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Intrusive Rocks of
the Northern Iveland-Evje Area, Aust-Agder

SVEND PEDERSEN

Pedersen, 8. 1973: Intrusive rocks of the northern Iveland-Evije arca, Aust-
Agder, Norger peol. Unders, 322, 1-11,

In the nosthern Tveland-Evje arca extensive magmatic activity occurred during
the so-called Sveconorwegian igneous period. Two intrusive episodes can be
distinguished though apparenddy they occurred close in time. The oldest intru-
siong aré represented by amphibolites which were emplaced under plutonic
conditions and thus were able to deform the gneissic host rock (globulitic type
of intrusion). At the close of this firse episode basic dykes were intruded.
Dwring the second episode monzonite and granive were intrided, followed by
monzonitic conical sheets and radiating dvles. Aplite dvkes and pegmatices
brought the igneous activity to a close.

& Pedersen, Tnustitute of General Geology, @stervoldgade 5, DE-1350 Copen-
hagen K, Demmark

Introduction

The Iveland-Evje area is dominated by an elongated body of amphibolite
measuring 35 km in a north-south direction and 10-15 km east-west. The
massif was mapped and described by Barth (1947) as the Iveland—Evje
amphibolite. Well known from the area are the many pegmatites containing
rare minerals (for descriptions see Andersen 1926, 1931; Barth 1928, 1931,
1947; Bjarlykke 1934, 1937 ) and the nickel mineralisation (Vogt 1893, 1923;
Bjorlykke 1947).

This paper presents the results of a re-mapping of the northern part of the
Iveland-FEvje area and deals with the magmatic rocks found there,

The re-mapping was carried out by the author in 1967 and 1968 with two
more short stays in 1970 and 1973, During the first field season the author
was a member of the team working on the ‘Telemark Project’ (1962-1967)
organised by the Mineralogisk—Geologisk Museum, Oslo. The mapping was
carried out at scale 1 : 25 000 and is more detailed than the earlier mapping
by Barth { 1947 ).

In the area mapped {Flate 1) thete are two main rock units: the regional
amphibolite facies gneisses and the younger magmatic rocks, The gneisses will
not be treated in any detail in this paper. Their outcrop pattern only partly
reflects the regional gneiss structure, since it is influenced by the shape of the
main body of magmatic rocks. The latter comprises the Hovringsvatn Comples
( Pedersen 1973) and the Flat Complex. Only a part of the Flit Complex has
been mapped as yet. The complexes are examples of intrusions emplaced under
plutonic conditions in deep crustal environments.

ﬂ Nasjonalbiblioteket
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Description of the intrusive rocks
THE H@VRINGEVATN COMPLEX

The Hovringsvatn Complex is situated atound the lake Hovringsvatn north-
east of Evje {Plate 1): The outcrop of the complex is elliptical in shape with
a NNE-55W orientation of the longest axis, The complex includes amphib-
olite, monzonite, granite, aplite and pegmatite, It is surrounded by gneisses
to the west, north and east.

Barth (1947) described the amphibolite from the locality Bertesknapen
[ Bertesknapen amphibaolite) as a schistose amphibolitic rock, but the presen:
author’s observations indicate that in general the amphibolitic rocks only
rarely possess a marked schistose structure (in the sense of Turner & Weiss
1963 ).

The modal compositions of the rocks described below are given in the
Appendix (p. 9).

Amphibolite: Amphibolite is the oldest unit of the Hovringsvatn Complex.
It crops our mainly in a large area in the marginal part of the Hoveingsvatn
Complex and in a smaller isolated area in the centre of the complex (Plate 1).
In addition it occurs as layers and lenses enclosed in the younger rocks. The
contact with the gneiss is not exposed, but structural investigations indicate
that the outer border of the amphibolitic body trends parallel to the strike
of the foliation in the surrounding gneiss. The structures in the amphibolite
also indicate that it wedges out to the north.

The amphibolite has a varying appearance. Normally it is a fine- to medium-
grained dark rock, sometimes alternating with irregular light bands. In the
western part a more pronounced banding is seen, while to the east the rock
has an almost homogeneous appearance. Here, however, it is possible in
places to find some coarse-grained bands consisting almost entirely of horn-
blende. There is only rarely any sipn of a preferved mineral orientation,

In the western part the amphibolite occasionally contains both hypersthene
and diopside (sample no. 4883, see Appendix). The hypersthene grains are
replaced to a certain degree by hornblende. Exsolution lamellae of diopside
are seen in the hypersthene.

Basic dykes: Generally it is only possible to follow these dykes in the
Hovringsvatn Complex over short distances (Fig. 1). This is due partly to
poor exposures and partly to the irregular intrusive form of the dykes.
The dykes never exceed one metre in width and are often no more than
20-30 cm wide.

The dykes are of amphibolitic composition, and pyroxenes have never been
ohserved (see Appendix). Two types can be distinguished:

a) Dark dykes made up entirely of fine-grained amphibolite; these may
carry plagioclase mesocrysts. Biotite is also present and shows a preferred
orientation parallel to the contacts. Small patches of ultramafic rock have
been observed in the central parts of one of these dykes.
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Fig. 1. Basic and monzonitic dvkes within the Hovringsvarn Complex.

b} Complex dykes with a fine-grained border zone and a coarse-grained
central patt. The contact between the central part and the border zone is very
well defined. The central part is dominated by aggregates of amphiboles which
are orientated perpendicular to the contacts, Nearer to the border zonpe
plagioclase-rich material with scattered amphibole aggregates is present. The
rock-type making up the fine-grained border zone is the same as the amphib-
olite of dylke type a.
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Monzonite: The monzonite can be observed in nearly continucus outcrops on
the shores of Hevringsvatn when the level of the lake is low, and it is also
seen in some isolated patches, for instance at Gautestad and at Kleppsland.
This rock-tvpe appears to form a central body that underlies the amphibolite
and the granite. This relationship can be seen in manyv roadside ditches
and streams.

