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NOTE REGARDING ABBREVIATIONS IN THE TEXT

All roek speeimens are referred to by their speelmen number

and not their location number.

The followinu minerdl abbreviations are is :

An Anorthite

Ce Caleite

Cord Cordierite

Ct Chloritnid

Gt Cdrnet

K'spar Potassium Feldspdr

Ms Mdseovi.te

Qz )uart/.

Su Sutile

Sill Silliminite

Sph Sphene

Staur Staurolite

70 Zoisite
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ABSTRACT

A structurdl dnd petrological analysis of the Lower Ordoviclon

sediments dnd greenstone igneous rocks 10km west of ILLikken,S ir

Tr13ndelag, Norway, revealed a structora1lv complex regionaIly

metamorphos terrain. dThese rocks re port of the Lower M rovin.,roup,, 


belonging to the Trondheim Super Croup.

The terrain mapped represents the chlorite zone of Barrnvian

metamorphic sequence. By working from previous researchers

experimental synthesis a schreinemaker hundle was constructed. L'rom

this the metamorphic grade was estLmated to vary between 4500 — 550°C

At VLO, 3.01 — 3.2 at a pressure of 5 Khars.

5terrtyr.ipbic dnalysis dnd way—up evidence were used to

estahLilish the structure. The sequence represents the inverted

refoldiar limh of an F nappe structure elnsing just to the north of
1

the mapped area.
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INTRODUCTION

This study is an attempt to provide a petrological and structural

analysis of an area of Lower Palaeozoic greenschists outeropping 10km

west of Lkken, SOr Trndelag, Rorway.

The rocks studied dre winly sediments which make up part oF the

Lower novin Group (Vogt 1945) a1so known as the Rronkstad Group

(Chaloupsky 1970) forming part of the Trondheim Supergroup. They are

situated within the Storen Nappe, part of the Trondheim Nappe complex

(Creene and Roberts 1980) on the Svørkmo antiform (Rutter, Chaplow and

Hatthews 1967).

Interpretation of the straligraphy has undergone d number of

changes. Vogt (1945) suggested the Lower Hovin to be Llanvirnidn to

early Ashgi11ian, Chdloupsky (1970) suggested Arenigian to LIandei1Lian

and Kyon et al (1980) using the evidence of the profuse grapto1ite

fauna of the Lo and Bogo formations suggested mid—Arenig to mid—

Llanvirn.

The I wer lovin sediments rest on the ocean—floor tholeiites of

the Stdren Group (Creene and Boherts 1980) which represent part of 1

Fragmented ophiolite of Cambrian t0 Lower Arenig age (Greene and

Roberts 1980) ohducted in pre—mid Arenig time (Greene and Roherts

1980). flie Lower Hovin Group sediments represent the erosional

detritus from the Storen Croup just to the South and with increasing

age these sediments show dn increasing hipolar provenance with acid and

hasic fragments many of metamorphic origin of continental derivation

(Creene and Roherts 1980). Creene and Roberts (1980) suggest that the

Lower Hovin and Upper Hovin trc of hack—are derivation sited within the

Ca1edonian Iapetus Ocean.

The rocks of the novin Group are structurally complicated by two

phases of foIdinj and a possihle tHird minor deformation. The roeks in

the mapped area display this well with some sedimentary structure nd
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good cleavage. They have also been regionallymetamorphosedin a

Barroviantype sequence.

The rocks are well exposedin road cuttingsalong the Svorkmoto

HolondaRoad and along the marginsof lakes. In additionmany isolated

outcropswere located in the forest. Aerial photographswere used to

help locate outcropsand fault lines. Recentlypublished1:5000 NGO

topographicmaps of the area were foundusefulas field slips.



II

PETROGRAPHY OF THE ROCK UNITS

Greenstone conglomerates and grits

Both conglomerates and grits consist mainly of matrix supported

'floating e1asts within a sandy matrix @f—teficontaining 1 rge hands

and lenses of sand and silt with no rudacions elasts. As a result,

defining the geological boundaries of these units was problematical.

For fieLd purposes the foilnwing classification was used:

goldtlomerate flcm — 1aru! Jxis

mm2grit <lcm> — lang axis

sandstone <2mm but easildyvisible c1asts


s itstone finer ndterial

The clasts are a mixture of rounded and angular fragments

stretehed ur flattened. The most competent glasts such as jaspar show

brittLe failure due to deformatinn (Plate 2.1).

The gunglomerates and grits often show a scoured base and draded

hedding. This gives good way—up evidence and are indicative of a high

energy enviroment with debris flows and plane bed lamination (Plate

2.2).

