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ABSTRACT

Gréndalen is a northwest-southeast trending valley lying
approximately 10 km. west of the mining village of Skorovas, in central
Norway. The geology of Gréndalen comprises the western and southern
margins of the Gréndalsfjell intrusive complex which has been thrust
over younger rocks within the allochthonous Gjersvik nappe. Litho-
logical distinctions in the field show the complex to be a sequence of
gabbros and later diorites intruded into metavolcanics with minor phases
of basic and trondhjemitic dykes. DBeneath the thrust horizon a suite
of schistose greenstones occurs, intruded by another igneous complex

ranging in composition from trondhjemitic to gabbroic.

The lithologies have been subject to greenschist facies meta-
morphism, local hornfelsing and widespread deuteric alteration.
Tentative sections of the Gréndalsijell ~amplex have heoen based on the
work in Gréndalen and to the east of the complex by P. Walker (1972},
A description of the economic geology of Grendalen is given and comparisions

have been drawn between the Grondals{jell complex and other selected

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



1 INTRODUCTION

During the summer of 1977, at the invitation of Elkem Skorovas
Gruber A/S, geological mapping of Grdndalen was undertaken by Mr.
I.L. Ferriday and the author. The objective of the study was to define
the local geology and investigate the potential economic value of the

area.

1.1 Geography

The mining village of Skorovas is situated in the upper Namdalen
valley, Nord Trgndelag, about 30 km. from the Swedish border and
about 260 km . north-east of Trondheim (Fig. 1) The Skorovaselva
flows westward irom Skorovas along the northern flanks of Gr¢ndalsfijell.
to the west of which lies Grédndalen. Grdndalselva flows approximately
north-south from Gréndalsvair, throngh Grdndalen and makes a con-

fluence with the Skorovaselva about 12 k. west of Skorovas.

1.2 Physiography

Grégndalen is a glacial valley, evidently once occupied by a
glacial lake . The valley floor lies at an average 400 m., is forested
with Scots pine and is locally marshy, particularly to the south of

Groddalsvatn where exposure is low.

The valley sides rise gradually to 930 m. at S¢éndre
Gréndalsfjell to the east and to 800 m, at Murfjellet to the west. The
tree line usually occurs around the 500 m. level with scrub persist-

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

total exposure above 700 m.



Fig.

1 Geographical location of Skorovas,Central Norvay
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2 REGIONAL GEOLOGY - 5

Simplified maps of the Scandinavian Caledonides and the general

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

The greenschist facies Lower Palaeozoic rocks form part of the

belt of alloc hthonous greenstones within the Central Norwegian Caledonides

In the Grongfelt region these comprise the Gjersvik eruptive com-
plex, a sequence of gabbros that have been intruded by dioritic and
granodioritic bodies which form the roots of 2 volcanic sequence.
Unconformably over this sequence lies a pelymict conglomerate and
finally the Liming group, composed of a variety of caicareous flysch
sediments. These meta-igneous and meta-sedimentary rocks together

form the Gjersvik Nappe as defined by Halls et at {1977} -

This nappe is contained as a2 klippe on the Seve - Kol Nappe
which comprises Cambro - Silurian low grade meta-sediments and meta-

volcanics overlying granitic bodies.

Thrust over these nappe units is the Helgeland Nappe, a sequence

of high-grade metamorphic rocks of suppesed Lower Falaeozoic age-

The entire nappe succession rests on a Pre-Cambrian granitic-
gneissose basement which defines the Gjersvik Nappe in the Grongfelt
region to the north and south as the Bdrgefjell and Grong basement

culminations respectively (Figs 4, 5 and 8).

Mineralisation occurs at two levels within the eruptive sequence
of the Gjersvik Nappe. The gabbro contains small bodies of cumulus
mineralisation, generally of the pyrrhotite-pyrite-magnetite assemblage,

including small but significant amounts of nickel, copper and platinum
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as pentlandite, chalcopyrite and an unidentified platinum mineral, The
volcanic sequence contains exhalative type mineralisation as defined by
Carstens (1922), the strongest known expressions of which are the
copper-bearing pyritic orebodies of Skorovas and Gjersvik . Other
stratiform base metal deposits in the Grong - Stekkenjokk region occur
at a higher stratigraphic level within the dominantly sedimentary supra-

crustal units to the east of the Gjersvik Nappe.

The absence of fossils within the Gjersvik Nappe prevents precise
dating of the Gjersvik sequence By comparison with similar rocks of
the Stédren Group in the Trondheim region the age of the Gjersvik

'k to Caradocian

3
[=]

eruptives has been suggested as Llanvirnian throu

(Halls et al 1977).
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3. THE GEOLOGY OF GRONDALEN

The geology of Gr¢ndalen includes subvolcanic and extrusive
rocks of the Gjersvik eruptive comnlex occurring within the Gjersvik

Nappe.

The study area may be divided into two distinet structural units,
a klippe of predominantly intrusive character; and older volcanics which
themselves contain intrusives. The contact between these units is a

thrust plane.

3.1. Klippe Lithologies

The klippe comprises the Gréndals{jell intrusive complex which
has been intruded into volecanic greenstones. This complex extends
8 km. by 10 km ; only the southwest part outcrops in Gr¢ndalen.
Essentially this complex consisis of rafis or xenoliths of gabbro or

h & &
greenstone material in a dieritic matrix tegether wiih iater minor
intrusives of a predominantly trondhjemitic composition. The sequence
P ¥ ] !

of intrusive events is as follows:

1. Intrusion of the major gabbro phases and subsequent minor
intrusives-
2. Introduction of large volumes of diorite resulting in alterat-

ion of the originally anhydrous gabbroic phasc to gabbro-
diorite hybrids and saussurite gabbros.
3. Intrusion of basic dvkes

4. Intrusion of trondhjemitic dykes.
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3 11. The Massive Greenstones

In this report the term '"greenstone'' refers to fine-grained
igneous rocks of extrusive origin which contain an assemblage of

minerals produced by regional greenschist metamorphism.

The greenstones of the Gréndalsfjell complex are prograded and
outcrop to the west of Grondalselva, lying directly above the major
thrust horizon . They also occur as a large raft-like body in diorite to
the northeast of Gréndalsvain. The greenstencs commonly have a

gradational contact with the diorite

In the south of the complex a zonec of greenstone xenoliths in
diorite is mappable, trending east-west, within which the relationship
between rafts suggests the nature of the dioritic intrusion to be passive.
This zone is usually over 100 m. wide, reaching 400 m. west of
Gréndalselva. However it is apparently absent around (-13200, 70100)
where the greenstones have a sharp contac! with massive diorite and
around {-14500, 71300} where the grecnstone makes a contact with

diorite containing gabbroic xenoliths.

The greenstone xenolith zone passes gradationally through a zone
of greenstone containing irregular dioritic veining into more massive
greenstones. The veined zone is of varying thickness and is not always
apparent. The veins occasionally form net complexes, are usually

persistent over no more than a metre and are up to 5 cm. thick.

The relationship of the greenstones to the surrounding xenolithic
belt is more obscure to the east of Gréndalselva. The wide belt of
xenoliths, up to a kilometre wide, surrounding the small greenstone body

suggests the latter represent the remnants of a much larger unit of
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greenstones that underwent digestion by the diorite.

In the field the greenstones are seen to be dominantly massive
with very few primary textures being evident. Alteration of the primary
mineralogy by thermal and regional metamorphic events has probably

obscured many primary textures.

Well banded volcaniec rocks occur however around (-13100, 70250)
The bands comprise segregations of mafic and felsic minerals into layers
up to 1 cm. thick. Within a few metres of this outcrop however,the rock

takes on the more typical hornfelsed appearance.

Segregations of amphibole and epidote are present locally (Fig
7). These are probably the result of deuteric processes,possibly

related to sea floor metamorphism,aliering the greenstones.

Two different compositional types of greenstiones within the

Gréndalsfjell igneous complex were recognised in the field:

311 (a) Andesitic to Basic Greenstones

These are the more abundant type of greenstone in Grgndalen
They are fine-grained, grey-green rocks which contain occasional rust
zones, indicating the presence of sulfides (Chapts 5). Locally this
lithology is slightly magnetic due to the presence of magnetite and

possibly pyrrhotite.

Mineralogically the rock comprises @ groundmass of highly

saussuritised plagioclase (usually oligoclase, Anlo 30) which exhibits
albite twinning, chlorite replacing amphibole, epidote, clinozoisite and
minor quartz. Disseminations of magnetite or ilmenite are common.

Knots of clinozoisite, up to .75 cm  in diameter, may represent relict

amygdales.



em

Fic. 7 Segregation of amphibole {(a),magnetite (M),
chlorite-epidote (C) and feldspar (F) in greenstone at

(13050,70.50)

144
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3.1.1. (b) Acidic Greenstones

The acidic greenstones are fine-grained, whitish, keratophyric
rocks, often containing abundant epidote-rich veins. Plagioclase (albite -
oligoclase) and quartz are the most abundant minerals. Minor amounts
of epidote, chlorite, clirozoisite, calcite and sphene are also present,
Rust zones are frequently associated with the acidic greenstone lithologies

(Chapt. 5).

The acidie extrusives were only recognised amongst the green-
stones to the west of Grgndalselva where they reach a maximum thick-
ness of 200 m. but are commonly only about 20 m. thick. The thicker
units are the more persistant and may be traced for up to 500 m. aleng

strike.

Primary textures are absent from these aphanitic lithologies

The units are thus presumably acidic {lows or highly altered tufis .