Although the contacts of the monzonite body are often poorly exposed, it
can be proved bevond doubt that the monzonite is vounger than the amphib-
olite but older than some cross-cutting monzonitic dykes. The contact relations
between the granite and the monzonite are more complicated. The observations
made so far suggest that the two rock-types are penecontemporaneous, but the
possibility remains that a slightly later intrusion of one of these rocks may
have caused a remelting of the other.

The monzonite is a grey rock of fine to medium grain which may be either
weakly foliated or entirely homogeneous. Modal compositions are presented
in the Appendix. A marked aggregation of biotite and hornblende is seen in
places. On the southern shore of Hoveingsvatn a homogeneous type with swell-
developed, euhedral feldspar mesocrysts is met with., Some of the rocks are
highly altered, biotite and hornblende being totally chlovitised and the feldspars
being thoroughly sericicised. A feature worth noting is the high content of
accessory sphene and apatite {2-5% and 1-3%, respectively).

Granite: Granite occurs as an elliptically shaped body covering 15 km® and
containing a central area of amphibolite. The contacts with the amphibolite
are knife:sharp and the granite clearly cuts the amphibolite, In some places
(e.g., east of Rasevetvatn) the granite has brecciated the amphibolite.

The granite is a medium-grained rock dominated by a red K-feldspar and
containing only a very small percentage of dark minerals (<< 2%, see Appen-
dix). It is homogeneous over most of the area, also near the contacts, but in
the west and south-west it grades into a fine-grained variety and the rocks
sometimes exhibit a cataclastic texture and a characteristic red coloration. In
the central part of the pluton euhedral K-feldspar crystals are present; single
crystals may measure up to 2 cm X 3 cm in cross-section,

Monzonitic dykes: Structurally it is possible to distinguish between two tvpes
of minor monzonitic intrusions: conical sheets and radiating dykes. The terms
conical sheets and radiating dvkes are used to distinguish these intrusions from
typically subvolcanic cone sheets and radial dykes, although the intrusion
mechanism was probably the same.

The conical sheets form semicircular outcrops and their dips point towards
a centre just south of Hevringsvatn (Fig. 1), In spite of many interruptions
it is possible to follow them from Gautestad to west of Vikstel, The radiating
dykes have been ohserved in the outcrops on the shores of Hovringsvatn
(Fig. 1). Outside the Hovringsvarn Complex monzonitic dykes are seen at
Flit cutting the Mykleds amphibolite and the marginal granite of the Flit
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Complex, and in several roadside exposures between Evje and Byglandsfjord
they are seen to cut biotite gneiss, but here their structural attitude is not yet
understond, The widths of the dykes vary from some few centimetres to mare
than 20 m; individual dykes are only rarely of constant thickness.

Where the monzonitic dvkes intrude amphibolite their contacts are almost
straight, but in the gneiss and in the Hovringsvatn granite they may show
extremely irregular contacts. This ohviously reflects the different rheological
conditions of the host rocks at the time of monzonite intrusion.

The monzonitic dykes are light grev and fine-grained with a distinet orienta-
tion of biotite, amphibole and also sphene, apatite and ore minerals parallel
to the contact. In some of the dykes an incipient formation of biotite—
amphibole aggregates may be observed. Some of the thicker dykes are banded.
The individual bands show little contrast in the field, the differences being in
grain size and the proportions and erientations of component minerals.

The monzonitic dykes are often associated with aplitic material which
appears as border aplites, cross connections, sheet veins and more or less dis-
cordant veins. Often the aplites are intensely ptygmatically folded or even
boudinaged.

Aplites: Aplitic dykes are present throughout both the Hovringsvatn Complex
and the Flat Complex as decimetre-thick discordant veins, They cut all rock-
types except the pegmatites. Near the southern margin of the Hovringsvatn
Complex, where they are most common, they are of coarser grain.

The aplites often have a weakly developed preferred orientation of biatite
patallel to their contacts.

Pegmatites: Pegmatites are most commonly developed in the amphibolite
terrain. Here some of the famous giant pegmatites carrying rare minerals are
found, especially east and south of Hevtingsvatn (Andersen 1931). In the
granite only a few centimetre-thick quartz veins have been observed.

Other pegmatite bodies and veins occur in the surrounding gneiss. None of
these are as large as those inside the complexes and apparently they do not
carry tare minerals.

The most important minerals in the pegmatites are K-feldspar, quartz, and a
little plagioclase. In some pegmatites albite (often cleavelandite) is observed,
Biotite and in some cases preen muscovite are common.

THE FLAT COMPLEX

The area of intrusive rocks occurring south-west of the Hovringsvatn Complex
is provisionally called the Flit Complex. The Flit Complex includes two rock
units, the marginal granite and the Mykleds amphibolite. The marginal granite
is a grey, nearly homogeneous rock dominated by K-feldspar megacryvsts which
may define a lineation. The Mykleds amphibolite (named by Barth 1947 ) is a
fine- to medium-grained, dark grey or black amphibolite easily distinguished
from the Heovringsvatn amphibolite on account of its porphyritic texture.
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Motewarthy for both the marginal granite and the Mykleds amphibolite is the
large amount of sphene (2-79 ) and apatite (1=109% ). The contact between
the marginal granite and the Mykleds amphibolite is not exposed.

