •.g. Glangeaud l949

(quoted from de Sitter) suggest that folde of the pre—Alpins

Iestern Alpe depend upon the b t struoture. Pault patterna
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are also often dependent upon pre—eristing faulte. In general,

however, the alignment of previous structures, when refolded by a

later organic phase, have little effect upon the directions of the

later folda. In these cases the consolidated basement tenda to

move in blocks, in the menner suggeste& by Argand. fl is not


suggested that the separate phases of deformation of the Ornes

and Olonifjord regions represent different orogeneses. Indeed the


progreasive change in atyle front F intense isoclinal folding to

tlae P3 gentle donting suggesta the development of a single

orogenesis. Å. this is the case, the individual phases of

deformation are probably partly continuous, and there is no reason

to suppose, particularly in the case of r2 and r3 folds, that a

period of quiescence intervened. The basement was therefore in

all probability continuously active, with a constant influence on

the arrangement of the folds.

Certain parte of the tirnes region show complex 1.2 and
5

interrelationships. Thus, the Skjeggen region is situated on the


canvergence of ane trending S and SW, while at Spildervand, a

probably NeS culatination of presumed
5

age crosses the SE plunging

Ornes fold, In both these cases, the structures iney represent


contentporaneaus cross—folds (King and Rest 1955)• In both cases

the proximity of basal rocks may be an important factor.

Comparison exists between the
5

etructures associated with

granitea with certain of the mantled gneiss domes of rinland

(Eskola 1948). Bere, rejuvenation and tectonic injection of


granites into their metasedimentary covers can be demonstrated. a
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mschaniamwhich may •xplainthe way in which the Bjellitind

antiformdies out south—westwards. It Ls also probablyindicative


of the largenessof the granitemass,as it has a pronouncedeffect

upon the regionaletructure; this is further•videncefor

regardingthe graniteas besal.

Senderson(1943)has describedthe structureand metamorphism

of pre—Cambrianrocks in the GreatSalt Lakedistrict,where

graniticbatholithshave invadedthe alreadydeformedcountry

rock. The batholithaare concordantwith the structuresin the

aedimentsand May have caused their development. This showe

similaritieswith the Ornes region,exceptthat in the GreatSalt

Lake area, the graniteshave causedextensivethermalmetemorphism

of the eurroundingsediments,while in the ernes regionit is

suggestedthat the granitesare older than the mstasediments.



ør and Mloro Yold Deformation

In accordancewith the patternof major foldingalready

described,minor and micro foldsflbelongiagto each of the three

periods of deformationhave been identifiedthroughoutthe whole

of the Ornes region. The ainor foldsare the most abundant; solle

of theae occuras drag folde on the limbe of major folds,and aan

then be dated readily,but others occuras isolatedexamples,and

can only be assignedto the appropriatefoldperiod from

considerationsof style,and the attitudeof the geometrical

componentsof the structures. Good agreementbetweenmajorand

minor structuresis obtained,and aa identicaltectonlohistory

may be deducedfrom i study of the mlnor folds,tw-ffibtindlcated

from the relationshipsof the major structures.

I Deformation

The most importantstructuralfeaturedevelopedat tbla time

was the regionalschistosity. Yor the most part, this ia

coIncIdent,or nearlyso, with the bedding,but ocoasionallywhere

small-scaleoverfoldsor isoolinalfoldsarø present,it is esen

to be an axial plane struoture. Examplesof this are clearly

diaplayedin the elitioschistewhere the regionalschistilsityis

most pronounced. When interbandedmaterialof a differentnature

ie present in the peliticachists,the form of deformationis

displeyed(fig.30A-D); similarstructuresare probebtyof

* The term "minor fold" is here used to desorIbestructureafrom a
finvcentimetresto severalmetresin amplitude,and oorreapond*to the mesoscopicdivisionof Weiss (1955). Micro foldsare thoeethat can only be ob d on microecopioscales.
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rig,30. rolds belongingto the rl period of dliforaetion

Å. Traoturedquartaitein pelitioaohist,South Galtakart,
ahowingintene•folda. The eohiatoaltyis axial plan•
to the obeervedfolda

3. Aeyametriodrag folda in marbleswithlnpelitiosohiete,
SouthSoetertind

C and D. Isoollnalfolda in interbandedquartaiteeand aioa
aehieteweat ot rjevand,showingdoainenceof axial plane
•ohistoeityin the echiete,

I. Isoolinalfold in oaloareouepeliticsohiate,South
Lyevand.

7. Isoolinalfeldewith aasoolatsdthrustein oaleareoue
pelitioeohiste,North Lyevand
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widespreadoccurrencebut cannot be detectedin the more uniform

peliticrocks. Spasmodicdevelopmentof Fi axial plane

schietisityis displayedin a numberof examplesinvolving

interbandedpeliticschisteand quartzites(fige30 C and D and

fig.31).

Microscopicexaminationof the peliticechistaehows that

recrystallisationhas occurredafter 71 timesand has largely

masked the early folds. An earlyand relictechistbeity,somstimee

at right angles to the presentetructure,is frequentlysmin in

the orientationof traileof inclusionsin porphyroblasticgarnet

crystals.

Due to the divereemineraleasemblegein calcartous elitic

schiets, the regionalachietoeityLe neveras well definedse in

the pelitioschiate (eeealso p. 025 ). EVidenceof 71 deformation

is consequentlysperee,but intensefolds have been identified

in ecatteredlocalities(fig. 30 E and F) and do ehow an

incipientdevelopmentof axialplane schietCsity. Associated

with some of theasfoldeare small-scaleelidts,•nd as ia the

case of the major alide sones,ars frequentlyonly visibleover

a reetrictedoutcrop.

Microscopicevidenceof ri folds in calcareouepeliticechiste

ie lackingand most of the mineralsprobablydate in theircryetallie-

ation from post-P1timee. The mineralparagenesisof the group,

probablycovereda large time-range.

Because of theirconaistentlybandedcheracterand relatively

low mica content,the semi- eliticachietsoftenshow Y1 structures
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to advantage. Good examplesof Fi overfoldsand isoclinalfolds

are present in the s•mi-pelitioschistsof Galtskart,with

ocoasionalamall-scalealidesalso developed(figa32-35), In


one of the outorops(fig.33)an 71 overfoldhag been refoldedby

• much more gentlestructure,indicatingdireotlythe •ffectsof

more than one period of movement.

In the seriesof bandødsemi-peliticand pelitiorocks of

the Steffodalenregion,good •xamplesof superimposedfolding

are developed,and structuresbelongingto all threeperiodsof

deformationhave been identified(figa36-40). Superimposition

of F2 upon F folds,and 73 upon F2 can bø seen,and in each1

case the foldspossesssimilaroharacteristiceto the equivalent

mejor folds. Thus, the Fl.foldsshow an incipientaxialplane

schistosity,•re normallyisoclinalor neerlyso in charactør

and commonlyshow a pronouncedthickeningtowardsthe axial

regions. The P2 foldsars lesa intense,with no axialplanø

schistosity,but with a oommondevelopmentof strain-slipor

fracturecleavagel they have developedby shearingprocøøøøø

and the bede maintainconetantthioknesse aronnd the folds.

73 folds are gentlewarpsand have developedby concentriofolding.

Ocoasionally,as in fig.40,the 73 foldsare superimposedupon a

series of beds that show convergencein one directiondue to

earlier folding. It appears that the inclinationof the exial

plane of the 73 foldchangeeacrose the earlierfold due to this

convergence(seefig.41). Essentialrequirementafor thia

arrangementappear to be a competentband withinlesa competent
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(A) Overfold refolded by shear folds The axiol plane trace of

the F2 fold is undeviated across the aierfold.

(8) Overfold refolded by a cmcentric fold. The presence of a

competent barld within the sucession may cause local

deviation of the direction of the mean axial plåne of

the F2 fold.

6—Trace of mean axial plane of

fold.

.

14;\troces of

loca I axia I pitine.directions

2 folds

•

Fig 41



materialaroundwhich foldingis initiated,anda concentricstyle
to the folds. Thie may'forma meana of differentiatingthe atyle
of superimposedfoldalas if the later foldsare similarin
etyle, the inclinationof the axial plane remainsconstant(nee
also Ramsay 1957). M $ if the refoldingis on approximately

the eame axis ae the earlierfold the angularrelationehipbetween
the axial plane traceeof the later folds is alnostthe soute•s
that betweenthe limbs of the earlierfold (seefig.41).

F1 folde on a nicroecopicecale have not been observed,and
as in thecase of the peliticschiatssyn- or post-Y1

crystallisationhas been operativethroughout.

In the calc-echistaand • hibolites,evidenceof ri folds
ie rarely eeen, unlessdeformationhaa involvedinterbandedrocks
of a differentnature. Thia is due nainly to the unhandednature
of thie group,and the generalabsenceof S-planesof any
description. Occasionalexamplesof Fi folde involvingcalc
schiets ar amphiboliteswith otherrocks are spasmodically
developed; in some,thecalcareousrocke defornin ths same nanner
as their asanistee, but elsewhere,and notablyin fig.39,narked
disharmonybetweenthe two is apparent. Rarelyri overfolds
within a singleband of a calc schistor aaphibolitecan bø seen.
They are normallyexhibitedby the arrangementof thintandoften
very persistent,quartzpartingswhoee originis uncertain. It
is suggeetedthat the quartz ie of secondaryorigin,havingbeen
segregstedalong incipientS-surfaces.



MIcro-foldsof F1 age have not been identifiedin this group

of rocka, and a large amountof late-stage,probablyposta 3,

recrystallisationnow dmaka most of the earlierstructures.

Rocks belongingto the GneissicGrou are foundmainlyin the

immediateenvironsof Rrnes, but thin bandaare also presentin

the Galtakartrocks. They conaistof massivecreamy-white

luartzo-felspathicrocks,with largsplaty biotiteand hanilende

orystalsarrangedin thin bande or in discreteclots orientated

en tchelon. Due to the outaropof the main group of gneissesin

heavilyvegetatedcountryat esa level,detailedthree-dimensional

examinationof the rocko is not possible. However,the majority

of the gneissicrooka containabuadaatthinpegmetitips,arranged

in elongatedLeoclinalfolda (fig.79); the schistelityof the

gneisses,determinedby the orientationof the plety mineralsis

rarelywell-defined,but as far as can be sten, is axialplane

to the foldein the pegmatites.

In one of the thinnergneiasicbands on the coast at StIrfjord,

developmentof a predominantschistasitynormal to the trend of

the junctionwith an adjoiningquartsiteis well displayed

(fig,42A). The boundaryshowaa seriesof tightminor folds whoss

axial pleneeere parellelto the schistésityof the gneisses.

Occasionalexamplesof possibleFi micro-foldsare almn,

determinedby the arrangementof individualbiotitecrystels.

Subsequentrecrystallisationhas ocourredand the crystaleare

unbent.
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Due to their distinctivelithologiesthe Marbiesoftenshow

the style of foldingto advantage. Thus, in the peliticachists

of South Scetertind,s whole seriesof dextraldrag foldacan be

identifiedby the patternof thin interbandedmarblea(fig,30A).

Other examplesof intense?1 folds involvinginterbanded•arbles

and schistsare iseenin the rocks north of Spilderdalen(fig,43A-D).

In some of these (A-C)the individualmarblebands,although

highlydeformed,maintainconstantthicknessover largy distances

of outcrop. The patternof foldingis very irregularand was

probeblyaccompAishedby flow. The other example(D) shows marked

diaharmonybetweenthe folde in a brown and grty marblewithin

asaociatedachists. The boundariesof the brown marbleare

sinnous,ønd indicatelocal injectionduringfolding. In

contrast,the grey marbleshows a much more simplepettern,and

in one place has deformedby fracturingrather than folding.

An unusualfold involvingmarblesand calc schistais preant

to the X of Digermalen(fig.43E). The upper surfaceof the fold

ie clearly diapiricinto the overlyingrusty.weatheringschists,

while the lower boundaryappearsto be a plane of detachment.

Thus, the overallform of the structureeimulatesa concentric

fold,and good agreementbetweenthe obeervedplane of dicolltment,

and that calculatedfrom the arrangementof the upper surfaceof

the fold is obtained(see de Sitter1956). However,the patterns


of minor foldingon the limbsønd within the core of ths fold

kneunlikethosenormallyasepociatedwith concentricfoldo.

Moreover,the axes of the drag foldsare variable 3,
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rig.43. Pi folds in marbl•s

A—B. Intorbandedmerblosand oa1oesenhists,Bouth Sootortind,
showlas• good dovolopmentof flow-folds,

Irrosulerfolds in marbloswithinpolitioschists,
BouthScotertind, Sohistositydominatsstho sohists.

Varisblostyløs of deformationin groy and brown
marblos,Bouth Bootortind, Looalisodflow of tho brown
marblsis ouggootedby its sinuousoontaotwith tho
assoolatodsohists,

Z. An unusual toonoontrio,fold in brownmarblos,Borth
Digormulea, Tho obsorysdplano of detaohmsnteorres.
poads olosolywith that oaloulatedfrom tho •mplitudel
of tho fold (do Bittor 1956,p.189)but tho internalooms
plomitieseshibitodby thin oalo—sohistsprobablyindi.
cato intensodeformationat considorablsdopths.
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indicatingfurthercomplications,and the posaibilityof more

than one period of folding. Not enoughmeasurementswere tekento

determinethe reasonsfor this varietionin axial direction. It


is thereforeauggestedthat the •quivalenceof the fold to a

concentricstructureis coincidental,and that it was producedin

FI times,probablyat considerabledepths. The geometrical

arrangementmay be due to the effectsof refolding.

Late—stage,probablypost—Fyrecrystallisationhas

effectivelyobliteratedany evidenceof Fl micro—folds; in

general,the marblesare composedof large calcitecrystalswith

an average grain size of severalmm, which ocoesionallyahow a

elight amount of bending.

Evidenceof minorstructuresin the UltrabasicMass of


Torsvik are completelylacking. The originalfabricof the rock

hae been almostcompletelyobliteratedby late—stagecrystallisation

of rosettesof •mphibolesand chlorite,and only rartlycan the

originaligneousmineralsbe identified(seealso p. e291).

It is clear frompetrographicexaminationthat the ob d meta—




morphismia late—stage,possiblypost—F2.

Throughoutthe areas of Granitein the Ornesregion,evidence

of folda belongingto any of the fold periodsis uncommon.Two

probablemajorFl foldain the Glomfjordand Bjellgtindgranites

have already been described(seep. 5 ), while the only definite

isoolinalminor folds,with typical111featureseuch as axial plane

schistbsityare presentwithin the GlomfjordGranite (M,A.Jones,

personalcommunication),



I

The only probableFi minorotructureobservedin the granites

of the Vrnea region is presentwithin one of the bandedsheet

graniteaof Storviken(fig.428). Rere, a massivepink granite

about 15 ca thick,and interbandedwith coarse—grainedbiotite

schisteand grey granite,is foldedinto a seriesof irregular

recumbentisoclinea.The stylecomparescIoselywith deep—seated

folding in other•reas (e.g.Weissand NCIntyrs1957,where quartaite

bands in schistsdeformedby early foldo show comparable

structurea). Laterrecryetallisationhas bsen widespread,

particularlyin the biotiteschistswhose preetntfabricia unrelated

to the fold.

Irregularechlierenof fe1epar—richor biotite—rich1 


are common in parts of the NorthStorvikvandGranite (fig.42C)and

probablyowe their originto ahearingpr  during71 timaa.

Crystallisationof the granites,partioularlythe felapathic

fraction,is late—etage,and evidenceis givenelsewhers(1)..1.e21)

for regardingthe bulk of the crystallisationto havs been

accompliehedduring or later thanr2times. Thus, evidenceof

F1 micro—foldeart unlikelyto be preserved,and has never been

sten. The presentachlatemity,causedby the paralls1arrangement

of biotitecryotals,is everywherecompletelyplanar,and paralle1

to that in the overlyingschists. In both groupsitprobably

has a common originin syn— or post—F1crystallisation.

Conclusionaon Sty1. and Conditionsof ri Deformation

A generalcorrespondenosbetweenmajorand minor foldsproduced

in the earliestperiod of deformationexista,and conoluaionsas to
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the comditioneof fermationare applicableto folde on all scales.

Ninor structuresproducedin 1 timeeare overfoldåor

isoclinalfolds. The amount of shear of materialinto the noses
of the folds is very variable,and while some show pronouseed

variationin thickness,others•pproadhaccordionfolds in their
geoletricalarrangement. Both of thess types of foldsare

regardedas having heen formedby shearingproosssss Oceasional

examplesof folde that were probablyformed by flow of material
are seen, notablyin the case of the recumbentLeoclinalfolds in
marbles. The eingleexampleof a fold with concentriestyle
(so. p. 125), is probablya mach more complicatedstructure.

Associatedwith many of the ti folda is • pronounced

axial plan. echistbeityin •ppropriaterocks,and in the cores of
the folds thia can be seen to out acrose the bedding. Azial plane
schistbsityis most highlydevelopedin peliticschietawhere the
percentagtof micaceousmaterialis high,

The presentfabricof the rocks Was producedduringor
after r1 times,andmicroscopicstudy indicatesthat in a large

numberffietamorphimehas been prolonged.

Superimposedupon thess,the earliestand most intenso
folds,are more gentleetructuresbelongingto the P2 and P3

periodaof deformation.The latterpossessvery differentpropertiee
and were probablydiaplacedin timeand apace.

F2 Deformation

On a mejorscale, the P2 foldeare recognieedas open overfolds
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with horisontalor gentlyinclinødaxial planea. On a mlnor

scale, the Y2 etructurtshave sim1larproperties,and can often

be directlyrelatedse drag folds on the 11mbe of the major folds.

A true axial plane aohisteiityis never dev•loped,althoughin

certain areas small-scalepuckereof highlymicaceouemattrial,

formildby strain-slipcleavags,1s the most prominentatructure

the rocks possees.

Isolatedexampleaof P2 drag folds,with gently inclined

axial plmnes,art presentin PelitleSchiste,principallyin the

south of the Ornes region (f1gs44 I#and C). They are generally

exact1yanalogousto the major folds upon whose 11mbs theyare

developedand are similarin etyle. The regionalachiatosity18

bent around the folda,and no new S-eurfaceie developedparallel

to the axial plant of the T2 folde.

/n addition,eome of the regionsof peliticschiets,

notablynorth of Mørkvand,are dominatedby 72 alcrofolds, Thuse

consiet of puckeringof the micaceouslam1naeby a serieeof

closely-spacedclemvageplanea,generallyabout 1 cm apart.

The amount of movementalong •ach of theseplaneshas been alight,

and the micse now occupythe form of symmetricalcleavagefolds

(fig.4441).Analogousatructuresillustratedby Billings(1942)
and de Sittør (1956)have been termedukser cleavageand fracture

cleavagerespectively. Other t uthoritiesuse the termstraln-slip
cleavage, de Sitterregardeslatycleavageas a developmentfrom

fracturecleevageby increasedmovementand recrystallisation,and

recogniaesthe differencebetweenthe two in that fractureclimmvage



fans upwardstowardsthe top of an anticline,and elatyclesvage

fans downwarde(see aleo 0. Wilsom 1946). Norsover,frecture

cleavagetende to fan around the folds to a greaterextentthan

slaty cleavage. Suoh chareoterieticehave not been observedin

the North Narkvandpelitioschiets,as the micro-foldeare developed

upon a single limb of the Kjeipenfold (seep. 45 ), and as far

as can bø eeen in the limite of outorop,maintaina constant

direction. Fig.47 shows the clearestexampleof frecturecleavage

micro.foldsin the whole of the Gernesregion,but similar

structureeare eeen epasmodicallythroughoutthe whole of this

group of peliticschists. In the sole examplewhere meesurements

of the inclinationof the axial plane of the micro-foldswas

posaible,it wae found to be equivaløntto that of the mejorKjeipen

fold in the same area,which supportetheview that the micro-

and major structuresare coeval.

Extehoivesyn- or post-T2recrystellisationof the pelitio

echiataie admirablydisplayedin theserocks that show fraoture-

cleavagefolds. In all the examplesexaminedin hand specimen

and thin section,the micas are uniformlyrecrystallisedand unbent,

even on the hingee of the folds (seealso fign 103 ).

The age of certainof the minorfolds in CaleareouePelitto

schistsie somstimesdifficultto eetablish. Thue, • series of

overfoldsin the rocks north of Kjeipenhave gentlyinclined

exial planes, in conformitywith the72 majorstructures,but have

associatedsmall-acalethruste,a typicalYi phenomenon(fig. 1E5 ).
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Ing.44. 72 foldein pelitiosohlate

A. Symetrioalishearfoldain highlyaloimeouesohiets,
SouthSpantind

S, Segrogationof quartsintotheexialregionaof a sono.

olinaldrag«foldin seal«pelitioaohiate,Spantind

G. Overfoldin peliticeohiata,SouthSolitertind.The fold
probablyrepreentapertof e drag.foldon thelowerliabof theSpilderdalenfold



p"1 lauci rt z

le clr7ls
2 cms

-

11•4,
v II

10 M



I

T4Le

1%. .  

"•••,t.

). •f31»: in ect.L
l. hk: C r-3); jf F n..;(?

, < ' a •fltfig...

t ,

t‘.



F fr •ctire c1elv:y-,e in :-elitic '3C t

'12he Litht)lo lin inclined -entki ty7h.•r:i; thc ttort

c h.m.r )1' the rh-)t3.-.:rny.h.,

asseve-r::‘

;' r 31: ; r-;1•7; vhIley

)tt. ,ern

Jrre-



An P2 age to the folde is favoured se their axial directions

correspond to that of the major P2 told, end the other undoubted

111 folde observed in this group of rocke are •ery auch more

intense.

Another isolated 72 overfold is shown in fig.46 and is

associated with P1 accordion folds with s very different style

and axial direction. As far as can be setn, the succession

involving the acaordion folde is repeated about the overfold .

A loose block of calcareous pelitia sohist on the north of

Skjeggen shows how a symmetrical fold is eltalnated by aa axial

plane pegmatite (fig.76). Seoeuse the block is not in aitu, it

is impossible to be certain of its regioaal relationshipe •nd the

age of the fold. Tkit style of deformation is not diagnostia, but

as the pegmatit• ia developed parallel to the axial plane of the

fold it is suggested that the structure ie of r2 age. Elsewhere

in the ernes region the P3 pegmatites are crosa-cutting bodies

which are not governed by the attitude of pre-existing folds.

The Sehiat group ie the only one in the ernes


region that shows directly the •ffects of ell three periods of

deformation. Examples from Steffodalen ehow refolding of earlier

structures to advantage, and from the •tyle of the folds it is

poesible to determine their relative sges (see also p, il( ).

Figs 36-4-0 show examples of all three types of folds.

Microscopic examples of r2 folde can sometimes be identified

by the orientation of mica crystals; in the majority of csees

131



later recrystallisationhas been operetiveland the micasare

rerely bent.(Figin)

In the Calc-Schistand Am hibolitsgroup,P2 minor deformation

is not commonlydeveloped. Yor the most part, it coneisteof

scattereddevelopmentof bovdinagewhose axes are parollelto the

other regionalr2linserstructuree.

Crystallisationnf the constituentminerelsof the grouphas

been largelyaccompliehedsinceF2 timee,and no exampleeof micro-

folds of any descriptionhave been identified.

Similer relationshipsae found in the precedinggroupare

also preeent in the Gneissee. Here the only evidenoeof F2

deformationis the looaliseddevelopmentof boudinagein the rocke

on the SE of Bleatind, Segregationof calcite,and ite

recrystallisationin perfectrhombeup to 3 or k am in lengthhae

occurredin the regionsof low streas.

r2 folds in Marblesare particularlyabundantin the thick

band of alternatingmarbleeand quartsiteson the W of Galtekart

(figs48, 49E). In the querttitesanguløroccordionfoldaaffect


the discontinuouslayers,while the interveningmarblesahow • more

complicatedfoldpattern. Thie variationin fold style ie cleerly

dependentupon the differencesin physicalpropertiesbetweenthe

quartsiteswhich were liableto fracture,and the marbleewhich

more easily flowed. It is the formerwhich determinedthe major

petternof folding.

An unusualP2 structureinvolvingmarblesand oalc-schists
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Tig,49 Å. Disharmoniefolding,SlastShrfjord

S• Disheraoniofoldøia quartalteaaad amphibolitee,
Wsat Shrfjord

Frootur•dquartaiteain pelitio whists, showing
ayeaetrioal73 oonosatriofolda,Breitind

Gentls73 folda la massivepelitioaohlata,South

Soetrrtind

L. rracturedquartsitesin brown merblesin the valley
betweeninnerand OutsrGaltakart,showing72 sheer—
folde

V. Angularr2 boz—foldsin • grey aarble,South Soetsr.

tind,The •nalleacalethruatla not vialblein
eaeoolatedoalo.aohieta,indioatingthe latter to have
reorystallisedsoubeequentto the period of folding
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occure on the 8 of Scstertind(fig.497). A grey marbleabout50 om

thick is deformedintoangularbox-folds,with local development

of minor thrueta. The aseociatedcalc-schisthas a visible

schistieltywhich is not interruptedby the thrustin the marble

band, and indicatesorystallisationsubsequentto the thrueting

and folding. Thue,althoughthe styleof the fold is suggestive

of r2deformation,it has some associated1 feeturte. Nearby

F1 folde in other marblebande are very much more intense,and for

this reeson the fold ie assignedto the F2 fold period.