The rudite g1asts consist af greenstpne, occasignally whu1e

pillows, jaspar and ore minerals and with increasing distance from the

Storen Group, qudrtzite, limestone, deld igneous and basig igneous

clasts ;.nnrease in proportion. This is strong evidence for a hipolar

provenince.

In thin segLion it was interesting tu note that many hasic clasts

considered in hand specimen to he derived from the Storen Group are in

fact quite larze nodules oE pure epidnte up tn 2cm in long axis. It is

interesting to consider whether these clasts gou1d have been primarv
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epidote derived from the pillow Lavas or whether such large clasts

require a metamorphic origin. Could they have heen derived from a

continental provenence like the teid fragments?

The grits are of similar composition to the conplomerates varying

slightly in amounta of plagioelAse, quartz, calcite and epidote. The

plagioclase compositions ranpe An — AnII ' One grit contains very


large poikiloblastic plagioclase clasts with inclusidns of sericite and


epidote. Clasts of epidote dre Fe rich showing third order

polarization colours. In two thin sections epidote only occurs in the

matrix and is hard to resolve under the microseope. One grit also

dipslays tourmaline within a clast of schist. I3ost df the thin

sections show sphene except one. Butile however, is preseat in this

specimen due to d variation in NCo, (ref. page 31).

The matrix is made up of quartz, sericite and chlorite, often

wrapped around the clasts as S and S fabrics forming pressure

shadows. (Plate 2.1).

Sandstoneand Siltstones

These rocks are dark green to grev and ean he hdrd to didtinguish

from the preenstonP lavas in the field. In is necessary to cxAmine the

weathergd surtace where their sedimentary structures are well


displayed, giving good way—pp evidence (Plate 2.3).

Ehese rocks are dominated hy quartz hut they also contain

epidote. The epidotes are mdinly Pe rich showing third order colours.

These are mainly the larger grains and could be detrital. The smaller

grains in specimen No. 144 and No. 141 are cliAtozoisiteshowing low

order polarization colours often with anomolaus blue. These grdins

often show zoning formed by two episodes of growth. All these rocks

contain one or two micas either blotite, chlorite or sericite.

Chlorite is less ahundant in the north with the incoming biotite.

Biotite makes an early appeardnee in the psamites but does not Appear

in the adjAcent poLites. Sphene and magnetite are also com-mdn

constituents of these rocks.

—19--
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Pelites and Semi Pelites

Interhedded with the sands and silts are hands of chlorite and

muscovite rich pelites. These nnits are strongly cleaved into paper

thin flakes crumhling easily making co11ection difficult. In several

locations the semi—pelitie rocks are competant. Specimen No. 91 is a

calcareous, chloritic, museovite, quartz schist and Specimen No. 133 is

a ch1oritoid schist. In thin section the later shows sTall rosettes

and hour glass structures of ehloritoid set in a muscovite rich matrix

(Plate 2.4).

In the \orth of the r%11) area north of the Hiiloadaporphyrites,

pelites become more dominant, however towards Lake ledrijthe 1ithology

returns to sands and grits.

Along the rcad ccitting hetween Lakes Bakkt1 and Steingruvtj a

sma11 slate qudrry prcviden good exposure of a well cleaved slate.

This is reported to have produced graptolites, however none were found

by the author.

Black Shales

In coullet with the HIonda porphyrites black shales are expcsed.

Thene shales dre cleaved tc vury thin laminatIons and are extremely

incompetent. Their black colour is probably due r() high graphite

content.

Limestone

In the north east of Ihe area, thin hands of limestone ;1re

exposed. Thuse thicken ra.aidlv to the east where they are exposed

along a farest track on the eastern limit ot the

Thu limestones are whIte crystailine 1imestones and darker,

slightly pelitic limestones containing muscovite and ch1orite. They

are recrystallized in the west but towards the east they show more et

their original structures. One exposGre on the forest track is pock

—14—
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marked with limonite filled fossil casts. They are almost

unrecognisable but with a little imaginatioa gastropods or brachiopods

could be identified.

GreenstoneLavas

There are several outcrops of greenstone throughout the area.

The most continuous band is exposed at the Lake Bakktj road cutting.

None of these lavas show pillows like their counterparts in the Storen

Group.

The greenstones in the field are massive only occasionally

displaying a cleavage and usually forming large outcrops. They are

often seamed with veins of calcite, epidote and quartz. In thin

section the mineralogy is quartz, calcite, plagioclase, epidote

chlorite, actinolite, sphene and magnetite. The plagioclase is An, and

the epidote shows third order polarization colours.