The Flat Complex apparently forms a separate intrusion. Mapping of the
complex has not yet been completed, however, and all that can be said ar
present about the age relations between the two complexes is that the Flit
Complex is older than the monzonitic dykes of the Hovringsvatn Complex
since both the marginal granite and the Mykleds amphibolite are cut by these
dykes. The Flit Complex is therefare left out of the following discussion of
the stroctural evelution,

The structural evolution

A structural analysis has revealed no elear evidence of a regional deformation
having affected the intrusive complexes. The Hovringsvain Complex, which
is elongated in the NNE-S5W direction, is clearly discordant in relation to the
regional structures in the gneisses in which folds with WNW-ESE axis
dominate the pattern. On outerop scale, however, the gneiss foliation is seen
to be concordant with the border of the complex, and near the contact the
fold axes change attitude so that they become oriented parallel to the contact
(Fig. 2). This local concordance could be the result of a forceful intrusion
of the complex into plastic surroundings.

The Hevringsvatn amphibolite was the first rock to be emplaced and this
amphibolitic intrusion can be compared to the metabasic bodies in the Moss
area, Dstfold, described as globuliths by Berthelsen { 1970). Berthelsen (1970,
p. 73) defined a globulith as: “an intrusive body or a group of closely associated
bodies of globular or batryoidal shape and with almost conecordant contacts
resulting from the effect of the intrusion/s on its/their immediate sur-
roundings’. He imagined that their intrusion took place ‘in a regionally pre-
heated rock complex under plutonic conditions with pressures and temperatures
(and Py o) not much below those required to start regional anatexis’,

The intrusion of basic dykes terminated the episode of basic intrusive
activity. In the Hovringsvatn Complex this hasic intrusive episode was fol-
lowed by an episode during which intermediate and acid rocks were emplaced.
As mentioned earlier these rocks — the Hevringsvatn monzonite and the
Hevringsvatn granite — show very complicated contact relations and it has
not yet been possible to establish their chronological order.

The amphibelitic body in the centre of the Hovringsvatn granite conceivably
forms a huge xenolith which sank into the granite from the roof. The more or
less ‘chaotic® structures characteristic of the amphibalitic member make it
difficult if not impossible to prove this by stroctural analysis, but the fact
that the body considered to be a xenolith is heavily veined by granitic
apophyszes concurs with this interpretation.

The closing stage of the younger intrusive episode was marked by the
intrusion of monzonitic conical sheets and radiating dykes inside the Hovrings:
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Fig. 2. Constructed fold axes in the gneisses showing their changing attitude rowards the
margin of the intrusive complexes.

vatn Complex and other monzonitic dykes in the gneiss and in the Flit
Complex, The monzonitic dykes are cut by aplitic dykes. In places, however,
both the monzonite and the aplitic veins can be seen to be influenced by
shearing and flattening. This deformation could well have been caused by the
stresses set up during the emplacement of the conical sheets. The intimate
association of aplite and monzonite in many of these dykes snggests a close
time relationship between the intrusion of these two rock-types. Possibly the
pegmatites were also intruded just after the monzonite.

Two intrusive episodes, an older basic and a younger intermediate/acid
phase, can thus be distinguished in the Hovringsvain Complex. Both episodes
ended with a period of dyke emplacement. The whole of this intrusive devel-
opment appatently took place under plutonic conditions. The lack of fine-
grained contact zones in the Hovringsvatn monzonite and the Hoevringsvatn
oranite indicates that these intrusions were emplaced into host rocks already
having quite elevated temperatures. The dyke generations provide evidence of
tensional conditions in the crust, but as dykes of both generations show
irregular to scalloped contacts, they need not be taken as evidence of uplift of
the complex at the termination of each of the intrusive episodes. In con-
sequence these episodes are considered to have followed one after the other
almost without interruption and they are believed to have been emplaced at a
deep level in cratonic crust (Berthelsen 1972).

The Havringsvatn Complex is therefore classified as a discordant anorogenic
intrusion, Its age, therefore, can be considered a reql minimum age for the
surrounding basement rocks,
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The age of intrusion

Within the area age determinations have been made on minerals from the
pegmatites, which gave ages herween 900 and 1000 m.y. (Neumann 1940;
Broch 1964), and on the Hovringsvatn granite and the monzonitic conical
sheets, bath of which gave a Rb/Sr whole rock isochron age of 1038 + 43 my.
(Pedersen 1973). These ages show that the younger intrusive episode belongs
to the so-called “Sveconorwegian igneous period” of Welin (1966). Further
determinations are needed to find out whether the amphibolite, as helieved,
was intruded during the same period, The gneissic basement rocks which sur
round the Hovringsvatn Complex conceivably represent pre Sveconorwegian
mcks.

The chronology of intrusive episodes established for the Evje area is com-
parable to that compiled by Starmer (1972) from the Bamble area. Starmer
describes the “Sveconorwegian regeneration” of the Bamble series, and has
shown that basic bodies (hyperites) were followed by granites and granitoids,
the intrusive period terminating with pegmatites.