Chert or jasper horizons were found at only one locality in the
massive greenstones (-11150, 68495). Compesed almost entirely of
quartz with abundant stringers of eubedral pyrite, this rock has a °

grey-green colouration suggesting the presence of small amounts of

magnetite.

The keratophyric bands and chert horizons are the only strati-
graphic indicators within the massive greenstones. Unfortunately they

are not abundant enough to be valuable structural guides.

3.1.2. The Gabbro

The gabbro is a coarse grained rock occuring as xenoliths or

rafts up to 50 m- in diameter in a dioritic matrix. The xenoliths are
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generally equidimensional and may be angular or rounded, making sharp

to gradional contacts with diorite.

The rock usually has a dark green to dark brown, heavily pitted
surface due to the preferential weathering of the olivines. It is usually
massive but occasional steeply dipping layering is evident (Fig. 8) due
to variations in relative amounts of feldspars and ferromagnesian minerals
over 1 to 10 cm. The sub-vertical dips of the layering probably indicates

a post-cumulus displacement (Mason 1970).

Variations in the composition of the gabbro are recognisable in

the field by the colour of the weathering surfaces:

3.1.2. (a) Brown Gabbro

This is the most common type of gabbro occuring in the Grd'ndalsfjell
complex and it may be massive or luyered. ‘This lithology also occurs as
210, 78740) and (-120070,

xenolith-like bodies within green gabbro at (-12

71070).

In thin section brown gabbro is seen to comprise olivine, pyroxene
and secondary hornblende in a matrix ¢f plagioclase The olivines have
largely been replaced by augite and less commonly orthopyroxenes (Fig.
10). The olivine cores have been serpentinised and have also suffered
alteration to minor iddingsite. Serpentine occurs as veinlets along
fractures in the olivine, extending into the surrounding pyroxenes.
Magnetite has separated out into the centre of these veinlets. Plagio-

clase laths (labradorite, An ) forms ophitic intergrowths with

60-68

pyroxene and has suffered relatively minor saussuritisation.



Ceametite.



3.1.2. (b) Green Gabbro

This rock is composed of about 60 per cent plagioclase, the
bulk of which is corroded and broken, few crystals showing zoning. The
feldspars form a sheared and broken matrix around chlorite and minor
clinopyroxene both which have become sheared and broken under stress,
many crystals having suffered extreme displacement along their cleav-
age planes (Fig. 1) Twinning is commonly observed in the less deformed

crystals.

This lithology probably represents an alteration product of the
brown gabbro; under shearing the gabbro deformed in a brittle manner,
presumably when it was still anhydrous Subsequent alteration by hydrous

magmas altered the primary mineralogy.

3.1 2. (e) Red-Brown Gabbro

This very hard, dense, magnetite-rich lithology sccurs as angular

P

xenoliths within the green gabbro at (-11650, 70690)

In thin section it is scen to comprise highly serpentinised anhedral
olivine crystals, serpentinite veins extending into neighbouring pyroxenes,
where a greater amount of segregated magnetite occurs in the veins. Most
of the olivines are rimmed by magnetite and hypersthene Occasionally
an outer rim of hornblende-spinel is present and rarely augite replaces

the olivine.

The interstitial plagioclase, largely altered to clinozoisite,
albite, quartz and epidote, forms ophitic intergrowths with the ferro-

magnesian minerals.
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This lithology probably represents an olivine-rich cumulate phase

of the gabbro.

Alteration of the Gabbro

The green gabbro represents an alteration product of the brown-

coloured gabbros (see above).

Where the gabbro occurs as xenoliths within a2 trondhjemite dyke.
(Fig 12), a 5 cm- halo of quartz-gabbro occurs around the xenolith,
The quartz most probably originated from hydrcous fluids evolved from

the trondhjemite.

313 The Diorite

The diorite is 2 dominahtly medium or ceoarse-grained rock con-
sisting essentially of hornblende and plagioclase Late -stage dykes of
a finer dioritic dyke cccur however at eg {-1250G0, 72250). A pegmatitic

hase is also recognisable.
fd

The diorite has suifered extensive szussuritisationt the plagioclase
appears clouded in hand specimen and in thia section is scen to have been
replaced by very fine~grained intergrowths of quartz-albite-sericite and
epidote or clinozoisite (Fig 13). Relict laths with albite or combined
carlsbad - albite twinning are common Occasional zoned crystals are
present with the calcium rich cores suifering greater alteration than the

rims. Free quartz is present as a metamorphic product.

Where the effect of saussuritisation has been minimal, for example
to the south of Middagshaugen, the feldspars appear more glassy, free

quartz is absent and the rock has a bluish tinge (Fig 14) This lithology



Fig12 Quartzified gabbro haloe around brewn c~bbra
xenolith in trondhjemite dyke at (-12630,73750).
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occurs as raft-like bodies up to 50 m. in diameter within the more

abundant altered diorite.

The hornblende in the diorite is brown, occurs ecither as a pri-
mary igneous phase or as uralite and is frequently altered to chlorite.
Deuteric alteration has commeonly induced ''clotting' of the amphiboles
to produce more mafic segregations within the diorite at eg. (-11900,
70400), this lithology weathering with a distinctly more pitted surface.

This more mafic diorite frequently occurs within the gabbro xenolith zones,
possibly indicating a transitional or hybrid phase between the diorite and

gabbro.

In the coarser diorites the feldspar has developed as a cumulate
phase, illustrating the essentiaily magmatic character of at least parts
of the diorite (Fig. &) Local segregation of the hernblende and plagio-

clase into layers gives the rock a well developed planar fabric (Fig 16)

Ocecasional relict nyrexenes, possibiy hypevsthene, are present
in much of the diorite {Fig. 17}, These are thought te be indicative of
\Ely i =8

later magmas digesting gabbro t¢ nreduce diorite.

A diorite containing red-brown biotite occurs to the north of
Gré¢ndalsvatn. The biotite displays crenulated cleavage, contains
apatite inclusions and is partially chloritised This lithology occurs
as the eastern extension of a greenstone xenolith zone and may represent

local total digestion of the xenoliths by dioritic ranagmas.

The quartz in the diorite occurs interstitially between the feldspar
laths as anhedral, strained crystals Where quartz was recognisable in

hand specimen, the lithology was mappad as quartz-diorite.

A porphyritic diorite occurs around {-10550, 68150) and also in
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Murfjellet. This comprises well developed plagioclase phenocrysts,
up to 2 cm. long, randomly orientated in a matrix of medium-grained

diorite.

A pinkish weathering diorite is recognisable, particularly within
the gabbro xenolith belts. This colour is probably due to the presence of

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

All the above variations in lithology are gradational into the more
abundant, light-weathering, saussuritised diorite Accessory minerals
common to the diorites are magnetite, apatite and occasional sphene.

Disseminated sulfides occur locally in the diorites (Chapter 5).

A further type of diorite occurs just north of Grdndalsvatn at
(-12400, 69220). This lithology is fine-grained and banded. It is thought
to be a mylonite formed by movement along the major thrust horizon

(Chapt. 4).

Origin of the Diorite

Geochemical work undertaken by Walker (1972) showed similar
concentrations of the trace elements Ni, Co and Cu in both the diorite
and the gabbro in the eastern part of the Grgudalsfiell intrusive com-
plex. If the diorite is considered to have been intruded as a separate
magma these concentrations are unusuzally high. This thus suggests

that the diorite was produced at least partially by metasomatic alteration

of the gabbro.

The cumulus textures and layered nature of some of the diorites
however indicates that a magmatic phase was also important in the prao-

duction of the diorite.
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Pegmatitic Diorite

Pegmatitic diorite is rare in Grdndalen; some of the coarsest
massive diorites however could be termed sub-pegmatitic The peg-
matitic phase occurs in two different forms: in discrete veins and in

more diffuse zones or patches.

3.1 3. (a) Pegmatitic Veins

The pegmatitic veins occur within diorite, with gabbro xenoliths
just south of Middagshaugen. The veins are up to 30 cm  wide and 20 m

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

(Fig. 18).

The veins consist of large prismatic amphibole crystals reach-
ing 5 cm. in length set in a matrix of fincer clois of amphibole or feldspar.

The amphiboles grow inwards from the marygins or occur in bands centrally

positioned in the veins {Fig. 19)

\

The sinusoidal form of the veins may be the form in which they
were initially emplaced since the veins cut an apparently untectonised
basic dyke. This dates the pegmatites as younger than at least the first
generation of basic dykes, ie. late in the intrusive history of the
Gréndalsfjell intrusive complex. Itis thought that the veins were pro-
duced by late stage hydrothermal (deuteric) fluids escaping through the -

consolidating diorite.

The lithology may be termed an appinite and, according to Halls
et al (1977) '"their presence implies that the level of exposure seen in

the eastern margin of the Gr¢ndalsijell massif corresponds to the upper

portion of a differentiated dioritic body"



Fig.18 Pegmatitic diorite vein in diorite,
cutting dolerite (D} -at {-12060,72525).

inset -see fig 19

27




28

15¢cm

Di

Fig.i9 Pegmatitic diorite at (-12060,72525)
Amphibole crystals growing into a fine-grained
dioritic matrix (D] with clots of amphibote
(stippled).Vein is in diorite (Di).



29

3.1.3 (b) Pegmatitic Zones

A 15 m. wide zone of pegmatitic diorite occurs at (-11000, 68350),
striking northwest-southeast and being composed largely of coarse
saussuritised plagioclase together with amphibole crystals upto 3 - 4 em
in length. Like the pegmatitic veins, the pegmatite zones are evidently

the result of deuteric alteration processes.