Ae mentionedpreviously,late-stagecrystallisationof the

marbleehee occurredthroughout,and the elightamouat of deformetion

of the calcitecrystalaoccasionallyseen is probablyto be

correlatedwith 73 ' ' deformation.

2 structuresin the UltrabasicNeee of Torsvikare completely

lacking (seealso p, iA8)•

Ae in the case of Fi folds,r2minor and micro-foldeare

not commonlyeeen in thesranites. However,in all of the finoly

bandedsheet granitesof the N of the region,ainor foldeof

preeumedF2 age are developedspaemodically(figs50, 51). Commealy,

the folde have a markeddevelopmentof long and short limbs,all

in the same direction. Siailar structuresare seen in the granitt

on Tekamonawhere the sense of the drøg foldeia the sams as that

in the underlyingquartmites,indicatingthem to have a common age.

The contemporaneousdevelopmentof pegmatiteswith small-scale

drag folds is seen within the graniteon the N of the same lalend

(TSN. ). F2 minor deformationis entirelylackingin the
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BjellitindGranite. Thie ie due probablyto the maasivirnaturs

of the latter,combinedwith the positionon the underlimb of

the Kjeipsn fold.

The majorityof cryetallisationof the granitesocourred

after the F2 fold pøriod,and no exampleeof F2 micro.foldahave

bøsn identified.

Concluaioneon Style and Conditionsof F2 deformetion

The structuresproducedin thisphase of deformationwere

eitheroverfoldsor closely—spacedahear folds,analogoueto

frecturecleavage. The styls of the foldingwas variable,

sometimeeae eymmetricalsimilarfolda,elth a variedamountof

thickeningtowardethe axial regiona,and eometimesse accordion

foldswith angular

Except for the developmentof fracturecleavagewhich

oan be readilydistinguished,no new planaretructureewors

developed.

In the majorityof cases, the axialplanes of the folde

ere only gently inclined,• characteriaticthat serveeto

dietinguishthe folde fromP3 etructures.

The etyle of the folde ia coneiderablyleee intensethan

the 11 structureeuponwhich theyare euperimposed,auggeating

that they formedat a higher tectoniclevel,probablyat a

considerablylater date in the hiatoryof the rocks.

Metamorphismwaa operativeduringand after thiepheee

of deformation,and variee accordingto the charecterof the rook

groupa.

14-3



F Deformation

The separationof this phase of deformationfrom Y2 folds

was accomplishedprincipallyby examinationof the majorstructure

(eirefig.9). Neverthelees,it ie poesibleto identifyF3 minor

folds, even thoughtheirstyle is sometimesequivalentto 72

folds. Ae a generality,73 folde are concentricin style,with

verticalor steeply dippingaxial planes.

Exampleeof r3 minorfolds are very scattøred,and some of

the lithologicalgroupscontainnone.

The most wideepreedexemplesof 73 minor foldsare sion in

the semi.peliticechisteof Steffodelen(fig.49D),and are

recognieedby the gentle natureand concentricityof the warps.

They are noteworthyin sometimesposseseinghorizontalaxial

planes Ln markedcontreetto the remainderof the 73 folds of the

Ornesregion.

Scatteredexamplesof other73 minor foldeere shown in

fige.49 A—C, where the fold patternis dtterminedby the rxistence

of layerewithin softerpeliticmaterial. Again the


style of folde ia concentric, Some of the structures,partionlarly

on the S of Scetertindare remarkablyconstant,and can occasionally

be traced over severalhundredmetres.

A whole seriesof symmetricalopen foldswith amplitudesof

aromr110metresare presentin thecalcareouspeliticschisteof

West Lysvand,and are probablydue to the situationof the rocke

in the nose of theEjeipenfold (seep. 60 ).
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Occaeionalgentlewerps and munoclinalflexuresare developed

throughoutthe Ornes region,and probablyowe their existenceto

73 deformytion. Commonly,the exes of thesewarpe are very

differentfrom the regionallineardirectional for example,on

North Galtskart,gentlefolde in calcareouspeliticachistsare

on N—S axes, a directionwhich correepondeto the major F3

SbrfinneetAntiform.

A large amount of the alightmicroscopicdeformstionof mice,

and plagioclasecrystalewhich ie common to asny of the rocke

may be due to this phase of deformation. It aennotbe determined


with certaintywhistheror not the late—stagecrystallisationof

marbleeand calo—schistsetc, is post—F3,becausethe occurrences

of 73 folde ere eo scattered.

Conclusioneon Style and Conditionsof V deformation

Structureabelongingto thiephase of deformationare

concentricfolde and minorwarpo with verticalor eteeplyinclined

axial planes.

No new planaretructuresof any descriptionare aesociated

with the folds.

The style of the folds ia indicativoof theirformation

at high tectoniclevels,and it Le poseiblethat they represent

the dying phase of the more intenseF2 deformation.

GeneralConclusionson StructuralHistor from a etu of mlnor

and-mIcrodeformation

Three main phases of deformationcan be recognieedfrom this

study,and may be correlateddirectlywith majorfolds of
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•quivalentstyles. These phases,termed71, 72 and 73 respeotively,

represent• systemmticchange from deep—seatedconditionswhers

deformationwas intenseto high level environmentswhon folding

was relativelygentle. The largestchangesin physicalconditions

occurredbetweenI and2 times,and the two later foldperiods

may be regardedas sub—divisionsof a einglemajOrphasø. In

restrictedregions,superimposedfolda have been identified,

indicatingdirectlythe time sequenceof folding; this is much


more commonlyobservedon a majorscale.

Microscopicatudiesinlicatethat the rocka have undergone

polymetamorphism,and that the heightof metamorphicproctssea

varies in differentgroups. This is deraltwith more thoroughly

in section 3
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PetrofabricAna ses

Analyses of the orientationof the cleavagedirectioneof

mjca crystals,and of the ICI azes of quartzcrystalshave been

completedfor 9 rockm (fige52-55),principallywith * view to

comparisonof the typeeof fabricpresentin the baaalBjelatind

graniteand the Immediatecontactmetasediments. In each of the

diagramethe schistosityor foliationplane ls indicated. The

crossesrepresentthe constructedF2 lineardirection,as determined

from the local directionof the appropristeregion. None of the

rockscontainsa visiblelineation.

(a) Mica Fabrics,

The mloa crystalsthroughout,show good preferredorientations

which lie within the macroscopicschistosity. Maximaare commonly

around 15%, but vary from 6% to 30% in differentrocka. Imrs
complicationsezistin the spread of the maxima,probably

indicatingcrystallisationduringa singleperiod of deformation;

subsequentincipient8-planeehave not developed. The most

pronouncedmaximua,of 30%, is found in a quartziteLamediat•ly

above the Hjellitindgranite(fig.54,R 49). Rere abundantsmsll


muscovitecryMtalsare evenlydistributedthroughoutthe rock, and

commonlyoccuras inclusionswithInquartz. It appearsthat they

cryetallisedprior to developmentof the presentquartzcrystals.

The two biotitediagramaof H 452 representseparatebandaof •

migeatiticrock on the Immediatecontactof the Bjellitindgranite
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with the overlyingmetasediments(fig.54). The left hand diagram,

for 100 oryatala,comes from a granularquartzo-felapathicband,

where the biotiteeare small and uncommon. The right hand diagram,

for 200 crystals,is froma biotite-richband,where the biotites

occuras largercrystals,oftenarrangedin clota,and showinga

less pronouncedorientation. Largemicroclinecrystalsare associated

with the biotite,and quartsis almast entirelylacking. It


appearsthat the reason for the less well-developedmica

orientationis due to recrystallisationof the micas at a later

date than those in the more granularfractionof the rock.

(b) uartzrebrice

Å variety of patterneare developedin the orientationof the

e azes of the quartzcrystala,and by comparisonwith the achematic

diagramsof Fairbairn(1949)theycan be divided into two broad

groupa.

Å single maximumfallingin the a tectonicdirection.

This is particularlypronouncedin the case of the two

quartsitesmeasured,but similardiagramsare also found

in some of the granites,

a girdlearoundthe b direction,commonlywith separate

mezimawithin the girdle. Thia ia particulørlywell

developedin one of the granitee.

Certain of the rocks,notablyli21, show no obviouspattern

to the febricproduced.
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rige33e55.Petrofebrio•nalyeeeof the epecimeneahown in fig.52,
For H 452 (fig,54)thø left band diagraafor 100 biotitesie
dorivedfroa the følapathiofraotionof the rook,while the right
hand diagraa,for200 biotites, is froa the aore politiobanda

432 quartaite

R 417 Quartso.felepathioaohiata

R 421 Granite

R 45 0ranits

R 49 quartaite

452 Sandedgranite

X 21 0ranite

8o Silty aohist

R 19 Quartsoofelapathioeohiet

Croseeerspreect looa1 linaardirictione
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H432
100 Muscovite 150 Ouartz

Contour 1,4,8,16 <7, Contour 1,2,3,7 "1.

H417 c‘;'
100 Biotite 2000uurtz

Contour 14,12,16% Contcur 1,2,36/.

ca

H421
100 Buotite 2000uortz

Con tour 1,4,8,16% Contour 1,23,4 °!0

Fig 53
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100 Biotite


Centour 1,2,6,15 °L,
H45 150 Ouartz

Contour 1, 2,3,4 •J9

100 Muscovrte
H49

200 Cuartz

Contour 1, 5, 20,30 Vo Contour 1,2,4,12 •/,,

0
Cz..>

100 Biotite
Contcur 1,4,8,12 H452

200 Buotite
Contour 1,2,4,6 °I.

200 Ouartz
Contour 1,2,3, 4 °/.

Fiq 54
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Hil 21

100 Biotite 200 Ouartz
Contour 148,12° Contour 1,2,3,4 `10

H 80
100 Riotite 200 QuartzContour 1,24121. Contour 1,2,3,4 °/,3

H 19
100 13lotite 100 hluscavite

Conteur 1,2,5, 20% Contour 1, F.,10, 151,

Fig 55
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Sin le HaximumDia ems

The moet pronouncedof theseare foSndla the quartsites,

one of which showsa 12% maximum, H 452, • migmatiticrook on

the exact contactof the Bjellitindgraniteland cloal•to one

of the quartsites,showsa sisilarbut lesa pronouncedeingle

maximum, It has an incomplete ac girdlein mociation

with the single maximum. Otherrockewhich also poesessthis

form of diagramare R 421, anothergranite,and H 8o, a silty

schist from South 14svand. Ntitherof theseshow •s good

concentration as the quartsiteal in H 421 the ecatteroccurs

along a broad girdlesub.parallelto the ab plane,while in

H 8o the scattermøy poseiblybe relatedto two broadgirdles,

intersectingin the mmximum,and both obliqueto the ab plant.

It may be significantthat in all the exampleeofasinglepoint

maxisup,themaximumis alwaye situatedat • small distanoefrom

the la. direction. The reason for thisarrangementia unknown.

Microscopieexaminationof thie group of rocks showsthat the

quartzcrystala,in general,havea unifrinappearance. ThIS iø

most clearlydisplayedin the case of the quartsites

where the interlockingcrystaleare asen to have • form elongation

parallelto the c axse. A similar,but less pronounced,

phenomenoncan be observedin the otherrocke,where the quarts

ie usuallyconcentratedinto smallveina, the componentoryatals

of which are againroughly elongatedparallelto the 0 axes.
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G dle Dia ame.

Th. moat pronouncedof thess ia from the Bjallitind

r4.ranite(II45) whiadmianac girdlswith four diatinotmazima

arrangedsymmat:icallyabout the folistionplan.. E 417, a

contactschist to the Ejellitindgranite,showsa leas well

detelopedgirdle of the same generalarrangement. In eschcase
the maximaare betwsen3 and 4%.

In contraetwith the rocks showingpoint mazimm,thø quartz
erimstalsfrom thess two rocks generallyocaur5aseeparatesqui.

granularcrystals. If it is concentratedinto smallvoins, th.

componentorystalsshow no form orientation.

One of the rocks (E 21)( a granitefrom the Bjellitindmaes,

shows no readilydistinguishedpattørn,althoughthere may bø •

broad girdleat an angle of about 300 to the foliationplanø. Thø
quartzis preeent in the rock in amall voina.

Si ificanceof uartaTabrics

Single IBIECia4 diagrama,with a concentrationin $a$are

common,froa slikensidøzonee (Tairbairn1949). They are røsarded
by some authoritiesas hawing davelopedby rearystallisationof

neadlesof fracturedquartzthat are slongatedparallalto a

(Sander,Griggsand Bell, quotedin Tairbaira). Girdlsdiagrame
are common in many rocks from foldedterrain,e.g. in many of thø
fabricsfrom the Maine rocks (T.0.Phillips1543), They are often
regardedas havingdevelopadby rotationalmovemientabout •b0

duringforwardmovementof the cryatals. Thøre is no experimental
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svidenceto suggestthat sitherof theseproc*****optratesin

nature,and the reasonsfor the differencesin pattørnaobaerved

is unkncwn.

As found in the rocks of other foldedbelts,the quartsites

of the Ornes regionshow a much more well—definedpattern.than the

quartso—felspathicschistsand granites. There is no visible

differencein the bwo lattergroups,and it appearsthat the

felspethicfractionof the rock prohibitsorientationof the c azea

of quartzto some extent. This is well diaplayedin the case of

H 49 and H 452, which come from close to one another. Each ahow

a aimiLarfabricpattern,but that in the quartsiteis much more

well—defined. There appear to be threepossibilitiesfor this

poornessof fabricdevelopments—

The felspethicfractionof the rockzpartiallyprohibits

the formationof the fabrice,

Later recrystalliestion,possiblyan associateof the

formationof microcline,has partly døetroyedthe febric; in the

quartzites,this phaae of recrystallisationis not repriasented.

The felapathicrockz containthe remnantsof an Oarlier

fabricthat has been entirelyobliteratedin the pure quartsitee.

The incospleteand poorly developedgirdlesaeen in some of the

felapathicrockz that bear no obviouerelationehipto the P2 folds

may representrelictP1 fabrics. Due to completelack of information

as to the orientationof F1 azial directions,this oannotbt

deterained,

Which of the threeexplanationsis the correctone cannot be
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•stablishedon the informationavailable. A latoestageto the
crystallisationof the quartzcrystalsin the quartsitesis
suggested,by the way in which theycontaininclusionsof muscovite
cryetals. It is probablethat theycrystallisedduringor
afterr2timee,althoughthe mechanismof their orientationis
unknown. Similarly,much of the quartsin the granitesand
quartsosfelepathicschisteappearsto be of relativelylatesetage
crystallisation. Thsrefore,it is suggeatedthat the age of
crystallisationof both quartzites•nd quartso—felepathicrocks
is probablysimilerand the reason for theirdifferenceof quarts
febricis due to either(1) or (3). Nore comprthensiveanalysie,
particularlyin areaswhere the orientationof Pi folds is known,
is necesearybeforemore ltght can be thrownupon the subject.

The preeentatudy does indicatsthata largeproportionof the
quartsmaterialhae probablyrecrystallieedduringor later than
ther2period of deformation.



Successionsand Strati ra

Once the majorstructurehas been established,it is possible

to coasideroriginalstratigraphicrelationahips.Effectaof

P2 and
5

foldsupon the observedtectonissuccessionsare relatively

easy to eliminate,but the isoclinalPl folds may be difficultor

impossibleto recognise. Certain of the P isoclinesmay be
1

recognisedby lithologicalrepetitioneven thoughdeformationhas

been so intenseas to render the cores invisible. Howeversyn—

tectonicslidesmay have eliminhtedpart of the fold,and lithological

repetitionwill then no longerbe present (e.g.in the isoclinal

foldson the north of Kvittind,p. 49 ).

The descriptionsof successionswith probablestratigraphic

significanoethat followare thereforetentative,and althoughthe

effectsof all identifiedimportantslidesand isoclinalfolds

are taken intoaccount,there may be otherswhich have not been

discovered. As far as possible,each of the sectionsillustrated

has continuityof field exposurecombinedwith a tectonicunity.

Por example,althoughthe Galtskartsuccessionhas at least two

importantP isoclinea,it was thoughtpreferableto representit
1

es a continuoussection,with indicationsof the foldarather

thanan overcomplicateddescriptionwith a seriesof amaller

sections. In the field, the sectionis a tectonicunit, and

superficialexaminationsuggeststhat it representsa unique

stratigraphicsuccession.

I 5 '€)
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MAP SHOWING LOCATION OF STRATIGRAPHIC SECTIONS

Arrows indicate probable directions of younging

on a regional scale

5

Numbers refer to descriptions in the text

(19 )

(21)

	

) )

(8) 

11‘1 (15)

3) (136.7

	

44-(.. (11119) it,N
(12)

(17 -# t18) (11)
ca o A

10
(3

0155C1
,k./ () _.

t
-, 'I

.-.,„.
i

C:1
. 


/
f

\ 1

 /
(1) \ (2) , / /

,
C GLOMBRAEEN



Lech of the stratigraphicsectionehas • verticalscale

includedwhich representathe approximetethickneseesalong thø

measuredeiøetion:this may bear littløresemblanceto the original

sedimentarythickness. Yor example,the Suppevandssotioa

(fig.58)is measuredacroas the nose of the KjeipenPold, end

is clearlyvery much thickerthan ita equivalenton Oaltskart.

Conaequentlyall variationsin thicknessindicatedin fige.58-65.

may be caused by a combinationof structuraland stratigraphic

controle,and the main significanceis the order in which the beda

occur.

Exact recognitionof uniquoauccessionshas been of prime

importanaøto enablestructuralcorrelationacross the large traota

of unexposedground,particularlyin the west of the regien.

Seweraldistinctiverock typeswere useful in thiaconneotion,

no.tablytha CalcareousPeliticSchiest,the Silty Schiat,the

HomblendeRock (a calcareousgneias)and a LmhedralOarnetKyanite

Schist. The latteris almostcertainlya uniqueatratigraphic

band,consistingof plentifulsmall enhedralpiak garnetsand

spasmodicpoorly orientedkyaniteorystalseet in a micaceouaground—

mass. It cen be tracedin * band about5 metresthick over *


distanceof 15 ka, and formspart of the most distinctive

stratigraphicsuccessionof the Ornesregion. Othercharacteristic

rock typesare also usefulfor correlation,notablymarbles,calc—

schistsand amphibolites,granitesand quartsites. The more

abundantpeliticand semi—peliticmaterialis only usefulia



conjunctionwith theee distinctivebands.

On each of the stratigraphicsectionathe variedlithologies

have been subdividedin the same fashionas on the main geological

map. The ornament,ahown in fig.57,is consistentthroughout,

while certainmixed groupe,e.g.calc-echietsand marbles,or

semi.peliticand peliticschistaare also indicated.
mrStructura1 evidencesuggeststhe GlomfjordGranitekbkmarded"

aituatedat the base of the succeseion(seep. aad fig. 11),


and it ia alao regardedas representingthe lowarmoatatratigraphic

unit (eeeBollingworthet al 1960, Walton1959,Nioholson1960),

From considtrationeof the major etructure,correlationis made

betweenthe Olomfjordand BjellStindgranitea,and it ia upon

theasassuaptionathat the whole of the suoceodingdescriptions

ere heatid. In fig.56the directioneof regionalyoungingare

indicatedon the beeie of thierelationehip,Leeel reversaladus

to F isoclineemay be preeent.1

Regionally,the illustratedsectionscan be dividedinto

severs1groupathat trom structuralevidencemay be correlated

directlyi

Three sectionaaway from the GlomfjordGranite,thrim

from the Bjellitindand ons from theFykan graniteform one group.

Three sectionsacroesthe BlaatindHeseif,and one from

Tekamonafarm anothergroup,and probablycorrelatewith those

of eection (a).

(0) In the XB of the region,threewidelyeeparatedsections

are desoribed,
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In additionto these,three groupeof local sectione,whose

stratigraphicsignificancecannotbe disputed,areillustrated:—

Eight sectionealong the etrike fromBlaatindto Tverfjell

are correlated. Two of theseere esparatedstructurallyfrom ths

remeinder,due probablyto the actionof1 elidee;the exAstness

of correlationand the abeenceof any •quiveløntsuccestlionelsewhere

etronglysuggeete the uniquenessof this group.

Nour eectionsin the metasedimentsimmediatelyabovs the

Bjellgtindgraniteare includedto show the detaileof variation

in the contactrocks. No equivalentsectionscould be etudied

in the case of the Glomfjordgranite,due to lack of expoeure.

five sectionsgivingdetaileof part of the North Narkvand

seriesare described,to ahow the persietenoeof thin banda over

large distancesof outcrop.

(a)Sections1-8 awa from basal ranites (fig.58).

The successionsthat have been examinedin most detailsre

thoseabove theBjellgtindgranite,on Galtskart(sections6 and 7)

where the rocka are excellentlyexposed. Bection6, fromSouth

Galtekartis used as a standardto which the remainderare related.

Yive good markerbandsare present,each of whichpersistenorthwards

to Setrfjordand southwardsto theSupplwand—SouthIlysvandregion.

The recurrenceof such dietinctivelithologiesas the silty schiet

and calcareonspeliticschisteuggestestronglythe possibility

of major Yi Leoclinee,the most importantof which is the Geltakart

foldwhose axial plane is eituatedwithin the uppercalcareous

pelits (ses p.50 ). Anotherisoclinalfoldcentredabout a
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coaree—grainedmica schiethao been identifiedon North trittind

by Welle and Sradshaw. Two dietinctlayereof hontlenderook

are present,the lowermoatof which la •liminatednorthwardsand

weetwardeby the actionof a slide. The eame slide probablyalao

accountefor the abisenceof repetitionbeyondths haatlenderock.

A furtherisoclinalfold also prObablyaziatewithin the oilty

echistof North Xvittind,to projectacrossIyevandand reappemr

on Galtakart.

Thus, the Galtakartsuccessionwhich poesesseethe appserance

of a simply beddedsuccessionia probablyrepsatedby a serieeof

ieoclinalfoldewhich have increasedthe thicknessof the

originaletratigraphicsucceesionby a factorof thrseor

four, to the preeent1100metree.

The thick marble—quartziteband at the top of sections6 and

7 representsthe positionof the Galtakartslide and separatse

the Galtskarteuccessionfrom that of North Mtrkvand.

Structuraloonsiderationsindicatethat repetitionbetween

the Bjellitindand Glomfjordgranitesoccureabout the silty

schist of North Xvittind(fig.I1),which ie taken to represent

the youngeetrook, stratigraphically,inthe southernpart of ths

Ornes region. In the Steffodalenregion the immediateundarlying

rockm to the eiltyschistecorrelatecloaelywith those of North

Ivittind (eactions3 and 5), but succeedingthese is a thickgroup

of banded stml—peliticand peliticschistsnot seen in the mictions

over the Bjell2tindgranite, Due to the laok of etposure,detaile

of possiblerepstitionby isoclinalfoldingcannot be determinød,
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althoughcertain iscclinee,notablyin a marbloband of Weat

Steffodalen,have been identified. It appearsthata largepart

of theaepeliticand seml-peliticrocks underlie,and are

etratigraphicallyolder than, the metadedimentson Galtakart,

theireliminationnorthwardsbeingcausedby an fi slide.

Continuousexposureto the Glomfjordgranitecontaotover 1000

metresis visibleat Bugten (section2), The lithologies

encounteredare very similar to those in the GaltakarteSteffodalen

region,but detailedcorrelationLs tmpossible, Indeed,

correspondencewith the neighbouringislandof Nestlen(section1)

is inexactexceptfor the upperpart of the auccession,where a

staurolite-bearingschistis partioularlyusefulfor carrelation.

This laok of conformitybetweenthe varioussuccessionsis probably

mainlycaused by isoclinalfolding. Continuoueexposurealong the

strike is neveradequateto ahow how the variouabandsare

eliminatedlaterally.

The Yykan granite,regardedas thelquivalentof the Glomfjord

granite,has a metasedimenterycover of similarlithologies

(fig, sa), Å tentativecorrelationwith the Stsffodalenrocks

is shown.

In each case a similargroupof metasedimentsts encountered

above the presumedbaaal granites. Sometimets,correlationbetween

measuredsectionsis good (e,g,sections5, 6 and 7) but

•lsewherecannotbe demonstratedwith such certainty. Nevertheless,

the sedimentsare regardedas belongingto a singlestratigraphic
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unit, the lower part of whloh is composedof the bandedsemS-

palitioand peliticsohistaof Steffodalen,and the upperpart of

the mixedcalcareouspeliticand eiltyaohietgroup of Galtakart,

The Blaatindaad TekamonaSectiona(17-20,fig, 61)

Struatural•quivalenceof the Glomfjordand Tekamona-Blaatind

graniteehae alreadybeen auggeated(p. 87 ). The majorityof

the associatedmetasedimentsconeistof interbandedsemi-ptlitio

and peliticsohiote,marblea,togetherwith eheet granitee,and

correspondcloselyto the rocke of NeaBen, The two eheet granitee

are lithologicallyidentical to the basalgranitesand show a

generalincreasein thicknesstowardethe NW. One of them ia

representedby a thin band on Neaben,but neither is..serenin the

Sugten succession. The lentiaularnatureof the Ultrabasicmase,

only seen in section18, ie indioated. Contactsof the Ultrabaeic

mase with the eurroundingmetesedimentsare alwayepoorly exposed.

Towards the top of each of the eettione,• oalo-sahiatof varied

. thtoknetsis indicated,the probablelateral•quivalentof the

Ornms Oneinee.(seealao p. 83); in eettion20, the uppermeat

oaloarsouspelikicsebietoorrelateawith the uppercaloareouspelite

of Galtakart(atiotion6).