Acknowledgements, — T wish to thank Prefessor A. Berthelsen, Curator J. A. Dons and
Professor H. Neumann for their help during the mapping and geological interpretation,
and M. Schietling, who deew the map and the figures: T. C. R, Pulvertaft kindly improved
the English.
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Appendix

Modal compasitions of the rocks described in the text

HEVRINGEVATH COMPLEX

Amphibalite

#4711 729 ELL S 4884 145 Ti5 1112
Quartz 4 2 L& i *
Plagioclase G7 45 37 21 ol 38 40
Hornblende 32 45 38 13 20 413 fall
Hypersthene 8
Diiapside 9
Accessories 5 % 1 % 4 %
Ore minerals % 3 3 1 2 X
Chlorite L4
Biotite x 1 S0
x: < 1%

Basic dykes

1173 _ﬂ_ﬂ?_ 4.‘._'1‘6 7

Plagioclase 17 21 19
Hornblende B0 T 3
Biotite 17} 4
Sphenc 4

Oire minerals 2 2
Epidote x

Chlorite 1

X< 1%

Manzonite and granite

1050 1162 054 4862 4863 4864 1098

Criartz 9 10 11 32 22 16 3
Plagioclase 3l 29 17 24 32 15 27
K-feldspar 28 29 3 41 43 63 44
Amphibale 13 14 14 % X 10
Biotite 1 57 1 & 2 B
Sphene 3 2 3 1 1 1 A
Apatite 1 1 I % x X 2
Zircon i

Cire minerals x 1 X X 1
Carbonate 1 x

Flirorite x X

Chlorite 15 13

E]:I'i.L!ULL' 1 % % *

x: < 198

Specimens 1030, 1162 and 054 — Hovringsvatn monsonite
Specimens 4862, 4863 and 4864 — Hovringsvamm granite
Specimen 1098 — monzonitic cone sheet
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FLAT COMPLEX

4875 4877 A818s 4872

Quarez 4 10 G 12
Plagioclaze 71 46 0 40
E-feldspar 36
Amphibole 3 18 11 1
Biotite 13 4 13 7
Sphene 5 x 5 2
Apatite 2 5 4 1
Ore minerals 1 a % 1
Chlorite % 2 7} %
Epidate x % x %
x: =" 1%

Specimens 4875, 4877 and 48180 — Mykleas amphibolite
Specimen 4872 — marginal granite {only a rough estimate based on 1301 poines)
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The Low-grade Rocks of the Skilvar Area,
S. Helgeland, and Their Relationship to High-
grade Rocks of the Helgeland Nappe Complex

MAGNE GUSTAVSON

Gustavson, M. 1975: The low-grade rocks of the Skilver area, 5. Helgeland, and
their relationship to high-grade rocks of the Helgeland Nappe Complex. Norges
geal. Uhnders. 322, 13-33.

The geological setting and petrolosy of low-grade rocks of the Helgéland Mappe
Complex are discussed and it is concluded that the low-grade rocks are part
of the nappe complex.

Correlations with similar low-grade sequences in {1} the Leka area on the
coast some 90 km to the south, (2) part of the western Trondheim Region, and
{3) the Koli part of the Seve-Eoli Nappe Complex of Visterbotten, Sweden,
are supgested. These correlations enable a better evaluation of the stratigraphical
positdons of parts of the high-grade sequences in Southern Helgeland than has
hitherto been possible. Another conclusion which can be drawn is that there
is no great difference berween the engeosvnclinal deposits of the MNordland
facies tvpe and the Trondheim Region facies type.

M. Gustavson, Naorges gealogiske wndersakelse, PO, Bax 3006, N-7001 Trond-
heim, Norway

Introduction

The Skilver area is situated south-west of Sandnessjpen at about 66°N
latitude, and consists of a great number of small islands and skerries
topagraphically belonging to the strandflat, The area is included in the general
description of this part of S. Helgeland by Rekstad (1917). On the accom-
panying map on the scale 1 : 250 000, the Skilver islands were given the
symbols of mica schist and marble. The present writer visited the area in 1972
and 1973 during the course of a general mapping programme in Helgeland
carried out by the Geaological Survey of Norway (NGU) under the writer’s
leadership, It was immediately obvious that the metamorphic facies of the
rocks was distinctly lower than in adjoining areas and thus called for special
attention. The present paper is an account of the rock-types, their relations
to the rocks of adjoining areas and some implications of these relations for the
age and stratigraphy of the Caledonian rocks of southern Helgeland.

Geological setting

The main structural units of the Helgeland region are shown in Fig. 1. The
easternmost parts of MNorwegian territory consist of relatively low-grade
{ greenschist facies) rocks belonging to the Koli part of the Seve—Kili Nappe
Complex (Kulling 1955; Zachrisson 1573 ): these rocks have been described
by Strand (1953, 1953, 1958, 1960, 1963 ) and Foslie & Strand (1956). The
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R RORSHARET 5 DESCRIBED SKALVAER AREA <--s MATIONAL BOUMOARY

Feg. 1. Map showing the main litho-tectonic units of zouthern Helgeland and adjoining
aress in Sweden,

Kili sequence is overlain to the west by the Rodingfjill Nappe (Kulling 1955 )
and above this by the Helgeland Nappe Complex (Ramberg 1967; Gustavson
1973). In the southern part, the Helgeland Nappe Complex is in direct con-
tact with the low-grade K&li rocks: Both the Helgeland and the Ridingfjall
Mappes are mainly in the almandine—amgphibolite facies and are composed of
approximately the same rock-tvpes (mica schists and gneisses, calcareous mica
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schists, marbles, amphibolites, serpentinites and granitoid intrusive rocks).
Descriptions of parts of the high-grade areas have been given by Ramberg
(1967), Gustavson & Gronhaug (1960), Nissen (1965, 1974), Kollung
(1967}, Myrland (1972) and Gustavson {1973). The rocks of the Helgeland
Nappe Complex extend 1o the coast and are also present in areas adjoining
the Skilver islands. An account of the rocks oceurring immediately east of
the Skalveer area has recently been presented by Nissen (1974).