The xenolithic diorite containing the pegmatite veins has locally
well developed amphibule crystals up to l -5 cm long in 2 matrix of
medium-grained diorite. This may represent 2 poorly developed pegmatitic

facies.

3.1.4. Grecnstone Xenoliths in Dieorite

Greenstone xenolith zones surround the massive greenstones The
xenoliths are typically tens of cms. in diameter although occasional rafts
tens of metres wide are found. The larger xenolitiis and rafts are usually
veined irregularly with diorite and sometim=s display interlocking
features, indicating the relatively passive way in which the rafts were

broken up (Figs. 20 and 21).

The xenoliths usually have rounded and sometimes corroded edges
indicating partial digestion by the dicrite although locally, angular
xenoliths with sharp boundaries occur. Pods of chert with magnetite
occur occasionally in the larger xenoliths at eg. (-12900, 70520) and
minor disseminations of sulfide minerals are common. At (-12430,

69210) a large rust zone in an acidic xenolithic raft is present (Chapt. 5).

The diorite containing the greenstone xenoliths is darker than

the more massive diorite, probably due to incorporation of greenstone
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and gabbroic material containing disseminated sulfides, In the north-
west of Grondalen, around (-14400, 70750) gabbro xenoliths and green-

stone xenoliths occur together in a particularly dark diorite,

3 1.5. Minor Intrusive Phases

3.1 5. (a) Basic Dykes

The basic dykes occur more abundantly in the major intrusive
phases of the Grdndalsfjell complex than in the extrusives to the west.
They consist of a dense, dark-grey, fine to medium-grained rock and
reach maximum , evidently tectonically conirolled dimensions of 50 cm.

in width and about 20 m. in length.

The dykes have an approximate northeast-southweasterly trend
and most commonly dip fairly steeply to the norih {Fig. 22). Sinstral
or dextral displacements of the dykes by distances of up to a metre are

common. Folding does not seem to have greatiy affected the dykes

-

unless parallel sets of dykes represent Il isoclinal-type folding

o

At least two generations and several different compositional

types of basic dyke are recognisable in the field:

3.1 5. (a) i Quartz - Diorite Dykes

Quartz-diorite dykes are only of rare occurrence in Gréndalen,
eg. at (-12645, 69780) and {-14112, $9780) where they are found within
diorite. The dykes strike predominantly northeast-southwesterly and

dip steeply northward and are usually offset by small fractures.

In hand specimen the dyke is seen to aphinitic with clearly

recognisable quartz along with saussuritised feldspar and amphibole

31



Fig.22

Stereoplot of basic dykes in the
Grondalsfjell complex.

32
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3.1.5. (a) ii Late-Stage Doleritic Dykes

The late stage doleritic dykes are the most abundant of the more
basic minor intrusive phases. The doleritic textured dykes are com-
posed of a plagioclase and amphibole in slightly varying proportions
such that on weathering, their colour may vary from a light to a much

darker grey (Figs. 23 and 24).

Disseminations of sulfide mineralisation are common in the dykes
and some are magnetic, suggesting locally abundant magnetite. Pheno-
crysts of plagioclase, up to 1l cm. in length may occur in the larger dykes

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

At one location (-12060, 72525), a basic dyke is found within a
gabbroic raft, but which did not extend into the surrounding diorite. The

dyke is composed of a coarse, dense, light-grey weathering rock.

Thin section reveals the rock io consist primarily of olivine,

roxenes, an amphibole and plagioclase,
s =1

The olivine has heen partiy serpentinised and altered to uralite or
rarely clinopyroxene (with segregation of magnetite in the serpentinite
veins) and is usually in ophitic or subophitic intergrowths with one of

the other major phases {Fig. 26).

Clinopyroxene is also present as a primary phase, being usually

schillerised with spindles of magnetite, Sphene is 2 common accessory.

The presence of this dyke within a gabbro raft suggests that
emplacement of a minor intrusive phase occurred before the introduction

of the diorite.
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Fig.24 Clots of amphibolé in late stage doterite { DI,
cutting a diorite dyke at 12000,73350).
In diorite.

Fig.25 Large amphibole-rich segregation (A)
in dolerite dyke at({-11700,71260).5Segregctions
of quartz (0}, possibly tectonised, cccur at
dyke- diorite interface,
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3.1.5. (b) Trondhjemite Dykes

Trondhjemite is the commonest minor intrusive phase within
the Gréndalsfjell igneous complex. It occurs within both the greenstone
hornfels and the major intrusive phases. At least two generations of

trondhjemite intrusions are recognisable in the field.

The dykes are commonly 1l or 2 m. in width but may reach 75 m.
at (-14400, 69270). They usually extend for at least 10 m., occasionally
reaching lengths of over a kilometre to the east of Grgndalselva (Fig.

27).

The dykes usually dip steeply northwards although a few dip
shallowly or to the south (Fig. 28). They may be displaced by up tol m.
by small fractures (Fig. 29) and are often shear-folded (Figs. 30, 31
and 32). Parallel sets of dykes may possibly represent { 1 isoclinal
b no Ti fold closures were seen in Gréndalen,

folding (Fig. 33) althou

a
(=]

The trondhjemite weathers to a distinci whitish colour and sup-
ports the growth of a light green-yellow lichen [Rbizocarpon geographicum).
It is composed predominantly of guartz and saussuritised feldspar but
rarely chlorite replacing biotite occurs as bands in the trondhjemite.
Xenoliths of angular gabbro or greenstone rafts up to 20 m across

occur locally in the larger dykes(Fig. 27).

Segregations of quartz into knots and stringers up to 5 ¢cm. in
width are common. Similarly, knots composed of epidote and minor

pyrite occur towards the centres of some dykes.

The trondhjemite dykes are usually fine grained with only
occasional segregations of large feldspar laths and rare muscovite layers

into the centre of the dyke. A pegmatitic phase is also present within
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Fig. 28 Stereoplot of trondhjemite dykes in the
Grondalsfjell igneous complex, Grondalen.
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diorites in the northeast of the study area.

The pegmatites strike approximately northeast-southwesterly
and dip steeply to the north. They are usually about 2 m. wide and can

be traced for up to 150 m.

Within the matrix of quartz and saussuritised plagioclase,
euhedral crystals of muscovite up to 3 em. in length are present. These
crystals occasionally have a slight bluish tinge in hand specimen, suggest-
ing they are possibly lithium rich. Columnar amphibole, probably

actinolite, euhedral epidote and a pink garnet are also present.

3.1.5. (¢) Deuteric Veins and Dykes

Veins of fine-grained quartz-albite-epidote occur frequently
throughout the study area. Commonly they are irregular features, not
normally traceable over more than | m. and usually they are less than

1 cm. thick. Theyv are most abundani within the Jdiorite that has under-

gone the severest saussuritisation.

Occasionally these veins have a sub-parallel orientation, strik-
ing typically northeast-southwesterly. The only dip measurement taken

was 29°N, strike 229°.

In thin section the veins are seen o comprise clinozoisite,
epidote, albite and quartz with occasional chlorite. They have diffuse

boundaries with the host rock indicating their deuteric mode of origin.

Dykes composed of this materizal also occur in Grdndalen. These
are between 6 cm. and 12 em. thick and usually occupy late stage fractures

Chant. 4). These dykes are also found as separate intrusive phases at
p ) P p



L2

the edges of large trondhjemite dykes at (~13670, 69470). Here two
generations, each about 10 cm. thick, are found on the footwall side of
the trondhjemite, but do not occur on the hanging wall. A coarse dyke
occurs in a gabbro raft at (-12830, 71600) striking 950, Epidote crystals
7 to 8 mm. in length are present in a fine-grained acidic groundmass and

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

dykes.

The dykes are considered to represent the last stage of intrusion
in the complex, taking place along tensional fractures and other pre-

existing anisotropies such as dyke/country-rock contacts.

3.1.5. {d) Quartz Veins

Irregular quartz veins, lenses and knots are common in both the
intrusive and extrusive rocks of the Gréndalsfjell complex. Occasional
thick veins, striking approximately north-south and dipping moderately
to the north occur arcund eg. {-11770, 71100} where siringers and lenses

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

3.2. The Lithologies Beneath the Thrust Horizon

The lithologies occurring structurally beneath the klippe of the
Gré¢ndalsfjell complex outcrop to the west and south of the study area.
This suite comprises an arcuate belt of schistose greenstones lying
beneath the thrust horizon. The greenstones make a fairly sharp con-
tact with a sheared trondhjemite to the south. Further to the south,
the trondhjemite is gradational into a quartz gabbro rock, all the

contacts trending approximately parallel to the trace of the thrust plane.
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3.2.1. The Schistose Greenstone

The schistose greenstone belt is structurally thickest in the
west, where it extends for several kilometres beyond the mapping
area. It thins out southwards to a thickness of less than one kiloetre

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

The greenstones have a well developed planar schistosity which
is concordant with the thrust plane and is probably the result of high
strain along this plane. The dip of the schistosity varies from 30° to
70° but is commonly 409 to 50° (Fig. 34). The observed variations in
dip may be due to late shear folding having been superimposed near-

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

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

The dominant greenstone lithology is a fine-grained, grey-
green, basic to andesitic sheared extrusive. The planar fabric is

vy segregation of malic and feisic minerals

o

evident in hand specimen
into very fine bands. ZEpidote and amphiboie rich knots and quartiz-
feldspar veins may also be present,concordant with schistosity. Rust
zones, representing sulfidic mineralisation, may be concordant or dis-

cordant with schistosity (Chapt. 3).