The presentarrangementof basal graniteoverlyingmetessdiments

ie due to r2invereion,and hae been corrocted for in sectionsZ7- 20.

North NarkvandSections21-2 (fig.62)

The GaltskartSlide,whose positionis shown on map 3, asparates

theseckeof groups(a) and (b) from thoseof group (c). ror ths
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most part, the North Markvandrockaconsiatof interbandedpelitic

and subordinate sohists,with occasionalmarblesand


amphibolites. Galcareouspeliticschietsand caln achisteare

rare, except in the extremeNW, on the N of the Skjeggengranite

(melp1). The proncs of calcarsouspeliticechietsin

sectione22 and 23 ia duirto thereeppearanceof ths upperanat

part of the Galtakartsucceseion. Major lithologicalrepetition

by F1 isoolines1n the North Markvandrocks is absønt,

The most completeauccessionia that fromSkjeggento Markvand

(21), The rooka are youngingcontinuallynorthwards,due to the

positionon the upper limb of theKjeipenfold, From Markvandto

the Skjeggengreniteer. 600 mstresof interbandedpslitioand

achistswith occasionelmarbles; this representeth•

isterel equivalentof a series of similarrooks which eastwards,

in the Skromdelenregion,are about1000 metresthick. The

variationis probablydue to the differingsituationon theKjelpen

fold (fig.9).

The succeedingSkjeggenGranite,whichis herø over 1000 metres,

is lithologicallysimilarto the basalGlomfjord.graniteand is

regardedas ita lateralequivalent. Its southernboundarywith

the North Markvandpelitinachisteis probablya slide of soms

importance(eeep. 45 ), while the metasedimenteto the N are

regardedas the equivalentsof theSteffodalenand Galtskart

succeasions. It ie eignificantthat the rocks nearestthe granite

consiat of pelitioand semlepelitioschistasimilarto the

Ststiodalønrooks,while the succeedingcalcareousgroupbas the
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same appearenceas many of the membereof the Galtekartgroup.

The order in which they occur ia thereforethe same ae that

infarredin the cese of the metasedimentsin tha southernpart of

the Ornearegion.

At the beee of section22 is a calcareouspelitioachistthat

ia correlatedon etructural•videnoewith the uppercalcareous

pelitio schistof Galtekart(sections6 and 7). Lying above it

ie a seriee of merblesand flaggyschiste,correlatedwith the

marble.quartziteband of Weet Oaltekart,and succeedingthis is a

group of thin sheet graniteaand siliceousachists. The sheet granites

are very finelybandedand have t 'aedtmentary•appearanoe

(gess These representthe lowestpart of the Worth


Markvandaeries; the graniteeare not found in an equivalent

posltion•leewherein the region,and in the Storvikenpenineula

iteelfare seen to be •xtremelyimpersiatent.A large sone of

unexpesedground,coveredby the Storvikenbay is followedby a

group of flaggyschisteoverlaidby * furtheraheet gronite. The

upper boundaryof the lattør is not axposedand the thieknessof

the graniteis unknown. Howevereit is probablya maximumof

200 metres,and as it is almost certainlythe lateral•quivalent

of the Skjeggengranite,it ie cleer that the latterthins eaatwerde.

In an equivalentpositioneast of section22, no granite13 visible,
probablydue to thn influenoeof the Skjeggenslide. In the

inacceasiblecliffeof West ROgnakkena eeriesof sheet granitesis

cløerly visible. The rapid eliminationof at leeet one of these

is shown in fig45.
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The lowerpart of section23 repreeentathe uppermostrooks
of the 0altakartsuccession,end theoaloareouepeliticsohist

indicatedprobeblyoorrelateswith that at the base of sootion22.
1n the succeedinggroup of marblesand quartsitileis the probable
northerlyprojectionof the0altakartalids,and followingthis

is the North Markvandpeliticseries. The latteroorreepondsolosely
with the equivalentrocks of section21. Towardsthe top of the
section is a shettgranite,which outcropson the northernshore

of Storvikvand. Thie granitediee out westwardaon the N fase
of Degro.

(d),Deta1e4 aeotioneTverf ellealaatind S tiona 6 (fig.60)

These can he dividedinto two dietinctgroups thatare now
struoturallyseparate. All the sectionshave a calcareouspelitio
schiatat the top, butwh  in sections9 and 10 it is the
West Lysvandcaloareouspelite.,in sections11-16 it la that of
North Sostertind. Structuralconsiderationssuggestthat the two
layersare stratigraphioequivalenta,now eeparatedby the liyetand
Slide (see p, 97 ), and the presentcorreletionsare therefore
justified.

Very similarrock typesare present in all the asctions,the
sost outatandingof which ie the euhedralgarnetkyanitesohist.

The reaminderof the auccessionbeneaththe calcareouspelitiosohist
consiste of variedcalc schiste,marbles,and semi-pelitiosohists.

Sections 9-12 are worthy of closer examinationwith regard to
the nature of the calc—schistspresent, 1n section9, taken from
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East Blaatind,theyconsistof massive,finely—bandedgreen

honClendierocke which make up the main calceschistof Blaatind

(øøealso p, ata ). That of section10 Ls of similarlithology,

and representsthe marginalfacieeof the thickOrnee Gneisses;

the lattercontinueeouthwardaover a large outcrop,and are at

leeet 4 500 metrea thick. The cale schistof section11 is assin

of a similarnature; the amount of its eoutherlyextentis unknown

due to the looationof Spilderdslavand.In both sectione10 and

11 thin marblesin equivelentpositionsoccur•ithinthe cale

schiste. When trecedfurtherto the E the oalc echietaare vory

much thinner,and containa higherproportionof calcareouemlnerala.

In many of the sections,interbandedmarblasare present. It

thereforeappeareprobablethat the Ornes Gneieeesart lenticulerin

outcrop,and are representedboth eastwardsand westwardaby muish

thinnercals schists (seealso p. ,2.85)•

The suggeetedcorrelationof the two eeparatebanda of

ealcareouspeliticsohisthaa alreadybeen noted,and it is nec88888 y

to ecoeunt for the lack of this aseociateddistinctive

etratigraphicsectionalong the remainderof the southernboundary

of the West Zysvandcalcareouspeliticschist• The principal

reason Le probablythe occurrenceof the ZysvandSlide which followe

this boundary,and indeeda tectoniclene of muterialvery aimIler

to the cals schistie seen in the cliffe on the southernshore of

Zysvand. Similarrockeare also presentnear the lower calearione

pelitio schiat of Galtekert,supportingthe suggestedequivalence



of thlawith the gpperband of caleareouspelitiosohist. In nO

oase is • oompleteetratigraphiosectioncomparablewith that of

eections9.1ø obtainedalrobab1yfor tectonicreasona.

(e) 3 .112t d OraniteSections b 6. a (fig.39).

Each of theseasotionsshows in detailthe lowermost40 to

50 metres of the metasedimentaryaequence,and are inoludedto show

the variationof the immediateoover to the basalgraniteover

threekm of outorop. Ench distinotiveband that ie more thanabout

20 cm thlak is repreeented,and the sectioneprobablygive an

szect reprosentetionof the originaletretigraphyl ths basalelids

separatingthe graniteand ite immediatecover of sohistsis thought

to be eituatedabove these sectione(seealeo p. 4Z ). Corres.

pondencebetweenthe varioussectionsis good,and a four-fold

divisionoan be establisheds-

3.4 metres of flaggysemi.pelitiosehistein contactwith

the granite,containingtourmaline.bearingpegmatitesin seotions

5. and 5b. Lenticularquartzmossesare also common.

A variedgrouppf peliticaohists,predominantlygernet.

bearing,end with occasionalthin quartziteor eemi.pslitiesohist

Isyers. Quartz segregationsare oommon in all but section7a. The

thickneasof the groupvarieefrom a mazimumof 30 metresin South

Oaltekart,to a minimumof 10 metresin NorthEvittind(3e).

In every sectionezeept6a, the pelitiegroup is followed

by a seriee of quartziteeor eiliceoussohists,about 6 mstres

thiok,and formingthe base to the succeedinggroup.

A serieeof marblesand flaggysohistewith ocoasional
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quartsltesforma the top of the dstailedsectione. Those on
Galtakartconaletof differentiatedgrey marblesand quartsitims
with a few oalc-schlatein section7a, whils thoseon North
twittindcontainimpuremarblesand flaggyschiste.

An ewen more detailedaectionower 3 metresof the besal
metasedimentein ehown in fig, 66 and its petrographydescribed

aeperately(p. 233 ).

(f) SkromdelawandSections 24.28, flg,63).

These seotiona,taken owera diatanoeof about3 ka of
outcrop,show detailsof the upperpart of the North Nerkvand
pellticseries. Very good correletionexietsof bandeeometime
leas than 5 metresthick; the most distinotiweof these ta
big garnetaohist,

The Degro graniteshown in sections27 and 28 can be e•in to
die eut •bruptlyweetwardson the north face of Degro. In an
equiwalentpositionon Spantindie s seriesof peliticschietswith
thin interbandedamphlbolltesi furtherwest, in sootion21,
eirilarrocksare muoh nearerthe Skjeggengranite, Thia is due
to the action of theSkjeggenelide (p, 9$

). Northwardefrom
the Degro granite,in eections27 and 28, a thick group of pelitio
and esmi.pelitioschists115presentbeforethe easterncontlnuation
of the Skjeggengranitele reaohed. Theee are not repreeent•d
furtherto the W, again due to the elide,

GeneralConclusionsand Re ionalStrat

Considerationsof the eeparateeuccessionsdescribedabowe
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allow the establishmentof a broadetratigraphy,on the assumption
that the major granitesare situatedat the base. A seriesof
diatinctgroupsmay be recognised(aummarisedin fig. 64 ):-

sal Granite probablyat lsaat 1000 metresthickl

the base is neverseen,

Basal Sucoesson - lowermost4o metresof the meteesdimentery
sequenoe,describedin detailabove the BjellitindGranite.

(ø)SteffodalenSuccesaion- interbandedpelitioand semi-

psliticschiste. The thiokneseis unknown,but is

probablyseveralhundredmetrile,

GaltakartSuccession variedgroup of ailty achists,


oalcareouspelitiosohietseto,,probablyseveralhundred

metres thiok,

North NarkvandSacoession principallyinterbanded

peliticand subordinatestmi-pelitiosohistswith

000ssionalmerbleeand aaphibolites.Sheet granitesare

also preeentin the northernpart of the outorop.

Thicknessunknown,probably4-500 metree.

Sk ø en Granits- the thickeatof the geheet,granitse

and very similarlithologicallyto the baeal granites.

It probablyrepresentethe reappmaranceof the basal

granitee. At least 1000 metreethick,

Sk e en Suoceasion lithologicallyvery eimilarto groupa

3 and 4 and probablyrepresentstheirequivalent..Several
hundredmetreathick.
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The basel granitesare regardedas representinggranitio

basementsbeforeesdimentationtoOkpleoe (eeealeo p.23Z).

Thus, the local auccessionrepresontsthe initialtransgroseive

deposits,followedby the possibleflyeckdepositsof the Steffodalen

and Galtekartgroups.The North Narkvandgroup,whichprobebly

constitutesthe youngestrocko stratigraphicallyof the Ornes

region,representscontinuedgeosynclinalconditions. The thin

layersof amphibolitewhich ero common in this groupmay indicato

aesociatedigneousactivity.

Comparisonof the stratigraphyof similerareas in otherparts

of Norway is included:-

(å) Noltedahl(1938)givesa three-folddivisionto the

rocks of the OpdalRegionfi

Basal Oneisses finesgrainedaugen gneissesand

bandedgneiseeewith •videncsof recumbentfolding.

Their generallithologyis sisilarto that of the

Glomfjordgranite,particularlyits innerportions

(K.A.Jones: personalcommunication).

Speragmite- consisteof flaggymetamorphosed

sandstonewith layersof mice schist,lyingconforeably

on the baselgneissee. The boundarybetweenthe two

groupsis diffuse,end the eparagniitein highly

deformed. The generalcharacterof the sparagniteis

similarto thst of the ailty aohints.

TrondheimSchiste dark, oftenhonUtenda.bearingrooks that
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grade upwardainto coarse mica aohiata, The hornblende.bearing

rocka regardedse volcanics.

(b) /n 8 thernNorwa Boltedahlhaa deacribedthe oharaoter

of the anmetamorphoeedaparagatterwhichcomprieethe Eo-Cambrian

sedimentelying above the basementpre-Cambrian,but beneaththe

lowerCambrianHolmiaehales (A.J.S.  Raa ). Bere, they


conalat of altørnatinggrey or red arkoeioeandetoneawith

aasociatedthioklimeatonos(theBiri Limeatone)and thinahalea.

A good horisonof tillitohae been identified.

(0) The Palaeosoicformationaof PLanmerk(Holtedahl1919) ahow
• completeeectionof unmetemorphosedrooka overlyingthe baaal

preaCembrian,which brieflyconeistoft

LowerCambrian alternatingehaleaand aendstonse.

Dolomite-bearingeandatoneand ehelea (baaal

Ordovician)followedby e variedgroup of sandatones.

Tillitesibearingsandatoneof NiddleOrdovicianage.

(d) The SulitelmeDiatr ct (Kautaky1952) hae been divided

into two smjor units,viss

Archeanrooka of easternkratogenioblook,

meinlygraniticin character,areoverlainby

unmetamorphosedPalaeosoloaedimente.

Thruaton top of theaeie a largenappe,the

Sove Nappe,conaiatingof highlymetamorphosed

aedimenta,Cambroailurian in age, with

complicatedinternaldiaturbancee. Soveral good
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markør horisonscan be identified,such as the Juron

Quartsite,and the PieskeLimestone. Wolcanicrocks

ars common. A comprehensivestratigraphyis diffionit

to evaluate,becauseof the subdivisionof the mein

nappe ihto four amallorunits, but the followingis

suggestedt.

Juron Quertzite Mo.Cambrianto Cambrien

PieøkeLtmestone,volcanicstowardsbase Iower

Ordovician.

Conglomerate.sandstoneseries— Upper Ordovicien.

Skjessthønd Sorensen(1952)have describedthe rooka in

• region •outh of olandeford, some 20 km south of Ornes. Ths

rooke involvedare granitesand motasedimentsof wery type


to those of ths ernesregion,•nd they regardthe granitteøs

representinglarge thrustsheets,tectonicallyoverlyingthe mehiste.

The whole meas was then foldedtogother. Thiswiew of the orig3n

of the granitesis fundamentallydifferentfrom that •uggestedin

the case of the granitesof the Ornseregion.

Walton (1959)has mappedan area some 15 km to the east

of the Grnes region (fig.a ). The stratigraphicsuccession,

which he tentativelycorrelateswith that of the Ordalregion ist.

GlomfjordGranite partlyPre.Cambrien

PeammiticSchists comparablewith the Sparagn&te,ønd

equivalenteof the SiltySohist group SoeCambrian.

Peliticand CalcareousPeliticSchiste Cambrian

Sokumfje11Mørbles LowerOrdovician
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(g) Nioholson(1960)in an area to the south of that mappild

by Naltonreoognise a four—folddivisionto the serise i—

Basel Granite

NolmwandGroup — variedpelitiosand marbles,with a

siliosoussohistdireotlyabove the basalgranite.

SokuafjellNarblese Ordovioian,

Vegdal Group — very mioaosouspelitiosohiste—

MiddleOrdovioian.

Comparisonof the stratigraphydevelopedin the Orneeregion

with that seen in the near—byareae mippedby Waltonand

Nioholson,skose that importantdifferenoesexist. Basal

peamaitiorooks above the basal granitein the Ornesregion

are only very thin,and rooks of equivalentlithology,the •ilty

sohist group,are foundsome distancefrom the graniteboundary

(8,. ffitgifond4), In parte.ofthearea mappedby Nioholson,


however,the basalpeammitimgroup is virryreducledin thloknoss.

Eleewherein the Caledonidesof Norway,a basal LosiCambrian

sparagetteis almostubiquitoue,and the abeenosof suoh s sone

in parte of the Glomfjordregionappeare to be worthy of mentione

The remainderof the metasedimentarysequenoein the ørnes

region is siailarin generalitiesto that of the rest of the

Glomfjordregion,exodptin the calm of the North Narkvandseries.
Thie group of peliteewhioh are predominantlyooarse—grained

garnetiferousrooks,do not appear to have an analogueeleswhere-

in the Glomfjordregion. A possibleoorrelationwith theVegdal

group appeareto be unlIkely,as a eeriesof typicalthin seetions



of the latter,kIndlysupplIedby Dr. Nicholson,and examIned

by the writer,are quit•unlikethe North Narkvandrocks. The

ocourrenceof well differentiatedshest graniteeappsersto be

restrictedto the northerlyoutoropsof the North Markvandgroup,

end extendNS into the regionmappedby Wells.

Whetheror not the SokumfjellMerbieGroup is the

stratigraphicsquivalentof the marblesaroundSlirfianset,which

presumablyliø betweenthe North Merkvandand Galtskartsucomiens,

is unknownat the presentstags of the reaearohproject. Not

until the area furtherto the N haa been mapped,wken subsequent

carrelationsmay provepossible,can thla be dstermined.

Conaequently,the place of the North Markvandsuccesslonwithin

the regionalstratigraphyIs unknown. Its age aaa range from

Upper Cambrlanto Niddle or even Upper OrdovIcian,although

the writer favours• restrictedtlaa.epanto the group.
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Tield Cheractereof uartzVeins and Se re atione

1m most of the rooks of the Ornes region,quartzveinsand

segregetionsboth parellelto and crossecuttingthe lithological

banding lre presento The percentageof quartzin the nete—

sedimentsis very verieble; in placeswhere thereis abundant

quertz,it may be reletedto the proximityof e granitiobody but

elsewherflielese commonand appeareto be due to segregetion

during metamorphiem. By the verietionin mode of occurrenceof

the quartzveins, end relationahipsto the rocks in which they

occur, it is poesiblein a generelway to correlatotheirege

of formationwith the main periodeof deformation.

The generellyacceptedview as to the formationof quartz

veina and rocks is that theyare secretedfrom the countryrock

duringmetemorphiam,and, dependingupon the reletionehipeaf

the proc***** of secretionto the regionalfolding,will depend

the form adopted by the veine (e.g.G. Wileon1953). Wileon,

working on the Sutherlandrocks,recognisessegregetioninto three

Verietiesof plenesof weaknese:

along seconderyoleavageor foliation

along ariginalbedding

along fiesuresobliqueto these.

Exemplesof all theeevarietiescen be eeen in the Ornes region,and

close comparisonexistsbetweenmeny of the illustrationehe givee.

Certein of the quartzveins followtheregionalbeddingor

schistOsity,end ere ehown in fige 67,70. Occasionalzones of

I58
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extremeeinuooityof the vein systema (aa at point A in fig.67A-B)

suggestthat the apparentlyeimply-beddedsucesasionmay be highly

deformed.

Good •xemplesof seoretionduringthe fold periodsare shown

in fig. 68 A and D. Both syn.P1and eyn-P2quartzvsine.ere

repregented. 1n the majorityof cases,due to lack of thrse-




dimensionelexposurs,it oannot be determinedwhetheror not the

veine are rodded in 'b' in the manner indicatedby Wilson.

Occeeionalexamplesehow the effectsof foldingupon pre-

existingquartzmaterialGfig,68,C and E) and indicatethe fracture

and detechaentof oncecontinuousveine. Thia ocourein association

with both1 and P2 structurse.

Secretionof quartzinto obliquefissuresie indioatedin

fig. 69 , and onoeagain the age of the protaaaaaof seerstion

ie probablyveriable. Sometimee,the quartzfillelateheatageand

undeformsdgaehesand jointe (figs69A, 71) but elsewhereoccursin

deformedtensionfraotures(fig.69C).

Examplsefrom the OrnesRegion thersforeindicatethat the

secretionof quartzmeterialspansa large timeperiodof the

metemorphichletoryof the rocks. Separateverietiesof veina do

not eppear to be restrictedto •ny one particularrock type or to

any on. aree, but the profueequartzveine in the immediatscontect

eedimenteof the Bjelatind granite,which are probablyderived

from the graniteiteelf,are all of presumedP2 age.
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Fig.676 s vein s atems in the metassdim to

A-B, 'umårtsvians in amphibolites,Weet Lysvand, They are
generallyparallelto the •ohiatosity,but 000asionally,
as in the regionemarked are traneourrent.

Irregulardevelopmentof quartsin pelitioaohists,
South Sostertind, There is a generaloontrolon the
aligansatof the veins by the ri sohistosity,

An •nlargementof part of one of the veins shownin C,
illustratingthe form of the quart~ohist junotion.

W. Fraoturedquartsveins in pelitiosohists,Worth
Galtskart.

7, An1 overfoldpreeervedin the patternof a fraotured

quartsvein, South Galtskart
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rig.68. rt • n steasin el tic and_semi.• itic sch ts

Søgregatedquartsoccurringin ri isoclinalfolds,within
pslitia sohists,Suppsvand

quartsvoins in politicschists,Bugten. Their align—
mant is largelycontrollødby ri schistosity

quartsvoins in politicschist,NorthBnrøn,showing72
minor folds

0. Bogregationof quartsinto an r2 minor fold in pelitic
schiste,Breitind

E. Irregmlsrlyfoldødquartsvoins in semi.peliticschist,
Wøst serfjord



94-

3 M.

. • . • •.• • . • • •

0.•I.

1

•

•••••

50 cnn

:?.

50 crrn.

50 cms



I 4 5



Ylg.69.

A. Segregationof quartz into the nose of an isoolinal
fold in pelitiosoliste,Suppevand

3. Irregulartreanscurrentquartzpatoheain pelltiosohists,
Nest 85rfjord

quartzfillingdsformedtensiongasheain pelitio
sohlat,B5ren (sseG. Wilson1952)

An irregulardevelopmentof quartzin asphibolites,
NorthSkjeggsn
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Fiet4 Charactersof Fels th1c P. matites

Pegmatitesvaryingfrom sharply-definedcrose-cuttingbodies

to diffuse trregularleneesare seen apassodlcallythroughoutthe

Ornee region,The largestconoentratronoccurewithin the basal

graniteeend in the nearhymetasediments,while elsewher.they

occur only occasional1y,and are generallywell-differentiatedand

croes-outting.

Certelnof the pegmatitseoccupycomplexlyfoldedvelne,

anelogoustoptygmaticstructures. ThS termwae aret ueed by

Sederholm(1926)to descrlbecontortedquartso-felspathlovelne in

mlgmatitesor gneisees. He regardedthem as originallyplanar

layers that were made mobileby partialfusion,end deformedin an

irregularmenner by fleelonal•ovements,Read (1927),from study

of~matic foldingin the Sutherlandgranitecomplex,concludes

that the welnawere neverplanar,•nd that theyare trne 1,gineoue

injections, Thelr tortuousform ia caused by the reelatenceof

the countryrock to planar deformation,G. Wilson (1952)explalna

the highly foldednatureof the velne by 11keniagthe hoøtrock to

a mass of jelly,and the pegmatiteto a mass of putty intrudedby

migmatlesources, de Sitter (1956)regardsthe etructurease

beingdue to the differentway in which the vein and hostrock

react under the same externalstressfleld. Hany of the veins hs

envisagesas formingby segregationfrom the host rock during

migmetisationor granitleation. Such segregation,accordingto

de Sitter, need not necessarllyoccuralong planardirectionsin the

I q2
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rock, and thereforemey not representthe totalamountof deformation

the rook has undergone.

Forcibleinjectionof ezternallyderivedmaterialappearato

have occurredin some of the ezamplee(figs72, 73) and these

are oloselycomparablewith illustrationsgiven by Reed for the

Sutherlandveins. None of the •zamplesfrom the Ornesregion

ocour withinmigmatiticrooka,and no szactanaloguesto the

illuetrationsof G. Wilsonhave been found. The highlycogtorted

pegmatitesof the gneissioregionaround trues (fig.79)wers

probehlyderivedfrom the hostrock by secretionduringthe height

of metamorphicproceasee. The meohanismfor theirformationits

thersforeelmilarto that describedby de Sitter. However,the

pegmatiteeare controlledby the planararrangementof the

gneisseeand havs the appearanoeof beingcaused by tectonicforcee.

They thereforeprobablyreflectthe totalamount of deformationof

the hoet rock.

In marked distinctionto this is the arrangementshown in

fig.72of a complicatedvein system,of more than ons ags,

oecurringin amphibolites.Å well—definedstreightpegmetitethat

elightlytranagreseeethe bandingof the amphibolite,ie in placee

cut, but not displacsd,by a quartzvein,while elsewhereit

interruptsthe coureeof a socondquartzvein.Both the quartz

veinaare highlyfolded,sometimesptygmatically,and are

occasionallyfrectured. They have the appoaranceof beingof the

eame age or poseiblylater than the felepathicpegmatite,which
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desonstratesthat the folde they occupycannot be teotonic. This
suggesta forcibleinjectionof saterialfrom an •xternalsourcs.

Occaeionalexamples(fig 72 A and D) also indicateforoible
injection,by the way in which distinctivemarkerbands in the

countryrock are offaet. Other inetanceeof straight-sided,

croes-cuttingpegsatiteswhoae detailedfieldrelationshipsare
obscuredby unexpoeedground,probablyhave siallaroharaoteriatice.

Two remarkablypersiatentand straightpegratitedykosout
the rocks of the Steffodalunregion.They are each fros one to

two setreawide, and oan be treciedover esveralka. Their orien-
tation is probmblycontrolledby a seeter jointdirectionwhich,
as deterainedfroa aerialphotographs,is soet stronglydefined
in this direction, An originfrom tbø Gloafjordgraniteis

suggested,to which the dykes converge,while the undeformed

nature of the pegratiteeindicatesthes to have foraedsubsequent
to the F3 deformation.