In the northern area, medium- to high-grade rocks are also present in the
Beiarn Nappe (Rutland & Nicholson 19635 ). The exact relations between the
Beiarn Nappe and the Rodingfjill and Helgeland Nappes are still not clear.

Precambrian hasement is present east and south of the Caledonian nappes
and also crops out in a number of tectonic windows within the nappe areas.
In western areas of central and northern Nordland the crystalline basement
has been Caledonised, whereas to the east the basement rocks are compar-
atively unaffected by the Caledonian deformation ( Rutland & Nicholson 1965,
Gustavson 1966, 1972: Nichalson & BRutland 1269). It is, therefore, likely
that Caledonised Precambtian basement is present below the Caledonian nappes
in the coastal area of southern Helgeland, Further discussion of this and other
structural aspects within the region will be reserved for a separate paper.

Apart from the areas to the east of the Helgeland Nappe Complex, low-
grade rocks have also heen described from the Leka district to the south-west
( Birkeland 1958: Prestvik 1972, 1974). The rocks there include mafic and
ultramafic intrusives, metavolcanics and metasediments. Up to now, other
pecurrences of equally low-grade rocks have not been described from the
coastal districts of this part of MNorth Norway. However, during fieldwork in
1972 the present writer mapped metagreywackes and conglomerates af rel-
atively low grade on the islands between Leka and Vega (Gustavson 1975).

Petrology

The main rock-types of the Skilver area (Plate 1) are dark phyllite and mica
schist, conglomerate, dark dolomitic limestone or marble, greenstone and
some light, fine-grained quartzo—feldspathic rocks which probably represent
metamorphosed  guartz—keratophyre. Structurally, the lavering is  steeply
inclined to the east with a N=-5 strike in the central area. Wav-up criteria have
not been found. However, an interpretation of the probable relationship
between the various rock-types is shown on the cross section in Plate T. This
interpretation implies that the rocks can he arranged in the following tectono—
stratigraphic sequence, from top to bottom:

Quartz keratophyre,

Dark phyllite and mica schist.

Dolomite conglomerate and metagreywacke.

Dark, dolomitic crystalline limestone and calcite marble.

Greenstone,

That this rock succession is also probably the correct age sequence is sup-
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Fig, * Greenstone with pillow structure, Grondversnavaren.

ported by the fact that dolomitic houlders are predominant in the conglom-
erate, although frequently of a paler tvpe of dolomite than the adjoining
dolomitic limesrone.

Some details of the main rock-types are presented below.

GREENSTONE

Greenstone occurs on several small islands along a north-south line east of
Slalvier (Plate 1), The southernmost point where greenstones have been
observed is on Grundversnavaren, just west of Grundveer, and the northern-
most locality on islands east of @rnoyene (north of Skilvar, where the strike
swings north-west ). The effusive origin of the greenstones in this belt is fairly
obvious, whereas greenstone-like rocks to the west of this, for instance on
Bersay and islands west of Lisoy, are probably metagabbros (p. 23 ).

The greenstones have a massive or schistose appearance. Where present,
the schistosity is vertical-dipping and orientated N-S, parallel with the general
strike of the lavering. Massive greenstones frequently show pillow- or pillow-
like structures { Figs. 2, 3). Definite pillows show sharp boundaries, are rather
closely packed and measure up to 0.5 m in diameter (Fig. 2); more dubious
smaller structiures may tepresent either broken pillows or fragmented lava
flow material, and these show diffuse boundaries (Fig. 3). The groundmass in
the latter type of greensione is unstratified and massive in structure.

The pillows generally have a homogeneous appearance but some of the
larger ones (Fig. 2) show selective weathering with a great number of small
pits on the surface, concentrated mainly in their central part. This would
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Frg. 3. Massive greenstone with diffuse fragmental or pillow strocture, Grondvasesnavaren.
The fragments are 10 o 13 centimetres across,

appear to be due to a higher content of carbonate minerals in the interior of
the pillows.

A light to medium green colour is typical for the greenstone, pillows as well
as groundmass. Mineralogically, it consists of varying amounts of albite,
epidote, actinolite and chlorite and minor amounts of sphene and ore minerals.
Carbonate is present in some specimens. The carbonate is mainly calcite but
occasionally an ankeritic dolomite is present together with the calcite,

The chemistry of the greenstone has been investigated by the analysis of
major elements in 3 specimens: these are shown in Table 1. Some trace
elements of two of these rocks are listed in Table 2.

DARK CRYSTALLINE LIMESTONE AND MARBLE

According to the cross-section shown in Plate 1, all carbonate rocks belong
to one and the same steatigraphical unit. This interpretation seems probable
but it cannot he proven bevond doubt.