Most horizons do not show a particularly large lateral extent and

probably represent fairly small localized lava flows.

Several outcrops of a thin prophyritic greenstone 2 meters thick

were located near Lake Bukkuvatnet. In thin section the 'phenocrysts'

are calcite and look very similar to the amygdales in the amygdaloid

greenstone described by Chaloupsky (1970), from lkm south east of

Jonland. The rock is however more acid than the greenstone previously

described containing significantly more quartz and less epidote.

HolondaPorphyrites

Two distinctly different units were mapped. They represent

laterally continuous intrustions of basite and andesite. Both units

are porphyritic, heavily altered and deformed. Both units show baked

margins on both sides. In the field the country rock is brittle and

hard but shows little evidence of thermal metamorphism in thin section


other than unusually large amounts of Fe oxides which may be wall rock

—16—



alteration and the passible growth of a snall mnonnt of h ntite.

Voct (1945) suAeested the two porphyrites to be, the '3ere' type rich

in plaeioclase phenocrysts, and the 'Almas type more hasie and

ahundant in phenocrysts of albite and pyroxene.

The andesite porphyrite in the area mapped shows 1arge, elLen tlattened

phenoerysts of alaxioclase aligned in a planar fahric in a matrix ot

chlorite epidote, quartz, hiotite, actinolite and alhite. The

phenocrysts which appear distinct in hand specimen are noiki1ohlatic

alhite, of composition An , which is only recoenisable hy its ahility

to eo into extinction en—nass hehind inc1usions of epidote, actinolite

and quarlz.

The hasic porphyrite shows in hand specimen anl thin section,

larxe actinolites of several compositions some psudomorphing earlier

phelocrysts, prohahly the pyroxenes described by Vogl, and seme Fresh

porphyrohlasts. A ground—mass of quartz, plagioclase (Au,,), epidote,

chlorite, sphene and hiotite is wrapped around the actinolite erystAls

in a strong fahric leaving pronounced pressure shAdows (Plate 2.5).

—17—
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III

METAMORPHISM

The rocks have heen described petrographically in the previoug

chapter. Their mineralogy and textures show that they have all

undergone regional metanorphism. In this chapter it is proposed to

examine the nature of this regional metamorphism. Sixteen rocks of

varying lithology and grade from the mapped area were examined in thin

section to establish the mineral assemhlages. A list of mineral

assemb1ages is given in the tab1e Fic. 3.1. The locations of these

assemblages dre given on the location nap Fig. 3.7. Rock types are

also included in this table.

The mineralogy of the rocks in the area mapped and the area to

the north mapped hy C A R Robin indlette that the metamorphic arade

increases towaris the north.

Petrology

Pelites and Psanites

In hand specimen nuscovite and chlorite were common constituents

of all the pelites. Mnly one pelite specimen was examined in thin

section (Specimen No. 133). This rock has the assemb1age chloritoid,

chlorite, nuscovite and quartz which, according to A Miyashiro (1973)

only occurs in rocks with a high alumina content and a high Fe7-4-/11g

ratio. He also suggests that it occurs in the low temperature parts of

regionally metamorphosed terrains such Is the chlorite zone.

Pelites to the north in the area mapped by C A R Robin all

contain biotite with the assemblage biotite — muscovite — quartz heing

typical, showing an inerease in grade to the biotite zone.

The psamitie rocks collected conmonly have the assemhlage

chlorite—quartz indicative of the chIorite zone. Three of these rocks

alsc contain blotite, Speelmens No. 144, No. 141 and No. 34. These

—19—
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rocks are al1 very silicious only one of them containing another mica,


No. 141 contAins sericite. The occurance here of biatite in asamites


adjacent to chlorite pelites devoid ni biotite is similar according to

Miyashiro to the metagraywackes in the Scottish Mighlands. Epidote

eccurs in all the psanites; We rich epidote. In specimen No. 141 And

No. 144, clinozoisite occurs. The plagloclase is all alhitic, An,_,,

typical 0f the greenschist facies. Specimen Nos. 42, 82, 86 and 82

all show the assemblage epidote — albite — caleite chlorite which is

also typical of the greenschist facies. Most of these rocks alno

contain sphene but contained the assemhlage rutile — calcite — quartz

which is the result of a variation in vapour pressure, which will he

discussed later in more detail (ref. page 31).