A schistose greenstone with a very pitted surface is present on
the eastern shore of Grondalsvatn. These pits probably represent
preferential solution of carbonate of tectonic segregational origin. With-
in these pits, clusters of actinolite occur, orientated at right angles to

the pit walls.

Within the schistose greenstones more massive greenstone horizons

occur, often up to 2 metres thick and extending up to 20 metres. (Fig. 36).




- .

Fig.34 Stereoplot of schistosity planes in greenstone
schists.
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These are usually concordant with the schistosity but occasionally cut

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

The more acidic volcanics, including acidic tuffs at eg. (-15070,
71750) occur as light weathering massive bands within the schistose
greenstones. Similarly, rust zones may be included in these massive
acidic bands. Locally, thin chert rich horizons, usually associated with
magnetite, are present in the greenstone schists at eg. (-14950, 71750)
These bands, representative of volcanic exhalative mineralisation,
average a few centimetres in thickness. All the more massive bands
are more competent than the enclosing schists and are frequently

boudinaged (Fig. 37).

The penetrative schistosity has destroyed any primary extrusive
textures although possible relict pillows, outlined by curvilinear epidote
veining were found at (-12860, 69050} and banded acidic volcanics occur

at (-15600, 71370).

acies. The groundmass
is composed of abundant albite and actinolite which has frequently
crystallised into orientated layers. Disseminations and stringers of
euhedral pyrite, often altered to haematite and limonite are common

(Fig. 38).

The more massive greenstone horizons similarly possess a
greenschist facies mineralogy, In thin section porphyroblasts of green

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

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

deficient epidote and {inally clinozoisite with pyrite, may represent
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original amygdales.

3.2.2. The Trondhjemite

The trondhjemite, as a major intrusive phase weathers to
a light-grey colour, similar to the trondhjemite of the Gréndalsfjell
complex, and supports the growth of the lichen Rhizocarpon geographicum.
It is a coarse, phaneritic, hard rock composed essentially of con-
spicuous knots and stringers of bluish-coloured quartz in a matrix of

saussuritised feldspar, quartz and minor ferromagnesian minerals.

A crude, planar fabric or tabulation is apparent in the trondhjemite,

this being roughly concordant with the greenstone schistosity and the

thrust plane orientation (Fig. 40}, suggesting these fabrics were

imposed by tectonism related to the form of the klippe. The knots of
quartz, occasiona‘_l';"having diameters of up to 4 cm. by I cm. occur
frequently, concordunt with the crude schistosity. Spindle-shaped
xenolithic-like bodies, reaching 2 maximum length of .5 m. are

orientated along the crude schistosity planes at {-12700, 68150) and

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

chlorite, epidote and quartz and may represent greenstone xenoliths.

Pitted zones are present loczlly in the trondhjemite, for

example zt {11550, 68260). These pits are the result of preferential
weathering of knots of carbonate-chlorite rich material, again
orientated along the crude schistosity. These knots are lighter in

colour and softer than the previously described xenoliths.

In thin section plagioclase, possibly oligoclase is seen to be

the major component of the trondhjemite mineralogy. Saussuritisation



Fig. 40 Stereoplot of schistosity in the Trondhjemite
and Quartz Gaburo.
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to varying degrees has effected the plagioclase laths, proceding from
the core outwards until occasionally only relict laths are visible. The
alteration products are epidote, clinozoisite, chlorite and possibly

actinolite with quartz.

Quartz comprises about 35% of the rock, either forming inter-
stitial to the feldspar laths or as stringers, grains being anhedral and

sheared (Fig. 41).

Chlorite is present in subhedral crystals but is often altered to
epidote, especially along the cleavage planes. Magnetite is present as
an accessory.

A raft-like area of dioritic material is pres ent around (-11900,
67450). This is in fact an area of mafic trondhjemite. The "raft" has
dimensions of about 500 m. by 200 m. and has gradational contacts

with the surrounding trondhjemite.

3.2.3. The OQuartz Gabbro

The quartz gabbro is a coarse, dense rock which weathers a
dark-grey colour. Blue quartz crystals or aggregates, up to 3 -4km.
in diameter are visible particularly well on the weathered surfaces.
The quartz, probably of metamorphic origin, is setina groundmass
of ferromagnesian minerals and saussuritised plagioclase. Magnetite

and pyrite are present as disseminations.

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

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

To the south, the quartz gabbro passes gradationally into a

more felsic rock. The contact again appears roughly parallel with
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the trace of the major thrust. Time did not permit the mapping of this
contact over more than a few hundred metres but examination of aerial
photographs of the area enable both the northern contact with trondhje-
mite and the southern contact with an unknown lithology to be extended

for about a kilometre (Fig 51 ).

3.2.4. Minor Intrusive Phases

3.2.4. (a) Basic Dykes

Several types of basic dykes are recognisable in the lithologies
beneath the thrust plane. Doleritic intrusions, with a similar appear-
ance to those intrusions in the Grgndalsijell complex comprise the most
abundant minor intrusive phase (Figs. #2 and 43) but they occur less
frequently in the rocks beneath the thrust plane than above, in the
Greéndalsfjell complex. The massive horizons that cross-cut the

schistosity in the greenstones are probabiy doleritic dykes.

A dark green doleritic porphyry dyke, striking 91° and dipping
steeply northward, occurs at (- 13850, 68100). Thin section reveals
this to be composed of amphibole phenocrysts up to 2 cm. in length in
a fine-grained groundmass of epidote, clinozoisite, chlorite, quartz
and albite (Fig. 44). The phenocrysts display relict zoning, are
schillerized and rimmed by chlorite and magnetite. Stringers and dis~
seminations of pyrite are common. Quartz, epidote and albite form

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

An andesitic porphyry intrusive is present at {-12830, 68170).
This is a medium to light grey-green rock with conspicuous amphibole

phenocrysts up to 4 mm. in length set in a finer matrix. Knots of
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euhedral pyrite with quartz filling tectonic shadow zones around the

pyrite occur commonly in this dyke.

In thin section, amphibole phenocrysts, possibly actinolite, are
observed to replacs pyroxene, relict pyroxene cleavage being locally
inherited by the amphibole. In turn clinozoisite, chlorite and possible
epidote replace the phenocrysts, the margins of which are strongly

corroded (Fig. 45).

The matrix has been totally altered; a few lath-shaped aggregates
of clinozoisite, albite, chlorite and quartz may represent original

feldspar laths.

3.2.4. (b) Quartz and Epidote Veins

Quartz and epidote veins are universally abundant in all major
lithologies. In the greenstones the quartz often follows the strike of the
schistosity but is irregular in all other lithologies. Epidote-quartz-
albite veins and knats similarly occur irregularly throughout lithologies

beneath the klippe.
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4, STRUCTURAL GEOLOGY

4.1. Tectonic History of the Skorovas Region

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

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

(i) Intrusion of massifs into the volcanic stratigraphy.
(ii) The main tectonic phase, during the Caledonain orogeny
comprising:
(a) Creation of tight {Fl} iseclinal folds and primary
axial planar schistosity.
(b) Emplacement of the Gjersvik nappe.
(¢) Minor thrusting within the Gjersvik nappe between
the plutons and volcanics, arising due to major
differences in competence.
(iii) Local open folding along near rectilinear axes producing
broad dome and basin structures probably related to the equilibration
between the basement and its nappe lcad after nappe emplacement.
Associated with this, re-activation of previously established
fractures and thrusts is thought to have resulted in shear-folding

of the Fl schistosity within the extrusives, particularly in the

vicinity of contacts with the larger intrusive masses.

The presence of large intrusive bodies within the volcanics is
an important structural factor, since they have led to the development
of strongly heterogeneous stress fields in the Skorovas area, due to

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

Structural information is fairly sparse in the Gr¢udalen area.
Recordable information is most abundant in the greenstone schists
beneath the thrust plane, but poor exposure in this area hinders any

serious attempt of structural mapping.

4.2.1. Structure of the Grbndalsfjell Igneous Complex

Any intrusive structures within the complex are difficult to
ascertain because of the diffuse nature of the contacts, making accurate
determination of dip impossible. However, considering the effect of
topographic change on contact trends, one can infer that the dips of

the contacts are genecrally steep.

Exarnination 'of the 1:25000 geological map of the Gre¢ndalsfjell
complex shows that the cutcrap patlern of the lithologies in Grgadalen
is approximately symmetrical with the cutarop patterns in the east of
the complex, with the line of symmetry running north-south through the
centre of the complex. The core and oldest part oi the intrusive body

is the gabbro raft belt. The outer margins comprise the hornfelsed

greenstones and belts of greenstone xenoliths in diorite.

One can suggest that the Grdndalsfjell massif represents an
inverted, multi-sequential intrusive complex, probably originally
lying at a relatively deep position within the Gjersvik nappe (Sections

1, 2, 3 and 4; Figs. 46 and £).

At the eastern thrust margin of the complex, exhalative horizons

are seen to traverse the thrust with displacements in the order of tens of

metres (Ferriday (1977) personal comm.} This and the similarity of
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Fig.46 Generalised section E-W through the Grondalsfjell complex,
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greenstone mineralogies above and below the thrust suggests displace-
ment to have been relatively small, or imbricate fracturing to have
taken place in the greenstones outside the complex, resulting in
similarly small nett displacements of the order of 1 km. The direction
of thrusting is believed to have been generally from the west, since the

major basement occurs to the east.