The carbonate belt from Omney to Stakkey in the central part of the area
consists of {ine-grained, dark and mostly dolomitic crystalline rocks. This is
also true for rocks adjacent to the greenstones east of Skilveer, although in
this case the calcite content is higher. In the eastern { Grundver) and western
(Kilvar—Taveer) belts the carbonate rocks are generally caleitic, coarser
grained and of a pale grev colour. As far as grain-size and colour are concerned,
this is reflecting the increase in metamorphic grade outwards from the central
parts of the Skilver area, Also north of Kilvarfjorden the marhles are gen-
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Table 1. Chemical composition of grecnstones, Skalvar! compared with average Storeva greenstone® and Skei gr
stone?, Leka, and with average ccean floor basale? and average island arc tholeiite?

Wt T340 T2-08 V2-24 Sroreva akoei Average Ooean Average Isla
grecnstones . preenstones  Floor Basalt  Arc Tholeii

510y, 5118 49.03 49.76 45,78 49.72 4341 5286

Ticy, 064 1.78 i e S 147 1.43 083

Mpa 15.07 1518 1438 17.47 16,76 1501 L5580

Fe0) 0.19 0.78 1.26 5.49 249 ! =

Feb)’ 7.81 9.3 977 678 TR e 1145

Mk 0,12 15 ) 019 01l 017 0.18

Mg 4T 672 709 4.19 545 7.84 G006

CaC) 180.33 1172 255 9.34 471 11.32 10,52

MNa, O 325 3.09 4.00 3.39 36l 276 208

KD 023 0.12 .29 0.835 .24 .22 .44

H.0— 0.04 0.05 0.00 0.19 022

I-szjT 1.69 1.56 1.57 279 332

oy 03 0.4 0.1 169 364

P00, 0.1 008 0.09 nd. nd. 0.14

Taral L0026 100,40 100,31 10004 10055

U Analyse: P-I. Graff, Geol. avd., Norges geologiske undersekelse.

* Average of 9 Stcreva greenstones and 5 Skei greenstones, Leka, calculated from Preswvik (1974).
* From Cann (1971).

# From Pearce (1975).

3 Total iron as Fe,0.

Specimen localities:

72-40:  Grunnversnavaren (Coordinates on 1 : 100000 map H 17: 1728° E of Oslo, 65°45%°)
72-08: Lamskinnet (1°287 E, 65°31.5" N}

T2-247  Ovnskjeret (1728" E, 65230, N)

Table 2, Trace clement data of two greensiones, Skilver!, compared with average data of
Storeya and Skei greenstones, Leka®, and with averape ocean floor basalt? and low
potassinm tholeiire

Specimen Eh Sr Ba Zr v i Co ©Cu Zn Cr i
T2-08 0 135 0 105 3008 45 304 0 98 158 33
7240 A T7 L1 R 2008 102 Gl 18 Gl 394 16
Storgya

Breenstones 19 410 125 220 300 an 40 ] - - -
Skei

presnstones ] 115 45 53 385 30 35 ol - - -
Average OFB 1 130 14 93 —~ a7 - T - 27 29
Average LET 5 207 - 52 - - - - - la0 19

I Analyses performed ar Kjem, Avd., Norges geologiske undersokelse, X-ray fluorescence
method by G, Fave & M. @degird.

: Average of 8 Storoyva greenstones and 3 Skel greenstones according 1o Preswvile (1974).

3 From Cann (1971),

4 From Pearce (1975).

* Semi-quantitative determination by optical speetrography.

Specimen localities:
72-08 and 72-40,-see Table 1.
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Fig. 4. Impure (7} marble with lensoid fragments of calcite marble. Grundyeer.

erally grey, coarse-grained, calcitic rocks in accordance with the increasing
metamorphic grade to the north.

Mineralogially the dark, fine-prained variety is composed of dolomite -+
calcite + muscovite + chlorite * quartz 4 pyrite 4 black organie ‘dust’.
The light crey marbles contain the same minerals with the exception of the
black dust and in most cases with biotite replacing chlorite, The change from
a dolomitic rock-type to a motre calcitic one seems to be gradual. A support
for this view that the light grev, coarse marbles have been transformed from
the dark carbonate rocks in the central area by metamorphic processes is found
in the Grundver area where fragments or ‘nodules’ of dark carbonate with
arganic material are locally found as remnants within the light marble. The
carbonate in these dark fragments is mainly calcite.

Tvpes transitional between the dark and light matbles are also found in
other localities, for example on Servar (north of Kilverfjorden) where the
dark carbonate rocks have been only partially recrystallized, adjacent to quartz
veins and in irregular patches, to a lighter-coloured coarse marble,

In the Grundver area and on some small islands north of Skilver, a rock-
type composed of carbonate lenses in a carbonate groundmass (Fig. 4) is met
with. Quartz lenses or pebbles of quartz have also been observed in a few
cases, This rock-type is oceasionally transitional into conglomerates described
below and in the writer's opinion this proves that at least some of the marbles
are metamotphosed calc-arenites
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Fig, 5. Calcareous mica schist with scattered pebbles and fragmenes of matble, Slireeray,
M. of Skilver,

DOLOMITE CONGLOMERATE AND METAGREYWACKE

Typical conglomeratic rocks are present only on the islands north of Skillver,
Mo sharp distinction can be drawn, however, between these normal conglom-
erates and calcareous mica schist with scattered boulders (Fig. 5) in other
parts of the map area. The groundmass is largely the same and the pebbles or
boulders vary only in abundance, not in type.