Other less peraiatentoroasecuttingpegiatitesoccur

spasmodleallyin theGaltekartsuccession,and agein appeer to

representsaterialderivedfrom the Bjellitindgranite. In this
sucosesion,aleo, the largeetgraniticpegaetitefros the whole
of the Grnse region is encountered(fig,30A). It is only seen
on the south side of Galtakartwhere it Le a bandabout 15 setres
thick,conformablewithin the beddedsucceseion; the pegsetite
ie terminatedabruptlynorthwards, The reesonefor this

terminationare not olear, but it ie possiblethat the pegratite
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followsthe trace of anI slide,and was introducedat

relativelylats stags; the coaraenessof grainsise and lamk

of mineralcataolosiasupportsthiepostulate. Detailsof the

charecterof the northerlyterminationof the pegeatitears

obecuredby unexposedground.

The isoistedexampleof fig, 73 F showm thin felspathio

pegmatitesthat have undergonsdeformetion,togetherwith the rooka

in which they occur. Anotherexamplefrom the same region(fig.73)

illustrateelenticularcoarse-grainedfelspathicschli•r•nthat

.-gkedis no internalevidenceof ehearing.They may have formedby

dieintegrationof pre-existingcontinuousveins,with •ubeequent

recrystallieation:

Lese regUlarsinuouapegmetitesocour occastonally(fig,73B and

C) and generallyehow an overallelongationparallelor sub-parellel

to eome well-definedScseurface.They are comparablewith soms

of the ptygesticfolds illustratedby Read.

Purther isolatedexampleeshow pegmatitesthatare probably

associatedwith one of the phases of deformation(fig.74). One

of these shows net-likeveiningof deformsdmarbleeand


calo-schiste(fig.74A) and ocourejust above the thioklayered

granitinpsgsatitsof South Oaltekart. It is euggestedthat the

veining took place subsequentto the deformationof the sediments,

and is connectedwith the developmentof the underIyinglayered

pegmatite. fig.74B showsa pegmatitethat oocupiesthe oore of

an isoclinalfold,with marginseverywhereparallelto the
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rig.73. t o • titss the astasedia

A. Croso-outting posaatite in oalo aohlsts and fleggy
politio sohista, South Sostertind

of politic sobists by thin pegmatitea,
Sugton

G. Irregular pogsatites in hornblande sohists, South
Itraittind

D. Cromil-outting poratites in oaloarsous politio sohiats,
West Skjeggen, The pegaatites offast diatinotive
marker bods in thip sohists

So Lentioular sioroolimnich yogaatitss in massivo
politio sohists, Storvik

7, Laysrod pegmatites showing minor folds in MOssive
politio sohiatis, Størvik



-

_Calc tchist
4- •

•
4 .

Calc Schist

-

1-----1
1 M

104-

Hornblende Schtst

1M.

1-,
•

4 • •

r

P

50 crns



-— —_ — --_——.--. .....-. ----•

.

• r I. r • 4-
---- .--.. ---.

• r , - 4 „----.--/---
4 • • t 4.

r ', 1...• P . .: , - ... #

i l I
4. ,

r- r ,, ,
I / /

4

• •

/ • 	: / 4.
, I  , t.

4. :- Ii. ,

105

Flaggy Mka Schtst

Pegmatite

• • ••
‘, • •

I.4.

I r."44arble

Cok Schist

M

-

r • • % •

%

•

4- ,
e

\

% •
Z:

•

r I ,‘

_---
)—

—
-

30cms
1 N4

Tig.74 A. Net veining of mica schiste,oalc schistaand

narbleeby pegmatites,South Oaltekart

S, Pegmatiteoccupyingthe core of en issoclinal

fold ih pentic schista,Sugten

C. Croee-cuttingpegustiteln peliticachista,

Tcrevit



ctO6

schistosityof the rocks in which it occurs.Contemporeneous

developmentof the pegeatitewith foldingie euggested.

An extremelyunusualpegmatitecomplexoccurs in the ultra-

basic mass of Torevik(fig.75). Thres distinctlayeredunita can

be identified,namely(i) • thin,coaree-grainedquartsvein,

a dark-grøeneloacimuspegmatitewith diffua.coarse-grained

elongatedfelapathiopetohts•rrangednorealto the dyke well,

• coaree-grainedquartso-ifelspethiopegmatit•. The whole

is about 6 metrsethlok,and no merginalfasiesto the ultrebasic

mass are developed. The ariginof this ocapositedyks is anknown,

and no connectionwith the eurroundingsohiatesau be sen. A

disoussionof the petrographyof the dyke is givanin section 3

Diffussand lenticuterpegmetitesere concentratedin the

coatalatrocks of the sislatind granite.Their originie clearly

relatildto the gresits,and the lenticularform they poseeesis

probablydue to 72 deformation.

In additionto the irregularand late-stagepegmatiteein the

Ornee Gneisses(fig.78)are the layeredpegmetitesthet show isoclinal

folds, that have •lready been described(p.199 ).

The diversityof mode of ocourrenceof the pegmatitebodies

indicatesvariousmodesand ages of formation.They spen • tiet

range from syn-F1to post.43,and as • generalrule, it appearsthat

the early pegmatiteswere formedby secretionfrom the hoetrock,

while the later pegmatiteswere derivedfrom externaleourcesand

were forciblyinjected.
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Petro • hio Desori tions

For purposesof convenlence,the descriptioneare divided

into the etratigraphicgroupa establishedin Chapter Within


eaoh group,furthersubdivisioninto the variousrook typeeie

made.

(1) Basal Granite

Stratigraphiccorrelationis amde betwesathe Olomfjord,

bjelatind, Skjeggenand Blaatindgranitee(eeep. ICI) whioh are

regardedse the oldestrocks seen in the Ornes region.The Gloafjord

granite is being studiedby ar. M.A. Jones,and is not dealtwith

here. Fach of the remaininggranitesis d•scribedasparatelybelow.

(a)3 ellgtindOranite

That part of the Bjelatind granitsexposedin the Ornes region,

and examinedin some detailby the writer, occursto the Z of

Lyevand. Only the uppermost20 or 30 metresof the mass are

exposedin this area, and the deeperparte of the granitehave been

examinedfurtherto the Z by Welle. In the Z.Lyevandregioa,thø

rook ie a uniformpink gneissoesgranite,with thin Lrregular

felepathicschlicen separatedby impersistentlaminaeof blotite

and oceasionalhornblendeorystals. The lattergive the rook a

well—definedfoliation. Spasmodicmagnetiteorystals,up to 2 mm.

in diametsr,are unevenlydistributed,and ocoasionallyare

concentratedin coaree—grainedlentioularfelepathicpegaatites.

Other pegmatites,of variablecharecteristice,are aleo found within

the granite.

alo



TabisI. Ths B •llgtindOranIte

(1) MineralAsasablaea
quartsNtoro-Plagio-Bio- Horn- Spbene Orth- Mmgnms.Apa-




olint olaas blønd• lts ttAte
R 21 X X X X X X X
22 X X X X X X X

1 33 X X X X X X X
45 X X X X X X X

R 47 X X X X X X X X
R 421 X X X X X X
R 423 X X X X X X X X

al I

(2) Pla ioolassCo asitiona
1121 An 6 (7 determinationa)

22 An 8 (7 determinationa)

li 33 An 11 (5 dsterminationa)

H 45 An 5 (5 determinattons)

R 47 An 9 (5 detsrminationa)

8 421 An 10 (3 detarmtnationa)

Averagsfromshole of granite An 8

(3) Modal Ana sem

QuartaMinro-Plagio-Bio- Rorn•
oline olass titsblends

113317.7 35.939.8 3.8
4716.2 25.346.2 3.2 3.4

Sphons Orth.Magite. Total
its tits

	

2.1• 2.5100.0

	

1.0.1.199.5

(4)Chsaloa1C oa t n

(a) from modalenalysla (b) by rapid analytioalmothodo
M33 sio2 68.7 Sio2 68.72

Al203 15.6 Al203 16.19
75203 .1

203 1.39
750 .5 PrO 1.36

	

1.1 Mg0 .19

	

1.6 Ca0 1.17

	

4.2 Na20 4.60

	

6.2 120 6.20

	

1.6 TiO2 .62
P205 .07
Mn0 08

Total 100.59

Mg0

Ca0

Ra20

K20
TiO2

P205

Mn0



The rock type on the Ni face of Galtekart,soms 50 metres

below the oontactmetasediments,ie a more coarselyorystallins

varisty than on the S of Lysvand,with a patchydistributionof the

biotiteorystals. Furthervarietiesdoubtlessexist,as indiosted

by the bands of 1 miloasohist in the granite,eeen in the inaooeseible

north face of Bjellitind.

The granitesconsistprincipallyof quartsand felepar,with

variableamountsof biotiteand 000asionalhornblende. A varied

suite of acoessoryaineralsmay be present,inoludingsphene,•rthite,

magnetiteand apatite. Nodel analysesfor two of the granitssare

shown in Table I, indioatingthat the total felaparcomprisesabout

75% of the rocks,with plagioolasedominant; quartsmakimaup about

20%, and the remaining5% is blotite,or biotiteand hornblende.

In other thin sections,for whioh modalanalysesare not availahle,

microclineexceedsplagioclase. Plagioolasedeterminations"of

six of tho rookz (TableI) ehow on averagea compoeitionof An 8.
Thus, the rocks have• mineralcontentequivalentto alkali granita,

while both sodic and potassictypesare represented. The ohemical

analysisof part of the Bjellitindgraniteis shown in Table I.

It correspondemost oloselyto an adamellite,as is indicatedin a

modal analysisof the same rook. The compositionof the plagioolass

is sodic andesine, This analysismay not be representativeof the

remainderof the Bjellgtindgranite.

m A review of the variousmethodsused, ønd their suitebility,appeers
in Section3k3/4
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The appeeranosof a typioalgranitein thin seotionis shown

in Fig.79. Å green-brownwarietyof biotiteoccursin smallragged :

unbent crystals,showingstrongpreferredorientationand often

concentratedinto irregularleyers. Assoelatedwith the biotite

are emallcrystalsof aphone,which are oftenconoentratødinto

clots. The amphiboleis a highly-ooloursdwarietywith eatreaa

pleochroismfrom deep olive-greento light grass-green. Dus to

the marked body-colour,detailedoptioalmoaeurementsoannotbe

made, but it is possiblethat the amphiboleis a soda-richhornblende.

In mode of cocurrence,the amphibolewariosfrom emallragged

fragments,in associationwith biotitsand sphens,to large discrste

crystals. Some degreeof corrosionis alwaysvisible,and inclusions

of biotite,iron ore and quartaare COMA011.

Peleparsmake up 75% of the rock,and plagioolassis

considerablymore Cosmun than microcline. Somø of the felapar

interrelationoare discussedon p, 215 Both folsparsform irregalar

crystala of variedeiae, but the miorooltnittend to be tht larger;

inclusionsof dark mineralaand quartzare common in plagioclaso,

and of quartzand plagioclasein microclino. The plagioolaseis

finely twinnedon the albitelaw, and oftenshows strainand

fractureof the twin lamellae. Separatepatchesof plagioolasein

optio continuityare sometimssseen, surrOundedby mIcrooline.

The latterare also found in largerporphyroblasticcrystala.

Occasionally,the plagioclaseshows progreseivezoning,• phenomenoa

which appearsto be due to local reactionbetweenthe plagioolasoand
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nsighbouringamphibole. Both fillspersshow faint dustaike
inclusions,probablyof iron-ore; thig is mor. commonin microoline
where it is probablyrolated to a orystallographiodirection.

Two generationsof quartzare presønt,the earlieras


incluaionsin the feisparesand in small granalerolote,and the

as largørorystalsin irregular•longatødpatchesarranged
parallelto the foliation.Both varietiesshow some degrøsof strain.

Thin aectionsof other specimensof theBjelatind granite
show simutercharacterietice. A few of the rookacontainlarge
sub.herdraliron-orscrystals,up to 3 mm, in diameter. Occasionally,
theaeare rimmedby small amountsof'sphens,indiaatiagthat ths
ore may containTi02. Sphene is sometimesalso presentin much

orystals,up to 3 lem.soross. Cørtainof the rookaoontain
small grains of yellow orthite,normallyassociatedwith the
dark minerals,and sometimescausingzoneø of discolourationwith
adjacentbiotiteorystala. Kinutsorthitegrainsare •nolosedin
some of the mioas.

Chsracteristiceand I tørrelationshis of the dels rs

The potashfeleparpresentie microoline,but the dtgree of
twinningdevelopedie very variable; soms orystalsehow very fine
crossahatching,while flhersshow only • rudimentaryor patohy
developmentof twinning. In the latter,the only visible

lamellaeare twinnedon the albitelaw. Both kinda of twinningmay
be present in a einglerock, and thereappeareto be no correlation
betweensize or mode of ocourrenceof the mioroclineorystala,and



the twin lawsdeveloped.Absenceof twinningor the developmentof

• singleeet of twin lamellasin miorooltnehas bsen regardedas

indicativeof orystallisationat low tomperaturee,with an absenceof

soda in the microolineatomio structure(Eskola1951,Rutland1958).

No analysesof the diatinattypos of mioroollneare avoilablefor

the rooks of the Ornee region,but petrographloevidencesuggeste

that the veriabtlityof twiantngis notoontrolled by composition

(see p. 211 ).

Examinationof the plagiocløsecrystalafrom a serleeof


specimensof the granitoshowe that crystalsfinelytwinnedon the

' albite law are dominant(e.g.fig.80,81). This contraste

markedlywith thosefram the metasediments,where combinødalbite-

periolinetwineare common. Deformationof the plagioolase


crystals is indicatedby fracturingand bendingof the twin

lamellse. Sometimesseparatefragmentsof a fracturedplagioclase

cryetal thatwere clearlyat one time in optioalcontinuityare

surroundedby poikiloblaatio•nd undeformedmicroclins,euggesting

the latter to be the later felspar. The convereetextureis never

seen, indioatingthe unlikelihoodof the phsnomenonbeing a

three-dimensionaleffect of simpleintergrowth.

Occasionellyolear albiticrime occur on thoesmarginsof

plagioclaseorystalsthat •re in contaotwith mlorooline(fig.80).

Here, it ie evidentthat the rim-albiteis in equilibriumwith the

mlorocline,and the sodio rims are probablycausedby ex-solution

.)falbite from the structureof the microclinsand subsequent



ri4;.81. Irr.uzulardevelopment of nyrmekite in part of the BjeliRtind

1:ranite, That in the twinned plagiocinse ia probably true


nyrmekite, while thfltin the black untwinned crjntal at tho centre

of the'photo.;raphmay be para-myrmekite, x 40.

t
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afrd:
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3ochined albite-paricline twin in pin3oclnae from a

mimntite, naatini. The twin lrunelinearo impernistent and acindle-

shaped; partial fracture a: th crjiti i. vinible on the left hand

siAO Of t'ftsphotoTrph. x 30.
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crystallisationupon the pre-existingplagioclase(Tuttlo1952).

Those microclinecrystalsthat heve yieldødsoda to adjacent

plagioclaseshouldcontainlege sods than thoaewhich have not. It

may be •zpected,therefore,that differencesin twinningof microoline

occur, due to variabilityof soda content. Such variationis

observed,but appearsto be indøpendentof thø distributionof sodic

rime to plagloclasecrystals; this may indicatøthe inability

of the •icroclineto recrystallisesubsequentto ex-eolutionof the

soda. Chemicalanklyeesmay yieldan answerto the problem.

Ramons (1953)describessi•ilarelbitiorime to plagioolase,

withoutthe meeociatedaiorooline. R* regardathem as being due to

internalredistributionof albite,consequentupon the twinaingof

the plagioolase.

Vermicularquartsin plagioclaseon the junctionwith microoline

ie occasionallyseen (fig.81,83) and indicatesinstability

betweenthe two felepare. Å. in the rocka of the Sokamfjell

district,describedby Rutland (1958),thereappear to be two types

of myraekiteprøsent (a) in plagioclasethat ie earlierthan the

alarocline,and has * eimilarappearancetathe bulk of the

plagioclasøof the rock. This is termedparaemyrmekite.

(b) in plagioclasethat is lsterand lobes

into the microcline,termedtrue myraekite.

(ø) Parae •ekite

Edelman (1949)has describedsimilarstruotares,and regarde

the quartzaa releasedfroa the plagioclaseby basification
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consequentupon replacementby miorocline. Lime is releasedduring

replacument,as the microolinestructurecan more readilyacospt

soda, and thia lime causeethe basification.Rutland (1998,p.262)

outlintsobjectionsto the postulatesof Edelman,principallyon

the •videncethat the plagioclasecontainingpara—m;rmekiteis,

in the Sokamfjellrocks,of •quivalentoompositionto the remainder

of the plagloclase,and not more basicas is required. Es

concludesthat if the microclineoriginallycontainedmore soda than

at preeent,later ex—solutionmay have revertedthe plagioclase

back to ite originalcompoeition. In the rooks of the brnee region,

there is no evidencethat thishas occurred,as the demonstrable

ex-solutionof soda from mioroolineproduoesthin albiticrims

to the plagioclasecrystals,not wholeselealbitleation.Nopeover,

it appeare fortuitousthat the plagioclaseehouldrevert to its

exact originalcompoeition,and that the vermioularquartsshould

not be utilisedin the revereion.Detaileddetermlnationeof ths

compositionof para—myrmekiteplagioolasecrystalsars not

availablefor thes. granites,and it ie aot known if their

compositionis differentfrom the surroundingorystale. The

postulatesof Edelmanare thereforeacceptedby the writer in the

case of the Bjellitindgranite.

(b) True rmekits

Theeecomparecloselywith the true myrmekitesofSederhoLm

(1916)whioh he regardedas beingcaused by the replacementof

potash felsparby plegioclasewith the consequenter—eolutionof
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The plagioolase 1n which this type of myrmekits is seen

in the Ornes rocka la untwinned, and lobes into microcline orystals.

Two possibilities •xiat for the derivation of this late—stage

plagloolaset (1) from external sources, as a metasomatio product

subdequent to the formation of microclins,

(2) from redistribution of sods, that was originally

present, in more sodic miorocline. Tvidence for widespread lats.

stage metaaomatiam is not asen in thse• rocks, but secondary

redistribution of soda from miorocline, with the development of

sodic rima to plagioclase crystals 1s commonly ob d. Ths


writer therefore favours the esoond intsrprstation, and regards

the dewelopment of true myrmekite as a localised conosntration of

soda exsolved from microoline.

From these general deductions as to the courss of orystallisation

of the felapars, several conclusions may be drawn regarding tha

petrogensais of the granitass

Polysynthstic twinning of plagioclase on the albite law is

common, and is regarded by Eamons (1953) as a conaequence

of strain on originally untwinned or soned felspara.

Later bending and fracturing of the oryetals is clearly

indicated in most of the rocks and is probably to be

correlated with the IP3 phase of deformation.

The orystallisation of microoline ie later than that of

plagioolase, although reasons are giwen elsewhere (p..231
)

for regarding the aajority of the potash felepar, at

least, as having been present in the origlnal rock.



(3) The formationof sodic riam to some of the prs.exiating

plagioclesecryataladependedupon intersactionbetween

the two felepars,and is probablyof a laterags than the

mIcrocline. The occasionalpatchesof true myraskite

are probablyof • elmllar•ge.

(b) Sk • en Granito

The graniteis more variablethan the upperparte of the

Bjellgtindgranite, Again the rockm are predomlnantlypink in

colour, but zany do not show the pronouncedfelapath1cbauding

characteristicof the Bjell:t1ndmeas. 1n addition,the ditgre.


of layeringof the dark mineralsis leas pronounced. On the X of

Solden banded pinkand gray granitesare prominent,with occasional

lent1cularmasseaof biotiteschist. A simIlararrangsment112

ob d on the outermarginsof the GlomfjordGran1te(LA.Jones,


personalcolaunication).

Xineralassemblagesare similarto thossfrom the Sjell:tind

granite,exceptfor thipoccurrenceof muscovitsin two of the rocks

(H 431, H 435),theunlqueoccurrenceof almandinein H 435, and the

total •bsence of hornblende. Nodalanalyeesof two of the rocke

are shown in Table 2, •nd 1ndlcateextremsvariationsin thø

percentageaof all the mojorminerals. One of them 433)

correspondsapproximatelyto a potassicleucogranite,except for its

rather basic plagioclase(An 12) whlle the other liesclosør to a

quartz monsoniteexceptfor the low An contentof the plagioclase

(10%). Whetheror not thia is representativeof therange of



Ths Bk en Oranite

(1) M ers easab en

Quarta Mt- Plaw Bio- ChhrbørnawBømmedtb-MagwApaw Garw Tour»
cre- gia- tite it• no. Its new tit• net ma.
oline olaae vits tite line

1 276 X X X X X X X
11286 X X X X X X X X X
431 X X X X X X X X
435 X X X X X X X X

11434 (Biellitasehiat)Quarts,Plagioolaøø,Biotite,Chlorite,
lornblande,Spbene,Magnstite,Apatite,Spidote.

P10 oolaseC oa tiona

I 276 An 10 (frøm3 dsterminatione,only approximate)

11455 An 12 (from2 determinationa,only approximate)

Modal na ae

quartaMioro-P1agiowBiow NusoowOrthwApe.Oerw Megnew Tota1
oline olame tito vite ite titø not tite

276 7.4 33.8 47.0 11.2 .6 100.0
435 29.7 49.8 18.3 .8 .8 .6 100.0


Chemioa1 na i (by rapid analytioa1methods)

I 433 810275.32

£120312.72
r.2030.48
Pø00.84

)1600.28

Ca00.48

thit203.54

1205.75

TiO20.25

P205 •0.02

mho.241
Total99.69



variationof the whole graniteie unknown.

Certainpetrographicdifferencesfrom the BjellItindgranite

oan be shown to exist,particularlyin the non quertzo-felepathio

froctionof the rocks. Biotitecrystaleare generallysmell and

regged,green in oolour,and oftenpoorly orientedi partial

chloritieationie celmon. Other dark mineralsare rare, and consiet

mainly of small spheneand magnetitecrystals. The latterare

occasionallymuch larger,up to 2 or 3 mm. in diameter,as in

the Bjellittindgranite,

The texturesand relationehipsof the quartzo.felopathic

part of the rocks are generallysimllarto that eirenin the

3jellRtindmaae, Occeeionally,patehes of remarkablycoarse-

;reinedand undeformedplagioolasecrystals occur. Other of

the rocks are more finelygranularthan any seen in the Bjellgtind

granite,even thoughthe mineralinter-relationehipsare still the

same. A smallsmountof muscovitein sometimespresent,generally

in emell crystalsand probablydevelopedfrom the felepars. Thie

ie a notewortbydifferencefrom the Bjell2tindgranite,

å singleepsoimenof a biotiteechistfrom the of Bolden

showe very distinctivefeaturee(fig.83). Biotiteand hornblende

in roughlyequalproportionsconatituteabout 50% of the rock, the

former beinggreenish-brownand somstimesslightlybent,while

th. latter is highlypleochroicfrom light grase-gresnto delp

blu~green. Both form largeand raggedcrystals.A largepart

of the remainderof the rock is composedof variablytwinnedand
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Fig.84. Siotito schit from within thu 0rsnite at Bolden.
The biotite crystnla sre slightly bont, while the plsci.ocloneshows

honing dependent poalibly upon intersction with hornblende. x 40.



soned plagioolassof later crystallisationthan the hornbløndeand

biotite. Zoning is more pronouncedwhen the plagioclaseis adjacent

to hornblendeland appeersto be due to intareaotfonbetweenthe

two minerals. veriationof 6% An was recordedfrom one oryatal,


with the outsidemore calcin then the inside,suggesting

basificationof the plagioclaseby hornblende. Å smallamount of

gmertsis present,while socessorymineralaincludssphene,epidote,

magnetiteand apatite,all as emallcrystals. Their earlyoriginis

indicatedby their occurrenceas inclusionsin biotiteend hornblende.

Ocoasionalcrystalsof orthite,aurroundedby pietscitelareseen.

The mineralassemblagtis indicativeof an amphlbolits,within

the stauroliteskyanitesub—facies(cf.TurnerandVerhoogen 1951).

It is impossibleto be certainwhethørthe schistfl of igneontior

sedisontaryorigin,aø the ninoralassemblagois not diagnostio.

Thø abeence of microcline,which is abundantin the surroanding

granite,indicateslow 120, which is suggestiveof an igneous

amphibolite. In similarrockA from the Glomfjordgranite,

eguivalentassemblagesare found,exceptfor the rare occurrenceof

epidote,and the presenceof occesionalgrainsof microclins

(B.A.Jones, personalcommanication).

(e) Blaat å Gra tøs

The specimensof the Blaatindgranitesexamlnedars similar

to the other preaumedbasalgranites. Thoee that occurao altitøtø

within the metasedimentarycover in E. Blaatindare therefore

regardedas representingparta of the basal granites,detatohed

in T1 times.