The present depth of the Grgndalsfjell complex is unknown.

However, a vertical thickness of over 1000 m. is exposed in Gr¢ndalen.

4.2.2. The Thrust Horizon

The thrust horizon in Gréndalen can be traced by conspicuous
changes in topography and vegetation (Figs. 48 and 49). A sheet of
trondhjemite, varying in thickness from 15 cm. to 1 m., dipping 45° -
60° northwards and 'h:wing the thrust plane as its lower contact is
present in south-eas:t Gréndalen. This was scen at (106380, 67790)
and (-11400, 68830). The trondhjemite was nat present to the west of
Gréndalen or to the north of Grdndalsvain. Abundant epidote veining
occurs within 1 m. above and below the thrust. At (-11950, 70880)
abundant quartz veins, up to 15 cm. thick occur in the hornfelsed
greenstones above the thrust plane. The veins are orientated roughly
parallel with the strike of the schistosity of the greenstones beneath
the thrust plane and in cross section these veins exhibit well developed
shear folds.

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

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

area and also possibly to the north of Gréndalsvatn. Similarly, imbricate
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thrusting may.well have taken place within the schistose greenstones
in the south of the area. The locally imbricate nature of the thrust is

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

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

beneath the Gré¢ndalsfjell complex {Fig. 46).

4.2.3. Structure of the Igneous Units Beneath the Thrust Horizon

Very little is known about the intrusive structure of the igneous
suite beneath the thrust. However, the dips of the contacts between

lithologies are suspected to be steep.

4.2.4. Mode of Intrusion and Mechanism of Emplacement of the

Grgndalsfiell Ioneous Complex

Field evidence suggests the Grondalsfjell plutens to have been
intruded fairly passively, with only mincr evidence of possibly more
forceful intrusion, such as the veining of greenstone by diorite. How-
ever the intrusive - country rock contracts have largely been obscured
by the thrust horizon. The passive nature of intrusion indica;tes that
there was not a great deal of resistance to the incoming magma imply-
ing that the magma did not have to exert a large amount of force to

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

missive nature.

Pirsson (1914) described permissive intrusion as one in which the
magma is intruded into low-pressure regions created by some force
other than that exerted by the incoming magma. Dietrich (1954) indicated

that such a force could be tectonic, the magma flowing into low-pressure
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regions created by tectonic stresses.

The intrusion of the Gréndalsfjell complex probably occurred
before the emplacement of the Gjersvik nappe since it was probably
major competence differences between major plutonic bodies and the
surrounding volcanic or sedimentary formation that induced thrusting
within the nappe, resulting in the emplacement of the Gr¢ndalsfjell

complex as a klippe.

Examination of the geological maps of the Gréndalsfjell thrust
contacts shows that the primary lithologies as well as the schistosity
traces curve around the thrust trace, suggesting the schistosity and
volcano-stratigraphy to be concordant or subcordant. This curving of
lithologies and schistosities around the Grjndalsfiell massif was used
by Halls et al (1977) to demonstrate the presence of a tectonic discon-
P

This discontinuity formed as

tinuity at the thrust boundary {Fig., i7). T}
a result of the previously mentionaed gross competence difierences
between the Grdndalsfjell klippe and the surrounding exirusives during

nappe emplacement, the extrusives having behaved in a plastic manner,

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

To the south of Gr¢gndalen the trondhjemite and gabbro litho-
logies, together with their poorly developed schistosities, also trend
sub-parallel to the thrust trace. These relatively massive units form
the margin of a large plutonic complex to the southwest of Gr¢ndalen
(Foslie, 1927). That this complex should also be affected by the klippe,
if only at its borders, demonstrates the importance of the tectonic dis-

continuity.

The curvilinear nature of the trace of the thrust horizon may
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also however be the result in part of subsequent folding of the klippe on
its margins; the large hornfelsed greenstone apophysis to the west of
Gréndalselva is surrounded almost symetrically by a greenstone
xenolithic belt. The thrust horizon also curves around this greenstone
unit which may represent the axial trace of a synform or antiform.

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

4.2.5. Late Stage Fractures

High angl=z, late-stage fractures and faults strike dominantly
northeast-southwest across Gr¢ndalen. These features are easily
recognisable on contour maps or aerial photographs as distinct gulleys,
up to 30 m. in width, that control the drainage in the Gr¢dndalselva

N
i

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

ation obtainable from aerial photographs is given in Fig. 51 .

Outcrop patterns suggest smatl!, localised displacements 1in the
order of 1 - 10 m. have occurred along some of these fraciures while
brecciated diorite-greenstone rock occurs at{-13670, £3420) in a gulley

marking one of the fractures.

Rose diagrams for the fractures shown in Fig.51l are given for
fractures above and below the thrust in Figs.52 and 53 respectively.
Above the thrust plane a dominant set of orthogonal fractures occurs,
the major trend being northeast - southwest. This set of fractures is
also present in the lithologies beneath the thrust horizon where an
additional set of orthojonal fractures are present, with major north -

south trends.

The formation of the features postdates both the emplacement
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Fig.52 Rose diagram of fractures cccuring above the
thrust horizon in Grondalen.Fractures traced
from aerial photographs.
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Fig.53 Rose diagram of froctures occuring beneath the
thrust horizon i asrondalen. Fractures traced

from aerial photographs.
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of the klippe and the final folding phase. Fractures of this type are
common throughout the Skorovas region. "In all probability they can
be attributed to the final stages of tectonism, but the influence of later
events, such as basement reactivation during Mesozoic rifting cannot

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

The north-south trending fractures in the plutonic rocks to the
south of the thrust horizon may possibly be the result of the emplace-
ment of the klippe; the extrusives and margins of the plutonic massif
developed a planar fabric and deformed plastically around the margins
of the klippe. The rocks distal to the thrust and deeper within the

large intrusive body may have responded merely by fracturing.
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5. ECONOMIC MINERALOGY OF GRONDALEN

Twao types of mineralisation occur in the Grongfelt Region:

(i) Cumulus ores of magmatic origin within the plutonic
members of igneous complexes.
(ii) Massive base-metal bearing sulfides produced at the

volcanic level.

Both ore types occur within the Skorovas region; sub-economic
quantities of chalcopyrite-pentlandite bearing cumulus ore are present
at Lillefjellklumpen, to the north of Skorovas (Johnson - H¢st, 1932;
Palmer, 1972) and the volcanic ores are represented by the Skorovas

orebody itself and peripheral exhalative mineralisation.

5.1. Mineralisation within the Grbndais{jell Igneous Complex

5.1.1. The Massive Greensiones

Within the massive hornfelsed volcanics, rust zon2s are commonly
observed. These zones are often associated with the more acidic hori-
zons with the volcanics at for instance {-14250, 70320). At the outcrop
level the sulfides have been highly oxidised and commonly weathered
out to produce a leached lithology with cubic voids representing former

pyrite crystals.

A pyritic-magnetite rust zone, striking approximately 110° and
extending intermittantly over about 100 m., is present at (-13220, 70260)
in a shallow gulley. Abundant euhedral pyrite crystals, upto .5cm
in diameter occur in acidic to basic greenstones containing knots of

blue quartz.

In polished section pyrite, occurring as disseminations and
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knots up to 2 cm. in diameter is seen to be the major form of mineral-
isation. Chalcopyrite and pyrrhotite, which is often highly altered to
marcasite-pyrite occurs as replacements and veinlets within pyrite

(Fig. 54 ).

Compass deflections around (-10450, 69740) indicate a magnetic
anomaly although only minor sulfide dissemination was recognised at
this locality. However this and the nearby presence of the Red Alpine
Catchfly (Viscaria alpina), an indicator plant for copper-rich soils
(Vogt, 1942; Brooks, 1972), may well indicate possible sub-surface

mineralisation.

Sulfidic mineralisation also occurs within greenstones of the
xenolithic belts at, for instance (-14270, 7¢900) where the mineralization
extends into the surrounding diorite, suggesting either total localised
digestion of the xenolith or remobilisation of the ore minerals. A
relatively large showing of mirveraiisation, extending 10 m by 20 m

occurs in the Gréndalselva at (-12430, 6926

Y only fifty or so metres
from the thrust horizon. This showing was only scen above water level

for two weeks when the Grgndalselva was in abnormally low flow

Pyrite, pyrrhotite and chalcopyrite are the dominant ore minerals,
occurring in varying proportions in massive, disseminated and veinlet
form. In polished section pyrrhotite, commonly altered to marcasite-
pyrite, is observed to be the dominant mineral in the massive ore,
forming ophitic and sub-ophitic intergrowths with pyrite (Fig 55 ).
Pyrrhotite also occurs as veins in pyrite (Fig36 ) and shows occasional
possible annealment textures. Chalcopyrite occasionally replaces the

rrhotite as well as forming as a4 separate phase within the silicate
Py g I I
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matrix. Complex magnetite~ilmenite-sphene intergrowths are present
as disseminations. Pyrite also forms complex intergrowths with
graphite which is probably the metamorphic derivative of carbon pro-
duced in the process of reduction of exhaled iron hydrosols to iron
oxides and sulphides by decaying organic matter in environments of

limited circulation on the sea floor.