Metahasites and cale schists

Assemblages typical of the greenschist facies were found. The

assemblage actinoLite — chlorite — albite — epidote was found in hoth

the greenstone No. 36 and the hasic porphyrite No. 96. Epidote,

calcite and quartz formed numerous veins in thin rock. Sphene is alsn

a common constitnent. The hasic porphyrite displays large actinolite

grains of i wide range o( composition showing grains of low


polarization and high polari2ftinn colours, psudomorphing earlier

minerals (ref. page 17). This rock also contains nuartz, biotie and

sphene. Specimen No. 83 referred to as the porphyritie greenstone

shows the mineral assemblage chlorite — albite — epidote which

Miyashiro stAtes is typical of the greenshcist facies.

Several of the rocks to the north collected by C A R Rohin

display assemblages typical of the epidote amphihnlite facies. This

representK a considerable innrease in grade. Specimen Nn. 165 and No.

175 contain alhite — epidote — hlue—green hornblende which is

indicAtive of the epidnte amphibolite facies. Specimen No. 149

contains hlue—mreen hornhlende hut not albite and epilinte.



Phase relations and estimation of conditions of metamorphism

Pelites and psamites

In the pelites the only really useful assemblage is chloritoid

chlorite — guartz — muscovite. This is plotted on the PT grid, Fig.


3.3, taken from Crieve and Fawcelt (1974). This work is based on FAS1

part of the KFMASH model pelite system. Their work ts based partly on

the experimental synthesis by Schreyer (1965). This system is

restricted to PH20 Ptot,1 and FO, conditions near the giM or N\'/

buffers which, as we will see latvr, is not far from the situation in

the rocks examined. The chloritoid — quartz assemhlage restricts the

metamorphism to approximately 400-550°C at 2-6 Kbars.

Mhscovite — calcite — qu tz, Sphene, Sphene—plagioclase and

zioste are all useful assenhiagios in the psamites, giving a tight

control on temperature and PCO, which will he dealt with later. The

muscovite — calcite — quartz slahtlity is plotted on a PT grid, Fig.

3.4, which is taken from Hewitt (1973). Synthetic starting materials

were used at P10, + PH20 Ptmt • This restricts the assemblages


discussed to 2-8 Kbars at 400 — 6CU°C.

letabasites .nd calc schists

The cale schist contains the assemblage muscovite — calcite —

quartz which is useful as discussed in the ahove section. This

assemblage was also found in the porphyritic greenstone. All the

metabasites contain epidote md most, the assemblage sphene

plagioclase, which are very for plotting temperature and Pcn,

conditions which will be dealt with later. The plagioclase ran es


from An7 — Ani3.

lt was found that none of these assemblages Lend themselves to

plotting the pressure. However, the assemblage blue—green hornhlende —

epidote — albite found lust to the north slightly higher in the

sequence, ean he used to estimate the pressure at approximately

5-6 Khars in the Lower epidote amphibolite facies according to A

—23—



Fig.3.3

PT grid for Chloritoid + auortz stability (Grieve .Fawcett 1974
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Miydshira (1973), Sig. 3.5. Since the roeks just to the south can be

assumed to be slightly lower in grade ictinolite being the only

amphibole not hornblende. It is therefore reasonable to suggest that

the pressure of metamorphism was approximately 5 Kbars.

The assembalAes diseussed can be represented in two projections

TiO, — Ca0 — A1203 and K,n Ca0 — Al2n„ Fig. 3.6. Fig. 3.7 shows

the compatibility diagrams with the rock specimen numbers marked on to

illustrate the compositions present.

The reactions involving sphene — rutile — zoisite — anorthite —

calcite — vapour are related by an invariant point. These are

presented on Schreinemaker analysis 'A' Fig. 3.8. The reactions

involving muscovite — ziosite — anorthite — cdleite — vapour and a

possible K phase potassium fe1dspar are also relAted by an invariant

point. These are presented on the Schreinemaker analysis '8', also on

FiA. 3.8. Compatibility diagrams showing the stable phases included.

Both these invariant points have A COMMon reaction:

ziosite anorthite + caleite.

This allows both invariant points to be related. The different facies

are numbered The four compatibility diagrams with rock specimen

numbers fit with facies I, 2 dnd 3. One assemblage Fits the facies 1.

This being the rutiLe bearing rock. The raeks belonging to facies 2

dre common to facies 3 aswell. Some of these asselb1ages also contain

plagioclase. The reactian:

rutile + ziosite sphene + anarthite + I120

is a continuous reaction with the calcium content of the plagiaeloase


izereasing with temperature. Therefore it is likely that this reaction

will have taken place to a certain degree. Craphically this can be

displayed by bringilg the invariant point down in temperature. The

rock specimens in this category have been pnt in brackets in the


diagrdm. Three assemblages are restrieted to r cies 3 by the

assembldge muscovite zoisite — calcite.