Tabls39 T BlastindGrainites

or Asnsablaøs

quarts Pleglo-N1cro.Itio.Nas- Horam•Nag- Apa-SphossIpi- Chlor-
olase ellns tite no- bløndszah. tite dots Lte

vite tite

187 X X X X X X
194 X X X X X X X X X

R 196 X X X X X X
1 366 x x x x X L X
426 X X X X X X X X
427 X X X X X X

Sohistw t ealte

1 425 X X X X X X

loo ø C osit oa

187 An 15 fron 4 dotorminntions
R 194 An 14 fron 3 dsterminotions
R 196 An 10 from 4 detørsinations
I 366 An 14 from 3 detørsinations

1o4s1 na nie

QuartsNioro•Plag10-Blo- Nasoo.Apa Någne. Total
ollne olase tito vite tite tite

11366 41.6 31.1 21.2 5.6 .3 a .1 100.0
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In general, the ainerals present and their inter-relationships

are similer to those in the other basal granitee. Å aigastitio

variety is seen in the sasternmost sheet granits, and contains •

high percentage of priaary muscovite. Å coarse-grained variety

of the middle sheet granite shows interesting felepar relationa

(fig.82). The plagioclase orystala often possese discontinuous


and spindle-shaped twin lamellae. Small inclusiona of aicrocline

appear to be of later development, since the slcrocline may seal the

fractures in broken plagioclass,crystals. The latter are

frequently bent and fractured.

Mineral aaaeabla es in the basal anitee

Stable assemblagee of quarts, plagioclaae, aicrocline,

biotite and occasional horablende, or quartz, plagioclase,

microcline, biotite and ocoaeional auscovite are indicative of the

ataurolite-kyanite sub.faciee of the amphibolite facies (cf.

Turner and Verhoogen 1951), The biotits aohiste within ths

granites can be assigned to a siailar sub-faciss. Jo relicte of •

higher grade of metamorphism have been found in either granites or

metessdinents, and it ia pitokablethat thie is the higheat grade of

regional metamorphiem that the rocks of the area attained. In ths


cass of the beeal granites, the peak of regional •tamorphisa was

reached during, or just after, the Y2 phase of deformation.

Itater diaphthoresis is occasionally eeen in the Skjeggen

granite, where there ie partial chloritisation of biotite; this is


never present in the Bjellitind grenite. Slight clouding of the
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felspars,partioularlyths plagtoolase,by secondarymicm, ocoura

in all the baselgranites. Both these •ffectsare slightand

locallind,and do aot affect the main fabricof the rocka.

Duringthe heightof metamorphism,the granitessocupiedtheir

present tectoniopoeitions,which møy accountfor some of the

differencsabetweenthem. Thus, the laok of developaentof

microolinein the contaatmetasedimentsof the Skjeggengranite

comparedwith thoseabove in the BjellItindgranite,may be due

to the differencesin thicknossbetweenthe two after1 deformation.

Metamorhic Biator end A • of the basal anites

•Twofelspar granitesto which the granttesbelongare grouped

with the low.temperaturesub-solvusvarietyof Tuttleand Bowen

(1938). The felsparsare normallyregardedas hsvingformedby

unmixingfrom a homogeneoushigh.temperaturephase,a prootas

that has been shown,experimentally,to be greatlyacoeleratedby

the presencsof wetervapour. In theseconditionsmicasard stableand

amphibolesunstable. the latterare onlyassootatedwith hypersolvua

granites. The markedwater vapourcontent of the granite,aseociated

with unaixingof the felspars,shouldcause extensivegrenitisation

nf ths surroundingmetesediments.The immedisteoontaotrocks do

containa higherpercentageof mioroolinethan thosesome distance

from the granite,but the contaotle alwayssharp (figs28, 65)

and the overlyingrooksare stillrecognisablysedimentarysven though

they may •pproaoha granitein composition. This lack of

granitisationmay suggestthat the graniteapoesessedtheir
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	 t mineralogybeforesubsequentsedimentation(cf.licholson

1560)


It is suggested,from the sise and 1aok of •xtenaivecataolasia

of the conetituentmineralsof the basalgranites,that th•

cryatalliaationis syn. or post-T2. Btructuralevidenoeindicatee

the probabilityof the granIteeand achistahavingbeen in contact

during or beforethe Yi deformation(p. Qi ). Thus, the lack of


extensivegranitisationof the metasedimenteis •itherindicative

of the previouaexiatenceof a two-felepargranitein r1times,
or the formationof the felaparsby a differentmechaniamfrom

that indicatedby Tuttleand Bowet. Th• presenceof hornblende,

• mineral theoreticallyonly foundin hypersolvusgranites,suggesta

that the granitesof thisregion dld not form in the same manner

ae thossedescribedby Tuttle and Bowen.

Other lihes of evidencemey be used to suggestthat the granites

are fundamentallydifferentfrom the schista,and owe theirpresent

appeeranceto originalcompositionalcharacteriatics,not to

extensivemetaaomatiam:-

(1) Comparisonof the compositionsof plagioclasein schiets

and granitesindicateaa persistentdifference(seealso p. aLf.i).

Those in the granitesare usuallyalbitic,with between6-10% Ah•

Those in the schieteare very variable,and dependenton the

chemicalcompositionof the rock. Even in the quartzo.felapethic

schiste,however,with * mineralogysimilarto soma of the granites,

the plagioclasealwayshas a compositionof around An 15 to An 20.
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This differenceindicatesthe probabilitythat the plegioclaseim

originalin both graniteeanå sohists,and has not been introduced

metasosatically,

In the metasediments,the plagioclaesia •venly

dietributed•nd granular. It has everyappearanceof having

developedby the normalprocessesof setamorphism.

Microclinein both graniteeand schisteis later than

plagioclase,and in the schistaoccurein more or less well—defined

layers,that often appearto owe theirexistenceto metasomatie

tntroductionfrom externalsourcee. Ae microclineehows*

generalincreaeein the •etasedimentstowardsthe grasite,it

appeare that the latteris the sourceof at least some Of the

potash felepar. The associationof abundantslcroclinewith

albiticplagioclaeein the basal graniteeindicatesthe

probabilityof the f  havingbeen in existencebeferethe phase


of cryetallisationnow represented. Thus,the microcline

probablyrecryetallisedfrom pre—existingmaterial,and localised

mtgrationduringthis phase may have producedthe reetricted

microolimAsationef the metasediments,

The pereistenceof banda of biotiteachistand amphibolite

within the basalgranite,with littleor no microcline,indicates

either that there has been littlemigrationof potashfelaper,or

that the rocksare reeistoreto granitieation(e,g.Reynolds 1946,

Pitcher1952),

All the evidencepeints to the concluaionthat the basal

granitespossesseda compositionoloselysimilarto that now
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from the oarliesttimes onwards. EXc•ptfor localisedmetasomatio

introductionof microolineinto the contactmetasediments,there

haa been littlenigrationof feløpathicmaterial. Thøse

ooncluaions,togetherwith the stratigraphicand structural

evidence(p.li1),indicatethe probabilitythat the granitesare

at the base of the succession,and are logicallyrogardedas

having been in existencebeforesubsequentsedimentation. They

are tentativelyassignedto the Pre Cambrianbament, although

their historyprior to formationof the overlyingsediaesta,ia

now entirelymaskedby latør •etamorphiss.

The highlybandednatureof parts of the basal granitesmay

be due to one of threefactorst-

Originalsedimentarydifferencesthat have eurviveds

pre-Cambriangranitisation.

Tlow bandingof a pre-Cambrianigneousgranite.

Differentiationof an originallyhomogeneousgranite

duringmetaworphiam.

At the presentstage of ressarchit is impossibleto be

oørtainwhich of these explanationsis the correctone.

Comprehenaivechemicalanalysesof all the varietiesof granites

may help in the problem. However,the bandingia remarkably

persistentover large outcrops,end is exactlyanalogousto the

sedimentarybandingof some of the ailiosousschiets. Pending

futureresearch,therefore,it is suggestedthat the banding is

due to the firat of the factorsstatedabovt.
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(2)Rchiata ad oinin the besalB •llitind ranite Besal

Sucomion)

Descriptionsof the euccesaioneahown in fig.59are inaluded

to indicatsthe petrographicvariationof the sedimentain

immedLatecontactwith the basalBjellItindgranite.

(a) DetOilsof the lowermostthrseastres of the Rorth Ivittind

succleasionare shown in fig.66,and it consiatsof alternating

foliatedsemi-peliticschiateand thin lenticularand layered

tourmeline-bearingpegmatitea.The achietaars ruaty weathering,with

a plenar achiatoaitydevoidof puckeringand undisturbedby

projeotingporphyrobleata.Thin lamineeof microclinsare oommon.

Theee rockaare oloselycomparablewith the oontectrooks of the

Glomfjordgranits(M.A.Jones,personalcommunication). In addition


to ths three prominentlayers of tourmalins.bearingpegmatitsa

indicatedin fig.66,the achietaabove R 29 hive a common development

of thin felapathistourmaline-bearingachlieren. It is noteworthy

that theeeare abeentin the 2 metreeof metagedimentabelow thia.

The mineralogyof the echisteie similarto the underlying

granite exceptfor the spaamodicdevelopmentof muecovite. Rowever,

• modal analysieof the loweatof the schiate (R 27) indicatea

significantdifferencesfrom the basalgranite (Table4). The mioas

are arrangedin laminee,with muecoviteeubordinateto biotite.

In contrastto the oommondevelopmentof green-brownbiotitssin the

basel granite,thossfrom the schietaar• always brown. Granular

quartsand fslaparconstitutethe remeinderof the rocka, the
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Tabl.4 SaøalSucoaasio

(a) North Evittind

Minera1Asumbla øø

(1) sohiata

Quarts Nloro—Plagio— Biotite Nuaoo. Magna— Tourmr— Apattteolinø olaøø vite tite line

R 27

29X

31X

457
R 459X

xxx
xxxx
xxxx
xxxx
xxxx

(2) pegastitso,

loolaseC oa t ona

(1) aohlata (2)psgmatitos,
R 27 An 24 from 5 detørainationa U 26 An 5 from 6 detarminationa
29 An 26 from 3 determinationa R 28 An 17 from6 daterminations
31 An 30 from 4 detsrminatione R 29 An 3 from4 detørminetiona

R 457 An 26 from 3 daterminations N 31 Aa 23 from 3 daterminationa
(appror.)

Nodal Ana sia

quarts Nicrooline Plagioclase Siotite Nagnatite Total
27 48.2 24.0 16.6 10.6 0.6 100.0



(b)Worth04.1tolcart
nera1Assemb

(1) uar zo.felsot echLete

QuartsPla— Nioro—
glo. cline
clase

s 401 X X

404 X X X
405 X

2 413 X X X

H10—Ma.Chlor—Nag.Tour.
titeco— ite no. ma—

vite titellne


Apa Sphons0arnet
tite

X

z 414

a 415

416

a 417

419

X X

X X

Psametite

X 403X

Marble
R 400 XXXXX Chlor-

1te

X

XX Celcits

Amphiboltte

a 462 I x Horn. X Diop— I HPI X

blende mide dots

P1a oc oG oa t
(1) rt o—fela t o ssoLata

R 401 An 27 from3 determinatione
404 An 5 (insideoforyetal)

An 20 (outeidoof orystal)
fl 405 An 0 from3 determinationa
413 An 16 from3 determinatione

(2)!Marbla
R 400 An 33 from3 determLnatione

(3)Aambibollte

R 402 Aft34 from3 determlnationa

An 34 (outaideof orysta1)
An 24 (lnisidsof orsata1)

R 414 An 12
H 415 An 32

8 417 An 16

R 419 An 13

from)(44Eterminationa

from4 dsterminations

from2 determlnationa
from4 doterminationa



3

(o) ut 0altel

1 sa bl.a

quartsNioro-Pla- Bio.Chlor•Nasoo-CaralitApa- ilpheasNagem-
olia, glo- titeite vits tite tite


olaøø

X 452 X X X X X X X X

453 X X X X X X

1 454 x x x I x X

455 X XXXX X

Pla ioolassC oø t

R 452 An 20 froa2 detørmiaations

An 17 (1neideof orysta1)

Aa 21 Coutaideof oryota1)

454 An 36 froa3 detørsinations

Aa 31 (ineldøof orysta1)

An 36 (outaideof orpsta1)
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lattør also occurringas largercrystalsinitregularlaminse

2.3 mm. wide. Occasionallenticularquartssegregettons,composed

of lorge orystals,arealso prøsent.

Tølsparrelationsare similarto those in the undarlying

granite. Fracturedplagioclasøscommonlyahow combinedalbite—

pøriclinetwins,sometimespatchy in development. Theiraverage

compositionof An 28 (Table4) ia coasiderablymore basicthan

the msjorityof the associatedpegmatiteplagioclasesand all

of those from the undørlyinggranite. Microcline,which often

occurs in thin laminae,is both finslyand coareslytwinned,and

is less deformedand fracturedthan plagioclase. Interaction

betweøn the følsparswith the developmentof sodicrina to plagio.

clase when in contaotwith mioroclineis clearlydisplayed

The threepegmatitelayers shown in fig.66arc each distinctive.

H 26, a grey graniticand foliatedpegaatitesimilar in

mppearancsto the basalgranite,la probablyaituatedonly s few

cma abovø the latter. Granularpatchesof quartsand felapar

are emparatedby porphyroblastaof variablesizt of microclins,

plagioclaseand quarts. Small muscovitecrystals,probablyformed

from the felspars,are widespread. Morocline shows • patchy

developmentof twinningand la moreabundantthanplagioclasø; the

latter is oftenfractured. Secondaryalterationof the felapars

is muoh morewidespreadthan either the undørlyinggranitaor the

ovarlyingmetasediments.

H 28 is a coarse—grainedtourmaline.bearingpegmatite

about 1 metreaboveH 26. Thø coareeneseof texture(grainsise
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of 3-11 aue) and the cosplioated later—relationships of the

constituent ainerals are distinctive (fig.85). Large unstrained

quartz orystals are poikiloblastic towards the felapars.

Plagioolase, finely twinned on the albite law, colmonly shows

a snmll amouat of fracturing, •nd is clouded by aecondary alca.

Coarsely twinnod aioroaline ia unfraatured and gennally frn of

secondary alteration. Nuscovite •nd biotits, the former in larg.

orystals and the latter in leas abundant and amaller crystals,

have ragged terminations, and do not appear to be in aquillbrium

with the felspars. The lack of widsapread oataclasis and th.

largeness of the average grain sise indicates the probability of

post—P3 crystallisation. Bowever, the lentioular naturs of the

body suggests that it haa probably undergon. some pravions

deformation.

(iii) H 29, I 30. These tourmaline—bearing psgmatites ocour

some 2 zetres above tht granite contact, and are the lowermost rooks

in the astasedicasnts whioh contain tourinaline. Tourmaline occurs

as large diaoriented •nd zoned crystals, pleochroic in yallows and

browns; it is probably schorlit•. Quartz is abundant as

interlooking crystals of varisd size. relepare ocour in patohas

which show extreme seoondary alteration, with only ocoasional

faint twinning of plagioclase •isible. One of the rooks shows a

contact with schist, and the falepars of the latter are oompletely

fre* of alteration,

Thin pegaatitio sohlieren in the achists above I 29 and N 30

show similar oharacteriatics, except for ther ocourrence of largs
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Interr•lationahipu of the felapare from a pegmatite of
the basal serion, North Y.vittini. Tho plasioclaso is finely twinned
and partially fractured, and ahowa a de,s-reeof secondary


alteration. The microcline, on the other hanl, ia freo of alteration
and unfractured; it appeara tht microcline i3 in the process of

replacing p1a4on1ase. x 30.
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microclineporphyroblastsand rutilecrystalsup to 1 mm acrosarimmed

by 11monite. This associationof rutile, tourmalintand ilmemite

is uncommonin the Glomfjordregion,and the only occurrencerecorded

from near tirnss.

Remsinderof the NorthXvittindsucoession(fig.59,sections

561and 5b).

Immediatelyoverlyingthe rocks describedabove is a group ot

coarstwellafoliatedsohistswith abundantmuscoviteand subordinste

biotitewrappedaroundoccasionalgarnetporphyroblastsup to 1 cm

in diameter. Tragmentedquartzlaminaeseparatemicaceouslayers,and

there is an occasionaldevelopmentof irregularquartzveina.

Localisedchloritisationof biotitsis developed.

Righerup in the succesiion,about20 metreaabove the basal

granite,is a wroup of quartzo-felspathicschistesimilarto the

Galtakartsilty-schista.They are fine-grainedand granular,with

a high proportionof microoline. Inclusionsof orthitein biotite

cause zones of disodkEration;separatecrystalsof orthiteare

also present. Nuscoviteis of late-etageorystallisation,and cuts

aoross the earlierfabric.

Summar and Conolueions. Althoughthere ie no aystematicvarLa-

tion in the proportionof microclineln the metasedimenteabove the

basal granite,there is s generaldecreaseaway from the granite.

Thue the semi-peliticschistsin immediatecontactcontainabundant

microoline-richlaminae,while in the silty echistssome 20 metres

•bove, microolineLe more granularand less common.The reason for

the absenoe of mioroclinein the interveninggarnet-bearingrocks
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La eitherdue to incompatibilityof microclinewith garnet,or

more likely,preferentialintroductionof the minsralinto sohists

of partionlarcomposition. In both •stasedimenteand basal

granite,the microclineie of analogousappearanoe,and in each

oase its relationshipewith plagioolase,probablyof earlier

cryetallisation,are siallar. Thus, the microolinein the

metasedimentswas probablyderivedfrom the basel granitewhere

abundantmicroclineis encountered. This suggestslocalised

granitisationof the metasediments(stealso p.431).

Wilagioolassein the schistshave a variablecoaposition

(Table4) but one that is consistentlymore basio than thosefrom

the basal granites. In •ddition,the plagioolasesfrom the schiste

are granularand often slightlyfractursd,and do not show •vidence

of a metesomatioorigin.This •videnceis used to suggset

prinary differeneebetweenths metasedimentsand the granites

(ses also p. 231). The compositionof thelplagioolassorystals

tends to becomemore basioaway from the granits. The reasone

for the extremevariationof plagioolasscompositionsin the

pegmatitesare unknown•The twinlaws of the schistand pegmatite

plagioclasesare different. Whereas thosefrom the pegmatitssare

inveriablytwinnedon the albitelaw, combinedalbite-perioline

twineane common in the schists.

A oonsistentdifferencein the biotitesof the basalgranites,

comparedwith the overlyingmetasediments,is the green-brownoolour

3f the formerand the brown or red-browncolourof the latter.

This may be due to variationin contentof Aronin the biotitee.



Nuseetits,presentthroughoutthe sehisteueoeseion,is nerver

seen in the basal granite,probablybeoauseof originalveriations

in oosposition.Touramlineis coneentratedin the eehistesoem

distaneefroa the granite,but sven no it is olearlyrelatedto

the late—stagepegmatitesderivedfroa the latter.

(b) The detailødpart of the North Galtskartsueoession

(fig,59,seetion7a) consistsof about40 •etres of fleggy

micaoeousschists,with aarblesand eale sehistetowardsthe tope

Two types of alea sohistaare preeent,•aoh of whioh is interbanded

with the other,and eaoh oceurringin roughly•qualproportions

(see fig,59):—

(e) The pelitiesehisteoonsistof well—follated

aieaceousroeks,with museoviteoeourringin thin laainaetogether

with subordinatebiotite.Slight bendingof the ausooviteis

probablydue to 73 deformation.Green—brownor brown biotitsis

found in difførentrooks.Granularquartsand felaparseparates

the aioaesouslayers,while 000ssionalquartsveineare present.

Superfieialalterationof plagioclaseis eomon, and the felepar

relationshipsare ths samuras are seen in the basalgranites,

(b) Ylaggy seal—pelitiesehistsare similarto

equivalentrooks fros the NorthAvittindsuceession,deseribed

above (p.Q33), Again aioroolinttends to opeur in thin leminae,

and there is an overallgeneraldeereaseof the ainerelaway froa

the granite. Plagioolaseis patehilyserieitisedand often shows

oombinedalbite—periolinetwine,aesoeiatedwith zoning, The
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latter is sometimeswell picked out by serioitisedcores and

clear rims to the crystalsand is • separatephonosenonfromsodic

rime along microolinejuactions,whish ars alee developsd.Both

the typee of myrmekitsdescribedon p. ar. seea. In oae of


the rocks musoovitoia abundant,while microcliaeis subordinats;

this may be due to reactionof the potashfelsparwith garnet,

small crystalsof which are present.

A coarse-grainedpegmatitscuttingthe schlatsconsiats

principallyof largesericitioedmicroclineoryatalsseveralcms

acrosa,which oontainirregularveins of both highlyalteredand

unaltered,untwinnedfelapar. Theseveins may represent

perthiticalbit.. Ideckof cataclasisindicatespost-N3crystallisation.

Towards the top of the succeasionan unurualquartso.felapathic

schist occure,associatedwith marbles. It containsa considerable

proportIonof phlogopiticbiotite,and large irregularly

distributodcaloiteorystals. A thin band of amphibolitewithin

the marblsais composedprincipallyof dark green hornblends.

Diopeideoccurain occasionallarge cryatals,partiellyrsplaesd

by pale green,probablyactinolitic,aaphibole.A similarvariety

of aaphibolsis f4undalong the margineof a quartsvein. Plagio-

cleas is presentas smell,atrained,and sometimestoned,crystals,

of an earlierage of oryatallisationthan the hornblende.

(c) T e douth Galtakartsucoession(fig,59,eaction6a)
containerocks that are more uniformlypelitic than thoee oa the N

of Galtakart,with the speemodicdevslopmentof large garnsteand
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• general1aok of felapsthisation.The roeks are generallywell

foliatedwith micas arrangedia distinotlayerewhichare wrapped

around the ocoasionalgarnetporphyroblastew Swahapedtrainsof

inolusioneof granularquartzwithin the latterare sometleas

arrangedelmoatat rightanglea to the presentechistoetty

indicatingrotationof the garnets,probablyduringP2 timse,

The pressrvationof an early schistosityof thia natureis common

elsewherein the Galtakartpeliticsohieta,and has also been

deacribedfrom otherparte of theGlomfjordregion (ewg.Aokereana

1960, Acksrmanaet al 1960). In the otails'of the garnet


porphyroblaatethe biotiteorystalsare considerablylarger

than elsewhere,and are partiallychloritised. Zonedplagtoolase,

with comparablepropertiesto that elsewherein thø basel

snooesaiona,ie prseent. Determinationsshow that the central

portionaof the zonedorystalsare more soid than the rima

(An 31 and An 37 respectivelyin one case).

Summar •nd Conolusione. The successioneof North and South

Galtskartare broadlysimilarto that on the X of Zvittind, Ia


.the quartzowfølepathicschistethere ie a trend towardemor.

basim plagioclaseeaway from the granites. The peroentageof

combiaedalbite—pørione twine tend to inoreaseaway fram the

granite,and are very rarely seen in the graniteiteelfw

.Irregularzoningof the plagioclasecrystalscommonlyseen in this

successionis of unknowneignificance. It may be a oonaliquence

of strain,associatedwith the complioatedtwineoommonly

developed,
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Mineralassemblagesare in accordancewith thusepresentin

the kyanite-staurolitesub-facies,the main difførencefrom the

basal granitebeing the occurrenceof mascovite. The reasonsfor

the absence of calc-silicateminerals,such as grossulariteor

diopside,in the calcite-bearingquertzo-felspathicschistin the

N. Galtskartsuccessionore not clear,althoughthe calcicnature

of the plagioclase(An 33) and the presenceof phlogopitsla

presumsblys consequenceof the calcareousaffinitiesof the rock.

Rocka of comparablelithologiesthroughoutthe remainderof

the Ornes regioncontainsimilarassemblagee,and there is no

increesein metamorphicgrade towardsthe basalgranites.

(3) Steffodalenand GaltskartSucceaslons

Prom structuralconsiderations,the large group of interbedded

peliticand semi-peliticschistsof Steffodalenere regardedas

leing older than the metasedimentsoverlyingthe BjellItindgranite,

and constitutingthe mounteinof Galtakart(p.165). Rowsver,It

is difficultto tracethe Steffodalenrocks westwerdsdue to lack

of exposure. Withinthe Steffodalengroup are thin bandsof

calcareouspelitinschists,marblesetc., rockswhich are prominent

in the Galtakartsuccession,and converselyin the Galtakart

successionare rocks of similarcompositionto the main mass of the

3teffodalengroup. Tor this reasonthe two successionaare described

together,while the peliticrocks of the Steffodalengroupare

dealtwith separatelybelow.
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PeliticSchists

Most of the rooks belongingto this groupare well foliated and

shawruetyweatheringwith prominentmicaceouslem1nee. Porphyro-

blasticgarnetsere commonlydietinctive. A characteristio

series of finely interbeddedpeliticand semi-peliticschisteforms

part of the Steffodalengroup. The individualbandaare from% cm.

to severalcms acrose,and consistof alternatelayers of quartzo-

felspathicand mioaceousmaterial; the lattercontaingarnet.

A sedimentaryoriginis probable,as the bandsare remarkably

continuous,and show the petternof even the earliestfolds

(figs 36, 40),

(1) SteffodalenPeliticSohista

The easterlyoutcropof the schistsin Steffodaleniteelfis

separatedfrom the probablewesterlyequivalentsin the

Blaat/nd.Southerneeregion.

In Steffodalenthe rocks are predominantlyblotite-richand

well foliated,with occasinnalraggedgarnets. The lattercontain

abundant inclusionsof quartz,and sometimesrotationof the

porphyroblasteis indicatedby the orientationof the trails of

inclusions(fig.865). Biotiteformscrystalsof variablesize which

vtraparound the garnetporphyroblaste.Gentle72 or P3 microfolds

are sometimes.visible,but in generalbiotitehas recrystallised

oubsequentlyand is unbent. Equigranularquartzand plagioclase

separatesthe micaceouslaminae,and the felsparis usually

elightly bent and fractured. Occasionalquartzveineare a1so

present.