Fine-grained, grey-coloured dolomite or metalimestone constitutes the
dominant boulder type; in many localities it is the only rock-type present.
Clast size varies considerably from small fragments up to cobbles and boulders
20-30 cm across. The boulders are frequently lens-shaped and usually orienta-
ted with their longest axis within the schistosity (Fig: 5) although no pre-
ferred orientation has been detected. In a few cases quartz or guartzite frag-
ments represent additional clast material. Granitoid pebbles have been
observed on one small islet north of Skalvaer.

As already mentioned (p. 16) the dolomite pebbles are usually of a somewhat
paler colour than is typical for the dolomite and metalimestone described from
the stratigraphically underlying unit. Similar types have been observed,
however, and it must be concluded that the boulder material is of relatively
local provenance and most probably derived from the subjacent metalimestone
unit. The graniteid boulders are of a red to grey, medinm-grained rock-type
and are composed of heavily sericitized feldspar (probably both K-feldspar
and plagioclase), quartz, muscovite and biotite (partly alteted to chlorite).
This rock-type is similar in its strong alteration to the predominant rock-type
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in the granitoid massif of Vega, some 20 km to the south. No safe conclusion
can be drawn, however, about the origin of these pebbles.

The conglomerate groundmass consists of the same minerals as in the
calcareous mica schist, mainly quartz, calcite, micas (occurring as biotite
porphyvroblasts in some rocks ), chlorite, epidote and feldspar ( mostly saussur-
itized plagiolase). Tourmaline and ore grains, commonly pyrite, are the usual
accessories. Aggregates of quartz and some aggregates rich in caleite may
represent recrystallized rock fragments.

The calcareous mica schist with or without boulders is occasionally lam-
inated or banded, but the usual type is a rather massive rock (Fig. 5) with
variations from strongly schistose ro almost unfoliated. Judging from composi-
tion and structure it seems probable that the rock is a metamorphosed, strongly
calcareous, lithic greywacke (Pettijohn 1957 ) or a calcarenite with transition
to true eonglomerate,

DARK PHYLLITE AND MICA 3CHIST

Phyllite and mica schist form a stratigraphical unit above the calcareous mica
schist or metagreywacke (Plate I, cross-section). On a smaller scale, dark
phyllite is also intercalated in the metagreywacke unit.

The most common rock-type in this formation is a schistose or fissile dark
gtey or black phyllite, In some parts of the area a later crenulation cleavage
is strongly developed. Especially in its northern parts the formation is rep-
resented by typical mica schists with a pronounced foliation. Mineralogically
a certain content of carbonaceous matter is typical for the dark phyllite
variants, giving a black streak. Quartz is present in considerable amounts in all
types of phyllite. Plagioclase, usually albite, is also generally present in small
amounts. The relative occurrence of ather minerals is partly dependent on the
position of the locality within the atea and alse on the changing metamorphic
grade (p. 25). Muscovite, chlorite and biotite are commeon minerals in the
central part of the area, while garnet, chloritoid and staurclite are present in
the easternmost districts, Epidote, sphene, tourmaline and pyrite are common
accessories. This phyllitic formation probably represents a metamorphosed
argillite deposited in a marine environment and generally under somewhat
reducing conditions.

QUARTEZ EEREATOPHYRE

White to grev, fine-grained rocks which probably represent metamorphosed
quartz keratophyre are encountered in 4 subareas within the Skilver area:

Buov and adjoining islands south of Skilver.
Brenna islands, north-west of Skilver,
Kjeey—Slitteroy in the Skogsholmen area.

The small island Arbrauten, north of Kilverfjorden.

Pt

The rocks in question are partly quartz-rich, banded rocks (Fig. 6) and it
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Fig. 6. Banded, metamorphosed quartz keratophyre, Hestoy, NE of Skogsholmen.

Table 3. Alkalies and silica content of quartz keratophwres, Skilver areal

El’uigh: % S Nay €3 Kl Specimen no.
1. 74,39 310 305 72-16

2 7387 .80 073 T2-32

3. B312 443 073 T3-44

U Analyst P-R. Graff, Geol, Avd., Norges peologiske undersokelse,

Localities:

1. 72-1&: Buoey (1°27E of Osle, 65°51°N)
2. 72-32: Hesoy (1°20¢ E, 657497 N)
3. 7i-44: Arbraaten (1°18°E, 63°52° N)

is difficule in the field to distinguish them from normal, metasedimentary
quattzites, Banding such as that shown in Fig. 6, is less pronounced on Buay,
but intercalations of metasediments (phyllite and a dolomite layer) indicate
a supracrustal arigin also for this occurrence,

Quartz, muscovite, biotite and the accessories sphene, apatite and ore
minerals are readily identified in thin-section. Albite is present, but becanse
of a lack of twinning the amount cannot be easily determined. Partial chemical
analyses of 3 specimens from different localities (Table 3}, however, show
that the amount of alhite must be considerable. The dominance of MNaD
aver KO in two of the specimens is probably valid for most rocks of this
group in the area. Specimen 1 is somewhat atypical in that it has an unusually
high muscovite content. The other two are comparable with most published
analyses of guartz keratophyres from the Norwegian Caledonides (see
Gustavson 1969, pp. 80-85 for a review |, The banded varieties most probably
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Fig. 7. Metamorphic facies distribution within the Skiilver area.

represent tuff material, whereas the more massive, poorly banded types ( Buay )
may conceivably be lavas. Carbonate pebbles in the rock in a couple of
localities in the Skogsholmen area show that incorporation of terrigencous
sedimentary material may have occurred locally,

INTRUSIVE ROCES

Within the low-grade area, mefagabbro is the only intrusive rock-type, except

for some rare dyke rocks of uncertain composition which will not be described
here.