With reference to experimental data the Seireinemaker bundLes ean

be -plottedonto a T—N grid, Fig. 3.9. The

rutile + calcite sphene

—26—



Fig 3 5 Temperature & pressure of metamorphic facies (simplIfied)



Fig.3.6 Compatibility diagrams for TiOcCa0 -A1,03 & KtO-Ca0- 4W3
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curve was taken from the experimental data of J A Hunt and D I Kerrick

(1976) and with reference to 0 T R Droop (19SI).J> Allen and J

Yawcett's (1981) experimental data on the stability of zoisite

anorthite - calcite was 11H;edto plot the

zoisite anorthite + calcite

curve and the invariant point involving the zoisite + calcite +

quartz -7-71*garnet curve, not mentioned above. Experimental data from


the work of David A Hewitt (1973) was used to plot the position of the

invariant point B, and the curve muscovite + calcite + quartz.

The reader is reminded that the suggested pressure of

met;hnorphismwas approximately 5 Kbars. The T - X grid has been

plolted at 5 Kbars fixed pressure. With reference to Fig. 3.9 the

metamorphic grade can be extimated. The majority of assemb1ages

belong to facies 3 with a temperature range of 500-550°C and

XC0, = 0.02 - 0.16. Four ot these assemblages can range between facies

2 and 3 and could have formed in conditions from 450 - 550°C at

XCo, - 0.01 - 0.16. The assemblage in facies 1 could have formed in


candithmls frcy2450 - 500°C in XCO2 = 0.01 - 0.2 . This assemblage can

he considered to result from i variation in XCO2 since it was located

north of an s()Lithof sphene bearing rocks of facie,-;2 and 3. Hence the

puter hrachet of the 0etamorahic grade throughout the area can be

estimated at 450-550°C at 5 Kbars withX002 = 0.01 - 0.2 .
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IV

STRUCTURE

Most of the rocks are psamitic to semi—psmitic with a few igneous

rocks and a few pelites. lost units dispslay bedding and cleavage and

some sedimentary textures. dess competent units that do not show

sedimentary texture show strong cleavage often crenutated. In the

conglomerates the plane of pebble flattening is apparent and similarly

a plane of phenocryst fldttening is apparent in the andesite

porphyrite. The data recorded is displayed on stereograms Figs. 4.1 to

4.10.

The poles to S are contoured on Fig. 4.9. Their plot fits a
0

eirele thepole to which lies close to the main plot of Fr foldMd

hedding cleavage intersections at 06°/093°. It must however be

reatised that subsequent TI deformation will have had some re—

orientation effect on this ve metry.

The poles to 5 , the poles to the plane of phenocryst
1

flattening and the poles to the plane of pebb1e flattening Are p1otted

an separate stereograms, higs. 4.2, 4.3 and 4.4. Their geometry is

very similar, suggesting that the ?1anes of pebble flattening and the

planes of phenocryst fLattening wer2 formed in respanse to D
1

pardllel to S . They are al1 plotted together on d contoured

1

stereogram, Fig. 4.10. The pole to the circle of these plots is

very close to the position of the F hinges and the F crenulations
2

dt 06/094'. This is almast exactly parallel to the - cirele for the

orientations. in the field S and S were also sah—para1lel
0 fl 1
in most of the outerops. The mAjority of the mapped area in therefore

part of a major fold 1imh.

Unfortunately anly Iimited S and F axial planex were
2 2

locAted and these were rdndom in orientation. In the Field, several

folded veins and crenutations wer2 found which may represent a third

minar deformation.
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In the field, younging evidence consistently shows an inverted

sequence. Evidence consists of graded bedding in the silts, sands and

grits and scoured bases and graded bedding in the grits and

conglomerates. (See Plates 2.2 and 2.3). Great care was taken to only

record evidence which unquestionably showed way—up. Some outcrops are

confusing and show grading in both directions, apparently in the same

unit. This could be a density flow or small scale isoclinal folding

and was not used as a way—up. Care was taken to record bedding and

cleavage orientation with way—up data wherever possible. Plates 4.1

and 4.2 show an F fold hinge with possible inverted way—up.
1

Unfortunately, the thin section of this rock, Plate 4.1, does not show

particle size grading, but does show a concentration of heavy minerals

into layers. Plate 2.3 shows more typically the grading found on good

weathered surfaces in the sands and silts. Plate 2.2 shows very well

the scoured bases typical of the contact between conglomerates and

grits and sands and silts.

From the field evidence a cross—section has been drawn, Fig.