Thb • al t Schist of thøStoffodalsnGrou

(a) InStieffde ta • 10 speolmensiscamined.
Thøpredominantaseemblageis quarts,plagioclase,biotIte,

muecovIto,garnst. NIcroclineIs presentin onlytwoof thsrocks.

ApatItsandmagnetiteare prøs•ntwithocossionaltowralineand

OpIdote(pIstacits).

loolaseco alto

243 An 47 from3 døterminations

Nin ral

121 StotItø Ny • 1.620 Pleochroisat	 verypelebrown

Y Z • rød-brown

Correspondeto Iron-richveristy,probablysiderophyllIte

249 Inotito,Ny • 1.625 PleochrotemsX • verypelsyellowebrown
YeZevery darkbrown

probablysidamphyllIte

(b) In tind-South • 9 apeolmsnaexaminød
The predomlnantassemblageis quarts-plagloolaso-biotIt~garnet.

OodesionalrockscontainmusoovIteor oneor moreof kyanite,etauro-

llteand eillImanIte.Apstitsand mognetItoarecommonwith

occasIonalspheneandpistaolte.Chloritele somøtImeepresont.

P1e loclasecom os t

146 An 37 from3 døterminationsB 265 An 15 from3 detsrainatIona
M 148 Aa 22 from3 determinatlonsR 463 An 38 from4 determlnatIons

An 25 (Insideof crystal)
An 20 (outsideof orystal)

Niamral ro ørt øø
R 146 StIlimanite2V • 16° Nx • 1.633 Ns • 1.667

Nodalana •

Quarts Plagio. BlotIte Garnet NagnetiteApatite Total
claes

fl142 19.7 56.8 22.4 .3 .3 .5 100

Z4-7



7ig.86. Ths formof garastandkyanitsporphyroblastaLa
palitioaohiatilefromthoStsfrodalsaand Galtakartimoammeloaa.

A. InsluaLsaser magutit. thathavebosainoorporatstia a
garaetorpotalof latordessLopmeat,lagten.

3. Granularquartsof 72 agowithiaa garnetporphyroblast.
Ths toaturooataidtth• garastis sonsidsrablysoaraerthaathat
Lmaido. Darf$11.

G. Å gornotporphyrablastgrowiagaerossSaaotlnalalarofolda
preasrvinlin blotitooryatals.3outhGaltakart.

0. Tiao-grainedmagastitoaad quartslaaluaionswithina garast
eryatal. Sphemo,whishls stipplird,la soneontratodla thetatls
of theporphyroblast.Lath-likohorablsadoOrystalsarsof a
latorotageof orystaLliaationthaathrgarast.

I. 5-ehapodinelusLoaain garnet,iadLeatiag
72 rotationof tha

•rystalduringgrowth. Stoffodalaa. LatorOrystalliaationmar
bo indisatsdby th.oloarria to th.erystal.

V. Diaorisatodlats-stmgokyanktoOryatals,probablypost-72la

age,growingaeroaaaarllerblotitoorystals,SouthGaltakart.
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The pelitio schists of the Blaatind-South Ornes rsgion are

interbandød with other rocks of variable oharacter, and constitute

only a snall part of the total sullesesion. Abundant brown ønd

regged blotite define a sohistoeity that is often iaterrupted by

garnet porphyroblasts. Diaccilinration around ninate inoluaions of

unknown composition Ls a ooanon feature in the biotite. Ths

variation in ruhedrien and outline of the garnet porphyroblasts is

shown in fig.86 (A, B). Preservation of an early schistosity

and the subsequent rotation of the garnets ia olearly demonstrated

by thø orinntation of granular quarts inolnsions. Bubsequent

renewed orystallisation nay be indicated by tha ocoasional

ocourrence of inolusion-free rins. Partiall chloritisation of

biotite appears to bø concentrated asar gernet orystals. The snall

amouat of kyanits present in some of the rocks is poikiloblastic

and probably crystelliesd relatively late. Nach of the plagioolm

showe albite and pericline twinning and ie often fraotMred. Local

moning around inolusiona of quarts and other ninerals is sometimes

observed.

A distinotive eillimanite and ocoasionally staurolite-beering

achiet has been identified in a thin stratigraphio band between

Bugten and Høsbes. At Bugten the rook consists of large

plagioolase crystals, separated by mones of granular quarts and

cordieritel associated eillinanite occurs in large, roughty

oriented needlas (fig.87). Traila of negnetite graine are prøsent
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rig.87. A largu plai;locluau orjaa14, altowiraj irreg:Ålar twin
laxellao, and containing incluniono of au,:natito, in ataurolito
achf-st, t.L:abon. maLcLei:4i with ia.t.he

atton cit;i-st haui CO ?rs 31.' is a sn4o, largu, alovo-liks porphyro-
blant of atnuroute, with connon incluMona of mar:netita plarTioclaso
etc• x 30.
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throughoutthe rocks; theiraw•ragesiss ie emellerineidethe

plagioolasethan •lerwhere. Clinosoisiteis found as amell

greins in thin bandswithin some of the plagioolaseorystals. A

few ragged orystaleof biotiteoccur. Very ocomnionallyemell

euhedralstaurolitecrystalsare present. The stratigraphie

equivelenton MesSenhae a somewhatdifferentpetrography.

Plegioolaseforra largeorystalaoften twinnedon the albite—

periclinelaw, and commonlysonedaround incluaionsof magnetite,

quartsand biotite, The twin lameklesof the plagioolasøsare

usuallyspindle—nhaped,and the crystalsare sometimesfreetured.

Large green—brownbiotitesare charaoteristio,ea are the

ocoasionalsiews—likepotkiloblestiooryntalsof staurolitsup

to 3 or 4 ma in diameters No sillimaniteor cordieritehas been

identified,

The mineral•ssemblegeein the peliticsohistaof the

Steffodelengroup are generaliyindicativeof the kyanite—

stanrolitssub—facies. However,unusualassemblagesoocur

in the staurolite—bearingschista,and are worthyof further

comment, Stauroliteappeareto be atable ower a narrowtempereture

rangs and is comtcniysubstitutedfor by kyaniteand alaandiee

(Turnerand Verhoogen1951). Associationsof kyaniteand

almandineare common in the ernes region,but stauroliteis rare,

The absence in the MesSenstauroliteschist-cfany potashsbearing

mineralsexceptbiotiteis probablydue to the high peroentageot

Lron and magnesium; all ths availablepotashmey then have been
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used in the f;rmation of biotite. In the other •seemblags,

where eillimanite, staurolite ønd cordierite co-exiet in

apparent equilibrium, type minerals from threirsubdivisions of the

•mphibolite faciee are preeent in a single rock (cf. Turner and

Verhoogen 1951). Cordierlte may have developed preferentially to


biotite due to lack of aveilable water - ia this case, there would

be no other minerel capable of accommodating Mg0. The general

anhydrous nature of the rock supporte thie view.

Galtekart Pelitic Schiste

Both'well-foliated, finely-banded mdcaceous echiate, aad

coarsely crystalline garnet- or kyanite-echiste occur. In the


garnet-free rocke, biotite is the dominent mice, ie alwaye brown

in colour, and often arranged in cloaely-spaced laminae.

Semi-PelItic Schiete (juartzo-relepathicSchists)

Distinction wae made in the field between echiste -


measive grey and variably bended rocks, and flaggy semi-pelitic

schista (see p.

Silt Schiste

quarts, plagioclase and biotite are always present, while

musoovite is f3und in all but two of the rocks sectioned. Miorocline,

in variable smount, is oommon, but not ubiquitous (Table 7). Garnet

is widespread, but only present in amall amounta,

Btotite is normally found se small brown or green-brown

crystals, generally well oriented, and sometimes bent by elight r3

micro-folds. Occasional clota of lerger crystale are alee



Tahle6 • t SohlatefroatheGaltkartSuooees

20 spooisene•sanined.

Thspredosinantnaaemblageis quarts,plagioolaseand hiotits.

Musootits1s prosent1n 11 of therookaend garnetin 14, H1oroolIns

wours in two of therooke,and is inoompat1blewithgarnet.Kyanite

is foundin 5 of thsrooksand •taurolitsin 1. Apetiteand

sagnetitearepreaentwithononsionaltouraaline.Secondaryohlorito

is quiteoommon.

P1 i1ase ooa1t1




61 An 30 froa5 deterninations H 117 An 28 from2 detierainations

70 An 25 from1 daternInation H 213 An 57fron3 deteratnetiona

R 74 An 35 froa4 deterninations I 313 An 28 froa2 deteralnations

R 88 An 33 from5 deternInstions R 363 An 39 froa3 detereations

Ormilro •rtiee

R 70 Xesn1te Ny • 1.719 Is w 1.725


Hoda

QuartsPla. Bio.Nuaeo.Kia.Ger.Apa.Magne.Tour.SpheneChlor.
gio. titevite nitsnet titetits ea. itør
olase line

R 61 64,9 8,7 134 8,9 1,1 2,2 .5 1.1
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Table Se eliticSohistaof theGeltakertSucose
(a)S t Sc • 12 epecimensexaminsd.

The pr•dpainant•ssamblaseis quarts,plagioclae.,mioroolin.
(in9 rooks),biotite,muscovite.Garnetla prasentin 5 rooks,and
aecondaryohloritein 6. The mostimportantacoesaorymineralia
apatite,but sphsne,magnetite,epidote(pistacitsand clinosoisite)
and tourmaliasocoaelonallyoccur.

Pla oolastCo

62 An 19 from5 dsterminationsB 90 Aa 24 from5 determinations
8 72 An 26 froa5 determinationei 217 An 32 from4 determinations

73 Aa 12 froa2 detereinations8 245 An 47 tren3 determinationa

lt8o Aa 28 from3 determinationg

Noda1 as

QuartsPlegio.Mioro.Sio. Nusoo.GarnetApa. Totalclaae oline tite wite tite

62 56.2 4.9 6.9 17.4 14,0 .2 .4 100,0
73 32.3 35.8 6,7 22.0 2,0 .7 .5 100.0

(b) Semi.e1 tioSohista,13 opecimens•rsained.
Thepredominantassemblagsis quarts,plagioolaes,miaroolins

(7 rockn),biotite•nd muscovite.Garnetis presentin 4 of therooks.
Secondaryohloriteiapreart ia 6 of therooks. Spasmodiaapatite,
aphene,megustite,tourmalineandpistaciteocour.
Pla laseC a
8 254 An 18 from2 determinatione

Modal n sia

Quarts Plagio.Nusco.Bio.GasinetApa. Nagne. Totalolase vite titt tit• tite
310 45.0 25.2 15.6 13.3 .5 .2 .2 100.0
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present, Discolourationaroundsmall inclusionsof orthite,and

rarelypistacite,are seen,and the biotitecrystalsare commonly

pørtiallyaltøredto pale greenchlorite. kuacoviteis usually

aubordinateto biotite,forminglate crossecuttingcrystals,but

when it is abuadentit has the same type of occurrencsas biotite.

The quartso—felspathicmaterialie granular. Plegioclaseis


usually the dominantfelsparand often exhibite•lightbendingand

fracturing. Superficialsericitisationis commonlyobserved.

Microcline,presentboth in compactand smallpoikoloblaatic

crystals,is probablyof a laterage than plagioclase. Myrokite

is developedalong some of the plegioclase-microclineboundaries.

Apatite is the mostwidespreedaccessoryminerel,gensrally

as small grainebut in one of the rocks (11395) in roundedcrystals

up to 2 mm in diameter. The remainingaccessories(Table7) are

only found in very smallamount.

Mineralaseemblegesbelongto the potesh—excessfieldof the

staurolito—kyanitesub—facies(Turnerand Verboogen,1951). Ths

occurrenceof garnet,mioasand microclinein the same rook is

indicativeof disequilibriumconditions,as normellyreactionwould

take plaottbetweenthe potaah.felsparand garnetto form mica.

The latenessof developmentof microclineis probablythe reason

for thio association,whils the smalland ragged garnetsmay be

of • relict naturs.

Sonleof the siltyachiatsapproacha graniticcomposition,

• fact which may be appørentfrom theirfieldcharectørs. However,



microolineis neveraa abundantas in the basal granitee,and

generallyoccursin smallergrenularcrystals. The common

ocourrenceof green—brownbiotitecrystals,which sre found in the

besal granites,but in few othersamong the metasedimentsalso

linka the two rock typse. 1n other neighbouringregiona(Walton


1959) it hes been suggestedthat the bosal granitesmay have been

derivedby felapathisationof a rock typscloselyalailørto ths

9silty• schist,a view that is supportedby the presentstudy

(see aleo p,3(3),

Fla Semi—PeliticSchiats

The 	 blagespresentin thie grouparesiailarto thoes of

the eilty schista,with microolintpresentin a highpercentegeof

the rooka. Oarnet is again onlya subordinetemineral,ocourring

alwaya in smallcrystals. Cloas oomparison•xistepetrographically

with the ailtyechintgroup,the principaldifferencebeing the

ubiquitousoccurrenceof brown biotite,ønd the smallerpercentags

ofiblepathicmaterialin the fliaggyaemi—pelites.The gernetseirewmally

more obvioualyskeleta1.

CalcarsousPelitioSohiste

A characteriatioof this group is the abundanceof the minsral

speoiespreaent,oftenup to ton or twelvein a eingl.thin

section, Conatancyof assemblegefrom rock to rock Ls alao

noteworthy,even to the soceseories. The most importantminerels

are quartz,plagioclase,scapolits,biotite,hornblende,diopside

and calcite,e11 of which,with rare •xceptions,occurin every
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Tab1 8 aloaroo t Schinte Galts r Suocoes
14 apoolmonsoxamisnød.

Thsprodomlnantasoomblage,which1s romarkablyporalstont,is
quarts,plagioolaso,biotito,dlopa/do,hornblendo,calolts,scapol1to
(22rooks),garaot(8 rocks). Nnacowitois foundin 3 of thorocks.
Sphonoand nagnotitoarsconnon,withocoasionalspidoto(pistacito
or olinosoisito)and apatite.Chloritooocursin 2 of thssooka.
Pla loolasoC sit

15 An 36 fron3 dotermlnations
39 An 34 fron1 dotoralnation
55 An 38 from4 doterninations

nor1 P srt aa

Amph1bolo 2v • 68% opticallynosotivi

Pl000hroiam X o vorypaloyollow.grosa

Y s gren

Z • darkstsoom

Nodal na o

quartaPla- Rio-doap- Hora- Cal-HasflGartSpboao Totalsto- titoolltoaido bleadocitoao. aotolaao tito
E 39

I 56

56.5


35.9

30.1

4.0

1.5

17.0

12,0


19.0

19.0

15.6

24,4

12.9

4.9

7,2

10.0

3.0

2,1

6.5

3.7

2,7

3.14

.2

.3 2.3 .2

1.1

100,0

100 .0

100.0



rig.89. skaundstorsedporphyroblastiodiopaideorystalla a
salsareeffiapelitiswhist, lorthDigeraalea.The orystal
itsvelopedaftertha goatl•odoroiladais visibleia ragged
eistita. i 30.

&



2i I

rock (Table8).

Petrographically,the rookaconaiitof peliticechistawith a

variablepercentageof calcareouemineraleadded (normallyabout

30%). Small raggødbrown biotitesoccur in rough layers,and arø

sometimesalightlybent. Pleochroichalweearound minute

inclusionsare sometimescommon. Quartztispreaentin granular

crystalsand occasionellate veins.Small porphyroblasticplagioclasts,

often showingcombinedalbitespericlinetwins,are commonly

frectured; the intricatetwinningmay be a consequenceof thie

deforation. Some of the crystalaare moned.

The mode of occurrenceof the calcureouamineraleis variable,

and some of the complexinterrelationshipaøre shown in rig.90.

Diopsidsis foundcommonlyin eirve—likeporphyroblastsup to 2 ma

in diameter. Lateneasof developmentis indicatedby lack ot

deformation,Snd the way the crystalsgrow acrosa the earlierfebric.

Rornblendeia oftenassociatedwith the diepside,as an alteration

product, but discretecrystalsof the mineralare also seen.

Roundedand granularscapolitecryetalsare commonlyassoolated

with diopaideand hornblende,to form diatinctbandsa few ma

thick. Scapoliteoccursin some of the quartsveins. Smell amounta

of calciteare also of late origin.

Ragged garnets,with many incluaiona,sometimeeformsmall

irregularporphyroblaste.Associetedbiotite,hornblende,and

magnetiteare poesiblyalterationproducteof the garnet.

Magnetiteie aseociatedwith biotite,and sometimesenclosedby

the latter. The epidote,which occursas occasionalsmallgrains
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can be •itherclinozoizitear piatacite.

Å thin band within the deat Lysvandcalcareouspolitioschiet,
is composedprincipallyof largeporphyroblaaticgarneta5-4 am
in diameterwith a normalpeliticmatrixwhich•lso contains
granularcryetalsof acapoliteand a few amall raggedhornblendse.

itethe mineralassemblagesobservedare so distinctive,their
significancein relationto metamorphicfacieeis worthy of
diacussion.The stableassemblage,almendins—diopaide—hornblende,
ia only developedin the sub—facilesof that name (Turnerand
Yerhoogen,1951)• differentaub—facissfroa that to which the
remainderof the rocka of the Ornes regionbolong. It is olear
that there is a lithologicalcontrol to the assemblage,and the
lack of equilibriumis indicatedby the relictnatureof the gørnet,
and the latenessof developaentof diopaideand hornblende. Thue,
ths •seemblagssprobablyconformto the potash—exceasfieldof the
kyanite.atauroliteaub—facies,althoughthe co.existenctof diopeide
and biotiteis anomalous.The p*****ot of calcite is compatible
with excessailicadue to the inabilityof wolleatoniteto form
under these conditions. Abaenceof microclineand the rarity of
•escoviteie probablydue to ariginalcomposition.

The occurrenceof abundantscapoliterequiresfurther
explanation. D.M.Shaw(1960),in dealingwith the geochomistryof
scapolite,reviewsthe existingliteratureon the petrographyof
all forms of the mineral. For regionallydevelopedscapoltte,of
similarmode of occurrenc•to that in the Ornearegion,a variety



ettd

of •xplanatione heve boon proposed. In soms cases, it oan be

related directly to ignsous sources (seg. Elarlow, 1910, Carlson

1957, Barth, 1930),but elsewhere its origin is less clear. Thus

Sundius (1915),in describing the development of scapolite from

the Kiruna dietrict, where it is associated with iron, involise

two causes (ø) contact posumatolysis (metesometism), (b) remobilleation

of pre-existing material. He belteves the latter to ber lese


inportant, se there •re no impure marblee for the produotion of

the necessary CO2, and there ia inødequate Cl in the associated

sediments, Von Eckerman (1922)deacribes the development ot

scapolite in calc•reous rocks with associated skarn minerale undør

coaditions of deep-seated metaaorphism. A aimiler mode of

development is suggeeted by White (1959)for a group of scapolite-

pyroxene rocks in South Australis, Edwards and Haker (1953),in

desoribing scapolits-bearing Pro-Cambrian rooks of Queensland,

Australia, regard its formation as due to NO-metateometism. Undør


aormal conditiona, sode mstasomatism leade to the production of

albite, but here, due to the existencs of calmareoue shales, soapolite

forms preferentially, due to the ebundance of CO2 and Cl.

Someahat similar conditions to those described by Edwards

and Baker appear to be epplicable to the Ornes region, although

evidenos of Ne-metasometiam is slight in the calcareous pelitio

schiets. Here the ecepolite ie of late development, /f scapolito


were formed by mstaaaaa tiam there should be a close correlation

between ite occurrence in the calcareoue rocks with that of



plagioclase in pelitto and semi-pelitic rocks. Within the

calcarsous pelitic schists bent and fraotured plagioclass

(presusably nf relatively early formation) occurs in the same rock

as soapolite. Interaction between the two minerals is rarely

seen due to the restriction of the scapolite to the late quarts

veins; but when the two minerals are seen in contact, there is

no evidence of scapolitisation of the plagioclase. Moreover,


there is no evidence of extensive metasomstic development of

plagioclase se a late product in the remeining metasediments,

and the composition of the plagioclase varies according to the

schista in which they are found. Because of these faotors, the

writer considers that the scepolite developed by internal

redistribution of pre-existing materlal (002. Cl etc). This

process was probably auto-metesomatio, developed at the end of

regional metamorphism and probably coeval withthe quarts veine.

The composition of the scapolite in the calcareous pelitio

schists is unknown, but se the birefringence is generally high, it

probably contains a considerable proportion nf the Ca •nd-member

meionite. Thia is compatible with ite occurrence in calcareous

sedimests.

Calc Schista


Thin layers of banded or unbandedderk green calc-schiste occur

in association with, or Separate from, marble bands. Both diopside

and hornblende are normelly present, and often make up a conaiderable

proportion of the rock. Quartz and plagiociase are present with

rare •xceptions, while micr;cline ia also common. Calcite is
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often seen, sometimasin aesociationwith microcline. Scapolite

and a number9f accessoryminerals,the moat importantof which

are epheneand opidote,also occur.Gernet is prsasntin only threø

of the rooka examined.Two broad groupaof calc schistmey bø

rscognieed: (a) fine-grainedrocka showingmineralaanding,(b)coarse-

greinsdunbandsdtyptswith diopsideand biotiteforminglargs

porphyroblaste.

(a) Fine- rainedvarieties. Raggedhornblendsønd diopaide

crystals,oftenwith incluaionaof quartsand microclineosour

together. The horablendeis usuallyhighlycoloured,althoughin

a few instanceeit may be accompaniedby a very pale hornblands.

Diopsideie usuallymarkedlygrøen,and probablyre-rich. Blotits,

when preeent,slways formeragged,oftenslightlybent,flakoe,

commonlypartiallychloritised. Diacolourationaroundsmall

allanitecryetalsis eometimesseen in both horablendeand biotite.

Plagloclaseand quartsusuallyform feirlysmall graaular

crystals,with the occasionaldevelopmsntof late quartiveine

composedof crystaleseveralmm in diametør. The plagloclasø,

commonlytwinnødon ths albite-periclinelaw, ia often aonød and

sometimesshombent twin lamellae.

Late scapolitein roundedcryatalaof variedaite is often

concentratednear quartaveins. No interactionwith plagioclass

waa obaerved,butcommonboundariesbetweenthe two minsrale

ara rare.

Microclineoccureas amall irregularcrystalsin variahle



amounts. Some rocksconteinlargerporphyroblastsclearlyof late
development.Calcite is uncommon,and usuallyformalate crystals
of small size. The epidoteprøsentis normallyclinosoisite,
occurrinp;as 1rregulargrains; in one of the rooke it ie essocisted
with a quartsvein of late development.

(b)Coaree.risinedver • Large diopeldeporphyrobløsta,
severalmm aorossand commonly•nclosingmany smallcrystalaof
quarts,biotiteetc., ere characteristicof thie group,which ie
less ebundantthan (a). Small pale-greenhornblendecrystals
appear to have formedfrom diopside. Sønds of disorientedblotitee
occur in one of the rocks, thecrystalsshowingdiscolouretion
around alleniteinclusions.

The remeiningmineralshave * similarmode of occurronoeas
in group (a) •xceptfor a generalincreaseof gramnsise. Inter.
action betweenthe two felsparswith the productionof true
myrmekiteis well displayedin one of the rocks (fig.91).

Mineralassemblegesdevelopedin the celn schistgroupconform
to the staurolite-kyanitesub-facies. The •beenceof groasularite
is probeblydue to the ubiquitousoccurrenceof diopsideand
hornblende,in place of groasularite-diopeide.In one of the

rocks (R 444) it appearsthat microclineis laterthan acapolite,
but whether this is a generalisationthat can be appliedto the
remainderis unknown.The genesisof scepollteis regardedas
being governedby the same factoraas in the case of the calcareous
peliticschlats (p.a65), while the microclineie thoughtto have



Fi;;.91. Developmert of true myrmekite in a microclinc—rich
zone of a calc—schist, North Steffodalen. x 40.
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Yig.92. Relationships between hornblende, biotite and plagioclase
from a calc schict, South Galtskart. The coloured hornblende iu
all in optic contiauity. Plagioclase appears to be later in

devalopment than hornblande and blotite.
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been introduc•dmetasomatically.

An unusualgranular•pidota—diopside-quartsrock,with an

average and remarkablyoonstantgrain size of //9 mm, occursas a

thin band within a peliticschistlens in the Ornos gneisaes,

The epidoteis pistacite(Table9) •nd is •qual in amountto

diopside.Together,they form 50% of the rook,the rsmainderbeing

principallyquartz,with very occasionalcrystalsof sphene. The .

aseooLationdiopaide-epidote—quarta,with no aocompanyingfelspar

or groasularite,is unueual. /t •ppeareunlikelythat the rook

is a productof matamorphiodifferentiation,as its fabriois

fine-grained,homogeneousand granular. In the fieldit has every

appearanceof representingan originalband.

Amphibolites


Two subdivisionsarc recognisedaccordingto whethørthe

parent rock is of presumedigneousor sedimenteryorigis.

(i) I neouso hibolites. This group is composødprinoipally

of hornblende,plagioclaseand quartz,with occasionalsmall and

ragged biotites. Magnetitsand sphenearø prominentaocøssory

minerals,and in some of the rooksmake up as much •s 10% of ths

tOtal. Large, irregularlyahapedgernets,severalmm in diameter,

are •bundentin some of the rocks.