The host rock to the mineralisation is a highly altered acidic
greenstone containing chert-rich horizons and irregular veins of diorite.
It comprises saussuntised feldspar, quartz, chlorite, epidote and both
non-ferroan and ferroan zoisite. A gossan, up to 5 cm. thick is locally

present

5.1.2. The Gabbro

Magnetic anomalies, that noticeably deflect compass bearings,
are present around {-10450, 69740} and (-114630, 70690} where outcrops
of coarse, green gabbro and red-brown gabbro as xenoliths in green
gabbro occur respectively (Chapt. 3.1 1 } Ia hand specimen both rock
types evidently contain magnetite; the red-brown gabbro in polished
and thin sections is seen to contain abundant magnetite veinlets exsolved
from serpentinised olivines (Fig.10 ). In addition, minor amounts of
pyrite, chalcopyrite, pyrrhotite and magnetite are present as dis-
seminations. The ore minerals in the red-brown gabbro show no

evidence of being formed by a cumulate process.

Euhedral magnetite crystals up to 2 cm. in diameter occur to
the south of Middagshaugen at (-12688, 72250). The magnetite may

have been remobilised on the emplacement of the diorite.
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Disseminations of sulfidic mineralisation, of pyrite or pyrrhotite
are recognisable in all gabbroic lithologies. These are probably usually
of cumulus origin, similar to the mineralisation in the gabbro in the

eastern part of the Gréndalsfjell complex. (Walker, 1972)

5.1.3. The Diorites

Minor disseminations of sulfidic mineralisation are present in
all dioritic lithologies, particularly in the more basic rock-types

Similarly, disseminations of magnetite are common in all lithologies.

Pyrite is the most common sulfide mineral although chalcopy-
rite is present at {11800,65500 ) and possibly pyrrkotite at (-12670, 70040).
In polished section the pyrite is seen to occur as evhedral or subnedral
crystals (Fig 57 }. Clinozoisite and quartz eccasionally infill tectonic
shadow zones around these grains, dating them as pre-tectonic. In-
clusions of silicate material are commen in tiie pyrite while minor
amounts of replacement by pyrrhotite and chalcopyrite occurs. Mag-

netite occurs as an intercumulus phase, as complex intergrowths with

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

5.1.4. Minor Intrusives

Disseminations of pyrite, magnetite and possibly pyrrhotite
occur in the basic dykes. The magnetite occurs either as subhedral
crystals (Fig.58 ) or 2as complex intergrowths with ilmenite and sphene.
Occasionally the dykes noticeably magnetic at, for instance (-12010,

71180).

Trondhjemite may contain minor stringers of presumably
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remobilised pyrite and pyrite may also be found as segregations within
epidote rich veins at for instance (-12830, 71600) within a doleritic

dyke.

A quartz vein, containing abundant euhedral pyrite as stringers,
knots and lenses, that are up to 1.5 cm and orientated along the altitude

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

5.2. Mineralisation Within the Lithologies Beneath the Thrust Horizon

5.2.1., The Schistose Greenstones

Disseminations and stringers of pyrite are common within the
schistose greenstones. Rust zones, up to 20 m. in length and 2 m. in
width, often concordant with the trace of the schistosity or cutting it at
low angles occur commonly within this lithology. These rust zones
are frequently asscciated with acidic bands but may als0 sccur within

the andesitic to basic volcanics.

Rust zones, at eg. near Spissknulen (-6800,67540 ), with typical
dimensions of 10 m. in length and 1 m. in width,are common. Pyrite
is the most common form of mineralisation, occurring either as sub-
bedral to euhedral crystals, commonly with corroded faces and minor
replacement by pyrrhotite, or as complex intergrowths with a silicate
phase {Fig. 53 ). Minor disseminations of anhedral magnetite are also

o

present.

Oftedahl (1958) described a showing of base-metal mineralisation
within schistose volcanics at (-14300, 72830), this prospect having been

previously investigated by Foslie (1919).
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Figurce 59.a. Euhedral pyrite in schistose grecnstones

at £9800,67540 ).

Figure 59.b. Pyrite with corroded edges in schistose

grecnstone at (-9800,67540 ).
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Exposure in the vicinity of the prospect is poor, the land being
heavily forested by Scots pine. However, immediately around the
prospect the tree density is noticeably lower, probably due to heavy-

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

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

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

Mineralisation in the northwestern site is largely confined to a
schistose basic volcanic lithology that has been veined irregularly by
quartz. The mineralised zone strikes 113° and dips between 60°N and
sub-vertical, being apparently on the limb of a fold and averaging .5 m.

in thickness.

Pyrrhotite is the dominant ore mineral, occurring locally as
knots, up to 2 cm. in diameter, stringers and disseminations. In thin
section it is seen to contain pyrite as ophitic and subopliitic intergrowths.
Chalcopyrite, magnetite and sphalerite replace the pyrrhotite which is
altered along crystal margins and fractures to marcasite. Sphalerite
also occurs in veinlets through the pyrrhotite. Silicate inclusions are
common in the grains, which occasionally show well-developed tri-cuspate

annealment textures.

Pyrite occurs as anhedral to euhedral crystals, usually rimmed
by pyrrhotite. Chalcopyrite and pyrite also occur within the silicate

matrix as disseminations parallel to schistosity

The footwall comprises a schistose andesitic to basic volcanic
rock containing minor stringers of pyrrhotite and pyrite. The hanging
wall comprises a similar lithology but is more massive and displays

boudinaging of epidote-rich veins (Chapt. 3.2. , description of more

massive greenstone lithologies within the schists).
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The southwesterly site comprises pyrite-sphalerite.
mineralisation within a2 schistose acidic volcanic lithology. A minor

fold in the schistosity plunges 46° to 245°.

The ore mineralogy is comprised of approximately equal amounts
of pyrite and sphalerite with minor magnetite. Minor chalcopyrite
occurs as inclusions in the sphalerite, intergranular between pyrite

crystals and as disseminations within the silicate matrix.

The sphalerite occurs as ophitic and sub-ophitic intergrowths with
pyrite. It has a reflectance of about 20 and whitish internal reflections,
suggesting a particularly low iron content within the sphalerite (Ramdohr,

1969).

To the west of the area mapped, a single traverse from the E57
to the S5W of Lillefjelldomma revealed a haematite-magnetite schist
within the extrusives, 2.5 km. southwest of Vestre Lillefjellet, 400 m.
due east of trig. point 625. Within one outcrop the lithclogy varied accord-
ing to the relative abundance of haematite and magretite. In the haematite
rich sthist,orientated layers of flaky hacmatite in a silicate matrix
give the rock a well developed schistosity {Fig.60 }. Grains of pinkish-
grey magnetite occur within the haematite layers. The pink colour
may represent high contents of manganese within the magnetite {O'Leary,
1973) or alternatively, high contents of titanium (Ramdohr, 1969). In
the magnetite~-rich schists, grey-coloured magnetite crystals, having
abundant silicate inclusions occur. These schists contain well twinned
haematite crystals (Fig. 61.). These lithologies probably represent
peripheral exhalative-sedimentary mineralisation within the volcanic

sequence.
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Figure 60.

Figure 61.

Haematite schist.

Magnetite lath with twinned haematite in

greenstone schist.
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5.2.2. Mineralisation within the Intrusive Lithologies

The trondhjemite contains only sparsely disseminated pyrite
or pyrite-magnetite mineralisation; the quartz-eye gabbro (silicified
gabbro) similarly only contains minor amounts of disseminated pyrite,

magnetite and possibly pyrrhotite (Fig.42 }.

The minor intrusive phases contain only stringers and dis-

seminations of pyrite and pyrrhotite with magnetite.

5.3. Mineralisation and Metamornhism

Within the Gr¢dndalsfjell intrusive complex, the origin of
mineralisation is at least partly magmatic, as indicated by the presence
of cumulate magnetite. The magnetite occurring in the form of complex
magnetite-ilmenite- sphene intergrowths may be the result of one or

more generations of ilmenite exolving from the magnetite during slow

(34
o
cooling (Ramdohr, 1969). However this does not explain the presence

of the intergrowths with the volecanic lithologics so there may well be a

metamorphic origin to these phases.

Euhedral pyrite, occurring as stringers in many of the lithologies
both above and below the thrust horizon suggests that remobilisation of
the pyrite has occurred, as does the presence of pyrite as segregations
within late-stage deuteric epidote-rich veins. However the presence of
mutual impaction boundaries on some of the crystals indicates that some
of the pyrite was deformed in a brittle cataclastic manner by either the

tectonic event that produced the Flisoclinal folds or the thrusting.

The pyritic and pyrrhotitic copper-zinc bearing mineralisation

in the volcanics may also have been remobilised from its original



Figure 62.

Complex magnetite—ilmenito-si

intergrowth

in

sitica

gjanbro.
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stratiform, vulcanogenic position; the strike of the rust zones in

the greenstone schists is usually parallel to the trace of the schistosity.
This may represent remobilisation and redeposition of the sulfides in

a saddle-reef type attitude, being concordant with schistosity. More
probably however, the sulfides are in a stratabound attitude since the
original volcanic stratigraphy has deformed plastically around the

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

5.4. Geochemical Analyses

Electron probe analyses were made of samples from the prospect
discovered by Foslie at {-14320, 72820) and the ore showing in the

Gréndalselva at (-12440, 69220).