4.11. By closely following bedding cleavage relationships it is

possible to draw the overall structure. One problem encountered was

that many of the units often have poor latteral extent due to rapid

facies changes. The section shows the lower inverted limb of a nappe

structure closing just to the north of the mapped area. A sketch

section is included, Fig. 4.12. Within this limb two parasitic folds

are evident, one fo1ding the bands of greenstone lava in the Lake

Bakktj area and one in the Ear north of the mapped area. These folds

are sub—horizontal, plunging 06°/093°. The who1e structure is then

folded a second time which is well displayed by the folding of the

cleavage in the north and the outcrop of the conglomerates and grits in

the south which form a pronounced antiform. In conjunction with the

stereographic evidence the F structure can be described as tight to
2

isoclinal upricht folds with sub—horizontal hinges plunging 06°/094°.

A sketch section including the sections drawn by J E latthews to

the south and C A R Robin to the north, shows the overall structure.

The area mapped is dominated by the F Svorkmo Antiform with the

conglomerates in the core. This passes south into the F LOkken
2

—38—



•

•., I

. • • eN. . • ;‹,

4,
, ,..,.. .„„y., 4. 1
l'; . 1. fa

•
' 4 j( ....‘ i • 11' .1
"I r• .; r ' -• • " - .
ri•r•  4å;r ' < . ' • .4

..•t i ;
.> ' /•• g • '`. .._ ...'

.,--fi

% , 4 Ir i• .?I,..•
t

..„

rf#. . . ' ',,i e. .:-, •.. •, ; .,,_?:„,.,
4 .., ......

. %,„„. • .4r rr

i•-



+:fb .
Nli: t• •

/.1-;-. •43 •
SiLa .... ,

.:/..

•

C .".t.• ''

4--
ne..-
tri.drj

IL,

4-)

*4

qa",
'

å
' • b

24is '.••41
4

,

	

"" r /(.1 11,-

	

n '1)n•.; nrP, n

	

n ;,› '.



1111•1111•1110•-111011101•1-111001-11ffieffillffillffillIM —11•11111111101••11  1=

z . , -
' ( 11 ' • --',.cck,..... ?

r ; ¥. •
. - ,•- tfrb. ..., •%"•• , ''.

' • '1. ' a•,- . .
:-.. t ".

-1.--r..
, 44,•

.1/4'-‘11)  11' r•

, . 4

;,:":" tN11-4P,

	

\ 4

I.

•

.`

tittk

 4 )

, : I

Atlit.. Iti..: ,,,. ;
"A„.:



Fig.411 Cross section

Scale 1:5000

No vertical exageration

Flg 412 Sketch section

Scale 1 40,000

iv0rk-na ant.ft—n

00 5Km
L r0d s_Hr.ce

(Legend as for the map)

South
North

kog

'res
-00

300

. ,,
200

10,0

0



synform. The rocks tv the north of the Svorkmo Antic1 ne are folded hy

F parasitic folds and second1y by minor F folds. This structure
1 2
passes north into the F fold hinge suggested by C A R Robin which is

then thrust out.

Faulting is not as well disp1nyed as the folding. Small ncale

faulting is evident thoughout the area. These faults usually occur in

the greenstones and conglomerates. Plate 4.3 shows a good eaample of

this faulting with en echelon tension gashes formed by progressive

simple shear showing displacement of on1y a few centimetres. The fault

strikes 354° and dips 7C° to the east with a down throw to the east.

A major fault running NF—SW cross cuts the whole area dnd Lies

beneath Lakes Svartj and the unnamed laXe in the south west. It is

wel1 displayed on the aerial photcgraphs (ref. Norwdy colIection C13—

5191) and can be inferred from the outerop of the 911Iondaporphyrites.

This is a low ongled rdolt dipping to the south east and thrust

approximately 25m north west. Outerops of the foult plane were not

found and its relationship to the deformation are nneertain, suffice It

to say that thrusting may hdve occurred with the development of the

nappe structnres.
1

Faulting also occurs at the westerly limit of the limestane

outcrop in the east of the Tap. These two faults alno show oa the

derial photographs and eaplain the outcrop of the limestvne. The

eastern most fauIt is down thrown to the west but the Ihrow of the

western most fault is uncertain.