In the garnet-fres•mphibolites,the •ost commonmineral is

highly—colouredhornblende,contrastingwith the palørvarieties

in the calc—schistgroup,and constitutingmore than 50% of the

totel. They are very verisablein siss in differentrocks,from



large diaorientedpoikiloblasticorystalsseveralmm long to

small ønd well-orientedcrystals.Biotiteis ancommon,and occure

sometimesas reggedorystals,and •lsewhereas •teneive flakes

which penetratethe hornblende.

Plagioclaseoftenehows complextwinningønd some degree

of fracturing(Fig.94). Zoningaround inclusionsof hornblønde

indicateslocal interactionbetweenthe two minerala. .uartz

occure both in granularcrystalsand in late veins,

8phene and magnetiteare usuallyassooiat•d,the former

generallyin clote composedot a multitudeof individualgrains,

and the latteras greinularcryetale, /n the rookwhere sphsne is

most abundent(8 87) the hornblendeis blue-green.

In the garnet-bearingamphibolitis,the gernetsare porphyro-

bleeticwith abundantinclusions,some of which indicaterotation

duringgrowth. Mornblendeis usuallyraggedand polkiloblastio,

ønd in most casts hae formedeubsequent to the garnet. All

the garnets of this groupare markedlypink and art probably

groseularite.

Sed ntar a hibol tes. Distinotionfrom the

presumedigneousamphibolitesie mede on ths ocourrenctof biotits

or diopsideas aa importantconetituent,togetherwith a higher

percentagoof quartz,

Hornblendeis generallyof a similarappearanceto that in

the igneousamphibolites,ønd always formavery raggedcrystals.

The biotiteeare red-brown,and sometimesindicatea rellot

echistosity,largelymaakedby later developmentof hornblende.
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Diopeideis usuallysubordinatein amount to hornblende,and may

be missingaltogether. It usuallyforms granularorystals. One

of the rocks (116) oontainsabundanteuhedralpistaoiteaad

clinozoisite,up to 3 mm long,concentratedin a quartsveln.

3arnet ia very rare, havingheen foundin only one of the rocks,as

small, roundedcrystalssurroundedby bent biotitea(N 134),

The mlaeral•ssemblagesin both igneousand sediontary

amphibølitesconformto the staurolits-kyanitesub-facies,

Contrastingmarkedlywith the calc-schistsia the absenceof

scapoliteand miorocline. In ths oase of emapolitethis is


probablyduø to differenceein originalcoaposition,while for

microollne,regerdedse beingderivedmetasomaticallyithe

amphibolitesmay have been chemioallyresistantto the invasion

of microcline-bearingsolutions.

Cale SilloateRooks

Theee rocks,composedof NOA or more of calo-silioatemlnerals,

have affinitisswith both amphibolitesand calc-achiste.The

majorityare obviouslylfsedimenteryorigin,and oonsiat

principallyof diopaideand amphibolein very variableproportions.

Small amounteof oalcite,soapolite,spheneetc. are commonly

present. Diopeldemay form largeorystals,probablysoveralcas

in diameter,and often partiallyalteredto oolourlmesamphibole.

Associationwith pale-greenhornblendeis shown in Tig.93A, The

relationshipbetweentremoliteand calciteis shown in rig.9313.

It Le this group of rockswhioh ahows the mostcomplioatedtextures
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ere found in small clots.When trectdweetwardsthe gneissee

diseppeerinto unexpoaedground,and theirprojeeted•quiwalents

along the "line of outorop"consistof fine1y-bandedgreenrocks,

wery similar to meny of the calc-achistsof the remainderof the

region. Neetwards,the gneiesescan be tracedto Bpildervand,but

from then on occurmerelyas thin bands of calc-echistewithin

pelitioschists (seealso p, lis).

Thin bands of hornblende-richgneles (hornblenderock)are

found spasmodicallythroughoutthe Oaltekørtsucoession.

(a) Nain rou of OrnesOneisses, Biotite,plegiooløssand

quartsmeke up the majorityof the rocks,whlle dark-gresa

hornblendeLa oftenpresentin smollamounta. Raggedbrown or

green-brownbiotites,eitherin layersor disorientedclots

(Pig,96),are from less than 1 mm to 3 or 4 mm in length;

aesociatedorystelsof piateciteoccuraa inclusionsor as separate

greins. Sometimes,the pistaciteorystalscontain• oors of

alhanite.

Righly-colouredhornblendesare generallyassociatedwith

biottteland commonlycontaininclusionsorquartsønd alLanite.

Discolourationaroundcrystalsof the latteris often observed.

Optical measurementeouggestthat the hornblendsorystalenrik

rich in Ca-Ng rather thanNa (Table10).

Largecrystalsof plagioclaseshow combinedtwine,often

with apindle-shapedlamellae,and showingevidenceof deformstion.

Irregularsoningaround inclusions,particularlyof epidots,is
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common, In some of the rocks petcheeof nicroclinewithin

plagiocleasoccur,apparentlyquite indspendentfroa ths crystallo.

graphic orientationof ths latter, In otherasses, however,the

mioroclinetwin lamellasare parallelto the albitelanellaeof

the •ncloeingplagioclase.Separatecrystalaof microclineare

elso present.Sontines developmentof true myrnekiteia visible.

/n some of the hornblende-freegneisesa,late nuscovitele

present. Bmall granularcrystaleof pink gernetoccur in some of

the rocks, but only in very subordinatsamount.

Mer inalFacieeof the Gneiseseand their Wes ern 3 uivelenta.

Theme racks are bandedcalc-schiatswhichahow •xactlyanalegous

relationahlpsto the main group of calc-eohiatealreadydeaoribed

(poogc). The hornblendeis highly-ooloured,while diopaideia

markedlygreenand probablyiron-rich, Both mioroclineand

scapoliteare relativelylate.ninerala.

Easterl I u valentsof Gneieeep• The principaldifference

froa the main group of gneiseesiø ths more granularnatureof the

quarta,which tende to occur in aggregates,separatedby large

crystals of plaglooleas.

A thin layer of bandedcalc-achietaoccurein the northern

part of the Bugteneucoesaion,and close to the unexpoaedsouthern

bounderyof the mein group of gneissee.The nain differencsfrom

the calc-schistsof group (b) describedabove is the greater

ebundino.of celciteand scapolite,end the presenceof largs

diopeideporphyroblaste,

/t appeare,therefore,that the maingroupof gneiseicrockm
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has a lenticularoutcrop,with a ekin of calc sohists. Whether

or not thers ie graduationbetweenthe centralportionsend the

skin is unknown. Both to the and W the gneissesare represented

by bøndedoalc enhistsof similarappearønoe(rig.97).

Minera1•ssemblegesin the mein group of znitiesee-are

eouivalentto many of thosepresentin the besel granitee,and

correspondto the kyonite—etaurolitesub—facies. Again mascovite

ønd hornblendeare •utuallyezclasive. The averagecompoeitionof


the plegioolaseis An 37,i.e. intermsdiateandesine,and together

with the øveilablemode1analyess(Table10) indiosteapproximation

of therrocke to quartzdiorites.

The ariginof the gneissesie diffioultto determine,se

evidenceof theiroriginalWhareoterLs largelyabsouredby later

ietamorphiem. Rowever,thin lenticlesof peliticschistsend

marblesare presentwell withinthe gneisass,•nd in pleoem•re

separatedfrom the letterby gradationallithologiessi.iiarto

thosewhich esparatsthe mein gneiesicoutoropfrom the surrounding

schists. It is suggestedthat these gradationalfaciesøre due

to sedimentaryoauses•nd that the gneisseshave alwaysbe•n

fundamentallydifferentfrom tha schiste.

In the remainderof ths 0lomfjordregion,the rocke most

clostlycomparableto the Ornes gneiseesøre in theSokumvatn

district(Rutland1958). They consistof diortticand monzonitic

rooks with ocoasionalmetaeedimentaryintercalations.Rutland

fsgarde them as beingmeta—volconicsand has recognisedocoasional

relict igneoustezturesin the plegioclassa.
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MAP SHOWING OUTCROP OF ORNES GNEISSES
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The crystallisatIonof the felspathicfractionof the Ornis

gneisessis demonstrablypost—F2,as indicatedby the coarmeness

of grain sise and the generellack of •ineralcataclasis. However,

the presenceof earlypegmatiteswithin the gneisses,occupying

isoclinalfolds (Flg.78)indicateethat the rockaw•r• in existence

before F1 times. Theirpresentcompositionia differentfroa the

surroundingmetasediments,principallyin the abundanceof

intermediateplegioclase. Moreover,the plagioclasein the

metasedimentsis almostcertainlyof an earliergenerationthan

that in the gneisses. This indicatesthe unlikelihoodof the

gneisseshavingdevolopedby mstasomaticintroductionof felspathic

material,•nd supportsthe view that theywers originallydistinot

from the associatedmetssediments.Their presentcompoiition

approximatesto quartsdiarites,•nd theirfieldrelationships

suggest that they may representa volcanicsequence,with

occanionalsedimenteryintercalations.

Marbles


Most of the marble bands in theGaltskertsuccessionconsist

3f large interlockingcrystalsofcalcite, often4-5 mm in diamettr.

accasionalslightdeformationof the twin lemellseis visible,end

some recrystalliaationis indicatedby ries of untwinnedmaterial

around orystalspossessingbent twinlamellae. In general,the

cryatallisetionof the marblesis late,probablypost-F3. Tests

on accasionalspecimeasasingLembergossolutionindicatedthat

they were pure celcitemarbles,and no examplesof dolomiticrocks
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Tabl 1 Mar fromthe • r 8 oemo

5 apootmoaaemamiaod.

Soao of theapsoinanaare almoatyurooeloitomarblea,mith

onaalonalorystalaof quarts,phlogoptts,tromolito,dlopaldsor

magaetits,but othoraooataiftcloaotdorabloproportioasof plagioolaso,

mma000tt,oto.aad arovoryimpuromarbloo.

la a o ti

65 Aa 40 from7 doterminationa
I 66 Aa 30 from5 dotorminstiona

P• tit rom t • 0altakert8 oimia

17 apsoimensexeminad.

Quartsandplagtoolasoar. ubiquitoma,whllomioroolla•la

prossatin 10 of therooka,mamovitsin 13 and blotitsin 5. 0arnet

im foundin 3 of therookaexaminød.Smallamountaof magnotito,

apatiteand spidotoare000tsionallyfonad.fourmalinola abnadantin

omepartionlargthospof pagestita.

oo Oo os

If37 Aa 6 from6 doterminationsI 216 Aa 27 from1 dotermtaatiom32 Aa 32trom3 dotørninationaX 268 An 55 from2 dotermlnationaX 354An 2 from5 determinationa
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ooseistprinalpallyof largeerystalsof felepar. Plagioalass

is sommenlyslightlystralaedand ia ossof therooksis perthitie

(Patohperthite).Ths twinaingof themieroalineis oftenpoorly

developed,andiateraotionbetweenthe two felsparsia indleated

by the developmentof myrmokiteaad thepreeenosof sodiorims

to smasof theplagisolaseorystals(7ig.98). Oseasioaalelots

of large,elightlybent,biotiteflakeearepreseat,whilssmall

amonateof itt.anmeoviteareoommea.

Several•xamplesof pegmatitsesehistoontaotshavebeenstudied

in thiasootion. In sons,theeentaetie normalto thesehistosity

of the roak,and thepegmatiteaonsists granularquartsand

felspar. In others,thepegmatiteaonsisteof largeporphyre-




blastiomieroollaserystale3•4reaia diameter,separatedby sonee

of granularquarts,mieroolineaad oloudedplagioolase.Sometimes,

plagioolaseforsalarger,finslytwinned,porphyroblasts,thatars

seoaeionallyperthitia. Junotionswithmiaroolineoftenexhibit

th• developmentof myrmskite.Withinesrtainof thegranulated

senesbiotiteof similarappearanoeto thatin theeahistis

prøsent,suggeetingpermeationand dowelopmeatby metamnaatio

proseesse. Latsmaseowitesof smallsiseareeommon. Juaotions

withthe aohletsmay be eonfornableor arose-outtingandare alwaye

eharp.

On the eaeternmarginof theTorevikultrabasiomasea

felepathiopegmatits,auttiagboththeultrabasiamaasand the

neighbouringsohistsie present. Largequartaorystalsshowaa



Large finely-twinned crystals with micrucline
inelTasions,in a neTnatite, South flHitskart. .T.t?iargia uf the
larsest p1a;i3c1ase crystal shows a ood development oI myrmekite
(probably paramyrnekite). x 40.

9. Development oL parallel-sided fractures in a large,
partially utrained ,juartzcrystall from a pegmatite, North Torevik.
x 40.



unnsual developmentof parallel.sidødstrainlamellas(714.99)and

are separatedby highlyalterødplagloolaueorystalaand largo

late masoovitsorystalø.

Cørtaingeneralisationsas to the mineralparagensøøømay

be made. Plagioolasois generallymore highlyaltsrodand

frasturedthan the mioroolineand ie probablythe •arlierof tho

two hasparsi lateraotionbetweenthe felsparø,of a aimilarform

to that aosa in the basal granitss,is impasmodloallydovelopsd.

Examp1øøof both porthiteand antiperthitoare seen, and from the

patoh-likenaturoof the formorit may be tontativelyoonoludød

that the feleparsoryatallisedat a lower temperaturethan that

provaløntin the staurolito-kyanitesub.-fasise.A000rdingto

Rosenquist(1932)a seriesof separatetypeoof perthitemay bø

rooøgnissda000rdingto the tomperaturimprevalling. Patoh

perthiteoorrespoadsto the greea sehlatfaoles.

Ia most of tho rooks the late mussovitshas probablybeoa

dørivødfrce the felaparø. The 000urrenosof oolouredsilioatss

and oro mineralsis rare.

It is signifioantthat in most of the pegaatitss•xamined,

tho inoldenesof deformationiø glightand often eatirolylaoking,

ladioatinga generallate, post-72 or post•P,orystallisatioa.

This ia borneont by the field relationain most oaøøø.

UltrabasicRooks (Table13)

A ainglesoetionthroughths Torsvikultrabaaiomase iø



	

• 13 01% sa k

ineral sombla

Amphi..Py— 011w Phlogo—ChlorwCarbon-NUscoeEpim Nagno—bole rox. vine pite ite dtb vite dote tite
00.

104 X X X
105 X X X X X

X 106 X X X X X X X
R 110 X X £ X X X X X
Ji182 x x x
R 269 X X X X


P. tits from Ultraba c

quarts Plagioolase NLoroclins Hiotits
107 X X iX
108 X X X

NineralPr orties

104 C 1 rlose h b 2V • 69, 7/10opticallynegative Z o 15,180Componento and Ny 1.650
Ns • 1.657

Probablyactinolits,
PYroxon,2V w 62° opticallynegative

Possiblyniverathans

105 Anhiboles(a) colourlessto very pale green 21 m 61°, 650

opticallynegative
Z c m 12°

Possiblyforroodsnits
(b) colourless 21 • 87,15.6.Wy negativo.Z ow181

tremolit•

PYroxtne2V • 44° optioallypositive. Diallalo au it
ChloritoColourleasto very pale groen 2V • 24°, opticallypositive. Posatblypenaluite


106 Asphibols(fibrous) 2V 79, 81° optioal1ypositivo. Z o 0°
Probbb antho llite

plivins 2V • 840 optioallypositilm
Probablyforatelte


110 Anvhibo1s2V • 89° opticallypositive Z c • 0
Probablyoumw tonits



•soossiblsforexaniaationalongthseoaatalroadWW of Orons.

th• narginalrookssonsietof a lightgem •ohiotosefasies,whilo

thenain partof thesaassonaistoof greenor browanasolverooko,

withao preførredsehistoolty. Largsromittooof aaphibolosart

oftonprossat,whilsla nestof thorookothereio alsorollot

olivineandpyroseas. Nanyvariabloseooadarymineralsalso

oesiar,notablyohloritssaadoarbonatsninerals.

The narglaalfaeiesie nadoup priaoipallyof orystals

of trønolits-aotinolits(fig.102,I 104)thatshowa good

oriontation. Ourasionaloryotaleof thosamsaatørialarelatø

and out aeroesthe sohistosity.Å fewlargoorystalsøf hyperothsas

appearto bø in proossoof repl t by aaphibole,but do not

showøvidenosot deforeatioa.Diassainstednagaøtiteresiasarir

oommoa.

Withintheultrabooionasathrøødistinetivorooktyponaro

found,therelativeabundaaøøandintørrolatioashipsof whiohars

anknowas

I 105, Largseptidinnoisaaloryotaloof diallagio

angitoarepartiallyreplooedby trenolits•astinolitsorystals

of variedsis•(rig,100). Patehesof ohlorits(proboblY

pensiaito)appearto bø laterthantheaaphibolø.Nagnotitsis

oonsentratedia therogionsawayfrontherslietpyroxsa,

ouggøstingthatit is a by-produotof theeonversionto aaphibolø,

Å darkgrøsnrookoontainingproainentaaphiboll,r000ttes

lo oompooødlargelyof.rounded,irregularaaditadsfornedolivias



x 30

Pic.100. Tostarooia siertof Torsvikaltrabasisaass. Tho pyrortao
is probablydiallagioaacit.,aadsoatalastraiaaof iaolusioasof
sagastitsarraagodaloagthoelshavago.Thosoaropraurvod ia thø
orystalsof aaphibol•(tromolito-astiaolito)whiebaroolarly of
latordovslopomat.Py • pyressat,sa • aapkibelalcl Cblorito,

'x 30

Pic.101. Largsorystalsof oliviasvoiaodby lichtcrosaaosoadary
serpoatias,aadreplacedby amphibolo.The ealeitois probablysf
atilllatordivolopaeat.01 w oliviao,Aa • asphibolo,Calo• caloitø.

Arr .
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orystals (forsterito)travermodby oraoksfiLledwith •000ndary

earboaates,and partiallyreplacedby amphibole(ffirobablyantho

phyllite)(8 108). The oarbonatela reeryetallisodinto larg.

orystalsin assooiationwith the amphibole(Pig,101). Small amounts

of pyrolenteoa the marginsof the olivinoorystaloprobablydowelopod

beforo tho anthophyllits.Colourløssshlorite,agaia a probable

alterationprodustof oliwine,000ursas inolusionswithinthe

latter and is assooiatodwith amphibole.Granularoryatalsof iroa

oro in olivinsare widespread.

(o) This ia similarin appearaneoto (b) and probablyropresents

• aore oompletealterationproduotof tho latter. Roundedand

eorrodedorystalaof olivins(forsterite),pyronsne,aaphibole

(eummingtonite),phlogopiteand carbonateoeour ia a fino-grained

grouadmasa,a large proportionof whicheonoistoof poikiloblastio

oarbonatoorystals(8 107). Near the singlelargoolivineorystal,

whish is about 4 mm in diameter,the matrixis more eoarsely

erystallino,oonsistingprinoipallyof earbonat•and amphibole.

Somo of the phlogopitesare alightlybent.

Towardotho 111margin oftheultrabasiobody is a dark greest

layer of amphibolite,eonsistingof smallorystalsof highly

oolouredhornblondoandøstaoite,with a littleiron ore and

plagioolase. Conoentrationof hornblendein one part of the

slide (11182 A) eauesslayeringof the rook. Plagioolas•is raro

and foreø smallpolkiloblastioerystals,
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Cuttingthe nitrabasiemans is a oompoeitedyks whoes fi•ld

relationsare denoribed•lsewhers(p. c106 ). Å seationof the

fine-grainedpert of the oomp1exconsist•of grannlarquartsand

plagioalasscrystalswith abundantsmall greenbiotites,which show

ao preferredorientatioa. The 000asionalflaspathiepatehee,wisible

ia the 15e14,are oompoesdof plagioalase,while theirmargins

oontainsnallorystalsef miarooline. Myrmekitepateheson the

beiadariesof the two felepareare sommon.The coarse-graimod

felepathiopegmatitsia made of largesryotaleof finslytwinnød

plagloolase,and strainedquarts,with subordinatsemallmicrooline

orystals. 1nteraetioabetweinthe two felapars,with the develop-

ment of aodic rima to the plagioalasihiasell displead , and it

appeare thatmioroolineis the later felapar. Å littlelate

musooviteis dwrelopedwithinthe plagloolase. Laok of eataelasis

in the pegmatittueindiaato a late • probablypost-f,• formation.

Reasons for the existenasof suoh an aaidiepegmatitedyklewithin

an altrabasiobody are nnknown,althoughan •xternalsoureeis

elearly indicated. The pronounaeddiffereatiatioa(seeYig.75)

is also dittto unknowneauses.

Laak of oataalasinof mineralsthroughoutthe nitrabasio

mass, with the preaerwationofprinaryandeformedolivineoryatala

ap to 1 em ia dianetersuggestthat the •mplaeomentof the masa

oeenrredlate in the tootoaichistoryof the arsa (probably

post•72). This eerrslateswith the inoompletsneesof the •



motaaorpbiamandtha survivalof primaryminsrala,indleatiagtho

probabilitythatrogionalaotamorphiamof thoaurronadingrooka,

whiebroaohoda paakdaringor immødlatelyafter, tinse,

oeserredbeforethe injeationof thealtrablutieroeks. tirfolop-




mentof thenoa-alumlisousamphibelooand ehlorito,•ineralaof

gemorallowergrade,aadoommenin thøopidote-amphlbelit.faoiea,

aay thenhe oorrslatedwiththelatoratageeof møtamorphianof

the surromadingrooks. Explanatioasfortheoeourrenosof alualsone

horabløndeøia tho thialayerof amphibolitsdøeoribodabove,a

roekwhiehhaa eloarlyundorgonooompl•tsmotamorphiaato tho

kyamiteantaarolitsoub-4aelea,aronotelear. It may repro•nt

handthatwaaalreadyia existoneeboforøimplaeemontof thø

altrabealeøaaa. Thø aarglaalfaeiea,oempeeedpriaelpally•f

tremoliteeehiata,appearto havemadorgonemoreoemplet.metamorphinm

thamthelatertaljanttionsof themaae.

Developedalongnaayøf thejointfaseaof thøaltrahamie

maaaar. largeaad diaorientsderyetaleof talo,whiehrepreeent

kydrothormalaltorationprodtatof thøamphiblasa.

The miaoralaameablagopreent ia thealtrahaalemaealadioatee

thatorigiaallyit aonalatedalaoatentirelyof augiteaadeliviaø,

withprobablya littleironore,butwithno plagieelase.It

waa theroforeoompoeedof pyroxoniteeandperidotitøsin ite

annotanorphoodform. Thea.bodleaarskaownto he intruded

at relativelylow temperaturee,whiehwouldaosomatforthelaek

øf oontaet•etamorphiemia theaurroundingaohieta.Thsir
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associationwithorogwaiobolteis wideapread,and Huas(1938)

eaviaageaforsationof a peridokitesagetaby thelocalieedispnet

of a thlokensdgranitio1ayeroa a peridotitelayerwithinoregeale

belts. Exparisentalevidunoe(DowenandTuttls,1949)Indloatea

thslapossibilityof generationof a aagmaof thistypeat lesa

thaa1006,C, Hown (1928)auggeatalatrusioaof eliviae

orystalswhiohoriginallyseparatedfroaa baaalticsagia,the

iatrusionaidedby sageatieliquidor svonwatervapour. The

aaaseiatedbasiesagass,so ooemonlyseenwithperidotiteaelaewhar.

(e,g.Otago,Isw Zealand)aaybe representedby amphibolitesin the

Ornesregioa. It is noteworthythattheesplausientof theultraa

bagicaasaof theOraosregioaprobablyoocurredat a latoatags

la theorogeniehistory,whiletheproductionof baaielavaaaad

peridotitimis usuallyassociatudwiththeearlieststagesof

folding.

Chlor aabsar hista

Å slightasountof chloritisationof biotitosis osasealy

selhaia thsrooksof thewholeregion,butoceasionally•esploto

obleritisationis obaervishTheseehlorite-bearingschistsar*

rsatriotedto an iadefinitebandthatfollowathe southern

boundaryof th.3. Sootartindcalearoouapeliticaohiet. Oaly

a fawof therookoin thissoneshowthissarkeddevelopmentof

ohlorite,butmnicha rsetrietionis significantandaay be

atructurallycontrollsd.The nearestlarvascal.struotureis the

Lyievandalid.,believedto be aoau500aetres11of thebaa4.



The affootsdrooksoovirra rangsof lithologiøø,inoluding

sominaelitioandpolitiosohlataandamphibolitøø.Ia somo,

originalbiotit.is stillpreemit,but in others•meplete

ohloritisationhmsotourrod,and theohloritoin sometimespromont

la latø fibronemasses. Ths remaiadorof therookaarsnormalIy

oquivallentto thsirnon ohloritc•beariagcountørparts.Dowevor,

in thresof therooks,a largoamonatof granulationhasboon

operativs,anda voryhighperoontagoof magnetitois also

proment. Thelattørdoe.aot appearto be a oonsoquenooof

ohloritisatioa.

It thøreforsappearsthatther.is • rogionaloontrol,possibly

sansodby Isealistdretrogrossioaassooiatødwithlatomovossats

withintheslidosons.

4. NorthMarkv Gro

Potrographioally,thisgroupoonsistsof intørhandødpolitio

and semii-politie•ehists,with 000asionalthiabandsof marblosand

maphibolites.An importantdiffsrsnosfromtheGaltskartgrompla tho

virtualabsønosof oalearsouspslitiosohistsaadoalo-aohists,and

thsprønnes of øhøøtgranitesin thenorthørnpartoof thooutorop.