(1) SPECIMEN KI 63, location: (-14320, 72820)

Mineral : pyrife
Element = % Detection Limit % Element
Mg 0.108 0.000
Ca . .094 ¢.0000
Ti L1056 0.0000
Cr .128 0.0000
Mn . 144 0.0000
Fe . 618 46,5382
S . 421 53.9840
Ba 279 ¢. 000

Mineral : pyrrhotite

Element % Detection Limit % Element
Mg 0.105 0.0000
Ca .093 0.0000
Ti . 107 0.0000
Cr . 131 0.0000
Mn . 146 0.0000
Fe . 709 60.9564
) .362 38.9538
Ba . 282 0.0000



(ii) SPECIMEN KI 66, location: (-14320, 72820)

Mineral : pyrrhotite

Element Detection limit % Element
S 0.343 35.3531
Ca . 097 0.0000
Ti .109 0.0000
Cr . 137 0.0000
Mn . 151 0.0000
Fe . 538 31.1630
Co .294 0.0000
Ni 237 0.0000
Cu L2819 35.1362
7n . 406 0.0000

Mineral: sphalerite

Element % Detection limit % Element
S 0.229 32.2172
Ca .070 0.0630
To .079 0.0000
Cr . 098 0.0000
Mn . 109 0. 0000
Fe . 137 0.7789
Co 149 0.0000
Ni 176 0.0000
Cu 225 0.006390
Zn 971 71,2734

A trace of cadmium was also dztected in the sphalerite.
(iii) SPECIMEN KI 49 (iii), location: {-124490, 69220)

Mineral : pyrite

Element % Detection limit % Element
S 0.424 54.3280
Ca . 096 0.0000
Ti 106 0.0000
Cr 127 0.0000
Mn . 145 0.0000
Fe . 619 46.5870
Co . 325 0.7086
Ni .219 0.0000
Cu 276 0.0000
Zn . 387 0.0000

Note the presence of a small amount of cobalt within
the pyrite.
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Mineral : pyrrhotite

Element % Detection limit % Element
5 0.363 38.8815
Ca . 094 0.0000
T1 . 107 0.0000
Cr .134 0.0000
Mn . 148 0.0000
Fe LT10 60.7788
Co . 354 0.0000
Ni . 227 0.0000C
Cu . 286 0.0000
Zn . 400 0.0000

The presence of low-iron sphalerite was confirmed at the
P

prospect north-west of Grgndalstjénna.The values cf zinec are anomalously
high however, partially due to miscalisraiion on the probe; the

P A LR L r 3%~ 3 R T T T e pes
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values for tho olher
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6 CONCLUSION AND ECONOMIC POTENTIAL OF GRO NDALEN

The major component of the Gr¢ndalsfjell intrusive complex,
the dioritic phase, has been recognised as being later than both the
cumulate form of mineralisation and the exhalative-type mineralisation;

it does not constitute an economic target for metallic orebodies.

(a) Cumulate mineralisation

This is best developed in the gabbroic phases of the Gréndalsfjell
intrusive complex and at this level of exposure mineralisation is present
only in sub-economic quantities; no pentlandite or platinum phases were
recognised. Since the intrusive body is overturned, the gabbro is
expected to pass into diorite at depth and in conclusion, mineralisation
is unlikely to occur in economic quantitics beneath the surface. However

there is a lot of 'depth' in which unsuspected things could happen.
" 4 b 5

(b) Exhalative mineralisation

The economically interesting areas were defined:-
1. The greenstone xenolith zone, occurring to the south of Gréndalen
and above the thrust horizon. Here mineralization within the xenoliths,
present in the Grgndalselva as copper-bearing pyrrhotite ore may be
comnected somehow to the magnetic anomaly present around the green-
stone raft at (-11170, 19500) where the presence of the copper indicator

Viscaria alpina has been noted.

Certainly the extension of the xenolithic belt to the west of
Gréndalselva passes through the mineralised area and the brown mica

diorite into this anomalous zone. Whether this represents any real,
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rather than apparent, connection is unknown but geophysical methods
such as resistivity, electromagnetic and V.L.F. techniques may be

able to ascertain this.

2. S. Foslie's (1919) prospect, first described in a publication by
Oftedahl (1958) occurring below the thrust horizon to the west of
Gréndalstjonna at (-14320, 72830). At the surface, zinc mineralisation

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

into a copper wich facies. Re-trenching in order to ascertain the structure
and continuation of the mineralisation zone at depth may prove valuable

since low exposure hinders realistic evaluation of the prospect.

3. Exhalite showings to the south west of Lille{jellet. Due to lack
of time, little work was undertaken in this area, but the single traverse
did reveal haematite and magnetite rich schists. Geophysical work may

indicate sub-surface base metal horizons.

4. Mineralisation to the south east of Lilleijeilet. Here within the
schist are numerous small showings of exhalite type mineralisation
within lavas and pyroclastics. At depth there may be a connection of

these showings.



7. COMPARISON BETWEEN THE GRONDALSFJELL INTRUSIVE

COMPLEX AND OTHER SELECTED MAFIC INTRUSIVE

COMPLEXES IN THE GREENSTONE BELTS OF NORWAY

A comparision between the Gr¢ndalsfjell igneous complex and

other complexes is made on the basis of the following features:

(i) The nature of the relationship between the plutonic body and
the country-rocks.

(i) The nature of the intrusive lithologies, their intrusive form
and their ore mineralisation.

(iii) The structure of the igneous complex.
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7. A COMPARISON WITH THE SULITJELMA GABBRO COMPLEX

The Sulitjelma gabbro of Nordland complex forms the peaks of
the Sulitjelma mountains on the Norwegian-Swedish border. The gabbro
outcrops over an area of about 13 km. east-west by 10 km. north-south

(Figs.€3 and @4 ).

7. A. (i) Relationship of the gabbro complex with the country rocks

The Sulitjelma gabbro makes sharp contacts with the country rocks
which have been hornselsed over a zone about 30 m. wide. Veins of
gabbro, not usually coarser than the main gabbro mass, extend into the
country rocks. In addition larger apophyses of gabbro run out from the
main mass for a kilometre or more. Some apophyses are sill-like bodies,
cross-cutting the country rocks. Similarly screens of country-rock

extend into the gabbro.

In contrast the Grdndalsfieil olutonics make far more diffuse
contacts with the country rocks. This contact however has been largely
obscured by the thrust horizon. Where present however, veins of dioritic
material extending into the greenstones are similarly noticeably as
coarsely crystalline as the main '‘nass and thus a chilled margin facies
appears absent in both areas. The conspicuous country-rock xenolith
zones present in Grdéndalsfjell are absent in Sulitjelma. Apophyses of
diorite, extend nearly 1 km. into the country rock in the west of
Gréndalen where they are cut off by the thrust horizon. Screens of
country rock extend about 1 km. into the diorite and are largely horn-

felsed in contrast to the relatively narrow hornfels zone at Sulitjelma

A tectonic contact is made by the gabbro in the southwest, marked

by a tectonic melange of gabbro and amphibolite (“'ilaser gabbro"). At
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the present level of exposure, the Gréndalsfjell complex of course,

makes a tectonic contact on all sides

Sulitjelma displays cross-cutting relationships with the country
rock and in the northeast corner of the complex there are igneous breccias
composed of hornfelsed fragments of country rocks and more rarely
gabbro in a leucocratic igneous matrix of varied composition,thought by

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

The sub-parallelism of acidic volcanic bands within the screen
of hornfelsed greenstones to the dioriteapophyses in the Gr¢ndalsfjell
complex, may suggest a more concordant intrusion. No breccias are
found in Gréndalsfjell. The discordant nature of the igneous body with-
in country rock at Sulitjelma may suggest a slightly more foneful

intrusion when compared to the intrusion of the Gréndalsfjell plutons

(i1) Nature and form of the ivtrusive rocks

Three facies of unaltered gabbro were recognised by Mason
(1970). These are massive olivine gabbro i ytimic layered olivine gabbro
and biotite-bearing ferrogabbro. Alse a small body of granite, the
Furuiund-graniteoccurs to the west of Sulitjelmaisen. The Furulind
granite locally veins gabbro and thus is thought to be later than the
gabbro although it is likely that both belong to the same episode of
intrusive activity. A granite facies is not developed at Grondalsfjell,
the more acidic phase being represented by trondhjemite (relatively

K. deficient).

Grondalsfjell it comparison has more numerous lithologies:

there are two distinet forms of olivine gabbro, layered and massive
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as well as hypersthene gabbro, norite and troctolite (recognised by
Walker 1972). Various diorite facies occur as well as basic and

trondhjemitic miner intrusive phases.

The layering at Sulitjelma is simijlar to that at Gréndalen in
both mineralogy and the fact that both are steeply dipping. Fluxion
phenomena recognised in the layering of both massifs and the layering
in both is suspected to have been formed by gravity settling in the
presence of convection currents according to the ''Skaergard model".
Assuming this model is correct, it is deduced that the present steep

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

The gabbros from Sulitjelma and the Gréndalsfjell gabbros and

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

int ercumulus phase are present in both arcas.

7. A. (iii) Structure of the Igneous Complex

Sections showing the structure of the Sulitjelma intrusive com-
plex are given in Fig.£3 . Mason (1970} used the attitude of the rythmic
layering as evidence for deformations of the gabbro. In the zone of
layered gabbro running east-west across the complex the layers dip
generally steeply northwards in the southern part of the zone, vertically
in the middle parts and steeply dipping in the northern part. Mason
tentatively suggested that this indicates that the gabbro is folded locally
into a syncline but lies on the northward dipping limb of a complex
structural depression whose centre lies further north. The axial trace
of the syncline runs east-west across Duoldagabjavlrekandfolds both the
Furulund granite and gabbro. The absence of cryptic layering, as an

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

The Storelv Gabbro is a large sheet of dominantly gabbroic rocks
that occur in Sdrdy, Finmark. The complex can be traced for some 40
km. along strike and reaches a maximum thickness of 3 km. (Figs. 63
and 66 ). The body has been considerably deformed, with many of the

variations in thickness due to tectonic extension.