The on1v fauItn located cross cut the strike. It is posnible

that many more fauIts occur paraIle1 to the strike in response to the

development of the F nappe structures but remain inconspicuous. The
1

outerop of the 11 31onda porphyrites could be influenced by a thrdst

faudt running pdrallel to their strike. The outerop pattern of hasic

porphyrite then andesite friresouth to north is repeated. There may,

im fAct, be on1y ane hond of each thrust to produce a repeated outarop.
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It is not possIble to say much about the relative dating of the

faults as most of them are inferred and therefore their relationships

to the folding cannot be assessed.
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V

TEXTURES

The key to the relationship hetween the metamorphidm dnd

deformAtion of these rocks is illustrated by the textures. Most of the

rocks show d good planar fabric most of which have been effeeted to a

grealer or lesser extent by a second deformation. Fach type of fabric

is deserihed with reference to photomicrographs and sketches. All the

rocks are reerystallized under the metamorphic conditions described in

Chapter and deformed by at ledst two phases of deformation

descrihed in Chapter IV.

Planar fabrics

Four thin sections examined, Nos. 28, 83, 96 and 144, contain

planar fahrics unaffected by a second deformdtion. Planar Eabrics Are

evident in hoth the basic porphyrite No. 96, Plate 5.1 dnd the andesite

porphyrite No. 28. In the andesite this is better observed in hand

specimen. Sterographic Analysis was used to show this to be S (ref.
1

PLate 4.1C). The poikiloblastic phenocysts of oldgioclase nnly show in

Ihe chaolic jumble of mineral ?rowth as Flattened hrick shapes ;Aldenp

afi hAze of sericite, zoisite, quartz and albite. The basie

por-i)hyrite,however, shows a strong planar fahric wrapped around 1arge

grAins of actinolite adjacent to conspicuous pressure shadows. These

grains are strongly twinned and in some cases fractured, Fig. 5.1.

lath like hndies of polymorphic quartz segregAtions overprinted with a

shadowy exlinetion lie within a streaked out groundmass.

Speeimen No. 144 was locdted adjacent to the 1131ondaporphyrite

and may hdve suffered thermal metdmorph sm as weli is regional

metAmorphism. 1n the slide sericite, quartz and some epidote has grown

pArAllel to the fabric. Much of the epidote is detrital and the fahric

is wrapped Around it. The biotite in this rock is both concordant with


the fahric and discordant with the fabric wrapped around it. Some of


this is likely to be thermal metamorphic, the rest of the mineral

growth is eontemporaneous with the D deformation.
1
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Specimen No. 83 is a porphyritic greenstone lava which, in part,

is crenulated slightly but generally shows A good planar cleavage.

This is developed by the alignment of quartz and plagioclase grains and

the growth of chlorite.

In general the planar fabrics are restricted to the most

competent rocks. The less competent rocks show a greater influence

from a second deformation.

Crenulated cleavages

The majority of rocks show a planar fahrie crenulated by a secand

defdrmation. The htotite siltstones, Speetmen Nos. 34 and 141, show

planar cleavages outlined by quartz and hiotite alignment. These have

been crenulated by F . The hiotite in these rocks is parallel to the
7c

S cleavage, having deve1oped contemporancons with the D . The
1

limestone shows large scole erenu1ation of earlier Fabric, Specim n No.

128, Plate 5.2. This rock is divided up into clasts and fine

cataclastic material. The tectonic clasts dre houdins, the

.intersticies between show a growth fabric is still evident with
0

fe rich horizons, prohably representing styln1itin bounddries.

Suhsequent F	 folding has produced large scale fo1ds with 2 — 2.5cm

2

dmplitude with small sca1e parasitic crenulotions within the

cdtdelastic material.

Crenulation cleavages

Crenulation eleavages showing an S rather than a crenulated
z

Si are evident in some rocks. In the ch1oritoid schist, Plate 5.3

shows a strong S cleavage with sericite and chlorite in the plane of
.)

S , strongty fOlded into a nearly dominant S fabric. The
1 2

chloritoids possibly hmving grown as rosettes shartiy after D CrOSS
1

cut S and are in mdny cases flattened 1nto bow—tie struetures
1

parallel to S . The sandstone Specimen No. 44, Plate 5.4, shows S
n 9

outtined by hands of magnetite and S perpendicular, outlined by
1

sericite and ehlorite, showing parallel growth. This is crenulated by

and in places hy S is a crenulation sab—parallel to S . The

	

v 9
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si1tstone Specimen No. 39, Plate 5.5, has a quite pronouneed
2

cleavage in places, picked oul by the Fe staining. This however is not

strong S cleavage. The mineral growth in this specimen is
2

parallel to S •
1

In the grits and conglomerates the cleavages are only displayed

in the matrix between the clasts by the growth of cblorite and

muscovite and the alignment off rains of quartz and epidote. Specimen

No. 82, Plate 5.6, shows a strong 5 crenulation cleavage well
2

dispslayed around the clast of quartz dis1ocated by brittle falLure.