P itioDo t

Tho petrographiorolatioashipothataresaenla thsGaltskart

palitiosehistsare aloopresentia thossrooks, Dothgarnotiferons

and non-garnotiforouspolitiosohlatsareprmunt, andtho forms

adoptsdby thsgarnetporphyroblastsar. aimilarto thossia tho

Galtakartandsteffodalensuocummeions(of.rig.86). Xyanito,
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Tohls 1 North Ma nd 0rou

(1) P•listc Sch sta. 15 spoolmens•xamlnød

The pr•dominantminsrelassinablags1e quarts,plagloolase,blotite,

muscovite,garnøt (12 rocks)and kysnite(7 rocks). S1111manitøte

prosent in three of the rocks,and chlorltein 4. Small amountsof

meignstitoand •patitearo commonand occasionalrocks containtourmellne.

Pla leclasec osition

335 An 30 from2 determlnations

357 An 27 from 2 determinations
358 An 24 from3 datermlnations

(2) Semi— • t c Sch e. 10 spoolmensexaminad

The predominentøseemblagele quartz,plagloolase,blotitsønd

muecovite. Microclineis presentln 4 of the rocks,aad does not oocur

in thoee rocks that containgernet (5 rocks). Magnetiteand apatiteare

ubigultousin amellamount,and a littlechlorltsand sphensare some—

times present.

P1 loolasecom oult on

R 288 An 28 from 3 determlnationa
299 An 30 from 3 døterminations

fl 328 An 32 from2 determinatione

fl nal s e

quarts Plagio—Mloro-Blo— Musco-Apa— Megns— Total

	

olase ollne tite vit. tite tite
299 47.7 26.3 2.5 25.2 .3 100.0

R 300 43.7 30.5 9.6 13.7 2.3 •2 100.0

(3) Caloareous elit o h ste. 2 apeclamineexamlned

The aasømhlagesprøsentøre the same as in equivalentrockm

from the Galtskart•uccemelon(Table8. p.259 ).



Table14.(cont.)

la LooleaeCo ositi

369 Aa 37 froa 5 dstermanatiens

Hhda1 • s/

Quarts Plagio- Dloph.Beram Scape Nagnsm Totel
clae. tite side blende olite tits

369 40.5 24.5 20.8 7.4 .9 3.6 .6 loo.o


(4) CalcSchiets.2 speciasnanamlned

MIneral•ssemblageaars the sone es in •quivalentrocks of ths

Galtakartsucoession(Table9. po ).

Hin ral re srttøa

I 199 Aseh/bols2V m 62°, opticany nsgative 2 c w 21o
Pl•ochroina: X • wery pale greon

Y • patchyyellos-groen
Z • sress gresa

(3) Amoh/bolitss


(e) se montar • bolit • 2 specimens•ncelanød

Th• elnsra1asseablegosare.thesase as in •ulealent rooks of

the Galtskartsuccesaion(Tabls9, pe ).

la locløse os t

264 An 38 froa3 deterwinaticas

(b) sous• h be t apecimonsexamined.

The ainerelasssablegimire the same se in equivelentrocks of

ths Oaltakart•ucoeselon(Tablo9. p. 4" ).

Mineral ro ert es

I 278 Aawhibols2V • 71, 67° optioallynogotivo Z o • 12°
Ploochroisa X • vory light groen

Y • yallow grima
2 • dark grooti
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prodoeinantlYas anall,raggodorystals,but 000ssionallyas lats—formod

oross-outtingorystelsof largorsisø, ia widely but sparsoly

devoloped. The mineralappeers to bo morsoommon than in ths

Galtskartrooks, A few of the rooks ahow variablebut usually

slight developmsntof lats fibrolitefrom biotite. In ose szempls

ths fibrolitsnow moupias an 72 mlorofoldthat was originallydefinød

by • biotitsorystal,

The main intarostof the group is the widmiproaddovslopmøatof

mioro—folding:(øø•also p.13/ ). Unfortunatsly,only • flewsitamplosof

theas highlyoontortsdsohistshavo bson studied, In some szamplas

(e,g. R 298) thin micaosonsbands,in whioh the majorityof ths

orystalsars unbent,ars osparstodby sones of granularquarts,the whols

being deformedinto a søriesof symmotrioalsimilarfolds. Ths

folds are regardødaø bsing of P2 age, indiatiag a oonsiderable

amount of posta2 orystallisation.Anothørtyps oontains

poikiloblastiokyanitoorystalagrowingsoross the mioro—følds,

indioatinga post-72stags of orystalliaation.

Simi« ølit Soh ts

Thøss arø oonsidørablyløss abundantthan the politiosohista,

and gsnerallyoocuras indistinotbandswithin the lattør, kither

biotits or muaoovitsmoy prodominate,and the micasare nsually

arrangød in bandsor oloto, Microolins,prøsøntas asall granular

orystals,is found only in thossrooka whers biotitsprodomlnatøø.

The quartsaplagloolasefraotionof thq rooks shows similar

rslationshipsto their•quivaløntain tho Galtakart



714.103. T2 storofoldia atoasaohiat,SouthSpantind.The fold

ta a shearatruotureaad analogoneto the frooture-oleavagefolde
aimathroughouttheNorthNarkvaadpelitioseriee. Ia graeral,
themisaaareuabeat. x 3.

3o/t
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amesesaloa.Å fewrooks,mainlyia ths biotite•riohgromp,•ostata

maa11and raggelgaraets,and thøreie antualexelnaleaof garnet

aadaioreoliae.It ie evidentthatthebiotite-riohgrenpis allied

to the pelitiesehista,aadisdeedia o•rtainoironmataneemit is

diffieultto differentiatespselmensfrongarnet-freepelitiosohleta.

The groupia whiohanemoviteis doeinanthaaa loweroonteatof

totalstea,andaoroaearlyapproaohespurssandateasia eempositioa.

Ia allisportaatreapeetathegroupia einilarto ite oonnterpart

ia the Galtskartamoommioa,

CaleareomeP litieSe t

Thiaimparsietentbandaof oaleareomepelitiosobietsare foand,

partioularly1n therooketo theWW of Markvand.Theyaresomewhat

morsflaggythaatheirequivalentein theGaltekarteneetasion,bmt

themineralrelationehipsaro identioal.Snallblotites,sonotimes

affettodby 72 aierofolde,definean approxinateeahistosity,aeress

whiohpyromeasorystalsmp to 2 or 3 sa in dlaasterhavedevelopsd.

Seeendaryhorablandsie presontin snallamonat,as aa alteratioa

prednotof diapaide,whilelatesoapolitsandealeitsis aleuefemad.

Graaniarquartsandplagioelaae,thelattershowinga variable

amonatof fraetnringeseetr,aad000asionalooareslyoryatallins

quartsvoiastravsrsstherooks.

CaleSehtati


Theeearenaeonmeain theWalarkvandgroltp,andonlytwo rooks,

bothassoolatedwithnarbles,wereiontifiød. Omeof thas.(E 199)
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maists of largtpalogreendiopaidosrystalsup to 2 an in dianeter,

partiallyrikplasedby saloito,soapoliteandhorableado. Latequarta

and •oapolitoocourin irregularvelas,anda littlebiotite,ia

•nallbentorystals,is alooprosent,Theotherrook(11294)oonalsts

of patohtaof diepaide,hornblandeandbiotits,•eparatedby

quartso-felspathionaterial.Diopaideandhornblentaforasieve•lihs

porphyroblast.up to 4 aa long,andeonetisøsthediopsidsorystals

arepartiallyalteredto hornblendealongtheireleavagedirections.

Biotitefornairrsgular,eorrododorystals•f an •arlierage thaa

the diopaideaadhorableadø. Nioreolia.is fl.domiaantfelspar,

and thereis an abundantdovelopematof trueayrnehlte,oftoa

foraiageampleteorystals,os alsootøveryplagioolasojunotlea.

The •arlierplagioolase000uraas deforemdorystals,amnetiame

posseseingopindle-shapedtwinlamellas.

enohibolitos


Thinbandsof anphibolitewithinthe pelitiosehistaarc a

commeafsatureot thøW.Markvandrooks. Thoseof prosempdiganta

origlaare thenostoomnon.

(i) gs bo tos. Righlytoolatradhorableadeforas

batwøøn50% and90%of the rooks,aadvarieafroaseall,ragg,d,

roaghlyorientedorystaleto largepoihiloblastioorystaleup to

2 aa aeross. Inolusionsof theothørainoralsare oonaea. Metite

is veryvariablela quantity,and fornaamall,rsd-browa,baat flakos.

hothbiotitesandhorableadear. sionetisosohleritiasd.Plagieslase

oftenshowaoomplicatodtwinaing(Fig404)withspladle-shapea



115ite—;41ciin twi1r r
77-7ct d ff r . p ho1ite , — 


devolopment o: !ipindle-shapedtwin-lamellae. x 40.
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lamellae,aadsoningwhiebis dapendentuponproxiaityof other

oalearoonsminerale.Quartsie always•ubordinateis amount,ia

anallgranularorystals. Å littlelateoalcitois preoentin

nomiof therooks,

themineralaseemblagea,andtheirrelativeproportionasumient

thatthsrookshaveaa igneousparentags,and theyaresimilarto

the •quivalentrookain theGaltakartaneoessioa,

(ii)se mentar an hibo tes The twopreamed aediamatary

amphibelitesidentifiedare botholoselyassoolatedwithmarble

bands. One of thea(X284)oonsistsof raggedbiotiteiand

horableados,withoeeasionallargepolkiløblastiediopatdo

eryotals. Gramularquartsand plagioelaaeis alsopresent. In

the otharroek(II330)hornblendeia dominaat,withsubordinateemall,

meadod diopsidsorystals.RelietT1 foldsan shownby thi

arrangementof bentaad fraetersdblotitea.

Karbles


Ia sontrastwiththepuresaloitsmarbliaof theGaltakart

suesession,thoseia theX. Markvandgroupgenerallysontaina

highproportionef phlogspito,tremoliteeto.,andartnanally

markodlybrowain oolour,lioneof therookshas been•tudiedia

døtail.

Peametitøn

Telepathiopegmatitesare •ntirelylaskingfromthe

I. Narkvandrooks,probablyduø to the distancefronthebanal
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Glefjord add BJ.11ttLad gramit.d.

SharetGr

Theeebodies,primentin thenortherlypartiof theontoropøf

the group,arehighlybaadedwitha lasdiasatarylappearaaes

(Tigs30, 51). Å meriesof spimilaenstakenaeroasthegranitsof

N.M.Storvikwand(a aeotioaao l•agsrutposed,dueto røeeat

roadworks)ahowsthattwovaristleaoan ba distinguished,withia

whiehconaiderableyariationsmiato$:-(a)gray,welX-follatød

graaitøø,oftenwiththinplakfelspathielayara,(b)plak,mare

braesgensousandleaswell-bandodgranites.Modalanalyanof the

granitoa,togathørwiththeehemicalcompositionof oneof the rooka,

are abownin Table5.

• t i small,groen-browabiotitemaregemerally


•vealyseattsr•d,an4areaometimespartiallyohloritiaød. Lato

ausooviteis oalyoccanionallypresent.The quartao-fellepathie

tractionof therocksiø aiailarto thatin thebasalgranitos

(p. ) exoeptforthagenorallyaaregranularnattrimia thø abeet


granites.Oceasionallargealoroelineorystalsup to 3 em ia diamotør

ara aesa. No ayraskitehaabo•nr000rdsd. Oloudingofthø f•lspara

is restriotedto therockein whiohnueooviteis fosad,

r t $ theprinaLpaldifforenosframthegrey

warietyis theooeurrønooof biotite,withsaaeoolatsdaphemøaad

magnotitoin irregulareloteor layera. Ia addition,thequartao=

fielapathiooontenttandeto be moricoarse-grained.The general

appoaranoeof thisgroupof rocksie eloeørto theBjellitiadgranito

thaathe grøywarietioa,
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Tab11,15. 0raniteafroa Ut North Narkvand0ron

N •ral snomb

Quarts Plagio~Niorom.810. Chlor-1411800 Migelh Spi Ape« Sphst.Tour.

olase oltne tite 1t. vite tit. dots tits

lino

z 343 x x X X X X X x
344 X x x X X x x X

s 345 x I x x x x x
a 346 x x x x x I x
8 347 X X X X X X X X
348 I x x x x x x x

a 354 x x x x x x x x x
4o8 x x x X x x x x
411 X X X X X X X X

t ta hiat within lansa aa to

409 X X X X x X X


laso ster nations

343 An 7 from 3 detera1nationa E 347 Aft 5 fron 3 dsternInations
344 An 5 fron 3 dstormlnationa li348 An 10 from 3 dstuainationa
343 An 5 from 3 deterainationa E 409 An 16 fron 3 detoralnatioan


X 346 An 10 froa 3 detorminationa

N dal Ana ala

quartsPlaglo-Nloro«Dio. Nusoo-,Chlor-SpluarApa- Nalfr41...total




olaae ollne titilvit• its




tite no-dots
tite




B 343 23.4 40.5 26.8 4.8 3.7 .3





100.0
a 344 27.6 28.3 35.6 7.2




1.0 .3 .5




100.0
8 345 18.3 33.0 39.8 5.3




.7




.9




100.0e 346 8,6 32,5 48.0 9.9





,2 .5 .3 100.0
a 347 35.1 31.8 28.9 3.6




.5




.1




100.0
H 348 27.8 32.0 55.8 3.7 .2





.3




100.0
H 354 2.7 58.3 36.2 1.9





.9




100.0
i 408 25.5 24.8 43.7 4.6 .7





.7




100.0
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al o oø1t a (døtterainødfrom modalaaalysime)

8102 £1203 10203 190 Mg0 Ca0 1a20 120 120

I 343 71.4 16.0 .1 .2 1.5 .9 4.2 5.6 .3
E 34475.6 13.7 .2 .2 2.1 .6 3.0 6.5 .1
E 34568.5 15.6 1.1 .7 1.5 .7 3.7 7.0 .1
E 34665.1 17.4 .9 .6 2.8 .7 3.4 8.9 .2
R 347 75.8 12.7 .1 .1 1.0 .6 3.3 5.1 .1
11348 73.3 14.0 .8 .4 1.0 .7 3.4 6.9 .1

221:






us 71.6 14.9 .5 .4 1.6 .7 3.5 6.7 .1

Chom1oa1 ø tio (by rapidanalytioa1•othoda)

ko8 5" 2 70.45

A1-e05 14.89

ro203 1.33

1.0 0.56

RIO 0.33

Ca0 0.34
Ita20

	
3.66

rio 6.35
T102 0.38

P205 0.07

Ma0 -.0.02
Tota1 99.38

3 II
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The projectedequivelentof the Storwikvandgraniteon Døgro

is comarable with the pink warietyof the Storvikvandgranite.

Finesigrainedand highlybandedpink granitesfoce the majority

of the sheets on the Finneskuapeninaula. The noteworthydifferencem


from the Storvikvandgraniteare the highlybandednatureand thip

common occurrenceof muacowite. Small greenmebrownbiotitesare

generally•rrangedin bands.

A biotiteschistwithin one of the Finneskuasheetgranitssis

differentfrom thoss'ofthe basalgranitesin ths absenoeof

hornblende, It consisteof clota of green-brownbiotiteflakes


seweral mm long, separstedby plagiocleeeand quarta. A littlelate

muscoviteia alao present. All the miaereleexceptmuasowite

show some evideneeof fracturing.

The principaldifferenceaof the shest granitesoomparedwith

the basal graniteeare the smallereire of all the componentminerals

of the formør,the commonoccurrencsof biotitsas swenlyscattered

crystals,and the highlybandedcheracterand remarkablypersiatent

nature of the layering. The rocke are regardedas reprosentingpart

of the sedimenterysequencsand were probablyarkosicsediments

beforemetamorphiss. An inoreesein felepathiccontentwould lead

to convergencstowardathe basal granites,and it is auggestedthat

the pørent materialto the latterwae similarto the sheetgranitea

in compoeition.

The positioneon the ternarydiagramquarts-orthoclas~lbite

of the three analyeedgranitesfrom the ffirnesregionare shown in

Fig,l017.Also includedas • contouredsone ars analyalemof granitie
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rooka fromall pørte of thøworld (quotedfrom Tuttleand Sowea,

1958). Althoughthe anulyøisof the Skjøggongranit•fallain the

centre of thia sone, those from the Bjelatind aad Winneskue

granitseare øomø distenceaway, ladioatingthe probabilityof

considerøblechemioalverietionof the granitøøas ø wholø. This

le confirmetoryevidene•for regardingthe granitesøø represonting

heterogeneouafeløpethisedsedimentery•equonce. Anelyøøsof

eome of the typioel 'ailty0aohiste,tho posoibisunfelepathieed

quivalentsof the granites,will be availablein the neer future,

and it will bø intoreatingto døterainøthe røietionshipeoa the

ternary diagrembetw•ønthemønd the weriousgrenitiobodioa.

5. NorthSk e Grou (Tablø16)

Due to the rapiditywith whioh the ørøø had to be mappød,few

opecimenswore oollected. The prinoipeløim was comperisonwith

squivaleatrocka from theGeltakartGroup, the probøblestratigrephio

equivølente. Ia eworyoøø., auch a oomporisonwea foundto •xist,

ønd thø rooks•ppeerto helirsundørgoneøn idsatioalmetomorphic

history,



Tabl• NorthSk ø an Grou

Only very oocasionalopeolmenswere oolleotedand aeotionød

from thia group,but throughoutthey show analogoueoharaoterlotioa

to thelrcountørparteln the Galtakartsucoøøskon.

Amphibolitem


Pla loolaseo oe tion

R 273 An 56 from 3 dsterminationa


R 430 An 65 from 3 daterminationa

Nineral ert ea

N 273 Amphlbole2V • 66,69°optloallynegative z o • 18°, 14°

Pleoohroism: X w nearlyoolourlees

Y yellow.-green

Z grassgreen

3IS



Tels ar Determinationend Cheracteristice

A considerablenumberof determinationsof plagioclase

compositionahavs been completedfor •ost of the rock gronpe

present in the Ornileregion (tablee Univerealatags


methodedescribedby Rittsenn,Turner (1947)and Smith (1958)

have been used with varyingdegrensof succeee. /n each of the

methoda,ths accuracyof determinationof An contentappearsto

be between5 aad 10%.

(1)RithmennMethod, The mainadvantageof thiamethod

is the rapiditywith which measursmentsmay be me4d• Albiteor

periclinetwinemust be identified,and the individualorystals

aust show cleavage. Most of the twinspresentin ths rocks of

the 5rnes Region are albite or perioline,ar combinationsof the

two, but frequently• cleavagedirectionoannot be identified.

The method is partioularlyusefulin crystalsfrom the granitio

rocka,where the separatslamellasare oftenvory narrow,and

prohibitmeseurementby Turneresmethod, Rutland (1958)remarkethat

the preeencsof vioinalcompositionfacee in elbits twinecausee•

complex twin reactionon identificationof the twin law and, like

Barber (1958),prefersthe uee of Turnertemethod, Experiencefrom

the Ornes rogion,however,ahowe that for theserocke at lesat,

even if the twinnedcrystaldoeeyield• complextwin law, the

compoeition,88 determinedby the Riltmannmethod,corresponds

closely to that givenby Turnerøsasthod.The graph of extinction

•ngle with compositionla llneer,providedthe inclinetionof ths

31‘
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commositionplane to the cleavagsoan be riloognised.The greatest
disadvantageof the method is that it doee not provideany reifilbit
informationon twine otherthan albiteor perioline,

(2) TurneresNothod. Thia, theoretioally,is tha best
sethod avallablefor the dsterminationot the propertiesof
plegloolaseby Universaletagsmasaurement. Xot oaly is the
compositionof the crystaldeteralnedbut in •ddltionthe twin law
oan be identifiedwith osrtainty. In emtasorphioplagioolases,
however,thereare many practioaldiffioultiesto be overoose.
Commonly,the crystalsare small,and the twinlamellasso fins as
to make memsurementson thea diffioultor isposaible.Sometisee,
the triangleof error,producedby the intersectionof IXt
is so large that it ie twpoesibleto be oertsinwhere it is in
relationto the oompositionplane, /n such oases,it ia olear
that tdentificationof the twin law oannotbe made with cortainty.
On one ocoasion,two eeparatedeteralnationswere perfornedon the
same orystal,ønd althoughindividualneesuresentswers not displaosd
by more than 2.30, on. of the determinetionsindicateda oomplex
twin, and the othera simpletwin, An added disadvantageis that
in acid plagioclases,X and itgfall extremelyoloss to one another,
makingan exactdeterminationof the greatcirelsjoiningthes
Lapossiblee

In additionto this difficultyof aorrectldentificationof
the twin law, is the fact that ths ourveagivingcontentof An of
the plagioolaseorystals,ars not alwayalinear,and over the
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rongo Oft0 to Oo 30 thersmay be two possibleresults. Rowever,

for basioplagioclases,with wids lamellae,the method ta admirable,

and haa been usedwith high degreesof aocuracyon plagioclaau

crystalsfrom amphibolitesand oiloareousgnsisses. In no caso

have twina other thanalbite or periclineor combinattonsof ths

two been identifiedin the Ornea Region. Oocaaionaldublous

complex twins have been found,but in no case were the measurements
of the requireddegreeof accuracyto be entirslycertain.

(3)Smith'sMethod (1958). The method is only applioable
to periclinetwins,and yieldathe compositionof the plagloolass

by relatingX, Y and Z to the inclinationof ths periclin•

compositionplane. Slight differenoseexist in the ourvesfor

high and low temperatureforms,and althoughthe majorityof

determinationsfrom rocka of the Ornss regionfell near ths low

temperaturecurve, the soatterwas too great to permitany

conclusionsbeing drewn. The main advantageof the methodis the

Imnear natureof the curves givingcompoeition.

Pla ioclasecharacteriatics

Certain generalitiesabout the twinningof the plagioolase

orystalscan be made. In the granitesther.is a large

preponderanceof albite twins,and indeedin the aectionsavailable

of the Sjellltindgraniteat the S of Zysvand,periclinetwino are

entirelyabeent. As in the plagioclaseorystalsfrom many other

areas, thosefrom the Ornesregion show a gensralinoreassin

coaratnen of the twin lemellaewith increasein An content.
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Oombinedelbite—periclinetwinsand periclinstwinsare common

throughoutthe metasediments.The view of Uhler (1941)thatauch

combinedtwine developby adjustmentof the crystallatticeon

inversionfrom high to low temperatureform,oaanot be

demonstratedfrom theeerooke. It is olear that the plagioclase

crystalein the mstasedimentshave divelopedby norma1nitasorphio

pr • Rutland(1958)notes thatthe plagioclaseorystals


from the gneissiorocks of the Sokuswandregionshow •lternate

broad and narrowtwin lamellae,while those from the eohistehave

twin 1emellaeof equalwidth. Re 	 lates the differenoeaa


being due to variationin mode of developeent.The gneissic

plagloclaseorystalshe regardaas formingby inversionfrom an

originallyhigh temperaturestruoturalstets,while those from

the sohistemuet have developedby progreesivestrainunder

regionalmetamorphism.A similarreletionshipexistein the

Ornem regionwhere the plagioclaseoryetalafro• the horablendlo

gueiselasof Ornes,and from the presumedigneousamphibolitesshow

alternatebroadand aarrowlamellae(fig.96)in markedcontrast

to the schiste. In the case of the Ornes gneiessethereis ao

furtherdirectevidencefor regardingthe rookaas havingbeen

voloanic(but see also Nat/(-).

Plagioclase—microolineintererelationshipeere desoribedin

the sectionon basal granites(p.Q(5), and are not dealtwith

here.



rig.106.relayaroharaotoriatioa.

Dofornationof plagioolai•twialaaellasby
? r3 movonenta,ia a touraalinspagaatitlieSonth
Snyylivand.

Perthitsin Bjellitindgranit..

Conylloated twiaabowlag

•xtroatirrogalarityof twin

Coabinedalbitoyerioliaotwinin ailtysokiat,
.SonthLyawand,abowingdeform•dwodgo-shapsd
twinlaaellae.

Plagioolaa~oroollasrolationabipaia a absot
granitofroaN.W.Storvikvand.Th• plastoolaas
showadiforaodtwinlamellastwhilethealoroolineis
nad.formodandyrobablyof later•rystalliaation.A
littleayrnakitsio preaont.

7. A aingl.fraoturedoryatalof plagioolaser•plaood
by undeformednioroolinola a blotitosobistwithina
ablistgranite,NorthBlaatind.
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Ouartz

H 33= Bjellätind granite

H ace: Finrieskua gmnite

H 433= Skjeggen granite

Albite Orthoclase

Fig 107 Ternary dia gram for quartz-orthoclase-albite

showing analyses of three of the granites of the Ornes

region Contoured zone nepresents analysed plutrnic

granites quoted in Washington's tables (Tuttle & Bowen 19513)

Contours at 2 8.6%
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Diagrams•nd photographsshowingsome of the more interesting

plagioolaseoharaoteristiosare shown ia fig.106. Deformetion

of the twinnedorystalsis observedin almosteveryrook. Emmons

(1953)regardstwinningto he i ooneequenoeof strain. Wedge—shaped

twin lamellasare sometimeavisible (..g.figs 94, 104),and in

oertainoircumetanoesappearto be re1atedto sones of deformation

within the orystal. The presenoeof suoh wedge—shaped1ame11all

olearly demaodsthe mourrenoe of vioinalfaoes,•nd althongh

Berber (1936)regardsvicinalfaoseas being indiostiveof

primarytwins,it appearethat in some of the rooks from the braes

region,they are to be regardedas seoondery,and a consequenoeof

strain.
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TOPOGRAPHICAL MAP OF THE AREA
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