The metagabbros occur as lenses of different size in the metasedimentary
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Fig. 2. Interpretation of the geological relationships in the Skilver and neighbouring areas.

sequence. The lenses are usually small but occasionally form the major part
of islands several hundred metres long in the strike direction. Except for the
lens shape the rock is very similar to the greenstones bur lacks the pillow
structure and is always massive and usually coarser grained. The mineral
assemblage is the same as in the greenstones: albite, chlorite, actinalite,
epidote minerals, calcite and minor amounts of quartz and ore minerals.

A few dykes, from 0.5 to 2 m in thickness, with an appearance similar to
the metagabbros have been observed on the northern tip of Skogsholmen and
on islands north of Skogsholmen.




LOW-GRADE ROCKS OF 5, HELGELAND 25

Relations between the areas of low-grade and high-grade rocks

From the petrological descriptions it is clear that the metamorphism is lowest
in the central part of the Skilver area, increasing outwards on all sides. The
metamorphic facies distribution is shown in Fig. 7. The rocks of the central
belt are metamorphosed in the muscovite—chlorite subfacies. The outward
ircrease in metamorphic grade is especially well demonstrated in the eastern
part of the map arca, with the successive appearance of the biotite, garnet
{ chloritoid) and staurclite zones. It is noteworthy that chloritoid, which is
considered stable throughout the entire greenschist facies of the Barrow-type
facies series (Winkler 1965), does not appear here until well into the
garnet zone,

Relations to the west and south are less distinctive hecause of the extensive
occurrence of carbonate rocks and the greater distances hetween the islands,
but nevertheless there is a clear tendency towards increasing metamorphic
grade also in these directions. The situation to the north, in the strike direc-
tion, is of special interest: the auther's intetpretation of the relationship is
shown in Fig. 8. In this reconstruction, a NE-SW fault line is inferred along
Kilveerfijorden, In general, the rocks north of this fault line are metamorphosed
to a higher grade than those in the central Skilvaer area. The presence of low-
grade rocks just north of the fjord in Sorver does show, however, that the
differences in metamorphic grade are not a consequence of the inferred faulting.
There does, in fact, seem to be a general and progressive increase in metamor-
phism to the north. Except for the greenstones, which have not been detected
north of Kilverfjorden, all rock-types from the central area can also be
recognized in the northern area, but in a higher metamorphic condicion. The
C‘-ﬂl’l{ Cﬂl’h{]nﬂtt TUC]{S U‘E thﬂ C[.‘ﬂtl'ﬂ]. areca, ECIT C}IEI.]TIZPIC, hﬂ‘ﬂ: I:ILTH I[ansfﬂrm{‘{l
into pale grey, medium- or coarse-grained marbles in the north, In Sorver
(Blate T}, transitions berween darker, fine-grained and lighter, recrvstallized
muatble can be ohserved. Phyllites and mica schists with muscovite—chlorite or
biotite-muscovite parageneses south of Kilverfjorden are replaced to the north
by garnet-mica schists or gneisses. Most important from a stratigraphical point
of view is that the calcareous mica schists can be traced into the higher grade
areas; this also includes the characteristic carbonate pehble-bearing variant of
the schist, an observation which confirms that the same lithostratigraphical
sequence is present in the high-grade as in the low-grade areas,

With regard to igneous rocks, these are less frequent in the northern area
Metamorphosed quartz keratophyre has been detected in only one locality on
the north side of the fjord, on the small island Arbranten (Plate T and Fig. 8).
Metagabbro bodies are present, as amphibolite, to the north, but are generally
smaller than in the central area,

From the structural point of view no significant differences between the
central Sleilveer area and adjoining areas have been detected,
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Correlation of the Skilvar sequence with other areas
and discussion of age relations

The medium- to high-grade rocks which surround the Skilveer sequence are
very common rock-types in the southern Helgeland region and belong strue-
turally to the Helgeland Nappe Complex. As no tectonic break can be detected,
the low-grade rocks must also belong to this nappe. A correlation of the low-
grade rocks with the established sequence in other areas can therefore also
form a basis for stratigraphical correlations of the high-grade rocks. Such cor-
relations have hitherto been almost impossible or at least very speculative.

So far, very few attempts to determine the probable age of the high-grade
sequences have been made. By comparison with the partly fossiliferous
Sulitjelma sequence, Bugge (1948) suggested an Upper Cambrian to Lower
Ordovician age for the succession of the Rana area. A similar age was assumed,
with due reservations, by Ramberg (1967) for the Kongsfjell Group in the
Bleikvassli area, NW of Lake Rosvatn (Fig. 1). For the mest part, however,
such correlation has been restricted to the general assumption that high-grade
rocks in Mordland are probably Cambro—Silurian in age (Haltedahl 1953:
Strand 1960,

In the present area, according to the most plausible interpretation the
greenstone with pillow structures is the lowermost, and probably oldest.
member of the Skilver sequence. In the central Norwegian Caledonides basic
valcanics are known to acour mainly at two levels, one in the Lower Ordavician
{ Tremadocian) and represented by the Storen Group greenstones and its
equivalents, and another in the Middle Ordovician {Llanvirn or Llandeilian)
which is locally andesitic, e.g. the Holonda porphyrite { 