The 5 cleavage in places completely overprints the S cleavage.
2 1

Sericite growth has not taken place paralle1 to S but shaws undulose
2

extinction, and therefore the last event was a deformation event, not d


recrystallization event. The Specimen No. 92, of a grit, Plate 5.7,

shows similar textures with a strong 5 cleavage. A large pelitie
2

clast in plate 5.7 has been foLded dnd sheared by the . In the
1

con?1omerate Specimen Nn. 86, the S texture is displayed by the
1

ali?nment of clasts, 5.2. In one large chloritic clast, the S
1

and S is evident. The edleareous, chloritic, muscovite, quartz

9

schist Specimen No. 91, is considerably deformed showing a strong S
2

cleavage and possible F crenulation of a calcite vein. This is
3

illustrated in Fig. 5.3 drawn from a polished surface. strong

fabric is apparent in the greenstone lava, Specimen No. 36, Plate 5.8.

The 5 fdbric is axial, planar to Che folds in the epidote caIcite
9

guartz vein which runs para11e1 to [he 5 cleavage.
1

Textures in the quartz

The textures in the quartz are similar throughout the specimens.

The quartz commonly displays innealing overprinted with a shadowy

extinction. Much of the annealing may belong to an earlier provenAnce,

for instance many quartzite clasts. This is caused by an earlier

metamorphic event overprinted by a deformation. Deformation lamelli,

or 13311nlamelli occur in the eon?lomerate, Plate 5.9 and in the grit,

Specimen No. 87. Many of the quartz and jaspar c1asts also show

britt1e failure. This is we1I displayed in Plate 5.6.
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In summary, the following evidence can be drawn on:

recrystallization of the rocks;

growth of sericite, chlorite and biotite parallel to the S

cleavage;

— alignment of clasts with the S cleavage;
1

britt1e failure of quartz and jaspar clasts;

moderate to strong S cleavage in the micaceous minerals;
2

shadowy extinction of minerals deformed by S ;
2

shadowy extinction of annealed quartz;

possible development of F crenulations.
3

1

From this, an outline of events leading to these textures can be

compiled:

deep burial and metamorphism of the terrain recrystallizing all

the rocks;

intense deformation developing an S cleavage
-2I 1

throughout, during metamophism, resulting in the growth of

minerals parallel to S the alignment and possibly the britt1e
1

failure of clasts and the annealing of much of the quartz;

0 less intense deformation developing an S cleavage in
2 2

the micaceous minerals and leaving a shadowy extinction overprint

in the quartz and many other minerals, in particular, those

aligned with S ;
2

D deformation forming an occasional crenu1ation not evident
3

in most rocks.
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VI

CONCLUSION

A structural ond petrolovical analysis of the Lower Ordovician

sediments and greenstone „gneous rocks 10km east of L'cikken,S.(ir

Trilngeldg,Norway, revealed a complex geolgicol history. These rocks

are port of the Lower Hovin Group belonging to the Trondheim

Super;roup. The sediments are dervied from a hipolar provenance in a

high energy environment. The detritus comes from the Storen greenstone

lavas and a continentol terroin. The igneons rocks are greenstone

lavas ond intrusive igneous rocks known locally as the Holonda

porphyrites.

The terrain mopped displays vi Barrovian metamorphic sequence

beloning to the chlorite zone. The pressure of metamorphism is

estimated to be approximately 5 Khars. Using this estimate, the

temperoture and vapoor pressure range between 4500 - 550°C at XCO, 0.01

to approximately 0.7. Most ossemblages con be bracketed within

temperotures 5000 - 550°C at BCO, 0.02 - 0.16 dt 5 Kbars.

The senuence hos undergone two najor defarmations and a possible

third minor deformotion. The occored contemporaneous with the

1

metamorphism ond resulted in large nappe struetnres. The rocks mapped

represent the inverted sequence of the lower linb of such a nappe

stroetnre. The U wos not as intense as U and folded the rocks
1

into tight upright- folds folding the 5 cleavage. The U is only
1

evident occasionally as a minor crenulation.

It would he very interesting to condoct further resedrch to the

north lo establish the metamorphic sequence which certdinly progresses

into the epidote omphibolite focies. The stroctural geology to the

south ot COkken is well estoblished as a synformol anticline which is

the 10‘...erlimb af i nappe (Rutter, Chaplow and Matthews, 1967). The

locotion of the hinge of the noppe has been suggested by the evidence

of this report dnd the field wark of C A.i Robin. Further, more

detalled work of is necessary to establish thts ond the effect of

thrusting.
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