7. B. (i) Relationship of the Gabbro Complex with the Country-Rocks

The Storelv Gabbro makes fairly diffuse contacts with the country
rock; extensive rafts of limestone and calc-silicate rocks are found
within the gabbro. These are members of the Klubben psammite and Storelv
Schist groups. In the southwest, rafts of hornfelsed graphite-schists also
occur, indicating the presence of the Falkenes Marhle and Aafjord Pelite

Groups.

The the west of Sandofjord, a think sheet of foliated gabbro,
approximately 50 m. thick, follows closely the axial plane of a major F1
recumbent syncline. This sheet of gabbro represents either an apophyse
of the Storelv Gabbro or a thin sheet of the same age parallel to the main
body.

Over much of its outcrop, the Storelv. gabbro appears to lack well
developed contact metamorphic effects, and over large tracks the
country rocks apparently persist to the contact of the gabbro, whichis
often highly foliated due to post-emplacement deformation. Occasionally
well developed hornfels do occur at the gabbro contact, though, in con-

trast to Gréndalsfjell, more typically hornielsed rocks are found as lenses

within apparently normally foliated lenses. The hornfels occur along
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the southwestern outcrop of the Store) vGabbro and in the northern
part of the Seines peninsula in the Bérfjord area where the hornfels
are locally highly foliated. In thin section the rocks have a grano-
blastic hornfels structure with preservation of Fl fold structures.
These features are absent in Gréndalsfjell where nearly all primary
tectures have been obliterated and intrusion occurred before the F one

folding developed.

In contrast to the Gréndalsfjell complex, partial melting result-
ing from anatexis is abundant. These anatectic veins vary in form and

make diffuse to sharp contacts with the hornfelsed country rock.

The metasedimentary rafts within the Storelv Gabbro also con-
tain abundantly preserved Fl minor folds with granoblastic textures
superimposed upon them. Anatecic veins are also common within these

rafts.

(i) Nature and form of the intrusive rocks

The Storelv Gabbro is an intrusive complex comprising gabbro
with subordinate ultramafic varieties and sheets of diorite, monzonite
and adamellite. The latter two phases are absent from the Grdndalsfjell
complex, with trondhjemite occurring in their place. As in the
Gréndalsfijell complex however, the intrusive relationships are well
preserved. Similarly, abundant metasomatic activity accompanied the

later members of the igneous sequence.

At both Gr¢gndalsfjell and Storelv, the gabbro was the earliest
intrusive phase, followed by diorite {although two generations of gabbroic

intrusion are possibly present in the Grdndalsfjell complex). The
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Storelv gabbro and diorite both contain metasedimentary rafts, whereas

only the latter contain country rock raits at Gré¢ndalsfjell.

The gabbro and diorite at Storely botia have identical structural
and metamorphic histories which leads Sturt and Taylor (1972) to sug-
gest that "there was probably no great time span between their successive
emplacements' although they were deformed and metamorphosed prior
to the emplacement of the sheets of quartz-monzonite and adamellite. At
Gréndalsfjell the gabbro and diorite have similar metamorphic histories
(although the gabbro is serpentinised) but neither display any obvious Fl

deformation fabrics.

The gabbro at Storelv. shows considerable variation, but is usually
a melanogabbro with small lenses and discontinuous sheets of peridotite
and troctolite, though a more leucocratic facies may be locally extensive.
No layering is evident. The original igneous milnceralegy and fabric are
nowhere perfectly preserved in the Store!v Gabbro and this is largely

true of the Gréndalsfjell complex although local areas of blue-diorite

represent relatively fresh zones.

The eastern outcrop of the Storely Gabbro is extensively deformed
although zones of highly schistose material, developed late in the Sl
stage, are found throughout the complex. In contrast, the Gréndalsfjell
complex has only locally developed mylonitic or brecciated lithology and
has nowhere developed a schistosity. Basic dykes in the Storelv Gabbro
are deformed by F2; this is possibly also true of the basic dykes of the

Gréndalsijell complex.

Irregular sheets of diorite intrude the Storelv gabbro and contain

angular xenoliths with marked net-vein contacts. At Grondalsfjell
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however one major dioritic phase (with local chemical variations)
intruded the gabbros. Subsequent deuteric alteration and regional
metamorphism has altered the primary mineralogy of the diorite but
the igneous fabric is often largely retained. This is in contrast to the
Storelv diorite where a metamorphic fabric and mineral assemblage is

present.

The monzonites and adamellites, not present in the Gréndalsfjell

complex form sheets containing diorite and gabbro as xenoliths.

The effect of the main second period of deformation had a much
greater effect on the Storelv Gabbro than the Gréndalsfjell intrusive
complex; the former suffered intense internal deformation and developed
a new foliation and boundinaging of the acidic sheets occurred. The
latter only deformed locally.

® .

7. B.{iii) The Siructure of the Ignecus Complex
* i

The Storelu Gabbro was emplaced into structures already pro-
duced by Fl deformation. In comparision the Gréndalsfjell complex
was intruded probably pre-Fl. The structure of the Storelu intrusive

complex is described by Fig.67 .
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"
7. C. COMPARISON OF THE GRONDALSFJELL COMPLEX WITH

THE HYLLINGEN COMPLEX

The Hyllingen gabbro complex lies in the Haltdalen district in
Sér-Tréndelag (Figs.65 and 63 ) and forms the southern part of the
Fongen gabbro massif which extends northwards from Haltdalen for

about 40 km. , having a width of 5 - 10 km.

(i) Relationship with the country rocks

The Hyllingen gabbro complex is intruded into Palaeozoic meta-
sediments and metavolcanics which were folded and metamorphosed
during the Caledonian orogeny. Hornfelsing of the country rocks (the

Stéren group and Gula schist group) occurred on the intrusion of the

gabbro.

(ii) The intrusive relationships

The greater part of the Hyllingen yabbro complex is made up
of olivine gabbros and norites; transitions between these two exist
depending on the relative abundance of clinopyroxene and orthopyroxene
whereas diorite forms the major igneous phase in the Gréndalsfjell

complex.

Ultrabasics (olivine-serpentine-tremolite rocks) occur as
small knolls adjacent to the main gabbro massif to the west of
Skjelapynten and at Holtsjphdgda (Fig. £9 ). These rocks may be des-
cribed as pyroxenites and olivine bearing serpentinites: they grade
marginally into olivine-bearing tremolite rocks. Magnetite, ilmenite,
chromite and pentlandite-bearing pyrrhotite comprise the ore mineralogy.
Lateral variations amongst the more mafic constituents, to produce

distinct zones, are not recognised at Gréndalsfjell. No pentlandite oT
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or chromite has been recognised at Gr¢ndalsfjell.

The western part of the main gabbro complex at Hyllingen
comprises peridotite layers alternating with more feldspathic olivine
gabbros and norites. This is not present at Gréndalsfjells many
ultramafic-mafic relationships have probably been obscured by the

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

The peridotites grade into olivine-gabbros by an increase in
plagioclase content. An abrupt change from peridotite to olivine-
gabbros occurs in the layered sequence however. Magnetite and
ilmenite are more abundant than in Gréndalsfjell and pyrrhotite is also
present emphasising the intimate correlation between ore mineralisation

and the more mafic components of the massif.

Gradational contacts of peridotites are also made with olivine-
free pyroxene gabbro which itself grades eastwards into hornblende
diorite; the diorite grades eastwards into monzonites. At Gréndalsfjell

the dioritic phase is more abundani whilst the monzonite is absent.

Swarms of medium to fine-grained leucocratic quartz-monzonite
rocks, with the same order of thickness as many of the trondhjemite
dykes at Grgndalsfjell (0.5 - 2 m.), encompass the eastern border of

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

(iii) Structure ot the Complex

The complex has a well developed foliation that appears as a
sheet-like fracture system which is specially prominent among the
olivine gabbros and the peridotites. The sheets are from a few cm.

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

The fracturing is in fact well developed foliation; the fracture
pattern is thus related to the flow pattern that produced the foliation

(Nilsen, 1973).

The flat-lying shear zones (Fig. 69 ) trend parallel to the
foliation planes, these being occupied by thin horizons of flaser gabbro.
In Gréndalsfjell a thin zone of flaser gabbro (0.5 m. in diameter) is
recorded in & gabbro xenolith within diorite. Various pegmatites occur
adjacent to the shear zones at Hyllingen. Strain is assumed to have
acted parallel to foliation planes in the complex, thus producing the
flaser gabbro. Pegmatite formation must have taken place before the

occurrence of brittle fracture.

The layered gabbro rafts have no noticeable well developed

[

fracture system. The trondhjemite pegmatites however are thought to

have been intruded before the fracturing of the complex.

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

sheet, lying conformable with the enclosing supracrustals. A thickness
of 3 km. is estimated, but a thinning of the sheet to the south is recog-

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

The Hyllingen gabbro complex has petrological layering;
gravity layering of both cryptic and rythmic types are present whereas

only rythmic layering has been recognised in the Gréndalsfjell complex.
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7.D. SUMMARY.

The Grondalsfjell igneous complex has tectonic bound-
aries with the underlying, older lithologies. This may obscure
many primary igneous structures and make obvious comparisons
with other igneous complexes difficult to draw.

However the Grondalsfjell igneous complex has a more
abundant dioritic component than the other igneous complexes
described. There is also an abscence of granitic rock types

suggesting the Grondalsfjell complex is relatively K- deficient.
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